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Figure 7: All scenes used in the user study with both techniques, ML-PEA () and uniform dimming (e), applied are shown here, as well as
the corresponding power savings for the displayed frames. The levels (1, 2, and 3) correspond to the strengths of application of the power-
saving techniques. They correspond to roughly 17%, 32%, and 45% target power savings (uniform dimming power savings were averaged

across frames to match those of ML-PEA).

that maps quality scores from one study to the range of another.
This operation is required because, for the same distortion applied
to a piece of content, quality scores can vary in magnitude between
different studies (even though quality scores may have the same
relative order within studies). To start, our results for uniform dim-
ming are rescaled to PEA-PODs using a linear model,

JODpEa-poODs = a-JODML-pEA + b; (®)

where a and b are parameters to be optimized. Uniform dimming
was selected for this purpose because it is a distortion contained
in both our study and that of Chen et al. [CWM*24]. This lin-
ear function is applied to all JOD scores collected in our study
(JODpML-pEA ), mapping them to the JOD scale of PEA-PODs.

Note that the power saving rates for uniform dimming differ
from those used in the PEA-PODs study, because we match them
with ML-PEA across scenes in our study. To account for this mis-
match in power savings, we first computed the cross-scene mean
power savings for both uniform dimming and ML-PEA, and ap-
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plied a transfer function, Y : a non-linear model fit to uniform dim-
ming power saving rates (a) versus JOD data, JODpga_pops; =
Y (a), using the Weibull distribution function.

The results of this procedure are shown in Figure 8, where
our results are compared to the techniques studied by Chen et al.
[CWM*24]. To allow for easier comparison of techniques across
different power saving rates, we evaluated Y (@) for each rate inde-
pendently (visualized as dotted lines). We use the function parame-
ters from PEA-PODs for all methods except the ones studied in this
work (uniform dimming and ML-PEA), for which we computed a
linear fit.

Discussion The technique offering the best power savings for the
OLED display (left plot in Figure 8) is the Brightness Rolloff. How-
ever, this technique requires active eye tracking, which itself in-
curs significant power costs [CWM#*24]. Next, Dichoptic Dimming,
ML-PEA, and Uniform Dimming have similar performance. No-
tably, ML-PEA performs the best of any non-eye tracked method for
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Figure 8: We plot the user study results, scaled to JOD units, on the x-axis. The y-axis represents power saved. Note that this plot shows
increasing negative perceptual impact on the x-axis, so points at the top left of the plot are better. Solid lines with star markers are conditions
studied in this work. The reference condition is plotted as a shaded area at 0 JODs. Error bars are 95% confidence intervals. Dotted lines

are transfer functions fit to the data.

power savings of ~ 26% and more, and is preferred over uniform
dimming by 61.5% of users (0.43 JODs) for high power saving
rates. In LC displays with a global dimming backlight (right plot
in Figure 8), brightness rolloff yields no power savings because
the central region (at the eye gaze position) remains unchanged.
Furthermore, the color modulation techniques yield no power, as
discussed in Section 2. The top two techniques are Dichoptic Dim-
ming and Uniform Dimming. Our ML-PEA technique has the next
best performance. Note that the difference in power savings be-
tween OLED and LC displays is due to the specific power model
used in the power loss function that our model is optimized with.
The power consumed by a global dimming LC display is related to
the maximum pixel intensity in the image, which is not optimized
for in our pipeline.

6. Limitations and Future Work

While ML-PEA provides optimal results for key power saving con-
ditions, it also has some limitations. First, our analysis does not
cover the computational cost or speed of the explored techniques,
focusing only on display power. This is sufficient for applications
that involve pre-rendered content, such as video streaming. How-
ever, it is not appropriate in a power-constrained, real-time envi-
ronment like those present in VR gaming, where the costs due to
inference computation would impact the expected savings rate. Fu-
ture work evaluating and optimizing the inference cost and speed
of ML-PEA would help extend it to these applications. VR sys-
tems that already contain ML modules, e.g. for foveated render-
ing [KSL*19], may be able to implement our pipeline in addition.
Current commercial systems already show promise in producing
real-time ML-based vision systems on-device [Cad24].

Although our model does not explicitly incorporate time-varying
effects, no temporal artifacts were observed during development

and evaluation of ML-PEA. This may be due, in part, to lack of
extreme frame-by-frame changes in the reference videos, as well
as the non-stochastic nature of U-NET. If present, temporal incon-
sistencies would lead to lower JOD scores in a subjective study
like the one presented in this work. Future work could explore loss
functions or models that incorporate spatial and temporal features.
In addition, the implementation of ML-PEA described in this work
is trained on specific target power saving rates. The method could
be further extended by incorporating the target savings rate as an
input to the model.

7. Conclusion

We proposed a deep-learning-based solution for optimizing display
power savings while maintaining image quality. We demonstrated
that the evaluation methodology used by previous ML-based meth-
ods is likely insufficient, and proposed robust alternatives based
on recent subjective study protocols. We validated our method’s
performance using these techniques, and found that it has compet-
itive performance with state-of-the-art techniques, obtaining best-
in-class results in some cases. Our work serves as a baseline and
provides a subjective evaluation framework that can be used for
future development of ML-based display power saving models.
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