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Abstract

With the increasing demand of consumers for online shopping, e-commerce
platforms continue to improve and optimize the shopping experience. Virtual fitting
technology solves the problem of clothing fitting in online shopping. Traditional virtual
fitting technology requires expensive equipment for 3D modeling, which consumes a
lot of computing resources and time. Image-based virtual fitting technology can directly
use the images provided by users to simulate the fitting, which is more suitable for
online shopping. The fitting results can be easily and quickly presented and shared on
the e-commerce platform, and users can obtain feedback and opinions in time. However,
there are still some limitations in the current deep learning technology : the existing
image virtual try-on model lacks clothing details when generating the try-on effect
image, the target clothing cannot accurately align the human body posture, the
boundary is blurred and unnatural when the arm blocks the clothing and is accompanied
by clothing color distortion. The virtual fitting model based on multi-level attention
mechanism provides a new solution, and the following work has been carried out :

(1) A virtual fitting model based on multi-level attention mechanism is
proposed. The virtual fitting technology has higher requirements for the generated
clothing mask. The features extracted by the traditional U-Net network contain a large
amount of redundant information, and the generated mask is rough, resulting in arm
occlusion deformation. By introducing a hybrid attention mechanism on the skip
connection layer at each scale of the U-Net network, that is, the channel and spatial
attention serial structure. The position and intensity of important features are learned
on the channel and spatial dimensions respectively. Retain texture details and alleviate
the unnatural situation of boundary blurring, thereby improving model performance.

(2) Ahybrid loss function is proposed, which introduces Markov discriminator
loss and perceptual loss for training model. Using supervised learning strategies to
guide masks, adjust clothing, and try on the generation of results to alleviate inaccurate
clothing deformation, the target clothing cannot align the human body posture. So as to
improve the authenticity of the try-on effect and make the junction of clothing and arm

smoother.



(3) Quantitative and qualitative experimental results and analysis are carried out
on the VITON dataset. The ablation experiments of the attention module and loss
function of the model are set up. Compared with the existing virtual fitting model, the
influence of each module on the fitting results is demonstrated, and the importance of

each module is verified. Finally, the actual fitting effect in real life is shown.

KeyWord: Virtual Try-on; Attention Mechanism; Generative Adversarial

Network; Image Generation
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5, 0 RN R AE RS SRR VS0 R IR G AR At . AW & B S5
X PRI R R AR T 25, A A R A AR T B S 8 S £ 750 W 2 T )
HSE B2 hEREdE, WK 2.1 Fis.

1
f

ﬁ el
ﬂ

FEs

N s d

.
Mot e —
3 iy

B LI

B R
B AR

B 2.1 A O N 4% 25
B LR AR, ATPAERIARER-1).
minmaxV(D,G) =E,_,  ,[log D()]+E,_, ,[log(l-D(G(2)))] (2-1)

Hor, z BN R, G RonAMAEA, DAURHABIRAL: X~ Py, (X) R

10



BT 2 JaE B IR B AR AR 7T

X UE HSEER A, 2~ p,(2) R z WA AL e A

N T R A OB 2 R ) Ee A IR, AT RAR A kR IE . BARSK U,
T8 sk A FH B ATLAE B2 T B SR A ABE 2R 50 0 1) 28 0 AR R ) S B AT R AR B, A
D PRI R R, SRR R . B 2K, AR AliAs RE 8 AR Al H S i
AR B IR RE AT, AR 88 VL X A LD I, BRI Gl 21k
(1) A F5)# D:
mng(G,D):XEr[IogD (x)]+ E [Iog(l D(x))] (2-2)

(2) et s G:
mGinV (G,D)=

%Dm@—Du»] (2-3)

W2k GAN B, 1 26 e AR s, dak DR ) ) 25 B v G IX 7 L S 4l A AR
RERIIRE /1, BERAGNSERIH 0.5, RaNABIRMIRE, ToiEuEmiX 7 4
o ARG, WEEFINEE, RACERGAS, A B O B 0% B 1 0 O 4 1) 25
PN 2 B AT, BRSO Ik,

GAN HIREn] DRI e —R B THRABREERE, i EHE R
R AL A2 UG gl 4 KU R 405 S — R TR GAN HE
BERRAEAE Pk, ER U RS R 0. MR R REARBL S ZAEESE. A
T RGP LG ), B AR T S MO R VA R B R R
BB EHARTFB, 15 GAN BB S T 5 2 M43,  HHUS B A7 AR
WK 2.2 Fis.

‘ RBM/DBM ’ ‘ AutoEncoder

I |

IIACNN Bzl GAN I
17 P8 s i (2014) UIERBLEGANTLT) |
ImprovedGAN

(2016)

S
i Cycle-Consistency Lossfif o 4 ) 4 ] i H2 HPCA N 3| 2% % tmodel collapse

f—'ﬁ

CycleGAN #i Li}'* K075 PACGAN
(2017) IR R (2016)

‘—'—

DN IR0 SRR ) -5 ] S W7 S G AN J 4 G ST
201
201
3£ Flmagen i wFABA TRy
A R tLFAGAN il 7=

(2017)
BigGAN StyleGAN
B 2.2 A2 Rt Bt Y 25 1 % g
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2.2 FEEHE

HEREAVH S NKIREEE RE R SR, s NREWRES, X
OB FEYHRNEZ W R, MARPL L REENELE. BEILRGERA
K, BEREAEARZAS B it 1 OB E B, AT SE 0 & b 5 AT 5%« R
VIR SERR R B . YRR SN A] 2y st = ) kR DU BIEE T
XS TT AN [F) 2 A AE TR I 3 e 07 SN A St S5k 45 7 Tl . i T g
T ey F JIALE A JE AR R, AT DA G 3 AR R D WL A IO e 2 X 4 R )
N o

2.2.1 ®EEHHE

SRE R LB A B R AL BT AR, R MR XE. 58E
BB, SREE LA R AE B BRE, By M A E i
2, BEALIIIN A N e T T 2

FE MG HET H, SRIE R ML AT LA AR AR S (7 0 S TE I A e B X
s, DR AR BT OR B ok XM E AT A 48— € I R AN S cA, I
HLAT DR B8 B A AR S A R A RS OBR (R EB 73 o A1, XA ikl e R
BARZEEER, RSB BOE R M F s B 9w .t 5k 7152 Al il
Iy, DR R R A AL 2 2T IR T RI R 2%

2.2.2 BGEEAHE

B T L) B0 o R S (R AR AL B 5 R, B R A N SRR AE Y
BCEIEC, BCEJEEMN 0 2 1. BB, R H S S SAE TS ) STk
Ko SoiERAIMR, PaERAIRMMB. bTRE TS - MiA, H5EE5
Hlls Z W R RNE, BT DAASE o e i 0 AL s B 5K e = AR A R ]

D7 ANR T 43 2 A1 R S MR i 1 5 g 1,

(1) TRER )

27 )Y 55 70 AT DA Bl A 22 X 24 By b O R e N L T B B B X A, Rk A
Zepe% “CHEWEE” , HE SR T R U R LS DI R R AR XS T H R AT S5 ) B
. HAMREMERZ A Deep Mind [HFA$E Hi 1) STN(spatial transformer network)
P29l HRRAE I A AR AE — E R &, Flan, T —ikEHR, 22

GHRHIE EE W S 2 — RB RS MG ER, mad s —EEN
FAARFALE B 0 2 75 26 — 25 B ity _b ik — D AR IS v R IR T A, X R AIE ]
A 2 TR A7 ARy AE S AR 1 UM BAFAE — 8 BOBR AR o I 2% 51 3 38 A] )15
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ARE, HRIRESERME, RAEEIEEH T RGREE E . 2R E 1R S5 R
K 2.3 Ffiono

/ Spatial Attention Module \
Conv
l.l\ er
— - O —
Input X [MaxPool, AvgPool] Spatial Attention Ws

\
2 *@E%ﬁﬁﬂ
XF 45 78 N FFE R X ﬁﬁ# %ﬁﬁmﬁm%ﬂ$ﬁm%%¢
%ﬁﬁ¢ﬁﬁ%ﬁlﬁ#ﬁ@%ﬂ%ﬁg,%ﬁﬁ%%ﬁl? E Y4 PR,
G —MEEHON 1 B, &)E, BRI 1Y Sigmoid M##
TBOE, TP AESRHE R R MEE A B, ZAEEERTHRE A
KE-HWF PR,

W, (X)=0o AvgPool ( X ); MaxPool ( X
(X) = (conv" ([ AvgPool (X ); MaxPool (x ) ) o
= (conv™ ([ X2 Xsa, )
(2) HIEEE I
M IE T R 77 AT DA R g 2 X 28 5t T AN R R AR T PR ORVE AR, B
TN A 23 T R LR AT A BN o0 R HARER S SENetP), JEIE &)

BHOR —Fh B &R, TR HCE EARFAEIETE . S TR [F) R 8 T 4 0
ﬂﬁ%,ﬁtﬁxﬁﬂ“mﬁﬂ%ﬁ‘ﬁ%ﬂé,@ﬂ% B A% T 2k E?mﬂ
X 73 FE AR AL B8 77 B RFAEIEIE , T3 S 4% iz AL Be D F & etk . BiEE =
JIEER N 2.4 Bk

/ Channel Attention Module \
MaxPool
el [ —
L ); <: o —
ﬁ 5 Channel Attention Wec
AvgPool Shared MLP
Input X

J

Kl 2.4 JEIEE R SRR
B = JIALE I AN B . 25 8 sk ARFIER X, & i
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R R BRI 2 5, BRI MRE R E. 5% N RIS HILEN
EINLE T, TR RIREAA . a5 4 KA 2] Sigmoid pAEK
Fr, DS BIRRNMRIEIETE AR, RCEBUEVEREE 0 2 1 ZH. 8K,
R X LU 5 SR AR AL AR, AT AR BDINAUS MRF AR . i 52 5 (2-5)n
NHR.

W, (X ) = ¢(MLP( AvgPool (X ))+MLP (MaxPool (X )))
:(/7(H1<H (X;vg ))+ Hl(HO(X'iaX)))

HoW NEEREZSE, X ARAREE, H AL Z R ES L,
O NG PR EL

(3) IRAER M.

MR = I N, Al 2 T 4% 42 SENet FIEE T4
) ECANet®!, CBAMMY SENet #LLSI N T Z[AIER AL, RS EIKIR
Fe Tt PIOAS 2 DU B — T A 1, T A2 e A o e e e i R s A0 R~ 2577
o IBIEVE R B AR T 2, A R R B S T 1

REERNINELES TS MAEEEE NS, MUEETEMEEE
A B E R, W @ ) M, S AR E s S A, TR
T B R A R R B AR A, T HL AR AR A B T T A A B 4R
The AT B SRR ENIE 2.5 k.

(2-5)

e Hybrid Attention Module I
Input X Channel Attention Spaﬁf’]
Module Attention
/ E \ /' Module \
» ® > ——

K 2.5 IRATERBER

WERRIE B X B\ B E 2 R AT A3, R REE S E . A
JE W E SR E AL S R B s s B, BRI IR BT OR, R
FH 72 (B3 T IR BT R AE B AT AR B, 75 328 ()3 = IR . B AE R
B 5B R AR AT RIS, AR 2R A B IR &t o R IS
AL AE T o0 R L8 B BN RRAE, IR SX LR REIE R I T, I S e 0 B
VRFAIE o SR FH T 3830 3 7 AR 2 () e e i, oy el T A s () 4
% > EBRFIE A BRI B
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2.2.3 BFEHHE

H = T Re AR R i AN EE R N B OC 2R BREN a0 N TG 37 AH B2 R AL
o X PR TR R TN T TR AR ELAE A, AT R AN N T
Bk, BERIWAIHATIEERRS, & BRI E VLS B AN BEAR I 56
e BVERSING ERYIBENH T NLP H, (BAERERAR KR, NHEETHE
TR, B R ) VITORER 2 7E 2 Rh AR 2 AT 55 h B
TANEBHBEE . £ VIT H, FZE NI AN EZHRE 7 BiER
MEEERETT. BIEEJIHTXF A B REAS TR Z 8]0 58 R AT BEAUE Bt
i, MEER ST TEAR T 2 834738 B AME BAR . HiEE 45
Kl 2.6 Fios.

convolution f(x)
feature — transpose
maps(x) 1x1 conv 1 softmax Self-attention
: - o(x) =1 ®—' feature
:t_ | 1 maps(o)
L Ay V(x)
1x1 conv ®—> e
h(x
(x) E | | I 1x1 conv
1x1 conv o

Kl 2.6 HiE=E P

fEHFERJINLE A, SN BRRE EE 2 S Mg (il VGGPY,
ResNetl**l, Xception P55) $EHUH BIGRHIE, 85 & EHia G —8 TR,
MNTTA5 21 5 R dR % A R KN U BT (R I o 38 B 33 0 v RS B AR
P AN[RAL B 2 [ A D &R, AT SEEXS AN R & FRFAEAS BB B . i
R R 9 N =B IR

1. DRl EmEq. B & kAE A & v 75 3 DU BB HiRE,
R E A RE Q. BEFRE K MUEHRE Vo X B AL E B & 75 2 i i)l
2R I3 R

2. DRI E WA E Q AIEEAE FE K AT SIS, DAAS B R R,
FAE ML EEA B T AR (BRUAM EK R TRD) o AT softmax BRI UK
HEVABL R R R 2 A A R AR, 49 344 S 0T . A A

3. INBCRAN: WREAMEFERE V IR LN M A EAE, H S RImBeRA, 15
FERE .

HER SN B =N SCHR,  53 /& Query, Key #l Value. R A7
MR (AR P A E BB IE B P 51D a2 A8, a0 A X(Q2-6)Fw

15



SR RSN T e 2 VA7

Q=W X e R*"
K =W, X e R (2-6)
V=W, X e R%™N
o, XA, Wy W W, ABEHRFE, QA MM, KURE
B,V OERERE . RERENEE A L, Tt AKQ-)FR.

h =att((K.V).q,)
= G, @7
:anlsoftmax(S(kn,qm))Vn

A, nme[LY]ARBEFINME, o, NIEENE .

2.3 VITON

VITON 1) H br2 025 & NV A0 H AR Re i B ab 38, ARl —
sk B, BRI E R BRI R . B, did — AN S
HRREMEMNE G, A — MR B R, H 5551 SR L ST
Beo e, MAH— DI Gy, FIFHH AR A5 4015 (5 X AR X 5k
HATIESS, DUS B . VITON P4 % ﬁﬁ@zﬂﬁr

Multi-task Encoder-decoder Generator Sec 3.2 (Coarse Result I’ ce Image |

@ = @
S

Target Clothing ¢ % ﬁﬁﬂﬁ Clothing Mask M GT Mask M,

E "
J

Shape Context
Matching

Warped Clothing (-"

Composton Mask (¥ Refined Result | Reference Image |
Alpha Per oem ual
Compo itior
Coarse Result I’

K 2.7 VITON [ 4% 454
VITON FEA AN B 326 5 5 AR A A0 I8 A S N B X 28 A db AT A 3 . A
AR H — K5 WA S, DA RGP RERE R . Z T B

Person Representation P

Refinement Network Sec 3.3
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N=ZAMESS, BDRREZMERBE SRR, [2] M5 R RMAYILR.
i X R N, AR R] DL o b g i Al i) B BRI, AL BE A5 & AR (1
LA EAD B O RFAE, AT SIS R A L SR o AOR . T 2.8 Jlos 71X —
AR B AR .

P (256 x 192 x 22)
Reference Image Pose map Body shape Face and hair

Concat
—_— —_— I
] an =
Person

Representation

2.8 VITON A\¥#x

NPRTR I3 =B - ﬁ%%m18¢LLﬁ&%A%§%%@,%?%
ANEIRPESAERE . HRKAR 1 HIE R AR B, R38R N
m%ﬂﬁu,mFEESA L@m%ﬁ%ﬂ%k%MB@@,E§WW%?
i A%%%%%ﬁ,ﬁ_¢ﬂ PLFRIARAIRTR p o

128x96x64

256x192x22

32x24x256
16x12x512 Bx6x512
256x192x3

R R R . R | Rl
D D« |~—D D+~ }~—D —
T B B B B

R
D
B
256x192x4 SaxdB 28 A2X24x256 16x12x512 sxexs12 | P
128x96x64
L | Leaky ReLu, i
Convolution C| Convolution, ! Skip Connection
B| Batchnorm H
R Relu,
D Deconvolution, g Relu, R RelLu,
B Batchnorm Deconvolution, D! Deconvolution,
' B Batchnorm T Tanh

P | Dropout
K29 gffEad A plids
W 2.9 . Sifd A mias: R T — DAL U-Net (28 i hd A plids
PR RO IEE S, ARSI R MR, AR M . &
) AR A AL AN AT BAAR 3 R 2 SR R (X, 3 m] DLt — 20 F 1 58 38 25 A
gk

17



SR RSN T e 2 VA7

O fE RS A B AR S5 RS R T R R L R0 L BRI S R ki B, an=X(2-8)
I

oo = 24 (1) (V)] #IM =M, 2-8)

ﬁ¢,iamuwﬂumﬁ@ﬂﬁ%gﬂnmm%hagﬁ%,ﬁo%m
B EERTRIAS T, A FRE RN ES .

G BARAG IR IR, IR XA — 5, (B2 HATMREE M4
BN AN e 3 A R I BUAR T RO B EL S, H A AE T A A
SRERANAT . BN HEAT BRI e, S AL BRSO o KL i R ¢ A
BER T BRSNS I 28 24 B T o, IR o A AR A 5
%0, 3k o RRMR AR, ARQMT.

I =a0c+(1-a)ol’ (2-9)

AT I A A AR FE AR R RE 45 2R 17 L HH IR RS M0 ] I 3 2]
TEARVEECEAR, A AT A AR LS RO AR ¢, RIS AR S YA S 3 de 1 19
WE, B DA SO B, HE AT R EA R I .

2.4 CP-VION

CP-VTON J&7E VITON #2845ty b7 st Fpiefb ity . = Z4H% VITON
BRI P AEAE I B AT T 04k, BB 2 R RN SR IS SRR . HAORBE,  CP-
VTON # i 7—ANJ L[ ICECAE He GMM, - BE0% T 47l A 354 AR A B 4k 22 T F %) 5
o), PRI R R B TOM, ¥ 20 55 (R4 h ARk e 4 21 H s A4 5
k.

CP-VTON i VITON kU5 R R AR p 77 1A, 1B 2.8 Fiws
GMM PO H b5 ik ¢ i3 MR LA UL AR TS 2IH M R € | Wil 2.10 Fros.
T, SRR NG S IR EL p A e B RAFAE, A — AN R E K R
B PIANFERE G I, SRTEHIN B E A28 H 1S B 3 2400 . R4 0 X B %
MRt TPS #H /R R4 il R2E ¢ . GMM BLdudid = o H %88 (p, c.c, ) 4T 3 5]
gk, HAR R R E X (2-10) R .

Lowm (0) =c-¢ ”1 = ”TG (©)-¢, ”1 (2-10)

Horb, o NHBNTHE B bs IR0 H S A A B AT B
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Person Representation p

Geometric Matching Module
N _1
Warped Clothes ¢ Clothes on Person ¢,

AR &
In-shop Clothes ¢ L, Loss
i)
L]

B 2.10 JLAT T AT
KR c HEEH B A S E, REMERZMRENY, HEs
DIAGAR], FEHREEN. ©F —MI7E2 M H U-Net S50 175k, X
FERT DA MR iR ) R, (RARIRS NEX FFAEEATRE . TOM A B HORG 7R
HATES, WK 2.11 s

Person Representation p Composition Mask M Tryon Module

- n I Final Result I, Ground Truth Image I,
— - ————

Warned Clothes ¢ Rendered Person /. Ly + Lygg Loss

arped Clothes ¢

7 G-

Bl 211 A R
FIF U-Net 20K 5 NI IZE 7~ p FOHL R AR € 2F or sl 27 15 1, R
MM, HM¥I 5 CREAREA H 1, , AXWTQ2-11).
l,=MOC+(1-M)Oo|, (2-11)
TOM PRI = Ju 88 (p,c, 1, ) BEAT o B oIl 2k, 92 5% 0 B R R gl
PR L, R SRR E, X F B AR Ky

Lrow = Aia 1o = Ll + Agg Lves (T 1) + g 1= M, (2-12)

Horbt, L= M, R SRS M R L TERL, 5 % s

2.5 KB

EARZTESN, NP THERMNIING ., BEE, AR 7= I pLE L 5
2, HXHAFIT ViR R . BETIA T2 EREAAKNZ VITON fil CP-
VTON, S>2HW 3 1) 28 45 M) AN TAETRFE -
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3 ETHZEIFENNHIEMNNKIRE

He IR 5 2T I R A AR SR A L A R R AR A U I FE I i 2 — o 2
T = 2R R A S AR 75 B A & B3 (10 v A0 O 8 ) i SR AT St
MHEE G M2 T, e BRI ISR T 7 K e AT SN BT 2L
RAMXBN, Bl aH T B, w585 R n] U7 (e i 7 & b s AN
Gy, F AT ORGSR A 1. CP-VTON AHEL T VITON 7£4E B EHE 5
B EA €SI, B A EESS n BARA  HRFEA . AT
R BRI FAE, AR R, AR MR T2 HER
3 WL R ULk 4K A Y (Multi-level Attention Mechanism Virtual Try-On,MA-
VTON). A& LES 2 MA-VTON BEAL B FUHEAl . W28 St DL K453 5k b %
N

3.1 Wi EM

U-NetPOhg —F T UG 70 B RIUR BE 4 ST 2%, Be] e N T it ok 2 2 AUk
MU 2% MM P2 A, AT RAA Rt e R 48 . A2, SESFEERNEE, JFH
FETHEAL S SIS 7 ERBI ) U-Net BIR B FOR IR BE 22 SRR i i
Rt T EE R, V2 ORI IR ARG B T e s K Tiae, 28T
REMEGHERA . BN U-Net FIMZLH R “U” 7, FrUHRA U-
Net, FARRIMZ S50 3.1 fros.

U-Net (M 28 2584 o =N A Z2MUONAFAESREL,  TPIRDARIEPHE, A
MONFFERE S o Hofr, MRS BGE Kb PRz —, I8 I DY R RAFIZ Bk
NN BB, SEBCEZRAIE,  SCHUE U M 2%

P28 T 3 DU BHE A, B AR “BRERIER o EEHMEBAR
REERZANRZ G SR G R, BRIt RRIERE . AT PHEIRIENT,
i EE RS, AR RS T ZE R R B0 i FLRF A A8 8 2t 0 U [
A RERATHHZ

WL ERFE, ATRCR A BRSHYTR, JFRIUH E 2 R REE B . %
BN ERAE, BENREES D R B B TE A E ERFEERE T, 2 s
TESRE 45 W R AE L R 0 A I 4%, RIZE MIARRAEAN A AR AE HEAT P4 a &
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64 64
4 64 2

input

i output

im > )

at?lg ": ": segmentation
& & mal
of « o = p
i A2
HEE 4
' 128 128
256 128
= o - E
512 256 I
= K =>conv 3x3, ReLU
- S =1
SR copy and cro
512 512 1024 512 1 o P

| g - # max pool 2x2
ER Rt 4o B 4 up-conv 2x2
%-"-Z t =» conv 1x1

P 3.1 U-Net /45 £ H4y
U-Net (4R ARIDER 2 tH 2 AN ERUZ AL Z AU, X 88 )i ia H o 3 E
JREE R AT, N TIRIKERERE, TEWINMESRE .. X7 77—
EBRFE, IZHEL R, HEZHTRESSETEEENELRELZ. £RK
SEUTLSH, FTERHITNGEMER, FLTRERNERS SRS ELSERA
HER -

3.2 MA-VTON &8I

RIS IR, JRERHESE AL 1 GRS BSOS, e R L
BETHEFEENERANEMEEE. T &R BRI RE M2 RER,
Al SE R A AE R R, KR EM SRR LI EAT e, XA AT L3 B
R MR E 2 RS R . BAh, TR AR SR U AR O 2 055 K EDT
RIGE, XLEETURFFE AN S R A . Fik, sIANZRBEESE
B, 7T LR HS S A i BB AL, AT B B A RS B . AT CP-
VTON MIZE&5H, $RH 7 —Fhdk T+ 2 9 B 0L i RE Ll AR AL . A7 ey
JUAAT DG e B B R 2 BB 30 4 A . AR SCH BIRHE H R Y iy 44 9 MA-
VTON(Multi-level Attention Mechanism Virtual Try-On)f 7 ,

3.2.1 RETHAEER
AR 2 A5 A 8 T B b AR S 42585 N AR 2 AR X A ik T8 . iz 2
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