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Shape from Shading

Shading is more than contours




Shape from Shading

Shading is more than edge contours
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Shape from Shading

Inverting the image formation process

Image formation = “Shading from shape” (and light sarces)
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Image formation




Shape from Shading

Polar representation of directions
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Shape from Shading

The Bidirectional Reflectance Distribution Function (BRDF)

f,(6.6,0..,0,)= Iléﬁ((@’Zr))

>

Helmholtz’s reciprocity

1(4.6:9..6)=1(4.6.4.6)

|sotropic materials:

f(¢i’9i;¢r’(9r): f(¢| _¢r’(9i’9r)




Shape from Shading

Total surface reflection

L(#,.0)=[ £(6.0:4.0) E@,0) (cosdffo
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Shape from Shading

Total surface reflection

L(4,,0) = [ [ (8,0:4.0)-E(4,8) sing,-cost,- 50,54
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Shape from Shading

Lambertian (perfectly diffused) surfaces
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fL(4,0:4,,6,) = const = f = p=
7T
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Shape from Shading

Mirrored (perfectly secular) surfaces

6(0, -6)o(4, —¢ —7)
Siné. cosb,

1:S(¢i’(9i;¢r’0r):
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Mixed surfaces

1(4.0:9,.0)=a-1(4.6:4,,0)+1-2)1s(4.,0:9¢..0,)
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Shape from Shading

The fundamental radiometric relationship
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Shape from Shading

Point light source from direction (#,.6,)
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Shape from Shading

Surface brightness — appearance in the Lambertian & and point light source

6(6.-6)5(4 —4)

fL(¢|’0i;¢r’er):p% ) ’/ E(9.6)= sing,
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Shape from Shading

Shape description — Tangent plane and normal vectors




Shape from Shading

Shading on Lambertian surface — General point source
_p.LX—q.Ly—I—LZ ) p-p +q-g, +1
\/p2+q2+1\/LX2+Ly2+LZZ \/p2+q2+1\/pL2+qL2+1

| =p(N-L)=p




Shape from Shading

Shading on Lambertian surface — Overhead point soue
1
\/ p°+0g°+1

1(x,y) = p(N-[001]) = p = R(p,q)




Shape from Shading

The Reflectance Map — Lambertian surface from overheadource position

R(P, ) = ———

\/p2+q2+1




Shape from Shading
The Reflectance Map — Lambertian surface from geneliasource position

p-p.+q-q, +1
R(P,Q) = ==
\/p +q +1\/pL +q,"+1
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Gradient point of maximum brightness



Shape from Shading

The Reflectance Map — typical real surfaces

R(p,q)




Shape from Shading

Surface orientation from shading

(X, y)=R(p,0q)




Shape from Shading

Photometric stereo

Pi=13
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Photometric stereo

1,(%y) =R(p,q)
(X Y) = R,(p,q)




Shape from Shading

The SFS probler(special case)

Givenl(x,y) of an (orthographic) projection &f(x,y), and the
reflectance map(p,q), find H(x,y) everywhere.

(%, y) = R(p, @) = F{% H (x, y),% H(x, y)]



Shape from Shading
Shape recovery via characteristic strips

(%, y) = R(P(X, ¥),G(% ¥)) mxwi%mxw

qmw=%Hmw

(x,y;H,p,q)

Py H(X+ X, y+0dy) = H(X,Y)+ poX+qdy

&
P(X+ X, Y+ dy) = p(X, y)+5x+

®
(X+ X, Y+ 0y, H+H, p+dp,q+ ) Q(X—I—5X y+5y) C{(X y) 5X+




Shape from Shading

Shape recovery via characteristic strips

(X, y) = R(p(x, y),a(x, y))

? ?

OR(p.q) p(x. )|, OR(p.Q)0A(X,y)
op oX 0q_N_OX

oR(p. qya/no(x,\w)+ oR(p.6)|aa(x, y)
oo \_oy | daq | o




Shape from Shading

Shape recovery via characteristic strips

(X, y) = R(p(x, y),a(x, y))

9 1 (x.y) = 2RP.A) ) , OR(p,q) (X Y)

OX op OX oq oy

oR(p,q) dq(x,y) , IR(p,q) 9q(X, y)

91 (xy) =
oy )= op OX oq oy



Shape from Shading

Shape recovery via characteristic strips

| (X’ y) — R( p(X’ y),CI(X, y)) OoH = poX+ qoy

0 ~ G N Uy
&I(x,y)_VR-Vp @—@@ =Vp-(6X,9Y)
0 — . za aq — .
5I(x,y)_VR \%o| o = ~ +a—y@ =V(q-(5X,8Y)

\A smart choif/
x = RP.A) 5 o=21(xy) &
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Shape from Shading

Shape recovery via characteristic strips

X=R =R,
o = R,08 y=R,
H=(pR,+aR )5  — H = pR, +qR
D=1, -1,

&=1,0 g=1,



Shape from Shading

Shape recovery via characteristic strips

Shape from Shading via Characteristic Curves
Given
* I(x,y) of an (orthographic) projection of unknowix,y)
» The reflectance maR(p,q)

* Initial datax,,Yo, H(X.Yo): P(Xo:¥o0): A(Xo:Yo)

Develop a curve solution di(x,y) by taking small steps of sids
via the system &= R

d=RB
H =(pR,+aR )%
P=1,8
&=,






Shape from Shading

Shape recovery via characteristic strips




