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( Projective Reconstruction Method for 3D modeling from Un-calibrated
Image Sequence)
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Abstract

3D reconstruction of a scene structure from un-calibrated image sequences has been long one of the central problems
in computer vision. For 3D reconstruction in Euclidean space, projective reconstruction, which is classified into the merging
method and the factorization, is needed as a preceding step. By calculating all camera projection matrices and structures at
the same time, the factorization method suffers less from drift and error accumulation than the merging. However, the
factorization is hard to analyze precisely long sequences because it is based on the assumption that all correspondences
must remain in all views from the first frame to the last. This paper presents a new projective reconstruction method for
recovery of 3D structure over long sequences. We break a full sequence into sub-sequences based on a quantitative
measure considering the number of matching points between frames, the homography error, and the distribution of
matching points on the frame. All of the projective reconstructions of sub-sequences are registered into the same
coordinate frame for a complete description of the scene. The experimental results showed that the proposed method can
recover more precise 3D structure than the merging method.
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Fig. 1. 3D reconsiruction algorithm.

(calibration) A o]t} HE9] Ay glo] g v 2A
g4 A2 (sequence) 25H Fhulzte] £A3t oAt
ZAHe F2ARE dMste A7 19908 o] FE
73] wEgn gt

HHA G4o2RE 3ha(pixel) 71¥he] 349 24
S AFAdsEE, ke 54 € AXNAEE AR
Aoy gl 3101 Tate JhleEt A FEA, 29T 3
A ARE FAsHA Hdsky] Hg 2dg oA
(dense matching), 28|31 o] o] g4l djaf B}
388 A9 (projection)E 9] F4 € W3 HA Fol
gasith A" 33Y AFH dnEFL a9 1
By

AHER AL Z 2 AE H (projective) 2 FEFE= AT
A AR T F 9AR FAHY, 8% MY dAQl
ZZAel8 AL ¥ merging) ¥ ¥ ¥l (factori
—zatong oz TEANY wiwye vde 94
59 AlEze A&87] AgsAT 2] FA49 3&
Ao Jag ol A "ot o= &AA WEH AF
& kﬂfﬂ’ﬁ“ﬂc’i A FEEHMY, €24 P 27
| =
o] A2
AXE Alke] &
3z F&7} 5*]"“ @oiR) 7] wjiof Wl vl
22t FAo] A1 wE AR Jd M8 & de FH
ol Al‘:}[ms]_

xzg
=

K*3

o
[o4

za‘az AT
5];(] Eﬂc—] E}X—l
AGEA. o

Ho
i=}
L.
=

l
2

HY Sy ARLEFH XY ZPYS s Z=2

(232)

HE|S YRy Y

2 B4 ANEzoA 7t *‘Eﬂ
Aol aAFoE UFH,
(homography) 2.3, wjAde] EXE FA9 1
o 289 74 15S v-?fﬂ‘f’&‘ﬂii ZZ AR 74
& o, 74 2FE it ==
T4%th agjn Z2AER 371}*0“
F38 F drt g2 szl PFE LMeds(Least
HoZ AAs He Aot
A5 H(absolute quadric)S FA3IATE Lo A
22t 9FFH o 2 e YA homography)S T
i, AFHoE FFE FAA Y F2E AT
garqet

£ o

Median of square)%

DAL 349 d4e A% 7 avs Zz4
gE ATAC tie) Astn, Ray Jl% Z2AEn
ATIE AT AL 2 12E YA Al

on, VA At =

A 339 AR AN 8 o
o] AdEYom, Abde] A BAHY
2H#H FHle Al2"E o] &atE Whdo] 7 Y
Aol 28 ti4re) Fate] g slvizte AEs)
A BAS) Pz Fgol Wsy] fFe A2YL
A48 & dx $A0] Agdrt (H)EA FvRE R
H #5d 94 Ad2E ojfdE ATE Uy
(intrinsic) FeEE &3 Qe JHdE EE olE &
A R vEAE s Ry Qo3 94 AAx
A EJFES FHst sivlete] Fd gHE
FHo =M 329 FRE AH T,

AHEAS] JES o] g3kA WE AEsd 339 4
T U] 948 A 2 gieete 919 33
d ANs Aoz Fark nud 2P Ages
R QoA o GAERRY nje 2UE 7]88HH

S FAY & JAD ZA9 st o5 LA
slE REo that iAol o) wAEstE 339 W

o shulgte] ARG 3xY F2E #4857 s AL
A7 AYate, ALgAte] Abd A4S B oY B
Ao 7Hd 5o BAS A2 & A 2y A
2 Ao Bad ERFL R TENY HME
At gEe ol BasA =, mEld 4 o



20054 3 HAZE =X M 42 HSPH 2% 115

E 1. cidduo w2 3R i 2
Table 1. Previous studies on 3D anaIVS|s.

ERES A=y i DR AHEA 1 E
e A Al By g9 N
2H 9% T. Kanade & M. Okutomi (elHe. Al2gh 28
P. Debevec & J. Malik" A 8o 2 sz SIE e B A9l
. 8] LI
S. Gibson, et. al. AERnA e maRe sie ALa 92)
JFA A~ T. Sato, et. al™ Wy stetelE ol g e
- T (T3 1A 7% 2HEL)
A. Zisserman, et. a!
S. Gibson, et. al® =57 25
A. Heyden, et. A

3o 7t At B /MEEY 7A4E 5Hes
A 2d] el FEHLE AMEATE HGehe
AT AR

Fheizt e iR 3 ¢ F(extrinsic) HHIIEE
T EA7IEL, 7179 3344 ARIt G AdE
BAE olgsto] 7zt JEE = HA A
Pad g 32 ARE o] &skA g NS
?‘ﬂ% AERA PHer 3A FREY 2 =82
B2AHE e F8 A58 98 AldEd dE A

BA7Res g AEE 32 AT

F

= 0bo o rlr ne
2

2. Z2HEE MY

AAvet AERA e 2 AEE 7 L f
e A4 Aoz FAHY, APdAd Z24
B AFEL F GAdA dA-ERREH doA 7]
8 ¥ (fundamental matrix)& o]&3ch. T2 AE|H T
ZollA 4x4 FHQ FAHE/E ki, o] RAE
2y 2gs A 33Y 722 24 4+ Ao
ﬂﬂﬂﬂ}sl AERANA Ads T2 AE B ATA A
UH 838, ol A BHE % Eiyez T

=
=

2

B
T

ML ro
o i
o o g
o
i

% e

[

A WA FHHEE AlA HEA G AA
& ol g3le F WA Fivlely R4y
A WA Fiegel £ odA FieeE s
Y I3 339 FRAYRE o] &3}
]_uﬂa], E,_og PHEL F3lv) ojy Wyalom
ANEzo diste A W)

l A egzh dAEE 1 ool F gt
FFg m AT oo W) Ry 7]
13 R R | 1 4t F9dA 339 TEAHRE
Aarsty] d&el BgrIRhdygel vls) oleigte] A

N

I

o

rJE rlo
1l

£ fe o
= 5
o
a % (&
N

2
=
=2
o\ o
e

o 1K
=
o

Iz
°
o
|
lo
=~
u_,oR

T 5 Y3 AVEEE oz mark 2y
Al AHeRE 9Pl BE I Adad &
ks Jbgos A 2 9 AF2E ANl
£ AR 4k oldd BAE 23] A4 ¥
PRSP s A TRAHR 474 3
ol AAHRAW, ARAZre] 22 delm Ty
o s) BAsA g ol grpl B =gdA
& st 741& 1zko] whe Faurue A2e =
2AEE A74 PEe Adsgon st 2

ox ol

o

I Rk Eofy7|Ht Z2HE[E A+1y

1. 2l re Z2HE2 [Py

AAAS A X7F FeEt AR P ol o3 2344
B Az AgHE #AE 4 DF 2ol A
€t

Naf = P'X, (1)
7|4 e ZEYd WMEE Jehn je 3 2AE
Ak n7le] Gl tisl molel dXHe] EAls
B4 ()L o e geden T4

Mzt Azt . ALz} pl
Nz Azl ... ATg? p?
° ‘ ntr = : (Xl X2 oo X?I)

AP AT . Amg \P7

2)

714 A ZRAER Holojw, 7|RPAE F3}

o fFaAY 12 2AFYY 35 ANHE A



116

= e FaeA A (2)9 FWo] FIHAE Bl
3 (singular value decomposition)® ZZAEIH. FHA
9] gt B F2 HRE FAHS Y 397
B b e Al A HA A FFY] YAHE 7FAoF st
714wl = ot O 240 o
ofub= dwrAl vt e AE
e g3o] ok

T

[

B
Eal

2. MOl Ba|ut T2HE|S Y Yy

JolX AFB L) wRe wes) 99 o
AA2E BENe] g8 B 7Y 1FoE Y 7
a5 B 2 FAsel THY 15 FA
A BFske o] AYHYUT ANHoE FEG 4
o 4o AT, A XS] & Mo}
Wl Ao} EANA B G4 399 FERARE
A4s71o Agse w8 Z2Abn 4740l JE
Yol 7)x37] mhEe] AAFEe] WA 94 el 2
0% PEsolo} Y} ¥ RANE old 2AES
FA) 2R A2 WHIES Adsgon, o
g olg3to] auel AW ABLE ST

e
3
Y
|

0% A%HQ Gy AA2A AR Zg
=g o) AL Zeglo] Wagl wel
Aadv], ol BAES 48T 4 2k 18 WA
2R3 Fo¢ 2201 Wk 4 2% A WA T
A58 71202 o]F AWz

H&& o3 2ol At

o WA A%, N AFGH o]
B Aot

Lt BHAE 2%}

FRrGEBADe] A Ao AT AA2d
A selete] ol EAEE ulstH, Bl g o) 3
A9 B qFE ol o= A= EAstETE U
dnh dugez ol§AEs} & 4o A4S 3344 4
Mo A3, 33 F2E R AT 9
AXE heHEC) Y Uol FLF ol we
AFHo] $EHA golof Br}. HAW she etz

HDY Y4 NRAZYEH X8 RUYS AR T2HES YRY WY

Aag. kel 334
HEL e AR A
GF7re] FHALGAG s} F4E
Aol A{she gl F G4 94 Bole
Fhelet7t ol Fdel wel, e gjge] thekgk Ao
U o] BEg] whel dild @A A YA &
A A} weba] ol g FHALGHE QA7F AjH A
o] 283 247 @k

HHALRE At 7 GdAtole Ha 4l o
Ao 2REH 78 5 glom, 47] o)de] Hel disiA
= DLT(Direct Liner Transformation)®'8-& o]&3}to]
T8 4 A€ be 4 @E Fuadusisge o
Aol o7)A xi, xi'S HSHOR FAFRe|N H
t FEAldEayd N A4 HeHe sfgolrt

(4)

o] 44 ol 12 E¥ae
Sol 1ot AEE 7| EAD L Ae 5 Aok Puia}
A 027l e EXAEE ou A% whald
= AR, gate] dzog £ B oA
AEEE FHAIGES ool TANe] ZRWAL
QA Tat7) ok wEa Aol Gar] n=
A BExseASE FAr] ga 94e 988 2719
F4 S (sub-region) &2 B o, HA Gl g
P dxg 289 7 2o ey AEite
2ol ol gdle] i} FAelA AAHe BE AxS
AN 5 Ak Wed Bz FTEAEA AL e

2.

L2y of o o 2

5)

A7) N& 2 B8 Asoln N il 3
A9 ol = dsA A%, A AR Foln

Ase 2479 g9 o)t



2005H 38 HASHI

2} RoHEl ZRMES T gy

Soln Aot RAEEVE P4 AA2E 1§
7] A% BwANE g 4 ©)22 Ftgon, o
71N s= B8 A5, we 74 ax9 HEA,

S: 'wlNr+ WQ(—HL)+ wgo'p (6)

4 @9 way 357 QAR e AXY,
A ZAYAAREY A2 1FS YA ol b
uabge B3 94 Adse @AY aFoz Uy
W, 2 289 7] ve TRAER FRE 4 (D
olgste] B AgEBNAL FE T, Shte) x2
Aeln groz Wag™

PH =P, BbH'=P, 7

4714 Pl, P2 & 159 vk 5 Gabel sole
Eggdolm, P, P2 H 189 Ag F 349 7
uek %o 6393015}. wrep 7k 2§ T G4l
gom 339 HolHE o]&sA HH AlgwsgEds

T8 4 ok P, X, Hebel #AE 4 Q)% £¥ 5]‘11,
PHAIG WS RH L A (QEFEY 7T F vk B
B M Furwsade] At re—prOJectlon) 2

A2 0|83 LMeds & ARSI
P=PH™,

X =HX (8)

ming p= YD*(X, HX'), D(X,Y)= i; (XY, — VX,

(9

A7 X, X'e 742 ¢ 2§ 259 334 dolH
°]i, D& F dlo|Ezte] A geoln

V. 48 4 HE

At Hg‘ﬂg AT4E Anet AA dele e 4
g8 Ao vuwsly] 93 AA 3344 HelgH=
TRY B E —% ez 334 fusield /W

MAYA Ver459)4 7tu|zte] AlgBAE oz 44
afod Q7 AE2E BT 29 2¢ AR o
doin], AHP3HLE CPU-Pentium 253GHz RAM
206M olt}h. ATAE delHe ¥4 e x4 Hol
Ejo} FAMES Al JomR Y FAFACdA 2A
A& 2AToEAN P 32 e AERH AT

=&X

Ma2HASPH2E 117

a2 2 e At
Fig. 2. Rendering images.
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Fig. 4. Input image sequence(t, 5, 9, 13, 17 frame).
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