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1. INTRODUCTION

Our purpose is to determine a target for vibration discomfort ot a new
seat. The method proposed here altows to draw for a specific car seat

under development. a scale of discomfort for different domains of

trequency. with the associated measurement procedure to put the new

seat on this scale.
We used a single floor input. tive existing seats. and 30 persons. We

designed the experiment in order to draw comparisons of the different

seats in the same vibrational environment at floor level. The paired

comparisons protocol was used, with predelined subjective variables. We

obtained one prelerence matrix for each subjective variable and the

associated seat score. A regression modet was derived for score
prediction lrorn adequate filtering of the RMS vatues of the seat dynamic
response.

2. PAIRED COMPARISONS FOR VIBRATION DISCOMFORT

2.1 Feasiblllty at paired comparison:

Paired comparisons have been usedintensively in the last twenty years in

food industry. and more recently in psychoacoustics. We also have some

examples of this test protocol being used for vibration discomfort [1}, [3}.

[5]. The main advantage is the simplicity ol use for non-expert subjects.

A first step was to verify the ability oi non-expert subjects to express a

dillerence of teeling IO! a number oi subjective variables, namely strength,

movements, tiredness. disturbance. trembling, tingling, and difference. We

constructed three diiterent sampie signals. designed to be as

«contrasted w as possible tor the listed variables. We chose to filter a
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band-limited white noise (0.8 Hz-SD Hz), 120 seconds long with three
different frequency weighting lunctions: A) K,.WD weigthing lunction (as
delined in [4]) B) K= (llat) . and C) K,/Wb (inverse Wb), with K. adjusted for
the same FiMS value of 2 m/sz. These three signals were grouped into two
pairs : pair 1 (B-A) and pair 2 (0-3). With this choice, the list signal (B) is
« neared » twice. but with the longest separation time.

2.2 Preliminary vocabulary study

Signals are used asacceleration references at floor level for the test rig.
One single seat was used. with 12 male and 10 female subjects.
The first level of analysis of the results is to draw a histogram tor each

prelerence variable. The difference between the samples is non zero for
95% of the res onses.
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The second result is obtained from the contingency diagrams, one 0
which is given on Fig. 1. It shows quite clearly that disturbance and

strength are semantically redundant. The same tendency is observed for
tiredness. also redundant with strength and disturbance. On the other
hand, trembling and tingling appear to be also very correlated, whereas
movements remains alone. We then obtain three groups of semantically
independent variables. namely movements, trembling, and disturbance.
Difference remains a uselul « utility -variable.

3. APPLICATION TO TARGET SELECTION

3.1 Construction of the signal samples

Ideally each subject should be submitted to the slgnais measured onall
seats with a subject oi equivalent mechanical impedance. However, from
previous work [4], it is possible to reduce the number of signals needed,
according to population characteristics. The shill in the signal tevel trom
one person to another is no longer a probtem in a relative assessment as
soon as the hierarchy remains the same. As a result, we defined two

populations according to gender and weight : A) males up to 40'" centile
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and females up to 60‘“ centile, and B) all other subjects. The acceleration

spectra for the five seats at subject level, using one single floor signal,

were measured for a reduced number of subjects.

The collected signals, with a duration 01 90 seconds each. could not be

used directly in the experiments, because of the total duration implied (this

could involve a biasing tiredness of the subjects). After estimating the

PSD of the measured signal, this spectrum is square-rooted to define a

filter (in the frequency domain) applied to a white noise of the desired

duration (20 seconds). The residual discrepancies between the original

spectrum and the synthetic one are less than 0.2 dB.

3.2 Test protocol

The purpose is to use one single test environment for all vibration signals.

in order to minimize the influence of external causes (such as noise,

smell, view. posture, accessibility, seat- materials and contact, or vibrations

in other directions). A non-filtering seat was built, with a transfer function

modulus between 0.95 and 1.15 over the [0-30Hz] range for all people.

The test protocol was designed to enable non—expert subjects to feel

comfortable with the vocabulary used. The questionaire contains four

variables : difference, disturbance, movements and trembling.

Disturbance is defined as a general feeling, purely hedonnic and

subjective, and as such does not have to be related to any other variable.

Movements ani' trembling are predefined with two white signals of twenty

seconds each .vere used, one with a flat PSD from 1 to 8 Hz to define

movements, the other from 8 to 18 Hz to define trembling, both with the

same RMS value of 2 m/s’. The subject is then submitted to all five seat

signals in a row, in order to get a first glimpse over the range of signals he

will have to judge. Then the actual paired comparison scheme starts. The

Ross series [6] with 5 objects were used, with no repeats. no A-A pairs,

and no reverse order effect test (for test duration), resulting in the

following pattern : [1 2:5 3:4 1;3 2:4 5:1 3:2 4:5 1:3 4:2 5]. To collect the

responses. a PC-based system was used, to avoid the large amount of

paper manipulation generated by paired comparison schemes, and

prevent the subject from being confused during the test.

4. ANALYSIS OF RESULTS

4.1 Conslstency of judgements

The averaged histogram of difference (over all pairs, for 30 subjects)

gives evidence of a perceived contrast (Fig. 2). This variable does not

appear to be strongly correlated to the absolute value of any of the other

three variables (the maximum correlation of 0.85 is obtained for pair n° 5,

opposing the two seats with maleum difference of RMS value).
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As was already noted in [4], the discomfort of the second stimulus is
overestimated. This is clearly shown by the averaged histogram of the
variable disturbance (Fig. 2), which is strongly dissymetrical. and whose
results are therefore not usable. The histograms tor the two other
variables still show an order effect. but clearly less important ; they remain
sufficiently reliable for further processing. A second indicator about
judgements is the coefficient 0! agreement between subjects defined in

(1) [2], with values between —}{I and 1 (tor all identical judgements).

22G?”
1u= “" —1,wherecf= ”!

2 2CC, p!(n—p)!'

 

dllference disturbance
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A < B A (( B

Fig. 2 : averaged histograms (10 pairs, 30 subjects) for the tour variables.

 

(1) does not allow ties in judgements. Therefore we repeatedly replaced
all zeros randomly by 1 or —1 inthe matrix of judgements. The averaged u
converges to provide the values in Table 1.

 

Table1 Allsub‘ects Po ulationA Po ulation B
disturbance 0.177 0.183 0.221
movements 0.195 0.237 0.132
trembling 0.278 0.287 0303

Except tor population B with movements. the coellicient of agreement
increases for the sub-populations compared to the entire population.
Whereas higher values of u indicate a good consistency between
subjects. they do not give an idea at sell consistence at each subject.
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Therefore another uselull indicator is the number of circular triads c which
is calculated from the preferences a. with (2) [2]

I 2 1 2’(2) c=a.(l ~1)—E.E[a,- 2 J
I

where l' is the number of objects.
The preference value ay' for pair IL] is calculated irom (3)

1 I3 =_ + +_()a, "(05) 0!, 2a,]

where a. is the number of reponses ‘with value . in the judgements for pair

i,j. Again in our case a random choice is needed to
cope with ties. and c converges to the average
number of circular triads for each variable, in Table
2, irom which disturbance appears again to be the
most inconsistent variable.

disturbance 2.7

 

movements 2.0

trembling 1 .6

" Table2
4.2 Scores and scaling

The determination oi scores for each seat is done only for movements
and trembling. The score for object 1' is obtained by summation over all
preferences a! given by (4) :

(4) A, = 2a,
,u'

The least significant difference between scores is given by (5) [2]

(5) D =1.96x at; (with p=o.os).

where n is the number of subjects.

The A,- and D have been normalized by $11.0 — l) to fit between 0 and 10.

less movements more moyementsé less trembling more trembling
§<—-——+

    

movemenlslor population B trembling for population 8

' . 3 : comarison between scores and iiltered RMS values.
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4.3 Syntheels of results

Fig. 3 gives an overview of all results, with scores for the two descriptive
variables movements and trembling from the paired comparison tests (top

scale) and corresponding RMS acceleration o lrom measurements (in
m/sz, filtered between 2 Hz and 6 Hz, for movements, 6 Hz and 25 Hz tor

trembling). Any two scores (or a) not underlined by the same line may be
considered distinguishany different. These lines are obtained from the
calculated D (5) for the scores, and from the 95 % confidence interval for
the RMS values. The hierarchy is correctly reproduced for both variables
except for the movements of seat E'in population B. Trembling appears to
be an excellent indicator for the 6—25 Hz hierarchy over both populations.

Table 3

 

Table 3 summarizes, for each variable and population, the regression
model for score prediction (scor2=a.o+b where o is the associated band—
limited FtMS value), the predictic-i coefficient R2, and the F statistics, all
showing that the only unaocepta )le model is movements with population
B. These results will be used for Iuture seats to put them on the subjective
scales without repeating any of the experiments. To collect the dynamic
responses in the same measurement conditions will be sufficient.

Bibliography :
[1] Corbridge C., et al., « Laboratory Study of Truck Ride : Validation of
Subjective Judgements obtained in the Field », in «Human Factors in
Transport Research », edited by D. J. Orborne and J. A. Levis, Academic
Press, Vol. 2, 98-104, 1980.
[2] David, H. A., a The Method of Paired Comparisons », Oxlord

University Press, 1988.
[3] Ebe, K., and Griffin. M. J., « Eflect of Polyurethane Foam on Dynamic
Sitting Comfort », InterNoise, 1994, « Noise Quality and Quantity n, Vol. 2.

933-936, 1994.
[4] Griifin, M. J., a Handbook of Human Vibration Academic Press,
1990.
[5] Kamijo K., et al., « Evaluation 01 Seating Comfort SAE 820761.
[6] Floss, Fl. T., « Optimum Orders for the Presentation of Pairs in the
Method of Paired Comparisons Journal of Educationnal Psychology, No

25, 375-382, 1934.

1758 Procoedlngo cl Internal» 96

  


