ISSN

Volume 8. No. 2, February 2020

International Journal of Emerging Trends in Engineering Research
Available Online at http://www.warse.org/lJETER/static/pdf/file/ijeter42822020.pdf
https://doi.org/10.30534/ijeter/2020/42822020

The Optimization Technique for Joint Discrete Search and Detection of
Observation Objects

Hennadii Khudov', Irina Khizhnyak? Iryna Yuzova®, Oleksii Baranik®, Galina Semiv®, Semen
Bondarenko®, Olexander Tytarenko’
'Department of Radar Troops Tactic, lvan Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine,
2345kh_hg@ukr.net
Department of Mathematical and Software Automated Control Systems, lvan Kozhedub Kharkiv National Air
Force University, Kharkiv, Ukraine, khizh_ia@ukr.net
*Department of Reserve Officers Training, Ivan Kozhedub Kharkiv National Air Force University, Kharkiv,
Ukraine, uzik25@ukr.net
*Department of Aviation Armament Complexes, Ivan Kozhedub Kharkiv National Air Force University, Kharkiv,
Ukraine, kozaktur@i.ua
*Department of Rocket Artillery Armament, Hetman Petro Sahaidachnyi National Army Academy, Lviv,
Ukraine, galinasemiv1985@gmail.com
®Department of Rocket Artillery Armament, Hetman Petro Sahaidachnyi National Army Academy, Lviv,
Ukraine, bondarenko_semen2@ukr.net
"Department of Air Forces, Ivan Chernyakhovsky National Defense University of Ukraine, Kyiv, Ukraine,
tabzrv@ukr.net

ABSTRACT

Briefly analyzes the main results of solving problems of
search and detection of objects of observation in information
systems. A discrete search zone is introduced. The task is to
find the optimal Bayes decision rule in the current discrete
search zone. The Bayesian decision-making rule is clarified
when jointly optimizing discrete search and detection of
observation objects.

Key words : information system, joint search and detection of
objects, discrete search and detection of objects, the time of
searching and finding objects, Bayes criterion of minimum
average risk.

1. INTRODUCTION

Today, a whole class of information systems is used to solve
the problem of searching and detecting objects in conditions
of limited search potential [1-7]. This article assesses the
possibility of reducing the requirements for search potential
due to the joint Bayes optimization of the search and detection
of objects.

The goal of research is to reduce the time of searching and
finding objects by optimizing the spatio-temporal distribution
of the search potential. It takes into account the specifics of
the operation of the information system in discrete search
mode.

533

1.1 Problem analysis

The tasks of searching and detecting objects in information
systems are currently being solved independently of each
other. This applies to both radar [1, 3, 4-8, 10] and
optoelectronic [2, 9, 11-16] systems. There are optimization
methods that consider search and detection as a single task
only in the production plan. Solutions are obtained for the
individual components of this task.

In [3], the problem of joint search and detection optimization
was solved as follows. For the case of a continuous a certain
area of survey Q , an improved Bayes rule for deciding on the
detection of an object is formulated. This rule is as follows.
When solving the task of testing a simple hypothesis against a
simple alternative, the joint optimization of the search and
detection of objects reduces to finding a uniformly optimal
search strategy, calculating the maximum of the
unconditional likelihood ratio in the current area of view and
comparing it with the threshold.

In [17], the results of joint search and detection of objects
efficiency are briefly analyzed. The weight criterion of an
optimality of detection in a zone of search elementary cell is
formulated. The differential characteristics of Bayes criterion
of a minimum of average risk are taken into account. The
weight criterion of joint optimization of search and detection
of objects in the current zone of search is specified.
Expression for the ratio of likelihood in the current zone of
search is received.
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Consider the results obtained in [3, 17, 18] for the case of
solving task of the discrete searching and detecting a
stationary single object.

2. MAIN MATERIAL

Consider the task of joint Bayesian optimization of discrete
search and detection of objects. For this will use the criterion
of minimum average risk, namely, the average value of the
decision-making fee when testing statistical hypotheses.

For further research, divide the area of search Q into N
N

sub-areas Q;, such that ZQi =€Q . The average risk in
i=1

sub-area Q j is denoted as R -

Introduce the current area of search Q Z Q;

i)

where j — number of sub-area of search and detection of an
object at time t. Index j indicates the serial number of the

sub-area in which the search and detection of the object at a
time t;.

Set the task of finding the optimal Bayes decision rule in the
current discrete area of search Q(t;) . With this formulation
of the task, an additional optimization parameter appears,
namely, the current dimensions and position of the discrete
area Q(t;) in the common area Q.

Therefore, conditions are created for finding the optimal (by
the Bayes criterion of minimum average risk) strategy for
joint search and detection of an object in the search area of a
discrete structure. A solution to such a problem, both in
search theory and in detection theory, was previously absent

According to [3, 17, 18], the average risk in the current area
of search Q(t;) now can found as:

- Ill)
00) Z POj(yl’ti))l

Q(t;)

R(ti) = QZ(&)R,- =Ro - ((IlO
>

Plj(}’l’ti) —(lo1 =1
Q(t)

1)

where B ;(y1,tj) — the current value of the unconditional
probability of the correct detection of objects in the j -th

sub-area at a time t ;

Roj (1. ti) the current value of the unconditional

probability of false alarm in the j -th sub-area at a time t.
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Assume that Ry is a non-negative constant for the current
area of search Q(t;) at time t. Write the Bayes rule for
testing simple hypothesis Hy against simple alternative H,
in the current discrete sub-area Q(t;) of area Q as follows:

Z Plj(yliti) v

1
Q(t;) >
<

Z POj(yl’ti) 7o

Q(ty)

()

oy —
|

Passing to the unconditional likelihood ratio

Z Plj(yliti)

Q(t)

Z POj(yliti),’

Q(t)

I(t) =

write expression (2) as follows:

|(t)> Tos = loo. (3)

7o o - |11

Thus, the optimal Bayes rule (3) for testing a simple
hypothesis against a simple alternative, which was obtained
on the basis of expressions (1) and (2), is to maximize the
unconditional likelihood ratio I(t;) in the current discrete

area Q(t;) and compare it with the threshold (4):

C. = IOl_IOO
b — ’

IlO - Ill

(4)

At that,

if 1(t) > c,, then decision y; is made, that is, the hypothesis
Hy is rejected;

if 1(t) < ¢y, then decision y, is made, that is, hypothesis H
is accepted.

In accordance with (2) optimization should be carried out by:

parameters of conditional probability of correct detection of
P(y1/Hy,X) insub-areas Qj;

parameters of the current discrete area of search Q(t;) .

Consider an important special case. Assume that, similarly to
the Neumann-Pearson criterion, the value of the
unconditional probability of false alarm in sub-area Q; at a

time t is fixed at a constant level — Fyj(y1.t;) . Then,
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according to expression (2), finding the maximum of the
unconditional likelihood ratio reduces to finding the
maximum of the unconditional probability of the correct
detection of the object in the current discrete sub-area Q(t;) .

Thus, to find the optimal Bayes decision rule in the current
discrete area Q(t;) of the common area Q2 , along with the

solution of the hypothesis testing problem in this area, the
problem of finding the optimal object search strategy (using
the Bayes criterion of minimum average risk) must be solved.

Search strategy A(€2j,t;) isarule thatatany moment of time
t, establishes in which sub-area Q; of the area the search
should be carried out and with what energy costs.

For further research, introduce the main restrictions on the
search strategy, which are usually used in search theory.
Namely, require that search strategy A(Qj.t) be T-

truncated, that is, 1(Qj,t;)=0 for t; >T and xeQ. That

is, the condition of compulsory viewing of area Q during the
search T must be fulfilled.

It's obvious that:

/I(Q t.)> 0, for (5a)

Jjro QjEQ(ti);

A(Qt)=0, for QeQ/Q(t). (6b)

Assume that the search strategy should be constant for all
sub-areas that are viewed at a fixed moment of time t;. The

measure of the current area Q(t;) consists of the sub-areas
Q; viewed at the moment t; .

Q)= ©)
J

In addition to the above properties of the search strategy,
require that it satisfy the optimality condition. This condition
is that if each T-truncated strategy A(€2;,t;) has a functional

P(A(Qj, 1)), then strategy Agne (€2;,) will be optimal if:

P (Aot (Q,5)) =sup P(A(Q,4)), (7)

where P(A(Qj,7)) — unconditional probability of correct
detection of an object at time t; at strategy A(Qj.t;).

Also require that the search strategy be optimal for any
moment of time T of the end of the search. That is, at
whatever moment of time the search would not be interrupted,
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up to this moment of time it should be optimal according to
the criterion of the maximum unconditional probability of
correct detection.

From the analysis of the results for the selection of search
strategies that are studied in the theory of search, of all the
strategies, the class of uniformly optimal search strategies
most fully satisfies expressions (5)—(7).

Strategy A(€2;,t;) is uniformly optimal if any T-truncated
strategy is optimal, i.e.

P(2(Q,1)) = P(Aop (Q,5)),  V{<T. (8

Thus, when solving the problem of finding, according to the
Bayes criterion of the minimum of the average risk of the
search strategy and object detection, the uniformly optimal
search strategy is optimal. In accordance with which the
current sizes and position of sub-area Q(t;) in the common

search area Q should be selected.
In accordance with expression (2) with a value of the

unconditional probability of false alarm fixed at a constant
level, the optimization task is formulated as follows:

P, (y,,t;) > max;
;L(Qj,ti)z 0, ¢t>0;

> AQ ) =L, t>0; ©)

Q(t;)

Zl(Qj’ti) = (t;);
j

Z o () =Lt;,

Q(t)

where P, (yq,tj) — the unconditional probability of detecting
an object at time t; in the discrete area of search Q(t;) ;

Ly — characterizes the power of a search engine;
o(t;) — search effort in search area Q at time t;.

It is rather difficult to obtain a solution to the optimization
task (9) for the discrete case. Therefore, we reformulate the
optimization task (9) somewhat and use the well-known
approach to solve it.

The main variable will be considered as 0<P; <1 — the

conditional probability that the object will be detected when
viewing the sub-area with the number | of area Q;. But
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provided that the object is actually located in area €2; and

has not been previously detected. It is understood that scans
with numbers 1,2,...,1-1 of sub-area Q; were carried out

earlier, and not necessarily sequentially, one after another.

Introduce the notation q; =1-R; . Let area Q; be viewed
nj times. Then the conditional probability that an object in
area Qj will be detected when viewed with number 1 is

-1
Rl Tai -
i=1

If all areas ©;, j=LN, are viewed, and area Q; is
viewed n; times, then there is an unconditional probability
of detecting an object during this sequence of views:
N N 1-1 10
2 P2 Pyl Ty, (10
=1 1=l =
where Pj — a priori probability of the distribution of the

location of the object in area ;.

N
If condition ) n;S; <C is introduced,

j=1
where C — total search potential allocated at time 7 ;

njez ={0,1,2,..};

S; —areaof the j-stsub-area of the search area Q,

then obtain the following optimization task:

N N -1
ZPJ- P[] a; = max;
=1 1=l =1

N

j=1

njez, j=LN.

In the optimization task (11), there are two types of unknown
quantities:

search efforts expressed in whole numbers ny,n,,...,ny;

areas Qy,Qy,...,Qy -

Rewrite the optimization task (11) in the form of a dynamic
programming task:

N n 1-1
£, (2) = P.Y P ITq b,
N(Z) maX{z JI ul__{ qu} (12)

nj. J=LN | =1 1=

N
where > n;S; <z
=1

Solving (12) using the Bellman optimization theory, obtain
the optimal number of views of each area. After finding the
optimal number of views of each area, determine the viewing
order of these areas.

At the same time, set the condition for ensuring the minimum
time for searching and detecting an object. For this we use the
relationship:

i-1 _
PP(yy /Hyi DITP G/ HyL )
1=1
S.

J

(13)

where P(}/llHl,l,]) =1—}_)()/1/Hl,i,j) )

i —number of views of the j -st area, i=1,ui(’f1t ;

] =1k, k — total number of areas in the search area Q..

Having ordered relations (13) in descending order, it is
necessary to solve the search and detection task in the same
order.

Based on the studies performed, the following refined optimal
Bayes decision rule can be formulated. When solving the task
of testing a simple hypothesis against a simple alternative, the
joint optimization of discrete search and object detection is
reduced to:

finding a uniformly optimal search strategy;

calculating the maximum unconditional likelihood ratio in
the current discrete area Q(t;) ;

comparing it with a threshold.

When this rule is fulfilled, the mean time until the object is
detected can be calculated by (14):

.
Tn = [Q)dt, (14)
0
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where Q(t) — unconditional probability of non-detection of
an object.

Taking into account that Q(t)=1-PR(y;,t) for discrete
search and detection, write expression (15):

Tm = 2 (L= PjRi(t)))At], (15)
i

where Pi(t;) — conditional probability of detecting an object
in asub-area Qj;

Atj — the time allotted to view a sub-area Qj ;
ZAt i=T.
i

For quantitative estimates, assumethat P; = Pi(t), At; = At.

Consider two special cases:

. AR=R =05; At=0,5T

Il. A=0,7; P,=0,3; At=0,5T.
For these cases get:

I. T, ~0,75T;

. T, »0,71T .

Can conclude that with the joint optimization of search and
detection, a gain in average time is provided before the
detection of an object

3. CONCLUSION

Thus, the joint optimization of discrete search and detection
of objects can reduce time and, accordingly, reduce the energy
cost of detecting objects.

Introduced the current discrete area of view. The task of
finding the optimal Bayes decision-making rule in the
introduced current discrete area of view is posed and solved.

The specified Bayes optimal decision rule is formulated.
When solving the task of testing a simple hypothesis against a
simple alternative, the joint optimization of discrete search
and object detection is reduced to:

finding a uniformly optimal strategy for finding an object in
discrete cells of the search area;

calculating the maximum unconditional likelihood ratio in
the current group of search subdomains;

comparing it with a threshold.
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