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Abstract

Nowadays, the demand for efficient human avatars modeling is becoming increasingly urgent since metaverse has
attracted more and more attention. Creating human avatars from human image datasets has always been a popular topic in
the field of computer vision. 3D human avatars synthesis can be regarded as a sub-module of 3D reconstruction focusing on
reproducing the complex articulated body and surface details of human. A comprehensive survey of the literature related
to the human reconstruction in recent years was conducted, including the work of full-body avatars, talking-head and
clothing modeling. By analyzing and summarizing existing work, human avatars synthesis technologies were divided into
five categories: mesh-based methods, image-based methods, voxel-based methods, implicit methods and hybrid methods
due to the features of their pipelines. Firstly, the basic principles of them were introduced respectively. Secondly, the

realization based on related work was discussed and then the advantages and disadvantages of methods respectively were
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pointed out. Thirdly, the datasets and metrics for model quality evaluation were introduced. Besides, an overview of various

applications was given. Finally, the future directions of human avatars synthesis technology were prospected to synthesize

high-quality, high-fidelity and low-latency human avatars.

Key words

metaverse, human avatars, three-dimensional human reconstruction, computer vision, deep learning, face synthesis

0 slE

N2 R PUTE 5285 W T T R AL
VR/ARSUE, 0k fd s T L2 B
NTRRERIR e, N2 5 0 F 4
MR AT J 22 G, Y H L iR
U . FEARR, MEAUASEISL AL
RETUIAY B, ST 1 19— A Bl R A0 38
PR, AFE A5 IR AU L ARG 5

R R e A N K IE 5
A4 G I HEALEERU LA 2E | FRIE
e A ST R . AR A TR BRI
R AT B 22 S e AR N TR U IE £
AR B, QA T B | R A 28 I 4% S T
WHERCREN H, AR ES TEMANEG
R A SR o

MEUNIE G255 2D 3D 4,
FIXAAET AR ER AN, 2D LA
T N g, HARRIEI e
LT T A, FHPASAT T e 3DRE
AN S A2 A0 o022, il VRIS 78
T EEU AR AW AR R, R S B R[]
MLFXS I S . 3DIE S HIFITER AR 52D
TE G 1) DX RIAE T HL A 516 AR BRI ) = 44
SARAETY, 3D ATE S G AR AT A
AR E = A R ) — DN AR 2R
CEEN 3DREUATE S 1 & o dE R EAT

A5 RN KL, 2383
FR (31 DALY FH 2 T HE R R 0L A i AR 73

NN A LG SRR A3, 73
MT3ANTT TR B AR R, R4 HW RS
25 SRR R Uk, AR ESES]
NEEARAS 5, B AR =24 B R4y g Sk
TEESPMEET AL R i, 5 R g
M AR G T VR R, HE BT T ROR
HI 5o AR SCHRE 3D RE LA B R E =
HEHEFEAIIE R, NBORIRZ K, HT=
e H AU Rom T %, A G ENA
F R L Y e R AARIZ B A
e RSN A B AR BT A Z T
B ETARE ETRAER REER
52, THE A LA RUTT BB R B
i, THE AT R DA I

Z R, R T LU A
IR 22 A e DL P = 24 o e o e R
FoorTr A, B RS W R ROR,
B RE AL e — s 2 B i A\ %L
PIB X, T O DLE T B2 AL BEE
ey BT MR A U7 AL B OO 1 R
Hh Al S LU | O AR, R A2 A EIE
R4 5 BT R IR Y 7T YA R AR IR
T — B SO lE R b U IR R e i
HE R ITZR BT, BE]— MBS
PRECRL R R RIS Z A E R R, B
P S R 2 2

ARICHITTHRE G T O 4528 1
OB AR A BA BT AT HE
@NSZTT Pk s AR S, FFHIAT
HARG FIE; @45 H R AR R AAR K
PEALTT IR

FF XL R G BRI E

2022081-2



116

BIG DATA RESEARCH A#ifE

2022081-3

SRS BT 4, BRI R A
iy HoTA G B TR 452k
FEARRIPC R 25 58 377 1) Z 4 G P g
DAl T A £ 4 SR R LR PE A 4R R
FATEEN G T REIASARKIN Y 25577
X SR AT A, FE R R RS
A ARHIAR A JETT ] o

1 HXHS

RENNA B AR S FALE | &
TE 2 R LA 22 S5 ORG24
HZREZHVIMEIL A&, AT
] A A2 T A S0 & A D E e 7T
%, IR AT 2 AR G
HIZRR G 70

1.1 Sd

SR & T LAZERT D AR T AL )
PRFETEANTY, GBIt | ORDRE R R M
S ERMGALEGUS T, FGLCEE T &
TR YRR RHALL , AT KR G el B
196 7 DX I B B R P A TRTHE 1A R
SUML R 7R SO 2 (B SR B R, 4L
ZE S T S A B o ST Ry
LU SRR I 7R, — i
LU 5 e (o ] 4R AT A = 4
PRI SUEAE R, ZHESSAINTIRR T S
(A AEARIB T [ A us vASSR DR 5 21 20 78 25 ]
AR U VRN R S0 22 R AE S S 3D
PTG S AR IR ZR 0700 [ N ] A U
Tt P Ak, R v 2 AR R R R M AL
BN B 77 [RIEE, UV S 7
S B B = 2 A [A) F BB A R 5 HE A A

A,
M GO QUL — MR, & fE LA
BT G 2 AL 25 [ HEA T F AR S

HIAL T8 15 28 T2 [ 2%, wh LU BEAE
AR T2 ST AR R AR I, 7T LAE N 37
SRR Y — &R BT I 2R 22 ST R AR
1, SRS EEL, AL T A A
SDIRAS TR AL, 5 25 [A) T R A S AH 2 B
UK Z o X HAR GE AU, M L i mT LIk
FITH = AL, T e AR AR T DA T
ZfEE.

1.2 AELRKBEL

Ve Gt R DL = k57 s A 1A
N, PR = s R E LR B 4
FEURION, FLEETE B2 N T % W S 1 LSk
A7 5, RiE E R SR AL IR
EH X st U, AR E R A E
PREEE MRS, TH S AT LA P SR TR
gite, DUA B STTactt BT, AIRA52
AR SR 0

YR N R T 2 8L B 5 62k
e PRI BN IR O, X2 JR et
SRS TR (R B At o J5) 86 RS TR 2 1 LT
SR E T A HR i — RO B RS, 5B 500
ATE Fe AR I N, R R S TR, B
T2 N AR S A R R B AR TR
PR BT P i B R L, AL A
IREEG 18 S B S e

PhongB T 1214 H [ A5 Y 2 — fifr il 7Y
[ Je3 30 e RRABE Y, R B SRR R ke PR
O 18 SO BT S EE o 18 R R
NS B WA S DAIR 6 58 S 2144
T3 A R, RO RS SR TR A, 18 R
AR AE T DAZ E AR AR B, T
TNPIPR TR S 45 S5 FEURE R AIE o B TR SO S
S AT YEN G EIE X I SR TR AT H#E
] — /77 W) RCE A IR , 45 T RS AR
EIYN SR AN RN R= - T N i
PR R RN, PSR 2 SIS A]
AR R, S T e X AR | i il AR



STUDY tHR

117

A, AL R AR A A, T S J T e E
W FETHENLETE =R, M T2
HP AR I S B, 2 R B T £
M ZILTE 7R, 1] DL SRS BE G ¥
LI RS ] ' RRURR, B R B G BRI
¥ B Z 10 I AN A0 79 o 0 g U 52 33t
FTE RN, EHE T HINED R, AR
BLEIE Z 0 LS RO, SR BLAH
P €0 R A
FETPHEIE Y (physically based
rendering, PBR) /& —Ff & T ¥y H {H L
HIVE SR, BRI & B 7 A
2, ol Geo B I BT 5L B sl ki
S AT e BT T BAR{LL, PBRAE M
RS2 R 1) 52 TH 2 B0 R B S A AL B
T, S HUC R B LS &, T PBR A EE 2L
AR E Y SR N e NN A1) & RPN ArN %V &) LRI
eIy 75 HEAL P 25 7 1 6 AR R R AT O IR
Z:1i . PBRATA B RE IR 2 R R IR
AN Zh A SRR, 2R BN

1.3 KBS

PR 22 A ARG i e /N BT, 2R
GZ= 2T Y, PRER LR Z2 (A A
WIALE . PRBEE RO R E 6], HIET
P Bt —Rh A TR FIBOR, A pk 4
SRR . ST B e e AR
ANIR], PRZ ) B AR A TR T

L 4% R 22 1) 3095 AR 41 A T B 22 11 A
F?, 3T G A (] Fe A AL T # k2
[P A1 211 T IR 2 (Rl PP B R AR 22
il ST TR AL e 2 i M R )i A,
Bt L — MG A, WL TT 1A
R — N2, it =R, IE SN
L HET AR IR, ] — S0k BT R
FERIEIANE W RERI Bt , S8 5 3 B4 B T
Bt BB B E, Ot LB B

Vo T P2 I R 41 1 2 ) 2 S A4
I R RO B A B T RS
S, B4 5 LT T R L2 7 [ 4
B R B G T L, 585 A7
2 ) 51 5 R P - A3
B, TR 4 5 B (R 22 Bk i
(G BB, DR B B 5T 9
R BB LR, [ R 4
Seir o, IS S NRECE, ML~
2, 2 R — 5 0 B D 58 B SR R e
Bl B AR,

1.4 #HIZiEHIH

&5 5 B N e R F & 4 42 Hi 2 A
T#HAZ SRR, B 20 AL
A AL e I 2 £ 08 5 il 2 40 B 14
g5 G 25 (R 2 ) 5 RO i H P 6 (R
HRER B RUGHR, o, H 2 BIEATHL

(multilayer perception, MLP) %% fa={;
EERAR3D &, W=l (1) Frs:

F,:(x,d) = (c,0) (1)

KM — 5D AL REF s — 4
LR 5, F N AT il = 4 AR R x
AER AR FEIRHIM AT 11d, H tH 48 2 o7 2

B REHECRRENER ST

2022081-4



118

BIG DATA RESEARCH A#ifE

2022081-5

B T S A T o, B0
YA R G MO TE 97K T AL 221 O A5
.

B 1 L5 2 R, RS G
DL 7735 5 - AL 2 5 2510
AR, HT LA MR 4 1 H12D
G R IS AP OO, JIR (2)
2 (3) F:

Cr=[" T (r®)e(r.d)dr  (2)

T(t)= exp(—j;a(r(s)) ds) (3)

LR, T(0) %2R 4 IR e, BT A5,

A SRR 1 3R, B R[] A% 475 1 A 1
HAetbr B o r() RN CLI SRR
R, CRINRIEAR B, dFe 7 RAEIAIRE

A NeR F 33 75 22 45 5 2 L) {4k
e, KRR R A IR, B T4
Koy #E, I B s 0 ng 5K, BV
FEMNHK Rt Point—NeR FUNR Hegt 537
PRTE G T AR JE 22 A0 [ 7 AR il i i el
Dy JURTHIOC 25, $ M 2 5 = vh LAR
g, BRI T7 o A=) DAk
EVEN AR E SRS, ME SR
HAMEEHE . 5N H— BT AR
PRETE Gt 1, Z g tH AL T 2 A7 it
B, BE s R IE R & SRR AT
VE e, e 2 X SR A, I I 4%
ity Bu R N RN Y A S GIBUNSE: BIS
MBI 5o, BT &R 70
BN F R LG AT 2 A K
A BRI S5, I R G it s

2 BHEREREA

ARATRARIR A A EE T W% BT

BT RER | EET R RE
BB AR A AR PR

NSV

21 ETFMigiaE

FETWEAEEINTE SR, ZOETA
PREGIBSABETY, A SCE BN H RS EUIR
W NRS BRI 2 R S RO AR
JEME BT BRI NARRAS A i 22k
AR S E AR A gl L A SCAPE!NS,
FIH = B 4343 #ri: (principal component
analysis, PCA) $EHUARUAIE AR SZ )
(RESEE N NRSEUEAY, WS AT AR
T =P HIERE LT . TanS-shEdifER
N AS T T AR T, X 22 B 5 Y
HAR, BRI T

REAL T G AT B AR DR AN 22 K2 1 #508
Gy, BRRESCTT AN, R EREZN=
25 ] R BT o I ST AR Y D R A
B, RS A2 e — I 2R, R A T AR 42 R
—E R ERE AT L, X — R
FRIE “5E f2” 1, Az shml AR E AR
WHEER A2 TEAZIB B, X W7 R AT T
BRI o X AMRIZ Bl A A AL IR A 38
T REIZ BRI T Z BN 00, 2R3 1%
SRR E, IR EG 5 X (linear
blending skinning, LBS) & yL204E & A
VRIS T8 1B BN B A0 1 T i R 52 I
FTIBUGKR IR Ze iz 5, SCI MRS AR T .
& G LB S 53 B 4li ] e % E AT 2k iz
B, SR CRESRL T R EL S, i
HRAEBATTRES BN 2L, FELBSH
PR |, SMPLAIREOSZ T — AN A fR
S =R, IR G A T R AR
a7 2 HORATE R FE A R RIS
o SMPLABE T RSN NSS4
AR 2%, BRI AR AR IZ 5 i
FEHIIEAE, I AR IITE S48

ARk, SMP LR it AR B 24774

4
b



STUDY tHR

119

FISMPL-X"224, S FpHMIRGB E 4 4 37
AL R | T A RTS8 1 = 4
BN i I = SR S T TR =
SMPL-XAERIE NN T NG F- 4075,
P 2 J 7% T AT B N7 g B A D U I s Rk
Pt o LA U] P AR A 38 TT T R AE 4
=1, SRy Bl A M PN A B AL 5 A ) AR
SEIG AR, G RRFEA RS | RTLE ,
VE R 2 A D RE U IR0 Ba A0 % B - B
HADPAJEEMERAR (R s A AN
ST 5 1IB B SRS IR
HINAR 2 B RIAS AT, A& T — AN B
T e AL AR R A R Sk A 3EA T LA
Wb, 15BN

It DIAN, Osman A A ASE AIZHEH
THSTARVENSMPLIEAR T ¥, K4
AE ST AR 43 iRl — 2 23 (8] 5 3 S A
IERR A TR R, BT M A
PRI HEATREIE o SMPLAE B [ 158 75 e — A~
BT TS LR A T, 2 H AT AN A
A 2 B ABE TR 5 177 SR FH A 2 i SR I 1
BRI PIGHUM/GHUMLZS g4 3, F:T
VAERT R 23R, GHUM/GHUMLAK
G YV TR S P i aw VR S 5 = A

AR T

T E BT R

B — AR S HARE I RN R IE 5.

AR TR T A 1Y 7 kAT DL A i E LY
NARFEARY, BAA R8s s 07 |
BILLRE 7, [HAR AT & F B N e A
& 58 B, HOS T | Sk SR NS5
HIERRE DR 2. B TR 145 SMPL
BT F P TR I O 7% LA R R AR L
fA] (SMPL+displacement, SMPL+D) , &%
RALE T 5 SR ng LR, HoxERL
SERE/NPU RS I P = S i RV VN O 3
Yo, T 5SS E 5B A MRS R
o, B B, AT E
SMPLAERL I GE, BCNetPoR £ K
28 R 8 2 T B AW ST ST R B B2 R
B, R A 2 T SMP LRI H g8
% S IMAESMPLARE SR |, JE8 A7 78 4% 35
INABEIE BT AR, Bk T R A 2R AR
P4 e B VIR A THRCHT SR B8 52 R,
— AT R 1 T N IR I R 1
MR TS 28 o BRICEAAN, T 45K B T [ 1)
T3 0T AR B AR AR g P A S A R
fily 1901, SO Ry L kR AR T R I
T7 BAE AR, B BBl 5e ki sh
VR SEF 55

EHRREES SMPLAERY

B2 SMPLiEEK SMPL-X SRS

SMPL-X#L %!

2022081-6



120

BIG DATA RESEARCH A#ifE

2022081-7

2.2 ETEGAE

FETEUS B 7 R R0 O A2 1B 1 0
TG E S I = 4R A5, SL A
G2 UG B e 45, ARG E
N O 22 5 0 N 1R 3D T AR T THT A5
#1 (3D morphable model, 3DMM ) 871, H
A g R R R AR B FRAR AL |
FRAEH, o 2 s %
AR ZME3SDMM Y sz —, FIHPCA
R SR AT 26 23 (] (149 50 3RO TR 350 R R R AIE
B R FH 25 > 0 465 4 H 2 e T SR A Y, A=
HA RSN HT Y BE e ng £ s, 4
R B A2 AT SR AP CARE L4k
3DMMME LA B ARG UART Y e 45040
W, M ERGE T RIS SE Rz RE IR
Feel ) BT U0 e B g e B S AR g
Ze ] AR FE T HP A A O] DAL BRR S H AR
Zsc A A, EORE AR R G
A MBHE, DN PR SR RN 3R 1 &5
s C A R s e
T R R R TR E S S T RS S AL
FR DA P 2 e TR S ABE 20 P 2 R T g v
ZH 101,

AT ML (generative
adversarial networks, GAN) i id £ %
e RIS S e X 265 7R A Wi TR R 48 e T A
3, A Tz N T F B ) S A
B, #G3DMMae sl A\ e 5 # A 55, i
ETREM A M 3 W R I i, LR 5 2
RGN . MG BRGUE, GANHI A
Bl ES B S N GARRAIE, N ey 40 R R 4
AT AR AR, AE iR S T
PRI, T 2 7 BN = )RR
W AL B A R L . AR B R
MBS A Bl

GANFITHISZEL A ERSK FH98 37 5 T Y
P B v R N SCER R IR B, >R

G ANYIZ5 H R AL 155 43 9858 1 SO L
P8, H B0 FHEAR TIRE . 51k —F,
FEGANFITIRIG S BRE R, 6 IR S% 1
CAM RAEIE L, AN B AN E s i 4
FAe T I 5T S5 50 s, PRIASEE B ek AT
e By, ML HEGANFIT RS B S0 T
REE, AvatarMe®sixd i A G AR 4
PESDMM, T8 1 8 B SR e I o 45 DA
Hrb 8 s 5 &8s, e 4 m . 75
PR 8 2B S50 15 13 I 22 A TR e 48 TR 2%
F JR H A T S A TR 2 R S B i 2
H P 4 B SR E Y A, A
Jio A 7R i T R B R, SR R E RE
AT T FER L) AR A, AT DL TE
Y, 4 AvatarMe 1l 25 50 H5 42 48 56
K, H TR BRGEL BE JRAARS B, OR
RE AR T b A FL IR £ iz JBe AR P T S B A T
VB, HEANE T R A8 % N R 1 43 %
RIS 51

style GANU2IHE tH— A B R
GANSLEE, SLHU A A B Ry 2@
ARG A Tl B sy B, IFEAT
DLE MGG . HPistyleBR_REA K
H A RURS = R ARG ) 2 g ek,
K. mEAR . K22 5E5 AR
PR LS AR, style GA N A= ik 25 W 2% £
—EWE P B, S
MK 5 GANMIstyleGA NS F
A3 7. styleGANMIX THELEGAN
AR — A B S A A T i Nz P AR AE R
FE A — AR EZ Y GR B 43 A1 5 00 14 A 1] 1]
tEw, D FEA RS [ 5 e 2 I OC Bk
., HH WG A AN S — 2,
P — i N P g 7 o LA ARG A P 5 i o2
F /Ko StyleRigtsLHl— AN @ 3DMM
XfstyleGANBHATTRIFRARE (I 45, #2461 1E
NEHE (N2t ) DAL BT 7R AL 4,
SRT AL #e e J 2 AR AR BSDMME, HAN
it T 21 A SDM M e 37 S AL



STUDY tHR

121

i 3 B W
LA MRz 27 Const 4x4x512
| WAL )2 | | WG 2 | T B
| emz |
D B
B
4x4
| Conv 3x3 |
| PixelNorm | | FoRAE |
4x4 wew
o ®
BT
| Conv 3x3 | Conv 3x3
1
| PixelNorm | - -
I
[ conv3s | AdaIN
' 8x8
| PixelNorm | /
8x8
(a) HE5EGAN (b) styleGAN

3 &4 GAN [ styleGAN Z5#3¥3LL

styleGAN2MIEstyle GA N B3 il A,
VHBR T AR Y 52, F H 45 6 Flk 2= N 45 L 492
B PR AR W BN B e LR A SR S
FLHRAS]F] i style GAN2 R BRI 25 2.
A 3DJUA IR 3G I 3DMM, Hok
Fe S5 BN 2R SN N4k, B8 v ARAR ity o
TSR SR PRI, 2B Bl 43 SR Y bR afe
A R B A, SR S e s B I 2R
FOH 2 Iz R DU Bk b 58 42 40
SERER, SeIE R L FEEANGEEA
Ji 56 4 MR RE o BT NI B AU, T AR OR
GANWLYE N T REALE o4, T
A E A ANFEIEFA AR 2E, 8 15 v i g
IR 25 R 1l 25 T o B AN [T AR B |
AT EG AR AL G0 LUA |
R e, AR E R DL IR U AR H AL
SR, AR, SR 3T R A= o A 2B
SR T2 R R, i E ol G

IE BRI 2R, T H BT Bk = 3D A2 (Al
S, MELAGR R 20 AT AR T — 2k

2.3 EF&FRE

FE TR ZE 0 R AL A B U7 TR AR 1 AR
2L — B R, BRI =S
BARZ AR, DL =422 MR 5
T RO RE, G EMMES LR
5IFE—S SR PR, HARRET
) 1R 22 B B3 I L A Y AN e o ek 2R
TN B BRI R S T — I A
B TGPRBI AN ST AFP AR 8
T AT AR I Y VK 3 DI AL
Ps-o01 I SLIG R AT — i LR UTAER
FETRZE I TR0 R A & ik
ANHEFEFRE, Deep VoxelsPUSEHE U E
JHI2DHFE, 5IAREE IR —Ff [ 5 A A

2022081-8



122

BIG DATA RESEARCH A#ifE

2022081-9

M 3D EFAE A%, 2D AL T F 3D 22 [H]
W ZEHF A B BN R AE W R, AR gE 73D 2
(Al BRI 2 DAL & A, e AET JoZ3D
Bregs], 2 SCHRIB2IM SR Ira ik = m “ b
IO SRR AR R T M AT AR E
T RRHIE, IR A B, S B K K]
BAh 113D %%, Deep Human®* AR 2
AR AL, $ H— DRSS
FRE (R AR A e o 2%, FH 22 R BE AR FRUAR Hie
S5 3DRFFI2D EUS AT

A 3D 23 0] SR B TR 18y ORI
A7, RS e KRG i BRI,
I — AN AT AT B TR 22 A T R A
AnARDRE ] R 4 55 2 T = 4 R R, A
AL BREEORE AN 40 T, Ak gl 2k, AT HL
e AT SR A IR 43 B =R A8, Deep Voxels
>R FH e B 43 R 4 23 [A] SR I, (H X L R
R T BRI, AR R RN
A, Neural VolumesP"#Hwarping
fields, Ref7fif 23 AU AT BB 4 Bl 45 05 i &
Ja TR B R X3, EL 2 AR R BIR GR 4L
BEAS RS LR BT, b7 St —2F
@i

24 BEFBEXRT

P TR B SR A T M — N IE AR
= s AR B R R R T, YRR AT A
G AN T SRR IR fEE
P G 6 BeATUE, B R &S B BT S0
P AL S F MRS 2, HEWT H BRI IRAE
JLO-5T M 2 R N 17 H T 2 E A R
SkZR7p707EM, BT RAERRITE
N AR T ey W T R R R Ty
B, B IRTT Hadk vl DU B O B UL EE
A X

TextureFields!94g H— /N FE T[] 1)3
P R 285 X 285 2 500 1R T2 82 3D R AL 36 TR 4L
27, M2 T3DN R RE R, 5%

TN [ R S0 B R B 5 R DLE BT AR
o SRNsPAFE H— ST 3D EE M I
HI 7 5 2R, Be 18 o 7 > 1 & [v] B
B MFRTH, JoA3D MR B A& AN R 3D
5 5 UM A AR A #5E, IF PR 5 2 WL IE]
— %, BANMOo®9F] f] & e &L fR L=
1R, 456 NeRF M &l o MLP K 28545 HY
3D &S Al A A B | AR 2 AR BT A5 1Y
FLIEH A o FLIEH A T3 3D 23 [A] 55 Y
TS R AT G b, AN A IS [ 7= 4] vh
15 22 W88, P I ML P ot 530 5 5
ZRETHI B [ BE B PR 4L (signed distance
function, SDF) 3 H3DIZIK, FHZE SR
fm A (continuous surface embeddings,
CSE) CORIIR AR ZE RN, AR X I
ML . 5 SMPLEE 2 Al S A A AR
tt, BANMoIr # 0y & s & 5 /N ; 5NeRF
MHEE, BANMOo S 38 T~ 75 W A Al
FEHIZE ],

Hodr, SDFFAZE [A] 25 57 4200 #8218
SRR LR PIR ST Y, T3 A AR
FI PR THI Y i A R B, BE B AR R R T
B0, R ER N, AN IE . T
B INACR, DeepSDFIIZE 4 MLPSZEL—
M EELEFISDFERIRTEAR, S2 4 H H Rk
HXRIRZ—o SDEM T Z JH THEN I B
U, i MLPHIOCAL T A A TIER
R P B AR TR R A 55102, R (R
PAEZ L TN A R S R Y e i N W P E A
HIRO TCSEA T 2D G Mg 2=
UM P A P ke o R L TO0 R A A [ e,
H 5 3DRX G JUMRT fd S22 SRR N R Fr o

PIFul®/PIFuHDO i H— AN #0577
2DEBGZE TR g, HHAR R AR
TNJT A, PIF UM S5 G RRAE,
PREF H EARAN 55 BRI, 1% FR R AL
K TAER—3DIA, MRIEHNL S Z3 T
152, RN N 2D A7 EAF S LA R R FE AR
I, RTINS 27 3092 m AR AIE 7] & DAER B8 J) 0



STUDY tHR

123

A0, R IEEAT AN TR DI 5 S A BE
HoAg a2 7R o — RS, an=t (4)
Jr7R:

f(F(x),2(X))=s,ser  (4)

Hodr, 3 F—A3DAX, x=m(X) 42X N
2D, z(X) TR AN AL AR A5 (8] 1 I S
H, Fo)=g(x)FmR2D 5 x L
I LT E R R AA AT 2 A7 25 ]
P TN R R PIFUR] DA R R B £
% . 2 MmN, A HsEEE .
A SDAI LT SO, REA R PITE
TR B NI AT 551000,

PAPIFuw R B xR =77 ik it 42
P R DU S AR R A AR
FFN U T, 8 mT DA J 3 B i
o BTN A R Uk B TG
PR B i A HR A 7 v, A ) S B
J16E T VRN S BB RL A A<y i A
JITHIIASE

FEF BRI PO B ARV TR
T 4 7] RAT LR P R R Ty 2, 3 B R B
) FE 3L B 7 2 HY B g R T HLON T
A BN IR A2 PR T B = RS H 30 L 2
FSE Bz A HE 25 248 A A . TG 2 e BT 11
B, FURE M A 4R 5 250 5 1
ERIEAR . MMV P-Human® &1 3D
PSR AR =455 BANMoZE &
12252 B AR, P 2 X 3 D e ST AR Rk [
BB DU SRR, DT B K B 1
R s FFH A A NeRFHHT 2B &
B, FEIET AR A o TITINAS AP H—Fh
DS F SO N S W NS EA & =S AE BB 7
NIRRT 28 7R B8 B v] AR T 1) ARt
S EIA AL A G EEE, JIFFCOSRAT
3DMMH#E AL ARSI, 45 6 a3 [R5 57 1
SRS ZE 57 1 AR AR, 3R] T
M B G BREL, DAMGE B R 207 A G 2
N R

2.5 REHEME

VAR SRS T ik 4 28 Bl 352 AR ik
PG TR K k2, ¢ 25 S0 (19 35 il 7
FABE R TN R . BRI UM FE A B2
WEE A 2P 7 B AT EAL, BT
P R U B T ELAS R A T
MBS L, AT,

TR ZE, DAISMPLAE Ay
fith S N7 R SRR S B AR 2 3 o
2z —, £ LA e AR SR A A
EINCAFFE, ABRAMHESS R sk s Asife
TIASE s T EUG I J7 82, R AR
Jn3DEUFIR., HHemBR R A= T
PRZETT V5, BRI AR 2 S Ty
)5 BaaCZerRs iy it R v AU I R Az
LYo SR PR DA R B s 43 e I 2R
PR E 3 m RSN XU, feig E
A AR BEZAEAE NI, A R s
Jiie, FEF LA R, ARG &R
AERIMNTI—Z, I A TR
TRAEEA, DR g2,

Mk —BR R HOR A BR(3DERREH
R RI ], 456753 1S H s Tl
GNSMPLBE B &f Hi i $2 A0 I8 J5UE 56 AR
AR TSN o 225 SCHR [ 70186 & 22>
A B R M T 1A, A 2 ARG B R ER A7
PR, IR R AU S R T R,
Hp g R H S RN R HSMPL
L, A7 T ) B AR A R s
SMPL+D¥ Py md M s, o as
AT S IR FE DAL A A B 7R, B
T B B R AR S TR A T R 2
B RS . B ARSI BRIMT3E,

SCANimate "R X 45 2L 9 N HEFT
DRI 4G ke 2 BB A RE U o HEF
FASMPLIRTG 2 HU AR = g i i, 254
99 WS BB R AT iR B IE, i — B ER

2022081-10



124

BIG DATA RESEARCH A#ifE

2022081-11

N7 RN B R B R TR IZ NIRRT, A4
RPAEIZ BRI AE, a4 o 4 8.
G TR B SMPLAR L9 AR ZE A (5 5 A F
THCEE R RN AR, i AL
ZAEE T, EHFAE MZSCANImate AR
T RIRIE - T5 & AR E LR I 5K
W, AN AL N SERA A<y, T HLAG
PR ABE TR A P 1, A R R — A R
N7 [ A P 0 A A R B, R L S B T
AR ASBETA 56 T AT I REAILE o

ICONI2IILE SMPL - X B Y 5 1 3%
PR VA T X 28 HEAT B ERAIC AL, H8 T HE 1)
NN S M EVER S P NENE O]
A 3D, Al T ANz 424 5 A i
SR R J) ER AR AIE SR A T B U 3D B T 55
ICON T LA BRI 5 H I A2 3D 6 26E Ak
B4, IHHARME N H T ARG S TR
o4k, ILEE4E & SCANImated: s 8f
BN S, HTICONZETFIEAHLE
Zx, W 2 H2DI IR 3DE N, iEM
RN AR, 2550 7 A AR P PR R

a2 T AE, LA HSMPLE
MBS g Z R ANRIZ B AT #2248, T
NeRF/EN—F St i 5t R R T %, W
G ST 22 [A] R B R AR BRI, 20t
ZWME G IESMPLEE & NeRFAEMSHE
A AR A (T TR A s 2701,
2 28 SR (74142 HY R THE [ 2 5 5 37
AT &M ALE S, i T D&
[ 22 R0 A BLAT RN S M P LABE 75 () 5 06 41 i1 R
E— 3D AR

M —ERIR Ao AR S E IR GE
FATFRINAMRKATIZ D), M4 G H AT
HERI S-S BT R RR IR AN LT M L Bk
PR AEE . G AN PR FH AT DL AR B 43
EREE SN SR =Y e {02/ S
StylePeople! ™ H— 28 2 5 1 T
B2 style GAN224 3] i N\ B4 1)
WHZ LT, BINAESMPL—X £E s TR

PRI B, SRS R E R E R EIIE S .
StylePeople | F 4> G FH W 24 £k Bl B (R HS
7 A FR A B RSB 43 43 BU HO M, X B AR EL
BRHEAT RAFEHL S, 56 etk de & AL 2R
BRGBE, StylePeopleffstyleGAN2
PN 832 1 BEECW/N U NER o= o1 7 0 1A F < 8
Bt 21 45 0 #h BB AT A R AL Sk R K
I, SRANT SMPLER I A E . 5ETEG
T ¥ — A, AR R SR AR A B I 2 L
i, R BERL  EE A FH SRR

IRZE-BR R EOR & AT IRZEITT iR
i FE B0 22 A 1 B AN 3 250 2R, T bR R
TENARCR R, A SR ETIRE T
TRAE AR A 3 2R AR TR REALLA
(pixel—aligned volumetric avatars, PVA) 77
GG R I SR 7 3 TR e g,
HSRH T PIFudid AR 20 T RHIE LR B 1
RS, AT T2 M EREN 702
L, RAMLPR 22 A B FR ZZXFF HRHIE
BB 5 ZRH R AR ST R
ARG, PVARBH D & p R AR e 4=
PR E R IIE S, AT AR AT R
SR SR RE T, RRAE HANBER
THAZS TR

S CHER 78 T A R 5 ok A B
BRI EE TR THT R AN Sk A JUART AL, 455 1K
FRYE He PRS2k A AR RRURR, SR =LA ) 5
A o X HOAL e Y BE TR ZE R IR FRTE e
TTiE, B AL R R NS R4 i 5
TNEE %R, ITTE eI 4y R AR R HE—
AR o TTIZ S50 U 12D T3 A i L8
AR, WE RN G EI AR,
T 2 R B A3 e A FRBT RY AT ' B
g

D A — AR 2R — B R G ] PSR S i A B
PRI ZAERHEFA = AR, 7 80 S dIm
FIHZE ZRIR G T 5 FIH TR
IRRI % FIAT R 915 A2 55 BRI 0 i K ) 2 B R v 2
WA, FHHABIB LB Z AR . PaMIR!™



STUDY tHR

125

FKHAESE R =07 LRk, H
SMPLAE AL S AU TS AR, WIS
ZEPMURZEGRFAE, 482 113D 5O R
K pRECAHIME . DeepMultiCap®onét & Rk 5
LATERZ NS &, MEIG G ZHIKE
JEERANT, PSS A . S3EIE
WA RS HARARZ S — R ZE WS,

THRIRRBURIE ;s 45 6 2 DI GARFE SR UK
FINBITEAR, 35| SERRUE IR N E
Bdnhaa SRR R B AL, AR BIESHIAK
B

B HHTN LR A RE G B A AR 2
B4 T BB X 58 R iU A T 3
JREH N4, EISHRIEIN AL @R T 528 &

e N

HT A%

NKSBALRR . SCAPE!, SMPLR22229351)
STAR®!, GHUM?

- J

—4E: GAN-based!*!#241

HTER

Z#E: GAN&3DMMU-445

' N

[ EmAsEEA HThE

3DFHH, Deep Voxels®!, Deep Human!*¥,
Neural Volumes>*

\ J

HT R PR E

(407 5 BER B HSDF 21, (G BHPIFU 1, |

A

s N

I

RS — [ 55 77, R —{Ge 25701
PR -RR R L7781, A 28 oG g 75

I T T T 1

. J

B4 EBASREARDE

I T A
T E
B SRINS
[ N PIFu NeRF SCANImate PointNeRF
SMPL SMPL-X StyleGAN2
GANFit VA
Adam ICON H4D
20074 | 20174¢ |2019 20214
20054 20154 | 20184F 202043‘ 20224 Ay
Do
PIFUHD STAR ' PaMIR
Style Style
SCAPE SMPL+H DeepSDF GAN People BANMOo|
Deep Deep StyleRig 23;'12?' ized TILIIKIHILLJ
Voxel Human NchI’

B5 EUASBRALZEDE

2022081-12



126

BIG DATA RESEARCH A#ifE

2022081-13

R A B AT R B R R P R I
BT, TR AR Z N TR RS
TEAE RN, A TAEAEA A ek
Bk H A4 2R

3 BT

AT E S A G RORE FELN B S 58 iy
5 R S AL R VT O R WY S B R
b, F45 H 25 S8 G BB B9 R BE VT 47 &5
Ro AW W R FEANERL N
RT3 18], TR B A  28 50 o F ot e D 1
AE Y B FE ROl 2, N AT 2L R AR
AR RS e FE AR | P e R 5l B ik 1

‘[\ ﬁ% o

31 iR

FEBA TAEE M AT i 7 ik TE H
B EOUL R EA Y, TR SR B R A AR
TT AR AR B o TR B L T AT, W
KB IR 5

RENNAE BB BN I TN
BEAT RN B IE B2 A,
B RN B i S 6 T P O O B 25
Ao WA ZR A e SR 65T B s P
R, 8 A — AL e 2 A LR
GEoRAR . NT IR BRIERE, LA
BA 28 3 0 T R e HEAT FAL B, ZREN2D
FNSDHIAMEL AT A, 2R Geb
AR R T T [ AU OIS B8 S AE L A7 O T
DS T [ B 2 o LU K 25 & B
SCHR A 1 28 55 B A #4517 f
Ko

“HEGEEE TR TRER,
BT PSS E U 8 o 2 s =255
Bo BRREESN, =4 nEFL
WL M maEds, R RmiE i T 4%

TR S5 A, AT DA e R bR i = e 200
JEM %, Neural body ™48 T— 240
PAEL G ZTU~Mocap T P A R L
TH6 B S G ORI A 45 SRR B,
FAETINBHENLWA, H21FEHH
ML, A A RR 7 R, #4
5 B EE G, mBIRET Z N A
T2 G B R PRl . S3BIFIA T 2D
KGRI B R i 3D A = i, B
AT R R F s AR TR IR
ELEAEITR

AT [1) O 3 48 35 1 R 0L N B K
Market-1501 V& f7 N E BT FH 400
8, fET1 50T ANI32 643 MEREEL
PREG, BB 2 He NPT
Human3.6 MBI s 5 20 8 K HI3DAZE
BARHELE, A HRANHEYLE S 20 A
KA, 1 B FRRic sl ER IE R 40, H
WAL S A R 62 B R R I R 2
.

BT BRI S B AR, 3D AR
SR AT AR N R UG BB TR 4 N o
STATE MR g sL 56 75 E A sk Human & 4
Hlage, 2o kIE T twindom$ L EL sz
3D AR, /M T 4965k 20
1 P Y T B o AT LA PR R P 54T
LEIRECAPEBIFIAGORABS, CAPEZ 4
— N E AT HISD AR S H 3 £ 42
e, SDIH AR sl LSS R4l S
AR, AGORATEIE S BSMPL-X
B PRAIE R 2222 B 3D, Al EE3D AR
BRI, BB 2R AR
ELEAE/ T

EE/ R SN AT IR TR 4 T Y ENRIN == P )
PE R, FE M AL B AR HR ) 1 BB T
A R R i SR AT T, AT
A LAE B F A 3, R H T4
SCHR SR R AR5 L, W T2DAI3D
EAE/TH



STUDY tHR

127

®1 HEEER

(€] fis 1] SICIG Y e A el It
People Snapshot!®7 20184 24 A, 114NN AR 2D
55 2 FE RGBS FEH1)179 20214 243916 0001, 43-HF3H512x512 A 2D
ZJU-MoCap!®2 20214F OB N A A 3D
Market—15013 20154F 32 6685k, 1 501 A & 2D
Human® 20214 SRS AR 3D

3.2 FMiEHR

ARATNEH W T A A Y
PEREHURE EEFRAR, $8 PR 0% H PR A AL 31 25
J7 kT

e L1-Loss: M4 X% 2 (mean
absolute error, MAE) , 575 Fi| £ F0 EL
SCAE 2 [A] 48 0 25 (B T (E

o LPIPS: &3] EUR B UL 17
PR, WAEFRN RN, 68 RGEHLITAY
ARG FAESS IR B RHE, & T2 F
ANFIEE RSB ] o 4 e B UG A
ARG, BEELESn= (5) Frx:

o I

d(x,x,)=
! Z/:I-IIVV/ hw z

(5)

2 (5) H, WL EFEEUFAEER, AR
B EHF TR oTMTEA, HIFEwW 46
WG, JE L2 B, LPIPSHY{E M
IR, BERUR RS, B oK Bk AE AL,

e [S: Hlinception score, T
inception modelit# A, HFHrmGANEL
B PERE , R A plc EIG 25 Ui A\ H L E]
BN o i, fi7 B 5 E SC R (R 5
PRI ATEE B, BE Bk /NZA S s, MRk
g gon

o FID: PR HSLFEAC, L pliFE A AT
FRAEZS (Al 2 (Rl A B, 0 T G AN AL
W&, HCEANE A Bl #2540 7 AR 1 B4

R FID 43 Hit 55 8 & FLse R oA Al
A AR A Z AT 22 509, ana (6)
B

FID(x,g) = |1, —yg||+Tr(X+G—2\/E) (6)

HELEGMAE R E G EInception
Net-V3#H2 048R EM &, X,GHER
% AL ) B AR B B B T ZE R, e Flae,
FREG I . FIDBE B /N, R EE
BN, AL R AT,

e SSIM: M5 &= M4 454
FEAUME, ARG ZE R i T SR 00
IR AT B R 5 R L X DU,
gt AMEM TR, FAPREZ AT
B, T 25 Ak VT S5 A AR UL RR S 25
AL TS B R —1~1, PRI S STM {8 ik
G, AN gE A —FERE, SSIME
fE N1,

B PSR Frx iy 5 E L, X HE
HAe, GikstirEZRman= (7) ~= (10) frR:

2 +c
I(x,y) = H M, T 6

— 7
PRy
20  +c
C(xay)=# (8)
ol+0,+¢,
o, t+e
s(x,y)=—" (9)
0,0, +¢

SSIM(x, y) = l(x,y) - ¢(x,y)-s(x,y)  (10)

Hr, pRREURHME, o Mo IR GAR

2022081-14



128

BIG DATA RESEARCH A#ifE

2022081-15

He22, o FIREBXMYIIITE, ¢ ~c,F
RHT PR O H #L W e =c,/ 21,
SSIMZERH:

Qup, +c)20,, +c,)
(,uf + +cl)(0'f +0o, +c2)
(11)

e MSE: Iy J7i% 2 (mean square
error, MSE) , th#AL2-Loss, £ESHE
BN E G e, HERERG, RigSH
EI AN E R g KNI M XN, MSEE L
W=t (12) Frseo,

SSIM(x,y) =

MSE(f,g)zﬁZZ(fy—gy)z (12)

i=1 j=1

® PSNR: IEfEfFIELE (peak signal-to—
noise ratio, PSNR) , H W EUG G540 B
A S ge S R R G IR 2 R
HAFHI0O, 58 I EERIR, g S FEG M
MEE G g, KANIMXN, [ RAGZZ 8N
MAX, fiilg [AFIPSNRE AN (13) s

10log,, MAX *

PSNR(f,g)= MSE(/.2)

(13)

FAARGBEMEAHIPSNRIT®E, 7T Ll
B34l E I P SN RFFBUSME ; 45 B3t
BB )T 22 0AME, Gi—KPSNR;
R RCBE ARG HARILYUV, H
B AR PSNR, ST 5 L, %8
15, R BEGT

PSNR® T 0r B A5 5 19l & 5 A 1]
JRATHEAA 5, TSSIMAE ZF AR R 58
W, FREMRILE &4 KRB, T
TH T VR B 2 ST I 45 4l B LPTP Sk il 45K
BN A B B 1 NPRIR SN FE AR, RETE A 2%
b R IR 5K R AR AR EL B

3.3 EEiEH

ARG AR E B AAE LR TTTH , K

WHEHT A RBER BARFA E RE T R  F
ST 3. 2T HIE BEFAN IR AR IR LR B4
&, TR E BEL, WER2.
HHR2E P YT AT ST A, £ XA
[ SR | A —SL 50 PR BT T B A1 Y 5 B
fbm rhi BGR o Fie bR B AT I S A . T
A ES R T BUA TR RO &, B4 5%
HIFE AR I AT M R T 1R AR, WU
FEERIRAE DL o

T RIEAT B2 A5 BB B E M
POAE, R34 H 75 L BAR P BAR
HHE MRS, & R EHE LR B e b,
MERELJE 24 BB S FF sl S A
B R JLTT TN HE T Mo . Horp PR ECRE RN
ARG A T 3R, MR AR R
SR A i BT G A R T AT
PO

o IN[AF 2 AU o MR BLAE TR RE AT
PIGARAEL I, A=l sh AR REATE 52

o DRECIE, I ) R 2T B AN A 2L
R, BEERTREIR I I gn Ty, A ks
REFeR . NER e SEER
et 25 45 UL PR L R e A AT A

o AL AU R AR L R
BT RAFWA . EHTAAT &
B R X 3T s & AR S TIE A
IR A M 2748 I R E A F
R AR Tebr i H B 4 o TR I 2
T REN. T A28 S A AU A 7 3]
DU AR 2 A ) — Fh R 7

4 EMANHE

H BT T3 LR RE DL F AR 4 L
SERLT] 73 R 55 TR B oy L 25 o PR
SR N R A —E I RE MRk 55 2 (1
H SRR AN R AS AL, GE
BRENT—EMBRIR, M2 E0.



STUDY tHR

129

x2 EUASHREAESLER

VARCS TUIES IS FID LPIPS SSIM PSNR
People Snapshot (one shot)!®7
StylePeoplel™ R — 45 1.746917! 2721171 0.0836!7! 0.901217! -
LWGAN!! &5 1.7159176! 1771.917 0.272717! 0.287617! -
360Degreel! [CiEeS 1.864 317! 1383117 0.212317 0.807917! -
512 HRGBMWI 7 #1178
DAL PRt - - 0.06!7 0.9517 26.85171
FOMM®M?I e - - 0.16171 0.91171 23.7717
DV Pl =% - - 0.1017 0.9317 25.6717
ZJU-MoCap'®?
SANeRF™ WA —Ba st - - - 0.9021 24.421™
NB®2 WA Bt - - 0.076214 0.88517 23.491™
NV 1N - - 0.0999194 0.8211™ 21.39™
NeRF6! Fa =t - - - 0.8851™ 23.411
Market—=15011%
VU-Net!®! e 3.2141 20.144195) - 0.353% -
DGANs™ E15 3.1858 25.3645) - 0.2908] -
PSGEs K15 3.7508 16.742% - 0.7328 -
PPAT0 K15 3.323! 22.657196) - 0.311% -
Human!®®!
TBNLU00! &% - 52.262181 0.0801%! - -
pixelNeRF!10U g —Fa= - 61.453180 0.068!#! - -
STATE® &5 - 57.0551 0.068!%°! - -
R3 EVMAECRELAEEMLEEEIELER
WRZS Tl HR#p Az S A AE A PRECEE A
SMPLE! e B2 i ik Ik
HADE4 Zikiey Bk = s H
GANFitl#! E14 Bk o ey S
NAM! Eg SLHB & H %
Deep Human®3  {fZ EETUN e 1% i
NV Rz= LB = i i
PIFuHD! e RS EEZES w = i
BANMo!™! [EYEEE LS 2 [ [
SCANImatel™ Do A% —[55 pRI L =N w i Hh
ICON2 Do A —[55 pEI L =N o i Hh
SANeRF!™ Do A — [ B L Bk o i =
StylePeople!™ K%~ &% YN 2= = i
LWGAN!I W — Bk = m i
DA s ML S 2 i i
PVA {RZE B2 PR LR w =} S
S3is DR A% — AR 2R~ B PR L Bk = = =
PaMIRI™ W — 2R - R PR AL 20N 7w [ ik

2022081-16



130

BIG DATA RESEARCH A#ifE

2022081-17

Nk 55 B4 K UL ) — 26 5 UL 2
WL, & W THr . B0 159
S MU ERRELSE S THEE K. AR
A TE SR 5 2R R, RE AL S
NS AR B B AR A F A . BN AR
PR T/Ef PaddleBoBo . HURAYATHE L
ERARG, LR P EAG SC AP
H e I 5 @, A2 i R #0032 R A0
HrpPaddleBoBo &3t T &2 S HE SR
PaddlePaddle & —MIFJRIH, fEA
G T T N H T Paddle GAN$L AR 58 5
KGR . BIEAEFESS, DAIK B R U
NHTAENE Bl

B 7y Y K SN ES L 57 FH A e e A A
2 TE, HAE B N AR R U H 4k
o FEFPR AU, AT USIELETH
CHREIE 5, JEAEE A g 5 X
2 RE AU B RO AR T AR, 5]
RN, R T HE A Epic GamesifE
i MetaHuman Creator (MHC) 11021, {E
FREZIIEE R 2 B, MHC R AE
ZeHIWEREIUN, EIEQuixel Bridge §HiIf
TR R G R o MHCEL S B 85 R RS 1R
T ELER I Groom AN T4 % LOD %
LA M, FTATERE I R TR B Ry LA
G AT ETIa, B (A AsE I 7 FH 2B T I s
T FEATHAE, fRiE Ry T R A T A
T T BE e LA 5 A\ S,

T AE A1 22 4 a1 B LR 2 — R
VLN 57 5, R T R SRR AL LR A
M H A, 75 EEAE AT A B R UL SRR
28 T T2 B IR S 56 = TR T — A K UL
ffa A g TR ATCH ) HoA R0 EEF
Machinoiaft B4, j8 i 43 i A\ A4
MEmEE, LNAER—D2DREMA . %
THEA R T BT B R AW 2R
s, HR G p A e g i H T T R 1
G, FERHAGANTE

FEAG GRS B, S 7 AR Kl % 9

JERIIE G B RS 18, Aiat & bR HO
e SZ A 77, JLHE A8 R LA B AT IR
55 ML REUOS), b HAE — i i 2R Bk,
5 NPT ES), Tk, EHNIN S TE
F1 A S5 VOSTRIEY G5 |45 11071 4 HY R U
B4, #tT N H, WEPLE A Shudu
Gram!%® | HARMPE B R imma, EIEHE
EITIENHEE LEFANAYAY IR b
TR R 9k 2R [ A 1 RE L £
“N o HAPAYAY DR BT R ZT5 R )
—3DEMREEMA, 2 58K
JEAE R HET 15 3l (R B g 0 T 4128
R, B e N A TR S I HEIEE.
TERTEZ AR LA 7 =, 1
BEIVE AT 717 R AL 2 5 i o Ak il
TG S AR O R, B
SRR AR EIE I A5 RO T HAIE R
H AR IF IR0 05 AMRIZ 51 2 U
W5, 255 Lml i RiGsh, 200
IR, DRI S 7 A8 R m =k
(HOVRE T A 0l 22 0k [ 3%, EL RIS A AR K
2 3pE . B IVEERR AR A X B
B I BRI FH A A S5O 0 5 0T FUUTE 52 BT
B RS, P BRI AE X 22 4
TRBL, Ak, HEE G ARE— ST, T
B E R A SRS DA &1y &S Fh
FE I BRAE AT Ze 5L o 2 {v] 56 A 22 4D,
N REFIE 5, & — MBS R T A

5 BE5RE

R FEZA 4T 5K EUNE L
A, ESER B AUE S B B S 7%
PRZR | BB Rl R4 R A R R TT,
PR A5 RIR G LRI B GE ROk
(] ) 0 2 ELAN S o HCHp R s A 28 B AT AT
MUACYI ZR AN T A PR B A 3 4R A0, A
BEAT LA E R A IRZ IR



STUDY tHR

131

8, ST, AT DAL Y= AR P A A
BEFEGHITEHPGANE EE AN #H
GUSAFENVZ N, AT RLAR B i T A
B B R TT Sk ORI A7, HLEE S
PSR R 2 A I SR I AT 55, IR T LA
WEFIZEIR . 2 A AL 55528
HITR ST 4R 7R T AL AR AR e Bl B AR
MRt TUE, 277 A8 4 e R TP 5 /Y
i Bl A 2 TR RE A AR £
AP R FR, SRR I T J7 e
MM B FN AT ARG R
MR 75 BTG, # il fgz e
F3 P I A2 R AT AROR R A 4
ARHEEAALTT 7

L5 U AR R R SCHR A AR, i K
P R R T7 [ AT AR B 2 AL B
AR ol 45 R B o 55 7 1l 1 A, AT EA
T5%,

o I EIAIZALEE ST, ARBLLEXT AR
55T B A A R o A L% DX Fr A e
REATHIIR T, B T AR 5T IR T i
HE BT R B R (BB T KA e TR ]
JETE AN 5L, DAL TR 2 2 A ) IR
PRGNS S AR 5 TR AR EE DA Sh
REATHIPETT, W LLSE & @) St AR
AN Z AL B R EE T 5 S EAR D
HISDJUATL a5 2 I, FIRAISMPLAAK
SEA TSN SDF & o U on 7y 4 it
BRAHISE I A AR B A, B4
TAESHIEHIRERS 5N STHE I NeRF £ ASH
T EERZSVE E  dT R, LB A
B AN AL R

o S AUE SR AN A =R,
KB 22T 24 S I I TA R 52 UG s
HI BTN AR R o BT 21111 ZRAE
PSR RN RIS RIS R A AR,
(RS B S AR 25 L AR,
— LR R L AR T T 2 B AR
AT, AR CRUERTE AP BRI AT HE T 5850 H)

FRBAT B S AN A AR . AT
DA R AR R E TR 4E , AE

IR AT IR R R, JFRA
A PR MR B A= A0

o FIEHREM LI Y EE TAEE 244
AR, T TAKF TREMANESTE
GBS FIR TR R S T S iyl AR 1
RPN S C RS TR, ThI APk A e AT
PRI NIRESRE BN E R,
LR R B3 R B IR F A FORAL B Jo

o NTHmEEMN S BEAR T, &
LRt — PR E ALY, AIEH
A R AR P (an=k e, <) 1Bl
A, FTLAZEECR A B L IE B T A
73 YRR ST AR BT IERS, HE—2
e v AL I BT

o JI i A JRE P R] P I 55 £ T SRR I AT
WAFREAS, X TRZEZETT ¥, BEENAFRL
e IR, RO A AN A
LS B S N A AR B i Y R 7 8%,
PLHE— A i R AUUE S BT A 415

SE:

(11 HE A TR L& e SR, sy
RN TR B R FE A TAEE A 2.
20204 M B FA R R A B IR]. 2020,
Artificial Intelligence Industry Alliance,
Digital Human Work Committee
of Zhongguancun Shuzhi Artificial
Intelligence Industry Alliance. 2020
virtual digital human development white
paper[R]. 2020.

[2] FU K, PENG J S, HE Q W, et al. Single
image 3D object reconstruction based on
deep learning: a review[J]. Multimedia
Tools and Applications, 2021, 80(1):
463-498.

[3] SHA T, ZHANG W, SHEN T, et al. Deep
person generation: a survey from the
perspective of face, pose and cloth synthesis[J].
arXiv preprint, 2021, arXiv: 2109.02081.

2022081-18



132

BIG DATA RESEARCH A#ifE

(4]

[5]
(6]

[8]

[10]

[11]

[12]

2022081-19

CHEN L, PENG S D, ZHOU X W. Towards
efficient and photorealistic 3D human
reconstruction: a brief survey[J]. Visual
Informatics, 2021, 5(4): 11-19.
JOEYDEVRIES. Textures[Z]. 2022.

ZENG W, OUYANG W L, LUO P, et al.
3D human mesh regression with dense
correspondence[C]//Proceedings of 2020
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 7052-7061.

GATYS L A, ECKER A S, BETHGE M.
Texture synthesis using convolutional
neural networks[C]//Proceedings of the
28th International Conference on Neural
Information Processing Systems New
York: ACM Press, 2015: 262-270.
RISSER E, WILMOT P, BARNES C.
Stable and controllable neural texture
synthesis and style transfer using
histogram losses[J]. arXiv preprint, 2017,
arXiv: 1701.08893.

OECHSLE M, MESCHEDER L,
NIEMEYER M, et al. Texture fields:
learning texture representations in
function space[C]//Proceedings of 2019
IEEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2020: 4530-4539.

Pufdf 4t - O BRAE, M. SRz sl SR o
SNV | DR AR AL B A I O & (M.
RO, WA, B, e AbET BURCT L
i, 2019.

MAJUMDER A, GOPI M. Introduction
to visual computing: core concepts in
computer vision, graphics, and image
processing[M]. Translated by ZHAO Q J,
XU H, LIANG J. Beijing: China Machine
Press, 2019.

JONES A, GARDNER A, BOLAS M, et al.
Simulating spatially varying lighting
on a live performance[C]//Proceedings
of 3rd European Conference on Visual
Media Production and the 2nd Multimedia
Conference 2006. [S.l.:s.n.], 2006: 127-133.
PHONG B T. Illumination for computer
generated pictures[J]. Communications of
the ACM, 1975, 18(6): 311-317.

[13]
[14]
[15]

[16]

[17

[18

[19]

JOEYDEVRIES. Normal mapping[Z]. 2022.
JOEYDEVRIES. PBR:theory[Z]. 2022.
HEEE, MMM, IR REES SRR
REFAT]. TEESEPARAH), 2003,
8(z1): 784-791.

HONG F, MEI J, LI M L. Study on the
techniques for 3D reconstruction of
medical images[J]. Journal of Image and
Graphics, 2003, 8(z1): 784-791.
MILDENHALL B, SRINIVASAN P P,
TANCIK M, et al. NeRF: representing
scenes as neural radiance fields for
view synthesis[C]//Proceedings of 2020
European Conference on Computer Vision.
Cham: Springer, 2020: 405-421.

XU Q G, XU 7z X, PHILIP J, et al. Point—
NeRF: point—based neural radiance
fields[C]//Proceedings of 2022 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2022: 5428-5438.

ANGUELOV D, SRINIVASAN P, KOLLER D,
et al. SCAPE: shape completion and
animation of people[J]. ACM Transactions
on Graphics, 2005, 24(3): 408—-416.
KAVAN L, COLLINS S, ZARA J, et al.
Geometric skinning with approximate dual
quaternion blending[J]. ACM Transactions
on Graphics, 2008, 27(4): 1-23.

[20] JACOBSON A, BARAN I, POPOVIC J, et al.

[21]

[22

[23]

Bounded biharmonic weights for real—
time deformation[J]. ACM Transactions on
Graphics, 2011, 30(4): 1-8.

LOPER M, MAHMOOD N, ROMERO J, et al.
SMPL: a skinned multi—-person linear
model[J]. ACM Transactions on Graphics,
2015, 34(6): 1-16.

PAVLAKOS G, CHOUTAS V, GHORBANI N,
et al. Expressive body capture: 3D
hands, face, and body from a single
image[C]//Proceedings of 2019 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 10967-10977.

WU S Z, JINS, LIU W T, et al. Graph—
based 3D multi—person pose estimation
using multi—-view images[C]//Proceedings
of 2021 IEEE/CVF International Conference



STUDY tHR

133

[24]

[25]

[26]

[27]

IS
%

[29

[30]

[31]

[32]

on Computer Vision. Piscataway: IEEE
Press, 2022: 11128-11137.

JIANG B 'Y, ZHANG Y D, WEI X K, et al.
H4D: human 4D modeling by learning
neural compositional representation[C]//
Proceedings of 2022 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2022: 19333-19343.

OSMAN A A A, BOLKART T, BLACK M J.
STAR: sparse trained articulated human
body regressor[C]//Proceedings of
European Conference on Computer Vision.
Cham: Springer, 2020: 598-613.

XU H Y, BAZAVAN E G, ZANFIR A,
et al. GHUM & GHUML: generative
3D human shape and articulated pose
models[C]//Proceedings of 2020 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 6183-6192.

KINGMA D P, WELLING M. Auto-
encoding variational bayes[J].
preprint, 2013, arXiv: 1312.6114.
REZENDE D J, MOHAMED S. Variational
inference with normalizing flows[J]. arXiv
preprint, 2015, arXiv: 1505. 05770.
BHATNAGAR B, TIWARI G, THEOBALT C, et al.

Multi—garment Net: learning to dress 3D

arXiv

people from images[C]//Proceedings of
2019 IEEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2020: 5419-5429.

ALLDIECK T, PONS-MOLL G,
THEOBALT C, et al. Tex2Shape: detailed
full human body geometry from a single
image[C]//Proceedings of 2019 IEEE/CVFEF
International Conference on Computer
Vision. Piscataway: IEEE Press, 2020:
2293-2303.

WENG C Y, CURLESS B,
KEMELMACHER-SHLIZERMAN 1. Photo
wake—up: 3D character animation from
a single photo[C]//Proceedings of 2019
IEEE/CVFE Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 5901-5910.
ALLDIECK T, MAGNOR M, XU W

[34]

P, et al. Detailed human avatars from
monocular video[C]//Proceedings of 2018
International Conference on 3D Vision.
Piscataway: I[EEE Press, 2018: 98—-109.
MA Q L, YANG J L, RANJAN A, et al.
Learning to dress 3D people in generative
clothing[C]//Proceedings of 2020 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 6468-6477.

ALLDIECK T, MAGNOR M,
BHATNAGAR B L, et al. Learning to
reconstruct people in clothing from a
single RGB camera[C]//Proceedings
of 2019 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 1175-
1186.

[35] JIANG B Y, ZHANG J Y, HONG Y, et al.

BCNet: learning body and cloth shape
from a single image[C]//Proceedings of
European Conference on Computer Vision.
Cham: Springer, 2020: 18—-35.

[36] WEI W L, LIN J C, LIU T L, et al.

Capturing humans in motion: temporal—
attentive 3D human pose and shape
estimation from monocular video[C]//
Proceedings of 2022 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2022: 13201-13210.

[371 BLANZ V, VETTER T. A morphable

[38

[39

model for the synthesis of 3D faces[C]//
Proceedings of the 26th annual conference
on Computer graphics and interactive
techniques. New York: ACM Press, 1999:
187-194.

LATTAS A, MOSCHOGLOU S, GECER B,
et al. AvatarMe: realistically renderable
3D facial reconstruction “In—the-
wild” [C]//Proceedings of 2020 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 757-766.

ZHENG M W, YANG H Y, HUANG D,
et al. ImFace: a nonlinear 3D morphable
face model with implicit neural

representations[C]//Proceedings of 2022

2022081-20



134

BIG DATA RESEARCH A#ifE

2022081-21

[40]

[41]

(42

[43]

[44

[45]

[46]

IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2022: 20311-20320.

ZHENG Y F, ABREVAYA V F, BUHLER
M C, et al. I M avatar: implicit morphable
head avatars from videos[C]//Proceedings
of 2022 IEEE/CVEF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2022: 13535—
13545.

GECER B, PLOUMPIS S, KOTSIA I,
et al. GANFIT: generative adversarial
network fitting for high fidelity 3D face
reconstruction[C]//Proceedings of 2019
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 1155-1164.

KARRAS T, LAINE S, AILA T M. A
style—based generator architecture for
generative adversarial networks[C]//
Proceedings of 2019 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 4396-4405.

TEWARI A, ELGHARIB M, BHARAJ G,
et al. StyleRig: rigging StyleGAN for
3D control over portrait images[C]//
Proceedings of 2020 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 6141-6150.

KARRAS T, LAINE S, AITTALA M, et al.
Analyzing and improving the image
quality of StyleGAN[C]//Proceedings
of 2020 TEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 8107-
8116.

LUO H W, NAGANO K, KUNG H W, et al.
Normalized avatar synthesis using
StyleGAN and perceptual refinement[C]//
Proceedings of 2021 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2021: 11657-11667.

SHEN Y, LIANG J B, LIN M C. GAN-
based garment generation using sewing

pattern images[C]//Proceedings of

[47]

[48]

[49]

European Conference on Computer Vision.
Cham: Springer, 2020: 225-247.
RAFFIEE A H, SOLLAMI M.
GarmentGAN: photo—realistic adversarial
fashion transfer[C]//Proceedings of 2020
25th International Conference on Pattern
Recognition. Piscataway: IEEE Press,
2021: 3923-3930.

CURLESS B, LEVOY M. A volumetric
method for building complex models from
ange images[C]//Proceedings of the 23rd
Annual Conference on Computer graphics
and Interactive Techniques. New York:
ACM Press, 1996: 303-312.

IZADI S, KIM D, HILLIGES O, et al.
KinectFusion: real—-time 3D
reconstruction and interaction using a
moving depth cameral[C]//Proceedings of
the 24th annual ACM symposium on User
Interface Software and Technology. New
York: ACM Press, 2011: 559-568.

[50] DAT A, NIEBNER M, ZOLLHOFER M,

[51]

[52]

[53]

[54]

et al. BundleFusion: real—time globally
consistent 3D reconstruction using on—
the—fly surface reintegration[J]. ACM
Transactions on Graphics, 2017, 36(4):
76a.

SITZMANN V, THIES J,

DeepVoxels: learning persistent 3D

HEIDE F, et al.

feature embeddings[C]//Proceedings
of 2019 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 2432-
2441.

MA X X, SU J J, WANG C Y, et al.
Context modeling in 3D human pose
estimation: a unified perspective[C]//
Proceedings of 2021 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2021: 6234-6243.

ZHENG Z R, YU T, WEIL Y X, et al.
DeepHuman: 3D human reconstruction
from a single image[C]//Proceedings of
2019 I[EEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2020: 7738-7748.

LOMBARDI S, SIMON T, SARAGIH J,



STUDY tHR

135

[56]

[57

[59]

[60]

[61]

[62]

et al. Neural volumes: learning dynamic
renderable volumes from images[]J]. ACM
Transactions on Graphics, 2019, 38(4):
1-14.

MESCHEDER L,
NIEMEYER M,

networks: learning 3D reconstruction in

OECHSLE M,
et al. Occupancy
function space[C]//Proceedings of 2019
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 4455-4465.

PARK J J, FLORENCE P, STRAUB J,
et al. DeepSDF: learning continuous
signed distance functions for shape
representation[C]//Proceedings of 2019
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 165-174.

CHEN Z Q, ZHANG H. Learning
implicit fields for generative shape
modeling[C]//Proceedings of 2019 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2020: 5932-5941.

SITZMANN V, ZOLLHOFER M,
WETZSTEIN G. Scene representation
networks: continuous 3D-structure—
aware neural scene representations|[J].
arXiv preprint, 2019, arXiv: 1906.01618.

YANG G S, VO M, NEVEROVA N,
et al. BANMo:
3D neural models from many casual
videos[C]//Proceedings of 2022 IEEE/

CVF Conference on Computer Vision and

building animatable

Pattern Recognition. Piscataway: IEEE
Press, 2022: 2853-2863.

NEVEROVA N, NOVOTNY D,
KHALIDOV V, et al. Continuous surface
embeddings[J].
arXiv: 2011.12438.

PARK J J, FLORENCE P, STRAUB J,

et al. DeepSDF: learning continuous

arXiv preprint, 2020,

signed distance functions for shape
representation[C]//Proceedings of 2019
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2020: 165-174.

BOZIC A, PALAFOX P, ZOLLHOFER M,

[64]

[66]

[67]

[68]

[69]

et al. Neural deformation graphs
for globally—consistent non-rigid
reconstruction[C]//Proceedings of 2021
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2021: 1450-1459.

MITTAL P, CHENG Y C, SINGH M,
et al. AutoSDF:
3D completion,
generation[C]//Proceedings of 2022 IEEE/

CVF Conference on Computer Vision and

shape priors for

reconstruction and

Pattern Recognition. Piscataway: IEEE
Press, 2022: 306-315.

SAITO S, HUANG Z, NATSUME R, et al.
PIFu: pixel—aligned implicit function
for high—-resolution clothed human
digitization[C]//Proceedings of 2019
I[EEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2020: 2304-2314.

SAITO S, SIMON T, SARAGIH J, et al.
PIFuHD: multi—level pixel—aligned
implicit function for high—-resolution
3D human digitization[C]//Proceedings
of 2020 TEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 81-90.
JADHAV O, PATIL A, SAM J, et al.
Virtual dressing using augmented
reality[J]. ITM Web of Conferences,
2021, 40.

ZHU X, LTIAO T, LYU J, et al. MVP~-
human dataset for 3D human avatar
reconstruction from unconstrained
frames[J]. arXiv preprint, 2022, arXiv:
2204.11184.

DENG B Y, LEWIS J P, JERUZALSKI T,
et al. NASA Neural articulated shape
approximation[C]//Proceedings of
European Conference on Computer Vision.
Cham: Springer, 2020: 612-628.

CAO Y K, CHEN G Y, HAN K, et al.
JIFF: jointly—aligned implicit face function
for high quality single view clothed human
reconstruction[C]//Proceedings of 2022
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2022: 2719-2729.

2022081-22



136

BIG DATA RESEARCH A#ifE

2022081-23

[70]

[71]

[72]

[73]

[74]

[75

[76]

BHATNAGAR B L, SMINCHISESCU
C, THEOBALT C,

implicit function learning and parametric

et al. Combining

models for 3D human reconstruction[C]//
Proceedings of European Conference on
Computer Vision. Cham: Springer, 2020:
311-329.

SAITO S, YANG J L, MA Q L, et al.
SCANimate: weakly supervised learning
of skinned clothed avatar networks[C]//
Proceedings of 2021 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2021: 2885-2896.

XIU Y L, YANG J L, TZIONAS D, et al.
ICON: implicit clothed humans obtained
from normals[C]//Proceedings of 2022
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2022: 13286-13296.

ZHENG Z R, HUANG H, YU T, et al.
Structured local radiance fields for human
avatar modeling[C]//Proceedings of 2022
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2022: 15872-15882.

XU T H, FUJIITA Y, MATSUMOTO E.
Surface—aligned neural radiance fields
for controllable 3D human synthesis[C]//
Proceedings of 2022 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2022: 15862-15871.

LIU W, PIAO Z X, MIN J, et al. Liquid
warping GAN: a unified framework for
human motion imitation, appearance
transfer and novel view synthesis[C]//
Proceedings of 2019 IEEE/CVF
International Conference on Computer
Vision. Piscataway: IEEE Press, 2020:
5903-5912.

GRIGOREV A, ISKAKOV K, TANINA A,
et al. StylePeople: a generative model of
fullbody human avatars[C]//Proceedings
of 2021 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2021: 5147—
5156.

[77] RAJ A, ZOLLHOFER M, SIMON T, et al.

[78

[79

1

|

Pixel—aligned volumetric avatars[C]//
Proceedings of 2021 IEEE/CVF
Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2021: 11728-11737.

GAFNI G, THIES J, ZOLLHOFER M,
et al. Dynamic neural radiance
fields for monocular 4D facial avatar
reconstruction[C]//Proceedings of 2021
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2021: 8645-8654.

ZHENG Z R, YU T, LIU Y B, et al.
PaMIR: parametric model—conditioned
implicit representation for image-—
IEEE
Transactions on Pattern Analysis and
Machine Intelligence, 2022, 44(6): 3170—
3184.

based human reconstruction[J].

[80] ZHENG Y, SHAO R Z, ZHANG Y X, et al.

[81]

[82

[83

DeepMultiCap: performance capture
of multiple characters using sparse
multiview cameras[C]//Proceedings of
2021 IEEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2022: 6219-6229.

YANG Z, WANG S L, MANIVASAGAM S,
S3:
and skinning fields for 3D human
modeling[C]//Proceedings of 2021 IEEE/

CVF Conference on Computer Vision and

et al. neural shape, skeleton,

Pattern Recognition. Piscataway: [EEE
Press, 2021: 13279-13288.

PENG S D, ZHANG Y Q, XU Y H,
et al. Neural body: implicit neural
representations with structured latent
codes for novel view synthesis of dynamic
humans[C]//Proceedings of 2021 IEEE/
CVF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2021: 9050-9059.

ZHENG L, SHEN L Y, TIAN L, et al.
Scalable person re—identification: a
benchmark([C]//Proceedings of 2015 IEEE
International Conference on Computer
Vision. Piscataway: IEEE Press, 2016:
1116-1124.



STUDY tHR

137

[84]

[85]

[86]

%
2

[89]

[90]

[91]

IONESCU C, PAPAVA D, OLARU V, et al.
Human3.6M: large scale datasets
and predictive methods for 3D human
sensing in natural environments[J]. IEEE
Transactions on Pattern Analysis and
Machine Intelligence, 2014, 36(7): 1325—
1339.

JING X Y, FENG Q, LAT Y K, et al.
STATE:

texture representations for novel view

synthesis[C]//Proceedings of IEEE

learning structure and

International Conference on Computer
Vision. [S.l.:s.n.], 2022.

PATEL P, HUANG C H P, TESCH J, et al.
AGORA: avatars in geography optimized
for regression analysis[C]//Proceedings
of 2021 TEEE/CVFE Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2021: 13463—
13473.

ALLDIECK T, MAGNOR M, XU W P,
et al. Video based reconstruction of 3D
people models[C]//Proceedings of 2018
IEEE/CVF Conference on Computer Vision
and Pattern Recognition. Piscataway:
IEEE Press, 2018: 8387-8397.

ZHANG R, ISOLA P, EFROS A A,
et al. The unreasonable effectiveness
of deep features as a perceptual
metric[C]//Proceedings of 2018 IEEE/
CVEF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2018: 586-595.

BROWNLEE J. How to implement the
frechet inception distance (FID) for
evaluating GANs[Z]. 2019.

SETIADI D R T M. PSNR vs SSIM:
imperceptibility quality assessment for
image steganography[J]. Multimedia Tools
and Applications, 2021, 80(6): 8423—
8444.

LAZOVA V, INSAFUTDINOV E, PONS-
MOLL G. 360—-degree textures of people
in clothing from a single image[C]//
Proceedings of 2019 International

Conference on 3D Vision. Piscataway:

[92

[92]

[93]

[94

[95]

[96]

[97]

[98]

[99]

IEEE Press, 2019: 643-653.
SIAROHIN A, LATHUILIERE S,
TULYAKOV S,

model for image animation[J]. Advances in

et al. First order motion

Neural Information Processing Systems,
2019, 32.

SIAROHIN A, LATHUILIERE S,
TULYAKOV S, et al. First order motion
model for image animation[J]. arXiv
preprint, 2020, arXiv: 2003.00196.

KIM H, GARRIDO P, TEWARI A, et al.
Deep video portraits[J]. ACM Transactions
on Graphics, 2018, 37(4): 1-14.

ZHAO F Q, YANG W, ZHANG J K, et al.
HumanNeRF: efficiently generated
human radiance field from sparse
inputs[C]//Proceedings of 2022 IEEE/
CVEF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2022: 7733-7743.

ESSER P, SUTTER E. A variational U-net
for conditional appearance and shape
generation[C]//Proceedings of 2018 IEEE/
CVEF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2018: 8857-8866.

REN Y R, YU X M, CHEN J M, et al.
Deep image spatial transformation for
person image generation|[C]//Proceedings
of 2020 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 7687—
7696.

SITAROHIN A, SANGINETO E,
LATHUILIERE S, et al. Deformable
GANs for pose—based human image
generation[C]//Proceedings of 2018 IEEE/
CVEF Conference on Computer Vision and
Pattern Recognition. Piscataway: IEEE
Press, 2018: 3408-3416.

LIU M C, WANG K J, JI R H, et al.
Pose transfer generation with semantic
parsing attention network for person
re—identification[J]. Knowledge—Based
Systems, 2021, 223.

ZHU Z, HUANG T T, SHI B G, et al.

2022081-24



138

BIG DATA RESEARCH A#ifE

2022081-25

Progressive pose attention transfer for
person image generation[C]//Proceedings
of 2019 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2020: 2342-
2351.

[IOOJOLSZEWSKI K, TULYAKOV S,
WOODFORD O, et al. Transformable
bottleneck networks[C]//Proceedings of
2019 IEEE/CVF International Conference
on Computer Vision. Piscataway: IEEE
Press, 2020: 7647-7656.

[101]YU A, YE V, TANCIK M, et al.
pixelNeRF: neural radiance fields from
one or few images[C]//Proceedings
of 2021 IEEE/CVF Conference on
Computer Vision and Pattern Recognition.
Piscataway: IEEE Press, 2021: 4576—
4585.

[102]FANG Z X, CAI L B, WANG G.
MetaHuman creator the starting point of
the metaverse[C]//Proceedings of 2021
International Symposium on Computer
Technology and Information Science.
Piscataway: IEEE Press, 2021: 154-157.

[TO3JPATARANUTAPORN P, DANRY
V, LEONG J, et al. Al-generated
characters for supporting personalized
learning and well-being[J]. Nature
Machine Intelligence, 2021, 3(12):
1013-1022.

[I04]PATARANUTAPORN P, DANRY V,
MAES P. Machinoia, machine of multiple
me: integrating with past, future and
alternative selves[C]//Proceedings
of Extended Abstracts of the 2021
CHI Conference on Human Factors in
Computing Systems. New York: ACM
Press, 2021: 1-7.

[I0O5]KATO R, KIKUCHI Y, YEM V, et al.
Reality Avatar for Customer Conversation
in the Metaverse[C]//Proceedings of
International Conference on Human-—
Computer Interaction. Cham: Springer,

2022: 131-145.

[I06]CONTI M, GATHANI J, TRICOMI P P.
Virtual influencers in online social
mediall].
Magazine, 2022, 60(8): 86-91.

[I07]SILVA E S, BONETTI F. Digital humans

in fashion: will consumers interact?[J].

IEEE Communications

Journal of Retailing and Consumer
Services, 2021, 60.

[108]JKADEKOVA 1 Z, HOLIENCINOVA I M.
Influencer marketing as a modern
phenomenon creating a new frontier of
virtual opportunities[J]. Communication
Today, 2018, 9(2): 90-105.

(1091, XIS=F]. HEsdlmt, 7RI By aximsk
T RYREIECF AL AT AL, 2022(3): 5-10.
SHEN H, LIU T L. Integration of
reality and reality, at arm’s length:
an all-round attack on virtual digital
people[]J]. Broadcasting Realm,
2022(3): 5-10.

[110]JPARK I, SAH Y J, LEE S, et al. Avatar—
mediated communication in video
conferencing: effect of self—affirmation
on debating participation focusing on
moderation effect of avatar[J]. International
Journal of Human—Computer Interaction,
2023, 39(3): 464-475.

[ITITITAKANO M, YOKOTANI K. Online
soclal support via avatar communication
buffers harmful effects of offline
bullying victimization[J]. Proceedings
of the International AAAI Conference
on Web and Social Media, 2022, 16:
980-992.

[112]CHEONG B C. Avatars in the metaverse:
potential legal issues and remedies[J].
International Cybersecurity Law Review,
2022, 3(2): 467-494.

[113]LT J X, FENG Z J, SHE Q, et al. MINE:
towards continuous depth MPI with NeRF
for novel view synthesis[C]//Proceedings
of 2021 IEEE/CVF International
Conference on Computer Vision.
Piscataway: IEEE Press, 2022: 12558—
12568.



STUDY tHR

139

{EEEIT

ABELBE (1999~ ), L, PEFFEFAREM LA, PESIIES 0, BEFTFEIT AR I

SKABA (1988— ), 55, WL, PRl (RN AT IR AR RITIEOT ST 0, BRI RO RS G, TH i
BB R WL SIS 3] 0 A N R BTN o

At (1988— ), 4, WL, PRl (RN A IR AT BHRITIEIIZE 0, FITIRINE E R SEREF ks
NTERR LS, PRSI S0, FEMIFT FOINURE I AR A N T R T

EfER (1983- ), I, L, SPeRb g (YD A FRATIRLE TR, PHRA TR RN, BB BRI 2
L, EEMPRIERAEN TR LS, MR Ea s Ra i, MET S ES AR TR ERRER,
(LSRR T S AN LR R R, EEIFET B S R R e

B (1972- ), A, fiit, PESPLERE RS, 2019 2300 N TSR BTk, HEHENLE
LRI HRRI L, EEHFETT ED ST 2R, A85E, SDRIR, BRI7 21T, BIR#>145,

WS HER: 2022-05-25

BIEIEE: £S5, jzwang@188.com

HEEWMA: | RAERGUEHT AR “H—RA TR AL (No.2021B0101400003)

Foundation Item: The Key Research and Development Program of Guangdong Province (N0.2021B0101400003)

2022081-26



	09-22187-ﬁ⁄O

