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Abstract Based on the consideration of the collision, the task allocation and path planning of multi-robot system
are studied. With robots’ the longest travel time as a restrictive condition and the total cost minimum as the objective
function, the integer programming model is established; In order to avoid robots colliding in the process of walking,
a collision penalty term is introduced and a genetic algorithm with collision detection is designed. Using the genetic
algorithm, the optimal solution of task allocation and path planning can be found effectively, the paths can avoid the
robots collision. Finally, the model and algorithm are verified by a specific example.
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1. Introduction
Multi-robot system refers to a number of robots to
complete lots of tasks coordinately in a specific
environment. Multi-robot system is mainly divided into
centralized system and non-centralized system, while the
difference between them is whether using the central
processor to control the system. This paper focuses on the
centralized system, which uses the central processor to
realize the task allocation and path planning of robots.
Multi-robot system has been successfully used in many
practical works, such as cargo handling in dangerous
goods warehouse, data collection in extreme environment,
or environmental monitoring and so on. Li [1] studied the
task allocation problem of multi-robot in smart warehouse
of “cargo-to-person” picking mode and gave the effective
polity to complete cargo handling; Liu [2] studied the path
planning of multi-robot based on dynamic priority; In
remote operation, Suzuki T [3] studied multi-robot system
completed the task of the detection; Based on avoiding
collision, Yamashita [4] put up the method for path
planning of multi-robot cooperative transportation of large
objects; Silva [5] proposed a genetic algorithm to solve
the problem of multi-robot cooperation sohoban.
“Robogas” project team members use multi-robot system
to solve the problem of gas leakage of the plant's
monitoring points. Later based on this project, the
simulation using 3 robots, finished 90 position monitoring,
Kelin Jose [6] proposed A* algorithm to solve the path
planning of robots and genetic algorithm to solve tasks
allocating of 90 points monitoring. In the process of
monitoring 90 points, Kelin Jose set in advance using
three robots, rather than using optimal robots through
calculation analysis, making the cost is not necessarily the
lowest. On the other hand, a collision for robots did not
implement the punishment mechanism.

Robots’ collision can cause damage, prolong working time,
and even cause the system to be paralyzed, so the number
of robots collision among paths should be reduced as much
as possible. In order to minimize the number of robots collision,
the task allocation and path planning problem of multi-robot
system is studied in this paper. Based on considering the
fixed cost of robots, the penalty of number of collisions is
introduced, and a genetic algorithm is designed to solve
the task allocation and path planning problem of multirobot system, the optimal usage of robots and the minimal
cost can be obtained by the algorithm.

2. Problem Description and Mathematical
Model
2.1. Problem Description
Multi-robot system for environmental monitoring is
used in a factory ,The factory has m homogeneous robots
to monitor n monitoring stations, each monitoring station
needs to be detected once a day. Each robot full of
electricity can run limited distance continuously, and the
detected time of each monitoring point is given. When not
performing detecting tasks, the robots are charged at the
platform; when a group of detection tasks needed to be
performed, all robots run from the starting platform at the
same time to complete respective detection tasks along the
planned path. Robots should avoid mutual collision in the
process of walking, and return to the starting platform
after completing the detection tasks. In the daily work,
each robot only needs to complete the detection tasks
assigned to it, each detection task is just completed by one
robot. Due to the longer time required for the robot to
charge, the total travel distance (time) of robots are limited.
The fixed cost of calling each robot and unit distance cost
of driving each robot are given, how to assign n detection
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tasks to m robots and how to plan the path of each robot so as
to minimize the total cost of detecting tasks every day?

2.2. Mathematical Model
In order to establish the mathematical model, the
following symbols are defined:
R = { R1, R 2, , Rm} : A set of robots that can be used;
=
L

{0,1, 2, , n, n + 1} :

Represents the set of starting

platform and monitoring points, 1, 2, n represent the
monitoring points, 0 is the starting platform, and n + 1 can
be seen as a copy of the starting platform;
dij : Represents the distance from point i to point j of
robots, i, j 0,1, 2, , n, n + 1;
=
tij : Represents the robot’s driving time from point i to
point j , i, j 0,1, 2, , n, n + 1;
=

t jk : Represents the time that point j is monitored by robot
k , j 0,1, 2, , n=
=
+ 1; k 1, 2,...m ;
gk : Represents the fixed cost of calling robot k ,
k = 1, 2, , m;
ck : Represents the driving unit distance cost of robot k ,
k = 1, 2, , m;
The decision variables are defined as follows:

1 Robot k run from point of i to point j directly
xijk = 
0 otherwise

Without considering collision, to minimize the total cost,
the task allocation and path planning can be formulated
into an integer linear programming model as follows:
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(1) Representsto minimize the total cost;
(2) Represents each robot must start from platform 0;
(3) Represents each robot must return to the platform n+1
after completing tasks;
(4) Represents no robot can return to point 0;
5) Represents no robot can leave from pointn+1;
(6) Represents each monitoring point must be serviced by
one robot;
(7) Representseach robot arrived at monitoring point j
must leave from the monitoring point j ;
(8) Representsa robot serviced for a monitoring point must
have reached the monitoring point;
(9) Represents theconstraint of maximum driving time for
each robot;
10), (11) representtheconstraint of variable value
The above integer linear programming model does not
consider the collisions of robots’ paths. In practice, the
collisions of robots should be avoided as far as possible in
the path planning of robots. To reduce the collisionsof
robots’ paths, a penalty term is added into the objective
function with the number of collisions between robots’
paths, and then we will design a genetic algorithm with
collision detection to solve the problem.

3. Genetic Algorithm with Collision Detection

1 robot k services for point
yik = 
0 otherwise

=
min z

y=
ik
j 1, 2, , n + 1;=
k 1, 2, , m.
0,1; i,=

35

(2)
(3)
(4)

In order to describe the principle of algorithm simply
and clearly, the genetic algorithm combined with a specific
example this section will be introduced. Figure 3.1 shows a
plant layout. In order to prevent gas leakage of the plant,
each possible points with gas leakage must be monitored
by robots. Each point only needs to be monitored once and
all points must be monitored every day. The Red Square
in Figure 3.1 represents the starting platform of m robots,
the gray area represents the building and robots cannot
walk across it. Serial number {1, 2, ,10} represents 10
points to be monitored, each of which is fixed to a
coordinate. Robot can only run in the direction of North
and South, East and West, and robots speed is 1 m/min
with known paths. Based on avoiding collision, how to
allocate robots’ tasks and plan their paths so as to
minimize the total cost?

(5)
(6)
(7)
(8)
(9)
(10)

Figure 3.1. Plant layout
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3.1. Coding and Decoding Rules of Genetic
Algorithm
(1) Coding rule
Natural number coding method is adopted to represent
the structure of the solution, with 0 indicating the starting
platform and natural numbers indicating point numbers.
For example, (0 3 4 6 0 7 5 9 1 0 2 10 8 0) represents 3
robots to complete the monitoring tasks and the
monitoring paths are 0-3-4-6-0, 0-7-5-9-1-0, 0-2-10-8-0.
In order to remove 0, the solution is expressed as the
sequence of point numbers, which is (3 4 6 7 5 9 1 2 10 8).
(2) Decoding rule
Due to omitting the starting platform during the
encoding, we arrange robots to service for monitoring
points as little as possible in the decoding. For example, a
coding is (3 4 6 7 9 5 1 1 2 8). Assigning the first robot
departs from the platform 0 to service for the monitoring
point 3, then considering various constraints decide whether
it can serve for point 4, if the condition is satisfied, the
point 4 will be serviced by the first robot, then taking into
account the continuous working time of the robot,
determine whether it can serve point 6, if the condition is
satisfied, the point 6 will be serviced by the first robot.
Also considering a variety of constraints, determine
whether point 7 can be serviced by the first robot, we find
that the condition is not satisfied, so the robot returns to
the starting platform. By now, we find the scheme about
the path planning and task assignment of the first robot,
which is 0-3-4-6-0. Continuously, it’s time to assign the
paths and tasks of the second robot. It still departs from
the platform 0 and services point 7 firstly. Arrange the
tasks and paths of the second robot as the same principles
as those of the first robot. We can find the scheme of the
second robot 0-7-5-9-1-0. Then the third scheme is 0-210-8-0. Now, all monitoring points have been arranged for
each robot, which forms a feasible solution.

3.2. Collision Detection and Penalty
(1) The starting platform is expressed with number 0, so
the number sequence {0,1, 2, ,10} has 11 points, each
robot departs from the platform to perform its tasks and
returns to the platform. There are a total of 121 paths,
which can be expressed by C 11 × 11 . Each
cij (i, j = 0,1, 2, ,10) represents the path from point i to
point j . For example,

c 08 = (18,10 ) , (18,11) , , (18,15 ) , (17,15) , , (13,15)  .
(2) The paths of all robots are detected in pairs. For
example, one individual in the population is 0-7-0-3-8-05-4-0-2-1-0-6-0-10-9-0.The first robot returns to the
starting platform after monitoring point 7, and the second
robot returns to the starting platform after monitoring
point 8. Similarly, until the sixth robot monitors its points,
all tasks have been completed. When tasks are performed,
it is assumed that 6 robots are simultaneously starting
from the platform, so the paths of all robots are R1 is

C07 ∪ C70 and the path of R2 is C03 ∪ C38 ∪ C80 . That is
(18,10 ) , (18,11) , (17,11) , , (17,8 ) , 
CR1 = 
,
 , (17,11) , (18,11) , (18,10 )


(18,10), (18,5), (17,5), (13,5), , (15,5), 
CR 2 = 
,
 , (15,15), , (13,15), , (18,15), , (18,10) 
Comparing the paths of R1 and R 2 , their identical
coordinates are (18, 10) and (18, 11), and there exist two
times collisions in the process of coming and going. The
coming and going of R1 are expressed by one and two, so
the time arrived at (18, 10) can be expressed as t1R1 (18,10)
and t R21 (18,10) .In the same way: t1R1 (18,11) and t R21 (18,11) ,

t1R 2 (18,10) and t R2 2 (18,10) , t1R 2 (18,11) and t R2 2 (18,11) .
Compare the operation of different robots to the same
coordinates 8 times. If two robots reach the same
coordinates at the same time, the collision is happened.
For example, t1R1 (18,10) = t R2 2 (18,10) it represents that the
time of R1 arriving at (18, 10) is the same as R 2 , so R1 and
R 2 are collided. Finally, accumulate their collisions and
return. If a collision happens on two robots, then return to
1, otherwise 0.
(3) Similarly, detect whether there exist collisions
between two robots. If there exists, record it and
accumulate their total collisions.
(4) Define the collision penalty terms by the collisions
of all robots in one individual. With total number of
collisions in each individual, measuring their respective
intensity of punishment, the total collision number can be
represents as cn(collision number ) . The punishment
coefficient is defined as α (α = 0.6) .The objective
function
increased
with
penalty
term
is
h=
( xi ) z ( xi ) + α cn , where z ( xi ) represents the total cost
corresponding to all paths of the individual i .

3.3. Basic Steps of Genetic Algorithm
(1) Initial population
The initial population is obtained by the method of
random generation, and the Q arrangement of {1, 2, , n}
is generated, and the Q is the population size.
(2) Fitness function
Firstly, the decoding of each individual is a feasible
solution, and the total cost of the solution is obtained.
Then, get the value of objective function increased with
collision penalty h=
( xi ) z ( xi ) + α cn , Furthermore,
calculate f=
( xi ) 2hmax − h ( xi ) , where hmax = max {h( xi )} .
Finally, calculate the fitness function value according to
the following formula:

F ( xi ) =

f ( xi )
N

∑ f (x )
i

i =1

(3) Selection
Roulette selection method is utilized to select individual,
and preferentially selected individuals are called the
parents with larger fitness value that contribute to the
population at the generation. Meanwhile, the best
retention method is introduced to ensure the final result at
the termination of genetic algorithm that the appeared
individuals in all ages possess the largest fitness function
value.
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(4) Crossover
In this paper, we use the partial matching crossover,
which is to determine the crossover point in the gene
sequence of the father, and the partial sequence of the
crossing points to form a mapping relationship and then to
exchange the corresponding, so as to form a new
generation of individual; This does not set the crossover
parameters, the first in different individuals to cross,
reflecting the diversity of the nature of the population.
(5) Mutation
By using swap mutation method, two swap positions
are randomly generated in the selected individual, the genes
of which are transferred, so as to form a new individual; in
this paper, we do not set mutated parameters, but to
analyze mutated populations and determine whether to
operate partial mutation, and concrete rules are as follows:
1) If the quality of mutated population is better than last
generation, it does not operate mutation and directly step
into the next generation;
2) Otherwise, carry out mutated operation on the
population whose fitness value is lower than average. After
mutating, if the whole quality of population is better than
before, we do the mutated operation and directly step into
the next generation; otherwise, it is still not improved after
several times mutations, then directly eliminating the
individual and replacing it with the best individual before.
If the quality of the replaced population is still not as good
as previous generation, we will operate mutations on the
population whose fitness value is lower than average,
repeat this step until the whole quality of the population is
better than the previous generation, we step into next
generation.
(6) Termination
When the evolution generation is G, stop calculation and
output the optimal solution obtained in the process of
calculation.

Table 4.2. the time of robots driving
monitoring points (unit: hour)
0
1
2
3
4
5
0
0
210 160 100 170 110
1
210
0
50
110
60 100
2
160
20
0
60
110 70
3
100 110
60
0
130 90
4
170
60
110 130
0
60
5
110 100
70
90
60
0
6
150
80
130 150
40
60
7
120 130 100 120
90
30
8
100 210 160 100 170 110
9
110 140 190 210 100 120
10 150 200 150 150 160 100
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between platform and
6
150
80
130
150
40
60
0
50
130
60
120

7
120
130
100
120
90
30
50
0
80
90
70

8
100
210
160
100
170
110
130
80
0
110
50

9
110
140
190
210
10
120
60
90
110
0
60

10
150
200
150
150
160
100
120
70
50
60
0

Running the genetic algorithm coded by Matlab, we can
get the total number of collisions and obtain an objective
function of genetic algorithm with penalty items. Setting
the size of population is 50 and the maximum number of
evolution generation is 100. In the contest of Windows 7
(g4, 2G, 32-bit operating system), running the procedure
for 30 times, we obtain the average driving time is 12.4
seconds and average driving distance is 1772 meters,
making the average driving cost is 3852.7 Yuan with 5
robots. One of the convergent process about genetic
algorithm is showed in Figure 4.1. We can obtain the
optimal solution in about 40 iterations. .In this paper, with
the best reservation mechanism, the optimal solution will
not change too much when we continue iterating after
obtaining it. Figure 4.2 shows the paths of 5 robots
respectively: 0-3-0; 0-9-10-0; 0-1-2-0; 0-5-4-0; 0-6-7-8-0.

4. Simulation Result
A factory has 10 points leaking gas and required
monitoring daily, there are 10 robots starting from the
same platform numbered 0 to service for 10 points. Each
point needs to be monitored for 10 minutes. Each robot
charged full can work for 10 hours continuously [7], the
fixed cost of calling each robot is 60 Yuan and the cost of
each robot running one meter is 2 Yuan. The layout of a
factory is shown in Figure 4.1, where the gray area
represents impractical region. Table 4.1 shows the
distance between starting platform and monitoring points
and Table 4.2 shows the time of robots driving between
the platforms and monitoring points.
Table 4.1. the distance between platform and monitoring points (unit:
meter)
0
1
2
3
4
5
6
7
8
9
10
0
0.0 3.5 2.7 2.8 2.8 1.8 2.5 2.0 1.7 1.8 2.5
1
3.5 0.0 0.8 1.0 1.0 1.7 1.3 2.2 3.5 2.3 3.3
2
2.7 0.8 0.0 1.8 1.8 1.2 2.2 1.7 2.7 3.2 2.5
3
1.7 1.8 1.0 2.2 2.2 1.5 2.5 2.0 1.7 3.5 2.5
4
2.8 1.0 1.8 0.0 0.0 1.0 1.7 1.5 2.8 1.7 2.7
5
1.8 1.7 1.2 1.0 1.0 0.0 1.0 0.5 1.8 2.0 1.7
6
2.5 1.3 2.2 0.7 0.7 1.0 0.0 0.8 2.2 1.0 2.0
7
2.0 2.2 1.7 1.5 1.5 0.5 0.8 0.0 1.3 1.5 1.2
8
1.7 3.5 2.7 2.8 2.8 1.8 2.2 1.3 0.0 1.8 0.8
9
1.8 2.3 3.2 1.7 1.7 2.0 1.0 1.5 1.8 0.0 1.0
10 2.5 3.3 2.5 2.7 2.7 1.7 2.0 1.2 0.8 1.0 0.0

Figure 4.1. a curve of convergent process about genetic algorithm

Figure 4.2. the driving paths of robots

38

Journal of Mathematical Sciences and Applications

From Figure 4.2, we can see the paths of the 5 robots,
of which double arrow indicates backtrack. At the same
time departing from platform, there is no collision
occurring in the process of robots completing tasks. Even
with the same driving points in the process of return, there
is no collision due to the times robots driving to the same
points are different with the same speed.

5. Conclusion
Based on avoiding the collisions of robots, genetic
algorithm is used to solve the problem of task allocation
and path planning in this paper. That is, in constraint of
the longest running time of robots, using the optimal
number of robots to complete monitoring tasks and
making the lowest total cost. However, there are still
many deficiencies in this paper. In order to simplify
problems, we assume that all robots depart at the same
time. In fact, we can adjusted the times robots depart to
reduce collisions in practice. Meanwhile, this paper does
not consider the waiting mechanism in the driving process
of robots, which is also a strategy to avoid collisions. In
the premise of sharing information and avoid collisions,
we will consider using the optimal number of robots and
planning the optimal path for robots to minimize the total
cost in next study.
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