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ABSTRACT
Extensible 3D virtual spaces and their services are often too
heavy for a mobile device to handle. The burden caused
by such services is divided between extensive amounts of
content, which need to be downloaded prior to using the
service, and the complexity of the graphical reproduction
process (rendering). In this paper, it is shown how texture
optimization, texture compression and geometry optimiza-
tion of such a content will affect the overall energy consump-
tion of a mobile device during rendering. Results show that
careful optimization of the 3D content for the mobile device
gain energy savings of up to 40%.

Categories and Subject Descriptors
H.3.4 [System and Software]: Information networks

Keywords
Rendering, mobile device, energy consumption, detail reduc-
tion, open source

1. INTRODUCTION
There is an increasingly large number of Internet based ser-
vices which are based on 3D graphics. Examples of such
networked services include games, virtual spaces and other
similar services. Users are increasingly using these services
with mobile devices as well, as those devices improve in 3D
processing power, which has been previously a privilege of
laptop and workstation computers. However, due to highly
heterogeneous types of the mobile devices, it is very difficult
to create content for the 3D services in such a way that it
will work optimally with all possible device types. This leads
to a requirement to simplify the 3D content for each device
type on demand-time [10]. However, in order to accomplish
a good result on demand-time, it is important to understand
the impact of different simplification methods on the mobile
device.

In this research, the focus was entirely on local energy mea-
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surements of the mobile device. We wanted to see how con-
trolled alteration of the 3D content affected the mobile de-
vice total energy consumption, once the device was put to
do a certain rendering task. In general, we feel that in or-
der to gain from content optimization, one needs first to
understand the effects of the various methods for it. This
research focuses on simplification of textures and geometry,
of which the 3D based services are built from. The under-
standing of how the parameters affect the energy consump-
tion would allow eventually building systems, which even-
tually optimize content directly for the mobile device. In
this research, 1) textures are scaled down according to dis-
play size of the mobile device, 2) textures are forced to be in
preselected compressed format and 3) geometry is reduced
using polygonal simplification methods. Those methods are
measured individually and also a combination of them is cre-
ated to see their joint effect on the overall consumption. The
3D scene used in the testing was a 3D representation of a
city. The city model consisted of nine street blocks, includ-
ing roughly 500,000 vertices, 300,000 triangles and 35MB
of uncompressed texture maps. In theory, it is expected
that when increasing the display size and having a large
amount of texture maps, it will result in a growing number
of graphics processing unit (GPU) per-fragment operations
and hence those parameters are expected to dominate the
energy consumption.

The primary motivation for this research has been a lack of
results in the field of overall energy consumption and mobile
3D graphics rendering. There exist a number of generic algo-
rithm studies and some very detailed studies about narrow
topics in the mentioned field, but overall, there seems to be a
rather limited knowledge available on what kind of an effect
the above mentioned methods have on the overall mobile de-
vice energy consumption. This paper will contribute there
showing the real effects of the content optimization from
the energy consumption perspective. The rest of the paper
is organized as follows: First, there is a view on the previous
research done in the field of mobile 3D graphics, as well as
3D content adaptation and algorithms. Second, the back-
ground for the measurement setup and the measurement
setup itself are described in detail. Finally, measurements
results are presented and conclusions are drawn.

2. PREVIOUS RESEARCH
Brown et al. [3] have studied the possibility to reduce detail
of the given geometrics based on the object’s importance
on the device display. They show a method for forecasting
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where the detail can be reduced in a way the human eye
would not notice the difference. This is a good insight into
what could be optimized away from the 3D scene. Pool et al.
[7] have been researching methods on how shader algorithms
implemented in the GPU can be optimized by reducing cal-
culation precision to gain savings. By doing this, they have
been able to gain savings of 10-20% of overall system power.
However, lowering precision in the shading process is a very
detailed change, which will result in lower rendering quality
in some cases, and hence, it is not usable universally in all
applications. Anand et al. [1] indicate how the utilization
of the mobile device display should be done more efficiently
by applying tone mapping on the rendered data, and hence,
allow lowering of the display backlight intensity.

Cantlay [4] has done research on how the GPU is han-
dling the different MipMap-levels during a rendering pro-
cess. Their motivation was to find out whether it is possible
to save video memory by making run-time optimization of
the textures. The optimization was based on an analysis
whether certain parts of the given textures were going to
show at all in the final rendering result. If there were such
parts in the textures, those could easily be left out during the
optimization process. The paper summarizes how the pre-
sented methods were able to achieve up to 80% savings in
the GPU texture memory utilization in certain applications
without a noticeable decrease in the overall image quality

It is essential to understand how the mobile GPU processes
the data, in order to be able to do correct simplifications
for it. Mochocki et al. [2] have done research on how GPU
power consumption varies with different kinds of rendering
loads. They have measured how the power consumption is
split between geometry processing stage, triangle setup stage
and rendering stage. The study indicates that by correctly
altering the GPU parameters of the rendering pipeline, sav-
ings in terms of rendering complexity are achievable, which
eventually will lead to lower overall energy consumption of
the GPU. The results can be applied to the content opti-
mization process by acknowledging which kind of optimiza-
tion methods should be used to favor the rendering process
of the local GPU.

Using compressed textures during the rendering process is
one of the optimizations, which could result in more optimal
graphics reproduction. Having a texture asset in compressed
format in the GPU memory during the rasterization process
drives to a lower internal GPU bus bandwidth requirements.
Among compressed texture formats, ETC1 is having a fixed
compression ratio of 6:1, meaning a single pixel will reserve
4 bits of the GPU memory instead of 24 bits compared to
an uncompressed 24-bit RGB image. Hence, during the ras-
terization process, sampling of a single texel is using 1/6
of bandwidth compared to the 24-bit RGB texture. Also,
Ström et al. have shown how utilizing compressed texture
formats, which are natively supported by the mobile hard-
ware, are very suitable for rendering. Reasoning is that the
compressed textures can be kept in their compressed form
during rendering, hence allocating less video memory and
causing less sampling bandwidth internally to the GPU. [8]
[9]

For geometry, there are polygonal simplification methods

Figure 1: Measurement setup

available, as described by Lindstrom et al. [5]. In the
method, a list of edge connections are calculated from the
original mesh. Then, based on chosen strategy of classi-
fication, least significant edges are collapsed into a single
vertex, and neighbor triangles (faces) are adjusted accord-
ingly. With the method, it is possible to collapse a chosen
number of edges, and hence reduce the amount of geometry
from the original model.

3. METHODS, TOOLS, AND SETUP
Following methods, tools and setup were chosen for the basis
of the measurements in this research.

3.1 Method Selection
Based on the previous research, a set of methods and algo-
rithms were chosen for this paper. First, Cantlay [4] indi-
cated how too large texture mipmaps can end up not being
used in during rendering. Hence, it was chosen that in ad-
dition to the original 3D scene, a scaled down version of
the scene was built with maximum of 128x128 pixel tex-
tures. The texture size was chosen to be an approximate for
a good mipmap level for the 3D city model scene, with the
given display sizes. As the density of geometry was known,
and hence the density of texturing per single 3D model was
known, the 128x128 texture size was considered to be a re-
alistic approximation of a good maximum mipmap level for
a mobile device.

Second, the research conducted by Ström et al. [8] [9] have
clear indication about the possible benefits of ETC1 com-
pressed texture format. Because the format was also sup-
ported natively by the mobile hardware used in the testing,
it was a good choice for the measurements. DXT1 and DXT5
compressed formats [6] were also chosen, because those are
widely used formats in the industry and likewise supported
by the hardware we selected for the testing.

For geometry simplification, a polygonal simplification method
was implemented as presented by Lindstrom et al. [5]. This
algorithm was chosen, since it has been successfully imple-
mented by a number of computer graphics applications. In
this research, the implementation strategy for the simplifi-
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Table 1: Attributes of the selected 3D scenes
Scene Textures [B] Vertices Faces
Original RGB 35795328 501257 306540
Original ETC1 5965888 501257 306540
Original DDS 6099072 501257 306540
Scaled RGB 2273664 501257 306540
Scaled ETC1 378944 501257 306540
Scaled DDS 389248 501257 306540
Edges 75% 35795328 363327 205582
Edges 50% 35795328 286762 141632
Edges 25% 35795328 151158 90334

cation was to calculate all edge groups of the given models
and then start optimizing them, starting from the shortest
edges in order to produce geometry with certain pre-defined
detail levels. For this research, edge reduction levels of 75%,
50% and 25% were used.

3.2 Measurement Setup and Selected Tools
The measurement setup was built around a mobile device
based on NVidia Tegra2 chipset, developed by Trimslice.
The device was chosen because of the hardware chipset. The
same hardware is used in a number of mobile devices in
the market today. The device was running Ubuntu Linux
11.04 with hardware accelerated OpenGL ES 2 drivers from
NVidia. The display for the device was an external one,
allowing us to execute the tests in different resolutions. The
device was powered using an external 12V laboratory power
supply, the energy consumption was measured with UNI-
T UT61E digital multimeter and the measurement results
were logged with a separate PC. All wireless radio interfaces
were powered down from the device, since those were not
needed in the testing. Hence, the measured values include
energy consumption of the mobile device, excluding radio
interfaces and the external display. The measurement setup
is illustrated in Figure 1.

All the test cases were run using three pre-defined display
resolutions. 320x240 resolution was chosen because it rep-
resents the lowest-end resolution of mobile phone displays
today. 800x480 was chosen as another target resolution due
to majority of the smartphones having such a display cur-
rently in the market. Finally, 1280x720 (so called HD-ready
display) was chosen as well, since there are already an emerg-
ing number of high-end mobile devices utilizing such a high
resolution display. These combined, it should cover a good
selection of mobile devices in the market from the display
size perspective.

In Table I, the original 3D virtual space and its variants are
described. The first row, labeled Original RGB, of the table
describes the attributes of the original 3D city scene. Tex-
tures column indicates a number of bytes consumed by the
raw texturemaps in the specific scene variant. Vertices and
Faces describe the amount of geometry in each scene vari-
ant respectively. The scene variants in Table I are defined
as follows:

• Original RGB: The original 3D city scene to provide
baseline of energy consumption for other scenarios.

Figure 2: A sample screenshot of the 3D city model

• ETC v1: A variant of the original 3D city model with
all textures converted to ETC1 format

• DDS/DXT: A variant of the original 3D city model
with all textures convertex to DDS (Direct Draw Sur-
face) DXT1/5 [6] format. DXT5 was used for texture
maps with alpha channel (2 maps), DXT1 format for
the rest of textures.

• Scaled RGB: The same as the original 3D city model,
but all textures scaled to maximum of 128x128 resolu-
tion. Original textures smaller than 128x128 were left
untouched.

• Scaled ETC v1: The scaling of 128x128 applied, and
all texture data types changed to ETC1.

• Scaled DDS/DXT: The scaling of 128x128 applied, and
all texture data types changed to DDS/DXTx

• Edges 75%: All textures used in RGB format from the
original 3D city model. Retained 75% edges left from
the original geometry.

• Edges 50%: All textures used in RGB format from the
original 3D city model. Retained 50% edges left from
the original geometry.

• Edges 25%: All textures used in RGB format from the
original 3D city model. Retained 25% edges left from
the original geometry.

Finally, after the individual measurements, a joint effect of
the individual test cases was measured. For this purpose, the
largest display size, both original and downscaled textures
in DDS format and all the optimized geometry levels. This
test case was seen a good comparison and a proposal for a
real-life use case.

The rendering was performed using a custom built, and open
sourced, 3D rendering software, written in C++ [11]. Its
purpose was to render the given 3D scene as fast as possible,
utilizing OpenGL ES 2 API and its most efficient methods.
The most important ones were code paths for compressed
textures and usage of Vertex Buffer Objects (VBO) for fast
geometry instancing. The camera in the scene was posi-
tioned in a way that the whole scene was visible all the time
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Figure 3: Total energy consumed, resolution
1280x720

Figure 4: Total energy consumed, resolution
800x480

to ensure that all vertices will be rendered for the whole
duration of the test. An example screenshot of the 3D city
scene is shown in Figure 2.

A free tool Etcpack v1.06 from Ericsson was used to cre-
ate all ETC1 based textures for the test scenes. Likewise,
an open source library Crunch was used to create all DXTx
variants of the textures. The edge collapse operation for the
geometry was done using a custom made open sourced tool
[11], which implemented an algorithm described by Lind-
strom et al. [5]. All 3D scene variants were created off-line.
All of the scene variants were locally available in the mo-
bile device under test, i.e. nothing was downloaded from a
remote service. Each scene was rendered for a duration of
2,000 frames and the tota l energy consumption was mea-
sured for the rendering phase. Each scene was rendered and
measured ten times and the energy consumption measure-
ments of consecutive runs were averaged to minimize the
error.

The aim of the test was to reveal which test parameter
affected the rendering process energy consumption and in
which way. It was expected that more efficient methods
and data formats will produce faster rendering result, hence

Figure 5: Total energy consumed, resolution
320x240

Figure 6: Total energy consumed in selected scenar-
ios, resolution 1280x720

lowering the burden of the mobile device, also, eventually
enabling it to consume less energy during the process.

4. TEST RESULTS AND DISCUSSION
Figures 3, 4 and 5 present the overall energy consumption
of each of the defined 3D scene variant for display sizes
320x240, 800x480 and 1280x720, respectively. In the fig-
ures, the original 3D city model is always the left most bar,
and represents the baseline of energy consumption when the
original scene is completely unmodified. Other scene vari-
ants in the graph can be directly compared to this column
to see the effect of each method. Each bar in the figures has
also the standard deviation visible, which was calculated
over the ten consecutive measurements.

Overall, the most interesting phenomena which is visible in
all of the figures 3 to 5, is that reducing the geometry by
25%, does not seem to affect the overall energy consumption
at all. This indicates that the major time of the rendering
process is spent in the fragment shaders performing per frag-
ment calculations for the 3D scene. Hence, it can be stated
that the 3D city model is either âĂİover texturedâĂİ, or the
other way around: it would have more room for additional
geometry to keep texturing and vertex transformation tasks
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in balance. Going further, it seems that geometry reduction
beyond 75% has a great impact on the overall energy con-
sumption, and it is emphasized further with larger display
resolutions. For example, using resolution 1280x720, the re-
duction of 75% of the total edges drops the overall energy
consumption approximately 18%. By carefully selecting the
edge collapse algorithm for the given input content, the ge-
ometry can be reduced while still keeping the original visual
quality at an acceptable level. In this case, the selected edge
priority based collapsing worked very well for the building
models. Also, generally it can be stated that using large dis-
play resolutions (Figure 3), optimizing the texture maps give
more benefit compared to small display resolutions (Figure
5) where geometry optimization gains most benefits.

The selected texture format for rendering also has an im-
pact on the overall energy consumption. Having all texture
maps in RGB format in GPU video memory is not a rec-
ommended setup. RGB textures will occupy 4-6 times more
video memory and their rendering consumes 5% more en-
ergy when using original 3D city texture sizes and 15% more
when using scaled down texture maps. Hence, it seems that
energy efficiency of the compressed textures is emphasized
when using scaled down (more optimal) texture sizes for
the mobile display. When comparing the results between
ETC1 format and DXTx formats, the consumption figures
are slightly smaller in favor for ETC1. However, all of the
figures fall inside the standard deviation of the measure-
ments. It can be stated that both formats outperform RGB
textures energy consumption wise, but a side-by-side com-
parison between ETC1 and DXTx shows them to perform
roughly equally.

Having all the textures in a reasonable size for a mobile de-
vice display (in this case 128x128 texture maps), it is also
benefiting the overall energy consumption. For the mobile
GPU, using smaller textures reserves less video memory, and
their size drives to a more efficient usage of the GPU texture
cache. This is because sampling of smaller textures requires
having less texels in the GPU cache, and hence, it makes tex-
ture cache hits more likely during the rasterization process.
As a design guideline, the overall scene should be carefully
analyzed how large texture maps are really needed. An over
textured scene will perform worse, and when mipmapping is
in use, it is possible that the large texture maps are not even
used at all, as Cantlay [4] showed with his experiments.

Finally, Figure 6 shows the results from the measurement
where both textures and geometry were optimized at the
same time. The display resolution in use was 1280x720. The
tests were run with both the original sized, as well as the
optimized (128x128) texture sizes. In the figure, it can be
seen that energy consumption drop the maximum of 40%
when optimized textures, as well as 75% of the geometry
are removed. The value is 11% lower than rendering the
unoptimized scene in lower 800x480 resolution. Based on
this, it can be defined that by optimizing the content for
the hardware there is an opportunity to run the rendering
in higher resolution within the same energy consumption
range.

5. CONCLUSION
In this research, a number of methods were tested on how
they affect the overall energy consumption of a mobile de-
vice during rendering of a 3D scene. The scene used in the
testing was a 3D representation of a city. The 3D city con-
sisted of nine street blocks, including roughly 500,000 ver-
tices, 300,000 triangles and 35MB of uncompressed texture
maps. Eight variants of the original 3D city model were
created using compressed textures, texture size scaling for
mobile device display and geometry reduction via polygonal
simplification (edge collapse) algorithm. Three different dis-
play resolutions were tested, which were 320x240, 800x480
and 1280x720. All tests were run using NVidia Tegra2 based
hardware, using a custom build open sourced C++ OpenGL
ES 2 renderer and without network connectivity. The ren-
derer is an open source component, hence it allows further
experimentation and modifications around the research sub-
ject [11]. The energy consumption was recorded during the
rendering process using a separate digital multimeter.

In the measurements, it was shown that using compressed
textures instead of uncompressed RGB data is highly ben-
eficial. This applies to both video memory usage, and en-
ergy required to render the given 3D scene. Compressed
textures allow 4-6 times less video memory usage (depend-
ing on the chosen compression format), as well as faster
and more energy efficient rendering. When using 1280x720
display resolution, using the RGB textures consumed 5%
more energy (original size) and 15% more energy (down-
scaled size) compared to compressed textures. Benefits of
the compressed textures are emphasized when using larger
resolutions and when the texture sizes are optimized for the
given display size. Primary reasoning is in the GPU texture
caching, where more optimized textures are more likely to
be in the texture cache, hence causing more cache hits and
hence quicker and more efficient rendering.

Likewise, geometry compression gave similar energy con-
sumption benefits. Using the largest display resolution, a
geometry reduction of 50% of the original edges dropped en-
ergy consumption by 8%, and reduction of 75% of the origi-
nal edges dropped the total consumption by 18%. Edge col-
lapse reduces vertices and faces, and hence also loses detail
from the original geometry. It is very important to choose
a proper approach to make the reduction to keep visual ar-
tifacts minimized. For the 3D city scene, which consisted
largely only of buildings, the chosen method (based on edge
length priorities) worked well. Interestingly, during the test-
ing it was noted that 25% reduction of the edges did not yet
drop the overall energy consumption at all. This is likely
due to an authoring error in the original 3D city scene. The
original scene was overtextured, and reduction of the geome-
try did not gain anything energy consumption wise. In other
words, the test scene performance was not originally bound
by the geometry, but instead by the original texture maps.

When the texture optimization and geometry optimization
was combined, and the measurements were done using the
highest 1280x720 resolution with DDS textures, the overall
energy consumption went down as much as 40% in total. It
should also be noted that the measurement setup actually
consumed less energy than rendering the unoptimized scene
in lower 800x480 resolution. It indicates that there is clearly
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room for gaining energy savings, by carefully optimizing the
content for the mobile hardware.

The results in this paper gives an insight into understand-
ing how the various algorithms (as presented in the liter-
ature section) applied to both images and geometry affect
the energy consumption of a mobile device. By using this
information, it is possible to start building fully automated
content optimization services to the network, which utilize
these methods based on the mobile device type, on demand-
time. This way, all the content regardless of the original
data format and author could be optimized automatically
for the mobile devices in a way that the energy consump-
tion is minimized. This research used one relatively complex
3D scene for the measurements. In the future these results
should be generalized with various kinds of 3D models to
allow creation of a generic energy consumption model based
on 3D graphics complexity.

Also, content optimization will have an effect on the wire-
less transmissions. Decreasing the amount of content, and
optionally compressing it, will lower the required bandwidth
to download all the content to the device before rendering.
One of the important next steps would be to find out how
these methods will affect the overall energy consumption of
the mobile device when the network interface is taken into
account and the content is optimized and downloaded from
a remote service.
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