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1. Introduction 

The Bulgarian National MSDF R&D program was established more than twenty 

years ago. Bulgarian electronics and Bulgarian military industry were specialized in 

development and serial manufacturing of sea and river radars. Driven by increasing 

demands for better quality, faster production and minimum costs, MSDF R&D 

projects have been constantly developed by research institutes and laboratories of 

Bulgarian industry and Bulgarian Academy of Science. The Bulgarian military branch 

has been especially interested in keeping abreast of the latest advances in this 

important field to ensure the highest standards and quality for military electronic 

systems modernization and upgrade. A number of young men have been educated in 

leading Soviet and East European military academies, civil technical universities and 

research centers, obtaining fundamental qualification. Since the mid 80’s, the 

increased capabilities of computer performance provided a reliable base for direct 

implementation of scientific methods, previously considered as too expensive from 

computational point of view. Since then it was realized that the MSDF theory is an 

independent scientific branch requiring special attention and significant scientific 

efforts. Following this direction, a Multiple Sensors Data Fusion Department was 

founded in 1988 at the Bulgarian Academy of Sciences, as R&D Laboratory named 

“SIGNAL”. The most of research activities in Bulgaria in MSDF have been 

redirected from the industrial research centers toward this new unit. The major part of 

research activities in Bulgaria in this field were concentrated and accomplished in it. 

The Laboratory specialized in solving scientific and real-world problems involving 

signal, image and other type of data processing, with focus on the Bulgarian industry. 

It has become a leader in the design, development and evaluation of algorithms and 

application software for radar data processing and tracking systems. A number of 

R&D product implementations, mainly in the field of multiple target tracking 
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algorithms (MTT) and related to it fields of simulation, guidance and control, have 

been accomplished: 

 MTT algorithms and software implemented in meteorological radars (in serial 

manufacturing until 1990); 

 MTT algorithms and software implemented in a parallel processor system for 

coastal radars (in serial manufacturing since 1990); 

 mathematical models of signal and data processing systems for Complex Radar 

CAD systems (in use since 1988). 

 Specialized Mathematical Library for radar data processing systems design and 

performance evaluation (in use since 1989); 

 mathematical models and application software for Radar Simulators (in use since 

1988) 

 algorithms and software for unmanned ships collision avoidance systems. 

A considerable scientific knowledge and experience has been accumulated in MSDF 

and especially in MTT during its eight-year history. In all these years, constant efforts 

for transition from defense-developed technologies to civilian government and 

commercial markets have been made, too. 

2. The Current Strategy 

The economical situation in Bulgaria after the Currency Board implementation two 

years ago became stabile and the success of the reforms is obvious. During this time it 

has been recognized that the further association of Bulgaria to the Western political, 

financial, and especially industrial, transport and military structures requires experts 

familiar with cutting-edge technologies (such as MSDF) capable to transfer 

knowledge and experience in Bulgaria and to participate in joint projects. That is the 

reason the general strategy of the most of research centers in Bulgaria has changed. 

The number and staff of the institutes and laboratories in industry and Bulgarian 

Academy of Science has been minimized. The strategy of their professional existence 

has been changed, too. A serious revision of the purpose and directions of the 

research activities has been made. 

In the area of MSDF, the following directions of activity have been recognized as 

basic: 

 preservation of existing scientific knowledge in the field of MSDF and 

accumulation of new one on a level that keeps the ability of nation to renovate 

technologically its industry;  
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 provision of experts in such rapidly changing (in technological sense) fields as 

transportation, military armaments and other fields related to the MSDF 

technologies;  

 transfer of new technologies in the mentioned fields supporting the process of 

transition of the Bulgarian industry towards western standards and structures. 

 education of new generation highly qualified young experts and specialists for 

the needs of Bulgarian industry, administration and private business. 

Applying these considerations in practice, some important steps have been 

accomplished: 

 the laboratory has been reorganized and associated as a department named 

“Mathematical Methods for Sensor Data Processing” at the Central Laboratory 

for Parallel Processing at the Bulgarian Academy of Science, to provide a strong 

connection with researchers working in the field of mathematics (mathematical 

statistics and Monte Carlo methods) and computer science (parallel and 

distributed computer architectures); 

 the research activities have been concentrated (but not restricted) in the field of 

MTT; 

 some education courses, concerning the implementation of MSDF theory and 

practice in Air-Traffic Control, Strategic Leadership and Decision Making, DoD 

Science, High-Technologies & Innovations Management have been developed 

from the department’s staff and are in progress in Technical University in Sofia, 

Sofia’s Business University, Rakovski War College and other schools; 

 another area of activity is the participation in international research projects. 

Having experience in this field, based on successfully accomplished three R&D 

projects in MTT field for foreign customers (ELTA Ltd. - Israel Aircraft 

Industry), the Department management considers this area as strategic. 

3. The Team 

In 1999 the department personnel consists of 13 researchers: two full professors with 

D.Sc. degrees, two associate professors and eight senior researchers with Ph.D. 

degrees. All specialists have broad knowledge and experience in: 

 application of theoretic and systems approaches for solving the problems in 

tracking radars;  

 developing and applying effective sensor data processing approaches and 

methods; 

 base physical properties of large number of sensors and observed (air, sea and 

land) moving objects; 
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 fields of scenario generation and use of real data for performance testing, and in 

the operator-machine interfaces testing & evaluation and training. 

 With classical scientific training and knowledge of advanced computer tools, 

software design and state-of-the-art technologies, the team provides the best 

solutions to customer problems. 

4. MSDF Research & Development 

The field of MTT is an area where future joint fruitful collaboration is promising. Our 

achievements in this field relate mainly to tracking methods, algorithms and software 

development. 

Generally speaking, the observed dynamic objects in our research studies are 

considered as hybrid stochastic systems. Such systems are characterized by 

continuous state and discrete set of unknown control, statistical or other parameters. 

A number of algorithms overcoming different kinds of uncertainty about the observed 

systems behavior and the ambiguity in the measurement sources, have been 

developed and their performance has been evaluated. These algorithms can be 

separated in five groups: 

1. Recursive Pseudo-Bayesian algorithms estimating the hybrid state of a single 

object, based on the multiple model (MM) approach. 

2. Recursive Pseudo-Bayesian algorithms associating measurements originating 

from multiple objects. 

3. Data association algorithms using batch-processing techniques. 

4. Recursive data classification & association algorithms using attribute 

measurement data. 

5. Multisource data association algorithms.  

The algorithms from the first group include Interactive MM algorithms (IMM)
1-10

 

with fixed structure (FS)
1-3

 or with variable structure (VS)
4-10

 and Generalized 

Pseudo-Bayesian algorithms (GPB).
14

 Recently, the FS algorithms are considered 

well studied, but we have succeeded in developing precise models of some commonly 

observed dynamic systems, improving their overall performance, as well as the 

performance of the VS algorithms.
1-3,6,7

 The development of different adaptive 

mechanisms, providing on-line adjustment of the unknown parameters in the IMM 

VS algorithms is a second perspective R&D direction.
4-10

  

The "bootstrap" (BS) approach is another promising hybrid state estimation tool, 

alternative to the above mentioned ones. Implementing the MM approach in it, a BS-

IMM algorithm was developed.
11,12

 It processes in real time an immense number of 
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simulated data to identify and refine the pdf of the observed system state. The 

algorithm demonstrates good estimation accuracy.  

Our further efforts in the above mentioned fields are directed mainly towards 

generalization of the developed methods and their application in fault detection, 

robotics and other fields.
6,32

 

The second group of algorithms comprises versions of the Probabilistic Data 

Association (PDA) approach and of the Multiple Hypotheses Tracking (MHT) 

algorithm. The developed PDA-IMM and BS-IMM-PDA versions
13,21

 demonstrate 

significant stability in dense clutter environments. 

The developed versions of an object-oriented MHT algorithm are the core algorithms 

of the second group.
14-21

 Applying the MM approach,
14,15

 the Hough transform 

(HT),
17,18

 applying some heuristic techniques,
15

 and incorporating information about 

measurement features
19,20

 an overall improvement of MHT algorithm performance 

has been achieved. The results have been implemented in software CAD package, 

evaluating the algorithm performance through Monte Carlo simulations (see figures 

1-4). 

 

 

 

 
 

Figure 1: Dialog Setting Box 
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Figure 2: Graphical results visualization in a Single mode 

 

 

 

 
 

Figure 3: Measures of performance - the Control menu 
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Figure 4: Monte Carlo graphical results visualization 

 

The mentioned algorithms demonstrate high estimation accuracy in the hard case of 

maneuvering targets; significant clutter resistance; better data association and reduced 

computational load.
15,18-20

 The development of a software package implementing on-

line all these MHT algorithms versions will be accomplished in the near future. 

The proposed batch-processing data association algorithms from the third group are 

based on the application of HT as a track initiator and false alarm filter.17,18,24,25 

We have solved problems concerning the identification of the connection between the 

base parameters of the HT algorithm, the sensor's parameters and the customer 

requirements related to track initiator performance. Further development of these 

algorithms is expected in their extension as adaptive track detectors and adaptive 

trackers. 

The recursive data classification & association algorithms using attribute 

measurement data from the fourth group are based on the combined application of 

evidence reasoning theory and fuzzy logic. In this way, some hard data association 

problems have been theoretically overcome: the problem of conflicting evidence, the 

presence of initial full ignorance in the arriving data, the problem of conflicting 

assignments etc. The proposed algorithms provide reliable decisions about the targets 

identity and affiliation.
27-30  

The application of the mentioned combined evidence 

reasoning theory with fuzzy logic approach instead the Bayesian one and is 

considered another promising area of investigation. 
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The last group of algorithms concerns the multisource data association problem. It 

has been considered mostly with the practical aim to find a multisensor track 

initiation algorithm, resolving the synchronization problem and the combinatorial 

explosion arising in realistic multitarget cluttered environment. The development of 

multisensor MHT algorithm is another research direction that we intend to study in a 

greater detail.
25

 

A constant attention in most of the papers is paid to the problem of algorithm 

performance evaluation. The Monte Carlo simulation approach has been applied as a 

main tool to compute standard measures of performance in standard test 

scenarios.
1,4,10,13,15,18-21

 

And finally, the problem of practical implementation of MTT algorithms is tightly 

connected with the required computational load. The inherent parallelism of some of 

the considered algorithms has been explored and the computational cost has been 

estimated.
31-33

 

Conclusion 

The brief examination of our strategy and achievements presented in this paper 

confirms our will to strengthen the relations with the international MSDF science 

community. Having in mind the emerging process of improving the industrial and 

financial situation in Bulgaria, we find that currently the R&D joint projects are the 

most promising opportunity for fruitful cooperation. 
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