Task Assignment and Route Programming for Pattern Reformation on Grid Plane
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Abstract

Pattern reformation problem on a grid plane is an interesting problem. Suppose there is a group of mobile robots on
a square grid plane with the number of robots equaling to the number of columns/rows of the grid plane. The mobile
robots are commanded to change to another formation as soon as possible. Any one of them has to prevent himself
from colliding with other mobile robots during the moving of reformation process. In this paper, we will provide a
systematic process on task assignment of route programming for the pattern reformation problem on a square grid
plane. We will also provide a checking process to check if the suggested program is really good or not.
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Introduction

There are mainly two category of programming problem:
one is maximization problem and the other one is
minimization problem. Minimum cost and minimum
time are two of the most commonly used criterion of the
minimization problem. Usually, the objective function of
a minimum time problem is the sum of the spent time.
However, for a problem that people start their works in
cooperation at the same time and they want to complete
the works as soon as possible, the objective function
should be the maximum of the spent time. Pattern
reformation problem is one of these problems.

2. Problem Formulation

Suppose there are some mobile robots placed on a square
grid plane and forming certain pattern. The number of the
mobile robots are the same as the rows of the square grid
plane. There may or may not be obstacles on the grid
plane. The mobile robots are commanded to reform
another pattern in the shortest time and they can only
move along the rows or the columns of the grid plane.
This is definitely a minimum-time programming problem.
Figure 1 is an example for six mobile robots on a 6x6 grid
plane where the black squares form the target pattern, i.e.
the 6 mobile robots are commanded to form the new
pattern designated by the circles.
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Fig. 1. Example of 6 mobile-robots on a 6x6 grid plane with
the black squares forming the target formation.

There are two sub-problems that have to be considered
for solving this problem. The first one is the task-
assignment problem that each mobile robot’s destination
has to be determined for the minimum time requirement.
The second one is the route programming problem that
how each mobile robot should move to the target position
in the shortest time without colliding with any other one
mobile robot once the task assignment is completed.
While dealing with the second sub-problem, it is possible
to return to the first sub-problem because of the route
conflict of any two mobile robots and one of them should
wait for a step or detour to a further routing.

3. Algorithm for Task Assignment with
Verification

Let each mobile robot has its ID and each target is also
assigned an ID for convenience. The grid points on the
grid plane are numbered sequentially with column
majored from up to down and from left to right. For
example, the grid point on the cross of the i row and j®
column on a 6x6 grid plane is numbered as (j-1)x6+i.
With these information, we can form a distance matrix
with the row number represents the robot ID and the
column number represents the destination ID. The
element at row i and column j represents the steps needed
for the mobile robot i to the destination j. This matrix can
be determined by the diffusion method [1-2].

For the case of Fig. 1, suppose the robots are numbered
from top to bottom as 1 to 6. By diffusion method, the
distance matrix is:

D1 D2 D3 D4 D5 D6

R1 3 45 6 7 8
R2 3 2 3 4 6
A=R3 5 4 5 4 5 6
R4 |5 4 5 4 5 4
R5 7 6 7 6 7 6
R6 7 6 7 6 7 6

After the initial formation and target formation are
determined, one can do the task assignment process. We
have developed two algorithms for task assignment
process [3-4]. The algorithm in [3] is simple but cannot
guarantee the obtained result being with shortest time.
When there is 0’s in the distance matrix, the assignment
result will often be wrong. Hence we developed a new
algorithm, which is more complex but with better result,
in [4]. However, there is still no mathematical proof for
the optimality. Hence, in this paper, we develop a new
task assignment algorithm, with which we believe that
the shortest time can be guaranteed, as in the following.
Step 1:  Use the algorithm in [3] or [4] to determine the
first assignment for the original distance matrix,
A1. Determine the necessary moving time t; for
the reformation.

Replace the elements greater than or equal to t;
of the distance matrix by a sufficiently large
number Z, e.g. 999. This forms the 2" distance
matrix.

Use the Hungarian algorithm [5] to check the
minimum working time T for the 2™ distance
matrix A,. If T, >= Z, then the obtained task
assignment is the optimal one, else add 1 to the
indices ofA and t, and go to Step 1.

Because the Hungarian algorithm is a well-known
method for solving minimum-cost task assignment
problem, and the sufficiently large number Z is much
larger than the required time for the task, the check can
guarantee that there is no better alternative for the task
assignment. Hence, each mobile robot will have its
destination to form the overall new pattern.

There is one thing that should be noticed. The optimal
task assignment is not unique. But one cannot find any
other assignment way that will have a shorter time to
complete the task.

After the target position determined, there may be more
than one possible route to the target position. Refer to Fig.

Step 2:

Step 3:
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2, both Routes 1 and 2 for Robot 1 are of distance 3. If
both robots choose the dashed route, then they will
collide after one step. If anyone of them waits a step to
prevent the collision, then the task will be delayed for 1
unit of time. If any one and only one of them chooses the
solid route, then there will be no collision and the task
will be completed on time.

4. Experimental Results

Consider the example shown in Fig. 1. This means that
the distance matrix is as equation (1).

3 4 5 6 7 8]
3 2 3 4 5 6
5 4 5 4 5 6
A1 = (1)
5 4 5 4 5 4
7 6 7 6 7 6
7 6 7 6 7 6

Use the algorithm in [3] to solve this task assignment
problem and we will have:

Robot 1 > Destination 1, Robot 2 > Destination 3

Robot 3 > Destination 5, Robot 4 > Destination 2

Robot 5 > Destination 4, Robot 6 > Destination 6
The required shortest time t; for the pattern reformation
is 6. Replace the elements greater than or equal to 6 of
the A1 by 99, and we have the second distance matrix as:
(3 4 5 99 99 99]

3 2 3 4 5 99

5 4 5 4 5 99
Ay = 2
5 4 5 4 5 4

99 99 99 99 99 99
199 99 99 99 99 99

Applying the Hungarian Algorithm on A,, we have the
minimum cost for this problem is 211 which is much
more large than 99. Thus the obtained task assignment
result is the best one. And the routes for the pattern
reformation are shown in Fig. 3.
For this problem, there is another assignment way that
will result in the same time 6 for the pattern reformation.
This way is:
Robot 1 > Destination 1, Robot 2 > Destination 2
Robot 3 > Destination 5, Robot 4 - Destination 3
Robot 5 &> Destination 6, Robot 6 > Destination 4

Task Assignment and Route

Fig. 2. Route select on route programming.

Consider another example shown in Fig. 4. There are 7
mobile robots on a 7x7 grid plane. The target positions
are prescribed. The distance equation is:

1 2 1 6 4 3 2]

6 5 45 5 8 7

2 5 4 3 1 4 3
M=|3 4 3 4 2 5 4 (3)

4 3 2 5 3 6 5

2 5 451 2 1

4 3 2 9 7 6 5]

Use the algorithm in [3] to solve this task assignment
problem and we will have:
Robot 1 - Destination 7, Robot 2 - Destination 4
Robot 3 - Destination 5, Robot 4 - Destination 1
Robot 5 - Destination 2, Robot 6 - Destination 6
Robot 7 - Destination 3
The required shortest time t; for the pattern reformation
is 5. Replace the elements greater than or equal to 5 of
the A1 by 99, and we have the second distance matrix as:
(1 2 1 99 4 3 2]
99 99 4 99 99 99 99
2 9 4 3 1 4 3
4 3 4 2 99 4 4
3 2 99 3 99 99
99 4 99 1 2 1
| 3 2 99 99 99 99|
Applying the Hungarian Algorithm on (4), we have the
minimum cost for this problem is 20 which is less than

99. Thus we have to use the algorithm in [3] to solve (4)
and we will have:

AN MW
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Fig. 3. Programmed routes for Example of Fig.1.
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Fig. 4. Example of 7 mobile-robots on a 7x7 grid plane with the
squares forming the target formation.

Robot 1 - Destination 7, Robot 2 - Destination 3
Robot 3 - Destination 4, Robot 4 - Destination 1
Robot 5 - Destination 5, Robot 6 - Destination 6
Robot 7 = Destination 2
The required shortest time t; for the pattern reformation
is 4. Replace the elements greater than or equal to 4 of
the A; by 99, and we have the third distance matrix as:
(1 2 1 99 99 3 2]
99 99 99 99 99 99 99
2 99 99 3 1 99 3
A3=|3 99 3 99 2 99 4 (5)
99 3 2 99 3 99 99
2 99 99 99 1 2 1
199 3 2 99 99 99 99
Applying the Hungarian Algorithm on (5), we have the

minimum cost for this problem is 114 which is greater
than 99. Thus we can feel free that the shortest time for
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Fig. 5. Programmed routes for Example of Fig.4.

the task has been obtained. The programmed route in
shown in Fig. 5.

5. Conclusions

In this paper, we developed a new algorithm, which
combines our early developed algorithm with the
Hungarian algorithm, to guarantee the task assignment
result to be the best one. Since the Hungarian algorithm
has been well applied on minimum cost programming
problem, we believe that the proposed algorithm in this
paper can be well applied on any size of grid plane.
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