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Abstract 
 

The comfort of the public transport user is of vital importance to guarantee a pleasant service. 

The driver's style on coaches and buses is a significant factor that influences the comfort of the 

users. The driver of a vehicle is clearly implicated in the production of motion sickness since it 

is the driver who regulates the accelerations than cause passenger sickness (Mark Turner & 

Michael J. Griffin, 1999). Therefore it is necessary to explain the relationship between 

passenger comfort and driver behaviour. The driver’s driving style has been described by 

recording the accelerations (X-Y-Z directions) of a bus with an accelerometer. This data has 

been processed afterwards to obtain four indicators that describe the driving style of the 

driver. The four indicators are: 1) Longitudinal acceleration and braking levels, 2) Longitudinal 

jerks, 3) Lateral cornering acceleration levels, and 4) uneven speed, so-called "Pump driving". 

Comfort ratings from the passengers has been collected on board different buses from the 

Södertälje and Kallhäll areas where passengers were asked to grade their experience during 

their current journey. This information has been analysed together with the indicators. The 

final result is an algorithm that provides a comfort rating by analysing the acceleration of a 

bus. 

 

Keywords: Public transport, riding comfort, passengers surveys, driver skills, accelerometer.  
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1 Introduction 

1.1 Background 
Transportation is important for society because it has a positive economic and social impact. 

(Castellanos & Fruett, 2013) Transportation provides better accessibility to markets, 

employment, welfare of populations and additional investments. (Sarang P. Suryawansi, Sunsil. 

B Somani, Virendra. v. Shete, 2015). 

When developing the Highway Capacity manual, the concept of Level of service was defined. 

The level of service (LOS) is a qualitative measure used to relate the quality of traffic service. 

According to the Highway Capacity Manual, the quality of service can be influence by several 

factors as speed, travel time, reliability, convenience, manoeuvrability, cost, accessibility, 

safety, comfort, etc. (Castellanos & Fruett, 2013) The 3RD edition of the Highway Capacity 

Manual made some changes in the original definition of the level of service concept. (Roess & 

Prassas, 2014) 

“The concept of level of service is defined as a qualitative measure describing 

operational conditions within a traffic stream and their perception by motorists and/or 

passengers. A level-of-service definition generally prescribes these conditions in terms 

of such factors as speed and travel time, freedom to manoeuvre, traffic interruptions, 

comfort and convenience, and safety” 

This definition, for the first time, directly connects the concept of level of service to the 
perception of drivers and passengers. (Roess & Prassas, 2014).  
 
The comfort of public transport users is of vital importance to guarantee a pleasant service. 

Research has been performed with the purpose of improving the comfort for the users. Most 

of the research on passenger comfort seems to have focused on vibration, noise, temperature 

and the traveller’s posture. (Osborne, D. J. and Clarke, M. J., 1973). Also there has been 

interest in dissecting the relationship between road pavement and passengers comfort. (Yi H., 

Xinping, Y., Chaozhong, W., Duafeng, C., and Liqun, P., 2013). This would seem to indicate a 

focus on the technical side of comfort, while the unsafe behaviours of the driver are not 

discussed at all (Osborne, 1978). There seem to be a lack of knowledge about how the driving 

style and the driver behaviour impact on the passenger’s experience. 

The difference between public transport and private vehicles is that you cannot influence your 

own riding comfort. Moreover, it is a common observation that vehicle drivers rarely become 

motion sick. The driver of any kind of transport does not feel the same discomfort as the rest 

of the users. So, the passengers are exposed to varying levels of comfort by the operator and 

the drivers they depend on. Therefore there is a need of informing the driver when their way 

of driving, or drive style is becoming a risk of motion sickness and nausea for the users. There 

is a need for the drivers to be informed in how their driving style influences the passengers. 

No-one would deliberately drive badly if they knew that they were doing it. 

In the current study we want to figure out the influence of the drivers’ skill and driving style on 

the users comfort level.  



9 
 

How important is the drivers’ role for bus passengers’ perceived comfort and how much they 

are affected by various misbehaviours? 

 

1.2 Objective of this work 
The main objective of this work is to find a relationship between the driving style and the 

comfort of the users. The driving style has been evaluated regarding the variation of the 

accelerations in X-Y-Z during the bus journey. So, the purpose of this research is to determine 

if the accelerations can be used to predict the comfort level.  

Previously to this research, a first study was made in 2009 by KTH researchers: see (Kottenhoff 

& Jerker, 2011). On that study, acceleration data and comfort evaluations of the passengers 

were collected and analysed. All the data was collected in a test environment, not in a live 

scenario. The results of this research were: 

-  Matlab algorithms that provide indicators from the acceleration data measured in the 

test buses 

- A linear regression analysis that correlates the indicators and the passengers comfort 

evaluation. 

The results of this first experiment were quite good. The goal now is to do validate this 

previous model. So the aim of this project is to retake the previous research and evaluate its 

reliability in a real scenario.  Moreover, the previous work will be analysed and improved as far 

as possible.  

If the results of the whole research are as the expected and it is possible to predict the comfort 

of the passengers, the research could lead further on to a more ambitious aim. The final goal is 

to be able to develop an algorithm which will enable us to accurately predict the comfort of 

the passengers. In this situation, it would be possible to design a device which would inform 

the driver when his or her driving style is not appropriate, helping to guarantee the comfort of 

the users. This final step won’t be a part of this current research. 

 

1.3 Methodology 
The project started with a review of literature to define and clarify some key points:  

- What is riding comfort? 

-  What a driving style is and which parameters will be used to describe it.  

The project was followed by collecting the required data and finalised with its analysis. 

Data collection: 

To assess the influence of the driving style on the comfort of the users, real time data will be 

collected on-board and stored in an external memory repository for further analysis.  
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Motion measurement: Data on the buses acceleration will be collected with an accelerometer. 

There are many different instruments that can be used. 

Comfort measurement:  Comfort is a subjective concept and is based on the personal 

experience of each individual. The measurement of comfort will be done via questionnaire. 

The passengers will evaluate their comfort by filling out a survey at the same time as the 

acceleration data is being registered by the researchers.  

This procedure will require two people travelling on the bus, one dealing with the 

accelerometer and the other one taking care of the passenger evaluation. 

The data will be collected on different urban and suburban bus lines from Stockholm.  

 To be collected Material needed 

Real time data 
Buss acceleration Accelerometer 

Passenger evaluation Surveys 

 

Data collection 
Buses 

X lines Depending on the 
company X journeys/line 

Time Full days  
Days: 24-3 to 5-4 
 

  

Data analysis:  

The data collected from the bus will then be analysed. The accelerations (X-Y-Z) will be 

processed with different Matlab codes that will provide 4 indicators. With these indicators, the 

linear regression model which predicts the comfort of the passengers will be used. 

Furthermore the data collected from the users surveys will be compared with the results 

predicted by the model. This comparison will be made with SPSS, a statistical toolbox which 

will let us contrast the results and see if there is a positive correlation between the 

acceleration algorithm and the predicted level of comfort vs the real level of comfort. 

 

 

 

 

 

Figure 1 Methodology scheme 

Bus 

Acceleration 

data (X-Y-Z)  
Matlab 

 
SPSS 

 

Passenger’s 
grading  

Algorithm 
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2 Literature review 

2.1 Passenger comfort 
In a good and market adjusted public transport system, it is not enough that people reaches 

their destination economically and quickly. The system also involves factors that are difficult to 

measure, which can be of great significance for how passengers experience their trip. (Karlsson 

& Larsson, 2010). These qualitative factors related to the driving can be influenced by several 

factors such as: comfort, convenience, speed, travel time, reliability, manoeuvrability, cost, 

accessibility, safety, etc. (Sarang P. Suryawansi, Sunsil. B Somani, Virendra. v. Shete, 2015) 

Passenger comfort is a subject which has become extremely important. Only when we are 

comfortable are we satisfied. 

Comfort is a subjective concept which is difficult to define and measure. Some researches state 

that the appropriate definition of comfort is in terms of its absence, thus arguing that it is 

possible only to measure varying degrees of discomfort. Nevertheless, some investigators have 

tried to measure degrees of positive comfort (for example, Oborne, 1978). 

According to Mayr (1959) the term 'travelling comfort' is composed of three sub factors: Riding 

comfort, Local comfort and Organisational comfort. (Oborne, 1978) 

- Riding comfort is that experienced within the vehicle itself, and represents the primary 

interest of the current study.   

- Local comfort is that experienced at stations, airports and interchange points.  

- Organisational comfort includes factors of an organisational origin such as good 

connections, and acceptable frequency and reliability of service. (Oborne, 1978). 

The current research is focused on riding comfort. Ride comfort can be related to technically 

measurable or experienced vehicle movements such as accelerations, shakings and vibrations 

as well as jerks. (Kottenhoff, 2015) 

 

2.2 Driving style and driving behaviours 
In the new, environmentally friendly thinking that is spreading through Europe, transportation 

problems loom large. One way of reducing some emissions as well as fuel consumption is the 

training of drivers in economical driving styles. (Wåhlberg, 2005). Therefore many researchers 

have focused on training the drivers with the objective of achieving the well-desired trait of 

known “Eco-driving”. Hence it is known that driving style heavily influences fuel consumption 

but what happens with regard to the passenger comfort? 

The driver of a vehicle is clearly implicated in the production of motion sickness since it is the 

driver who regulates the acceleration than cause passenger sickness. (Mark Turner & Michael 

J. Griffin, 1999) 

Driving styles deals with the drivers’ handling of variables controls in relation to the traffic 

situation. Different driving styles have different results in relation to speed, time table 

adjustment, smoothness, safety, energy use, ride comfort and so on. The driving style is 

composed of a number of driving behaviours. (Kottenhoff, 2015) 
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The question becomes: Which are the driving behaviours that affect the passengers? 

According to (Kottenhoff & Jerker, 2011), the previous study to this research, the driving 

behaviours that may affect the passengers comfort are: 

- Uneven driving, sometimes called “pumping” which may cause motion sickness. 

- Heavy breaking and sharp acceleration 

- Recurring sharp cornering with high quasi-static lateral accelerations 

- Jerks, which are perceived as uncomfortable, create insecurity and affect the ability of 

maintaining balance. 

On the other hand, vertical accelerations and vibrations from the road or rail are assumed not 

to be caused primarily by driving style. 

Additional review literature is included in the project, but it has been placed in different 

sections for ease of understanding.  
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3 Previous test and starting point of this work  
As mentioned before, this study is the continuation of a previous piece of research started in 

2009 by Kottenhoff & Jerker.   The project consisted of a field test to evaluate the relationship 

between the comfort and the driving skills. The comfort level was evaluated by the passengers 

who filled out a survey. The driving skills were represented by 4 indicators which reflect the 

driving styles that travellers didn’t like. The indicators were obtained by processing the 

acceleration data of the bus. The acceleration was recorded using an accelerometer. More 

detailed information regarding this field test can be found in (Kottenhoff & Jerker, 2011), long 

Swedish version, or the summary (Kottenhoff, 2015) in English 

 

3.1 Method and instruments used 
The field test was made in a Stockholm suburb (Bredäng) with low car traffic. There, 51 test 

passengers were asked to evaluate their comfort levels. They experimented in each of the 8 

bus loops and, at the same time, the acceleration from the bus was recorded with a 3D 

accelerometer. Each of these loops described a different driving style. The passengers graded 

the comfort they perceived by filling in a survey. A copy of the survey used for the comfort 

grading can be found in the Annex9.1 

The acceleration data from the bus was compared afterwards with the grades from the 

passengers. To compare the passengers comfort with the acceleration 4 indicators were 

developed.  

More detailed information regarding the method can be found in (Kottenhoff & Jerker, 2011), 

long Swedish version, or the summary (Kottenhoff, 2015) in English. 

3.1.1 What is an accelerometer?  

A three-dimensional (3D) accelerometer is an electromechanical device that detects and 

measures non-gravitational accelerations. These forces can appear as motion, vibration, or 

orientation of people or equipment. Such forces include static and dynamic accelerations 

outside the range of normal gravity. (wiseGEEK , 2008) 

A 3D accelerometer might measure voltage variances along three perpendicular axes, by the 

use of flexing silicon fingers, bubble floats, or other techniques. These horizontal, vertical, and 

depth (X, Y, and Z) axes allow mathematical analysis of gravity (g) forces, or meters per second 

per second. One g is equivalent to 9.8 meters/second/second or 9.8 m/s2. Changes in the 

piezoelectric voltage of crystals, capacitance between microstructures, piezo-resistive effects, 

and even light all allow the electronic processing of physical accelerations. Some 

accelerometers require calibration in order to set a resting state to zero, which is actually 1 g in 

Earth's gravity. (wiseGEEK , 2008) 

The specific device used in 2009 test was the EK3LV02DL.  The EK3LV02DL is an evaluation kit 

that evaluates the LIS3LV02DL 3-Axis - ±2g/±6g Digital Output Low Voltage Linear 

Accelerometer MEMS accelerometers. The kit implements a typical application which enables 

the user to acquire the acceleration data sensed by the LIS3LV02DL product. The LIS3LV02DL is 

a three axes digital output linear accelerometer that includes a sensing element and an IC 

http://www.wisegeek.org/what-is-gravity.htm
http://www.wisegeek.org/what-is-capacitance.htm
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interface able to take the information from the sensing element and to provide the measured 

acceleration signals. See more information about the device in (STMicroelectronics, September 

2006) 

3.1.2 Comfort indicators 

With the purpose of seeing the effect of the different driving styles on the comfort levels the 

following principles were stated in order to develop the indicators. (Kottenhoff & Jerker, 

2011): 

- The indicator will show how the driver is driving badly 

This means that it should be clear whether the driver braked too hard, accomplished jerk, 

is driving too fast around bends with uneven speed. 

 

- The indicator will show how passengers are affected 

This means that it should be clear whether passengers have difficulty keeping their 

balance, find the trip uncomfortable or get motion sickness symptoms. 

 

- Indicators should go to merge 

Since it is supposed that the driver should be able to notice one or two types of warning 

sign, it's good to be able to classify and weight the importance of the various indicators. 

The classified signals can be summed to get just one final result that clusters all the 

information. 

 

- The inputs to measure the should be independent of each other 

If the indicators are hanging too much together, if they correlate too much, so it can be 

difficult to meet the previous requirement of separately. 

 

- Road geometry, roughness and condition should not influence too much 

The project intends to provide advice and algorithms for comfortable ride and then you 

should not the road you drive on the record too much 

 

- The indicators and measurements should be used to control a driver aids and 

educational tools 

One indicator that should guide a driver aids should be based on momentary or short-term 

values. 

 

- The measurements should be easy to interpret 

This means that a parameter value should show the relative importance of the different 

measurements in relation to each other. It should, for example calculate the average sums 

so that we for the unit m / s2 or m / s3. 

 

Taking all these principles into account, the four indicators were developed using Octave to 

process the acceleration data recorded by the accelerometer 
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- PUMP INDICATOR: Shows the uneven driving, sometimes called “pumping” which may 

cause motion sickness. 

 

 

Figure 2 Uneven speed graph-Data was collected in a regular bus during the instrument test. 

 

 

 

- X-ACC INDICATOR: It shows heavy breakings 

 

 

 

Figure 3 Hard breaks graph- Data was collected in a regular bus during the instrument test. 

 

 

 

 

 

 

 

 

Uneven speed 

Hard break 
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- Y-ACC OR CURVE INDICATOR: Reflects lateral accelerations 

 

 

Figure 4 Hard curve graph- Data was collected in a regular bus during the instrument test. 

 

 

 

- JERK INDICATOR: The definition of a jerk is the range of change of acceleration; that is 

the derived from the acceleration. In the case of ride comfort, jerk is a combination of 

the size of shift in acceleration and how quickly this shift is made. 

 

 

Figure 5 Jerk graph- Data was collected in a regular bus during the instrument test. 

 

 

 

Curve 

Jerk 
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3.2 Results overview 
The comparisons between the indicators data and the comfort graded by the passengers were 

done using SPSS and the results were a success.  Hence, the correlation between designed 

driving behaviours and passengers judgements on the 100 mm scale was high. More detailed 

results and conclusions can be found in (Kottenhoff & Jerker, 2011), long Swedish version, or 

the summary (Kottenhoff, 2015) in English. 

Therefore there was a need to see if this study was reliable also in a live scenario. This is the 

starting point of the current research.  
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4 Exploratory studies 

4.1 Evaluation test 16-2-2016 
The main purpose of this pilot test was to demonstrate the method and show how a test 

would be developed in order to carry out the research project.  

In the evaluation test, acceleration data was collected on a test bus with 5 test subjects. The 

acceleration data was collected using an iPad and the app “Acceleration”, which measures the 

acceleration in X-Y-Z direction and the EK3LV02DL evaluation kit.  The passenger’s satisfaction 

was evaluated by filling out a survey.   

The test was made in Solna, in Jungfrudansesn, with low car traffic. The road loop used was 

1,4Km long with 4 bus stops (One of these was an ordinary bus stop). One lap of the loop took 

about 5-6 minutes.  

The grades from the passengers and the predicted level of comfort demonstrated the similar figures; 

however, the predicted results were more sensitive than the evaluation of the respondents. (The 

predicted comfort levels were lowers, less comfort, than the passengers grades.) It must be taken 

into account that the 5 respondents were aware of the driving styles and therefore their answers 

were not like everyday people on a regular bus journey.  

The test was a success, and it showed that the driving style is an important issue that really matters 

to the passengers. 

*More detailed information regarding this test and the results can be found in the Annex9.3. 

 

4.2 Instrument comparison 
The acceleration data was recorded by the buses native equipment whereas in the previous 

test from 2009 an external accelerometer (EK3LV02DL) was used. There was therefore a need 

to test the calibration of the instruments used to obtain the results. For this reason an 

instrument test was performed.  

The purpose of this test was to record, at the same time, the acceleration of the vehicle with 

different instruments. As the bus equipment was not available at that time, the test was 

performed using a private car. The instruments used were:  

- EK3LV02DL evaluation kit, which will also be called from now on: USB accelerometer. 

- IPAD; using the app “Acceleration” 

- IPOD ; using the app “Acceleration” 

The test was made in Sollentuna, in the north of Stockholm.  The run used had two loops, one 

clockwise loop and one counter-clockwise loop.  4 bus stops were simulated. 

The test consisted of 5 laps with different driving styles each time. The three instruments were 

placed in different parts of the car. The IPad and IPod were placed in the front seat foot-well 

whereas the USB accelerometer was placed on the car’s rear seats.  
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The accelerations measured were processed with the Octave code (Free tool similar to Matlab) 

to obtain the four indicators and then compare the results from the different instruments.  

The four indicators behave as expected according to the driving behaviour exhibited on each 

lap. So it could be concluded that the 4 indicators successfully show the driving style of the 

driver.   

The differences in the indicators obtained with the data of the three different instruments 

were also checked.  

Between the IPad an IPod, the results were always quite close, however, the IPad indicators 

were somewhat higher. The comparison with the accelerometer leads to a much difficult 

conclusion. The biggest difference appears in the jerk indicator. The accelerometer was much 

sensitive to jerks. The position of the car's engine and axle may have a sensitive influence on 

the jerks perceived.  

The results showed that indeed, depending on the instrument used, the indicators may be 

different. Therefore in order to do the test this had to be taken into account.  

*More detailed information regarding this test and the results can be found in the Annex9.4. 

4.2.1 Signal processing-use of filters 

The acceleration data from the EK3LV02DL evaluation kit differed from the IPad or IPod mainly 

in the extreme of peak values. The acceleration from the IPod and IPad showed higher peaks, 

as can be seen in the following graphs.  

 

Figure 6 Plot of the X_Acceleration measured with the EK3LV02DL evaluation kit 
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Figure 7  Plot of the X_Acceleration measured with the IPOD 

In order to deal with this difference one solution may be to filter the acceleration data before 

calculating the indicators.   

A filter is an electrical network that alters the amplitude and/or phase characteristics of a 

signal with respect to frequency. Ideally, a filter will not add new frequencies to the input 

signal, nor will it change the component frequencies of that signal, but it will change the 

relative amplitudes of the various frequency components and/or their phase relationships. 

Filters are often used in electronic systems to emphasize signals in certain frequency ranges 

and reject signals in other frequency ranges. (Lacanette, 1991). 

In this case a low-pass filter could be used. A low-pass filter passes low frequency signals, and 

rejects signals at frequencies above the filter’s cutoff frequency. (Lacanette, 1991). Therefore if 

the acceleration data is filtered with a low pass filter, the higher peaks would be rejected.  

  

 

Figure 8 Examples of Low-Pass Filter Amplitude Response Curves. Source: Lacanette 1991 

 

The use of a filter became an option in order to solve future problems during the test. 
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5 Development of the experiment 

5.1 Experiment overview 
Experiments are performed by investigators usually to discover something about a particular 

process or system. We can define an experiment as a test or series of test in which purposeful 

changes are made to the input variables of a processes or system so that the reasons for 

changes may be observed and identified. (Montgomery, 2001) 

With the purpose of validating the model from 2009 the following experiment was designed. 

In order to validate the model it was decided to repeat the same kind if test as in 2009 but this 

time with real passengers and real bus lines. After the test the results obtained were 

compared with the results (the linear regression analysis) from 2009.  

The test consisted of two main tasks in the field: recording acceleration data on real bus lines 

at the same time that the passengers were asked to evaluate the level of comfort. The next 

task was to match these two types of data and look for the relationship as described 

previously.  The matching of the data was done using SPSS. 

The final test was carried out with the collaboration of Drivec; the company responsible for the 

electronic devices on the buses.   

Here follows the schematic of the methodology used to carry out the test. 

 

Figure 9 Experiment scheme 
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5.2 Real time data collection 
The acceleration data collection was done by Drivec.  They were in charge of recording the 

data from the journeys and processing it to obtain the four indicators. The Matlab code used in 

2009 was given to them. Some modifications in the original code were made in order to filter 

the data and adapt the code to the new instruments used. The acceleration data was collected 

in the format of 40 samples per second.  

 

5.3 Survey development 
During the first test in 2009 surveys were used. Drawing from the forms that had already been 

used, some modifications were made in order to fulfil the requirements that the experiment 

required.  

5.3.1 Previous considerations  

Before changing the previous forms, a review of literature was considered. Here follow the 

conclusions reached.  

As the surveys were given to regular passengers, in a real scenario, there is a need of getting a 

high number of answers because different passengers may be receiving different stimulus 

inputs, it is necessary to sample far higher numbers of passengers than would be the case in 

the laboratory. Each passenger who is to be tested has paid for his seat and, in general, does 

not wish to be interrupted to any great extent. Most are willing to perform some small task 

after polite requests, but interference to any large extent is intolerable both to the passenger 

and to the transport operators. For this reason the measuring methods employed should be 

quick, easy and accurate. (Oborne & Clarke, 1975)  

The type of questions asked:  

According to (Oborne & Clarke, 1975) one could divide the type of questions into four groups: 

1. Questions about themselves: It provides background and information concerning the 

type of respondents included in the survey. These questions can be: Age, sex, why is 

he/she making the journey, when did he or she board… This information will enable us 

to sort the respondents into predetermined groups for further data analysis 

2. Questions requiring description of some sort. This type of question tends to be 

disregarded. These questions were discarded for the current survey form.  

3. Questions providing a description of the stimulus under the investigation but with a 

rigid response. In the current survey form these questions were added as: yes or no 

questions evaluating the level comfort and the driver skill.  

4. Numerical estimate of the stimulus. These questions will enable a numerical rate of 

the stimulus under consideration. In this case the subjects were asked to mark their 

evaluation on a 100mm graphic rating scale which will simulate the % of agreement 

with the statement. A ruler is used to measure the score on the scale that ranges from 

0 to 100.  There are different options to develop these scales. For example: 
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Figure 10 Parallel forms for comfort rating 

 

The first kind of scale may lead to problems of understanding or differing interpretations 

between the passengers. In order to avoid these problems, the scale used had only writing 

information in ends, like the scale showed in the right side in figure 10. 

 

5.3.2 Final survey 

Taking everything into account, the final survey was developed.  In order to enable people to 

answer the form as comfortably as possible thick paper was used (200gr) and arranged in a 

double sided A5 sheet. The first page contains general information: 

-Sex 

-Age 

-How often do they travel by bus? 

-Boarding time and getting of time.  

 The second one contains 3 scales like the following, to grade: driver skills, velocity and 

comfort.  Finally two “yes or no” questions were also used to check the approval of comfort by 

the passengers. 

 

Figure 11 Example of rating analysis 

See a copy of the form used in the Annex9.2  

 

5.4 Field Test 
The field test started on the 24th of March and lasted the 5 following working days. The tests 

were made in two different zones: Södertälje and Kallhäll according to the buses availability. 

The buses selected were the ones provided with the accelerometer equipment. Here follows 

the buses used and their characteristics: 



24 
 

Kallhäll Garage : Södertälje Garage : 

6594, volvo ledbuss, diesel, 7448, volvo, boggie, diesel, 

6545, MAN, normalbuss, diesel 0125, scania, ledbuss, diesel 

6585, MAN, normalbuss, diesel 5528, volvo, boggie, diesel 

6501, MAN, ledbuss, diesel 6537, MAN, normalbuss, diesel 
Table 1 Summary of the different bus used 

Different types of roads were tested, depending on the assigned bus line. 10 different bus 

drivers were subjected to the test. These drivers run a total of 29 different rounds. (We 

understand by a “round” a single run of a bus in a line). The aim was to do 400 passengers 

interview and finally a total number of 398 forms were collected.   

The acceleration data collected by Drivec was processed afterwards and finally the 4 indicators 

were submitted for further analysis.  

 

5.5 Passengers rating vs acceleration data 
In the previous test (2009), the passengers were asked to evaluate each run of the bus after it 

was completed, so they had experienced the entire journey on the bus. However, in the 

current test, the passengers were boarding and leaving the bus randomly along the bus line. 

Matching each passenger evaluation to the exact time they have been inside the bus was not 

possible. Therefore some assumptions needed to be made. 

The first approach was to assume that the driver drives uniformly, either well or poorly along 

all his entire run. So for each run only one indicator for each one of the 4 driving behaviours 

was obtained (jerks, uneven speed, x acceleration and curves). The matching of the data would 

have been easy to make then. All of the passengers who had been involved in the run were 

considered and related to these set of 4 indicators obtained. 

Because of the poor reliability of this first assumption, the driver is not driving equally during 

the entire run. There are many factors that influence the driving, the location: Is it in the inner 

city, or on a country road? The geometry of the road also influences it as well as the traffic. 

Therefore a new assumption was made. The bus runs were divided into 10 minute long 

segments. That is to say, the 4 indicators were taken every 10 minutes. Therefore the 

passengers had to be grouped into 10 minutes segments also. The division of the passengers 

was not exact, because the flow of passengers was continuous. Finally the passengers were 

sorted by the segment in which they had spent the longest time. 

 

5.6 Data analysis and results 

5.6.1 Field test 

Both acceleration data collection and passenger surveys were a success, the expected results 

regarding the number of surveys was achieved on time and a high percentage of passengers 

agreed to fill in the survey.  
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Concerning the reliability of the answers of the passengers the results were not as the 

expected. A sorting of the survey results was made in order to filter wrong or invalid answers. 

It was decided to not consider the passengers who had answered exactly 50% on the three 

scales. This was justified as this kind of passengers was not willing to answer the survey with 

due consideration and they completed it as quickly as possible without evaluating their 

journey.  Moreover, many passengers did not really understand the aim of the survey and 

instead of judging the journey they were experiencing, they graded the comfort, driver skill 

and velocity according to their general experience of buses. This was noticed as some of the 

passengers filled in the whole form inside the first 30 seconds of the journey. Unfortunately 

once all the surveys were collected there was no way of recognizing these sets of answers. 

Therefore all the surveys were taken as relevant even knowing this was the case. Despite this, 

as 400 passengers forms were collected, these unreliability problems may have been 

addressed.  

Regarding the drivers, no “bad drivers” were found.  This means that no extreme behaviours 

could be recorded. That becomes a difficulty concerning the data matching. Because all the 

data we got was a mean average and no very high or low values were obtained. The linear 

regression may need a much higher number of samples to be representative if all the values 

are clustered into a mean range.    

Considering all this, the indicators were obtained and the statistical analysis was performed. 

5.6.2 Octave analysis-Indicators 

The acceleration data from the different laps that was recorded using the bus accelerometers 

was recorded by Drivec and provided to be analysed.  

With the acceleration data the Octave code from 2009 was used to obtain the different 

indicators. As expected the results differed from the 2009 test. With the exploratory tests it 

had been proved that the instrument used as well as the position of the accelerometer inside 

the bus are relevant factors.  Therefore it was suggested by Drivec that a good option to 

improve would be to filter the data with a more aggressive filter in order to avoid higher peaks 

in the accelerations that cause these higher values.  

5.6.3 SPSS analysis-Beta coefficients    

With the goal of validating the model from 2009, the linear regression model from the 2009 

test to was used to calculate the expected comfort level with the accelerations recorded and 

compare the results with the passenger’s grades. 

The linear regression analysis results into the following model: 

𝐷𝑐 = 𝛽1 ∗ 𝐼𝑋𝑎𝑐𝑐 + 𝛽2 ∗ 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠 + 𝛽3 ∗ 𝐼𝑗𝑒𝑟𝑘𝑒𝑠 + 𝛽4 ∗ 𝐼𝑝𝑢𝑚𝑝 (1) 

Where:   

- Dc= drive dis-comfort measure. Scale is from 0 to -100. (-100 is the worst case).  

- β_1= parameter showing the sensitivity for accelerations and decelerations 

- β_2= parameter showing the sensitivity for curving; lateral accelerations 

- β_3= parameter showing the sensitivity for jerks 

- β_4= parameter showing the sensitivity for “pumping”; uneven accelerations 
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- 𝐼𝑋𝑎𝑐𝑐= indicator for acceleration and deceleration levels 

- 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠=indicator for curving 

- 𝐼𝑗𝑒𝑟𝑘𝑒𝑠= indicator for jerks 

- 𝐼𝑝𝑢𝑚𝑝= indicator for pump 

The coefficients from 2009 were:   

BETA VALUE 

𝛽1 -21,8 

𝛽2 -25 

𝛽3 -0,489 

𝛽4 -20,8 
Table 2 Beta coefficients form the 2009 model 

However, an improvement of the linear regression analysis based on the data from 2009 was 

made and the final betas obtained were: 

BETA VALUE 

𝛽1 -21 

𝛽2 -16 

𝛽3 -0,43 

𝛽4 -23 
Table 3 Beta coefficients form the 2009 modified model 

Using these coefficients and the indicators obtained with the octave code the level of 

discomfort was calculated.  

 

Figure 12 Plot of the estimated discomfort with the modified 2009 model 
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The values obtained were all clustered in the 60-80% range of discomfort. These results were 

not very positive. Moreover round 10 was deleted because the jerk indicator showed a much 

higher value than it should have. It may had been a problem during the data recording, 

because the X acceleration showed values up to 4.6 m/s2, whereas the normal values are 

around 0.1m/s2. It may had fallen or suffered an impact  

The following graphs were plotted to see the difference between the grades from the 

passengers and the estimation. 

 

Figure 13 Plot of the estimated discomfort using the model. Run 10 was deleted 
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Figure 14 Plot of the graded discomfort by the passengers 

 

Looking at the graph, it can be seen that the discomfort level predicted was higher than the 

passenger’s grades. Comparing the graphs with the results from 2009 (See more information in 

the report from (Kottenhoff & Jerker, 2011)) the main problem is the pumping indicator.  

However these results were not bad at all, it proved what was expected regarding the driving 

behaviours from the drivers during the test. As there were no extreme “bad drivers” all the 

results were clustered inside a short range. This showed that the model worked somewhat but 

the coefficients needed to be recalibrated if the accelerometer from the bus was to be the 

instrument used.   

It was not reasonable to have values so high for the pump. For the purpose of a short overview 

it was decided to remove the pumping indicator. The results were quite satisfactory. Herein 

follows a new graph for the estimated comfort level and the relative errors between the 

grades and the estimations obtained, with and without the pumping. 
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Figure 15 Plot of the estimated discomfort without considering the pumping effect 

 

WITH PUMPING  WITHOUT PUMPING 

 relative error   relative error 

run01 -1.04355  run01 0.101592 

run02 -1.49545  run02 -0.21026 

run03 -0.77934  run03 0.100308 

run04 -0.61416  run04 0.12275 

run05 -0.48089  run05 0.262955 

run06 -0.76586  run06 0.058338 

run07 -0.47993  run07 0.245936 

run08 -0.65135  run08 0.126736 

run09 -0.65084  run09 0.23696 

run11 -1.17083  run11 -0.22381 

run12 -1.0977  run12 -0.06992 

run13 -1.80649  run13 -0.37529 

run14 -0.31301  run14 0.334434 

run15 -0.65029  run15 0.109119 

run16 -0.73922  run16 0.200007 
Table 4 Relative errors calculated with and without the pumping effect 

The error level was reduced considerably. This suggested then that the model was working 

properly, however the Beta coefficients needed to be recalibrated.  

 

5.7 Discussion of the results 
After analysing the data it was concluded that the sample size was not appropriate. The 

anticipated 400 passenger forms were good in order to avoid random errors and “Human” 
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errors. However no emphasis was put on how many different bus drivers should have been 

tested. It has been realised that as drivers used to drive quite well, a higher number of bus 

runs should have been analysed. In order to solve this, instead of taking every run of a bus as a 

single sample, the runs were divided into 10 minutes segments. Therefore for every 10 minute 

period 4 indicators were obtained.  

Some modifications were even made in order to improve the design of the experiment; the 

results obtained were not as good as expected, so the model couldn’t be validated. The 

comfort level could not be predicted with the previous model. Therefore it was decided that 

the method to validate the 2009 results was to be improved. Moreover, the influence of using 

the bus accelerometer should be checked.  
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6 Development of the second experiment  

6.1 Modification of the method according to the results obtained  
The main problem was that no extremely poor drivers were found. The possibility of repeating 

the same experiment but with a much larger sample size of drivers was rejected because there 

was no guarantee it would have worked and it would have had a very high cost. The second 

possibility could have been repeating the same kind of experiment but this time with trained 

drivers. That is to say: use normal bus lines, with normal passengers, but with test drivers. 

These drivers would have driven following instructions. Doing this, bad drivers would have 

been tested in normal passengers. This possibility was quickly rejected because it reduced the 

safety of the users. Finally the option considered was to use test drivers as well as test 

passengers. The test passengers were chosen by the company. They were experts in public 

transportation who worked for the bus company. The final option consisted of developing a 

statistical experiment. The first experiment clustered a small range of driving styles (good 

drivers only,) therefore very seldom reaching the discomfort limit. The bus company experts 

were chosen to grade comfort and then become able to establish what exactly should be the 

“product” they will offer to their passengers.  

During the experiment the data was collected using the EK3LV02DL evaluation kit and the 

accelerometer of the bus.  

 

6.2 Experiment overview 
The main goals of this experiment were: 

- Validate the model from 2009. 

- See if there is a need to recalibrate the model in order to use the new instruments. 

- Set the limits for the riding comfort. 

The correct approach to dealing with several factors was to conduct a factorial experiment. 

This is an experimental strategy in which factors are varied together, instead of one at a time. 

(Montgomery, 2001).   

Once the experiment was developed, the analysis of the results proceeded.  

6.3 Setting a 𝟐𝑲 experiment 
The factors considered in the experiment were the 4 indicators (Jerks, X-Acceleration, Curves 

and Pumping). Each of these K factors was assumed to have only two levels (High-Low). A 

complete replicate of such a design requires 2𝑥2𝑥 … . . 𝑥2 = 2𝑘 observations and is called a 2𝑘 

factorial design. The factorial design enables the possibility of dealing properly with the 

interactions between factors. An interaction is the failure of the on factor to produce the same 

effect on the response at different levels of another factor. (Montgomery, 2001) 

In this case K=4, therefore 216 runs were required, each of them with different characteristics. 

Here follows the design of the runs which was made. In the design 1=high level and 0=low 

level.  



32 
 

RUN JERK  X-ACC PUMP  CURVES  

1 0 0 0 0 

2 0 0 0 1 

3 0 0 1 0 

4 0 0 1 1 

5 0 1 0 0 

6 0 1 0 1 

7 0 1 1 0 

8 0 1 1 1 

9 1 0 0 0 

10 1 0 0 1 

11 1 0 1 0 

12 1 0 1 1 

13 1 1 0 0 

14 1 1 0 1 

15 1 1 1 0 

16 1 1 1 1 
Table 5 Summary of the 2^K factorial experiment 

 In order to reduce the number of runs the statistical design was created. The following 

decisions were taken: 

- The second order effects could lead to problems, therefore this was rejected. Third 

order effects had such a low weight that they were rejected. This enabled the 

possibility of reducing the numbers of runs from 16 to 8. The final selected cases were: 

A B C ABC 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 0 

1 0 0 1 

1 0 1 0 

1 1 0 0 

1 1 1 1 
Table 6 Summary of the statistical design  

- The runs were not arranged randomly; a strategy was followed. The seven first runs 

were used to evaluate the second order effects (Combination of two factors). The 

most uncomfortable run was placed strategically in the middle of the runs.  

- 5 extra runs were added to see the effects of each indicator individually. (All 

factors=0). As the jerk is the most affecting factor on people’s comfort, it was decided 

to be evaluated on three levels; very hard (2), medium (1) and low (0). 

It must be taken into account that even the test passengers knew what was being tested, 

they were not aware of which driving style was being tested on each run.  

The final design, therefore the instructions given to the driver, was the following: 
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RUN JERK  X-ACC  PUMP  CURVES  

1 1 1 0 0 

2 0 0 1 1 

3 1 1 1 1 

4 1 0 0 1 

5 0 1 0 1 

6 0 1 1 0 

7 1 0 1 0 

8 0 0 0 0 

9 1 0 0 0 

10 2 0 0 0 

11 0 1 0 0 

12 0 0 1 0 

13 0 0 0 1 
Table 7 Final design of the experiment (7 runs for the experimental design + 5 extra runs) 

To sum up: the first seven runs corresponded to the statistical experiment. The eighth 

corresponded to two experiments: It was the last run for the statistical experiment and the 

first for the jerk calibration. The last 3 runs were designed to calibrate the indicators, in order 

to find the comfort limits. All in all, the 7 first runs were used to validate the model and the last 

ones to calibrate it.  

 

6.4 Field test 
The field test was done on the 2nd of May. The test was made in Solna. The road loop used had 

5 bus stops (One of these was an ordinary bus stop). One lap took about 7 minutes. In total 

there were 8 passengers. Six of them were representatives from the bus company, who were 

selected to evaluate the comfort. There were also 2 representatives from kth.  

The bus driver was told to drive in 13 different styles with the main purpose of seeing the 

influence of the assumed comfort disturbances on the comfort of the passengers. During the 

morning the 7 first runs were performed.  

The acceleration data was collected with the accelerometer from the bus and also with the 

EK3LV02DL evaluation kit, the equipment used in the test from 2009. After every run the 

passengers filled in the forms to evaluate the comfort, the driving style and the velocity. The 

forms were the same that were used in the previous test. All the passengers were seated while 

the bus was running. 

 

6.5 Data analysis and results 

6.5.1 Field test 

As there were 8 passengers grading the comfort after each run, 1 set of indicators and 8 

different grades for the comfort were obtained after every journey. The passengers were 
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selected by the bus company, so their opinion reflected not only their own comfort, in their 

grades they wanted to reflect the opinion of the average users. All the passengers stayed on 

the bus during the whole experiment (On all different runs) 

The last 5 runs were not performed as expected. Therefore they were not used in this further 

analysis. 

6.5.2 Octave analysis - Indicators. 

The indicators were obtained using the Octave code from 2009 and both data (passenger 

grades and indicators) were matched using SPSS.  

First of all, the data used to calculate the indicators was the one from the EK3LV02DL 

evaluation kit. The first goal of this experiment was to validate the model from 2009, therefore 

the data used had to be recorded with the same instrument as before in order to avoid 

problems. 

The second aim of the experiment was to see the influence of the instrument used. Hence the 

bus accelerometer data was used to calculate the indicators and then attempts were made to 

validate the model. The main purpose of this part was to prove that the previous test (with 

400 passengers) could not be validated using the data from the bus because the indicators 

obtained differed too much from the ones calculated with the EK3LV02DL evaluation kit. 

6.5.3 Model validation  

The validation of the model was made by relating the indicators obtained during the first 8 

runs (using the EK3LV02DL evaluation kit data) with their passenger’s grades. The purpose was 

to check if the model from 2009 worked properly, using the linear regression from 2009 the 

expected comfort was calculated and then compared with the passenger’s one. The results 

were the following:  

Indicators:  

run X_acc Y_curves Jerks Pump 

1 0.77 0.47 44.15 1.61 

2 0.63 0.7 14.78 1.56 

3 0.8 0.72 34.72 2.29 

4 0.69 0.76 46.33 1.73 

5 0.79 0.71 11.35 1.17 

6 0.78 0.5 16.24 1.69 

7 0.65 0.41 37.7 2.17 

8 0.51 0.58 11.14 1.07 
Table 8 Indicators obtained with the EK3LV02DL evaluation kit data 

As shown before, the linear regression analysis from 2009 resulted into the following model: 

𝐷𝑐 = 𝛽1 ∗ 𝐼𝑋𝑎𝑐𝑐 + 𝛽2 ∗ 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠 + 𝛽3 ∗ 𝐼𝑗𝑒𝑟𝑘𝑒𝑠 + 𝛽4 ∗ 𝐼𝑝𝑢𝑚𝑝 (2) 

Where:   

- Dc= drive dis-comfort measure. Scale is from 0 to -100. (-100 is the worst case).  

- β_1= parameter showing the sensitivity for accelerations and decelerations 
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- β_2= parameter showing the sensitivity for curving; lateral accelerations 

- β_3= parameter showing the sensitivity for jerks 

- β_4= parameter showing the sensitivity for “pumping”; uneven accelerations 

- 𝐼𝑋𝑎𝑐𝑐= indicator for acceleration and deceleration levels 

- 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠=indicator for curving 

- 𝐼𝑗𝑒𝑟𝑘𝑒𝑠= indicator for jerks 

- 𝐼𝑝𝑢𝑚𝑝= indicator for pump 

And the coefficients:   

BETA VALUE 

𝛽1 -21 

𝛽2 -16 

𝛽3 -0,43 

𝛽4 -23 
Table 9 Beta coefficients form the 2009 modified model 

Consequently, the estimated discomfort was: 

Run Discomfort (mm) 

1 80 

2 67 

3 96 

4 86 

5 60 

6 70 

7 86 

8 49 
Table 10 Estimated discomfort level 

The comfort graded by the passengers was also calculated. In order to obtain one comfort 

level for each run, the average of the grades from the 8 passengers was calculated.  

The results were the following:  

 

Run Discomfort (mm) 

1 -76 

2 -52 

3 -86 

4 -75 

5 -64 

6 -56 

7 -64 

8 -18 
Table 11 Graded discomfort by the passengers 

   

Finally both results were compared. 
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Figure 16 Plot of the estimated discomfort using the model 

 

Figure 17 Plot of the graded discomfort by the passengers 

To have more exact comparison figures, the relative error between both grades:  
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Run Relative error 

1 0.05 

2 0.28 

3 0.12 

4 0.15 

5 -0.07 

6 0.25 

7 0.35 

8 1.74 
Table 12 Relative error of the comfort graded and estimated 

Comparing both results, it can be seen that there was little difference between the perceived 

comfort and the estimated with the model from 2009. The discomfort estimated with the 

comfort is much more sensitive than the passengers’ actual discomfort. However it must be 

taken into account that all the passengers were seated on the bus, so their comfort was better 

than if they had been standing. However the model was designed in order to estimate the 

comfort in the worst situation, in order to guarantee a pleasant service to all the users.  

It must be taken into account that the prediction of a passenger experience won’t ever be 

exact, mainly because every person feels different and reacts in a different way to the same 

stimulus. Therefore a perfect estimation couldn’t be expected.  Allowing for all this, it was 

concluded that the differences were not very significant except on the last run. In the last run, 

the difference by far exceeded possible acceptable relative error levels.  

However it must be considered that the last run was the one with "perfect" driving and that it 

was performed after 7 bad runs. Bearing in mind that the passengers had been in the bus for 7 

previous bad runs, it was normal that they perceived the last run as much more comfortable. 

Probably they would have graded the comfort from the last run differently if it had been 

placed at the beginning.  

In conclusion, all the possible problems were explained and therefore it can be concluded that 

the model works properly. Accordingly, as the model did work, the second part of the 

experiment was analysed. The aim was then to see if the instrument was one of the causes 

that made the validation problematic during in the previous experiment.   

6.5.4 Need of model recalibration?-SPPS analysis. 

In order to see the influence of the instrument used both data were used to run the model and 

the results were compared. 

Here follows the results of the indicators obtained with the EK3LV02DL evaluation kit and with 

the accelerometer from the bus. 
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EK3LV02DL 
evaluation 
kit Xacc Ycurves Jerks Pump 

 

BUS 
ACCELEROMETER Xacc Ycurves Jerks Pump 

run1 0,77 0,47 44,15 1,61 
 

run1 0,63 0,62 40,65 1,38 

run2 0,63 0,7 14,78 1,56 
 

run2 0,53 0,79 24,34 1,27 

run3 0,8 0,72 34,72 2,29 
 

run3 0,65 0,73 31,85 1,68 

run4 0,69 0,76 46,33 1,73 
 

run4 0,62 0,9 36,56 1,86 

run5 0,79 0,71 11,35 1,17 
 

run5 0,71 0,77 24,68 1,36 

run6 0,78 0,5 16,24 1,69 
 

run6 0,64 0,65 28,21 1,72 

run7 0,65 0,41 37,7 2,17 
 

run7 0,58 0,69 32,53 1,67 

run8 0,51 0,58 11,14 1,07 
 

run8 0,42 0,7 19,34 1,4 
Table 13 Indicators calculated with the bus accelerometer and the EK3LV02DL evaluation kit 

With the purpose of finding the main differences the relative error of each indicator was 

calculated and the estimated discomforts were plotted. 

RELATIVE ERROR     

Xacc Ycurves Jerks Pump 

0,18 -0,32 0,08 0,14 

0,16 -0,13 -0,65 0,19 

0,19 -0,01 0,08 0,27 

0,10 -0,18 0,21 -0,08 

0,10 -0,08 -1,17 -0,16 

0,18 -0,30 -0,74 -0,02 

0,11 -0,68 0,14 0,23 

0,18 -0,21 -0,74 -0,31 
Table 14 Results of the relative error of the comfort graded and estimated 

 

Figure 18 Comparison between the X_Acceleration indicators (data from the inner bus accelerometer vs 
EK3LV02DL evaluation kit) 
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Figure 19 Comparison between the Y_Curves indicators (data from the inner bus accelerometer vs EK3LV02DL 
evaluation kit) 

 

 

Figure 20 Comparison between the Jerk indicators (data from the inner bus accelerometer vs EK3LV02DL 
evaluation kit) 
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Figure 21 Comparison between the Pump indicators (data from the inner bus accelerometer vs EK3LV02DL 
evaluation kit) 

The general overview of the comfort level was also plotted for easier interpretation of the 

results obtained.  

 

Figure 22 Estimated discomfort; EK3LV02DL EVALUATION KIT DATA 
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Figure 23 Estimated discomfort; BUS ACCELEROMETER DATA 

 

Looking at the results it has been proved that, as expected, the instrument used was very 

influential on the results.  The main differences were: the bus accelerometer was less sensitive 

to the jerks. It showed higher values for the curving parameter and lower for the X 

acceleration (hard breaks).  

Therefore, if in the future the bus company wants to develop a device that informs the driver 

about how are they are driving and they use the equipment from the bus, the model will need 

to be recalculated. The data from this test could be used to create the new model, and the 

validation of it could be done with the data from the 400 passengers. This process won’t be 

done in this current project.  

6.5.5 Limits for the comfort 

The goal of this part of the analysis was to find the limits of comfort that the bus company 

wanted to provide to their users. The following table related to the comfort that the 

passengers experienced according to the model with their opinion regarding if that run was 

comfortable enough or not 

With this information, a model was created. The purpose of this model was to estimate the 

comfort required to get a determined percentage of acceptance between the bus users.  

Considerations in order to develop the model: 

- The parameters used to create the model were the discomfort and acceptance 

percentage.   

- The model should reflect the reality. 

- The data from 2009 would be used to create the model and the expert’s data from the 

2nd May test would be used to validate the model. 
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With these considerations the model was developed. A linear regression was rejected because 

it was thought that for a passenger the acceptance or rejection of a comfort grade was non-

linear. It was observed that low values of comfort lead to very low acceptance and high values 

of acceptance appear with a comfort value not so high. This meant that there were two more 

or less constant ranges. It was decided then to use a binary logistic model. 

The SPSS results were the following:  

Logistic Regression 

Classification Table
a
 

 

Observed 

Predicted 

 
COMF_OK Percentage 

Correct 
 

,00 1,00 

Step 1 COMF_OK ,00 223 16 93,3 

1,00 11 122 91,7 

Overall Percentage   92,7 

a. The cut value is ,500 

Variables in the Equation 

 B S.E. Wald df Sig. Exp(B) 

Step 1
a
 komfort ,179 ,023 60,066 1 ,000 1,196 

Constant -8,393 1,076 60,894 1 ,000 ,000 

a. Variable(s) entered on step 1: komfort. 

 
In the SPSS analysis the accuracy in predicting the choice of comfortable enough or not with 

the mm of discomfort was evaluated. To interpret the results it must be made clear that in the 

variable COMF_OK, 0 means not comfortable enough while 1 means yes. 

The statistical results showed a high percentage of accuracy, meaning that the model predicts 

in more than the 90% of the cases the correctly choice of accepting or not the model. 

Therefore the model was developed in order to proceed with the resulting validation.  

A binary logistic model is defined:  

𝑃𝑟(𝑌𝑖 = 1|𝑋𝑖 = 𝑥𝑖) =
𝑒𝑥𝑝(𝛽0 + 𝛽1𝑥𝑖)

1 + 𝑒𝑥𝑝(𝛽0 + 𝛽1𝑥𝑖)
 

(3) 

    

Where: 

Y is be a binary response variable 

Yi = 1 if the trait is present in observation (person, unit, etc...) i 

Yi = 0 if the trait is NOT present in observation i 

 

X = (X1, X2, ..., Xk) is a set of explanatory variables which can be discrete, continuous, or a 

combination. xi is the observed value of the explanatory variables for observation i. In this 

section of the notes, we focus on a single variable X. 
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And therefore 𝑃𝑟(𝑌𝑖 = 1|𝑋𝑖 = 𝑥𝑖) probability of accepting the null hypothesis given a value 

for the explanatory variables (The Pennsylvania State University, 2016) 
 

In this case: 

Yi = 1 if the comfort is good enough is present in i => Y=1 if the comfort is accepted 

Yi = 0 if the comfort is NOT good enough in observation i => Y=0 if the comfort is rejected 

 

X= comfort in mm 

And;  

𝑃𝑟(𝑌𝑖 = 1|𝑋𝑖 = 𝑥𝑖) is the probability of accepting the comfort given a certain value of 

comfort. In other words: P=acceptance range. 

The constants 𝛽0 and 𝛽1 were obtained from SPSS 

𝛽0 = +0,179 

𝛽1 = −8,393 
 

With this model what was obtained was the acceptance range given a certain value for the 

level of comfort. However what was needed was the minimum comfort level necessary given a 

range of acceptance. Therefore the model was plotted in order to find easily find this 

correlation.  
 

 

Figure 24 Plot of the comfort-acceptance model with the 2009 data 

 

In the X axis it was represented the comfort in mm or % (from 0 to 100). The Y axis 

represented the acceptance range.  
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From the graph obtained, it was seen that for values of comfort higher than 70% the 

acceptance was almost 100%. In the same way, for comfort values lower than 30% the 

acceptance range was almost 0%.  

The developed model was working well, therefore the data from the 2nd of May test (With the 

bus operator experts) was used to validate it. The results obtained in the experts test were: 

 
DISCOMFORT (mm) 

Estimated with the model 

Comfortable enough? 
number of passengers who thought it 

was comfortable enough 
Percentage= acceptance range 

Run1 -84  0/8 0% 

Run2 -71 4/8 50% 

Run3 -100 0/8 0% 

Run4 -93 0/8 0% 

Run5 -65 0/8 0% 

Run6 -73 2/8 20% 

Run7 -88 2/8 20% 

Run8 -53 8/8 100% 
Table 15 Relation between the comfort graded by the passengers and their acceptance 

 

In order to see if the model was also working with the expert passengers both sets of data 

were plotted in the same graph.  

 

Figure 25 Relation of the comfort and the acceptance with the expert test information 

The red points represent the results of the test from 2nd of May. As it can be seen the shape of 

both sets of data was very similar, so the model was working. However it was also seen that 

the experts were less demanding than the common people. For example, to get an acceptance 

range of a 50% according to the model almost a 50mm comfort was required with member of 

the public, however for the experts 39mm were enough. This comfort lag was not very 

exaggerated and it was to the “safe side” hence, use the model would make sure that the 

acceptance range is achieved, hence the required comfort level would be higher.  

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

A
cc

e
p

ta
n

ce
 p

ro
b

ab
ili

ty
 

Comfort level 

Experts



45 
 

Finally it was concluded that the model worked properly, and it was accurate enough to have 

an approximation of the comfort level required depending on the acceptance range. The 

decision of the acceptance range that should be provided the bus service applied to the bus 

company. 

  

6.6 Discussion of the results 
The model worked quite well using the Evaluation Kit. It could be concluded that the model 

was roughly validated. The results were not very good but it must be considered that the goal 

of the model is to predict the comfort of the people, which is a subjective feeling. Therefore 

the perfect match in the results could not be expected. Nevertheless, as the results from the 

test were good, but not the best, it was decided to use the data, which was very good for 

developing a “new model” together with the data from 2009. With the two sets of good data it 

was expected that a more accurate model that could be used in a future could be found. 

The use of the bus equipment led to worse results. The model didn’t fit with the passengers 

grades if the data was collected with the own accelerometer from the bus, as was expected. 

This lead to the conclusion that the 2009 model could not be validated using this different 

equipment to record the data.  

Regarding the set of the limits, the model was successfully created. From there, the bus 

operator was in charge of deciding where to set the acceptance range they wanted to offer. 

From the range of acceptance the comfort limit can be set. This comfort value may be used in 

the future to develop a device which would warn the driver when they exceed the comfort 

value.  
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7 Development of a better model-Future work. 
As there was a room of improvement of the model, it was decided to set a starting point for 

the development of a better one. The data from the expert passengers from the bus company 

was added to the 2009 data and a new model was developed. The 2 sets of good data, which 

had a wide range of variation, leaded to a more accurate model. The model was created using 

SPSS.  The results were the following:  

 
Regression 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 ,694
a
 ,481 ,477 19,30200 

a. Predictors: (Constant), Ojämn körning Pumpning 3_2, (Stopp-) ryck i 

längsled , Kurvtagning (rms), Acc och broms (rms) 

Coefficients
a
 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 105,095 5,392  19,490 ,000 

Acc och broms (rms) -1,147 7,778 -,007 -,147 ,883 

Kurvtagning (rms) -15,341 6,854 -,088 -2,238 ,026 

(Stopp-) ryck i längsled -,525 ,047 -,416 -11,166 ,000 

Ojämn körning Pumpning 

3_2 
-22,554 2,437 -,390 -9,256 ,000 

a. Dependent Variable: Komfortupplevelse 

 
Statistically the model is better (higher R^2, more significance in the different variables). 

Considering that the model is used to predict people’s experience, that is a subjective feeling a 

R^2 of 69% was good enough. The variable “acc och broms” (hard breaks) was not significant 

at all. Therefore the possibility of rejecting this indicator needed to be considered, the 

statistical results of the new model were: 
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Regression 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of the 

Estimate 

1 ,694
a
 ,481 ,478 19,28159 

a. Predictors: (Constant), Ojämn körning Pumpning 3_2, (Stopp-) ryck i 

längsled , Kurvtagning (rms) 

Coefficients
a
 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 104,610 4,269  24,505 ,000 

Kurvtagning (rms) -15,722 6,340 -,090 -2,480 ,014 

(Stopp-) ryck i längsled -,526 ,046 -,418 -11,567 ,000 

Ojämn körning Pumpning 

3_2 
-22,694 2,243 -,392 -10,116 ,000 

a. Dependent Variable: Komfortupplevelse 

 
The final model would be:  

𝐶𝑓 = 𝛽0 + 𝛽1 ∗ 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠 + 𝛽2 ∗ 𝐼𝑗𝑒𝑟𝑘𝑒𝑠 + 𝛽3 ∗ 𝐼𝑝𝑢𝑚𝑝 (4) 

Where:   

- Cf= drive comfort measure. Scale is from 0 to 100. (100 is the best case).  

- β_0=constant value  

- β_1= parameter showing the sensitivity for curving; lateral accelerations 

- β_2= parameter showing the sensitivity for jerks 

- β_3= parameter showing the sensitivity for “pumping”; uneven accelerations 

- 𝐼𝑌𝑐𝑢𝑟𝑣𝑒𝑠=indicator for curving 

- 𝐼𝑗𝑒𝑟𝑘𝑒𝑠= indicator for jerks 

- 𝐼𝑝𝑢𝑚𝑝= indicator for pump 

And the coefficients:   

BETA VALUE 

𝛽1 -15.72 

𝛽2 -0,526 

𝛽3 -022,694 

𝛽0 104,6 
Table 16 Coefficients obtained with the new regression model (Old and new data) 

Statistically the model looked good, however, it could not be validated using the first data field 

(400 passengers test), because the instruments used were not the same, and as seen before 

this was a relevant factor for the model result.  
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Moreover, before accepting this new model one should ask some questions. Is it the kind of 

model that should be used? Is it appropriate to reject the X_acc indicator, as it doesn’t really 

matter for the passengers?  

This model may be good mathematically, but is it a good model to represent reality?  

When doing research, after getting an answer it’s natural that new questions arise! And this is 

the art and science of investigating. There is still a broad scope for improvement, but for sure, 

we are on the right path.     
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8 Conclusions 
After the entire project it can be concluded that the bus driver plays a major role in the 

comfort level produced on the journey. It was based on the assumption that no driver drives 

badly if he or she knows that is driving badly. Therefore, efforts to reduce motion sickness in 

road transport might concentrate on educating drivers in how to reduce levels of acceleration. 

(Mark Turner & Michael J. Griffin, 1999). A useful tool that could be use is a device that warns 

the drivers when they are exceeding the discomfort limit. Hence, the main goal of the project 

was to develop a model which in the future could be used to inform the drivers when they are 

not driving well enough.  

To do that it was necessary to explain the relationship between passenger comfort and the 

driver behaviour. The driving style was described by recording the accelerations (X-Y-Z 

directions) of a bus with an accelerometer and calculating afterward 4 indicators that 

described the driving style. After analysing the results it was clearly seen that it is possible to 

model the driving style using the accelerations of the bus. The relation between these 

indicators and the comfort of the passengers led to a linear regression model. A first model 

was obtained during 2009 and the current project was used to validate it. So, it has been 

proved that indeed, the driver of a vehicle is clearly implicated in the production of good or 

bad ride comfort since it is the driver who regulates the accelerations that cause passenger 

sickness. (Mark Turner & Michael J. Griffin, 1999).   

The results were satisfactory and the increased knowledge gained enabled the possibility of 

developing an improved model, which would need to be validated in the future.  

The minimum comfort that should be offered during a bus journey could be estimated by using 

a logit model. The bus company can use the model to find, from the acceptance range they 

want to offer, the corresponding comfort grade. The idea for the future is then to create a 

device that would warn the drivers when their driving style is not helping to fulfil this comfort 

value. The value of the current discomfort that the bus driver causes while driving would be 

estimated with the validated linear regression model.  

Regarding the current model, It was proved that the KTH model was working with the own 

equipment. However, the model could not be validated using the inner equipment from the 

buses. Therefore if finally the bus company wants to implement this model on their buses in 

order to help their drivers to drive better, a new version of the model should be developed. A 

good starting point could be to take the data from the test with the bus company experts, 

when the accelerometer of the bus was also used to record data. Probably some adjustments 

in the indicators should be performed as well. From this point, the data from the 400 

passengers could be used to validate the model.  

Moreover, it must be taken into account that the current model is not prepared to be used 

with real-time information. Therefore some adjustments will have to be done in order to use 

real-time data.  

The purpose of this report is then to provide good results which could be a useful tool to 

improve the comfort on the buses. Better informed drivers will lead to better service offered!    
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9 Annex 

9.1 Survey form test 2009 

 

Välkommen till ett åkkomforttest. Projektet syftar till att 

undersöka om komforten vid spår- och bussresor kan 

förbättras genom att föraren kör på visst sätt. 

1. Är du : □  man 

 □  kvinna 

2. Hur gammal är du?  ………….år 

3. Hur ofta åker du 
buss? 

□  varje/nästan varje dag 

 □  varje vecka 

 □  varje månad 

 □  mer sällan 

 

4. Vad anser du om åkkomforten vid dina bussresor? 

□  jag störs aldrig av att det är okomfortabelt  

□  jag störs ibland av att det är okomfortabelt 

□  jag störs ofta av att det är okomfortabelt  
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Avslutande frågor 

5. Körningarna motsvarade hur mina vanliga bussresor är 

□ □ □ □ □ 

instämmer 
inte alls 

 instämmer 
till viss del 

 instämmer 
helt 

 

6. Jag blev åksjuk under studien 

□ □ □ □ □ 

instämmer 
inte alls 

 instämmer 
till viss del 

 instämmer 
helt 

 

7. I framtiden deltar jag gärna i fler studier som denna 

□ Ja, gärna  

□ Nej, tack 

8.Kommentarer:..........................................................................

.........................................................................................................

.........................................................................................................

.........................................................................................................

.... 

TACK FÖR DIN MEDVERKAN! 
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Under den senaste körningen,   körning nr: …………… 

hur var Din upplevelse av: 

Förarens skicklighet 

 
extremt 

Låg 
 extremt 

Stor 
   
Hastigheten 

 
extremt 

Låg 
 extremt 

Hög 
   
Åkkomforten 

 
extremt 

Dålig 
 extremt 

Bra 
 

Om detta varit en av Dina vanliga bussresor 

Körde denna förare tillräckligt bra? 

□  Ja □  Nej □  Vet ej/likvärdigt 
 

 

Var denna åkkomfort tillräckligt bra? 

□  Ja □  Nej □  Vet ej/likvärdigt 
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9.2 Survey test for the comfort test march 2016 
 

 

    

Välkommen till en undersökning med Nobinas kunder. 

Den görs som ett examensarbete vid Tekniska Högskolan 

(KTH). Du kan börja med att svara på frågorna nedan.    
 
Welcome to a survey by Nobina customers. It is made as a thesis at the Institute of 

Technology (KTH). You can start by answering the questions below. 

 

 

1. Är du? 

     Are you  

□  man     □  kvinna (Woman) 

2. Hur gammal är du?  ………….år 

     How old are you?                                    years old 

 
3. Hur ofta åker du 
buss? 
How often do you take the buss  

□  varje/nästan varje dag 
Every day 

 □  varje vecka 
Every week 

 □  varje månad 
Every month 

 □  mer sällan 
Rareky 

 
Hur lång tid åker du med denna buss? ................... min 

How long will you travel in this bus?   

Strattid 
 



55 
 

Svara på nedanstående frågor strax innan du går av! Answer the 

following questions just before getting off the bus! 

Hur var din upplevelse av: How was your experience with: 

Förarens skicklighet The driver's skills 

 
extremt 
Låg 

 extremt 
Stor 

Extremely low  Extremely great 

 
Hastigheten The velocity was 

 
extremt 
Låg 

 extremt 
Hög 

Extremely low  Extremely high 

 
Åkkomforten  The comfort was 

 
extremt 
Dålig 
Extremely bad 

 extremt 
Bra 

Extremely good 
 
 
 
Körde denna förare tillräckligt bra? 
Drove the driver good enough? 

□  Ja 
     yes 

□  Nej 
    no 
 

□  Vet ej/likvärdigt 
      Do not know 

 

Var denna åkkomfort tillräckligt bra? 
Where this ride quality good enough? 

□  Ja 
    Yes  

□  Nej 
     No 

□  Vet ej/likvärdigt 
      Do not know 
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9.3 Evaluation test 16-2-2016 
The main purpose of this pilot test was to show the methodology and how a test would be 

developed in order to carry out the research project.  

In the evaluation test, acceleration data was collected on a test bus with 5 test subjects. The 

acceleration data was collected using an iPad and the app “Acceleration”, which measures the 

acceleration in X-Y-Z direction and the EK3LV02DL evaluation kit.  The passenger’s satisfaction 

was evaluated by filling out a survey.   

The test was made in Solna, in Jungfrudansesn, with low car traffic. The road loop used was 

1,4Km long with 4 bus stops (One of these was an ordinary bus stop). One lap took about 5-6 

minutes. 

 

Figure 26 Map of the loop used for the test 

The bus driver was told to drive in 5 different styles with the main purpose of seeing the 

influence of the assumed comfort disturbances on the comfort of the passengers.  

ROUND ACC/RETARD JERKS CURVING PUMPING  

pilot01 No No No No 

pilot02 Yes No No No 

pilot03 No Yes No No 

pilot04 No No Yes No 

pilot05 No No No Yes  
Table 17Description of the test design 

  

Unfortunately there was a misunderstanding with the driver and the 5 different were not 

performed as expected. The first and the last round were both “perfect driving” the fourth one 

had the four comfort disturbances and the other two were a “mix”. However, the data 

collected by the iPad together with the passenger’s surveys was enough to analyse the results. 

The rating scales used for the respondents were done as a 100mm long line, where each mm 

represented 1 point. The respondents were asked to put a cross on each of the three lines, for 

driver’s skill, speed and comfort after each driving round (Kottenhoff, 2015). Moreover there 

where two binary questions, where the respondents were supposed to answer, for each 

round, if the driving was acceptable or good enough. The surveys used were performed in 

2009, during the first experiments.  
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The accelerations measured were post-processed with an Octave code to obtain the four 

indicators that reflected different driving behaviours (Discriminated driving style).  Once the 

indicators had been obtained, the predicted comfort was calculated using linear regression 

model, whose parameters had been obtained in the previous test in 2009.  

Finally the predicted results by the linear regression and the answers from the passengers 

were compared.  

The results of the five rounds were the following: 

 

 
 DISCOMFORT CONTRIBUTION 

    
SURVEY ANSEWRS 

  Xrms  Yrms  Jerk  Pump  Discomfort Comfort 
 

Comfort 
Comfortable 
enough? 

  11.99 11.5 8.34234 19.968 51.80034 48.19966 
 

68.4 YES 

  14.606 11.75 8.81178 33.488 68.65578 31.34422 
 

36 - 

  13.08 10.75 8.48904 29.536 61.85504 38.14496 
 

50.4 - 

  22.018 16.25 21.30084 56.784 116.35284 -16.35284 
 

23 NO 

  15.696 13.75 7.75065 34.736 71.93265 28.06735 
 

65 YES 
Table 18 Tables showing the main results. Indicators, B coefficients and estimated discomfort contribution 

Beta Parameters  

x rms -21.8 

y rms -25 

jerk -0.489 

pump -20.8 

  
INDICATIORS 

  ROUND   X rms Y rms Jerk Pump 

pilot01 
 

0.55 0.46 17.06 0.96 

pilot02 
 

0.67 0.47 18.02 1.61 

pilot03 
 

0.6 0.43 17.36 1.42 

pilot04 
 

1.01 0.65 43.56 2.73 

pilot05 
 

0.72 0.55 15.85 1.67 
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Figure 27 Plot of the estimated discomfort 

 

As expected, according to the style of driving the first and the last round were the best ones 

regarding to passenger comfort whereas the fourth one was the worst. On the two rounds when the 

driver was driving as well as he could (round 01 and 05) all of the passengers agreed that it was 

comfortable enough, while in the fourth round all answered no. The other two rounds had different 

answers depending on the passenger.  

The survey answers and the predicted comfort show the same results, however, the predicted ones 

are more sensitive than the evaluation of the respondents.  

It must be taken into account that the 5 respondents were aware of the driving styles and therefore 

their answers were not like common people from a normal bus. Moreover this overestimation of the 

discomfort can be due to the fact that the equipment used to measure the accelerations was not the 

same that was used in 2009, when the indicators were created. This might suggest that maybe some 

parameters must be recalibrated in order to use them when the data is collected with different 

equipment. 

Comparing the data collected with the IPad and the accelerometer, a reasonable adjustment could 

be to use 50% of the Pump indicator. 
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DISCOMFORT CONTRIBUTION 

    
SURVEY ANSEWRS 

  Xrms  Yrms  Ryck  Pump  Discomfort Comfort 
 

Comfort 
Comfortable 
enough? 

  11.99 11.5 8.34234 9.984 41.81634 58.18366 
 

68.4 YES 

  14.606 11.75 8.81178 17.744 51.91178 48.08822 
 

36 - 

  13.08 10.75 8.48904 14.768 47.08704 52.91296 
 

50.4 - 

  22.018 16.25 21.30084 28.392 87.96084 12.03916 
 

23 NO 

  15.696 13.75 7.75065 17.368 54.56465 45.43535 
 

65 YES 
Table 19 Tables showing the main results with the Pump modified. Indicators, B coefficients and estimated 
discomfort contribution 

 

 

Figure 28 Plot of the estimated discomfort with the modified Pump inidicator. 

 

With this adjustment the predicted results are not so sensitive and the discomfort is no 

overestimated.  

0 20 40 60 80 100

pilot01

pilot02

pilot03

pilot04

pilot05

Discomfort level 

DISCOMFORT CONTRIBUTION 

X rms

Y rms

Ryck

Pump

  
INDICATIORS 

  ROUND   X rms Y rms Jerk Pump 

pilot01 
 

0.55 0.46 17.06 0.48 

pilot02 
 

0.67 0.47 18.02 0.805 

pilot03 
 

0.6 0.43 17.36 0.71 

pilot04 
 

1.01 0.65 43.56 1.365 

pilot05 
 

0.72 0.55 15.85 0.835 

Beta Parameters  

x rms -21.8 

y rms -25 

jerk -0.489 

pump -20.8 



60 
 

The test was a success, and it has been shown that the driving style is an important issue that really 

matters to passengers. 

 

9.4 Instrument comparison 
The acceleration data was recorded by the buses equipment whereas in the previous test from 

2009 an external accelerometer (EK3LV02DL) was used. There was a need therefore, to test 

the influence of the instruments used to obtain the results. Therefore an instrument test was 

performed.  

The purpose of this test was to record, at the same time, the acceleration of the vehicle with 

different instruments. As the bus equipment was not available at that time, the test was 

performed using a private car. The instruments used were:  

- EK3LV02DL evaluation kit, which will also be called from now on: USB accelerometer. 

- IPAD; using the app “Acceleration” 

- IPOD ; using the app “Acceleration” 

The test was performed in Sollentuna, in the north of Stockholm.  The run used had two loops, 

one clockwise loop and one counter-clockwise loop.  4 bus stops were simulated. 

The test consisted of 5 rounds with different driving styles each one. This time the 5 rounds 

were performed as expected. So, the driving behaviours corresponding to each round were: 

DRIVING BEHAVIOURS  
   ROUND ACC/RETARD JERKS CURVING PUMPING 

Instrument test 01 No No No No 

Instrument test 02  Yes No No No 

Instrument test 03 No Yes No No 

Instrument test 04 No No Yes No 

Instrument test 05 No No No Yes 
Table 20 Description of the experiment design 

The three instruments were placed in different parts of the car. The IPad and IPod were placed 

in the front seat floor whereas the USB accelerometer was placed on the car’s rear seats.  

The accelerations measured were post-processed with the Octave code to obtain the four 

indicators and compare then the results from the different instruments.  

9.4.1 Analysis of the 4 indicators in one single instrument: 

First of all the behaviour of the indicators was checked.   
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IPAD 
      

ROUND Start time Length(s) x_rms 
y_rms 
(curves) jerk 

Uneven 
speed 

ROUND 1 0 489.88 0.63 13.32 0.52 1.64 

ROUND 2  0 377.63 0.8 14.1 0.44 0.92 

ROUND 3 0 371.73 0.82 15.83 0.6 1.68 

ROUND 4 0 458.78 0.78 17.25 0.83 1.97 

ROUND 5 0 474.03 0.71 16.93 0.51 1.9 

       

       IPOD 
      

ROUND Start time Length(s) x_rms 
y_rms 
(curves) jerk 

Uneven 
speed 

ROUND 1 0 414.87 0.73 18.29 0.56 1.89 

ROUND 2  0 144.27 1.04 16.29 0.58 2.14 

ROUND 3 0 432.18 0.88 20.51 0.68 2.05 

ROUND 4 0 389.71 0.85 17.79 0.94 2.32 

ROUND 5 0 441.74 0.8 18.81 0.62 2.5 

       

       USB Accelerometer 
     

ROUND Start time Length(s) x_rms 
y_rms 
(curves) jerk 

Uneven 
speed 

ROUND 1 13:00:50 421.08 0.64 15.39 0.51 1.5 

ROUND 2  13:33:14 380.55 1.01 16.47 0.68 1.66 

ROUND 3 13:33:14 425 0.85 49.07 0.58 1.48 

ROUND 4 13:33:14 411.83 0.78 22.45 0.83 1.77 

ROUND 5 13:33:14 448.38 0.75 25.47 0.51 1.98 
Table 21 Indicators obtained in each with the different instruments 

The four indicators behaved as expected according to the driving behaviour in each round. 

Hence, comparing the values of one indicator for all of rounds, it can be seen that the 

maximum value is reached during the round when this driving behaviour was performed. (i.e: 

Max value for the jerk indicator is in round 3). So it can be concluded that the 4 indicators 

successfully show the driving style of the driver.   

 

9.4.2 Comparison of the indicators between different instruments:  

This time the comparison was focused on the differences in the indicators obtained with the 

data of the three different instruments. Each indicator was analysed individually.  
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Figure 29Plot of the different driving behaviours contribution to the discomfort for each round 

Between the IPad an IPod, the results are always quite close, however, the IPad indicators are 

somewhat higher. 

The comparison with the accelerometer leads to a much more difficult conclusion. At the 

beginning it was expected that it would produce much higher results in the uneven speed 

indicator (Because this was the one that had to be corrected for the evaluation test. 

Nevertheless the uneven speed indicator showed this time similar results with the three 

instruments. 

The biggest difference appears on the jerk indicator. The accelerometer was very sensitive to 

jerks for some reason.  Therefore it shows much higher values when there are high jerks and 

lower when there are not.  It overestimates the jerks in the peaks and shows lower values 

during "normal" driving. This phenomenon can be explained by the position of the instruments 

in the car. The USB accelerometer was placed on the rear seats floor-well, whereas the other 

two devices were on the front. The position of the car's engine and axle may have an influence 

on the perception of jerks. Therefore, for further analysis and comparisons all the devices will 

be placed in the same position inside the vehicle. 

In order to perform a more extensive analysis of the jerk indicators, the accelerations of the 

third round was. The aim of this analysis was to find any other likely problems with the 

indicators. 
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Figure 30 Comparison of the acceleration using the 3 different instuments 

To plot the data from the different instruments on the same graph some adjustments had to 

be made. The accelerations from the IPad and IPod are in "g", therefore the data from the 

accelerometer needed to be corrected. The measurements obtained from the accelerometer 

are provided with "unknown" units. So these acceleration values were transformed to from 

the computer data to m/s2 and finally to “g”. Moreover, the data from the accelerometer it 

shows the sample number instead of showing time. As it was set to take 40 samples every 

second, the sample number has been divided by 40 in order to get seconds. 

The plots of the different instruments do not coincide exactly. They differ in time; but there is 

a translation between the curves. That is because the instruments were set manually so there 

is a shift of time between the instruments. However the behaviour of the three instruments is 

the same. As expected the IPad an IPod produce more noisy.  

As explained before, the jerk indicator works by taking into account the 8 higher peaks in the 

jerks and their standard deviation. 

IPAD 17.614    16.271    15.132    14.949    14.191    13.428    12.861    12.839 

IPOD 23.791    21.088    20.399    17.411    17.237    16.388    15.759    15.600 

ACCEL 52.503    52.072    47.214    46.141    44.820    40.565    32.741    28.414 
Table 22 Results of the 8 higher jerk peaks for each indicator 

Here is where the biggest difference is. The accelerometer show much higher peaks.  

The following plots show the jerks over time. (By definition a jerk is the derivative of de 

acceleration with respect to the time.) 
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JERKS- IPAD 

 

 
Figure 31 Plot of the Jerks using IPAD data 

 

JERKS-IPOD 

 

 
Figure 32 Plot of the Jerks using IPOD data 
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JERKS-ACCELEROMETER 

 

 
Figure 33 Plot of the Jerks using bus accelerometer data 

 

Therefore a good solution to solve the problem with the high peaks could be filtering the data.  
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