
Abstract
In this paper an algorithm is designed for multiple intercepting 
moving target traveling salesman problem is designed in which 
there are total number of n targets which are moving away from 
the origin with the positive constant velocity in a straight line 
and  there is a single pursuer and that pursuer has to intercept 
exactly two number of targets before coming back to the origin 
and the goal is to intercept the targets in such a way that the total 
time taken by   the pursuer can be minimized. An algorithm is 
also designed for multiple intercepting moving target traveling 
salesman problem is designed in which there are total number of 
n targets which are moving away from the origin with the positive 
constant velocity in a straight line and there is a single pursuer 
and that pursuer has to intercept exactly two number of targets 
before coming back to the origin and the goal is to intercept the 
targets in such a way that the total distance traveled by the pursuer 
can be minimized.
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I. Introduction
Any computational procedure which takes the input as a single 
value or set of values and produces the output as a single value 
or set of values is known as algorithm [3-6,9,11].  Traveling 
salesman problem has attracted the attention of many researchers 
over the last half-a-century. Researchers have already given large 
number of algorithms for classical traveling salesman problem.  
Researchers are continuously applying their best efforts in 
designing new approximation algorithm for traveling salesman 
problem. Dynamic version of traveling salesman problem has 
large number of real life applications. Zhou et al (2003) studied 
the non-stationary TSP (NTSP) which may encompass additional 
features such like (i) the number of cities may change with time: 
some new cities may appear in the tour and some old ones may 
disappear; and/or(ii) The city locations may change with time. 
In the classical traveling salesman problem, there is salesman 
and he has to traverse n number of cities in such a way that the 
total distance traveled by salesman is minimized.  The classical 
traveling salesman problem is special case of moving target 
traveling salesman problem where all velocities is equal to zero. 
Moving target traveling salesman problem [1] can be formulated 
as follows:
 A set G={g1,g2,g3,_ _ _ _ ,gn} of targets each gi is moving at 
constant velocity vi from an initial position pi and a pursuer starts at 
the origin and having speed v>vi, the goal is to find the fastest tour 
which starts and end at the origin, which intercepts all targets.

II. Moving target traveling salesman problem with 
resupply
In moving target traveling salesman problem with resupply, the 
pursuer must come back to the origin for resupply after intercepting 
each target. We also assume that the  all targets  move on radial 
line which passes through the origin. In any optimal moving target 
traveling salesman problem tour, the pursuer must always move 
with the maximum speed. This lemma is known as no waiting 
Lemma [1].

Suppose di be the initial distance between the target gi and the 
origin i.e.  di=|pi| where pi represents the position of target gi  in the 
given plane. As velocity is vector quantity So we have assumed 
that when the targets are moving away from the origin then the 
velocity is positive and when the targets are moving towards the 
origin then the velocity is negative.

Fig. 1 Four targets g1,g2,g3,g4 are moving away from the origin 
in one dimensional motion with initial  positive velocities 
v1,v2,v3 and v4 respectively. Another four targets g5,g6,g7 and g8 
are moving towards the origin  and their velocities are v5,v6,v7 
and v8 respectively. The pursuer must return to the origin after 
intercepting each and every target.
In section III an algorithm is designed   for multiple intercepting 
moving target traveling salesman in which there are total number 
of n targets which are moving away from the origin with the 
positive constant velocity in a straight line and there is a single 
pursuer and that pursuer has to intercept exactly two number of 
targets before coming back to the origin and the goal is to intercept 
the targets in such a way that the total time taken by   the pursuer 
can be mini IV An algorithm is designed for multiple intercepting 
moving target traveling salesman problem is designed in which 
there are total number of n targets which are moving away from 
the origin with the positive constant velocity in a straight line and 
there is a single pursuer and that pursuer has to intercept exactly 
two number of targets before coming back to the origin and the 
goal is to intercept the targets in such a way that the total distance 
traveled by the pursuer can be minimized.

III. Problem statement
There are total number of n targets which are moving away from 
the origin with the positive constant velocity in a straight line and   
there is a single pursuer and that pursuer has to intercept exactly 
two number of targets before coming back to the origin and the 
goal is to intercept the targets in such a way that the total time 
taken by the pursuer can be minimized.
Consider the case when there are only two targets which are 
moving away from  the origin in a straight line.
v1 be the  velocity of the target g1.
v2 be the  velocity of the target g2.
d1 be the initial distance of the first target.
d2 be the initial distance of the second target.
t1 be the time taken by pursuer to intercept the target g1
t2 be the time taken by pursuer to intercept the target g2.
v be the velocity of pursuer.
Let y be the total time taken by the pursuer to firstly intercept the 
target g1 and then g2 and z   be the total time taken by the pursuer 
to firstly intercept the target g2 and then g1.  
t1=d1/(v-v1)
t2=(d2-d1+v2t1)/(v-v2)
t2=((d2-d1)+v2d1/(v-v1))/(v-v2)
So y=2[d2v-d2v1+d1v1]/(v-v1)(v-v2)
Similarly  z=2[d1v-d1v2+d2v2]/(v-v1)(v-v2)
Suppose y <= z 
if and only if d1  <= d2 and v<=v1+v2
Proposed algorithm 
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Input:-
If G={g1,g2,g3,_ _ _ _ ,gn} be the n number of targets
vi be the initial velocity of the target gi.
di is  the initial distance of the target gi.
v be the velocity of pursuer.
Output:-
The intercepting order in which the   pursuer    must   intercept 
the targets so that the total time  taken by the   pursuer can be 
minimized. 
ti be the time taken by pursuer to intercept the target gi
T is the total time taken  by the pursuer to intercepts all targets.

Pseudo code:
1. for i=1 to n
         if(vi >v)
            print “ the algorithm cannot determine the optimal    
            tour because in that  case pursuer will not be able to   
            intercept the all targets”
2.   Sort the  input list di   by using merge sort.
3.    for i=1 to n
         print di  
4.   for i=1 to n 
         print vi 
5. t1=d1/(V-v1)
6. for(i=2 to n)
{
  if(i%2==0)
     {
      for(j=1 to i-2)
{
   x=x+2*tj
}
x=x+tj
ti=((di- di-1)+(x*vi))/(V-vi)
      }
    else
         {
   for(j=1 to i-1)
       y=y+ 2*tj
     ti= (di + vi*y)/(V-vi)
  }
x=0
y=0
}
7. for(i=1 to n)
    T= 2*ti+T
8. for(i=1 to n)
  print(“ti”)
9. print("the total time taken by the pursuer  is T”)
Time complexity of the proposed algorithm
If t1= time complexity of step 1= θ(n).
t2= time complexity of step 2= θ(nlgn).
t3= time complexity from step 3  = θ(n).
t4= time complexity from step 4 = θ(n).
t5= time complexity from step 5= θ(1).
t6= time complexity from step 6= θ(n2).
t7= time complexity from step 7 = θ(n).
t8= time complexity from step 8 = θ(n).
t9= time complexity from step 9 = θ(1).
T(n)=Resultant time complexity of algorithm 
T(n)= t1+  t2 + t3 + t4 + t5 + t6+ t7+ t8 + t9 = θ(n2)

IV. Experimental Results
When there are two numbers of targets which are initially at the 
distance 10  and 20 from the origin, moving with the velocities 5 
and 10. The pursuer is moving with the constant velocity 15. When 
the proposed algorithm is applied to  this particular input then the 
intercepting order of input targets  comes out to be {1,2}. It means 
the pursuer will intercept the target g1  and after then pursuer will 
intercept the target g2 And the total intercepting time comes out to 
be   27.142859 and if the pursuer firstly intercepts the target g2 and 
after then the pursuer intercept the target g1 then total intercepting 
time comes out to be 31.428572 Which is greater than the total 
intercepted time determined from the proposed algorithm. The 
relative error is the intercepting time of the targets determined from 
the proposed algorithm with the compared with the intercepting 
time of the other order. The relative error in this particular case 
comes out to be  15.789463 as shown in the  table 1.

Table 1 Multiple Target  intercepting TSP  for 2 targets when all 
targets are moving away from the origin

When there are three numbers of targets which are initially at the 
distance 5, 10 and 15 from the origin, moving with the velocities 
5, 10 and 10. The pursuer is moving with the constant velocity 
of 15. When the proposed algorithm is applied to  this particular 
input then the intercepting order of input targets  comes out to 
be {1,2,3}. It means the pursuer will intercept the target g1  and 
after then pursuer will intercept the target g2 and  g3  And the 
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total intercepting time comes out to be 31. And If the pursuer 
tends to intercept the target in {1,3,2} order then the intercepting 
time comes out to be 39 and the relative error comes out to be  
34.482758. The intercepting time of other orders along with the 
relative error is shown in the table 2.
Table 2 :  Multiple Target intercepting TSP for 3 targets when all 
targets are moving away from the origin

When there are three numbers of targets which are initially at the 
distance 4, 6 and 8 from the origin, moving with the velocities 
8, 10 and 12. The pursuer is moving with the constant velocity 
of 20. When the proposed algorithm is applied to  this particular 
input then the intercepting order of input targets  comes out to 
be {1,2,3}. It means the pursuer will intercept the target g1  and 
after then pursuer will intercept the target g2 and  g3  And the total 
intercepting time comes out to be 8.933333. And If the pursuer 
tends to intercept the target in {1,3,2} order then the intercepting 
time comes out to be  9.200000 and the relative error comes out 
to be 6.1538420  The intercepting time of other orders along with 
the relative error is shown in the table 3.

Table 3: Multiple Target intercepting TSP for 3 targets when all 
targets are moving away from the origin

Consider the case when there are only two targets which are 
moving towards the origin in a straight line.
v1 be the  velocity of the target g1.
t1 be the time taken by pursuer to intercept the target g1
v2 be the  velocity of the target g2.
t2 be the time taken by pursuer to intercept the target g2.
v be the velocity of pursuer.
d1 be the  distance of  the target g1
d2 be the  distance  of the target g2.

Let y be the total distance traveled by the pursuer to firstly • 
intercept the target g1 and then g2 and z   be the total distance 
traveled by the pursuer to firstly intercept the target g2 and 
then g1. d1=t1(v-v1)
d• 2=t2(v-v2)-v2t1+t1(v-v1)
Suppose y <= z • 
(t• 1-t2)(v-v1-v2)<=0

t1<=t2   if and only if v1+v2<= v
Proposed algorithm 
Input:-
If G={ g1,g2,g3,_ _ _ _ ,gn } be the n number of targets
vi be the initial velocity of the target gi.
ti be the time taken by pursuer to intercept the target gi
v be the velocity of pursuer.
Output:-
The  intercepting order in which the pursuer   must   intercept 
the targets so that the total distance traveled by the pursuer can 
be minimized. 
di is  the distance traveled  by  the pursuer to intercept the target 
gi.
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D is the total distance traveled by the pursuer to intercepts all 
targets.
Pseudo code:
1for(i=1 to n)
         if(vi >v)
             print“ the algorithm cannot determine the optimal    
             tour because in that  case pursuer will not be able to   
             intercept the all targets”
2    Sort the list ti   in the increasing order by using merge sort.
3    for i=1 to n
         print vi  
4    for i=1 to n 
         print ti 
5 d1=t1*(V-v1)
6 for(i=1to n)
  {
   if(i%2!=0)
       {
        for(j=1 to i-1)
     {
     x=x+2*tj
     di=ti*(V-vi)-vi*x;
     }
        }
     else
          {
   for(j=1to i-2)
        y=y+ 2*tj
      y=y+ tj
      di= di-1 + ti*(V-vi)-vi*y
   }
x=0
y=0
}
7 for(i=1 to n)
    D= di+D
8 print "the total distance traveled by the pursuer is D "

Time complexity of the proposed algorithm
If t1= time complexity of step 1= θ(n).
t2= time complexity of step 2  = θ(nlgn).
t3= time complexity  of step 3 = θ(n).
t4= time complexity of step 4= θ(n).
t5= time complexity of step 5= θ(1).
t6= time complexity of step 6 = θ(n2).
t7= time complexity from step 7 to  8 = θ(1).
T(n)=Resultant time complexity of algorithm 
T(n)= θ(n2)

Experimental Results
When there are two numbers of targets which are moving with 
the velocities 10 and 20. The pursuer is moving with the constant 
velocity 50. The time of intercepting the first and the second 
target is 5 and 10. When the proposed algorithm is applied to  this 
particular input then the intercepting order of input targets  comes 
out to be {1,2}. It means the pursuer will intercept the target g1   
and after then pursuer will intercept the target g2 And the total 
distance traveled by the  pursuer  comes out to be 600 units and 
if the pursuer firstly intercepts the target g2 and after then the 
pursuer intercept the target g1 then the  total distance traveled by 
the  pursuer  comes out to be 700 Which is greater than the total 
distance  determined from the proposed algorithm. The relative 

error is the intercepting time of the targets determined from the 
proposed algorithm with the compared with the intercepting time 
of the other order. The relative error in this particular case comes 
out to be   as shown in the table 5. 

Table 4 :  Multiple Target intercepting TSP for 2 targets when  all 
targets are moving towards the origin

When there are three numbers of targets which are moving with 
the velocities 20, 10 and 20 and the time taken to intercept these 
targets are 5, 5 and 10 respectively. The pursuer is moving with the 
constant velocity of 150. When the proposed algorithm is applied 
to  this particular input then the intercepting order of input targets  
comes out to be {1,2,3}. It means the pursuer will intercept the 
target g1  and after then pursuer will intercept the target g2and  g3  
And the total distance traveled by the salesman comes out to be 
2850.000000. The total distance traveled by the pursuer for  other 
orders along with the relative error is shown in the table 6. 

Table 5: Multiple Target intercepting TSP for 2 targets for 3 targets 
when all targets are moving towards the origin.
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V. Conclusion
In this paper an algorithm is designed for multiple intercepting 
moving target traveling salesman problem is designed in which 
there are total number of n targets which are moving away from 
the origin with the positive constant velocity in a straight line 
and  there is a single pursuer and that pursuer has to intercept 
exactly two number of targets before coming back to the origin 
and the goal is to intercept the targets in such a way that the total 
time taken by   the pursuer can be minimized. An algorithm is 
also designed for multiple intercepting moving target traveling 
salesman problem is designed in which there are total number of 
n targets which are moving away from the origin with the positive 
constant velocity in a straight line and there is a single pursuer 
and that pursuer has to intercept exactly two number of targets 
before coming back to the origin and the goal is to intercept the 
targets in such a way that the total distance traveled by the pursuer 
can be minimized.
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