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Motion Estimation Using Modified Cost Functions
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Abstract

The coding of video sequences has been the focus of research in recent years. High Definition TV(HDTV),
video conferencing and video on demand(VOD) are some of the well known applications. In the moving
picture compression, motion estimation algorithm plays a very important role, but due to its high
computational complexity, there has been many approaches to overcome this difficulty. We propose a new
block matching criterion that uses modified cost functions. This new block matching criterion classifies pixels
into 2-levels, 4-levels and 8-levels with a suitable thresholding method. We also show that our new proposed
algorithms can easily be combined with many other fast motion estimation algorithms with good performance.
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Fig. 1. Motion estimation using block matching algorithm
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Table 1. Average PSNR of the Foolball sequence

Football G4H1~40 =& <) HF PSNR(dB)
MSE 23,0665
MAE 22,8512
I-HE &4 BE§ uh 23306
2-8E #42 B/ 22.8923
3-HE 32 EF iy 22,9345
324 24 4 224293
394 + 2-HE g4 BF ¥y 22.3597
A HEEs by 228337
3} REEE + 2-vE B4 2F Uy 2841

T 2 Flower garden G442l B PSNR
Table 2. Average PSNR of the Flower garden sequence

Flower garden 98(1~40 Z9) | ¥F PSNR(B)
MSE 23.7794
MAE 23.6593
B 1-HE 82 £5F 3 23.3527
2-uE 4 2§ Uy 23.6695
3-HIE 32 BF U 23.7022
3A 2 oy 22.2720
3 + 2-BE 34 BF 9y 22.0251
i RREEs Y 23.6287
f}é REs) + 2-HE 34 2% iy 23.6050




106

Aol A JAL Footballd 43 Flower garden®
4, 281 Table tennis@Aoltt. Football¥ 42 +3¢
o] 23 Hol ‘%_}*35}‘11 Flower garden®/4-& B3 €
23 (texture)7} 22 GAto]3, Table tenms%‘*‘fj ?,—7—‘]
Yol vy 34% %”8‘015}. e Z7le BF 32 X
240 #7)9) SIF(Source Input Format)3hdolw, 1T Y
BE 0ZHY7NA Y 3EE o Adsgnt

E 3 Table tennis &2 B PSNR
Table 3. Average PSNR of the Table tennis sequence

Table tennis 94H(1~40 Teje)) %7 PSNR(dD)
MAE 206776
-UE A BF u 22133
2-vE 34 7wy 29.6%1
3-HIE Ba BF 9 07480
39A g4 Wy 286873
394 + 2-HE 34 BF Y 28.64%4
4 RELEY WY 206634

4 RERS « 2-HE B2 B Y 25937

b)

3 o WEYE uig IeE olge $3Y 74 7Y

©

J2! 8 &80l ALREl HAKE (a) Football (b) Flower garden

{c) Table tennis

Fig. 8. Sequences used in the experiments (a) Football {b) Flower
garden (¢} Table tennis

245
24
235}

23

PSNR

225

22

215

(a) MSE

245 ———

PSNR

220 5 10 15 20 25 30 35 40
=2 Wy J
() MAE ——, 2HIE 818 2R —— 3 H|E BART e

a2lg Football Ayjel =yl PSNR Uiﬁ} (a) MSE, MAE, 1
BIE 3k £ (b) MAE, 2 BIE 3kt 2] 3 B|E 31 27

Fig. 9. PSNR resuits of the Football semenoe (@ MSE, MAE, 1 bit
pixed dassification (b) MAE, 2 bit pixel dassification, 3 bit pixel da-
ssification

ZHYL Bd
16 g B
T -16~15 34
Peek Signal to

29 8¢ 499 43¢ 945 33
F3 gtk gase B2 3]

oll, g 3ol WYL x, y
gelz sdn. 338 33 P



W38k =52 1998 A3E Al 107

(a) , (b)

(c) (d)

(e) (f)

121 10, Table tennis FAKO| 28Ry Q] (a) B FA (b) MSE (o) MAE (d) 1-H|ESI: BF W (o) 2-HIE 3j4 EF
B4 BF 9

Fig. 10. 2nd frame of the Table tennis sequence (a) original sequence (b) MSE (c) MAE (d) 1-tit pixel classification method (e) 2-bit pixel
classification method (f) 3-bit pixel classification method

Hiy (f) 3H|E



108

Noise Ratio)& o83 A#d g4 Hrio} w02 AH
sHg #Esle 84 3 Yok I sk A¥E
»}— B 2-HE 34 2§ e 3T dd 2%

5 o8¢ AF g4 whY By gl v AY
Jdﬁ-;ﬂoi =0 /H .2. iﬁoui 3-HlE ;}_/,\_ _\;’_% HOL
B o] EC} 51 5‘° 5}7—2 B4 THAstE 28 99
*Foothall 4ol CH?SH A8 A8 daeEEY PSNRY
st dis] & 4 Qltk ol Hlg) Atste WY 3, F 2
2 v &gE 01%5} gi FRe ¥ Add .?JF‘
o] &3 W= Y53 A Yo, A Hi A
¥ LAHMSE)E o] &3 1Y g W) :L;ﬂo}-‘“" E
£ EQch = ARK i o8 14 ¥aE F 3‘:}
A g2 v (three- step search)™'} Ei}/\ BEE3 uy
(pixel subsampling)”'& 2@ = AYS A3}Pch °]
Ao e A o) 14° Table tennis ¥4o] & F
G vlE) F o Y& 4e& HAdS & £ ok BY
H 9as 23 Fu3 33 HIlE  Football 94
Flower garden®4}, 128]1 Table tennis%@Ate] tia] vlm
3] Bolr ZLTOIW 2% 100 E9l Table tennis%4Ho
digt o ¢uelEse 8 °JQ FdE BRo] B
eHle] ddHoly & —r-rl S B9 Aotd 34 BRE
o]-&3t g ““ﬁ""] MAEE ol &g HHEG & ¢ &

drele Sug Bolw g ¢ 4 Ak
VLZ B
¥ mrolie 49 34 253 P 3 43 9Y
Luelgol glo] 2% A deig 7o $49 deE
e Az ¥ Y 1EE AL 7129 1-
E s #8 PHIA ¥YE 428 Mg g4 o
2 0E 3 UIE s B P S BRA AS
€ AN AYIE WY AV, w3 D7

F(modeling)$! 23} Hl%fé}—r
“?iE Attt o] N2E £EF
& 7] 2 7]£4 EE A3 7IEQ ¥ Alg L3y
A QXM] Hlﬁﬂ 7—} A 50 239 HHE 4%
=H Fﬁﬂ AEs Fo2H F2 ANRE HALA &
Uetst steglo] 229 AREY ZAE HAL AlA
?f}‘i% Lo]3}A 6“—7?t FHo] A =% 7]&«]

14 349 F4 ¢uEHY APAME $-

5o oy 7};‘] e &4 EohlME de i’:?—-l

Aojtk ¢ BA TR sole YAAE 3
7

olr r]m fo- lr =N

2 4
'mlo'

A= Tulz 29 5 Yt 2Ao) AT ¥F

L

F

Eﬂrﬂﬂ)oi-ﬂ‘ug_ﬂ.ﬂoﬁoimlmn'.'rJ_\ﬂopE,—L}ru

AgE 23 lE4E o83 3la BF WM &
A JdAAE 7*"_140—“— HHE 23, g E59
arziet g Jdde] a7)8 WA A @646} JJr, At
she Wilel R34 ©e 23U F3 Yo &4 F
o] AMch

FoEs

f11 J R Jan and A. K Jain, "Displacement
measurement and its application in interframe
image coding,” [EEE Transactions on Commu-
nications, vol. COM-29, no. 12, pp. 1799-1808, Dec.

1981.

(2] T. Koga, K. linuma, A. Hirano, Y. lijima, and T.
Ishiguro, "Motion compensated interframe coding for
video conferencing,” in Proc Nat. Telecommun,
Conf., no. 29-Dec. 3, 1981, pp. G5.3.1-5.35.

[3] R. Srnivasan and K R. Rao, "Predictive coding
based on efficient motion estimation,” IEEE
Transactions on Communications, vol. COM-33, no.
8, pp. 838-8%6, Aug. 1985.

[4] Q. Wang and R. J. Clake, "Motion compensated
sequence coding using image pyramids,” Electronics
Letters, 26(9):575-6, Apr 1990.

5] B. Liu and A. Zaccarin, "New Fast Algorithms for
the Estimation of Block Motion Vectors,” IEEE
Transactions on Circuits and Systems for Video
Technology, vol. 3, no. 2, pp. 148-157, Apr. 1993.

[6] H Gharavi and M. Mills, “Blockmatching Motion
Algorithms - New  Results,” IEEE Transactions
on Circuits and Systems, vol. 37, no. b, pp. 649-651,
May 1990.

[71 Y. Q Shi and X. Xia, "A Thresholding Multi-
resolution Block Matching Algorithm,” [EEE
Transactions on Circuits and Systems for Video
Technology, vol. 7, no. 2, pp. 437-440, Apr. 1997.

[8] S. Lee and S. 1. Chae, "Motion Estimation Algorithm
using Low Resolution Quantization,” Electronics
Letters, vol. 32 no. 7, pp. 647-648, 28th Mar. 1996.

9] J. Lu and M. L. Lioy, "A Simple and Efficient
Search  Algorithm for Block-Matching Motion
Estimation,” IEEE Transactions on Circuits and
Systems for video technology, vol. 7, no. 2, pp.
429-433, Apr. 1997.

[10] F. Dufaux and F. Moscheni, "Motion Estimation
Techniques for Digital TV : A Review and a New
Contribution,” Proceedings of the IEEE, vol. 83,
no. 6, pp. 858-876, Jun. 1995,

[11] M. Bierling and R. Thoma, "Motion compensating
field interpolation using a hierarchically structured
displacement estimator,” ELSEVIER Signal Proce-
ssing, vol. 11, no. 4, pp. 387-404, Dec. 1936.

[12] H G. Musmann, P. Pirsch and H. J. Gralleer,
"Advances in picture coding,: Proceedings of the
IEEE, vol. 73, no. 4, pp. 523-548, Apr. 1985.



T3 =RA 1983 A3 ALs.

109

=

&

3=

19%. 2. gy TN A2gA T8 &
1998, 2. sty sty AAFAF 3} £
1998. 3. ~ A HAAA 2F
FHARL G FA 2 E JAAE, IAE NEAE

9 (FAD
(

FHAD

¥ g

1906, 2. $Fism B AAEATEE Y (FIAD

1998, 2. gebieta oot ARFATHS 2 (TN
A

CMeiEtn 2o AT 29 (2D
V3R B AVIARTES £ (FEAAD

(HDTV ¢ ZEelujto] a4
19%, 3. ~ &A gojstn dxFA T 25
]

FAARRIY B A 45 8, UAE AzAe, dolEH

MPEG-4/JPEG2000 5 =AFF

o~ 1991 19 oA Zhe sk (ol s]) Post-dotorial Research Fellow

2
2
8
1982, 2. ~ 19861 79 F=EFAl NEA7A 7Y (Frde 7R
9
2.~ 19%d 29 AR HEude AFAE NEAAATA FHA7Y



