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Abstract—The ruggedness of emerging single adaptive approach that performs well in all types of

operating conditions has led to the development of composite adaptive strategy. In this regard, the fusion

of particular decisions of single adaptive schemes through suitable fusion rules can provide a better final

detection. Particularly, the fusion of cell-averaging (CA), ordered statistics (OS) and trimmed-mean

(TM) procedures can enhance the overall detection performance. Our goal in this paper is to analyze this

developed model when the operating environment is heterogeneous. A �
2
-distribution with two- and

four-degrees of freedom is assumed for the fluctuation of primary and secondary extraneous targets. A

closed form processor performance is derived for single pulse detection. The results show that for the

non-homogeneous background the new approach is more practical. Particularly in multitarget situations,

it exhibits higher robustness as compared to the CA, OS, or TM architectures. Additionally, the novel

strategy has a homogeneous performance that surpasses performance of the classical Neyman-Pearson

(N-P) detector, which can be employed as a yardstick for the analysis of different techniques in the CFAR

world.

DOI: 10.3103/S0735272720040019

1. INTRODUCTION

The emission of electromagnetic waves and collection of returned echos excited by objectives within its

exploration area for detecting the nearby targets of interest and discarding those that do not relate to a

particular application represent the mission of the radar. For the same goal, some objectives, such as clouds,

can be considered as targets for some applications (related to meteorology) and as spurious signals (with

respect to warfare) for others. In this regard, echo signals produced at the ground surface, sea surface or

atmospheric masses are considered as interference and called clutter.

The magnitude of the clutter signal cannot be deduced by purely deterministic mechanisms. Therefore,

its modeling requires the use of statistical techniques. On the other hand, the operating environment of

modern radar systems has many sources of noise, and there are unwanted signals, which are artificially

agitated from other sources of radiation. These undesirable signals can occupy the radar display fully and

make targets very hard to follow.

In such type of systems fitted out with automatic detection circuits, an adaptive threshold sensing

element, which has the feature of spontaneously regulating its sensitivity in accordance with the variation of

interference power, must be employed for the purpose of sustaining a fixed rate of false alerts. A processor

with this feature is called constant false alarm rate (CFAR) detector.

For this type of signal detection, the threshold of detection is established by estimating the level of local

background noise power from the reference cells and multiplying it by a scaling factor, the value of which

depends on the required rate of false alarm. The CFAR strategy is a pivotal element in radar receivers for

detecting targets in their surveillance zone where the parameters of the statistical distribution of clutter are

either unknown or non-stationary.

In this category of signal detection, the envelope detector output represents the input of the CFAR circuit,

which is sampled in the range cells. These cells establish what is known as reference window. For this

window, increasing the size of its elements can result in an enhancement of the chance of detection. It is clear
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