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Abstract: The paper proposes an original technique for constructing an optimal strategy for the
implementation of related tasks with different value for a group of mobile robots. As well procedure takes 
into account the possibility of changing the robots group structure during work time. The criterion for 
strategy optimization is a strategy power, i.e. ratio of the tasks included in the strategy values sum, to the 
strategy run-time. Constraints in the optimization are the robots density in the work zone and the time 
during which a group of robots will be unchanged. In this paper, a multicriteria optimization methods 
analysis is provided for the application to the robot group management. The result is a block diagram of the 
optimal strategy construction method for a group of robots and its efficiency calculation compared to other 
methods.
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INTRODUCTION

Today, one of the most important tasks of
intensification and production efficiency increase in the 
industry is the robotic systems introduction. Robot 
manipulators and mobile robotic platform are mainly 
used. However, for the effective task implementation is 
is necessary to implement the system, consisting of a 
several robotic systems. This raises the group of robots 
management optimization problem [1]. As well an
additional restriction in the group of mobile robots 
management is the task relationship with unequal value 
of their performance. To solve the group of robots 
optimal management problem in order to maximize
profits (as a one robot and the entire group as a whole) 
it is necessary to synthesize a technique based on 
multicriteria optimization methods that are most suited 
to the task [2].

To solve such problems, the following methods are 
used: weighting coefficients method, epsilon-
constraints method, successive concessions method and 
fair compromise method. Let us analyze presented
methods for the following: using the criteria relative 
importance, reduction to one-criterion problem, the
need for criteria normalization and mandatory criteria 
ordering [3]. 

The weighting coefficients method allows to
reduce the problem of multicriteria optimization to a 
one-criterion optimization problem [4] and it is based 
on assigning to each partial criteria of weighting
coefficient that determines its relative importance. All 

criteria, multiplied by their weights, are adding up,
forming a single scalar optimality criterion by which 
further optimization is performed. Before choosing the 
weights coefficients, we normalize particular criteria to 
ensure problems compatibility [5]. This method
disadvantage is the weights distribution complexity [6].

The method of epsilon-constraints can reduce the 
problem to a one-criterion optimization and is based on 
the allocation of the most important special criterion by 
which the further optimization is performed (the other 
criteria are considered constants). When using this
method, you should have knowledge of the constants 
values that are used to limit the criteria. The main 
disadvantages of this method is the difficulty of
choosing the partial criteria maximum allowable values 
and constraints stiffness [7].

The method of successive concessions is based on 
the location of individual criteria in their importance 
descending order and concessions appointment (i.e., 
maximum deviations from the optimal value), allowed 
for each criterion [8]. The method allows to control the 
concession price in one particular criteria against which 
the benefit is purchased in another particular criteria. 
This method is used only for solving a class of
optimization problems in which the particular criteria 
are arranged in order of importance [9].

The fair compromises method is based on a
sequential iterative search for a compromise solution in 
which the winning relative reduction level of one or 
more particular criteria does not exceed the winning 
relative increase level of other particular criteria [10].
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Based on the analysis, to address the interrelated 
tasks set distribution by group of mobile robots with 
changeable structure, none of the presented methods are 
fully satisfy the requirements. Thus, it is necessary to 
make a fair compromise method modification to solve 
the task distribution problem.

Problem Statement: We solve the actual fair
compromises method modification problem for optimal 
management of a mobile robots group with variable 
structure used to address many interrelated problems .
The method input data is the group of robots
composition, the structure of the objectives set and the 
effectiveness vector for each of the tasks. The method 
result is the set of strategies for a mobile robots group, 
providing profit maximization.

Definition of optimization parameters (criteria and
constraints): According to research problem
formulation, as the optimization criterion, which
determines the mobile robots group control system
efficiency,  we  choose  the  total  profit  Q  of
completed tasks from the set {Z}. Thus, the profits 
function  Q  of  robots  group  {R} when performing 
tasks from the set {Z} at any time interval t must tend 
to the maximum:

 (1)

In the discrete time t1 it is possible to change the
composition {R}, performing a variety of tasks {Z}. 
Thus, when performing tasks without their reallocation, 
a part of tasks will not be executed in the time interval t 
and the function Q is not maximized, i.e. we have to 
iteratively  produce  a  redistribution  of  tasks  among 
the new group members {Ri}. Thus, the robot profit 
function  Q  on  the  time  interval  t is the sum of the 
profit  functions  Qi of each i-th iteration for a given 
time period

 (2)

where tm,tm+1-group of robots composition change
discrete moment.

To perform (2) it is necessary that each robot from 
the group {R} perform the task from a set {Z} with a 
maximum price. Task interlinkage within {Z} leads to 
the conflict appearance. When solving the problem with 
high performance value on the i-th step, the robot from 
the group on the step i+1,….,i+n will have to perform 
tasks with low value. Therefore it is necessary to assess 
the task sequence value that can be performed by robot 
from the group. 

 strategy-is called a task sequence, performed by 
the robot Ri, i.e. y-th strategy for the i-th robot. Thus, 
the distribution of a task set {Z} is reduced to the 
formation of the strategy set {S} and selection of the 
most effective strategy. 

The problem of finding the optimal control is
reduced to the players group maximum gain
achievement problem when the maximum gain is
achieved by each of them. In this case, the main task of 
obtaining the greatest possible profits Q is to find 
Pareto-optimal task set {Z} allocation between robots 
of group {R}.

However, due to the possible low efficiency of the 
i-th  problem  with  high  performance value execution 
by  the  j-th robot, there is inefficient robot distribution 
in the working area, which leads to the energy
consumption increase. Therefore, to the "profit"
criterion we have to introduce additional search criteria 
for Pareto sub-optimal allocation-E, characterizing the 
task efficiency. 

Let us consider in more detail the effectiveness 
funvtios. Effectiveness function "robot-task" -allows
to evaluate the effectiveness of the robot from the group 
{R} task implementation from task set {Z} and has the 
following form:

(4)

where -the distance from the j-th problem location to 

the original i-th robot location, described by agent 
aspect (Initial position) or  (Target position);

-the maximum possible distance from the j-th
problem to the i-th robot location (in general

).

Effectiveness function "robot-goal-robot from the 
group" -allows to evaluate the effectiveness of

robots dispersal on working area. This function has the 
following form:

(5)

where -the distance from the j-th problem position 

to the i-th robot starting location and v-th robot from 
the group location(v≠j); -the shortest distance
value  [6].
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The "efficiency" parameter is the ratio of the
effectiveness functions γi;j "robot-task" and γi;j;v "robot-
task-robot" values, that is:

(6)

In the future, the parameter E is needed in the 
process of robot selection to perform the task. However, 
the function γi;j;v calculation complexity is due to the 
probabilistic determination of the each robot of the
group {R} position while performing multiple tasks 
{Z}. Thus, we consider the "robot-task-robot" function 
as a limitation of the method for the mobile robot group 
optimal control synthesis.

Let us call power Wi,j of task Zj in relation to the 
robot   Ri. General  criterion  for  selecting  the  j-th
task  from  the  set  {Z} by i-th robot based on the 
aspect "price" value Pj and the implementation
effectiveness Ei;j:

(7)

Thus, the task of group management can be
reformulated taking into account introduced notion-task
execution effectiveness. 

For a group of mobile robots {R} it is necessary to 
choose a strategy S*∈{S}: Wi,j→max and each Ri
performs a maximum powerful task, available for it on 
discrete interval ∆t of time period T (∆t∈T):

(8)

Method synthesis: Group control problem statement 
includes the need to find solutions that provide the 
maximum  total  power  for a group of robots. Because 
of  this,  we  consider  the  controlling  a  group  of 
robots problem from the multicriteria optimization
point of view. 

The optimality criterion is the power function WR
(S) on the time interval T. Thus, each of the scalar 
criteria WR(S), R∈[1,N] will be called the particular
optimality criterion. A set of particular optimality
criteria is the group of robots {R} total power-W (S), in 
general

and in the particular case of the stated problem 

The basic restrictions are: time interval T, during 
which the group of robots {R} does not change its 
structure; robots distribution effectiveness function
"robot-task-robot" γi;j;v.

In the case of distribution and performing a task set 
{Z} by the robots from the group {R} with an uncertain 
time interval, a compromise solution in which the
condition WR(S)→max, R∈[1,N] and W(S)→max is
met, i.e. multicriteria optimization problem can be
written as

(9)

where Ds-the varied strategies vector set of possible 
values.

We consider the space of possible strategies {S}. 
Strategy space has the dimension of N (by number of 
robots in the group {R}) and N is formed by orthogonal 
coordinate axes along which the values of the robot 
profit criteria on the time interval T are laid, that is 
Pk(S), where k∈[1;R].

Let us introduce on the set Ds of varied strategies S 
vector  admissible  values,  preference  relations.  The 
k-th robot strategy  is preferable than strategy 

,  that is , if satisfied ,
that is, the k-th robot power when performing the
strategy  is higher than when performing strategy 

. It is possible to select such subset  of the 
points set Ds for which no points, their preferred. If this 
condition is satisfied, then the set  is called the Pareto 
set, a finding of which is the main task of the
distribution task.

One of the constraints in solving the group of 
robots optimal control problem is a set {Z} runtime by 
a group of robots {R}, limited by time interval T,
during which the group {R} will be unchanged. Let us 
consider the length of time period T as a function 
depending on the value of robots batteries energy ( ),
the probability of the robot exclusion due to a technical 
fault (LT) and the probability of exclusion by the
operator of i-th robot from the group {R} (LO).

Energy intensity value is a dynamic parameter 
that may be determined at any discrete time of interval t 
set of tasks {Z} performance. It is possible to select the 
time period -the operation time of the i-th
robot, during which there is no need to charge the 
batteries. Thus,  the  time  interval  T,  during which the 
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group of {R} robots change, belongs to interval ti, i-th
robot with minimum battery charge, i.e. T = min(t i),
where i∈R.

Robot exclusion due to a technical fault probability 
(LT)-static variable whose value is entered by the
operator.

Probability of robot exclusion from group (LO) by a 
human-is dynamic variable that can not be determined 
on the interval of time t. The parameter LO can be 
written in the form of probability, the situation
appearance and group of robots composition change. 

Since one of the time function
parameters is uncertain on the time interval t, the
function is probabilistic. To describe the function T, we 
introduce the concept of time fuzzy set, which describes 
the ability to change the group of robots {R}
composition. That is, each value of the time interval ti
can be formalized by means of linguistic variables with 
the values "group composition has changed" and "group 
composition has not changed". That is, the membership 
function characterizes the probability of including each 
time moment t of the time interval ti to the time interval 
T. Membership function µT∈[0;ti], however, moment of 
time t must be submitted as a percentage to the time 
period t i. Thus, the membership function becomes:

(10)

Thus, moment of time T can be predicted, when the 
group of robots {R} composition is constant. That is the 
time interval T-it is a time limit for the multi-criteria
problem of distribution and group of robots control. 

To  implement  the  mobile  robots  control  and 
find the Pareto-optimal allocation it is necessary to 
generate strategies for each of the robots. To form a 
strategy for the robot Ri from the group {R}, we have to 
build estetive tree of possible strategies. Each vertex of 
the tree-is a task that can be performed by robot Ri and 
the branches of an estetive tree-are connections
between tasks.

The set of tasks {Z} has a complex structure in 
which each task is connected only with a limited
number of tasks. Estetive tree width is  limited.
However, this raises the problem of choosing the first 
task to execute by the i-th robot. Since the first may be 
any task from a set {Z}, j consists of j tasks, the
calculation of such strategies require a large computing 
capacity, which can not be provided with robots. Thus 
before the start of estetive tree construction, each of the 
robots  must  select  one  task  at  maximum power. To 
find the first strategy task of the i-th robot from the 
group {R}, we find the j-th task which the maximum 
performance power Wi,j.

Each of the strategies has two characteristics:
strategy time  and strategy power . Strategy 

time characterizes the estetive tree depth of robot Ri and 
depends on the sum of time intervals to perform tasks, 
included (Tn) in a tree branches. The value  must be 

less  than  the  group of robots composition constant 
time T:

(11)

Strategy time is a restriction to the choice of the 
optimal strategy. 

The second aspect of the strategy is the "power" 
(  exactly the sum of tasks powers included in the 

strategy, which is a measure of optimality. 
For each robot the estetive tree of possible moves 

is built, the next step is to construct a possible strategy
for each of the robots. 

On the basis of the constructed set Ds, a set of tasks 
{Z} implementation strategies, we perform a search for 
the Pareto-optimal strategies set  for the robots from 
the group {R}, previously considered by fair
compromise method. 

The fair compromise is a compromise in which the 
relative level of strategy total power increase for the i-
th robot does not exceed the relative level of strategy 
total power decrease for other robots from group of 
robots {R}. 

Finding the optimal allocation of tasks set {Z}, is 
an iterative process in which there is a comparison of 
the possible strategies sets Di for finding the Pareto-
optimal set .

Let us consider the fair compromises basic method 
formula, where – Di,Dj the set of strategies of robots 
group {R}:

(12)

where

the strategies Φk(X) total power values absolute change 
in the transition from a set of strategies Di to solution 
Dj. When  a transition from a set Di to Dj

occurs. The result of all possible sets of strategies 
verification is a set of strategies Ds with a maximum 
total performance power, which will be the Pareto-
optimal set .
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Fig. 1: A set of interrelated tasks dimension N = 30

Fig. 2: A group of robots with dimension M = 5

Calculated example: Let us consider the work of the 
fair compromise modified method on the calculation 
example, carried out on the basis of the task distribution 
program simulation for a group of mobile robots. Let us 
compare the obtained data with results obtained using 
the weighting coefficients method.

The modeling input data are randomly generated 
set of interrelated tasks {Z} with the specified number 
of   elements  in  the   set.  The  main  parameters  of
the task set: location coordinates in space, task
execution time, the value of the tasks and relationships, 
such  as  parent/child  (under  the terms of the model, 
the number of element relationships is generated
randomly, but no more than five). Each element is 
generated randomly. The set graphical representation-
the graph whose vertices are tasks and the edges show 
the relationship between tasks. As a calculated
example, we consider the set{Z}, consisting of N = 30 
elements (Fig. 1). 

In addition, the input data for the calculation are 
also group of robots {R} parameters (robot location, 
operating time before charging). Under the experiment 
terms, robot parameters can be generated at random or 
specified by the operator. As well the operator must 
enter the the escape probability to robot from the group 
due to technical failures (LT). As an calculated example, 
we  discuss  the  group  of  robots {R} with cardinality 
M = 30 (Fig. 2).

According to the formula (7), the effective
implementation of each task from set {Z} by the robots 
from the group {R} is calculated. Based on the obtained 
data, we calculate an initial step, that is, each robot 
selects the most efficient task. If the i-th and j-th robot 
select k-th task, this task will be performed by robot
with a higher efficiency. For example, the design
forming  the  first  step  for  each  of  the  robots  is 
presented  and  the  trajectory  of  the  robot  in  the
first step is shown in Fig. 3. 



World Appl. Sci. J., 24 (Information Technologies in Modern Industry, Education & Society): 268-275, 2013

273

Fig. 3: Calculation of the strategy first-step for robots from group {R}

Fig. 4: Estetive tree for fourth robot

Fig. 5: The fourth robot trajectory, when performing the optimal strategy 
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Fig. 6: Comparison of the effectiveness of the weighting coefficients method and the fair compromise method

The next step in the method implementation-
building  estetive  tree  relationships  and  forming  a
set of possible strategies for the i-th robot, {Di}. The 
model generates estetive tree, with deep satisfying
lifetime of robots group without changing the
composition. For simplicity, the display will present 
estetive tree depth of 3 for the fourth robot, with the 
initial objective is 18 (Fig. 4). We produce derived 
strategies rankings and find the maximum powerful
strategy S* in the set {DS}.

On the basis of the maximum strategy S*,
according to formula (12) we produce an iterative
process of finding the Pareto-optimal set of maximum 
power  strategies { }  by trying all possible strategies.

The result was a set of strategies for a group of 
robots, the implementation of which has the largest 
total value. Visually, each of the strategies is the graph 
superimposed on the graph of the objectives set
(Strategy for the fourth robot Fig. 5).

Also on the basis of obtained mathematical model, 
we calculated the Pareto-optimal set based on the
method of weighting coefficients, in which the same 
basis is the maximum effective strategies from the set 
{D}, with strategies for other groups of robots vary. 

On the basis of 1000 conducted experiments we 
obtained statistical results about the fair compromises 
modified method effectiveness by criteria: the total
value of the work performed when the number of tasks 
is increasing (Fig. 6). As well results were compared 
with the weighting coefficients method. 

CONCLUSION

Presented in the article fair compromise method 
modification avoids expert assessment in the group of 
robots  management  process  in  the  relationship  of 
tasks  with  different  performance  value  and  enhance 
the value of the mobile robots group final performance 
by 7.8 percent.
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