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Abstract 
 

In this master thesis project quantitative testing in a truck simulator with 22 participants were conducted during 
which ten in-vehicle variables were measured. Examples of measured variables are steering wheel torque, lateral 
position and yaw angle. These measured variables were then used to calculate 17 independent variables that all 
to some extent explain the sleepiness level of the driver. The drivers’ sleepiness level was measured using the 
Karolinska Sleepiness Scale (KSS) in order to judge the performance of the independent variables. The 
combination of the 17 independent variables that best explain the sleepiness level of the driver is then extracted 
using multiple regression analysis with forward selection. Sometimes some of the independent variables are not 
defined; therefore different models were created to handle all possible combinations of valid and invalid 
independent variables. The final system uses six different models to predict the sleepiness level of the driver. 
 
The performance of the final system showed promising results. The system can correctly classify the drivers in 
approximately 87% of the cases. The number of occasions when the system classify the driver as sleepy when 
he/she is still alert is very low, approximately 0.7%. 
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1. Introduction 

 

This master thesis project will be introduced in this chapter. First a brief background to the problem of driver 
sleepiness prediction is given. Then the problem is described before the limitations, purpose and question are 
addressed. An outline for the rest of the thesis concludes the chapter. 

1.1. Background 
Heavy-truck driver sleepiness and the development of means to reliably detect heavy-truck driver sleepiness is a 
topic that has been explored for at least the past 70 years. Already in 1941 the US government conducted a 
survey called “Fatigue and Hours of Service of Interstate Truck Drivers” (Siegmund, King and Mumford, 1996). 
Since then many reports and papers have been published both by different authorities and by the vehicle 
industry.  
 
The main purpose of this research is to reduce the number of accidents on the roads. The statistics on how many 
accidents that is sleep-related are uncertain. Åkerstedt and Kecklund (2000) believe that 10 - 20% of all 
accidents for light traffic are sleep-related, a number much higher than the official 1-3%. For heavy traffic the 
numbers are believed to be even higher. The causes of sleep-related accidents are closely related to the human 
physiology with high metabolism during daytime and low during night-time. With low metabolism the 
functionality of the human body decreases, so driving during this period naturally increases the risk of an 
accident. The characteristics of the road also affects sleep-related accidents. Driving on a wide, straight and 
monotonous road increases the risk. (Åkerstedt and Kecklund, 2000) 
 
According to Länsförsäkringar (n.d.) about 20 percent of all road accidents in Sweden are related to sleepiness. 
In a Swedish study regarding the risk of an accident over 24-hour periods it was shown that professional drivers 
had better understanding of the risks when driving sleep deprived than nonprofessional drivers. It is however a 
myth that professional drivers seldom or never have sleepiness related problems in traffic; studies have shown 
that more than half of all truck drivers have experienced falling asleep behind the wheel. One of the best ways to 
prevent falling asleep behind the wheel is to stop for a short nap, something that professional truck drivers 
seldom are able to do, due to their tight time schedules. (Länsförsäkringar, n.d.) 
 
Sleep related accidents are often more severe than other accidents because when falling asleep the vehicle is 
totally uncontrolled and no attempts to prevent an accident can be made. Most sleep related accidents occur on 
highways or main roads where the speed is high. Many drivers also tend to increase their speed in an attempt to 
avoid falling asleep. In most countries there are laws and regulations regarding driving and resting times for 
professional drivers. The regulations’ three main purposes are to ensure a healthy competition between transport 
companies, ensure a safe road environment and acceptable working conditions for the employees. However, laws 
and regulations are not always followed and even if they were, sudden sleepiness could affect all drivers, 
including experienced and professional ones. (Länsförsräkringar, n.d.) 
 
One way for the industry to help in the struggle to minimise sleep related accidents would be to provide some 
kind of system that could predict driver sleepiness. A system would be helpful since the driver seldom knows 
when he or she is too tired to keep on driving, or as Itoi et al. (1993, cited in Knipling and Wierwille, 1994, p.3) 
state: “Unfortunately, drivers themselves are often unaware of their own deteriorating condition or, even when 
they are aware, are often motivated to keep driving”. 
 
The industry has tried to construct different systems to predict driver sleepiness but there are only a few 
commercial products available today. SAM is a “driver fatigue alarm” developed by Rebman Driver Alert 
Systems. The system consists of a small device installed under the steering wheel to monitor the steering wheel 
motions with a magnetic sensor. SafeTRAC is another system from the company AssistWare Technology Inc. 
The system is constructed with a camera, mounted on the wind shield, which monitors the lane markings of the 
road. The system also monitors the steering wheel motions of the truck and it is told to be a “Drowsy Driver 
Warning System”. There are other systems as well but no independent validations of these systems exist. 
(Kircher, Uddman and Sandin, 2002) 

1.2. Problem definition 
During the autumn of 2005 and spring of 2006 Kanstrup and Lundin (2006) investigated a patent from Cesium 
AB; the patent describes how to extract four different variables from the steering wheel torque and lateral 
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acceleration of the truck which were to indicate the sleepiness of the driver. Their task was to see whether these 
variables could actually be used to detect driver sleepiness. Two of the investigated variables were found useful 
and the other two were found not to correlate with the driver’s sleepiness. Kanstrup and Lundin concluded that in 
order to make a reliable system to predict driver sleepiness more experiments needed to be done. They 
recommend that at least 20 different drivers were used. 
 
The aim of this thesis work was to continue where Kanstrup and Lundin (2006) left off. The two useful variables 
(reaction time and degree of interaction)1 will be investigated further to verify that these could be used in a 
reliable system for sleepiness prediction. Other variables, not described in the patent from Cesium AB, will also 
be investigated to see if they can improve the accuracy of a future system. This system is meant to have practical 
use and therefore the whole development will proceed with that in mind. Furthermore the following 
requirements must be fulfilled: 

• detect sleepiness prior to occurrence of critical performance failure 
• real time measurements 
• no physical contact with the driver 

 
This project is done in collaboration with Kristina Mattsson, a master thesis student from Luleå Technical 
University. The aim and goals are both the same but the focus is different. We are both going to develop a 
system to predict driver sleepiness but we will investigate different variables. Both in the literate review and the 
later calculations she will focus in the lane related variables and the possibility to use frequency analysis as an 
indicator of driver sleepiness. I will focus mainly on the steering wheel related variables. The experiments at 
VTI2  will be planned and executed together. It is our belief that all types of variables are needed in the final 
system if the accuracy is to be high enough and therefore the development of the final system will be done 
together. The division of work is summarised in Table 1. 
 

Table 1 Project division 

 Jens Berglund Kristina Mattsson 

Literature review Focus mainly on steering wheel related 
variables. 

Focus mainly on lane related variables 
and frequency analysis. 

Simulator studies The simulator studies will be planned and executed together. 
Analyzing the 
simulator material 

Focus on steering wheel related 
calculations. 

Focus on lane and frequency related 
calculations. 

Final algorithm The development of the final algorithm will be performed together. 

1.3. Limitations 
• This report will not consider any legal or ethical issues related to sleepiness prediction. 
• All simulations will be conducted with Swedish drivers, on a simulated Swedish highway with Swedish 

environment etc. 
• The solution is designed for highways and similar main roads at a minimum speed of 65 km/h. 
• This report will not consider possible warning systems that could be initialized in case of driver 

sleepiness. 

1.4. Purpose 
The purpose of this thesis is to reduce the number of accidents and hence make future Scania trucks safer for 
both drivers and other road-users. 

1.5. Research question 
If a truck driver is driving on a normal Swedish highway at a speed higher than 65 km/h; is it then possible to 
develop a system that could predict the truck drivers’ sleepiness when only variables from the truck are 
measured? 

                                                           
1 Both reaction time and degree of interaction is further explained in chapter 2. 
2 VTI – Swedish Road and Transport Research Institute, Swedish: Statens väg- och trafikforskningsinstitut  
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1.6. Outline 
This thesis work report is divided into six chapters. In chapter two the theoretical background is given to help 
understand the rest of the report. The method is described in chapter three, which includes explanations about the 
simulator study performed and related issues. In chapter four the results are presented and in chapter five the 
implications that can be drawn from the current study is discussed. The sixth and final chapter contains the 
conclusions drawn from this study. 



  4



  5

2. Theoretical background 

 

In this chapter the theory of the project will be presented. The issue of measuring the sleepiness level of the 
driver will be addressed first. Thereafter some of the variables that are believed to indicate driver sleepiness will 
be presented; the variables that are not discussed in this report are addressed in Mattsson (2007). The statistical 
theory used to interpret all the data gathered from the simulator is also presented in this chapter. At the end it is 
discussed how the performance of the final system can be evaluated. 

2.1. Ways to measure sleepiness 
There are several methods to measure a person’s degree of sleepiness. One approach is to look at different 
physiological indicators such as the proportion of time that the eyes are closed, as PERCLOS3 do. Erwin (1976, 
cited in Wierwille et al., 1994) found that eyelid closure is a very stable indicator of drowsiness. King, Mumford 
and Siegmund (1998) claims that Electroencephalography (EEG) activity or standard deviation of heart interval 
could be used to measure driver sleepiness. 
 
The above mentioned methods are all objective and require some measuring equipment and in many cases the 
equipment needs to be attached to the driver. Sleepiness could also be measured in a subjective manner where 
the sleepiness of the driver is estimated either by the driver itself or by special raters. In a study performed by 
Siegmund et al. (1995) three different ways to measure truck driver sleepiness were tried, namely 1) EEG, 2) 
Heart rate and 3) subjective evaluation of sleepiness with trained raters. It was found that it is a difficult task to 
objectively measure the sleepiness of a truck driver. The measure that correlated the strongest with the sleepiness 
of the driver was the subjective evaluation with raters. Wierwille et al. (1994) states that the subjective method to 
measure sleepiness is the approach that has been chosen in most of the studies carried out. A commonly used 
scale for self estimation is the Karolinska Sleepiness Scale4 (KSS), which is a nine point scale defined as follows 
(Kanstrup and Lundin, 2006): 
 
1 = Very alert 
2 = 
3 = Alert 
4 =  
5 = Neither alert nor sleepy 
6 = 
7 = Sleepy, but not strenuous to stay awake 
8 = 
9 = Very sleepy, great effort to stay awake or fighting sleep 
 
Since the scale is subjective it might cause some problems in the following statistical calculations, especially in 
the multiple regression analysis described in section 2.5.1. The regression analysis assumes that the difference in 
sleepiness between two consecutive levels is the same throughout the whole scale, i.e. that the difference in 
sleepiness between a two and a one is the same as the difference in sleepiness between a nine and an eight. The 
scale has been validated against electroencephalographic (EEG) and other indicators of sleepiness and is 
frequently used (Kaida et al. 2006). According to Åkerstedt (2006) the scale is linear compared to a base scale 
and the difference between two consecutive levels is the same throughout the whole scale. 

2.2. Steering wheel related variables 
Different studies have shown that there is a relationship between various steering related variables and the 
sleepiness of the driver. The steering related variables have the advantage that they are easy to measure since 
they require no camera or image processing. The drawback is that these variables are dependent upon the road 
curvature and are therefore mostly reliable on highways. (Kircher et al., 2002) 

2.2.1. Ellipse 
King et al. (1998) suggests a method to indicate sleepiness where the basic idea is to plot the wheel angle, θ, 
against the wheel angle velocity, ω, in the same graph. Both variables are plotted against their own mean value 

                                                           
3 PERCLOS – PERcentage of eye CLOSure 
4 KSS was deleveloped in 1979 by professor Torbjörn Åkerstedt and his group 
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to show the direction in which the steering wheel is moved. Data clustered around the origin indicates an alert 
driver while a more spread out spectrum indicates a sleep deprived driver. To separate the two an ellipse is 
defined around the origin and as long as the samples are within the ellipse the driver is still alert. If the samples 
are outside the ellipse this is believed to be a sign of sleepiness, the principle is shown in Figure 1. (King et al., 
1998) 
 

 

Figure 1 Illustration of the ellipse criterion (King et al., 1998) 

2.2.2. Amp_D2_Theta 
King et al. (1998) suggests that a variable called Amp_D2_Theta (Amplitude Duration Squared Theta) could be 
used to indicate driver sleepiness. This variable is defined as the area between the steering wheel angle, θ, and 
the mean of θ multiplied with the time the steering wheel angle is on the same side of the mean of θ, see Figure 
2. This could formally be written as: 
 

)(
N

K
  taAmp_D2_The θθ

j

J

j

j tA ⋅= ∑     (2.1) 

K = Scaling factor 
N = Number of samples 
Aj

θ = Area of the jth block 
tj
θ = The time of the jth block. 
 

 

Figure 2 Illustration of Amp_D2_Theta (King et al., 1998) 

2.2.3. SDEV 
Fagerberg (2004) believes that the standard deviation of the steering wheel angle (SDEV) could be used to 
predict driver sleepiness. A problem with this variable is that the road curvature will give significant 
contributions to the steering wheel angle. Kircher et al. (2002) suggests subtracting the mean value for each mile 
of road from the steering wheel angle to reduce this problem. 
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The standard deviation can be calculated as: 

( )∑
=

−
−

=
N

i

mi
N

SDEV
1

2

1

1
θθ  where ∑

=

=
N

i

im
N 1

1
θθ    (2.2) 

(Siegmund et al., 1996) 

2.2.4. REACTIM 
In the study performed by Kanstrup and Lundin (2006) the variable reaction time (REACTIM) is believed to 
indicate sleepiness of a truck driver. The driver usually responds to a change in the lateral acceleration by an 
adjustment of the steering wheel to maintain the course of the vehicle. This adjustment causes a steering wheel 
torque. However, the adjustment is not instantaneous; the driver will rather respond with some delay, which is 
equal to the reaction time of the driver. It can be measured by monitoring the lateral acceleration and the steering 
wheel torque and calculate the time difference between the extreme value of the lateral acceleration and the 
corresponding extreme value of the steering wheel torque. The principle is shown in Figure 3. 

 

Figure 3 Illustration of reaction time 

2.2.5. SWDR 
Siegmund et al. (1996) states that the number of steering wheel direction reversals could be used to indicate 
driver sleepiness. Reversals less than 0.5 º is considered as noise. The variable is defined as: 

rateS
N

R
SWDR =      (2.3)  

R = steering wheel reversals 
Srate = sampling rate 
N = number of samples 
(Siegmund et al. 1996) 

2.2.6. NMRHOLD 
This variable counts the number of times the steering wheel is held steady (within a certain threshold angle) 
longer than 0.04 seconds. Steady means that the change in angle below ±0.5º. If the number counted exceeds a 
predefined value over a given time interval it is believed to indicate driver sleepiness. (Wierwille et al., 1994) 
 
Siegmund et al. 1996 suggests the following formula to calculate this variable: 

N
NMRHOLD

steadyθ
=      (2.4)  

N = time interval in number of samples 

steadyθ  = the number of times the steering wheel angle remains steady for longer than 0.04 seconds. 
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2.2.7. DEGOINT 
Kanstrup and Lundin (2006) also found that the independent variable they call degree of interaction (DEGOINT) 
could indicate sleepiness of a driver. The degree of interaction shows how well the driver and vehicle interact 
with each other. A high degree of interaction indicates an alert driver while a low degree of interaction indicates 
a sleep deprived driver. This independent variable is calculated using the steering wheel torque and the lateral 
acceleration of the truck. Before the calculation can take place both curves needs to be normalized and the 
steering wheel torque is delayed by the reaction time. The degree of interaction is by Kanstrup and Lundin 
(2006) defined as: 

∫∫ −
=

ba ff
DEGOINT

1
    (2.5) 

fa = steering wheel torque 
fb = lateral acceleration 

 

Figure 4 Illustration of degree of interaction (Kanstrup and Lundin, 2006) 

2.2.8. STEXED 
This variable measures the proportion of time that the steering wheel velocity exceeds 125 degrees/second. 
(Wierwille et al., 1994) 

2.2.9. STEXEED 
This variable is nearly the same as STEXED, the only difference is that it measures the proportion of time that 
the steering wheel angle velocity exceeds 150 degrees/second instead of 125 degrees/second over a three minute 
interval. (Dingus et al. 1985 in Wierwille et al. 1994) 

2.2.10. STVELV 
This variable measures the steering wheel angle velocity variance (STVELV) over a given time interval (the 
authors suggest three minutes). (Dingus et al. 1985 in Wierwille et al. 1994) 

2.3. Lane related variables 
Wierwille et al. (1994) concludes that lateral control measures are closely related to prolonged driving, and 
thereby might be used to detect driver sleepiness. Siegmund et al. (1995) states that driver sleepiness is most 
likely indirectly measured either by the steering wheel control input or lane maintenance output, and that the lane 
maintenance is arguably the more complete parameter. 
 
This project is done in collaboration with Kristina Mattsson and the lane related variables are closely examined 
in her report, Mattsson (2007). For the sake of completeness they are listed together with a short description in 
Table 2. 
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Table 2 Lane related independent variables 

Independent variable Description 

LATVAR Variance and standard deviation of lateral position. 
MEANPOS Lateral mean position. 
PATHDEV Vehicle path deviation. 
TLC Time-to-Lane Crossing. 
LANEX Lane exceeding properties. 

2.4. Frequency related variables 
One way to link the frequency dimension to the sleepiness level of the truck driver is to study the PSD5 for some 
suitable variables. This approach has for instance been chosen in the study performed by Kircher et al. (2002).  
 
In this project it was decided to investigate the PSD for each variable measured in the simulator. In theory, even 
the PSD for other variables, like the steering wheel and lane related variables, could be investigated. But in this 
project that was not feasible since these variables all had too few data points. The frequency analysis performed 
in this project is more closely presented in Mattsson (2007). 

2.5. Statistical theory 
There are numerous different statistical methods to choose from to interpret data and it is not an easy task to 
decide which one to use. In this section some of the advantages and disadvantages of three different methods will 
be presented and in the following subsections regression analysis will be investigated further. 
 
Regression can be used to study the relationship between two or more quantities. The measured variable, y, is 
often referred to as the dependent variable. The controlled or input variables, xi, are often called independent 
variables. The dependent variable is seen as an effect of the independent variables.  If there is only one 
independent variable we have a simple linear regression model as opposed to multiple linear regression models 
where there are more than one independent variable for each dependent variable. (Wikipedia, 2007) 
 
In this project the drivers state their own sleepiness level on a nine point scale (KSS). These KSS values are 
placed after each other, producing a curve for the regression analysis to resemble. The dependent variable is in 
this case the estimation of the correct KSS value, in this report referred to as y*. Figure 5 shows an example 
where the line with circles represents the drivers KSS values and the line with the stars the estimated dependent 
variable y*. In regression analysis the estimated y* curve is calculated in such way so that the residual sum of 
squares, QRES, is minimised. QRES can mathematically be defined as: 

( )∑ −=
n

jjRES yKSSQ
1

2*
     (2.6) 

 
If the KSS values for all drivers are aligned after each other, the estimated curve is in some sense the best 
possible solution for the average driver. The independent variables used to calculate the dependent variable are 
the different steering wheel related variables presented earlier as well as the lane related variables and frequency 
related variables presented in Mattsson (2007).  

                                                           
5 PSD – Power Spectral Density 



  10

 

Figure 5 Illustrations of drivers KSS values and their corresponding estimations 

 
In regression analysis the output is a number; in this project the number represents the sleepiness level of the 
driver which is then used to decide whether the driver is too tired. The number itself is not interesting; the only 
thing that matters is if the driver is “alert enough to continue driving” or “too tired to continue driving”. Linear 
discriminant analysis is a classification technique where the background variables are used to find a predictor to 
a set of predefined classes (the independent variables are usually referred to as background variables in 
discriminant analysis). The different classes need to be predefined and in this project they could for instance be 
“driver tired” and “driver alert”. The background variables could then be used to classify the driver into one of 
these two predefined classes. 
 
Discriminant analysis has some restrictive prerequisites. One of these is that the background variables used must 
be normally distributed6. Another is that the covariances7 between the classes must be equal (Friel, 2007). In this 
project the background variables are not normally distributed. Enqvist (2007) explains that this problem might be 
solved by finding a suitable non linear transformation of the background variables before performing the 
discriminant analysis, but it is not obvious how to find a good such transformation.  
 
In an extensive study performed by Wierwille et al. (1994) both discriminant analysis and regression analysis 
were considered. The conclusion was that multiple regression analysis had some inherent advantages over 
discriminant analysis and that the result was as accurate as discriminant analysis regarding classifying levels of 
sleepiness. The study does not reveal whether the background variables used were normally distributed or not, 
and if so how this was solved.  
 
Closely related to regression analysis is logistic regression. Logistic regression is similar to discriminant analysis 
in terms of focusing on predicting group membership. Logistic regression makes no assumptions about 
independent variables distributions, linear relations and/or equal variances between classes. It is, however, 
sensitive to multicollinearity or extreme values in the independent variables. (Balling, 2007) 
 
If p is the probability to belong to a certain class the logistic regression equation could be expressed as: 

 εβββ ++++=








−
= nn xx

p

p
pit ...

1
ln)(log 110    (2.7) 

 
Often the probability, p, is wanted and then the above equation could be rewritten to: 

                                                           
6 The definition of the normal distribution is given in appendix A. 
7 Covariance is a way to measure dependency; a definition is given in appendix A. 
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 (Balling, 2007) 
 
In this project there are 17 independent variables but in the final algorithm as few as possible should be used 
without loosing accuracy. Some of the independent variables may contain the same information and if they all 
are introduced into the model the accuracy may decrease. This is confirmed by a previous study by Kircher et al. 
(2002) that claims that the best predictor result is obtained when four to seven variables are used. Therefore it is 
crucial that the chosen statistical method can be used in a stepwise manner that somehow chooses the best 
independent variables to use.  
 
There are methods for stepwise discriminant analysis that could be used to determine which background 
variables should be used and which should be omitted, but some textbooks are doubtful to this technique. For the 
regression analysis there exist several different stepwise methods. Equivalent methods probably also exist for the 
logistic regression analysis but none were found.  

2.5.1. Regression analysis 
A commonly used model for simple linear regression is that there are n pairs of observations 
 (x1, y1), …, (xn, yn) where x1, …, xn are given quantities and y1, …, yn are observations of independent stochastic 
variables Y1, …, Yn which are normally distributed, Yi ∈  N(mi, σ)

8. One typically wants to predict each yi from 
the corresponding xi. In this model that is done through the relation: 

ii xm βα += '
,  (i = 1, …, n)    (2.9) 

 
The above equation, which represents a line is called the theoretical regression line and it shows how the 
expected value depends on the independent variable. In other words we can predict yi’s expected value by 
inserting xi in the regression line. In the normal case the constants α’ and β are unknown and the purpose is to 
estimate the regression line. The constants are determined by using the least square method to minimise the 
residual sum of square. The residual sum of square was introduced in equation 2.6 but it is replicated here with a 
slight modification in notation: 
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The expression of mi is inserted into the function of QRES but first it is somewhat rewritten to make the 
calculations easier. 

)( xxm ii −+= βα , where nxx i /)(∑=     (2.11) 

 
To find the minimum the derivative of QRES is calculated and set to zero. Since QRES is a function of two 
variables we take the partial derivatives for each variable separately and solve the equation system. 
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The solution to the equation system is: 
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The star after the parameter indicates that the parameter is an estimation of the correct value. If these estimations 
are put in equation (2.11) we get the estimated regression line: 
                                                           
8 m is the expected value and σ is the standard deviation, both terms are defined in appendix A, terms and 
definitions. 
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)(*** xxm −+= βα      (2.14) 

 
For each given x=x0 this line can be used to get an estimation for the corresponding expected value m0, thus we 
have: 

)(*** 00 xxm −+= βα  

(Blom, 1989) 
 
There is no problem to extend the simple linear regression model to a multiple linear regression model with an 
arbitrary number of independent variables. In this model the observed values are: 
(x11, x12, …, x1k, y1), (x21, x22, …, x2k, y2), …, (xn1, xn2, …, xnk, yn) 
 
The relationship between the independent variables x1, x2, …, xn and the dependent variable y is seldom exactly 
linear. In the model these deviations from the linear relationship are considered as stochastic variables, denoted 
Y1, Y2, …, Yn.  Let yj be an observation of: 

jjkkjjj xxxY εββββ +++++= ...22110    (2.15) 

 
This equation could be written in matrix form as follows: 
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As in the simple linear regression model we want to estimate all the β parameters and this is again done by using 
the least square method, which is to minimise: 
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Once again the minimum is found by solving the equation system that appears when we set all the partial 
derivatives equal to zero. The equation system can be written as: 
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Or in matrix form as: 
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Where the last step shows how to calculate the estimation of the parameter vector β.  
(Enqvist, 2001) 

2.5.2. Forward selection 
Forward selection is one type of stepwise regression analysis. Stepwise regression analysis is used when there 
are several independent variables x1, …, xp for one dependent variable y, but it is not known which of the 
independent variables that are useful. Forward selection is one of many methods to figure that out. The 
regression model has an error and the basic idea is to see if this error is reduced when another independent 
variable is added. The errors cannot be compared directly because they are stochastic variables and therefore an 
F-test (further explained in section 2.5.3) is used to decide whether another independent variable should be 



  13

introduced into the regression model. It is not guaranteed that the final result contains the optimal combination of 
the available independent variables. The forward selection method will now be described in algorithm form: 
 
1. Calculate the correlation9, r(y, xi), between the dependent vector y and each of the independent variables xi. 
Select the independent variable that gives highest value of |r(y, xi)|. 

 
2. Perform regression analysis with the chosen xi as independent variable and try with a t-test or F- test if the null 
hypothesis, denoted H0 can be rejected. 
H00 : βi0 = 0 against Hi0: βi0 ≠ 0 on significance level α 
 
The null hypotheses state that the independent variable chosen is not useful. This test may result in two 
different outcomes. The first is that the null hypothesis cannot be rejected; meaning that the independent 
variable was not useful and therefore should not be introduced into the regression model, go to 3a. The second 
outcome is that the null hypothesis can be rejected; meaning that the independent variable was useful and 
should be introduced into the model, if this is the case proceed to 3b.  

 
3a. The null hypothesis H00 cannot be rejected. Choose the model Yj = β0 + εj and end the procedure. 
 
3b. The null hypothesis H00 can be rejected. Introduce xi0 into the model. Investigate if another independent 
variable should be introduced by finding the pair of independent variables (xio, xi1) that gives the least residual 
sum of squares for all pairs (xio, xk) when k ≠ i0. Try with a t-test or F-test if: 
H01 : βi1 = 0 against Hi1: βi1 ≠ 0 on significance level α 
 
This test may result in two different outcomes: The null hypothesis cannot be rejected, go to 4a. Or the null 
hypotheses can be rejected, go to 4b. 

 
4a. The null hypothesis H01 cannot be rejected. Choose the model Yj = β0 + β1xj1 + εj and end the procedure. 
 
4b. The null hypothesis H01 can be rejected. Introduce xi1 into the model. Investigate if another independent 
variable should be introduced by finding the triple of independent variables (xi0, xi1, xk) that gives the least 
residual sum of squares of all possible triples (xi0, xi1, xk) when k ≠ i0, i1. 

 
Continue in the same manner until the null hypothesis can no longer be rejected. 
(Enqvist, 2001) 

2.5.3. F-test 
If the F-test is to be used in the step wise regression analysis a test quantity with F-distribution is needed. The 
residual sum of squares is a measurement of how good the regression model is; therefore it seems reasonable to 
base the test quantity on how much the residual sum of squares is improved when a new independent variable is 
added to the model. Let Qres1 be the residual sum of squares for model 1 and Qres2 be the residual sum of 
squares for model 2 when another independent variable has been added. As test quantity the following is chosen: 
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w      (2.20) 

k = number of independent variables in model 1 
p = number of added independent variables in model 2 
n = number of observations 
 
The above quantity can be mathematically derived using the likelihood-ratio principle. It can also be shown that 
if the null hypothesis is true the test quantity has an F-distribution, or mathematically written: w ~ F (p, n – k – p 
– 1). The null hypothesis can be rejected if w > a, where a is the critical limit given in an F-distribution table for 
F (p, n – k – p – 1) with given significance level α. 
(Enqvist, 2001) 
 
 
 

                                                           
9 Correlation is a way to measure dependency; defined in appendix A. 
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2.6. Algorithm appraisal 
In some way the performance of the final algorithm needs to be evaluated, Kircher et al. (2002) describes a 
method to do so. One starts by constructing a table with all the possible outcomes from the algorithm, in this 
project the table could be constructed as shown in Table 3. 
 

Table 3 Contingency table for sensitivity and specificity 

 Sleepy driver Alert driver 

Algorithm predicts a 

sleepy driver 

True Positive 
(TP) 

False Negative 
(FN) 

Algorithm does not 
predict a sleepy driver 

False Positive 
(FP) 

True Negative (TN) 

 
Sensitivity can in this case be explained as the percentage of all sleepy drivers that are predicted as sleepy. The 
percentage of all alert drivers that are predicted to be alert is called specificity. Sensitivity and specificity can be 
defined as: 

100)|((%) ⋅
+

==
FPTP

TP
SAPySensitivit    (2.21) 

100)|((%) ⋅
+

=¬¬=
FNTN

TN
SAPySpecificit    (2.22) 

A = System predicts sleepy driver, (alarms) 
S = Driver Sleepy 
 
Naturally both a high value on sensitivity and specificity is appreciated but some kind of trade-off probably 
needs to be defined. (Kircher et al., 2002) 
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3. Method 

 

From the literature a number of independent variables that are believed to indicate the sleepiness of a driver were 
found. These variables can be calculated from different measured variables in the truck. To investigate whether 
these variables actually explain the level of sleepiness of truck drivers a simulator study was conducted. The 
subjects participate in two sessions, one reference test earlier in the evening when they were still alert and one 
night test later at night when they were supposed to be sleepy. In the simulator the driving environment was 
controlled to ensure that it was exactly the same for each participant. During the study every participant 
estimated his/her level of sleepiness every ten minutes. In this way the relation between the independent 
variables and the driver sleepiness state could be investigated. If there was to be a significant difference in the 
independent variables between the two cases when the drivers were alert and sleepy, those independent variables 
can be used (at least to some extent) to detect the level of sleepiness of a truck driver. 
 
This chapter starts with a section that addresses some of the confounds related to this project. The participants 
and the material used are then explained. The chapter is concluded with a description of the experimental 
procedure. 

3.1. Confounds 
The level of sleepiness for a person is quite complex and depends upon numerous parameters. Some examples 
are: the quality and length of the last sleep cycle, sleeping habits, eating habits, alcohol, and nicotine intake. To 
control all such parameters is practically impossible in a project as small as this one. Therefore there still exists a 
possibility that these parameters could influence the simulation test. In an attempt to reduce such parameters the 
participants were informed both verbally and with an information letter (appendix B) to refrain from activities 
that might have a negative influence on the study. The participants’ driving experience, sleeping patterns and 
sleeping disorders were also investigated through a questionnaire that each participant filled out before 
participating in the study. All participants adhered to the instructions and therefore none needed to be excluded.  
 
The driving behaviour in the simulator might differ from the driving behaviour on a real highway. The 
participants know very well that they are in a simulator and that they will not be injured in case of an accident. It 
is possible that fear of injury or death are different in a simulator and on a real life highway. In a study 
performed by Alm (1997) the use of driving simulators as research tools were investigated. He concluded that 
both the average speed level as well as the lateral position was very similar between real road conditions and 
simulator conditions. However, it was also found that if it was known that there were no other road users present, 
the drivers behaviour with respect to their position on the road changed.  
 
If the number of data points collected is too few, the statistical analysis will be highly uncertain. In the statistical 
analysis the estimated value of the driver’s sleepiness level will be compared to the driver’s own estimation of 
his/her level of sleepiness. Therefore those two datasets should contain the same number of values. Since the 
independent variables used to produce the estimation of the driver’s sleepiness level are calculated from the 
original variables measured in the simulator, they can be produced at arbitrary time points. The test subjects 
estimate their own sleepiness level when a question appears on their screen, so the number of data points is 
essentially decided by how often this question appears and by the number of test subjects. On one hand this 
question should appear often because too few data points give a poor statistical analysis. On the other hand this 
question should appear seldom since this is an event that does not occur in real life and therefore emphasizes the 
differences between real life and simulator conditions. 

3.2. Participants 
The number of participants should be as large as possible to ensure that the number of data points will be 
sufficient. However, it is expensive to perform studies like this and therefore no more than necessary is 
appreciated. One of the conclusions drawn from the previous study performed by Kanstrup and Lundin (2006) 
was that approximately 20 participants were needed in further investigations. Their recommendations were 
followed and 22 participants took part in this simulator study. In Table 4, some data regarding the participants 
age and driving experience is presented. The table is a summary of the answers retrieved from the questionnaire 
that the drivers filled out before conducting the test. The answers to the questionnaire in its whole can be found 
in appendix F. 
 
 



  16

Table 4 Participant information 

 Mean for all Mean for men Mean for women 

Age 35 38.5 27.4 
Years with private car driver’s license 16.8 20.4 9.1 
Estimated driving experience in private car 
(kilometers/year) 

13.800 17.400 7.000 

Years with truck driver’s license 10.0 13.6 1.8 
Estimated driving experience in truck 
(kilometers/year) 

20.300 28.800 2.200 

Score on Epworth Sleep Scale10 8.0 7.3 9.6 
 
At Scania there are nine professional truck drivers that usually test new inventions in Scania trucks. They all 
have extensive truck driver experience and seven of them participated in this project. The rest of the participants 
were technicians or other employees with truck driver licenses. These were included with intention to make the 
test group as heterogeneous as possible with regards to gender and age. If the test group is too homogeneous the 
results may be hard to generalize. 
 
Even though the aim of the project is to see if there is any difference in driving behaviour between alert and 
sleep deprived drivers the participants will not be divided into these groups. The study was rather designed in 
such a way that every participant first had a period of alert driving and then a period of sleep deprived driving. 

3.3. Materials 
The simulator used in the study was Simulator II, see Figure 6, located at VTI in Linköping. The simulator has 
the real chassis of a Scania truck. It has a sophisticated motion system simulating fast acceleration as well as 
vibration and contact with the road. The simulator is placed upon rails making a linear motion of the whole cab 
possible. The upper section of the simulator, which holds both the chassis and the screen, can be turned 90 
degrees. This means that the linear motion can be used to simulate either lateral or longitudinal forces, relative to 
the vehicle’s direction of travel. In this study lateral forces were used. (VTI, 2005) 
 
 

 

Figure 6 The simulator used in the experiments (VTI, 2005) 

The driver experienced the surroundings from a main front screen with 120 degrees horizontal and 30 degrees 
vertical field of view. The simulator also has screens placed outside the doors as rear mirrors. The sound system 
generates noise that resembles the internal environment in a modern truck. The truck is also equipped with a 
speaker system so that the driver and the test leader can communicate. There are also three cameras placed inside 
the cab recording the driver from different angles. The test leader can continuously observe the driver through 
these cameras. In Table 5, technical data of pitch angle, roll angle, vertical movement, longitudinal movement, 
lateral movement and maximal simulated acceleration are given. 
 
 
 

                                                           
10 Epworth Sleep Scale – The test is developed by Dr. Murray Johns and those scoring ten or above might need 
professional help. (Infosleep, 2007) 
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Table 5 Simulator data 

Pitch angle +15º to -10º 
Roll angle ±24º 
Vertical movement ±7.5 cm 
Longitudinal movement ±7.5 cm 
Lateral movement ±3.5 m 
Maximal simulated acceleration 0.4 g 

3.4. Procedure 
It cannot be ruled out that the driving behaviour between different drivers change in different ways as their 
sleepiness levels increase. Therefore the change in driving behaviour when each driver change from alert to sleep 
deprived must be investigated individually. Each participant conducted two different tests in the simulator during 
the same evening/night. First a one hour reference drive to be able to capture the individual change in driving 
behaviour between the different drivers; this test was carried out early in the evening when the drivers were still 
alert. Before any recording of data began each participant was allowed a test drive for approximately ten minutes 
to get acquainted with the behaviour of the simulator. Later at night each participant performed a two hour night 
drive where their driving behaviour during higher levels of sleepiness was studied. Three such combinations 
with reference and night drives were performed each night with three different participants, a schedule for the 
tests can be found in appendix E and B. Four pilot tests were also conducted; the purpose of these was to assure 
that the simulator environment and the different time sessions (one hour for reference and two hour for night 
drive) worked as intended.  
 
The participants were informed about the test both verbally and with an information letter (see appendix B). The 
information letter described both purpose and goal but only in general terms. The participants were not informed 
about which measurements were to be made. This was to prevent the participants from driving with a style that 
they believed would generate preferred data (or not preferred data). In the information letter the participants were 
asked to follow restrictions regarding sleep, alcohol, caffeine or other sleep influencing food or drugs. Nicotine 
was not restricted but registered. No naps during daytime before the tests or between the reference test and the 
night test were allowed. To make sure the participants were not sleeping between the reference test and the night 
test the test leader checked upon them approximately every 30 minutes. The participants were also informed that 
the simulator study was strictly voluntarily and that they were allowed to quit at any time without any negative 
consequence what so ever.  
 
Before the reference test each participant was asked to fill out a questionnaire (see appendix C). The purpose of 
the questionnaire was to make a survey about their driving experience, sleeping patterns and sleeping disorders. 
In the questionnaire the amount of sleep each participant had before participating in the test were also registered. 
 
The scenario was a monotonous highway during day time with a small amount of fog to reduce the visibility to 
approximately 150 meters. There was no other traffic in either direction and the environment was a flat rural 
landscape. The manual gear was disabled and the truck behaved as if it was equipped with an automatic gear. 
Both the watch and the trip gauge were disabled so that the driver could not know for how long he/she had been 
driving. 
 
When the text “Sleepy?”11 was displayed on the screen the driver estimated his/her current level of sleepiness 
according to the KSS. The text was repeatedly shown every ten minutes during both the reference and the night 
drive. In addition to the driver’s own estimations, the test leader also estimated the driver’s sleepiness every ten 
minutes on the KSS based upon the driver’s recorded face. At a first glance both the test leader’s estimations and 
the drivers own estimations seemed to correspond quite well with each other. There was however not enough 
time to investigate this relationship further and therefore only the driver’s own estimations were used during the 
rest of the project. Each driver was asked to drive only in the right hand lane. If the driver changes lanes it 
complicates some of the lane-related variables used to indicate sleepiness.  
 
Ten different variables were measured from the simulator: 1) time, 2) speed, 3) lateral position, 4) lateral 
velocity, 5) lateral acceleration, 6) yaw angle, 7) yaw angle rate, 8) steering wheel angle, 9) steering wheel 
velocity and finally 10) steering wheel torque. They are described in more detail in Table 6. 
 

                                                           
11 Swedish: ”Sömnig?” 
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Table 6 Description of measured variables 

Variable Short description Unit Sampling Resolution 
time elapsed time since start of test seconds (sec) 100 Hz 0.005s 
speed the speed of the truck meters per second 

(m/sec) 
100 Hz 0.5 m/s 

lateral position the truck’s position on the road, or more 
accurately the distance to the left lane 
marking 

meters (m) 100 Hz 0.005 m 

lateral velocity the truck’s velocity with respect to the left 
lane marking 

meters per second 
(m/sec) 

100 Hz 0.00005 m/s 

lateral 
acceleration 

the truck’s acceleration with respect to the 
left lane marking 

meter per square 
second (m/s2) 

100 Hz 0.00005 m/s2 

yaw angle the angle between the lane marking and the 
current direction of travel 

degrees (deg) 100 Hz 0.00005 deg 

yaw angle rate the time derivate of the yaw angle degrees per second 
(deg/sec) 

100 Hz 0.00005 deg/s 

wheel angle the steering wheel angle degrees (deg) 100 Hz 0.0360 deg 
wheel velocity the steering wheel velocity degrees per second 

(deg/sec) 
100 Hz 7.2 deg/sec 

wheel torque the applied torque on the steering wheel Newton meter (Nm) 100 Hz 0.008 Nm 
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4. Results 

 

In this section it is described how the final algorithm is obtained. An overview of the procedure is shown in 
Figure 7. The optimisation step has an iterative character and is described in more detail in section 4.1. The 
calculation of each independent variable is described in separate subsections. The final part of this chapter 
describes how different models are obtained from the independent variables. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

εβββ ++++= nn xxy ...110
*

 

         Figure 7 Illustration of procedure 

 

4.1. Optimising each independent variable 
Each independent variable should in some way indicate how sleepy the driver is. There could be any kind of 
relationship between the dependent and independent variable. Unfortunately there is no known way too find the 
best possible relationship between two sets of discrete data points. The only solution is to guess different 
relations and see which one is the best. A relation is considered as good if the final result resembles the drivers 
own sleepiness curve, i.e. the KSS points in Figure 8, where all the drivers’ own estimations have been placed 
after each other. 
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                Figure 8 KSS values 

 
To resemble the curve as good as possible is the same as minimising the residual sum of squares between the 
approximated value y* and corresponding KSS value. The formula for residual sum of squares is presented in 
equation 2.6 but replicated here for convenience: 
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 In this project the following relations are tried between the dependent and independent variables: 
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The obvious question is of course: why just these transformations, why not polynomials of higher orders or other 
types of transformations? 
 
If a higher order polynomial were used it would probably resemble the drivers’ sleepiness curve better. But if the 
order is too high, overcompensation might occur where the transformed variable predicts the drivers’ sleepiness 
curve extremely well with our test data, but poorly with any other data. There is another reason as well which is 
best illustrated with an example: let us say there are three independent variables, x1, x2 and x3 and that a third 
order polynomial is used for x2, then the regression expression would be: 

εββββββ ++++++= 3524
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22110* xxxxxy    (4.3) 

 
The columns in X-matrix (see formula 2.16 in section 2.5.1) containing the independent variable x2 will then be 
highly correlated, which is not allowed (any possible constants in the third order polynomial for x2 has been 
omitted in the above equation since they can easily be integrated in corresponding βi and β0). This problem could 
be solved by transforming the independent variable x2 to a new independent variable x’2 = ax

3
2 + bx

2
2 + cx2 + d. 

The regression expression is then changed into: 

εββββ +++++++= 332
2
2

3
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The drawback with this approach (besides the risk of overcompensation) is that the constants a, b, c and d must 
be decided before introduced into the regression expression. These constants can be determined so that the 
independent variable x’2 minimises the residual sum of squares alone. But it is not guaranteed that these values 
are the best when x’2 is used together with the other independent variables x1 and x3. With these fixed values of 
the constants, the freedom of choosing βi:s is limited which might result in worse predictions.  
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One of the steps in regression analysis is to minimise the residual sum of squares. If the independent variable 
contains peaks, those peaks will generate large errors and thus push down the rest of the curve. This result is 
undesirable since the predictions for the rest of the curve will be bad, even though the peak might get closer to its 
corresponding value. To reduce this negative effect all independent variables are limited to an upper bound.  To 
figure out where the bound should be placed both the maximum and minimum value of the variable is located. 
The distance in between are divided into 100 equal smaller distances, each one representing one boundary. The 
concept is shown in Figure 9. If the variable has a greater value than the boundary the value is set equal to the 
boundary. For each of the 100 boundaries the residual sum of squares for all three relations in equation 4.2 are 
then calculated. The boundary and transformation that yields the minimum residual sum of squares is then used 
in the upcoming regression expression. This procedure is repeated for every independent variable. 
 

 

Figure 9 Illustration of the variable limiting process 

4.2. SDEV 
This is a simple independent variable that measures the standard deviation of the steering wheel angle, see 
section 2.2.3. Four different versions of this variable are calculated. 1) The first version is just the simple 
standard deviation of the steering wheel angle over the specified time interval, usually around ten minutes. 2) 
The second version saves the first ten minutes as a reference. The rest of the standard deviations are then divided 
with the reference to see how the driver changes his/her driving behaviour with respect to this reference. 
 
3) In the third version the effects of the road curvature is taken into account. When the standard deviation is 
calculated the mean of the steering wheel angle over the same period is subtracted. This idea is taken from 
Kircher et al. (2002). In the optimising process the time period over which the standard deviation is calculated is 
changed, and therefore the results may be misleading if a fixed time (or fixed road length) is used when 
calculating the mean of the steering wheel angle (as suggested by Kircher et al. 2002). Instead the same time 
period is used when calculating the mean as when calculating the standard deviation. 
 
4) The fourth version uses the first ten minutes when the road curvature effect is taken into account (version 
three) as reference. This reference is then used to investigate how the individual drivers change their own driving 
behaviour with respect to SDEV as their sleepiness state changes.  
 
To clarify the optimisation of the independent variables this variable will be used as an example to illuminate 
some of the steps in the optimisation process. The SDEV independent variable has 418 data points but to be able 
to see anything it is zoomed to show only points 370 to 390 in Figure 10. The aim of the optimisation is to get as 
close as possible to the drivers’ own estimations of their sleepiness, those levels are represented by the KSS in 
the figure. As previously explained this variable comes in four different versions. The same procedure is used for 
all different versions and in the figure the reference version without accounting for the road curvature is shown 
(version 2).  
 
In the upper left corner of Figure 10 version two when still not manipulated is shown. As can be seen it does not 
resemble the KSS that much. So the first step is to transform this version with the three different relations 
described by equation 4.2; those are a first order polynomial function, the inverse of a first order polynomial and 
the logarithm of a first order polynomial. The result is plotted as the different y* curves in Figure 10 for the first 
order, inverse and logarithm functions respectively. Their coefficient values are also stated in the figure. 
 
The next step is then to limit the original SDEV curve and for each limitation try the three different relations 
again. To keep track of which limit, relation and version of the SDEV variable is the best the residual sum of 
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squares is calculated for each combination. In Figure 10 the three different transformations can be observed as 
the yc* curves, (c stands for cut) when the original SDEV curve has been limited to 2.56711101044243. In the 
figure it may look like the only result is that the estimations do not get bigger than the maximum value of the 
KSS (nine). Generally the curve also follows the KSS better but this is hard to see in the figure due to the 
zooming. 
  
In most of the independent variables one or two different settings can be adjusted to change the character of the 
variable. For the SDEV variable the size of a buffer can be changed. The buffer is needed to store the different 
steering wheel angles before the standard deviation can be calculated. This buffer can theoretically be of 
arbitrary length but the statistical calculations become less complicated if the SDEV variable is evaluated at the 
same time points as when the driver estimates his/her own sleepiness level. The length of the buffer may 
however affect the precision of this variable and therefore different lengths are tested. When the buffer size is 
small several standard deviations are saved and averaged to yield one value at the same time as the drivers’ own 
estimations. The following sizes are tried for the buffer (in number of samples); 100, 200, …, 1000 and 3000, 
6000, …, 27000 and finally 10000, 20000, …, 60000. For each size the four different versions of the variable are 
calculated, and then the residual sum of squares is calculated for all hundred limiting values for the three 
different relations. This means that 25*4*100*3 = 30000 different combinations are tried and the one that gives 
the lowest residual sum of squares is chosen. In this case it turned out to be a first order function with reference 
(version two) and a buffer size of 700 samples. How well this corresponds to the KSS can be observed in Figure 
11. 
 
 

 
Figure 10 Optimisation of SDEV 
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Figure 11 Best version of SDEV 

4.3. Ellipse 
The idea of this independent variable comes from the ellipse criterion (King et al, 1998) described in section 
2.2.1. However the size and shape of the ellipse is not known, which raises the question of where the ellipse is 
best placed? Another problem is that all samples that are located on the same side of the boundary are treated 
equally. This means that the driver is considered to be equally alert regardless if a sample is located at the origin 
or a small distance inside the ellipse boundary. If the distance between two samples is small they probably have 
approximately the same information about the drivers’ sleepiness state. This is however not the interpretation of 
the ellipse criterion as (King et al, 1998) describes it. If two samples are on opposite sides of the ellipse 
boundary their distance could be arbitrary small and yet indicate either a sleepy or an alert driver.  
 
So instead the average distance to the origin over a given time is considered. If the driver is alert the average 
distance should be smaller than if the driver is sleepy. The distance is implemented as described by the equation 
below: 
 

22 )()( ωθ ⋅+⋅= badist      (4.5) 

 
In the simulator the driver was asked to estimate his/her sleepiness approximately every ten minutes. To be able 
to verify the results the dist is averaged to give a result at the same time points. The result might be better if the 
steering wheel angle and the steering wheel angle velocity are weighted differently, so therefore the constants a 
and b were introduced in the above formula. a is held constant at 1 when b is set to 0, 0.2, 0.4, …, 2.0 and 2.3, 
2.6, …, 5.0 respectively. For each b-value the procedure described in section 4.1 was conducted to determine 
which b-value yields the minimum residual sum of squares. It turned out that the best result was obtained when b 
was set to 2.6; the result is shown in Figure 12. The reason why this independent variable only has 333 ten 
minute intervals instead of 418 as most others is because VTI forgot to measure the steering wheel velocity for 
the first four test participants during the simulator tests. Without this measured variable the independent 
variables Ellipse, new_STEXED, my_STEXED and STVELV cannot be calculated. 
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Figure 12 Best version of Ellipse 

4.4. new_STEXED 
This independent variable originally comes from the STEXED and STEXEED variables described by Wierwille 
et al. (1994). The idea is to calculate the proportion of time that the steering wheel velocity exceeds a given 
threshold value. For STEXED the authors state that a threshold value of 125 degrees/second should be used and 
for STEXEED the threshold value should be 150 degrees/second. However, they never explained why these 
threshold values should be used or how they came to this conclusion. 
 
A new variable was introduced, called new_STEXED, where the threshold value is not predefined. Instead all 
the threshold values 0, 10, …, 200 were tested to see which one results in the minimum residual sum of squares 
according to the procedure in section 4.1. When calculating this independent variable the number of samples that 
exceeds the predefined threshold is taken over the total number of samples for that time period. Strictly speaking 
this means that the proportion of the steering wheel velocity samples that exceeds a threshold value is calculated. 
Since the time between two consecutive samples is constant this is equivalent to calculating the proportion of 
time that the steering wheel velocity exceeds the given threshold, as stated in the description of this independent 
variable. The time points when this independent variable should be evaluated could be chosen arbitrarily. To be 
able to perform the statistical analysis these time points were chosen to be the same as when the truck driver was 
asked to estimate his/her own sleepiness, usually around every ten minutes. 
 
Four similar versions of this independent variable are calculated. 1) The first one is the original version as 
described above. 2) In the second version the value for the first time period of the original version is saved as 
reference for each test run. All other values within the test run are then divided with this value making this 
variable, new_STEXED_ref, a measurement of how the each driver vary this variable with changes in their 
sleepiness levels. 
 
3) The third version, new_STEXED_var, calculates the variance in the original new_STEXED variable. This is 
achieved by looking at shorter time intervals of one minute and save all these values in a buffer. When the 
drivers are asked to estimate their own sleepiness (i.e. approximately every ten minutes) the variance over this 
buffer is calculated. 4) Finally a reference is taken for the variance version as well and calculated in the same 
way as the other reference. 
 
All four versions are calculated when the threshold value is changed from 0, 10, …, 200 and then the minimal 
residual sum of squares is calculated according to section 4.1.The least residual sum of squares is obtained with a 
first order function of the reference version, new_STEXED_ref, with a threshold value of 30 degrees/second. 
The result is shown in Figure 13. 
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Figure 13 Best version of new_STEXED_ref 

4.5. my_STEXED 
Although not explicitly explained by Wierwille et al. (1994) the basic assumption for the STEXED and 
STEXEED variables is that the steering wheel velocity increases with increased driver sleepiness. This means 
that the independent variable new_STEXED previously described in section 4.4 suffers from a drawback since it 
uses a threshold value. This threshold value indicates that the difference in driver sleepiness is the same as long 
as the samples are on opposite sides of the threshold value; their mutual distance does not matter. This is 
contradictory to the basic assumption that indicates that if two steering wheel velocity samples are closely 
located the difference in driver sleepiness is insignificant. 
 
A new independent variable is introduced called my_STEXED with the aim to reduce the above described 
drawback. It is calculated by taking the mean of the steering wheel velocity samples over a time period. If the 
samples within this time period contain many high (high positive or low negative) values the mean will be high, 
indicating a sleepy driver. If the samples, on the other hand, contain many low values the mean will be low, 
indicating an alert driver. The time periods when this independent variable is calculated is set to the same as 
when the driver estimates his/her own sleepiness so that they can be fairly compared in the statistical analysis. 
 
It is possible or perhaps even likely that different drivers’ own personal driving style affects the value of this 
independent variable. To compensate for this each driver’s data for the first time period, when they are alert, will 
be saved and used as a reference; all later data points will then be divided with this reference. In this way each 
driver’s deviation from his/her own alert driving style will be monitored. Both versions (with and without 
reference) are tried to see which one yields the least residual sum of squares according to the procedure 
described in section 4.1. It turned out that a first order function with the reference version was the best choice, 
shown in Figure 14. 
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Figure 14 Best version of my_STEXED 

4.6. ww_NMRHOLD 
This independent variable is basically the same as the NMRHOLD variable described by Wierwille et al. (1994), 
see section 2.2.6 for an explanation (in this report it is called ww_NMRHOLD to separate it from the modified 
version my_NMRHOLD described next). In the original NMRHOLD variable the number of times that the 
steering wheel is held steady longer than 0.04 seconds is counted. But in the ww_NMRHOLD variable the total 
time is measured when the steering wheel angle is held steady longer than a predefined threshold value. Usually 
this variable (and all the others) is read approximately every ten minutes, although other time intervals may 
occur. Therefore the measured time is divided by the total time for the current time period. 
 
With these modifications the ww_NMRHOLD variable becomes more dynamic than the original NMRHOLD 
variable. If the driver holds the steering wheel steady twice as long as the predefined threshold value he/she 
might be more sleepy than if the steering wheel is held steady only as long as the threshold value. This is 
accounted for in the ww_NMRHOLD variable but not in the NMRHOLD variable.  
 
As most other independent variables, this one has four different versions. 1) The first one is the ww_NMRHOLD 
variable described above. 2) The second version compensates for each driver’s own personal driving behaviour 
by recording and save the first ten minutes of data as reference. Throughout the rest of the drive all data is 
compared with the reference to see how much the driver deviates from his/her original driving behaviour. 3) In 
the third version the variance of this independent variable is investigated to see if this somehow corresponds to 
the sleepiness of the driver. 4) The fourth and final version computes a reference of the variance of the variable 
ww_NMRHOLD, which is then used in the same way as the reference for the second version.  
 
This variable has two parameters that might (and probably do) influence the accuracy of the variable. The first is 
the threshold angle where angles less than this threshold is considered as zero. The interpretation of this is that if 
the steering wheel angle difference is less than this angle the steering wheel will be considered to be held steady. 
The second parameter is the time threshold which Wierwille et al. (1994) had set to 0.04 seconds. Because of 
these two parameters this variable is optimised in two steps. In the first step the time threshold is fixed at 0.04 
seconds and the angle threshold is varied between 0.1 to 2.0 degrees in intervals of 0.1 degrees. When the best 
angle has been determined this angle is fixed, and the time threshold is varied instead between 0.01 and 0.1 
seconds in intervals of 0.01 seconds. In each optimising step the procedure described in 4.1 is conducted. It 
turned out that a first order function with a reference and the combination with a threshold angle of 0.8 degrees 
and a time threshold of 0.07 seconds resulted in the lowest residual sum of squares, the result is shown in Figure 
15. 
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Figure 15 Best version of ww_NMRHOLD 

4.7. my_NMRHOLD 
This independent variable is a slightly modified version of the ww_NMRHOLD variable explained in the 
previous section. Instead of measuring the proportion of time that the steering wheel angle is held steady at an 
arbitrary angle longer than a predefined time, the my_NMRHOLD variable measures the proportion of time that 
the steering wheel angle is held steady around zero only (i.e. not an arbitrary angle). This means that there is 
only the threshold time that needs optimisation in this case. Except for this difference the two variables are the 
same. Even my_NMRHOLD comes in four different versions which are defined and optimised as for 
ww_NMRHOLD. The following values of the threshold time are tried: 0.0025, 0.0050, 0.0075 and 0.01, 0.02, 
…, 0.09 and 0.1, 0.2, …, 1.0. The result of the optimisation process show that a first order function with 
reference (version 2), and a time threshold of 0.001 seconds is the best choice, see Figure 16. 

 

Figure 16 Best version of my_NMRHOLD 

4.8. STVELV 
The basic idea of this independent variable is to take the variance of the steering wheel velocity over a given 
time interval. This variable has four similar versions. 1) The first one is the basic steering wheel variance. 2) In 
the second a reference is calculated from the first ten minutes of data. With this reference the individual change 
of this variable can be monitored for each driver. 3) The third version calculates the mean of the steering wheel 
velocity instead of the variance. 4) The fourth and final version first computes a reference for the mean to be 
used in the same manner as for the variance. 
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The time interval over which both the variance and the mean are calculated probably effects the performance of 
this variable. To find out which time interval that gives the best performance the following intervals were tried: 
0, 1000, 10000, 20000, 30000, 40000, 50000 and 60000 samples (sampling frequency is 100 Hz). For each time 
interval the four different versions of the variable are optimised according to the procedure in section 4.1 to see 
which settings give the lowest residual sum of squares. It was found that a first order function of the mean of the 
steering wheel velocity (version three) gave the lowest residual sum of squares when no buffer at all was used, 
that means the variable is only evaluated at the same time points as when the driver estimated his/her own 
sleepiness level, not at any intermediate time points. The result is shown in Figure 17. 

 

Figure 17 Best version of STVELV 

4.9. SWDR 
This variable calculates the number of steering wheel direction reversals over a given time period and divide this 
value with the time of that period. The change in steering wheel angle must be greater than 0.5 degrees to count 
as a direction reversal. In section 2.2.5 the implemented formula that originally came from Siegmund et al. 
(1996) is described further. There is also a slightly modified version, where a reference is calculated from the 
first ten minutes of data. All other values of this variable are then divided by this reference to capture the 
individual changes in this variable for each driver. 
 
To see if the number of samples (N in the formula) used to calculate this variable effects the results the following 
number of samples are tried: 10, 20, …, 90 and 100, 200, …, 900 and finally 1000, 2000, …, 6000 samples. A 
first order function without reference with an N of 30 samples turned out to be the best choice when the 
optimisation procedure in section 4.1 was used. The result is shown in Figure 18. 
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Figure 18 Best version of SWDR 

4.10. REACTIM 
The definition of this independent variable is originally found in the patent from Cesium AB, but the patent does 
not explain how to implement this variable, the basic idea is described in section 2.2.4. When the data from the 
simulator is used the lateral acceleration and steering wheel torque curves are not as smooth and nice looking as 
the graph in the explanation show; they rather look as shown in Figure 19. 

 

Figure 19 Illustration of the acceleration and torque signals 

 
The figure shows a randomly chosen period of one thousand samples. Both curves, but especially the 
acceleration is heavily jagged which complicates the findings of the extreme values needed to calculate the 
reaction time. To “smooth” the curves out a fourth order low pass Butterworth filter is constructed with a cut-off 
frequency of 2 Hz. 
 
When calculating the reaction time individual peaks are not of interest, rather it is the “trends” in the curves that 
needs to be captured. In this project this is done by calculating the cross-correlation between the two curves. One 
of the curves is shifted sample by sample and in each step the correlation is calculated. The number of samples 
that yields the maximum absolute value of correlation is extracted and multiplied with the sampling time which 
gives the reaction time. This approach required the two signals to be buffered; the buffer size used is 5000 
samples (approximately 50 seconds). If the found reaction time is negative, the reaction time from the driver to 
vehicle has been calculated instead of the interesting reaction time from the vehicle to the driver and in that case 
it is thrown away. If the reaction time is greater than two seconds it is considered to be unrealistic and also 
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thrown away. To obtain a more reliable result the found reaction times are averaged approximately every ten 
minutes to yield a result at the same time points as when the driver estimates his/her own sleepiness level. If all 
found reaction times during a ten minute period is found to be invalid, a minus one is returned indicating that no 
valid reaction time was found for the specified time period. 
 
The REACTIM independent variable is calculated in two different versions. 1) The first version is the original 
one as described above. 2) In the second one the first ten minutes of data for each driver is saved and used to 
divide all following reaction times for that driver. In this way the individual variations in reaction time for each 
driver is captured. Both versions are then optimised according to the procedure described in section 4.1 with a 
slight modification. If an invalid reaction time is found (-1) that value (and corresponding KSS value) is 
excluded from the optimization. Afterwards a zero is introduced at that time point to ensure the correct length of 
the vector. The least residual sum of squares is obtained for a first order function for the reference version 
(version two). How good the REACTIM independent variable resembles the KSS is shown in Figure 20. 

 

Figure 20 Best version of REACTIM 

4.11. DEGOINT 
The definition of this independent variable is originally found in the patent from Cesium AB, but how to 
implement it is not explained. Kanstrup and Lundin (2006) made their own interpretation of this variable, which 
is used in this project; the background of DEGOINT is examined in section 2.2.7. The definition of this 
independent variable does not specify and time period over which this variable should be calculated. In this 
project this variable is evaluated at the same time points as when the driver estimates his/her own sleepiness 
level to make the statistical calculations easier, usually around every ten minutes. 
 
This independent variable has two different versions. 1) The first one is implemented as described in section 
2.2.7. Since the reaction time is needed to delay the steering wheel torque the calculation of DEGOINT needs to 
be done after the calculation of the reaction time. 2) In the second version the first ten minutes for every driver is 
saved and used to divide all following values to extract the individual variations of this variable for all drivers. 
Both versions are then optimised according to the procedure described in section 4.1. The optimisation showed 
that a first order function without the reference gives the lowest residual sum of squares; the result is shown in 
Figure 21. 
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Figure 21 Best version of DEGOINT 

4.12. Amp_D2_theta 
The basic idea behind this variable is to calculate the area between the steering wheel angle and the mean of the 
steering wheel angle and multiply it with the time the steering wheel angle is on the same side of the mean (for 
further explanation see section 2.2.2). There was a small problem interpreting “the same side of the mean”. It 
could be interpreted as the total mean of the steering wheel angle since the start of the drive. If this interpretation 
is used the mean steering wheel angle will most probably be zero after some time of driving, indicating that the 
calculation of the mean is unnecessary since it could basically be put to zero right away. 
 
Instead of taking the global mean of the steering wheel angle one could take the mean over some limited time 
period, i.e. using a sliding window technique. One benefit with this technique is that the road curvature is taken 
into account. If the driver for instance makes a constant left turn only the variations around that steering wheel 
angle will be used to calculate the areas and the time, but if a global mean were used the whole left turn would 
appear as a huge (in this case) positive area. A problem with the sliding window technique is that the size of the 
window must somehow be determined. In this project the window only uses previous values of the steering 
wheel angle but it is also possible to use half the window size of samples before the current one and half the 
window size of samples after. The mean calculation may be intuitively more correct using this scheme but then 
an unwanted delay by half the window size times the sampling time is introduced. 
 
When calculating this variable the number of found areas over a given time period can vary a great deal, 
therefore each area multiplied with corresponding time is placed in a buffer. When the given time period is 
reached the buffer is evaluated to calculate the Amp_D2_theta value. The time period is determined by the 
number of samples chosen by N in equation 2.1 and can theoretically be chosen arbitrarily. To make the 
statistical computations less complicated the time period is chosen so that the buffer is evaluated at the same 
time points as when the driver estimates his/her own sleepiness. 
 
Since it is unknown if a global mean or a sliding window technique is best both are tried and four similar 
versions are calculated for both. 1) The first version is the basic one as described above. 2) The second one uses 
the first ten minutes as reference and divides each of the following values with this reference to see how each 
individual driver changes his/her Amp_D2_theta value. 3) Instead of summarising the buffer over time and 
divide by the number of samples, the third version calculates the variance of the buffer. 4) The fourth and final 
version uses the first ten minutes to calculate a reference of the variance used to see how the variance changes 
with the sleepiness state of the driver. 
 
When the sliding window technique is used each of the four different versions are tried with different window 
sizes to see which one yields the least residual sum of squares according to the procedure described in section 
4.1. The following window sizes (in number of samples) were tried: 100, 200, …, 900 and 1000, 2000, …, 
10000. The residual sum of squares for the four versions using the global mean approach was also calculated in 
the same way. The optimisation results state that the sliding window technique with a window size of 100 
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samples using a first order function when a reference is calculated for the variance (version four) gives the 
lowest residual sum of squares. The best version plotted against all the KSS values are shown in Figure 22. 

 

Figure 22 Best version of Amp_D2_Theta 

4.13. Result summary of independent variables 
The best version of all the independent variables, including the lane related variables and frequency variables are 
presented in Table 7, note that the optimisation of the lane related variables and frequency variables are 
performed slightly different; the procedure is closely described in Mattsson (2007). 
 

Table 7 Result summary of independent variables 

Independent variable Result after optimisation 

SDEV First order function with reference and buffer size of 700 samples. 
Ellipse Best version obtained when steering wheel velocity was scaled with 2.6. 
new_STEXED First order function with reference and a threshold value of 30 degrees/second. 
my_STEXED First order function with reference. 
ww_NMRHOLD First order function with reference and a time threshold of 0.07 seconds. 
my_NMRHOLD First order function with reference and a time threshold of 0.001 seconds. 
STVELV First order function of the mean of the steering wheel velocity. 
SWDR First order function without reference and a time period of 30 samples. 
Amp_D2_Theta First order function for the reference of the variance with a window size of 100 

samples. 
DEGOINT First order function with reference. 
REACTIM First order function with reference. 
LATVAR Standard deviation with reference of the lateral position (First order function). 
MEANPOS Mean position of lateral position without reference (First order function). 
PATHDEV Variance without reference with window size of 2000 samples and buffer size of 100 

samples (First order function). 
TLC Time threshold of one second without reference (First order function). 
LANEX Maximum lane exceeding to left lane without reference (First order function) . 
FREQANA For KSS value of eight a threshold of 245dB was found and for KSS value of nine the 

threshold was found to be 746.1dB in the frequency band 0.02Hz to 0.15Hz. 

4.14. Statistical calculations 
When all the independent variables have been optimised and the best versions have been chosen, the statistical 
method to use needs to be decided. When taking all the advantages and disadvantages of the different statistical 
methods into account it was decided to use multiple regression analysis with forward selection. The following 
statistical calculations are then straightforward. The forward selection is simply implemented as described in 
section 2.5.2. There are, however, some issues that make things somewhat more complicated. Some of the 
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independent variables are not valid at all time points. This is true for the TLC variable as well as the FREQANA 
variable, refer to Mattsson (2007) for an in depth explanation of these two independent variables. This causes 
some of the columns in the X-matrix in equation 2.16 to be shorter than the rest, which is not acceptable. One 
solution to this problem is to use so called dummy-variables. A dummy-variable is a variable that has correct 
length and assumes the value 1 if the original independent variable is valid and 0 otherwise. With one dummy-
variable, labelled z1, the regression equation can be written as: 
 

εββββ ++++++= nnkk xxzxy ...... 1110
*

   (4.6) 

 
When xk is valid z1 will be 1 and corresponding term will be used in the equation but when xk is invalid z1 will 
be 0 and that term will be cancelled from the equation. The columns in the X-matrix cannot be linearly 
dependent, which they will be if too many dummy-variables are used. Another drawback with dummy-variables 
is that the β-parameters may not be as good as they could be when the dummy-variables are zero.  
 
In this project there are only a limited number of independent variables that are invalid at some time points. If all 
the independent variables that are defined at the same time points are clustered into sets, different models can be 
created for all possible combinations between these sets. The concept of the sets is shown in Figure 23 where the 
filled areas means that the independent variables included in that particular set are valid. The gaps means that the 
independent variables belonging to that set are invalid at those time points. 
 

 

Figure 23 Illustration of the different sets 

With four different sets, valid at the time points specified by Figure 23, eight different combinations can be 
constructed, namely the combinations: { (0), (0 1), (0 2), (0 3), (0 1 2), (0 1 3), (0 2 3), (0 1 2 3) }. A model is 
created for each combination as usual using multiple regression analysis with forward selection. These 
calculations require that the number of data points is larger than the number of independent variables. In this 
project two of the eight models do not fulfil this requirement and thus there are only six models left. The data 
points that belonged to the two removed models are instead integrated into model 0. Which independent 
variables that are included in the different sets and at which time points is described in Table 8. 
 

Table 8 Different sets to create models 

set independent variables description 

set 0 REACTIM, PATHDEV, MEANPOS, LATVAR, 
myNMRHOLD, wwNMRHOLD, SDEV, SWDR, 
Amp_D2_Theta, DEGOINT 

These independent variables are defined at all 
times. 

set 1 Ellipse, STVELV, my_STEXEC, new_STEXEX To calculate these independent variables the 
steering wheel velocity is needed, which VTI 
forgot to measure for the four first drivers. 

set 2 TLC This independent variable is only defined when 
the drivers is close to crossing the right lane. 

set 3 LANEX This independent variable is only defined when 
the driver exceeds left line. 

 
Which model to currently use can be decided by examination of the independent variables and use the model that 
corresponds to the variables that are currently valid. This means that the model to currently use changes over 
time and depends on the current values of the independent variables.  

time 

 
 set 1 

 
 set 0 

 
 set 2 

 
 set 3 
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This scheme is slightly complicated by the fact that one of the independent variable, FREQANA, is treated 
differently. FREQANA measures the energy content in the lateral position of the truck for a certain frequency 
band (0.02Hz – 0.15Hz). This independent variable did not resemble the estimated KSS of the drivers. It was 
however found that if the energy was above a certain threshold the driver could with very high certainty be said 
to be sleepy (the FREQANA variable is more closely examined in Mattsson, 2007).  When using this fact the 
final system is constructed as in Figure 24. The first step is to check whether the FREQANA variable is over the 
specified threshold value and if this is the case the driver can directly be said to be sleepy. Note that if the 
threshold value for when the driver is considered to be sleepy wants to be changed, the threshold value for the 
FREQANA variable must also be changed. For a KSS value of eight the threshold is set to 245 and for a KSS 
value of nine the threshold is set to 746.1. If FREQANA is not over the specified threshold value the other 
independent variables are used to determine which model is the best to currently use to predict the sleepiness 
level of the driver. If the prediction from this model is above the specified threshold value (eight or nine) the 
driver is said to be tired, otherwise he/she is considered to be alert.  
 
.  

 
 
The threshold value for when the driver is considered to be sleepy can be changed, in theory to any number but 
to set it lower than one or higher than nine would not make any sense. However, if the threshold for the 
FREQANA variable is changed this might affect the composition of the sets and new models might need to be 
calculated to obtain the best possible result. During the simulator tests all lane exceedings occurred during KSS 
level of nine so therefore only models for threshold value nine and eight have been calculated. The formulas for 
the models with those two threshold values will now be presented. A subscript 8 has been added to the model 
number if the model belongs to threshold value eight and a subscript 9 if the model belongs to threshold nine. 
Note that the coefficient values have been rounded to three significant digits. 
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Figure 23 System overview 
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Models for threshold 8: 

LATVARPATHDEVSWDRy ⋅+⋅+⋅−= 64.01040040.279.7*
8,0   (4.7) 

 

MEANPOSLATVARSWDRy ⋅+⋅+⋅−−= 86.2404.157.16.17*
8,1   (4.8) 

 

SDEVREACTIMELLIPSE

DEGOINTwwNMRHOLDy

⋅−⋅+⋅+

+⋅+⋅−=

83.369.771.0

47100029.445.2*
8,2

  (4.9) 

 

REACTIMSDEVLATVARSTVELVy ⋅+⋅−⋅+⋅−= 69.758.240.157.071.0*
8,3  (4.10) 

 

PATHDEVwwNMRHOLDy ⋅+⋅−= 994072.409.8*
8,4   (4.11) 

 

LATVARLANEXy ⋅+⋅+= 43.021200049.6*
8,5    (4.12) 

 
 
Models for threshold 9: 

LATVARPATHDEVSWDRy ⋅+⋅+⋅−= 64.01040040.279.7*
9,0   (4.13) 

 

wwNMRHOLD

MEANPOSLATVARSWDRy

⋅+

+⋅+⋅+⋅−−=

02.3

9.2404.157.16.17*
9,1

 (4.14) 

 

SDEVREACTIMELLIPSE

DEGOINTwwNMRHOLDy

⋅−⋅+⋅+

+⋅+⋅−=

83.369.771.0

47100029.445.2*
9,2

  (4.15) 

 

REACTIMSDEVLATVARSTVELVy ⋅+⋅−⋅+⋅−= 32.754.239.158.009.1*
9,3  (4.16) 

 

PATHDEVwwNMRHOLDy ⋅+⋅−= 994072.404.8*
9,4   (4.17) 

 

SWDRLANEXLATVARy ⋅+⋅+⋅+= 59.015500043.062.5*
9,5   (4.18) 

 
 

4.15. Validation of the result 
The final result when a threshold value of 8 is used can be seen in Figure 25. The dashed line are the predicted 
values by the system and the solid line is the KSS values. The threshold value at 8 has also been plotted in the 
figure as a solid line. The predicted curve resembles the KSS much better when the different independent 
variables are combined together. Compare with Figure 11 to Figure 22 which show how good each independent 
variable alone resemble the KSS. The system can be validated using the procedure described in section 2.6. 
 
To be able to calculate the sensitivity and specificity, first the true positive, false positive, true negative and false 
negative are calculated: 
TP8 = 40.91 % 
FP8 = 11.96 % 
TN8 = 46.41 % 
FN8 = 0.72 % 
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The sensitivity and specificity is then calculated: 

%39.77100
96.1191.40

91.40
100 =⋅

+
=⋅

+
=

FPTP

TP
ySensitivit   (4.19) 

 

%472.98100
72.041.46

41.46
100 =⋅

+
=⋅

+
=

FNTN

TN
ySpecificit   (4.20) 

 

 

Figure 245 Final result with threshold of 8 

The final result when a threshold value of 9 is used can be seen in Figure 246. The dashed line are the predicted 
values by the system and the solid line are the KSS values, the threshold value at 9 has also been plotted in the 
figure as a solid line. The same calculations are performed for this configuration as well: 
TP9 = 16.74 % 
FP9 = 19.62 % 
TN9 = 62.68 % 
FN9 = 0.96 % 
 
The sensitivity and specificity are then calculated: 

%04.46100
62.1974.16

74.16
100 =⋅

+
=⋅

+
=

FPTP

TP
ySensitivit   (4.21) 

 

%49.98100
96.068.62

68.62
100 =⋅

+
=⋅

+
=

FNTN

TN
ySpecificit   (4.22) 
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Figure 256 Final results with a threshold of 9 

 
The character of the system can be changed by modifying the threshold for which the driver is considered too 
sleepy to continue driving. The KSS-values are amplitude discrete while their corresponding predictions, y*, are 
amplitude continuous. Therefore one might argue that all predictions should be rounded to nearest integer. In the 
first example above the threshold was set to eight, but if it was lowered to 7.5 the same result would have been 
obtained as when rounding the predictions to nearest integer. If this is done the percentage of correct 
classification, true positive plus true negative, is increased from about 87% to 90%. The false negative on the 
other hand, which should be low, is also increased from about 0.7% to 3.1%. Note that in this case the models do 
not need to be recalculated since the threshold for the FREQANA variable remained at eight. The threshold to 
use is a trade-off between the different characteristics of the system and should be closely investigated before 
implementing each particular system. 
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5. Discussion and Implications 

 

The tests in the simulator were conducted in such a way that all test participants had periods where they were 
both alert and sleepy. The purpose was to investigate differences in driving behaviour between alert and sleep 
deprived drivers. Before the tests there was a concern that the drivers would not get sleepy enough during their 
night drive and the relationship therefore could not be investigated. After the tests it turned out that the drivers 
had rather been too sleepy. The amount of sleep deprived simulation data is far more than the amount of 
simulation data from alert drivers; this can be seen in Figure 27 where it is shown how often each KSS value was 
reported by all test participants during the simulator test.  

 

Figure 27 Number of different KSS values 

In the regression analysis both an offset and a scaling of each independent variable is done in order to minimise 
the residual sum of squares. This offset is strongly affected by the mean of all the KSS values, this effect can for 
instance be observed in Figure 21 where the original DEGOINT is scaled and then “lifted” to operate around a 
value of seven. In a real traffic situation it is unlikely that the truck driver will be extremely sleepy most of the 
time. Hopefully it is the other way around where the driver is alert most of the time and then occasionally he/she 
becomes sleepy. In this case the offset(s) calculated in this projected may be too high. The effect of this is 
however quite small since the only interesting thing is whether the driver is too sleepy to carry on driving (above 
the specified threshold), not the exact degree of sleepiness. 
 
During the tests the test leaders observed a significant difference in driving behaviour between the experienced 
truck drivers and the non experienced. Even though the system is aimed to work for all kinds of drivers most 
working truck drivers are at least quite experienced and therefore the system should be tuned to suit their driving 
behaviour best. The test leaders visually observed that the lateral position variance was much higher for the 
inexperienced truck drivers compared to the experienced ones. Even if the experienced truck drivers were very 
sleepy, their variance might not have been big enough to be detected by the system since the number of 
inexperienced truck drivers with higher variance was greater.  In a future system this could result in less 
detection when an experienced driver is behind the wheel. This was the main reason to introduce a reference 
version to most of the independent variables, but to be completely sure to capture representative driving 
behaviours any future studies should be conducted only with experienced drivers. 
 
The most interesting driving behaviour to capture in the simulator is the transition when the driver goes from 
alert to sleepy. Instead of monitoring (or asking) the sleepiness level of the driver every ten minutes they could 
be instructed to inform when they consider themselves to be too sleepy to continue driving. In this way the 
different driving styles will naturally be divided into two classes; “alert enough” and “too sleepy” and thereby 
the data will be prepared to be used in a statistical method that uses classes, e.g. discriminant analysis or logistic 
regression. The driving behaviour can be divided into classes when using the KSS as well, but then the decision 
of what is considered to be too sleepy is done by the developer of the system instead of the driver. The 
fundamental problem is to detect when the driver is too sleepy to carry on driving, not to detect the degree of 
sleepiness of the driver. The study will be closer to the fundamental problem if the driver is asked when he/she is 
too sleepy to continue driving. 
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One important trait of a system like this is that it is accepted by its users. They would probably be reluctant to 
use it if they think that they can better decide whether they are too sleepy or not. In order to minimise this risk it 
is important that the system gives as few false negatives as possible, i.e. not alarms when the driver is alert. If the 
driver is considered to be too sleepy to continue driving when his/her sleepiness level is eight or above the false 
negatives of the developed system is 0.71%. This corresponds to giving approximately 0.34 false negatives every 
day (eight hours working days are assumed) or one false negative every third day.  
 
The false positives when the threshold is set to eight are 11.96%, which is higher than the false negatives for the 
same threshold value. This is however not as severe because in the trucks today there is no system at all to help 
the driver monitors his/her sleepiness level. Even though the system is not perfect and detects all occasions when 
the driver is too sleepy a positive contribution to a safer road environment is most probably achieved every time 
the system does alarm. 
 
The driving behaviour when sleep deprived is highly individual as well as the driving behaviour when alert. This 
system has been developed with the aim to be valid for all types of drivers and driving behaviours. This means 
that for some drivers the system is more sensitive than appreciated and gives too many warnings. The opposite 
could also occur when the system is too insensitive and the warnings therefore are fewer than wanted. This issue 
could perhaps not be eliminated completely but at least decreased if the system was extended to include a 
manual way for the driver to adjust the sensitiveness of the system. An easy and straightforward way to let the 
driver decide the sensitivity of the system would be to let him/her manipulate this threshold value between, for 
instance, seven and nine. This would emphasise the feeling that the truck driver is controlling the system instead 
of being controlled by the system. 

5.1. Future prospective 
There are at least two ways in which the system could be improved. The first one is to improve the design of the 
system. Knipling and Wierwille (1994) suggest that the classification of sleepy and alert drivers could be 
improved by using a two-stage algorithm. This means that when the original system detects driver sleepiness it 
starts a second task. This second task could be an audible question that the driver has to answer either verbally or 
with some kind of push-button. Knipling and Wierwille believe that this second task would make the final 
decision more accurate. 
 
The second way to improve the system is to improve the predictions; if the independent variables get better the 
prediction also gets better. The independent variables will most likely improve if the quality of the measured 
variables gets higher. To eliminate all risks of getting misleading measurements they should be measured in real 
trucks during normal traffic and working conditions, something that is illegal according to Swedish law, so 
unfortunately future studies are probably also bounded to simulator studies. One way to work around this 
problem with be to record all variables needed at all times in real operating vehicles. When an accident occur all 
saved data will be retrieved and analysed.  
 
Another way to improve the predictions would be to introduce completely new independent variables. One 
technique is to use the previous values of the driver’s sleepiness level as independent variables, the current 
sleepiness level of the driver can probably be explained to some extent by the sleepiness level for ten and twenty 
minutes ago (or whatever time is suitable). This sounds good in theory but is unfortunately not viable in practice, 
because if the sleepiness level of the driver ten minutes ago can be measured the same technique could (likely) 
be used to measure the current sleepiness level of the driver and the problem is trivially solved. The system 
could still be improved if new independent variables were introduced into model, but since there already are 
quite many independent variables based on both steering wheel and lane related measures it would be preferred 
if the new ones were based on something else, like for instance PERCLOS which is a physiological measure of 
the sleepiness level of the driver. 
 
In the development of the algorithm it has been assumed that the drivers want to keep the truck in the same lane 
at all times. When the truck is placed close to the lane markings it has been interpreted as involuntarily lack of 
vehicle control that might depend on driver sleepiness by some of the lane related independent variables used. 
This is however not true in real traffic environment where such placements sometimes are intentionally made. It 
could for instance occur when the truck wants to overtake a slower vehicle and therefore changes lane. One 
possible solution in that case could be to interrupt the affected lane related independent variables when the 
directional indicator is turned on. The issue is however more complicated because in other driving scenarios the 
truck might be intentionally moved closer to either lane without using the directional indicator, this could for 
instance happen when a bicycle is present on the side of the road.  
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6. Conclusions 

 

The aim of this thesis work was to investigate if a reliable system for sleepiness prediction could be developed. 
The system is not allowed to have any physical contact with the driver and all the measurements must be able to 
be read in real time. All these requirements are fulfilled by the system developed. The sleepiness level of a 
person is complex and to develop a system that is one hundred percent reliable is probably not feasible in reality. 
The result shows that the system developed can correctly classify the driver in 80% - 90% of the cases when 
applied to our test data. With numbers that high the system can be said to be reliable. All required variables can 
easily be measured in real time without any contact with the driver. 
 
One requirement of the system is to detect driver sleepiness prior critical performance failure. It is somewhat 
difficult to characterise critical performance failure, but if all occasions when the driver is no longer able to stay 
on the road is considered, the system fulfils the requirement. According to Professor Torbjörn Åkerstedt drivers 
drive off the road in 17% of the cases when classifying themselves as KSS level nine, but never at lower levels. 
With the system developed it is possible to detect driver sleepiness before the critical KSS level of nine. 
 
The results obtained also gives a clear answer to the research question; yes it is possible to develop a system that 
could predict truck drivers’ sleepiness when only variables from the truck are measured. 
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A. Terms and definitions 
 

Expected value 
The expected value E(X) for the stochastic variable X is defined as: 
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(Blom, 1989) 

 

Variance 
The variance V(X) or σ

2
 for the stochastic variable X is defined as: 
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where m=E(X) 

 

If the previous definition of the expected value is used the variance can also be written as: 
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(Blom, 1989) 

 

Standard deviation 
The standard deviation D(X) is simply the square root of the variance. 

2)()( σσ === XVXD  

(Blom, 1989) 

 

Covariance 
The covariance, C(X, Y), is measure of dependency between two stochastic variables X and Y, it is defined as: 

( )( )[ ] )()()(),( YEXEXYEmYmXEYXC YX −=−−=  

(Blom, 1989) 

 

Correlation 
The correlation, r(X, Y), between two stochastic variables X and Y is another measure of the dependency closely 

related to the covariance, it is defined as: 
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(Blom, 1989) 

 

Normal distribution 
A stochastic variable X has a normal distribution of it has the following probably density function: 
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A common notation is ),( σmNX ∈  

 

Three examples of how the probability density function might look are given in Figure 1 for some different 

sigma values. 



 A-3

 

Figure 1 Probability density function 
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B. Information letter 
 

Information till chaufförer inför simulatortest 
 
Bakgrund 
Vi heter Jens Berglund och Kristina Mattsson och är två examensarbetare på RCIS som ska 

utföra simulatortester nattetid vid statens väg- och transportforskningsinstitut (VTI) i 

Linköping. Förra året genomförde Maria Lundin och Lena Kanstrup ett examensarbete där de 

undersökte några potentiella parametrar för detektering av trötthet hos lastbilsförare. 

Resultatet från deras arbete verkar lovande och vi fortsätter därför med fler tester där vi tittar 

på fler parametrar. Till de här testerna behöver vi 22 stycken testchaufförer, varav 7 är LP-

chaufförer och resten andra med lastbilskörkort.  

 

Schema 
Totalt sett kommer 22 försök att genomföras. Fyra pilotförsök genomförs i början av vecka 

43, syftet med dessa är att kontrollera så att försöksupplägget fungerar. Dessa är därför lite 

längre. De ”riktiga försöken” utförs sedan under vecka 45 och början på vecka 46. Till 

respektive försök finns ett referensförsök. Under referensförsöken ska du som chaufför vara i 

piggt tillstånd så dessa genomförs tidigare under kvällen. Tiderna för respektive försök 

framgår av Figur 1. Om du har glömt bort vilken dag eller vilket pass du är schemalagd för så 

finns hela schemat i Figur 3. 

 

Notera att de tider som står på schemat är då försöken är avsedda att börja, därför måste du 

vara på plats 30 minuter innan utsatt försöksstart. Tiden innan används till att fylla i en enkät 

om sömnvanor m.m., gå igenom försöket samt för att bekanta sig med simulatorn och 

kontrollera så att inte simulatorsjuka uppstår. Till nattförsöken räcker det med att vara på plats 

10-15 minuter innan. De som kör test 1 har ingen paus mellan referenskörning och 

nattkörning utan de sitter ihop till ett långt pass på 3 timmar.  

 

De som kör test 2 och test 3 har några timmars väntetid mellan sin referenskörning och 

nattkörning. Under denna tid är det viktigt att du inte sover. På VTI kommer ett väntrum med 

Internetuppkopplad dator och fika att erbjudas. Det är dock inget krav att befinna sig på VTI 

under väntetiden utan du disponerar själv över denna tid. Om det sker på annan plats än VTI 

ska dock ett sms skickas en gång i timmen till någon av oss för att se så att ni är vakna, 

telefonnummer kommer att ges på plats.   

 

Genomförande 
Försöket börjar med en enkät 30 minuter före referenskörningen startar. För att vänja sig lite 

vid miljön testas simulatorn innan själva körningen. Under körningen kommer texten 

”sömnig?” att visas på en display lite då och då. När det händer ska chauffören skatta sin egen 

trötthet enligt Karolinska Sleepiness Scale, KSS. Detta gör chauffören genom att högt och 

tydligt säga en siffra mellan 1 och 9 rakt ut i luften. Det sitter mikrofoner i hytten så att 

kontrollrummet hör vad som sägs. Detta kommer också att övas under testkörningen innan 

referenskörningen startar. KSS är en subjektiv självskattningslista som är vanligt använd och 

definierad som: 
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1 = Mycket pigg 

2 = 

3 = Pigg 

4 =  

5 = Varken pigg eller sömnig 

6 = 

7 = sömnig, men ej ansträngande att vara vaken 

8 = 

9 = Mycket sömnig, ansträngande att vara vaken, kämpar mot sömnen 

 

Om texten ”sömnig?” kommer upp på displayen och chauffören säger t.ex. två betyder det att 

denne är i ett tillstånd mellan pigg och mycket pigg. Denna skala kommer att vara fastsatt mitt 

på ratten under hela försöket i fall du skulle glömma bort hur den ser ut. 

 

Under hela försöket kommer ditt ansikte att spelas in. Syftet med det är att vi i efterhand ska 

kunna titta på DVD-inspelningen och bedöma chaufförens trötthet. När själva försöket börjar 

ska du köra som du vanligtvis brukar göra, hålla dig i samma körfält hela tiden och följa 

trafikreglerna. 

 

Om du somnar under försöket och kör av vägen så kommer simulatorn automatiskt att stanna 

och flytta tillbaka lastbilen till mitten av vägen. Du ska då börja med att skatta din trötthet 

direkt enligt KSS, även om inte ordet ”sömnig?” visas på skärmen och fortsätter därefter 

färden med lastbilen. Försöket kan komma att avbrytas om den insamlade informationen inte 

kan användas till studien eller om vi inte får in nog med testdata. 

 

Resor 
Varje testchaufför ansvarar själv för sin resa till och från Linköping, exempelvis genom att 

boka lämpliga tågbiljetter. Eventuella taxiresor mellan tågstation – hotell – VTI, står Scania 

för men du bokar resorna själv.   

 

Om någon vill åka egen bil så ligger både hotellet och VTI i västra delen av staden cirka 5 km 

från E4:an. Man svänger av på tredje avfarten in till Linköping där det står ”Linköping 

Västra”, avfartsnummer 111. Då kommer man på den motorvägsbit som heter 

”Malmstlättsvägen/E4” högst upp till vänster på kartan i Figur 2. Till hotellet tar man enklast 

avfarten där det står ”Vimmerby/Ryd” och kör mot Ryd. Scandicskylten på hotellet är synlig 

ifrån vägen. Till VTI tar man antingen samma avfart eller fortsätter rakt fram och tar istället 

direkt höger i den stora rondellen längre fram på Malmslättsvägen. Adressen till VTI är Olaus 

Magnus väg 35. 

 
Hotell 
Varje testchaufför har ett hotellrum bokat i sitt namn. Vi har förvarnat om att ni kommer att 

vilja checka ut sent från hotellet men det är inget som kan garanteras från hotellets håll. Om 

rummet är uthyrt även nästa natt måste hotellets utcheckningstid respekteras. Säg till i 

receptionen eller ring i förväg (telefon 013-495 50 00) och säg att ni kommer vilja check 

ut senare så kan det förhoppningsvis ordnas. 

 

Önskemål 
För att få pålitliga resultat skall testföraren inte sova, dricka alkohol eller ta uppiggande medel 

under dagen innan försöket. Koffeindrycker såsom kaffe, te eller cola bör undvikas två 

timmar innan försökets början. Testförarna skall inte lida av sömnstörningar, t ex narkolepsi. 

De som har dötid mellan sin referenskörning och nattkörning (test 2 och 3) ska inte sova 

däremellan. Efter genomfört nattförsök får testchaufförerna sova så länge de önskar. 
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Ersättning 

     Arbetare             Tjänstemän  Betalning 

Jobbar ordinarie arbetspass          07.00 – 16.00 08.00 – 16.45 ordinarie lön 

Resa till Linköping + hålla sig vaken* efter 16.00 efter 16.45 övertidsersättning  

Trötthetstest i simulator     övertidsersättning 

Hemresa     färdtid/restid 

      traktamente 

* arbetsuppgiften under resa + väntan är att hålla sig vaken = arbetad tid 

 

Betald ledighet till nästkommande dag för samtliga. 

 

 

Kontaktinformation 
 

  Telefon  E-post/adress 
Jens Berglund 070-477 79 75  sss724 

  08-553 526 21 jens.berglund@scania.com 

 

Kristina Mattsson 070-362 88 66 sss714 

  08-553 526 21 kristina.mattsson@scania.com 

 

Scandic Linköping Väst 013-495 50 00 linkoping@scandic-hotels.com 

 

VTI  013-20 40 00  Olaus Magnus väg 35 

 

Taxibil Linköping 013-14 60 00  
 



 B-7

Tid Test Tid Pilot-test

20:00 21:00

20:15 21:15

20:30 21:30

20:45 21:45

21:00 22:00

21:15 22:15

21:30 22:30

21:45 22:45

22:00 23:00

22:15 23:15

22:30 23:30

22:45 23:45

23:00 00:00

23:15 00:15

23:30 00:30

23:45 00:45

00:00 01:00

00:15 01:15

00:30 01:30

00:45 01:45

01:00 02:00

01:15 02:15

01:30 02:30

01:45 02:45

02:00 03:00

02:15 03:15

02:30 03:30

02:45 03:45

03:00 04:00

03:15 04:15

03:30 04:30

03:45 04:45

04:00 05:00

04:15 05:15

04:30 05:30

04:45 05:45

05:00 06:00

05:15 06:15

05:30 06:30

05:45 06:45

06:00

06:15

06:30

06:45

07:00

Test 1, 2h

Test 2, 2h

Test 3, 2h

Refernskörning test 2, 1h

Refernskörning test 3, 1h

Referenskörning test 1, 1h

Refernskörning pilot-test 2, 1h

Referenskörning pilot-test 1, 1h

Pilot-test 1, 3h

Pilot-test 2, 3h

 

Figur 1 Schema för försöken 
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Figur 2, Karta till Hotellet och VTI 
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mån natt, 23/10 tis natt, 24/10

pilot 1 Jonas Schön Bo Sjöberg, LP

pilot 2 Roger Fernström, LP Micke Sörebrandt, LP

mån natt, 30/10 tis natt, 31/10 ons natt, 1/11 tors natt, 2/11

test 1 Andrea Persson Paula Härelind Hanna Johansson Kalle Fagerberg

test 2 J-E Öhman, LP Berra Olsson, LP Håkan Sköldehammar, LP Pär Landén

test 3 Andreas Rosén Simo Ryhänen Mats Johansson Fredrik Nordeman

mån natt, 6/11 tis natt, 7/11

test 1 Daniel Runefelt Anna Pernestål

test 2 Anna Wingren Perti Andersson, LP

test 3 Björn Svensson Petra Zimmermann

v 45

v 44

v 43

 

Figur 3, Personschema 
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C. Questionnaire before participating 
 

Frågeformulär inför testning av simulator 
 
 
Det här formuläret är en del av simulatortestningen om sömnigt körbeteende. Vår 
avsikt är att med hjälp av det här formuläret få en bild av bakgrund, sömnbeteende, 
dygnsrytm och erfarenhet hos de som genomför testet. Vänligen svara så 
sanningsenligt som möjligt.  
 
 
Namn:_______________________________________________ Ålder:_________ 
 
O   Kvinna 
O   Man  
 
Antal år med personbilskörkort:_________ Körerfarenhet (km/år):________ 
 
Antal år med lastbilskörkort:_____________  Körerfarenhet (km/år):________ 
 
 
………………………………………………………………………………………………… 
 
 
Fråga 1 - sömnbeteende 
Hur sannolikt är det att du somnar när du utför aktiviteterna som specificeras i 
tabellen nedan? Var god svara enligt hur du normalt skulle fungera även om du inte 
utfört aktiviteterna på länge.  

Påstående 
Skulle 
aldrig 
somna 

Liten risk 
att somna 

Betydande 
risk att 
somna 

Hög risk 
att somna 

Sitter och läser O O O O 

Tittar på TV O O O O 

Sitter inaktiv på en offentlig plats (t ex en teater 
eller möte) O O O O 

Som passagerare i en bil en timme utan rast O O O O 

Ligger och vilar på eftermiddagen när 
omständigheterna tillåter O O O O 

Sitter och pratar med någon O O O O 

Tar det lugnt efter en lunch utan alkohol O O O O 

Som förare i en bil som stannat några minuter i 
trafiken O O O O 
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Fråga 2 - sömnproblem 
Har du upplevt några av följande problem under det senaste halvåret? 

 Aldrig Sällan Ibland Ofta Alltid 

  
några gånger 

per år 
några gånger 
per månad 

några gånger 
per vecka 

varje dag 

Svårt att somna O O O O O 

Svårt att vakna O O O O O 

Snarkar O O O O O 

Andningsuppehåll i sömnen O O O O O 

Kämpar för att hålla mig vaken när 
jag kör bil/lastbil O O O O O 

Får för lite sömn (mindre än 6 
timmar per natt) O O O O O 

 
 
Fråga 3 - dygnsrytm 
a) Vilken tid föredrar du att vakna när du jobbar fulltid (8 timmar) dagtid om du får 
välja helt själv? 
O   före 06:30 
O   06:30 – 07:29 
O   07:30 – 08:29 
O   08:30 – eller senare 
 
b) Vilken tid föredrar du att gå och lägga dig om du jobbar fulltid (8 timmar) dagtid om 
du får välja helt själv? 
O   före 21:00 
O   21:00 – 21:59 
O   22:00 – 22:59 
O   23:00 – eller senare 
 
 
Fråga 4 - tobak 
Har du under dagen nyttjat någon form av tobak? 
O   ja  Om ja, för hur många timmar sedan:________________ 
O   nej 
O   vet inte 
 
 
Fråga 5 - koffein  
Har du under dagen nyttjat någon form av uppiggande medel (te, kaffe, 
koffeindrycker etc.)? 
O   ja  Om ja, för hur många timmar sedan:________________ 
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O   nej 
O   vet inte 
 
Fråga 6 - alkohol  
Har du under de senaste 72 timmarna (3 dygnen) nyttjat alkohol? 
O   ja  Om ja, för hur många timmar sedan:________________ 
  Hur mycket och vad:________________________________ 
O   nej 
O   vet inte 
 
Fråga 7 - nuvarande sömntillstånd 
a) För hur länge sedan påbörjade du senast en sammanhängande sömn (mer än 
fyra timmar) och hur lång tid varade den? 
 
Jag somnade för:_____________ timmar sedan. 
 
Sömnen varade i:_______________ timmar. 
 
b) Hur skulle du bedöma kvaliteten på den senaste sammanhängande sömnen? 
O   dålig   
O   ganska dålig 
O   ganska bra 
O   bra 
 
c) Har du efter den senaste sammanhängande sömnen sovit kortare stunder?  
O   ja  Om ja, jag somnade för:___________ timmar sedan. 
  Sömnen varade i:__________ timmar. 
O   nej 
O   vet inte 
 
Kommentarer: 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 

Tack för hjälpen! 
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D. Questionnaire after participating 
 

Frågeformulär efter testning av simulator 
 
 
Det här formuläret är en del av simulatortestningen om sömnigt körbeteende. Vår 
avsikt är att med hjälp av det här formuläret få en bild av hur du som förare upplevde 
simulatorkörningen. Vänligen svara så sanningsenligt som möjligt.  
 
 
Namn:______________________________________________________________ 
 
 
Fråga 1 - trötthet under testet 
a) Upplevde du någon gång under testet att du var så trött att du under normala 
omständigheter skulle ha avbrutit körningen? 
O   ja, flera gånger 
O   ja, en gång 
O   nej 
O   vet inte 
 
b) Somnade du någon gång under testet? 
O   ja, flera gånger 
O   ja, en gång 
O   nej 
O   vet inte 
 
 
Fråga 2 - realism 
Hur realistiskt anser du det var att köra i simulatorn? 
O   inte alls realistiskt 
O   ganska realistiskt 
O   mycket realistiskt 
O   kändes precis som att köra en riktig lastbil 
 
 
Fråga 3 - KSS 
Hur svårt upplevde du det att skatta din egen trötthet på KSS-skalan? 
O   mycket svårt 
O   ganska svårt 
O   ganska lätt 
O   mycket lätt 
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Fråga 4 - känsla 
a) Kände du av något illamående när du körde i simulatorn? 
O   inte illamående alls 
O   lite illamående 
O   ganska illamående 
O   mycket illamående 
 
b) Kände du dig uttråkad under körningen? 
O   inte uttråkad alls 
O   lite uttråkad 
O   ganska uttråkad 
O   mycket uttråkad 
 
c) Kände du dig orolig under körningen? 
O   inte orolig alls 
O   lite orolig 
O   ganska orolig 
O   mycket orolig 
 
Kommentarer: 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
___________________________________________________________________ 
 
 
 
 

Tack för hjälpen! 
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E. Test plan 
 

Testplan inför test vid VTI hösten 2006 
 

Bakgrund 
Förra året gjorde Lena Kanstrup och Maria Lundin ett antal tester på VTI i Linköping för att kunna verifiera om 

en patenterad metod för att detektera trötthet fungerade. De kom fram till att metoden troligtvis fungerar men att 

det behövs fler test. Därför kommer denna höst ett antal fler test att utföras på VTI för att kunna fortsätta deras 

arbete. Det syftar till att finna en metod för att kunna detektera trötthet hos lastbilsförare. 

 

Parametrar 
Objektiva parametrar Beskrivning Sampling Upplösning 
Rattmomentet Rattmomentet är en variabel som de i patentet anser ska 

användas vilket styrks av Maria och Lenas tidigare försök. Den 

används tillsammans med sidoaccelerationen för att ta fram 

reaktionstiden (reaction spectra) och kopplingsgraden 

(interaction spectra). 

100 Hz 0.1 Nm 

Sidoaccelerationen Samma som ovan. 100 Hz 0.01 m/s
2
 

Rattvinkel Stor variation i rattvinkeln samt häftiga rattutslag sägs kunna 

utgöra en signal för att föraren är trött. 

100 Hz 0.1 grader 

Rattvinkelhastighet Rattvinkeln tillsammans med rattvinkelhastigheten kan 

användas till ”ellipskriteriet” som är ett sätt som påstås ska 

kunna identifiera trötthet  

100 Hz 1 grad/sekund 

Avstånd från vänster 

sidolinje till bilens mitt. 

Positionsvariation sägs också kunna identifiera trötthet. 

Eftersom både vägens och lastbilens bredd är konstant under 

hela försöket behövs inga andra parametrar för att beräkna 

önskade värden. 

100 Hz 1 cm 

Sidohastighet Farten på sidoförflyttningen av lastbilen. Om sidohastigheten är 

för stor kan det tyda på att föraren är distraherad/trött. 

100 Hz Helst mindre 

än 0.1m/s om 

det går. 

Girvinkel Vinkeln mellan fordonets och vägbanan. Kan användas till 

uträkning av TLC. 

100 Hz 0.1 grader 

 

Subjektiva parametrar Beskrivning Sampling Upplösning 
KSS (KSS, Karolinska Sleepiness Scale) Används för att få en 

bedömning av hur trött föraren är. Det behövs för att vi ska få 

kunna få någon koppling till hur de objektiva parametrarna 

ändrar sig med hur trött föraren är. 

Var tionde 

minut visas 

texten 

”sömnig?” 

 

 

Miljö 
Eftersom det är en studie om trötthet så ska miljön helst vara så ”tröttande” som möjligt. Det innebär: 

• Enformig motorväg utan annan trafik. 

• Enformigt landskap. 

• Körningen kommer att ske under simulerad dagtid men sikten begränsas med hjälp av dimma till cirka 

150 meter för att ytterligare förstärka trötthetskänslan (samma som förra året). 

 

Testförfarande 
I god tid innan testet har varje deltagare fått en skriftlig beskrivning av testet samt en introduktion till KSS. 

Testchaufförerna ska komma till simulatorn 30 minuter före testets början för att fylla i en enkät om sömnvanor 
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och för vänja sig vid simulatorn i cirka 10 minuter. I övrigt ska de försöka köra så vanligt som möjligt och följa 

vanliga trafikregler. De ska köra i samma fil hela tiden och då lämpligtvis i den högra. 

 

Men jämna mellanrum kommer texten ”sömnig?” att visas på en display framför testchauffören. Denne ska då 

med klar och tydlig röst uppskatta sin egen trötthet enligt KSS. Testledaren registrerar då detta värde genom att 

manuellt skriva in det i systemet. Testchaufförernas KSS-värden sparas i en separat loggfil. Texten ”sömnig?” 

visas under 2 sekunder vid testets start och därefter var 10:e minut genom hela testet. För att testchaufförerna 

inte ska glömma bort hur KSS-skalan är konstruerad kommer den att finnas fastsatt på ratten under hela försöket. 

 

Under hela testet kommer även testledaren och en observator ifrån Scania att via den monitor som filmar 

chaufförens ansikte uppskatta dennes trötthet med varsitt KSS-värde. Dessa skattningar loggas i samma fil som 

chaufförens egen KSS-skattning. 

 

Försöket kommer att avbrytas om en testchaufför somnar mer än 10 gånger eller om tidsintervallet mellan två på 

varandra efterföljande insomningar är mindre än 10 minuter. Om en chaufför somnar och kör av vägen så 

kommer simulatorn automatiskt att avbryta och lastbilen hamnar mitt på vägen igen. Om detta inträffar så skriver 

försöksledaren in en 9:a i loggfilen för KSS-värdena. Testchauffören fortsätter sedan att köra men i direkt 

anslutning till igångsättandet skattar både chauffören själv, testledaren och observatören dennes trötthet på KSS. 

 

Antal och Tid 
Vi avser att göra 22 stycken test med olika förare ifrån Scania. Nio stycken av dessa är LP-förare (professionella 

chaufförer) medan övriga är anställda med lastbilskörkort ifrån Scania. Testen kommer att utföras nattetid då 

litteraturen visar att tiden på dygnet spelar stor roll för om föraren blir trött eller inte när denne kör. För att 

säkerställa att allting fungerar enligt önskemål kommer fyra stycken pilotförsök att genomföras i början av vecka 

43. Dessa körningar är längre för att kunna verifiera att testchaufförerna hinner bli tillräckligt trötta på 2 timmars 

nattkörning som är avsett till resterande försök. Under dessa försök kommer så långt det är möjligt professionella 

chaufförer att användas för att dessa troligtvis inte blir lika trötta som icke professionella chaufförer. Till varje 

nattförsök kommer ett referensförsök att genomföras då respektive chaufför är i piggt tillstånd. Försöken 

kommer att genomföras enligt schema på sista sidan. 

 

Efter de fyra pilotförsöken vecka 43 kommer 18 riktiga försök att genomföras under 7 nätter vecka 44 och 45. 12 

försök sker under 4 nätter vecka 44 och resterande  6 försök under två nätter vecka 45.  

 

Övrigt 
De sidokrafter som åstadkommer sidoacceleration i lastbilen repeteras för närvarande efter 40 sekunder. 

Förhoppningsvis kan denna slinga förlängas till 80 sekunder innan försöken påbörjas. Hur stark denna 

sidoacceleration är anges på en 10-gradig skala där 10 är högst. Förra året användes det högsta värdet men 

chaufförerna upplevde då sidoaccelerationen som onaturligt stark varför denna skalfaktor sänks till 7 i dessa 

försök. 

 

Det vägavsnitt som används vid försöken upprepar sig varje halvtimme, dock så ändrar sig omgivningarna lite 

grann för att vägen inte ska upplevas likadan. 
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Tid Test  Tid Pilot-test 
20:00  21:00  
20:15  21:15  
20:30  21:30 

20:45 

Refernskörning test 2, 1h 

 21:45 

21:00   22:00 

21:15   22:15 

Refernskörning pilot-test 2, 1h 

21:30  22:30  
21:45  22:45  
22:00  23:00 

22:15 

Refernskörning test 3, 1h 

 23:15 

22:30   23:30 

22:45   23:45 

Referenskörning pilot-test 1, 
1h 

23:00  00:00 

23:15  00:15 

23:30  00:30 

23:45 

Referenskörning test 1, 1h 

 00:45 

00:00  01:00 

00:15  01:15 

00:30  01:30 

00:45  01:45 

01:00  02:00 

01:15  02:15 

01:30  02:30 

01:45 

Test 1, 2h 

 02:45 

Pilot-test 1, 3h 

02:00   03:00  
02:15   03:15  
02:30  03:30 

02:45  03:45 

03:00  04:00 

03:15  04:15 

03:30  04:30 

03:45  04:45 

04:00  05:00 

04:15 

Test 2, 2h 

 05:15 

04:30   05:30 

04:45   05:45 

05:00  06:00 

05:15  06:15 

Pilot-test 2, 3h 

05:30  06:30  
05:45  06:45  
06:00    
06:15    
06:30    
06:45 

Test 3, 2h 

   
07:00     
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F. Answers to questionnaire 
 

Summary of questionnaire for test drivers 
 
Before the test 
 
General 
All 22 test drivers are employees of Scania. Seven of them work as long-time test drivers for Scanias trucks, 15 

were men and 7 women. Three had driven the simulator before. The first four tests were pilot studies.  

 

Age 
Men: 52, 37, 46, 57, 33, 28, 46, 49, 35, 27, 27, 27, 31, 30, 53  Average: 38.5 years 

Women: 26, 29, 31, 27, 24, 27, 28   Average: 27.4 years 

Total:     Average: 35 years 

 

Driving experience 
Number of years with private car driver license  

Men: 34, 19, 28, 39, 14, 10, 28, 31, 17, 10, 7, 9, 13, 12, 35  Average: 20.4 years 

Women: 6, 11, 13, 9, 6, 9, 10    Average: 9.1 years 

Total:     Average: 16.8 years 

 

Estimated driving experience in private car (kilometers/year) 

Men: 25’, 20’, 30’, 17.5’, 15’, 20’, 15’, 15’, 15’, 0.5’, 15’, 30’, 8’       Average: 17.4’ 

Women: 7’, 10’, 20’, 3’, 2’, 2’, 5’   Average: 7’ 

Total:     Average: 13.8’ 

 

Number of years with truck driver license  

Men: 32, 1, 25, 37, 8, 3½, 23, 29, 6, 0, 2, 1, 2, 3, 31  Average: 13.6 years 

Women: 0, 1, 6, 1, 1, 0, 3½    Average: 1.8 years 

Total:     Average: 10.0 years 

 

Estimated driving experience in truck (kilometers/year) 

Men: 20’, 3’, 40’, 50’, 65’, 10’, 67’, 130’, 3’, 0.7’, 1’, 0.5’, 4’, 2’, 35’ Average: 28.8’ 

Women: 65, 300, 50, 300, 400, 100, 350   Average: 2.2’ 

Total:     Average: 20.3’ 

 

Sleep behavior 
Score on the Epworth Sleep Scale (can indicate narcolepsy if scored 10 or higher) 

Men: 5, 8, 10, 4, 8, 8, 9, 9, 1, 8, 8, 8, 5, 7, 12   Average: 7.3 

Women: 9, 10, 9, 8, 9, 15, 7    Average: 9.6 

Total:     Average: 8.0 

 

Sleep problems 
 (number of test persons that experiences the problem often or always) 

   Men Women Total 

Hard to fall asleep  0 0 0 

Hard to wake up  1 0 1 

Snoring   5 0 5 

Short breathing breaks during sleep 1 0 1 

Fighting to stay awake while driving 1 0 1 

Gets to little sleep  3 2 5 

 

Sleepiness state 
(hours since the last coherent sleep) 

  Men             Women  

The sleep was of good  

or quite good quality 14, 17, 7½, 14, 14½, 18½, 14½, 17, 12      13, 16½, 14½, 14, 16½, 17½ 
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The sleep was of bad  

or quite bad quality  9, 8½, 13½, 15             16 

 

Two test persons slept less than four hours in the last coherent sleep and are therefore excluded from the 

statistics of this question. 

 

 
After the test  
   Men  Women 

During the test: 

 

I was so tired that I would have  

stopped under normal circumstances.   

(Yes, one or several times)  13/15  7/7 

 

I fell asleep behind the wheel.  

(Yes, one or several times)  8/15  5/7 

 

How realistic did you find the simulator?  

(Very realistic/felt like I drove a real truck) 9/15  6/7 

 

How hard was it to estimate your  

sleepiness on the KSS? 

(quite easy/very easy)  12/15  5/7 

 

Did you feel nauseous during the test? 

(quite nauseous/very nauseous)  0/15  1/7 

 

Did you feel bored during the test?  

(quite bored/very bored)  12/15  6/7 

 

Did you feel worried during the test? 

(quite worried/very worried)  0/15  0/7 

 

Comments 
Jobbigt att inte veta tiden. För långt pass (fyra timmars). Enahanda bullret och vägen är inte realistiskt. Svår 

huvudvärk, antagligen av skärmen. Man har samma stress att inte somna som i ett vanligt fordon. Saknade att 

man inte kunde se hjulen på fordonet i backspeglarna. Mycket intressant test. 

 

 



   

På svenska 
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