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Abstract

In this paper, we propose an efficient method for processing DWT (Discrete Wavelet Transform) on GPU (Graphics
Processing Unit). Since the DWT and EBCOT (embedded block coding with optimized truncation) are the most
complicated submodules in JPEG2000, we design a high—performance processing framework for performing DWT using
the fragment shader of GPU based on the render-to—texture (RTT) architecture. Experimental results show that the
performance increases significantly, in which DWT running on modern GPU is more than 10 times faster than on modemn
CPU. Furthermore, by replacing the DWT part of Jasper which is the JPEG2000 reference software, the overall processing
is 2716 times faster than the original JasPer. The GPU-driven render—to—texture architecture proposed in this paper can be
used in the general image and computer vision processing for high-speed processing.
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Fig. 2. Structure of the liting-based DWT™.
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Table 2. Comparison of DWT processing time using convolution.

GPU (Level=1) GPU (Level=3) GPU (Level=5) CPU(Level=1)

' AMD INTEL
Athlon64 | Pentium D
T3 AJzE 0.0019 0.0013 0.0027 0.0018 0.0028 0.0019 0.0715 0.0584
512x512 | CPU &3] A7+
] v &
T8 Ak 0.0075 0.0050 0.0101 0.0068 0.0105 0.0071 0.2861 0.2330
1024x1024 | CPU 3=3) AJ7H
] v)&
T8 Azt 0.0294 0.0200 0.0397 0.0268 0.0408 0.0276 1.1753 0.9299
2048x2048 | CPU 3 A3+
u] v &
E 3 Lifing 7|8 DWTS| 8 &£ d|in

Table 3. Comparison of DWT processing time using lifting.

ZEAMAN
AT 3 ZORR 8800GTS | 8800GTX | 8800GTS | 8800GTX | 8800GTS | 8800GTX

ol

3% 2% 5% 3% 5% 3% - -

3% 2% 4% 2% 4% 2% - -

3% 2% 4% 2% 4% 2% - -

GPU (Level=1) GPU (Level=3) GPU (Level=5) CPU(Level=1)
AMD INTEL
Athlon64 |Pentium D
T8 A7t 0.0017 0.0012 0.0023 0.0017 0.0024 0.0017 0.0400 0.0267
CPU 43§ Azt

512x512 LIRS
Convolution 43}
Ak oH) Bl &
T3 Ak 0.0069 0.0051 0.0091 0.0067 0.0094 0.0069 0.1662 0.1059
CPU 3 AjzH
1024x1024 ] H)&
Convolution 43
AIZE oy Bl g
T2 A7k 0.0278 0.0206 0.0368 0.0272 0.0376 0.0279 0.6377 0.4177
CPU 3 A7t
2048x2048 oy v)&
Convolution 5>3)
A7 e wlg
E 4 JPEG20002| olmY ¥ AlZt "W HME $£x[= SUst CPUZ MA ZHHS s Zol st o8
AlZte| HIgE 9o,
Table 4. Comparison of JPEG2000 encoding time. Percent value denotes the ratio to the running time when the whole
encoding is perform on the same CPU.

ZEMNA
Az ¥ HIRER 8800GTS | 8800GTX | 8800GTS | 8800GTX | 8800GTS | 8800GTX

% 3% 9% 4% 9% 4% - -

89% 95% 85% 91% 84% 89% 56% 46%

6% 3% 9 4% 9% 4% -

92% 101% 90 99% 89% 98% 58% 45%

7% 3% 9 4% 9% 4% - -

94% 103% 93 101% 92% 101% 54% 45%

Device GPU CPU
8800GTS 8800GTX AMD INTEL
Resolution . : . :
(with INTEL Pentium D) (with AMD Athlon 64) Athlon 64 Pentium D
512x512 0.015% 52% 0.0167 14% 0.1232 0.0305
1024x1024 0.0583 10% 0.0649 6% 1.0440 0.5553
2048x2048 0.2286 8% 0.2345 5% 4.5996 2.7816
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