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1

* —1pT _ *
=5 Rz
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Y, Y, ‘\ .
g e = - Referenced feature point
y \ My \ N

“‘ AN \‘ \ Virtual image plane
LRI Image pl
TN mage plane
o Camera center MAP
{ Scaled orthographic projection
——
@ Affine transformation @

Virtual image MAP image

05 MAPOOOOOOOOO.

J00000O0O0OMAP OO0O scaled orthographic 0 0O O00OO0OOOOOOO DO O scaled
orthographic 0 0 0000000000 MM OOOOXu and Sugimoto 199810 0 (7 MAP O
oooooooooooooo

Ooo0O0O00 ). O0O0OO0OO0OOOMAPOOOOOOOOOOOOOOOOOOOOOOO
pooooooooooooooOoOOODOODOODOODDOOOOOOOOOOOO
oooooo y».OoooooooooooooooooOOOoOOOoOoo 2000000000
O000ooo00oo00ooD 1000000000000 A 0000000100000
O00000{\};-,000000000000000{A\s}f—, 000000000000
OO00000000000000000 (Xuand Zhang (1996)) 000000000O0DOCO
oooooooo400000000000

0000000000000000000000000000000000000{A #+}721
00000000000D0000 {M\n}f-, 00000000000D000000O0O00OO0
ooobo200000000000MAPOOOOOOOODOOOOOCOOOOOOODOODO
ooo

OO0O000D0OMAPOODOOQO span{cs,d;} 000000 00D scaled orthographic O O OO
Oo0O000ooooo0oo0o0ooooo00000 span{ef,d;} 000000 (virtual image
plane) OO 0000000 500

3. poooo

00000000200 MAPOOOOOOOOODODOOODOODOOOODOOOOODOOO
00000 (Tomasi and Kanade (1992)) 000000000

200000000000000000000DO00DODOO00OOO0ODDO00OOO00OO
20000000000000000C0DOO00ODOOO0O0O0ODOOO0OOODOOOOOOO
gooooooboobooboobmobL 20boobobobobbobboboon
ooo0oo0ooooo0o0o0o0ooooo0oo0oooooooooOo0ooooooooooooo
o3booooooooooboooooOoOoOOOOOO0OOO000 200000000000 BO
gogbooboobooboobuoobooboobooboobooboobooboon
oooooooooo0ooooooooooooo0oooooooO0o0bDoO0o0ooo0n
ooooooooooooooooooooo

goooobooooobobobooboobboboobbobbobboobbobboo
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gobooobooobooobooobbooboodooooogooooooooooooooog
oooobooooooooooooomooooooooooooooboooooooooo
f00o0o0o0b0o0000oonooobO0 ¢, 0000 fO00D0D0000000O0O0 {i,5,10
gooooooboooboobon k,doooooooboobboobooboooooog
cooooooom Cf:(if,jf,kf)TDDDDDDDDDpDDDDDDDDD s, 0000
fO00000D0000D00O00000D0D0 XpOO0O0O0O0

(3.1) sp=t;+Cf Xy,
0000000000000000 60000000 s =8p—ss,t;=t;—5, 0000
(3.2) sp=t; +C5 X pp = Xgp = Cs(s;, — t})

oooooooo (inyooooMAPOOOOOOODODOOODOO

* * * * )\* m*
(3.3) mm—MXm—M@%,Q——%@<{>

00000000000 00000000000 (4;C)"00000000000000000

31 00000

PODOOODODOO FOOOOODODOOOD 2000000000000000000
000000 (3.3)f_y;5- 00 {Cp}f_y, {s3}5-:000 {N\.}f-, 0000000000000
0000 FPOOO (33)f—1;,-: 0000000000000000000 {Cs}i=y, {sp}imn
000 {\n}f-, 00000000000

0000000 w*'ODODDO0OO0 MODODODODOO S*0

Wi
W* = ) W; = (w;17"'7m?P)’
wi'
(3.4)
My
M = ) Mf:Afo7 S*:(Sia aSP)
Mp
gooogoa
(3.5) W= M S

"~ (2Fx3) (3x P)

0000000 (3500 (33)F,;2,00000000000000000000000 M
00000000000000 {C;}. 0000 {A\+}f, 000008 0000000000
000 {s;},00000000000000W*0 MO S*00000000000000
0000000000000000000000000

000 wW*0 MO S*000000000000000000000000C¢C,;03000
00000000000000000000000
€
At
0000000000000 A, 00000000000000@O00 W*O00 (3.6)5, 0
0000000 MO S*0000000000000000000000000000000
000000000000000000000000000000

(3.6) MyM} = A;A} = — BB}
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0000000 W*O0OO0000 (35000 0000000000000000000
0ooooooon
My
(3.7) W= M S =| |5

T (@Fx3) 3xP) |
MFp

000000000000 000000000000000000000000000000
00000000000000000004000000000000000000000 4
000000 0000000000000 00D0000D0000000000D 200000
0000000000000000000000000000 5000000000000
00000 Yokoya et al.[J 199800 U [

Oo00o0OoM,SM,$ 0000

(3.8) M=MA, S*=A"'5"

00003x30000 A000000000000000 MOS 00000000000
0000000000 00000000000000000000000000000000
000000000000000000000000000000
00000000000000000000000000000000000000000
0003x30000 ADODDOO0ODO0O0O0O0D0D0AOOOOODOOOOOOOODOOO
ooo
A0D0DOODODDOO00Q=4A"000000000 (36000
(3.9) MiQM] = AsAT = %Bﬂs}
00000000 39f,00000000 {\.}f., 00000 QOO0ODO
00B,000000000B,000000 RyXD; 0000 Ry, X, 0000000

(3.10) Py = (ps,a,;)" = Rf My, Py =Ry My

00000000 (3.9) 0

P 1
(3.11) m@ﬁ:A2$

f*

ooooogoooooooooooo 3110

2
.. D P . q
(3.12) p;Qp; = é P4, =0, 4;Qq; = ﬁ
pT0p, aTQa; 1 o
s =T =y PrRe; =0

Py qf 7=
ooboooon . 000o0o
(3.13) 4P QP; —pFa;Qa; =0,  P;Qa; =0

gooboboooobooooboooooo3x3goobod euooboooooooonboood
uoboooooodooboobooooboboooooooobooooobooobooboOoobooOoOoo
oobooobbo ebOooboooooooooboo
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D000000000D00000D0000D00000 QOODDODOO0ODDO0 0000
00000000+=(G)0000000000000000000D00000ODO000
OO0 (average depth) O 00 O{\s.}/—, 00O

2 2
by 9y
(3.14) Afs =\ T A =\ 7T >
P; QD a;Qaq;

gogbobooboobooooboo
gbobobuob eouooboobobobooooboobobobgooobooboobo
oooooobdob euoboobobooobobooboboooobobgoobooboo
0= 00000000000
q:(Qll,le,Q137Q227Q23,Q33)TDDDDDDDDD a,bDDDD

(3.15) w(a,b) g =a"Qb

Oo0booodoebOOODDOOD0w(e,b)J00O0O0O0O0ODODOOOCOODODO (313)0

2 ~ A NT 2 ~ A~ \T
(3.16) qfw(pf,pf)A Apf(:i(qquf) q—aTq=0,
w(pys,ay)
ooooooo
(3.17) Q = (wi,.. .,L:JF)T

(3Fx6)

bbobobOO0O0OOoOobOOO@oOoOoooobobOOoO0OooobooboOoOoooDOOoOOboO gud
oooooOoooooooooooooooooDo0dd w(py,py)=10000000000

goodg

(3.19) 0 (W(i’17i)1)>+ ( | )
Q Ozr

0000 ¢0002000000000000000 Xxt000 X000OO0OO0DOOOoDo
ooboooboooooooo

i i

3.20 Afs = — = —
(3:20) ! \/w(pf,pf)Tq \/w(qf,qf)Tq
00000000000000 QUODO0D0O0DOD000D QUODDO0DOOO0O
00000000 QUODOO0DODO00N0DDON0NDONOND QUOOO0ODOODDO0O Q
000000000000000 (Quan (1996))00QO00000000000 300000
0000000000000 000000000000000000000M
0000000000000 000000000 QUODO0OD0O00 Q=LL*0000
AO0DD0DDD A=L"UUe€0@3)0000M,S*00000

(3.21) M=ML"U, S*=UTLS"

ooobooooobooobvoboooo MOD s*O000O00O0O0OOOODDOOODOO
oboddbdee D0 0O0O0O000OO0O0OCOO0OOOOOO0OO0O0O0O0O0OOO0OOO0OO0
ooboooo2000000004d
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mirrored

0 6. Necker reversal.

0000 fO000 M;0000 V;=Xp.X;'P, 000000000 C; O
(3.22) Cy = (A;)""My = (Dy) 'V

oooooooooooooboo g;00 83)00o0ooooooo

3.2 200000000

0ooddbobOdett DOO0DDODO0O0O000O0O0OO0OOOOO20000000000000O¢0O
J00o0doodoo MAPOODOODOOODODOODOODODOOODO 200000000
0Jdo00o00dooo00dooo0odooo0ooooooooDoOoooooooooooa
JddooOoMAPODODOODODOOOODOOOODOD 2000000000000 DOOOO
Jdo0oo0dooDoOo0dooo0d0bD00oDOo0oDoOoooooD20000000
Joooooobooobboo0oooooooobobbboo0o0oooooooDobO ebOO
O0MOOO0OO Necker Reversal 0O O OOOOOODODODO O Necker Reversal O 0O 000
00 0ed0000O0OOOODOOOO200D00000000O0DOODODODOOOOOOO
0000 Necker Reversal D00 20 0000000000000 0O00O0O0OOOOOOO0O
ooooooo

0000000 MAPOOOODODODDOOOOOOOOODO Necker Reversal OO OO0
0000000000000 o0oDoOOo0DO00oo0oo0ooOoooooooooon
doboodoobOo0odoooooDbOo0obOO00bo0odbOO0o0bDo0oDobOooDbOoobOOoOooDOoOon
JddooddooodooodobOOooooOoooooooooooo

Jdddddoooooo s*oooooboboboobobb0o =s*00o0o0o0o0oo0oon
DO0oooooogd s 000oo0o0ooooooogn diag{-1,1,1}s* 000000000
Jddoo0ddooodoodooodoooooooObd0oDoOoooDoOodooOoooog

ogobooooboooooooooooooooobo s*Ooboooooooooo c,ObO
oooo -ssobobooboo0oobo0 gy OOODOoOoDOoOOooOoOOey,H,O300ODDOO
Jdooddoood1oooooooon

(3.23) Afo = —Afo < Dfo = —Dfo
gooooooo
(3.24) Hy = (Ay)~'diag{—1,~1,1}A;C; = (Dy)"diag{—1,-1,1}D;C;

0000000000 O scaled orthographicll paraperspective [ 0 0 0 O O [

diag{—-1,-1,1}C} 0 0O 0O 0O O scaled orthographicll
3.25) Hy= 20 DT g2, 20xR?
( ) ! % fro T itz I Cy  (paraperspective)

gr QZw?iraT g7 — 2u}



92 oooo0o0049000 1002001

K

3rd coordinate Camera center

1st coordinate

0 7. MAP O Necker reversal.

0 0 00 O 00 2000000

00000000000000000000000 $*00000000000 ¢,;000
0000 diag{-1,1,1}$* 00000000000 K, 000000000000Cy,K;0 3
000000000000000 1000000000

(3.26) Afo = Afodiag{fl, 1, 1} — Dfo = Dfodiag{fl, 1, 1}
goboooooon

(3.27) Kj= —Hydiag{-1,1,1}
= (Ay) 'diag{1,1, —1}A;Csdiag{—1,1,1}
= (Dy)"diag{1,1, —1}D;Cydiag{—1,1,1}
0o0ooooO

(3.28) K} = diag{—1,1,1}C} (Dy)"diag{1,1, -1} D;

O0000Odiag{-1,1,1}X 0 X OOOUODO 1 0000000000000 00000O0O
Xdiag{1,1,-1} 0 X OO 30000000000000000O000O0OO CJ?D KJ?EID
gooooroooooboooooobobooobooboooboyoooboooobooooDboog
goobooooboooooooorsooooooooboooooboooooooooonoad
oooobooooooooooooboooooooooboooooboboOoobooOooOoooboooOoo
goooooooobooopooooooboooooobooooboboooobooboOooobooOoog
gobodooboooooooooobooooooooodoooooooan

4. OO0 MAPOOOOOOOOOOOOOODOOO

gooogobooooobooboobooobooboobbobobooboobboboo
UO00OD00D0O Necker Reversall U D OO UODO0OO0O0O0OO0O00OODOODODODOODOODO
gbobooooobobooooobuobobooooobooboboooboobDoboooobooo
gbobobobobobobobobobsboooooooooooooooobooboon
rankS*=30000000000000004000000000000O

gogd rankM:ZDDDDD{MfT}}w:lDEIDDEIDDDDDDDDDDD rogogo
goooobodbooboooboobuooboobbobboooboobboboMAP
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gobodoooooooobooboooooooooooboooooooobboooobooag
oooboooooooooooobobooobooooooooboooooboooooboOooobooonoo
oooobooooboobooooboooboooooooooobobooooooboOo sooog
gobooooobooooogo

oobooboooooboboooooboooboobobooooOobOooboboOo 3sooobooon
goboooooooobooboooouooboooobooooMAPODDOOODOOOO
gooboboooooooooooooooooooboooboooooooooooooooa
uoooboooboobbooooboooooooooboOooobboOoboboOoboOoobooOooo
UsoooboooooooboooooooooMAPODOODOO 30OD0OOOOODDOO
oobooogood

oooooobooboodo MApOOOOOOOOOOOOOOOOOOOOOOOOODOO
goboobooooooooboooMAPOOUOOOOODDOODOOOOOODOODDOO
goboooooon

rankM =2000000000000000000 MAPOOOOOOOOOOOCO 300
gooobobooooooooobooooooobobUrankM =3000000000000
0000000000000 rankM =rankS*=30000000

rankM =rankS* =300000000W" opxp) = Merxs) S expy 0000000000
MODOOO s 000000000 00DO000w97D 0000000000000 000
U0 QUO0000000000D00 Necker Reversal O OO000O0O0OO0O0O0O0O0OOO
goboooo

41 1000000000000

0000 QOO0000000100000000000000 (3.11)000000000
0000 QOD000003000000000200000000 span{p,,4,}00000
000000000000000000000000000000000000000 MAP
000000000000000030000000000000000 QODOOOOOOO
000000 20000000000000000000000000000000000C
ooo

D000 ,;0000000000+00000000000000Gpan{p;,q,} O span{p,,a,}
000 2000000000000000 ;00000000 Q000000000000
0000000 QUOOO0000000000000000000000000000000
000000000 000000000000000000000000000000000
300000000000000000000

4.2 2000000000000

gobboobooooobooboo 20000000000 UOOOOoOoOooOooDn
goooooooi1boooooDoOO0O0OD0O B1yO30OopoOoOoDO0O0O 2000000
gobooooosgboooboobooboooood Qubboobooooooobooooend
obodoobz20000000000000UOUOOo00obOo0OobooOoOooDO20000
ooboobobeUboOoobotbebbOobobOO00oDOObOOOO0OD UOOODODOO
Uoooboomoooodgraloodooooodoooob100000o040d
uobooobooooboooobz2b0obc0o0obbooobbo0obo10oobbooobooooboa
00000000 Koenderink and van Doorn (1991) D0 00000000000 0O0OOCCOO
O (19972) 0000 10000000000000000
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D000 4j000000000200000000 span{p,,q;} O span{p;,¢;} 0000
000100000000 span{p;,q;} Nspan{p,;,¢,} 000000000000000 An O
X-00000000000000000 é&; € span{p;, q;} Nspan{p;,@,} 00 &; # 050 PT
000 AF0000000D000000000000000000 20000000 Ay, h; O
ooQ

(4.1) ¢ij = P"hi=P'h;
oooDooooooooog 311nyoo
(4.2) Xiw : Age = || Z5hy| < (| Zia

gbooooboooboooobdooooboboboboobooooobooooboang
{)\f*}?:lDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goooboooooobooooooooooooooobbobooooobobooooobOoobooboOoo
0000000000000000000000 {)\}f-,000000000000000X%;
ooooooooooooo (3.11)0

(4.3) Vi = (b5,5)" = A\ 27 Py, Vi = A X' Py
goono
(44) VfQVfT =1 <— (Vf ® Vf)CSQ =csl

goooodbdb esOb0bobobb0ob0b0O0DbDeUODOOOLODODOODOD
oooooooono 4400000000000 0O0O0O0DDOOC 20000000000
O MAPOOOOOOOOOOOOODOOOOOOOOOOOODOOOOOOOOOOOOd0
MAPOOOOOOOOOOOOOOO

N N N N N T
(4.5) V:«m®mﬁwwa@®wdﬂ, T=(csh,...,csh)"

000 sQ=V'700000000 QODOOOOOOOOOOOOO

00000 ¢, 0000 200000000000000000000000000000
0000000000 2000000 1,2000000000000000000 &.000
¢e000000 |lgflo=100000000000000000 4,60

(46) a= <éaﬁ’1>Qf71 - <é7f71>Qﬁ’17

(4.7) b= (&,Wa)qb2 — (&, b2) Qw2
0000000000000 OOod1997all OO 00199900 O 0
llalle = lIBlle = lele =1, (a,e)q = (b,&)q =0,
(4.8) a € span{v1,w1}, b € span{vy, w2},
¢ € span{v1, w1} Nspan{ vz, W}
0000 00span{®;,w;} = span{p,,q;}(¢ =1,2) 000 M O000 a0 {01,w1,91 x w1} O
{a,c,o, xw,} 00000000000000D0000D000D0000O000ROOODOO0O
Oo0ooo0oooog sm
Ooooo0oO @8 0s00000 44,1 . 0000000500000000000D0O

000000 (a,b)e 00000000 OD0OOOOON QUOOOOODOOOOODOOON
(a,b)3 < a3y =100000

(4.9) (a,b)g =cos20, 0<20<7
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08 0OO00O0O0O0O0OOO.

J0000000000o0o0o0oooood20000000000000 2040,700000
000O00OP=(a,be)0000

1 cos20 0
Q=P"" | cos 26 1 0| P~ = P TK diag{2cos?0,2sin*0, 1} KT P~

0 0 1
(4.10)
-1/vV2 1/V2 0
K=| 1/v2 1/v2 0
0 0o 1
oooooo
(4.11) A =P "Kdiag{Vv2cos0,V2sin6,1}Us, Us € O(3)

ogoooooood X_T:(XT)_lDDDDDDDDDDQDDDDDDDDDDDDD 10
ooy oo boboooooog
goboOo0O0obDOo0o0obOOoOoboo0oobObOooobotbus0oo0oBeo@)OOODOOOd
oooooooooooooooo{M,s*y0 1000000060000

M(0)"= diag{v/2 cos 0, /2sin0, 1} KT P~ M

5*(0) = diag{1/v/2cos0,1//2sin0, 1} K+ PTS*
gooooooooooooooooo

(4.12)

M(0)T = diag{v/2cos0,+/2sin0, 1} M (r/4)",
S*(0) = diag{1/v/2cos0,1/v/2sin6,1}S* (7 /4)
oooooooooon M@)* 0 M(x/4)T 0 diag{v2cosf,v2sn0, 1} 000000000

0000000000000 §%(0)0 S*(n/4) 0 diag{1/v2cos6,1/v/2sinf,1} 0000000
00000000000000000

(4.13)
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Jz_ cos 0
S(8) and M(6)

1
|
|
1
1
1
1
1
1
1
|
1
1
I
1
|
1
I

S(%) and M(%)

09 200000000000006=n/400.

OO000e¢espan{v, w1} Nspan{ve, w2} OOOOOOOO 20000000000000
oooo

(4.14) ¢ = diag{V2cos0,v2sin0, 1} K P& = (0,0,1)"

O000a €span{v;, w1 }0b € span{v,,w.} 0000000000000 0O0DO0OOCOO
oooo

(4.15) a = (—cosf,sin0,0)", b= (cos,sinb,0)"

ooo0d lal=|b], aele,ble0000000O0OO0OOO2000000000000
200002000000 ecbOOO0OOLDOODLDOODDOODDOOO

(4.16) w=(1,0,00", v»=1(0,1,0)"

000000000000000000 M®T0 M(r/4)"0 wOvDe 0000000 /2 cos 00
V2singd1000000000000000 S*0) 0 S*(r/4) 0 wOvdc0D0D00000
1/v2cos001/v/2sing0 1000000000000 9000000020000000000
0020000000000 6000000000000000000000000000
00000000

4.3 000 MAPOUOOOOOODOOOOOODOO

ooooboooobooobooboooboboog2bb000oboo3goboooooooDn
OO Necker Reversal 100 0000000000000 0O0O0O0O0DOO0OO0 @QUOOOOO
uoboooooboodoboobodoob 41000000001 D00ODO 30ODO0O0OOOOOO 2
ooobooooooooooooooooooboobooboooooboOoo 20000000 30
U0D000000000 Necker Reversal 0000000000000 O0O0O0O0O0O0OOO
2000000000O0O000DOCOC 3000000000000 OO0OOOOOODOOOO
00000000000000000000 200000000000 »"Qr=100000
gobooobooooooooooooooooooooooooooooobooooooog

goooboooobooboooooooooooboOoOoobOboOooobOoOooobOoOoooDn
Ui 0000000 00OO0DOOOO0000000O000C00000020000000000
gobooobooooboooboodoaxobooooooooooooooooboz20000d
ubooobobooboooooooooo@mb wwnoob 200 MAPOOOODOOOOOO
oooboooooooooobooooboooooboooOoobooooosooooobooon
gooobobooodoooboo@mownmobosomoooooooooovArP OO
oooboooooooooooocooooooooboboooooboooobooooobooooa
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Q&b

010. ODO00OOOOOOOOOOoOO0.

/\
(a) (b)

011. 000000 30000000.

(a)

ooooooooobooooooobobooooobooooobooooooOooobO s0o0o0o0o MAP

O00000oooooooDod9bdD 000 Ullman (1979) 0000000000 0O0CDO

gobodobooboooooboooboooooooboooooooooooon
oooooos3goooooo ~(e=1,2,3) 0000000 110 200000000

(a) mNaeNazd 10000

é1€ﬁ'2ﬂﬁ'3,égeﬁ'gﬂﬁ'hégeﬂ'lﬂﬁ'zDDDD éz(;ﬁ())(221,2,3)DDDDDDDDDD
000 léilg, |ez2lq, |eslq, (é1,é2)0, (é2,é3)q, (és,€1)o OO O DOOODOO QDOOOOOOO
ooo

b) mNa,Na 000000

cemnNmnale emle, 0 e00000000 ¢, 00000000000 &, e:i(#
=1,2,3)0000000000006é3 =e1é1 +exé 00 e1,e0 A000000000
les|sy = efle1ld + 2erea(er, e2)q + e3léx|g 00 (e1,e2)o 00O OO DODOO|elg, |éiq, |é2lq.
(&,e1)q, (&,e2)0, (é1,62)o 00000000 QUODOODDDOOOOOOO

0) (i
)

5. DO0OoOow*Oogo

00000000000000000000000000000000000000000
0MAPOOOOOODOO00000000000000000W*00000 000000
00000 W*erxp) = Marxs Sexp 00000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000 MAPOOOOOO0OO00O0O
000000000000000000000000000000000000000000
000000000000000000000wW*0000000040000000000
00000000000000000000000004000000000000000 3
000000000000000000
00000000000000020000000000000000000000000
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goboooboobooobooobboobodobooooooooooooooooooooo
oooooooooooooooboooooooobbo40b0CO00oOooobobbObOObOOOO
gooboooo

oooooooOoOoOO0O0O00000000000000000000000000 w*OO
oooooooooooosgoooooooooobooooobobooobo40000000
ooooooooobobooooooooooooooboooooooooooboobboooo

goooobooooboobooooooodooooobooooooboogooboooooon
uooboooooboooobooobobOoboboo MAPOOOOOOOOOODOOOODOO
ooooowroooboo3goooogooooboooooooospoooooobooog
goobobooooooooooobobodoooooooboooooboooooooooooa
uooboooooooobooooobO MAPOODOOOOOOOOOOOODOOOODOOO
gooo3goooooooooooooooobbooooboooboooooooooD 300
goooooooboooooodooboodo MAPOOODOOOOOOOOOOOOOOOOO
oobooobooboooooooo

goooobbooooooooooooboooooobooooooboooobooboooooDo
goobooooooooboooboboooooooooboooooooooooooosonoad
uoooboboooobooooobooooobooooboboOoobooboOobobooOoboOoobooo
oob4000003000000000DO0OOOOODOOODOODOOOODOOO

gooooboobooooboooooooodoooooboooooboogooboooooon
uoooboooooboooooboooooboboooooboboooooboboOooboboooobooa
oobooooon

oooow*Oowr=Ms*0000000O0O0O00O0OOOOO0O0O0OO0 w-OOOooO
M,s*O000000000000OCOCOCCOOOODOOOOOOwW-00000 M,s*00
ooboooobooboooooboooooono

OobOdood ABO pAOOOO0OOO0OO0O0COOO0ABO BAO OODOOOOODOOOO
00000ooooooooowTw 0o0000000 (MTM)(S*Ts)D oD0000O0
oobooooboooDo

BT (1) = det(MTM — u(S*S*T) ) =0

MT M
goobbooobooobooobooo
oooow*0odOooOoooOow™*0Do0000000000000000000
Ooow 00000 MmOoss*TO0000000000000D0000O00000000O0
s, 0000000

* 1 * *
(5.1) Cov(s,) = ﬁS s+

000000ss*T0000000000000000000000000000
00000 M™™MOODDOD0O00000D0000000000000MO000000 1
gobooobooooooobooooobooobobooobooooooooboooooooDo

F
1
(5.2) MM =" el {p?vafT + qj%wafT}
f=1 "1

00000000M™™ O {vs,w e, 0000000 {ps/Afe,qr/Ap )i, 0000000

0000000000000000000
0000000000000000000000000000000000000008*5*T
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3D Reconstruction from Sequences of 2D Images
under Point Correspondences
—— An Mathematical Analysis of the Factorization Method —

Jun Fujiki

(National Institute of Advanced Industrial Science and Technology)

Recovering the camera motion and the object shape from multiple images is a fun-
damental and important problem in the field of computer vision. Especially, the problem
under point correspondences is the most fundamental and most important. To solve this
problem, many methods are presented and among them, the factorization method is an
excellent method because it is stable in numerical computation and it gives good recon-
struction although it is based on the affine approximation of the perspective projection.
The factorization method is useful not only for solving the problem, but also for under-
standing the mathematical meaning of the problem under affine approximated projection.
In this paper, the mathematical analysis of recovering the camera motion and the object
shape from multiple affine approximated projection images under point correspondences
by the factorization method is considered. The way to recover the camera motion and
the object shape from perspective images by estimating the affine approximated pro-
jection images from perspective images and the recursive factorization method are also
considered.

Key words: Structure from motion, factorization method, recursive, Metric Affine Projection, per-
spective projection.



