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Octree-based 3D
Representation and Learning

Peng Shuai Wang 1<, Peking University

ZALE

In recent years, 3D deep learning has gained significant attention in both
academia and industry. However, the diversity of 3D data representations often
necessitates the design of specialized neural network architectures tailored to
specific shape formats and downstream tasks, which adds considerable
complexity to learning systems. To address this challenge, my research
focuses on developing a general and efficient framework for 3D deep learning.
In this talk, | will present my recent progress toward this goal, including works
on octree-based CNNs, GNNs, Transformers, and octree-based diffusion
models and GPTs. We expect this unified framework to bridge the gap across
different 3D representations and tasks, and to advance the development of
general-purpose 3D intelligent models.

Peng-Shuai Wang is currently an Assistant Professor at Peking University. His
research interests lie in computer graphics, geometry processing, and 3D deep
learning. He serves as an Associate Editor for IEEE TVCG and Computers &
Graphics, and as a Program Committee member for several major international
graphics conferences, including SIGGRAPH Asia, Eurographics, SGP, and
CVM. He received the Asiagraphics Young Researcher Award in 2023 and the
China3DV Excellent Young Researcher Award in 2025.

A% O] H
2018 Ph.D. from the Institute for Advanced Study at Tsinghua University
2018-2022 Senior researcher in the graphics group at Microsoft Research Asia
2023 AsiaGraphics Young Researcher Award =4}
2025 China3DV Excellent Young Researcher Award =4}
2022- Assistant Professor at Peking University



KCG52025

=CHel

8%

R

BYEE L ) }i‘
Holotomography and virtual staining: "4 & = = o
interference of 3D fluorescence and |
H&E images from abel-free samples

HF2 1 = KAIST

2ol L8

Holotomography (HT) is a powerful label-free imaging technique that
enables high- resolution, three-dimensional quantitative phase imaging
(QPI) of live cells and organoids through the use of refractive index (RI)
distributions as intrinsic imaging contrast 1-3 . Similar to X-ray computed
tomography, HT acquires multiple two-dimensional holograms of a
sample at various illumination angles, from which a 3D RI distribution of
the sample is reconstructed by inversely solving the wave equation. By
combining label-free and quantitative 3D imaging capabilities of HT with
machine learning approaches, there is potential to provide synergistic
capabilities in bioimaging and clinical diagnosis. In this presentation, we
will discuss the potential benefits and challenges of combining QPI and
artificial intelligence (Al) for various aspects of imaging and analysis,
including segmentation, classification, and imaging inference 3-6 . We
will also highlight recent advances in this field and provide insights on
future research directions. Overall, the combination of QPI and Al holds
great promise for advancing biomedical imaging and diagnostics.

SHxt oy

2004-2005 Research Assistant, Institute of Advanced Machinery and Design,
Seoul National University

2005-2010 Research Assistant, Laser Biomedical Research Center, MIT
2010 Visiting Scholar, MIT
2010- Associate Professor, KAIST



-
10
=
=

M~
Ao ZH 2L, AlS|

HA

2025 =19l
2o L},
3
ingl
xMepo
o O] &
2
5
(o]
H

ot

T2 [RED

1y
A2 20|
ENEE
=~
T
=
I
T
tHC
Al
Alchol ol
H ot

HOlE +E ol
(=1
=
of
(o]
AN
1
d
i
I
=3
=

P M & o<W K

ot
otd, A5, HEot=Liof i UL

ol 24 7| CH
| = 7t 2 O/ O

| -
[

| A

H
[

>
-
w
o
o
v
]
o
T
a
<
[
(0]
-3
w
=
=]
a
=
=]
[¥]
<
w
e
o
x

SR AR E s A YY)

2 ZHS) 22, CNNFEH
&

X

0

2g Pl

|

s

o

A

=

2

of

| E

C

F

2
A

a

H

|

Ol

A,

§q
O]

o

[

| —
A -
™
7t
S
o
A
o
I
(@)

0} MBI

|Ct. &2
A =t
2}l

o]
o

A §| O] E{ (synthetic data)

=
E
At
A
2f
A

=

=
El
H
EAd
o O

__I.I.
=2
A
0
o
b
SRS
|2t
(ol -
etal
Al

AN

e
o
=]

ol
1)
=)
o
%0

(=13
=

= <4 R
00 == Ho Mo O gy X

-
[=]
c

Bl

ke

nNO

=
52

o
FX 0| O|E{2] A|CH
Al2}
=3 %l L&, M ofo|o}o]

52 7t
x|

x>

i
o

o-l_l

é-l}k
=

1A

oy

Al
al
FA

2l

S|
A

KCG52025

Xt 0] =

3
Adobe Photoshop 7

Hofojoto]



KCG52025




>
-
w
o
o
v
"
o
T
a
<
[
(0]
-3
w
=
=]
a
=
=]
[¥]
<
w
o
o
x

Lo

Eigjsl A0y

=

KCG52025

i
”r

Ht¥ 2t (Jungnam Park)

jungnamO04@imo.snu.ac.kr

- }
—

0f A
st

CH

o] =2

cf
2 £
23 ALAIF 0l
i3

POSTECH Of| Af
=&t
2

X M
oz 1% FOo|ct

H 2¥
g A
&
&
|0| Mo
AO
H =
o
=

20253 2
o,

o P

o

St

3

= ZIS SH O
it
=0k= AFE OfL
A
I
St

2 2017
918,
98 HEYo
0 BrALS

Jungnam Park)
A8l
At 8t
A
=}

~

L0 of i
.|__._u|_._u||_._ul._._mo KFrJ o
ROHEHE JooT Tl =
TRl M~ ol

al
o

i
o

ofu ST i o ol
ol <F N m3 R3
ny Dlm._lﬂ_wm
RT g = 50KE
Al orklo
M 50 7 1Y KT
RGNy
NK ju <in 8- o7 B2
i - gor 440 1o
59@6Aﬂ
Mt NORO &= ™
opr 5 M0 KF 5 LA
rJ @0 <" N <jp o
BT r M
= qju 10 HE_EuM
._Louw._e ol ﬂo
M%@WM#
of A uju 7 &= ol
<0 307 Ol ofr KI”

HorEimE

O gri U
—= < 1o I 53 LH

Zuo0 = M 20

R =)
S _FE s
mo o_._Jol._o_ w.x_”_
STE S E Ny
NEZ uBus
©° Hor KBzl
?_w._ Wur._A._LO|7
WH@E%@%
ST adann
GMHDl._Iﬂ:E
O E TS p 0
ny yH X oD
1E Qo @ Hodo
Moo ™
EE%%MHW
— 0 ™0
Ol 2%
._|n.ER ol
_=_=_|G_._|3M.A
= ong
Sz g0 5
x4 g3t
Bl |y 2B
MEXM ol
._o._GMo|_Co|_M=
mo o 30U
S mwo IH=1Hol




>
'
w
v}
o
w
w
I}
T
a
<
3
T}
-3
w
-
=
a
=
o
v}
<
w
3
o
x

]

Eigjsl A0y

=

KCGE52025

i
”r

Hi ZI M (Jinseok Bae)

capoo95@snu.ac.kr

I+ LH 304 TH
Ior X 8150 0]
HoS . iTgr
HKoT | =

_AlH_OE ._.“._.“_“_._o“__l_
™ |1|_|_A__=_=_o»
Eﬁéﬁﬂﬂ

T K

T Ll o ~ 0
o & O fr Mr
T OROFTH =

MKo , 5353

T O 3

B g T oy 2
« ’m._o._ ._OEO
—_—a T =
me._mxouow
g5 mg
SXF ©
70 = Aoy
AW ol
K<l &= KT ojo
= 1l & KF ofo o

T 01 o HMl mju

NN oF o

01 0 20 50 KT B
K=< Z0 7 ofp <l

restling

w
at ZHO| 7| o 5E AL

L
(x|
=

of ==&

=
[S)

Of QUL

Xt
(=]
(S

b

=
st 4

t

| 9 ICRA 2023 Robot
X

2
&}
5|
2ol ol

b

2025, Eurographics 2025

gl
x
B HH

SZM OfL|{H oM 7|=2

M

A
=

I
T

3

JOlA S QIEHC 2 A 7|

AAAI 2022, SIGGRAPH 2023
~
o

@1, IcCV % CVPR & F2 &

gl =}
t, Roblox % Meta(0|

__'.l.
H
Challenge0ll = SXMAtZ &

A
=13
=
o
(s}
—

CC
—_

Motion In-betweening Head-mounted Device Tracking Point-goal Navigation

Unconditional Motion Generation



Kbk L ezaneaansee 2025 2=CHE|

2025 %ol ATl AKX}

O|Ct2 (Dawon Lee)

dawon.lee@kaist.ac.kr

O|CtH2l(Dawon Lee)2 KAIST £2t7| &S 0M &8
wagol X = 5ho StMSYE F S5, S KAIST
Atz oz xE SO HFE

a
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Learning User-Controlled Skills for a Physics-Based Football Player Controller 0| A=
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LHEF st = sh=atset7| = 2 (KAIST) HAtst2
S0 xfst S0|H, AFEH LefEHA 2 3p H|A
= O0F, £79| inverse rendering % neural rendering
7] 2 2 Neural Radiance Fields 2t 3D Gaussian
Splatting2 S22 TS UCH S oA
A QIS 5E 55 TSoHH 22 dH

(GPA: 4.36/4.5) 2.2 ZYOIRAL, KAISTOA Titeh At Ste{(R| =il 2d2)
F SotRILE.

MAtobE S0 AFH defjEA 8 3D H|E AFE A0, o A =22l
CVPR 20240 A "UFORecon: Generalizable Sparse-view Surface Reconstruction
from Arbitrary and Unfavorable Sets” =22 M1X X2 HHSIACH 2 =22
2~3%2| O|O|X| Tte = CiYot 2tF0AM XA EHE SRS= LS Nt
CESH ICIP 20250 A 2HE O™ 9l "Pose-free 3D Gaussian Splatting via Shape-ray
Estimation" =22 &% 3D Gaussian splatting 7|2 =&ot0 7t02f Z=0|
2242 80| feed-forward AL 2 XS ER5t= HEES KNS =Ed
ZHO|M 7|0 E SIRULCE S HICRZRH 07t 55, 28 52 /18H X YUS
FE5t1 0| =X 9 HO|St= 2D-to-3D Motion Retargeting 115 T35}
ofL|mo|d 2otz AT FH S =AWSIQULt ot S HAE SOl 42 FH Yol A

Ul

Spatial Al EI0|AM AT CIHCo = F 0510l R L[t S2H0| M inverse-rendering
AT E A5 ALt

render de_pth

[2 GT pose

Pred. pose
Noisy pose

(@) UFORecon, CVPR 2024 (b) SHARE, ICIP 2025
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M A= 20233 ACM SIGGRAPHO| DARAM: Dynamic Avatar-Human Motion
Remapping Technique for Realistic Virtual Stair Ascending Motions 2t= X=2 2
S| ACEH O] H7t= A0 = ATHo| QIX|TH 7Het 2Hd 0= A THo| EX5t= 82,
AL AHHAEA AEE LE 5 UALS OHHIEIS| BHS Hddt= 2t 524
=M E CHECE O= A7 S0 E CHst 8 A7 7|28 HIH 2 F510,
Motion style transfer ¢I7t2 HO{H|A Hotm3E2 o3I, AN EM FEtot
NC Fellowship Neural Graphics TrackO| Al &2 XtX[ZLCH. O|E A=
AIM A~ ZEO| Graphics Al LabO|A O CIHME AN, MAX ofL|o|olHd
Ao 2ot A5 AU

O|= CtA| A =2 =02t DAMO: A Deep Solver for Arbitrary Marker Configuration
in Optical Motion Capture ZEXME 0| F O, 0] A= 20243 ACM

Transactions on GraphicsO| ZETHE| ALt & A= D7FE OH F140| gls &shA
B8 AN SE0ME QN 228 S2HCE FFY = U= ofdM 78t Hed

Zo A3 E MAHRACE

N R HFO|AF 17t FA AR ot A HR ¢l5l= REVECA: Adaptive Planning
and Trajectory-based Validation in Cooperative Language Agents Using Information
Relevance and Relative Proximity 2, AAAl 20250 ZEtZ| 0 AQ 5% Lo
MEEACE O] =22 CHE OO|TE =F0M HE Jhstt 2HtE o|HES
FHZ OFon, ol ¢fsf Y2 #Hd 8o, S¢ YEE &80 Ay 4y, A=
d45S CHb. des 8l A+ E FH=ZE 20244 ot ATl HAuHE A
AL T A HAGO MEHE AL 0Ll = ACM CHI 2 ACM Transactions on
Graphics®| 2RO Z: &EFCH Yoz=x & AFE S 1te7|e LM
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A3 2 POSTECH ¢ 3 X 5 Cf & ¥

A sargo st S0[0, A, &9, HAFE

dgiH A5 Yot =23 3D 0|0)F ZOFoM

gEot A7 E ™ot QUCt. 59|, MHE &9

AL ALZIE 5 H 7[ss 2P0 22 003

2| YIS Mo, MA 21 Hel2| ARE

HIT oto] CVPRO| 20241} 2025 A£0=2 =5 ZHS= JitE O|FRUCL
20244 =20|M= RGB 72}, ZE2MEQ o|F AX J2|0[ds &&3 Lo
mep 24tel= F2YS ddotd, 0|5 S 1mm 20| ‘STt 18.8nm AHEH
S FGSRULE. 0| 2025 =20 M= ZA DY EO| 7i+5 8742 IA =9,

(0

SN HO|MO| HAZt ZEHE 7oA St &

4mm 70| Xt 15.5nm 2HEE SN E FHSIACE H IFHOA A|AE A FH
Ao, daeg|E e, d5 83 FESIF O, POSTECH, KAUST,
Princeton1t2| & A7 E Sl = HHQ &Y A= aH LSSHTLY.

g A AEIZ X Qt5HA, 6.6fps S,

Camera

123 1. CVPR 2024, Dispersed Structured Light for
Hyperspectral 3D Imaging O|O| & A|AEl

Dynamic 4
scene '”'ﬁ;&i
@ ‘:; -\cm/\, i

Spectrally
multiplexed

12 2. CVPR 2025, Dense Dispersed Structured Light for
Hyperspectral 3D Imaging of Dynamic Scenes O|O| & A| A&
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Ol=¢i2 MZOstn A Z4HAFE AT AAF ALHO|Ct

MZOstnojM e13Xs MAL St E FSH2O,

ot 3D s A AH G0 2es AL AFLE

F=AdS 2L £, 33&3.} Ohs 7 HIC20 XM

715ttt ez AEtEl CFE QIR OtHEERE i T-ddte=

"GeoAvatar" ==& CVPR 202501| AL, EFRANE

o|&3%t &&8H Q2 Multi- Center-of—PrOJectlon Do &3t =22 IEEE AccessO
ATHZHCE, %20 = w20 Heksh 3D M g0l Chal At ULt

7’
Sec. 3.1 Surface-Aware Avatar Representation

Canonical Spaces Deformation

Volumetric
Fusion

g 2 i A ) :
— T T Ry A DR
i T T e e TS, A A P s e o

\ Monocular
Prior Loss

Color Normal Depth Instance

Normal Depth
Monocular Priors Renderings
Sec. 3.2 Optimization with Monocular Priors

______________________________________________________________________________

12l 1. GeoAvatar?| IH0| = 2}l

2l 2. EfRl 2 0] 8% Multi-Center-of-Projection & 3 &



ozzzpoameery 2025 Z=LHY]

0|=’ (Hojung Lee)

dearshawn@yonsei.ac.kr

t
_l'.'l
L_l
Iu R
o |l

O —
t7|§ Ol &O|Ct. 20234 8E
o1 3t Of A 5’*“5115—.* StAF S| & F SO,

O|SX S 7|.AF'64AI(VR) Ol O| 7L HIE| AFS AR

(HCI) 20L0j| A Eetst A2 a8t D Qonf E3| E2|H 374 HAS FE57|
o|3t ol & 7|§, Z Redirected Walking(RDW) 7|1t 22 & 2| Ml (reset) &
oM =X

Re =
22 T8 FHZ CHELE O OHE AFEX} 2t

=

2| C| 2l M (redirection) M | A

g[Al s stgdte detets 7|8 2| E(MARR)E HMStStRen (LE 1),
ArEALel F=H =P e Cryet 2|l 7|8 & ZHo| &YE HdEMXo=
HMEst= Z3tetE 7|8 Selective Redirection Controller(SRC) 22 S 75| Ct
(A3 2). ok AlZfat B2 Ai=2 Zdeteh HEZE 2|} UIE L0510 ALEAL Z-S
s o= JiMSIRICE Olg{e AT ANE HEC=E & 38| =2 253,

B2 % |IEEE Transactions on Visualization and Computer Graphics (TVCG) Of
AMZ AN, IEEE VR I IEEE ISMARO|A ZHE[QCH O] & oF M2 2024 IEEE
VRO|| A Best Paper Award E =SSt

Critic.
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gl of 2 2022 8E Zodistu COistRof
Stol AE AIASHYD, dilj= nefristn
MNesgdntEes T SO|ch. =7|0= 7t
M AT 27| SE9| X2 FS 7445}
£ s ol, 1 Z1=2Z "DARAM: Dynamic
Avatar-Human Motion Remapping Technique for
Realistic Virtual Stair Ascending Motions” =&2 2023 SIGGRAPHO| A ZE UL,
DARAME BX| 2| ALEXtet 7kt AlTh 2td 7ho| XtM| XO|E &45

2 2|ofEE 2ot 7[s2, 7[ES X At obd AFoM 2Ed S =t HOl
2 29|9|0|C} 0| & 2023~2024E0fl= NC Soft A+ IHHE Sl 2 7|8 NPC
P Ed A HAE 7828 Y 5 EHeld 7|8 2 dg O+ E st 2H
AES 7B 202490 D= Y 210 ZE(LLM)2| 7t 80| =310, LLM B&
O O|ME 23 A2l "REVECA: Adaptive Planning and Trajectory-based Validation
in Cooperative Language Agents using Information Relevance and Relative Proximity”
Ol 3SXALE FORUCH REVECAE LLM OO|FE 7t S 250l HEHEZ 23t MER
T AHIE HMAISHH, 2025 AAAIOIA oral paper2 ZEHEJLCH T d&
MEOFRI VR & 72/ OfL|OO| MO M= LLMEZ &3t AT E TIdlgt A=l o|LCt,

rQrk 1% o no
-1 o 1T 10 4y
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-
Z

“a person walks forward, leans over an object.”

12 1. DRRAM Of|A| O & 112! 2. Text-to-Motion G| A|
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M0 (Suemin Jeon)2 ZHH d2fHAQ A
ATE St nistn gAgMolct §9 =
CIE{HE|E A3 A|ARIE BHUCE S50 AlZ
AN2EEZ XR SF0M FFL &A MEY
=g
= A

ol gm J

WO ZSoi 2t

FQ A7 M9l XROpsE ¥Eol ZE 90| Web 7 £ A

IAEERE 75t Z&T 5= U= A|A”HO|ICH £, A E YA A|Zi5t HE,
MA HO|HE Z&oh CtYsh 28 OOjH XNE|, 8 =d 2M42 X2 EM,
St3Ha0| ssMo 2 3ot QEMEIE ZAM0| 7tSotC) XN dE8, AXX
Olg 52| CtYTH AHHE Soff Alatdi M8dS YBoIToH, AHEY EIMOAME=
HIZHEALE 2 Y A4S WEA A = JS0| SOIL|QCH £ X Z20=
XotEl SIEYO SHEME DtstA A 237t 7SS S, X 7|8te| AESIE foh
3D Gaussian Splatting X[ &z} 7|HZ2 HQHSIACH IH= O 20| = dstE A|Zfztet
AMEX QIHEO|A S, 0k dEE 7o it 3F+E X&55tH, M8}
St Z ZAd[ot QIHME|E A AR IS Soff StA 0| 7| St O X} &A1 QT

(a) DVR (b) Instant-NGP (c) Proposed (d) Proposed
(Ground Truth) (T=18) + w/o pruning +w pruning

2D PSNR: 34.30 2D PSNR: 32.21 2D PSNR: 31.19
FPS: FPS: 16 FPS: 196.13

1 "7DIPSNR: 24,78 ZD|PSNRE 28,9147 17 7D/PSNRE 25.02
FPS: 1.59! FPS;143.56/ | FP8:171.19

User i 1) ke ) ¥

2D PSNR: 29.74 2D PSNR: 31.52 2D PSNR: 29.82
FPS: 1.62 FPS: 136.96 FPS: 181,27

12l 2. 3D Gaussian SplattingS £ %t
=5 43 20t
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X g2 KAIST AAL atd 2std st SO|CH &
implicit fieldo| A 0|+ & F&3t= ATE TIAWCE 22
ME LAHE H A (Neural Implicit Representation)O|
A ZOFOA 4O BN, implicit field=FH
NEH O E FE5te 722 5840 FF £4&1
ALt 2fLt 7| =9| Marching Cubes(MC) Al 2 A th
SAA0| YMSED sharp featureE EESHA| o= oHA|7I /IS, 0| E 25t Dual
Contouring(DC)-Manifold Dual Contouring(MDC) §2| 7|2 field2| H%XQl =0 QI
BEE MUz &85HA X5t HMohEl X|Fo Mol 7|27 B o[Est=
22Xl Xefo| ULt O|2{3t Hi-HOAM Occupancy-Based Dual Contouring(ODC)E
Hetsto, 7127] 57t gle &80 ME sharp featureE EESH= ¢ ==2
7t&5HA S,

HetE B2 7|E MC, MDC, MISE CHH| @3t A -F4H Hs2
SALAD #™0|A Chamfer-L1 2AE SOTA W2 CHH| BT 6H] 24
intersectionsS AtA & EIX|SIH O M, watertightness2t manifoldnessE = 2o}t i Ct.
ot st P =73 810 7|& neural implicit fieldOf| “drop-in” HAlC 2 X

2 3D 4/ mo|=ztelo M= H-&XO0|Ct ODC= SDF 7|t

o|ZM8E HMAHstHAMZ Dual Contouring®| sharp feature £E& 528 A&3UCt=
HMO|AM 22|17t 3H, O| & QIHHt0F SIGGRAPH Asia 20240f 2t E | QI Ct.

2
ot

—

Grid Sampling e 1D Point Search 2D Point Search 3D Point Identification Polygonization

% 1.0CD2| %5 E4
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StochSync: Stochastic Diffusion
Synchronization for Image Generation
in Arbitrary Spaces

FE, AME, 4O

We propose a zero-shot method for generating images in arbitrary spaces
(e.g., a sphere for 360° panoramas and a mesh surface for texture) using a
pretrained image diffusion model. The zero-shot generation of various visual
content using a pretrained image diffusion model has been explored mainly in
two directions. First, Diffusion Synchronization-performing reverse diffusion
processes jointly across different projected spaces while synchronizing them in
the target space-generates high-quality outputs when enough conditioning is
provided, but it struggles in its absence. Second, Score Distillation Sampling-
gradually updating the target space data through gradient descent-results in
better coherence but often lacks detail. In this paper, we reveal for the first time
the interconnection between these two methods while highlighting their
differences. To this end, we propose StochSync, a novel approach that
combines the strengths of both, enabling effective performance with weak
conditioning. Our experiments demonstrate that StochSync provides the best
performance in 360° panorama generation (where image conditioning is not
given), outperforming previous finetuning-based methods, and also delivers
comparable results in 3D mesh texturing (where depth conditioning is provided)
with previous methods.
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BrepDiff: Single-stage B-rep
Diffusion Model
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The Boundary Representation (B-rep) is a widely used 3D model
representation of most consumer products designed with CAD software.
However, its highly irregular and sparse set of relationships poses significant
challenges for designing a generative model tailored to B-reps. Existing
approaches use multi-stage approaches to satisfy the complex constraints
sequentially. As a result, the final geometry cannot incorporate user edits due
to the non-deterministic dependencies between cascaded stages. In contrast,
we propose BrepDiff, a single-stage diffusion model for B-rep generation. We
present a masked UV grid representation consisting of structured point
samples from faces, serving as input for a diffusion transformer. By introducing
an asynchronous and shifted noise schedule, we improve the training signal,
enabling the diffusion model to better capture the distribution of UV grids. The
explicitness of our masked UV grid representation enables users to intuitively
understand and freely design surface geometry without being constrained by
topological validity. The interconnectivity can be derived from the face layout,
which is later processed into a valid solid volume during post-processing. Our
approach achieves performance on par with state-of-the-art cascaded models
while offering complex and diverse manipulations of geometry and topology,
such as shape completion, merging, and interpolation.

12
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Elevating 3D Models: High-Quality
Texture and Geometry Refinement
from a Low-Quality Model
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High-quality 3D assets are essential for various applications in computer
graphics and 3D vision but remain scarce due to significant acquisition costs.
To address this shortage, we introduce Elevate3D, a novel framework that
transforms readily accessible low-quality 3D assets into higher quality. At the
core of Elevate3D is HFS-SDEdit, a specialized texture enhancement method
that significantly improves texture quality while preserving the appearance and
geometry while fixing its degradations. Furthermore, Elevate3D operates in a
view-by-view manner, alternating between texture and geometry refinement.
Unlike previous methods that have largely overlooked geometry refinement,
our framework leverages geometric cues from images refined with HFS-SDEdit
by employing state-of-the-art monocular geometry predictors. This approach
ensures detailed and accurate geometry that aligns seamlessly with the
enhanced texture. Elevate3D outperforms recent competitors by achieving
state-of-the-art quality in 3D model refinement, effectively addressing the
scarcity of high-quality open-source 3D assets.
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DC-VSR: Spatially and Temporally
Consistent Video Super-Resolution
with Video Diffusion Prior
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Video super-resolution (VSR) aims to reconstruct a high-resolution (HR) video
from a low-resolution (LR) counterpart. Achieving successful VSR requires
producing realistic HR details and ensuring both spatial and temporal
consistency. To restore realistic details, diffusion-based VSR approaches have
recently been proposed. However, the inherent randomness of diffusion,
combined with their tile-based approach, often leads to spatio-temporal
inconsistencies. In this paper, we propose DC-VSR, a novel VSR approach to
produce spatially and temporally consistent VSR results with realistic textures.
To achieve spatial and temporal consistency, DC-VSR adopts a novel Spatial
Attention Propagation (SAP) scheme and a Temporal Attention Propagation
(TAP) scheme that propagate information across spatio-temporal tiles based
on the self-attention mechanism. To enhance high-frequency details, we also
introduce Detail-Suppression Self-Attention Guidance (DSSAG), a novel
diffusion guidance scheme. Comprehensive experiments demonstrate that DC-
VSR achieves spatially and temporally consistent, high-quality VSR results,
outperforming previous approaches.
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Dense Dispersed Structured Light
for Hyperspectral 3D Imaging
of Dynamic Scenes
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Hyperspectral 3D imaging captures both depth maps and hyperspectral
images, enabling comprehensive geometric and material analysis. Recent
methods achieve high spectral and depth accuracy; however, they require long
acquisition times—often over several minutes—or rely on large, expensive
systems, restricting their use to static scenes. We present Dense Dispersed
Structured Light (DDSL), an accurate hyperspectral 3D imaging method for
dynamic scenes that utilizes stereo RGB cameras and an RGB projector
equipped with an affordable diffraction grating film. We design spectrally
multiplexed DDSL patterns that significantly reduce the number of required
projector patterns, thereby accelerating acquisition speed. Additionally, we
formulate an image formation model and a reconstruction method to estimate a
hyperspectral image and depth map from captured stereo images. As the first
practical and accurate hyperspectral 3D imaging method for dynamic scenes,
we experimentally demonstrate that DDSL achieves a spectral resolution of
15.5 nm full width at half maximum (FWHM), a depth error of 4 mm, and a
frame rate of 6.6 fps.
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Differentiable Inverse Rendering with
Interpretable Basis BRDFs

A—I—
oS , Hi =3t

R

Mot
FX

HE

=
~
o

Xt
Tt (hgchung@postech.ac.kr)

el

Mot

29

Inverse rendering seeks to reconstruct both geometry and spatially varying
BRDFs (SVBRDFs) from captured images. To address the inherent ill-
posedness of inverse rendering, basis BRDF representations are commonly
used, modeling SVBRDFs as spatially varying blends of a set of basis BRDFs.
However, existing methods often yield basis BRDFs that lack intuitive
separation and have limited scalability to scenes of varying complexity. In this
paper, we introduce a differentiable inverse rendering method that produces
interpretable basis BRDFs. Our approach models a scene using 2D Gaussians,
where the reflectance of each Gaussian is defined by a weighted blend of basis
BRDFs. We efficiently render an image from the 2D Gaussians and basis
BRDFs using differentiable rasterization and impose a rendering loss with the
input images. During this analysis-by-synthesis optimization process of
differentiable inverse rendering, we dynamically adjust the number of basis
BRDFs to fit the target scene while encouraging sparsity in the basis weights.
This ensures that the reflectance of each Gaussian is represented by only a
few basis BRDFs. This approach enables the reconstruction of accurate
geometry and interpretable basis BRDFs that are spatially separated.
Consequently, the resulting scene representation, comprising basis BRDFs
and 2D Gaussians, supports physically-based novel-view relighting and
intuitive scene editing.
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PhysicsFC: Learning User-Controlled Skills
for a Physics-Based Football Player
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We propose PhysicsFC, a method for controlling physically simulated football
player characters to perform a variety of football skills—such as dribbling,
trapping, moving, and kicking—based on wuser input, while seamlessly
transitioning between these skills. Our skill-specific policies, which generate
latent variables for each football skill, are trained using an existing physics-
based motion embedding model that serves as a foundation for reproducing
football motions. Key features include a tailored reward design for the Dribble
policy, a two-phase reward structure combined with projectile dynamics-based
initialization for the Trap policy, and a Data-Embedded Goal-Conditioned Latent
Guidance (DEGCL) method for the Move policy. Using the trained skill policies,
the proposed football player finite state machine (PhysicsFC FSM) allows
users to interactively control the character. To ensure smooth and agile
transitions between skill policies, as defined in the FSM, we introduce the Skill
Transition-Based Initialization (STI), which is applied during the training of each
skill policy. We develop several interactive scenarios to showcase PhysicsFC’s
effectiveness, including competitive trapping and dribbling, give-and-go plays,
and 11v11 football games, where multiple PhysicsFC agents produce natural
and controllable physics-based football player behaviors. Quantitative
evaluations further validate the performance of individual skill policies and the
transitions between them, using the presented metrics and experimental
designs.
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PLT: Part-wise Latent Tokens as Adaptable
Motion Priors for Physically Simulated
Character
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Physically simulated characters can learn highly natural full-body motion
guided by motion capture datasets. However, the range of motion is limited to
the existing high-quality datasets, and cannot effectively adapt to challenging
scenarios. We propose a novel policy architecture that learns part-wise motion
skills, where individual parts can be separately extended and combined for
unobserved settings. Our method employs a set of part-specific codebooks,
which robustly capture motion dynamics without catastrophic collapse or
forgetting. This structured decomposition allows intuitive control over the
character’s behavior and dynamic exploration for a novel combination of part-
wise motion. We further incorporate a refinement network compensating for
subtle discrepancies in the disjoint discrete tokens, thus improving motion
quality and stability. Our extensive evaluations show that our part-wise latent
token achieves superior performance in imitating motions, even those from
unseen distribution. We also validate our method in challenging tasks,
including body tracking, navigation on complex terrains, and point-goal
navigation with damaged body parts. Finally, we introduce a part-wise
expansion of motion priors, where the physically simulated character
incrementally adapts partial motion and produces unique combinations of
whole-body motion, significantly diversifying motions.
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AnyMolLe: Any Character Motion
In-betweening Leveraging
Video Diffusion Models
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Despite recent advancements in learning-based motion in-betweening, a key
limitation has been overlooked: the requirement for character-specific datasets.
In this work, we introduce AnyMolLe, a novel method that addresses this
limitation by leveraging video diffusion models to generate motion in-between
frames for arbitrary characters without external data. Our approach employs a
two-stage frame generation process to enhance contextual understanding.
Furthermore, to bridge the domain gap between real-world and rendered
character animations, we introduce ICAdapt, a fine-tuning technique for video
diffusion models. Additionally, we propose a motion-video mimicking'
optimization technique, enabling seamless motion generation for characters
with arbitrary joint structures using 2D and 3D-aware features. AnyMolLe
significantly reduces data dependency while generating smooth and realistic
transitions, making it applicable to a wide range of motion in-betweening tasks.
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SALAD: Skeleton-aware Latent Diffusion for
Text-driven Motion Generation and Editing

sS4, aME, AR, 58, AN, =28

Text-driven motion generation has advanced significantly with the rise of
denoising diffusion models. However, previous methods often oversimplify
representations for the skeletal joints, temporal frames, and textual words,
limiting their ability to fully capture the information within each modality and
their interactions. Moreover, when using pre-trained models for downstream
tasks, such as editing, they typically require additional efforts, including manual
interventions, optimization, or fine-tuning. In this paper, we introduce a
skeleton-aware latent diffusion (SALAD), a model that explicitly captures the
intricate inter-relationships between joints, frames, and words. Furthermore, by
leveraging cross-attention maps produced during the generation process, we
enable the attention-based zero-shot text-driven motion editing using a pre-
trained SALAD model, requiring no additional user input beyond text prompts.
Our approach significantly outperforms previous methods in terms of text-
motion alignment without compromising generation quality, and demonstrates
practical versatility by providing diverse editing capabilities beyond generation.
Code is available at project page.
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ViSA: Physics-based Virtual Stunt
Actors for Ballistic Stunts
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We introduce ViSA (Virtual Stunt Actors), an interactive animation system
designed to create realistic ballistic stunt actions frequently seen in filmmaking
and TV production. By providing spatial constraints suitable for the desired
stunt scene, our system generates physically plausible motions satisfying the
given constraints. The problem is formulated as a deep reinforcement learning
task, incorporating a novel state and action spaces, as well as straightforward
yet effective rewards for ballistic stunt actions. Users can receive a fast
response within several minutes and continue to choreograph complex stunt
scenes in an interactive manner. We demonstrate ballistic stunt scenes
resembling those in various films and TV dramas, such as traffic accidents,
falling down stairs, and falls from buildings. The effectiveness of the technical
components and design choices in our system is demonstrated through
extensive comparisons, analyses, and ablation studies.
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MAGNET: Muscle Activation Generation
Networks for Diverse Human Movement
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We introduce MAGNET (Muscle Activation Generation Networks), a scalable
framework for reconstructing full-body muscle activations across diverse
human movements. Our approach employs musculoskeletal simulation with a
novel two-level controller architecture trained using three-stage learning
methods. Additionally, we develop distilled models tailored for solving
downstream tasks or generating real-time muscle activations, even on edge
devices. The efficacy of our framework is demonstrated through examples of
daily life and challenging behaviors, as well as comprehensive evaluations.
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We introduce a dual contouring method that provides state-of-the-art
performance for occupancy functions while achieving computation times of a
few seconds. Our method is learning-free and carefully designed to maximize
the use of GPU parallelization. The recent surge of implicit neural
representations has led to significant attention to occupancy fields, resulting in
a wide range of 3D reconstruction and generation methods based on them.
However, the outputs of such methods have been underestimated due to the
bottleneck in converting the resulting occupancy function to a mesh. Marching
Cubes tends to produce staircase-like artifacts, and most subsequent works
focusing on exploiting signed distance functions as input also yield suboptimal
results for occupancy functions. Based on Manifold Dual Contouring (MDC),
we propose Occupancy-based Dual Contouring(ODC), which mainly modifies
the computation of grid edge points (1D points) and grid cell points (3D points)
to not use any distance information. We introduce auxiliary 2D points that are
used to compute local surface normals along with the 1D points, helping
identify 3D points via the quadric error function. To search the 1D, 2D, and 3D
points, we develop fast algorithms that are parallelizable across all grid edges,
faces, and cells. Our experiments with several 3D neural generative models
and a 3D mesh dataset demonstrate that our method achieves the best fidelity
compared to prior works.
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ForceGrip: Reference-Free Curriculum
Learning for Realistic Grip Force Control
in VR Hand Manipulation

SIS, A, 0|2, AFW, ga s, I

Realistic hand manipulation is a key component of immersive virtual reality
(VR), yet existing methods often rely on kinematic approaches or motion-
capture datasets that omit crucial physical attributes such as contact forces
and finger torques. Consequently, these approaches prioritize tight, one-size-
fits-all grips rather than reflecting users’ intended force levels. We present
ForceGrip, a deep learning agent that synthesizes realistic hand manipulation
motions, faithfully reflecting the user’s grip force intention. Instead of mimicking
predefined motion datasets, ForceGrip uses generated training scenarios—
randomizing object shapes, wrist movements, and trigger input flows—to
challenge the agent with a broad spectrum of physical interactions. To
effectively learn from these complex tasks, we employ a three-phase
curriculum learning framework comprising Finger Positioning, Intention
Adaptation, and Dynamic Stabilization. This progressive strategy ensures
stable hand-object contact, adaptive force control based on user inputs, and
robust handling under dynamic conditions. Additionally, a proximity reward
function enhances natural finger motions and accelerates training convergence.
Quantitative and qualitative evaluations reveal ForceGrip’s superior force
controllability and plausibility compared to state-of-the-art methods.
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REVECA: adaptive planning and trajectory-based
validation in cooperative language agents using
information relevance and relative proximity
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We address the challenge of multi-agent cooperation, where agents achieve a
common goal by cooperating with decentralized agents under complex partial
observations. Existing cooperative agent systems often struggle with efficiently
processing continuously accumulating information, managing globally
suboptimal planning due to lack of consideration of collaborators, and
addressing false planning caused by environmental changes introduced by
other collaborators. To overcome these challenges, we propose the RElevance,
Proximity, and Validation-Enhanced Cooperative Language Agent (REVECA), a
novel cognitive architecture powered by GPT-4o0-mini. REVECA enables
efficient memory management, optimal planning, and cost-effective prevention
of false planning by leveraging Relevance Estimation, Adaptive Planning, and
Trajectory-based Validation. Extensive experimental results demonstrate
REVECA's superiority over existing methods across various benchmarks, while
a user study reveals its potential for achieving trustworthy human-Al
cooperation.
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Integrating User Input in Automated Object
Placement for Augmented Reality

Jalal Safari Bazargani, Abolghasem Sadeghi-Niaraki, and Soo-Mi Choi
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Object placement in Augmented Reality (AR) is crucial for creating immersive
and functional experiences. However, a critical research gap exists in
combining user input with efficient automated placement, particularly in
understanding spatial relationships and optimal placement. This study
addresses this gap by presenting a novel object placement pipeline for AR
applications that balances automation with user-directed placement. The
pipeline employs entity recognition, object detection, depth estimation along
with spawn area allocation to create a placement system. We compared our
proposed method against manual placement in a comprehensive evaluation
involving 50 participants. The evaluation included user experience
questionnaires, a comparative study of task performance, and post-task
interviews. Results indicate that our pipeline significantly reduces task
completion time while maintaining comparable accuracy to manual placement.
The UEQ-S and TENS scores revealed high user satisfaction. While manual
placement offered more direct control, our method provided a more
streamlined, efficient experience. This study contributes to the field of object
placement in AR by demonstrating the potential of automated systems to
enhance user experience and task efficiency.
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Visibility Modulation of Aligned Spaces for Multi—-User Telepresence
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