Registration of metric resolution SAR and Optical imagesin
urban areas

Gabrielle Lehureau, Florence Tupin
GET/Télécom Paris, TSI, 46 rue Barrault, 75013 Paris, Feanc

Celine Tison
CNES, 18 avenue Edouard Belin, 31401 Toulouse, France

Guillaume Oller, David Petit
MAGELLIUM, 24 rue Hermes, 31521 Ramonville Saint-Agne, fica

Abstract

Earth observing sensors are of different kinds, providinmplementary or different observations. Among the Earth
Observation sensors, optical and radar ones deliver imaiglesinlike physical properties. Thus it is interesting tsé
such images in order to benefit from both data. Such a demagihdwith the registration of input images. This paper
is dedicated to automatic registration of Synthetic Aperfadar (SAR) and optical images at metric resolution imnrb
areas. Our appproach is divided into two main steps. Firggid deformation is computed, using the Fourier-Mellin
invariant method applied on features extracted in both esagSecond, this first transform estimation is refined by a
polynomial deformation based on pre-selected pixels grid.

1 Introduction and the influence of a small error on them. According to
Gongalves et al. [6], seven parameters must be known to
The increasing of metric resolution satellites launctiks, | Oriént & SPOT image; for SAR images the trajectory with
Cosmo-Skymed and Pléiades, raises new problems for infligh accuracy and the Doppler frequency for each point
age registration. Therefore, new image proocessing toof'® required. In this work, we assume that the parameters
have to be developped. Indeed, the geometric differenc@'® @pproximately known; the goal is to find an automatic
between SAR and optical images increases with the resol§02rse registration method. _
tion, especially in urban areas, where parallax and shadin§y'S hard to find a universal method because of the diver-
effects are important on buildings. Moreover, shadows and'ly ©f images to be registred and of the various types of
radiometric differences disturb the registration procéss deformations. However, most registration methods can be

implies that specific methods are required for registratioryi€Wed as the combination of four components [7] [8]:

with multisensor metric images such as SAR and optical ¢ the feature space (regions’ edges’ lines, points___)
ones.

Some previous works proposed methods for automatic
SAR/optical registration. Three of them are commonly

used, based on features, pixels intensity or the knowledge e the type of deformation
of the sensors parameters. Ali et al. [1] match homo-
geneous regions in function of their attributes (perimeter
number of pixels inside the region, center...). Most meth-
ods are based on ground control points, which enable t« .
estimate the transformation model, as Wong et al. do [2]. "¢ " Festues - Transfomaton }-) - commms -

The state of the art on optic and SAR images registratior sarimage —{Featuree ekt opimeet

is quite limited when it adresses high resolution. In this -

case, pixels intensities are often used; Oller et al. [3], agjgyre 1: Registration algorithm

Inglada et al. [4] use a similarity metric and a classifica-

tion to improve the metric registration. The third registra Our approach is the following. First, a method for rigid

tion method is based on sensor parameters. Galland et akgistration is introduced in Section 2, using Fourier-
[5] presents a method using a perfect knowledge of thesklellin invariant. Nevertheless, the deformations between

¢ the similarity measure which determines the validity
of the registration

e the optimizer




optical and SAR images are not only translation, rotatiorin this work, the matching is made on lines extracted from
and scale. Section 3 proposes an improvement of the firgach image. For the optical image, the Canny edge detector
estimations through the use of a polynomial transformagives us the contour of roads and buildings. The detector
tion. Finally, the experimental results on real high resolu of [9] extracts lines of the SAR images, that often match
tion images are presented in Section 4. with buildings edges. These lines-like are the ground-wall
double reflexion. Figure 3 shows the extracted features.

2 Rigd registration 2.2 Fourier-Méellin

For SAR and optical image registration, the first step is t0rhe registration method uses Fourier-Mellin invariant as

decide what kinds of features are appropriate. As can bgegcrined in [10]. It is an extension of the phase correla-

seen in figure 2, due to the radiometric differences, it isjqp, technique. This frequency-based approach is used to
not easy to registrate using directly the pixel intensite W oqtimate the translation between two images. fhend f

have chosen to extract the edges of the optical images apg tyo images differing only by a translation, afd and
the lines of the SAR images. First a coarse registration i§;2 their corresponding Fourier Transforms:

looked for and the assumption is made that the transforma-
t|on§ are r|g|d;.w.h|ch means only tran§lat|on, rotathn and folz,y) = fila — 62,y — 6y)
scaling. The similarity measure used is the correlation. In
order to optimize the computation time, we have chosen ,
to work in the frequency domain and to use a multi-scale Fy(u,v) = e 72T0r 00 B (y, v)
pyramid.

Fy (uv U)FZ*(U? ’U) _ ej27r(u6;r+v5y)

| Py (u, v) Fy(u, v))|
By taking inverse Fourier Transform, an impulse is ob-
tained corresponding to the translatiomn:, dy).
The Fourier-Mellin invariant extends the phase correfatio
to rotation and scaling, by using a log-polar transform. Let
g1 andgs be two images differing by a rotation 6§ and
a scale ofo, andGy, G2 be their corresponding Fourier
Transforms:

SRS aiEei g ]
Optical b) SAR
(a) Optica (b) g2(z,y) = g1(a(x cos Op+ysinby), a(—x sin Gg+y cos b))

Figure 2: The two input images over CNES (Toulouse, pccording to the Fourier transform properties, a rotation

France) with metric resolution (&) Quickbird image, (b) hecomes a rotation of the same angle in the frequency do-
Ramses image in X band

main and a scaling becomes an inverse scaling.

1

Ga(u,v) = m

U v
G1(—cosfy + —sin b,
o o
—u v
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a a

By converting in log-polar coordinates, rotation and scal-
ing become translations:

1
Ga(log p,0) = mGl(logp —loga, 8 — 6y)

‘ b " Yet, this method is highly sensitive to the features that are
(@) (b) )
to be matched. In order to increase robustness, a coarse-

Figure 3: Features images: (a) detected edges of opticdP-fine strategy is employed in which we construct a multi-
image, (b) detected bright lines of SAR image scale pyramid. Three levels of the pyramid are constructed,
' corresponding to three resolutions.

On the first one, the dark lines of the SAR image are ex-
tracted, the research space of the parameters is limited to
[-90°;90°] and the scaling between [0.95;1.05]. This sup-
The features that are to be matched must be some elememisse to have a knowledge of the approximative resolution
present in both images, that can be points, regions, edgesand the orientation of the images.

2.1 Features



On the other levels, bright lines are extracted. The registr detector that measures the local changes of the signal in
tion is initialized with the precedent result and the reskar different directions. Interesting points are extractée li
space is restricted to [-2€10°] and [0.95;1.05]. corners or intersections. Among all the points, just few of
them are holded. In each section of a grid of size 5x5, a
23 Trandation point is select.ed, then thosg in the border are rejectgd. Fi-
nally, a set of interesting points dispersed among the image
To find the translation, Fourier-Mellin invariant is notlful ~ are found.
satisfactory. Indeed, as explained in 2.1, the featuresntak
are not exactly the same in both images. As the rotatio .
and scaling have been found, it is easier to find the trane.%—'2 Matching
lation using the pixel intensity and the mutual information o ce the points are selected in the optical image, their lo-
described in section 3.2. An exhaustive search on the ceRxution is looked for in the SAR image. For this purpose,
ter of the optical image is made to determine his location, gimilarity measure is needed. Among all the criteria that

on the SAR image. The differences in the coordinates givean e used for multisensor image registration [4] [12], the
the parameters of the global translation. mutual information (MI) is selected.

The Ml is a measure of statistical dependency between two
data sets. For two random variabl&sandY’, it is given
by :

MI(X,Y) H(Y) - H(Y|X)

— H(X)+H(Y)—-H(X,Y)

whereH (X) = —Ex (log(P(X))) represents the entropy

of the variableX, P(X) is the probability distribution of

X and E'x the expectation. This registration method is
based on the maximization of Ml and works directly with
image intensities.

The Ml is applied on the full intensity of optical image and
on the SAR image quantified in ten levels. Because a rigid
transformation has already been applied, we assume that
for each point, his corresponding pointin the SAR image is
around the same place. An exhaustive search, on a neigh-
borhood of 60 pixels, around the optical point location is
done to find it.

Figure 4: Fourier-Mellin invariant result: green lines cor- 3-3  Transform model
respond to the optical extracted features after registrati

. . A final registration is performed by estimating the best de-
and red lines to the SAR images. 9 P y 9

formation fitting the couples of points. The model used is

a second order polynomial transformation. In a prelimi-

nary step, the couples of points are filtered with respect to

3 Po|yn0mia| regis[ration their similarity value. The final model is then estimated
via a least square method. Figure 5 shows the registration

In the previous section, an adequate method for rigid regigesults.

tration is used. But in the case of SAR and optical images,

this assumption is not fully verified. With metric resolu- ]

tion, there is a parallax effect, that can not be correctedl EXperimental Results

with a rigid transformation only. In order to improve the

registration, a polynomial deformation is looked for. To The proposed matching algorithm has been tested on dif-

define the coefficients of the deformation, the associateterent images of size 2048x2048. First it is necessary to

points in both images are searched. initialize the images with the same resolution, as we sup-

pose them approximately known. That means, to resample

the SAR image in ground range and to the same resolution

than the optical one.

Control Points are extracted from the optical image, usA multi-scale pyramid is created for both images. The

ing the Harris corner detector [11]. This is a popular pointFourier-Mellin invariant is applied to find the best rotatio

3.1 Pointsextraction



and scale, on the first level. Then the next level is initial-pixels has been found after the rigid registration. This re-
ized with the precedent result. The translation is found orsult was improved to 11 pixels with the polynomial regis-
full resolution via MI on the center of the image. tration.

Figure 4 shows the results. To improve the clarity, the reg-

istrated features are displayed. The matching seems to fi

on some sections there are still some local distorsions Th'rh‘CknOWI edgements

is due to our assumption of a rigid deformation between the i
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