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EHREHEEY, BEHELZEZEENALAV2E > EET —2OLBIIFENRD
DThHdEVS T ECRBRALTHEY, RETHIRAr—rAR—2, RV, #H
Fvb V=2t vohkBbry PO HFEERL T 5.

B, ThoET 33 00BEEEA TS, 10Bik, SEREE
EFNELTHEDLIVWHYRAET 3 » FEHELL, D, BELHERT
L5EICETAL0T, 220D, FYRAES I F2FMEBELASEREBER
Eerry b7/ BEEHELAARIGR=T VB T20T, 3201,
BE* v b7 =2 ECORTIZMBERICL 595 A — 2 L3 RTHEDORHIC
Bs5b0TH 5.

BI1ETR, av¥a—2¥7a vHEOKAOP T, EHELMNETIF £
ODEHEBHEEICT 3.

FB2ETE, HHORBEGE (BRERE) oWy R7 402 )0 ), RU, *
DB E, FYABHOUEZzE» LABRNABED 7 1 V2 CHBICREE
I FARHI>FECODOTHRRSE, 2T, BECRVWTRESAATY 2B
HOALLARABDBYELIZESFEr—KILL, #5, RV, 2F—n7 7
7% (BRRZOLAL) OWEH2HFLCEERLE2T Y, +H4nBErE
DLDOELBRYMORELEHE BB T L 2Ra5. ¥, EHERCH O
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area—2¥E¥Y e YHEOBEMIZ, HERERLZEIS, d5FEXINR(IK
THEIZFE LAY, B, BETIQOLLELFH2EBE T > TraT) X4
2BRL, FAZOMREZELCHEBEOBRLRELBHII LIiTd 3.
BERL REHORNE BHIOEME VEIBRLERALBELZERLLITA
ok, EOVvARArZBTHEEF—28FFORERE R, Z=HH
ErYEFEALARREX, HEBESLEICLS.

1970 LIE, vJ I v FiE2ZIC L ARBHLE, RY, v +7—7
HaELEIC L AT (cooperative process)it, 2 v Ea—F T a vz
BOTRENARRLEBEOFEEL LT, RosenfeldicfREB SN S TEN LB
o d, arric KRB Sh 3 EEOHE=FTvOUBE» S bEB SAKT T E .
thi, BEEHCBROAKEBENEZRREHE RU, 2y P 7—-/@ECL3
FHEHER, BEMHLEMOALNV2EHEF - 200BICFEN LD
DThrEwdzeicBALTEY, BET Ry —2r2x=-x[11], RV,
MERx vy PV —2[L2]lvolRbF v ASFEERLTEY, #EXDOE
=V RF 1y 2 FENLS, JVERNLEILISATLZODADDS 5.

ZERGERITII,

1. L XA TORFABEL XA TOT I v 2525 (ERAOHED.

2. v=rOEZR(evenDXFTHNICHEEBLELRFD, TOV—rYeRBRT

ERCsTY, BAORBBELXLVTZOEHRSHEICR 3.
EviBicknT, HEFRLBCECTEERRE2RAT.

ZERGBEBRTOWROERI IS VWCEELZ S, BREE#@HE LTy 28
HOBEFEX+BSRITH»S L0 arrORELIITHH BB FE
BEFEFOBROAROSL I VY 2BEHOB A OHENLAEEO L S0
TTw3, Zhix, TTIREELENS, DAEOHEBEILAINRELT VA
TETHHR, LEEN, EBEM, L, HERBCIYRTIIAEOD
ZUMEABE X ANarrDOTIEIZ K ¥ V.

HY A7 402 0MBERIL, BREEERNRIS L2 LBEOHEIR DB
ARTHD. E2ETIE, HYVAECIIv N, BiX, 575vT0E8dhE0
RMEBLECS Ty FEONIHBLILL, D, BEI(CERT S 2L 0S5 HME
m%Lf%%?%.:@%%u,Mn@ﬁ%&&%—&%Lt%@ﬁ%%ﬁ
AV TN AT =y avDELS TV 2BEHOLIVHERE SR D Z &
BRBICTSh, #HEZEZHFOBERNBELTETIDI0h>Tw 3.



—%, MiiES5 <)~ S (Relaxation Labelling Process, LI FRL P &K
+) REBLBBEEOBK S 2 EGLOMHEERICI > TEETIREAAL L
Z, 19708 RIZHE VT, ta—VRTF 4 v 2hFEILSITIEASh TS AN,
Hummel & Zucker®*R L POXFHE R 2 WHICEXML £[1.7). #HH1RL
PrBARBICL > CTEEI >R FEMrEBAILT 2 8B eERLLAR, h
itHopfieldD M X v PV =2 D x5 A F—f/NMbLeF A [1. 8] ZHEICEME
HbOTHD., “hoOWFEIE, RLPrHECER#HILER TS L ERLL,
RFKDOra—)RF 1 v IhFECHS, BEOEORBLE I LA i,
HopfieldD € F A%, RLPOD IS S RIMDEEDOEH2ERLELDOD
TRECESRERBOEEE)EE25 2412k >2T, RLPOMESL xH
T& “B5~2HE”, RV, “F<rvELME” tBRCBRTEI LV
SHERD B, Flad, BB ArNERELE LT LvINEEzEL DL,
—HOEBEBEEI M FOEGERLE I I NET LR T(BIRNER
2), $-BhodsHel HAOERTOMNISEFEELLRW(IRAVELLE
#23) 3HEEFTHVEDBAICEVWTY, TRTOEHEREAET L+ O—8 &
WHET2ERBEST(IRAVELLERS), ThHOBMBORCIRERICL 3.
MRTABICEVWTY, PEIHBMcEVTH, BRI IHER, BHE»SE
SASHAELIRTEEMBERRFIIOFP T, SKRILFOEMEE,L KL EIIH
ot b D e BRI EVCHIPEEREBELLBEL L TERILEAS. 0L %,
EZHREOEBRER N, ARIFEOBEIRTORER2RLITHAREE, B
GREHROBERYB TV ORREBIVESR S HEIXLHLETE, @
AxDEBE2=v LT, HAEREGE 2=y P ERBERKRETAIRPF Y+ T
— 7 LTOEFSELBICL > T oA OMBEAXBRLIIEVIBDTD 3.
SORPEF v PV — JiXHopfieldD X v V- 2F A TEHKILE A S.

FEI3ETIE, HopfieldEF N ELEBERBGE=T v 2EELARBIIGHE =T
MZDOTHERS., EXOMBERLEZEREE=T O£ [1.001%, e L T
IBBOALTITR2RBEORKOBI2BRTIALHFAIA TS, FH
KTk, LEHIROMBLY D, BRIBHOADOIPOERLLTEZER
BERELRA, TENLENORMLEZBEL, ZEEHCTEFEOSZVEHEEICD
ZERBERENHRMNCH L 2RT.

F£4ETIX, HopfieldEF vz /- HIREFL 5 A —2L3 kT =
FTHEDBEID2VTRRS, T -BhNEL, o, HHOYENE SRS
CRESATVSBE82EL, HE2 08BN T 3Ly 7 —-s% 7=
f?A?b.%?wmﬂaf—ﬂmsntw5®?,%%»7uzi4f®§
MHNEECHREHIH(, BROVEHOBSERICESTSRE S v + 7 —
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otV —7 LTORFNENNLLBORENERNICEETS>bDL 2o
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BELES LCESEMCBCT, BALBRIERNICERTHS. 0L &,
ML ABRAEMBICKES V1 XAz A -7 g EREA
ShE-EDZENBVN, HYRZ 4ARiEu—r27 1 A2ELTRIFLES
BESEErES. $4, FTERGERFOES»S VY 2BRIEET, &
MEE()RBHBRE S A -2 L322 ERBEE=T v 1] (2210 L 0 EE
rEoC L AL A2 3]-[26), HESICEEELAIOFY AT (A E)
LB IUEOWAIC LY BES hABERUERRTNE, WEES, coarse-tine
BESIc B W TEEARE 2 RA+[2.7]-[2.9]. LarL, 6XKRF{ALBITohN
HEa2x P ERCAPEVCHIHBEER®S. 22T, chAzmBRI2400
FHEABERBRIATESE. TALOMER, VY ABHEOAALRALOHBYE LIS
3 b0[2.10].[2.11]1¢, FLOEBBEBCES( K71+ FOHBVELIZL
330[2.12),[2.13lichirdbh 3. XETE, WEOFRIIVERDOION
YA IANZBLIUVEOHA 7 « v 32 BHITIBLOBRNER2S X, B
EOWHE2 101-[2. 131 & OBIEIZ DV THER S,

FFEOBROBBUL 2203, REUS B LFALLIAIBESICBESTIHE
S L UNEEE Ty REHICETAUTOCRT ICAOALHEETS 3.

(EE1] 7y 2BEEEOLLARAB 7Y 2BHTH 5. (BLEHE)

(EE2] vy 2BBEMBS I FARBERTO2RE— AV OFEE R
NZT H5BHETH 5.

(HEE3] ZRATTY 2BHE IRV Y RBRoORICH#EBTErs. (A
)

HE1 ERRZATOFBROERTHY, HH2I, BEHELLALEID, ©
DI EEa 2 TEREZNSST B3 EVIEREVERELL, Y
31k, BRIL7 1 V2 2B T IBICEEICK 5.

FECTCOHERIE, Burt(2 101, Crowley[2. 11]DF O —ILTH 3 43, Casta
n & Shen[2. 141 A AL X S CBurtOFHROBER ST E A LY, HEOR ¥
=737 3(0DIREIT, TMEOWFARLV—2%, HREORBETERT
S21DORBE2HECTZILOTH 5.



M EEZONAN-FHYRT 4N )

HEZRICBVWT, FYRBMOAALIRALOBRYEBLIZIY, BELALRAS
— A I s I RTDOHY AT (N ERFEBLILDOERLET .
v 2 B8 ¥,

g(x:0) = (1/V27r 0 )exp(-x2/20 %) (2.1)

tExhD FLT VY RBEEOALAAADEBRUVELIZCIVESHRDRT
thbbEERDAY - FH Y R7 4 2 (Continued Cascaded Gaussian
Filters, U FCCGF LBT))Z2RATEERT 5.

ho(x) = g(x:0g)
erxs T BT } (2.2)
o0
hﬂm=IhMu¢m&nmwm (n=1,2,8,...)
- OO
WE 112,
g(x-t: 6a)g(t; 0p)dt = g(xiV 022102 ) (2.3) -

LESABZOT, R(2DITBEWT, RENRTT 3.
ha(x) = g(x:0 1) (2. 4)

f;fi L, 0 n=0p 14 2

0 .L\’J?

T

=

SIT, OnssO0 OB REEALAVEI(AEEL, siEAFr—n7 522
Ts>1&+T3) ,00=5"0p 0,425V 10, TH5DT, zhdpzR(2.3)L &
rh B
0n-24(rn0p)2=0 n2ICRAT 2 &,

rn = s"Ws%-] (2.5)

RKEBRD LoT, Ar—n7728sDCCGFIRR(2 5) %2 200
ATBHZEICEVESA, KRXTE X Hh 5.

T R@26lickuT, BEE(O)EE —BLESE*»SE L S B E(L+ 34
DI, MPATr—rchaithifidsi v ENRIATY 3.



he(x) = g(x:0%) } (2.6)

o0
ha(x) =( hp.((x-1)g(t: 0as" W s2-1 )dt

-
Eniz, Lok, t=s"tE B L,
g(t;0es" 1V sZ-1 )= (1/s"He(t’ ooV s2-1 ey, huaR(2.6MKAL,
2t B BT ERANFEONS.

= g(x:;00)
he{x) g(x:0g } (2.7
hn{x) =J hy-1(x-s"1t)g(t;0e¥ s2-1 )dt
- )
BEHESEERICAADE, RE@DERRDOLHICHIEBE SN .
ho(x) = g™ (x:0,)
} (2.8)
o0
ho(x) =I hy. 1 (x-s"1t)g(t:0py 821 dt
-0

m
Rl dN(xi0 )= g—xmg(x: ¢) (=0,1,2,...)Td» 5.

Thbo, DeREMASF NV —F, x2idRsBELTHL, RER
(Dg1)%g2 = D(gi%ge) (2.9

DEAITI2DOT, vRAN(ALEL, nZha(X)DVRAVEBRALTHD)THST 7 4
AEEBEETHIEINLY, BUNATREBAFTY A7 1 4 20 R SR 5.
H(2. 8, HERCHLT, FLrArnOu=)TR—DEAREOALAARAL
DB|YEBLIZEY, AT =7 77 BsDHIRTZ 4INLEHE0EFOHS 7
AN IR AR T D00 EFRNELD. 24 REBFIUALAAAE
SOFBELVEINIROE R

f*(Dg) = (Df)*g = D(fx*g) (2.10)

2T, RLOEIRTEFTLDALALARAADBHLRAEIZ, LALOTE
®%%&®ttéﬁéé%i?é:a@,%VN»T%®%%Kﬁ?6ﬁvz
TANENV Y TR EOHMHSHEHIES A S.

Riz, ZRECCGF2Ex 5. L£A%OETF2HEOHYR7 10 2) 4
tRETHE, HHE3WE,
g2(x,y;: 0)E 2RIEATY RBH L L T,



ﬁﬁigumwoﬁgWWwowg“wwo> (2.11)

LExXh3 4 RE@ID2EHCALAALES, xFRALyFHEO2[HE
DIRTALIDAPEFRBCITI L TERTES., 2T, 2KRTCCG
FRRATHET ZELENTE 3.

m+

he(x.y) = m,gZ(x, y;0a)

g™ (x:08) * gV (v:08) b (2. 12)

P}
hxn(x,y)=J _hn(x-s™t y)g (£ 00VSZ Tt

hn(x, y) =r° hxn (x, y-s" ) g(t; 0 s2-1)dt (n=1,2,3,...)
o0

-

BEIOMABAICLY, BELLAEE BRTICEI 1EFESAVOHE
Bo®mz, 7+ 202N, 710 20KRTR2pE LTHEI AL VS
ED0ONP)HO(PNIICHAEA B ERTES. 2, VRAMITHEOHRE M S
ARL =22 RETAELIVCDOT, REXE2RILITIVTVHYRT 10
£[2. 15] &R T 5FEE, v IAMUIBVT,

. Q% 32 )
hG(X,Y)‘( 8X2+ 'a—yg)gZ(X,Y’O'a)

=g x;00)g(y;00)+2(x:00)P(y:0%) (2.13)

EREFTAhE L. ThA2EBICALZ2ADHE, vtk T4EHO 1R
TrteBHRrA, vArn(ZINCBECTEELSA L -2 OB ICKELT, 2
BD1RTALADSDTERTES. 3KRTULOBRTCCGF bRAKBICH
K &h s,
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£ (2. oMK LicHL, 2EEOBEFL Y - 2EXS —HIREFLE
ErRIEE(0 )ICEBRBRCE LAV T—H L LA bD(Discrete Cascaded Ga
ussian Filters. LI F, DCGF &HE3)T, B, BEECLEU CEFLE
EArZETSH0OLT, Reduced DCGFERI)THS. LITTIR, 1KRIT
TOAERLETON, E2HTHERALLICERTANDILERIEZ, HEI3OF
Ric V&SI 5.

3.1 DCGF
1RTEDCGFIRRATCER S S,
Wi
he(x) = g™ (x;0q) + ¥ ¢ (x-k)
: k"w‘
w0 Wa (2.14)
ho (x) =j s (8™ ) {g(1306V 57T )+ B0 (t-kx) )t
-0 =W

REL, 0BT 159 70F VEIBH, M. e X7 1AV FOEEERTIEE
B, xe 3B L~ rHOEXFSONEEFKZ2FAM T IERT Rv AV TOEF
MBOBBEEEL, -1/2Zxe1/224 3. &5, RQ@ 1T >HEE
HizBorHERRE RR0rH>IcERsHh 3.

he(i) =4 g™ (i;05) (-miZiZwy)
0 (1<%, i>w1)
(2.15)

2

)
thn-](i_( LXnJ - LanJ )‘Sn-ik) M g(k’XB;UaV Sz‘l )

z~W2

hn(i) =
k

n
22730, xn = Lxes¥ ! =xp(s"-1)/(s-1), la) Za2 L WRBRAEE2ZE+

&?6.:@&3,u&»nmﬁxﬁicﬁﬁé%%@%@&ﬁx&&ﬁfﬁ
2 Hh 3.
X =1+ %Xa - LXnJ (216)

2. 11252 xe=1/20 L $DHEORAETT. Thbb, ELr~rnicsid
8B, BHELBEAs" W LAR—0ELEHe(i-xe:0sV s2-1 YD1 &
ABIELUFbh, HEIRAFEEL AAEBWT—ETh5. 45 . DCGE
TRSEBRFLNNZ -V iR 2FEXEHMOLEY > 2BHCBELAZDT,

IRTTTREBHEL2HFSALZY. Lrl, H2. 2R T L3 2RTEFBRTF
TREBEBEUMCLY 2, V5 e, 6AKFTRS3, VTHEDORF—2
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777 2bFEEEICAS EAEFTE, n20f8LXVOFER, 2HOI1
Rk BALDHME, FOEH(s"De L 23BEFEOFMELTOEALM
capbeEETMELY. Ty ABBOONKHEESENC LY, EREE
XA ETHS. 6ABRFTEHEI 2 LI IHATEITORER2ET S
DT Tifhize.

3.2 Reduced DCGF
1 &t tReduced DCGFIt kX TE#E s h 5.

W,
he(x)= g™ (x;09) « ¥ & (x-k)

4= k=-w\
Waty o0 (2.17)
hn(X)zj hn-](X“Sn-1t)g(t;Ua\] s¢-1 )dt - E § (x-xn-s"k)
-(uzrd) koo
K2 I TH>HETEH I 2BHAVAFERIRRD L >R S A 3.
he (i) i g (ii0g)  (-wmi=i<wi)
0 i< wr, 1> W)
(2.18)

Wa
hn(i) = ¥ hpq( Lsitxet1/2) -k)

W2

- g(k-(sitxe- Usitxo+1/2) )ioes2-1)

COEE, VLRANOEXE I B ITIEBOEBAE XIE, RKXTHELHH
3.

x = s"i + xn (2.19)

X2.3i2s=3/2, xa=1/4®¢ X0FHEOmAEIRT.

Reduced DCGFiZEWVWTiE, v xanToOHEIIL{F—7T, HE+ <%
BEHEIL < 00BFHICHN/s"ich 3. 2, sREHTHIISBERLL
R, RhARBOBELGMO NI iis A EAAMTELALXOHBOE
RIDBECHRY, sHEBEHOBERIZELE I CTAThINOELAREOK
ERMDBEICAD. ARL, RCB<EOLARE, 2RTEFRFTOST,
VY5 &, BIUGEBRFTOVI , I nenozrr—n7s 2 2icL T
2, BEARBORTERIBUVLET S8 TES. A, M2.3i2k07T,
el BV NAHOBRFEOMEBRENECTIIOCHEESA T 3,
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i ] 1 ]

1 IZ_83 2§
2 —uf_. o L)
3-Eoo e

(s=3/2, xe=1/4)

B2.3

Reduced DC G F
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£ ERLCHIREORN

WAL LA xDOBEE, TH4bDBDCGFH LUReduced DCGFDCCG
Fizxt T 2B OBEL2BIFT 5. BERNC, FVAVECRENBESAT
Wl DT, FRACIGEUTELXLEBE RIS LTHBEROBEXRI DLV TH A
St BCEBIAD. 22T, TORELHERE REBRELV DS 2
SOBEICEELBIFT 3. FHERZR, HEsShAEEFXELLTOESET
OREOEFEBEBOMBEOBREELRL, FILAVMIBTEIRINLADEVES
Ehs(Fhbb, B3 DVECHEaIRAFTIRVANAVTOERFEL LV
S BERICEETS. hiz, DCGF 5 L UReduced DCGFOFHEHRE
IVETAEFHICEAOBRETHS. RRARER, BV TOREFILER
BEDLRATOREOERBEHE2RBET 50+ FMhs 0o ES0 2828
EThy, HEEELIBTTHS. chik, OBRAFIABICLARYL, &
FILBIE A2 A% {4+ 2Reduced DCGFiZHLTHEICKRS. LUTTR, Zh
SOBREAFHNIKTLZ-DOEBEE2EET 5.

4.1 HEBRZORI

HEEFPICOse v, e OBICHE 2R EBEECETIHREVRH S, UK
LEBEEZTHNELTI2DICE0e KIS EP2LENRDY, £HITHET ¢
ANEADEDITHLYIVBEL2 TSNS T2 LDv.edb KT EsRiERS T,
HEaxr R kFL D HE23 FYRBEAIOERAVEREILT S
BEHTdrLaRL, ThbDEL2) A BREDEVHEETERZ R T+5
INELXBEXBENTE S,

4.1.1 YVEBELBRZOEIT(0.ORELE)

Y, v e REBEENERRIEL, FFERZEZTINESITILDICR0E
EYRETHREPE2ELD. b, UTOBBRTR—BEL2rEDLTxe=0&1K
EF3 5. Reduced DCGFTOHERBRQ ITNIREASZ LHIZvXn-1TO
BEILS, Ty 2BEHE2ABEBHE L TRACLI> T’ (EETL,

h'n(x)=fa;n4(x~s“*t)g(t:GaJrgzti_)dt (2.20)

Th+BEFLLALOLEMTH2. 2. R 00 BEHERLFID
BEEHFEOZ2HVELBEBEH L LTEHTS. DCGFIcksTH, Re
duced DCGFIThBIT2NEBEICIIER, *LTEEXL: WY LERF
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hFQhOBEETCHINCADATHBLEELZLD LN TES>DT, Reduced D
CGF:RUEEZBE2EZEL TCHER L.
L INB LUEX(2.2007 — ) = FWERAD & H T/ 3.
(7]
He(u) = & 6™ (u-ki0g)
k:-OO
, o (2.21)
HaCu) = T H nCu-k/s™)
k=a-c0
B n(u) = Hn-1(u)G‘“’(u:0as“'W s2-1)

L, 6" (us 0 )=(27 ju)"exp(-u2/2(1/2x 0 )2).

2. 4icRQ2DOHEOHAERT. Thabb, WEZ 1+ 2@ u:iges™!
FsE-D e (uic B SsidelobeDFHRF VB LBEBEL LS. LoT, L
AniBIFIHVELREBBLW(WERATERT 5 &,

frnlu)= B n(u) - G"“’(u:S”CTe) : (2.22)

FOFERSIRD X STk 3.
fg(u)= 0

|
fn(u)={(k2 froCu-k/s" 1))+ (u-1/s"";s"0p) (2.23)

==

A (ut 1/ 8" 10) J6P(ui sV s2-1)

SIT, LNAODEERXFEELFILLTWAD, LRAMVIDBERZIHFVWNEL S
DOTHETHERS Z Licd 5.
R(2.2M2 BT, RRAVEEZDETHY, BELLBIoREL, 8T 3.

£ () ={dW(u-1/s"1s™ 10 )46 (utl/s™ 1 s 10 ) ) (B (us ops™ W s2-1) (2. 24)

T, RATRIASE(WOFH2RRZOHEMEFHEMNREIF B +5/0
S BD L0 BRETHILEE R S,

oo

o0
F’nhj P £ n(u) | 2du/J | 6" u:shog) | 2du
00

-00

0
=2f G(u-1/5""1:s"10g) X u;gps™ 1V s2-1) 2du (2.25)

- O

)
/f | 69 (u:sn0y) | 2du

-0

n

m

0,L2OBEIC D TR(Q2.25)*HEEBE T3 L, LrnkELTRD &
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Ha-iCu)

-1/5"! 0 /s
interpolation filter
Gt (u;(fgs"" 21 ) \
5 u
Halu)
N\ u
0
resampling Hn(U)
-2/sh -1/sn 0 1/sn UsT

X 2. 4"‘.)%5&&*&3@{:15&% Reduced D CGF
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p=00D & ¥ F ,2=2exp(-ACs%)

n=lD & ¥ F n2=(4A00%+2)exp(-A00?) (2.26)
=20 & ¥ F n2:=(8A%0%"/318A06%12) * exp(-ATp?)

227E L, A=47m2(1-1/s2).

ERIZIE, FOERENFLAAFICKQ2DZEVRERBEIATHWLDOTRR
THRIAD3BFLVARAAVTOHEMNBEF XL RLVFCHNTIERCS 5.
o \
Fn2=rl fn(u) | 2du/[ | 6"(u;s"dp) | 2du (2.27)
]

-0

FaD TR RETHSOT, BEFECLY, s=2B8LUs=VIDLEOD
REEBEOMEMEARDILE2. 50 L2k b. Fh, sHPh&kdicoh,
BEEHOEINKREI (RS ERCHE L EIrDLATWS. L 2T, Fa
P cFITHBDTs 2V 2T4 A7 -7 REOHBBEOHEXTIHRE, B
EFn %8 5IWEF o 2%,

m=00)&:3' F’néFn/8
=10 & ¥ F o<F./4 (2.28)
n=20 & ¥ FFn=<10"2F,

AT L OIIR(2 2)D0 2R ETHIEFH TH B, 2, s=2B LTV O
BAWCE, EEN2.5LY, 72& 21iEF.=1/256-3.9X10°3(8bit)DEE 2B 3
TediZiE, KDL LIDORELRHRES LS.

B=0D & ¥ s=2: 0a=0.7, s=V2: 0p=0.9
p=lD & ¥ s=2: 0p=0.8, s=V2: gs=0.95 (2.29)
n=20 & ¥ s:=2: 0p=0.95 s=V2: gp=1.15

4.1.2 fTHUVRZORIT (V. ORELRHE)

4.1 1Ry, HYBLBEZ TSNS TRLBLICRESAATIIHL T,
7ANBOBDITHLYVEREETHNIAMA 242000 . 2 DBRELELE 2
5. FUYBLEER+S/hswe LT, BFULIvET I BEEES cOsi
delobez |MBE TS (FT bbb, EHEZTEzhid), vk

(2w141)/09 = (2we+1)/(Fs2-1 Gg) = w (2.30)

ERBOALLIDBEVANIVOBHBHEEREIRRD L >0k 3.
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06=0t85

Fa 7: 0e=0.6 ’
10-2f '/,/-/"' 0e=0.8 10-2F Drr_&,u_,,cﬁ:?.ﬂudﬁo'?
t 08=007 08:0'95
10-°f ;;;::ﬁ?%if?.g 10-3 oot 54208

M

Oe=1 .05
5 Ue=l.0 8
10°4p @ 0s=0.8 10-4F =t "0e=0.9
10-s¢ 10-5¢
] 1 1 1 ] 1 1) _E i 1 1 1 1 1.
124 8.16-3 1 24 B163
standard deviation 0 standard deviation ¢
(a) m=0 (b)) m=1

% (M s=2,0s=v2)

...17._

2.5 gV~w§®h®£%§%

lO"g
0e=0.85 Te=1.05
10-2¢ Te=1.15
10-3} 70=0.95
10°4- " Oe=1.25
f Te=1.05
10'5F

1 L 1 ] 1 1 ]

I 2 4 816 32
standard deviation o
() m=2



Ho(u:0g)=6‘" (u;0p)%0ew sinc(Cpwu)
Ho(ui0p)=Hy-1(u;0a){6® (ui0ps" 'V s2-1 )
% gos" ¥ s2-1 v sinc(des" 'V s2-1 wu)}

(2.31)

22 L, sinc(uw)=sin(zu)/(zw& L, ¥ BUTO2WTDARLIALESERT.
ﬁbﬂ)‘)%%%@@ﬁtn(u;aa)%&ﬂf‘ﬁﬁ L,

th(ui0a)= Hn(u;0)-G ™ (u;s"0p) (2.32)

W sOpude B &, thlusoge)=(1/0")tn(u" 5 1), ¢ u;09)=(1/0e" ) (0" ;1) & 72 5
DT, LA NICHBITAHETEETIT

0 [~

To2=[ | ta(uice) | 2au/j | 6Mussog) | 2du
- B0 -l
0 ol
=( Itn(u’;l)ledu'/I | ¢y 5sM) | 2du’ (2.33)
-0 -0 B

ERVOATEELR V. Tibb, R(2LINDDILICvEBLLICIY, d3
OB VWT 7 AN FELBEw Rl BRELALIOBRELZVOAICER L TERIF
T& 5, F(LIBOHMMEHEICLY, s28LUs=V20L F0BEEROEN
EERBZEMM2. 6D LIICHB(AEL20BEE, s-20L FDOBREEHEMs-
VIDLFEIBEALELLOTSVIDESDERLTVLS), b iiFdd s
F—TREOEBEOHELZTOIHE, SvitOFELE 52,

n=0D & ¥ s=2: w=6.8, s=v2: w=T7.0
=10 & ¥ s=2: w=7.4, s=V2:w=T7.4 (2.34)
p=20 & ¥ $=2: w=10.6, s=v 2: w=10.6

LEEETAIETFSHTH S, i, 2350V ILUIAORY—AT7 57 2T HIF
FRUREEZETLIVIEREL»DDO AT WS, ThIYU, w,wi, xdER
Cvh3de, RRICL>oTHREIH S,

Vi1
(2.35)

W2

((Tew-1)/2)
((TeV s2-1 w-1)/2 + | xe | )

22, fa) Ral VNS mvBRNEEE2ET.
4.2 RBBREODEW

L ITORMIE, V- ITORERL D, VA nTORZOEEBEH 2
TOREISCERT 22004 H 2804 Lo, Z0&BREL~LORE
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10-F L 10-'¢ 10-'F v=0.4

T | 0 1 w=6.14 | w=10.0
10‘2:' WMVES.B 10-2k M 102 w=10.6
: w=T.0 w=T.4 v .
» L_’J’M I b
10-3f

w=l1.2

8..0 10'3:' wwzg,q

—
S
)
-~
Y
i i
iix
< "
~ ii»
(=]
—
<
]
-~
T
Lt —
Q (=
1 i
-~ 5
Y Y

10-5f 10-5f 10-5f
[ 3 IS R WS SO B |
181637 3 1 816 32 [24 816 32
- standard deviation o standard deviation ¢ standard deviation ¢
(a) m=0 (bym=1 (c)m=2

(Ms=2,0s=V2)

2.6 HL<rEOT.ORZEER
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ZEN, RVNX1rOHE2 T30+ 54uERE2ED, D2, TOEREFSC
BUTOAHMEOEKZEHOBEL THECILBRETIH, BLXLTORED
HEEME2ERTIADCEFLHEBE TSNS EIPZRIEL k. 5
B350 EBCLBELHETHE, CHNEFLCHMESS BELULLC L,
MBHRERZ A VT Y 7ORE2RI(ZTD LD LExiE, 737
ST oHVARZ7 4N E2BRALAER» O EXREGNReHMETIHE, =4
)Ty SORERAZFALEFO oY A EREBERIKESELLTL
I, EEMLEHEIORAOAGRSARS. 22T, ABRBERCHVTHY
BLEASELTHAZAOERS LT F A A ERACEDA I EHLEE
LEz, BFLEMBLALLTRO L) R REBEBHr(WEEHT 5.

. |
ru) ={k§wG‘m’hrk/Ax:6 ) - 6™ usa) (fuf <1/2A0)

(2.36)
- 6™ (us0) (Jul =1/2A%x)
LT, FOHMNEERIRRANTELTE 3.
] o
R2= 45,1 G"(u; 0 ) | 2du/[ | 6"(us 0 ) | 2du o (2.37)
pagpeen ~ 00

267
EPVREIFIDCGFTRIBLEAGHBECAS VDT, LT TitReduced D

CGFRIZDwTODAEEZ S, R(2.3TNIHBWT, 0=5"0g, AX=s"& L T, n=0,1,2
DEFILDVWTHERET S L, HENBEERZILSICEFERETRD X H 2k 5.

n=1D & & Re=(1/V 7 )4n0g + 1/70p) + exp(-720s?)

n=0D & & R%=(1/V 7 )(1/ 7 Tplexp(-7m20,2)
(2.38)
n=2d ¢ F R2=(1/V 7 )(8773083/3 t 4mgy + 1/770'9)exp(~7220g2)

AL, WICAETx>2.506 DEEICHT 2 ELRIL 16]

@0 v .
j g(t: 0 )dt=( 6 /(2VTT x) dexp(-x2/2 0 2) (2.39)
X

APRHOTWw 3,

4.1 HCRHOERTE ShAdic L TR +H/NE b WEE, Te k&
LTRET+S/NEST 20, Brv_ATEXEE2MAS (hézid, EX(EE
EREICLAEE, RQRBIUBO T B LD tEMTdrd) HLEND 3.
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4.3 #®#t
tehtprot w200 lMBESRIC>WTHREEME Th (.

4.3.1 vRAMOTOBEZEDREN

L RANZHITHHEBEGYERELEZ)IIR(2.36)ITB VT 0 =04, AX=1& 5
WABEELERETEY, RABELRABICZTOKRE 12K (2.38)THR s 5.
4. LHCHEOCERESAAGIIH LR+ /NS mvEE, de2 KX (T3
D, HBAIVXLANAMITOFEERZAVY, KR LHICEELVY <AL E
Bz Iric+hid Lo

hi(x) = g™ (x:s0%)

. (2.40)

hn(x) =‘r:13n-1(x-s”'1t)g(t;daw7r827f )dt (n=2.3,4,...)

L, ULRALCKITE7 1A 20RBw xR (2. 3508\ Tk sOIc B ¥
B2ERESETHIDERD 3.

4.3.2 ¥5HBEOXER

ThEITOEBTIE, BEREBEEFEICLIIIZIDEEI>LVTER UL 2
oo BBNBETCHEXZTOIBARBLALHMEBRZVWY, BE/NEEDOEHE,
FOXE2ZETAVERDS. X1, MHE2T O >BERKRELA3ICD
MESOENREREICNSS ALY, EOEBIZTLRLEICTIZ>HERIIED
AT DT, ZOEEIELIAES. OMEBIRROLIIIIEL A TIE
FEHET A LICLVEETY 3.

C(Tg"’g('“) (X;Ua)
(2.41)

oo
hao(x) f Bt (x-s"11) (s"g(t: 06V 821 ))dt
-0

he(x)

C2HI2BERISCEDAE, 7 1NMB2EBINALARAALELE, BLNAOD
ERECTILHREEL, RV ~1rOHEICRIT2 220 BEOEE 4 /M
(FBILNTES. C"Es"B—HBOERILEHT MO EEEHOR
Bl ¥, SvRNACKT 37 1 v 20 RBEEEHEO - 2 Eroicikge S
—BETH5IDTHSB. DLIICHETSL, Reduced DCGF Tz &L ~
MNDZ AN EDBENEREFILERBEOBIE LAY, TOBKRTREL LD
ERFRINELEREXBoT 0B Ltk d 4, BELHEKI+S A
LHBTREShRERL Y, LA2R2HEO®R EELA*TF5 015 3.
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feds, H(2.41)CE TS DCGF Tn=2,5:2,%0=0,0p=1.0,W1=5, w28 L BRE L
TERShA7 1 2R(=3~0NER2. TILRT. t0HE, HERZR
N5 CFs=4.4X 1074, Ts=2. 4X 103 T&% 3. M2.7 & DCGFic s FEZEH
BAFo7 AV EARF2EREGDLETVEN, BERLR2ICELR> TV 5.
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ha (x)

ha(x)
/70(\ {B(‘\‘S(i)
: g oy

71000 50 N\|O 50 100

(m=2,8=2,%x6=0,04=1.0,w1=5,w2=8)

2.7 DCGFicXyEmshi? IV AR
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®oM RERR

5.1 Burt[2.10],Crowley[2.11]OB% & D&

¥, FHEELBuUrtOWEOBEF > THRRD. FEIC KT 50:0,5=2TD
DCGF#, BurtOHDCIZHY L, xe=0D& ¥odd HDC, xe=1/200& ¥ev
en HDCicHY4+ 5. %7, Reduced DCG Fix, Burt®Reduced HDC % &
UFractional HDC%2BET3530T, ThXThXETDs=2,5:=3/20BEIC
M35, 280U, Burth 7 1 V2 DFRE 2R EEBRNICHRE L ADIIHL,
FETIE, TOLILT7 1A EBRTEIBERNBREEXLLVES. I
B, BUrtOERL TR DICEYT 2XPNKRATRLEDD T,

he(x) = ¢ (x)
2 N (2. 42)

hn(x) =§ hn-1(k'Sn-1t )g(t ;Ua)dt
—00

BEicit, BLRAMICEVWTAY—A7T7 7 7 23— TiEizov.

Crowleyiy, FE(Z KT 500, s=vV2TD2KRIT Reduced DCGFiZ&L 3D
O G (Difference of Gaussians)? 41 V A OEKEE2 BT 5. Crovleyit EE
X Vae=V 2w =we=d, (xe=0) DB ESRFLBRENBL LA ELELTVEY, FE
OEFHS D ALOENTGLBEEE2E5EL I LREHTONS. 2.5%5
FUR(2.38)L V), Oe=l. 0OCTHFHERELXI REREIXIVOBELRES
CEDLHEETHEDT, CrovleyDRERXTHORBLED DL 02 5.

Burt, Crowley®D WD, BEELARFYF -V T 77 3T, BHE2ERIZCANT
a2 7eDIZX LT, FETORERIL, HoOoFke—KILL, HHs4~Lv—
2, RF—=n73 7 20uKEEHL THER LT, 58, REORE
THEREBIFL, +HLBE283 048 2HKLLA DTS S. &
2T, FhBOBEES, HHEORIF—AM7 327 3THY R 7 1 VAR T,
EH1I, BLIHTERARELBE LB ATHEBEATCEREDLOBRENTESDT
BWLREEORA LT 3.

5.2 —®7 1A 20#FVELER 12],[2. 1310 kE

HEHMBEEOTY A7 iV E2BRICERTH LI —DOFBICI—H7 11
AD#YE L (Cascaded Uniform Filters. LT, CUF B+ 3. C
UFi, FLBRREBICETE, —B7 1 v 2 (BBTFE)2HOBVEST LY
VRT7ANEIDEFCIVELURBOIABZECI BT, RFr—17 5784
H»LEERMAELTSD 3.
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DCGF& 54witReduced DCGFR 1 EXFiIZ2&F2wetlA (L R"A0D A
MO BEHHENDECHADICKMLT, CUFTR1I1EBF S>> 1 @Y
SOMBERECHEDL. £t>2T, DCGFECUF#HRBLEHELMIZCUF
DI EHFIXL . Lrl, CUFTREBHEECEUUABXRILEEESR
M)THRELBALAVEETE, FVAATURXMITORFTHOHENDLETH
%. Reduced DCGF T, 741 M2DRTTEp, VARAMOTOEEH LN LT
5L, HESTRIELEHIIH(SP/(sP-1INPELY, SHiCvulh b ER%E
87 B a1 (2 40) 2 Reduced D CG FIZERILT 5 & 1/ (s~ 1))NF DI
ZHoOoHETIV I ERDb2S3. —K, CUF TRHET NI EFERE, FHE
LAy Na¥tql LTNPE 3. 2o C BEFECEUAEFLEECKR
B viBEiiReduiced DCGFORIPHENEROIVWEESR NV D 3.

Lo L, HENEOTELUN TIEDCGF, ReducedDCGFRRFEIIH L TH
BLRECAOPOAEERVID RIRBRZRILAOT, JYRKTEE
RERHATADECIEATCUFLIYERATH S Lexid. | RTESOER
LAECDOHIYRZ 4B YU THBVEFOHS%ITH>(T bbb, scale spa
ceE{8[2. 21218 3)HE, s=2128BVT,0p7a, 21" %a,28"a, ...,20 1) bg(sn
7L, b=2,3,4,.. )EHRELAEODCGF2EATAIE, 22 U/NhSw=y
— N7 7 ) 221 P Tscale spacellll 2 BEICEDZIZ ENTE S, 4, K(2.2
ONSRERZ LI, LA I b L RNANDOEFE2EBEOMETCED & b
NETHIOTHELNELALE~OERECLEY TS 3.
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RO KE

arEa—FYa ARCKHOVCEEARIALRALAL TV IBEHEBERED
HYRIZANBRITFOHS7 11 2%, HYRBEOEE2ELABRY
BEO7 I NMET, BRIEEICERESTIALDOFELHECLA FFE
DHEEBEOHEL WEHF(2. 101, [2. 118X FFFTEOHE[2. 10iIcD20Tiz s
EXBOrOBEHCHEESAB O TEBIIShA L.

i, FECOHRL ARZEZFOBERABEF V(2. 1T] 2 BHHICHR
HI2b0THd5 BEBEEEFAELTONYRZ 120, ZOEH
Ao ThILHEERFEsh 3 LABEIRSALILE AHOERE=
FADLGH S b EEE . |
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AR MR ALEH e T v

lmll
il

EIE %
#10 FE

AFUARIET VT ) X2l TCEELBBEO— 2, B I 2EHET 2
HOWMERRAMTH S03.1). HIERA L LTI, 725 »#HF (snoothness ¢
onstraint)[3. 2]1-[3. 41 MEF#) R (ordering constraint)[3. 5] L { v b h
5. LdLl, FlziE, 7z 2RBLICF/7RF1xREERABPE T, Vi3
L AN ERE CHES (disparity field) 2o o SEHKIZET, B3
CERT IS, NEEOBRFEAAAELIBEG LB (25 T, EER
Eix, AMOMBUIHBENLES 5L, L0 HRLEFHRSRIL &
WIRIIE, PISMABEL VIRV, bLA, TORAGBAICCE, Hi,
HMBIGHOENEBEIADINIRATHI BB, EW0HILETH 3.
Hlo, chs0MFL, BRIOBHEENEBINCT IS, vy—v, B,
Y= N ATOBBRIIRLTOIFBA—BEERSDDIZL > T 3.

Prazdnyif, RENEWIIKE LA IO RBECIRITSE, LV —HEDOD
3y —r0fl¥e L CEEY (coherence)icFEBH L, WERAOBEATRIESR
BEExR%LA2.6]. b, HEOTEKELERT LT 1 L TREOHMLUME
SHREMFACESVTERIBHEZ2TOI LT, TERICHALATIZI L%
BE LA O ELRYUYRDOIEICELAYN, HXOBLOTAT ) X 2R,
BEOTEFEART AT 1 ELT, chzEELETR/M T >EEHR LB
I ERILET2T05[3.81(8.4). zhsoTra) oy, FEKEHIC
BUASRIEHTBETRIRELRDIDICLDZIDT, WhBHBEIABTEKETH 2EH
BORE B 7=2r2BLOY—ralTR, S @rn.

Prazdnyid, MIEIC L > TEUS3IRTABMOREOM S 2RI EHBH 2 E
ELT WNITHOIHREEHOPT, BHEFEBrLOXFORMARLIAIVD
DextEEETHLT, BEBFCESS T ArTAL L 2EBELA[3.6]. Ln
L, EFHICYy—YICBRL TV 382 BT 30 5 TBR S ORBMENNE
TT50T, PrazdnyO BRI MER T, HEAEEL2ES L
MLOEEZS A3,

FHETIR, DO5PIRENHOUELOP THEUEIC L S RELBACT
PREBEERT ALV I >ORBLT Fu—F 257+, BEILERE, &
HREGEORE2ACENON TR L NEET 2+ HE TS o Lict>T, &
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textured surface

left Image / ) \rlght Image

3.1 WEHFHERORPA
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OBy -Vt L CTHRNLCERSBNENEERTS 2B ET 5.

FHETIX, HEIL2HopfieldD MEOBMBEUx» 7 -0 x 3 ¥ —
B/MLEF A3 THZ L 2o TERT 2. =24 F—ik, F v PT7—-7ORGHE
CrYETY, HEORENE b, EUBHCLIIREERKBRIZILDOTH 3.
2, o0 5MNEOAEEHERBEIEZFIEL, ThEfhtxy b7 —70
Zazwo b5 EHANL EXRERFMOMEICLIVEUDIRTEM
COBLBALRLA L TE, ELOREERRICHLT, LyBELrREE
xhadboThithifasizv., 2T, BEHEOBONIELE S A DI,
BALBELOALBILBEHOEENMLEIZRS. COEF AT, MNICHER
By P7—2s0a=y FHOKERALLTRINZDT, BHOXMIEHR
DEEEHR X vy P V-7 BT 2REGHFKROERELEL LT, BRI, LA
b, FRICKRBETA LN TE, SFFBABC LY 3 F—2RPMLEST S
SEIEo T AL ORAZRBFICRDIDICHETIBREBRI LA TE 5.
EWER T, BEMHCM2 T, BMOEFEM (figural continuity)[3. 8] & XHI&
BACHEALAS, EHEGEORKEICBE LTI TERY —vioxt L TRHRMIC
BARERAERETS. 24, HANLCELINCENOEEFEALRAS 3.
TALOHEEICEST, BALBRIEBHEENOERAMETE 3.

LT T, 39828 T A7 VvARIEHEBOREROWR2E X T, HIE
B WNEBACODVWTEERL, TAT) T L0RHFFHEBNS. KRICES
fic, NICBELoOmMBELBFNLAMERERNCES S HINREOERIZIDWT
BRB, SHICHELHT, FoPT—IRROBEEE, 39 F 7 =7 ~NOXRE
HAOBDALIZODVWTHSN, Tara) XarERILL, ESHTIX, EBE
BrxRT.
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RO EXH

2.1 XICBAL

WICBME LT, £, o VBBE2HM»(EREMULAT YT 2T 20}
% Ex 5. Nedioni & Nevatiai, B L LTz vy I T AV F2HAVSEC
LOXEFHAFSELEBLTWSH[3 3], EHETE, L VBEFRMHIC, S
BHICE Tz v P A P OFMELrEHCERT 3.

Ty TS A ONERELANECERVBETEIN, —Fri2 Y OBEK
b3 2T, FHPWETIE, 351 2OKMEHEME LT, M A (interes
tpoint)2E X 5. FHELAL, BERBESFORD THEENLETHY, i
BIZLHLEELZVY, WCOBBEREEIEFCVLS RS THETE, FHE
HOBOEFEHEOMERIR Ty Vs A v P ORMERBEICHLTHEER%
BREFT IO eFre#ET3 Chiciy, 9P 20 ORNIERBD
BB SEBECAEMCHS S HFETE 5.

2.2 IGHA ‘

MIERAE, 7 A7=Frvofllh, B, NECEMLORFMNLSEECES
¥, HICOFWEE2RSI L ORFHXMEHEANLE, RRAMECHRACEI DL 3
HICOREE»S, RIFELORCEFEEZERT 3200 KFHXIEHRNCH
deh3 BEMC BRAEXERE MEES Be, 2y rv—-20%
azy bEAERTHIADORAE LT, LT, KEMNEHEINL, v+ 7
2DBa2az=y FOREERE2TEDSL-DORAELTER A 3.

RsHIERANE LTz, UToRA 2 AW 5.
(DEBOEERECLBAREZEORE.

Dz v T2/ AV T ORABERNE (disparity gradient) DR E : B QEIL,
BECI-THEUCIIRTUBRORTY(BE)FMOBESTHY, Burt & Jul
esz?', AHOMBEMEENOREGE~OEKEELRLTV5(3.9]. @24
B, EAD= vV A+ OBI»DHETSY, HIERU:2TABRLNE
CTVRIREOEROBRRICE STV TERT 3.

NzowvTd T ArrDavrr 3R

(OFEROB L HEK.

KEHIERAE LTz, UToHEI 2B 3. |
(D—EHOH R (uniqueness constraint)[3.2]: —HFOEF{EE D 1 &g, iyl
DEHRFOBE A1 RIHET 5 ER/RETS. —Kic, FHBEETC, BEOD
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HOWLETIOHMERRII T b TiEAv. Lol, =y P&, i #
wEx, v-rvOBRELHBRASZCIHIELTVWSEEXHADDT, HELK
EnrbRABEUNE, —BHEOHNKRIRI T >LEX CHEALY. B3. 211,
EEEBROZEEROMNIELEL, EXRAFMNERBRL 23 —BHEOHMRIC
vy, B3. 200 ERBACHLT, EAOR—ERLOMESERR LT <TH
Tlhv., HERBOESYE2ELE, WAL LAVWHEREFLREVICHE
BEE2EHEIEITRY, Ty V-2 lBTETATAMHEKEG S 5.
- DOB%Eix, WTA (winner-take-all)x v b 7 —27[3.10], Bix, ZFEHBEHR
(3. 111 MiTh3, vy bV —//HBCET 2EFHLERETHS. £FES
FEBETAIRGERB LY, ThZfh, HUkoRE@FRLORE) EE,
COWFIEEFAOBYVELEBL T, ¥, BUEORELRRICTS
RBBEENFEL L2 R 2MEH L TiEELT 5. LUTICFRTUHD~E)D
MISHEAE, BUEOREMFR2EETT>REGEBICETIRLRATS 3.
(11)E %% : Prazdnyld, EBE»LOREOMHS %, BEOEZADLEKLTO
FEEdickoT, RICTFIXHFEHs(AD, d; cH)TERILL A3 6]

s(AD, dic)=(1/cdV 27 dexp(-AD2/2¢c%d?) (3'1);

ST, ciEEHT RG DEN3.30LIRERELTVSE 0L,
HEQGE | AD| /| d | ’HEEOBSICRKBIA S FHRTE, 2=
FREORESRESOEA Y, RBDICETOTHEL TS, Prazdnyd’, #
VELABZ IS T EBHEROXBORMOACIYNICR2REL AZDIIHL,
FHECHBRENIE2BLIA2D, 22 7/ HNOKVELERZ2EBL CEHE
ﬁ@%ﬁﬁﬁﬁﬁﬁpt@&é%ﬁ%wa<@@,T»fuiLwﬁﬁux
Ym\Eds.

(IiDBPoERKEYE: BEHREAEch LD LT, HBHOEHEHE X »
ST AVIOFHEEERLT, TO3KRTEMTOLRD LD ENAYE
vz ERTsBILBAATH»S. toRAOEBEH AL IRG DicETE, B
DEALADE, vV xSt ORIEREMOFHOLD L0 S 23 REC
Byxkz 5. ,
UVBEHRBEEORES: EHBEBEE VA vOREGIBERIOBNHCEELES
eRA-TEELLRD. L L, PrazdnyPIEH T 5 L H2(3.13], BBBERE,
B, REELAZRE2ESLY—rTit, SBEFLANKEHICRA > EE
BHEEATHIRER D5 CORRBE, REOHL ~AMDTL <A~
BEREFEIL2OILBEEDL BITREBELRAALMIZESTATHOI2EEEE 2 ME
TAHILERTEF LY. TOMBICHLT 349, Nishinoto & Shirailk, ¥ 4
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A-N\nmatchlng hypothesis

matching primitive

teft Image right Image

3.2 —BEOHE

3.3 EHENOE (XM 121XY)

-32-



YFYROBEERL S L BHOBBETLY, RIBEHEOST SBEE
OEH*RHYVCHIEEED T LT, AHCTERGEFRL2FIAL T
WwA[3.15]. ShiIc L TERETE, ROLHIBRT e —-FréLoTw3b.

BEOHMBIE, BOBOFEEEL NP TETLTTS. BL, BET LN
AT, BFRCEBEFMzE>HEEMNE Yy —YiCs TR UYER
SrIoREL, ZLvEEErE 2LV RE(EMN—EORKE(spatial coinci
dence assumption)[3.161NCHEV, ZDRECHE T HFISHAAZITICHL T,
WL ~ARBEL AL THEZ TS b, REOMAICETIEELRIES
BESALBEDOS, IVBEIODRWEBDLDAIHCBEEOHERLEY
uﬂﬁt;i&wi%iﬁ@ba

2.3 BMEEBERORE
HRBECIVEUI3IRTER2RET 340, BEERRW V.D)(cycl
opean coordinate system) 3. 4D L HICHET S EEHBEOR UL VL&
HEEOE (R VRIOMIE»S>E LS 3RITERI, BEEERIBLIRD L
SiekRshBdET 5.

U=(U+Ur ) /2
V=V =W (3.2)
D = UL — Ur

MNERBOBRIBEEERTERIA, WIERIEOBEERIIME EE
RickirsBRICETL.

2.4 NBOEE

MBOBMELX3. 50RY. ¥, EEFEHE O WICEMLrEET 5. K
i, BEREHACES S HERBEERT S TLT, EXHERBETAE
haczy b EBAL, AEREECESs 2=y FHOKEOELAXREL,
3y V= BB v b U= REMOREE IS TRBICHEE S
h, EREBEEL <V HOREE1TbAS. ZOXSICHEBSAL: Y PV =7
LB TE 3 A F -2 BN T2 BNENTbh, WREICERELLT
wWhazy FEANEEREE R 5.
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fﬁLeft Image ] fﬁ?ght lmageAJ

@Extraction of edge segments

3 \ and feature points
Matching Matching
Primitives Primitives

@Generation of matching hypotheses
by local matching rules

e + Restriction of search space

N « Disparity gradient limit
(edge segment)

+Polarity of contrast
(edge segment)

+Similarity of feature

\ (feature point)

Matching Hypotheses

@ Network construction
by global matching rules

+ Uniqueness constraint

« Coherence principle

» Figural continuity
(edge segment)

« Combining multi-resolution
channels

Network

@Energy minimization
Convergence

M3.5 WBOBME
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30 WRRAOLR

3.1 stESBAAL O

WNEHTOmMMEIE, Ty oy Tr 7 i r22BRLAEROBAECETVT
Fbhd LUTOREBHANEIE, IRTHY YT U7 402 LiBA8beTH
MOBBEGEREREE)TTLA, BREEL LV TORFLEBREREEC
HFILTARKELS T2 BHBBEOT YTV 7 i3 tllbdEberBoE
2, PARF—=FHIY Ty 7 i F0FEMBITICIVERCEFE L (HET
5 EMTE S

3.1.1 TovxF Av OB

ST5v T 7 4inEEBEALT, FOERNERD I HEE L THEBL,
RERERT+*ZABEMCIVAE TS T SEHshA®T YV ET
BLEEOWUENROKRY S25EL, ZO0FHEL S5 L FEUTO AT
rHUKRL ZLT Fxyv VRSt R/ANEREECIVERETEDEIT Y.
toty, HHREULORTIVITRIHEORSLAETS. chz, A
DA OEIBBREOH—LE2THI>ALDTHS. Bohixs A Mg,
WEOEE, Hm, RV, aviSsxromEEERELTE> T 5.

3.1.2 HMEoHH
BEgExf(x.y)ELT, TORMO T Iy EERT. BREOHE,
R, FORBHMEBOHEX*~NY T YIZETVTHTYS. ~YyT7YyHERD LS
EH LB, |

fxx fxy
fX9 fUV

BHEORSZRITREL LT, detH=fuxfyy-fx, 2% B0 3. “hix, EHEE
EXREDOH VA, Bk, BRCRIETS. 23, detHOBRKASLBm/INALEY
ROBHEL, 51T, TOBRMEISDLIELULOSEHEEE T 5.

HOo2 2oBEBEORFSr b EES, OE MEOBRSENAR A D, 55511,
B, RS, FEK2RTHOBEENI P AV EBELGRE~NI A ERE LTE

2.
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3.2 MIERBROLER

3.2.1 =9I s AV FORIE
EEBRBLLRABEORECH>C, EEEDOZ y I 2 AV P iInT 2
HEBC BT AERGHEIZ, BABEEZ2 I Dnexe LT, K3.6DL5I1CKS
ha EREBEROEx Ay il THErRS, EXRITCHVT, a v
FSabOBES—FL, Lird, BEGEOENSILIVELTOL S,
WERBSNERIA D, e xid, H3.6i12% T, SegLkSegRONIE%KE
+5L, ThoOREBIOPRAOUBEIEICIVEELEDS. Fx /T 4V
POMEEFER3.TICRTAETRL, EGXThThy, vre&ETIE, BEE
ERToREARRRATRIALS. (EHBBIMNEL. 28

1 1 1 1
( — )/ y) 1+« t )/ 2)2 (3.4)
tanvg tanvy, tanvr tanv.

WHEIC LY, BAEERCIBYA3RT LT AV INREES 27 A0 O%
RS, WEICIVELASZ3IART RS ALY IORAEERTOREOKEE,
BENE, RV, TOESE, HHLLTED HL, EEBCKFOX S A
CHFREENBRETERVOT, RIGEMLLS BTV 5.

3.2.2 FHLOXK |
ETEBBECLBEARBEOREBCRES Y, BRERH2zE—EERLCRIOKR
PRHEBELRBELOOT, REZE2 LT IEHET2H Y. t0BFREECB VT
Mogat, R FHOBEUE2zZCHIERI2zERT S 27, Hoxs
CEEREN, REHNEERELASEEECH LHOBE~NZ F v BELRN
I r s FHEOEELXER, FborrFRkrEBSRFROE LY
PHENRS, 2y VR SAVIOMERERNRICHLT, TEH3LTEERORITAEF
WAETBT A L2BHELTVIDT, HEEIEROZHFIZRLPEH L (H
FLT3 HFESOXMEGERTIE HECIVETIBEAEERTOERE21F
;e LTHED.
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BA BEA 0 b= ARG

4.1 29+ 7—270xFrvF—f/Mb ,

HIBRBELAVCBOTERSAARERIE 2= tOHE, =9I/
AUt ORIERD, RU, BHSOMERIEZFKCTHTaf@EL, ThHO
EHEE %2 p=(p1.pe,---» p)EET. Bl,pilda=vy MiOERETT, Max%id
UEOLR L LTS p =NaxOHBAOEH LTS, 24, o=y rHo#EE
DE»EL5HEEEFEER={ri;)TRT. AL, 2= F HOBEBSBEFEOKHRK
BrEELCREZaXaHNHTFIE L, BERIEHT, HARSIZ0 LT 5.
4.2THRB L H1L, ABRMIECHAPRICEDAEAZ. 2DEE, *v 7 —
7B F AV F-IRAXTEHE S A S[3 8]

E(p) = (—I/Z)iﬁ}rupspj—%(vi—-ﬁa)pa (3.5)
ST, 7iEANBANT, FHETIE, HrAanbofERD D 2=y FiZ
BLTit, Hrv~roa=y tOBEEE2ABANET S 6 XHREHT,
+HnERERE ATy FRERELISELVADOIDOTHY, BFH
MEBLZREEHBITI>EHINS .

EzB/NMNcT5priEEBRR 2R ISCHETIERIL 24— T Y,
—EHOHEEHALL, »0, FHUBKC LIS REZRRNCTS. £ T, E%
BRARLINSLTHpaeRDIAD, REET TS L%2E 2 5. gradE(p)
ZE(p)oAE~stre LT, q=(q.,qz ...qn)=—gradE(pl& B &,

Qi = —3E./3pi = Irijp; +7i—8;, (3.6)
J

b, 5, 0SpiSNaxDHIHNE&BF L VEEOEREFR u=C(_u,uz, ..., u
NI gERRDIDICBELADD & 12 5.

0 if (pi=0Aq (0 v (pi (P =Max A (t)0)
Y Eotfh | (3. 1)

g (v =

My, 2= 1ioBEREEOEILER, K3.8ItFRFTIdica=y FiltEET
ﬁan:vbwﬁﬁﬁ&%éwiémﬁﬁ§nmuFwwdm“ ko, Mz
Bo cETxRESNS. LUEOoz s, 297 —20BRNMLT AT Y X
L2iIXE3. 90 xS icERILsh 3.
EU&uﬁﬁﬁﬁf&wﬁv,@mﬁmﬁmﬁﬁiéaumaaw@@,ﬁﬁ
ORI XL, Lirl, BRSOBEENORS AMEHEIL, = 3 0$—
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Initialize:

1) Set t=0. Start with an initial assignment p;‘”’(Oép;‘é’éMax).

Loop

y) IR TRAREEED S U PRARIE S FRER N

3) g 0 = 0 if(p; V7 =0Aq, V7 <0) v (p; ‘¥ =Max Ag; V) >0)
q; ‘*’ otherwise

4) if Hu® <6 (8is a small positive value.) Stop.

5) p(t+l):p(i).‘.a(u(t)/”u(t)”)

(a is a step size.)

6) if p,‘t*!? > Max p, ‘{t*1) = Max
if pl(t*l) < 0 pl(t*l) =0
7) 1t = 41
End Loop

3.9 I .,},r7._yo);n;?‘)v#‘—-@-/j\{t'j’w:f')73.1.
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B A MM E S 5@ eI sLeELLONS.

3y b7 =203 aAF—F/NMLT AT ) X4k, Humpel & Zucker 8 fF » £
Y (object)~D I <A IFHE LR A DHIEEDEA{L(Relaxation
labeling process)[3. 181 E{I L T 3 2%, HiEX, BRECHVTHMBELS
s~xAte LEABEHIEMcED S NG LA WIRE T <A RBE(HRYICE
HOI~ARTIET ), Bk, MEWE I AW HERICD 2HE[2.19]%,
BRICE2DEVHIETERATL S, Thdid, MEYPEIANALRELFEES
ONGEMCHYT 227 L AEHMBICE, BIEETH 5.

4.2 29y PV —2~ORRERMNOEDIASL

SITiE, 2 2CERLAMEBEACES Y, HERIMoBEERE, Bk
iz, ¥v 17 —70%az=y tHOKEOES, Hb, HEBEERICEHE
DAL, HrxarbOfARSZa =y FIBBL T, 1EBREVEREEL
~VERBAN ELTEDEICHEETINCP0THENS. UT TR, —
BEHOWME, BEHE RV, BIoEHEMErZIEFEELTALEARL, Re, R
¢, Rie&4 3. £F7AE X oMHFTHATCERFIEREL, HARFT0 LT
3.

4.2.1 —BHomE

WSR2 =y FOFT, —BEOHMFTICRT S5 HISREMCMEELEE 2
F5 2ol 2y rHodiSicBELTE, £FLd, 120y P25 2
CFREBALIODOTZ vy Y xS AV FICLARE LRV, v ERNIRYIIA
fowv, ok xif, B3. 8i2H v TSeglo & SegRe DX &, Segle & SegRi D xFit
EFET 3, Seglod SegRod %t &, Segle & SegReDMIEIEFET A DT
Wiz, F 7, Seglo & SegReD XIS &, Seglo & SegRe DKL b BMAVICHE T
Bz, FEIT LEEx AV, SHAHMoNMESCELTE, 120
FHEREx 1 2OREEC LG LA Y FRCEZIT X u.

ZIT, ROZBFCHE-T, —BEOHMTCESARFEMOTESEREE
» 5.

T v TS A ) Segle & SegRo DX IRR FL(Seglo, SegRadix, RO %KKL), B
L, )& FEA T ISR (Segl, SegR)ICIX T BE TH 3.

1)Segl = Segle , 22, SegR& SegReld EEBAMICT O T LELSH AN
» 3.

2)SegR = SegRe , 7D, SeglLé SegloliEEHFEFMICT O T LEL T HM
» 5.
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B S Ptle & PtRo D XIS IR B (PtLle, PtRo)IX, ROEKMLD, Bix, DA
ISR BL(PL PRSI T EE TH 5.

1)PtL = Ptle.

2)PtR = PtRe.

toT, —BUOARE2RTTHEGBER OFR I BKRDLICEDS A
3.

(3.8)

1 if a=vbidazy FiFEES
Tuij — )
o zom

DL, BEREDDILICLOT, ToT T AL D1 RHBRIES D
MBS h B,

4.2.2 BEH

BEHICESC 220N EERBMOBE AR, = vy I 2/ Ay PiCxL Tk
BMEEBERTOPRE, 4, BEACHLTIEZTORAEERTCOEECE D
{. RODBEFErciji, MNICHEMBERLL, 220 ERROEEZE2 LA E
AU, Vi, D), (U5, V5. D) IRZEDEL AD=Di-D;, BERE% d=v (Ui-U)Z+(V -
Vie LT, R DIZETE, RDODIHITED 3.

' s(AD. d;ce) if | AD| Zf A d=Z¥w
TFeij = (3.9)

0 Ot

SIT, fEVHRBATEHI BT AEEEEYREL TV 5.

4.2.3 BEFOEHEME

BIOEBEM, =T/ ORGRBICHLCOLBEHSA D, 2
PONERFEMOBEHEIMEERERTO2D2D3RT S A v F OEEERIC
ET% RO LEEETR S,

B3.9(iZ3RTL7 AV OREERROI-VEE~NOEHET, aita
i E2O0% 7 AV OEBE TCOEREEORAEL TS, 3.9 (b)IzX3. 9
C(QDOEBRA-BEREICLVEEABEI LA LOT, Ex T AL OBE
NE%G6, 6;&LT, Bi=|Tan 6|, B,;=1Tan"'6; | &sEMF 2. %L
T, BitB 200V I OBREFAOEREBROAELT 3. RI\OKFE
Rreighd, aita; & B8it8;, RY, KRB DCETE, ROLIIZED 5.
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SegL o SegRe SegRt

/2 B i

SegR2 SegR3s

EB@Oxyv«ffyrwﬂﬁfaﬁmﬁﬁ

v/l\ ? ' A B \ \‘

ol 28
(il

M3.11 &oded
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s(aitaj.dic) s(BitB.dicr)
if ai+aj§amax/\Bi+ﬁj§ﬁmax/\d§w

0 *ofh (3.10)

r'eij =

4.2.1~4. 230 Fh FhAOXMEHRAIE, RKRAXDIHIICLIOFELSEFERICED
Azhd.

R = — e Ry + ¢*(e¢cRe¢ + €sR¢) (3.11)

ST, eTleti, MHEZRELAEAERESOEAOE S 2L T A RH T,
ek eit, FREFEROEADHESXB/H TIRETH 3.

4.2.4 BHRBRBEEOHKE

2.2THRALIE, HL AL LHBELVRAANOHEAOELEFR, EZMH—HO
REWCES. b, UTERIABREEGOMTCEMCH L COATbA

5. R3.10icks0T, 1EHVEBEED »y I 2/ A v | SegCiz kD %&#1),
D, VAT Ty I RS AL b SegFio it U THAR R & £ A8

1)SegCD K H % vc, SegFOAFM % vrd LT,

L ye—vrl < Ay,
2)SegFDH E» HSegCE TOREEME*h & L T,
h < A h.

T, 1RHECESEEORBAPICRKROEHED, » 2, 2)% i T4 M SPtF
(XL CHREABE R 2 A A '

1)PtCEPtFO EIAE L.

2)PtF HPtCE TOERMA h & L T,

h < Ah.
BL, »5NEEM 1B CERBED 2 DL FOREEM & B &% 2 &
EhicgEid, JVBROBVDIOER 1 D2ETERT 3. ‘

MAEB RS AR RSB F 5 HIEREE, B~ oERERSL
NXrDaz=y FPOABAREALB LIS SH S, ZEIE{Q%O)V&‘)»M;*SH-{,
SIGEMFLE 1TBRE L XAt lONIGEMCLAMAB R HOBE, FL2 &L
TR (FL.FRIUCHYE T 22 =9 FiOABAHN 7 R TESH 5.

7 = e*te, p; s (D—Dj., l:cr) (3.12)

b
Dy«
SIT, e RBRELVAARLOEROESL 2 BT SR, DT R IS{RB (FL, FR)
®ﬁ§,muu%ﬂtﬁﬁﬁ%m%ﬁﬁf%m%@ﬁ%a?6.it,ﬂﬁk
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ROl ZRER

$ﬂ%fﬁmttﬁﬁﬁﬁﬁ%?w@%ﬁé@%?étbc,u<o@®§
REGBANRELTCERE2T o742 ERTIE, HUTEBEOS Y — v oW
ZENEHARILD, 720 RAR3y PRBLCYE S IEE2FcHoTw
5. b, EHEOERIZIN0 v T xS Ay rORERB 2=y F OB
B2 T200, HFHAORER K2 =» 0P EIZLTI0L LTHY, REE
ZT00Ll Lo a2 =y P 2 MERREE LA

Y, H3.11)Di B 72v2BLOY -y (HHLAKEE2ERSD
ETRRLTOINIH LT, MHEOBRVRERBLRICLY, BYE HBTo
E, RY, BHBAEOREOHROEBEMNFMELT 4. K3.11(b)AH
/A TERT, SALDELWHEE =T ATRD, thirEiE, &
BB TEBRE2ToL#ER2EX3. 1R T. 2464, MEEEE s BES
REDEH WA T 95 21— 212, *0%MBickwT, BYE RV, Bk
LEXFRICRDIHSCHRAF LTS, 3. 2% %BTD, BY, RY¥F, R
HLBEHZRYT. B3. 1226825558, EHEEROBEEGRICLY, L4
D2BOREHELR>TOAIRS TRILEBVREOIAS. oz ehd, X
VERESOAFOVRRICIEVT, FHEATCHIAALEERIERLEHICH
TR EREIrDS RSB, Fh, K318, TRTCOBEMEELEARA
REGEToOBEREOELORTF 2R, K3.13%, FEHEOEZ » I x5 A
FORERHOP TRIEEEOFEVRUOBEEL+HECERLTERLT
W3, Hb, ERBFRAOEFFEROF T, BIEHREOBVWRBOEHEE
PEREATHS BRSODPLRVEABS CREX2CEREL T 52, B
EORFOVEMEDITIE, Oy —rDBEE, B, HOBEEH» S OFEHEN
EHCBEL2REFLTV3 H3. 300805 L512, BL~roEHicsw
T, BUBLOPHTERA LV NVOEE»S OB TR T FEFS
BREBERTAEONEERRIERILLALZVY, Hrahrdb 7z 2BLOD
HECBT>EHEEOBVEEAEE T C LA T, IBRE®EILL TH
EVWOIRBRBEEERNLBI2RE TS, b, chiz, TEOEEAFD
Bzohltea— )27 19 2350 TRASSFBEERE2»BLCEEY
CfTbhd, LS YINFBUBOFRETTSbDEh>T w3, %1,
SOLE, FHIO7 2 ABHO—~H(H3. PHERBRICRT Iz 28LO
RMEYVGEOTH RV, FBR2XLICd2)i, TARCEE2ZHFELVHE
iCEIrh T 5, ,

LarLl, EFXNIRBLARFICRACFHO7 2 v 28500 Exd 2 VA
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ShTwho., thll, HEAEOBRET EECHETIFHeARCR
AbhAEVWESREVADTHS. TOMER, CORREHELRY—vERD
&, »5BREBFILOTCIRVHEETHY, BENCHERRzRE TS
DERD . tOMEORKRIE HERFLE»VOBLAMVEELARE2RL
FeExoh3 BLBRUCEA—-0OYBRRKICHET S ATREEOE Wi 2 B
BSF230T, HEDEE 2 ARBERIr>OREFREZF(NRIOKRA 25X
2, FORLEAN=Rsb, 2o V- JOREERCEHRIKESAS D
LEZE 2 Hh 5.
M3.14.W3.151cxhZh, ROBY, R, 2y PRBLOESIXORHE
BOEBRERETY. ¥4, B3 2CERBREROENEFY. AL, ROEY
ZDOWTH, I S RALORUEOEERNFEILAVEMETRIINE L,
toBNEMNERMrSECTERETo A &5, BM3.16 RU, H3.
T2 7 2 v 2BLOY — Y EROBYIZCODVT, BHIAALHREOIHEERRE
KA. B, YRAFARVAXIY/ISEICAY T Ay Eh, CEBTH®
hTw 3.
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() ADEBEBEE
(O o WM& + B

(b) Tovoxs Ay B

M3.13 7Z=zv2BLODY — v
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3. 14 BEABETONGRELEEL, BYEBH

(iﬂb,ﬂm%%,E%LE%,ﬁU%ﬁ.ﬁm%%@ﬁ%%%béﬁﬁ
%L,Eﬁtﬁﬁm,ELwﬁm%%wib,ﬁ%LE%&Kﬁ?%%u
%UE%@,Kbbhtéf@ﬁm®5b,%Uﬁﬁ%kﬁfﬁﬁtfma)
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(b) 1[EH (¢) 2MEE (d) 4 [EB

E- @@ EX™
(e) 6 [ H (f) 8MEE (g) 12[@ B (h) 21@H

(B R EE)

M3.15 EHEEOEIL
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(b) XIE#EF

M3.17 v F&BLOE
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M3.18 “7zvz2@BLOY—v” fdkrs (ETn5)

K3.19 “ROEB®” t#R= (EF2»5)

_53_



T e rABLOY—VvicHTIERRER

#£3.1
ZHUHES 1 2 3 4 G 8 7 8
it vy | @ o ® ® o ® ® @
Bify | $BAL () ® o ) (]
s | —BE | @ e e ® ) () o ()
A mEE | @ ® e | © (] () ® o

R ) ® | @ @
R E o o () @
HiEUL(%) |24.3 |19.8 |15.3]16.0 |15.3 | 10.5 |11.2| 8.6
HuR(O%) 22.2 |17.6 | 18.5|19.6 | 17.8 | 15.5 | 15.0 | 13.4
EU,@HIFOERAR2MARATVWSZERERT.
BHEUR=(AEURELVHLOHE)/(GELVLHIEOE)
MY B=((HWohiloO¥)/ (RO EIXTOXIEDED)
%3.2 ZEBRREOEW
Jx VA ROBEY | 2y MEU
B89 1 X (4, 80 100, 100 300, 300 280, 270
HEHH 17 38 62
FERAERE +20 +30 +40
HFEREARRZEIR +30° +20° +20°
XRHOEE(W, f) 20, 3 30, 3 30, 3
Iy IV¥(E,H) |
MEELNL1 304, 308 | 889, 959 861, 808
BIBELNIL2 106, 117 | 286, 298 348, 343
RiBEL N3 45, 39 104, 102 153, 130
BMARE, &)
RBELNILI 181, 129 487, 586 | 1012, 985
BIBELNIL2 115, 73 206, 209 308, 280
smfgw\wba 54, 60 96, 102 159, 134
EHALIRRE /21K
BE(%) L~ 1 |42.9, 26.0]22.2, 77.0 | 43.9, 66.1
(Y, BHma) :
CP UM
LR il 5 33 26
peInS ey 15 112 24

BNIA—YDIBRTEIE :

€=0.6,c1=6,c,=0.6, A nax=30, Bnax=10, Ah=2, A )=10

%M&Eb«»u#w%ﬂwz7>7+b7®—‘mﬁm

LANILT:0,=2.0,LNL2:0,=4.0,LXIL3:05=8.0
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JIRE

FETIE, EWIERELARE B ZEEREALE2ELTEROZ L
Y= KL THHENCHSERIGHRETVICDOD0THENAL 2 v P 7 —
s FAEF—FMLEF VORISR, B2xOoXMERMEZESCHMTES S
LTHY, ThizkY, BALAE»rOHTCORBEHEEZERT S LATE,
B xORBENEEBNCTES LRl o, BEERE Y X vOf
BIHLT, BETHL A TA—OYBRECHET 3 BHOLEHLEE
FTAHIEIIVEMCSERGERRAVIFEERELL. 24, RIS
LU, EFAMICEDAALE, BEEANTy I/ AV PCEXLIBBESORE
HE, BRBOEBEECESCHEEROMERE RV, EHRBEEOHEREHED
R EEZL L.

FETeRxAEF L, B, Marr-PoggiofE 1 7o) X u[3. 210 BB
WEEL>TwS, AL, FHETE, F2=29y PETFRITEFT, 2T
V- 08B Ez A AF-BNMLOARRHRBELERLRA TSR TRELS.
Marr & Poggiolx{E » DM X3 M4loF cHREOBMAOBIAELED B REHE~
OHEBREEEEL 2, FHEE, NEEMLDIGRANCBE L TERE RO
L cELALOERAVS I LICIY, BEELBRESCINLTEN T
NERBZEERL TS, ,

T/, IH¥WCAHAEBE, FEFALCBTHIMEAR WERUOES 2 E
BEENT S 2D, bTLOLEHY, HRCAILEELRITRRETS
5, EE ERTIE, MHNELELREUEKECOEAOH SR T 2R -
"L EetORENEBIOLLLTEELTVS. e NS T A LEHAMER
BRCHEA>ERICHY, FLARFLITHEELLIE 2 BA T HBLERC
MaEmMiIcd 3. 120FkeELTxy 7 —2083%2E8HL>D, #EEH,
COBEAOEE LS Tt AOBARELON D, i, BOEREOHES
nrHAsade, Yz AaF—-BHREENMNTIBERDI LN TEHIE, E
AOPEHIFABERIVHEEBTR LY, Ty =r=y 03200, 0O/
BrRRT31>05HTHAS.
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mAE NS A—2fbeFrz v
3 IR JC ) 1k BR #k

B FE

KBTI, BEPEROZORRICECT, BRO2KRTE RS 3 RTY
GEBETOI)LH>OEFAHRET Fr—Fico>0Tili~2. EHL, EXOH
EDBLN, YhhEEFrArORF S, BERVEETH > LDIENL T, DkeT
AL, W OArDEF AT F— FIZE 2 TRINADATEHEEZFL TS,
thick v, EHoBE2 R DEOEEZ 1 POYGFEF A TRERT S L
LRI EEIZ 72 5.

BarEME LATEE2E L 3RTYEEF L ORRBEORITIIER S
ChEsRATVAY, EXOWETIE, BHREBIZRTCKOCTOSTbATL
iz ¥4 11,04.2). EFHC, TEEEFTCLICL2T BROHERMN
By, FPARURNLERBEALECKS. FHSBLEL ZFROF
HEiIoHN, BOIESLAFETERVCESCLIZTALZENT I I LICL2T
BMAOLBESEETE 3. ' '

HERHOBE R B YEeT v OoMEEREzRCAL, AR,
YHEONE + BBE2RZAIETHR T 2 — 2, RU, YT vOEERE2ED
ZEFANS A—ARBRETILEERLOAL. BEREFHEYOEET »O—
MO BRETIE, FH NS5 A —FLFANT A= 32 HHT ZEIL
FEXNESA S EIFEXNE2»HFOL IRIENTE T, HIGRFE»EK
sha 0Ly NEBFPRZCRENT A—-F2BIHARL, HEOER
BB s RMBREIE BLOMAZNErEE L THESLERL,
RABCFEE2MVBOTW(EETH» 3. BEFEORB#MTFER AS0EEED
BEWitkoTHETE 3.

1 20HER, EEEOBVNERIEHVIC, EHARHOFE:2 TAIL
TERWICEE2ERT S HETH 5. BHROPERONBEROGEECKE
TH50T, BILLAEREFHRLEBEL2R D EF AT IF 1 7LORIEICLY
NS A= B ARTINBRELERTILESLH S, Loveld, SBROE
LETE, 2, 0¥ 3YEEFMICTIAIHBHORILBELRBRT S
BROoOBIZHICLAVESBEORLBER, YERBCSVWTEELRE 2
RATEE2HBBLTVWS[4.3). Lerl, BhoRETrZWEEICIE, Y=
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FrilEINET3 L) REEBEORESMEIHFTE 20,

HEOEREIFCITIFHEL LT, —BitHoughTH 1 YHEBHRICHER s A
IR T -04.4].[4.5). HCEMIEBENELEL OB s A 30T,
HECEBALICHLTHEARS., Lirl, 5P 3 ELANIEREURN)» S B
bhA HEL NS A= FLEMARET 2L 0WHEMAAEOERETIE, =7
NG =B EGUYBT rOBBCKHL T, BRGNS A— 2%l
EMHELL, BAOBYVMNLRAFETEL 20T ILENS S, 4, Pk
WEBBEEET B0 /-2 EHor—s0HlE%E, ZRIBMOFE
BBt shARVELIBEERD 5.

M1 #E : (Relaxation labelling processes){4. 6)ix, RELM OIS FUHEE(ERHIIC
IOoTHAEDEE TS LV IET, HoughFR IV IHE N AN =2XLTHS L
Zrohd Lhrl, EXTLLALYE  EREB~OIEAIL 7], (4. 81T,
BHICETOBEBENEO N A F v a v R EESh T3, Biks + 7 A
YF—=va vIARICBRIAIRIMETHY, WBKEICLZ3T Ir—-FT
o h2ESRBRRET > VMEELRS. 2k, ANF—-2L2FLVORITESR
REEFEIATEY, X5, EFNS }—5%?&9?:&%(iﬁbhfwm~.

FE, L oNPEE(early vision) DM E I HHRFEx vy P 7 —2Dx %
NFE B RNMET A RELMEE LTERILEIh T 5[4.9). Hopfield®
RELA “zzx A F-B/MLOER” (4. 101, HEOMEREFD, BREKEH
FERERE LAERCL2RELVRELENEL, EOEEELOXx » + v
— 7RO THBSENLETHE=T+»Td 3. FEHMHICE WMEHRLEMT
5504612, LURE 5o, BEshiAgERbenoTw3 FHEE, 7
PHESTTOLRIYOEIHR BV TY, COFARNMNLERFBRLLS S
LEEIETS4DTHS. HopfieldD EF riX RN A EESH» B LA S
ThELER (b, REBOBRNAHEEIRERO D =xXL2515 BERE
DRFBEEENLHE, FROEF2FHHTILEN L, 250 3FHLE
BICHEFERAZ2RIZLEI S LICL>T, BELCHEBAICK, »>, ZEPLIC
BELIBRBEEFERNLLEBRTA LW IBENS 2. FETIZ, HEH
RA»P7—=212k>2T, BENRORBBL oM ERABICTR FEc2nw<T
BB,

BFcik, 23, B28ic, /B LBCHL A Ph=Fr0RR, R,
EZ OV TOREIT OV THR, E3Mic, DHREBOME2H~, 45
~EOHIICE T, REBBROSRB IO VTRLL, BT7HTIE, ZREE
TR,
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g8 FAAR0LHOYEET VER

2.1 =EFA7Y) IFITOEER

Wik eF i, EEEREBEABCREOEFENL L =T LT )
1547, RU, TASOMOBEHECL>TRETS. 0L ¥, =70
FY)1F 47 LTAERV MG, HE-BhicHd sy, B@HE R
O, DERAELPEO /5 RACBWTEELRERL LS. FHE T, =70
TN IF4TELT, a—F—%Fvi a—F—-BGYEo2BoEKEMLS T
HY, 1EEFOERBEELTH2HANI IATRASAD. a—-F—0DH
BREThs LHERSE RELLABETHII2OTHT -BhiLl TR
ST AT, 3D from 2DONIEEZHME T S HLEMESOME - FER%
G ALTVE. 2, a—F—%FBuB i, LTLIBEUESYEEZSE
BiIcBRELARY. b, BHRICBEELRIHFUN, a—-FT - x0BEBRETRRT
Fhif v,

2.2 MiEEFrORER,E ZTOXRR
MEkeFLrOL&RFEHHERE, EFA+T)IF I TEREOMREZ T I T
THOBEOHEICLoTESA S EROWEMKIE, hbORMENH
RICNTHAEBEEDOE XA L2 TRET 3.
BFRBBRCLIDEOIVHAEEZERELT, €717 171 7THIC
FharbHelad) 3 F 1 TEBERG. v 202 AT D BT) I 747
EEREC

(LTI F 1 TEHOHE,

QEBOT YV IT 1 TERREOBRICBET S HRE,

(OB EERLOBERIZBETIHR

B Eh, PBEEFTVEILTALOEELELTARICERR SN S, HoughK#] T
i, (DE@OFER2ABL CRBELTIN, FHATE, FROPVBLLE
BHRICHFOT(DOFEHEHIRIEELRREEZELS. LUT TR, EWEREHFOE
ReuEfofifcovwTd~rs,

DTV IFATESOHE: K4 1R T &I, 2 —TFT—2EHT 2
RIPVORBEETVIFT 1 7TERRORZE LTS, 2207 P rvix |y
BEE B, 18BEOFMOREE2HT. AEAANI P AVIERAO & S
2D OEEFMNI AL E LOBREMTESRS b0 L+ 5.

1= 21 + (1-2)12 (4. 1)
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IDELE, AOFNEEHEIEYVLETSAS.
2pEEo S 371 TEERLOBKRCEIIHR: FHRICHVT, FY

IV TEELRHONERE, FABBHOAICHNTS. 257 17 4 T8,

MikeF b0 7Y IF 1 7ORT, BErERTS Y IF 1 TUUT,

HETVIF 4 TERINE, P “FABHSr 2 O0BERENI F L DOR

BAn, B, FhUNoOBHECTREETEFS” 7Y I F 4 T(LUT, EgE7Y S

FATERELIEFTHI LN TES. FHATE, AHETV 1717 LOBkE

UTo3®@E-HE+T> (H4.2).

(DFTBHtE 2 DOBEBHAMANZ P vt te OBREMTRRETE 3. Ab, F
FHE”, a, BT A5 A —=2LLT, t=at1+ﬁte£‘§aiﬁ’63"6-
SIT, a/BONEHBOBEYUNITIELIDLET B,

(MEFBREtE 1 SOBEHHANZ F vt OFHECRE T 5. Mb, FF
BEIN, a2FAN3 -3 LT, tat1 &¢RRTES. 22T, ad
AEHEBOFYNTLI DL T 3.

(OB UES2&ETS. Hb, t=0LBBTE 5.

ZHECHTIBHBEROIE» S, 237 IF17E@xL T, £FL

STOFEBET)VIF 1 7T2EET)VIF1I7EFTI3DBR AV, BREERD

MEREFR(TY I F 1 7ol T Y IF 1 IROKEESTN I TF 1T TH BB,

REiZ, 70357170237 ) 3IF 1 7plOKET) IF 17 THB)EEAA

TWB I ENRE T LWL
OYMBEEZREOBRCETIHR: Q)0HKL S, MEFOEER» S

BTNV ITFHTEER~NOEETori, FOBEHRD torDIsEBH ALY, KR

DISICEF 85 2 — Z(P1,P2,P3,...., PMMDBEEESICLI>TE XA 2 (H
4.3).
top = (Px,Py,Pz) = (LaiPi, IbiPi, DciPi) (4. 2)
L 2 1

(D~@B)DEBIE, W4. 4DEH VAT I7vV—b2FArbBHICEET
BILABTE, I, BRCEUERCIZIZEEBE»OBBEISI L b E
Zohd.
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4 Variable Direction

Fixed Direction

Primitive Coordinate System (Xp,Y pZp)

4.1 =F~7 V3T 1 T OEEE
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Y p2

y §
) _ | Model Primitive p2
For Neighboring Model ,
Primitives
>Xp2
]
yfl) Zp2 Opz
Model Primitive p1 at
tp1p2 - {
at1ipts
a _@a °
. b~ p " d
X
Zpi

4.2 HEBS)IF17Lo0BROTEE
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Model Primitive

Xp

z Op
Primitive Coordinate System (xp,yp.Zp)

top=(ZaiPi, ZbiPy, 26iF)

>Xo

Oo ‘
Object-centered Coordinate System (Xo,Y0,Z0)

4.3 TV IFHT7THEERLDEPLERRZOBR
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R4.4 35 2—231=eFrof
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2.3 YHROERBOHH

i, MHO3KRTEMPONE - B, 6HBEECEABH3. BiE3)
30, YHhOLYIIREEBEZER I, DEBABESFRICES & F

FHEELEDICIBABETCRETES. CoNRR, REHRCcOYBEOMNE

CIEBAEZTLEFAEERBLLLOTIE AL, 22T, B EH

S A—RiET DL A4ADDNT A—2TRATS. Lal, AMS EHE»>E

LALYBORBOETEE L YFEORELBOREBIrSENFM L HER T 5 8

HeFoTvas(Hlb, BEFPENFMEBRA T2 PiCh2T03)l %

R DL, OB b DT |

7= PEERER G v zw), PWEROEER (k. yn 2n), ERFEEERW

VEMA. 5D LSICHRETS vvEHErREFMETSE, YD LBEZR .

57— f"&ﬁ%“®§&Tou(i$ﬁ@§ﬁtdw=(towx,towy,towz)é:}'wﬁm@‘)0) '
BlEoudD 42D A= 2 TEBTEFS., V—nFEER»S BEFEEIE
FAOEBTuRPLEELREL, v X0PLHEERY -+ FEERO
B, tEhiiye-zoFHEEE L, {fifia, RU, EABERIEMET S EHET
TWEERE, EAEEA1EA3I5CAr—0y S shTudets.
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Yw

Image coordinate World Coordinate System
System (U,V) Xw Yw Zw )
Y | ' > Xw
Ow Yo o \
7 § . towy
U 2 V
yA t ow “'//
w X Object:centered Coordinate
System (X .Y 0Zo)
Qo\<gow
Zo | Xo

4.5 PHEOEHDHN
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238 YNZRARONE

EHETIE, EHOMEEF v EREL, SHICEHEPICRETELDEN
BHEZESA T30 LRET 3.

R, EgEEiYEeF v HOREXNICERCAEL, BERSALCEYE
e LT Ton@ADDNS A= BEEFANS A= FRRET B L TH 5.
BREMEEROATHER BHEEBEETA7) I F 1702 TOREELRN
BEHOH T, BHEESEBERT LS HGeRELMEL L cERLER
35, EAOYBRICHLETIRNICOBFEEL D, TP ATA—F LT A
52— 2 DEENT 2 5. |

DHBEIE, 7, HEBREEFALZ)NITFT 1706050 E0EEE
¥Ex, PREETFAMELEBEBREBOHAREACT S r—vr s E7 404
)y e fFIBBTHY, ROIBEIAFShE (H4.6)

(DMEERSEOLER: BRBEBLEFTATY IF 170559 3 EO TR
LN, HEATELSE, WERBEAERSAS. —OBET =747
1F I TOMBLEGRERBRORFNAHRCLIUREEBEIKO>AS.

ORBEOHEMERBICLI3AER7 112 ) v 7 ERERIOF»S, &7
)37 1 7THOBRrOBONIHMREEERIICEREL, EvitEBED L
RARISERS 7 5 2 2 HBT 5. 22T, 1OOWGRE I 52528, 12
DPEETFADA Y AL RAICHYT .

(VERNT A= B E2FANS A= FORE: NERB I 5 A FIB 2N S
GBI LY, BTV ITF I T LYBERLEERLONREFABLTER 5
A B RF ARG A B RHEET B, ' -
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Hypothesis Generation

Model Primitive @<+ Image Feature

(Comer) Tentatiie Match  (L-Junction)

Hypotheses (Each Rotational Parameter can be determined)

l

Hypothesis Interaction

- Construction of Hypothesis Network based on
Geometric Constraints from Object Models and Image

Formation Process
- Network Energy Minimization

- Finding Clusters of Activated Hypotheses

'

Parameter Estimation
A Cluster of+ Hypotheses

Simultaneous Linear Equations of
Transform and Model Parameters

M4.6 DBDWMBE
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B0 HEREOLH

XHiTit, 3Da—F—,2DLBEREISLOHMOMIEOHTRIZIODVWTEER
F5, HE2IVa—F—¢LLEERELOIRE I AMONMENTELBE,
PN IF A TEERIS VA FEER~OERTrOEERS 0 ruil 55
BErBRVWT2RBYICEES. Fh, TorRFTBERIOATHZ DT, 6
put GouicEL V. BRABETCEERBER, =F 47N 37 1 7TOUXx-
FEICEBELUT, BUEELRIAEBETHY, thBZREHFCE(EE
+ 5., OV EELBEESZIrEITES HOANIEARELAEZBFRRIATY 5.
g3 1V, FRSHEODE et RET AL XOFHMBRET 5.

UExv, 2F4+7) 374 73KROSEECHES A 5.

Q2B bFANBEETLN bEE TR,

Q2L b FMVEETH D5 1 QIXEE.

®1BOFMATE THBITEE TR L.

@1 WOFMEHPFE THITEE.
®2TE L HANTE.

DT, 2TOEFAETALKIEEEET, LrdbEhFhicH L TESHAS
PUDEREL W(FHEWL FOAXEFETH S, @TIE, 2WOXTHATHh
COWTHEAEET S L INETET, EETAVIONIE? D 6puiiBES A
3. @TiE, FALVEEOLONENARELBE 0, BOAZDT, 206
vt UBI—FOLOFBBRET 5. L, TOHFARTFHHRD LA ATE
BHANCH2BEOLRNEAELTZ. QO®OHEIC2VT, MNIEH AR
L%, o

GRS H ; (ML, ¥P«, IFy, 6, 4)

MERIENS. 22T HLIEEFAS A, PEEFAT) 35 17, 1P
EHRSY, RHNBCIoTRESAAThwWOEE NS 2 — 2, 21Z¥PvD 138
B EOBEOREIC L > TRESAAEHTH 3.

@D, RV, O@TROpuOEERITLZHRVDT, EFATY) IF 4T LTE
2izo. Bb, YEEFriiEnT@ROO N E—-v 2 EL SLBE, ThE
FERBENGEDLD LT B,
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558 EFrvbU-siLaftE0RE %

ERshEREBOETHEMERICEI 2T, REDITr— L TL7 414
Dy S EFTS. MBI 2EEASAY, BB CHopfieldeF MICE T #HE
Z7AnBN T RITS.

¥, 1BBCBYT, BHRIALEFYFCHYETIRED 7 7 2 2 & il
+5. COMNEIE, LBEMELT REXN” 2HECTLTORIBCHL THE
Bshs NEHEMLLTEBORITELL “REXN” 2BAv201, EHE
PICHBORBRELDERAEFETSEE, EBoRIBOBER b, 2H
BT, ThO>OSMATARLBENHHLDTHS. BEHL2KRIT~<
Fr7oflEt L TR4. T(@DEREMDOETFAXRELbNAEKE2EL LV
4, EBETOBRBUVELAYELE A1 2LLIREDIETE, H4. 7(0)D
53y V- OBEAELLRSE. L, Y—rHOBEKEORMT]
ErEeRELAZE, x» P77 ICHEEIATO2BRIEETE
LTwd etz o, RL3UG0oRERELBEELESA, Th
SELSHMT A LRIFTETHS. C0BEE H4.7T@DEHEC T r—v
FOEEEDS D “REN" MoBEFE:BuadE, 208548 T
¥lhwv, Tz iz, BEAEBCHVWT, EHBe BRI AL T Tz, KB
Mo/ v—er 7OTEE2ERT>BEVDETH I L 0D T & 2RT.

wiz, 2EBEBICHVT, 1BRECHESALZSRHEI S RAZORIEEITD.
SOREIE, BERFI/IAFIHLTCHBECTDLDA S, OB TIER, BEHR
75 RBEBAI2OYBE2ELLRETH LA TE, H4. 7T()ERABED
HRBEFR2BEATED. “ORBT RKRAI/IRAZFORELBFET SRR
DkE, RV, ERT+HLERHE 7 5 A Z20BRERTDR S,

5.1 “AHEESERHX" OFRE

12O LEERIS» DHBOMEEREPER S A ABE(KTLDOBEEGICYT
i2%3), TORTELVEBREIBEA12TH5. £27T, FhdORBEITHEW
ACEZET, ‘THEHERIAN LHRETS. thix, VWb “—FBHEOHRE
(Uniqueness Constraint)” T&» 3. |
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[ | wpa MPb

N\ | ( MPG MPd
IF5 IF6 ~ (b) Model

(c) Using hypothesis  (d) Using hypothesis pair

( Connections for hypothesis(5,c) ) ( Connections for hypothesis pair

((3.a),(5.2)))

Hypothesis

Excitatory connection
----------- Inhibitory connection

R4.7 {KRE* > b 7 — 2tk AN ROSHEE B
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‘L-Junction Correspondihg to Primitive p2

(a) 70 ¥ 74 7HrEHELIOL &

Projection of at;1+ bt,

Projection c,)f; t? hing Line
N

A Projection of ¢ty dt;

Projection of tj

(b)) )+ 31 7y BEHE2DL ¥

4.8 RBEMOBESELH
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5.2 “HERBAN” oFE
T ricsOTEST ) 37 1702 2OMERE

Hii(¥Lj1,¥Px1,IFiz, 61, A1) &
Hi2(MLj2, ¥Pk2, IF12, 82, 2 2)

BUTO&ExHAETHRME, Thoid “HEERAN” LBRETS. “FEER
BT B - SOFEEERRTIOTH 3.
(1)HLi1=¥Li2
(2)YIFy1=1F2
(3)¥Pk1 EXPIe BN EWIZEBE T Y 357 1 7 Th 5.
(4)] 61— 82| <d¥
(IR OEEA L (01102)/2% FvT, 2.2TH<A P2 b P2~ 3 D
FOBHOARZzEHTFTELCREL, FATO0RBEHEN(B2EE
OHBFTBELSLICHEETS. 4.8, EA¥BoBRHRELS 1, B
2, 20880 %KERT.

5.3 “HWERBXN” WoOMHEEH
MEE, “B6R3x" ok CcoRBLEEGLEERTAMEL LTERL
TY¥5. & “HERHEN” OBEEFRE, UTORECLAN > TERET 5.
(B4.9) : :
(D220 “BEERHN” ORBOFI, 5 1THELA “THSRER”
NEETRE “THE” . |

DHL 220 “BEERHEN” HPi;(Hi,H;)DEHP i «(Hi, HOPRE UG
KotHizatns, BABERIROEBICIVED 3. |
(2) “BARBN” HP (W (H,, HOREET hTHEL.
MH; EHRF =79 37 47T, 22, BEWSEHETY) 15717
DOXIGRB Tt hEE S N | |
(c)a), (WELUADHE, Hb, Hit HA—7) 1547, Bz, Eu
CEBET)IF 47T, Lard “EERREMN” HP W(H,. HOREEL
RFAETHES.

(B)DFEIZ, 32OREEHEH . H;,, Hk i EWICEHE 4+ 384 TH .
(BDOFER, HitHBWECICEE T ) 1 7 1 7ORISRB TR VD FA S
OEEHERIMEIIL Tk, (OOBEREVICESET ) 1 71 7OMKRS
THBEH LHBREALTOARWE NS 2 LB LM CFETH 5. |
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rAOEABERICES CHEMH L HopfieldD e F A BHRAL. “HAEIR
it oMAEn@EL, TALOEEEL p=(p1.p2....p)ERT. AL, pi
TEHT, NaxdEHEEOLRE L T0Spi=Haxs$5. “HEERHY Mo “
BHE”, RV “THE” BRxEInxXo#HfTolzg, ThE£hR* = {ri;],
R- = {r;;}&43. R'OFEFRZ “BE" 0L¥1l, ThlUHNDL X0, %
AR-OBEFE “THA" 0Ly 1, TAUAOLF0LBET S KRT
REhdz 3 A F—rR/MNCTHERILN - pHrARELRICERLE ZTD S
- iEET.

E(p) =<—U2x§(a*rﬂj‘e'rijmam + %Cpa (4.3)

ST e REBEHLGLMHBBEOHNE BN T IRMT, CIHAR
MImKIEHTH 5.

5.4 BREL
CBELAZYrT— 205, EELL, 2D, BWCREEZEESL TV SR
BT TAAERBUERR 75 2AFELTHYVESY. 0752213541
S OPERE IR T OB ERETEEN, RELSTFETHARBABTEA T
Y, AEOF+HLERI/ISA23EERS. 22T, B2xORHP I 522
L2 T “RER” RLBEMLLT, BE, WR74402) T2 @ERT 5.

BRELZ 7 A2 ERETHACOVT, UTOERBEIC LA > TREM OB S
FeBRETS.

(DS 1D&KHIZHEY “FEBE” BRE2RET 3.

(2)5. 2D KBy “HEE” BAFEE2RET 5.

(DEI—7Y 371 7oMEEREFLTCH LT “THE” BRE2EET 5.

UNEBTYV I F47THY, 2, “BR” BEARESATAVWERRL

CHLT TEE” BRERET S

RO FEEBBRICETE, BERBVI/FIRFIIODVWTHF v P T — 7 2 HERL,
RU- DOz A F—-BHORE/MEETS. thick>T, KBRBHCFBED AW
BREEL.
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" Exéitatory Connection

; and H are mutually

neighboring primitives.

Excitatory Connection Inhibitory Connection

4.9 EHEABoFEEEH

..75..



NS LB R SES I NEBEY L)Y

Rep 79 A ZDEMNERBPICHBFZ2FATY 37 1 7L LEERSONIE
DHEBRNT A= B LETFTANRG A= ZDOHEELEITI. TALThOXMERB»
S TryOHMERBON, $ABTFAT) L7 4 THBENBHOBEESRL S O
FHROHETorNEEB IR TS, TouDHRIETou=TorTruil I YED R
3.

TouDEERSD 0 owicBE L TREXNERBICBEVTTITCIZEE>TVB0T
FOFEHE AT L. HE4IVIEHOLEERES L YT LOELE LD
SHIED S, TowuDFETHREIKD tow=(touxs towy, towz) & BTF L85 42— 2Py,
Peo.. PaicBET 32 0RBHFBRABESIAS. Lo2T, BH7/5220+<
TOREERE» S BOM BB FER BT L TR EICLYE T 21— 4
KBS h3Z Eicimd. Larl, EEREBRTONIELSIE, FhH D85 2
—2MoliERE AV BEHEBEIRES L. TORTFER 2B EED 1D
OMBERE, 3597 =2 3HRHP L +45 (underconstrained) TH Y, F i
BT A — 2 X HEHBEFE (overconstrained) TH 5 & VWS ETH3. O
MR, BREETHFERCH L CREHEERCSTI2ETAREL2BI>FES
FEETALICLoTHRBRIAS. 0Ly, FARBIC, B9 A—20F%
ﬁ@(t&x’-lf,aéhéb,cétpuzédfgc‘f), EFANS - 2O EFERA(H 4.
4 TIL, PetPstPetPs=Ps,PstP7=Pe)d, MEXTH IR YV LT OFHRF ICHAA
LIenTE, TO&BEMATEATER LB LN TES. BohALE
TrARBEIZE S A -2 EDO 1 HOTELELYTL, TAhHES 21— 2 M
DEFBRLAS.
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BTH ERER

ANEE (256X 2560 L TDOG7 143 %@HL, *OEREHRNOE
AL ey, LEESES2HETS. H4. 40T LAEFMICDODOTANE
BEroBEohiLBEESLOXNEL2R S, TBANT A2 LEFANF J—
AOHEEToAERE2TY. H3.907 A4 X2 2@AL, §95 A —2
i EhFh e*=0.05 ¢ =0.5 ¢=0.1,Hax=100,p; ‘® =10, @ =20, 6 =1& L 7=.
B4.10~F4.12iCADER ERELE2ToARER RIENORKZ 5 =
2 (HIEOHTLAALEERESE2RRILTV), REKORHZ 52 %%
Y. H4.10TE, S5 A—2fbshizl20HEeFriciy, BROEK
52700HENRBHIA TS 41171, BhodbsahRicksowt, Bk
BT bh TS, &5, 4.12TE, 220HEEFA+n8B0sh T 5.
Fh, BERNSA—FEFAnNs -2 tBLTHRFLETELABES>AT
w3,

-?7-



(b) ® 7 v b HE

.

(d) BHELER (REHR)

X 4.10 1Om%ﬁ%?‘)b%ﬁﬁ“f29@%%@&7&6%%@%5&
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1]

(b) «+7 Ao | Ei&

(d) B#ERE (BRETE®)

K4.11 BhoZuwigd
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(b) &4 A v+ HE

l

(c) Ba#AER (BILAT)

|

(d) BEAEAR (RER)

M4.12 220l rre BunicHE
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®OH K3

FETIZ, REMOSTHEFRICLIn YR L3RTYEIHFELR
L. VRBORHBLIREL 2REOMEHES » PV -2k >2TfToAk. =
hickoT, Ny A= shichfperFrivoBuiliLrBvs &
NTEHRVWBAETY, EE2HFNCENTILLE L2 TREBICRHELITL S
ZEHRIRL

FETHRRLAx» P I DORKILBRINELSETSIENTH 3. Yk
 RBHrEHECORBOME (HlXiE, surface reconstruction, structure
from motionE) ik, HAONBRELREC, BEREZROBIL 5% (segre
gation/aggrigation) — %/ AvF—v ar—OMEEEERL K lj‘h(ftg 5 1
. BEORBIREINL vy P V=20 T) ELBRIADIBENE D,
COEIEGEFHOBAAST TRARL, F0oBFROBFErEv3 (b, B
HBA BRI IEBER) LENDZLE2Z LMD BEEZHOBEFROHRIE,
3D from DORME LB BEOMREHOLEEMHS. Larl, BRESHS A
AERERNY — L TA—OBERERBL TS L HBICEES AT 3.
SIT BA—0BREE YERBROBEE ‘A0 iBELTW3", &
HEEROBESIIY “H—0REBELELTWE” tWvwH & TdbH. = hii,
Fdorl AvF—varBMRESATVE i diwn. “hitd iR
BLTWVDDIE, Kochn [4.8]0F 4 @ (line process) OE X HTH 5.
BEHRER2EMNL LAy PV -7 L ESREZHOBFR2EMNE LAY 1 7
—7 (741V8B8) tHEFHASRIILILL2T, AL hAEEEBRE
€S A TF—va sk RABICEBRLTWS FEBETCRRAT T —~F40F
BREBULTVS. L2 L, FHETR220BEAZRMIEASh TL 5.

“REBH” OFx v+ 7= 7 ZBEROBRICL 2T Ay F—v a v %2k 5
bOTHB. ThoOT 7w —Fik, RFEOWMBELELT:» PV -2 &
AUBOENEFEGCEDILOLEL LA S |
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m5E

EHFETIE, 1, TYABEOUEL2EN L BROBEDO Y 1 v 2 TH
VAELS Iy FeBRICHEISCHET IFERECDLTHRAL &big, RE
FobU—2ickaYFIEMERCLL, TERGERBIGET v L S
A= A {L3 RTEYBHEOBRHBFERICO>VWTRN, FTEEDBWEH, Hik, ¥5
A—2fbeFri ok, IV—BEOIIHFMERLEHFOL LT, ﬁm#}
U - FTORFIENGLLBORN Y ERIICET L .

IITR, FHRCHRY L AHEECEIISBROMBIC VL THA S,

1. WYRA7 v 20BEREBEE=TVELTORYHE

Ty ABEHOUBEDLENDRF— A AR—ZADEAORKE CHENER
ShT&Ad, HERBLLTIOZEEORBK LIV IHEHO LSS 2HF
HRBIEBETL TN 2L5CBbhsd BEF—20BBEL2 7Y 2BHD
BMEZL G5 12OMTEPEILLIOREERSHLEL bR L. RN
AR 2 IFEFULBERTHEE 7 102 )V THROR 2y 7 TH 503,
BEFT—20HE2ZEx2 5 “TERKE” LOOSFENLERRSY, T T
UHEMEHREZERTH>LEN S 2. TEHERATIE, BFHOWBE ¢ F ke
Sh 5. LES5 11T, “TEE” OBRE(sensitivity)é v H B0 % R%E
LTwad, b, “H2rCR27, “HR3” v iBaoEkibe LT,
FOBOBEAT =T DERDT T TR, VHULRBETLOR
R5” L0 ERLERTHALENS 5L EL bR S
2. v P —J0FBEIZDONT.

REDZ v 7 =208, 2=y FHOHEABEIARNF — 22 &2
BREShH2FEEOMIICL>TES 5. LmL,%4$®%§?ﬁ&tl5u
—izﬁ}/'f-/a/bxﬁﬁ‘s:hfhnh% L HBHazmvw Lﬁifﬁ%(ﬂ}%{j) }_5

REL, EITRUOPERETH>D4 29 P 7 -7 20BN AREEVICL
PTREShRE LBy, BREZOEM (50, ¥ =835 2—2) %
REFT DA, ThoOMOBROMEAFBLATAE RS LuD, %
OHEFRBRIESERMOY -~ toRRBRICIEKET 2. 74885210
IYLEGEEEHMORRER (BADy—r N5 A — 2O TEELE) % BIE
LT8R ZVDICHARB AT DR EELBRETHZ L ELHN B,
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E E2

EHFRETFTHICELT, BLOFA»S FHLTYE, BE RV, B
FLAHEWVWA., CASOFACHLT, OHLYRET 5.
BEEHENSIE, BCEIrCETILAEBY, FLECoRMERLTHS,
PEEFEEX A THVL.
WHEPEETHE»SIL, FH - AER2BELTCHETFESY, FUHRA2E»
B> THWA. ,
EXHMFHEFOLBEREEE» 12, EfNLER»o BN ALE £ T,
HEEL, »2, Brviigzihot.
HBRAIFEROBBEREE,» S X, BHHALE RS WEEOH Y HICH
LTHEBELZBE2RV L.
EEMEFEFOEBIE—HE» 13, 25 - KEKE2EL CHER #HiE
M, OFhELEEWA |
HETERNOTSIR&E, o0, HFOMEEHE» DX, EH - KFEKR %
BLTHERESY, IA¥28Z£2BLTZC0EMNA#%HEB L.
BETFEROBERLEHE TAEHEE HEERIEKE BSOE-HE,
KEHER L 2—0ERFREF, Lo UL, EXERNEWRFOATRER
i, ¥H - KFEKR2BEL CHEREV L.
HEfE—B%Ee, EEOKREKETHY, HEILLEZEOR A LRV L %
FENTAESY, EFOWMAez/FALELrHOX LTS EES o4,
LEBERFOHBRBER, o0, EEMFETEFRONIHFER? S I,
By, BFNAE RS, BREABCBCTIRALZBER2HV A
REHEEARZOBFREHEmM» o2, ATREREOB N>V TH2 THS,
EErasCa—FEY a VKR OBBST 25X THC £,
BEsHFrowl, BIRBOBRLCRVWTIHRERT CRTIR 2 LEER
BhExE - . '
KEREOEFE—K (MNEC), Ab Ui, EBREFE» 4107
AvF—vaviERBRIIEBLT ZAABEBEHCA i, HLEOE 2O
B, EFCERLIOTH o .
AREREOBMFH K (BEZ), ns i, NBFELR (BBEES) o
ERLABEGLEY - OF B, THEOHEECEECHENTS - 4.
o, SWRE, RV, HESERRZELEOSCOF ATk o /.
Eoll, BEREBEOBRPEIISVT, BMATREREBETEHOS(DH
AICBHEICL oA
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1~r o5

1. o7 A2 OIS EEAROE]

3. 72T, SegliSegRhOXE2RET 5L, MEERRIINTIRT®
F AL FSegd3DNE LS. SegdDDWMEOHMEEHE L TA LT (U1, Vi, D), (Ue, V
5 D2)ETHUEL—BEEEXRS & AV EIRE)EHEBOREDE AL

sp=Di —D2i%, RRXTHzx LA 5.

Vi-Vz Vi-Ve

tanyrr tany L

A disp=

(A- 1)

37, Seg3DOU—VIERB~NDEHEOESSXE, KAXTEHEALLHL 3.

Vi-Ve Vi-V2
+

tanvr tanvrL

X2 =(Vi-V2)2+((

)/ 2)8

Seg3DDtREME L, RATEALLAZDT,

Adisp/ X

R (A 32, (A1), Ziif, AN DERATSHELICLY,

5.
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(A-2)

(A-3)

R(3.4HNRBES A



2. BEWMOYOHEA O DIEE

HA.10k3ic1BE1FmMONE2EICIrnDETERX2EL.
EFATY)IFUTOAOBREE % p=(xp, V5,

ORREEY i =(u v, t)
zo, DET B E, RAVKILT 3.

i=pTruTur, (U, V)=(u/t,v/1)

2L,

T s beu O Sinfeu
0 10

-sinbpyw 0 CSOpPu

Tpu=

L trux teuy truz 1

1 0 0

Tui= s -siga

0
0
sine ¢sa 0

0
0
0 0 0 1

- J

(U, Vi,

(=] (] (=3

L

g £ D=

(A 4)

o 0o
1 0

0 (s/f)

0 0 .

E&FHERRTOESGS.

KA. 1232 7) 37 1 7TEEFRD0,0,0)-(px1,py1,pz1) ) EERFE LD

(Ua, Vo )-(Uptu, VetvV)DO XIS 2 RET 3 &,

Wi RmEmE) . L, pok T A,
tpux - atpuy tbipuz -
- ctepyy tdtpuz
tpux -a tewy tb tpwz
+p(b" x1-21)8ig 8 pu tp(b’ zy+x1)008 € py =

-¢ tpwy +d truz

+pd’ x18in 8 pu

tpd z1008 @ pu =

RO4>OAFBRX» B RS (TH

=0 (A.5)
= 0 (A-6)
pa’ yi (A7)
pc’ yi (A. 8)

7272 L, a=sUeSin@ /£, b=sUeis @ /£, c=sVeSin @ /f1(I5 @ ,

d=sVegis @ /f-Sin @ .a’ =s(Upgtu)sin @ /£, b’ =s(Up +u)eis @ /£,

a,d =s(Vptv)psa /f-sin .

¢’ =s(Votv)sin @ /£+008

{CCA-T)-(A. 5))%v-((A. 8)-(A. 6))%u}/pX WIRRX 1§ 5 A,

{(bx1-z1)v-dx1ulgig 6 pu

= (av-c

t{(bz1tx1)v-dziulgs 8 pu

uys

(A 9)

EH03, (AR Esin® Oruts®ru=12 Y, sinfruicBi+ 3 2 REBRXNES
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nE toT, HA. 1OMEDD OpyDRETIRRZ Y = LICRETE 5.

((bv-du)2+v2)(x12+z12)8i0° G pu
~-2((bv-du)x1-vzi )(av-cu)yi18in @ ru
+((av-cu)2y12-((bv-du)zitvx1)?) = 0 (A.10)

L, x120h D210, HBVIE, d 0 Dv=0D L FRBIFEEALXDTELE &
D, (A 1OROHBRD <O & &, B AKG. |

1) x1:00222z1=00 & ¥, WHEOTFx-zFEHICEETHS L 2RL, av-c
us0D & FRIGIAETRITECLY, ThUAoL FBEITETED LS
Brur BATHXIGXTABER S & 2K T. ’
2) d=02r2v=0D & ¥, (U, Ve ioHIET 5 EMAxzFHICFTTHI L %
FL, v1=00 & IRIEETETHREITEICRY, ThUADL TTELE K 5.
yi=00 & ¥, xzFECFTRLNMER BIhDE b 2B HEAT
5.

H D.DUNDEFT, DLIDLF, ED LI O0rurBATIHNCIEAT
BT, D=0DL¥E1H D>IOL¥I2B/ETAEThAEREES. LEL,
truz)0& 2 BEDA*EDORET 5.
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L -
ILi=1 =1
/ f=(U,V) ﬁ ?=(Xl ' Y1521 )
(Ue,Ve) U Z Xp

o

{8 R - TYIF 4 TEER

BA.1 9pu%mﬁ'3'6f:bb0)ﬁ*‘fﬁ:
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3. A[ELUDOFHOHEE

HFHNBBLEDOTD | v=(x1.¥1,. 2102 2 20BN 2 v s1=(xs1,¥s1,251), S
2:(Xs2, Vs2.252) DB FIqs 14trsTHRL, PWRELATVWIHFIIOWT,
aB LUTreHEET 5.

A NEEET I LRA»ED A S.

Kix1tKez1 =Ksyi CO(AID
==, Ki=(bv-du)sin @ +veis 6 , Ke=-vsin @ +(bv-du)ess &, Ks=av-cu.

RAIDEUTOE&ELEDE S L,

Py=qsitrs2=(gxs1trxs2, Q¥s1+rys2, qQzs14rzsz) : (A.12)
Flvl=ls1l=]s2al=1 (A 13)

QridTh ETARXTHEETE S,

B
q = , (A 14)
\{-(BXsi'AXSE)Q*(BYSI‘AYS2>2+(BZS,;“AZS,2>2 )
A
r - - (A-15)

V" (Bxs1-Axs2)2+(Bys1-Aysz )2+ (Bzs1-Azs2 )2
T, A=K1xs11Kezs1-Ksys1,B=K1xs2tKezs2-Kays2.
L, truz)0E BB EDAREDRE TS,
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4., FOIBE X5 A —FLETFANS 2—20HERDOEY
Tow, Tor, Truz ZTAZThRRERTHELTRTERANEILT 3.

Tow=TorTru
ﬁ:ffl—’
" 008 8 ou
Tow= 0

-8 @ ow

L touwx
10
Top= 0 1
0 0

008 8 pu
Teru= 0
-8in 9 oy

L trux

L
[ Y

T,

(Px, Py, Pz)=(2a;P;,
L

2

L7y I F
Edsh T 5.

touy

172,

0 sinéow
1 0

0 0560w
towz

0 0 |
0 0

1 0

-Px 'Py -P: 1 _

0 sinfru
1 0
0 ¢sfpu

trwy truz

L

a=(a1,ag,..

KA 1) XY RKXAES A,

towx=-Px00s € puwtP28i € puttrux

tOUy=‘Py+tPUy

toWz=-PxSin @ pw-P2008 O puttruz

chy 7Y 3

’

o O O

0
0
0

1

LbiPi, ZciPi)

(A.16)

L

=

L

*, (Px Py P2)E, EF AT Y I F 1 7OBRSEOYBHBERICEIT 3 EE
REDLICMEDOEF AL NS - 2 DOBRBELTHESH 3.

(A 17)

)an)! b=(b1rb2"'!bn)y C=(C1: Cav"Cn)ﬁ‘;

(A. 18)

TATEEROERESLBEH LD (U, Vo )OREICL VEBELAL IR

(A5, RABDICKATSZ I LICIYRICRTETBE 5 2 — 2 tou=(toux,

towy, towz )& EF VX5 A — ZPy, Ps,..

P DHEEXSE S RS,

towx-atowytbtowz+(bsin & pw+CiS € pw )Px

-aPy+(bets 6 pw-8in 6 pu )Pz =0

(A 19)

-ctowytdtowz+dsinl @ puPx-cPy+dges € pu P2 =0
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37, RAIDEFCAEL2EGLF A7) ITF 4T LORELOEE
o R EDDOBRICDNWT, EFANS f— 20EERNEOIILS. HHE2 &
YA EDOHFmE Lv=gsitrsa (AL, | 1y]|=DeERIEhD si,s2%h
FhOFROES 2R TEFNMVNS A =2 %P, P+ 3L, RIZKRTET AN
52— 2DEEXILES N D

q/r=P;/P;j (A. 20)
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