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Truck Seating Comfort:
Objectify and Subjectify Measuremetpbroach
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Abstract— Technology has changed trucks significantly over
theyears. Truck companiesare getting interested in comfortable
equipment for their employeesin order to create a healthy and
stimulating working environment. Due to this reason, truck
manufacturers recognize comfort as one of the major selling
point, asit isthought to play an important role for the buyer as
well. Seat is one of the most important components of truck and
they arethe place where professional driver spend most of their
time. The aim of the paper is to describe the measurement
methodsthat used to improve the physiological comfort of truck
driver’s seat. Therewill be three sectionsin the paper. First, the
paper describes the nature of sitting comfort and discomfort.
Secondly, it describes the subjective and obj ective measur ement
methods that are used to evaluate the truck seat. Thirdly, the
paper proposes a methodology for the development of
comfortable truck driver’s seats.

Index Terms— Truck Seat, Comfort, Objective measurement,

Subj ective M easur ement.

|. INTRODUCTION

Comfort is an attribute that today’s drivers demand more

task of driving, meet the safety requirements, and be
acceptable to the driver’s comfort needs. The paper describes
sitting comfort and discomfort, objective and subjective
measurement of seat, and proposes a methodology for
comfortable truck driver’s seat.

Il. STTING COMFORT AND DISCOMFORT

Comfort is defined as a pleasant feeling of being relaxed
and free from pain by Cambridge Advanced Learner’s
Dictionary. Hertzberg [3] describes comfort when there is
absence of discomforThe term “seat comfort” is typically
used to define the short-term effect of a seat on a human body
[4]. Comfort is a generic and subjective feeling that is difficult
to measure, interpret, and related to human physiological
homeostasis and psychological well being (B¢nerally, the
comfort issues that not under debate by researchers are [6]:
(1) comfort is a construct of a subjectively-defined personal
nature; (2) comfort is affected by factors of a various nature
(physical, physiological, psychological); and (3) comfort is a
reaction to the environment.

The concept of comfort and discomfort in sitting are
under debate. There is no widely accepted definition,

and more. The driver comfort is depends on different featur@§hough it is beyond dispute that comfort and discomfort are
and environment during the driving. Seat comfort is a vef#€lings or emotions that are subjective in nature [6]. Seating
subjective issue because it is the customer who makes fiigcomfort has been examined from a number of different
final determination and customer evaluations are based BRSPectives. The problem with evaluating comfort in regards
their opinions having experienced the seat [1]. One of tA@ Pressure or any other factor is that, comfort is very
products often considered in truck industry is the driver’s seat. ~ SuUbjective and not easily quantified. Seating discomfort varies
The truck driver’s seat has an important role to play in from subject to sub_ject and depends on the taslf at harjd.
fulfilling driver comfort expectations. Seat is one of thdcomfort, however, is a vague concept and subjective in
important features of vehicle and there is the place where th@iure. It is generally defined as lack of discomfort [7]. For
truck driver spends most of their time. According to th&*ample, truck drivers require sitting for long periods of time
‘European Union Legislation for Drivers and Promote’ [2], ~@PProximately eight hours. The extended period of sitting
the weekly driving time for truck drivers shall not exceed 5#8cludes higher risk of back problems, numbness and
hours. Assuming eight weeks of vacation and one wedliscomfort in the buttocks due to surface pressure under the
holiday, results in 2408 hours driving time per yearthighs [8]. Inthe study by Adler et al. [9], the results showed
Commercial trucks are unique in that they are specificalffi@t the driver posture is not static and changes over time.
designed to transport loads over long distances, in contrasfi@sture changes and continuous motion are strategies of the
passenger vehicles that are designed for individual comfofiver to avoid mechanical load and ischemia of tissue, which
The truck driver’s seat, which is in contact with the drivers, h"?‘s been ider_1tified as one main reason for discomfort.
plays an important role to position the driver to perform thBiscomfort feeling as described by Helander and Zhang [10],
is affected by biomechanical factors and fatigue. The sources
of such discomfort are listed in Table 1. Zhang [11] presented
a model that illustrates the interaction of comfort and
. , ) discomfort as shown in Fig. 1. Transition from discomfort to
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Human experience mode Biomechanical Seat/environment
Physiology causes Engineering causes sour ce

Pain Circulation occlusion Pressure Cushion stiffness

Pain Ischemia Pressure Cushion stiffness

Pain Nerve occlusion Pressure Seat contour

Discomfort - Vibration Vehicle ride

Perspiration Heat Material Vinyl upholstery

Breathability
Perception Visual/auditory/tactile Design/vibration Vehicle cost

Table 1: Causes of Seating Discomfort [10]

Comfort: i) Objective Measurements of Automotive Seat
Well Being and Comfort
Plushnesg

There are vast majority of objective measures used for
evaluating comfort and discomfort. From the literature
Transitio search, the objective measurement methods for seat such as
pressure distribution, posture, computer-aided design (CAD),
computer-aided engineering (CAE), temperature, humidity,
vibration, electromyography (EMG), and adrenaline. Table 2
shows overview of studies in relation to objective
measurements for seat comfort and discomfort.

Nine studies were found in which pressure measurement is
used to study the discomfort feeling among the drivers.

Discomfort:
Poor Biomechanic
And Tiredness

v
Figure 1: Hypothetical M odel of Discomfort and Pressure measurement method is the most used method for the
comfort[11] seat developer to measure the comfort and discomfort of

seated persons. The instruments that used in pressure
[ll.  OBJECTIVE AND SUBJECTIVEMEASUREMENT OFSEAT measurement such as pressure mat (Tekscan), pressure
COMFORT AND DISCOMFORT monitor system, force sensor, seat deformation measuring

The comfort experienced by humans in seat can #€vice and pressure imaging system.
classified as a subjective assessment, because it is possiblefght studies were related to posture measurements. The
find a variation with different people in a same situatior@utomotive industry strongly encourages research in the field
Nevertheless, the factors on which the opinions of people 8h0bjective comfort assessment, especially dedicated to the
comfort or discomfort level are based on physical variablégat and the related postur#,[17]. Driver posture is one of
that characterize the seat, for example, pressure, vibratiéfe important issues to be considered in the vehicle design
posture and temperature. process 18] regarding not only the car and the usk, [20]

The comfort offered by a seat is relatively easy to determifiit also the experimental conditions. The instruments that
by many measures [12, 13], the most effective of which is gsed in the posture measurement are camera, optoelectronic
survey potential users of the seat as they compare the “feel” of ~ Systém (ELITE), driving posture monitoring system, digital
a seat for a short period of time against other seats in the séig&al processing, ultrasonic device (Zebris), 3D motion
class. This practice is often adopted for different vehiclegnalysis (Vicon), and motion measurement system (Qualisys).
ranging from passenger vehicles to commercial vehicles sucfix studies are involved with the vibration measurement
as trucks, busses, and off road vehicles. The problem?thOdS- A major portion of the vibrations experienced by the
however, with subjective evaluations is that they are costRgcupants of an automobile enters the body through the seat
and time-consuming. In response, a great deal of research . Whole-body vibrations, which are vertical vibrations,
been performed in recent years to find objective measures #8pd to affect the human body the most. These vibrations are
predicting seat comfort perception. Some of the propos‘t’,r@msmitted to the buttocks and back of the occupant along the
objective measures include vibration, interface pressure, aygftebral axis via the base and back of the seat [22]. The
muscle activity. These objective measures are correlated wiigtruments that used are vertical vibration simulator,
subjective data to determine the relative effects ohea@ngulator rate sensor, accelerometer and whole body
measure related to comfort [14]. Research has shown tiHiration measurement (Maestro).
some of the main factors that affect seating comfort areSix studies have used computer-aided engineering (CAE)
seat-interface pressure distribution, whole-body vibration afgethods to measure the seated person comfort such as finite
pressure change rate [15 element method (FEM), virtual human, simulation software

A literature search in computerized systems such &8amsis and Madymo), and artificial intelligence (Neural
ScienceDirect and SAE Technical Paper database obtaif$@work).
various studies that related to the objective and subjectivéther studies for objective measurements are related to

measurements in relation to vehicle seat. human physiology. The physiology of human such as brain,
muscle, heart, skin and spinal can be used to measure the

seated person comfort or discomfort level. The spinal load
measurements have been performed in two studies. Five
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studies are carried out to measure the skin temperature @ugstionnaire is paramount because it affords researchers an
humidity level. Two studies using electromyography (EMGinstrument from which to establish theories [23]. Table 3
to measure the muscle reaction in relation with the subjesttows the overview of studies in relation to subjective
discomfort feeling. There is a study which used adrenalimeasurements for seat comfort and discomfort.
content in the urine to measure the driver’s stress level. Local discomfort ratings used to measure the discomfort of
Besides, the brain activity can be detected bgubjects while sitting. According to Kolich [4], many
electroencephalography (EEG) as well as oxygen saturatizesearchers have adopted Hertzberg [3] definition because, in
can be used to measure discomfort level of seated person the.current environment, it is more straightforward to quantify
discomfort than to measure comfort. The local discomfort
ii) Subjective Measurement of Automotive Seat rating scale can be rate on a scale such as 1 to 10 or -10 to 10.
Comfort Shen and Parsons [5] used the category partitioning scale
(CP50) for rating seated pressure intensity and perceived
This is Kolich [4] described that the lack of provendiscomfort. There are sixteen studies related with local
analytical metrics, vehicle manufacturers have opted to reflyscomfort rating. Whereas there are six studies related to
on subjective evaluations as the main indicator of selical comfort rating.
comfort. The vehicle manufacturers developed elaborativeThe subjective measurement also involve the used of body
subjective evaluation protocols that involved highly structurmapping technique. In this the subject will be rating the body
questionnaires. The questionnaires direct occupants to assigeas experiencing discomfort and to rate this discomfort on a
feelings of discomfort to a specific region of seat. Thecale. Seven studies are involved in the use of body mapping
questionnaires, which typically contain numeric scales (e.g.method. In addition, there are two studies involving seat
= very uncomfortable to 10 = very comfortable), producenapping. Like body mapping method, seat is divided in
subjective ratings that are translated into performanchfferent areas and subject is asked to rate on a scale.
requirements/specifications [24]. A properly designed

References Objective measurements
Dhingra et al. [29]; Hinz et al. [31]; Inagaki et al. [32]; Kolich and Taboun [§ Pressure distribution
Kyung et al. [35]; Mehta and Tewari [24]; Parakkat et al. [43]; Shen and P4
[5]; Zenk et al. [53];

Adler et al. [9]; Hanson et al. [30]; Hinz et al. [31]; Kyung et al. [36]; Maetal. | Postural analysis
[38]; Park et al. [42]; Tamrin et al. [48]; Wu et al. [51]
Bouazara et al. [25]; Hinz et al. [31]; Jang et al. [33]; Mehta and Tewari [24 Vibration eveluation
Rakheja et al. [44]; Tamrin et al. [48];
Cheng et al. [26]; Choi et al. [28]; Montmayeur et al. [39]; Nilsson [40]; CAE
Rasmussen et al. [45]; Verver et al. [50];
Cengiz and Babalik [27]; Nishimatsu et al. [41]; Solaz et al. [47]; Tsutsumi | Temperature and humidity
[49]; Zhang et al. [52];

Inagaki et al. [32]; Parakkat et al. [43]; EMG

Eklund and Corlett [57]; Spinal Loading
Uenishi et al. [54]; Adrenalin
Parakkat et al. [43]; Oxygen saturation
Zhang et al. [52]; EEG

Table 2: Overview of Studies Related to Objective M easurementsfor Seat Comfort and Discomfort

References Subj ective measur ements
Kolich and Taboun [35]; Kyung et al. [37]; Mehta and Tewari [24]; Merd Local discomfort rating
al. [56]; Na et al [58]; Park et al. [55]; Shen and Parsons [5]; Smith 6.
Solaz et al [47]; Zenk et al. [53];
Adler et al. [9]; Kyung et al. [37]; Parakkat et al. [43]; Tsutsumi et al. [4{ Local comfort rating
Zhang et al. [52];
Kyung et al. [37]; Mergl et al. [56]; Solaz et al. [47]; Zenk et al. [53]; Me| Body mapping
and Tewari [24];
Park et al. [56]; Inagaki et al. [32]; Seat mapping
Table 3: Overview of Studies Related to Subjective M easurementsfor Seat Comfort and Discomfort

technique. The objective methods will be integration of bio
IV. PROPOSEDMETHODOLOGY FORCOMFORTABLE TRUCK  sensors and measurement equipment into the seat to obtain
DRIVER’S SEAT physiological and postural data from driver. After that, both
gubjective and objective data will be analyses to obtain the
driver’s seat as shown in Figure 2. As refer to Figure 2, correlation data. A comfort improvement measures will be

subjective and objective measurement methods are used!§gidned that based on comfort ranking. After that, the design

study the truck driver’s sitting discomfort while driving. The Wi”_ k?e optimized - and protqtypes are developed with
subjective methods will be questionnaire and observati@Ptimized comfort characteristics. The

A methodology is proposed to improve the comfort of truc
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developed smart seat prototypes will be tested afl Kolich, M., “Review: A Conceptual Framework Proposed to Formalize
experimented to validate the design. Finally, a comfortable the Scientific Investigation of Automobile Seabrfifort”, Applied

K driver’ 1 | Ergonomics, Vol. 39, No. 1, 2008, pp. 15-27.
smart truck driver’s seat will be developed. [5] Shen, W. an@arsons, K. C., “Validity and Reliability of Rating Scales

for Seated Pressureiddomfort”, International Journal of Industrial

— — Ergonomics, Vol. 20, 1997, pp. 44B1.
Subjective Objective [6] De Looze, M. P., Kuijt Evers, L. F. M. and Dieen, J. V., “Sitting
measurementg measurementy Comfort and Discomfort and the Relationship with Objexti

| | Measures” Ergonomics, Vol. 46, No. 10, 2003, pp. 985-997.
[7] Shen, W. and Vertiz, A., “Redefining Seat Comfort”, Society of
| Automotive Engineers, Inc., Warrendale, PA, USA, 19$AE

Discomfort model based Technical Paper N®70597
on correlation results [8] Floyd, W.F and Roberts, D.F., “Anatomical and Physiological
| Principles in Chair and Table Design”, Ergonomics, Vol. 2, 1958, pp.
1-16.
Comfort improvement [9] Adler, S., Friedrichs, A. and Blickhan, R., “Analysis of Driver Seated
measures Posture to Objectively Measure Long-termis@mfort”, Proc. of 6"
World Congress on Ergonomics, Maastricht, the Netherlan@§. 20

| [10] Helander, M. G. and Zhang, L., “Field Studies of Comfort and
| Design Optimization | Discomfort in Sitting”, Ergonomics, Vo. 20, No. 9, 1997, pp. 865-915.
[11] Zhang, L., “Identifying Factors of Comfort and Discomfort in Sitting”,
| Human Factors, Vol. 38, No. 3, 1996, pp. 383.
| Smart Seat Prototypes | [12] Viano, D.C. and Andrzejak, D. V., “Research Issues on the
Biomechanics of Seating Discomfort: an Overview with Usoon
| Issues of the Elderly and LoRack Pain”, Society of Automotive
Experimental study/comparative stud Engineers, Inc., Warrendale, PA, USA, 1992, SAE Pape©R0130.
[13] Gruber, G. J., “Relationship between Whole body Vibration and
| Morbidity Patterns among Interstate Truck Drivers”, Southwest
Comfortable smart truck sea Research Institute, San Antonio, Texas. Center for Bés€ontrol
Publication No.77-167, Cincinnati, Ohio, 1976.
[14] Nawayseh, N. and Griffin, M. J., “Effect of Seat Surface Angle on
Figure 2: Propo%d methodology framework for Forces at the Seat Surface During Whole-body Veérifdaration”,
comfortabletruck driver’s seat Journal of Sound and Vibration, Vol. 284, 2005, @p3-634.
[15] Boggs, C. M., “Field Study to Evaluate Driver Fatigue orirAnflated
Truck Cushions”, Master of Science thesis, Faculty of the Virginia

V.CONCLUSION Polytechnic Institute and State University, Blacksbdfigginia, USA,
. 2004.
In this paper, a methOdOIOgy framework  for the[16] Ofori-Boetang, A. B., “A Study of the Effect of Varying i-inflated

development of comfortable m_mk driver’s s_eat has be_en Seat Cushion Parameters on SeatinmfBrt”, Faculty of the Virginia
proposed. The literature review from various studies that Polytechnic Institute and State University, Blackshifigginia, USA,
related to seat comfort research shows that pressure 2003.

distribution method is the most common methods fd#7] G¥i: D-E. Porter, IM., and Robertson, NK.B., “Seat pressure
measurement technologies: consideratifor their evaluation”,

objective measurement. It is follow by po;tural analy;is Applied Ergonomic, Vol. 27, No. 2, 1998, pp 8.

method. For subjective measurement, local discomfort ratifgB] Guenaelle, P., “One methodology to evaluate Automotive Seat

and body mapping method is the most frequently used Comfort”, Proc. of the Third International Conference on Vehicle

methods. It is recommended that objective measurement Comfort and Ergonomics, Bologna,, ltaly, 1995, pp.-23(D.
biecti hould b bined f h Porter, J.M. and Gyi, D.E., “Interface pressure and the prediction of car

subjective measurement shou e combined for the seatin seat discomfort”, International Journal of Vehicle Design, Vol. 19, No.

research for better result. From the proposed methodology, 3, 1998, pp. 255266.

the author would like to develop a smart aware environment[@9] Zhang, L., Helander, M. G., Drury, C. G., “Indentifying factors of

truck driver’s seat that have the capability to reduce long haul comfort and disomfort in sitting”, Human Factors, Vol. 38, No. 3,

truck driver’s st f . to ti 1996, pp. 374389.
ruckdriver’s stress trom time to time. [21] Ebe, K. and Griffin, M. J., “Factors affecting static seat cushion

comfort”, Ergonomics, Vol. 44, No. 10, 2001, pp. 901-921.
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