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Abstract: Fast block-wise motion estimation algorithm based on translational model solves the high computational complexity issue to
some extent, but it sacrifices the motion compensation quality, whilst the higher-order motion model still exhibits the problems of
computationally inefficiency and unstable convergence. Through a number of experiments, it is found that about 56.21% of the video
blocks contain zoom motion, thus a conclusion is drawn that zoom motion is one of the most important motion forms in video except for
the translational motion. Therefore, a zoom coefficient is introduced into the conventional block-wise translational model by bilinear
interpolation, and model the motion-compensated error into a quadratic function with regard to the zoom coefficient. Subsequently, the
approach is derived to compute the optimal zoom coefficient under the condition of 1D zoom motion through Vieta’s theorem, which is
further extended to the condition of 2D zoom motion with equal proportion. Based on the above, a fast block-matching motion estimation
algorithm is presented and is optimized by the adaptive zoom coefficient. It first uses the diamond search (DS) to compute the
translational motion vector, and then determines an optimal matching block for the block to be predicted with the adaptive zoom
coefficient. Experimental results carried out on 33 standard test video sequences showed that the proposed algorithm gains separately 0.11
dB and 0.64 dB higher motion-compensated peak signal-to-noise ratio (PSNR) than those of the full search (FS) and the DS based on
block-wise translational model. And its computational complexity is 96.02% lower than that of the FS, slightly higher than that of the DS.
Compared with the motion estimation based on the zoom model, the average PSNR of the proposed algorithm is 0.62 dB lower than that
of 3D full search, but 0.008 dB higher than that of fast 3D diamond search. And the computational complexity only amounts to 0.11% and
3.86% of the 3D full search and the 3D diamond search, respectively. Meanwhile, the proposed algorithm can realize the self-
synchronization between the encoder and decoder without transmitting the zoom vectors, so it does not increase the overhead of the side
information. Additionally, the proposed adaptive zoom coefficient computation can also be combined with state-of-art fast block-wise
motion estimation algorithms other than the diamond search, improving their motion-compensation quality.

Key words: video coding; motion estimation; block matching; zoom model; adaptive zoom coefficient
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Fig.1 Comparison between zoom motion estimation and block-wise translational motion estimation
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Table 1 Statistics of the zoom motion ratio in natural videos
1 BRI 4 E0E 3 1 e e vk

el liiE:N BEWIR S RGBS ST R GiGE Bl H (%)
Akiyo 352x288@30fps 396 33.01 8.34
Hall 352x288@30fps 396 207.65 52.44
Tempete 352x288@30fps 396 260.11 65.68
Tennis 352x288@30fps 396 270.19 68.23
Coastguard 352x288@30fps 396 248.62 62.78
Mother & Daughter ~ 352x288@30fps 396 178.25 45.01
Foreman 352x288@30fps 396 247.72 62.56
News 352x288@30fps 396 66.65 16.83
Paris 352x288@30fps 396 97.12 24.53
Silent 352x288@30fps 396 97.76 24.69
Students 352x288@30fps 396 64.11 16.19
Soccer 352x288@30fps 396 261.63 66.07
Viclnw 352x288@30fps 396 44.03 11.12
Waterfall 352x288@30fps 396 229.16 57.87
Husky 352x288@30fps 396 311.00 78.54
Mobile 352x288@30fps 396 295.82 74.70
Crew 704x576@30fps 1584 1330.27 83.98
City 704x576@30fps 1584 1317.43 83.17
Harbour 704x576@30fps 1584 1324.82 83.64
Flowervase 832x480@30 fps 1560 1021.34 65.47
ParkScene 960x540@24 fps 2025 1630.48 80.52
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Table 1 Statistics of the zoom mation ratio in natural videos (Continued)
F 1 BRI 48 502 3 ) B S8 v (8 4R)

BT 51 1%L BEWU B P RGOS B B Pl 86 B LE 1 (%)
BQTerrace 960x540@60 fps 2025 1320.24 65.20
Cactus 960x540@50 fps 2025 135458 66.89
Johnny 1280x720@60 fps 3600 2587.84 71.88
FourPeople 1280x720@60 fps 3600 2010.65 55.85
KristenAndSara  1280x720@60 fps 3 600 2494.46 69.29
1y — 1135.50 742.50 56.21
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{8 IRIRVEFN 4 RINVE, & 34 848 YRIRVEM 17 424 YROME; T A ST K3 2 UG, 7 4 X5k 21 ke
H 21 YRMNVE SR 48 WUE B R B 20 A 25,5V 37 WRIRIEAN 29 VRN R b, A5 R0 /D T A% S AR B 4R I VR B,
2 AR SCELY S 3 ek /> 38 AR T £ SR i A

S5 B A0 AT A S PR IS AT 1 0 o) WL, AR SRR I8 S il VM s R i 2 oAt 5 Fon) L SEVR IS T A 80
27t

Table 3 Running time comparison of six algorithms on various test sequences (s/frame)
R 36 PP S A WART ) IS AT I 1A L (b 1)
T et HelC g BT AC A4 R + HT 4RI i 1501 s
RAUF3| A% ERRE  AENSHEN  Emmamasn  SDZPDS AR
Akiyo 0.69 0.02 0.76 24.96 0.72 0.03
Coastguard 0.73 0.02 0.81 30.03 0.79 0.03
Container 0.80 0.01 0.84 27.09 0.85 0.03
Foreman 0.73 0.02 0.77 27.63 0.78 0.03
Hall 0.69 0.01 0.84 24.25 0.72 0.03
Highway 0.76 0.02 0.80 30.93 0.79 0.04
Husky 0.84 0.02 0.94 25.44 0.88 0.03
Ice 0.78 0.01 0.80 30.83 0.76 0.03
Intros_cif 0.72 0.02 0.76 30.67 0.68 0.03
Mobile 0.85 0.02 0.88 25.30 0.85 0.03
Mother & Daughter 0.74 0.02 0.77 24.72 0.78 0.03
News 0.76 0.01 0.82 24.30 0.77 0.03
Pamphlet 0.73 0.01 0.76 30.33 0.74 0.03
Paris 0.73 0.02 0.82 24.97 0.77 0.03
Sign_irene 0.80 0.02 0.83 26.82 0.80 0.03
Silent 0.73 0.01 0.78 25.82 0.71 0.02
Soccer 0.81 0.02 0.92 26.14 0.82 0.04
Students 0.71 0.01 0.79 25.09 0.76 0.03
Tempete 0.80 0.02 0.85 31.73 0.81 0.04
Tennis 1.02 0.02 1.05 28.34 0.85 0.03
Vtclnw 0.73 0.01 0.74 26.42 0.67 0.03
Waterfall 0.77 0.02 0.87 25.22 0.75 0.03
Crew 2.80 0.08 3.41 118.19 2.92 0.14
City 3.52 0.10 3.73 128.80 351 0.16
Harbour 3.01 0.07 3.08 105.62 2.97 0.13
BQmall 3.38 0.09 3.53 123.50 3.68 0.14
Flowervase 251 0.06 3.01 107.76 2.66 0.11
FourPeople 7.19 0.16 8.54 271.30 8.42 0.33
Johnny 8.11 0.16 8.70 259.34 8.02 0.31
KristenAndSara 7.57 0.17 9.02 256.96 7.66 0.31
BQTerrace 4.08 0.10 5.56 152.13 4.27 0.17
Cactus 4.20 0.09 4.74 140.98 4.23 0.17
ParkScene 431 0.10 5.10 147.84 4.34 0.17
Sy 2.01 0.05 2.28 71.76 2.07 0.08
gt 1 40.20 0.88 0.03 0.97 25.13
6 % it

AT Sl GV R B oL R R AR IBEN AL A AR BEAG FORE B I P A IR I R el E5 13 1 A
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