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ABSTRACT

In this paper, we propose a deblocking filter hardware architecture for low-power HEVC (High-Efficiency Video
Coding) in-loop for mobile systems. HEVC performs image compression on a block-by-block basis, resulting in
blockage of the image due to quantization error. The deblocking filter is used to remove the blocking phenomenon in
the image. Currently, UHD video service is supported in various mobile systems, but power consumption is high. The
proposed low-power deblocking filter hardware structure minimizes the power consumption by blocking the clock to
the internal module when the filter is not applied. It also has four parallel filter structures for high throughput at low
operating frequencies and each filter is implemented in a four-stage pipeline. The proposed deblocking filter hardware
structure is designed with Verilog HDL and synthesized using TSMC 65nm CMOS standard cell library, resulting in
about 52.13K gates. In addition, real-time processing of 8K@84fps video is possible at 110MHz operating frequency,
and operation power is 6.7mW.
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Fig. 1 Overall processing steps of deblocking filter
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Table. 1 PU boundary judgment

Pusize DE 0 1 2 3
0 64x64 32x32 16x16 8x8
1 64x32 32x16 16x8 8x4
2 32x64 16x32 8x16 4x8
3 32x32 16x16 8x8 4x4
4 64x16 32x8 - -
5 64x48 32x24 - -
6 16x64 8x32 - -
7 48x64 24x32 - -

Table. 2 CU and TU boundary judgment

Depth
| 0 | 1 ] 2 | 3
0 64x64 | 32x32 | 16x16 8x8
1 32x32 | 16x16 8x8 4x4
2 16x16 8x8 4x4 -
3 8x8 4x4 - -
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Table. 3 The proposed routing order

Route 4x32 Line Buffer Filtered
Num. Num. Num. Pixel
1 LBO Output
1 2 LB1 Output
3 CB CB Stored
3 CB Output
2 4 LB2 Output
5 LB3 CB Stroed
5 CB Output
3 6 LBO Output
7 LB1 CB Stroed
7 CB Output
4 8 LB2 Output
9 LB3 Output
8 cycle 8 cycle 8 cycle 8 cycle 8 cycle
LBO | cB | CB | cB
Write LB1 LB2 LBO LB2
CB LB3 LB1 LB3
‘LBO| |CB| |CB| |CB|
Read LB1 LB2 LBO LB2
CB LB3 LB1 LB3

Fig. 6 Data flow of the proposed route structure
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Table. 4 Hardware and performance comparisons

Erdem[8] Batta[9] Wei[10] Proposed1 Proposed2
Processing Object 32x32 16x 16 64 x 64 32x32
Technological Process 65nm 180nm 90nm 65nm
Processing Cycles/LCU 280 cycles 224 cycles 288 cycles 160 cycles
Max Frequency (MHz) 108 100 278 270 110 (for Mobile)
Resolution 1920 x 1080 8K x 4K 8K x 4K 8K x 4K
Fps (Frame per second) 86 56 123 208 84
Boundary judgment - - 40 88.5 88.5
Bs calculation - - 7.7K 1.65K 1.64K
c'gsat“(’g"‘;"::;) Filter - i 23.88K 50.2K 50.4K
Buffer - - - 96.4K 93.4K
Total 36.8K 70.1K 31.62K 148.3K 145.5K
Power (mW) 57.24 44.63 - 16.79 6.72
Boundary judgment No No Yes Yes
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Fig. 11 The result from simulation
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