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Absll'act-Identification of influence of input variables is very 
important ror complex nonlinear systems with high dimensional 
input space. In this paper we propose a method using fuzzy 
average with fuzzy duster. distribution (FAFCD). To avoid the 
interference or different distributions or the sampling data, we 
deal with the distribution or fuzzy clusters' in the sampling data, 
instead of the original data seL To discover the input-output 
relationship, we fint use method of fuzzy rules and Fuzzy C­
means to partition the original sampling data set into fuzzy 
dusters. We produce a new data set with the same distn"bution or 
the fuzzy dusters. Then the fuzzy average method is applied to 
the new data set. By doing this, the interference of distribution of 
the original sampling data is removed. This method Is straight­
forward and computationally easy. The performance is tested on 
both benchmark data and the electromyographic (EMG) signal 
Evaluation System. 

I. INTRODUCTION 

In modelling of complex nonlinear systems such as the 
EMG signal Evaluation System whose input-output relation­
ship is not well understood, it is very helpful to find out the 
influence of each variable to the output of the system. If we 
can remove inputs that have little or no influence on the output 
and put emphasis on the important variables, we can build a 
more parsimonious and more effective model. ~~reover, we 
will have a better understanding of those systems if we can 
discover bow individual inputs affect the outputs. 

The problem we are invest_igating can be stated as follows. 
For a nonlinear system with one output variable y and n 
associated input variables Xi, we obtain m sampling data 
points. From the sampling data of input-output pairs, we want 
to find out the relationship between each input variable and 
the output variable (the Xi - y relationship, i = 1, 2, ... n). 

This problem has a broad applicability and some methods 
have been proposed. In (1) and [2], different methods are em­
ployed to detennine the importance of inputs. These methods 
can not detennine in what way each input variable affects 
the outputs. Also, they either need to develop different neural 
networks or employ evolutionary computation, making them 
time consuming. 

In [3] and (4), Lin et al. proposed their "fuzzy curves" 
method. The principal idea is to split the multiple-input-single­
output (MISO) system into several single-input-single-output 

(SISO) systems, if the inputs are independent. For each input 
variable Xi, them data points are plotted in the Xi - y space. 
A fu~y rule is defined according to each sampling data point 
(:tj, y') (i = 1, 2, ... , n, j = 1, 2, ... , m) in the following form: 

Rf : IF x, is ij(Xi) 1llEN y is yi; 
where i;(xi) is a Gaussian membership function of xf. A 

"fuzzy curve" can be produced using defuzzification method, 
which stands for the Xi - y relationship. The importance of 
the input variables is ranked according to the ranges covered 
by the fuzzy curves. 

This method is easy to understand and to calculate. The 
result obtained is straightforward. Lin et al. used this method 
in fuzzy-neural system modelling to detennine model structure 
and set the initial weights in the model (3]. This method 
was also used in many other papers such as (4] - [12]. 
When trying to use this method in the evaluation model of 
electromyographic responses to manual lifting tasks, we found 
that it did not always work well. The distribution of the 
sampling data set will affect the result. Obviously this should 
not happen because for a system, the influence of each input 
variable is an inherent property of the system, regardless of 
the distribution of sampling data. 

In section II, we will point out the limitation of the fuzzy 
curve method and improve it with a method we call FAFCD. 
In section HI, the proposed method is tested on a benchmark 
data set and a real system. 

II. METHODS 

As mentioned in the prior section, in the method of fuzzy 
curves, a fu~ !'lie is defined according to each sampling 
data point (zj, y'). Fromm data points, m fuzzy rules can be 
obtained. The fuzzy membership functions for input variable 
xi are Gaussian membership functions centered at :tj: 

(I) 

where X: and u are the center and width of the membership 
function, respectively. 
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Then the rua.y curve is produced from dcfuzzilica1irn1: 

'\~'" .J ' L_; ... i!r "~ .. r~J 
C,(.1:,j . '\'"' 

~.1 ~. l '){.f,j 
l2) 

The autbor1-1 of [31 Jcmon~trall'O mu.I valid:ncJ thi!' method 
using a nonlinear -;ys1t!r11 J;.:lincd as: 

'•) I .,.I.;, J ,- .. · i• , )''.! ( !I - \- .- ;, I ·- .. blllvl.L;. ) . I .r1 . . 1:2 ('.\) 

where .r 1 an.I .r.? arc two 111put ,·ariahks. y 1:-. the ou1p111 
variahll'. 

Herc WC pl~'t lhe dcfuai!ied curve~ or !I in .r, !i and .1'1 ·- .1/ 

~pa<:c in Fig. I IA) and (H/. n:spcctivcly. The sample data 
wl!rc gcncra1cd U!'ing formula OJ with .1·; anti .r2 uniformly 
Jislrihutctl in Lhi.! interval 103 I !Fig. I (C)). [( in 1hc iigurc 
is the ratio (1f the range or !I covered hv 1hc curve to the 
whole range of y. \Ve ll!"t' it lo Siami for the intluen<:c or 
!he enm.:~ponding input variable. in~lc<iJ of using the mngL·s 
~'(IVl'l'l.'d hy the fuuy CUfVC'i us in 131. 

hg. I. Th~ dl'htl.::ilicJ cm H"'"- or !I H\ r I ~1 "J'~I~ t~ <rigHf\! A} ;ind 1fl I'~ 'I 

,pa<·c tl1g11n· H\. l11e inptlls J'J und .r _, ;uv umr<,.1111; di•aihur~d (IJ~1H<: ('1 

\V~ •:an "t.'t' that the curves t·an corrl'..:tly rdkct !he .r · 11 

relationship and .r2 !I rclatinn1-1hip. lh•wcvcr. can thb scill 
work if rhc di)..tribution or th..: ~ample data ch:lflgl':-'! Fig. 2 
(A) giw'i us a different result of .r~ -- !I rclntinnship when the 
d:tl.1 wen: ;!C:nlTatcd with ·'i ;iml :·: :--hn\.\.ll in J'ig. '.!(HJ. lt 
<;Cl'llls that if tht• sampling th11a arc nut unirormly dis1ribu1cd, 

the rnrvc!> will he di..,l<'11cd. Thi:; l'xamplc shows that th..: fu1Zy 
curve: mctll<ld put~ rCl>tri<:!ion~ on the distrihution ()f s;1mpling 
data. lklow WI.' will find out lhe rl!a~nn ::ind come up with a 
new approach. 

F1~ . ~. Th<! <ll·run.1hctl curw 1>f t/ in .r 1 11 \piwe I figure Al whc:n the 
d"tnhu111>11 •1r 1h.- input b m11.:\cn tligu"' H l 

1\ Th1· Mrtliod nepend~ m: Di~rrifi111i1 1n 1f Snmplin~ r>ata 

As \(atciJ hdorc. the importance <)f the input variable<; art~ 

ranked according to the mtio of the range or y 1:ovcrcu by lhc 

c:urvc produced from dcfu:t.1.i llcation to the wh<llc range of 11• 

Let u:. ddinc !he ratio a11 lnllucm:c Rate H. then the range fnr 
\ ariahlc .r 1 can he wrillcn a:. 

p .1.,, ~~'s:in_..=-__ c2, ( 1·'.) 
(-l) 

(I 

whcl"C' C,(.r;'J i:-- tht! highc~t point nn the curve and C,(1·~) 
i). 1h1: h1wcsl p11inl on the curve. a i1-1 the whole range 11f 'I· 

C, ( r;') an<l ( :, i.r\) arc <:ak:ulatcd fmm (2). The: mc:mhcr\htp 
~,f each valUl' of .r, to all the 111 mcmhcn;hip l'u1K·tions 
aw ca\cula1cd for c?.t In t I), the wiuth or the ( iau,:.ian 
mcmh:·r~hip runcii11n is ol'tl:n takL•n a!, about 20<:·( or thc lcngth 
nf the input intcrval of .r,. If the width rr is vel}; sm;ill. 
only tho"c mcmhcr!>hip funclinm. wich a center (mean l•f the 
Gau;.!<ian function) close 10 curn.:nt value of .r., will have ;1 hi? 
value. while thl' memhcr!->)1ip l'um:liom. far from it will han· a 
\,due: dP,,C It> /.1..'.l'\J. \Vht:n ,, . .• l). WC obtain 

. , . . C:1 ( .r;') - C:, C.r 1
) 

• llJ .. ~ limt ' · .. ) 
.it t/ 

R,. ('1 (:') 

Suh.,tiluling \l 1 :m<l e.1 imo <5J. 

0) liliJ 
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~;:· __ 1 !'~.~(J-'.J 
\ .. ,,, ,,{.1 ·',·) 
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wh..:n rr '0, only lho.~.: m..:mhcrship Junctions wi1h th•·tr 

centt:rs l~qual tu .1.':' and .r~ need to he taken into :Jl:.:oun1. The 
mcmhcrships or .r:' <llld .r'. to lhe olhcr membership furll'lions 
arc 7cro. Suppo~c tht:n• arc .<; nll'mhcrship f11nc-1inns wilh ;1 

center c4ual lo rj' am.I /r mcmhcr:.hip function:. with a cc111cr 
l!4ual lo .r:. tli.:n !6t hcum1cs: 

I(,. ( rr 
l 

• I)) - - ' 
/I. 

\ '" 11" 
.~.~ .., 

, ., I 

t-J:.·-· .. !. !1:: 
h 

<7J 

when! Jll~tk - l, £., ,,) arc !he values of .1J when ,1 (.rj') :- l; 
am.l 9ifk ::o 1.2 .. h) an.: th..: vahh!S of .II when , 1 (.r~) -. .. I. 

h1mrnla (7) im!il.:atc:-. thac the range of the cu1-ve (whrn 
rr , OJ is the dillcrencc hctw .... ·cn lhL' average value or y al 

.r, - .r:' and the avcrng•: value of !/ a1 .r 1 .I''.. 
If tT i!:-. nut approal'hini! 1.cn1. the value of C:r, at 1·1 . : .r;• 

take:,. thn;.c J:ita point:-. arnuntl .1:, ::.. .r;' into account. Hut it 
is still a weighted average. Since it has a meaning or average 
.:arried in a ruuy scn~c. we call it h1:t • .ly Avcragl'. 

Sin<:c the valu;.: of the t'uu,y curve !"or .r, at .r, ::. .r;• i" 
a v.-eigh!..:d average whk:h takes U1c poinl1> around 1·, :· .r;' 
i111tl a.:et•tmt. ca.:h of the input variuhlc should have the surnc 
di~tribution <dong the 11xi1> ~if J·,. rcspc::c1ivcly. Olhl!rwi:.c th<: 
.:urvc can 1wt rdkct th~· .r , - !J rcla:1on~h1p. 

Hg. I hi the 2-dimcn1>i11nal example with rwo input variahlcs 
.:: 1 and .r'.!. in which ;· 1 h:b !ht' same uistrihution ahing. .r~ \Hg. 
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I (CjJ. The runy average ol :If in the .1:2 -- fl spncc rellc1.:Ls 
Lhc '..r! • y rdalionship co1Tcctly. While in Fig. 2 . . 1: 1 docs nor 
have the same distrihutinn altrng. .1·'! axis. so the fuo:y avcr.igc 
of .!I :.:an not cnm:ctly rellt·c1s the r'.! ·- y relationship. 

r"or many pradh:al arplic:ali()tb. we can not assume t!ach 
rnput variahk (l'X.::ept .r,) of the same disrrihution alting .r, 

.l.>.:s. n:~p..:ct1\dy. Thh m..:an~ for ;,, ,·cn.i.in sy;,1<:111. if wc 
obtain diikrcnl 'iampling dala set;. tht.: fuu;y average may 
t'lc diffcrcnl. Then the conclusion for the importance of input 
variahles may lw different. 

This n:quirc<; us In pn.•pnK'l:~:-. tht: :-.arupling data ~cl 10 mal..e 
it a representative data set hcfon.· using them to dc1crmi11c the 
inllucnce of input variahlcs. 

B. C11~lllJ.:•' the Disrrib11tio11 of Sr1mpfi11g Data ll~i11g Fu::::y 
Cfu,rt·rillg 

Using funy avcnt)!l' rm:thod. the 'iii~.ni~irnnce of variable .r, 
can hl' ~·orn:ct ly evaluated without Lhc intcrfcn.:nc:.: of olhcr 
input vanablc~ unly whcn all nth\!r input ... ariahlc!> h:ivc the 
~rnnc distribution along .r, axi-.. Tn tran~form 1hc sampling 
dala '-Cl into this rurm, we con:-.id<:r 11;,rng fuuy clustc1ing 
to chan~c the di.<:trihution nf the Jat,1 sr.:1. Again we u~c !he 
<:\atnpll' or the ~~;,tcm with two input v;1riahk'i .1"1 and :r~ 

!-hnwn in hg.. I. 
Suppose more llata point.; fall into a 'imall r~pion than into 

nthcr regions in thl' .r ~ - r2 ~pm:c <a-. in Hg. 2 {B )l. We 
~·onsidcr u;,ing runy t'lusll'nng rnclhod w partition lhc data 
p~linls :nto groups. The numht•r of data points in c:u.:h grnup 

( fu:uy clustl'rl wiJI he diffon.:nl sinl't! the <lislrihutit)n l>f the 
data i" uncvcn. If we use om: dat:i poinl (lilr in~tancc. the fuvy 
clus!l'r Cl'nll.:r) to r•·pn.•scnl l'ach partition. we can ohtmn a new 
data sl·I with the lli~1rihuliou of fu1.:ry cluswrs. Sincc difll:rl'llt 
nurnhn nf samplmg Jal a in tlif'kn.:111 pat1itions will be rcphiccJ 
hy thl' 'arrw numhcr of clu~tc1 c,·111er. we ma~· nht<tin a 11l'\\ 

data 'l't with heller distribution. 
Below we will Ii N l!'il' Fu//y C-me,rn~ method to du:-.ll'r lhc 

data. Then artcr d1sc11s-.ing lhl' dnt\\·hack in this application, 
v.c will propo.;c an impmn·J mcth~·d. 

/) Fuz::.y C·mt'mH i\1c1f10d: Fuuy c-11h:ans allow<, one Jata 
pni nt 10 belong to two or more dusters I 15] I 16.1. It provides a 
m<:thod that group dalll points in nmltidimcn.,innal ~pacL' in10 
a "JX'rilil: nurnhcr of duster<,. It is tia~cd ()I\ miniminHion of 
the fullll\ving objcctivl~ func:tion: 

\ (. 

.Im =-LL :'.; H .I" , •• f>i l !! 

I I r·l 

when: m i-; lhl' number of dut>ters. •,; is the degree 
of memhcr~hir 11f .i:, in the cluster j. r, b the ith of n­
d1mcnsional rrn:asurcd data, /J. i~ the 1HJirnl'n:-ion ccnlcr of thl' 
duster. nm! !I !l i~ a norm -~xprc:-.sing tht! <liMa11c:e between 
mea<>ured Jala and cluster r.:enter. 

We Jirst U!>c l~uu:y c-m•·ans to clu~lcr the data shown in 
Fig. 2 (BJ. The number or dusters nl'ed to be pn:<lefinctl. 
We as<;umt• il i~ :'iO. Tht•n we U!>e the pruduci:J 50 centers nf 
the clu~tcrs lo rorm a new data M!t. After this proce.ss, the 

<lislrihution or tht! ohtaincd new data set is shown in Fig . .1. 
111c crosses <trl' the original data points and the circles are the 
cc111cr.-. of Lhc duster.-. 

As we L'an sec. the distribution of the data did 1101 ch,mgc. 
Wl1y Fu1.1y c-mL'am du.-.!l~ring. can not chan~c the <liMrihu· 
lion'! /\s we kmlV; lhal during the iteration process or h111y 
c-nw;ins. lhc mcmbcr!>hip :ind Lhc duster Cl'ntcr.:. arc updaled w 
minimize the IOlal wcigb1,:d Jislance lwtwcen data points and 
the cluster ccnlcrs of the ru:uy partition. Thus it i:, rcasonahll' 
1ha1 in areas where more data poin1s ex.isl. there must he 
morc c:Iu~tl'r center-. in on..lcr tu make the tn1al weighted 

.11.~tanl:l' hetWl'cn all data points and thl! du,lcr n:nll'r:. sn~alk:r. 
'Tnerdim: w~ can no1 change the data distribution when only 
u~mg h11.1y c-mt:<1ns. 

2 I Gf'/lemtc /:1·e11 Clt1.1ter D1striburim1 : To gcncntll' even 
dustl:r dis1nhut10n. we partition the input :-.pacl' using funy 
rules bcrorL' applying Ful.i'.y r-means: we huild a rurzv ruk: 
hasc for Lhl' nirnlincar sy~tem: tho!>i.~ data points that cun ~xcite 
a particular fun.)' rule with high flring: strenglh arc grouped 
to the same partition. The fuzzy rule ha..'>c is in thl'. form of 

11 : r, i" , \, , ~ind ... and .r,, i" A,, 1 TIIEN .11 1~ y 1 . 

IF.:·, i<; .~u am1 ... and T,. is .4 1, '..! TllEN .!/ i~ !/"2 

lF .r1 i:-. Aim and ... and r,, is A 11111 THEN .'i is y"' 
where A,,U ==· I.2 ..... 11:.1 :c. l.:!,. .. ,111) and yJ an: f111.1y 

~cts of .r. and '/. respectively. If thc wiJth rr' ol (iau~.~i.in 

rru:rnht.:rsh1p functinns are lhc sam..: for all the f1111.y i;1,;ts. ihc 
partith>n i~ an even partition. 

The mcihoJ is irnpkmcntcJ ns follows: wt· 1aJ..t~ the fir-I 
sampling Jata point :.is center of a 1.:lu~tcr anti huild ~1 con-c­
~[Xlmling fuzzy rule. The l'cnlcr of the Gaus!.illn ml'mber.-.hip 
funclion i~ 1J ·- l~: the width rr' i~ I I'.~() nr the nnm1ali1ed 
range llf Lhc input varbhle . 

For ever} sampling Jata point. we cakulale the !iring 
sircngtll ttlcg.rcc of fulfillment) or each cxistin.!! rule: 

rJ h 

fJf qi.r,)} ,,.. rJ rxp\ 19) 

:-, I 1~1 

AND opl·ration is U~l·d in (l)). 

If the firing ~trcngth 1 • 1hcn the sampling dala ['ll1int i:-. 
close in the data points in the pai1i1inn. Thus it hclorl!!S 10 this 
parti1ron. i~ u prl'delini;:J threshold as the ll'a~I a~ccptahle 
degree and ii determine~ the cxtcn1 nf 1hc s1111ilaritv to he 
cla!>!-.iried into th:! partiliC\ll. If the firing :.trcng1h is l~ss than 
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:he thn:sh11h.! . then a new fuay ndc (a new panition) should he nor111ali1.ctl IO avoid hias. Second. to reduce the number of 
!')(; c:-calctl. 

:\fkr all 1hc dala an.: partilil•llL'd. "'L' use Fuay c-rncan~ 
algorithm to duster dtt!<l pomL-; m each 'm<1ll p<inition. The 
~;11m· number uf t'lustcr<: urc w1 fur c;1ch small panitron M> 

that the dj,,1riliu1ion can he nron: even. Or. if the pur11tinn is 
small enough. we can set onl:r ont: cluster for each partitiun 
and linJ its center hy F1111y t:-mcan~. We would like 10 UM: 

lhc centers of the clusters to n:pn:st'lll the l'lustt:rs. Hut for 
1c..il world !.Y!>lcm\. the corresponding output or the system 111 

th..: CL'lllL'l'S arc n1>\ ava1lahk. 1f lht• centers ;m: n\'•l t·oincidcnl 
Ill 1he existing data pomb. So we u~c lhc sampling data point 
doses\ lo the center of a clui.lcr to represent the du<.ler. The 
do!>cst c.Jata pmnl is dccidcu hy its P.11clidcm1 d1s\<uh:c to the 
l:L'nlcr. 

Whl•n on!y nne duslcr j., <;1•t for c:lL'h partition. 1hc munher 
,,f duslcrs t='> the ;.amc a~ lhl.' number nf parlilions. So if rr' 
1~ loo <.mall. lhe Ji;,trihul 1on may 1101 chwi~L· anc.J the nurnhcr 
01 clusters \\ill he largL·: if it j-, wn big. -,ome duslL'T'> wi1h 
11:'>.' d;1t<1 points may he comhim:d i1110 rnher dustl!r'-i an<l wt• 

Joq its n:prc!-l'llt:i1i1\Jl wlwn l>11ly Lht• d11i-ter ccnlcr is kept. We 
•.•lkn take ,,, ;1~ I . .:1u pf th~: r;mg..: or the nor111al11.cd inpu1 
Vj1·iahlL•\. This can p;1rtitinn thl.! inpul :-.pan: into many snm!I 
partit1om. which can represent the input spacl! adc4ua1cly. aml 
al lhc <.amt: 1i111c n!mow rc<lun~anl ;o,arnpling d;lla po111h in~idc 
1h..: :.mall part ii ion-;. 

The prnn.•dun: of h\H ' I> i' Jt,Ll.'d .1s follow-.: 
I. Nmm:ilitl' lhc 1•ngi11al Jatu set. 
2. Pa11i1i1m 1lw original c.Jala 
3. C'>l' Funy l·-mcanl> lll<'lhod lo form a new data !>l'l. 

-1. Calrnlatc the t'u11y av..:ragc ol ,11 in l:adt input-oulput 

;o,pclt'C on 1ht• Ill'\'.: Jma ~1.·t. 

.'i . IJ..:ruify kt•y input vun<ihlt-:-. an:ordinµ lo 1Jwir lnllucncL' 
Rate. 

l"i1L' 1h1ta 111 1-ig . 2 lHJ h.:et>rll..::o. " cwn d11.tnhulH111 alter 
being proet·~scd by lhc ahovc nH..:thml (.\cc Fig. -I <H) l. I knee 
!hi.: fu11y il\crag:c or !I 111 .r i y ;.pa1:i.' L'an rcfkt.:t !he .r2 •· !/ 

rl'lationship n1rn;l'tly now !Hg. -IJ (AJ. Thi.:~e rc .... ulls arc very 
:-.i1111lar lo lhc rt'suhs gcnt:rall:d in Fig. 1. whit:h is a uniform 
dislrihut i(lll. 

J :~·(I):~ ••• · ; X.:;::-:::::·::-:::::·1 
., . : . I -~'.:::::::::::::: 1 

:W~iitiH; ::J .::: i\ \.::::: •:::: l 
":!Im __ ;' 11qx ... F~ .:.:::.: :~; ::..:.:_;x 

,,, 

1--i\(. 4. lfr,1111~ u'in;: FAFCI>. Ct\l fh~ ck'fu1111it·d n1rw ol 'I in .r~ .11 

.,p11t\." ! H l f1'1t" tnpur .,puce .r 1 ·r .! 

C. 0111,·r Co11.11dcn//uJ1/\' 

Some considerations :ind improvements sh1)uld he imple­
mented. first, heforc applying FAF(1), 1he data set ::.hnuld 

rnemhcr:>hip functions to he cakulateJ, only 1hm,c mcmh<:r..hip 
r11ncti11ns lwve a center clo~c tn tht! current vulue or i·, an.: 
tak<!n inlll accounl. ·n1ird. tt> n.:rno~c the oullicr'>. ;1 lhrc<;lmld 
1s prcddincJ anc.J those cluslcrs con1ain very few data points 
unJcr the thrc:o.hnlJ arc ncglct.:ll'J. 

Ill. S IMUl.ATIONS AND RESULTS 

We will cvalu:itt! the pL'rforrnancc of FAH:I) using two non­
lim:ar systems. In lht.: fir~t C;'(pcrimcm, we apply our ulgori1hm 

tn th.: aulomohilc ful'I 1.'011~ump1ion prcc.Jiction pr,>hlcm. In lhc 
~t.:coml experiment. we apply ii ltl the EM<i signal cvaluat11111 
•ystcm. 

A. /;m/uare FAFCD rm Automobile Fut'! Co11.mm11rion Pr1·· 
dicti1111 Problt•m 

I );tLa SL'.( u~i:d hcrt: is r:·om lhc UC ·1 i'vfal'llinc I .earning 
Rcp11~i1ory. II consi~t~ of :N2 instances. f.ad1 in~\Uncc is 
<.:rn11puscd of six input variabk·s (number of cylindl'r~. tfo­
plan:mt:nL hori.cpowl'1, weight. .tccclcralion, and model y.·arJ 
ancl 1•11c output rnriahk (MJ>GJ. The input \'<Jriahk!' and 1>utpuc 

variahk :trL' dt'noted a~ .r:, i / l. ~~ ... .. Ii) and y, rcspecliwly. 
hg. 'i !\hows th1.: rL·latip11sl11p between two mput vari<1hk:-. (.1: 1• 

.1·-,; and MPCi . 

-- ··· - -- - --- • lj. -

Hg. 5. Rclarmns.tiip b.:twccn two mpu1 vnriabll·~ anc.I 1ho ou1pur Qbtaincd 
~hUI~ 1·-\l·l ll . u;; V1·t~1~h1 l t .. p ~ll'li •!1' 1l:bhon~lt1p. lBi 1\n:l:h:1a1mn 11 .! 
· ~W< i l I/) r~lalill1hhip. 

Fn"n Table I, we can get 1he conl'lusion 1ha1 lhc variables 
wt:ighl and horsepower have mos! signilkanl inilut·ncc 1J11 

MP(i of a autrnnohik. 

'1 '\Ill .E I 

tl\ii l J.'\;I I. R ,\11 1!1· .-;I! . l'iPl .. r V·\~i·\!ll I~ 

() •g<~ ' 

0:2~~ - -1 
0.5115 I __ j 
Cl.:'i\l4') j 

If !he distrihuririn (or drnsit·y\ nf tht• nrigimtl data "l'f i-.: 
changed hy repeating ~omc of lhc tlata poi111s, the Inlluen<:L· 
R:ilc of acceleration obtained without clustering (lhc method 
used in []I) hccoml!:, 0.6076 (Fig. 6 (A)). while th..: Tnlluc1ll.:C 
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Rate or olhcr varial1ks fL'Jll ain almo;,t lllll:hanged. Thi:n the 
conclusion become~ thal accdcrali{lfl i:-. the mo~I important 
vnriahlc . which i!> inc\1rrccl. II' we tl'i\' the FAH'D method. ii 
;:an giw an Influence Rtue nf accclcrati1in or 0.5(, J 2 (fi~. <'l 

(HI ). Thus lhc conclu-;ion o f imr•irtancc or vari:1hlc:-. will nnt 

he alket.:d. 

1'1µ . f>. R,·,.,11, on lh~ 1111klifo:J Ml'ti data · 1~ing difforenl 111c1h11d,. 1AJ 
With«ul , ''"'""";! inwtlwd u.;.:d m !.Ill on L~lll!? h\l·CD. 

11. Hi ahw:c f-:.\ rcn 011 1~·:\H i Sig1>a/ l: l'llilfati1111 .\\,·rem 

EMCI :-.i~n<.11 cvalua\ion SV\lcm is a mutld in which wc ll'>l' 
1hc J..inl'l\lalics paramctcrs durin~ a mo1ion 1kinl'IT1ali..::; vari­
;1blt'sl am.I the at1lhropomctric chara1.:tcri~tic~ or thc ~uhjccls 
Urnh.1cc1 vanahll'sJ ll' cvalu:ite the corn:~pondmg E'.'.1CI signals 
in 11·n trunk mu-.dcs gl'llL'r~1h:tl Juring lhl' lining motion of 
the subj1xts. Our nbjcetin.• i~ 111 find out tho;. • ..: variables that 

!mvc :-.ignifii.:ant inllucncc 1\11 1hc E.\-l(i signal-; and find out 
hov.· lhl'Y affect the EM<! ~i!~rwf .... 

I J Jnp111 ,11whlcs: :'>iut knowing "vhich vnriuhlcs really 
affci.:l thl' EM() sitnals. all 1h,; a~<;Ol:iatnl kinematil· vmiahks 
and s11bjc,:t variahle.s arc rcc1irded . ·1 Ile twelve kinematic 
variables art• dynamic vari<tbk!S which ch;.ingl~ lht·ir values 
Juring the motion. While thc fil"tcen subject variables :m: s1a1ic 
Vtlriahks Whidt arc lhl~ ilnthropOltlC(fil.'. d1aracterbtit:S or lhc 

sulijecl~ an<.l tht.:y <lfC thi.: same <luring a motion fllr a particular 
:-. uhjcc.:I. We want tu linJ <1111 how thl•;o,;; v:iriablcs afk-ct the 
l:M(I ... ignak The samplill~'. d:1t ;1 sct l"l'nlalllS '\IX trial). or 
mot inn~ rnnJuctcJ hy 2-t9 imhjer1,'>. Each trial has 20 ~amp ling 
Jata points. Every <;ubj,;ct conduc.:11'tl :.11! 1he trials. Thercf"urc 
the total numh;;1 of Jata points N is 21)X80. l·.ach J;1ta point 
cnnsi!;I or n input variables (.r I• i 1. 2 . ... . n) :.ind I 0 output 

\'ariabk~ (if;-J ·- 1. :2 .. .. . l<l). The llU\put~ are EMO ~ignuls 
nf JO trunk lllUSdCS, 

2 J Resuhs: First. we use the Ji<>lribution uf the original Jata 
-;,:1 without d1"1l'ring to c;dculall'. 1hc .r, · · 111 relationship~. 

The rexull1, nbtt1im:d arc 111ll 'atisfw.:tory. hH many or the 

in11ut-outp111 ri.:lation..,hip,, i hcrc j.., a Jwp in 1hc middk of 
the rnngl' of variable .r, . An example is ..,hc,wn in Fig. 7 (A). 
It i!S un intcrpn:tablc from lh.:' l'rgonornin. poinl or vil.!W. We 

think that il is prnhahly hccau'ie of the uneven <lislribu1ion 
of the sampling data. Ccrtain conditions may haw appeared 
mnn: freqm·ntly during the n11>t10n lh•m olhcr condi1ions and 
thu~ havt' clistortcJ the fuu.y avcragc curve. 

Then we apply FAFC'D lo oblain the inpul 1>utpu1 rclation­
:-.hip:-. on the new c.lala !-Ct pro<luct•J using fuay dustcring. 

,\ wrnmary 1lf du<>tcr propcrtic-. i1, -;ho\~ll in Tahk II. "!lim.e 

Fis 7. Th~ rt:"la1io11,hip h<•cw,·~n "' ,j, T ru nk Vdo<.'ity c.r ,,.;,1 ;md P!\.1(i 
.ignat <11 :tX1'1. cA; \lvithouc du,1c1in!t (B) Al'1cr dus1crin!! 

clust(:rs contain ks-. than 10 data point" (ahollt o.m:w,, nf the 
\otall arc ci>nsidcn:J as 1H1llicrs and arc removed from the dat:1 

!:Cl. 

TABl.f-. 11 

~l 'vl\1.-\I!\ •\Hfl<:r "I HI. l' l. '.ISTFK:O. 

j,,, 

. . •, ~ 

t:\ ' 

hv 8. Rd,ui.)11,hip hl~lw<"cll IY.<> kineniutk v,uiabtcs !.r ax>'l und t·M(j 
~ign,11 111 ;1.1.i~) ,,r niu•dc Righi l.:111~,iruu~ ll<>r,i lRLlll. f A 1 ,;i;_:1!tat 1111111.. 
n1ome111 rl\i !Jlcrnt ln111k 11111111cm 

Fil!. 7 IH J i;h,>v: ' thl'. rt' ).11lt 1)r lhl' ~amc cxa111plc a:-. in 1-ig. 
7 !AJ. using FArCD. A'> we ex.pcctc1.1. the drop in Fig . 7 (Al 

di~apJll'.arcJ and the t"l' Mlil has a clear physic:al explanation 
now 

Fig. 8 :.hows 1he relationship bt::tween twn kinematic vari­
able~ and EMG signal' of mu!'.1.:lc Righi L.ifosimus Dor-.i. 
The rch11ionships of inputs to the other muscles can he 
ublmnc<.l ~imdarly. With lhcsc rclationshipi;. we can huve a 
ht!tll.:r understanding t\l the mu~dc activities. Al the same tinK·. 
1h~ importancc nl the input variahlc~ arc in<lie:itcJ hy their 
!11tlu,:1tn: .Kall' H. ·111c irnpnrt,1m.:c of tlic kinematic variable~ 

anJ <;Uhjccl variables an! ranked as shown in Fig. 9 and 
Fig. 10 respectively. Tt i~ clear thm kinematic variahle)o h0tvc: 
morc inlluence on the E\1G signals than 'ubjcct v<iriahlt-!-.. 
·nm:-.. these 12 kincmalic vuriables ::.hould all be ~clectt•J a.<> 
inpuli> in modelling. As for suhje<.:1 variables. the >ariahlcs 
(\landing. hei~hl, sh<llJldcr height. lowcr arm length, spin<! 
lcngrh, lower leg length) have higger inllucnee than the olhcr!-.. 
Thcs,~ vtiriahks o;hnuld abo he taken as inputs in mnddling. 
While after cxum111111)! 1he two variabk~s ··~1ant!ing heigh!"" and 
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··:shnulckr he;g_ht ... we found 1ha1 rh~· lnllut•ncc Rarc nf thc<;c 
[W<1 vari:li,lcs an: Yt:r~ :similar. rm evc1 )' musdc. In Ill her 

wt•rd,.., thc~c two v;iriahh:s arc ctirrclatcd. Therefore we can 
rt•movc one .,f them So <ii la:st 12 kmcmalic vari3hles and four 
:suhjcct variablcs arl! kept. ll)c input dimension i~ decreased 
fwm 27 to I('. 

-~---····-·· ·1 

LJlUtUIUU 
1-i .. l) Kank klll('lll(\llC 1rnmthi()S lllr lht'ir AW•Ul!C lnlluen,·e Katt' ( 1: s~cillul 
1~~1k .111ur11en1. :!: Lali~ml lnml.. 1{w111i::n1 \: .~xi~ trunk ung.le ..t SagiU<1I 
trunk wlocitv, ;· Ax1~ 1mnk 11111mcn1. ti: Sagi11al trunk angl~. 7: A\tl> trunk 
.1<.·t·ckra11n11.'i-.: S;11111tal tnml a~,·clt:ralion. <l· 1 ait•ml trunk vclo.,11y. 10. A•i~ 
trunk vclocuv. l I :-l.tlt!nil 1111uk an~lt·. 12: I all"ral trunk occ:clcr:itiuni 

r~: 111111111111 .. _ 
j ' • "' ~ ., ' . •!" '< I '-4 , .. 

\QI> 1,.., I 1.-.a• ~..,.t.j ,.... 

Fig. iO. Rank sul11cct 1nriat>ll•' h} th<!ir Al't'rai~~ lnlluenc<? Kale !l: S1andi1t!! 
h!!il!hl. 2: Shnul•lt'r hcifht. .I: I .!IWl'r .11111 lc•n~\lh, 4:Spith: lcllj!lh. 5: I pw,:1 lt-g 
lcnc!lh. h. Jl,J<l} v.cigh1. 7 Tmnl. hn:;i<lth 1 \;.-phni,IJ. R: Tmnl. \'1P'~umkrc11cc. 
'J: TrJnk dcl'ih ''~t'h<>1d). 10: Trunk hrcndlh 1pdvi•i. 11· IJp(lt'r arm l<·n~•h, 
!:!: l:IJi"w ;,,•1ght. ! \; l!pp;.·r kg lcn['lh. 1.1· rrunt, (k1•rh tpd~i,1, ::;: Ai;ci 

Know111g the inllm:m:t• 11f l'ach v1iri;1hlt·. we can u:.c the 
-.ch:.:1cJ v<iriahk:-. a:. inputs. instead lif 11:,mlJ. hypothetically 
-.,dcctl!d vuriahlcs. J'his will rcduc:c tlw ccnnpkxity nf tht• 
model and tirnl' of modelling. In lmilJing a fu1.1.y logic model. 
we can adjust fuz1.y mies according ((1 this knowkuge. In 
building a neural nclwork model. le:.s mpul vari.1hk<, lllCllll'i 

ki;s free parameters and i;hortcr 1raining time. 

TV. (O!'ljCl.l:Sttl,.,;S 

FAFCD c<111 'ind 1m1 tlw impnrtmwc of '-pedfic input vari­
able.'-; and hem: 1hcy inllucncl' the ou1pu1. wi1houl tht: intcr­
t'crcnec of the &.trihution of 11arnpling data set. The method 
i<; ~lraig.htforw::ir<l aml ..:a~y lo impk11wn1. It was applic<l to 

the EMG -;ignul evaluation sy!'lt:m and obtained smisfactory 

rc~ults. 
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