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Scaling and Evaluation of Whole-body Vibration by
the Category Judgment Method

FF FEF ChikakoKaneko FKIR ZEZ Takahide Hagiwara BUEH BEiififf Setsuo Maeda
O RRIR L 2— YRATLEMMRE / MITTBUEA EEEZEESWER AMIZSFEMAZEE

Abstract

Quantitative evaluation of "degree of comfort" is an important aspect to consider when
evaluating the nature of products or the establishment of design-objective values during vehicle
development. In this research, the category judgment method, which is one of the scaling
methods, was used to create an assessment scale for evaluation of whole-body vibration to solve
this problem.

To scrutinize the effect of the difference in the frequency component of the vibration on
evaluation, three kinds of random signals with different spectrum were used in our experiment.
Consequently, while the quantitative relation between a vibration stimulus and degree of comfort
became clear, it turned out that when a vibration contained more low frequency components,

the degree of comfort declines even though the acceleration level is the same.

w5

"D Ol O ER RN R S PE ORI P A F HAHORE D78, OV DRFEZ L TV ETE
RELRETH %, AW TIRTOREMRRDT=DHIT, RIENRIED 1D TH % A7 3V —H|lrik 7zl
MUT, ZEHREN DRI D728 D N LRz il Tz,

FEERITIIHRBN OSSR 7 DIENIC K BRI N DB W5 T2 b AT MIVDRIL 53D T
2 LARE) 2 U7z, CORH RENRITI L Py P O 5E BRI S M 7 2 LI, B o s &
LANIVDEICTE AR 80800 2 2 S G THREN DO ST DK O ARITIKC B e 8o Tz,

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

»wi Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

Wi
(XL &IT B
"FEDLLHL" D 5E TR REA I R ST O REA P R &1 IERELALERENE

T HEMHORE D72, OV DOFIFEZ LTS NEREEL AL e

LT MBI TS5, T LHIOFEMREE | 0315m/s 58 | RATHEL | ¢ 1o omeoui

LT — IR NERBIC O W T ORI TH % (0315083 mis”] SRR | B0 e

1S02631- 1" A DN, 2 TRIBHDAKIE oo PR
0.8~1.6 m/s’ iR AV 0.737

I BRIV T I, HEIN RDIDDHIT | 125~25ms” | pmuFm | 5777 9%

TR BEEH201000.5~80HzDHRE 2 [ ekl | 2nvs*AE | FERElER

IEUTER U A el e hnssi g 9850E (Frequency-weighted Root Mean Square acceleration DL T,

NEEEEL )V EPES) TR 22D E LTHD, PRiEETEE DBIfRZRIDIIITIRL TV A,

L LIS02631-1 DR EEICIIEBO KIS EEL TOBE0 B0 GHIE NI EE L)L SR
HEIC DV TORIGERTETERWEG O H S (B7) . COREZRIR L., FeD LD E & R EE
EVEB T8, 717 AV—IW5:0 % O TRERZE T SRR Z 1T T2, COML T, SO TIEOM
WTICHERZ STl 9 %,

DIES AR
HIRE RIEEOBIRE VS EEIET BTED  asmmen
TEEWVWEDZEFTHMT 2 571 OB EE L

RIS AL, USRS I &8 B 1E D 2 DI K& | Lk
N @D, REREEDS N ORE LT OIE | THNEE - MRS | mmx
U)ie g2k Uil g 2172 TH DI L, R

BN TR B O RIS RHI 2 5 TR THr<
G35, COR LR T UE A ORR  gg  REwE EEﬁE-ttWJRrE-[ LI P DR

DITHL TRV EDH 5,1S02631-1 0L BERE EiEERE
TVBERECDFHECE DIV T TbNIEDT VAR REE
Holzlzd RIERKNEYNC R ENTEHE D ®1  DESERIEE
WRELIZEEZBNS,

RIERRIED 1 DTHB A7V —HIKHEC DOV T, FIHS D TBERIChID 2 R BIR i 72
BHOREM R TOTFik%2 T T, IRE) TS K CHRETNEE L)L LB R L OB fR7Z IS
MMCLTO0S, Ee AR D& HIC K> T RTINS IRB DKL IS DUV T, 19954 DR
KHZB DR TOLHROZ Z /7 3V —HIWiEZ O THLMMIL TV,

AR TEIANT VDR % 3FHIDOT X Lk 2 W TEBZITO. 17 3 —Hlkirikz Fv
TRIERRZ S % eI BRI L TRiE OB R Z S M LTz,

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

& X

A 7 3V —{iriklic &SR EER—eeeeessssse——

F17 3V —HIWiE Tl RIS S 2 ROGEHI D IER D RICHES £ DL LT, A7 3V — D bRz 1%
LTW5, EERER DS REZRERL TS FEZ ., BR2OK17Z W TEIHT %,

SHEADHIKA~ E DWW TI3ADHERF DB ZNZN3[ET D, FEF39181 9 DR L7z 455 DIk
R BT dV—BOERICEEDTZEDNE2 (@) TH S, ZNzR2 (b) DFHRERICERL, Ch
o AT IV—0 FREFTORFHRZ RS, ZDORE RIS T 2R A2 R 2RI L iTkD Tz
LONE2(O NI HT IV — BT H S, SAUKE2 (b) &5 T I — DR E R - T % B
DCEZMZ 28 DL F 25, B HC LIk EN T A7 TV =882 L TE2 (D) O
REZRDSB,

(a)Original frequency data

category
Stimulus | 1 2 3 4 5
2 A [38] 1 0 0 0
S B 6 [25| 7 1 0
2 © 0 7 1271 3 2
©| D103 ]16/18) 2 (c)Normalized distribution for each
w | EJOJ 1] 2]16]21 stimulus with category limits.
0.4
/'\ Colored lines show
A 02z 1 > | category boundaries.
0 I I I L L
2 0 4-4 31 -2 -1(0 1 2 3 4
’ ‘ ‘ ‘ ‘ ‘ ‘ Numbers in the figure correspond
3| B 0.2- 2 \ 7| the category numbers.
S ! 3 4 0 il N | 32 | .
2 ogt 3[2 1[0 1 2 3 4
() . T T T N T T
bt
w
c 02| ﬁ\‘\ ,
2 3
2 4 5 o el HEREH PSS
-4 -3 -2 -1|0 1 2 3 4
% 04 T T T T T T
b 0.2l ‘/r 5 \ ]
2 1 > 0 L 2 ! ! 4 ‘\'\5‘
-4 -3/ -2 -110 1 4 3 4
0.4 T T T T N T
E 3 0.2} (r . | (d)Averaged scale of
2 4 0 N € 5N each category boundary.
-4 -3| -2 -1 3 4
(b)Converted to relative frequencies - category 5

s ;0 w
r

°© N
T

A

o [1 2
regarding each stimulus. k
| category 4
category 3
: : category 2

category 1

.
Wy N

X2 H7FIV—HENEICEDREERDFIR

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

%5& N
AT NSV X LMESIE 1~ 100HzO | avsyme _

PR 2 155 | A BB TR D W 2 WIS 9 %

728, O R R T AR S R D b 28

AT D 3 FRIZ HE LT, AN FILZBIBITR

9, INHDEH2IS02631- HTHEDSWKIZKDJE

PRHRIE LT I LNV 2 H L ZA A EH 1.0Hz 100 1000

Stimulus F
ICZN5%0.2~1.8m/s’ RM.S.OBTORPEICE 5000 s/
ZC, ISAEIORBHME Lz cnbE3EE> | i
WOBLTAF45MOMRE L BATRT RS, i
SR LSBT 2B TERL TS 251 =
AN DRI R U T o HRBh £ /5 10 Z b 75 o
e U DR I R L R R R L (B 10 sl 1000
5) . HERE T ZNZ N OIRENFRBIC KT 25F 10000 T/ /He
HR2OMW AT IV —DOHHh SHET, WInd 2% S 1000
(1~5) Z I TREL T 5oz, 0.100 — e —
FEEERE RO TSI > TIERLEETEY 00 e = SR
7 LUFERBIR) IC Ko TUB L RBRANChE = B — !
JELARILVEZ ST T BRI R E EO.DRERU 1otz Stimulos L 1000
L DPRZ LT Mz, LLF DX IR T, Ul 3 IRERIBDRNY ML
DEEL L VORBRICH U CHIREIBAD }
50% DN DEINCFHI L7 TH B, CORR 5
ZE6IC T, § s
% 1.0~ 55
-_?C;): 05— 5s
p \ :Lj S1 2 S2 S44 2 S45
Aecoometer || Ampitier R4 {5557
| 4871 (B&K) | 2635 (B&K) %2 %Eﬁt:ﬁﬁﬁbfda?j‘u—
, ‘ L A 1 FR GBS
Electro-Magnetic Power Controller 2. DL ARR
AST—??\??:Lashi)] - E-DAAm?ﬂfkiZZm) - g:rgsrﬂzlr 3. PR
‘ ‘ ‘ 4. Rk
X5 SEERIEE 5. M EDAIR

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

U= a10g10V+b (1)
4 5. Very uncomfortable
TTT 3
a=6.8, b=07 ﬁUﬁFo)t;E;}/ﬁ\ % 2 4. Uncomfortable
a=5.4, =_O4 %UﬁH@i%/ﬁ\ :‘3 0 3. Fairly uncomfortable
a=8-6, b=2.0 %U@L@i}%/ﬁ\ §_2 2. A little uncomfortable
iz, COMERZZR LERQ)ICKD . AT 2
-4
F}l/ﬂ”b:%@;ﬁ}i‘@i@ﬁ?:ﬂ)—ﬁﬁﬁ LAC Llﬂﬁﬁ 1. Not uncomfortable
T 2N L~V R R Tz, N i
Ve - 10t ) Frogeer e ied 1
CNICED. O GBHI T TV —LHEHRD DN @6 DIREENEELNILEDRR
Rz RDBIENTET, TORRLIS02631-1D § § ; |
Extremely uncomfortable

R’g (1.). ;E'ﬁ:f"&\ E7 Lzﬂ_:\‘@‘o Very lémcomfort%lble

Uncomfortable |

Fairly uncomfortable
. E8 C— A lttle Uncomorabis

\ Notj uncomfortable Ié02631-1
E7%E%aﬂiu#j&l{b\6j¢&b%h7’:ﬁ%j ])_Li‘ Not dncomfortz'ble 'Iihis paper

A little uncomfortable
i Fairly uncomfortable
Uncomforitable

FMEDEDXONBEE LNV E O ANT T
BTENTH B TN m AR 2 2 < TR
HTE RITHE XD @ g L)L C e TR
DFHliZ FFIASR TH D B WVHRAUIShIEE LN

Stimulus L

Stimulus F

Stimulus H

0 0.5 1.0 15 20 25 30

)Y 7’:)‘\‘ |§J b‘(jﬁ hai“ ﬁlﬁ%ﬁ Fo 75‘ b‘{z:‘l‘;{ L !?XA Lﬁ we Frequency-weighted RM.S. acceleration (m/s?)
WO TETH BN B k772 2 <G RPRLDOL & B7 REOL®R

WIS IR F &R TR LNV TEARPIED FH IR 5 TV 5, ThHD T 5 IRBIFIID 27
MV F s> T3 8 IBEE L~V E U TH > TH P a0 AR R0 7 2 < GO IREI O /5
B XOARPITIEC R L WVHTENHEDIT RS T, £ B67% 15 L COMPIIIEZE LX)V KENY
BT XOFELE-T0S,

1S02631-1 D JA A IEW k OMLE x> 7= 50 Hi— D IELEHRBI O JH 1 872 & 2 Tiibh iz
LD TH Tz, AWIFETIE FeHRFTFITZ ) ZHREN 2 AE U TR LT B80S X A IRB A vz
. ZDTDW k TR AR EAEYI Tb s oD TR AV EEZ5NS,

EBbWlc B
H1 7 3V—HWrEZ2 > T, 2B IRE O PUE I D7z D HEZD DN RIEHEKZITH LN TE
120 COFFEICE U BUENCE T 2 T DV EEL WD B OB 25 & IRE O I g LX)V D
KNTHPRITEHI T Z 2Vl OBRZHEMNCT BTN TES, 2OMICEOO.OHIE FEE
NBIEE e SO, S SN s EFEICHE O TR g 2 C & W ATRETH D | E BV ZR RS i
PEDFHIERE T HEME DR E 7R E S RO FEHFEDH TENL THWITEZEDEZ LT N5,

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

i i L

WEE R

1) International Organization for Standardization (1997) Mechanical vibration and shock - Evaluation of
human exposure to whole-body vibration - Part 1: General requirements. ISO 2631-1.

2) KYamashita, S Maeda (2003) Realization of 12-axis vibration measurement on the seat according to the
ISO2631-1 standard. Inter-noise2003

3) Guilford JP (1954) Psychometric methods. McGraw-Hill. New York.

4) Maeda S, Kume K and Iwata Y (1983) Evaluation of localized vibration using the method of category
judgement. Jpn Ind Management Assoc. 34(2), 200-205.

5) Sumitomo S, Tsujimoto S, Maeda S and Kitamura Y (1998) The influence of the great Hanshin earthquake
on human response to environmental vibration due to the Shinkansen. Industrial Health 36, 290-296.

6) MATLAB The MathWorks, Inc.

7) Nanba S, Yoshida M (1974) FORTRAN for psychology and education, 457, Seishin-shobo, Tokyo (in

Japanese).

RFTEF FRIR F3

B8R A7V —FIEEIC LB REMROHDY T IVT0I 5 L
DTS LEMATLAB O TG 26D THD, [CIMILTBALTE TRITTE 5. MRLOTDARHTEEN
F—R2EY YT NVF—2ELTT RIS LIS EEAATHHI, MO T — 2 &> TS BFHIETOHIE HERABDD,
F—RT 7 A NERHABEINCT TS LEREET B335 %  JUEH % DL IS,
1) RIS B RS ORGSRz 717 T — BB OB A T2 B
CNEHTAV—1DEEE TORBILE G ITEHT 5,
RICE AT TV =0 LIRETORBHRISHIE LT AR LR Z %2 RS,
DS ANTIV—ETHE D A 7TV — BB L B&UAT TV — i C &3R5,
EDICHUIITALIEG % 71701 —3DHRE B & BT RIEE A TS 5,
IS, BOBODIRBAI R, DB HDAT 17 B 125 RIEHE M %, 71731 —0 ERO REMLE VTR S,
CORERASARBIRHAN IR L)L V 2 USHIES B0 U LOBIRE R Bz R B, COR 26
IR
(1)~ (6)EHLHDUIRTH B, ()Y > T IV T—ZDIEMORGEIC T 5T BTz, DT — 22 WIS B 1A H S
BREN D%,

YAMAHA MOTOR TECHNICAL REVIEW




A7 3V—HEEIC S 52 BiRENDHliE REHEM

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

%%96%%%%%6%%%%%%%%%%%%%6%%%%%%%%%%%%%6% % %% %% %%
%  Category Judgment Method %

% Programmed by T.Hagiwara 2003.7.30 %
%%96%%%%%6%%%%%%%%%%%%%6%%%%%%%%%%%%%6% % %% %% %%
function CJM()

% (1) JERIATTHI F DK

% —~1-2-3-4--5- % #1573V — No
F=] 33 1 0 0 O % Flat 0.2 m/s"2 RM.S.

6 25 7 1 O % Flat 0.4

o 7 27 3 2 % Flat 0.8

0 3 16 18 2 % Flat 1.2

0O 1 2 15 21 % Flat 1.8

38 1 0 O O % High 0.2

18 19 2 0 O % High 0.4

4 16 17 2 O % High 0.8

2 13 17 7 O % High 1.2

1 2 13 16 7 % High 1.8

38 1 0 0O O % Low 0.2

4 19 14 2 O % Low 0.4

0 5 17 16 1 % Low 0.8

0O O 0 10 29 % Low 1.2

0O 0 1 5 33 | % Low 1.8
[ng] = size(F); % BCHIDKE X OHIG n: FIEEL g 73V —%
Td = zeros(35,1); L = Td; Sm = O; Su = 0; Suu = 0; % SR OYIIE
cr = setstr(13); % {ERID 7z D DEBGELE

% (2) BHLEHR G Dz
G = cumsum(F./repmat(sum(F,2),1,g),2); % G(ij): BRitLH

% (3) fiiAzLER Z DT

fori=In % H7 3V —DLREDFEZRIRT & 12175
forj=1:g % %7 3 —IZDNT
Z(i,j) = ZSCORE(G(ij)); % Z(ij): 173V —0 LIREZE KD %
end %
end %

% (4) AFIV—hPFD, #73V— FRLEXTHT IV — Il C OH

forj=1g % 717 3V —HIEDFEZIT S
c=0; %
fori=l:n % HHRIPBNCEIRT %
ifj==1 % BC % A7 3V — LIS DWW THMERIEIE T %
if Z(ij) ~=-3.75 % TV — 1 IZEELD 55
d(ij) = Z(ij)-(-3.75); % IWAEHROTREMEZ—3.75& LT
Td(j) = Td(j)+d(ij); % H7dV—IE%LE LA
c=c+l; % RUAATZREE DV N
end %
elseif (Z(ij) ~= -3.75) & (Z(ij-1) ~= 3.75) % KBED 717 IV —RFUEDSE &/ 2 h LAV
d(i) = ZG,j)-Z(,-1); % d@ij): 73V —lE
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Td(j) = Td(j)+d(ij);

c=c+l;
end
end
ifc==0,c=1;end
D(j) = Td(j)/c;
end

forj=1:g
ifj ==
L(j) = D();
C( =LG)/2
else
L() = L(-1)+D ();
C() = (LG-1)+LG)/2
end
end

% (5) Mk )EREA NDZLH

A =C-C((g+1)/2);

Scaling and Evaluation of Whole-body Vibration by the Category Judgment Method

% A7 dVU—lEEELALs

% JEUAAEEEEHYY |

%

%

% KRN 0 DB AL OEZRT 273 110 3
% D(j): H7 3 ) —D Vg

%

% 717 3V —HC ERRE & R EDR 21T S
% H7 AV —11cDNT

%

%

% ZTOMD AT IV —DIE

% D(): BT IV —0D -ERM#

% C(j): AT IV —Drhifg

%

%

% A(): Yk RIS At D 1 7 1) — DR

% (6) BHUD AT ¢ 7 HT=% REMUDHEE

fori=Il:n
forj=1:g

if G(i,j) > 0.5, break, end

end %
R=j-1;

if R == 0, M(i)
else

M(i) = LR)+(L()-LR)/(G

end %
U = MG)-C((g+1)/2);
Sm = Sm+M(i); %
Su=Su+U(i); %
Suu = Suu+U(i)*2;
end %
Tm = Sm/n;
Tu =Su/n;
Tnn = sqrt(Suu/n-Tu”2);

disp
disp
disp

92
O

(d
(
(L’
(
disp(‘A’
disp(* ALE VALUES)
disp(*
disp(

(

disp([* Tm

%

%

¢, num2str(Sm),

(i))-G(.

% FSHRAD AT 4 7> D, RE EOHOFE
% A7 AV — 1 BIEFICEL.
% FHLERDNS 0 %A EOLETAZRDITS

% FaioA7TIV—Z2RETS
= L(j)/G(i,)*0.5;

% AT 4 7 UBRATIV—11ILHBGEE
% Z DMDGE
R)*(0.5-G(L,R):% X T« 7 VDR FOEZEMRE L TRH B

% AT 1T 2% iont RIS 254

% ERIFDFI R (A
% SRR R
% RO 72

% 7173V — Dl

% 7173V —DIFD -1

% 7173V —DFEiED G

% 7173V —DHRAE

% HEIT REENDZE % D 717 TV — DO JAE

FIE FRORE R ) %
[[1:n] M(1:n)’ U(1:n)’])

%
s, num2str(Su)]) %
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disp([* M ¢ num2str(Tm), © <, num2str(Tu)]) %
disp([* SD ¢, num2str(Tnn)]) %

% (7) L ZITHET 2080 U L ORHRZ X I MR RBOR IS X TIEX

s=3;v=>5; % AT T IVOE/ NI L)L DEREEL
Va=[0.204081.21.8]; % MR L~V
XV =10.75*Va(1) Va(5)/0.75]; % TERIRED X il
m=[‘g"’; ‘bs’; ‘ro’]; % Uty
I=['g- b~ r--7]; % [AIFHROE & B
Lc = L-C((g+1)/2); % H17 3V —EERE
fori=1:s %
p=polyfit(log10(Va(1:v)),U((i-1)*v+1:i*v), 1); % —RIEFAROFH  a=p(1), b=p(2)
semilogx(Va(1:v),U((i-1)*v+1:i*v),m(i,)), hold on % U miDEX
semilogx(Va(1:v),polyval(p,log10(Va(1:v))).1(i,:)) % [allfsRDIEX]
Ve = 10 [(Le(1:g-1)-p(2))/p(1)]; % A7 3V — Bz YR A

disp([cr ©* AXZ ;U No.’ num2str(i) cr © —XX[AFHREL (a, b) * num2str(p)])
disp(| © A7 dV—ERPEE < num2str(Ve)]) %

end %

%
semilogx(XV,A(1:g)*[1 1],’k) % 17 V) —HULER
semilogx(XV,Lc(1:g-1)*[1 1],k) % 173V —EE5ER
axis([XV Lc(1)-D(1) Le(g)]) % XIRHEIFH DR E

ylabel(‘Psychological Score U’) %
xlabel(‘Frequency-weighted RM.S acceleration V (m/s"2)’) %
title(‘Category Judgment Method’) %

96%%%%%%%%%%% %%% %% % %% %%%%%% %% % %% %%%%% % %% %% % %% %%%%%% %% % %% %%
% HFLLRGCHOSRALRZ AOEWY 77155 L (Hastings et al I & 28K %
9%9%%%%%%%%% %% %% %% % %% %% %% %% %% %% %% % %% %% %%%%% %% %% %% %% %% %%% %% %
function Z = ZSCORE(G)

a=[2.5160.803]; %
b=[1.4330.189]; %
eps = 0.0001; % SRR TR

if (abs(G) > eps) & (abs(G-1) > eps) %

if G>0.5,P=1-G;else P=G; end %

X = sqrt(log(1/P*2)); %

Z = X-(a(1)+X*a(2))/(1+X*(b(1)+X*b(2))); %
else Z = 3.75; end % BEREHRO RIS 2R HRE
ifG<0.5,Z=-Z;end %

% program end
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