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Elastic Motion Estimation of Video Using Improved Gauss-Newton Method
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'(School of Computer and Information Technology, Liaoning Normal University, Dalian 116029, China)

%(School of Information and Communication Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Motion estimation is a coding technique to eliminate the temporal redundancy of video. However, state-of-the-art translational
motion model is not able to efficiently represent objects’ local non-rigid complex motion. To address the issue, an elastic motion
estimation algorithm is developed in this paper based on modified Gauss-Newton method. The effect of initial iteration point is first
analyzed on the result of the Gauss-Newton method, and a two bit-depth pixel based uniform search is used to predict the initial iteration
point. Subsequently, it is found that different step size has obvious influence on the performance of the elastic motion estimation by both
theoretical and experimental analyses. The ratio of low-frequency energy of discrete cosine transform is employed to estimate the upper
bound of the step size which is then refined by the golden ratio method. Experimental results show that the proposed algorithm is able to
obtain stable performance for video sequences with various scene characteristics. It gains 1.73dB and 1.42dB higher average
motion-compensated peak signal-to-noise ratio (PSNR) than those of the full search algorithm based on block-wise translational model

and conventional elastic motion estimation, respectively. Furthermore, the proposed algorithm has faster convergence speed. Only 1~3
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iterations are needed before the proposed algorithm achieves higher PSNR than conventional elastic motion estimation and block-wise
translational full search method.

Key words: video coding; motion estimation; elastic model; Gauss-Newton algorithm
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Fig.2 Uniform starting search point pattern
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Fig.3 Diagram of 1-degree linear approximation
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Fig.4 Influence of iteration step on elastic motion estimation
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Fig.5 First four basis functions of elastic motion model
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Fig.6 Diagram of motion direction consistent with principal component direction of signal
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Step 4.
5 KBERSHH

T IR A SO TR SR PERE, 20 9 L CIF(common intermediate format)@30 MWi/Fb# ¥ Football,
Coastguard,Bus,Soccer, Tennis,Flower, Tempete,Paris,Mobile,Stefan,News,Sign Irene,Husky,Pamphlet 1 4CIF@30
i/ Fb# 1) Crew,City,Harbour 257511 1~90 WA BT T K& S50, I 4 25 K 54w ) kg sh il vk &
PN S PO R AR AL ) A4 AT LU TR I, A T % SR A SO (R B A TR0 B B 1 A Y 3 4 5 L 43 AN 45
G T A ST IR A IS S Al e

SIS SHCBCE R AR A T 33x33 4538, E T 16x16 1832, 16=3, Th=15(Z 5 SCHR[45]1) ¥ EAH 7).
TR 5T 5K T PSNR HEAT VAR
5.1 EFNfEIT/AMERE B BLE

1 BHUT SRR S IFERE 4 BRI 30 18 1 S 974 510 T4 PSNR.

Table 1 Motion-Compensated PSNR comparison
F 1 IBFAMER PSNR L

RUBUY 51 4 1% BICHC R ARGz sh il Wh S s il - Ak
Football 352x288@301ps 27.46 26.88 29.27 29.64
Coastguard 352x288@30fps 29.71 31.48 31.87 32.02
Bus 352x288@30fps 24.87 21.85 25.79 25.92
Soccer 352x288@30fps 29.61 29.91 31.44 31.74
Tennis 352x288@301ps 28.91 29.30 29.96 30.48
Flower 352x288@30fps 26.03 26.13 25.97 26.42
Tempete 352x288@30fps 27.75 29.43 29.62 30.56
Paris 352x288@30fps 30.70 32.61 32.90 33.56
Mobile 352x288@301fps 23.96 2691 26.52 27.74
Stefan 352x288@30fps 25.90 26.15 29.06 29.16
News 352x288@30fps 37.83 37.65 37.54 37.82
Sign irene 352x288@301ps 33.56 35.22 35.74 36.06
Husky 352x288@30fps 19.10 20.26 20.59 21.20
Pamphlet 352x288@30fps 43.12 36.14 36.99 43.41
Crew 704x576@30fps 32.36 33.17 33.44 33.50
City 704x576@301fps 30.86 30.24 31.84 32.13
Harbour 704x576@30fps 28.10 30.78 30.94 30.99

HI3E 1 AT 40

o ETHCPRE R (1448 R S B ds O b €4, P 3 PSNR LU AR SCELIAAIG 1.73dB.
o HEALGHAIEIZ ST, P PSNR LA SCHAAG 1.42dB.
o AEGIYLIZHMG T SR RTINS 5 )5, 0P PSNR 4875 T 0.97dB, 3R BT 4R B AL AT %
RE 85 1 A0 A 38 2R 5T BN 5 A 1) (190 R O X i) 00 G o502 A 49 L Ik ASE 2R (A Sl i
o FEBRILRE b AR SCHR H 1 SOk O B B AN T RA S 4 PSNR S EL AU A T+ Se s kg sh il ok
LIRS T 0.46dB, 1% B W A SCAR Ak 12 1l 1% A5 K 1 55 s 2 17 340K,
8(a)~& 8(d)4y ! T Bus,Football,Stefan FIl News iX 4 751 [{] PSNR % Wi b 4% 1. H: 77 Bus, Football
I Stefan J7 41 # AL 5 5T SR I DOEIZ 3, X A3 A BB R 38 3l PRI IR $502 2 RS 18 3% 4508 20 News
J7 5 W) TR BB T B O3 0 RS S B R S AR IR R . PR R IE ).
MR IR 4 BT A I8 3 B 4%, n] R A SCRR P R Y AR IS T B IS Bl 432 PSNR(ZD
kR o).
B UL A2, 5T News 581,48 SCHLVA T PSNR LR IC IE 45 38 R 579R1% 0.01dB; R 1M )5 & 1B sh Al 4k

REAE W ANRE (B 8(d)FIT7R ), 48 S i B U ) 00 8 38 )y, AN R 1 LA 3 0 L P 42 o X 3 W, i P s )y Y
REWS LE P A2 12 S I AT RO R s D) AR A AR L2 5.
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AR R 325 28 2 WAL G a8 s R ik 3R ' 4 3%.

T BRI AR R S B 5.2 1 I A BT T AR SO M S0 B R B T A G e - AR 0, — AN T
1~3 YOS REIUAS R AR E IZ S A T AP RS A9 R 19 PSNROMUIE, IR AN S 1 U A SO VR 1 5
B AL G EIE Sl 1 8.33%~21.00%, & B 42 1 R (1) 8.54%~25.62%.
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