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Abstract
Context. 
Real time rendering has many challenges to overcome, one of them
being character realism. One way to move towards realism is to use wrinkle maps.
Although already used in several games, there might be room for improvement,
common practice suggests using two wrinkle maps, however, if this number can
be reduced both texture usage and workload might be reduced as well.
Objectives. 
To determine whether or not it is possible to reduce the number of
wrinkle maps from two to one without having any significant impact on the
perceived realism of a character.
Methods. 
After a base character model was created, a setup in Maya were made
so that dynamic wrinkles could be displayed on the character using both one and
two wrinkle maps. The face were animated and rendered, displaying emotions
using both techniques. A twoalternative forced choice experiment was then
conducted where the participants selected which implementation displaying the
same facial expression and having the same lighting condition they perceived as
most realistic.
Results. 
Results showed that some facial expressions had more of an impact of
the perceived realism than others, favoring two wrinkle maps in every case where
there was a significant difference. The expressions with the most impact were the
ones that required different kinds of wrinkles at the same area of the face, such as
the forehead, where one variant of wrinkles run at a more vertical manner and the
other variant runs horizontally along the forehead.
Conclusions. 
Using one wrinkle map can not fully replicate the effect of using
two when it comes to realism. The difference on the implementations are
dependant on the expression being displayed.
Keywords: 
Facial animation, Real time animation, Facial realism,
Normal Mapping, Wrinkle maps, Dynamic Wrinkles.
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1

Introduction

At this point in time, video games do, at an extreme rate, move towards realism and as
hardware limitations are becoming less and less of a concern, the creative possibilities increase.
One challenge to overcome is to make characters seem more lifelike. Oat [1] proposed a
technique for rendering wrinkles and deformations on characters and objects. This technique
essentially uses multiple normal maps to achieve more lifelike materials, for example, this
technique can be used to make animated skin and fabric wrinkle and create crevices when it is
compressed or stretched. Wrinkle maps can be seen in games today, for example, the Cryengine
has support for it [2]. Henceforth, this technique will be referred to as “wrinkle maps”.
There are several reasons for trying out and evaluating different methods and
implementations when it comes to 3D graphics, especially when it comes techniques that
involves video games since optimization is more of a concern, using two maps might cause a
bottleneck in the rendering pipeline, making the application run at a lower fps while using one
map might remove this problem. As stated in RealTime rendering 
“At any given moment, one of
these stages, or the communication path between them, will always be a bottleneckthe slowest
stage in the pipeline. This implies that the bottleneck stage sets the limit for the throughput, i.e.,
the total rendering performance, and so is a prime candidate for optimization”
[4], meaning that
bottlenecks should be focused on when optimizing a real time application.
There is also the fact that different implementations require a different workflow. There
is a possibility that changing how wrinkle maps are used speeds up the workflow for people in
the field, improving the effectiveness of developers and saving money for game publishers.
The implementation that Oat proposed uses two wrinkle maps, relaxed, compressed, and
stretched. What is being proposed in this paper is that one of the maps might be redundant for an
acceptable result, meaning that all the wrinkles should be possible to store into one wrinkle map,
both saving disc space and work time. This paper will focus on the visual result and how it
differs when using one or two wrinkle maps.

2

Related Work

As previously mentioned, Oat [1] proposed using wrinkle maps to enhance character
realism, which uses several maps to create wrinkles on a character. The implementation being
presented is based on Oat’s implementation, however, a minor difference is that the influence
maps are individual maps instead of baked into one texture, utilizing every channel. Baking the
influences into one texture were never done because this would complicate the maya
implementation and should not affect the resulting wrinkles visually. The main difference is that
Oat uses two normal maps instead of one for wrinkles (three if the base normal map is counted),
while the implementation being proposed in this paper only uses one wrinkle map. As far as
implementation goes, using two wrinkle maps instead of one was not much more complex as
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using two maps only requires the person implementing the functionality to duplicate the structure
for one map.
A technique presented by Dutreve, Meyer, and Bouakaz [3] is very similar to the
technique presented by Oat, however, this technique eliminated the use of influence maps as it
uses the joint weights as influences. This technique, much like the implementation being
presented in this paper, reduces the number of needed maps, however, this still uses both the
stretch map and the compression map.
Alcon, Travieso, and Larboulette [5] did a study on the perceived difference dynamic
wrinkles has on a character and concluded that having dynamic wrinkles in fact do increase the
perceived realism. Their paper is similar to this one but it does not compare using two wrinkle
maps and using one. There is also the difference that this study focuses on wrinkles on a human
face while theirs focus on clothing, wrinkles are appropriate to apply in both cases but the fact
that this study applied them to a character's face might change the outcome of the perception of
the viewer.
Courgeon, Buisine, Martin [8] performed a study on the impact expressive wrinkles has
on a character's face. This article as well is very related to the this paper though some differences
does distinguish these articles. The study they performed compared the difference wrinkles has
on a character versus no wrinkles at all and also, more than realism, focused on the readability of
emotions. The conclusion of their study states “
The major result of this experiment is that
wrinkles simulation did not improve categorical recognition of emotions. However, wrinkles
influence user’s preferences and improve perceived expressivity of a virtual character
.”[8].
The Source engine [6] has support for a similar technique as Oats implementation, the
difference being that the influence maps are painted into the vertices instead of a texture map.

3

Aim and objectives

Comparing the perceived realism of using one wrinkle map instead of two aims to determine if it
is possible to reduce the number of needed maps, without any impact on the visual representation
and realism of wrinkles or at least determine if the resulting difference is negligible.
3.1 Objectives
There are some objectives that has to be tackled to answer the questions that would be relevant
for a comparison between using one and two wrinkle maps, these are listed below.
● Creating a mesh with corresponding Normal, wrinkle map, and stretch map and also paint
influences.
● Rigging the mesh, to make the wrinkles seem more natural the mesh will be animated,
having it rigged will help a great deal when it comes to animating, it is also preferable to
have the controllers of the rig drive the wrinkle influences.
Max Kaspersson
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● Animating the mesh, this will be done so the techniques can be observed and judged by
how they would be used in a game engine.
● Implementing a node structure supporting wrinkle maps in Maya.
● Comparing the visual result of using one versus two wrinkle maps.
3.2 Research question
This project will focus on the visual differentiation between using one versus two wrinkle maps
and if there is, to what extent. That being considered, the research question is as follows.
How does perceived realism differ from the perspective of the viewer between using one versus
two wrinkle maps?
3.3 Limitations
Implementing wrinkle maps in a custom 3D engine would give a more accurate result to to how
wrinkle maps would be used in a game when it comes to video ram usage, however, since what
is being evaluated in this paper is the visual result, implementing wrinkle maps in Maya is
acceptable since the visual result should be the same. The problem mainly were that
implementing wrinkle maps in a custom 3D engine would take too much time for the timeframe
for this project.
It would also be beneficial to try making wrinkle maps for different objects besides a
face, such as clothing or other forms characters such as monsters for example. This would yield a
more rounded comparison of the implementations, however, just like implementing wrinkle
maps in a custom 3D engine, this would take too much time. It would also make the experiment
more complex as this would create more parameters to test and evaluate.

4

Method

The objectives can be broken down into different steps, the first one is preparation. To get an
objective comparison between both implementations, they both need to be as similar as possible
when it comes to everything besides the implementations themselves. If this is not the case, there
is a risk that other factors than the implementations play a part in the comparison. Therefore, the
mesh, animation, and two of the maps will be the same. The difference being that the
implementation that replicates the implementation that Oat made needs the stretch map as well.
This is very similar to only using one since all that has to be done is to create the stretch map.
This can then be used over the compression map just like the compression map is used over the
relaxed normal map, more on this will be in the following section of this paper.
The second step is the implementation, this step is about making the technique so that the
model, animation, and maps can display wrinkles as they are intended using both
implementations.
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The last step is the experiment, which is the part that evaluates the two techniques and
draws the conclusion about their respective visual differentiation. The visual differentiation were
quantitatively compared using chisquare since many participants will be used and they were all
to choose which technique they prefer the visual result of, giving quantitative data. The face
were in the experiment set in different lighting conditions, since there is no specific lighting
condition that is used in every game.

Fig. 1. 
Human heads sculpted in Zbrush, to the left the normal head in a relaxed
pose and to the right the same head with compression wrinkles.
Software
So that the reader more easily can follow along without any prior knowledge of the
software being used during this study, a quick explanation will now be given.
● Zbrush is a program which, in this study, is being used to create a high poly mesh,
because of the amount of polygons this mesh consists of, it is not suitable for
usage within a game engine but it serves as a base for the low poly mesh and is
also used to capture texture information.
● Topogun is used for creating a low poly mesh based on the high poly that zbrush
provides, zbrush is also suitable for baking texture maps.
● Maya is program which is capable of performing a high variety of tasks related to
3d graphics but is in this case used to create animations and skin materials for the
experiment as well as rendering the animations for the comparative experiment.

Max Kaspersson
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5

Implementation

5.1 Creating a mesh with normal and wrinkle map
A mesh was created resembling a human male head, this can be seen to the left in Fig. 1. This
head were then retopologized in Topogun, the low poly model were then imported into Maya for
UV creation. The low poly model with the UVs were then reimported into topogun where the
diffuse and normal map were generated. To the right in Fig. 1. the same head can be seen,
however, here compression wrinkles have been exaggerated (
i.e, wrinkles that that appear on a
face then skin is compressed 
), this face is the base for one of the wrinkle maps. This as well is
imported into topogun, however, it does not need any retopologizing since it shall be used on the
same low poly mesh as the previous head making only the baking of the normal map needed.
The stretch map that is used in the implementation that uses two maps were created the same
way that the compression map were created, however, the wrinkles were an alternative version.

Fig. 2. 
Low poly model next to its controller.

5.2 Rigging the mesh
The mesh was rigged so that it more easily could be animated, also, the controls are practical
when it comes to controlling the wrinkle influences. The head with the joints next to the
controller can be seen in Fig. 2. The controller that was created consists of sliders that controls
the joints, for example, the slider in the red circle controls the joints on the left side (viewer left)
of the mouth, making it possible to make the character smile or frown.
While a controller is not necessary when it comes to animation, it does make animating
the mesh easier and faster, and as stated before, using the control to drive the influence of the
wrinkles is practical. As video games has hardware limitations the amount of joints in the face
Max Kaspersson
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were kept to a minimum while still being able to perform facial expressions complex enough for
the comparative experiment. The layout of the joints somewhat follows the example of an in
game skeleton resolution presented by Osipa [7] although some joints were added to give more
control, especially in the eye region.

Fig. 3. 
Face expressing emotions using one wrinkle map.
5.3 Animating the mesh
There were several different animations made for the comparison, since the wrinkle map
techniques acts as materials which can be applied to a mesh after it has been animated, the
animations only had to be done once. The animations were made so that they showcase the
wrinkles being used, meaning that they show expressions that deforms the face, for example the
animations might show anger or surprise, examples of how these animations looks in their
expressive states can be seen on Fig. 3. The animations made were not very natural animations as
they showcased the face changing between states, going from, for example, neutral to happy or
neutral to angry without any blinking or realistic eye movement. This type of animation were
made to give a somewhat static comparison, a total of five different of these animations were
made for each technique.
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Fig. 4. 
Screenshot of the maya node tree for one wrinkle map.
5.4 Implementing wrinkle maps
Implementing the wrinkle maps proved to be easier than expected, mainly because the node
structure is fairly simple once one understands the basic principle of wrinkle maps, the node tree
structure can be seen on Fig. 4. To the bottom left of Fig. 4 the influence maps can be seen, these
are individual textures which mask a part of the normal map, for example the right forehead or
the left mouth corner. All the masks in their turn connect into a layered texture (i.e. a texture
consisting of multiple textures on top of each other) as layers which uses the blend mode lighten,
this makes a complete mask of all the partial masks together. Changing the color gain of the
partial masks makes them go between light to dark, making the complete mask change based on
the color gain of the partial masks.
The complete mask connects into another layered texture, however not as a layer. The
second layered texture consists of two layers, lowest is the original normal map and on top of it
is the compression map. The complete mask texture controls the alpha of the compression map.
This makes wrinkles appear based on where the complete mask is lighter, making the blended
normal map complete, this can now be connected into the bump node of a material as a normal
map.
What remains after this step is making the wrinkles dynamic, it is possible to animate the
color gain with keys however it is not a very intuitive alternative, in this project, the wrinkles
were made dynamic using driven keys, the drivers being the face rig controller. This works as
follows, if for example the controller which changes the eyebrow height is changed, the forehead
should show wrinkles, meaning that if the controller is which is changed raises the eyebrow, the
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Fig. 5. 
Comparison between an angry expression using no wrinkle map to the left
and using a single wrinkle map to the right.
color gain of the influence map for the forehead is raised as well. This has to be done for
every case where wrinkles can change, for example, smiling mouth, lowered eyebrow, squinting
eyes, etc. The resulting difference can be seen on Fig. 5.
Using two maps as previously stated were not more complex than using one, as the
implementation merely duplicates the structure already implemented for one wrinkle map and
uses it for the stretch map. The blended stretch map is then used as a layer on top of the blended
compression map, hence, two maps are being utilized to create wrinkles.
Once both the implementations were completed and the resulting renders were done a
prediction were made that expressions that affect areas of the face with alternative wrinkles
caused by using two maps such as the forehead would have bigger saturation in the results than
expressions that did not affect these areas.

Fig. 6. 
All the variants of expressions that the comparisons showed, in this case
the faces used two wrinkle maps and were in a scene with a three point lighting
setup.
Max Kaspersson
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6

Experiment Design

As stated before, the experiment performed had participants fill out a form in a controlled
environment. In this form the participants were asked what face of two they thought had the most
realistic skin representation. The faces they were asked to choose between were animated gif
images where one side used both compression map and stretch map and the other used only the
compression map. The animation of the faces were made as expressions the face were
performing, these expressions went in between a natural pose to an expression and then back and
each animation consisted of 100 frames running at 24 frames per second. The expressions that
the face performed were anger, smile, surprise, sadness, and raised eyebrow, these expressions
can be seen on Fig. 6. These expressions were chosen to display the wrinkles and also because
they are natural expressions for the human face. There was a total of fifteen participants of which
fourteen was males and one was female.
The position of where the face were located on the gif image were randomized, meaning
that there were both a version where the face used one wrinkle map on the right side of the gif
and a version that were using one wrinkle map were on the left side of the gif (Two wrinkle
maps implementation were always on the opposite side), doubling the amount of comparisons for
the participants to perform, considering this the experiment were counterbalanced.

Fig. 7. 
Rendered images showing the lighting conditions, from left to right, three point
lighting, default lighting, and albedo.
There were also different lighting and shading conditions the faces were set in. The
variations were default lighting (lighting originating from the perspective of the viewer), three
point lighting (three point light placed around the face), and albedo (normal map without a
diffuse map), the variations in lighting and shading conditions can be seen on Fig. 7. The reason
the faces were exposed to different lighting conditions were that in games, a specific lighting
condition can not be determined, therefore it was concluded that varying the setup were more of
Max Kaspersson
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an accurate representation of a game. The albedo case was chosen to observe the impact the
wrinkles would have on a face without a diffuse texture.
The cases were always compared to their equivalent of the different implementation
meaning that, for example, if one face is angry with three point lighting, the face of the other
implementation being compared to it is also angry with three point lighting. Because these
conditions the total amount of comparisons the participant were to perform were thirty (i.e. Five
expressions multiplied with three lighting and shading variations multiplied with two because all
comparisons had a reversed version using counterbalancing).
Before each experiment every participant were asked to sign a consent form which made
sure that every participant knew on what terms they participated. The participants also filled out
a questionnaire which had questions regarding gender, age, and eyesight. The experiment were
conducted using Google forms as a platform for collecting the data, however, there were no
participants performing the experiment online from a remote location.

7

Result

The experiment showed some trends that, previously mentioned, were expected, there was a
perceived difference dependent on whether the face used one or two wrinkle maps. The
participants tended to favor two wrinkle maps when asked which of the faces they thought
looked more realistic. The result were in every case favouring two wrinkles maps, however,
dependant on the facial expression there was a very varying saturation in the preference. There
were three facial expressions that showed a clear preferential bias towards two maps overall,
these being anger, raised eyebrow, and sadness. While smile and surprise did not show any signs
of a preference.
To determine whether or not the results were just a mere coincidence or if there really
was a bias towards one or the other implementation, the pvalue calculated by chisquare were
used. As stated when explaining a chisquare with a coin toss example by Sani and Todman 
“If
the proportion of times the obtained split (11:4 in the table 7.1) in out data, or a more extreme
one, would occur when the null hypothesis is true is less than 1 in 20 (i.e., .05), we conclude that
the null hypothesis can be rejected at the 5% level (p < .05) of probability.”
[9] in this study the
null hypothesis was that there is no correlation between number of wrinkle maps and the
perceived realism. The pvalue were deemed to have to be below 0.05 to be considered as not
caused by pure chance as it eliminates an acceptable amount of risk that the result is incorrect,
setting the acceptable pvalue at 0.05 is somewhat based on a study performed by Jimenez,
Sundstedt, and Gutierrez [11] as it also deals with participants perception and used 0.05 as their
acceptable pvalue.
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One Map

Two Maps

PValue

ChiSquare

Anger

23

67

0.00000352

21.511

Raised Brow

28

62

0.00033848

12.844

Sadness

34

56

0.02039484

5.378

Smile

40

50

0.29184055

1.111

Surprise

43

47

0.67328998

0.178

Table 1. Results of the overall expression differentiation, analyzed using chisquare. Bold values
indicate results with a significant preference and every comparison has 1 degree of freedom.
As table 1 demonstrates, there is a preference towards the two wrinkle map
implementation when the expression of the face is anger, raised brow, and sadness. The results
for anger and raised brow were expected as there were a clear difference when comparing these
two expressions. The result of the sadness comparison were unexpected as there were no prior
indication of it having a different appearance depending on which technique being used.
Obviously there are slight differences when using two maps even if the expressions does not
cause the extreme change in wrinkles witnessed by the angry expression, however, these
differences should have a similar impact on the smile and surprised expressions as well. Smile
and surprise expressions also have very slight tendencies towards two maps but these tendencies
are too small to be concluded as demonstrable using the pvalue.
What stands clear is that when it comes to the angry and raised brow expression there is a
strong preference towards the two maps implementation, as previously stated, the difference is
clear when looking at the comparison, this was also expected beforehand. The main difference
when it comes to these expressions can be seen on the forehead area of the character, the two
maps allows for two variants of wrinkles covering an area while the single map is restricted by
only having the capability of one variant of wrinkles at an area, the forehead being the most
prominent area where different variants of wrinkles can be seen.
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One Map

Two Maps

PValue

ChiSquare

Anger 3P

4

26

0.00005904

16.133

Anger A

9

21

0.02845974

4.8

Anger Def

10

20

0.06788915

3.333

Raised 3P

10

20

0.06788915

3.333

Raised A

12

18

0.27332168

1.2

Raised Def

6

24

0.001015

10.8

Sad 3P

12

18

0.27332168

1.2

Sad A

13

17

0.46520882

0.533

Sad Def

9

21

0.02845974

4.8

Smile 3P

10

20

0.06788915

3.333

Smile A

17

13

0.46520882

0.533

Smile Def

13

17

0.46520882

0.533

Surprise 3P

15

15

1

0

Surprise A

17

13

0.46520882

0.533

Surprise Def

11

19

0.14412703

2.133

Table 2. Results of the all the expression variations as well as the different lighting conditions,
analyzed using chisquare. Bold values indicate results with a significant preference and every
comparison has 1 degree of freedom.
Demonstrated by table 2, the expressions showing the most saturation in preference are
anger and raised brow followed by the sad expression. One interesting thing to note about this
result is that the raised brow and sad expressions achieved only an acceptable pvalue when
exposed to the default lighting while anger did not. This might be explained by pure chance, as
one more vote for two maps on anger with default lighting would make the pvalue land on 0.028
but as it stands, this result can not be disregarded as mere chance. There were two cases where
one map were slightly favored over two maps, namely surprise albedo and smile albedo, though
none of these cases had a pvalue below or even close to 0.05 meaning that this can be accounted
to being by pure chance.
One important thing to note is that in eleven out of fifteen cases there were no
demonstrable preference towards using two maps instead of one, meaning that it should be
possible to use one map instead of two in many cases.
Max Kaspersson
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One trend that were prominent was that dependant on the lighting conditions the results
differed, table 3 shows the differentiation in preference dependant on the lighting condition.
One Map

Two Maps

PValue

ChiSquare

3P Total

51

99

0.00008885

15.36

A Total

68

82

0.25299906

1.307

Def Total

49

101

0.00002178

18.027

Table 3. Results of the all different lighting conditions combined, analyzed using chisquare.
Bold values indicate results with a significant preference and every comparison has 1 degree of
freedom.
As table 3 shows, there is a trend of the default lighting showing most saturation in the results
but even more surprising is that the albedo comparison were above a pvalue of 0.05. Even
though it were expected that albedo would be harder for the participant to differentiate, this much
saturation in the results were more than initially estimated.
If the sum of all votes are compared there is a preference towards having two wrinkle
maps, the sum of all votes for one map were 168 and the sum of all votes for two maps were 282
giving a pvalue of 0.00000008 showing a preference towards two maps. The conclusions will
not be based on this data as it does not show any nuance nor does it represent the fact that there
were clear differences in the results based on the nature of the comparison.

8

Discussion

As mentioned, the fact that the sadness comparison showed a preference was unexpected
since happiness and surprise showed none. The fact that the pvalue is very close to 0.05 might
be an indication that the result of the sadness comparison is caused by mere chance, however, the
risk of this being the case is a mere 2.04% since the pvalue is 0.0204. The number of
participants might also be a factor to determine this result, as more participants might have made
this result more even though there is no indication that more participants would change the trend,
as for example, two more participants might cast one vote for one map and one vote for two
maps. If two more votes were cast for one map on the sadness comparison the pvalue would fall
above the threshold, landing at 0.057.
When it comes to the lighting conditions, the initial estimation deemed that the three
point lighting would be yield the most perceived difference which might be wrong judging by
the fact that the default lighting had a lower pvalue. One explanation for this might be that the
three point lighting might have made a crevice, which would in the case of the default lighting
become dark, lighter due to the dark part of the crevice being compensated by another light from
a different angle. It is not completely certain that there is a stronger differentiation when it comes
Max Kaspersson
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to default lighting though, as there are only two votes that make the default lighting results more
saturated than the three point lighting. This might indicate that these results were caused by mere
chance. There will be no conclusion being drawn on the impact of lighting conditions as this
study were not conducted to determine this, however, this was a trend that were observed and
might prove useful in future studies made on the subject of the lighting conditions impact on the
perception of normal maps.
Another trend observed were the some participants favored the single wrinkle map
technique no matter what facial expression were being presented, this was a small minority but
interesting nevertheless. This might be explained by their personal perception of a human face,
and a preference towards less extreme wrinkles being more realistic. One participant stated that
“At the end I mostly picked the face with the most wrinkles, as I thought the man was around
3040 years of age.”, 
this might indicate that a younger face might be more likely to seem
realistic when using one wrinkle map (i.e, less extreme wrinkles). Even though two maps always
are able to achieve the result that one maps produces, there might be the possibility that using
one map has less of a visual impact on realism when used on characters of younger age or
characters that by nature have less extreme wrinkles.
There is a possibility that the experiment lacks generalizability as the participants largely
were selected from a computer graphics background as well as the age range of the participants
were between twenty and twentyfive years of age. This might have an impact on the results,
however, there is no clear reason why this would be the case but it should be noted nevertheless.

9

Conclusions and Future Work

9.1 Conclusions
As mentioned before the question that this research aimed to answer was, how does the visual
result differ between using one versus two wrinkles maps? Using a single wrinkle map can not in
every case replicate the result and realism perceived by two wrinkle maps, as it does not have the
capability to have multiple variants of wrinkles on the same area of the face of an animated
character.
The perception is also highly dependant on what kind of wrinkles are displayed on the
characters face. If an expression of a character's face affect an area where only one form of
wrinkles need to be present, using a single wrinkle map can replicate the result of using two
maps. If emotions that are better represented with alternative versions of wrinkles on the area
which they are affecting there is a significant in the result the two implementations creates, using
two maps yields more realistic results when it comes to these cases.
When choosing the amount of wrinkle maps for a character in a game the artist should be
aware of the capabilities of both one and two maps, and decide on a case by case basis if two
maps are needed or if the characters expressions can be represented by one wrinkle map. In
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many cases, using a single wrinkle map should suffice to replicate the wrinkles of a character’s
face.
9.2 Future Work
As the results showed, there were seemed to be an impact on the perception of the wrinkles
dependant on the lighting conditions in the scene with the face. It would be relevant to explore
this subject further by comparing different lighting conditions in more detail as this experiment
did not explore this subject enough to draw any conclusions, for example, how a two point light
setup would compare to the ones presented. As Russell stated 
“
Physicallybased rendering
(PBR) is an exciting, if loosely defined, trend in real time rendering lately.
”
[10], it would also be
relevant to explore the perceived difference of a standard lighting setup (such as the one in this
experiment) and a physicallybased rendering setup since physically based rendering is
something that has become more and more popular within the gaming industry as of late.
There is also the subject of only using a single wrinkle maps versus none, as this study
concluded, using one wrinkle map can not fully recreate the perceived realism of using two
maps, however, this study does not conclude whether or not using a single map gives a more
realistic result than having none. Presumably using one wrinkle map is more realistic to the
viewer than using none at all, however, one can not be certain that this is the case before it is
tested and supported.
An interesting future study would be to evaluate different techniques for dynamic
wrinkles, for example, tessellating the mesh and using a displacement map to create the wrinkles
is something that might become more and more popular as hardware limitations decrease. This
project started out as an evaluation on whether or not it was possible to use UV sets to create
dynamic wrinkles from one normal map, this proved to be too complex to implement in maya so
the project goal were changed. Creating dynamic wrinkles using UV sets could most likely be
done in a custom 3D engine instead of maya, performing a study regarding this implementation
could be an interesting subject.
Evaluating the impact of wrinkle maps on stylized characters might also be a relevant
subject to study. This project focused on having a realistic character portrayed using wrinkle
maps but stylized characters might give a different result when it comes to the number of wrinkle
maps being used, perhaps using a single maps has less of an impact on the visual representation
in this case.
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