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Abstract
During the last few years, many different techniques for measuring material appearance have arisen. These advances have
allowed the creation of large public datasets, and new methods for editing BRDFs of captured appearance have been proposed.
However, these methods lack intuitiveness and are hard to use for novice users. In order to overcome these limitations, Serrano
et al. [SGM∗ 16] recently proposed an intuitive space for editing captured appearance. They make use of a representation of
the BRDF based on a combination of principal components (PCA) to reduce dimensionality, and then map these components to
perceptual attributes. This PCA representation is biased towards specular materials and fails to represent very diffuse BRDFs,
therefore producing unpleasant artifacts when editing. In this paper, we build on top of their work and propose to use two
separate PCA bases for representing specular and diffuse BRDFs, and map each of these bases to the perceptual attributes.
This allows us to avoid artifacts when editing towards diffuse BRDFs. We then propose a new method for effectively navigate
between both bases while editing based on a new measurement of the specularity of measured materials. Finally, we integrate
our proposed method in an intuitive BRDF editing framework and show how some of the limitations of the previous model have
been overcomed with our representation. Moreover, our new measure of specularity can be used on any measured BRDF, as it
is not limited only to MERL BRDFs [MPBM03].
Categories and Subject Descriptors (according to ACM CCS): I.3.7 [Computer Graphics]: Three-Dimensional Graphics and
Realism—Material perception

1. Introduction
Measurement techniques for material appearance have become
more efficient and accurate over the last few years (e.g., [NJR15],
[AWL15]). This has led to an increase in the number of available
public databases and modeling techniques [MPBM03], [FVH14].
Yet editing material appearance has remained a challenge due
to several reasons, including the disconnection between the data
representation and human understanding, the complexity of some
representations that require handling hundreds of parameters
[ATDP11], [Bur12], and the high-dimensionality, non-linearity of
real world appearance behavior that leads to unintuitive editing parameters.
However, the increase of public available data has helped in
the construction of new editing techniques for the captured data
[SGM∗ 16], [WAKB09] that have arised in the last few years overcoming the problems mentioned above. Among them, those techniques based on the use of intuitive parameters, like the work of
Serrano et al. [SGM∗ 16] stand out due to their ease of use for
novice users.
In this paper, we build on the intuitive editing of material appearance method by Serrano et al. and address some of its limitations
regarding the edition of certain types of materials. They make use
of a BRDF representation consisting on a combination of principal
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components (PCA) to reduce dimensionality, and then map these
components to perceptual attributes. This PCA representation is biased towards specular materials and can fail to properly represent
very diffuse BRDFs, producing artifacts when editing. The reason
of this problem is the high values of the specular peaks of the measured BRDFs compared to those of the diffuse materials. Despite
the log-mapping proposed by Nielsen et al. [NJR15] over the raw
data before performing the Principal Component Analysis to reduce the weight of these specular peaks (that Serrano et al. also use
in their work), their influence is still biasing the PCA basis in such
a way that diffuse materials are not well represented. This problem
could be solved with a naive aproximation if we were talking only
about BRDF representation and not BRDF editing, as a new PCA
basis could be used to represent diffuse materials. However, it is
important for us to preserve the intuitive editing process proposed
by Serrano et al. and to improve it with a correct representation of
diffuse materials, so that the users can carry out intuitive appearance edits on a wider range of materials.
To solve this problem, we build on top of Serrano et al.’s work
and propose to use a new PCA base, together with the original one,
that better supports the representation of diffuse materials. We also
map this new PCA base to the perceptual attributes found by Serrano et al., thus allowing the edition technique to follow the same
rules even if there are two different PCA bases.
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We then propose a new method for effective navigation between
both bases while editing. It relies on a new measurement of the
specularity of measured materials . Using the specularity measurement to separate between diffuse and specular materials, we fix a
hyperplane using suport vector machines (SVM) that works as a
frontier between both representations on their PCA subspaces.
Finally, we integrate our proposed method in an intuitive BRDF
editing framework and show how some of the limitations of the previous model have been overcomed with our representation. Moreover, our new measure of specularity can be used on any measured BRDF, as it is not only limited to BRDFs present on MERL’s
database [MPBM03], a public dataset of 100 measured BRDFs
from a wide range of materials.
The next section shows the related work and state of the art in
this particular field of computer graphics. Sections 3 to 5 show the
technical details of this work, including how the new representation
has been built (Section 3), how the measurement of specularity and
navigation between PCA bases work (Section 4) and the integration
of the representation in an interactive edition plugin (Section 5).
Finally, the results are shown (Section 6) and the conclusions and
future work of this paper are presented.
2. Related Work
Industrial standards. Over the years, several standards have been
developed in order to characterize reflectance of real world materials [HH87]. These have been formalized in a collection of documents by the American Society for Testing and Materials (ASTM).
Among them, some standards are specialized on defining a number of gloss dimensions [WAKB09] in addition to the angles from
where the material should be measured [Alm87], [SGVH90]. This
allows for a complete characterization of the glossiness of materials. Westlund and Meyer [WM01] find a correlation between this
glossiness characterization given by the industry and parameters of
some analytic reflectance models, linking in this way the industry
standards of real world materials with properties of virtual BRDFs.
Editing of existing models. Some works on editing existing
BRDFs include BRDF-Shop [CP06], which includes an artistfriendly interface and a model based on an extension to Ward’s.
Other works are based on image-driven navigation [NDM06] using as distance the difference between rendered images. Talton et
al. [TGY∗ 09] focus on a collaborative editing system over the space
of Ashikhmin’s model [APS00]. Other existing works are based on
fast feedback of BRDF edits [SZC∗ 07, CPWAP08, NKLN10] or
specialize in a narrow variety of editions, as those needed in car
paint design like the work of Ershov et al. [EKM01], focused on
the physical properties of paint ingredients which affect its appearance. There are also existing works that edit measured BRDF data
without fitting to any parametric models, in spite of its drawbacks
(like large editing spaces [WAKB09]). Lawrence et al. [LBAD∗ 06]
decompose the BRDFs behaviour to simple 1D curves representing
its physical properties. Their work is continued by Ben-ARtzi et
al. [BAOR06] allowing for complex direct lighting as well as interreflections. Some of these methods lack a sufficiently large editing
space as well as intuitive editing parameters.
Perceptual editing spaces. Perceptual strategies have been ap-

plied by many different works in computer graphics [MMG11].
On the little explored work of editing light fields, Jarabo et al.
[JMB∗ 14] use different image-based tools to show the potential of
light field editing, besides favoring artistic exploration with their
versatile interfaces. Applications using high dimensional spaces
include crowd simulation [GKLM11], font design [OLAH14],
style similarity [GAGH14], interior design taxonomy [BUSB13],
translucency perception [GXZ∗ 13], or shader design [KSI14]. After them, Boyadzhiev et al. [BBPA15] introduced intuitive attributes for image-based material editing. For garment simulation, Sigal et al. use the parameters of a custom pipeline simulator [SMD∗ 15]. Pellacini et al. [PFG00] observed that non-linear
behaviour of analytic parameters caused the editing process to be
unintuitive when directly tunning these parameters. Due to this
finding, they derive a perceptually uniform parameter scaling for
the Ward model, used since then to study image-driven navigation
spaces [NDM06] or the influence of shape in material perception
[VLD07]. The concept of perceptually uniform spaces is extended
by Wills et al. [WAKB09] for measured BRDFs. They propose a
intuitive, low-dimensional space suited for the construction of new
materials, although their space is limited to gloss editing. Kerr and
Pellacini [KP10] showed that image-driven navigation seemed to
be less efficient than the use of the Ward model and its perceptually
linearized version, for the particular task of matching material appearance. However, they only used two simple sliders (diffuse and
specular) and only studied colorless BRDFs.
Matusik et al. [MPBM03] present a data-driven reflectance
model. They reduce the measured BRDFs’ dimensionality either
by performing a principal component analysis (PCA) or by using
non-linear dimensionality reducers. Then, they define a set of perceptual traits and carry a single user experiment where the user
decides whether a given material has or not this perceptual traits.
They build trait vectors that allow the navigation in their BRDF
spaces by specifying desirable changes for their traits that result in
given directions for the navigation process.
Building upon Matusik’s work, the work of Serrano et al.
[SGM∗ 16] is different in many ways. They also reduce the measured BRDFs’ dimensionality by means of principal component
analysis, and employ a set of perceptually meaningful attributes
for material edition. However, their 14 attributes are found carrying out a large-scale experiment and are identified as intuitive,
descriptive and discriminative when describing reflectance properties. They use the same decomposition method for dimensionality
reduction and perceptual meaningful scaling used in the work of
Nielsen et al. [NJR15] that makes their reduced PCA space comparable to purely perceptually derived spaces [WAKB09]. They
perform a dense uniform sampling of their PCA space, synthesizing additional BRDFs from their initial MERL dataset (totaling 400), and obtain 56000 attribute ratings from 400 participants
on a large scale experiment. They use these ratings to reconstruct
perceptually-based complex embeddings of their attributes in the
PCA space. This allows for intuitive editions of measured BRDF
data, where a novice user can easily change the appearance of a
material.
However, their PCA base is biased towards specular materials.
This means that artifacts may appear sometimes when trying to repc 2017 The Author(s)
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resent diffuse materials or during the edition when lowering specular attributes. The artifacts are usually a dark halo around the specular direction. To solve this problem, in this work we follow [NJR15]
suggestion and train a separate ’soft’ PCA base to represent only the
diffuse materials. Using the same ratings obtained by Serrano et al.,
we map the new PCA coefficients to the same set of 14 attributes
found on their work. However, this is not enough when editing the
materials since the base to be used on each moment depends on the
particular BRDF characteristics that change along the edition. This
is why we propose a new specularity measurement for BRDFs and
a technique to navigate between both PCA representations when
needed. This allows us to adress the diffuse artifacts and build a
editing technique that works on a wider range of materials.

of their specular peaks. Figure 1 shows that this trained soft PCA
basis can represent correctly diffuse materials. In Figure 3 we show
a representation of the first five principal components of each PCA
bases. According to Nielsen [NJR15] the first principal component
of the ’full’ PCA basis was strongly correlated with the specular
peak information on the BRDFs. It is not surprising then that the
soft PCA first component is widely different than the previous one,
as the majority of the specular information has been removed from
the training dataset. We also confirm that the soft PCA basis can’t
represent specular materials: Figure 2 shows an example of a specular material reconstructed from its soft PCA coefficients compared
to the full PCA representation and the original BRDF from MERL.

3. Creation of the new representation
In this section we replicate the work of Serrano et al. First we train
a PCA basis from MERL measured BRDFs and the we map the
obtained PCA coefficients with user-given values for the 14 perceptual attributes.
3.1. PCA training
A principal component basis can be trained using a dataset of measured BRDFs. Once the PCA basis is trained, it can be used to
represent any other BRDF as follows:

b = Qα + µ

(1)

Where b is the BRDF represented in the basis, Q is the matrix
representing the PCA basis, µ is the average of the measured data
and α the coefficients of each of the principal components for the
particular BRDF b. Prior to the PCA training, a log-relative linear
mapping of the measured data is performed to reduce the effect of
the specular peaks on the overall information, as Serrano et al. do
on their work.
As we have discussed in previous sections, the PCA basis used in
Serrano et al. [SGM∗ 16] is biased towards specular materials, thus
not allowing more diffuse BRDFs to be represented properly. This
is not only a problem on the representation of existing BRDFs, but
also in the process of intuitively editing materials as the specularity
of BRDFs can be reduced when some of its attributes are modified
(i.e. when the matte attribute increases) causing unwanted artifacts
to appear. To address this problem, Nielsen et al. [NJR15] suggest
that a separate, soft PCA basis could be used. This is the approach
followed in this work, as explained in this section.
We build upon the work of Serrano et al. [SGM∗ 16] and create a new PCA basis, using a subset of the initial 100 MERL
BRDFs [MPBM03]. The range of materials that the basis can represent correctly depends to a large degree on the BRDFs used to
train that PCA basis. In this case we want to represent correctly
diffuse materials and avoid the bias towards specular peaks. Thus,
from the 100 BRDFs that form the database, we choose a subset
consisting of the less specular materials and train a PCA basis with
them. Initially, the 100 BRDFs are rendered and the diffuse materials are selected manually based on their appearance and the shape
c 2017 The Author(s)
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Figure 1: The original MERL BRDF white-fabric (left), compared
with the reconstruction from its soft PCA coefficients (center) and a
reconstruction from the original work of Serrano et al. [SGM∗ 16]
(right). The artifacts of the diffuse material disappear with the new
PCA basis.

Figure 2: The original MERL BRDF red-specular-plastic (left),
compared with the reconstruction from its soft PCA coefficients
(center) and a reconstruction from the original work of Serrano
et al. [SGM∗ 16] (right). The artifacts present in the soft PCA representation show that it can’t correctly depict specular materials.

3.2. RBFN training
The neural network used by Serrano et al. uses a radial basis function (RBF) for each attribute that can be expressed as follows:

−βkα−ci k
c
y = ϕ(α) = ∑N
i=1 θi exp

2

(2)

Where y is a value in the range [0..1] that represents the strength
of said attribute, Nc is the number of neurons in the network, ci are
the centers of the neurons and θi the weights for each neuron. β is a
parameter that controls the smoothness of Gaussian functions and
α the first five coefficients of the PCA basis.
With the PCA basis trained, we need to relate the new PCA
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components to the perceptual attributes found by Serrano et al.
[SGM∗ 16] listed in Table 1. To do so, we use their experimental
ratings of 406 known BRDFs that give each BRDF its attribute values. With the PCA components on one hand, and the experimental ratings on the other, we train a radial basis function network
(RBFN) to model the functional that, given the PCA components
of a BRDF returns the value of its perceptual attributes, ranking
from 0 (none or very little) to 1 (a lot). We only use the five first
principal components for this as Serrano et al. show in their work
that five components are enough to recover the measured BRDF
correctly. This applies to all the specular or semispecular materials
that are well represented on their PCA basis, and also to the diffuse
materials in our soft PCA basis.
Our input data consists on 406 different BRDFs (100 from
MERLs database plus 306 new synthesized BRDFs from Serrano
et al. [SGM∗ 16]) and the 56000 attribute ratings (400 BRDFs x 10
responses/BRDF x 14 questions/BRDF) gathered through Mechanical Turk by Serrano et al.. From our dataset, we separate randomly
5% of the BRDFs to use as a validation set, and do the training
with the remaining 95%. We repeat this process for 10 times with
different training and validation sets to find the average error of the
neural network. We carry out this process with different training
parameters to minimize the average validation error. At the end,
we choose a neural network with 25 neurons and a sigma value of
10 (this value is given by the trainer of the neural network, and is
usually achieved through experimentation; the smaller the value the
tightest the fit to the data, and the bigger the smoother the results
will be), which are different parameters to the ones originally used
by Serrano et al.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

plastic
rubber
metallic
fabric
ceramic
soft
hard
matte
glossy
bright
rough
strength of reflections
sharpness of reflections
tint of reflections

Table 1: List of the 14 attributes used in the BRDFs edition.
With the PCA basis trained and optimized, and the neural networks (one for each attribute) fitted to the data we can rebuild the
editing process and see how the new soft PCA basis behaves. This
test shows clearly that the soft PCA basis is not enough by itself
to depict all the material variety that can be found in the MERL
database. In the same way, the original full PCA representation isn’t
either able to correctly depict diffuse materials. To correctly represent both types of materials, we need to use each of the PCA bases
when needed, according to the specularity of the material. Additionally, in order to use these representations for editing, we need

to know which representation is needed in each edition step, as the
specularity of a BRDF might change when modifying some of its
attributes. To solve this we propose in the next section a new specularity measure that determines when to use what PCA basis and
a novel approach to navigate between both representations when
needed during the editing process.

4. Navigation between representations
4.1. Measure of material specularity
As expected, it has been demonstrated that neither our soft PCA
basis nor Serrano et al.’s [SGM∗ 16] can correctly represent the full
MERL’s database [MPBM03] range. It is necessary that both of
them are used to achieve correctness in the full range of specularity.
To do so, we propose a novel measure of specularity that allows us
to use one basis or the other when needed, as well as a method
to navigate between representations when there isn’t an original
reference from which we can obtain the PCA coefficients of both
representations (that is, during the editing process).
Industry standards. Many international standards define the
methods and specifications for glossiness measurement of real
world materials using glossmeters. This glossiness is related to
the specularity of a BRDF, and the industry sets different measurement techniques and glossmeters for different types of materials. Depending on the technique used, the light and sensor are
placed at different angles. According to Alman et al. [Alm87] and
Saris et al. [SGVH90], 3 measurements at different angles are often
enough to determine the glossiness of a metallic sample. Nevertheless, this approximation presents two drawbacks: first, each standard is specifically designed for a given material type (different
materials - i.e. metal and plastic - are usually measured at different
angles). And second, these measurements are meant to be obtained
through a glossmeter in real life materials. To use this in virtual materials we would need to implement a virtual glossmeter that would
increase the complexity and processing time of the editing process,
and that is something we want to avoid as much as possible.
Parametric model fitting. Following the work on applying
industry standards to virtual materials of Westlund and Meyer
[WM01] we find their correlation between the glossiness of a material and the values of certain parameters of analytic models. According to Westlund and Meyer, there is a relationship between the
specularity coefficient of some analytic models and the glossiness
measurement of a material. Using Alta: a library for BRDF analysis [Alt] we fit each one of the 100 MERL BRDFs to four different analytic models: Beckmann [BS87], Blinn [Bli77], Lafortune [LFTG97] and Ward [War92]. From the fittings, we study the
values of each model’s parameters to see if there is a correlation
between them and the material’s specularity. We found two different parameters where this evidence can be seen (Blinn and Ward
specularity coefficient). Generally the more specular materials have
higher parameter values, while the more diffuse materials present
lower parameter values. However this behaviour is not always consistent, which means this option is not reliable in 100% of the samples. Besides, cost of computing these parameters also increases the
level of complexity during edition. The specularity measure should
be needed for each of the editing process steps. Due to this reac 2017 The Author(s)
Eurographics Proceedings c 2017 The Eurographics Association.

S. Malpica, M. Barrio, D. Gutierrez, A. Serrano & B. Masia / Improved Intuitive Appearance Editing based on Soft PCA

Figure 3: Comparison between the old BRDF representation (first row) with the new soft PCA basis(second row). For each row, the columns
represent a 2D slice of the first five principal components eigenvectors. These slices are made using Rusinkiewicz’s BRDF half-difference
angle coordinates(φd , θd , θh ) [Rus98] at φd = 90.

sons, we decide to find another specularity measure for measured
BRDFs.

is a simple yet effective method to acquire information about the
specularity of a material. To validate our specularity measure we
visually explore the 100 MERL BRDFs as well as their polar plots.
All the polar plots of the BRDFs whose specularity measure is below 0.4 show a gentle shape, distinctive of diffuse materials, while
the specular materials show specular peaks on their polar plots that
help us differentiate between these two categories of materials, thus
empirically showing that the defined treshold is valid for our application.

Nielsen optimal directions. The work of Nielsen [NJR15]
shows that good quality BRDFs can be acquired with few measurements in certain specific angles. This means that the characteristic behaviour of a material can be extracted from these directions.
Our hypothesis is that the specularity information of the material
can be obtained by just looking at the values stored on these directions, and that a difference in behaviour will appear between
specular and diffuse BRDFs. To prove this, we obtain the values
for the five most significative directions that Nielsen provides in
his work for two very different materials and compare them, as
this is the minimum number of samples required to correctly depict
most BRDFs. In Figure 4 we can see a clear evidence that sustains our hypothesis. The specular material shows higher values on
the specular peak as expected, while the diffuse material shows a
slight descent on the same exact position. With this simple technique, we can tell whether a material is or not specular. To extend
this proof of concept, we carry out the same procedure, this time
with the whole MERL database. Figure 5 shows the values of the
mentioned 5 most significant directions for the 100 MERL BRDFs.
We can clearly distinguish two different behaviours to which most
of the materials correspond, that are strongly correlated to the specularity of the BRDF. In Figure 5 the warmer colours correspond to
more specular materials, while the cooler are associated with more
diffuse materials.

Figure 4: Values of 2 BRDFs on the first five most significant
Nielsen directions. The samples are light-brown-fabric (’*’) and
steel (’o’). For each one of them, the values of the three color channels of the tabulated BRDF are shown.

We also show that even using the single most significative direction that Nielsen et al. provide on their work, this difference in behaviour remains. Figure 6 again shows for the 100 MERL BRDFs
the value of the most significant direction given by Nielsen. Once
again there is a clear difference where the diffuse BRDFs show
the lowest values (below 0.4) and the specular BRDFs show higher
values, in some cases several orders of magnitude higher. We propose as specularity measure an average of the RGB values for the
most significative direction given by Nielsen on his work, as this

Figure 7 shows the specularity value for the 406 BRDFs used in
the attribute training in the previous section, each one of them projected in the first three dimensions of the PCA components for both
representations. Note that all values above 1 have been clamped to
have a clearer vision of the diffuse region. It is interesting to see
how the diffuse materials are all bound together in a small area of
the full PCA space, while they occupy a much larger zone in the
soft PCA representation. This shows that the soft PCA basis full-

c 2017 The Author(s)
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Figure 5: Values of the 100 MERL BRDFs on the first five most
significant Nielsen directions. For the sake of simplicity, only one
color channel is shown for each of them. The colormap that shows
the difference between difuse and specular BRDFs is obtained with
the difference from the third and fourth directions value.

Figure 6: Values of 100 BRDFs on the most significant Nielsen
direction. On the right graphic we can see the values of the 100
BRDFs, while the middle and left ones are two consecutive zooms
among the first one. For the sake of simplicity, only one color channel is shown for each of them. The colormap is obtained with the
mean of the three color channels.

fits its purpose of maximizing the diffuse information alongside its
first components, where the full PCA basis was biased towards the
representation of the specular peaks of other materials.
4.2. Navigation between the representations
Once we know when do we have to use what PCA basis, we need
a technique to represent the same BRDF on both representations
and to navigate between them (i.e., given the full PCA coefficients
of a BRDF, find its soft PCA coefficients when there is no original
measured data during the editing process). The first idea is to find a
change of basis matrix, but no linear application is found that works
on any direction. The second idea is to rebuild the measured BRDF
from its PCA coefficients from one basis and then from the rebuilt
BRDF find the PCA coefficients of the other basis. This approximation works well when the starting point is the full PCA basis,
and only if the BRDF was correctly represented on that basis before the change. This means that once the undesired artifacts have

Figure 7: Shows the first three PCA coefficients of 406 BRDFs (100
of which are MERL’s database and the rest the synthesized by Serrano et al.) for full PCA (top) and soft PCA (down) representation.
The color shows their specularity measure. Values under 0.4 represent diffuse materials.

appeared in a representation the missing information cannot be recovered even if the other representation is used, so the navigation
between the PCA bases must occur in a point where both representations behave correctly (this happens in the frontier between specular and diffuse materials, given by the specularity threshold) to
avoid this problems. Unfortunately, due to the limited dataset with
wich the soft PCA basis was trained this approximation doesn’t
work on the opposite direction.
To move from the soft PCA space to the full PCA representation
a different method is needed. We use the same neural networks used
in the attribute trainings to learn the correspondence between both
bases. Once again, we perform the same cross validation process to
minimize the average error and find the optimum parameters, this
time with the PCA coefficients as input. This neural network has
100 neurons and a sigma value of 100. With these two methods we
can finally navigate between both representations when needed.
5. Interactive plugin for material edition
One of the contributions of the work of Serrano et al. [SGM∗ 16]
is that they allow the edition of a material through simple, intuitive
attributes that the user can understand. This eliminates the use of
c 2017 The Author(s)
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unintuitive and non-friendly statistical parameters that drove to visually non-linear changes with which the users had to deal before.
This is achieved through a gradient descent algorithm along the
PCA space, in which the attribute values are used as the minimization parameter. Thanks to the functionals trained with the RBFNs,
every point of the 5 dimensional space is associated with one value
for each of the perceptual attributes. Therefore, a change in an attribute’s value leads to a change of the 5 principal components and
to a change in the material appearance. Figure 8 shows a 2D slice
of the PCA space colormapped with the attribute value, where the
path followed during a edition of a BRDF follows a desired change
on this value.
The adaptation of this process to the new representation is simple. First, the specularity measure is obtained from the original
BRDF to edit. Depending on this value and the specularity threshold, the gradient descent is performed on the corresponding PCA
basis. As the material characteristics change during the editing process, a new specularity measure is obtained in each editing step. If
the specularity value reaches the limit of its representation a navigation between the PCA bases occurs. To avoid swinging persistenly
among the representations, a certain hysteresis is used on the navigation boundary, calibrated through experimentation. This means
that, for example, if the specularity threshold to jump from soft
PCA to full PCA representation is set to 0.4, the specularity threshold to navigate from full PCA to soft PCA could be set to 0.35.

Figure 8: Edition of the chrome BRDF decreasing its strength of
reflections. The original BRDF can be seen on the left, and the
edited on the center. On the right, a 2D slice of the PCA space
with the path followed for the edition (blue line). The colormap
represents the attribute value, with warmer colours at its maximum.

Once the edition works with both PCA bases, we take one more
step and present the two representation technique in an interactive
editing plugin. This plugin uses Disney’s BRDF Explorer to visualize BRDFs and a Matlab interface that gives the user a friendly
tool to edit materials. As our work relies on BRDF Explorer to
show the material that is being edited we do not consider it a standalone application but an interactive editing plugin. Figure 9 shows
the interface, where 2D slices of both representations can be seen.
In order to improve the time response and the user experience of
the plugin two main changes are made to our existing system:
• The boundary where both representations behave correctly is a
part of the 5D space where each of them exists. As mentioned
in Section 4, we empirically see that the diffuse BRDFs of our
dataset show a specularity measure below 0.4 and manually fix
c 2017 The Author(s)
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Figure 9: Our plugin interface shows a 2D slice of the full PCA
space (left), the BRDF attribute values (center), and a 2D slice of
the soft PCA space (right). On a separate window, a visualization
of the BRDF is shown.

that as the specularity threshold. Considering such dimensionality, the fact that the manual calibration of the specularity threshold doesn’t always work is not surprising. Besides, the obtaining of each specularity measurement means the reconstruction of
the tabulated BRDF from its PCA coefficients. Considering the
spatial location and separation of specular and diffuse BRDF on
each PCA basis, as Figure 7 shows, the idea of building a spatial
division for the navigation based on the specularity measurement
of the available BRDFs arises. We decide to train support vector
machines (SVMs) with this information, in such a way that the
SVMs will tell us if a BRDF is in the space zone where the PCA
basis correctly represents materials or if we have to change to
the other representation. Thus we achieve an automatic frontier
for the editing process. The use of the SVMs gives a more accurate criteria to distinguish between specular and diffuse BRDFs,
as it learns the relation between the specularity of a BRDF and
the point of the PCA space where it is located. Thus, we think
that this is a better approach to classify BRDFs based on their
specularity.
• The other modification is the navigation between full PCA and
soft PCA representation. We find out that the navigation made
with the RBFN is much faster than the reconstruction one (from
some ms for RBFNs to around 3s for reconstruction method depending on the machine used). Removing this bottleneck will
give the user a better experience and make the transition even on
both directions. Thus, we train another RBFN for this purpose.
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• Last but not least, the gradient descent algorithm that lead the
editing process has been changed to use Matlab’s fmincon with
the sqp algorithm. This has made the system faster and more
robust, as this method is able to avoid local minimum values.

to soft PCA. Figure 12 shows other examples of BRDF editions
with our plugin.

In the next and last section we show our results and discuss our
limitations, explaining their causes and setting probable future lines
of work to solve them.

6. Results
As we have shown in Figure 1, the soft PCA basis is good enough
to depict diffuse materials from MERL’s BRDF database. This
solves the BRDF representation problem, but is not enough to fix
the edition drawbacks of the previous work. Thus, both representations are needed to correctly depict diffuse and specular materials. This has been achieved through a novel specularity measurement, based on the information present on Nielsen most significative direction for BRDF acquisitions. Once the representation that
is needed is known, navigation between the BRDF representations
can be achieved through trained RBFNs. For an automation of the
PCA basis frontier, we use the specularity ratio to train two SVMs
that designate the PCA space zone where a representation behaves
correctly. We integrate this technique in a material editing plugin
for a better user experience. We have overcomed the spotted weakness of the previous model. Next we present our results as well as
the limitations found to our model.
We have found out that the two representations technique is less
robust than only using full PCA. This means that during the editing
process, a one way path will work fine (changing the value of the
attribute once), but constantly moving forward and backward from
one representation to another will eventually lead to some kind of
artifacts due to the small misalignment caused by the RBFNs that
change the PCA coefficients from one basis to the other. The full
PCA representation of Serrano et al. is more resistant to these type
of constant changes.
During the edition, a convex hull acts as a solid boundary to limit
the part of the full PCA space where the editions can take part, thus
avoiding artifacts to appear. This is a conservative approach, since
any BRDF inside the convex hull will keep its physical plausibility
(as the space of mathematically valid BRDFs is convex [WAKB09],
[MPBM03]). But there is no reason why there might not be other
novel and plausible BRDFs outside the convex hull. As long as their
physical properties were assured, the user should be able to explore
a wider space than he is now.
Nonetheless, the improvement over the past limitations is plausible. Figure 11 shows a successful edition with a change of representation from soft to full PCA. None of the extremes would’ve
been possible if only one representation was to be used. On the plugin interface we can see how the same BRDF behaves differently
on both representations. As the material gets more glossy (more
specular), the corresponding point of the 5D PCA space for the soft
PCA basis moves to a zone where the BRDFs are no longer correctly represented, while the same BRDF on the full PCA basis is
correctly represented and stands inside the convex hull. Figure 10
shows the opposite case, a change of representation from full PCA

Figure 10: Sample of an edition with change of PCA basis (from
full to soft) of the MERL BRDF chrome. The attribute "metallic"
is being modified, from original to lowest possible values. The left
image corresponds to a soft PCA basis representation (low metallic
value), while the right image corresponds to the original BRDF
(reconstructed from its full PCA coefficients).

7. Discussion and conclusion
With our work we have shown that where a type of material is under represented, a separate PCA basis can be made to represent it
better, as long as it shares a common boundary with the other (or
others) PCA basis. This could be useful when no more samples can
be acquired, or when the huge difference between material types
biases the PCA basis towards one of them. We have also presented
a novel specularity measure for tabulated BRDFs, that is not restricted to a type of material, nor expensive to use.
Yet there are open questions and many oportunities for interesting future work. For example, a further analysis of the differences on the PCA bases would give us more information of their
behaviour. Figure 3 shows that both bases are indeed different on
their principal components, but we don’t certainly know what these
differences mean or how we can take advantage of them.
Another interesting line of work would be exploring other methods to navigate between the representations. We know that some
misalignments exist when navigating between the PCA bases using
our trained RBFNs. Studying other possible navigation methods
could be useful to minimize these misalignments.
Finally, we would like to broaden the PCA space where the user
can make the editions. As we’ve mentioned before, this is now
limited by the boundaries of a convex hull. The use of the convex hull could be replaced by ensuring that the physical properties
of the BRDF are met. From the three principal physical properties
of a BRDF (non-negativity, reciprocity and energy conservation)
the first two are assured by implementation details. Working on the
third property would open the possibility of new materials for the
user.
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Figure 11: Sample of a edition of the MERL BRDF beige-fabric,
with a change from soft to full PCA basis. The attribute "glossy"
is being modified, from lowest (top) to highest (down). On the left,
the editing plugin can be seen. Please note how the PCA slices are
modified along the edition. On the right, the change of the BRDF
appearance is shown.

Figure 12: Results of the editions on several BRDFs. The initial
BRDF is shown on the left, and the edition result on the right. From
top to bottom, these editions are: blue-fabric, increasing metallic
attribute (change from soft to full PCA basis), violet rubber, increasing sharpness of reflections (change from soft to full PCA basis) and delrin, decreasing brightness.
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