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Abstract

The increasing demand on the use of multimedia video contents drives more mobile embedded systems to incorporate
H.264/AVC decoding capability. An H.264/AVC decoder often requires high computation bandwidth during its decoding
phase. Depending upon processor computation capability and multimedia contents complexity, the decoder can hbe
implemented either in hardware or software. However, without a thorough analysis on the performance and resource
requirements, it is difficult to choose a cost-effective methodology of implementing this codec. This paper presents both
hardware and software implementation of H264/AVC decoding subsystem in mobile embedded systems, and quantitatively
analyses the performance and resource requirements. It also shows the methodology to identify performance bottleneck in
Linux-based mobile embedded systems, which is in turn used to select feasible and efficient implementation methodology.
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Table. 1. H.264/AVC Baseline, Main and Extended Profile.
Baseline Main Extended
| and P Slices YES YES YES
B Slices NO YES YES
Si and SP Slices NO NO YES
Multiple Reference Frame YES YES YES
In-Loop Deblocking Filter YES YES YES
CAVLC Entropy Coding YES YES YES
CABAC Entropy Coding NO YES NO
Flexible Macroblock Ordering
(FHO) YES NO YES
Arbitrary Slice Ordering
(AS0) YES NO YES
Redundant Slices (RS) YES NO YES
Data Partitioning NO NO YES
Inter laced Coding (PicAFF,
WBAFF) NO YES YES

Transform/
Quantization

= A S e

Motion Vectors.
38 1. H264AVC ClEOe W8 =2E E%
Fig. 1. Internal operation of H.264/AVC decoder.
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systems.

2. HE|O|C|O HIC|2 XHY 7|
£ AgelA T8 DEjutio] vjtj e A= A}
DMB A A71¢] vlt]e BIEAE-S dAsta o]& A
g}, °]& 98 ARM linux &7l VLC A7)
DMB HIEZEd] o3t demux 7]5& F71stdoh
< &2 BHEYY 7o, el u}
o] 7hsdtet o] AAZIE ks HEYA
7} MPEG-2 TS (Transport Stream) A A%< 1]
Zo o]& 7|¥te 2 3o A9 DMB §
A dE 8] Fdo] vjuy gol3}

:
rlr
+ to

=
M
i o

o3
)

o,

o
o&‘,rﬁ
o ol
o X
Mo g



20079 108 MX3&s =X M 4 A SD B A 10 2

Video_out Video_out
Rendering and Rendering and
displaying displaying
# #
Software H.264 Hardware H.264
Decoder Decoder

FFMPEG S3CA480

- —»
—»

Input_module
File/net sock

Demux with DMB

description H.264 NAL Parser

[T—77 Module
— — —» Data flow

—— Control flow

a3 3. VLCOlAM H264 Xzl nhy
Fig. 3. Processing of H264 stream in VL.C.
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Fig. 5. Block diagram for hardware H.264 decoder.
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struct timeval module_start;
struct timeval module_end;

int (*funcptr)(struct timeval *tv, struct timezone *tz);
funcptr = gettimeofday;

CacheLockdown(funcptr, size_of_funcptr);

gettimeofday(&module_end, NULL),
}
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H264 C|2H Z=2f time complexity S8 o
Fig. 6. An example of time complexity measurement for

H.264 decoder module using cache lockdown
and gettimeofday() function.
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Table 2. Time complexity of software H.264 decoder.

Modules Time (usec) Clock Cycle
Entropy Decoder 1,202.85 4,811.40
Transform/Quantization 15,725.65 62,902.60
Intra Prediction 54,331.80 217,327.20
Motion Compensation 38,346.18 153,384.72
Deblocking Filter 38,850.93 155,403.72
Total 148,457 .41 593,829.64
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Table 3. Time complexity in hardware H.264 decoder.

Modules Time (usec) Clock Cycle
Parsing 1,010.34 4,041.36
Codec 4,318.13 17,272.52
Host |/F Read 12,945.99 51,783.96
Host I/F Write 379.98 1,519.92
Tota! 18,654.44 74,617.76
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Fig. 9. Breakdown of time complexity in hardware H.264

decoder.
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E 4 StESlof tj=ZHe| LCD controller ARE 0f5of
(2 MCUSF S3CA4802 X2iAlZta} utilization
Table 4. Processing time and utilizaton of MCU and

S3CA480 with and without LCD controller.

(a) without LCD controller

{Host | /F Read/Write) (PARSING PART, CODEC PART)

13,343.97 usec 5,346.47 usec
(71.39 %) (28.61 %)

{b) with LCD controller

(PARSING PART, CODEC PART)

5,346.47 psec
(93.22 %)

MCU
{Host 1/F. Write)

388.98 usec
(6.78%)
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Table 5. Memory requirements for the implementation of
H.264 decoder.

Buffer Name S/\?bsizg()ier H/?bsetzgg()ier

Reconstruction frame 115,200 115,200

Reference frames 115,200 -

#a- Slice map 1,200 -

Reference indices 1,200 -

Motion vectors 19,200 -

Intra-prediction modes 4,800 -

CBP values 1,200 -

MB types 300 -

QP values 300 -

CAVLC c%?ﬁ\ ftfsl cient 7.200 -

MB temp data 2,048 -

Constants 2,048 2,048

Total 269,896 117,248
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Fig. 10. Intemal organization of MCU board.
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Table 6. Time complexity of hardware H.264 decoder with
firmware driver.
Modules Time (psec) Clock Cycle
Parsing 923.020 3692.080
Codec 4296.045 17184. 180
Host !/F Read 12908.070 51632.280
Host I/F Write 249.894 999.578
TOTAL 18377.029 73508.118
I

7. H264/AVC ClZHOA O/SE ¢l8t 2B E
Table 7. O/S overhead in hardware H.264/AVC decoder.

AL

Modules Time ( usec) Clock Cycle
Parsing 87.320 349.279
Codec 22.085 88.340
Host |/F Read 37.920 151.680
Host I/F Write 130.085 520.342
Total 277.410 1109.641
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