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New Fast Block-Matching Motion Estimation using Temporal and Spatial Correlation of Motion Vectors
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Abstract

This paper introduces a new technique that reduces the search times and improves the accuracy of motion estimation using
high temporal and spatial correlation of motion vector. Instead of using the fixed first search point of previously proposed
search algorithms, the proposed method finds more accurate first search point as to compensating searching area using high
temporal and spatial correlation of motion vector, Therefore, the main idea of proposed method is to find first search point to
improve the performance of motion estimation and reduce the search times. The proposed method utilizes the direction of the
same coordinate block of the previous frame compared with a block of the current frame to use temporal correlation and the
direction of the adjacent blocks of the current frame to use spatial correlation. Based on these directions, we compute the first
search point. We search the motion vector in the middle of computed first search point with two fixed search patterns. Using
that idea, an efficient adaptive predicted direction search algorithm (APDSA) for block matching motion estimation is proposed.
In the experimental results show that the PSNR values are improved up to the 3.6dB as depend on the image sequences and
advanced about 1.7dB on an average. The results of the comparison show that the performance of the proposed APDSA
algorithm is better than those of other fast search algorithms whether the image sequence contains fast or slow motion, and is
similar to the performance of the FS (Full Search) algorithm. Simulation results also show that the performance of the
APDSA scheme gives better subjective picture quality than the other fast search algorithms and is closer to that of the FS
algorithm,
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Table 1. The computation of final angle considering the
aspects of motion vector
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Table 2. The relationship between the final angle of motion
vector and the direction of a block
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Table 4. The angle, direction, and offset vector values as to motion vector of blocks

g2 3 | sxowuy %t & i MUV, W)
Ol™ =g p (-3 -2) 142.75° ® et (-2 -2)
] ©, 3 90.00° ® st 0.2
sixf =] 2 (-4, -3) 14315° @ st (-2, -2)
3 (-2, -2) 145.00° ® st (-2, -2)




252 SAE 9§49 HEY) AT 4B 8F ARE & LS AT 299 &

b) D1 OJMO| Eiat WFROIM IPY X2 SAD = HO)
2 oIt [(Z (¢ -1, ¢ ), e+, ¢ ) fe, @
-1 EE (e, ¢ +1)], O 32 (o) 22 =M
B2 2] MEZL2 57O B4 MO FIOI Iy X
& SADE = HZ 7kl BOZ U1 BXY HEE
FHOPY Lt

Bt 470 BIM @98 Mojli= DE EL FARD

Of EHOIC by M2 SADE R= && XMBY HI,
JPy M2 SADE W= HO| OB TUOjA IrE me
SADE 3= Eif 2T 29 302 O/F, 1FX ¢

Next search poids

(a) Face padten (h) Vertexpadtern

a2l 3 Hetst ¢me TR EHAE T E

(a) 28y ¥ SADE TolM X2 42 BN 1
A (b) Y HHE{7} 7R X2 SADE BAHNAM 3

EtM 3y

Fig. 3. Two searching patterns of the APDSA

(a) searching pattern in case of the motion vector has
minimum SAD on the face point. (b) searching pattern in cae
of the motion vector minimum SAD on the vertex point

m
N
-~
\n
N
02
4

T T T T T T T
initial search point

2 after moying

[ first search point

before moving
] i ] ] 1 ] H

T2 4. 2RE AW B AR (], -2)9l 2R B Y
Fig. 4. Searching porcess in case of offset vector values (-1, -2)

oxl
oz
>

B =2dA Aok APDSA ¢rEZe A%S st
&7] siA & ok 22 A #HE ol &3t

E 5 AY 34
Table 5. The simulation environments

Visual C++ 6.0
MPEG-4 Video Coding Scheme

Development software
Coding scheme

Frame size QCIF(176 x 144), CIF (352 x 288)
Block size 16 X 16 pels

Coding bit rates 64kbps, 384kbps

Frame rate 10 frames/sec.

Number of frames 100frames
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B 6, AFAEH Hael HF PSNR 2t (CIF image)
Table 6. Average PSNR values of reconstructed video sequences (CIF image)

age Sequence Image

E Metho Coastguard Foreman Mother News Stefan Table Average Percentage
FSA (£15) 31.279 36.801 41623 414N 29.676 34.107 35.826 100%

1SS 29,200 32917 4541 a1 346 25636 30.703 33.558 9361% i‘
FSS 29.039 32.915 41547 437 25697 30.842 33.568 93.70%
UCBDS 28.620 32.695 41,558 0414 25.543 30.797 33438 93.33%

PSA 29197 33.017 41 561 4.430 25.750 31.190 33.691 94.04%
PDSA 30.932 36.423 41,604 41433 21.342 33303 35.173 98.18%
APDSA 31.110 36.450 4 617 41,453 28.066 33503 35.367 98.72%

B 7. AAAE dAo HE MSR gt (CIF image)
Table 7. Average MSE values of reconstructed video sequences (CIF image)

Image Sequence Image
m\ Coastguard Foreman Mother News Stefan Table Average Percentage

FSA (£15) 1306.38 681.45 213.97 189.54 2569.98 958.85 830.03 100%

1SS 2361.07 1291.00 339.92 262.01 4022.45 2241 41 1752.08 211.19%
FSS 2296.60 1285.09 339.76 261.76 4038.71 2136.71 1726.44 208.00%
UCBDS 2261.28 1452.47 338.93 254.00 404773 2212.41 1761.19 212.18%
PSA 2397.02 1321.51 340.56 266.86 4104.91 227841 1784 88 215.04%
PDSA 1541.66 794.29 295.40 201.22 2602.57 1334.48 1127.60 135.85%
APDSA 1417.38 341 284.33 198.32 2481.42 1151.20 1045.02 125.90%

# 8 MPAEh dakol 2t S0l oSt U7 B 34 (CIF image)
Table 8. Average search points per a block. (CIF image)

Image
ME Vot Sequence Image
Coastguard Foreman Mother News Stefan Table Average Percentage

FSA (£15) 961 961 961 961 961 961 961 100%
1SS 27 21 27 21 21 21 21 2.81%
FSS 21.21 21.23 21.01 21.00 21.45 21.55 21.24 2.83%
UCBDS 14.08 14.62 13.17 13.15 14.70 16.55 14.38 1.50%
PSA 2153 21.43 21.05 21.04 2154 21.37 21.34 2.74%
PDSA 16.74 22.35 23.59 23.19 2111 20.99 21.43 2.23%
APDSA 13.30 13.82 9.69 9.42 13.95 15.34 12.59 1.31%

9 WS G0 Mo BT HisiA 22 Y HEHE e 239 IS (CIF image)
Table 9. Average number of the matched block with the same distributions of the motion vector compared to that of the FS algorithm (CIF image)

(nage Sequence Image
m\ Coastguard Foreman Mother News Stefan Table Average Percentage

FSA (£15) 3% 3% 3% 3% 3% 39 3% 100%

1SS 39.15 139.17 363.52 364.63 153.35 102.13 191.99 48.48%
FSS 39.44 139.44 353.58 364.66 153,55 108.46 193.19 48.19%
UCBDS 39.54 135.84 352.33 364.28 15357 106.48 192.01 48.49%
PSA 35.49 141.92 353.64 364.80 153.21 106.40 192.58 48.63%
PDSA 341.14 326.53 383.26 383.90 259.65 200.84 316.72 79.98%
APDSA 326.16 30,78 394,20 394.24 218.25 2219 321,10 82 15%
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¥ 10. XrAd8t ool "o PSNR 7t (QCIF image)
Table 10. Average PSNR values of reconstructed video sequences (QCIF image)
age Sequence Image
ME Meth Akiyo Carphone Coastguard Foremanj Stefan Salesman Average Percentage
FSA (£15) 41,657 40322 38.703 39443 | 36.7% 39.654 39.429 100%
1SS 41,643 40.203 36.855 33.318 32.669 39.642 38.388 97.36%
FSS 41.643 40.201 36.874 39.324 32.740 39.645 38.388 97.36%
UCBDS 41 656 40.257 371.198 39.370 32672 39.644 38.466 97.56%
PSA 41,643 40.148 36.879 39.332 32.47 39.648 38.353 97.21%
APDSA 41,657 40.309 38.645 39432 35.462 39.649 39.192 99.40%
B 11 TS dalo| WE MSR 7t (QCIF image)
Table 11. Average MSE values of reconstructed video sequences (QCIF image)
age Sequence Image
ME Metho Akiyo Carphone Coastguard Foreman | Stefan Salesman Average | Percentage
FSA (£15) 144,65 531.00 981.84 737.48 1598.02 186.46 696.58 100%
1SS 152.61 704 66 1567.11 1110.20 3590.98 202.43 1232.22 176.90%
FSS 152 61 702.70 1588.73 1107.33 3592.53 202.03 1224.32 175.16% |
UCBDS 148 50 674.62 1521.54 1102.38 3589.61 200.08 1206.12 173.15%
PSA 152.47 721.84 1684.70 1099.76 3578.68 202.42 1239.98 178.01%
APDSA 144.65 536.31 999.68 754.32 1888.21 181.36 751.76 101.91%
E 12, My gako) 2t 220 tist I &M sl (QCIF image)
Table 12. Average search points per a block (QCIF image)
age Sequence Image
ME Metho Akiyo Carphone Coastguard Foreman Stefan Salesman Average Percentage
FSA (£15) 255 255 255 255 255 2552 255 100%
TSS 21 21 27 21 21 21 27 1.06%
FSS 26.90 26.94 26.93 2697 21.73 26.91 21.06 1.06%
UCBDS 14.01 14.52 14,58 14.25 14.53 14.04 14.31 0.56%
PSA 21.00 21.01 26.72 21.07 2107 21 26.98 1.06%
APDSA 9.03 10.63 11.37 11.63 12.09 9.10 10.63 0.42%

13 KTAIS Qa0 MY BT MDA 22 2T UelB 2=

=

£ Ji= (QCIF image)

Table 13. Average number of the matched block with the same distributions of the motion vector compared to that of the

FS aigorithm (QCIF image)

Image Sequence Image
ME Me Akiyo Carphone Coastguard Foreman Stefan Salesman Average Percentage
FSA (£15) 99 9 99 9 99 99 9 100%
TSS 98.08 69.30 3118 56.99 40.96 97.00 65.59 66.25%
FSS 98.08 69.33 31.95 57.04 40.96 97.00 65.73 66.39%
UCBDS 98.08 69.91 30.36 56.04 4.4 97.00 65.47 66.13%
PSA 98.08 69.11 3193 56.97 28.70 97.00 63.63 64.21%
APDSA 99.00 95.24 87.00 91.64 82.51 98.88 92.38 93.31%
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