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PREFACE

It might be said that tracking target is one of the
basic problems in the natural world, no matter for
survival or for living better. Take the well known
problem of dog chasing rabbit as an example, dog has to

keep its eyes on the rabbit in order to hunt its object.

In both military and civilian fields, for instance,
in air defence and in air-traffic control, tracking
targets in a reliable and accurate mode has been the
main objective in the design of target tracking system,
for which scientists and engineers have been working

hard for several decades.

The formulation of tracking target technic and its
becoming an aspect of sciences and technologies may be
dated from the World War II, when the first tracking
radar SCR-28 came into being in 1937. Since then,
varieties of target tracking systems of radar, infrared,
sonar and laser have been developed and being

perfected.

The traditional tracking systems are one-to—one
systems, i.e., one sensor aims to and tracks only one
target continuously. With the progress of sciences and
technologies, as well as the development of modern
military strategy and tactics, it has been found that
there are great possibilities to develop new concepts and

new systems for tracking targets, for example, attacking
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several targets at the same time in air warfare
accomplished by single fighter. Hence, the concept of
tracking multiple targets simultaneously with one sensor,
i.e., Track-While-Scan, which originally occurred in
airborne early warning system and was first applied to
SAGE air defence system, has received more and more
attention. In the past twenty years or more, the theory
and method of multi-target tracking have been greatly
developed and become one of the hot areas of research

and engineering practice.

The oproblem of tracking targets, to state it
succinetly, can be divided into four categories;

* One sensor tracks one target (OTOQ);

* One sensor tracks multiple targets (OTM);

* Multiple sensors track one target (MTO);

* Multiple sensors track multiple targets (MTM).
Of course, all these categories are under the condition
of dense clutter environments. The last two categories
(MTO and MTM) are concerned with the association
of data and information from the targets being tracked

between station and station.

The research work conducted in this book deals
with the category of OTM. As it can be seen in
Chapters 2 to 7 and Chapters 12 to 14, which
'summarize predecessors’ contributions to this topic, that
'many efforts have been made to tackle the problem of
multitarget tracking in dense multiple return (or,
clutter) environments. However, as a matter of fact,

main attention on this topic has been being focused on



XXII

two points. The first focus is modelling and tracking a
single maneuvering target in the sense of Track-While—
Scan without considering clutter. And the second is
tracking a target in a multiple return environment
without considering maneuver of the target Dbeing
tracked. Therefore, although variety aspects with respect
to the problem have been investigated thoroughly and
many approaches have been suggested, people are still
far away from the solution for the category of OTM in
terms of three basic concerns:; multiple targets;

maneuverings and multiple returns.In fact, papers so far
seldom deal with the most complicated and realistic

situation really.

There is no doubt that the three basic concerns in
the solution for the category of OTM are inescapable
environment conditions in multi~target tracking. Among
them, maneuvering is the most difficult one to be
tackled. This is the reason why the authors of this
book have been making every endeavor and have been
focusing their attention on tracking of maneuvering
targets, It can be seen, f{ortunately, after reading
this book that the solution for the category of OTM

has been found,

The goal is attained in five steps:

- Start with modelling single maneuvering target,
and seek a robust enough approach for tracking a single
maneuvering target in terms of Track—-While-Scan;

* Investigate the influence of target maneuvering

on correlation region, in which data association, or
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correlation, will be carried outs

- Find the solution for tracking single maneuvering
target in dense multi-return environments:

* Develop a complete method of tracking multiple
maneuvering targets in dense multi-return environments;

» Finalize the tracking initiation and termination

in multi-maneuvering target tracking,

This book is organized in the following way:

Volume [ deals with the tracking and estimation of
single maneuvering target in terms of Track-While-Scan
method. An outline regarding to this subject is given
in Chapter 1, Special attention is paid to thz modelling
of maneuvering target in  Chapter 2. Chapter 3
summarizes general methods of tracking filtering and
prediction. The adaptive filtering techniques in tracking
maneuvering target are presented in Chapter 4, The
selection of tracking coordinate systems and the state
variables of filtering are discussed in Chapter 5. Chapter
6 and Chapter 7 introduce  the preprocessing
techniques for measuring data and the method for
system analysis and Monte Carlo simulation, respectively.
In Chapter 8, a new mode!, i.e., current statistical
model. of maneuvering acceleration of ‘targets  is
established and an adaptive filtering algorithm is
correspondingly developed. The impact of modelling
maneuvering targets and observation data on estimation
accuracy is analyzed and revealed in Chapter 9. Chapter
10 applies the new modelling method and - algorithm
created in Chapter 8 to practice and develops a direct

estimation - method of maneuvering targets in three
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dimensional space.

Volume II discusses the tracking and estimation of
multiple maneuvering targets. A survey of multiple
target tracking is given in Chapter 11. The tracking
gating techniques are presented in Chapter 12. Chapter
13 sums up the data association and tracking
maintenance theory in multi~target tracking obtained
by many authors in the past years. Chapte: 14 describes
tracking initiation and termination theory of multiple
maneuvering targets. The influence of different
models of maneuvering targets, algorithms, maneuvering
accelerations of targets and the state noise on the
correlation region is investigated in Chapter 15.Chapter
16 treats the tracking of single maneuvering target in
dense multi-return environments as a preparation for
the final solution of multiple maneuvering target
tracking. A complete method of data association and
tracking maintenance for the category of OTM s
presented in Chapter 17. Based on the method created
in Chapter 17, another effective algorithm for data
association and tracking maintenance is put forward in
Chapter 18. The newly-developed tracking initiation
method and  tracking termination method for
multi-target tracking under the environment of clutter
are introduced in Chapter 19 and 20 respectively. Chapter
21 gives the consistency analysis method of multiple
ymaneuvering target tracking systems. Numerous results
.of the Monte Carlo tests scattered within the chapters
-show convincingly that the problem of tracking multiple

maneuvering targets.in dease multi-return environments
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has been solved with satisfaction.

Chapter 22 reviews the results of  previous

chapters in retrospects and gives suggestiong for further

research work.

The necessary appendixes and related references

are followed at the end of every chapter.

The glossary is included at the end.
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