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Fig. 1. The cubes in the leftmost image have all been rendered with the same aluminium material. Our similarity measure for material appearance can be used
to automatically generate alternative depictions of the same scene, where the similarity of the materials varies in a controlled manner. The next three images
show results with materials randomly chosen by progressively extending the search distance from the original aluminium, from similar in appearance to

farther away materials within the same dataset.
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2 RELATED WORK
2.1 Material perception
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2.2 Learning to recognize materials
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2.3 Existing datasets
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Fig. 2. Top: The six environment maps used in the dataset, and correspond-
ing rendered spheres with the black-phenolic material. Bottom: Sample
images of all 15 scenes with different materials and illumination conditions.
First row: pink-felt and Uffizi; second row: violet-acrylic and Grace; third
row: nickel and Pisa. The 3D models bunny, dragon, Lucy and statue belong
to The Stanford 3D Scanning Repository; waterpot (modelled by gykservy),
Suzzane (killzone75), Einstein (oliverlaric), and zenith (KuhnIndustries) were
obtained from TurboSquid.
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Fig. 3. Sample stimuli for our appearance similarity collection. They cor-
respond to the Havran-2 scene, with materials from the MERL database,
rendered with the Ennis environment map. In reading order: chrome, gold-
metallic-paint3, specular-green-phenolic, maroon-plastic, dark-blue-paint and
light-brown-fabric.
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Fig. 4. Scheme of the training process, using both image data from our
material dataset, and human data of perceived similarity. We train our
model so that, for an input image ¢, it yields a 128-dimensional feature

vector f ().
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Fig. 5. Examples from our 26,000 queries (reference, plus the two candidates) where our model agrees with the majority response (this is the case almost 81%
of the time). The numbers indicate the number of votes each image received from the participants. More examples are included in the supplementary material.

Table 1. Accuracy and perplexity of our model compared to human per-
formance, an oracle (which always returns the majority opinion), and six
other metrics from the literature: RMS, RMS-cos, Cube-root [Fores et al.
2012], L2-lab [Sun et al. 2017], L4-lab [Pereira and Rusinkiewicz 2012] and
SSIM [Wang et al. 2004]. For accuracy, higher values are better, while for
perplexity lower are better.
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Fig. 6. Left: Mean error for different metrics (each normalized by its maxi-
mum value) with respect to distances derived from human responses, across
all possible pair combinations from the MERL dataset (the L1 and Lp
columns refer to the ablation studies in Table 2; please refer to the main text).
Error bars correspond to a confidence interval. Right: Representative
example of the two most similar materials to a given reference, according to
(from top to bottom): Our model, and the two perceptually-based metrics
L2-lab [Sun et al. 2017], and L4-lab [Pereira and Rusinkiewicz 2012]. Our
model yields less error, and captures the notion of appearance similarity
better.

ss fi ORI PR ZWgS WP S » ng
s m ss[Sz g 1] ¥ s WprmSs
noRR W rss mr o W WK w s
gERX Z WP s w w [G 0w 1]
(wa s w s s w w w e )
s ®m oz pr rmam aswgonly s s (Lck
» LBTL) W W OXPTr WEPIr PRSP pPU s
T s Sswmm s ™ S WP r TS wrpr s
ss wm 0w ug s wg mwa Lp ss wm W s
g r wr S wpHS g rpIrP WS Wx x
s “gar s S ¥ M OXr XS waw g rwm Nwg
sW » ux m ® sSwWa x S S wrwa
6.3 Alternative networks
s m X ars GG[Smm »m wm
ss rma W 14] S s w o ws R W K S
» »S [ w ng 1] »E WS W ®
»s n ffrw s S ® X W WS Ng
wr Ss Wwm WSS maT m X KXrses
wp X wr W °H s nuwa x ™™
prwm xs msafi W » our ST oW ™ wp rwg
norg W GG s rgrwmwm xr Pprmwm IS x



Table 2. Accuracy and perplexity for other loss functions, as well as for two
alternative architectures (VGG and DenseNet).
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Fig. 7. Two examples where humans’ majority disagrees with our metric.
For both, humans agreed that the middle stimulus is perceptually closer to
the reference on the left, while our metric scores the right stimuli as more
similar.
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Table 3. Statistics per category. From left to right: Category, number of materials in each category, number of collected answers, humans’ accuracy (raw
and majority), accuracy of our model, and oracle raw accuracy.
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Fig. 8. Two examples of material suggestions using our model. Queries from MERL (violet frame), and returned results for perceptually close, intermediate,
and far away materials from the Extended MERL dataset.

Fig. 9. Additional material suggestion results. Queries (violet frame) and results for the closest materials in the Extended MERL dataset.
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Fig. 10. Visualization of the MERL dataset in a 2D space based on the
feature vectors provided by our model, using UMAP [Mclnnes and Healy
2018]. Left: The entire MERL dataset. Right: Materials from three different
categories (metals, fabrics, and phenolics).
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Fig. 11. Material suggestions using our perceptual database clustering. The images show random materials assigned from three different clusters of varying

appearance. The robot model (cKalten) was obtained from TurboSquid.

Fig. 12. Visualization of the Extended MERL dataset in a 2D space based on
the feature vectors provided by our model, using UMAP. Close-ups illustrate
how materials of similar appearance are clearly clustered together. A larger
version is included in the supplementary material.

Fig. 13. Representative samples of three clusters on the Extended MERL
database. The Hopkins statistic on our feature space confirms that our
similarity metric creates perceptually-meaningful clusters of materials.

R xS Grp s » wm gng x S WSS WS
Ul PPrSwrx » s supp x G pr
r grwm (pr 1 ) m Srrw S supp »

Tr ws Gr 4 1 Pu » Ju

Fig. 14. Example of database summarization for the Extended MERL dataset.
These seven samples represent the variety of material appearances in the
dataset.

Fig. 15. 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).

Fig. 16. Inthe feature space defined by our model, the middle image (chrome)
is closer in appearance to the reference (brass) than the image on the right
(brass). The insets show the environment maps used. Our model is driven
by appearance similarity, and does not attempt to classify materials.

Fig. 17. Results using highly heterogeneous materials from the FMD dataset.
We show the three closest results returned by our model, from the reference
materials highlighted in violet. Note that the search was performed across
all three categories shown, not within each category.
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