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SKIN WRINKLES

FACIAL HAIR

FACIAL MICROEXPRESSIONS

KEY ASPECTS ON FACIAL REALISM
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Code the facial wrinkle and hair spaces without any 

training data nor user interaction

Fast and accurate recovery of facial wrinkles and 

wounds

Handle detailed reconstruction under uncontrolled 

general lighting

CONTRIBUTIONS

SKIN
DETAIL
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Robust parametrizable model for facial hair

New formulation to retrieve facial hair geometry from a 

single RGB image
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Transfer expressions from 2D-to-3D in a dense manner, 

without the use of a user-specific low-rank model

Transferring new expression wrinkles adapted to the 

source geometry

Holding the facial detail consistency on expression 
transfer

Animate facial hair in a simple manner

CONTRIBUTIONS

FACIAL
EXPRESSIONS
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Detailed facial rig with wrinkles and facial hair, modelled by Chao Dong

PART IDETAIL



1

SKIN WRINKLES



MODEL BASED:   A priori information required, >time

Romdhani05, Huber16, Jiang18

RELATED WORK

DATA DRIVEN:   A priori data required, low rank

Suwajanakorn14, Agudo17, Agudo19

DEEP LEARNING:   Even more data required, training setups

Richardson16, Richardson17, Jackson17, Chinaev18, Tuan Tran18

OUR METHOD:   Unsupervised, does not require a priori information nor data
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NO DATA

FAST
CHEAP

How much far 
can we achieve?

PURPOSE

FAST

EASY

UNSUPERVISED

NO TRAINING REQUIRED

NO GPU

WITH ANY REGULAR CAMERA

ANY ILLUMINATION CONTROL
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SCHEME
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INITIALIZATION

𝜌𝑖 as MEAN COLOR

RECOMPUTE 𝒍

RECOMPUTE 𝜌𝑖

1

2

3

Repeat until convergence
JBAT17Jackson17
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1

Input Image

I N I T I A L  

I M A G E

2

dx dy

D E R I V A T I V E  

R E S P O N S E

3

Thresholding

8-connections

W R I N K L E  

S E G M E N T A T I O N

WRINKLE DETECTION
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WRINKLE MODELLING
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P O L Y N O M I A L

F I T T I N G
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WRINKLE MODELLING
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W R I N K L E  

P R O P E R T I E S
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d · DT

z

x

WRINKLE MODELLING
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P H O T O M E T R I C  

D E P T H  

E S T I M A T I O N
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RESULTS

Jackson17
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OUR METHOD

Jackson17

Garrido13

INPUT

RESULTS
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RESULTS
C l o s e  U p

OUR METHOD

Garrido13

TEMPORAL PRIORS

200K Points

SINGLE IMAGE

20K Points
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Reconstruct wrinkles from a single image

Easy and fast wrinkle modelling

No training data is required not a priori information

Our method may fail with strong cast shadows, severe occlusions, and strong textures4

CONCLUSIONS
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FACIAL HAIR



BEARDS ARE A DISTINCTIVE FEATURE

HISTORICAL
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FASHION CULTURAL

BEARDS ARE A DISTINCTIVE FEATURE
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Paris04

Paris05

Wei05

Jakob09

Chai13

Luo13

Hu14 

Yu14

Hu15

Chai15

Chai16

Zhang17

Chen18

Hachmann18

Zhou18

Beeler12

HAIR / HAIRSTYLE 
RECONSTRUCTION 

FACIAL HAIR 
RECONSTRUCTION 

HOWEVER THEY ARE NOT QUITE POPULAR
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STEREO:   Calibrated Multicamera Setup

Paris04, Paris08, Wei05, Jakob09, Beeler12

RELATED WORK

ACTIVE LIGHT:   Requires Specific Setup

Chen18, Hachmann18

DATA DRIVEN:   Requires large amounts of data, low-rank

Hu14, Hu15, Luo13, Zhang17

OUR METHOD:   Single Image, does not require any training data

DEEP LEARNING:   Even more data required, training setups

Chai13, Chai15, Chai16, Zhou18
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SCHEME
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TEXTURE ANALYSIS
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TEXTURE ANALYSIS
36



HAIR TRACES + CLUSTERS
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1 SIZE (LENGHT + WIDTH)

[𝑙,𝑤]

2 CURVINESS

[𝑟, 𝜃]

3 GRAVITY-LIKE EFFECT

[𝑔]

PARAMETRIC HAIR MODEL
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3D-Helix

Gravity-like effect

Parameters: 𝑙, 𝑤, 𝑟, 𝜃, 𝑔, (𝑠)

PARAMETRIC HAIR MODEL

3D-Helix Gravity-like 
effect
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𝜀total = 𝜀len + 𝜀𝑜𝑟𝑖 + 𝜀𝑡𝑖𝑝 + 𝜀𝑐𝑢𝑟

ENERGY MINIMIZATION
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41



𝜀𝑜𝑟𝑖 =෍

ℎ

||𝑡𝑎𝑛−1
𝑝𝑙𝑦
ℎ − 𝑝0𝑦

ℎ

𝑝𝑙𝑥
ℎ − 𝑝0𝑥

ℎ − 𝑡𝑎𝑛−1
𝑓𝑙𝑦
ℎ − 𝑓0𝑦

ℎ

𝑓𝑙𝑥
ℎ − 𝑓0𝑥

ℎ ||2
2

𝜀total = 𝜀len + 𝜀𝑜𝑟𝑖 + 𝜀𝑡𝑖𝑝 + 𝜀𝑐𝑢𝑟

𝑝𝑙𝑥
ℎ𝑝0𝑥,𝑦

ℎ 𝑓𝑙𝑥
ℎ𝑓0𝑥,𝑦

ℎ

𝛼𝑝 𝛼𝑓

𝑝𝑙𝑥,𝑦
ℎ 𝑝𝑙𝑥,𝑦

ℎ

o r i e n t a t i o n

ENERGY MINIMIZATION
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𝜀𝑡𝑖𝑝 =෍
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ℎ ||2
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ENERGY MINIMIZATION
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ADD FURTHER REALISM

A p p e n d i n g  H a i r  D e n s i t y

S m a l l  R a n d o m  V a r i a t i o n s
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RESULTS

S y n t h e t i c  E x p e r i m e n t
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RESULTS

S y n t h e t i c  E x p e r i m e n t
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RESULTS

R e a l  D a t a
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RESULTS

R e a l  D a t a
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RESULTS

R e a l  D a t a
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RESULTS
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RESULTS

R e a l  D a t a - C l o s e  U p

Eyelashes Soft Beard Frida Kahlo 
Eyebrows

Medium density 
mustache
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Beeler12 Ours

RESULTS

C o m p a r i s o n  w i t h  B e e l e r 1 2
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3

Easy and intuitive modelling

Any data is required nor a priori information

May fail with strong orientation changes, and depends

on the quality of the individual hair tracing

CONCLUSIONS
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Blending shapes expressions developed by the digital artist Francesco Lupo

PART IIEXPRESSIONS



3

EXPRESSION

TRANSFER



INTRODUCTION
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MARKERS SETUPS

RELATED WORK – MOTION CAPTURE

OPTICAL MARKERS:

Bickel07

LIGHT PATTERNS:

Weise11
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MARKERLESS SETUPS

RELATED WORK – MOTION CAPTURE

LINEAR OPTIMIZATION

Cao13

MULTILINEAR OPTIMIZATION

Vlasic05, Cao14

MULTIVIEW STEREO

Beeler10, Bradley10

RGB-D

Bouaziz13, Thies15
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RELATED WORK – EXPRESSION TRANSFER

2D-to-2D

Thies15, Averbuch-Elor17 

3D-to-3D

Sumner04

2D-to-3D

Thies16 (low-rank, no detail)

OUR METHOD (2D-to-3D)

No low-rank restrictions

Full detail
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𝑊 =
𝑤1
1 ⋯ 𝑤1

𝑁

⋮ ⋱ ⋮
𝑤2𝐹
1 ⋯ 𝑤2𝐹

𝑁
,

PRE-PROCESSING

F r o m  R G B  t o  3 D  m o d e l

1

I N I T I A L  V I D E O

2

𝑊

O P T I C A L  

F L O W

3

𝑊 → 𝑊𝑟

O V E R R E A C T E D  F R A M E S  

R E M O V A L
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𝑊𝑟 = 𝑅𝑆𝑇(0)

PRE-PROCESSING

F r o m  R G B  t o  3 D  m o d e l

4

M A T R I X  

F A C T O R I Z A T I O N

5

D E L A U N A Y  

T R I A N G U L A T I O N

6

S H A P E  M E S H

𝑆𝑇(0)
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SCHEME
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TARGET SOURCE

MAPPING PROCES 

L o w  R e s o l u t i o n  C o r r e s p o n d e n c e

6 8  F A C I A L  

L A N D M A R K S

1 0 1  T R I A N G U L A R  

R E G I O N S
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𝜇 𝑣𝑡
𝑖 , 𝑡𝑗

𝑛 = ൝
1, 𝑖𝑓 𝑵( 𝑡𝑗

𝑛+1 − 𝑡𝑗
𝑛 × (𝑣𝑡

𝑖 − 𝑡𝑗
𝑛))

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

I n s i d e - O u t s i d e  F u n c t i o n

SUB-REGION CLASSIFICATION
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SUB-REGION CLASSIFICATION

G r a p h i c a l  R e p r e s e n t a t i o n

101 regions

C O A R S E  

C L A S S I F I C A T I O N

k regions

F I N E  

C L A S S I F I C A T I O N
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SUB-REGION CLASSIFICATION

M a t h e m a t i c a l  R e p r e s e n t a t i o n
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ℳ:𝒗𝑠
𝑖 ′ = 𝑻𝐶𝑇

𝑘
ℰ 𝑻ℱ|

−1
𝒗𝑡
𝑖 − 𝒕3 + 𝒄3

𝑘 + 𝒅 (−𝑵)

ℳ−1: 𝒗𝑡
𝑖 ′ = ℰ 𝑻ℱ| (𝑻𝐶𝑇

𝑘
)−1 𝒅𝑖

′ 𝑵 − 𝒄3
𝑘 − 𝒅 + 𝒕3

MAPPING FUNCTIONS

REGULAR

INVERSE
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EXPRESSION TRANSER

𝐸 = ෍

𝑙=1

𝐿
1

𝜔𝑙𝜔𝑑
෍

𝑖∈𝑉

෍

𝑗∈𝑁𝑖

𝑠 𝛼 𝑖 − 𝑠 𝛼 𝑗
2

S m o o t h i n g  E n e r g y
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2

4

2D-to-3D facial expression transfer

Unsupervised approach, robust, efficient, and dense

No training data is required and it has
no unreachable expression

CONCLUSIONS

It can handle topology changes, different mesh 
resolution, and noisy data

3
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4

THE COMPLETE 

PIPELINE



INTRODUCTION
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CONCERNS

1

2

Wrinkle preservation on expression and appending of further expression wrinkles

Hair recovery and the effect of orientation on details

Hair animation on expression3

→ Solved on Expression Transfer Chapter

→ Link hair root to corresponding fine-triangle

→ Extract displacement vector and orientation variation from the mesh

𝒏ℎ

𝒏ℎ + ∆𝒏
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RESULTS (SYNTHETIC EXPERIMENT)
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RESULTS
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RESULTS
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RESULTS (REAL DATA)
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Lifelike rendering of Siren by Epic Games artist

PART IIICLAUSULA  
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2

4

Reconstruct detailed faces from a single RGB image (including WRINKLES and FACIAL HAIR)

Retrieve person-specific details (scars, aging, characteristic facial hair, etc.)

Efficient, fast, and easy to use/implement (works with few parameters) 

3 Any data is required nor a priori information

CONCLUSIONS

86



5

6

8

Unsupervised 2D-to-3D facial expression transfer method

It can handle topology changes, different mesh resolution, and noisy data

Any training data is required and it has any unreachable expression

It keeps original detail and animates facial hair fibers7

CONCLUSIONS
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1

2

4

Generate synthetic faces through reconstructing faces from the wild (combine detail, facial hair, 
and expressions)

Achieve better representations of facial detail holding the speed and time budget performance 
(higher order + skin texture)

Build a transferable set of micro expressions centered on blinking wrinkles and 
eyebrow hair animation

Naturalness of hair density and crossings with credible representations. Especially on eyebrows and 
eyelashes

3

FUTURE PERSPECTIVE
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