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11. Summary of the new findings of the thesis

This thesis addresses the challenge of enhancing the detection and localization
capabilities of small-trace targets (STT) for multifunctional radar systems employing
digital phased array antennas (DPAA). The research integrates theoretical analysis
with various approaches, methodologies, and technical solutions, while considering
the specific characteristics of the target class in question. The synthesis of these
elements aims to improve the performance of radar systems in detecting and
determining the coordinates of small-trace targets.

The specific objectives of this research are outlined as follows:

1. To synthesize and analyze small-trace (STT) targets, identify their
limitations, and propose detection methods and coordinate estimation techniques
suitable for all target objects in radar systems utilizing DPAA integrated with
Transmit/receive modules (TRM) arranged on an open surface. This objective

includes the development of a system architecture for DPAA, encompassing the



synthesis of radiation and receiving patterns diagrams in detection mode, and
determining the coordinates of STT targets. The outcomes of this research must
ensure that the signal-to-noise ratio (SNR) 1s enhanced to meet the requirements for
detecting various types of targets.

2. To investigate the TRM model based on quadrature modulation and
demodulation techniques applied in radar systems. This involves synthesizing the
transmitting and receiving paths structure of TRM based on this approach and
proposing technical solutions to optimize the transmitting path for linear
amplification. Additionally, the receiving path structure will be refined using an
appropriate filtering model (matched filtering) to detect signals with a low SNR,
thereby ensuring the effective detection of useful signals reflected from the STT
target layer.

3. To analyze and propose methods for measurement and calibration during the
manufacturing process to guarantee the quality of the radar system before
deployment. The proposing integrated subsystem models for the automatic
measurement and calibration of the receiver when interacting with targets, including
those within the STT target layer.

4. Finally, to validate the theoretical research findings through simulation and
experimental verification.

Given that the research encompasses nearly all fundamental components of the
DPAA system in addressing the detection of STT targets, the approach to solving this
issue must adopt a holistic, system-wide perspective. This approach should span from
the formulation of patterns to ensure effective maintenance, supported by
measurement and calibration procedures at both the manufacturing stage and
throughout operational use. This comprehensive approach aims to address the
limitations of the entire system when interacting with the class of STT targets. The

primary focus of this study will be the TRM.



The objective of this thesis is to achieve a synthetic signal-to-noise ratio SN Ry,
considerably greater than 1 for the detection problem. Consequently, the novel
contributions of this research are as follows:

1. The development and real-time synthesis of various forms of generalized
patterns of DPAA. This includes the application of the digital single-pulse method for
the DPAA to enhance the accuracy of angular coordinate determination for targets,
including those classified as low radar cross-section target layers.

2. Improve the structure of the digital receiving and transmitting module with
the receiving path completed according to the fully coordinated filtering model to
ensure that there is no loss or distortion of weak signal information reflected from
small-trace targets, contributing to improving the quality of detecting all types of
targets.

3. Propose a new method of calibrating digital phased array antennas at the
manufacturing facility and at the deployment location in an external interference
environment to ensure the parameters of the main beam according to technical
requirements and minimize the side beams to improve and maintain the quality of
detecting and determining the coordinate parameters of targets in general and small-
trace targets in particular.

4. Propose a new method for automatically measuring and calibrating the
receiving path of digital transceiver modules (after completing the structure) to
maintain the conditions for detecting small-trace targets during exploitation and
operation, contributing to improving the quality of detection and determining angular
coordinate parameters.

The scientific and practical significance of this thesis lies in its contribution to
enhancing the detection capabilities and coordinate determination of targets, particularly
STT targets, in radar systems utilizing modern DPAA. The research results offer valuable
solutions that can be applied to the design, research, and manufacturing of advanced
multifunctional radar systems equipped with DPAA. Additionally, certain independent

findings from this research can be utilized to improve, refine, and modernize key



components in radar systems that employ older-generation DPAA. Specifically, the work
contributes to the optimization of algorithms for multi-beam pattern formation, achieving
higher processing speeds to better meet real-time demands in handling MTSTT. Moreover,
the thesis supports the design and manufacture of new power amplifiers and TRM for
integration into DPAA systems, as well as the enhancement of signal processing and
accumulation algorithms.

12. Futher research directions

Radiolocation systems utilizing DPAA represent advanced system integration
products, particularly within the armed forces and, more specifically, the National
Air Defense Force. Consequently, the development of new products, as well as the
improvement and enhancement of existing ones, is an essential and ongoing process.
Several potential directions for further research, building upon the findings of this
thesis, include:

+ Expanding the Operational Frequency Range: conducting surveys and
expanding the operating frequency range during the completion phase to integrate the
research results into real-world products, in line with the required scale and
specifications.

+ Optimization of System Software and Processing Algorithms: Continuing to
refine and optimize system software and processing algorithms, particularly through
the integration of artificial intelligence (Al). This is especially relevant for radar
systems with large numbers of TRM, aimed at improving quality, operational
efficiency, and resource optimization.

+ Apply the development orientation of design, manufacture, and synthesis of
radar measuring equipment according to the soft configuration approach to promote
and expand their multifunctional capabilities in responding to many different types of
objects that need to be monitored.

+ Development of Radar Measuring Equipment: exploring the design,
manufacture, and integration of radar measuring equipment using a soft configuration

approach. This would serve to enhance and expand the multifunctional capabilities of



radar systems, enabling them to respond effectively to a variety of objects requiring
monitoring.
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