AMPEES=4E b EE

GAMES 2019.12.12



\

RERE

il AREREREX

H EFBRIRENSENAPIIS=$HEE
F SEERABHNS=HERWNEENCEE
SieEREMA AP REN(FRHREE
H SERABHNS=HERSEEXCER
[ 2EEAB=HEE

BEERE




HX&ERNE

1. BodyFusion (ICCV 2017)
Real-time Capture of Human Motion and Surface Geometry Using a Single Depth Camera

2. DoubleFusion (CVPR 2018 Oral, T-PAMI 2019)
Real-time Capture of Human Performances with Inner Body Shapes from a Single Depth Sensor

3. SimulCap (CVPR 2019)
Single-View Human Performance Capture with Cloth Simulation

4. DeepHuman (ICCV 2019 Oral)
3D Human Reconstruction from a Single Image

SO = - B REXIME AR . liuyebin.com

MAFER: ytrock.com
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1.2 HFHIR
BESURAP=4ERE

—

o HEFERS, BENGR (SHEN+Z5HRES) | SEEXREHEENERK

USC LightStage, Microsoft H-Cap, Tsinghua Dome,

CMU Panoptic Studio, Facebook Mugsy, Google The Relightables
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1.2 FAFEIRAK
LHZSMLRNS=HESE

—

o tJLISCHLHERE, BZREENRFWIIEER, BEERE

Microsoft Fusion4D Google Motion2Fusion Tsinghua UnstructuredFusion

Dou et, al. [2016], Dou et, al. [2017], Xu et, al. [2019] ... ...
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1.2 HFHIR
BERLSABRS=4HER

/ o RETIEER. BREEE (BOHEEHN)

Newcombe et, al. [2011]
Tong et, al. [2012]

Li et, al. [2013]

Cui et, al. [2013]

Dou et, al. [2015]

Zhu et, al. [2017]
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1.2 HFHIR
EHNNNBENEIBR RS

—

o WEERE, EFHS

. BRBIAMIZLES

ABINE=HHEXCER
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1.2 HFHIR
Fotmic AMBEN{EHEHE

/%ﬁiﬂﬁﬂ’ﬁﬁ?&%ﬁi (BEERAI/EHHEN)

o (NEHARELR,
ToiREIAE LN

FTAmcCoEmiEEE (ESal+BRIRER)
Shotton et, al. [2011]
Shih-En et, al. [2016]
Cao et, al. [2017]
Wei et, al. [2012]
Mehta et, al. [2017]

//
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1.2 IR
ABINS=HEE - SHCABIRE

PARET

Anguelov et al. [SCAPE] 2005 Loper et al. [SMPL] 2015 Pons-Moll et al. [DYNA] 2015

(ERAXEA PSR, FEEL—EERE, WERIHITINNXLERE AR

AT AR,

N THEIR satomsensmpLizes 1
l 2N = — > o
u‘j 0 “ t“ M(B3,0) = W(T,(8,6),J(5),6,V)
" T,(6.0) = T+B(6)+B(9)
‘l* N M&tﬂ b s
NETK A n=1

:»«u;.« . K )
B,(0;P)=5 (R (6) - R (6))P,
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1.2 FHFEIIR
ABEIS=HER - SHIER

-

o NAFIS=#HZHUWERE (EESHEESELEBIHEAERSTN)

Ye et al. [2014], Chen et al. [2016], Bogo et al. [2015, 2016], Alldieck et al. [2018], Hanbyul Joo et al. [2018],
Zhang et al. [2017], Pons-Moll et al. [2017] ... ...

/‘
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1.2 FHFEIIR
ABHS=HEEIR - TIRIREE

o ETIIMERIRNANGISER (FEIUHIMGEFSAR=HRIR)

[FaiamtElR + B22IRER] Vlasic et al. 2008, Gall et al. 2009, Liu et al. 2011, Taylor et al. 2012, Pons-Moll et al. 2015, ... ...

[FaiFiEiElR + FEIAENITEIRER] Sumner et al. 2007, Li et al. 2009, Zollhofer et al. 2014, Guo et al. 2015 ... ...

/‘
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1.2 HFHIR
PSSERESEHER - (RS ER

—__

o LHESEUCREINFIEENR, SERIER=4ER I IIE5]
o FTEIBREAINZE]. TEETT AR, TTEEERMESHET

Newcombe et al. 2015, Innmann et al. 2016, Guo et al. 2017, Slavcheva et al. 2017, 2018,

Li et al. 2018 ... ... L —
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1.2 HFHIR
KPNSER-HHEE

—

® SRENRMIHEFK
® SCRNFEXMRFIRE

Demetri et al. 1987
Rony et al. 2007
Andrew et al. 2009
Edilson et al. 2010
Guan et al. 2012

Liu et al. 2013

Russel et al. 2015
Jiang et al. 2017, 2018

...... -
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1.2 HFHIR

.

o TEHITFHIY (5U3H)
o TEZMRRERS

Ryan et al. 2007
Bradley et al. 2008
Popa et al. 2009
Pons-Moll et al. 2017

/_/
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1.3 MF=HEERFEFIEE

T ASSEEERESEEE
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1.4 NF=H(ER
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R
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1.4 AF=4#HER
Ai=th= Rimir ek

—

/

MMENE=HHE XL EE GAMES 2019.12.12



1.4 AF=4#HER
ABH = RimireE

—
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1.5 tifix
ABNS=YHHE X EE
o MR HRAESEIFS:

1. TR IRER I IEE] BRUIRRIEERE

2. TiREE NP SHUANEENER

3. iR IBSHIE:!

13

BN RS ERE

4. TEERNRIAT PR Z EiREEE

5. ERIIFREER HEIRAP=4EZE

FIBABDIS=HEENSEEXCIEE, RAABNS=HERINEE. 8
RN,
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2 BFBRIBEISERABIS=HERE
2.1 PR AERES= HERE A IEL

- 4 h
()

E‘)\:*F' -
=[]0 SEMm

E{SIR
N SRR 1RERLS
mpag U
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2 BFERIRIGHISERIABENS=HEE

2.1 PP RSERNFS=HEEEESR

'%%WﬁiﬂA L B E B R

Eﬁ*)v'*r“ IT% S
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2 BFBRIBEISERABIS=HERE
2.1 PR AERES= HERE A IEL

/ S IEEE

370 =

- FFSIEBREENE=H4TAF (BEZEF—MITRNDHLSIEREN)
- BNNIAE (FR) NFURNAREKRFER, REENZRRISEIR=4REAIES
- BRI ATTSIERRANZER

/
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2 BB IRERRISER AP RIS =4EEE
2.1 PR RS =4 EEEFELR

—

ERAVEREIRE: WHEREERIHEmaEERNITEE{L

- AERBEREYSARETRLR, B TREEREHRENIMEEE
- ERATED 'J—""l"]ﬁﬁi)\‘t‘"_ﬁ/l#’l"]
« ERAMARNZREFITREIENIEZEKAEEIER)
)4/
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2 HF BRIRFRISERII A B RIS =4 EE
2.1 B RASERENS = HEEEPER

/ EEFIHED R

KRiR: SETEEHE (Gauss-Newton)
K. THERTELEERE RO HTHYE FIOK 7
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2 BB IRERRISER AP RIS =4EEE
2.2 PR E S = HEEE R

"

e DS =4EER

ﬁ

{ILN

TE: BMBENNEE TE: mi‘EﬂEDJr L
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2 BFBRIBEISERABIS=HERE
2.2 P SERENS S HEENS

MBLEERELESE: DynamicFusion (CVPR15&{FiEX)

HEaS5h4A
B - HELLS
ddad N gescii
THER ) ot B 1D HfER

HRER AR

(N EEL IR ISEIEEN TR BT
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2 EFBRIRIRRISER AMPTNS=HEEE
2.3 BodyFusion&FiEtESS

—
I I N |
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2 BF5RIREEAISER A B ES =45
2.4 RESEEH

—
]

//‘
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2 BFRRIRGRTIABNS=4EiE
2.4 RESEZEHN

EEES R
23R InAX 14
—>

> )
pxppen  PRRARKRE PTRERARENE HaREARKNE

” (TEZHLAR) (FEFHLR)
/_"
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2 BT BERIRIRRISCAT AP TS =S
2.5 BAATRKEE

—
]

//‘

AMINE=YHEN L ERE GAMES 2019.12.12



2 BFERIRIGHISERIABENS=HEE
2.5 XA TR

EAS TR RFREEREEN
Et — )\nEnonrigid ‘I_)\SEskeleto ‘I“I‘

NI MR EIZEE R B IE B BTN

B IR IR B A HE BE B T

AL EEE
IEMI (R T RERENE)

B ZREFAIEN MR EIED]

ZBE R B
/‘/
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2 BT SR IRIRAYSEAT AP TS =HEaEE
2.5 BRE TR KR

/'
g TEMIERS ELISIE
(75 ETENIR
A3 TENIR {EEASCIENIR [EREST EENIR
(ERRESELYR)
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2 BT BERIRIRRISCAT AP TS =S
2.5 BRE TR KR

II-—"'—"/' HIERE BT LLICIE

A X 7i%BodyFusion ERRGE
(GHIEEEEIR) Cr 1) J—

ABENE=4HE N ER GAMES 2019.12.12



2 BFBRIRERRISERABIS=HEE

2.6 BodyFusion3ERIEERLEE
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2 BFBRIRERRICRAMINIS=4EEE
2.6 SMAR L

FNHiE DynamicFusion VolumeDeform
BodyFusion CVPR15 Best Paper ECCV 2016
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2 BFBRIRERRICRAMINIS=4EEE
2.7 FIFC - RN SRS

V. 3 2 b DynamicFusion VolumeDeform
BodyFusion(ICCV17) CVPR15 Best Paper ECCV 2016
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3 DoubleFusion SEER ABEIES=HESENEIENE
3.1 5B

¥ MAEXHERSAPISEHERERE
ZinERNERABAERSH., TELE AP IRIEESE]
Big: AMPRSFEEAP=HEEPIEEEN—rEEER

Ei?'}l)ﬁ%ﬁ@b u_ﬁﬁ_ é—e
AT ERIAR \ / Tﬁkg’ﬁggi

DoubleFusion .
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3 LN ABEIS=HEEWNEEXCEE
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3 LM ABNS=HEEWNEEXCER
3.3 WERTRSERSE

RESHRRIES 7RG RS HERE
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A/
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3 LR AP EIS =4S

3.4 |ixiEE

—

ABEIS=HEEER

=aX{tEE

X
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3 LR AP EIS =4S

3.5 RFIRIL

ABENE=HHENEE

=aX{tER

¥y

RIERIN

IS iR R

/

GAMES 2019.12.12



3 EERNABDS=HERWEEXCERE
3.5 RFMIAN

(=] By
© IR ANESLILER

1

- Ve il

BEUABHTIAUITIE et
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3 EENABENS=HERWNEENCERER
3.5 RFEM I

=
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'
AW LT E
'
SE AR AL L

VR R N IR L Xl
- ,4/

AMMEEE=4EE (L EE GAMES 2019.12.12



3 TRABIIS=HEEWNEEXHEE
3.6 BXEEaIRES - HeE M

AbindEbind + AregEreg + ApriorEprior

BEd  FEMED  AeEd
lew | Ew Vzw
FRItED  BEEIER AKAREDST
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3 LN ABEIS=HEEWNEEXCEE

3.7 2 IRERS
%ﬂ S XIS RIEL A

AARE EEAE RS
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3 M ABNS=HEEWNEENCER
3.8 BF T SIERREAIABBEHL

ﬂr:pez

Asreg Esreg

NS
| mw

inp=/R = biet v

(OREN R LIE]
1.0

0.0 ESZ =4 [X IR

I -1.0 AR X 45k
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3 LR ABEIS =4S

=aX{tEE

“224

= P

3.9 DoubleFusionZERJEEiEZEER

-

ABINE=HHEXCER

IRBISCRISE MG R
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3 ERFABIS=HESEWMEECEE
3.9 S5MBRFEMLL

o1 A=Y XELRE512

AXHE FNGiE
DoubleFusion DoubleFusion
AMINE=YHEN L ERE GAMES 2019.12.12
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3 LR ABEIS =4S

=aX{tEE

X

= P

3.10 CVPR 2018 % Live Demo

—

ABINE=HHEXCER
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3 DoubleFusion SCHS ABEIS=HERWNEIENILE
3.11 DoubleFusion&R{4

—

DoubleFusionSoftwareV1.4 is available

http://www.liuyebin.com/doublefusion/doublefusion_software.htm

please email:
liuyebin@mail.tsinghua.edu.cn
ytrock@126.com
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4 HybTrack SEEBEMNA AP REDN(EHIREE
4.1 5B

g—___

RIESENIIEH BRI R E MR B ABEBE:

=

= =11

et TEFE MRS EIHIEEE e TEFEXMINREHREEE
ERESRUSMHEREERR  SOrBEERGEOEREEET
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4 SEERRA AP RENERIERE
4.2 BFEXRIRSISENHE

—

E.frack — 2'a'.::m::Ejafaiv‘a + 2'.t‘J.r'meE'!;u'h'a' + 2'Jf'f.’gE'Jf*eg + lprOFE prior + A'derecrEdefﬂ?r

-
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4 SEEREMAATREDNERIERE
4.3 BEFEXINESRS

/ EiF: ESREEEOER TIREE

RIENIERBTR IERE, FHEXNTFREHBHER
RISHAER( LR SIBRIEENGITEER

—

MR RAEHIREREILAERESEIIR M
BEEER D SPALMAIER FEERE
EHIENEHEBIR

BFEXHNWNREES A :

Slerp() F=EXEZMHE

AMMEEE=4EE (L EE GAMES 2019.12.12



4 SEEREMAATREDNERIERE
4.4 BFEXBINRIEERSRiEAEICIE

=

x6 FHERFIRERIRE

Fast Motion Kicking Basketball Hand Stand

DoubleFusion 6.7357 3.2065 3.5232 6.2772
1E R ZEE 4.4647 2.1403 2.3201 3.9986
N AIEBNR & 2.7119 1.3798 1.794 3.0436
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4 SEEREMAATREDNERIERE

4.5 ERER - PUASREIES
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4 SEEREMAATREDNERIERE

4.5 ERER - RBEHRERBIES

FEER =R BEEER
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4 SEERRA AP RENERIERE
4.5 ERER - RBEHRERBIES

FEER =R BEEER
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4.5 '—iﬂaﬁfﬂ- EXIEL

/

s AmamEE  AENREAER FREIAPES REJIARES
DoubleFusion  FXER AEER HMR
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4 SEERRA AP RENERIERE
4.5 S5SIBHZEMLL

s AmacmEE  AEREAER FEIAPES REJIARES
DoubleFusion  HFXEHR AR HMR
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e

5 SimulCap SEERAMBTIS=HEEZEIENE
5.1 =528

iﬁ'ﬁ':/m’%ﬁ;ﬁEFFNZﬁAWWZ‘E%. (ERR—ER = EH{TEE,

Eit: WBLELEERRARESXNEZERERREISHT

IEEWLN (i) HSEWN (%)  DoubleFusion Z EIENIAE IR ER

B ERXYMBERENEREIENMEERRE, EREER=ESHR
MRS =HBRRRE-> MANSEE —
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5 SLHY AP EIS =4S

5.2 HiAHESR

—

ABEIS=HEEER

‘Lgl

=aX{tEE
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5 LM ABEIT=4HEE

2|

=aX{tER

5.3 BEFIRFENAPEISEE

o ANAZSIRE (IS5 EMERMLIEARTS AMPHESE)

Eske! — A«dataEdata A«priEpri

o xMiREF = XUMRBHRE (RR-HERR) +ENREHS
RUTBSFTEN DA, HEDHEIhTE:

AEIEIM:

ABEIS=HEHENCERE

3D R EINE
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5 ERABIS=HETSEBEXNEE
5.3 IHCRERISICIE

3DEEILE
R FE XN
3N L —
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5 ERABIS=HETSEBEXNEE
5.3 3DFBNMRISIE

 E———

AR ER {EF AEH
(48IN) EUREIS EAVREMS
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5 LM ABIS=HEESEENEE
5.4 SCAYEERERIER

—

1. REAGREER 2. ZENPFREHEINEE 3. YIRS EANBENSEE

/
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5 EMABNS=HERZSEENCER
5.4 EEER

# PRI

BHEER (EmER) ER (BEER, T
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5 ERABENS=HERSEENICER
5.4 EEER

IR X

SEER (IEMER) ER (BmiEs, T
MBS =HHEN R
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5 EMABNS=HERZSEENCER
5.4 EEER

NI

BEEER (IEHEHR) ZER (BEER, TN
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5 XM ABIDS=LHEER S EEX W ERE
5.4 SMERENLL

—

HXFMERZE, BEFUERENNSEANMP=HEXAERTZILIERE:
o XUREHNERTE o KYSHIPRIZHIEE] o XRYIRIENZSMTS

R & Fi%k  DoubleFusion ZEIENIEIRER
(5AN) SimulCap I
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5 I ABIIS=HEESEENEE

5.6 F’Fﬂ - ﬂ].u\aimEiEn

BRI T IRERESR BRIz 2
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5 TN AMBNS=HEESEENWEE
5.6 SimulCap FIRIES

—

o IHFeRMBIMRBATHE, EEMNA METHRWEMETIR+2RE
ARk A 1] R 5

® SimulCapF AR HHIESEEN A RFRTT, REEZHNZERY. BERFHH
RUIUL BB R e BBIRANRY, TELAEMCH AR Has# T &

® METEREZBAEE B HIRALRIZF) (Soft tissue motion), FEBLAKE
BRESEEIE R

® TR ILBBRKIRY- AN E (HIMFIRY) . FHRWENE)
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6 DeepHuman BREIG A (F=4HEEE
6.1 BirS#thk

—

»

Clothed Body
Reconstruction __ e

HELHERR
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6 EHEIRANF=HEE DeepHuman
6.1 BirS#thk

/ Shape

Pose

j Clothes Style
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6 REIGAMB=HEZE DeepHuman

6.1 BtrSHEk

—

HEBIDABEERE <

— HFE

ABEIS=HEHENCERE
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IR R ZEZSTRY)

R SIREAMET
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6 EHEIRANF=HEE DeepHuman

6.2 fHXTAE

. BodyNet (ECCV’18)

ABEIS=HEEER

R RS

ToVRORUE o 1 58 B 41k
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6 EHEIRANF=HEE DeepHuman
6.2 fAXTAE

/  GOREMT
. SiCloPe (CVPR9) |- FwtMRibRmuf Tzl sk
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6 REIR A B=4E3E DeepHuman

6.2 fHXTAE

mww)

ABEIS=HEEER

TEERTEIRRY
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6 EHEIRANF=HEE DeepHuman

6.3 B8
(o IR =Y ANFESH
AR e

» < o fRARGBIRE I W

. EREETTFEER
| EROREERT

SMPLA{ it
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6 BEIRAB=4E5E DeepHuman
6.4 AL

W\ HIKRGBER ))

HOW?

,‘ A R
SMPL{# —
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6 BEIRAB=4E5E DeepHuman
6.4 MLELEHS

—
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6 EHEIRANF=HEE DeepHuman
6.4 MLELEHS

—

Volumetric Feature
Transformation (VFT)

/
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6 BEIRAB=4E5E DeepHuman

6.4 MRS

—

ABINE=HHEXCER
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6 BEIRAB=4E5E DeepHuman
6.4 MLELEHS
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6 BEIRAB=4E5E DeepHuman
6.4 MLE55S

-
B850}
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6 EHEIRANF=HEE DeepHuman

6.4 MRS

—

L

T ’—

Binary Entropy Loss + Silhouette Loss (front view & side view) + L1 Normal Loss

ABINE=HHEXCER
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6 EHEIRANF=4EFEZE DeepHuman
6.5 THUMANZEEE

- BRSO FRHAMERSE AFEREEESR

»

DoubleFusion (CVPR’18)
THUMAN

A 3D real-world humw
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6 EHEIRANF=HEE DeepHuman
6.6 FIEER
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6 EHEIRANF=HEE DeepHuman
6.6 EEEGRE - HERGBISAAMIIS=HEEER (BINAIMERE)
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6 EHEIRANF=HEE DeepHuman
6.6 SIMBHEXILL

—

« Comparison against BodyNet (ECCV’'18)

Input Ours BodyNet Input Ours BodyNet

/‘/
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6 EHEIRANF=HEE DeepHuman
6.6 SIMBHEXILL

—

« Comparison against SiCloPe (CVPR’'19)

Input Ours SiCloPe Input Ours SiCloPe
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6 EHEIRANF=HEE DeepHuman
6.6 SIMBHEXILL

—

« Comparison against HMD (CVPR'19)

Input Ours HMD Input Ours HMD
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6 REIGAMB=HEZE DeepHuman
6.6 XIBFITHUMANZIBECTFE

/Mﬁiﬁizﬁ'

* PIFu: Pixel-Aligned Implicit Function for High-
Resolution Clothed Human Digitization
* Tex2Shape: Detailed Full Human Body Geometry From
a Single Image
° COde & data * Moulding Humans: Non-Parametric 3D Human Shape

. . Estimation From Single Images
avallable at' » 3DPeople: Modeling the Geometry of Dressed Humans

/4‘
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6 EHEIRANF=HEE DeepHuman
6.6 3DPortraits in Seconds - THUMAN 2.0 ?
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6 EHEIRANF=HEE DeepHuman
6.6 3DPortraits in Seconds - THUMAN 2.0 ?
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7.2 RERITIFRE

ENEHTER (BHEARMAFHENFIT=Z4ER)
RRARPRUBA THISER (FRKYD

2 EPHF R Neural Rendering

FERER WS R Codec Avatar

B~ W D
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