A Perceptual Quality Scale for
Image-based Relighting of Glossy
Surfaces

Olivier Dumont Vincent Masselus
Peter Zaenen Johan Wagemans Philip Dutré

Report CW 417, June 2005

Katholieke Universiteit Leuven
Department of Computer Science
Celestijnenlaan 200A — B-3001 Heverlee (Belgium)




A Perceptual Quality Scale for
Image-based Relighting of Glossy
Surfaces

Olwier Dumont Vincent Masselus
Peter Zaenen Johan Wagemans Philip Dutré

Report CW 417, June 2005

Department of Computer Science, K.U.Leuven

Abstract

We present a method to obtain a perceptual quality scale, re-
lating the number of basis images used in the image-based relight-
ing of scenes containing glossy surfaces to their perceived quality.
Our method is based on advanced psychological experiments, re-
quiring observers to make judgments on different relit images. These
relit images are constructed with cumulative subsets of basis images.
From these judgments, a perceptual quality scale is derived.

We demonstrate this method for three different kinds of glossy
materials. From the obtained perceptual quality scales, we can de-
rive a threshold for the number of basis images required to relight
the different types of glossy materials to perceptual perfection. Ad-
ditionally, we determine an approximate threshold function for the
number of required basis images to relight to perceptual perfection
as a function of glossiness.
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Abstract

We present a method to obtain a perceptual quality scale, relating the number of basis images used in the image-
based relighting of scenes containing glossy surfaces to their perceived quality. Our method is based on advanced
psychological experiments, requiring observers to make judgments on different relit images. These relit images are
constructed with cumulative subsets of basis images. From these judgments, a perceptual quality scale is derived.
We demonstrate this method for three different kinds of glossy materials. From the obtained perceptual quality
scales, we can derive a threshold for the number of basis images required to relight the different types of glossy
materials to perceptual perfection. Additionally, we determine an approximate threshold function for the number
of required basis images to relight to perceptual perfection as a function of glossiness.

Categories and Subject Descriptors (according to ACM CCS): 1.3.7 [Computer Graphics]: Three dimensional Graph-
ics and Realism Shading and shadowing 1.4.1 [Image processing]: Digitization and Image Capture

1. Introduction

Over the recent years, relighting of real objects has been
researched to large extent. Published work in this research
field allows to faithfully visualize objects, ranging from toys
and human faces to buildings and cities, with novel incident
illumination. In particular, the image-based relighting tech-
niques are very appealing, since they do not require any ge-
ometrical data of the object nor are they restricted to an an-
alytical surface reflection model. Instead, these techniques
only require a special set of images of the object, called the
basis images. These basis images are photographs of the ob-
ject, captured from a single fixed viewpoint. For each pho-
tograph, the object is illuminated from a different direction.
Based on these basis images, the object can be relit with any
novel incident illumination [DHT*00]. This is achieved by
computing a weighted sum of the basis images. The weights
depend on the illumination directions in the used basis im-
ages and the novel incident illumination.

Most of the published papers on relighting propose
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more practical or faster data acquisition methods [HCDO1,
MDAO2], more intelligent techniques to process the basis
images [MPDWO04], or more efficient storage of all informa-
tion [WHON97, MGWO01]. However, in most applications,
such as the movie industry or augmented reality, the relit
images do not need to be physically correct. They only need
to convince the viewer that the object is illuminated with the
novel incident illumination. Furthermore, the number of re-
quired illuminant directions, and thus the number of basis
images, is seldom discussed.

In this work, we investigate the perceptual effect of the
number of basis images on the resulting relit images. More
precisely, we research the relation between the number of
basis images for relighting different kinds of glossy materi-
als and the perceived quality of the relit images. Based on
established psychoperceptual experiments, we present a per-
ceptual quality scale for the number of basis images for re-
lighting surfaces with different gloss. This quality scale de-
notes how an observer perceives the quality of a relit image
when the number of basis images changes in correspondence
with other relit images.

A perceptual quality scale has several benefits: if a relit
image, computed with N basis images, is perceived similar
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Figure 1: For a cylinder, a set of basis images are captured (A). Based on a different number of these basis images, different
relit images can be renderer, resulting in a series of relit images (B). Different quadruples of the relit images can be selected to
be displayed on a CRT (C). From the decisions of observers, a quality scale (D) can be derived, relating the number of basis

images for relighting to the perceived quality.

to a relit image, based on only a small fraction of these N ba-
sis images, then only that fraction should be acquired, since
the other basis images do not have any added value. There-
fore, such a scale would allow to derive a threshold on the
number of basis images important for the perceptual quality.
Additionally, with this scale one can also predict how many
light sources must be sampled to compute the relit images of
a user defined perceived quality.

We coated three cylinders with a different type of glossy
material. For each of these coated cylinders, we captured a
large set of basis images. Then, we used different amounts of
these basis images to render relit images, all with the same
novel illumination. This resulted in a series of relit images
for each cylinder, where only the amount of basis images
used to compute the relit images differed. Finally, observers,
unaware of our goal, were presented with the relit images of
such a series, in a particular order. Based on their opinions,
a perceptual quality scale was obtained, using the Maximum
Likelihood Difference Scaling (MLDS) technique [MYO03].

2. Related work

Many studies have been conducted on image-based relight-
ing, but to our knowledge, only the work of Lin et al.
[LWSO01] takes into account the sampling density of the light
sources, and thus the number of basis images. In their work,
sampling thresholds for the light source positions are calcu-
lated, as a function of the parameters of an analytic BRDF
model for the surface and a given tolerable error €. There-
fore, these thresholds for the number of basis functions en-
sure physical correct relit images up to an error €. Although
of importance, it is hard to find these specific parameters for
areal surface. Additionally, these e-dependent thresholds are
to ensure physical correctness and are only a loose upper
bound for a perceptual threshold.

Several attempts have already been made to represent
the perception of gloss. Pellacini et al. [PFG00] propose
a psychophysical model to describe glossy surfaces. This

model is based on a two-dimensional space to represent
gloss of a surface. These two dimensions are labeled Con-
trast and Distinctness of Image. Earlier, Billmeyer and
O’Donnell [BO87] found gloss to be a two-dimensional fea-
ture as well. However, they found it sufficient to represent
gloss in a one-dimensional space.

The approach of Obein et al. [OKV04] is closely related
to ours. In the spirit of [BO87], they quantify the perception
of glossy surfaces in a one-dimensional space, and build a
perceptual difference scale of ten different standard glossy
surfaces. In order to achieve this, observers are presented se-
ries of two pairs of samples of these materials, for which
they have to mark which one of the two pairs is perceived as
more different than the other pair. From these tests, a differ-
ence scale is obtained using the technique of [MYO03].

In this paper, we will follow a similar approach as
in [OKV04]. However, we derive a difference scale for the
quality of relit surfaces of different gloss in function of the
number of basis images used.

3. Overview

First, we select the kinds of glossy materials for which we
want a quality scale. For each of these materials, we coat
a cylinder with that material and capture a set of basis im-
ages (figure 1.A). Relighting with novel illumination but us-
ing different amounts of basis images, results in different re-
lit images (figure 1.B). The acquisition of basis images and
rendering of different relit images is discussed in section 4.

For each material, based on the series of relit images, we
perform experiments in which quadruples of relit images
are classified by observers (figure 1.C). From these obser-
vations, we derive a quality scale. The details of these ex-
periments are discussed in section 5. In section 6, we take
a look at the influence of different novel illumination, scene
complexity, as well as texture. Based on the obtained qual-
ity scales of the different kinds of materials, guidelines for
relighting glossy materials are derived (section 7).
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4. Choices and Generation of Data for Experiments

In order to do our experiments, we need to a) choose ap-
propriate materials for which we want a quality scale, and
construct scenes with these materials, b) capture a large set
of basis images for each of these scenes, and c) generate relit
images, based on different numbers of basis images, for the
experiments. In the next subsections, we discuss these three
issues.

4.1. Choice of Scenes

In the work of [OKV04], the gloss of materials is catego-
rized as either Matte, Intermediate, or High Gloss. This cat-
egorization is based on the size of the highlight induced by
these materials: a matte material will have a highlight cover-
ing the complete surface, an intermediate material will have
a clearly distinct highlight and a high glossy material will
have a highlight in which the shape of the light source is
clearly recognizable. Based on this subdivision of gloss, we
choose three materials representing each of these categories:
white glossy paper for matte material, glossy aluminum foil
for intermediate material and nearly specular metal foil for
the high gloss material.

In order to relight these materials, we choose to coat cylin-
ders in each of the chosen materials. The choice for cylinders
is based on the fact that these have a varying surface normal
with relation to the camera while it is still an easy task to
coat a cylindrical surface, as opposed to a sphere.

Matte Intermediate

High Gloss

Figure 2: The three coated cylinders.

4.2. Acquisition of Basis Images

For each cylinder, we need to record a set of basis images.
This set needs to be large because we are interested in the
effect of the number of basis images with relation to the
resulting relit images. However, we do not need to sample
the complete hemisphere for the light directions, only a part
will suffice. Afterwards, our results can be extrapolated for
light directions over the complete hemisphere. Therefore, for
each type of material, we will record an abundant amount of
images over a small section of the light source position do-
main: in our case, 640 light directions are uniformly sampled
on only a part of the hemisphere above the cylinder. Out of
practical reasons and repeatability, the data acquisition of the
640 basis images is equal for all materials.

We want to create different relit images based on subsets

of basis images. These subsets need to be cumulative. If the
subsets would not be cumulative, we could not fairly com-
pare relit images based on different number of basis images.
With each basis image corresponds a light source position.
To find a correct quality scale for the number of basis im-
ages for relighting, we want the light source positions for
each subset to be optimally sampled over the light source
position domain. Again, if some subsets would not be opti-
mally sampled, the comparison would not be fair. Therefore,
we want:

§;CS; it i<y
V subsets S;,S;: (D
S; is optimally sampled.

However, equation 1 rules out the possibility of extend-
ing a subset by one basis image and sampling uniformly for
each subset. A solution to cumulative subsets with individ-
ual optimal sampling is to create a hierarchical Poisson disk
sampling — presented in [MF92] — of 640 samples on the do-
main of light source positions (i.e. the part of the sampled
hemisphere above the object) and position the light sources
at these sample positions.

However, implementing the hierarchical Poisson disk dis-
tribution approach directly is not practical since this would
require us to place a light source at every sampled non-grid
point. In our case, this would also be very costly to build,
since it would require us to have 640 light sources. Practical
approaches do exist to capture basis images with only a few
light sources. Sampling light sources positions at grid points
on a plane, as proposed by [LWSO01], or the use of a Light
Stage, as proposed by [DHT*00] are very common and prac-
tical. However, these approaches sample the light directions
at grid points in cubic or polar parameterization.

We have chosen to build a custom Light Stage, similar
to [HCDO1, MPDWO04]. The cylinder and the camera are
placed on a turntable which rotates in 32 steps over 90 de-
grees. However, in our setup, instead of a semi-circular brace
on which the light sources are mounted, we mount a set of
20 light sources on a vertical column. Thus, the sampling of
light source positions is a grid pattern of 20 x 32 on a cylin-
der around the scene. This is close to optimal for a section of
the hemisphere close to the equator and satisfies our needs.
Due to this setup, our sampling domain of the light sources
on the hemisphere covers 90° of azimuth angle and 45° of
tilt angle, being a solid angle of /27 sr. Note that any other
Light Stage approach could be used here as well.

With our Light Stage approach, cumulative subsets of the
acquired basis images can easily be produced: given the set
of 640 basis images, we can create cumulative subsets for
these 640 images by numbering the images. This numbering
then defines the subsets: a subset of N(< 640) basis images
consists of the basis images with numbers 1 through N. Al-
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though this allows to obtain cumulative subsets of basis im-
ages, these subsets may not be individually ideally sampled.

To ensure optimally sampled subsets, the numbering of
the light sources is of importance. With an intelligent num-
bering scheme, each subset can be nearly optimally sampled:
since the 640 basis images correspond to a 20 x 32 sampling
grid, we compute 640 samples with a modified hierarchical
Poisson disk sampling method on the light source position
domain. For each iteration step, we compute the next sam-
ple in the hierarchical Poisson disk sampling. Since the true
light source positions are grid points, we snap this sample to
the nearest grid point and tag this grid point with the number
of the iteration step.

This results in a numbering for the grid points of the light
sources and thus also for the accompanying basis images.
Due to this numbering, we ensure that all subsets have the
best possible discrete sampling over the domain, while keep-
ing the subsets cumulative. The sampling for the subsets
with 10, 50 and 100 basis images is displayed in figure 3.

10 samples 50 samples 100 samples
20 200 o u . wnEoE
. - = s = swo=w "
. . . L

— Light source
.
"

= w [y ®m " mm mom

T Tomtonstep 32 1 21 &

Figure 3: The subsets of light source positions with 10, 50
and 100 samples on the sampling grid. As can clearly be
seen, all subsets have a nearly optimal individual sampling
of the domain.

4.3. Generating Relit Images

To generate the series of relit images, we first decide on the
different subsets for which a relit image is to be rendered.
This decision depends on the material. For a chosen subset
of basis images, we create a weighted sum of these basis
images. These weights are defined by the novel incident il-
lumination and the light source positions corresponding to
the basis images in the subset. This relighting approach has
proven to be a good method for relighting with static illumi-
nation, as demonstrated by [MPDWO04].

The novel illumination will have an impact on the relit im-
ages. In our experiments, we choose to relight the cylinders
with three colored soft spots (see figure 4). This allows us to
visualize three different highlights while the illumination is
not too high frequent.

5. Experiments
5.1. Experiment Methodology

We used the MLDS method presented in [MY03] to obtain a
quality scale for each of the test setups. In each test, the ob-
server was presented with all possible combinations of two

Figure 4: The lighting originates from the sampled domain
of light sources. In our setup, this is a quarter of a cylin-
der around the object. To relight, a weighted sum of basis
images is computed. The novel illumination is decomposed
into weights depending on the used basis images.

couples of relit images and was asked to select the couple
with the largest perceived difference according to the crite-
rion requested. In our experiments, we asked the observers
to judge the difference in perceived realism between all the
images.

This method has several advantages over previous ap-
proaches, that required the observer to sort or make pairwise
comparisons between the stimuli themselves( [Gui54]). This
class of methods — introduced by [Thu27] — relies on the fact
that observers behave stochastically in their choices between
stimuli; thus it follows that the stimuli may only differ by a
few just noticeable differences (JND’s). By using the dis-
tance between two images itself as stimulus, this restriction
is overcome and a larger perceptual range can be studied.

The two pairs of images were presented simultaneously
on a CRT monitor in a slightly darkened environment. The
observers were unaware of the goal of the tests, and all re-
ceived the same instructions. All participants had normal, or
corrected to normal, vision. Each test took on average 10
minutes to complete.

5.2. Experiment Setup

For each scene, we selected 10 relit images that cover the
entire perceptual range that we wish to study. The observers
were presented with the Cfo = 210 quadruples of images for
each of the 3 scenes. For the matte and intermediate gloss
materials, not all 640 basis images are required to generate
realistically relit images. For the matte scene, the presented
stimuli were constructed with relit images based on 2, 3, 4,
5,6,7,8,9, 10 and 12 basis images. The stimuli for the in-
termediate gloss scene used 2, 3, 5, 8, 10, 12, 15, 17, 20 and
22 basis images. For the high gloss scene, substantially more
basis images are required for realistic shading reproduction,
resulting in the choice of 3, 5, 12, 25, 50, 100, 150, 200,
400 and 640 basis images for the stimuli. The resulting relit
images are shown in figure 5.
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Matte Intermediate

High Gloss

Figure 5: The relit images for each of the three cylinders.
From left to right: matte, intermediate and high gloss. The
number of used basis images is depicted in the lower right
bottom of each relit image.

5.3. Processing of Data

The obtained data was fitted on an extended version of the
model introduced by Maloney and Yang [MYO03]. A lapse
factor and observer dependent variance factors were added
to more accurately describe the measured data. We used the
robust optimization procedure fininsearch in the MATLAB
environment as a basis to implement the maximum likeli-
hood method.

The first of these extensions, the lapse factor, was neces-
sary because several observers reported having lapses during
the long test. Due to the sensitivity of a maximum likelihood

estimation to lapses (see [WHO1]), we extended the MLDS
model to take this into account. A lapse factor was estimated
in an unrestricted way by the fitting process and always re-
mained within the interval [0,0.06], which was also reported
by [WHO1] to be a very reasonable interval.

The second extension, observer dependent variance fac-
tors, was necessitated by the complexity of the stimuli pre-
sented. As mentioned by [MYO03], sometimes the data for
one individual observer does not result in a unique solution.
This required us to perform a global optimization over the
data of all observers instead of one per observer. In order to
allow for observer-dependent factors (e.g. the attention they
invested in the test) we introduced an observer-dependent
variance factor per observer.

The resulting quality scales are shifted so that the percep-
tually perfect stimulus corresponds to zero-quality and stim-
uli perceived as worse correspond to negative values. The
distances between all of these values was also normalized
in correspondence to the square mean of the variances. The
larger the distance into the negative, the greater the distance
was perceived by the “average observer” in our tests.

5.4. Results of tests

In this subsection, we discuss the resulting scales for the dif-
ferent surface materials: matte, intermediate and high gloss.

Matte In figure 6(a), the resulting quality scale for our
matte material is depicted for our original test with 20 ob-
servers along with an additional test with only 5 observers
but a larger test domain. A strong increase in image qual-
ity for the first few basis images is evident, with a transition
into a plateau and a subsequent second strong improvement
around the stimulus with 10 basis images (I). This second
improvement is the result of the side of the cylinder under-
going an above average change in lighting by this 10th basis
image. We performed an additional test with up to 18 basis
images and 5 observers (see figure 6(a), green graph), that
confirms that there is a negligible quality increase after the
stimulus with 12 basis images.

Because we sampled a solid angle of /27 sr, one can see
that for a matte material, a uniform sampling where every
light source occupies 9.25e-2 sr is sufficient to reproduce
perceptually perfect images. This implies that 70 basis im-
ages — corresponding to uniformly distributed light sources
over the hemisphere — is sufficient to reconstruct the shading
properties of a matte material similar to ours.

Intermediate Gloss The quality increase of the perceptual
scale for the intermediate glossy cylinder (figure 6(b)) is less
pronounced than for the matte material. Near the stimulus
with 15 basis images (G), the quality increase is below sta-
tistical significance. A solid angle of 7.4e-2 sr is therefore a
sufficiently dense sampling for the light sources. With 120
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(a) Matte material.

(b) Intermediate glossy material.

(c) High glossy material.

Figure 6: The quality scales for the number of basis images for relighting of our three tested materials.

basis images from light sources over the hemisphere, the
shading of an intermediate glossy material can be realisti-
cally reproduced.

High Gloss The quality scale of the high gloss cylinder (fig-
ure 6(c)) confirms the trend that the perceptual quality in-
crease tends to require more basis images as the surface is
able to reflect more high-frequent details of the illumina-
tion. The stagnation of quality occurs at about 200 basis im-
ages. A dense sampling of the hemisphere with a solid an-
gle of 5.5e-3 sr is adequate to faithfully relight scenes with
high gloss materials present. We conclude that by using 1150
light sources — uniformly distributed over the hemisphere —
one can reconstruct the shading of our high gloss material to
perceptual perfection.

5.5. Validation of fitted models

To validate our results, we applied the procedure proposed
by [MYO03] to our extended model. [KLST71] state the nec-
essary and sufficient conditions for which an observer can
be said to judge stimuli according to a difference scaling
model. In [MYO03] one of these conditions is reformulated
as the Six-Point Property, providing a method to validate
the fitted model. The Six-Point Property states the transitiv-
ity property for specific combinations of 3 quadruple tests.
Specifically, when the observer judges the difference d(i, j)
to be greater than d(i’, j') and d(j, k) > d(j’, k"), then he/she
should also judge d(i, j) > d(i',k"). When deriving a differ-
ence scale for n stimuli, there exist CS such relations. Be-
cause of the stochastic nature of the observer’s decisions,
there is a nonzero probability of violating this property. Sub-
sequently, we can compute the probability of observing the
violations and compliances of a single participant.

The validation of the fit is achieved by comparing the
proportion of Six-Point Property failures of an observer’s
test results to the distribution of those failures, generated
by Monte-Carlo techniques. The observed data for one par-
ticipant is rejected if the probability of observing such Six-
Point Property failures as present in the data lies below the
a-percentile of the histogrammed Monte-Carlo values. If

our datasets were generated by our fitted models, o percent
would lie below this a-percentile. The number of rejections
of the observed data by the fitted model was not above the
expected number of rejections. Therefore, we conclude that
the observed data is consistent with the fitted models pre-
sented.

6. Extensions

In this section we consider other dimensions that influence
the perceptual realism of relit scenes: lighting, texture and
scene composition.

6.1. Influence of Frequency of Lighting

The perceived quality of relit images is dependent on the
type of illumination with which it is relit. Thus far, we em-
ployed a fairly high-frequent illumination (figure 4). In order
to ascertain the sensitivity of the quality scale for a change
of illumination, we performed the same type of experiments
(only 6 observers) for all three materials with a different il-
lumination. The images were relit using a homogeneous il-
lumination (i.e. white light from the complete sampled do-
main).

The quality scales of the three materials resulting from
using the homogeneous low frequent illumination as well
as the high frequent illumination are shown in figure 7. We
found that the frequency content of the lighting indeed has
an effect on the perceived quality scale.

For a high glossy material, the two scales are almost iden-
tical, while the intermediate and certainly the matte material
show significant deviations. For lower frequency reflectance
surfaces (i.e. matte and intermediate), every estimated qual-
ity scale for the high frequency illumination tests has a larger
domain than the corresponding low frequency tests, and lie
mostly below them. This means that the difference in quality
is more easily seen by the observers as the illumination has
a larger high frequency component.
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Figure 7: Quality scales for the three glossy materials with
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—— homogeneous matte
— textured matte

10
Number of basis images

Perceived quality scale

Figure 8: In the right bottom, the textured matte cylinder is
depicted. The two quality scales for the non-textured matte
cylinder and the textured matte cylinder.

6.2. Influence of Texture on the Surface

In addition to the three categories of surface reflection types,
we also investigated the effect of the presence of surface tex-
ture on the perceptual image scale for a matte reflection type.
The importance of textures in computer graphics has already
been studied in [FSPG97]. In order to investigate, we manu-
factured an extra matte cylinder with texture (see right bot-
tom of figure 8). With this textured cylinder, we performed
the same experiment as with the other cylinders, and derived
a quality scale. Because of the already steep increase of im-
age quality for the matte cylinder, only a small effect is no-
ticeable. The presence of texture does not seem to influence
the threshold at which there is no quality difference to be
perceived for matte materials.

6.3. Influence of complex scene composition

All tests thus far were performed on simple cylinders. In or-
der to investigate the impact of scene composition on the
perceptual quality scale, we presented 6 observers with 2 ad-
ditional tests. The setup for the first of these tests can be seen
in figure 9(a), depicting a highly glossy mug, a stapler and
a slightly glossy ball. The second test setup was constructed
by just showing the highly glossy mug to the observers (as
in figure 9(b)).

(a) Complete Scene Setup

(b) Partial Scene Setup

30

—— mixed scene
- - glossy mug only

Perceived quality scale

10°

Nl‘lnr‘nber of basis if;;ages
Figure 9: Perceptual quality scales of complete scene and
only the high gloss mug

The results of these two tests is shown in figure 9. The
threshold for perceptual perfection remains approximately
the same for both setups (30 basis images).

7. Discussion

For each of the tested materials, we obtained a quality scale
for the relighting of the material based on the number of ba-
sis images. As can be seen in the graphs in figure 6, there
exists a saturation point at which adding more basis images
is irrelevant to the observer. For the matte material, this satu-
ration occurs at 70 basis images, corresponding with 70 uni-
formly sampled light source positions on the hemisphere.
Similarly, for the intermediate and high gloss tested mate-
rials, we derive a saturation point for the number of light
sources on the hemisphere at 120 and 1150, respectively.
The glossy mug from subsection 6.3 was added as an ad-
ditional material sample, with a minimal sampling of 170
light sources over the hemisphere.

If we plot all these thresholds as a function of gloss, we
can obtain a graph defining the threshold for the number of
basis images for relighting any kind of glossy material. In
order to do this, we need to know the gloss of each sampled
material. For each of the materials, the nearest stimulus used
by [PFG00] was matched and their perceptual contrast gloss
dimension used as gloss unit. We normalized this dimension
so that O corresponds to perfect matte and 1 to completely
specular. These findings are shown in figure 10, defining an
approximate lower bound for the number of basis images re-
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Figure 10: Minimal sampling of the hemisphere for percep-
tual gloss units

quired to relight glossy surfaces in a perceptually acceptable
fashion.

All these thresholds were found to be reasonably indepen-
dent of the type of illumination used, the presence of textures
and the complexity of the scene.

8. Conclusion and Future Work

We studied the minimal sampling required to relight scenes
consisting out of materials of different gloss. A perceptual
quality scale for each of these was constructed, providing a
more substantial basis to perform relighting of scenes than
the previously employed method of relying on know-how
or just capturing a lot more images than strictly necessary.
By fitting our stimuli on the perceptual scale of [PFGO00],
we provide a minimal relighting configuration that will pro-
vide perceptual convincing results. For our matte, intermedi-
ate and highly glossy materials we found 70, 120 and 1150
basis images respecively to be sufficient to realistically re-
light scenes. After establishing the glossy perceptual con-
trast gloss dimension of the materials to be relit, one can use
figure 10 to get an upper bound for the number of basis im-
ages that will provide realistic relit images.

Due to the high number of factors involved in relighting,
this paper addresses the most prominent one: type of mate-
rials. Some preliminary investigations were performed as to
how the type of illumination, texturing and scene composi-
tion relate to the perceived relit images. None of these seem
to have a significant impact on the minimum number of ba-
sis images. Yet these and many other factors remain to be
considered in future research. Interreflection in a complex
scene, self-occlusion, and geometrical properties of the relit
objects are among factors that remain to be addressed.
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