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ABSTRACT

We propose an automatic image-to-image registraifdmgh-resolution satellite images using locabperties and
geometrical locations of matching points to imprdkie registration accuracy. First, coefficientsgtdbal affine

transformation between images are extracted usiagake-invariant feature transform (SIFT)-basedhoeét and

features of the sensed image are transformed toefeeence coordinate system using these coeffgifithen, a
spatial distance between a feature of the referanddeatures of the sensed images that have tsesfidrmed to the
reference coordinates within a predefined buffeadditionally used to extract precise matching fwifinally, the

spatial distance integrated with Euclidean distarafd@nvariant vectors is employed for local manchiThe optimal
ranges of the proposed distance and the radiuseobuffer for local matching are determined usinggistration

consistency measure. The average orientation difters between matching points of the two imagesised for

outlier elimination. A mapping function model costing of an affine transformation and piecewisedinfunctions is
applied to the matching points for automatic regisin of high-resolution images. The proposed wettan extract
precise matching points and gives better regismatsults than the SIFT-based method alone.

KEYWORDS: automatic registration, high-resolution satelliteage, registration consistency, scale-invariant
feature transform (SIFT)

INTRODUCTION

Image registration is the process of geometriaadigriaying two or more images of the same scernev@iand
Flusser, 2003). It is an essential stage in maeigdisuch as remote sensing, medical imaging, amputer vision. In
remote sensing, it is one of the fundamental pegssing steps for various applications such asearfizgjon, change
detection, map updating, and so on. The tie-poimttsiever, are usually extracted manually, consumingh time and
labor (Kennedy and Cohen, 2003; Schowengerdt, 19@#pmatic image-to-image registration has therefeceived
much attention.

The majority of image registrations can be categoriby the following four steps; feature extractiteature
matching, transformation model estimation, and ienaggistration (Zitova and Flusser, 2003). Automathage
registration is generally achieved by automatirgpstfeature extraction and matching. A featurenislgect that is
distinctive and can be extracted from the pointhaimage. Features can be extracted by theieseptative points,
such as the center of gravity of a homogeneousmetine endings, or corners. When features araeed from images,
they should be matched across the images. Eachidéatlescribed by vectors that sustain its elss@nbperties such as
invariance, uniqueness, stability, and independeawd the extractor finds corresponding features llave similar
properties. When the corresponding pairs are mdfehgansformation model is estimated using thags.

Recently, the necessity for higher resolution téltite image and its precise registration hasdased. High spatial
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resolution images, however, have complicated geawaktcharacteristics. They have relief displaceram local

distortion because of objects with different heigt#o have many errors if a rigid transformatiompplied as the
registration model (Hong and Zhang, 2008). Theegfoonrigid transformations such as thin-platengglior piecewise
linear functions can be used for registration betwigigh-resolution images.

There have been many studies of automatic regisirbétween high-resolution images. The scale-iamafeature
transform (SIFT) method, which was introduced bwkeq2004) for extracting and matching featuresgjgesentative
(Li etal., 2009; Songt al., 2010; Yangt al., 2007; Yuet al., 2008). Edge-based selection of the most distcobntrol
points (Bentoutoet al., 2005), and an approach combining phase cowoelatid normalized cross-correlation (Liu and
Yan, 2008) have also been proposed. Combined assdland feature-based registration methods havepveposed
(Hong and Zhang, 2008; Zhang and Fraser, 2007a-Based matching algorithms have been found ugefihage
scenes where no distinctive features are avai(@hlet al., 2008; Liuet al., 2006). A new algorithm for interest-point
matching of high-resolution satellite images has &leen proposed (Xiong and Zhang, 2009). Thedsoaigthowever,
commonly have a limitation when the algorithms @pelied to high-resolution images of urban areas llave many
high buildings and their shadows. The cast shadmion and exposed sides of buildings can change ifinmage to
image because of the characteristics of images asi@cquisition time, observation pose, and offrnaloservation
angle. The matching points extracted from theseeaidj therefore, should be removed when searching f
matching-point pairs because they can cause ratipstrerrors.

The objective of this paper is to extract precisatafming points to increase the accuracy of aut@mati
image-to-image registration of high-resolution d&iest, we extract features using the SIFT method,the locations of
features in the sensed image are transformed tefirence coordinate system obtained by affimesfaamation. Then,
the spatial distances between features of theargferand sensed images are additionally usedpi@pased similarity
measure. The range of parameters suitable for toatdhing is found from registration consistendye Thatched points
extracted from shadow regions or objects that Haight variations such as buildings or trees amsoxed using
orientation differences between images. Finallg thatching points are subjected to combined piessewnear
functions and affine transformation for precisestgtion.

METHODOLOGY

The proposed algorithm uses only the features @rtlausing the local maximum of the magnitude @& th
Laplacian-of-Gaussian operator in both spatial apale dimensions. The original feature descriptat similarity
measure used by Lowe (2004) tend to miss matclomgspthat actually are matching pairs. The progasethod can
extract these additional matching points.

The flowchart of the proposed method is shown gufé 1. First, feature points of the sensed imagereference
image are respectively extracted using the locaiirmam of the magnitude of the Laplacian-of-Gausgiperator in
both the spatial and scale dimensions. The exttdetgtures are identified by the SIFT descript@atbire matching
between images occurs by taking the features froerimage and using their descriptors to indextimtodata structure
for the other image. The descriptor distance, nredsas the Euclidean distance between vectorenipuated for each
candidate match. The two closest matches for eastrigtor are found and the ratio of the distatoeke closest and
second closest is calculated; if it is less thanptedefined threshold, then these features becamdidate matching
points. Matched pairs of features that have laogé mean squared error (RMSE) are removed fronmittehing-point
sets, and the affine coefficients between the twages are estimated by using the remaining matgioings in the
least-squares method.

Next, the location of all features in the sensedgeis transformed to the reference coordinatesysh spatial
distance, which means the Euclidean distance batfeagures of the reference image and featurdseadénsed image
that are transformed to the reference image’s coates by the affine transformation, is calculateg@roposed distance
that combines the descriptor distance with theapdistance is used for local matching. A spedfiatial distance from
each feature in the reference image that defireéalar buffer zone is applied during matchingeitract the precise
matching points and reduce the computation timeeW\time feature in the reference imageaisd one of the features in
the sensed image that is within the buffer zoridgf, we calculate the distance for local matching as:

D(i,j)=ED(i,j)(1+ND(i,j)) 1)

whereED(i,j) is the Euclidean distance between the two 1284uineal descriptor, andD(i,j) is the spatial distance
between two features in the sensed and refereraggeinespectively that is normalized into [0, 1].afvlthe locations of
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features andj are exactly equal, thédD(i,j) becomes 0 and only the Euclidean distance bettheatescription vectors

is used for local matching. AN¥D(i,j) increases, the possibility of matching as a matgipoint decreases. For one
feature paii andj that has less than the specific ratio of the sliokethe second-closest distance, when the cédcula
D(i,j) is smallest compared with other distances tha¢ walculated for the featurand the features of the sensed image
within the buffer zone and smaller than a spetiifieshold, then this pair can be a matching point.

Appropriate ranges of the proposed distafgj), and the radius of the buffer must be determimecfecise
local matching. A large number of matching points the precise automatic image-to-image registnatd
high-resolution data is inevitable; however, matghpoints with inaccurate locations reduce theabdlity of the
transformation model. Therefore, we analyzed tlaide-off relationship between the number of maglpiaints and
the reliability of the model by using registratioansistency (Holdest al., 2000; Cheret al., 2003). In this paper,
registration consistency is used as a measuratoate the performance of the implemented registraigorithm as the
values of buffer and distance were being changéiddcthe optimal range. Definin@, 5 as the transformation found

by using image A as the sensed image and imagetie asference image, afg , for the reverse transformation, the
registration consistency df, g and Tg 4 over the images A and B can be formulated as:

1
Registration Consistency = N z ‘(x,y) Tga© TA'B(x,y)H 2)
A (xy)e (anD)

where &) is the coordinate of a pixel in an image andabepositionTg 4 © T, g represents the transformation that
appliesT, g first and thenTg 4 . | is the overlap region of images A and B, is the discrete domain of image A and

N, is the number of pixels of image A within the daprregion. If the value of the registration cotesigy is small, the

constructed model between two images is relatixeigble. The difference between the numbers othiag points
extracted betweeifl, g and Ty , is also used as an index for evaluating modeilitily, because robust models tend to

extract similar numbers of matching points regasllef the applied order. In remote sensing imapesgast shadow
regions or objects such as buildings and treeshtinag height variation cause local distortion &sé objects should be
excluded while extracting matching points. Theadi#hce in orientation between each matching-p@intip used for
outlier elimination. The matching points extracteithin shadows or from objects having height véoiathave
orientation differences that vary according to timage’s characteristics, compared with the generigntation
difference of other matching points. Using the rhiatg points extracted from the matching-point #et,average and
standard deviation of orientation differences betwthe matching points of the two images are caledl Then, a
simplez-score test is used to detect the outliers. Wherabisolute-value is greater than the threshold of one sigma,
the matching point is judged as an outlier and iekted from the matching-point sets.

Finally, the extracted matching points are usetbtustruct the optimal triangulation that coversabevex hull of
the points. Areas in the images inside the conwdis are transformed by piecewise linear functi@m areas outside
the convex hulls are transformed by a global affiarsformation to increase the accuracy of regjisin. The piecewise
linear functions deal with the registration procegsdividing the images into triangular elementsbglaunay’s
triangulation method; these are then individuallgpmed through a linear transformation (Goshtasi@6) If
matching points in the reference image are trisatgd, corresponding triangles in the sensed image be
determined. Then, the affine transformation is usadap a region in the sensed image to the caynepg region in
the reference image. With the piecewise linear tions, however, precise registration accuracy iy achieved
within the convex hull of the points from which tiangles are obtained. For areas outside thivecorull,
extrapolation must be performed, which often resintlarge errors (Awvalo and Gonzéalez, 2008). We therefore
applied a global affine transformation to the areatside the convex hull of the points; it was restied from the
points defining the convex hull. With this methadg tried to increase the registration accuracyomby inside the
convex hull but also outside.
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Figure 1. Flowchart of proposed method.

EXPERIMENTS AND DISCUSSION

Study Site

The study site for evaluating the proposed methotudes an urban area, taken from KOMPSAT-2, latate
Daejeon, South Korea (Figure 2). The referencesanded images are temporally different multispettrages that
have 4 m spatial resolution. The reference imageagguired on May 6, 2008, and the sensed ima@etaber 5, 2007.
All the images were normalized by histogram eqaéilin in preprocessing to help extract the feapoimts. The
specification of this site is summarized in Tahle 1

Table 1. Sensor characteristics of study site

Sensor Resolution Date
KOMPSAT-2 Reference 2008/05/06
. 4m
(Multispectral) Sensed 2007/10/05

@)

Figure 2. Study site: (a) reference image and (b) sensedéma

Parameter Determination
As mentioned above, a competent registration resuitbe acquired when: i) the number of matchirigtpas
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increased; ii) registration consistency is decrdased iii) the difference between the numbers afaming points
extracted fromT, g and Tg 5 is decreased. The number of matching points,tratien consistency, and the difference

between numbers of matching points were calculated the study site as the values of buffer andadie were
changed (Figure 3). Figure 3 (a) shows the numbenaiching points as the buffer and distance parensiavere
changed. When the distance and buffer parameteesingreased, the number of matching points als@ased. If the
parameters are small, a reliable registration resmnot be obtained because few matching poiatexracted, and the
nonrigid transformation requires many matching fgoia ensure its successful application. In cohtgaed registration
consistency was not achieved when these two pagssnetere large (Figure 3 (b)). When the value efdistance
exceeds 0.5, the registration consistency valuerbes higher and is dramatically increased untibécomes
meaningless, especially when the buffer value els8e3. While not strongly correlated between tinlper of points
and the two parameters, the difference betweenutbers of matching points and these parametershadsv a similar
relation. In particular, the small differences betw the numbers of matching points in the rangetefest are affected
by the distance more than by the buffer size. Ei@ufc) shows that reliable differences are presewhen the distance
value is less than 0.5, regardless of the buffereva

These three results were combined to obtain afignt tendency. If the buffer and distance valaresincreased, a
larger number of matching points is extracted withike registration consistency is high and the difiee between the
numbers of matching points is large, so that tigéstetion accuracy and the model robustness destle&€onversely,
the reverse case can increase the registratioolsary and model’s robustness but the number ch&rd matching
points was too small to construct the nonrigid sfarmation model required for registering betwegah#esolution
satellite images. From the experiments, we conddat a reliable result is generally obtained wienbuffer range is
from 3.5 to 5.0, and the distance range is fronmt®@L5.
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Figure 3. Evaluation of registration indexes for paramettetmination: (a) the number of matching point}; (b
registration consistency; and (c) the differendsvben numbers of matching points.

Registration Result

In the experiment, to extract enough matching gadiotregister the sensed image reliably, the buatffier distance
parameters were set as 5.0 and 0.5, respectivieighare the highest values within the ranges detexd above. A total
of 93 matching points were extracted, and triangdgions were constructed using these points (€igu@a)). From
Figure 4 (a), we can see that the outliers werectifiely eliminated by using the orientation diéfece, because the
matching points were not extracted from the regsuh as buildings or hills that were high or hadyht variation.
Figure 4 (b) shows the mosaic image generatedépribposed model that combines piecewise lineatifurs and a
global affine transformation. Figure 5 is the méigdi mosaic results for the visual assessmenteofitbthod. Figure 5
(a) is the magnified mosaic result from the SIFThuod, and (b) is that from the proposed method.rékelt of the SIFT
method is from the affine transformation estimdtech the matching points that were removed asengthaving large
RMSEs. The upper two rows of Figure 5 are magnifésalits from the area outside the triangular iegimd the next
two are those from inside that area. The proposettiad shows more precise registration resultstti@aSIFT method,
regardless of whether the area is within the cootgd triangulation.
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Figure 4. Registration result: (a) triangular constructiontloe reference image; and (b) mosaic result gigsed
method.

CONCLUSION

We have proposed an automatic image-to-image ratjist algorithm for high-resolution satellite ingsgusing
local properties and geometrical locations of fezdextracted by the SIFT method. The proposedadethnsiders the
spatial distance and orientation difference of imatg point pairs between the reference and semsages to extract
precise matching points. We then apply a nonrigidgformation combined with piecewise linear fumasiand a global
affine transformation. Suitable ranges of buffet distance parameters can be determined usingregigia consistency.
The proposed algorithm can extract precise matchaigts, and also shows a better registration réisah the SIFT
method alone. The two parameters can be adjusthiohihie predefined range according to the imagesslution or the
sensor’s properties to achieve reliable registnasults. In future work, we will extend our expents to other sensors
having different resolutions or radiometric projeest
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@) (b)
Figure 5. Visual assessment of SIFT and proposed methothdghified mosaic results from the SIFT method; and
(b) magnified mosaic results from the proposed ogtth
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