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Cross-hexagon search algorithm for fast
block-matching motion estimation
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Abstract: In a fast block-matching motion estimation, search patterns have a large impact on searching speed
and searching quality. Based on the motion vector distribution characteristics of real video sequences, a new
cross-hexagon search algorithm (NHEXS) is proposed. Firstly, a pre-search is performed by using the small
cross search pattern to find the Minimum Block Distortion (MBD) point. Then, the MBD point found in the
first step is used as the center to construct the big cross search pattern to find the new MBD point. Finally,
the MBD point found in the second step is used as the center to construct a hexagon search pattern. In
the hexagon search, the big hexagon is searched firstly. If the MBD point is at the center, the small
hexagon is searched and the MBD point to be found is the final motion vector. Otherwise, the big hex-
agon is searched continually, The NHEXS employs a halfway stop technique to significantlly improve
the search speed for stationary and quasi-stationary blocks,and the Modified Partial Distortion Criteri-

on (MPDC) in the NHEXS reduces the computational complexity in the similar distortion. Experi-
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mental results indicate that by the same PSNR,the NHEXS has reduced the search points by 32% and
16 % ,respectively, as compared with the Hexagon Search (HEXS) and New Cross Diamond Search
(NCDS). Moreover,the NHEXS shows a faster searching speed and smaller distortion than other pop-
ular fast block-matching motion estimation algorithms.
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Fig. 2 Search patterns used in proposed NHEXS al-
gorithm
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Tab. 2 Average search time per frame by

Total Distortion Criterion

FS TSS NTSS DS CDS NCDS HEXS NHEXS

Container 486 70 62 50 43 33 47 38
Hall 453 65 56 49 42 31 44 36
Foreman 498 71 65 52 45 33 48 40
News 515 73 68 57 49 36 52 45
Paris 530 76 69 55 50 37 53 46

Stefan 561 80 72 66 57 45 61 50
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Tab.3 Average search time per frame by
Modified Partial Distortion Criterion (MPDC)

FS TSS NTSS DS CDS NCDS HEXS NHEXS

Container 323 46 43 32 27 20 29 22
Hall 323 46 43 31 25 24 29 29
Foreman 323 46 43 34 33 30 33 33
News 323 46 34 29 24 17 31 19
Paris 323 47 39 35 29 22 29 24
Stefan 323 47 46 39 36 29 35 32
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Tab. 4 Average search points per frame

TR S i

FS TSS NTSS DS (DS NCDS HEXS NHEXS AFS  ATSS ANTSS ADS  ACDS ANCDS AHEXS

Container 80500 8813 5965 4502 3136 1614 3727 1581 —98.0% —82.1% —73.5% —49.6% —7.7% —2.0% —57.6%

Hall 80500 8813 6225 4635 3458 2108 3745 1910 —97.6% —78.3% —69.3% —44.8% —41.4% —9.4% —49.0%

Foreman 80500 8813 7754 5974 5378 5881 4548 4289 —94.7% —51.3% —44.7% —20.2% —23.5% —27.1% —5.7%

News 80500 8813 6069 4595 3347 2088 3779 1885 —97.74% —78.6% —68.9% —43.7% —44.2% —9.7% —50.1%

Paris 80500 8813 6205 4728 3607 2552 3864 2193 —97.3% —75.1% —64.7% —39.2% 4.5% —14.1% —43.2%

Stefan 80500 8813 9611 7439 7825 8918 5438 6166 —92.3% —30.0% —35.8% —21.2% —11.2% —30.9% 13.4%

*5 FIIEEFERRE PSNR
Tab.5 Average PSNRs
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FS TSS NTSS DS (DS NCDS HEXS NHEXS AFS  ATSS ANTSS ADS  ACDS ANCDS AHEXS

Container  38. 361 38.360 38.360 38.360 38.360 38.360 38.360 38.360 —0.001 0 0 0 0 0 0

Hall  34.330 34.238 34.229 34.237 34.188 34.072 34,138 34.045 —0.285 —0.193 —0.184 —0.192 —0.143 —0.027 —0.093

Foreman ~ 33.569 32.857 33.357 33.286 33.241 32.939 32.466 32.617 —0.952 —0.24 —0.74 —0.669 —0.624 —0.322 0.151

News  38.392 38.263 38.279 38.321 38.313 38.248 38.177 38.225 —0.167 —0.038 —0.054 —0.096 —0.088 —0.023 0,048

Paris  30.559 30.246 30.494 30.466 30.419 30.271 30.204 30.274 —0.285 0.028  —0.22 —0.192 —0.145 0.003  0.07

Stefan 24,778 24.748 24,753 24.167 24.167 23.305 24,158 23.329 —1.449 —1.419 —1.424 —0.838 —0.838 0.024 —0.829
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