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Seamless Image Cloning with Detail Restoration
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Abstract: Synthesizing two images with seamless boundaries, i.e. seamless image cloning, has many useful
applications in CG and image processing. Hence, investigating its computational methods is important. For
a given pair of images, if their texture patterns are different, then conventional approaches do not produce
natural-looking cloning results because of their detail differences. In this paper, we propose a new com-
putational framework, Poisson image analogy, for texture-aware seamless image cloning. The framework
processes the image details and its base color information separately by using a novel edge-preserving filter.
Then, the base color is interpolated by solving the Poisson equation. The detail is restored by adapting
an example-based texture synthesis technique called image analogy. The framework provides realistic image
cloning results with seamless texture details.
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Fig. 1 Texture-aware cloning and comparison. (a): an input. (b) and (c): Poisson

image editing [26] results where (c) associates with mixed gradients. (d): our

result.
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Fig. 2 (a), (¢), and (d): inputs. (b): a copy and paste result.
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of the image analogy [19].

~

Source § Mask

K7V AERICL DM

12k 5HHER
DET
AA’ BB’

Step 2

4 RTV rEGEHEEOBE

Fig. 4 Our framework: Poisson image analogy.
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Fig. 6 Base color image T (left) via our edge-aware smoothing

and its corresponding texture details T — T (right).
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Fig. 7 Artistic filtering results via the image analogy [19] with effect images in Fig. 8.
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Fig. 10 Top and bottom graphs are Gaussian (left), box (cen-

ter), and truncated Gaussian (right) functions and
their corresponding Fourier transformations, respec-

tively.
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Fig. 11 Smoothing results of Lena via Gaussian (top) and box

(bottom) functions and their corresponding gradient

images (right).
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J Go(IT(p) = T(q)l)dy

(4)
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% T

12 ST Y AZMOBEM. mHOXHENIZH 5 Y — A D
BAEEM so L E LTRHEEL, COMREEESY —7
FEAMUER to 2 LTRSS

Fig. 12 Fast Gauss transform concept where sq collects source

effects and to distributes the effect to targets.

EhoFEETIE, X B) xHWTuB Lo (WfE
DifERE) ~DOEFRBERET>THEE, uB LV v
D—RICEHAH % FHEFEEIC L) ZHEIFETT S, X
Wk [14] & BRI, DEEEECLIET T4 777 e
WY o720, XA D% (u, v OMEE—EIHLT)
o =aV32V )/ (VAV = 1), i=1,2,...,V LB(LEET
VYR LEAT 5. L Bl L Box BAARKIZL S
FLE DTN SCH [14] 2SO Z L.

4.1 ZRH Y XE#H

RETIERN 4) OF 7 A G, CLBBAAHREE
HEPEHE T 2 FE Rl T 5. ARCTH SRS Y
AR (17), (18] 13, L EARIER [16] (Fast Multipole
Method) % 77 ABEICHL S 72D TH B, K
JE & FRITROICOREE S 2 720, FHEWIEYRE Y 3 VBT
B RO BB AR L 2 BAAREFATT BT
OIZIEIL S HWbENTWA, F72, 5 Bilateral 7 1 )V
5 [35] e &y VRFFRLICD BID ST b, B 1
EERO RO T L EE0LE L B AR REE,
MIEOFEETEMT 52 LR TH L. H—4Y >
VI L C L@ CTERVEEOEmE 7 — ) T4,
ELIART, HEA Y AKIIIEY — 4 T NVITxF LT
ST E 2720, 7 (3) 12 & o CREMERS N (I
¥j—7) FEEEIH L TR LA jE T 5.

B AT AEHIL, OGNy ALY =7y
D2 oD B ARG ET A, AfRTIE, VALY —
7y b eI (3) THEBR SN KICEEE T(p) % v
B KIS, REOHLEERFEEE LT &m ) CUT
DEHICHBEREIT) 2 LT, Ty ABKICX BEAA
R YN

—RICHER EICTY =2 7=y FOfIER s,t €R
EL, BT AREOHLIEEZN TN sg BL Dt &F
L (12 2H), 77 ARG, (t —s) D sy ZHLE
L7 5 COMBERIZTL I — MEH
Pl e i B 0 B
>[R[ (5) -3 (52)

i=0

THROND. 22T hi(z) = (—1) L exp(—2?) 1T

S MNEEBETHL., RKITtE s EANKZ LI LT, T
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Fig. 13 Our edge-aware smoothing examples.

fo BEIE AW, o = 100 TH L

DY =y bty L E L72EE TORBRRIET A 7 —

Sl )
o ()

}iiﬂ-a( 0).

=0

t—s

|M8 ||'M8

IZTHEEL, KBNS TRER L OB RAFER % FHATIC
FHELTBL L TEEREMATEETH L. Fy AEK
BEICIREL - FCIUET 2. 2@z, 52567/
(K§EE) Il %3723 018 FElERAXOTKE, 5
RONZHTHBHUAZ EWURETH L. HE AT AL
DR E BRI, BARAARTETT LI, Z0FBYD
HHAPRETELHTH L. AT, CHk[31) OiisdE
ExRAVEZETHH ) HEAEIMIcIE Lz, Bl
A AR O FEREFENNESCHR [21) 2B Z L.

X 6 3L 13 IR TRE L7 L2 Hiffis L O°F
ARG T AN BRI & B Ty VIR TH 5.

5. BIEXRBREER

KETIHRELL 7L —LaT— 7 2O EBER, &
FHMOMERER T, B LW L A4RORET K5,
RERE M BB -

KREDOHAEFERIE TN T GNU C++ (g++4.4.3) 2 H
WCHEZ L, Core i7 X990 CPU B £ U8 24 G Byte RAM
® PC THEAT L7z, LR GPU AW T WA W, K7
v 2RI [26] & FERIC 257 & Gauss-Seidel
TNz, X (3) OABL D 25 % 4T - f: (AT
—XK). ANN 74 77 DFRFE/INT A — 7 13F, EFRKE
BoOBRE LBV = 3, m@ﬁﬁ%*@®‘%ﬂ7x—
Z131.0, BLOEBELEFOEL Y #HE§ 5 IRC 787
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Fig. 14 Timings (sec.) of our edge-aware smoothing via aver-

aging o (top) and ¢ (bottom), respectively.

A—ZIEHER 17 1> TIRC =6 & L7z, Ty VDK
ES LB L= A FFEICHETT 572012, EFIREHRICT
o=¢ (PEVA=1BIVG,) EERIIHVA. £,
RGB 71 7 —HOEEFAEDFEHE a L L, p=ap D ¢ %
FET L7z, AT L AICTREI L E LN T A — F IS E R
D ¢, WIEHEHEDTHNT A= k, BLUI~YyF 7
FFEr THLD, AT op=k=1BIFr=2THW
wREEON.
EERE

M 14 EARCTRELZ L2 Bl X O T 7 A%
Br v cERBAROEREOTT Y N ThH L.
I X =%k ¢ = {0.2,04,0.6,0.8,1.0} BL o = {5,15,
25,35,45,55} @ 30 FEEH % V72, Ty VRARGET H
ACALERAS, W% A AN HOA] 0 5145 e P g 23 L 2o
TETWS., T/, BEV Y AZRER VTS0,
T A= ZIHEID LRI EEEANER SN Tw5 (P 30K
A5 50K Wi /F).

K7V 2 HRER & WG ORI I AT 2 W5 12
KAFET 5, B-ETL—L7 =7 &RTIE, 10242 BEOK
EEOWMGETHIUL 2 PREOFERHTH B, 72L& 213,
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H 275 h i ‘ “
X 15 B [26) (F5) LIETLV—09—2 (f) &V
B EBRIIANEG., RETL—2T—2 (p=1, r=2,
BLO k=1 12XV, 77 AF v #EAGIEMIMEIC SN

w5
Fig. 15 Comparison of our results (right) with the Poisson im-
age editing [26] (left). Texture details are well restored

in our results.

B 1 OFEF (1,024 x 1,450 pixels) %152 D12 & FIg 2 0
58 ¥, K7V v HEXOMRL 6, B X O 29 7
Thb. BGHHEDOEE, UMK [24) ZEDEANIZL D 4
BEE LR TV,
BRRIER & HEE

M1BLOE 15 FIRETL—LT— 27 LEAEDORT Y
YR E L [26) TER L 7RO TH S, v — A
Gy =2y NEEDT 7 AF ¥ M DEDSH H AT %
WTWh 720, BAETIEAROSERPAENTE S, #E
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16 PEfiE [26) () EETVL—27—2 (F) 2724k
R RETILV—2T—=0 (p=1, r=2, BLXUk=1)
&0, MirVwT I AF v BEITLENT VLD, 7144+ D
TD &) I LRSI EH S AT R »

Fig. 16 Limitation of our framework. Our (right) and pre-

vious (left) methods are not able to produce global

geometric structures such as Lion’s long hairs.

X 17 RETL— L7 — 712X 50

Fig. 17 Cloning examples via our framework.

TV =0T =72 L AFERIL, SR oML 2T
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2V L LA U= T ERRB TV DEHO (T, [29]
& OFEM R FAEERRILE I 4B OFETH 5.

FE 7% EOIEFGEMNBEANES 4 EEENYEGE 2 AT
BEAICIRET L — 07— 2 13D ik & B TH 5
(X 17 ).

Limitations :

WRETVL—LT7—=27 T, 77 AF vl & N— XWi{E
D2 ODOFWHE LOHVTwR W, Fhwz, HitL7:
W7 AT DIREEL O R 7 SRR S B B A R i
DHATRERE AT IR A 1B 5 7 7 A F Y MlEh %
BROVHETHL (K 16 ). ZOHIFITHLT %
7o, EFRBEBICHWS ¢ 2 AW 5 AR ICHE
T5HE, 77 AT v O5HER<IVF AT — )V T ) ik
Ry FITHEDS L HE T L OME R ELA4BRRETL Tw
v, F7, BAEOFEETIIERT VU WEERICTRE
AR L T v, SRR SR, AHaEEdmL e Y —
AWRIHT R e G- A 5 T2 —A
DEMHERIZANT TLETDH 5.

6. F&&b

V=L LA O—= 7 LN LIRS EREEIC B W
T, bLOAWT AWEERTT 7 AF Y RO/ — 298
RBLLE, BFEOT 70 —FTIRBaHITHKRTY, T
7 AF v I OAEREEIC XV, HRGGERERE R L
BN EFMOENTVS, ZOMBICHRLT 5720, Kk
TIET 7 AF ¥ EZE LR LVEGER 7L —2T7— 2
FRELZ. RETLVL—L2T— 2 HEBEOT 7 AF ¥/
ENR=AL B LW T — A 4 TET 5T A
T4 TIHEIWTVD, RETL—2T7—7TlE, TTH
BOMEL L X=X % Ly VRIETHIL7 4V F 12L& D5
S A, RIS, N—ADWAITZRT VO HEREMRL L
XD L, MR R & X B BRI D <
T 7 AF X EREEHWTEILT 5. RO E L
L2 sl & 7y AR O 72 2 i E i R 2 .
MFO7 70 —F T, BRZEBRRZ R L 24
ZOWTHIEERZIT, RETL—2 T -7 OFHE%E
FERE L7z, ARRCTHY - 72 Wi 4 CG 0B ic T
K RIGHD DY), BETL—07— 7 OREVHESN
L. ERHICIT 2@t -4 v ¥ 7 = — XD,
BLURH O L OFF MBI 5 HOMETH 5.

HE OARITEIIRATR ARG (24700182) DB %
—E T CEMB SN, AJITH 72 Watercolor, Rhone,
B &£ UF Squire (Z NYU Media Research Lab O A & (% %
R L. BELORFEB X ORESL I, KartEd
LiZh-VER»POBELAER T WV, T 2IZREL
THERLABHOBEE LT S.
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