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1. AIMSUN: SYSTEM DESCRIPTION 
 
1.1 INTRODUCTION 
 
AIMSUN (Advanced Interactive Microscopic Simulator for Urban and Non-Urban Networks), [BAR94], is 
a microscopic traffic simulator that can deal with different traffic networks: urban networks, freeways, 
highways, ring roads, arterial and any combination thereof. It has been designed and implemented as a tool 
for traffic analysis to help traffic engineers in the design and assessment of traffic systems. It has proven to 
be very useful for testing new traffic control systems and management policies, either based on traditional 
technologies or as implementation of Intelligent Transport Systems. 
 
AIMSUN can be used for simulating Advanced Transport Telematic Applications. It can simulate adaptive 
traffic control systems such as SCOOT, C-Regelaar and Balance; vehicle actuated, control systems that give 
priority to public transport, Advanced Traffic Management Systems (using VMS, traffic calming strategies, 
ramp metering policies, etc), Vehicle Guidance Systems, Public Transport Vehicle Scheduling and Control 
Systems or applications aimed at estimating the environmental impact of pollutant emissions, and energy 
consumption. 
 
AIMSUN follows a microscopic simulation approach. This means that the behaviour of each vehicle in the 
network is continuously modelled throughout the simulation time period while it travels through the traffic 
network, according to several vehicle behaviour models (e.g., car following, lane changing). AIMSUN is a 
combined discrete/continuous simulator. This means that there are some elements of the system (vehicles, 
detectors) whose states change continuously over simulated time, which is split into short fixed time 
intervals called simulation cycles. There are other elements (traffic signals, entrance points) whose states 
change discretely at specific points in simulation time. The system provides highly detailed modelling of the 
traffic network, it distinguishes between different types of vehicles and drivers, it enables a wide range of 
network geometries to be dealt with, and it can also model incidents, conflicting manoeuvres, etc. Most 
traffic equipment present in a real traffic network is also modelled in AIMSUN: traffic lights, traffic 
detectors, Variable Message Signs, ramp metering devices, etc. 
 
The input data required by AIMSUN is a simulation scenario, and a set of simulation parameters that define 
the experiment. The scenario is composed of four types of data: network description, traffic control plans, 
traffic demand data and public transport plans. The network description contains information about the 
geometry of the network, turning movements, layout of links (or sections) and junctions and location of 
detectors along the network. The traffic control plans are composed of the description of phases and its 
duration for signal controlled junctions, the priority definition for unsigned junctions and the ramp-metering 
information. The traffic demand data may de defined in two different ways: 1) the traffic volumes at the 
input sections, the turning proportions and the initial state of the network; or 2) an O-D matrix, which is the 
number of trips going from every origin centroid to any destination one. In the first case, vehicles are 
distributed stochastically around the network according to the turning proportions at intersections, while in 
the second case, vehicles are assigned to specific routes from the origin to the destination. Different route 
selection modes are implemented: fixed or variable, static or dynamic. Finally, a public transport plan 
comprises the definition of bus lines (routes and bus stops) and the timetables for each line, including stop 
times. 
 
Both traffic control plans and traffic demand data can be fixed or variable over time. The simulation 
parameters are fixed values that describe the experiment (simulation time, warm-up period, statistics 
intervals, etc) and some variable parameters used to calibrate the models (reaction times, lane changing 
zones, etc). 
  
The outputs provided by AIMSUN are a continuous animated graphical representation of the traffic network 
performance, both in 2D and 3D, statistical output data (flow, speed, journey times, delays, stops), and data 
gathered by the simulated detectors (counts, occupancy, speed). Both the statistical and detection data can 
be graphical (plots) or numerical, the latter can be stored in ASCII files or database (Access or ODBC).  
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The traffic network state can be stored at any given moment of the simulation so that it can be retrieved and 
used as an initial state in future simulation experiments. This state can also be obtained from other 
simulation or assignment models. The state of the network is defined by flows in the input sections, turning 
proportions for all sections, number of vehicles moving and stopped in each section for each turning, and 
the mean speed for vehicles travelling in each section. 
 
AIMSUN is integrated with the GETRAM Simulation Environment (Generic Environment for Traffic 
Analysis and Modelling, [GRA93]). It consists of a traffic network graphical editor (TEDI), a network 
database, a module for storing results and an Application Programming Interface which allows interfacing 
to assignment models and to other simulation models. Currently, interfaces to the EMME/2 and QUESTOR 
transport planning models available.  
 
There is an interface to TRANSYT/10, which is used to convert a GETRAM network into the 
TRANSYT/10 input data file format. TRANSYT/10 can be run directly from TEDI, the GETRAM editor, 
and the optimised control plans can be loaded into AIMSUN, which can then provide the TRANSYT/10 
units and measures of performance as additional output. The translated GETRAM network can be also 
loaded into TranEd, a TRANSYT/10 graphical editor. 
 
There is an interface to SCATS. Through Tedi the user can define signalised junctions to be controlled by 
SCATS adaptive control system. Then, AIMSUN runs in parallel with SCATS, providing detection 
measures to SCATS, which send back to AIMSUN the corresponding adaptive traffic control actions during 
simulation.  
 
On the other hand, a special module called GETRAM Extension (API) is provided. This has a DLL Library 
of functions that enable the user to develop any external applications that may need access to AIMSUN 
internal data during simulation run time. This module can be used to develop interfaces to external control 
applications, such as, for example, SCOOT, C-Regelaar, Balance, etc. Using the set of DLL functions, any 
external application may access the data produced by simulated detectors (e.g. flow, occupancy, etc.). This 
data can then used to feed in a control plan, and take control of the traffic signals, VMS’s and ramp metering 
signs being simulated (e.g. change the traffic signal state, the phase duration, display a message on a VMS, 
etc.). This module can also use detailed simulated vehicle data (e.g. fuel consumption and pollution 
emissions) to feed a user model, or to keep track of a guided vehicle through the network using an external 
vehicle guidance system. 
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1.2 FUNCTIONAL CAPABILITIES 
 
AIMSUN’s capabilities are summarised below: 
 
• AIMSUN can deal with different types of traffic networks: urban networks, freeways, highways, ring 

roads, arterials and any combination thereof. 
• Depending on the available traffic demand data, two different types of simulation are considered: 1) 

based on traffic flows and turning proportions, 2) based on O-D matrices and route choice models. 
• Binomial, Logit and C-Logit Route Choice models are available as default. The user can also use his/her 

own Route Choice model. 
• Shortest paths can be calculated according to default or user-defined Cost Functions. 
• Different types of traffic control can be modelled: traffic signals (fixed, variable and adaptive), 

unsignalised junctions (give-way and stop signs) ramp metering and tolls. 
• Vehicle manoeuvres are modelled in detail using car following, lane changing and gap acceptance 

models. Both car following and lane changing are based on Gipps models. 
• 'Look ahead' model: vehicles can take lane change decisions based not only on the immediate next 

turning movement, but on a set of next turning movements. 
• Different types of vehicles can be modelled: cars, buses, trucks, etc. They can be grouped into classes, 

and reserved lanes for given classes can also be taken into account. 
• The user may choose from different headway models for vehicle generation: constant, uniform, normal, 

exponential, capacity and user-defined. 
• Public Transport modelling: bus lines (routes and bus stops), timetables (departure frequency or fixed 

schedule), stop times. 
• Due to the detailed modelling of each vehicle in the network, AIMSUN can simulate all kinds of traffic 

detectors that are defined by measurement capability: counts, occupancy, presence, speed. 
• Detailed statistical output is provided: flows, speed, travel time, queue length, etc. Measures can be 

aggregated for the whole system or disaggregated by sections, turns, origins, destinations etc. 
• The user may decide to store the simulation outputs either as ASCII files or as a database, the latter using 

an ODBC format. 
• AIMSUN is integrated with the GETRAM simulation environment, which consists basically of a 

graphical network editor (TEDI) and a database in which to store networks. 
• Network model building, despite the amount of detail required for microscopic modelling, is a 

straightforward task thanks to the graphical network editor, TEDI. 
• Through a user-friendly interface the user can define scenarios and simulation experiments. 
• A Scenario is the combination of a network description, a traffic demand data, a traffic control plan, a 

public transport plan and a set of initial conditions. 
• A simulation experiment is a set of replications of the simulation to be run, and the random seed for each 

replication. Experiments can be run in Batch mode and the results of each replication are stored. 
• It also provides a picture of the network as graphical output and an animated representation of the 

vehicles running in it. 
• The user may define traffic incidents, before or during the simulation run. A list of incidents may be 

stored for use in future simulation runs. 
• Variable Message Signs and the influence that the displayed messages may have on the driver’s 

behaviour can also be simulated. VMS can be also used to model Speed Control. 
• Interfacing with external applications, such as Adaptive Control Systems or Consumption Models, is 

possible using the GETRAM Extension Module (API). This interface is based on DLL programming. 
• It can also interface with other traffic simulation or assignment models, such as EMME/2 or QUESTOR. 
• AIMSUN is programmed in C and C++. It runs under Windows NT, Windows ’95, Windows ’98 and 

Linux. In Windows systems, an X-Server such as eXceed or X-Win32 is required. 
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1.2.1 GETRAM v4.0 New Features 

TEDI 
• Public Transport: ability to edit public transport routes, bus stops, timetables, stop times, etc. 
• User-defined Route Choice models or Cost Functions to be used for the Shortest Path calculation can be 

written using an interactive function editor.  
• User-defined Section Cost: a new section attribute representing some economic or monetary cost, such 

as tolls, etc. This attribute can be used in any user-defined function. 
• There is an interface to TRANSYT/10 embedded into TEDI, whose main function is to convert a 

GETRAM network into the TRANSYT/10 input data file format. The translated GETRAM network can 
also be loaded onto the TranEd, graphical editor. Control plans calculated by TRANSYT/10 are 
imported directly into TEDI, and can be saved as GETRAM control plans. 

• A network can be exported via the GETRAM-GIS interface into a Shapefile, a standard format that can 
be imported by most Geographic Information Systems, including ArcInfo, ArcView and MapInfo. 
Simulation results that have been saved as ODBC can be presented in a graphical format using the GIS 
interface. 

• It accepts as a background, not only DXF format files but also BMP, GIF, TIFF and JPEG formats. 
• Undo and Redo functions in the Edit menu, only related to movements of objects, rotations and 

modifications of (poly)sections and objects (texts and blocks). 
• Ability to draw lines to build up decorative shapes. 
• Scaleable texts, while zooming in and out. 
• Navigator window, to help positioning in large network models. 
• New Object Browser, which provides a class structure of the network objects. 
• Various enhancements to dialog windows and graphical editing functions. 

AIMSUN 
• Public Transport Modelling. Buses depart at line-origins according to a timetable, they follow a 

particular bus line and stop for a certain time at the corresponding bus stops along the line. 
• New Route Choice models are available: C-Logit (Modified Logit) model and User-Defined models.  
• A cost function library is provided for shortest path calculation, and the user is also given the option of 

defining and using his/her own user-defined Cost Functions. 
• For the calculation of cost functions, capacity is taken into account during the whole simulation process. 

Capacity is now considered at the level of turning, which is more accurate. 
• No fixed relationship between the statistics report interval and shortest path calculation cycle. 
• Look ahead model: vehicles can make lane change decisions based not only on the immediate next 

turning movement, but on a set of next turning movements. 
• Preparing a simulation experiment is now faster. Just load a scenario and run. A scenario is the 

combination of a network description, traffic demand data, a traffic control plan, a public transport plan 
and a set of initial conditions. 

• The simulation output data can be stored directly as an ACCESS data file (so defining an ODBC data 
source is not necessary). 

• Option 'Flush' for gathering statistics: using this, the statistics will be saved onto the disk, but not stored 
in the memory. For big networks this option will increase the performance of the simulation. 

• New graphical capabilities for presenting statistical outputs: time plots scale can be user-defined. 
• Traffic detectors can be monitored during simulation: detector measures can be provided step by step, 

both numerically or graphically, as a time plot. 
• TRANSYT/10 optimised control plans can be loaded into AIMSUN, which can then provide the 

TRANSYT/10 units and measures of performance as additional output information. 
• Various enhancements to the user interface. New tab folder dialog windows are used to display different 

model information. 
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GETRAM Extensions 
• GETRAM Extensions can now be programmed not only in C/C++, as a DLL library, but also using 

Python scripting language.  
• Various enhancements have been made to functions related to vehicle information. The user can modify 

the attributes of a particular vehicle, not only dynamic attributes such as position and speed, but also 
static attributes such as desired speed, desired acceleration, etc. 

• Functions related to Public Transport have been included: generate bus departure, modify the stop time, 
and access or modify any public transport vehicle attributes.  

• Access to the scenario data, such as network path, traffic result or OD matrix name, control and public 
transport plans are also possible via the new GETRAM Extension Functions. 

1.2.2 GETRAM v4.1 New Features 

TEDI 
• Drawing circles. 
• New editing capabilities related to the Path Analysis Tool. 
• Accept decimals in the OD matrix 
• Manipulation of OD Matrices: Multiply all the terms, or a row or column of a matrix by a factor. 
• Ability to import/export all time slices and vehicle types of an OD matrix from/to one ASCII file. 
• A first level of 3D editing in Tedi. 
• Saving networks in binary format (not ASCII), to save time and disk space. 
• Increase maximum number of turnings in a junction (from 50 to 99). 

AIMSUN 

Route Choice Model and Path Analysis Tool 
• Introduction of historical paths defined by the user. The user may edit historical paths in Tedi and use 

them in AIMSUN simulator. A percentage of vehicles following each historical path can be also 
defined. 

• It is also possible to use historical costs (driver’s memory) when calculating the shortest paths during 
simulation. 

• Gather and provide statistical data per path and time slice. All this information may be saved in ODBC 
format. 

Calibration and Result Analysis Tool 
• Visualisation of real data from detectors to compare with simulated data. 
• Tools for a first level of Validation: calculate correlation coefficient and Tail coefficients (R2, RMS, 

U, Um, Us, Uc.) 
• Automatic calculation of averages and deviations of a set of replications, both for detection data and 

statistical outputs. 

Traffic Modelling 
• Virtual entrance queues at input section: distinguish by vehicle type. 
• Introduction of a new parameter: Yellow Box Speed. It is a local parameter that will be used in the 

Yellow Box Model instead of the queue leaving speed, which can be useful for calibrating the capacity 
of a yellow box junction. 

• Unify the zone distances of different sections of a polysection: e.g. use the distances of the last section 
of a polysection. 

• Detection capabilities: detect headway between vehicles, consider density toggle button. 
• New statistical measure: Total Vehicles Hours. 

Traffic Management and Control 
• Ability to model NEMA standards adaptive control plans 
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• Ability to import SYNCHRO control plans (with certain limitations: CSB format files, in case of 
adaptive control only 1 barrier and 1 ring are accepted). 

• Logical name for a signal group in the control in correspondence with the C-Regelaar 
• Detectors, VMS and Meterings have Identifier Number and Name (names can be duplicated). 

Graphical User Interface 
• 3D animation  
• 2D smoother animation: redrawing frequency parameter can be smaller than simulation step. 
• More realistic vehicle icons. 
• Simulation buttons (play, stop, pause, FF, RW, etc.), ability to select the desired simulation speed. 
• Legend in a separated window (definition of more colours for vehicle types and centroids). 
• AConsole: Running Aimsun fully in Batch, without user interface. 
• Animation: only vehicles on top of the background. 
• Information about the scenario is included in the simulation results. 
• Simulation run during warm-up period can be cancelled. 
• The list of selected traffic states and traffic control plans is shown in the Scenario Dialog. 
• New Show Objects and Preferences dialog. 
• Additional information is given in the ‘Number of Vehicles’ dialog (Vehicles in, out, waiting, etc.) 

GETRAM Extensions  (API) 
• Detection of Vehicle Identifiers (i.e. plate number identification) 
• Detection of other vehicle attributes (i.e. length, acceleration capability, etc.) 
• Possibility of getting additional information for the detectors (detector name, detector properties) 
• Access to detectors and VMS’s can be done by object identifier 
• Access to general parameters of the network, such as name of vehicle types, network units, etc. 
• Access to signal groups not only by identifier but also by logical name 

EMME/2 Interface 
• Import Public Transport from EMME/2 to GETRAM 
• Export Detector information from GETRAM to EMME/2 

TRANSYT/10 Interface 
• Include the TRANSYT Network Performance Index as well as other network measures, such as the 

Total Time Spent and Total Uniform Delay. 
• New procedure to calculate the Saturation Flow of a link, based on the Transport and Road Research 

Laboratory report RR67 'The Prediction of Saturation Flows for Road Junctions Controlled by Traffic 
Signals' 

• PCU’s units are considered. The user can define the PCU’s equivalence for each vehicle type. 

SCATS Interface 
• The user can define signalised junctions to be controlled by SCATS adaptive control system.  
• AIMSUN simulation runs in parallel with SCATS, providing detection measures to SCATS, which send 

back to AIMSUN the corresponding adaptive traffic control actions during simulation.  
 

1.2.3 GETRAM v4.2 New Features 

TEDI 
• Import/export traffic states from/to ASCII files. 
• Graphical representation of traffic control plans: standard control diagrams green-amber-red. 
• New cost function (Past Cost) in Function Editor 
• Default Functions hierarchy 
• Ability to import all SYNCHRO control plans (multiple barrier and multiple ring). 
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• Edition of Routes and PT lines automatically using Shortest Path 
• Automatic Generation of 3D polygons from a DXF background 
• Standard default vehicle types library  
• On-Line Help 

AIMSUN 

Dynamic Traffic Assignment: Route Choice Model and Path Analysis Tool 
• Visualisation of simultaneously shortest Paths from: one origin to destination, one section to one 

destination and all origins to one destination 
• New cost function (Past Cost) in Function Editor 
• Route Choice Model considering  different alternative paths. 
• Use link costs calculated from polysection statistics 
• Initial K-Shortest Paths At the beginning of the simulation, it calculates k initial shortest path (k 

defined by the user) 
• Proportional Route Choice Model: ttk

-alpha/ suma (tti
-alpha) 

Traffic Modelling 
• Improvements to Car Following Model: Implement modification to Gipps model to avoid vehicles 

driving bumper-to-bumper. 
• Lane-changing zone for PT-Vehicles: define new parameter ‘distance to stop’ for each bus stop. 
• Different speed limits per lane in a section. This can be used also to influence the distribution of 

traffic among the different lanes of a section. 
• Variable order in the entities updating sequence to improve variability. 
• Maximum Give Way Time as a local section parameter (increase, decrease vehicle attribute) 
• Possibility of defining Vehicles as ‘Equipped’ (for detection purposes) 
• Possibility of deactivate the Yellow Box behaviour for particular turning movements of a Yellow 

Box Junction (Yellow Box Speed = 0). 
• Improve give-way model: consider vehicle trajectories, not only lane turning movements, and 

‘view all approaching polysection’ capability. 
• Improvements in the vehicle generation process to better achieve the defined input flows 

Traffic Management and Control 
• NEMA Standards: Dual Ring 
• SYNCHRO: Complete User Interface 
• Controllers: to specify interfaces with adaptive systems (SCATS, UTOPIA). 
• Bus Pre-emption 
• Ability to define and model different levels of priority among the turning movements of a junction. 
• New VMS Actions: Change speed limit (per vehicle type) 

Validation and Result Analysis Tools 
• Calculation of average for selected replications 
• Validation tool per vehicle type 

Simulation Outputs 
• Statistical outputs per polysection. 
• Statistical data to be gathered during simulation defined by the user 
• Actuated Control output:  

o display of phase diagram, and 
o during the simulation state of actuated control 
o during the simulation state of bus-preemption 

• Detection of equipped vehicles 
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• Instant Detection: detection can be gathered at small time intervals, that can be different (even smaller) 
than the Simulation Step; to be used only in relation with GETRAM Extensions and adaptive control 
Interfaces (SCATS and UTOPIA). 

Graphical User Interface 
• Graphical Statistical outputs per polysection. 
• 2D Articulated Vehicles 
• Vehicle colouring per OD pair 
• AIMSUN (and AIMSUN 3D) try to locate the network referenced in the scenario file if it has been 

moved. AIMSUN tries first to find the network automatically. If it cannot find the network 
automatically then it will ask the user for the network location (using a file dialog). 

• Vehicle Colouring option selected is kept during the simulation session. 
• Various improvements to the GUI: better network drawing at large scales, better visualization of 

paths, improvements to some dialogs, etc. 
• Through ODBC option, it is now possible to access to databases where username and password are 

required (i.e. Oracle, …) 
• On-Line Help 

AIMSUN 3D 
• Improve 3D Articulated Vehicles 
• On-Line Help 

GETRAM Extensions 
• Change speed limit of a section per vehicle type 
• Close lane of a section per vehicle type 
• Change next turning (per Origin, Destination, vehicle type) 
• Change next turning per vehicle type (Traffic Result) 
• Change destination centroid (per Origin, Destination, vehicle type) 
• Change turning proportion per vehicle type (absolute value) 
• Generate vehicle inputs in OD mode following AIMSUN procedure 
• Dynamic modifications in OD matrix values. 

EMME/2 Interface 
• Automate the Traffic Results Import from EMME/2 
• Automate the PT-Lines Import from EMME/2 
• Import Detectors Layout 

UTOPIA Interface 
• The user can define signalised junctions to be controlled by UTOPIA adaptive control system.  
• AIMSUN simulation runs in parallel with UTOPIA, providing detection measures to UTOPIA, which 

send back to AIMSUN the corresponding adaptive traffic control actions during simulation.  
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1.3 SYSTEM STRUCTURE 
 
Figure 1-1 shows the AIMSUN functional structure and its integration within the GETRAM Simulation 
Environment. The following modules make up AIMSUN: 
 
• User Interface: enables communication between user and simulator (see Figure 1-2). This interface 

module is introduced in section 1.5. 
• Pre-Simulator Module: reads a scenario description from the Network database to simulate and build up 

the running model (data structures). This module performs a first stage of the calibration process, which 
is the model consistency checking. Chapter 2 describes the mechanisms used to represent the network. 

• Simulation Module: performs simulation of the selected scenario. Chapter 3 describes the traffic models 
used while chapter 5 describes how traffic control is modelled. 

• Shortest Route Module: for the Dynamic Traffic Assignment, this module calculates the current shortest 
routes from every section to every destination. Chapter 4 describes the functioning of the Dynamic 
Traffic Assignment in AIMSUN. 

• GETRAM Extension (API): External Applications Interface that provides simulated information to an 
external system and accepts various control and management actions. This module is described in the 
GETRAM Extension User Manual. 

 

Figure 1-1: GETRAM-AIMSUN Conceptual diagram 
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Figure 1-2: A Snapshot of the AIMSUN User Interface 
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1.4 SIMULATION PROCESS 
 
The logic of the simulation process in AIMSUN is illustrated in Figure 1-3. It can be considered as a hybrid 
simulation process, combining an event scheduling approach with activity scanning. At each time interval 
(simulation step), the simulation cycle updates the unconditional events scheduling list (i.e. events such as 
traffic light changes which do not depend on the termination of other activities). The “Update Control” box 
in the flow chart represents this step. After this updating process, a set of nested loops starts to update the 
states of the entities (road sections and junctions) and vehicles in the model. Once the last entity has been 
updated, the simulator performs the remaining operations such as inputting new vehicles, collecting new 
data, etc. 

Figure 1-3: The Simulation Process in AIMSUN 
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Depending on the type of simulation, new vehicles are input into the network according to flow generation 
procedures (headway distributions for example) at input sections, or using time sliced O-D matrices and 
explicit route selection. In this case, the simulation process includes an initial computation of routes going 
from every section to every destination according to link cost criteria specified by the user. Figure 1-4 
shows the simulation process for the Route Based model. In this case, a shortest route component 
periodically calculates the new shortest routes according to the new travel times provided by the simulator, 
and a route selection model assigns the vehicles to these routes during the current time interval. Vehicles 
keep their assigned route from origin to destination unless they have been identified as “guided” at 
generation time. Then they can dynamically change their trajectory en route as required for simulating 
vehicle guidance and vehicle information systems. 
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Figure 1-4: The AIMSUN Simulation Process (Route-Based) 
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1.5 THE AIMSUN GRAPHICAL USER INTERFACE 
 
The AIMSUN Graphical User Interface provides the necessary tools for preparing simulation experiments, 
selecting scenarios to simulate, defining simulation parameters, interacting with the simulator while it is 
running, viewing the animated graphical output and analysing statistical results. 
 
This user interface is a windows-based system. The main window has four parts or areas: the menu bar on 
the top, the toolbar on the left, the network display area in the centre and the status bar at the bottom. Figure 
1-5 displays this main window, to which an example network has been loaded. 

Figure 1-5: Another snapshot of the graphical user interface 

 
 

ow. This is where the image of the network 

Mov  right mouse button pressed down will move the network in the 

he
be used to 

Exp s, Validation and Window (Figure 1-6). Each of these comprises a pull-
w lthough on-line help is not 

brief description of all the AIMSUN Interface Commands. 

The network display area is the central section of the main wind
appears. There are also scroll bars for moving the image vertically and horizontally (see Figure 1-5). 

ing the mouse cursor while keeping the
corresponding direction. 
 
T  left mouse button is generally used for clicking on menu commands and selecting network objects, the 

middle button can latter by double clicking on the object. When using a three-button mouse, the 
zoom in and out, by clicking or shift clicking respectively. 

1.5.1 The Command Menu  
The Menu Bar is located at the top of the window and features nine options: File, Objects, View, 

eriment, Run, Reports, Path
do n menu containing a set of related commands. There is also a Help option, a
provided, only information about the available License and the current AIMSUN version. The following is a 
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Figure 1-6: Menu Bar 

 

File 
Includes all operations related to the GETRAM database and other files: scenarios, networks, control plans, 
raffic demand data, actions related to message signs and simulation statt e. 

ds definition.  
oups and phases, and completes the 

ad Control: clears the current traffic control plan. 
ting of bus lines and timetables. 

xtensions). 
ve Message Actions: saves the definition of action associated with the messages that can be used in 

tion as a new state result in the GETRAM 

 
(SH

- 

- 
associated actions 

 
- Load Scenario: loads a simulation scenario, defined by a network, a traffic result or an OD matrix, a 

traffic control plan and a public transport plan. 
- Reload Scenario: reloads the current simulation scenario. 
- Save Scenario: saves the currently loaded network, traffic demand data, traffic control plan and public 

transport plan as a simulation scenario. 
- Unload Scenario: clears the current simulation scenario. 
- Load Network: loads a network description (sections, junctions and junctures, turnings, detectors, 

Variable Message Signs, ramp metering) and builds the structure of the simulation model. 
- Unload Network: clears the simulation model of the current network. 
- Load Traffic Result: loads the traffic demand data to be simulated, defined as input flows and turning 

proportions, and feeds the simulation model with this data. 
- Unload Traffic Result: clears the current traffic demand data. 
- Load OD Matrix: loads the network zones definition (centroids) and the demand data to simulate, 

defined as an O-D Matrix. 
- Unload OD Matrix: clears the current OD matrix and centroi
- Load Control: loads a traffic control plan, consisting of signal gr

simulation model with it. 
- Unlo
- Load Public Transport: loads a public transport plan, consis
- Unload Public Transport: clears the current public transport plan. 
- Load Extensions: it is used for defining and loading a set of DLL libraries to be used during the 

simulation run. It is only available with Kit 1 (GETRAM E
- Sa

the Variable Message Signs (VMS’s). 
- Save Current State: saves the current state of the simula

Data Base, which can be used or continued in future simulation experiments. 
- Quit: exits AIMSUN. 

Objects 
Set of options for finding and viewing information on any object within the model. Also, options for editing 
these objects. These options are grouped into two sets: Show and Edit. 

OW) 
- Sections: to find a section and show its characteristics (lanes, turns allowed at each lane, input flows, 

turning proportions, detectors, metering). 
Junctions: to find a junction and show its characteristics (turning movements, signal groups and 
phases). 

- Detectors: to find a detector and show its characteristics (position, length, lanes, measuring 
capabilities) 

- Meterings: to find a ramp metering device and show its characteristics (type, position, control 
parameters) 
VMS’s: to find a Variable Message Sign and show its characteristics (position, accepted messages and 
actions). The user can also activate messages that will trigger the execution of its 
(impact in the driver’s behaviour). 
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- Centroids: to find a centroid and show its characteristics (type, connections, OD matrix data). This is 
also used to select a set of centroids in order to colour the vehicles going to or coming from those 

- Stops. 
 

ilar to a route), which are used for 

Set of options regarding the presentation of the network image. 

- 
netw

llow the cars to 

- Veh
the origin or destination centroid (for some previously selected centroids), 

dest
- the 

ork, distinguishing by vehicle 

- 
isplayed objects. 

-  network. These icons are used 

- 
.e. it is occupied). 

- t the colours to be used for highlighting various objects when they are selected 
and the colours for drawing the different types of vehicles. 

et of options for defining parameters for the simulation experiment.  

- 

hicle behaviour models used in 

- ontains an extended menu with one option related to the simulation inputs: 
sts, calculated in a previous simulation 

. 
the simulation outputs: 

- Output Location: to specify where to store the simulation outputs (statistics, detection and 
ulation) either as ASCII files or as a database, the latter either using an ODBC format 

- Paths: to specify whether or not to gather statistics on Paths usage. 

centroids. 
- Controllers: to find a controller and show its characteristics. 

Public Transport: to view Public Transport Lines and Bus 

(EDIT) 
- Actions: to edit and show actions related to VMS messages. 
 Streams: to edit and show streams (set of consecutive sections, sim-

the only purpose of collecting statistical data for analysis. 

View 

 
Whole Network: the scale is automatically converted to the minimum needed to allow the whole 

ork image to fit into the window. 
- Minimum Cars Scale: the scale is automatically converted to the minimum needed to a

be represented individually. 
icle Colouring: colours all the vehicles in the network in order to identify either the vehicle type, 
next turning movement, the 

the Public Transport vehicles, lost vehicles, or to colour the vehicles in a section according to their 
ination. 

Number of Vehicles: to display, during the simulation run, the number of vehicles driving in 
network and how many are waiting to enter or have already left the netw
type. 
Show Objects: to select which objects must be displayed or not and whether or not to display the 
names and/or identifiers of the d

- Show/Hide Speed Limits: to display the section speed limits icons on the network. 
Show/Hide Virtual Queues: to display the Virtual Queue icons on the
to access to the information about vehicles waiting to enter into the network, i.e. queuing at the input 
sections. 

- Vehicle Low/High detail: to select the level of detail to use for the vehicle drawing. 
Show/Hide Occupied Detectors: to highlight in a different color whenever a vehicle is stepping 
onto the detector (i

- Background: to register and load background DXF files. 
Preferences: to selec

Experiment 
S
 

Run Time: to specify time parameters (start-up and end time of simulation, warm-up period and 
redrawing frequency) 

- Modelling: to specify the global modelling parameters, related to the ve
AIMSUN. 
Input: c
- Past Costs: to specify where to find the section’s Past Co

run and stored into a database in ODBC format
- Output: contains an extended menu with three option related to 

recorded sim
or directly into MS Access. 

- Statistics: to specify parameters defining the statistical reporting to be produced by the simulation 
(level of detail and periodicity). 

- Detection: to specify whether or not to carry out detection, the type of detection and frequency. 
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- Replications: to specify whether to make a single or a multiple run and the numbers used as initial 
seeds for the random generator. If it is a multiple run, you can also specify whether or not to calculate 
the average of the replications. 

s. 

- 

n run. 
- Environmental Models: to define whether or not to consider Fuel Consumption and/or Pollution 

odelling. 

un 
ff

 

icles are shown as they move along the network, 
yed. 

- run the simulation without refreshing the graphical display (this is much faster than Run 

- mediately, either Run or Batch. 
- Begin: to clear the current simulation experiment. 

o stop the simulation when a certain time has elapsed. 

ptions for viewing statistical reports and detection data obtained from current or previous simulation 
ows, travel times, delay times, mean speeds, 

different levels of aggregation: the 
o

cent hole simulation time) or periodic (certain 
statistical interval predefined). There are three possible options:  

ports stored in files, which may have been saved from previous or 

Set of options related to route choice and path information. 

- aths Info: the user can view shortest paths that are being used by vehicles during simulation 
and get path information, such as cost, travel time or distance 

ortest Paths Display: the user can view all shortest paths that are being used by vehicles during 
th trees. 

w all probabilities considered when a vehicle enters in the 

n view all probabilities considered when a vehicle makes a path 

- Route Choice: to specify the Route Choice Model to be used (fixed or variable, static or dynamic, 
binomial, Logit, C-Logit or user-defined) and some related parameter

- Incidents: to view the Incidents Log File and find incidents, showing their characteristics and status 
(active, done or pending) and deleting or saving them in a log file for future experiments. 
VMS Messages: to view the Messages Log file. The user may load/save a sequence of messages to be 
activated on the VMS’s during the simulation. The user may also trace the activated messages during 
the simulatio

Emission m

R
Di erent options for running and stopping the simulation. 

- Run: to run the simulation with continuous animated graphical representation of the traffic. If the scale 
is set to the Minimum Cars Scale or lower, all the veh
otherwise only a range of colours representing density is displa

- Step: to run a single simulation step, the graphical display is refreshed. 
Batch: to 
mode). 
Stop: to stop the simulation im

- Stop at: t

Reports 
O
experiments. The statistics gathered by AIMSUN are: mean fl
density, stops and queue lengths. All these variables can be specified at 
wh le system, sections, turning movements, streams (set of consecutive sections), origin or destination 

roids or O/D pairs. The statistics can be global (the w

 
- File Reports: to load statistical re

current simulation runs. It can also be used to load detection reports. 
- Current Report: to view statistics or detection data gathered during the current simulation experiment. 
- Current Graphics: to display time series plots of statistical or detection data gathered during the 

current simulation experiment, or to show the sections of the network coloured according to a range of 
colours that represents different values for a set of traffic measurements, such as flow, speed, queue 
length, etc. 

Paths:  

 
Shortest P

- Sh
simulation, compare different paths or vies pa

 User-defined Paths: the user can view all user-defined paths. -
- Initial Path Assignment: the user can vie

system. 
- Dynamic Path Assignment: the user ca

reassignment during the trip. 
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Validation:  
Commands of the Validation Tool for comparing different sets of data (simulated vs. real or simulated vs. 
simulated). 
 
- Database: to select the database where the data is stored. 
- Average: to calculate the average re lts for selected replications 
- Charts: to plot as time series the selected sets of data. The user can previously select the sets of data 

and variable to compare, and the coe i

Window 
Set of options for managing windows. 
 
- Show Scenario Info: to open the Scenario dialog window containing the definition of the current 

Scenario (network, demand data, con l 
- Show/Hide Legend: to select whether o

the scale of colours for the density or for 
- Show Log Window: to open the Log Window containing the list of Warning Messages that occurred 

during the session. 
ether or not to display the Scale and Time at the bottom of the 

Help 
Provides general information about the software. 

 Contents: Getting Started on-line manual. 

the left 
de of the main window and has three icons with the following functions: 

su

ffic ents to calculate. 

tro plan, public transport plan, etc.). 
r not to display a legend in the window, which either provides 
the vehicle colouring option. 

- Hide/Show Status Bar: to select wh
main window. 

- Hide/Show Toolbar: to select whether or not to display the tool bar on the left-hand side of the main 
window. 

 
-
- Licenses: type and status of the AIMSUN license in use. 
- On version: current AIMSUN version. 

1.5.2 The Toolbar 
The Toolbar (Figure 1-7), which can be displayed or not using ‘Hide/Show Toolbar’, is located on 
si
 

igure 1-7: The Toolbar F

 

 
 

- Select (arrow): the mouse cursor becomes an arrow. The user 
can open any object of the network by double clicking on it. 

- Zooming (lens): the mouse cursor becomes a magnifying 
lens. Clicking on the left mouse button it causes it to zooms 
in, while pressing the shift key at the same time produces 
zooms out. 

- Incidents: the mouse cursor becomes an arrow; clicking on a 
lane of any section the user can define incidents or lane 
blockages (see section 3.6). 

 

1.5.3 The Status and Control Bar 
The Status bar containing the Scale, Time and Simulation Buttons is located at the bottom of the main 
window (see Figure 1-8).  
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Figure 1-8: Status Bar 

 
 
 
The Scale of the network image is displayed in the format 1:N. This dialog window can be used to directly 
enter a value for variable N, although the scale can also be fixed using the zoom in and zoom out function. 
 

he Time or Simulation Clock is displayed in hours,T
d

 minutes and seconds and is automatically updated 
ur g .  

 
Th , as 
in  
 

in  the simulation run. The user cannot edit this dialog window directly

e Simulation Buttons are used to select the different options for running and stopping the simulation
the Run Command Menu, as well as to record simulations for 3D animation. 
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1.6  REQUIREMENTS 
 
Mi
qu y

uild a good AIMSUN model, the following data is required: 

1.6.1 Network Layout 
An AIMSUN traffic network model is composed of a set of sections (one-way links) connected to each 
other through nodes (intersections), which may contain different traffic features. To build the network 
model, the following input data is required: 
 

• Map of the area, preferably a digitised map in .DXF format. 
• Details of the number of lanes for every section, reserved lanes and side lanes (on and off ramps). 
• Possible turning movements for every junction, including details about the lanes from which each 

turning is allowed and solid lines marked on the pavement. 
• Speed limits for every section and turning speed for allowed turns at every intersection. 
• Detectors: position and measuring capabilities. 
• Variable Message Signs: position and (optionally) the possible messages. 

1.6.2 Traffic Demand Data 
Traffic demand data can de defined in two different ways: 

• by the traffic flows at the sections 
• by an O/D matrix 

 
Depending on the type of model selected, the following input data must be provided: 
 
1. Traffic Flows 

• Vehicle types and their attributes 
• Vehicle classes (for reserved lanes) 
• Flows at the input sections (entrances to the network) for each vehicle type 
• Turning proportions at all sections for each vehicle type 

 
2. O/D Matrix 

• Centroid definitions: traffic sources and sinks 
• Vehicle Types and attributes 
• Vehicle Classes (for reserved lanes) 
• Number of trips going from every origin centroid to any destination one 

1.6.3 Traffic Control 
AIMSUN takes into account different types of traffic control: traffic signals, give-way signs and ramp 
metering. The first and second types are used for junction nodes, while the third type is for sections that end 
up in join nodes. The input data required to define the traffic control is as follows: 

 
• Signalised junctions: location of signals, the signal groups into which turning movements are 

grouped, the sequence of phases and, for each one the signal groups that have right of way, the offset 
for the junction and duration of each phase. 

• Unsignalised junctions: definition of priority rules and location of Yield and/or Stop Signs. 
• Ramp metering: location, type of metering, control parameters (green time, flow or delay time). 

1.6.4 Public Transport  
The user may opt to have AIMSUN Public Transport into account. The input data required to define Public 
Transport is as follows: 
 

• Public Transport Lines: a set of consecutive sections composing the route of a particular bus. 

 INPUT DATA

croscopic simulation is characterised by the high level of detail at which the system is modelled. The 
alit  of the model is highly dependent on the availability and accuracy of the input data. Therefore the 

ust be aware that in order to buser m
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• Reserved lanes 
• Bus Stops: location, length and type of bus stops in the network. 

nsport Lines. 
es or frequency), type of vehicle, and stop times (mean and 

• Allocation of Bus Stops to Public Tra
• Timetable: departures schedule (fixed tim

deviation) for each bus stop. 
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2. NETWORK MODELLING 
 
2.1 NETWORK STRUCTU
 
An AIMSUN traffic network model is composed of a set of sections or polysections (one-way links) 
connected to each other via nodes. Sections and nodes may be connected to centroids, which can be thought 
of as traffic sources or sinks. Figure 2-1 shows an example of a network model. 
 

Figure 2-1: Example of a network model 

RE 

Node Section Centroid
 

 
 
Although, from the modeller’s point of view, the network objects are nodes and sections, internally the basic 
modelling structure is the entity. The AIMSUN Pre-Simulator Module automatically makes this translation. 
Sections are composed of section-entities, which correspond to lanes, and nodes are made up of node-
entities which are the areas connecting input and output lanes, where turns take place. Therefore, a network 
can be seen as a set of related entities (see Figure 2-2). Vehicles move along the network through entities 
according to driver behaviour models, which are a function of their state, defined by the current and 
adjacent entities. 
 
In the network of Figure 2-2 there are ten sections (numbered from 1 to 10), and three nodes (A, B, and C). 
Every section is broken up into entities, each of which corresponds to one lane. For instance, section 4 has 
three entities, including the on-ramp lane. On the other hand, each node is broken up into entities, each of 
which corresponds to a turning movement (from lane to lane). For instance, node A has five entities, 
corresponding to all turns possible from sections 1 and 2 to sections 3 and 4. Node C is a direct connection 
between two sections and therefore it has no entities. 
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Figure 2-2: Breaking a network down 
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2.2 NODES 

2.2.1 Junctions and Joins 
A node is the intersection of two or more sections. Nodes are points in the network where traffic from one 
section is distributed among other sections. There are two types of nodes: junctions and joins. 
 
• Junctions: The input and output sections at a node determine an area that vehicles use to go from one 

section to another. This is the junction. It is modelled by junction-entities representing all possible 
connections between input and output lanes. As shown in Figure 2-3, a junction-entity is the space that a 
vehicle has to drive through the junction. A special feature of this type of entity  is the ability to model 

een the turning movements of section 1 and 5. 

ure 2-3: Modelling a junction. 

conflict zones in order to avoid collisions between vehicles making different turning movements. This is 
the most common type of node in urban networks. Figure 2-3 also shows the conflict zones needed to 
model the interactions betw

Fig

EA i: Section Entity

ec j: Junction Entity

Section 4
EA6 EA5

Section 3 Section 5

Section 2 Section 6

Section 1

EA4

EA3

EA7

EA8

EA2 EA1

ec1
ec2ec3

ec4

Conflict Zone
 

 
• Joins: The input and output sections of a node are connected directly, in such a way that it is not 

necessary to use junction-entities.. In this case, the number of entities entering a node is equal to the 
number of entities exiting it. Figure 2-4 shows some examples. This is the most frequent node on 
freeways and ring roads. 

 

Figure 2-4: Examples of joins 

Join

A B

C D

Join

Join Join
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2.2.2 Yellow Box Junction 
A junction can be defined as a Yellow Box. The purpose of a Yellow Box model is to prevent vehicles from 
stopping inside the junction area. Therefore, vehicles will not attempt to move into a Yellow Box junction 
when there is not enough room in the destination section because the end of the queue reaches the junction. 
In fact, a vehicle will avoid entering a Yellow Box junction whenever the preceding vehicle is moving at a 
speed lower than ‘Yellow Box Speed’, which is a local section parameter (see section 3.4.2). 
 
The purpose of the Yellow Box model is to avoid blockages of junctions, which may lead to a gridlock 
situation in urban scenarios. To denote a Yellow Box Junction, a toggle button is activated in the Junctions 
dialog window (see Figure 2-6) and the junction area is coloured yellow, instead of grey. 
 
The user can deactivate the Yellow Box model of a particular section by setting the Yellow Box Speed 
parameter of that section to 0. 

2.2.3 Junction Dialog Windows 
When you select ‘Objects / Junctions’ from the menu bar, the ‘Junctions’ search window (shown in Figure 
2-5) is displayed. The list of junction identifiers and junction names is displayed. To go to a junction, select 
it by clicking on the list box and press the ‘Find’ button. 
 

Figure 2-5: Junctions Search Window 

 
 

 
To view the junction information you can press the ‘Open’ button in the ‘Junctions’ search window or 
simply double-click on the junction area in the network. The ‘Junction’ information window will then 
appear (see Figure 2-6). This window is only intended for displaying information and cannot be edited 

iting has to be carried out in the TEDI editor). (e
 

is window contains the junction identifier (integer), the name of the junction (string of characters) and

d

h  a 
ggle button indicating whether the junction is to be modelled as a Yellow Box or not. There are also four 
b folders: ‘Turns’, ‘Give Way’, ‘Signal Groups’ and ‘Control’, whose function is to provide more detailed 

information on these attributes of the junction. The contents of ‘Signal Groups’ and ‘Control’ tab folders are 
explained later in section 5.1.2. The contents of ‘Give Way’ is explained in section 5.2.2. 

T
to
ta
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Figure 2-6: Junctions Dialog Window 

 
 

2.2.4 Turning Movements 
When you first open the Junctions dialog window, the contents of the ‘Turns’ tab folder are displayed (see 
Figure 2-7). A list box contains the list of turning movements for the junction. Each turning movement is 
given as the pair of identifiers for the origin and destination sections involved in the turning movement. The 
user may select any turn from the list box by clicking on it and an arrow showing the turning movement will 
be displayed and the lanes involved in the turn highlighted. The following additional data for the turning 
movement is then displayed: 
 
• Recommended Turning Speed. Vehicles will try to follow this speed when making this turning 

movement, although any other specific desired speed of vehicles is also taken into account. 
• Traffic Sign (‘Warning’), if any, which applies to vehicles making that turn. It can be a Yield sign, a 

Stop sign or not present. 
• Initial Cost Function, is used to calculate the initial cost of this turning movement at the beginning of the 

simulation. This is only done when running Route Based simulation (see section 4.2.2). 
• Dynamic Cost Function, is the function used to calculate the cost of this turning movement at any time 

during the simulation run. This is only done when running Route Based simulation (see section 4.2.3). 
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Figure 2-7: Junction-Turns Dialog Window 
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2.3 SECTIONS 
 
A section is a set of adjacent lanes having the same direction, which connects two nodes. Side lanes, which 
can be used to model acceleration or deceleration lanes at on-ramps and off-ramps, are also allowed for. 

igure 2-8 displays some examples of sections. A section is modelled as a set of section-entities, each one 
corresponding to a lane (see Figu ia a node. Each section contains 
a set of allowed turning movements, which is also associated with each individual lane. 

Figure 2-8: Examples of sections. 

F
re 2-9). A section is connected to others v

 
 

Figure 2-9: Modelling of a section. 

 

2.3.1 
Se n
connec
 
• ith equal numbers of origin lanes and destination 

•  side of the polysection, either in the first section of the group 

 

Polysections 
ctio s may be grouped into polysections (see Figure 2-10). A polysection is a set of consecutive sections 

ted through joins that satisfies the following requirements: 

All the joins are one-section-to-one-section joins, w
lanes. 
There may be only one side lane on each
or in the last one. 

Figure 2-10: Example of a polysection 

Section 1

Section 2 Section 3

Section 4

Polysection
 

 
The main purpose of polysections is to enable the user to define longer sections more easily. They can be 
used to provide an approximation of curved sections, and to achieve more accurate behaviour for the Lane 
Changing Model (see section 3.5) since longer zones can be defined. 

N o d e
N o d e

i
j

S e c t io n  1

S e c t io n  2
E n tity - la n e  2 .2

E n t ity - la n e  1 .1
E n t ity - la n e  1 .2
E n tity - la n e  2 .1

S e c t io n  3 E n t ity - la n e  3 .1
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2.3.2 Section Dialog Win
When you select ‘Objects / Sections’ from the menu bar, the ‘Sections’ search window is displayed (see 
Figure 2-11). The list of section identifiers and section names is shown. To go to a section, select it by 
clicking on the ‘Sections’ list box and press the ‘Find’ button. 
 

Figure 2-11: Sections Search Window 

dows 

 
 
To view the section information, you select a section from the list by clicking on it and then pressing the 

This window is only intended for displaying information and cannot be edited (editing is carried out in the 
tab folders: Basics, Lanes, Traffic and Equipment. When you first open the 

− Yellow Box Speed: parameter used in the Yellow Box Model for vehicles approaching to the 

− On Ramp: distance on ramp, in seconds. 
 

• Turning Information: a list box containing the identifiers of the sections onto which a vehicle can turn 
from the current section, the turning speed, the sign (yield or stop), if any, Initial Cost Function and the 

‘Open’ button in the ‘Sections’ search window. You can also simply double-click on the section area 
directly in the network. The ‘Section’ dialog window will appear (see Figure 2-12). 
 

TEDI editor). There are four 
Sections dialog window, the contents of the ‘Basics’ tab folder are displayed (as shown in Figure 2-12) and 
the following information appears: 
 
• The section identifier (integer) and the name of the section (string of characters). 
 
• Section Characteristics 

− Maximum Speed: the speed limit for that section. Optionally, the user may define different Speed 
Limits for each lane in the section (see figure 2-13) 

− Capacity, in vehicle/hour. This is only used in the cost function for the calculation of shortest paths 
(see section 4.2).  

− Visibility Distance, in meters (see sections 3.4.2 and 5.2) 

junction through this section (see sections 2.2.2 and 3.4.2) 
− Length of the section, in meters. 
− Slope: units represent percentage, which is the height corresponding to 100 meters length (see 

sections 3.4.2 and 3.5.4). 
− User-defined Section Cost: any cost expressed in terms of time representing an economic value 

associated with the section that can be used in any cost function for calculating route costs. 
− Maximum Give Way Time Variability (see section 3.4.2) 
 

• Lane Changing Distances (see sections 3.4.2 and 3.5.5) 
− Zone 1: distance zone 1, in seconds. 
− Zone 2: distance zone 2, in seconds. 
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corresponding Cost Functio display an arrow showing 
the turning movement and the lanes involved in the turn will be highlighted. 

 

Figure 2-12: Section-Basics Dialog Window 

n names. Clicking on any turn in the list box will 

 
 

The contents of the Traffic tab folder are explained later in section 3.1.2. The contents of the Equipment tab 
folder (consisting of Detectors, Metering and VMS’s) are explained in sections 2.5.2, 2.5.1 and 2.5.3, 

icles cannot use it 
t all. Allowed vehicles must try to reach the lane if possible, and when they get into it, they must remain 

inside. Disallowed vehicles behav served lanes. This is the type of 
behaviour required to model bus lanes properly.  
 
In both cases, non-allowed vehicles can only enter reserved lanes in exceptional circumstances (blocking of 
other lanes, turning movements only allowed in these lanes, etc). 
 
Information about Reserved Lanes is shown in tab folder ‘Lanes’ of the Section dialog window (see Figure 
2-13). If there are any reserved lanes in this section, the type of reserved lane, either compulsory or optional, 
and the name of the allowed class are displayed. 
 

respectively. 

2.3.3 Reserved Lanes 
Reserved lanes can be defined in any section. By reserved lanes we mean those lanes where entry is only 
permitted to vehicles that belong to a certain class (a set of vehicle types). For each section, at most one set 
of reserved lanes can be defined. The lanes must be adjacent and at one side of the section. Two different 
types of reserved lanes are allowed: optional and compulsory. 
 
An optional reserved lane means that allowed vehicles may use it or not, while disallowed vehicles cannot 
use it at all. If an allowed vehicle is in the lane, the vehicle does not have to leave it; if an allowed vehicle is 
not using the lane, the vehicle may use it to overtake or whenever it is needed. The vehicle does not, 
however, have to make a special effort to enter the lane. Disallowed vehicles would be compelled to leave a 
reserved lane and will not enter it unless required for some turning movement. This type of reserved lane 
can be used, for instance, to model trucks being forbidden to overtake in the left lane.  
 

 compulsory reserved lane means that allowed vehicles must use it, while disallowed vehA
a

e in the same way as in the optional re
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Figure 2-13: Section-Lanes Dialog Window 

 
 

2.3.4 Solid Lines 
Restrictions on changing lanes are  modelled by defining solid lines between lanes. Lane changing is not 
allowed wherever there is a solid line between two lanes. Using this feature the user may avoid undesired 
lane changing at conflicting points, such as around the area of an on-ramp. 
 
F fine a so des. 
Where no solid line is defined, a dashed line is assumed. A solid lane on the right side of a lane means that 
no lane change is allowed from the right side of that lane to the lane on the right.  
 
A solid line on the left side means that no lane change is allowed from the left side of the lane to the lane on 
its left. Finally, a solid line on both sides means that no lane change at all is allowed between the lanes. 
Solid lines can be defined for the whole lane length or only part of it. Figure 2-13 shows the Lanes Folder of 
the Section dialog window in which information about solid lines is displayed in the AIMSUN interface. 
 
Solid lines are drawn on the section so that the user can identify them directly in the network. Figure 2-14 
shows the graphical representation of section 8 corresponding to the data displayed in the dialog window in 
Figure 2-13. In this example, there is a short solid line between the on-ramp lane (lane number 1) and the 
rightmost main lane (lane number 2), so vehicles cannot merge from the on-ramp in the first 20 meters, (as 
is the case for vehicle 2). There is also a solid line between the left lane (lane number 3) and the right lane, 
intended to create more gaps for the approaching on-ramp. This is the case for vehicle 4, which is not 
allowed to change to the right lane, since this would disrupt merging for vehicles 1 and 2. 
 

Figure 2-14: Example of Solid Lines 

or each pair of adjacent lanes the user may de lid line to the right, to the left or on both si

3

4

2 1

Section 8Section 7

Section 6
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ach zone corresponds to a centroid. A centroid can be 
considered as a traffic source ay have a set of nodes and/or 
sections connected ‘TO’ and ‘FROM’ it. A connection ‘TO’ means that vehicles are going TO the object 

 the centroid. This is a source or origin. A connection ‘FROM’ means that vehicles are going FROM 

e (centroid node), which constitutes the 
ions (arc). Incoming arcs model the sections that lead to an entry gate for 

es. Note that this level of representation does not allow a centroid 

ab
se isplayed in Figure 2-15. 

On
exists elonging to the zone 
wh   is subdivided into a set of sections belonging to a zone. The 
su v osen probability distribution (e.g. uniform 
dis b
destina
 

F

2.4 CENTROIDS 

2.4.1 Network Zones 
Section and node objects can be grouped into zones. E

, a traffic sink or both. Consequently, a centroid m

from
the object to the centroid. This is a sink or destination. 
 
Assignment of a vehicle to a section depends on how the zone is represented in the network. Two levels of 
representation are possible: macroscopic and microscopic. 
 
In the macroscopic representation, a zone is seen as a special nod
start and/or the exit of a list of sect
the zone. Outgoing arcs mark the exit gat
to appear as an intermediate node in a route. This is carefully considered when the system is calculating the 
shortest routes. The outgoing arcs serve as entities where the vehicles finish their trip and are then are 

sorbed (taken out of the network). When a vehicle is generated within a zone, it is assigned to the exit 
ction specified by its route. An example of this level of representation is d

 
 the other hand, at the microscopic level, the details for all zones are modelled. The concept of a zone 

only to model the demand. Hence, the departure point of a vehicle is a section b
ere it was generated. The demand

bdi ision is carried out on the basis of probability by using a ch
tri ution). This level of representation requires the calculation of shortest routes from every section to all 

tion sections. An example of this level of representation is illustrated in Figure 2-16. 

igure 2-15: Centroids connected to Section 

  

es Figure 2-16: Centroids connected to zon

 
O-D matrices are related to centroids. An O-D matrix gives the number of trips from each origin centroid to 
each destination centroid, for each time slice and for each vehicle type. Chapter 4 of this document 
describes how vehicles are assigned to the different objects (i.e., sections and nodes). 
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2.4.2 Centroid Dialog Windows 
When you select ‘Objects / Centroids’ from the menu bar, the ‘Centroid Dialog’ search window is displayed 
(see Figure 2-17).  The list of centroid identifiers and centroid names is shown. To pan to a centroid, select it 
by clicking on the list box and press the ‘Find’ button. 

Figure 2-17: Centroid Search Dialog Window 

 
 
To view the centroid information you can either press the ‘Open’ button in the ‘Centroids Dialog’ search 
window after selecting one of them, or simply double-click on the centroid icon directly in the network. The 
‘Centroid Dialog’ information window (shown in Figure 2-18) then appears. This window is only provided 
for the purpose of displaying information and cannot be edited (editing has to be carried out in the TEDI 
editor). The information presented in this window is the following: 
 
• Centroid identifier (a number). 
• Centroid name (a string of characters). 
 Two toggle buttons indicating how the vehicles are going to be distributed among the objects (sections or 

nodes) connected to/from the centroid when they enter/exit the network. There are two toggles: Use 
Origin Percentages and Use Destination Percentages (see section 4.7.2) 

ormation. The following data is provided for each connection: 
− Type of connection: a connection ‘to’ means from the centroid to the object, this is an origin’. A 

− Object identifier: identifier number of the section or node. 
hicles generated/attracted by this centroid that will use this connection 

to enter/exit the network, only if the ‘Use Origin/Destination Percentages’ option has been selected. 

.)  

sele
to a
and To connections in blue, as in Tedi (see figure 2-19). 

•

• A list box containing the connections inf

connection ‘from’ means from the object to the centroid, this is a ‘destination’. 
− Type of object: section or node. 

− Percentage: percentage of ve

− Position in the object where the physical connection has been made. 
• The demand data from the O/D matrix for this centroid, (only if it is an origin, see section 3.1.3
 
In previous versions of AIMSUN GUI, the centroid connections were only drawn when the centroid was 

cted and there was no difference between from and to connections. Now the user can choose if he wants 
lways see them or not, in the dialog Show Objects. Furthermore, From connections are drawn in black 
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Figure 2-18: Centroid Dialog Window 

 
 

Figure 2-19: Centroid Connections 

 
 
 

31 



TSS-Transport Simulation Systems  February 2004 

2.5 NETWORK EQU
 
AIMSUN can model most of the devices that can be found in any real traffic network. Traffic signals, traffic 
signs, ramp metering, detectors and variable message signs (VMS) are all taken into account. 

2.5.1 Traffic Control Devices 
 
These are some of the standard basic objects that are required to implement traffic control in the real traffic 
network. These objects, which are explained in greater detail later in chapter 5, are the following: 
 
• Traffic Signals. These are always related to junction node types and it is assumed that the stop line is 

always located at the end of the approaching sections. The control plan is defined at the level of the 
whole intersection. This is done by specifying a set of phases, the signal groups affected for each one 
and the set of permitted turning movements. 

• Traffic Signs. In order to define rights of way for turns at unsignalised intersections, two types of signs 
are considered: give-way, or yield, signs and stop signs. 

• Ramp Meters. This type of control is used to limit the input flow at ramps entering certain type of roads, 
such as freeways, urban motorways, etc. This is done with the purpose of maintaining certain levels of 

ork equipment that can be modelled by AIMSUN is the traffic 

.  

Figure 2-20: Examples 

IPMENT 

safety, as well as guaranteeing free flow in the main traffic stream. Ramp meters usually appear in 
sections approaching juncture-type nodes and they affect all the lanes in the section. 

2.5.2 Detectors 
 

nother object included with the netwA
detector. A traffic detector is any device that is able to take measurements of traffic variables. A detector can 
be located at any point inside a section, it can cover one or more lanes and be of any required length. A 
section can have more than one detector, but a detector must belong only to one section. Figure 2-20 
provides some examples of detector layouts. AIMSUN can model different types of traffic detectors, which 
are defined by their measurement capability: vehicle counts, speed, presence and occupancy

of detector layouts 

 
 
The two main types of detection implemented are the Common Detection Model and the ETCMS (External 
Traffic Control System) Detection Model. Common detection output data is produced by AIMSUN 
periodically, provided that detectors are defined in the network and the user has set the Aggregated 
Detection toggle button to ON in the Detection Parameter Window before running the simulation experiment 
and providing a detection interval has been defined. ETCMS detection output is produced the user sets the 
Cycle Detection toggle button to ON in the Detection Parameter Window before running the simulation 
experiment and providing a detection interval 
 
In the Common Detection Model, the data produced is stored in ASCII files, and depends on the measuring 
capabilities of the detectors. There is a data line for each detector, which contains the detector identifier and 
the list of data gathered. These may include Count (number of vehicles per interval), Occupancy (percentage 
of a time interval a vehicle is measured by the detector), Speed (mean speed for vehicles crossing the 
detector during the interval) and Density (number of vehicles per kilometre), and Headway (mean headway 
for vehicles crossing the detector during the interval).  When there are detectors with ‘Equipped Vehicle’ 
capability, the AIMSUN generates a log of all Equipped vehicle detected during the simulation, providing 
the detection time, the detector identifier, the vehicle identifier, the vehicle type name and the public 
transport line identifier if it is a public transport vehicle. 
 
In the ETCMS type Detection Model, the data are given at every cycle (could be different from the 
simulation step). The data gathered are Count (number of vehicles), Speed (mean speed for vehicles crossing 

32 



TSS-Transport Simulation Systems  February 2004 

the detector during the step), O is pressed), Presence (whether 
a vehicle is over the detector or not), Density (number of vehicles per kilometre) and Headway (mean 
headway for vehicles crossing the detector during the interval). 
 
Detectors are always associated with Sections because they can only be located inside a section. When you 
select the ‘Equipment’ tab folder in the ‘Section’ dialog window, four additional tab folders appear. The first 
is the ‘Detector’ tab folder, which contains the information about the detectors defined in that section (see 
Figure 2-21). A section can have more than one detector. Consequently, a list of detectors for that section is 
displayed. Selecting a Detector from the list box will activate the toggle buttons corresponding to the 
Measuring Capabilities for that detector: count, speed, presence, occupancy and density. The toggle button 
indicating whether the detector can distinguish between different vehicle types is also displayed. 

Figure 2-21: Section-Detectors Information window 

ccupancy (percentage of time step the detector 

 

 
 
You can also access Detector Information by using the ‘Objects / Detectors’ command. This displays a 
‘Detectors’ search window (shown in Figure 2-22). The user can search for a detector by clicking on the 
name in the list box and pressing the Find button. When you press the ‘Open’ button, the ‘Detector’ 
information window (see Figure 2-23) is displayed. Double-clicking directly on the detector image in the 
network has the same effect. 
 
This window provides some additional attributes of the detector, such as the lanes covered by the detector 
(numbered from right to left) and the initial and final position of the detector in the section, measured from 
the beginning of the section. It can also be used to graphically monitor the data gathered and detection 
measures cycle by cycle (see section 9.2 for a detailed description). 

Figure 2-22: Detector search window 
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If the network contains any traffi tion model to apply by using the 
‘Experiment / Output / Detection’ command from the menu bar (see section 9.2 for a description of the 
Detection Output Data).  

 

Figure 2-23: Detector Information window 

c detectors, the user can select which detec

  

2.5.3 Variable Message Signs (VMS) 
VMS’s are display panels, located on the sections, which are used to provide information and 
recommendations for drivers and are even used to prohibit certain behaviour (see Figure 2-24). Each VMS 
has a set of possible messages and each message has a set of actions, which represent the influence the 
message has on the driver’s behaviour. 
 
The types of message that can be modelled include modifications to speed limits, recommendations for 
alternative routes and information on congestion or incidents. The modeller can define a set of actions, to 
represent the impact of these messages. This is described in section 5.4. 

Figure 2-24: Variable Message Sign 

80

 
 
The user may access VMS information via the ‘Sections’ dialog window. If you select the ‘Equipment’ tab 

inf MS defined in that section (see Figure 2-25). A section can have more than one 
VMS. Consequently, a list of VMS for that section is displayed.  

folder, three additional tab folders are displayed. One of these is the ‘VMS’ tab folder, which contains the 
ormation about the V
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Figure 2-25: VMS Information window 

 
 

You can also access VMS information by selecting the ‘Objects / VMS’s’ command. The ‘VMS’s’ search 
indow (similar to the Detector search window displayed in Figure 2-21) appears, displaying the list of w

VMS names. You can go to a VMS by selecting it or by clicking on the list box and then pressing the ‘Find’ 
button. To view the VMS information, you press the ‘Open’ button in the ‘VMS’s’ search window or simply 
double-click on the VMS directly in the network. In both cases the ‘VMS’ information window is displayed 
(see Figure 2-26). 

Figure 2-26: VMS Information window 

 
 

string of characters). 
 Position where it is located in the section. This is measured as the distance from the entrance point of the 

The information displayed in this window includes the following: 
 
• VMS Identifier (numerical id.). 
• VMS name (a 
•

section to the VMS. 
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• Current Activated Message, if any. In AIMS
pictogram message, however, (e.g. a speed lim

UN, Messages are considered as being alphanumeric. A 
it sign or a warning sign) can be assumed to be represented 

y a peed = 60’ or ‘Warning’). 
ist S. Only messages included in this list may be accepted for display 

s of Actions associated with that message appears in the list box named 
 d ‘Actions’ contains all actions available for this network. The user can 

 the ‘Add’ button. This button turns into a ‘Remove’ button when an action from the ‘Mess. 
ctions’ list box is selected instead. Actions are explained in section 5.4. 

ns that the message will be 
ctivated at the current time. Activating a message at the current simulation time will cause the message to 

vated 
essages. This is done using the ‘Experiment/VMS Messages’ command, which displays the dialog window 

Figure 2-27: VMS Messages Log Dialog Window 

b string of characters (e.g. ‘Max. S
• L of possible messages for this VM

by this VMS. 
• Starting Time. This is the time at which the message must be activated. 
• List of all Actions available for this network (explained in section 5.4). 
 
When electing a message, a list 
‘Mess. Actions’. The list box name
add actions to the list of actions associated with a message by selecting an action from the ‘Actions’ list box 
and clicking on
A
 
The user can activate any message from the messages list box by clicking on it and pressing the ‘Activate 
Message’ button. Messages cannot be edited via this window, only activated. By default, the current 
simulation time is displayed in the ‘Starting Time’ dialog window, which mea
a
be displayed as Activated Message and the Actions associated with it will be implemented.  
 
The user can also edit the value of ‘Starting Time’ to specify at what time during the simulation the message 
has to be activated. Therefore, the user may define a sequence of messages to be activated on the different 
VMS’s during the simulation run. This can be done at any time during the simulation run, either via the 
AIMSUN graphical user interface or via the GETRAM Extensions. The user may also monitor the acti
m
displayed in Figure 2-27. 

 
 
The VMS Messages dialog window provides a list of messages that have been, are, or will be activated in 
the current simulation experiment. The following information is provided: 

e displayed in the future). 

deleted from the list using the ‘Delete’ button. Deleting an active message will not cause 
the message to be cleared from the VMS, but only to be removed from the list. There is also a ‘Find’ button 
to locate the corresponding VMS in the network. 

 
• Identifier and Name of the VMS where the message is displayed. 
• Text of the message. 
• Starting Time when the message is to be activated. 
• State of the message: Done (it has been displayed in the past), Active (it is currently displayed) and 

Pending (it is to b
 
The Messages Log file can be stored using the ‘Save’ button in the VMS Messages dialog window. Saved 
message log files can be loaded and used in other simulation experiments. This is done by clicking on the 
‘Load Initial Messages’ toggle button, which you can find in the Load Traffic Results and Load O/D Matrix 
dialog windows. 
 
Messages can be 

36 



TSS-Transport Simulation Systems  February 2004 

3. TRAFFIC MODEL
 
3.1 TRAFFIC DEMAND DATA 
 
Depending on the available traffic demand data, two different types of simulation are considered in 
AIMSUN. One is based on input traffic flows and turning percentages, the other is based on O-D matrices 
and routes or paths. 

3.1.1 Vehicle Classification  
egardless of the type of simulation, vehicles can be grouped at two different levels: vehicle classes and 

es in the network model. 

type. For instance, vehicle types may be car, taxi, private-bus, public-bus, 
HGV (heavy goods vehicle), tru  of Types in a model is always 
required, otherwise it is not possible to define traffic demand data. Physical characteristics or vehicle 
attributes such as width, length, speed, acceleration, deceleration, etc, may be defined for every Type.  
 
A Class can be composed of one or more Types, and a Type may belong to none, one or several Classes. For 
example: 
 
 Class

LING 

R
vehicle types. 
 
Vehicle Classes are only used for the reserved lane definition. For instance, these can include Public, Private, 
Emergency and HOV (high occupancy vehicle) classes, in order to be able to define reserved lanes in the 
network model for Public and Emergency classes as well as lanes for the HOV class. The use of Classes is 

ptional, it is only required when there are reserved lano
 
Vehicle Types refers to the different kinds of vehicles for which the traffic demand data is defined. 
Therefore, input flows and turning proportions as well as number of trips in the OD matrices are 
distinguished for each vehicle 

ck, ambulance, police-car, HOV-car. The use

  consists of  Types
 Public     public-bus, taxi, ambulance, police-car 
 Private     car, private-bus, HGV, truck, HOV-car 
 Emergency    ambulance, police-car 
 HOV     HOV-car 
  
A reserved lane may be defined for a certain class. For instance, a reserved lane may be defined for Public 
transport. This lane would only be available for public-buses, taxis, ambulances and police-cars. 

3.1.2 Input Flows and Turning Proportions 
The traffic demand data is composed of the input flows at the input sections of the network and the turning 
proportions at every node of the network. Both can be defined by vehicle type. These data can be obtained as 
a result of a previous assignment model, from data collected by detectors or defined by the user as an 
experimental hypothesis. 
 
Vehicles are generated and input into the network through the input sections, following a random generation 
model (see section 3.2) based on the mean input flows for those sections. They are then distributed randomly 
throughout the network in accordance with the turning proportions defined at each section of the network. 
This means that vehicles do not “know” their complete path along the network, but only about their next 
turning movement. 
 
AIMSUN can distinguish between the different entrances to a section, so different turning proportions can be 
defined. Each turning proportion will affect only the vehicles entering the section from each different 
entrance. Figure 3-1 gives an example of this. Section 3 has two possible entrances: sections 1 and 2. 
Therefore, the turning proportions for section 3 to sections 4 and 5 may be different for vehicles coming 
from section 1 to those coming from section 2. The same happens with section 5, whose entrances are 
sections 3 and 6. 
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Figure 3-1: Entrances to a Section 

1

3

4

5

2
6  

 
Intervals between arrivals are determined from the mean flows of the input sections, applying any of the 
random distributions explained in section 3.2. Vehicle type is assigned as a function of the proportions 
defined for each section. The input lane depends on the state of all lanes composing the section, the 

affic Result has been loaded, you can consult the traffic demand data for a section by selecting the 

Figure 3-2: Traffic Information Window 

existence of reserved lanes and the vehicle type. Rightmost lanes (or leftmost lanes, depending on the type of 
driving) are more likely to be used than central lanes. 
 
When a Tr
‘Traffic’ tab folder (see Figure3-2). If an OD matrix has been loaded instead of a Traffic Result, the ‘Traffic’ 
tab folder will contain no data. 

 
 

This traffic information window contains the input traffic flows and/or the turning proportions. You can 
view it by selecting an entrance section by clicking on an identifier in the ‘Entrances’ list box. If the section 
is an input section, then there will be no entrance sections and therefore only a dash will appear in the 
‘Entrances’ list box. Then select a vehicle type from the ‘Vehicle Types’ list box in a similar manner, and 
finally a time interval from the ‘Intervals’ list box. The entrance flow for this section and the turning 
proportions for each possible destination section will be shown. If the section is not an input section, no 
entrance flow will be displayed. Clicking on any turn in the list box displays an arrow showing the turning 
movement as well as highlighting the lanes involved in the turn. 
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3.1.3 O-D Matrices and Rou
The traffic conditions to be simulated are defined by an O-D matrix, which gives the number of trips from 
every origin centroid to every destination centroid, for each time slice and for each vehicle type. Vehicles are 
generated at each origin centroid and input into the network via the objects (sections or nodes) connected as 
‘TO’ this source centroid. Then, vehicles are distributed along the network following shortest paths between 
origin and destination centroids. Finally, vehicles exit the network via the objects connected as ‘FROM’ the 
destination or sink centroid.  
 
When a vehicle is generated, the assignment of the vehicle to the objects connected to the centroid (i.e. 
sections and nodes) can be made based on probability, or made to depend on the path to destination. Using 
the probability-based approach, the user specifies a proportion of vehicles taking each of the possible objects 
connected to the centroid. On the other hand, using the destination-dependant approach, the system decides 
to which object each vehicle must be assigned, taking into account the best path to the actual destination of 
the vehicle. 
 
O/D Matrix information can be accessed via the Centroid dialog window (see Figure 3-3), which can be 
opened either with the ‘Objects / Centroids’ command from the menu bar or just by double clicking on a 
centroid.  
 
This dialog window displays the demand data from the O/D matrix for this centroid, only if it is an origin. 
This information is presented in various list boxes: 
 
• Time Slice: time (hours, minutes and seconds) at the beginning of the time slice. 
• Destination Centroids reached from this origin and the total number of trips going to each destination 

during the time slice. 
• Distribution of the total demand for each pair O-D among the different vehicle types. 
 
To obtain the information, first select one time slice by clicking in the ‘Time Slice’ list box. The 
Destinations and Total Trips for this time slice will appear in the ‘Dest.’ list box. Then, to view the Vehicle 
Types distribution, click on a destination in the ‘Dest.’ List box, and this information will be displayed in the 
‘Vehicle Type’ list box. 

hapter 4 explains in more detail how this type of O/D matrix and paths-between-centroids simulation 
works. 
 

tes 

 
C
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Figure 3-3: Centroid Dialog Window  
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3.2 TRAFFIC GENERATION  

headway models: exponential, uniform, normal, constant, “ASAP” and external. 
his is done via the option menu ‘Arrivals’ that appears both in the ‘Load Traffic Result’ and ‘Load O/D 

ault distribution when simulating with 
affic results, while ‘uniform’ is the default distribution when using the OD matrix. 

Figure 3-4: Headway model selection 

 
The time interval between two consecutive vehicle arrivals –headway– is sampled from a random 
distribution –headway model. When loading either a traffic result or an OD matrix into AIMSUN, the user 
may select among different 
T
Matrix’ dialog windows (see Figure 3-4). ‘Exponential’ is the def
tr

 

3.2.1 ne
Time intervals b nsecutive vehicle arrivals (headway) at input sections are sampled from an 
exponential distribution [COW75]. The mean input flow (in vehicles/second) is λ, and the mean time 
headway is calculated as 1/λ seconds. 

uniform distribution. The mean headway (T) is taken as 1/  seconds, being  the mean input flow (in 
-T/2, T+T/2].  

u = random (0,1) 

Expo ntial 
etween two co

 
The algorithm for calculating the time headway (t) is the following: 

 
u = random (0,1) 
if (λ > 0.0) 

t = ((-1/λ)*ln(u)) 
else 

t = max_float 
endif 

3.2.2 Uniform 
Time intervals between two consecutive vehicle arrivals (headway) at input sections are sampled from a 

λ λ
vehicles/second), and the range used for the uniform is [T
 
The algorithm for calculating the time headway (t) is the following: 
 

if (λ > 0.0) 
T = 1/λ 

minU = -T/2 
maxU = T/2 
t = T+[minU+(maxU-minU)*u] 

else 
t = max_float 

endif 
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3.2.3 Normal 
Time intervals between two consecutive vehicle arrivals (headway) at input sections are sampled from a 
truncated normal distribution. The mean headway (T) is taken as 1/λ seconds, where λ is the mean input 
flow (in vehicles/second), and the variance (σ) is taken as 10% of the mean. The range of the truncated 

ime in rvals b ctions are always constant. 
he hea  (t) is taken as 1/λ seconds, being λ the mean input flow (in vehicles/second).  

he algorithm for calculating the time headway (t) is the following: 

if (λ > 0.0) 
t = 1/λ 

t = max_float 

generation model, vehicles are entered in the network ‘as soon as possible’, i.e. as soon as there is 
el is intended to make the most use of the network 
or simulating evacuation situations. In this case no 

eadway is generated. At the beginning of each time slice, the total flow to be input during the slice is ‘piled 
the section one after the other as soon as the previous 

3.2.6 External  
This option means that the user will introduce 
module. No vehicles are generated or input into the network on by the simulator itself. 
Therefore an external DLL, user-defined progra ed to feed the network with vehicles. 

3.2.7 Dealing with a fractional number of trips 
When the demand for a particular OD pair during a certain tim ce is less than 1, it is possible that no 

is scheduled for that rticular slice. Th  slight error may become very significant when 
posed by a lot of time slices, or when there are a lot of OD pairs containing 

ation in which a representative number of trips are not being 

his pro lem can be attributed to the nature of the vehicle generation process in AIMSUN. To calculate a 
ehicle rival ti arrivals (headway) are sampled from 
ny of the available random distributions. When the flow is small, this time headway can be bigger than the 

time slice itself, which leads to no arrival during that slice, but during the next slice instead. However, when 
the simulation reaches the new slice, new arrivals according to the new input demand are scheduled and the 
pending arrivals are removed. 
 

normal is [T-2*σ, T+2*σ]. 
 
The algorithm for calculating the time headway (t) is the following: 
 

if (λ > 0.0) 
T = 1/λ 
n = t_normal (1,0.1)  (truncated normal) 
t = maximum [ε, n*T]  (ε → 0, ε > 0) 

else 
t = max_float 

endif 

3.2.4 Constant 
T te etween two consecutive vehicle arrivals (headway) at input se
T dway
 
T
 

else 

endif 

3.2.5 “ASAP”  
In this 
some space available in the input section. This mod
entrance capacity. It could be used, for example, f
h
up’ at the entrance section and vehicles are entered in 
one has left enough space. 

the vehicles into the network via the GETRAM Extensions 
 via any secti

m, is requir

e sli
vehicle 
th

 pa is apparently
e simulation period is com

these small amounts. This can cause a situ
generated. 
 
T b

ar me, the time intervals between two consecutive vehicle v
a
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For example, let us assume that λ=0.2 vehicles/minute is the mean input demand for a particular OD pair. 
The mean time headway is calculated as 1/λ = 5 minutes. If we have a time slice of 1 minute, this means that 
during this time slice no vehicles would arrive, as the scheduled time for the next arrival goes beyond the 
end of the time slice. 
 
To solve this problem, the generation process is recalculated for every time slice and is carried out for every 

calculates the generation times for a specific vehicle type according to 

enerat e slice 
extTim Gener
eadway: represents the time interval of the next arrival according to the chosen distribution  

 
NextTimeGeneration = = Initial Time of Slice i-th 
 
while (NextTimeGeneration <= End Time of Slice i-th) do 
 
 if (it is the first slice) then 

extTimeGeneration = PreviousTimeGeneration + Headway /2 

reviousTimeGeneration + Headway 

meGeneration, 
GenerationTimePending) 

  endif 
 
 endif 
 
 PreviousTimeGeneration = NextTimeGeneration 
enddo 

eneration  
 

xamp
onsider a situation with four time slices, each one has 10 minutes of duration and a constant distribution 

has been chosen. Table 3-1 shows the input demands for a particular OD pair. 

Table 3-1: Example 

Number of Slice Initial Time 
(minutes) 

Number Trips 

vehicle type. In each slice, AIMSUN 
the following algorithm: 
 
G ng: represents the first arrival time that is greater than the end of tim
N e ation: represents the next time of arrival in the slice 

ionTimePendi

H

  N
 else 
 TimeGeneration = P Next
 
  if (it is the first generation in the slice) then 

NextTimeGeneration = Minimum(NextTi

 
eneratG ionTimePending = PreviousTimeG

E le 
C

1 0 0.6 
2 10 0.5 
3 20 0.4 
4 30 0.5 

 
In the first slice,  
 Headway = 10/0.6 = 16.66 minutes 

It generates: 
  Generation Time 1 = 0 + 16.66/2 = 8.33 minutes 
  GenerationTimePending  = 8.33 + 16.66 = 25 minutes 
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8.33
Real

Generation

25
Pending

Generation

0 10 20 30 40

 

a tes 
ra

m (10 + 20, 25) = 25 minutes 

In the second slice,  
 Headw

It gene
y = 10/0.5 = 20 minu
tes: 
GenerationTimePending = Minimu  

 

0 10 20 30

25
Pending

Generation

40

 

 inutes 
nding = 25 + 25 = 50 minutes 

In the third slice,  
Headway = 10/0.4 = 25 minutes  
It generates: 

Generation Time 1 = Minimum (20 + 25, 25) = 25 m 
  GenerationTimePe
 

25
Real

Generation

50
Pending

Generation

0 10 20 30 40

In the fo
 Headway = 10/0.5 = 20 minutes 

It generates: 
 GenerationTimePending = Minimum (30 + 20, 50) = 50 minutes 

 
urth slice,  

 
 

50
Pending

Generation

0 10 20 30 40

 
Considering all slices, the real generation of vehicles is carried out at 8.33 and 25. Therefore, 1 vehicle 
rrives during the first slice, and a second vehicle arrives during the third slice. 

Acc i
hich is edure described above. 

a
 

ord ng to the input demand defined in Table 3-1, 0.6 + 0.5 + 0.4 + 0.5 = 2 vehicles must be generated, 
 in fact what we have achieved with the procw
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3.3 VEHICLE ENTRANCE PROCESS 
 
The above Headway Distributions determine the theoretical arrival time for each vehicle. It is then necessary 

 check whether the arrival is physically feasible or not. The Vehicle Entrance Process is defined by the 
llowing procedure: 

If (IsThereSpace) then  
Enter a new vehicle 

Else  
Add Vehicle in the Virtual queue 

Endif 

.3.1 Function to determine whether the entrance is possible 
he calculation for determining whether there is enough space to enter is made by considering the 
arameters of the entrance section, the parameters of the first vehicle (called leader) positioned in the 
ntrance section, and the p that try to enter, and the parameters of the entrance 

section.  

• xSectionSpeed). 
 
The parameters of the leader are:  
 

• the current position at entrance time (Pos). 
• the current speed at entrance time (Speed). 

• the minimum distance between vehicles (MinDist). 
• the Length (L). 
• the braking distance as the distance necessary to stop the vehicle applying the maximum 

deceleration. It is defined as: 

to
fo
 
 

 

 

3
T
p
e arameters of the vehicle type 

 
The parameters of Entrance Section:  
 

the mean of Maximum Speed  (Ma

• the maximum deceleration (MaxDecel). 

MaxDecel
SpeedBrakingD
*2

2

−
=  

 
T
 

he parameters of the Vehicle Type:  

• the mean of Maximum Speed  (MaxSpeedAvg). 
• the mean of Speed Acceptance  (θ). 
• the mean of Maximum Deceleration (MaxDecelAvg). 
• The maximum desired speed on the entrance section : 

 
),*( gMaxSpeedAvSpeedMaxSectionMinSpeedMaxDesired θ=  

 
• the average braking distance of a vehicle type as the necessary distance to stop the vehicle applying 

the maximum deceleration. It is defined as: 
 

 
gMaxDecelAv

SpeedMaxDesiredDAvgBraking =
*2

2

−
 

 
• the Minimum Distance to enter is defined taking the average braking distance (MinDistEnter) 

  = AvgBrakingD 
 

MinDistEnter

45 



TSS-Transport Simulation Systems  February 2004 

Considering all these parameters, the possible space to enter (PH: Possible Headway) is defined as: 
 

PH = Posleader + BrakingDleader - Lleader - MinDistleader
 

 evaluate the availability to enter is defined as: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Taking all these values the function to 
 

if  (PH >= MinDistEnter) then  
            The vehicle has enough space 
Else 
            The vehicle does not have enough space 
Endif 

 
To enter the
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The   PH-MinDistEnter) is: 
 

 vehicle it is necessary to assign the entrance time into the system and its position. 

 ne essary time to travel distance d (defined asc

SpeedMaxDesired
td

erMinDistEntPH −
=  

rance time t
 
Therefore, the ent
 

real is defined by: 

d 

Leader

Possible Headway (PH)

Leader

Current Position at Time t
(Posleader)

B leaderrakingD

MinDist  Enter

Leader Leader

Current Position at ime t T

Possible Headway (PH)

(Posleader)

BrakingDleader

MinDistleader
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))cle(, t( dereat l tCytIMMAX UM −+=

here: te is the theoretical entrance tim
t is the simulation time
Cycle is the sim

 
 

 
 
 
 
When the entrance time is known, 
 

 
 

w e 
  
 ulation step 

 
 
 

te

entrancePo

3.3.2 Virtual Entrance Queu
When a vehicle entrance is schedu
virtual queue for each section. 
generation and the headway model
 

• Traffic demand defined as
 

o Traffic generation
The virtual ent
consists in takin
list is greater tha
An example of v
 

 
o Traffic generation

The virtual entr
the name of a v
process consists
An example of a
 

 
• Traffic demand defined as
 

o Traffic generation
The virtual entr
the vehicle type
taking the first 
greater than X, t
An example of a
 

t 
trea
then the entrance position is defined by: 

))((* realtCycletSpeedMaxDesiredsition −+=  

es 
led and there is not enough space to enter, then this vehicle is stocked in a 
The definition of these entrance virtual queues depends of the traffic 
s. 

 input traffic flows and turning percentages 

 model: Exponential, Uniform, Normal and Constant. 
rance queue is defined as a list of vehicle types. The entrance process 
g the first element of the list and generating the vehicle. If the size of the 
n X, then AIMSUN gives a warning message. 
irtual queue for one entrance section could be: 

 model: ASAP. 
ance queue is defined as a list of elements, where each element represents 
ehicle type and the number of its vehicles pending to enter. The entrance 
 of taking a vehicle type randomly.  
 virtual queue for one entrance section could be: 

car 1
0 

bus 2 
taxi 4 
… …

truck 2 

 an OD Matrix 

 model: Exponential, Uniform, Normal and Constant. 
ance queue is defined as a list of elements, where each element represents 
 identifier, its origin and its destination. The entrance process consists of 
element of the list and generating the vehicle. If the size of the list is 
hen AIMSUN gives a warning message. 
 virtual queue for one entrance section could be: 

car car bus taxi car truck car …

Time 

t+Cycle
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 car car bus taxi 

 
 
 

o traffic generation model: ASAP. 
The virtual entrance queues are not defined. Instead of using them for each entrance 

car truck car … 
from 1 from 1 from 4 from 1 from 1 from 1 from 1 … 
to 2 to 3 to 2 to 2 to 2 to 2 to 3 … 

section, AIMSUN uses the same mechanism implemented in previous versions. 
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3.4 VEHICLE MODELLING PARAMETERS 

and gap acceptance models. These vehicle behaviour models are a function of several parameters 
g of different types of vehicles: cars, buses, trucks, etc., and a variation of individual 
e.  

 another 
(urban). Setting appropriate values for these parameters is part of the model calibration process. 

gories according to the level at which they are defined: 

s 
 type (e.g. car, bus, truck, etc.). It is possible to define not 

Identifies the Type of vehicle. 

 type of vehicle. This parameter is used both for graphical and modelling 
purposes. It has a direct influence on traffic modelling, as vehicle length is taken into account in all vehicle 

This is the width, in meters, for this type of vehicle. This parameter is only used for graphical purposes and 
fluence on the traffic modelling. 

 a vehicle is calculated for different parts of the 
network. 

Maximum acceleration 
inimum values. 

 as used in the Gipps car-following model. 

This 
deceleration is as used in the Gipps car-following model. 

 
In a microscopic simulation approach, vehicle manoeuvres are modelled in detail using car following, lane 
changing 
that allow modellin
vehicles in each typ
 
The user can set these parameters, depending on the characteristics of the traffic to be reproduced. For 
example, the behaviour of drivers in an urban network may be different from their behaviour on a motorway. 
The basic model is the same, but variables such as lane changing zones or reaction times could be different. 
These parameters can also vary from one country to another or from one environment (rural) to

 
These parameters can be grouped into three cate
vehicle attributes, local section parameters and global network parameters. 

3.4.1 Vehicle Attribute
These parameters are defined at the level of vehicle
only the mean values for the attributes of each vehicle type, but also the deviation, minimum and maximum 
values. The particular characteristics for each vehicle are sampled from a truncated Normal distribution. The 
attributes that characterise a vehicle type are the following: 

Name 
Character string. 

Length 
Mean, deviation, maximum and minimum values. 
The length, in meters, for this

behaviour models. 

Width 
Mean, deviation, maximum and minimum values. 

does not have a direct in

Maximum desired speed 
Mean, deviation, maximum and minimum values. 
This is the maximum speed, in km/h, that this type of vehicle can travel at any point in the network. See the 
next section for details on how maximum desired speed for

 
For example, one could define a ‘sports car’ vehicle type with a mean desired speed of 110 km/h, a deviation 
of 10 km/h, a maximum value of 140 km/h and a minimum value of 90 km/h. Sports cars would be sampled 
from a Normal (110,10) distribution. 

Mean, deviation, maximum and m
This is the maximum acceleration, in m/s2, that the vehicle can achieve under any circumstances. This 
acceleration is

Normal deceleration 
Mean, deviation, maximum and minimum values. 
This is the maximum deceleration, in m/s2, that the vehicle can use under normal conditions. 
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Maximum deceleration 
Mean, deviation, maximum and minimum values. 

nder special circumstances, such as emergency 
raking. 

Speed acceptance 
inimum values. 

e vehicle will take as maximum speed for a section a value greater than 
e speed limit, while θ ≤ 1 means that the vehicle will use a lower speed limit. See the next section for 

le is calculated for different parts of the network. 

his  the preceding vehicle when stopped. 

minimum values. 

Lane-Changing model as the time that a vehicle accepts being at a standstill while waiting for a 

Based model, i.e. traffic demand defined as an OD matrix and vehicles 
estination. 

which provide the detection time, the detector identifier, the vehicle 
pe name and the public transport line identifier if it is a public transport vehicle. 

uidance is explained in greater detail later on. 

ed) as opposed to vehicles accelerating or 

tion rate for idling vehicles in ml/s  
tion rate for accelerating vehicles, in ml/s 

This is the most severe braking, in m/s2, a vehicle can apply u
b

Mean, deviation, maximum and m
This parameter (θ ≥ 0) can be interpreted as the ‘level of goodness’ of the drivers or the degree of acceptance 
of speed limits. θ ≥ 1 means that th
th
details on how maximum desired speed for a vehic

Minimum distance between vehicles 
Mean, deviation, maximum and minimum values. 

 is the distance, in meters, that a vehicle keeps between itself andT

Maximum give-way time 
Mean, deviation, maximum and 
When a vehicle is in a give-way situation, for example at a Yield or Stop sign in a junction or an on-ramp in 
a freeway, it applies either the normal gap-acceptance model or a lane-changing model in order to cross or 
merge with traffic, respectively. When a vehicle has been at a standstill for more than this Give-way Time 
(in seconds), it will become more aggressive and will reduce the acceptance margins. This period is also 
used in the 
gap to be created in the desired turning lane before giving up and continuing ahead. 

Guided vehicles 
This is the percentage of vehicles that are guided throughout the network. This is only taken into account 
when simulating with the Route-
following paths to d

Equipped vehicles 
This is the percentage of vehicles that are equipped. Equipped vehicles can be detected by detectors with 
measuring capability ‘Equipped’, 
identifier, the vehicle ty

Guidance acceptance 
Mean, deviation, maximum and minimum values. 
This parameter (0 ≤ λ ≤ 1) gives the level of compliance of this vehicle type with the guidance indications, 
such as information given through Variable Messages Signs or particular Vehicle Guidance Systems. This 
parameter represents the probability that a vehicle will follow a recommendation. The modelling of drivers’ 
reactions to g

Cruising tolerance 
This parameter is used both in the Fuel Consumption and in the Pollution Emission models (see Chapter 10). 
Vehicles whose acceleration or deceleration (in m/s2) is less than this coefficient are considered to be 
cruising vehicles (vehicles driving at a relatively constant spe
decelerating. 

Fuel consumption parameters 
For each vehicle type, the following six parameters, which specify the vehicle’s fuel consumption rates, must 
be specified: 
- Fuel consump
- Fuel consump
- Fuel consumption rate, in litres per 100 km, for vehicles travelling at a constant speed of 90 km/h 
- Fuel consumption rate, in litres per 100 km, for vehicles travelling at a constant speed of 120 km/h  
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- Speed at which the fuel consumption rate, in ml/s, is at a minimum for a vehicle cruising at constant 
speed 

- Fuel consumption rate for decelerating vehicles in ml/s. 
 

 
rating vehicles in g/s 

3.4.2 Local Parameters 
Certain parameters may affect vehicle behaviour, although they are not defined at the level of vehicle type, 
but are related to sections. This means that these parameters are applied locally to the vehicles while they are 
driving along the section, but they change as the vehicle enters in a new section. These parameters are the 
following: 

Section Speed Limit 
Maximum allowed speed (in km/h) for the vehicles travelling through a section. Depending on the 
characteristics of the drivers, they may or may not follow speed limit recommendations (see “Calculating the 

icle at a section”). 

on. The user can optionally define different Speed 

start to decelerate while approaching the turning in 
of the section. The turning speed is maintained during the turn and, 

isibility Distance at Junctions 
When a vehicle is approaching a junction through a section where there is a Yield or Give-way sign at the 
end, the gap-acceptance model is applied. It will be applied whenever the distance from the vehicle to the 
end of the section is less than this visibility distance (in meters). 

Yellow Box Speed 
A vehicle approaching a Yellow Box Junction will avoid entering the junction area whenever the preceding 
vehicle is moving at a speed below this parameter (in km/h). The user can deactivate the Yellow Box model 
of a particular section by setting the Yellow Box Speed of that section to 0. 

Distance Zone 1 
Distance from the end of Zone 1 to the next turning point (i.e. the end of the current section). This distance is 
defined as the time (in seconds) needed to travel a certain distance. This distance in time is converted into 
length using a function of the section speed limit and the desired speed of each vehicle at the section (see 

The Fuel Consumption Model is explained in greater detail in section 10.1. 

Pollution emission parameters 
For each vehicle type, a set of pollutants can be defined (i.e. CO, NOx, HC). For each pollutant, the 
following parameters are required: 

- Emission rate for accele
- Emission rate for decelerating vehicles in g/s 
- Emission rate for idling vehicles in g/s 
- A look-up table for vehicles cruising at a constant speed consisting of a set of pairs (speed break point 

(km/h), Emission rate (g/s), for a maximum of 15 break points. 
 
The Pollution Emission Model is explained in detail in section 10.2 

speed for a veh

Lane Speed Limit 
Maximum allowed speed (in km/h) for the vehicles travelling through a particular lane. By default, the 

ection Speed Limit is applied to all the lanes of the sectiS
limits for each lane of the sections. 

Turning Speed 
Maximum speed (in km/h) at which a vehicle will travel when making the turn. Depending on the 
characteristics of the drivers, they will use a higher or lower speed (see “Calculating the speed for a vehicle 
at a section”). A vehicle driving through a section will 
order to reach its turning speed at the end 
when entering the next section, the vehicle will start to accelerate again according to its desired speed for 
this section. 

V
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section 3.5.5). The reason  dependent on the vehicle 
characteristics. This parameter is used in the Lane-Changing model. In fact, Distance Zone 1 minus Distance 
Zone 2 is equal to the length of zone 3 (see Figure 3-5). 

Distance Zone 2 
Distance (in seconds) from the end of Zone 2 to the next turning point, which is equal to the end of the 
current section. This distance in time is converted into length using a function of the section speed limit and 
the desired speed of each vehicle at the section (see section 3.5.5). This parameter is used in the Lane-
Changing model. In fact, Distance Zone 2 is equal to the length of Zone 3 (see Figure 3-5). 

Time Distance On-Ramp  
This parameter is the distance, in seconds, from those side lanes that are considered to be on-ramp lanes (see 
Figure 3-5). This is used for the special lane-changing model applied at the on-ramps, as described in section 
3.5.7. This means that different criterion for determining whether to consider side lanes as on-ramps or not 
may be applied to different parts of the network. The user may have local control of the on-ramp lane-
changing model, making the calibration process easier. This distance in time is converted into length using a 
function of the section speed limit and the desired speed of each vehicle at the section (see Figure 3-5). 

Figure 3-5: Distance Parameters in a Section 

for using time is that it makes the variable distance

Distance Zone 2

Zone 3Zone 1 Zone 2

Distance On Ramp

Distance Zone 1
 

Section Slope 
The influence of the section slope on vehicle movement is modelled by means of an increase or reduction of 

section 3.5.4). Slope units are represented as percentages, 

rs are 
odified here, this is carried out in the Tedi editor, using the Section dialog 

 are saved together with the network description. Running experiments with different 

f the Maximum Give Way Time attribute of the vehicle. It is an absolute value that 
lue. This parameter is useful to locally calibrate give way situations. 

the acceleration and braking capabilities (see 
reflecting the height corresponding to 100 meters length.  
 
Figure 3-6 shows the Basic folder of the Section dialog window, in which these local section paramete
displayed. These data cannot be m
window. Therefore they
values for these parameters requires unloading of the network, modification via the Tedi, and subsequent 
reloading of the modified network into AIMSUN. 

Maximum Give Way Time Variability 
Local variability o
increases or decreases the vehicle’s va
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Figure 3-6: Section Dialog Window. Basic Folder 

 

3.4.3 Global modelling parameters 
odels that is valid throughout the whole network 

nd which is defined neither at the level of vehicle type nor at the section level. They are used for all 

r implementation reasons it is also taken as the Simulation Time Step or cycle. 

ration of the vehicle in front, or to a traffic 
n time only for vehicles that start from a 

ile the normal reaction time is used for vehicles that are moving. Reaction time at stop 
in the queue discharge behaviour, and it therefore gives the user much more control of 

Queuing Up Speed 
d decreases below this threshold value (in m/s) are considered to be stopped and 

Queue Leaving Speed 
a queue whose speed increases above this threshold value (in m/s) are 

 
arameters also have an influence on the lane-changing model. A 

ll is determined by these parameters.  

This is a set of parameters related to vehicle behaviour m
a
vehicles driving anywhere in the network during the entire simulation experiment.  

3.4.3.1 General Parameters 

Driver’s reaction time (also simulation step) 
This is the time it takes a driver to react to speed changes in the preceding vehicle. It is used in the car-
following model and fo

Reaction time at stop 
This is the time it takes for a stopped vehicle to react to the accele
light changing to green. Reaction time at stop is used as reactio
stopped condition, wh
has a strong influence 
queue modelling. 

Vehicles whose spee
consequently, to join a queue. This parameter affects statistical data gathering for stops and queues.  

Vehicles that are stopped in 
considered to leave the queue and no longer to be at a standstill. This parameter affects statistical data 
gathering for stops and queues. 

Queuing Up and Queue Leaving Speed p
vehicle driving in zone 3 of a section is not willing to wait for a gap for longer than the Maximum Give Way 
Time at a standstill, and the condition of standsti
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The Global Parameters of Reaction Time, Reaction Time at stop, Queuing Up Speed and Queue Leaving 
Speed can be defined via the General tab folder in the Modelling dialog window (see Figure 3-7). You can 
view this window by selecting the ‘Experiment / Modelling’ command. 

Figure 3-7: General Modelling Parameters Dialog Window 

 
3.4.3.2 Car-Following Model 
This option is only available in version v4.1.3 or later. 
 

t between using the Car-Following Model has it been defined in version previous to 

The Global Parameter Car-Following Model can be defined via the Car Following tab folder of the 
indow (see Figure 3-8). You can view this window by selecting the ‘Experiment / 

meters 
eters used in the 2-lanes car following model. 

ered in the 2-lane Car-Following Model, as described in 
ection 3.5.3. 

Maximum speed difference (in km/h) between the main lane and an on-ramp lane in the 2-lane Car-
Following Model, as described in section 3.5.3. 
 

The user may selec
v4.1.3 (option 4.1) or use the new model which includes a modification in the way the leader 
deceleration is estimated (option 4.2). See section 3.5.1 for details. 
 

Modelling dialog w
Modelling’ command. 
 

3.4.3.3 2-lanes Car-Following Para
Set of global param

Number of vehicles  
Maximum number of vehicles to be considered in the 2-lane variation of the Car-Following Model, which is 

sed for modelling the influence of adjacent lanes in the Car-Following Model, as described in section 3.5.3. u

Maximum Distance 
Maximum distance ahead (in meters) to be consid
s

Maximum Speed Difference 
Maximum speed difference (in km/h) between one lane and the adjacent lane in the 2-lane Car-Following 
Model, as described in section 3.5.3. 

aximum Speed Difference On-Ramp M
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The Global Parame ce and Maximum 
Speed Difference On-Ramp can be defined via the Car Following tab folder of the Modelling dialog window 
(see Figure 3-8). You can view this window by selecting the ‘Experiment / Modelling’ command. 

Figure 3-8: Car Following Modelling Parameters Dialog Window 

ters Number of vehicles, Maximum distance, Maximum speed differen

 
 

3.4.3.4 Lane-changing Parameters 
 of global parameters used in the lane-changing model. Set

Th alue has to be 
reater than zero and less than or equal to one. It is used for modelling the overtaking decision as explained 

ercent Recover  

The value 

Percent Overtake  
is represents the percentage of the speed from which a vehicle decides to overtake. The v

g
in section 3.5.6. 

P
This is the percentage of the speed from which a vehicle decides to return to the slower lane after overtaking. 
The value has to be greater than zero and less than or equal to one. It is used for modelling the overtaking 
decision as explained in section 3.5.6. 

On-Ramp Model 
The user may select whether to use the v3.2 On-Ramp model or the v3.3, whose differences are explained in 
section 3.5.7. The purpose is to keep consistency with previous model that the user may have calibrated with 
previous versions. 
 
The Global Parameters of Percent Overtake, Percent Recover and On-Ramp Model can be defined via the 
Lane Changing tab folder of the Modelling dialog window (see Figure 3-9). You can view this window by 
selecting the ‘Experiment / Modelling’ command. 
 

3.4.4 Other Global Parameters 
Apart from the parameters described above, two further Global Parameters can be defined in TEDI for the 

hole network: ‘Road side of vehicle movement’ and ‘Distinguish destination lanes in turnings’. w
of these parameters can affect AIMSUN modelling as follows. 
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Figure 3-9: Lane-changing Modelling Parameters Dialog Window 

 

Road side of vehicle movement 
hen editing a network with TEDI, the user can define W

s
whether the vehicles drive on the left or on the right 

 Whe  vehicle it will try to do so using the adjacent left lane when 
hen driving on the left. 

 When a vehicle is driving fast enough and wants to move back to the slower lane, it will try to go to the 
right the leftmost lane when driving on the left. 

t will prefer to use the rightmost lane when driving on 
the right and the leftmost lane when driving on the left. 

e rightmost lanes. The effect of 
 varies, depending on the geometry and type of the network (urban or 
behaviour of the vehicles. 

ination section.  

n where the turning will be allowed, but also the lanes in the destination section.  With TEDI, 
the user clicks on the origin lanes and on the destination lanes.  

AIMSUN will then take into account the lanes composing a turning. When a vehicle makes a turning it will 
be able to use only the specified lanes, both for the origin and destination sections. 
 

ide of the road, as a global parameter for the whole network. This parameter is taken into account in the 
AIMSUN lane-changing model in the following way: 
 
• n a vehicle attempts to overtake another

driving on the right side, or the adjacent right lane w
 
•

most lane when driving on the right and to 
 
 When hicle enters the network via a section, i•  a ve

 
As a result of this modelling, in a left-hand driving network, vehicles tend to drive using the leftmost lane of 
the sections and in networks driving on the right, vehicles tend to prefer th
this parameter on simulation results
interurban), but it always affects the 

Distinguish destination lanes in turnings 
This parameter states whether or not the user is able to specify the possible destination lanes when defining a 
turning movement.  
 
When this parameter is set to NO, it is assumed that all lanes of the destination section in a turning are 
possible. This means that when defining a turning, the user may choose the origin section, the lanes from this 
section where the turning is allowed and the destination section, but not the lanes of the destination section. 

ith TEDI, the user clicks on the origin lanes and in the destW
 
If this parameter is set to YES, when defining a turning the user can choose, not only the lanes from the 
origin sectio
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3.5 MODELLING VEHICLE MOVEMENT 
 
During their journey along the network, vehicles are updated according to vehicle behaviour models: “Car-
Following” and “Lane-Changing”. Drivers tend to travel at their desired speed in each section but the 
environment (i.e. preceding vehicle, adjacent vehicles, traffic signals, signs, blockages, etc) conditions their 
behaviour. 
 
Simulation time is split into small time intervals called simulation cycles or simulation steps (∆t). For 
reasons of efficiency, these cycles are set equal to the driver’s reaction time (parameter of the car-following 
model). he use ugh a alue between 0.65 and 

ime (step) has to be considered as a parameter to 
nes, therefore it is a modeller’s task 

 tune the s To start with, a value of ∆t = 0.75 seconds is 
comm ded, g

example. The smaller the simulation step is, the higher capacity values are 
son for this is because the drivers are "more skilful", as they have shorter reaction times. 

loser to the preceding vehicles, they can find gaps more easily, they can accelerate earlier, 

cle, the position and speed of every vehicle in the system is updated according to the 
m: 

 

 T r can set this value within the range  (0.5 ≤ ∆t ≤ 1.25), altho  v
0.80 seconds is advisable. In any case, the reaction t
calibrate. The objective is to achieve simulated flows similar to the real o
to up imulation step in order to get the best results. 
re en iven that good results have been obtained with it. 
 
A simulation step may affect not only the computing performance but also some simulation outputs, such as 
the section capacities, for 
obtained. The rea
They can drive c
they have more opportunities to enter the network, etc.  
 
Each simulation cy
following algorith

 if (it is necessary to change lanes) then
  Apply Lane-Changing Model 
 endif 
 
 if (the vehicle has not changed lanes) then
  Apply Car-Following Model 

endif 
 
Once all vehicles have been updated for the current cycle, vehicles scheduled to arrive during this cycle are 

ing model implemented in AIMSUN is based on the Gipps model ([GIP81] and [GIP86b]). It 
an actually be considered as an ad hoc development of this empirical model, in which the model parameters 
re not rm eters depending on the “type of driver” (limit 
peed acceptance of the vehicle), the geometry of the section (speed limit on the section, speed limits on 

aximum speed to which a vehicle (n) can accelerate during a time period (t, t+T) 

introduced into the system and the next vehicle arrival times are generated. 

3.5.1 Car-Following Model 
The car-follow
c
a global but dete ined by the influence of local param
s
turnings, etc.), the influence of vehicles on adjacent lanes, etc.  
 
It basically consists of two components, acceleration and deceleration. The first represents the intention of a 
vehicle to achieve a certain desired speed, while the second reproduces the limitations imposed by the 
preceding vehicle when trying to drive at the desired speed. 
 
This model states that the m
is given by: 

   Va n t T V n t a n T
V n t

V n

V n t

V n
( , ) ( , ) . ( )

( , )
*( )

.
( , )
*( )

+ = + − +
⎛

⎝
⎜

⎞

⎠
⎟2 5 1 0 025  

where: 

 

 V(n,t) is the speed of vehicle n at time t; 
the vehicle (n) for current section; 

ccel ation for vehicle n; 
  T is the reaction time = updating interval = simulation step. 

  V*(n) is the desired speed of 
  a(n) is the maximum a er
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O
t+

n the other hand, the maximum speed that the same vehicle (n) can reach during the same time interval (t, 
ons imposed by the presence of the leader vehicle T), according to its own characteristics and the limitati

is: 

{ }  Vb d n' (⎣
n t T d n T d n T d n x n t s n x n t V n t T

V n t
( , ) ( ) ( ) ( ) ( , ) ( ) ( , ) ( , )

( , )
)

+ = + − − − − − − −
−

−
⎢

⎤

⎦
⎥2 2 2 1 1

1 2

1
 

where: 
 d(n) (< 0) is the maximum deceleration desired by vehicle n;  

(n-1,t) is position of preceding vehicle (n-1) at time t; 
n-1) is the effective length of vehicle (n-1); 

cle (n-1) desired deceleration. 

ovement 

⎡

  x(n,t) is position of vehicle n at time t; 
  x
  s(
  d'(n-1) is an estimation of vehi
 
In any case, the definitive speed for vehicle n during time interval (t, t+T) is the minimum of those 
previously defined speeds: 

  { }     V n t T min V n t T V n t Ta b( , ) ( , ), ( , )+ = + +  

hen, the position of vehicle n inside the current lane is updated taking this speed into the mT
equation: 

    x n t T x n t V n t T T( , ) ( , ) ( , )+ = + +  

3.5.2 Estimation of leader’s deceleration  
In versions previous to v4.1.3, the estimation of leader’s deceleration was taken as the proper desired 
deceleration of the leader vehicle. lower’s and leader’s deceleration 
capabilities is relatively high, the above deceleration component of the car-following model presents 
instabilities which may cause some vehicles to drive too close to the leader. 
 
 Model v4.1:  d'(n-1) = d(n-1) 
 
Since version v4.1.3 it is the user choice to select a new mode of estimating the leader’s deceleration, 

hich avoids up to certain extent this malfunction (see section 3.4.3.2). In this case, the estimation of 

odel parameters thus decreasing the probability of such 
instabili 4.2 avoids 
certain vehicles driving too close to the leader at high speeds. In case that there are no big differences 
among um and minimum deceleration capabilities of different vehicles in the network, model 
v4.1 can be igh, model v4.2 is 
recomm ded. 

.5.2 Calculating the speed for a vehicle at a section  

ed to 
alculate the maximum desired speed of a vehicle while driving on a particular section or turning, two are 

he vehicle and one to the section or turning: 

In case that the ratio between the fol

w
leader’s deceleration is taken as the average between the leader’s deceleration and the follower’s 
deceleration.  
 
 Model v4.2:  d'(n-1) = ½{d(n) + d(n-1) } 
 
M v4.2 reduces the difference between both 

ties. Although on average both models provide similar vehicle headways, model v

the maxim
 used. In case that the variation between decelerations is relatively h

en

3
The car-following model is such that a leading vehicle, i.e. a vehicle driving freely, without any vehicle 
affecting its behaviour, would try to drive at its maximum desired speed. Three parameters are us
c
related to t
 
1. Maximum desired speed of the vehicle i: )(max iv  
2. Speed acceptance of the vehicle i: )(iθ  
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3. Speed limit of the section or turning s: )(lim sS it  
 
The speed limit for a vehicle i on a section or turning s, ),(lim sis it , is calculated as: 

)()(),( isSsis limlim itit θ⋅=  

Then, the maximum desired speed of vehicle i on a section or turning s, ),(max siv is calculated as: 

[),( sMINsiv = ]maxlimmax ivsiit  

 used in the car-following model. 

o icles driving downstream of the vehicle in the 

ul average. 

)(),,(

This maximum desired speed ),(max siv  is the same as that referred to above, in the Gipps car-following 
model, as V*(n). 

3.5.3 The 2-lanes car-following model 
The purpose is to model the influence of adjacent lanes in the car-following model. When a vehicle is 
driving along a section, we consider the influence that a certain number of vehicles (Number Vehicles) 
driving slower in the adjacent right-side lane—or left-side lane, when driving on the left—, may have on the 
vehicle. Basically, the model determines a new maximum desired speed of a vehicle in the section, which 
will then be
 
The m del first calculates the mean speed for Number Veh
adjacent slower lane (MeanSpeedVehiclesDown). Only vehicles within a certain distance (Maximum 
Distance) from the current vehicle are taken into account (see Figure 3-10). If less than Number Vehicles are 
involved, the desired speed of the current vehicle at the section is used to complement up to the Number 
Vehicles values in order to get a more meaningf
 

Figure 3-10: 2-Lanes car following 

 
 
We distinguish between two cases: 1) the adjacent lane is an on-ramp, and 2) the adjacent lane is any other 

ehicles and Maximum Distance parameters, the user can define two 

} 

MaximumSpeed = MeanSpeedVehiclesDown + MaximumSpeedDifference 
} 

type of lane. Apart from Number V
additional parameters, Maximum Speed Difference and Maximum Speed Difference On-Ramp. Then, the 
final desired speed of a vehicle at a section is calculated as follows: 
 

if (the adjacent slower lane is an On-ramp) { 
MaximumSpeed = MeanSpeedVehiclesDown  + MaximumSpeedDifferenceOnRamp 

else { 

DesiredSpeed = Minimum ( ),(max siv , )(iθ * MaximumSpeed) 

s procedure ensures that the differences of speeds between two adjacent lanes will approximately be 
ays lower than Maximum Speed Difference or Maximum Speed Difference On-Ramp, respectively. 

mple 

 
Thi
alw
 
Exa
The following exam
assu
means the first 4 cars in front of him in the adjacent lane that are located in the 
next 100 Mts. from its position. If there is only 1 car in this 100 Mts., only the speed of this car is 

ple is intended to clarify the influence of the Number of Vehicles parameter. Let us 
me that we set 4 cars and 100 Mts. respectively for Number of Vehicles and Maximum Distance. It 

that a vehicle looks at most to 
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con average speed, 3 additional 'dummy' cars with free flow speed are 
take .
 
For in
the sec . The average speed considered in the 2 lanes car following would be: 

 45 km/h.  

If the 
accept
 
On the  in the ramp, the average speed would be 0 km/h and it 

ould mean that vehicles in the main lane would accept driving to 50 + 0 = 50 km/h. If the 4 cars are 

the on-ramp will only adapt its speed to the stopped vehicles once it is 
riving side by side to the on-ramp lane. This might be the reason why some vehicles may drive fast near a 

one
dec

3.5
he influence of the section slope on vehicle movement is modelled by means of an increase or reduction of 

acc
ma

if (slope != 0){ 

Slope units represent a percentage, 00 meters length. In order to avoid 
zero or negative acceleration values, a m ximum desired acceleration for the 
vehicle is used. 

3.5.5 Lane-Changing Model 
The lane-changing model can also be considered as a development of the Gipps lane-changing model 
([GIP86a] and [GIP86b]). Lane change is modelled as a decision process, analysing the necessity of the lane 
change (such as for turning manoeuvres determined by the route), the desirability of the lane change (to 
reach the desired speed when the leader vehicle is slower, for example), and the feasibility conditions for the 
lane change that are also local, depending on the location of the vehicle in the road network. 
 

he lane-changing model is a decision model that approximates the driver’s behaviour in the following 

ing question: Is it necessary to change lanes? 
The answer to this question depends on several factors: the turning feasibility in the current lane, the 
distance to the next turning and the traffic conditions in the current lane. The traffic conditions are 
measured in terms of speed and queue lengths. When a driver is going slower than he wishes, he tries to 
overtake the preceding vehicle. On the other hand, when he is travelling fast enough, he tends to go back 

 the slower lane. 
 
- If we answer the previous question in the affirmative, to successfully change lanes, we must first 

answer tw
 

sidered, and to get the 4 vehicle's 
n   

stance, assume that in the next 100 Mts. there is an on ramp with 1 vehicle stopped and speed limit of 
tion is 60 km/h

(0 + 60 + 60 + 60)/4 =

maximum speed difference at on-ramps is 50 km/h, it would mean that vehicles in the main lane would 
 driving to 50 + 45 = 95 km/h.  

 other hand, if there are 4 cars or more stopped
w
stopped farther than 100 Mts., they would not affect the vehicle yet. 
 
There is a lack in the 2-lanes car following model: it does not go beyond the limits of the current section. It 
means that a vehicle approaching 
d
congested on-ramp lane. However, this behaviour may happen when crossing from one section to the next 

, but once they enter into the next section vehicles realise that there is a congested on-ramp and should 
elerate. 

.4 Modelling the influence of the Section Slope 
T
acceleration and braking capability. The following algorithm is applied to calculate the maximum 

eleration for a vehicle that will be used in the car-following model. It is a function of the slope and the 
ximum desired acceleration for the vehicle: 

 

accel = Maximum(vehicle_acc - slope*9.81/100.0, vehicle_acc*0.1) 
}else{ 

accel = vehicle_acc 
} 

 
which is the height corresponding to 1

inimum value of 10% of the ma

T
manner: 
 
- Each time a vehicle has to be updated we ask the follow

into

o further questions: 
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. Is it desira
 Check whether 

changing. T If the speed in the future 
lane is fast enough compared to the current lane, or if the queue is short enough, then it is desirable to 

 Verify that there is enough of a gap to make the lane change with complete safety. For this purpose, 

ssible. 

improvement that the driver will get from 
changing lanes, we consider several parameters: desired speed of driver, speed and distance of current 

 vehicle, speed and distance of future preceding vehicle. 

 Zone 2: This is the intermediate zone. It is mainly the desired turning lane that affects the lane-changing 
rning movement can be made) 
wed. Vehicles look for a gap 
ent lanes. 

 Zone 3: This is the shortest distance to the next turning point. Vehicles are forced to reach their desired 

 

Figure 3-11: Lane Changing Zones 

ble to change lanes? 
there will be any improvement in the traffic conditions for the driver as a result of lane 

his improvement is measured in terms of speed and distance. 

change lanes. 
 
. Is it possible to change lanes? 

we calculate both the braking imposed by the future downstream vehicle to the changing vehicle and 
the braking imposed by the changing vehicle to the future upstream vehicle. If both braking ratios are 
acceptable then the lane changing is po

 
In order to achieve a more accurate representation of the driver’s behaviour in the lane-changing decision 
process, three different zones inside a section are considered, each one corresponding to a different lane 
changing motivation. These zones are characterised by the distance up to the end of the section, i.e., the next 
point of turning (see Figure 3-11). 
 
• Zone 1: This is the farthest distance from the next turning point. The lane-changing decisions are mainly 

governed by the traffic conditions of the lanes involved. The feasibility of the next desired turning 
movement is not yet taken into account. To measure the 

preceding
 
•

decision. Vehicles not driving in valid lanes (i.e. lanes where the desired tu
tend to get closer to the correct side of the road from which the turn is allo
may try to adapt to it, but do not affect the behaviour of vehicles in the adjac

 
•

turning lanes, reducing speed if necessary, and even coming to a complete stop in order to make the 
change possible. Also, vehicles in the adjacent lane can modify their behaviour in order to provide a gap 
big enough for the vehicle to succeed in changing lanes.  

ZONE 1 ZONE 2 ZONE 3

Distance Zone 2
Distance Zone 1

Next Turning  

nd Distance to Zone 2. These 
e whenever it is required for 

 
Lane changing zones are defined by two parameters, Distance to Zone 1 a
parameters are defined in time (seconds) and they are converted into distanc

g the following function: each vehicle i at each section s usin
 

⎥
⎦

⎤⎡
⋅⋅=

)(
)( lim sS

sSDD it
⎢
⎣ ),(max

lim sivittm  

where: 
 

: Distance in meters Dm

tD : Distance in seconds 
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)(lim sS it : Speed limit of the section s 

),(max siv : Maximum desired speed of vehicle i on a section or turning s 
 
This fun r zones than slower 
vehicles. This procedure als he same zone lengths, thus 
giving more variability to the model. 
 
The scope of lane changing zones does not extend beyond the section boundaries when it is connected to the 
previous sections by junctions or joins. However, in the case of sections grouped as polysections, the zones 
are considered for the whole set of sections. 
 
The zones in a polysection are defined from the end of the polysection, i.e. from the last section of the 
polysection. However, the particular zone distance parameter that a vehicle uses at a particular location in 
the polysection is the one defined in the current section. The most desirable practice would be to define the 
same zone distances at all sections of the polysection (this would be the most consistent). Ho ever, the user 
may decide to define different values for different sections of the same polysection. This would lead to a 

on. Let us use two examples: 

ection 2: Length 100mts. Distance Zone 2 = 10 sec. Speed 72 km/h. (20 m/s) 
Section 3: Length 100mts. Distan
Length of polysection = 300 Mts
 
Length of zone 3 = 10 sec * 20 m/s = 200 Mts. (from the end of polysection = end of section 3). All vehicles 
driving in any section will consider 200 Mts. the length of zone 3, which means as soon as they enter section 
2. Therefore section 1 is zone 2 and sections 2 and 3 are zone 3. 

Figure 3-12: Example 1: Zones in a polysection 

ction ensures that faster vehicles (with respect to the speed limit) have shorte
o ensures that not all vehicles consider exactly t
 vehicle behaviour, which provides a more realistic 

w

situation in which the length of zones varies as the vehicle is moving from section to section in the 
polysection. Keep in mind, however, that all zone distance parameters of the sections of a polysection are 
referred to the end of the polysecti
 
Example 1 
A polysection composed of 3 sections, ordered 1, 2 and 3. (Figure 3-12) 
 
Section 1: Length 100mts. Distance Zone 2 = 10 sec. Speed 72 km/h (20 m/s) 
S

ce Zone 2 = 10 sec. Speed 72 km/h. (20 m/s) 
. 

200 Mts.

Zone 3

 
 

Example 2 
The same polysection composed of 3 sections ordered 1, 2 and 3. (Figure 3-13) 
 
Section 1: Length 100mts. Distance Zone 2 = 15 sec. Speed 72 km/h (20 m/s) 
Section 2: Length 100mts. Distance Zone 2 = 5 sec. Speed 72 km/h. (20 m/s) 
Section 3: Length 100mts. Distance Zone 2 =10 sec. Speed 72 km/h. (20 m/s) 
Length of polysection = 300 Mts. 
 
Length of zone 3 depends on whether a vehicle is driving in section 1, 2 or 3. 
 
Vehicle driving in section 1 

Length of zone 3 = 15 sec * 20 m/s = 300 Mts.  
(from the end of polysection = start of section 1). The vehicle is now in zone 3. 

 
Vehicle driving in section 2 

Length of zone 3 = 5 sec * 20 m/s = 100 Mts.  
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(from the end of p
 

olysection = end of section 2). The vehicle is now back to zone 2 !! 

 10 sec * 20 m/s = 200 Mts.  
(from the end of polysection = end of section 1). The vehicle is again in zone 3. 

Zones in a polysection 

Vehicle driving in section 3 
Length of zone 3 =

Figure 3-13: Example 2: 

Zone 3
in section 1

Zone 3
in section 2

Zone 3
in section 3

 

T f all 
vehicles is equal to the section speed lim zone 
d
 
An overview of the lane-changing model is displayed in Figure 3-14. The system identifies the type of entity 
( manoeuvre is to be carried out, and then 
d zone modelling should be applied. The current traffic conditions are analysed, and the level 
a lane change can be performed is determined, and then the corresponding model is applied. 
 

logic 

 
o make the examples easier, we have assumed in both examples that the vehicle desired speed o

it (72 km/h). Notice that example 2 illustrates an inconsistent 
efinition and should be avoided. 

central lane, off-ramp lane, junction, on-ramp etc.) in which the 
etermines how 
t which the 

Figure 3-14: Lane-changing model 

TYPE OF
ENTITY

CENTRAL LANE
OFF-RAMP

LANE
JUNCTION

ON-RAMP
LANE

ZONE 2 ZONE 3 JUNCTION
MODEL

APPLY
MODEL

DETERMINE
LEVEL

APPLY
MODEL

DETERMINE
LEVEL

ZONE 1 ON-RAMP
MODEL

ZONE 1

DETERMINE
LEVEL

DETERMINE
LEVEL

DETERMINE
LEVEL

GAP
ADAPT

APPLY
MODEL

APPLY
MODEL

COURTESY
YIELDING

FORCE
GAP  
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Gap Acceptance Model 
To answer the question “Is it possible to change lanes?” the following algorithm is applied to check whether 
a gap is acceptable or not. 
 
Get downstream and upstream vehicles in target lane  
Calculate gap between downstream and upstream vehicles: TargetGap 
if ((TargetGap > VehicleLengh) & (it is aligned)) then 
    Calculate the distance between vehicle and downstream vehicle in target lane: DistanceDown 
    Calculate the speed imposed by downstream vehicle to vehicle, according to Gipps  
          Car-following Model: ImposedDownSpeed  
    if (ImposedDownSpeed is acceptable for vehicle, according to the deceleration rate) then 
        Calculate the distance between upstream vehicle in target lane and vehicle: DistanceUp 
        Calculate the speed imposed by vehicle to upstream vehicle, according to Gipps  
          Car-following Model: ImposedUpSpeed  
        if (ImposedUpSpeed  is acceptable for upstream vehicle, according to the deceleration rate) then 
            Lane Change is Feasible 
            CarryOutLaneChange 
        else  
            The gap is not acceptable because of the upstream vehicle 
        endif 
    else  
 The gap is not acceptable because of the downstream vehicle 
   endif 
else 
    There is no gap aligned with the vehicle 
endif 

3.5.6 Overtaking Manoeuvre 
An overtaking manoeuvre takes place mainly in Zone 1, although it can also take place in Zones 2 when the 
vehicle is in the appropriate turning lane. In order to promote or discourage overtaking, there are tw

arameters that the user can define: Percent Overtake and Percent Recover.  

 a vehicle above which a vehicle may decide to get 
back into the slower lane. This mean driving faster than Percent Recover 
% of the follower’s desired speed, the following vehicle will try to get back into the rightmost (or leftmost) 
lane.  The default value is 0.95. 
 
We recommend that you use Percentage Recover values that are greater than Percentage Overtake, otherwise 
ome overtaking manoeuvres may be aborted. Even more importantly, combinations of parameters in which 

 
1. Consider a vehicle driving at a speed d speed of 100 km/h and a lead vehicle 

driving at a speed of 88 km/h. 
2. As the lead vehicle is driving slower than 90% of the following vehicle’s desired speed, the vehicle 

decides to overtake. 

o 
p
 
Percent Overtake is the percentage of the desired speed of a vehicle below which the vehicle may decide to 
overtake. This means that whenever the leading vehicle is driving slower than Percent Overtake % of the 
follower’s desired speed, the following vehicle will try to overtake.  The default value is 0.90. 
 
Percent Recover is the percentage of the desired speed of

s that whenever the lead vehicle is 

s
Percentage Recover are considerably smaller than Percentage Overtake may lead to strange behaviour 
patterns. For instance, let us assume a value of 0.90 for Percentage Overtake and a value of 0.50 for 
Percentage Recover: 

 of 90 km/h with a desire
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3. The vehicle is overtaking at 90 km/h. As it is now driving faster than the 50% of its desired speed, it 

ercentages that are too small, such as 0.01, 0.1, 0.2, are not appropriate. For example, Percentage Overtake 
equal to 0.01 would mean only overtak r than 1% of desired speed (i.e., those 
that are almost stopped). Percentage ean returning to the slow lane when 
driving faster that 1% of desired speed (which means returning to the slow lane when almost stopped). 
 
These parameters mainly influence the lane-changing model in zone 1, they have some influence in zone  

ut no influence in zone 3. Therefore, sections shorter than Distance Zone 2 may not be affected by these 

erging into the 
ain stream. An additional zone parameter, Time Distance On Ramp, may be defined for each section. The 

decides to return to the slower lane. 
 
P

ing those vehicles driving slowe
Recover equal to 0.01 would m

2,
b
parameters at all. The reason that these parameters have no effect in zone 3 is because the main motivation to 
change lane in zone 3 is to get to the proper turning lane and not to achieve a desired speed as in zones 1 and 
2. 

3.5.7 On-Ramp Model 
The On-Ramp model is a particular instance of a simple Merging Model. A special Lane Changing Model is 
applied to vehicles while driving in an On-Ramp lane in order to model the manoeuvre of m
m
purpose of this parameter is to distinguish between side lanes used as on-ramps and those long side lanes that 
are used as slow lanes or overtaking lanes that drop down. Time Distance On Ramp is the distance, in 
seconds, to the end of the lane from which a side lane is considered to be an on-ramp lane. 
 
Vehicles driving on a side lane that are farther than Time Distance On Ramp from the end of the lane behave 
as if they were in Zone 1 of a normal lane. When they are closer than Time Distance On Ramp to the end of 
the lane, they behave as though they had to merge from an on-ramp. 
 
Figure 3-15 displays an example of a side lane, all of which is considered as being an on-ramp. Therefore, 
vehicles try to merge into the main stream as soon as they enter the on-ramp lane. Also, vehicles in the main 
stream will not use the on-ramp as a slow lane.  

Figure 3-15: On-ramp lane 

Time Distance On Ramp
 

On the other hand, Figure 3-16 displa he last part of which is considered as 
an on-ramp and used for merging. The first part of the lane can be used as a normal lane and therefore 
vehicles may merge into the main stream if they are overtaking, and vehicles from the main stream may enter 
the side lane to use it as a slow lane. When vehicles get closer than Time Distance On Ramp to the end of the 
side lane, they start trying to merge into the main stream. 

Figure 3-16: Long On-ramp lane 

 
ys a very long lateral lane, only t

Time Distance On Ramp
 

 
The third example, Figure 3-17, displays a side lane that is used as a slow lane. Vehicles enter the lane 

 lane 

considering it as the slower lane and they will use it until they reach the final Time Distance On Ramp area, 
when they will try to merge into the main stream again. 

Figure 3-17: Slow

Time Distance On Ramp
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The final example in Figure 3-18 displays a side lane used as an overtaking lane. A merging behaviour, 
similar to that for an on-ramp, is applied at the end of the lane to merge back into the main stream. 
 

Figure 3-18: Overtaking lane 
Time Distance On Ramp

 
 
Lane changing in an on-ramp model takes into account aspects such as whether or not the vehicle is the first 
at the on-ramp, whether the vehicle is braking or even has reached a stop and how long the vehicle has been 
waiting for a gap. Another vehicle parameter, Maximum Give-way Time, is used to determine how long a 

ehicle is willing to wait before getting impatient. When a vehicle has been stopped at the end of the on-

the vehicle are not changed.  
 

 aviour model for vehicles driving in the main lane when approaching an on-

e in order to let vehicles 1 and 2 merge without problems. However, keep in mind that 
ehicles tend to go to the leftmost lane only in case that there is enough safe space in that lane. Whenever 

in AIMSUN v3.3 has been improved as compared to v3.2, so that the on-ramp model has 

he previous v3.2 on-ramp model or the new v3.3 or later. 

v
ramp more then the Maximum Give-way Time, the Lane Changing as in Zone 3 is applied. This influences 
the behaviour of adjacent vehicles in order to create suitable gaps, even making them to stop if necessary, 
although the deceleration and acceleration rates used to update 

On the other hand, a special beh
ramp has been implemented. The logic of the lane change model is not modified. What we have done is to 
include a new 'reason' for making lane changing 'necessary '. A vehicle driving in zone 3 of a section that is 
approaching a section with an on-ramp will check whether there are vehicles trying to merge from the ramp 
into the main stream. If so, it will decide that it is necessary to move to the left. This is also applied to 
vehicles driving on the same section as the on-ramp but before the end of the ramp. The lane change applied 
here is as in zone 1, so it is not very urgent. The result is that vehicles try to change to the outer lane in order 
to facilitate the entrance of other vehicles into the on-ramp. For example, in Figure 3-19, vehicle 3 will try to 
change to the left lan
v
the left lane is also congested, vehicles may not manage to move to the left, as they apply lane change model 
as zone 1, which is low intensity. Notice that this behaviour model is applied from zone 3 of the previous 
section and is maintained until the vehicle has passed beyond the point where the off-ramp ends. 
 

he lane changing T
been improved so that more vehicles can merge into the main stream without reaching the end of the on-
ramp. In any case and in order to remain consistent with previously calibrated networks, the user may choose 
between using t
 

Figure 3-19: On-Ramp Model 

3

4

2 1

Section 8Section 7

Section 6
 

3.5.8 Off-Ramp Model 
The Off-Ramp model is a particular instance of a Diverging Model. The standard Lane Changing Model is 
applied to model this simple diverging manoeuvre made by a vehicle driving on a freeway and attempting to 
exit the main stream via an Off-Ramp lane (see Figure 3-20). 
 
A vehicle that is driving on a freeway and which wishes to exit via the next off-ramp, starts trying to move to 
the rightmost (or leftmost) lane of the main stream when it is in zone 2. As soon as the vehicle is aligned 
with the off-ramp lane, it will try to enter the side lane. The behaviour of the vehicle when looking for 
acceptable gaps when trying to enter the side lane will depend on the Lane Changing Zone, as it follows the 
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standard Lane Changing M  lane because of a heavily 
congested exit, a vehicle may even come to a full stop and wait for a gap in order to not to miss its desired 
exit. The time a vehicle is willing to wait in this situation is limited by vehicle parameter Maximum Give 
Way Time. 

Figure 3-20: Off-Ramp Model 

odel. If there is no available gap in the off-ramp side

ZONE 2 ZONE 3

Distance Zone 2

Distance Zone 1

 
 
A vehicle that is approaching an off-ramp lane without any disturbance from other vehicles will tend to 
reach the end of the off-ramp side lane at its desired turning speed which, as explained in section 3.5.2, is a 
function of its desired speed and the maximum turning speed.  

3.5.9 Look Ahead Model 
Until now we have made the assumption that a vehicle driving along a section only has knowledge of its 
next turning movement, that is the turning it will take when arriving at the end of the current section or 
polysection. This means that the lane changing decisions of each particular vehicle are made according to the 

ext turning movement in the next junction or join. In urban n networks where there are short sections or in a 

elling parameters such as lane changing zone distances, simulation step, acceleration rates 
etc. could improve the b lso, using polysections 
instead of sections, when feasible, to model streets or weaving areas might help to improve the situation, but 
this is not enough. 
 
The following examples assume that there is no Look Ahead Model and they are compared later with a 
situation involving a Look Ahead Model. The objective is to illustrate the utility of this model and help to 
understand it.  
 
Consider the network in Figure 3-21 displaying a weaving situation. Vehicle a in section 3 is only 
considering the next turning movement, which is from section 3 to section 2. Although it wishes to go to the 
left (red) destination, it keeps driving on the right, as the next turn is feasible in this lane. When this vehicle 
reaches section 2 it will realise that the next desired turn is from section 2 to section 4, in order to reach red 
destination, so it will start looking for a gap, trying to get into the leftmost lanes. This is the case for vehicle 
b, which has to move two lanes to the left in order to get to a feasible lane. The same happens to vehicle c, 
which wants to reach the right (green) destination. 

freeway situation where weaving sections may be relatively short, it is possible that some vehicles will not 
reach the appropriate turning lane and consequently miss the next turn. This situation could occur when 
traffic conditions are very congested and if we only take into account the next turning movement in the lane 
changing decisions.  
 
Tuning some mod

ehaviour in order to minimise the number of lost vehicles. A

 
Notice that, in Figure 3-21, Zone 3 of section 2 extends back beyond the limits of section 2. One may think 
that this should mean that vehicles driving in sections 1 and 3 but also inside Zone 3 of section 2 should 
behave according to the turning movements of section 2. However, this is not the case in a situation without 
Look Ahead, as all vehicles only have knowledge of the immediate turn. Only when they enter section 2, do 
they realise that they are driving in Zone 3, and at that point reaching the appropriate turning lane becomes 
urgent. 
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Figure 3-21: Weaving without Look Ahead Model 

c

a

b

Effective Z

Defined Zone 3

one 3

 
 

nother example is provided in Figure 3-22. This case is an urban situA ation in which there are short sections 

 with the input data. When 

between consecutive junctions. It is assumed that vehicles can only turn right using the rightmost lane. 
Vehicle a in section 10 should turn right in the second junction ahead, which is less than 200 Mts. However, 
it is driving in the leftmost lane. Even vehicle b that has to turn right in the next junction is driving on the 
left because it has just entered section 11 and has not had time to change lanes yet. Also, vehicles c that are 
ielding in the left lane of section 17 waiting to turn right, are supposed to turn right again in the next y

junction. However, they will enter section 11 through the leftmost lane and will be in a similar position to 
vehicle b. As in the previous example, Zone 3 of section 11 extends back through section 10, but it does not 
affect the lane changing decisions in the upstream section. 
 
This method for modelling the turning decisions can cause vehicles to miss their desired turn because they 
will be unable to reach the appropriate turning lane on time. When simulating in Result Based mode, this 
ould cause the simulation of turning proportions that cannot be matched exactlyc

simulating in Route-Based mode, this could cause some vehicles to get lost and to remain unable to reach 
their destination. 

Figure 3-22: Urban situation without Look Ahead Model 

Defined Zone 3

a b

c

Effective Zone 3

 

sidering more than the next two turns. 

turns. 

 
In order to avoid this undesirable behaviour as much as possible, we have included the Look Ahead model in 
AIMSUN v4.0, whose main purpose is to make the vehicles reach the turning lane earlier. The idea is to 
provide vehicles with the knowledge of additional next turning movements, rather than just one, enabling 
them to make decisions based not on the immediate next turning movement, but on a set of next turning 
movements. For the purposes of reducing computing time and memory requirements we have decided to 
reduce this set to two turning movements ahead. We do not consider this to be a limitation, as very few lane-
changing decisions are made while con
 
The Look Ahead model basically consists of four points: 
 
1. At any time, each vehicle knows the next two turning movements, so the lane changing decisions are 

influenced by two consecutive 
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2. Lane changing zones 2 and 3 of any section are extended back beyond the limits of the section, therefore 

4. Greater variability te the lane changing 
manoeuvres along

 
These four points are now described in greater detail. 

Influence of two turning movements in lane changing 
When a vehicle is generated and introduced into the network, two turning movements are calculated: the next 
turn and the ahead turn. This means that the vehicle has knowledge of the first three consecutive sections (or 
polysections) that it will have to follow: the current input section, the second defined by the next turn, and a 
third section that is defined by the second section and the ahead turn. 
 
Then, each time a vehicle enters a new section (or polysection), the ahead turn becomes the next turn and a 
new ahead turn is calculated. The turning movements between sections of a polysection are not considered. 
Therefore when a turn leads to a polysection, the next or ahead turns refer to a turn of the last section of the 
polysection, never to internal turns of the polysection. 

ane in order to b n is from 3 
 2 whi e the ahead turn will be from 2 to 4. although the rightmost lane would be appropriate 

 vehicle b, which 
as changed to the rightmost lane in section 1 in order to reach the ahead turn to the right. 

affecting the upstream sections. 
3. The next turning movement also influences the turning manoeuvres so the selection of destination lane 

is made based also on the next turn. 
 is given to the Lane Changing Zones in order to distribu
 a longer distance. 

 
The behaviour of a vehicle driving in zones 2 or 3 of a section is mainly governed by the next turn, therefore 
it will first try to reach a lane where the next turn is feasible. Once it is driving in an appropriate lane with 
respect to the next turn, it will take into account the ahead turn. This involves checking whether it is already 
driving inside the extended zone 2 or 3 of the next section. In this case it will try to find the best lane in the 
current section that, still allowing for next turn, will send the vehicle either to a lane in the next section 
where the ahead turn is feasible or to the lane closest to a feasible one. 
 
This is illustrated in the example displayed in Figure 3-23. Vehicle a in section 3 is already located in the left 

e as close as possible to the left when entering section 2. In this case the next turl
to l Therefore, 
for the next turn, it is not appropriate for the ahead turn. Similar behaviour can be seen in
h

Figure 3-23: Weaving with Look Ahead Model 

Zone 3

a

b c

 

Extending back Zones 2 and 3 
If Zone 2 or 3 of a section is longer than the length of that section, the zone is extended beyond the limits of 
the section, therefore entering into the upstream section. In order to make the Look Ahead model work 
properly it is now very important to define the lane changing zones appropriately . The Look Ahead model 
will not be applied whenever the lane changing zones 2 or 3 are shorter than a section. If a polysection is 
involved, the user must take care to properly define the zones of each section of the polysection. The zone 
extension is illustrated in Figure 3-24. 

Turning manoeuvres 
When a vehicle reaches the end of a lane in a section and enters into a junction, it may have the option of 
choosing among different connections, i.e. movements from origin lane (the current one) and destination 
lanes (the lane in the next section). 
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or instance, in Figure 3-24, vehicle a F is going to turn right from the rightmost lane of section 17 to section 

11. However, it can choose between the different destination lanes in section 11. As this vehicle’s ahead turn 
is to the right again, it will enter section 11 via the rightmost lane instead of using the central one. 

Figure 3-24: Turning manoeuvres with Look Ahead Model 

Zone 3

a
Zone 3

 

Variability of Lane Changing Zones 

 as reaching the turning lane now becomes urgent. In order to distribute these changes of 
ehaviour along a longer distance, greater variability is given to the Lane Changing Zones. These zones are 

Vehicle v Coefficient = Speed Lim v in section s 
 
This algorithm ensures that for vehicles whose desired speed is slower than the speed limit, the lane 
changing zones will be longer than for vehicles whose desired speed is greater than the speed limit. This 
means, for instance, that a heavy truck will try to reach the appropriate turning lane earlier than a speed car. 

 
  
 

When a vehicle crosses from zone 1 to zone 2 there is a change in the vehicle’s behaviour, as the next turn 
now becomes relevant. Also, crossing from zone 2 to zone 3 produces a change in the behavioural rules of 
the vehicles,
b
calculated especially for each vehicle according to the following equation: 
 
Distance Zone n for vehicle v in section s (in meters) =  

Distance Zone n (in seconds) * Speed Limit of Section s * Vehicle v Coefficient 
 

it of Section s  / Desired speed of Vehicle 
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3.6 TRAFFIC INCIDENTS 
 
Traffic incidents can be simulated in AIMSUN. We consider a Traffic Incident to be any traffic event that 
causes lanes blockage over a certain time period. Examples of incidents are: a heavy goods vehicle loading 
or unloading, a taxi picking up or dropping off a passenger, a broken down vehicle, road works, etc. 
 
The user can create traffic incidents using the Tool Bar. To define an incident, press on the Incidents button, 
which is the third icon button in the Icon Tool Bar, as indicated in Figure 3-25.  

Figure 3-25: Incidents option in tool bar 

 
 

When this icon appears to be pressed down click on the section and lane in the network display to identify 

e’) is set by default to the current simulation time, but the user can change 
this time if desired. Finally, the ’D

Figure 3-26: Incident Definition window 

the exact position at which the incident is to occur and the ‘Incident Definition’ window (see Figure 3-26), 
will appear. 
 
This window displays the section identifier, the lane number (numbered from right to left) and the ‘Position’ 
(distance from the beginning of the section) that the user has just selected. It is then necessary to input the 
‘Length’ of the incident (distance from the beginning of the incident until the end). The time at which the 
incident will take place (‘Ini. Tim

uration’ of the incident must be defined. 

 
 
At any time during a simulation, the user can view the list of defined incidents for the current simulation run. 
This is done by selecting ‘Experiment / Incidents’ from the menu bar. The ‘Incidents’ log window will 
appear as shown in Figure 3-27. For each incident defined, the section identifier, lane number, starting time, 
duration and state is displayed. The state can be ‘Done’, ‘Active’ or ‘Pending’. ‘Done’ means that the 
incident has finished, ‘Active’ means that it is currently happening and ‘Pending’ means that it has yet to 
occur. 
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Figure 3-27: Incident log window 

 
 

The user can delete an incident from the list at any time, independently of the state, by selecting the incident 
inally, 

e whole set of incidents can be saved to a log file, which can be used for future simulation experiments. 

 incident data by double clicking on the incident icon directly in the network. This 
isplays the Incident dialog window (see Figure 3-28). This dialog window provides the incident 

licking on the ‘Remove’ button. This causes the 
cident to finish, the Incident State is changed from ‘Active’ to ‘Done’, but it is not removed from the 

from the list box and pressing ‘Delete’. An Active incident can be located using the ‘Find’ button. F
th
This is done using the ‘Load Incidents’ toggle button, which can be found in both the ‘Load Traffic Result’ 
and the ‘Load O/D Matrix’ windows (see section 7.1.2), when first loading the traffic demand data. 
 
The user can also view
d
information: Section Identifier, lane number, length, time at which the incident started, and expected 
duration. An incident can be removed by selecting it and c
in
Incidents Log.  

Figure 3-28: Incident Dialogue Window 
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4. DYNAMIC TRAFFIC ASSIGNMENT 

paths, 
onnecting this origin to the vehicle’s destination. The vehicle will travel along this path until reaching 

tep 0: Calculate initial shortest path(s) for each O/D pair using the defined initial costs. 

e interval according to the selected route choice 
model and obtain new average link travel times as a result of the simulation. 

 the 

The Path Selection (or Assi e, either when it enters the 
system or during its trip. The process consists on  the selection of one path or route between all 
available paths in order to reach its destination. 
 

 
For Dynamic Traffic Assignment , the traffic demand is defined in terms of an O-D matrix, which gives 
the number of trips from every origin centroid to every destination centroid, for each time slice, for each 
vehicle type. When a vehicle is generated at an origin it is assigned to one of the available 
c
its destination unless it is allowed to dynamically change the route en-route (i.e. the guided vehicles) 
when a better route exists from its current  position on the assigned path to its destination. The 
simulation process based on time dependent paths consists of the following steps: 
 
S
 
Step 1: Simulate for a predefined time interval (e.g. 5 minutes) assigning to the available path the 
fraction of the trips between each O/D pair for that tim

 
Step 2: Recalculate shortest path, taking into account the experimented average link travel times. 
 
Step 3: If there are guided vehicles, or variable message signs suggesting rerouting, provide the 
information calculated in 2 to the drivers that are dynamically allowed to reroute on trip. 
 
Step 4: Go to step 1. 
 

hich repeat until all the demand has been assigned instead of the convergence criteria used byW
analytical model to control the length of the simulation. 
 
To model the Dynamic Traffic Assignment procedure two main tasks have to be addressed: 
 
Paths (routes can be used as synonymous) from origins to destinations have to be computed at each time 

terval. in
 

gnment) is the process applied to each vehicl
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4.1 PA
 
The available paths from one origin to one destination, taken into account in the Path Selection process 
of a vehicle, can be either defined by the user (User-defined paths) or calculated, applying a shortest 
path algorithm, which uses the concept of “cost”, that will be explained in detail in section 4.1.2. 
 
User-defined Paths: These paths correspond to the idea  of well-known paths, or the most familiar paths 
for the drivers, from one origin to one destination according to the analyst knowledge of the modelled 
network,  and are predefined by the analyst using the network editor, or taken as an output from other 
traffic simulators or transportation models, either macroscopic (i.e. a transport planning) or microscopic. 
 
Calculated Shortest Paths: Resulting from  applying the shortest path algorithm to a network 
representation in terms of links and nodes, where each link has associated a cost function ( i.e. travel 
time ) that will be used in the shortest path calculation. 

4.1.1 Network Representation 
The network representation used for the microscopic simulation, in terms of sections and intersection, is 

e h computation procedure, which requires a link-node representation. To 

ns and joins. The 

F  

TH DEFINITION  

not ad quate for the shortest pat
account explicitly for turning movements in the translation from the AIMSUN representation to the 
link-node representation a link, connecting two nodes, models both a section and a turning movement. 
Therefore, each AIMSUN section is split into as many links as turning movements. The computation of 
shortest paths uses a label-setting method, where the labels are associated with an link, which means 
that different costs can be assigned to each turning of a section.  
 

igure 4.1 depicts an example of a AIMSUN network composed of sections, junctioF
corresponding network representation used by the shortest routes component, composed of nodes and 
links, is shown in Figure 4-2. Notice that for each section, a node is created and there is an link for each 
turning movement. The cost assigned to each arc is a function of the travel time of the section plus the 
travel time of the turning movement. 
 

igure 4-1: Example of AIMSUN Network
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Figure 4-2: Representation of previous Network for Shortest Path Calculation 
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4.1.2 Link Cost Functions 
In the link-node representation of the network used in the shortest routes calculation, each link is 
associated with a cost function. Two types of link cost functions are used for calculating the shortest 
path, depending on whether or not simulated data ( i.e. simulated travel time) are available for use. 
These are the Initial Cost Function and the Dynamic Cost Function. In both cases, there is a default cost 
function, which represents link travel time in seconds (a section travel time plus the turning movement 
travel time, this last term introduces the penalty of the turning movement, if it exists). 
 
For each particular arc, the user may choose between using Initial Cost Function or Cost Function as the 
default cost function, or using any other cost function defined by the user. This is done via Tedi, 
although the user can, through the AIMSUN interface, view the cost function names that are associated 
to each arc by clicking on the Turns list box of the Junction dialog window (see Figure 4-3). 

Figure 4-3: Cost Functions for each turn 
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4.1.2.1 Link Capacity 
A numerical attribute of a link is the theoretical capacity that can also be taken into account as argument 
in the cost function. This capacity is calculated using the theoretical user defined section capacity of the 
sections to which the link belongs. The calculation of the link capacity considers the number of lanes of 
the section that are used for the turning movement corresponding to each link and the number of turning 
movements shared for each lane. 
 
The weight of a lane i is defined as: 
 

⎩
⎨
⎧

=
lane side exit an is lane i if , 

lane central a is lane i if  ,
th

th

si
i LL

WL
1

 

 
where is the length of lane i and is the length of section s, which contains lane i 
The weight of a lane denotes the lane contribution in the calculation of the link capacity. When the lane 
is a central, it has a complete contribution to the capacity link, that is 1 as weight and when this lane is a 
exit side lane then the contribution is proportional to its length compared to the length. of section in 
which belongs. In Figure 4-4 the weight of the side lane is 0.2 (10/50) and in Figure 4-5 the weight of 
the side lane is 0.8 (40/50) 

iL sL

Figure 4-4: Example of short side lane
 

Figure 4-5: Example of long side lane
 

hen, the generic capacity per lane in section s is defined by: T

∑
∈

=
lane exit i

iss WLC  GCL

 of link j (composed by section s plus turning movement t) is defined by: 

 of turning movements that lane k shares. 

4-6 shows an AIMSUN network composed by 3 sections (Section 1, Section 2 and Section 3) and 
an intersection defined by two turning movements: One from Section 1 to Section 2, shown in Figure 4-7 
(using the two right most lanes in section 1) and the second, Figure 4-8 is from Section1 to Section 3 

 in section 1) 

where Cs is the capacity of section s. 
 
The capacity

∑
∈

=
. j link of lanes exit

C
k

kksj NTSWLGCLL /*  

where NTSk is the number
 
Figure 

(using the two left most lanes
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Figure 4-6: Example of AIMSUN network 

 
Figure 4-7:Left turning Figure 4-8: Right turning 

 
The cor

nks, is

 
 

 

Figure 4-9: Network of Figure 4-6 represented in terms of links and nodes. 

 

responding network representation used by the shortest routes algorithm, composed of nodes and 
 shown in Figure 4-9. li

 

 

 

 
The generic capacity per lane in section 1, where side lane has a weight of 0,35:   

96,765)35,011(18001 =++=11 = ∑
∈exit 

GCL
i

C

12 =
∈ . 2 link of lanes exitk

kk

lane 
WL  

 
The capacity of link 1 is: 
 

94,1148)2/1*96,765()1/1*96,765(/*11 =+== ∑
∈ . 1 link of lanes exit

C
k

kk NTSWLGCLL
 

 
and the capacity of link 2 is: 
 

)2/1*96,765(/* +== ∑C NTSWLGCLL 06,651)1/35,0*96,765(

3

link 1

1 
2

link 2
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4.1.2.2 Initial Cost Function 
The Initial Cost Function is used at the beginning of the simulation when there is not yet simulated data 
gathered to calculate the travel times. In this case, the cost of each link is calculated as a function of the 
travel time in free flow conditions and the capacity of the link. The travel time in free flow conditions is 
he time it would take a vehicle to cross the link, that is the st ection plus the turn, assuming that the 

ion per vehicle type. Whether to choose the initial cost 

k j, IniCostj, taking into account the penalty for the turning t that belongs to the 

jjjj

ee flow conditions  

vehicle is travelling at the maximum allowed speed along the section and at the maximum turning speed 
along the turning movement. No penalty for traffic lights or traffic signals is considered directly. 
 
There are two types of default initial cost function. The first does not consider the vehicle types IniCostj, 
that is, all vehicle types have the same initial cost. The second considers the vehicle types IniCostj, vt , 

hich means that there is an initial cost functw
function distinguishing per vehicle type or not is determined by the presence of reserved lanes in the 
network. By default, AIMSUN takes the initial cost function not considering vehicle types. However, if 
there are reserved lanes, it takes the initial cost function considering vehicle types. 
 

he initial cost of linT
link, and its capacity CLj is calculated as follows: 
 

)/1(** LCL CTravelTFFTravelTFFniCostI −+= ϕ  
max

Where: 
TravelFFj is the estimated travel time of the link j in fr

ttssj SpeedLimitLengthSpeedLimitLengthTravelTFF = +  

ed limit, respectively, of section s  
t t it, 

pacity weight parameter that allows the user to control the influence that 
the link
 

f vehicle type vt in the link j in free flow conditions  

where Lengths  and SpeedLimits are the length and the spe
 Length   and SpeedLimit  are the length and the speed limthat belongs to link j and

respectively, of turning t  that belongs to link j. 
 

ϕ is a user-defined ca
 capacity has in the cost in relation with the travel time, and   

CLmax is the theoretically estimated maximum link capacity in the network.  
 
The initial cost of link j per vehicle type vt, IniCostj,vt, is calculated as follows: 
 

)
max

/1(**,,, LCL jvtjvtjvtj CTravelTFFTravelTFFniCostI −+= ϕ  

Where: 
 

ravelFFj,vt is the estimated travel time oT

),*),*,
t

vtvts

s
vtj

Length

MaxSpeedimitMin(SpeedL

Length
TravelTFF

θ
+=  

vtvtt MaxSpeedimitMin(SpeedL θ

Where the new parameters, compared with the travel time in free-flow conditions without distinguishing 
icle type, are the Average Maximum Speed of vehicle type vt MaxSpeedvt  and the Speed 

cceptance of vehicle type vt θ . This parameter (θ ≥ 0) can be interpreted as the ‘level of goodness’ of 
the driv
maximu r a section a value greater than the speed limit, while θvt ≤ 1 means that the vehicle 
will use a lower speed limit. ϕ is a user-defined capacity weight parameter that allows the user to control 
the infl
theoreti

 

per veh
A vt

ers or the degree of acceptance of speed limits. θvt ≥ 1 means that the vehicle will take as 
m speed fo

uence that the link capacity has in the cost in relation with the travel time, and  CLmax is the 
cally estimated maximum link capacity in the network.  
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4.1.2.3 Dynamic Cost Function 
The Dynamic Cost Function is used when there is simulated travel time data available, and therefore it 
can only be used when the simulation has already started and statistical data has been gathered. The 
default current cost for each section is the mean travel time, in seconds, for all simulated vehicles that 

ave crossed the link during the last time data gathering period. 

s DynCostj, which means all vehicle types have the same cost. The second 
onsiders all vehicle types DynCostj, vt , which means that there is a dynamic cost function per vehicle 

e the dynamic cost function distinguishing per vehicle type or not is determined by 
the pres

o all vehicle types, DynCostj, is the mean travel time, in 
 link during the last statistics gathering period 

ravel time for link j includes the travel time of section s plus the travel time for 

ed a link, so no information about travel time 

h
 
As for the Initial Cost Function, there are also two types of default dynamic cost function. The first does 
not consider vehicle type
c
type. Whether to us

ence of reserved lanes in the network.  
 
The default Dynamic Cost for link j common t
seconds, for all simulated vehicles that have crossed the
(TravelTime ). The tj
turning movement t. 
 
As there may be situations in which no vehicles have cross
is available, the following algorithm is applied to calculate EstimatedTravelTimej: 
 
  if (Flow thj > 0) en
   E edTravelTimestimat j = TravelTimej
  else 
   if (there is any vehicle stopped) then
    EstimatedTravelTimej = AvgTimeIns

atedTravelTime  = AverageSectionTravelTimes 

imum(EstimatedTravelTime , TravelFF ) 

ccord g to t s algo hm, w ast data gathering 
ime (EstimatedTravelTime ) is taken as the simulated mean 

avel ti e. If n  vehicl has cr ink and 
 calculated as the average waiting time for vehicles 

TimeIns). In the second case, the travel time is taken as the 
sidering all the turning movements that have as origin section s 

). All calculated travel time have to be greater than or equal to the travel 

, DynCost , taking into account the penalty for the turning t that 

 

EstimatedTravelTimej is the estimated travel time of the link j calculated following previous 

 
 control the influence that 

the link capacity has in the cost in relation with the travel time, and 

   else 
    Estim j
   endif 
  endif 

EstimatedTravelTime  = Maxj j j
 
A in hi rit hen some vehicles have crossed link j during the l
period (Flowj > 0), the estimated travel t j
tr m o e ossed link j, we should distinguish between a totally congested l
an empty link. In the first case, the travel time is
waiting in front of the queue in section s (Avg
section travel time, which means con
(AverageSectionTravelTimes
time of the link in free-flow conditions. 
 
Finally, the Dynamic cost of link j j
belongs to the link, and its capacity CL is calculated as: j 
 

max
/1(** LCL jjjj CravelTimeEstimatedT −ϕ )ravelTimeEstimatedTDynCost +=

where: 
 

algorithm  

ϕ is a user-defined capacity weight parameter that allows the user to

 CLmax is the theoretically estimated maximum link capacity in the network.  
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The default dynamic cost for link j and vehicle type vt, DynCostj,vt is the mean travel time, in seconds, 
for all simulated vehicles of type vt that have crossed the link during the last data gathering period 

j,vt). The travel time for link j includes the travel time of section s plus the travel time for 

s there may be situations in which no vehicles that belongs to vehicle type vt have crossed a link, so no 
 is applied to calculate 

stimatedTravelTime : 

(TravelTime
turning movement t. 
 
A
information about travel time is available, the following algorithm
E j,vt
 
if (Flowj,vt > 0) then

EstimatedTravelTimej,vt = TravelTimej,vt
else 
 if (there is any vehicle vt stopped) then
  EstimatedTravelTimej,vt = AvgTimeIns, vt

else  
  if (link j has reserved lanes of vehicle class cl) then
   if (vt belongs to cl) then
    if (FlowClassj, cl > 0) then
     EstimatedTravelTimej,vt = TravelTimeClassj, cl
    else 

      if (there is any vehicle belonging cl stopped) then 

   else

 
           EstimatedTravelTimej,vt = AvgTimeInClasss, cl
     

          EstimatedTravelTimej,vt =  AverageSectionTravelTimes, cl

  endif 
  else 

 
        endif 
  
 
    if (FlowClassj, not cl > 0) then
        EstimatedTravelTime  = TravelTimeClassj,not  cl

       if

j,vt
    else 

 (there is any vehicle not belonging  cl stopped) then 
            EstimatedTravelTimej,vt = AvgTimeInClasss,not  cl

       else  
eSectionTravelTimes, not cl

       endif 

 endif 
 else 

            EstimatedTravelTimej,vt = Averag
 
    endif 
  
 
   if (Flowj > 0) then
    EstimatedTravelTimej = TravelTimej
   else 
    if (there is any vehicle stopped) then
     
 

   EstimatedTravelTimej = AvgTimeIns
   else 

endif 

matedTravelTim

According to this algorithm, when a vehicle of type vt has crossed link j during the last data gathering 
period (Flowj,vt > 0), the current cost is taken as the simulated mean travel time. If no vehicle of type vt 

        EstimatedTravelTimej = AverageSectionTravelTimes 
    endif 
   

endif 
 endif 
endif 
Esti ej, vt = Maximum(EstimatedTravelTimej, vt, TravelFFj, vt) 
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has crossed link j, we distinguish between different cases of costs calculated according to the following 

 vehicle type vt uses the reserved lane: 

verageSectionTravelTimes, cl :Average section travel time of all vehicles of vehicle class cl. 

ravelTimeClassj, not cl: Mean Travel Time of link j aggregating all vehicle types not belonging to 

TravelTimej: Mean Travel Time of link j aggregating all vehicle types. 

stimatedTravelTime  is the estimated travel time of vehicle type vt of link j calculated following 

he travel time, and 

steps (each step is carried out if no information is available for the preceding step): 
 
AvgTimeIns, vt : Average waiting time for first vehicle of vehicle type vt in front of the queue in the 
section 
 
If section s has reserved lanes for vehicle class cl: 
 
If
 
TravelTimeClassj, cl: Mean Travel Time of link j aggregating all vehicle types of vehicle class cl. 
 
AvgTimeInClasss, cl: Average waiting time for first vehicle of vehicle class cl in front of the queue in the 
section s. 
 
A
If vehicle type vt does not use the reserved lane: 
 
T
vehicle class cl. 
 
AvgTimeInClasss, not cl: Average waiting time for first vehicle not belonging to vehicle class cl in front of 
the queue in the section s. 
 
AverageSectionTravelTimes, not cl: Average section travel time of all vehicles not belonging to vehicle 
class cl. 
 
If section s doesn’t have reserved lanes: 
 

 
AvgTimeIns: Average waiting time for first vehicle in front of the queue in section s. 
 
AverageSectionTravelTimes: Average section travel time for all types. 
 
All calculated travel time have to be greater than or equal to the travel time of the link in free-flow 
conditions. 
 
Finally, the Dynamic cost of link j of vehicle type vt, DynCostj, vt, taking into account the penalty for the 
urning t that belongs to the link, and its capacity CLj is calculated as t

 
)

max
/1(**,,, LCL jvtjvtjvtj CravelTimeEstimatedTravelTimeEstimatedTDynCost −+= ϕ  

where: 
 
E j, vt
previous algorithm. 
 
ϕ is a user-defined capacity weight parameter that allows the user to control the influence that the link 
capacity has in the cost in relation with t
 
 CLmax is the theoretically estimated maximum link capacity in the network.  
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4.1.2.4 User-defined link cost functions 
The default cost functions, described above, are basically defined in terms of link travel time and don’t 
consider explicitly other wide variety of link costs, for example toll pricing, historical travel times 

presenting driver’s experience from previous days, combinations of various link numerical attributes 
ink, the 

ser may choose between using Initial Cost Function or Dynamic Cost Function as the default cost 

functions can be formulated in terms of the most common mathematical functions 
nd operators (+ , -, *, /, ln, log, exp, etc.). The function terms can be defined in terms of parameters, 

the model (links, 
ections, turnings, vehicle types, etc), whose values could be either fixed (i.e. lengths, theoretical 

ge link speeds, 
, etc). 

sic Cost Functions (named Cost 
g Vehicle Type (named Cost Function with Vehicle Type) . 

icle types and therefore cannot make use of 
eter for this type of function is only the link, 

ce of the link). Cost 
icle Type can distinguish between vehicle types and consequently can make 

se of variables that have vehicle type reference. The parameter for this type of function is the link, 

twork, 
 per vehicle type, otherwise it is common for all vehicle types. 

n of shortest paths is predefined every prefixed time interval ∆t. 
-setting algorithm (Dijkstra 1959) and it 

stination centroid. Therefore this structure of 
of every section to one destination. The 

the cost labels are 
f nodes, as is usual. The link candidate list is stored as a heap data structure. 

uring each iteration of the algorithm, the link with the minimum value of cost is removed from the 

he shortest path routine is based on link cost functions, and before apply it, the costs of all links are 
 the beginning of the simulation, the Initial Cost Function is evaluated per each 

nk, and during the next time intervals, the Dynamic Cost Function, instead of Initial Cost Function, are 
evaluated.  
 
The shortest path routine generates a shortest path tree for each destination centroid d (SPTd, d∈D), but 
there is an extra step that identifies new paths for all O-D pair i∈I, taking SPTd d∈D,  and adds to the set 
of alternatives path Ki  of O-D pair i. From one shortest path tree, there are as many paths  SPcon as 
connectors con has the origin centroid. 
 
The generic schema of the Dynamic Traffic Assignment is: 
 
Step 0: Calculate initial shortest path(s) for each O/D pair using the defined initial costs. 
 

re
as for instance travel times, delay times, length and capacity, etc. Therefore, for each particular l
u
function, or using any other cost function defined by the user using the function editor when he wants to 
take into account other arguments represented by other link numerical attributes.  
 
The user-defined cost 
a
constants and variables and must correspond to  numerical attributes of any object in 
s
capacities, number of lanes, etc) or change during the simulation (i.e. link flows, avera
average link travel times
 
Two types of User-Defined cost functions can be distinguished: Ba
Function) and Cost Function considerin
 
Basic Cost Functions do not distinguish between veh
variables that have any vehicle type reference. The param
expressed as two parameters : S (section reference of the link) and T (turning referen
Functions considering Veh
u
expressed as two parameters : S (section reference of the link) and T (turning reference of the link). and 
the vehicle type VT reference. 
 
If the User-Defined Cost Function considers Vehicle Type data associated to any link of the ne
the calculation of shortest paths is made

4.1.3 Shortest Path Algorithm 
During the simulation, the computatio
The shortest path routine is a variation of Dijkstra's label
provides as a result the shortest path tree for each de
shortest path tree provides the shortest path from the start 
penalties associated with turning movements are taken into account. Therefore, 
attached to links instead o
D
heap and all links connected backward are added to the heap in the correct position. 
 
T
evaluated/updated. At
li
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Step 1: Simulate for a prede
fraction of the trips between e

fined time interval (e.g. 5 minutes) assigning to the available path the 

Step 3: If there are uting, provide the 
formation calculated in 2 to the drivers that are dynamically allowed to reroute on trip. 

Step 4: Go to step 1. 
 
And the algorithm , including the details of shortest path calculation, is the following: 
 
Step 0:  Calculate initial shortest path(s) for each O/D pair using the defined initial costs 
Step 0.1: Initialization: 
   Evaluate Initial Cost Function per each link j:  
    for each j∈ 1... L : Costj = InitialCostj
Step 0.2: Apply Shortest Path routine: 
   for each destination centroid d:  
Calculate Shortest Path Tree SPTd using Costj  j∈ 1... L 
Step 0.3: Identify Shortest Path from Shortest Path Tree: 
   for each O-D pair i (from origin centroid o to destination d) 
Add to Path(s) SPcon to Ki 
 

tep 1: Simulate for a predefined time interval ∆t assigning to the available path Ki the fraction of the 
ips between each O/D pair i for that time interval according to the selected route choice model. 

date Link Cost Functions: 
  Evaluate Dynamic Cost Function per each link j:  

 
Step 2.2 ath routine: 

  for each destination centroid d:  
Cal g Costj  j∈ 1... L 

tep 2.3: Identify Shortest Path from Shortest Path Tree: 
 
Add to 

or variable message signs suggesting rerouting, provide the 
formation calculated in 2 to the drivers that are dynamically allowed to reroute on trip. 

ach O/D pair for that time interval according to the selected route choice 
model and obtain new average link travel times as a result of the simulation. 
 
Step 2: Recalculate shortest path, taking into account the experienced average link travel times. 
 

 guided vehicles, or variable message signs suggesting rero
in
 

S
tr
 
Step 2: Recalculate shortest path, taking into account the experimented average link travel times. 
Step 2.1: Up
 

   for each j∈ 1... L : Costj = DynamicCostj
: Apply Shortest P

 
culate Shortest Path Tree SPTd usin

S
  for each O-D pair i (from origin centroid o to destination d) 
Path(s) SPcon to Ki 

 
Step 3:  If there are guided vehicles, 
in
 
Step 4: Go to step 1. 
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4.1.3.1 Initial Shortest Path 
At the beginning of the simulation, using the Initial Cost function, one shortest path tree is calculated 
per each destination centroid, so during the first interval all vehicles are assigned to the same alternative. 
In order to start considering more than one alternative, as a way to anticipate the assignment process, at 
the beginning of the simulation, k-shortest path tree are calculated. 

Figure 4-10: Generic scheme of k-Shortest Path Algorithm 

l the number of shortest path available 
reaches the parameter InitialK-SP. The Figure 4-10 shows the generic scheme of the algorithm where, 
iteratively
 

 evaluates the cost function in each link (first iteration the cost function is the travel time in free-

 
 calculates a new shortest path 

ribed bellow) and update 

The components of this algorithm are: 
 
Shortest Path Algorithm: The computation of the shortest path corresponds a variation of Dijkstra’s 
label setting algorithm. 
 
Link Cost Function: The cost function of link a (sa(va))is function of the flow in link a va  

 

 
 
The algorithm calculates every iteration a new shortest path unti

: 

flow conditions) 

 
 using an incremental loading procedure, descdetermine the path flow (

the flow in each link  
 

)1()( 0

α

β ⎥⎦
⎤

⎢⎣
⎡+=
Ca
vttvs a

aa  

 
Incremental Loading Algorithm: 
 
The path flow rates in the feasible region Ω satisfy the conservation flow and non-negativity constraint 
(where the traffic demand of O-D pair i is denoted by gi). That is: 

0;,: ≥∈==Ω ∑
∈

i
ki

Kk

i
k

i
k hIighh

i  

  Demand: 
OD Matrix 

Network with
Function

Sa(va) 

Evaluate 
Cost 
Functions 

 
Determine Paths: Shortest

algorithm 

Determine Path Flow: Incre
Loading 
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For each O-D pair i ∈ I and path  , evaluate the path flow assigned to path at iteration n 
i

here

 i
kh i

i
k Kkh ∈

)(nhk :  

))1(()1()( −−+−= nhgnhnh i
ki

i
k

i
k λ  

)1...(1)),1(()1()( −=−−−= klnhnhnh i
l

i
l

i
l λ  

 1
1

+= nλ  w

 
The algorithm to calculate the k-shortest path can be stated as follows (n is the iteration index and k is 
the shortest path index): 
 
Step 0: Initialization : n=0 and k=1 

th shortest path based on the free-flow travel times.  Compute the k-
 For each O-D pair i ∈ I, assign i

i
k gnh =)(  

 
Step 1:  Compute the flow va for each link a: 

i
k

i
kaa hv ∑ ∑= ,δ  

Ii Kk i∈ ∈

Evaluate the cost function of each arc a (sa(va)). 

d cost function of each arc a (sa(va)). 
air i ∈ I, evaluate: 

where ⎨=
 pair D- i

aδ  
⎧ O of  path to belongs arc  1, ka

⎩ otherwise 0,

 
Step 2:  k= k +1, n = n +1 
 Compute the k-th shortest path base
 Incremental Loading: For each O-D p

))1(()1()( −−+−= nhgnhnh iii λ   kikk

for 1=l  to )1( −k  
)1...(1)),1(()1()( −=−−−= klnhnhnh iii λ lll  

1=λwhere 1+n  

 
Step 3: If k is equal to total number of shortest path InitialK-SP then STOP 
 Otherwise, return Step 1 
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4.2 
 
The pa els, estimates the path flow rates. The path 

f which path to take from one set of alternatives, connecting one 
on process is made when a vehicle enters the system (Initial 

 selection calculates the probability of each available path 
nd then r

probabi  to Step 1 in the generic algorithm of 
nam

ortest path(s) for each O/D pair using the defined initial costs 
Step 0.1: Initialization: 
   Evaluate Initial Cost Function per each link j:  
    for each j∈ 1... L : Costj = InitialCostj

.2 tine: 

i: 
    Calculate Pk using Route Choice Model, where k∈ Ki

Step 1.2: Simulate for a predefined time interval ∆t, generating the fraction of the vehicles between each 

tep 2: Recalculate shortest path, taking into account the experimented average link travel times. 
: Update Link Cost Functions: 

tion per each link j:  

ch O-D pair i (from origin centroid o to destination d) 
Add to Path(s) SP  to K

 provide the 
formation calculated in 2 to the drivers that are dynamically allowed to reroute on trip. 

t Function Initial Shortest 
Paths (ISP) or calculated using the Dynamic Cost Function, Dynamic shortest paths (DSP). 
 
A vehicle of vehicle type vt travelling from O-D pair i, can choose one path according to the user-
defined assignment or as a result of a Route Choice model from the set of alternative paths Ki: 

PATH SELECTION  

th selection based on discrete route choice mod
selection models the driver’s decision o
origin to one destination. This decisi
Assignment) and during its trip, when new alternatives are available (En-Route Assignment). 
 
Given a finite set of alternative paths, the path
a  the d iver’s decision is modelled by randomly selecting an alternative path according to the 

lities assigned to each alternative. This process corresponds
Dy
 

ic Assignment and then the algorithm is: 

Step 0:  Calculate initial sh

Step 0 : Apply Shortest Path rou
   for each destination centroid d:  
Calculate Shortest Path Tree SPTd using Costj  j∈ 1... L 
Step 0.3: Identify Shortest Path from Shortest Path Tree: 
   for each O-D pair i (from origin centroid o to destination d) 
Add to Path(s) SPcon to Ki 
 
Step 1: Simulate for a predefined time interval ∆t assigning to the available path Ki the fraction of the 
trips between each O/D pair i for that time interval according to the selected route choice model. 
Step 1.1: Assignment of path probabilities: 
   for each O-D pair 

O/D pair i for that time interval, selecting randomly the path according probabilities Pk , k∈ Ki
 
S
Step 2.1
   Evaluate Dynamic Cost Func
    for each j∈ 1... L : Costj = DynamicCostj
Step 2.2: Apply Shortest Path routine: 
   for each destination centroid d:  

Calculate Shortest Path Tree SPTd using Costj  j∈ 1... L 
Step 2.3: Identify Shortest Path from Shortest Path Tree: 
   for ea

con i 
 
Step 3:  If there are guided vehicles, or variable message signs suggesting rerouting,
in
 
Step 4: Go to step 1. 
 
The candidate paths can be of two different types (explained in section 4.1): User-defined Paths (UdP)  
and Calculated Shortest Paths, whose can be calculated using the Initial Cos
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N User-d i

M Initia
P Timely Updated Shortest Paths: DSPp

i, p=1..P 

4.2.1 User-defined Assignment 
The User-defined assignment: For each user-defined path, the user determines the probability of usage, 
distinguishing per vehicle type. The user defines the probability of use of user-defined paths and the 
probability of use of the initial shortest path: 
 

P(UdPn
i, vt) : Probability of use UdPn

i by a vehicle type vt 
P(ISPm

i, vt) : Probability of use ISPm
i by a vehicle type vt 

 

At any time durin ch O-D pair. The 
emulation of the d n a trip to a path, 
can be done with a Route Choice model. The Route Choice models are usually inspired in the discrete 
choice theory that determines the probability for choosing an alternative from a finite set of alternatives 
as a function of its utility. From transportation point of view, the most common value associated to a 
trip is the travel time or travel cost, which represents a disutility. Therefore Route choice models should 
be formulated in terms of this negative utility.  The most common concept of path cost assumes that is 
additive, so the cost of path i  CPi  is computed as the sum of the costs of the links Costj (explained 
above) composing the path: 

efined Paths: UdPn  n=1..N 
l Shortest Paths: ISPm

i , m=1..M 

Satisfying the condition: 

IivtISPPvtUdPP
M

m

i
m

N

n

i
n ∈≤+ ∑∑

==

,1),(),(
11

 

4.2.2 Route Choice Models 
g the simulation, there will be a finite set of alternative paths for ea
river’s decision of selection one of the available paths, that is to assig

∑
∈

=
Pathijlink

ji CostCP  

The default Route Choice models available are: Proportional, Multinomial Logit and C-Logit, but the 

ulation. Then, during the simulation, vehicles are generated at origin 

iod is defined or not. If there is a warm-up period, 

user can also define his/her own user-defined route choice model using the function editor.  

 

4.2.2.1 Fixed routes mode vs. Variable route mode 
In the Fixed Routes Mode, shortest path trees are calculated from every section to every destination 
entroid at the beginning of the simc

centroids and assigned to the shortest route to their destination centroid. There is no need for a Route 
Choice Model as there are no alternative routes. No new routes are recalculated during simulation. 
Therefore, all vehicles always follow the shortest path and no decisions about changing to another path 
can be made during the trip.  
 
Depending on the type of cost function used for the initial shortest path calculations, there are two 
alternative fixed route models. These are the Fixed-Distance and the Fixed-Time models.  
 
In the Fixed-Distance Model, the paths are calculated at the beginning of a simulation, taking the Initial 

ost as the cost of each arc, whether a warm-up perC
no new shortest paths are calculated when it ends, and therefore the same shortest path trees are used 
during the stationary simulation period the same shortest path trees are used. illustrates when the 
shortest paths (SP) are calculated in a time diagram of the simulation period. 
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Figure 4-11: Calculation of shortest paths in a fixed distance model 

Stationary

StationaryW arm -up

SP = f (IniC ost))

SP  = f (IniC ost))

t

t

 
The Fixed-Time Model works similarly to the Fixed-Distance Model, except when a Warm-up period is 
defined. In this case, initial paths are calculated at the beginning of the Warm-up in the same way using 
the Initial Costs. When the Warm-up period is over, however, and the stationary simulation starts, new 
initial paths are calculated using the Cost Function (calculated using the statistical data gathered during 
the simulation warm-up) for arc costs. Figure 4-12 illustrates the shortest paths (SP) calculations in a 
time diagram of the simulation period. 

Figure 4-12: Calculation of shortest paths in a fixed-time model 
 S tationary  

S tationary  W arm -up 

SP  =  f (IniC ost) 

SP  =  f (IniC ost)) 

t 

SP = f (D yntC ost) 

t 

 
In the Fixed-Distance Model, the cost is very theoretical and does not take into account network 
congestion, only the length of the paths and the allowed speed. We call it Fixed-Distance to denote that 
the cost is mainly based on the distances, together with the speed limits and the capacity, but not on the 
traffic conditions at any given time. In the Fixed-Time Model the cost is influenced by the traffic 
conditions at certain times and therefore it represents the travel time more accurately. To denote this 
difference, we call it Fixed-Time. 
 
In the Variable Routes Mode, the simulation process includes an initial calculation of shortest routes 
going from every section to every destination, a shortest route component which calculates periodically 
the new shortest routes according to the new travel times provided by the simulator, and a route 
selection model. 
 
At the beginning of the simulation, shortest path trees are calculated from every section to each 
destination centroid, taking as arc costs the Initial Cost Function, as in the previous case. If a Warm-up 
period is defined, these paths are calculated at the beginning of the Warm-up. If not, they are calculated 
at the beginning of the stationary simulation period. 
 
During simulation, new paths are recalculated in every time interval, taking as link costs the simulated 

avel times obtained for each arc during the last interval. This is the Cost Function explained above. tr
Figure 4-13 illustrates when the shortest paths (SP) are calculated over the simulation period and what 
cost functions are used. 
 
The user may define the time interval for recalculation of paths and the maximum number of path trees 
to be maintained during the simulation. When the maximum number of path trees (K) is reached, the 
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oldest paths will be removed as soon as no vehicle is following them. It is assumed that vehicles only 
choose between the most recent K path trees. Therefore, the oldest ones will become obsolete and 
unused. 

Figure 4-13: Calculation of shortest paths in a variable routes model 
 S tationary  

S tationary  W arm -up 

SP=f(IniC ost) 

SP=f(IniC ost) 

t 

t 

SP=f(D yntC ost) 

SP =  f (D ynC ost) 

SP =  f (D yntC ost) 
 

Currently three choice models are implemented. They are used either when assigning the initial path for 
a vehicle at the beginning of its trip, or when having to decide whether or not to change path en-route 
within dynamic modelling. These models are the Binomial, Proportional, the Multinomial Logit and the 
C-Logit models. On the other hand, users can also define their own Route Choice Models, via the Tedi 

w to appear (see Figure 4-14) 

Function Editor. 
 
When an O/D matrix has been loaded in AIMSUN, it means that the simulation experiment is going to 
be Route-Based. Before running the model, the user can define which type of Route Choice Model to 
apply. If you select the ‘Experiment / Route Choice’, menu command, the ‘Route Choice Model’ 
windo

Figure 4-14: Route choice model window 

  
 
In this window, the user first defines the interval between recalculations of shortest paths (‘Cycle’ field 

h inu tion. This 
a w -Logit or User Defined) is 

elected, new paths will be calculated every ‘Cycle’ and the statistical information gathered during the 
last ‘Number of Intervals’ will be used for calculating the cost functions (see Figure 4-15). The user can 

in ours: m tes: seconds) and the ‘Number of Intervals’ to be considered in each recalcula
me ns that, henever a variable model (Binomial, Proportional, Logit, C
s
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also define the Capacity Weight parameter to be used in calculation of the arc costs, and select among 
Fixed-Distance, Fixed-Time, Binomial, Logit, C-Logit or User-Defined route choice models using the 
option menu. Finally, it is possible to define whether to ‘Provide Travel Times’ apart from the costs in 
the ‘Paths Dialog’ (see section 4.3.1). 

Figure 4-15: Use of Statistical data in the calculation of Shortest Paths 

t

t

Calculation of Shortest Path

Calculation of Statistics

Use of Statistical Data

Cycle

Statistical data considered => Number of Intervals = 2  
 
Dynamic: If any of the variable models (Binomial, Proportional, Logit, C-Logit or User-Defined) have 
been selected, the user can choose between variable route choice Static, or Dynamic (allow en-route 
Dynamic Assignment). In the option menu for this purpose, the user selects between Dynamic ‘Yes’ or 
‘No’ 
 
Then, depending on the selected model, some additional parameters that are related to the particular 
model have to be defined (see sections 4.2.2.2 to 4.2.2.6) 

ction 4.1.2.2). Otherwise it calculates 
e k-shortest path tree using the algorithm explained in section 4.1.3.1. 

ntroid kept in 
 the set of 

alternatives path Ki  for each O-D pair i and the Max number to keep parameter determines the number 
of the last shortest path tree to consider in order to generate all alternative paths of Ki .The aim of this 
parameter is save memory during the simulation and increase the performance. If this parameter 

ater than the simulation time then all shortest path tree calculated are kept 

• Default: Loads the default Route Choice parameters that are common for all networks. 
• Load: Loads the last saved Route Choice parameters for the current network. 
• OK: Accepts the parameters displayed in the dialog window as input for the current 

experiment. 
• Save: Saves the parameters displayed in the dialog window for the current network. 
• Cancel: Closes the dialog window without accepting modifications. 
 

 
Initial K-SP defines the number of shortest path calculated at the beginning of the simulation. If this 
parameter is equal to 1, at the beginning of the simulation is calculated only one shortest path tree per 
destination centroid, considering the Initial Cost Function (see se
th
 
Max number to keep defines the maximum number of shortest path tree per destination ce
memory during the simulation. One step of Dynamic Traffic Assignment algorithm is identify

multiplied by the Cycle is gre
uring entire simulation. d

 
Max number to Route defines the maximum number of different paths used in the path selection 
process. ( see section 4.2.3) 
 
The Route Choice Model dialog window also contains the following buttons: 
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4.2.2.2 Binomial Mo
A Binomial (k-1, p) distribution is used to find the probability of selecting each path. Parameter k is the 
number of available paths and p is the “success” probability. This model does not consider the travel 
costs in the decision process, but only the time at which the path was calculated. Selecting a small p will 
mean that oldest paths will be more likely to be used, while selecting high values of p, will cause the 
more recent paths to be taken more frequently. 
 
For example, if we want to keep three alternative paths and let the newest paths be used more often, we 
might define k=3 and p=0.9. Then the possible values for X = Binomial (2, 0.9) are X = 0, X = 1 and X = 
2, which are respectively associated to the last three paths calculated. Let us assume that we have 
defined a Cycle of recalculation of shortest paths for 5 minutes and that we are at time 25:30 in a 
simulation run. In this case, the last three paths calculated have been calculated at times 15:00, 20:00 
and 25:00, thus correspondingly X = 0 to 15:00, X = 1 to 20:00 and X = 2 to 25:00. Then, the probability 
of selecting the oldest path is P(X=0) = 0.01, the probability of selecting the second path is P(X=1) = 
0.18 and the probability of selecting the newest path is P(X=2) = 0.81 (see Figure 4-16). 

Figure 4-16: Binomial Model (k=3, p=0.9) 

del 
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The ‘success’ probabi p can be  t ho e model dialog window when the 
Binomial model is chos ee ‘Prob  in ). 
 

4.2.2.3 Proportional 
The choice probability  a given a ath ∈ K

:00 :20:00 0

lity 
en (s

 defined via
ability’ field

he Route C
 Figure 4-17

ic

Pk of lternative p  k , where k i, can be expressed as: 

∑
∈

−
lCP α

−CP α

=P

iKl

where CPi. the cost of p i. 
 
When α=1, then the probability is ro path costs. The example in Table 4-1 
illustrates how the Alpha Factor (α) influences the probability of choosing a path in the case of two 
alternative paths with travel times 5 m 4 m ecti ely. 
 

k  k

ath 

inversely p portional to 

inutes and inutes resp v
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Figure 4-17: Route choice model window. Binomial Model. 

 
Table 4.1: Alpha factor in Proportional Route Choice Model 

Path Costs Path 1 Path 2  
 300 240 seconds 
 0,08333333 0,06666667 hours 
    
Alpha P(1) P(2)  
0 0,5 0,5  
0,2 0,4888447 0,5111553  
0,4 0,4777004 0,5222996  
0,6 0,4665784 0,5334216  
0,8 0,4554894 0,5445106  
1 0,4444444 0,5555556  
1,2 0,4334541 0,5665459  
1,4 0,4225288 0,5774712  
1,6 0,4116788 0,5883212  
1,8 0,4009140 0,5990860  
2 0,3902439 0,6097561  
2,2 0,3796778 0,6203222  
2,4 0,3692246 0,6307754  
2,6 0,3588927 0,6411073  
2,8 0,3486901 0,6513099  
3 0,3386243 0,6613757  
3,2 0,3287025 0,6712975  
3,4 0,3189312 0,6810688  
3,6 0,3093165 0,6906835  
3,8 0,2998640 0,7001360  
4 0,2905789 0,7094211  

 
The Figure 4-18 depicts the role of the alpha factor, as a function of the different path costs. The 
parameter, or alpha factor, α, is a user-defined parameter that can consequently be used to adjust the 
ffect that small changes in the travel times may have on the driver’s decisions e
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Figure 4-18: Proportional function shape 
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del dialog window when the 

e gure 4-19). 
The alpha factor parameter, α can be defined via the Route Choice mo
Proportional mod l is selected (see Fi

Figure 4-19: Route choice model window. Proportional Model. 
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4.2.2.4 Multinomial Logit 
The choice probability Pk of a given alternative path k , where k∈ Ki, can be expressed as a function of 
the difference between the measured utilities of that path and all other alternative paths: 

∑
=

∈ i

lv

k

Kl

v

e
e

kP
θ

θ

 

or its equivalent expression: 

( )∑+
=

≠

−

kl

kvlv
e

kP
θ1

1  

where Vi is the perceived utility for alternative path i and θ is a shape or scale factor. We have taken Vi = 
-CPi/3600. (function Vi is minus the cost of path i, measured in hours). 
We assume that the utility of path k between O-D pair i is given by: 
 

Where: 
  θ is a shape or scale factor parameter  

 is the expected travel time on path k of O-D pair i, and 

 k amongst all alternative 
utes of O-D pair i is given by the logistic distribution: 

 i
kU

i
k

i
k

i
k tU εθ +−=  

i
kt 

  i
kε is a random term 

The underlying modelling hypothesis is that random terms i
kε are independent identically distributed 

GUMBEL variates1. Under these conditions, the probability of choosing path
ro
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k
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l ≠l
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The scale factor θ s a two-fold role, making the decision based on differences between utilities 
independent of measurement units, ncin ard e e distribution of expected 
travel times: 

   

play
 and influe g the stand rror of th

2θ
 

2π
6

)( =i
ktVar

that is:  
 
θ < 1 high perception of the variance, in other word any alternative routes 
θ > 1 alternative choices are concentrated in very fe
 
For example, given four alternative path with expected travel time (cost path) of T1=12 minutes, T2=15 
minutes, T3=16 minutes and T4=18  co pro abilities according to equation (1) 
when θ = 1 are: P 407, P2 =0.01710 and P4 θ = 0.5 the 
probabilities are: P1=0.71009, P2=0 09 03 35.  The Figure 4- depicts the role 

s a trend towards utilizing m
w routes 

 minutes, the
=0.04650, P

rresponding b
1=0.93 3

.15844, P =0.
=0.00231, whereas if 

3 610 and P =0.4 5
of the scale factor, as a function of the difference between path costs: 

                                                      
1 A random variable ε is GUMBEL distributed if [ ])(exp)( ηεµε −−−= eF , with µ>0 and η a location parameter. If 

ji εε , are independent GUMBEL variates with  parameters ),( 1 µη and ),( 2 µη respectively, then  is 

logistically distributed, i.e. and if they are identically distributed 

ji εεε −=*

[ ] 1)( *
121)(

−−−+= εηηµε eF )( 21 ηη = then 

[ ] 1*

1)(
−−+= µεε eF  
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Figure 4-20: Logit function shape 
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The parameter, or scale factor, θ , is a user-defined parameter that can consequently be used to adjust 
the effect that small changes in the travel times may have on the driver’s decisions. The example in 
Table 4-2 illustrates how the Scale Factor (θ) influences the probability of choosing a path if there are 
two alternative paths with travel times 5 minutes and 4 minutes respectively.  

Table 4.2: Multinomial Logit Example 

 

Path Cost Path 1 Path 2  
 300 240 Seconds 
 5 4 Minutes 
 0.083333 0.066667 Hours 
Scale Factor P(1) P(2)  
1 0.495833 0.504167  
10 0.458430 0.541570  
20 0.417430 0.582570  
30 0.377541 0.622459  
40 0.339244 0.660756  
50 0.302941 0.697059  
60 0.268941 0.731059  
100 0.158869 0.841131  
500 0.000240 0.999760  
1000 5.7777E-08 1.0000E+00  
2000 3.3382E-15 1.0000E+00  
3600 8.7565E-27 1.0000E+00  

 
The scale factor parameter, θ can be defined via the Route Choice model dialog window when the Logit 
model is selected (see Figure 4-21). 
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Figure 4-21: Route choice model window. Logit Model. 

 
 

.2.2.5 C Logit 4
The Logit models exhibit a tendency towards route oscillations in the routes used, with the 
corresponding instability generating a kind of flip-flop process. According to our experience there are 
two main reasons for this behaviour. The properties of the Logit function, and the inability of the Logit 
function to distinguish f overlapping. Some 
researchers Cascetta 1

he instability of the routes used can be substantially improved when the network topology allows for 
alternative paths with little or no overlapping at all, changing the shape factor θ and re-computing the 
path very frequently. However, in large networks where many alternative paths between origin and 
destinations exist and some of them exhibit a certain degree of overlapping (see Figure 4-22), the use of 
the Logit function may still exhibit some weaknesses. 

Figure 4-22: Overlapping Paths 

 

 between two alternative routes when there is a high degree o
996 have recently reported these drawbacks. 

T

Main Route

Alternative Route

 
 
To avoid this drawback the C-Logit model Cascceta 1996 has been implemented. In the C-Logit model, 
which is, in fact, a variation of the Logit model, the choice probability Pk, of each alternative path k 
belonging to the set ∈ Ki of available paths connecting an O/D pair, is expressed as: 
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here Vi is the perceived utility fo th d θ is the scale factor, as in the case of the Logit 
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Table 4.3: Comparison between Logit and C-Logit 

Travel Times Path 1 Path 2 Path 3 Path 4   
 540 600 720 900 seconds  
 9 10 12 15 minutes  
 0.15 0.166666667 0.2 0.25 hours  
Overlapping (llk)       
l / k 1 2 3 4   
1 0.1500 0.1333 0.0833 0.0000   
2 0.1333 0.1667 0.1000 0.0167   
3 0.0833 0.1000 0.2000 0.0500   
4 0.0000 0.0167 0.0500 0.2500   
     Beta      0.15 
CFk 0.007029 0.007544 0.006767 0.002220 Gamma 1 
       
  Example of LOGIT     
Scale Factor P(1) P(2) P(3) P(4)   
1 0.260448 0.256143 0.247746 0.235663   
10 0.354498 0.300076 0.215014 0.130412   
20 0.450502 0.322799 0.165730 0.060969   
30 0.532071 0.322717 0.118721 0.026490   
40 0.599856 0.307976 0.081182 0.010987   
50 0.656417 0.285278 0.053882 0.004423   
60 0.704153 0.259044 0.035058 0.001745   
100 0.836359 0.157968 0.005635 0.000038   
500 0.999760 0.000240 1.3885E-11 1.9283E-22   
1000 1.0000E+00 5.7777E-08 1.9287E-22 3.7201E-44   
2000 1.0000E+00 3.3382E-15 3.7201E-44 1.3839E-87   
3600 1.0000E+00 8.7565E-27 6.7142E-79 4.5080E-157   
       
  Example of C-LOGIT     
Scale Factor P(1) P(2) P(3) P(4)   
1 0.253734 0.247897 0.246238 0.252131   
10 0.288035 0.228222 0.213405 0.270338   
20 0.327050 0.205324 0.179528 0.288098   
30 0.366177 0.182150 0.148925 0.302747   
40 0.404621 0.159478 0.121923 0.313978   
50 0.441725 0.137948 0.098616 0.321711   
60 0.477006 0.118032 0.078900 0.326062   
100 0.596019 0.058128 0.029706 0.316146   
500 0.959694 0.000008 0.000000 0.040297   
1000 0.998240 0.000000 0.000000 0.001760   
2000 0.999997 0.000000 0.000000 0.000003   
3600 1.000000 0.000000 0.000000 0.000000   
 
The scale factor parameter, θ, and the commonality factor parameters, β and γ, can be defined via the 
Route Choice model dialog window when the C-Logit model is selected (see Figure 4-24) 
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Figure 4-24: Route choice model window. C-Logit Model. 

 
 

.2.2.6 User-defined Route Choice Model 
Route Choice Models, the user can define his/her own Route Choice 

odels. This is done using the Function Editor. 

se one of the User-Defined Route Choice Models via the Route Choice model 
plays a list of User-Defined Route Choice 

 by clicking on the list box. 

 process 
odels, estimates the path flow rates of a finite set of 

e paths is updated considering 
y interval of the Dynamic Traffic Assignment. 

and it generates the shortest path tree SPTd(t) 
air i∈I (with origin centroid o and destination 

SPcon(t) as connectors con has the origin 

to determine the finite set of paths to be used in the decision process receives as parameter 
epresents the last number of shortest path tree to consider) and 

4
As an alternative to the default 
M
 
The user can select to u
dialog window (see Figure 4-25). This dialog window dis

user can select one of themFunctions available is displayed. The 

4.2.3 Determine the finite set of path in the decision
The path selection based on discrete route choice m

-D pair i-th and this set of alternativalternative paths Ki, connecting the O
d everthe shortest path trees calculate

 
At time interval t, the shortest path algorithm is applied 

pper each destination centroid d∈D. Then per each O-D 
 it generates as many paths centroid d) and taking SPTd(t)

centroid.  
 
The process 
the MaxNumberSPT (which r
MaxNumberPaths (which represents the maximum number of different paths).  
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Figure 4-25: Rou e choice mot del window. User-Defined Model. 

 
 
The a
 
 

lgorithm  is the following: 

for each O-D pair i (from origin centroid o to destination d) : 
 
  

 Ki = ∅ 
for con ∈ Connectors of origin centroid o : 

   
   

Ki(con) = ∅ 
for j ∈ 0 ... (MaxNumberSPT-1): 

    if SPcon(t-j)
 

 ∉ Ki

   endif 
endfor 

  Order K (con)  by cost ascendant: cost of  
 

   Add SPcon(t-j) to Ki

  
i

  for m ∈ 1 ... MaxNumberPaths : 
 d element m of Ki(con)  to Ki
 
 for 
endfo

4.2.4 Initial ssignm
The  As t is the path selection process when a vehicle enters the system. And it 
corresponds to Step 1 in the generic algorithm of Dynamic Traffic Assignment. 
 
A ve ose one path according to the user-
defined assignm as a result of a Route Choice model from the set of alternative paths Ki: 
 

  Ad
 endfor 
end

r 

A ent 
Initial signmen

hicle of vehicle type vt traveling from O-D pair i, can cho
ent or 
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N User-defined Paths: UdP i n=1..N 
M =1..M 

 
The I rithm has two parts depending on whether the vehicle v is guided or not: 
 
when igns directly to the all alternatives paths k, 
k ∈ K
 

when vehicle v is non-guided,  if the sum of probabilities 

al to 1.0 then it assigns to the user-defined paths the probabilities defined with user-defined 
assignment. If this sum is less than 1.0, then PUdA will represent the probability that the vehicle will 

and the rest (1.0 - PUdA) will apply the Route Choice Model, 

hen the vehicle is assigned to one path randomly according to all path probabilities assigned. 

 algorithm defines the Initial assignment path of a vehicle v, which belongs to vehicle 
pe vt, and which belongs to O-D Pair i (from origin Oi to destination Dj). The algorithm takes into 

r) and follows the recommendations 
sing the Guidance Acceptance as a probability of use (proportion defined as vehicle type parameter).  

n
Initial Shortest Paths: ISPm

i , m
P Timely Updated Shortest Paths: DSPp

i, p=1..P 

nitial assignment algo

 vehicle v is guided (an attribute of the vehicle) then ass
i, the probability calculated using the Route Choice Model, and 

),(),(
11

vtISPPvtUdPPPUdA
M

m

i
m

N

n

i
n ∑∑

==

+=  

is equ

uses the user-defined assignment 
assigning to the all alternatives paths k, k ∈ Ki, the probability calculated using the Route Choice 
Model. 
 
T
 
The following
ty
account when a vehicle has a guided behaviour or not guided. A vehicle has a guided behaviour when is 
guided (the percentage of guided vehicles is a vehicle type paramete
u
 
if vehicle v has a guided behaviour then

A  Model: 
 umber X inside of interval defined between [0...1] 

pply Route Choice
Generate Random n

 Accumulated = 0 
 for each k, k ∈ Ki: 
  if X <= Accumulated + Pk then 
   Assign path k to vehicle v and STOP 
  else 
   Accumulated = Accumulated + Pk
  endif 

else {the vehicle is not guided behaviour} 
Generate Random number X inside of interval defined between [0...1] 

 if ),(),(
11

vtISPPvtUdPP
M

m

i
m

N

n

i
n ∑∑

==

+  <= X then

 Apply User-defined Assignment: 
 Accumulated = 0 
 for each UdPn

i, n ∈ 1...N: 
  if X <= Accumulated + P(UdPn

i, vt)  then 
   Assign path UdPn

i to vehicle v and STOP 
  else 
   Accumulated = Accumulated + P(UdPn

i, vt) 
  endif 
 for each ISPm

i, m ∈ 1...M: 
  if X <= Accumulated + P(ISPm

i, vt)  then 
   Assign path ISPm

i to vehicle v and STOP 
  else 
   Accumulated = Accumulated + P(ISPm

i, vt) 
  endif 
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 else 
Appl

 Generate Random number X  defined between [0...1] 
 Accumulated = 0 
 for

y Route Choice Model: 
 

 each k, k ∈ Ki: 
  if X <= Accumulated + Pk then 
   Assign path k to vehicle v and STOP 
  else 
   Accumulated = Accumulated + Pk
  endif 
endif 

ndif 

he En-Route Assignment, corresponds to Step 3 in the generic algorithm of Dynamic Traffic 

e

4.2.5 En-Route Assignment 
Vehicles are initially assigned to a path from a set of available paths based on probability. Apart from 
the Initial assignment, which is made at the time of the vehicle’s departure, there is the possibility of 
making a path reassignment during the trip (En-Route Assignment). 
 
T
Assignment. 
 
A guided vehicle can make a new decision about which path to follow at any time in a trip, whenever 
there are new shortest paths available. The algorithm is defined as: 
 
for all vehicle v guided then

Generate Random number X  defined between [0...1]  
 Accumulated = 0 
 for each k, k ∈ Ki: 
  if X <= Accumulated + Pk then 

  Assign path k to vehicle v and STOP  
  else 
   Accumulated = Accumulated + Pk
  endif 

4.2.6 Entrance/Exit Section decision 
When the route choice model is applied to a vehicle on the Initial assignment, the first step is to decide 
the entrance section at which the vehicle will enter the system and the exit section at which it will exit. 

his decision is made considering the use of percentages on the origin and destination centroid (attribute 
of centroid). Considering this we have 4 different situations: 
 
Origin Centroid considers Percentages / Destination Centroid considers Percentages 
To demonstrate the decision process, we will use the example in Figure 4-26, where the origin centroid 
has 3 connections (A, B and C) with 30%, 20% and 50% respectively and the destination centroid has 3 
exit connections (X, Y and Z) with 40%, 10% and 50%. The only feasible combinations that the 
connectivity of the network allows are that from connection B, it is possible to reach connection X, Y 
and Z, while from connection C, it is possible to reach connection Y and Z. Other possible combinations 
are unfeasible. 

T
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Figure 4-26: Example of Origin/Destination Considers Percentages 

 
 
 
 
 
 
The first step is to decide the entrance section. This process takes into account only the feasible 
con t
percent l feasible connections. In our example, the percentages of A 
is 0% (not feasible), B is 20%/70% (70% is the sum of 20% and 50%) and C is 50%/70%. Considering 

icle chooses the connector randomly (i.e., the entrance section). 

e section is selected as  in case a) and the exit section depends on the shortest 

 
 A:30% 

 B:20%

 
 
 

X: 40%

 Y: 10%

Z: 50%

Connection feasible

 

C: 50% 

nec ions available to reach the destination and recalculates the percentages considering the original 
age over the sum of percentages of al

these calculated percentages, the veh
 
After the entrance section has been determined, it is necessary to determine the exit section. This is done 
by considering only the feasible connections from the determined entrance section and recalculating the 
percentages as the original percentage over the sum of percentages of all feasible connections. In our 
example, if the entrance section chosen is using connection C, then the calculated probability of 
connection X will be 0% (not feasible from connection C), Y will be 10%/60% (60% is the sum of 10% 
and 50%) and Z will be 50%/60%. The vehicle then chooses the exit section randomly. 
 
Origin Centroid considers Percentages / Destination Centroid does not consider Percentages 
In this case the entranc
path. 
 
Origin Centroid does not consider Percentages / Destination Centroid considers Percentages 
In this case the exit section is selected as in case a) considering only the feasible connectors from the 
origin. The entrance section is selected  by considering the shortest path. 
 
Origin Centroid does not consider Percentages / Destination Centroid does not consider 
Percentages 
The entrance section and the exit section are selected by considering the shortest path. 
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4.3 PATH ANALYSIS TOOL 

4.3.1 Path Analysis 
To get the insight on what is happening in a heuristic dynamic assignment for the proper calibration and 
validation of the simulation model the user should have access to the analysis of the used routes. The 
path information available is: 
 

• Shortest Path Information: the user can view all shortest path information that are being used by 
vehicles during simulation 

• User-defined Path Information: the user can view all user-defined path information. 
• Shortest Path Display:  the user can view simultaneously different shortest path, displaying their 

links on the network 
• Initial Path Assignment: the user can view all probabilities considered when a vehicle enters the 

system. 
• Dynamic Path Assignment: the user can view all probabilities considered when a vehicle makes 

a path reassignment during the trip. 
 

4.3.1.1 Shortest Path Information 
Paths are always accessed via a destination centroid. Consequently, a destination centroid has to be 
selected first. This can be done either by typing the destination centroid identifier in the ‘Dest. Centroid’ 
dialog window, by using the Browse button, or by clicking on the centroid icon directly in the network. 
When the destination centroid has more than one  “from” connection and it uses destination percentages, 
a list of these connections are displayed and one has to be selected. Once the destination centroid and 
the connection have been selected, a list of intervals will be displayed in the ‘Interval’ list box and a list 
of vehicle types will be displayed in the ‘Vehicle Type’ list box. Each time interval corresponds to a tree 

f paths. For each one, the total number of vehicles that are currently following this tree is shown in the 
n.  

n the particular path from that section to the 
estination centroid. This can be done by typing the identifier in the ‘Origin Section’ dialog window, 

tination centroid will appear in the list box at the bottom of the window and 
ill also be highlighted on the screen.  

entifiers composing the path and the following 
formation is displayed for each section: 

. This can be 
alculated as either the sum of IniCost(a) or Cost(a, vt) of all the arcs composing the path.  

 to the destination centroid. This is equal 
 the cost only if the capacity weight parameter is set to zero. 

he distance (metres) from each of the sections in the path to the destination centroid. 

 at time 08:16:00, and so on. In 
the example, the shortest path from section 51 to centroid 1 goes through sections 51, 35 - 37, 38 – 40, 

o
‘Total Veh.’ colum
 
Select one path tree by clicking on a time interval in the ‘Interval’ list box, and the number of vehicles 
per type following the path is shown in the ‘Vehicle Type’ list box. Then, as different path trees are 
calculated for each vehicle type, select one of them by clicking on the ‘Vehicle Types’ list box. Now we 
have fully identified the path tree by the destination centroid, the time interval, and the vehicle type. 
 
The next step is to select an origin section to obtai
d
using the browse button, or by clicking directly on the section image in the network. The shortest path 
from that section to the des
w
 
The path list box contains the list of section id
in
 
The cost in time (seconds) from each of the sections in the path to the destination centroid
c
 
The travel time in seconds from each of the sections in the path
to
 
T
 
In the example shown in Figure 4-27, 53 vehicles are currently using the tree of paths calculated at time 
08:12:00 ( 3 buses and 50 cars), 11 vehicles are using the one calculated
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etc. (displayed with a differe e path is 173.3 seconds, the 
travel time is 117.7 seconds and the distance is 929.5 meters. 

Figure 4-27: Shortest Path Information 

nt colour on the network). The cost of the whol

 
 

4.3.1.2 User-defined Path Information 
ser-defined paths are always accessed by origin and destiU

a
nation centroid. Consequently, an origin and 

 de n e done either by typing the centroid identifier 
and t w, by using the Browse button, or by writing 
on  centroids have been selected, a list of user-

 ‘Path Id/Name’ list box and a list of vehicle 

sti ation centroid have to be selected first. This can b
 En er key in the ‘Origin’ or ‘Destination’ dialog windo
the identifier directly. Once the origin and destination 

defined 
ty

paths with identifier and name will be displayed in
pes will be displayed in the ‘Vehicle Type’ list box.  

 
The user-defined path will appear in the list box at the bottom of the window and will also be 
highlighted on the screen.  
 
The user-defined path list box contains the list of section identifiers composing the path and the 
following information is displayed for each section: 
 
The cost in time (seconds) from each of the sections in the path to the destination centroid. This can be 
calculated as either the sum of IniCost(a) or Cost(a, vt) of all the arcs composing the path.  
 
The travel time in seconds from each of the sections in the path to the destination centroid. This is equal 
to the cost only if the capacity weight parameter is set to zero. 
 
The distance (metres) from each of the sections in the path to the destination centroid. 
 
 In the example shown in Figure 4-28, from Origin 1 to Destination 6 , there are two user-defined paths: 
UserDefPath1 and UserDefPath2. The user-defined path UserDefPath1 has a total cost of 283.8 
seconds, a travel time of 170.7 seconds and a distance of 1080.2 meters. 
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Figure 4-28: User-defined Path Information 

 
 

4.3.1.3 Shortest Path Display 
The Shortest Path Display allows display, simultaneously, different shortest path calculated at different 
time intervals. This output allows to know the evolution of the shortest paths calculated in different time 
intervals.The paths displayed could be displayed defining: 
 

• One destination centroid from one origin section. 
• One destination centroid from one origin centroid. 
• One destination centroid from all origin centroid. 

 
Paths are always accessed via a destination centroid. Consequently, a destination centroid has to be 
selected first. This can be done either by typing the destination centroid identifier in the ‘Dest. Centroid’ 
dialog window, by using the Browse button, or by clicking on the centroid icon directly in the network. 

hen the destination centroid has more than one  “from” connection and it uses destination percentages, 
ed and one has to be selected. Once the destination centroid and 

the connection have been selected, a list of intervals will be displayed in the ‘Interval’ list. Each time 
interval corresponds to a tree of paths.  
 
Select one path tree (or more than one) by clicking on a time interval in the ‘Interval’ list box, and an 
arrow identifies the path tree as selected to be displayed. A path tree could be deselected clicking on and 
then the arrow disappears. Then, as different path trees are calculated for each vehicle type, select one of 
them by clicking on the ‘Vehicle Types’ list box. Now we have fully identified the path tree by the 
destination centroid, the time interval, and the vehicle type. 
 
The next step is to select either select Origin Section to obtain the particular path from that section to the 
destination centroid (this can be done by typing the identifier in the ‘Origin Section’ dialog window, 
using the browse button, or by clicking directly on the section image in the network) or select Origin 
Centroid to obtain the particular path from that origin to the destination centroid (this can be done by 
typing the identifier in the ‘Origin Centroid’ dialog window, using the browse button and when the 

W
a list of these connections are display
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origin has mor e connections 
are displayed  tree from all 
origins to the destination centroid. 
 
Finally press the button “Display” and all paths selected will be highlighted on the screen with a 
different colour assigned to each path. The colour assigned to each path is displayed in the ‘Interval’ list 
box. When a section belongs to different paths, that is there is overlapping among paths, then the section 
is highlighted using black colour. 
 
Figure 4-29 shows the shortest path calculated at time 18:16:00, from all origin centroids to destination 
centroid 6, where the all links are displayed in red ( or the color displayed in the window dialog), except 
the links shared by different paths, which are displayed using black colour. Figure 4-30 shows, 
displaying all links on red, the shortest path from origin centroid 22 to destination centroid 1 calculated 
at 4 minutes after the beginning of the simulation during the warm-up period and  the shortest path 
calculated at 18h16m with all links displayed on green. 

Figure 4-30: Shortest Path Display from all origins to one destination 

e than one  “from” connection and it uses origin percentages, a list of thes
and one has to be selected) or select From All origins to obtain the path
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Figure 4-30: destination  Shortest Path Display from one origin to one 

 
 

4.3.1.4 Initial Path Assignment Information 
to decide which path it will follow during its trip. 

r-defined assignment and the probabilities calculated 

itial Path Assignment is always accessed by origin and destination centroid. Consequently, an origin 

r a User-defined path or a calculated shortest path, it shows ‘N/F’ as a 
robability value instead of 0. 

ser-defined path 3 and the initial shortest path (ICSP). The 50% of 
uses will follow either user-defined path 1 or 2 (user-defined assignment) and the other 50% will 

consider the probabilities calculated using the route choice model (estimated assignment). Continuing 
with the example, one bus has a probability of 0.33 to take path calculated at 00:05:00, 0.33 to take path 
calculated at 00:10:00 and so on. The Initial assignment for a ‘guided’ bus considers only the 
probabilities calculated using the route choice model. 

When a vehicle decides to enter the system, it has 
This decision is based using probabilities of use
using the Route Choice model, explained in section 4.2.4. 
 
In
centroid and a destination centroid have to be selected first. This can be done either by typing the 
centroid identifier in the ‘Origin’ or ‘Destination’ dialog window, by using the Browse button, or by 
writing on the identifier and the enter key directly. Once the origin and destination centroids have been 
selected, a list of user-defined paths with identifier and usage probability per vehicle type are displayed 
in the ‘User-defined Assignment’ list box. The use probabilities of all shortest paths per vehicle type 
and per entrance section and per exit section calculated considering the route choice model are 
displayed in the Estimated Assignment section. The Estimated Assignment requires determination of the 
entrance section when the origin centroid considers probabilities and the exit section when the 
destination centroid considers probabilities. In the event that the destination doesn’t consider the 
probabilities, the exit section displays ‘All’ and the exit section will consider the shortest path. 
 
If a path is not feasible, eithe
p
 
In the example shown in Figure 4-31, the initial path assignment for an ‘unguided’ bus that goes from 
centroid 10 to centroid 11 has a probability of 0.3 to choose user-defined path 1, 0.2 to choose user-
defined path 2 and 0 to choose u
b
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Figure 4-31: Initial Assignment Information 

 
 

 writing on the identifier and the 
nter key directly. Once the destination centroid is selected, the next step is to select an origin section to 

 that section to the destination centroid. This can be done by typing the 
ction’ dialog window, using the Browse button, or by writing the section 

 the exit 
ection in the case of the destination centroid by considering the probabilities. If the destination doesn’t 

4.3.1.5 En-Route Path Assignment Information 
When a vehicle decides to make a reassignment of the path during its trip, the decision is taken using 
probabilities calculated by the Route Choice model. 
 
 Dynamic Path Assignment is always accessed via the destination centroid. Consequently, a destination 
centroid must be selected first. This can be done either by typing the centroid identifier in the ‘Origin’ 
or ‘Destination’ dialog window, by using the Browse button, or by
e
obtain the particular path from
identifier in the ‘Origin Se
image in the network directly or by writing the section identifier directly. For the shortest path, a list of 
probabilities of all shortest paths per vehicle type and per exit section calculated by considering the 
route choice model is displayed. The Dynamic Path Assignment requires determination of
s
consider the probabilities, the exit section displays ‘All’ and the exit section will be determined by 
considering the shortest path. 
 
If a path is not feasible from the origin section, ‘N/F’ is displayed as a probability value instead of 0.  In 
the example shown in Figure 4-32, the En-Route path assignment for a bus that goes to centroid 11 and 
is located in section 14 has a probability of 0.33 to take path calculated at 00:05:00, 0.33 to take path 
calculated at 00:10:00 and so on. 
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Figu tion re 4-32: En-Route Path Assignment Informa

 

4.3.2 Simulation Output 
The Simulation output for validating the Dynamic Traffic Assignment is: display user-defined paths and 
calculated shortest path, display Initial and En-Route path assignment. These capabilities are 
complemented by generating the path information output, generating link costs information and 
colouring all vehicles per origin, per destination and both, per origin and destination at the same time. 
 

4.3.2.1 Path Information Output 

HH:MM:SS corresponds to the simulation time at which the report was 
produced. When the output i e: ‘PathDef’, ‘PathSect’ and 
‘PatSta’. (see Appendix 2: Out
 

4.3.2.2 Link Costs Output 
For each link and time interval used in the Dynamic Assignment, the costs are stored in a database in a 
table named PastCost.  The name of the table is because all these link costs then can be used as the 
concept of Past Costs in a learning mechanism. (see Appendix 2: Output Database Definition) 
 
This information may be produced automatically during simulation if the user has activated the ‘Save 
Arc Costs in DB’ toggle button or ‘Gather Path Data’ (via the ‘Experiment / Output /Paths’ command), 
prior to starting a simulation run. The Path statistics could be generated considering the route choice 
interval or the statistical interval, depending on the toggle button selected. Once the interval is selected, 
the user has to select all OD pairs or a selection of them. This selection can by made by writing the 
centroid identifier or using the Browse button. ‘*’ is treated as a special identifier, indicating all 
centroids, either origin or destination. For example, in Figure 4-33, the user has selected ‘*/11’, ‘2/*’ 
and ‘5/3’. In this case the user wants to store all paths that have any centroid as their origin and centroid 
11 as their destination; all paths that have centroid 2 as their origin and any centroid as their destination; 
and all paths from centroid 5 to centroid 3. 

For each calculated shortest path, the path definition (identifier, its calculation time, all links that 
compose it, etc) and the path statistics (the number of vehicles that have arrived and the average travel 
time) are output.  When the output is based in ASCII files, the path definition is stored in a file named 
‘PathDefinition.PAT’ and the statistical data for each statistical interval is stored in text files named 
‘HHhMMmSS.PAT’, where 

s stored in a database, the tables filled ar
put Database Definition) 
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Figure 4-33: Output Paths Dialog Window 

 
 

The information from this dialog window is kept in file: odmatrix path\AIMSUN\ OutputPathPar. By 
default, neither cost nor path statistics are calculated. The user may decide to load previously saved Past 
Costs to be used in a new simulation experiment. This is done via the Experiment/Input/Past Costs 

ption. By default, Past Cost is not used. This information is kept on the hard disk in file: odmatrix 
ath\AIMSUN\InHistTTPar  

o
p

Figure 4-34: Past Costs Dialog Window 
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4.3.2.3 Vehicle Information
During the simulation, the inform

entify its origin, destination and the path assigned. In the example shown in Figure 4-35, the vehicle 
2992 goes from origin centroid 22 to destination centroid 2 following the path calculated at 18h04m and 
the exit section will be ‘Any’, that is the exit section is determined by the shortest path (in the case of 
destination centroid fixes a percentage to each exit section, then to each vehicle is assigned to one exit 
section, see section 4.2.6 for details). 

Figure 4-35: Vehicle Information 

 
ation of each individual vehicle can be accessed and help to the user 

id

 
 

4.3.2.4 Vehicle Colouring 
During the simulation, the vehicles can be coloured either by its origin or its destination or both. This 
help, during the calibration and validation process, identify quickly the origin and destination and 
understand the path assigned to each in individual vehicle. 
 
Figure 4-36 shows a network, where all vehicle are coloured by O-D pair, displaying the colour 
assigned to their destination in the front half of the vehicle and the colour assigned to their origin to the 
back half of the vehicle. 
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113 

Figure 4-36:  Vehicle Colouring per O-D pair 
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5. MODELLING TRAFFIC CONTROL AND MANAGEMENT 
 
AIMSUN takes into account different types of traffic control: traffic signals, give-way signs and ramp 
metering. The first and second types are considered for junction nodes, while the third type is for sections 
that end up in join nodes. On the other hand, AIMSUN also includes the possibility of using Variable 
Message Signs (VMS) in order to implement Management actions that may somehow affect the traffic 
behaviour. 
 
5.1 TRAFFIC SIGNAL CONTROL 

5.1.1 Signal Groups and Phases 
For intersection control, a phase-based approach is applied in which the cycle of the junction is divided into 
phases, where each has a particular set of signal groups with right of way at the same time. Figure 5-1 show
an example of signal groups for a simple junction.  

F . 

s 

igure 5-1: Example of a simple junction, with signal groups

2

1

Signal Group 11
 

 the same junction. 

 
 tes a fixed control plan taking into account the phase 

nt System (ETCMS) can modify this 
fferent actions, such as changing the duration of a phase or jumping directly from 

duration of any phase. 

 
A signal group is considered equivalent to one traffic light. Therefore, all the turning movements that are 
controlled by the same traffic light and have right of way simultaneously can be grouped into one signal 
group. Then, a sequence of phases is defined for the whole junction. Each phase has a set of signal groups 
associated with it. Figure 5-2 shows an example of a right of way sequence for the junction in Figure 5-1, 
while Figure 5-3 shows phase modelling for
 
In the example, there is a first phase during which turning movements belonging to signal group 1 have a 
green light. Secondly, there is a clearing-up phase when no movement is allowed. The third phase gives right 
of way to the movements associated with signal group 2, while the last phase is again another clearing-up 
phase. 

During the simulation of a scenario, AIMSUN execu
modelling for each junction. However, this fixed control definition can be variable over the simulation 
period. The user can employ different fixed plans that will be activated during the simulation at the specified 
time.  
 
On the other hand, an External Traffic Control and Manageme
execution by means of di
one phase to another. ETCMS interfacing is available via the GETRAM Extension Module and is explained 
in detail in the GETRAM Extensions User Manual. 
 
At any point during a simulation you are not allowed to modify the traffic control plan structure (i.e. the 
definition of signal groups), but it is possible to change the allocation of signal groups to phases or the 
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Figure 5-2 igure 5.1  Example of rights of way sequence for the junction in F

Signal Group with
GREEN state1

1

1) 2)

2

3) 4)

 
 

Figure 5-3: Phase modelling for the junction in Figure 5-1 

Phase 1 Phase 2 Phase 3 Phase 4

Signal Group  1

Signal Group  2
 

 
The yellow (or amber) time, which is the same for all the traffic lights of the network, is considered as being 

art of the red time period. In the example of Figure 5-2, signal group 1 has right of way during phase 1, 
i  phase 1 and red period starts in phase 2, thus changing to yellow, and 

raffic signal modelling is implemented using fictitious stopped vehicles, which are created and located at 
 

odel can be used to model braking to stop in front of a red light. If there is non-zero yellow time, the 
time. This means that vehicles consider half 

 
f a junction, 
ne a yield or 

p  with higher 

Displaying Signal Control at Junctions 
o tab folders related to the Traffic Signal Control of the Junction: 

Gr
onl

ed in the second list box.  Also, the arrows representing all turning 
movements for the signal group and the lanes involved in the turns are displayed in the network. 

p
wh ch means that green period starts in
lasts during the rest of phases. 
 
T
the stop line when the light turns red and eliminated when it turns green. In this way, the car-following
m
fictitious stopped vehicle is created in the middle of the yellow 
of the yellow time as green and half as red. 

Conflicts between turning movements belonging to the same group may arise in the context o
isuch as turning while opposing through traffic is crossing. For this purpose, it is possible to def

to  sign for the lower priority turning movements, so they will have to give way to thoses
priority. 

.1.2 5
The Junction dialogue window contains tw
‘Signal Groups’ and ‘Control’. When you select the ‘Signal Groups’ tab folder, the information about Signal 

oups definition is displayed, as shown in Figure 5-4. Information about both Signal Groups and Control is 
y available when a Control Plan has been loaded into AIMSUN. 

5.1.2.1 Signal Groups 
The ‘Signal Groups’ folder contains two list boxes. The first list box contains the list of Signal Groups 
defined for the junction. These are numbered from 1 to N. When you select a Signal Group by clicking on it, 
the set of turning movements (represented by the ‘Section From’ and ‘Section To’ identifiers) associated 
with that Signal Group is display
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Fi  gure 5-4: Junction-signal group information window

 
 

.1.2.2 Control Plan 
splays information on the phases, as shown in Figure 5-5. A list box 

the control plan. 

Uncontrolled, Fixed, External or Adaptive 
• Time offset: time at which the ction offset must be added to the 

plan offset. 
• Yellow Time: duration of yellow or amber time, which will be used for all the traffic lights. 
• Cycle: duration of control cycle in seconds, equal to the sum of durations of all the phases. 
 
There is also a list box containing the individual phase information. The following data is displayed for each 
phase: 
 
• Phase number (from 1 to n) 
• Minimum, initial and maximum duration of the stage, in seconds. When simulating with fixed control, all 

three values would be the same. When simulating with an External Adaptive Control, these parameters 
provide the initial duration of each phase and the range of feasible variation for the phase duration. 

 
Clicking on a phase, a list of Signal Group identifiers that have right of way during this phase are displayed 
in the ‘Signal Group’ tab folder, and the corresponding list of turns is displayed in the ‘Sections From->To’ 
list box. Also, the arrows representing all the turning movements of the phase and the lanes involved in the 
turns are displayed in the network. 

5
Selecting the ‘Control’ tab folder di
contains the Control Plans that have been loaded into the current simulation experiment. This list provides 
the following information for each Control Plan: 
 
• Control: name of 
• Interval: Starting time, i.e. time at which the control plan will become active.  
• Offset: time offset for the plan, i.e. the time origin for all time settings. 
 
You select a control plan from the list box by clicking on it and the following information is now displayed: 
 
• Type of control: 

 first phase of the junction starts. The jun
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Figure 5-5: Junction-Control information window 

 
 

5.1.2.3 Traffic Lights of a Section 
For each section approaching a signalised intersection it is possible to view the status of the traffic light 
corresponding to every signalised turning movement of that section. The status of the traffic lights can be 
red, yellow or green. 
 
During a simulation run, but only while the simulation is stopped, double-click on the stop line at the end of 
the section (Figure 5-6). Then, an arrow for each turning movement will be displayed in a different colour, 
green, yellow or red according to the status of the corresponding traffic light. You can then continue the 
simulation run and the colours of the arrows will be updated continuously, thus representing the change of 

affic light colours. tr

Figure 5-6: Traffic Lights of a Section 

 

118 



TSS-Transport Simulation Systems  February 2004 
 

 
If a particular lane has different turning movements allocated to separate signal groups that have right of way 
during different phases, it means that two different traffic lights may be valid for the same lane at the same 
time. This is represented by dividing the stop line for that lane into two portions, each portion painted in a 
different colour (see Figure 5-7). Vehicles will be allowed to cross or not depending on the turning 
movement they intend to make. 
 
In the example displayed in Figure 5-7, vehicles in the leftmost lane of sections A and B can either go 
straight or turn left. The traffic light for a straight turn is red while it is green for a left turn. Vehicle 1 wishes 
to turn left and the traffic light for a left turn is green, therefore it will cross. On the other hand, vehicle 2 
wants to go straight, therefore it will stop at the stop line, thus blocking vehicle 3 that wishes to turn left. 

Figure 5-7: Traffic Lights sharing a lane 

21

A

B

3

  
 
It is also possible to define turning movements that have right of way during the whole cycle. This would 
therefore be a lane that has no traffic light (or a permanent green light). This is achieved by not assigning the 
turning movement to any signal group. Figure 5-8 shows an example of a right turn that can always be taken, 
so no stop line is painted for the rightmost lane of section A. Vehicles 1 and 2 are crossing while the traffic 
light for section A is red and vehicles 3 are stopped. 
 
Take into account that in the junction control illustrated in Figure 5-8, vehicle 4 does not have priority 
defined over vehicles 1 and 2. To properly model turns with permanent green or flashing yellow, it would be 
convenient to include a Yield sign in the right turning movement. 
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Figure 5-8: Turning movement with permanent right of way 

3

A

1

2

4
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5.2 YIELD AND STOP SIGNS 
 
A yield (give way) or stop sign can be defined for any turning movement at a junction node. Vehicles that 
ntend to cross the junction through a turning movement affected by a sign wi ill have to give way to any other 

sing. 

ecision on whether to cross or yield is 
mod hough the decision is taken in different situations. 
Wh  complete stop before making the decision about 
whe le starts to apply the Gap-Acceptance 
mod ’ from the stop line. As the vehicle 
app  accelerate and cross. If it does 
not 
stop

vehicle approaching through any other turn without a sign. Figure 5-9 shows a signalised intersection where 
a Yield (Give Way) sign has been defined for the left turn (from section 1 to 2), as it takes place while 

pposing through traffic is croso
 
For e vehicle’s dboth types of give-way signs, Yield and Stop, th

ltelled using the same Gap-Acceptance Model, a
en it encounters a Stop sign, the vehicle will come to a
ther or not to cross. When it encounters a Yield sign, the vehic

 at Junctionel as soon as it is nearer than ‘Visibility Distance
roaches the stop line it will start looking for a gap. If it finds one, it will
find a safety gap, it will keep decelerating and looking for a gap until it can cross or until it reaches the 
 line and halts.  

Figure 5-9: Yield sign for left turn in a junction 

 
 

5.2.1 Gap-Acceptance Model 
A Gap-Acceptance model is used to model give way behaviour. This model determines whether a lower 
priority vehicle approaching a junction can or cannot cross depending on the circumstances of higher priority 

ehicles (position and speed). This model takes into account the distance of vehicles from the hypothetical 
It then determines the time needed by the vehicles to 

o cross or not which is also a function of the level of risk for each 

del: acceleration rate, 
esired speed, speed acceptance and maximum give-way time. Other parameters, such as visibility distance 

 

v
collision point, their speeds and their acceleration rates. 
clear the junction and produces a decision t
driver. 
 
Several vehicle parameters may influence the behaviour of the gap-acceptance mo
d
at the junction and turning speed, which are related to the section, may also have an effect. Among these, the 
acceleration rate, the maximum give-way time and the visibility distance at junctions are the most important.  
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The acceleration rate gives the acceleration capability of the vehicle and therefore has a direct influence on 
the required safety gap. The maximum give-way time is used to determine when a driver starts to get 

patient if he/she cannot find a gap. When the driver has been waiting for more than this time, the safety 

ay sign can 

Obtain the closest higher priority vehicle (VEHP), 
Determine the Theoretical C
Calculate time (TP1) needed by VEHY to reach TCP, 
Calculate estimated time (ETP1) needed by VEHP to reach TCP, 
Calculate time (TP2) needed by VEHY to cross TCP, 
Calculate estimated time (ETP2) needed by VEHP to clear the junction, 
If TP2 (plus a safety margin) is less than ETP1, vehicle VEHY has enough time to cross, therefore it will 

accelerate and cross, 
Else, if ETP2 (plus a safety margin) is less than TP1, vehicle VEHP will have already crossed TCP when 

VEHY reaches it, then search for the next closest vehicle with a higher approach, Next VEHP and 
go to step 2. 

Else, vehicle VEHY must give way, decelerating and stopping if necessary. 
 

Figure 5-10: Gap-acceptance model 

im
margin (normally two simulation steps) is reduced by half (only one step). 
 

he following algorithm is applied in order to determine whether a vehicle approaching a give-wT
cross or not (see Figure 5-10): 
 

iven a vehicle (VEHY) approaching a Yield (Give Way) junction, G

ollision Point (TCP), 

TCPETP1

TP1

TP2

ETP2VEHP

VEHY

Next VEHP

 
 

5.2.2 Give Way Priority Definition 
For the turning movements with yield sign defined (Give Way or Stop sign) the user can define what are 
the turning priorities through the Give Way folder which is in the Junction dialog. 
 
A matrix with all turning movements of the junction appears in the Give Way folder. Only the cells 
corresponding to pair of movements both having yield sign, are editable. It is assumed that any turn with 
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yield sign will give way to all turns without yield sign. Priority definition only affects to the relations 
etween pairs of movements with yield sign. 

e way to turn 32-5. Of course that turn 23-5 will also give way to 
rn 2-33, as this turn has not yield sign, so no need to define this priority. 

Figure 5-10b: Give Way Priority Dialog 

b
 
To set a priority, put a 1 in the corresponding cell, taking into account that the turns in the rows of the 
matrix give way to the turns in the columns where there is a 1 in the cell. 
 
In the figure 5-10b, turn 23-5 will giv
tu
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5.3 RAMP METERI
 
AIMSUN incorporates ramp-metering control. This type of control is used to limit the input flow to certain 
roads or freeways in order to maintain certain uninterrupted traffic conditions. The objective is to make sure 
that entrance demand never surpasses the capacity of the main road. Ramp meters are located at the 
downstream end of a section approaching a node type juncture and affect all the lanes of the section. Figure 
5-11 displays a ramp-metering layout. 
 
AIMSUN considers three types of ramp metering depending on the implementation and the parameters that 
characterise it: 
 
1) Green time metering. Parameters are green time and cycle time. This is modelled as a traffic signal. 
2) Flow metering. Parameters are platoon length and flow (veh/h). The meter is automatically regulated in 

order to permit the entrance of a certain maximum number of vehicles per hour. This model is currently 
under development. 

3) Delay metering. Parameters are the mean delay time and the standard deviation. This is used to model 
the stopping of vehicles due to some control facility, such as a toll or customs barrier. 

Figure 5-11: Ramp metering layout 

NG 

Queue detector

Check-in detector

Check-out detector

Merge detector

Main road detectorRamp Metering Sign  
 
 
Ramp meters may be located t’ tab folder in the ‘Section’ 
window will show three additional new tab folders. Select the ‘Metering’ tab folder to display the Metering 
Information, as displayed in Figure 5-12. This folder contains the Metering Identifier (a string of characters), 
a list of Traffic Control Plans, and the metering parameters, which depend on the type of metering. Selecting 
a Control Plan from the list box will display the corresponding control parameters for that meter. 
 
Another way of accessing ramp metering information is by using the ‘Objects / Metering’ command. This 
displays the ‘Metering Dialog’ search window displayed in Figure 5-13. The user can search for a meter by 
clicking on the name in the list box and pressing the ‘Find’ button. Pressing the ‘Open’ button, opens the 
‘Metering’ information window (see Figure 5-14). Double clicking directly on the ramp-metering image in 
the network has the same effect. 
 
This window provides not only information about the ramp metering parameters but also the section 
identifier for its location and its position in the section (measured from the beginning of the section). Also, 
depending on the type of metering, another set of parameters is displa d in the ‘Metering Dialog’ 
information window. 
 

at any point of a section. Selecting the ‘Equipmen

ye
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Figure 5-12: Section-Metering Information Window 

 
 

Figure 5-13: Metering Dialog Search Window 

 
 

5.3.1 Green Time Metering 
The ramp meter is controlled by a traffic signal that turns red and green on a cyclical basis. The control cycle 
for the metering and the green time values are displayed (as shown in Figure 5.14). If we are using fixed 
traffic control here, only the ‘current’ green time is used. If we are simulating in conjunction with an 
External Adaptive Traffic Control System, the ‘min’ and ‘max’ fields show the minimum and maximum 
values for the acceptable range of green time variation. For the rest of the cycle time, the traffic signal will 
be red. Yellow time is also modelled during Green Time Metering. 
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Figure 5-14: Green Time Metering Dialog Window 

 
 

5.3.2 Flow Metering 
In this case, the ramp-metering objective is to let a certain number of vehicles go past the meter per hour. 
Now the parame rs displayed are the Platoon Length and the Traffic Flow (see Figure 5-15). Each time the 

eter is opened to release vehicles, it is done in such a way that platoons, whose length is ‘Platoon Length’ 
parameter, can pass. On average, the ‘current’ number of vehicles per hour will be released. If simulating is 

eing carried out in conjunction with an external Adaptive Traffic Control System, the ‘min’ and ‘max’ 
fields show the minimum and maximum values for the acceptable range of flow variation. 

Figure 5-15: Flow Meter Dialog Window 

te
m

b

 

126 



TSS-Transport Simulation Systems  February 2004 
 

 
Detail of Traffic Control Events in the modelling of a Flow Ramp Metering 
 
Let’s assume a simulation step (dt = 0.75). Let’s assume a Flow Metering of 750 veh/hour, which means that 
the meter will release a vehicle every 3600/750 = 4.8 sec., which is not an integer number of dt. 
 
Events ‘change to green’ should theoretically take place at times: 
 

t1=4.8, t2=9.6, t3=14.4, t4=19.2, etc. 
 

which means a constant time interval between events of Ii=4.8 sec. 
 
In the simulation, Events ‘change to green’ will effectively take place at times:  
 

t1’=4.50, t2’=9.75, t3’=14.25, t4’=19.50, etc 
 
which are the times multiple of dt that are closest to the theoretical times. It means that the time intervals 
between events are now variable: 
 

 I1=4.50, I2=5.25, t3=4.5, t4=5.25, etc 
  
On average, however, the time interval between events would be 4.8 sec. 
 
This mechanism ensures that, on average, 750 veh/hour will be released. Moreover, no error is carried on, as 
we always calculate the next event adding the theoretical time intervals between events to the last theoretical 
time event and finally adjusting the time to the closest integer of dt. 

 

5.3.3 Delay Metering 
This type of metering is used to model tolls, customs, checkpoints or any other type of individual control. It 
is assumed that every vehicle will have to stop at the control point (the ramp meter stop line) for a certain 
time. This time is assumed to be a normally distributed random variable with a mean of ‘Mean Delay Time’ 
and a standard deviation of ‘Standard Deviation’. These parameters are displayed in the Delay Metering 
Window in Figure 5-16. 
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Figure 5-16: Delay metering Dialog Window 
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5.4 TRAFFIC MANAGEMENT WITH VMS’s 
 
Information to the drivers is considered as a possible result of the effect of a Traffic Management System on 
a network containing Variable Message Signs (see section 2.5.3 for a description of VMS’s). Messages may 
inform the drivers about incidents, congestion or suggest alternative routes. AIMSUN takes into account the 
modelling of VMS and their influence on driver behaviour. 
 
In AIMSUN, me
 
1. Directly via the user interface by clicking on the VMS and pressing the ‘Activate Message’ button. Any 

message from the messages list box can be scheduled or activated at any time during simulation. 
2. Loading a log file of messages (saved in a previous simulation via the ‘Experiment/VMS Messages’ 

command) to be activated during the simulation. 
3. Via the GETRAM Extensions, any external system can activate a message on any VMS in the network, 

by sending the corresponding command, consisting of the VMS identifier and the message text. 
 
Options 1 and 2 have been already explained in section 2.5.3, while option 3 is explained in the GETRAM 
Extensions Manual. 
 
In all cases, the message will be displayed as an Activated Message at the appropriate time and the Actions 
associated with it will be implemented. Each message has a list of Actions associated with it, which appear 
in the list box named ‘Mess Actions’ in the VMS Information Window (see Figure 2-25). The list box named 
‘Actions’ contains all actions available for this network. The user may add/remove actions to/from the list of 
actions associated with a message by using the bottom part of the window. 
 

n Action represents the impact that a message has on driver behaviour. Different types of actions are 

simulation mode. 
 

nformation in two ways, either by selecting the ‘Objects / Actions’ 

ssages in a VMS may be activated in different ways: 

A
considered depending on whether the simulation is carried out on a Traffic Result basis (Input flows and 
turning proportion) or in the Route-Based 

The user can access the Actions i
command from the menu bar, or by using the Actions area in the ‘VMS’s’ information window (Figure 2-
23). Selecting the ‘Objects / Actions’ command will display the ‘Actions’ selection window (see Figure 5-
17). The user can create, delete or edit actions in this window.  

Figure 5-17: Action selection window 

 
 
To create a new action, click on the ‘New’ and ‘Add’ buttons. To delete an existing action, select it by 
clicking on the list box and then click on the ‘Delete’ button. To edit or view an existing action, click the 
‘Open’ button after selecting the action in the list box, either in the VMS information window or in the 
Actions Selection window. In any case, when opening an action the ‘Action’ information window will be 
displayed. The type of window displayed will depend on whether the simulation is Traffic Result based or 
Route-Based. 
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5.4.1 Actions
When the simulation is carried out on a Traffic Result basis (Input flows and turning proportion), the 
‘Action’ information window shown in Figure 5-18 is displayed. This includes an area containing the list of 
sections where the action will have any impact and three tab folders: Speed, Flow and Turn. The user can 
add sections to the list with the ‘Add’ button and can then click on the section in the network display. To 
remove sections, just select the section from the list box and press the ‘Remove’ button.  

Figure 5-18: Actions-Speed Information Dialog Window (Result-Based) 

 for a Traffic Result Based Simulation 

 
 
Three types of actions can be defined: modifications to the speed limit, modifications to the input flow and 
modifications to the turning proportions.  

Modifications to the Speed Limit  
Select the Speed tab folder from the Actions dialog window (see Figure 5-18). Click on the Speed toggle 
button, select the vehicle type or ‘all’, and type the new speed limit for that set of sections into the 
‘Maximum Speed’ field. When a message containing this action is displayed on a VMS, it will automatically 
modify the Speed limit for the selected sections and all vehicles of the selected type driving along these 
sections will therefore be affected. 

Modification to the Input Flow 
Select the Flow tab folder from the Actions dialog window (see Figure 5-19). Then click on the Flow toggle 
button and the list of vehicle types will be displayed. For each vehicle type, the user can select the increase 
or decrease to this flow as a percentage of the current flow. To do so, click on the vehicle type list box, select 
increase or decrease using the ‘+, -’ option menu and type the required amount into the ‘Flow’ field. For 
example, in Figure 5-19, ‘Car +0.20’ means an increment of 20% in Car input flow for section 13, while 
‘hgv –0.15’ means a 15 % reduction in the hgv input flow. Input flow modifications can only affect input 
sections where traffic is generated and injected into the network. 

Modifications to Turning Proportions 
Select the Turn tab folder from the Actions dialog window (see Figure 5-20). Then click on the ‘Turn’ toggle 
button and the list of selected turnings, if any, for the current section (the one selected in sections list box at 
the top of the window) will be displayed. The user can add or remove turnings to this list using the ‘Add’ or 
‘Remove’ buttons. Selecting one of the turnings and one of the entrances, the user can define an increase or 
decrease to the proportion of vehicles having entered the section through that entrance that will follow a 
turn. The value defined in the ‘Prob.’ field represents the percentage of increase or decrease over the current 

. For instance, in Figure 5-20, the turning probability for traffic entering section 1 from 
ection 11 and willing to turn into section 14 will increase by 20% for all vehicle types. 

 

turning probability
s
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Figure 5-19: Action Flow Information Dialog Window (Result-Based) 

 
 

Figure 5-20: Actions-Turn Information Dialog Window (Result-Based) 

 
 

131 



TSS-Transport Simulation Systems  February 2004 
 

The following section contains an explanation and some examples of how the new turning proportions of a 
section are calcu h that increases or decreases a percentage of the turning proportion 
is applied.  
 

hen an increase or decrease over a turning proportion is defined, it is carried out in relation to the original 
d to the other turns of the section for which increases or 

ecreases are defined. Therefore, when an increase is defined for a/some turn(s), it is necessary to define a 
corresponding decrease for other turn(s) in the same section. 

ns. 
. Adjust the resulting percentages of the affected turns in order to keep the original total of all proportions 

5.4.2 Examples of Actions 

Exa
Let us assume  turnings (to sections 2, 3 and 4) with the 
following initial
 

1  2  

 
And now suppose that w
 

.30 + ( 0%) = 0.30 + 0.15 = 0.45 

.50 – ( 0%) = 0.50 – 0.20 = 0.30 
 
Adjust the resulting percentages in order to keep the same sum of proportions for the affected turns as 

lated w enever an action 

W
percentage and will be subtracted from or adde
d

 
The procedure is as follows: 
 
1. Calculate the modifications of the percentages in all the affected tur
2

mple 1 
that we have a section 1 with three possible
 turning proportions: 

0.30 
1  3  0.50 
1  4  0.20 

e have defined an Action as follows: 

1  2  + 50% 
1  3  – 40% 

 
When this action is applied the following calculations are made: 
 
1. Calculate the modifications to the percentages in the affected turns 
 

1  2 0 0.30*5
1  3 0 0.50*4

2. 
the original: 

   Original  New
1  2  0.30 
1  3  0.50 

 0.45 
 0.30 
 ----- 

It is therefore necessary

 
.48 
.32 

is realise that only affected turns (for which increases or decreases have been defined in the 
ction) are ta  acc  in t ations. O ain the same. 

Example 2 
Consider the sam : 

  ----- 
0.80  0.75 => There is a difference of 0.05 

 
 to add 0.05 to the resulting turning proportions (0.45 and 0.30). This is carried 

out proportionally for each one: 

1  2 0.45 + (0.45/0.75)*0.05 = 0.45 + 0.03 = 0
1  3 0.30 + (0.30/0.75)*0.05 = 0.30 + 0.02 = 0

          Sum  = 0.80 
 

 important to It 
a ken into ount he calcul ther turnings rem

e original section and turnings as in Example 1
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1  2  0.30 

 
Let us now assum
 

1  2 0.30 + (0.30*50%) = 0.30 + 0.15 = 0.45 

1  3  0.50 
1  4  0.20 

e an action defined as follows: 

1  2  + 50% 
 
When this action is applied the following calculations are carried out: 
 
1. Calculate the modifications to the percentages in the affected turns 
 

 
2. Adjust the resulting percentages in order to keep the same sum of proportions for the affected turns as 

the original: 
  Original  New
1  2  0.30  0.45 
  -----  ----- 

0.30  0.45 => There is a difference of 0.15 
 

We now have to subtract 0.15 from the resulting turning proportion (0.45). This is carried out 
proportionally for each of the affected turns. (In this case there is only one.): 
 

1  2 0.45 – (0.45/0.45)*0.15 = 0.45 – 0.15 = 0.30 
      Sum = 0.30 

 
Consequently, there has been no change in the turning proportion as a result of this action. This is because 
we have not defined from what alternative turn to subtract any proportion. 

Example 3 
Consider the same original section and turnings as in the previous examples: 
 

1  2  0.30 
1  3  0.50 
1  4  0.20 

 
And now suppose that we have defined an Action as follows: 
 

1  2  + 50% 
1  3  +   0% 

 
When this action is applied the following calculations are carried out: 
 
1. Calculate the modifications to the percentages in the affected turns 
 

1  2 0.30 + (0.30*50%) = 0.30 + 0.15 = 0.45 
1  3 0.50 + (0.50*0%) = 0.50 + 0        = 0.50 

 
2. Adjust the resulting percentages in order to keep the same sum of proportions for the affected turns as 

the original: 
 

   Original  New
1  2  0.30  0.45 
1  3  0.50  0.50 
  -----  ----- 
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0.80  0.95 => There is a difference of 0.15 

1  2 0.45 – (0.45/0.95)*0.15 = 0.45 – 0.07 = 0.38 
 3 0.50 – (0.50/0.95)*0.15 = 0.50 – 0.08 = 0.42 

tions. The re-routing area contains an option menu 
for selecting vehicle ty

Figure 5-21: Action-Speed Information Dialog Window (Route-Based) 

 
It is therefore necessary to subtract 0.15 from the resulting turning proportions (0.45 and 0.50). This is 
carried out proportionally for each one: 
 

1 
       Sum = 0.80 

 
xamples 2 and 3 show that we need to define which turns are going to be taken into account in the transfer E

of flow from one to the other. If only one turn is considered (as in example 2) there is no possibility of 
moving flow to or from another turn. On the other hand, when two turns are considered in the action 
(although one of them has 0% increase) then the required increase for one turn can be taken from the other. 

.4.3 Actions for a Route-Based Simulation 5
When the simulation is Route-Based (using O/D matrices and route choice models) the ‘Action’ definition 
window is displayed (see Figure 5-21). This dialog window consists of three areas. The first area contains 
the list of sections impacted by the action. The second area is for defining the speed limit modifications, and 
the third area, at the bottom, is for defining re-routing ac

pes and three tab folders: Compliance, Destination and New Turn.  

 
 
The user can add sections to the list using the ‘Add’ button and then clicking on the section in the network 
display. To remove sections, just select the section from the list box and press the ‘Remove’ button. 
 
Two types of actions can be defined: modifications of the speed limit, and re-routing actions, which can 
either be modifications to the destination centroid or modifications to the next turn to take place. 
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Modifications to the Speed Limit  
Click on the Speed toggle button (see Figure 5-21) and type the new speed limit for that set of sections in the 
‘Maximum Speed’ field. When a message containing this action is displayed in a VMS, it will automatically 
modify the Speed limit for the selected sections and therefore all vehicles driving along these sections will 

e affected. 

To define it, select the Compliance tab folder (see 
igure 5-22) and then select one of the options: Compulsory, Warning or Information. 

 
Compulsory means δ=1, which implies that the re-routing will be followed by everybody (i.e. it is 
compulsory). Information means δ=0, where the action’s success will depend on the driver’s behaviour 
(Guidance acceptance λ, a vehicle attribute). In the Warning option the user can define δ (0<δ<1), which is 
the level of acceptance, i.e. it is advice, not compulsory. 

Figure 5-22: Actions-Re-routing Compliance Dialog Window (Route-Based) 

b

Re-routing Actions 
Re-routing means altering the vehicle’s path. This is accomplished by defining the next turn and/or defining 
a new destination. To define re-routing actions click on the Re-routing toggle button (see Figure 5-22). 
 
Re-routing can be defined for each vehicle type independently or for all types in the same way. The first 
thing to do is to define Compliance (δ). This parameter gives the compliance level of the action, i.e. the 
percentage of vehicles accepting the recommendation. 
F

 
 
The first type of re-routing action is the modification of the destination centroid. This is done by selecting 
the Destination tab folder from the Actions dialog window (see Figure 5-23). Click on the Destination toggle 
button and then select a set of pairs. The Previous destination centroid and the New destination centroid 
compose each pair. This means that vehicles going to a Previous destination will change to New destination 
as soon as they enter any of the sections affected by this action. 
 
The second type of Re-routing action is modification of the next turning. This is done by selecting the New 
Turn tab folder from the Actions dialog window (see Figure 5-24). Click on the New Turn toggle button and 
type in the new Next Section. Then choose between All or Selected Destinations. All destinations means that 
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all vehicles en ndently of its 
destination. Selected destinations means that only vehicles going to those destinations will be affected by the 
new turn. In both situations the original destination may be lost if there is no path through the specified next 
turn. 
 
If the conflicting re-routing actions are defined, the user must be aware that actions defined in the 
Destination folder are applied first, before those defined in the New Turn tab folder. By conflicting actions, 
we mean actions that are addressed to the same set of drivers. For instance, we may define an action for a 
section that changes the destination of drivers going to centroid 1, re-routing them to centroid 7. We may 
then define an action for the same section that changes the next turning for all vehicles going to any 
destination, to turn to section 25. When the action is activated, first the destination centroid is changed, and 
then the next turn is assigned. It is possible that there is no path from section 25 to destination 7 and some 
vehicles may get lost as a result of inconsistent actions. 
 

Figure 5-23: Actions-Re-routing Destination Dialog Window (Route-Based) 

tering the affected sections will take as the next turning the one specified indepe
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Figure 5-24: Actions-Re-routing New Turn Dialog Window (Route-Based) 
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6. PUBLIC TRANSPORT MODELLING 
 
The main difference between public transport vehicles and other road traffic is that they follow fixed routes 
and that they also try to  Modelling is applied in 
AIMSUN, whenever a Public Transport Plan is loaded. A Public Transport Plan in AIMSUN consists of 
Public Transport Lines (routes, reserved lanes and bus stops), the Timetables for each line (departures 
schedules, stop times and type of vehicles) and the Public Transport Vehicles (buses, minibus, trams, etc.).  
 
6.1 PUBLIC TRANSPORT LINE 
 
A Public Transport (PT) Line is composed of a route and a set of public transport stops. Notice that PT Lines 
does not appear in the simulation model unless a Public Transport Plan is loaded in AIMSUN. These objects 
are explained in the following sections. 

6.1.1 Public Transport Route 
Public transport Routes are a fixed series consecutive sections (or polysections) through which each PT 
vehicle of the line will have to pass, from an origin to a destination. The first section of the PT route is the 
origin, where the PT vehicles are input into the network. The frequency of departures is defined in the 
Timetable. The last section of the PT route is the destination, where the vehicles are removed from the 
network.  
 
A network can contain as many PT Lines as required. To view the list of all the existing bus lines, use the 
‘Objects/Public Transport’ command, and the Public Transport dialog window displayed in Figure 6-1 will 
appear. Clicking on a line name in the Lines list box will cause the sections composing the line to be 
highlighted in a different colour in the network.  

adhere to a pre-defined timetable. Public Transport

Figure 6-1: Public Transport Dialog Window 

 
 
 The Public Transport dialog window contains two columns:  
 
• Line Id.: identifier number of the bus line.  
• Name: name of the bus line 
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After selecting a line, click on the ‘Op k on the lines list box and the Public 
Transport Line dialog window displayed in Figure 6-2 will appear. This dialog window contains the list of 
sections comprising the route.  

Figure 6-2: Public Transport Line Dialog Window 

en’ button or simply double-clic

 
 
The PT Line definition is completed w ber of PT stops, at which 
the PT vehicles will have to stop along their trip for a certain amount of time. The stop times are defined in 
the Timetable. PT lines with no PT stop are also accepted and in that case PT vehicles will not stop at any 
PT stop during their trip. The Public Transport Line dialog window displayed in Figure 6-2 also indicates in 
which sections PT stops are allocated to the line. For instance, in figure 6-2, PT Line 1 has stops numbers 2, 
3 and 4 respectively located in sections 461, 473 and 247. 

6.1.2 Public Transport Stops 
Public Transport Stops (or bus stops) are the points along the Public Transport Line at which public transport 
vehicles must stop for a certain amount of time in order to pick up or drop off passengers. Each PT stop 
belongs to only one section, while a section may have several PT stops. However, for a particular PT Line, 
no more than 1 PT stop can be located in the same section. Vehicles belonging to different bus lines can use 
the same PT stop.  
 

ublic Transport stops are common within road networks and they can influence the behaviour of traffic in 

 Bay and Terminal. 

Normal Bus Stop 
These are the simplest types of PT Stops. They are just indicated by a sign on the roadside and the public 
transport vehicle stops alongside it to pick up or put down passengers. Figure 6-3 shows the layout of this 
type of PT stop. 

ith the PT stops. Each route may have a num

P
the nearby. A critical element in the efficiency of public transport operations is also the behaviour of 
passengers boarding and alighting at stops. For that reason AIMSUN is able to model various types of PT 
stops that can be found in road networks throughout the world.  
 

hree types of PT stops are considered in AIMSUN: Normal, BusT
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Figure 6-3: Normal Bus Stop 

 

Bus Bay Stop 
The Bus Bay stop provides a space for a bus to pull into at the stop and thus allows following traffic to pass 
the bus after it stops. The capacity of the bus bay stop depends on the length of the bay (the short lane) and 
the length of the buses that stop there. Figure 6-4 illustrates a bus bay stop. 

Figure 6-4: Bus Bay Stop 

 

Bus Terminal Stop 
Finally, the bus terminal stop is used to model bus stations or bus parking. They have room for a limited 
number of buses, which is a capacity defined as an attribute of the stop. A picture of what is considered as a 
Bus Terminal is shown in Figure 6-5. 

Figure 6-5: Bus Terminal Stop 

Bus Station

 

e f the different types of Public Transport Stops considered in AIMSUN is 
 basic information about a particular PT Stops, double-click on the bus stop 

n isplay and the Bus Stop dialog window shown in Figure 6-7 will appear. It contains 
 bus stop. 

 
Th  graphical representation o

. To obtainshown in figure 6-6
ico  in the network d
information such as the type, position and length of the
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Fi  gure 6-6: Public Transport Stops in AIMSUN

 
 

Figure 6-7: Bus Stop Dialog Window 

 
 

On the other hand, a list of all stops in the network is displayed in the ‘Stops’ tab folder of the Public 
Transport dialog window, which appears when you select the ‘Objects/Public Transport’ command (see 
Figure 6-8). For each PT stop, the following data is provided:  
 
• PT Stop Identifier number 
• PT Stop name 
• Type of PT Stop 
• Identifier of the section where the stop is located 
• Lane of the section where the stop is located (numbered from 1, the rightmost to n, the leftmost) 
• Position of the stop in meters, measured from the beginning of the section 
• Length of the stop in meters 
• Distance to Stop parameter (see section 6.3.2) 
 
Clicking on a Stop name in the list box causes the Identifiers of the lines whose PT vehicles have to stop in 
this stop to be displayed in another list box. In the example of Figure 6-8, lines 25 and 1 are supposed to stop 
at Bus Bay Stop number 27, which is located in section 182. Clicking on the ‘Find’ button causes the display 
to pan to the selected PT Stop. 
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Figure 6-8: Public Transport Stops Details 

 
 

6.1.3 Reserved Public Transport Lanes 
Reserved PT Lanes can be optionally defined along a PT Route. A reserved PT lane is an area of 
carriageway reserved for the use of PT Vehicles and occasionally other permitted vehicles, for all or part of 
the day. They allow buses to bypass traffic queues, usually on approaches to signalised junctions or 
roundabouts. The location of the start and finish of bus lanes within a link are crucial. 
 
Reserved Lanes have been previously described in section 2.3.3. To define a reserved lane for PT vehicles 
only, it is required that the PT vehicles belong to the class allowed in the reserved lane and it is advised that 
the reserved lane is defined as ‘Compulsory’. 
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6.2 TIMETABLES 
 
The passage of public transport vehicles along a route is usually governed by a timetable. The bus starts at its 
origin at a given time and is expected to arrive at stops along the route at predicted times. This allows 
passengers along the route to know when they should arrive at the stop in order to catch the vehicle they 
require.  
 
Timetable data dialog window 
shown in Figure  network or via 
the ‘Objects/Public Transport’ command. 
 
A Timetable consists of a set of Time Slices, each one indicating the Bus Departures Schedule and the Stop 
Times at each bus stop allocated to the line. 

Figure 6-9: Public Transport Line. Timetables. 

is presented in the ‘Time Table’ tab folder of the Public Transport Line 
 6-9. This dialog window is called either by clicking on the Line icon in the

 
 
The Bus Departures Schedule can be defined in terms of Frequency of Departure or by a set of Fixed 
Departure Times. In both cases the user can define a Deviation value, which will be used as standard 
deviation to sample the PT vehicles departures from a Normal Distribution. 
 
Finally, for each PT Stop along the route, the mean stop time and deviation are defined. The time that the PT 
vehicle will be stopped at each PT stop is also sampled from a Normal distribution. A passenger generation 
model is not implemented. Only the waiting time of public transport vehicles at stops is used to model the 
passengers boarding and alighting times. The user can model different passengers rates just by ensuring that 
public transport vehicles stop for a suitable length of time at each stop. 
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6.3 PUBLIC TRANSPORT VEHICLE’S MODELING 

e in many different 
izes and shapes. Public Transport Vehicles are defined as any other vehicle type. Therefore the vehicle 

im

Figure 6-10: Public Transport Vehicle Information. 

 
Buses provide the most common form of public transport in urban areas, but other type of vehicles can be 
considered, as guided buses, trolley buses, trams or Light Rapid Transit (LRT). They com
s
attributes used in the vehicle modelling are the ones already described in section 3.4. Typical parameters for 
some types of bus are given in the Table 6-1. 

Table 6-1: Typical parameters for PT Vehicles (Source: US DOT, 1992) 

 
The user can obtain detailed information on a particular PT vehicle just by double clicking on it while the 

ulation run has been halted. The Vehicle dialog window will then appear and the vehicle will be s
highlighted in a different colour (see Figure 6-10). Apart from the general Vehicle Attribute data and the 
floating car data, which are described later in section 8.2.3, the following Public Transport related 
information is provided: 
 
• PT Line Identifier and Name of the vehicle. 
• Number of stops that the vehicle has made since departure. 
• Identifier of the next stop 
• Distance to the next stop (in meters). 
• Next expected stop time (in seconds). 

 
 
Now, if the model is run after opening the Vehicle dialog window, the dynamic information contained in this 
dialog window is continuously updated while the simulation runs until the vehicle exits the network. 

) Width (m) Acceleration rate Deceleration rate  Length (m
(m/s/s) (m/s/s) 

Buses     
Articulated 
Double deck 
Single deck 
Minibus 

18.5 
10.0 
8.5 
7.0 

3.0 
4.2 
3.4 
2.4 

 
 

1.0 

 
 

1.2 

Trams     
Single unit 15.0 2.6 1.5 
Articulated 22.0 2.7 1.3 1.6 

1.6 

145 



TSS-Transport Simulation Systems  February 2004 
 

6.3.1 Vehicle Generation
Public Transport Vehicles are generated and input into the network via the first section of each bus line and 
they drive along the network following the bus line and making the corresponding stops. The arrival times 
are obtained according to the corresponding bus schedule, defined in the Timetable.  
 
If there is a bus stop type Terminal in the first section of a bus line, buses will start their trip at this bus stop. 
Otherwise, they start their trip at the beginning of the first section of the line. Similarly, if there is a bus stop 
type Terminal in the last section of a bus line, buses will end their trip at this bus stop. Otherwise they will 
finish their trip at the end of the last section of the line. 

6.3.2 Vehicle Movement Model 
Public Transport vehicles follow a fixed route through the network. PT Vehicles normally behave as any 
other vehicle according to car-following and lane-changing models. When driving in a section (or 
polysection) containing a bus stop allocated to that line, they change their normal behaviour and act 
accordingly in order to stop in the appropriated place. This means that they will try to move to the 
appropriate lane before reaching the bus stop and they will decelerate before coming to a halt at the bus stop. 
The vehicle movement model: 

al vehicles do 

 lanes. It means that a PT vehicle will abandon a reserved lane 
whenever it needs to reach an ap T stop. 

6.3.3 Stop Model 
Public transport vehicles stop at fixed points along the route to pick up and set down passengers. The amount 
of time spent at the stop is determined by the Stop Time parameter. The stop time for a particular PT vehicle 
is sampled from a Normal distribution using the mean stop time and deviation.  
 
The movement of the public transport vehicle in the vicinity of the stop is modelled. If the bus stop is full 
when a new bus arrives, i.e. another bus is already there and there is no room for additional buses, the bus 
will wait until that bus leaves and there is enough space available. A bus will spend a certain amount of time 
(defined in the timetable), stopped at the bus stop, and then it will start off again and continue its route 
following the bus line until the next bus stop.  

Normal Bus Stop 
This is the type of bus stop that is located along the roadside. PT vehicles will stop on the street lane at the 
end of the bus stop, thus blocking the traffic in that lane (see figure 6-11). Other vehicles will overtake the 
PT vehicle (if there is more than one lane). The PT vehicle will be stopped during the stop time and then will 
normally start accelerating using the same lane, unless it needs to change lanes because of turning feasibility 
reasons or presence of reserved lanes in that section. 
 

 Model 

 
• ensures that PT vehicles move into the lane to access the stop at a suitable time, 
• makes PT vehicles pull into a bus bay or move out of the road if required to stop at a bus terminal stop, 
• ensures that PT vehicles are able to exit from a bus bay either by waiting for a suitable gap in the traffic 

or by influencing the other traffic to give way to let the vehicle exit. 
 
The Distance to Stop parameter governs the lane changing behaviour with respect to the Bus Stop. When the 

istance from the bus to the next stop is lower than Distance to Stop, the bus behaves as normd
in zone 3, it means that they are stressed to reach the appropriated stopping lane. 
 
Reserved lanes in a network can be designated for use only by public transport. When such a lane is 
available in any section of the PT line, the PT vehicles will use it. In any case, turning movements and PT 
stops have more priority than reserved

propriated turning lane or make a particular P
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Figure 6-11: Stopping at a Normal Bus Stop 

 

Bus Bay Stop 
This type of bus stop has a special short lane at the roadside for the bus to move out of the traffic stream, 
thus allowing following traffic to pass the bus after it stops. PT vehicles will stop on the street lane at the end 

f the bus stop, and then will pull into the bus bay, thus blocking the traffic in that lane but onlyo  during the 
lane changing manoeuvre (see figure 6-12). The PT vehicle will be stopped during the corresponding stop 
time and then will wait for a suitable gap in the traffic to go out from the bus bay. It applies a lane-changing 
model that can even influence the other traffic to give way to let the vehicle exit if necessary. 
 
If a second PT vehicle arrives at the bus bay before the previous one has left, it will stop on the street lane 
just behind the first PT vehicle and then, if there is space available at the bus stop it will pull into the bus 
bay. Otherwise it will wait until the previous vehicle leaves the bus bay, thus blocking the traffic in that lane 
during the time that is waiting to enter.  

Figure 6-12: Stopping at a Bus Bay Stop 
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7. SIMULATION EXPERIMENTS  
 
This chapter provides a detailed description of all the functions included in the AIMSUN user interface that 
are required for the preparation and running of simulation experiments. It goes through all the commands 

to every destination centroid. These are exclusive, so only one option can be selected. The 
traffic control plan consists of the description 
controlled junctions, the p y required ramp-metering 
information. A public transport plan consists of the definition of bus lines (routes and bus stops), and the 
timetables for each line, including stop times. Finally, the GETRAM Extensions are a set of user-defined 
Dynamic Link Libraries that will be run in the simulation experiment. 
 
Some of the components of the scenario are compulsory, such as the network description and the traffic 
demand data, while others are optional. Therefore, loading an AIMSUN scenario consists of loading some of 
these five types of data. The File menu brings together a set of commands that allow you to load and unload 
each of the components of a scenario separately. Once the different components of a scenario have been 
loaded separately, the user may save this set of components as a new scenario using the command ‘File/Save 
Scenario’ or using the shortcut <Ctrl><S>. Using the Save Scenario dialog window (see Figure 7-1), the user 

e scenario that may be used for future simulation experiments.  

available in the menu bar, explaining how they work and providing all the related topics in order to provide 
an in-depth view of the tool. 
 
7.1 LOADING SCENARIOS 
 
An AIMSUN Scenario consists of up to five types of data: the network description, the traffic demand data, 
the traffic control plan, the public transport plan and the GETRAM Extensions. The network description 
contains the topology of the network, basically composed of sections and nodes. The traffic demand data can 
de defined in two different ways: 1) the traffic volumes at the input sections, the turning proportions at any 
node and, optionally the initial state of the network; 2) an O/D matrix that provides the traffic demand from 
every origin 

of signal groups, phases and their duration, for signal-
riority definition for unsignalised junctions and an

can specify a particular name for th

Figure 7-1: Load/Save Scenario window 

 
 

Scenarios are saved in ASCII files with the extension ‘.sce’. These files contain the components included in 
the scenario: network name, traffic result or O/D matrix name, traffic control plan, public transport plan and 
names of GETRAM Extension DLL’s. The names of the components of a scenario are displayed in the 
General tab folder of the Load/Save Scenario window when a scenario is selected in the scenarios list box. 
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When including a traffic result in a scenario, the complete list of traffic states, the Load options (Initial State, 
Initial Messages and Incidents) and the Arrivals distribution selected are also included in the scenario 
definition. When including an O/D Matrix in a scenario, the Load options (Initial Messages and Incidents) 
and the Arrivals distribution selected are also included in the scenario definition. 
 
Saved scenarios can be directly loaded using the ‘File/Load Scenario’ command, or using the shortcut 
<Ctrl><O>. In the Load Scenario dialog window, which is similar to the Save Scenario dialog window 
displayed in Figure 7-1, the user can browse to search for a particular scenario file. In this way the user does 
not need to define all components of a scenario every time a new simulation experiment has to be started. 
 
To unload the scenario, use the command ‘File/Unload Scenario’ from the menu bar. Should the originally 
loaded scenario be modified and/or a simulation run started, a confirmation message (see Figure 7-2) will 
appear. If you press the ‘Yes’ button, or just press ‘Enter’, the scenario will be saved. If you press ‘No’, the 
scenario will not be saved. In both cases the network will be removed from the display window and all the 
components of the current scenario will be cleared from the system memory. If you press ‘Cancel’, nothing 
will happen. 

Figure 7-2: Warning Message - Unload Scenario 

 

7.1.1 Loading the Network  
The first component of an AIMSUN scenario is the network description, which contains information about 
the geometry of the network, turning movements, layout of sections and junctions and the location of 
infrastructure objects throughout the network. 
 
To load the network, select the command ‘File/Load Network’ from the menu bar. This can also be done by 
pressing <Ctrl><N>. The ‘Open Network’ window will appear (see Figure 7-3). Using this window the user 
can search for the directory containing the network. 
 
The ‘Open Network’ window has two areas. The left part of the window is for searching and selecting 
networks, while the two tab folders on the right contain information about the selected network. There is a 
menu bar is situated at the top-left corner of the window, containing two commands: Files and Directories. 
Clicking on them will display a pull-down menu containing the latest networks and directories used 
respectively. There is also an option menu called ‘Directory’, located at the top-left corner of the window, 
via which the user can browse through the directory tree or even change to other disk drives. 
 
The list box on the left displays the contents of the selected directory. Only directories and GETRAM 
networks are listed. The Type column identifies them by using a folder icon for directories and a file icon for 
networks. This list box also displays the latest modification date for the networks and directories. 
 
Selecting a directory name from the list and clicking on the ‘Open’ button takes the user through that 
directory. Clicking on a network name and then clicking on the Load button will load the network. Double-
clicking on the directory or network name has the same effect. The graphical representation of the netw

ill appear in the network display area, while the name of the network is displayed in the information area. 
ork 

w
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Figure 7-3: Open network window 

 
 
After selecting a network from the list box by ‘General’ to view the 
version and the size of the network, in terms of number of sections, nodes, etc. The user can also take a look 
at the network before loading it into AIMSUN if desired. Select the tab folder ‘Preview’ from the ‘Open 
Network’ window and a network preview will be displayed (see Figure 7-4). 

Figure 7-4: Open network preview 

 clicking on it, select the tab folder 

 
 
The ‘File/Load Network’ command loads the Network into the model, which means not only reading all the 
network information from the GETRAM Database, but also running the Pre-Simulation Process, which 
builds up the required structures for the AIMSUN simulation model (i.e. network decomposition into 
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entities). For this reason, loading big networks may take a certain time, depending on computer power and 
memory. 
 
Because of the differences between v3.2 and v4.0 parameters, the warning message in Figure 7-5 may appear 
when loading a v3.2 network. This means that some Global Modelling Parameters (see section 3.4.3), may 
not have been defined and therefore they have been assigned using default values. To view or edit these 
parameters, use the Modelling dialog window by selecting the ‘Experiment / Modelling’ command. In order 
to avoid this warning message when loading this network in future, you must save the parameters using the 
‘Save’ button in the Modelling dialog window. 

Figure 7-5: Warning Message 

 
 

To unload the network, use the ‘File/Unload Network’ command from the menu bar. One of the 
confirmation messages shown in Figure 7-6 will appear, depending on whether a simulation has been run or 
not. If you press the OK button, or just press ‘Enter’, the network will be removed from the display window 
and the simulation model of the current network will be cleared from the system memory. 

Figure 7-6: Confirmation Messages 

In order to avoid loss of data, a warning dialog window may appear when the user attempts to unload the 
network (see Figure 7-7). This window is only shown when modifications have been made to the current 
model and have not been saved. The modifications covered by this warning are: editing of new Streams for 
statistical data gathering (see section 9.1), creation of traffic incidents (section 3.6), definition of new 
Actions for Messages (section 5.4), and specification of Messages to be displayed on VMS’s (section 2.5.3). 
The list of elements that have been modified but not saved is displayed in the warning dialog window. 

Figure 7-7: Warning message (modified elements) 

 

 

7.1.2 Loading the Traffic Demand Data 
The second step in the process of loading a model is to load the traffic demand data to be used to feed the 
network with vehicles. This data can be defined either by the input flows and turning proportions (called 

151 



TSS-Transport Simulation Systems  February 2004 
 

Traffic Result) ed for a given 
simulation run, not both. Traffic Demand Data can only be loaded after a network has already been loaded. 

7.1.2.1 Loading a Traffic Result 
To load a Traffic Result, select the ‘File / Load Traffic Result’ command from the menu bar or use the 
shortcut <Ctrl><T> and the ‘Load Traffic Result’ window will appear, as shown in Figure 7-8. 
 
A network may have different Traffic Results. In the upper part of the window, a list of the results available 
for the current network is displayed in a list box. It contains the name and the date of creation or latest 

odification for each result. Select one of them by clicking on it and the list of states that are included in this 

tates’ list box. The user can also deselect them by clicking on them 
gain. The selected states will be highlighted. 

or by an O-D matrix. They are exclusive, so only one option may be select

m
result will appear below. 
 
Each state corresponds to a certain time interval. Therefore the ‘States’ list box contains the name of the 
state and the time when this state begins. No states are selected by default. The user can select a set of states 
to be loaded by clicking on them in the ‘S
a

Figure 7-8: Load Traffic Result window 

 
 
The Simulated Initial Time and Simulated End Time are displayed at the bottom of the window. By default, 
they are assigned according to the Run Time parameters of this network (see Section 7.2.2). When the user 
selects states, the Simulated Initial and End Times are updated accordingly. For example, if the ‘At Time’ of 
the first state selected is lower than the Simulated Initial Time, it will be reassigned to this value 
automatically. Alternatively, if the ‘At Time’ of the last state selected is greater than the Simulated End 
Time, that too will be reassigned. If this happens, the warning message displayed in Figure 7-9 appears. The 
user clicks on ‘OK’ button to continue. 
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Fig es ure 7-9: Warning message for reassignment of Simulation Run Tim

 
 

he system proposes the lowest ‘At Time’ for all the states selected as Simulated Initial Time. On the other 
and, the Simulated End Time is taken as the maximum between the default Simulated End Time and the 

lected. If the Simulated End Time is equal to the ‘At Time’ of the last 

 these values. 

 and 01h00m00 will be loaded for simulation. This means that the simulation will use the demand 
traffic data of state 00h00m00 si then it will take data from state 
01h00m00 until the end of simulation at time 2:00:00. 
 
There are also three toggle buttons in the ‘Load Traffic Result’ window: ‘Load Initial State’, ‘Load Initial 
Messages’ and ‘Load Incidents’. If the ‘Load Initial State’ toggle button is activated, not only the input flows 
and turning proportions will be taken from the selected states, but also the initial state of each section 
corresponding to the first state selected. This initial state is composed of the number of vehicles travelling 
along each section, their mean speed, and the number of vehicles at a standstill. Loading the Initial State of 
the network allows the user to start a simulation run from a previously saved simulation or initially fill the 
network up with vehicles without having to define and run a warm-up period. 
 
The ‘Load Initial Messages’ toggle button triggers the loading of the Messages Log File and the initialisation 
of Variable Message Signs using the activated messages, if any, as they where saved from a previous run 
(section 5.4 explains how VMS’s, messages and actions work). The ‘Load Incidents’ toggle button triggers 
the loading of the Incidents Log file, which may have been created and saved in a previous simulation 
experiment (a more detailed description of modelling incidents can be found in section 3.6). 

ed, although a confirmation message will 

T
h
highest ‘At Time’ of the states se
selected state, a time interval is added to the Simulated End Time (when only one state is selected, an 
interval of one hour is taken as default). 
 
The ‘Simulated Time’ dialog windows in the ‘Load Traffic Result’ window cannot be edited. The 
Experiment/Run Time’ command (see section 7.2.2) must be used to modify any of‘

 
Not all the states whose ‘At Time’ falls between those two values will be loaded, only the highlighted ones. 
For example, in Figure 7.8, although simulation goes from time 00:00:00 to time 2:00:00, only two states, 
00h00m00

nce time 00:00:00 until time 01:00:00 and 

 
Finally, there is an option menu to select the headway distribution to be used to generate the vehicle’s inter-
arrival times, i.e. the time gaps between two consecutive arrivals in an input section. The user may select 
from constant, uniform, normal, exponential, ASAP and external distributions. The default distribution when 
oading a Traffic Result is exponential. l

 
Once a result, a set of states and the initialisation options have been selected, click on the ‘Load’ button. The 
result and states selected will be loaded into the AIMSUN simulation model and the result name will appear 
in the ‘Traffic’ dialog window in the information area located at the bottom of the main window. 
 
To unload the traffic result, use the ‘File / Unload Traffic Result’ command. If a Traffic Control Plan is also 
oaded, both the traffic result and the control plan will be unloadl

appear first (see Figure 7-10). 
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Figure 7-10: Unload Traffic Result Confirmation Dialog Windows 

 

 Matrix’ window will appear (see Figure 7-11). As a network may have a 
es and creation dates (or latest modification) for the available 
Select one of them by clicking on it.  

7.1.2.2 Loading an O/D Matrix 
To load an O/D matrix, select the ‘File / Load O/D Matrix’ command from the menu bar or use the shortcut 
<Ctrl><M> and the ‘Load O/D
number of O/D matrices, a list with the nam
matrices for the current network is displayed. 
 
The ‘Load Incidents’ and ‘Load Initial Messages’ toggle buttons work in the same way as when loading a 
traffic result (explained in the previous section). No ‘Load Initial State’ toggle button appears in this 
window.  

Figure 7-11: Load O/D Matrix window 

 
 
An option menu is provided in which you can select the headway distribution to be used to generate the 
vehicle’s inter-arrival times. The user may select from constant, uniform, normal, exponential, ASAP and 
external distributions. The default distribution when loading an O/D matrix is Uniform. 
 
Finally, click on the ‘Load’ button to accept the selected O/D Matrix and it will be loaded into the AIMSUN 
simulation model. At the same time, Centroids information is loaded and the initial shortest paths from every 
ection to every destination centroid are calculated. This may take a while depending on the size of the 

 the default ‘Simulated Initial Time’ and ‘Simulated End Time’ parameters of this network do not fit with 

s
network and the number of centroids. Finally, the matrix name will be shown in the ‘O/D Matrix’ dialog 
window, which is the same ‘Traffic’ dialog window that becomes the ‘O/D Matrix’ dialog window. It is 
located in the information area at the bottom of the main window. 
 
If
the time scope of the O/D matrix loaded, they will be reassigned automatically, and the warning message 
shown in Figure 7-12 will be displayed. The user will have to click on the ‘OK’ button to continue. The Log 
Window is explained later in section 8.3.3. 

154 



TSS-Transport Simulation Systems  February 2004 
 

Figure 7-12: Warning Message for reassignment of simulation run times 

 
 

To unload the O/D matrix, use the ‘File / Unload O/D Matrix’ command. A confirmation message similar to 
those shown in Figure 7-10, will appear. If a Traffic Control Plan is also loaded, both the OD matrix and the 

ding a Traffic Control Plan 
a simulation experiment. If traffic signals or ramp metering 
ntrol Plan can be loaded. Otherwise it is not necessary. As 

Figure 7-13: Load Traffic Control window 

control plan will be unloaded. 

7.1.3 Loa
A traffic control plan is optional when running 
are defined in the network model, a Traffic Co
discussed in chapter 5, the control plan basically consists of the Signal Group definition and the timings of 
every phase for all the controlled junctions and the timings or flows for all ramp meters. 
 
To load a control plan, select the ‘File / Load Control’ command from the menu bar or use the shortcut 
<Ctrl><C> and the ‘Load Control Plan’ window will appear on the screen (see Figure 7-13).  

 
 
This window displays a list of control plans available for the current network, including the name of the 
plan, the date of creation or latest modification and the initial time. This initial time, which is the time at 
which the control plan will become active, can be modified by selecting the plan, typing the new time in the 
corresponding dialog windows and pressing Return. 
 
The user can select one or several control plans for the same simulation experiment, taking care not to load 
more than one control plan due to be activated at the same time. Select one or more plans by clicking on 
them and then press the ‘Load’ button. The control plans will be loaded into the model and the name of the 
first one will appear in the information area at the bottom of the main window. For instance, Figure 7-13 
shows an example where two plans are to be loaded into AIMSUN. Plan ‘congested’ will be applied from 
7:30 to 9:00, when plan ‘plan1’ will be activated 
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nload Control’ command. If a simulation run has already 

own in Figure 7-14, will appear.  
To unload the traffic control plan, use the ‘File / U
been launched, a confirmation message as sh

Figure 7-14: Confirmation Message 

 
 

The Public Transport Plan is optional when running a simulation experiment. If public transport lines and 
us stops are defined in the network model, a Public Transport Plan can be loaded. Otherwise it is not 

 Result or O/D Matrix) has to be 
e the shortcut 

t , and  
n lay twork, containing the names of 
e plans and the dates of creation or latest modification. Select one of them by clicking on it and then press 

b
necessary.  

7.1.4 Loading a Public Transport Plan 
To load a Public Transport Plan, the traffic demand data (either Traffic
loaded first. Then select the ‘File / Load Public Transport’ command from the menu bar or us
<C rl><P>  the ‘Load Public Transport ’ window will appear on the screen (see Figure 7-15). This
wi dow disp s a list of available public transport plans for the current ne
th
the ‘Load’ button. 

Figure 7-15: Load Public Transport window 

 
 
To unload the Public Transport Plan, use the ‘File / Unload Public Transport’ command. If a simulation run 

already been launched, a confirmatiohas n message as shown in Figure 7-14, will appear. If you attempt to 

one
unload the traffic demand data while a public transport plan is loaded, a confirmation message such as the 

 shown in Figure 7-16 will appear. 

Figure 7-16: Confirmation Message 
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7.2 RUNNING THE SIM

7.2.1 Parameters of the Experiment 
Prior to running the simulation, sets of parameters that characterise a simulation experiment have to be 
defined. These parameters are grouped into six categories: simulation timing, modelling, reporting, random, 
detection and route choice aspects. They are assigned default values, which the user can view and change 
with the commands grouped under the ‘Experiment’ menu. ‘Run Time’ command is explained in this section 
(7.2), but the rest of the commands included in the ‘Experiment’ menu are explained in other sections. 
 
‘Modelling’ command has already been explained in section 3.4. ‘Output / Output Location’ and ‘Output / 
Statistics’ are explained in section 9.1, while ‘Output / Detection’ is explained in section 9.2. ‘Replications’ 
is covered later in this chapter, in section 7.4. ‘Route Choice’ has already been covered in section 4.6. 
‘Incidents’ is also included in this chapter, in section 3.6, ‘VMS Messages’ was covered in section 2.5.3 and 
finally, ‘Environmental Models’ is described in chapter 10. 
 
All the dialog windows described in this set of ‘Experiment’ menu commands contain the following buttons: 
 
• Default: Loads the default parameters common for all networks. 
• Load: Loads the last saved parameters for the current network. 
• Save: Saves the parame  current network. 
• OK: Accepts the parameters displayed in the dialog window as input for the current experiment. 
• Cancel: Closes the dialog window without accepting modifications. 
 
When loading a network, all six categories of parameters, Run Time, Modelling, Input (Past Costs), Output 
(Statistics, Detection and Paths), Replications and Route Choice, are loaded. If the network has previously 
saved parameters, these are used. Otherwise, the common default parameters are loaded. These parameters 
are stored in ASCII files, either at the network level or at a global level. The location, name and format of 
these files are described in Appendix 1. 
 
Incidents and VMS Messages are only loaded if the corresponding toggle button has been activated in the 

/D Matrix dialog window, as explained in section 7.1.2. The Particular 
d/or Pollution Emission are automatically activated if the loaded model has 

alog 

es before starting the effective simulation. It can be thought of as a 

gth of the simulation will be (Simulated End Time - Simulated Initial Time).  

ULATION 

ters displayed in the dialog window for the

Load Traffic Result or Load O
Models, Fuel Consumption an
defined the required vehicle consumption and/or emission parameters. 

7.2.2 Simulation Run Time  
When you select  the ‘Experiment / Run Time’ option from the menu bar, the ‘Run Time’ parameters di
window appears (see Figure 7-17). This dialog box brings together a set of parameters related to simulation 
timings, which are the following: 
 
- Simulated Date: This is the date (in format day/month/year) that is being simulated. This is the date that 

will appear in the statistical reports. 
- Simulated Initial Time: Initial time (hours: minutes: seconds) for the simulation clock. This has to be in 

concordance with the Traffic Result or O/D matrix loaded as explained in section 7.1.2. 
- Warm-up Period: Duration (hours: minutes: seconds) of the warm-up period. The purpose of this period 

is to fill up the network with vehicl
transition period during which there is no simulation displaying either statistical or detection data 
gathering, although the simulation is actually taking place. During Warm-up period run, dialog in figure 
7-18 is shown. Warm-up simulation can be cancelled at any time pressing the ‘Cancel’ button. 

- Simulated End Time: Time (hours: minutes: seconds) when the simulation will finish. This has to be in 
concordance with the Traffic Result or O/D matrix loaded as explained in section 7.1.2. The effective 
len

- Redrawing Frequency: This parameter has two meanings: 
- m (m integer number greater than or equal to 1): the network will be refreshed each m simulation 

steps (e.g., if it is equal to 1, the animation will be updated every simulation step). 
- 1/n (n integer number greater than 0): the network will be refreshed n times per simulation step 

(e.g., if it is equal to 4, the animation will be updated 4 times per simulation step). 

157 



TSS-Transport Simulation Systems  February 2004 
 

Figure 7-17: Run Time Parameters window 

 
Figure 7-18: Warm-up period running 

 

7.2.3 Running Modes 
There are three different ways of running the simulation: Run, Batch and Step. All these modes can be found 

 the ‘Run’ command menu. This option of the menu will be greyed out until a network and traffic demand 

ulation parameters). This 
mode runs the simulation with the animated graphical representation of the traffic. Depending on the 

al vehicle movements or the lane density are shown (see section 7.1 for 

er power, the simulation can be run faster or slower than real time. If it runs faster than real 
time, the user may wish to slow dow animation in real time. This is done 
using the Scale Bar (see section 7.2.
 
Batch mode is selected using the ‘Run / Batch’ command (or the shortcut <Ctrl>-<B>). This simulation 
mode does not refresh the graphical display during the simulation. Therefore updates to the network status 
cannot be followed on the screen. In any case, the user can switch from one mode to another at any time by 
selecting the appropriate alternative menu command or by pressing <Ctrl><R> for Run or <Ctrl><B> for 
Batch. 

 given tha  all vehicles (or lane density colours) for 
o the ‘simulation step’ multiplied by the ‘redrawing frequency’. Run 
lation is running satisfactorily, and for understanding the behaviour 

 the other hand, Batch mode is mainly used when massive experimentation has 

in
data (traffic result or O/D matrix) have been loaded (the control plan is optional), otherwise the simulation 
cannot be run. During the simulation, the user can switch from one mode to another as often as desired. 
 
Run mode can be selected using the command ‘Run / Run’ (or the shortcut <Ctrl>-<R>). This starts the 
simulation of the current scenario (network, traffic demand data, control and sim

drawing scale, either the individu
more details on animation). Depending on the size of the network, the number of vehicles being simulated 
and the comput

n the simulation in order to get the 
5).  

 
t it has to drawRun mode is slower than Batch mode,

every ‘refreshment step’ which is equal t
mode is useful for verifying that the simu
of traffic in the network. On
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to e carried out, either for calb ibration purposes or for simulation results production, given that it is the 

/ St
user
seco

mand to display the window shown in Figure 7-
set a stop time (hours: minutes: seconds) and press OK. The 

Figure 7-19: “Stop at” Dialog Window 

fastest mode of simulation. 
 
A third mode of simulation, the Step mode, is used only for debugging purposes. It is selected using the ‘Run 

ep’ command (or the shortcut <Ctrl>-<T>). It runs one simulation step with graphical refreshment so the 
 can follow, for instance, the behaviour of a single vehicle at a junction, step by step (e.g. second by 
nd). 

7.2.4 Stopping the Simulation 
The user can stop the simulation at any time, regardless of the simulation mode, using the ‘Run / Stop’ 
command from the menu bar (or the shortcut <Ctrl>-<T>). In any case, the simulation will finish when the 
simulation clock reaches the end of simulation time.  
 
The user can also define simulation breakpoints (i.e. points in the simulation time where the run will be 
stopped automatically). A simulation breakpoint can be defined at any time, either while the simulation is 

nning or when it is stopped. Select the ‘Run / Stop at’ comru
19. Click on the ‘Stop at Time’ toggle button, 
simulation will stop when the clock reaches this time.  

 
 
After a simulation stop, the simulation can be resumed by selecting commands Run, Real Run, Batch or 

However, even though the simulation 
ing the ‘Experiment / Run Time’ command, but 

nly if the simulation is Result-Based. 

 from the menu bar at any time. This 
ill clear the current simulation experiment, statistical data areas, detection measures and all current vehicles 

tial State’ option was used when loading the Traffic Result, the initial state 
ill be used again to initialise the network. If a new run is carried out without changing any parameter 

                 

. Run

Step, provided that the Simulation End Time has not been reached. 
end time has been reached, the user can extend this time us
o
 
To initialise the simulation experiment, select the ‘Run / Begin’ option
w
in the network. If the ‘Load Ini
w
(random seed, modelling parameters, etc.), the results will be exactly the same.  

7.2.5 Simulation Buttons 
The simulation run can also be controlled using the Simulation Buttons from the Status Bar. The buttons are 
the following: 

Figure 7-20: Simulation Buttons 

     
 

                                                                1   2     3      4      5    6             7 
 
1. Stop button: stops the simulation 
2. Step button: run 1 simulation step 
3  button: run mode 
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4. Batch button: batch mode 

. Recorder button: to start/stop recording a simulation run for playing in AIMSUN3D offline. 
7. Scale bar lets the user choose the desired speed of the simulator. If the scale is on the most left 

position the simulator works in real time; if it is on the most right position the simulator works as 
fast as possible. If different settings along the scale between real time and maximum run the 
simulator at one, two, three, four or five times real speed. 

7.2.6 Running AIMSUN from a DOS Command line 
AIMSUN can be directly run from a MS-DOS Command Prompt, just locating into the GETRAM folder and 
typing the command ‘aimsun’ or directly c:\...\GETRAM v4.1\aimsun. This command starts the AIMSUN 
Graphical User Interface. 
 
The ‘aimsun’ command accepts some parameters to speed up the model loading and running process. There 
are the following options: 
 
1) Just starts up AIMSUN and load a scenario 
    c:\...\GETRAM v4.1\aimsun  c:\scenario_path\scenario.sce 
 

IMSUN, load a scenario and run simulation in Run mode 

ations are defined they will be executed automatically. 

.2.7 Running AIMSUN without GUI: AConsole. 

AConsole (AIMSUN Console) is an application used to run any number of AIMSUN simulations from a 
MS-DOS window without going through the Graphical User Interface. 
 
The format of the command is: 
 
aconsole <scenario_path1> [single | multiple] … <scenario_pathN> [single | multiple] 
 
If you want to run a multiple number of replications, which should be previously defined (and saved) in the 
scenario through AIMSUN Replication Dialog, then the parameter ‘multiple’ has to follow the scenario path. 
In that case AIMSUN will execute ‘Number of Replications’ runs using the Random Seeds as defined in the 
scenario. Simulation Outputs of each replication will be stored according to the Output Location defined in 
the scenario. In case that the user has selected ‘Calculate Average’ in the scenario then the average 
replication will be created (only in ODBC and Access database output formats). 
 
On the other hand, if you only want to simulate one replication of the simulation, despite of what you have 
defined in the scenario, the parameter ‘single’ has to be used. By default, if no ‘single/multiple’ parameter is 
used when running an experiment then the scenario will be simulated as multiple. 
 
Examples: 
 
- aconsole c:\bcn.sce single x:\amara.sce multiple 
- aconsole z:\networks\diagonal.sce  
 which is the same as  aconsole z:\networks\diagonal.sce multiple 

5. Begin button: initialise simulation experiment 
6

2) Start up A
    c:\...\GETRAM v4.1\aimsun  -run  c:\scenario_path\scenario.sce 
 
3) Start up AIMSUN, load a scenario and run simulation in Batch mode 
    c:\...\GETRAM v4.1\aimsun  -batch  c:\scenario_path\scenario.sce 
 
Taking into account that c:\...\GETRAM v4.1\ means the directory where aimsun.exe is located, and 
c:\scenario_path\ is the folder where the scenario named ‘scenario.sce’ is located. 
 
When executing the AIMSUN simulator in batch mode from the MS-DOS console, if the simulator detects 
that in parameter files multiple replic

7
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he t figure shows an example of the use of ACT  nex onsole in a MS-DOS window. 

 

 
 
If you want to simulate different scenarios of the same network, remember that the replications that will 
be simulated and the database where the simulation output will be stored are the same for all the 
scenarios of the same network. As they are saved at the network level, simulating the same network with 
different scenarios one after the other will overwrite the output data stored in the previous scenarios and 
you will only get the statistics of the last scenario. To solve this you can make as many copies of your 
network as scenarios you want to simulate. Afterwards, you can define the same ODBC or Access 
database to store the statistics in all the networks, but at the same time use different replication ID’s in 
each copy of the network. Doing this will allow you to have all the simulation output data of all the 
replications in the same database. 
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7.3 SAVING THE SIM
 
At any time during a simulation the user may wish to save the current state of the network, which may be 
retrieved and used in future simulation experiments. One reason for this might be to use this state as an 
initial state for continuing the simulation experiment later or under different conditions. Another reason 
might be to produce a Traffic Result from an O/D Matrix. This is the case when a state is saved while 
running in Route-Based mode. 
 
The network state is defined by: 
 
• Flows at the input sections (vehicles/hour). 
• Turning proportions for all sections. 
• Number of vehicles travelling along each section for each turning. 
• Number of vehicles stopped at every section for each turning. 
• Mean speed for vehicles travelling at each section. 
 
Saving the current state can be done using the command ‘File / Save Current State’. This command can only 
be used when the simulation is stopped. Figure 7-19 shows the ‘Save State’ window. This window has two 
tab folders named ‘General’ and ‘Result’. 

Figure 7-19: Save State Dialog Window General tab folder 

ULATION STATE 

 
 
The ‘General’ tab folder contains an option menu for selecting between ‘Save Concrete State’ and ‘Save 
Average State’. They differ in terms of the data used to create the state. The first can only be selected when 
imulating with a traffic result, while the second can be selected either when simulating with a traffic result 

pecify into what Traffic Result to save the state, either as a Current state or an Average state (see 
Figure 7-20). The name and time of the state can also be defined here. By default, the system provides the 
name as the current simulation time (e.g. at time 00:30:42 it suggests the name 00h30m42). 
 

s
or with an O/D matrix.  
 
Once the save mode has been selected in the General tab folder, the user can use the via the ‘Result’ tab 
folder to s
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Figure 7  folder. -20: Save State window Result tab

 
 

7.3.1 Save Concrete State 
The flows at the input sections and the turning proportions for all sections are taken directly from the input 
flows and turning proportions defined in the state which is active at this time. Therefore, they will be the 
same as the traffic result used as input. The number of vehicles travelling, their mean speed and the number 
of vehicles stopped at every section for each turning are taken from the current simulated situation, not from 
the input state, nor from the statistical data gathered during the simulation. 

7.3.2 Save Average State 
The flows at the input sections and the turning proportions for all sections are taken from the statistical 
results of the current simulation. The user may then define whether to use Global or Periodic statistical data. 
Global means that data gathered during the whole simulation period is considered. Periodic means that only 
the data corresponding to certain time periods will be used.  
 
The user can select one or various periods by clicking on the ‘Time Period’ list box (see Figure 7.21). The 
number of vehicles travelling, their mean speed and the number of vehicles stopped at every section for each 
turning movement are also calculated from the statistical data, not from the input state or from the current 
situation. 
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Figure 7-21: Save Average State 
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7.4 RUNNING DIFFERENT REPLICATIONS OF THE SIMULATION  
 
A simulation model does not provide a unique solution to a given problem, it just tries to emulate the 
behaviour of a complex system in which randomness is involved. Each run of a simulation program, called a 
replication, provides a possible behaviour for the modelled system, which means a point in a sample of 
feasible results of the model. The final result is obtained through the statistical processing of simulation 
results from different replications. Therefore, a simulation study requires the run of a number of replications 
of the same model, using different random seeds. 
 
The Random Seed is the only parameter related to randomisation. This parameter must be an integer number 
and it used as the initial seed for the pseudo-random number generator. The pseudo-random generator is used 
to sample real numbers uniformly distributed between 0 and 1. These numbers are used to produce the 
different random distributions used in the model, such as the Shifted Exponential distribution for vehicle 
arrivals, the Normal distributions used to generate vehicle characteristics, or the Uniform distribution used to 
assign the next turning movements to vehicles. Using the same seed with the same input data (network, 
traffic demand data, control plan and simulation parameters) creates identical simulation results. 
 
There are three types of seed in AIMSUN. The global seed defined by the user, which is used to generate 
randomly the rest of local seeds, N section-seeds, and M-centroid seeds. The section seeds are used in the 
generation of vehicle arrivals and the generation of the next turning (for Result based simulation). The 
centroid seed are used for the generation of vehicles and decision of route to follow in case of variable route 
choice model. Also when a vehicle is re-routed during the trip and has to apply the route choice model again, 
it uses the seed of its origin centroid, and not the seed of the section. 

A simulation experiment should nario, composed of the traffic 
network, traffic demand, traffic control plan and a se eters. The user can define 
the number of replications to perform and a different seed for each replication. Then the whole experiment 
can be run in Batch mode and the results of each replication are stored. The Replication Identifier identifies 
each replication result. Chapter 7 explains how different replication results are stored. The whole experiment 
simulation results should be taken as the mean of all replication results, and variances and confidence 
intervals have to be calculated. 
 
Replications are defined via the Replications dialog window (see Figure 7-22) that appears when you select 
the ‘Experiment / Replications’ command. In this dialog window, the user may choose to perform either a 
single or a multiple replication run by selecting the corresponding toggle button.  
 

 seed and a replication 
ion dialog window by clicking on ‘OK’ button and 

 the Multiple replications run is being used, the user must type in the number of replications to run and 

atically calculated and stored, either in ODBC or Access database. This option 
is not available in case that the simulation output was stored in ASCII files. Average calculation is activated 
clicking on ‘Calculate Average’ toggle button. The average of all replications is stored as a new replication, 
therefore a replication identifier has to be defined. 

ode. This is done via the Replications dialog window by 
ltiple replications, the ‘Replicator’ dialog window appears 
h replication number is running, the percentage of run time 

be run. The user may cancel the multiple replication run at 

 
 consist of a set of replications of the same sce

t of global modelling param

If the Single replication run is being used, the user must provide an initial random
identifier. Then, to run the simulation, close the Replicat
select any of the available running modes from the ‘Run’ command.  
 
If
must then choose between typing the set of pairs (replication identifier, random seed) or simply pressing the 
‘Create’ button so that the program the program does it automatically. Optionally, the average of all 
replications can be also autom

 
Multiple replications can only be run in Batch m
clicking on ‘Simulate’ button. When running mu
(see Figure 7-23). It provides information on whic
covered, and the total number of replications to 
any time by pressing the ‘Cancel’ button. 
 
 

Figure 7-22: Replications Dialog Window 
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Figure 7-23: Running multiple replications  

 
 

7.4.1 Calculation of the number of replications 
s method [LAW91] provides a number of replications required in order to obtain a value within the limits 
% of the mean of our sample with a 

Thi
f κ α% level of confidence. o

 
First, we need to carry out a pilot experiment with a predefined number of replications (i.e. 4-6). Using the 
results of this experiment we calculate a confidence interval and check whether the above condition is 
satisfied. If not, we calculate: 

( )n n h
h

*
*=

2

                 

where: 
n* : total number of replications required  
n: number of replications of the pilot experiment 
h: confidence interval of the pilot experiment 
h*: confidence interval of the whole experiment. 
 
Example: 
Let us assume that we are studying the output variable ‘travel time’, and that we want to obtain a value 
within the limits of 5% of the mean of our sample with a 95% level of confidence. 
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We define a pilot experiment with n=10 replications and the resulting mean travel time (x ) is 32.4818 min. 
and the standard deviation of the sample (S) is 3.5149 min. We calculate the 95% confidence interval, where 
h is calculated as: 

h t S n
n

=
− −1 1 2; α   

t9 975 2 26, .=  

h = 2.512 

The 95% confidence interval (x  ± h) is (32.4818 - 2.512, 32.4818 + 2.512) = (29.9698, 34.9938), so we 
conclude that this is not an acceptable result, as 5% of the mean would be 0.05(32.4818) = 1.624, which is 
smaller than h=2.512. 

We now apply the above equation to calculate the required number of replications 

n* = 10(2.512/1.62)2 = 24.04 

We recommend that you round up n* to the next integer, so the estimated number of replications required 
would be 25. However, we recommend taking this as an upper limit. 

If we try 15 replications we will get a mean of 32.1094 and a standard deviation of 3.1903. This gives a 
value of h = 1.3144. Now, 0.05(32.1094) = 1.61 > 1.3144, so the confidence interval is (32.1094 - 1.3144, 
32.1094 + 1.3144) = (30.795, 33.4238). Although it is still greater that 5% of the mean, we might think that 
this is an acceptable result, as we are saving 10 replication runs. 

7.4.2 Replication Information Output 
In each simulation run or replication, AIMSUN v4.1 generates the output of all information related to its 
scenario and all experiment parameters. This information is:  
 
• Replication Information: Identifier, Seed, Simulated date, Initial Simulation Time, End Simulation Time, 

Warm-up, Execution Date, Execution Time, Statistics Interval, Detection Interval and etc. 
• Scenario Information: Network, Traffic Demand (either traffic result with its states or OD Matrix), 

Arrival Distribution, Control Plans, etc. 
• Experiment Parameters: Simulation Step, Reaction Time at Stop, Queuing Up Speed, Queuing Leaving 

Speed, Applying 2 Lanes Car Following, Percentage Overtake, Percentage Recover, On Ramp Model, 
Route Choice parameters, etc. 

 
This information, when the output is based in ASCII files, is stored in a text file named ‘ReplicationInf.txt’ 
in the output directory, and, when the output is in a Data Base, it fills the tables Replicat, RepScen, RepState, 
RepCtrl, RepExp and RepExt (see Appendix 2: Output Data Base Definition to see all attributes associated 
to each table). 
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8. R A  US R IN FACE 
 
This chapter provides a detailed description of all output provided by the AIMSUN microsimulator: 
Animati  o tical R ata. 
 

ulation (see Figure 8-1). This means that, 
depending on the scale s while the simulation 
runs and their positions are updated at every anima on step, which is calculated as the simulation step 
multiplied by the redrawing frequency (see section 7.2.2). When simulating using the Run option, the 
animation goes as fast as possible. Simulating using the Real Run option slows the animation down to real 
time. Batch simulation mode does not produce simulation animation at all, and is therefore the fastest 
simulation mode. 

Figure 8-1: Simulation animation. Vehicles detail 

G APHIC L E TER

on f the Simulation, Statis esults and Detection d

8.1 ANIMATION OF THE SIMULATION 
 
AIMSUN provides as output a graphical animation of the sim

elected, the vehicles moving are drawn on the traffic network 
ti

 

8.1.1 Vehicle Detail 
 2D animation, vehicles can be drawn at two different levels of detail: Low Detail and High Detail. 

Drawing vehicles in High Detail decreases the animation speed so we have added a new option in the View 
Menu, Vehicle low detail / Vehicle high detail, allowing the user to select the level of detail. If you choose 
low detail, vehicles will be drawn as rectangles, otherwise they will be drawn as more realistic vehicles (see 
figure 8-2). 
 
There are six models of realistic vehicles: car, van, truck, bus, bicycle and pedestrian. Each vehicle type has 
a model assigned. By default, if the vehicle is typed as public transport we use the bus model; in the other 
cases we assign the model according to the length of the vehicle: 
 

In
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• >= 10m      truck 
• 5m<=   .. < 10m  van 

Figure 8-2: Simulation animation. Vehicles High Detail 

                                                       

• 1.5m < ..  < 5m  car 
• 0.5m < ..  <= 1.5m  bicycle or motorbike 
• <= 0.5m   pedestrian 

 
The user can change it and make his/her own assignation in the Preferences Dialog. See the Preferences 
Dialog section (8.2.9.3) for more information on how it works.  

 

 

0 

0 

0 

 
Van, truck an bus vehicles models can be defined as articulated. 

8.1.2 Smoother Animation 
In AIMSUN v4.1 a Smoother animation option has been implemented. Consequently the Redrawing 
frequency parameter (Run Time Dialog) has two interpretations:  
 

 
 

If you introduce an integer greaten than zero (m), the network will be refreshed each m simulator cycles (as 
in previous versions), but if you introduce 1/n (n>0), the network will be refreshed n times per simulator 
cycle. 
 

 vehicle state is carried out at every simulation step, not at each animation Keep in mind that updating each
step. When Smoother animation is applied, positions of vehicles at each animation step are interpolated from 
the positions at each simulation step. 
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8.2 VIEW COMMAND MENU 
 

he ‘View’ command menu groups a set of display functions. The first two options are T for scaling purposes. 
‘View / Whole Network’ automatically sets the scale to a value so that the entire network fits into the display 
area. ‘View’ / Minimum Cars Scale’ automatically sets the scale to a value such that the individual vehicles 
can be seen when running in Run, Real Run or Step modes (1:3000). When the scale is larger than this value, 
no cars are drawn but the sections are coloured according to a range of colours that represents the traffic 
density of the section (as shown in Figure 8-3). These colours are also updated for every step of the 
simulation run. 

Figure 8-3: Simulation animation: Densities 

 

8.2.1 Vehicle Colouring 
By default, vehicles are coloured in the colour selected as Generic Vehicle in the ‘View / Preferences’ dialog 

identify certain features. 
 user can select from a range of colours to 

istingui the vehicle destination 
cen  time. For the first option, 
sele h vehicle type will be automatically 
assi is set of colours through the ‘View / 
Pref
 
A s
comman t intended turning movement. 
Vehicles turning on the far right will be coloured green while vehicles turning to the far left will be coloured 
in red. A range of different colours will be used in between. 
 
A third option is to colour vehicles by origin or destination centroid. This is done by selecting the 
‘View/Vehicle Colouring/Origin’ and ‘View/Vehicle Colouring/Destination’ commands respectively. 
Vehicles coming from or going to certain centroids will be drawn in a different colour. In both cases the set 
of centroids to be taken into consideration must have been defined previously using the ‘View / Preferences’ 
dialog (see section 8.2.9).  
 

(see section 8.2.9). The user may wish to display the vehicles in different colours to 
This is done using the ‘View/Vehicle Colouring’ option. The
d sh vehicle types, or use different colours to identify the vehicle origin, or 

troid. The different options are exclusive. Only one can be active at any given
ct the ‘View/Vehicle Colouring/Vehicle Type’ command and eac
gned to a particular default colour. The user may define th
erences’ command. 

econd option is to colour vehicles by Turn. This is done by selecting the ‘View/Vehicle Colouring/Turn’ 
d. Vehicles at each section will be coloured depending on the nex
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The ‘View/Vehicle Colouri elected as Lost Vehicle in 
the ‘View / Preferences’ dialog, while the rest are coloured in the colour selected as Generic Vehicle. Lost 
vehicles are vehicles that have missed a turn and cannot reach their desired destination. 
 
The ‘View/Vehicle Colouring/Sections’ option is used to view the origin or destination centroids for all the 
vehicles that are in a specific section or polysection. A window requesting the user to click on the desired 
section will appear (see figure 8-4). Select the desired toggle button, origin or destination, and then click on 
a section and the vehicles present in that section will be coloured according to their origin or destination 
centroids. In case that the user selects a section that pertains to a polysection, vehicles of all the polysection 
are coloured by their origins/destinations. 

Figure 8-4: Colour vehicles in a section by origin or destination 

ng/Lost’ option will colour lost vehicles in the colour s

 
 
These four last options, View/Vehicle Colouring/Origin, Destination, Lost, and Sections are only possible 
when the simulation is Route-Based, i.e., when traffic demand is defined as an O/D Matrix. 
 
To colour Public Transport Vehicles, select the ‘View/Vehicle Colouring/Public Transport’ option. This 
causes vehicles to be coloured by bus line. Lines to be coloured are selected via the ‘View / Preferences’ 
dialog (see section 8.2.9). Vehicles belonging to the selected lines will be displayed in a different colour. 
 
Finally, using the ‘View/Vehicle Colouring/Vehicle Tracking’ option, the user can choose to highlight the 
vehicles that are being tracked through a GETRAM Extension application in a different colour (see the 
GETRAM Extension User Manual for information on how to track a vehicle). 

8.2.2 Displaying Number of Vehicles 
During the simulation run the user can view information about the number of vehicles of each type that are 
currently driving in the network. When you select the ‘View / Number of Vehicles’ option, the dialog 
window shown in Figure 8-5 is displayed. If this window is left open while the simulation is running, the 
data in the dialog window will be updated continuously.  
 
The Number of Vehicles dialog has the following information: 
 

 Wait. Out: Number of Vehicles that are waiting to enter in the network. 
 Inside: Number of Vehicles that are currently in the network. 
 Gone Out: Number of Vehicles that have left the network. 
 Lost In: if the route-based mode is being used, the number of lost vehicles that are currently in the 

network. 
 Lost Out: if the route-based mode is being used, the number of lost vehicles that have left the 

network since the beginning of the simulation until the current time. 
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Figure 8-5: Number of Vehicles Dialogue Window 

 

8.2.3 Displaying Vehicles Attributes 
The user can also obtain detailed information on a particular vehicle just by double clicking on it. The 
Vehicle  dialog window will then appear and the vehicle will be highlighted in a different colour (see Figure 
8.6). This can only be done when the simulation run has been halted. Now, if the model is run after opening 
the Vehicle dialog window, the dynamic information contained in this dialog window is continuously 
updated while the simulation runs until the vehicle exits the network. 

Figure 8-6: Vehicle Information Dialogue Window 

 
 
The Vehicle dialog window provides two types of information: Vehicle Attributes and Floating Car Data. By 
default, vehicle attributes that describe the current state of the vehicle are displayed. The user may select 
whether or not to display this information by clicking on the ‘Vehicle Attributes’ toggle button.  
 
The data displayed are vehicle identifier and vehicle type, current entity (section or junction), turning angle 
(indicating the next turn), current and previous positions in the entity, current and previous speed, desired 
speed at position. Also, a flag indicating whether the vehicle is guided or not, the guidance acceptance level, 
the origin and destination centroids and the path tree being used are given when running in the Route-Based 
mode. Other vehicle static data provided are length, width, acceleration and deceleration rates, vehicle 
desired speed, speed acceptance, minimum distance to keep from previous vehicle and maximum give way 
time (see section 3.4.1 for a description of these parameters).  
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On the other hand, Floating Car Data can be obtained via the Vehicle dialog window. Clicking on the ‘Get 
floating car data’ toggle button causes the dialog window to expand as displayed in Figure 8-7. From that 
point, the distance travelled, the time being followed, the mean speed, the number of stops and the total stop 
time of the floating car are displayed in the dialog window and continuously updated while the simulation 
runs until the vehicle exits the network. 
 
It is also possible to track the vehicle using an automatic, continuous scrolling network view. This is done 
when you click on the ‘Follow’ toggle button. The  ‘Find’ button can be used to locate a vehicle in the 
network. 

Figure 8-7: Vehicle Dialogue Window: Get floating car data 

 
 
The last button in the Vehicle dialog window is the ‘Remove’ button. Clicking on this button causes the 
vehicle to be removed from the network. The removed vehicle will not be considered in the statistical data 
gathered for the current section. 

8.2.4 Show Objects 
The ‘View / Show Objects’ command is for selecting which objects to display on the screen and whether or 
not to display their identifiers and or their Names. Figure 8-8 displays the ‘Show Objects’ dialog window. It 
consists of a column for each object characteristic to the display: object type, identifier and name. The user 
may activate the display of each characteristic of each object by clicking on the corresponding column. A 
‘Yes’ means it will be displayed, empty means that it will not. 
 
This dialog window looks similar to that in Tedi. It is now possible to visualise the vehicles over the 
background, with the sections and junctions hidden. 
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Figure 8-8: Show Objects Dialogue Window 

 

8.2.5 Show Speed Limits 
The ‘View / Show Speed Limits’ command displays speed limit traffic signs for each section, as shown in 
Figure 8-9. In a polysection, one speed limit sign is shown per section composing the polysection. To hide 

e speed limit signs, select the ‘View / Hide Speed Limits’ command. th

Figure 8-9: Speed Limits display 
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8.2.6 Show Virtual Q
Selecting option Show Virtual Queue from the View menu, a warning traffic signal will appear over all those 
sections that have entrance queues (see figure 8-10).  
 
Double clicking over one of these triangles opens a dialog showing the number of vehicles, detailed per 
vehicle type, of the queue of the correspondent section. The user has the option of displaying a Time Plot 
showing the evolution of the queue during the last 20 simulation steps. If you have more than one vehicle 
type you will see a chart for the total number of vehicles and a chart for each vehicle type. 

Figure 8-10: Virtual Queues Display 

ueues 

 
 
The warning triangles are only shown if the network scale is greater than or equal to the Minimum car scale. 

8.2.7 Show Occupied Detectors 
sualisation of occupied detectors. This 

rnative command: ‘Show Occupied 

When e  whenever a vehicle passes it. The 
default  defined by the user via the Preferences dialog window. Only full 

e detector during part of a simulation step, 

This w n (see section 8.4). Visualisation of 
occupie  is activated. 

nd 

nes that can be loaded into 

There is an option in the AIMSUN Interface to able/disable the vi
option, which can be found in the ‘View’ menu, appears as an alte
Detectors’ vs. ‘Hide Occupied Detectors’ 
 

nabled, the detectors will be highlighted in a different colour
colour is red, but this colour can be

simulation steps are considered. Therefore, if a vehicle passes th
the detector will be highlighted during the whole simulation step.  
 

orks both for normal vehicle detection and Clickable Detectio
ed when Clickable Detectiond detectors is automatically activat

8.2.8 Backgrou
The ‘View / Background’ command opens the ‘Background Manager’ dialog window, which is used to load 
background images (see Figure 8-11). This dialog window is similar to the one described in the Tedi User 
Manual except that it is not possible to register a background in AIMSUN. The backgrounds that have been 
registered via Tedi are listed in the dialog window and these are the only o
AIMSUN. The rest of the dialog window is the same as its counterpart in Tedi. 
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Figure 8-11: Background Manager Dialog Window 

 

8.2.9 Preferences 
The ‘View / Preferences’ dialog has three categories: Colours, Backgrounds and Shapes (see Figure 8-12). 
‘Colours’ allows the user to customise the colours to be used for drawing certain objects. ‘Backgrounds’ is 

images. Finally, ‘Shapes’ is used to select what shape to use to 
ences of this element are 

All 
 

• The preferences of  background :  network path\BckPreferences 
• The generic preference
• The colour palette:  getram install dir\getram\Aimsun\DefaultColors 
• The colours of the vehicle types and public transport vehicle types:  

network path\odmatrix o traffic res.\AIMSUN\VehTypesColors 
network path\PTVehTypesColors 

• The colours of the centroids: network path\CentroidsColors 
• The colours of  the public transport lines: network path\PTLinesColors 
• The shapes of the vehicle types and public transport vehicle types: 

network path\odmatrix o traffic res.\AIMSUN\VehTypeShapes 
network path\PTVehTypeShapes 

8.2.9.1 Colours 
This folder corresponds to the ‘Colours’ category (see Figure 8-12) and is used to select the colours for 
highlighted objects when the user selects them: section, junction, detector, metering, VM centroid and 

ehicle. Also, the colour to be used for drawing a vehicle that is not distinguished by vehicle type can be 
ele

 
We have rem ours that we had in previous versions. Now the user 
can define his/her own colour palette. A minimum of 15 colours is required. By default, the simulator 
proposes a palette of 20 colours that the user can change at any time. 
 

used to select preferences for background 
draw each vehicle type. When selecting an element of the Category area, the prefer
shown. 
 

the information of this dialog is kept on the hard disk, in several files: 

s of the network:  network path\Preferences 

S, 
v
s cted here. Finally, the colour for lost vehicles is also defined in this folder.  

oved the limitation of twenty predefined col
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Figure 8-12: Preferences: Colours Category 

 
 
The ‘Colours’ category is subdivided into four subcategories: 
 

 Vehicle Type: to select the colours associated with each vehicle type. These colours will be used 
whenever the user has selected to colour different vehicle types via the ‘View / Vehicle Colouring / 
Vehicle Type’ option.  

Figure 8-13: Preferences: Vehicle Types Colouring 

 
 

 Centroid: to select the set of colours associated to each centroid and to select centroids for 
displaying vehicles by origin/destination. 
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Figure 8-14: Preferences: Centroids Colouring 

 
 

 PT Line: to select the set of colours associated to each PT Line and to select PT Lines for 
displaying PT Vehicles. 

Figure 8-15: Preferences: PT Lines Colouring 

 
 

atically assigned to objects, and the order in  Default: to define a list of default colours to be autom
which they will be used. 

 
The Default Category allows the user to define a palette of colours. With the New button is used to 
add colours. This button is activated if no colour is marked. To eliminate a previously selected 
colour you select it (click on the white column) and then press Delete 

Figure 8-16: Preferences: Default Colours 
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The Up and Down but his order is the order that the 
application will take into t of colours to the vehicle types, 
centroids or public transport lines. This action is activated with the Default button that you can find 
in the following areas: 
 
Vehicle Type, 
 

tons are used to change the list order. T
 account when making a default assignmen

 
 
and  Centroid or PTLine:  
 

 
 
The Clear button deletes the assignments made and returns the generic centroid or public transport 
colour. When the user wants to assign colours by default, this will be made only to objects with the 
column Enable set to Yes. The objects selected (i.e. set to Yes), are the ones that will be used when 
selecting Vehicle Colouring per origin, destination or public transport. 
 

In all these dialog windows, you can modify a colour by clicking on the coloured rectangle. This will display 
the Colour dialog window (see Figure 8-17). Select the desired colour by moving the Red, Green and Blue 
bars left or right. Click on OK to accept the new colour, (as displayed in the upper rectangle). Click on 
Cancel to retain the previous colour, (displayed in the lower rectangle). 

Figure 8-17: Colour Dialog Window 

 
 

8.2.9.2 Backgrounds 
Using the ‘Backgrounds’ the user can activate/deactivate a set of options related to the Backgrounds display. 
This dialog window is similar to the one described in the Tedi User Manual. 
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Figure 8-18: Preferences: Backgrounds 

 
8.2.9.3 Shapes 
The ‘Shapes’ category shows all vehicle icons available for representing cars, bus, trucks, vans, bicycles and 
pedestrians. Then, through the folder Shapes/Vehicle Type the user can associate each vehicle type in the 
model with a particular shape. 

Figure 8-19: Preferences: Shapes 

 
 

Figure 8-20: Preferences: Shapes. Vehicle Type. 
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8.3 THE ‘WINDOW’ COMMAND
 
The ‘Window’ menu contains a set of commands used to manage additional information windows. These are 
Show Scenario Info, Show Legend, Show Log Window, Show/Hide Status Bar and Show/Hide Toolbar. 

8.3.1 Show Scenario Info 
When you select this option, the Scenario Information window is displayed (see Figure 8-21). This window 
contains the names of the components included in the current scenario: network, traffic result (including the 
states) or O/D matrix, arrivals distribution, initialisation options, list of control plan and schedule, public 
transport plan, environmental models and GETRAM Extension DLL’s. 

 MENU 

 
During simulation, an arrow indicates the state and the traffic control plan that is active at that time. 

Figure 8-21: Scenario Information window 

 

8.3.2 Show Legend 
A legend can be displayed using the ‘Window / Show Legend’ command. The legend has its own window, 
with scroll bar (previously it was drawn in the same window area as the network), so you can place it 
nywhere on the screen and leave it open all the time if you wish. 

 
Depending on the display option selected, the legend will display the range of colours for the densities, the 
colours of the vehicle types, or the colour identifying the origin or destination centroids. Figure 8-22 shows 
the different types of legends. To remove the Legend displayed from the window, select the ‘Window / Hide 
Legend’ command. 

a
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Figure 8-22: Legend Window 

 

8.3.3 Show Log Window 
Selecting the ‘Window / Show Log Window’ command displays the Log dialog window displayed in Figure 
8-23. This dialog window contains the warning messages that have been issued during the current AIMSUN 

 and continue. Press the ‘Clear’ button to clear the session. Press the ‘OK’ button to close the window
window contents. To prevent the warning dialog window from appearing automatically whenever a warning 
message is displayed, deselect the ‘Show this window on next warning’ toggle button. 

Figure 8-23: Log Dialog Window 

 
 

8.3.4 Hide / Show Status Bar 
Selecting the ‘Hide / Show Status Bar’ command determines whether or not the Scale and Time area located 
at the bottom of the AIMSUN main window is displayed. This option can be used to provide the maximum 
network display area. 

8.3.5 Hide / Show Toolbar 
Selecting the ‘Hide / Show Toolbar’ command determines whether or not the Tool Bar located on the 
leftmost side of the AIMSUN main window is displayed. This option can be used to provide the maximum 
network display area. 
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8.4 CLICKABLE DETECTION 
 
This feature is intended to enab
simulation run. It is assumed th

le the user to manually activate detectors just by clicking on them during a 
ectors will be a method mainly used by developers of 
at reason it is assumed that this feature will only be 

vailable whenever the user is running a GETRAM Extension application which is performing an adaptive 
traf
 
The s produced by the Clickable Detection Feature will not be considered in Aggregated 
Det ycle Detection (detection done each 
sim ombination with external applications. If a detector is both 
cti ehicles and manual clicks during a simulation step, the measures corresponding to 
e clicks will be disregarded and only the measures from the simulated vehicle will be considered. 

is feature 
xtension 

pp  only practical if there is some external control system which 
is able ment ‘Detector Clickable Getram Extensions’ for 

eta ickable detection. 

eature is enabled as soon as the corresponding GETRAM Extension is loaded and 

l rface, just below the Incidents icon. Also, a new command, ‘Detection Events’, 
l

at manually clicking det
traffic control programs in the test/debug stage. For th
a

fic control making use of the simulated detection. 

 detection measure
ection (detection aggregated during a time period) but only in the C
ulation step), which is basically used in c

a
th

vated by simulated v

8.4.1 Enabling Clickable Detection Feature 
The Clickable Detection Feature will be enabled by a GETRAM Extension Function. By default, th
s disabled. The user can enable this feature by calling a particular function from a GETRAM Ei

A lication, as it is assumed that this function is
to deal with these detection events. See the docu

ils of the GETRAM Extensions Functions related to cld
 
The Clickable Detection F
is disabled when the GETRAM Extension is unloaded. 
 

nce the Clickable Detection Feature is enabled, a new icon, called the Detection icon, will appear in the O
too s bar of the AIMSUN Inte
wil  be included in the Experiment menu (see Figure 8-24). 

Figure 8-24: Detection Icon and Detection Events command 

 
 

8.4.2 Activating Clickable Detection Capability 
The Detection icon is used to activate the Clickable Detection Capability during the simulation run. To 
deactivate Clickable Detection Capability, select any other icon. When activated, (i.e. the icon is pressed), 
the cursor arrow will change to a different colour to inform the user that now clicking on detectors, both 
single clicks and double clicks, will represent detection events. The default colour is red, but this colour can 
be defined by the user via the Preferences dialog window, as it is the same colour used for highlighting 
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occupied detectors (see Visua While Clickable Detection is 
activated, i.e. the cursor arrow is red, clicking on any network object other than detectors will have no effect. 

8.4.3 Detection Events 
A Detection Event is defined by the following values: 
 

 Begin-time: time at which the detector becomes occupied 
 End-time: time at which the detector becomes non-occupied 
 Vehicle type 
 Public Transport Line, in case the vehicle type is a PT vehicle. 
 Speed of vehicle crossing the detector 
 Vehicle length 

 
Begin and End time appear in the detection events of all type of detectors, while the rest of measures are only 
for some detectors, depending on the detection capabilities. 
 
Detection Events can be defined via the AIMSUN Graphical User Interface in two different ways:  

2) by two consecutive single clicks on the detector. 
 

8.4.
Dou hich the user may edit a Detection 
Eve
 
1) 

t simulation time] 
 ulation time plus 

 a list of PT Lines that 

 in brackets will be changed to the last defined values for each detector. Therefore, 

lisation of Occupied Detectors Function). 

 
1) by one double click on the detector, or  

3.1 Double Clicks 
see Figure 8-25) in wble-clicking on a detector opens a window (

nt consisting of the following data (default values in brackets): 

For all types of detectors 
 Begin-time: time at which the detector is occupied [curren

End-time: time at which the detector becomes non-occupied [current sim
simulation step] 

 
2) For some detectors, depending on the detection capabilities 

 Vehicle type, which can be selected from a list of available types that contains all types in the 
network including PT vehicles [first vehicle type alphabetically] 

 PT Line, in case the vehicle type is a PT vehicle, it can be selected from
crosses the detector [first PT Line in the list] 

 Speed of vehicle crossing the detector [section speed limit] 
 Vehicle length [the mean length of the selected vehicle type] 

 
The above default values
when a new detection event is defined for a particular detector, the values of vehicle type, PT Line, Speed 
and Length will be taken from the last detection event defined for that detector. 
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Figure 8-25: New Detection Event Dialog 

 
 
The detection measures produced, which will depend on the detector capabilities, are as follows: 
 

 Count: each Detection Event corresponds to 1 vehicle 
 Presence: set to 1 from Begin-time to End-time 
 Occupancy: set to 100% from Begin-time to End-time 
 Speed: speed value defined in the dialog 
 Headway: time between previous End-time and Begin-time 
 Vehicle Type: vehicle type defined in the dialog 
 PT Line: PT Line defined in the dialog 

Density: calculated using the length defined in the dialog  

nt to occur either at the current simulation time or at a certain future 
e simulation step. In this way, the 

dial
mod
window
 
While a
colour. Double-clicks are only the user should stop the 

on event dialog 

he single click option only allows the user to create periods of occupation that are multiples of 

e of this 
detection event is undefined until you left click a second time. 
 

 Begin-time: time of first single-click 
 End-time: time of second single-click  
 Vehicle type: default vehicle type 
 Public Transport Line: default PT Line 
 Speed: default speed 
 Vehicle length: default length 

 
he user can define the Detection EveT

simulation time. Begin and End times do not need to be multiples of th
hat is being measured and the user can either accept the default values or og informs the user about w

ify any of them. The OK button activates the detection with the selected parameters and closes the 
 again.  

 Detection Event is being edited, the corresponding detector is highlighted with the ‘selection’ 
 accepted while the simulation is paused; therefore 

simulation before opening the detecti

8.4.3.2 Single Clicks 
Left clicking on a detector changes the status of the detector. The first left click sets the detector status as 
occupied, while the second left click will change the status to non-occupied. The occupation of the detector 
starts or ends as soon as a new cycle step starts after the click. Minimum occupation time is one cycle step. 

herefore, tT
the simulation step. 
 
Single clicks can be made either while the simulation is stopped or running. 
 
When you left click on a detector for the first time, a Detection Event is created. The End-Tim

186 



TSS-Transport Simulation Systems  February 2004 
 

 
The detection measures produced, which will depend on the detector capabilities, are as follows: 
 

 Count: each Detection Event corresponds to 1 vehicle 
 Presence: set to 1 during the occupied period 
 Occupancy: set to 100% during the occupied period 
 Speed: default speed limit 
 Headway: time between previous End-time and Begin-time 
 Vehicle Type: default vehicle type 
 PT Line: default PT Line 
 Density: calculated using the length of default vehicle type 

 

8.4.3.3 Combining single and double clicks 
A Detection Event is said to be active when the Begin-Time is smaller than current time and End-Time is 
either undefined or greater than current time. Therefor etection Event corresponds to a currently 

defined.  

ction event is finished: the previous value of End-Time is 

The user can define a new complete Detection Event. 

8.4.3.4 Detection Events Log File 
All detection events defined, both single-click and double-click events, can be stored in a Detection Events 
Log File. The idea is similar to the Incident Generation feature. AIMSUN is also able to read a Detection 
Events Log File, so previously stored detection events can be automatically reproduced in future simulations 
(similar to the incidents log file). They are ASCII files that can also be edited directly by the user if 
necessary.  
 
During simulation, all Detection Events are stored in memory and they can be viewed via the Detection 
Events dialog. This dialog is similar to the Incidents and VMS Messages dialogs. It contains a list of all 
defined Detection Events and it is retrieved via the ‘Experiment / Detection Events’ menu command. This 
command will only appear in the menu if the user has enabled the Clickable Detection Feature. 

e, an active D
occupied detector. 
 
An active Detection Event is said to be open when it has the Begin-Time defined but not the End-Time, and 
closed when both Begin-Time and End-Time are 
 
When you click once on a detector, either with the simulation stopped or running:  
 

 If the detector is active and open, it is closed with End-Time set to current time. 
 If the detector is active and closed, the dete

changed to current time. 
 If the detector is not active, a new open detection event is defined, with Begin-Time equal to current 

time and leaving End-Time undefined. The rest of parameters take the default values 
 
When you double click on a detector:  
 

 If simulation is running (run or batch), it works as a single click. 
 If simulation is stopped 

o If the detector is active and open, the Detection Event Dialog is open. The user can only edit the 
End-Time, which in any case can not be smaller than current time. 

o If the detector is either not active or active and closed, the New Detection Event Dialog is open. 
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Figure 8-26: Detection Events List 

 
 

The Detection Events dialog contains all events defined either by single or double clicking. The list is 
refreshed as soon as a new event is defined. Detection Events can be deleted from the list with the Delete 

pped. 

lar GETRAM Extension Function. 

hen the user selects one of the two 

ion loaded that allows detection events, those 

mplish Initial Time <= current simulation time < end Time will be displayed with a different colour. 

button, but only when the simulation is sto
 
The user can save the list of Detection Events in a Log File. This can be done either using a ‘Save’ button 
that will be in the Detection Events dialog or via a call to a particular GETRAM Extension Function. At the 
beginning of a simulation run, the user can load a Detection Events Log File. This will only be done via a 
call to a particu

8.4.3.5 Detection events visualisation 
he detectors will be coloured with a different colour than the generic wT

next options: 
 
 Show occupied detectors. Will be coloured differently from the detectors that are detecting a vehicle at 

current time and, only if there is a GETRAM extens
detectors of the events list that accomplish Initial Time <= current simulation time < End Time. 

 
 With the detection event toggle activated. In this case all the detectors from the list events that 

acco
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9. SIMULATION OUTPUTS 
 
This chapter provides a detailed description of all output provided by the AIMSUN microsimulator: 

tistical Results and Detection data. Sta

play of the simulation, AIMSUN also provides as output some statistical 
easures, such as Flow, Speed, Density, Travel and Delay Time. Prior to a simulation experiment, the user 
y

Statistics’ command. The user can also specify how and where to store the results via the ‘Experiment / 
t

 

cur  available are ‘Reports / Files Reports’, ‘Reports / 

9.1

the 
r O/D pair can be also 

es for each public 

riment. 
. After each period 

B twork 
ead of 

met

ork during the 

ean speed for all vehicles that have left the system. 
erage time a vehicle needs to travel one kilometre inside the network. This is the mean of 

y all the vehicles that have crossed the network. 

 

9.1 STATISTICAL SIMULATION RESULTS 
 
In addition to the animated dis
m
ma  select which statistics are required and how they are to be gathered via the  ‘Experiment / Output / 

Ou put / Output Location’ command.  

The ‘Reports’ command from the menu bar has three options for visualising statistical results obtained from 
rent or previous simulation experiments. The options

Current Report’ and ‘Reports / Current Graphics’. 

.1 Statistical Traffic Measures 
The statistical traffic measures provided by AIMSUN can be specified at different levels of aggregation: for 

whole system, for each section, for each turning movement, for every stream (set of consecutive sections) 
defined by the user. In the Route-Based model, information by origin, destination o
obtained. If the public transport model is being used, it provides statistical traffic measur
transport line. 
 
The statistical measures can be presented according to two time scopes: 
 
- Global: Statistical data gathered from the beginning to the end of the simulation expe
- Periodic: Statistical data gathered during certain time periods (defined by the user)

the statistics area is cleared. 
 
N. . In the following descriptions, all measurements have been expressed using the Metric system. If the ne
has been defined as using English system units, the user should read miles instead of kilometres and feet inst

ers. 

System Statistics 
The statistics gathered by AIMSUN at the system level, (i.e. referring to the entire network), are as follows: 
 
 Mean Flow: average number of vehicles per hour that have passed through the netw-

simulation period. The vehicles are counted when leaving the network via an exit section. 
- Density: average number of vehicles per kilometre for the whole network. 
- Mean Speed: average speed for all vehicles that have left the system. This is calculated using the mean 

journey speed for each vehicle. 
- Harmonic Mean Speed: harmonic m
- Travel Time: av

all the single travel times (exit time - entrance time) for every vehicle that has crossed the network, 
converted into time per kilometre. 

- Delay Time: average delay time per vehicle per kilometre. This is the difference between the expected 
travel time (the time it would take to traverse the system under ideal conditions) and the travel time. It is 
calculated as the average of all vehicles and then converted into time per kilometre. 

- Stop Time: average time at standstill per vehicle per kilometre. 
- Number of Stops: average number of stops per vehicle per kilometre. 

Total Travel: total number of kilometres travelled b- 
- Total Travel Time: total travel time experimented by all the vehicles that have crossed the network.  
- This is only provided when an environmental model is set to ON. 

189 



TSS-Transport Simulation Systems  February 2004 
 

- Fuel Consumed: total litres of fuel consumed by all the vehicles that have crossed the network. This is 
only provided when the particular model ‘Fuel Consumption’ is set to ON. 

- Pollution Emitted: for each pollutant, total kilograms of pollution emitted by all the vehicles that have 

 statistics provided by AIMSUN at the section level and 
turning level are the following: 
 
- Mean Flow: average number of vehicles per hour that have crossed the section during the simulation 

period.  
- Density: average number of vehicles per kilometre in the section. No density measure is provided for 

turnings. 
- Mean Speed: average speed for all vehicles that have traversed the section. This is calculated using the 

mean speed for the section journey for each vehicle. 
- Harmonic Mean Speed: harmonic mean speed for all vehicles that have traversed the section. 
- Travel Time: average time a vehicle needs to cross the section. This is the mean of all the single travel 

times (section exit time - section entrance time) of every vehicle that has left the section. 
- Delay Time: average delay time per vehicle. This is the difference between the expected travel time 

(time it would take to traverse the section under ideal conditions) and the travel time. It is calculated as 
the average of all vehicles. 

- Stop Time: average time at a standstill per vehicle while travelling in the section. 
- Number of Stops: average number of stops per vehicle while travelling in the section. 
- Mean Queue Length: average length of the queue in that section, expressed as the number of vehicles 

per lane. It is calculated as a time average. 
- Maximum Queue Length: maximum length of the queue in this section, expressed as number of vehicles 

per lane. 
- Total Travel: total number of kilometres travelled by all the vehicles in this section. 
- Total Travel Time: total travel time experimented by all the vehicles in this section.  

 dissociated for each turning to 
e, stop time, number of 

If t

S
thro used with Paths. The only purpose of a 

esti
veh age of 

that

The
the treams’ command and the ‘Streams’ definition window is displayed (see Figure 9.1). The list 

crossed the network. It is only provided when the particular model ‘Pollution Emission’ is set to ON. 

Section and Turn Statistics 
At the section level, the vehicle data is gathered when they a vehicle leaves a section, after it has finished the 
turning movement and entered the next section. The

- Fuel Consumed: total litres of fuel consumed inside the section by all the vehicles that have crossed it. 
This is only provided when the particular ‘Fuel Consumption’ model is set to ON. 

- Pollution Emitted: for each pollutant, total kilograms of pollution emitted inside the section by all the 
vehicles that have crossed it. This is only provided when the particular ‘Pollution Emission’ model is set 
to ON. 

 
If turning information has to be generated, the vehicle data gathered is
alculate the mean flow, mean speed, harmonic mean speed, travel time, delay timc

stops, queue length, total travel, fuel consumption and pollution emission per turning. 
 

he model contains polysections, the information could be generated either considering each individual 
section or aggregating by polysection, that is aggregate the information of all sections that belongs to the 
same polysection. When this information is aggregated  by polysection, the polysection is identified by the 
last section identifier downstream.  

Stream Statistics 
A tream is a set of sections that are consecutive. This means a chain of sections that are connected either 

ugh junction turnings or through joins. Streams are not to be conf
Stream is to provide a set of aggregated statistical measurements, although these measurements are just 

mates, given that no path information is stored in the vehicles, so no track is kept of which particular 
icles have followed the whole stream. Therefore, the stream measurements are calculated as an aver

the statistical data per turn of the sections composing it, and not using the data gathered from each vehicle 
 crosses the stream, as is done for section statistics. 

 
 user can define Streams in the network via the AIMSUN User Interface. To view or edit streams, select 
 ‘Objects / S
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of Stream names defined, if any, will be shown. Clicking on a stream name causes the sections composing 
stream to be displayed in the Sections list box and also to be highlighted in the network. the 

The
sele osing the stream by clicking on them directly in the network. The sections must 

ctions, click on the 
d he streams and save 

 
 user can define new streams by pressing the ‘New’ button, typing in the Stream Identifier (or name) and 
cting the sections comp

be selected in the correct order, indicating the stream direction. After selecting the se
‘A d’ button to include the stream in the list box. The user may also remove or modify t
them to the disk if required for future experiments. 

Figure 9-1: Streams Definition window 

 
 

N.B. To calculate the averages for the stream, statistical data per turn is used instead of statistical data per 

 
ber of vehicles per hour that have crossed the stream during the simulation 
sing the flow of the first section of the stream and applying the corresponding 

 Density: average number of vehicles per kilometre for the stream. This is calculated as the average of 

-  speeds for the 

- 

ng turns of all the sections composing the stream. 

e travel time. It is calculated as 

- 
 stop times for the corresponding turns of all the sections composing the stream. 

ravelling along the stream. This is 
rns of all the sections composing 

section. Statistical data per turn is calculated separately for each turning movement of the section, taking into 
account the data gathered for the vehicles that perform each of the turns. Statistical data per section is 
calculated taking into account the data gathered for all the vehicles that cross the section, independently of 
the turn they make. 
 
The statistics provided by AIMSUN at the Stream level are the following: 

- Mean Flow: average num
period. This is obtained u
turning proportions following the sections composing the stream.  

-
densities of all the sections composing the stream. 
Mean Speed: average speed for the stream. This is calculated as the average of the mean
corresponding turns of all the sections composing the stream. 
Harmonic Mean Speed: harmonic mean speed. 

- Travel Time: average time it takes a vehicle to cross the stream. This is the sum of mean travel times for 
the correspondi

- Delay Time: average delay time per vehicle. This is the difference between the expected travel time 
(time it would take to traverse the stream under ideal conditions) and th
the sum of mean delay times for the corresponding turns of all the sections composing the stream. 
Stop Time: average time spent at a stop per vehicle while travelling along the stream. This is calculated 
as the sum of mean

- Number of Stops: average number of stops per vehicle while t
calculated as the sum of the number of stops for the corresponding tu
the stream. 

191 



TSS-Transport Simulation Systems  February 2004 
 

- Mean Queue Length: average length of the queue in number of vehicles per lane. This is calculated as 
the sum of the mean queue length for the corresponding turns of all the sections composing the stream. 

tions 
composing the stream. 

ravelled by all the vehicles in this stream. 

ed by vehicles in the corresponding turns of all the sections composing the stream. 
pollutant, total kilograms of pollution emitted inside the stream by all the 

vehicles that have crossed it. It is only provided when the particular model ‘Pollution Emission’ is set to 
as the sum of Pollution Emitted by vehicles in the corresponding turns of all the 

 or O/D pair are the following: 

eriod. The vehicles 

s is calculated using the 

 have reached the destination. 
 Travel Time: average time it takes a vehicle to travel from the origin to the destination. This is the mean 

 Delay Time: average delay time per vehicle. This is the difference between the expected travel time 
r idea conditions) and the actual travel 

time. 
- Stop Time: average time spent at a stop per vehicle during the trip from origin to destination. 
- Number of Stops: average number of stops per vehicle during the trip. 

les that have done the trip.  
- Fuel Consumed: total litres of fuel consumed by all the vehicles that have done the trip. This is only 

provided when the particular model ‘Fuel Consumption’ is set to ‘ON’. 
- Pollution Emitted: for each pollutant, total kilograms of pollution emitted by all the vehicles that have 

ular model ‘Pollution Emission’ is set to ‘ON’. 
 have been lost while trying to do the trip from origin to 

destination, and which have therefore not reached the correct destination. 

Public Transport Statistics 

- Flow: number of vehicles that have reached the end of the public transport line during the simulation 
period. The vehicles are counted when going out of the network via the last section line. 

- Mean Speed: average speed for all vehicles that have reached the end of the public transport line. This is 
calculated using the mean journey speed for each vehicle. 

 that have reached the end of the public 

- Travel Time: average time it takes for a vehicle to travel along a public transport line. This is the mean 
of all the single travel times (exit time - entrance time) for each vehicle. 

- Delay Time: average delay time per vehicle to make the trip. This is the difference between the expected 
destination under ideal conditions) and the 

- Stop Time: average time spent at a stop per vehicle during the trip. 
- Number of Stops: average number of stops per vehicle during the trip. 
- Total Travel: total number of kilom tres travelled by all the vehicles that have made the trip. 
- Total Travel Time: total travel time experimented by all the vehicles that have made the trip.  

- Maximum Queue Length: maximum length of the queue in number of vehicles per lane. This is 
calculated as the sum of the maximum queue length for the corresponding turns of all the sec

- Total Travel: total number of kilometres t
- Total Travel Time: total travel time experimented by all the vehicles in this stream.  
- Fuel Consumed: total litres of fuel consumed along the stream by all the vehicles that have crossed it. 

This is only provided when the particular model ‘Fuel Consumption’ is set to ‘ON’. It is calculated as the 
sum of Fuel Consum

- Pollution Emitted: for each 

‘ON’. It is calculated 
sections composing the stream. 

O/D Matrix Statistics 
The statistics provided either by Origin centroid, Destination centroid
 
- Flow: number of vehicles that have reached the destination during the simulation p

are counted when leaving the network via an exit section. 
- Mean Speed: average speed for all vehicles that have reached the destination. Thi

mean journey speed for each vehicle. 
- Harmonic Mean Speed: harmonic mean speed for all vehicles that
-

of all the single travel times (exit time - entrance time) for each vehicle. 
-

(time it would take to go from the origin to the destination unde l 

- Total Travel: total number of kilometres travelled by all the vehicles that have done the trip. 
- Total Travel Time: total travel time experimented by all the vehic

done the trip. This is only provided when the partic
- Lost Vehicles: total number of vehicles that

The statistics provided for each public transport line are the following: 
 

- Harmonic Mean Speed: harmonic mean speed for all vehicles
transport line. 

travel time (time it would take to go from the origin to the 
actual travel time. 

e
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- Fuel Consumed: total litres of fuel consumed by all the vehicles that have done the trip. This is only 

les that have 
made the trip. This is only provided when the particular model ‘Pollution Emission’ is set to ‘ON’. 

9.1.2 
This section describes in detail the procedures applied to calculate the different traffic statistical measures. 
The individual vehicle data that needs to be gathered in order to produce the traffic statistics is also 
described. 

9.1.2.1 System 

Vehicle Data Gathering 
The information gathered from an individual vehicle is: 
 
 TENi = Entrance time of vehicle i-th in the system (seconds). 
 TEXi = Exit time of vehicle i-th from the system  (seconds). 
 Di = Total Distance travelled by vehicle i-th in the system (meters). 
 each section by vehicle i-th (seconds). 
 TSTi  vehicle i-th (seconds). 
 TNSi = Total Number of Stops accumulated in each section by vehicle i-th . 
 TFC i = Total fuel consumed by vehicle i-th (litres). 
 TPE i,j = Total emission of pollutant j-th by vehicle i-th (gr). 
 
Taking this information, when a vehicle exits the system, the following variables are calculated: 
 
 econds).  

provided when the particular model ‘Fuel Consumption’ is set to ‘ON’. 
- Pollution Emitted: for each pollutant, total kilograms of pollution emitted by all the vehic

Calculation of Traffic Statistics 

Statistics 

TDTi = Total Delay Time accumulated in 
 = Total Stop Time accumulated in each section by

TTi = Average travel time per Km of vehicle i-th (s

1000*
iD

iTENiTEX
iTT

−
=  

 DTi = Average delay time per Km of vehicle i-th (seconds). 

1000*
iDi  iTDT

TT =

 Si = Average speed of vehicle i-th (m/s). 

iTENiTEX
iD

iS
−

=  

 HSi = Inverse of Si (s/m), used for calculating the harmonic mean speed 

iTENiTEX
iDiHS

−

=
1

 
 STi = Average stop time per Km of vehicle i-th (seconds). 

1000*
iDiST =

 

iTST

 NSi = Average number of stops per Km of vehicle i-th . 

1000*
iD
iTNS

iNS =
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Traffic 
The previous Vehicle Variables are used for calculating the simulation statistical output. The following 
traffic statistics are calculated for every statistical interval and for the whole simulation period: 
 

I = Interval of statistics (seconds). 
Nsys = Number of vehicles that exit the system during period I 
Fsys = Mean Flow 

Statistics 

3*
I

Nsys 600sysF =
 

TTsys = Average Travel Time per vehicle per Km 

sysN

N

i
iTT

sys

∑
sysTT == 1

 
Ssys = Average Speed per vehicle (Km h) /

Nsys

6.3*1
sysN

i
iS

sysS
∑
==

 
h) HSsys = Harmonic mean Speed per vehicle (Km/

6.3*=
sys

sysHS  

1
∑HS
=

N

DTsys = Average Delay Time per vehicle per Km (seconds/Km) 

sysN

i
i

sysNsysDT =  

N

i
iDT

sys

∑
=1

top Time per vehicle per Km (seconds/Km) STsys = Average S

Nsys

sysN
i

sysST

iST∑
== 1

 
NSsys = Average Number of Stops per vehicle per Km 

sysN

N

iNS

iNS

sys

∑
sys

=

 
= 1

194 



TSS-Transport Simulation Systems  February 2004 
 

TotalTravsys = Total number of kilometres travelled by all the vehicles that have crossed the network 
(Km) 

∑=
sysN

=
DTotalTrav 1000

TotalTravTimesy by all the vehicles that have crossed the network 

i 1  

isys

s = Total travel time experimented 
(seconds) 

∑ −=
sysN

TENTEXimeravT  
=

otalT

FuelConsys = Total fuel consumed by all the vehicles that have crossed the network (litres) 

1  
PollEmsys,j = Total pollution of pollutant j-th emitted by all the vehicles that have crossed the 

network (Kg) 

sysN

i
jijsys

1
,,

 
llows: 

 
 L = Total length of all lanes of all sections of the network (m) 
 NVeh  = Number of vehicles in the system at time t 

ics (seconds). 

T
i 1

iisys

∑ iTFCsysFuelCon
=

=
sysN

i

∑= TPEPollEm
=

The lane density of the system is calculated as fo

t
I = Interval of statist

 T = (0, t1, ..., tm, I) : instants when the number of vehicles in the system changes 

))1((* itittNVeh∑ −−

1000*

)1(

L

i
Tti

IsysDEN =

∈
−

 

9.1.2.2 Turning and Section Statistic

Vehicle
The information gathered from an individual vehicle at every section is:  
 
 TENsi = Entrance time of vehicle i-th in the section (seconds). 
 TEXsi = Exit time of vehicle i-th from the section  (seconds). 

TSTsi = Total Stop Time accumulated in a section by vehicle i-th (seconds). 
 TNSs  = Total Number of Stops accumulated in a section by vehicle i-th. 
  by vehicle i-th (litres). 
 TPE si,j = Total emission of pollutant j-th accumulated in a section by vehicle i-th (gr). 
 
Taking this information, when a vehicle enters into a new section the following variables are calculated: 
 
 TTi = Average section travel tim

 

s 

 Data Gathering 

i
TFC si = Total fuel consumed accumulated in a section

e of vehicle i-th (seconds). 

 iTENsiTEXsiTT −=  
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 DTi = Average section delay time of vehicle i-th (seconds). 

( ) ( )⎥⎦
⎤

⎢
⎣

⎡
+−=

itSiSMaxMin
tL

isSiSMaxMin
sL

iTTiDT
θθ *,*,  

where  Ss = Speed limit of section s (m/s). 
St = Speed limit of turning t (m/s). 
θi = Speed acceptance of vehicle i 
SMaxi = Maximum desired Speed of vehicle i (m/s). 
Ls = Distance of section s (meters). 
Lt = Distance of turning t (meters). 

 
Si = Average section speed of vehicle i-th (m/s). 

iTT
tLsL +

iS =  

 HSi = Inverse of Si (s/m), used for calculating the harmonic mean speed.  

iTT
ts LLiHS

+
=

1
 

 STi = Stop time in the section of vehicle i-th (seconds). 

 NSi = Number of stops of vehicle i-th . 

Turning Traffic Statistics 
The previous Vehicle Variables are used for calculating the turning statistical output. The following traffic 
statistics are calculated for every statistical interval and for the whole simulation period: 
 

Ntur = Number of vehicles that exit a turning 
Ftur = Mean Flow of a turning (veh/h) 

iTSTsiST =  

iTNSsiNS =  

I = Interval of statistics (seconds). 

3600*
I

Ntur
turF =  

TTtur = Average Travel Time per vehicle of a turning 

turN

Ntur

i
turTT

iTT∑
=

Stur = Average Speed per vehicle of a turning (Km/h) 

= 1  

Ntur

6.3*
NturturS =  1i

iS∑
=

HStur = f a turning (Km/h) Harmonic mean Speed per vehicle o
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6.3*=
turNturHS  
Ntur

1
∑
=i

iHS

DTtur = Average Delay Time per vehicle of a turning 

turN

N

i
iDT

turDT

tur
∑
== 1  

STtur = Average Stop Time per vehicle of a turning 

turN

N

tur

tur

i
iST

ST
∑
=  

 of a turning 

= 1

NStur vehicle = Average Number of Stops per 

turN
i

turNS

N

iNS
tur
∑
=

TotalTravtur = Total distance travelled by all the vehicles in the turning (Km) 

= 1  

∑=
turN

=
iDturTotalTrav 1000

TotalTravTimetur = Total travel time experimented by all the vehicles in the turning (seconds) 

FuelCon  = Total fuel consumed by all the vehicles in the turning (litres) 

i
TFCturFuelCon

1  
 
PollEmtur,j = Total pollution of pollutant j-th emitted by all the vehicles inside the turning (Kg) 

i
jiTPEjturPollEm

1
,,

 
To calculate the average and m ximum queue length of a turning (veh): 
 QL l,t = Queue Length in the lane l at time t 

lane l 
gs movements of the lane l 

I = Interval of statistics (seconds). 

i 1  

∑
=

=
turN

i
itur TTimeTotalTravT

1
 

tur

N

∑
=

=
tur

i

∑
=

=
turN

a

 MaxQL l = Maximum Queue Length in the 
 NBTurns l = Total number of allowed turnin
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 Tl  = (0, tl,1, ..., t l,m, I) : instants when the queue length in lane l changes 
 NBLanestur = Number of lanes that belong to turning tur 

turNBLanes
turl Tt

AQL li∈ ⎢⎣
⎜
⎝ ∈

=

lNBTurnsIiltilttlQL

tur

i∑ ∑
⎥
⎥
⎥

⎦

⎤

⎢
⎟
⎟
⎟

⎠

⎞

⎜ ⎥⎦
⎤

⎢⎣
⎡

−−− ))1(,,(*, )1(

 

⎢
⎡
⎜
⎛

( )

turNBLanes  

turl
lNBTurnslMaxQL

turMaxQL
∑
∈=

Section Traffic Statistics 
The previous Vehicle Variables are used for calculating the section statistical output. The following traffic 
statistics are calculated for every statistical interval and for the whole simulation period: 
 

Nsec = Number of vehicles that exit a section 
Fsec = Mean Flow of a section (veh/h) 

I = Interval of statistics (seconds). 

3600*sec I
F =

 

secN

TTsec = Average Travel Time per vehicle of a section 

sec

sec

1
sec

iTT
N

N
iTT∑

=
 

Ssec = Average Speed per vehicle of a section (Km/h) 

=

6.3*
sec

sec
N

S =

sec

1

N

i=

vehicle of a section (Km/h) 

iS∑
 

HSsec = Harmonic mean Speed per 

6.3*

1

secN
sec

sec
∑
=

=
N

i
iHS

HS  

DTsec = Average Delay Time per vehicle of a section 

secN

secN
1

secDT =  i
iDT∑

=

STsec = Average Stop Time per vehicle of a section 
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sec

sec

1sec
N

N

i
iST

ST
∑
==  

NSsec = Average Number of Stops per vehicle of a section 

sec
1

sec

sec

N

N

i
iNS

NS
∑
==

 
TotalTravsec = Total distance travelled by all the vehicles in the section (Km) 

∑=
sec
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 NVeh l,t = Number of vehicles in the lane l at time t 
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To calculate the average and maximum queue length of a section (veh): 
 QL l,t = Queue Length in the lane l at time t 
 MaxQL l = Maximum Queue Length in the lane l 

I = Interval of statistics (seconds). 
 Tl  = (0, tl,1, ..., t l,m, I) : instants when the queue length in lane l changes 
 NBLanessec = Number of lanes of section sec 
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9.1.2.3 Streams Statistics 

Data Gathering 
The str
composing it, an rosses the stream, as is done for all 
other statistics. 

Stream Statistics 
I = Interval of statistics (seconds). 

Sects str 
NbSects str = Number of sections composing the stream  

 
Fstr = Mean Flow of a stream (veh/h), where Ftur(i) is the flow of turning i-th and Fsec(i) is the flow of 

section i-th 

tur(0)
 for i =1 to NbSects str –1 
  Fstr  = Ftur(i) * (Fstr / Fsec(i) ) 
 endfor 
 

ime of 
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i
iturstr strsec

1
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=  
Sstr = Average Speed per vehicle of a stream (Km/h), where Stur(i) is the average speed of turning i-

th, Ssec(i) is the average speed of section i-th, Ltur(i) is the length of the turning i-th including 
the origin section of the turning and Lsect(i) is the length of the section i-th 

=

eam measurements are calculated as an average of the statistical data per turn of the sections 
d not using the data gathered from each vehicle that c

Turns str = Set of turnings composing the stream  
NbTurns str = Set of turnings composing the stream  

= Number of sections composing the stream  
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TTTTTT
str

+= ∑ )(NbSects

( )

)(NbSectsL
NbTurns

i
iturL

)(NbSectsL)(NbSectsS
NbTurnsstr

i
iturLiturS

strS

str

str

strstr

sec*
1

)(

sec*sec
1

)(*)(

+
=

+
==

∑

 
∑

200 



TSS-Transport Simulation Systems  February 2004 
 

HSstr = Harmonic mean Speed per vehicle of a section (Km/h), where HStur(i) is the harmonic mean 
speed of turning i-th and HSsec(i) is the harmonic mean speed of section i-th. 
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DTstr = Average Delay Time per vehicle of a stream (seconds), where DTtur(i) is the delay time of 
he delay time of section i-th 

STstr = Average Stop Time per vehicle of a stream (seconds), where STtur(i) is the delay time of 
turning i-th and STsec(i) is the delay time of section i-th 

NS  = Average Number of Stops per vehicle of a stream (seconds), where NStur(i) is the average 
f stops of turning i-th and NSsec(i) is the average number of stops of section i-th 
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PollEmstr,j = Total pollution of pollutant j-th emitted by all the vehicles in the stream (Kg) 
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To calculate the density of a stream (veh/Km): 
 Lsec(i) = Length of section i-th (m)
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TotalTravstr = Total distance travelled by all the vehicles in the stream (Km) 
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To calculate the average and maximum queue length of a stream (veh): 

==
str

str

NbSects

iL

bSects

i
i

strDEN

)sec(

1
)c(

Lsec(i) = Length of section i-th (m) 
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9.1.2.4 

Vehicle Data Gathering 
The information gathered from an individual vehicle is as follows: 
 
 TENi = Entrance time of vehicle i-th in the system (seconds). 
 TEXi = Exit time of vehicle i-th from the system
 D  (meters). 
  vehicle i-th (seconds). 
 TSTi = Total Stop Time accumulated in each section by vehicle i-th (seconds). 
 TNSi = Total Number of Stops accumulated in each section by vehicle i-th . 
 TFC i = Total fuel consumed accumulated in each section by vehicle i-th (litres). 
 TPE i,j = Total emission of pollutant j-th accumulated in each section by vehicle i-th 
 
Taking this information, when a vehicle exits the system the following variables are calculated: 
 
  

 DTi = Average delay time of vehicle i-th (seconds). 

 S

N
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OD Statistics 

  (seconds). 
i = Total Distance travelled by vehicle i-th in the system

TDTi = Total Delay Time accumulated in each section by

TTi = Average travel time of vehicle i-th (seconds). 

iTENiTEXiTT −=  

iTDTiTT =  

i = Average speed of vehicle i-th (m/s).  

iTENiTEX
iD

iS
−
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 HSi = Inverse of Si (s/m), used for calculating the harmonic mean speed 

iTENiTEX
iDiHS

−

=
1

 
 STi = Average stop time of vehicle i-th (seconds). 
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iTSTiST =  
 NSi = Average number of stops of vehicle i-th . 

OD Pai
The previous Vehicle Variables are used for calculating the OD pair statistical output. The following traffic 
statistics are calculated for every statistical interval and for the whole simulation period: 
 

I = Interval of statistics (seconds). 
N(orig,dest) = Number of vehicles that have reached its destination dest from its origin orig. 

iTNSiNS =  

r Statistics 

TT(orig,dest) = Average Travel Time per vehicle (seconds) 

),(
),

destorig
destig N

 

),(

(
1

destorig

or

N

i
iTT

TT
∑
==

S(orig,dest)  = Average Speed per vehicle (Km/h) 

6.3*1i
i

),(
),(

),(

destorig

destorig

N

N

S

destorigS
∑
==

 
HS(orig,dest)  = Harmonic mean Speed per vehicle (Km/h) 
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ST(orig,dest) = Average Stop Time per vehicle (seconds) 
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NS(orig,dest) = Average Number of Stops per vehicle 
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TotalTrav(orig,dest) = Total distance travelled (Km) 
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TotalTravTime(orig,dest)  = Total travel time experimented(seconds) 
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Origin Centroid Statistics 
The previous Vehicle Variables are used for calculating the origin centroid statistical output. The following 
traffic statistics are calculated for every statistical interval and for the whole simulation period: 
 

Norig = Number of vehicles that have reached its destination from its origin orig. 
TTorig= Average Travel Time per vehicle (seconds) 

1i

I = Interval of statistics (seconds). 

origN
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i
iTT∑

TT
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orig
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Sorig  = Average Speed per vehicle (Km/h) 
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i
iS
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HSorig  = Harmonic mean Speed per vehicle (Km/h) 
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TotalTravTimeorig  = Total travel time experimented (seconds) 
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Destina
The previous Vehicle Variables are used for calculating the destination centroid statistical output. The 
following traffic statistics are calculated for every statistical interval and for the whole simulation period: 
 

= Interval of statistics (seconds). 
d their destination dest from their origin. 

TTdest= Average Travel Time per vehicle (seconds) 
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TotalTravTimedest  = Total travel time experimented (seconds) 
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FuelCon  = Total fuel codest nsumed (litres) 

destN
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=

i

PollEmdest,j = Total pollution emitted of pollutant j-th (Kg) 

9.1.2.5 

Vehicle Data Gathering 
The information gathered from an individual public transport vehicle is as follows: 
 
 TENi = Entrance time of vehicle i-th in the system (seconds). 
 seconds). 
 i  system (meters). 
 TDTi = Total Delay Time accumulated in each section by vehicle i-th (seconds). 
 TSTi = Total Stop Time accumulated in each section by vehicle i-th (seconds). 
 TNSi = Total Number of Stops accumulated in each section by vehicle i-th . 
 TFC i = Total fuel consumed accumulated in each section by vehicle i-th (litres). 
 TPE i,j = Total emission of pollutant j-th accumulated in each section by vehicle i-th 
 
Taking e exits the system the following variables are 
calculated: 
 
 TTi = Average travel time of vehicle i-th (seconds).  

 DT  = Average delay time of vehicle i-th (seconds). 

Si = Average speed of vehicle i-th (m/s). 

dest TFCFuelCon
i 1  

 

∑
=

=
dest

dest

N

i
jiTPEjPollEm

1
,,

 

Public Transport Statistics 

TEXi = Exit time of vehicle i-th from the system  (
D  = Total Distance travelled by vehicle i-th in the

this information, when a public transport vehicl
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  the harmonic mean speed HSi = Inverse of Si (s/m), used for calculating
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STi = Average stop time of vehicle i-th (seconds). 

iTSTiST =  
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NSi = Average number of stops of vehicle i-th . 

Public T
The previous Vehicle Variables are used for calculating the public transport line statistical output. The 
following traffic statistics are calculated for every statistical interval and for the whole simulation period: 
 

= Interval of statistics (seconds). 
leted the public transport line l-th. 

TTl= Average Travel Time per vehicle (seconds) 
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STl = Average Stop Time per vehicle (seconds) 
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TotalTravl = Total distance travelled (Km) 
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TotalTravTime   = Total travel time experimented (seconds) 

 
FuelConl = Total fuel consumed (litres) 

PollEml,j = Total pollution emitted of pollutant j-th (Kg) 

9.1.3 Customisation of Statistical Output 
The ‘Experiment / Output / Statistics’ command can be used to define the type of statistics the user wishes to 
produce as simulation output and whether or not he/she wants them to be stored in files. This must be carried 
out before running a simulation experiment, since the report parameters cannot be modified once a 

ulation experiment has been started. 

vated and may be selected: ‘Periodic’ and ‘Report 
in

or Periodic, as 
 button is pressed, periodical statistics will be gathered. If 

iodic option, the time interval has to be 
de before running the simulation. Otherwise, 

statistical data may not be gathered and no statistical result would be produced. In Periodic mode, Global 

tion, the ‘Flush’ toggle button becomes active. If the Flush button is 
elected, the periodic statistical data will be cleared from the memory at every time interval. It is assumed 

Current Report/Statistics’ command, nor to display time plots via 
e ‘Reports/Current Report/Time Plot’ command. 

l
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sim
 
The Statistics Parameter window (see Figure 9-2), contains a ‘Gather Statistics’ toggle button  that can be 
used to indicate whether or not the user wants statistics to be gathered during the simulation run. If this 
button is selected, the next two toggle buttons are acti
Pr t Out’. 
 
The user can select the type of time scope for the statistical data gathering. It may be Global 
described in section 9.1.1. If the ‘Periodic’ toggle
not, only global statistics will be collected. When selecting the Per
defined (hours: minutes: seconds). This definition has to be ma

statistics are also provided at the end of the simulation. 
 
Also, when selecting the Periodic op
s
that the user has selected to store the necessary periodic statistics in some other way, such as into files or a 
database, or by activating the Report PrintOut button. The purpose of the Flush option is to save memory 
during the simulation run. However, when the flush option has been activated, it is not possible to view the 
current periodic statistics via the ‘Reports/
th
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Figure 9-2: Statistics Definition Dialog Window: General 

  
 
With the ‘Report PrintOut’ toggle button, the user can specify whether or not an Output File or database 
containing the statistical results is to be produced automatically during the simulation run. The statistic 
measures are presented in several levels of aggregation: 
 
• System: statistics relating to the whole network. 
• Sections: statistics for each individual section and optionally for each turning movement. 
• O/D Matrix: statistics for O/D centroid pairs 
• Streams: statistics for each stream (set of consecutive sections). 
• Public Transport: statistics for each Public Transport Line. 

 
The user can select the desired level of aggregation by clicking on the appropriate toggle buttons, ‘System’, 
‘Sections’, ‘O/D Matrix’, ‘Streams’ and ‘Public Transport’. There is also the option to produce the standard 
TRANSYT/10 Performance Indexes. 
 
The user can also specify whether or not the statistics gathered are to be broken down by vehicle type. This 
is done by clicking on the ‘Veh. Types’ toggle button. Finally, the user can request deviation data for all 

 clicking on the ‘Deviations’ toggle button. If ‘Deviations’ is not selected, only the mean 
measurements are provided. 

 gathered during the simulation (system, sections, od matrices,  streams and public transport) 
nd selects whether want to store in output files or databases with the ‘Store Ouput’ toggle button, while in 

d and the user selected the level of aggregation to 

inte er the simulation run) of the levels of aggregation selected, 
lts and the ‘Report PrintOut’ button was 

measurements by
values for all 
 
Note: The difference between version 4.2 and previous versions is that version 4.2 the user defines the level 
of aggregation
a
previous versions all statistical measures were gathere
create the output files or database. This means that in version 4.2 the user can view using the graphical 

rface only the statistical results (during or aft
while in previous versions was possible to view all statistical resu
only used for the automatic creation of output files or databases. 
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Sections 

 statistics for the input sections only will be printed. 
• Exits: statistics fo
• Selection: the user can select a list of sections by clicking on them directly in the graphical 

representation of the network. Only statistics for these sections will be printed. 
 
Section information can be detailed for each turning movement. Clicking on the ‘Turns’ toggle button does 
this. 
 
The polysection information can be detailed for each section, clicking on ‘Distinguish Sections’ toggle 
button, or can be aggregated per polysection clicking on ‘Aggregate Sections’ toggle button. If the level of 
aggregation is at level of polysection, the statistical measures of polysections in the output files or database 
are identified by the last section identifier downstream. 
 

Figure 9-3: Statistics Definition Dialog Window: Sections 

When selecting the ‘Sections’ level, the user must specify the desired sections in the ‘Sections’ tab folder 
(see Figure 9-3) using any of the following toggle buttons: 
 
• All: statistics for all the sections of the network will be printed. 
• Entrances:

r the output sections only will be printed. 

 

O/D Matrix 
When selecting the ‘OD Matrix’ level, the user can specify the Origin and/or Destination centroids for which 
to generate statistical data via the ‘O/D Matrix’ tab folder (see Figure 9-4). The following four toggle buttons 
are provided: 
 
• Origin: O/D statistics are listed by Origin centroid.  
• To All: this is used together with the Origin toggle button. For each Origin centroid, data is broken 

down into all possible destination centroids. 
• Destination: O/D statistics are listed by Destination centroid.  
• From All: this is used together with the Destination toggle button. For each Destination centroid, data is 

provided for all possible origin centroids. 
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It is also possible to select statistics gathering for a set or all possible O/D pairs. Clicking on the pairs toggle 
button and on the ‘All’ toggle button will provide statistical measurements for every O/D pair. However, the 
user has to be careful when selecting this option because of the huge amount of data this may produce. To 
avoid this, the user can select a set of O/D pairs by clicking on the Selection toggle button and then choosing 
a set of pairs. 

Figure 9-4: Statistics Definition Dialog Window: O/D Matrix. 

 

Streams 
When selecting the Streams level, the user can specify a set of streams via the ‘Streams’ tab folder (see 
Figure 9-5), by first clicking on the list box in which the names of the available streams are presented. Doing 
this highlights the name. Only statistics for the selected streams will be printed. 
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Figure 9-5: Statistics Definition Dialog Window: Streams 

 

Public Transport 
The ‘PT Lines’ tab folder (see Figure 9-6) allows the user to specify whether to print statistics for all the 
Public Transport Lines, or to print statistics for a selected subset only, just by clicking on the appropriate 
toggle button. When ‘Selected PT Lines’ is chosen, select the lines by clicking on the list box containing the 
names of the available PT Lines. Doing this highlights the name. Only statistics for the selected Public 
Transport Lines will be printed. 

Figure 9-6: Statistics Definition Dialog Window: Public Transport 
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TRANSYT/10 Performance Indexe
When the ‘TRANSYT Pred.’ Toggle button is selected, the TRANSYT/10 Performance Indexes are 
provided as simulation output. See the GETRAM-TRANSYT/10 Interface User Manual for details. 

9.1.4 Statistics File Reports 
At any time, the user may load statistics reports stored in files that have been saved from previous or current 
simulation runs. These files may be produced automatically during simulation if the user has activated the 
‘Report PrintOut’ toggle button (carried out in the Statistics Parameter Window, via the ‘Experiment / 
Output / Statistics’ command), prior to start a simulation run (see section 9.1.3). Selecting the ‘Reports / File 
Reports’ option displays the Choose Files Window (see Figure 9-7). Using this dialog window, the user can 
browse throughout the directories to find a particular Statistics Files. 
 
The name that AIMSUN assigns to the report files produced automatically during simulation have the format 
‘time’.EST, where ‘time’ corresponds to the simulation time when the report was produced with  the format 
HHhMMmSS.EST. Select a file, press the ‘Load’ button and the file will be loaded and displayed as shown 
in Figure 9-8. Only Statistics and Detection data files can be loaded via the AIMSUN File Report Window. 
The contents of the file will be those previously defined in the Statistics Window. 
 
Physically, the Statistics files are located in the directory selected by the user via the ‘Experiment / Output / 
Output Location’ command (see Figure 9-9). First, the user must specify that the output is to be produced as 
ASCII files by selecting the ‘To ASCII Files’ toggle button. Then, in the ‘Directory’ dialog window, type in 
the folder name to which the output files are to be saved or find the folder using the browse button. Th

SCII files can be edited directly using any text editor, not necessarily via the AIMSUN user interface.  

s 

e 
A
 

Figure 9-7: Choose File window 
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Figure 9-8: File Report window  

 
 
 

Figure 9-9: Output Location Dialog Window 

  

9.1.5 Statistics Current Reports 
To view statistics gathered during the current simulation experiment, use the ‘Reports / Current Report / 
Statistics’ command. This  can only be done while the simulation is not running. The ‘Statistics Report’ 
window will appear as displayed in Figure 9-10. 
 
The user may select the time scope, Global or Periodic, by clicking on the corresponding toggle button. 
When the ‘Periodic’ level is selected, the user must also choose a period by clicking on the periods list box. 
The toggle buttons allow the user to specify whether or not to have the statistics reports detailed by vehicle 
type and whether to include deviations for all measurements, or only the mean values.  
 

215 



TSS-Transport Simulation Systems  February 2004 
 

Figure 9-10: Report Information window 

  
 

Each level of aggregation corresponds to a tab folder: sections, O/D matrices, streams and Public Transport. 
 System button, opens the System Global Report Window (see Figure 9-11). A printout of the Pressing the

contents of this window may be obtained by pressing the ‘Print Out’ button. A Print Out File name must first 
be defined in the General folder of the ‘Statistics Report’ window, however.  

Figure 9-11: System Global Report window 

 
 
When selecting Section level by choosing the ‘Sections’ tab folder the user specifies the set of sections to 
take into account as explained in section 9.1.3. 
 
For example, selecting ‘Periodic’, period 00:15:00, ‘Sections’, ‘All’, ‘Turns’ and pressing the ‘OK’ button 
will display the window in Figure 9-12. As for the System level, a printout of the contents of this window 
may be obtained by pressing the ‘Print Out’ button. A Printout File name must first be defined in the General 
folder of the ‘Statistics Report’ window, however. S veral Statistics Report windows may be open at the e
same time, so that the user can compare results from different periods, for example. 
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Figure 9-12: Sections and Turnings Periodic Report window 

 
 

O/D Matrices, Streams and PT Lines tab folders work in the same way as described in section 9.1.3. The 
dialog windows are almost identical, apart from the option for defining the name of the Print Out file. 

9.1.6 Statistics Current Graphics 
Statistical data gathered during the current simulation experiment can be presented in a graphical form by 
means of time series plots or directly by representing data in the network using a range of colours. These 
functions are done via options included in the ‘Reports / Current Graphics’ command: Time Plots and Whole 
Network. 

Time Plots 
To access a Time Plot, use the ‘Reports / Current Graphics / Time Plot’ command in the menu bar. The Time 
Plots dialog window appears as displayed in Figure 9-13. 

Figure 9-13: Statistics Time Plot Dialog Window  

 
 

 on the 
, are coloured, 

tour). The identifiers for the selected sections 
 section or 

‘Variable’ option menu. The user can chose from Flow, 
n (see Figure 9-

The user may select a set of sections whose statistical data is to be displayed by clicking directly
section in the network display (the available sections, whose statistical data has been gathered
while the non available sections are displayed using the con
will be included in the ‘Section id’s’ list box. To remove a section from the list, click again on the
use the Remove button.  
 
The variable to be plotted can be selected using the 
Speed, Density, Travel Time, etc. Then click on the Display button and the time plot is  draw
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14). Each Section Time Plot dialog window has its own ‘Variable’ option menu; thus the selected variable 
can be changed at any tim

Figure 9-14: Current Graphics: Section Time Series Plot. Flow and Speed 

e.  

  
 
Each Section Time Plot dialog window can be closed individually. The ‘Close Dialogs’ button in the Tim

lots dialog window causes all Section Time Plot windows to be closed simultaneously, while the ‘Close’ 
keep all Time Plots open and only closes the Time Plots dialog window. The Section Time Plot 

window can be opened while the simulation is running, and the time plot will be updated continuously as 
new periodic statistical data becomes available. 

Whole Network 
The ‘Reports / Current Graphics / Whole Network’ option allows you to colour the sections of the network 
according to a range of colours that represent different values for a set of traffic measurements (see Figure 9-
15).  
 
The measures that can be displayed on the network, either at the global level or for certain time periods, are 
the following: 
 
• Flow: mean number of vehicles per hour 
• Flow / Lane: vehicles per lane per hour 
• Flow / Capacity: percentage relationship between mean flow and section capacity (taking as capacity the 

one defined as input via Tedi) 
• Speed: mean speed in km/h 
• Speed / Speed Limit: percentage relationship between mean speed and section speed limit 
• Density / Lane: number of vehicles per kilometre per lane 
• Travel Time: percentage relationship between mean travel time and mean expected travel time 
• Delay Time: percentage relationship between mean delay time and mean travel time 
• Stop Time: percentage relationship between mean stop time and mean travel time 
• Stop Number: mean number of stops per vehicle 
• Maximum Queue Length: maximum length of the queue in number of vehicles per lane 
• Mean Queue Length: average length of the queue in number of vehicles per lane. 

e 
P
button 
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Figure 9-15: Displaying Statistical Data on the Network 

 
 

219 



TSS-Transport Simulation Systems  February 2004 
 

9.2 OUTPUT DETECTION 
 
If the network contains traffic detectors, the user can choose what detection model to apply by using the 

elled: Common detection 

o model Common Detection, click on the ‘Aggregated Detection’ toggle button in the ‘Detection’ window 

‘Experiment / Output / Detection’ command. Two types of detection could be mod
and Cycle detection. 
T
as displayed in Figure 9-16. A detection time interval can then be defined (hours: minutes: seconds). This 
parameter represents the frequency of Detection Output Files production.  

Figure 9-16: Detection Model window 

 
 

Finally, the detection output data can be printed to ASCII files or to a database, or not printed at all. This is 
also defined via the ‘Detection’ dialog window by clicking on ‘Store Output’ toggle button. If ‘Store utput’ 

b  detection data will only be accessible via the GETRAM Extension 
utton is selected, the ‘Flush Data’ option is no longer greyed out. 

 
To model Cycle Detection, a detection for the ETCMS ty cle Detection’ 
toggle button and define the time interval in seconds. By default, when the ‘Cycle Detection’ toggle button is 
selected, the time interval proposed is the same value as the simulation step, but it can be modified, that 
means the detection for the ETCMS type Detection Model is independent of the simulation step. This type of 
detection data will only be accessible through the GETRAM Extension functions. 

9.2.1 Detection File Reports 
Detection output files are produced periodically, provided that the user has  

1. activated the Aggregated Detection toggle button in the Detection Parameter Window,  
2. set the Print Out option to ‘Yes’ before running the simulation experiment, and 
3. defined an output detection interval.  

 
Physically, the Detection files are located in the directory selected by the user via the ‘Experiment / Output / 
Output Location’ command (see Figure 9-9). This is carried out simultaneously for D tection and Statistic 

The content of detection output files depends on the measuring capabilities of the detectors. A data line 
exists for each detector, containing the detector identifier and the list of measurements gathered. The 
measurements that can be provided by detectors are the following: 
 

 O
toggle utton is not selected, aggregated
functions. If the ‘Store Output’ toggle b
Activating ‘Flush Data’ means that no detection data is stored in memory, but only printed out. In this case, 
it would not be possible to view Detection Time Plots via the ‘Reports / Current Graphics / Time Plot’ 
command. 

pe Detection Model, click on the ‘Cy

e
Outputs. They can be viewed via the AIMSUN interface using the ‘Output / Files Reports’ command in the 
same way as for Statistics Output Files (see section 9.1.4). An example of a Detection file loaded via the 
AIMSUN interface is displayed in Figure 9-17. Since they are ASCII files, they can also be directly edited 
using any text editor, not necessarily via the AIMSUN user interface. 
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• Count: number of vehicles tha the interval (vehicles) 
• Occupancy: percentage of time that the detector has been triggered during the interval (%) 
• Speed: mean speed of the vehicles when crossing the detector (kilometres/hour) 
• Density: calculated using the measured count and speed (vehicles/kilometres). 
• Headway: mean headway of the vehicles when crossing the detector during the interval (seconds). 
 
When the a detector has the ‘Equipped’ capability activated, AIMSUN produces automatically during 
simulation a list of all equipped vehicles that have passed through the detector during the interval. The name 
that AIMSUN assigns to these report files have the format Equipped‘time’.DET, where ‘time’ corresponds to 
the simulation time when the report was produced with  the format EquippedHHhMMmSS.DET. A data line 
exists for each equipped vehicle, containing the detector identifier, the vehicle identifier, the vehicle type 
name and the public transport line identifier in the case of a public transport vehicle.  

 

Figure 9-17: Detection Output File Report 

t have passed through the detector during 

  

9.2.2 Detection Current Re
To view detection data gathered during the current simulation experiment, use the ‘Reports / Current Report 
/ Detection’ command. This can only be done when the simulation is not running. The ‘Detection Report’ 
dialog window is displayed as shown in Figure 9-18. 

Figure 9-18: Detection Report Dialog Window 

ports 

 
 

o view the detection data for a given period, select a time period from the list box and click on the ‘Report’ T
button. The Detection Report window is then displayed as shown in Figure 9-19. A printout of the contents 
of this window can be obtained by pressing the ‘Print Out’ button. A Print Out File name and directory must 
first be defined in the ‘Detection Report’ window, however. 
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Figure 9-19: Detection Report window 

 
 

9.2.3 Detection Current Graphics 
Detection data gathered during the current simulation experiment can be presented in a graphical form by 

e via the ‘Reports / Current Graphics / Time Plot’ command. The 

he window contains an option menu with two options: ‘Sections’ and ‘Detectors’. By default, the 
 the ‘Detectors’ option. It is then possible to select a set 

of detectors  the network display. The 
identifie fo s id’s’ list box (see Figure 9-20). To 

move a detector from the list, click again on the detector or use the Remove button.  

means of time series plots. This is don
‘Time Plot’ dialog window appears, as shown previously in Figure 9-13.  
 
T
‘Sections’ option is active, so you must change it to

for which data  has to be displayed, by clicking directly on them in
rs r the selected detectors will be included in the ‘Detector

re

Figure 9-20: Detection Time Plot Dialog 

 
 

may choose between 

e selected 
ariable can be changed at any time. 

ach Detection Time Plot dialog can be closed individually. The ‘Close Dialogs’ button in the Time Plots 
ialog window causes all Detection Time Plot windows to be closed simultaneously. The ‘Close’ button 
eeps all Time Plots open and only closes the Time Plots dialog window. The Detection Time Plot window 
an be open while the simulation is running, and the time plot will be updated continuously as new detection 
ata becomes available. 

The variable to be plotted may be selected using the ‘Variable’ option menu. The user 
Count, Speed, Density and Occupancy. Then click on the Display button and the time plot will be drawn (see 
Figure 9-21). Each Detection Time Plot dialog window has its own ‘Variable’ option menu. Th
v
 
E
d
k
c
d
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Figure 9-21: Current Graphics: Detection Time Series Plot. Count and Occupancy 

 
 

9.2.4 Detection Data Gathering 
etection measures, as 

l

etector has two types of measures gathered: 
- Aggregated detection: Detection is aggregated during a time period. 
- Cycle Detection: Detection done each cycle of detection. 

 
Considering these two types of detection, each detector stores the following variables: 

- cycle): Number of Vehicles that have entered during last Cycle. 
- Speed (v, cycle): Speed of Vehicle v that has entered during last Cycle. 
- EntranceTime (v, cycle): Time of Vehicle v that has entered during last Cycle. 

Cycle Detection Measures 

 Count: number of vehicles that have passed through the detector during the last cycle (vehicles) 

Count (cycle) = NbVeh(cycle). 

• Speed: mean speed of the vehicles when crossing the detector during the last cycle (km/h or mph) 

This section describes in detail the procedures applied to produce the different traffic d
we l as the individual vehicle data that is gathered. 
 
Each D

 
- Veh (cycle): Set of Vehicles that have entered during last Cycle. 

NbVeh (

•

)(

),(
)( )(

cycleNbVeh

cyclevSpeed
cycleSpeed cycleVehv

∑
∈=

 
• Presence: 1 if any vehicle is over the detector during the last cycle, 0 otherwise. 
• Occupancy: percentage of cycle time that the detector has been pressed during last cycle (%). 
 
 
 
 
 
 
 
 
 
 

0 
C l

0 

0 
Cycle
Int
det
and
tfinal(i)
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Interval Detection Measures 

• Count: number of vehicles that have passed through the detector during the interval (vehicles) 

∑= cycleCountCount )()interval(
∈

• Speed: mean speed of the vehicles when crossing the detector during the interval (km/h or mph) 

lcycle interva  

∑
∑ ∑

∈

∈ ∈=

licycle

licycle cycleVehv

cycleNbVeh

cyclevSpeed
Speed

nterva

nterva )(

)(

),(
)interval(

 
• Presence: 1 if any vehicle is over the detector during the last interval, 0 otherwise. 
• Occupancy: percentage of cycle time that the detector has been pressed during the interval (%). 
 

100*
),(),(

)interval( interval

)(

1

Interval

cycleitcycleit
Occupancy cycle

cyclerIntervalsTotalNumbe

i
initfinal∑ ∑

∈ =

−
=

 
• Headway: mean headway of the vehicles when crossing the detector during the interval  (seconds) 

 

1)(
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intervalinterval
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interval
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9.3 STORING SIMULATION RESULTS USING ODBC 
 

 more flexible mechanism for storing simulation outputs has also been included. TA he user can opt to store 

To select the type of output support and its location, / Output / Output Location’ 
command to display the Out  select ASCII files, general 
ODBC Database or Access Database by clicking on the appropriate toggle button.  

Figure 9-22: Definition of Output Location 

the simulation outputs (statistics and detection) either as ASCII files, or as a database in an ODBC format. In 
both cases the user may select where to locate these data, making it possible to store the results of different 
runs or replications of the same model. The database format is described in detail in Appendix 2. 

9.3.1 Output Location 
select the ‘Experiment 

put Location dialog window (see Figure 9-22). Then

 
 
When selecting ‘To ASCII Files’, the user can specify the directory in which to store the files, either by 
typing the whole path into the dialog box, or by browsing for the directory. If a Multiple Replication 
Experiment is run, different results corresponding to different replications are stored in different 
subdirectories using the replication identifier (1, 2, ... n) as the directory name. 
 
When selecting ‘To ODBC Database’, the option menu containing the available Data Sources will become 
active, allowing the user can select one of them. Creation of Data Sources is explained in the next section.  If 
the ODBC Database requires an username and a password then the ‘User’ and ‘Password’ fields has to be 
set.  
 
When selecting ‘To Access Database’, the user can browse to search for the appropriate Access database, 
(file with the extension .mdb). The database can be an empty database, which can be created when the Data 
Source is defined or using Microsoft Access. If the database is not empty, the simulation output data having 
the same replications ID’s will be override, otherwise it will be added to the existing data. 

9.3.2 Creating a Data Source 
In order to store the simulation results as a database, the user must first create a Data Source. An application 
named ODBC Data Sources is located in the Windows Control Panel folder. When it is run, the dialog 
window in Figure 9-23 appears.  
 
Click on the ‘Add’ button and the ‘Create New data Source’ dialog window will appear, as shown in Figure 
9-24. The user may then select between a Microsoft Access Driver (*.mdb) or an SQL Server. If you select 
Microsoft Access Driver and then click on the ‘Finish’ button, the ODBC Microsoft Access Setup dialog 
window is displayed (see Figure 9-25). Type in a Data Source Name as the logical name for your database. 
Then click on the ‘Select’ button to browse and search for a Microsoft Access file (*.mdb) or create an 
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empty database clicking o on the ‘OK’ button. The 
new data source will then , the created data source, 
referenced by its logical name, can be used in AIMSUN to store simulation results. 
 
When selecting the Database, the user can choose among the different Data Sources available in the 
computer. Only Data Sources that have been properly installed in the system will be shown in the option 
menu. If you are running Multiple Replications, results corresponding to different replications are stored in 
the same database, using the replication identifier as the primary key. The following section explains in 
detail the database structure and its contents. 

Figure 9-23: ODBC Data Source Administrator 

n ‘Create’ button. Select or create a database and click 
 be added to the list of User Data Sources. From now on
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Figure 9-24: Create New Data Source dialog window 

 
 

Figure 9-25: ODBC Microsoft Access  
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9.4 RECORDED SIMULATION 
 
It is now possible to record a running simulation and visualise it later using the AIMSUN 3D Application. 
The storage location for the recording is defined in the Output Location dialog window. 

Figure 9-26: Output Location. Recorded Simulation  

 
The St s. & etection folder already has the information defined in previous versions, at D and the new 

ecorder folder allows the user to define the recording file path. This file has the extension *.ras. Figure 9-

on is active when recording has started and the simulation is stopped. Pressing it deletes 
e current recording. When the user continues the simulation the recording is made to the same file. 

e REC toggle button (see 7.2.5), the simulation record also starts. If no 
recorder toggle will not be available. During the simulation, the user can stop or 

 
 is possible to change the file during the simulation. When recording over an existing file, previous 

 

R
26 shows the default path used (the Browse button allows the user to customise the path). The recorder 
information is kept in the same file as the other output location data. 
 
The Reset File butt
th
 
To activate the recording press th
recorder file is defined, the 
start the recording again. 

It
recorded data will be lost. 
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10. ENVIRONMENTAL M
 
AIMSUN Environmental Models, nam ission 
Models. The Environmental Models are automatically selected by default whenever the corresponding data 
is defined e, the user has defined Pollution data for any vehicle 
type, the P Model will be activated. The name of the model selected will be displayed in 
the Inform ain window. The user can choose to activate or deactivate any 
model bef  experiment. This is done via the extended me ing the list of 
environmental models that appears when you select the ‘Experiment / Particular Models’ command.  
The follow xplain how these Particular Models work, describing their input requirements and 
the output

F C
ssumes that each vehicle is either idling, cruising at a constant 

peed, accelerating or decelerating. The state of each vehicle is determined and the model then uses the 
to calculate the fuel consumed for this state. 

mula: 

ODELS 

provides two ely the Fuel Consumption and Pollution Em

 in the vehicle types library. If, for exampl
ollution Emission 
ation Area at the bottom of the m
ore running the simulation nu show

ing sections e
 generated. 

 
10.1 UEL ONSUMPTION MODEL 
The AIMSUN Fuel Consumption Model a
s
appropriate formula 
 
For idling and decelerating vehicles the rate (in ml/s) can be assumed to be constant. For an accelerating 
vehicle it is given by the for
 
    F c c ava = +( )1 2  
 
where c1 an  c2  are constants and a and v are the vehicle acceleration and speed respectively. 
 

d

e fo
celic [

  

Th llowing fuel consumption equation for a cruising vehicle moving at speed v, has been determined by 
Ak AKC82]. It contains three constants: k1 , k2 , and vm , which need to be determined empirically for 
each vehicle type. 
 

  
dF v 3

dt vm
1 3 22

k k v= + +1( )  

he UK Department of Transport [DoT94] provides fuel consumption figures for all new cars. Amongst the 

ne nt
mp

 or  respectively, then: 

 
vm  is the speed at which the fuel consumed per km is a minimum. Typically this is around 50 km/h. 
 
T
figures given are the fuel consumption in litres per 100 km, for vehicles travelling at speeds of 90 km/h and 
120 km/h. These figures can be used to determi  the consta s k1and k2  above. It is easy to show that if 
F1 and F2  are the fuel consu tion rates in litres per 100 km/h for a vehicle travelling at a constant speed 
of either v1 v2

 

k
F F v v v1 2 1 2−( )

v v v v v vm m
3

1
3

2 1180 2 2
=

− +( v v
m

1

3

3
1 2

3− )
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k
F2 v v F v v F v v F v v

v v v v2

3 3
2 2 1

3
1 1 2

3

2 1
3

1 2
3
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imulation, the state of each vehicle will be determined as either idling, 
 during the simulation time step, ∆t, will then be 

e a rmulae given in Table 10.1 

 

v v v v
m m2 2 1 1

3 3360 2 2
=

− +(
   

m m2 1

 
 
Then, for each time step in the s
accelerating, cruising or decelerating. The fuel consumed
calculated for each vehicl ccording to its state using the fo
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Table 10-1: Fuel consumed 

Vehicle State Fuel Consumed (ml) during ∆t 
Idling Fi  ∆t 
Accelerating with acceleration a (m/s/s) 
and speed v (m/s) 

1 2( )c c av+ ∆  t

Cruising at speed v (m/s) 
 ( ( ( ) ) )k

v
k v

m
1

3
21+ + ∆t 

v

Decelerating Fd  ∆t 
 

re Fi  and Fd  are the fuel consumption rate in mwhe l/s for idling and decelerating vehicles respectively and 
onsta  need to be calibrated. 

Input Parameters 
 
For each vehicle type, the following additional six parameters, which specify the vehicle’s fuel consumption 
rates, have to be specified: 
 

• : the fuel consumption rate for idling vehicles in ml/s  

• and : the two constants in the equation for the fuel consumption rate for accelerating vehicles, 
in ml/s 

• : the fuel consumption rate, in litres per 100 km, for vehicles travelling at a constant speed of 90 km/h 

• : the fuel consumption rate, in litres per 100 km, for vehicles travelling at a constant speed of 120 
km/h  

• : the speed at which the fuel consumption rate, in ml/s, is at a minimum for a vehicle cruising at 
constant speed 
• : the fuel consumption rate for decelerating vehicles in ml/s. 
 
The following are example values of these input parameters, taken from [FER82] and the UK Department of 
Transport [DOT94]. 
 
The fuel consumption rate for idling vehicles in ml/s = 0.333, and  in the equation for the fuel 
consumption rate for accelerating vehicles: = 0.420, = 0.260. The fuel consumption rate for 
decelerating vehicles in ml/s = 0.537. The fuel consumption rates for cruising vehicles for three different 
cars are: 
 
Ford Fiesta:  = 4.7 (l/100km at 90 km/h) 
   = 6.5 (l/100km at 120 km/h) 
   = 50 km/h 
    
Ford Escort:  = 5.4 (l/100km at 90 km/h) 
   = 7.1 (l/100km at 120 km/h) 
   = 50 km/h 
    
Ferrari Testarossa = 10.0 (l/100km at 90 km/h) 
   = 11.4 (l/100km at 120 km/h) 
   = 70 km/h 

c
 

nts c1 and c2

Fi

c1 c2 Fa , 

F1

F2

vm

Fd

Fi c1 c2

c1 c2

Fd

F1

F2

vm

F1

F2

vm

F1

F2

vm
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utpO ut 

nsumed by all of them, in litres. 

 
Output produced by the Fuel Consumption model at the different levels of aggregation is as follows: 
 
• For the entire network, the total distance travelled (in km) by all the vehicles having finished their trip 

and the total fuel consumed by all of them, in litres. 
 
• For each section and turning, the total km travelled by all the vehicles that have crossed that section and 

the total fuel co
 
• For each route, the total distance travelled (in km) by all the vehicles that have followed that route and 

the total fuel consumed by all of them, in litres. 
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10.2 POLLUTION EMISSION MODEL 
 
 
AIMSUN sions for all th cles in ulation. As in the Fuel 
Consumption Model, the vehicle state (idling, cruising, accelerating or decelerating) and th  speed / 
acceleratio on from each v for each on step. done by 
referencin t, which give e s (in g/s) y releva
vehicle be ere are different sets of look-up tables for each vehicle type and 
for each pollutant. 
 
At the mo aximum of three pollutants are consid rrespondi e three m dely used 
pollutants (Carbon Monoxide, Nitrogen Oxides and unb Hydrocarbons), but it is conceivable that 
additional pollutants might be modelled if data becomes available. 
 
Input Par
 
The input required for the pollution emission model is as fo
 
 For each vehicle type (i.e. cars, buses, trucks) 

odelled (i.e. CO, NOx, HC) 

tant speed consisting of a set of pairs (speed 

mission values for petrol cars and buses, take  QUARTET deliverable, are summarised in the 

 emission rates for cars 

can model the pollution emis e vehi the sim
e vehicle

n is used to evaluate the emissi
g look-up tables for each pollutan

ehicle 
mission

 simulati
 for ever

 This is 
nt combination of 

haviour, speed / acceleration. Th

ment, a m ered, co ng to th ost wi
urned 

ameters 

llows: 

-
 

- For each pollutant m
 

1. Emission rate for accelerating vehicles in g/s 
2. Emission rate for decelerating vehicles in g/s 
3. Emission rate for idling vehicles in g/s 
4. A look-up table for vehicles cruising at a cons

break point (km/h), emission rate (g/s), for a maximum of 15 break points. 
 

n fromE
following two tables: 

Table 10-2: Pollution

Emission rates for cars (g/s) CO NOx HC 
Idling emission rate (g/s) 0.060 0.0008 0.0067 

Accelerating emission rate (g/s) 0.377 0.0100 0.0200 

Decelerating emission rate (g/s) 0.072 0.0005 0.0067 

Cruising emission rate (g/s) 
10 km/h 
20 km/h 
30 km/h 
40 km/h 
50 km/h 
60 km/h 
70 km/h 

 
0.060 
0.091 
0.130 
0.129 
0.090 
0.110 
0.177 

 
0.0006 
0.0006 
0.0017 
0.0022 
0.0042 
0.0050 
0.0058 

 
0.0063 
0.0078 
0.0083 
0.0128 
0.0097 
0.0117 
0.0136 
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Table 10-3: Pollution emission rates for buses 

Emission rates for buses (g/s) CO NOx HC 
Idling emission rate (g/s) 0.050 0.0050 0.0383 

Accelerating emission rate (g/s) 0.377 0.0100 0.0200 

Decelerating emission rate (g/s) 0.072 0.0005 0.0067 

Cruising emission rate (g/s) 
10 km/h 
20 km/h 
30 km/h 
40 km/h 
50 km/h 
60 km/h 
70 km/h 

 
0.097 
0.056 
0.050 
0.069 
0.056 
0.042 
0.000 

 
0.018 
0.020 
0.023 
0.036 
0.067 
0.083 
0.133 

 
0.078 
0.044 
0.042 
0.056 
0.078 
0.067 
0.067 

 
Output 
 
Output produced by the pollution model at the different levels of aggregation is: 
 
 For the entire network, the total distance travelled (in km) by all the vehicles that have finished their trip, 

and the kilograms of each pollutant emitted by them all. 
 
 For each section and turning, the total km travelled by all the vehicles that have crossed that section, and 

kilograms of each pollutant emitted by them all. 
 
- For each route, the total distance travelled (in km) by all the vehicles that have followed that route, and 

kilograms of each pollutant emitted by them all. 
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11. CALIBRATION AND VALIDATION OF AIMSUN MODELS 
 
11.1 METHODOLOGY FOR BUILDING SIMULATION MODELS 
 
From a methodological point of view it is widely accepted that simulation is a useful technique to provide an 
experimental test bed to compare alternate system designs, replacing the experiments on the physical system 
by experiments on its formal representation in a computer in terms of a simulation model. The outcomes of 
the computer experiment provide in this way the basis for a quantitative support to decision-makers. 
According with this conception the simulation model can be seen as computer laboratory to conduct 
experiments with the model of the system with the purpose of drawing valid conclusions for the real system. 
In other words, use the simulation model to answer what if questions about the system. 
 
Simulation may be then seen as a sampling experiment on the real system through its model [PID92]. In 
other words, assuming that the evolution over time of the system model imitates properly the evolution over 
time of the modelled system, samples of the observational variables of interest are collected from which, 
using statistical analysis techniques, conclusions on the system behaviour can be drawn. Figure 11-1 
illustrates conceptually this methodology. 

Figure 11-1. Experimental Nature of Simulation 

SIMULATION
MODEL

INPUTS
(Alternatives, policies,

what if questions)
OUTPUTS
(Answers)

EXPERIMENTATION

 
 
The reliability of this decision making process depends on the ability to produce a simulation model 
representing the system behaviour close rpose of using the model as a substitute of the 
actual system for experimental purposes. This is true for any simulation analysis in general and obviously for 
traffic simulation. The process of determining whether the simulation model is close enough to the actual 
system is usually achieved through the validation of the model, an iterative process involving the calibration 
of the model parameters and comparing the model to the actual system behaviour. The discrepancies 

etween the two, and the insight gained, are then used to improve the model until the accuracy is judged to 
a

who  building process. 

Figu
con teps: 

. Formulate the problem and plan the study: identify the nature of the problem and the requirements to 

ly enough for the pu

b
be cceptable. Validation of a simulation model is a concept that should be taken into account thorough the 

le model
 

re 11-2 depicts the diagram of the methodological process of a simulation study [LAW91], which 
sists generally of the following s

 
1

find a solution. 
2. Collect data and formulate the model: acquire empirical evidence (knowledge acquisition process) on 

the system’s behaviour to formulate hypothesis, and translate them in terms of the formal representation 
that constitutes the model of the system. 

3. Check whether the model built is a valid representation of the system for the purposes of the study, that 
is, verify that the answers provided by the model to the what if questions can be accepted as valid ones. 

4. Translate the formal model in terms of  a computer program 
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Figure 11-2: Steps in a simulation study 
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5. and 6. Check that the computer model performs correctly, that is, is error free and provides acceptable 

results. 
7. Identify the design factors that translate the “what if” questions in terms of computer experiments. 

Specify the experimental sampling procedures to gather the data for the statistical analysis that will 
provide the expected answers. 

8. And 9. Conduct the simulation experiments on the computer and analyse the outputs. 
 
The main conceptual steps in the model building and use process are further detailed in the diagram in figure 
11-3. The process of knowledge acquisition can also be interpreted in terms of an abstraction of the reality, 
the natural system under study, leading in first terms to a primary representation of the system or conceptual 
model. This conceptual model can be the object of a primary validation exercise in order to check that all 
main components of the system are being taken into consideration, and are suitably represented in terms of 
their attributes. This means a refinement in the meaning of validation. Validation is therefore an activity that 
should be realised at each step of the process, and not only at the end. 
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Figure 11-3: Detailed methodological steps of the model building and use process 
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Translating the conceptual model in terms of a mathematical representation for which a numerical algorithm 
is available, can also be understood in terms of building a suitable computer model, given that, for large 
systems, the modelling process is feasible only if suitable computing tools are available. Computer models 
hould themselves be objects of verification, checking that the computer model is error free, and validation, s

that is, checking that the computer model does what is expected it should do. 

the 
the observed reality

n “what if questions”, 

 

 
The error free computer model can then be implemented and executed to provide the solutions that will be 

object of the last verification. This last verification exercise consists very often of the comparison with 
. The validated computer model will then become the “laboratory” to conduct the 

simulation experiments that suitably designed will answer the questions, very ofte
about the system behaviour under the various design alternatives that configure the experimental scenarios. 
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11.2 

 
Acc i
 
• Ver

deb
d

• al
com the system under study. If a model is valid, then the 

odel to a client. 

Verif eters 
and check to see that the output is reasonable. In some cases, certain measures of performance may be 
computed exactly and used for comparison. Animation can also be of great help for this purpose, with some 
types of simulation model (traffic model are just a good example) it may be helpful to observe an animation 
of the simulation output to establish whether the computer model is working as expected. 
 
In validating a simulation model analyst should not forget that: 
 
• A simulation model of a complex system can only be an approximation to the actual system, regardless 

of how much effort is put into developing the model. There is no such thing as an absolutely valid model 
of a system. 

• A simulation model should always be developed for a particular set of purposes. 
 A simulation model should be validated relative to those measures of performance that will actually be 

for building the model. These data may be 

• Sensitivity analysis: Determine if the simulation output changes significantly when the value of an 
input parameter is changed, when an input probability distribution is changed, or when the level of 
detail for a subsystem is changed. 

 
3. Determine how representative the simulation output data are 

THE VALIDATION PROCESS: BUILDING VALID AND CREDIBLE SIMULATION 
MODELS 

ord ng to Law and Kelton [LAW91]: 

ification: consists of determining that a simulation computer program performs as intended, i.e. 
ugging the computer program. Thus, verification checks the translation of the conceptual simulation 

mo el into a correctly working program. 
V idation: is concerned with determining whether the conceptual simulation model (as opposed to the 

puter program) is an accurate representation of 
decision made with the model should be similar to those that would be made by physically 
experimenting with the system (if this were possible) 

• A model is credible when its results are accepted by the user, and are used as an aid in making 
decisions.  

 
The importance of model credibility is the major reason for the widespread interest in animating simulation 

utput, since animation is an effective way for an analyst to communicate the essence of a mo
 

ication usually implies running the simulation model under a variety of settings of the input param

•
representative of these purposes, and will therefore be used for decision making. 

• Model development and validation should be done hand-in-hand thorough the entire simulation study, 
 
Law and Kelton propose a three-step approach for developing valid and credible simulation models: 
 
1. Develop a model with high face validity 

 
A model that, on the surface, seems reasonable to people who is knowledgeable about the system under 
study. 

 
• The modeller should work closely with people who are intimately familiar with the system. 
• The analyst will have to be resourceful in order to obtain all of the required information. 
• If data exist, then they should be obtained and used 

available from historical records or may have to be collected during a time study. 
• Care must be taken to ensure that data are correct and representative of what is being modelled. 

 
2. Test the assumptions of the model empirically 
 

• If a theoretical probability distribution has been fitted to some observed data and used as input to the 
simulation model, the adequacy of the fit can be assessed. 
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ation model’s validity is establishing that • The most definitive test of a simul its output data closely 

resemble the output data that would be expected from the system. If the simulation output data 
compare favourably with the system output data then the model can be considered “valid”. 

• Since the model is only an “approximation” to the actual system, a null hypothesis that the model 
and the system are the “same” is clearly false. We believe that it is more useful to ask whether or not 
the differences between the system and the model are significant enough to affect the conclusions 
derived from the model. 

• Animation may also be an effective way to evaluate (at least qualitatively) the validity of a 
simulation model. 

 
The methodology proposed by Law and Kelton for validating, verifying and establishing the credibility of a 
simulation model is summarised in figure 11-4. Boxes in the diagram represent the states of the model and 
their relationships to the stages in a simulation study as depicted in figure 11-2. Curved dashed arrows show 
where the three concepts are employed. Although not represented in the figure one should not forget that the 
whole process must be understood as an iterative process that could eventually require the repetition of some 
steps, therefore backward arrows representing a feedback step should be added. 
 

Figure 11-4. Timing and relationships of validation, verification and establishing credibility 
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Understanding that validation means the process of testing that the model does actually represent a viable 
and useful alternative means to real experimentation. This requires the exercise of calibrating the model, that 
is adjusting model parameters until the resulting output data agree closely to the system observed data. We 
must ask whether this process produces a valid model for the system in general, or whether the model is only 
representative of the particular set of input data. To answer this question properly, the analyst must use two 
independent sets of data, one for calibration and another one for validation. The first set should be used for 
calibrating the model parameters and the second for running the calibrated model and then for validating the 
calibrated model. The resulting model output data are compared to the second set of system output data. 
 
Validation of the simulation model will be established on the basis of the comparison analysis between the 
observed output data from the actual system and the output data provided by the simulation experiments 
conducted with the computer model. 
 
The conceptual framework for this validation methodology is described in the diagram of figure 11-5 
(adapted from [BAL98]). According to this logic when the results of the comparison analysis are not 
acceptable to the degree of significance defined by the analyst, the rejection of the simulation results implies 
the need of re-calibrating some aspects of the simulation model, adjusting some parameters etc. The process 
is repeated until a significant degree of similarity according to some statistical analysis techniques is 
achieved. An overview of such techniques is provided in Section 11.4. 

239 



TSS-Transport Simulation Systems  February 2004 
 

Figure 11-5: Methodological framework for the validation of the simulation model by com
the observed system 
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11.3
 
In traffic systems, the behaviour of the actual system is usually defined in terms of the traffic variables, 
flows, speeds, occupancies, queue lengths, and so on, which can be measured by traffic detectors at specific 
locations in the road network. To validate the traffic simulation model, the simulator should be able to 
emulate the traffic detection process and produce a series of simulated observations. A comparison with the 
actual measurements will be used to determine whether the desired accuracy in reproducing the system 
behaviour is achieved. Statistical techniques will be used for such determination. In particular for the 
validation and calibration phases, the general methodology proposed in Section 11.2 according to Law and 
Kelton [LAW91] can be specialised as follows for traffic simulation systems. To produce input data for the 
simulation model of the quality required to conduct an accurate analysis, a careful data collection process is 
required. [HUG98] provides an excellent case study on how to proceed. 

11.3.1 Develop a traffic simulation model with high face validity with GETRAM 
The main components of a traffic micosimulation model are: 
 
a) The geometric representation of the road traffic network and related objects (traffic detectors, Variable 

Message Panels, traffic lights, etc.) 
b) The representation of traffic management schemes (directions of vehicle’s movement, allowed and 

banned turnings, etc.), and of traffic control schemes (phasing, timings, offsets) 
c) The individual vehicles behavioural models: car following, lane change, gap acceptance, etc. 
d) The representation of the traffic demand: 

d.1) Input flow patterns at input sections to the road model and turning percentages at intersections 
d.2) Time-sliced OD matrices for each vehicle class 

e) The route choice models 
 
The TEDI suite of graphic editors in GETRAM has been designed with the objective of supporting the use

 tasks a) and b) of the process of building the road network model. To facilitate these tasks the editor 

an and interurban roads, which means that the level of detail covers 
lements such as surface roads, entrance and exit ramps, intersections, traffic lights and ramp metering. 

 directly from the natural system, the road network object of study, to its computer representation 
in terms of the GETRAM model. The use of the graphic editors on the digital maps of the road networks 

ity of the geometric model. At the same time, 

cision 
ay depend on the objectives of the traffic management scheme defined by the traffic manager. Something 

 SPECIFICS FOR THE VALIDATION OF TRAFFIC SIMULATION MODELS 

r 
in
accepts as a background a digital map of the road network, in terms of a DXF file from a GIS or an 
AutoCAD system, a JPEG or a bitmap file, etc. so sections and nodes can be built subsequently into the 
foreground. The editor supports both urb
e
Figure 11-6 illustrates the process of using the graphical editor to build an urban model on the top of a 
background. 
 
With respect to the methodological diagram in figure 11-3, TEDI provides the model builder with a software 
tool to go

provides the basis for a continuous visual validation of the qual
the auxiliary on-line debugging tools in TEDI prevent the most blatant mistakes in building the geometric 
representation, warning the modeller when obvious inconsistencies may occur. 
 
In other words, the TEDI model building process is assisted with validation tools to check the correctness of 
the geometric model of the road network within the limits of logic rules. Some aspects may lie beyond the 
analysis capabilities of the assistance software, i.e. whether banning a turning is correct or not. This de
m
similar could be said regarding whether or not to include a movement in a phase. However, a different case 
might be that of a previously defined movement that was not included in any phase, this is something that 
can be checked by the assistance tools. 
 
In this way, TEDI ensures a geometric model exhibiting a “high face validity” that could even be further 
validated by the modeller through visual inspection facilitated by the graphic display of the GETRAM 
model.  
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Figure 11-6. Building and checking the validity of a geometric road network model with TEDI 

 
 
The validation of the geometric model should also take into account other aspects that may not be so obvious 
at a first glance, i.e. the connectivity of the network, the existence of paths connecting every origin to every 
destination in a route based simulation. 
 
To assist the modeller in this additional validation task, before running the simulation the 
GETRAM/AIMSUN software system performs a pre-simulation step, as shown in the conceptual diagram of 
figure 11-7. When a model inconsistency is identified at this level a warning, or an error message, depending 
on the case, is issued informing the modeller of the type of inconsistency, and where in the model it is 
located. 

11.3.2 Test the assumptions of the model empirically. 
In the case of an AIMSUN traffic simulation model, the model behaviour depends on a wide variety of 
model parameters. In summary, if one considers the model to be composed of entities, (i.e. vehicles, 
sections, junctions, intersections, and so on), each of them described by a set of attributes, (i.e. parameters of 
the car-following, the lane change, gap acceptance, speed limits and speed acceptance on sections, an so on), 
the model behaviour is determined by the numerical values of these parameters. The calibration process will 
therefore have the objective of finding the values of these parameters that will produce a valid model. 
 
Some examples may help to illustrate this dependency between parameter values and model behaviour. 
Vehicle lengths have a clear influence in flows: as the vehicle lengths increase flows decrease and queue 
lengths increase. In the AIMSUN car-following model the target speed, the section speed limit and the speed 
acceptance, among others, define the desired speed for each vehicle on each section. The higher the target 
speed, the higher the desired speed for any given section, resulting in an increase in flow according to the 
flow-speed relationships. In this way, as part of the calibration process one should establish for a particular 
model the influence of acceleration and braking parameters in the capacity of the sections, namely for 
weaving sections. Similarly, the effects of lengths of Zones 1 and 2 in the lane change model influence the 
capacity of the weaving sections as well as the percent overtake and percent recover parameters influence the 
lane distribution, and so on. 
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Figure 11-7: Conceptual architecture of GETRAM/AIMSUN: the pre-simulation function in AIMSUN 
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11.4 STATISTICAL METHODS FOR MODEL VALIDATION  
 
The statistical methods and techniques for validating simulation models are clearly explained in most 
textbooks and specialised papers [LAW91], [BAL98] and [KLE95]. What follows is an adaptation of the 

eneral process to our problem of validating a microscopic simulation model. The measured data in the 

. Each of these 
el and the set of values of the 
 experiment will be a set of 

simulated values of the variables of interest, in the case of our example the flows measured at each traffic 
detector in the road network at each sampling interval. For example, assuming that in the definition of the 
simulation experiment the sampling interval is five minutes, that is the model statistics are gathered every 
five minutes, and that the sampling variable is the simulated flow w, the output of the simulation model will 
be characterised by the set of values wij, of the simulated flow at detector i at time j, where index i identifies 
the detector (i=1,2,…,n, being n the number of detectors), and index j the sampling interval (j=1,2,…,m, 
being m the number of sampling intervals in the simulation horizon T). If vij are the corresponding actual 
model measures for detector i at sampling interval j, a typical statistical technique to validate the model 

g
actual system should be split into two data sets: the data set that will be used to develop and calibrate the 
model, and a separate data set that will be used for the validation test. 
 
At each step in the iterative validation process a simulation experiment will be conducted
simulation experiments will be defined by the data input to the simulation mod
model parameters that identify the experiment. The output of the simulation

would be compare both series of observations to determine if they are close enough. For detector i the 
comparison could be based on testing whether the difference. 
 
    di = wij – vij, j=1,…,m 
 
has a mean id  significantly different from zero or not. This can be determined using the t-statistics: 

m
s

δdt
d

ii
1m

−
=−  

id  and ds the standard deviation of idwhere δi is the expected value of , for testing the null hypothesis: 

( )2α1;m-1mi0 tt     0δ:H −>=  

a) If for δi = 0 the calculated value 1mt −  of the Student’s t distribution is significant to the specified 
significance level α then we have to conclude that the model is not reproducing close enough the system 
behaviour and then we have to reject the model. 

b) If δi = 0 gives a non-significant 1mt −  then we conclude that the simulated and the real means are 
“practically” the same so the simulation is “valid enough”. 

 
This process will be repeated for each of the n detectors. The model is accepted when all detectors (or a 
specific subset of detectors, depending on the model purposes and taking into account that the simulation is 
only a model, and therefore an approximation, so δi will never be exactly zero) pass the test. 

whereas 

er e  di ij ij

2. The bigger the sample is, the smaller the critical value

 
So far the statistical method, however, there is some special considerations to take into account [KLE95] 
namely in the case of the traffic simulation analysis.  
 

. The statistical procedure assumes identically and independently distributed (i.i.d) observations 1
the actual system measures and the corresponding simulated output for a time series. Therefore it would 
be desirable that at least the m paired (correlated) diff enc s  = w  – v , j=1,…,m are i.i.d. This can 
be achieved when the wij and the vij are average values of independently replicated experiments. 

2α1;mt −  is, and this implies that a simulation 
model has a higher chance of being ay be 
significant and yet u l be good enough for 
practical purposes.  

rejected at the sample grows bigger. Therefore the t statistics m
nimportant if the sample is very large, and the simulation mode
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These considerations lead us to recommend that you do not rely on only one type of statistical test for 
validating the simulation model. An alternative test is to check whether w and v are positively correlated, 
that is test the significance of the null hypothesis: 
 
    H0 : ρ > 0  (ρ linear correlation coefficient) 
 
This represents a less stringent validation tests accepting that simulated an real responses do not necessarily 
have the same mean and that what is significant is whether or not they are positively correlated. The test can 

e implemented using the ordinary least squares technique to estimate the regression model: 

    E(v|w) = β + β w + ε  (ε random error term) 

sis is rejected and the 
imulation model accepted if there is strong evidence that the simulated and the real responses are positively 

 

 quality of the simulation model could be established in terms of the quality of the 
prediction, and that would mean to resort to time series forecasting techniques for that purpose. If one 

s output of the system as well as output of the model representing the 
system is dependent on two type of components: the functional relationships governing the system (the 

attern) and the randomness (the error), and that the measured as well as the observed data are related to 

     Data = pattern + error 

he critical task in forecasting can be interpreted in terms of separating the pattern from the 
error component so that the former can be used for forecasting. The general procedure for estimating the 
pattern of a relationship is through fitting some functional form in such a way as to minimise the error 
component. A way of achieving that could be through the regression analysis as in the former test.  
 
If for detector i the error of the j-th “prediction” is di = wij – vij, j=1,…,m, then a typical way of estimating 
the error of the predictions for the detector i is “Root Mean Square Error” , rmsi defined by: 
 

b
 

0 1
 
The test concerns then the one-sided hypothesis H0 : β1 ≤ 0. The null hypothe
s
correlated. The variance analysis of the regression model is the usual way of implementing this test. This test 
may be strengthened, becoming equivalent to the first test if this hypothesis is replaced by the composite 
hypothesis H0 : β0 = 0 and β1 = 1, implying that the means of the actual measurements and the simulated 
responses are identical and when a systems measurement exceeds its mean then the simulated observation 
exceeds its mean too. 

A third family of statistical tests for the validation of simulation model is rooted in the former observation 
that the measured and the simulated series, vij and wij respectively, are time series. In this case the measured 
series could be interpreted as the original one and the simulated series the “prediction” of the observed 
series. In that case the

considers that what is observed a

p
these components by the relationship: 

 
This means that t

( )∑
=

−=
m

1j

2
ijiji vw

m
1rms  

 
This error estimate has been perhaps the most used in traffic simulation, and although obviously the smaller 
rmsi is the better the model is, it has quite a significant drawback, as far as it squares the error, thereby 

phasising large errors. Therefore, it wem ould be helpful to have a measure that considers the 
disproportionate weight of large errors and also provides a basis for comparison with other methods.  
 
Theil’s U-Statistic [THE66] is the measure achieving these objectives. In general, if Xj is the observed and 

Yj the forecasted series, j = 1,…,m, then,  if 
j

j1j
1j X

XY
FRC

−
= +

+  is the forecasted relative change, and 

j1j XX −+

j
1j X

=+  is the actual relative change, Theil’s U-Statistic is defined as: 

 

ARC

245 



TSS-Transport Simulation Systems  February 2004 
 

( )
( )

( )
( )

∑

∑

∑ −
+

=

−

=
+

=

⎟
⎞

⎜
⎛ −

⎟
⎠

⎜
⎝=

−
=

1m
2

j1j

1j j
1m

1j

2
1j

1j

XX

X

ARC

1mU

∑ −
−

⎛ −− 1m
1m

2 YARCFRC

=

++++

⎟
⎠

⎜
⎝

⎟
⎞

⎜

− 1j j

2
1j1j1j1j

X

X

1m  

 
When the forecast efficiency is based on the regression model E(v|w) = β0 + β1w + ε  (ε random error term), 
the most efficient forecast would correspond to to β0 = 0 and β1 = 1, that can be tested by the application of 
variance analysis to the regression model as indicated earlier. But taking into account that the average 
squared forecast error: 

    

 
An immediate interpretation of Theil’s U-Statistic, is the following: 
 
   U = 0  ⇔ FRCj+1 = ARCj+1 , and then the forecast is perfect 
   U = 1  ⇔ FRCj+1 = 0, and the forecast is as bad as possible 
 
In this last case the forecast is the same as that which would be obtained forecasting no change in the actual 
values. When forecasts Yj+1 are in the opposite direction of Xj+1 then the U statistic will be greater that 
unity. Therefore the closer to zero the Theil’s U-Statistic is, the better the forecasted series is or, in other 
words, the better the simulation model. When Theil’s U-Statistic is close to or greater than 1, the forecasted 
series and therefore the simulation model, should be rejected. 
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can be decomposed (Theil) in the following way: 
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where Y  and X  are the sample means of the forecasted and the observed series respectively, and 
are the sample standard deviations and ρ is the sample correlation coefficient between the two series, the 
following indices can be defined: 
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UM is the “Bias proportion” index and can be interpreted in terms of a measure of systematic error, US is the 
“variance proportion” index and provides an indication of the forecasted series ability to replicate the degree 
of variability of the original series or, in other words, the simulation model’s ability to replicate the variable 
of interest of the actual system. Finally, UC or “Covariance Proportion” index is a measure of the 
unsystematic error. The best forecasts, and hence the best simulation model, are those for which UM and US 
do not differ significantly from zero and UC is close to unity. It can be shown that this happens when β0 and 
β1 in the regression do not differ significantly from zero and unity respectively. 
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11.5 A CASE STUDY: THE I-35W FREEWAY IN MINNEAPOLIS 

1.5.1 Test Site Description 

ted during a 60 day period during May and June 
as used to calibrate simulation model parameters.  

Figure 11-8: Speeds at the interchange node in I-35W with ramp metering (left) and without (right) 

 
This is an example of a feasibility study on the suitability of integrated ramp control strategies for freeway 
corridors done by the simulation test of the ramp control logic developed by the Minnesota Department of 
Transportation (MnDOT ) on a segment of the I-35W in Minneapolis. The work was done at the ITS 
Laboratory of the University of Minnesota. 

1
Following discussions with the MnDOT engineers in charge of the Transport Management Centre, a 24 km 
long section of I-35W going south was selected for testing purposes. This section was specifically chosen as 
it includes most of the common geometry configurations found in the Twin Cities. This section begins at 
Downtown Minneapolis and ends at the interchange with Highway 13. It includes 20 exit and 22 entrance 
ramps, which are controlled during PM peak hours. Four entrances are freeway to freeway ramps, carrying 
very high volumes in the range of 1200 veh/hr with long spill-back queues. The geometry includes 6 
weaving sections and also has a lane drop section. The test site is divided into three zones and has three 
bottleneck locations. It also has a single HOV lane from I-494 interchange to Highway 13 that is about 10 

m long. The total experiment was based on data colleck
1999. Most of this data w
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11.5.2 Simulation Results 
After it was dee s possible to real life conditions, one day’s 
worth of data fro on. The experiment consisted of two test cases, 
one involving no e previous demands were uniformly increased 

 20%. In eac  and without ramp control. The Measures of 

 delays were 
reduced by 34.61% and 6 stem TTT decreased by 
24.39% and TD by 39.41%. Similar improvements were also realised in the remaining MOE’s. In general, in 
both cases with control, higher speeds were achieved and the flow was smoother throughout the freeway, as 
can be appreciated in figure 11-8. In it we can appreciate the evolution of average speeds during a 160 
minute period with and without adaptive ramp metering. 
 
The results of this testing simply confirmed that the ramp control strategy, improved the operating conditions 
on the freeway significantly on the overall system, especially with heavy congestion. This of course, was not 
unexpected. However, quantification of the results became a much easier task thanks to AIMSUN. 

11.5.3 Model Validation 
To validate the simulation model we should be able of using as input data the same input data as in the actual 
system. For example, in the case of the I-35W freeway in Minneapolis [KOK00], inputs are time dependent 
flows at input sections and turning percentages at exit sections. Assuming that these input data are known, 
and correspond to the actual data in the real system (i.e. measurements of input flows every five minutes) 
these will be the data used to define the inputs to the simulation model. Applying the validation criteria 
established in the above sections to the I-35W motorway, the final calibration process leads to a model for 
which the validation process gives the following results for some selected detectors. 

Figure 11-9: Observed and Simulated Flows. Detector 429 

med that the simulator was working as close a
m the above period was used for the evaluati
rmal congestion levels and the other where th

by h case, two simulations were performed with
Effectiveness (MOEs) collected included Total Travel Time (TTT) in veh-hrs and Total Delay (TD) in veh-
hrs separately for the mainline and the ramps and Total Travel (TT) in veh-km for the whole network. 
 
The effectiveness of ramp control for normal and heavy congestion was established. TTT in the mainline 
decreased by 46% when control was introduced under normal congestion. This can be explained by the fact 
that with ramp control density remains below critical at the bottleneck. As a result, higher speeds were 
achieved. Total ramp delays increased substantially as expected but overall system TTT and

1.78% respectively. For the heavy congestion case, the sy

11.5.3.1 Detector 429 
The graphical comparison between the Observed and the Simulated flows measured every five minutes over 
the simulation horizon of six hours is depicted in Figure 11-9. 

De ctor 429: Measured and te Simulated Flows
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11.5.3.2 Paired T-Test and Confidence Interval for detector 429 
According with the procedures described in Section 11.4 this is the first statistical test. The results of the test 
are summarised in the table below for the Paired T for Observed – Simulated flows at detector 429 
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                         N      Mean     StDev   SE Mean 

 
interval for mean difference is  (2.39, 7.80), and the T-Test of mean difference = 0 (vs not = 

 

Observed         72    159.40     49.20      5.80 
Simulated        72     154.31     46.11      5.43 
Difference       72         5.10     11.50      1.36 

95% Confidence 
0): gives a T-Value = 3.76 and a P-Value = 0.000.  

The extremely small P-Value means that in this case the null hypothesis should be rejected and therefore 
conclude that both series of observations, measured and simulated are significantly different. This 
conclusion is also corroborated by the analysis of the histogram of differences in Figure 11-10. 

Figure 11-10: Histogram of Differences. Detector 429  

 
11.5.3.3 Two Sample T-Test and Confidence Interval for detector 429 
Taking into account Kleijnen comments on this strict test, and looking how close both series appear in the 
graphics, one can wonder whether a less strict test would lead to the same conclusion. The table below 
summarises the results for the less dem
 

                   N      Mean     StDev   SE Mean 
Observed   72     159.4      49.2       5.8 
Simulated   72     154.3      46.1       5.4 

 
95% Confidence interval for mu Observed - mu Simulate: ( -10.6,  20.8), T-Test mu Observed = mu 
Simulate (vs not =): T = 0.64  P = 0.52  DF = 141. The P-Value tell us in this case that both series of 
measurements are comparable and the means of both samples could be considered similar.  

11.5.3.4 Regression Analysis for detector 429 
To corroborate these results the next methodological steps is the regression analysis of the observed versus 
the simulated measurements. The regression equation is: 
 

y = - 0.79 + 1.04 x 

anding test  “Two sample T for Observed versus Simulated” 
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Analysis of Variance 
 

  DF          SS           MS             F            P 
      162705      162705   1241.64    0.000 

70       9173            131 
71     171877 

 

s observation, confirmed in the plot of the regression fits and its 95% 
picted in Figure 11-12. A more complete analysis would require the identification 

or 429) 

Figure 11-12: Observed-Simulated Regression Analysis (Detector 429) 

Predictor     Coef       StDev          T        P  Source            
Constant    -0.787       4.742      -0.17    0.869  Regression        1
x                 1.03813   0.02946  35.24    0.000  Residual Error   

Total                  
 
S = 11.45       R-Sq = 94.7%     R-Sq(adj) = 94.6% 
 
The variance analysis show that the constant is no significant, but the both series are positively significantly 
correlated as the practically zero P-Value shows, and the high correlation coefficient. The additional analysis 
of residuals, which graphic is shown in Figure 11-11 reveals an almost linear behaviour as expected, and 
the presence of one anomalou
prediction Interval de
of this outlayer and the search for an explanation. 

Figure 11-11: Residual Model Diagnostics (Detect
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11.5.3.5 How close the observed and simulated series are? 

 

pe  values for model 
arameters. But once we get to the conclusion that w lated series the key question, 

The visual inspection of both series reveals a high degree of agreement that has been partially confirmed by
ould have given negative results then the simulated series the above statistical tests. If all former tests w

should be discarded and a new simulation ex with newriment should be conducted 
e could not reject the simup
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as discussed in the methodological section is: are both series close enough? This should be corroborated by 
e Theil’s coefficients: 

US  = 0.061009 
  
  
The fact that the global coefficient U, and the variance portion coefficient US are significantly lower that 0.2 
reveal a high degree of similarity between both series and a high ability of the simulated series for replicating 
the observe one. The value of UM, relatively close to 0.2 is undesirable but not enough to reject the 
simulated series. This could be related to the identified presence of outlayers, and the fact that β0 in the 
regression differs significantly from zero. We can conclude accepting the simulated series as a significant 
replication of the observed one. 

11.5.3.6 Detector 426 
This is an interesting case. The results for the plot of the observed and simulated series are shown in Figure 
11-13. Visual inspection reveals a very good agreement between both series. 

Figure 11-13: Observed and Simulated Flows. Detector 426 

th
     U = 0.038169 
     UM = 0.166091 
     

   UC = 0.784646 

Dectector 426: Observed and Simulated Series
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The statistical test  “Paired T for Observed – Simulated” led to the conclusion that both series are almost 
identical (P-Value practically zero) 

                          N      Mean     StDev   SE Mean 
Observed          72    154.32     38.50      4.54 
Simulated         72    149.71     37.37      4.40 
Difference        72       4.611     1.369    0.161 

 = 0.123 + 1.03 x 
 

Analysis of Variance 

redictor      Coef          StDev         T        P  Source             DF        SS          MS              F               P 
Regression       1     105174     105174  167215.87    0.000 

                 1.02998     0.00252   408.92  0.000 Residual Error  70          44             1 
Total                 71     105218 

 

 
95% CI for mean difference: (4.289, 4.933) T-Test of mean difference = 0 (vs not = 0): T-Value = 28.58  P-
Value = 0.000. 
 
So we do not proceed to the relaxed two samples test.  The regression equation is: 
 

y

 
P
Constant       0.1235      0.3885      0.32    0.752    
x
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S = 0.7931      R-Sq = 100.0%    R-Sq (adj) = 100.0% 
 
As before the regression is significant but not the constant. The regression plots and residuals analysis do not 
reveal the presence of outlayers (Figures 11-14 and 11-15), but the analysis of residuals versus fits in Figure 

 peculiar pattern. 11-15 reveals a very

served-Simulated Regression Analysis (Detector 426) Figure 11-14: Ob

 
Figure 11-15: Residual Model Diagnostics (Detector 426) 

The ted (very low values of U and 
US), bu atic bias, already identified 
by the f ce of four units between the 

es. That is, the simulated series is shifted 4 units with respect to the observed 
one. 

US= 0.055073 
0.000362 

 
We can also conclude accepting the simulated series in this case. 

 

Residual Model Diagnostics

 
 analysis of the Theil’s coefficients corroborates the quality of the simula

t the presence of a very high value of UM reveals the presence of a system
of residuals. It can be identified that there is an almost constant differenit 

observed and the simulated seri

U= 0.015348 
UM= 0.920005 

UC= 
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11.6 TUNNING VEHICLE MODELLING PARAMETERS IN AIMSUN 
 
For cali e can classify the AIMSUN vehicle modelling parameters according to their 
influence in the simulation outputs, into three groups: 

Glo pe, while driving anywhere in the network. 
Some ex
 

ion capacities) 
n-ramp capacities) 

 
eaction Time at Stop => higher capacity). 

action Time at Stop => increases queue length and stop time) 

uences: 
w Boxes 

• Two Lane Car-Following (Number Veh., Distance, Max. Speed Differences) influences: 
Smoothing Traffic 

• Lane Changing parameters (% Overtake, % Recover) influences: 

• Lane Changing: On-Ramp model 

11.6.2 Influence of Section Parameters 
 

netw

 

Average Speed (higher Turning speed => higher average speed) 
 

• Visibility Distance influences: 
Yield (Give Way) Sign Behaviour 
 

• Distance Lane Changing Zones influences: 
Turning proportions 
Blocking situations 

bration purposes, w

 
• Global parameters 
• Local Section Parameters 
• Particular Vehicle Type Parameters 

11.6.1 Influence of Global Parameters 
bal parameters influence to all vehicles, regardless of the ty

amples of parameter influences are the following: 

• Reaction Time influences: 
• Section Capacity (lower Reaction Time => higher sect
• On-Ramp Capacity (lower Reaction Time => higher O
 

• Reaction Time at Stop influences:
Stop and Go Capacity (lower R
Queue measures (higher Re
 

• Queue Up and Leaving Speed infl
Behaviour at Yello
Queue Statistics 
 

Merging situations 
 

Distribution among of Lanes 
Interurban situations 
 

v3.2: less on-ramp capacity 
v3.3: increase on-ramp capacity 

Section parameters influence all vehicles, regardless of type, when driving in a particular section of the
ork. Some examples of parameter influences include the following: 

 
Speed Limit influences: • 

Average Speed (higher speed limit => higher average section speed) 
Travel Times: (higher speed limit => lower average section travel time) 
 

Turning Speed influences: 
Turning Capacity (higher Turning speed => higher capacity) 
Travel Times (higher Turning speed => lower travel times) 

•
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 Distance On-Ramp influences: •

On-ramp Capacity 
Use of lane as slow lane 

11.6.3 Influence of Vehicle Parameters 

 etc 

ity) 
Queue lengths (smaller

 
• Give-way time influences: 

Yield and On-Ramp capacity 
Lane Changing blockages 
 

• Guidance acceptance influences: 
Use of new routes 

11.6.4 On-ramp Calibration 
he parameters that are more relevant in the calibration of the on-ramps are the following: 

nging parameters related to overtaking manoeuvres (% Overtake, % Recover) influence 
distribution of vehicles am  the use of the speed lane will 
provide more opportunities  into the slow lane. 

 
• Lane Changing: On-Ramp model version v3.2 results in a lower on-ramp capacity than v3.3 or higher.  
 
• Distance On-Ramp influences the On-ramp Capacity as it determines the use of lane as slow lane or as 

on-ramp properly. The greater Distance On-Ramp provides a higher on-ramp capacity. 
 
• Give-way time is the time a vehicle will accept to wait once it has reached a full stop, therefore it 

influences the on-ramp capacity in congested situations. 
 
• Maximum acceleration influences the queue discharge and ability of lane changing. The higher 

acceleration rate will result in a higher on-ramp capacity as vehicles will accept smaller gaps. 

Vehicle parameters influence all vehicles of a particular type when driving anywhere in the network. Some 
examples of parameter influences include the following: 
 
• Maximum desired speed, Maximum acceleration, Normal and Maximum deceleration, Speed acceptance 

influence: 
Speed, travel time, queue discharge, lane changing,
 

• Minimum distance between vehicles influences: 
Capacity (smaller distances => higher capac

 distances => lower queue lengths) 

T
 
• Reaction Time directly influences the on-ramp capacity. A lower Reaction Time gives a higher on-ramp 

capacity. 
 
• 2-Lanes Car-Following parameters (Number of Vehicles, Distance, Maximum Speed Differences) 

influence the merging situations as it helps to make traffic smoother. The more equalised speeds among 
lanes provide more easiness to merge. 

 
• Lane cha

ong lanes in Interurban situations. Increasing
to merge to vehicles entering from an on-ramp
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11.7 AIMSUN VALIDATION TOOL 
 
The Validation Tool can be found in the Validation command of the menu bar of the AIMSUN graphical 
interface. The Validation menu is has two commands: Database and Charts.  

11.7.1 Comparing two sets of data 
The validation tool allows you to calculate the average of a set of replications and to compare statistical data 
and detector data gathered during previous replications in the form of time series plots and statistical 
variables. The replications can be as a result of one simulation, as a result of average calculation from a set 
of replications, or could be interpreted as the real data. The only requirement is all replications that the user 
wants to compare have to be stored in the same Data Base. 
 
The first step is to select the database accessing to ‘Validation/Database...’ menu. The Validation Database 
selection dialog shown in figure 11-16 will appear. 

Figure 11-16: Validation Database dialog 

 
 
Once the database has been selected, the user can calculate the average of a set of replication and compare 
statistical detector data. To calculate the average of a set of replications, select the ‘Averages’ menu, where a 
list of all replications stored in the selected database appear. The user defines the replication average 

entifier writing an identifier in the ‘Replication Identifier Average’ field and then select or deselect the set 

8, 89 and 90. If the Replication average Identifier already 
xists, then AIMSUN gives a warning message that if the users ignores the data of the replication will be 

overwritten.  

Figure 11-17: Average Calculation dialog 

id
of replications clicking on. Once all is defined, the user press ‘Calculate’ button and AIMSUN creates a new 
replication with the average of all selected replications. Figure 11-17 shows an example where replication 
1002 will contain the average of replications 86, 8
e
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 data, select the ‘Charts’ menu, where a list oTo compare statistical detector f all replications stored in the 

selected database. For each replication shows its identifier, the execution date and its type (could be 
simulated, average or real). The user may select a set of replications whose time plots will be displayed. 
After that, the user decides if the time plots are related to statistical data of sections or detectors and then 
selects the identifier of the element, either section or detector, clicking directly on the element in the network 
display or using the browser button or directly writing the identifier. If the database contains the statistical 
data per vehicle type then the  user may select either ‘all’ to aggregate all vehicle types or one vehicle type. 

Figure 11-18: Validation Tool 

 
 

iable’ option menu. Then click on the Display 

e button, for each replication shows the size of the 
epl i  replications it shows 

the Mean Squ

The variable to be plotted can be selected using the ‘Var
button and the time plot is  drawn. Each Time Plot dialog window has its own ‘Variable’ option menu; thus 
the selected variable can be changed at any time.  
 

hen the user selects ‘Calculate coefficients’ togglW
r icat on (N), the mean and the standard deviation. And in the case to have only two
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Figu wo sets of data re 11-19: Comparing t

 
 

11.7.2 How to add Real Data in Output Data Base 
To add the real data en use the va th simulated data it is necessary to add the real 
data as a new replication in the Data Base, so the format of the real data has to match with the tables that AIMSUN 
generates. The steps are: 
 

1. Add a new register or row in ‘Re wing fields 
 

Attribute Name 

 and th lidation tool to compare wi

plicat’ table with at least the follo

Value 
rid  Replication identifier 
type 3 (Real Data) 
iniTimeSimul Initial Simulation Time (seconds) 
endTimeSimul End Simulation Time (seconds) 
executionDate Date of the execution of the simulation 
periodSta Statistics Interval (seconds) 
periodDetec Detection Interval (seconds) 

 
Have the same iniTimeSimul, endTimeSimul, periodSta and periodDetec is the requirement to compare two 
replications. 

  
2. In then case to have real section data, add all data in ‘SectSta’ table with the followin format: 

 
Attribute Name Description 

rid  Replication identifier 
sect_id Section identifier 
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tfrom Initial time of the period 
tto Final time of the period 
ctype Identifier of vehicle type. 

= 0, aggregation of all vehicle types. 
  >0, specific vehicle types. 

flow Mean flow (veh/h) 
density Density (veh/Km or veh/Mile) 
spd1 Mean speed (Km/h or Mph) 
spd2 Speed deviation (Km/h or Mph) 
hspd1 Harmonic mean speed (Km/h or Mph) 
hspd2 Harmonic speed deviation (Km/h or Mph) 
ttime1 Mean Travel Time (seconds) 
ttime2 Travel Time deviation (seconds) 
dtime1 Mean Delay Time (seconds) 
dtime2 De  deviation (seconds) lay Time
stime1 Mean Stop Time (seconds) 
stime2 Sto iation (seconds) p Time dev
nstops Nu ps per vehicle  mber of sto
qmean Mean Queue Length 
qmax Maximum Queue Length 
travel Total number of km or miles travelled in the section1 
fuelc Total litres of fuel consumed in the section2 

 
3. In then case to have real detection data, add all data in ‘DetectMea’ table with the followin format: 

Attribute Name Description 
 

rid  Replication identifier 
iddet Detector Identifier 
namedet Detector Name 
tfrom Initial time of the period 
tto Final time of the period 
ctype Identifier o

 0, aggre
f vehicle
gation of hicle type. 

0, a specific vehicle type. 

 type. 
 all ve  =

  >
countveh Number of vehicles 
speed Average Speed (Km ph) /h or M
occupancy Percentage of occupancy 
density Density (Veh/Km or Veh/Mile) 
headway Average Headway between vehicles (sec) 
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APPENDIX 1: DESCRIPTION OF PARAMETER’S FILES 

hoice. When loading a network, all six 
of parameters are loaded. These parameters are stored in ASCII files, either at the network level or 
level. The location, name and format of these files are the following: 

ile Path 

 
Contents and Format 

 
A simulation experiment is characterised by a set of parameters that are grouped into six categories: Run 
Time, Modelling, Statistics, Detection, Replications and Route C
categories 
at a global 
 
RUN TIME 
 
F

..network path../AIMSUN/RunTime 

Line Description Format Type 
1 simulated date maximum length 11 characters ract  cha er
2 simulated initial time hh:mm:ss character 
3 warm-up period hh:mm:ss character 
4 simulated end time hh:mm:ss character 
5 redrawing frequency  integer 

 
MODELL
 
File Path 

..network path../AIMSUN/ModelPar 
 
C ntents a

ING 

o nd Format 

Line Description Type Value / Range 
1 ter “V3.3” current version of the file  charac
2 simulated step (reaction time) in seconds float 0.5 <=…<= 1 
3 s float  simu ion step reaction time at stop in second >= lat
4 float  0 queuing up speed (m/s) >=
5 float  0 queuing leaving speed (m/s) >=
6 integer or 1 apply 2 lanes car following model 0 
7 er  number of vehicles integ >0
8 > 0 maximum distance (m) float 
9 maximum speed difference (Km/h) float 0 > 
10 maximum speed difference on ramp (Km/h) float > 0 
11 float <=percent overtake 0 <…  1 
12 float <=  percent recover 0 <…  1
13 integer r 33on ramp model 32 o  
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STATISTICS 
 
In this case we have three files. The first one describes general statistics, the second one describes O/D Matrix 

 the third one describes public transport lines statistics 

 
N/DefODEstad 

..network path../AIMSUN/DefPTEstad 

d Format of ‘DefEstad’ 

statistics and
 
File Path 

..network path../AIMSUN/DefEstad
 path../AIMSU..network

 
ntents anCo

Line Description Type Value 
1 gather statistics  integer 0 or 1 
2 a comment that describes next parameter character “#TEMPS” 
3 the interval period to calculate statistics (hh:mm:ss) cter chara  

4 the following integers must be introduced depending on 
your preferences:   

 
Report printout. Setting thi
not be printed, otherwise in

s value report statistics will  
troduce some of the next  

the kind of statistics to be printed. 
 0 

values that identifies 
integer

 prints system statistics integer 1 
  2 prints sections statistics integer 
 prints sections and turnings statistics integer 3 
 integer 4 prints routes statistics 
 statistical data flush integer 5 
  6 prints TRANSYT statistics integer

5 at describes next parameter, this value is  
ings statistics character “#ARCS” a comment th

expected if you have set print sections/turn

6 the following integers must be introduced depending on 
your preferences of section statistics   

 prints statistics of all sections integer 0 
 prints statistics only of all entrance sections  integer 1
 integer 2 prints statistics only of all exit sections 
 prints statistics only of selected sections  integer 3

7  if the previous option  
as been set to. The format is:  “* %d” integer >0 T

h
he number of selected sections

8 The identifiers of the s
a white space. 

ections selected, separated by  integer  

9 expected if y
a comment that describes next parameter, this value is 

ou have set print routes statistics character “#RUTES” 

i The ide
(the nam

ntifiers of desired routes. Each identifier  
e of the route ) in a new line. character  

n a comment that describes next parameter character “#ALLMODS” 
n + 1 prints statistics distinguishing by vehicle type if set 1 integer 0 or 1 
n + 2 a comment that describes next parameter character “#DEVIATIONS”
n+3  prints standard deviations if set 1 integer 0 or 1 
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An example of ‘DefEstad’ file 
1
#TEMPS 
0 02:00
1  4 6 
#ARCS 
3  
* 4 
3  331 
#RUTES 
stream1 
#ALLMODS
1
# VIATI

DEstad’ 

 

0:  
 3  

30 396 399  

 
 
DE ONS 

1 
 
Contents and Format of ‘DefO

Line Description Type Value 
1 prints OD matrix statistics integer 0 or 1 
1 prints statistics distinguishing by vehicle type integer 2 
1 prints standard deviations integer 3 
1 statistical data flush integer 4 
2 a comment that describes next parameter character “#ORIGIN” 

3 

prints origin statistics: 
      not print 

“             ,distinguishing by to all centroids 

integer  
0 
1 
2 

      statistics by each origin centroid 
                 

4 a comment that describes next parameter charact ST ATION”er “#DE IN

5 

prints destination statistics: 

      statistics by each destination centroid 
                “                   ,distinguished by to all centroids 

eger  
0 
1 
2 

      not print 
int  

6 a comment that describes next parameter character “#PAIRS” 
7 prints statistics by pairs of centroids integer 0 or 1 
8 number of pairs of centroids integer > 0 

for each pair introduce in a new line the identifers of th
centroids that define the pair: integer > 0 i      identifier 1         identifier 2 
 

 
E mple o d’ file 
123 
#ORIGIN 
0
# STINA
0 
PAIRS 

1 
3 
14  11 
10  9 
19  16 
 

xa f ‘DefODEsta

 
DE TION 

#
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Contents and Format of ‘DefPTEstad’ 

Line Description Type Value 
1 prints public transport lines statistics integer 0 or 1 
1 prints statistics distinguishing by vehicle type integer 2 
1 prints standard deviations integer 3 
1 a flush integer 4 statistical dat

2 a comment that describes n
expected if print pt lines sta

ext parameter, this line is  
tistics is set to 1 character “# ” PTLines

3 
For each pt line that you desire printed statistics  
introduce its identifier, the identifiers are separated 

 space. 
integer >0 

by a white
 
E mple o
123 
#PTLines
1 25 
 
DETECT
 
File Path 

..network p
 
C tents a

xa f ‘DefPTEstad’ file 

 

ION 

ath../AIMSUN/DefDetec 

on nd Format 

Line Description Type Format Value  
1 A :00:00” charac m  ggregated detection time. If none write “00 ter hh:m :ss 
2 pr intege  0 or 1 int out r 
3 st intege  0 or 1 atistical data flush r 

 
REPLICATIONS 
 
File Path 

..network path../AIMSUN/Seed 
 
Contents and Format 

Line Description Type Value 
1 random seed integer > 0 
2 replication id integer usually 1 
3 If multiple replications, number of replications integer >= 0 

i Each of this lines must ha
For each replication a new line must be introduced.  

ve 2 integers: 
    seed integer             identifier replication integer 

integer > 0 
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ROUTE CHOICE 
 
File Path 

..network path../AIMSUN/RouteBasedPar 
 
Contents a eBasedPar’ nd Format of ‘Rout

Line Description Type Value 
1 character “V4.0” current version of the file  
2 cycle, in seconds float >= 0 
3 number of intervals integer > 0 
4 float  capacity 

5 
s 

ic. Only one of the following values  
can be introduced: 

integer  
Route based ty
that it is dynam

pe. The number ‘1’ before the type mean

 

    fixed distance 
    fixed time 
    binomial 
    logit 
    C_logit 
    user defined 

 

0 
1 
2 or 12 
3 or 13 
4 or 14 
5 or 15 

 If route based type > 1 next data lines are expected   
6 Maximum number of routes.  integer >0 

7 
If type is binomial, the probability 
    “         logit or C_logit, the scale 
   “          user defined, the function name 

float 
float 
character 

0 <…<= 1 
>= 0 
 

8 If type is logit or C_logit, the beta parameter float >= 0 
9 If type is logit or C_logit, the gamma parameter float >= 0 

 
Example of ‘RouteBasedPar’ file 
V4.0 
120.000000 
1 
2.000000 
2 
2 
0.75 
 
OUTPUT LOCATION 
 
File Path 

..traffic result path../AIMSUN/Output 
or 
..od matrix path../AIMSUN/Output 
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Contents and Format of ‘Output’ 

Line Description Type Value 

1 

Type : 
ASCII 
Access 
Data Base (ODBC) 

integer 
 

 
0 
1 
2 

2 

If type ASCII, 

me of the connection 
White spaces in the path must be represented with the 
ch

character  

    the path of the directory where to place the output. 
If type Access, 
    The path of the database 
If type ODBC 
    The na

aracter ‘#’. 
 
Example of ‘Output’ file 
0 
Z:\olga\PTNet40\hnormal\Aimsun 
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APPEN U A ASE
 
The Tables defined in the AIMSUN Results Datab n, RepState, RepExt, 
RepCtrl, R ta, SectS ta CentSt oll, TurnPoll, 
CentPoll, ODPPoll, StrmPoll, P et Mea, D PathSect, 
PathSta and PastCost. Each table has a candidate pr lthough these primary keys are not defined in 
the database. 

Networ
This contains inform

 

Attribute Name Type Size Description 

DIX 2: OUTP T DAT B  DEFINITION 

ase are Networks, Replicat, RepSce
epExp, SysS ta, TurnS , a, ODPSta, StrmSta, PTSta, SysPoll, SectP

TPoll, D ec etEquipVeh, vehTypes, streamsDef, PathDef, 
imary key, a

ks 
ation about the definition of the network. 

 
Attributes: 

 

id  i Network idennteger  tifier 
path  54 he getram model char 2 Path where is located t
idOffset integer  Reserved attribute for internal use 

  
andidate Primary Key: id 

 
Replicat :  replication simulated. 

Attribute Name Type Size Description 

 
C

It contains information about every
 

Attributes:  
 

rid  Replication idinteger  entifier 
done  integer  Simulated  0 = Not simulated; 1=
seed integer  Replication seed used  
type integer  1: Simulated; 2: Average; 3:Real Data 
simulatedDate char 10 Date of the Simulation 
iniTimeSimul float  Initial Simulation Time (seconds) 
endTimeSimul float  End Simulation Time (seconds) 
warmUp float  Duration of the war-up period (seconds) 
executionDate char 10 Date of the execution of the simulation 
executionTime char 8 Time of the execution of the simulation 
periodSta float  Statistics Interval (seconds) 
periodDetec float  Detection Interval (seconds) 
metricUnits integer  1: Metric Units; 0: English Units 

 
Ca  Key:
 

RepSce

ndidate Primary  rid 

n : It contains information about the scenar
 

char 4 Public

io  of every replication simulated. 

Attributes:  
 

Attribute Name Type Size Description 
rid  integer  Replication identifier 
network char 254 Network Name 
t char  fic Result NamerafficRes 254 Traf  
initialState intege 0: Initial State not Loaded; 1: Loaded  

ptPlan 25  Transport Name 

r  
odMatrix char  OD M254 atrix Name 

initialMessages integer  0: Initial Messages not Loaded; 1: Loaded 
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initialIncidents intege 0: Initial Incidents not Loaded; 1: Loaded r  

fuelConsum intege 0: Fu
1:Ena

r  el Consumption Model Disabled; 
bled 

 
 

rid 
 

RepS b ery state loa on. 
 
 
 

te Name Ty ze

Candidate Primary Key: 

tate : It contains information a out ev ded of a traffic result simulated in a replicati

Attributes: 

Attribu pe Si  Description 

arrivalType intege 0:Exp ; 
3:Constant; 4:External; 5:ASAP 

r  onential; 1:Uniform; 2:Normal

pollutants integer  0: Pollutant Model Disabled; 1:Enabled 

rid  integer  Replication identifier 
statePos integ Posier  tion of the state from 0 to N 
trafficState char 33 Traffic State Name 

 
Candidate Primary Key: rid 

RepCtrl : It contains information about every control plan loaded in a replication. 
 
 
 

e Name Type Size

 

Attributes: 

Attribut  Description 
rid  integ Replier  cation identifier 
controlPos integer Posit ion of the control Plan from 0 to N 
controlName char Cont33 rol Plan Name 
atTime float Inital  Time of the Control Plan (seconds) 

 
Candidate Primary Key: rid 

RepE ation about every getram ex
 
 
 

Attribute Name Type Size cription 

 
xt : It contains inform tensions loaded in a replication. 

Attributes: 

Des
rid  integer  Replication identifier 
extensionPos integer  Position of the extension from 0 to N 
extensionName char 254 Name and Path of the getram extension 

 
Candidate Primary Key: rid 

epExp: at ut ment parame eplication. 
 
 tes: 
 

tribute Name ype 

 
R  It contains inform ion abo every Experi ter used in a r

Attribu

At  T Size Description 
rid integer    Replication identifier 
simulStep float  Simulation Step 
reactionTimeAtStop float eter  Reaction Time at Stop param
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queueingUpSpeed float rameter  Queuing Up Speed pa
qu LeavingSpeed float peed parameter eueing   Queuing Leaving S
ap anesCarFollow in eger wing not applied; ply2L ing t  0:two lanes car follo

1:applied 
nbVehs2LanesCF integer lanes car  Number of Vehicles of the two 

following model 
m nce2LanesCF float nes car axDista   Maximum Distance of the two la

following model 
m Diff2LanesC float the two axSpeed F  Maximum Speed Difference of 

lanes car following model 
m DiffOnRam float  Ramp of 

l 
axSpeed p2LCF  Maximum Speed Difference On

the two lanes car following mode
percentOvertake float  Percentage of Overtake 
percentRecover float  Percentage of Recover 
O integer v3.3 not applied; nRampv33  0: OnRamp model 

1:applied 
genericTypeRB integer  0:Fixed Distance; 1:Fixed Time; 

2:Binomial; 3:Proportional 4:Logit; 5:C-
Logit; 6:User Defined 

cycleRB float  RouteChoice Cycle 
dynamic integer  0: Dynamic Route Choice not applied; 1: 

applied 
nbintervalsRB float  Number of Intervals considered 
weightCapacity float  Capacity eter  Weight param
scaleFactor float tor  Scale Fac
pbinomialRB float ss” probability of Binomial Dist.  “succe
initialPathTreesRB intege path trees calculated at the 

f the simulation 
r  The initial 

beginning o
maxPathTreesRB intege  number of paths to be kept r  The maximum

in the memory 
maxAlterRoutesRB intege  number of alternative 

sed in the Route Choice model 
r  The maximum

paths u
betaFactor float ogit model  Beta Factor of C-L
gammaFactor float f C-Logit model  Gamma Factor o
userDefinedRCNam float Route Choice e  Name of the User Defined 

Function 
costPerVehType intege per Vehicle r  1: Arc Costs distinguished 

Type; 0: No 
 
Candidate Primar d 

SysS  contains sta fo ation riod. 
 
 utes: 
 

ibute Name ype Size Description 

y Key: ri

ta: This tistical in rm  of the whole system for each pe

Attrib

Attr  T  
rid  eger  int Replication identifier 
tfrom eger  int Initial time of the period 
tto integer  Final time of the period 
ctype eger  

  = 0, aggregation of all vehicle types. 
  >0, specific vehicle types. 

int Identifier of vehicle type. 

flow integer  Mean flow (veh/h) 
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density float  Density (veh/Km or veh/Mile) 
spd1    float Mean speed (Km/h or Mph)
spd2 float  Speed deviation (Km/h or Mph) 
hspd1 float  Harmonic mean speed (Km/h or Mph) 
hspd2 float  Harmonic Speed deviation (Km/h or Mph) 
ttime1 integer Mean Travel Time (sec/Km    or sec/Mile)
ttime2 integer r sec/Mile)  Travel Time deviation (sec/Km o
dtime1    integer Mean Delay Time (sec/Km or sec/Mile)
dtime2 er  integ Delay Time deviation (sec/Km or sec/Mile) 
stime1 er  integ Mean Stop Time (sec/Km or sec/Mile) 
stime2 er  ec/Km or sec/Mile) integ Stop Time deviation (s
nstops  hicle (#/Km or #/Mile) float Number of stops per ve
travel  ed float Total number of km or miles travell
traveltime float  Total travel time experimented 

fuelc  l consumed1float Total litres of fue
 
Candidate Primar , tt

SectS is contains st al in rmatio
 
 utes: 
 

te Name e n 

y Key: rid, tfrom o, ctype 

ta : Th atistic fo n of the sections for each period. 

Attrib

Attribu Type Siz Descriptio
rid  integer  Replication identifier 
sect_id integer  Section identifier 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer 

icle types. 
 Identifier of vehicle type. 

= 0, aggregation of all veh
  >0, specific vehicle types. 

flow integer  Mean flow (veh/h) 
density  float Density (veh/Km or veh/Mile) 
spd1 float  Mean speed (Km/h or Mph) 
sp  Mph) d2 float  Speed deviation (Km/h or
hspd1 float  Harmonic mean speed (Km/h or Mph) 
hspd2 float  Harmonic speed deviation (Km/h or Mph) 
ttim integer  Mean Travel Time (seconds) e1 
tti integer  Travel Time deviation (seconds) me2 
d in  Mean Delay Time (setime1 teger conds) 
dtime2 integer  Delay Time deviation (seconds) 
stime1 integer  Mean Stop Time (seconds) 
stime2 integer  Stop Time deviation (seconds) 
nstops float  Number of stops per vehicle  
qmean float  Mean Queue Length 
qmax float  Maximum Queue Length 
travel float  Total number of km or miles travelled in the section 

traveltime float  ed in the section Total travel time experiment
fuelc float  Total litres of fuel consumed in the section1

 

                                                      
1 This is only provided when the particular model ‘Fuel Consumption’ is set to ‘ON’ 
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Candidate Primar  sect_id, rid, 

Turn is contains sta l information
 
 utes: 
 

te Name e n 

y Key: tfrom, tto, ctype 

Sta: Th  of the turnings for each period. tistica

Attrib

Type Attribu Siz Descriptio
rid  integer Replication identifier  
fromsect e turning integer  Identifier of Origin Section of th
tosect integer  Identifier of Destination Section of the turning 
tfrom integer Initial time of the period  

 tto integer  Final time of the period 
ctype integer 

types. 
 Identifier of vehicle type. 

 = 0, aggregation of all vehicle 
  >0, specific vehicle types. 

flow integer  Mean flow (veh/h) 
sp /h or Mph) d1 float  Mean speed (Km
spd2 float  Speed deviation (Km/h or Mph) 
hspd1 float  Harmonic mean speed (Km/h or Mph) 
hspd2 float  Harmonic speed deviation (Km/h or Mph)  
tti integer  Mean Travel Time (seconds) me1 
t in Travel Time deviationtime2 teger  (seconds)  
dtime1 integer  Mean Delay Time (seconds) 
dtime2 integer Delay Time deviation (seconds)  
stime1 integer  Mean Stop Time (seconds) 
stime2 integer  Stop Time deviation (seconds) 
nstops float  Number of stops per vehicle  
qmean float Mean Queue Length  
qmax float Maximum Queue Length  
travel float   in the turning Total number of km or miles travelled
traveltime rimented in the turning float  Total travel time expe
fuelc float  Total litres of fuel consumed in the turning1

 
idate Primar ect, tos

Cent is contains st in rmation of the centroids for each period.
 
 utes: 
 

te Name e n 

Cand y Key: froms ect, rid, tfrom, tto, ctype 

Sta: Th  atistical fo

Attrib

Type Attribu Siz Descriptio
rid  integer  Replication identifier 
idcent integer  Identifier of the centroid 
centype  Destination) integer  Type of centroid (0: Origin, 1:
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer 

  >0, specific vehicle types. 

 Identifier of vehicle type. 
 = 0, aggregation of all vehicle types. 

nbveh integer  Number of Vehicles 
spd1 float  Mean speed (Km/h or Mph) 

                                                      
1 This is only provided when the particular model ‘Fuel Consumption’ is set to ‘ON’ 
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spd2 float  Speed deviation (Km/h or Mph) 
hspd1 float  Harmonic mean speed (Km/h or Mph) 
hs float  Harmonic speed deviation (Km/h or Mph) pd2 
ttim integer  Mean Travel Time (seconds)e1   
ttime2 i  Travel Timnteger e deviation (seconds) 
dtime1 integer  Mean Delay Time (seconds) 
dtime2 integer  Delay Time deviation (seconds) 
stime1 integer  Mean Stop Time (seconds) 
stime2 integer  Stop Time deviation (seconds) 
nstops float  Number of stops per vehicle  
vlost integer  Number of vehicles lost 
travel float  Total number of km or miles travelled 

traveltime float  Total travel time experimented 

fuelc float  Total litres of fuel consumed 1
 

idate Primary idcen  rid, tf

ODP is contains st inf rmation of the O/D pairs for each period.
 
 utes: 
 

te Name ize  

Cand  Key: t, rom, tto, ctype 

Sta: Th atistical o  

Attrib

Attribu Type S Description
rid  integer  Replication identifier 
origin integer  Identifier of the origin centroid 
dest integer troid  Identifier of the desti ation cenn
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

 = 0, aggregation of all vehicle types. 
  >0, specific vehicle types. 

nbveh integer  Number of Vehicles 
sp ph) d1 float  Mean speed (Km/h or M
spd2 float  Speed deviation (Km/h or Mph)   
hspd1 float  Harmonic mean speed (Km/h or Mph) 
hspd2 float  Harmonic speed deviation (Km/h or Mph)  
tti integer  Mean Travel Time (seconds) me1 
t in Travel Time deviationtime2 teger   (seconds) 
dtime1 integer  Mean Delay Time (seconds) 
dtime2 integer  Delay Time deviation (seconds) 
stime1 integer  Mean Stop Time (seconds) 
stime2 nds) integer  Stop Time deviation (se oc
nstops le  float  Number of stops per vehic
vlost integer  Number of vehicles lost 
travel float  Total number of km or miles travelled  

traveltime rimented  float  Total travel time expe
fuelc float  Total litres of fuel consumed in the turning1

 
idate Primar  orig , dest, 

                                                     

Cand y Key: in rid, tfrom, tto, ctype 

 
1 This is only provided when the particular model ‘Fuel Consumption’ is set to ‘ON’ 
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Strm is contains s  in rmatio od. 
 
 utes: 
 

ute Name Size n 

Sta: Th tatistical fo n of the streams for each peri

Attrib

Attrib Type Descriptio
rid  integer  Replication identifier 
name_stream  char 20 Identifier of the stream 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer 

e types. 
  >0, specific vehicle types. 

 Identifier of vehicle type. 
  = 0, aggregation of all vehicl

fl h/h) ow integer  Mean flow (ve
density float  Density (veh/Km or veh/Mile) 
spd1 float  Mean speed (Km/h or Mph) 
spd2 float  Speed deviation (Km/h or Mph)  
hs float  Harmonic mean speed (Km/h or Mph) pd1 
hspd2 at rmonic speed devi  Mph)  flo  Ha ation (Km/h or
ttim e ae1 int ger  Me n Travel Time (seconds) 
ttim inte Trav s) e2 ger  el Time deviation (second
dtim inte Meae1 ger  n Delay Time (seconds) 
dtim inte Dela ) e2 ger  y Time deviation (seconds
stim inte Meae1 ger  n Stop Time (seconds) 
stime2 integer  Stop Time deviation (seconds) 
nsto float  Num vehicle  ps  ber of stops per 
qme float  Meaan  n Queue Length 
qmax float  Maximum Queue Length 
tr  or miles travelled in the stream avel float  Total number of km
traveltime float  Total travel time experimented in the stream   

fuelc float  Total litres of fuel consumed in the turning1
 

Candidate Primary Key: name_stream, rid, tfrom, tto, ctype 

PTSta : This contains statistical informat  public transport li eriod. 
 
 Attributes: 
 

Att Name Ty ize on 

ion of nes for each p

ribute pe S  Descripti
rid  integer  Replication identifier 
idlin integ Identifier of the public transport line e er  
tfrom integ niti   er  I al time of the period
tto integ  inaer F l time of the period 
ctype integ  Iden

pes. 
. 

 er tifier of vehicle type. 
  = 0, aggregation of all vehicle ty
  >0, specific vehicles type

nbveh integer  Number of Vehicles 
spd1 float  Mean speed (Km/h or Mph) 
sp float  Speed deviation (Km/h or Mph) d2 
hspd1 float  Harmonic mean speed (Km/h or Mph)  
hspd2 float  Harmonic speed deviation (Km/h or Mph) 

                                                      
1 This is only provided when the particular model ‘Fuel Consumption’ is set to ‘ON’ 

271 



TSS-Transport Simulation Systems  February 2004 
 

ttim teg ean Travel Time (see1 in er  M conds) 
ttim inte Tra onds) e2 ger  vel Time deviation (sec
dti inte Meme1 ger  an Delay Time (seconds) 
dti inte De ds) me2 ger  lay Time deviation (secon
stim inte Mee1 ger  an Stop Time (seconds) 
stime2 integer  Stop Time deviation (seconds) 
nstops float  Number of stops per vehicle  
tra flo Tovel at  tal number of km or miles travelled. 

tra flo Toveltime at  tal travel time experimented. 

fue flo  To 1lc at tal litres of fuel consumed
 

d. 

Candidate Primary Key: rid, idline, tfrom, tto, ctype 

SysPoll: This contains pollution statistical information of the whole system for each perio
 
 Attributes: 
 

Attribute Name Type Size Description 
rid  integer  Replication identifier 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

 = 0, aggregation of all vehicle types. 
  >0, specific vehicle types. 

npollutant 0 char 2 Pollutant name 
vpollutant float  Value of pollutant (Kgr) 

 
Candidate Primary Key tfrom , cty

ectPoll: This contains pollution statistical information of the sections for each period. 
 

me Type Size Description 

: rid, , tto pe, npollutant 

S

 Attributes: 
 

Attribute Na
rid  integer  Replication identifier 
t in Initial time of thefrom teger   period 
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

 = 0, aggregation of all ev
  >0, specific vehicle type

hicle types. 
s. 

sectid integer Section Identifier  
npollutant char 20 Pollutant name 
vpollutant float  Value of pollutant (Kgr) 

 
Candidate Primary Key  rid om,

TurnPoll ins pollu atistical info r each period. 

 Attributes: 

                                                   

: sectid, , tfr  tto, ctype, npollutant 

: This conta tion st rmation of the turnings fo
 

 

   
This is  when the particular model ‘Fuel Consumption’ is set to ‘ON’ 1 only provided
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Attribute Name Type Size Description 
rid int  Replication identif  eger ier 
tf i  Initial time of the period rom nteger 
tt i  Fo nteger inal time of the period 
c  i  I

 = 0, aggregation of all vehicle types. 
 

type nteger dentifier of vehicle type. 

 >0, specific vehicle types.. 
fromsect integer  Identifier of Origin Section of the turning 
to integer  Identifier of Destination Section of the turning sect 
n c 20 Ppollutant har ollutant name 
v f  Vpollutant loat alue of pollutant (Kgr) 

 
Candidate Primary Key: fromsect, tosect, rid, tfrom, tto, ctype, npollutant 

Attributes: 

CentPoll: This contains pollution statistical information of the centroids for each period. 
 
 
 

Attribute Name Type Size Description 
rid  integer  Replication identifier 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype . 

 = 0, aggregation of all vehicle types. 
integer  Identifier of vehicle type

  >0, specific vehicle types. 
idcent integer  Centroid Identifier 
centype integer in, 1: Destination)  Type of centroid (0: Orig
npollutant char 0 2 Pollutant name 
vpollutant float Value of pollutant (Kgr)  

 

DPPoll: This contains pollution statistical information of the O/D pairs for each period. 

 Attributes: 
 

ribute Name e iption 

Candidate Primary Key: idcent, rid, tfrom, tto, ctype, npollutant 

O
 

Att Type Siz Descr
rid  integer  Replication identifier 
tfrom integer  period  Initial time of the
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

 = 0, aggregation of all vehicle types. 
  >0, specific vehicle types.. 

origin integer  Origin Centroid Identifier 
dest integer  Destination Centroid Identifier 
npollutant  char 20 Pollutant name 
vpollutant float  Value of pollutant (Kgr) 

 
Candidate Primary Key n, de , rid, t

StrmPo f the streams for each period. 

: origi st from, tto, ctype, npollutant 

ll: This contains pollution statistical information o
 
 Attributes: 
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Attribute Name Type Size Description 

rid  integer  Replication identifier 
tfrom i  Initial time of thnteger e period 
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

 = 0, aggregation of all vehicle types. 
  >0, specific vehicle types. 

name_stream 0 char 2 Origin Centroid Identifier 
npollutant char 0 2 Pollutant name 
vpollutant float  Value of pollutant (Kgr) 

 
andidate Primary Key: name_stream, rid, tfrom, tto, ctype, npollutant 

PTPoll

 Attributes: 

Attribute Name Type Size Description 

C

: This contains pollution statistical information of the public transport lines for each period. 
 

 

rid  i  Replication idennteger tifier 
idline ransport line integer  Identifier of the public t
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer  

icle types. 
  >0, a specific vehicle types. 

Identifier of vehicle type. 
  = 0, aggregation of all veh

npollutant char 33 Pollutant name 
vpolutant float  Value of pollutant (Kgr) 

 
Candidate Primary Key: rid, idline, tfrom, tto, ctype, npollutant 

 
DetecMea ontains the dete a res fo
 
 A
 

Name Type Size 

: It c ction me su r each period. 

ttributes: 

Attribute Description 
rid  integer  Replication identifier 
iddet integer  Detector Identifier 
namedet char 33  Detector Name 
tfrom integer  Initial time of the period 
tto i Final time of thenteger   period 
ctype integer  Identifier of vehicle ty

n of a
pe. 

  = 0, aggregatio ll vehicle type. 
.   >0, a specific vehicle type

countveh integer  Number of vehicles 
speed float  Average Speed (Km/h or Mph) 
occupancy float  Percentage of occupancy 
density float  Density (Veh/Km or Veh/Mile) 
headway float  Average Headway between vehicles (sec) 

 
andidate Primary Key: rid, iddC et, tfrom, tto, ctype 

 
DetEquipVeh: It contains a log of all equipped vehicles detected. 
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 Attributes: 
 

Attribute Name Type Size Description 
rid  integer  Replication identifier 
iddet Detector Identifier integer  
namedet char 33  Detector Name 
timedet float  Detection time of the Equipped Vehicle 
idveh integer  Equipped Vehicle Identifier 
vehtype integer  Vehicle Type of the Equipped Vehicle  
idptline integer  Public Transport Line of the Equipped 

Vehicle, if it is a public transport vehicle. 
 
Candida ey: rid, iddet, tfrom, tto, ctype 
 

vehTypes: finition of ve ypes. 
 
 Attributes: 
 

ribute Name Type Size ion 

te Primary K

 It contains the de hicle t

Att Descript
rid  integer  Replication identifier 
ctype integer  

le type. 
Identifier of vehicle type. 
  = 0, aggregation of all vehic
  >0, a specific vehicle type. 

name char 33 Name of the vehicle type 
 

streamsD ntains the de f reams
 
 Attributes: 

Description 

ef: It co finition o  st . 

 
Attribute Name Type Size 

rid  integer  Replication identifier 
name_stream char 33 Name of the stream 
sect_pos integer  Position of the section 
sect_id integer 33 Identifier of the section in position sect_pos 

 
PathDef:  p
 
 A
 

ute Name Type Size on 

It contains the definition of simulated aths. 

ttributes: 

Attrib Descripti
rid  integer  Replication identifier 
id integer  Path identifier 
origin integer  Origin Centroid identifier 
dest integer  Destination Centroid identifier 
nbsect integer  Total number of sections 
created float  Path Creation Time (seconds ) 
distance float  Path Distance (meters or feet) 

 
Candidate Primary Key: rid, id 
 

PathSect: It contains all section identifiers that belong to each path. 
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Attributes:   

e Description 
 

ute Name Type SizAttrib
rid  integer  Replication identifier 
id integer  Path identifier 
sect_pos integer  Position of the section 
sect_id integer  Identifier of the section in position sect_pos 

 
Candidate Primary Key: rid, id, sect_pos 

 
PathSta: It contains statistics of each path. 

Attributes: 
 

Attribute Name Type Size Description 

 

rid  integer  Replication identifier 
id integer  Path identifier 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer  Ident

  = 0,
ifier of vehicle type. 
 aggregation of all vehicle type. 

  >0, a specific vehicle type. 
nbvehass integer  Number of Vehicles assigned 
nbveh integer  Number of Vehicles arrived to its detination 

that followed the path 
ttime1 Mean Travel Tim arrived to 

path(seconds) 

integer  e  of all vehicles 
its destination that followed the 

 
Candidate Primary Key: rid, id, tfrom, tto, ctype 

 
PastCost: It contains statistics of each path. 
 

Attributes: 
 

Attribute Name Type Size Description 
rid  integer  Replication identifier 
fromsect integer  Origin Section of the arc 
tosect integer  Destination Section of the arc 
tfrom integer  Initial time of the period 
tto integer  Final time of the period 
ctype integer  Identifier of vehicle type. 

  = 0, aggregation of all vehicle type. 
  >0, a specific vehicle type. 

cost float  link cost used to calculate the paths 
outputcost float  experimented link travel time 

 
Candidate Primary Key: rid, fromsect, tosect, tfrom, tto, ctype 
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APPENDIX 3: CALIBRATION OF AIMSUN CAR-FOLLOWING MODEL  

. BACKGROUND 

ost of the currently existing microscopic traffic simulators are based on the family of car-following, lane 
 acceptance models to model the vehicle’s behaviour. The most commonly used current 

odels include Helly’s model [HEL61], implemented in SITRA-B+ [GAB91], Herman’s model [HER59], or 

 
ession for the acceleration of the follower ca

 
1
  
M
changing and gap
m
its improved version by Wicks [WIC77], implemented in MITSIM [QIY96], the psycho-physical model of 
Wiedemann [WIE74], used in VISSIM [FEL94], or the ad hoc version of Gipps [GIP81], used in AIMSUN 
[BAR95], [BAR98] Other microscopic simulators such as INTEGRATION [VAN96] and PARAMICS 
employ heuristic or other modelling not publicly available in analytic form. 
 

r )(1 Ttxn ++&& : Helly’s model uses the following expr
 

[ ] [ ]DtxtxctxtxcTtx nnnnn −−+−=+ +++ )()()()()( 12111 &&&&  
 

here T is the reaction time for the vehicle-driver system, c1 and c2 are the relative velocity and headway w
control parameters and D the desired headway, typically expressed as: lD nn )(11 txn+++= &τ with ln being 

e follower n+1. 

erman’s model assumes an acceleration rate given by  

the length of the leader vehicle n and τn+1 the time headway for th
  
H
 

( ))()(
)(
)(

)( 1
1

1
1 txtx

tg
tx

tx nn
n

n
n +±

+

±
+

β

for deceleration ()(1 txtx nn && >+

±
+ −= &&

&
&&
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where ±±± γβα  and , are model parameters +++ γβα ,, are used for acceleration ( )()(1 txtx nn && ≤+ ), and 
−−− γβα ,, ( ) ), and nnnn lxxg −−= ++ 11  represents the gap distance from 

e
The a vehicle ile the s
the 
that
 

the leading vehicle. 
 
Th  Gipps model, as described in section 3.4, consists of two components: acceleration and deceleration. 

 first represents the intention of  to achieve certain desired speed, wh econd reproduces 
limitations imposed by the preceding vehicle when trying to drive at the desired speed. This model states 
, the maximum speed at which a vehicle (n) can accelerate during a time period (t, t+T) is given by: 

   Va n t T V n t a n T
V n t V n t

( , ) ( , ) .
( , )

.
( , )

+ = + +
V n V n

( ) *( ) *( )
−

⎛

⎝
⎜

 

⎞

⎠
1

where: V(n,t) is the speed of vehicle n at time t; V*(n) is the desired speed of the vehicle (n); a(n) is the 

On the other hand, the maximum speed that the same vehicle (n) can reach during the same time interval (t, 

⎟2 5 0 025
 

 

maximum acceleration for vehicle n; T is the reaction time. 
 

t+T), according to its own characteristics and the limitations imposed by the presence of the leader vehicle 
is: 
 

{ }  Vb n t T d n T d n T d n x n t s n x n t V n t T
d n

( , ) ( ) ( ) ( ) ( , ) ( ) ( , ) ( , )
' ( )

V n t( , )
+ = + − − − − − − −

−

−

⎡
⎢

⎤
⎥2 2 1 2

⎣ ⎦
2 1 1

1
 

 
where: d(n) (< 0) is the maximum deceleration desired by vehicle n; x(n,t) is position of vehicle n at time t; 
x(n-1,t) is position of preceding vehicle (n-1) at time t; s(n-1) is the effective length of vehicle (n-1); d'(n-1) 
is an estimation of vehicle (n-1) desired deceleration. The final speed for vehicle n during time interval (t, 
t+T) is the minimum of those previously defined speeds: 
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{ }     V n t T min V n t T V n t Ta b( , ) ( , ), ( , )+ = + +    

t equation: 
 
The position of vehicle n inside the current lane is updated by taking the speed into the movemen
 

  x n t T x n t V n t T T( , ) ( , ) ( , )+ = + +   
 
A common drawback of most of these models is that the model parameters are global i.e. constant for the 

l behaviour. That 
plies that some of the model parameters must be local depending on local geometric and traffic conditions. 

The way in whi
 How vehicles in adjacent lanes influence vehicle’s behaviour 

speed V*(n) used in equation (1). In AIMSUN 
plementation V*(n) is the desired speed of vehicle n for the current section. In car-following a leading 

entire network whereas it is well know that driver’s behaviour is affected by traffic conditions. Therefore a 
more realistic car-following modelling for microscopic simulation should account for loca
im
 
2. MODELING IN AIMSUN 
 
The AIMSUN car following model evolved after the seminal Gipps model, which was improved to meet the 
local requirements, described earlier. Three main aspects of the model have been enhanced based on the 
empirical evidence gathered calibrating the model for observed data: 
 
• ch is calculated the vehicle speed V*(n) used in the Gipps model 
•
• Accounting for grade effects in car-following 
 

peed calculation S
 
The first improvement is related to the vehicle 
im
vehicle, attempts to drive to its maximum desired speed. Three parameters are used to calculate the 
maximum speed of leading vehicle n while driving on a particular section or turning:  
 
1. Maximum desired speed of n: )(max nv . This is a vehicle parameter. 
2. Speed acceptance of n: )(nθ  This is a vehicle parameter measuring the driver’s degree of compliance of 

the speed limits on the section. (nθ 1) = , represents the perfect compliance. 1)( <nθ , a driver driving 
below the speed limits, and 1)( >nθ , faster than the speed limits. )(nθ  is a vehicle parameter that in 
AIMSUN can be sampled from a probability distribution, when such information is available, modelling 
implicitly  in that way the aggressiveness of the drivers.  

3. Speed limit in section or turning s: )(lim sS nt . This is a section parameter. 
 
The actual speed limit for a vehicle n on a section or turning s, ),(lim snS nt , is given by: 

)()(),( limlim nsSsnS ntnt θ⋅=  

The maximum desired speed of vehicle n on a section or turning s, ),(max snv is: 

[ ])(),,(),( maxlimmax nvsnsMINsnv nt=  
Thus the local maximum desired speed ),(max snv  equals the desired speed V*(n) in Eq. (1). 
 
Influence of adjacent lanes  
 
When the leading vehicle is driving along a section, the AIMSUN car-following model takes into account 
the potential influence of certain number of vehicles (Nvehicles) driving slower in the adjacent right-side 
lane −or left-side lane, when driving on the left−. The model calculates first the mean speed for Nvehicles 
driving downstream of the vehicle in the adjacent slower lane (MeanSpeedVehiclesDown). Only vehicles 
within a certain distance (MaximumDistance) from the current vehicle are taken into account.  We 
distinguish two cases: 1) the adjacent lane is an on-ramp, or acceleration lane, and 2) the adjacent lane is any 
other type of lane. Apart from Nvehicles and MaximumDistance parameters, the user can define two 
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additional parameters, Maxim ceOnRamp. Then, the final 
desired speed of a vehicle on 

 (the adjacent slower lane is an On-ramp)  
{MaximumSpeed = MeanSpeedVehiclesDown  + MaximumSpeedDifferenceOnRamp} 

lse {MaximumSpeed = MeanSpeedVehiclesDown + MaximumSpeedDifference} 
esiredSpeed = Minimum

umSpeedDifference and MaximumSpeedDifferen
a section is given from the following logic: 

 
if

e
 ( ),(max snv , )(nθD * MaximumSpeed) 

 
his procedure ensures that the differences of speeds between two adjacent lanes will always be lower than 
aximumSpeedDifference or MaximumSpeedDifferenceOnRamp, depending on the case. 

ffects of Grades 

he maximum desired acceleration for a vehicle (vehicle_acc) is a vehicle parameter defined by the modeller 
 AIMSUN for all vehicles belonging to the same class The influencing of the section grade on the vehicle 
ovement is taken into account by increasing or reducing the acceleration and deceleration rate. The 
aximum acceleration for a vehicle on a section is a function of the grade and the maximum desired 

cceleration for the vehicle i.e.: 

accel = Maximum(vehicle_acc - grade*9.81/100.0, vehicle_acc*0.1) 

 order to avoid zero or negative acceleration values, a minimum value of 10% of the maximum desired 
acceleration for the vehicle is used. 
 
3. MODEL CALIBR
 
In addition to numerous tests performed by the research team, the car-following model in AIMSUN has been 

sted and calibrated in various real life projects; we present here the benchmark test performed based on the 
data and the methodology supplied and proposed by a research group from Robert Bosch GmbH [MAN98]. 

his test employed a set of field data and most of the micro simulator developers in Europe and North 
merica were invited to participate. The test for the car-following model had two parts: a direct test on the 

ar-following model and a test on the ability of the micro model to reproduce macroscopic relationships 
etween fundamental traffic variables. 

.1 Direct test of the car-following model 
The primary task of a car-following model is to reproduce realistic car-following behaviour. The reality has 

been measured with a radar sensor equipped vehicle recording distance and relative speed to the front car 
dditionally to the own car's speed) in a 100 ms cycle, see [BLE96] for further details. One specific 

equence of 5 min length has been chosen to perform the comparison. This sequence has been recorded 
nder stop&go conditions during an afternoon peak on a one-lane-per-direction fairly straight road in 
tuttgart, Germany. Stop&go is most challenging to the models because the free flow behaviour is relatively 
asy reproducible by any model. During the 5-min sequence several decelerations and accelerations of the 
ont car have been observed. At one moment after 144 sec the front car turned off resulting in a distance 

tep of about 40 m. Because such a manoeuvre can always happen in real traffic the models have to be able 
 deal with. Note that it can't be the target of a simulation model to reproduce exactly the measured 

be 

behaviour indicates a model's realism. To give an impression of similarity to the measured behaviour a 
quantitative error metric on the distance seems to be reasonable. To avoid overrating discrepancies for large 

istance a relative metric was chosen weighted by the logarithm and squared. Only the values after each 
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Figure A3.1: Measured and Simulated Speeds 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The error metric used to measure the accuracy of the fitting between measured and simulated values was: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure A3.2: Measured and Simulated Distances  
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where d_sim is the distance of the simulated vehicle, d_meas is the distance measured with the test vehicle, 
and log denotes the logarithm base 10. Figures A3.1 and A3.2 display the curves for the observed versus 
simulated relative distance and speed between leader and follower. The numerical value for the error metric 
for the AIMSUN model was 3.4726. These results show that the AIMSUN car-following model is able of a 
fairly good reproduction of the observed values. The numerical value of the error metric outperforms those 
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provided for most of the currently used models (see [BLE96] for details). The table below extracted from 
[BLE96] shows the results for MITSIM, two versions of VISSIM (Pelops and Wiedemann) and other 
microsimulators. 
 

Model MITSIM Wied/Pel Wied/Vis NSM OVM T3M 
Deviation 3.75 14.01 10.67 24.51 9.37 2.40 

3.2 Testing the ability to reproduce macroscopic behaviour 
An additional test to analyse the quality of the microscopic simulator is to check the ability to reproduce 
macroscopic behaviour. Also the research team at Bosch proposed in [BLE96] a test to compare various 
microscopic simulators: “The macroscopic behaviour of a microscopic model can be most easily tested by 
simulating the traffic on cyclic one lane roads. This excludes any effects of lane changes and node passing 
and concentrates on the car-following task. For this study, a cyclic road of 1000 Mts. length was used. A 
fixed number of vehicles has been initially set with speed value 0 km/h at randomly determined positions. 
All vehicles had the same length of 4.5 m and the drivers had the same free flow speed of 54 km/h. Starting 
with this initial situation a 10 minute time period was simulated without any measurements to reach traffic 
conditions which are achievable by the model's behaviour itself. After the starting phase the traffic behaviour 
has been recorded at one local measurement point during a simulation time of 2 hours (exact passing time 
and speed value of each vehicle). The fixed number of vehicles for the simulation run was varied in discrete 
steps to realise different traffic densities. To visualise the results the traffic flow has been drawn versus the 
density (given as the number of initially set vehicles on the 1 km ring). The maximal mean traffic flow value 
of about 1800 veh/h is known as a quite realistic value for longer periods of measurement time. Under urban 
traffic conditions this maximal flow is typically reached at higher density values than for freeway traffic”.  
 
The results of AIMSUN for the simulated flow density curve versus the empirical one for the second test are 
displayed in figure A3.3, and they appear to be fairly reasonable. This subjective perception is confirmed by 
the values of the error metric to measure the fitting between the measured and simulated values as before, 
that in this case is Em=0.063381. The graphics in figure A3 also show the sensitivity of the AIMSUN Car-
following model to variations in the values of the model parameters. In absence of microscopic 
measurements the adjustment of model parameters to fitting macroscopic empirical curves for the 
relationships between the fundamental traffic variables could also be used as an alternative procedure for 
model calibration. 

Figure A3.3: Empirical versus simulated flow-density curves 
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