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Fast Elastic Motion Estimation Using Improved Levenberg-Marquardt Method
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Abstract: Elastic motion estimation is an effective temporal predictive coding technique of video proposed in recent years. But its
optimization solution based on Gauss-Newton method still exhibits the problem of high computational complexity and unstable
convergence yet. Thus an elastic motion estimation algorithm is addressed based on an improved Levenberg-Marquardt (L-M) method.
First, a fast implementation of the L-M Hessian matrix is designed according to the numerical symmetry of elastic basis function and the
Hessian matrix, which reduces its computational complexity by 62.5%. Second, it is found that the update factor of L-M diagonal matrix’s
damping coefficient has obvious influence on the performance of elastic motion estimation through theoretical and experimental analyses.

The squared ratio of the step size in the latest two iterations is used to adaptively determine the update factor, by which the damping
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coefficient is updated positively and negatively in turn. Experimental results show that the proposed algorithm is able to obtain stable
performance for the video sequences with various spatial resolution and scene characteristics. It gains 2.54 dB and 1.77 dB higher average
motion-compensated peak signal-to-noise ratio (PSNR) than those of the full search based on block-wise translational model and the
elastic motion estimation based on modified Gauss-Newton method, respectively. Furthermore, the proposed algorithm converges fast.
Only 1~2 iterations are needed before it achieves higher PSNR than the conventional elastic motion estimation and the block-wise
translational full search.

Key words: video coding; motion estimation; elastic model; Levenberg-Marquardt optimization method; adaptive damping coefficient
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Fig.2 Numerical distribution of the Gauss-Newton Hessian matrix
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Fig.3 Iteration direction diagram of Levenberge-Marquardt algorithm when A is set to be a large positive constant
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Step 1. #IA 1. BRI T BRI Te Ain F A 2 £ < LS LA < 4.

Step 2. FIFHBEHUE N E BT R PR 2 my B myo 5 HR S EE 09675 | IyIskiEshsh
EiRZE e;(m) KT J5 Dy,

Step 3. RHEH 4.1 Wit HHMIZ N E: K 01~

Step 4. A UCECE FIBAEVR DL HE 58 LU AR BE ow/om.

Step 5. ARHEHS 4.2 5T -4 10 2R FE AR B H.

Step 6. #f H L EXMLICEK . ey(m). SAALKE®). A1), i 5 rE b M L-M RZERFE Hyy.

Step 7. FEL#APEIZ B B Am <« H b, HETTT 5 HIE 30 R m < m+Am.

Step 8. 3B 3 A H m AR A RQ)FIA R(3), B | IR MEE 5 FLUTHL R 2R 10 A8 h7 e 5, 36 R 0L 4
B TS UC AL 2 (018, N T 45 2108 Sh MR 2 e (m) L7 J5 #0 D,

Step 9. #5 D>D .y, U4 8« —5x A, N Step 6;75 W, A Step 10.

Step 10. 4 5«5/ 4, t < t+1. 4 T B34 & |Am| < T, W4 iz 3h fm) & m R PUHEC 32 22, fF B B 1 (i

B TE 45 R AR A NS EH A, FeN Step 4.
7 KRERSSR

T BGAEA S BRI 2P, LL CIF(common intermediate format). 4CIF Rl 53 #% 20 A 37 N FRvERLANF 71
(LR 1)H 1~90 MUy Bl BEAT K8 S 36, 4 5 T P R B 2 1) 44 X (full search, AR FS). T~ Bk vy -2 1
VER M IS A A5 18P BT 35K 48 % (diamond search, i #R DS)yHE 4 L-M vERI Bt S 3 (. BT3B R+
AL SAHE B 1 L-M V2R () 3515 Bl A TP VR - Bt LM V2 (R 0 8 B A T A T 45 SR AT EL AL

Table 1 Test video sequences’ names and their formats

1 AT 51 44 K B HA 5(

SlEpE S USR5 44 4
Akiyo, Bowing, Coastguard, Container, Flower, Foreman, Hall, Highway, Husky, Ice, Intros_cif, Mobile,

352x288 Mother _daug, News, Pamphlet, Paris, Sign_irene, Silent, Soccer, Students, Tempete, Tennis, Vtc1nw, Waterfall
704x576 Crew, City, Harbour

832x480 BQmall, Flowervase

1280x720 sc_Robot, FourPeople, Johnny, KristenAndSara

1920x1080 BQTerrace, Cactus, ParkScene, VenueVu

KIS RO E T AR A 1N 33533 B RN 1616 18R, Anin=2, Amax=10,7,=0.0001, 7=15(iX 5 3L #k
(60,621 15¢ B AH [7]); SCHR[ 75119 2 K5 JE SORH ] 32 3 4 2 M 1 5T R FHl PSNR 3EAT PRATY.

7.1 BRI H/AMERERIEER
R 25 T AN R 7 R AN R I8 s Al 5% 43 2 /91 2 PSNR.
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Table 2 Motion-compensated PSNR comparison
&2 Iz EA¥ PSNR LE4Z
g 4= ZF i
MBF AR | 2R | 2R | S UER (1A% L-M kK i *) ) e | p e o
(1616 5 | (88 5 | P32 20 s 11192 | 3 i 2 i L-M VERseE | L-M s | h st #k
B | dEE T | EEh i | s
Akiyo 42.67 - 40.81 42.31 42.23 42.28 46.01 46.04
Bowing 42.39 40.54 41.32 42.21 41.40 42.54 43.48
Coastguard 29.71 - 32.02 32.34 32.35 32.35 32.35 32.38
Container 38.35 - 38.91 39.72 39.73 39.80 41.01 41.05
Flower 26.03 - 26.32 26.77 26.77 26.78 26.81 27.25
Foreman 33.52 - 30.65 31.44 31.56 31.42 35.52 36.03
Hall 34.48 - 35.22 37.14 37.19 37.24 37.23 37.29
Highway 36.08 - 31.18 33.70 33.84 34.16 36.27 36.79
Husky 19.10 - 21.20 21.82 21.86 21.85 21.89 21.97
Ice 30.99 - 34.83 36.13 36.15 36.07 36.13 36.15
Intros_cif 37.30 - 33.86 34.71 35.22 35.22 38.15 38.51
Mobile 23.96 - 27.74 28.56 28.60 28.56 28.65 28.70
Mother_daug 40.26 - 41.86 42.89 42.98 42.88 42.96 42.98
News 37.83 - 37.82 38.78 38.79 38.79 41.28 41.38
Pamphlet 43.12 - 43.41 43.29 43.50 43.27 43.31 43.37
Paris 30.70 - 33.56 34.00 34.03 34.03 34.19 34.51
Sign_irene 33.56 - 36.06 36.21 36.40 36.22 36.40 36.41
Silent 36.27 - 31.44 32.58 32.67 33.91 39.08 39.11
Soccer 29.61 - 31.74 32.18 32.14 32.12 32.12 32.13
Students 39.49 - 41.23 42.17 42.18 42.26 42.78 42.94
Tempete 27.75 - 30.56 30.61 30.80 30.72 30.71 30.87
Tennis 28.91 - 30.48 31.11 31.12 31.06 31.08 31.12
Vtclnw 44.70 - 42.06 42.75 42.75 42.76 45.43 45.44
Waterfall 35.53 - 39.62 39.80 39.80 39.82 39.82 39.86
Crew 32.36 - 33.50 34.42 34.43 34.42 34.40 34.43
City 30.86 - 32.13 32.98 32.98 33.06 32.97 33.00
Harbour 28.10 - 30.99 31.41 31.42 31.41 31.42 31.43
BQmall 29.63 32.10 30.20 32.18 31.72 32.19 32.18 32.20
Flowervase 37.42 37.99 36.75 39.88 39.36 39.86 39.90 39.91
sc_Robot 32.20 33.88 34.46 34.92 35.42 35.87 35.86 35.88
FourPeople 38.43 39.46 39.84 40.01 39.80 40.39 40.26 40.46
Johnny 38.83 39.79 39.69 40.12 40.12 40.73 40.70 40.75
KristenAndSara| 39.38 40.20 40.37 41.16 41.41 41.45 41.42 41.46
BQTerrace 25.51 26.20 26.64 28.10 27.22 28.12 28.15 28.16
Cactus 29.53 30.82 31.17 31.50 31.33 31.76 31.77 31.91
ParkScene 29.98 30.62 32.09 32.11 32.26 32.30 3282 32.34
VenueVu 27.12 28.51 29.17 28.11 28.11 28.11 28.11 28.12
15 33.56 33.96 34.33 35.11 35.15 35.26 35.98 36.10
HH 2 AT A

o L FS & H Hii gm A by it v IS B B e IR I8 Bl A T /AME SR B T B B BT AL B 1 )R PR, L 3
PSNR b ALK 2.54dB.

o BT ot v BT - AR U (R S B A TR P AR AR A TR — 4E LRI RS TR T FS MtkRE(LLE
& iEH 0.77dB),{H 3 PSNR 0 LU AR SCH2 H (K45 T35 A8 R +% 5 L-M i (W 3 138 3 il 1HIS 0.79dB,1X % H,L-M
¥ B e BT - A 0 B T o B AR R 1 SR A

o BT MRS AMAMIER L-M IERFAEZ S04 T+ 24 17 5 4 7 58 37 £ 40 BB R 58, 3
PSNR M T2 R+HE S L-M &S IZ 2 il i 48 = T 0.04dB, 36 B B & Mk BUPH B RECEF T3R5 5 =
(1732 B #Ms2 R B AR 1T, B T SCRR[75 M8 B0 L-M B SE I 5 11 5 OO0 VE CRAIE L2 P2 0 A1 o A 1, B A2 B a5t £
TCFME G AN 2 35 A T i B85 S OBR B R [40 1, 2L PSNR 82 38 F 26tk L-M VBRI # 8 Bl A5 111 0.95dB,
XU B R SO AR B I RS B B T SR T B A AR v R IS Bl A T TR

o K2 THIME 8 HIHE— B0 L T BT K P Uy A T 28 B HEHE (A=10)HI X A AR B BELJE REE H7 7
YRR PERE I &5, 38 11T 35 PSNR ML T2 R R +E 4 L-M VE R #E 30 4h 714 Al3& & T 0.15dB A 0.87dB.
AU TE BRSBTS A AR SRR TR TR 4 I PR AR B T
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Ty A0 T ERE AR IE B A T, H.264 A HEVC 830 48 /e R o7 g s 7 0 i 2 1 B, 7640 1R 1
HORST 64 RGP R R 12 3l m) B AR U SR (1 1/4 8 B0, R SCEE T T MRS 8x8 R F I 3R IT
i FS X 10 A~ miid MAF 51 18 sl M PSNR(ZE R L 2 5 3 71), AR B AEIX 10 AN 741 B35 PSNR L

16x16 QR IMIRILES FS 427 T 1.15dB,H2 708 T ot L-M L IE 3h if7h(16x16 HOHMIK 1.16dB. 7] L
B SR T BE RS 4 A P45 1) FE S5 RS Bl ) B P4 T & T U P B & Rk s 5 A SCRVEAAE—
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T EE A SRR E T VenueVu P51 ) PSNR 5 8x8 13 R B ILEL FS. JE T itk v - ik (3
PEIZ Bl T AR E — 8 22 B0 LR BRTE T 2000 ol T SEEHL AR B 30 P 41, SO 40 iRk FL A AE DO 1 42 )= T 78,
T AR ST BLVEAE WA 2R i F 022 TR I8 sl A6 T RS AR T B Wi R BLVE I &4 R n R 5 56 1 oot s d7- 4R
R B3RS S AL AR R ) GG 18 R AR SC SN VenueVu 7B (03B B4 PSNR KA F] 29.51dB.IX & I, 48 3¢
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Fig.6 Frame-wise PSNR comparison of Akiyo, Foreman, Mobile, and Husky sequences
Bl 6 Akiyo. Foreman. Mobile Al Husky /741 [{1i% i PSNR LL#

W 6 FioR,iX 4 ASFr 4 SCELGH T R 3 5 2% B D e, HAL & 3 B L F sk Tﬁﬁiiﬁ%ﬂ%ﬁiﬂ’lﬁ
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(128 B Hh 2 5T B ELAE T PRI RS . UL T A% ) R 41 (A1 Mobile. Husky), A% ST HY A b 53225 9 AR

© PEFEERK IR s/ www. jos. org. cn



2220 Journal of Software #4F33% Vol.30, No.7, July 2019

THUCHL FS AL T oo i - A 409k 1 580 158 3l Aty 1 1 %o 118 38008 3h sl A7 78 = S I A8 (1 P 410 (- Akiyo
Foreman), J& F 2{0d L-M V53 18 B A6 T 2 SRUGHED FS 7R e 32 .
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AL S P AR A SRR B SR 107 R LR TS B A T AR I EE R bR 2 — . B 7 B 4330 28 Husky 1 Akiyo 5741 5% i 5
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Fig.7 Comparison between our method and modified Gauss-Newton method in terms of convergence speed
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W52 T HC TR [ A R 1T L 2R OB D).

LR A SCHR 620,56 T 53k i 0724 W2k (0 e Pk 32 3 (T (0 1T 5 R 0 O(Tp*B*+73B).
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GEAEE 4 W BRI S I AT R B0 0(1) 0(0.375p°BY) . O(p). O(pB?). O(BBHFI OB, T IKiEALH
W IR A B 24 R 0(0.375Tp*B?).
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