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Abstract: Assessment of sitting condition on the car seat is 

important as the driver requires to remain seated while 
maneuvering the car. The seating situation with relatively 
restricted position and posture can lead to discomfort and fatigue 
among drivers. When the driver is getting fatigue, it may reduce 
the performance, and hence increase the risk of road accident. Up 
to this date, numerous study were conducted to solve this issue. 
However, majority of these studies performed the study in the 
laboratory. Furthermore, majority of the experiment were not 
used the actual car and provide clear interaction between driving 
posture and pressure distribution pattern. Hence, this study aims 
to determine the onset level of driver’s condition in term of 

discomfort rating scale and pressure distribution on the car seat 
under static condition by using actual car. Forty-four participants 
involved in this study by integrating discomfort rating assessment 
for the subjective evaluation and Pressure Sensor for the objective 
assessment. There were two main sections for subjective 
assessment that required the participant to provide the feedback 
on general discomfort level and body part discomfort while 
seating. Meanwhile, objective assessment used pressure map by 
Tactilus with 32 x 32 sensor matrix. All participants were required 
to sit on the car seat for five minutes. Findings showed that the 
driver’s discomfort and pressure pattern increased with time.  In 
addition, the peak pressure distribution was found at the right 
buttock of the participant. Driving posture also influence the 
pattern of pressure distribution. This study provides a guideline 
for the automotive manufacturer to provide the optimal design of 
the car seat by maximizing the seat materials in term of quantity 
and quality with the highest pressure distribution levels. This 
adjustment can help to minimize the load concentration by 
providing a good pressure distribution.   

Keywords: driver, design, comfort, ergonomics, car seat, 
pressure.  
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I. INTRODUCTION 

Driver’s comfort can be influenced by many interacting 

factors such as the common driving practices of the driver and 
driving activities. However, past studies agreed that driver’s 

comfort is mainly determined by the car seat, where 
throughout driving duration, the driver is required to remain 
seated on it while operating and maneuvering the car. The 
contact areas between the human body and the car seat can be 
divided into seat pan, headrest and seatback. When seated, the 
driver has to find the optimal posture in order to avoid the 
occurrences of body discomfort and injury risk. The 
characteristics of a car seat can be influenced by several 
factors namely anthropometry, postural, seat properties and 

environment. Hence, it is essential to design a car seat that can 
contribute towards the comfort and seating adjustability [1]. 
Helander and Zhang [2] stated that the causes of sitting 
discomfort are particularly derived from by biomechanical 
causes. Pressure is the most common engineering causes that 
need to be considered in designing the good seat. Normally, 
pressure caused the sitter to feel discomfort and pain under 
static and dynamic condition due to spatial factors from the 
sitter position. 

Pressure measurements are commonly used to evaluate the 
comfort between two surfaces. In this case, it refers to human 
body and the seat. The variation of pressure distribution on 
the seat surface is influenced by a few factors namely seat 
stiffness (condition), seat shape, seat material and drivers’ 

physical characteristics. Pressure is one of most important 
measurement relevant to physiological factors that influence 
comfort condition like interface pressure of seat and stress 
response presence [3]. A seating posture have been identified 
and measuring by interface pressure patterns such as peak 
gradient specifies contouring and material properties of 
cushion, backrest and lumbar support pressure ratio for the 
effectiveness, and peak pressure indicate seat height and 
depth. Pressure distribution could be examined and correlate 
with subjective ratings for precise and accurate result. There 
are two reasons for both correlations, (i) excessive pressure as 
one of the main sources of discomfort, and (ii) pressure 
distribution patterns as indicators of posture and supporting 
physics [4]. In the other hands, subjective rating of pressure 
distribution on seat pan and seat back is important aspect to 
enhance the safety, efficiency and comfort of the drivers. 
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 The characteristic of human body, for instance the amount 
of fat arounds buttocks may provide more pressure [5]. The 
shape and size of the subject and the environment of the 
contact area between the body and seat (seat pan and seat 
back) has significant impact on static comfort assessment 
[6]-[8]. In addition, the size of the subject also influences 
sitting posture that leads to different joint angle when in 
driving position. 

Development of automotive seat with the ideal and optimal 
interface pressure is essential element as it is the huge contact 
area between human body and the seat. In addition, there an 
extensive study regarding to contact surface particularly 
focuses in the driver’s seat [9,10]. Interface pressure 
contribute to experience the comfort level with the 
influencing of anthropometric framework fluctuate related to 
age, cultures, and gender as well as different sitting conducted 
[11]. According to Paul [12], there are correlation between 
anthropometrics parameter and pressure distribution for rear 
seat measurement on a different type of seat. Nevertheless, 
Paul observed the peak pressure and discomfort were caused 
from the leather wrinkles, seams, and unevenness as well as 
the anthropological method. Khamis & Deros [13] concluded 
the characteristics of subject’s body area may influence the 
pressure distribution on the seat pan where the buttock area 
showed the higher pressure than the thigh area. A design of 
too long seat pan could cause a crucial pressure under the 
subject’s thigh area affecting restriction of the blood flows to 
the legs [5]. The interface pressure measurement methods to 
be a functional in development and evaluation of automotive 
seat comfort and producing a quick and useful information for 
designers and manufacturers in the design procedure [14,15]. 

II. METHODOLOGY 

A. Criteria of participant  

The study was done in UKM involving student, staff and 
visitors. Forty-four participants (mean age: 23.3 years old, 
mean height: 163 cm, mean weight: 58.1 kg, mean BMI: 21.9) 
comprising of 22 males and 22 females involved in this study. 
As a prerequisite, each participant must have at least three 
years driving experience to participate in this study. All of 
them should signed the informed consent form prior to be 
involved in the study, which complied with the ethics 
guidelines of the declaration in Malaysia. The protocol was 
approved and granted by the Ethical Committee from 
National University of Malaysia. 

B. Selection of the car seat 

A standard compact car from one of the national brand in 
Malaysia was chosen in this study. The car was chosen  it was 
rated as the best-selling car with about 40 percent of vehicle’s 

overall sales maintained by this type of car. The car seat was a 
fabric type material.. The specification of the  seat was 
tabulated in Table 2.  

 
 
 
 
 
 

TABLE 2:  SPECIFICATION OF THE CAR SEAT 
Dimension Value (cm) 

Length of the seat pan 54 
Width of the seat pan 48 
Height of the back rest 56 
Width of the back rest 50 
Height of the head rest 24 

C. Equipment of pressure measurement 

In this study, the Tactilus® pressure mapping with 32 x 32 
sensor matrix as the pressure map sensor from Sensor 
Products Incorporations was used as depicted in Figure 1. The 
interface pressure distribution has been designed to provide 
information about the pressure value between the participants 
with the seating surface. It is designed to provide information 
on axial force or perpendicular to the interface. 

 

Fig. 1. Tactilus® pressure mat 

D. Measurement methods and data analysis 

The measurement involving three stage of procedure which 
were need to be considered during the whole process 
involving prior, during and after the experiment. Figure 2 
shows the overall flow chart for each participant in this study. 

 

 
Fig. 2. Experiment flow chart for each participan 

1) C.1-Prior Experiment of Measuring Seat Pressure 
The experiment required the participant to be in the static 

position for a period of time. Any unpleasant in the 
participant’s attire will result discomfort and unnecessary 

movement to the respondent. Thus, prior to the experiment, 
the participant was instructed to wear appropriate cloth and 
flat shoes. The participant also required to remove items at the 
back pockets before sitting on the car seat. 
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 It began with measuring some of the 15 anthropometrics 
parameter such as height and weight by using the 
anthropometry and weight scale. This parameters will become 
a basic in determine the driving posture. The other parameter 
will be measured along the way during the experiment 
process. . Next, the participant was allowed to familiarize 
with the car seat adjustment prior to experiment. The 
participant was asked to sit on the car seat comfortably 
according to their preference, while grasping the steering 
wheel at the specific hand position as depicted in Figure 3. 

 

Fig. 3. Seating position on the car seat 

Then, three joint angles (another anthropometry data) in 
preferred posture were measured by using goniometer 
namely; leg angle, hip angle (refer to angle in between thigh 
and back rest) as well as knee angle as illustrated in Figure 4. 
This measurement was recorded to understand the pattern of 
preferable driving position and describe driving posture 
within this sample. Adaptation of driving postures may be 
influenced by person characteristics, such as age, gender and 
height [16,17]. 

 

Fig. 4. Joint angle measurement 

2) C.2-During the experiment of Measuring Seat Pressure 
After the participants feel comfortable with their driving 

position, the experiment to measure the pressure were begun. 
The pressure measurement was conducted while the 
participant sit on it with their back leans against the back rest, 
their hand on the upper leg and the right leg on the accelerator 
pedal. Each participant was required to remain in this position 
for five minutes under static condition. This short duration 
was selected based on past studies to show the onset of 
pressure felt by the participant [6,18]. They were not allowed 
to move and change their position when this experiment 
started. When the duration 5 minutes is time up, the 
experiment was stopped, and the respondent is free again to 
move. Next, the data from the map was transferred to be 
analyzed. 
3) C.3-After the experiment of Measuring Seat Pressure 

At the end of the pressure measurement data collection, 

each participant was asked to evaluate the seating discomfort 
on the car seat based on the questionnaire as soon as the 
pressure measurement was completed to avoid inaccurate 
data. Questionnaire as one of the subjective assessment was 
used in this study, where it has two main sections, Section A: 
discomfort level while seating on the car seat by using three 
scale: discomfort, moderate as well as comfort, and Section 
B: body part discomfort while seating. The body part in 
Section B is divided into four body parts, namely the left 
thigh, the right thigh, the left back and the right back. 
Participants were asked to answer the part that they are 
uncomfortable by using following scale: 1 = comfort, 2 = 
moderate, and 3 = uncomfortable. Data from questionnaires 
and pressure measurements were analyzed. Finally, the 
discussions and results of the study were conducted and the 
conclusions of the experiment were recorded.  

All in all, this article aims to determine the onset level of 
driver’s condition in term of discomfort rating scale and 

pressure distribution on the car seat under static condition by 
using actual car. There were three research questions in this 
study: 

1. What is the feedback on discomfort rating and its 
relationship with seating time? Do they have similar or 
different feeling over time? 

2. How is the pattern of pressure distribution on the car 
seat? Does the body part affect the pattern of 
distribution? 

3. Is there any relationship between driver’s 

characteristics, driving posture and pressure 
distribution pattern? 

III. RESULTS AND DISCUSSION 

This section presents the results for the joint angle 
measurement, pressure distribution measurement as well as 
questionnaire assessment. 

A. Joint angle results for three dimensions 

Table 2 depicts mean values, standard deviations, 5th and 
95th percentiles of N = 22 male participants and 22 female 
participants. According to Table 3 for all joint angle 
dimensions based on mean value, female participants are 
smaller than male participants. However, at 5th percentile, 
knee angle for female is approximately 20 larger than male 
participant. Based on past studies, the knee and hip angle 
range based on preferable driving position for this study is in 
line with the past studies, which is less than 1200 [19, 20]. 

 
TABLE 3: JOINT ANGLE DIMENSIONS 

Dimen
sion 

Mean Standard 
deviation 

5th 
percentile 

95th 
percentile 

M  F M  F M F M F 

Leg 
angle 
(o) 

51.05 36.59 7.66 4.70 34.6 30.30 63.4 50.10 

Hip 
angle 
(o) 

104.0 103.0 4.87 5.08 95.2 90.05 112 111.4 

Knee 
angle 
(o)  

96.27 96.00 12.6 8.25 77.2 78.75 116 108.7 

a. M=Male, F=Female 
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B. Pressure distribution on the car seat 

 Figure 5 shows the pressure distribution pattern for three 
type of different BMI. According to Tactilus software, the 
pressure in an area is represented by colors starting with 
white, blue, green, followed by yellow, then orange and 
ending with red. The lowest pressure starts at white and 
continues to rise to red is the value reach at the certain point of 
pressure. Based on this pattern, the illustration shows that 
high pressure distribution for all subjects are more focused at 
the tuberosity area of the ischium (small area in the centre of 
the buttock), the buttock and the thigh area. With regards to 
difference in BMI, the lighter participant particularly 
underweight person will feel greater pressure under the 
tuberosity of their ischium (Figure 6 (a)). Meanwhile, a heavy 
person will feel the scattered pressure at the buttock area 
(Figure 6 (c)). Pressure distribution under the tuberosity as 
shown in Figure 6 (a) is the most recommended pattern by 
[21] due to the tissue is less sensitive in this area than under 
the thighs or under the knees. It indicates that a person with a 
dispersed pressure distribution is experiencing more 
discomfort than someone who has a concentrated pressure 
distribution. 

  

(a) Underweight participant (BMI=17.80) 

 

  
(b) Normal weight participant (BMI= 21.90) 

 

  
(c) Overweight participant (BMI=26.50) 

Fig. 5. Pressure distribution pattern according to 
different BMI 

Table 4 shows the pressure distribution value in the form of 
mean values, standard deviations, 5th and 95th percentiles of 
N = 22 male participants and 22 female participants. Based on 
Table 3, mean pressure of the female participants for four 
body parts are smaller than male participants. 

 

TABLE 4: PRESSURE DISTRIBUTION VALUE ON THE CAR 

SEAT 

b. M=Male, F=Female 

As mentioned in the previous subsection, high pressure 
distribution for all subjects are more focused at the buttock 
and then followed by the thigh area. In addition, comparison 
of the pressure distribution between the left and right side also 
can be seen in this study. It was found that the mean pressure 
at the right side is larger than the left side. This condition 
occurred possibly due to seating position where the 
participant was required to put their right foot on the 
accelerator pedal. Hence, the participant feel more pressure at 
this side compared to the left side due to transmission of the 
human body’s weight.  This fact is supported by the past study 

that highlighted the weight of human body which is primarily 
coming from the tuberosity ischium create the pressure 
distribution around the soft tissue that is in touch with the seat 
[22]. This transmission can be clearly depicted on the bulk 
muscular and bulk bones. In addition, another factors that 
influence the pressure distribution interface are seat 
characteristics and driving posture of the subject [23]. This 
fact is supported by analysis of Pearson correlation in this 
study, which shows there are strong relationship between 
weight and height of the participant with the mean pressure 
distribution value with p<0.05.  

C. Subjective assessment findings 

Feedback collected from the participants show that 
discomfort feeling is increasing with time, as shown in Table 
5. The contrasting trend also found for comfort perception 
where it shows decrement trend over the time.  

It is in line with the findings from past study that pointed 
out sitting discomfort will increase from the second minute to 
the next minute [24]. Furthermore, Caromano et al. [25] 
stated that participants provide the lack of comfort complaints 
when seating and this condition is increased with time. 
TABLE 5: PERCEPTION OF DISCOMFORT FEELING 

OVER TIME 
Ranking Scale in 

percentage / 
Duration (minute) 

Discomfor
t 

Moderate Comfort 

1 4.6 45.4 50.0 
2 9.1 50.0 40.9 
3 15.9 43.2 40.9 
4 34.1 43.2 22.7 
5 56.8 27.3 15.9 

The next questionnaire is on the overall body part 
discomfort when seating on the car seat. Table 6 shows the 
responses from the participant where it was found that 
majority of them feel uncomfortable at the right buttock, 
followed by the left buttock, 
right thigh and left thigh. 

Dimension Mean Standard 
deviation 

5th 
percentile 

95th 
percentile 

M  F M F M  F M  F 

Left thigh 0.6
1 

0.4
9 

0.25 0.17 0.25 0.27 1.19 0.78 

Right thigh 0.9
1 

0.7
7 

0.31 0.22 0.47 0.33 1.68 1.12 

Left 
buttock 

1.5
9 

1.3
2 

0.41 0.30 0.90 0.82 2.52 1.73 

Right 
buttock 

2.2
7 

1.9
9 

0.48 0.47 1.27 1.21 3.39 2.86 
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TABLE 6: PERCEPTION OF BODY PART 

DISCOMFORT 
Ranking Scale in 

percentage / 
Duration (minute) 

Discomfor
t 

Moderat
e 

Comfort 

Left thigh 15.9 52.3 31.8 
Right thigh 20.5 45.5 34.1 
Left buttock 20.5 47.7 31.8 

Right buttock 29.5 43.2 27.3 

As clarified in the previous findings on the discomfort felt 
over the time, continuous contact between the seat and the 
person may lead to more discomfort over the time. As a result, 
in the worst condition, it will obstructed the blood flow and 
leads to oxygen deficiency, resulting in injury and fatigue 
[26].  In this study, it shows that body mass index also 
influences the pattern of pressure distribution. Underweight 
participant produce more force and stress under tuberosity 
ischium, while pressure pattern for bigger participant is more 
distributed at the buttock part. With respect to the pressure 
distribution configuration, it can be seen that there is similar 
pattern of pressure and discomfort felt based on the body part. 
The right buttock shows the highest value of both indicators in 
term of mean pressure and perception on discomfort. 
Comparison between gender groups indicated that male 
participants prefer larger joint angle when in driving position, 
particularly for the leg angle with nearly 150 of different. 
Based on past study, variation of body posture is affected 
based on gender. Women choose to sit and drive closer to the 
steering wheel, while men prefer to be in different driving 
positions [27]. More than 90 percent of participants with 
larger size, prefer to sit far away from the car controls. Since 
there are numerous postures that can be adopted by drivers, 
evaluating these postures is important to determine driver’s 

condition and well-being. Incorrect driving posture may result 
in body muscles not functioning properly and consequently 
will cause fatigue to the driver [28].   

IV. CONCLUSION 

Pressure distribution measurement provides systematic 
approach to determine the pressure relationship between the 
human body and car seat. Objective assessment commonly 
use interface pressure value as a variable associated with 
subjective rating scales, which is known as one of the 
assessment practices of car seat’s comfort. The seat design 

weaknesses could be predictable by analyzing the pressure 
distribution measurement. A good pressure distribution can 
reduce discomfort feeling, and pain. It is due to good pattern 
of distribution can minimize the load concentration, and 
hence the blood flow of the driver will be smoother. As a 
result, it will help to prevent driving fatigue to occur. All in 
all, this study shows the findings related to relationship 
between seating time, body part and driver’s characteristics 

with pressure distribution pattern. Regarding seating time, the 
person experienced discomfort with increment of time. As a 
time increase, the perception on discomfort also shows similar 
trend. This is possibly due to the force that felt on the body 
part that is in contact with the seat. In term of pressure pattern 
based on the body part, the right side shows the highest 
pressure and discomfort feeling due to the driving task that 
requires the driver to put their right toe on the accelerator 
pedal. This will cause the pressure pattern to disperse and 

cause more discomfort. Furthermore, the person 
characteristics play an important role in determine the 
pressure value. As found in this study, weight and height of 
the person have a good relationship with the pressure 
distribution. Driving position also influenced the pressure 
distribution pattern in this study. All in all, comfortable 
driving is strongly influenced by driver’s physical 

characteristics, correct body posture, ergonomic seat design 
and driver’s workspace convenient with the driver. The seat 
design that features the greatest pressure distribution to 
support the body weight can yield to the most comfortable 
seating. 
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