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Abstract

An iterative scheme for computing the three-dimensional position and the surface orientation of an
opaque object from a single shaded image is proposed. This method demonstrates that calculating the
depth(distance)between the camera and the object from one shaded video'image is possible. Most pre-
vious research works on “Shape from Shading” problem, even in the “Photometric Stereo Method”,
involved the determination of surface orientation only. To measure the depth of an object, a point light
source is used. We have established an expression for the image intensity which depends on position
of the illumination source, surface orientation of the object, depth of the object, and the reflectance
properties of the surface. Assuming that the object surface is uniform Lambertian the measured inten-
sity level at a given image pixel(x.y)becomes a function of surface orientation and depth component of
the object. Derived Image Irradiance Equation can’t be solved without further informations since three
unknown variables(p,q and D) are in one nonlinear equation. As an additional constraints we assume
that surface satisfy smoothness conditions. Then equation can be solved relaxatively using standard
methods of “Calculus of Variation”. After checking the sensitivity of the algorithm to the errors in
input parameters, the theoretical results is tested by experiments. Three objects (plane, cylinder, and
sphere)are used. Thees initial results are very encouraging since they match the theoretical calcula-
tions within 20% error in simple experiments.
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Fig. 1. Light source is far away : incident light
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2}”(D w qy) 4
F,=-2I-R)R,~24(D,-p), a/ox(F ,.)=24p,,, alay(F )=
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{I(x,y)-R(x,9.D,p,q)R,-AD,-g)+1v%q=0,  (13)
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Py =(1 /4)[px‘.j+l+pij—1 +Pi+u+m-u],
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QAEtm 2+ u|R 4o =R Gauss-Seidel Iterative
Schemeg A -8-3to] ofefe} 2-& 83 Algorithms
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FolA 4] (15)& o]g3led $8l& =9 p,q,D &
3512 g}, Al Ag Dataol] A-&317] "ol w14 A
(15)9] Covergence® Synthetic Image® 9Hgo]
Check 3lgct (2.54¢] Sensitivity Analysis %),
A AAG 2 47 LE A= o ez AA3e
Normalized Distance 0.1914 57}A] o42{7}#] 24§
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Q] wlgoe] ohlg AgAql WS AH8-str] &
oll FactordAol ctx $57} 91-& #Heol 53] Real
Data®&A]e Erroro] glotxi Az=th  Synthetic
Datag o] &3 Adel wp== 4 (5+ &4 Converges}
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L)%= Plane?] Outside Normale]l n=(p,q,-1)2.&
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2 p,q#-e 3ok B o537 22 Alo] A7gle

x'=x+dx, y'=y+dy and D’=D+dD=pdx+qdy+D,

x"=x—dx, y"=y—dy and (16)

D’=D—dD=-pdx—qdy+D.

g A (16)el4 (x,y)ol =& Image Irradiance
Equation-g &3} 7},

Ixy) _
el
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”

AX,:(SX _X,), Ay'_——_;(sy _y/)’ AX’:(SX ‘X’), Ay
=(s, ~yDolzt Fod (x"y) ¢} (x7y") ol Het Image
Irradiance Equation®- o}zl o} zto] AAg 4= lct,

I'(x',y’)= (&x” p+ay g+D)
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