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An Efficient Search Method for Binary-based Block Motion Estimation
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Abstract

Motion estimation using one-bit transform and two-bit transform reduces the complexity for computation of matching error;
however, the peak signal-to-noise ratio (PSNR) is degraded. Modified 1BT (MIBT) and modified 2BT (M2BT) have been
proposed to compensate degraded PSNR by adding conditional local search. However, these algorithms require many additional
search points in fast moving sequences with a block size of 16x16. This paper provides more efficient search method by preparing
candidate blocks using the number of non-matching points (NNMP) than the conditional local search. With this NNMP-based
search, we can easily obtain candidate blocks with small NNMP and efficiently search final motion vector. Experimental results

show that the proposed algorithm not only reduces computational complexity, but also improves PSNR on average compared with
conventional search algorithm used in M1BT, M2BT and AM2BT.

Keyword : motion estimation, binary motion estimation, one-bit transform, two-bit transform.
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Table 1. An example of the histogram table for candidate blocks in the range of NNMPgx < 8 in the 3rd frame of the “Football” sequence

with an 8x8 block size

NNMP iy Value 0 1 2 3 4 5 6 7 Total
The Number of Blocks (2™ MB) 1 0 1 0 0 0 0 0 2
The Number of Blocks (625" MB) 39 25 25 19 16 13 15 13 165
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Fig. 2. Average distribution of NNMPgis values of true motion vectors by full search using SAD for “Football” sequence

X 19] 625H17)1H UH:—:"-E H‘igl cﬂé _Hi.tﬂ, ]WMPdiﬁ' %)]:O]
02! $X 552 397iu} Aok siAt A HF 549 ¥

HE 235 e MEES 22 NNMPy 3 7Y st

= 24 9] <A dAl WAz BE53 ke $1X¢
AE BE5E0] 2 Zolth oHY L] kA &
A §&S Fo|i NNMPyoll &3] £7E $H E55 &
o) e EFETHS 3] YA v 2o] F )
o] #8 a9 pE =YL o B NNMPyy a5 7}
e FH E25 F 94 W9 elA @A) viaz E57
IR TR BEEWNS gAE] A3 AHEY, B =1
NME a=55 AME3ITE 2 NNMPyy 35 7= &

5552 YAy &4 sAd o) ARE A7) wEel &
A 2z B2 ke eHZ TH BE2ES 44 g4
& 5 9tk g F B FE As] S8 AHggich
NNMPay 718+ 57} |49} = g5 A Hofof 3w,

£ ERAE =302 AH
E}A) O

]'E]' MVMPd,// 7 H]' 7]’
NNMP=09) 18- 2 BE NNMPyyt-13) 18

1=k S
74 s, ok A1) 7} 671 SR 271 gale
FREY. /A 1 NNMPyy S 7HATL B o)

I 2. “Football” F& 3eim =l 2H1W DHIZ E5, 8x8

=50 7Pk X9 S550] FH 255E2A &
A7) wiEol & @Al 5 Adsitete g 5
] e SN FR B&H 0|tk NNMPay 719
7b gAe v WAl AF £HE $R EE5E
SSAD f=5 Arkste] 7P 22 =g 7HAE TR

=9 A% $49 WHz A58 Aol

Sy

e

4. NNMP o] 7|8t 7} M etmz|So) of

¥ 2, 3, 4= “Football” %4 34| T, 8x8 &= =
7lolA, Z+ BEFS AL (a=5, =30, 1=8) A
NNMPyy el w1} F22 22 50] o}e]) 2553 ga)s)
£ i o2 HolETh & 2019 204 HAR B
SIS B, NNMPyt, 9] ol F 7he) F1 B Svo)

ZAe7] Wi g Az B2 93 @A F Ao
Z7} gallo] FyET), ¥ 39 oS B, & NNMPay

#e 7HE 2580 vl FE 558 Ve Ae
BT oy, o FER weh A g $H 852

7} NNMPay 153 o] a=57] 71A¢]th

£2 37|0fM2] NNMP 7|} Etado| of

Table 2. An example of the NNMPgsbased search for 2nd MB in the 3rd frame of the “Football” sequence with an 8x8 block size

NNMPy Value 0 1 2 3 4 5 6 7 Total
The Number of Candidate Blocks 1 1 0 0 0 0 0 0 2
The Number of Final Candidate Blocks 1 1 0 0 0 0 0 0 2




I 3. “Football” P& 3Hm =aj2l 6258M| DH3Z E5, 8x8 =5
Table 3. An example of the NNMPgs-based search for 625th MB in the 3rd frame of the “Football” sequence with an 8x8 block size

£ 37|0|lM2| NNMP 7|8t

EFAHO| 0f]

==

NNMPgz Value 0 1 2 3 4 5 6 7 Total
The Number of Candidate Blocks 39 25 25 19 16 13 15 13 165
The Number of Final Candidate Blocks 5 5 5 5 5 5 0 0 30
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Table 4. An example of the NNMPgrbased search for 1088th MB in the 3rd frame of the “Football” sequence with an 8x8 block size

NNMP i Value 0 1 2 3 4 5 6 7 Total
The Number of Candidate Blocks 2 1 4 12 3 7 10 7 46
The Number of Final Candidate Blocks 2 1 4 5 3 5 5 5 30
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Table 5. PSNR (dB) and average search points results with a block size 16x16 and search range 16 pixels
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Format, FSA IBT | 2BT M2BT (T=6) AM2BT Proposed (t=30)
Sequences Frames PSNR | PSNR | PSNR | PSNR AVI‘, Jearch | pgNR AVI; Jearch | psNR Avboﬁﬁffh
Football SIF, 125 | 2288 | 2183 | 2208 | 2268 | 1024b+60f | 2268 | 1024b+53f | 2276 | 1024b+9f
Foreman CIF, 299 | 3208 | 3050 | 30.64 | 3104 | 1024b+4f | 31.05 1024b4f | 3150 | 1024b+3f
Tennis SIF, 112 | 2987 | 2873 | 2892 | 2942 | 1024b+13f | 2941 1024b+13F | 2966 | 1024b+5f
Flowergarden SIF, 112 | 2379 | 2329 | 2341 | 2367 | 1024b+25f | 23.67 | 1024b%21f | 23.73 | 1024b+3f
Mabile SIF, 140 | 2299 | 2266 | 2270 | 2284 | 1024b+26f | 2283 | 1024b122f | 2291 1024b+5¢
Coastguard CIF, 299 | 3048 | 2983 | 2994 | 3023 | 1024b2f | 3022 1024b2f | 3039 |  1024b+2f
Bus CIF, 150 | 2501 | 2377 | 2434 | 2471 | 1024b25f | 2468 | 1024b+20f | 2489 | 1024b+6f
Tempete CIF, 260 | 2688 | 2615 | 2642 | 2668 | 1024b+10f | 2668 | 1024b+11f | 2676 | 1024b+3f
Children CIF, 299 | 2978 | 2894 | 2898 | 2952 | 1024b+13f | 2950 | 1024b+10f | 29.63 | 1024b+2f
News CIF, 299 | 3691 | 3544 | 3583 | 3627 | 1024b43f | 3626 1024b3f | 3662 | 1024b+1f
Average 2807 | 2711 | 27.33 | 2771 | 1024b+18f | 2770 | 1024bri6f | 27.89 | 1024b+df
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Table 6. PSNR (dB) and average search points results with a block size 8x8 and search range 8 pixels

Format, FSA 1BT 2BT M2BT (T=6) AM2BT Proposed (t=8)
Sequences Frames PSNR PSNR PSNR PSNR Av. search PSNR Av. search PSNR Av. search

points points points
Football SIF, 125 24.70 22.67 2331 24.31 256b+14f 24.29 256b+13f 24.40 256b+7f
Foreman CIF, 299 32.81 29.73 30.43 31.19 256b+2f 31.21 256b+3f 31.85 256b+4f
Tennis SIF, 112 31.25 29.16 29.89 30.57 256b+4f 30.57 256b+4f 30.84 256b+4f
Flowergarden SIF, 112 25.26 24.09 24.56 24.98 256b+9f 24.97 256b+7f 25.06 256b+3f
Mobile SIF, 140 23.82 22.57 22.87 23.36 256b+13f 23.33 256b+11f 23.52 256b+5f
Coastguard CIF, 299 31.61 29.15 30.46 30.85 256b+1f 30.84 256b+1f 31.36 256b+3f
Bus CIF, 150 26.70 24.37 2525 26.10 256b+7f 26.04 256b+6f 26.33 256b+5f
Tempete CIF, 260 27.87 26.25 26.90 2742 256b+4f 2743 256b+4f 27.62 256b+3f
Children CIF, 299 31.56 29.70 30.18 31.15 256b+3f 31.12 256b+3f 31.22 256b+1f
News CIF, 299 38.62 35.85 36.69 37.38 256b+1f 37.35 256b+1f 37.92 256b+1f
Average 29.42 27.35 28.05 28.73 256b+5.8f 28.72 256b+5.3f 29.01 256b+3.6f

7. "Football” P4, 16x16 22 T7(0fAle] 2= 0fFS 95t 0152 22 o R HAR H|T
Table 7. Average computational complexity for matching in number of operations per MB in the “Football” sequence with a 16x16 block size

Operation Av. operations per MB for matching
FSA IBT 2BT M2BT (T=6) AM2BT Proposed
Addition (8 bit) 262144 - - 7714 6817 1296
ABS (8 bit) 262144 - - 7714 6817 1296
Boolean (1 bit) - 262144 786432 786432 786432 786432
Comparison 1024 1024 1024 1084 1077 1048
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