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Fig. 17. User experience calculated using CMR-UE model on a representative
3.5G network for game PlaneShift.

We can see that CAAR algorithm can achieve a much better
PSNR than the other two rendering strategies.

Fig. 17(e) shows the values for different strategies. Higher
value indicates lower rendering richness. With no adaptive

rendering, is always 0; whereas for the other two adaptive
rendering strategies, the rendering richness is adapted with the
encoding bit rate. Fig. 17(f) shows the resulting PSNR perfor-
mance. We can see that: 1) adapting encoding bit rate without
adapting rendering (nonadaptive rendering) produces the worst
PSNR performance since it does not reduce the content com-
plexity when the encoding bit rate is low; 2) CAAR performs
signiÞcantly better than noncontent-aware adaptive rendering
by considering the content of the different scenes. For instance,
let us compare the two adaptive rendering strategies during
intervals B and C, in which the available network bandwidth
are similar, but in which two different types of game scenes are
rendered. CAAR assigns smaller view distance values during
interval B (indoor scene) than during interval C (outdoor
scene), thereby reducing content complexity of rendered video
frames in interval B similar to frames rendered in interval C,
hence enabling a satisfactory PSNR performance during both
interval B and C. On the other hand, when noncontent-aware
adaptive rendering is applied, it assigns similar view distance
values for indoor and outdoor scenes, thereby rendering frames
with larger content complexity for indoor scenes than out-
door scenes. Therefore while providing satisfactory PSNR
performance during interval C, it produces low PSNR during
interval B.

Fig. 17(g) demonstrates that the CAAR algorithm outper-
forms the other two strategies and yields the best CMR-UE per-
formance during all the four intervals. This is because CAAR
algorithm always selects the best tradeoff between rendering
richness (inverse to ) and video frame quality (indicated by
PSNR), and consider game content information to take care
of all the scenes. The average CMR-MOS values for the three
strategies during the 400 s game session reported here are 3.19,
3.34, and 3.55, using no rendering adaptation (only encoding
rate adaptation), noncontent-aware rendering adaptation, and
CAAR respectively.

Next, we brießy summarize results of conducting the same
experiments as above using another 3-D game, Broadsides,
which as described in Section IV is of a very different genre.
Similar to the results for game PlaneShift (Fig. 17), the CAAR
algorithm performs signiÞcantly better than the other two
strategies. The average PSNR values for the three strategies
during the 400 s game session are 30.02 dB, 31.17 dB, and
32.05 dB, using no rendering adaptation (only encoding bit
rate adaptation), noncontent-aware rendering adaptation, and
CAAR respectively. Similarly, the average CMR-MOS scores
for the three strategies are 3.02, 3.28, and 3.50, respectively.
Details can be found in . The above results demonstrate that
the CAAR algorithm can achieve much better PSNR and
CMR-MOS scores than the other two strategies, and is appli-
cable and effective to other 3-D games of different genres.

VII. CONCLUSION

In this paper, we have studied a cloud based mobile video
rendering and streaming approach which is promising to en-
able mobile users experience advanced rendering-based multi-
media applications, such as 3-D gaming and augmented reality.




