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BB LICEHOBEBICLZAFLAREAVE DRV, XFLABRD
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K—5 54 v ETHIGEREITI. CDEE, AT V—Y 3 VDOEBZR LD
/A XREDEEBIL D, —HPIcxt T 2GR B & L Tpl, p2, p3
D& IEHERN S, 2T EBEHZhThIcO>VT, 3RTMESE
AELHELA3RTMES b &ic, B30EE L TOfIEql. q2, 93%
KDB, ToéE, HOMBERBIC>WTIR, $30HMA LT, HEshi
MEDOEL KE UL BWEMER > AXFET S, ChEGVET L
T\ 2RHOHEBREI TOERISHIEERD B ENTEE, CO3BPHRT L
AR A SOREP. WIGBAE T EBENOBMICL D, £ OF
RUE T [Ejiri 90],

SIR R 7 LA kit vy F OBBRICER S Wi 3OEREHWT
bITA %, vy FOBRBICHWEBSR., FiotSEEROEREEH VT,
oKy b OEE)NS A — & DEFELFEMEH T X 5 [Suzuki 89],

B 22 A% .
HEHE G TOMIEEEEBRRT 5 b ) —> DKk, Eifg % EeHENIIC
mB L. REREREERT 2 5ETH 5, HEEHHEVEERERIECR
#Thid, SR 5 200EGBTcoOMEOB X I3BUhE LD | BEBHEEY
& (SSDAE) ZHVWTABICEBYYT 5 2 &N T X 3, Matthies & [Matthies
89143, M EREREEDERIZI LIV, H A SEBNCEINT L TR
T UAOMBHEEHR L TVD, HODOHERI BRI 54525 L4
TN B,

A A5 OEBPICHREG S N BERERIZ. 2RTOEGIERI T TR
<, BREROEC, THbb, #A Sk EETEAMBOLTEE
ATWS, T ORZERERDOHE % S/ L7zDid Bolles 5 [Bolles 87T
H5bo Wold. BEMBERE. 724 5OEEEH IS REINZ T X~
SRR TYIM L. 2 OFHE EIclh i ME0oBBR X 0 ko 3THEE
BEILTEBIEER LI, A A SHEEEHT IEEICR, T E£—5
T EOYEOHBNIBERE S5, BILBIENTY 2 503 EH LT
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5LIRETSE. COBEBROMBEEIRIA A SOEBEB A KT, H 2 5 D&E
Bhbn s &, MEOHEMIIL 3RTTMERZ—BICRE S h B,

AT5F4hvTo—

Bolles & D EFZERE R D #EHT [Bolles 87] Tid. #1 2 5 OEHEEE M 54 U
5. DEOBEHEEE L D A A 588 EBEO 3RITHERS OBIRZ R D 725
CORIEE XD —BEIEH X 5EHICHEE L /- O3, Passive Navigation
[Bruss 83] & 7z13 Structure from Motion & MEE N 2 Kk TH 2, BIFBIBRT
NATEBEISE D & (BRES EWHEEFHOEL L 6B ), h 2 FDHE
BicfE- T, HE EOWEORE LEET 5, COWEELETOMEOE X
&17?4hW7u—itum¢@@ﬁﬁﬁéwv\%mwNm@®f?
CRERHIIT B T Sick b, BSOS RTTREE BT T B, &
. BERBENENTHAEAR. DA SOEHSS A -9 ERDBZE
HTE 5, |

Passive Navigation& £— ¥ 3 v 257 LA 2 BT 3 & BiF I3 EEN S
AlEb &I, MEOBWERE LD, 0o b OWBLRRF & BHED 3 KTHiE

OBIEERD B, CHICH LKEE. BENSERNA b &ic. BEEOY

ROEHREL D, v Xy P OHNNIHER L BB IRTHEOBIGRE
ko3,

SETHRRZHMFME TIZ. B %8 % 52K % Passive Navigation
[Bruss 83] % &, & Ic38 < , Passive Navigation I3 &KL & ELBHRE G 2 FET
H2DT, LT3k [Hon 87] X h 5] H T 5,

BIERBNTAH X S 0B8N T 5 LHET 2, 12 5% EL, A AT
Ot & ZEhH—30d 5 BIER O-XYZAMET 3 (K12.2.2), —HI-RlEE
B3, FIBBoORS & BERREROLE L IESIc R TE B, %
CTL A A5 DEBOMEEE RS & t. ElED < EEKSD % 0 T, BIEAN
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CDEE, FHPOXYZEERICH T ML

V=—t-wxr 2.2.1)
tw 2 Ehzh
t=UVW) , o=(ABO" (2.2.2)

EREHET B E. HP OMMBERS

X' = — U- BZ+CY

Y’ = — V — CX+AZ (2.2.3)

Z = —W—AY+BX
EB, TIT RN EET,

HBERDREDA T5 4 A7 a—id, £FDEDOHEZ X OBEINLTL
Th5Bo BRLETORDLIES (xy) TH L Yk PHTER F 0 plc bt s
Bk 0B SNG LRET 5 &, Mp ORI |

<=

(2.2.4)

..)_.(_ ==
Z ' Y

N~

THRINB(TITHASOHREERIZ 1 ET5), Th Hy)D4 T
fANTa—% V) THET L

u=x’ , v=y' (2.»2.5)
Th 2, R(225) . RQ24)Dxy FEBMAT 52 ©. RQ2HEH
WTR(226) THEE B, |

XZ’
ZZ

u= %— = (—lzj—~B+Cy) —x(—yzv——Ay+Bx)

(2.2.6)
Y YZ »
A

\4 \i
= (—-Z-Cx+A) -—y(—i—As&Bx)
u=utu, , v=vtv, (2.2.7)

DEIRERTENTES, TIT. WA TF 4 AN T o—0tERK
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5y (V) REEERATH D, ThEhR 228Dk HickE B,

\=_UZXW , u=Axy-Bx*+1)+cy ,
(2.2.8)
‘ ~V;yW . ve=A(y*+1)-Bxy-Cx

K228 &b, WBLDOSEDE 57 4 AV 7 u—RNEMTHIIL,
,A,B,C (2.2.9)

DSODHEKRD B ENTE B,

ATTF 4 ANT B = (uv) DROFIE, 2ROBEEBITHIEERET->T
KO LMk E . EEOBEED EHVBAEED 2:E0 25 5,

G 2 D EHR T RO O XS %R 5 728, 28 DR D BER
fiFRL 0, B UV ERET B EATE S, X5, 2KROBEREORIE
BHEBREZ RS Thif, RO 754 AV 70 —-R"RBSINBDT, £+ 7
T4 AT o0 —DFBEEIR LV, LHL, WSERETOILENS LD
WRILTH 5,

—7. GEER. +EVCEEIER CRE Sh BRI L CBRATE
55ETH D, EEOBEIMAERD B0 (x v VRO L RS A ~
V=4 LEBRD b OB ICEAT 5 ). SHERIER SV, UL,
WV D200 EEERD SNV, ThICOWTLIFIciT 3,

RO ZERER . BRRIC A SR LT 2 & E L., BEHRREBINK
fixy) &#&EZ %, TIT, x. yIEROEMVME R L. tzBE% R
To COBMETA 5 —RBEL. MRAXERT 5 X (22100285,

f(x+dxy-+dy t+dt) = ﬂxy0+——d + 94yt

a7 Gt (2.2.10)
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LIAHT, HHRFdtic B BRI U B 3 FEIHEE, dxb&
Cdy ZFEITBEIL 2 b DTHBEEL 3L, RQ2IDBEKD LD,

f(x+dx,y+dy,t+dt) = f(x,y,t) (2.2.11)
LiedinT, R(2210 ER Q21D &b, RE212)DBESR B,

_of _ofdx ofdy

3t " oxdt dydt (2212)
T T, of/ot, offox, Of/oy. 13 Z N T IEBD x FRID#S. yHR O
5. BRIAmOMATchy, L TRIETREBSB TH B, . dx/dt, dy/dt
B, A TF4 AN T O —D 220K, vTHD, K(22.12) 1

of _of  of
BrTie a—xu+5;v , (2.2.13)
&85,

COXQ213)RBATF 4 AT o—DREREHTH D, AREROR
2bLiclTu 3, |

ST, BBREXNQ2213)icd by, ORI SIBBEEE, VERETZ &I
TERY, OB oMREE LT, Bruss 53, X (2.2.10) %8 2 BRI ER
Licr 4 5 -BRAOBKRELBREELE LT, B/NEREICL D BB, v
TRET B FEERE L 2 [Bruss 83], )

E5IS Hom 53X (22.13) %, BB OHZ S 0E(LE. /1 * 5 OEEt,
o EEEF UMK

st of

—Z——+V'(D+5'E =0 (2214)

Lo o or ot
s=I ax’ ay'x6x+y0y]
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%TO

BEEFV
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REEFVORHL LT, BEBENTOERLSo Ky FORIBORE D,
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BEOEES, BT VEEL LAbEZ T, BEEFVNT
DH 5 OAEEFER L 721 [Yachida 83], BHENIZ& 2YHEN M TH 5 5%
H3IENTES,
REEFVORAIIZ, oXy b ORECHEH ¢ 2BEICE L bDTH
FhEE SV, £, BERBEOFELHICFLLOEH VIO b &
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DANFEREHLEESBRT 20 TEH 3,

B AN DS %
B ROBMELM B0k, T A TEFOLVERATEESH L
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EREANT 5 ELEFEE LT, LRV HE, 42 540
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&L BRI THWSA A 5 5HEES € 3581, b 3H5b0 5KEHEI
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FHEEROT B#o Xy b LEBMO NI SR 26002 5ickb 25 L
ARCE-THONIBAREREZME L. o X v FOBEICHEL, BAI
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THIES 1 5 3 REBENORS & T OBAEFIA L TRME = AR
THEIL, TRENOSABRETH 5 LRE L. M223@) RIS
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2.2.2 BHIBIE |
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EiE B U (FOBFIER L 3#). 2hThoBHrERT 2 LTl
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oo INZEFES =Y a vy Y RFARMABAL I itk HEEEHNE
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BEVIFENESHVWLN S,
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JEEEICRHT A EBELL,

Blancard 5 [Blancard 90] 13 5 59 UHE L S h T 3 EBE#EF V&
ANEROEFEBbNBEREE =2 -5 vk FERAVTRAZT-
TEBL T3, :

/NRE 5 [Komoriya 84] i3, HEEBREEN VW ICH 2 EMES v Fv—2s &
T5HEERRE L, COHETIR. BEP ELVOBEHR & OB
ZEBOBEEE v Y EHVTRHET 5720, X 5 2HWIBAICHE
LR LRHOE(NFOREEZ LV, HOoRIOFEEHDEEET S
BHRoFy FOFEY—va VICFIBELTWS, o

ANI%EF v F=R—-2 L33 ho0WMEINNL. BROMEES ~ F
v -7 L LTRIHT BTN D 5, 7+ 2K [Talluri 90) T, BHED ® 7
WA SHROB T 5 ERE LT, 2RTEOBEN S oK » b O
E&b%?%:&%ﬁ&fméoﬂiﬁwﬁiﬁ%%aU%ﬁﬁthm
WTWE, $R8b5, HENMSHITHRERE Lk, oXy POMEBELEE
AL EOHMTERORIFEF VEGIHIRINSER L. 2 WAESE» S
BohftbDt—HT 20Ky rORBEL2—Y 251 v 7T, &
fo. Levitt & [Levitt 8713 & BHIEUC BV TR A RBE LI EZ D5 ¥ I
RS- DRABMEFLEIHENS. 5V Fv— 7 O[EER L IHIK%
blic, oXy rONEE2SBEHRET 3 EHNFESY —va v
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—7%~ Zheng 5 [Zheng 90B] i3, BN OEA OMEE 5 v F=—2 &
AOTRELC, BEHIREIWGEENSERZL D, REHIcREXH
LBV OIDKHEBENVDHL, ZhoE5 v Fe—2E LTHVWSHE



30 28 ofy bOBRBICET AU

EREL I, HODOAEKR. vy F OBEHH & EELHHICE D i
Shich A 5ho, oXy FOBBIRICRE S Q3 EHEOEZDLEES
WG 1 EROER 7 — & 2R —Fic BTl s & (K225, BohikHigsz0Z
EFvTU—rELTRBFLTEL, vy POBHRBICHR-TIDL
IBHRENTEBZERLTLERE., b5 —BRIUBKREESBIC. [
BROFETHGERE L, BNHEZEHVTHEEEE LT, 208
itk saofy rOMNBEEZMZENTE S, ZONEIZ. B4 oWk
B VvIFe—2E LBV, BAOBBICHWL I ENTE S,

2.2.3 EifRERRIC LB DRIE

BEO Ky b ORHIBIT BWRLECIEET 2RIEE LTid, HEB)
MBS, BESREL FHRBEONH L (MY 7 4 V8 ) ENRS B, B
BB IR AR S E R T 520, JITHLED FiFB, DT, ohb
DRFBIZ VT, BT B 3IRBR L SROBE >V THh~X B,
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Boll. YPHEREBOPIRICB VT, Marr DRI L - iR kIc B 585
T A LIThvb BEEBIRIE (Active Vision) EBEIE N 2 /85 44 A H4R%E &
h, AHZRD T3, EHNREEIMERRCARITHER At
FIALTHD, MarDRIBL 72/%5 54 A L DBV, FRITEICL D,
B, VD OOBERTHEROEREE 2 L TH S, Fic Aloimonos &
Ballard D 2 AR FIC L > TZORMANE X EF ot

Aloimonos & [Aloimonos 87, 89] {3 Structure from Motion D& 15 59 —fl
I Shape from X & 8FR X h 2R IC > W T, BEUE 2 EGHOICEZ L
oy TOREREROE LIHIGEE 1778 5 4 4 S Bi{E (FREE) 0f
MO WTHRPIBBE LT -7, BREHEHVWEIET, ThH0D
RIREIC B W TARBRRE (ill-posed) 75 & DB E (well-posed) 1278 » 72 0 | FE
BIE DRIEIRIE & 12 5 F DR EMNDH 5, Aloimonos DPFF DM, Structure
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from Motion é&l:ﬂ?ﬁ"é‘ %,

PESE D Structure from Motion[Bruss 83] Tl K 2.2.2Ic R L H I, A A S
EB OIS % (U, V, W), FEEERS % (A,B,C) &35 L HED
ATF4ANTO—-2BRTEIEICLVRETESLH X 5DEE S
A—%&, UW,VIW,AB,CDO5>TH 3, —H, 1 * 3hFHEHsh2
BE A774 AV 70 -%2BRIL THRETXD2H 4 S5DEE 5 2 — 4
i3\ EBRE TOMME 20 & LT, U/Z0, V/Z0, W/Z0,CD 4218 %, 13
bbb, A A SEEBNICEBSEE ik - T@EEAEHOE LA
EE) 7 A5 ORMICEIRT B0 A S EHORERY EHETE S, ¥
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HEER Y ERD B ENTE B, _ ‘ ,

—75+ Ballard {3 EWsFi THIE %8B § % ¥ X 5 4 % B 72 Animate Vision
L&t 2R OIS ERE L 72 [Ballard 89), EBLEBAFREL 260
A*5%k<T=Ea =5 OFEKICED b, ABIORBRESR {7 Bk %
EZRHLTW5S, BEEELEILT 25 HRE. P& icB1) B (Retina
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bDLERIT, | -

CHSUADREBNBHEOWRE LT, fRshich 2 SEBHOH &
Kﬁﬁﬁﬁwﬂﬁ%ﬂmfémﬁﬁmmmm\A@mﬂﬁmmﬁuwtﬁv
BRT R T BB [Tistarelli 90], EX 5hBRO DL a—Y RF 4 5
ZEEBAT 5 L CHERAOEIRERELE X 5P [Kuniyoshi 90] b5
%,

Active Vision D/X 5 &4 ACES K HROBEEIZ, ARADORIREFETH
50, CHICHOVWTOEBHIRHARIZIZLEA EL N,

BIBERN
BEE YA LBI SN WMHL O BEAREBT 51013, BISORES
EONEELEE 5, B, e ONEL SRS h B E X H
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(K210, 27 LAE»SH SN 2 HEEEEGIC L b EENICERT 3
LENTES, LHL, JORKREBREERETLS 203, S5k
RENLEATRELRBT 2 0ENRS 3, 20L 5 HBEEOREHED
—2& LT BNBRBIZKE LD 2Rt FHTE L. 2 OEFEEESELE
KDYy FTRUID B2 &icky, BEEET ) v FEEND 3,
CITER. 7Yy FREEROVALZSHOHEMEEY LiF 3,
Kambhampati & [Kambahampati 86]i3 2"V v FEEAREBERICH W 45K
& (quad-tree) Itk D, 2REEDIEVWF— 9B TEDLTZ EERB 1, 45
AETR, ETROCEBREE D OEAE Y v FTRT, KT, 7Y
y FRIZHIRDFEET 28HER 7Y » FE4SDFEHE 7Y » FiciE L,
7Yy FRICVENFELEVEEIR 7Y v FRAELEY, Jouss
BOBESTEIcE) PEROFEELLVEVEHBERIIAX 7Y » FT,
BRI NS Y » FOERE L TEDIN B, .
& 5{Z, Matthies 5 [Matthies 88] 13, 7Y » FEEHLEEH & 14Ok
BICHW, #5E, BEERFRICRYD, R20 7Y v FickaEysn
FHT 2HREMEL D 372 (5F 2 Y v F (Occupied Grid)), h 5D
REEIZ. 2T VABIC L Z2UHE ORI & BT v 4o & 2 REEY
DHEOHRNTHEZREAV T, N XOEHIc LD EHF I 3, [
—D7 Yy FIINT 2BREH0ETIEE, 207 v Fickbi} 2[EEY
OHERH SIS B, K2.26(a) 13T+ ok 2 8%, FIXOb) I
27 VARICLBBRIZZNTH I0ETRE > 7R AR L, B”@©IEZzh
S LIHRERT, CORBRIAEORAR., Filicllox 4
ERWIBE, T 6B oM EHAERSICMATEZ LT 3, ‘
—75. Elfes[Elfes 87113 7Y » F&RBE b &ic L BIERB O 4 78k
KOVTEI TS, K227, BEHE L v Hic X 8IS, WRE. 5
fRRE. HEM D3> OREICEWT, FNFhIDDLAVTEE ZBIEE
ARG OoNIEERLTVWS, ChOOBERRIIo Ry Mok 280
LEHLE->TEF SN, vy FORECHMICIE L TR bBEYLEES
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RoFHEh 3,

Elfes DTS > 7 HIREIC BT A K LNV TOBEERIT. BaHX
(Cognitive Map) DIFFRIC D735, FRAMIKICBE T 3TFEMNIT DI VA, %
DT, Yeap[Yeap 88] IS BRENABEIT 50y FDE Y4 LD 212DFK
HNMBOoN5 I E2REL., BRI EERTEY I ab—va VTR
> T3, Gk, ERET CORMMNIEROWEINBEEFEI NS,

DBl ~-BEERIZ. TTROCE VY ROOEBER RN, £
D% ERERIC X ) YEhLLEERLOBERICERT 5 & THES
nd, LML, BoEOHRTREICBNIEBNRED /S5 &1 AHHRE
0. HiE OB OOBERTOROTREB 2 HiEL, TOBERT
DHREOEVURES ML > TEI, TOLH IS, REOBERICH T
BERBABENENIRERFL, BELZEHI 3BERIC>VWTELISZ L
PEEUHETH S, FRLOI4ETRZOBBEI>WTHEY LIF 3,

EHARSEORESE

PR RF VAR EDFHARRELZIREE 3 55L LT, B/NET|EN
mOLZCHVLNTELN, BEOHETIE, BVNEREICHDYD ., 5
WBOSBTHRBEANT Y T4 VBBV ONBE LI IR >TE T, &
W=y 7 4 Vs ORI, BUNEREICHANNREENBEV & ThH B,
oy POREICEOTRINCANVT Y7 4 VBBV LNI-DIZ, R
FULARERIRKBFHINCBNT, A2 SDEEI/ 5 % — 5 & BSOS
ZIEMECRES BMARICHBVTTH S [Ayache 87, iz, £ OHFREI
K> ThHN=T YT 4 Vo DBEVENERINCHEND Shiz, 452, Matthies
5 [Matthies 89113 3RZ DOIHE Ic X 4 2 BRI S EE £ 1TV, SYNEBE IR
T HBDO2RICHHILRENNHET B, A<y 74 V9 TiEIFICH
Pl s ExHLIT LI,

ANT YT 4 VIR N—FI 2 THDBBETHD, 5% B DERIC
HouohziEbhis,
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AETEH. KBXEMEM T hETDoXy FORBERARICOVT
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rER—-5514 v

pl

p2

p3

55 | i

5 2 B

X221 3B R 5 L 4 EoERE

222 h 2 5thLoEER

35



BT ol bOJEIZY B

(a) 1 [a] D BRI FE SR (b)4 [F] O Bl B O fE S
X223 7o—="fic & 2H1EHOE T |Faugeras 90]

X 2.2.4 §2 & % % DR EK | Thrope 88]
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() #E B & Ic X 28 (0)2IR 2 7 LA Ic & 2B (o) AR R

226 779 v FERBEZE OB [Matthies 88]
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2W uXy ORI T AN

Prha. e
alhri L

TG 7l

TS Hepfy L

a3 IS
=

PR S PR

/ﬁ// //@7:7

B haj vl b g i

Lo it

X227 BIERBE DO 4 1T HE [Elfes 87]
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E23E RIRO—E & ERT B H X S5iEE)

 REROBEBBIo K S L TR BB (TVH X )i dBBo Ky b |
REESh T, LHl, KORICEBELEM T2 I3, 88t ry
ZREBNICEINTHENRD D, AETIR. EEEELHAVBHo Xy F
DOREEMICHEY 2BREREL, Z0ERICH I 3MEO—>TH 3R
BRI >WTEET 2, TR, EHENLSBRERNEEE LB
PN ZER 5. OHBERNEH, RKEOHBRIOREMT LTI L&
u&b\Eﬁﬁm@ﬂﬁéwébmiéoEﬁﬁﬁmxbﬁmmg%ﬁ@
T BRI BEIETOOEER CRISIER 2B S B TR, B
BURIBE oYk DAIEROEES. ERFBEERHOBOFRICH~, D
(BBIERHB, KRTH. SHNBBRERE A V> 7 4 05 &M
WTRE L. ERSERMEEE 5 FE2RET 3,
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3.1 EREEICEET AHE

WA, ERERCBE o £y FOREIC. BB 2 SBEBOSRLHA
WA EH STV 3 [Aloimonos 87, Ballard 88, Sandini 90), T4 &d
W%m‘Mm@%@bt@&%ﬁwzuaﬂayJAmmmammbé\
AERITEIZW D AN 7 BEBIHIH B (Active Vision) LIHTN 5735 54 £ick
DL bDTH B,

Aloimonos [Aloimonos 87] & i3 Structure from Motion(Passive Navi- gation).
Shape from Shading, Shape from Texture, Shape from Contour D R§EH I >\ T
REBIBLE D/ 5 574 MBS CERNEERET >, 1 2 5 0 MYLE
B OO RS (BB RBIET 5 < & itk b, 4o Shape from X OfY
BN & D RESE (well-posed) & 753 & & %5k L7, #%51c Structure from Motion
OEETIR, FRKZROET I2YERLOBIEIRREZEER S Z ENT
&\ oI, FHRETOEMEMS»rOHETHAIT A LItk &
ASDEBNT X -5 DRTERDSE ENTE B,

—7j Ballard [Ballard 89113 BEBIIRIHE & ARIOBRETTE & @S %
HERL, MMEO—F~OEFEREHVET & T, YELEELEMRT 2
ABIOBRETE% b &< L7 Animate Vision & Z 51 2 AR L
7o Animate Vision Ti3, 2R 2 5 L A2 H W2 EER I E 28T 3
Y27 LEAVTVS, i, OV RFAEHVT, BEGIEICE D 3K
TRBENEILTE S I EART T TELC, ARADBRICBELTLER
LTWw3,

Aloimonos %> Ballard DB T, 71 # S REMEHhcB#HTEs L %
AIBg & LT3, A, Ballard BWEERICH W v X7 AT, A4 51
R=Eal—SDRCEEINTEY, v=Fal—5DEETE 3HH
TRAASIBZEHTEBEMSE CENTER, DD, H X 50ERL
AGRRZERLE T 5 MIGES %9 5 (223 THB L& 512, Aloimonos D
RTE A2 S 2PER S Z20ENH 5 ) THISHLT, A 4 54
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BHOBEREN £ & 0 5455, EIGESIC & ) BSO8R T 518
BTV TEE L 72D Sandini 5TH %,

Sandini & [Sandini 90143, % * 5 H\EHEERNC & v ERLA IS LS,
EROBBER BB T M, MEICRESAAEREL D, BRAE
ik 3 B BEHEA BT TR 5 T E AR Lz

AETH~BHE b, Sandini 5 L FERED A A 5 BEIAFHRE LT 525,
Wo LB, | ;

(1) Sandini & HBERIIBIRIARIER E L 7= 0 lot Ly GBI R & L

R BUEE O BT E R E, AT YT« v & D BRIRRARMA T

BHEERET 5, o

Q) RGBT BB A5 |

(3) FERBIEE O 2 BBB O K o b OB DRSS RET 3,
EhbiFohsd,
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3.2 FRFIEE RO BIEES

RROBH oA v+ 2HOCTEEOLAHIREER T ZTEME LTI,
BIENOEHOME T, oy FAERICEEINAZ 2808 » 5tk D igE
SNAERE D RF LAREITV, BORAEROBIMNA o+ Y kD
HECHO M Shicx v - S OEEE b LIcO U X ADY BTELS
%[Ayache 87], COMFEDLHIZ, v ¥y FOBEHRRETRICHET 2
ETEEOTHRLSSEMNEB PRI LT, o Xy MKRBELHERI
BHEN TRIFINICIEZE L (BB, 2 h & BRI o 6 EEER 13 e
B LENE W EEZ B (Asada s8] bk B,

FHEOBRELRROELEES, i, BNEBETONE, ok b
BRI T OB D A7 E OBEHEESISES T 3BAR. F7
BEDoXy bDS5YFe—2EBEbDTHD, vty b HBEITEEEL
HEZEMER> . BRNCBEIT 2 BEES BB I, ERE 264
RIEER T B LBISDISVEEL D, AHITHE, COLSEBHo K. +
DB EFBFIMEI D AN R OB £ 1ET 3,

X3.2.1 i3 Fok QWK ICE-S CHEBE 0 F 5 P OBBEITEE TR, BB
oAy M3 | BREOHREEEL (KR L BELSHMEPLE LT)—BDN
A SEBELTEY, COBEBEMN(EREEOLDOES) 2lAED
BIRREBH LA S, BEEESE TS BICEEN L b Ebkb 5 —85
RO, TWERGT 5, ERIRZOEKS 32—l IEYT 52—
RERLR) &, BE T 4 — F/Ny o OBEEIC & - TEHROICEET 3 &
ETEBHING, O BERITHET - 1ok, FEASHLET B
FHLOEERTERD SN ZREFHNIE S h 5, BERICIE. B AR
(RI32.1) %W L. AEERELERSBEIL TIT A, ARBTOKES
+AWIE L 1tk B RS B AR L, FU BADE D Ot R
T35, WL OHDEFHIK LS %, BISOSERNLITREES0ic, &
AERAROKE M EBIREFRIE LT, 85 i B £ kM s gid
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T 5,

BERABORENSEREB 2 -DICZ, ERBBWEITHIHIA SR
F AP, By b EREE S EEBFOLE WA A 5 8BTS B, %
DEBFOLVAASTE—Ya VAFLARITHI I ET, BESABOKX
ENEBAREE S ENTE S, [Stelmaszyk 88], 0 &k 5 IS % H
WTREZEREZT o Fy Mol FREBAETINA SV 27L&, 0
o b LEEINABBOLEWS 2 5927 A0NETEH 2 ([83.2.2),

AETE, LLOBBOERICE 3MEO—>TH 2 BFtiNOES
é[p'l:\&:ft‘:&6o
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Camera optical axis

Floor
Fixation point

| Indoor environment l

Path

K321 FREEERH BB o £y FoBEEES

Mobile robot

—

Motion
direction

‘IXation:poin

K32220DHh 25 Y RF A
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33 Oy bEBRIFICAET 1RE

FETHLUTORED b & BRI AE 2 Hki¥ L,

(D eXy + OEEZEHICHETE, EREHL2EL4DE - BHERE
DORHELOREEBEHT 2 LN TE, BICEHSEH LT HOBEITE.
ZON A5 DRMICHT B 0Ky b OEHHEAOSBIERETS 5.

@ eXy MCRIERICHNEBEHIBTE S22 4 ShlEarBRahTeo,

A A 513 % OEEEAIC & - THRE & FITHHEL CEEES %75 & &M
T&%, HRGEICHVWE I A S IARTHD, £DH 4 5 DELIZE
= Ol EIC(IBT 3,

@) eFy b OBEH, FHRAREBHRE T 1 — FNy 7 0#ERIc X D FICH
BhocBEESI N5,

(4) REBEZBRT 2 HHAPERRE LT, BENOBRRGLHV S, B
WERRMICIEE { OEERIFEL. ThoOBREHIZ 0K Y FOBE)
&> TRETHRERESEA TS EEX B, ’
UEDRED S &ic. BRI KR o P72 EE ETCORBBOMNES:
ki TROIND, OB BFHIKIZER O EBE OKEEE
L EEEREOKER S EHVTHES LS,
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3.4 EEMERICET 3 BFEROES

3.4.1 FttROBE A &

AHITIR. o Xy FHPEEEEET OB, FREIEI X ERAPO
DERRTYRDMERD 21T 5 AR LE (—RNL o Ry b OEHIC
B HERFIEAICOVTIRMNEAEZB ), RBEOHEIZ S Tic Sandini &
[Sandini 0} IC L DFE SN TV AN, HONFEELBRE L EIC LA
BEXZH VoL, REITR, EENLBAE b i Lo AERsH
(o ZOERE. HENLSBEAKEE IV v 7 0 VY Ick DS LEFT
HIXIZ 82 HEEERT 2D TH S, £, XE TR 2K TORFHIN %
KO BHEXEHL D, BRLOEEROGBOBHEELH VS &I
L0, SRLEMTOMBRDZITIHBRICHER TS EREBETH 5,

K341IRT LD, A X SHODEEROXYZA2EL, 20 Zi%E N
ASDNEET B, B x5 OWEEERKS % T=(U,V,W)', ElEmEERKS %
=(AB.C)'\ 3SWTBRBHNDORZE P=(X,Y.Z), FPOIRTEBHNTOX,Y,Z
AR OMERE K% XY 2 &35 &, LD/ pD x B E Z O
EEE u & 2 5 EHOBRIE, R (34.1)TEDT T ENTE 5 [Bruss 83,

=%L%§ﬁ@%4y%%4‘NAyBﬂ (3.4.1)
ST i3 A 4 3 DELEMTH 5,

EIAT, RIEBRIRELD, o Xy b HEEEST 20, L%
EEPOCEEST 2L 312 h 2 SORENHIHI N L ERET B EL B A
SOEE T X —SRBUToLICERTENTE S,

A=0

B=w (34.2)
C=0

V=0

lU=URcos<p
W =Ugsing
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CTT oA A SEESLDEEHITE, ofy bOEBI S 4 — 5 &
BMVETH S, old3 A x SONMEE Xy FOBBREUOAE TS
D, A A SHEEEXDBEEHHTE 3, UGIZBEHEHT 2 0Ey F OME
TH b,

KB41)EKRB42) K| Yk OBEERE OKERSY ulz R B3) TR
%,

Uk (xsing —fcose)
u= 7

xz
© (f+7) (3.4.3)

A ERAREREEC X D EICEGDOCEEIN S 2D, FOH
HRE EEE L TOXEBEIIELEL 088D, Chdb, A2 5DESAN
SEHRMRE TOMMZF 25X 3.4.4) THET B &N TE 3,

_UR cos¢Q
)

ZF = (3.4.4)
Tl WA SOERRO O E TOBMZS b, KB43) &y, RG4S
LTEASh3,

_ Uz (xsing—fcose)

wXx?
u+fw+ t

zZS (3.4.5)

wic, NG44 EXRGBA5) LD, oXy FOFEE U 2MET B 12010,
ZS/ZF %3k % 3, » s

ZS _f-xtang
ZF u , %
—
) f

AG46) &\ R342ITRS N B HEFMIBARL D | ERAUICH T 2BHER
D—ROME . BEEE OL)EHAVTRE47) TET T LNTE S,

(3.4.6)
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K D K*x?
= X (3.4.7)

_ -1 - _RK)2
@=tan (f(l—K) P (1-K)*+ T

T\ KZS/ZFTH B, 1z, DIIEFERAL oy F OBBREEI OB
fichn, BohsRFMBO Ry -7 7 2 5 LB, BADREST 3
BB OB ICB VW TR Ay — V7 5 27 9 OBEISRERLETIZH L
PN EDRENKFBRBLETH 2, COREIZ, 32H0BERBO-»
0&%fﬁNt\vabLﬁE%éhtbé~a@h}iu;b%~v
a VAT LAIRK-TITHo )
REBANICREINE LS, oF y FHBGEHEZITOBSICE. oXy
POEFNT A -5 UGV, b ic, oKy b LIcBO I S5hi
A A SR G OEH T A~ wEHVS (b A 5 AR OREAEE o &
oRy FOEBo Ry O U DBIRIIMNEBTHRRB, £, H 2 S5
BOEEAHE o OUWHEIIHER CTRNS ), 72 SEEHIIENE) ORE
ZRITICHIATE S0, IO R ) v THEICIDBEORE LLEV
oKy b OEE ST A = ICHART, ZOEEEAKIIEVEE CRIE T
%,

E 7o, GBI B 2Pk O BE:EE A 0 & 73 3 £ (Focus Of Expansion)
3. ARREED o Xy F OBEREKICETEMAERS, ChiconTik
183D Tb R 3,

3.4.2 FRERM

ERBEERC RPN ES T 2154, ROFEEERTED L
IBRRBRHBZDTHS 50, OMBERESMCT B720ic, BIETH
WiRBHKEHBET 2 AR OBRERF 2T (NHETIE.
Aloimonos D #1 » 7 NERETL & U7 FLER £ 17 5 1848 O BERITIC
D2WTHERB),

G4 EHWTAG AL L 7D b, Jacobi fTHIRX A H WT L BAN
ARREICH Y X#hio Ry b OBERBICETHEREBIESR XY(X3.4.3)
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KB AMEROBREAXAY ICEH L, JAXHAY itk - CTHEEAED T,

0

Aozli]Am 4
ow

aloe[55

lAu+lg—Xle+,g-g—’Atp+lg?’Af
(34.8)

AL= l“%’Awﬂ%lAuflg—i'Axﬂ%IMH‘%IfilAf

RGO BERDIEE 1 ‘
UTFIRIRTES A — 5 TROSUARE BV T, RFHIKIES Ok
DREFME 1T 5 (X 3.4.3),
¢ = 450 degrees
D 50 m
f 600.0 pixels
Up = 05  m/time-unit «
o, EOBDE /N5 -9 DFHHRELRLUTO LS5 ICRET 3,

Aw = 0.1 degrees
Au = 1.0 pixel
Ax = 1.0 pixel
Ap = 0.1 degrees
Af 10.0 pixels

i

Cmﬁ\Mﬁwmwﬁﬁﬁ%¢b&?5Eﬁ%®ﬁﬁﬂ?@&§&bﬁ
£ [ACHAV RRI3 441K S N B, 344 BRTOMBRDBEOKE
s%. NhTHOEAASOBE & LTEBREBVTEDLELOT
55, MrhthRrDEHIZEREADOMEBEEED LTV 3,

K3441RT LI, BERZ oy bAOSEEN S ICREVAX {13 A%,
HBLRITE T ORMBEOHNY EA NS < BRAD SBN S IRV, 1
MOBE BT, | |

NEROREOERELEK/35 X — 4 DFHABZICH>VT, ZOHE
2L CARTHB L, Mo DB EEE LBEOMBRDES (Z0MO
N5 4 -5 OFRREEOLRET 3 ) & AuDHAEE LB ORER



50 3B BREO -REEET B4 A 5 )

WHERER., T TNERRKEROEVWNEE o Fy MIRLAEWIE TR
INEIED, TD2D0D5 X -4 DBREICED, K344DFEIFITRE X
NTW3BZ ENRbd - f,

ARBEETHEVBE S OLE
EREIEOREEHLMNCT 20, vy P OBEBERICEVTHE
B % T 7 I RB R & 1§ % ik (Passive Navigation) & H#8d 5
ARFEZTHRVEE. DA S5k oKXy FOETHEICK L THE 2
-0 THEE L. EHRANERTOEER T 2RO L 0 Eg ALl &
THHEECRFHNEHET 2 (R3438H), H A SOEE /54 -4
E o Xy P OEGEE)ICE VL TERGIEETOBAIRIR B4 TEDb XN
et EREEETHLIEVHERKN G499 TERDbEN S,

U=Urcosyp [A=0
V=0 B=0 ' (3.4.9)
W=Ugsing C=0

EBRRICXT T 2MEOMEE YHEOHEE ETORE X, £ DEESE u,
AERROEEEE v 2 AN TR34.6) 2K (34.10)ick & i, X(347)T
HETE 3,

ZS _us(f —xtang) _

= — K (3.4.10)

ARGIHZITOREOEEI >V T, Ricl <~ RHIE O BRERNT &6
RORMITH T BREBITER345TRT, 7220, COBERAX 5D
[E]#z 55 B Db D ISR R OB EE v 2 V3720, £ OFEZEA
ur=1.0pixel 2{RE L T 3,

344 L 345% T 5 & BEERAOEHTIR, ERHEEHV 515
& (K344, EREEEAVEVEES (K345 &0 bAEROEENR
W ERDD B (EHFIHOBRERITICEVTY X SHEESOFHIREAw
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=0.1degree & Bt 7o A3, 4E SiEERYE f=600.0pixels D A1 * 5 D 1.0pixel {2 @iz L
T#0.1degree TH 3720, COEBIIRYTHB),

AEAEERCERPOICEETE 2BERS D, A 2 5 OEEHRE
P L CHRITE S & & (0 4 5 EESOHEIZEE ST LTV
B, TORMEEHLESE20REETSS), HEMER. EREHE
THEVBEICHN, BRAOMETEREOF VBRSO NTE S, C
DTENS, PEhLOERR LT BE. EREIMIIEENICEN S S
THBETAL B, o

343 EERER

RIS |

ERRICZ, NEBERHNOBNBEELBE I oXy FELTHVE, 2O
BARXER, BRI 77 Y VI THA0E 1BE. HHBTH 2%
B2REROIRETH S, BEIOBEL LT, KECREIh/-OHEE
B9 BREELR D, BBIo Xy McERINE A X SEERIEB, £ 75 4
ANEYI—FDEBIRLD 74— KNy 7 EIS N, BREF T OB
ébﬁrmmaﬁuﬂmfgsommthxﬁu%ﬁﬁﬁﬁumm@u
Y XEWA TR TEETENOH 5 - CCDH A 5Th 5, ERMEICIE
Nexus6800 W\, X4 Ya v s —4ZiZSund 7 — 2 25— 3 VAR
170 |
@@@k%émsuxsumi\%ﬁﬁ%&#&07v—v;y@%%'
SOLERTH - 120 |

RE7 4 — F Ny 7 2ERT 512 00EBAEMNT. SSDARERWTIT
ot EHRHLASOFNAIRIIENS &, B 5 CERACAEEHET
BASNESA, BRARKCERIOCEE S,
ARRE D ORBKOEBRE TOXIEIL. Stelmazyk 5 iz & > THR X H
7z Token Tracker [Stelmazyk 88] % WV C{T - 7z, Token Tracker!d#&E L 7= i
BEITRAYOWIEEITHIERIETNVTY ZLTH S, BEELD = v O
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HETOESHEEMNL &, HIHI QBRI 45085 x — 5 TEEHX A
b0 TNOH/NRFTA—FRBANZT YT 4 VI EROTFRISH, ZOFHRlIZ
ROEHEADORRS EDMIRICHV SR 3,

AV 2T 4 IWEICK BB D#ES

— ISR O EEEEEHE RO FHIIRBEEHEVRT L, A S5HhD
HETHBOBRABREME L. NBEROBEE M LT 34ENE 5, Z
DHEELTHNT Y T A VIBBLHOONE & DT > T XA,
HxDERICBVTH, WVer 74 M5 EAVT, oKy FOEMOMN
BN oFHHE LBt mae T 5,

AN YT 4 VE 341 TEHWIGEGHITEBIRZ b & ic LAAHBRELH
WL FHING 5885 2 =5 (0,ux,0,DICERENE TN B T EERIHRE L
TRET LI (A= v 7 4 vHDBEHITOVTIRNFEFESR),

WERREMET 284, FHSIWIREOHHEI S, AT 2158
LIS TERVBAEND 5, T DHI5EIZ Mahanobolis Bt [Ayache 87] % it
TiT- 172,

Ry FEIRRT7 « — F/Xy 7 OBBEIC X 0 BARAEEGDOICERE L
IS5, ERR L ORIEE 0.0SmEICBEIT 3, R346130 Ky OB
S NBERTH 5, HodhiIcKHITRINZBEEIEHAEATH
%o |

o Ry MIO2SmBENT B E IR IR &MY 5, K347k, nEy
bAS20mEsEN S AR, BETHINNE REFEEL. Ao T4V dick T
& LIERERT, EBOBOMEL., fHllanHoEER KT 3
febiz, oF v b O E ERSAHIOER 1L.0mEEM L, 25—V 5 2
g ELTHW:,

B3.4813, M347THD—HIC>WT, A=Y T 4 VI I X DBEENN
RLUTOWSHEFERT (K348 TRAEADOEBOMEN S OFEMS#EL L
TW3),
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Observation points
(Taking omni-directional views)

NN
\ 7\

(The, robot moves to next observation point
usmg feedback from omni-directional view)

Path

Local maps
(Obtained by binocular onrni- dlrccuonal stereo)

AV

Global map
(Obtained by fusing local maps)
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5 IV RFAEERL, ThE360° MEIHEECLDS
FHAUDHEBERERTVS, BEBNLEAHEOREE L TR, 9 — v %28
KT 21 DBIRICHE S DFI (& CBIARHER E ) ZRF LT IERS
KW ETH B,

4.4.2 2HUEZROEH

KHITIRET 2 HER, S — VAR LEVSENEFETHED.,
Sarachik & FfkICEEEE 2 AW T 2 5 20z S 4 TLHNER ARG T
Bo L L, BEN2ODH 2 5 2HCTHEHEREEE L -oiIcw L, &
FHTH—BON * 5 TEBNREEET 5, COHEILL - TRIES N
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Glxy) &% d & RKRINICE S W 5 ERTE LD 2 X OHHBIE I(xy)id, K
(442) TERIT T ENTE B,

I(xy)= f f SIo(x—x”,y-—y")G(x",y")dx”dy" (4.4.2)

ID&Sic, EBOLV Y X2BEL TELNAEBIIE LS MEYTL
b, LOLENRS, COUEERFIHT A LT, EHLEzy YOAA%:
BT 2 EMNTE S,
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Lens side
——

Opticaliaxis

— [ —

N A

Distance from the optical axis

(a) Gaussian surface (b) Maximum contrast  (c) Maximum resolution
surface surfase.

[ 4.4.3 #& R DU

Intensity

Distance from the optical axis

Camera optical axis

(a) Optical transfer function (b) Intensity distribution function
which results from focusing error

K444 v xoMH
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(a) Object pattern

A

(b) Distribution of brightness

Brightness

A

B

(c) ldeal edge image

Inlensity

(d) Distribution of hrighlncs:s on the image plane

—

Brightness

A

-

(e) Edge image on'the imag;: plane

Intensity

)] Quantized image with th

Intensity

et

c pixcl size

]

Single pixel size
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(a) Object pattern and the vertical slit

———————% Camera motion direction

]

C .............................. ey

oy

Object pattern

LR e,

Vertical slit

Brightness

C D

Brightness

it F

Rotation angle

(c) Intensity of the dege image of (b)

Intensity

E F
Rotation angle
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(c) Edge strength along A-B

i bt I35 50 B it . D, B it $.

B




44 &Ikt 95

(K448 KBkR 2



96 FAm BUERIET A A )

444 2HNOBEMIEROES
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&R ERIFICE 2 HEERNS,

EEREENE %18 2 — IS HEIER, 22000 2 52BHVBRAF LA TH D,
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Object point

Camera
optical

Vertical

Y Rotation center
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Camera optical axis
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Image plane
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1 step

~ (a) Conventional (b) Omni-directional
binocular stereo ; stereo
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Error(m)
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0.5
0.4
# R=0.
0.3 ‘;,
/’"‘ / —
s " R=0.15
0.2 e ) -
0.1 1 /// R=0.2
25 3.0
Distance(m)
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LA TERWEENS 3, 220HIERROTFR S h 2BEORFE I E
BOE-TVWERARMATRETH 20, BERDELRVIBEIMET 2
TERTELY, T OHEIR (F.3) 12773 Mahanobolis BEEE % F W TIT 9,

(/JI—.UZ)T(AI"'AZ)JQ‘I_IIZ) (F.3)
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0%  OxOv,

ﬂlz(XhYI)T; Ax= 2
Ov.0x, Oy,

; o5 0xOv.
t=(X;,Y,)', A=

0v.0x, 0%

Z @ Mahanobolis (RN 1 K D /NI WE X DARMEVEETH B, EBDE
BICBPOTRETERLVEAR, HiUEHE LT—HIS L, HEo#
DKk, ISICMEINBTNITHIR Y EHET 3,

Mahanobolis EEEff DHITE Ic & D RS EIRESBR AR, A v vy 74 vy 2
WTHAZITV, FHIEREEN 5, hv<vr 7 4 093K (FA)TED
Ihb,

K:AP(AP+A.\’)
Aup[):Ap—KA:\I,: (F4)

Lo =pr+ K (p—py)

T K@ Aav=e A v ARHDHITIN L 3ROMEEEDT,
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G. 2F(E{& DR

G.1 2H{IREFENDEE

BGITRT & 51z, 1 4 5 Ok & MRS 5 & . 3R
5 RFHTREHG ORI IEBIE & 15 5, 2K (THEHR EOBE., Zh)
(BN * 5 ORMAE) & Y il (HhEH) ORAEEEE LT, M
v, BAR%EOET B, £, KhOUW,Bid. Zheh X ZEhEo o ®
v +OWHEEE RS YHiEd O OEEEBERS 27T,

74 5 OEWGEHRE & FITThBHE. SUTEMNOBEP=(XY,2)0
SFUBEFE~OREER (C) Itk > TRENE,

B gt X et X
Zz0:0=tan 5 Z<0'9__‘t‘?l‘1”2+” )

(G.1)
Y

yﬁ/@ (=f—§-cos€)

o4, X (C.) TED XN ZKREICEITHEGIR. 25 RTEZA
TRAGI)ITRENhB L Hic, EpEE LTiRExN 3,

Z=aX+b, Y=c . (G.2)
y=%—f a*+1 cos(0+tan"(—%)) | (G.3)

AASOXRBAKREDEaDABE LK THEE IR, 3RTERHNOA
P=X)Y,Z2) DR2AMNEBFE~OERIR (CAH Itk »TREN S,

(G4)

sina (Y cosa +JX2+ Z*sina)
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COB[E. SRTERIZI 2 MREHRIC B S h, BRIEICEITISER
. IERCHRER TR C SRR Ic R S h B, DIk o#ERIZ. 1 X 30k
AR & ETRBE IOV TOHITH,

G.2 Hough Zi#a

RRD & 31, 3RILZEMIMN O BRIE i< 1T 75 FAR I3 IE5%hs & L Cidie X
h5, COEZMIZ, HoughZMAER VR Eickoilititci 3, F¥
H#RE X (G5 TERB L BE, 2FHMEHBRNOEE VI, /S5 4 — 5%
la—blicbT, R(GO) TIRINIBEME L TREEIN S,

y=asinfd+bcosf . (G.5)

b=-atanf+ é@ (G.6)

o, ERHRER (C7) TRBE LA BE I3 @ HURBN DA (xy)id.
A= EMabitBVT, NG TRINZERE LTREIN B,

y=sin{@-b) (G7)
o wina(Y
b=6-sin (;) (G.8)

G3 TER-Z51

HAGERE L2 BN 20 DB TR HNEBBEREL T, X7 L 418
ETESBA. O ER -5 54 Y REDRICHBDICTOVWTEL B,
KG2iomman b LIz, SRTEBMANOEP=(XY,2) & 2> DL LA HEF
BOEROO0Z2BL A~ SERIR, 2202 BB RTE%
HEaTUMi$ 2, C0idH, TEE—35 54 Y RLHMEBEN T, i
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L~ THobhb, 2AMBBHHRNO L EHE -5 54 YRR (GI) i
L-oTiREh 3B,

Y LY
y=ftanacos@=f—z—c036 (a=tan 7) (F.9)

it\@%ME@QEEH%%%&@%&«@P&Q%%%@nw\Q
&0 XBAI 172 BRSO Ic B 3PEORES 6, y) &5 &, &
PoBEIIR (G.10) TREX N 5,

_lcos@,sind,
~ sin(@,-6,)

_ylcos@.cosO,

= Fsin@,-0) (G.10)

_lcos8,cos 8,
~ sin(@,-6)

G4 ¥TF 4 hioo—

A5 ONEAPKEICEITTC, v Xy FOAWHEEE 2T HES. 3kTE
FND—RD, oKy FOBENCLLE 54 TF 4 V70 —DLHRE
BHEthOBEL, £0 EE- 554 ¥ [ UETH D, |

XY, Z#ic T8 o v b OWEEER S % 2 ZTh UV W, XY, Z#hE
D OB AEERS 2 ThENABCET 3L (MG.181). 3RTERD
RP=XY,Z) D V=(XY,Z) 13X (G.11) ©Fb X1 3 [Bruss 83],

X' =-U-BZ+CY | |
Y =-V-CX+AZ | (G.11)
Z =-W-AY +BX
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B L7k dic, v®y M;tﬁéﬁrc ,Ym@oo)@ﬁ;é‘ X, ZWAEA~
DOBHOINFEATVBEDT. V=0,A=0,C=0, #->THX(G.1) IR
(G.12) L1353,

X'=-U-BZ
Y' =0 (G.12)
Z =-W+BX

EAMEHERNCENZRONKBT3F 75+ Av7o—u, V)i, &K
(G ERX(GIDEHNTR(G.I1) TEDbL AN S,

_ZX'-XZ
o OX+ZE

(G.13)
yo 2Y XX'+7Z
_JX2+ZZ X2+ZZ

KRG IKXGHERAL, BEBT2LX(GCIH)HZL 5035,

u=fc—°ZS—9(Wsin9—Ucos9)—B

(G.14)

cosf@
7

v=-2y (Wcos@+Usiné)

&y, vFy P NILEEFHOHETIHE I, FOERR (G.15) TR
Iha,

0, y)=(tan";, 0) (G.15)

KGN L 2HMURBNCENZ A 75 4 A7 o —OBPKIE, vk
v b AEER D B (TS GE& I, FOERBR/S & L2ERME & -
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THAZ &b 2 b, £1-FOERZISOERERN S TRbBAET
H5,

K G.1 ®gEFIV

P=XYZ)

MG2 zEX~3551 v
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H. [@&EHODMESEIC DT

A X5 2R SEMEDOHNERIET 2 HETIE. 2 5 OEERHD &
A A SERDOBIZDLOMNBETINRS > Th, FUAORIEREICIISE
DEELIV,

£, A A SOERN, A A SOMEMECSZBAIC>VWTEITS
5o RHUIRTEHIC, A 4 oMbt &b 2 5 OEHDBDOTHhEL
Bzt & A A S OESAEZEIERBICHT 20 2 sOtoThial 35
&L Elprp O EEEE L2k A, BREIOABEHRARZEER, RMH1)TE
b3 LENTES,

E:

GR—GE

. . . .
= LY e — Sl G
‘sm (DAsma) sin (Da sina) (H.1)

AN IDLD L 5iE 0L 185, ERBIC

[=0.05m, a=1.0degree, D,, D;z1.0m (H.2)
DiGH. MEEIIEKT00050° BETHD ., L MACHOEELL
iy Lae X (H2) OELITICHED T EIRFIHETH 5,

Ko, #7125 OELAMEERE LD REZFJEATOAIEES (FHbb, A4
7 OEENERROMIER 2T HBE)IC>VTESL L, 2HMERICE
ENZTHAUAERIE. A A 5 OESH O L I(IE Y 284 LRIk, 1§
SISHGRBRE LT LICB o508 EBEEEICEAL T3, » 4 5 DXo
MR B A 2 5 OBEMNERICAE T 2 0ENS 5, 22T, B
NEHFZA A FHBMDOARDHTH B, ZOFEIF4ITHABYRLS
BETHIE-TVB, TOHETH. 2oDEEENS A 5 OEEERLM S
THHN TV S0, BBROMEXIEELSAMABEEE > MES %
wmBELTRET T, RIE. 2 A SHBOFHEERDICEZL THET S
ETHREREEENARETSH 5, 7 2 I RO~ I n At —%
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ft&O/NRIFBEEERICH 2 SERD I3 2 & THBICTE S, Lo L.
COHERIKEHFNELBEEST B0, 2 SHEORH X 2S5 A7
HAEZLT, F+ U Tv—vavickd, 4 5HEOMXAEZLTERN
&50

Object B

Object A

s

_______

Rotation LA Dy e
center T T

Camera optical axis

l Camera focus

K H.1 bl o hic & 3 50HAEORE
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