7 J?#ﬁ””ﬁfﬁhhmﬁ

- L G LY N <V 3

AR

iy S R -
1 EHFATIR

1T B s

FHARL
RIHLLF A

E-mail: cytang@cc.hfu.edu.tw

#F &

—;Mé D FEAWAERE L EZF > AU

B RGAPER o M@ P E f ? {15 A
;fi4h‘ﬁ#/i-ip%53‘:ﬁ«f" v B4 (B4t HRE
%:;)E,;rﬁ%#ﬂmf’; 3 R mJE‘,;r #
L: ?‘mﬂﬁf;"fﬁpr# fs ek T oo

LY s BB A A LA BINA - FHE

iAo - L BAg
LA Bk T L o

CHERGLH R ERNBH AT 4 T
Lﬁi‘*“f”'fﬁf'}ﬁ"_ﬁv}ﬁ—' «\‘q,\,“\j\_a/ Lt o e
ST AR s R

® "L’ o Homographyi’ Image Rectification
F%ﬁ%%ﬁﬁﬂ°ﬂéééﬁ%jjﬁgia,
#1411 *  Homography ‘ri’:#_*r]b} Fotat o ¥ - B

i TS R

* Image Rectification i & &7 1 A g4k o pF o>
RAFHHRFT AR -

Mt - fzﬁ # ~ Homography - Rectification
3D A S FEHR o

1#3

THY PR A BRI  TE kT B
Penif AR AR PIEAR o RS B R P
AR HRE ARG RAERL T AR
o P HR-v ez i 0 538 3D WAl m R
BER  (REPFEGTHEALDRT R -

Boa I B B J e il 1 R0
EHEER LR BDEAFIERE L L E

@ a4l 2D % %1@%@°&¢ﬁ3DLﬁﬁ
A pEBPF €83 - B TK$KW?*%E%

it :Fiff"«‘xﬁ%¢ tRBEP 13\ dp AR ¥
& = (e s ﬁf*‘)f L R
R A AP B AT B B 2D B 18
L/ T N ’fﬁ@%ﬁ”ﬁ%"ﬁf@pr%%ﬁ ik v (2
e PEFRE)-

GldcB 1 A Fre m““iﬁ‘z"‘(*“iﬁ’ LA SO
)T B AR AR BRI T f‘}"ffaﬁ@u_’f

*L}_
Kf -

L PR s e R B2 o g 4T (Image

g3
Inpainting) £ #<(3],[4],[5].[6].[7].[9].[12] 4 *} A1~ #
R DA A (5 Pk T o

M1ERW (2)5 RiBE(T)sBEF B0
B R LE T AR PP PRSP
SRR A O R C Oy SR LT
AL et N B R g i PR T
EHROP R RERH G Rk R

ﬁﬁﬁ%fﬁ%%ﬁ%réﬁﬁﬁﬁﬁﬁ’#
Leh L35 B2 47 (Image Inpainting) &2 +4 7 & =
(Texture Synthesis)[1],[2],[8].[14] - # 7 & = &d -
i+ Bt ~ (Texture Sample) & = - B P &£ F ¥ > @
WAt L e bR G R A S R
W (T IBAT o

2001 # Manuel M.Oliverira % 4 3#& 24 7 &
Z[3] > m 2 2004 £ Alexandru Telea # 1! Fast
Marching Method(FMM) [4] > P-:& g 48 B2 lg\d ]
T A NS o N BB P R R
Vi A i R 0 e AT BATR S PR
B géiﬁﬁmmi

f 2004 & A. Criminis 8 A B2 & HF &2 2@
B AT [5] 3 B w B2 iR E - T OHPY RSP
# “,% {6 % B n’éi i A > 2 2005 & Wen-Huang
Cheng+ % A 4% 41— B 5% £ N7 5 2 [6] 0 44 % A.
Criminis % 4 ﬁ LB E Y iR EE e A
o0 K4k ® RAEE > ¥ b 2005 &£ Jian Sun,# 4
Bdi- B RRE Y IR [13] 4 1
BOE-H AR IR AT o

B# o4 pREEFRNREY SERB GBS
[20],[21] - ¥ ¢H @iz AT S J TR BB AR X ER
*E R B i RIS R 2 Y iR[22],[23] -

‘4\'_'—:‘1



Ao AR FIFHERP G A ek 2 iR
Lo W HER YA enal B E Z AT B S h
Ppmwzﬁmmﬁﬁmwrkﬂﬁi&@ﬁﬁﬁéﬂj

£

22.HE B

L AR 10 1 T = o ,AI;K;}\& A il g
%ﬁﬁ@%ﬁimﬁﬂmﬁk’#ééﬁﬁﬁﬁé
B AT T 0 BATEARY B Ak P e o T
Bl A B TR e Gl 2(2) 5 R
RAp R PR D RBEL 0 deW] 2P )R
3§@ﬁ%ﬁ’ﬁﬁ“%éﬁzw)%%»?é
I TS G ¢ RS ORI

T 'gd.

i

X o Tilji&—&?f@_/‘ﬁ”ﬁ&gﬁ g A > 0

F2(2)2 REBGO)IBGFEE()RS

2.1 #% % 61 % 3 4 (EXEMPLAR-BASED
IMAGE INPAINTING)

Criminisi ~ Perez £2 Toyama(2004) 4% ) sheh @
B A R[5 0 BB PP 4*4**1‘ 2R
edgeen™ w2 B R % 1‘;\—% EIE i;t Ji

pEEA D R F] A E PR T R AT
MER o HATEARE Y AT Mﬁﬁ ¢ BB G
E5 ;{gﬁ Confidence Term ¥&# Data Term#p 3 » i+
Th- BEMADEE > BEFEE LA TR B

Patch » & &% % 3 F 35 4p (v v Patch » 45 7] {8 98 |

AP T o 2 ¢ &34 iueh patch €02 Sum of
Squared Differences(SSD) # 3+ &
B o

22 % N B L
COMPUTING)

¥ (ROBUST PRIORITY

#

Wen-Huang Cheng % 4 3% 11— Bz ig 82
[6] > 444 A. Criminisi % A 3 412 ;2 ¢ anig gzt
Fherarsy o KR REAEE o B PH REA il
= 4 % » %1 5 Confidence Vaue =B % i& #
Confidence Term 2: Data Term :}mfc%é Rk e

Voo iR A B S Confidence Term z
vt’ DataTerm#;Hc » ¥ ¥ % Confidence & * ¥ 34 & 4 e

:'7’1::' #(Regularizing Function);* # Confidence -

Wil sothmT > BLEL §AXE
k&
3 %1% & (STRUCTURE PROPAGATION)
Jian Sun (2005) & 4 % M x Wa G A o
B S F T oud - it R (Curves) K Bk 0 fi
HET HE 2D BTSSRI o 2 RS

# & Patch #4p iz B¢

R3] - A F I o kR RS S R

?-:‘2;}' TR TI o
fﬁ%‘a“ ‘*ﬁd @ Fip AR g AR R
oA BRI F e RS SIS R

BRI A R KRB SIS REA P
T ®e i P dp e SUSHE o AT 4y T RGP
PHET s A frand ik 0 A2 4 B LB (Anchor
Points) » ™ 7] %_2k(Anchor Points) % ¢ « i B~ -
Patch » £ f€_k ik % 3 chis$EE Bo— B Patch > X
¢ &% & Pach &2 Lk Patch ~ /| 4 » &5 B
Patch ¢ “ﬁ AW A e 3B W MRS LW RNEER > B
¢ 34 B3 42 (Shortest Distance) » % 4 i B~ ¢h Patch
AR 0 KRB KRS A

3.5 B

e BT WG AT R R Y B AR

Ao Fag HRBBEGBA  T AR BREF AL
210 fv BE % o

AR gd 2 b & RREE 2 H

#ﬁ%#%ﬁ J}wigra G g LR Bk enk R
Flo AP PUHREE GRS T SR

BE 14 o
3.1HOMOGRAPHY

ZRTEY AT i RERP A RP ik
j’ﬁﬁ%%ﬂﬁ%@%gﬁﬁﬁﬁ% R
o 1 £ T 5 btk 8 40 Homography 4

W (H)[24] » # ¢ H & - B 3x3 chipid » £
Homography é‘P‘f—(H)%;: S - R hE RS

* X =Hxj » AR Z R AR 0 4o 3¢

T o

® 3 Homography % & &

FETELEFC 220

fo SRR B e IR P
A = (Epipolar Geometry) » £ g ifc ¥ 2 4~ 48 1)
C A B E K P e 384
ik hIn Sdic o A AR (Fundamental Matrix) i £
PRk R GLFERAS P G
321EM B @

BAAIF| LB HE D S BA e BRI E S o
A g d AMA e 2% Fps T v & F
- MPBEP pEY w > REES BFAS B A
Foiz B R AE o BRI o ] B i

g A Y



0 BRER TG A BRGT G pam D o
B X E - 7 PAR S AR TR T 2 2 ,za_;‘-;

Foangh o X AXPEREF - AP Il L 2 -
BRI XAXPR AT = PR R I 2

AR B RERREXE X 22T
BrenghX o 11 E - 3Mppsz ¢ v A s Ty

'rﬁ'F"“loZiU Faptsd w FARP IR chx &

ZREIFFHFRE AR Ay X
m&« TR EE D X 20 fr OFF) A R
< 5 (Epipolar Plane) -

RSP GE 1l B KRB EP -
SRR B Eh R TR o Rk e oIl b 2
- B X APEF YA H IR X - B
X Al Pz MY P ET F X S &
TG gE AR PRI sl + o

322 pd#Et

AHFELI A HE A BRSSP Y > T g2
Atz ez Benbl h o A AfRD ptza ™ o §

AP S ARG BT PRRREOTFARAEY
o AHELT A - BEL DR “?],?? ¢ 3

_,4\)

TG AR R RGARM S R T2
e A A HEE kLT ’fﬁfsﬁl“’lﬁfﬂﬁ”’fﬁg
o HW R - F BN TRER TR T R
oo B X 5 ¥ - ERG ﬁv#ﬂ%szﬁvmﬂ -
'y 58 &% - ER G “THEIER > A %56
AAEEL > £ 5 - R GE
I'=Fx » ¢ F 5 A#Ed o
Flo Xy Pt OHREEX §

- = X AT
F X R By

2P f
XTl'y=x""Fx=0
323 i} RECTIFICATION

¥ . Rectification @& * A #AEL > -5 5k F
Eil AR 3 2 R T [10],[11],[18],[19] 0 i S R B iy
Btk ko B WP R AP T U F R e

-
4. B 78tk

B b- BREABERPBAH S E > IRt
;ﬁ;ﬁ:‘é @a‘fﬁ' v PP R PE S e :rr;rfngz e
AR AP Jf}%‘?vi)‘%fr'mf’ 1%\?"% o 2 Bt AR
Fi—m‘? '%»(E* FERHE T HS) AoB 4 T o
%%ﬂwﬁﬁﬁﬁsﬁzfﬁ’ﬁ**ﬁﬁﬁﬂﬁ
‘:;IL{;*%‘EJ afrm;. R A é\fpm “"Akﬁ“’ﬁ
I‘Jﬁ%“,%ﬁ‘f"ﬁ fé egl 15\ P Mg A xF o EayEE
Frpldv ke ST R R d SR R & R kDR
B Fla ad b bk RpEOB G TR IIAY -
B & R Ap BN AT eI 0 kRS
BT RS PP R F R 0 A< & Homography &
Rectificaion & i > j# @@ §ig 4 o > jF 4o

m4xias§' BA(F 2)5 A ﬁbip“f*ﬂﬁfim
(F )3 B (T 1) ATF #’*#Liﬁ'ﬁ“«%rﬂﬁ‘rr{
EB(CH)s B3R

418434 % * HOMOGRAPHY

iz AP e €FF T e oA
Homography ehiF {4 td sk F i T 6 + ¢ 4 &

5 PR FL T 4% Homography s i+ i
P FAHZ QLT P WMAF R ks
FRBAFR G PRHEAFFTHRP A AP > e
B 557 B XFiZaz e gk FlifgE i
##p%&fi% Pzar @Y e X B F -

P XA RS -
(=4l w o)

FoAEH(pE? A RIB G

ML LT G R R AT B

o

+ o ARt Homography $t/&BLR % > i F 2
Ay HEwLpr, A1 ghife o~

o bR R0 B g B ke Homography
BE o B L fe it et SN R e
Bk £[15] > 3+ 8 H4pd » 7 B~k 4 1 BLiE 4
Bl 80 BT

1.3 3 824 * Harris Corner Detector = ;2 » &
G35 0B ot endE EE o 4o ) 6 47T o
ERHT G P EP - BEF o REPDFERP
2 Sum of squared differences(SSD) = /% 45 di4p e
S RE 0 Ao B T AT e



3.3 Mgz {8 > 41* Least Median of Squares
# LMedS > £ & & bucket = ;% (] 8 2§ 9) » $5
DR s £ [16] 0 4o B 10 st o o
LMedS & & bucket > #7435 | - Jefidd chit g gk o

i

Bl 10H i R ek

FI* pda= o B hEaikes L4 4
S et BE 0 2R B B 3R §2 ffeh Homography A fe B
% o 41* Homography # 1+ @ Hig 4 > A PR
FIF M Bl 2R A A RAp DR o AR
Hoo bgoa- R E NP R

Bl 635 N FF R

w'=Hx

B LUEAARGY BITEEG 38 Hed

S 1L R o KRB AR TR kA e
R bR R G BB Y H B E A
, S TR R R S R (e 12) 0 & R AR

GEA e RS PR G G d B - 4o

%

B8 ™ bucket Bl 13 577 5 - 96 G S 10 A B ik A

X

H, H- Hs Hy aee Hy J

#k i ) 2 2 2 g is i
u L 5 P Forl j nh 1
B 2 }.:z .

Min |Mmﬁn n l~~ == 1 1
1 R
: : : iy Tm ;
i r = i : Tee i b
<o

(residual)

¥ 9 Least Median of Squares s &, ®

o F g5 Bl R BT e AW 9F ERER

e benght B Hoor 2 & & residud:

rz\/(ki—xi)2+(*'i—x'i)2 cHY X 0 Ko W 13 kB 3%

Xi & B if— BB n¥t R EL > 2 Homography 2
! 1 » i AR TR F A 41%%’$#§'Ti

Xi =123, me bR 14(L) 0 AR tE f B AR 15 B AT R

B %RE Xj=Hjx » §=Hj"
F o hpF AT GG BRI E S 3



EME - BROREREE B E NGB EE 0 A28 R * RECTIFICATION

SHEDETE li\m#BPﬁwﬁ b 4o 15 ATom o

1 EEE ¢ iEBe— B Patch o tﬂ;; Homography 1= ;% ¥ *I4] £ T 5 + »
= T g oaut A5 @+ F i Rectification = /% %

i éﬁ > i * Rectification e# g d_¥ 11 4| &

45 Patch cg= [F » 3 4 & 45 Patch eh /5 o

F_k

W 17 ¥ - Rectification (& %)& ’&1(1 )R
2(T Z)(™ +)Rectification & engs T

Bll7) 6 (2%)3 %%k & BTN i 5
W 15318 § ¥ v Patch WG > 3 RP O EE ¢ A J\lﬁﬂ
room “ﬁ/%%!;myﬁ%”% YeBl 17 7 (= +)%F
RisE S ®P P > B-dieh Pach 1% SSD 7 o g2 ic i Rectification 14 > it 7 % 1j\r}ﬁ‘ o
-5 A0 gidp 20 Patch 4o 16 #6F o #stE 0 ) 18( VB m*. BB (2)0 4 BB
g Patch B P % > DA RFEAZT L 0 B £ER
e 23 % FroF e

W18 B % @ (2)5 REH (L) 5 B #

WI6H- 252 BT LTI REIEE S TRy T

i# * Homography # i ig 4 = i : ARy o 4oB 19(2 )9 77 E B~ B 13x13 <
1 $PFWE3FE 7 F amﬁ%g GG g b Patch 32 B AT R G R 19( )40 ¥
FR 4P hframes fufpfs.. e MR 2 EPAp ke 4 o] i Patch > £ 1% SSD

2. 35 fy,ff5,..f, 7 Homography % fe B % o PR ARG BAT R R

3. Jil#* H ¥ Frame ik B gk -

4. 1A 13 NEPRE o

5, pd AT p W

5151 p 1% Wific, 3" B R LA A B8 P R
% patch £ % Ja ¥ patch -

5.2 # * Sum of squared differences* & #p iz

patch -

5.3 #-#7 patch 3 4 p &% o

R AP % L AT o

EAF56HIETIPERARL L -

o

~

W 19 ¥ i3 # B 42 H 45 Patch



¥ E 2R 9T chPachis o ER R ERE TR U R T BAE R S 0 B 23(H) 5 B
ZorPachepgpd B p R R FBEEI 40l » B3F % o d R SHEP G FEPFDRARTF L4
%

g
B mPatchc‘ o F EHEA P EFHPachip e i FAEARMGG TAR o ABA SRS ARG -
B eB20%7 0 - EEAD PRERREN 1 PEARIEHRCELAREETR 2 R
%5k o Ao BI2747 7 o FE i A8 4F o

W1 20 8 # B2 (£ )0 T AT (2)@ e 350

i¢ * Rectification g i3 48 = % :
1L $FRaFF 2 iahBERTR G AT
fod Bl S R o

2. EPH st ¥ A#erL o Rectification # i o
3. A1 NEBRPRETE o
4, pEi3AE P T C
41 @ p % A, B OB E AR B
rectification {4 e 4.2~ ¥ p # % patch 2 ) e gy " .
% % patch - W 23 * Homograrih){ .@uﬁ(}_)%’r BB ()3
4.2 # * Sum of squared differences 3* & #p iz BH 5
paich - _ W 24(=1)2 & B4R B 24(% 1 )(=
4.3 #-57 pixel £47 P & F pixel o —:)(4 TYA kBT Y KBRS ’f.fr- i 15 hgs T
5. MILAEND T LA ) Foo Bl 25(%) 5 @At hiE % o B 26(%)5 T - &
6. EHFASHFITIPHEFBH L L o B g At el %
58 % %%
W 21 8- sEpfpaF e § 5 2R
P TR R RBGE L BT
PO MM EZ R IFRINRETR o B 21(%
I ERCRLT LT Y LK

=

W

WM22LERPGR%ESH (=2)5 AP E(+ g 25@ » Homography i # (%)% R 458 (%)
_)Exemplar-Based(= 7 ) Robust Priority L R
Computing( @ =0.7)(+ ~ )Structur e Propagation

& * Homography # iz 4 » F15Z A% 3
% T g > Fpt41* Homography =i i ig 4 - —‘ﬁ'
% 454t video ¥ B~ 5 S o] 220 FEd 5 R



B 26 # * Homography 3 4 (%) 5 R4-8 §(+) 3
B

A £ 5 Pl B Rectification #17 j2
3 & F i epiplar line* 7 > & Bt chp f% ¢ 7
BT - PR F 0 0 R RE DA
F o A% AoR 27(7) o

Wl 27 ¢ * Rectification § # (1 )#% 4 (T )3 4
By

6.%#%

BHRRGBA o R R R BBA
BRw s o A% BRI © ol o R
N AP RFRHEORETR > B GFEE R
A L b ERERE R FEHERARETR

S AP Video @A S & B A LS R
Poijr vEE R L RPEFOR T 2 Ak
L TR S PR e TR 0 3R
FEREOEENGFLFTAPTFS L LS P HEE
KB ARG kT o A e p R
Homography ¥ Image Rectification i 4 - ‘5iE 7
AP S B R AR BB Y PR
Bl Bl T £ RN R DB o

D

dxtr S A EER DR R F L
FEARM B T2k LB BEIPRRZ -
3o A RE R GRE B XA b B iR
BoBRp FFafflr L danSmr i§a g
AT Lk E B - BRI «’ﬁ G TR
A bR R A

54

[1] Alexei A. Efros and Thomas K. Leung, “Texture
Synthesis by Non-parametric Sampling,” |IEEE
International Conference on Computer Vision,
Corfu, Greece, September 1999.

[2] Alexei A. Efros, William T. Freeman, “Image
Quilting for Texture Synthesis and Transfer,”
Association for Computing Machinery's Special
Interest Group on Graphics and Interactive
Techniques,(S GGRAPH 2001).

[3] Manuel M. Oliveira, Brian Bowen, Richard
McKenna, Yu-Sung Chang, “Fast Digital Image
Inpainting,” Proceedings of the International
Conference on Visualization, Imaging and Image
Processing(VIIP 2001), Marbella, Spain,September
3-5, 2001.

[4] Alexandru Telea, “An Image Inpainting Technique
Based on the Fast Marching Method,” Journal of
Graphics Tools,2004.

[5] A. Criminisi, P. P’erez and K. Toyama, “Region
Filling and Object Removal by Exemplar-Based
Image Inpainting,” |EEE Trans. Image Processing,
Vol. 13, No. 9, 2004.

[6] Wen-Huang Cheng, Chun-Wei Hsieh, Sheng-Kai
Lin, ChiaWe Wang, and Ja-Ling Wu, “Robust
Algorithm for Exemplar-based Image Inpainting,”
International Conference on Computer Graphics,
Imaging and Visualization ,(CGIV),2005.

[7] Iddo Drori, Daniel Cohen-Or, and Hezy Y eshurun,
“Fragment-Based Image Completion,” ACM Special
Interest Group on Graphics and Interactive
Techniques,(S GGRAPH 2003).

[8] Jiaya Jia, Chi-Keung Tang, “Image Repairing:
Robust Image Synthesis by Adaptive ND Tensor
Voting,” Proceedings | EEE CVPR 2003.

[9] Kuei-Yuan Cheng. Research on Improving
Exemplar-Based  Inpainting. Master  thesis,
Department of Computer Science and Information
Engineering, National Taiwan University, Taiwan
June 2, 2005.

[10] Z Chen, C Wu, HT Tsui, “A New Image
Rectification Algorithm,” Pattern Recognition
Letters, 2003.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

S. N. Lim, A. Mittal, L. S. Davis, N. Paragios ,

“Uncalibrated Stereo Rectification for Automatic [18] Du Huynh's, http://www.csse.uwa.edu.au/~du/.

3D Surveillance,” |1EEE International Conference
in Image Processing (ICIP), 2004.

A Levin, A Zomet, Y Weiss, “Learning How to
Inpaint from  Global Image  Statistics,”
Proceedings of 9th IEEE International

Conference on Computer Vision, Vol.1, 2003.

Jian Sun, Lu Yuan, Jiaya Jia, Heung-Y eung Shum,
“Image Completion with Structure Propagation,”
ACM Transactions on Graphics (S GGRAPH
2005).

Peng Tang. Application of Non-parametric
Texture Synthesis to Image. Master of Science
Computer Science, University of New Mexico,
May 2004.

Wen-Hsiao Kuo. A Sudy on Image Matching for
Uncalibrated Image Sequences. Master thesis,
Department of Information Management, Huafan
University, Taiwan, May 2005.

Yi-Nung Liao. Research on Robust Estimation for
Computer Vision. Master thesis, Department of
Information Management, Huafan University,
Taiwan, May 2005.

Yan Hung Ding. 3D Reconstruction of Buildings
from Uncalibrated Image Sequences. Master
thesis, Department of Information Management,
Huafan University, Taiwan, May 2005.

[19]

[20]

[21]

[22]

[23]

[24]

Richard 1. Hartley, “Theory and Practice of
Projective Rectification,” Internation Journal of
Computer Vision, Vol 35, No 2, pages 115-127,
1999.

Sung Ha Kang, Chan, T.F, Soatto, S, “Inpainting
from multiple views,” |IEEE 3DData Processing
Visualization and Transmission, 2002.

Rasmussen, C. Korah, T, “Spatiotemporal
inpainting for recovering texture maps of partially
occluded building facades,” IEEE International
Conference on Image Processing, 2005.

Kedar A. Patwardhan, Guillermo Sapiro, Marcelo
Bertalmio, “Video Inpainting of Occluding and
Occluded  Objects,” IEEE International
Conferenceon Image Processing, Genova,2005.

Y. Wexler, E. Shechtman, M. Irani, “Space-Time
Video Completion,” |EEE Computer Society
Conference on Computer Vision and Pattern
Recognition (CVPR'04) - Volume 1, pp. 120-127,
2004 .

C.-Y. Tang, H.-L. Chou, Y.-L. Wu and Y.-H.
Ding, “Fast and Robust Algorithm Using Coplanar
Constraints to Estimate Fundamental Matrices,”
2006 |EEE International Conference on Systems,
Man and Cybernetics (SMC2006).



