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Abstract ; In order to solve problems of long encoding time and high hardware acceleration resource occu-
pancy rate caused by the advanced residual prediction (ARP) algorithm which does not make full use of
the data characteristics of depth map in three-dimensional high efficiency video coding (3D-HEVC),a
fast ARP selection algorithm based on reconfigurable hardware implementation is proposed. Firstly, the
depth map is divided into three regions according to its data characteristics,and then the threshold is set
to select the advanced residual prediction algorithm in different regions quickly,so as to reduce the coding
time. The experimental results show that compared with the standard platform HTMI6. 1, the fast se-
lection algorithm reduces the encoding time by 8. 10% when the average peak signal to noise ratio
(PSNR) loss is only 0. 019 dB. Finally, the dynamic programmable reconfigurable array processor
(DPRAP) is used to accelerate the ARP fast selection algorithm in parallel, and then a reconfigurable
implementation scheme is proposed based on the reconfiguration mechanism of the array processor,so as

to accelerate the algorithm and reduce the hardware resource occupancy. The experimental results show
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that compared with the parallel scheme,the total number of the process element (PE) and instructions

are respectively reduced by 50% and 33. 23% ,and the average speedup is 1. 9. The algorithm before and

after optimization is compared with disparity estimation,and the average speedup is 2. 5. Therefore, this

study has a certain reference value for real-time video coding of 3D-HEVC algorithm.,

Key words: 3D-HEVC; depth map; inter-view prediction; array processor; parallelization; reconfigu-
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Fig. 1 Dynamic programmable reconfigurable array processor
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Tab. 1 Statistical results of ARP algorithm selection ratio between time domain and viewpoint

for macroblocks with different region modes

Near regions mode

Middle region mode

Far region mode

Test
sedrence Interview ARP Temporal ARP Interview ARP Temporal ARP Interview ARP Temporal ARP
GT_fly 5.1% 94.9% 12.7% 87.3% 11.7% 88.3%
Undo_Dancer 5.1% 94.9% 10. 6 % 89.4% 10. 6 % 89.4%
Poznan_Street 4.4% 95. 6% 19.8% 80.2% 11.4% 88. 6%
Kendo 19.4% 80. 6% 10.2% 89.8% 3.9% 96.1%
Balloons 10.3% 89.7% 6.8% 93.2% 3.9% 96.1%
Newspaper 10.5% 89.5% 9.4% 90. 6% 3.9% 96.1%
Poznan_Hall2 1.7% 98.3% 5.3% 94. 7% 5.3% 94. 7%
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Fig. 2 Map of advanced residual prediction algorithm
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Fig.3 Map reconstruction based on advanced residual prediction algorithm
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Tab.2 Experimental test parameters

Test sequence Resolution Frame rate Vig\;vd[)c(;inl
Poznan_Hall2 1920X1088 25 6-7-5
Poznan_Street 1920X1088 25 4-5-3
Undo_Dancer 19201088 25 5-1-9
Kendo 1024X768 30 3-1-5
Balloons 1024 X768 30 3-1-5
Newspaper 1024 X768 30 4-2-6
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Tab.3 Comparison of saved coding time and coding quality

T The proposed algorithm [11] [12] [13]
est . )
Seque:nce Resoluti ATime AY- AY- ATime ATime ASSIM ARDO
esolution g PSNR - PSNR - /% /%
Undo_Dancer 1920X1088 9.37 0. 004 0.4 3.2 0.03 0.767 0.001
Poznan_Street 1920X1088 9.93 0. 009 0.9 3.6 0.03 0.01 0.002
Kendo 1920X1088 7.21 0.059 1.5 2.3 —0.04 —0.196 0.005
Balloons 1024 X768 6.57 0.013 1.1 3.4 —0.01 0.422 0.001
Newspaper 1024X768 8. 26 0.012 1.1 3.6 0. 35 0.073 0. 001
Poznan_Hall2 1024X768 7.31 0.003 1.3 3.7 —0.06 0.309 0.001
Average ALL 8.103 0.019 0.9 3.2 0. 04 0.231 0.0002
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Tab.4 Comparison of instruction number of different schemes

o Arithmetic operation shift instruction Data transfer instructions Jump instruction
Optimization
| . . Absolute Total . Total Total
plan Addition Subtraction value Other Read Write Jump Judgment
Parallelization 1236 329 21 1119 2705 578 614 1192 113 495 608
Reconfigurable 1084 283 12 380 1759 400 292 692 99 371 470
()P“mij%/t;o“ rate 153 14 42.9 66 35 30. 8 52.4 42 12.4 25.1 22,7
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Tab.5 Coding time results/ns

Test sequence Parallelization ~ Reconfigurable

Speedup ratio

Original algorithm Optimized algorithm Speedup ratio

Undo_Dancer 1758490 633095 2.8 6084 363 2433745 2.5
Poznan_Street 1265404 645 356 2.0 3671825 1359935 2.7
Kendo 1299110 675537 1.9 3436186 1321610 2.6
Balloons 1179762 606412 1.9 2612638 1045055 2.5
Newspaper 1244032 633859 1.9 2403328 1044925 2.3
Poznan_Hall2 1254156 627078 2.0 2863006 1244785 2.3
Average 1333492 696 602 1.9 3511891 1408 343 2.5
FR6 EHFRERITLL
Tab. 6 Comparison of hardware resource results
o . Frequency Slice Slice
FPGA /MHz LUTs/k Registers/k
Temporal Virtex 140. 409 39 13.7
Inter-view Virtex-6 140. 409 40 14.0
After Virtex-6 140. 320 42 16
reconstruction
[14] Virtex-6 47. 24 24 —
[15] Virtex-7 125 23 —
Prop disparity Virtex-6 149 26 —
estimation
5 # R B R R R . B R 45 A I 254 X ARP B
Zn e
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