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