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Abstract 
As more and more people conduct vigilance-based activities at times other than the traditional 
daytime work hours, the time utilization will continue to escalate in the next century and will 
further increase the risks of sleepiness-related accidents.   
 
This project, which is commissioned by Scania CV AB, is to investigate the potential of a 
method for sleepiness detection belonging to Cesium AB. Our objective is to examine 
whether Scania CV AB should continue with the investigation of the patent method, and in 
that case, which patent parameters, that indicate sleepiness, should be more closely inquired. 
The purpose with the method of patent is to discover a sleepy driving behaviour. This method 
is based on the interaction that appears between the driver and the vehicle. The interaction 
consists of small spontaneous corrections with the steering wheel that in this report is called 
micro communication. How well the interaction is functioning can be measured in degree of 
interaction, which shows how well the driver and the truck interact with each other. The 
interaction between the driver and the vehicle is in this report looked upon as answers and 
questions with a certain reaction time, which appears with a certain answered question 
frequency. The differences in the signal’s amplitudes are measured in variation in amplitudes. 
 
Experiments to collect relevant signals have to be conducted in order to investigate the 
potential with the method of the patent. It is eligible to collect data from a person falling 
asleep, which implies experiments conducted in a simulator. The experiments are executed in 
a simulator, one test when they are alert and one when they are sleep deprived. Tests are also 
executed in a Scania truck. The purpose with these experiments is to collect data of the 
subject’s normal driving pattern in a truck and to investigate if it is possible to obtain 
acceptable data in a truck.  
 
The sleepiness experiments have indicated that the micro communication takes place in a 
frequency range of 0.25 to 6.0 Hz. The variables that have been found to detect sleepiness 
with high reliability are the reaction time and the degree of interaction presented in spectra.  
 
The validation experiments have shown it is possible to collect exact and accurate data from 
the lateral acceleration and the steering wheel torque. But, there is more noise in the signals 
from truck then there is in the signals from the simulator.  
 
This method for sleepiness detection has, according to the authors, a great potential. However, 
more experiments have to be conducted. The authors suggest further sleepiness experiments 
only conducted during night time. The subjects are sufficiently alert in the beginning of the 
test to receive data from normal driving behaviour. Physiological measurement could be 
interesting to have by the side of the subjective assessments as an additional base for 
comparison. 
 
Keywords: Sleepiness detection, micro communication, interaction, steering wheel torque 
and lateral acceleration   
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1 Introduction 

The introduction aims to provide background information related to accident with heavy 
traffic and the complex of problems concerning sleepiness and drowsy driving. The closing 
part of this chapter is an outline for this report.  

1.1 Background 
Sleep deprivation is becoming more and more common. We are now living in a culture where 
the utilization of time is maximized with 24-hour work operations and with widespread use of 
automation. As more and more people conduct vigilance-based activities at times other than 
the traditional daytime work hours, the time utilization will continue to escalate in the next 
century and will further increase the risks of sleepiness-related accidents (Dinges, 1995). 
Sleepiness management and preventions of sleepiness-related road accidents need to become 
a sustained priority for government, industries and the public. The governments are 
responding to this issue by tightening regulations for commercial drivers and improving the 
road environment with sleepiness in mind, like introducing rumble strips. The vehicle 
industry is responding with different kinds of safety systems, like airbags and seat belts. But, 
could the vehicle industry and the government do more and how should they proceed?  
 
There is no reliable statistic on accidents caused by sleepiness or fatigue. The figures vary due 
to the road type and how sleepiness or fatigue is defined. 80 % of all accidents seam to be 
related to mistakes of trivial nature, very likely sleepiness, inattention or misjudgement 
(Åkerstedt & Kecklund, 2003). Åkerstedt1 and Kecklund2 (2003) believe that the most 
common Swedish “official” figures, with an accident rate 1 – 3% caused by sleepiness, are far 
to low. The correct figures are, according to them, around 10-20%. In the USA the problems 
are even more widespread and data from NHTSA3 indicate that in recent years there have been 
about 56,000 crashes annually in which driver drowsiness/fatigue was cited by police as the 
reason for the crash. But, with extensive studies, driver education etc. the USA is slightly 
further ahead in their action plan against drowsy driving, compared to Sweden (NHTSA, 
2005). The abovementioned figures are, both in Sweden and abroad, presumably even higher 
for heavy traffic.  
 
To be able to reduce road crashes caused by sleepiness we believe that a serious research, to 
get a deeper understanding of the complexity of sleepiness, has to be conducted. You can not 
create sleepiness counter measurements for vehicles if you do not understand the complexity 
of sleepiness. First after such study intelligently equipped vehicles can be produced and used 
satisfactorily in the traffic. There are several questions that are interesting when investigating 
sleepiness: Does a driver know when he/she is too sleepy, but ignores the sleepiness, or is the 
sleepiness an insidious impression that often is detected when it is too late? What is the 
difference in the driving behaviour between a tired driver and a distracted, sleepy or drunk 
driver? To be able to reduce accidents connected to drowsy driving, we believe questions like 
these need to be raised and considered.  

                                                           
1 Torbjörn Åkerstedt – professor at Karolinska in Stockholm in physiological behaviour and sleep research on 
the institute for psychosocial medicine.    
2 Göran Kecklund – professor at Karolinska in Stockholm in physiological behaviour and sleep research on the 
institute for psychosocial medicine.       
3 NHTSA – National Highway Traffic Safety Administration. 
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1.1.1 The Sleepiness Complexity 
Drowsiness, sleepiness, tiredness, fatigue and exhaustion are expressions for similar human 
conditions, but without explicit definitions. These and related human conditions that results in 
similar driving behaviour, are described in chapter 4.1 – Human conditions. From the 
abovementioned conditions we have chosen to use the term “sleepiness” in this report. 
Sleepiness is a state between wakefulness and sleep, which is unlike tiredness, fatigue or 
exhaustion not caused by any mental or physical activity.  
 
There are a number of existing, but limited, methods for measurement of sleepiness as well as 
a vast amount of underlying reasons behind the changes in behaviour that are connected to 
sleepiness and fatigue. These reasons are useful to determinate to be able to evaluate and 
measure a human condition correctly. It is possible to feel tired, inattentive or unfocused as 
result of several different causes and it is by that likely to expect different behaviours and 
reactions depending on the different causes.  
 
The onsets and offsets concerning sleepiness are difficult to find because of the individual 
differences and environmental differences. Accident prevention countermeasures, to warn the 
driver before a possible crash, could be designed if it was possible to detect sleepiness, with 
high certainty, and before the driver falls asleep behind the wheel. 
 
Sleepiness is possible to assess both objectively and subjectively. Objective sleepiness is often 
measured by wiring the subject up to a polygraph and observing how long time it takes 
him/her to fall asleep. But, it is also possible to assess sleepiness with changes in blood 
pressure, eyelid closure4, frequency of blinks, saccadic5 pattern changes etc. Subjective 
methods are, for instance, the Stanford sleepiness scale and the Karolinska sleepiness scale.  
Unfortunately, most of the abovementioned methods are limited and are not possible to use in 
a vehicle because of costs and/or the complexity. Several of these methods demands 
individual assessment; what indicates sleepiness for one person is not necessary indicating 
sleepiness for somebody else.  

1.1.2 Safe Truck Driving  
Typically, a professional long-distance truck driver in Sweden drives about 5000-15000 
km/yr and spends more than 1400 hours behind the wheel per year, according to Hans 
Eriksson (2006) at Vägverket. Regulations in the Swedish law6 do not permit the driver to 
drive more then four and a half hours in a row7 and no more then ten hours8 per day. Truck 
drivers are not allowed to drive more than 90 hours per fourteen days and they must have 
lawful weekly and daily rest9. (Vägverket, 2006)  
 
Still, accidents derived from sleepiness occur and according to truck driver Mats Johansson 
(2005)  it is the stress that is spoiling a lot when it comes to road safety. It is easy to believe 
that if the truck drivers worked shorter shifts, the risk of falling asleep behind the wheel 
                                                           
4 Perclos – Percentage of time the eyelids are more than 80% closed. 
5 Abrupt rapid small movements of both eyes, such as when the eyes scan a line of print. (MedicineNet.com, 
2004)  
6 The regulations are the same for vehicles registered in every EU-country and for trucks driving within the EU 
or within an EES-country. Some countries, not included in the EU, have similar regulations.       
7 After breaks of totally 45 minutes, (one break is at least 15 minutes per every 4.5 h), a new shift can be started. 
8 The truck driver is only allowed to drive ten hours per day twice a week. Normally the driver is allowed to 
drive nine hour per day.  
9 The daily and weekly rest are prescribed by law and are depending on the location of the driver, how many 
days in a row he/she have been driving etc.  
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would decrease. Could more lives on the roads be spared if the law regulations were taken 
more serious? Should the fines be higher or should the regulations be harder to evade? The 
motives to make a good profit for the firms of haulage contractors forces the truck drivers to 
drive long shifts, especially in countries with no or poor law regulations. If the truck drivers 
were not forced to work as much, could the number of road accidents be reduced?  
 
Another angle of approach, to reduce the number of sleepiness related accidents, could be 
systems for sleepiness countermeasures. The vehicle industry (and other areas such as the 
National Road Administration) are developing new systems for driving support that are meant 
to help the driver performing his/hers task properly and to help the driver avoid accidents. 
Those systems are designed to prevent accidents from happening and to increase road safety. 
ADAS (Advanced Driver Assistance Systems) include Parking aid, Night vision, Lane 
departure warning systems, Adaptive integrated cruise control systems etc. Some of these 
systems will assumingly be implemented in trucks in a near future. We believe that also 
sleepiness countermeasure systems will be introduced in trucks. But, if such systems will be 
developed, how should they be designed? What parameters can be measured that can indicate 
sleepiness? How do you detect sleepiness?   
 
Safe truck driving at Scania CV AB 
The most critical actor in road safety is the driver whose skill, condition and experience etc. 
often can reduce the risk of an accident. Scania CV AB10 will therefore assumingly, in a near 
future, introduce systems and devices that support the driver in his/her job. Scania has been 
working with safety issues for a long time, but the company’s efforts have often been 
concentrated on passive safety, for instance seat belts, air bags etc. These systems are 
designed to minimize the effect of an accident. New systems like ADAS goes one step further 
by being designed to prevent accidents from happening in the first place. These systems are 
developed in order to increase road safety. One example of an active safety system, which 
Scania is developing now, is the LDWS (Lane Departure Warning System), which is meant to 
hinder the driver from making a non deliberate lane departure. (Scania, 2005)  

1.1.3 Active Attention AB 
Former Active Attention AB in Katrineholm, with Mats Björkman as inventor and Hans 
Eriksson as agent, has developed a model that is purported to use the interaction between the 
driver and the vehicle for detection of sleepiness, fatigue, drugs or inattention. The patent, 
now belonging to Hans Eriksson and his new company Cesium AB, describes a method that 
measure the status of the driver’s vehicle control. The method is based on the idea that a 
disturbed driving behaviour can be measured in a disturbed interaction where the reaction 
pattern, among other parameters, has been changed. The interaction between the driver and 
the truck can, according to the method, be measured through how well the truck’s lateral 
acceleration corresponds with the torque that the driver puts on the steering wheel.  
 
This patent will work as a base for this project and is described more detailed in chapter 3 – 
Background of the patent.  

                                                           
10 Scania CV AB – founded in 1891 and has since then built and delivered more than 1,000,000 trucks and buses 
for heavy transport work. Scania also manufacture industrial and marine engines. The company is represented in 
more than 100 countries and employs about 28,000 people. (Scania, 2005) 
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1.2 Outline for the Report 
This report is divided in eight main parts. The first part describes our purpose and research 
questions. The second part is describing, more thoroughly, the theory behind the patent, which 
this report is based on. The third and fourth parts are a theoretical and a technical frame of 
reference, respectively, with information and facts needed for this project. The fifth and sixth 
parts describe the methods and the procedures for a sleepiness experiment and a validation 
experiment that are conducted in this project. The seventh part of the report presents the result 
from the experiments and the last part contains the discussions and analyses of the procedure 
and the results. 
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2 Purpose and Research Questions 
This chapter presents the assignment, purpose, objective, research questions and the 
limitations of the report. 

2.1 Assignment  
The assignment with this project, which is commissioned by Scania CV AB, is to investigate 
the potential with a patent belonging to Cesium AB. This implies evaluation and generation of 
an algorithm, which put the patent method into practice. Our objective is to examine whether 
Scania CV AB should continue with investigation of the patent method, and in that case; 
which patent parameters, that indicate sleepiness, should be more closely inquired. The 
assignment is not to implement and/or develop a new sleepiness counter measure in the truck, 
but to investigate the patent method.   
 
The purpose with the method of patent is to discover a sleepy driving behaviour of any driver 
of a vehicle. This method is based on the interaction between the driver and the vehicle, in 
order to find out the driver’s sleepiness status. The interaction can, according to the patent 
method, principally be measured through how well the vehicle’s lateral acceleration and the 
steering wheel torque correspond with each other. A disturbed interaction between signals 
can, according to the patent method, indicate sleepiness. 
 
Experiments to collect relevant signals have to be conducted in order to investigate the 
potential with the method of the patent. To be able to receive relevant data, this project 
involves collecting and analysing data from truck driving on Swedish high ways. It is also 
eligible to collect data from a person falling asleep, which implies experiments conducted in a 
simulator.  

2.2 Purpose and Objective 
The purpose with this project is to investigate the potential with an algorithm presented in a 
patent11 that claims to be able to detect driver’s sleepiness in a vehicle. The objective for this 
project is to present a plan for how Scania should proceed with this sleepiness detection 
method. 

2.3 Research Questions 
This report will focus on the following research questions: 
 

• In which frequency range does the micro communication take place?12 
  
• Is it possible to collect exact and accurate data from the lateral acceleration and the 

steering wheel torque? 

                                                           
11 The patent method is described in chapter 3.1 – Patent description. 
12 The micro communication takes place between 0.3 – 5.0 Hz, according to Eriksson and Björkman, but is in the 
opinion of the authors an uncertain interval. This is further discussed in chapter 8 – Result and in chapter 9 – 
Discussion.  
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• What is the liaison between the truck drivers’ self estimated sleepiness status and the 
following parameters13: 

 
a.) The driver’s reaction time? 
b.) Degree of interaction? 
c.) Answered question frequency? 
d.) Variation in amplitudes for steering wheel torque and lateral acceleration? 

 
• Is it possible to measure sleepiness with the abovementioned parameters?   
 
• What are the threshold values, for the abovementioned parameters, that indicate 

sleepiness?  
 

• Should Scania CV AB continue with the development of the patent method? 
 

2.4 Limitations 
This report will not include the following aspects: 
 

• This study has been conducted with only one truck. The specificities for each and 
every truck are not studied in this project.  

• This project will focus only on sleepiness even though the patent method claims to be 
able to detect, for instance, drug influenced drivers.  

• The solution is expected to work mainly on highways and main roads with a minimum 
speed of 65 km per hour. The differences between driving behaviours depending on 
road type is not considered in this project. 

• This project does not consider different possible warning systems that can be used in 
case of sleepiness. 

• This study will not consider disturbed driving pattern caused by distraction, sickness 
or drugs.  

• This report will not treat legal and ethical issues related to sleepiness detection. 
• This project will only test the concept in Sweden with Swedish climate, surroundings 

etc. 
• The patent method will be used as an evaluation of the driver’s sleepiness status after 

the tests have been conducted. How the patent method can work in real time, while the 
truck is rolling, will be discussed, but an algorithm for doing so will not be developed. 

• This project will not result in a final sleepiness detection solution, but should be 
considered as a first step in the development. 

                                                           
13 The terms are described in chapter 3.2 – Patent terms. 
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3 Background of the Patent 
This chapter includes background information about a patent algorithm, belonging to Cesium 
AB, on which this project is based. Background of the Patent explains the algorithm in the 
patent, according the inventors, Eriksson and Björkman. Whether the thoughts behind it are 
correct will be analysed and discussed in this report. The patent algorithm will function as a 
platform for the entire project and is by that important to discuss thoroughly. Technical terms 
and definitions are used in the patent. These are needed for the comprehension of the patent. 
The “Patent terms” are both newly introduced in this report and earlier by the inventors of the 
patent. Some of these terms will function as a foundation when the conclusive results are 
drawn. 

3.1 Patent Description 
The base of the patent is the assumption that an experienced driver, subconscious and under 
normal conditions, handles the vehicle as an extension of the body. Skating, skiing and 
cycling are other examples of activities where the body regards the equipment as a part of the 
body. A motorized artificial body part with muscle sensors is perhaps even a better example 
of how the body extends its function and sensory input. (Eriksson, 2005; Björkman, 2005) 
 
Driver – vehicle – surrounding are component in a complex “traffic system” that must 
function together. Safety in traffic is about how good the interaction is between these 
components, not how good every single component and detail is. It is more meaningful to 
discuss improvement in the entire system than only for one component. (ibid.) 
 
The purpose of the patent’s methods of measurement is to identify parameters, which can be 
used as indicators of the driver’s wakefulness and cognitive state of control. This information 
is important, since it reflects the safety of the whole “traffic system”. Alert and experienced 
drivers hardly ever cause accidents and fatal deficiencies in material are highly uncommon. 
Accidents are in most cases a result of deficiencies in the interaction between the 
abovementioned components. An experienced and alert driver is able to adjust his/hers 
driving behaviour to different factors into consideration. A driver’s capability to control a 
vehicle depends on sleepiness, fatigue, drugs etc. together with degree of skill and age. (ibid.) 
 
The patent method has introduced the term degree of interaction14, which is a measure of how 
well the driver and the vehicle interact. This subconscious interaction, within a limited 
frequency range, is considered as a micro communication15.  A high degree of interaction 
indicates an alert driver with high vehicle control, and a low degree of interaction indicates a 
sleepy, fatigued, drunken, distracted etc. driver with low vehicle control, according to the 
patent method. Minor steering wheel movements done to compensate small changes in road 
structure, gust of wind, etc., can be used to indicate how well the driver controls the vehicle. 
The driver reacts to the movements of the vehicle in the same manner as the vehicle reacts to 
the driver movements. The vehicle will answer after a certain reaction time when the driver 
makes, for instance, a turn with the steering wheel. This answer is at the same time a new 
inquiry to the driver who will, after his/hers reaction time, react and answer. The micro 
communication between the driver and the vehicle will follow certain behaviour as long as the 
driver and the vehicle function in a specific way. If the vehicle and the driver are well 
functioning and attentive this communication will continuously show specific steering wheel 

                                                           
14 See chapter 3.2 Patent Terms – Degree of interaction 
15 See chapter 3.2 Patent Terms –  Micro communication 
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behaviour that indicates an alert driver. On the basis of the abovementioned model, the driver 
performance can be measured through the driver/vehicle communication and a changed 
reaction pattern can be considered as a sign of sleepiness, fatigue, drugs or inattention (ibid.) 
 
Other parameters that are used in the patent as indicators for low vehicle control are mean 
value of reaction time, reaction spectrum, question frequency, answered question frequency 
and variation of amplitudes. The parameters are described in the following chapter.  

3.2 Patent Terms 
The definitions of the patent terms in this chapter are meant to explain expressions that are 
used in the patent algorithm. Some of the terms will be used to conclude the result for the 
entire project. The English denominations are made by us as well as modifications and 
interpretations of some of the terms. Table 1 shows which terms that are original patent terms, 
which are modified and which terms that are created in this project. Most of the figures and 
explanations are made by the authors of this report to clarify the meaning of the terms.  
 

Original patent terms Modified patent terms Created terms 
Variation in amplitudes Micro communication Normal amplitude 
Reaction spectra Reaction time Degree of interaction spectra 
 Question frequency  
 Answered question frequency  

Table 1 The patent terms divided with respect of origin. 

Micro communications 
In this report micro communication is looked upon as a flow of non verbal control questions 
and answers between the driver and the vehicle. The micro communication consists of small 
spontaneous corrections with the steering wheel. Feedback from the system makes the 
individual correct the vehicle’s direction. The micro communication takes place in the 
frequency range 0.3 Hz – 10.0 Hz, according to the inventors. The influence that the driver 
attains on the steering wheel, caused by the micro communication, is usually no more than 0.1 
% of the maximum steering wheel rotation of a private car. (Eriksson, 2005)  
 
Question frequency, q.f 
The inventors define the interaction between the driver and the vehicle as answers and 
questions. When the driver makes an inquiry about, for instance, a turn with the steering 
wheel, the truck will answer after a certain reaction time. The truck’s answer is at the same 
time a new question to the driver who will, after his/hers reaction time, react and answer. Both 
the driver and the truck ask questions to be answered by the truck respective the driver. 
Mathematically, a question is an extreme value16 of either the lateral acceleration signal (the 
truck’s signal) or the steering wheel torque signal (the driver’s signal). Figure 1 shows an 
arbitrary, time dependent signal with two questions. The number of questions within a given 
time period is the question frequency, q.f.   

                                                           
16 “Questions” are mentioned in the patent, but not how to locate them. The definition of the question frequency 
and the interpretation of “questions” are made by us. 
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Figure 1 Extreme values representing questions for either the lateral acceleration or the steering wheel torque.  
 
Answered question frequency17 
The number of questions answered either by the driver or by the truck within a given time 
period is the answered question frequency, measured in percent (see Equation 1 ).   
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Equation 1 Answered question frequency for a) the driver and b) the truck. 

 
The phenomenon with answered and not answered questions can also be illustrated as in the 
figure below. Figure 2 shows two, arbitrary and time dependent, signals with questions 
defined as above. The questions are mostly answered, as can been seen in the figure. Only one 
question is unanswered. 
 

 
Figure 2 Answered questions and not answered questions. 

 
Varieties in amplitudes 
The variation in amplitudes, Av, is calculated as the differences between the critical points, 
see Figure 3, which shows an arbitrary time dependent signal. (Eriksson, 2005) 

                                                           
17 The patent method describes answered and not answered questions, but does not give the formula for how to 
calculate it, meaning it is our method.  
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Figure 3 Variation in amplitudes as for an arbitrary time dependent signal. 

A mean value of the varieties in amplitudes will be calculated over a given period of time (for 
instance, ten seconds) for both the lateral acceleration and the steering wheel torque. 
(Eriksson, 2005) 
 
Normal amplitude 
The normal amplitude18 is calculated as a mean value of the variation in amplitudes over a 
given period of time, both for the lateral acceleration and the steering wheel torque. The 
normal amplitude is used for normalization19 of a signal. 
 
Reaction time 
The reaction time is the time needed for either the vehicle or for the driver to respond to a 
question. The signals from the lateral acceleration (the truck’s signal) and the steering wheel 
torque (the driver’s signal) are being filtered20 in order to clear them from noise and 
normalized to make them comparable.  
 
Figure 4 shows the lateral acceleration signal and the steering wheel torque signal printed in 
the same diagram. The reaction time is calculated as the difference, in seconds, between an 
extreme value for one signal and the consecutive extreme value for the other signal.21 This 
reaction time is approximately 0.1 second. The reaction time can either be calculated for the 
truck or for the driver and could either be a momentary mode or a mean value over a given 
time. Figure 4 shows how the reaction time for the truck is calculated. The driver’s reaction 
time, relevant for the patent, is to be considered as the time it takes for a subconscious reflex 
to appear. For the truck the reaction time is depending on the trucks manoeuvring system.  
 

                                                           
18 The concept of “normal amplitude” is defined by us. 
19 Normalization of a signal is a kind of amplitude scaling (see appendix A – Terms and Definitions – amplitude 
scaling) where a signal is divided by its normal amplitude in order to get comparable with other signals. After 
the normalization the signal is measured in percent. 
20 Filter is described in chapter 5.2.1 – Filter 
21 Reaction time can be calculated in different ways. The patent describes a method that detects the signals 
positive and negative flanks.  The time between a steering wheel torque signal flank and a lateral acceleration 
consecutive flank is used to estimate the reaction time. The method of using the time extreme values, instead of 
the flanks, is our own procedure. 

Av 
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Figure 4 The reaction time between the steering wheel torque and the lateral acceleration. 

 
Reaction spectrum 
The reaction spectrum is the relationship between the presences of different reaction times. 
The reaction times are divided in several time intervals.22 The intervals can be visualized as 
staples in a staple diagram, in which the different reaction times have been summed over a 
given time. Figure 5 shows an example of a reaction spectrum, where the reaction times have 
been divided into several time intervals. In this example of a reaction spectrum the most 
occurring reaction time, for this driver and this test, is between 0.6 and 0.7 seconds. 
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Figure 5 Reaction spectrum, which shows the most frequent reaction times. 

 
Degree of interaction 
The degree of interaction shows how well the driver and the truck interact with each other. A 
high degree of interaction indicates an alert driver with high vehicle control, and a low degree 
of interaction indicates a sleepy, fatigued, drunken or distracted driver with low vehicle 
control. The degree of interaction is closely connected to the driver’s experience, skill and 
overall psychical and physical condition together with the capacity of the truck’s 
manoeuvring system. 
 
The lateral acceleration and the steering wheel torque are being normalized and filtered in 
order to clear the signals from noise and to make them comparable. One of the curves will be 

                                                           
22 The patent recommends five time intervals. In this project is the number of intervals increased.   
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delayed23 to compensate for either the vehicle’s or the driver’s reaction time. The degree of 
interaction is calculated as inverse absolute values of the difference between the integrated 
lateral acceleration and the integrated steering wheel torque, shown in the formula24 in 
Equation 2. 
 
 
 
 
 

 
The degree of interaction is illustrated in Figure 6. The curves represent the steering wheel 
torque and the lateral acceleration when they are normalized and filtered. One curve is 
delayed according to what is said above.  

 
Figure 6  Degree of interaction. 

fa is the signal from the steering wheel torque. 
           fb is the signal from the lateral acceleration. 

 
Interaction spectra 
The interaction spectrum shows the relationship between the presences of different degree of 
interaction. The different degrees of interactions are divided into several intervals.25 The 
intervals can be visualized as staples in a histogram, in which the different degrees of 
interaction, expressed as a percentage of its presences, have been summed over a given 
interval. The interaction spectra can be used to point out differences between an alert and a 
sleepy driver. Figure 5 shows an example of an interaction spectrum where the degrees of 
interactions have been divided into several time intervals. This example of an interaction 
spectrum shows that about 25 % of the degree of interaction is in the interval 11-14 when the 
driver is sleepy. 25% of the degree of interaction occurs in the interval 14 -17 when the driver 
is alert. 

                                                           
23 Time delay of the signal is a kind of shifting (see appendix A – Terms and Definitions - shifting), where the 
signal is delayed with a certain reaction time. The reaction time used for the time delay is calculated as a mean 
value over a given period of time. (Source: Authors of this report) 
24 According to the patent equals the degree of interaction ∫∫ − ba ff . Explanations for changing the formula 

are discussed in chapter 10.3 – Background of the patent. 
25 The patent method recommends five time intervals. In this project is the number of intervals increased. The 
intervals have no units and are to consider as a unique measure of the degree of interaction.  
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Figure 7 The interaction spectra show how the degree of interaction differs between an alert and a sleepy driver.  
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3.3 Interaction Scheme 
Figure 8 shows a block scheme of the interaction between the driver and the vehicle.  
 
Electric nerve impulses in the brain are transformed into power in the arms and are then 
transferred to the steering devise. The manoeuvring system of the vehicle transfers the power 
via the servo-unit to the wheels. The received movement of the vehicle transmits via the seat 
and the driver perceives the movement via proprioception and the vestibular organs of the 
inner ear, which control the balance. The driver is at the same time able to register the 
movement of the vehicle visually.  
 
The feedback from the driver’s proprioception and vestibular organs has a frequency range 
from 0.3 up to 4.0 Hz. The visual feedback has a frequency range between 0 – 1.0 Hz. The 
driver usually perceives some of the movement of the vehicle from the steering devise 
through power from the steering wheels. The surrounding together with the road affects the 
system from outside. (Eriksson, 2005; Björkman 2005) 
 

 
Figure 8 Interaction Scheme for the interaction between the driver and the vehicle (Eriksson, 2005; Björkman, 
2005) 

The steering wheel torque signal on the steering devise caused by the driver is readable on a 
strain gauge26, which is placed on the steering column. The signal of the lateral acceleration is 
readable with an accelerometer. This sensor should preferably be placed low and in the front 
of the vehicle. (ibid.) 

                                                           
26 See strain gauge in appendix A – Terms and Definitions – Strain gauge 
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3.4 Flowchart 
Figure 9 is a flowchart that is given in the patent and shows signal procedures and how 
parameters are extracted from sensors. The signal from the steering wheel torque (1)27  and 
the signal from the lateral acceleration of the vehicle (2) are normalized and filtrated through 
a band pass filter (3) with a switching frequency in a range of 0.3 – 5.0 Hz. The signal from 
the lateral acceleration (2) is delayed through a link (6) with either a fix or momentary 
reaction time of the driver. (Eriksson, 2005) 
 

 
Figure 9 Flowchart that shows the signal procedures and how the parameters are extracted from sensors. 
(Eriksson, 2005) 

The degree of interaction (9) and the variation in amplitudes (10) are then calculated (5). By 
detection of each signals flank (7) is the reaction time is possible to estimate as the time 
between two flanks. The reaction times are divided (8) into at least two time intervals. These 
are then brought together in a reaction time spectrum (12 a-d). Finally, the question frequency 
(13a) and the answered question frequency (13b) are estimated. According to the patent 
algorithm these six parameters can be used when to assess drivers’ level of vehicle control.28 
(ibid.)  
 

                                                           
27 There are benefits by looking at the steering wheel torque instead of the steering wheel angle. By looking at 
the torque it is possible to measure the interaction that takes place when the steering wheel is still only because 
the driver holds it up. 
28 For definitions of the terms see chapter 3.2 – Patent Terms. 
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4 Theoretical Frame of Reference 
The theoretical frame of reference comprises information needed for the realization of this 
project. The selection of what is included in this chapter is a deliberate choice and will act as a 
depot for this report.  

4.1 Human Conditions  
This chapter describes tiredness, fatigue, exhaustion, drowsiness, sleepiness, inattention, 
distraction and drug influence, which are all human conditions that have similar effects on the 
driving behaviour. Those are defined in order to create a deeper understanding of different 
conditions that can result in changed driving behaviour. These conditions can be defined 
differently by different sources. The definitions of the terms are in this report are strongly 
simplified. How the terms are defined here holds for this report. The conditions have often 
been used without explicit definition, the implicit assumption being that there is a universal 
understanding of the terms. One reason why the conditions have resisted a highly specific 
definition might be reflected in individual and environmental differences together with 
difficulties to find their onsets and offset. The distinction between some conditions was 
discussed to create a platform when choosing which condition we where going to focus at.  
 
Tiredness, fatigue, exhaustion 
Tiredness29, fatigue30, exhaustion31 are long-term human conditions caused by mental or 
physical activity.  
 

Fatigue is a feeling of excessive tiredness or lethargy and is typically the result of hard 
working, mental stress, jet lag or active recreation. Fatigue can also be caused of boredom, 
disease or simply lack of sleep. It may have chemical causes, such as poisoning and mineral 
                                                           
29 Swedish: trötthet 
30 Swedish: trötthet, utmattning 
31 Swedish: utmattning 

Table 2 Definitions of and synonyms for tiredness, fatigue, exhaustion. 

 
Tiredness 
Synonyms: Fatigue and weariness (Dictionary.com, 2005)  

 
Definition:   “Temporary loss of strength and energy resulting from hard physical or mental work.”  

(Reference.com, 2005) 
Fatigue 
Synonyms:  Brain fag, burnout, debility, dullness, enervation, ennui, exhaustion, faintness, fatigation, 

feebleness, heaviness, languor, lassitude, lethargy, listlessness, overtiredness, weakness, 
weariness (Thesaurus.com, 2005) 

  
Definition :  “That state, following a period of mental or bodily activity, characterised by a lessened 

capacity for work and reduced efficiency of accomplishment, usually accompanied by a 
feeling of weariness, sleepiness, or irritability.” 

                             (Medical Dictionary, 1998) 
Exhaustion 
Synonyms: Burnout, collapse, consumption, debilitation, debility, enervation, expenditure, fatigue, 

feebleness, lassitude, prostration, weariness (Thesaurus.com, 2005) 
 

Definition:  “The state of being exhausted or emptied; the state of being deprived of strength or 
spirits.” (Medical Dictionary, 1998) 
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or vitamin deficiencies. If excessive fatigue occurs over a prolonged period, exhaustion may 
result. Tiredness can accordingly be looked upon as a state prior fatigue, as fatigue can be 
looked upon as a state prior exhaustion. (Reference.com, 2005; The Columbia Encyclopedia, 
2003) 
 
Drowsiness and sleepiness 
Drowsiness32 and sleepiness33 are transitional states, which are the links between sleep and 
wakefulness. They are long-term human conditions, but are unlike tiredness, fatigue and 
exhaustion not caused by any activity. 
 
 

Drowsiness34 
Synonyms: Sleepiness, somnolence (Dictionary.com, 2005) 

 
Definition: “A state of impaired awareness associated with a desire or inclination to sleep. “ 

                            (Medical Dictionary, 1998) 
Sleepiness 
Synonyms: Drowsiness, somnolence (Dictionary.com, 2005) 

 
Definition:  “Difficulties in maintaining the wakeful state so that the individual falls asleep if not 

actively kept aroused;  not simply a feeling of physical tiredness or listlessness.” 
                             (Sleep Terms, Definitions and Abbreviations, 1995-2004) 
 

Table 3 Definitions of and synonyms for drowsiness and sleepiness. 
Sleepiness and drowsiness characterize varying degrees of conditions associated with the 
approach of sleep. The difference between drowsiness and sleepiness is; while sleepiness is 
inducing to sleep, drowsiness is inducing to sleepiness. Drowsiness can accordingly be looked 
upon as the state prior to or a precursor to sleepiness. Sleepiness can also be used as a medical 
term for unnatural drowsiness (Medical Dictionary, 2005; Dictionary.com, 2005; Pivik, 1991) 
 
Inattention and distraction 
Inattention35 and distraction36 are usually short-term conditions. 
 

 
Inattention 
Synonyms: Negligence 
Definition: “Lack of attention, notice, or regard.”  (Medical Dictionary, 1998) 
 
Distraction 
Synonyms: Interruption 
Definition:  “Distraction is a condition or state of mind in which the attention is diverted from an 

original focus or interest.” (Medical Dictionary, 1998) 

Table 4 Definitions of and synonyms for inattention and distraction. 

Inattention and distraction are states of mind with an inability to keep the original focus.    
The presence of a triggering event distinguishes a distracted person from one who is simply 

                                                           
32 Swedish: sömnighet, dåsighet 
33 Swedish: sömnighet 
34 Swedish: sömnighet, dåsighet 
35 Swedish: ouppmärksamhet 
36 Swedish: distraktion 
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inattentive or ‘lost in thought’. Inattention can results from drowsiness or distraction. (Cyber 
drive Illinois, 2005) 
 
Driver distraction is one form of inattention and occurs when a driver is delayed in the 
recognition of information needed to safely accomplish the driving task, because something 
within or outside the vehicle draws his/her attention away from driving. Several in-vehicle 
devices and activities appear to have the potential to distract the driver and significantly 
impair their driving performance and safety. How much the distraction compromises the 
safety is dependent on the frequency with which the driver is exposed to the source of 
distraction in question. (Cyber drive Illinois, 2005; Young et al., 2003) 
 
Drug influence 
A general opinion is that drugs are the same as narcotic, but drugs should also include slightly intoxicating 
substances like caffeine and nicotine. To be classified as a drug, the substance should be poisonous, addictive 
and intoxicating (PerBos Farmacihistoriska Sidor, 2000).  Someone who is drug influenced is 
consequently someone who is under the influence of any substance that is poisonous, 
addictive and intoxicating. 
 
Drugs in combination with driving may have impact both direct, when consuming them and 
indirect by means of abstinence. Illicit drugs can affect the driving ability by causing impaired 
coordination, muscle weakness, impaired reaction time, poor vision, an inability to judge 
distance and speed, and distortions of time, place and space. But also legal drugs have impact 
on the driving behaviour. Drugs like caffeine and nicotine increase the heart frequency and 
are alerting whereas e.g. alcohol has a relaxing effect. When abstinence from addictive drug 
like nicotine, alcohol and caffeine it is possible to feel an irresistibly drawn to these drugs, 
together with various physically symptoms as shaky hands, illness, tiredness or irritation 
(Arrive alive 2002, Road safety, 2005) 

4.2 Driving Behaviour 
It is commonly understood that individual differences play a significant role in safe driving 
performance. Some individuals are more likely to exhibit safe driving behaviour than others. 
In a review of existing relevant literature made by Lancaster and Ward (2002) are some 
general conclusions made. The experience matters: It is demonstrated that younger drivers are 
a greater risk than older drivers. There is a decreased risk of accidents involvement with 
experience, although this tended to even out after eight years of experience. Practical 
observations and analysis of accidents implies that inexperienced drivers tend to over-steer in 
event of accidents (Dinges, 1995).37 There are also some gender differences according to 
Dinges. Men are more likely to be involved in an accident than women are and also the nature 
of accidents experienced by men and women are different.   
 
There are also differences within the same ‘group’ of individuals.  In a study that compares 
the driving behaviour between different professional truck drivers is Ling (2005) looking at 
the steering wheel angle and the steering frequency. He found that the difference for angel is 
not that large between different drivers, but the frequency can differ considerably. Low 
steering frequency is not necessary a measure of a bad driver and poor vehicle control. It is 
simply just a different driving style. 

                                                           
37 This reaction can also be observed in case of drunk drivers etc. (Dinges, 1995) 
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4.3 The Sense of Balance 
Balance and postural control are requirements for human function and movement and are, by 
that, important when controlling a vehicle. 
 
Information from three reception organs; vestibular, eyesight and proprioception, are 
intergraded in the central nervous system and results in body movements. While the vestibular 
system registers our movements, the visual system registers the movement and position of the 
body in relation to the surrounding. To perform its task, visual perception takes into account 
not only patterns of illumination on the retina, but also our other senses and our past 
experience. The proprioceptive receptors deliver information about the movement and 
position of parts of the body, relative to other neighbouring parts of the body. (Ledin & 
Kammarlind, 2003; Wikipedia, 2005a) 
 
Reduced, lost or disturbed function in one or several parts of the balance system can be 
caused by aging among with a number of different diseases and damages and could lead to 
disturbed balance function and illusions of movements, dizziness. Studies made by 
Radovanoviv (2002) revealed that disturbances in the proprioceptions, like tiredness and 
vibration, affect the inflow of nerve signals to the brain and change the brain’s activity 
pattern. That leads to difficulties to accomplish both fast and slow movements. Also an inner 
ear infection might impact the sense of balance and an infected person would be able to walk 
only by using the person’s sense of sight to maintain balance; the person would be unable to 
walk with his/her eyes closed. (Wikipedia, 2005a)  

4.4 Sleepiness Effect on Performance 
For driving, sleepiness is usually associated with a loss of vigilance. Human performance and 
vigilance is influenced by a sleep deprived persons ability to perform correctly. This chapter 
describes how performance in generally and driving ability in particularly impair with 
sleepiness.  
 
Even moderately sleepy persons can contribute to several traffic accidents. Performance 
concerning tasked based on vigilance declines with sleepiness. This includes increased 
periods of non-responding or delayed responding. If the processing and integrating of 
information takes longer time, and the accuracy of short-term memory decreases, the 
performance will decline. (Dinges, 1995) 
 
According to a study made by Haworth, Triggs and Grey (1988) at MUARC38 it is 
inadvisable to use a performance measure on a new task when to measure sleepiness. The 
study showed that subjects seem to be able to motivate themselves to mask the effects of 
sleepiness, resulting in an ability to gauge the true magnitude of impairment. Another problem 
with sleepiness and performance is that the alertness level often fluctuates during prolonged 
task performance. The performance valleys are followed by relative peaks, where the peaks 
show periods of normal performance (Knipling & Wierwilk, 1994). The most powerful 
determinant of decreased performance for a sleepy person, according to Dinges and Kribbs 
(1991), is the required task duration. The longer the task duration, the greater likelihood that 
the performance will show evidence of impairment early on during sleep deprivation.  

                                                           
38 MUARC – Monash University Accident Research Centre is a leading Australian injury prevention and control 
research institute. 
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4.4.1 Sleep Deprivation and Driving 
An early view of driver sleepiness was that sleepiness directly is related to the number of 
hours spent driving (Monk, 1991). Since then a large number of factors have been 
demonstrated to affect the development of sleepiness. These factors together with symptoms 
and preventions are described in this part.  
 
Circadian rhythm 
Circadian rhythm means an innate, daily, fluctuation of behavioural and physiological 
functions, which include sleeping and waking. The circadian rhythm is generally tied to the 
24 hour day-night cycle, but can sometimes be tied up to a different (e.g. 23 or 25 hour) 
periodicity when light/dark and other time cues are removed. (Sleep Terms, Definitions and 
Abbreviations, 1995-2004) 
 
The time of the day and the circadian rhythm are probably the strongest factors that affect the 
development of driver sleepiness. A major root of accidents caused by drowsy driving is night 
time driving. That is due to the fact that human has the lowest rate of wakefulness during 
night time together with the fact that night time driving often occurs after a long time of 
wakefulness. Early mornings and late evenings are twice as onerous for a driver than driving 
daytime. The biological clock regulates the human physiology in a continuous variation 
between high metabolism, during the day, and low metabolism during the night. By moving 
activity from day time to night time, the low metabolism impairs the human functions and the 
following day time sleep will be exposed and disturbed by the high metabolism. If a driver 
starts really early in the morning the driver combines the lowest level of metabolism during 
the circadian rhythm with a shortened night time sleep. (Knipling & Wierwille, 1994; 
Åkerstedt & Kecklund, 2003; Åkerstedt et al,. 2004) 
 
Sleeping disorder 
Sleep disorders include a range of problems from occasional snoring to narcolepsy that 
disturbs the normal sleep cycle and might in that way cause daytime sleepiness.  
 
Occasional snoring is usually not very serious, but the habitual snorer does not only disrupt 
the sleep patterns of those close to him, he also disturbs his own. Habitual snorers snore 
whenever they sleep and are often tired after a night of what seems like quality rest. Snoring 
together with a soar throat can be a symptom of obstructive sleep apnea, which is when a 
sleeping person’s breathing, is interrupted and disturbs the normal sleep cycle. A person with 
obstructive sleep apnea often does not remember any of this, but complains of excessive 
sleepiness during the day. Narcolepsy is another sleep disorder and is a neurological disorder 
that affects the control of sleep and wakefulness. People with narcolepsy experience excessive 
daytime sleepiness and intermittent, uncontrollable episodes of falling asleep during daytime. 
These sudden sleep attacks may occur during any type of activity, like driving a vehicle, at 
any time of the day. (WebMDHealth, 2004) 
 
Driving time 
According to Åkerstedt and Kecklund (2003), there are no convincing proofs whether the 
length of the driving time has any essential matter concerning the risk of accidents. The 
effects of long driving time is in regular a mix-up with other more powerful causes like sleep 
deprivation and night time driving. Nevertheless, the authors point out the possibility that long 
time driving indirect has considerably effects in terms of insufficient sleep. Adam-Guppy and 
Guppy (2003) hold a different point of view, in the report “Truck driver fatigue risk 
assessment and management: a multinational survey” several studies of time-to-task are 
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brought up, and their conclusion is that driving time, among other factors, has an impact on 
the sleepiness.   
 
Rest breaks and food 
It is quite likely that rest breaks do matter, even though what is happening during these breaks 
is probable of greater importance. Studies of rest breaks suggest that they are most beneficial 
when taken before the driver is very sleepy and they should contain food or caffeine. Food 
alone, without any rest breaks, appears to have some beneficial effects. It should be noted, 
however, that eating large meals, rather than snacks, can lead to an increase in sleepiness 
(Adams-Guppy & Guppy, 2003; Haworth, 1998; Åkerstedt & Kecklund, 2003) 
 
Environment 
The character of the road is of great importance. Haworth (1998), Knipling and Wierwille 
(1994) together with Åkerstedt and Kecklund (2003) agree that a broad, straight and low 
trafficked road leads to strong monotonous effects and increased risk of an accident. 
Sleepiness and fatigue related accidents are more common on rural highways than on urban 
roads and the risk is also more common when the driver is the only occupant in a vehicle 
(Knipling & Wierwille, 1994). Haworth (1998) considers the reasons for this might be that 
average trip length are likely to be longer on these roads, the speed is often higher and 
inattention and drowsiness are brought on by the constant speed and monotony. Other 
problems are that drivers tend to relax too much when driving towards the target of the drive. 
These factors and the improved driving comfort with automatic gear and speed control may 
possibly increase the risk of an accident.  
 
Symptoms of drowsy driving 
Most people do not intentionally drive when they are feeling sleepy. But, once behind the 
wheel, fatigue, lack of sleep or certain medications may take over. Many drivers are not good 
judges of their sleepiness (Stutt et al., 2001). Even if they are aware of their sleepiness, they 
are not always aware of the risk of falling asleep (Reyner and Horne, 1997).  
 
Since most cognitive tasks, excluding vigilance, are self-paced, reductions in speed are 
reported far more commonly than increases in errors as a function of sleep deprivation 
(Dinges and Kribbs, 1991). A decreased vigilance is associated with different states of the car 
mechanical fluctuation. A low level of vigilance gives risk to particular types of driving that 
need to be identified in terms of specific actions (e.g. steering wheel movements, lane 
keeping, speed variation) (Dinges, 1995). Studies made concerning changes in steering wheel 
activity associated with decreased alertness show that small magnitude steering wheel 
movements decreased in frequency, while large magnitude steering wheel movement increase 
in frequency with sleepiness level, that is, the frequency variance increases (Vincent et al., 
1998).  
 
Warning signs for drowsy driving brought up by Haworth and Heffernan (1989) and the 
Internet site Medicine.Net (2005) can be if the driver: 

• Cannot remember the last few miles he/she has driven  
• Zigzag driving, drifts from the lane or hit a rumble strip  
• Experiences wandering or disconnected thoughts.  
• Yawns repeatedly  
• Has difficulties focusing or keeping the eyes open  
• Tailgates  
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• Misses traffic signs  
• Has trouble keeping the head up  
• Keeps jerking the vehicle back into the lane 

Preventions of drowsy driving 
Some existing methods that can be used to prevent drowsy driving are shown in Table 5.  
   

 Prevent drowsy driving Prevent crashes Reduce crash severity 
Driver Education 

Good night sleep 
Limited driving during periods with low 
metabolism 
Naps 
Moderate caffeine consumption 
Rest breaks 
Snack consumption 

  

Vehicle Radio 
Cold air, ventilation  
Reduction of vibration 

LDWS 
Antilock brakes 

Seat belts 
Antilock brakes 
Airbag  

Environment Rest breaks Rumble strips Duplication 
Better shoulders 

Table 5 Classification of possible sleepiness countermeasures.  

(Sources: Adjusted table from Haworth, 1998; Åkerstedt & Kecklund, 2003) 

According to Haworth (1998) should education programs be education about the danger of 
sleepiness, convincing people that sleepiness is an important road safety issue and information 
about how to prevent drowsy driving. Adams-Guppy and Guppy (2003) recommends actions 
to counter the problems with sleepiness and truck drivers would involve improved awareness 
of sleepiness and fatigue signs and efforts to ensure that operating environments do not 
encourage driving while sleepy. Using breaks, cold air or radio gives only a short refreshing 
effect, while naps, caffeine, a good night sleep and avoiding driving during periods with low 
metabolism can be considered as most effective in the long run (Åkerstedt & Kecklund, 
2003). 
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5 Technical Frame of Reference  
This chapter presents and describes the test driving devices that will be used in this project in 
order to obtain necessary data to enable calculation of parameters, which are said to enable 
estimation of a truck driver’s sleepiness. The data obtained in the simulator and in the truck 
need to undergo processing. How the data (e.g. signals) can be described and how to process 
the data is also included in this chapter.   

5.1 Test Driving Devices  
In this project two different driving devices for data collection are used; one Scania truck and 
one simulator. 

5.1.1 Test Truck – R 470 
In this project tests will be implemented in a Scania truck R 470, Top line named Monika (see 
Figure 10). Monika is one of Scania’s laboratory trucks, which makes it possible to install 
extra sensors for measurements etc. The model designation, R 470 identifies a cab from the R-
series and with a 470 hp engine. Top line features a full standing height throughout the cab 
(Scania World, 2004a).  
 

  
Figure 10 Scania truck R 470 and dashboard (Source: Scania World, 2004a). 

 
The electrical system in most Scania trucks is based on CAN bus technology, meaning that all 
control units work together in a shared network. This makes it possible to control the 
vehicle’s computer systems optimally. (Scania World, 2004a)  
 
The test truck is tractor without the trailer (Figure 11). On the back of the tractor is a mass 
lumped of circa five tons on the back-rear. This makes the total mass approximately to six 
tons.    



 
 

__________________________________________________________________________________________ 
_      _ 38

 
Figure 11 Sketch of the test truck with lumped mass on the back-rear. 

5.1.2 Simulator  
In this project a full motion simulator will be used. A full motion simulator will imitate all 
aspects of the vehicle and its environment, including basic motions of the vehicle. These types 
of simulators can generate momentary jolts so that the occupants in the simulator can feel the 
road structure as they do in the real vehicle. As the motion of any simulator is far more 
restricted than that of a real vehicle, the motion system does not copy the motion and attitude 
of the vehicle. Instead, it gives “motion cues” to the driver, trying to deceive his/her senses 
and to make the driver feel realistic movements. In order to do that properly, knowledge of 
the human sense organs, particularly of the vestibular system, is extensively employed. This 
makes simulation a very knowledge-intensive area. (Wikipedia, 2005a) 
 
Simulator at VTI 
In this project a simulator at VTI39 in Linköping is used. VTI has two similar simulators, 
Simulator II and Simulator III. They are built around a real vehicle chassis and a sophisticated 
motion system simulating fast acceleration as well as vibration. The vibration system 
simulates the sensations the driver experiences from the contact between the road surface and 
the vehicle. This project uses Simulator II that has a truck cab40, Simulator III is a private car.  
 
The upper section of the simulator, which holds the chassis and the screen, can be turned 90 
degrees. This means that the linear motion simulates either lateral or longitudinal forces, 
relative to the vehicle’s direction of travel (see Figure 12).  
 

                                                           
39 VTI – ”Statens väg- och trafikforskningsinstitut”: Swedish Road and Transport Research Institute  
40 Simulator III has a chassis from a private car. 

Lumped mass
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Figure 12 Sketch of simulator III at VTI in Linköping41. (Source: VTI 2005-11-23) 

The surroundings are simulated and displayed to the driver via one main screen with 120 
degrees horizontal field of view, and three rear-view mirrors (see Figure 13). (VTI, 2005) 
 

 
Figure 13  Simulator II at VTI (VTI, 2005). 

The sound system generates noise and infrasound that resembles the internal environment in a 
modern truck.  
 
The switch panel consists, besides the same indicators that are used in regular trucks (i.e. 
watch, speedometer etc.), also of a microphone and two cameras. With the microphone and 
speakers in the simulator and the observation room it is possible to communicate with the 
driver from the observation room. It is possible to disconnect the microphone in the 
observation room, but the microphone in the simulator is always audible. The cameras make it 
possible to supervise the driver on a monitor placed in the observation room.  

5.1.3 Validation – Simulator versus Truck 
Nordmark and Åström (2001) have made a validation of a full motion simulator at VTI in 
Linköping compared with a real vehicle on a test track.42 The subjects drove along the same 
route with an instrumented car in real traffic and with the simulator. They found out that there 
are no significant differences in objective measures between the test track and the simulator, 

                                                           
41 Simulator II that is used in this project is constructed as Simulator III. 
42 The simulator used in this project belongs to VTI and are similar to the simulator in question. 

Observation room 
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but subjectively it was felt that the real vehicle was easier to manoeuvre. The most important 
differences (Hakamies-Blomqvist et al., 2001) were: 

• In the simulator the mean speed in 70 km/h sections was lower than in the real vehicle.  
• The test subjects drove further to the right on the carriageway in the simulator. 
• The variation in speed, lateral position and steering wheel movements was greater in 

the simulator than in the real vehicle. 
• The test subjects braked significantly more often and harder in the simulator than in 

the real vehicle. 
• Familiarisation effects such as higher speed and less variation in speed and lateral 

position occurred to a much greater degree in the simulator than in the real vehicle.  

All these differences were, however relatively small. On a tactical level, according to a 
research team at VTI (Hakamies-Blomqvist et al., 2001), therefore the absolute validity of the 
simulator is considered to be good. On the operative level, on the other hand, they think the 
simulation presumably was influenced by the fact that gravitational forces cannot be 
simulated in a realistic manner. In a study made by Nordmark and Åström (2001) it was 
evident that the test subjects did not receive the same immediate and well integrated multi 
sensory feedback that they receive in real traffic, and their driving style was consequently 
somewhat jerkier. They endeavoured to drive in the same way in the simulator as in real 
traffic, but could not achieve this with the same fine adjustments. The relative validity of the 
simulator for this group must be considered very high, according to the research team. 
Changes in the driving situation produced similar behavioural changes in real traffic and in 
the simulator. For instance, the test subjects endeavoured to alter their lateral position and 
speed in the simulator in the same direction and in the same order as in the real situation when 
faced with changes in road curvature and speed restrictions. An examination of individual 
differences between test subjects showed that the best validity was achieved with people who 
had been involved in few or no accidents or incidents and who had no difficulty driving in 
stressful situations. Validity was weaker for people who had experienced difficulties in 
driving. (Hakamies-Blomqvist et al., 2001) 
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5.2 Signal processing 
To be able to recognize and understand a signal it has to be classified and described. Signals 
can be described in many different ways. A signal can be amplitude contingent and/or time 
discrete. These different ways of describing a signal is relevant for this project and the two 
abovementioned terms are defined in Appendix A - Definitions and terms.  
 
When a signal has been classified it needs to undergo processing in order to reveal what is 
essential in the signal (i.e. to clear the signal from, for instance, noise). The signals in this 
project will be amplitude scaled, shifted and filtered. Amplitude scaling and shifting is 
described in Appendix A - Definitions and terms. There are several filters that can be used 
when filtering a signal; four of the most common band pass filters are presented in this 
chapter. 

5.2.1 Filter 
A filter is an object that, in some way, transforms an input signal, by eliminating not wanted 
frequency/frequencies (like noise or overtones), to an output signal. The function of a filter is 
to, for instance, free the signal from noise (Söderkvist, 1994). There are four classic different 
types of frequency selective filter; low pass filter, high pass filter, band pass filter and band 
exclusion filter (Söderkvist, 1994). Our project requires a band pass filter. 
 
A band pass filter allows signals within a certain frequency range, i.e. the pass band to pass, 
while signals with frequencies outside of the pass band, in i.e. the attenuation band, are 
eliminated. An ideal band pass filter is illustrated below. (Söderkvist, 1994) 

Figure 14 Ideal band pass filter. 

The band pass filter has a lower limiting frequency fa [Hz] and an upper limiting frequency fb 
[Hz] as well as the band width (fb- fa) [Hz] that represents the pass band. The inclination of 
the pass band determines how soon the filter will start to function.  

Suitable functions and characteristics for the filter behaviour depend on the signal that is to be 
filtered. Noise, sensitively, etc. must be considered when choosing a filter. Well known band 
pass filter are Butterworth-, Chebyshev- or Bessel filter (see Figure 15). (Söderkvist, 1994) 
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Figure 15 Frequency response electronic filters; Butterworth (A), Chebyshev type 1 (B), Chebyshev type 2 (C) 
and Bessel (D) (The Mathworks, 2005b). 

These filters can be used both with analogue or digital signals. The output is the same. The 
Butterworth filter (A) is maximally flat43 and is optimised to give a response with as little 
ripples44 as possible. The two Chebyshev filters (B, C) have an average behaviour, being quite 
sharp with ripples in part of the spectrum. The Bessel filter (D) is maximally flat in the entire 
pass band and does generally require a higher filter order than other filters for satisfactory 
stop band attenuation. All the plots have been obtained using the same parameters and the 
same number of coefficients, thus showing only the properties of the different filters. (The 
Mathworks, 2005b) 
 
The Butterworth is the only filter that maintains this same shape for higher orders but with a 
steeper decline in the stop band. Compared with a Chebyshev type 1 or type 2 filters the 
Butterworth filter has a slower roll-off, and thus will require a higher order to implement a 
particular stop band specification. However, Butterworth filter will have a more linear phase 
response in the pass band than the Chebyshev type 1 or type 2 filters. (Wikipedia, 2005a) 
 

                                                           
43 Maximally flat – minimum of ripples. 
44 Ripple - the alterning current component from a direct current power supply arising from sources within the 
power supply (Wikipedia,  2005b). 
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When viewed on a logarithmic Bode plot, the response slopes off linearly towards negative 
infinity. For a first-order filter, the response rolls off at −6 dB per octave (see Figure 16). All 
first-order filters, regardless of filter type, are actually identical and have consequently the 
same frequency response. For a second-order Butterworth filter, the response decreases at −12 
dB per octave, a third-order at −18 dB, and so on. (Wikipedia.2005a) 

 
Figure 16 Butterworth filter frequency response of several orders. Cut-off frequency is normalized to 1 rad/s. 
Gain is normalized to 0 dB in the pass band. (Wikipedia,  2005a) 
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6 Sleepiness Experiment in Simulator 
This chapter describes how the sleepiness experiments are performed in a simulator. The 
experiments are conducted in order to obtain data to enable calculation of variables which, 
according to the patent, can detect sleepiness. That implies measurement of certain variables, 
from now on called objective variables. Calculation of these variables gives the, from now on 
called transformed variables, which indicates sleepiness. To be able to compare the 
transformed variables with the subject’s sleepiness status, subjective assessments are carried 
out according to Karolinska Sleepiness Scale (see chapter 6.1.2 – Subjective Variables). 
 
The concept of the patent is meant to work continuously, in real time, in the truck. However, 
we have not calculated the transformed variables in real time. The transformed variables have 
been calculated first after obtaining the objective variables. How calculations and evaluations 
of the driver’s sleepiness can be done in real time is discussed in chapter 10.9 – 
Implementation. 
 
How the objective variables are acquired will be explained in this chapter. The experiments 
for data collection demands subjects and driving tasks (i.e. scenarios). Since this examination 
only should be looked upon as a explorative pilot study, the number of subjects is restricted. 
The driving tasks are executed in a simulator two times for each subject; one test when they 
are alert and one when they are sleep deprived. The simulator is necessary when to drive with 
sleep deprived subjects. Measurements are also conducted in a truck as a control of the 
simulator and to see if it is possible to make correct measurements of, especially, the steering 
wheel torque45. This validation experiment is described in chapter 7 – Validation Experiment 
in Truck. 

6.1 Variables Description  
The transformed variables46 use the objective variables as inputs when being calculated, see 
the figure below. The transformed variables are important when the conclusions of this 
project are drawn. The subjective variables will be used as a basis for comparison with the 
transformed variables.  
 
 
DEPENDENT VARIABLES 
(MEASURED) 
 
 
 
 
 
 

 
Figure 17 The figure shows how the objective and the subjective variables are used in order to calculate the 

transformed variables, in the sleepiness experiment. 

                                                           
45 Measurement equipment of the speed and the lateral acceleration are already installed in the truck and are 
approved through earlier tests. 
46 The transformed variables are described more closely in chapter 3.2 – Patent Terms 
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6.1.1 Subjective Variables 
Subjective variables will be received from sleepiness assessment according to the Karolinska 
Sleepiness Scale (KSS). The KSS is a commonly used tool to measure levels of sleepiness. 
The subject rates his/hers level of sleepiness according to a nine-point scale that ranges from 1 
to 9 and has following definition for every second point of the scale (Söderström et al., 2001). 
 
These assessments will be used  as indication 
of  a subject with low sleepiness status (alert): 

1 = Very alert. 
2 = 

  3 = Alert. 
These assessments will be used as indication 
of a subject with medium/normal sleepiness 
status: 

4 = 
5 = Neither alert nor sleepy. 

  6 = 
These assessments will be used as indication 
of a subject with high sleepiness status 
(sleepy): 

7 = Sleepy, but not strenuous to be awake. 
8 = 

  9 = Very sleepy, great effort to stay awake or fighting sleep. 

Table 6 KSS definitions. 

These subjective assessments will be used as the level of the subjects’ state of sleepiness and 
will work as a basis for comparison of the transformed variables.47  

6.1.2 Objective Variables 
The objective variables are listed in Table 7. The objective variable “speed of the truck” is 
measured because of its assumed effect on sleepiness and will be used when the result and 
conclusions of this entire project are made. The most interesting variables for this project are 
the steering wheel torque and the lateral acceleration. Those are the signals that are directly 
used when to calculate the transformed variables.  
 

Objective variables  Sample frequency Resolution 
Lateral acceleration of the truck 100 Hz 0.01 m/s2 

Steering wheel torque 100 Hz 0.1 Nm 
Speed of the truck 1 Hz 1 km/h 

Table 7 Objective variables obtained in simulator. 

Data logged in the simulator is time discrete and amplitude continuous48. The frequency is set 
to 100 Hz because of restriction of the sample frequency in the simulator (see 10.5.1 – 
Variables Description). Further limitation from the sampling in truck is described in chapter 
7.1.2 – Objective variables.  

6.1.3 Transformed Variables 
The transformed variables are listed in below and the variables will be calculated from the 
objective variables by using MATLAB/ Simulink49.   
 

• Reaction time (illustrated in reaction spectra) 
• Degree of interaction (partly illustrated in interaction spectra) 
• Question frequency and answered question frequency 
• Variation  in amplitudes 

 

                                                           
47 A KSS rating of 7 (“sleepy but not strenuous to be awake”) is accompanied by physiological signs of 
sleepiness, such as occasional slow eye movements and EEG (Mikael Sallinen et al., 2004) 
48 Amplitude continuous and Time discrete signals are described in appendix A – Terms and Definitions – 
Amplitude continuous/Time discrete. 
49 MATLAB/ Simulink - See appendix J – Hardware and Software. 
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6.2 Subjects 
To be able to accomplish the experiments (i.e. to obtain the objective variables and the 
subjective variables from alert and sleepy subjects with truck driving experience), subjects 
with driving licence for truck are needed. The subjects in our sleepiness tests are two male 
professional truck drivers, employees at Scania and paid for their participation. They are from 
now on named subject S1 and subject S2. 
 
The subjects are informed trough an inquire letter50 about the purpose of the tests. The letter 
describes the purpose only in general terms. They are not informed about the detection model 
behind the tests or which parameters that will be measured.  
 
In an information letter51, the subjects are required to follow restriction regarding sleep and 
partake of alcohol, caffeine or other sleepiness countermeasures during the test days. No naps 
are allowed prior the drowsy driving test and subjects are asked to abstain from other 
sleepiness countermeasures before the night time test. But, there are no particular restriction 
regarding tea or caffeine consumptions made before daytime driving. In both tests the subjects 
are asked to abstain from alcohol. The subject’s consumption of nicotine52 is not restricted but 
registered. 
 
Before taking part in the test the subjects are asked to fill out a questionnaire53. The purpose 
of the questionnaire is to make a survey about driving experience, sleepiness disorders and 
sleep patterns for the previous day and intake of caffeine and nicotine. The questionnaire’s 
first part, which concerns general personal questions, showed that the subjects were suitable 
for this project. They do not suffer from any sleeping disorder or from constant tiredness 
during daytime. Neither do they use any medication or drugs that influence their driving 
behaviour.  
 
They do not suffer from any simulator sickness (checked after a 10 minutes simulator 
familiarization test). 

6.3 Driving Task 
This experiment requires two types of test driving in a simulator: 
 

• Sleepiness experiment (Day time)  
The purpose with this test is to collect data from normal driving with an alert driver. 
This test consists of two hours driving from 10.00 am to 12.00 am.  

 
• Sleepiness experiment (Night time)  

The purpose with this test is to collect data from drowsy driving with a sleep deprived 
subject. The test consists of 4 hours driving from 10:00 pm to 02:00 am.  

 
The objective variables differ from vehicle to vehicle and data from normal driving in the 
simulator is needed as a comparison with the drowsy driving.  
 

                                                           
50 See appendix B – Inquire of Test Driver 
51 See appendix C – Information Letter 
52 Cigarettes, moist snuff etc. 
53 See appendix D – Questionnaire Formula  
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The Sleepiness experiments are implemented in a simulator at VTI54 in Linköping, named 
Simulator II55. The simulator scenario for the Sleepiness experiments is a monotonous 
highway with no traffic coming from either direction. The environment is flat rural landscape, 
day time, with fog present which results in a visibility reduced to approximately 150 metre.56 
 
The subject’s subjective sleepiness will be estimated repeatedly using the Karolinska 
Sleepiness Scale (KSS). The estimations are made both by the subject who answers orally and 
by the observation team57. The answers are registered by the observation team. 

6.4 Apparatus 
This chapter presents the apparatus necessary for obtaining the subjective variables, the 
objective variables and the transformed variables in the sleepiness experiment.  

6.4.1 Subjective Variables 
Subjective variables are obtained with help of KSS assessments. These assessments (i.e. the 
subjective variables) are conducted by both the observation team and the subject. The 
validation consisted both of noting the subject’s orally58 spoken self-rated sleepiness and to 
estimate the driver’s sleepiness status. 
   
Two video cameras were already installed in the simulator’s cab and they were continuously 
recording the face and position of the driver and they were synchronized with the 
corresponding road distance documented on DVDs. These are shown on a monitor in the 
observation room and are used as a tool for the observation team in order to estimate the 
driver’s sleepiness status. One example of the layout of these recordings is presented in 
appendix O – Test Recordings. 
 
The subjects are invited to evaluate their level of alertness through a question projected on the 
screen. The subjects have definitions for the Karolinska Sleepiness Scale’s located near the 
speedometer, within easy view. 

6.4.2 Objective Variables 
No particular installation of measuring equipment in the simulator was necessary for the 
current experiment. In the simulator is the objective variables registered via data signals, 
which is stored by VTI and given to us in a txt-file format.  
 
In the simulator different levels of disturbing lateral pulses could be added to imitate guest 
winds etc. In these sleepiness experiments level nine, in a one to ten, was chosen.    

6.4.3 Transformed Variables 
Models in Simulink/MATLAB were developed in order to compute these variables. Microsoft 
Excel has also been used to create some diagrams and to calculate certain values. 

                                                           
54 VTI – Statens väg- och trafikforskningsinstitut: Swedish Road and Transport Research Institute. 
55 For more information, see chapter 5.1.2  Simulator. 
56 More information about the simulator scenario is presented in appendix E – Hard Facts about Simulator II – 
Simulator Scenario. 
57 The observation team consisted of three persons, which observed the procedure in the simulator. 
58 Microphone and speaker are used for communication with the subjects. 
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6.5 Procedure 
The participants in the tests are listed in Appendix K – Test Participants. 
 
During the test the subjects were asked to observe the usual driving rules that are, among 
other things, to drive in the outer lane. The maximum speed of the truck in the simulator was 
set to 89 km/h and there was no cruise control installed in the simulator. 
 
The subjects were testing the simulator in 10 minutes to ensure absence of simulator sickness. 
During this test period the question Sömnig?59 was displayed every second minute on the 
screen. The subjects were requested to estimate their state of sleepiness, according to 
Karolinska sleepiness Scale (KSS), every time the question occurred. The question was orally 
answered by the subject and the answer was written down by a member of the observation 
team.  
 
After the test period the question interval was increased to be shown only every hour. The 
members of the observation team estimated, independently and without any discussion, the 
state of the subject’s sleepiness with the help of a monitor that showed the subjects face, 
sitting position and front view of the road. The assessment was done every fifteen minutes 
night time and every hour day time. The observation team evaluated the state of the subjects 
with help of the symptoms described in chapter 4.4.1 – Sleep Deprivation and Driving. After 
two hours of day time driving and four hours of night time driving, respectively, the subject 
was orally asked to stop the simulator and once again estimate his state of sleepiness. The 
subject was then directly after exiting the simulator asked about the test drive in a semi 
structured interviewed60.  

                                                           
59 Sleepy? 
60 Semi-structured interviews are conducted with a fairly open framework which allows focused and 
conversational two-way communication. 
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7 Validation Experiment in Truck 
This chapter describes how the validation experiment is performed in a truck. The purpose 
with this test is to collect data of the subject’s normal driving pattern in a truck. The test is 
also done in order to investigate if it is possible to obtain acceptable objective variables in a 
truck. Due to the fact that there is no existing equipment installed for measuring the steering 
wheel torque in the truck it is particularly important to find out if it is possible to measure the 
signal correct. 
 
This experiment implies measurement of the same objective variables as in the sleepiness 
tests and then calculation of these to receive the transformed variables. 

7.1 Variables Description  
The variables interesting in this experiment are the same objective variables and transformed 
variables described in chapter 6 – Sleepiness Experiment in Simulator (see chapter 6.1.3 – 
Transformed Variables). Subjective variables are not measured in the tests conducted in the 
truck.  
 
 The transformed variables61 use the objective variables as inputs when being calculated, 
which is demonstrated in Figure 18 below.  
 
 
DEPENDENT VARIABLES 
(MEASURED) 
 
 
 
 

Figure 18 Objective and transformed variables obtained from measurements in truck. 

7.1.1 Objective Variables 
The objective variables are in principle the same as in the sleepiness experiment conducted in 
the simulator (see Table 8). 
 

Objective variables  Sample frequency Resolution 
Lateral acceleration of the truck 100 Hz 0.01 m/s2 

Steering wheel torque 100 Hz 0.1 Nm 
Speed of the truck 1 Hz 1 km/h 

Table 8 Objective variables measured in the truck. 

Data logged in the truck is amplitude continuous and time discrete. The sample frequency of 
lateral acceleration is set to 100 Hz, which is the frequency of the corresponding CAN-
signals. The sample frequency for the steering wheel torque is also set to 100 Hz to be able to 
compare its signal with the abovementioned.  

                                                           
61 The transformed variables are described more closely in chapter 3.2 – Patent Terms. 

Transformed variables 
 

• Reaction spectra 
• Degree of interaction 
• Answered questions 
• Variation in amplitudes 

Objective variables 
• Steering wheel torque 
• Lateral acceleration  

Calculations
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7.1.2 Transformed Variables 
The transformed variables will be calculated from the objective variables by using MATLAB/ 
Simulink62 in the same way as in sleepiness experiment (see Chapter 6.1.3 – Transformed 
Variables). But, for the validation experiments, will the speed of the vehicle not be logged. 

7.2 Subjects 
To be able to accomplish the experiments (i.e. to obtain the objective variables and validate 
the truck and measuring method), subjects with driving license for truck are needed. The 
subjects in our validation test are two male employees at Scania and paid for their 
participation. The subjects are non-professional drivers and drive no more then 1,500 
kilometres/year. They are from now on called subject V1 and subject V2. 
 
The subjects are asked to fill out a questionnaire63 before taking part in the tests. The purpose 
of the questionnaire is to make a survey about driving experience, sleepiness disorders and 
sleep patterns for the previous day and intake of caffeine and nicotine. The questionnaire’s 
first part, which concerns general personal questions, showed that the subjects were suitable 
for this project. They do not suffer from any sleeping disorder or from constant tiredness 
during daytime. Neither do they use any medication or drugs that might influence their 
driving behaviour 

7.3 Driving Task 
This validation test is implemented in a Scania test truck (see Chapter 5.1.1 – Test Truck – R 
470). The scenario is a rural highway and the experiments will be executed in day time and 
the rush-hour traffic will be avoided.  Both tests are executed when the temperature is above 
zero and on dry roads.  
  
Two in-vehicle tests are to been performed, both on the highway (E4) from Södertälje to 
Vagnhärad and back. From Södertälje to Vagnhärad it is about 35 kilometres and the 
estimated time is 25 minutes one way.  
 
From now on the tests preformed from Södertälje to Vagnhärad will be named Validation 
Experiment A. The test preformed from Vagnhärad to Södertälje will be named Validation 
Experiment B. 

7.4 Apparatus 
This chapter presents the apparatus necessary for obtaining the objective variables and the 
transformed variables in the validation experiment.  

7.4.1 Objective Variables 
The measurement equipment for the lateral acceleration and the speed of the truck already 
exists in the truck and the variables can easily be obtained through the corresponding CAN-
signal. For the steering wheel torque some arrangement had to be done. Figure 19 shows a 
connection diagram for how the in-vehicle measurements were conducted. 
 

                                                           
62 MATLAB/ Simulink:  See appendix J – Hardware and Software. 
63 See appendix D – Questionnaire Formula.  
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Figure 19 Connection diagram for validation measurement in truck. 

 
The points below explain the method of measurement of the objective variables: 
 

• The steering wheel torque is measured by a strain gauge placed at the steering wheel 
column. To be able to measure the low tension summing from the strain gauge this 
arrangement, showed in Figure 19, had to be coupled together. 

  
1. The strain gauge measures the torque in the steering wheel column.64 
2. The coupling supplements the half bridge to a complete bridge, 
3. The bridge amplifier amplifies the signal 100 times. 
4. The SimSens65 transforms the strain into CAN-signals 

 
• The lateral acceleration is measured by an accelerometer placed in the back of the 

truck. 
 

All the objective variables are obtained through CAN-signals, with the help of the 
MicroAutoBox. In order to access the right CAN-signal in the accurate way, a model is 
developed in Matlab/Simulink. The implementation of the Matlab/Simulink model is done 
with the help of dSpace that include Control Desk and MicroAutoBox. How the model is 
implemented, is described in Figure 20 together with explanations of how the objective 
variables are obtained with the MicroAutoBox. The figure also provides explanations of how 
the MicroAutoBox and the software Control Desk communicate with each other in order to 
view and store the “objective variables”. 

                                                           
64 The strain gauge and how it is installed is more closely described in Appendix I – Installation of Measuring 
Equipment.  
65 The SimSen is commonly called IPE Tronic at Scania, RCIS.  

Strain 
gauge 

Coupling
 

Bridge 
amplifier

Sim Sens
 

Lateral 
acceleration 

Steering 
wheel torque 

Objective 
parameters 

Existing CAN 
signals 

Created measuring arrangement 

PC Micro-
AutoBox



 
 

__________________________________________________________________________________________ 
_      _ 54

 
Figure 20 Implementation model. 

Hardware and software needed for data collection, in addition to commonly used software and 
hardware (such as a PC with operating system Windows 2000), are listed in Table 9. 
 

Hardware  Software 

MicroAutoBox 1401/1501package 
Truck’s ECUs  
Sensors 

MATLAB/Simulink 
Texas Instrument Complier 
Control Desk 

Table 9  Hardware and software equipment used for measurement in truck. 

7.4.2 Transformed Variables 
The method for the transformation of the objective variables into the transformed variables is 
the same for both the truck and the simulator and is described in Chapter 6.4.2 – Transformed 
Variables. 

7.5 Procedure 
This chapter describes the test procedure for the validation experiment in the truck.  
 
The subjects are requested to drive as usually and to observe the usual driving rules. The 
maximum speed of the truck is 89 km/h and the cruise control is disconnected.66 The subjects 
are asked to drive to a destination and back. Collection of data is only made at the highway, 
where the speed was nearly constant.  
 
The procedure for each test is described in appendix H – Procedure in Truck and the 
participants for the tests are listed in Appendix K – Test Participants. 

                                                           
66 This is done to attain a similarity with the simulator that has no cruise control 
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8 Result from the Sleepiness Experiment in Simulator  
This chapter is divided into three major parts. The first part presents the result from the KKS 
ratings (i.e. the subjective variables). The second part presents the objective variables and 
explains how these variables are processed into usable variables to enable calculation into the 
transformed variables. The third part presents the transformed variables, which are used when 
the final conclusions about the entire project are drawn. The result from the interviews is 
presented in appendix N – Interview Results.  

8.1 Sleepiness Experiment - Subjective variables 
This chapter presents the results from the measurement of the subjective variables from the 
sleepiness experiment. The subjective variables are attained through assessments, done both 
by the subject and by the observation team. Diagrams in this chapter present the assessments.  
The subject’s ratings are viewed together with mean values of the observation team’s ratings. 
The observation team consisted of three observers. The variances of the observers’ ratings are 
showed in the diagrams. The variances also show how the observer’s ratings are weighted 
against each other. The assessment (KSS: 1-9) that received most “votes” is marked with a 
dot in the end of the variance bar.   
 
The correlation between the subjects’ assessments and the observation team’s assessments is 
higher for the sleepiness experiment conducted night time in the simulator. This statement is 
showed in this chapter. 
 
Sleepiness Experiment (Day time) – Subject S1 
The subject was, at the most, ranked as being sleepy, but not strenuous to be awake (KSS = 
7), both by the observation team and the subject himself. The correlation coefficient between 
the subject’s assessments and the observation team’s assessments in this test is 0.33.  
 

  
Figure 21 KSS ratings for subject S1, Sleepiness Experiment (Day time). 

 
Sleepiness Experiment (Day time) – Subject S2 
In this test the subject ranked himself as being very alert (KSS = 1) initially and then, finally 
in the end of the test, as alert (KSS = 3). The observation team assessed the subject’s 
sleepiness status with slightly higher KSS values in the beginning and in the end of the test, 
but lower in between. The correlation coefficient between the subject’s assessments and the 
observation team assessments, in this test, is 0.47.   
 

__ __ : Subject’s rating  
 
_____ : Observation team’s rating  as a mean 

value of all the observers’ ratings.  
 
         : Variance    
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Figure 22 KSS ratings for subject S2, Sleepiness Experiment (Day time). 

 
Sleepiness Experiment (Night time) – Subject S1 
Subject S1 ranked himself initially as being very alert (KSS = 1). At most subject S1 ranked 
him self as being very sleepy, great effort to stay awake or fighting sleep (KSS = 9).  The 
assessments from the observation team followed the subject’s own rating pretty well. The 
correlation coefficient between the subject’s assessments and the observation team’s 
assessments in this test is 0.93. Note that the subject became sleepier and sleepier, but in end 
of the test, he became less sleepy. 
 

 
Figure 23 KSS ratings for subject S1, Sleepiness Experiment (Night time). 

 
Sleepiness Experiment (Night time) – Subject S2 
Subject S2 ranked himself initially as being alert (KSS = 3). He got sleepier during the test 
and in the end of the test he ranked himself as very sleepy, great effort to stay awake or 
fighting sleep (KSS = 9). The observation team’s assessments of the subject’s sleepiness were 
almost without exceptions higher during the whole test. However, the correlation coefficient 
between the subject’s assessments and the observation team’s assessments, in this test, is 0.95. 

__ __ : Subject’s rating  
 
_____ : Observation team’s rating  as a mean 

value of all the observers’ ratings.  
 
          : Variance    

__ __ : Subject’s rating  
 
_____ : Observation team’s rating  as a mean 

value of all the observers’ ratings.  
 
          : Variance    
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Figure 24 KSS ratings for subject S2, Sleepiness Experiment (Night time). 

8.2 Sleepiness Experiment - Objective variables 
This chapter is divided into two parts. The objective variables are analysed in the first part. 
This part also discusses the frequency interval where the micro communication takes place. 
The second part of this chapter explains how the objective variables are being processed and 
presents the processed objective variables.    

8.2.1 Analyses of the Objective variables – Sleepiness Experiment  
This chapter include analyse of the objective variables; speed, lateral acceleration and steering 
wheel torque. 
 
Speed  
The figures below present the speed, logged in the simulator, and how the speed relates to the 
time. The left curves show the sleepiness experiment conducted day time and the right curves 
show the sleepiness experiment conducted night time. 
 

 
Figure 25 The curves show the velocity for subject S1. 

 

__ __ : Subject’s rating  
 
_____ : Observation team’s rating  as a mean 

value of all the observers’ ratings.  
 
          : Variance    
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Figure 26 The curves show the velocity for subject S2. 

 
Comment:  
Subject S1 drives with a varying speed throughout the entire tests, unlike subject S2 who 
drives with a more constant speed. The maximum speed in the simulator was 89 km/h.  
 
Lateral acceleration and Steering wheel torque 
Examples of lateral acceleration and steering wheel torque signals, logged in a simulator, are 
shown in the curves below and illustrate ten seconds of data. This particular test is from 
Sleepiness Experiment (Day time) – Subject S1. The left curve, the lateral acceleration, shows 
the digital signal from the simulator. The right curve, the steering wheel torque, illustrates the 
sampled analogue steering wheel torque in the simulator.67   
 
 

  
Figure 27 Typical behaviour for data collected in the simulator. 

 
Micro Communication 
Low frequent changes in the signals, with big and smooth appearance, are attributed to road 
changes (i.e. deliberate big turns). This has been verified by comparing the curves with the 
corresponding DVD recording from the tests. The big deflections take place in the magnitude 
of 0.02 to 0.10 Hz, approximately, for both the steering wheel torque and the lateral 
acceleration. The small deflections68 that appear in the curves can be recognized as the actual 
micro communication. This is also verified by comparison of the curves with the 
corresponding DVD. The small deflections (i.e. the micro communication) take place 
approximately in the magnitude of 0.25 to 6.0 Hz. The micro communication has, unlike the 
                                                           
67 The digital steering wheel torque has passed an A/D- transformer and is therefore analogue sampled. 
68 Due to the fact that the steering wheel torque is analogue logged in the simulator, there can be noise in this 
signal. It is important not to mistake the noise for being micro communication.  
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noise, a varying frequency and during micro communication the steering wheel torque follows 
the lateral acceleration. By excluding big deflections and noise it is possible to detect micro 
communication.  
 
The signals’ behaviour changes with the subjects’ level of sleepiness. The appearance of the 
micro communication may change slightly, but will still appear in the same frequency range. 
From now on the micro communication is said to take place in frequency range 0.25 to 6.0 
Hz. 

8.2.2 Processing of Objective variables – Sleepiness Experiment 
The lateral acceleration and the steering wheel torque need to be filtered and normalized69 in 
order to free the signals from interference frequencies and to make them comparable with 
each other.  
 
Normalization  
The normal amplitudes for the signals where calculated in MATLAB/Simulink as a mean 
value over the first ten minutes of data logged  are presented in Table 10 below. The normal 
amplitudes are used in order to normalize the curves.70  
 

Test Normal amplitude,  
lateral acceleration 

Normal amplitude,  
steering wheel torque 

Sleepiness Experiment (Day time) – Subject S1 0.07122 1.03 
Sleepiness Experiment (Night time) – Subject S1 0.06809  0.9313 
Sleepiness Experiment (Day time) – Subject S2 0.06089  0.6971  
Sleepiness Experiment (Night time) – Subject S2 0.06182  0.6186  

Table 10 Normal amplitudes for the tests conducted in the simulator 

Comment: Note that the normal amplitudes calculated for subject S1 is larger than the 
amplitudes calculated for subject S2. This implies that S1 steers with larger steering wheel 
movements.  
 
Filtering 
The purpose of the filter is to reduce noise and large deflections, but allows meaningful 
information to pass71. Meaningful information, in this context, is the micro communication 
with frequency range 0.25 to 6.0 Hz. The filter used for filtering the objective variables 
collected in the sleepiness experiment is a forth order Butterworth band pass filter, with cut 
off frequencies from 0.3 to 5.0 Hz.  

 
Because of the filter, a time delay is imposed on the signals. This time delay is small (ca 0.3 
seconds) and affects the lateral acceleration and the steering wheel torque in the same way 
and just as much. The figures in Appendix P – Band pass filter show examples of how the 
objective variables appearances have changed when the signals have passed the Butterworth 
band pass filter. 
 

                                                           
69 Normalization, see chapter A - Terms and definitions. 
70 For definitions of normal amplitudes de Chapter 3.2 – Patent terms. 
71 To be able to create a well functioning band pass filter, which reduce the noise and the large  deflections, the 
concept of “test and trial” has been introduced . Many different Butterworth band pass filters have been tested in 
order to find one filter that works satisfactory.  
For definitions of Butterworth band pass filter, see Chapter 4.2 – Technical frame of reference 
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Delay Times 
Delay times have been calculated and applied at the lateral acceleration signal as a 
compensation for the subject’s reaction time. The delay time, which is a median value of the 
reaction time72 over the first ten minutes, is calculated for each test and is presented in Table 
11. Note that the delay times are decreased in the night time driving.  
 

Test Delay time [s] 
Sleepiness Experiment (Day time) – Subject S1 0.78 
Sleepiness Experiment (Night time) – Subject S1 0.73 
Sleepiness Experiment (Day time) – Subject S2 0.73 
Sleepiness Experiment (Night time) – Subject S2 0.64 

Table 11 Delay times for the sleepiness experiment in the simulator. 

Figure 28 shows the data from the lateral acceleration and the steering wheel torque collected 
in Sleepiness Experiment (Day time) – Subject S1, when a delay time has been applied at the 
lateral acceleration signal. The signals have been normalized and filtered. The graph shows a 
time period of fifteen seconds. 
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Figure 28: The lateral acceleration and the steering wheel torque signals logged in Sleepiness Experiment (Day 

time), Subject S1. 

8.3 Sleepiness Experiment - Transformed variables 
The transformed variables are presented in this chapter. The conclusions of this project are 
mainly based on the transformed variables; Reaction spectra and the Degree of interaction 
spectra.73 The algorithms used for calculating the parameters have been discussed earlier in 
Chapter 3.2 – Patent Terms and will be discussed more closely in Chapter10 – Discussion.  

8.3.1 Reaction Spectra 
The reaction spectra, from the sleepiness experiment, are shown in Figure 29 and Figure 30. 
The figures illustrate how many reactions of the total number of reactions that occur within a 
certain reaction time interval. The spectra show that the most occurring reaction time for 
subject S1, in both tests, is between 0.6 - 0.7 seconds. The most occurring reaction time for 
subject S2 during the day time test is between 0.7 - 0.8 seconds and the most occurring 
reaction time for subject S2 during night time test is between 0.4 - 0.5 seconds. 
 

                                                           
72 How the delay reaction times are calculated is more closely described in Chapter 3.2 – Patent Terms. 
73 For definitions, see chapter 3.2 – Patent Terms. 
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Figure 29 Reaction spectra for subject S1. 
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Figure 30 Reaction spectra for subject S2. 

Comment:  
Note that the delay times (see Table 10) for the sleepiness experiment are of the same 
magnitude as the most repetitive value in the test’s corresponding reaction spectrum. That is, 
the delay time is almost equal to the most occurring value in the reaction spectra. 
 
Figure 31 and Figure 32 show two reaction spectra that illustrate how the reaction times differ 
between when the driver is alert (KSS: 1-3) and when he is sleepy (KSS: 7-9). He has 
estimated himself as being sleepy over a period of 30 minutes and as alert over another 30 
minutes. The reaction time values from these separate periods are used to create the reaction 
spectra. The reaction spectra in Figure 31 and Figure 32 show the number of reactions, 
measured in percent of the total amount of reactions when the driver is either alert or sleepy, 
within a certain reaction time interval. The most occurring reaction time for subject S1 in 
Sleepiness Experiment (Night time) is between 0.6 - 0.7 seconds when he is alert (KSS: 1-3) 
and between 0.7 - 0.8 seconds when he is sleepy (KSS: 7-9). The most occurring reaction time 
for subject S2 in Sleepiness Experiment (Night time) is between 0.5 - 0.6 seconds when he is 
alert (KSS: 1-3) and between 0.7 - 0.8 seconds when he is sleepy (KSS 7-9). 
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Figure 31 Distribution of reaction time for subject S1 during alert and sleepy conditions. 
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Figure 32  Distribution of reaction time for subject S1 during alert and sleepy conditions. 

 
Comments:  
The Reaction spectra in Figure 31 and Figure 32 indicate that the reaction time is increased 
when the driver is sleepy. 

8.3.2  Degree of Interaction 
One example of the appearance of the degree of interaction is shown in Figure 33. The figure 
illustrates how the degree of interaction relates to the time. The degree of interaction varies 
between 5 and 35. Note the degree of interaction is decreased with time on task. In the 
diagram below is the degree of interaction illustrated for Sleepiness Experiment (Night time) 
– Subject S1. The degree of interaction is calculated as a mean value over periods of ten 
seconds74 and has no defined unit. Appendix R – Degree of interaction present the degree of 
interaction for all tests.  
 

                                                           
74 The procedure for calculation of degree of interaction is described in Chapter 3.2 – Patent Terms. 
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Figure 33 Degree of interaction for Subject S1, Sleepiness Experiment (Night time). 

Degree of interaction spectra 
For the test conducted in the simulator we have, in the same manner as for the reaction 
spectra, made an interaction spectra (see 3.2 – Patent terms) that demonstrates the difference 
in the degree of interaction when the driver is sleepy or alert. The interaction spectra are made 
in periods of 30 minutes where the driver has estimated himself as being sleepy or alert, 
degree 1-3 respective 8-9 according to the KSS. Figure 34 shows that about 25 % of the 
degrees of interaction are between 14 and 17 when subject S1 is alert. Over 25% of the degree 
of interaction is between 11 and 14 when subject S2 is sleepy. Figure 35 that for subject S2 
are most occurring value (about 25%) for the degree of interaction between 14 and 20 when 
subject S2 is alert. The most occurring value (about 25%) is between 11 and 14 when the 
subject S2 is sleepy. 
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Figure 34: Interaction spectrum for sleepiness experiment conducted night time with subject S1. 
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Figure 35 Interaction spectrum for sleepiness experiment conducted night time with subject S2. 

Interaction spectrum - Sleepiness Experiment conducted night time with subject S1 
 

Interaction spectrum - Sleepiness Experiment conducted night time with subject S2 

    Degree of interaction, Sleepiness Experiment (Night time) - Subject S1 
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Comment:  
The degree of interaction spectra illustrates higher degree of interaction when the driver has 
estimated himself as being alert.  

8.3.3 Question Frequency 
The questions frequency was calculated every 10 seconds. Figure 36 illustrates how the 
number of question asked by the driver (the steering wheel torque) and the truck (the lateral 
acceleration) varies over time. The left diagram show sleepiness experiment (night time) for 
subject S1 and the right diagram show sleepiness experiment (night time) for subject S2. 
Subject S2 asked more questions than the truck did in the sleepiness experiment conducted 
night time. 
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Figure 36 The diagrams show questions asked by the truck and the subject. 

Table 12 and Table 13 present the numbers of questions asked by the subjects and by the 
truck in the sleepiness experiment. The numbers presented are present mean values of the 
number of asked questions during 30 minutes of alert driving and 30 minutes of sleepy 
driving, respectively.  
 

Sleepiness status No. question by the subject No. question by the simulator 
Alert  16 17,2 
Sleepy 15.6 16.2 

Table 12 Mean values of the number of question asked by the subject and the simulator in sleepiness experiment 
(night time) - Subject S1. 

 
Sleepiness status No. question by the subject No. question by the simulator  
Alert  13.9 17.5 
Sleepy 14.7 17.6 

Table 13 Mean values of the number of question asked by the subject and the simulator in sleepiness experiment 
(night time) - Subject S2. 

Comment: 
As can be seen in the tables above the number of questions asked by the simulator is slightly 
higher than the number asked by the subjects during the entire tests. However, there are no 
general differences between alert and sleepy driver. 
 
Answered Question Frequency 
The answered questions frequency represents questions answered by the subject. Mean values 
of answered questions frequency have been calculated over periods where the subject has 
estimated himself as being alert and in other periods where he has estimated himself as being 
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sleepy. Table 14 presents those mean values. The mean value of the number of questions 
answered is slightly increased when the driver is sleepy.  
 

Test No. questions answered by the subject  [%] 
 Subject S1 Subject S2 
Sleepiness experiment (alert subject) 94.2 

 
80.2 

 
Sleepiness experiment (sleepy subject)  99.4 

 
84.2 

 

Table 14 Number of questions answered by the subject during the sleepiness experiments. 

8.3.4 Variation in amplitudes 
Mean values of amplitudes (both for the amplitudes for the steering wheel torque and the 
lateral acceleration) have been calculated over periods where the subject has estimated 
himself as being alert and in other periods where he has estimated himself as being sleepy. 
Table 15 presents those mean values from the Validation Experiment in Truck. Both the 
steering wheel torque amplitude and the lateral acceleration amplitude are slightly increased 
when the driver is sleepy. 
 
Test Steering wheel torque Lateral acceleration 
 Alert  Sleepy Alert Sleepy 
Sleepiness experiment (night time) – subject S1  1.042 1.090 0.0806 0.1065 
Sleepiness experiment (night time) – subject S2 0.7152 0.790 0.0654 0.080 

Table 15 Mean values of the steering wheel torque and the lateral acceleration. 
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9 Result from the Validation Experiment in Simulator  
This chapter is divided into two major parts. The first part presents the objective variables, 
logged in the truck, and explains how these variables are processed into usable variables to 
enable calculation of the transformed variables. The second part presents the transformed 
variables, which are used as a platform for validation of the transformed variables from the 
sleepiness experiments. The result from the interviews is presented in appendix N – Interview 
Results.  

9.1 Validation Experiment - Objective variables 
This chapter is divided into two parts. The objective variables are analysed in the first part. 
This part does also discuss the micro communication frequency interval. The second part 
explains how the objective variables are being processed and presents the processed objective 
variables.    

9.1.1 Analyses of the Objective variables –Validation Experiment  
Three signals were measured in the validation experiment and their appearance will be 
described in this chapter.   
 
Lateral acceleration and Steering wheel torque 
The lateral acceleration and the steering wheel torque, from validation test with subject V1, 
are shown in Figure 37. These signals are non-manipulated and have not yet been filtered or 
normalized. The curves illustrate the lateral acceleration (left curve) and the steering wheel 
torque (right curve) for Validation Experiment (Day time) A – Subject V1, during ten seconds 
of data logged. 
 
 

  
Figure 37 Typical behaviour for data collected in a truck. 

The noise is, in contrast to the signals from the simulator, more clearly present in both the 
lateral acceleration and the steering wheel torque signals from the truck.  
 
Figure 38 shows a close up on noise from signals collected in truck, validation experiment A 
– subject V1. The left curve illustrate noise on the lateral acceleration and the right curve 
illustrate noise on the steering wheel torque. 
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Figure 38 The curves illustrate typical noise for in-vehicle collected data.  

 
The noise on the lateral acceleration signal and the steering wheel signal, showed above, take 
place in the magnitude of 20 to 50 Hz, but the interference frequencies in the signals appear in 
many different frequency ranges, including interference frequencies in the same range as for 
the micro communication.   
 
Comment:  
It is by that easy to mistake the noise for being micro communication and vice versa. 
 
Micro Communication 
The micro communication in the truck is set to appear in the same frequency interval 0.25 to 
6.0 Hz as in the simulator (see chapter 8.2.1 – Analyse of the Objective Variables – Sleepiness 
Experiment).  
 
Comment:  
As can be seen in Figure 37 and Figure 38 it is hard to tell what information that can be 
classified as micro communication, because of the noise that disturbs, especially the steering 
wheel torque signal logged in the truck. Thus, it is easier to investigate the signals from the 
simulator in order to tell in which frequency range the micro communication take place.  

9.1.2 Processing of Objective variables – Validation Experiment 
The objective variables needed to be filtered and normalized75 in order to free the signals from 
interference frequencies and to make them comparable with each other.  
 
Normalization  
The normal amplitudes for the signals where calculated in MATLAB/Simulink as a mean 
value over the first ten minutes and are presented in table below. The normal amplitudes are 
used in order to normalize the curves.76  

                                                           
75 Normalization, see Appendix A - Terms and Definitions. 
76 For definitions of normal amplitudes see Chapter 3.2 – Patent Terms. 
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Test Normal amplitude, lateral 

acceleration 
Normal amplitude, steering 
wheel torque 

Validation experiment A – subject V1(a) 0.1347 1.624 
Validation experiment B– subject V1(b) 0.1482 1.732 
Validation experiment A– subject V2(a) 0.1129 1.187 
Validation experiment B – subject V1(b) 0.1268 1.351 

Figure 39 Normal amplitudes for the tests conducted in the truck. 

Comment:  
Note that the normal amplitudes calculated in the truck are slightly larger than the normal 
amplitudes calculated in the simulator. This implies that driving in the truck required larger 
steering wheel movements than in the simulator.  
 
Filtering 
A forth order Butterworth band pass filter, with cut off frequencies between 0.3 Hz and 2.0 
Hz77 is used for filtering the data collected in the truck.  

 
Comment: 
Due to the fact that the behaviour from the data collected in the simulator is different from 
data collected in the truck, two different filters have been used.  
 
Time delays 
 Time delays have to be calculated and applied at the lateral acceleration signal as a 
compensation for the subject’s reaction time. The time delays, which are median values of the 
reaction times78 over the first ten minutes, are calculated for each test and presented in table 
below.  
 

Test Delay time [s] 
Validation experiment A – subject V1 0.57 
Validation experiment B – subject V1 0.54 
Validation experiment A – subject V2 0.44 
Validation experiment B – subject V1 0.50 

Table 16 Time delays for the tests conducted in the truck. 

Comment:  
Note that the time delays calculated in the truck are slightly smaller than the time delays 
calculated in the simulator. A mean value of the time delays for the sleepiness experiments in 
the simulator is 0.72 seconds and for the validation experiments in the truck is the mean value 
0.51 seconds. 
 
Figure 40 shows validation experiment A with subject V1 when a time delay has been applied 
at the signal from the lateral acceleration. The signals have been normalized and filtered. The 
dotted curve illustrates the steering wheel torque. The figure shows the first 20 seconds of 
logging, validation experiment A – subject V1. 

                                                           
77 Interference frequencies in the same frequency range as for the micro communication made us use tighter cut 
off frequencies.  
78 How the reaction times are calculated is more closely described in Chapter 3.2 – Patent terms. 
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Figure 40 Lateral acceleration has been delayed 0.54 seconds.  

9.2 Validation Experiment - Transformed variables 
The transformed variables from the validation experiment are presented in this chapter. The 
transformed variables from the validation experiment will mainly be used in order to compare 
the variables with the transformed variables from the sleepiness experiment.  

9.2.1 Reaction Spectra 
 The reaction spectra, from the validation experiments, are shown in Figure 41 and Figure 42. 
The figures illustrate how many reactions of the total number of reactions that occur within a 
certain reaction time interval. The distribution of reaction time for V1 is 0.60-0.65 seconds 
and for subject V2 is it 0.50 - 0.55 seconds. 
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Figure 41 Reaction spectra for subject V1. 

 

Reaction spectrum
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Reaction spectrum
Validation Experiment - subject V2(a)
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Figure 42 Reaction spectra for subject V1. 

Reaction spectrum 
Validation Experiment A – subject V1 

Reaction spectrum 
Validation Experiment B – subject V1 

Reaction spectrum 
Validation Experiment A – subject V2

Reaction spectrum 
Validation Experiment B – subject V2 
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9.2.2 Degree of Interaction 
One example of the appearance of the degree of interaction, from the validation experiment 
A, is shown in Figure 43. The figure illustrates how the degree of interaction relates to the 
time. In this case the does the degree of interaction varies between 5 and 35. The degree of 
interaction is calculated as a mean value over periods of ten seconds79 and has no defined unit. 
Appendix R – Degree of interaction present the degree of interaction for all tests. 
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Figure 43 The degree of interaction for validation experiment a – subject V1. 

Comment: 
One of the transformed variables, the degree of interaction from the simulator does not, to any 
appreciable extent, differ in behaviour compared to the signals from the truck. The degree of 
interaction in the truck is in the same interval as the degree of interaction for the simulator, 
i.e. between 5 and 35 (i.e. in the same interval as the degree of interaction for the sleepiness 
experiments from the simulator). 

9.2.3 Question Frequency 
The questions frequency was calculated every 10 seconds. Table 18 below shows how many 
number of questions that were asked by the subjects V1 and V2 in the validation experiment 
A. The table also shows how many questions that were raised by the truck. 

 
Test No. questions asked 

by the subject  
No. questions asked 
by the truck 

Validation experiment A – subject V1 24.3 29.6 
Validation experiment A – subject V2 28.0 31.6 

Table 17 The diagram shows the number of questions asked by the subject and the truck for validation 
experiment A. 

Comment: 
More questions were raised in the validation experiment, both by the subjects and the truck, 
compared to questions raised in the sleepiness experiment. Subject V2 seems to be asking 
more questions than subject V1 did.  
 
The numbers of questions asked by the truck and the subjects are also illustrated in the 
diagrams in Table 17 The diagram shows the number of questions asked by the subject and 
the truck for validation experiment A. 

                                                           
79 The procedure for calculation of degree of interaction is described in chapter 3.2 – Patent terms. 

Degree of interaction Validation Experiment A - Subject V1 
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 Figure 44 The diagrams show questions answered by the truck and subject V1 in validation 
experiment A – subject V1.  
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Figure 44 The diagrams show questions answered by the truck and subject V1 in validation experiment A – 

subject V1. 
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Figure 45 The diagrams show questions answered by the truck and subject V1 in validation experiment A – 

subject V2. 

Answered Question Frequency 
The subjects V1 and V2 answer approximately 80-90 % of the questions asked by the truck.  

9.2.4 Variation in amplitude 
The steering wheel torque amplitude and the lateral acceleration amplitude are larger in the 
validation experiments compared to the sleepiness experiments.  

Number of questions 
Validation experiment A – subject V1 

Number of questions 
Validation experiment A – subject V2 
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10 Discussion 
We have chosen to use a similar structure in the discussion as we have in the entire report. 
This chapter will illuminate and discuss important choices and results that are presented 
earlier in the report.  

10.1 Introduction 
In this report we are using the term sleepiness for the condition, which this project aims to 
examine and measure. Other conditions have been discussed; drugs, inattention, tiredness, 
fatigue, exhaustion and drowsiness. Those conditions can lead to a similar driving behaviour 
as sleepiness and are therefore important to discuss. But, we had to limit our assignment to 
investigating only one condition to be more lucid. 
 
Scania is not interested in investigating the driving behaviour of a drug influenced driver in 
this project. Drugs could confuse a sleepy driving behaviour with a drug influenced driving 
behaviour. That is why we tried to restrict the intake of e.g. caffeine in our experiments, 
especially in the sleepiness experiment in the simulator. Scania was neither interested in 
investigating inattention in this project.  
 
Drowsiness and sleepiness are unlike tiredness, fatigue and exhaustion not caused by any 
physical or mental activity, but they are only caused by loss of sleep. The amount of hours of 
sleep can be regulated and measured easier than hours of physical or mental activity. Mental 
activity such as stress or personal concerns can tire somebody out. This affects fatigue and 
exhaustion, but do not affect drowsiness or sleepiness. The mentioned mental activity is hard 
both to regulate and to measure.  
 
The difference between drowsiness and sleepiness is; while sleepiness is inducing to sleep, 
drowsiness is inducing to sleepiness. The purpose with this detection method is to warn the 
driver when he/she no longer is a suitable driver. Our opinion is that a driver is an unsuitable 
driver when he/she is inducing to sleep, not inducing to sleepiness.  
 
Even though we are investigating a sleepy driving behaviour it is important to be aware of the 
effects the other conditions can have on the driving behaviour and is therefore discussed in the 
theoretical frame of reference. We can not exclude that the driving pattern and its 
divergences, which we are measuring, are caused by tiredness, inattention etc. This is further 
discussed in the discussion about the results.  

10.2 Purpose and research Questions 
The assignment given to us from Scania CV AB was explicit. Our assignment was to examine 
a sleepiness detection method, not to develop one. Accordingly, the purpose, the objective and 
the research questions have been restricted. The fact that this project is a master thesis, with 
limited time, has forced us to make the limitation that we have set.   

10.3 Background of the Patent 
In the patent a method is described, which we have been using only partly in this project. We 
have further developed the parts in the method that we have found the most interesting and 
giving. Other parts of the patent method have, according to us, not as much validity when it 
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comes to detecting sleepiness. We have kept the basic thoughts behind the patent method, but 
slightly modified them. 
 
Some of the terms described in Chapter 3.2 – Patent Terms are not used in the original patent 
method and some of the terms described in the method have been modified. The new terms 
were created since we found them more informative; they showed a clearer difference 
between a sleepy driver and an alert driver than the original terms. 
 
When we were investigating the patent method questions were raised.  How can the frequency 
interval in which the micro communication takes place be determined? The reaction spectra 
seemed to be a good way to illustrate sleepiness. Why not use the same method to 
demonstrate the degree of interaction? The spectra could be modified to demonstrate the 
differences in reaction times and degrees of interactions when the drivers were sleepy versus 
alert. Some modified terms have a slightly modified procedure for their calculation (e.g. the 
reaction time, where we have chosen to measure the difference between to extreme values 
instead of measure the difference between the flanks in the curve which was the original). We 
have modified the procedure to attain a less complicated calculation program.     
 
The equation for the degree of interaction in the patent algorithm is, according to us, 
disagreeing with its definition. The definition implies that a high degree of interaction 
signifies a driver with high vehicle control and a low degree of interaction would signify a 
driver with low vehicle control, but the equation implied the opposite. The equation calculates 
the differences between the absolute values of the area of the signal from the lateral 
acceleration and the steering wheel torque. This implies, that even though the signals do not 
follow each other (which indicate a low degree of interaction), the calculation of the degree of 
interaction, with the formula described in the patent, could be low and would therefore 
indicate a high degree of interaction. This affected us to create a new equation for the degree 
of interaction that would be square with the definitions.80 
 
Chapter 1.3 – Background of the patent presents the reaction time, reaction spectra, questions 
frequency and variation of amplitudes as indicators for sleepiness. It is shown in the result 
that not all of these parameters demonstrated a sleepy driving behaviour, according to us.  
 
In chapter 3.4 – Flowchart a band pass filter is discussed for filtering the signals. This 
induced our choice of filter.  

10.4  Theoretical and Technical Frame of Reference 
The choice of theory in the theoretical and technical frame of reference was not a matter of 
course; it is a deliberate selection based on information needed for this report. 
 
Sleepiness and drowsy driving is today a burning issue and many studies have been conducted 
in the area and a large amount of literature about this has been written. Sleepiness is 
characterized by several vague suppositions and diffuse definitions. Several studies are 
executed concerning sleepiness and how it affects e.g. performance, but a bigger 
comprehensive picture was hard to find. It was by that difficult to obtain, for this report, 
useful information with an overall impression. 

                                                           

80 The degree of interaction is in this project calculated as: 
∫ ∫− ba ff

1
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10.5  Sleepiness Experiment in Simulator 
The sleepiness experiments were implemented in a simulator. This means that the subjects 
knew that the consequences of their driving errors could not affect their safety. However, it is 
not possible, from an ethical and safety standpoint, to put sleep deprived drivers in a real 
driving situation. In addition, simulators offer a number of advantages, as a better control of 
experimental parameters and the possibility of confronting the drivers with a monotonous and 
controlled driving task. 
 
We used VTI: s simulator in our experiments on account of that micro communication 
depends on the balance sense; vestibular, eyesight and propitiation. The simulator at VTI is a 
full motion simulator that activates all these senses. This simulator is also validated, which is 
described in chapter 5.1.3 – Validation – simulator versus truck. This chapter explains that 
there is no significant differences in objective measures between the tests conducted in a truck 
and tests conducted in a simulator, but subjectively it is felt that the real vehicle was easier to 
manoeuvre. Because of this, we found it very likely to attain reliable data from the simulator 
tests. 

10.5.1 Variables Description 
The variables necessary in this project were dived into three different variables; Subjective 
variables, objective variables and transformed variables. The measurements of the objective 
variables and the calculation of them into the transformed variables are executed in two 
separate steps. This procedure is necessary because of several different reasons. The most 
important reason is that this concept is new and it is, by that, difficult to predict the 
appearance of the objective signals. Some questions that have to be answered before 
conducting the transformations are: In which frequency range does the micro communication 
appear? Does disturbing noise occur? What filter can be used? Other reasons are; difficulties 
to decide onsets and offset values for sleepiness and to beforehand examine exactly how 
sleepy and normal driving behaviour differs. 
 
We have chosen to use a subjective rating scale as a measurement of the subjects’ sleepiness 
scale instead of, for instance, objective physiological methods. The reason for this is that 
sleepiness is an individual and diffuse feeling, were the subjective estimation is more 
interesting than physiological measurements. The KSS is a well-known and reliable method 
for sleepiness estimation. We are also using the KSS as an objective method when the 
observer team assess the subject’s sleepiness level. However, many drivers are not good 
judges of their sleepiness, according to chapter 4.4.1 – Sleep deprivation and driving – 
Symptoms of drowsy driving. That motivated us to create an observation team that objectively 
tried to assess the subject’s sleepiness status. Whether this functioned satisfactory or not is 
discussed in chapter 9.7.1 – Sleepiness experiment – Subjective variables.   
 
There are several different subjective sleepiness estimation scales, but most of them are not 
usable in purpose of this project. Several subjective estimation scales are used in more 
prolonged examinations, such as when to examine a person with sleepiness disorders. The 
KSS is more suitable for instantaneous assessments, as in our experiment. The KSS is 
commonly used in several studies and has been compared with physiological tests that show 
its reliability. 
 
The sample frequency for the objective variables was restricted both by VTI, with possible 
frequencies on 200, 100, 50 or 25 HZ, and by the truck with a frequency on 100 Hz as a 
maximum. To be on the safe side and to ensure the micro communication was registered, the 
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sample frequency was set to 100 Hz. With a frequency at 100 Hz the risk of missing 
important information, such as micro communication, is limited. 

10.5.2 Subjects 
We employed only two subjects in the sleepiness experiment. A larger number of subjects 
would have given more reliable data from the tests, but this project should be looked upon as 
an explorative pilot study. Despite that Scania were willing to dedicate more money for more 
subjects and more sleepiness experiments in the simulator; we did not have the time to 
conduct more tests. The sleepiness experiments were too time demanding. The meaning with 
this project is to investigate whether a subject’s sleepiness can be discovered with the patent 
method. To be able to set threshold values more subjects must be used, but even that would 
not give us any threshold values because those are individually determined. 
 
In the experiments conducted in the simulator the subjects are professional truck drivers. One 
reason for this is that, according to a validation study (see Chapter 5.1.3 Validation – 
Simulator versus Truck), the validity for the simulator at VTI is weaker for people who have 
experienced difficulties in driving.  
 
In the questionnaire were the subjects asked about their sleeping patterns, sleeping disorders 
and caffeine and nicotine consumption but their alcohol consummation the day before the test 
where not questioned since it can be looked upon as too personal information. However, the 
subjects were prohibited to consume alcohol the same day as the tests were conducted. The 
questions about their sleeping pattern etc. are important to ask since the purpose of the 
sleepiness experiment is to investigate differences in driving behaviour depending on 
sleepiness status. A person with disrupt sleepiness behaviour would not show usable 
behaviour. The subject’s consumption of nicotine is registered but not restricted. One of the 
subjects consumed moist snuff. As described in Chapter 4.1 Human conditions – drug 
influence nicotine increases the heart frequency and might have kept the driver alert. Though, 
the alternative would have been abstinence from not consuming nicotine. The physiological 
symptoms of abstinence could be shaky hands, illness, tiredness or irritation. It is more likely 
that these symptoms would disturb the driving behaviour than the nicotine, which the subject 
is used to.   
 
The subjects in the sleepiness experiment were not informed about the patent model behind 
the tests or which parameters that we were measuring. The subjects were neither informed 
about the video cameras in the simulator that were recording continuously. The cameras 
where discrete but visible, it was by that possible that the subject knew they were filmed. 
These things could have prompted an unnatural reaction if they knew. 

10.5.3 Driving task 
The sleepiness experiment was divided into two separate tests. In one test, conducted during 
day time, the subjects were meant to be alert and show a “normal” driving behaviour. The 
other test, conducted during night time, the subjects were meant to be sleep deprived and 
accordingly demonstrate a “sleepy” driving behaviour.   
 
The experiments were meant to be used in order to point out differences between night time 
driving and day time driving. We believed that the subjects are more likely to stay alert during 
day time driving. According to Pivik (see Chapter 4.4 – Sleepiness Effect on performance) 
driver sleepiness is directly related to the number of hours spent driving. Thus it is easy to 
believe that the night time driving, with four hours driving time, would indicate a sleepy 
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driving behaviour and that the day time driving, with only two hours driving time, would 
indicate a normal driving behaviour. Four hours driving time is also, approximately, the 
longest time a driver is allowed to drive without a break, according to Chapter 1.1.2 – Safe 
truck driving. Even Adam-Guppy and Guppy (Chapter 4.4 – Sleepiness Effect on 
performance) mean that the driving time, among other factors, has an impact on the 
sleepiness. But, according to Åkerstedt and Kecklund (Chapter 4.4 – Sleepiness Effect on 
performance), there are no convincing proofs whether the length of the driving time has any 
essential pertinence concerning the risk of accidents. The effects of long driving time is in 
regular a mix-up with other more powerful causes like sleep deprivation and night time 
driving. However, even though the hours spent driving is of no importance, our sleepiness 
experiments were conducted both night time and day time which, logically, would show 
differences in the subjects’ sleepiness status due to the differences in both the driving time 
and the point of time.  
 
Sleepiness experiment (Day time) pursued in two hours and Sleepiness experiment (Night 
time) in four hours. It is by that possible that the impairments of the driving performance are 
due to longer driving time and not to the actual time of the night or day. But, as said in 4.4.1 – 
Sleep Deprivation and driving, it is more likely indirect effects of the driving behaviour occur 
with time on task. Still, the one and the most important indirect factor of impairments of the 
driving performance is presumably increased level of sleepiness. 
 
In Chapter 4.4.1 – Sleep Deprivation and driving objects, that can prevent drowsy driving, are 
discussed. One example of a “drowsy driving prevention” is music (radio). Such objects could 
disturb the drowsiness as well as they can attract the attention. Attracting the attention can be 
one reason why the subject can stay awake longer. We wanted the driver to become sleepier 
and not be disturbed by objects that could attract the attention and therefore did the simulator 
have few distraction factors, i.e. no radio, no access to a cell phone etc. 
 
The character of the road is of great importance for the sleepiness (see chapter 4.4.1 – Sleep 
Deprivation and Driving) and therefore a “boring” road is chosen for the simulator 
experiments. The environment is flat rural landscape with no other traffic coming from either 
direction together with some fog that restricts the visual field. This involves a monotone 
milieu, which is optimised to increase the subject’s level of sleepiness.  

10.5.4 Apparatus 
Very little apparatus was needed to be installed by us before the sleepiness experiments in the 
simulator. The subjective and objective variables were therefore easily obtained for us. 
 
In the simulator different levels of disturbing lateral pulses could be added to imitate guest 
winds etc. In these sleepiness experiment level nine, in a one to ten, was chosen.    
 
The disturbing lateral pulses were set to nine to guarantee micro communication aroused from 
imitated quest winds, bumpiness in road structure etc. These pulses could however been 
slightly smaller (perhaps level five to six); the subjects experienced an unnatural jerkiness. 
  
VTI provided us with txt-files with the objective variables and the DVD-recordings, (the 
simulator not included).The DVD recordings made it easier to compare the road and the 
subject’s driving behaviour. We did not want the subjects to be aware of the cameras because 
that might made them change their driving behaviour. To be able to calculate the objective 
variables into the transformed variables MATLAB/ Simulink was used. Simulink was a very 
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helpful tool. The program made the programming easier, according to us, because the 
program makes use of a graphical interface.  

10.5.5 Procedure 
We let the subjects test the simulator ten minutes before the actual experiment took place. 
Thus, these precautions enabled us to detect potential simulator sickness at an early stage. 
Simultaneously the subjects were able to acclimatize to the appearances of the sleepiness 
question and to assess their state of drowsiness according to KSS. We believe that this was a 
good way to receive more reliable data. 
 
To minimize the disturbances from the projected sleepiness question, the question interval 
was, after the simulator testing period, increased to be shown only every hour during the 
experiment. The members in the observation team estimated, independently and without any 
discussion, the state of the driver. Since the observation team knew the subject’s previous 
answers, it is possible that they adjusted their assessments after the subject’s answers. The 
estimation interval for the observation team decreased in sleepiness experiment conducted 
night time. This is because of the assumption that the level of sleepiness would change more 
often during this test than in the sleepiness experiment conducted day time, when the subjects 
were supposed to be alert.  
 
It is, however, questionable how reliable these assessments are. The subjects were aware of 
that they were under sleep deprivation and this fact may have influenced their assessment of 
sleepiness. Furthermore, by asking the subjects to regularly estimate their degree of sleepiness 
their perception of sleepiness might be affected. 

10.6 Validation Experiment in Truck 
This validation experiment was implemented in a one of Scania’s test trucks. This made it 
possible to prepare the steering wheel column for the strain gauge.  
 
The test truck is a tractor without the trailer, which might affect the measured values of the 
lateral acceleration and the steering wheel torque. A tractor with a trailer is subjected to a 
larger air resistance. It is by that possible with larger changes in the lateral acceleration and 
the steering wheel torque. Tests with a trailer were not possible. It is against the law to drive 
with a trailer when using a test truck on public roads. 

10.6.1 Variables Description 
In this experiment were objective variables needed to be measured to enable calculation into 
the transformed variables. Subjective variables were not necessary for the validation 
experiment in truck; the validation experiment is only meant to be used to investigate whether 
it is possible to measure the objective variables and to transform these into the transformed 
variables. Furthermore, it is interesting to investigate how the variables differ from the 
variables attained from the simulator experiment. 
 
We have chosen to sample the objective variables in the truck with the same sampling 
frequency as we choose for the data collection of the objective variables in the simulator. By 
using the same sample frequency the comparison facilitated is and the same Simulink models 
can be used without any modifications. 
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10.6.2 Subjects 
We use two subjects for this test. This number is considered to be enough since it is only a 
validation experiment of whether it is possible to measure the objective variables. The 
meaning of the validation experiment in truck is to investigate whether it is possible to collect 
accurate data from the truck. In this test it is not as important as in the simulator test to have 
professional truck driver as subjects. The subjects’ driving experience (1.500 km/yr) is 
considered to be enough.  
 
The subjects in this experiment were asked to fill in the same questionnaire as the subject in 
the sleepiness experiment. The questions about their sleeping pattern etc. are just as important 
to ask before this experiment even though it is not a sleepiness experiment. The purpose with 
the test is to measure an assumed alert subject’s driving behaviour in a truck. A person with 
disrupt sleepiness behaviour would not show usable behaviour for us.  

10.6.3 Driving task 
The driving task in the validation experiment is considerably shorter than in the sleepiness 
experiment. Each test lasted only two times circa 25 minutes, which is considered to be 
enough for its purpose. The purpose of this experiment is rather to validate the method than to 
make a survey of the subjects driving behaviour. The measuring equipment can be verified 
much quicker than a complex human condition like sleepiness.   
 
The scenario and the environment are meant to be comparable with the environment in the 
simulator, with the exception of the traffic. It is not possible for us to regulate the traffic since 
we were executing the experiments on the high way. We have though avoided the rush-hour 
traffic. 

10.6.4 Apparatus 
No subjective variables were measured in the validation experiment since this the sleepiness 
status is not important in this test. 
 
In our experiment the accelerometer is placed in the back of the truck, which goes against 
what is said in the patent method that recommends the front of the vehicle as location. The 
front of the vehicle, near the driver, would be a more natural location for the gauge, but we 
have chosen to use the already installed accelerometer (accelerometers are installed in all two-
shaft trucks). That simplified our test and since the signals are acceptable this will also 
simplify implementation of this sleepiness detection in the future.  
 
The measurement of the steering wheel torque is executed with help of a strain gauge glued at 
the turned steering wheel column. The turned waist and the drilled holes are not to be 
considered as significant damage on the steering wheel column. The milled edges on the top 
of the column, were the steering wheel is fitted, is a weaker link and this area has not been 
impaired.  
 
The signal from the steering wheel torque consists of considerably more noise than the signal 
from the later acceleration. Some of the noise in the steering wheel signal may be eliminated 
with a more exact calibration of the measuring equipment. However, it is impossible to 
eliminate all noise since the truck consists of a big amount of electrical equipment, which is 
impossible to isolate completely.   
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The transformed variables are calculated in the same way, and with the same Simulink model, 
as the transformed variables in the sleepiness experiment. Though, another filter (will be 
discussed later) is used.  

10.6.5 Procedure 
Collection of data started when the truck had a nearly constant speed of 90 km/h at the 
highway, to exclude irrelevant data from the start and stop stretch. Each validation experiment 
with each subject was divided into two separate data loggings (A and B). That was necessary 
since the subjects drove towards a target and then had to turn back. We wanted to exclude the 
irrelevant data from the turn.  

10.7 Result from the Sleepiness Experiment in Simulator 
This chapter discusses the result from the sleepiness experiment.  

10.7.1 Sleepiness experiment – Subjective variables 
For one of the sleepiness experiment conducted day time the subject was sleepy, (KSS around 
7). That sleepiness experiments conducted day time did not show a normal driving behaviour. 
Two hours day time driving does not necessarily show an alert driver and a normal driving 
behaviour. The sleepiness experiments conducted night time showed both alert driving (KSS: 
1-3) and sleepy driving (KSS: 7-9). The sleepiness experiments conducted night time can be 
used for indicators of both an alert and a sleepy driver. We conclude that it is not necessary to 
conduct sleepiness experiments day time. 
 
The correlation between the observer team’s estimations and the subject’s estimation is 
considered to be high for the night time tests, which indicates a good validity for the 
assessments. On the other hand is the correlation between the observer team’s estimations and 
the subject’s estimation low for the day time tests. The night time experiments were executed 
after the day time experiments and, by that, could the observation team got better to see the 
subjects’ specific sleepiness signs. The observation team was also forced to have a better 
control over the subject’s sleepiness level since they had to asses it every fifteen minutes, 
instead of every hour as in the day time test. Sleepiness or wakefulness signs that were missed 
in the day time test could therefore be observed. The length of the test might have had some 
impact on the assessment and the correlation as well. A study explained in Chapter 4.4 – 
Sleepiness Effect on performance described that subjects seem to be able to motivate 
themselves to mask the effects of sleepiness, resulting in an ability to gauge the true 
magnitude of impairment. However, the subjects did not know that the observation team were 
constantly observing and assessing their sleepiness level. Thus they could have masked their 
own sleepiness assessments but the high correlation of the assessments in the night time 
sleepiness experiments showed the opposite. In the Chapter 4.4 – Sleepiness Effect on 
performance it is explained that the longer the task duration, the greater likelihood that the 
performance will show evidence of impairment early on during sleep deprivation. The level of 
sleepiness increased faster during the four hour night time tests compared to the two hour day 
time tests. This can be explained by the longer task duration, but it is more likely a 
consequence of circadian rhythm and sleep deprivation. The restricted intake of caffeine could 
also have an impact on the sleepiness level, among other factors.   
 
We found it easier to assess a higher a level of sleepiness (KSS: 7-9) than a lower level of 
sleepiness. This is due to that the symptoms and signs of a sleepy driver are easy to read such 
as yawing, slower eye closing. The behaviour of a very alert (KSS: 1) driver compared to 
with a driver who is neither alert nor sleepy (KSS: 5) is difficult to separate. Thus it was 
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easier to assess the sleepier subjects in the night time sleepiness experiments than it was to 
assess the more alert drivers in the day time sleepiness experiments. This can be used to 
explain the lower correlations in the day time tests.  

10.7.2 Sleepiness experiment – Objective variables 
This chapter will discuss the appearance and the processing of the objective variables 
obtained in the simulator. 
 
Analyses of the objective variables 
According to Dinges and Kribbs (see Chapter 4.4.1 – Sleep Deprivation and Driving) 
reductions in the speed are reported far more commonly than increases in errors as a function 
of sleep deprivation. This implies that it would not be strange if we saw signs of reductions in 
speed when the subject became sleepier. Subject S2 drove with reduced speed when he 
became sleepier. This phenomenon was also comment on by subject S1 in the interview after 
the tests, but it could not be seen in the corresponding speed curve. Subject S1’s speed curves 
did vary, but not with the subject’s level of sleepiness. We do not believe speed is a good 
indicator of the sleepiness status. In real traffic the environment and the often occurring cruise 
control regulate the speed, not the sleepiness. 
 
We identified the micro communication in frequency interval 0.25 to 6.0 Hz. Since the 
transformed variables depend on the micro communication it was important to find the right 
frequency interval for the micro communication. In this frequency interval neither large 
deflections nor noise occurs.  
 
Processing of the objective variables 
Normalization of the lateral acceleration and the steering wheel torque had to be done in order 
to make the signals comparable to each other.  
 
In chapter 3.4 – Flow chart is a band pass filter used for filtering the signals. It seemed to be 
the natural choice due to what is said in chapter 5.2.1 – Filter. We choose to use a 
Butterworth band pass filter because that filter is the band pass filter, examined by us, that is 
maximally flat and is optimised to give a respond with as little ripples as possible. We used a 
band pass filter with cut off frequency from 0.3 to 5.0 Hz. The micro communication takes 
place in frequency range 0.25 to 6.0 Hz. While using the mentioned filter some of the micro 
communication might be cut off, but rather that then not to filter noise and/ or other disturbing 
frequencies. 
 
The delay times are calculated as a mean value of the reaction times over the first ten minutes 
while the truck/simulator is rolling. The delay times were reasonably coincident with the most 
occurring reaction time in the corresponding reaction spectra. The reason for not using the 
most occurring reaction time as the delay time is due to the fact that this project is meant to 
function in real-time, while the driver is driving the truck. If the most occurring reaction time 
in the reaction spectrum was to use as the delay time, the patent method could only not be 
working real time due to that the reaction spectra have been created after the test and not in 
real-time.  
 
The steering wheel torque and the lateral acceleration are displaced relatively to each other. 
We want to know the driver’s reactions times relative the truck’s movements and not vice 
versa. Therefore the reaction times for the driver have been calculated, from normalized and 
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filtered signals. A delay time applied at the lateral acceleration functions as a phase 
displacement, which compensates for the driver’s reaction time. 

10.7.3 Sleepiness experiment –Transformed variables 
This chapter will discuss the transformed variables obtained from sleepiness experiments in 
the simulator. 
 
Reaction Spectra 
It has been previously discussed in chapter 10.1.1 - Sleepiness Experiment – Subjective 
variables that the sleepiness experiments conducted during night time included enough data to 
create the reaction spectra that show differences between an alert (KSS: 1-3) driver and a 
sleepy driver (KSS: 7-9). The sleepiness experiments conducted during day time did not 
contain enough data to create those diagrams. Another reason for using the sleepiness 
experiment conducted during night time, while creating those diagrams, is because the 
correlation between the observation team’s KSS assessments and the subject’s assessments 
were better.  
 
The subjects’ reaction time shows observable liaison with the subjects’ estimated sleepiness 
status when depicted in a reaction time spectra. The reaction time is increased when the driver 
is sleepy. We believe a reaction spectra could be used as one parameter when to detect 
sleepiness.  
 
Interaction spectra 
The degree of interaction shows some liaison with the subjects’ estimated sleepiness status 
when presented in a diagram. However it is more a distinct difference between a sleepy driver 
and an alert driver when the degrees of interaction are presented in an interaction spectrum. 
The degree of interaction is decreased when the driver is sleepy. We believe an interaction 
spectra could be used as one parameter when to detect sleepiness.  
 
Answered Question Frequency 
Logically the driver would answer fewer questions, according to us, when he or she is sleepy, 
but no such signs were to be seen in our investigations. The answered question frequency 
shows no palpable liaison with the subjects’ estimated sleepiness status and should not be 
used when to detect sleepiness. 
 
Varieties in amplitudes 
In Chapter 4.4.1 – Sleep Deprivation and Driving studies concerning changes in steering 
wheel activity are associated with decreased alertness described. The studies showed that 
small magnitude steering wheel movements decreased with decreasing sleepiness level. The 
large magnitude steering wheel movement increased with decreasing sleepiness level. But, no 
such signs were to be seen in our investigations. The variation in amplitude shows no palpable 
liaison with the subjects’ estimated sleepiness status and should not be used when to detect 
sleepiness. 

10.8 Result from the Validation Experiment in Truck 
This chapter discusses the result from the validation experiment.  

10.8.1 Sleepiness experiment – Objective variables 
This chapter will discuss the appearance and the processing of the objective variables 
obtained in the simulator. 
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Analyse of the objective variables 
The variation in lateral position and steering wheel movements was greater in the simulator 
than in the real vehicle. All these differences were however relatively small. 
The micro communication is not vehicle depending. Thus, we will use the same frequency 
interval in the truck as we did in the sleepiness experiment in the simulator test.  
 
Processing of the objective variables 
According to what is described in Chapter 5.1.3 – Validation – Simulator versus truck no 
significant differences in objective measures between a test truck and a simulator can be 
found. Though, the normal amplitudes for our data logged in the truck are slightly larger than 
the normal amplitudes logged in the simulator. In a study (see Chapter 4.2 – Driving 
behaviour) Ling is comparing the driving behaviour between different professional truck 
drivers and not professionals. He found out that low steering frequency is not necessary a 
measure of a bad driver and poor vehicle control, it can simply just be a different driving 
style. This implies that, even though less experienced truck drivers were used in the validation 
experiments, this cannot explain why the steering wheels torque’s and the lateral 
acceleration’s normal amplitude are larger in the truck. However, Dinges (see Chapter 4.2 – 
Driving behaviour) mean that inexperienced drivers tend to over-steer in event of accidents. 
Still, we believe that the difference can be explained with the difference between the 
simulator’s and the truck’s manoeuvring system.   

Due to the fact that the signals’ behavior from the simulator are different from data collected 
in the truck another filter, different from the one used in the simulator logged data, is used. 
We are using a Butterworth band pas filter with cut off frequencies 0.3 Hz and 2.0 for filtering 
the signals attained in the truck. The noise and disturbing frequencies made us use a filter with 
even more limited cut off frequencies than the one used for the simulator logged data.  

10.8.2 Sleepiness experiment – transformed variables 

The transformed variables from the validation experiments were treated the same way as the 
transformed variables in the truck were. No big differences in the transformed variables were 
found when comparisons were made between the sleepiness experiments and the validation 
experiments. We can conclude that the patent method works in trucks and in simulators.  

10.9   Implementation and future prospective  
A sleepiness detection system should probably be connected to a driver warning system.  
Aspects like device activation, calibration, obtrusiveness, warning display modality, levels of 
warnings and driver induced override features must then be considered. The warning must be 
capable of overcoming sleep inertia, but should not cause a startle-response disruption of 
driver performance.  
 
An implementation of a sleepiness detection system would require a system that works 
continuously in real time and for every driver. Since drowsiness is infrequent in relation to 
hours spent driving, false alarm rates must be very low. The driving behaviour is individually 
determined and it is difficult to set general threshold values.   
 
The method for sleepiness detection discussed in this report is not possible to use in real time. 
Though, it could be possible to measure the level of sleepiness in intervals on circa five 
minutes and compare that data with previous obtained data from alert driving. That implies a 
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system that evaluates the driver’s sleepiness status for the previous five minutes. This is an 
acceptable delay, since sleepiness is a long term condition. Data from alert driving could be 
obtained by using the first ten minutes of logged data, to set up individual threshold values for 
that specific driver. According to the limitations (see Chapter 2.4 – Limitations) this method is 
meant to work just on highways and over 65 km/h, (to exclude e.g. city driving) and would by 
that exclude irrelevant data. Data from alert driving could also be saved from an earlier 
occasion and be used every time the driver drives that specific truck. The system would in that 
way be able to adapt to the truck’s specific manoeuvre system and driver’s individual driving 
behaviour. 
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11 Conclusion  
This chapter will illuminate and discuss the answers on the research questions together with 
our purpose and objective for this project. 
 

• Our sleepiness experiments have indicated a frequency range of 0.25 to 6.0 Hz for 
where the micro communication takes place. 

  
• Our validation experiments have shown it is possible to collect exact and accurate data 

from the lateral acceleration and the steering wheel torque. But, there is more noise in 
the signals from truck then there is in the signals from the simulator. 

 
• Here are the liaisons between the subjects’ self estimated sleepiness status and the 

reaction time, degree of interaction, answered question frequency and variation in 
amplitudes: 

 
o The subjects’ reaction time shows observable liaison with the subjects’ 

estimated sleepiness status when showed in a reaction time spectra. The 
reaction time is increased when the driver is sleepy and could be used as one 
parameter when to detect sleepiness.  

 
o The degree of interaction shows some liaison with the subjects’ estimated 

sleepiness status when presented in a diagram. However it is more distinct 
difference between a sleepy driver and an alert driver when the degrees of 
interaction are presented in an interaction spectrum. The degree of interaction 
is decreased when the driver is sleepy and could be used as one parameter 
when to detect sleepiness.  

 
o The answered question frequency shows no liaison with the subjects’ estimated 

sleepiness status and should not be used when to detect sleepiness. 
 

o The variation in amplitude shows no liaison with the subjects’ estimated 
sleepiness status and should not be used when to detect sleepiness. 

 
The variables that we have found out to detect sleepiness with most reliability are 
consequently; the reaction time and the degree of interaction presented in spectra.  

11.1 Counsels for Future Plans 
We will in this chapter presents our counsels to Scania CV AB for how the should use the 
result presented in this report.  
 
This method for sleepiness detection has, according to us, some potential. However, more 
experiments have to be conducted. We suggest further sleepiness experiments with 
approximately twenty subjects. It is only necessary to conduct the night time experiments. 
The subjects are sufficiently alert in the beginning of the test to receive data from normal 
driving behaviour. Physiological measurement could be interesting to have by the side of the 
subjective assessments as an additional base for comparison; EEG is most reliable concerning 
measurement of sleepiness.   
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A. Terms and Definitions 
 
Amplitude continues 
A signal is amplitude continues when the signal is allowed to attain arbitrary values, 
which in practice means that the only criterion is that the values are real. (Söderkvist, 
1993) 
 
Amplitude scaling 
Amplitude scaling of a signal can be done in two ways; the signal can either be 
multiplied with a factor greater than one or multiplied with a factor less then one. In 
the latter case the factor is called a damper and otherwise it is called an amplifier.1 
(Söderkvist, 1994)  
 
Controller Area Network - CAN 
The Controller Area Network (CAN) is a serial bus system that enables any node to 
communicate with any other without putting too great a load on the controller 
computer. The purpose of using CAN in vehicles is serial communication, which 
allows networking control for engine timing, transmission, brakes, etc. The serial bus 
system also enables networking components to make the vehicle more comfortable 
such as lightning control and air-conditioning. (Controller Area Network CAN, A 
serial Bus System – not just for vehicles, 2005) 
 
Electronic Control Unit – ECU 
An ECU can be looked upon as the brain in a system and is a micro computer that 
controls the logic together with the input and output of a system. (Ling, 2006) 
 
Micro sleep 
Micro sleeps are brief, unintended episodes of loss of attention associated with events 
such as blank stare, head snapping, prolonged eye closure, etc., which may occur when 
a person is sleepy but trying to stay awake to perform a monotonous task like driving a 
car or watching a computer screen. The episodes of micro sleep last from a few 
seconds to several minutes, and the person is often not aware that a micro sleep has 
occurred. In fact, micro sleeps often occur when a person’s eyes are open. While in a 
micro sleep, a person fails to respond to outside information. A person will not see a 
red signal light or notice that the road has taken a curve. Micro sleeps are most likely 
to occur at certain times of the day, such as pre-dawn hours and mid-afternoon hours 
when the body is “programmed” to sleep. The more sleep deprived a person is, the 
greater is the risk for micro sleep. (Road and Traffic Authority, NSW, 2003) 
 

                                                           
1 In this project the signal will be divided with the normal amplitude, which can be considered as a type of 
amplitude scaling.   
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REM sleep 
Rapid eye movement sleep - sleep characterized by the active brain waves, flitting 
motions of the eyes, and weakness of the muscles; most dreaming occurs in this stage, 
which accounts for about 20% of sleep in adults. REM is the final sleep stage in each 
cycle and occurs four to five times a night for the average person (see Figure 1) (Sleep 
Terms, Definitions and Abbreviations, 2005-09-20) 

 

Figure 1 REM cycle (R&M Sleep, 2006) . 

During REM sleep the body experiences an increased blood flow to the brain, pulse 
and breathing. The body temperature rises, as does the blood pressure. During REM 
sleep is the body relaxed and dreaming occurs. REM sleep has a significant 
contribution in facilitating memory storage, retention and organisation. Throughout the 
day new information is learnt and during REM sleep is the brain processing that 
information. When someone is sleep deprived, they have skipped the valuable REM 
sleep cycles that would normally occur in the early hours of the morning. Omitting 
these sleep cycles will have a detrimental effect on your memory recall and mental 
sharpness. (R&M Sleep, 2006-01-04; Sleep Terms, Definitions and Abbreviations, 
2005-09-20) 
 
Shifting 
With shifting of a time discrete signal x[n] it is meant that the independent variable is 
replaced with [n+k], where k is an integer. If k is positive, a left shifting is achieved 
and if k is negative a right shifting is achieved.2 (Söderkvist, 1994) 
 
Strain gauge 
There are several methods of measuring strain and the most common is with a strain 
gauge, a device whose electrical resistance varies in proportion to the amount of strain 
in the device. The most widely used gauge consists of a flexible backing which 
supports a metallic foil pattern etched onto the backing. The metallic strain gauge 

                                                           
2 In this project a time delay will be attached at the one of the signals the signal, in order to accomplish left 
shifting of that signal. 
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consists of a very fine wire or, more commonly, metallic foil arranged in a grid pattern 
(Figure 2).  (National Instruments, 2005, Wikipedia, 2005-11-25) 
 

 
 

Figure 2 Bonded Metallic Strain Gauge (National Instruments, 2005). 
 

This resistance change can be used to calculate the exact amount of deformation by 
means of the quantity known as the gage factor (Wikipedia, 2005-11-25). 
 

 
Equation 1 Gauge factor equation (source National Instruments, 2005). 

 
Time discrete 
A time discrete signal is only defined at discrete moments, meaning that the signal is 
not always defined. Time discrete signals are usually obtained via sampling3 of time 
continues signals. The method used in most applications is uniform sampling, where 
the time interval is constant. The time interval T, between the samples4, is called a 
sample period and the number of samples within a second is called the sample 
frequency and is denoted fs. The liaison between the time interval, T and the sample 
frequency is shown in the equation below.  
 

 

   
T

f s
1

=  

Equation 2 shows the liaison between the time interval T and the sample frequency fs. 

It is always possible to choose T (and by that, fs) so no useful information is lost, if the 
signal is band limited. An original time continues signal could thereby be completely 
reconstructed from a time discrete sampled signal. (Söderkvist, 1993; Söderkvist, 
1994) 

                                                           
3 In signal processing, sampling is the reduction of a signal from continuous time to discrete time. The 
continuous signal is usually sampled at regular intervals and the value of the continuous signal, in that interval, is 
usually represented by a discrete value. 
4 A sample refers to a value or set of values at a point in time and/or space. 
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B. Inquire of Test Driver 
 
29 september, 2005 
 
Med anledning av en studie beträffande körbeteende i lastbil önskas erfarna 
lastbilschaufförer  
 
Studien är en del av ett examensarbete angående körbeteende hos trötta förare för Scania av 
oss, Lena Kanstrup och Maria Lundin, som studerar vid Linköpings tekniska högskola.   
 
I studien ingår att betrakta och logga en lastbilschaufför körbeteende både i en lastbil och i en 
simulator i vaket och i sömnigt tillstånd.  
 
I lastbilen kommer av naturliga skäl endast körning i vaket tillstånd att genomföras. Denna 
körning beräknas ta ca 4 timmar fördelat på 2 stycken lastbilschaufförer a´ 2 timmar.   
 
I simulatorn kommer två körningar att genomföras; en 2 timmars körning under dagtid där 
testpersonen önskas vara vid ett normalt vaket tillstånd och en 4 timmars körning, nattetid då 
testpersonen ska vara i ett icke-utvilat tillstånd. Simulatorkörningen kommer att genomföras i 
Linköping och övernattning på hotell kan vara aktuellt. 
 
Testpersonen bör följa givna restriktioner angående sömn, alkohol- och koffeinintag under de 
gällande testdagarna. Testpersonerna måste var friska och ska inte ta någon medicin. 
 
För studien behövs det 2 testförare. 
 
Testförare 1 
Testförare 1 behövs under två tillfällen.  
 
Vid första tillfället ska testföraren köra lastbil från Södertälje till Linköping (ca 2 h), sedan 
köra simulator i Linköping (2 h) för att sedan köra lastbilen tillbaka till Södertälje (ca 2 h). 
Denna testkörning sker under vecka 41. 
 
Andra tillfället startar kl. 22.00 och pågår till 02.00. Testföraren ska inte inta någon alkohol, 
koffein eller andra uppiggande medel under dagen innan detta testtillfälle. Testföraren får inte 
heller sova middag under dagen. Denna körning kommer att ske under v. 43 
 
Testförare 2 
Testförare 2 behövs under två tillfällen under samma dag för att köra simulatorn i Linköping.  
 
Första tillfället är 2 h på morgonen och andra tillfället startar senare samma dag kl. 22.00 och 
pågår till 02.00. Testföraren får inte inta någon alkohol, koffein eller andra uppiggande medel 
under denna dag. Testföraren får inte heller sova middag under dagen. Denna körning 
kommer att ske under v. 43. 



 

 - 8 -



 

 - 9 -

C. Information Letter 
 
6 oktober, 2005 
 
Med anledning av studien beträffande körbeteende i lastbil  
 
Nedan kommer lite information inför testkörningarna. 
 
Planeringsschema 
 
Försöksperson 1 
Datum Tid Plats Aktivitet 
Tors. 13 okt. 07.00 – 09.00   Södertälje – Linköping  

Avfärd från RCX-lab. 
Testkörning lastbil 

 09.00 – 10.00 Linköping, VTI Förberedelser, med bl.a. 
psykofysiologiska test  

 10.00 – 12.00 Linköping, VTI Simulatorkörning 
 12.00 – 13.00 Linköping Lunch 
 13.00 – 15.00 Linköping – Södertälje 

Ankomst till RCX-lab  
Testkörning lastbil 

Tors. 27 okt. 20.00 – 21.00 Linköping Middag 
 21.00 – 22.00 Linköping, VTI Förberedelser, med bl.a. 

psykofysiologiska test 
 22.00 – 02.00 Linköping, VTI Simulatorkörning 
 
Försöksperson 2  
Datum Tid Plats Aktivitet 
Ons. 26 okt. 09.00 – 10.00 Linköping, VTI Förberedelser, med bl.a. 

psykofysiologiska test 
 10.00 – 12.00 Linköping, VTI Simulatorkörning 
 12.00 – 13.00 Linköping Lunch 
 13.00 – 20.00 Linköping  Övrig tid 
 20.00 – 21.00 Linköping Middag 
 21.00 – 22.00 Linköping, VTI Förberedelser, med bl.a. 

psykofysiologiska test 
 22.00 – 02.00 Linköping, VTI Simulatorkörning 
 
Önskemål 
Dagen då nattkörningen sker är det önskvärt att ni inte dricker alkohol, te, kaffe eller andra 
uppiggande drycker. Vi ser gärna att ni inte vilar under dagen som nattkörningen utförs.    
 
Transporter  
Hyrbil finns att hämta ut för XXXX vid TK2 den 25 oktober från kl. 12.00. Bilen står på Maria 
Lundin, RCIS. XXXX övertar samma bil från Håkan och lämnar sedan in nycklarna vid TK2 innan kl. 
16.00 den 27 oktober.  
      
Transport mellan hotell och nattkörningen i simulator arrangeras för att undvika bilkörning efter 
nattkörningen. 
 
Logi 
Hotell rum på Scandic Linköping Väst är bokat för 26 oktober för XXXX och 27 oktober för XXXX. 
Hotellet ligger i närheten av VTI.  
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Geografiskt läge 
 

1. Scandic Linköping Väst, Rydsvägen  
 
Scandic Linköping Väst ligger i den västra delen av staden, 5 km från E4:an. Avfart Linköping Västra, 
följ skyltar mot Vimmerby/Linköping/Ryd. Hotellet ligger på vänster sida. Scandic skylten är klart 
synlig från vägen. 
 
2. VTI, Olaus Magnus väg 35 
 

 

 
Vägbeskrivning till VTI från Scandic 
 

1. Avresa från Väst Rydsvägen (0,0 km) 
2. Ta sedan i rondellen den fjärde avfarten till Rydsvägen (0,1 km) 
3. Ta sedan i rondellen den andra avfarten till Nya Kalmarvägen 34 (0,2 km) 
4. Ta sedan i rondellen den tredje avfarten till Datalinjen (0,8 km) 
5. Ta sedan i rondellen den tredje avfarten till Wallenbergs Gata (1,3 km) 
6. Sväng vänster till Teknikringen. (2,3 km) 
7. Fortsätt rakt fram till Olaus Magnus Väg (2,5 km) 
8. Ankomst till Olaus Magnus Väg 35 (2,8 km) 

 
Vid oklarheter eller frågor så hör gärna av er till oss. 
 

 
 
   
 

Maria Lundin 
SCANIA 

RCIS 
SE-151 87 Södertälje 

 
Telephone +46 8 553 839 69 

Mobile phone +46 XXX XXX XXX 
Email maria.lundin@scania.com 

Lena Kanstrup 
SCANIA 

RCIS 
SE-151 87 Södertälje 

 
Telephone +46 8 553 839 69 

Mobile phone +46 XXX XXX XXX 
Email lena.kanstrup@scania.com 
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D. Questionnaire Formula 
 
Frågeformulär inför testkörning av simulator  
 
VTI, Linköping  
13, 26-27 oktober 2005 
 
 
Namn: _______________________________________     Ålder: ________   
 
Personbil 
Antal år med körkort: ___________      Körerfarenhet (km/år): ___________ 
 
Lastbil 
Antal år med körkort: ___________      Körerfarenhet (km/år): ___________ 
 
 
 
 
Lider du av någon form av sömnsvårigheter? 
 

  Ja 
 Nej 
 Vet inte 

 
Lider du av konstant trötthet under dagtid? 
 

 Ja 
 Nej 
 Vet inte 

 
Lider du av att du snarkar? 
 

 Ja 
 Nej 
 Vet inte 

 
Använder du någon medicin som kan tänkas påverka ditt körbeteende? 
 

 Ja 
 Nej 
 Vet inte 

 
 
 
 
 
 
 
 
 

Sida 1 av 3
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Test 1 – lastbil 
 
Antal sömntimmar föregående natt: ________, från kl. __ __ : __ __ till kl. __ __ : __ __ 
 
Har du under dagen nyttjat någon form av tobak  
 

 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
Har du under dagen nyttjat någon form av uppiggande medel (kaffe, te etc.)  
 

 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
 
Test 2 – simulator, dag 
 
Antal sömntimmar föregående natt: ________, från kl. __ __ : __ __ till kl. __ __ : __ __ 
 
Har du under dagen nyttjat någon form av tobak  
 

 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
Har du under dagen nyttjat någon form av uppiggande medel (kaffe, te etc.)  
 

 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
 
Test 3 – simulator, natt 
 
Antal sömntimmar föregående natt: ________, från kl. __ __ : __ __ till kl. __ __ : __ __ 
 
Har du under dagen nyttjat någon form av tobak  

 
 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
Har du under dagen nyttjat någon form av uppiggande medel (kaffe, te etc.)  
 

 Ja      För hur många timmar sedan: _______________ 
 Nej 
 Vet inte 

 
 

Sida 2 av 3
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Uppskattning av vakenhet/sömnighet 
 
För att kunna uppskatta din vakenhet/sömnighet vid testkörningarna kommer Karolinska 
Sleepiness Scale (KSS) att användas.  
 
KSS är en niogradig skala och har följande definitioner för vartannat skalsteg:  
 

1 = mycket pigg  
 

3 = pigg  
 

5 = varken pigg eller sömnig  
 
7 = sömnig, men ej ansträngande att vara vaken  
 
9 = mycket sömnig, ansträngande att vara vaken, kämpar mot sömnen. 

 
Du kan således bedöma din trötthet mellan 1 och 9. Exempelvis skulle 2 på skalan innebära 
att du är i ett tillstånd mellan pigg och mycket pigg.  
 
Under testkörningen kommer du att under jämna intervall bli tillfrågad att uppskatta din 
vakenhet/sömnighet. Denna förfrågan projiceras framför dig på skärmen och du svarar genom 
att muntligt säga den siffra som du anser stämmer överense med ditt tillstånd.  
 
Skalans definitioner kommer att finnas framför dig i närheten av hastighetsmätaren.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sida 3 av 3 
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E. Hard Facts about Simulator II 
 
 
 
Motion   Pitch angle: - 9 degrees to +14 degrees 
    Roll angle: ± 24 degrees 
 
External linear motion Maximum amplitude: ± 3.75 m 
    Maximum speed: ± 2 m/s 

Maximum acceleration: 0.4 g 
 

Vibration table  Vertical movement: ± 6.0 cm 
Longitudinal movement: ±6.0 cm 

    Roll angle: ±6 degrees 
    Pitch angle: 3 degrees 
 
Visual system  Forward view 120 degrees 
    Rear view in three mirrors 
    PC-based graphics 

VTI, 2005 
 
 
Simulator Scenario 
The road way in one direction is objective 12 metres wide between the two edge-lines 
(see Figure 3). Each direction has two lanes 3.85 metres wide each and a hard shoulder 
2.65 metre wide. The central reservation is objective 1.65 metres with crash barriers on 
the side.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Measure on simulated road way used in simulator tests. 

2.65 3.85 3.85 1.65

Outer 
lane Crash barrier 

Inner 
lane Hard shoulder
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F. Time Schedule for Collection of Data 
 
Subject 2 
 
Date Time Locality Activity 
Thursday   
13 October 

07.00 – 07.45  Södertälje Preparation – subject filled in 
a questionnaire 

 07.45 – 10.00   Södertälje – Linköping  Test driving in truck (test 1) 
Data logging (6 periods) 

 10.00 – 10.45 Linköping, VTI Preparation – the subject 
acquaints with the simulator. 

 10.45 – 12.45 Linköping, VTI Test driving in Simulator (test 
2)  

 12.45 – 13.15 Linköping, VTI Interview with the subject 
 
 

13.15 – 14.00  Linköping – Norrköping  Test driving in truck (test 1) 
(1 period) 

 14.00 – 15.00 Norrköping Lunch 
 15.00 – 16.15 Norrköping – Södertälje 

 
Test driving in truck (test 1) 
(4 periods) 

Thursday   
27 October 

20.00 – 21.00 Linköping Dinner 

 21.00 – 22.00 Linköping, VTI Preparation – subject filled in 
a questionnaire 

 22.00 – 02.00 Linköping, VTI Test driving in simulator (test 
3) 

 02.00 – 02.30 Linköping, VTI Interview with the subject 

Table 1 Time schedule for collection of data – subject 2. 
Subject 3 
 
Date Time Locality Activity 
Wednesday 
 26 October 

09.00 – 10.00 Linköping, VTI Preparation – subject filled in 
a questionnaire 

 10.00 – 12.00 Linköping, VTI Test driving in Simulator (test 
2) 

 12.00 – 12.30 Linköping, VTI Interview with the subject 
 12.30 – 13.30 Linköping Lunch 
 13.30 – 20.00 Linköping  Spare time 
 20.00 – 21.00 Linköping Dinner 
 21.00 – 22.00 Linköping, VTI Preparation – subject filled in 

a questionnaire 
 22.00 – 02.00 Linköping, VTI Test driving in simulator (test 

3) 
 02.00 – 02.30 Linköping, VTI Interview with the subject 

Table 2 Time schedule for collection of data – subject 3. 
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G. Procedure in Simulator 
Two tests were executed in day time, with alert subjects and two tests were executed in 
night time with sleep deprived subjects. Here are the results from the second part of 
the questionnaire.  
 
Test 1.1 – normal driving 
Test 1.1 was performed by subject 1. The night before the test he had slept for six 
hours (0.00 am to 6.00 am). He had used nicotine (moist snuff) during the day and 
continued snuffing as he began driving the simulator. He had been drinking coffee 
during the day and just before he started to drive he had had a cup of coffee. 
 
Test 2.1 – normal driving 
Test 2.1 was performed by subject 2 and he had slept for 4.75 hours (01.00 am to 
05.45 am) the night before the test. Subject 2 had not been using any form of tobacco 
but had had a small cup of coffee one hour before the test. 
 
Test 1.2 – drowsy driving 
Test 1.2 was performed by subject 1 and he had slept for eight hours (11.00 pm to 
06.00 am). He used tobacco during the day and did so when during the test. Subject 1 
had had one cup of coffee during the day, ten hours before the test started. 
 
Test 2.2 – drowsy driving 
Test 2.2 was performed by subject 2 and he had slept for 4.75 hours (01.00 am to 
05.45 am) He had not been using any form of tobacco and had had no coffee before 
the test. 
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H. Procedure in Truck 
 
Test 1.1 
The truck took off from Södertälje (E4) at 7.45 am and data collection for test 1.1 
started after approximately five minutes. Data was continuously logged in 20 minutes 
periods, six periods of data was collected at the arrival to Linköping. Test 1.1 
continued from Linköping at 1.15 pm and ended back in Södertälje again at 4.15 pm. 
During this time was data in five periods collected.  
 
The traffic was light to normal and the roadway was dry.  
 
Test 3.1 
The truck took off from Södertälje to Vagnhärad (E4) at 5.00 pm and data collection 
for test 3.1 started after approximately five minutes. When the truck return to 
Södertälje at 5.50 was data logged in two 20 minutes periods. Those periods are now 
named 3.1.a and 3.1.b. 
 
The traffic was light to normal and the roadway was dry.  
 
Test 4.1 
The truck took off from Södertälje to Vagnhärad (E4) at 5.30 pm and data collection 
for test 4.1 started after approximately five minutes. When the truck returned to 
Södertälje at 6.30 pm was data logged in two 20 minutes periods. Those periods are 
now named 4.1.a and 4.1.b. 
 
The traffic was light to normal and the roadway was dry. 
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I. Installation of Measuring Equipment in Truck 
 
Measuring the steering wheel torque 
By attaching a strain gauge on the steering column (see Figure 4), the steering wheel 
torque can be measured.  
 

 
Figure 4 A steering column assembly with the steering column pointed out 

(CCC Information service Inc, 2005). 
 
Adjustments and modifications of the equipment and the assembling were executed in 
the way described below. 
 

1. Machining 
a. A waist on the steering column was turned. 

(See figure X, B (2)) 
b. A hole orthogonally to the vertical axis of the steering column was 

drilled.  
(See figure X, B (3)) 

c. A hole longitudinal with the axis of the screw was drilled.  
(See figure X, A (1)) 

 
The machining was done to be able to fit the strain gauge and the cables to the 
steering column. The hole in the screw is necessary when to thread the cables 
through the screw. The waist on the steering column is made as a countersink for 
the strain gauge (see Figure 5). 

 

  
Figure 5 A: Picture of the hole (1), longitudinal with the axis of the screw. 

B: Picture of the steering column with a turned waist (2) and drilled hole (3) 
  

 

1
2

3
A B

Steering column
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2. Gluing 
The strain gauge5 was glued at the waist of the steering wheel (see Figure 6). 
The cables were not possible to attach before the steering wheel was fitted in 
the right position in the truck. 
 

 
Figure 6 The strain gauge attached to the countersunk waist. 

 
3. Assembly 

The steering column was fitted in its right position into the truck (see Figure 
7.A). Then the measuring apparatus for the steering wheel angel was then 
thread onto the steering column (see Figure 7.B). 
 

  
 

Figure 7  A: The steering column is fitted into the truck. 
B: The measuring apparatus for the steering wheel angel (1) are thread onto   
the steering column. 

 
4. Solder 

The cables were soldered to the strain gauge, see Figure 8. 
 

                                                           
5 Facts about the strain gauge are presented in Appendix L – Realization tables 

1

A B
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Figure 8 Cables soldered to the strain gauge. 

 
5. Assembly 

a. Join the coil spring on to the steering column. 
b. Thread the cables through the screw. 
c. Join the steering wheel on to the steering column. 
d. Connect the cables to the coil spring 

 
Figure 9.A and Figure 9.B show how the steering wheel is fitted onto the steering 
wheel column and how the cables then are threaded through the screw.  

 

  
Figure 9 A: The steering wheel is fitted to the truck. 

B:  The cables are threaded through the screw (2) and connected to the coil spring (1) 

A B
2
1A
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J. Software and Hardware 
The hardware is only used to obtain the “measured variables”. The software devices 
MATLAB and Simulink are used both to obtain the “measured variables” and to 
compute the “manipulated variables”. The rest of the software devices, described 
below, are only used to obtain the “measured variables”.  
 
MATLAB/ Simulink 
MATLAB is a mathematic programming tool and an interactive environment for 
algorithm development (for managing code, files and data), data visualization (2-D 
and 3-D graphics functions), data analysis and numerical computation. MATLAB can 
be used for signal and image processing, communications, control design, test and 
measurement. The MATLAB code can be integrated with other programming 
languages and applications. (Mathwork.com, 2005a) 
 
Simulink is a software program, which is integrated with MATLAB and enables 
function design as graphical models which then form the basis for all subsequent 
development stages. Simulink is based on an interactive graphical editor for 
assembling and managing intuitive block diagrams. The predefined block, which for 
instance can contain computing sentence such as If-statements, allow accurately 
design, simulation and implementation. The created models can be validated offline in 
Simulink simulations. To use input from the CAN bus system6, the DSpace/RTI CAN 
Blockset in Simulink is needed. The corresponding block from the CAN block library 
should be chosen in the RTI CAN Blockset software and then connected to the 
Simulink model. This allows data from the CAN Bus system to be accessed and used 
in Simulink when the model is running on the Micro Auto Box. (Mathwork.com, 
2005a) 
 
dSpace  
The hardware used in this project is the MicroAutoBox on which the models from the 
MATLAB/Simulink can be implemented. The software program used for 
implementation7 is Control Desk. (Solutions for control, catalogue 2004 (page 32))  
 
In conjunction with dSpace hardware (e.g. the MicroAutoBox) is the dSpace loading 
and control software ControlDesk used for managing data from the prototyping ECU, 
the MicroAutoBox. (Solutions for control, catalogue 2004) The MicroAutoBox 
consists of two boards in a milled box. The MicroAutoBox package contains: 
 

• MicroAutoBox (ECU with DS1401 Base Board DSI1401 and DS1501 I/O 
Board) 

                                                           
6 CAN bus system – Control Area Network bus system, see appendix A – Terms and Definitions. 
7 Before the model can be implemented is has to be compiled, here by using the Texas Instrument Compiler. 
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• DS815 Transmitter Card for insertion into the PC and the cable to the 
MicroAutoBox 

• 156-pin Zero Insertion Force which is the connector to I/O signals 
• Surrounding equipment (crimper, crimp contacts, capacitor) 

 
The MicroAutoBox can be considered as the “brain” in this package while the DS815 
Transmitter Card, the cable to the MicroAutoBox and the 156-pin Zero Insertion Force 
are equipment to connect the MicroAutoBox to different applications, such as the 
truck and/or a PC. Connection with the outside world is established by the 
MicroAutoBox hardware which enables integration of the CAN bus system. 
Communication, I/O, between the ECU and the prototyping system (e.g. the 
MicroAutoBox) can be done via CAN. Functions from MATLAB/Simulink are 
possible to test with the MicroAutoBox hardware. The MicroAutoBox operates 
without user intervention and has an integrated flight recorder8 for long-term data 
acquisition. (Installation and Configuration Guide, for release 3.4, page 16 & 61; 
Solutions for control, catalogue 2004 (page 34)) 
 
  
 

                                                           
8 The flight recorder is a tool to create data histories of real-time variables. 
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K. Test Participants 
 
The participants in the sleepiness experiment are presented below.  
 
Participant Status 
Subject S1 Test driver 
Subject S2 Test driver 
Lena Kanstrup Member of observation team 
Maria Lundin Member of observation team 
Beatrice Söderström, VTI Member of observation team  and experiment responsible 

Table 3  Test participants for tests conducted in simulator. 

 
The participants in the validation experiment are presented below. 
 

Participant Status 
Subject V1 Test driver 
Subject V2 Test driver 
Lena Kanstrup Meter reader 
Maria Lundin Observer 

 
Table 4  Test participants for tests conducted in truck. 
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L. Realization Tables 
 
Strain Gauge 
Facts about the strain gauge, which is glued on the steering column. (Kauppi9, Scania 
CV AB, 2005) 
 

Gauge type  Half bridge 
CEA – 06 – 062uv – 350  

Measure  torque 
Gauge resistance 350 ohm 
Gauge factor 2.120 ± 0.5% 

Table 5 Strain gauge information. 

                                                           
9 Seppo Kauppi is glue and gauge responsible at Scania CV AB. 
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M. Result from Questionnaire 
Table 6 presents the result from the first part of the questionnaire. 

Table 6 The results from the first part of the questionnaire. 

Subject Age Years of held 
driving 
license 
(km/yr) 

Years of held truck 
driving license 
(km/yr) 

Test 
participation 

Sleepiness disorders 
or medications 

Subject 1  45 33 years  
(2,000 km/yr) 

28 years (40,000 
km/yr) 

Test 1 
Test 2 
Test 3 

None 

Subject 2 
 

48 30 years  
(1,300 km/yr) 

28 years (40,000 
km/yr) 

Test 2 
Test 3 

None, but does not 
know whether he 
snores or not 

Subject 3 
 

29 11 years  
(10,000 
km/yr) 

4 years (1,500 km/yr) Test 1 None 

Subject 4 
 

26 8 years  
(1,500 km/yr) 

2.5 years (1,500 
km/yr) 

Test 1 None 
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N. Interview Results 
Subject S1 felt he had control over the vehicle during the whole test. When the 
sleepiness appeared he noticed he lost speed and had to move and change posture to 
stay awake. According both to subject S1 and to Subject S2 the simulator is quite 
realistic, but the graphic was sometimes inaccuracy and the truck felt jolty even though 
he had constant gas. He would have preferred a cruise control and a more comfortable 
seat, both are thing that he considered to be relaxing and make the driver fall a sleep 
earlier.  
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 O. Band Pass Filter 
 
Filter for data collected in the truck 
Both the unfiltered and the filtered signal, which are plotted in the same figure, have 
been normalized. The filter used is a forth order Butterworth band pass filter with cut 
off frequencies 0.3 and 2 Hz. The figures below show the steering wheel torque and 
the lateral acceleration for both data collected in the truck, test 3.1a. The figures show 
the first ten seconds of data logging.   
 

 
Figure 10 The figures show filtered and unfiltered normalized steering wheel torque and lateral acceleration, 
validation experiment A –subject V1. 

 
Filter for data collected in the simulator 
The graphs below show unfiltered and filtered curves, lateral acceleration and steering 
wheel torque, from data from the simulator, test 1.2. Both the unfiltered and the 
filtered signal, which are plotted in the same figure, have been normalized. The filter 
used is a forth order Butterworth band pass filter with cut off frequencies 0.3 and 5.5 
Hz. The figures show the first ten seconds of data logging.   
 

  
Figure 11 The figures show filtered and unfiltered normalized steering wheel torque and lateral acceleration 
from sleepiness experiment (Day time) subject – S1. 

  
 

Torque Acceleration

Torque Acceleration
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P. Reaction Spectra 
Figure 12 to Figure 19 show the reaction spectra for the all the tests 
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Figure 12 Reaction spectrum for sleepiness experiment (Day time) – subject S1. 

Reaction spectrum (Test 1.3)
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Figure 13 Reaction spectrum for sleepiness experiment (Night time) – subject S1. 

Reaction spectrum (Test 2.2)

0,00
5,00

10,00
15,00
20,00
25,00

0,1
0

0,2
0

0,3
0

0,4
0

0,5
0

0,6
0

0,7
0

0,8
0

0,9
0

1,0
0

1,1
0

1,2
0

1,3
0

1,4
0

1,5
0

1,6
0

Reaction time [s]

N
um

be
r o

f r
ea

ct
io

ns
 

[%
]

 
Figure 14 Reaction spectrum for sleepiness experiment (Day time) – subject S2. 

 

Reaction spectrum for sleepiness experiment (Day time) – subject S1

Reaction spectrum for sleepiness experiment (Night time) – subject S1 

Reaction spectrum for sleepiness experiment (Day time) – subject S2
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Reaction spectrum (Test 2.3)
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Figure 15 Reaction spectrum for sleepiness experiment (Night time) – subject S2. 

Reaction spectrum (Test 3.1.a)
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Figure 16 Reaction spectrum for validation experiment A – subject V1. 

Reaction spectrum (Test 3.1.b)
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Figure 17 Reaction spectrum for validation experiment B – subject V1. 

 

Reaction spectrum for sleepiness experiment (Night time) – subject S2 

Reaction spectrum for validation experiment A – subject V1 

Reaction spectrum for validation experiment B – subject V1 
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Reaction spectrum (Test 4.1.a)
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Figure 18 Reaction spectrum for validation experiment A – subject V2. 

Reaction spectrum (Test 4.1.b)
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Figure 19 Reaction spectrum for validation experiment B – subject V2. 

 

Reaction spectrum for validation experiment A – subject V2 

Reaction spectrum for validation experiment B – subject V2 
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Q. Degree of Interaction 
Figure 20 Figure 22 shows the degree of interaction from the Sleepiness Experiments. 
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Figure 20 Degree of interaction for sleepiness experiments (Day time). 
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Figure 21 Degree of interaction for sleepiness experiments (Night time) – subject S1. 
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Figure 22 Degree of interaction for sleepiness experiments (Night time) – subject S2. 

 

Degree of interaction Sleepiness Experiment (Day time) – 
Subject S1 

Degree of interaction Sleepiness Experiment (Day time) – 
Subject S1 

Degree of interaction Sleepiness Experiment (Night time) – Subject S1 

Degree of interaction Sleepiness Experiment (Night time) – Subject S1 
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Figure 23 shows diagrams with the degree of interaction from the Validation Experiments. 
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Figure 23 Degree of interaction for the tests conducted in the truck. 
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