IAES International Journal of Robotics and Automation (IJRA)
Vol. 11, No. 2, June 2022, pp. 122~131
ISSN: 2722-2586, DOI: 10.11591/ijra.v11il.pp122-131 0 122

Fuzzy logic track control of an automated lawnmower

Ajayi Oluwaseun Kayode!, Balogun Daud Ishola?, Ige Ebenezer Olubunmi?, Adeyi Abiola John®
!Department of Mechanical Engineering, Obafemi Awolowo University, Ife, Nigeria
2Department of Mechanical and Mechatronics Engineering, Afe Babalola University, Ado-Ekiti, Nigeria

SForestry Research Institute of Nigeria, Ibadan, Nigeria

Article Info

ABSTRACT

Article history:

Received Jun 29, 2021
Revised Dec 20, 2021
Accepted Dec 25, 2021

Automation of agricultural and horticultural operations keeps received great
attention for over a decade. The control parameters adopted depend on the
location and characteristics of likely obstacles and navigation requirements.
An automated lawnmower (ALM) with fuzzy logic control is presented in
this study. Fuzzy logic was chosen to improve a previous work which was

controlled via Bluetooth. Three ultrasonic sensors and two proximity sensors

served as the eyes of the ALM for navigation and obstacle avoidance while
Keywords: the cutting blade was made of stainless steel and controlled by a brushless
direct current (BLDC) motor. A fuzzy algorithm was implemented on an
. Arduino controller with the inputs and outputs as directional instructions.
Fuzzy logic Obstacle avoidance was achieved by setting a range of values for the sensors
Obstacle a_v0|dance interpreted by the fuzzy logic for the corresponding output in the form of
Path tracking navigations. Three trials tests were conducted on the ALM on a 5 m? portion
of land with an average grass height of 0.09 m. The average cut area was
4.46 m?, therefore achieving an efficiency of 89.2%, which is highly
productive. It was observed that the power consumption was minimal
compared to the previous design because at the end of the three trials 46% of
the battery was left after over 3 hours of operation.
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1. INTRODUCTION

Environmental health is considered a cardinal objective of the sustainable development goals largely
because of its contribution to overall health, air environmental quality, and societal wellbeing. More so, the
current trend in urbanization and globalization supports the green revolution since the population of flora and
fauna constitutes significantly of theory green space and open spaces of many parts of urban settlements.
Wholesome lawns and well-trimmed landscapes are established to prevent tidally and water erosion, enhance
the flood and facilitate environmental quality air while improving visual appeal around the neighborhood.
Urban planners in urban centers consider lawn planning as a vital subset of the sustainable environment for
balance amongst the trio of aesthetics, ecological and social worldview.

In the Western world, lawn mowing is mechanized regardless of the scale of the landscape while the
case is contrary in the developing world. The arable approach to lawn mowing in the third world is largely
due to the agrarian vocation of the sub-region which precludes the utilization of machines during the early
days of green-urbanization [1], [2]. The fact that lawn mowing has become a vital aspect of domestic chores
in homemaking in the present day requires sufficient investment, time, and effort. This is
consequently attended by the rising cost of machinery for lawn mowing operations which is estimated to be
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US $27.5 billion by 2025 [3]. In addition to the initial cost of lawn mowing machineries, maintenance of
mechanized lawn mowing operations accrues the cost of procurement of landscaping machineries.

The operation of gasoline-powered lawn equipment could contribute to the carbon footprint in the
urban settlement where landscaping and green beautification are considered to be of aesthetic and
recreational value [4]. Recent scientific attempts at innovating the operation of mowing machinery have been
reported in many pieces of literature. Solar-powered lawn mowing machines are being innovated to eliminate
internal combustion systems and dependence on fossil fuels as tools for addressing environmental pollution
[5]. A simplified design involves a solar panel with the traction and rotary blade being powered by the direct
current (DC) source while the battery is being recharged by renewable facilities attached to the mower
systems [6]. The case hydrocarbon emission from lawnmowers in the United States (US) is found to increase
by 13% for which crusade for innovative solar-powered lawn-cutting engines is heralded.

Device automation is considered the hallmark of green technology which is dependent on renewable
energy sources. Since smart technology has already gained significant deployment in farming practices in the
developed world, this technology is constantly gaining popularity in agriculture related occupations [7].
Lawn operations like farming occupations could be facilitated by automation as means to create sustainability
in small-sized grass-cutting and landscaping machines. Some automation paradigms have been established
for the manufacture of mobile robotic machines which could be easily translated for automating the operation
of lawn mowing devices [8]-[10]. For instance, fuzzy logic controllers are cheaper and offer more robust
control compared to proportional integral derivative (PID) controllers because they can handle a wider range
of input and output combinations [8], [9]. In addition, it is an adaptation of human thinking, so it gives a
closer output to that obtainable from human thinking [8], [11]-[14]. It has therefore found acceptability for
various applications where autonomous navigation is planned. It has been discovered that it allows effective
control for autonomous navigation in applications with large volumes of uncertainty, especially when
associated with operations in natural environments [15], [16].

This control was adapted for use in an indoor lighting system where daylight is used as illumination
for energy saving. In this application, various levels of lighting intensity were achieved with the dependent
variables being location, season, latitude, and cloudiness [17]. Another application was the development of
an automated indoor robot where the robot follows a predefined path as it also avoids obstacles along its
path. These robots are used in hospitals, homes, hotels, and recreational centers [18] for path control and
tracking [19]-[23]. A systemic adaptation that incorporated fuzzy logic into DC converters was developed by
[24]. The fuzzy logic controller eliminated the loss of power associated with temperature and irradiation
effects on a solar power station.

Another similar application [25] was for the control of a DC motor for specific speed requirements
which is unaffected by varying loads. This system achieved a smooth speed control cutting down overshoot
and oscillations effects drastically. Asides from control methods, renewable sources of power have also been
incorporated into lawnmower automation, especially solar power [26] which seems most accessible in certain
areas. However, as stated earlier, automation has been applied to farming operations and robots have been
developed with various controls such as Bluetooth automation and autonomous [27]. This work presents an
autonomous lawnmower (ALM) incorporating a fuzzy logic track control for navigation and obstacle
avoidance.

From the foregoing lawning machinery have shown not much attention for path planning during
landscaping and green-cultivation operation. The fuzzy logic technique in robotic machinery has been proven
to enhance automation and device productivity in machining operations. Hence, the capability of fuzzy logic
for the design of operational path-planning to effect energy-minimized operations of lawning machinery is
justified. Although previous reports have shown the plausibility of Bluetooth via android gadgets the present
study intends to obliterate the interaction of human effort during mowing activities by devising path-planning
mowing based on an established fuzzy-controlled architecture.

In this study, fuzzy-mediated autonomous lawn mowing operation is demonstrated using low-cost
materials for energy-minimized machinery that could find usefulness in grass-cutting and landscaping in
remote settlements. The fuzzy-logic controlled architecture was utilized for path planning while mowing was
achieved on the backbone of an existing conventional-type lawnmower with the incorporation of associated
sensorial components such as an obstacle avoidance mechanism. An elaborate integration of fully
implementable fuzzy-logic controllers incorporated into the autonomous path guidance of the robotic lawn
machines is elaborately presented.

2. RESEARCH METHOD
This section describes the materials and methods selected for the development of the fuzzy-
controlled ALM.
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2.1. Materials

The materials were used for the development of the ALM are i) perspex sheet, ii) 12V DC motor,
iii) brushless DC (BLDC) motor, iv) cutting blade, v) Arduino Mega 2560, vi) ultrasonic sensor with bracket,
vii) IR proximity sensor, viii) motor driver shield L 293 D, and ix) Vero board.

The by properties that were put into consideration during the material selection process are i)
strength, ii) lightness and flexibility, iii) corrosion resistance, iv) availability, and v) cost.

The material for this kind of task should possess sufficient strength to be able to bear the weight of
the various parts. Such weight as the power battery, cutting blade motor and the driving wheel motors, the
bracket for the driving motor, and the electrical components. The properties of the chassis and cutting blade
are presented in Table 1. In addition, the lightness of the material reduces the gross weight of the whole body
and thus reduces the torque required to drive the system while making navigation lighter.

Table 1. Table of properties of the main body and the blade

Main body
Description Value
Dimension 16" x 48" x 0.4"
Material Perspex
Density 1.19 gem™3

Tensile strength 75 MPa

Cutting blade
Material Stainless steel
Tensile strength

On the other hand, the cutting blade was made from stainless steel because of its tensile strength
greater than mild steel and high corrosion resistance. This is partly because the blade might accidentally hit a
hard surface so that the blade does not break or bend easily. To further adjudge its suitability, it contains
chromium which offers it a great advantage of resistance to corrosion thus making the blade suitable for the
moist cutting environment, and the strength needed from the blade to be able to work under given cutting
conditions. A brushless DC motor was selected to drive the cutting blade because of the high speed possessed
by the motor.

2.2. Control
The processing was made up of; the microcontroller and its accessories, the programming language,
and the control system.

2.2.1. The microcontroller and its accessories
Typical of most robotic prototype development, affordable and simplified controllers are used. For
this mower, an Arduino Mega 2560, based on an Atmega 2560 AVR microcontroller was selected.

2.2.2. Ultrasonic sensor
Ultrasonic sensing works by differentiating the feedback after a transmitted signal is sent back after
reaching an obstacle, hence the distance between the sensor and the object is determined as (1).

speed of sound Xtime taken (1)
2

distance =

2.2.3. Working principle of the autonomous lawnmower
The control architecture for the lawnmower is made up of three main modules. The velocity planner,
the path-tracking controller, and obstacle avoidance.

2.2.4. Velocity planning

In velocity planning; trajectory and velocity for the system are based on the object detection,
curvature, and external factors such as tire characteristics, road slope lateral, and longitudinal accelerations.
Therefore, as a guide for the trajectory, the immediate position is usually supplied as the input. Then the next
position and the reference velocity become input into the path control.

2.2.5. Path control
The path controller (PC) controls the movement of the robot over a predefined path. To achieve this,
the errors between the desired pose and actual pose are made as inputs into the fuzzy logic module which
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subsequently converts the output of the rule as commands to affect the movement pattern. While this is being
done, the error in the positioning and the heading error is measured simultaneously for each iteration. The
errors are however evaluated in terms of the coordinate system {Px, Py} defined to have its origin located at
the perpendicular projection of the current vehicle location onto the planned path as shown graphically in
Figure 1. Furthermore, according to Abel et al. [28], the errors are described mathematically.

Figure 1. Position and heading errors [28]

Lateral error EL = Pyy )
{Pxv, Py} are the coordinates of the velocity planning in the coordinate system.

The heading error Eo = 6p — 6r 3)
The differential errors;

AEL= E (k) —EL(k — 1) 4)
AEy= Eo(k) — Eo(k- 1) ®)

2.2.6. Obstacle avoidance

In obstacle avoidance and object recognition, machine vision has played a significant role. However,
when mowing a lawn or a field, the mower has to avoid both known and unknown obstacles. This, therefore,
makes machine vision insufficient because all obstacles that may be encountered cannot be accounted for,
which leaves a wide range of obstacles out of the spectrum of the obstacle list. Therefore, a more reliable
alternative is the use of sound projection; an ultrasonic sensor suitably fits this application. This creates an
encompassing system for the robot to deal with obstacles, thereby making the design robust and capable of
handling real-world situations and environments where there may be several unpredictable obstacles.

The ultrasonic sensor sends a pulse signal to determine the distance and range of the obstacle, while
the time range of feedback of the signal gives the distance of the obstacle concerning the sensor. This cycle is
repeated every millisecond. The fuzzy system was integrated into the sensor to interpret the signal generation
and feedback to provide the best output in terms of movement decisions for the robot. Therefore, to avoid an
obstacle, the fuzzy system maps its membership functions with the input of the ultrasonic distance range. The
lawnmower is thus steered by the fuzzy logic output converted to a crisp value which is then transmitted as
rotation parameters for the motor driver.

An important aspect of the steering is the determination of the amount of wheel rotation. This
depends on the angle required to steer the mower, the diameter of the wheel, and the distance between the
wheels. In determining the distance moved by the wheels; the circumference of the wheel must be known.

The circumference of a circle can be calculated as (6).
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c=m X d (6)

For the proposed wheel’s diameter to be used for the mower (d), equals 56 mm, therefore the
circumference (c) of the wheel can be calculated as (7).

c = (22/7) x 56 = 176 mm (7

This means that when the wheel rotates 360°, the mower moves 176 mm. Therefore, if the wheel
rotates at 45° covers, it covers as (8).
(ﬁ)x 176 = 22 mm 8)

360

2.2.7. Fuzzy logic control of the lawnmower
The code was written in (c) language on Arduino IDE. The procedure for achieving the control

programming is presented in Figure 2.

| Launch Arduine IDE ‘

J

‘ Select new sketch and rename |

y

‘ Define parameters and assign variables ‘

L

‘ Set up OUTPUT and INPUT for arduino pins

v

Define each variable with data type ‘

L

‘ Write code for mower control in function veid loop ‘

J

‘ Uplead code unto arduine board ‘

J

‘ Compile code onthe controller ‘

Figure 2. Flowchart for the Arduino programming

Integrated into the fuzzy inference control system (FIS) were five inputs and three outputs. The
input parameters are values from the left ultrasonic sensor (LUS), center ultrasonic sensor (CUS), right
ultrasonic sensor (RUS), left and right IR proximity sensor. The output parameters were the values for the
motor driver shield to command the left and right motor speed and the steering angle of the mower. However,
the mapping from the ultrasonic sensor into a fuzzy rule utilizes these four membership functions; Very far,
far, near, and very near. The algorithm for this procedure is presented in Figure 3.

P

(=)

[

Checlk left and right IR sensors
Low HIGH]

I

Check value of ultrasonic sensor
[Right Centre Left]
[=300 200-285% 100- 199 3 - 99]

I

,(' \\
[ Maove )

e

Figure 3. Fuzzy logic algorithm
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An infrared sensor was used to track the predefined path, give the ALM direction and pattern of cut.
The predefined path is a white track carpet fixed on the lawn for the IR sensor to sense. When the right IR
sensor and the left IR sensor detect the track, the ALM moves in a forward direction but when any of the IR
sensors do not sense the white track (i.e. the ALM is moving out of the predefined path), the ALM adjust
back to the track in respect to the IR sensor not detecting the white path.

The movements are made possible by the two IR sensors so that the ALM can follow the pre-
defined paths. When the right IR senses the white track due to reflected infrared light by the white body, it
means that the ALM moves towards the left direction, the ALM tries to correct its movement by reducing the
speed of the right wheel. When the left IR senses the white track, it means the ALM is moving in the right
direction and the ALM tries to correct its movement also by reducing the left wheel speed.

The ALM responds as presented in Table 2 to different feedback from the ultrasonic sensor and
decides when to stop, pause, reduce speed, and avoid the obstacles detected. The ALM makes use of three
ultrasonic sensors (center at 90°, left at 120% and right at 30° to the vertical axis of the chassis respectively)
such that when the center ultrasonic sensor detects an obstacle at a different distance, the left and right
ultrasonic sensor checks for obstacles at their angles to determine which direction the ALM will turn to avoid
the center obstacle. If the three ultrasonic sensors detect obstacles at a very close range together, the ALM
stops for some minute in case it is a movable obstacle before moving backward while it checks for the
preferable direction to move. The brushless motor was powered by an 11.1 V Lipo battery.

Table 2. Fuzzy navigation parameters for the IR and ultrasonic sensors

IR sensor IR sensor range (cm)  Ultrasonic sensor range (cm) Decision
Right Left Right Left Centre
Low  Low 250 250 Forward
High  Low 100 - >=300 Turn left
Low High - True Turn right
Low  Low 180 180 Forward
High  Low 100 False 200 - 299 Turn
Low High 100 True Turn
Low  Low 120 120 Forward
High  Low 100 False 100 - 199 Turn
Low  High 100 True Turn

3-99 Stop/Pause

The electronic component arrangements are as shown in Figure 4, while Figure 5 is showing the
view of the ALM, Figures 5(a) is showing the front view and Figure 5(b) is showing the end view.

Arduino

===—i=—mim o

Motor Shield/
L Driver |

w| ¥ v i

H IR proxonity senso
® m

~ ¥ .# |
Figure 4. Schematic diagram of the ALM using proteus

Ultrasonic sensors
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Figure 5. View of the ALM (a) front view and (b) end view

3. RESULTS AND DISCUSSION

The objective of the project as stated earlier is to design and develop an autonomous lawnmower
using fuzzy logic control to follow a predefined path and avoid any obstacle along its path by incorporating
sensors into the ALM.

For the laboratory testing, the mower was operated in a rectangular pattern front and back for a
precise amount of distance. A white predefined path Figure 6 was created for the mower within the boundary
of the cutting area. Since the only obstruction recognized by the mower is a concrete wall, humans begin
approaching the system, object obstacles such as trees, and stone. When the lawnmower detects an obstacle
from a specified distance, it reduces its speed of approach towards the obstacle to decide if it’s a moveable
obstacle that can leave its path or a stationary obstacle. If the obstacle remains in its path at a specified
distance, the robot navigates around the encountered objects.

Figure 6. The ALM during path tracking operation

Different patterns of cut were achieved by changing the direction of the predefined path for the
mower. The cutting blade dimension was 20 cm by 5 cm which implies that a single cut would make a
200 mm circular cut. The path was made of a white reflected material for the robot to track for the path to
follow. If the left-wheels and the right-wheels turn clockwise, the ALM moves forward and if counter-
clockwise the ALM moves backward. If left-wheels turn clockwise and right-wheels either stops or turns
with low speed in comparison to the left-wheel, the ALM will turn in the right direction, and also if the right-
wheel turns clockwise and left-wheel either stops or turns with low speed in comparison to the right-wheel,
the ALM turns to the left direction.

The ALM can be used for mowing grasses of height below 9 cm and after the operation, the grasses'
height will be 5 cm. The blade height is adjustable by adjusting the height of the brushless motor. Testing
operation for the cutting operation carried out revealed by the result as presented in Table 3 for three trials on
a 5 m? portion of grassland.

Table 3. Performance output of the ALM testing

Trial Cutting proportion (m?)  Time (sec)  Power consumed (%)
1 4.50 600 90.0
2 4.45 660 70.0
3 4.45 720 45
Mean x = 2i=; Xi 4.46 660 68.3
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To determine the cutting efficiency, equations (9) which compare the uncut portion with the total
portion to be cut was used, while the percentage uncut area was determined using (10).

Total cutting portion—Portion uncut

Cutting Ef ficiency = Total cutting portion x 100% 9)
— 5-(5-446) % 100%
=89.2%
The percentage uncut area was determined as (10).
Percentage uncut = Total cutting portion—Portion cut (x) % 100% (10)

Total cutting portion

5—4.46
=—s x 100%

=10.8%

From the cut area and uncut area, the ALM performance was high at 89.2% which is very close to
that achieved [29], [30]. Most of the work done on automated lawn machines does not present the cutting
efficiency but reports mostly on the power source [29] and how the machine works [3], [8] hence it is
commendable that this work presented the cutting efficiency of the machine. The power consumption is also
commendable given the fact that it operated for over three hours without draining the battery. This was
possible because the power source was distributed for the various components powered. The need for solar
power in agricultural machines is usually to ensure the machine works for long hours without depleting the
power supply, however, the fuzzy path planning and design arrangement here presented better power
management compared to previous designs [29], [30] where 95% mower availability was achieved due to
solar power while still having 5% unavailability for a five hour operation.

4. CONCLUSION

The ALM is an offshoot of ongoing research work into automated farming and horticultural
services. A Bluetooth lawnmower was initially developed and the performance was satisfactory. However,
the path control needed to be fine-tuned hence the need to incorporate a proven control algorithm for control.
The ALM was designed, prototype built and tested on a 5 m by 5 m portion of grassland. The performance
evaluation in terms of cut portion showed 89.2% successful cutting. This shows that fuzzy logic path control
gave a better track control for the ALM and thus can be adopted for further work in the development of
automated farming and horticultural machines.
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