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IMAGE INVARIANT RECOGNITON METHODS IN THE SPACE OF PROJECTIONS

A.V. Gorokhovatskyi

Image recognition methods based on invariant features of projections are investigated. Influence of geometrical distortions on
Radon space is shown, systems of invariant features for recognition based on Radon transform and classical moment invariants are

suggested. Computer modeling results on the real images are shown.

Keywords: Radon transform, projection, invariant features, moment invariants, recognition.

INTRODUCTION

Artificial intelligence applications in the tasks of the
automatic image processing, analysis and pattern
recognition attract greater attention of researchers. It can
be explained by the development of computer
technologies, which enables the decision of complex
practical problems, related to the image analysis and
interpretation [1]. Solution of similar tasks often becomes
difficult because of external influences, different
background and local covering by noise components. One
of methods, which can avoid these problems is Radon
transform (RT), that presents an image as a set of
projections [1-3]. The advantages of this method are the
high level of Radon transform features informing, good
noise immunity (because of integral properties), as well as
rapid realization possibility of projections processing [3-
6]. Mostly RT (or its separate projections) is the base for
the subsequent invariant feature systems construction.
The known approaches, which use RT, need improvement
from the point of view of necessity of influence transform
estimations, sufficient quality recognition provision and
features construction for the variety of practical
applications.

The purpose of this paper is the development of
invariant pattern recognition methods with changeover to
the space of one-dimensional projections.

1. INFLUENCE OF IMAGE GEOMETRICAL
DISTORTIONS ON RADON TRANSFORM

The research of distortions influence on Radon
transform gives the possibility of corresponding
mathematical models construction for their compensating
with the purpose of reaching invariance. We will
designate a;,a, as image movement parameters along
coordinate axes, ¢ — is the rotation corner, o, — are
scaling parameters. We consider traditionally, that
geometrical transforms do not bring image brightness
function outside the range D of its definition. The
essence of RT consists in the integration of image
brightness function B(x,y) along lines under different

projecting corners 0 € ®, that can be formally written
down like:
R(p,0) = j j B(x,y)d(p —xcos0—ysin 0)dxdy,
Xy

where p — is the distance from the center of

coordinates to the fixed line which projecting is carried
out, © — is the rotation corner of coordinate axes.
Recognition procedure can be properly written down as a
sequence of input image reflections into the invariant
feature system and further into one of reference etalons:

Rec: I->Bg, Rad: B—»1, B Bg—>B,

input :
where Recis a recognition operator, Radis Radon

transform operator, I={I, I, ..., I, } — is the system of

invariant features, B ={B, B,, ..., B} — is the set of

etalons, B = (al,az,(p, a, B) — is an input image under the

action of distortions or transforms.

The result of the most widespread geometrical
transforms influence (movements, rotating and scaling)
on RT R(p,0) can be estimated as [4]:

R(p,6,a1,2;) =
[ [ B(x',y")8(p—x'cos0—y'sin+a; cos0+a, sin 0)dx'dy’
X"y’

(1)
R(p,6,0) = [ [ B(x',y)3(p—y'sin(6 — ) ~x'cos(0 — ¢))dx'dy’
X"y
(2)
1 ’ ’ X, y’ b ’ ’
R(p,6,0.,B) =— [ [ B(x',y")8(p ——cos 6 —2-sin 6)dx'dy
af ¥ o} B
3)
R(p,0,a) = 1 j I B(x',y")8(ap —x'cos 0 — y'sin 0)dx'dy’
a, X/ yl
4)

where B(x,y) and B(x',y") — are initial and distorted
images accordingly, R(p,@,(P)) — is the RT of the
distorted image B with parameters (P)

Under combination of rotating and movement
transforms, we have an expression:

R(p,6,a;,a5,¢) =R(p+a; cos(0—¢)+a,sin(0-¢),0—¢)

For the combination of homogeneous scaling and
moving, we get:

R(p,0,a,a;,a5) = lR(ocp +ajcos0+a,sin6,0).
o

Under combination of homogeneous scaling and
rotation transforms, we have:

1
R(p,6,a,¢) = ER(ap,e -0).

In the most difficult situation with simultaneous
presence of moving, rotating and homogeneous scaling,
we have common formal expression like that:



R(p,0,0t,p,a1,7) = R(ap+ay cos(0—) +
o
+a, sin(0—¢),0 - o).
2. INVARIANT FEATURE SYSTEMS

Combining of RT with the known invariant features
construction methods (moment invariants, Fourier
transform invariants etc.) based on one-dimensional
projections processing makes it possible to speed up the
recognition process. Let us consider the method of
construction and comparison of invariant feature system
based on RT and moment invariants.

In accordance with (1), image displacement comes
over to displacement of each one-dimensional projection

to the value of a, cos®+a, sin® at fixed value of 0 =0,
in its turn, central moments p, of order k are invariant
to displacements. Thus, expressions like:

;M ' A ’ ' A ’
k= O 2L R, 0)dp’, mg = [R(p',0)p,
p Mo P’
my = [ (p'-~aR(p,6)dp’, k=0,1,2,...
o
are invariant to displacements for all RT projections.

The systems of invariant features for other transform

types we can build from ratio I =my /(my)*, where

k= jka(p, é)dp , my= IR(p, é)dp with fixed 6
p p
parameter. Here z parameter provides a scale-invariance
in accordance with (3), (4). Taking into account properties
of RT and (4) we have:

1 ' A 1 2 ! k 1 ’ d
my = [ —R(p,0)—dp’, my = I(p_) ~R(p ,e)_p
o o AN o
p p
Making substitution of mg,my values in expression

for I, we will get z=(k+2)/2. As a result, the

invariant features system to combination of homogeneous
scaling and moving looks like:

k+2
a,a; a T4
L2 =y Ang) 2. )
In the more general case in operations of

heterogeneous scale changing with parameters o and [
it is suggested to use the system on the basis of
expressions My /(mg)*, M, = ka (R(p,0))?dp like this:

2 < R 0) (o
p
As we can see, ratios (5) and (6) are based on separate
projections of RT only. At the same time, the rotation
influence results in displacement of projections space
(that follows directly from (2)). For the features
construction in case of rotating presence it is possible to
fix the p=p value and use a few projections of image.

— K dp (ug)<t . (6)
mg

We will notice, however, that the use of complete
projection information for all p values in this case is

more justified because of greater noise immunity level.

Invariant systems in conditions of moving, rotating and
scaling presented simultaneously can be constructed as:

7‘P: _[ I
0@

-
(EC)
Experimental error of the (7) system is about 3-4%.

The method of construction and comparison of image
invariant features systems based on RT and moment
invariants consists of the following stages: RT

implementation; my,p,M; functionals determination;

a,a,,a

%2 (0)do,

ocB(p, o,B,a

12 (0)do. )

calculation of required invariant values (5)-(7) depending
on the type of transforms; pattern values matching based
on selected proximity measure.

3. EXPERIMENTAL RESULTS

Research of quantitative parameters of recognition
quality was made on the test sets of binary images [5, 6]
and images of the real scenes. Average probability of
recognition (at the amount of templates in a database from
10 to 30 size of 64x64) in the conditions of transforms is
from 0.9 to 1.0 with recognition time using the only
projection of about 0.4 sec.

Experimental research of the suggested recognition
methods have been carried out on the example of a
vehicle license plate images (fig. 1). Because of rotation
distortion absence a system of (6) features was used, time
of single character processing was about 0.12 sec.
(including segmentation, selection, invariant features
construction and searching in the database). Size of etalon
database contained 279 images (16 font types of size 36),
value of binary threshold was equal to 149 and was found
in the interactive mode.
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Fig. 1. Example of license plate recognition

Fig. 2 shows an example of invariants type (6) usage
for the solution of a news feed updating time on a website
recognition task. Suggested method can be realized on the
basis of training or self-training for recognition of a great
number of classes of objects on different types of images.
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Fig. 2. Example of updating news time recognition
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CONCLUSION

Application of Radon transform and its functional
processing allow to build the systems of effective
invariant features, suitable for visual objects recognition
on images. Change-over to the space of one-dimensional
projections allows to improve the speed parameters in



comparison to the systems of classic two-dimensional
processing [4]. Analysis of several projections can
increase reliability of recognition procedure and noise
immunity of invariant features. Experimental research
confirmed efficiency of suggested methods for solution of
real computer vision tasks [5, 6].

The scientific novelty of the paper are suggested
methods of construction and comparison of image
invariant features system based on the space of
projections and moment invariants which give an
opportunity of properties flexibly managing in the
recognition system (speed performance, noise immunity,
accuracy level, number of invariants) with engaging
additional projection information into the process.

Research prospects are related to the construction of
suggested methods modifications in case of local type
noise influences.
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MeToasl WHBapPHAHTHOTO pacno3HaBaHUs
u300paskeHWii B  MPOCTPAaHCTBE  MpOeKOMid  /
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B crartbe wmccienayroTcss MeTOAbl HMHBAPHAHTHOTO
pacmo3HaBaHus 00pa30B Ha OCHOBE INPOEKLUOHHBIX
npusHakoB. [lokazaHoO  BIMSIHME  TE€OMETPUYECKUX
WUCKa&KEHWH Ha paJoHOBCKUH o00pa3. [IpeanoxeHs
CHCTEMbl HHBAPHAHTHBIX NPHU3HAKOB Ul paclo3HABaHUS
Ha OCHOBe INpeoOpasoBaHWs PagoHa W KIIaCCHYECKHX
MOMEHTHBIX HWHBapuaHTOB. [IpuBeIeHBI pe3yNbTaTHI
KOMIBIOTEPHOTO  MOJCIMPOBAaHHMSA  HA  PEalbHBIX
N300paKeHMSX.

Knwuesvie  crosa:  npeobpaszosanue  Paodowa,
npoeKyus,  UHBAPUAHTNHbIE  NPUSHAKU,  MOMEHMHbIE
UHBAPUAHMYL, PACNO3HABAHUE.
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Metoau iHBapiaHTHOr0 po3MiZHABAHHSA 300paKeHb
B mpocropi mpoekuii / O.B.T'opoxoBarcekuii //
[Mpuknagna panioenexrponika. 2010. Ne 4. C. 00-00.

B crarri  po3riIsHYTO METOOM  iHBapiaHTHOTO
po3mi3HaBaHHSA 300pakeHb HA OCHOBI IPOEKIIHHUX
o3HaK. HaBeseHO BIUIMB I€OMETPHYHHUX BHUKPHUBICHH HA

pamoHIBChKHMI ~ 00pa3.  3ampoOlOHOBAaHO  CHCTEMHU
IHBapiaHTHHX O3HaK Ui Ppo3mi3HaBaHHS i3
BUKOPHCTaHHSIM TIEPETBOPEHHs PanoHa Ta KIACHYHUX
MOMEHTHHMX  iHBapiaHTiB.  HaBemeHo  pe3yibrarn
KOMIT FOTEPHOTO MOJICTTIOBaHHS Ha pearbHUX
300paKCHHSX.

Kniouosi cnoea: nepemeopenns Padoua, npoexyis,
ineapianmi O3HAKU, MOMEHMHI iHeapianmu,
PO3NIZHAGAHHSI.

Ta6x. 00. In. 02. bidmiorp.: 06 HaliM.
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