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Introduction

One-shot in-field reflectance creates new
opportunities for recognition and scene
understanding. We present a model for
reflectance patterns using a state-of-the-art
representation that builds on key aspects of
deep learning and binary embedding. We
show that our approach of deep reflectance
codes (DRC) provides an efficient
representation of materials for recognition,
for unsupervised material grouping and for
the first of its kind friction-from-reflectance
algorithm. Our novel framework uses
angular reflectance patterns to go beyond
recognition and estimate physical properties
of the surface.

Reflectance and Friction Measurements

Results

Reflectance Disks
• A parabolic mirror section is fixed so that
its focus is at the surface point to be
measured.
• Pixel coordinates correspond to viewing
angles.
• Collimated white light passes through a
movable aperture. The illumination direction
is determined by the aperture position.

Reflectance and Friction Database
• 137 different materials were collected and 

grouped into 21 categories. 
• 2 spot and 3 exposure measurements per 

surface. 5 on-axis illumination angles with 
2 different exposures.

• The kinetic friction coefficients for each 
surface are measured

Methods

Invariant Encoding
• Angular gradient encodes 

discriminative information for material 
categories (Zhang et. Al. CVPR ’15).

• Pre-trained CNNs can be used as 
feature extractors and Fisher Vector 
describes  the pattern distributions 
and provides illumination invariant 
representation for reflectance disks.

• The Fisher vector encoder 
(Perronnin et al. CVPR ’07)
generalizes the BOW model to a 
probabilistic model. 

Friction Prediction
• Reflectance characterizes light interaction 

with a surface, encoding the intrinsic 
physical properties of the surface.

• The DRC provides illumination invariance for 
our reflectance dataset and we show 
correspondence between the friction 
distribution and t-SNE embedded data.

• We use the material reflectance 
representation to directly predict the friction 
coefficients by fitting a parameterized 
functional form.

Deep Reflectance Codes
• FV-CNN has achieved the state-of-

the-art result for material recognition 
(Cimpoi et al. CVPR ‘15) . 

• FV-CNN is high-dimensional, the 
distance computation is expensive. 

• We learn a similarity preserving 
binary hash codes for fast image 
retrieval. 
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Material Recognition
• Comparison of encodings and hashing 

methods on different material datasets. 
• The randomized and optimized version of 

FV-CNN Hashing outperform the other 
methods in FTD, DTD and KTH datasets.

Friction from Reflectance
• (Left) t-SNE embedding of DRC of the 

reflectance disks. Classes are color-coded 
(21 classes). For some classes there is 
significant intra-class reflectance variation, 
but most group well within the t-SNE 
manifold.

• (Right) Friction map generated in the t-
SNE space.
Scatter Plot of
Friction
Estimation

• Friction prediction 
scatter plot of 
percentage error, 
colored by 
density. 
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• The largest density of points have low 
prediction error. The overall mean 
percentage error is 12:05%.
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