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Abstract

It is shown that there exists a nonlinear mappping
which transforms features and their changes to the desired
camera motion without measurement of the relative distance
between the camera and the part, and the nonlinear mapping
can eliminate several difficulties encountered when using the
inverse of the feature Jacobian as in the usual feature-based
visual feedback controls. And insted of analytically
deriving the closed form of such a nonlinear mapping, a
fuzzy membership function (FMF) based neural network is
then proposed to approximate the nonlinear mapping, where
the sutructure of proposed networks is similar to that of
radial basis function neural network which is known to be
very useful in function approximations. The proposed FMF
network is trained to be capable of tracking moving parts in
the whole work space along the line of sight. For the
effective implementation of proposed FMF networks, an
image feature selection processing is investigated, and
required fuzzy membership functions are designed.
Finally, several numerical examples are illustrated to show
the validities of our proposed visual servoing method.
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At Asie] A W dFstEe] AL A @
HY A&Eo] vz BN WEIn 2AYSF o=
Y& ZREA FI1AY PUES YT $rl. RRE
o] o]HY A Y2 vie] BHF MM AGLR o]Fo]
A £ 93, o|FolM F3) AzHRRE Aadlo] BHEE AY
5t ElEY WEE AAINESF e Y FET A PR
FUE AAA gk g gulY udel wlel Aoz
Z8E end effectord] ¢lx2} B3 Holgs e feedback
A2 vlAG YUY = oA Hach A7 feedbackd FA
o} #ixioh Yool ciEt AY z|2gle] EREY YR FHo}
= ENE 23sta 3AHY £ UA UcoHl]. AlZ feedback
AlA¥NE  seam tracking[2], precision part placement[3],
conveyor tracking[4] 2} space telerobots(5]ol &-&Htl.

A1z} feedback AlA®lof cigh 27) 4 B 4
Ko ZAY “B3 &3 o|=(look-and-move)” FTXE Y
th o] Al AlAHE d4E 23, A feawreo] YWY 0]
2] A" feaure® miBAILLE Wits FAE AT F,
Aak B3 BREL AYFY Ale] sy Al A}
o d3te flxg WY FRE FYUSA ALYct 22, 9
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EHE Aol A2¥E B fixo] =WsIT) 1A $uEE=
3] A& AYI 43Il o] paradigmol A, video
routine2} ERE #Ho routineo] £MHLT Y7 o
o, 2REL Flolelrl 2L dA4E 87 Mo ¢H3 BF
ojof gir}. o] AAAte] wjRol TREF o] g3l Aol
EAE $33h= 2ol ofAl Hrt Ak, feedback W42
glal 2EE AMS YW, 94 feature2HE A2 NS 4
A=t on-line Alito] glo] Wadlri, %¥l, Cartesian #
A FL ol FA2 91X W] BYHY AL video 4
I 2R A7 Aale] 2dy ERAUHAE5OR ) o o
Yt

[6,7,8]o 4 RA chiEe] feature Jacobiand HF
(pin-hole) 7lulg} BdE AHE3te] ol B oxte Asy
4 ulo] ¢l3l, feature Jacobiang& Al&3l3H EZHE e
(hand)oll ¥ slojlete} BN Alely AzlE &F3AU,
CAD 2y AHR(model data)§ HWAE c}1,6). 28|z, A
o7t A2l&A Y& oizlx feamred| M=o we} &9
tracking 450l Wol thE 4 vk o] H§ feature
Jacobiano] &ol(singular)?l Z-¢ AlA=E Aoy £+ ¢gA €
t}.

whdof, QIZhe ZYUY FELX PN 3 XY #lA A
Hlolx EAME B3 A& 4 dUth o] AHHEREH AL 25
2 oAl Elnyt ¥AY Bl EREQA oY &
dg Foslr] g3 2y A37HEe] B4 feawred AR5l
B3 Aolsla, yhEo] o3 LA8 Fabg ATIE WY
& Ayt Al=ych4,10,11].

2E % Millere A7 75& #1t AZYE 7122
3 g Aol AlAEE AUUCH4,10). o] Mol AlARoA,
ARG AN HY A4y e W Ajole] uidE
AE 4317 #l3f YEFHch G FRE AN FHolMe
Hite Mg et Yot FFAUEE A= A8
ch. Tzt ARYE A2y FEY Haet vld A4 29 3
3t ato]d] wlMdy HAF wHE7] A Fel AMgHc) o A
Aol g FRE G4 Al Adg ARAOZ RS ¢
&l c}2 video i/ ELEE H3h=d AHEHLL ZERE 7
FYolut dojAd Fale &EL We] iy AL 7
BEA Qdotct. F4 viNE4e] EHAEHY video Bl
o] Aa® 33 22l= S AR S W o g
wol WAL ATH10]. 2eu}, o] ¥ supervised ¥ H 7]
& 73] #l8l s ¥ AWl B oo B ohet A
zte] el AA ks AT FTAsio{o Pt Asid
SR A fld o H4y Jodo] i FEH 2RE
HojZle VA2 g o)y He M $g B3t wf
Foltl. 2l Hashimoto 52 jointe] Heje} 7sietd 2
o] BAglel manipulator end-effector] Wdh= 1A} Wuk
£ 8 BN oA BHzZNjoint angle) Atol2] feature



Jacobiang ¥FIIEH T GAu dFYel AW =7
B AL FF AARE HIUCHI0. o] A]A¥E global
network, A7ZWe 4utd po] Ao FUP FAHA
ol A $lxjol oyt Aggel RAHct B3 W Azl of
3 Ao 4139t 22 Al Aglof ti¥d local networkg ¥i-¢
58 FAA a8y, A AAge] local minimum o2
FHske e diyos wAE= oferh whelM, of Wy
& AA el FHLA7]7]= of-f ojYc}

Feature Jacobiang w7 #1¢t A3 P e
feature based A1Zt FFof iyt A3 T2 Al=7} [12]0A
Hajol 23] AMerEidrt. o71A, feature Jacobaing Fiuie}
ot BN ato] oA Y 4t opel, &R @At feature
2] w2 AGEUch ez, MY Jacobiang RESHE
B4 T3] Al supervised A S 71 A Ho
717b AMtE e, Aol ol tiy &% Yo FHAL I
& 71& 7 (gradient) Hgell 23] EAH o2 FHHACE Y
M2 Jacobiane] £¢ Yol LAHY feature Jacobiand
ALY o ¥Yxe dg ojg o] HAY = dAort ey
gradient Wy wEof gFAE 4ol LteA lct.

2 =FolldE sinietel A Alele] AdoiA Azle
FHglo] featureo] Wakzt Wshe Jiwlel motiond] *He}
Atojofl vy Atgo] Eafches A& Bo|x, H|AE AP
AAtH el feature based visual feedback #oi [6,9]01A4 M@
inverse feature Jacobiang& AHE % of H¥UlX& o3& AHA
g 4 gthe A& Bolaat ¥l e, o] vy AtgY
@Y Mel(closed form)E s H o REstE ofAl, AlAw
Hx| 4£& PFEMFE ol &3t vjd¥ A19& ZAsle
gl o471 A gstals networkd] FRE 4 Ao A}
LE= o7 ¢33 radial basis function network[13]3} &
Apstet,

2. u|& g4 FolA nlE Cartesian FH22 9
Ay HH

eX & Ziulg} frame C off Y m-x}d Ach ¢1x] 9
g2l 82, F&§ 83 44 9 n-AY feamre We 2} 3zl o
o= eX 9 F Atole] 7|7 BAE thiz ol ey

At

F = I(¢X) (1)
71M I(.) £ ¢X = R oM F € Re 229} Atgojrh. 7t
o cXolA F2eo] Atgo] duid vigol’ o 7% (inverse
kinematic) ¥7&= ch&3 Yol
X =I"(F) (2)
A7, I'1(-) £ F € Ra ofl4 cX € Rmo 22| a}gojr],
Feature F3} Flolel F Alolg] mE @A
feature Jacobaing AME3led uiepd £ alch deX/degt
dF/dt& 247} Fiu2to] cigt B GEo| He} Ajzle] wid
g4t featured] Wtal st AD)Y 12 ZAPEE thet
o] dojAri.

dF/dt = J(¢X) deX/dt (3

A7M, J(eX) &= ol(cX)/ocXE He|E= nxXm H@Pojrt. b
oF 31& J 71 full-rankel deX/dt & J, J*(¢X), deX/dt =
J*(e¢X) dF/dte] Al (pseudo-inverse)& Al8HoZ dejd
4 qlri{14].

dex/dt = J* (ex)dF/dt (4)

875

2(2) tial A()E A 713 A Bde
M Ael nEalo) # ey UF Fuzl Ryo] AbgHTh
uleta, Rua AYAde) A ERoiM Aol EMNE deod
2% olt}. 4](4)olA feature Jacobian®] Zt f4E °Xo ¥
4ola o|Ae H3| EA2] CAD HEI[1,61L EMNet stuizh
o] Azl &A[9]e] "Wasicl oA ZREo] feature Jacobian
& Aamez BAA nEDL HFexte] A dhof
feature Jacobian ¥hH-& AHEst7] YEA ¥t ol oAdE
3} o], HeX) & EAl7 ulduieict X #WHst 78y
ql Azt@ATL thal B Eojof #Ilaf o] Aj2o] 73}
o} gt  ERE, wRet J(eX)7} Hojehd inverse Jacobian
& AHgIls W ZRE #olo] ALY 4 gith

oY & FEEI s <X F Aol wlE
#AL ThE el o7l4 Ak oL 5X OFF
2tz eXe} Fol Wislero g Eow 4 QREH t&E &+
ch

cX + §X =11 (F + 86F)
=I"Y(F) + G(F + &F)

o714 G(F, 6F)& th&og AHeHch

2

N
G(F, 8F) lim 2 &akl'l(F)/ aFk) &Fk (6)
N— o k=

gtel 68X G(F, 8F)& &34, 4)E Agsh=
feature Jacobianol ]3] RWx& o#&Eo] viE olfel 2
s AAY 4 Qrt : i) GF, §F) = siuztel B Ately
71steta Azt 2ol Wastxl ¢l i) o Atge] YasiA|
o¥tt, iii) G(F, §F)7t @A Fot §F2 m-xtd Hy pol=
2, G(F,5F) + BA7} ulduinict oA 2Y9Y Best o
th. 2, olayt Adelx Bt BN LE GF,5F)E
dio olago] gch weld, G(F, §F) & #& W32
2 fEs= oja, vy A GF, 8P & A3 #i3
AAe] ZAE E A 2&UF[151F ¢ 832 it

(121014 dFHEe], A G N=1
G(F, SF)& 2AI3}517] #13} supervised ¥ & Ad #
2] Hol71§ Ayl  oA71M o] W] Ot HA £F
Pl AL et 71€7] dhdel o wEFes dojx]
U ot 71&7] duiBel wEY 2AEE €€ 4 ldvh
o, AR B2 =g ol &3l FHoly UgedE 7t
2 H2e Yeld Ha| &&fP+ AW (Fuzzy Membership
Function Network; FMF Network)& #ste] 21 A 88 &
EY v} qloiis].

Al
A

3. FMF network& ©l-&% Azt 359 dA

g4t featuret Fhoete] 128t ApMolA Yt ¥
sho] ol wHtale] FAY nlE 6idy ApdS Resolved
Motion Rate Control(RMRC)FZol|A o8 % alch. G(F,
SPE Moz Ay oygs) mEel G(F,5F)% [15]o1A
8t FMF networkoel 23] ZAptgch

Visual feedback o1& $I%t B4 featred] =)o}
glojA], Molx 6702 At featureFol 3xiie) tfizte] 9
X2} pME AAFYUCH & LS Hnjich

&xi = Gi(Fi,Fa, ..., Fe¢, 8F1, 6F:
i=1,2,...,6

M

Seul, mtel oW jio} uish Fiof §F;7 Giel el 3
HY 4 P=F Fiob SF;E AYucid Gie Figh 8F;el
Ralo] Ho wetd Giol it HAFEE HA 43U + A
o}, RARCE (Fxi, 5x2. 5x3)2 (5x4. 6x5, 5x6)E 7l



gAY eX,cY,cZFo] iyt Molsl Mol thyh nmA A
& uJehdcia si#Al 2zlz 2% 149 objectAly
XY, Z&g °X,°Y,°Z% =2 gyl o|A Iy 23 o) ¢
oA AR (53] 71 48 AS YAlag)L 28 six)
o714 Fi, i=1,2,...,6,= TN Y FojAr},

Fi = g3 deln Alye] B2AFHNY X 2EY
Fy = g% deln Azt e RASAHY ¥ Y
Fy = @2 gaols ARy 327 / 718 4
AAY (FE FE2Y% Fe) atAy)e) 37
Fe¢ = 943daA X&ol cjg A2y
FoH ol Aol wl g
F5 = @49 Wl Yol ciyt Alzge
F7he oid Aele) wlg
Fo = g4¥molA Aty T2 2%
282 i=1,2,...,600 ths) z SFit Fish 712 44 feature

% Firatole] 22 Folzlth  Fird JBIEA] (°Pix, Py,
oP¢z)oll A teach-by-showing Woll 2ls) &3F¥ glolth. 6xy
2 &x2¥= JIRHL2E (F1,F3, 6F1)3} (F2,F3, 8F2)oll $4
°li &x3r 23 8F3o FHolele A& 4 4 Ut o
gq¥ AR2RE §xi, 6x2, Sx3 8x3 = Gi(Fy, F3, &
Fi1), &x2 = Gz2(F2.F3, 6Fz), 28l &x3 = G3(5F3)&
& 4 or} i=1,240 Fie} Feoll oy 8xi8 ¥44L o}

&3 2ol ¥ di g A3t o Dy £ Qlct

di = objectAl (°X,0Y,0Z)¢) thslo (oX,°Y)
B ejo] szl X W& TPt A=
X el g} o X & Aol 7}

diE URE] thge® ol&Es glch

di = tan"1(f }/_F; / [KiFi(}/_F: -1) ®)

714 Kit f& 42 44 scale factore} 7huake] £ A3
olct, weld  §xi,i=1,2,3& T8 5xi=Gi(di. §Fi),
i=1,22} 6x3 = G(8F3)E FoA 4 gl vl=3lA &
xi, i=4,5,6% &xi = Gi(di, 8Fi),i=4,52} &x¢ = G(8Fs)
2 YUY ¢ gt
AN 2YF LM ol EAE AU vl 33
3= HYE& 1 v|A¥ Ald Gii=1,2,...,6,8 A=
FMF network& 8|817] 13l AN simatel 2
27t F00] Folxol gt o1E A FiH ety Xz 2
3fofItt. & (°Pix,°Piy.oPiz)ol LAY BEe] cfs) 3}
Hetzlh AN EAE 8 4 Y 7S Y VRol Iy 343
dAsojo} Frh ez VRY & ulg AL TVRo|:} 3
ch. FE2E TVRHE  xlolA  objectAldld FFE$A
(°Ptx, °Pry. °Pt2) 712l (1AW 4% ZE2E FoATL 74
NEHEAE objectAE Hejgich wlMd¥ A Gii=1,2,
6,914 Gi(dy, 8F1)2t Gz(dz, 8Fz)oll M2 ¥4 dif
de= W2 FHo] HAEHUE o ohAfEHSY Jao] 2 B
Alg £ ok Gi3t Gl Sxi Sxeoll tiEt di &} do=
Folzd dy¥ZF 2ol dAsit 23 o dig} des MiX
M, #3%eg VRS EYsld d*a.l=12,.. MY}
d*2,1.1=1,2, .. M2 HAHo2 ufiE$ENY £ ok
7z} g ztoll ths] FMF network-2 $-Z 7ol &3t ztzhe] M ¥
Z2& et FH=lojFcl. M) XMz FMF network?] ¥7lo)
#72H o[Fo] M; XMz FMF network2 4] (18)olA] network
& Adste] zywich. AYR networke A (20)0lAM 8} 11§
ok YO A2 3 EIJHTL udA G,
2} Gsoll 2] Feo Fsk FAEAE HL3lo oizpasy
4+ ek,
e scalar ¥4 Gi(d*11, 8F1),1=1,2,

=M1, Gz(d*z21,F2),1=1,2,--- M2, G3{8Fiz), Gu(d*s1. &
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F4).1=1,2,--- M4, Gs(d*s1, 6Fs),1=1,2,--- Ms, 2283 Gs
(8Fs)& AL/ 1% fuzzy A= AMNAHE FolAch
FHE dHAF7] $is G3(8F3)¢t Ge(8Fs)&
Ms=My=1dul] Gs(d*s1. §F3),1=1,2,... M32} Gg(d*s1, &
Fe).1=1,2,... Me2 FHZ} Gi1=Gi(d*i1, Fi)E I,
i1RY,itR2, ..., i1RYiE Gii, i=1, 2,...,62} 1=1,2,..., M 2]
ZAE A qi(EFF) Hx @A b Aipst Bine H
2 BA 1Rie] IFRE3 THENY-Eof AR A 3yt 3ol
2 teh =¥ uA(8FDR wBii(ui)E Adngt Bind
&4 g4z R Z g4 AN "R G IFREel
A HA AP 4% P5e YYELE BE WES 9
th ©e3st7) f5 24 ¥ urin(SFi)e 23 4044
H azdgoes Fojxn 1 A2 thEt Yol &th

sAij1(8F) = [
| 6Fi < aij1

|

| (&)
|

| = —————— . &F:i > aij1,

L

i=1,2,...,6, j=1,2,....q, 1=1,2,... Mi

A71A aij1. bij19} cijiE APS ookl A4eelrt oA
Al (T)lM wAii(8Fi)el o3l aiji, bijis} cijid A3
8171 918 6FimaxE SFioll iyt iYL 3 6Finin
SF‘Oﬂ C}]ﬂ' ﬂ_’}_{k&i é?_g.tﬂ 8Finin = - 8Finax & ‘;15(’1{]_
t} 3 hMi, DG thet Zo] FYstat

hiMi. 1) = [ !(21-Mi-1)7{Mi-1)M;i!,
| 1=1,2,..., Mi Mie { ¥4 > 1},
! (10)
1, 1=M =1
izl F2elq 2ol featureZtol SFimaxRrT} AAY ZHolr}
ulebA o]}t A AE I83t7] #8) d*iielA SFie] | MH
Z480lE B85 h(Mi. ) 8FimaxE =] ZZelA Ho)
featuregtol et 3k=}. 22l UM i=1.2,...,6, j=1,2,...,a: %
1=1,2,...,Mio) th#l] aij1, bij1 & cijiss gkt BE ma] 3
UAEol -h(Mi, 1) 8FinaxZHE h(Mi 1) SFimax7}2] QA8
A EEHCA vhga go] FojAct

aij1 = (qi-2j+1)h(Mi,1) 8 Fimax /{(qi-1), an
bij1 = ( aij+11, i=1,2,...,qi-1. (12)
ll not defined, j=gqi.
ha X:1 v
ciji = [ not defined, j=1, 13)

l aij-11 . J=2,3,...,qi,

Grroll thdt == Hye] A4 qie feature HE Zho)] zHgs}
GFimax®l 4Hidd I71& V&3] A= AT oF
59 q. @ q& ZAAS] #8] SFimax, SFamax®}
8F3max§‘ )"‘i H]:J_fi]-OﬁOF ﬂt} 1%} 3011*"5"]@ SFim&x,
i=1,2,32 $% % visual &3 (sampling) 217t Flof oX,
°Yel °Z& g wel &32ol: FimzElY HiAE ulsi=
VRell A & Xmax, Bymax, ﬁlmnx"“ 3‘}]‘:0"8‘]—% 2"7] =2 -?])]
Li, Lz9} LaollA Aatslojdct a7 32 ARoe qi. q2
2t 3§ qi>g>q37t HESF Ad9yc)

o]A] singleton 4% ¥4 uBiji(ui), i=1,2,...,6,
i=12,..,qi% 1=1,2,... MeE AR 93 Uimax 2}

=



“nimx® R0l &Y uigl Hol HAUE AHEY 4 ok
&, ubiji{ui)e tha Yol FoiAch
aBiji(ui) = [ 1, wizAin
{ = (qi-2j+1)uimaxh(Mi, 1)/(qi-1),
| (14
| 0, otherwise,

for i=1,2,....6, j=1.2,...,4i.
1=1,2,..., Mi

4. RAMY A

Aoty Azt FEUHol 2)¢t FMF 43w 4%&
Z29s7] $is) AFE AP stdrt o] RHHd &
d EaAel simieiziel 712% BAR nddch. Aaxe
dynamics& X¥sta] glyl diEo] sirete] A& olFA
7le Belo] ol FA HPg Ui /PRt 23
3 Fivieke UE RYE sPEYc. 94 featureE2 ko)=
B 7 Sl AelolA olatdoln] ATEH] b2 23U ¢
% pointE2HE Uheth sustd G4 AFe 2Yss]
2532 W3t transducer resolutionzt o] ciz] FHels}
A Wty difolch ko2 E AL U HEie oYM
Aefol A 2% feature valueFol] FE51A EXE kolZY
level B & W37 Ao 7 UCh

o] RoJAHEg 213 EAME= HWolst 0.2m x 0.2mel2
A AR Y NF 7ot image scale factors= 2zt 14mmet
0.05mm/pixelo|Ttt. 7]& GAto] iyt FFEHX (oPex, °Pey.
°Piz)E= object frameo)x (0.0m,0.0m,0.3m)=E FsjHch
200msec?) visual BEH A 75¢t el XY, Z& o8 4
o2 # 4 A Agl 5Xnax, 8 Yaax, 8 Zaaxs 50mmo|T}.
33 2] feature selectionZH oM Fy, Fz, F3i= Ztz object image
2 EAFAHL X, Y& #HEEA AAHEHAD BN d4EY
Aazjslsize ratioys VALY  Fulal #xlet BE O#X
(oPtx, °Pty,oPtz)oll 2I3F ZAHTE  SFinax®t 0F2maxs 2
2} (0.05m,0.0m,0.35m)¢} (0.0m, 0.05m,0.35m)ol| A 41pixel=
AR T 8Fsmaxs  (0.0m, 0.0m, 0.35m)ofjM 0.92720]c}.
sFlmax, aplmax‘ 8F3max‘§‘ Q\g: no’taoﬂk‘ ;’s}ﬁﬂ EH—E—O“
HA q = q2 = g3 = 7oiele H& o 4 k. MY Mx&
7& "hgel 7] fi8) AMAC) oA ¥ + A& FUY H
FI(VR)IZY Z=t e AME 7IX2 de X7 4982 U
FoiA gitie g &t 22z Mge 12 FoAr)
22 A0 A (12)& B i=123,j=12,...,q,
1=1,2,.. Mido} aij, bije ciij ke ALt I8 4NE ¢
Y £24¥4E5S FU 4 Ak BT AUH)Y &Y 25Us
EE 2% SHAAA ujmax®t j=1,2,30] 50mm/200msecE F0]
g B VHAN AMREAATE.  [1518] FMF network
ol i 819 ZE 0.5¢2 0.30% 2zt FoiA olch. §Fig
&Y &Xiae] Mol thsf networkS ©x}+8] HFo) 0.0001
o317t E| =& g EojAr). 4971¢] FMF A1 ZA%E &4 3
SN F [15j00 1 Q& EZ(interpolating network) & &
A21ch, ol AL M H@)olAMe i=1,2, ..., 740 &%
g4l i (di) ¢ mi(d)F 2¥ SolA BEo] i=12,....7
Ao 7§ 12 w3, 728 B8 052} 52 77 yerh

Aldg ule) 2ol BAE FH5he AlY FF
7128 B A" FMF A3 % 4%& AA 272 gt
ol slaf tid 271 A8 zagch (1) BN/ Y=X12=
FolA AH¥ A2EFE wet 559mm/sec® FHole A (i)
E7t X2+Y2 =(500mm)ZE Fol LY ATF uwe} 2
revolutions/ming] Z4E 2 FXol= A A7|A A2t FF
& A Zgufe] object framed 71& FIFAR A=Wt Y
7ol izt Fimete] ol A HA HAel 1Y 6ol al
c}. gidlgle] BEEol X&2 Y&2eZ 7 10mms} Smme)
BFadarel WAL xol§ B 4 vk ALl AAY xol=
T AEL FySoo] dojits AL A=A ofFelth

ayRE WEY Aolg goirl A d& ¥l Ax HA

877

Aol 7gaEcl oY = dch

23 79 (@8 D) ()Y BfeA szt ZE &Y
299 WA} 2N WAL BRAFan ded, O At
$A%E o 4 stk WHY Ao|st risidiet: FReA
= 2y 78 OAFE A FAY AEE At

a7 8¢ BN 34l kol dYgg UL X
ol Al M ¢E FMF A3 %& g3t A oj7| 9} feature
Jacobian ¥d& AHEY Ho7lY HE¥EE wehe B8
Bojgc). o3 82FE Ayt A7 feedback Folsle 0]
Zof 3tz wtd o feature Jacobiang AHSY WY& AHE
L A7 Azl MUY ARE kolze] UIch

5. 38

AF ol 2AY Hx| &% YFEFEMPE AH 75
o] wldY Aldg A s ASE e, ASH
network?] FR & radial basis A% F2e} Falsict. =g
¥ FMF network Alofo] mizt RE 237 o] gl
YEES $AY £ USF HgHoHch AUYY FMF
network& O-& H}H o g ol&sleld A feawredE Y8}
£ Aol dyEolAol sta o ¥ 4£& PHES W
Eolof grh, o] ReoldyolA At FMF Al %ol 7%t
Azt F e AT dg 49YR &Y A I
W et A2 A, wolRe] ALY A, RE ZRE Y
B2 Uode ghole ENE A5 W ¥t O
2|5 o] A7 2F A7l HASINIL Boldin, G &=
7b wpE s, Aol H3do] gitie Held Aoz HA
ol- €% 4 ¢lrt. v Azt Adzt 2HE Dynamics§
NEAY = o= FFQ slge] Besich
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for the case when the object moves along a linear path
given as Y=X/2 with a velocity of 55.9mm/sec.
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Fig. 8.(a) Path following performances for the controller using
the proposed FMF neural networks with the
interpolating network

(i) the case when the object is not corrupted by noises

(ii) the case when the image feature values F, are randomly

varying to 0.98F, thru 1.02F,
(i) the case when the image feature values F, are randomly

varying to 0.95F, thru 1.05F,



