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Level Content Encoding

topology triangle, quad, hex, * Quad: cross field, position & orientation field

For vertex/face

per element intrinsic: {curvature, HKS (Heat Kernel Signature),
low-frequency Laplacian eigenvectors}
extrinsic: {(barycenter) coordinates, normal,
dihedral angles}

BD?‘HZFH}] point cloud (samples) * point cloud encoder
REAR
patch poly soup/group
3DGS
explicit (vertex, face), graph (node, edge) * mesh convolution: decimation
mesh * graph convolution: (feature Aggregation,
implicit SDF, NeRF, (continues Function or message passing)

discrete Grid)
* voxelization and 3D convolution

* tokenization



Hunyuan3D2.0 Arxiv 2025.1 Report

PolyGen ICML 2020

MeshGPT CVPR 2024

add transformer auto encoder; add

. . . PivotMesh ICLR 2025
pivot vertices guidance

add point cloud condition MeshAnything V1 ICLR 2025

EdgeBreaker TVCG 1999 EdgeRunner ICLR 2025 / 47%
Block and Patch BPT arxiv 2024.11 / 26%

MeshXL NIPS 2024

MeshTron ICLR 2025 Reject

S * C]
{502
Base model Mesh quantization, AR Paradigm
quantization with shape VAE
tokenization
3D naive Auto Regressive (AR)
naive sequence compression
neural coordinate field
transformer structure Hourglass Transformer
LLM naive LLaMA-Mesh Arxiv 2024.11
LRM ICLR 2024 ORAL
Base model
InstantMesh Arxiv 2024.4 High Cited
UV patch Altas Gaussions ICLR 2025 SPOT, 3DGS
DiT

Use Shape VAE Rectified flow

AR

Large Reconstruction Model (LRM)

Triplane

Image-to-X Decoder

Latent Tokens
Sparse Voxel

3DGS

Gaussian Cube NIPS 2024
3D Naive

PrimX 3dtopia-x! ICLR 2025{#§

LDM

2D UV patch Omega 3DV 2025

TARS3D Arxiv 2024.12

SetEmiCoarse Shape, BN fELatent code Trellis3D Arxiv 2024.12

FiRait:
AR . sharp$H{F: HEARZEH), FHtokenization
BAUCEREE: %ELRM, Hlatent code

LRM ICLR 2024 ORAL i

ViT InstantMesh Arxiv 24.4 High Cited

Next Scale Prediction SAR3D Arxiv 2024.11

Sei/L, Frefine CraftsMan Arxiv 2024.5

DIT add 3D RAG reference with ControlNet Phidias ICLR 2025, 3DGS
DMV3D ICLR 2024 SPOT, NeRF
GeolLRM NIPS 2024 3DGS
MeshFormer NIPS 2024 ORAL

UNet LGM ECCV 2024 ORAL, 3DGS
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O Vertex D Next twin G Previous twin D End

Traversal Direction ~ Hazg

Begin of Sub-Sequence

Tokenize by Face Traversal

I\/IeshGPT

< S0S >

|F|x3xD

- Predicted GT
Codebook Codebook

Embeddings Indices Indices

Graph Convolutional Encoder
¥
+
GPT-Style Transformer

- e e e e e e e e e e e e e e e e e e e e e e e e e Ee e e e e e e e e e e e —

LRMZE43

Single input image
Dim:512x512x3

Image encoder
12 Layers, Dim: 768, ViT (DINO)

Image features
Dim: (32 x32) x 768

Learnable
positional embeddings
Dim: (3 x 32 x 32) x 1024

Image-to-Triplane Decoder
16 Layers, Dim: 1024

lf Camera features, Dim: 20

Triplane tokens
Dlm (3x32x32)x1024

Res: (3 x 32 x 3.

Modulation with
camera features

@ Residual connection

LRM

2) > (3x64x64)

Dim: 1024 = 80

Rendered
novel image

Point features -
Dim:3x80 -~

Neural Radiance Field (NeRF)

FlexiCubes

—_—

1283 Grid

InstanceMesh / Sparse-view Large Reconstruction Model \
o ]
z 8 ‘ﬁ& i 5 %%g 3
Qs B @
HY-X- S HE
I e »
= 9 w v
= - - s
= R 40 = s
=) 3 =
— —
Input Image Multi-view \_ Image Tokens Triplane
—
~
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=¥ 3DYIFRSIERD Iyt =G

SubclivNet (3F3DAFIAMEL) = s "

EERIIF LRI, X% — EMxT L SN . . Ko s s s = gom
EE S LER

eature Vector

S RRIRAL . B mesh4i 90 = S QRN )EN T A
Ag—KE M feature vector? T R e g o T

Learnable Tokens 3D Shape Encoder

F

3D Geometry Decoder

item 2D image 3D mesh ﬁﬂ_,g - 5 5 5 -
- Shel, Sl S(Tj‘%:vertexE:{ iﬂ%’?‘%pixel, Fmeshfvertexfy L AR B B Zvoxel grid®, 1R%Z 75 §_> § §_ §
primitive %Bﬁjféé voxel EE 2= /Y. ‘ N & B 3 3 3
e XfFface/edge: vertexz (8] BYZEIZEATL N \ Pont Cloud
* LRM: latent code. {"'TARSDm"mm""'"""""_s_e;;;,;c;_éu@;; _________________________ Autoregressive Generator
. mesh-wise: . i Ordering e
.+ RARH BEGH—meshTA/ER, FAMeshCNNZA || ¢, [w=er] || 3, 4 . o] -
ZCNNZRHL A feature vector; | gl | nabo” § . m—/ ¥ i~
- {hZ{k: SA/53D CNN (MeshFormer), i —a | el e ket e s o
« LRM: rendering image: j T Ted (b) 3D-aware Generative Pre-trained Transformer (30 6PT) _

«  KEEMEA #ANimage, HH3DK, —MEEIEimageifeature

image-wise: H

occupancy sparse feature

C‘:‘i‘:boogkiigﬂ « element-wise: VQ-VAEE1{L. r volume o @3
?Ijl, E}/{ PASE *  MeshGPTHESMvertex b i EE L Elvoxel gridd, FFAR 5 5 S ¢ Ty SOFMLP §
= *E AR ERNtvertexHE ﬁ (E % 3| ) . REEHE Z face, X RGB +|,n0rmal occupancy loss SDF loss

e e e e e e e e e e e e e e e e

faceﬁ\]%Z‘Ki{ﬁ%]\VQVAEE’{IEHCOder, #%?IET}%:EX/ 2D | P S S e S | ':

N o hapefitriplane, #X/adecodefOcc. NeRF. SDF. 3DGS% .
> CNN,\ PN =] res T . . = normal | _ [ Geomet
ﬁfﬁfature?igim © MTMeshASTE, EXTRGHSEHES TERE g g ﬁﬂ_fL_l
Quantific | » U sharp#$1E. JH3h (F52%) ; L R & 2
i i . ) . . . 8.., ............ _, Voxel __ /;‘ _%_, Voxel — & ‘z
ation auto-regressive (AR) model: tokenization: = Fotmey =" 5 Former ' Z 1
g £ ny Color

)
L&)

(6413) (25643)

textu}éd mesh

Encoders Transformer Layers

Ny s I
decoderfr i 1D tokens, H LR X 5wk 2EfacefI3/ vertex o ! ! o _ S ec  m

= i o 1 85 4 S L

iNES T " X B patoh fat 1 £ 82 «ﬁ m '35 £ o B @ 3 R 1 13
*  mesh-wise: BENTR-facedt THEF. FINKEREE, o — TR M T

normail patcn fea o= - 5 2 =9 )
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_ Y DmBaSERT -

ERAVFEZRAD
IR E

A G —K E Mfeature vector?

item 2D image

pixel, & pixel

HWERES

primitive

image-wise: H
1 FICNN=LREIR
Hlfeature map

St?oa:Uﬂc CHTER
codebookfy
query, BAX
W=k

*************

DPEG—, BHET Ji
SRARRRALK. EEEImesh 4

|8 (" 712z z ) Q
—t a 2
L— o
g onlllfen
= il
render v
>
0 =
W
render g 2 b S
- > e g
B
=3 g -
'
. \ o
Triplane

Multi-scale quantization

3D mesh

S Fvertex: RS HEpixel, Kmeshfvertexty L FrE & Zvoxel grid®, RE

voxel B2 Z 1Y,
YtFface/edge: vertexz 8] B9E FEAE M)

* LRM: latent code:
. mesh-wise:

«  BAEXM FES—meshBTNS/HEEL, FAMeshCNNEL =

ZCNNZ& L A feature vector;
- K&k SJE3D CNN (MeshFormer),

* LRM: rendering image:
«  KEEMEA #ANimage, HH3DK, —MEEIEimageifeature
reshapefitriplane, #A/edecodeyOcc. NeRF. SDF. 3DGS%
* XNTFMeshARHME, EXTRENEWER, TERE
sharp$HiE. It (%)

auto-regressive (AR) model: tokenization:
*  element-wise: VQ-VAEE1L,
*  MeshGPTH &L vertex R Hr{EE L Evoxel gridd, F1R
e FRXSvertextfF (EERS|) , REEHEEface, U
face AR AR B A1IX AVQVAEMencoder, 4FH{FIREL;
decoderfi 1 1D tokens, HJL{a/&= X 5t Efacefy3/ | vertex
HIAE AR,
*  mesh-wise: EIEXTN S -facetfTHEF . $AKEARRAYE A,
Fpadding#ME,

Loss

Single input image

Image encoder
Dim: 512 x512x 3

Image features
12 Layers, Dim: 768, ViT (DINO)

Dim: (32 x 32) x 768

. “n Modulati ith
J }Ei ." @ ca:w:r: fl::u.‘res
b [
=’ @ Residual connection
Conv 7
i
]
Triplane tokens |— R M
Dim: (3x32x32)x 1024
T \
7 7 [
H/ -‘ |
I’ =’ DeConv i Reshape
m m ) !
I’ I’ Res: (3% 32x32) > (3x64x64)

'
L )
Learnable - Dim: 1024 - 80
-to- L7 .
positional embeddings Image-to Trl?lane Decoder I’ Camera features, Dim: 20
Dim: (3 x 32 x 32) x 1024 16 Layers, Dim: 1024

Point features

b Dim:3x80/,~"/-rr
e Ry g
i Volumetric Rendering 10 layers, Dim 64
______________________
Rendered

novel image Neural Radiance Field (NeRF)




-y 3DYIFRSIERT

ERAVFEZRAD
IR E

DIERG—, ERZT

SHH AR S, EAHmesh R

A G —K E Mfeature vector?

item 2D image

pixel, & pixel

HWERES

primitive

image-wise: H
1 FICNN=LREIR
Hlfeature map
. HEA
codebookfy
query, B
WEK

Quantific
ation

(+ auto-regressive (AR) model: tokenization: h

3D mesh
S Fvertex: RS HEpixel, Kmeshfvertexty L FrE & Zvoxel grid®, RE

voxel B2 Z 1Y,
YtFface/edge: vertexz 8] B9E FEAE M)

* LRM: latent code:
. mesh-wise:

c REEM FEG—meshiITN=/HEEL, FMeshCNNIY &=
ZCNNZ& L A feature vector;
- K&k SRJE3D CNN (MeshFormer),

* LRM: rendering image:
«  KEEMEA #ANimage, HH3DK, —MEEIEimageifeature
reshapefitriplane, #A/edecodeyOcc. NeRF. SDF. 3DGS%
* XNTFMeshARHME, EXTRENEWER, TERE
sharp#F1E. ¥k (%)

«  element-wise: VQ-VAEE1L,
s MeshGPT¥EZ: Mvertextb Fr{EE 1L Elvoxel gridd, F1R
A FRXSvertexfiEF (ERE]) , AEEHEEface, U
face A EAREAEANVQVAERencoder, FEHREL
decoder#ii i 1D tokens, HJL{EI=E X gt Efacefy3vertex

By AL HR
e mesh-wise: HIEXTN A -facedt{THIF ., SHXNKEREBH LA,
Fipadding#h=,

tokenfSRAF(E@MEMindex, =%
codebookH EZF4FEm &, [B/EH R
L Helementfy JL{E[{E &

;3 |F‘Xcin DDDDD MeShGPT
H Graph Convolutional |F| x C,
g Encoder
LLHHLH
g |F| x C,
§ E \\y = ’., |F|x9 |—||_||_||_||_|
§ 2 f /"’f T ResNet Decoder
(%) \
]
e

HEEEE

|F| x

q C T
D e e e C.
C. x C, 3xDx3 3><3 3x3
Feature
Codebook

Residual Face Quantization Module

EdgeRunner
ERNEOOE
()
@t
®
®©s;
5, QOEE
(®)
1l @
HE %;
3 .2 tokenftFelementfy JLIAIE B
Q Vertex () Nexttwin (] Previous twin () End ()

Begin of Sub-Sequence Traversal Direction H3 @-
Tokenize by Face Traversal




