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High accuracy sub-pixel global motion estimation based on
upsampled gradient cross-correlation algorithm

Yu Yinghuai'?, Wang Jinrong’
1. College of Information, Guangdong Ocean University, Zhanjiang 524088, China;
2. Lab of Ocean Remote Sensing & Information Technology, Guangdong Ocean University, Zhanjiang 524088, China;
3. College of Science, Guizhou University, Guiyang 550025, China

Abstract: Motion estimation is significant in the applications of video image compression, super-resolution reconstruction,
mosaic, and target detection, and so on. In this letter, we present an improved algorithm for the problem of highly accurate
sub-pixel global motion estimation, which introduces an optimal filter for computing image gradient, and also adopts the
method of combining upsampling with paraboloid fitting gradient cross-correlation. Experimental results show that the pro-
posed algorithm can not only achieve good robustness to the influence of noise, but can also improve the accuracy of motion
estimation significantly.

Key words: sub-pixel; global motion estimation; optimal filter; gradient cross-correlation; upsampling; matrix multi-

plication; paraboloid fitting
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Table 1 Coefficient for central difference

estimators up to 3rd order
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Fig. 1 Image sequence | that is to be tested

®2 ZBREFHRE(D,,D,) (BEKEFFIT)
Table 2 The actual motion vectors ( Image sequence I )
Wi Einstein {4751 baboon [543 51
1 (7.9954, -6.2069) (6.9244,-7.2222)

\S)

(2.8982,3.6445) (-5.9471,-6.0256)

3 (6.3595, -3.9447) (3.4427,2.0758)
4 (3.2046,0.8335) (6.7624, -4.5562)
5  (-3.1606,-6.9825) (-9.6072, -6.0237)
6 (-4.2055,3.958)  (3.6255,-9.6945)
7

(-3.1761,-2.4325) (-2.4104,4.9357)

F 3 RADI T A MAEN B SRR TS
R(d,,d,) B2 FIE 3 MR AR T FREIERA 2R
H9brashk it (D, ,D,) ZE R R2E RMSE,

PN RMSE = /| D, -d [P+ D, -d, |7,
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&3 ZMRH Einstein EGF RS EITTER

Table 3 The results of motion estimation of noise-free image sequence ‘ Einstein’

GCC MMDFT ENS R RS

(7.9511, -6.1625) (7.9498, -6.1559) (7.9714, -6.1867)

(2.8453,3.6209) (2.8725,3.616) (2.8897,3.6342)

(6.2943, -3.8682) (6.3434,-3.9195) (6.3417,-3.9237)

(d,,d,) (3.1214,0.89) (3.1761,0.8129) (3.1958,0.8254)
(-3.1184,-7.0099) (-3.1734, -6.9442) (-3.1678,-6.9667)
(-4.1541,3.8938) (-4.2075,3.9184) (-4.1916,3.9352)
(-3.1902, -2.4447) (-3.1839, -2.4064) (-3.1787,-2.4193)

EATHE s 0.19 278.42 0.47

* 4 FIRA baboon B FFIMIEshHitER

Table 4 The results of motion estimation of noise-free image sequence ‘baboon’

GCC MMDFT ES SRS
(6.9254,7.1448) (6.9004, -7.2026) (6.9096, —7.1887)
(-5.9671,-5.9934) (-5.9058,5.8834) (-5.9292,-6.0017)
(3.409, 2.0388) (3.4348,1.9919) (3.4223,2.0596)
(d,,d,) (6.8062,4.4754) (6.744 1, -4.528 3) (6.7518, -4.497)
(-9.6594,-6.0049) (-9.5203, -5.8679) (-9.5802,-6.0005)
(3.6178,9.6374) (3.6103, -9.7267) (3.6159, -9.6727)
(-2.3493,4.9147) (-2.3916,4.8699) (-2.4159,4.9203)
B THTE]/ s 0.21 296. 62 0.57
0.11 T-= Goe 0.18 T T T A - & GCC
0.1 A . e MMDFT 0.16 | MMDET
0.09 J ! e N = RS L FE- - A ICSHE
: / \ 0.14 I\ ;A
w 0.08 /r \ ,'!\ 2012 I\ T
> 0.07 : Y / p AN / \
1?:‘4 . J vy N ﬁ 0.1 / \ / \
750.06 ~ \ ’/' \ :”5008 / F\/ \
4 0.05 n \ ’_.: : / \ / /‘\ \ /.
e \ T \ ’ Y e
= 0.04 . . . . =000 // . A\ "*/--.__ .- \'
003* ® . W 0.04%.. : - " o o
RN o02f 7 * T
0.02 . o 1 3
0.01 b - : 0
| 2 3 4 5 6 7 1 2 3 4 5 6 7
g b
2 JCMER) Einstein R8Iz sh il HR 22 HLEL K3 MR baboon FHRIF S iz Al TR 22 AL
Fig.2 Motion estimation error comparison for Fig.3 Motion estimation error comparison for
noise-free image sequence ‘ Einstein’ noise-free image sequence baboon’
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¥ ARAG TS5 R R ORIl B2 T3 9K v T GCC AN
MMDFT 833%, 3 M5 vk 59 7 2946 31152 22 73 5 A
0.0326.0.0621.0.082 7, KA A B 1)1z shfki i1
R BE 42 R T 50% o [R] I, 7R B I BRA T 80
T, A SCHIE AL GCC Bk RIAE BA B0 1Ay
RO, HW 2T MMDET 5395

6.2 L2 REFRHEBGFIINLETLE

N TR A SCRIE A {5 Qe 5 T s s il
THPERE RS 508 | AR S5 G F 91, I
HR B A T P 5003 3 B AR IR LE S 10 dB. RS BEAIL
P o AEMEF N A AR TTAU R IR S K 6
e Al RZE R LU AN 4 (S R

xS

7575 410 Einstein B F S BE 3T 4R (4, ,d))

Table 5 The results of motion estimation of noised image sequence ‘Einstein’ (d,,d,)

GCC

MMDFT

R

(7.9382, -6.1818)
(2.839,3.6247)
(6.2688, -3.8968)
(3.1214,0.8817)
(-3.1108, -7.0097)
(-4.1622,3.8817)
(-3.1926, -2.4502)

(7.9464, -6.1597)
(2.8718,3.6213)
(6.3183, -3.947 1)
(3.1844,0.8199)
(-3.1702, -6.951 1)
(-4.2065,3.9195)
(-3.1925, -2.4055)

(7.9591, -6.1767)
(2.8851,3.6454)
(6.3167, -3.9194)
(3.1978,0.8032)
(-3.1592, -7.0024)
(-4.2071,3.9335)
(-3.1859, -2.4459)

*x6

R 7575 519 baboon B FF SIHIEF T E R (4, ,d,)

Table 6 The results of motion estimation of noised image sequence ‘ baboon’ (d, ,d),)

GCC

MMDEFT

R

(6.9011,-7.1375)
(-5.9798, -5.957)
(3.3778,2.0182)
(6.8077, -4.3753)
(-9.6424,-5.9986)
(3.5521,-9.5377)
(-2.4002,4.9584)

(6.8597, -7.2262)
(-5.911, -5.8745)
(3.4039,1.9523)
(6.7183, -4.524 8)
(-9.53,-5.8808)
(3.5625, -9.750 8)
(-2.4229,4.8842)

(6.8573,-7.1625)
(-5.9627, -6.008)
(3.4065,2.0732)
(6.7287, -4.5025)
(-9.5952, -6.057 4)
(3.5635, -9.659)
(-2.4497,4.9554)

011 . "[-=-GCC 02 g7 Gec
0.1 STl —e— MMDFT 0.18 |—*— MMDFT b
/ " oot AL R R S S 4S i "
0.09 , \ A 0.16f . FARU A
L{})—l 0.08 7 N 4/' | (L;JJ 0.14F // ~ ~ 'I‘ \I\ // \ ! -\‘
= 0.074 K Ny Y z . , N
R N - NS \ <012 / v v/ it )
0.067 \ ' ! o / , A ; .
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0.03 e e ~» 0067 SN NN
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U5g isg
K4 M5 Einstein BHRFH 1918 3k TR 2 L S5 MRS YLy baboon [EIR T 911z Sl 1R 2 Lk

Fig.4 Motion estimation error comparison

for noised image sequence ‘Einstein’

Fig.5 Motion estimation error comparison

for noised image sequence ‘baboon’
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TR 220435124 0.052 .0.096 9 F10.100 5,

7T & ®

BT R R B VAR R 2Ry sh Al T ), R
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