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Sub-Pixel Motion Estimation Based on Phase-Only Correlation

SUN Hui, MA Tian-wei
( Changchun Institute of Optics . Fine Mechanics and Physics .Chinese Academy of Sciences ,
Changchun 130033, China,E-mail . sunh@ciomp. ac. cn)

Abstract: A high accuracy sub-pixel-level motion estimation of algorithm based on phase-only
correlation was proposed. This algorithm consists of two steps: one for pixel-level correspon-
dence estimation and the other for sub-pixel-level correspondence estimation. In pixel-level
estimation, the method of image subtract or method of template matching are used to find
the target image in the original input images for two classes of motion, namely local motion
and global motion, then the pixel-level image shift enables to be detected coarsely by calcu-
lating the coordinate of center of the target image. In sub-pixel-level estimation, the method
of image registration based on phase-only correlation(POC) is employed to detect sub-pixel-
level displacement, which applies the translation characteristics of Fourier transform to
search translation between images. The 2-D inverse Fourier transform for the normalized
cross spectrum is a 2-D impulse function. the impulse enables to determine the translation
displacement from the location of the correlation peak, so as to obtain finely image displace-
ment. The method described in this paper has been applied to the experimental of registra-
tion of light-spot from autocollimator. The result shows that this method can detect sub-pixel
level shift parameters accurately and efficiently, which makes possible to estimate the dis-
placement with 0. 1-pixel accuracy., the maximum error of registration is only 0. 156-pixel,
and the root of mean square error of image registration is better than 0. 091-pixel.

Key words: phase-only correlation;sub-pixel-level ;image registration; motion estimation

: 2011-03-15; : 2011-05-04
: 973 (No. 2009CB72400607) 3 (863 ) (No. 2008 AA121803)
(1963—), s s



lation, POC)

2.

1

[5]

891

[13-15]
o

b

[1-4]
b
b
[6]
[7]
[10-11]
’
(Sub-pixel) 0
) [12]
(Phase-Only Corre-
’
b
b
;
b
’ b
~ b
b b
o b

o

g(xyy) = median[ f(x—k,y— 0D, (kD) € w]

2.2

2.3

flxyy) glxsy)

s W °
j?( Xy 3}) ’
» f(xyy)
1 ) (LT ’ ) EE
Flaay) = { Y
]VI(LTN19~YHI>
M N
ST X flaaw
xl” — I:] A\\il’:] ‘N'
DI @y
=1 y=1
M N
SID Ty X flaay)
ym — Az-—l[\j[r—lw
Zz\f'(‘r,y)
=1 y=1

@Y
MX N,
(2
3
4
.5 o



860 26
POC(x,y) = F ' {exp[— j2x(ux, +vy,) ]} =
A, Oax— 20,y — o) 9
B, (9 0(x— a0,y ¥) Dirachlet
o ) (x0530) )
A falusv), m X o 1(a) 1(b)
n; f(x.y), MXN, 0 0.5 o
A
Clp,q) =
ptm gtn m
zzzz[ﬂ\(u,v) flx, ]
Iiy G u—1 v— S (5)
ZZfAm,v) X DI ey
u=1 v= rT=p y=q
' ’ (b)
’ ° 1 (@ (@30 =00,0), (b) (x,y0)=
’ (0.5,0)
° Fig. 1 3-D plots of the phase-only correlation function(a)
for the case (xy,y,) =(0,0), (b) for the case
3 - (20 5v0)=10(0.5,0).
, , (Zos¥0) » [12]
, Sinc Dirachlet
| R Dirachlet Clary) — 51n[zc]§/£]\fr7—xox;)] SIHTEZE;]];]{;:/)O)]
MXN, fi(x,y) s ao
folxsy)  filx,y) (05 30) , Cla.y) 2o
folx,y) = filx— a0,y — o) (6)
(6)
F,(usv) = Fy(usv)exp[— j2n(ux, + vy,) ]
(7
(M JFi(usv)  Fy(u.v) fi(x,y)
fo(asy) ° s

F,(u,v)F{ (usv)

‘F (u 'U)F* (u 'U) ‘ - exp[_jzﬂ(uxo +°Uyo):|
1 ’ 1 ’

(8
(8 ,

2 Clx,y)
Fig.2 3-D plots of C(x,y)

(10) (l‘o 9yo)

M  C{,0) £C0,0)




6 s 861
Yo Cco,D 4.2
Ay === = < (1D)
]\] C(Ovl)iC(Ovo) LeiCa .
4 Leica 5'
4.1
. Leica
N . CMOS
. Leica 0.5",
f=281. 6 mm,
$=100 pm. 12 pm X
- (a) )
12 pm, 500 /s, 1 280 % i 5
1 024 X8 bit, 3 o
Theodolite Mirror Autocollimator Camera
am/ o/
A
'l ™
&/ ) Platform

Fig. 3 Setup of experimental system
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Light spot sequence. (a) 1* frame; (b) 2™ frame,

(¢)10™ frame.

1
Table 1 Error of registration
/pixel

1 0

2 0.082
3 —0.022
4 0. 007
5 0.153
6 0.071
7 0.011
8 0.032
9 —0.096
10 0.021
11 —0. 085
12 0.139
13 —0.156
14 0.162
15 0.112
16 0.016
17 —0.059
18 0. 006
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Fig. 5 Curve of error
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