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Abstract — The article proposes a simplified biomechanical consisting of the human body and the seat, we palya
model optimized by real world measurements of a paenger numerical methods, experimental methods or a
in an automobile passing over an obstacle (speed tbp) at  combination of both methods to obtain a favorakgut.
constant velocity. Samples of 15 male volunteers veeused to Analyzing this coupled system by a new experimental
obtain reliable overlay of acceleration data. The »periment method proposed in [2] the basic resonant freqesnci

uses an optoelectronic velocity sensor with analog . .
accelerometers placed at key anatomical locationsnothe have been obtained. This study shows that the aeson

volunteers. The acceleration results represent theesponse ~frequencies are below 80 Hz for the coupled and
(impulse) of the speed bump on the passengers. Auncoupled systems excited by road vibration, with
biomechanical model using the average anthropomorpt resonant frequencies bellow 60 Hz. This means khst
values of the samples is then constructed in the vibration attributes of the occupied seat strudttgsonant
Matlab/Simulink/Simmechanics software. Stiffness ath frequencies and mode shapes can be characterizd an
damping parameters were then optimized until the b&t predicted from their corresponding unoccupied seat
correlation between measured and simulated responseas characteristics [2].

achleve.d. The' result§ of the optimized model showogd The effect of nonlinear biodynamics has been stliie
correlation of kinematic data for the head betweemmeasured 2 .
[3]. The presented results indicate that the nealin

and simulated (optimized) results. Thus the optimizé model . o ;
gives a good indication of the approximate verticaktifiness ~Properties of the coupled model significantly afféts

and damping parameters of a person’s neck when dring dynamics and lead to quantitative deviations frdm t
over an obstacle in an automobile. The resonant fregncies predictions of corresponding linearized models.

of the head are obtained through FFT analysis and  Therefore, many models are tested and verified by
correspond well to other studies. Although the truk of the  fitting experimental data. The models proposed 4h |
model shows lower correlation to experiments, it 8t  reflect the sitting posture. The eight presentediet®are
provides informative datg but a more complex trunkmodel is built from several masses, linear rotation/transtat
suggested for future studies. spring-dampers. The models differ from each othethe

Keywords — Automobile, Biomechanics, Measurement, Seat definition of joints and body §egmgnts. Analyzirigese
Comfort. models, the best representation with resonance eetw

5.35 and 8.34 Hz are used. The selected model ca@ m
|. INTRODUCTION accurately depict apparent mass and head tranbititgsi
simultaneously more so than other models, espgdiall
rotational transmissibility [4].

The reaction of the human body to vibration is neisc
activity. The muscle activity is highly correlatesiith
lateral acceleration and significant differencese ar
observed with respect to the direction of acceienafs].
él' herefore car manufactures should concentrate assth
design, and seat structure.

Currently there exist numerous studies regardirg th
individual factors, (d) seat factors. To fulfill ehabove b|0mechan|pal model of a passenger in a vehicles Th
definition we need to create performance measuoes fpassenger 1s often modeled N the postural planthef
automobile seat comfort related to physiology angomechamcal human model with 1, 2 or3 DO'.: (Begr

f Freedom) or a more complex biomechanical model

biomechanics [1]. For example, vibration can be", . o
guantified or measured with accelerometers. Vibrais with 9 .DOF is used [6], [7]. Within these modelseth.
éranslatlonal movement of each body segment is

one of the limiting factors of seat comfort and th ‘dered. Oth i 4 5 DOF del
vibration of the whole body causes many health r(bOt\(;v%?srlw earlio. cotnseizjesrt;I tlﬁesz ?(?g:irgr?aﬁcon?;onents ha‘m(t) ©
physical and psychological) problems which, in frave | body segments. The 4 DOF model has been incorgbrate

a direct impact on the overall safety of the vehic .
Theref h deali ith tiilem. 1N to the standard ISO 7962 (1987). The difference
SIeIore many researcners are deaing wi blp etween the 4 and 5 DOF model is that the prior ehod

The transmission of vibrations onto the seated hlumé) i he head and K inal agh
body has been of great interest to researcherindeaith Cr?ng'Dglsz t ed ?a ar_ld nech asa S'ngg segrgeme B €
the comfort and discomfort of human occupants T2je the model considers them to be independent\B]

need of a comfortable seat requires more Cha”@giﬁnlthrcl)pogorphch p;\ar\?vmetersg 'S these mOd&lS are
designs. To predict the response of the coupletesys calculated using D. A. inter [ .]' owever, manytoése
studies use experiments with controlled conditions
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There are many different definitions of automolsiéat
comfort. The most sophisticated is that the autdlaceat
comfort is defined as a consensually held constmudt.e.

a large group of representative subjects whichgreecthe
seat in a similar manner) possessing a static gndndic
component that can be manifested objectively (i.
consistently quantifiable) [1]. The factors affecti seat
comfort are: (a) vehicle factors, (b) social fastofc)
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(usually performed on shake tables etc) and
experiments, if any to date, incorpte real measureme
inputs from everyday driving as excitation into
biomechanical model. This study aims at us
experimental data to construct and optimize a sfragl
2DOF biomechanical model from measurement
obtained under real driving conditions

[I. EXPERIMENT

According to STN EN 30326 the method, proced
and limitations in the measurement of mechar
vibration are described. These vibrations are igmbrin
building a suitable biomechanical model of a hur
passenger in a vehicle (wheyethese vibrations are us
as excitation of the model). Within the aforememéd
standard the exact type, number, and placeme rensioss
are defined to accurately measure vibrations on
passenger's seat. The first of these ser
(accelerometers)irequired to be placed on the floor
the vehicle within a circle whose diameter is 20Qrine
center of this circle must be placed directly undee
second sensor which is placed on the sitting pathe
passenger seat. The last sensor is placeche lumbar
support of the seat according to fig(1).

Fig. 1.Placement of accelerometers on the passenge
[11]

The sensors are placed at the above mentionedops:
by mounting them on a disk with a diameter of 250Qr
The thickness of the disk must not be greater ffzmm.
the mounting disk is made of semisolid rubber @sft
with a hardness factor of 80-96carding to Shore [10]. |
the center of the disk, a cavity holds the actuaiser
which must be mounted on a thin steel disk whichk &
diameter of 75mm and a thickness of 1,5mm.
measurement directions must correspond to the gk
coordinate systa of the vehicle (parallel to the directi
of vehicle travel). [11]

For the purposes of the experiment and verificatb
the model, it was necessary to place acceleromr
directly on the human body. No studies or stand
dictate the placement of éke sensors for this speci
measurement, therefore the sensors are placed ye
anatomical locations of interest (Hip, Trunk, anacle

hemisphere of the head) fig(:

@ Accelerometer

Fig. 2.Location of accelerometers on passengers
(subjects

All measurements wer performed according to tl
ethical codex AREA (American Educational Rese:
Association) and BERA (British Educational Rese:
Association).

In order to obtain an accurate characteristic
accelerations occurring on the human body, a saof{lé
male subjects with an average age of 24.1 years, h
178.8 cm, and weight 80.2 kg volunteered to paudite in
the experiment. Each subject was instructed tansthe
passenger seat of the vehicle while 8 indivic
measurements (impulses) were recor The basic
physical parameters of the measured subjects caedn

in tab.(1).

Subject | Age (years)| Weight (Kg) | Height(cm)
1 25 76 179
2 25 83 176
3 23 78 177
4 24 82 177
5 24 80 181
6 25 85 182
7 25 78 178
8 24 79 176
9 24 85 180
10 23 81 181
11 25 75 176
12 25 79 178
13 23 83 182
14 23 75 179
15 24 84 180

Tab. 1.The basic physical parameters of the meas

subject

Altogether, 120 measurements were performed
statistically processed to obtain a reliable owertsf
acceleration datato obtain a general respor
characteristic of each segment.
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I1l. APPARATUS Applying Newton’s law on the system in fig.(4) we
obtain the 2DOF mathematical description (equa®pof

The measurement uses a common passenger vehifig head and core (trunk).
(qutomobﬂe) conforming to the standard in [12].eTh HEAD |,(1
vibrations are measured by accelerometers as thielee

passes over a speed bump seen in fig(3), at aarnst "“_=

speed of 40km/h. To ensure constant velocity of the E§ l
automobile, an optoelectronic velocity sensor (@atr k1§§_ b1|_|_|
HF-250C) is mounted on the vehicle and the data is =

recorded on an onboard laptop located in the reaisof IRk sz

the vehicle. In the measurements, tri-axial acoeteters
from Analog Devices (ADXL 325) were used to measure

m2
. Vibrations form
accelerations. kz% b2 LJI:‘ / the Seat

Fig. 4. 2 DOF model of the Passenger

4200mm

B5mm \

The mass of each body segment was calculated with
respect to D. A. Winter (9). Random stiffness partars
k1, k2 and damping parameters b1, b2 were selexded
) L e & initial conditions for the model. The numerical betor of
Fig. 3. Obstacle used in experiment the system is described with differential equatideined
in the MATLAB program. The simulation itself, which
These ADXL sensors allow for the accuratejescribes the behavior of the system, is perforimed
measurement of accelerations within a range of £89. MATLAB\SIMULINK. The graphical representation of
better measurement resolution the sensors are ganalge results is performed in the
therefore the apparatus incorporates an analoggitald pATLAB\SIMULINK\SIMMECHANICS program
converter from National Instruments (NI USB-622%iniended for the graphical interpretation of theederation
DAQ). The converted signals are then recorded u8iBg of each body segment which made it possible to
accompanied software from National Instruments r{8lig immediately identify key events when the vehicle
Express) on a laptop in the back seat of the veh8bth  encountered the speed bump. The initial poor caticel
correvit and ADXL sensors were set to sample at Getween the accelerations obtained from the siioulat
frequency of 1kHz to ensure sufficient data to a&&®ly ang the experimental acceleration data were expecte
des_cnbe the response characteristic and speeo_henf tince the initial stiffness and damping parameteese
vehicle. To reduce the effects of unwanted noise thynly approximated in order to verify the kinematidsthe
signals were filtered in post processing in thegmm model in the MATLAB program. Therefore the initial
MATLAB by implementing a second order low passesyits of the simulation do not represent the oeas
Butterworth filter with a cutoff frequency of 15H23].  zccelerations of the body segments. In order tsoovee
After filtering, the statistical averages of theceleration ipis problem and find the likely stiffness and damp
characteristics for all 120 measurements were tised in parameters of the numerical model, we used an
the optimization algorithm of the biomechanical rabd optimization algorithm which varies the stiffnesada
damping parameters of the segments until the best
IV. MODELLING AND OPTIMIZATION correlation of kinematic results obtained by the
experiments is found (16). The principle of the
Due to the nature of the measurement (a vehiclsimgs optimization algorithm was to find the best paraangtof
over an obstacle at constant velocity), a 2DOBtiffness and damping such that the correlation of
biomechanical model was sufficient to obtain theiel accelerations obtained from the simulation were
parameters of the experiment. The model was inttfale comparable to the accelerations obtained from sitimuls.
the verification of seat comfort when driving ov®speed Therefore it was necessary to write a script in the
bump at constant velocity, thus the rotational@ffef the MATLAB environment which would efficiently and
segments were neglected. The maneuver that theleehiaccurately apply the aforementioned optimization
performed introduced a significant vertical impuiséo  principle. In order to increase optimization efioty
the system, which can have negative effects ortimean without compromising accuracy, the algorithm wagttem
spine [14], [15]. This impulse is used as excitafito the with progressively finer steps in parameter vaviati
system. The model assumes the principles of NewtorResonant frequencies of the segments were theunlad

seco_nd law (equation 1). using the FFT (Fast Fourier Transformation) analy
YF=m.a B 1) the model under the optimized conditions.
Mg+Bg+Kg=f 2
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V. RESULT

The outcome of the study represents the optimiaaif
the kinematic results between experiments and sitionls
in order to obtain the optimal stiffness and darg;
parameters for the biomechanical model. These peteas
were found by writing an optimization script whichried
stiffness and damping pararaest in order to obtain goc
correlation between accelerations in the virtualdet
(simulation) and accelerations obtained statidficdly
experiments. The 2 DOF biomechanical model
designed for the quantitative evaluation of vefticaad
and trunk acelerations, whose anthropomorp
parameters were defined by D. A. Winter (9). Figdad
Tab.(2) show the average values and standard dmsi
of stiffness and damping parameters in the neckramd.

] 1482

NECK  TRUNK
|

b2 238

L
k1

stiffness [N/m]

damping [N/m.s]

- TRUNK
NECK -

|

Fig. 5.Mean and STD of the stiffn and damping

parameters
Parameter ater optimalizatipfMEAN | STD
Stiffnes K1 [N/m] 48 4
Damping B1 [N/ms] 1482 36
Stiffnes K2 [N/m] 23 4
Damping B2 [N/ms] 238 7

Table 2.The average values and standard deviation c
stiffness and damping parametershia neck and trur

Fig (6) represents the values of the accelerometerg
on the head. The head accelerations from
biomechanical model, after optimization of necKfistiss
and damping parameters, correlated to within 7¢-

91.85% to the experimental results. (6) represents the

best correlation between experimental and optimfzsad
accelerations after the stiffness and damping petens of
the neck were optimized. F{@) also shows the simulat
head acceleration prior to optimization. Similaflg(7)

shows the sam relation for trunk (core) acceleratic
which correspond to within 63.879- 65.34% to the
experimental results. The resonant frequencieheheac
were found from the FFT of the signals which resulilin

resonance at 3.1Hz with SD (Standard Deviatiof

+0.15Hz, 6.9Hz with SD +0.19Hz, and 13.5Hz with&

of £0.23Hz.

@ Measured signal
@ Signal before optimization

@ signal after optimization

@ Measured signal
@ Signal before optimization

@ Signal after optimization

Fig. 7. Acceleration of the Trur

VI. CONCLUSION

As can be seen, the virtual model incorporatedne
study can be used only for the simulation of a cle
passing over an obstacle (speed bump). The restuits
good correlation for head accelerations; howevertitink
accelerations correlated less. This is likely doethe
trunks more complex construction which, for fut
studies, should not be consied as a solid mass. In the
future it would be advantageous to use Hills nadin
muscle model in the simulation17]. It is also necessary
to expand the model into a more complex 9DOF syste
we are to incorporate more complex (signific
movement inall three directions) vehicle maneuwv
(turning, uncontrolled sliding, etc...). However fsimple
cases such as the one presented, a 2 dimensiodal s
often enough and offers the best compromise bet
computational efficiency and accuracy. Althouthe
correlation of trunk accelerations between simulated
experimental results were low compared to the hda
optimization algorithm was able to accurately dsiee
stiffness and damping parameters in the neck w
corresponded to other studié&g,[7],[8].
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