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Abstract

A result of simulation carried out by using a JAVA language is presented here according to an image-
understanding theory [6] proposed by S.Suzuki. A point of-difference between S.Suzuki theory and
traditional theories is that a meaning of an input image is represented by a model of a recalled image in
S.Suzuki theory. ' v

A system presented here which is intented so as to be able to understand a scene-image deals with a
model T® correspondinig to an input pattern @ as if T® were ¢ . We call this assumption an identical
perceptual principle between T® and . @.

S.Suzuki proposed already a multi-stage transformational recognition method (MSTRM) of searching

~and recalling a fixed-point. MSTRM tranforms a input pattern @ to be pfocessed in question into T® in
the first place, and then transforms T¢ into a sequence of pattern-models for the purpose of searching
and recalling a fixed-point model of a prototypical pattern associated with a category. We can try to apply
MSTRM to determining each category to which each pixel belongs.As the conclusion of such a trial we
have already obtained RECOGNITRON which can understand a substance of an scene image in question
[6]. In this paper we construct this RECOGNITRON by use of program language JAVA, and examine a
result obtained about a faculty of understanding a given image.



- If each category determined by MSTRM is called together concerning each pixel in the image, how
much RECOGNITRON understood a subatance of the image will become clear. Let RECOGNITRON stick
on each pixel a label of a belonging category determined by using the neighbour of the pixel being watched
to show what the image is.As this result all pixels in the image have belonging category-labels.By this
means RECOGNITRON can understand whether sky, trees, cars, houses, roads and electric-light poles (six
categories) exists in the image. ‘

RECOGNITRON does. not necessitate to segment the image because RECOGNITRON adopts a
method of attaching each category-label to each pixel, and can fully extract knowledges from the image
associatively. This fact is characteristic of RECOGNITRON. The system constructed here has been
obtained by obediently applying a mathematical theory (SS theory) of recognizing patterns proposed by
S.Suzuki to a field of image-understanding. SS theory has already been proven to be universal in
recognizing patterns.

Three distinctive features of the method of image-understanding whose performance are made sure are
explained as follows : :

(DRECOGNITRON transforms associatively the model of the input pattern to a fixed-point pattern-
model of a prdtotypical pattern of a category through multi-stages by repeatedly using a structual
fertilization transformation whose components are a model-construction operator T, " a similarity-
measure function SM and a rough classifier BSC.

(2 A region segmentation is not needed before understanding an image because of pixel-wise recognition.

(®According to how much RECGNITRON has knowledges and learnablity, RECOGNITRON
sometimes has two ill feelings against a thing in the input image RECOGNITRON may output 3
results of recognition for things in the input image : (1) definite recognizabilty (in the event of
obtained categories being only one) '

(1) indefinite recognizablity (in the event of obtained catégon'es being more than two)

(II) impossible recognizablity (in the event of obtained categories being zero) [l

RECOGNITRON has the plural model-construction operators Ts, the plural similarity-measure functions

SMs, and- the single rough classifier BSC which can perform a fuzzy inference as a neural network. We
can select only one RECOGNITRON among these combinations by clickking a mouse. The obtained
computer simulation came to conclusion that RECOGNITRON serves the purpose of an image-
understanding.

Key words : a mathematical theory of recognizing patterns (SS theory) ‘
model-construction operator similarity-measure function rough classifier category-selection
function structure-fertilization transformation categorical-membership knowledge

associative recognition of searching a fixed-point pixelwise recognition scenery image

method of steepest descent
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EREINTHY, Tyl &Tyli]l LVFRBOEREFLLVEICEy [, gl #BET S,
HFT)HES JEIREME T Ay (@) % '

g(@)=minllTe-Tgl | g€¢lixql, q=1~1 (4.12)
LEFTDH. IIT, ,
ndis(Te, T¢)=[1Te Ty | ‘ (4.13)

LEFESNDndis(Te, T¢)id/ VAKEEL SN, /87— 2T & T ¢ BOMEEE (FHEORE) %21
ETHIDDHETHAS.
xRz, BEG(e) % -
ﬁ(qo):ig}iym g(9) ' (4.14)
LEFRTL. T0%k, SM(e, olj]) %
SM(¢, wljl) =

filp)/ 3 fi(e) = 3 fi(e)>0 DL
P(C) éjfi(<p)>0 DEE (4.15)
LEET S | ‘
ZDEE, TRTDjENIDONT
SM(¢ljsql, wljl)=1 (4.16)
BIRTDq(=1, 2, =, DIZDEFY IO, F/o, FRICEELLjEJICDOE
SM(¢li;ql, «ljl)=0 G+j (4.17)

BERTD q, $T0 i (#)) KOERY Lo TV 5.

4.3 EBF{kS™M

RETTIE, HUE SM(p, olj]) DEE200BEsG), s () 2/HE, s PITFE0K, F72,
si() L LICB TS 2 1R BRD. Axiom 2% {72 THPUERHBSMA 58 5N 7K (4.23) D
BT UELE B BSM (daxiom 2% 723, ZOBTFICLY, /85— OEBERINL, LB
RRBAEOIREEDL Z LN TE L.
431 SMEETHETIHE

RETIE, M), si()EBAL, SM( @, w[j]) D% EFILT 5 HE(ETLHE) 2 B3,
FICIFBERBOA T TVICRBLTWE Y —

elistl=1lelj; tlal k=0, £1, £2, -, +p,1=0, £1, £2, -, £q} (4.18)
DEE .

oi={e[j;tl | t=1~N} (4.19)
rEAL, BEsG) (<s(), () 2R %R

Si (j)éineigk SM(¢, wljl) (4.20)

Jnax, - max SM(¢, wljl)=so(j) ' - (421)
72T L0 kw2 20%, SM(e, oljl)%

s(p,j)=

1 siG=SM(p, wljl)=1 DL X
[SM(@, wlj])—=s0(j)1/ [s1() —s0G) ] = 50(j) <SM(¢, w[j])<s:(j) D& &
0 O0=SM(@, wljl)=<s(j) D& & (4.22)



ANEERL,
SM' (¢, wlj]) =
s(e, /2 s(e, k) 3 s(g, k)>0 DLs ,
P(C) - 3 s(p, K)=0 D&& (4.23)
ERDB., ZOSM (@, 0[j]) DENSM(P, wlj]) EEFLLETH 5.
2B, s0() <siFEY IO L) TBEENR TV ARITRIER LRV L ITEET 5.
432 BEsc(j), si(j)DREUTE )
HE 4208 CIBHON FTVIRET 535 — > D, K(48) ORIV, 243100, & L TR
By a%Ea%EL2ZRL, BfEsG), ss()0F2FEUTOL ) IcH0 5.
® a()<b()

a(j)= 3 max SM(¢, w[j]) » (4.24)
b(j) =min SM(e, wljl) : » (4.25)

PY M oTWw5H I & RERT 5.
@ LEROODORERSTRTDjENIDOVTHEY Lo TwiITIIE, BEFELRWSMT
7). _
® EBROODARERITRTOjENIDOVTHYLoTWT, Lid
: b <1 22 0<a(j) :
Thhig,

so(j) =a () 'x (4.26)
si(=b0)y ' _ (4.27)
k9 hH, T2
x=1J7/Clrl -1 ' (4.28)
y=min{([J] =171, 1./b()} (4.29)
[T =m(h 7 TY R ~ (4.30)
@ v(§))=10%4
so(j) =a(j) 'x ~ (4.31)
siG)=C111=D/171 (4.32)
® A/111)-1/y)<b() »2aj)=0 OHE
so()=1/171 ' : (4.33)
51(G)=bG) -y : (4.34)
® #othor i S
so(j) =a(j) . (4.35)
s1(§j)=b() ; (4.36)

LES. ‘

44 BHFIVICRET 2EHAD/NNF— 2 %> SMO

KE44H54.61%, 42LF LA ZEA T TVIRBTAERD/ Y — v 2o TSMERDO LR
(41512 &L B HETHSH. €oC, 420, R(4.12) DBHg(P) D5EXFEEZXH72FT, R(48)
DU RR (4.14) DBES (@) B ERT 072K AL TH L0, g(@) DRBUHDART.



B¥g(p)id,
gj(¢’)=
g@gjﬂ‘tlogel nip(Te, T¢) | ?
= FTRTD ¢ EVHIDWT
ITe -1 T¢I >0 52 | nip(Te, Tg) | 2> >0 DL &

—27!log. ¢ ’
HBLIDOD Y ETIIDNT
ITe -1 T¢Il =022 | nip(Tp, Ty) |’<e DL X (4.37)
&, BERINA, ERRANUINCEH LTV IHE &
0< e <min min min min [1nip(Ty, Te)|*| ¢g€¥[i], ge¥[jl, i*j] . (4.38)
e=(1/1711) 1;[16151 IJnF1§1 min min { | nip(T¢, T¢’)I|?

| gevljl, ¢gevljl, i*j! ' (4.39)
E5 25, _

45 &HFTYCRET SERED/NF— > F > -SMO
44 F L L, RETR, gle) %

gi(®)=min [1—| nip(T@, T¢) | 2| ¢€¥[j] , (4.40)
L5z A. ZZT,
idis(Te, Tg) =1— | nip(Tp, Ty) | 2 (4.41)

LERINDidis(Te, Te) ENBHEBELIFITN, 57— CTe L ToHOBEVEZFHITA120
FHETH .

46 EHFTYICRETSEMEDG/SZ—> &> 7-SMB
KEHTE, EATTVICOWTH(EN %,

a=3""min min|l T¢g—Ty 2| g€¥lil, gev[j], v[il+w[jli>0 (4.42)
LRI, RIE4SERL L g(@) % »

g(®)=min{l—exp [—a ' [ Te—Ty¢l?| g€w][jl} (4.43)

LR, '

5 BEh7dVDRRNEG - OFEBICLZRE.

KETHE, HieIBHORERY — ¥ o[ 2R (57) ONE Y — > DhE B S¢ 2 HR
THRETAFEEFEBICILREE ; X (3] CTONFITOEZF 7NV A1) DHHEEINS.

51 HRRNI—-2o[j]lOEFT7ILITUXL

AT CREEE S N5 8 A 7 L RECOGNITRONTiE, AN ENB Y -V OBRIZZ DY
— VY PLIREENDL NG - ThHA. FLT, ELLEBENIANNY—ViZo0nTiE, 2D
ATING —BRBT LT TVORENRS -V DEFNTH .
mEATFITVRBELL, A7 TVETORET & I=]1, 2, -, ml&TH. REI -V



[j] i, RECOGNITRONZ &€ JEH DA 7 TV IRBT 558 —» % E L BT 2554108
BENDETNTo[[IITHET 288 - Th b, ZZTH, BiFEEOI T T ORFENRY -
wljl=loljlul k=0, £1, £2, -+ +p,1=0, £1, £2, -, +ql ’ (5.1)
EEFICL o TROZ FEEBERS, :
B, EEONH Y - 2K w[[HITHETERI LD TH S,
(RFF Y w[jIOFEB TV T) X L]
@ WAL (initialization)
EEEBRBIIBYTROON2w ’i’w[] t] EEL,
w[j’; tha | t=0 = w’[jlu ) (5.2)
&Y%, w[jlEBE]FBHONT TV IRE T AN/ 5 — ¥ (training pattern) D9 b,
BOZOHTT)ORHEICHODLTNENS Y Th5.
@ JRWIERRS (recursion)
wlji;ttle=olj; datAdwlj; tla
(k=0, £1, £2, =, £p, 1=0, £1, £2, -, £q) , (5.3)
ET D, Awlj; tlallDWTIRS2THENS.
® #7T (termination)
Ihwlj;tt1l—wlj;tl2<s ‘ (5.4)
§1=(2p+1)(2q+1)+1 ‘ (5.5)
BTSN &, w[jlELT, olj; 0%RET .

52 Aowlj;tlaDkRDH
KNI DEFHHA wlj; tha%

Aw[j;t]m:a[j;t]k1'|:90|:j;t]kl“w[j;t]kl] . (5.6)

EBL.
22T, eljst]l EHorLOHBESINDIE 5 — ¥ DRF (sequence)

eljsol, eljs1l, -, elj:t] (5.7)
ThHy,

eli;t=lelj; tha | k=0, &1, 22, -, £p, 1=0, £1, £2, -+, +q} (5.8)
LERENBLDT, ofjst]ld

ﬂjlﬂz{aﬁ;ﬂmlkzo,il,iZg“,igiZO,il,izg",iq} (5.9)
RS

0=qfj; tI<1 (5.10)
BT L) ICHEMICERAONEBDTHY, :

a [J s t]klzc[j s tha ~exp[—{(k*—k)2+(l*—l)z}/(V[j s tha)?] (5.11)

(FEEC Cl ;s tlu=09 & BK)
THY, k*, 1* i, . .
maxy |¢[] 5 t]kl“w[j stla l2=1 elj; tlher—w ot wr |2 (5.12)

AT b0ThL. Vit i,
vij;tl= Du (5.13)

V(2p)*+(29) % log.[2+1]



EEE. Dyiddb o LoBICEZoN500THY, KRVIal—varyTid
Du=1
LBVWTWwA

53 RTRHOHE ' :
FREIY =V 0 DFEFORTEMBER(54)TH B, RERX(54) 2T t ROPLT,
TEER - RETAZ LD LIFLITES % FZT, pjllfiﬂi?“ljtﬁ)loo’%f_’m’*f‘ouT@%ﬁﬁ%fﬂT%

iz bﬂx%
=] wlj;t+1]—wlj ;t] |2
é:io’%, ATTIFENIRBT BB NS — v ORBE 1 & LT, t PFIOELE, TRTTOL
DHFTOR/MEmini_d & OB %17,
d<mini_d

BWYIZOL X, mini_d=d& L, mini dEFRIUED d Z2r+1E#VELZHKRTER5.

DL, mni dZHRBICEHFLA-LEZD ¢ oIS — V220 COR/MEF B Y D2 S W
L&, sy — Y EAIFL 2R ETO d Zmini_d&BE, R/MELZBURDOET.

6. MALAT7 72 (R 1— 5% v bELTOXRHEREBSC

B TR SN, B [3], [4] Toaxiom 3% 723 K53 EBSC (binary state classifier)
(&, BRI A 7 ARECOGNITRONZSHE © TV 5 MR AME O R & LTV A EERICEET
B0E)DEHET S OO R v § 7 — 2 (knowledge-extraction network) & LT X, 7
7V HERRA BT A a0k y PELT, PITOZTE SR ENS.

6.1 BSCO#EERXK
EEHBSCIZ O XTI LEA, | ~NDEE

BSC: ®&xJ — {0;1} (6.1)
ThY, ROLIHIERINSD | ' \
BSC(®, j)=psn(y(®, j)). (6.2)
Z 2T, 1FEEEuD 2fERI ¥ psn (positive sign function) ¥
psn( )
u20 @i%/—\
cu<0 OHE (6.3)
kﬁ%éhfﬁ@, BEHN Iy (@, )i o
y(®, j) =Wmean (%, j) —bl[j] (6.4)
= o |
Wmean (¢, j) sk:z‘:p jﬁq Wiila -pa(@, j) (6.5)
pkl((P, J) E(]m(gp, j>/i§] qk1(§0, i) (6.6)
Qk1(§0, J) =exp [—{(TP)u— (Te []]kl) 12/ (o []]kl) 2] (6.7)
L5 5,



yAG) &7 T ICB T 5 EAEM ) (desired output) &5 &, FAERY A fuzzy HERRFAY
if {T@ is Twl[jl} then {y*(G)u is Wjlu—blj]!}
ZRT LI, R(6.2) DRGEBEBSC(o, j) DEEDPHRESINTVRS
3 D neuro-fuzzy system & L’C@%ﬁﬁ"ﬁ%ﬁ”&“(b%BSCV\]ODEJJW-’E&W[J]H, b[]], o[J]kl’i’
RE62DRBAETFE I L o TRk 5.
%3, ARECOGNITRONTIHEH L T EOEE<x], 2>V THEBIIEH L THD,
EDQBFIZOWTHRBOZEFHER LMo TRRELITo T 5.

6.2 BSCADWI[jl, bljl, oljl«PESETXICL3ZE

CAREITIE, 65(6.2) ~(6.7) TEE SN BEBSCHDOWIjlu, bljl, oljla% HEME T (method of

steepest descent) IZ X o TFETAHEERBRRELY, #0720, 5P LOIFH Y — >~ ORF
@i, t1=100j, th | k=0, +1, £2, -, p,1=0, £1, £2, -+, g} : (6.8)
t=0,1,2, - : '

EPHETS. j BRI ICAN SRSy — V0 RET 2 T TUESTH L.

6.21 ZAW[DRSBETEICLIEE

HoPLO
@ 5:>0 (6.9)
©) e2[ji, tla>0 o 52[jt, tlha=Z ealjirr, t+11a i (6.10)
® Wl tha [ t=0=0.1 (6.11)
YHETA. FLTWlj, tlu%
W[jH—b t+1] kl:W[jt, t]lu+ Aw[jh t], K (6.12) .
E, EBIt+10oW [jtﬂ,t"‘l]kl'\&ﬂgﬁbf\/‘%, REE, .
kizp—p 1:Zq—'q | W|:jt+1, H‘l]_W[jt, tla | 2< 8, k 2 : (6.13)
AL L7t THRT 5.
ZnEkE, Wilak LT, :
W[J] klzw[jt, tla ’ (6.14)

&, BT LRI BIT AW, tle2BTRAT 5.
AWlj, tlaDKDH I, EETHRICIIE, KOLBYTHA.
AW, tha=—e2[ju tha [y(@ [, t], jo) =y G I -pu( @i t, o) (6.15)
T, YR T T t T ABER DTS S,
HERDy (@l t), j) O, BEBIyG)] 225 0& [y(el, t], j)—y ()] OBEFED12
2RAETH LI, BFR(6.12)2FIT T2 L1, BELTHL.
6.2.2 Fﬁﬁb[l]@ﬁi%ﬁ?ﬁkié—?—g

HoEHPLDH
@ 5>0 (6.16)
@ eslju t]1>0 22 esljy t] = esljors, t+1] (6.17)
® blj, t] | =o=0 , (6.18)
HETA. FLTblj,t] % '
blji+1, t+1]=blj, t] + Ab[j, t] : (6.19)

&, BHItH10b [jr, tHIINEBEL TV E, RER



F ljees, t+1]1=blj, t] | <03 (6.20)
BRI L7-BER t THRT T 5.
Zorx, bljle LT,
bljl =blj, t (6.21)
L, BT L72EBR t 1281 5[, t] AT 5. -
ZZTROLNAD[IIEDETH Y, REWIC6IDHFETRERIRET.
Ab [j, t] OROFERDEBY TH 5.
Ab[, t1=esl t1-[y (s 6, §) —yAGo)] ‘ (6.22)
RERTy(elj. 1, j)o, BRBHyG)] »50EY [y(el t, j)—y ()] OBEED12
RRALT AL, BHR(619)EZRFTWAEI LI, EELTBL.
623 IEERECWORBBETEICLZEE

HoPLD
@ 6,>0 (6.23)
@ eqlj, t]lu>0 222 esljn tla= ea [errs t+1]y (6.24)

® olj,tl  t=0=1
YHETAS. %Lfd[jt, tla%

o Ljer 1, t+11w= 0o [jo tlat Ao [j, tha (6.25)
&, BEt+1D o [, tH 1N EBIELTWE, A%EK

+p +

22 delienttl—oldu |2 <o (6.26)
DI L2 Rt TR T $ 5.
Zot%, sljlak LT,
o [J] K— O [jt, tla (6.27)
&, TLZEH t 1B 5 ol tlZ AT 5.
ZZT, Acljy tlaDRDFERDEBYTH S .
Ag [jt, ﬂm:&t[jt, thas (—1) - [y(gp[it, t], ]t) _YA(jt)]
'W[jt]kl'qkl(¢[jt, tl, Jt)
2-{(Telj, 1) — (Teljda I Caljy, tha) —°
1 —pu(® e ARBAE [EJ qu( @l tl,i) 17! : (6.28)
BEH Dy (@l t], j) o, BERTIyAG)] »o0E [y(el, tl, j)—y G)] OBEFD12
FRAAET DI, BHR(625) FRITTwEI LI, EELTSEL.

6.3 =X (6.4) ADEED [j] D REL

(6.2) DRGEBEEBSCA2CHR[3], [4] Daxiom 3%z L, 23CHK[3], [4] TWH AT T
) B OMEPEBREBSC(wlil, j)=0Gj)2EKEN 5 X ) TSI 57010, FBICL - TR
BEITRD SN Wila, oljlalfio CHEZMEEZRULBTLENS Y, 2ORULICLoT
BSCOMA D E-TL 5. I TEIRA L7 (6.4) OBMED [j] 04BN RS 2R T.
6.31 KF/INZ-—%EEL Eb[[lOREZE

X.(6.4) OBEL[j1OER, HEjecIFEOI T TILRETHIRENSY -V o[jl2ZR L THRE
F B HEICOWTHRNRS,



b1 (1= Wean (w[j], j) . (6.29)

mmfggmwmdwm,ﬁ ' (6.30)
LT, bljlz
bljl=
(bi[jl+be[G]) 2 - biljlzbe[jI0 %4
b [j] : b [I<bo[jloBE (6.31)

LROB. ZOLE, BT T HOMEBRMEBSC(wlil, j)=0(+)) 23 hTwna.

6.3.2 HIff/N2—>2ERL bl DREE

bljlofE%, Hi€IFEBOH T TV IRBET HMENY -V o[jl2aE87 =Y ORF ¢lj ; q]
(@=1,2, D)2 ZBEL TRET 5 FEIOVWTHNS,

¢ [j]=q:rlryl§,n“_’r Waean (¢ 5 al, ) (6.32)
colj] =max  max  Waa(g[i;ql, j) (6.33)
LT, bl ‘
b[j]=
(cilil+elil )72 - alil>cljloBs
ailjl N [J]§Co[]] DYE (6.34)

EROB, ZOLE, b, hF T EOHEIRMEBSC(0lil, ) =00+ A5 ST
w5,
6.3.3 2TOHK/NZ— L IZDWTBSCE1ICT Bb[j] DREE
bjl0flE%E, Fj€IBHOAT TVIIRET ARE NS =2 o[j12EL/Y -V ORF ¢lj ; q]
(@=1,2, -, DDETOUIDWTBSC(¢lj; ql, =1 %% LI,

b[j]=q=111’1§‘r1”_,r Waean (0[5 5 @, ) ‘ (6.35)
LROBH, ZOLE, R Ed, 7T EOHEHREBSC(wlil, ) =00+ 4/ snT
w5,
6.3.4 FHIZLBb[jlDREZE
FRIZLoTROONb[j, t] OfEEZFD T Tb[jl& LT, ,

bljl=blj, t] (6.36)
EROB, ZOLE, AT T EMOMEPBRHEBSC(wlil, ) =0G+j) W28 Twa LIZES
Z\, /

6.4 FEDOFIEMWS I1L—- 3>
RAFEBBBSCHOBIEHWI[j1u, b[jl, o[jludBEVICEEL5 24\, HEOBEGEOHT
WY RMEPEE>TLD2HDTHE. HBIDDHFTVICOVTEFLITIHEID, oy >
TVEOWTODFEEERPOHBEZTL20, HH120h5FTYOFEL T, o s T
EDBHVCOBBEOHRTHEBIEE > TL A, fEoT, BHOSEEER, BMOIF T 250w
FBIBHDTERL, Wljla, blj], oljle, FRFNOEHEFNENRDOSFTYIZDWT, I
FIPOBRENCFEBZTR AT N TY AL TRBRIELBE T 5 LES D L. 22T, EEHE
AT ADFERIAT - T B FEE LB ORNICOWTHET 5.

FEHZRGET 5 LEEEBE AT AT PRENY -V 2RET L. RENY -0 22T 0L



o> TRET HHEIN, RKESMRFNNY -V EEITFTVICEBT LI Y — L OBBEODD, D
Y ¢lirl 3120 A 7T TYICET IS —  ORE) ORBEFICEEINSE. KF 0y
- UERBEPOEIGAR, REWRIESY =Y gl o] 2RENY -V wljlE LTRAT 3.

RFNY — D REL 2R, Wlj, 0]u, blj, 0], alj, 0JuDWHLEFT VY, FOEE —BRHGICW
(i1, b1, oljla& LTRAT 5. , '

R, BZZEZEL, BOEBEVH T TVFEFPLEHt—1I2BWTROTEW ., W, t+1],,
blj, t+11, olj, t+1]uDfE%, SEOW[, tly, b, t], o, taDBEE LTRAL, 2025
Wi t+ 1], bl t+1], ol t+1WOIETEEFEL, 27 TVETEIOBOFBROLEEITS .

ETOATIVIODVTOW, t+1]w, blj, t+1], ol t+11ZFE LR 722 561F, 20
EROBEZFE TO—HRAEW[jly, b, oljlad LTHRAL, Bt 210D 5,

ZokE, LW tl, b[j, tl, olj, tJuPSFNFNORT B2 LT, Wljla, b
L1, oljlaDBEOEHEIITHR LT, ROBELDPS ZFOEBOFBIETbLR T, KT LA ¢
TOEZZFE/BRE LTRAT . 72720, b[[LICEALTEb[jl2%B I X o THRET HBE LA
DEEF, ETOFEBRPKT Lz SRBILEATH 720, ALAT TV IZOWTOWIjlu & oljla
DESOFEBIET LIBETRTERTLEIDDLT B,

olj, tlaDFBFCHELTIE, 3L IKBIT2IBy -2 @[, t]Dw[jlEAL DTH L%
IR TRELH/ZLTLTLE ) 20, ZOBATOFRERITLEVIDET S,

FTRTOH T IOV TW[ju, blj], o[jluPZNFHROEEIFKRT L12%51E, b[jl0E
BILZITV, FEUBEEIRT TS, »

6.5 FERFEH

FAFFETI36.4 TR/ BKFE (sequential learning) DAhIZ, —F5227 (batch learning) % — 2RI Y
ANT2IEBRFE (non-sequential learning) % HELY ANTWVE, ZOFHMIKDOLE BV TH B,
Wljlw, bljl, cjlaDEZFEML L7288, BHlt 2BEEL, 7TV FEZOBHENESLSIEIC
Wi, tH 1 DEEZRDTH L, TRTOIFTIIZO2VTW [, t+1]uZ KO 51E, W
v, tH1aDEZ RO E TO—RHEW[jlok LTRALEL t 21080 5. XIZ, BB
FETOW [jorr, t+ 1] DfEE, SBEIOWI), tla& LT, SEDOW [ju, t+1]a2KD, T O %
VRS, L, RTEHFZHELZLTWE25EW[, tla2Wljluk LTRAL, DEFrohr 5T
JICOWTIERZ t PEATHEFZ2TDbRV. ETONFTYPFRT &G L% 51E,
WhHIOZEBEIET L, Rib[j12 Wil ABOHRTEE 21T

bjIDFEFENHKT LI2#k, oljlaz Wljluebljle ABOFMETEE 2475 .
oljlaDFBPET Lk, b[jloR#Eb 217, 2HMBEEEERTT5.

7. RECOGNITRONIZ & 3 EIFREEH: (RBIACEA 5 BIEER) - & 5 MEAROEHE A

RECOGNITRONEZ /%% = » (1D EIEH DEY)) ¢ DE TV Te % % B 8% (multi-stage
recognition) T, A H T T, €;) DRFI$F — 2 0 DEFIN To;NEBEEERL, Ry -V
% BT 5. BLABBEBIBILEREY -V ok, FONRY— Vo DIRBTATEEDD S
ATT)EZ)APALOR (pain) KL o TRBENE “HF TV RBMIE (categorical



membership knowledge) < ¢!, A' > & FEt—1EBETOL 7 T IRBHH< o7, 271 >Hh5
<t A <t At
t=0,1,2, - (7.1)
ERD, OF ), BEMICEELTVWE, Zob 7T REMEBIRE S & 45 WMER t 5%
Ra3nib s, ¥4bb
< ¢t+1’ /\t+1>:a< got, At>, Oi k)
B ¢t+l:¢t+1 o At+1= At (7‘2)
BT B & &, BEMERISTT 5.2 OFENS 7 T RIB AL R S 5 B
BHETH . <@, A >P< @0, A°>HhER(7.7) OREZHERTA (1) TORBIA L LTHE
BINTATITVRBEMFHRTH S, 2TCHR=20FKRITLE [3] OERIITHHAZI N TV,
BT TVIRBHEE OESERTH S,
K (7.1) OERIZOVTIE, 71 THEEINS.

7.1 REROBRSE
RECOGNITRON®DEH L T2 ATEBEOREZEx=<x1, 2>IXBIFB A% —

=1yl k=0, =1, £2, -, £p,1=0, £1, £2, -, =q} (7.3)
X9 5%, #t(=0, 1, 2-) BREEICBT LMDy - %

pi=lp%y | k=0, £1, £2, -+, £p,1=0, £1, £2, -, =4 (7.4)
EERBETAH, 22T,

P'=Tep

'=TA(u)Te®

PHI=TA(u)Te"
LROTITE, 85—V EF VT 2 REAHER
pitl= gt ' (7.5)
DT BRI = ¢ RDD., ZDL & t ITHRAFLFHEIEEF S (final recognition stage number) T
Y, PURERICBVWTIAEAE LTHER - HREINANRI—-VETNVTHS
7272 LAHFZE T, %R ‘
| et t— @t 2 < e2(e =0.001) (7.6)
PV L7 ECAREIREALRL, BT TAHILIILTWAE,
I etE, EFNVEBMERAE TR 740BESEERNEA (L) OWEICERE L TELh, BiE
ZREHRLIFEN 5B
TA()T :<@,2> — <¢,2> (7.7)
O MBEOMBRLETLIETONRY -V o DES
2 IRETOETOWGEEDET ) (NEESH)

k5T,

P'=TA(pz N A" HTe+ ! ' (7.8)
ERODOENDDDTH L 428, AMETIE, " 7ITVEFEFYAbuk

p=1 (J=1,2,---,m) (7.9)
ELTw3,



0L, T TVIRBEEICET A ARE SRR (7.2) BBILT 5 BERBEE SR OP 0
72 &, ANEBO, LEONHE LTWAERx=<x1, x2>13,
BT TYEEC;, JEA=CSF(PL, 1 NAT) OHDO—DIRET S
LV TBBEENROND LV,
EEP DO 4 OYEIZ D TRECOGNITRON Do TW A HIiFk E FH e L 1S L,
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FHRE ST LI T TV PEEEH L L | A =22)
TR (LT AA T TN LB NI L | A =0)
Y 3BPEESE SN, MMTTH, EETEE, oF ), FUTLATITYEMELIDORDS
PO BEREREA AT A iy, 2212, | Bl BEABLSKEINIEROBROETD
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7.2 BEESR
K7D OHF T RBHER< ¢, A>IBITSL, ATTIHFESZYAA R
A=CSF(@"", N2 ' (7.10)
LRBAVPEZRTH L. BB LTWE YT T EIREECSFIZOWTIE, 7.5THHERTw 5,

7.3 BIERRSR
71D OHFTYIRBHER< ¢, A >WKBTDB, ATT)EFIAMANE
A=CSF(@' !, N A —1il (7.11)
ERAZHRTHA., 22, AT T)FEFIR
D I CSF(@ !, pNATH | >1 DEE

i=arg min, SM(®'™', wi) (7.12)
KECSE(@' 1, x N ATY ' (7.13)
BTN B D, '
@ | CSF(e !, pNA"H 1 =1 DLEE v
lil=¢, 29 2 %R (710 DL KRET 5 (7.14)

L LTwa,

7.4 WESBEARA ()
B E AR

Alp) i@ — @& (p€2) ' (7.15)
i, FEOp cdilonT,

D =0 F/id p=¢ (EEH) 0L

Alp)9=0 ' ~ (7.16)
@ @+0 D uF¢(ZEE) OLE
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Eu
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6;1 p
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7.5 H5F3VRIREAKCSF
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CSF: @ X2 — 2
i3, FEOped, 1€2iconT
@ =0 Fid 1=¢ (ZEE) DL
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@ e+0 > r¥g DLE
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@—2% BSC(¢,k) >0 #5iE
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LEERIND.
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WHH, FOKFHIREOHEL, BEINS,
7.6.1 F3IEHRERGetpy
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LEEREIND, 12771,
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L LTEET S, :
RRPIEF IEATY S & X 3@E,
RGetpy (#!) <RGetpy (@*1)
B L Tn5 EFREN, FEIEsmL cwe.,
7.6.2 ERRRIEIMERAIN :
P EIEEIZLTO @M ORBIERERAINZ
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 RBOEFIEATVD & XILEH,
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E(@', 2')=0 (7.29)
@ @'F0 o AF S (BER) OLE
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PEPEEICEATWS & XI1E,
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7.6.4 H7F IV IREHFMEDIESESMdis
2007 7T IRBAHERE OEEESMdisiE
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RS EEIEATHS L XI3E%,
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R(7.1) ORFBRBICBVT, TITHPHEIN TV LIRBEEREToTWVD L &,

3 SM( @', w)=0 ‘ (7.35)
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##503-01-1-model A

TSelector =2

SMSelector =2 (QUANTIZATION = false)
omegaSelector =2

bSelector = 3

linerSearchSelector = 1

learningSelector = 1

dispSelector = 1
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6 #£03-09-5-035

TSelector =2

SMSelector =2 (QUANTIZATION = false)
omegaSelector = 1

bSelector =3

linerSearchSelector = 1

learningSelector = 1
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TSelector =1

SMSelector=5 (QUANTIZATION = false)
omegaSelector =2

bSelector =3

linerSearchSelector = 1
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TSelector =2

SMSelector =5 (QUANTIZATION = false)
omegaSelector = 1

bSelector = 3

linerSearchSelector = 1

learningSelector = 1
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TSelector =2

SMSelector=1 (QUANTIZATION = false)
omegaSelector = 1

bSelector =3

linerSearchSelector = 1

learningSelector = 1
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TSelector =2

SMSelector =6 (QUANTIZATION = false)
omegaSelector = 1

bSelector =2

linerSearchSelector = 1

learningSelector = 1
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TSelector =3

SMSelector=6 (QUANTIZATION = false)
omegaSelector = 1

bSelector =3

linerSearchSelector = 1

learningSelector = 1
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