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I. DISSERTATION, ABSTRACT OF THE DISERTATION AND 

PUBLICATIONS TO THE DISSERTATION.  

Dissertation titled “Modeling of an automated system for information processing 

in reverse aperture synthesis”, 180 pages, defended before the Specialized Scientific 

Council (SSC) at the Military Academy “G. S. Rakovsky” on 27.06.2003, diploma for 

educational and scientific degree “Doctor” 28864/30.01.2004, abstract and 

publications to the dissertation – not subject to review. 

 

II. SCIENTIFIC PRRODUSTIN PRESENTED IN THE COMPETITION 

FOR ACADEMIC POSITION “ASSOCIATE PROFESSOR” –  

not subject to review. 

1. Monograph. 

“Methods and algorithms for radar image reconstruction using synthetic 

aperture” – not subject to review. 
 

2. Scientific publication that are referenced and indexed in world-famous 

databases with scientific information – 6 pieces, not subject to review. 

 

3. Scientific publication in unreferenced journals with scientific review or in 

edited collective volumes – 5 pieces, not subject to review. 
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III. SCIENTIFIC PRRODUSTIN PRESENTED IN THE COMPETITION 

FOR ACADEMIC POSITION “PROFESSOR“. 

 

1. Monograph. 

 Title Summary 

1 Monograph “Artificial intelligence - 

theory and application in radar image 

recognition” 

This monograph examines the classical and 

modern concepts of the theory of artificial 

intelligence and their application in information 

processing in digital radar systems using direct 

synthesis of the antenna aperture (SAR – 

Synthetic Aperture Radar) and inverse synthesis 

of the antenna aperture (ISAR – Inverse Synthetic 

Aperture Radar). 

In theoretical terms, emphasis is placed on 

methods and approaches in the field of artificial 

intelligence, related in particular to the 

development of neural networks, genetic 

algorithms, fuzzy logic, machine learning and 

machine self-learning (deep learning). 

From a practical point of view, examples of 

artificial intelligence usage in the processing and 

optimization of radar images obtained in SAR and 

ISAR systems are presented, as well as image 

recognition procedures considering observed 

objects in the frame. 

Mathematical models of complex signals, 

algorithms for obtaining and recording a radio 

hologram from complex trajectory signals, as well 

as methods and algorithms for their digital 

processing are used. The results of numerical 

simulation experiments are demonstrated, which 

confirm the correctness of the proposed methods, 

models and algorithms. 

Although a scientific style of expression is used in 

this monograph, the ideas in the main text are 

explained and illustrated in an appropriate way to 

be accessible and understandable to the interested 

reader who is not a specialist in the field of 

artificial intelligence or modern radar systems. 
 

 

 



3 / 8 

 

2. Scientific publication that are referenced and indexed in world-famous 

databases with scientific information – 14 pieces. 

 

 Title Summary 

1 Three Dimensional Image 

Reconstruction Procedure over 

Barcer’s Code Modulated ISAR Signals 

In the present paper a three-dimensional model of 

inverse synthetic aperture radar (ISAR) signal 

with Barcer’s phase code modulation (BPCM) is 

created. Correlation image reconstruction 

procedure over three-dimensional ISAR data is 

developed. Numerical experiment over the 

simulated ISAR data with Barcer’s phase code 

modulation is accomplished to demonstrate the 

validity of the proposed ISAR signal model and 

correlation image reconstruction procedure. 

2 ISAR Technique with Complementary 

Phase Code Modulated Signals 

In this paper a new model of inverse synthetic 

aperture radar (ISAR) signal with complementary 

code phase modulation is presented. Correlation 

algorithm for range compression and spectral fast 

Fourier transform for azimuth compression are 

exploited. The presented image reconstruction 

procedures are invariant to the object’s trajectory 

parameters. Numerical experiment over the 

simulated ISAR data is also accomplished. 

3 Complementary Code ISAR Technique 

For Stealth Target Detection And 

Identification 

In this paper an original ISAR technique for 

stealth target detection and image reconstruction 

is analyzed. Geometry of 2-D ISAR scenario and 

analytical expressions for trajectory target 

determination are suggested. A model of the 

complementary phase code ISAR signal reflected 

by environment in the presence of the stealth 

target is created. Autofocusing procedure using 

first point with the lower intensity is applied. 

Correlation range compression and FFT azimuth 

compression image reconstruction is performed. 

To verify the correctness of the model and ability 

of the ISAR technique for stealth target detection 

and image reconstruction numerical experiment is 

accomplished. 

4 ISAR Technique for Stealth Target 

Detection and Image Reconstruction 

In this paper an original ISAR technique for 

stealth target detection and image reconstruction 

is presented. Geometrical model of Barcer’s phase 

code ISAR signal reflected by environment whit 

stealth target presence in it is developed. 

Autofocusing procedure using first point with the 
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lower intensity is applied. Correlation range 

compression and FFT azimuth compression image 

reconstruction is performed. To verify the 

correctness of the model and ability of the ISAR 

technique for stealth target detection and image 

reconstruction numerical experiment is 

accomplished. 

5 ISAR Imaging Of The Ship Target At 

Sea 

 

 In this work a generalized ISAR approach to 

solve the SAR problem for image reconstruction 

and ship target recognition is suggested. A new 

coordinate definition of the 3-D SAR scenario is 

addressed. An analytical geometrical approach to 

define apparent Yaw, Pitch and Roll angle of the 

ship target at sea is implemented. Mathematical 

expressions to determine slant range distance are 

derived. The model of the SAR signal return is 

composed by a linear frequency modulated 

transmitted signal, geometry and reflectivity 

properties of sparkling points of the object. Image 

reconstruction procedure includes correlation 

range compression and fast Fourier transform 

azimuth compression. To verify the new ISAR 

image reconstruction concept with respect to SAR 

problem a numerical experiment is carried out. 

6 ISAR Image Reconstruction Technique 

With Stepped Frequency Modulation 

And Multiple Receivers 

 

BEST PAPER OF 

CONFERENCE – Placket and 

1000$ Award 

In this work a new three-dimensional (3-D) model 

of deterministic components of ISAR trajectory 

signals with stepped frequency modulation is 

suggested. 3-D ISAR geometry is described by 

means of analytical geometry. The geometry and 

kinematics of the object and ISAR observation 

system are described in separate 3-D Cartesian 

coordinate system. The object space, moving 

rectilinearly, is presented as a 3-D regular grid of 

isotropic point scatterers. The analytical 

expressions for computing the range distance to 

point scatterers of the object space are derived. 

The complex ISAR signal, reflected from the 3-D 

target is obtained by four receivers, placed on the 

axes and origin of the coordinate system of 

observation. Four 2-D ISAR signals, registered by 

receivers appear to be four 2-D projections of the 

3-D ISAR signal. The 3-D image is considered as 

a set of 2-D images retrieved from the 2-D ISAR 

signal projections. The image reconstruction 

procedure includes both range and azimuth 

compression. Fast Fourier transforms are applied 
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to each 2-D ISAR signal projection to realize 

range compression and azimuth compression. A 

synchronized range alignment and an 

autofocusing technique are applied to each 

received ISAR signal projection. To illustrate the 

capability of the 3-D ISAR signal model 

numerical experiment is accomplished. 

7 Spatial Correlation SAR System with 

Complementary Signals 

In this work a new analytical geometrical 

approach in the description of the synthetic 

aperture radar (SAR) scenario, and high range 

resolution complementary phase code technique 

in SAR signal modulation and a spatial correlation 

image reconstruction procedure are suggested. 

The objects on the Earth surface are depicted in a 

3-D Cartesians system and presented as 

assemblies of isotropic point scatterers of 

different intensities in relation to their reflectivity 

properties. No constraints are applied in the 

determination of point scatterers’ distances from 

the observation point localized on the aircraft, 

moving with a constant velocity on a rectilinear 

trajectory arbitrary oriented in a 3-D Cartesians 

system. Objects on the Earth surface are 

illuminated by complementary phase code pulses 

providing for a high range resolution in SAR 

imaging. By applying geometrical summing of 

signals reflected from separate point scatterers of 

an object with complicated shape a 3-D model of 

a SAR signal is created. A spatial correlation 

image reconstruction procedure is developed. The 

reference function necessary to accomplish the 

spatial correlation is constructed on the 

assumption that the observation area is presented 

as a 3-D regular grid in the nodes of which 

isotropic point scatterers with identical intensities 

are placed. To verify this approach to the SAR 

problem numerical experiment is carried out. 

8 Three-Dimensional ISAR Image 

Reconstruction Technique with 

Multiple Receivers 

In this work a new three-dimensional (3-D) model 

of deterministic components of ISAR trajectory 

signals with linear frequency modulation is 

suggested. 3-D ISAR geometry is described based 

on the analytical geometrical approach. The 

geometry and kinematics of the object and ISAR 

observation system are described in separate 3-D 

Cartesian coordinate system. The object space, 

moving rectilinearly, is presented as a 3-D regular 
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grid of isotropic point scatterers. The analytical 

expressions for computing the range distance to 

point scatterers of the object space are derived. 

The complex ISAR signal, reflected from the 3-D 

target is obtained by four receivers, placed on the 

axes and origin of the coordinate system of 

observation. Four 2-D ISAR signals, registered by 

receivers appear to be four 2-D projections of the 

3-D ISAR signal. The 3- D image is considered as 

a set of 2-D images retrieved from the 2-D ISAR 

signal projections. The image reconstruction 

procedure includes both range and azimuth 

compression. Fast Fourier transforms are applied 

to each 2-D ISAR signal projection to realize 

range compression and azimuth compression. A 

synchronized range alignment and an 

autofocusing technique are applied to each 

received ISAR signal projection. To illustrate the 

capability of the 3-D ISAR signal model 

numerical experiment is accomplished. 

9 ISAR Signal Modeling And Image 

Reconstruction With Entropy 

Minimization Autofocusing 

 

BEST PAPER OF SESSION 

In this work a model of deterministic components 

of ISAR trajectory signal with stepped frequency 

modulation based on 3-D ISAR geometry is 

suggested. The object space, moving rectilinearly, 

is presented as a 3-D regular grid of isotropic point 

scatterers. The analytical expressions for 

computing distances to each point scatterer of the 

object space are derived. The image 

reconstruction procedure includes both range and 

azimuth compression. Cross correlation technique 

and fast Fourier transform (FFT) to 2-D ISAR 

signal map to realize range compression and 

azimuth compression, respectively are applied. 

An autofocusing technique based on entropy 

minimization is implemented to each ISAR return 

signal. In order to illustrate the capability of the 

ISAR signal model and verify the phase correction 

technique performed by entropy minimization 

numerical experiment is worked out. 

10 SAR imaging of a moving target In the proposed work new synthetic aperture radar 

geometry named Generalized Inverse Synthetic 

Aperture Radar (GISAR) geometry is addressed. 

A new three-dimensional (3-D) model of 

deterministic components of GISAR trajectory 

signals with stepped frequency modulation is 

suggested. 3-D GISAR geometry is described by 
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means of the analytical geometry. The geometry 

and kinematics of the object and GISAR 

observation system are described in separate 3-D 

Cartesian coordinate system. The stationary 

objects are presented in 3-D regular grid of 

isotropic point scatterers, relatively moving with 

respect to GISAR system at the velocity of the 

SAR carrier. The SAR carrier is considered 

unmoving placed in the origin of the coordinate 

system of observation. The stationary targets are 

moving at the complex velocity equal to the 

geometrical sum of the target velocity and SAR 

carrier velocity. The analytical expressions to 

compute the range distance to point scatterers of 

the stationary scene and moving targets are 

derived. The image reconstruction procedure 

includes both range and azimuth compression: 

cross correlation technique to GISAR signal to 

realize range compression and short time 

frequency transform to realize azimuth 

compression. A range alignment and an 

autofocusing technique are applied to GISAR 

signal. To illustrate the capability of the 3-D ISAR 

signal model numerical experiment is 

implemented. 

11 A simulation model of an optical 

communication CDMA system 

This paper suggests a simulation model of optical 

code division multiple access communication 

system using optical orthogonal codes. The 

simulation model provides the opportunity for 

asynchronous access to the common optical media 

of random number of users. The developed 

simulation schema of optical CDMA system is 

used for tracking the reaction of communication 

system for research and analysis of different 

optical orthogonal codes with various parameters 

assuming of various in structure and kind noises 

in the common communication channel. 

12 Three dimensional Barker’s ISAR 

signal and image reconstruction 

In the present paper an analytical description of 

three-dimensional (3-D) inverse synthetic 

aperture radar (ISAR) geometry is performed. A 

model of 3-D ISAR signal with Barker’s phase 

code modulation (BPCM) is created. Image 

reconstruction procedure including range 

compression by cross correlation over fast time 

record data and azimuth compression by fast 

Fourier transform over slow time row data, is 
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developed. Numerical experiment over the 

simulated ISAR data with Barker’s phase code 

modulation is accomplished to demonstrate the 

validity of the proposed ISAR signal model and 

image reconstruction procedure and the quality of 

the reconstructed ISAR image. 

13 SAR Ship Target Imaging by Induced 

Complementary Movement 

In this work a generalized ISAR approach to solve 

the SAR problem for ship target image 

reconstruction and recognition is addressed. A 

new coordinate definition of the 3-D SAR 

scenario is suggested. A new analytical 

geometrical approach to define apparent yaw, 

pitch and roll angle of the ship target at sea is 

implemented. Mathematical expressions to 

determine slant range distance are derived. The 

model of the SAR signal return is composed by a 

linear frequency modulated transmitted signal, 

geometry and reflectivity properties of sparkling 

points of the object. Image reconstruction 

procedure includes fast Fourier transform range 

compression and fast Fourier transform azimuth 

compression. To verify the new ISAR image 

reconstruction concept with respect to SAR 

problem a numerical experiment is carried out. 

14 Organization and Integration of 

Bulgarian Maritime National 

Observation And Surveillance Systems 

This paper presents briefly the idea of integrated 

platform to be used for unified information 

exchange in the maritime domain between 

interested correspondents in the European Union 

(EU). The project is known as Common 

Information Sharing Environment, (CISE). The 

principles listed consider requirements and how-

to-build the platform developed by the CISE work 

groups. A brief overview of the implemented 

systems in EU, as well as national ones is 

presented. Referring to the architectural vision of 

CISE, the authors propose a three-layer model of 

organization of different User Communities 

attended to the CISE National Node. The model is 

oriented towards functional use of the integrated 

system. Goals and objectives resolved in the 

various layers of the organizational model are 

defined. 
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