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The Human Sensory Measurement Application Technology (HSMAT) project has been started from 
1990. HSMAT is a part of the Industrial Science and Technology Frontier Program commissioned by 
Agency of Industrial Science and Technology of the Ministry of International Trade and Industry (MITI). 
The purpose of this project is to develop human friendly consumer products which reflect human 
sensations and to create less stressful living and working environments.

The project started the second stage from 1995. The primary goals of the second stage of HSMAT are, 
using human sensory measurement technologies developed during the first stage, to establish 
technologies for the development of human sensory indices which can be used to evaluate consumer 
products and environments and application technologies capable of incorporating human sensory indices 
into design of consumer products or environments.

In the second stage, following technologies are developed,
1 )Technology for development of the human sensory indices;

• Indices for measuring stress, fatigue, arousal
• Indices for measuring environmental adaptability
• Indices for measuring products adaptability 

2)Practical applications of human sensory indices;
• Development of case studies which utilize the indices for physiology, and product and 

environmental adaptability.
• Development of simulators and human sensory models for the evaluation of products and 

environments.
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The validity of psychophysiological indices for sleepiness in a monotonous task was exam
ined in 10 subjects. The procedure to construct and evaluate the indices was the same as that 

used in our previous report on the simulated car-driving task. The experimental monotonous 
task contained the repeated visual discriminations lasted for about 1.5 hours. The physiological 
measures were the EEG (alpha/beta ratio and theta-power), ECG (mean HR and the minimum 
HR in each 30s epoch), eye-movements (mean-power in the slow frequency area), and the eye- 

blinkings (frequency and duration). After the experiment, 2 persons rated the sleepiness in 
video-recorded subjects’ faces using a 5 step-rating method in each 5s epoch. In the analysis, 
the all measures were summarized into series of 30s epochs. The time lags between measures 
were taken into account to define the epoch used in each measure. Multiple regression analysis 

were carried out using an independent variable of rated facial sleepiness. Time-lag-adjusted 
physiological measures were uses as the dependent variables. In the results, the best prediction 
for sleepiness was made when the dependent variables of the eye-movements, minimum HR and 

the blink-duration were adopted. These statistically adopted variables differ from those in the 

previous report (HR, blink-duration and alpha/beta ratio in the car driving) reflecting the dif
ference in task demands or the higher sleepiness-level in the vigilance task.
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The purpose of this study is to examine about the development of the checklist for "the work 

treating impression" considered as one of the application technology of "engineering of 

impression." It focuses on raising the quality and the efficiency of "the work treating impression." 

As a result of examining how to make the checklist for "the work treating impression", it was found 

that the development from the following four viewpoints was effective. (1 introduction of the 

process of definition analysis of "the work treating impression". By stepping on the procedure of 

this "definition analysis of work," it was clearly showed that the remarkable portion of the problem 

of work was solvable. (2)Division and management of work by the process. It was considered that 
four stages, "plan", "design", "execution", and "evaluation," or five stages included "definition 

analysis" were effective as a management cycle in "the work treating impression." (3)Clarification 

of the process of work, and visualization of a result. It is desirable that documentation is carried out 

as "plan document", "design document", "execution specification and an execution result report", 

and "evaluation result report of each stage", respectively. (4)Introduction of review (check) process 

for result evaluation. It was found that it is important to review whether the suitable output is 

carried out to the input of work. On the basis of those points, the checklists for "the measurement 

of impression" and for "the product designs" were developed.
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In the design and development of textile products that demand high textural quality and superb feel, 

intuition and experience are used as the main guidelines, and a trial -and -error process is 

repeated until products are finalized. So quantitative criteria and design guidelines must be created.

The development of a evaluation technology that allows the creation of textile products that offer 

comfort and relaxation both to the eye and to the touch will undoubtedly provide great benefits to the 

textile industry.

Through investigation and analysis of the relationship between the feeling (subjective quantity) 

when viewing various fabrics and simultaneously measured bioelectric potentials, we ascertained the 

lambda response to be an effective indicator. The greater the perceived degree of visual “complication” 

of the fabric, the greater the amplitude of the lambda response ; and the greater the amplitude of the 
lambda response, the higher the fluctuation coefficient for the fabric image.

We investigated various bioelectric potentials while touching fabrics with high textural quality and low 

textural quality. Differences in fluctuation coefficient of the brain waves (alpha waves) were 

recognized for fabrics with significantly different textural qualities.

We developed a system which inputs surface image data of fabrics or other products, separates the hue, 

chroma, and value, and conducts frequency analysis to quantify the fluctuation characteristics. We 

measured the fluctuation coefficients of curtain fabrics with this device, then applied correlation analysis 

to the visual psychological quantities of the curtain fabric and the fluctuation coefficients to determine a 
comfortable range of fluctuation coefficients for various applications. And we verified the comfortable 

range of fluctuation coefficients in the living room at the Keihanna Laboratory.
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f/f ,roMtiU^VT3EiH$!=t£i$»5„
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titirofeffi • StK*ifroieEx y yt,*x£t#> 6#*«»£ LTH-aK'Sd 
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»—ry, S«, iSS#*S*»ffl^J6KoV'T, *33,
a-&V'tt«S«l;oV'T14, aW-StT-IC^M^T LTV'3.

(3)

wstT-K, *-■t^vi^ov'-c, 6###
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it, Eirtx, ritv'itz*j <D(*6SBKj3V'T, t y *^ici£v'ttaz-y try
Z^-Aro*-Z>Z*hh5£#iS:roteai, mstoiStti£m\ W¥S$-e'ic#fc«giJBf

(4)

LT±#e, SUfieSB^-x za*toS®$C, toetottSito
bw^ttz

Y=0. 776(7^y«*g)

*fc, L%, xAywm&msa*#^ LT#ia
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2. 3

(1) ^-fy(DSt^±ii

ritv'tex&j (DVf.&M$tx\ frmox ?

2 t5kfg

^$-e(D#8u

jj-T'sfDm&fe (±e*) &86%m<ku

Lrs@e5W£m\ ytr

MEM#
Y1=1.0962(;*7—7^>(7)g£*$) + 0.1865 R 2 = 0.98 P<0.01

Yj=0. 9901 (#-T XT) § #g)

2. 4

(i) mmmaa:

# 6 ^ z <> # -c e
MEfaX
Yi=- 4.1888 (#^(7)^6g) = + 8.2049 + 0.7615 (log#^)

- 1.0933 

R2 =0.78 PC0.01

Y^=-3.9908 "+3.8886 + 0.2950 (log#^)

(2)

(hees) £g&«scY2^ u KEsMijb^o^w^n^
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oV'Tli $:#)<£ 9 LA0
S0-S5S

Y 2=0.251 (Log 2HB) 2-0.413 (Log 2HB)

+1.212 (Log 2HG5) 2-0.054 (Log 2HG5)
-0.694 (LC) 2-0. 570(LC)-1. 285 R=0. 92

Y 2 =0.497 (Log 2HB) 2-0. 232 (Log 2HB)
+0.403 (Log 2HG5) 2-0. 030 (Log 2HG5)

-0.257 (LC) 2-0. 151 (LC)

vv v o'Iriffi
feta, S«, B-tol^S'JUaftB

i/f LreKt-td-y^TA^^fiKS-e/c,

rroEE-e, yfflfetoro^ib £'«»£!« U ii-fyfflSfftiMt

fflmirRjg/^i4>6r«ScCitoH^6a#KLfc„

V

LfciS*, oiS MS) 6D»e>#'
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When long-term sound is presented in our daily life in office or dwelling, habituation may occur. 

Habituation to noise is a phenomenon that when a stimulus is presented continuously or repeatedly to 

auditory organs,the responses to that stimulus gradually diminishes and finally disappears.

The following studies were carried out.

In this study ,we used selective attention as an index of habituation.

The first one was to develop a method for measuring auditory habituation and investigate the effect of 

quasi-stationary noise and time pattern of exposed noise on habituation. We found that loudness or 

sound pressure level have relation to habituation.

The second one is an examination of habituation in relation to attention in dichotic listening situation 

using the method of continuous judgment by category. We make it clear about character of noise that is 

difficult to occur habituation. We tried to do index of habituation.

1. wfimmsm
1.1 # Cable
bctz&m• o/eab,

r-nnj (Habituation) ^W^SleBg

lt\ Amrofti • £ nr v s tc
0 t CTV^o

1.2 mmsm

rtsiu ^o-c. h&mmr

c-o'*„

ZiK (Habituation) k (Om&&MWirZ>0

o A o ,

2. m2cj$M(DMm
2. i rtRtij k
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^ez-e, rt&Ki (o

^rz-e, T#^#^u-c

TtR^j ##

#^^TV\ #^#^^v^-C#)^WJ#$r#-XLTV^5(D-e, r^j (7)^(cjoi/^-c. #8%

z^T# 6 t %z.1t
^ 8 :$J# t U 50-250HZ %r$L%tp‘L'k L 

tl Bir cD A ml t - 4- x 5 mW t r o i ^ x mil <D Sse £r m L,

2.2 mm^(D^m^mmtmtuDrm

(2) mR&#=

mwtte, t m^x'\'5(M% 25°c, m&m

40%) -CfTc^, %##(!, 20,30.40 ft, ^#&2^ #j-12A-e&6o
(3)

f, ^mm#%(D#^^^m^3 7K$^L, ##t5m^k^&t037Km(D#

mcc^-c^^^2 7Km^ L^m-6#mT$)6o
fo g)-1^60dB(A)'e#^Ly:^#(D^&##4± (1/3^-^f —T$)^)o $ 
It, B'OMVM^n, #«9%gL#M^ 200msec, mL#^(D

io,so%(D 2 7km, w</i-&,

50dB(A) b 60dB(A)(7) 2 7K$^BSL/-cc |g-2 o£ «9 , %k 9 iS LB#f! It
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50dB(A)t)L<^60dB(A)(D6#.#^^#^$il,.

^^^#m#-#-(Di?#^50dB(A), ##^60dB(A)(D###f4='e(7) 
#J^#"C^)6o ia^E 1x2 & souce(l)c h1^ 3,4 souce(2)0 eF^E 5,6 souce(3)

#!9igL^^ 200msec. #!^e^^20msec(10%). ^#9. 

10^. 200msec. #^^^100msec(50%)(7)^m'e^6o

80 ” souce(1
souce (2

W souce (360 -

1 000

Frequency [Hz]

m-i ^s^jizssc#^

h ■. momwm

m?%

®-2

was* Leq (dB) LLz(phon) LAeq (dB) step ijig (dB)
#mi 62. 03 60.81 50. 00 0. 88
^#2 72. 03 70. 82 60. 00 0.81
S*3 50. 15 63.51 49. 92 0.51
^R4 60. 45 73. 38 59. 92 0. 49

5 53. 53 66. 22 49. 94 0. 46
i=P^E 6 63. 53 76. 26 59.91 0. 45
##7 40. 63 40. 00 0. 96
gR8 50. 63 50. 00 1.01
##9 47.63 47. 00 0. 52
#mio 57.63 57.00 0. 59

m-i txv-'yzfm

(4) h^#ji

%WxDmt;&fT9Z9^#;M-6o iooB(Dy^</^b^z6o

9 c ^#(±4oe^m^L. ioefmo##. i5e^(DA#f;#(D^#^
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&4—df- M=A^+6Z )!:#$-#-%. Aswm*, 2-oro 3etSE-efi 5
BSSi: Lfc„ *#8fc*l4, -oro^SKjitLT, 2@ro*K$rfiofc0

(5)

v^/wo$<bS;ro*ett«-<blr, ELV'[a&;4>ff:bftfc[H]B£${b*/l>tomLfclim-e9J«9,

», ^rro±-eESi"5$l*z4s 0. 7 -e*>5 step tgt0*s SCESLfc, ;eroj$M5:*-l (0 step 

ts®i«tc^i-0 ^tL^titois^icov'T, Bsmt+eic/hsvMMqtibn, saiE#e 
*«##!:%) (P«0. 5)

(e) wishes:

E#1b5a5#$Scl4, 100 @to - ^ntcStLT

eLfcfcto-efc50 tanic<v' Oimwic&s^i^-tv') «tst\
@SWkh,, E$4bKJ$it#l4/h$<t1iii:&5„

EpZw lE^.fu/^ni'TH^ (step)
1 4. 78

f«(2 4.80
"Q1^ 3 4. 39
#R4 4. 30
"a# 5 4.59

6 4. 42
wan 7 5.48
^®8 4.81
%M9 5. 16
If *10 4.62

1-2 rtfftj

(7) %#

a) E«(bKlS#»

fcz4S, SSS^ffll4^A»ofc0 o^5, t)**®K»LTm©*lW5r LTVfcfcV'

x.6. *fc. m©»«t LfelESMbKfE^*^. ^Ero#gsj:ro*SM5f*it),
t:6, SSWro*-^-, (LLz) t L5-L95 (90%v^yESb*B) i:to

taii^it<, Leg £ log #8#^$)
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2.3 mutt

Y (JEmtU.fc¥uW) =-0. 043 XLLz+0. 2165 X (L5-L95)+4. 568 (R2=0. 790)

Y dmihraflS:) =-0. 0474 XLeq-0. 00246 X log (#^#^#) +7.321 (R2=0. 897)

2.4 ^6 om#mam##%

(1) sw

^(D^fe%m\,'Z>0 irftfr'hs £

(2)

a )

n) ### (Alt)

7t0 ^#«riaoi5a«0
• l^lt^l (ny h n—/I/)

- #&#&# 4^# (##^#2@, ;%#$#)

. w</P 4 ^{4 (40, 50, 60, 70 dBA)

• 4 ft (tEMUcDMlO, 4, 20, 40 Hz ; 100%)

- (/<y/^y^X, ; LAeq = 50 dBA)

- 13(3/12^, 40/12^)
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tf- 15 A#

c)®m% *f4 6£, W-8ig0

(3) ry-y- h

b^-ofczbif 5 »>£ 5SFgrStifc,

(4) #&%#

#£*St (5#'S$) ^#tSL, SDtt-eff«*5tt»fc„
(5)

Tte»»tfr£ffoX, tBtiwfB«b£W^fc0 

a ) ^ y f a'flolX, th^4r ^IJ-tr (£) LAeq

b) (1) COflUH^IStb, 66lFErX>:£i$X> Laeq, LLz, sharpness, roughness, fluctuation 

strength b

c) * x =;'y -iiaw«a:»SfS0«

d) S@»5>»r

• ##ew
fMcbf: ###-#!:, Pg®tttoy^/h81b^-¥x, x b-A 4 y %.

Ail;:, fobfrab»^1-Z>c t6SR#l4*lWff *EH^ *K LMS 6, m&flc^<Dpm%'fr i«

XA7I4, ^®W<b*I^Lxmxft7bmfc#ro*WroB$X-;fc50

y^/hg(b#^±# < /tse,

i£<K„ /)'5* v^/h^-lbrobtiSK*!'LXiotidSSltfS< , &i/

^haft®mai-»tXI4i«V'*SX«*(f^fffci4XV'5*i4‘t>i»5o 

8kKEMibS)$:«ScroSi±i*?ix%5„ $i*i4C6K, iMA«S£#roKti;£ w</vSro*

«X$>6„ xth»K<Tlal*emm+6.

JESfbKiSfBifti: LX,
zvmzn i »bl:ro¥i#Jtt&#$Lfc, ^n-en«W^lE#<bE)$tB», #*i%@#X&

##ia, lessroa-g-ii-yy-i' xa-x a k*x (llz). is, #mm





###& irjo ft 6

Our Laboratory conducted fundamental research into the relationship between applied pressure 

and mental and physical reactions to determine the “pressure balance” of clothing arising when a 

stretchable garment is worn. We also developed a practical pressure balance suitability evaluation 

system to evaluate clothing suitability.

i .mvcmmsm 
1. 1

i ^ o fviA^'i-7. rNr d: o r4^ r;sm

V'<55xnRvDwmxSS (SMx Sxpfx /JDIizi) ^'V'oV'o^c e

^EW"e$)do

50%i&< &bK^(Dljp

+5>#slA±-emnaa(DEA'/iijs§rff 9 ^ x̂

'Srvtzfrte<9• Mr5r ^$6i-x e

«9x e^ef^stix ^ h (itttEii

i.2

:#a&3-)(DX-HcemLx
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»DE«Sfc#LaEt6. Xt>\ ±EStt t tigEtSroll#.*##? Lfc,
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®«8fctl4, E«RfST'is5V'Watt^^6ti> tSSBWreSSroig*ib;h.*v r i: £ 
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72^ (#A*/<?y^) t Lfc„ *13,
Tl*. AtW-iffiV'irW^Lfc'^yx^fflWcs
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$^r*s 5*ffl$*«©EVx yx8^t$W«->7TA*Lfc, y^-to^&RS 

14, JIS »feR*lcttfflLfcx-$I-fcl:<SS, PflsSHliMf-^X, *#I4L11-^X', 
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We developed indices for measuring the muscle fatigue and the sight fatigue, which 

accompanies VDT work in this year. In index for measuring the muscle fatigue, we developed 

that more precisethan last year(R=0.72,n=32). And then in the study of index for measuring 

the sight fatigue, we made experiments for evaluate the site function (n=23). As a result, we 

could develop index(R=0.72,n=20). On the other hand we made experiments as practical 

application of human sensory index for measuring the muscle fatigue to verify that the index 

is effective for evaluating the muscle fatigue from VDT work more similar to everyday life 

and to examine the effective method to alleviate the muscle fatigue. As a result, we confirmed 

that the index was effective and the massotherapy including bathing (10 minutes and 42 

degree) was more effective than resting on the sofa.

i.

1.1

1.2

C, Ifcmwm^c (STEP6«Mi) ^ LT,

1.3
(1) V D ^ 17k 9

(Atii^m

(2) VDT^#i:^t;k9

zimmzfCDmmik = ±#) &&ntz>0
(STEP6 L6-P5)

A*^se#ro«$$ayes. AS^tt&Srii L. ®*
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2.

2.1

(1) #BS<»iWS[S]±

(n=39) Zht ABSCISS roSiSftSrtlft Lfc.
LTV'5.±E*. •f'^b'ibRASrof • Mroft^iS (7@FSK$) 

fioA. iEW-a'lli, #*##« jc$AAf y ^6. ?^?60»JT'20 

a-F«1B-eH-4.'S-!)-yy IJ y^'Lfco m$$-efc5£3a, ff»a©*<t«|i]tfiS^ t 
searo$fbro'>*v-y-A (^x^i&rm-estf-i'y h ('>L*Jit 

V'5) KIT) £tttti • @BU Sms-WSrffv'. fg«»ffl*E£lToA.
(2) ffi«#S1*

^'^i'RTWiRASCf • *ro#^S^=iT^3df^ y HKTro^—A|J7 Wfc 
9 , ^ixbn'r — ylrbV^TftiiroA^ — ?b*bib:tSS;'efc5¥*5)JS]ftSJ^'',7 —

|S]«-C*ofc0 -b-li^EroBStott^l^Fplja^ifo 
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We conducted research centered on the role of oxygenation in the body metabolism to develop 
measuring technology for oxygenation in tissues and to formulate indexes for mental fatigue and muscle 

fatigue due to oxygenation.
We formulated an index for the mental fatigue arising from compounded mental tasks of memorizing, 

calculating, and searching to model mental fatigue using a VDT in an office environment. A correlation 
was determined between the subjective attention difficulty values and the oxygen saturation measured 
at the forehead.

We formulated an index for the muscle fatigue arising from physical work requiring light muscle 
power. A difference in tissue oxygenation was recognized when the same muscle power is expended 
before and after muscle fatigue results from the physical work.

We evaluated the tissue oxygenation meter at field. We improved the tissue oxygenation meter for 
confidence.
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The goal of the current research is to develop a vigilance index based on the EEG measurement to 

continuously monitor the operator’s vigilance fluctuation during car driving or various machine 

control tasks.

This year, as the last year of the project, the vigilance index developed in the previous year was 

improved in accuracy and simplicity. The index was represented by a multi regression equation with 

the response-time deviation as the objective variable and the EEG band power as the explanatory 

variable. By subdividing the EEG bands and selecting least optimal measurement points, a high 

correlation coefficient of the multi regression equation was obtained by measuring only two points.

For the prototype of the vigilance characteristics data base, data on the effects of environmental 

factors: atmospheric temperature and noise level, were obtained simulating a car driving situation. 

These environmental factors gave no significant effects on the response-time deviations. On the other 

hand, the effect of individual differences of the subjects was significant.
As for the application study, in cooperation with the other associate laboratories, experiments 

were conducted to investigate the relation between vigilance fluctuation and circadian rhythm and the 

effects of plant control interface designs on the operator’s vigilance. These results are described in a 

separate chapter.
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Our goal of this project is to investigate and develop the technologies that support designs of visual 

environments. Four studies are carried out in order to achieve this goal: 1. study of indices regarding 

openness and pleasantness, 2. study regarding the supplement of indices by using computer graphics, 3. 

study on an evaluation method using the fuzzy integral.

In the experiment that assumes living rooms, suitability of illumination is evaluated. Repeated 

measures analysis of variance is used to assess the effects of illuminance and color temperature, and 
regression analysis is employed in order to derive illumination index. Two experiments, which assume 

offices, are carried out. In each experiment, spatial dimensions and illumination are manipulated, 

respectively. Repeated measures analysis of variance reveals that ceiling height and depth significantly 

affect a sense of suitability. Regarding the effects of illuminance and color temperature, main effects and 

the interaction effect are significant.

As for study regarding the supplement of indicies by using computer graphics, 2 test was perfumed 
to compair environmental simulator and computer graphics. Regarding survey of subjective symptoms, 

there was no significant differemces in several conditions. Especially in conditions changing spatial 
dimensions.

As for the modeling method for subjective evaluation problems with interactions, we first 

construct a modeling functional called “advanced partition type fuzzy integral” which selects 

interaction terms among attributes by partitions of the set of all attributes, and then develop a 

modeling algorithm with this functional; at this time, we compare this modeling method with the 

analysis of variance based on application results of a concrete evaluation problem for openness of

interior spaces to verify the efficiency of this method.

i.

(2)

^mem
cg mmt b, cc#

- 99 -



v'®-eSmT'#5 <kW«#$roEA$zy 7)SSSI-<C5„ rrofcfctc, (Sttro*-g-ro»#lh

(sft»Mfi7r^^a») &#%u,
Stt*SEf^ffl3*ro*^stti-e#d#tfrT^ Jy XArowig^ff 5„

2. W£l**«*rolK®

2. l ti it 5 #a##-6-ti;#«rose

(1) *66*i£

*#*#i=ag- #tcM-f%##*%-§-%*#&&t*, isg-

*S6Klt, fiM5*2g (751x, 2501x, 7501x, 1125lx, ISOOlx), fe#g$5*S (3000K, 3500K, 
4500K, 5500K. 6500K) P [S?pl * Pp fj2 5 {B0>V'

s««g i: LT, Mft®, 1*as, 43iT>,5i^®Sr^tf7i|gSrfflV\ PjiPjiroi*g h*tL 

T7g[|RSt*lfIHfc,
#86# it, 2oSK~60Sftro5tt2o<8, *tt20£,roB-Ho£,£fflvfc„

(2) *8656*
tlM»#rro#*, SiB-®i:6to®, ii^iStftSiStroP^tai,

#1:, SS-g® i: Stii® t rofflM«»lt* # MMirRiftStro
tSM#E^o.8386-e*,y. zjibroMht, 3tV'jsMIB«^»e>jifc„

pmftm&mmg* (y) ht, p#@atia 

pro#*, wTrom#A&#^.

Y = 0.3585+ 0.8793 (RS®) (R = 0.9824)

R*m'j$hZ5eme#ro#*, bb$, &&*, $3zu=,#%& & ro ^ 5 % ?

ftMX'h-itz, SMi:fe?BSjrro5mW8;4S*ire;fe otzZbfrb, 6&*^ag-®l:#x.S 

SSft, fiaSIc^oTSjioTV'Sr ir»sfcji>oYc„

*A-®h#+6 LT*% L, proWflP^Sm (Y), **86*B

LP, @BW@«»W^jfofc0 »ibjifcHl#S;P*iht t*50

(3) SEfEffl L/--^mwetfcroair

1

X. #ir$$c

«mW*X

log cem dx))

(K) log (EM)

[log (EM

(lx))]'

[feia*]2

iS -12.7109 8.0058 0. 0012 -0. 0003 -1.3391 -2.0X10'

1«S -5. 5801 1. 1900 0. 0015 0. 0004 - -2.5X10 '

-4.5036 - 0. 0016 0. 0004 0. 2093 -2.5X10'

— : 5 %P'*ST'<ez)>ofc3SB



2. 2 £ it 5 flmiS-SttSSroff «
2. 2. i ■g.Tgi^&m-k'&nnm

a) imnmm

LT, *9#, j3J:t>'ii^!Slrjfro j; 5
*8i$»4x.5ro»^ff«L, Lfc„

LT, *fr#l44B7)^6m$-eo. 5mgiJ*<7)5*S, irBB LTli, 2. 5mZNL3. 5m
iiTO. 25mSij^to5**5rfflvxfc0 SSmt, -ftibro*ero-f^TroE»£;b-fr£iffl$,b LT
fflv\ -en^nowstK^LTro!®, toss, fc-j;
U<iS£-!64-7®pgXST'Wtt LTt) 6O»JS^#^5h,e^roMj3j:i>*feSSli, 5471x 
jb‘ J: O'oOOOKC |a$Lfc„
(2)

(y) tit,

«5ttfr4ffo:fcSS$, BT0*Ii5-!lt.

ZfEfflltWSTIttt^ofc (F (16,624) =1.4530, p > 0.05). TOT&lt, B£-
3c#i*K»fV IbL-f-ST&sr t 48* ltv'5,

6<7):

, 2. 75mfc5V'li3m*S*fciSV'fffl*#T Wc 

5£k>S£\ j:iS6-!6t>ti»N-5#|6]»^^h.fc„

LA 5m

$7L,

me#, i*as, $3zo=im%#ic#i-6LT?% L, -eroqysHi4®M
(Y) 3:## (hei 811 L,

III) 3o ct uv'J*£i j e (depth. #16 III) L

il^f£ = -15. 0173+0.781 X (#fr#) -1.9143X (3^*%) 2+11.0517X (^^)

(R2 = 0.9326)

2. 2. 2

(1) mmomm
BS^CDTkma: LT, 200, 300, 547, 906, 15001x<D5o£l£:^ Lfc0 ^ /d, 3000,

3500, 4000, 5000, 6000, 7000K(7)5o^: L, ^6 Lfc!McD57K^ £

L-mM,

(2)
u, m ^ lt, Pii^m



Y = 0.3300+ 1.0625 tffcaglg) (R2= 0.9949)

7^. MS (F(4, 156)=253. 0151. p<0.0l). 6i&S (F(5, 195)=48. 5731, p<0.0l). jo + t>*£

SflMB (F (20, 780) =26. 6476. p<0. 01) '& Z t tzQ

mmcD&wn. 6iasc+

MSjMS^2001xj6Z%+3301x(D#^. 6^

&(D&Wltfo£ *9 5471x. 9061x. 15001 x0l^, #(:
lSOOlxCDS^E^-efco^o 15001x"C3000Kjoj:m500K(^#LT#E^#< *ot

#9. LTSLTW^V^^^J^r$nTW-0 5471x. 9061x. 15001x(D#^x 4000K

^5000K;6>lg LTV'5 £ #E £ ilT V '1to

m&m, t&M. jo+r;M%#T#i-5 LT^% L.
S# (Y). MS (1 x). jaZU^AmS (K) &#\Z:S#LLT. ^r<%#

iS^f£ = -42. 5861+30. 4715 X log10 (MS) +0. 00092 X (£*££) X log10 (MS)
- 5. 6873 X {log10 (BS^)} 2 - 0. 000000247 X (fe?&S) 2

(R2 = 0. 7920)

2. 2. 3
(1)

ms. tsxu
:2.5. 3. 3. 5m.

: 4. 5. 6m. MS : 200. 547. I5001x. 61&S : 3000. 5000. 7000K& L. LbL£E£
^+r. l/t
#^L. +-il+?tLC7)W(C^LTfflM. ##&. jo<fc+,Mim7l|@}:Mbt7» 

STWE^-tir/T
(2)

#1T#. MS jaZU(6MS-5T6^#Ef 6^A. + d
^#A(F(2,78)=5.38. p<0.05).#fr^ (F(2,78)=33.6. p<0.0l).

MS (F(2, 78) =264. 77. p<0.0l). A.1&S (F(2, 78) =91. 34. p<0. 01). jo+ t>*J^fT# bMS ^ 

(O^SfNm (F(4, 156) =4. 37. p<0. 01). MS t fel^S t (D^Xi'ERl (F(4, 156) =108. 27. p<0.0l). 
t MS t (F(8, 312) =2. 84. p<0. 01) S&i£tF£-¥;iT

it-<T/h£v\ riLti. + ^

2. 3



£%ummm&¥$Mik(Dffi$E.(D*jmj&$:M'<Z)tztb, mmfflT&wz.£?)ftbtizcGm
l. -±r n*v zt-s an on -V X, J-_ -iVrr B. i -r- -W. 1 -r- CnA =H7 /Sn'±r BA. -#-. -t— _ -A.

HBSOx) 547 330,547,906
es«(K) 5000 300,040,005,000

^#i6£(mm) 250,030,003,500 3000
400,050,006,000 5000

(2) ##

(m:M 5%) 4m 3m
Mch^'&lkX'foZnmiD&'fT 6m kx#mz. 5m C G dJ*

U(V%WLb CG^MKgfcmkJxfcV'fl^ 5000K b 0>ftfSUc:*t Lxmm
(D§pm(D^^cG^it-<-cm<^c6$# (m:#$ 5%) -efco^0 6#m

^(TD-fe^S 5000K C7)M 9061X -CtiSI^(7)W^ CG(7) 
995 £^13: 5471x a±(D 5000K

CG^Jt^T&V'^ 5%) , 3301x 'CMSIcD'feM 3000K t 7000 Kt^joV'
tii©»^cGi:^t?it^^ 5%) X'h'it-o soook ^

(7g$^5%K (#]#(: 9061x

TcD'E.MSi^fcv'TSi^toSijStD^^CGirkb^T £ v BxSdS u5 (ftiw.^ 5%) Epi^’C&o

iV'T £ >9 CG(D^(D#'#^#<

##ib(D#^(7)pTme^Z >9
t\ m99#^%*c z 5 mmm



«*Lfc„ mi4SroattK«oT»»llcJ: 9S5ffffl3*-l'iSttidn5M»-eifo5„
gEti^-SIrolWI-roTE /’^Fkn?i35ZS^ffliier #$i|roM&55u /”-? , P-i (/#

tm& + %. «ia, .-v =
(1,2,3) tc*fLT;»#l P = {(1), (2,3)) £®;h,lf, Btt 1 b 2 *5 itfStt 1 t 3 roSEZfF
ffl»saajsn5o
Sot, 4 >' *b S1BS 7 r 7 7 fll^ro ffl ro 4= ffl®#S#a7 r

v=-f«^5r*a-t-?>r i:z)ST*#, WW-IB^roiSfimi, gttii?47)©fc2>»f')*att)+ 
r t tc j; o *K«*SESf^ffl«*am-es stv'j »»®7 r
$Ui, PW76«)@«cAS®roi;^^-C'-4-x6Sx50

(«u{ vdft = Y^(('}) + Z Z Z Z \-hpM(I), (1)
leN p=2 k}< ■■■ <kpTp<=S p 'l e/*rp(l) ’ "' 'p^rpip)

'l <-<'p

trtt, /= (/,........y,)-efcy, //"({,}), / ro^iSiMjsJ:T>*JStt /„...,/,

L/7L, »wi@ 7 7 -7 7 85/9-e li##l Sr A' 1^(44" 5 titoitPSS Lfc®"e, WSStLSt
ftf, 4-¥«ii,

iottliKtoltfit-) /»s, ^■S')ro®0:*ro$J®5r$t OKKttltiO 4IF.,M#'S8i!$7 7 7=7
1. Affftttii, WSSSra^'S.StiS^T/kV'JSttf'*>ro*-a 

A'(ca) .IrotrolttegrltBSL, 9tU& NO 2 (Ba_h(7)5n6j*-oS;TroS^a-S-±T*li) 
(tot, tr@#i»S7T 7 7a»w®l4(A-,P)lt ioT«:;££ft5 

ril:*ofc. troj; 5 P.H^Itli7r 77%©*■§• Sr*7 7 77 
mei/Of-g. 5$*:£liX*&tllc (DiCi: 151 C/Ox #W'lro»/<p L*/»s±<Z) i 5 ItZHS/MS 
SScofaroBS *t> Ce AT /i»6/ eA:icWHd jtfc0 *a#/5s6£*$ii-fcr i: e*m««K 
¥4~„

«« /V =(1,2,3} £¥£„ 21©t#,

(md| vc<u = /'*'({')) + *i A2^'U({1,2})

i/V'5 77'^®¥W®#m»Si7T'778(»«, gEttlc^TSSfEffl/lsSitiiSftSE1)
A (Difni. 5 i: fc*asn*V'*s, n toSB^e-g- #=(1,2) lt#¥6e#'l
P=((l), (2)1 68#(1-iitf*9l£ftS„

ikltrroM#^ff«i@8ro;e¥/p(ttteeifc»t)®T/t7'!; £¥, W«
MBi: LTroSftB^|g*^|£]±5-ti:5fc»(t(l)$!:it6iciS c £ (rax: ft., iEfc. MJiSil <? 
«DV'lt3Sir*¥») o, ««t<r t>ro^ESLfc„ @%%E
# it # L T & A »*® 7 r-71 * 0 » ^ ¥/Hi

£■ = (wD§vdft+ c V- e
%]#&, z4ui#m#m7 777#esa0#f¥7Pioitt##im[m')*f¥/i-

104



(AIC) &fflv>fc„ AIC i«^5^-^»taM%a3ULTaia»JE-7I^©STH:* »)*-§■ 

5r*i"SS-efc9, rffias/hsv'g^x/i^STB:*oasftv'j rt£^-f0 it, %m 

eSi)S7 7i;-rfl8^co#®j: 9 (K,P)^W>tritJ: 9

#*I:R^T#5A)6, T=f V X'Ali#(K,P)KSi"51 ®'»t-Vwd AIC **6^0 

E^*'l'tollHl«^7>5raaji-5t)ro^Lfc„ fcfc'U zcotZtDP it K(DttMOibft 

*•§•(:: *hf-5ttSro#Si|i: Lfc„ E6i^7=>iimro7n-=P-r- h£^i-0 
5 6lc,

#Wj:#JBttff«ffiJB : 'SrtSWtoMM' Lfc. rroirS, S
SttirtT^#*. *8, BP.*, fiifi*£RSL, l oijl: 3
3®4ic*iti-2>fc®t Ltz (4 7csa«)„ »*+-<# si #mwit#mi:#L-rwrmzwm

^#iS5, *8, «P*. fefi*K#-9- 1,2, 3,4 (l.e. ,

N= (1,2,3,41), 3 A<08K#Srt$H# A, B, C t|E+„ -rofeirl;:,

<5%, 1%)rogsic j:or$iaa$ (Bf #a$
#&, aic ^tvk e#e*
^7/Piliq2^, #2(a) (b) (c) A, B, C ro^TVW^jolt 5 AIC Oft^ *OS

i arose-si-it
M4: 4 Stt#*#S 7 7 y -< SI^tvV
L4: 4 JgttiBSlArTVV-
Min: AIC ^74- (i.e., AIC

V : MMtrA (*## A : *S*9S l%gS, %## B, C : #S** 5%g©

s. $fc, s2a, s 3 ati4,ma^*iES77v:-i-a^ro^4'x*$65m
(a; P)x&y , iricfh.##Al:mro6j-c6M%ro#^ t $S^fflJ*ro$mir«b5^»]

T'fc-5; S2W (1,3) *ibif*i@5£lcjgtt 1 t 3 5:Il'5:t5-gl, S3

SJfl5 1(3), (4)) *ibJStt3 5: 4roSZ^SJ**atti-f5ri:6*-t0 &fc\ S5 nn R\t

SfflMffiS*. S 6 aro pt^tT'/Hcmro 6tcf:/<7 ^ -y



1 &###*$

I II in

3i#M (cm) 260 280 300
#fr# (cm) 400 440 480
!M (k) 75 250 750

OO 6500 4500 3000

2 (b) AIC (%## B)

^E-T/V K P AIC R P

M4 {1,2,3,4}{{1}, {2}, (3), {4})-296 0. 676 16

Min {1,3,4} {{3}, {4}} -308 0. 620 5

V {1,3} — -307 0.590 3

L4 {1,2,3,4} — -305 0. 601 5

2 (a) 9'Jl £ AIC (%%# A)

^T/1% K P AIC R p

M4 {1,2,3,4){{1), (2), {3}, {4} 4264 0.802 16

Min {1,2, 3, 4} {{3}, {4}} -276 0.777 6

V {1,3, 4) {{3}, {4}} -273 0.762 5

L4 {1,2,3, 4} — -258 0.702 5

<c) mEumffvi/k Aic (### o

^67=> K P AIC R p

M4 {1,2,3,4}{{1}, {2}, {3}, {4}4246 0.699 16
Min {1.2, 3,4} {{!}, {2}} -255 0.646 6

V {1,2} — -253 0.595 3
L4 {1,2, 3, 4} — -254 0. 139 5

K : N (DttSto955>S^
P : K (DftMcDMftM&CD&M&fr'iil

### A Min £ V X'MtB £ hZ££.ftfBJMlZffl — X'fo'Dtz0 7jk(-x
B,c Min ^ V N

#cd AIC *), m%hM£A.k(Ob(D$: AIC

tibXbMtiz&hZ) £ 12% x. I- < V'd £ ~(D~£

3. L;(pU AIC 50

1,2 Z9-##me#r:E-7vH: AIC 
3 AIC

12—AIC

r c^ws-c

106 -



mi (#:&##)
88^ 7501x a±"Cti 4500K t &V 'fit£^ LX V' 50

(751x)

mGmzJfzzmfzoKWtts Jcti&M&zmmn'tziK

$ <0 £&t>fro1z0

ms js(t6Ky^y

K^y^v^cD-e. R8##
7501x j^±T:\ 5000K ~ t LTV5C

04, 05 CG
6 z ^ ^g^^ lt, mmmt cg

m# t %am<o^<Dft*mm<r>mgk&fa\b £ n/c0

me Mg®;efMl:07n-ft- h

5o tfaSLUfD&Mft 0 -C'^V'jRttoll^ Kk Kp ^





ABSTRACT

Human sensitivity to vibration and a method of evaluating multi-axis random vibration was 

investigated.
The first experiment was conducted to measure the equivalent comfort accelerations for vertical, 

fore-and-aft and lateral feet vibrations in the sitting posture. Results show that the sensitivity for 

vertical feet vibration increase at 10Hz and 20Hz, but the sensitivity for fore-and-aft and lateral 
feet vibration is almost the same below 20Hz and decreases at higher frequencies.

The equivalent comfort accelerations for fore-and-aft and lateral seat vibration were also measured 
in the next experiment. Results show that the sensitivity for fore-and-aft vibration is highest at 2Hz 

and 5Hz.
In the final experiment, the accelerations of sinusoidal vibration which produced discomfort 

equivalent to various random vibration on a rigid seat, were measured and the effects of frequency 
and axis weighting factors for random vibration were examined. Results show that the weighting 

factors obtained from a series of the investigations are more suitable to evaluate random vibration 
than those in IS02631-1(‘97).
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We have studied on the new sweating thermal manikin, through the discussion on the 

micro-climate within clothing in terms of comfortableness of clothing such as heat and moisture 

transportation. This manikin can be used for the evaluation and design of clothing products by 
measuring the microclimate within clothes and thermal insulation under different conditions, 

such as a the clothing, chair and bedding.

The manikin was dressed in working clothes and the changes in thermal insulation was 

determined from the power consumption for different room temperatures and sweating rates. As 
for human bodies, the power consumption increased at lower room temperatures and higher 

sweating rates, and changes in the manikin’s thermal statues due to the sweat-evaporation were 

apparent.
In addition, we evaluated the climate within bedding was measured for human subjects 

and the manikin using the same combination of upper and lower futons. In this experiment, 

when the temperature within the bedding increased over 36 °C, the humidity within bedding 
rose rapidly in response to the increased sweat rate, and the temperature and humidity 

relationship corresponded between the sweating manikin and human subjects.
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ABSTRACT

This purpose is to propose indices for static and motor characteristics suitability of sitting posture by 

the works as follows;
(\)Development of indices for suitability of postures through long-term sitting; The indices to 

evaluate suitability of sitting posture was validated by the analysis of measurement data of back shape 

of ten subjects, and changes in posture, body pressure distribution, and subjective evaluations in a 

long-term sitting on the conditions of six seats.

(2development of a evaluation system for suitability of sitting posture; A system has developed to 

measure and evaluate suitability of sitting posture easily. This system was constructed with a mat type 

body pressure distribution sensor using 164 channels of thin load cells, and back shape measurement 

device using 50 channels linear potentiometers. The practicability of the system was confirmed by the 

experiments on the conditions of ten subjects and five office chairs.

(.^Development of indices for suitability of operating motion based on the human body model and 

measurement of physiological/motor factors', A human body model has been developed for 

conducting useful personal computer simulations to evaluate physical work loads associated with the 
sitting position and leg motions. To derive factors influencing the ability of operation and the physical 

work load of the arms, the picture recording method of arm motion and the method measuring hand 

operation have been developed. The methods have been applied to a practical situation of computer 

work.
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Today, requirements to industrial products are expanding far beyond the scope of functionality to the 
area of comfort and easiness to use. With these background, Hiratsuka Research Lab. has been involved 
in the study of walking comfort and lying comfort, which human being spent large part in daily life, for 
the purpose of establishing indices of comfort and evaluation method of conformity of the products 
based on these indices.

For the development of production-type systems, which has been developed in 1997, general software 
improvement and the conversion of software to fit the Windows-environment, which is the new 
operationg system on PC, and made the integrated system for the evaluation of comfort of Up-Right 
Standing Position.
As an application, research effort has been made on the fatigue of human up-right standing position in 
the context of physical properties of floor characteristics. In particular, based on the observations made 
during Heisei-9, a prototype of floor-mat was actually made which suppress easy fatigue and through the 
questionnaire test, desirable range of the characteristics was found. Also, they were correlated to the 
long-term fatigue (chronic fatigue). Lastly, physiological approaches, which had been pointed out during 
pre-stage evaluations, was adopted in understanding the relationship between fatigue of long-hour 
standing work and sliding.
Positioning the system developed in 1997 for the prediction of Lying Comfort as “Production 

System”of Lying Comfort Measurement System, software improvement had been made, which includes 
handling easiness, and executable in Windows-environment. To verify the performance of the new 
system, subject test has been made, whose results has been again fed back to the system, making the 
system with high maturity.
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• *iifc<DW%M

To develop basic methodology common to each laboratory concerning the human sensory 
measurement application technology, we have been conducting R&D on the following items, with the 
cooperation of relevant laboratories.

(1) Development of questionnaire for subjective stress responses
(2) Development of simulation system which evaluates the adaptability of human movement
(3) Development of estimation technique on clothing microclimate in consideration of clothing 

materials (Joint researches with Nara Women’s University)

(4) Construction of database system which stores experimental data and developed simulation 
software

(5) Construction of a handbook which stores various indices, methods, models and developed in 
this projects

(6) Verification of human sensory indices by a simulated living environment presentation system
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