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Figure 1: Example scenes showing screen spaces used in our experiments

Abstract

For real-time animation of characters, Level of Detail (LOD) tech-
niques are usually deployed to achieve optimal efficiency and re-
alism. Tools that can aid an application designer or developer to
deploy simplification methods and LOD representations under dif-
ferent circumstances are therefore needed. In this paper we ex-
plore the perception of fexture, silhouette and lighting artifacts on
simplified character models, including the effect animation inten-
sity has on the perceptibility of these artifacts. We propose novel
methods to simulate each artifact separately, and test their effects in
isolation and cumulatively. Our results provide useful insights and
guidelines, including the importance of silhouette preservation. An
adaptation of PerceptualDiff for predicting simplification detection
has been developed, which can be used to guide automatic model
placement and LOD selection in realtime character applications.

CR Categories: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—[Rendering]

Keywords: Level of Detail, Perception

1 Introduction

Realistic animated characters are needed for a wide variety of appli-
cations and often it is necessary to simulate high resolution meshes
in order to meet user expectations. Even with the deployment of
methods such as normal mapping, the number of triangles needed
to animate such characters’ faces and bodies is increasing rapidly.
Therefore, Level of Detail (LOD) techniques, such as the replace-
ment of complex geometry with a simplified substitute are particu-
larly important to allow for real time computation and display in
applications such as games and interactive virtual environments.
Crowd simulation is another area where LOD creation is central to
achieving optimal performance and realism. Tools that can aid an
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application designer or developer to deploy simplification methods
and LOD representations under different circumstances are there-
fore needed.

In order to develop such a tool, in this paper we present a com-
prehensive study of the artifacts that are produced as an inevitable
effect of LOD simplification of characters, focussing on the most
common types: texture, silhouette and lighting anomalies. We also
test the effect of animation on accentuating or masking simplifica-
tions. It is difficult to quantify the relative and cumulative effects of
different errors, so the novelty of our study lies in the fact that we
propose methods to simulate each artifact separately, and test their
effects in isolation and cumulatively. We found that:

e Silhouette is the dominant artifact for simplification identifi-
cation at smaller screen spaces

e Lighting and Silhouette artifacts are easily detected at larger
screen spaces.

e Applying animations of different motion intensities has no ef-
fect on the perceptibility of any errors

Furthermore, in addition to providing useful guidelines for devel-
opers of games and other interactive applications, we also develop
a perceptual metric that can be used to estimate the screen space
at which a LOD simplification will go unnoticed when applied to
a human character mesh. Development of this metric allows us to
determine as a preprocess the distance in a virtual environment at
which the replacement of a high level of detail mesh with a low
resolution version will go unnoticed. This will be of particular use
for automatic model placement and determination of LOD switch-
ing distances in realtime character applications such as crowd and
group simulations.

1.1 Outline

We begin with a series of experiments designed to investigate the
most salient artifacts introduced by a simplification operation. The
seperation of these artifacts is detailed in Section 3. We then per-
form perceptual experiment designed to collect data on the percep-
tibility of silhouette simplifications, detailed in Sections 4 and 5.
In Section 6 an image space metric is tested and adapted to three
dimensional space. This metric is based on a model of the human
visual system and requires no prior knowledge of the meshes to be
tested. The developed metric is then tested and shown to effectively



position meshes automatically in a 3D scene.

2 Related Work

Many algorithms exist that decimate meshes to various levels of
detail, most of which use an object space metric to measure the er-
ror introduced by simplification. A comprehensive review of LOD
techniques may be found in [Luebke 2003].

The difference between a high and low resolution mesh may be
measured in object space with the Metro tool [Cignoni et al. 1998].
A more natural way to determine the error introduced by a sim-
plification operation may be to measure the error introduced when
rendering that mesh. Such an image space metric is described in
[Lindstrom and Turk 2000].

A number of algorithms have taken into account human perception
as a metric for level of detail. Luebke et al. [2000] use gaze data
to simplify textured meshes, while Luebke and Hallen [2001] order
simplifications according to their perceptual impact on a mesh to
create a best-effort simplification. Williams et al. [2003] employ a
contrast sensitivity function to simplify meshes based on sensitiv-
ity to changes in contrast, thereby retaining important details. An
algorithm inspired by human perception was developed by Lee et
al. [2005], which captures and retains detail in visually important
areas of a mesh. These methods are based on models of the human
visual system, closely relating simplifications to human perception.
The Root Mean Squared (RMS) error has been used to measure the
difference between rendered images [Lindstrom and Turk 2000].
By determining the RMS distance between images rendered from
a selection of viewpoints sampled before and after a simplification
operation, they can order the simplification operations so that the
minimum error is introduced to the mesh. While this method works
well, the RMS error has no basis in human perception.

Teo and Heeger [1994] note that Mean Squared Error (MSE) cal-
culations are inaccurate at predicting perceptual distortion. They
present a perceptual distortion error that is more accurate than
MSE. The Visible Differences Predictor (VDP) has been proposed
to determine the probability that the difference between two im-
ages will be detected [Daly 1993]. Comparisons between differ-
ent image metrics have demonstrated that VDP performed well
[Rushmeier et al. 1995]. Ramasubramanian et al. [1999] decou-
pled the computationally expensive spatially-dependent component
from the luminance-dependent component in the VDP calculation
to increase speed. They developed an error metric based on phys-
ical data that predicts the perceptual threshold at which artifacts
may be detected. Two further methods that exploit human percep-
tion are /tdiff by Lindstrom [2000] and PerceptualDiff by Yee and
Newman [2004]. The output of the PerceptualDiff algorithm is a
number that the user may use to decide whether the images are be-
low a threshold of perceptible difference. This threshold is simply
defined as the number of pixels that are percieved to be different.
Using this method to determine the perceptibility of simplification
artifacts requires modification of the algorithm.

The popping artifact introduced by switching between discrete lev-
els of detail may be disguised in both image space and object space.
Switches may be disguised in image space by using alpha blending
[Luebke 2003], by rendering both levels of detail simultaneously,
and blending between them as the distance changes. Giegl and
Wimmer [2007] improve on the errors visible when alpha blending
is employed with minimal overhead, while the blending method
can be further improved by rendering objects of different resolu-
tions in separate passes and interpolating between the renderings
using visibility textures [Scherzer and Wimmer 2008]. Switches
may be disguised in object space by geomorphing between levels
of detail, where between levels of detail, an object’s vertices are
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interpolated between their positions in the low and high resolution
representations [Hoppe 1996]. [Schwarz and Stamminger 2009]
have presented a model that predicts the perceptibility of popping
artifacts between level of detail representations during a level of
detail switch. Our work concentrates on the perceptibility of the
differences between two discrete level of detail models.

3 Artifact Separation

The artifacts introduced by simplification operations may be seper-
ated into three categories: Texture artifacts are caused by stretching
the texture applied to the mesh, due to fewer UV texture coordi-
nates. Lighting artifacts are introduced by the reduction in the num-
ber of surface normals available for lighting calculations. Silhouette
artifacts are introduced by the physical alteration of the surface of
the mesh. The simplification methods discussed in Section 2 do not
consider these artifacts as seperate entities.
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Figure 2: Texture, Silhouette and Lighting Simplifications

We hypothesize that different artifacts introduced by simplification
will have different levels of perceptibility. We define the three ma-
jor rendering artifacts introduced by mesh simplification to be fex-
ture, silhouette and lighting. For animated meshes, other artifacts
may be introduced if detail is not maintained around areas of high
deformation. Removing a large number of vertices around a de-
formable joint such as the elbow may introduce artifacts when the
arm is bent. Artifacts such as this may be avoided by careful simpli-
fication, or the use of an automatic simplification method tailored
towards animated meshes.

To independently assess the effect of each artifact; rexture, silhou-
ette and lighting, we have developed a method to generate meshes
displaying only one of each of these artifacts. To ensure that we
are not creating arbitrary simplifications, we base our introduced
artifacts on data from artist simplified and automatically simplified



meshes. By separating each of the artifacts, we can test what in-
dividual effect they have on the perceptibility of a Level Of Detail
(LOD) simplification. An example of the models used may be seen
in Figure 1.

To recreate the texture errors on a high resolution mesh, we take
samples of the UV coordinates from the low-res mesh and apply
them to each vertex of the high-res mesh. The high-res mesh and
its low resolution alternative are placed in the same object space.
The space containing the low-res mesh is then voxelised. For each
vertex on the high-res mesh we find the closest point on the low-res
mesh by searching the voxelised space to find the closest triangle
and then searching for the closest point on that triangle. Barycentric
coordinates are then used to retrieve the exact UV coordinates on
the low resolution mesh at that point. The UV coordinates on the
high-res mesh are then replaced with the coordinates of the closest
point on the surface of the low-res mesh. This results in a high-
res mesh containing only the texture artifacts resulting from a LOD
simplification (see Figure 2:top). To create a mesh containing only
lighting artifacts, we sample the normals from the low-res mesh and
apply those normals to the high-res mesh (see Figure 2:bottom).

To recreate the effects of a silhouette simplification, we must alter
the high-res mesh to match the surface of the low-res mesh. Adjust-
ing all vertices to match the low-res mesh may introduce texture and
lighting artifacts as the surface changes. To eliminate these extrane-
ous effects, we must only adjust the silhouette of the high-res mesh.
As a preprocess, we calculate the “simplified” positions of all the
vertices on the high-res mesh. These new vertex positions are stored
in the character’s vertex buffer. At runtime, we can determine the
vertices that are on the silhouette of the character for the current
frame of animation. Vertices near the silhouette have their position
adjusted towards the simplified vertex position. As vertices reach
the silhouette, their position will be as in the simplified mesh (see
Figure 2:middle). This ensures that only the artifacts under scrutiny
are introduced. A small amount of distortion between the original
and simplified mesh is inevitable at the areas where the silhouette
is altered, but in practice this distortion is outweighed by the dis-
tortion introduced to the silhouette. We used two types of meshes:
artist simplified and meshes simplified with an automatic mesh dec-
imimation algorithm; Intel’s MultiRes algorithm in 3D Studio Max,
to ensure that our results are as generalizable as possible.

The experimental system was developed using an open-source ren-
derer based on DirectX 9.0 and was displayed on a workstation with
4GB of RAM and an 8-series NVidia card. The characters were ren-
dered using the Blinn-Phong model implemented as a Higher Level
Shading Language (HLSL) program. The scene was rendered with
4x full-scene anti-aliasing (FSAA). All of the experiments were run
at a maximum resolution of 1920x1200 pixels on a widescreen 24
inch flat screen LCD monitor with a dot pitch value of 0.27mm. Par-
ticipants were from a range of different educational backgrounds,
had normal or corrected to normal vision and were naive as to the
purpose of each experiment.

4 Artifact Detection

The first experiment was designed to investigate the factors that af-
fected participants’ ability to discrimininate between a typical high
resolution game character mesh and a lower resolution LOD ver-
sion of that mesh. We first hypothesized that distance will have an
effect on the perception of our four chosen artifacts. Our second
hypothesis was that animation will reduce artifact detection.

It is intended that the results of this experiment will inform a per-
ceptual metric to estimate the screen space size at which a LOD
mesh is considered equivalent to its original. This metric could then
be used by artists/programmers to assist in the process of setting the
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display parameters for a LOD mesh, thereby making it perceptually
indistinguishable from the original.

4.1 Experiment Design

Thirteen volunteers (7M,6F) took part in the experiment. We used
a 2-Alternative Forced Choice (2AFC) experiment design, where
the participants were asked to choose whether the character on the
left or the right was the simplified one. We recorded both the ac-
curacy of their responses and their reaction times. A gold standard
high resolution mesh was always displayed in the centre. The first
condition we tested was screen space (large, medium, small). Ex-
amples of the screen spaces may be seen in Figure 1. The gold stan-
dard mesh was always displayed at the large screen space, while the
other two were displayed simultaneously at one of the other three
screen spaces. The screen spaces were chosen by hand to give a rea-
sonable range of perceptibility of artifacts, from obvious to subtle.
We use screen space as a measurement, as distance in a 3D world
is dependent on too many factors, such as resolution and render
camera field of view.

The artifact (texture, silhouette, lighting, all three combined (TSL))
condition displayed the separated errors as described in Section 3.
TSL here is actually the original simplified mesh, displaying a com-
bination of all the simplification artifacts. We included TSL as a
control in order to determine if the combination of all artifacts was
worse than each one in isolation. The screen spaces were chosen
based on pilot tests to ensure that the perceptibility of the artifact
conditions ranged from obvious to subtle.

We also varied the simplification method (artist simplified, auto-
matically simplified). The artifact being tested was applied to the
simplified character only. We randomised whether the simplified
character was displayed on the left or the right. The final condi-
tion was motion intensity (low, high), for which we used motion
captured data. The low intensity motion was a simple idle anima-
tion, while the high intensity motion was a fast walking animation,
which was displayed on the spot. We displayed the animation on
the spot as we are testing screen space as a factor, and the inclu-
sion of movement around the world would alter the screen space at
which a character would be displayed.

We separated the experiment into two randomly presented blocks,
so that the animations would be consistent in each. In the first block,
the participants viewed the characters with the low intensity anima-
tion, with high intensity in the second block. Ninety-six trials were
shown in each block: 4 artifact types * 2 simplification methods *
3 screen spaces * 2 template models * 2 repetitions. Trials were
shown randomly to each participant to avoid ordering effects. Be-
fore running the experiment, participants were shown examples to
familiarise them with the four artifact types, using a different tem-
plate model.

4.2 Results

We averaged each participants responses over repetitions and tem-
plate models. A three way repeated measures ANalysis Of VAri-
ance (ANOVA) was conducted on the data. Post-hoc analysis was
performed using Newman-Keuls comparisons of means, which is a
conservative test for significance.

4.2.1 Accuracy

First, we considered the results for participant accuracy. A main
effect of artifact was found (F3,36 = 22.686,p < 0.00001), see
Figure 3. Overall, participants were significantly less accurate at
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detecting texture artifacts than silhouette, lighting, or TSL. There
was no significant effects for the other artifacts.

A main effect of screen space was also found, (F2 24 = 67.95,p <
0.00001). As expected, participants were significantly less accurate
as screen space decreased (p < 0.0005 in all cases). At the largest
screen space, participants were 95% accurate, which dropped to
68% at the smallest screen space. This shows that overall the ar-
tifacts were still quite perceptible at the smallest screen space (as
50% would be chance level). We found no main effect of simplifica-
tion method, implying that there was no overall difference between
the perception of the artifacts introduced, regardless of whether the
mesh was simplified by an artist or automatically.

There was also no effect of animation intensity, meaning that the
animations applied to the characters had neither an accentuating
nor masking effect on the detection of any of the artifacts. We also
found no interaction between simplification method or animation
intensity and any of the other conditions. However, there was an
interaction between artifact and screen space (F 27 = 6.657,p <
0.00002), see Figure 4. All artifacts were detected with equal ac-
curacy at the closest distance, but as screen space decreased, detec-
tion of texture artifacts became significantly more difficult than the
other three (p < 0.0005 at distance 2 in all cases), (p < 0.005 at
dist 3 in all cases). Notably, there was no significant difference in
accuracy between TSL and silhouette or lighting alone at all three
screen spaces.
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Figure 4: Interaction effect between artifact and screen space

4.2.2 Response Time

Response time for correct responses was also analyzed in order to
determine if the time taken by participants to identify different ar-
tifacts varied. Analysis of response times showed a main effect of
artifact (F3,36 = 14.08,p < 0.00005). Overall reaction times for
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silhouette and TSL combined were significantly faster than for tex-
ture and lighting (p < 0.0005). From the results shown in Figure
5 we can see that participants had a harder time identifying texture
and lighting artifacts, and that the response times for silhouette and
tsl were closely correlated. Though texture and lighting artifacts
could be seen, it was only after the participant had searched for
them, whereas the silhouette artifact was quickly detected.

A main effect of screen space on response time was also found,
(F2,24 = 12.299,p < 0.00021), where participants were faster at
answering for the largest screen space, as expected. Response time
was also measured and analysed for motion intensity. Again, there
was no effect of motion, or interaction between motion and other
factors.
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Figure 5: Response times for each artifact across screen space.

4.2.3 Discussion

We found that participants’ ability to detect texture artifacts de-
creases very quickly with screen space. Participants were as good
at detecting lighting artifacts as silhouette artifacts, but were faster
at detecting silhouette artifacts. There was no significant difference
between participants’ ability to detect silhouette, lighting and TSL.
Lighting is important, but it has no cumulative effect when com-
bined with silhouette. These lighting errors can be masked with
normal mapping to eliminate them completely. This provides sup-
port for our first hypothesis, i.e., that distance has a different effect
on different artifacts, in that silhouette is the dominant artifact for
simplification detection, especially at larger distances.

Not only did animation have no effect on artifact detection accu-
racy, it did not delay artifact detection to any significant degree.
This contradicts our second hypothesis, as applying animations of
different intensities had no effect on the perceptibility of any arti-
facts. For this reason we did not conduct any further experiments
testing a range of motion intensities. Motion across the screen has
been shown to have an effect on sensitivity to update rate [McDon-
nell et al. 2007], but our metric will run as a preprocess and may
not have any prior knowledge of motion characteristics.

The remainder of our experiments concentrate on silhouette errors
and their detection rates. As the usage of normal mapping for hu-
man characters is commonplace, lighting artifacts are not an issue.
The use of normal mapping means that lower polygon counts can
be used for meshes at larger screen spaces. This causes silhouette
errors to be the most common artifact for current generation char-
acter rendering.

5 Silhouette Detection

To assist in the development of a metric to position LOD human
character meshes in a scene, we must determine the perceptibility



of differences between the LOD mesh and its full resolution coun-
terpart. This data will allow us to inform or test our developed
metric. We have shown that silhouette is the most salient artifact
for distinguishing simplification, so we use meshes with silhouette
simplification alone in this experiment. Our hypothesis is that there
will be a correlation between the difference in the silhouette of two
meshes and the screen space at which that difference will be no-
ticeable. The results from our experiments in Section 4 allow us to
concentrate on silhouette artifacts alone. We are searching for the
Point of Subjective Equality (PSE), i.e, chance level.

5.1 Experiment Design

A 2AFC experiment task was again used, where participants were
asked to choose whether the character on the left or the right had
been simplified. We recorded both participant responses and re-
action times. As in the artifact experiment, a gold standard mesh
was displayed in the centre with one mesh to the left and one to
the right, either of which was simplified. Participants were asked to
select the simplified character, indicating their choice with a mouse
click, (left or right). The trial advanced after the participant made
their selection.

The first condition tested was screen space (6), which were chosen
to represent a full range of silhouette perceptibilities, from very ob-
vious to extremly difficult to detect. At the lowest screen spaces,
the participant should be guessing. We also tested a greater num-
ber of model (3), in order to capture as much data for a range of
silhouette artifacts as possible. One female and two male character
models were used.

Each model had a simple idle animation applied, to avoid using
static models. We know from the initial experiment that anima-
tion has no effect on the perceptibility of silhouette artifacts. Par-
ticipants viewed 144 trials, 3 models * 2 simplification types * 6
distances * 4 repetitions, in a randomised order to avoid ordering
effects.

5.2 Results

Seventeen volunteers (10M,7F) took part in the experiment. We
averaged all the participants’ data over repetitions. A three way
repeated measures ANOVA was conducted on the data set. All post-
hoc analysis was performed using Newman-Keuls comparisons of
means.
5.2.1 Accuracy

First we examined the results for participant accuracy. A main ef-
fect of screen space was found, as expected (F5,85 = 46.326,p <
0.00001), see Figure 6. Participant accuracy decreased proportion-
ately with screen space, with average accuracy as high as 96% at the
largest screen space, dropping to 50% (i.e., chance) at the smallest
screen space. This confirms that we chose a good range of screen
spaces.

Overall, participants’ average accuracy with different models varied
from 65% to 75%. This confirms that we chose a good range of
different LOD simplifications for our character models.

6 LOD Saliency Prediction

The data obtained in Section 5 has been used to evaluate the im-
age comparison utility PerceptualDiff [Yee et al. 2001] as a basis
for a predictor of simplification saliency. PerceptualDiff is an im-
age comparison utility that provides saliency evaluations of two di-
mensional images based on a model of the human visual system.
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experiment

It takes into account how the sensitivity of the human visual sys-
tem changes with increasing or decreasing light levels. It also takes
into account spatial sensitivity, or how sensitivity to detail decreases
with increasing frequency content. Finally, it models the masking
effects introduced by the signal content of the background. Origi-
nally developed to detect differences in rendered images by testing
if the number of pixels detected to be different are under a certain
threshold, to make it suitable for use as a metric in three dimen-
sions some alteration is required. Applying this method in three
dimensions could provide us with a general metric with no need for
experimental data as a seed.

6.0.2 Metric

To test the saliency of the differences between two meshes, we must
use a non-view dependent method. Rendering a mesh from a num-
ber of angles and using PerceptualDiff to test the saliency of the dif-
ferences would simply inform us of the number of pixel differences
found between the renders. This is a method used in [Lindstrom
and Turk 2000], which will tell the relative severity of a simplfi-
cation operation. However, to determine the distance at which this
operation will go unnoticed we need a more accurate predictor.

A problem with using a view dependent metric to test a 3D model is
that renders must be created from multiple angles, as in [Lindstrom
and Turk 2000]. In this case, more rendered angles mean more
accurate results. This can be very time consuming. Out method
is to create a larger number of renders, but at a much smaller size,
concentrating on the differences in small sections of the model.

We place two meshes, the original high resolution mesh and a sim-
plified version, at the same position in our 3d scene, at a short dis-
tance from the camera without intersecting the clipping plane. The
meshes are placed in the scene so that the scene details are available
for the perceptibility calculation. Simply testing the meshes with-
out the context of the surroundings would provide a less accurate
measurement, as the masking effects of the background could not
be taken into account.

Simply rendering the object to be tested from multiple angles and
running an image difference calculation on this will not give a result
of a sufficiently high granularity to be called accurate. We also wish
only to test the silhouette area of the object. Our method is to test a
much larger number of smaller areas, rendered so that the area lies
on the silhouette of the mesh. This large number of smaller spaces
is created by voxelising the space occupied by the mesh, with the
voxel size covering one degree of visual angle. We choose this
minimum measurement as this is the unit used by PerceptualDiff
in its calculations. For each voxel that lies on the silhouette of the
mesh, we create a render targeted at that voxel. To perform our Per-
ceptualDiff test, the camera is rotated to look along the silhouette



at that voxel and the area rendered, first with the high resolution
mesh, then with the low resolution mesh. The surrounding voxels
are included in the render, as the PerceptualDiff calculation is based
not on a single pixel, but includes data within one degree of each
tested pixel.

For example, we use a display with a resolution width of 1920 pix-
els, covering a field of view of approximately 75 degrees, depend-
ing on the user’s distance from the screen. Therefore, one degree of
visual angle is covered by 25.6 pixels.

We then perform the PerceptualDiff calculation on the two ren-
dered voxel areas. This calculation returns the number of pixels
that would be perceived as different. The test is then repeated with
increasing camera distance until the point is reached where no pix-
els are identified as perceptibly different.

We perform this test for each of the voxels lying on the mesh sil-
houette. From this we obtain a list of distances at which each tested
part of the meshes will appear equivalent. To determine our final
distance of imperceptibility, we have found that the average dis-
tance returned by all the voxels works well to determine the optimal
placement of a mesh in the scene.

6.0.3 Usage

The number of renders and calculations performed by our method
means that it takes a long time to run, so it is intended to run as
a preprocess when used to compare a high resolution and low res-
olution version of a model in its entirety. Alternate uses for our
method, such as a metric to drive a simplification method, would
be localised to more specific areas of a mesh and therefore run at a
much faster rate.

6.0.4 Results
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Figure 7: Plot of observed PSE distances with standard error bars
and distances computed by our metric.

We have tested the models used in Section 5 with our metric. Our
metric was initialised with the same viewing conditions as our per-
ceptual experiments, a 1920 resolution width, a render camera field
of view of 45 degrees, and a user field of view of 70 degrees. In
each case, the models were placed within 3 world units (we use
metres) of the PSE, showing that our method is a good indicator of
the saliency of a simplified model.

In Figure 7 we can see that the results from our metric closely cor-
relate with the observed PSE’s for each comparison. These are the
data points for our 6 mesh comparisons, between the high resolu-
tion mesh and its artist- and automatically-simplified counterparts.
M corresponds to the model being tested, and LO and L1 to artist-
and automatically-simplified models. The metric calculation was
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performed under the same conditions as the perceptual experiment.
The metric is based only on the human visual system and has no
prior knowledge of the quality or detail of the meshes used in the
perceptual experimentation. This data is used only to validate the
results of our metric.

The data obtained from our participants was limited to a single point
of view, whereas the data obtained from our perceptual metric is
data averaged over all points of view. It is therefore a conservative
estimate of the point at which a mesh should be placed. As with
PerceptualDiff, parameters such as a user’s field of view, or the
signal content of the scene, can be adjusted to create a more or less
conservative distance calculation. Further evaluation with a large
number of meshes of varying detail and quality would be necessary
to confirm the effectiveness of the metric.

7 Conclusions and Future Work

We have performed a series of perceptual experiments to determine
the relative saliency of simplification artifacts. One of our most sig-
nificant findings is that silhouette is the dominant artifact in mesh
simplification, as it can be spotted more quickly and accurately than
texture and lighting errors. This implies that the use of view de-
pendent simplification would allow developers to make the most
efficient use of their available polygon budget. We found that the
intensity of the animation applied to a character did not have an
effect on the perception of simplification errors. We know from
[McDonnell et al. 2007] that movement across the display has an
effect on the perception of update rate, but as we intend our results
and metric to be used as a pre-process, this factor would need to be
exploited as a run-time process.

Our developed metric applies not only to placing meshes in a scene,
but could be used as a metric to simplify meshes to a specific poly-
gon count, or to simplify a mesh as much as possible while ensuring
the simplifications would not be visible beyond a certain distance.
It also has the potential to be used as an aid to an artist while they
simplify a model by hand, providing feedback during simplification
operations.

A more in-depth alteration of the PerceptualDiff method to work
in three dimensional space by inferring colour values and signal
content from the surroundings of the simplified part of the mesh
being tested would eliminate the need for expensive renders and
provide significant speed advantages over our current method. This
would also eliminate the necessity to place the model in a rendered
scene, therefore allowing development of a utility external to the
system in which the meshes are to be used.
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