Automatic matching of digital aerospace snapshots
with using of Radon integrated transform
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IponoHy€eThCs BUKOPHUCTAHHA
iHTerpaJibHOro mnepersopeHHs Panona juis
OymyBaHHs Olekilii CErMEHTIB KOMILIEKTY
1MdpoBHX 300paxeHb JUTSHKH
aeponanmmadry. CrofiBaHe MiBHINEHHA
TOYHOCTI CTONMYYCHHA AaepPO3HIMKIB Mac
ICTOTHY poin npu KOMIUIEKCHOMY
JieimgpyBaHHi MaTepiaiB BHJIOBOI'O
4€pOKOCMITHOI0 MOHITOPHHLY.

The wusing of Radon integrated
transform for construction of bijection between
segments of a complete set of the digital images
of an aerolandscape section is offered. The
expected accuracy increasing of matching of
aerosnapshots has an essential role for complex
interpretation of imagery aerospace monitoring
materials.

The matching of various digital images is the
one important class of problems of automated
processing of materials of imagery aerospace
monitoring. These images are an aerospace snapshots
obtained in a miscellany time, into various spectral
zones, from systems with distinguish geometry of
images creation or generally of various applicability —
for example, during outlines binding of an aerosnapshot
to a digital terrain map. The obtaining of synthesized
digital images on materials of multizonal aerospace
survey is impossible without high-precision preliminary
matching of source zonal aerospace snapshots [4.5].

In existing systems of matching of digital
images is applied morphing on a base points system.
These points are determinates by the operator manually.
In [3] the morphing system is represented as two
components: the generalized linear transform, that
nsure a main part of transformation, and residual non-
linear elastic deformation by a field of dismatching
vectors. A nontrivial problem is the automatic
construction of a base points system of matched images.
Usually for these purposes the chosen outlines of
segments of digital images are used [1]. Defect of the
mentioned approach is the rather low energy of an
outline of a segment comparable with a noise level of an
actual digital image. Traditionally, the reduction of
high-frequency spatial noise of digital images is
executed by the integrating operators.

One of such convenient operators represents an
integrated Radon transform — is a generalized expansion
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of a f{x,) function of initial n-dimension space x,€X, to
its integrals along every possible hyperplanes £, [6]:
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There is exist an inverse transform, that regenerating
initial function by value of it Radon transform:
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is the Laplace operator.

The Fig.1 illustrates a consecutive using of the
direct and inverse Radon transform to a test digital
image.
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Fig.1. Integrated Radon transform:
a — the source image, b — the inverse
transform (2), ¢, d — the consecutive
using of the Hamglton operator V,

The common defect of the competing
integrated operators, for example — a median filtration,
is the localization of using acts, that results to a
diffusion of the boundaries of segments after derivation.
It is illustrated a Fig.2 (c and d against g and h).
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Fig.2. A comparison of Radon transform (b)
with local filtration (f) of an source
digital image (a) -
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It is obviously, that the recovery of the
boundaries of a segment till a Fig.2d is possible with
higher accuracy, rather than till a Fig.2h. An important
feature of Radon transform using to processing digital
images — is the capability, on the one hand, acts to limit
only of some lines of initial plane and, accordingly, to
allocate the boundaries of segments only collinear by it,
and on the other hand — to use as a hyperplane, along
which the integration conduct, any arbitrary points set
of an source image, and not just lines set. The given
circumstance allows to apply such generalized Radon
transform to allocate segments of the certain beforehand
specific configuration on a digital image.

The inverse Radon transform forms on a digital
image some regular texture including a set of outlines,
appropriate to segments configuration, that the Fig.3 is

Fig.3. A set of outlines of the inverse Radon
transform for displacement of a segment
of an source digital image (a) - (¢)

The indicated set of outlines can be used for
clarification of a location, mutual orientation and scale
of images of segments. The given circumstance can be
useful for the stability increasing of construction of
bijection between the matched images. And the correctly
constructed bijection is the guarantee of precision
matching of interpreted aerospace snapshots [2].

Thus, the sequence of direct and inverse
integrated Radon transform provides a high-frequency
spatial filtration of digital images, saving during of it
the precise boundaries of segments and forming an
additional set of signs of their shape and orientation.
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With reference to aerospace snapshots the described
property can represent itself as a base for construction of
bijection between different images of one section of an
aerolandscape by the analysis of topological invariants
of segments [1]. The order of operations for automatic
matching of digital acrospace snapshots is explained to
aFig.4.

Fig.4. The scheme of automatic matching
of digital aerospace snapshots
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