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Leader-follower Formation Control of Mobile Robots using Least Square Method

and the relative angle ¢? usually needs to be a constant.

nonholonomic mobile robots using least square method in order to
maintain the formation constantly. The nonholonomic property of the
mobile robot cause us to use the least square method. Then, the
performance of the developed formation controller is verified by
simulation results.

1. Introduction

In the last decade formation control became one of the leading
research areas in mobile robotics[2]. By formation control we simply
mean the problem of controlling the relative position and orientation
of the robots in a group while allowing the group to move as a
whole.

Formation control has wild applications such as security patrols,
search and rescue in hazardous environments. Furthermore, varied
robot formation typologies have been studied: ground vehicles,
unmanned aerial  vehicles, aircraft, surface and underwater
autonomous vehicles. Three main approaches have been proposed:
behavior based, virtual structure and leader—follower[2].

The most popular and intuitive approach is the leader—follower
approach. In this approach, there are at least one leader and a
follower robot stays at a specified distance and angle from a desired
leader robot.

In this paper, we propose control method that easily apply to
practical world. Then, to demonstrate the performance of the proposed
formation controller we simulate for two scenarios.

2. Leader-follower Model for Mobile Robot

The configuration of the leader and the follower robot denoted by
(xL, v, ©L) and (x¢ , yr , Or ) is 3-D in the Earth fixed inertial
coordinate system X-Y, where © is robot’s heading angle measured
from the x-axis. And p and ¢ are the leader’s relative distance and
angle with respect to the follower. Given the desired position and
orientation denoted by pd, ¢ are the leader's relative distance and
angle measured from the follower. Generally the desired relative o
and ¢ are given by the reference point as leader robot’s position.

For the common local formation, however, the follower robot
measures the leader robot's position. In this paper, we regard the
position of the follower robot as the reference point of the desired
relative distance. Furthermore, we consider the heading direction of
the follower robot to be the baseline of the desired relative angle.

To achieve the desired formation, we need to control p—p’and

We define error state variable:

e, =p,— 1 1
€U :pé/_pi
ey =0,—0,

where (pf.,pf,f) and (p,,p,) are the desired relative position and the
real relative distance between the leader and follower along X,
Y directions respectively and 6, and 6,is the follower and
leader robot heading angles.

For the common formation, the desired relative distance p?

Suppose pd and ¢? be a constant value, then pd:(J and ¢?=0.
3. Main Result
3.1 Controller Design

By leader following approach, the angular and linear velocity
of the leader are given, we will only need to control the
follower relative distance and angle between leader and
follower to make the desired formation satisfied.

we use the least square method because the mobile robot
has a nonholonomic property. we propose control inputs for
follower robot to achieve the desired formation position and
orientation with respect to leader robot.

4. Simulations and Results

To verify the presented controller in this paper, we simulate
on team of 3 robots as shown in Figs. 1, 2, 3 and 4.

Simulations are carried out in MATLAB under tow scenarios. First,
the leader robot moves only straight line. The leader linear velocity is
2 m/s and angular velocity is 0 m/s while the reference linear
velocity is allowed to vary. The following initial positions are
considered for the leader and follower robots:

<Table 1> initial position for the straight trajectory
leader robot follower robot 1 | follower robot 2
X0 0 7 -2
Yo 0 -5 5
[SH) /6 /2 0

Then, the leader robot makes a circle with two of the follower
robots. The leader linear velocity is 1 m/s and angular velocity is
005 m/s. Table 2 shows the initial positions of the leader and
follower robots.

<{Table 2> initial positions for the circle trajectory
leader robot follower robot 1 | follower robot 2
X0 0 -5 -2
yo 0 -7 5
©o 0 0 0

Under both scenarios, the desired position and angle between the
leader robot and follower robot are 10 meter and /3. The
following gains are utilized for the controllers: &£=[0.5 0.5 0.1]7.

Fig. 1 shows the resulting trajectories of the robot team composed
by the leader robot and the follower robots. In straight scenario, the
robots start in the bottom left corner of Fig. 1 and travel toward the
top right corner of the figure. Fig. 2 displays the bearing and
separation errors for the straight scenario.

In Fig. 3, robots depict for the circle scenario while they maintain
the desired formation. Furthermore, Fig. 4 illustrates the distance and
angle errors of the first follower robot .
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<Fig. 1> Trajectories for the straight line
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<Fig. 2> Errors for the straight line

5. Conclusion

In this paper we have studied strategies for controlling formations
of robots using leader-follower approach. The results presented in
this paper apply to general formation controller. Numerical results
were shown and the stability of the system was verified. Simulation
results verify the theoretical conjecture.
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