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Humans are able to recognize materials and compare their appearance just by briefly looking at them. Many works propose classification techniques, although it 
seems clear that labels do not suffice to capture the richness of our subjective experience with real-world materials [1]. Unfortunately, the underlying perceptual 
process of material recognition is complex, involving many distinct variables; such process is not yet completely understood [2, 3]. We present a model to 
measure the similarity in appearance between different materials, which correlates with human similarity judgments. We first create a database of 9,000 
rendered images depicting objects with varying materials, shape and illumination. We then gather data on perceived similarity from crowdsourced experiments; 
our analysis of over 114,840 answers suggests that indeed a shared perception of appearance similarity exists. We feed this data to a deep learning architecture 
with a novel loss function, which learns a feature space for materials that correlates with such perceived appearance similarity. Our evaluation shows that 
our model outperforms existing metrics. Last, we demonstrate several applications enabled by our metric, including appearance-based search for material 
suggestions, database visualization, clustering and summarization.

Close

Material suggestions using our perceptual database clustering. The images show 
random materials assigned from two different clusters of varying appearance.

Our model correlates with the human perception of similarity. Moreover, our 
results suggest that a shared perception of material appearance does exist.

For unlabeled datasets like Extended MERL [8], our feature space allows to obtain 
clusters of perceptually similar materials. Here we show an example of database 
summarization with seven clusters. These seven samples represent the variety of 
material appearances in the dataset.

Applications

Mean error for different metrics with 
respect to distances derived from human 
responses. 

Representative example of the two most 
similar materials to a given reference.
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Triplet loss Perplexity loss

Features distance Features similarity Features probability

Given an input image, our model provides a feature vector f that transforms the 
input image into a feature space well aligned with human perception. We use 
the ResNet architecture [5], based on its generalization capabilities and its proven 
performance on image related tasks. We train our model using a loss function 
consisting of two terms, equally weighted. 

The two terms represent a perceptual triplet loss that models humans' answers 
as feature vector distances, and a perplexity term that predicts human 
behaviour with high confidence.
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Our similarity metric can be used for gamut mapping applications, by minimizing the 
perceptual distance of our feature vectors. Each pair shows the ground truth (left), and 
our in-gamut result (right).
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Examples of material suggestions using our similarity metric. Queries from MERL 
(orange frame), and returned results for perceptually close, intermediate, and far away 
materials from the Extended MERL dataset [8].

Collecting similarity information
By combining the 100 real-world 
measured materials in the MERL dataset 
[4], 6 unique illumination conditions, and 
15 different scenes, we generate a total of 
9,000 samples for the materials dataset.

Which of these two candidates has a more 
similar appearance to the reference?
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Code and dataset:


