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ABOUT

MMLab@NTU

MMLab@NTU was formed on the 1 August 2018, with a research focus on
computer vision and deep learning. Its sister lab is MMLab@CUHK. It is now a
group with three faculty members and more than 40 members including research
fellows, research assistants, and PhD students.

Members in MMLab@NTU conduct research primarily in low-level vision, image
and video understanding, creative content creation, 3D scene understanding and ’ T
reconstruction. Have a look at the overview of our research. All publications are y d L Tl
listed here. ; """”5,'{"’!;‘.'l’l,":?ﬂf@'A'}'
—an
We are always looking for motivated PhD students, postdocs, research assistants :
who have the same interests like us. Check out the careers page and follow us on
Twitter.
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INTRODUCTION (@) SSSrarH 2022

Human full-body images
Pose Transfer

Virtual try-on

Source image/Target pose
Source image/Target garment

Our results
Our results

{
e 4 <t
Pose-guided image synthesis Virtual try-on

Pose with Style [Albahar et al. 2021]

© 2022 SIGGRAPH. ALL RIGHTS RESERVED. 7



Text2ZHuman

Text2-Humay Describe the shape Describe the textures

i .. NS Parsino Palette
Waiting for the generated result. QNP FAreing Palee

Provide the systenmPraVidextse system with texts
describing the shapesaoafibing the textures of
clothes clothes




FRAMEWORK OF TEXT2HUMAN (@) SiSSharH 2022

Text for Clothes Textures

Text for Clothes Shapes
A T-shirts with pure color and long pants with pure color.

A person with short-sleeve T-shirts and long pants.

[0,1,0,0] f [0,0,1,0] Codebook 1 Codebook 2 Codebook k
[1,0,0,0,0] _lolllol. _® shape [1,0,9,0,0] 11213]-n 1 2 3 - n 1 2 3 win
: L L : L :
[0' 0' OI 1] [O/ O/ OI 1]
one-hot . _ one-hot
shape attributes  Attribute Embedding Module texture attributes texture-aware codebooks

Expert 1
1/3/6 8

Expert 2 index

router — 912147 — ~ prediction

1

Q»

human pose Pose-to-parsing Module human parsing

Expert k
25

|
*D»DAD*

coarse index

Sampler with Mixture-of-Experts Feed-forward Refinement  human image
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FRAMEWORK OF TEXT2HUMAN (@) SiSSharH 2022

Text for Clothes Textures
A T-shirts with pure color and long pants with pure color.

[0,0, 1, 0] Codebook 1 Codebook 2 Codebook k
[1,0,:0,0,0] 1127131 [n 101203 --fn 11213 «/n
[0,0,0, 1]
one-hot

e A lUES texture-aware codebooks

| |

Stage |: Pose to Parsing

Expert 1
1368

Expert 2 index

> router = 9/2/47 — ~ prediction

Expert k
25

coarse index

Sampler with Mixture-of-Experts Feed-forward Refinement  human image
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FRAMEWORK OF TEXT2ZHUMAN

Text for Clothes Shapes
A person with short-sleeve T-shirts and long pants.

[0,1,0,0]

fsha
pe
[1;01501010] b_)_,E_> —>E—>
[0,0,0,1]

one-hot

Attribute Embedding Module

shape attributes

|
*D*QQQ*Q»

human pose Pose-to-parsing Module human parsing

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.
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Stage II: Parsing to Human




INTERACTIVE USER INTERFACE

Text2:Human

Load Pose

Save Image

Generate Parsing

Generate Human

Uploaded Human Pose

TextZHuman

User provided
text for shape

User provided
text for texture

Synthesized Human Image

Synthesized Human Parsing

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.
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@ Parsing Palette
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top

skin

outer

face

skirt

hair

dress

headwear

pants

eyeglass

rompers

footwear

B B [ = N

H E R R R B

leggings

ring

belt

neckwear

wrist

socks

tie

necklace

earstuds

bag

glove

background
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DEEPFASHION-MULTIMODAL DATASET
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DEEPFASHION-MULTIMODAL DATASET

@ SIGGRAPH 2022
VANCOUVER+ 8-11 AUG

44,096 high-resolution human images, including 12,701 full body human images

manually annotated the human parsing labels
DensePose for each human image

manually annotated the keypoints

manually annotated with attributes

textual description

§
&

N—

human image human parsing densepose key points

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.

shapes:

sleeve length: sleeveless
lower length: three-point

hat: no

socks: no

wrist accessory: yes
belt: no

neckline: suspenders
neckwear: no

Textures:

upper: cotton, graphic
lower: cotton, graphic
outer: NA.

labels

The upper clothing has
sleeves cut off, cotton
fabric and graphic
patterns. The neckline
of it is suspenders.
The lower clothing is
of three-point length.
The fabric is cotton,
and it has graphic
patterns. There is an
accessory on her wrist.

textual descriptions




SIGGRAPH 2022
EXPERIMENT VANCOUVERS  8-11 AUG

denim outer, seven-point and pure

pure color upper clothes with a
color pants

floral upper clothes with a pure
color outer, three-point jeans

Parsing Pix2PixHD SPADE MISC HumanGAN Text2Human

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.




EXPERIMENT (@) SiSSharH 2022

6 35
5 { 3 T I
T 25
4
2
3 L L
‘|V 15 L
2 4
1
1 05
0 0
Pix2P xHD SPADE MISC Human GANText2Human Pix2PxHD SPADE MISC Hu man GAN Text2Human

(a) photorealism (b) texture consistency score
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TextZHuman T

'I_GX'i”Z:HMWWVI Describe the shape Describe the textures.

Load Pose Generate Parsing i %: o) Pa PSbV\zg\ Palette
Save Image Generate Human
top leggings
Modify the desired texture by texts,, ——
j outer _ belt
B face B neckwear
[] skirt B wrist
. hair B socks
dress B tie
[] headwear necklace
[ ] pants E] earstuds
B eyeglass B bag
j rompers [:] glove
[ ] footwear B background




TextZHuman

Text2 - Humav Describe the shape. Describe the textures ——
== Manually add more detalls on the generate human parsthglothes attribute
Modify the desired clothes shape by texts| .. = —
3 O outer O] ber
B e B neckwear
L] skirt B wrist
B rair B socks
[] dress B tie
[] headwear B neckiace
[] pants B earstuds
B eyeglass B bag
[] rompers B glove
[] footwear B background




@ SIGGRAPH 2022
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MORE SYNTHESIZED HUMAN IMAGES
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VANCOUVER+ 8-11 AUG

SIGGRAPH 2022
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SUMMARY

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.

Task
Controllable Human Image Generation

TGX""Z#MMQW Describe the shape. Describe the textures.
= —— A short-sleeve T-shirt, long pants pure coler T-shirt, denim pants @ P YS’Lng PaLettf
Save Image Generate Human
] top B leggings
S [ skin [l ring
—| outer [—| belt
B face B neckwear
] sk wrist
B hair socks
[] dress B e
_| headwear - necklace
:] pants |:| earstuds
B eveslass B bag
J rompers I:‘ glove
[] footwear B background

@
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SIGGRAPH 2022
SUMMARY (@) SiSSharH 2022

Text2Human

Text for Clothes Shapes Text for Clothes Textures

A person with a short-sleeve T-shirt and long pants. A and
[0, 1,0, 0] [0,0,1,0] Codebook 1 Codebook 2 Codebook k
[1.0,0,00] |_ Jlol |0y |0 _» fohape [1,0,0,0,0] 1.2 3 . n W ENENR 1.2 3 = n
: O . O 5
[0,0,0, 1] i [0,0,0, 1]
one-hot one-hot
shape attributes Attribute Embedding Module texture attributes Texture-Aware Codebooks
l | I
l l Expert 1 =
1/3/6/8
Expert 2 ind
— |2 — P elE
—» —» —-» —» . .
|:| |:| |:| |:| U 9121417 prediction > o
‘ ‘ f Expt::rt k
T 25 . 1.
coarse indices
human pose Pose-to-Parsing Module human parsing Sampler with Mixture-of-Experts Feed-Forward Refinement human image
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SUMMARY

ion-Multimodal

DeepFash

2022 SIGGRAPH. ALL RIGHTS RESERVED.
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CODE AND MODELS
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TEXT-DRIVEN IMAGE GENERATION (@) SSSrarH 2022

DALL-E [ DALL-E 2 [2

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.


https://openai.com/blog/dall-e/
https://openai.com/dall-e-2/
https://imagen.research.google/

TEXT-DRIVEN 3D GENERATION (@) SSSrarH 2022
CLIP + DIFFERENTIABLE RENDERING
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Dream Field [1] Text?Mesh [2
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https://openai.com/blog/dall-e/
https://ajayj.com/dreamfields
https://openai.com/dall-e-2/
https://threedle.github.io/text2mesh/

WHAT ABOUT TEXT-DRIVEN AVATAR @ SICRAPH 2025
GENERATION => NOW WE HAVE AVATARCLIP VANCOUER BT Aue

I would like to | want to generate a | want to generate
lwant to generate a enerate a skinny tall and skinn an overweight
tall and fat g ] . 3 )

that is raising that is that

that is running. ) .
& — & arms. 8 arquing. 8 Is sitting.

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.




TEXT-DRIVEN 3D GENERATION (@) SSSrarH 2022
CLIP + DIFFERENTIABLE RENDERING

Cosine Distance

l(‘i ‘\‘ ‘ ‘ p $D$ @ @ @ t: ‘M”

CLIP Image CLIP Text
Encoder Encoder

a) Differentiable Rendering b) Optimization guided by CLIP

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.




AVATARCLIP: HOW IT WORKS (@) SSSrarH 2022

A) STATIC AVATAR GENERATION B) MOTION GENERATION

Shape Description: “a tall and fat man” Motion Description: “running”

- “Iron Man”

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.



AVATARCLIP: DETAILED PIPELINE (@) SSSrarH 2022

t

shape = 0 tall and fat man”

a) Static Avatar Generation

My = {V;, F¢} N ={f(p), c(p)} N’ = {f(p), c(p), cc(p)} M(6) = {LBS(Vy,0),F,C}
Coarse Shape Mesh Shape Sculpting and Texture Generation in Marching Cube & Get the
Generation the Implicit Space Animatable 3D Avatar

totion = “runnin

b) Motion Generation

Candidate Poses Generation Reference-based Animation with Motion Prior Final Animated 3D Avatars

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.



AVATARCLIP: TO THE IMPLICIT SPACE (@) SSSrarH 2022

IO

Color Network

// ,

N = {f(),c(p)} o _
Mesh NeuS Implicit Function
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AVATARCLIP: SHAPE SCULPTING AND TEXTURE @
GENERATION

C(o,v) = j wtle(p(®)dt  => |I}'|=> Ly
0 A

~

n(o, v) =f w(@OVf(p(®))dt => |I, E;IEOLG:: E
0 7'y

- —

Caray(0,v) = A+ D xn(o,v) -l => |

g %‘> $I
© vy |
Cc(o,v) :j w t)Cc(p(t)) dt —=> IC vy w

0 CLIP Image ‘chlip Lglip

Additional Encoder
Color Network

a) Rendering the Implicit 3D Avatar N' = {f (p), c(p), c.(p)} b) Optimization Examples of Intermediate Results

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.




AVATARCLIP: OPTIMIZATION PROCESS (@) SiSSharH 2022

A) RANDOM BACKGROUND SEGMENTATION B) SEMANTIC-AWARE PROMPT AUGMENTATION

2) White

“the back of 7

3) Gaussian 4) Chess Implicit 3D Avatar N’ = {f (p), c(p), cc(p)}
Noise Board

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.



AVATARCLIP: DETAILED PIPELINE (@) SSSrarH 2022

t

shape = 0 tall and fat man”

a) Static Avatar Generation

My = {V;, F¢} N ={f(p), c(p)} N’ = {f(p), c(p), cc(p)} M(6) = {LBS(Vy,0),F,C}
Coarse Shape Mesh Shape Sculpting and Texture Generation in Marching Cube & Get the
Generation the Implicit Space Animatable 3D Avatar

totion = “runnin

b) Motion Generation

Candidate Poses Generation Reference-based Animation with Motion Prior Final Animated 3D Avatars

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.



AVATARCLIP: CANDIDATE POSES GENERATION

@ SIGGRAPH 2022
VANCOUVER+ 8-11 AUG

A) POSE VAE (VPOSER) B) CLIP-GUIDED CANDIDATE POSES QUERY

4 : ”
tootion = —running” —=> IB!

norm(f;)

-norm(fr )¢

-}\
Vo
4—
~U)
Il
_
|

Reconstruction

Code-book

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.

CLIP Encoders
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OVERALL RESULTS

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.




AvotorCLIP

Create Your Own Avetor
withy Natuwral Languages!

Shape

Describe the Shape

A

Renderer Controller

(J Vertex Color
(J Wireframe
() Normal



CONTROLLING & CONCEPT MIXING ABILITIES (@) SSSrarH 2022
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1. Superman 1. Iron Man

2. the face of Bill Gates 2. the face of Steve Jobs Steve Jobs in White Shirt

< : < '
Alien Bill Gates  Bill Gates Wearing Batman Suit Robot Bill Gates Zombie Steve Jobs Zombie Iron Man

© 2022 SIGGRAPH. ALL RIGHTS RESERVED. 42



QUANTITATIVE RESULTS: USER STUDY (@) SSSrarH 2022

A) STATIC AVATAR GENERATION B) MOTION GENERATION

i) Optimi @ (iii) Real NVP M Interpolation [ Baseline @ Ours
® Dream Field O Text2Mesh @ Ours (i) Optimize on @ (iii) Real NV p

ii) Optimi VP 1
1.0 - I (ii) Optimize on VPoser
L

0.8 0.8 0.8 [ [
0.6 0.6 0.6 \ l

-

. 0.4
0.4 0.4 T
0.2 0.2 -[
0.2 | | I | ‘ 1
0.1865 || 0.9385 0.1793 || 0.9520 0.1701 || 0.9509 0 -L -L 0 -
0.0 (i) (i) (iii) Ours Consistency Quality
Consistency with Text ~ Texture Quality Geometry Quality

(a) Candidate Poses Generation (b) References-Based Animation

© 2022 SIGGRAPH. ALL RIGHTS RESERVED.
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CODE AND MODELS
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- - TECHNOLOGICAL S-LAB
Motion Collection ?w po
i o
L p - 1. EXxpensive
' 2. Time-consuming
rA & A 3. Not User-friendly
Manual Editing Motion Capture Gallery

1. Cheap
Efficient
3. User-friendly

N

Human Mesh Recovery Conditional Motion Generation




Text-driven Motion Generation 9% liniioo | STLAB

SINGAPORE INTELLIGENCE

A person is walking Generative —_—
8 around Model

: : Generative
A person is boxing —_— —_—
Model




e

1
2
3
4

—

Classical Motion Generative Model

Training : both branches (z Mand z
Motion Decodcr My,

Test time : only the text branch (z ’)

i =
o
®1 e Q) e O f
Positional Eneodings &
Sampling from A (M, M) —» z 7' — Samphng from A (T, ZT) :_3
t t 1 B
MM #T 5T E]
t 1 1 1 g
Motion Encoder .#,,,. Text Encoder 7, Z

t T 1 1 1 t 1

ﬂlglen mﬁm ﬂlfkm zz;hn -

1 1 t
DistilBERT
1 1 !
W, - W, - Wy

walking in circle
TEMOS[H (VAE)
z
| =z I zio | zhl I
Affine (ouphno P
& t
= Net A
) b | blo | bhl |

T c

MoGlow!! (Normalization Flow)

Gaussian
Noise
e J?n \-.

NANYANG
M TECHNOLOGICAL S-LAB
\9.:’51 UNIVERSITY FOR ADVANCED
" SINGAPORE INTELLIGENCE

Real | fake

/ Generator

PR EL’W‘(R })\‘ { ﬂ
G AN

MoDil2l (GAN)

Implicit
Representations

Representation
Distribution

Groundtruth

X1

sz

action representation
parameters shared by all
sequences of action class “sit”

sequence representation
parameters shared by all
frames in a sequence

5507 UDIIINIISUCIAY

-E-

gradient®

INRMI (Implicit Function)

Issues: 1) Hard to model complicated motion sequence 2) Lack of diversity

Petrovich M, et al. Temos: Generating diverse human motions from textual descriptions. ECCV 2022

Sigal R, et al. MoDi: Unconditional Motion Synthesis from Diverse Data. ArXiv 2022

Henter GE, et al. Moglow: Probabilistic and controllable motion synthesis using normalising flows. TOG 2020
Cervantes P, et al. Implicit neural representations for variable length human motion generation. ECCV 2022
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Motion Generation with Diffusion Model 9 BRI | 2o

Diffusion Process

Add Noise Add Noise Add Noise
> e o0 o0 -_—
Xo ~ q(Xo) p(x1) = N (x7;0,1)
Reverse Process
Denoise Denoise Denoise
— — oo o —

Xo ~ q(Xo) p(x1) = N (x7;0,1)




Framework

Diffusion Process

|
(IR |\

AN

Motion Sequence Xy ~ q(Xg)

A person

——

€ ~N(0,I)

b2 Q-

q(Xelxp) = Ja@rXo + /1 —

o | > —Q+—— ¢~ Uniform({1,2, .,

o

w NANYANG
TECHNOLOGICAL

9.5‘ UNIVERSITY

SINGAPORE

S-LAB

FOR ADVANCED
INTELLIGENCE

-----------------------------------

D Embedding ' Stylization Block

@ Positional Embedding
® Element-wise Addition

------------------------------------

e

T3)

J Challenge:

walks fast
4 steps

=

Reverse Process

.
* 4 ‘

. .« .® ®,*
. ° (]

. .o .

)

— sese

p(x1) = N(x1;0,1)

Transformer

L=lle-e&ottex) I 1 Variable length
! 2. Fusing timestep

»jr—-efa(xt,t,text) 3. Improve efficiency

¢

— t o

-

( _ 1 Eg(xt ttext))
1 - at ‘

t — 1,xt_1 —_— e




NANYANG
m, > tecHnoLosica. . S-LAB

Cross-Modality Linear Transformer §%) IRESN | n e

Text Encoder [I @—O ¢ Motion Decoder
A person
walks fast ©
4 steps

Self- Cross
“| Attention Attention @' FEN (D> € (x, t,text)

I I I Motion Decoder Layer x N

Motion Feature

Motion Embedder

Embedding
Layer
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Linear Self-Attention 85 Natgteon | LA,

[ o —————— [ pom T “
I' © Softmax { ® Softmax

i i
—> E (X Matrix dot-product i & Matrix dot-product

- — -

J
®
|

I 1
H D Linear projection H D Linear projection
{ proj Q(n x dy) \ prel

V(n xd)

~
~

~ -

S —— — ———————

/ \
/ \

_>®_,

K(Tl X dk) Y(Tl X dk)

A 4
v
v
7
v

X(n X dk) K(n X dk) Y(n X dk) X(Tt X dk)

[\
/ \

A 4 ) 4

- > —(X)—> »(© > — ()
1]
— Q(n X dk) F(n X n) — V(n X dk) Fg(dk X dk)

Classical Self-Attention Linear Self-Attention
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Visualization §7 Uiigren | SLAB,

IR ER AL

a) Kicking and punching b) Jumping and raising arms

% 3 Lo

ARRARRRRRARRANA

c) Looking around and then calling on a phone with right hand

VY Y Y Y LIARRERAR

d) Tying the shoe, standing up and then walking forward







SINGAPORE INTELLIGENCE

Examples o2 e | S-LAB

a person spins quickly and takes off running. #29

prompt

a person spins quickly and takes off running.
length 29
ol )

Clear Submit

the man turning around and happy about the acceptance of

CVPR #134
prompt
the man turning around and happy about the acceptance of CVPR
length 134
—

Clear Submit




EXT] NANYANG
TECHNOLOGICAL S-LAB

-
Online Demo Q) INveRsiTy
Y SINGAPORE INTELLIGENCE

MotionDiffuse: Text-Driven Human Motion Generation with Diffusion Model

This is an interactive demo for MotionDiffuse. For more information, feel free to visit our project page(https://mingyuan-zhang.github.io/projects/MotionDiffuse.html).

output

prompt the man throws a punch with each hand. #58

the man throws a punch with each hand.

length 58

o——) ﬂ
Clear Submit r\
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xt-driven Content Generation tj B DREGU. KOPLA

Imagenl!] DALL-E!2 DreamFusion(3!

[1] https://imagen.research.google/

@ ‘ ’ [2] https://openai.com/dall-e-2/ ‘
[3] https://dreamfusion3d.github.io/



https://imagen.research.google/
https://openai.com/dall-e-2/
https://dreamfusion3d.github.io/

about creating the environment? B e i

The surrounding environment is also important to
an immersive VR experience.

l

Full field of view (360°) — Panorama
Realistic illuminations — HDR
High-quality textures — 4K resolution

( LDR — Low Dynamic Range, [0, 255] ‘
) HDR - High Dynamic Range, [0, +]



SIGGRAPH ASIA
2022 DAEGU, KOREA




TeXtZng ht t 2 SIGGRAPH ASIA
An Overview 3 2022 DAEGU, KOREA

‘ {“Ocean waves crashing on shore under blue

Discrete N B ! and white cloudy sky during daytime”
Representation . L ol =
Text-conditioned g9
Gt — s 9 %
Representation P Text Embedding CLIP c o
Patch Global Codebook @ 2 qc)
Correspondence Holistic _"—c' 2
Condition LDR Panorama in 1K &L
Local Codebook XS
2 2
Spherical Positional 1N 2 n ST aware e
Encoding (SPE |::> |::> = o
g (5PE) Local Sampler o

[ 1

SPE

II. Super-Resolution
Inverse Tone Mapping

Structured Latent Codes SR-iTMO HDR Panorama in 4K+




Text2Light _ tj SIGGRAPH ASIA
Stage |: Text-driven LDR Panorama Generation B . VIKOREA

& {“Ocean waves crashing on shore under blue ]

Discrete & and white cloudy sky during daytime”
Representation g
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