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Abstract—The analytical models of optical control object’s internal structure image obtaining were
considered, and on their basis distortions, appearing in image depending on visualization system’s parameters
and emitting source type, were analyzed. The method developed for optical imaging of the inner structure of
the three-dimensional manifold (hereinafter referred to as “the object monitored”) allows a shadow of the
three-dimensional manifold, exposed to electromagnetic radiation, to be obtained using an irradiation model.

Index Terms—X-ray; Aviation Security Service; optical imaging; shadow of the three-dimensional

manifold.

I. INTRODUCTION

The method developed for optical imaging of the
inner structure of the three-dimensional manifold
(hereinafter referred to as “the object monitored” or
OM) allows a shadow of the three-dimensional
manifold, exposed to electromagnetic radiation, to
be obtained using an irradiation model. It has useful
applications in different life spheres, as in medicine,
manufacturing industry, in a process of customs
supervision of goods and means of transport for
commercial use etc. It allows the Aviation Security
Service (ASS) to increase the probability of correct
detection of hazardous materials and reduce false
responses of its security system. For medicine the
method may help to increase the probability of
health hazard anomaly detection.

Insights of the direct visualization methods
indicate that they are inherent in the same type of
operations: primary radiation exposure of the OM as
three-dimensional manifolds in configuration space
(in the case of active method), reradiation reception
(scattered or passed through the object), its
conversion into an electrical signal, signal processing
and electrical-to-optical signal conversion.

II. PROBLEM STATEMENT

Modern detection systems based on X-ray,
computer tomography and spectroscopy of mobile
ions have certain shortcomings [1] — [5], [8], [9].
Some of these systems can detect well-hidden
explosives, but their implementation requires
considerable funds. In addition, they have a high
level of false alarms (0.2 ... 0.4).

Thus, the development of analytical models for
the receipt of multidimensional shadows of

translucent objects for further processing will allow
the classification of OM, which will greatly facilitate
the work of operators serving introscopes in ASS
services, reducing the number of false alarms.

The simulation of the internal structure OM
simple and complex forms using the point source of
irradiation in the center, as well as with the bias
relative to the center, is considered in the works [7].
Spectral analysis of simulated OM in works [8].

Consider visualized three-dimensional manifold
irradiated by a primary radiation source. The source
can be of three types: point, linear or plane (Fig. 1).

Let a point source be defined as one that
produces a spherical wave front. If the point source
is centered at the origin of the Cartesian coordinate
system, as shown in the Fig. 1a, beams radiated from
this source will come from the origin and go in
every direction. A wave front in a spherical shape is
shown in the Fig. la. A plane source of radiation is
illustrated in the Fig. 1b. A front of its waves is a
plane, emitted rays are parallel with each other, but
normal to radiation surface and the front. The Figure
lc shows a linear source of radiation. It has a
cylindrical wave front. For the linear source,
specified as shown in a three dimensional coordinate
system, a wave front’s cross section on the plane
YOZ is a circle, a wave front’s cross section on the
plane X0Y is rectangular. Ideally the linear source of
radiation is of a cylindrical shape with a diameter
approaching zero and an infinite height.

III.PROBLEM SOLUTION

For mathematical description of the radiation
source a model structure shown in the Fig. 2 is
introduced.

© National Aviation University, 2017
http://ecs.in.ua



V.I. Chepizhenko, L.J. Tereshchenko A Method for Optical Imaging of the Three-Dimensional ... 17

Wave front Radiation

Radiation source

Radiation source

Wave front

Fig. 1. Types of the primary radiation sources: (a) is a point source; (b) is a plane source; (c) is a linear source

The model of the three-dimensional manifold in
configuration space involves several stages of
mathematical description. Firstly the radiation
source has to be described, parameters of the OM
are the next.

For mathematical description of the radiation
source a model structure shown in the Fig. 2 is
introduced.
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Fig. 2. A Structure of radiation source modeling

Mathematical formulation for general description
of the radiation source is the following:

U=(x,y, k, by). (1)

For point, linear and plane sources description
the following will be used:

U:U =(x,y, 0, 0, b,), (2)
U:U=(0, 0, k, b, d), 3)
U:U =(0,0, 0, 0, d), “4)

where x, y is a height of the point coordinates on a
radiation plane; d is a distance to the OM; k is a

slope of the straight line, b, is the fixed factor of the

straight line.

For mathematical description of the OM different
parameters should be taken into account. Among
these are a form, geometry, physical parameters,
level angle relative to the plane of receivers
(detectors) etc.

The object monitored is an object of regular or
irregular shape. Objects of irregular shapes can be
considered as a matter of combination of regular
shaped objects. The parameters of the OM are
introduced in the Fig. 3.

Parameter of the Form
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Angle of Slope
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Fig. 3. A Structure of OM’s parameters modeling

Mathematical  description of the OM’s
parameters is given by expression:
V=f(C, G, P, 4), (5)

where C is the parameter of the form that
determines a complexity of an object

C=f(ab), (6)

where a, for an object of regular shape; b, for an
object of irregular shape; G is the geometrical

parameter that determines measurements of OM; P
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is the physical parameter (consistence, extinction,
absorption coefficient, dispersion coefficient)

P=p, (7
UA = OLA + mA + TTA, ®)

where a is the spectral absorption coefficient; mA is
the spectral dispersion coefficient; A is the spectral
absorption coefficient with electron-positron pairs.

A={apy} ©)

where {a,B,y} are angles relative to the axes of the

coordinate system x, y, z.

Therefore introscope system input receives a
signal as a function /' (U, V).

To determine a position of the radiation source,
the OM and the screen with a point source it is
appropriate to use cylindrical coordinate system
applied to the Fig. 4. Internal visualization of the
OM with a simple form, in this case a rectangular,
designed with point source is shown in the Fig. 5.

Radiation
e
source

Fig. 4. Object monitored scanning: (a) is the setting a
cylindrical coordinate system; (b) is the setting a scanning
beam position

Fig. 5. Object monitored inner structure imaging

Methods of analytical modelling of the OM with
different shapes, geometrical dimension,
foreshortening, substance and appropriate extinction
coefficients, used to develop procedures for
identifying dangerous objects under security

supervision of passengers and baggage, allow to
image OM inner structure.

VII. CONCLUSION

To provide aircraft tracking based on
measurement data of Multilateration surveillance
system the algorithm of optimal stochastic filtering
was synthesized.

The algorithm presented in this article is based on
the recurrent linearized Kalman filter, and it can be
used for aircraft tracking in automated air traffic
control systems having multiposition surveillance
system MLAT.

Special attention was paid to the analytical
derivation of a priori initial values of the elements of
the covariance matrix in Kalman filter.

Computer simulation has demonstrated a
significant performance improvement in
multilateration aircraft surveillance and tracking
using stochastic filtering techniques.
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B. 1. Yenixenko, JI. 0. Tepemenko. MeTox onTHYHOr0 300paskeHHs] BHYTPilIHBOI CTPYKTYPH TPHBUMIPHOIO
0araToBuay

Po3risiHyTO aHaNITHYHI MOJIENI OTPUMAHHS ONTUYHOTO 300paKEHHST BHYTPIIIHBOI CTPYKTYPH 00’ €KTIB KOHTPOJIIO Ta Ha 1X
OCHOBI IIPOaHaJII30BaHO CIIOTBOPEHHSI, SIKi HA0YBaIOTh 300pasKeHHS B 3aJIE)KHOCTI BiJ] MapaMeTpiB CUCTEMH Bizyauizailii Ta
TUITy JDKepell BUIPOMIHIOBaHHS. MeTon, po3poONieHHid JUIsi ONTHYHOTO 300pajkeHHS BHYTPIIIHBOI CTPYKTYpH
TPUBUMIPHOTO 0araToBUIY (Jlajli «<KOHTPOJIbOBAHHUN 00’ €KT»), JO3BOJISIE OTPUMATH TiHI TPHBUMIPHOTO OAraTOBUILY.
KnaroueBbie ciioBa: penrren; ciyx0a aBianiiiHoi Oe3nexu; onTuuHe 300pa)KeHHsT; TiHb TPUBHUMIPHOTO OaraToBHIy.

Yenixkenko Basepiii IBanoBuy. [lokTop TexHiuHNX Hayk. CTapiimii HayKoBUil CIIIBpOOITHUK.

Kadenpa aeponasiraniiinux cucreM, HarioHanbpHuit aBianiiHuii yHiBepcutet, KuiB, Ykpaina.

Ocsita: KniBchke Bulle BilickkoBe aBialliiiHe imxeHepHe yuwnuine. KuiB, Ykpaina, (1990); ax’tonkrypa KuiBcekoro
incruryty BilicbkoBo-IloBiTpsinux Cuin Ykpainu. (1999) .

Hampsimok HaykoBoi JIisUTBHOCTI: KiOepHeTHKa, aBiOHiKa, iH(OpMAIliifHI TEXHOJOTIl 1 yNpaBIiHHSA B epraTHYHUX 1
TEXHIYHUX CUCTEMax, KEPYBaHHs CKIaJJHUMH JMHAMIYHUMH CHCTEMaMU KOH(MIIKTHOTO TUITY..

[Ty6nikamii: 59.

E-mail: chiv@nau.edu.ua

Tepemenko Jlinia FOpiiBHa. Acuctent.

Kadenpa aBianiiiHux pazioeIeKTpOHHUX KoMIUIeKciB, HamionansHuil aBianiiiauii ynisepcurer, Kuis, Ykpaina.

Ocsirta: KuiBcbkuit MbkHapoqHuil yHiBepcUTET NMBLIBHOI aBiawii, KuiB, Ykpaina, (1999 p.).
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CHCTEMH.
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B. U. Yenum:xenko, JI. 0. Tepemenko. MeToa onTH4yeckoro n300pakeHnsi BHyTPeHHeH CTPYKTYPBI TPeXMepHOro
MHOr000pa3us

PaccMoTpeHbl aHaJIMTHYECKHE MOJENW TONYYEHUS ONTHYECKOTO0 H300pakKeHHs BHYTPEHHEH CTPYKTYphl OOBEKTOB
KOHTpOJISL ¥ HAa UX OCHOBE NPOaHaJIM3UPOBAHBI HCKAKEHHUS, KOTOPbIE MPUOOPETAIOT M300paKeHUs] B 3aBUCHMOCTH OT
MapamMeTpoB CHCTEMbl BH3YalM3allMM W THIIA MCTOYHHKOB W3JIydeHus. Meron, pa3paOOTaHHBIA JJIsl ONTHYECKOTO
n300pakeHHs BHYTPEHHEW CTPYKTYPBI TPEXMEPHOro MHOrooOpasus (ajnee «KOHTPOIUPYEMBIH OOBEKT»), TO3BOJISIET
TIOJYYUTh TEHU TPEXMEPHOTO MHOT000pa3usl.

KnaroueBble ciioBa: peHTreH; Cily)kO0a aBHAlMOHHOM O€30MacHOCTH; ONTHYECKOe M300pa)keHHe; TeHb TPEXMEPHOro
MHOTI'000pasus.
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