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Obpase:

Problem Statement Contribution

* Photometric Stereo can recover 3D geometry for given images acquired under varying * The joint estimation of shape, reflectance and general lighting. Synthetic Comparison Real-World Comparison
lighting, but remains constrained to amenable modeling and calibration of lighting. e Recover a differentiable depth map using a balloon-like initialization. Thai = 1 Rucksack V
AN - * Robustness due to Cauchy’s M-estimator and Huber-TV regularization. Joytul Yell Statue Armadillo ACe HEHRSAc I
% W e Computationally efficient because of lagged block coordinate descent.
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Variational Formulation
Set of RGB images {I'}}", (M > 3) Depth = Reflectance p  lllumination {1'} min LL/ O pe(u, v) 12 - hin[2]](u, v) — Ié(u,v)) du dw +“Z/_d“ dv.
e Goal: Uncalibrated photometrlc stereo under general lighting. webleh ST 5 —1 /9
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: fitting which is robust against outliers.

Problem Model ° data

oble ode e Huber Total Variation: imposes desirable smoothness on albedos.
Image Formation Model

The general image formation model:

. . Depth Initialization
Ii(p) = / pe(p)l(w) max{w - n(p),0} dw, i€ {l,...,M}, ce{l,...,C}.
SQ
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Solution Pipeline: Depth Initialization — Lagged Block Coordinate Descent
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Using a second-order spherical harmonic approximation (SHA) on lighting: Vi Balloon-like Normal Perspective
Binary mask Q |y D p——— P o~
/gi( ) { O}d Z Z k) g@C ( )) surface [1] orthographic integration depth z, ™
'(w) max{w - n(p W R m(n(p)),
S? N\ / S depth % g j
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the resulting image formation model appears as:

I;(p) ~ pc(p) 1, - hn](p),
h[ﬂ] — [1,111, Hg,ﬂg,ﬂlﬂg,ﬂlng,ngﬂg,ﬂ% 112,3113 1]T
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Normal Parameterization S
Perspective projection with intrinsic parameters f,, f., uo, vo. Trivial initialization and its result Balloon-like initialization z, and its result <
Assuming z Is differentiable, the surface normal n is parameterized by: Lagged Block Coordinate Descent
- Oy z(u, v o . - = -
nz|(u,v) - fuOuz(u, ) Introduce an auxiliary variable 6 € R and let r; . (6}, pe.j, 1., 2) :== pC,j I.-h;n,z]|/0,] — I -
n(z|(u,v) = =— Cn|z|(u,v) = fu0uz(u, v) . —
n[z)(u, )| —2(u,v) — (u — up) yz(u,v) — (v — vy) Oyz(u, v) Y & C ¢
y y )
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