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Abstract

Motion estimation occupies the largest computation in the video compression. Multiple processing elements are
often exploited in parallel to meet processing speed. More processing elements increase processing speed, but they
also increase hardware area. therefore, it is important to optimize the number of processing element. HEVC (high
efficiency video coding) usually exploits multi-stage motion estimation algorithms for low computation and high
performance. Since the number and position of search points are different in each stage, the utilization of the
processing elements is not always 100% and the utilization is quite different with the number of processing
elements. In this paper, the optimizing method is proposed on the number of processing elements. It finds out the
optimal number of the processing elements for the given multi-stage motion estimation algorithm by calculating
utilization and execution cycle of the processing elements.
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Fig. 1. TZS motion estimation algorithm
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Table 1. Utilization and execution cycles with the number of processing elements using diamond pattern
E 1 Clojot2E T{Eg ALSE o Tl ALT| JHoll mE ALZED ™ AlZ
Number of Motion Vector Prediction Grid Search Raster Search Overall
Processing Utilization Execution Utilization Execution Utilization Execution Utilization Execution
Elements (%) Cycles (%) Cycles (%) Cycles (%) Cycles
1 100.0 409 100.0 45056 100.0 6034 100.0 55236
2 100.0 2048 100.0 22528 994 3060 99.9 21636
3 66.7 2048 97.8 15360 98.8 2052 94.6 19460
4 100.0 1024 100.0 11264 98.3 1548 99.8 13836
5 80.0 1024 97.8 9216 994 1224 96.4 11464
6 66.7 1024 91.7 8192 97.1 1044 89.7 10260
7 57.1 1024 89.8 7168 96.6 900 86.8 9092
8 50.0 1024 91.7 6144 96.0 792 86.7 7960
9 44.4 1024 97.8 5120 98.8 634 89.9 6828
10 40.0 1024 88.0 5120 994 612 81.8 6756
11 36.4 1024 100.0 4096 96.0 576 88.2 5696
12 33.3 1024 91.7 4096 939 540 81.3 5660
13 30.8 1024 84.6 4096 100.0 468 76.0 5588
14 286 1024 78.6 4096 92.9 468 70.6 5588
15 26.7 1024 97.8 3072 939 432 81.3 4528
16 25.0 1024 91.7 3072 96.0 3% 76.9 4492
Table 2. Utilization and execution cycles with the number of processing elements using square pattern
B2 A miEHE ARSE of el AAT|e] Jiof WE ALSED T8 A7t
Number of Motion Vector Prediction Grid Search Raster Search Overall
Processing Utilization Execution Utilization Execution Utilization Execution Utilization Execution
Elements (%) Cycles (%) Cycles (%) Cycles (%) Cycles
1 100.0 4096 100.0 49152 100.0 6034 100.0 59332
2 100.0 2048 100.0 24576 99.4 3060 99.9 29634
3 66.7 2048 100.0 16384 98.8 2052 96.6 20484
4 100.0 1024 100.0 12288 98.3 1548 99.8 14860
5 80.0 1024 96.0 10240 99.4 1224 95.0 12488
6 66.7 1024 100.0 8192 97.1 1044 96.4 10260
7 57.1 1024 98.0 7168 96.6 900 93.2 9092
8 50.0 1024 100.0 6144 96.0 792 93.2 7960
9 444 1024 839 6144 98.8 684 84.0 7852
10 40.0 1024 96.0 5120 99.4 612 87.8 6756
11 36.4 1024 87.3 5120 96.0 576 80.3 6720
12 33.3 1024 100.0 4096 93.9 540 874 5660
13 30.8 1024 92.3 4096 100.0 468 81.7 5588
14 286 1024 85.7 4096 92.9 468 75.8 5588
15 26.7 1024 80.0 409 93.9 432 71.2 5552
16 25.0 1024 100.0 3072 96.0 396 82.6 4492
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