
Today

Photometric Stereo



Illumination and Shading

The point is in the shadow if L=0 

Is it a ball or a circle?

http://www.sketchwiki.com/shading/shading-sphere.phphttp://www.paulcarneyarts.com/shading.html

Shadow 

C: tells us the geometry of the object and the relative position to 

the light source

D: cause trouble for recognition



Shadows

Most shadows aren’t dark

Åbecause shadow points get light from other surfaces, not 
just light source

ÅCast shadow ïcreated by the blocker

ÅForm shadow ïon the side of object opposite to light

ÅCore shadow ïdark edge between the illuminated part and 
form shadow

Why cast shadow is darker?

http://www.paulcarneyarts.com/shading.html



Shadows Cast by a Point Source

A point that can’t see the 
source is in shadow

For point sources, the 
geometry is simple 

(Core shadow)

Form shadow



Shadows Cast by an Area Source

Area sources

ÅLarge, bright areas

ÅYield smooth, blurry shadows
ïPoints that can see the whole source are brighter

ïPoints that can see only part of the source are darker 
(penumbra)

ïPoints that can see no part of the source are darkest 
(umbra)



Shadows Cast by an Area Source

Penumbra: Points that can see only part of the source are darker 

Umbra: Points that can see no part of the source are darkest



Information from Shading

Recover some information about the world from shading

Åphotometric stereo (shape from shading)
ïrecover shape and albedo of surfaces from multiple shaded 

images

Årecovering surface albedo
ïfrom image data

ÅRadiometric calibration
ïhow much light is required to produce a particular number in the 

image

Applications in graphics: rendering of a scene with 
different illumination and different surface materials



Photometric Stereo

Assume:

ÅA set of point sources that are infinitely distant

ÅA set of pictures of an object, obtained in exactly 
the same camera/object configuration but using 
different illumination sources

ÅPictures taken based on an orthographic camera 
model

ÅA Lambertian object (or the specular component 
has been identified and removed)

What do we want

ÅReconstruct a patch of surface in 3D space



Example

Five synthetic images of a sphere with different sources



Fundamental Equation of Radiometric 

Image Formation

For a thin lens with diameter Ὠand focal length Ὢ, we 
have
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For small angular aperture, the image irradiance is 

proportional to the surface radiance.



Imaging Model

Assume a small aperture lens, fix the camera and the 
surface in position

Image value at ὼȟώ is 

Group the constant parameters together, we have

where Çὼȟώ ”ὼȟώ.ὼȟώ and Öὼȟώ Ὧ,ὼȟώ

Notice g(x, y) tells us about the surface, v(x,y) about the 
source and camera
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Can be measured



Normal and Albedo from Many Pictures

We take n photographs, using n different sources, and measure

We have

Least-squared estimation can be used to solve for

Albedo 
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Mask the shadow point

Should be in [0, 1]



Shape from Normals

Now we have

Ἒὼȟώ



Shape from Normals

How to calculate the surface normal at (x,y)? 

Å A 3D surface can be represented as a function of X and Y: 
ὤ Ὢὢȟὣ or Ὂὢȟὣȟὤ ὤ Ὢὢȟὣ π

Å Then the surface normal at ὢȟὣȟὤ is ​Ὂὢȟὣȟὤ for 
Ὂὢȟὣȟὤ π
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Shape from Normals

Assume we use the orthographic model

ὼ ὢand ώ ὣ
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Shape from Normals

Let the measured unit normal at ὼȟώ is 
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Reconstruct Depth Map

Using differential equation to approximate

Let the top-left corner of the depth map to be zero and 

then increase x and y with the step length of 1 pixel 

each time to construct the whole depth map
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”ὼȟώ Ἧὼȟώ Ἒὼȟώ ϳἯὼȟώ Ἧὼȟώ Reconstructed surface 

Example



Notes

Limitation on applying different illuminations

ÅCannot capture moving objects

In practice, we take multiple pictures using 
different camera or from different view 
points.

ÅA problem of feature matching to build 
correspondences across different pictures

ÅLow resolution of reconstruction

Take a single color image using 
multispectral lighting

ÅñVideo normalsfrom colored lightsò, G. J. 
Brostow, C. Hernández, G. Vogiatzis,, B. 
Stenger, and R. Cipolla, IEEE PAMI, 2011.







Reading Assignments

Chapter 2.3 – 2.5 (Forsyth and Ponce) for more 
related information



Early Vision on One Image

So far, we talked about image formation. Next, we 
will discuss early vision on one image

ÅLinear and nonlinear filters

ÅLinear and nonlinear filters for noise reduction

ÅLinear filters for differentiation

ÅEdge detection

ÅFeatures

ÅEdges, lines, curves, corners etc.



Early Vision on One Image

Binary
Gray level Color 



Binary Image
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Gray Scale Image
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Color Image (RGB)
B

G
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Early Vision on One Image: Two Important 

Topics

Å Image noise: intrinsic property of the sensor (CCD) and 
independent of scene

ÅIntensity noise ïquantization and sensor 

ÅPositional noise ïspatial sampling
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