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Automatic Portrait Paper-cut Generation Based on Improved CycleGAN

MU Wei, TONG Jing, WEI Jian, ZHANG Ming-Yi
(College of Information Science and Engineering, Hohai University, Changzhou 213022, China)

Abstract: Aiming at the difficulty in manually designing portrait paper-cuts, this study employs the generative adversarial
network (GAN) to generate high-quality portrait paper-cuts for the first time. Based on the attistic characteristics of
portrait paper-cuts, an improved network based on CycleGAN is proposed. 1) The CBAM attention module is introduced
into the CycleGAN generator to enhance the feature extraction of the network. 2-) The local discriminator for key facial
regions such as nose, eyes, and lips is introduced to improve the geri‘e;ation effect of the above areas in generated portrait
paper-cuts. 3) A new loss function is designed based on image edge information and SSIM, which will be adopted to
replace the original forward cycle-consistency loss of CycleGAN and eliminate the shadows in the portrait paper-cuts.
Compared with other automatic generation methods of portrait paper-cuts, the proposed method can quickly generate
paper-cuts featuring high similarity to the original human face, continuous and smooth lines, and aesthetic beauty.
Additionally, this study also puts forward a post-processing method of portrait paper-cut connectivity to make the
obtained results more consistent with the overall connectivity of traditional Chinese paper-cuts.
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BT AR R E E 5T AR B SO s, AR BT 4R AW SR T R 0 A2 2 R e ARy
o PR 52U — 2 NG BY 4R DA T4 4 ) 2 5% AEN. PREF S IR A A AR B B 2R S8R N

O HEETH: HEARBIEAIES (61772172)
WA N ] 2023-05-17; A& B [H]: 2023-06-26; K FH I [A]: 2023-07-07; csa 7E4E H AR H]: 2023-10-25
CNKI [ %% & KI5 []: 2023-10-26

Special Issue T ifZEik 1

© EREERREST  hup/iwww.c-s-a.org.en


mailto:tongjing.cn@gmail.com
http://www.c-s-a.org.cn/1003-3254/9318.html
http://www.c-s-a.org.cn/1003-3254/9318.html

it E RGN

http://www.c-s-a.org.cn

20234F 55323 121

AR AR TR, AR IR E AR KL RE ),
AT TR AR ACE R AR R K. Bk, ¥
% 23 MBI B BB e, R R 1 A
T 1 32 O .

BUAT B 48 15 302 7 3 04 B 42 A
AR AL, P74 B 1) 3T B
S H 7R, 2) H T BRI R REORAL A7,
00 6 R A 0 X B, A B 3
A, EIERIBT AR S A A (52
— R BB, B I DX R AR S R B 4, 9
Jeb e il A A 5 DA B BB T A
AR R, ST AR T HE T T Y AR e
B 71, 07 R T KB N R B AR £
T BRI, OU%E RIS, e AR T 2 A
BRI, 4 A\ LB RN o L 2 AR R
A1 2 DT ACMERR, A5 B2 & 75 150 8 A DT 4. 53
S, e e TR AR B A7 AR T, LT A 4
i NI T TAR. DA b 3 RO 1) 26 T M
FO 755 55 52 J5 B AT B P RO SRR, 9 4 45
R AT, BLAPIE GRS, BT, K5 T8
258 1 . M A, A 7 AT B A7 4 T A
S5 2) HE T BUR A BI S RERAR AL I A2 )
H /I DA Ay A AL B A 37, 45 K 4 8 2
TR HEAT A A, SRR AR SRS, 745 45 5
FEAE TR TR0 A A 55 2 AR 3K 3) 3
T B B ARMAR P (77 v T LG P, LAERER, HLA
T 26 A R R T L B AR P 9 B AR AR 9 6

SR, TR RIERE RS R, 4k, 2 TR E. |

(R 7 4 5 0 N T B A 1) DX I b db 38, 45 4n =k
95 X S R 2 . N
BT I ARG BIAR B SR AR T AT AR L EAS AL,
AR SO N BT R AR BSR4 A I
A5 FH JL S IR RS A 46 D BT AR XA . eh PR RURS Ak X
—AESIE, WA J7ER] 7 AR SHUERIE G (non-photo-
realistic rendering, NPR). £ X IE# (neural style
transfer). {4 #7¢ (image-to-image translation) %%
3 ANJ7 1] NPR SO0 AW H AR AT KA AL 1) 77 V58
FERF M TET, BT XM, T
ST (7 VR, BT A ) 5 AR T AR A A
ZORAE b i) 2 B Ty 3K, T BT AR R T A il )
AR, WA R FH L3 T7 . BT X 7 VA E o

2 T ife45ik Special Issue

P P A RN TR R X 390, SR B 4 B sk e K
505 25 R SR A b R AT DR 101, 358 0 S [ 3
53 B SR B 7] (942 40 536012, 5t s TS X AL & 19
B 529 W 1R 0E B %IRRT 4, AT TR
. 36T SO B 1 77 VK R AR PR o O SO
= AR IR, 6T SRR £ R AR R T
BB P45 R, E T I RS 4R 5 BRI E A
. 28 IR S SR 428 9 4% 43 90 A 1A 25 PR A4
A FURAE R B o LA 203 G 5 RS A4, 7
%5 4 5, M5 B —5 B A&, FREHL, ik
TN I T SO A B 1 2 AR KK i H A 7 4
S (H ARSI (R B, DUy AR KR A A1
W EE RS AR, P19 P 72 % A T A 8 B, FLSE T4
{510 20 XK ST 5 7 1 AN 263 1306 3T XK A, T 723
IR TR T FE S % 8 PR K 50 3 T2 ST P i
PR V1V 5 7 2 T AN B R B ] P L 5% 3R, HETT
AL R AR T BRI MR T R KT R,
1% B9 BT P T 5 B 1 R B AT 45, LU
RAFET AR, MR T KR IE. Tsola 23R H
Pix2Pix /3 TUHi— B ARl ot Y 25 50 447 %
BRI, T CycleGANPOUREFE Bl /b 5k Hcdfa i 34T
PR {45 0 2% 0 S TR0 7, V5 2 T 1 S ) £ 8 90
Xt CycleGAN HHAT 17 & 5 3GHR . B+ K& A
W - % I8 B 4% B 08 SRR S\ A SR I3 T
CycleGAN (B GRIRED . w

CycleGAN {E Al (4 80 PEAE 42, 9 41 11 )
OB (% B AT 25, % T B 7 LR 0 A
MG TG 1 B 7 O 8 R, 254 BB CycleGAN il
TN 5 A B R e, T A B 4% 2t
S FBHORERAS T EAE B B RUBER . T A
SR, LSRN R L R, AR SO T A
CycleGAN HEAT Bk, i T 4 1 5 S5 s A
B, EHELERG. 5TWa. BEERERN
NGt

A, B A G AR K B, B
BT [ B A ROV T4 G T % RS, B R
RIS 2 A R — BER O 2308 42 S0, 15 DK AT 45
25 H P TS AL TR, R P SR AR S BT 4% 2
UL S A B 773, DL A7 SR AE 1 B AR
R BT T & AR, BRI, 7 SCHE H— T 1 A
2% 1 AL T U

© TEREBIK R

http:/fwww.c-s-a.org.cn



20234F 55324 5 121

http://www.c-s-a.org.cn

i H AR SN A

ARSI TTRR AL 1) K AR BT AR E 3 A BN
G IRREAAT 55, B VR A= x4 A2 Rl s o 2 A
BT 48, 2) 2 B CycleGAN, Bt 3T Ml
%IJ (0 A B, /D THI 3 B Tk S T AR LG 5N X

VIR JE X R A A AR, ST AR BT ACR L B
Eijiﬂﬁiﬁizxﬁz%, BT A AR R AR (structural
similarity, SSIM) J PG 10 A5 B3 5% sR 5L, &
CycleGAN [/ G FR — B0k, THBR TS ARG B 48+
MIFA R SR, 3) 42 7 — frﬁ%)\ﬂ%ﬂtﬁﬁ*ﬁ%ﬁﬁ&

D R A N LBt T D) AR N e B9 2R e 1 5 Ak
i
1 2GR CycleGAN

CycleGAN J2& 1 Zhu 25O H i) G RN ASE 7Y,

BT T BRI X, Y TR BRI A
P ) BB EAT B4, ﬁ-lf’ﬁﬁﬁﬁu 1 fr7s.

|

N -Nﬁqn Idﬁu,l

[J["J{fg . )—]J—HE
H ﬁz X of : Vlgr—s
. R—/ @ ’. . e '. ik

}

41 CycleGAN J5F 4514
CycleGAN HA WAL M AHE A s G F, 1l
H TN X R Y S, 5 S Y I E
X Bt AR CycleGAN HA WA G5 K AH 7] 1) %
W#E Dy, Dy. Dy F T IX 3 NG & X I st B gL
R F AR EIE, Dy T IX 5 Y A S EE A

LGRS G ARG, 1E4h CycleGAN 5| N TR —

S R PO, 4 A 1 R PR — SR R 5 R A IR 5L
Bk, B TR X R R o 14 R TR (5
TEF M S5 R A IR, Bl xS G(x) >F(G()) = x, &
AR Bk SR, B R y—F(y) >GF(Y) = .
ASCHE N TR SR X, A A B 4R AT Y,
Hig AR CycleGAN HI4E 28 G K & A\ 18
Fr x O REBTAR Go). TR B B SLATR,
IR B4 H 3 5 T BRAE 1%, EJ5UEG CycleGAN
St T S0 P4 B 15 2 3 R 0 TR, TR A9 3 4 A
RIS, BB A st A PRI P A 4R L
HE 1A B, 2 R LRI 5 52 TU AR A R0, %34y
TH S0 I 2T T A 25 0 88 1 s 0 4 L 53 2 U X I,
B, % O G T A D AN AR A P 15 S s I

B SHE N4 G(x) o5 B bk b5k
JEAZ. HAb, CycleGAN (IR [l 76 4 — 25451 2% 11 28 i 4y
AN R x SEEAREA F(GKx) BB RSN
—FCPE. T TN BT ARAE B D TN BRI, i
t G(x) B AR RS 25 x B R H— 5
AR Z B SR RES G & BN BT AU 7E

HAmATIRE R, X2 S8 Gx) P HH
B, 2 S ECH A X SR A TR

Xt T CycleGAN (1) 1 Jay PR A, s SO0 kAT 24
ik B Rt A T 5L CBAM TR, it
CBAM-res @b&ﬁﬂtiﬁk%&#ﬂﬁﬁ BRZESR, $ i AR
%&W%B’J%‘ﬁ%ﬁl 877, 50 FHRFAE - #0) IC FH r
GEBARE. 51 NGRS X 3R 1 J o s 5,
TR I 286 X 3K 3 AN O [T 0 X 31 A LR T, R R
H8 oy R R RO AR (1 ) AL AL, B SSIMPY
BILGAR BB HTAIBIR B Ligry, new » AR LAY
[ AE IR — 35 2. B CycleGAN JR BE 45 1) & 4n & 2
B, B R 7 BN A 2B RN 6 B 4 A g S5 B
1.1 HEpLEE

CycleGAN [ /™ A2 128 R FH A [ () - i 2%
P, gmis 28 3 B B BUZ 4LRR, ARG 28 3 Bt OB Z
YL, P 2 B S AN TR 2B T AR AR i o A\ BB
MIRFIE R RE S A BR, fE)ﬂZ.@ETEJ\xIL%%ﬁE?}”ﬂ
Xof 8 43 B R AR R IAANE, FﬁﬁM’*‘ B 4R H T
RERR ST 2 AR (SRR AT

xﬂﬂbtluﬂ B, A SCLEAE B SS R 5IN CBAM YR85 4
*;-:ij%, {0 4% B DXy B BEARRAE 5 0 R S (] X 4. %
LR — i ph 2% RV R ML AE T 3 B &
MR = B, HoR WK 3 BioR. AR SCIERR 2
Herp 5] N CBAM, it N CBAM-res B, J &5 Ky WA 4.
CBAM-res (kR IE R 0 T H50d A& 5 S i, i
TR T BB B RERE A RO TE IR 2 W 4 b E AT 4236 T
IR CBAM 55U F 388 v 5 L o 25 T8 R
RS AR, 1 00X 26 B o Sy o B v KR AE 2, B
1&&&%%3‘;9@%% ST AR RS AR R R[] BN 4 [

NI /\HAM%EPHEF B BEESEEX
ijm%ﬂuﬁjtﬁ’ﬂﬂﬁ, SRR Sk RS U X AN N4
NBUER. SE R P R R BN B ZE e, AR
F A X 2% T DA A R 3 BRORN 3R 04 21 BURRAE, $ )
TCHFRFAE, AT EE T NG B 481 A BT

Special Issue T itZEik 3

© TEREBIK R

http:/fwww.c-s-a.org.cn



it E RGN

http://www.c-s-a.org.cn

2023 4F 5324 121

Dy
- -
Mask_eye G(x) eye
@ [ . ———— Dnose
Mask_nose G(x)_nose
> 3 ——*  Dmouth
Mask_mout G(x) th
’ ) 1%
' R G 4 ( - D,
v EEE-Sik
= Jioemmi |i|"' T
D) 1<
F NI x RN BIAE G
WEREE | B —
!{I'-"" "-'.T Irml‘
AN y_eye Y _nose y_mouth
F(G(x))
B2 2t CycleGAN JFREZE 1)

i AR

Kl 3 CBAM vE= L

JETEE S R ZAFER S
i i
—+C Mc .® .® .@ "
B 4 CBAM-res fith
. -
1.2 X525 2

CycleGAN Hi 5 25 D 5 Dy B AR 2 1,
IR HL 70x70 [ PatchGAN W14 45 ), 1 W7 2 55 Ay
70x70 H) R BB PR SN . HERH R LG CycleGAN
Fy 4 50 38 187 R N 0 406 A AT 46 I, R X 1
) G 5L o A4 ) 4 SR A B A B A
ol TR S AE A BRSP4 i
BRIk, ORI S RI82 Dy, Dy 22454 B A3
U G (o) A7 THT 30 DX 358 2 J 80 AR e 10 L, 491 4
GEUCRIRES . BT WS XA E RIS
S9N 3 X 358 ) A B R, AR SRR B CycleGAN
JE U5 S I 9% Dy, Dy HIRTIR T, 3143 5% A B 4

4 Tl L5k Special Issue

LA BT e X A 74 0 R 0 T
Deye, Dnose, Dmouth. ¥ 2% 3C0F N i BY 4% AT %501 (1)
EMNAICN Dyper EBIE T UG CycleGAN HH 425 48
A8 Dy RASLINHG 3 R % 5 53,

RIS B B T PatchGANZ f, (1304 A
AT T 4 5 Y 8 A5 s S Dy 10 A AT 39
4, 77 73 24 S AT 0 A B 4 4730 R 43
JE IR DU 30158 Deye i, 8K Deye %t

USRI y AT R, U e PR A K T
926 LR y (O MR (X 0, 46 4 X O K. SR
A IR X R R B 255, Hfb KR E R E
N 0, FAEE IR R Mask_eye. $e%5, i@iE R (1) 55
A Deye BN »_eve:

y_eye = Mask _eye/255Xy )
H BRI Deye ¥ & R ITAR G(x) HEAT %,
D0 SEE A B R x BEAT TR AR, 15 3 EHR Mask_
eye, K HHIF 77 X152 Deye 5N E1E G(x)_eve.
1.3 kR
CycleGAN (1452 = (2), Fot, Laan(G, Dy)s
LGan(F, Dy) AXHINR, Leye sorw JIHT FE R — B0
5, Leye vaek 9B FITEFE— Bt sk, X T X it 45— 5K

© ERSEBIK T

http://www.c-s-a.org.cn



20234F 55323 5 121

http://www.c-s-a.org.cn

i H AR SN A

K& x, CycleGAN (¥ T [ 8 — B 2R EE x IR
SR G5 F faRegt R E x. 3 (3) N CycleGAN
(R e P — B 2k

L(G, F,Dx,Dy) =Lgan (G, Dy) + Lgan (F, Dx)

+ /chyciforw + /chyciback (2)

Leye forw(G, F) = Exox [Il F(G(x)) — xll1] (3)

NI IR S5 N e 8y 4R35 B3 AN, J5
HHTEASRE D, B, &M AR Gx) T & fE
BARUAERS x BRI ERE T F(G(x)). T
CycleGAN Hi I fEH —EH R x 5 F(Gx)) [MIA T
BERERR—BIRAW, A G ERARBIAC G(x)
FHRAZ &G, B F(GK)) BEREHLE x. MEZR

FRMRA S Gx) TAAE A SHH, Bk 3 2 |

HURHIER L. [FII, CycleGAN 75 i 46 NI IR A 5
A NG HE (A A L1 SR BB R R — 5 = S,
*%rﬁkéﬁ%ﬁﬁ@%ﬂxﬁt&%ﬁ%ﬁ G(x) FEARBR.
BEAh, WS N IR BTARAF it ] R I, 2 NI BT 40 5 Jah A
o R FE L 2545 B — B, ARG M A5 B — BRI w2 TT
PR K AB RIS K.

Zi LRI, ASCHEETLAR 3 AMEEBRUE T R R HT
AR — B R Ligrw new' 1) Ltorw new Eo0F 5 4H N K HE
Frx SEEZNEIRA F(G)) AR AL, it
T BRAN A A G AR RS B NS ARTL, RTHRR A
I BIAG; 2) TR x Al F(G(x)) 1535 % — 50, L8R
“HEVGER - SHEE—E3) HEx 5 FA(GWX)
e NIV SONE S SRS PN v N S
Liory new SR (4) fhos:

Ltorw new(G, F) =Ex-x [ky || Hed(F(G(x))) =Hed(X)||] -

+Eyx [ka(1 = SSIM(F (G(x)), x))] (4)
¥

Horl, Hed it G el B 520 Sy $ 5t P 5 i1 135 5,
Liory new "8 1 WU ¥ 55 F(G(r)) HIIL% 15 B 80 5
2 e 1K SSIM i 5 PR GAT UL Fy 5 M AR AL S,
ARKE R M . 7 220 B 7 2 i B GR35
SOF L B T 5 M AR AR, 0 TG P B A AU, 3
PGS 5 A LW — B

2 NI Eygiida vt b 2
2.1 HMBEEBEMIERE

BRI S A5 S0 BT 4RI B B R R AT, I BT AR
Bl 4B BT VR 8 O AR A S A FR & . Meng 21

T SCT — LR SR\ B A S 2%, 1%
3 T AR T 1 H ) AR R B e S, R
UbER AR Lei S PR T AR TR BT AR
f b 1, o PP B AR R A X3S P, O, JF
YT — M, RYR BN — R M RN LR
TiedE P A Q. Ik E SRS, BT ELLk A i
B AT BN A A SE M. Xu A CIRI A Dijkstra
LI % R A 5 B 9IS X S AT 1 B ) L B
. BEAR IR I DL BB IR R N R A, b (3%
IRBEAELIAS 5 . Xu 5B 7 1 1 s T 7 5 R A 2
ROTE R ER PRI H BB AR S 2 AL
R AR, BT SE R G & R
PRI A0 £ 685 SR ABURK, L7 ANE T A
I B AR IS P . FUAAEAE I AR 1) LI IX
S T AT 320 AR 3R AR VA R T HEAT B AR 1 3R,
FL o 950 2 A o R, o 5 0 5 1 E R A T
AN B BN B, TR O SURFAE. {5140, FUFF Xu %)
[ 736 ) 5 (a) MEAT YEME 5 A 3, 74545 L 5(b)
R BR B S T B . 2) OB R A
Dijkstra FLi5 92080, H LA B (BT 2 BT
MNIBTARSER, LA (AR A A N TR S,

<

~

(OEBeSEIPNITLES (b) XuSFPTHE 1k Ak 2T

GRSl
B s A Xu 85975750 R8N RGBT ARHEAT J5 Ak 2

2.2 ARE4UERMEEAE

AR T M RO G B 4RI 1 A A BT,
EETARLE T 1) & 56 T A 8 R 4 0 20 AL P i
M, B 2L R 2% 2) AT Xu 5P B4
JE3 e B P9 AR BR AL X35, AR SO SBAE % R /N X
Ak B R S S A, R T L R o A T X
RHAE, P85 FEAC P4 Jey & i 1 3) FIH] Dijkstra 5514
FERARIT BT 1 25 8 EHGB6 FE A5 JE 0T AL, 753
SRR N B B ANBEIR T AR S R R 22
BARFRETT WLIET 6, BAK I 41 B Y LR S

Special Issue T ifZEik 5

© TEREBIK R

http://www.c-s-a.org.cn



it E RGN

http://www.c-s-a.org.cn

2023 4F 5324 121

NI 4
N84 B

A AT T AR
Hr, IR Btk v

.

FIH w X B #EAT
PERIP NG, 45 B

v

FIH v X B AT EE
RSB T R, Arid %
fER & X 45k

A ¥

TEF- G0 T G N 20 il
ATEEARAL R, i 5
AR X IR H I

l

il /NI
LXK 2

v

FIF Dijkstra 3548
R, H 2 5IHAh
X3 AR %

v

FIF OpenGL %]
B

AR —A
HEIE X IR?

Ko ARBauEmTE G BT

B, RN R AR AT ) 4 0 s R B 4K o AR
i &7 R, JBE. KREXENREL, @il
TS5 R 2 NG BY AR B B2t AT 1120 1 1 )i A 2L B
2 T 05 NG B 2% rh B I 1 3R 8 R 2k, ] A 6 4 1
I BB SRR K. AR A, X BT AR B AT )
FRE AN T HTEARIL, X F - XA F 5 R S O R AR
25, BETH 52 % X 3.

6 LR -Z5iR Special Issue

FEN K, &5 B Dijkstra 580 AR 1 R FIE KL X
3o AN A X S R SR AN T Xu S B 3 B4 )
S5 /NI DX 5, S e G 20 5 38k A X 3 1y e
B4R, ASSCH S TE B e 3 DX P AT M AR L Ak,
B 2 TR X SRR B LRy e TE . IR &
T WEE XA R L SR E YK SRS, 4Bl
TE 40 Bl & NPT Dijkstra 55 5 A2 535, A6 4
FUA B DX 0% IR, A A FR /N Y B A AT 4 R — T AR
iE 7 T SRR e, B — ﬁﬁ?%.mT?&MiEﬁ%x&
8L TR % 12338 5, R 9L X 8 2, 3
féﬁ«a@l%%ﬂ%& W35 A X 4R34 2.
@%E%a*%%I%WA%A%MEE VS
THI PR 25 8 N4 B e B2 2, B L BR 7 RO A 4L, B 3R 5 Wi
ST (03 A 605 R, AR SCAy R B Dijkstra 51548
TR T KR . 2 R X A
ANGEAEAD, I RTT RS A TH R R A 2k 2% WO TR R
FEA5 275 FETE A (I B, 48 R 8 SR &
N LW A E T = (5) Fros:
w(pi, pj) = v(pi) +v(pj) + G(p,)+G(p]) (5)
Hrb, pis pﬂxj)\ﬂﬁﬁﬁl%ﬂfﬂﬁ‘]*ﬁ%%%%ﬁ, 2
PR R EVE R I RS 2L wipi, p) NG fipis pjlHl
HIALE, v(pi) Npi E’Jﬂ*ﬂa v(p,),\l_‘l@ G(pi)~ G(pj)
AN pi~ pj B AR
ﬁﬁa%TE\ﬂM el &E’JL%@%F FIH] OpenGL
%%%9"%' o ks L 20 ARG BT AR B, I S B B
AUEIRIRG. ER UL DR, HE A BT 4UR A4,

3 SEEHT

AN FE EAFE P R CycleGAN
A RRAEEE AR ETAC. NG BT 4R @ P 5 AR FE.
3.1 JEEE AR BILR B BhAE AR SEIR
3.1 s

ARSI A R N IR 5 AN BT at. A JR g
Frok H AT B RS CelebAMask-HQ, ¥ HUH: A4 492 5k
FIFI145, 200 kT8, ARG BY4RIE T 2%, JE8k
1% KUK 48— 1) 441 SRAE ISR a4 o 75 4
BN BTAC. 1 Je il B UP-Net® T 48 3R BUR 46 A6 18
J BN B 48 i AR X 35k, 1 ot 1 1 7(a) RN
J B8 A, AT UP-Net 3 20507 7(b) BT 1AM mask

© TEREBIK R

http://www.c-s-a.org.cn



20234F 55323 121

http://www.c-s-a.org.cn

i H AR SN A

K, SR J5 i B OpenCV 13 2 L bR 15 St 4 AMZR I 7(c).
BB R Al NAZ B R # AT ANJRxs 55 R, 8y,
REIRSF R 256%256 BN 5 AR 8T 4%, DAL/
e 2 (I B AR

(2) G AJGIE S (b) ALK mask
K7 SREEBRE RN A
3.1.2 SEGRESIIS

ASLH T IO REFICE Y 24 GB 1) NVIDIA

GeForce RTX 3090 & F, ¥R &5 > HEZ2 N PyTorch
1.7.1, Python }& A4 3.8.5, CUDA A Ay 11.0, #:4F &
%24 Ubuntu 18.04. %tt&iﬁ,j@b&% LRk A
10, k, 79 S. B

TE VI ZRIEFE ARG 2 A B 10 A Rl SR, R BT 45
25 200 4™ epoch B AE R G BIAT A g4 N S BN
I BT 4R, H— 3L 2% 200 4™ epoch. X ¢ B 45 2% bR %L
Liorw new 2 Leye vack 245155 BHZG IR, 45 87079 B 8.
P 9 Fiiw. XtF CycleGAN i &, i &3 — 837 2k K
S TRVE IR — 50453 2 B 52 T o8k e 5 ) 35 B A 7R )1 1
WL R AF, AR SCINZREE BT A% E K. X T GAN M5,
1 9% bR A WAL SACI 1O e 08 1 B D el @A B, IR IS A
2 H 1N R A A BE B A2 R R 5 SR WonT J i W g%
PLE AR e ay G AE R NI BT AR, i e AL 2580, Ja
SCE T AH SN B ER. -

1.6F

14}
12f
5 10}
508
0.6
041

02} ) ) ) ) ) ) ) '
0 25 50 75 100 125 150 175 200
epoch
8 ASCHHIHT A —BHK Ligny new HIYCEUE
KT GAN IZRHE LS . IIZRAERE (¥ 17, A5
S g ST TIL A FH /> 3 R bR B8R R A2 SO B 2K R 4,

. B

ZARRIE IR B InAa e, Bhah, N T Ik R R,
IR E4E Shrivastava 25 HE0G, 5874 )] 28 I A
FH D3 52 A B r B, T S E B8 0 2F il e B 4 BEUAR . 3T
S ) % 2 ST M Y ) R, SROEX TTURPEIG, 1h% 551 2%
SHEE R

0.5+

0.4+

203F

02

0.1+

0 25 50 75 100 125 150 175 200
epoch

B9 R — B Loy oo S

3.1.3  SEEERER

1) 5B{E % M CycleGAN X Et

AT S ST CycleGAN Fifs A BY 485 Rl
(AL HVE I S50 CycleGAN FiA5 45 SLHEAT 4T e, % b
SERE] 10 Fir. ANHE R B, BEE T 45 Fd@ s
AR M PR BN AR, AR I B L R
Vil A 5F9BRYZI. T CycleGAN Fife A K 81 4%
4 5 T 0 X 50 o 7 A e 4 77 75 9 B
OB B0 CycleGAN FT AR T 15 R4, Lk
N LS

) SRR A

“ Meng %P [ ATHIE T R B AR BN, I th

WA BT4E, B 11(a)s B 11(b) 43 5 A SCHk [3]H
Meng 255 (5 1 A\ 08 14 15 356 MR P 2 Bl ) % 187 8
4. A ORI FH ESGER CycleGAN A2 BE 11(a) 4R 9N
BT AR, 45T 11(c).

AL B, B CycleGAN 4% B AL 53 2 A
T AR UL 5 sk A, TE AN ST 3, MR BE 1
M LB A R S MR 4 SR, G 4 A T AR 1
B RE, X TR LB A0L B B 1 0 A o B 4
B2 L. RIS, T MR FE ) 7V 7 % A LA
(191X S B AT, Sk L S, R 2K
Mk T 12 o T SR AT (IR ), PR R, 5%
A IE I PR TR A I 1, 5 B MR 1 7 V(AR
P . AR T TR P 1 7 425, AR SO VR T A R

Special Issue T itZEik 7

© ERSEBIK T

http://www.c-s-a.org.cn



WEN ARG N A http://www.c-s-a.org.cn 2023 4F #5324 #5121

SELE R, HAEAE T IR (KR TAR &, X T45
TR P th w4 2 B PR 2B BCR.

-,

- )
L
5
<
5 v - y (2) RGN (b) RT3
(a) NRHE F (b) BIEZ% (c) CycleGA (d) Btk EUES

CycleGAN

B 10 5E{EEEE L CycleGAN ATfg4s it fT5t b

12 AT B R IR T HOPS B 45 2R

3.1.4  JHmhELE
TV R S G R T A S 1 % e AR R o) R A AR
BRI TR, 43 i CB:AM-*;S\Q'{E%\ Sy 4 )
T Eﬁi&ﬁ‘]ﬁﬁfﬂ?ﬁ%*ﬁi‘jﬁ%fom_mw AR T R 3K
TTHR. U\Eﬁé& Cy JeGgN Hh 4y 2Bk CBAM-res it (%
NG CycleGAN MUTREHY) . IR 6 5 515
S0 IR Ly new (EHCAERA CycleGAN HIT FIEHF— 5
R, g RanlE 13 fios. B 13 “w/o CBAM-
1e8”“W/0 Digcar” “W/0 Ligry new 70 5 L3R 3 M Bt
N AT LR B, 25 CBAM-res B i AT & 46 2R M T
B H ISR, 25 B R 0 A Sl A S TS AR A A AE A R R
FERIE ARG, LR Ligry new o ITAF NS BT 4% P 47
TETH B 52 S SR, U H s A AT, X te gt AR B A

ST ) et BRI AT E A 0 2 LA K.

3.1.5 EEST
ASCKH FID 1R & S EUE RN 48 b5, J8 it Tt
A ST RGN AR B G B RRE ) 2 A EE R, VR

WBIEAR O AR @A 5 AR BLRE, 4 BRI 3 P P i T
B 11 5T B4R 2 1 7 i3k 4T X B B, FID ARRuF:

8 L il +4iik Special Issue

© TEREERIREGSTT  hiip:/iwww.c-s-a.org.cn



2023 4F #5324 H 121

http://www.c-s-a.org.cn

i EN RSN

FID(x,) = |jux — gy + Tr(Ae+ A =2 NA:dg)  (6)

Horb, x A g o A LS EUE AN AE OEME p pg W
BAEFERIIIE; Ay A NEURRHERI P TT Z R, Tr(-)
R RE IR 43 R H MBS CycleGAN. 53 Cycle-
GAN A et T AR BT AR, FF 40 il it 5 3 TG il AR BY
RS L NI BT ARER W 1) FID . AR L 1 nTRLK
LA S P R 50k CycleGAN () FID A A%, 1 A S
T3 EAE U N BT AR S NG B AR A i

N
(a) AHG (b) w/o (c) w/o (e) Z!SI
iy CBAM-res Diocal

B 13 jHmhszihst

1 3 FTIER N FID

Fri: LIRS CycleGAN kI CycleGAN
FID 291.7 217.6 173.9
3.2 EEMAESE
AR SCHR H N B 400 @ réEFifiﬁzzi'i

Xu 2T 2 48 A FE 7 PR AT EE, B4 A
45 LR I 14 TR, SR [swﬁaimﬁzgeazw
VSN B ] Amﬂ“ﬁiﬂﬁﬁ/&%%ﬁL
e s T TR T 2 S 5 0 9 4
TH 0 5 2 S, B T S A 3 e S5 B 1
BB, B A N TR SIHE, EL AR 2 A B 462 0 1
33 SEREZIBE
H T A SO R A A BT A S S, TH
T T, LA 5 T F o A SR 2L BT
571, I xTool M1 B sh P EIHLN A S AT 15 A6 BT 4%
HEATREZ, B 15 ML B4 TR, S el 2R T
B 16, B 17 AE L SLB G 1. AHE R I, I s

CycleGAN FrgFEiE 45 R, s BT A B )5 134

PN ES L SR F ik ve

(@) NEIBF () ARSCHIEAT () SCHR[SHEIE (d) A% il xb
BAEEE AR PEANETVERT BT VRTS8 R
LIRS (a3 S

K14 NS BTARE B 5 Ak S 25 1

(OES @
N

(c) SEFRBIZIRCR
B 16 FIH BTN B A BY 48217 B %)

Special Issue T itZEik 9

© MEREEBIK T

http://www.c-s-a.org.cn



TEVNRSENH http://www.c-s-a.org.cn 20234F #5324 121

A
=
)

(a)JEﬁ‘éU\ﬁﬁ. (b) RTINS AL HLRY (ORI EINGIIES (BB HERPNISTIES (OFEEYNGITER
. YN T Bz 5 Bz 25 5
K17 XA SCTT AR NG BT AR AT S PrREZ)
4 b 5RESH 10.1109/ICCSNT.2011.6182541]
P N B AR N Tk HE B2 R, W A, BA 3 Meng M, Zhao MT, Zhu SC. Artistic paper-cut of human
1 B2 B 1 R SR A e B, A S A B 4 A portraits. Proceedings of the 18th ACM International

Conference on Multimedia. Firenze: ACM, 2010. 931-934.
[doi: 10.1145/1873951.1874116]

4 Dang K, Song GL, Ming AL. CTIIHA }aper—cut generated
from human rtrzut‘ Proceedmgs of the 2016 IEEE

RN A ACAE 55, DRI A= 7o BT 1 2% S B e
Ji G BT AR B 2R B T R R BT AR EAREE R, 3
Xf CycleGAN HIZERGES . %08 1R BR B 138 B

PERRE. JuSh, ASCHR Y Tl A Y ARIE I 1 ) Ak 3 Internati al‘C fereﬁ on Consumer Electronics-Taiwan

TV SIS 25 FEAR A AR SR H I edE CycleGAN Rt :(IQCE;&) Nantou: TEEE, 2016. 1-2. [doi: 10.1109/ICCE-

AR RGNS AR B, B SRR, 5 T8 7'JEQ o W 2016.7520943]

MNIGBI4L. AT A\ G BT 4534 18} i&}jﬂﬁ/i 5 Xu J, Kaplan CS, Mi XF. Computer-generated papercutting.

fffﬁ D BTN T8 1 i Tﬁﬁﬁ v Qf@%m éE’]ﬁE Proceedings of the 15th Pacific Conference on Computer
EE AT %wﬁﬁfﬁﬂ ZISX PR BT 4% 4 24 Graphics and Applications (PG 2007). Maui: IEEE, 2007.

343-350. [doi: 10.1109/PG.2007.10]

6 Xu J, Kaplan CS. Artistic thresholding. Proceedings of the
6th International Symposium on Non-photorealistic
Animation and Rendering. Annecy: ACM, 2008. 39—47. [doi:

ﬁm«z A5 PRI, 2 i e A A 3
TR AAG, 7038 P 3 T B A B S B A Ty,

SE 30k 10.1145/1377980.1377990]

1 EmET, B, XEr, & BT 1B RRE B 404 Bl 7 Wang TH, Collomosse JP, Hunter A, et al. Learnable stroke
JHERGE. THENL TR 5 R, 2018, 54(17): 208-213. [doi: models for example-based portrait painting. Proceedings of
10.3778/j.i1ssn.1002-8331.1704-0334] the 2013 British Machine Vision Conference. Bristol:

2 Lei HY, Qiu WL. The conversion from line drawings to BMVA Press, 2013.
paintings with paper-cutting designs. Proceedings of the 8 Berger I, Shamir A, Mahler M, et al. Style and abstraction in
2011 International Conference on Computer Science and portrait sketching. ACM Transactions on Graphics, 2013,
Network Technology. Harbin: IEEE, 2011. 2783-2786. [doi: 32(4): 1-12. [doi: 10.1145/2461912.2461964]

10 % it %5iR Special Issue

© TEREERIREGSTT  hiip:/iwww.c-s-a.org.cn


http://dx.doi.org/10.3778/j.issn.1002-8331.1704-0334
http://dx.doi.org/10.1109/ICCSNT.2011.6182541
http://dx.doi.org/10.1145/1873951.1874116
http://dx.doi.org/10.1109/ICCE-TW.2016.7520943
http://dx.doi.org/10.1109/ICCE-TW.2016.7520943
http://dx.doi.org/10.1109/PG.2007.10
http://dx.doi.org/10.1145/1377980.1377990
http://dx.doi.org/10.1145/2461912.2461964

20234F 55324 121

http://www.c-s-a.org.cn

i H AR SN A

9

10

11

12

13

14

15

16

17

18

19

Zhao MT, Zhu SC. Portrait painting using active templates.
Proceedings of the 2011 ACM SIGGRAPH/Eurographics
Symposium on Non-photorealistic Animation and Rendering.
Vancouver: ACM, 2011. 117-124. [doi: 10.1145/2024676.
2024696]

Zhang Y, Dong WM, Ma CY, ef al. Data-driven synthesis of
cartoon faces using different styles. IEEE Transactions on
Image Processing, 2017, 26(1): 464-478. [doi: 10.1109/TIP.
2016.2628581]

Chen H, Liu ZQ, Rose C, et al. Example-based composite
sketching of human portraits. Proceedings of the 3rd
International Symposium on Non-photorealistic Animation
and Rendering. Annecy: ACM, 2004. 95-153. [doi: 10.1145/
987657.987673]

Rosin PL, Lai YK. Non-photorealistic rendering of portraits.
Proceedings of the 2015 Workshop on Computational
Aesthetics. 2015.
159-170. [doi: 10.2312/EXP.20151189]

Fiser J, Jamriska O, Simons D, et al. Example-based

Istanbul: Eurographics “ Association,

synthesis of stylized facial animations. ACM Transactions on
Graphics, 2017, 36(4): 1-11. [doi: 10.1145/3072959.3073660]
Selim A, Elgharib M, Doyle L. Painting style transfer for
head portraits using convolutional neural networks. ACM
Transactions on Graphics, 2016, 35(4): 129. [doi: 10.
1145/2897824.2925968]

Gatys LA, Ecker AS, Bethge M. Image style transfer using
convolutional neural networks. Proceedings of the 2016
IEEE Conference on Computer
Recognition. Las Vegas: IEEE, 2016. 2414-2423. [doi: 10.
1109/CVPR.2016.265]

Kaur P, Zhang H, Dana K. Photo-realistic facial texture

Vision and Pattern

transfer. Proceedings of the 2019 IEEE Winter Conference. |

on Applications of Computer Vision (WACV). Waikoloa:
IEEE, 2019. 2097-2105. [doi: 10.1109/WACV.2019.00227]
Zhang YB, Li MH, Li RH, et al. Exact feature distribution
matching for ‘arbitrary \Style transfer and domain
generalization. Pr-oceedings of the 2022 IEEE/CVF
Conference on Computer Vision and Pattern Recognition.
New Orleans: IEEE, 2022. 8025-8035. [doi: 10.1109/CVPR
52688.2022.00787]

Yang S, Jiang LM, Liu ZW, et al. Pastiche master:
Exemplar-based high-resolution portrait style
Proceedings of the 2022 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. New Orleans: IEEE, 2022.
7683—7692. [doi: 10.1109/CVPR52688.2022.00754]

Isola P, Zhu JY, Zhou TH, et al. Image-to-image translation

transfer.

with conditional adversarial networks. Proceedings of the

20

21

22

23

24

25

26

27

28

29

2017 IEEE Conference on Computer Vision and Pattern
Recognition. Honolulu: IEEE, 2017. 5967-5976. [doi: 10.11
09/CVPR.2017.632]

Zhu JY, Park T, Isola P, et al. Unpaired image-to-image
translation using cycle-consistent adversarial networks.
Proceedings of the 2017 IEEE International Conference on
Computer Vision. Venice: IEEE, 2017. 2242-2251. [doi: 10.
1109/ICCV.2017.244]

Shi YC, Deb D, Jain AK. WarpGAN: Automatic caricature
generation. Proceedings of the 2019 IEEE/CVF Conference
on Computer Vision and Pattern Re&ognition. Long Beach:
IEEE, 2019. 10754-10763. [doi: 10.1109/CVPR.2019.01102]
Choi Y, Uh lY,V' Yoo _J,et al. StarGANV2: Diverse image
sy\nthesis"fof multiple” domains. Proceedings of the 2020
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Seattle: IEEE, 2020. 8185-8194. [doi: 10.1109/
CVPR42600.2020.00821]

Woo S, Park J, Lee JY, et al. CBAM: Convolutional block
of the
Conference on Computer Vision. Munich: Springer, 2018.
3-19. [doi: 10.1007/978-3-030-01234-2 1]

Wang Z, Bovik AC, Sheikh HR, et al. Image quality

assessment: From error visibility to structural similarity.

attention module. Proceedings 15th  European

IEEE Transactions on Image Processing, 2004, 13(4):
600—612. [doi: 10.1109/TIP.2003.819861]

Luo L, Xue DY, Feng XL. Ehanet: An effective hierarchical
aggregation network for face parsingy Applied Sciences,
2020, 10(9): 3135. [doi: 10.3390/app1’909'3135]

Xie SN, Tu ZW. Holistically-nested
Proceedings of Y!the 2045 IEEE International Conference on
Cqmputef Vision.. Santiago: IEEE, 2015. 1395-1403. [doi:
10:1109/ICCV.2015.164]

Qin XB, Zhang ZC, Huang CY, et al. U-Net: Going deeper
with nested U-structure for salient object detection. Pattern
Recognition, 2020, 106: 107404. [doi: 10.1016/j.patcog.
2020.107404]

Shrivastava A, Pfister T, Tuzel O, et al. Learning from

edge detection.

simulated and unsupervised images through adversarial
training. Proceedings of the 2017 IEEE Conference on
Computer Vision and Pattern Recognition. Honolulu: IEEE,
2017.2242-2251. [doi: 10.1109/CVPR.2017.241]

Heusel M, Ramsauer H, Unterthiner T, ef al. GANs trained
by a two time-scale update rule converge to a local Nash
the 31st
Conference on Neural Information Processing Systems. Long
Beach: Curran Associates Inc., 2017. 6629-6640.

(BT e 7 At

equilibrium.  Proceedings of International

Special Issue & i%gik 11

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1145/2024676.2024696
http://dx.doi.org/10.1145/2024676.2024696
http://dx.doi.org/10.1109/TIP.2016.2628581
http://dx.doi.org/10.1109/TIP.2016.2628581
http://dx.doi.org/10.1145/987657.987673
http://dx.doi.org/10.1145/987657.987673
http://dx.doi.org/10.2312/EXP.20151189
http://dx.doi.org/10.1145/3072959.3073660
http://dx.doi.org/10.1145/2897824.2925968
http://dx.doi.org/10.1145/2897824.2925968
http://dx.doi.org/10.1109/CVPR.2016.265
http://dx.doi.org/10.1109/CVPR.2016.265
http://dx.doi.org/10.1109/WACV.2019.00227
http://dx.doi.org/10.1109/CVPR52688.2022.00787
http://dx.doi.org/10.1109/CVPR52688.2022.00787
http://dx.doi.org/10.1109/CVPR52688.2022.00754
http://dx.doi.org/10.1109/CVPR.2017.632
http://dx.doi.org/10.1109/CVPR.2017.632
http://dx.doi.org/10.1109/ICCV.2017.244
http://dx.doi.org/10.1109/ICCV.2017.244
http://dx.doi.org/10.1109/CVPR.2019.01102
http://dx.doi.org/10.1109/CVPR42600.2020.00821
http://dx.doi.org/10.1109/CVPR42600.2020.00821
http://dx.doi.org/10.1007/978-3-030-01234-2_1
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.3390/app10093135
http://dx.doi.org/10.1109/ICCV.2015.164
http://dx.doi.org/10.1016/j.patcog.2020.107404
http://dx.doi.org/10.1016/j.patcog.2020.107404
http://dx.doi.org/10.1109/CVPR.2017.241

	1 改进的CycleGAN
	1.1 生成器
	1.2 鉴别器
	1.3 损失函数

	2 人脸剪纸连通性处理
	2.1 现有连通性处理方法
	2.2 人脸剪纸连通性后处理

	3 实验分析
	3.1 非连通人脸剪纸自动生成实验
	3.1.1 数据准备
	3.1.2 实验设置与训练
	3.1.3 实验结果展示
	3.1.4 消融实验
	3.1.5 定量分析

	3.2 连通性处理实验
	3.3 实际剪刻效果

	4 结论与展望
	参考文献

