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Abstract 

Creating vehicle platoons is a way to reduce congestion, lower fuel consumption and to make roads 

safer. Making these platoons is possible thanks to inter-vehicle communications, communication 

between vehicles and infrastructure as well as equipping the vehicles with advanced sensors. In 

these platoons the vehicles are driven autonomously and the distance between them can be greatly 

reduced compared to human driving. 

In November 2012 three teams from the Swedish universities KTH, CTH and LiTH have gathered at 

Stora Holm, a test track near Göteborg, to demonstrate platooning and to perform a set of 

predefined maneuvers. Using inter-vehicle communications the teams must be able to autonomously 

create a gap to the preceding vehicle, close the gap, change reference vehicle during a lane switch as 

well as other scenarios. The KTH team consists of five full time master thesis students and a few part 

time PhD-students. 

The goal of this thesis is to create a simulation environment for platooning, where the team can test 

their respective parts in an easy fashion and for developing code directly in this environment. The 

idea is that every team member should be able to copy-paste their work in to this environment 

without having to make changes to how the system works to see that things are behaving as 

intended.  

To create this simulation environment PreScan has been used. PreScan is designed to be a 

development environment for intelligent transport systems. During this thesis it has proven to be a 

good platform to both recreate the Stora Holm track used for the demonstration and to try 

controlling strategies, logic, different algorithms for sorting and other parts of the project. The 

PreScan environment has not been implemented with any hardware-in-the-loop simulation but for 

the software many parts after the WIFI communications have been thoroughly tested before it was 

implemented in the real trucks.  
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1. Introduction 

As congestion in cities reaches new heights, fuel prices increase and people become more and more 

aware of the environmental issues the world is facing, the need of intelligent transportation systems 

(ITS) increases. When vehicles have the ability to communicate with each other (usually referred to 

as V2V, vehicle-to-vehicle) and with infrastructure (V2I, vehicle-to-infrastructure) endless 

opportunities arise. If the traffic light a few hundred meters away can tell the vehicle that it will turn 

red soon, the speed profile can be modified for smoother performance, better comfort and to save 

fuel. And if the vehicle has the ability to communicate with the surrounding vehicles vehicle trains - 

or platoons - can be created. Figure 1.1 shows four Scania vehicles platooning.  

 

 

 

 

 

 

 

 

 

 

 

 

The distance between two vehicles can be greatly reduced if the speed of them can be controlled 

automatically. When the distance is reduced both congestion and fuel consumption can be 

significantly lowered [2]. Another important aspect of autonomous control is safety. When human 

interference is removed the amount of accidents on the road can be minimized. Not only can a driver 

in the case of an upcoming emergency make the wrong decision (due to panic, inexperience, 

sleepiness…) but the human reaction time is also of importance.  Figure 1.2 shows the reaction time 

and cumulative distribution of the reaction time in an experiment made by DVG, the German council 

on jurisdiction in traffic [3]. In this experiment drivers were following a vehicle and were to touch his 

or her brake pedal every time the preceding vehicle lit its brake lights. As seen, reaction times of 

more than a second were not unusual and during this time, at a speed of 80 km/h, the vehicle will 

have moved more than 20 meters before the driver reacts.  

Figure 1.1: Four Scania trucks platooning. The vehicles use vehicle-to-vehicle 

communication, radar sensors and advanced controlling algorithms to drive 

at a minimal distance from each other. Picture from [1]. 



Chapter 1. Introduction 1.1 CoAct 2012 
__________________________________________________________________________________ 
 

2 
 

 

 

 

 

 

 

 

 

1.1 CoAct 2012 
KTH, together with Scania, is a part of the CoAct program which consists of projects regarding ITS and 

platooning. At November 23, 2012, a demonstration took place with students from the Swedish 

universities KTH, CTH and LiTH. In the demonstration the participating vehicles should be able to 

communicate with each other and, based on information gathered through WIFI, radar and GPS, to 

have a fully automated longitudinal control of the vehicle. The controller must be string stable, 

meaning that disturbances in distance and velocity are not propagated throughout the platoon.  

The most important task of the controller is to keep a proper distance to the proceeding vehicle. This 

is done using information about the current distance as well as the velocity and acceleration of all 

relevant vehicles. Figure 1.3 shows the principle of V2V communication and platooning. 

 

 

 

 

 

 

 

 

At KTH five master thesis students have been working with this during the autumn of 2012. Achour 

Amazouz and Ali Madadi have been working on different speed regulators, Ali Reyhanogullari with 

the logic, Carl-Johan Elm with WIFI, CAN and miscellaneous and the author of this report, Magnus 

Almroth, who have created a simulation environment. 

Figure 1.2: Reaction time and the cumulative distribution of the reaction time for an experiment where the driver 

is asked to push the brake pedal when the brake lights of the preceding vehicle are lit. Picture from [3]. 

Figure 1.3: Three vehicles platooning. The trucks communicate with one another and are also equipped with radar 

and GPS to find out the distance between them and to regulate the speed based on this information. Picture from 

[4].  
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Figure 1.4: CoAct scenario “Join from the side”. One vehicle starts in the left lane. Vehicle B 

is asked to create a gap to A, so that the vehicle in the left lane can steer into this gap. 

Picture from [6]. 

The standards used for CoAct 2012 will in general be the same as for the Grand Cooperative Driving 

Challenge (GCDC) [5] in 2011, which KTH was a part of. 

The CoAct 2012 demonstration includes a set of platooning scenarios defined in [6]. Using vehicle-to-

vehicle communication each vehicle is asked to perform different maneuvers; joining the platoon, 

splitting, creating gaps. The platoon leader issues the request by broadcasting a maneuver request, a 

Simulink bus, over WIFI. The properties of this bus are explained in Appendix A. The two final 

scenarios are the following: 

1.1.1 Join from the side 
All vehicles line up behind the platoon leader in the right lane except for one, who starts in the left 

lane. This vehicle is asked to follow a vehicle in the right lane with some offset. The platoon leader 

starts driving and when all vehicles have a proper distance to their respective references, the vehicle 

in the left lane asks the vehicle following its reference vehicle to create a gap. When this is 

completed the driver of the left vehicle steers it back to the right lane and the scenario is finished. 

The scenario is visualized in Figure 1.4. 
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1.1.2 The switch 
In this scenario all vehicles line up in the right lane. After the platoon leader has started and all 

vehicles keep a proper distance to their reference vehicles, one vehicle is asked to switch lane. This 

vehicle will then be asked to switch reference vehicle and, as in the “join from the side” scenario, the 

vehicle already following this reference vehicle will be asked to create a gap for the vehicle in the left 

lane to steer into. The scenario is visualized in Figure 1.5. 

 

  

Figure 1.5: CoAct scenario “The switch”. All vehicles start in the right lane. One vehicle is asked to 

switch lane and to change its reference vehicle. The vehicle already following this reference vehicle is 

asked to create a gap, so that the vehicle in the left lane can steer into this gap. Picture from [6]. 
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1.2 Thesis objective and delimitations 
The purpose of this thesis is to create a simulation environment where different parts of the CoACT 

2012 project can be tested; speed controllers, logic, sorting algorithms, communication between 

vehicles etc. The first step in creating this environment will be to evaluate PreScan. PreScan is a 

software created by TASS BV and TNO and designed to be a development environment for ITS and 

similar systems.  

The main focus for testing will be on control systems developed in Simulink, to which PreScan has a 

very strong connection. Vehicle information, sensors and communication devices between vehicles 

will be modeled as perfect, with no disturbances or package losses.  

The characteristics of the simulated environment should comply with the following: 

 Code developed should be easy to test, with none or very few changes between code 

running in the truck and the Simulink simulation. Optimally it should be possible to simply 

copy-paste code from the simulated environment to the truck. 

 As many subsystems as possible should be possible to test and evaluate separately. This 

allows for easier testing and faster evaluation of the different subsystems. 

 Transitions while running between different speed regulators should be testable, and the 

regulators should be provided inputs from WIFI communication and radar, as well as only 

one of these at the time.  

 The team will not be provided with a vehicle model from Scania during the project, but the 

vehicle models used/developed for the simulations must be “good enough” for it to be 

possible to make relevant tests. As this is most crucial for the speed regulators, the 

developers of these must decide what good enough is. 

To control the truck, the developed control systems will be run in xPC Target. This is a software 

created by MathWorks that allows real-time execution of Simulink models, and is the core of the 

software developed for this project. It is run on a computer dedicated for this software. The Target 

computer is communicating with the truck via the vehicle’s controller area network (CAN) bus, and 

also receives information from a GPS device via serial connection and from a wireless sensor unit 

(WSU) via ethernet. The WSU is a real-time computer used to gather and broadcast information, log 

data, estimation and more. These hardware components will not be integrated in the simulation 

environment and the inputs and outputs they provide will be simulated. 

 

1.3 Thesis outline 
The report will first begin with a short guide, “Using PreScan”, where the user will learn how to set 

up a small experiment as well as get a feeling for what can be done and what parameters that can be 

changed.  

The next chapter, “System overview” will explain the system overview in detail, what has been done 

in PreScan regarding the CoACT 2012 project, the final simulation environment and how to use it. 

Anyone continuing to use PreScan in the KTH platooning project should find this chapter very useful.  
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This will be followed by “Results of PreScan simulations” where Stora Holm, the place of the CoAct 

demonstration, is simulated and all blocks are tested that currently can be. This includes speed 

controllers, steering controller, logic and sorting algorithms for vehicles. A demonstration video will 

also be provided. 

Last but not least is the chapter “Conclusions” where the use of the program is evaluated and future 

use discussed.  

  



 

 
 

2. Using PreScan 

PreScan is a software designed to be a development environment for intelligent transport systems. It 

contains a vast amount of vehicle models, sensors and infrastructure to help build up a proper 

simulation environment. PreScan has a strong connection with Simulink, where the control systems 

will be developed. In this chapter the basics of PreScan will be discussed. 

The software consists of three separate parts; the GUI, the Simulink compilation sheet and the 

VisViewer. The following chapter will be a short introduction to each of these three. For a completely 

new user to PreScan the manual [7] can be of great help, where most steps below are more 

thoroughly explained. Downloading the manual requires a username and password. 

 

2.1 GUI 
Figure 2.1 shows the first thing the user of PreScan will come across; the GUI. This is where the 

infrastructure is built and also where actors (cars, trucks, humans) and sensors are added. No coding 

is done within the GUI. All actors added will be given its own block in the Simulink compilation sheet 

created when the experiment is created and within these blocks user defined control systems can be 

added. 

  

Figure 2.1: The PreScan GUI. The user drags content from the library to the build area to build up the 

environment to simulate. Picture from [7]. 
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2.1.1 Infrastructure 
After setting up a new experiment the user will generally start by building up a road network. This is 

done in the infrastructure tab by dragging pieces of road onto the main window. Figure 2.2 shows an 

example of a roundabout, one piece of straight road and one piece of bent road. 

 

 

 

 

 

 

 

 

 

 

 

For complex traffic scenarios the user can choose to import a road network from Open Street Maps. 

PreScan tries to understand what parts of the map that is a piece of road and lays down a road 

network accordingly. This is not done perfectly and often requires additional work of the user. 

Another way to construct authentic road networks is to import a screenshot of a map as an underlay 

and to draw the roads on top of this. Detailed information about these two options is available in the 

PreScan manual.  

2.1.2 Actors 
After the road has been built actors are added from the Actors tab. As of PreScan version 6.1, the 

following vehicles are available: 

 nine cars  

 two trucks without trailer  

 one truck with trailer  

 one pick-up truck 

 one motorcycle  

 three separate trailers 

In the object configuration window opened when an actor is added, the user can choose between 

different options for the vehicle dynamics, driver model, trajectories, animations and others.  

 

 

Figure 2.2: A road network in the PreScan GUI. 
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2.1.2.1 Dynamics 

For the dynamics of the vehicle there are four options: 

1) None: No dynamics. 

2) 2D Simple: A bicycle model with roll dynamics. In the customize tab the user can modify 

parameters for dynamics, driveline and engine. For a full list of descriptions for all 

parameters please see the PreScan manual. 

Figure 2.3 shows the “dynamics” tab with the parameters that the user can change. In the 

“driveline” tab the user can change strategies for up- and downshifting as well as gear ratios 

and final drive. However, changing the amount of gears is a complicated task and will be 

explained in Appendix C. 

The final tab, “engine”, lets the user modify the engine map. 

3) 3D Simple: Same as 2D Simple but with suspension. This option is only available for cars. 

4) User-specified model: If the user has an own Simulink model available this option should be 

used. CarSim- and veDYNA-models can be incorporated. 

 

 

 

 

 

 

 

 

 

 

 

2.1.2.2 Driver model 

The driver model tab lets the user decide how to control the gas, break and steering of the vehicle. 

The different options are shown in Figure 2.4.  

 

 

 

 

  

Figure 2.3: 2D simple dynamics of a PreScan 

vehicle. 

Figure 2.4: Driver model tab. This is where the user can change how the vehicle should be controlled. 
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For the “man-in-the-loop” options there are currently three devices supported in PreScan. These are 

the Logitech MOMO, Logitech Wingman Formula GP and Logitech G27. 

The “PathFollower” options are different ways for PreScan to calculate the steer angle to minimize 

the error in lateral distance between the vehicle and its trajectory. PathFollower with preview is the 

more advanced option, where not only the closest point of the trajectory is taken into account but 

ten points ahead, as seen in Figure 2.5. The algorithm calculates the lateral error e_Latm by finding 

the closest preview point of the trajectory pvpref,m and checking the distance to the actors 

longitudinal axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the “PathFollower” with or without preview to behave the way it should it is advised to have a 

trajectory step frequency and a Simulink update rate of at least 100 Hz. Otherwise oscillative and 

unstable behavior could occur.  

2.1.2.3 Trajectories 

A trajectory is given by a speed profile and a path definition. The path definition can either be done 

manually, or using the inherited path definition option in the toolbar. When using the inherited path 

definition every road segment added gets a yellow dot, as in Figure 2.6, at its respective end of each 

lane and the user simply clicks with the mouse to go from one segment to the next. If an actor is then 

moved on top of the path definition it will be used by the vehicle together with a default speed 

profile. The default speed profile is only used if “none” is chosen in the driver model tab. Otherwise 

the speed must be controlled directly by the user in the Simulink compilation sheet.  

 

Figure 2.5: Driver model “PathFollower with preview”. This is the most advanced 

steering controller available in PreScan. It calculates the optimal steering angle 

by minimizing the lateral error for ten samples ahead. Picture from [7]. 



Chapter 2. Using PreScan 2.1 GUI 
__________________________________________________________________________________ 
 

11 
 

 

 

 

 

 

 

 

 

 

 

2.1.2.4 Other 

The different object configuration tabs also lets the user choose what animations should be used in 

the visualization of the vehicle. For example the “Light source visualization” box can be checked in 

the animation tab in order to see how the radar behaves in the VisViewer. The user can also change 

the color of the vehicle in the “materials” tab (only available for cars) and choose what lights to be 

visible in the “Lights” tab. 

2.1.3 Sensors 
Once a vehicle has been added to the experiment sensors can be attached to it. There are three 

categories of sensors; idealized, detailed and ground truth. 

Idealized sensors use bounding box detection and have no obstructed view, whereas detailed 

sensors detects the actual geometry and will have occluded objects. If computational performance is 

important idealized sensors should be used as they are a lot faster. An example of the difference 

between these two can be seen in Figure 2.7. 

 

 

 

 

 

 

 

 

Figure 2.6: Creating a trajectory by adding an inherited path 

definition. 

Figure 2.7: The difference between idealized (to the left) and detailed (to the right) sensors. Idealized sensors can 

detect everything in the scanned area but do not see a specific geometry. Picture from [7]. 
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Each sensor has different configuration parameters which are thoroughly explained in the PreScan 

manual. For the CoAct project mainly the radar and the V2V-communication is used. 

2.1.3.1 Radar 

For the radar it is possible to change the amount of beams used, the angle to be covered by these 

beams, the scanning pattern, frequency, antenna gain and the maximum amount of objects to be 

detected. It is also possible to add noise and drift to the beams, and the intensity reflected by the 

beams will be lowered if the models for rain, snow or fog are used in PreScan. In Figure 2.8 the 

radar’s antenna map is shown, where the user can alter the antenna gain of the radar.  

 

 

 

 

 

 

 

 

 

 

 

 

2.1.3.2 V2V communication 

For the V2V communication there exists a radio transmitter and a receiver. These sensors are not 

based on any specific technology and do not come with advanced settings. The changeable 

parameters are the maximum distance for receiving a message and on what channel to transmit. 

2.1.4 VisuAids 
Each actor can have a visualization aid attached to it in the form of a human camera view. This view 

can have any location relative to the actor and the view will then be added to the list of views 

available in the VisViewer. For example a camera can be attached to a vehicles driver seat for easy 

viewing. 

2.1.5 Parse and build 
Once the user is done with the experiment it has to be built for the Simulink compilation sheet to be 

created. Before building the experiment it should be parsed to check if the configuration of the 

experiment is good. During parsing simulation rates, validity of road segments, alignments of 

Figure 2.8: The antenna tab in radar 

configuration. 
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inherited paths etc. are checked. Warnings and errors are often followed up by a detailed 

explanation of the cause making it easy to correct. A list of checks that the parsing goes through is 

available in the PreScan manual. 

Every time a change is made in the GUI the experiment has to be rebuilt and regenerated in the 

compilation sheet. 

 

2.2 Simulink compilation sheet 
After the experiment has been built a compilation sheet in Simulink will be created. In the 

compilation sheet all coding and testing is done. With one actor, a Ford Fiesta, and one radar 

attached to it the compilation sheet will look like Figure 2.9. 

 

 

 

 

 

 

 

 

The actor has two inputs. The first one is the information about the vehicle itself; position, rotation, 

GPS coordinates, velocity, heading and yaw rate. The second input is from the radar. The output of 

the actor is the state vector from the dynamics block (or, from the trajectory block if no dynamics is 

added to the system). Inside the actor, who now has PathFollower enabled as well as 2D Simple 

dynamics, the blocks will typically be connected as in Figure 2.10. The PathFollower-block requires 

information about our starting position TrajOffset_x,y,Y which is automatically generated by PreScan. 

The ActorOffset is the perpendicular offset from the selected trajectory. The block also needs the 

position (x- and y-coordinates and the rotation around the z-axis), initial velocity, desired velocity and 

actual velocity.  

The outputs of the PathFollower block get connected to the dynamics block. This is the steering 

wheel angle, throttle, brake, initial velocity and gear information. The two currently terminated 

outputs of the PathFollower blocks are the errors in the trajectory, which is something that can be 

used to create a new regulator for steering, if necessary. 

Next, the dynamics of the system is taken in to account. The dynamics block has separate subsystems 

for engine, shifting, transmission and chassis.  

 

 

Figure 2.9: The Simulink compilation sheet of the experiment. Every actor added to the experiment gets its 

own block and a unique ID. 
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2.3 VisViewer 
When an experiment is built in the GUI and all the connections are made in the compilation sheet it 

is time to run the experiment. This is done by starting the simulation in Simulink. Running the 

experiment through the GUI only shows how the actor follows the trajectory and does not make use 

of any dynamics or anything at all made in the compilation sheet. 

The state vector output of the actor is visualized in the VisViewer. Here the user can follow the actor 

and see how it behaves visually. Different views are set by default, like top view and 

east/south/north/west-direction, and if the user have added a human view to the actor in the GUI 

this is also available here in the VisViewer. The user can choose to see one up to four different 

camera views at once.  

PreScan’s VisViewer also comes with the option to record simulations. This is set up through the 

“Video capture” option in the toolbar. Here the user can choose which view to capture as well as the 

quality and format of the video. 

In Figure 2.11 the experiment has been started and the trajectory of the vehicle is set to start at the 

beginning of the straight road, go through the roundabout, and exit at the bent road.  

Figure 2.10: The inside the Ford Fiesta block of the compilation sheet. The SELF block contains of 

information of the vehicle’s current state. Relevant outputs are connected to the PathFollower block 

which controls the steering and throttle. This is then connected to the dynamics block. 
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Figure 2.11: Video capture of the experiment, made in the VisViewer. 



 

 
 

3. System overview 

In this chapter, first the system overview will be discussed. This includes the appearance of the real 

system, the simulated system created in PreScan and what differs between them. After this the 

PreScan environment will be explained in detail and all blocks created will be analyzed.  

3.1 Real system 
The real system to be modeled is shown in Figure 3.1. As discussed earlier, the vehicles communicate 

with each other (V2V) as well as with the infrastructure (V2I). The V2V communication is both for 

sharing the vehicle state vector, including GPS position, speed, acceleration etc. as well as to 

broadcast different logic messages handling the different maneuvers. As the truck is only semi-

autonomous the human driver is required to steer the vehicle manually.  

 

 

 

 

 

 

 

 

3.1.1 Control system 
Figure 3.2 shows the control system overview. The left- and rightmost parts are the inputs and 

outputs of the system. The signals that the team members of the CoAct project can use for their 

subsystems comes either from the CAN-bus of the truck, from the GPS equipment or from the WIFI 

communication. This includes information about velocity, acceleration, heading, yaw rate, GPS 

position and radar data.  

Within the rectangle of Figure 3.2 the parts of the system that will be tested in the simulation 

environment are shown. The subsystems tested must have the very same inputs and outputs as 

when put into the real system. If these are not accessible directly through the simulated environment 

they must be created in other ways. 

 

 

 

Figure 3.1: Real system overview. The vehicle receives its requested lateral movement from the human driver 

and the longitudinal movement from the control system developed. 
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3.1.2 Vehicle 
Figure 3.3 shows the vehicle of the real system. The lateral movement is controlled by the human 

driver. For the longitudinal control however the vehicle is controlled by a speed reference and a 

brake request calculated by the control system. If the desired speed reference is considerably lower 

than the current speed a signal is given to the brake system to apply the brakes. 

The dynamics of the system is not given and is thought of as a black box. 

 

 

 

 

 

 

 

 

3.2 Simulated system 
The simulated system is shown in Figure 3.4. The major differences between the simulated system 

and the real system are: 

 Lateral controller replaces the human driver. The controller is a PID regulator and will be 

further discussed later in this chapter. 

 The vehicle used is a Mercedes 1860 truck modeled in PreScan. It does not have the brake 

request that the real truck does; it only takes a speed reference as the input. To make the 

simulated system more accurate this is dealt with by using the fact that two different 

Figure 3.2: Control system overview. The leftmost and rightmost parts are the inputs and outputs of the real 

system. Picture from [8]. 

Figure 3.3: Vehicle overview. The vehicle handles speed reference and brake request separately, and 

the lateral movement is controlled by a human driver. 
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 controllers controls the simulated truck depending on if the desired velocity is 0 or positive 

(it cannot be negative). If the deceleration requested is lower than -0.5m/s2 the desired 

velocity it set to 0 and the simulated vehicle applies its brakes.  

 The simulated control system contains of the important parts of the real control system. One 

cannot take all of the real control system and copy-paste it to the simulated world; instead 

the different subsystems (speed controller, logic, sorting etc.) must be transferred one by 

one. This is due to the fact that the simulation environment was created during the 

development of the control system instead of afterwards.  

 

 

3.3 The simulated system in PreScan 
Here all blocks, both unique to the PreScan simulation environment and blocks tested to be in the 

truck are explained. Inputs and outputs are discussed and the functionality analyzed.  

Testing is done by importing subsystems one by one into the simulation environment. Inputs and 

outputs to the blocks are the same as in the real controller.  

3.3.1 Starting the experiment 
Inside the folder there are many subfolders, most of which are created by PreScan. The user created 

ones are: 

 Libraries. The easiest way to make sure that every vehicle has the same version of each block 

is to import the blocks as libraries. Here all blocks that are shared can be found; velocity 

controller, sorting, logic, steering controller and the single vehicle estimator.  

 m-files. Used to initialize the Simulink buses used in the experiment and to load parameters. 

Anything used in this map is automatically loaded by the script 

“runThisBeforeDoingAnything.m” which should be executed every time Matlab is started. 

This file is located in the m-files folder. 

 Timestamps. Has been important in some versions of the simulation because of the single 

vehicle estimator. The estimator is currently not in use in the PreScan environment. It is fine-

tuned for the real system and provides incorrect measurements in the simulated world. 

Figure 3.4: Simulated system overview. The human driver is replaced by a lateral controller. 
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Loading the experiment is done by opening the main compilation sheet “StoraHolm2_cs.mdl”. If 

anything unexpected happens with the file PreScan auto-saves the current compilation sheet as 

“experiment_name_cs_old.mdl”. The auto-saving is performed every time PreScan is started. 

It is of importance that the same inputs are available in the simulated environment, and if they are 

not directly accessible through PreScan they must be simulated in other ways in Simulink. 

3.3.2 Main sheet 
Everything to be simulated is shown in Figure 3.5 (two vehicles are removed for simplicity).  

 

 

Using PreScan, the Simulink representation of the main sheet is shown in Figure 3.6. Every vehicle is 

represented by a block with inputs and outputs, and this is also where all empty buses (for vehicles, 

speed signs and traffic lights, explained in detail in Appendix A) are initialized. The vehicle blocks also 

contain the control system and lateral controller seen above. 

 

  

Figure 3.5: Simulated full system overview. 
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Block for each vehicle 

Vehicle state bus 

Creation of empty 

traffic sign buses 

Infrastructure: 

traffic light buses  

Creation of empty 

vehicle buses 

Logic messages 

Logic: Maneuver offset 

active messages 
Infrastructure: 

speed sign buses 

Creation of empty 

traffic light buses 

Figure 3.6: The main sheet of the simulation model used in the project.  
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The vehicles used for testing in PreScan contains of the blocks seen in Figure 3.7.  

 

  

𝑝𝑙𝑎𝑡𝑜𝑜𝑛𝑉𝑒𝑐𝑡𝑜𝑟

= 

 
 
 
 
 
 
 

𝑑𝑟𝑒𝑓1
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒1
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦1

   ⋯   
   ⋯   
   ⋯   

𝑑𝑟𝑒𝑓10
𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒10
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦10

𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛1    ⋯   𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛10

𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝐿𝑎𝑛𝑒1
𝑛𝑜𝑑𝑒𝐼𝐷𝑙𝑠𝑏1

   
⋯
⋯   

𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝐿𝑎𝑛𝑒10
𝑛𝑜𝑑𝑒𝐼𝐷𝑙𝑠𝑏10  

 
 
 
 
 
 

 

Dynamics 

Path finder (steering controller) 

Re-defined steering controller 

Ego information 

Radar 

Traffic light sorting 

Logic 

vehicleBus info 

Speed sign sorting 

Vehicle sorting 

Maneuver offset active 

messages (logic) 

Velocity controller 

Figure 3.7: The inside of every vehicle. 
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3.3.3 Inputs and outputs to the simulated system 
Each vehicle has seven different inputs and three outputs. Five of the inputs and two outputs are 

Simulink buses for simulating the WIFI communication, traffic lights, speed signs and logic. These will 

be explained in detail in Appendix A. The other ones are as follows: 

3.3.3.1 Input: SELF  

The SELF block contains information of the ego vehicle; location in both local coordinates (starting 

from the origo chosen in the GUI) and GPS, velocity, heading etc. This is approximately the same 

information that the real system receives from the CAN-bus and the GPS. 

 

 

 

 

 

 

 

 

 

 

3.3.3.2 Input: Radar 

The radar used in PreScan is not the actual radar sensor but the AIR sensor (Actor Information 

Receiver). This switch is done for computational performance reasons and will be discussed in 

upcoming chapters. Θ and φ are the detection angles in azimuth and elevation and the ID is the 

unique ID each vehicle is given by PreScan. 

 

 

 

 

 

 

 

 

Inputs: 

 x [m] 

 y [m] 

 z [m] 

 Rotx [deg] 

 Roty [deg] 

 Rotz [deg] 

 GPS lat [deg] 

 GPS long [deg] 

 GPS alt [m] 

 Velocity [m/s] 

 Heading [deg] 

 Yaw rate [deg/s] 

  

  

Inputs: 

 Range [m] 

 Θ [deg] 

 φ [deg] 

 ID [-] 

 Velocity [m/s] 

 Heading [deg] 
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3.3.3.3 Output: State 

The output of the system in dynamics mode is the state vector, which holds information about the 

velocity and rotation for the vehicle. The position is calculated by integrating the velocity. There is 

also a mode where the position can be specified each time stamp, called position mode. The former 

one is the one used in this project. 

 

 

 

 

 

 

 

3.3.4 Help-blocks 
The following blocks have nothing to do with the real system and are developed for the test 

environment alone. 

3.3.4.1 Lateral controller 

This block helps to control the lateral movement of the vehicles in PreScan and is not related to the 

real truck in any way. The reason for this block to be created is that the built in steering controller of 

vehicles in PreScan is not working well with the low update frequency used. It is also a problem when 

tests are made that require a non-constant speed. Therefore a new steering controller has been 

developed, and is essentially a PID-regulator with some extra features.  

The block, named “delta controller”, has two inputs. The first one is the trajectory error 

“Actor/Traj_distance [m]” output from the PathFollower block. This is the distance between the 

vehicle’s center of gravity and the nearest point on the trajectory. The second input is a lane change 

indicator that comes from the logic block. Once activated the offset in reference will gradually 

increase from 0 to the lane width, which by default is 3.5 meters. This will cause the vehicle to 

change lane. Currently only lane changing to the right and then back is supported. 1 is the default 

value which will keep the truck in its current lane, and 0 will make it change. 

The regulator uses a PID approach with (trajError – offset) as the reference, and uses anti windup 

when the steering angle is at its maximum. The equation used is: 

      =                                     ℎ            

where 

            =                  

               =                                         

Outputs: 

 Vx [m/s] 

 Vy [m/s] 

 Vz [m/s] 

 Roll [deg] 

 Pitch [deg] 

 Yaw [deg] 
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 ℎ           =
                          

  
 

and with the parameters: 

 P = 2000 

 I = 300 

 D = 500  

dt is the Simulink update frequency, 0.05s in these simulations. The output of the block is the 

steering wheel angle       , which is saturated to ± 720 degrees due to the nature of steering in 

PreScan. 

A condition for the controller to work is that the vehicles are moving no faster than 20 m/s or 

instability might occur. It is also only tested on trucks and might not work as intended for cars, which 

system responds quicker to changes in desired velocity. 

 

 

 

 

3.3.4.2 Logic messages 

When a maneuver is completed the vehicle who performed it broadcasts the maneuverRequest 

message to let the other vehicles know this. If no vehicle broadcasts this information a dummy 

message is sent. This block sorts out the dummy messages and finds relevant information given by 

these buses.  

 

 

 

 

 

3.3.5 Blocks from the real system 
These blocks are all parts of the real system and can easily be copy-pasted between the simulation 

environment and the real system. 

3.3.5.1 Traffic light sorting 

This block is developed to be in the real system but has not been tested there, because no traffic 

lights were used in the CoAct demonstration. 

Inputs: 

 Trajectory error [m] 

 Lane Change [double] 

   

  

Outputs: 

        

  

  

Inputs: 

 ManReq1 [bus: maneuverRequestBus] 

 ManReq2 [bus: maneuverRequestBus] 

 ManReq3 [bus: maneuverRequestBus] 

 ManReq4 [bus: maneuverRequestBus] 

 

Outputs: 

 ManReq [bus: maneuverRequestBus] 
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The traffic light sorting block takes the vehicle’s GPS information as well as information from five 

different traffic lights and outputs the closest one approaching. If there are not five traffic lights 

broadcasting information this block should be fed with dummy values for the non-existing ones. As of 

the autumn of 2012 the traffic lights contains of no information about the heading, meaning that a 

traffic light facing another direction than the truck itself cannot be excluded. Because of this the only 

condition that has to be fulfilled is that the derivative of the distance with respect to time is negative. 

The algorithm first extracts information about the GPS coordinates of the different traffic lights and 

compares them with the vehicle’s coordinates. Once the distance has been calculated the derivative 

is checked and the closest traffic light approaching the vehicle is chosen.  

There are highly sophisticated algorithms to calculate the distance between two sets of GPS 

coordinates. For platooning purposes however the distance will always be very small compared to 

the shape of the earth and to save computational time an equirectangular projection is used [9]. The 

equirectangular projection projects the earth in to a flat [x, y]-plane, where then Pythagoras theorem 

can be used to get the distance between the two points.  

Because of the flat earth assumption       has to be scaled properly. At the equator one degree of 

longitude will equal a distance of more than 110 kilometers, while in Sweden, at around 60 degrees 

latitude, one degree of longitude will only equal approximately 55 kilometers [10]. Therefore define: 

 =                      

 =      

Then the distance is calculated as: 

 =         √      

The radius of the earth is set to 6371 kilometers (the preset variable ”earthRadius” in Matlab). 

Inside the block there is an empty traffic light which is chosen if all traffic lights exist but none is 

approaching. If the default values of the traffic light bus are changed anywhere, this bus should also 

be modified accordingly. 

 

 

 

 

 

 

 

Inputs: 

 Ego latitude [deg] 

 Ego longitude [deg] 

 trafficLight1 [bus: trafficLightBus] 

 trafficLight2 [bus: trafficLightBus] 

 trafficLight3 [bus: trafficLightBus] 

 trafficLight4 [bus: trafficLightBus] 

 trafficLight5 [bus: trafficLightBus] 

 

Outputs: 

 Closest traffic light [bus: trafficLightBus] 
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3.3.5.2 Speed sign sorting 

This block is developed to be in the real system but has not been tested there, because no speed 

signs were used in the CoAct demonstration. 

Unlike the traffic light, the speed signs are equipped with information about the heading so that 

irrelevant signs (facing another direction) can be excluded from the sorting. The distance to each 

speed sign is calculated the same way as with traffic lights.  

The block has two outputs. The first one is the information about the upcoming traffic sign and the 

other output is information about the last traffic sign passed, i.e. the sign that currently limits the 

maximum speed limit. The outputs are in the following form: 

(
        

           
 

) 

In the CoACT 2012 demonstration speed signs were not used but the idea is to send this information 

to the controller, and the last 0 is to distinguish this output from other information given to the 

controller by other blocks. The output can easily be modified if changes are necessary.  

All speed signs with a heading towards us ± a certain tolerance is considered to be relevant. Currently 

the tolerance is changed depending on the distance to it, which is calculated the same way as 

described for traffic lights.   

         =  {

                                               
                                    
                                  
                                               

 

This is done to avoid using information about speed signs that may be ahead but still not of 

importance to the vehicle as it may be on a nearby road, or facing another direction. 

Once a speed sign is closer than 30 meters (but still ahead of the vehicle) a flag closeToFlag is set to 

mark that it is close. The transition between a “close” traffic sign and a “past” one happens in the 

sample where the closeToFlag flag is set and the distance to the sign is negative. Then the 

information in this sign is outputted as the current speed limit instead of the next one. 

 

 

 

 

 

 

 

Inputs: 

 Ego latitude [deg] 

 Ego longitude [deg] 

 Ego heading [deg] 

 speedSign1 [14x1 vector] 

 speedSign2 [14x1 vector] 

 speedSign3 [14x1 vector] 

 speedSign4 [14x1 vector] 

 speedSign5 [14x1 vector] 

Outputs: 

 currentSpeedSign [3x1 vector] 

 nextSpeedSign [3x1 vector] 
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3.3.5.3 Vehicle sorting 

Vehicle sorting is a block used in the real system and is developed directly in the PreScan 

environment.  

The vehicle sorting is made out of two blocks. The first block, “sort”, sorts the vehicles based on their 

GPS positions. The other block, “radar”, then takes the radar data in to account.  

Sort 

The distance between the GPS coordinates of the vehicles is calculated as for traffic lights, but must 

be corrected by subtracting half of the length of both vehicles. This assumes that the GPS device is 

broadcasting the position of the middle of the trucks (longitudinally), which is requested by the GCDC 

protocol [5]. 

 =         √      
       ℎ

 
 

 ℎ        ℎ

 
 

To determine whether a truck is ahead or not the bearing must also be calculated as in Figure 3.8. 

This is done via the formula [9]: 

       =      (
                  1 

                1                  1    (     )
) 

 

where lat1 is the latitude of the other vehicle, lat2 is the ego latitude and       is the other vehicles 

longitude minus the ego latitude. 

Now the bearing is compared to the heading. If: 

                                                

then the vehicle is considered to be ahead of us. The value of the tolerance is currently set to 80 

degrees. For the following formula to work, the cone must be smaller than 180 degrees so the 

tolerance must be smaller than 90. Otherwise the formula must be modified accordingly. 
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To illustrate the way the sorting function checks for vehicles ahead, the following example is set up: 

Example: A truck is driving with a heading of 60 degrees and picks up a vehicle via WIFI with a 

calculated bearing of 90 degrees, as in Figure 3.9. 

 

 

 

 

 

 

 

 

 

 

Set tolerance = 80 degrees. As in Figure 3.10, now define: 

           =                     

           =                     

 

 

Figure 3.8: Heading of a vehicle, and the bearing between it 

and the preceding one. 

Figure 3.9: How to determine if a vehicle is ahead or not. Step 

1: Calculate the bearing. Matlab function to make the arrows 

from [11]. 
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Subtract the bearing from all angles, as seen in Figure 3.11. 

 

 

 

 

 

 

 

 

 

 

Now to check if the bearing is between the two boundaries it is sufficient to check if the upper and 

lower bounds have different signs and that the sum of the absolute values of the bounds are lower 

than 180. The special case where either bound is on top of the bearing is also treated as being in 

front. All vehicles that are not ahead get a negative distance to the current truck. 

Arc Approximation 

The distance d calculated assumes a straight road, which is not the case at Stora Holm. This means 

that some kind of curve adjustment must be done. For the relatively short distances in between the 

trucks it is approximated that all trucks follow the arc of a circle as in Figure 3.12. 

Figure 3.10: How to determine if a vehicle is ahead or not. Step 2: 

Define the lower and upper bounds using the current heading.  

 

Figure 3.11: How to determine if a vehicle is ahead or not. Step 3: 

Subtract the bearing from all angles. If the upper and lower bounds 

have different signs, and the sum of the absolute values of the 

bounds is less than 180 then the vehicle is considered to be ahead.  
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Figure 3.12: Arc approximation of the distance between 

the trucks. d is the previously calculated distance. α and β 

are the headings of the respective trucks. 

 

 

 

 

 

 

 

 

 

 

 

From Figure 3.12 L is calculated as: 

 =
  

    
 
 

=
      

    
   

 

                   

This formula also works for very small angles as      0  
 

    
 

 

=    

Outputs 

Once the distance has been calculated, corrected, and compared to the bearing to see which vehicles 

are ahead, it is time to sort the vehicles. The sorting is done based on the distance and is done 

descending, putting the vehicle furthest ahead first in the vector. The outputs are: 

1) platoonVector [5*10 matrix] 

2) otherStuff [x*y matrix]  

3) Sorted Vehicle 1 [Bus: vehicleBus] 

. 

10) Sorted Vehicle 10 [Bus: vehicleBus] 

platoonVector contains all information that is passed along from the sorting algorithm to the logic 

block and then later to the controller. It is a 5*10 matrix with the following information: 

 
 
 
 
 

        1
        1

            1

   ⋯   
   ⋯   
   ⋯   

        10
        10

            10

  ℎ        1    ⋯     ℎ        10
         1

   ⋯            10  
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Distance is given in meters; velocity in m/s; acceleration m/s2; vehicleLane is 0 (left), 1 or 2 (right) 

depending on its relative position to the platoon leader. nodeIDlsb is the node ID and assumes that 

the number is smaller than 232-1. Otherwise nodeIDhsb also has to be used. 

If a vehicle doesn’t exist (for the moment 10 vehicles are the hardcoded number of vehicles taken 

into account) the corresponding row is filled with -1. 

The otherStuff-matrix is whatever output that the user wants to be able to monitor, online or offline, 

which is not already part of the platoonVector. An example could be the bearing. Note that a change 

in dimensions in the first sorting block also must be matched in the radar block. 

The Sorted Vehicle-buses are sorted in the same way as the information in the platoonVector, so that 

Sorted Vehicle 1 will contain the information about the vehicle furthest ahead. 

Radar 

When the GPS information is taken care of and sorted in the first block the platoonVector and the 

sorted vehicle-buses are sent directly to a new block where information from the radar also is input. 

This block has a switch to easily turn on or off the radar. 

In the case where the useRadar-variable is 0 (false) or the distance given is too big or too small 

(current limits are 0.1-200 meters) the platoonVector and sorted vehicle-buses are just outputted the 

way they came in to the block and nothing else happens.  

In the case where a vehicle is detected by the radar the radar distance is compared to the distances 

given by the sorting block. If there is a vehicle within radarTolerance (preset to 5 meters) it is 

considered to be the very same vehicle, and the distance to it is replaced by 

min(distanceGPS,distanceradar). It could also be the case that two vehicles (or more, but this is very 

unlikely to happen) are within the tolerance level and in this case the vehicle with the smallest lateral 

distance to the ego vehicle is the one considered to be detected by the radar. 

If the vehicle detected by the radar is not within the tolerance level a new entry must be created in 

the platoonVector. Two situations can arise: 

1) There is an empty entry in the platoonVector. This is checked by searching for node ID = -1.  

2) The are no empty entries in the platoonVector. Then the least important vehicle must be 

replaced with the information from the radar. Here importance is defined as how much of 

use the entry has to the controller. For the implemented LQ controller and for Henrik’s 

controller, in the case where all vehicles are ahead the least important vehicle is the one just 

behind the platoon leader. If there are one or more vehicles behind, the one furthest behind 

is replaced.  

The row to be changed is replaced by:

(

 
 

             

                            

 
 
 )
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Because of the radar not having an acceleration output this is set to 0. Note also that the vehicle 

detected by the radar always is considered to be in the same lane and that the node ID is hardcoded 

to 7. This must be changed if inappropriate. 

The platoonVector and sorted vehicle-buses are now sorted again descending based on the distance 

and outputted. 

 

 

 

 

 

 

 

 

 

 

3.3.5.4 Velocity controller  

The velocity controller is slightly modified compared to the real system. The Scania trucks are 

controlled by a speed reference and a break reference, but the PreScan trucks only use a speed 

reference and breaks if this reference is considerably less than the actual velocity. 

The velocity controller block calculates the desired velocity based on the current velocity, 

acceleration and all necessary information about the other trucks which is in the platoonVector (the 

distances to them for example). The mode indicates which controller to be used. As of February 2013 

there are five different modes: 

1) Idle 

2) LQ with infinite time prediction horizon. This mode uses the “most restrictive control” 

strategy, calculating one controller for each vehicle and using the most restrictive one.  

3) Platoon leader. The current speed limit is transferred directly to the cruise control. 

4) LQ with finite time prediction horizon. The control is computed once, only taking into 

account the closest preceding vehicle. The speed of this vehicle is however not 

considered as constant but is assumed to converge at a constant rate to the leading 

vehicle’s speed. 

5) PI, using a weighted average of the other vehicle’s speeds at its reference.  

The different controllers are developed by Achour Amazouz and Ali Madadi (except for the PI, made 

by Henrik Pettersson at Scania, modified by Achour Amazouz). Note that platoonVector input is now 

a 6x10 vector, as the reference distance is appended to it by the logic block. 

Inputs: 

 Ego latitude [deg] 

 Ego longitude [deg] 

 Ego heading [deg] 

 Ego length [m] 

 Ego velocity [m/s] 

 Radar distance [m] 

 Radar distance dot [m/s] 

 Vehicle1 [bus: vehicleBus] 

                     . 

            . 

 Vehicle10 [bus: vehicleBus] 

 

Outputs: 

 platoonVector [5x10 vector] 
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3.3.5.5 Logic 

The logic block inside the PreScan model as of January 2013 is a quick fix to a complex problem and 

should be treated as such. It is working for a specific set of messages and is not tested in general. The 

final logic will be presented in [12] and should be implemented in PreScan when completed. 

The block takes care of the messages being sent by the platoon leader and makes sure that the 

controller and steering regulators are being sent the correct information to perform the maneuvers 

requested. It is state flow chart with five different states.  

1) Initialization 

2) Platooning, no requests – This is the default state where all vehicles are when there is no 

active request. 

3) Maneuvering – The vehicle that has an active request not yet fulfilled is in this state. 

4) Maneuver offset active – when the vehicle has completed its maneuver it broadcasts a 

maneuver offset active message to let the other vehicles know that it has completed its task. 

5) Platooning active request – the state all other vehicles are in during a maneuver. 

Inputs here are the ego node ID, the platoonVector and two buses. The ManeuverRequest bus is the 

message sent by the platoon leader to request that a vehicle performs a maneuver. This could be to 

create a gap, close a gap, change lane, change reference etc. The bus ManeuverState is something 

that the vehicle that performs a maneuver broadcasts to let the other vehicles know whether it 

acknowledges the request or ignores it. 

Two of the outputs of the current block are only for monitoring purposes. Broadcast indicates 

whether the vehicle is broadcasting or not and the maneuverState outputs ignore(0), accept(1) or 

abort(2). platoonVector is here modified with a new row,     , which is the reference distance: 

             =  

 
 
 
 
 
 
 

    1

        1
        1

   ⋯   
   ⋯   
   ⋯   

    10

        10
        10

            1    ⋯               10

  ℎ        1
         1

   
⋯
⋯   

  ℎ        10
         10  

 
 
 
 
 
 

 

The logic block makes sure that the “raw data” of the platoonVector from the sorting algorithm is 

handled correctly and that a proper reference distance      is appended to the top row of the 

vector. Any vehicle not in our lane should be excluded from the vector and the reference distance to 

the vehicles ahead should be modified should any of these vehicles be requested to open up a gap to 

a preceding vehicle.     is calculated as: 

Inputs: 

 Ego velocity [m/s] 

 Ego Acceleration [m/s2] 

 platoonVector [6x10 vector] 

 Mode [-] 

 

Outputs: 

      [m/s] 

      [m/s2] 
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    = ∑  0

         

  ∑   ℎ         ℎ

          1

  ∑       

         

 

where  0 is the default distance and offset is any offset that a vehicle in front may or may not be 

instructed to have. Currently there can only be one vehicle with an offset. 

For any vehicle behind our truck      is set to -1 which is a way for the controller to know that this 

column should be ignored.  

 

 

 

 

 

 

Inputs: 

 Ego node ID [-] 

 platoonVector [5x10 vector] 

 manReqIn [bus: ManeuverRequest] 

 manOffActIn [bus: ManeuverState] 

 

Outputs: 

 Broadcast [-] 

 maneuverState [bus: ManeuverState] 

 platoonVector [6x10 vector] 

 manOffActOut [bus: ManeuverState] 

 changeLane [-] 

 

 



 

 
 

4. Result of PreScan simulations 

The tests performed in this chapter are all done in the PreScan environment. The trucks start from 

standstill in curve 1 seen in Figure 4.1 and moves clockwise around the track. The platoon leader is 

given a constant speed reference and the following vehicles are using different velocity controllers to 

maintain a proper distance to the preceding vehicle. 

The testing is done to make sure that each subsystem is performing as it should. First the sorting 

algorithm will be evaluated with its arc approximation for distance calculation and insertion of radar 

data. Then the velocity controller is tested to see that the vehicles are acting the way they should. 

This is followed by a test of the logic where “the switch”, explained in the introduction, is performed. 

The last test is for the steering controller. The single vehicle estimator is tuned for the real system 

and the outputs of it has a bit of a drift compared to the true values. Therefore it has only been 

tested to see that the outputs of it are reasonable and will not be evaluated in this chapter. 

The place of the CoAct demonstration is Stora Holm, a test track near Göteborg, and this is also the 

track that will be used for all simulations in PreScan. This is done by importing an Open Street Map 

screenshot of the Stora Holm track as an underlay in the GUI. For instructions on how to do this 

please see the PreScan manual. The pieces of road used are then added on top of the screenshot.  

For simulations the track will be considered as a straight road with three exceptions: curves 1, 2 and 

3 in Figure 4.1. 

 

 

 

 

 

 

 

 

For these simulations five identical trucks are used. Those are Mercedes 1860 trucks without trailer. 

The specifications of these trucks can be found in appendix B. Note that all parameters can be 

changed. The Mercedes trucks have a slower response to changes in desired velocity than the real 

system which is caused by a built in velocity controller in PreScan. If the parameters of this controller 

are altered the system quickly becomes unstable. It has been decided that tuning the simulated 

system to act more like the real system is not worth the time it would take, and that the current 

system is good enough for appropriate tests to be made.  

Figure 4.1: The Stora Holm track simulated in PreScan. It is created using an underlay from an Open Street Map 

screenshot. 
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4.1 Arc approximation 
A test run in PreScan for one vehicle following another at a distance of roughly 25 meters, with the 

radar off at stationary conditions (speed regulator turned off, both vehicles have identical inputs) 

gives results according to Figure 4.2. 

The location of the vehicle at the Stora Holm track is corresponding to the numbers in the Figure 4.1. 

It is seen that in the first and third large curve the difference between the smallest and largest 

distance given by equation 1 (i.e. the error) is about 12-13 centimeters, which by far is accurate 

enough for the purposes of the project. For the second curve the error is roughly 2 centimeters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Radar detection 
The radar of the Scania trucks has a few different outputs based on the angle between the ego 

vehicle and the detected vehicle, where the full cone has an angle of 12 degrees. Because of lane 

detection issues it was decided to only use the output that belongs to the centermost angle to be 

able to consider everything detected by the radar to be in the same lane. This output belongs to the 

greyed part of Figure 4.3. The exact limit of this angle is not determined but for this test a cone of 8 

degrees is used. The radar modeled has a range of 100 meters and is only able to detect one vehicle 

(the closest one, in the same lane). 

Figure 4.4 shows a test run where the distance between all trucks is kept at 20 meters. No vehicle 

detects anything in curve 1 and 3. It is very likely that in these conditions the truck will lose the radar 

target. 

Figure 4.2: The distance between two trucks having identical inputs using the arc approximation. 

The difference between the smallest and largest distance given by equation 1 is less than 12 

centimeters.  

1 

2 

3 
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Figure 4.5 shows the radar for curve number 2. Here all vehicles have detected the vehicle closest 

ahead.   

 

 

 

 

Figure 4.4: Radar detection in the first and third curve of Stora Holm. The vehicles do not detect the preceding vehicle. 

Truck Radar 

Figure 4.3: The centermost radar output from the Scania truck is the one used in the CoAct project. 
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4.3 Insertion of radar data to platoonVector 
To validate the radar detection block a test run is done with a truck length that is smaller than the 

actual length. As calculated before the distance is given by: 

 =         √      
       ℎ

 
 

 ℎ        ℎ

 
 

If myLength or theirLength is too small the distance given by the GPS calculations will be larger than 

the one given by the radar. In this example the length of the trucks is set to 5 meters. In Figure 4.6, 

when plotting the distance through curve 3 it can clearly be seen that at the entry of the curve, the 

radar loses target (the first jump at approximately 128 seconds). It then regains and loses the target a 

few times before it is lost for the rest of the curve. The controller now thinks the distance is too big 

and increases the velocity, which is why at 135 seconds the distance slowly works its way down to 20 

again. At the exit of the curve the radar detects the vehicle again. 

 

 

 

 

 

 

 

 

 

Figure 4.5: Radar detection in the second curve of Stora Holm. The vehicles do detect the preceding vehicle. 

Figure 4.6: Distance to the preceding distance plotted over time. 

When the radar loses its target the distance “jumps” more than a 

meter, meaning that the algorithm do take the radar in to account. 
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It must also be validated that a vehicle not broadcasting any WIFI data is inserted in the 

platoonVector. This can easily be tested by either turning off the communication for one vehicle, or 

adding a certain distance to the radar output. Doing the latter, adding 100 meters to the radar 

distance gives a result according to Figure 4.7, which shows that it is indeed working properly. The 

radar detects the closest vehicle which, according to the GPS coordinates transmitted, is 19.78 

meters ahead (but somewhat closer according to the radar). A distance of 100 meters is added and 

the “new” vehicle is inserted into the platoonVector, as ID = 7. 

 

 

 

 

 

4.4 Velocity controller 
To make sure that the speed regulator is working a test run is made and the velocity and distances 

between the trucks are plotted in Figure 4.8. The platoon leader is given a speed request of 10 m/s 

initially and then follows a speed profile of 15-20-15-10 m/s while the speed and distance to the 

preceding vehicle are being plotted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The chosen regulator is the standard LQ, or option 2 in the compilation sheet.  

Figure 4.7: Creation of a new vehicle in to the platoonVector. The vehicle with node ID (last row) 7 is the same vehicle 

as node ID 4, but with a manipulated radar distance.  

Figure 4.8: Test of the LQ speed controller. Two vehicles follow the platoon leader who is given certain 

steps in desired velocity. The top plot shows the speed profile of the respective vehicles and the bottom 

one shows the distance to the closest vehicle.  
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The settling time is quite high due to the fact that the vehicles used for the simulation are slower 

than the Scania trucks, but the vehicles reaches the correct velocity within a reasonable time and do 

not seem to have any static error in the distance.  

 

4.5 Logic 
The logic that will be evaluated here is not the final version, but a quick fix to be able to demonstrate 

the maneuvers in the CoAct demonstration. The final version will be presented in [12]. 

The vehicles have ID:s according to Figure 4.9 and the maneuvers are being sent according to the 

GCDC protocol [5].  

A full video of five vehicles performing different maneuvers, recorded in PreScan, can be found at 

[13]. 

 

 

 

 

 

 

The purpose is to show the following maneuver: 

1) The vehicle with ID 4 creates a gap to the platoon leader (ID 5) 

2) Vehicle ID 2 switches lane and regulates his distance to the platoon leader 

3) Vehicle ID 2 goes in to the gap to finish the maneuver 

For all steps of the maneuver all vehicles must have the correct references to the other vehicles. All 

current controllers only take the reference to the closest preceding vehicle into account, but the idea 

is that it should be possible to add references to other vehicles as well. Vehicles in another lane are 

ignored and the reference distance is set as: 

      = ∑  0

         

  ∑   ℎ         ℎ

          1

  ∑       

         

 

In the following example d0 is set to 20 meters for all vehicles and the offset to the platoon leader 

will be 25 meters. 

The gap is created by giving ID 4 an offset of 25 meters to ID 5 as shown in Figure 4.10. 

 

 

Figure 4.9: Five vehicles platooning, 20 meters apart. Each vehicle has a unique node 

ID. 
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During the lane switch, shown in Figure 4.11, vehicle ID 2 should be removed from every other 

vehicle’s platoonVector as it no longer is in the same lane. Furthermore ID 2 should only have ID 5 as 

a reference.  

 

 

 

 

 

 

 

Once ID 2 has flagged that it has completed its maneuver it is time to switch lane back and to 

proceed with plain platooning as seen in Figure 4.12. All references go back to normal. 

 

 

 

 

 

 

 

  

Figure 4.10: The vehicle with node ID 4 creates a gap to node ID 5 by setting an offset of 25 meters.  

Figure 4.11: Node ID 2 has changed lane and only has node ID 5, the platoon leader, as a reference. The other 

vehicles do not have node ID 2 in the platoonVector, as they only keep the ones in the same lane. 

Figure 4.12: Node ID 2 now goes back in to the left lane, and all vehicles return to plain 

platooning.  
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4.6 Steering controller 
As the built in steering controller in PreScan is unable to keep the vehicles close to the trajectory a 

new one has been developed. It must be able to keep the vehicles on track, with a minimal error in 

trajectory. Figure 4.13 shows a test run where a vehicle is running almost two laps (the last part of 

the straight road is cut off) with a velocity of 10 m/s. 

The maximum error in trajectory is 10.5 centimeters and the standard deviation throughout the two 

laps is less than 1.4 centimeters, with a mean of 3 millimeters. Higher velocity will lead to a bigger 

trajectory error and eventually, at speeds above 20 m/s, the controller will become unstable. For 

higher speeds a new controller must be developed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 4.13: Trajectory error and steering angle for a vehicle running two laps at the track at a 

speed of 10 m/s using the self-made steering controller. 



 

 
 

5. Conclusions 

The simulation environment created in this thesis has been successfully used for test and validation 

of different control systems in the project. The world built up in PreScan and Simulink allows for easy 

testing of the different parts of the project, where most parts tested can simply be copy-pasted in 

between the xPC Target machine and the simulation. It proved to be difficult to completely separate 

testing of the different subsystems developed, as they are often dependent on each other. 

Fortunately this has not proven to be problematic as the use of Simulink in PreScan gives the 

opportunity to log inputs and outputs to the subsystems, for easy validation of the signals coming in 

and out of the blocks. Transition between different speed regulators is possible, and radar as well as 

WIFI communication is possible to turn on and off as the user pleases. 

The vehicle model used in the simulations has not been optimal. In PreScan, there is a cruise control 

system behind the dynamics of the truck that reacts slowly to changes, and the regulator controlling 

this cruise control quickly becomes unstable if altered. It was decided though that the model is good 

enough for the purpose of testing different regulators and strategies controlling the velocity of the 

vehicle. 

 

5.1 PreScan  
For the CoACT project PreScan has been used for three purposes: 

1) To test and validate code written by other members of the group. Mainly this has been 

testing regulators to control the truck longitudinally, but the logic dealing with maneuvers 

have also been tested in the program. 

2) To develop code directly using PreScan. 

3) To visualize the scenarios. 

To take full advantage of a software it is often wise to use it as the developers have intended. So 

what is PreScan good for? The following quote is taken from TNO [14]: 

 

 

 

 

 

 

 

 

“PreScan is a software tool designed as a 

development environment for Advanced 

Driver Assistance Systems (ADAS) and 

Intelligent Vehicle (IV) systems. These 

are systems with sensors that monitor 

the vehicle’s surroundings and that use 

the acquired information to take action. 

Such actions may range from warning 

the driver of a potentially dangerous 

situation to actively evading hazards by 

means of automatic braking or 

automatic steering.” 
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A first look at the quote indicates a perfect match for the purposes of the project. So is it? A glance at 

the result chapter shows that at least it is quite easy and straight forward to test the different parts 

of the system in PreScan. From the point where the static and dynamic information from the WIFI 

broadcasting gets merged together into a vehicleBus many steps are included and tested in the 

program. Being able to test all these parts at the same time, when dependent of each other just like 

in the real world, has been helpful. These “whole system”-tests could certainly have been done 

without PreScan as well but having the program has saved a lot of time, both for simulations at KTH 

as well as for debugging in the truck.  

PreScan is easy to use and creating the Stora Holm track from scratch, with the vehicles, trajectories 

and everything around it takes less than an hour for a somewhat experienced PreScan user. Once the 

track is completed the user can hook up any block he or she wants to test with a dynamic system 

containing real inputs and outputs. Having the whole track lined up with all the vehicles has also 

made it possible to find bugs that may not have been found otherwise until real testing, as it is often 

hard to think of all different scenarios that might happen. 

Even though PreScan is easy to use there are times where help is needed to progress. In these cases 

the PreScan manual is a good place to start at, which is very detailed and thorough. There are also 

many demo experiments to look at for tips and inspiration. For the cases where the manual has been 

unable to shed light to the problem the PreScan support has been helpful and always answered 

within reasonable times. 

5.1.1 Testing 
For the project members to develop code for the Scania trucks there are some natural steps before it 

is tested in the real truck. These include:  

1) Figure out a general idea to solve the problem 

2) Code 

3) Fix errors to make the code compile 

4) Testing & debugging using often simple inputs to see that the output is correct 

5) Test in the truck 

PreScan presents a way to add another phase to the testing between the fourth and the fifth step; to 

test the code with more complex and real world-like inputs. This allows for less time-consuming in-

truck bug fixing, which should be kept at an absolute minimum. 

Most of the tests have been conducted using five identical trucks that all have the same system. 

When trying the speed regulators for example it has often been the case that the first vehicles 

behind the platoon leader has been behaving as expected but the latter ones have reacted 

incorrectly, as the regulator have been unable to handle propagations in the system. Naturally, the 

first truck will always behave as intended when given a constant speed request, but any other truck 

regulating on the distance to the preceding vehicle will show a more or less oscillative behavior.  

Some blocks later used in the truck have been developed directly in the simulation environment. The 

sorting algorithms for vehicles, traffic lights and speed signs has been thoroughly tested before it was 

implemented in the truck and thanks to this it required no bug fixing or fine tuning at all during the 

very limited time that was available for testing at Stora Holm.  
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The ability to test sensors has been very helpful for parts of the project, especially for developing the 

vehicle sorting algorithm. The actual radar was not possible to use due to performance issues (more 

will be discussed about this later) but for the purposes of the project the AIR sensor in PreScan was a 

fine replacement and made testing with “real” radar possible. If the need to test the performance of 

transmitters arises in future projects in the area this is also possible, but for the current project all 

information broadcasted have been modeled as perfect, without package losses.  

5.1.2 Imperfections 
There are some negative experiences that the author of this thesis has come across while working 

with PreScan. Please note that inconveniences brought up in this chapter may or may not reflect the 

actual performance and stability of the program. For example a crash during simulation may be 

caused by PreScan but could also be related to Matlab, Simulink, Windows 7, faulty hardware, a rainy 

day or a combination of these. With few exceptions PreScan has only been tested on one specific 

computer with one installation of other software. 

 PreScan has a tendency to crash quite often when working with infrastructure in the GUI. If 

you are making bigger road networks – make sure to save often. 

 In the GUI zooming in is done by moving the mouse wheel forward. In the VisViewer it is the 

other way around. 

 Random bugs. For example sample time errors deep inside the pre-made blocks that come 

with PreScan. Sample time 0 cannot be used. Solution? Just try again and it will work. The 

author has also experienced problems with outputs from the PreScan created blocks. In the 

current model the trajectory error output from the path finder block, which is used for 

controlling the steering, will oscillate between huge numbers (± several hundred meters) if 

the trajectory is reversed, making the steering impossible to control. 

 Difficult to change the amount of gears used for the trucks. It is possible but requires a dirty 

solution that is overwritten if the user needs to regenerate the compilation sheet. A guide to 

changing gear is presented in appendix C. 

 Inability to switch colors of the trucks. With five identical trucks, sometimes during the 

testing of maneuvers it can get hard to know who’s who. For cars this option is available, but 

not for trucks. 

 Performance issues. To be able to use the program without getting frustrated every run 

about laggy performance a brand new computer with a high end graphic card was bought. 

This increased the performance but it was still barely possible to let the trucks use the actual 

radar sensor during the tests. Five radars led to perhaps an update every second, and with a 

sample time of 1/20 of a second testing became almost impossible. To speed up the 

simulations the radar was replaced by an AIR sensor for each truck. As explained in the 

chapter about sensors, the AIR sensor is an idealized sensor and far less heavy on 

computation. According to Tass-Safe employer Pieter Sibma the company will be focusing on 

performance the coming year. Once this report goes live the technology independent sensor 

(TIS) is supposed to have its own CPU and during 2013 other sensors will follow. 

 No proper steering. The perhaps most annoying lack of feature in PreScan for this project. In 

the PreScan manual it is noted that in “path follower with preview”, which is the more 

advanced steering controller, to have smooth steering the user should have a Simulink 

update rate of 100 Hz and a speed of 15m/s (constant). But what if the user thinks that the 
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 computational performance is bad even on 20 Hz update frequency? At 20 Hz the path 

follower with preview does not work as it quickly gets unstable and wanders off in to the 

terrain. Perhaps a non-issue for a straight road (even though weird things can happen even 

here, best bet is to simply disconnect the delta_steerwheel connection between the path 

follower block and the dynamics block), but for a track like Stora Holm the user has to make 

his or her own steering regulator. Constant speed is also not a possibility when testing speed 

regulators. 

 PreScan-created blocks are repositioned if they are moved every time the Simulink 

compilation sheet is regenerated.  

 

5.2 Future use 
Despite the above listed peculiarities PreScan has been very helpful in the project and will most likely 

benefit upcoming thesis projects in this area. Either by further development of the current regulators 

and other parts of the system, or by developing new ones.  

To make best use of PreScan in the future a proper model of a Scania truck should be implemented. 

The vehicle model in the simulations has not been that of a Scania truck, but a model of a Mercedes 

truck predefined in PreScan. This biggest difference between this system and the Scania one is that it 

is considerably slower. If a proper Scania model is used it would be possible to fine-tune the speed 

controllers in a more reliable fashion.  

The use of PreScan increases as more and more parts of the project gets integrated to the simulation 

environment. As of early 2013 no parts of the hardware is integrated and to do this could be a 

natural step if the project is continued. Most of the vehicle information generated from the CAN-

buses of the truck can be taken from the PreScan vehicle block instead, and the information sent 

between the vehicles in the simulation could be in the real form instead, with static and dynamic 

information being separately sent. Any part of the hardware that is not dependent on a specific 

gateway to receive information should be possible to integrate in to the system, because of the 

strong connection between PreScan and Simulink. 

PreScan could also prove to be useful for creating a regulator for lateral movement. From the path 

follower block the trajectory error can be used directly to develop the regulator. There is also a lane 

detection camera in PreScan, with plenty of different outputs which can be used for lane keeping 

purposes.  



 

 
* Preliminary title 
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Appendices 

A - Buses 

Bus: vehicleBus 
The vehicleBus is a Simulink bus that contains the static and dynamic information that every vehicle 

transmits over WIFI. The PreScan version of this bus has default values for any input that is not 

needed by another vehicle. The bus has the following inputs: 

 nodeID_lsb – Least significant bit of the node ID    [uint32] 

 nodeID_hsb – Most significant bit of the node ID    [uint32] 

 vehiclePositionLon – Ego longitude, degrees   [double] 

 vehiclePositionLat – Ego latitude, degrees   [double] 

 vehiclePositionTimeStamp_sec – Not used    [uint32] 

 vehiclePositionTimeStamp_msec– Not used   [int32] 

 vehiclePositionAccuracy– Not used    [double] 

 vehicleVelocity – Velocity, m/s     [double] 

 vehicleHeading – Heading, degrees    [double] 

 vehicleAcceleration – Acceleration, m/s2   [double] 

 vehicleYawRate – Yaw rate, deg/s     [double] 

 platoonLeaderID_hsb– Not used     [uint32] 

 platoonLeaderID_lsb– Not used     [uint32] 

 platoonState –  Lane indicator. 1 means that we are in the same lane as the 

platoon leader, 0 to the left and 2 to the right. This input it “high-jacked”  

from its original purpose because of the inability to provide the other vehicles  

with lane information.     [int32] 

 

 vehicleWidth, meters    [double] 

 vehicleLength, meters    [double] 

The vehicleBus is an output from the block that represents the vehicle in the main Simulink 

compilation sheet. In this sheet this parameter is called vehicle1info, vehicle2info etc. It then gets 

merged together with the vehicle information from all other vehicles, including empty ones, to a 

parameter called allVehicles, which is a bus of vehicleBuses and is hardcoded to 11 vehicles. 

allVehicles is then an input to the block representing the vehicles, and a bus selector selects all inputs 

except for the ego vehicle. This is a work-around for the real system where information about the 

ego vehicle is not broadcasted to itself. 

Bus: ManeuverRequest 
The ManeuverRequest bus is sent out when the platoon leader wants a vehicle to perform a 

maneuver. It has the following inputs: 

 maneuverID_sec – Timestamp of the maneuver request, seconds [uint32] 
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 maneuverID_msec – Timestamp of the maneuver request, milliseconds [int32] 

 destinationVehicleID_lsb – Least significant bit of the target vehicle  [uint32] 

 destinationVehicleID_hsb – Most significant bit of the target vehicle  [uint32] 

 referenceVehicleID_lsb – Least significant bit of the reference vehicle  [uint32] 

 referenceVehicleID_hsb – Most significant bit of the reference vehicle  [uint32] 

 longitudinalOffset – Longitudinal offset to the reference vehicle, meters [int32] 

 laneOffset – 1 for the platoon leaders lane, 0 to the left and 2 to the right  [int32] 

The maneuverID inputs work as the unique ID of the maneuver request, should there be several 

requests at any given time. This way the vehicles can differentiate between the maneuvers. 

Once a vehicle has completed its maneuver it starts broadcasting the very same message, to let the 

other vehicles know that its done. 

Bus: ManeuverState 
The maneuverState bus contains of three inputs. 

 maneuverID_sec – Timestamp of the maneuver request, seconds [uint32] 

 maneuverID_msec – Timestamp of the maneuver request, milliseconds [int32] 

 maneuverState – Ignore(0) - Acknowledge(1) - Abort(2)   [int32] 

When the platoon leader has issued a maneuver request the destination vehicle can choose to 

comply with it (maneuverState = 1), ignore the request (maneuverState = 0) or first comply and then 

abort (maneuverState = 2). 

Bus: trafficLight 
The trafficLight bus contains of information of the current state of the light as well as the next three 

ones. As of January 2013 it has no information about the heading. It has the following 16 inputs: 

 nodeID_lsb – Least significant bit of the node ID    [uint32] 

 nodeID_hsb – Most sifnificant bit of the node ID    [uint32] 

 rsuPositionLon – GPS position, longitude, degrees   [double] 

 rsuPositionLat – GPS position, latitude, degrees   [double] 

 trafficColor1 – Current color    [int32] 

 time1_sec – Time left of color1, seconds   [uint32] 

 time1_msec – Time left of color1, milliseconds   [int32] 

 trafficColor2 – Next color    [int32] 

 time2_sec – Time left of color2, seconds   [uint32] 

 time2_msec – Time left of color2, milliseconds   [int32] 

 trafficColor3 – Second next color    [int32] 

 time3_sec – Time left of color3, seconds   [uint32] 

 time3_msec – Time left of color3, milliseconds   [int32] 

 trafficColor4 – Third next color    [int32] 

 time4_sec – Time left of color4, seconds   [uint32] 

 time4_msec – Time left of color4, milliseconds   [int32] 
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The amount of trafficLight buses are currently hardcoded to 5. 

Bus: speedSign 
The speedSign bus has the following inputs: 

 nodeID_lsb – Least significant bit of the node ID    [uint32] 

 nodeID_hsb – Most significant bit of the node ID   [uint32] 

 speedLocation1Lon – Longitude of the first sign, degrees  [double] 

 speedLocation1Lat – Latitude of the first sign, degrees  [double] 

 maxSpeed1 – Speed limit of the first sign, km/h    [int32] 

 heading1 – Heading of the first sign, degrees    [double] 

 speedLocation2Lon – Longitude of the second sign, degrees  [double] 

 speedLocation2Lat – Latitude of the second sign, degrees  [double] 

 maxSpeed2 – Speed limit of the second sign, km/h  [int32] 

 heading2 – Heading of the second sign, degrees    [double] 

 speedLocation3Lon – Longitude of the third sign, degrees  [double] 

 speedLocation3Lat – Latitude of the third sign, degrees  [double] 

 maxSpeed3 – Speed limit of the third sign, km/h    [int32] 

 heading3 – Heading of the third sign, degrees    [double] 

However, the current speed sign sorting function is using an input where the speed sign bus has been 

converted to a vector of doubles. This is done for simplicity and should be changed if inconvenient. 
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B - Parameters 
The vehicle used, Mercedes 1860 with no trailer, has the following specifications. All values are 

changeable. 

Dynamics 

Parameter Value Unit 

Roll friction coefficient 0.01 [-] 

Drag coefficient 0.7 [-] 

Mass 7288 kg 

Reference area  7.95 m2 

Max acceleration 0.3 g 

Max deceleration 0.5 g 

P brake max 150 bar 

Inertia Jzz 101959 kgm2 

Inertia Jyy 101959 kgm2 

Inertia Jxx 28125 kgm2 

Width 2.997 m 

Length 6.377 m 

Height 3.911 m 

Tyre stiffness: Kfront 100000 N/rad 

Tyre stiffness: Krear 150000 N/rad 

C susp, front 598000 N/m 

D susp, front 21800 Ns/m 

C susp, rear 119600 N/m 

D susp, rear 43600 Ns/m 

Height center of gravity 0.7 m 

 

Transmission 

Gear Ratio 

-1 14.93 

0 0 

1 14.93 

2 11.64 

3 9.02 

4 7.04 

5 5.64 

6 4.4 

7 3.39 

8 2.65 

9 2.05 

10 1.6 

11 1.28 

12 1 

Final drive 2.73 
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Shifting strategies 

Upshift from->to km/h 

1->2 6.80464458 

2->3 8.82795 

3->4 11.26312 

4->5 14.4308729 

5->6 18.0130043 

6->7 23.0893955 

7->8 29.9685383 

8->9 38.3371124 

9->10 49.5577278 

10->11 63.49584 

11->12 79.3698 

 

 

Downshift from->to km/h 

2->1 4.99007273 

3->2 6.400497 

4->3 8.259622 

5->4 10.58264 

6->5 13.2095366 

7->6 16.9322243 

8->7 21.9769287 

9->8 28.1138821 

10->9 36.3423347 

11->10 46.5636177 

12->11 58.20452 
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Engine torque map 
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C - Adding an extra gear via Simulink 
 

This appendix explains how to add or remove gears to a vehicle. The following guide is provided by 

Pieter Sibma from Tass-Safe. 

First know that a regenerate command will overrule adjustments made below. Therefore;  

 Create your complete scenario in the GUI and build (In the document below, we’ll give an 7th 

gear to the Audi A8. Please note that your scenario should have an actor with dynamics, and 
therefore a gearbox, and a driver e.g. pathfollower).  

 Rename the (2D) dynamics block.  

 Move it downwards on your compilation sheet (regenerate will create a new dynamics block, 
which you need to delete.  

 
Right click on your copy (here MyDynamics_Simple) of the 2D Dynamics, and choose edit mask then 

select the initialization block. 
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If you delete the semicolon and run the model, you’ll see the initial Simple Dynamics parameters in 

the Matlab Command window. Most of them are car properties: 

 

To add a gear, we have to reset some initial values, that are inherited from the pex file.  
This is divided in 2 subjects;  
 
1. What parameters to change  2. How to change a parameter  
 

1 What parameters to change 

In the GUI you can enter gear related values; 
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If we compare this sheet with the Simple Dynamics parameters, we conclude we need to change;  
…  

tr_in: [-1 0 1 2 3 4 5 6]  

tr_out: [2.3800 0 2.3800 1.4600 1.0500 0.8000 0.6000 0.3800]  

…  

uptab: [6x6 double]  

downtab: [6x6 double]  

…  

p.maxGear:6  

…  

 

These parameters are used in the shift logic box: 

 

More specifically, they are used in the lookup tables inter_up and inter_down; 
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The input is the throttle percentage, the output is a velocity at which to shift gear.  
So we want the new parameters to be: 
 

 

… 
tr_in: [-1 0 1 2 3 4 5 6 7]  

tr_out: [2.3800 0 2.3800 1.4600 1.0500 0.8000 0.6000 0.3800 0.25]  

…  

uptab: [6x7 double]  

downtab: [6x7 double]  

…  

p.maxGear:7  

… 
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2 How to change a parameter  
To reset a parameter like increasing the mass (m), you go back to editing the dynamics block mask, 
initialization menu. There you can enter extra initialization commands as p.m=5000 or 
 

 

 
 

In full text the commands are;  
p.tr_in = [-1 0 1 2 3 4 5 6 7];  

p.tr_out = [2.3800 0 2.3800 1.4600 1.0500 0.8000 0.6000 0.3800 0.25];  

p.maxGear = 7;  

p.uptab = [ 20 33 46 60 70 80 0; 22 37 53 70 85 95 25; 25 42 60 80 100 110 

35; 27 46 67 90 115 125 50; 30 51 74 101 129 139 90; 32 55 81 111 144 154 

100];  

p.downtab = [17 28 40 52 70 80 0; 19 32 46 61 83 93 25; 21 36 52 70 95 105 

35; 24 40 58 79 108 118 50; 26 44 64 87 121 131 90; 28 48 70 96 134 140 

100];  

Note: other than in the GUI, you enter the throttle % as the last number in the row!! 

Now run your experiment without regenerating and check the gearNr to see if your new gear works: 
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