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Abstract

We provide a novel real-capture dataset with precise ground-
truth for intrinsic image research. Prior ground-truth datasets
have been restricted to uniform white illumination and simple
scene geometries, or have been enhanced using image synthesis
methods. Our dataset is based on complex multi-illuminant
scenarios with challenging cast shadows and provides full per-
pixel intrinsic ground-truth data, i.e. reflectance, specularity,
shading, and illumination as well as coarse depth map. We
show the advantage of using our dataset for benchmarking
intrinsic image estimation methods.

Motivation

Real-world images often present complex non-uniform multi-
colored illumination.
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Fig1: Schematic of a multi-Illuminant scene.

The pixel value Ic with c ∈ {R,G,B} is modeled as:

Ic (x) = md (x)
∫
ω

b (λ,x) e (λ,x)ρc (λ) dλ (1)

+ms (x)
∫
ω

i (λ) e (λ,x)ρc (λ) dλ,

where b, e, i, and ρ are surface albedo, light source, frensel
reflectance, and sensor sensitivity respectively. This is often
reformulated in intrinsic image research [4] as:

I(x) = S(x)R(x) + C(x) , (2)
where S, R, and C represent Shading, Reflectance, and Spec-
ularity respectively.

Our work contributes to the advancements in this field by:
•Creation of the first reliable multi-illuminant real-capture in-
trinsic image dataset with multi-colored non-uniform light-
ing, complex geometry, large specularities, and challenging
colored shadows.

•Precise per-pixel Reflectance, Specularity, Shading, and Illu-
mination ground-truth.

•Coarse depth information of the scene.
• Evaluation of 3 state-of-the-art intrinsic image methods.

Ground-truth Calculation

Our dataset provides intrinsic ground-truth data, namely Re-
flectance, Shading / Illumination, and Specular component.

Fig2: Examples of ground-truth data. From left to right: The original image (Iorg), diffuse

image (Idiff), relative shading (S̃) including the illumination color, relative reflectance (S̃), and

specularity (Ispec). Note that the images are gamma-improved.

The ground-truth is calculated automatically using the under-
lying physical formula. Considering Eq. 2 :

Iorg = S ·R + Ispec and Idiff = S ·R, (3)
S ∝ S̃ and R ∝ R̃.

where S̃ and R̃ are relative values of S and R. The diffuse
component Idiff is captured using cross-polarization between
lights and the camera. Ispec is the specular component. We
further calculate:

Ispec = Iorg − Idiff , (4)

S̃ = Igraydiff and R̃ = Icoldiff/I
gray
diff , (5)

where Igraydiff is captured from the gray-painted scene (Fig3).
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Fig3: Schematic of the setup: the diffuse image of the original scene Icoldiff (left) and geometrically

identical gray-painted version Igraydiff (right).

We further provide the corresponding depth values using a
Kinect ToF coupled with the RGB camera.

Fig4: Examples from the dataset: the five scenes (top row) and their respective raw depth images

given by the ToF Kinect (bottom row).

Evaluation Metrics

Intrinsic image methods are commonly evaluated using Local
Mean Square Error (LMSE) by Grosse et al. [4]:

MSE(x, x̂) = ‖x−α̂x̂‖2 , α̂ = argminα‖x−α̂x̂‖2 (6)

LMSEk(x, x̂) =
∑
w∈W

MSE(xw, x̂w) (7)

where α̂ is fitted locally to each overlapping window w in the
image.
We use Angular Error (Ea) to evaluate the accuracy of the
estimated illuminant (iest) in relation to the ground-truth (igt).

Ea = arccos
(
(igt)T (iest)

)
(8)

Project Page

Our dataset with its ground-truth is available for download at:
http://www.cg.informatik.uni-siegen.de/data/iccv2015/intrinsic

Further examples from our dataset:

Fig5: Each scene presents 17 different illumination conditions: Diffuse Multi-illuminant (Top-

row), Diffuse Single-illuminant (bottom-row left), Specular Multi-illuminant (bottom-row right).

Quantitative Benchmarking

Diffuse Acquisition Specular Acquisition
Evaluation Method White MonoColor ColorWhite MultiColor SpecWhite SpecMultiColor

Reflectance
Barron et al. [1] 0.045 0.233 0.158 0.264 0.051 0.410
Gehler et al. [2] 0.155 0.263 0.194 0.257 0.154 0.280
Serra et al. [3] 0.049 0.117 0.096 0.133 0.044 0.102

Shading
Barron et al. [1] 0.018 0.024 0.024 0.029 0.015 0.028
Gehler et al. [2] 0.013 0.014 0.011 0.015 0.013 0.023
Serra et al. [3] 0.014 0.019 0.020 0.024 0.019 0.030

Illumination Barron et al. [1] 2.0◦ 23.0◦ 17.6◦ 29.8◦ 4.7◦ 48.9◦
Baseline 21.9◦ 29.3◦ 23.9◦ 28.0◦ 21.9◦ 28.5◦

Evaluation results of 3 intrinsic image methods on our dataset. The illumination conditions are grouped together so that the columns, from left to right, represent: white light, single-colored light, white

and colored lights mixed, multi-colored light, white light with specularities, and multi-colored light with specularities. The Reflectance and (gray-level) Shading errors are given using the LMSE. The

illumination estimation by Barron et al. [1] is evaluated against the baseline (white light assumption) using the Angular Error.

Qualitative Benchmarking

A benchmarking example of intrinsic image methods:

Fig6: Example Results from left to right: Original image; separated by a red line are the Shading

images i.e. Ground truth Shading S̃ (with illuminant color), and results by Barron et al. [1],

Gehler et al. [2], and Serra et al. [3]; separated by a red line are the Reflectance images i.e.

Ground truth Reflectance R̃ (same for all), and results by [1], [2], and [3]. From top to bottom

the rows are: NB, W1W2, YW2, Y B, OG, {OB}Spec illumination conditions.
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