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Abstract. The potential method that is one of the obstacle avoidance control methods
for robots is necessary to set appropriate parameters, since the avoidance path changes
by adjusting the weight of the potential. In this paper, we propose a system that adjusts
the weight of the repulsive potential by gesture. In addition, we present a path-following
method for differential two-wheeled robots, which focuses on cooperation with the poten-
tial method. The proposed obstacle avoidance control by gesture operation can make the
obstacle avoidance path smaller than the conventional path by lowering the weight of the
repulsive potential by gesture operation while the robot is running. This proposed method
gives us more freedom in the path and provides the generation of efficient obstacle paths.
Keywords: Two-wheel differential robot, Potential method, Path-following method,
Gesture

1. Introduction. Many studies on obstacle avoidance control have been published [1, 2,
3, 4, 5, 6, 7]. Obstacle control challenges include route inefficiency. This inefficiency can
result from a variety of factors, and it is critical to address this inefficiency to improve
the overall performance and effectiveness of robot navigation.

One of the obstacle avoidance control methods for robots is the potential method [5].
This method constructs a potential field by defining the attractive potential that moves the
robot toward the goal position and the repulsive potential that moves the robot away from
obstacle positions and generates the path of the robot from the gradient of the potential
field. This method is possible to deal with unknown obstacles because the calculation of
the potential functions changes the route in real time based on the observation information
up to that point [6]. It is necessary to set appropriate parameters, since the avoidance
path changes by adjusting the parameters [7]. Yashiro et al. [6] establish control logic
added capabilities that update the list storing obstacle coordinate and adjust the weight
of the potential field. This research enables the robot to move away from the obstacle
temporarily by lowering the weight factor of the goal position while remembering the
approaching obstacle in case of deadlock. After that, when the weight of the goal position
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is restored again, the robot moves to the goal position while avoiding the stored obstacles.
However, the robot takes a detour to avoid an obstacle once, which is not an efficient path.
In order to overcome these problems, Szczepanski et al. [13] and Dini and Saponara [14]

propose a potential method using predictive control. In these methods, the robot’s path
is determined by the robot’s position, the goal’s position, the obstacle’s position, and the
size of the obstacle. However, when we want to change the robot’s path while the robot is
running, considering the situation like the size of the obstacles, these methods cannot do
so. In other words, the person operating the robot at the site cannot change the robot’s
path, which has been determined, in real time.
In this paper, we propose an obstacle avoidance control method for a differential two-

wheeled robot using a system that adjusts the weight of repulsive potential by gesture to
reduce this path length. Gesture can be operated intuitively by body movement as [8, 9].
The proposed method provides the generation of efficient obstacle paths in real time.
This paper is organized as follows. In Section 2, we introduce a mathematical model of
the differential two-wheeled robot and the equation of motion of the two-wheeled robot
driven by DC motors. In addition, we propose a path-following method for differential
two-wheeled robots that focuses on cooperation with the potential method, and a gesture
for controlling the weight of the repulsive potential. In Section 3, we conduct an obstacle
avoidance simulation with the proposed gesture operation, compare the results when the
weight of the repulsive potential is changed by the gesture and the result when the weight
is constant, and show the effectiveness of this designed control. In Section 4, we give some
concluding remarks.

2. Obstacle Avoidance Control Design for Two-Wheel Differential Robot. In
this section, we introduce a mathematical model of the differential two-wheeled robot
and the equation of motion of the two-wheeled robot driven by DC motors. In addition,
we propose a path-following method for differential two-wheeled robots that focuses on
cooperation with the potential method, and a gesture for controlling the weight of the
repulsive potential. We can freely change the weight of repulsive potential by gesture
operations. That means we can move the path closer to or away from the obstacle and
operate the robot as we wish; in other words, this proposed method gives us more freedom
in the path and provides the generation of efficient obstacle paths.
The mathematical model of the differential two-wheeled robot is given in Figure 1

[11, 12]. This differential two-wheeled robot is assumed to have two wheels and be able
to move on the floor by driving both wheels independently with a DC motor. Here, M
[kg] is the vehicle body weight, r [m] is wheel radius, v [m/s] is the translational velocity,
ω [rad/s] is the rotational velocity, vR [m/s] and vL [m/s] are the velocity of the right and
left wheels, respectively, and L [m] is distance between wheels.

Figure 1. Mathematical model of two-wheel differential robot
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The translational velocity v and rotational velocity ω of the differential two-wheeled
robot are given by

v =
vR + vL

2
(1)

and

ω =
vR − vL

L
, (2)

respectively.
The equation of motion of a two-wheeled robot in Figure 1 driven by a DC motor can

be expressed by
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Here, I [kgm2] is vehicle body inertia moment, J [kgm2] is sum of wheel inertia moment
and DC motor inertia constant, Kb [kgm

2] is DC motor back electo motive force (EMF)
constant, Kt [Nm/A] is DC motor torque constant, Rm [Ω] is DC motor resistance, n

is gear ratio,
[
θR(t) θL(t)

]T
are wheel angles and

[
uR(t) uL(t)

]T
are motor input

voltages.
We settle the output of the system as [ v ω ]T . From Equations (1), (2) and (3), the

equations of motion of the motors are expressed in state-space representation as
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2.1. Path-following method focusing on coordination with potential method.
The potential method constructs a potential field by defining the attractive potential that
moves the robot toward the goal position and the repulsive potential that moves the robot
away from obstacle positions, and generates the path of the robot from the gradient of
the potential field [6].
The attractive potential Pg(x, y) that moves the robot toward the goal is defined by

Pg(x, y) =
1√

(x− xg)2 + (y − yg)2
, (8)

where
[
x y

]T
is robot position and

[
xg yg

]T
is goal position.

The repulsive potential Po(x, y) that moves the robot away from obstacles is defined by

Po(x, y) = − 1√
(x− xo)2 + (y − yo)2

, (9)

where
[
xo yo

]T
is obstacle position.

Using above, the overall potential function P (x, y) is defined by

P (x, y) = wgPg + woPo, (10)

where wg is the weight of the attractive potential created by the goal, which means the
magnitude of the attractive force, and wo is the weight of the repulsive potential created
by the obstacle, and means the magnitude of the repulsive force.
The potential gradient can be expressed as

−∇P (x, y) = −
[

∂P

∂x

∂P

∂y

]T
. (11)

Equation (11) shows a direction away from obstacles and approaching the goal position.
The robot can move to the goal position while avoiding obstacles, using this gradient as
the moving direction at that time [6]. We consider the path-following method that uses
the potential gradient as shown in Figure 2. Here, q [m] is the magnitude of direction from
the robot position up to goal position and ϕ [rad] is a direction from the robot position
up to goal position.

Figure 2. Path-following method with potential method overview

The magnitudes of direction q [m] and direction ϕ [rad] from the robot position up to
goal position as seen from the robot are written by
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and

ϕ = arctan 2 {R(1, 2), R(1, 1)} , (13)

where arctan 2 is two-variable inverse tangent function and defined by

arctan 2(b, a) =
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and R is the potential gradient multiplied by the rotation matrix around the z axis and
given by

R =

[
cos θ − sin θ
sin θ cos θ

] [
−∇P

]
. (15)

In addition, using Equations (12) and (13), it calculates the control amount required by
the robot, that is, the command translational velocity and command rotational velocity.
Then, we need to control them according to our purpose. Feedback needs to reduce the
deviation between the robot position and the goal position because the robot moves on
a plane. Then the robot will change its direction according to the angle toward the goal
position. There exists control method to reduce the deviation between the robot position
and the goal position, which is the gain feedback control described in [10]. Therefore, we
adapt the gain feedback control. The translational velocity v and the velocity difference
∆v between right wheel and left wheel can be expressed by

v = Kqq (16)

and

∆v = Kϕϕ, (17)

respectively. The velocity of the right vR and left vL wheels can be expressed by{
vR = v +∆v
vL = v −∆v

. (18)

Using above, we can convert to translational velocity v and rotational velocity ω by
Equations (1) and (2), and sent to the motor as command values.

2.2. Gesture for controlling the weight of the repulsive potential. In this subsec-
tion, we describe a gesture operation that controls the weight wo of the repulsive potential.
We adopt a swipe Graphical User Interface (GUI) system [11] shown in Figure 3. In this
system, a human stands in front of the camera and uses a pen-style input device shown
in Figure 3 to make a swipe motion. The RGB camera captures the light-emitting part
from the input device, and binaries and morphologically processes the distortion of the
object to extract a rough object. Then, the position is estimated from the changes in
those features, and the input for the gesture operation is generated from the device state
at that time and the device state one step before.

According to [11], this system can effectively follow human gestures that require quick
changes and high-speed input such as swipe motion. The robot’s goal point is generated
by gesture operation.

In contrast, the weight is controlled by gesture operation. We designed a system shown
in Figure 4 in which moving the device to the right increases the weight wo of the repulsive
potential, and moving the device to the left decreases wo.
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Figure 3. GUI system overview [11]

Figure 4. Swipe motion

3. Control Experiments. Obstacle avoidance simulation is conducted when the pro-
posed gesture operation changed the weight wo of the repulsive potential. As a conven-
tional method, an obstacle avoidance simulation was conducted when the weight of the
repulsive potential was constant (wo = 1.0).
The simulation results are shown in Figure 5. In Figure 5(a), the square is an obstacle,

the solid line shows the resultant robot’s paths using the proposed method and the dotted
line shows those using conventional method. The robot moves from left to right. Figure
5(b) shows that the weight wo of the repulsive potential changes with time by gesture
operation in the case of the proposed method.

(a) Robot paths (b) The weight wo by gesture operation

Figure 5. The simulation results
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It is confirmed that the proposed method can change the path from the conventional
path and make the robot’s path smaller by lowering the weight wo of the repulsive potential
by gesture operation from 5 to 7 seconds in Figure 5(b). However, the timing of lowering
wo for gesture operation is important. This path can be made smaller by gesturing, when
the robot starts to avoid the obstacle.

In this result, we can freely change the weight of repulsive potential by gesture oper-
ations. That is, we can move the path closer to or away from the obstacle and operate
the robot as we wish; in other words, this proposed method gives us more freedom in the
path. However, since the degree of freedom depends on the potential weights, appropriate
weights must be set. Furthermore, since this method is performed using gesture opera-
tions, it is not autonomous driving. To create an autonomous mobile robot, an algorithm
that changes the potential weight depending on the situation is required, and this is a
future task.

4. Conclusions. In this paper, we have proposed obstacle avoidance control of the dif-
ferential two-wheeled robot using potential method and gesture. We confirmed that the
proposed obstacle avoidance control by gesture operation can make the obstacle avoidance
path smaller than the conventional path by lowering the weight of the repulsive potential
by gesture operation while the robot is running, showing efficacy. In the future, we will
conduct experiments on how to place the weight of the repulsive potential on obstacles and
achieve the realization of more suitable and autonomous obstacle avoidance considering
the dynamic characteristics of the robot.
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