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1 Abstract

Aim

3D reconstruction (= normal estimation) from several

pictures of an ob ject under di�erent lightings (same

p oint of view)

Main idea

� Learn the normals on a simpler ob ject

Why ?

� Avoid �nding a re�ectance mo del (Lamb ert's law, Phong mo del...)

� Separate cast-shadows from self-shadows

How ?

� Intro duce a sphere with the same re�ectance prop erties as the ob ject's

� Directly estimate the sphere normals on each pixel

� For each pixel on the ob ject, �nd the �closest� pixel on the sphere

� Attribute the same normal to the ob ject's pixel as the sphere's closest

pixel

To ols

� Machine learning techniques

� Principle Comp onent Analysis to reduce the data size

� Nearest Neighb or search
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2 Traditional photometric stereo

� Normal estimation

� Alb edo map

� Lighting vectors are needed !

Mo del assumption

Lamb ert's law

I i (x; y) = � (x; y) S i � N (x; y); i 2 [1; n] (1)

Parameters

� n : numb er of di�erent lightings

� (x; y) : pixel lo cation in images

� I i (x; y) : intensity (greylevel)

� � (x; y) : alb edo

� S i : lighting vector

� N (x; y) : normal

Resolution

Assuming M (x; y) = � (x; y) N (x; y) , equation (1) b ecomes :

I i (x; y) = S i � M (x; y); i 2 [1; n] (2)

A solution is given by :

M

� (x; y) = S

+
I (x; y); (3)

Finally : 8
<

:

� � (x; y) = kM

� (x; y)k

N

� (x; y) =
M

� (x; y)
kM

� (x; y)k
(4)

3 Photometric stereo using machine

learning techniques

Data

� n pictures of an unknown ob ject

� n pictures of a reference ob ject (sphere)

� Assumptions :

1. Same p oint of view and same lighting for b oth ob jects

2. Both ob jects must me made of the same material

Main idea

� Two pixels that re�ect light the same way have the same normals

� For each pixel (x; y) , we de�ne a vector

V(x; y) = [ I 1(x; y); I 2(x; y); :::; In(x; y)] where I i (x; y) is the inten-

sity of the pixel under lighting i

� Nearest-neighb or search : for each pixel of the ob ject, �nd the �closest�

pixel of the sphere (Euclidian distance)

� Attribute to the ob ject's pixel the same normal as the sphere's closest

pixel

� (Integrate normal �eld to get the shap e)

4 Data size reduction : PCA

Principle

� Hertzmann's metho d : NN-search on vector of size n

� works well if n small...

� PCA ) base of n principle comp onents

� Pro jection on the p �rst comp onents and NN-search on those �small�

vectors

Test on real data

Learning images

Test images

Reconstruction with

Hertzmann's metho d

Reconstruction with

p = 5 comp onents

CPU

and RMSE

Metho d CPU (seconds) RMSE (pixels)

Hertzmann 608 0:0
PCA ( p = 7 ) 518 0:116
PCA ( p = 6 ) 470 0:150
PCA ( p = 5 ) 392 0:164
PCA ( p = 4 ) 312 0:214
PCA ( p = 3 ) 238 0:265
PCA ( p = 2 ) 191 0:400
PCA ( p = 1 ) 170 0:911

5 Cast-shadows

Data

Problem

� Cast-shadows are not learnt on the sphere ) High distance � b etween

test data and closest learning data

� ) Bad estimation of normals in cast-shadow zones

Estimated normal

�eld around the

handle

Distance map �

� ) Cast-shadow detection using a distance treshold �

� If � > � , p erform NN-search again, using only the brightest pixels

Corrected

estimated normal

�eld around the

handle

6 Texture

Data

� Texture not learnt on the sphere ) High distance � b etween test data

and closest learning data

� ) Bad estimation of normals in textured zones using Hertzmann's

metho d

� Much b etter using PCA

Shap e with

Hertzmann's metho d

Shap e using PCA

Distance map using

Hertzmann's metho d

) alb edo

Conclusion

� Improvement of an existing photometric stereo metho d based on ex-

ample, allowing large data

� Di�erentiation b etween cast-shadows and self-shadows

� Texture is no longer a problem

Future prosp ects

� Colour images ?

� What if a pixel is in �normal� lighting in less than 3 images ?

� Cast-shadows often near shap e discontinuities : normal integration

in that case ?


