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Background

Dynamic Geometry
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Background

Deformable Geometry

Processing
2019

Deformable Voxelized
Geometry Processing

Year
2017 2018 2020

General 3D Model with
Complex Topology and
Detailed Geometry

From Prof. Ligang Liu@USTC 4



Motivations

3D Object Dataset 3D Indoor Scene Dataset

Learn from Data to
Generate

House boundary
(Given or not given)
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Related Works

m Point clouds

# Coarse Geometry

# Irregular structure

m Voxel grids
# Regular structure
# Lack of the detail
¢ Huge memory and

# calculation costs
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PointNet

[Qietal. 2017]
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[Girdharetal.2016]
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[Fan et al 2017]

[Wang et al 2018]



Related Works

m Patches & Multi Charts
4 Not smooth or connected ’ A
4 Unstructured e

[Groueix et al 2018]

m Boxes with structures

.
&

# Not physical reliable [Nash and Williams 2017] [Li et al 2017]

# Loss geometry details



Related Works

i

[ M e Sh es Geometry Stﬂru_cfure
.'"izi_‘;!

# Detailed Geometry @ %
# Limited Topology [Gao et al. 2019]

m [mplicit Field

# Implicit representation

# Topology Free

4 Extra way to extract explicit mesh

Peceptual Feature Pooling
T H B \
A AN, 8 =% .
) 2"5_ L
3 =
2466 verti

Ellipsoid Mesh

[Wang et al. 2018]

OccNet

W Mescheder et al.

IM-Net

\ B Chen et al.
"
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Related works

m 2D Image Controllable Generation

# Expression, Age, Gender
4 Supervised and Unsupervised

[Abdal et al. 2021 (TOG)]

rRAd

B 3D Shape Generatlon — SAGNet Generated Samples :
[Wu et al. 2019] g

4 Not Controllable
haamh )/

# Human or Faces % N 7
$ Q [ Aumentado-Armstrong et al. 2019]

4 Can’t Handle general shape
11
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DSG-Net: Learning Disentangled Structure and
Geometry for 3D Shape Generation

Jie Yang’2~ Kaichun Mo3"~ Yu-KunLai* LeonidasJ.Guibas3 Lin Gao'2’
1 Institute of Computing Technology, Chinese Academy of Sciences
£ University of Chinese Academy of Sciences
3 Stanford University 4 Cardiff University

ACM Transactions on Graphics
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Motivation & Insight
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(a) Input shape (b) PSG (c) Adaptive O-CNN (d) AtlasN (;t (e) SDM-lCIet
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ST RN A

13



Motivation & Insight

Geometry Details Structure

Using deformation to Using directed graph to
approximate geometry details encode the support structure
S — .
2.
O—0—0
! I |
» -

Gao et al. SDM-NET
SIGGRAPH ASIA 2019

Lin Gao, Jie Yang, Tong Wu, Yu-Jie Yuan, Hongbo Fu, Yu-Kun Lai, Hao (Richqrd% Zhang, SDM-NET: Deep Generative Network
for Structured Deformable Mesh, ACM Transactions on Graphics, Slggraph Asia 2019 14



Motivation & Insight

Gao et al. SDM-NET
SIGGRAPH ASIA 2019

Lin Gao, Jie Yang, Tong Wu, Yu-Jie Yuan, Hongbo Fu, Yu-Kun Lai, Hao (Richard) Zhang, SDM-NET: Deep Generative Network

Geometry Details

Using deformation to
approximate geometry details

Structure

Using directed graph to
encode the support structure

Can not describe the complex
structure with more parts.

for Structured Dégforma le Mesh, ACM Transactions on Graphics, Siggraph Asia 2019
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Motivation & Insight

o
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Aumentado-Armstrong et al.
ICCV 2019

g
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Disentangled Control

Same Pose
Different Shape

Same Shape
Different Pose

Can not
Handle General Shape. T

i
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Methodology == Representation

Part geometry hierarchy
>

Symbolic part tree structure

Disentangled but Highly Synergistic Representation
: <€

of Shape Geometry and Structure Hierarchies e ligh
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 17




Methodology == Representation

Back Holistic Frame
\Back Frame Horlzontal Bar

Seat Single Surface
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Seat Surface Bar

Back Frame Seat Frame Bar
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Methodology — Dsg-Net

Disentangled Shape Synthesis

Geometry A Structure A
— ~

1

D —— _
& L@ G
Zl Shape A Z'
Q | @)
7] A D
- A , ~
D SEE— e
Geometry B '
Disentangled Synthesis Disentangled Synthesis
Use the geometry from A; Use the structure from A;
Use the structure from B; Use the geometry from B;

Fine Geometry Details & Complex Structure.

Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022
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Methodology -- Geometric Details

Inspired by SDM-Net [Gao et al. 2019]
Using deformation to approximate geometry details

Geometry Details Complex Structure
¢ e
O
s /1N &
9.0 0.
Using deformation to approximate Using directed graph to
geometry details encode the support structure
Lin Gao, , Tong Wu, Yu-Jie Yuan, Hongbo Fu, Yu-Kun Lai, Hao (Richard) Zhang, SDM-NET: Deep Generative Network

for Structured Deformable Mesh, ACM Transactions on Graphics, Siggraph Asia 2019 20



Methodology -- Geometric Details

Inspired by SDM-Net [Gao et al. 2019]
Using deformation to approximate geometry details

Geometry Details Complex Structure
B B B é .
6.8

| !

@ & /1N &

t .: [ I--? ------- 1.- --

Using deformation to approximate Using directed graph to
geometry details encode the support structure
Lin Gao, , Tong Wu, Yu-Jie Yuan, Hongbo Fu, Yu-Kun Lai, Hao (Richard) Zhang, SDM-NET: Deep Generative Network

for Structured Deformable Mesh, ACM Transactions on Graphics, Siggraph Asia 2019 21



Methodology -- Geometric Details

Inspired by SDM-Net [Gao et al. 2019]
Using deformation to approximate geometry details

'\* ACAP Feature
| . Extraction

(b) ()
Chair Back part Bounding Deformed Representation
highlighted box overlaid bounding box (center & ACAP)

Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022
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Methodology -= Geometric Details

Conditional Part Geometry Variational Autoencoder (PG-VAE)

Ceonfor Center

ACAP Feature
Extraction

,

. | Structure

=-=mm

=~ =7 ~ “Information ACAP
S l | Feature

Graph Convolution on Mesh with ACAP [Tan et al. 2018]

Loss function of PG-VAE: Lcond-PartvAE = A1 Ly np + Lo 1 b AL

Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 23



Methodology -- Complex Structure

Coupled Hierarchical Graph Network Architecture for Geometry and Structure

Recursive Geometry Network(RvG) Symbolic }:an t.ree structure Part geometry hierarchy >
- Recursive Structure Network(RvS) - :
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5 l_fq‘f’f"i“, o | the geometry and vice versa.

Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 24



Methodology — Encode process

Communication between Geometry and Structure

Symbolic part tree structure Part geometry hierarchy >
Back single EHCOdeI'
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Methodology — Decode process

Communication between Geometry and Structure

Symbolic part tree structure Part geometry hierarchy

>
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 20



Methodology — Cycled Disentanglement

Cycled Disentanglement Architecture B /B Structure/Geometry Feature
l DSG-Net Loss SA‘ MSE Sc
% cycle
b / MSE Loss ’ \/ .
l " g \ Stx E ?‘;
PI N A %
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7] 79
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 27



Results -- Comparison

m
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 28




Results -- Disentangled Generation & Interpolation

Disentangled Shape Generation

m FU .lr‘-:" Eﬂ Same Geometric Details
[TTJ % % E\' Same Structure Relations

‘ ’ ‘ | I , gﬁ [\T kr:g Same Geometric Details
(a) Given Shape .I[ I v ll | i l ” I Same Structure Relations

(b) Random generation

Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 29



Results -- Disentangled Generation & Interpolation

Disentangled Shape Interpolation

First Row: Same Geometric Details with (b), Interpolate Structure

Second Row: Same Structure Relations with (b), Interpolate Geometric
Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 30



Results -- Disentangled Generation & Interpolation
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022 31




Results -- Disentangled Generation & Interpolation

Geometry
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Structure
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Jie Yang et al, DSG-Net: Learning Disentangled Structure and Geometry for 3D Shape Generation, ACM TOG 2022




PATTERN ANALYSIS AND
MACHINE INTELLIGENCE

ScenecHGN: Hierarchical Graph Networks for 3D
InDoor Scene Generation with Fine-Grained Geometry

Jie Yang, Jia-Mu Sun, Kaichun Mo, Yu-Kun Lai, Leonidas Guibas and Lin Gao

1

Institute of Computing Technologyv, Chinese Academy of Sciences
£ University of Chinese Academy of Sciences
3 Stanford University 4 Cardiff University

IEEE TPAMI with Minor Revision
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Related Work

Recursive Structure

root node

floor wall1 wall node wall3 wall node

N\ /N

wall2 co-oc node wall4 co-oc¢ node

[ N

surr node cabinet1 cabinet2

M

supp node '  supp node

/\N

stand1 table lamp1 stand2 table lamp2

Image Based

Room mask Wall mask Object mask Orientation

SOFA ARMCHAIR PLANT

GRAINS: Generative Recursive Autoencoders for INdoor Scenes Deep priors: Deep Convolutional Priors for Indoor Scene Synthesis

RvVNN + VAE = Generative Deep Model

Input: hierarchical scene structure
Output: free generation
Limitation:
1) Room containing four walls, 2) Retrieved Object

Input: top-down multi-channel image of the room
Output: Place objects in sequence until stop

Limitation:

1) Not capture geometric details, 2) Retrieved Object 3



Related Work

Implicit-Based Methods Transformer-Based Methods

Occupancy Networks _ ATISS ,
Learning 3D Reconstruction in Function Space Autoregressive Transformers for Indoor Scene Synthesis
Limitation: Limitation:
Not capture the detailed geometry and complex structure 1) Not consistency, 2) Collided, 3) Retrieved Object

36



SceneHGN - Hierarchical Graph Network

CabinetRegion

LivingRegion

@ House [
Balcony @ © LivingRoom ® '@ BedrRoom
- BathRoom B
Functional Region
Y
(s e
o\
Binary-edge Hyper-edge 3D Indoor Scene Hierarchical Representation

Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 37



SceneHGN - Hierarchical Graph Network

A ————————————

Encode recursively from object parts to room
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Decode recursively from room to object parts

Build a Hierarchical Structure From indoor scene layout to object parts
Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 38



SceneHGN — scene comparison & interpolation @

Comparison of Scene Generation Scene Interpolation

aad R R
EH&B&M

(a) source (b) target

(a) Input (b) GRAINS  (c) Deep Priors (d) Ours
Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 39



SceneHGN — scene generation

Scene Generation

Scene Generation
Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 40



SceneHGN — indoor scene generation

‘ ‘ \\ \ \..\ \ ~—_—
. g S~ .

e TS A A
o T e e i

- TS

3D scene generation from 3D box layout
Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 41

Scene Generation
from 3D Box Layout




SceneHGN — scene editing

Scene Editing

Scene Editing

Jie Yang et al, SceneHGN: Hierarchical Graph Networks for 3D InDoor Scene Generation with Fine-Grained Geometry, IEEE TPAMI Minor Revision 42
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