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ARIABRRC LI/ TARTOMENBET VIZET 22 EEHEHDT
5. BELL->THELNIRTFELALVIZIZFE2RLOBFEAET D, mEHEL,
LBEOLNIHERREIZDOF THLRIEELFIEINLVD—DOTHS. MIRHREL
X, AREECEEINEZBOTNOI LT, ZO0ThOEL» BYEORTEA
LHTENTES. Lol, RECIZAROBEETIZEIA 7 V- 3 v (#Eikk)
EVWH BN FET S, MIEBHETIE, A7 V—2 a3 /it&-T, —HOBE»5HI1Z
B2 T3, $5—H0BEIr B5EFHOEICERIN TR <5, MmiRME
FEXILENEL . REKDIFZEAEDHEBHEDET VTR, ARAZDLFHELT
FrrDELTAHWLN, BRIGLIMERL RWERHEFENIERIE /A XELT
FBHEINTE ., TOMETHIZEERRIL, A7 NV—VaViZlE-THEL 5T
BRREFERILEEZ, BEFEPVEL THWSGFEZREL TWARTHA.

ARXTR, £7, GREOBHRABOEEL 5, HoEREMBEOET IV
FRELTWSD. ZOETFNVE, 7707 AND BIRBICESWHWTERINTWA.
ZLTC, A a7z uryBOEEREEHANT, BE»S VI OmBEHEMIEE T
OEBRHMZERRET VEREL TWHA5.

AR THE, ®kiZ, AREMEABICHEBHEIESSEAN S RTFENLD E
LTHWAEREOETNVEREL THWa. I, V1 HEOWIHREHEOE
FVICRIET 5. ATBICHEREEMCESEAETHE X, HESNDIEE, AT
BIHEAT 2HEBEIESLAZEC I ERTELREECHREINS EEX
bN5. KHRYTIE, MRHEENGEANRE DI DICHTFELIN»VEL THNWDN,
FAIBNHEIN L TR ELRVLRAIEOVWTRE, MREHFEREL TCVA. L
T, TOBHRZEHTI-ODOFBETNT VI LEZREL TS, ZOT7NVvT
)X 60k, EEISDOANT — 5 zAEBERIEAE AREFENIGADZEREIZX
ML, MERMEHEEADEZATIEEERE2HAVWC, MBRFFENINEOE Z ST
BA 7 NV—2 a VOEAENLHBZANWT, REOHEZTRD. b, &t
HEY I V—v s vETRY, EROBEKOETINVTRRZ kd -7, Wik
RIFERHIS S RITHRICAZ R REZRCTAF UL T LDBPATE L L%
RLTW5. .
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COETHE, £T118T, ARXOFETHHARIEROWFELHLIZ, TN
ETHEDON CEL R EOBRO LR HIT 5. KT, 1285T, 47
V=Y 3V () NEETHE X, BRERTE QLI RAERTRONTHS
PERRT HLEYBFERICOVWTHENTS. F13THTERIOHEDENZ
WBRB., ZIZT, BERCBI BRI 7NV 3 VOUBOEEKRE, TNETD
BRBETNVT ) XL HWE TNV 2V — 5 YHRFEET ZRETORELSI D
WTEBET S, BRI, 14T CARIXOBREBEZ RS,

1.1 #HREMRREOER

1.1.1 #FHRAEOES 12—

David Marr ¢ 19824, ZDEZE “Vision” [53] T, MATOHREBHRUEZD
HMRE, PHRE ZUCEBRRAEEVWOIZD0OBRBICKRIL . &2 THHR
B (early vision) &£1Z, 2 RTLOMEGFIHFET 22 2 BITEZFL010, HIZ
(I MBRRZE (binocular diaparity)!, EEHZ (motion parallax). B (shading), &
B FB (occluding contour), 77 XF + — (texture) E N5, IWITLONFDOE
EEHET DI EZENET S, AEFRAUEOMPREZIEL T 5.

MR EORRITXFHHLVOFTH, HRHEZECLHRTAREOWEIIIEE
CEIBERIFRONTE L. ARBELEINFRDD 5 mr EARMBRIC &4
ENDEED [T OEDZI L ThHD. =AUEEFAROFEECHE» DRTT
EEHETE D, DEVRESRTER»VERVBIELENS Z &F, BRI
& 17 4D Kepler IR OGN TE . K 1.11E, WHRR (stereopsis) DHEFFZ
B 210 0BARTHZ. BHOLD, MAEPEEATIZEEL ZV. VX, KF

LUEEFEOSYEFTIE, binocular parallax # B2, binocular disparity % HHERIERIGE RL, B
FIZXFIZN T 3. binocular parallax X3, (1.1) TRIN 38D L THY, binocular disparity
BB, SR, SHEICAWAGE, Bl binocular parallax 28 0 TRWIEEDZ £ TH
5. FRXTIE, EH63RAR<@HBEELRL, R (1) OEERTET D, FBEDED
I, BWRXTIE, TR ARSI AZ 283 IFBIr SRR ANEND, A7 V-V a
KE-THELBRERTIEICTS.



Left eye Right eye

K 1.1: ARAOLEFFEZTHETIERAR. FIIERA N, N, BZENZTNEAR
DFREE A (VY Xhil) 2FK T

ZERLTNWDET S, ZOAZREITEROBBOILTH vr ZBEFA (vergence
angle) KPR, X5, BHRAFLUADSZEIHABRORROLT A v EEXD
&, TOROHRER,

d=7~7 = ¢ — ¢ (1.1)

TEZEIND. BEEAF LEROZH S (VY XF0) N, N, z@SAFALOR
Pid, =7 LB HRE0EAD. ZOHRZE 0 252 5% Vieth-Miiller
M & 22, Vieth-Miiller FOAPDE QIX, 79 <yr TH D, ADBREZS
Z%. Vieth-Milller FOAMU (EREALVEL) DEDFR>ADREZ FFETERZE,
PRl (ERELVEL) DEOROEDRETTERZEL WS, HELRITEOHE
BRI, BEBICERT 2B DD B0 ([15,48,51,59,91,102,108] ESK),
ERAFTOES DA, HREES I, KO D EROLENVWAETOEREE OE
AD IZEXRTHHEW (BB D> I,AD) ERET H &, BRI

I I AD

d=y—qpm ———— — ]

— 1.2
D+AD D D? (1.2)

ML ERET AL, BEOOEESZX S [H] #EX LN TESH. ZOERFTT Y —
(Horopter) & ®HIN 5.
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1.2: Wheatstone DX 7 VF X a—7 (L) E X7 VA7 T4 (TH). TROD
ERloOXy> ARES, GRON»AREZZFRYT. (Howard & Rogers, 1995 [31]
T HEL TEHR)

EWVWSBFEANB/ON S ([38,90) F3R). ZZ T, 1IZBEAEALYE, AD JZIR
ROMEB#R> SHETETH S (1.2) Nid, ARKRZEOF 2T EAE L THS
NH5RTH5.

HRHESRERTERCETFRINPVELTHNWON TS END T &I, 19
HEACIC Wheatstone i & » TERMICRIN 7 [107). Wheatstone id, FHEL A
ENTNDXT VF T T A (stereogram) &, EARIZHZSBZRRCERRTZ
B RT LA X3 —7 (stereoscpoe) ZEERL, ZNIZ X > THEHROERIIZHR
NEEIN T (K1.2).

1960 4272 > T, Bela Juleszid® 1.3 D& BT V¥ LN v b AT VFT T A
(random dot stereogram) ZEEL /= [36). H1.2DKDRXT VA T AT, |

3D, BROESAGHISIHDIENTE D [68).
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BRELAN DR 2 BB EL THhB7-8, BRTEENRE DL EBETH
THhNTWADOrBEEC 6. FiIxiX, EERFhEhoERIZENT, £7
Ny —VRBOREE TR >TH D, RIZZORBZERZ ZICHBOXIGHE -
ETDENWIBEEEZHILHTED (71,72 ZOBAE, BRTRX WY
WHERTHRIBNWENWDS Z LIRS, R13DTVTF LR v AF VT Z A
3, MRBEUAOBRIIFEL kW=, GERIEROEEY XVBHRECA2
ZENTESD MI3ZBBTCTRAES VT ARE vy b X7 =V LA RZ IV,
REEHT 5L ZMFNERE (K130 TORE) X" FE EX->TARETE 3. #-
T, FFN9—VRBBEZTROENVDTROEBIIRNTINS. X6z, V¥
LN v b ZF VXA T FLAIHBRELIOFELNVEFZRZWVWOT, MBREBERZ
NOATRTZHEIEAIENTETHHENDI I EHRLTNS.

FGUT AN v N RF VAT T AL - T, HIREEFLD DOALATRITHEN
TETHDIENVD ZERTEBREIN. ZLT, ZTOIZEIZX-T, WESIAERE
BEDATHNWE LI-BROLESTEIC 2 7. HEECRT 20 BTF
BPVIZHONWT S, BETRTYHIEIRIIENTETHDEEZ2DNTNS.
ZDZENE, FHIRER, EFErB VLB TIRITONFROBEZHET
& 5EY a—)b(module) BT « WILITHLET B, BY 2 —VEEICR->TNS
EEBZDONTWS., HARTENRDIVXDEY 2 —NVTITRONDEEE, X»
5 DGR TT (shape-from-X) & FESS.

1.1.2 #FHREDOARRTHLHEESR

FEOMPEREDEEY o — IV OERIVIEHFEZ, Marr 5D—EDHFE (52,53,
55,56] DEBE B T TS, HBHBA, Marr LENC HFPEREDOET VOB
FREBE LS RENTHS. LA L, Marr 5OHFBICBNTREIRNZ 2DiE, (B
) BRULEFEOERDI-DHD “=20KEE OBRERRECHHENVIHATH
5 (X14). ZOHDE—DOKEL, FHHIE (computational theory) THD. Z
DKETIE, BRABEROEHIES, HHEHRI SHOBHENDEGRE L THE
SFbns. ZLT, ZOFEGOMBHREESNERSIN, MECHLTZOE
ROBE» DT THDHZ EREN S, BEMICIE, (1) FRFEINSD, £
LT Q) FEDBARBIEWTEREZDX D RFEFEZANDIOD, LD D20
RO EN S, FfIRFEININEND JCO0WTUE, FEREDHER
AT, ARDIKRITHEEERT/INT A—¥, FIZITHENHNRETZREDR/HRY
BREREHERE THDENZ D, K15id, PEEREOEEY 2 —VTHEIND
NI A= %RLEDBDTHD. ZoHD, BEZDOLI RFtEHEZRNSD
PEVDRIZONWTE, BIZZITNIEELWELAEZ HEL0HENILETT
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1.3: YT LR v b RF VAT T L. EORTVAZ T L0, ERORDER
EHg, HRORGIEREGTHD. TORE, BEERTIEFE LN -TEXD
R (Miiller-Lyer D$ERNE) DR EFRL TS, (Julesz, 1971 [37] ZHKEL T
BH)

FEEHR (computational FTEDEMIEMD, LE¥TNLBETRD

theory) 2, FL TCEDETITRELR T OmRED
Al

FRETIT ) XA (repre- ZDFHEERIIEDIIICLTEET D

sentation and algorithm) TENTESLD. BICANEENOERR
I, 2L TCEBOIHOT VT )X
YN=SCIpS _

N=F 727 LBEB RRETNVTNVILHBEDLIZLTHY

(hardware implementa- ENIEIRIN L.

tiom)

1.4 BRAUEZRBEF* LT T 2ERERT 5 DICLEIR=DDKEE [53].
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AE R HRZHAIER
AYR” ) Bz XoTér, Vr, s
EE T OERE Vr “
EHd b 0EEET r,or, Vr, s
FFF e AN TO— 2,7, s
ik 2B Vr
DR DFH30 Y Vr
REH EERER Vs
RE L 5
KBTI RAFr— BEHL 1
T AF v —HER Vr, s
(=32 0s, Vs

K 1.5: MPHREDOEEY 2 —VOHDFR [53]. r = (EHEICET %) HRIR
T&. or=r KHBT 2EHENDDWVINIRBAENL. Vr = r BT 7EE.
s = R REHFE. 6s = s BT 2EENDHDWINIFHEL. Vs=3s
2B B EEE. : '

B, BEZDELIETNEIEL WK DL LV RRICDHEZX DUERDD.
BHINFL, AROR2 2YENLRFHZHBREEIE2HDTRSTULRbR
W #-T, AROYENREEZ, SFEODDHREM (constraint) & LTH
WOLERDD.

EKRXDEETHD, GREEY 2 —VIZOVWTEXTHD. ARETIE, £
TEAZDOEROZROMNEEZROT, ZOXMIETHE0 [T o&, b
HREEN O, WEORFTZZMDBIIENTE D, £-T, WRHEEY 2 —IN
DANTHREE, HNIRETEINWENWS ZEKKAS. LarLl, —RICHER
Tk, FROE® LOH 554D FROER EOE DRERIET 5D —FIC
RETE W&V, MR (corresponding problem) BHFET 5. #IZX, £
REGR LDOH 2RI T, AREBODOTER—F# (epipolar line) LOZTDR
DXIMRFEE 122728, % < DBHIE (false match) 4L % (K 1.6 38). flH
M2 2T NE, BHEZ ST I OERORSEMFOFH,HIEL WL
Z—DOROHTIEETE Y. #->THRHIZ, B —BIRETEZVEAR
FE BB (ill-posed problem) iZ7x > TWdEWNWZ 5. FHIREDOEZEEY 2 —NVOD

PERHORGERT.
(1) HAMBEDMIFEL, 2) KX —ET, )BT~y ERICEKET S, LWVIHI=20
FHEDD Bb—DOTHM NV L S LMEEZRRBEMEEN D, ZO=Z20%F81 2 THZ
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Leit eye Right eye

X 1.6: ZREG O S AKCRFIN 5 3KRTCZEMFPOAZ, AZ#ELIFER L
HEHET D, ZOYER2 LOREZRFLTTX2ERER LOFERE TR~
FREND 21 #-T, HACHIET AR IO EFR—FRLOBRCRES
N5 LHL, ZoORNEGOF»IHIEL WRIRZRET HI1E, T e
SEBRNEER S,

&L, 2TCAEREMBI R ->TNW3E 025, #-TC, THEEOHEER
DOWF, MEEZBRECTIEYHEEEZEBEHTIETHHENZ .
Marr & Poggiold 1976 FFiZ, MERHROFEER, IO TNT VI LEZREL
T3 [55). HHIX, FTRB[EMETHIAMRROTFET, —Br >PENICE
W BEHT =0, UTOLSBZ20HELEGLZREL -

o BEMDHREM (compatibility constraint): BRI ELE, BREHEHRE
DHRIEL S,

o —RBHDMFRZEM (uniqueness constraint): AREE LO—DDRE, O
BOEZ LOE—DRE DAXKILT 5.

o EEMH DM RZEM (continuity constraint)®: HDOHETHESNICENT S.

NT SR RIFRERIE (well-posed problem) & I 5.
8 X3 B S D E DWREM (smoothness constraint) & FHIN, 3.
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F—OHREHT, EAEOHREETHS. Z OHFEKHL, —EEGLIMEREL
TWizWhbliF TN, FiZiE, S V—27r—VEBOE X3, MIEER (matching
primitive) & U T Laplacian-Gaussian V3G DX OAZE(zero-crossing) Z AN T,
BLHEDOEuREELDARIEL D HE L TERATE L. —BHOHREMHL, B
8 LORD, 3RILZEEFOEEL 6 RL A TEHED» DRFEIN TV IEIBEILE
CEVALD, PENZHAREGTHD. EREOHRSEMHI, HORTXIXED
DIZETHENIRENIrDEIND. INOOHREGEZRANDIZEICEST,
NRREMETHLWREI X 2BEECHEN» O, —Er >YENIC YR
TEHIZENTE S,

EFHZ, Marr & Poggiold, ZDFBEEREZEZTHTNT )X LEL THIANT
VT Y X A(coorperative algorithm) & FHIN 27NV T ) X L%BEL T3 [55].
ZOT7NVT ) XL, BEDNE (z,y) TEHREDOHZE d 2R ->THBATIND -
e X RKT HmBERR C,, . 28, HEESL CHRRETEREREINTHS
(K173 ZO7NT VLT, —BEOHRLFHIELAROBRIC R > THE
THMEEIOBRET, EREOHREEFILAEORE L RECRIGT 2/MiaEOR
ERERBATEIHAINTWS, Zo7/)hT )X LKA TERIN 5.

Q$b=0{ Yo Chya—c¢ Y cgmw+c;d} (1.3)

z' ' d' €5 (z,y,d) z',y',d'€0(z,y,d)

TIZT, Cl,q & OIE (z,y), BE dICHIET 8D, BH ¢ TOWREEER
T S(z,y,d) ZRFTMREMLE, O(r, vy, d) ZAHMEIEEZRT.  TIAHEA
NOBEEHET HER, ¢ IHREBEKTHS. C°ZOHRETHY, EDHEN
RESBBENCHD, BRICEETETORNIMEREZERL TH5.

Z M, Marr & Poggio DB T IV V) X LLRNC S, ERROERAT VT YX
LIREIN T, LHL, Marr OWD STEEROBENI -7 DIRIEEA

Eix<, BRELUTHREELRFTRL TR TERINTHWEDLES. 6

"Gauss B Laplacian % & -7-7 1 V¥ % Laplacian-Gaussian 7 1 V% (Laplacian-Gaussian
filter) £ IS TNIKRATERIN 5.

ot 202

ZDT74NVITERET 4NV VIL, EAEOERD AR EORESEES. ThidFFEEICH
HORWT v YHHEBIZE > TEY [54,57], FLI0a*mRAEMEONGERETHILT
HROLHERET VT )X L0386 5 (L <& [56)).

$Marr-Poggio DB 7 NV T ) X 4 TiR, WROBENEFTTH D EAUL T (0 FVERE
FEERLTH D EREL T) BERZE (vertical disparity) ZEEL T, ThUBRENT S
MIRE TNV Y XA, REUKBXTRETDTNT VX LLEKTHD. BEREZDLZELT NV
TN ZLIZDNWTIE, [48,51,59,91,108] 23R

CTERMOICZURET VAL FEL L2 - 2RTR AV, #IXIX, FHEBE [26-28] &,

2 2
V2G(r) = ~% (1 " ) e 37
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Ly =constant

b sy
Ry <9 - 7
xl a % o /7
v, \& 3 4
7/ § -
] /
o /
/ -
<
Lx=constant
C
=
f
7
o
o
(&)
-
Ly

B 1.7: Marr-Poggio DBFAMW TV T X LDOEERK. (a) L, & Ry ZELEDMBIE
BOMBEZERT. ZDX DK% Keplerian ¥ 4 72 F 4 (Keplerian diagram) &
F5 BERCKFOERIZINZNELGED» DOEKELET. ROOBFEHRIIR
E—TEDHTHS. Marr & Poggio DBAN T VTV X L THE, HREMRSE
FRICABL THWS., EESAMEHEOREFAEZEL, SEFREEROHEEIEA
ZFKY. (b) FMAC KT 2/FEL. (c) 2KRTICHERL 2 EZDEHEO[/FF
BE ZORCHT /AL, ZoXR—YomEEERTT 2 2KTOMAKEERT.
(Marr & Poggio, 1976 [55] & V&)



16 BIE

ZE, 1975 FIZHKR N TREEN T Dev [10] X Nelson [69) DEBRR 7 VT 1) X
Lid, DEMOCZYREEXIHTOOTE o o7, A0z, —EE
DHFREFHIZ L DBMEDORDVIC, Y4 - 07 ADIR(Cyclopean eye)* DRI
o THIMEFEOREZ T2 > T, Marr OIHEIL, AR EEY 2 — VDR
BB DEEM L, ARDYBN 2B EZRREGEELTANDZ E DS
BRI EiCHB.

1.1.3 HEHEFREER

LI2ETEN LD, —RICTHAEOMEIIBE —BIEL LRV ARRR
EFEIC2->TWS. Marr DBRIX, 25 LARBEICHL T, ARKHZELZ
LXK THENICZYE—DRTEL, LW0OHDTh-o7%. 2Ll
REOHFEDHEN % ZIT T, Poggio, Torre & Kock I% 1985 %, #IHAHE % Wik
&(inverse problem) & U THz, HHREOHEERO— Bz REL L THEE
IEBI{E¥ 5 (standard regularization theory) Z W5 Z L ZREL 7= [77]( [5, 58]
LBR).

WE, ARDIKRTTHEEL 2z, TOMECEFNIN 2Kk TTERZ vy £ T5. 2
25y 2RO DIHEFORME, ThbbENEOREI —BICHT, v —
¥ AZRANWT

Az =y (1.4)

EEERTIENTES. TR EOEMIE, 5FX6NTMESR v » AR
&2 ZRDODIEFORBEEMS ZETHD. Lal, —RICHHARIIARER
EFBIC-THY, —BILBERDHZEIITERN. A DHETFIRKRDLN
T, y bz %

y=A"'z (1.5)

E—RIRkDOENTNWEE, BEENERTIILE/LABEEK (stabilizing func-
tional) ||Qz]|> ZAWT

Az — gl” + A Q=" (1.6)

—EBHRRCEREOHREGORDVIZ, MAEXEOHREMH (ordering constraint) Z AW /CH R
B7NVT VX LZREL TS, BERIEOBWREHEE R, HEOBRIADYRFEEZ 721 ]
LT HHREHT, HEOE(LICHENTEATPARENWE EICRDILD. JOHREHE, 17
07 VEETORER (disparity gradient) 2% 2 LA EONERMERETHI LI L > TEA
T&, —BHEOAREHEZEATHDS. ZOETNVE, —BETHENCEURFeEIHLED.

DWEGREOF.OIZ, BRMHCEXOGNIBOZ &, ERRME LORICEDONEX TNETN
z, 2. £ETBE, YA 70T VEBTOMER (2 +2,)/2 LRSI 5.




























































































































































































































































































































