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Figure 11: Elven Ruins real-time demo using the Unreal Engine on a desktop PC. We compare minimum, middle-minimum, maximum-middle
and maximum quality settings against two modes of our power-optimal rendering framework: Selecting a power budget of 10W, and an error
budget of 0.02. Plots on the right show power usage and error during a 60-second camera path. Our framework provides power-error
optimized settings under the two different budget modes, while guaranteeing in both cases a visual quality very similar to the maximum
settings, and power usage close to the minimum settings. Moreover, our optimized settings outperform manual settings. Please refer to the

supplementary video for the full demo.

The only exceptions to this for our parameter space are Resolution
Scale, which has a direct correlation with power consumption, and
Texture Quality, which in our tests seemed to impact image quality
the most. However, even these two parameters have a very different
influence on power and error depending on the rendered view, as
Figure 12 shows. Given the entire camera view-space of a scene, it
would obviously be impractical to manually preset all optimal ren-
dering settings. Our framework allows us to automatically select
optimal power and error settings at runtime, without human inter-
vention of prior knowledge about the scene.

We have also conducted a comparison with manually set tradeoffs
between power and quality. In the Unreal Engine, some settings
can be manually tweaked, allowing users to adjust the quality of
various features. We set settings for four quality levels: maximum
(all values set to maximum), maximum-middle, middle-minimum,
and minimum (all values set to minimum). For this test we use
the Elven Ruins and the Sun Temple scenes. Figure 11 compares
one view under different settings and the corresponding plots for
power and error in the Elven Ruins scene. The statistics of average
power usage and errors are shown in Table 3. As can been seen,
our method provides an excellent balance between visual error and
power consumption: In the Elven Ruins demo, our method only
consumes 7.87 W, which represents a saving of 50:4% of power
compared to the maximum setting, and the visual quality is an or-
der of magnitude better than the minimum setting. Similar conclu-
sions can be inferred for the Sun Temple demo, with about 30%
less power consumed. These results clearly demonstrate that our
power-optimal framework is capable of automatically balancing op-
timal power consumption and quality, which would be very chal-
lenging to achieve by manually adjusting settings. Moreover, our
framework provides dynamic optimal settings, while manually-set
parameters in Unreal remain fixed throughout the demo.

8.4 Temporal Filtering

As described in Section 6, to reduce sudden changes in quality due
to the runtime optimization of rendering settings, we apply a tem-
poral filtering strategy. Despite this filtering being a discrete in-

terpolation, our simple smoothing strategy improves the rendering
quality in many cases. Figure 13 shows an example of 200 frames,
including a runtime change of parameters with and without tempo-
ral filtering. We use the parameters before this change to render 200
frames, and regard them as reference to compute visual error. As
shown in the plot, our temporal filtering provides a smoother transi-
tion, gradually modulating the visual error after a parameter change
at frame #35, successfully reducing visible popping artifacts (refer
also to the video in the supplemental). The zoomed insets of frame
#34 and #35 clearly demonstrate better consistence when applying
the temporal filtering.

9 Discussion and Future Work

In some cases, the power or error curves may deviate slightly from
the given budgets. This is due to the following reasons: First, at
each view, the Pareto-optimal settings are discretely distributed in
the power-error space. Therefore, the optimal setting computed un-
der a budget may not exactly match the budget. Second, during
the adaptive subdivision, the camera view-space is partitioned by
thresholds until a fixed number of octree levels is reached. There-
fore, in some local regions, using the optimal rendering setting at
the closest sample camera may induce a slight deviation. In any
case, as shown in Figure 11, the error and power curves remain
very stable.

Since we focused on optimizing GPU consumption, we explicitly
measured GPU power on desktop PC, and minimized CPU impact
on mobile devices by deactivating as many external CPU sources as
possible. While some rendering aspects may influence CPU power
usage, in practice we found this variation negligible for the parame-
ters we used. Nevertheless, it remains an interesting topic of future
work to analyze the influence of a wider set of parameters on CPU
power usage.

Our framework is not free of limitations and potential avenues of
future work. First, it does not take into account dynamic changes
in geometry or lighting. However, predicting the full space of
all possible situations that may arise when dynamic changes area
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Figure 12: The influence of the different parameters is highly de-
pendent on the particularities of the scene and view being rendered.
Shown are two views of the Elven Ruins demo. For each view, we
first set all parameters to produce the maximum rendering quality,
and use it as the base setting. Then, we individually change only
one parameter, from minimum to maximum value (shown as 0..3 in
the figure), while keeping the others at maximum level. From the
power consumption plots, it can be seen that in this case Resolu-
tion, Effects and Post-Process are the most dominant. However, the
error is inversely correlated with Texture quality for the first view,
while Resolution has an insignificant impact.

allowed is obviously intractable. One possibility to incorporate
such changes in our optimization would be to precompute some of
them, for instance the same view under different illuminations, and
smoothly interpolate between settings at runtime. Our framework
allows for such extensions of the power-error cost space, at the cost
of longer preprocessing times. Nevertheless, this would only need
to be done once; at run-time, the system would still be able to op-
timize in real-time, given our strategy of reducing the search for
optimal settings to a one-dimensional Pareto curve.

Second, the capability to explore the full space of all possible com-
binations of rendering settings is limited by our GP optimization.
Different strategies may yield slightly different Pareto frontiers, al-
though we do not expect the final results to vary much in terms of
power consumption or visual quality during navigation. Similarly,
we have set our thresholds for the adaptive subdivision heuristi-
cally: although they provide a good balance between complexity of
the subdivision and performance, we did not thoroughly explore the
possibilities of other subdivision thresholds or schemes.

While the results in this paper are strictly valid for the specific hard-
ware configuration we used, our proposed framework is equally ap-
plicable to any other configurations. Moreover, we believe that the
resulting optimization for a particular hardware setup will allow
for a certain degree of transferability across similar configurations,
by abstracting some of the dependencies. Finally, although the re-
quired precomputation time is not significant for large-scale pro-
ductions, it would be interesting to find novel ways to reduce it, for
instance by learning relationships among scene properties, render-
ing parameters and power usage, or acquiring higher-level knowl-
edge about parameters.

To summarize, we hope that our power-saving rendering framework
inspires future work in this direction. Our current implementation
satisfies four key ideal characteristics: it produces optimal results
between energy consumption and quality; it allows the user to fix
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Figure 13: Elven Ruins scene with and without our temporal filter-
ing, for a parameter change at frame #34. To illustrate the benefits,
we propagate the settings at frame #34 to 200 frames, and com-
pute the error of each frame with respect to the filtered (on) and
non-filtered (off) versions. Notice how temporal filtering improves
consistency, avoiding visible popping artifacts (sudden jump in the
orange curve) by providing a smoother transition between settings.
This is also shown in the insets comparing frames #34 and #35.

either a power or a quality target; it is real-time; and it generalizes
across different platforms. We have shown results on four different
scenes, running on two different platforms, including a commer-
cial one. Additionally, we have validated that our framework out-
performs manually-set parameters, available in the Unreal Engine
environment.
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