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(World space)22 Az mde Al 7hvet
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2 Aokl g0l ¥
ol A=A FHell A=A 3k A9 A7F BefAL AHES

_IR

= Yugn. T WS ofsjA Aol

J5+ sl¥ A #3E(Normalized device coordinate) 2 W3S .

AN =i £ o Ofsl & Hir e ot Tfeti g AA 4t
Input parameter: S =22 £, GPU G2 MEf He 9 2l3C Z|~E [,
Return: £ 2 Y=ot 52 g2 dHT H/S A

1:  function CalcDynamicRenderingParam(F; 1.,

2: Initialize Linked list £;

3: while ( / < Total count Jof Objectsin F)

4: Read the /" Object's ID; Oy

5 Read corresponding MVP matrix; M)

6: Compute V=M, *7

7: Search V.5, in the linked list £, ; using O

8: Compute Dy = distance(V; V.1

9: Insert the node(Qy Vj D) to the linked list /;
10: Search (D, in the linked list £,

11 Normalize Dy, to Dy,

2 Calculate the average of D,,,

13: Select P; from comparing the avg. of Dy, with pre-defined threshold
14 L, ;= {;; discard the /-1*h linked list

15:  return 7~

A4 MEYAE, SHo] AAE ot LA ART W x 9
AP ol 2 = Ao Aok O 2 2GS AAE 3
e te AME ur Huo Foz o Hxol, el AAE

dst7l 1@ WEH2E DI HEZE W@ (Viewport
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Abstract

Although mobile GPU hardware has evolved remarkably, it does not
yet satisfy the ever increasing market demand for high-quality graphics,
while maintaining a consistent 60fps. Also, as resolution exponentially
increases in mobile platforms, maintaining acceptable frame rate
becomes more challenging than ever because elevated computing
demand results in reduction of battery use time and increase in device
surface temperature. Because power consumption increases almost
linearly with GPU workload, the heavy GPU workload imposed by
fixed high resolution and frame rate can be allowed to be actually

computed only when there are human perceptible benefits.

In this thesis, we propose novel techniques to reduce GPU workload
considering human perception capability. As the initial step in reducing
it, we explore main sources of power drain with one of commercial
smart phones LG G3. We found that three main sources can be
exploited to reduce GPU workload effectively as the following:
resolution, frame rate and data redundancy. Firstly we focus on
resolution changes in mobile GPU. From the recent resolution change
techniques, we still observe noticeable artifacts because they did not
carefully investigate whether resulting sequences of frames are perceived
as containing artifacts or not. Unlike the previous techniques, we
propose a dynamic rendering quality scaling(DRQS) which is based on
resolution changes and quality scaling to improve the performance up

to 38% with a negligible overhead using a transform matrix. Further the
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proposed technique can be exploited to reduces the workload up to
24% without human visual-perceptual changes. Secondly, we investigate
increasing frame rate to remedy flickering artifacts exploiting
interpolation techniques. The most recent techniques are not suitable for
mobile devices because they have been mainly studied to
motion-compensate approach and high computational costs are
inevitable. To address this problem, we propose a novel frame rate up
conversion based on a half frame forwarding(HFF) approach for
tile-based GPU rendering, which can generate intermediate frames with
a half of computational cost compared to the previous techniques.
Lastly, we propose data reuse technique for multi-render target(MRT)
which the most recent rendering technique proposed in OpenGL ES 3.0.
MRTs enables deferred shading for rendering complex lighting
operations efficiently. However, MRTs requires a huge amount of
memory bandwidth and this is an obstacle for mobile devices because it
facilitates rendering multiple render-target textures at once. To alleviate
this problem, exploiting temporal coherence, when specific render-targets
(RTs) have temporal coherence between consecutive frames, we
selectively reuse RTs data. From our experiments, the performance
result demonstrates that the proposed algorithm can reduce the system
power consumption by up to 18% maintaining graphic quality based on

human perception capability.
Keywords : GPU real-time rendering, mobile GPU, frame rate up

conversion, dynamic rendering, multi-render target, date reuse, GPU

power optimization, quality scaling.
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