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Abstract 
 

Today’s automotive industry evolves very quickly and new technology is integrated into 

vehicles every day. This technology creates many new actuator-controlled functions and sub-

functions having different names and use in every car maker’s program. The thesis has been 

performed at ÅF Industry chassis department in Trollhättan, Sweden. 

 

To get a clear overview and understanding, a benchmarking process have been made for a 

classic station wagon to sort out and categorize functions for five different car makers. The 

same process for another car model was also made parallel to this thesis by another student 

for wider results, while this thesis covers brake actuators and brake actuators in combination 

with other actuators that student covers other types of actuators. These benchmarking results 

were then put together and a screening was done to eliminate functions not relevant for my 

thesis. The remaining functions were analyzed more in depth and a datasheet was created for 

each function covering basics such as its functions, how it works, pros and cons, parameters 

and an estimated cost. This will be used for clarifying the functions for ÅF’s engineers when 

needed.  

 

Evaluation of the function Electronic Stability Programme (ESP) was also done through 

testing at NEVS test track in Trollhättan with advanced and accurate test equipment. The ESP 

evaluated by a standardized test method SS-ISO 3888-2, Severe lane-change maneuver – Part 

2: Obstacle avoidance where the track was completed in various speeds with ESP activated 

and ESP deactivated. By having ESP activated, control of the vehicle was gained and 

skidding was repealed. The results did not show off a great difference but there were clear 

signs and data that the ESP affected the vehicle in a positive way. 
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Sammanfattning 

Dagens fordonsindustri utvecklas i ett rasande tempo där det kommer ny integrerande teknik 

varje dag som baseras på aktuatorer (ställdon). Denna teknik skapar många nya 

aktuatorbaserade funktioner och sub-funktioner som alla har olika benämningar och 

användningsområde inom varje biltillverkares utbud. Arbetet har utförts hos ÅF Industry 

chassiavdelningen i Trollhättan, Sverige  

 

För att få en tydlig överblick och för att skapa förståelse, så har en benchmarking-process 

genomförts för en klassisk herrgårdsvagn för att sortera och kategorisera fem olika 

biltillverkares funktioner. Samma process har även genomförts parallellt av en annan student 

för bredare resultat. Detta arbete täcker funktioner som är baserade på bromsaktuatorer och 

bromsaktuatorer i kombination med andra aktuatorer medan den andra studentens arbete 

täcker andra sorters aktuatorer. Resultatet från bådas benchmarking lades ihop och en sållning 

gjordes för att avlägsna irrelevanta funktioner för denna rapport. De kvarvarande funktionerna 

analyserades mer på djupet och ett faktablad skapades där funktion, hur den fungerar, för- och 

nackdelar, parametrar och pris täcktes. Dessa kommer att användas när ÅFs ingenjörer är 

osäkra på vad det är för funktion och hur den fungerar.  

 

Utvärdering av Electronic Stability Programme (ESP)- funktionen har gjorts genom testning 

på NEVS testbana i Trollhättan med avancerad och noggrann testutrustning. En 

standardiserad testmetod, SS-ISO 3888-2:2011 – Provbana för kraftig undanmanöver – Del 2: 

Undvikande av hinder, användes genom att köra testbanan i olika hastigheter med ESP 

aktiverat och med ESP avaktiverat. Genom att låta ESP vara aktiverat så fås ökad kontroll och 

sladd upphävs effektivt. Det var ingen markant skillnad i resultatet men det var tydligt att 

ESP:n påverkade kontrollen över fordonet positivt.  
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Vocabulary 

Lateral acceleration - Acceleration affecting the vehicle sideways  

Longitudinal acceleration - Acceleration along the vehicle 

Root Mean Square - The square root of mean square 

Nürburgring - A race track in Nürburg, Germany 

 

Abbreviations  

ABS - Anti-locking Braking System 

ACC - Adaptive Cruise Control 

ALS - Active Light System 

AWD - All Wheel Drive 

BLIS - Blind Spot Information System 

DRS - Drag Reduction System 

ESP - Electronic Stability Programme 

ECU - Engine Control Unit 

GLONASS - Global Navigation Satellite System 

GPS - Global Positioning System 

IMU - Inertial Measurement Unit 

LDW - Lane Departure Warning 

RMS - Root Mean Square 

SUV - Sporty Utility Vehicle or Suburban Utility Vehicle 
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1. INTRODUCTION 

This project is a bachelor thesis covering mapping and evaluation of control functions based 

on brake actuators in combination with other actuators. It will be carried out at ÅF Consulting 

AB, an engineering and consulting company involved in different areas. The thesis is 

performed in the chassis department in Trollhättan, Sweden. 

1.1 BACKGROUND      

More and more actuators with embedded software for chassis systems are utilized in new 

vehicles to enhance performance and for adaption to specific driver’s needs. These functions 

can be customized by the user for optimizing performance and safety. 

1.2 PROBLEM 
 

There are many differently named functions that uses the same actuators for different actions. 

There are no clear descriptions or overviews of functions and what their definitions are, 

understanding these functions is a struggle and confuses engineers daily. 

1.3 OBJECTIVE 

The objective is to conduct a mapping, to simplify and to get an easily accessible and 

structured overview for the latest and most modern functions that are based on chassis 

actuators. The object is also to apply knowledge acquired during the theoretical studies at the 

Mechanical engineering program at Karlstad’s university for evaluation of one of the 

described functions in terms of performance enhancement in vehicles. 

1.4 GOAL 

The goal is to create a catalogue of functions, where a short explanation of the function, how 

it works and other useful information that will be accessible for ÅF and will be incorporated 

with another student’s thesis covering other actuators. Then to perform evaluation of one of 

these functions by testing it with a V-Box 3i and analyze the received results. 
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1.5 DELIMITATION   

This report will be done during a limited period and since the automotive industry is 

unlimited in information some delimitations has been done to enable completion in time. 

 Five different car makers’ functions will be covered. 

 Functions to describe is set to 7-10 depending on the results. 

 One function will be tested and evaluated. 
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2 THEORY 

2.1 FUNCTION 

A function could be described as 

“the kind of action or activity proper to a person, thing, or institution; 

the purpose for which something is designed or exists; role.” [1]. A function in the automotive 

industry is one or more components working in a specific decided way to make something 

happen or change. Every component is installed for a specific reason and that reason is to 

deliver one or more functions to the construction. Some functions are created to change the 

characteristics of the vehicle, and some are created to make the vehicle safer for the driver 

and other road users. These functions are made up by a system including different 

components. To simplify, the system that will be covered in this report has three main 

components, actuators, a control system and sensors 

2.1.2 ACTUATORS 

An actuator converts an incoming signal to mechanical movement or physical effect. This 

component gets activated by the regulator and executes the movement. There are different 

types of actuators, the four most common are; hydraulic actuators, pneumatic actuators, 

electric actuators and mechanical actuators.  

 

2.1.2.1 Hydraulic Actuators  

A hydraulic actuator is built up by a piston rod, a piston, a cylinder housing and in- and outlet 

(See Figure  1). 

 

FIGURE  1. ILLUSTRATION OF THE MAIN PARTS IN A HYDRAULIC ACTUATOR. 

Fluid	creating pressure
Mechanical movement
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The piston in the cylinder moves by applied pressure on either side depending on which 

direction the movement is intended to be. The pressure is built up by a hydraulic pump, since 

liquids are nearly incompressible, the exerted force is very high and distinct but very limited 

in acceleration. Fluid leakage must also be taken into consideration; many hydraulic actuators 

will leak and contaminate the area sometime during its lifespan. Common applications in 

modern vehicles are power steering and shock absorbers. [2] 

 

2.1.2.2 Pneumatic Actuators 

The pneumatic actuators use almost the same construction as the hydraulic actuators. A 

cylinder works as the main body where a piston slides back and forth to create movement. 

Instead of using a liquid to move the piston the pneumatic actuator uses compressive gas to 

build up pressure on either side of the cylinder. A pneumatic actuator is simpler than a 

hydraulic one, they are more rapid and light weight which make them very precise in 

repeatability. The area of use in the automotive industry is mostly in different applications in 

suspension systems.  

 

2.1.2.3 Electric Actuators 

Electric energy is converted into rotational movement through an electric motor. This motor 

turns a screw which in turn moves a threaded nut, with the same threading as the screw, along 

the screw. The direction of the rotating screw decides the direction of the non-rotating nut. 

Electric actuators are extremely accurate in positioning, very simple to reprogram, quiet, 

small and does not contaminate the environment that the actuator is mounted or applied in. 

One disadvantage for the electric actuator is its pricing, it is much higher than the pneumatic 

actuator. In a modern vehicle, the electric actuator is the most common one, i.e. the ACC and 

the DRS utilizes electric actuators. 

 

2.1.2.4 Mechanical Actuators 

There are many different types of applications for mechanical actuators, the main purpose is 

to convert one type of motion into a different type of motion, for example rotary motion into 

linear motion. It is often simple mechanics, for example a chain drive, ball screw or camshaft. 

In vehicles, it can be used for steering, transmitting the steering wheel torque to linear motion 

to the guide shaft. In some cases, the precision can be extremely good, it all comes down to 

how accurate the processing is. But in some cases, it will depend on too many parametrizes 

such as weather condition and temperature. [19] 
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2.1.3 CONTROL SYSTEM 

The control system is the functions brain. It interprets signals from one or multiple sensors 

monitoring different parts of the vehicle, and cross references them with its initial 

preprogrammed conditions. A signal is sent to the actuator depending on what conditions are 

fulfilled. Different signals can also be sent to different actuators depending on what task is set 

to execute. I.e. when one wheel is starting to slip, the ABS-actuator receives a signal to 

release pressure on that wheel. [22] 

 

2.1.4 SENSOR 

There are many types of sensors measuring everything from wheel speed to temperature [7]. 

The sensors only task is to monitor an area or part, interpret what is happening and to translate 

that into an electric pulse that gets sent to the control system. In new premium cars, there are 

often a camera and/or a radar in the windshield, which interacts with the other sensors to 

unlock other ways of utilizing a function.  

 

2.3 ELECTRONIC STABILITY PROGRAMME  

The Electronic Stability Programme (ESP) is a function to keep the vehicle safely on the right 

course. The vehicle makers use many different names for this function, about 80% uses ESP, 

other common names are Dynamic Stability Control, Vehicle Stability Assist or Vehicle 

Stability Control. 

Often during wet and slippery conditions the driver might lose traction and control over the 

vehicle. A microcomputer monitors the ESP sensors and checks 25 times per second [11] if 

the vehicle is traveling the desired direction corresponding to the steering angle input. If the 

directions differ from one another, the system reacts immediately without action from the 

driver. The vehicles ABS-system stabilizes by applying brake pressure to individual wheels 

and corrects the direction within the laws of physics. It is also possible to regulate the 

direction by reducing the engine torque to slow the vehicle and in that way suspending the 

skid. The ESP is widely incorporated in almost every vehicle today due to its ability to greatly 

improve the vehicle characteristics and creating a safer environment for the driver and 

passengers in critical situations. 

There are five main components making up the ESP system (See Figure  2). 
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FIGURE  2. AN OVERVIEW OF THE ESP SYSTEM [12]. 

  

 

1. The control unit sends signals to the hydraulic unit which execute the commands and 

regulates the pressure in the wheel brakes. The unit is located in the engine 

compartment  

2. The Wheel-speed sensors send signals to the control unit to calculate the speed of the 

wheels.  

3. Steering angle sensors measures the movement and positioning of the wheel. By using 

the data in collaboration with the vehicles speed, and the throttles positioning or the 

braking pressure, the desired state of the vehicle is calculated.  

4. Yaw-rate and lateral acceleration sensor monitors and registers the movement around 

its axis, together with the lateral acceleration sensor the actual state of the vehicle can 

be calculated and compared with the driver’s intended route.  

5. Communication with the engine management and the ESP control unit occurs via the 

data bus. Due to this, torque can easily be reduced if the acceleration is to great. It is in 

the same way possible to reduce slip by adjusting engine torque in slippery conditions.  

The ESP system consists of multiple actuators and control units which can be used to create 

other useful functions for many other applications. These functions will not be covered in this 

report. 
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3 METHOD 

3.1 PLANNING  

This project’s initial phase started with planning and structuring in form of a project plan. 

Crucial information such as background, goal and organization was stated and a Gantt-chart 

was created to make sure schedule was held and was updated during the project. (See Table 

1). Multiple presentations were held at Karlstad’s University where the project plan and 

methods were presented to the supervisor for feedback. At last a final presentation of the 

result was presented at Karlstad’s University.  

Table 1. Gantt-chart with important dates. 

 

 

3.2 BENCHMARKING 

Information and data about actuator based functions were gathered through carmakers 

websites and available information [3]. Five different carmakers were chosen to be analyzed. 

To catch as many of the functions as possible it was decided to look at the basic models of 

one classic station wagon from each car maker. It was chosen because of the highly-

prioritized safety features that it offers as optional. Every model was checked thoroughly and 

every function that was optional for the buyer was noted in an excel-sheet. The functions 

where named differently for every carmaker, this made it necessary to analyze and cross 

reference every function until there was a corresponding function from another maker that 

could be placed in the same category. The chosen car makers are listed on the following page 

(See Table 2). Volvo were chosen because of their offensive approach to safety features and 

thus making it highly likely to have many actuator-based functions. Audi, Volkswagen and 

Mercedes-Benz were chosen out of curiosity to see if there were any difference in the German 

cars or if they were similar in safety and high technology functions. Lastly Toyota was 

included in this list only to see if there was a difference between premium cars and cheaper 

cars. To include a wider range, benchmarking from another thesis was imported for 
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analyzing[20]. That benchmarking covered the SUV section for corresponding car maker (See 

Table 2). 

TABLE 2. LIST OVER COVERED CAR BRANDS. 

Car make (2017) Station Wagon SUV [20] 

Volvo [5] V90  XC90 

Audi [4] A6 Avant Q7 

Volkswagen [9] Passat Sportscombi Touareg 

Mercedes-Benz [8] E-Class Wagon GLS SUV 

Toyota [6]  Avensis Touring Sports Land Cruiser 150 

 

3.2.1 LIST 

A list of functions for each car brand’s basic station wagon gathered together with a SUV 

model of same car brand, that was collected and evaluated in another thesis [20] was created. 

3.2.2 FILTER FUNCTIONS 

With this gathered information, the first screening was done. In this report, only the functions 

involving a brake actuator or a brake actuator in combination with another actuator were 

covered. The functions not fulfilling these criteria’s were removed from the list leaving only 

the desired functions. The remaining functions were brought further to be analyzed. 

3.3 DATASHEET 

One datasheet was created for every function, the datasheets include short information about 

the remaining functions. This datasheet describes what the function does and how it works. 

Some pros and cons were described to get an overview of the usefulness and input and output 

signals were stated to get a basic understanding of how the function interacts. Lastly customer 

cost was estimated. The functions were arranged in an overview list where they easily could 

be reached. Datasheet of different types of functions that include braking and braking in 

combination with different sensors were gathered with functions based on propulsion, steering 
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and suspension which was done in another thesis [20]. These functions together made up the 

list with datasheets. 

3.4 TESTING 

One of these functions were chosen for testing and evaluation. Which one to test was decided 

by grading the functions on test difficulty on a scale 1-10 where 10 was the most complex to 

test. Where test difficulty is describing how hard the test would be to set up and how big the 

risk was to damage the vehicle, test equipment or the operator. This estimation was made 

from analyzing the function and what test equipment was available. The function that scored 

the lowest would be the one to test and analyze. 
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4. TEST PROCEDURE 

4.1 EQUIPMENT 

4.1.1 V-BOX 

The equipment used for the tests was a five-piece setup. The Racelogic VBOX 3i [10] (See 

Figure  3) with the add-ons, IMU integration (Inertial Measurement Unit) and two GPS 

(Global Positioning System) antennas, this was all controlled from the VBOX Manager. Data 

logging from the GPS occurs 100 samples per second and collaborates with the IMU to 

establish positioning of the vehicle. All the received data was recorded and stored onto a flash 

drive connected to the VBOX. This flash drive was later used for exporting the test result onto 

a computer for evaluation in the Racelogic VBOX Tools software [14]. In this software 

environment, various kinds of data were available for comparison and overview. The VBOX 

works as the computer or “brain” in this setup, collecting signals from every component and 

creating useful data for the software to visualize.  

 

FIGURE  3. THE RACELOGIC VBOXI3 WITH VARIOUS INPUTS AND OUTPUTS. 
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4.1.2 IMU04 

The IMU04 is a very critical sensor able to measure the vehicle’s altitude in three different 

directions, X, Y and Z. (See Figure  4). It has an accuracy of 0.06° RMS for roll and pitch 

rate, and a yaw rate accuracy of 0.5° RMS. [24] 

 
FIGURE  4. THE AXIS OF THE IMU04. 

 

 

The IMU04 is supposed to be mounted on a stable and rigid surface, preferably along the 

wheelbase centered in the vehicle. It was recommended to bolt the IMU to the seat rails for 

optimal rigidness (See Figure  5). 

 

 
FIGURE  5. THE IMU04 WITH TWO OUTPUTS AND HOLES FOR MOUNTING. 
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In this test, mounting of the IMU04 was done with double sided tape at the bottom of the 

armrest-compartment. In this positioning, the unit was stable enough and as close as possible 

to the center of gravity of the vehicle.  (See Figure  6). 

 

 
FIGURE  6. IMU04 MOUNTED IN THE TEST VEHICLE. 

4.1.3 GPS/GLONASS 

The GPS antennas are used for recording parameters as:  

 Time  

 Position 

 Velocity 

 Heading 

 Height 

 Vertical velocity 

 Lateral acceleration 

 Longitudinal acceleration 

 Radius of turn 

 Centerline deviation 
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These (in this test, two) antennas were mounted on top the roof of the vehicle with magnets 

(See Figure  7). The antennas were connected to the VBOX at all time, collecting data from 

the parameters above. [15] 

 
FIGURE  7. THE GPS ANTENNAS USED IN THE TEST. 

For best results, the antennas should be placed with greatest distance as possible away from 

each other. Since the test vehicle was such a big vehicle, special equipment was not needed to 

separate the antennas furthermore. Total distance between the antennas was 1400 mm (See 

Figure  8). 

 
FIGURE  8. ALIGNMENT OF THE ANTENNAS. 

4.1.4 VBOX MANAGER  

The Racelogic VBOX Manager is a multi-use extension to the VBOX and brings advance 

setup and control to the VBOX3i [16]. This unit was used for starting logging and controlling 

the different logging functions (See Figure  9).  
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FIGURE  9. THE RACELOGIC VBOX MANAGER. 

 

With these components, VBOX, IMU04, GPS antennas and the Manager, a connection 

between these was made. This is accomplished by different types of cables and connectors as 

seen in the connection diagram below. (See Figure  10). 

 

 

 
FIGURE  10. CONNECTION DIAGRAM FOR THE TEST SETUP. 

 

 

VBOX3i

GPS GPS

VBOX	Manager

IMU04
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4.1.5 TEST TRACK 

The test was performed at NEVS testrack in Trollhättan, Sweden (See Figure  11). 

 

 
FIGURE  11. THE TEST TRACK MARKED IN RED. 

The most suitable area for the test was the long straight since it was the flattest and widest 

area available. With 640 meters, reaching a desirable speed was not a problem. The Test track 

featured one long straight for reaching high speeds and one wide turn with a velodrome. It 

also featured two other lesser turns. (See Figure  12). There were also other areas on the track 

where different test areas were located but was irrelevant for this test. 

 
FIGURE  12. THE DIMENSIONS OF THE TEST TRACK. [20] 
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4.1.6 TEST VEHICLE 

The test vehicle was a Saab 9-5 Aero XWD year 2011 (See Figure  13).  

  

 
FIGURE  13. THE SAAB 9-5, TEST VEHICLE. 

 

4.2 TEST METHOD  

The test method that was used to evaluate the function was SS-ISO 3888-2, Severe lane-

change maneuver – Part 2: Obstacle avoidance [17]. This test is used for evaluation of a 

vehicles obstacle avoidance performance and can be used for vehicles up to 3.5 tonnes. The 

dimensions of the track are shown on the next page (See Figure  14). 
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FIGURE  14. THE SETUP OF THE SS-ISO 3888-2 TEST. 

This track was to be driven without exceeding lane boundaries, in other words, without hitting 

any cones [13]. Vehicles with an automatic gearbox put the shifter in drive position (D) and 

entered section A. Two meters into section A, the throttle was released during the remainder 

of the track.  

Since the ESP was the function scoring the best result in the scoring procedure (in the results 

section) the test process was the following; 

The test-velocity started at 30 km/h and was increased with 5 km/h for every test run being 

successful, every test-velocity was tested three times for increased accuracy. This was 

repeated until the car failed the test, i.e. touching one or more cones. When completed, the 

same process was executed with the ESP-function deactivated. The results were compared 

and an evaluation of the ESP-function was done. Two out of three runs for one specific 

velocity had to be completed with an ok result for a completely successful outcome.  

 

 

 

 

 

 

 

 

 

 

12m 13,5m 11m 12,5m 12m

1m

B

CA

10m

Throttle release
Speed	measurement

A 1,1	x	Vehicle width +	0,25

B Vehicle width +	1

C 1,3	x	Vehicle width +	0,25,	but
not	less	than 3	m	
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5. RESULTS 

5.1 BENCHMARKING 

The results from benchmarking can be seen below (See Table 3). Every “X” means that a 

specific function was a customer choice for that model. The “S” means that a function was 

standard, i.e. it is included when bought. An empty space means that the function was not 

available. The column to the very left is the reference name chosen from various car makers 

and were only for making the categorization possible. 

TABLE 3. LIST OF FUNCTIONS FOR DIFFERENT CARMAKERS. 

 
 

5.2.1 LIST 

The joined list with the results of the station wagon benchmarking and the results from the 

other student’s thesis’[20] benchmarking on SUVs. “SX” means that there was one function 

as standard and one more advance function to add by the customer (See Table 4). 
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TABLE 4. COMBINED LIST OF STATION WAGON AND SUV. 

 
 

5.1.2 FILTERED FUNCTIONS 

Since this report only covered brake actuators and brake actuators in combination with other 

actuators, a screening of all functions brought this result (See Table 5). Only seven functions 

made it through the screening process. These seven was analyzed in deep and were covered in 

the final list of functions. 

 

TABLE 5. THE ELIMINATION PROCESS. 
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There were seven functions left, these were covered in the data sheets (See Table 6). 

 
TABLE 6. THE RESULTS FROM THE ELIMINATION PROCESS. 

 
 

The remaining functions were still called by the reference name. Analyzing the functions 

names for every car maker showed that there were similarities between the names. An 

educated estimation of a collective name was made (See Table 7). This was for easier 

describing of all the functions from different makers under one name. 
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TABLE 7. THE COLLECTIVE NAMES ARE CHOSEN. 

 

5.2 DATASHEETS 

Datasheets were made for the following: 
- ABS (See Appendix 1) 

- ACC (See Appendix 2) 

- Cross Traffic Alert (See Appendix 3) 

- ESP (See Appendix 4) 

- Lane Assist (See Appendix 5) 

- Park Assist (See Appendix 6) 

- Pre-Safe (See Appendix 7) 

- Traffic Jam Assist (See Appendix 8) 

 

5.3 TESTING 
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5.3.1 FUNCTION TO TEST 

Function 1-7 were evaluated from the criteria test difficulty. The best function to test 

according to the table was clearly ESP (See Table 8).  

TABLE 8. SCORING OF FUNCTIONS. 
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5.3.2 TEST DATA 

To pass the test, two out of three runs had to be completed without hitting any cones along the 

track. With ESP activated, 60 km/h was the highest velocity to pass the test. At 65 km/h all 

three runs were failed due to hitting cones (See Table 9). 

 

TABLE 9. RESULTS FROM TESTING WITH ESP ACTIVATED. 

 

 

Same testing with ESP deactivated brought a similar result where all three runs at 65 km/h 

failed to finish the track. 60 km/h was also the highest speed to pass the test (See Table 10). 

 

TABLE 10. RESULTS FROM TESTING WITH ESP DEACTIVATED. 
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In figure Figure  15 and Figure  16 the results from the measurements can be seen for 65 

km/h showing yaw rate and roll rate. The green line represents testing with ESP deactivated. 

 

Figure  15. 60 km/h showing yaw rate in °/s per meters. 

 

 

 
Figure  16. 60 km/h showing roll rate in °/s per meters. 
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In  Figure  17 and Figure  18, data from measurements when driving in 50 km/h is show, 

yaw rate and roll rate. The green line represents testing with ESP deactivated. 

 
Figure  17. 50 km/h showing yaw rate in °/s per meters. 

 

 
Figure  18. 50 km/h showing roll rate in °/s per meters. 
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The last graphs represents the test done with a driving speed of 45 km/h (see Figure  19 

Figure  20). The green line represents testing with ESP deactivated. 

 
Figure  19. 45 km/h showing yaw rate in °/s per meters. 

 

 
Figure  20 .45 km/h showing toll rate in °/s per meters. 
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6. DISCUSSION  

6.1 METHOD 

6.1.2 BENCHMARKING 

The benchmarking process was probably the most time-consuming stage of the thesis. I 

realized early that delimitations had to be done to be able to complete the thesis in time. That 

was why only five carmakers where chosen to be analyzed. Since the basic model from each 

car maker was in the process, some functions that were not an option for that specific model 

might have been missed and not brought further in the process. That is why I choose to bring 

in results from another student’s thesis where SUVs where analyzed for a different range of 

functions. If a function was missed at one car maker’s vehicle it was probably brought into 

the results from another maker, securing the outcome of the results.  

 

The real big challenge with organizing the functions were that one maker might have had 

three functions where another car maker only had one function to complete a specific task. 

This made it hard to categorize the functions into groups where the functions where of the 

same purpose. Some makers such as Audi, Volkswagen and Mercedes all had pre-set 

packages of functions that were electable. It was a little struggling to sort out what functions 

was included in the packages and packages between the car makers were widely different. 

The benchmarking was a very time heavy process were there very much going back and forth, 

taking notes and cross-referencing, and lots of function names confusing me. Once a function 

was organized, I moved on to the next and started digging for information but then new 

information kept appearing and I had to go back and rearrange again.   

 

6.1.3 DATASHEETS 

The datasheets are for ÅF’s engineers to easily get an overview of what latest functions are 

available on the market today and to quickly gain information about the functions. The 

datasheets are not very detailed on what parts and how the parts work with each other and 

other actuators since the manufactures of functions prefer to not share their detailed 

information with someone outside of their company. That information is confidential, which 

made it a struggle to go more in depth for each function.  



 

 28 

These datasheets are very generalized. Since every function between the car makers are not 

exactly the same, every function does not match that description completely.  

6.2 TESTING 

6.2.1 EQUIPMENT  

The test equipment that were used for recording data took some time to be able to master. The 

IMU04 was mounted in the middle of the vehicle, in the armrest compartment which was stiff 

enough for the test but for a test requiring more precise data, mounting on a stiffer component 

might have been preferred.  

 

The antennas could also have been mounted on an external attachment that later would have 

been mounted on the vehicle for a wider spread of the antennas. To start the recording of the 

cars movement a manual button had to be pressed, this resulted in very different starting 

positions and times for every test executed which made it hard to analyze the different graphs 

of the movements. 

 

A fixed and standstill starting positioning would have been preferred to fix this problem. 

Testing started with the car at standstill, 50 meters from the track but that distance was to 

short when speeds were exceeding 45 km/h.  

 

 

 

6.2.2 VEHICLE 

I am sure that different vehicles would yield different results. This Saab was big, heavy but 

had a low center of gravity, making taking fast turns easier. It would be interesting to do the 

same tests with a smaller, lighter and higher vehicle to see if there was a big difference and 

how it would affect the results.  

 

During the test, the Saab’s shock absorbers were set to intelligence, making it softer but 

quicker in the turns. It had two other settings which changed the characteristics of the car, 

sport and comfort. If I could redo the tests I would have tried using the sport setting to maybe 

be able to be more aggressive thus maybe seeing a greater difference in performance in the 

outcome.  
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The cars’ automatic transmission made it easy to do many tests in short time since there were 

many turnarounds and lots of accelerations from a standstill, that also made it easier to focus 

on reaching the correct speed instead of changing gear. 

6.2.3 TRACK 

For the double lane change test, almost seven meters in width was required for correct setup. 

The NEVS test track was roughly seven meters in width thus making it a narrow fit [20]. This 

made the driver hold back on the aggression to avoid an accident damaging the car or the 

passenger. If there were more dead space next to the track there would be more aggressive 

driving maybe resulting in different results. This should not be counted as a big effect on the 

results since the driving was close to maximized by the driver but maybe one small factor to 

take into consideration.  

 

This brings us in on the next error source. The driver was not a professional driver making the 

driving very shaky from the start. A professional driver would most definitely yield a more 

stable result and more risky driving done under control. This was not considered to be a big 

matter preparing for the test, but when realizing how the driving differed, a professional 

driver would really be preferred. 

 

Another detail I think affected the results more than the width of the track was the tarmac. 

The gravel in the tarmac were bigger than a normal road creating a rougher surface making 

the friction much higher than in normal dry conditions. This would probably reduce the 

effectiveness that ESP has in normal conditions.  

6.2.4 TEST METHOD 

According to the ISO standard 3888-2, and important to take into consideration is that 

because of the human factor, every test will have a different outcome since the maneuver is 

done differently every single test. This is even more important since a professional test driver 

was not used.  It is also recommended to only do a subjective evaluation of the handling. The 

outcome will be different if the vehicles speed is increasing to the desired speed than if it is 

decreasing to desires speed right before measuring. Steering force differs from test to test and 

might produce a skid one test run and avoiding skid the next run, all depending on how fast 

the turn is taken. It also affects the result because of the route the driver takes, it will never be 

completely the same as the previous test run. This recommendation will not invalidate the 
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results but it is important to have in mind, the data is not 100% accurate in form of 

consistency [17].  

According to the ISO Standard, a special cone and a specific number of cones were supposed 

to be used for marking the test track. This executed test was not made with that specific 

number of cones or the exact same size but this was neglected since it was believed to not 

affect the outcome of the test in any manner.  

6.3 RESULTS 

6.3.1 BENCHMARKING 

What I noticed during the benchmarking process was that the German car makers, Audi and 

Volkswagen, had very much alike functions and function names. They were almost the same 

and the reason to that, I believe, is that Volkswagen Group is the owner of both companies. 

To save money and utilize their technology they use the same technique for both car makers. 

It was also interesting to see the difference between the premium cars and Toyota. Toyota did 

not have as big range of choice to choose from and was very low on extra functions and extras 

from the beginning. As suspected, Volvo had most functions and extras as standard, 

especially safety functions where they were undisputed winners. That does not come as a 

surprise since Volvo CEO once said “Our vision is that by 2020 no one should be killed or 

seriously injured in a new Volvo car. “[23], and by making safety features standard they make 

this a possibility.  

6.3.2 DATASHEETS 

There were seven functions that made it to be described thorough a datasheet. As mentioned 

before, these are very brief and generalized. For example, the Active Lane Keeping Assist in 

Mercedes vehicles warns the driver if crossing the lane markings in the road and even 

activates brakes if a collision is about to occur. Volvos cars does the same but with two 

different functions instead of one, Lane Keeping Aid and Lane Departure Warning. How 

would these be categorized in the datasheets and would you split the Volvo functions or no? 

Problems like that were the hard ones to solve, that is why the datasheets are only generalized 

functions.  

The ABS datasheet was created from the start as an example-sheet for the engineers at ÅF to 

evaluate and give feedback on. This was later added to the datasheet list as a bonus function.  

This datasheet list will include the seven functions, plus ABS and then be put together with 
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the results from another student. The functions that student have covered are LDW, AWD, 

Air Body Control, ALS and Drive Profile[20].  

6.3.3 TESTED FUNCTION 

To evaluate which function that was to be tested the functions were evaluated on the 

difficulty. Why Cross Traffic Alert, Lane Assist, Traffic Jam Assist and Pre-Safe received 

such high values were in case of failure in the function, the consequences could be 

devastating with people getting hurt or breaking cars. ESP received such low value because 

there were already a clear and simple test method available for performance evaluation.  

 

6.3.4 ESP RESULTS 

From the IMU04, data could be gathered for analyzing. I made a choice to analyze the roll 

rate and the yaw rate. These two were chosen because I personally believe that these two 

would be the parameters that differ the most when having a vehicle with ESP activated and 

one vehicle with the ESP deactivated. When a vehicle skids, it causes it to move sideways off 

course thus forcing the turning movement to become greater to keep the right course. This 

shows as a greater indication on the yaw rate graph than if the turn was taken without 

skidding. With the measurement of yaw rate, it is clear how much the ESP does to a vehicle 

by simply looking at the distance and the amount of rotation the vehicle has and then 

comparing it with a vehicle without ESP. A vehicle with ESP should get a smaller and more 

distinct value for yaw rate. A vehicle without ESP would probably get about the same value 

from the first turn but would for the next turn most likely over turn making the yaw rate 

greater but slower (See Figure  21). 

 

FIGURE  21. SHOWING HOW THE YAW RATE REPRESENTS SKIDDING. 
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Both tests were limited at 60 km/h where that speed was the highest possible to complete the 

test. Starting with the feel of the vehicle the driver commented on the huge different in control 

that he felt. With the ESP activated he could steer the vehicle but still felt that he had control 

over the situation. Without the ESP, there was no control at all. The track was still completed 

without hitting any cones but there was much less control and the whole situation was more 

violent.  

If we look at the data received from the test (See Figure  22), the green line representing the 

ESP deactivated and the brown lines representing the ESP activated, it is clear that the 

rotation of the vehicle was greater with ESP deactivated than with ESP activated for almost 

every turn. As seen in the blue circle, the rotation was greater but took more time to 

accomplish. This made the vehicle late into the next turn creating an even greater yaw-

rotation (red circle) making it even later into the next turn. In the orange circle, the rotation is 

equal in size but takes longer time to complete making it harder to control and complete the 

course. 

 

FIGURE  22. DRIVING 60 KM/H, ONE RUN WITHOUT THE ESP AND ONE WITH. 

Same thing occurred with the roll rate according to the graph. Being late in to the turn, 

oversteering of the vehicle creates at sharper turn which brings the car to a greater roll motion 

than with ESP activated. As seen in the blue circle, less rotation was needed for the test with 

the ESP activated thus creating less roll of the vehicle. This violent roll moves the center of 
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gravity which makes it even harder to control the vehicle and even harder to handle the next 

turn as seen in the orange circle (See Figure  23). 

 

 

FIGURE  23. DRIVING 60 KM/H, THE ROLL RATE IS SHOWN FOR THREE RUNS 

Driving in 50 km/h, the driver reported that he had full control of the situation and that there 

was none noticeable difference in handling and completing the track with or without the ESP 

activated. All three test runs were completed without failing, but the data collected showed a 

different story. Looking in the blue circle (See Figure  24) it shows clearly that there is a 

greater rotation of the vehicle without the ESP activated thus creating an over steer which 

affects the next turn in the red circle. This is constant through the whole test course. The 

difference is not as great as in the 60 km/h test but it is still noticeable. 
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FIGURE  24. 50 KM/H YAW RATE 

By looking at the next graph (See Figure  25), we can also discover that the roll rate of the vehicle is 

slightly larger for the deactivated ESP. The rolling motion becomes bigger for every taken turn, thus 

creating an even greater roll into the next turn. In the orange circle, we can spot the biggest spike of 

the roll rate, right at the end of the test where the rocking motion has been built up by over steering 

and skidding. 

 

 

FIGURE  25. 50 KM/H ROLL RATE 
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The conclusion I can make from test drive at 45 km/h is that there is none difference at all in 

completing the track. Driving with ESP activated and driving with ESP deactivated made no 

difference in the handling of the car. Looking at the data from the roll rate and the yaw rate, 

no conclusion about the parameters can be made (See Figure  26 and Figure  27). In the red 

circles, spikes can be seen from every turn of the vehicle, both from when the function was 

activated and from when the function was deactivated. At this speed, the force on the vehicle 

is simply too low to over-win friction against the tarmac and the ESP does not have to engage.  

 

FIGURE  26. 45 KM/H ROLL RATE 
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FIGURE  27. 45 KM/H YAW RATE 

At high velocity as 60 km/h, it shows how crucial the ESP is for having or gaining control 

over a critical situation. Avoiding and swerving away from other vehicles or obstacles 

becomes much easier with control and not having to worry about skidding and over 

compensating the turns.  

It still surprises me that there was not a bigger difference in handling with ESP activated and 

ESP deactivated. I had expected a greater loss of control with ESP deactivated in lower 

speeds than the outcome. Completing the test itself felt safer with the ESP activated but was 

still manageable without the ESP at high velocities. One big reason to this as I mentioned 

before might be the perfect conditions for driving that were present. Perfect, clean and dry 

tarmac made the friction force very strong thus delivering perfect grip to the tire. I am sure 

that the outcome would be much different if the ground were covered in snow, ice or gravel. 

Another factor affecting the results would be that the Saab 9-5 have excellent handling for 

being a big car, the chief of chassis and vehicle dynamics, Stefan Rundquist, at Saab once 

said that they preferred to drive with the ESP turned off at the Nürburgring because of its 

excellent handling [18]. To counteract slip, engine torque reduces right before slip occurs. It 

might be one of the reasons why there is not a clearer different.  

 

 

 



 

 37 

7. CONCLUSIONS 
 

There are many functions and sub-functions in modern vehicles to customize performance, 

confusing engineers and buyers, but while looking closer at these, many functions are 

principally just the same with different names between makers.  

From all the tests and data analyzed there is a small, but clear advantage of the ESP during 

dry tarmac in today’s vehicles. When driving in dry perfect conditions the ESP helps the 

driver, to some extent, keep control of the vehicle and cancel skidding.  
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APPENDIX 1 – Datasheet – ABS 

ABS 

Anti-Lock Braking System 

 

Function: 
Brake the vehicle without locking up the wheels to gain control of steering and to prevent uncontrolled 

skidding.   

 

How it works: 
The automated system monitors all four wheels’ rotational speed, if one wheel has 

significantly lower rotational speed, as in locking the brakes, it sends a signal to decrease 

brake pressure. This occurs roughly 15 times per second thus making it impossible to lock the 

brakes completely.  

 

Pros and Cons: 
The Anti-Lock Braking System will greatly increase the drivers control and maneuverability 

of the vehicle while panic breaking.  It will also make the stopping distance shorter when 

breaking on a dry or slippery surface.  When breaking on snow-covered surfaces or a surface 

covered in loose gravel the stopping distance may be increased although the steering control 

is still intact. 

 

Input: 
Wheel speed 

Brake pedal 

 

Output: 
Braking force 

 

Customer Cost: 
None, comes as standard in modern vehicles. 
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Appendix 2 – Datasheet – ACC 

ACC 
Adaptive Cruise Control 

 

 

 

 

 

 

 

 

Function: 
To help the driver keep a safe distance to the vehicle ahead by adjusting the speed up to a preset speed 

limit.  
 

How it works: 
The system uses radar sensors, sometimes in combination with cameras, to monitor the road 

ahead at all time. The driver sets a speed that the system will ensure as long as the road ahead 

is cleared by the sensors. If the sensors sense a moving object with a lower speed than current, 

the sensors send a signal to lower speed. Accelerator will be released and if needed, brakes 

will gently be applied. The system is only able to apply roughly 30% of maximum braking 

force, if more is needed to avoid collision, acoustic and visual warning will alert the driver to 

apply the brakes manually.  

 

Pros and Cons: 
This system enables the driver to relax and focus on the current traffic situation. The distance 

to the vehicle ahead is safe and kept at all time. The ACC saves up to 10% fuel by softly 

regulating the speed of the vehicle. Traffic flow is greatly increased. 

If the driver relaxes to the extent where the person does not pay attention to traffic he/she will 

become a traffic hazard. If any one of the sensors are covered, (i.e. rough weather) the ACC 

cannot be activated. 

 

Input: 
Radar sensors 

Camera sensors 

 

Output: 
Braking force 

Accelerator 
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Customer Cost: 
20 000+ SEK 

Appendix 3 – Datasheet – CTA 

CTA 
Cross Traffic Alert 

 

 
Function: 
When crossing traffic or leaving a parking spot, the CTA senses when there is a collision 

about to happen and warns the driver or even brakes the vehicle completely. 

 

How it works: 
The function uses wide range sensors to monitor in front of the vehicle but also the rear. 

When sensors are covered, visual and sometimes audible warning alert the driver to be 

cautious. Since the system can calculate collision trajectory, crossing speed and how far away 

the object is, brakes may be applied to avoid a collision if the driver does not react. The same 

sensors used in the CTA are also being used in another function for checking the blind spot 

called BLIS. 

 

Pros and Cons: 
This function greatly reduces low speed collisions where visibility is suffering such as 

parking lots. It also reduces collisions with traffic crossing the road where considerable 

damage often is done to the crossing car. Problem may occur if this function is used without 

cautiously behavior from the driver, in case of covered or defect sensors obstacles cannot be 

spotted.  

 

Input: 
Wide range sensors 

 

Output: 
Audible and visual warning signs 

Brakes 

 

Customer Cost: 
Differs between car makers. 
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Appendix 4 – Datasheet – ESP 

ESP 
Electronic Stability Programme 

 
Function: 
The electronic stability control (ESP) is a function to keep the vehicle safely on the right 

course 

 

How it works: 
A microcomputer monitors the ESP sensors and checks 25 times per second if the vehicle is 

traveling the desired direction corresponding with the steering angle input. If the directions 

differ from one another the system reacts immediately without action from the driver. The 

vehicles ABS-system stabilizes the vehicle by applying brake pressure to individual wheels 

and corrects the direction within the laws of physics. It is also possible to regulate the 

direction by reducing the engine torque to slow the vehicle and in that way suspending the 

skid. 

 

Pros and Cons: 
The maneuverability of the vehicle is greatly improved making it safer for the driver and 

passengers in critical situations. 

 

Input: 
Wheel speed 

Brake pedal 

Steering angle 

 

Output: 
Braking force 

Engine torque 

Warning signs 

 

Customer Cost: 
None, The ESP is widely incorporated in almost every vehicle today. 
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Appendix 5 – Datasheet – Lane Assist 

Lane Assist 
 

 

 

 
 

 

 

Function:  
In case of a situation where the vehicle is leaving the traveling lane unintentionally without 

the use of the indicator or where the adjacent lane is occupied, the function engages to avoid a 

collision or avoid another accident to occur. 

 

How it works: 
By using a camera integrated in the rear-view mirror, information about the lane’s 

characteristics and the positioning of other vehicles is collected. With this information, the 

system monitors the movement and if a critical situation where a collision or crossing of the 

road markings occur the system either delivers visual, audible or mechanical warning in form 

of vibrations in the steering wheel to alert the driver to intervene. In some Lane Assist 

systems, some steering or braking is done to keep the vehicle inside the lane markings.  

 

Pros and Cons: 
When the driver loses attention to the road or traffic, the system might avoid a serious 

collision by engaging. If the driver where to doze off and departing from the lane, warnings 

will wake the driver before an accident occurs. 

 

Input: 
Camera sensors 

Steering wheel sensor 

 

Output: 
Braking 

Steering wheel 

Audible and visual warnings 
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Customer Cost: 
5 000 SEK – 8 000 SEK 

Appendix 6 – Datasheet – Park Assist 

Park Assist 
 

 

 

 

 

 

 

 

Function: 
The function identifies a parking space and helps the driver park by engaging steering, 

leaving accelerator, braking and gear shifting for the driver. 

 

How it works: 
By driving below 30 km/h (depending on the car make, sometimes activation is), sensors 

automatically start to check for open parking spaces that are big enough for the vehicle, often 

vehicle length + 1 meter. When detected, driver confirms by shifting gears into reverse and 

driving slower than approximately 8 km/h. During the process the vehicle steers and 

communicates with the driver, constantly giving commands such as when to brake, shift gears 

and when to accelerate. This maneuver can be done for both parallel parking and for 

perpendicular parking. Some systems are also able to drive out of the space in the same 

manner.  

 

Pros and Cons: 
Parallel parking is a hassle for many drivers and takes time, the Park Assist makes it possible 

for a faster parking process and with less risk of damaging the vehicle and nearby vehicles. 

The function is still only a support system helping the driver. Overtaking the vehicle is 

possible at any time in case of system failure. If the vehicle in front and back are parked very 

close to the curb, there is a possibility of damaging the rims or tire. 

 

Input: 
Parking sensors 

Wheel speed 

Accelerator 

Brake 

Gear selector 

 

Output: 
Steering 

Audible and visual warning 
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Customer Cost: 
6 000 SEK – 10 000 SEK 

Appendix 7 – Datasheet – Pre-Safe 

Pre-Safe 
 

 

 

 
 

 

Function: 
In a critical situation such as a sudden stop of the vehicle in front or another vehicle hitting 

your vehicle from behind, this Pre-Safe function intervenes to avoid or reduce damage of the 

passengers and other travelers. 

 

How it works: 
By using radar and/or cameras, the vehicle knows other vehicles position, speed and the 

direction where the vehicle is heading. If there is a calculated risk of a collision happening, 

either in the front or the back, pre-safety measures are taken. These pre-safety measures 

depend on the car make but the most common are pre-tensioning of the seat belts, closing of 

windows and sun roof and rapid flashing of the hazard warning lights.  

 

Pros and Cons: 
This function makes a collision much safer and in best case scenario, avoiding collision 

completely. If the driver is being unattentive of traffic, reaction time is extended, this is where 

the system steps in and preemptively warns the driver or activates brakes. Same thing applies 

when getting rear ended by a vehicle. If the driver behind you does not notice your vehicle 

braking, the braking lights flashes rapidly getting that driver’s attention before it is too late. 

 

Input: 
Radar/cameras, front and back 

Wheel Speed 

 

Output: 
Braking 

Sunroof 

Windows 

Braking lights 

Positioning of seats (electric) 

Tensioning seatbelts 

 

Customer Cost: 
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5 000 - 20 000 SEK 

Appendix 8 – Datasheet – Traffic Jam Assist 

Traffic Jam Assist 
 

 

 
 

 

 

 

Function: 
To ease tension for the driver in slow, heavy traffic. 

 

How it works: 
The Traffic Jam Assist function is based on the Adaptive Cruise Control and is usually 

integrated in that system, it even uses the same sensors. In traffic below a certain value (often 

30 km/h) the radars monitor the road to keep a safe distance to the car ahead based on its 

speed and positioning. If a critical situation occurs where greater braking power than the 

system can apply is needed, acoustic and optical warning will notify the driver to act. If the 

vehicle comes to a complete stop, the engine turns off (depending on the car make). To 

resume from a complete stop, accelerator needs to be activated. 

 

Pros and Cons: 
Heavy traffic driving becomes easier such as avoiding low speed accidents. Only downside to 

the Traffic Jam Assist function is that when the driver loses too much focus on the road 

he/she is not alert enough to save a critical situation. 

 

Input: 
Radar Sensors 

Camera sensors 

 

Output: 
Braking force 

Accelerator 

 

Customer Cost: 
Often integrated in the Adaptive Cruise Control. 

 

 

 


