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ENHANCED CROSS-DIAMOND SEARCH BASED FAST BLOCK
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Abstract

A new fast motion estimation algorithm is presented in this paper. The algorithm, named Enhanced Cross-Diamond Search
(ECDS), is based on the Diamond Search (DS) algorithm. The DS algorithm, even though faster than the most well-known
algorithms, was found not to be very robust in terms of objective and subjective qualities for several sequences and the algorithm
searches unnecessary candidate blocks. We propose a novel ECDS algorithm using a small cross search as the initial step, and
large/smalt DS patterns as subsequent steps for fast block motion estimation. Experimental results show that the ECDS is much
more robust, provides a faster searching speed, and smaller distortions than other popular fast block-matching algorithms.

Keyword : Motion Estimation, Motion Vector, Block Matching Algorithm, Diamond Search, SAD(Sum of Absolute Difference)
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Fig. 1. Block Matching Algorithm
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Table 3. Performance Comparison of Average PSNR (dB).
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TSS FSS NTSS | BBGDS | HEX DS cDS | NCDS nggs;d
flower 2799 | 2796 | 27.99 27.99 2799 | 2798 | 2798 | 27.98 27.98
waterfall 3054 | 3054 | 3054 30.54 3055 | 3055 | 3045 | 3053 30.53
foreman 3206 | 3220 | 3207 32.05 3208 | 3213 | 3211 | 32.10 3214
hall 3382 | 3399 | 33.94 33.83 3396 | 3398 | 3386 | 3384 33.85
m&d 3512 | 3513 | 3503 35.07 3515 | 3518 | 3518 | 35.17 35.18
new 3383 | 3386 | 3376 33.80 3380 | 3384 | 3381 | 33.80 33.84
silent 3288 | 3295 | 3290 32.86 3291 | 3291 | 3290 | 3289 32.93
tempete 2887 | 2889 | 2884 28.84 28:87 | 2888 | 2884 | 2884 28.85
paris 3022 | 3024 | 30.16 30.18 3029 | 3022 | 3019 | 30.15 30.19
coastguard | 2974 | 2078 | 2973 29.74 2977 | 2976 | 2974 | 2973 29.74
bridge 3506 | 3505 | 3506 35.06 3506 | 3506 | 3505 | 3505 35.06
children 221 | 3221 | 3213 32.15 3221 | 3219 | 3214 | 3213 3213
container 3230 | 3232 | 3232 32.31 3228 | 3234 | 3234 | 32.31 32.31
stefan 2954 | 2957 | 2955 29.55 2955 | 2057 | 2956 | 29.56 29.56
bus 2022 | 2923 | 2019 29.20 2923 | 2023 | 2921 { 29.19 29.20
football 3317 | 3302 | 33.07 33.09 3307 | 3320 | 3316 | 33.16 33.15
Average 3166 | 3168 | 3164 31.64 3167 | 3169 | 3166 | 3165 31.67
Ave-ECDS -0.01 0.01 20,03 -0.03 0.00 0.02 -0.01 -0.02 0.00
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Table 4. Performance Comparison of Average MSE.

TSS FSS NTSS | BBGDS | HEX DS CDS | NCDS Prgg‘l’)s;d
flower 10341 | 10398 | 10338 | 10346 | 103.38 | 10356 | 103.69 | 103.59 103.62
waterfall 5736 | 5743 | 57.44 57.51 5728 | 57.30 | 5866 | 57.56 57.56
foreman 4050 | 3916 | 4038 40.54 4031 | 3979 | 4000 | 4010 39.72
hall 2698 | 2596 | 2626 26.96 2615 | 2601 | 2678 | 26.89 26.82
m&d 20.01 1998 | 2041 2023 1986 | 1972 | 1976 | 19.78 19.75
new 2692 | 2674 | 2740 27.09 2715 | 2686 | 2707 | 27.11 26.85
silent 3354 | 3296 | 3339 33.67 3326 | 3325 | 3335 | 3342 33.15
tempete 8442 | 8394 | 8493 84.95 8436 | 8423 | 8498 | 84.99 84.70
paris 6175 | 6150 | 6267 62.42 6079 | 6177 | 6223 | 6282 62.24
coastguard | 6899 | 6847 | 69.20 69.13 6865 | 68.65 | 6901 | 6917 69.02
bridge 2029 | 2030 | 2029 20.30 2030 | 2030 | 2032 | 2032 20.31
children 3905 | 3912 | 39.82 39.65 3907 | 3929 | 3972 | 3981 39.80
container 3827 | 3808 | 3812 38.25 3849 | 37.90 | 3799 | 3825 38.23
stefan 7232 | 7185 | 72.21 72.22 7248 | 7184 | 7191 | 71.91 71.91
bus 7784 | 7772 | 7838 78.22 7763 | 7761 | 7808 | 7839 78.21
football 3135 | 3243 | 3207 31.91 3207 | 3115 | 3142 | 3143 31.51
Average 5019 | 49.98 | 5040 50.41 50.06 | 49.95 | 5031 | 5035 50.21
Ave-ECDS 20.02 023 0.19 0.20 015 | 026 0.10 0.14 0.00
E 5. 7/E WSSl B2 T HF SAD /I
Table 5. Performance Comparison of Average SAD.
TSS FSS NTSS | BBGDS | HEX DS cDS NCDS nggssed
flower 2291.72 | 2280.60 | 225156 | 2257.54 | 228654 | 2260.62 | 225389 | 226124 | 2266.08
waterfall | 146118 | 1462.31 | 1461.13 | 146250 | 1461.41 | 1450.88 | 146298 | 146304 | 1463.09
foreman | 1197.86 | 1177.16 | 118440 | 1189.84 | 1210.10 | 118274 | 1202.81 | 119325 | 1189.72
hall 83333 | 82295 | 82557 | 834.83 | 82637 | 82329 | 84593 | 83767 | 83631
m&d 69121 | 691.63 | 69825 | 696.32 | 690.93 | 694.66 | 69579 | 69267 | 692.34
new 82118 | 81956 | 824.96 | 82275 | 82561 | 819.81 | 82516 | 82487 | 62033
silent 107646 | 1070.32 | 107329 | 108152 | 107641 | 107157 | 108211 | 1081.71 | 107821
tempete | 2053.17 | 204941 | 2056.84 | 2061.48 | 2057.35 | 2049.99 | 2047.03 | 204547 | 204348
paris 1471.04 | 146826 | 147464 | 147679 | 1464.03 | 1466.77 | 1468.28 | 148513 | 1479.57
coastguard | 2036.32 | 2039.57 | 202626 | 2057.33 | 204379 | 2027.36 | 2042.38 | 205373 | 2057.27
bridge 643.77 | 64449 | 64349 | 644.40 | 64441 | 64392 | 64419 | 64494 | 64495
children | 142257 | 1447.30 | 142726 | 146122 | 145661 | 144431 | 1450.82 | 144843 | 1446.14
container | 101343 | 101136 | 101118 | 1014.09 | 1016.90 | 1009.21 | 1011.50 | 101377 | 1013.65
stefan 274328 | 2663.74 | 274820 | 2772.08 | 2684.27 | 2648.64 | 271082 | 273202 | 2657.88
bus 297283 | 3081.71 | 2979.83 | 3113.89 | 3135.15 | 305219 | 3079.50 | 307553 | 3073.27
football 237062 | 2446.02 | 2371.62 | 248263 | 2450.63 | 241635 | 249330 | 251316 | 2518.13
Average | 1568.75 | 157352 | 1566.15 | 1589.33 | 1583.16 | 1566.96 | 1582.28 | 158541 | 1580.03
Ave-ECDS | -11.28 6.51 -13.88 9.30 3.13 13.07 225 5.38 0.00
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Table 6. Performance Comparison of Average Search Paint.

TSS FSS | NTSS | BBGDS | HEX DS cDS | Ncps Prgggsse"
flower 2500 | 2010 | 2219 12.21 1266 | 1575 | 1222 | 1045 8.87
waterfall 2500 | 17.09 | 17.54 9.30 1101 | 1312 | 921 537 5.37
foreman 2500 | 1997 | 2214 13.21 1277 | 1647 | 1342 | 1046 9.31
hall 2500 | 1721 | 17.51 9.26 112 | 1322 | 934 5.36 5.28
m&d 2500 | 1765 | 1834 9.92 1135 | 1369 | 902 6.20 5.93
new 2500 | 1744 | 17.93 9.60 1127 | 1350 | 966 5.80 5.64
silent 2500 | 17.83 | 1865 10.54 1159 | 1414 | 1083 | 6.83 6.56
tempete 2500 | 1753 | 18.99 10.21 1133 | 1379 | 1023 | 653 6.38
paris 2500 | 17.86 | 18.66 10.11 1148 | 1389 | 1019 | 654 6.20
coastguard | 2500 | 2067 | 2339 13.71 1333 | 1697 | 1450 | 1301 10.58
bridge 2500 | 17.08 | 17.24 9.04 1104 | 1307 | 906 5.01 5.01
children 2500 | 17.93 | 1890 11.03 1173 | 1437 | 1132 | 7.48 7.1
container 2500 | 1712 | 17.36 9.09 1106 | 1312 | 9.09 5.10 5.07
stefan 2500 | 2030 | 2443 14.83 1380 | 17.82 | 1673 | 13.78 12.19
bus 2500 | 2212 | 29.01 17.97 1557 | 2091 | 2166 | 17.25 14.94
football 2500 | 2296 | 2009 | 21.40 1632 | 2323 | 2691 | 1864 16.86
Average 2500 | 1880 | 2071 11.96 1234 | 1542 | 1277 | 899 8.21
Ave-ECDS | 1679 | 1059 | 1250 3.75 413 7.29 456 0.78 0.00
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