3D face reconstruction from a single 2D image
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Morphable Model
— Problem Analysis

* Building the morphable model
— lll-posed problem



Morphable Model
— Problem Definition

Search for corresponding point in reference face to
example face model

- Assume all models aligned
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— r : 3D surface point in the reference face.

— {pi} : Set of 3D surface points in the example face model.
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- X : 3D surface point in {pi} that best matches I



Morphable Model

— Problem Definition

e Problem Definition

— Let W(y) be a known function that defines a window of points
centered at y.

— Let S(y) be a known function providing shape information at y.
— Let C(y) be a known function providing color information at y.

Hence, problem is to find the point x on the example face that
minimizes E:

E=4 2 ICE)-CIIF+4s D NIS(r)-S(p)If

W (1), preW (x) W (1), py W (x)

where ﬁp,ﬁc As are weighting factors
And X€R(r) where R(I) defines a region around r



| Morphable Model
— Algorithm

3 o Search Process

Reference Example

 C(y) — RGB values

*5“ « S(y) — Gaussian Curvature



Morphable Model
— Algorithm

* Enhancement

4 N e N e
Feature Detection Matching Interpolation

*By Gaussian Curvature Interpolation
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Morphable Model
— Algorithm

« Deformable Model

Morphable Model Representation




Morphable Model
— Results

e +ve

3%
3%

Reference Example "

B .___\‘-‘-. S o ....\‘_‘_. 5

I—.
]
"-
&
=1

A
=

o
>

X o

<

w
LI
- )
=]

o
>

X o

il




Morphable Model
— Results
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Morphable Model
— Results
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Morphable Model
— Results
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Morphable Model
— Results
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Model Fitting
— Problem Analysis

Input

Single 2D facial image.

. Contains unwanted regions
[llumination, Pose, Camera
Assume no facial artifacts
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Def'orm'able Model
. Interact with surroundings
. Within Face Space

Output

\_

»
»

3D face model of person in image(s)
. Should look like the person

. Limited angle of view
J




Model Fitting
— Problem Definition

Registration of a deformable model to an image with
known correspondences

* Inputs
— Set of 2D points, {ej}, on the 2D input image.
— Set of 3D points, im,} , on the deformable model

* Outputs
— |m} , the deformed version of {m,}



Model Fitting
— Problem Definition

 Problem Definition
— Let f be a known correspondence function from {mi}tO {ej},
e f(m)ee,|
— Let D be a deformation function such that optimally m, = D(m.)
— Let T be a rigid transformation function on the model
— Let P be a known projection function on the model

— Let R be a rendering function on the model which includes camera
intrinsic params and illumination params

— Let S be a known function providing shape information.

_ Hence, problem is to find D, T and R that minimizes E:
] ' E=2>[IP(RT(D(M,)))) - f(m)|I* A=A HSm)=S(D(m,) |

where 1 is a weighting factor




Model Fitting
— Algorithm

» Optimization Process
— Stochastic Newton Optimization [2] [9]

Morphable Model Rendering
Parameters

ePose

elllumination

eCamera Params

eEtc...

» Difference, Ol
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Model Fitting
— Results
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| Model Fitting
— Results




Model Fitting

— Results




Summary

* Accuracy dependant on how well variance is captured in 3DMM
— Database must be large and well distributed.

i+ Comparison with Blanz and Vetter [1]

This

Blanz & Vetter [1]

3DMM has curvature

3DMM only by position and texture

3DMM - 90 faces

3DMM — 200 faces

~10mins

~4 .5mins

ﬂ:‘ Texture dependant on 3DMM

Texture extracted from image
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