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Abstract

This book is a monograph about radar target detection and constant false alarm rate (CFAR)
processing theory and technique. In this book,the international advances in this research field for more than
thirty years and many fruits of authors’ research are summarized. The book is composed of fifteen chapters..
The main contents are classical detection with fixed threshold, mean-level type CFAR detectors, order-
statistics type CFAR detectors, generalized order statistics CFAR detectors with automatic censoring
technique,adaptive CFAR detectors, CFAR processing in Weibull and Lognormal clutter, CFAR processing
in compound Gaussian clutter, nonparametric CFAR processing, clutter map CFAR processing, CFAR
processing in transform domain, detection of range-spread target, distributed CFAR processing with
multisensor and other CFAR methods. A brief review with suggestions and prospects is shown in the last
chapter.

This book is targeted for scientist and researchers engaged in radar engineering, sonar technique,
electronic engineering, signal and information processing etc. It can also serve as a textbook of graduate

students majoring in the above areas,
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Foreword of the Second Edition

The false alarm problem of radar target detection and tracking is one of the important
issues which can not be avoided by each radar system and designer. The radar target
detection and CFAR processing technology have gradually developed into a popular
research area and key issues in the international radar signal processing community over
the past three decades. CFAR technology is the most important tool in the control of false
alarm rate in automatic radar target detection system,which plays an important role in the
process of automatic radar detection.

Since 1999, the first edition of Automatic Radar Detection and CFAR Processing has
been winning the readers’ love and care. The authors would like to express our sincere
gratitude. With the development of the theories, algorithms and applications of automatic
radar target detection and CFAR processing, we urgently feel it is necessary to expand,
improve, modify and add new content to meet the current needs of developments in the
field of radar target detection.

The content of this book has been expanded systematically,improved and then revised
and enlarged based on our book Automatic Radar Detection and CFAR Processing written
in 1999. We have revised the first edition extensively with the latest research over the past
ten years. The revisions are as follows: (1) The book is renamed as Radar Target
Detection and CFAR Processing. This is because the past automatic radar target detection
stresses the word “automatic”, while the “automatic” function of present radar target
detection methods is self-evident. Thus, we emphasize the radar detection instead of
“automatic radar detection” in order to differ from automatic radar test. (2) Combing with
the development of radar target detection algorithms over the past ten years, more
comprehensive elaboration has been made on the present study of automatic radar detection
algorithms. (3) The necessary basic theories of automatic radar target detection are
enlarged. The principles of automatic radar target detection in Chapter 1 and the mean-
level type CFAR detectors in Chapter 2 are improved and enlarged. Especially,the theories
and methods of radar target detection with multiple pulses and coherent pulses are
supplemented and as well “principles of automatic radar detection” is renamed as “classic
fixed threshold detection”. (4) The content of “order statistics type CFAR detectors” are
extended with some theoretical analysis and new methods. (5) The MTM-, TMGQO- and
TMSO-CFAR detectors of automatic censoring technique are added so as to make the
content more systematical and substantial. (6) The chapter named as adaptive CFAR
detectors is revised and the E-CFAR detector, VTM-CFAR detector and a series of
Himonas CFAR detectors are scaled back with brief descriptions in the form of text and
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diagram, Some novel adaptive CFAR detectors are added and the fundamental algorithms
of adaptive CFAR detectors are summarized. (7) The chapter named as CFAR technique
in Weibull and log-normal clutter background and the chapter named as biparametric
CFAR techniques are combined into one chapter. Firstly, the classical Log-t CFAR
detector in Weibull and log-normal clutter is researched and then the original content are
reorganized and rewritten according to the order of single parametric detection and
biparametric detection. (8) “CFAR processing in K distribution and Rice distribution
clutter” is renamed as “CFAR processing in compound Gaussian distribution clutter”, and
the “Rice distribution clutter” is canceled. Beginning with the “compound Gaussian
distribution” ,CFAR detection in K distribution clutter is emphasized with regarding the K
distribution model as the special case. Also the recent research results of the Italian
professor Gini about the CFAR detection in compound Gaussian clutter are added.
(9) Based on the recent theories and research results of nonparametric CFAR processing
and transform domains CFAR and theirs engineering applications, the content of chapter 9
and 10 in the original book are revised extensively, the recent research results about the
CFAR processing in time-frequency domain and the CFAR processing technology in other
transform domains are added. (10) Clutter map CFAR processing technology is added,and
the main content includes Nitzberg’s clutter map technique, clutter map point/plane-
detection technique, spatial and temporal hybrid CM/L-CFAR clutter map detection
technique as well as corresponding performance analysis. (11) Detection technology of
range-spread target is added, and the range-spread target detection issues in compound
Gaussian clutter,compound Gaussian clutter plus thermal noise as well as SaS clutter are
mainly discussed. (12) Multisensor distributed CFAR processing is added and two kinds
of detectors are mainly discussed,and the main content includes the distributed CA-CFAR
detector, the distributed OS-CFAR detector and the distributed CFAR detectors based on
kinds of R,S,and P local test statistic. (13) The chapter named as “review, suggestion and
prospect” is revised entirely. The overall content of this book is summarized systematically
with the new development of automatic radar detection technologies, which provides
guidance for the future work in this area. In addition,according to the domestic and foreign
research results over the past ten years, necessary references are added in the book and
some mistakes on word description are revised. All of these aim at increasing the
readability of this book.

At the moment of the publication of the second edition, the authors would like to
express sincere thanks to Professor H. Rohling in University of Hamburg of Germany,
Professor Lu Dajin, Peng Yingning in Tsinghua University,and other domestic well-known
radar experts,Bao Zheng academician, Wang Yue academician, Guo Guirong academician,
Liu Yongtan academician, Mao Erke academician, Wang Xiaomo academician, Zhang
Guangyi academician, Ben De academician, Zhang Xixiang academician, Huang Peikang
academician, Wu Yirong academician and Wu Manqing academician,et al. Thanks for their

guidance, care and help to our scientific research over the years. Also, we would like to
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give thanks to Tsinghua University Press, especially the great support of Editor
Wang Yiling who guarantees the publication on schedule with high quality.

This book has been written by Professor He You, Professor Guan Jian, Professor
Meng Xiangwei,Doctor Huang Yong, Doctor Jian Tao and Ph. D, Candidate Qu Fuyong.
Professor He You has Compiled and revised the full book rigorously and Carefully. In the
course of writing this book, Ph. D. Candidate Liu Ningbo, Ph. D. Candidate Chen Xiaolong,
Ph. D. Candidate Liu Guangming Ph. D. Candidate Zhang Xiaoli, and Master Candidate Xu
Cong’an et al. proof-readed this book.

We hope that the publication of this book will not only provide a readable reference
book for the scientific workers engaged in the radar target detection and CFAR processing
but also provide a comprehensive teaching material for the graduate students engaged in
the radar target detection and CFAR processing.

Sincerely hope the majority of scholars continue to care about the book and make
valuable comments and suggestions,

Contact person: Meng Xiangwei; E-mail; mengxwl63 @ sohu. com; The address:
Department of Electronic and Information Engineering, Naval Aeronautical and
Astronautical University, Yantai, Shandong(264001).

He You,Guan Jian,Meng Xiangwei
August 2011

At Naval Aeronautical and Astronautical University, Yantai
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Foreword of the First Edition

In whatever man-made machines or organisms all over the world, detection is a
widespread behavior pattern. It is a judgment for the presence of an event, based on a
given criterion. Due to the instability of the environment and the impreciseness of the
criteria,the probability of not-happening events, which are judged to happen,is the false
alarm probability.

Radar is the main tool of detecting targets in the martial and civilian applications. Its
main purpose is to detect the interesting targets in the disturbances. These disturbances
include internal thermal noise of receiver; clutter from ground, rain, snow, sea waves;
electronic counter measures (ECM); active and passive interferences; neighboring useless
targets and its side lobes. In radar systems, the automatic detection is usually combined
with constant false alarm rate (CFAR) techniques to obtain the predictable detection
performance,and at the same time,to keep the false alarm probability constant in changing
clutter environment.

The false alarm problem in radar automatic detection and track is one of the important
issues, which can not be avoided in the radar system design. In the past two decades,radar
automatic detection and CFAR processing techniques gradually developed into popular
research fields, and now is the key issues in the international radar signal processing
community. More precisely, CFAR technique is the most important means to control the
false alarm rate in radar system, and it plays an important role in the radar automatic
detection process. Now, several research directions have appeared in the CFAR
processing., According to the clutter distribution models, CFAR technique involves the
Rayleigh, Weibull,lognormal, Rician and K distributions. According to the data processing
methods, it includes parameters CFAR techniques and Non-parametric ones. According to
the processing domains, it includes time domain CFAR methods and frequency domain
ones. According to the data forms, it contains scalar CFAR techniques and vector ones.
According to the signal correlation, it involves relevant, irrelevant and partly relevant
signals. In addition, it also includes single-parameter and multi-parameter CFAR
techniques, single-sensor and multi-sensor distributed CFAR techniques, as well as other
methods.

For those who are engaged in the fields of radar system research and design, a
comprehensive and systematic monograph introducing the important criteria for automatic

detection and CFAR processing model is desirable for them. In this book,we attempt to
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introduce the contemporary theories and the latest research results of radar CFAR
processing techniques,comprehensively and systematically. It covers the mean lever (ML)
CFAR detector,order statistics (OS) CFAR detector,CFAR detector based on generalized
order statistics with automatic excision, adaptive CFAR detector, CFAR processing in
Weibull and lognormal clutter, two-parameters CFAR technique, CFAR processing in
Rician and K distributed clutter, non-parametric CFAR processing and frequency domain
processing methods. Moreover, the performances for these CFAR detectors are
investigated in homogeneous backgrounds, multiple target situations and clutter edge
situations. In the writing process, we collected a wealth of literatures about automatic
CFAR detection theory, and arranged each chapter appropriately so that the readers can
understand various CFAR detectors clearly and systemically.

It should be noted that, both of radar automatic detection theory and CFAR processing
techniques are still in rapid development., For the space limitations, we hardly give a fine-
drawn description in this book. Hence, we provided the corresponding comparison and
summary at the end of each chapter; and pointed out some new developments, while listing
the corresponding references for readers’ further reading and research.

The first author of this book was guided by Prof. H. Rohling,in the study period .
Technical Univérsity of Braunschweig in Germany. Herein we express our honestly
appreciations to Prof. H. Rohling for his great encouragements and supports for the book
publication.

The famous radar expert Prof. Li Nengjing,and Prof. Mao Shiyi of Beijing University
of Aeronautics and Astronautics, gave lots of valuable suggestions for this book.
Moreover, Liu Yong, master of Naval Aeronautical and Astronautical Engineering
University, has worked for the book publication and has drawn figures for this book.
Thank them together.

He You,Guan Jian,Peng Yingning,Lu Dajin
October 1998
At Tsinghua University and Naval Aeronautical and Astronautical

Engineering University
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