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Abstract
The purpose of this work has been to develop a prototype system for pedestrian detection on city 
buses, based on a wide angle camera with an image processing unit for object detection delivered 
by one of the suppliers to Scania. A warning algorithm was developed and optimized for the 
application area.

The wide-angle lens of the camera made it possible to cover about two-three meters in front and 
along the whole right side of the bus, however it complicated the detection and distorted the object 
information. The performance of the object detection was very dependent on the current weather 
conditions and contrasts of the detected objects. The camera system could not distinguish between 
pedestrians and objects, therefore a pedestrian filtering procedure was made. 

The warning algorithm was developed in two parts, where the first one was designed to be sensor 
specific which converted the object information from the camera to an adapted format. That 
information was then used in the latter part of the algorithm where the warning level was evaluated. 
Due to the performance variation of the camera sensor the first part of the warning algorithm 
became much more complicated than expected.

The covered area is large for one sensor and works to detect pedestrians in a static mode. However, 
if the system is to be used during driving, the covered distance in front of the bus is to small for 
detecting pedestrians and warn the driver to avoid a collision. The cameras large coverage area is 
positive both for the cost efficiency and installation aspects. The performance of the complete 
system can be significantly increased by using additional sensors and a collaboration with the 
supplier to develop a custom designed system.

i



ii



Preface
This master thesis has been carried out at Scania CV AB, Södertälje in cooperation with the 
department of applied Physics and Mechanical Engineering at Luleå University of Technology. The 
thesis was performed between September 2010 and March 2011.

We would like to thank our supervisor Anders Olsson and the RBED group manager Stefan 
Jonsson for giving us the opportunity to do this work and their support throughout the whole 
project. Also thanks to the members of the RBE group for their friendly welcoming and kindness 
during the time at Scania.

We would also like to thank Per Gren at Luleå University of Technology for accepting to be our 
examiner in this project. 

Finally we would like to thank all people that has in some way helped us during the thesis

Södertälje, February 2011

Erika Strömberg

Kristofer Flodström

iii



iv



Table of content
 1 Introduction......................................................................................................................................7

 1.1 Background...............................................................................................................................7
 1.2 Scope.........................................................................................................................................7
 1.3 Definitions................................................................................................................................8

 2 Methodology.....................................................................................................................................9
 2.1 Preparation of components.......................................................................................................9
 2.2 Camera installation...................................................................................................................9
 2.3 Development of the warning algorithm..................................................................................10
 2.4 Development of the test-panel................................................................................................10
 2.5 Warning evaluation strategy....................................................................................................10

 3 Pre-study.........................................................................................................................................11
 3.1 Dangerous scenarios...............................................................................................................11
 3.2 Safety systems.........................................................................................................................12
 3.3 VRUD systems on the market.................................................................................................13
 3.4 Scania warning strategy..........................................................................................................13
 3.5 VRUD system on trucks.........................................................................................................14
 3.6 Warning methods....................................................................................................................15

 4 Equipment and software.................................................................................................................16
 4.1 Test bus...................................................................................................................................16
 4.2 The camera system..................................................................................................................16
 4.3 Control unit.............................................................................................................................18
 4.4 Matlab and Simulink...............................................................................................................18
 4.5 CANalyzer and CANoe..........................................................................................................18

 5 Camera installation.........................................................................................................................20
 5.1 Camera mounting position......................................................................................................20
 5.2 Design of the camera holder...................................................................................................21
 5.3 Adjustment of the cameras field of view................................................................................23
 5.4 Calibration of the camera........................................................................................................24

 6 Results............................................................................................................................................26
 6.1 Evaluation of the camera sensor.............................................................................................26
 6.2 The warning algorithm............................................................................................................31
 6.3 Risk evaluation strategy..........................................................................................................37
 6.4 Testing of the complete system...............................................................................................38

 7 Discussion.......................................................................................................................................44
 7.1 Pedestrian detection................................................................................................................44
 7.2 VRUD system.........................................................................................................................44
 7.3 Camera installation.................................................................................................................45
 7.4 The warning algorithm............................................................................................................45

 8 Conclusion......................................................................................................................................46
 9 Future work....................................................................................................................................47
 10 References....................................................................................................................................48

Appendix I – Start-up guide...............................................................................................................49
Appendix II – Camera CAN specification.........................................................................................55
Appendix III – Camera manual..........................................................................................................57
Appendix IV – Camera mounting positions.......................................................................................72
Appendix V – The Simulink model....................................................................................................75
Appendix VI – Warning algorithm CAN specification......................................................................85

5



6



 1 Introduction
This chapter cover a brief overview of the background and the scope of this master thesis work. 
Moreover some useful definitions will be explained.

 1.1 Background
In this section a brief description of Scania will be presented followed by a problem desription.

 1.1.1 Scania

Scania CV AB is a manufacturer of heavy trucks, buses, coaches, industrial engines and services to 
these products. They have around 34 000 employees out of which about 2 400 of them are working 
with research and development in Sweden. The main seat is in Södertälje, Sweden and they are 
represented in around 100 countries. The production facilities are located in Europe and Latin 
America. Scania produced and delivered about 36 800 trucks, 6 700 buses and 4 200 engines 
during 2009.

 1.1.2 Problem background

Traffic safety has in the last years become a very current topic not only on a national level in 
Sweden but also within the European Union. The European parliament started the fourth Road 
Safety Programme 2011 which will be active until 2020. Upcoming laws and regulations are 
expected within the next ten years regarding the usage of Advanced Driver Assistance Systems 
(ADAS) where some will probably come even earlier. There are upcoming laws which state that 
Advanced Emergency Braking (AEB) and Lane Departure Warning (LDW) will be mandatory for 
buses and trucks by the year 2013. Vulnerable Road User Detection (VRUD) is expected to become 
mandatory by the year 2015.1

City buses are often travelling within urban areas with a high number of pedestrians and bicyclists, 
also denoted as Vulnerable Road Users (VRUs). Recent studies shows that one third of all fatalities 
in bus related accidents are VRUs. With increasing effort from vehicle manufacturers and society it 
is possible to reduce the total number of fatalities in traffic accidents. For passenger cars there are 
already ADAS existing to prevent accidents with VRUs on the market and the next step should be 
to implement such systems on heavy vehicles.

In recent master theses at Scania, investigations of how to implement a VRUD system have been 
carried out. Scania is investigating several parallel technologies to find the best suited system for 
this application. A camera system with an algorithm for detecting objects is one of these 
technologies.

 1.2 Scope
The aim of the thesis work is to create a prototype of a pedestrian detection system on a city bus 
and optimize the system for that application. The work will consist of four main parts which are:

• Install the camera on a city bus
• Develop a warning algorithm and optimize it for this application
• Investigate warning methods and strategies and suggest when the driver should be warned

1 http://www.euro.who.int/__data/assets/pdf_file/0015/43314/E92789.pdf
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• Investigate methods of testing such a system and suggest which method that is preferred in 
this application.

Due to the limited time and the early stage in the development process this system will only be a 
prototype system and completely free-standing. Therefore no time will be reserved to investigate 
solutions for serial production. 

 1.3 Definitions
This section describes some definitions and methods that are mentioned in this thesis and they will 
help the reader to better understand this report.

 1.3.1 Vulnerable road user

In this project the vulnerable road users (VRUs) are defined as pedestrians and bicyclists who are 
considered to be the most important groups in this study. They clearly differ from other modes of 
transportation within cities in terms of speed and vulnerability. Even though moped and motorcycle 
drivers also are relatively unprotected compared to car and heavy vehicle drivers they travel at the 
same velocities as the regular traffic and are therefore excluded out of this definition.

 1.3.2 A-sample

A-sample is a prototype of a product in a early state which can lack functions that the end product 
will have. Prototype products can be named A-samples, B-samples etc. where the latter is the most 
updated version and therefore closer to serial production.

 1.3.3 ECU

ECU stands for Electronic Control Unit and is a computer based unit which electrically controls 
subsystems in a motorized vehicle. There are usually several ECUs in a vehicle which interacts 
with each other and together form a network. Therefore they can sometimes be refereed to as 
network nodes.

 1.3.4 CAN

Controller Area Network (CAN) is a network standard developed by Robert Bosch in 1980 for the 
vehicle industry which allows data to be sent between different ECUs without a host computer. 
The CAN protocol is only able to send data in sequences up to 8 bytes of size. How these bytes are 
interpreted is up to each vehicle manufacturer user to determine. It is possible to send data at speed 
up to 1 Mbit/s on twisted pair cabling up to a distance of 40 m with the CAN technology.

 1.3.5 Real time database

A real time database  (RTDB) is a  processing system which handles data whose state is constantly 
changing. Timing constraints is used to represent a certain interval for which the data is valid. The 
data can be an input from a sensor or another device. If the signal is not updated within the time 
constraint the reliability of it will disappear and it will not be valid any longer. In automotive 
systems the most important property of the system is reliability which means that it should not stop 
working when an error occurs. If a sensor is malfunctioning the sent signal should be replaced with 
a default value to enable continued functionality of the system. The reliability of the RTDB signal 
is represent by the signal status which is a value for the quality of the signal. 
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 2 Methodology
In this chapter the work-flow and used methods of this project will be described. Figure 1 shows 
the main steps of the project in a flowchart. Seven blocks represent the main tasks in the project for 
realising and implementing the prototype VRUD system.

The first step was to define the problems which were to be solved for creating this prototype 
system. The results from this problem definition are presented in section 1 Introduction of this 
report.

For being able to better understand the task and how it can be solved a pre-study was made. In this 
study two previous master theses were read, one concerning the need of a VRUD system and the 
other tested the assigned camera system. Safety systems for vehicles in general were studied to 
obtain a better understanding how the systems work to prevent or mitigate an accident. The market 
situation and how competitors have solved the problems with VRUD systems were investigated. 
Scanias warning strategy was supposed to be implemented and therefore it was also examined. 
Different kinds of warning methods were studied on how a driver can be warned. 

 2.1 Preparation of components
Before the installation of the camera system some preparation of the components had to be done 
for  adapting the system to the bus. The camera system was handed over from the truck department 
at Scania where a master thesis was carried out on its detection capabilities. The report from that 
project was a good source of information regarding the camera system along with its manual. 
However many details on how the system should be installed were missing, therefore a lot of time 
has been spent on studying it.

The controller unit for the warning algorithm was chosen because one department of Scania has 
support for it and the software models can be implemented in Matlab/Simulink. The choice using 
that unit resulted in change from an older used in the previous thesis. 

 2.2 Camera installation
For installing the camera on the city bus a camera holder was manufactured. It was also necessary 
to experimentally determine what demands were needed on the camera holder for it to work 
optimal for this application. Some brainstorming was done on the design and functionality of the 
camera holder. The camera holder was to be manufactured in the prototype workshop at Scania 
where they have a 3D printer which fast can manufacture very complex geometries of prototype 
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products. Since the 3D printing procedure uses a polyamide material, other models of the same 
material were tested for evaluation of the mechanical properties to ensure the design criteria and 
strength. The camera holder was to be modelled in Catia which is a CAD program used at Scania.

 2.3 Development of the warning algorithm
To set the requirements for the new warning algorithm the former warning algorithm from the 
previous master thesis was examined. This resulted in a concept of a warning algorithm that has 
been developed step by step to achieve the final functionality. During the development process the 
algorithm has continuously been simulated by using built in functions in Simulink and 
experimentally tested on the bus. It was developed for handling one object at first and then 
upgraded to handling several where the aspect of having several objects was always considered.

 2.4 Development of the test-panel
One of the main ideas from the start of the project was to build a graphical interface parallel with 
the warning algorithm to display and change parameters during testing. Both the camera system 
and the control unit is communicating via CAN, therefore it would be a good solution to also have 
the test-panel communicating via CAN. After a quick research it was decided that CANalyzer 
should be used since it is a common tool at Scania for CAN communication. With the panel 
designer tool it is possible to create graphical panels for making it easier for the user. During the 
design process it was discovered that CANalyzer only can receive signals with the graphical panel. 
It was then decided to be changed to CANoe which is a more advanced version of CANalyzer and 
has support for both sending and receiving signals.

 2.5 Warning evaluation strategy
The warning evaluation strategy was developed parallel to the warning algorithm and the test-panel 
since it is partly dependent on the design and achieved functionality of the algorithm. The strategy 
should be integrated into the warning algorithm model. Several different dangerous traffic 
scenarios were studied for being able to generate concepts of a software analysis model.
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 3 Pre-study
This chapter presents the relevant information from the pre-study which covers dangerous 
scenarios, safety systems and VRUD systems on the market. Moreover the Scania warning strategy, 
VRUD system on trucks and warning methods will also be explained.

 3.1 Dangerous scenarios
After reading through the previous thesis2, which among other aims investigated the need of a 
pedestrian detection system for city buses, the dangerous scenarios were examined more closely on 
which the statistics covered. Out of them two scenarios were chosen to be focused upon in this 
thesis, which covers a large percentage of the accidents between VRUs and city buses. The two 
scenarios are when a city bus is at a bus stop and when it makes a right turn in a crossing. These 
scenarios are illustrated in Figure 2 and Figure 3.

Figure 2 illustrates two examples of dangerous situations when a bus is entering or exiting a bus 
stop. In both cases the driver has many road users to look out for and some might easily be 
overlooked. When entering the bus stop the driver has to keep track of all the passengers 
surrounding it for both the front and the rear overhang. When the driver is initiating to exit the bus 
stop the street traffic from behind the bus demands much attention and a careless pedestrian who is 
trying to cross the street in front of the bus might be overlooked. 

2 Vulnerable Road User Detection System For City Buses by Koray Abatay and Anders Olsson
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Figure 3 illustrates two examples of dangerous situations when a city bus is turning right at an 
intersection. When turning right the driver has much of the attention on all of the area around the 
bus and might overlook an inattentive pedestrian crossing the adjacent street. Another risk is when 
a cyclist is travelling next to the bus on a bike path parallel to the street and the bus is initiating a 
right turn. An inattentive cyclist might overtake the bus right before it turns and would get run over 
by the bus or ride straight into the side of the bus. The upcoming cyclist might also be travelling in 
the blindspot of the rear view mirror which would decrease chance of detection. In both cases the 
A-bar of the bus will obstruct parts of the viewed area to the front right corner thereby increasing 
the collision risk.

 3.2 Safety systems
Modern vehicles are becoming more and more intelligent by integrating safety systems for 
reducing the number of accidents which they are involved in. The systems can prevent or mitigate 
accidents by giving warnings or actively assisting the driver. The different safety systems can be 
grouped according to when they intervene in the course of an accident. Figure 4 shows an accident 
sequence and when different safety systems are activated.

In Figure 4 various safety systems are categorized according to what time in an accident sequence 
they prevent the occurrence or mitigate the damage of an accident. The basic principle of safety 
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systems is to completely avoid all collisions thereby eliminating all damages and fatalities. There 
are several stages before an accident occurs where different systems intervene. The first stage 
consists of safety systems which aids the driver with minor tasks for creating a comfortable driving 
environment thereby enabling more of the drivers attention on the driving. The next step is to 
identify if the driver is capable of driving in the present state, for example with an alcolock or 
tiredness sensor for avoid likely accidents. The first two stages are for preventing dangerous 
situations to occur, however if an accident might occur the safety systems gives the driver a 
warning on the danger of the possible accident for the driver to react upon and avoid it. When a 
collision is imminent and the driver is unable to avoid it the safety systems actively overrides the 
driver and initiates its avoidance procedure and thereby avoiding the collision.

If an collision is unavoidable the safety systems will mitigate it and when the collision takes place 
other systems will minimize the damages of it. There are also safety systems which will aid the 
involved people after the accident occurrence by for example automatic notification of the 
emergency personnel. 3

 3.3 VRUD systems on the market
Today there are several systems for pedestrian detection available on the market where most of 
them are developed for passenger cars and focused on the area in front of the car. The following 
section covers a brief summary of different solutions on detection systems.

Volvo's pedestrian detection system “City Safety with pedestrian detection” uses a radar combined 
with a camera to keep track of the pedestrians in front of the car. The camera is mounted in the 
inner rear view mirror and aimed straight forward from the car. The system is primary alerting the 
driver so that he or she can brake or steer away thereby avoiding the accident. If the driver does not 
react to the warning the car will automatically brake with full power at the instant before an 
accident is unavoidable. This automatic braking system can, in some situations, prevent an accident 
at speeds up to 35 km/h.4

Autoliv has introduced their second generation of Night Vision with advanced pedestrian detection 
capability. The system is based on Autolivs far-infrared night vision camera technology. The 
system is sensitive to the infrared energy that warm objects and living beings are emitting which 
allows the driver to see in complete darkness. This makes the Night vision system independent 
from illumination of the pedestrians.5

Toyota has introduced a pedestrian detection system “Advanced Pre-Crash Safety – enhanced 
pedestrian detection” in 2006 and “Night view system with pedestrian detection” 2008. Both 
systems are developed for passenger cars. This system is, like Volvo's system, focused on the area 
in front of the car.

 3.4 Scania warning strategy
Scania defines warning strategy as being the plan for when and to what degree a driver should be 
warned in different situations. In cooperation with Scanias ergonomic department a warning 
strategy has been developed which aims to warn a driver in four levels depending on the level of 
danger in the situation. A short explanation of the warning levels is in Table 1.

3 Intelligent vehicle technology and trends by Richard Bishop
4 http://www.volvocars.com/se/top/about/news-events/pages/default.aspx?itemid=125
5 http://www.autoliv.com/wps/wcm/connect/autoliv/Home/Media/New%20Products/Night%20Vision%202
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Table 1: Explanation of the four warning levels in the  proposal  for Scanias warning strategy of  
VRUD.

Information Should be used to inform the driver when a VRU is obstructing the intended path.

Warning level 1 Should be used to alert the driver that a VRU is in the risk of getting hit if the driver continues 
the present action.

Warning level 2 Should be used to alarm the driver that an imminent risk of running over a VRU is present.

Action Should be used when a collision with a VRU is unavoidable. This reflects a situation when the 
driver fails to react to prior warnings, or simply takes wrong actions. 

The warning strategy for VRUD has to be aligned with the rest of the warning system strategies 
within Scania.

 3.5 VRUD system on trucks
In the previous master thesis6 at Scania a prototype pedestrian detection system for trucks was 
developed. That project aimed to test a camera detection system on trucks and from that evaluate 
its potential for such a system. However, due to late delivery of the camera system, the testing and 
evaluation of it was not extensive enough for a good evaluation. A warning algorithm was also 
developed during that project. A block schematic of the algorithms function is shown in Figure 5.

The algorithm receives the object information signals from the camera system via the CAN-bus 
and they are then converted to a format which can be processed. Then the signals are filtrated, by 
checking the size of the objects, if it is a valid object or not. If the object size is within certain 
limits it is assumed to be a real object and its position is checked. Depending on the objects 
position, a warning degree is determined and the warning is written to a digital output pin. There 
are  four different warning levels depending on the position of the object which are in front, close 
in front, right front corner and right side of the truck. The four warnings will set four different 
output pins. This simple algorithm performs relatively good in optimal conditions, however it can 
only handle one object and determine its warning level.

During that project a prototype test panel was also developed for on board testing by a truck driver. 
It aimed to be a simple way for the driver to evaluate and give feedback on the performance of the 
prototype system. A simple block schematic on the function of the evaluation and feedback flow of 
the system is shown in Figure 6.

6 Vulnerable Road User Detection by Artun Törneli
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In Figure 6 the flow of the system is shown where the HMI panel receives a warning on the 
situation on which the driver can evaluate if it was a good or bad warning and if it was to early or 
to late. This HMI input triggers the algorithm to send out a CAN message with the information 
which is then stored for evaluation after the test.

 3.6 Warning methods
A warning method is how a warning could make the user aware of the danger, this could be done 
by for example audio, light or haptics. How the user of the warning system perceives the warning 
can be very individual depending on his or her condition. There are a wide variety of users of 
warning systems, for example professional drivers of buses and trucks where the vehicle is their 
workspace. however drivers of cars are usually casual users of their vehicle and there by having 
different needs and preferred warning methods.

Haptics or haptic technology is a technology which stimulates the sense of touch through force or 
vibration application thereby giving the user a tactile feedback. This warning method is the 
youngest out of the three explained in this section and it is used for example in turning resistance or 
vibrations in the steering wheel.7

Light refers to the visible light and consists of the 380 nm to 780 nm wave lengths in the 
electromagnetic spectra which is visible to the human eye. Light is a common tool in warning 
systems which is often used as an informative warning. Different colours can have different 
meanings and ranking in severity. Transparent covers on the light sources can have informative 
symbols for explaining what the warning is about.8

Audio is the sound which is audible by the human ear which is usually between 20 Hz and 20 000 
Hz frequencies. Audio warning systems are frequently being used in very many application areas. 
They are often used as one purpose warning. When the alarm is activated it means one thing, for 
example a fire alarm means that there is a fire somewhere in the designated area of the alarm. They 
are mostly made to make the users aware when something has gone wrong or is needed to be done. 
The audio alarm can be annoying to some people and not be heard by others.9

7 http://en.wikipedia.org/wiki/Haptic_technology
8 http://en.wikipedia.org/wiki/Light
9 http://en.wikipedia.org/wiki/Sound
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 4 Equipment and software
This chapter describes the functionality of the required equipment and software used in this thesis 
work. A detailed description and a start-up guide is found in Appendix I – Start-up guide.

 4.1 Test bus
The used bus for this project is RBs test bus Kom-Passen. It has been available during the whole 
thesis work. Table 2 shows a summary of the important information and Figure 7 shows the test 
bus. 

Table 2: Technical specification of Kom-Passen

Model OmniLink, 2009

Steering wheel position LHD, Left hand

Body length 13670 mm

Body width 2250 mm

Wheel configuration 6x2*4

Door configuration 02-02-01

The bus has been the power supply for all used systems which have been connected with adapters 
for getting the right voltages. It has only been used in stationary measurements with a controlled 
environment.

 4.2 The camera system
The camera system is developed by one of the suppliers to Scania which is a company that 
develops advanced safety systems for heavy vehicles. It is an A-sample of a vision based system 
for detecting pedestrians in the vicinity of a heavy vehicle. The camera sensor in the system is a 
CCD camera equipped with a  270° wide angle lens. The camera should be mounted high on the 
vehicle facing downwards for the usage of the wide angle lens and for the detection, an example is 
shown in Figure 8. The resolution of the camera is 600x800 px.

16

Figure 7: The test bus Kom-Passen



The camera is controlled by an image processing unit with an algorithm for detecting objects in the 
camera image. The system can detect and track up to ten objects at a time. A vision unit is 
connected to the image processing unit which enables the system to send the image to a PC via 
Ethernet. The detection will only occur in defined zones. Since the zones presents the active 
detection area they are defined around the prioritized areas around the vehicle. With a program 
from the camera supplier the image can be shown together with the zones and the detected objects. 
A screen-shot of the camera image with defined zones is shown in Figure 9.

As it is shown in Figure 9 the zones have been set in front, in the front right corner and along the 
right side of the city bus. The system allows up to eight defined zones where each zone is 
determined of up to eight points which are the coordinates of the pixels in the image. The zones are 
set with a program from the camera supplier.

The camera sends out information about position and size of each detected object which is updated 
every 100 ms. The position is described by a x- and y-coordinate and the size by the height and 
width. That information is a direct interpretation of the camera image and does not correspond with 
reality when the image is distorted by the wide angle lens. The camera also sends information in 
which zone the objects are. Figure 10 shows how the information is interpreted.
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The detection algorithm is partly based on the cameras mounting position and needs to be 
calibrated after each unique installation. The supplier will update the algorithm after measured 
values and send back a new version of the software for installation.

There are two different operating modes for the detection algorithm depending on if the vehicle is 
stationary or moving. These two modes uses two completely different algorithms. In this A-sample 
system only the stationary algorithm is available. The system communicates via CAN to send out 
information about the objects. The CAN protocol is available in Appendix II – Camera CAN
specification. The manual of the camera system is found in Appendix III – Camera manual.

 4.3 Control unit
The ECU used in this application is a COO7 unit. It is a controller unit for the coordination 
between the vehicles different CAN-buses. For this project the COO7 unit was used as the platform 
for the developed warning algorithm to be implemented in. It has support for several CAN-buses 
and can therefore communicate both with the camera system and the vehicles CAN-system. The 
unit needs 24 V power supply.

The COO7 unit is generally used for the creation of prototype systems at Scania. It has support for 
building software models in Simulink with Rapid Prototyping System (RPS) platform which 
consists of Simulink blocks for hardware specific functionality support such as the CAN 
communication.

For being able to use the COO7 unit some necessary cabling has been made with the right sockets. 
Cables for the power supply, CAN bus and an on/off switch were made. 

 4.4 Matlab and Simulink
Matlab is a high-level programming language which is a common tool used by engineers for 
solving mathematical and technical calculations around the world. The name Matlab stands for 
Matrix Laboratory and aimed at the fact that all variables are matrix based. Simulink is a additional 
programming environment within Matlab for simulation and design of model based dynamic and 
embedded systems.
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 4.5 CANalyzer and CANoe
CANalyzer is a software for the analysis of CAN, LIN, MOST and FlexRay based communication 
networks commonly used in the vehicle industry. It has several numerical and graphical analysis 
features for analysis of the signal communication. Additionally it has an environment for creating 
graphical panels for simplifying the analysis. CANoe is an upgraded version of CANalyzer which 
additional to the analysis features also has development and testing possibilities for entire ECU 
networks. Both CANalyzer and CANoe are common tools for development, testing and analysis of 
CAN based communication networks.
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 5 Camera installation
The camera installation contains the results of the design of the camera holder, camera mounting, 
adjustments of the camera view and calibration of the camera. The complete installation will only 
be on Kom-passen.

 5.1 Camera mounting position
From the camera manufacturer it was specified that the camera should be mounted as high as 
possible on the vehicle and faced downwards. Since the focus areas are decided to be in front, right 
front corner and along the right side of the bus, the best mounting area for the camera coverage is 
in the right front corner on the bus. To cover these areas and optimize the usage of the cameras 
capacity several different mounting positions in the corner area were tested and evaluated. The 
evaluation criteria for the mounting places were:

• Height
• View coverage around the bus, in the front, corner and along the side
• View concealment by the bus

After setting up the criteria list several mounting positions were tested on Kom-Passen to find the 
most suitable position. A screenshot of the camera view were saved for each position and later 
compared to each other according to the criteria. The result of the evaluation is in Table 3 where 
the different positions are graded from 1-5 depending on how good it meet the criteria. The 
screenshot which this evaluation is based on is in Appendix IV – Camera mounting positions.

Table 3: Evaluation of camera mounting positions from the list of criteria.

Mounting 
position

Under the 
mirror frame

Above the 
mirror

High above 
the mirror

Corner Mirror frame 
joint

Under the 
mirror

Criteria

Height 3 4 5 3 3 1

Coverage in 
front

5 2 3 4 2 4

Coverage 
right corner

5 1 1 5 5 4

Coverage on 
the side

5 1 1 4 5 4

Coverage 
along the bus

5 1 1 5 5 4

Total 23 9 11 21 20 17

From this evaluation the rear view mirror frame was selected as the mounting position for further 
development of the camera holder, see Figure 11. Despite the fact that this is not the highest tested 
position it will still have the best coverage of the focused areas. 
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The mirror frame can be used as the base of the camera holder, therefore ease the mounting when 
the camera holder will not directly be mounted on the bus body. This makes the demands on the 
design of the camera holder less and the design process easier. The camera holder is going to be 
mounted under the mirror frame and fixed on the pipe. 

 5.2 Design of the camera holder
Since the camera holder only will be adapted on Kom-passen and manufactured in Scanias 
prototype workshop in the 3D printer the design process of the camera holder can be very open. 
The 3D printer uses a polyamide material which is considered to possess good strength properties. 
The focus will only be on the functionality of the camera holder. Before the CAD designs of the 
camera were started a list of requirements was made on what attributes the camera holder should 
fulfil:

• The camera view must not be restricted by the holder
• The camera holder need to be adjustable in several directions to perform good setup 

possibility
• The bus should not obscure the camera view
• The vibration of the camera must be minimized
• The camera should be easy to mount and dismount for desk testing and storage between on 

board vehicle tests
• It should only require adjustment for the view once. 
• It should provide cover for the camera from physical harm like handling damages

From these requirements the camera holder was designed in Catia and the resulting camera design 
is shown in the Figure 12.
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Figure 11.Under the rear view mirror frame is the considered mounting position for the camera



In Figure 12 the camera holder is shown, where the left image shows the two parts that becomes 
the holder which is supposed to be mounted under the mirror frame with two hose clamps. The two 
parts will be attached together with a screw and form a joint. When this screw is tightened the 
friction between the surfaces will lock the joint making it fixed to the adjusted position. The middle 
image shows the camera housing and the lid which has snap on attachments for easy mounting and 
dismounting. The camera housing is mounted to the holder with two screws by tightening these the 
friction between the surfaces will fixate the axis. The right image shows all the camera holder parts 
in their positions together forming the complete camera holder. The adjustment functions of the 
camera holder is shown in Figure 13.

In Figure 13 the left image shows the hole for the screw which is the center of one adjustable joint. 
It has an adjustment range of  40º in both directions and the small arrow with the markings above is 
used for remembering the setting. The middle image shows the second axis which is where the 
camera holder is attached to Kom-Passens mirror frame. The holder can be adjusted around the 
pipe as long as there is space for it. The right image shows the third axis where the camera housing 
is attached to the holder, it can be rotated 20º in both directions.

The resulting camera holder is a experimental holder designed for Kom-Passen, it is adjustable 
around three axis, easy to mount and dismount, protects the camera from physical harm and the 
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Figure 12.CAD model of the camera holder.

Figure 13.The adjustment possibilities of the camera holder



fine adjustments are only needed to be set one time. The resulting view can be seen in chapter 5.3 
Adjustment of the cameras field of view. A photo of the mounted camera can be seen in Figure 14.

In Figure 14 the camera and camera holder is shown mounted on the rear view mirror frame on 
Kom-Passen. The cable coming out from the camera holder connects the camera with the image 
processing unit.

 5.3 Adjustment of the cameras field of view
Since the camera holder is designed to be very adjustable the camera view must be adjusted in the 
right position. To set the optimal coverage area of the camera the bus drivers situation had to be 
considered. The camera was positioned in an arbitrary position on the mirror frame and adjusted for 
an acceptable camera view. With these settings a field of view study was made from the drivers 
perspective and the results are shown in Figure 15.

In Figure 15 the coverage by the camera is shown with the fully coloured area. The camera view 
covers a large area close to the bus both on the side and in the front. The dashed areas show where 
the driver can partially or totally not see possible obstacles or VRUs. There are three areas where 
the field of view is limited within the focused areas. In front of the bus, to the right behind the A-
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Figure 14.The resulting camera holder mounted on Kom-passen

Figure 15. Coverage by the camera, the dashed areas marks where a driver has difficulties in  
seeing VRUs.



bar and the blind spot on the right side of the bus. 

Because the A-bar is relatively broad it covers an area where it is hard to see obstacles and VRUs 
from the drivers seat. The camera view covers this area up to 2.5 m from the bus. The area right of 
the bus is not visible in the rear view mirror from the bus drivers seat and the driver can not turn 
around and look directly there since the interior of the bus obstructs that view. This area is also 
covered by the camera view along the bus. In front of the bus the drivers view is limited by the 
instrument panel which prevent the driver to see anything directly in front of the bus which is 
below the instrument panel, this is illustrated in Figure 16.

Figure 16 shows a dashed area in front of the bus which the driver cannot see. It is on Kom-passen 
about 1.5 m high next to the bus and the driver can see the ground at about 1.5 m from the bus. This 
area is big enough for a child or a person who has fallen down to be concealed in and therefore 
easily be overlooked by the bus driver.

As shown in Figure 15 these three areas which are not visible to the bus driver can be covered by 
the camera and thereby aiding the driver in avoiding accidents. Because of this the fine adjustments 
of the camera view have been focused on the coverage of these areas. The fine adjusted camera 
view is shown in chapter  5.4 Calibration of the camera and this setting is used in the rest of the 
project. 

 5.4 Calibration of the camera
The camera systems detection algorithm is dependent on the cameras mounting position, such as 
height and orientation angles. The calibration of the camera detection algorithm is done by the 
supplier based on the measured values and screenshot of the camera view. 

The calibration is done by laying objects on the ground, in this case paper in A4 size, so that the 
entire camera view is spanned and then measure the distance between all objects, see Figure 17. 
This is sent to the supplier together with the screenshot of that camera view see Figure 18.
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Figure 16. Illustration of the drivers view in front of the bus. 



The supplier will update the software after the actual mounting position and then send back a file 
which will be flashed into the cameras control unit. This should make the detection algorithm 
function better.
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Figure 18. The set camera view for calibration (left), a photo of the setup (right)

Figure 17. Measured points around the bus, the marked points were represented by A4 papers
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 6 Results
In this section the results from the different investigations and experiments will be presented. 
Along with the results some short discussion on them.

 6.1 Evaluation of the camera sensor
The camera system has shown both advantages and disadvantages detecting objects and 
pedestrians. To clarify the capabilities for this VRUD system, its performance has been evaluated. 
The evaluation has been experimentally performed.

Due to the wide angle lens of this camera it can cover a very large area and in a system with only 
one sensor it is hard to reach the same coverage with other sensors. The camera can also cover 
several areas where it is difficult or even impossible for a bus driver to detect obstacles. This is 
possible since the camera can be situated outside the bus thus reducing the view limitations from 
the bus body and interior. The cameras image processing unit can distinguish several objects from 
the image and track them even if the camera system is unstable and does not work perfect in the 
present state.

Since the exposure of the camera is dependent on the amount of light in the viewed area it is  also 
dependent on the weather conditions. The sensor has shown variations in its performance 
depending on the weather conditions and it seems to have an auto adjustment function for 
compensating for the current light condition. If it is very bright in some areas of the view the 
camera automatically reduces the exposure across the whole image and it appears darker than it 
actually is. The camera system has been tested in several different weathers and the most 
significant factor was the light. Screenshots of the camera view at different weather conditions are 
shown in Figure 19. 
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Figure 19 shows images for different weathers which are direct sunlight, overcast, snow and 
twilight. In direct sunlight there is a spot of very bright sunlight reflected which the camera tries to 
compensate for and therefore the whole image is darker than it is in reality. Because of this, 
shadows and sunlight reflections have a strong effect on the detection. During overcast the light is 
very monotone where shadows and reflections are very weak and thereby having a minimal effect 
on the detection. When it is snowing the light condition is slightly darker than at overcast and at 
twilight it is to dark for the detection to work properly.

A summary of how the camera sensor detection behaves in the different weather conditions is 
shown in Table 4. They are ranked according to the order of how the camera sensor is performing 
where five is the highest and one is the lowest performance.

Table 4: The camera systems functionality in different weather conditions

Weather condition Ranking Comments

Direct sunlight 3 The camera sensor tries to compensate for the sunlight. Strong reflections and 
shadows on the ground is detected by the sensor.

Overcast 5 The optimal light condition for the camera sensor. It becomes an even light 
with no shadows or reflections.

Rain/Snow 4 The camera sensor functions almost optimal and the light condition can be 
compared to overcast though slightly darker.

Twilight 2 The dim light makes the camera sensor slow and it has difficulties detecting 
objects.

Dark/black 1 The camera does not work at all. The camera starts detecting at random.
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Figure 19. The camera view in different weather conditions
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As Table 4 shows the performance order of the camera depending on what weather it is operating 
in where overcast has proved to be the optimal weather for the camera sensors functionality. The 
even dull light minimizes the amount of reflections from the ground and other objects while it also 
reduces contrast of the shadows making them almost invisible. This makes the detection more 
accurate since false objects like shadows and reflections are minimized while the light is strong 
enough for detecting real objects.

The image from the camera sensor is very distorted due to the wide angle lens, where objects and 
pedestrians are projected differently depending on where they are located around the bus. Figure 20 
shows how a pedestrian can be projected around the city bus.

As it is shown in the top left image of Figure 20 close to the camera a pedestrian is seen from 
above where shoulders and head are visible, while in the other three images the pedestrian is 
further away showing only the silhouette. This means that the size and shape of the projected 
pedestrian will vary depending on location in the cameras field of view. The upper right image 
shows how a pedestrians legs are detected as an object while the torso is outside the detection area. 
In the two lower images the legs and shadow of the pedestrian are detected as one object while the 
torso is outside the detection area. This shows how a person can be detected depending on its 
position as well as how the shadows can affect the object data.

The distortion of the camera image makes it also very difficult to determine the actual distance to 
an object both from the camera sensor and the vehicle, which are not the same in this case. The 
camera systems detection algorithm does not take this error into account in the determination of 
either width, height or position coordinates. 
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Figure 20. Detection of a pedestrian at different positions in the camera view



The camera system detects objects if they are larger than a given size and the detection algorithm 
has no compensation for height and distance from the camera. This means that an object which is 
detected very close to the camera might not be detected far away from it since the perceived size of 
the object will decrease with increasing distance from the camera sensor. An example of this 
detection is shown in Figure 21.

In Figure 21 a small pile of snow is detected close to the camera and a person is detected further 
away, however the projected size is almost the same for both detections.

The camera sensor can track pedestrians moving around the bus quite accurately, though depending 
on the clothing of the pedestrians and light condition it might also detect random objects such as 
shadows. The pedestrian can also be detected as several objects, such as the torso and legs 
becoming two different objects. This means that the position coordinates are very uncertain and it 
is impossible to determine an accurate motion vector or in any way the expected direction of an 
object. How the camera sensor detects a pedestrian as several objects is shown in Figure 22.

In the left image in Figure 22 the head and body of one pedestrian is detected as two objects. Since 
the camera senses light differences this is most likely an effect of the strong contrasts in the 
pedestrians clothing. In the right image in Figure 22 the person is detected as two objects where the 
shadow is one, and the legs is the other. The torso is not detected at all due to the bright clothing. 
This means that the sensor does not acknowledge the torso and legs as one object. 
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Figure 21. A pile of snow and pedestrians detected by the camera sensor

Figure 22. Detection of body and head as two objects (left), legs and shadow as two objects



When the camera is mounted on the top corner of the city bus, pedestrians located close to the 
camera can conceal pedestrians further from the camera but who are closer to the city bus. This is 
shown in Figure 23.

The left image of Figure 23 shows how pedestrians closer to the camera can conceal other 
pedestrians behind them preventing the system from successfully detecting them. The right image 
shows how the camera system is detecting two pedestrians as one object where the one furthest 
from the camera is merged together in the detection of the pedestrian closest to the camera. This 
prevents an accurate positioning of both pedestrians.

The bus has a slight curved shape in the front which affects the camera coverage close to the front. 
This is shown in Figure 24. 

The left image in Figure 24 shows a pedestrian standing in the front left corner of the bus and the 
corresponding camera view is seen in the right image. The pedestrian is not visible in the camera 
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Figure 23.Coverage of a wide-angle camera (left), image from the camera system (right)

Figure 24. Pedestrian standing in front of the bus (left), corresponding image of the camera view 
(right) 



view due to the bus curved shape therefore the pedestrian cannot be detected by the camera system. 
In this case the pedestrian is tall enough for the driver to see through the wind-shield. A short 
pedestrian, for example a child, might not be visible for the driver and therefore be overlooked 
from both the driver and the detection system.

When the bus doors are open a big area along the side of the bus behind the doors will be obscured 
in the camera view. This will affect the visibility of objects and pedestrians close to the bus. An 
example of this obstruction is shown in Figure 25.

In the left image of Figure 25 a pedestrian who is standing close to the bus is detected by the 
camera system. The right image shows how the camera system detects the front doors of the bus 
thereby concealing the pedestrian behind it. 

 6.2 The warning algorithm
The basic principle of the warning algorithm is that the information of the detected objects are 
received and processed which will result in a determined warning level for that situation. The 
processing function of the algorithm is designed in two parts where the first one is sensor specific. 
The object information is converted into an adapted format for the second part. A flowchart of the 
information flow of the warning algorithm is shown in Figure 26.
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Figure 25. A detected pedestrian close to the bus with the doors closed (left). The bus door is open 
and covers the pedestrian (right)



In Figure 26, the sensor specific part is shown to the left of the dashed line which receives the CAN 
signals from the camera system and then filters and converts them to the adapted format. The 
adapted information regarding the detected pedestrians is stored in a virtual register which is the 
central point in the second part of the warning algorithm. This register will also store the important 
vehicle information, for example speed, status of direction indicators and brake signal. The risk 
analysis is based on the stored information in the register and will from that determine the warning 
level of the current situation. This warning level is then transmitted. The warning algorithm will 
transmit and receive calibration data over the CAN-bus for calibrating important parameters in it. 
The CAN specifications for all inputs and outputs can be found in Fel: Det gick inte att hitta
referenskällan.

The receiving of the object signals, wide angle compensation, signal filtering, position calculation, 
output and calibration of the warning algorithm will be further explained in the sections below. The 
Simulink model is shown in Appendix V – The Simulink model.

 6.2.1 Receiving the object signals

The camera system is continuously sending out ten CAN messages which contains the information 
on the ten possible objects, one message for each object. All ten messages are received separately 
and the first step is to verify that the received message contains the information of a tracked object 
by checking the RTDB status of it. The status of a message is good if it contains information of a 
tracked object and received within the time constraint and bad if the message does not contain any 
information or is not received. Tests have shown that the status of all the signals in one message are 
identical therefore only the status of one signal is checked per message since all information 
regarding one object is sent in the same message. 

The warning algorithm can process the information from several object messages, however this 
amount of object messages has been limited. With CANalyzer or CANoe it is possible to set a 
wanted amount of object messages which are to be processed, thereby simplifying the analysis of 
the complete system. Figure 27 shows a simplified flowchart of the receiving process of the signals
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Figure 26. Information flow of the warning algorithm
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The process shown in Figure 27 is done continuously even if the signals are not updated. If the 
number of objects is limited, every messages exceeding limit will have bad status.

 6.2.2 Wide angle compensation

Since the camera has a 270 degree wide angle field of view and does not take that into account in 
the position coordinates, an algorithm is needed to compensate this effect. The coordinate based 
information from the camera system is directly related with the distorted camera image therefore an 
object cannot be correctly traced since there is no linear relationship between the coordinates from 
the camera system and the real metric distances.

The relationship between the camera systems coordinates and the corresponding metric values on 
the ground was determined for creating a wide angle compensation algorithm.  For getting a 
realistic view of the relationship a pedestrian, instead of a A4 sheet, stood at several arbitrary 
position along one axis at a time. Separate measurements were made for the x- and y-axis, see 
Figure 28. For each position the camera coordinates were noted and the metric distance from the 
bus corner.

The origin of the coordinate system in Figure 28 can be seen at the front right corner of the bus.

Using Matlab and the function polyfit, the relationship between the cameras coordinates and the 
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Figure 28.The created  coordinate system for the wide angle compensation

Figure 27. Flowchart of the receiving process, this describes the function of the CAN (Camera  
signal) block in Figure 26.
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metric coordinates was analysed based on the measured values. It resulted in a fifth degree 
polynomial for each axis, Figure 29 shows the measured points and the generated polynomial line 
plotted together.

As it can be seen in Figure 29, the relationship is non-linear where the dots are the measured values 
and the line is fitted to the points. Both graphs shows a trend where the metric distance between the 
measured points are very similar, the step size between them are more or less the same. While as 
the camera system coordinates are concentrated at the end points and becoming more distant to 
each other closer to the zero point. The plot clearly shows the trend of the wide angle distortion 
where the image will be compressed more and more further away from the image centre.

 6.2.3 Signal filtering

After the signals from the camera sensor has been received a filtering was needed for identifying 
the signals from pedestrians since the camera sensor has no pedestrian detection only object 
detection. The camera sensor signals were studied and compared with pedestrians movement 
patterns to determine trends which a pedestrian has compared to other objects. Several false object 
trends were found which will be described along with a typical signal trend of a pedestrian.

A typical trend of a pedestrian signal is a very smooth and continuous curve where changes are not 
spontaneous or rapid. A pedestrian cannot move faster than what the laws of nature allows. A 
walking pedestrian has a velocity of approximately 6 km/h, a running pedestrian 12 km/h and 20 
km/h for bicycles in urban areas. Using these approximations it is possible to calculate the expected 
movement for a pedestrian. The camera updates the position every 100 ms. If a signal varies with 
more than ~0.55 m/100 ms it can be seen as a false since a pedestrian cannot move that fast. Typical 
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Figure 29. Plot of the relation between metric and camera system coordinates in both axis



signal trends of a pedestrian are shown in Figure 30.

Figure 30 shows a sequence of the x- and y- coordinates for a moving pedestrian. The signal curves 
are very smooth with no extreme value changes.

One pattern which often occurred when a pedestrians was being traced is that the sensor detects 
random objects which are not existing. They are commonly detected for one or two periods. Since 
the detected objects are not existing the information useless and must be filtered out. Figure 31 
shows a typical signal for this kind of detection.

As seen in Figure 31 the signal has peak for a very short period of time which is typical for 
detection of non-existing objects. 

Another type of unwanted detection was when a pedestrian left something in the detection area, for 
example to put a pile of snow there or leave a bag. The object will be a part of the detected 
pedestrian until the distance between them is large enough for the camera system to detect them as 
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Figure 30. Typical signal trends of the x- and y- coordinates of a pedestrian
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Figure 31, Signal trend for detection of non-existing object in a short period



two objects. The object which is left behind will not move by itself and shall not be detected as a 
pedestrian. 

The left image in Figure 32 shows how a pedestrian is carrying a cone which is part of the 
detection of the pedestrian. As the pedestrian leaves the cone and exits the detection area they will 
become two different object detections which means that the signal of the cone will all of the 
sudden appear. A typical signal of an object which is left is shown in Figure 33.

The signals shown in Figure 33 are suddenly increased, however unlike the non-existing object 
detection this signal stays at a constant value meaning that it is not a pedestrian. A pedestrian 
cannot stand that still without a change in the signal.

The signals are filtrated by analysing the variation of the absolute movement for the corresponding 
objects. The absolute movement is calculated with the Pythagorean theorem from the x- and y-
coordinates. If the signals variation exceeds the defined limits they are considered to be false and if 
they do not vary at all they will be treated as a stationary object.

 6.2.4 Position calculation

One important factor for the determination of the warning level is to know where the pedestrians 
are located relative to the bus. Since the camera view is slightly rotated it is difficult to find an 
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Figure 32. A detected pedestrian with a cone (left), the detected cone (right)

Figure 33. Typical signal of an object which is left in the detection area



equation which calculates the distance between the pedestrians and the bus. The coordinates where 
converted to polar form which resulted in simplified equations for calculating the relative distance 
using the angle and radius as Figure 34 shows. 

The first step is to determine in which zone the object is located. Three virtual zones are defined, 
front, corner and side. The zones are determined by the θ-angles which are shown in Figure 34. 
There is no defined outer limit from the bus, it is limited by the detection area from the camera 
system. The radius is the distance from the origin to the pedestrian and the angle α is the 
determined from positive x-axis. 

Using the defined geometries the position of a pedestrian relative to the bus can be determined. The 
actual distance to the bus is calculated with equation (6.1)-(6.3).

d =r∗sin −4 (6.1)

d =r (6.2)
d =r∗sin −1 (6.3)

Equation (6.1) shows the distance calculation in the front zone. In the corner zone the distance to 
the vehicle is equal with the radius, see equation (6.2). On the side the distance is calculated in the 
same way as in the front zone except that the angle difference is based on other angles, see 
equation (6.3).

 6.3 Risk evaluation strategy
This section is confidential and only available in the Scania internal version.

 6.4 Testing of the complete system
As a final step of this work the performance of the complete system has been evaluated. The 
performance of the warning algorithm has been evaluated by sending out signals on the CAN-bus 
and plot them with CANalyzer.
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Figure 34. Geometric relation for position calculation
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By filtering the incoming signals from the camera system the non-existing objects can be 
distinguished out of the other signals and are then blocked. Figure 35 shows the the incoming 
signals from the camera system compared to the outgoing signals from the warning algorithm.

In Figure 35 the three topmost graphs are the filtered output signals of the position information 
which show no response of the short peaks in the incoming signals below. The signals from the 
objects which have been left behind in the detection area are filtered out in a similar way. The 
filtering process allows the position signals from pedestrians to pass through, which are smooth and 
stable. The approved signals which pass the filter are assumed to be real pedestrian signals and 
therefore further processed. Figure 36 shows the angle and radius signals from a pedestrian walking 
around the bus.
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Figure 35.Signals of a filtered signal with random detected object



Figure 36 shows the signal when a pedestrian is walking around the bus, starting behind the bus 
along, walks along the side and is ending in the front zone. As one can see the angle is constant 
when the pedestrian is moving on the side while the radius is decreasing. This means that the 
pedestrian is moving straight towards the sensor in the bus corner, thereby decreasing the distance 
to it. When the pedestrian is about to round the bus corner the angle starts to increase very rapidly 
and the change of the radius slows down, meaning that the pedestrian is at a relatively constant 
distance from the sensor while rounding it. Figure 37 shows the angle compared to the zone 
change signals for the same case.

As it is shown in Figure 37, the zone value changes at specific angle values thereby verifying that 
the angle based zone calibration is working. For verification of how the wide angle compensation 
and positioning calculation is working a measurement has been made in several points of the 
detection area where the calculated values have been compared with the real metric distances. The 
measurement was done with a pedestrian standing at the points shown in Figure 38.
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Figure 36. Signal plot of the angle and radius for a pedestrian walking  from the side to the front of  
the bus.

Figure 37.Angle compared to zone change signals for a pedestrian
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The measurement results from Figure 38 are shown in Table 5 where r is the radius from the origin, 
d is the distance from the bus and α is the angle in the virtual coordinate system. 

Table 5: Verification measurement data

Point Calculated 
value

Real value Deviation Point Calculated 
value

Real value Deviation

1 r = 2.90 m
d = 0.7 m
α = -148  U

r = 2.6 m
d = 1.5 m

r = 0.3 m 
d = 0.8 m

7 r = 1.60 m
d = 1.60 m
α = 84 U

r = 1.7 m
d = 1.7 m

r = 0.1 m
d = 0.1 m

2 r = 1.90 m
d = 0.3 m
α = -146 U

r = 1.5 m
d = 0.5 m

r = 0.4 m
d = 0.2 m

8 r = 1.90 m
d = 1.40 m
α = 41 U

r = 2.00 m
d = 1.9  m

r = 0.1 m
d = 0.1 m

3 r = 2.50 m
d = 1.50 m
α = -177 U

r = 2.0 m
d = 2.0 m

r = 0.5 m
d = 0.5 m

9 r = 1.40 m
d = 0.3 m
α = 7.23 U

r = 0.6 m
d = 0.4 m

r = 0.8 m
d = 0.1 m

4 r = 1.50 m
d = 0.8 m
α = -173U

r = 0.6 m
d = 0.6 m

r = 0.9 m
d = 0.2 m

10 r = 3.40 m
d = 0.5 m
α = 6.5 U

r = 2.1 m
d = 1.1 m

r = 1.3 m
d = 0.6 m

5 r = 1.70 m
d = 1.70 m
α = 153 U

r = 1.5 m
d = 1.5 m

r = 0.2 m
d = 0.2 m

11 r = 5.40 m
d = 0.5 m
α = 0.78 U

r = 4.0 m
d = 1.1 m

r = 1.4 m
d = 0.6 m

6 r = 0.70 m
d = 0.70 m
α = 133 U

r = 0.6 m
d = 0.6 m

r = 0.1 m
d = 0.1 m

12 r = 8.80 m
d = 0.50 m
α = -0.71 U

r = 8.3 m
d = 1.1 m

r = 0.5 m
d = 0.6 m

The measurement results in Table 5 show that points 5-8 has a quite good correspondence, which 
means that the wide-angle compensation is working in the area around the bus corner. The 
deviation  in the radius calculation depends extensively on the precision of the cameras detection.

For simplified analysis of the data traffic on the CAN-bus, fine adjustments and testing a test panel 
was made with the panel designer in CANalyzer/CANoe. The test panel outputs are shown in 
Figure 39.
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Figure 38. Verification measurement of the wide angle calibration
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In the metric polar coor box in Figure 39 shows the metric x and y coordinates, polar angle and 
radius for the two first pedestrians. The position info box shows in which zone the object is, what 
priority it has and at what metric distance it is from the bus for the first two pedestrians. The three 
white areas next to the bus in the lower section of the figure are the three zones around the bus. 
When a pedestrian is in a zone, the corresponding zone in this output box will become red and a 
black number showing how many pedestrians there are in total in that zone will appear. The test 
panel input parts are shown in Figure 40.
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Figure 39.Test panel outputs



Figure 40 shows the calibration input possibilities from the test panel. In the box zone angles it is 
possible to calibrate the virtual zones by setting the theta values which are shown in Figure 34. In 
the limits box it is possible to set the maximum movement limit of a pedestrian, maximum and 
minimum width and height of a pedestrian. However these limits were not fully implemented due 
to problems with the wide-angle distortion. In the wide angle calibration box the constants for the 
fifth polynomial wide angle calibration algorithm can be set. In the offset box it is possible to fine 
adjust the origin of the coordinate system. All these calibration input boxes have a on/off check box 
for being able to turn the calibration inputs on and off. When they are turned off the warning 
algorithm resets the values to pre-defined one.
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Figure 40.Test panel inputs
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 7 Discussion
In this chapter several aspects of the project work are discussed along with the results. Moreover 
the pedestrian detection, VRUD system, camera installation and the warning algorithm will be 
discussed.

 7.1 Pedestrian detection
The performance of the complete system has shown to be very dependent on the ability of the 
camera system. The camera system has been able to detect and track several pedestrian quite good 
during ideal conditions but if the weather changes the performance of it becomes uneven and 
unpredictable. This is most likely due to the light sensitivity of the camera. The light sensitivity of 
the camera is also significantly affected by the contrast of the detected objects which in many cases 
results in false detections. The pedestrian is detected and tracked even if the signal is unstable. 
However the data from these signals are not reliable enough for determining the distance between a 
pedestrian and the bus since the position information is not accurate enough. The direction of a 
moving pedestrian is also difficult to determine since the position information is not accurate 
enough.

The cameras wide angle lens affects the detection accuracy in many ways. The pedestrian 
information is distorted through the lens thereby varying the accuracy of it depending on where in 
relation to the sensor the object is. Moreover the appearance of the pedestrian is also distorted. The 
determination of in which zone the pedestrian is situated is not affected much at all by the wide 
angle lens since the zones themselves are also distorted. The created wide angle compensation 
algorithm is not working accurately enough, however the completed detection system is working 
better with it than without. Probably the best solution of this problem would be that a wide angle 
compensation is implemented in the cameras systems software since the raw data is all ready being 
used by the detection algorithm and that this information is not available for the end user. The 
advantage of the the wide angle is that the coverage area is very large thereby making it a very 
good choice for a one sensor system. However it becomes sensitive to obstructions in the view 
which can easily conceal pedestrians far away from the sensor. 

Another aspect of the camera system is that it only detects objects and is not distinguishing 
pedestrians. A pedestrian distinguishing filter has been made which is working, however this 
filtering could be done much better by integrating it in the object detection software. The supplier 
of the camera system has stated that an updated version of the system software is being developed 
with several new filtering features, where one of them is the detection while moving. However the 
completion time of this update has not yet been stated.

In short this type of pedestrian detection has a good potential for being able to accurately detect 
pedestrians through image processing, the mentioned flaws can be solved. However it is important 
that this type of detection becomes more accurate than it is in its current state since this kind of 
warning system needs to have a very low false detection rate. Otherwise it will quickly be ignored 
by the end user and thereby will not last long on the market.

 7.2 VRUD system
One very important condition for a successful and reliable VRUD system is to have an accurate 
position determination of the pedestrians relative the bus. Without this the system would not be 
able to determine the warning levels accurately enough due to that the position of the pedestrians 
could vary to much.
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Since the VRUD system in this project is designed to detect pedestrians at a distance of two-three 
meters in the front, in the front right corner and to the right of the bus it enables a large area which 
is covered. However this installation will only work on a stationary bus because a moving bus 
would cover this distance in a very short time making it impossible for the bus driver to react on 
the different warning levels and stop. 

Both the position accuracy and the covered distance in front of the bus can be increased by 
integrating additional sensors in the VRUD system. Other similar systems have used a radar for 
detecting and determining the position for getting a high accuracy. A camera sensor is then used as 
a complement to determine if the detected object is a pedestrian or not. The area in front of the bus 
can be increased by using an additional camera mounted in the front of the bus and aimed straight 
forward which would have a much longer field of view.

Another important aspect is to determine what the VRUD system should be able to do in a longer 
perspective. Coverage around the bus, long distance coverage, stationary and moving detection are 
some important aspects which are needed to be determined. The available technology on the 
market will also have a decisive role when it comes to deciding the functionality of a future VRUD 
system.

 7.3 Camera installation
The designed camera holder has functioned as predicted during the whole project. The camera 
housing and the lid parts were very satisfying. The housing was easy to mount and dismount 
without altering the view calibration and the lid covered the camera from dirt and physical damage 
good but did not restrict the camera view in any way. The adjustment possibilities of the camera 
holder has been sufficiently good for setting the camera view in the desired position and they did 
not change with time.

 7.4 The warning algorithm
As mentioned in section 7.1 Pedestrian detection, a filter was needed for distinguishing the 
pedestrian from the rest of the object detections. A wide angle compensation was also needed for 
converting the pedestrian signal data to values which could be analysed. These two factors made 
the sensor specific part of the warning algorithm very complicated and the development of it time 
consuming. Because of this the development of the warning algorithms latter part did not get 
enough time and the risk evaluation strategies were not implemented. The tests results shows that 
the filter and the wide angle compensation are working and that the false detection trends 
mentioned are filtered out.

The four levels of the Scania warning strategy can not be implemented in all cases since some 
situations will occur so fast that the driver will not have time to react on all of the levels. If the bus 
is moving and a pedestrian moves in the way of it the time from that the pedestrian is detected to 
when the collision occurs is very short even in low speeds.
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 8 Conclusion
The result of this master thesis work is a prototype VRUD system which can be used as a base for 
future development and improvements. The camera system is based on a 270 degree wide angle 
camera with an image processing unit for object detection. The camera system could cover a large 
area around the bus, however the performance of the object detection was very dependent on the 
current weather conditions and contrasts of the detected objects. The camera system could not 
distinguish between pedestrians and objects, therefore a pedestrian filtering procedure is needed. 
The wide-angle lens of the camera made it possible to cover the large area, however it complicated 
the detection and distorted the object information.

The warning algorithm of the VRUD system was developed in two parts, where the first one was 
designed to be sensor specific which converted the detection information to an adapted format. 
That information was then used in the latter part of the algorithm where the warning level would be 
evaluated. Due to the performance variation of the camera sensor the first part of the warning 
algorithm became much more complicated than expected.

The area covered by the camera is about two-three meters in front and along the whole right side of 
the bus. The covered area is large enough to detect pedestrians in a static mode however, if the 
system is going to be used during driving the covered distance in front of the bus is definitely to 
short for a driver to react on the warning and avoid a collision. The advantage of that the camera 
can cover such a large area is positive both for the cost efficiency and installation aspects. The 
performance of the complete system can be significantly increased by using additional sensors and 
a collaboration with the supplier to develop a custom designed system.
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 9 Future work
The most important areas to focus on for future development of this system are the wanted 
functionality and what sensors are needed for achieving it. Two crucial factors which needs to be 
improved for future versions of this system are the pedestrian position accuracy and the reliability. 
The accuracy of the pedestrian position has to be very good for the analysis to be accurate, along 
with high reliability of the detection. 

The concepts for the risk evaluation strategies needs to be implemented in the warning algorithm. 
This could be done when the accuracy of the pedestrian detection is higher for the analysis to have 
good values to work with.
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Appendix I – Start-up guide
This Appendix is confidential and only available in the Scania internal version.
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Appendix II – Camera CAN specification
This Appendix is confidential and only available in the Scania internal version.
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Appendix III – Camera manual
This Appendix is confidential and only available in the Scania internal version.
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Appendix IV – Camera mounting positions
This appendix shows some pictures of the different mounting positions for the camera. These 
pictures are guidelines for the decision of camera holder.
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Figure 41.Under the mirror frame

Figure 42. The corner of the bus above the mirror frame
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Figure 43.High in the bus corner

Figure 44. In the bus corner under the destination sign.
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Figure 45. In the mirror frame joint

Figure 46. Under the mirror
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Appendix V – The Simulink model
This Appendix is confidential and only available in the Scania internal version.
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Appendix VI – Warning algorithm CAN specification
This Appendix is confidential and only available in the Scania internal version.
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