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Abstract: DC motor are known for simple design and consistency and commonly used for actuation system in most
control applications. This paper presents an independent control approach for regulating the speed and motion of a DC
motor in a tracked vehicle equipped with in-track DC motors. The proposed method involves the implementation of an
independent open-loop controller. The open-loop control strategy is usually known to be less stable and accurate
compared to closed-loop controller. However, this can be improved by an accurate system modelling to be used in the
controller. In this study, the independent speed controller is developed by acquiring the speed characteristics of the DC
motor in relation to its voltage input. Both DC motors on each track will be characterized and a model will be developed
with these characteristics to be implemented in the open-loop control strategy. Data collection, controller development,
and experimental validation will be described in this paper. The developed model shows good agreement with the actual
vehicle response and open-loop controller are shown to produce the desired speed with good accuracy. The maximum
percentage error obtained between the desired and actual speed of DC motor is 2%. With this controller, an integrated
motion control for the tracked vehicle that governs the motion in longitudinal as well as lateral direction can be developed.
It is hoped that this study can be served as an initial perspective on the development of basic control scheme, aiming to
provide valuable insights for readers who are newcomers in the control field.
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1. INTRODUCTION

Tracked vehicles are vehicles that use continuous
tracks instead of wheels to move over rough or soft
terrain. It is frequently utilized in off-road situations to
assist with navigating diverse terrains, encompassing
snow, mud, steep inclines, or any combination of these
challenging conditions [1]. Furthermore, it has been
developed to perform tasks in various sectors, which
include military sectors, and civil industries such as,
agriculture, and construction [2-7]. In military
applications, the tracked vehicles have long been used
due to their superior off-road mobility, ability to traverse
difficult terrain, and its heavy-duty capabilities. One of
the primary advantages of tracked military vehicles is its
ability to navigate through challenging terrain which
wheeled vehicles would struggle to traverse it [8].

In addition, tracked vehicles have been widely
employed in various agricultural tasks, including
planting, harvesting, and crop transportation [9]. One of
the most significant benefits in this sector is the ability to
reduce soil compaction. Tracked vehicles distribute their
weight more evenly over a larger surface area than
wheeled vehicles, which reduces soil compaction and
minimizes damage to crops and soil structure. Other than
that, tracked vehicles are popular in the construction
industry in handling various tasks including excavation
and grading [10]. This is due to its advantages of the
tracks in providing good stability and traction which
allows the tracked vehicles to carry large amounts of
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heavy loads efficiently [3], [11]. Overall, the tracked
vehicles remain an important aspect in various sectors
due to it good traction, stability and performance.

Next, there are various types of tracked vehicle has
evolved over time, with advances in technology leading
to the development of more advanced and sophisticated
vehicles. Regardless, the main source of traction comes
from both the left and right tracks which rotational power
comes from the main vehicle’s powertrain. The most
common powertrain in tracked vehicles is an internal
combustion engine (ICE) that generates power by
buming fuel inside the engine and the combustion
process produces high-pressure gases that power the
vehicle's tracks [12]. Meanwhile, the advancement in
technology nowadays have increased the interest in
electric-powered tracked vehicles that are equipped with
two DC motors on each track to provide the main
powertrain, which transform electrical energy into
mechanical energy to propel the vehicle’s tracks [13].
The use of DC motors in tracked vehicles provides
several advantages, including high efficiency, precise
control, and reduced emissions, making it a viable
alternative to traditional ICE powered tracked vehicles.

In developing the control strategy for DC motors, there
are several methods usually used, and each of these
methods can be classified into open-loop or closed-loop
controller. Most DC motor controllers falls within the
closed-loop controller type. Closed-loop DC motor
control is a technique used to regulate the speed and
direction of a DC motor using feedback from the motor’s



speed or position. It is called closed-loop due to the
presence of the feedback mechanism to adjust the applied
voltage based on the error between the desired and actual
motor response. Inversely, in open-loop control system,
the feedback element is absent and the DC motor will be
controlled by the developed controller with no
mechanism to rectify discrepancies between the desired
input and actual output. The difference for these two
types of controllers is shown in Fig. 1.
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Fig. 1. General DC motor control structures: (a) Open-
loop control (b) Closed-loop control

Most of the previous researchers had developed
closed-loop type of control system for regulating the
speed of the DC motor by employing PID controller and
simulating the system using MATLAB/Simulink
software [14-16]. On top of that there are also other
researchers control the DC motor speed using different
approaches of control algorithm such as Fuzzy Logic
controller and Neural network control system [17-19].
Closed-loop controller offers more advantages in term of
its accuracy and stability. On the other hand, the open-
loop control strategy is usually known to be less stable
and accurate compared to closed-loop controller.
However, this can be improved by an accurate system
modelling to minimize the prediction error for the
controller. Open-loop controller is advantageous due to
its simplicity, easy to maintain and generally stable.
Moreover, the open-loop control is also crucial for the
fundamental in developing the control system. Previously,
several researchers have discussed closed-loop systems
using open-loop controllers by calculating the transfer
function of the DC motor to be employed in the system
[16], [20-21]. In this study, independent open-loop speed
controller is developed by obtaining the DC motor’s
speed characteristics in relation to its voltage input. Both
DC motors on each track will be characterized and a
model will be developed with these characteristics to be
implemented in the open-loop control strategy. The
controllers will be used to govern the integrated vehicle
control for motions in lateral and longitudinal direction.
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2. MODELLING OF A DCMOTOR

In this study, the DC motor on each track is modelled
by obtaining the relationship between the operating input
voltage and its subsequent angular speed of the DC motor.
In this section, the variation of angular speed of the tracks
with varying input voltage is recorded. The angular speed
data is obtained from the rotation of the vehicle’s left and
right tracks while the voltage is obtained directly from
the DC motor input. An instrumented small-size tracked
vehicle was developed and its motion is controlled by DC
motors attached to the vehicle’s left and right tracks. With
this setup, input voltage (V, and V) supplied to the DC
motor are varied while the subsequent rotational speed of
the track (w, and wp) is measured. The full
experimental setup is depicted in Fig. 2 and the summary
of procedure to obtain the speed characteristics is shown
in Fig. 3
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Fig. 3. Determination of speed-voltage characteristics
for the DC motor

The relationship of the voltage and angular speed are
obtained based on the characteristics of the motor as
shown in Fig. 4. Based on the graph, there is a threshold
for this motor model which is at 3.5 V, where the linear
relationship can only be seen after 3.5 V. The threshold
occurred due to the insufficient voltage supply for the
motor to move the tracks of the vehicle. In other words,
both motors need more than 3.5 V of voltage to move the
vehicle track. Also, it can be seen that both of the right
and left motors possess the same characteristics amid
minor differences which can be attributed to the friction
and irregularities between the DC motors, sprockets and
tracks.



Angalar zpesd for JeTt and right tracka againat voltage

. . - .
:
S
¥
$
3
3
<0 . e S .
2 4 & ]
votage, v (V)
Fiz 1 Angular speed against voltage for vehicle's left
and right tracks

3. DEVELOPMENT AND VALIDATION O1
INDEPENDENT DC MOTOR CONTROLLER

Based on the previously obtained speed-voltage
characteristics. an independent controller for both in-
track DC motors is developed. An inverse database was
developed from the motor characteristics in Fig. 4 to
predict the required voltage (V, and Vi) for any
desired motor speed. (w; and wg). as shown in Fig. 5.
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With this. a linear interpolation method 1s used to
accurately predict the voltage needed to achieve any
desired track speed. With linear interpolation method. the
data points from motor characteristics in Fig. 5 will be
used. Each segment between each data point will be
treated as a linear region and each arbitrary value (y,) on
an arbitrary point (x,) will be determined by
interpolating the pair of data ((x,,y,) and (x7,y7)) -
between them. This will be implemented to model the
DC motor accurately. The resulting stmcture of DC
motor controller is shown in Fig. 6.
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Moreover. the experimental setup for experimental
evaluation of the controller is developed using Arduino
Mega 2560 connected to MATLAB Simulink software
|22] which consists of digital output blocks (Pin 12 and
8) for rotation direction setting and PWM output blocks
(Pin 11 and 9) for motor speed settings. Implementation
of the controller is shown in Fig. 7.
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b1z 7 Experimental setup for validation of controller
for (a) left DC motor (b) right DC motor

Next. the developed motor model with open-loop
control is validated by comparing the desired and actual
speed of the track by varying its voltage. Desired speed
is the outright speed supposed to be obtained by setting
the voltage. whereby the actual speed is obtained by
collecting the tracked vehicle's angular speed data during
the experiment. Fig. 8 shows the results on the validation
of the motor for left and right tracks. In this figure. it can
be shown that both motors have good agreement between
desired and actual speed produced.
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4. CONCLUSIONS

An independent speed controller of DC motor for left
and right tracks was developed based on the motor
characteristics obtained experimentally. The proposed
controller is then implemented and validated by an
embedded Arduino Mega 2560 controller. The
independent speed controller validation was done by
comparing the desired speed and measured speed of the
tracked vehicle’s tracks. The developed model shows
good agreement with the actual vehicle response and
independent speed controller are shown to produce the
desired speed with good accuracy with percentage error
of about 2% between the desired and actual DC track
speeds. It is hoped that this study can provide initial
insights into the development of basic control scheme
that will give impact to the readers who are still beginners
in the control field.
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