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Abstract:  Multi-sensor image registration has been widely used in remote sensing and medical image field, but registration
performance is degenerated when heterogeneous images are involved. An image registration method based on multi-resolution
shape analysis is proposed in this paper, to deal with the problem that the shape of similar objects is always invariant. The contours
of shapes are first detected as visual features using an extended contour search algorithm in order to reduce effects of noise, and the
multi-resolution shape descriptor is constructed through Fourier curvature representation of the contour’s chain code. Then a
minimum distance function is used to judge the similarity between two contours. To avoid the effect of different resolution and
intensity distribution, suitable resolution of each image is selected by maximizing the consistency of its pyramid shapes. Finally,
the transformation parameters are estimated based on the matched control-point pairs which are the centers of gravity of the closed
contours. Multi-sensor Landsat TM imagery and infrared imagery have been used as experimental data for comparison with the

classical contour-based registration. Our results have been shown to be superior to the classical ones.
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INTRODUCTION

Image registration plays an important role in the
fusion of remote sensing, video panorama, medical
image processing, etc. (Li et al., 1995; 2004; Brown,
1992; Belongie et al., 2001; Rui et al., 2001). More
different than video panorama, the registration of
multi-sensor image needs to align the multi-sensor
images of the same scene from different sources
(Rignot et al., 1991). Multi-sensor image registration
is widely used in the fusion of panchromatic images
with infrared images, or the fusion of CT with MRI,
but registration performance is degenerated when
heterogeneous images are involved. The possible

Corresponding author

"Project supported by the National Natural Science Foundation of
China (No. 60272031), the Hi-Tech Research and Development
Program (863) of China (No. 2003AA131032-2), and the Natural
Science Foundation of Zhejiang Province (No. M603202), China

CLC number: TP391

reasons are: (1) Different cameras with different
properties cause different view angle and focus of
each image; (2) The resolutions of images from dif-
ferent cameras are also different; (3) The intensity of
multi-sensor images may be different, sometimes
even opposite, or the objects of the same scene in
different images are not invariant and therefore the
correspondence of images cannot be found.

Current image registration methods can be
categorized into three groups: (1) The method global
registration through image space correlation method
(Brown, 1992) which cannot be used for registration
for images with different resolutions and characteris-
tics; (2) The transform based registration method
(Brown, 1992; Reddy and Chatterji, 1996; Viola and
Wells, 1997) which transforms original images into
logarithmic polar coordinates systems, and finds their
correlation in the frequency domain. This method is
fit for homogeneous images, but it has difficulty in
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heterogeneous ones; (3) The feature based registra-
tion method which first detects the visual features like
points and contours, and implements transformation
of images according to correspondence of features
(Lietal., 1995; Dai and Khorram, 1999; Fonseca and
Manjunath, 1996; Irani and Anandan, 1998; Li and
Zhou, 1996). The feature based image registration
method can not only be used for homogeneous image
registration but also for heterogeneous images regis-
tration. However, selection of well defined invariant
feature is extremely important in this method. Since
the shapes of main objects in images are basically
invariant, and not affected by the heterogeneous im-
ages, it is better to use shapes for heterogeneous im-
ages registration.

MULTI-RESOLUTION IMAGE REGISTRATION

The multi-resolution shape matching method
described below implements the multi-sensor image
registration, which can be classified as the feature
based image registration. Multi-resolution shape de-
tection, description and matching are used to imple-
ment the coarse-to-fine registration.

An image pyramid constructed by wavelet
pyramid decomposition is constructed to extract the
contours under different image resolutions, which can
yield both coarse and detailed contours. The contours
are detected by extended contour search algorithm in
order to acquire more closed contours. In order to
avoid differences of resolution between multi-sensor
images and the problem of more details in high
resolution images, suitable resolutions for each image
are decided by maximizing the consistency between
the shapes extracted from multi-resolution images.
During the feature matching, multi-resolution shape
descriptors are constructed by Fourier transformation,
and are independent of translation, rotation and scal-
ing of shapes. A minimum distance function is used to
compare similar shapes. The centroids of the contour
pairs are regarded as the control points to estimate the
parameters of the transform model aligning the target
image with the reference image (Fig.1).

CONTOURS SHAPE DETECTION

In traditional feature-based registration, such as
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Fig.1 Framework of multi-resolution image registration

that in (Li et al., 1995), many important contours are
missed because of the noise and the low resolution of
images, and the result of registration is affected
greatly by the detected contours. Here we decompose
each image into low frequency image with coarse
contours and high frequency image with detailed
contours using wavelet transform together, and select
optimal resolution iteratively to reduce the influence
of image resolution. The key point of contour detec-
tion is to filter the image by LoG operator, which
preserves the prominent characters under different
resolution. And an extended contour search algorithm
is used to obtain relatively integrated contours.

LoG based image filtering

Laplacian of Gaussian (LoG) is an edge detec-
tion operator and can smooth the image by using
Gaussian filter. Generally the image noise is regarded
as Gaussian noise. The 2D Gaussian filter is given as

Eq.(1):
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By calculating the second differential of Eq.(1),
the Gaussian smooth filter and the Laplacian operator
can be combined into an LoG operator:
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After convolving the image by LoG, the
zero-crossing points can be confirmed by the change
of signs. Practically the LoG operator can be simpli-
fied into two 1D convolutions along the X and Y di-
rections to accomplish rapid computation of 2D
convolutions (Li et al., 1995):

V2G*I(x,y)

= 2 [C= /. K (D + D= j. K ()] ()

J==

where I(x,y) is the image matrix, K; and K, are the
coefficients of LoG simplified along X and Y direc-
tions, the 1D convolutions as follows:

C(x_jsy): z I(x_j’y_i)Kz(i)a (4)
D(x=j.y)= 2 1(x=jy=DK@®. (5

After filtering the image by LoG, the image in-
tensity is obtained to support the extended contour
searching.

Extended contour searching

The contours can be detected by searching the
zero-crossing points or changed sign points in the
filtered image. However, such edge points are often
discontinuous when noises occur. In order to obtain
the continuous contour, we usually set up two prede-
fined thresholds 77 and 7, (Li et al., 1995; Worring,
1993), and the convolved value of pixels larger than
T, and smaller than 75 are selected as the candidate
edge points. But this method cannot preserve the
whole distribution of shapes in the filtered image
practically. Extended contour searching using one
threshold is adopted here.

Considering the character of single point width
at the zero-crossing point in filtered image by LoG,
and the remarkable visual characters, the statistically
majority zero-crossing points are selected as the
contour points. Assign the first minimum value in the
gray histogram function H(i) as the threshold:

aHG)

T (6)

where H(7) is the ith bin of histogram (0<i<255). Then
the threshold is used to segment the image into the
edge image, and the contour searching is processed on
the edge image.

Normal contour searching algorithm gets the
8-neighborhood chain code by searching along the 8
neighbourhoods sequentially (Haralick and Shapiro,
1993). 8-neighborhood chain code starts from the
current pixel, defines the pixel in the east as 0, and
constructs codes of contour along the counter-
clockwise direction. The searching process selects the
upper left pixel as the start point, and checks the 3x3
neighbourhood of the current pixel along the
counter-clockwise direction, then takes the first
nonzero point as the next contour point until there is
no nonzero point in the neighbourhood. However,
because of the noise, such searching is difficult to
yield many significant closed contours with more
contribution to better registration. Such contours are
always continuous visually, but discontinuous in the
edge image. So the contour searching process is ex-
tended by tracking the 4x4 neighbourhood when there
is no contour point in the 3x3 neighbourhood. If the
extended searching meets the starting point, then it
connects with the starting point to form the closed
contour. Or if another non-zero point is met, then it is
connected by point interpolation and the searching
goes on continuously. Such extension can yield addi-
tional visually closed contours and longer open con-
tours, which will improve the efficiency of the
matching result (Fig.2).

The rules of extended contour searching process
are defined as Fig.3.

10 11 12 13 14

Fig.2 The diagram of 4x4 extended contour searching
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Fig.3 Contours searching results
(a) Contours from two threshold algorithm, the middle contour
is an opened contour disconnected at the left corner; (b) Con-
tour from Extended Search Algorithm, the middle contour is a
closed contour

In 3x3 neighborhood, the next searching direc-
tion d1 is:

dl = (d1+i) mod 8, 7

and in 4x4 neighborhood, the next searching direction
d2 is:

d2 = (d2+i) mod 16, ®)
and the direction from d1 to d2 is:

(d2 —d1) mod 8. 9)

MULTI-RESOLUTION SHAPE MATCHING

Shape is the important representation of image
contents (Dudek and Tsotsos, 1997). The contours
extracted from the above searching are used to present
both shape and visual distribution of the object in the
image. In image registration, the features will be
represented by shape descriptors, which must be in-
dependent of scale, rotation, and translation. Consid-
ering the periodicity of the closed contour and the
Fourier transformation, the closed contours can be
represented by the coefficients of Fourier transfor-
mation on the contours. Fourier transform is a
multi-resolution method in which the low-frequency
of the transformation domain expresses the coarse
shape of the contour, and the high-frequency ex-
presses the details of the contours. Such transform
also accords with the visual characters in shape
matching: human being always compares the main
shapes between the contours, and then aligns details

between two similar contours.

Shape descriptor extracting

Suppose C is the closed contour in complex
plane, let the starting point » be on the contour and
move anticlockwise along the contour at uniform
velocity, then we obtain a function z(¢), where ¢ is time.
Let the period of z(¢) be 2m, then z(¢) can be repre-
sented by the following Fourier coefficient:

Z(t) = j Ce", (10)

where C, is the Fourier descriptors of C. Let L be the
contour length, and / be the arc length along with the
contours, then we have

an
The Fourier coefficients can be obtained by:
c-L [ =e e = 2n [ ze e mar (12)
n N Jo - I Jo

where z(#) is the curvature function. Suppose contour
C is composed of N points, (x;,y;), 0<ISN-1, then the
curvature of the contour is defined as the differential
of (/):

d
Z(l)—a9(1), (13)

where 6(/) is the cutting angle function:

6(/) = arctan(dx / dy) = arctan M = arctan x_,' .
dy/dl Vv

(14)

The intrinsic characteristic of the curvature
function guarantees the invariant of shape and the
invariability of rotation by using the module of the
Fourier coefficients without the phase. In order to
keep the scale invariant, each module of Fourier co-
efficients is divided by DC components. Then each
shape descriptor of the contour can be represented as
follows, only using a few low-order coefficients F7,
(in our experiment, i=5):

Fo=(ELIELIELIELIED. (15)
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Minimum distance classification based shape
matching

Regarding the shape descriptor of each closed
contour as the eigenvector, the similarity between two
contours can be transformed to the correlation prob-
lem between two eigenvectors. Suppose m closed
contours are extracted from the reference image, and
n closed contours are extracted from the sensed image,
then the distance of two eigenvectors can be defined
as:

d,=Y|F,~F,[, (I<i<ml<j<m). (16)
k

The distance matrix of the features, |d;{, can be
obtained by calculating the distances between all
shape pairs of two images. According to the principle
of minimum distance classification, the shape pair
(Ci,C)) satisfying the following conditions may be
considered similar:

(17
(18)

min | d; [= min|d; [,
i J

m=min |d; [<t,
1

where £, is a threshold. After getting the pairs of
contours, the centroids of contours are used as the
control points for the image registration.

TRANSFORMATION MODEL ESTIMATION

To register two images, the coordinate trans-
formation between two images must be found. In a
majority of multi-sensor spatial images, the distance
of camera to objects approximates infinitude relative
to the size of objects. So the coordinate transforma-
tion between two images can be regarded as the rigid
planar models, which is composed of scaling, rotation
and translation. The pixel (x;,y;) in image [; is
mapped to the pixel (x;,y;) in image I, by Eq.(19)
(Brown, 1992; Rignot et al., 1991):

=sR +D
Y bl
cos@ —sinf || x . d, (19)
=9 5
cosf ||y | |4,

sin @

where (x1,01)", (x2,»)" is the position of the corre-

sponding points in two images respectively. s, 8, and

(d,, a?y)T are respectively the parameter of scale, rota-

tion, and translation. Then the four parameters are

estimated by the set of control points {(x, y), (x"y")}.
Let u=scos6, v=ssinf, then we have

x' u —v\(x d,

CHE M)

The unknown quantities u, v, ,, t, are estimated

by Least-Squares fitting. The registered image is
obtained after the consistency checking of control
point pairs and the re-sampling of original image. In
consistency check, the root mean square error (RMSE)
between the matched points provides a measure of

registration accuracy and is defined as (Li et al,
1995):

(20)

RMSE:(Z[(uxl. vy, +Ax—x!)’ o
+(uy, —vx, +Ay—yl.')2]/m)”2.

EXPERIMENTAL RESULTS AND CONCLU-
SIONS

Many pairs of multi-sensor images, such as the
multi-sensor Landsat TM images and visual/IR im-
ages, were selected as the experimental data for
validating our registration approach. The results of
traditional feature based registration methods (Li et
al., 1995) were compared with the one using our
registration based on multi-resolution shape analysis.
Fig.4 gives our result. The reference image, with its
strength map and the extended contour is listed in the
first row from the first column to the third column.
The being registered image with its strength map and
the extended contour is also listed in the second row.
The strength maps and the extended contours reflect
obviously the global distribution of the original im-
ages, and the outlines of the objects in the original
image are well preserved. In the extended contour of
the reference image, 27 closed contours were detected,
16 more than that detected by the traditional feature
based registration (Li et al., 1995). The fusion image
and the transformed image of the to-register image are
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listed in the last column.

Table 1 shows the error comparison of two reg-
istration methods on three pairs of multi-sensor im-
ages. It shows more control points are found in our
multi-resolution shape matching algorithm than the
algorithm using invariant moments in (Li ez al., 1995).
Consequently our result is better than that obtained by

®

traditional methods.
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Fig.4 Registration of Dunes883/885 (TM3/TM5)
(a) Reference image; (b) Strength map; (c) Extended contours; (d) Fusion image;
(e) To-register image; (f) Strength map; (g) Extended contours; (h) Transformed image

Table 1 Comparisons of different registrations

True transform parameters

Parameters estimated

Parameters estimated

Image by contour-based method by this paper
pairs Scale AD (Ax, AY) CPs Scale Rotate  Trans. CPs Scale Rotate  Trans.
error error error error error error
B040/b042 1005  —29.9413 (5%69'28?’ 4(of37) 00051 0031  (3,1) 13(of56) 00049 0005  (1,2)
D
TI]\J/?SE;%"MS 1.000 —-0.001 (0,78) 3 (of 12) 0.0005  0.0597 (0,1) 8 (of 16) 0.0003  0.0512 (0,0)
Img1/Img2 (264.937,
(TMO/TMS) 1.000 —14.4423 547578) 5 (of 32) 0.0036  0.4151 3.,2) 12 (of 46)  0.0012  0.3728 2,2)
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