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Abstract: The coordinated search problem faced by two searchers who start together from some point on
the line in order to search for a lost target which randomly located on the line. In this paper the distribution of
the lost target is symmetric around the point of the intersection of two lines, where the intersected point is a
starting point of the motion of the searchers. There are four searchers start together the search for the lost
target at the intersection point under this condition we defined the search plan and computed the expected
value of the first meeting time between one of the searchers and the target. The search plan which minimized
this first meeting time is studied. Finally we obtained some special cases for a search problems. An illustrative

examples is given to demonstrate the applicability of this model.
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Introduction:

The study of search plans for any lost
target either located or moved and having
symmetric or unsymmetric distribution is
important and has recently various
applications, such as searching for a faulty
unit in large linear system, such as electrical
power lines, this kind of search is called
linear search problem,(see [2], [4], [S] and
[6]).

The coordinated search technique is one of a
set of techniques, which studied on the line
when the target has symmetric or
unsymmetric distribution, (see [7], [8] ,[9]
and [10]). Stone studied the located target on
a known region, like petrol or gas supply
underground, (see [12]). Also, the search for
a located target in the plane and has

symmetric or unsymmetric distribution has
been studied see [1]and [3]. The search for a
moving target like missing boats, submarines
and missing system, a Bayesian approach
would formulate for a target whose prior
distribution and probabilistic motion model
are known and generalized the approach for
multi-vehicle search, (see [13] and [14]).

Let X be a random variable which represented
the position of the target if it on the first line
Li, and Y be a random variable which
represented the position of the target if it on
the second line L,, we have two searchers S;
and S; on the first line L,. Also, we have
another two searchers S; and Ss4 on the
second line L,. The four searchers S; ,S>, S3
and S start together looking for the target

33



Abd El-moneim A. M. Teamah'

COORDINATED SEARCH FOR A RANDOMLY LOCATED TARGET

from the point of the intersection of the two
lines, on the first line L, the searcher S,
searches to the right of the intersection point
and the searcher S searches to the left of the
intersection point. Also, on the second line
L, the searcher S3 searches to the right of the
intersection point and the searcher S
searches to the left of the intersection point,
either the two searchers S; and S> detect the
target on the first line Lior the other two
searchers S; and S4 detect the target on the
second line L, .

The four searchers return to the intersection
point after searching successively common
distances until the target is found. We
assume that the speeds of the searchers are
V1,V2,V3 andV,. Our aim is to calculate the
first meeting time between one of the 4
searchers and the lost target. Also, we wish
to find the optimal search plan which
minimize the expected value.

2. Search plan

The generalized coordinated search problem

asks how the four searchers who start together at
the point of the intersection of two lines in a
search region can minimize the expected time to
meet back at the starting point after finding the
lost target. The target is located according to a
known symmetric distribution on one of two
intersected lines L, and L,, where the symmetric
distribution of the target on L, is differs from the
symmetric distribution of the target on L,. The
point of the intersection of the two lines is some
point ap = by , where ao refers to the distance
which the first searcher S; far from the origin of
Ly, and by refers to the distance which the second
searcherS, far from the origin of L. Also, ay is
the position of Sjon L, at the beginning of search
and by is the position of S>, on L; at the beginning
of search. Let ko = zo, where ko refer to the
distance which the third searcher S; far from the
origin of L,, and z, refer to the distance which the
fourth searcher S4 far from the origin of L. Also,
ko is the position of S3 on L, at the beginning of
search and zo is the position S4 on L, at the
beginning of search .
The point of the intersection of the two lines is
some point e; at which ap = bo on L;, and e; at
which ko = zp on L,.The probable paths for the
searchers Si, S», S3 and S4 take the following
cases:

Case(1),
in this case we have e >0 and e >0
Case(2),
in this case we have e; >0 and e <0
Case(3),

in this case we have e1<0 and e>0
Case(4),
in this case we have e1<0 and ex<0
Case(5),
in this case we have e1=0 and e=0
Case(6),
in this case we have e;>0 and ex=0
Case(7),
in this case we have e1<0 and e=0
Case(8),
in this case we have e =0 and e <0
Case(9),
in this case we have e=0 and er>0

On L; the two searchers S; and S follow the
search paths a and b, respectively to detect the
target. The search path a of S is completely
defined by a sequence { a;,i > 0} and the search
path b of S, is completely defined by a sequence
{ bi,i > 0} where i is a nonnegative integer. let
the search plan be represented by ¢ = { a;, b; } €
@ |, where @; is the set of all search plans. Also,
we consider H be a set of positive integer
numbers, where H = {/, 2, 3,...} and L = {/, 2,
3,...J } be a finite subset of H. Also, we
consider, j € L, i € H, where
1 , if L is empty set
i=
jtl , if L is non-empty set

On L, the two searchers S3 and S follow the
search paths k and z, respectively to detect the
target. The search path k of S; is completely
defined by a sequence {k; 7 > 0} and the search
path z of S is completely defined by a sequence
{z; T= 0}, where 7 is a nonnegative integer .let
the search plan be represented by ¢ = {kr,z7} €

@, where @; is the set of all search plans. Also
we consider H be a set of positive integer
numbers , where and L. ={7, 2, 3,..., ]} be a

finite subset of H, 7 € H. Also, we consider
1E€L, where :

, {1
l:
j+1

The probable search plans for the searchers Si,
55,53 and S, take the following cases according to
the previous cases of the probable paths for the
searchers S, S», S3 and Ss respectively.

Case(l), in this case we have the following
search plan for S; and S; on L,

¢ = {(a,-,b,- )iZ() ce<... bi <0 <b,‘ <<b 3 <b 2
<b;<by=ag<a; <a: <....<d}

where d=1lim;wa;, c=1lim;_-xb and
|airi—ai| = |bi+1-bi|, i >0

, if L is empty set

, if L is non -empty set
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and the following search plan for S and Ss on L

cﬁ: {ki,z) iz e <..<z;<0<z;<. <z3<z

<z; <zg=ky <k; <k; <... <g}

,where g=lim;_ok;,e=lim;xz; and
kisi—ki=|ziv1—2z:,7 >0

Case(2), in this case we have the following
search plan for S} and S on L,

d): {(a,‘,b,‘),*zo.'c<... b <0 <bj <..<b3;<b,
<b;<by=ap<a;<a;<..<d}

and the following search plan for S3 and Ss on L,
t_’IEZ {(k;, Zl') o€ <..<z3<z2<z; <z =k <k;
<ks<... < k; <0 <ki<..<g}

Case(3), in this case we have the following
search plan for S; and S; on L,

b= {(ai,bi)iz:c<..<b;<by<b;<by= ay
<aj<a;<..<a;<0<a;<..<d}

and the following search plan for S3 and S4 on L,
@={(ki,z)iz0:€<..<z;<0<z;<.<z3<
z2,<z1<z9p=ko<k;<k,<..<gl -

Case(4), in this case we have the following
search plan for S; and S, on L,

b= {(aibi)iz:c<.<b3;<br<b,;<b=
ap<a;<ar<..<a;<0<a;<..<d}

and the following search plan forS; and S4 on L
@={(kr,z9)r20:€<..<z3 <z:<z;<z9=ky
<k;<k:<..<k;<0<k:<.. <g}

Case(5), in this case we have the following
search plan for S; and S; on L,
b={ai,bi)iso:c<..<bs<by<b;<bp= ap=
0<a; <a; <a3 <... <d}

and the following search plan for S3 and S4 on L,
("'EZ{(](;, Zi)iz0r € <..<z3<z;<z;<zp=ky=
0<k; <k, <k;< .. <g}

Case(6), in this case we have the following
search plan for S; and S; on L,

d) = {(a,‘,b,‘) 0 C <..b; <0 <bj <.<b3;<b,
<b;<by=ayp<a; <a <....<d}

and the following search plan for S; and S4 on L,
@={(ki, z29)i20:€<..<z3<z2<z; <zg =k =
0<k; <k, <k;< ... <g}

Case(7), in this case we have the following
search plan for S; and S, on L,

d) ={(ai, b,‘)iz().'c <..<b3;<b,<b;<by=
ap<a;<a:<..<a;<0<a;<..<d}

and the following search plan for S3 and S4 on L,
(,'E={(k,-, Zl-) 20 € <..<z3<z;<z;<zp=k o=

0<k; <k:<ks< .. <g}

Case(8), in this case we have the following
search plan for S; and S; on L,

¢)={(a,-,b,-),-zo:c<...<b3 <b, <b; <byp= ay
=0<a;<ar<a;<..<d}

and the following search plan for S; and S4 on L,
;E: {(ki,z)iz0:e<..<z3<z2<z1<zp=ky <
ki <k:<..<k;j<0<k;<.. <g}

Case(9), in this case we have the following
search plan for S; and S; on L,

¢) ={(ai,bi)i>:c<..<b3 <by <b; <byp= ayg=
0<a;<a:<az <.. <d}

and the following search plan for S; and S4 on L,

;E:{(k,—, Zy)izo: e 2...<z,— <0<zy; <.<z3;<z

2<z1<zo=ko<k;<k:<..<g}~

The four searchers S;, i = 1, 2, 3 and 4 start
together looking for the target from the
intersection point of the two lines L; and Lo,
where ag = bg, ko = z9.On L, the searcher S; goes
from the intersection point to a; and the searcher
S, goes from the intersection point to by then they
return to the intersection point. Also, on L, the
searcher S3 goes from the intersection point to k;
and the searcher S4 goes from the intersection
point to z; then they return to the intersection
point. The two searchers S; and S, have the same
distances on L; and the other two searchers S3
and S4 have the same distances on L, but differ
from the distances of Si and S, on L because the
lost target has the two difference symmetric
distributions on L; and L,. The four searchers
meet back at the intersection point but may be the
first two searchers S; and S, meet back at the
intersection point before the second two
searchers S; and S, in this case the searchers S,
and S, will be wait the other two searchers S; and
S4 until they arrived to the intersection point on
the other hand the two searchers S; and S4 may
be meet back at the intersection point before the
second two searchers S; and S, in this case the
searchers S3 and S4 will be wait the other two
searchers S; and S, until they arrived to the
intersection  point. If they did not detect the
target they start the search again from the
intersection point to the right and the left and
again they return to the intersection point and so
on until one of them detect the target.

Let Vi=1,1i=1, 2, 3, 4 and the search plan of

the searchers represented by @ = (¢, @) € &,

where ® is the set of all search plans . On L; we

assume that the probability of the position of the
target at each point in {c,d} can be calculated
from a given distribution function Fi(x) with a
density function f 1(x) which is symmetric about
the intersection point. Also, on L, the probability
of the position of the target at each point in {e,g}
can be calculated from another distribution
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function F»(y) with a density function f,(y) which
is symmetric about the intersection point. Let |a;
— aj.1| = |bi — bi.| on L; are differ from [k; - ki.i| =
|zi - zZiajon Ly, i>0.

There is a known probability measure y = y; + 2
on {c,d } U {e,g} which describes the position of

the target ,where v; is the probability measure
induced by the position of the target on {c,d}
.Also , v» is the probability measure induced by
the position of the target on {e,g}, and v {c,d} +
v2{e,g} =1, where.

vi (x1,x2) =Fi(x2)-Fi(x1).

and

v2(yuy2) =F2(y2)-F2 (1)

Let Dj, 1 = 1, 2 be the time for the searcher S;, i
=1,2 to return to the starting point if the other

searcher has found the target .Also, let D; ,1=3,

4 be the time for the searcher S;, i = 3, 4 to return
to the starting point if the other searcher has
found the target and D(®) be the time for the
searchers to return to the starting point if one of
them has found the target .

Remark 1: The waiting time between the
searchers at the intersection point is out of the
cost.

In the following theorem we assume that D; = D
on the first line L1, and D3 = D4 on the second
line L, according to the probability of the
position of the lost target on the two lines.

We consider from now case (1).

Theorem 1 The expected value of the time for
the searchers to return to the intersection point ao
= bo, k 0 = 7o if one of them has found the target
is given by

j

E(D(q):l) =2 Z (3“, - aD:' [Vil:c; d:' - vi(.jw—‘.l aw—i)]

w=1
+2 Z(aw - ao) [V:. (C, d) -Vi I:bw— 113y l)]

w=i

]
2 ) (55~ Knleg) vl
w=1

12) (- kolnfed vt ok o)

Proof

1)If the target is detected on L; we find :
If the target lies in ]ag,a], then
D, = -2(bi-bo),

, then

>

—_

If the target lies in ]a;,a,
D= -2(b1-b0) + (bz - by)
If the target lies in ]as,as], then

D3 = -2(b1-bo) + (b2 - bo)] + (bs - bo)],

If the target lies in ]aj.1,a;], then

D, = -2(b1-bo) + (bz - bo)] + (b3 - bo)] + ... +
(bj-1 - bo) + (bj - bo)],

If the target lies in ]a;,a;], then

D, = -2(b1-bo) + (bz - bo)] + (b3 - bo)] + ... +
(bj-1 - bo) + (bj - bo)+ (bi - bo)],

If the target lies in ]aj,aj+1], then

D, = -2(bi-bg) + (b2 - bo)] + (b3 - bo)] + ... +
(bj-1 - bo) + (bj - bo)+ (bi - bo)+ (bis1 - bo)].

—_

and so on.

If the target lies in [bi,bo[, then

D1 = 2(al-ao),

If the target lies in [by,bi[, then

Di =2(ai-ap) + (a2 - ap)],

If the target lies in [bs,by[, then

D = 2(aj-a0) + (a2 - ao)] + (as - ao)],

If the target lies in [bj,b;.1[, then

Dy = 2(ai-a0) + (a2 - a0)] + (a3 - a0)] + ... + (aj1 -
ao) + (aj - a0)],

If the target lies in [bi,bj[, then

D1 =2(aj-ao) + (a2 - ap)] + (az - ag)] + ... + (aj1 -
a) * (a; - a0) + (ai - a0)],

If the target lies in [bi+1,bi[, then

D1 =2(aj-a0) + (a2 - a0)] + (as - ag)] + ... + (aj1 -
ao) + (aj - a0) * (ai - ao) + (ai+1 - a0)],

and so on.

2) If the target is detected on the second line L
we find:

If the target lies in ]ko,ki], then

Dy = -2(z1-20),

If the target lies in ]ki,k»], then

Dy = 2[(z1-20) + (22 - 20)],

If the target lies in ]ka,ks], then

Dy = -2[(z1-20) + (22 - 20) + (23 - 20)],

If the target lies in ] ki.;, ki ], then

D,= 2[(z1-20) + (22 - 20) + (z3 - 20) + ... + (211-

20) (21 - 20)],

If the target lies in ] ky, ki], then

ﬁ4 = -2[(21-20) + (Zz - Zo) + (Z3 -Z) + ...+ (Zf.]-
z0) + (21 - zo)+ (zi - 20)],

If the target lies in ] ki, ki+], then

Dy = -2[(z1-20) + (z2 - 20) + (z3 - Zo)+ ... + (z1-
20) + (71 - 20)* (2i - o)+ (Zini- 20)],

and so on.

If the target lies in [zo,z1[, then

D;= 2(ki-ko),

If the target lies in [22,z1[, then
D; = 2(ki-ko) + (k2 - ko)1,

If the target lies in [z3,2[, then
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D = 2(kiko) + (ko - ko)] + (ks - ko)),
If the target lies in [z1.1,21 [, then

D; =2(ki-ko) + (k2 - ko)] + (k3 - ko)] +
ko) + (ki - ko)],

If the target lies in [z1,z1 [, then

D, = 2(ki-ko) + (k2 - ko)] + (ks —ko)] + ...
ko) + (ki - ko) + (ki - ko)],

If the target lies in [z1,z1+1[, then

D; = 2(ki-ko) + (k2 - ko)] + (ks —ko)] + ...
ko) + (k1 - ko) + (ki - ko)+ + (ki1 - ko)],

oot (kg -
+ (kp1 -

+ (k]_1 -

And so on, then we can calculate E[D(®)] as

follows:

E[D(®)] = 2(ai-ao[v1 (a0, a1) + vi(a1, a2) + vi(az,
a3) + ...+ vi(a;, a) + vi(ai, air1) + ...+ vi(b, bo) +
vi(bz, b) + vi(bs,bz) + ...+ vi(bi, b)) + vi(bi+1, bi)
+...]

+2(a2-ao)[ Vi (al, az) + Vl(az, a3) + ...

+ vi(aj, ai) + vi(ai, air1) + ...+ vi(bz, bi) + vi(bs,
b2) + ...+ vi(bi, bj) + vi(bi+1, bi) + vi(bisz, biri)]
+2(az-ag) )[ vi(az, a3) + ...

+ V1(aj, a;) + vi(aj, ai+1) + ...+ vi(bs, by) + ...+
vi(bi, bj) + vi(bir1, bi) + vi(bis2, biv)] + ...
+2(ki-a0)[ v2 (ko, ki) + va(ki, ka) + va(ka, k3) +
.+ waky, ki) + va(ki, ki) + .. va(zi, 20)
va(22, Z1) + va(23,22) + ...+ Va(Zi+1, Zj) + V2(Zi2,
Z-I+1) + .. ]

+2(k2-a0)[ va (ki, ko) + va(ke, k3) + ... +va(kyy, ki)
+ va(ky, ki) + va(ki, ki) + ...+ va(22, z1) + va(z3,

Z2) *+ ... tvo(z), z11) + va(zl, 2) + va(Zivi, Z1) + ...]

+2(ks-a0)[ va(kaks)
+Ava(ki kv (kikva(kikia)+. 4va(23,22)
o Ava(Zz0) Ha(Ziz) Fva(zinnzD) o

=2(ay - a) [vi(c,d)] + 2(az - ag) [vi(c,d) -
vi(bi,a1)]+ 2(as - ao) [vi(c,d) - vi (br,a2)] + ...

+2(ki - ao) [va(e,g)] + 2(k - a9) [va(e,g) -
va(z1,k1)]+ 2(ks - ao) [va(e,g) - va (22,k2)] +

]
=2 2, — 2 d) —v (b, ya,)]

w=1
o

+2) (o~ 2) e = vy (0, 2]

W=l

12 ) (kg —ky)[va(e,g) — vo(zg-1 kg-1)]

M--

1

DX

E]]
I

—ky)[va(e.g) — vy (zg5-1 kg1l

IA
f—
A
—
o
+
—

[2.1]

Definition 1 : let ®° £ © be a search plan, then
®" is an optimal search plan if :

E[D(®")] = inf {E[D(D)], ® =D },

Where © is the set of all search plans.

Theorem 2 : let Fi(x)be a continuous distribution
with a density function fi(x) and f:(y) be a
continuous distribution with a density function

B0 © = (¢, ) € D
plan, then :
[v, (edi—v, (bi.a;)]

is an optimal search

—J_J_
{41 T e T2
,1<j<i,i=j+1 [2.2]
[vz (eg) v (27k7)]
I:"'“H'l £, (kg + kl}
,1<7<1,1=7+1 [2.3]

Proof: we have from [2.1]

] b

DO =2 ) (5, 20 (60) B ] 42) 5, -2l

w=1 w3i

1‘Fllh u s', 1]]

-I-ZZ G AN )| +7Z[k,ﬂ 3)[v,(eg)

W=l
\
_Vzl\‘:'ﬁ'-l'kﬁ'-' :|

-4
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(@~ ag) (e, d)] + (ay — ap)lw (c.d) -1y (b1: ) Also,
+az - ag)lwy(c,d) — vy (bya5)] 4 -
=2 +oj—ag)nc d) - 1'[5"—1:&'—1)] JE[D(®)] _
+Ea}- —a)fi(c.0)- 'vibjj aj-]] 2 = Z[Vl(c, d) —vl[bi_l,ai_l) —(a- a,}]fl(ai)] =0

a1 - ag)ler(c,d) ~ vy (b 2)] +
Thus,

_ [vi(cd) — Vilzbj—r 3]—1)]

L= JAZjoii=j+1
(ks = a)lry(e,)] + (ks — aplva(e,) - va(zy, )] % (e Fadsi<ii=i+
+(ky — ag)[vsle, ) — vz, k)] + -
+2 +{k; — ag)[1a(e.0) - a7 1.k )| Hence,
+{ly - ag)[ra(eg) - valz)]
ki1~ ag)lvle, ) - vz )1+ - — v, (b, a;
i+1~ GgJlvale g i F'Hiz[viic,vd] vil:bj,a,)]_‘_aojgj{iﬂ,:j_H
£i(a;)
Hence,
By a similar way we can prove (2.3).
JE[D(®)]
T 2[vy(c,d) — (a; —ap)fy(a)] = 0 Theorem 3:
L Lheorem 5:
If ® = (¢, qE) )E & is an optimal search plan,
Thus, then
fi(ai) < fi(aj) and fi(b;) < fi(b;)on the first line L,
_vi(ed) o
a:_fl(alj 2, Ti<j<i,i=j+1 (2.4)
Also,
Also,
aE[D (@] fr(ki) < f2(ki) and f2(zi) < f2(z;). on the second line
=2vy(cd) - vy(bya) - (33— 2)fi(2)]=0  [,w1< j<i,i=7+1 (2.5)
Proof : We have from (2.2)and further from the
Thus definition of the search plan
’ v,(cd)— vthj,a)
[:]— 1 <j=<i,i=j+1
a4 = [V1(C:dj_v1(h1:31)]+a ( 2;1 a(uh )
= viled)—v ,a
: f1(22) ° f,(ay) =— e
d3 ~ 3y
And
And so on, then: r' rl]
fi(ay) = _a
OE[D(®) 2%

]
% = E[VI(C, d) _Vl(b]—}!’aj—}f) - (al - au)fl(aj_l)] =g But
-1
: Vl(C,d) > Vl(C,d) — V1(b1,a1) > Vl(C,d) - V1(b2,a2)
>vi(e,d) —vi(bga), 1 <j<i,=j+1

Thus,
And
Fogn -
B [Ml[_C,dJ - Flkbj_q,il]_q)] talgieiizjil ay—ap <az—ap<aj —ap
- prd =) == 1l =
: fl (aj— 1) Hence,
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vy (c, d) - vi(c, d) —vy(by.ay) - vy(c,d) — vy (b; ;)

a; — 3y a3 —3ap 3j+1 — 3

Z

Thus,

fian) > fi(a2) > fia)), j> 1,
Then
fi(a) <fi(a) V1<j<I,I=j+1

by similar way we can prove fi (b;) < fi(b;) and
(2.5).
Special cases:

Case(i)

In case (1) if the target is located according to a
known symmetric distribution on one of two
intersected lines L; and L, where the distribution
of the lost target is the same on the first line L;
and on the second line L,  then the expected
value of the time of finding the lost target is :

EID(@)]- 22 (- a1 - 2vy(b,y 2]

|ZZ(BW Elu,j[l zvl(bw—lfaw—l:)] (2.6)

w=i

1-2nlb_j,a._
diy = [~([—||1|1)+30r1‘“1*”—f‘|'1 2.7
[ a-l,
1 =2z, ke
ki+1=[‘(—1m+kmisjn::[+1 (2.8)
flx)
Case (ii)

In case (7) if the point of intersection of
the two lines is the origin , where

ay = by = ky =z, = 0, then the expected

value of the time of finding the lost target is given
by :

E[D((D)] 21—"# 1 1V[V1Lc d) vl(hw—l’aw—lj]

12 Z ka[vo(ez) — vy (zg-1 kgoy)] (2.9

w=1

Also,

_Mmled)-v.(b_yay)] (2.10)
q+ = () 2

e leg) =l kil]
l<1-+1=T Ja=1 (2.11)

Case (iii)

In case (@) if the target is located according to a
known symmetric distribution on one of two
intersected lines L; and L, where the distribution
of the lost target is the same on the first line L,
and on the second line L, and the point of
intersection of the two lines is the origin, then the
expected value of the time of finding the lost
target is given by the following :

E[D(d)]=2 Ej“,-:j_ 2y [1 —2v, Ebw—lfaw—l:]]

12 Z 2y, [1 - zvl(hw—l’aw—lj] (2.12)

w=1

Also,

1= 2n(by 3]

A<j<ii=j+l @13)

[1- 2wz g k)] | (2.14)

Case (iv)

In case (i) if the target is located according to a
known symmetric distribution on one of two
intersected lines L; and L, where the distribution
of the lost target is the same on the first line L;

and on the second line L, then v, =V, and
£, () = £,(¥) when c=e and d=g we find :

d .
.rc f; (x)dx = Lg f,(y)dy =

B3|
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But if the target is located according to a known
symmetric distribution on one of two intersected
lines L; and L, where the distribution of the lost
target is the same on the first line L; and on the
second line L, but c#e and d#g we find :

(26, (x)dx = [F£,(v)dy

Case (v)
In case (i) if V5 [e, gj = (0, then we can get the

same result of [10].

Example 1
If X has the density function
— N
1 1
fifx]=|x|.—1¢:— ||7£X£ ||j*‘-i:1
‘\J & ‘\J &

,where x representing the position of the located
target on the first line L,

[1 I'T
c=— [zandd= |5,

and y has the density function
-

<1
‘\J =

,where y representing the position of the
located target on the second line Lo,

o
1
EE =lyl,—1< - Z<y<

N N

1 1
g=—|7ande= |
"q; ‘\J;

anc the two lines L, and L, are intrested in the origin.

Then the optimal search plan @ = (@,@*)

consists  of €=
— - n
s |1 1
@=4— (=.0. ||: .
‘\J a ‘\J ;j

Proo,

Let the optimal search plan @ contains of

But

[ [
Fi(ay) < £y (Nllg) and f; (k) < f; (Nllg)

which contracted relation (2.4) and (2.5). Then

a, =k, = |

Example 2
If X is a continuous random variable that has a

uniform distribution with a probability density
function

t'l[;x]=i,—12=:: -3 <x<3<12

,where x representing the position of the
located target on the first line Li, c=-3 and d=
35

And Y be a continuous random variable has a
triangular distribution with a probability density
function

101
fz(y):I-Elyl,-4<-2§y§2<4

,where y representing the position of the located
target on the second line L,, g =2 and e = -2,
and the two lines L; and L, interested in the
origin.

Let ®i = (i, ©i) € Do be a search plans and
E[D(®y)],1=1,2,3

(i) suppose that @, consists of the points {-3,0,3}
and @y consists of the points {-2,0,2}

if0<x<3 ,2then D=6
if-3<x<0 ,then D =
if0<y<2 ,then Ds=4
if-2<y<0 ,then Ds;=4
Hence:

E[D('i?'lj] =45

0(ii) suppose that @, consists of the points {-3, -
2,0,2,3} and @, consists of the points {-2, -1,

0,1,2}.

if0<x<2 ,then D=4
if2<x<3 ,then D,=10
if-2<x<0 ,then D=4
if-3<x<-2 ,then Di=10
if0<y<l1 ,then Ds=2
ifl<y<2 ,then Ds=6
if-1<y<0 ,then D;=2
if-2<y<-1 ,then Ds=6

Hence the expectation value can be obtained as
follows :

E[D[:EP':)] =425

(iii) suppose that @3 consists of the points {-3, -2,
-1, 0, 1, 2, 3}, and @3 consists of the points {-2, -
1,-0.5,0,0.5,1,2}.

if0<x<1 ,2then D=2
ifl<x<2 ,2then D=6
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if2<x<3 ,then D,=12
if-1<x<0 ,then D =2
if-2<x<-1 ,then D =6
if-3<x<-2 ,then D =12
if0<y<0.5 ,then D4=1
if0.5<y<l1 ,then D4=3
ifl<y<2 ,then D4=7
if-0.5<y<0 ,then D3=1
if-1<y<-0.5 ,then D3=3
if-2<y<-1 ,then D1=7

,Hence the expectation value can be obtained as
follows :

E[D(@3)] = 469791666666,

Hence 02 is the optimal search plan.

Example 3
If X is a continuous random variable that has a

triangular distribution with a probability density
function.

1
f(x)=.——kkl-4<-2<x<2<4

where x representing the position of the located
target on the first line L;

c=-2andd=2,

and Y be a continuous random variable has a
triangular distribution with a probability density
function.

1

; 1
f:&'j:;—ﬁbf

,where y representing the position of the located

target on the second line L), g=4— ”'*\."E, and

e = —4 + 24/ 3, and the two lines L; and L, are
interested in the origin. We have:

®E1omi1z

= x=0
Fi(x) = .2

—X"+8X+12

P — x>0

a7

And

T+ ETVH4

3z ,y<0
Fay) = —¥? 48V +4

N y20
From the properties of the symmetric

distribution, we can say that its cumulative
distribution function satisfies.

,—4< -4+ 2W3<y< 4-2V3< 4

vi(c,d) - Fi(x) =

Fa(-y)
from (2.9) and using (2.15) we can get:

E[D(#)] - 42-;..1 [vy{0) -
i=1
Also (2.13) and (2.15) become

Fi(—x) and va(e,g) — Fa(y) =
(2.15)

_ [walea)d-F (a;_.]]

Biyq = 0 =1 (2.16)
And

vy leg) =Rk )] .
k_;u‘+1 _ —;:I,_; =1 (2.17)

f:':k_f:'
By substituting in (2.16) and (2.17) we can get:

al

; -7 +3Ej_ 4 +12
2[w, (o) — = ul 1
a. =
i+1 i,
a1 <ajfori>1 (2.18)
And
—RF_ eekj_a+e
2[vyle.g)- J_T]
Kjer = Ep ’
PR
ki1 <kjfor j>1 (2.19)
Then the optimal search plan satisfies (2.18) and
(2.19).

In table 1 we generate the steps aj, i > 1 and
ki , j = lof the searchers which give the optimal
search plan by using (2.18) and (2.19) and then
ewe can find the optimal expected time. We can
see from table 1 that E[D(®*)] = 3.00809002.

Table 1
ai a; as as| ki k> ks ki | E[D(D)]
2 4-2+/3 3.26794919
1.5 2 0.4 4-24/3 3.07680780
1 2 02 | 42v3 3.00809002
0.5]1.7142857] 1.804687488 | 2 | 0.15 [0.240625]0.37539484|4-2+/3 |3.297022378
References:
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