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Efficient Integer pel and Fractional pel Motion Estimation on H.264/AVC
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ABSTRACT

Motion estimation (ME) plays an important role in digital video compression. But it limits the performance of image quality and
encoding speed and is computational demanding part of the encoder. To reduce computational time and maintain the image quality, integer
pel and fractional pel ME methods are proposed in this paper. The proposed method for integer pel ME uses a hierarchical search
strategy. This strategy method consists of symmetrical cross-X pattern, multi square grid pattern, diamond patterns. These search patterns
places search points symmetrically and evenly that can cover the overall search area not to fall into the local minimum and to reduce the
computational time. The proposed method for fractional pel uses full search pattern, center biased fractional pel search pattern and the
proposed search pattern. According to block sizes, the proposed method for fractional pel decides the search pattern adaptively. Experiment
results show that the speedup improvement of the proposed method over Unsymmetrical cross Multi Hexagon grid Search (UMHexagonS)
and Full Search (FS) can be up to around 12 ~5.2 times faster. Compared to image quality of FS, the proposed method shows an
average PSNR drop of 0.01 dB while showing an average PSNR gain of 0.02 dB in comparison to that of UMHexagonS.

Keywords : Motion Estimation, Video Compression, Motion Vector, Variable Block Size, Integer Pel, Fractional Pel, H.264
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Akiyo 197.747 176.282 47.958 51.179 52.946 46.873
Container 218.159 177.042 49.398 40.163 50.783 45.903
Foreman 274.268 189.465 63.387 50.776 48.514 60.787
M&D 287.904 190.881 59.359 48.393 58.672 55.183
Mobile 441.222 187.772 80.998 52.998 65.668 70.276
Salesman 269.39 178.843 53.829 43.669 55.979 50.11
Silent 246.762 185.815 56.51 47.129 60.78 50.305
Stefan 366.615 195.076 78.606 54.81 67.22 68.985
Table 484.01 190.581 77.562 64.455 67.439 69.171
(H 2 CIF 29 22 F8 Alzt
FS FFS UMHexagons DS HS A F71H
Akiyo 759.962 691.765 191.457 204.556 210.013 188.183
Bus 2115.909 749.148 374.267 324.977 324.075 311.507
Children 1018.625 686.571 232.123 207.939 172.449 197.766
Container 1114.456 716.774 202.127 188.895 209.161 190.651
Foreman 1205.444 679.764 283.234 268.199 206.546 266.377
Mobile 1410.4 735.147 301.664 246.418 234.393 277.834
M&D 789.795 723.815 209.995 200.395 179.765 208.373
Paris 890.924 705.866 225.255 216.77 176.238 213.81
Stefan 1411.327 740.877 312.287 278.03 259.175 283.996
(E 3) QCIF Yd&ke| o PSNR
FS FFS UMHexagons DS HS A ¢t 7)
Akiyo 36.85 36.85 36.79 36.83 36.81 36.83
Container 34.79 34.79 34.77 34.75 34.75 34.77
Foreman 34.39 34.39 34.34 34.33 34.23 34.34
M&D 34.93 34.93 34.9 34.93 34.93 34.95
Mobile 31.64 31.64 31.64 31.64 31.61 31.64
Salesman 34.02 34.02 34 34.01 34.02 34.03
Silent 34.37 34.37 34.34 34.36 34.35 34.36
Stefan 32.6 32.6 32.59 32.43 32.41 32.62
Table 34.3 34.3 34.25 34.23 34.22 34.26
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(E 4) CIF Z4&o| B PSNR

FS FFS UMHexagons DS HS A7
Akiyo 38.44 38.44 38.43 38.44 38.44 38.45
Bus 33.21 33.21 32.71 32.69 33.2
Children 35.66 35.63 35.61 35.55 35.54 35.61
Container 34.72 34.72 34.7 34.69 34.7
Foreman 35.72 35.69 35.66 35.62 35.57 35.67
Mobile 32.57 32.57 32.56 32.52 32.5 32.57
M&D 37.55 37.54 37.51 37.53 37.5 37.51
Paris 33.89 33.89 33.86 33.86 33.86 33.86
Stefan 33.98 33.97 33.94 33.52 33.52 33.96
Ar wzA 29 WEE FAsAL A" glolA A v (Aol g2 g4) ~ 64 (Aol B G4 T
b 0.03(dB) &d& EArhk e2Q)o] A-E el Aeret S HYx AT 001(dB) sFAASE HACk 2Ea A%k
=4 F4 7] AHEEAE W, AR 71HE S IS WY o £4% 94 73 vastdls o %

KeN
4 Swel 9lolAl FFS, FS Ht} o 25~520 &
T owEA e2d HEE F45Aa, e oA A
stk g At 7l‘ﬁi¥ UMHexagon#
HaEtdS W o 11w A% mEA $49 HEE FA3)
Az AW glojA Hd) 0.05(dB) S Bk Aok
WS HSe mluwskds A9, QCIFG/dolA 2H0.05(dB),
CIF%7del Al oF 0.14(dB) std 33S Bk 28la At
3 7IHS DS HuEds A, QCIFYG delA
0.03(dB), CIFG4Hol A ¢k 0.12(dB) 34 A4S Bt
=

2 o 12

A
Aoll glojA] DS& AF 71y B B4t
098] w2212k HSE H]<=3F A 5S Btk
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