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Introduction
This document contains supplemental material for the

submitted paper. The optimization strategy is detailed in
Section 1, and more results on the MIT dataset are added
[4] (Figures 1, 2, 3, 3, and 5).

1. Optimization strategy
In the paper, we formulated the constraint on the albedo

A and the illumination L as an energy E(A,L) (Equation
(12)). This energy is minimized using a cyclic block coor-
dinate descent algorithm. We defined the ith-subproblem:

min Ei((ai, li)) s.t. 0 ≤ li,k ≤ 1 , 0 ≤ ai,k ≤ 1 ,
(1)

where

Ei(ai, li) =
Np∑
p=1

wi
p||yp − ainT

i li||

+ λa
∑
j∈Ni

||ai − aj ||+ λl
∑
j∈Ni

||li − lj ||2. (2)

We solve this problem by applying a fixed-point scheme to
find the solution of the Euler-Lagrange equation∇Ei = 0.

∂Ei

∂ai
=

Np∑
p=1

wi
p (−nT

i li) (yp − ainT
i li)

||yp − ainT
i li||

+ λa
∑
j∈Ni

(ai − aj)

||ai − aj ||
.

(3)

We then write the equation ∂Ei

∂ai = 0 as follows:

Np∑
p=1

wi
p (nT

i li)2 ai

||yp − ainT
i li||

+ λa
∑
j∈Ni

ai
||ai − aj ||

Np∑
p=1

wi
p (nT

i li) yp
||yp − ainT

i li||
+ λa

∑
j∈Ni

aj
||ai − aj ||

. (4)

This equation can also be written as a fixed-point equation:

ai =
f(ai)
g(ai)

, (5)

with

f(ai) =
Np∑
p=1

wi
p (nT

i li)2

||yp − ainT
i li||

+
∑
j∈Ni

λa
||ai − aj ||

, (6)

and

g(ai) =
Np∑
p=1

wi
p (nT

i li) yp

||yp − ainT
i li||

+ λa
∑
j∈Ni

aj

||ai − aj ||
. (7)

Finally, we solve this equation using an iterative fixed-point
scheme:

ak+1
i =

f(aki )
g(aki )

. (8)

Similar equations apply for the estimation of li:

lk+1
i =

h(lki )
φ(lki )

, (9)

where

h(li) =
Np∑
p=1

wi
p (ai.ai)(ni ? ni)

||yp − ainT
i li||

+ 2λl
∑
j∈Ni

(1), (10)

φ(li) = 2λl
∑
j∈Ni

lkj +

Np∑
p=1

wi
p

||yp − ainT
i li||

v, (11)

vm =
3∑

k=1

(ai,k ni,m) (yp,k − ai,k
∑
k′ 6=m

li,k′ni,k′), (12)

and (ni?ni) is the vector obtained by element-wise product.
The iterative scheme composed of Equation (8) and (9)

is used to solve the ith-subproblem (1). The convergence
of a fixed-point scheme is usually guaranteed by choosing a
contraction application (f/g in our case). We do not present
a convergence analysis in this paper. However, we observed
good convergence rates in our simulations.
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(a) Input (b) Ground truth (c) Barron-Malik [1] (d) Chen et al. [3] (e) Bell et al. [2] (f) Our approach

Figure 1. Intrinsic decomposition of two images from the MIT dataset [4]. (a) Input RGB images. (b) Ground truth albedo and shading
images. (c-e) Intrinsic decomposition obtained by state-of-the-art techniques. (f) Intrinsic decomposition obtained by our approach.



(a) Input (b) Ground truth (c) Barron-Malik [1] (d) Chen et al. [3] (e) Bell et al. [2] (f) Our approach

Figure 2. Intrinsic decomposition of two images from the MIT dataset [4]. (a) Input RGB images. (b) Ground truth albedo and shading
images. (c-e) Intrinsic decomposition obtained by state-of-the-art techniques. (f) Intrinsic decomposition obtained by our approach.



(a) Input (b) Ground truth (c) Barron-Malik [1] (d) Chen et al. [3] (e) Bell et al. [2] (f) Our approach

Figure 3. Intrinsic decomposition of two images from the MIT dataset [4]. (a) Input RGB images. (b) Ground truth albedo and shading
images. (c-e) Intrinsic decomposition obtained by state-of-the-art techniques. (f) Intrinsic decomposition obtained by our approach.



(a) Input (b) Ground truth (c) Barron-Malik [1] (d) Chen et al. [3] (e) Bell et al. [2] (f) Our approach

Figure 4. Intrinsic decomposition of two images from the MIT dataset [4]. (a) Input RGB images. (b) Ground truth albedo and shading
images. (c-e) Intrinsic decomposition obtained by state-of-the-art techniques. (f) Intrinsic decomposition obtained by our approach.



(a) Input (b) Ground truth (c) Barron-Malik [1] (d) Chen et al. [3] (e) Bell et al. [2] (f) Our approach

Figure 5. Intrinsic decomposition of two images from the MIT dataset [4]. (a) Input RGB images. (b) Ground truth albedo and shading
images. (c-e) Intrinsic decomposition obtained by state-of-the-art techniques. (f) Intrinsic decomposition obtained by our approach.


