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ABSTRACT

Infrared imaging is widely used in civil and military fields, which has strong
anti-jamming ability and can obtain clear images from a distance and in night scenes. In
the process of developing infrared-related equipment, a large number of infrared images
under various conditions are needed as verification data. However, it takes a lot of
manpower and material resources to acquire real-time infrared images in the field. At the
same time, it is difficult to obtain infrared images at all times. In order to solve the
problem of insufficient infrared image datasets, this paper introduces the generative
adversarial networks into infrared image generation task, and studies infrared image
generation method based on visible image and infrared image period extension technology.
The main contributions of this thesis are as follows:

(1) Aiming at performance degradation of generating infrared images caused by haze on
visible images, this paper proposes a dehazing algorithm based on image fogging degree.
Considering that the transmission map reflects the fogging degree of hazy images, we
build a transmission map prediction module parallel to the dehazing module. The
threshold adaptive learning module is designed to calculate the segmentation threshold.
According to the segmentation threshold, we can get mask maps of different fogging
degree, which can guide the separation defogging convolution module to recover clear
images. Experiments show that our algorithm achieves good defogging effect on both
public datasets and natural images.

(2) In order to generate infrared images of corresponding scenes based on easily
available visible images, this paper tries to apply the Pix2pix network to the paired
visible-infrared image datasets. To solve the problem of missing detail information of
infrared image generated by Pix2pix network, this paper proposes the multi-receptive field
feature fusion Pix2pix network. A multi-receptive field features extractor based on the
Unet ++ structure is constructed and a multi-receptive field feature fusion mechanism is
proposed. Experiments show that the multi-receptive field feature fusion Pix2pix network
achieves finer infrared texture generation.

(3) Aiming at the lack of paired multi-period infrared image datasets, this paper firstly
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proposes an infrared image period extension algorithm based on StarGAN network. In
order to solve the problem that StarGAN network gets different results in expanding the
same material image region, this paper proposes the semantic constrained StarGAN
network. On the basis of the StarGAN network, a semantic segmentation branch is added.
We inject the scene semantic features into net and design the semantic consistent loss.
Aiming at the problem that the result of the expansion of some material image regions by
StarGAN network is wrong, this paper improves the period-coding method of the semantic
constrained StarGAN network. We propose a period-coding method based on semantic
segmentation maps and infrared radiation time-varying curves. Experiments show that the
semantic constrained StarGAN network is more suitable for the task of infrared image

period extension.

Keywords: Image Dehazing, Generative Adversarial Networks, Heterogeneous Infrared

Image Generation, Infrared Image Period Expansion
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FEPAR XN S URE AT ZES, — REGT 5 X Z AR AR Tz 5
Xk WEGEARES, Wit FEuLRAeE SR, ERAEFMMIR. ETIT,
AR T B EZB, BRI E L RYEE S R E TR R
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PLESRE, TSRS N KR FRE: @ s0E M aE e, AR
H 89 FZ A AT SR 50T, K] 99 S MM AN 9 S HE AT SR8 T 0 B R A B A
LA B #r )2  T 2B R M2 1 S [ A X FRERBOE, Ak 7%
TR BIEAS THALAE, RS ARBOR B a2 S8 Bk 5 B I S i i BIME . B05E R
HRIR S E 59 % X 38 55 X 4k, 5@ R K e RE LRI, B A E 5
RGN GBS R ERMAR . 8 TR S8R, E SRR R AT 32
FEIME KA

trans = Avgpool(trans,32) (2-3)

ZJERHBRZRNA R BRI 1732 5 BRI, 55 R 2
(O,DHERE A, THETTT:
1

Threh = W (2_4)

Horb trans Fon B R K, f BRI BN R BTGB RIEDL

i P B A T PR AR SR S A T R BRI DN R 52 55 55 X RS 1] ML
AN 55 XIS MD 57 s 2-5. 2-6 Fios:

L trans(x, y) > Threh
ML(x, ) =
0,trans(x, y) < Threh (2-5)
L trans(x, y) < Threh
MD(x, y) =
0,trans(x,y) > Threh (2-6)

Ir G RPE T B RI A W 28 1 2 [ AR, AR 55 55 X3RS -] ML A9 %%
[XILHERD I MD WERHE £ AT 5085, 1921595 XEARE £, ISR % XBAFLE £, 1
7 Ay Nk 2-7. 2-8 FivR:

Son (6, 9) = f(x, ) x ML(x, y) (2-7)
S (%, ) = f(x, ) xMD(x, y) (2-8)

KA 2 AIHATHIE R A AL B 55 5 DXISRFAE ), A9 55 DXIURFAE 1, > REP S
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GBRELE . F 1% AT B EAINAS 2 e BRIE, 157 30 R s

£, 0) =F(fi, o ) + Fy(fip (X, 1)) (2-9)
B A R B RE HAT 0 B L B AR et — 204k, 22 BATiR, o BGR
g 2-2 Fros:

R
U j_'@

MD
2-2 HBERRINEE

222 RBIWESH

T HEBFARRENEBERZREEM A 2-3 frox, Hgmisiiig 5 4T
KAEERIGA N, B R TR R L Z RS R R B RUEM 5 A ERFEG B
M, B REEH 2 D RETTIEREN 3 7 B G IRR A .
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£ A B XK F R L F L B X

Hl

BCB_T TDBO
O 7
B
Eh .‘ } H CBJ4
nn CB3
e cad, B P
CB_IN = IRF R pha fid e

IH DBO
BCB_
D

H i)

\ [ B
I](_) ()| ' )|H “
TDBl ey TDQ} DBO'S
4t g PB4 OB
DB!_S
——
©
e RS 1
e+ ]l 3
DBI ‘ 1 o1
DB2 DB3

Sk
SCB0 SCB1 SCB2 ! g Om"%wf

2[4

LR

J --Conv_Block I H --Deconv_ Block I H

--Separate conv
layer

--Bottleneck
CovBlock

A3 --concatA
Y andB

Il

2-3 EERBWELEH

Densenet S H o A7 2 (1 AN A0 H R IR ZE 3, T DG R0 et/ DR kg I 28 2R
FEDAR T BB FE R, 5 T 4% I 4k
Conv_Block. f£%i)Z Bottleneck Conv_Block Fl_EXA£H: Decov Block, oA 1K 254
ZEE)Z Dense Layer 1 WM FEm B AL, Dense Layer 45 3 NF&fbL, AT
2 A H I B N ¥ AT I8 38 & I, Conv_Block. Bottleneck Conv_Block Fll

Decov_Block B 5 MK 2-4 Fix

FH AH

PN AR

% Densenet 1)

» AP REARRIE 2-5 fos:
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i I
iﬁ)\,’-[%_:'ﬁE ! Dense_Layer Downsample :iﬁu ﬁ ’;Fj{c {[E
: Layer !
Conv_Block
AN i/ﬁi “ConvTranspose2d” iffAu”j"Lri'E
LN ; Kenel_size:4 Dense_Layer VA 0 AT
Stride:2 |
i Padding:1 :
o DecovBlock 5
AR |
. Dense_Layer —(])—Ls Dense_Layer .
Bottleneck Conv_Block
2-4 REMEZFIERM K L
£ ek *“Conv2d” ' PO
i NRE Kenel_size:3 Batch Relu . Atk
; Stride:1 Normalization ;
; Padding:1 :
A Composite Layer |

JA % A AT . g o :f AR
A BRI Composite li Composite li Composite l : i 4 RF AR
] Layer — Layer —d Layer — i

' Dense Layer |

: o “Conv2d” )
il NP Kenel_size:3 Batch R R
L, ; —_— —_— el —.
! Stride:2 Normalization 3
: Padding:1 |

Downsample Layer

B 2-5 EARRRMLELEH
BE B @ N T SRR 2-6 Pron, B YORE N R ERET 32 5 FRFE, 2K
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HIBRUZ N 256/32=8 K/NHIBRZ 5 3] 2 JR%HE, &5 KA Sigmoid WS b8 B0
fEmLs 3] 0, 1.

DBO_S DBI S:

FE R Average “Con;2ci” Siemoid it B
Pooling Kenel_size:8 .
Stride:32 Stride:32

& 2-6 F{EBIER T BERR MWL L5
X B GARE, WRYE1S 2 B R N RHIEREAT 70 1, ZJa RN
R 0 52 S PR R AR, RIRE A 3RAT IR M Densenet B EAE, CREREDSTREER A4
hﬁﬁT ERIEI, BB 2-7 B

; “Conv2d™
i Kenel _size:3
i Stride:1

Padding:1
P “Conv2d” L
JAAREE _, Kenel size:3 __, Batch Relu | A
| Stride:1 Normalization T
! “Conv2d” Padding:1
| i Kenel_size:3
} Stride:1
Padding:1

Composite Layer

fots s ! 2 . . : re R R e

i NRFAIE | Composite ] | Composite }J‘ Composite i i AR

_TANE — -
; O Layer ~0 Layer ) Layer v

Separate conv layer

B 2-7 S BEETURRMELEN

223 KRB

AW R F MG L E WA MMES, —DREFHFREMT, —MREES,
BUR BRI WGy TS R E IR R ZFBRREL.
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ETHE ST R E SRR R A TR 1B SR B TR R L, BB P
BTG RMIOVE R LIV AL, FIBSEER s . L, FUREREIE X
LI MR

1= 1 O= 1k (2-10)

HA 7 FRoRBES ZEAG T, T RIRMAZE, o AERESRE, w. h, ¢
SRR . T A IE L
R T RS 2B RIA A BT, AR SCHE LIHUR R A 2R AT b 51 N B 4%
R AL , W E T R A2-11 R
= A CON= Ollz+1l CO)= Oll2 (2-11)
He FoRAKCEFRRE TS RE, RoNEBER A R
BB EZRRREE . 250 RRECNE TG RER LIFUE R, & LWR:
PEE N | B [ 1 (2-12)

Hrb S AL FJEIIEMIE, C o HREIA .
g ERrIR, AT EE SRR EGR R F R BRI R KON .

+L (2-13)

dehaze trans

LSMWI = L

224 iFNiEER

e B {5 R b DR (A5 e LU PSNRUEH FSRIPAN BME R B, 4 DUE s R
45 B o SR AT, AR SCSRFH PSNR TF 555 1R 52 103 BT LA L 0 52 77 i €] ) 2k
HE, HatHEAKX T

p eak
PSNR =10log,,(—== 2.14
glO(A452;) ( )
l m—1 n—1 5
MSE =—3 3 (p(i, j)=g(i, ) (2.15)

i=0 j=0
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Hrprp ONEUGIRFEAG iR AE 255, MSE W39 248, p(i, j) B p(i, j) ForFE

S PRI T PSR L SV W S R 2R B
CEFIFELRE: A5 AEALRE SSIM 2 HSRPE Tk BRI A5 15 2, X msk BIE

RISE R XN T Z AT SR a vH R VR Fa bR, BUEBOR, AR BTk BRI 4

PR A — B, AR SSIM v 5 B SEIE M 1 5 % [ 52 IR (10037 I 1 ] 1) 465 74 AH

g, HAatE AT

Qu 1, +¢)20, +¢)

2 2 2 2
(uy +u, +e)o,+0,+¢,)

H f o g NS S5 IIRIKEL, o, o2 2REE fIEERTT 2, u, -

SSIM(f,g) = (2.16)

o2 NG g MR %, o, NEIR S g T2,

225 BRRNESIHRERSR

(1) A

T SR B SE I ot 25 1 L TEMT I B R SRR, BT H TRz
K H R /2 NYU_depth 20308 224 0 55 B8040 P « (22 NYU_depth #0521/ 37 5%
HREANER, ESEENEENH R EIN, AR EET ReDWeb_ V1
EERT AR EENER L FZHIEE. ReDWeb_ VI AU — ML & E A
FAEUG S G NRFEAS B BRI . e s g AR, BB
JAH A(A4€(0.8, 1), KAEHREB(B (0.4, 1.6)), WIERTHIBI G A5

PR . f i T M PRI & B 55 I RN RVE DR256%256 .

AR A HESE RESIDE H1(1) SOTS Hds S AE A EIEE R PR I I Kt
&, ZHARETH SR AN S B T RS, 5 ZREE A

(2) ATk B4 2k e 2

9T Ul WA T3 A A PR R R AT R, AR SR X A [ 1 P 8 A 2k T A
FIFHR R AL (D L1k, Gi) L1 SR+ R . SEinai RunlE 2-8 fn.
MITRT LA 2, A H L1 45 5% o BONUER E 45 5% o8 BOGRAG (3B I A A5 B NP1
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B
= (i) (i) T

2- 8 15k BR BB 5 2R E il i B R0
(3) IR 5 L0 45 R 50
MRAE 2.2.2 R K FZ M, RHEET ReDWeb_V1 )& ARSI L5,
o1 6000 UGS MIZRUEL, MR IRRREL L, « ZFIRRELL,,,. G THE

SRR R R L, A Z AT 2-9 Pow, BAR BE, RGN, JF HIREF

trans

NEEEESS, £ 4000 D JRHURRECT R HI AL, SIS

loss

1.0
— L sum
— L dehaze
—— L trans

0.8

0.6

i
|
T
2000 3000 4000 5000 6000
step

T
0 1000

2-9 REHKHL
AN SO BB AG THLAE T 54T 2 (0 99 55 MRS AT 5 S5 S AT 1 AT AL, i
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2-10 frw, BB SINES RPN E L 5 888 S AL S =25 E Y
B SEPUSIDA M A THIE S R o 59 F HERS AR ZARE FE RN X R 3 (B 1, HoAt
X308 0, 95D 5 55 5 FEASAN S o MEIFRBATRILUE @R B e 7 BRI
FACRERE, Z AR FE RO A AR XIS B 32 5 A B AR FEA B/ o (R P AR A R LA
TR T 545 2 R RS B R X2t AT 70 1, 20 805 45 21 A RS AR B s e 1 5 18]
AR ZALREE (1 B IX 3, IEW T 0 1 5 S A AN R S5 AR L X 380 B 047 2%
F AR

A 3 g A SRS EHEE

E 2-10 BEXEAISSEHEE. REHLE
FEAFFHIRSE SOTS W ANIEREE |, A S 3 5 HAb M e i 1 3 T 5E 56
BRI 22 50 (DCPRO, CAPBT) FIJE TR B 2% 51 (1 2 55 57 (AOD-net*),
PFF-net*!l, Dehaze-GAN*2l, DHSGAN)) @47 EuAE, WL RINE 2-1 fim. A
SCHEH I EE BARTE PSNR _HE % T DHSGAN &9k, {HAZSZI 7 & MLi SSIM {H.
PSNR iH HH ik BUGBAME R S iR 2, 2R ZBURBL A fahs . 1T SSIM A
Pk BRI X LR S50 BT SR G %, fERME S JE A8 L PSNR A 5

e HOHERBE o SO0 3 WIZ A S Y R SR02A B8 vl 1) 52 S Aff 2

x 2-1 FARIEBEAEZYR

Model PSNR SSIM
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DCPBe! 19.155 0.899
CAPBT] 18.481 0.773
AOD-net[40! 20.292 0.875
PFF-netl4!] 21.252 0.839
Dehaze-GANI42] 23.595 0.909
DHSGANI43] 26.612 0.910
AR 24.827 0.925

B 2-11 8 6 M E S 5 1A 5 R B LR A AR R ) 25 45 R WS —
—.. HATH LA H AOD. Dehaze-GAN Fll DHSGAN {#% T £ 1% %, [FKf DCP
A DHSGAN 15 R 25 X i BE i o . WLE¢25 Y47, DCP. AOD. Dehaze-GAN )2
FEERMEI T R X I B R ERIIER (R FRAHES), i DHSGAN #
EEAME. £ =17, DCP. AOD. Dehaze-GAN = Z 48 RGPk H (£ A1) L,
5SS B 45 R AR LG o 785 J5 — AT AT DA AR SCHR HE 11 25 55 W0 248 4
FRIRE T HENEERER, REXEEREERARKERE.
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fZHE DCP AOD  Dehaze-GAN DHSGAN Proposed
B 2-11 EXEGREEHERELER

2.3 EEGE

A B 2 A 5 R B X S AR EE AN [R] (Y e, B T R T R AR
BB EFTIE. I8R5 B RS R B R T BRI Z R, SN
T HEFZHREIFAT FE N R E IS RS 2 REN R, weit e HE A
BRI S EIRAE, ERAFERFZ UL E, 15508 E S BRI
HEZFE . B ATFEHESE B TERE VRS AN S BRI R FROR AT LR, A
SCHR 2 A B A 2R Z SR SC B T E Rk I £ S e
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3 ETHEAFMMERFIRIINEIGREREE

He TR WO R I LA UG AR T 1R BE 8 Al DR L AN BB SR L SR AR FUAS i 1 1]
A, ARFWIIC TR AR M LLAMEHRAE BT, R Pix2pix 24K B 85
IR R BV ZE AN R IS 50 & o BEXT Pix2pix W48 A2 BRI 21 A1 B 4015 45 B ik
SRR, ASCERH T 2R BT RHIE RS Pix2pix M4, dE— B R ALA B
M ER, EEiREERNESLE,

3.1 RIFASMNEGEREXIER A

3.1.1 LS RINE R

LLAMR AL T RS fvE, BOR T — VIR & T 4a 50 2 B R 2 K
HLTAMES, B R MR S, P AR AL s . LT — R
BRTEEANT 075 ~1000 , HRHEHBATEHE, AT LR L AMGE 5 A=A
B: 0.7 ~25  [AIMLAMETERSONIE LA, 2.5 ~25  [AILLANGTE o i AT
fhy 25 ~1000  [AIFILLAM RS BN A Ah o LAMEUG I BUAR RUR £ 2 535 Sl
LLAM UGB AT . KRR AR DG o 21 ok 32 249 Ml B2 AR g KXo 41 4k
BRI IR .

e B 0 E R IR LD AN PR S I B A E R —, IZGE L E BT T BRI
W SRR, AT

q 1
5 o iT
A e —1

M,, = (3-1)
Hrr, M, RopnmEEE, (RrE AR, RRERENEE, RN
K, T RNIRE k RARBURZE 2o ¢, =3.7413x 107" Wem® , ¢, =1.43879x 10 Wem® ,

k=1.380662x1072JeK 2,
K 3-1 4| 7 BAREFDE SR B SR E KRR, WEFERATT UG
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BUA R T ARG R B KA R @ RBAF, e RiETH R, BEIEE
BB, BEERET R, BORIEEEIZ DN . IR RN RS e, RAAEE
U (L6 LRI A B AR IR B S L o X A STHSRLG 0 BITE G5 ARy, T LAS 2128
RN SIERE KRR, WRBUR&ZER, WAPs:

M (T)=oT"* (3-2)
Hr o =5.6694x10"°W / (m” k") - P IR %5 'S 58 SR 3 IH REARSE HY B 530 B8 1 DU vk O i LE
bt o

3.5

M ‘\I(W-cm'z-p:rn")
b N
L) N (4] w

—
T

o
(3]

0012.;3;;;5'};é10111-2131415
Npm

E 3-1 BiEHESREFKKIXR

PA_LE 3 M S8 Fe BT 00 BRAR BT 18, 1 AR — MR . Oy 1R R ER O Hr
SRy soEH, R E e B AR SRR R R KRR —FEIH
PR R R S ARG B LU R R, e E R 0 U B AR 4e & R AR
HEAAZE R XA R EREAEE B S 2, (Fn] DL RS S 38
T B S . ARYEE TEEIEAR, KHEREAR. —Bi, R
KSR GIRERIEL, AEE IR AN R 5 SR . YRR R 5B KBA K
B, R ZLANBARIE R, X L A F BT o
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3.1.2 xR

UL (GAND S — R A 5 AR AR OB A . S54% 45 10 ) 445 45
RUANTE], GAN IR 2% H AR 3 0 28 MR ) X 28 P A1 X 2 2E ke, LB 25 i ] 3-2 B
TNo AR LS 1) bR AR R B B A A BRSO 2 S0 I S R 08
B 5T (FIE 7S 2 Hh o 0 25 1) b B v B 1t S5 ) 1 L S 00 0 A 1) B SR AR A
FAE S A 0 A R AR . AE IR AR, A s AN 2 R R o P AR B S s,
— DA R Z 3, 2 2] U] S 4 0 B S 0 8 o B SU SRR AR x A LS
oA (), BRIz Fa e BRI B A (), B850 o0 A sk TE s i o0 A o
o)A RS R R & 2, RERANERMNSS AR = (), BERNEE R
S x o BN IR, AT A 0 B Rk % B AT R 00 403 B 7 S RL Y 0
(Fake) A1 (Real)o SZi b, FIRIZRSZHEL T —A> R Thae, mILLRAAL
SRS R R B AT AL SR RIS, A X % 0 A B A Rl B S8 ¥ 5 L S A

i REME I IR 1, FET ik, A O N 4% (453 25 bR B 52 SN
minmax V(G, D) = E,_, [log D(x)]+ E._p, [log(1-D(G(2)))] (3-3)

HAV(G, D) AL PR R e 8, @R MUV (G, D) IIZRAE M 4, oAk

V(G, D) IZRH RN 2

Real Images

[ ' Discriminator

e Real

Generator @ I
@ ™ Fake
Synthetic image

3-2 A g X R AR B 5 A

313 RIRLOMERERTFITHESS
AR T B A] WG G B[R] — 987 BN [R] — ) B B 20 A B G 8] [ AR 4 o0 &R
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PUER KGR N 7.5 13« BB 14: 00 AT ANEIG, EURISTE R —B BSR4
— AR RS B 3L TR R, ASE B AR YR A RANE, S B AL
SR EANE . ARG AU, 5 ER ] W AR AT A o, 2l
SRR BAEXS BB R A N IZLANE S, T WA RR o 5 06 B 2L AN B R 5
FEo A A EA M . R DG BB — AR BAT S O SCHAE SR EL R, Rt m] L
BRI AR R, WERAEIRAFASFIA 52 18] AT W6 BB B L A1 B A A 5%
Ao M2l AR AR 5% 2 RSB AT L' AR B0 N 37 55 B 20 A LR B A e

A AT 2 AE R AL BRAT S5 oA T2 IR S mT BLEE ST AN G 3R] R g 5
Ao I B A RS AT DAL AN R AT LG R BIZ0 A R 1 R R K AL pR AL
I BENS 78 73 75 8 BIAS[RIRA 5T 21 /14 5 18] R AR T2 Wi S BUR 208 B BRI 222 . A
AT DL S 2R O B 2 RSB S IR 20 A R AR R, I AR et 5 0 A 1 R g
SIS BT DGR B ZE AP B R I PR AR SR 2B R 1901 2% 2 0 R IO BB sk
55 AR 2 A BRI R (RIS 5 &R, S8 I A RO T I 2838 H - R IR AL A B R A
5%

3.2 ETF pix2pix WRIFELINEGERTSE

3.2.1  Pix2pix P

AR SORE H AT WO R A AL AN R ) S YR 20 A UG A RS i) R AR D 7 A PRI 3
(] FR) PGB 8 i L. AEASSC VAN IVE L A, SR GAN 28 3R 4T 21 A0 IR AR i i B2
Do I VA GAN M IATA Sk, Bk BRI =2 AR R I 2 R L JE
PR PG 19 DA K% e 23 9% 2 1) PRI A Al R, T AR SC T Eh i] O G AR R 4L b
PG R PE, LT b, ASCEFE T H Isola #£ 2017 4E CVPR 2 L3 H Y Pix2pix
P& RT), Pix2pix 25 2K S AR BTN 2% (CGAND FR 45 R SR A 1 LR B AT
55 B8 FH M 28 388 o IZ A BB 25 2] BE B R IR I U G &R, A R A8 AR 4
FEARBRRHAE 7 2] BT X0 R 58 B BT 55 IR BRI, (459 2% A 2R U T I 245 35 T
GRS -
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SR A ORI 28 22 B RS AT BR 25 5N AR OO BT X 28 IR 4540, — e R b st
T IR E A SO BT 2% B AT A I R 80k R T 3 kR . SRR T R L
WRZE. SCARIIZAER BN A E, Pix2pix B4 B B ERG I BIFES, HIivR
W w5 3 AR A S NS B o R B 45 IR, W Pix2pix B BB E N AR hR A . 5
JE 32 5 W IR UGN S5 R KRB0 55, A2 ds R A U-net 25849171, A5 3800 T 4 b
RIS, N R E S 20 0 2% ) A0 70 R PR AICRMAE B 70 32, 2 J5 R A A
L X 28 Wi A2 30 s PG 43, RIS ) P 2 00 T T 45 v J2 A R e 0 SR R
JERHAE A5 5 S8 o 0 T SR 2548, B AG GAN IR 700 45 9 28 6 T 255K 1 73 1 32
T R ECRE A R BIIRAT 55 R ANIE ], Pix2pix K PatchGAN H 5|84y . %48
GAN &[N ‘True” BUE ‘Flase’” IAT/RAE, Fooxt T HI 5 #5185k K
BIFIE, T PatchGAN H 5135 (15 v NxN [AERE, 8RR A AR ARG
THIN BRI SZ B MxM R/ MR B4 5, DTS A5 50 45 BE 22 1) 5GVE T =) B 4
TERMKE .

AR50k Pix2pix 26 87 B IR L0 UG AE AT 55, R 5 2 =) ml L
TR BN LA EUR AN 56 R, EERIBRAEZR N 18] 3-3 FoR:

vV Gl 44 Ufake:V) DI %

Fake—0

Real—1

-

(Irear:V) D 2%
& 3-3 Pix2pix 1EBILEH
BIeh v SORBEAT AT IOERIG, 1 RREEAN R LT ANEG, V3R as
A I AN EUR s INGRFEARNTIAR S (V, 1) o Pix2pix W% Az eas A A 2 2 A, 2B
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AR NN G MG, FIAZERIR N D M.

322 Pix2pix HERE S

B GEM .. A ES N U-net Z54, BT URADMAIDMNLE . X T gmiid 25 FIARAD 2%
LAER IR E, A SCEER AN B Z B N 28 45 R 30 AT T 5206, K 458 R -
G S 2 ERREA A, HORIEEUEGERFE, MRIDE 0 5 2 RGIRE A K,
B BB ) B F AE AR AT A AR, A SCHE i H AR e g My e 3-4 R

I IU<>I]

‘ CB4 DBO '
| CB3 DB1
TRAEBHA p0 o1 B2 : Dm Im3 B44%l@%&
Y s A A
. A _*
--Conv block --Deconv block --tanh layer B —+(]) --concatAandB

3-4 Pix2pix 4 B 2R M4 L5
BB B 4 3 A dmis A%, R BRI MDA, SRS R w2 AN AR
AN EiER . Hp il B iR P EUR S EE 3-5. B 3-6 B

L “ConvTranspose2d” 5 " ,
Hi NFFAE: Kenel_size:4 Batch LeakyRelu | 1 tHHFAE
| Stride:2 Normalization (0.02)
Padding:1

Conv block

3 A =7
Batch LeakyRelu : il HH A
Normalization (0.02)

i N

Deconv block

_______________________________________________________________________________________

& 3-6 Pix2pix fRIS S FIRIR M4 L5
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G MBS HNE 3-1, KRPERZSH(Eks.p) iR RREE. Kb, D
K HARS, BASEAHHSH(b,ch,w) 73 AR R INGHR N @IEE. R E
i FHIEEITE . HERFTAL, b ER il i BAUE R E D 2 KRBT R KRR, MR D
JE5E AR R 5 G A 2 AR [F) 3 A R KRR AE B AT I8 TE B R RE, Rl B RE
AR B BRI e, ORAE T fay AT N R B 2 3 AR [ o

% 3-1Pix2pix £ FMESH*R

(B2 BRI R BRESH B NRHIE i HHRFAE
(f.k,s,p) (b,c,h,w) (b,c,h,w)
LTI - - (1, 3,256,256)
Ymhs a5 CBO (64,4,1,2) (1, 3,256,256) (1,64,128,128)
CB1 (128,4,1,2) (1,64,128,128) (1,128,64,64)
CB2 (256,4,1,2) (1,128,64,64) (1,256,32,32)
CB3 (512,4,1,2) (1,256,32,32) (1,512,16,16)
CB4 (512,4,1,2) (1,512,16,16) (1,512,8,8)
fiRhs 3% DBO (512,4,1,2) (1,512%2,8,8) (1,512,16,16)
DBI (256,4,1,2) (1,512%2,16,16) (1,256,32,32)
DB2 (128,4,1,2) (1,256%2,32,32) (1,128,64,64)
DB3 (64,4,1,2) (1,128%2,64,64) (1,64,128,128)
DB4 (3,4,1,2) (1,64%2,128,128) (1,3,256,256)

FIFIBBLEM . D L& RN “ EAR 7, ST bR — Bl I R4 5% eR 4
5 R GAN MZEATH], AR SCHEEEN D 4K H T PatchGAN (B4R, W2 %A
30%30 FFERE, AT H BB MER R BT B T4 7070 RN EGEL, X T K&
FIPEATE S5k, REW LB EIE 2 M4 E R . AR SCHE R D M 45l 3-7
fior, HhERRRE G MEH .
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“Conv2d” “ConvTranspose2d”
Kernel size=4 Kemel_size=4 1 . 1
Stride:2 Stride:2
Padding:1 Padding:1
64
l I 64*8
LeakyRelu ConvBlock_4

l 64 ‘64*4

*2
ConvBlock_2 —» ConvBlock_3

3-7 Pix2pix #I| 3l 25 L& L5
Pix2pix HIFI5#5 D W25 A A NG, ] oGBS B AR
A2 B ZL AN R AE 58 @B 4R HEAT IH%, AR R0 48 ) B A X AR AR . D
& ZHNER 3-2, RPERZSHEKs,p) TR R ERZEE. Kb BK.
R RAT, WASHAM G ZH(b,c,h,w) 73 IR I ZRER /N TEEE ., R

# 3-2 Pix2pix FIRIZEMEEHFE

LRESH i NAFFAIE B YRR AIE
B
(fk,s,p) (b,c,h,w) (b,c,h,w)
LT - (1, 6,256,256)
(64,4,1,2) (1, 6,256,256) (1,64,128,128)
(128,4,1,2) (1,64,128,128) (1,128,64,64)
TR (256,4,1,2) (1,128,64,64) (1,256,32,32)
(512,4,1,1) (1,256,32,32) (1,512,31,31)
(3.4,1,1) (1,512,31,31) (1,3,30,30)

LR A1, D 2% N\ N(batchsize, 6 , 256, 256)FEANT, £33t =1k FRFE, R
TP R TRATOT CATHAE D X4 4 H 55 FE A NE 22 500 B SR B IR 2 BT o AR AR AR ]
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g, A2 PR FORBEZ GRS BURFAL R P BB SR TN BRI U
(A= 2 D A .5 B 2 SN W

LN=0
RF" = k N=1 (3-4)

n—1
RF" <k, —(k, ~D)x(RF"" =] [5.),N 22

i=l1

Hrp REYRIRE N EBREIEZET, [F3RFY RN N-1 ZRHER K2

B, &k, FRHE n FEPERA, s FBRE i FEREREK. RIEAN, D MEEZ
HEREMIRZET A
Convl: k=4, s,=2, RF'=4;
Conv2: k,=4, s,=2, RF’=10
Conv3: k=4, s,=2, RF’=22
Convd: k,=4, s,=2, RF*=46
Conv5: k=4, s,=2, RF’=70
1 RS M e L, HRIA T 30 X 30 MR, MR FE RE R 70x70 4
ARG, AL T 0 R R B B B A AT
3.2.3  Pix2pix WL HEH
Pix2pix 355 B G L8 3325 B BORT D %45 5k BB, X281 )1 et 7
G [Z5F1 D MR ZRERE, G MK BbARAMEL ., » D MR HE R ARK
WL, (G, D)W 3-5 Fir:
L,woun(G,D)=E, [log DV, )]+ E, [log(1-D(V,G(V)))] (3-5)

[R5 L& 2] G M2 AR SS AN “ el ™ I, (R ik s L B R A 55
45 42 B R TE IR S AR AR X Th LS ZLA R . BRIE, G ISR 5 2Rk B BUI A
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T L1 Rk RE, 2% G MK A D W2& rH s s =, 3-6. 3-7 fs:

Lo (G = Luuy (G)+ AL, (G) = E, [log(1=D(V,GV)NI+ AL, (1,G(V))  (3-6)

Ly (D) ==L, gay (D) = =(E, ,[log DV, )]+ E, [log(1- DV, G(V)))]) (3-7)
Forp MR RI L, (1,G(V)) BB

G MR REE L, (G) BURBIAH N EAS2E A Z0 51 B & o A 155 5 H b

BG4, 1E L, (G) BURINA R LRI /NEE S BAr B EAR R R AR
RS

324 BRIUNGEXRER SR

S0 AR F B 4R Kaist S230 % R AT 8UE R 7 S8R 5 . BRS04 B
N FLIR ZEAMBA AR, JalN 7.5 13um, EEMRBCN 14: 00, R AT LG E
5% B LL A BUG SE AR IR —— k. BN SR 137 5 B — e AR UL
BARTERS . BIA. Rith. ZERRSE ) R b BT AT BRI HE0R 256%256.,
IR AL E 2500 X 7] WL OG-2LA EEREART, R EAE £ 356 500 X7

X T INGSE, A0K batchsize WE N 1, HILHEAT 140000 A, T 20000
UGB ST ZAREF 0.0001 AL, 2 J54F 1000 KIEARS: 2T Z T FE 0.0001/120 EE% >
HA 0o AR Adam AIGES, B B, 73 EN 0.5, 0.999,

N TR AT I R AR R A ERMBIX AR 55 et BE Sl N 2R 2, 2 AR A
HEEFI DN U-net PIZEIIZIIRTT , AR SCET XS A BEAS R X 25 1) 25 PR B S5 A 0B AT S0 00, 52
g Rk 3-3 Pw, FrARZR RN 5 ) U-net 4544

R 3-3 NEIRE U-net MZE LM RE

x| 2% 258 44 PSNR SSIM AR/ (MD
U-net4 26.562016 0.784729 6.171
U-net5 26.645653 0.793285 16.659

U-net6 26.613107 0.792967 29.244
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U-net7 26.596768 0.789918 41.829

MR AT IO IR L 20 Ah BUR PR AN B A 45 5K o8 B0 M 48 34T I 25, 22
140000 JOEAZ Jim, BEALIEAUT S, I ZRad A o i A2 s A0 ) 2 R A2 AL Ea 35 73 i)
i 3-8, B 3-9 fon. IZRITaanT, A pids M2 AR A5 85 40 & e g, gk
WAL AT . BEEVIZRIIEEAT, AR EH 2 2 1 BRI ] IR R &, 2B
A RS PR K R BOZ 0 TR, R )50 3 R B R 08 . L1 15K R A B I
& BIRFFIZD RN ES

loss
2.5

2.0

1.5 A

1.0 1

0.5

0.0

T T ¥ T
0 20000 40000 60000 80000 100000 120000 140000
step

3-8 Pix2pix 4 k2 sk HiZk

loss
1.0

0.8

0.6

0.4

0.2

0.0

0 20000 40000 60000 80000 100000 120000 140000
step
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3-9 Pix2pix #I| 7l g5Hnsk hizk

K N ZR 105 B R 23 A A o i B AT TG, 493 B0 &5 Rl 3-10 o, H
H 28— 21 ] WG R 58 A R L B B B SR ZD AR L BB = %1 Pix2pix
Pz AL ZLAN IR, L EARTE R R H R R X 8. IR IRATAT LA 1, A2 R
PR BCR TG T, F8 7 o] 537 S5 R0 6 PR 320 B PR S50 SE T AR 0 R AR OO, A B
ARSEILLAME AT S5 . FATWE BN O ITHEPRE B R M X Bk B BLR, 1T %
FRIREFE R EAE LR, JFHENF LSS B 5B AT N R ETUL G K
g2 B=AT, MR ANMT MERAERE RN AR SRS —MTAGEE. R
SRIATTAS Pix2pix P28 S0 IR L0 AP EUR A AT 5572047 T it (B RATYIRAFAE SR A
SRR LR .
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& 3-10 Pix2pix L 4E

B DL B ORI S 45 S n A, Pix2pix FEATERL 1 AT WO BME AR BUAL 4 A Y
5%, AMBILANEG AT S BRI ZLAME G Bem i) — 3k, (H R AT R A7 AE e 4
RIMHIEEAR . BT EBHLEIAE, F—5n] XsEE S L ANEBAE i EAHIRK
Z5r, A OGEBA S W B R RE A R T I R SUEAE B, 4LANEHR S K
BE RA —ANEIE, JFH KIS0 WO BRI A5 B IR . —B3kdi]
IR JE P25 S IR IR AR, BN AP E . BUEARESE, IR JE P28 il
it SURFE, U-net 3l #5 ZIEHE, Kik)Z M2 BAFIE 5 IR 2 PSSR IEARE, — 2%
JE I 5R TIRERERE B o A2 RN E AR5 IR E AR B BOR B R IE R IA 2
A ZE], TR AR AR BRI ) 1)1 S22 501 AT e 2 3 35000 2% B8 ) 26 7% = B 4t R IR
fIE, NI P28 I ZRAMERE o 9 T il Pix2pix 2% A5 Bl 1 21 A EZ 41 15 SR O 1 1)
AR, ASCER M 7T 2R BPRHIERE & Pix2pix IR LA MR AR BT

3.3 ETZRZHFIRME Pix2pix RIBRLINEIGER TS &

3.3.1 ZEZEFRHERLS Pix2pix P4

FE IR AL AMERG AR AT S5, S EEARAIE B AT O B A s P £ A1 AR P YR
FE, AT REAE E ARG AN A L0 AN SUERAE B o ARTERST Pix2pix W45 A BRI 21 A1 UG 4015
BRI HY IR R, HEAT T DA Y Rt

(1) ZREZEPRAESEIES . N 13— DI s B NR S P RHE I RE A 2, A
AE S Unet++ 25 RS 25 1), 7F 3.2 715 Unet P25 (1580 F#E 4 T 2T Unet++4514)
(22 S B RPAESE B, SR B3 7 R A [ (0 AN [) Ja 52 B 1) P {5 R A

(2) ZRGZEFHERIE IS 5 =2 R KAEIEIE 3T & IR LRl & 07 2K
A, ASCEBRIRE ZNEE LB, 2 ] A RS2 B AR IEAR 3R R,
SN2 SR BRI R

U-net ++U812 —ff Fl] -2 252 B 20 1 I Dl e B 9K ) IR 2% 54 o A R M AR I L 2
R B B A ARG AR N 2%, b, A ER AR A8 T 2B — RATRE
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B RS BRI AR AT 5 . T IOTT IS 2 IE B BR AT 15 1R Jelis D 2 AL 245 AN A AL 25
T W AR 2 (B (18 5% o Unet+22 M1 5 N EEAR B X 2, 765K ARS8
[P 5% (DR I 1 SCHRFAE BRI RIE BT, 380 4= 5 R 1 9 i 4% W9 2% 1) 3 2 R R AR I, A
177 56 A A SR AT SO0 RAERL RGN . 245k B AR 35 RN 4 B 25 ) 2% (1) R EAE IR 7
B S EARARY, LA B AR A M AL B 5 ST 55 . 31X 5 U-Net H F 5 i ki 1 4%
R, 53 BRI 0585 ) AR &% I 28 AR A0 B2 R AR B, AT S 300 S 5
BORHRHERD & o

U-net ++H{3#1d — R AR (1) 5 S B AR PUEEL N i i 2 AR SR 2E 1k, 2 454
i 3-11 (@) s, Ho B EFRERARR MG U-Net 4584, S Ebrit e
W AR AR RN S R ISR RS BB ARIER T A0, AL AR R AR RS T 0
B R, HE 3-11 AfLLES], Unet++MZ 5 —Ff “4%07 ) U-net “IEJH”
MR SR AL RS, K 4 PR E R ARF IR I 4 25 [ F0 AR A0 5 420 T 381 TR0 v 40
o AFERZEARER T 0 2 M ANERLERAE EKERE, B 3-11 (b)
J&7R T Unet++55 — 5% 05 FiEE IR AT . AFERIERIRIE 7 Unet++P 4% 520 X8 (&
3-11 L= MARE XD E R AL RRI FESE:, B8R ERAR & T AR Z JURHE
IR R o X FAS A2 BPRFAE IRl U-net WIZSLERN [ ARS8 4 HH R A2 5 14 T
BRI N Ix1 BIRE, et E AT B B~ 348 . Unet++d 25 (1) i it
T BIE 70 R AN [F) RS2 B (R AE B S2 P IR BRI R 8 70 43 1R 3 B G H BK R
SR, TR B UM RHEREOR B BUR PR R, A RUZEUNIA R REA
BT Rk,
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Down-sampling
A Up-sampling
=3 SKip connection

L ¥ Convolution
(a)
A= H0 (' 9] xP2=H{xP0, x0, U(xtY)]  xP3= HxBO, x2, 202, U(x19)]
O T gt A
:r:ﬁ!f‘.:)j/:\_' I|.'&¥'.‘5.L.;.' ¥ ) ;.| i \t"" -m;.
)h-._,—-/ }.___d )\\_ ‘_,r 5
Uix' Uix'y Uix'* Uix!*)
{b} x4 = H[xo :'.x“-'.x"-z.x"--‘.l_i'[x'-'!]

3-11 Unet++&BILEH

PR BH VR AT 55 1 [ REAFAE IR 2 I 45 B0 (R R AE SR L BE 1) R B IL A5 B R
EEERITE, FTUXT Pix2pix W%, AR Unet++25 1 Ry A2 1 ) 25 ) e
TEFEELAS, 7 3.3 17 U-net 54 FIFERE BN Unet++ M 28 S 005843 o X T HEE I 1)
AR SZ BT HRAE, ARSCRE T 2 B2 ETRHERL G HLH],  E13 2 BB A% 1 3% I A
[Fi JE% 52 Y REAAE (1) B LR

B, ERANGICAET 2 BT S HERFH, aRmuing. 85
FAENG L. SAGANWIE YCIE I 7E A S R0 5 38 Hras i B 3 = ek 12
GAN [ 2505 4 Joy S5 M AR KT B8 0 o VER WU R A — RAVIAUE R 8, 150
ZLBENE F 20 )RR B R, SR E SR, FIRNHEITEOME . W IR
JINEIE IR, — AR AR IS, 55— AR AL T2 [
TR, P 5N T RL ISR PR E AT 27 B T 11 2% TR A g
STHEANLE FRRHE, W8 FTERTE AL S R ARRERIAUR A 2 1 5 SRR
KHEAT R, AR R AN B R R AR A e . B, A R BRFAE
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HAT AR AN B AL R AE &S 0T DUAR AR, o8 e AT 7E 25 8] 4 b 5 B an i,
T BE A% S B K B B R AF 18] (A B2 0 . Tl I v i R, A A 2R B
PITENLH SR A AT B PN B ITE LS 2 (8] FBE 2 RO &R, A8 H BT 18 18 B i )
TINASURN B8 3574 18 T8 R S A

2 ()Y B AL AT v B L 4 ) 25 1) . I P A4 B AT R RV AL,
FEANTE T 2 Bz B RHME e &« SR VLIS, A citl 7 282
PYRRIE R S, MWK 3-12 FiR A SCR R E AR 2 B2 BRI A 7
FER BT —ANEE IG5 /R A AN RS2 B 22 T BUINRRIE , 75 201387 B4R E
BHERRKIFESATRES . X TFERDMEE, WK 3-12 4 F R, f8ERNEE
fiE £ A0 £, PRFAEEL, FRATEI N —AME R 7 B LRI R 22 ST B ANMRFE 115
RRMIBLE ., NFRERNF], BN RE P AN RRE AT R A IR
[ £ fin] ZJERHBRIZS MG RIER IE, RIS B eR B0k v = T B R AL
HRF 200,17, WE=ZJan F PR

a-—gu¥df.fHD)————:%77—ﬁ (3-8)

Hr g RN R, H RGBRREL

RIEHREZ S E o, FFHE £ A £, BARRREE 7 2R 3-9 Fis:

FeatureFuse(f,,f.,,))=f, Qa,+f,, O(l-a,) (3-9)

Forp £OR £, PANRRAE PRV T B RN AT R
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3-12 ZRFHIBNAMERIR
AR 2 2 B RFIE AR & Pix2pix WYL SRR AL NI 3-13 P, &
J A X 25 7 Sl R R ] Unet++HR U O BPRFAE, AR5 20 1852 BRIk R 5 A R
H B3 2 S AN RS2 BRI R R BB, JF HAS R & 5 RURRAE, A2 Bont B (19
ZLAMEIMR . PRI ER 2% 5 JEUG Pix2pix (2% H I SR 45 /A F], SR H] PatchGAN )5 2%

g5
Fake—0
. —_— —> > > B
i
g ﬂwﬂ g
G mz;f)\@ﬁ{ DM £%
1]
E Real—1
LN
DM £

3-13 ZRAZEAHIERLS Pix2pix HRBILEH
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332 ZRFIFIFERLS Pix2pix REAE S
ARSCER AT G UG AR A AN AT %, 7E Pix2pix W25 [ALA |, 42T
— I 2 RS2 BPRHIERL G Pix2pix M4, B Y6 R Unet++ P28 4 B 22 832 BFRFALE
ZJ5 R 2 B2 BT RHIE R & BT B R & 5 ORRE, Ao RELDA R, )il
A AR B G 2% (R AR 2 ST AR BN RS (A e ik B R B 250 5 3.2.2 A
LRI ) 3 X 2% 2 R ARTR] i LA HE R 2 AR B P 2% 45 84
AR Unet++ M8 AE R 2 A2 BPRHE S ELAS . T Unet++JE G 45 M 42 H 4]
AT BURE Xy E], M TARERIE L5y, AR AR IRA S BHE A B AE
&R b 58 AT ANERMG IR BE TN AT 55 o Unet++R4 4% 3 31 S AR AT 45 - AE 454
FS5EG B, FEXHIET
(1) FREEFR: ASCRAL KR 2 BBERZMRE R4 Unet++ FRAEZ
(2)  ZBZITRAEALIE 7 30 ASCR A Unet+I 2875 0 2 B2 BPRFE SR ILES
K H 2 RS2 B RHIE R G BRHOR Al & SR BB O ARFE,  AUE B4R Unet++P 2%
o 2 2% bR A AR A tH B 1 07 =X
(3)  HURKE: ASSCRAAE SO BT R A L1 8025 sk BN 2R 2%, A8 5A
Unet-++ % 26 1) 58 SUIRH 25 R 40
AR ARG BN 3 A BT Unet++MZK R IERENES . 22 RS2 TP AL
ERPL M ERE . HET Unetr+ W45 P4 22 1 AN 25 Dy 3.2.4 15 225 150 B0 IE 19
U-net W%, 1K 3-14 BIZAERRIER 70, Bl 3-14 TR EE 0 Y 3H 78 15 2 2 12
7 bR
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LAHER
ces_o it

Lk

T -

G L S
?ﬁ#}\u{g CB0.0 CCBO— CCBU:2— CCRB0.3 CCBO.4

o
1l 4 m\ﬂﬂj} R

CB20 DB20 - —CCB2.1DB2.1

](I] \o_“ }I j I | -Decony black

CB3.0 DB3.0 CCB3.1 DB3.1 --tanh layer

4
g—() --concatAandB
CB4.0 DB4.0

3-14 ZRCZEFHHERL S Pix2pix & AR ASMI4E L5

ET Unet++MSFISMERINEE . K 3- 14 5D 73T Unet++M 48 [IRFE R HU AR
TEAN 48 4504, B T I REHEARTE I U-net PIZ 41, Unet++ 25 (1) 52005075 B RO Y |
KRR AE S i R A . ERAERRERRAIE | M IEFE R AT AT 1%, Ry T
/NP2 RN ERAE R FS, AN 1R AR R A A, el NP IEIEE 2, Mg
RE I TR S HOR 2 AE N XN 4.

ZRZFRER G . 2 B2 BRI Rl & BTl i R G 23R R = L)
RS AN AR B RRAE,  Foh i 2 MR A — P Ra e, BRIRE, HaiinE
3-15 s, BB ERSEANT . GEWUMHFERSRRE 1 20 30 4 K
ATE Je KA A B AR E IR 73 Al AT P4, 2 )5 R PR R 11 7 2USEIAN [F] 2%
ZHRER R G o A — R E IR . X T . o, B EE
TR 2 BRREE, FREHMTIEIE ERE IR, ZERAMADNERZ KRN N 3 KB
JZ Conv12. Convl2 a Z>JEE 1K Map; RIBSRIHER K Map, #1T 1.
FRIERR SRR o= 1% + ox(A—- ) RIERHEPRKNA 3 BRI
Xt — BRI E] | SRS EMRAS R p. 1. (B ERRHE ,HS 3
BATHRAERE S, DAREHE, BRRE.
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NXHXWXC/[2

T

Conv123_4:3*3,C

NXHXWxC/2 | N3 HxWxC/2

—

-—

— >

’-(71) +1
Conv1234_a:3*3,1
T NXHXWXC

conv1234:3*%3,C
NxHxXW xC/2 NxHXWXC

connection . ‘

NXHXWXCf2

Conv12_3:3*3,C
¥
NXHXWxXC/2 | i ?‘ NxHXWxC/2
> (S 4—
| (1) +1
Conv123_a:3*3,1
T NxHXWXC
conv123:3%3,C
NxHXWXC/2 1 NXHXWXC
connection =\_)‘
N X HXWXC[2

Convl_2:3*3,C
?
f

| (D +1

N><H><W><C/2| NxHxWxC/2

Conv12_a:3*3,1
T NXHXWxXC

conv12:3*3,C

NxHxWxc/2 T NxHxWxC

1]
.\/‘

NxHXWXC[2

connection

NXHXWXC/2 NxHXWXC[2 NXHXWXxC/2 NXHXWXC/2

DConv1:3*3,C

f

fi

DConv2:3*3,C

i

f2

DConv3:3*3,C

1

fa

DConv4:3*3,C

f

fu

N X 2H X 2W x C NX2HX2W xXC N X2HX2W x C NX2HX2WXC

B 3-15 ZRFZEFIEA S RRME L

M ERR. WS REABRR AN 3 MERE, fl 3 EiEERE.

G MERZHINEK 3-4, RPEGHESH(Eks,p) 0 LR ERZEE. KD,
B AR, FIASEREH S 5(b,c.h,w) 7 B IR G RE R REE
B RAEEITE, 2 OSBRI S AR SRR S B T D briE, R
AN AT AR .
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R 3-4 ZREFFHEME Pix2pix £ MK SHR

EBIRZSH By NARFAE B H RFALE
B BRAHAFR
(fk,s,p) (b,c,h,w) (b,c,h,w)
LT - - (1, 3,256,256) -
CBO0.0 (64,4,1,2) (1, 3,256,256) (1,64,128,128)
CCBO0.1 (64,4,1,1) (1,128,128,128)  (1,64,128,128)
CCB0.2 (64,4,1,1) (1,192,128,12,8)  (1,64,128,128)
CCBO0.3 (64,4,1,1) (1,256,128,128)  (1,64,128,128)
CCB0.4 (64,4,1,1) (1,320,128,128)  (1,64,128,128)
CBI1.0 (128,4,1,2) (1,64,128,128) (1,128,64,64)
CCBI.1 (128,4,1,1) (1,256,64,64) (1,128,64,64)
CCB1.2 (128,4,1,1) (1,384,64,64) (1,128,64,64)
CCB1.3 (128,4,1,1) (1,512,64,64) (1,128,64,64)
Unet++4F
DB1.0. 1.1. 12, 13 (64,4,1,2) (1,128,64,64) (1,64,128,128)
(RANE
CB2.0 (256,4,1,2) (1,128,64,64) (1,256,32,32)
CCB2.1 (256,4,1,1) (1,512,32,32) (1,256,32,32)
CCB2.2 (256,4,1,1) (1,768,32,32) (1,256,32,32)
DB2.0. 2.1, 22 (128,4,1,1) (1,256,32,32) (1,128,64,64)
CB3.0 (512,4,1,2) (1,256,32,32) (1,512,16,16)
CCB3.1 (512,4,1,1) (1,1024,16,16) (1,512,16,16)
DB3.0. DB3.1 (512,4,1,2) (1,512,16,16) (1,256,32,32)
CB4.0 (1024,4,1,2) (1,512,16,16) (1,1024,8,8)
DB4.0 (512,4,1,2) (1,1024,8,8) (1,512,16,16)
ikl CCB_O (3.4,1,1) (1,32,32,32) (1,3,256,256)
333 HBENGESBERSH

A 3.3.2 TSI 2 B BYRHIE R A Pix2pix W46, SRS 3.2.4 715 S50 AH [F 1
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BRI RESES, 223T 60000 GRS IR IREL, M EE Pix2pix RIZ% 140000 S UREL,
2 2 T RAE R G Pix2pix [0 2% Il SR R B RN o A= Faf R 5 Sl 5 1) 45 K R 4 43 i)
g 3-16. Bl 3-17 Frox, Horp AR s 40k s 8O LT 452k b — BEARKE T FE, I
SR AR LUBURGE o HIMFRIURFT LA BT 2 S BT RHE Rl & Pix2pix 2% AR R s 45
FEDRET ) ) B PR 28 e A0 4, KISR0 30 B X U I 1, TR AR 4 5 B I 4 B R AR/
It A B X 2 AU RE T I T i, AR R R RS K, B AN SR T B
WP 55 10g(1-0.5)~0.7 £ 47 .

loss
2.5

2.0 4

1.5 1

1.0 1

0.5 1

\

—_—

0.0

T T T T T
0 10000 20000 30000 40000 50000 60000
step

3-16 LRATFEIHERES Pix2pix 4 ARSIkt

loss
1.0

— D _real
— D fake
0.8
0.6 1
0.4 1
0.2 H
0.0 T T T T T
o] 10000 20000 30000 40000 50000 60000
step

3-17 SRAZEFEREE Pix2pix FIHIES KL
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K I ZREF 1 X 22 56 AR o A B BEAT I, A 245 RN 3-18 P,
R ER —F ] DL R B A D AT G BB BEIK LS ZL A R L 5 =510 Pix2pix
W8 A2 I ZL AN G L 56 DU 51 20 g 52 B RFAIE i o R 48 AR BRI 204 AR . B R
TR LR, A REBRCR T, 2 A2 B AL & W 2% S B 1 S8 HERA A 4 PR =

[E 3-18 Pix2pix 5% BEAZIFF4FIER & Pix2pix SKILER
AICKH] SSIM A1 PSNR AN FIRZL A UG A VA TR Fa b, THERLAR B 41
S AR T B SELL A AR I 45 WA AL BE AT SLRE, SSIML Al PSNR 17455 U AE
224 A BRI ASTR Pix2pix /2% 5206 45 RN 22 2 B RFE RN & Pix2pix M 4%
LIS gE Rt AT B BT, BRI RNE 3-5 fin, ASCHR I SEVES E s kb
=R

#* 3-5 Pix2pix MR L RAZ I FHERM & Pix2pix MEMEEEE ST

IR SSIM PSNR

Pix2pix 0.793 26.646

Z [ WP R IE RS Pix2pix 4% 0.861 28.709
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AT 22 I 52 BT A R A AR B 2 5T 8 R AN [ SR 2 B ARG A O R 1 R EAT 1 AT AR
e, wiE 3-19. B 3-20 Biow, (a) « (b) 735008 R W B AT B2 L0411 (o)
(d)~ (o) (O) 7 AIAESZE NN BIR KRR R B W AR RATRT LR ), 32
RPN RRFAE T N 3 e BB ORUE T R SO SR Etid 2k, i J 2 B OR IR RFALE
XERLFRIE T BSRE T BB BRI RS S, SN A BRI S AR B .

(@) (b)

(© (d) ©) H
& 3-19 AERZHFHHEMETENE 1
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§
|

(©

3-20 A EIBRZFHFIERATENE 2

3.4 FEEGE

AR BN IRLLAN R AL AR S5 R IT W FT, B 5620 1AM Pix2pix P44 5E AL
HMEHR AL BRAT 55 1 SR R, JF ELARSRE 27 SIAE 55 % W 2% S5 R BEAT 1 1% - Z J5 #1X Pix2pix
P28 A i 2L AR R B A BB AR I R, S T 2 IO B RFIE R 5 Pix2pix M 2%,
AL T Unet++ M4 1K) 2 B EPRFIESE G it 7 Fh 2 O BPRF IR S WL, 52
6% W 22 ik S BT RFAIE A 5 X 254 B8 i IR PR RESR A o
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4 BTHERXHRMEALINE RET AR R

128 =S HIWE ST RT 0, ISR T 2 2 BPRFAE Rl & Pix2pix (IR L0 AM EIR A BR
SRR e s SEIL AT LG PR B — I BU 204 R RO B e . O 1 i Bt 56 UK B AN [
I B EIZLAMEMR R A B, AR BT AT 1k T AR O 2% I 20 AN Bt e . BT
XTI Bt AR 55 R, ARAESRAG 2 I BUWECH ZLANE R, hDUARE AT e T—
it RS HEAT AR HO R R TR AE T 48 (110 25 —StarGAN [ 2%

4.1 EF StarGAN HZSMNEG I ER AR

4.1.1  StarGAN R4
LHMEUR FEANREE . B B A O, AR BLZLA R AR 46 50 R AN
NHIREA S, mH SRR LA, K 4-1 0 4-2 7051208 1PN B
ARSI RS
[T]:f(Tl’ilaglael) (4'1)
IT2 = f(T,,2,,¢,,0,) (4-2)
I, FRME AR, 1, FRMB ARG, 4. T & FRME L
WWEE, 4. T. ofFHE 2 BHRE, 2 Bk, 7EFRE, & &5
KA, o R HABHE R
ARG = AN BRZLAME B AR 1 & B I BRI AME SRR b 5 20k
R N 2 mAh BB, e b7 RLANENR . LA EUREE R R F A 1R i B &
RIS, PTRLBRKAR AR AAE . iR DL B A, dn R RENE SRAT LS B
i 2 :0(4-3), IAminT LRI FOREATLLANEMG I B &, B DA BU R J A 5%
Al AT PR e T BE 7S HLA HE A B 1 BRMGORIIS B 2 PG 2 [A] F e i i

I, =F(,) (4-3)
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AR SCRG T A PG e B R I A A AN ) B B 4 A A 3 1) ) PR B 3 1) . oAy
TR BT AR I, CAH V2 S R TR I S 4R 1 AR
PR, CycleGAN®, DiscoGANBIH Dual GANBUSE I X5 2 i A= i 28 45 4, [ it
SR FHAE PR — S804 2K o DR B U MG SGBRAIE , Bl D AN BRI L G &R . UNITER
A MUNITEE T UG5 BAAD B A, R VAE 5 GAN MIZt 4 &, K K& EE
R A N 2 R AE R R ISR I RS ARRAE , SICBL T — X — 25t 2 1 B AE . H
A FIRBR — A A — K R B S PR MG R WU DG R, FEREAT 2P G0
[ P P A5 VR P B e A R M AR AR . B 4-1 () FoR, LidBADN T3]
k A BRI 18] 1 BT AR 4 it A2 25 k (k-1) ANAERES, RIS UK
A BB, TOvE2 I RN IR E 2 RRHE. AT IREFEVERER, AW
SVESE I T ANASE FH — AN AL AT DA 2 UGG AT A B e . ANl 4-1 (b) P,
MESRTER NSty 78 0 H AR IS UG I B S B, A — AN A it I 45 27 5 2 AN B AT 41
PR [B) RIS 5 2R o T ol 0 — 5 R 4000 0 VL DI 2 B A TN 468 1) [ ) 15 38 22 o A5 35
BRI HOG R, Re N R RO e i AR B s H AR

AM5 PM2

PM7

.
’ 5 + label |
AMS |

(a) (b)
4-1 1RBIGEHIRTEL
StarGAN 2% B42 Choi 55 A4 i i —FhSE BN G J& VEgw B P 4%, 12 M 48 18 1T
PN S B bR N R, SEBL T 3T — AN AR A 1 2 8 M I N B e
StarGAN HE Y [ A= Bl A 57 > [ 72 B I AN BB IERR] R AR #0002 4 PRI A A s
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B R EIFMEAM G RIN, Re B R IT e 48 2168 DL B R sk XT38 J2 1 G 7
30, StarGAN i I P i R R85 B . MR ZBTHI 04T, StarGAN M 4% F A&
L TLLAMN B AT S5, WA SCR A StarGAN W28 VR S SE I B ARAE 22 . Jik
T StarGAN 2% (AR SE R i1 4-2 P, R4 e AR B I 2% G ORTH 3l 25 0 2% D
. AR RARE BUmAD(E S (A RTTHD MM ANLINEBR NG IE, [
I S 31 i X 22 0 I B S22 00 5

o mm mm mm m mm mm mm mm e e e e mm m e e o e mm mm e e e e o e e

PR GRS, o mmmmmmmmmmmmm—mo o -
AN

\
S
BE
o

=
AN
o

i

H

-~

—-—— e e e e —————

4-2 StarGAN W £& 1R B EEH

FENZRIEFE S, StarGAN BEALAE i H ARSI BObRas, I ZRisi R A 2141 12
& RIE MOy H bRy BRI, M AE R B, AT BLE R ) H bR Bobn 2%,
K P A ONATAT P 5 B9 H AR BRZLANEIR . T StarGAN 2% B 2L A Bt JiE 5
NGB BB 4-3 Fros, EURTEEARE 1 B B A B #) 2wt 5 3

(a) Y%k D M. FILLHILLAMEE x FAR s AR U ZDA R X 23 il N D
W25, D W28 B o IX oy BSEZLAMEUG MR ZL AN BN, IF L SEZL AP R 73 28 2150
IS PRI Bk (100

(b) %k G MZ%: YIS H bR s . BEALAE B H ARy B id (5 8. label,

(010D, HFRIEHIRSE label, (0100 £%5 (8] EEHIIF S5 BIME x 45 G5 AL ds M

44 R T BB A2 U

(o) 1% G F%s: HARRSIBRIMGT . G %2 R 7EL 2 B LT A PRt B
SRR O T, M B G h T A R, 49 RS 5 A I (5
o B 1S . label, Z5 8N G 0%, AP TR R 1 BB 2T AR R 0
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(d) %k G W% “HRYw Hmlds, A RS T SLLLANEMR ISR X 7 () H AR B AL
SMEUR . G MIZEAE R 2L A S« SN D X8, 500 28 2000 G AR, [Tt i o o)
PRI B (5 2, BRI, Az s TR R 8% K00 25 RO R, R IR A A H E AR
W Bt label, (010,

AR N REATIEE IR
H 5 AMS/ F4-25PM2/ R 47 15 PM7

(a) VIZF1 5145 v (b) PRI BRI (c) H bpigi->iiik (d) Gt 550 &%

iy (T
B B G 13

(1 NHHEB [
(2) VIR N BB AT H b EHMSHIE A
I} B 2 i 5

& 4-3 StarGAN Iz ~=E

4.1.2 StarGAN {&EBIME S

A . ASCREE A AR I I 28 S5 R N ] 4-4 o, P g B 4k oy
NG, ROELM D LS, ROEHOVERZ. MWD 3 A NRES
BB, FARRFIEE R E, ARz B 6 Mk ZERAK, Rt 2t 3 4~k
RGBSR Ia 0 HeR . N 1 SKBLZ I BRZL A BRI A A, 19X 2% 1) B N i ¥4
I Bty SRR B 07 sON IS 5 20, R AR BUmASAESE 3. 4 4EFZIE(H
I H SN BBAES 2 425 EERmM AN S, A RGBS E R, 24
s aE R . B 4-4 AR NSRS, s TR B S RN AMEGOE T IE R 2
FAS RN RIS B RS (5 BAF 2 7 2 RO = 7 S Znsh R .
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i—b repeat

v

H ki Br1
(1) AR
i g
- . Ea

5T B [ ! i E o(;utpu't
e - e I “ } B
i ‘ !
I 1

iy

lEIES
H Arf B2

L ; 45_%1)2311 _____ J: DBO 'Dpj - EHEINCTE
28 o
Aoutput
!—» rezeat
:| --Conv_Block l]] --Res_Conv_Block ID --Deconv_Block ‘ --tanh layer

4-4 StarGAN 4 i} 35 P 4% 4544

Kl 4-4 R RAEGFB Conv_Block. 5% Z BRI Res Cone_Block. | RIFHA
Deconv_Block &R B HtnE 4-5. B 4-6. B 4-7 Fim. X TIH—LE
WU, ZERAs 2R T 78 BR XURS B AT 55 o S8 RO B0 1 SE 9 3 — AL J2
Instance Normalization (IN JZ). BN & H B G MA M Z R H—LZ, @il
XN AR R R BE EAT I3 — 4k, ORAIE 1 B8 o0 A i) — 30k, B R
> HE AR A o AR TC O i R 0 BB B AT 55, BB AE e 45 2R £ AR
IS LR BB SE A, 5 )tk o A P A5 S0 1 Bl o0 A SRR o BB, AR
KA IN ZR XA EUGR S AT IH— A ab B . RIS A SCE A 2 A TR ZE B
P2 S50, RERRS AN S AR, A BTNt S S,
R A HR I B TH 2K )
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s ] “Conv2d” . )
i ANFFAE Kenel_size:4 Instance Relu i HRFAE
; Stride:2 Normalization |

Padding:1

Conv_Block

N . “Conv2d” “Conv2d” n ,
BUNFSTE! | Kenel size:d Instance Kenel_size:4 Instance i R AR
T ~ Normalization — Reél® =~ d |

Stride:1 Stride:1 Normalization '
Padding:1 Padding:1 :

Res Conv_Block

A 4 '
i N ﬁEi Instance Relu
| Normalization

AR AT

Deconv_Block

[B 4-7 StarGAN FZRD 25 FIEIR W 48 4544
G MBHIZHNE 4-1, RPERZSH(ERs.p) iR ERREE. Kb, D
Ko AR, B ARHEA G HRFEZS2(b,c,h,w) 70 0 R s IRt/ TEIE S Fr
fEREm . FPEETE . BERATAL g dsilid SRR W E P KON 2 RFAT KR, %
R AT EIREA R, FIE PR AR, JFE DA 1 BRI
ARE BRI 73 P, ORE T far AT N BUR B9 20 HF R AR [ o
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# 5 # X

£ 4-1 StarGAN 4 B EEME S KR

HBIESH B NFFAE iy YRR
B B RRPAL TR
(fk,s,p) (b,c,h,w) (b,c,h,w)
- - (1,3,256,256)
LIPN (1,6,256, 56)
- - (1,3,256,256)
CBO (64,7,3,1) (1,6,256,256) (1,64,256,256)
Pt 2% CB1 (128,4,1,2) (1,64,256,256) (1,128,128,128)
CB2 (256,4,1,2) (1,128,128,128) (1,256,64,64)
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCBO
(256,3,1,1) (1,256,64,64) (1,256,64,64)
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCBI
(256,3,1,1) (1,256,64,64) (1,256,64,64)
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCB2
(256,3,1,1) (1,256,64,64) (1,256,64,64)
fim=
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCB3
(256,3,1,1) (1,256,64,64) (1,256,64,64)
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCB4
(256,3,1,1) (1,256,64,64) (1,256,64,64)
(256,3,1,1) (1,256,64,64) (1,256,64,64)
RCB5
(256,3,1,1) (1,256,64,64) (1,256,64,64)
DBO (128,4,1,2) (1,256,64,64) (1,128,128,128)
filho 2% DBI (64,4,1,2) (1,128,128,128) (1,64,256,256)
DB2 (3,7,1,1) (1,64,256,256) (1,3,256,256)

FIFNBSEER . 0T — e E AN R x A — A BRI BobRaE o, I Bh R H
(RIRERE x Fetb N H A A AR B o BMBISCRAIE (V5 H BBy o D 17 SEBAE Ry JR s
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X B GBS, D INZURIN T — ANl Bh - 838, 0] ) 2 N BB R AT I
Bfg B2k, I BAEUIZ G ML D W4 I 18 i B oy 255 2k s B, BRI an 15
W, 4.1.3 45, [\, D MZORBEH RN R SR 10 %6 tH B8 AT, ASSCHE @R D W
LINEEFI I 4-8 ffizn, ConvBlock FHEBRUNE 4-9 FR:

“Conv2d 0~
3 Kernel size=4
Stride:2
Padding:l 64%32

| ! }
“ConvTranspose2d 0” “ConvTranspose2d 17
Kernel size=3 Kernel size=4
LeakyRelu ConvBlock_5 Stride:1 Stride:1
Padding:1 Padding:0
l 64 T64*16
ConvBlock_1 ConvBlock_4 1 3
l 64%2 T 64%8
64%*4
ConvBlock_2 ConvBlock_3
4- 8 StarGAN F Bl 25 M 48 2544
! “Conv2d” E
A 4 /T Ui 4
i NFFHE Kenel_size:4 LeakyRelu _ it ASAIE
| Stride:2 (0.02)
Padding:1
ConvBlock

_______________________________________________________

[ 4-9 ConvBlock FHEHRM L& 4L
D M INZHNE 4-2, BPERESH(EKs.p) il R BRZEE. KA.
K HARSE, FNRHER i RIES 5D, h,w) 73 R AR VISR /N lTE S, FF
fEE SRR TE, AR S A 0 3, I BRE S8 70 28 0 SORT AR A 1 e
Ko
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# 5 # X

= 4-2 StarGAN F|RlzEME S HFR

BRIEZH i NRFAIE o Y R
PR HRABRA TR
(fk,s,p) (b,c,h,w) (b,c,h,w)
LD (1, 3,256,256)
Conv2d 0 (64,4,1,2) (1, 3,256,256) (1,64,128,128)
ConvBlock 1 (128,4,1,2) (1,64,128,128) (1,128,64,64)
o ConvBlock 2 (256,4,1,2) (1,128,64,64) (1,256,32,32)
FRE ConvBlock 3 (512,4,1,2) (1,256,32,32) (1,512,16,16)
ConvBlock 4 (1024,4,1,2) (1,512,16,16) (1,1024,8,8)
ConvBlock 5 (2048,4,1,2) (1,1024,8,8) (1,2048,4,4)
- Contranspose2d 0 (1,3,1,1) (1,2048,4,4) (1,1,4,4)
Ll Contranspose2d 1 (3,4,0,1) (1,2048,4,4) (1,3,1,1)

4.1.3 StarGAN ¥R FHH

A AT 28 5 5 K I AL AR Y, (EAFAE I ZRANRGE « BRI O IR R AR 1Y 1)
A, 2 otr, EEERGRAESIUCAB SRR T, AR R AL B AR
B/ MU L SEREAS 73 AT A AR AS 23 AT TR B TS BRI o IS BRES T LS I /> 0408 23 A1 1Y)
FRACURE s (ELR 2 PSS 20 A [ S T e s AN LB I, TS B ES15 1 80 I PR 2R
2 MR BB A AR S5 i e B R A el e b, Ry R A AN B
B JLF 9 0 BT BETEIR K.

Wasserstein F1 B (42 HH — € R B 1 J5E GAN YIZRANEEE 1 iR L, LAtk
VEAE T B S H e o0 A () e B &, D98 AT DL R AS 3 A 18] ) B B i . A
WGAN 1301, /35 R ] Wasserstein B B /F 94 SO ik e, tHRE AT

W(E.P) =% sup E, ,[f (0] -E. ,[f(@)] (4-4)

1, <k
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Hort By B3 ) B SEBOH AN AR R 43 AT, BRBI £ L2306 A2 Lipschitz #E4E, %k f
FHLIENT ke WGAN SR BCE B3G5 51 253 10 Lipschitz 295, BRI F0 31
A S w, €[-0.01,0.01] o {HR2ESLER I FEF, WGAN IRFAAEUR SIGE FEE |
A 2 PR ME A5 e R, PRI E 0 ) 31 i e b AT 2 OB, R R BB A 1) ) S
RIUIZRad R, 0500 2% 280 ) T B R s /M, RS T ) AR S e
[FIEF, T SO B R, s B K S T B R E BB T O, KR
ST
WGAN-GPIUSR F Bf 18 111 1 s AR S 0B, a6 B A0 % 45 2k R 4L
([VeD(x)|, —1)* K /& Lipschitz B, H45EE ST HUR IS R 4G WGAN Bk G
I, R AR
W(B,P)=E, [ f()]-E _p[f()]-2E_, [(|V.D@)], -] (4-5)
x=exH(l-6)x,, x,€P, x,eP, &ecUniform[0,1] (4-6)
Horp ¥ FR B SEREA SARREAR R 1 BE AL (R A  WGAN-GP SR IS 66 FE 48 111 4%
SR TRUAR R o ) ) 25 X 245 1 2 0T, i S T I PR SRV FEEN O L o E R MR 11 1 AL
[F] I 5256 % B WGAN-GP {IE 1 BB (1)1 2 F2 (0 Fese PEATUR SIGER . T AAR SR
Fi WGAN-GP #i 4% bR #1E Jy ARBC w0 8 2C UG A i) B A BR 2. AR 4.1.1 51125
SFRRI T, ZLA BRI B FRE IR 45 5% B B0 B -
WPtk . WRIE iR HT, Ak WGAN-GP Xk L, » G ML Hbs

NEMEL,, » DS HRNRKRA L, » SHURKIE LT

Lo = E Dy (0]= E, [ D, (G(x, )] = 4, E[(

g X

v:?Dxrc ()HC)”Z _1)2] (4_7)
Hrb D, NF GBI 032, A, ARG TR R IGE S 4L

IBrRER. W T4 2 AN ZLINE R x A0 H R Bebnds o, I BUhfEZ
R x B BN EAT H bRy BORFIE S H R p o O VIR 261, D S T —
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MNEN A, FAER AL D ZEHN G IEZEI RN 7B By Rk . i ud, A1
K I BLAY FAPUR R B R NPT R I T4 D W45 (¥ L5220 AR MG R I B
Fgisk, Wk 4-8 frm; LU TAE G NS 140 & Ja 20 4 B IR I B 23 253 2%
= 4-9 Fros:

L, =E_.[-c'log(D,,(x))] (4-8)
L, =E_ [-clog(D, (G(x,c)))]] (4-9)

Horbre Ny EAREIN Bobns, o NIEIRLLANEMR I Bibn%s . D, NHII I B B
SR

BEEBR. W m MO R By AR, Y2k G M4 A E B A4
BIG K Ay B IEH 1 B ARE B, EJ2,  H A SO P45 e B /MU A B CRAIE
Bt Ja SR BN S A RS B o N T ARG AN A8, StarGAN 45
WA — B 2R B T AE A LA IS AR, R AR s AR B B AR BRALAM R S
JE AR LT ANEUR RIS BUAS B ARADARE, S NAE RS 4%, F TG 1 R i B B 3
IR — B0 % R 250 SR T A A SR I BT AN G S s A R IR B,
E XU :

L. =E . [|x-G(G(x,c),c")

1 (4-10)

ZR ERTIR, A A AU g AR K e B il K 4-11. 4-12 Pl

LD = _Ladv + A’cl LZ'IS (4_1 1)

A}

L.=L, +4

clsL[ls + ﬂ'rechec (4_ 1 2)
b A, 0 A, o 73 )45 ] IS BB o S 4% SR AR B G 457 2R AH NS T 0] 7040 2K FA ARDR 2 22
TERIEE S L.
Zr BT, F5T StarGAN 2% (21 40 BRI B4 e 4 2k s Elos = B i 4- 10
J7:
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& 4- 10 StarGAN P85 sk iF o~ = E

414 (FEENISGSSSRER SR

(D HAEEN A

S R B R0 Kaist SEI0 28 R AT 1 2R 4808 Bt I s B 4 . Bl SR rh 404k
K&y FLIR ZEAMEABAGATE, BWBEEREDY 7.5 13um. AICEE 1 3 MBI
BRGRIFIEFR 0NE L5 . N2 5. B b 7 . BN A B A G I 2R 5k
PSR 2000 7k, MABAE L AMEMG R 200 5K, [ ARSI BRALAT ER 3L
A — X1, EREIRE T FAREL, FEAFEER . WA, R 5
LS b BIAT N TR

(2) YR kSR E

T HARE AR, AR S i BB EEE AT U] R R R AL A A
BRANN (256, 256), ZJarEETRLLANEUGR BB BUE Bhr 'S, FKbn 5 544t
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FUGAREAR A — MR A (0. ZANER, 12 kRS ), KEPTa B B4 G T A
AR AL B, BeZ432] 6000 MNSREIEFEA . IR FErh, SR AMEGOT R AR
SHAT MRS N B (S S, R m LS B E R RS (256, 256), §TE
S5 ) G R 45 SR 5550 I8 PR 2T A/ R A 55— o PS8 A e i N A 2t P 8%

SFFINGSE, ARCK batchsize BB A 8, HILHEAT 20000 i%AR, 7T 10000 K
AR ) FARHF 0.0001 AFF, 2 JEHE 1000 YL S F R4 0.0001/10 BELF2: > F
N0 ASCRH Adam LR, B B, 4ABEEN 0.5, 0.999.

(3) YIgRid e J s a 45 R s 5 0

ARl 21 A/ M B A A0S0 B A0 45 2% bR 00 R 48 31471 5, 223 100 4> epoch 2 )5
UIZRILRE A (0 A s AR 2 A A 5 n i 4-110 & 4-12 foR. BACKE, 78
N —FH R AR FE P RS, JF HiX 17500 2 2 JG B8, 50 & 2% 72 G 908
W/, RIS AR AR 45 AR AR R AN =, B0 B U 5

loss
0.40

— | TEE

0.35

0.30 +

0.25 -1

0.20 1

0.15 4

0.10 4

0.05 ~

0.00 T T T T T T T T
0 2500 5000 7500 10000 12500 15000 17500 20000

step

& 4-11 StarGAN 4 R 25 IR — Bk thk
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loss

— D real
— D _fake

T L'U’\H’HW MFH w.‘w

T T T T T T T T
0 2500 5000 7500 10000 12500 15000 17500 20000
step

(& 4-12 StarGAN FI| 5l g545 5 th£k

H I 55 B3R 2 s I 265 AT 0 X 6 5000 P e B e, 474 i 6 R ) 2 040
FR) 7 V2 B 4 e 45 IR ) R L SN B B A Rk, B 4-13 oR TR B 5 fi
AAHMEABIRREE) T A 2 RN b 7 S sRIR A R . HP S — S AN R L S S
AN, B = WA RN N BOh RS R R B S AL M2 AL MR T
RAANER . BT —FIH) 3 N ohTE R . @S BEARK B SER 2L AME R,
AUERIE B S5 . Wb 7 fldh A AT, My 50iE SCTa N8R 1 IR
RAZ, HZTF 2 mdRREs R R R R E . AR LU SE0E X — 1
XI5y, S ATRIRA B, (HR%E . ZATBOm AL RYIE A5 B0 e KW,
PR FE A b 5 RUSEHALAMEB I R B R, B . A JRIRIZE T 5. B 5 misEdn
AR LA AR BOR AR LR FESAE RN . R ECEAR, W b 7 i B2 A BB Sk
EREAR, REHRER LS SO, PrUdh R RBE . TN 2 RALAE
PIGAEEE R B 5 5y BEE 7 i B, ZLANEHRRRAK BRI KR,  [RIN ER A TH
IR KA BN R, XK, SEAERREZE.

60



=

— e e

SANRES A ARPES A ERTFF2A AT A
4-13 Bt 5 SaSNERITERIBRER
Bl 4-14 NN 2 RSN EBIRR AR, MR B S o, BB E ST, I)
BT PR 2 A T A 2 U B MR R, AN R o ) A % o 1

SHFF 2 AERFLES A ERTF2A ERBELT A
4-14 TF 2 RAISMNEURETERFRR 45 R
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B 4-16 IEX£93R StarGAN 1REILEH

G M4 ) gmtD237E StarGAN WZ% IR EEAl b, WS 1 i Be bt 73 S NS L dmht 73
3o I BAS Bt 73 STARYEE SR 73 S5 B S0 F 45 RANLL AR S I AR i 28,
TR Bedid, Fseal)y 20K AE 4.2.2 A 8 XS 30— A% T U-net (i
Xy EIMLE, SN BIATIERR BN 02K MG IIZRRE RS, B
Sy EN I SCR A PR R AU 2 21 07 20, an SR S #0 70 SCRT DATHEGf L e e 1
SAB R, RZAE S0 1 28 31808 2 BRI R A8 ) DL e iz R B XUE B
FeT ok, FATHRE 7 TR 2% B EIHCER R R AR g bt 2 e AR E AR AN B SRR
— TR R LA BB R E S B, 53— 5 I 2901 W 28 ORAIE 0 e )i 1 SUE BB A AR
IRy, SEFEIZRr N 7 i Cm s —BUE Sk, QO e o 280 BIHE S TR By
AHNEBAE —BE SUE R, BARSEIUT 20 AE 4.2.3 TitT 4.

DA EAE 218 AR StarGAN ) EARSEILAN Y o FE T35 LA StarGAN W 45 (1) 41
AN B R B BLVE R B U T

(a) YL D M. KBS LLAMAE x AAE g AR O 2090 U X' J3 7l 5\ D
W2&, D ML X oy LA ARG AR AL AN EIE, FIG 20 A0 R 50 2R 210 B[R
I Beds .

(b) Zk G P PIREN H AR RS o R ZLAM MR x S AN St 70 SR
BARFES S 7y 3, BENLAE B H BRI Bobvs 5 r , ARG B 5 r 5385 XS 7y 5270 #1
S5, TR EBRiD label s F BBREGR AL 73 S o 5 gmig 7y SCBIECE — B4

L JZ= S5 I B i label, FER N MBERSAS 25 RO NI BURZEAMER x

() Zk G M. HAREEITRIEI B . G M2 25 € AR I BUS 2 25
PREE (I DL A BRI G g SR a I B 2D AR, R AR BB e i AT S i )
Iy SO BB RFAE R 15 73 30, RIS AR LA EURIN BUbR 5 s 518 Ut 7y 373 F 45
THELIN B label, s K B RFAE gt o0 ST R o 18 U S 70 SCEIMCE — JRRF IR S

) Be i i label FERM ARG AS, B2 S IR AR ZLAM R X .
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(d) 1%k D Pgs: “Hw Fnlds. G ML ERIZNER x A D 4s, 5]
S PR AR, (RIS RO N I B A5 S, RN, A RS ST EE ) ) 5 ) ) £
ROy FC IR N A 73 SBR[ I Bk o

4.2.2 BEMN LK StarGAN BTERFRRE A

£ StarGAN Mg, AMRLLA EHRAN IR 5T ) (1 I B g A5 AR TR . SRTATZL A1
B St S TR E B UIAE G, AN [RIM R ZT A5 S 20 A R 6 B H AR . T,
G55 ANRIMA T £L AR SR ) H AR A RR I I SR B0 RN, AR SCHEH 1 — FhoRE T 1 o I
LT A1 S5 A A fh 286 1 B B g 7 =X,

ANTETR 4 A A = IR AR B DA DG, AT AT DA A [e b o 21 4 S H
AR, AR RLANEURE BRI Je 0 R . T Gtk AN [FIM 2141 i AR
4k, AR SE-WORKBENCH A7 B A% JLAH AL o i 20 4058 5 B 47 Ge it .
SE-WORKBENCH 1jj BLER A — Bl i R F I ZL A L, a3 Stk A7 44
oy ENGE SR IR RS, e AT B AR A RN B A R B 2D A R

FEASCR R, BURE TR s, TEORIER. WA, S,
RS B D BIAT N T3t ASCHI A SE-WORKBENCH ¥, St 4idssE K&
IR A B, M DUz S % S R AT AL AR S R AR R S h,
R 4-3 fn. R, REEMNBHELESRIBARWE TP, BHUFIR A
R EHBANE LT —8, B TR ARERUN, BRI, 5ME
SPARALTE T /Ny BT LU BOR, 20 AN S AR AL VG A HOR

% 4-3 PEFEMRMEEFETUSE (BAwW/( 2 )

I 8] Rat ) I Hbri
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14 5 1.55423 2.39011 2.53156 3.28729
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(2) R JELAMEGTE L B8 LK, K seiil Ui s B 5 B s B
BAEGTER 4-4 KBS RIA—b 5 R GHE, BHaE B ERER R

(3) XiBEE EMEME R A EE FIRERIE, N TR TR Hh, M. #
AN USRS BFAR R AL WEDN 0, 1B B DRI B g5 B

(4) N TORUEBR R A HEM ., MO A% 2 S0 IR I B bk R T AT 1, K44 AR
B B 5 B 5 4.1 5 H AR B Ao (5 BT IRIE LA, MERIE AR
StarGAN i Bt Zmhd o

F 4-4 TEIMRATER DS BHRET &

I 8] KAt ) I Hbri
05 A 0.007 0.036 0.034 0.058
14 £ 0.047 0.507 0.585 1

19 & 0 0.061 0.068 0.091

423 1BXLE StarGAN BHEE S

AR LLA UG R AT 5%, #E StarGAN 2% IR Al b, 42 78 AW
StarGAN, N 115 b 70 32, R i 7 SR RIECE — 2 R I A 20 AM R R
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1.

AR SCHE AR A B X 28 SR W] 4- 17 B, 18 LI StarGAN [ 25 £0. 45 4 i
SRR e PR AL, b gntt ds t = DAY 7 SR I BU SO S 1E XOAS
3 BHREF IS 7 52 BITP AL R LR B > i 4, SR th iR LR AT > RS 4% o
BRI E RIS 73 305 4.1.2 75 StarGAN W 2% b ) g e AH A, A6 2% 4 StarGAN ¥
AL RS AL A, B U ) SORL A 48 0 U-net 544, I B i 7 SO
o B4 RBILLAMR S R WU AL .

bR B
AR NEL

:I --Conv_Block LID --Res_Conv_Block I:| --Deconv_Block --tanh layer

ID --Seg_Conv_Block II:I --Seg_Deconv_Block

4-17 BN AR StarGAN 4 pL 8BS M4R 454
A AR I L R T SR Ay A, HAMAS R GE M S 4.1.2 TTAHIE, TR Sy
Bro 8 AL T Z AR . 4 Dl as TR 4 AR 35T ORI H
GRUEHRG i T ACRAN D 85 TR 73 Bl i 4-18. & 4-19 Fiok:
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A : “Conv2d” i N )
GRS Kenel_size:4 Batch Relu T HURSAE
' Stride:2 Normalization |

Padding:1

Seg Conv_Block

'

i N GE

E A -/,
Haichiy Relu _ HIRFAE
Normalization I

Seg Deconv_Block

4-19 18 XD 57 3 HERD 35 TR R M 4R 454

G MBS E 4-5, RPERZSH(Eks.p) 0B RREE. Kb, D
Ko A RSE, BNFI HE ZH0(b,ch,w) 28 BIFRR IO . B IEH, RRIEE
%o EUSHFIEGRAD ) 3 B 505 StarGAN it 28 SHUH A . RIS 45H 5 StarGAN 1%
HWEMGEESRAEE, HESHREAR. £ 4-5 FEEHEBELT RCBs Xtz
iy 6 AT, AT B S .

F 4-5 {BNAE StarGAN £ BB %S %

LIREZH B NFHIE iy HRFAIE
(T E2 BRI TR
(f.k,s,p) (b,c,h,w) (b,c,h,w)
S CBO (64,4,1,1) (1, 3,64,64) (1,64,64,64)
S CBI (128,4,1,2) (1, 64,64,64) (1,128,32,32)
S CB2 (256,4,1,2) (1,128,32,32) (1,256,16,16)
S CB3 (512,4,1,2) (1,256,16,16) (1,512,8,8)
& Ty e S CB4 (1024,4,1,2) (1,512,8,8) (1,1024,4,4)
S DBO (512,4,1,2) (1,1024,4,4) (1,512,8,8)
S DBI (256,4,1,2) (1,512%2,8,8) (1,256,16,16)
S DB2 (128,4,1,2) (1,256%2,16,16) (1,128,32,32)
S DB3 (64,4,1,2) (1,128%2,32,32) (1,64,64,64)
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GREZH N RHIE IR
ik GRARA IR
(fk,s,p) (b,c,h,w) (b,c,h,w)
S DB4 (20,4,1,1) (1,64,64,64) (1,20,64,64)
RCBs (336,3,1,1) (1,336,64,64) (1,336,64,64)
DBO (128.4,1,2) (1,336,64,64) (1,128,128,128)
iR 2%
DBI (64,4,1,2) (1,128,128,128) (1,64,256,256)
DB2 3,7,1,1) (1,64,256,256) (1,3,256,256)

4.2.4 FBXHEK StarGAN IRk R ¥

£ 4.1.3 T/ 401 StarGAN 2% bR B 1 5 A b, 18 LW StarGAN PIZ8 A0 1
PR BRI 5 S BIBUR R 15 XD — BRI R L

BXAERRRE. W TE B NGR, A SCRAA R I 2]
i RSB R R BON RN S, 507

L, =E_.[-c log(S(x)] (4-13)
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Horb e g, s Rtk X3

B X RIS —BER KRR H . v T IRIEA BRI ZLAN EUR 11 U5 B S L0401 B
TRFF—20 AT 1R XS — Sk, SR AMEGR 2 15 b o)
S TE o BRI AR S R L AMERAE SUE R 8 R AR

Ly seq = E.co[=¢"10g(S(G(x,0)))] (4-14)

s EFA, AR RUA BB AL R B BN, 4-15. 4-16 -

LD = _Ladv + ﬂ“clsLZIs (4_ 1 5)
LG = Ladv + /q’clsL{’.ls + Z’rechec + ﬂ’segLZeg + Z’rec_segLrec_seg (4_ 1 6)

Hrp

N SN NN MU <-4 i | 451 |1 P2 74 S 1B NI R 5 A5 NI = BN 12

FReRB 1 SRS BUERUR BB T IR AR EEE R S 5. Bk, 4
TiE LK StarGAN [WZLAMNE & IN Bt ik s o Z I W& 4-20 s
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Hrp h RIRIKBEAE(0-255), p, TonKEAE h fEEGH HIFIMZE, n, R8s BEKE
8 h WATE 1R =2
BERAH: ASCKRHERAECKEEE TR A2, HirE AT

BC(p.q)=Y \[pd, (4-18)

(4-17)
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S
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il AR

StarGAN

X1 28 7
SES

[ s 0S5 B S8 AR, Ao SR A StarGAN 45 FIE LT3R StarGAN 4%, A
BT R RS L R 2 SR 7 ST E R, JET RN Fi s i m S EIR
BEAT TRTEE, PROTARFRRA] T IR AR SSIM, 73 alingk 4-10 ML 4-11.

ML 4-10 HATLAEH, AERIERICRM AR, B LA StarGAN P45 4
H4E RAHEL StarGAN A HIKE RARHUE, UiWIE LA StarGAN W44 4 e 15 31 i 41
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£ 4-10 IBEXE StarGAN 5 StarGAN M RE$E 4R

Y e 5 i B ER A% GERD R AR WAD
HEs5AA 0.765 0.800
StarGAN T2 M 0.891 0.948
el 7 & 0.877 0.911
HEss 0.882 0.893
B L2 StarGAN N2 M 0.894 0.978
Mo L 7 55 0.902 0.935

R 4-11 otk T A B2 ARG I B R A Ja GO I G5 R ARBLEE o SR
A LUE 1 LR StarGAN 4% 78 5 BRI BOR R B 5 rldh R 45 R, AR LE
StarGAN W28 B & VERESR T, S AT rAlss, 5 b5 SMAsMEEH T K
FESBMAER N XTLEEERUIK, StraGAN W46 4 & 45 T AR L H A B 22, il LA
StarGAN i J&& 45 RATI LB 1 — & A5 FARALLRE . R 71 2 SR | 7 s SSIMUH 7,
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e EG R B
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B )R StarGAN TF2 5 0.620 0.841 0.652

i = 0.808 0.748 0.843
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F BRI ZL A SO I AR 2R R 37 55 BUE B g )y 7. SRR R IR LA StarGAN
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AR P R B EER B2E S)  BIBE, R ERRFEREAT 20, SEBL T AN
FACRE R X AT AL B . S0 R WA SR AE A T ECE 460 B 28 B B s Bt
TIREFHEZRR.

(2) X FET A WG EME AR A BT FEHEAT AT 9T« B4 Pix2pix 424 42 B
RIZLAT B AR 945 SRR A TR, A SO Y 2 T 2 O BRI R 5 Pix2pix [ 5RIRAL
HMERB AR, MR T 2 BB RE R BGE, R T BRI E R RN 2 2R
FRAERRE LA, SEBL T B AT R LD AN R P A i . SEERER AR S
SR 0 R AR A A S0 B AT SE AN A 2041 R SO g

(3) X EET2E BT DTN 2% (L AR RN Bt e REAT W 5. XS BCXT (204 &R
] BUECH SRR A TR, SR T 1R LAY StarGAN 48 R ZL A1 BRI Bed e 5
%o B1XF StarGAN [ 2% %6F [l — 4 o7 45 DX 3 P 4 RN TR 1), 4 SCHR M 1 8 3
2 StarGAN 2%, f£ StarGAN PIZE Bl BRI 118 X H10 32, A1l SURF
fiE, Wik Tl R — B K. X StarGAN W28 5548 70 b4 ot B DX I e 25 SR A
DRI, WSO TR AR StarGAN 2% B Begmid Jy 2, HRH T TR U
1 B AN ZL A1 S i A it 28 (1 I B A5 2 2 6 77 3 SR B R IR LA StarGAN 9 2% 5
& T 2LANE R I B AR 55 .

81



£ F A H X F AL F L

52 FEIIERE

ASCAEEIMER L FZ AN A TS EIAS T — R ECR, (B2 20 Fi 1]
ANFFACTHIBR B, S0 B TARY A R Bt — P A S 7L

(D) AN T EESURENEGEZFHET, BT BEERER
JE T A R HAS 2] — 4B, PTG /N iR I 5 B RO/t AT
TR, ORI AR RN EHRAE K, RS ST R LAt — D M s Sl i it
KIMEBKDPEGES.

(2) ASCAEHATIN Bdh ARSI, R B R /NN 6000 5K, FEASZE [E] 47
PR, A SRR & AR A LR, DRI LRI TERE, RSk iz L he

(3) LLAMES SR TR VIR, Ja SEWT 70 r] LLE— 0 5 IR 21407 5 i
JRGEAT T, ) 5 RE S R S it e, 5 S M AR R 2P SR T A R IR LS

(4) ZLHMEF A S M R OIS, Mo B A2 AR50, WM R, a
R, WO A Z 5% AF T AN G R #AT TTIT, JRsksismlat—
TESIA RIS 2L A0 B ) A S 5

Na

82



£ F A H X F AL F L

B

OCET, AR PIERIOT S D N R, RS RN K2R,
THRNAER 7 —MERE. fFhls, FREAAER I — B4 T 33 B2 A
RN -

SRR Y 3 0T 2 DB 2 0T (R 2o 0 o KDL ORAIF S AR, Wl 2 T 58 2 i
gn TR, W R AGE IR EAORIRA . AW, AU e 2 T AR B
FP I R SCRRAR SRANBIE TG, A E T 2 SO DU 263X — BT 5 17, I ELAT X
AR AE X — R, AERT N AR ERCDMATSE T, SiddT I B, HEIE R
TSI, 3 B PR T 2o IR 8 VT X A RH AT FR) 7 12 A SCATRE 22 2 PO i o 472
50, EHOTE T TAEKWESR, R WIEERA TR I8 . B TEE%
TR IR, FATEITAG TAEFIP A RT3, B B 2 7o 0 =2 I AT 2 41 36 18 SCH 58
FAFOLEEAT R, ROTARRBRATTI ) R REXS SO AT IO TS 1R, 2
Fe JE WG SE TS FATHIE SCHEAT APttty . B0 SAAEMERIEERL T, &
OHAT R SRR, TARIR] !

SR SIS 5 A RO DL T 5 U D 6 31368 38 PR Mk e 2 B B8t il B3k
R8s SRR DO S X5 SO S 5 < s i S AE BT A i b 45 R 7 B 5
RRUSKYE . R AR RIS B E M TEALOR. SHFHEH . 2R I o ik
ISCRr S s IR I I A PR PR EE AR 1, 25 T BRI AR o

e, BRI SN, A SCREA 25 25— H LORI B IC KA E A
SCFF, S TRABEATRIZ A, AR

83



£ F A H X F AL F L

[1]

2]

[3]

[4]
[5]

[6]

[7]

[8]

[9]

SE 308k

IR, BT =4 R AL AR 5 AR Gt K SEBL[D]. A BB 2 B K 2 (o [ R
SRt 1 K A [ B0, 2019.

DA, VR, RGE, Bhh. R S Al WG BRI U7 i SE LA A R R SRR
[J]. 2040 506 TR, 2008(05): 773-776.

Wz K T SR BRI 205 AR BB JE TR U [D]. 74 % LT R R 5,
2019.

ZEMA. T A OGS BT 25 1 P 5 g 20 A R BEVAIE FE[D]. L K2, 2019.

Jacobs P A M. Simulation of the thermal behavior of an object and its nearby
surroundings[J]. 1980.

Ben-Yosef N, Wilner K, Simhony S, et al. Measurement and analysis of 2-D infrared
natural background[J]. Applied optics, 1985, 24(14): 2109-2113.

Biesel H, Rohlfing T. Real-time simulated forward looking infrared (FLIR) imagery
for training[C]//Infrared Image Processing and Enhancement. International Society
for Optics and Photonics, 1987, 781: 71-81.

Gambotto J P. Combining image analysis and thermal models for infrared scene
simulations[C]//Proceedings of 1st International Conference on Image Processing.
IEEE, 1994, 1: 710-714.

Cathcart, Michael J. Generation and application of high-resolution infrared computer

imagery[J]. Optical Engineering, 1991, 30(11):1745.

[I0]Hong H K, Han S H, Hong G P, et al. Simulation of reticle seekers using the

generated thermal images[C]//Proceedings of APCCAS'96-Asia Pacific Conference
on Circuits and Systems. IEEE, 1996: 183-186.

[11]Poglio T, Savaria E, Wald L. Specifications and conceptual architecture of a thermal

infrared simulator of landscapes[J]. Proceedings of SPIE - The International Society

for Optical Engineering, 2001, 4540:488-497.

84



£ F A H X F AL F L

[12]Haynes A W, Gilmore M A, Filbee D R, et al. Accurate scene modeling using
synthetic imagery[C]//Targets and Backgrounds IX: Characterization and
Representation. International Society for Optics and Photonics, 2003, 5075: 85-96.

[13]Latger J, Cathala T, Douchin N, et al. Simulation of active and passive infrared
images using the SE-WORKBENCH][C]//Infrared Imaging Systems: Design, Analysis,
Modeling, and Testing XVIII. International Society for Optics and Photonics, 2007,
6543: 654302.

[14]Cathala T, Douchin N, Joly A, et al. The use of SE-WORKBENCH for aircraft
infrared  signature, taken into account body, engine, and plume
contributions[C]//Infrared Imaging Systems: Design, Analysis, Modeling, and Testing
XXI. International Society for Optics and Photonics, 2010, 7662: 76620U.

[15]Mielikainen J, Huang B, Huang H L A. GPU-accelerated multi-profile radiative
transfer model for the infrared atmospheric sounding interferometer[J]. IEEE Journal
of Selected Topics in Applied Earth Observations and Remote Sensing, 2011, 4(3):
691-700

[16]5k a7y, J7/hF, TR, BB, KK BRMELLIMERRES T P [J]. 4
A5 2K ), 1997(04): 27-33.

(171 E&=E, M, A, TIRE, Kt BT R NUE 2 T S 41
PG ABLL[T]. RS HAE R, 2000(05): 517-523.

[I8]E i, i, ¥R, BRI ARG T 250 52K Bk,
2002(02): 133-136.

[191F53, PNARER, FEICH, BRIk, — MR AN A BT R[] RIEHEF R
4, 2010, 36(04): 103-106.

[20] i, FEAE, XIBATT, ORal. e Far Mo ER KB 071 [T]. AR,
2015,37(01): 11-15.

RUMEAR, G, i, ER. kT B U f R A 21 4 SO A T VR [T].
ZLAME AR, 2017, 39(03): 214-220.

85



£ F A H X F AL F L

[22] R, 5K KPP, 204N AR BT L0 5L AR (D], 204 530t T,
2000(04): 1-3.

231K, &, KRF. —MFH Vega At IR L ANEG N 1ITIE[T]. 40405
O TR, 2007(03): 333-337.

[24] 405, FF SE-Workbench (L1407 SR B 3l A SO A X [D]. e RHCR 7,
2016.

[25]Gatys L A, Ecker A S, Bethge M. Image style transfer using convolutional neural
networks[C]//Proceedings of the IEEE conference on computer vision and pattern
recognition.2016: 2414-2423.

[26]Johnson J, Alahi A, Fei-Fei L. Perceptual losses for real-time style transfe and
super-resolution[C]//European conference on computer vision. Springer, Cham, 2016:
694-711.

[27]Isola P, Zhu J Y, Zhou T, et al. Image-to-image translation with conditional
adversarial networks[C]//Proceedings of the IEEE conference on computer vision and
pattern recognition. 2017: 1125-1134.

[28]Wang T C, Liu M Y, Zhu J Y, et al. High-resolution image synthesis and semantic
manipulation with conditional gans[C]//Proceedings of the IEEE conference on
computer vision and pattern recognition. 2018: 8798-8807.

[29]Zhu J Y, Park T, Isola P, et al. Unpaired image-to-image translation using
cycle-consistent adversarial networks[C]//Proceedings of the IEEE international
conference on computer vision. 2017: 2223-2232.

[30]Kim T, Cha M, Kim H, et al. Learning to discover cross-domain relations with
generative  adversarial networks[C]//International ~Conference on Machine
Learning.2017: 1857-1865.

[31]1Yi Z, Zhang H, Tan P, et al. DualGAN: Unsupervised duel learning for
image-to-image translation[C]//International Conference on Computer Vision. 2017:

2849-28S7.

86



£ F A H K F AL F LB

[32]Liu M Y, Breuel T, Kautz J. Unsupervised image-to-image translation networks[C]
//Advances in Neural Information Processing Systems. 2017: 700-708.

[33]Huang X, Liu M Y, Belongie S, et al. Multimodal unsupervised image-to-image
translation[ C]//European Conference on Computer Vision. 2018: 172-189.

[34]Choi Y, Ghoi M, Kim M, et al. StarGAN: Unified generative adversarial networks for
multi-domain image-to-image translation[C]//International Conference on Computer
Vision and Recognition. 2018: 8789-8797.

[B51MNLER, 26nS, TAL, ZRoK. T A mont i a0k 2 /28 1) 2040 H bR D7 571
HeF2E4R, 2019, 39(03): 150-156.

[36]He K, Sun J, Tang X. Single image haze removal using dark channel prior[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2010, 33(12): 2341-2353.

[37]Zhu Q, Mai J, Shao L. A fast single image haze removal algorithm using color
attenuation prior[J]. IEEE Transactions on Image Processing, 2015, 24(11):
3522-3533.

[38]Berman D, Avidan S. Non-local image dehazing[C]//Proceedings of the IEEE
Conference on Computer Vision and Pattern Recognition. 2016: 1674-1682.

[39]Ren W, Liu S, Zhang H, et al. Single image dehazing via multi-scale convolutional
neural networks[C]//European Conference on Computer Vision. Springer, Cham,
2016: 154-169.

[40]Li Boyi, Peng Xiuliam, et al. An all-in-one network for dehazing and beyond[C]//
Proceedings of the IEEE International Conference on Computer Vision, 2017:
4770-4778.

[41]Mei K, Jiang A, Li J, et al. Progressive feature fusion network for realistic image
dehazing[C]//Asian Conference on Computer Vision. Springer, Cham, 2018: 203-215.

[42]Bharath Raj N., Venkateswaran N. Single Image Haze Removal using a Generative
Adversarial Network. arXiv:1810.09479, 2018

[43]Malav R, Kim A, Sahoo S R, et al. DHSGAN: An End to End Dehazing Network for

87



£ F A H K F AL F LB

Fog and Smoke[C]//Asian Conference on Computer Vision. Springer, Cham, 2018:
593-608.

[44]MeCartney E J. Optics of the atmosphere:scattering by mole-cules and particles|[M].
New York:John Wiley and Sons,1976:421-421.

[45]Huang G, Liu Z, Van Der Maaten L, et al. Densely connected convolutional
networks[C]//Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition. 2017: 4700-4708.

[46]Xian K, Shen C, Cao Z, et al. Monocular relative depth perception with web stereo
data supervision[C]//Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition. 2018: 311-320.

[47]Ronneberger O, Fischer P, Brox T. U-Net: Convolutional Networks for Biomedical
Image Segmentation[J]. 2015, 9351:234-241.

[48]Zhou Z, Siddiquee M M R, Tajbakhsh N, et al. Unet++: A nested u-net architecture
for medical image segmentation[M]//Deep Learning in Medical Image Analysis and
Multimodal Learning for Clinical Decision Support. Springer, Cham, 2018: 3-11.

[49]Zhang H, Goodfellow I, Metaxas D, et al. Self-Attention Generative Adversarial
Networks[C]//International Conference on Machine Learning. 2019: 7354-7363.

[50]Arjovsky M, Chintala S, Bottou L. Wasserstein Generative Adversarial
Networks[C]//International Conference on Machine Learning. 2017: 214-223.

[51]Gulrajani I, Ahmed F, Arjovsky M, et al. Improved training of wasserstein

gans[C]//Advances in Neural Information Processing Systems. 2017: 5767-5777.

88



£ F A H K F AL F LB

MR 1 DBUEBTFAHAERRERR

(—) RERFARBL
[1] Yanling Hua, Zhengrong Zuo. Dehazing network based on haze density[C]/MIPPR
2019: Pattern Recognition and Computer Vision. International Society for Optics and
Photonics, 2020, 11430: 114300V.
(=) HIiE (D LA
[1] Zugle, (L%, AL, HiES: 201911016783.1 (R T RUNE M 45
BB %5515

&9



	摘  要
	ABSTRACT
	目录
	1绪论
	1.1 研究背景及意义
	1.2 红外图像生成研究现状
	1.2.1 基于仿真模型的红外图像生成方法
	1.2.2 基于深度学习的红外图像生成方法

	1.3 图像去雾算法研究现状
	1.4 本文的主要研究内容

	2基于图像雾化程度的图像去雾算法
	2.1 图像去雾相关知识
	2.2 基于图像雾化程度预测的图像去雾模型
	2.2.1 网络结构介绍
	2.2.2 模型构建分析
	2.2.3 损失函数
	2.2.4 评价指标
	2.2.5 模型训练与实验结果分析

	2.3 本章小结

	3基于生成对抗网络的异源红外图像生成算法
	3.1 异源红外图像生成相关理论介绍
	3.1.1 红外成像影响因素
	3.1.2 生成对抗网络基础
	3.1.3 异源红外图像生成可行性分析

	3.2 基于Pix2pix的异源红外图像生成方法
	3.2.1 Pix2pix网络
	3.2.2 Pix2pix模型构建分析
	3.2.3 Pix2pix损失函数
	3.2.4 模型训练与实验结果分析

	3.3 基于多感受野特征融合Pix2pix的异源红外图像生成方法
	3.3.1 多感受野特征融合Pix2pix网络
	3.3.2 多感受野特征融合Pix2pix模型构建分析
	3.3.3 模型训练与实验结果分析

	3.4 本章小结

	4基于生成对抗网络的红外图像时段拓展
	4.1 基于StarGAN的红外图像时段拓展
	4.1.1 StarGAN网络
	4.1.2 StarGAN模型构建分析
	4.1.3 StarGAN损失函数
	4.1.4 模型训练与实验结果分析

	4.2 基于语义约束StarGAN的红外图像时段拓展
	4.2.1 语义约束StarGAN网络介绍
	4.2.2 语义约束StarGAN时段编码方式
	4.2.3 语义约束StarGAN模型构建分析
	4.2.4 语义约束StarGAN损失函数
	4.2.5 红外图像时段拓展评价指标
	4.2.6 模型算法与实验结果分析

	4.3 有雾图像多时段红外图像生成
	4.4 本章小结

	5全文总结与展望
	5.1 论文主要工作
	5.2 未来工作展望

	致谢
	参考文献
	附录1攻读硕士学位期间的科研成果

