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Abstract— Autonomous lawn mowers have been identified as
one of the most famous innovations in the recent past. However,
complex operational functions, data acquisition methods and the
high costs of supporting items result in the expensive nature of
these autonomous lawn mowers which in turn dissuades its use
in domestic environments. Primary objectives of the research
comprised of building a system to identify the working
perimeter by means of waypoint identification and the
development of an algorithm to detect obstacles in the path
followed. This paper presents the completed mechanical design
of an autonomous lawn mower prototype while innovating the
art of lawnmower fabrication by using colour identification
camera modules for path planning with the aid obstacle
avoidance integrated in it.

of lawnmowers created by manufacturers and researchers
display similar features to robotic vacuum cleaners which
consists of obstacle detection and avoidance features, the
ability to work in a pre-defined workspace together with area
identification and mapping methods.
Path planning is an important concept in designing
autonomous robots. Certain autonomous lawn mowers
require the installation of a current carrying boundary wire
buried in the ground for perimeter identification purposes.
Once a current passes along the wire, the electromagnetic
field generated due to it is captured using the Hall-effect
sensors in the mower thus directing it in the required path [3].
However, this method has been proved to be inefficient and
costly in nature. Hence, engineers initiated the use of
Simultaneous Localisation and Mapping (SLAM) techniques
together with Neural Networks to address path planning and
obstacle avoiding requirements. SLAM generates a map in an
unknown environment based on the initial coordinates of the
robot and sensor data which enables locating the robot on the
map [4]. Alternatively, waypoint navigation systems have
also developed increasingly although their use has not been
widely used in the scope of lawn mowing.
Obstacle avoidance is another concept that is immensely
important which guarantees the safe operation of the mobile
robot in both static and dynamic obstacles. It can be defined
as the procedure in which the autonomous vehicles path is
designed in order to avoid unexpected barriers. Obstacle
avoidance is categorised into two main segments which are
obstacle detection and avoidance control [5]. Numerous
approaches for obstacle avoidance have being carried out
during the near past. One of the most common approaches
include the use of vision systems. Mobile robots are generally
designed using a behaviour based approach since it uses a
sense-act methodology [6]. This makes it ideal in nature to be
used in areas consisting dynamic obstacles. A number of
modern sensor types including laser range finders, bumper
sensors, ultrasonic sensors and infrared sensors have also
been used in the recent past for obstacle avoidance. The type
of sensor that can be used for mobile robots depends on the
environment in which it is meant to be implemented on.
Certain autonomous robots use a single sensor whereas others
use several sensing devices. The resulting path and the
current position of the mobile robot is determined using the
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I. INTRODUCTION
With rapid improvements in technology, the fabrication of
mobile robots have been utilised in various scale applications
ranging from industries to the domestic environment. The
foremost purpose of implementing such robots is to reduce
the human involvement in executing a certain task and as
well as to minimize the time consumed in performing it.
Several key areas in which these mobile robots are utilized
include its usage in hazardous environments, danger zones in
nuclear power plants, industrial applications and in service
applications such as cleaning and painting [1]. Among these
applications, lawn mowing is one of the major aspects where
the use of mobile robots is highly beneficial. Contemporary
houses with gardens and areas such as golf courses and
football fields need to be mowed regularly to maintain the
grass at an even height. Lawn mowers are used for this
purpose and they have evolved since the 19th century, where
reciprocating mower suspension machines and rotary mowers
started developing by the end of the mid-20th century [2].
These traditional lawn mowing techniques are often
troublesome and time consuming since they are equipped
with a minimum level of automation.
In order to focus on these limitations, automated systems
were developed to minimize the human involvement. With
the increasing popularity of outdoor mobile robots, manual
lawn mowing systems were modernized such that they were
enabled to carry out certain specified tasks. Several designs
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sensor readings [5]. Reference 7 demonstrates a research to
investigate the use of tree detection sensors comprising of
sonar and vision sensors to recognize the environmental
conditions. This robot was designed to minimize issues that
arose when determining the perimeter in which the lawn
mower should operate. The position was estimated with the
aid of the sensors which aided the robot to navigate past
obstacles. Although this method was quite a development,
the system was less reliable and was not ideal in areas where
trees did not exist.
In considering the control system design of automated
robots, a number of strategies have been developed in
controlling dynamic systems to achieve the desired output.
Among these techniques, Proportional-Integral-Derivative
(PID) controllers are generally used. Reference 8 illustrates
an instance where the speed of Direct Current (DC) motors
have been controlled using PID and Proportional-Integral (PI)
controllers. The motors were assumed to be a first order
system and the speed of the motors were measured using
optical switches with light emitting diodes (LED) and
phototransistors. Responses from the two systems were
analysed and the results suggested that the PI controller was
ideal since the behaviour of the PID controlled system was
not steady around the set point. Controllers to adjust the
speed and the rotating direction of DC motors have been
implemented in autonomous robots with the aid of PID
controllers linked with the arduino interface. The same
system was simulated using MATLAB and Proteus. Results
indicated good performance in the PID controller but minor
issues in the accuracy due to the selection of a lower
sampling rate [9].
Considering these factors, the main objectives of this
research paper were to fabricate an autonomous lawn mower
in order to identify the working environment through a colour
identification camera and navigate past obstacles to create
safe working conditions for the user with improved accuracy.
Together with these key objectives, cost minimisation was
also another key aspect which was addressed.

the materials which were used for the body and the caterpillar
tracks.

Fig. 1 Finalised design of the robot chassis
TABLE I
CHASSIS DIMENSIONS

Dimension
Length/mm
Width/mm
Height/mm
Body Material
Caterpillar Track Material

Value
180
240
60
Laser cut Aluminium Alloy
Nylon

Acrylic
sheets
of
dimensions
85mm×160mm,
200mm×120mm and 120mm×50mm were drilled and fitted
as levels on the aluminium chassis to provide space for the
motor controllers, arduino board and power circuit and sonar
sensors. The model of the cutter used in the lawn mower is a
mulching blade. Mulching blades usually have a greater
curved surface. To facilitate a smooth cutting process a DC
motor with a high revolution per minute (rpm) value and a
lower torque was used. The blade was engineered using AISI
5160 grade alloy steel. Fig. 2 illustrates a model of the blade
designed to be used in the mower.

II. LAWN MOWER DESIGN
Generally, traditional lawn mowers are designed using
wheeled robot structures. However, these models face
difficulties when travelling on uneven surfaces since there is
a high tendency for the robots to fall inside hollow areas
which may be present in areas of navigation. To eliminate
this, a tank robot chassis was used in the design.
A. Mechanical Design
A tank robot chassis with caterpillar tracks was used to
fabricate the prototype of the autonomous lawn mower. This
was chosen since tracks have a higher performance along
with an efficient power delivery system. The traction is
considerably high even on slippery surfaces as well as in
rough lands making it ideal to be used as the design for an
autonomous lawn mower. The motors used to power the
robot were of 12 Volts and a gear box attached with a ratio of
30:1. These had the ability to be coupled with encoders. In
the design quadcore encoders were used with an operating
voltage of 5 Volts. The wheels including the cog wheel were
of 55mm diameter and were fixed to the chassis with the aid
of copper spacers. Fig. 1 represents the tank chassis used
whereas Table I represents the dimensions of the chassis and
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Fig. 2 Lawn Mower blade design

B. Control System Design
An arduino interface was used as the main control board
for the lawn mower. The two DC motors were considered to
be the two main individual actuators of the system. A PI
controller was introduced to both individual systems in order
to maintain a set velocity of the motors. Feedback from the
quadcore encoders were fed into the main controller. The
desired voltage for the motors is supplied through a motor
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driver. Fig. 3 represents a figure that illustrates the system
with the PI controller.

3

Further attention was given to the states that can occur due
to the feedback of the sonar sensor readings. The main idea
of this is to develop a concept where obstacles can be
detected and avoided by taking the front, right and left sonar
sensor readings. These readings will then be communicated
to the motors via the motor driver in order to allow the lawn
mower to steer around the obstacles. The data from all three
sensors are combined to identify the direction in which the
mower can proceed without interruption from any obstacle.
Fig. 6 below represents the system methodology designed to
detect obstacles based on the readings identified by the sonar
sensors.

Fig. 3 Block system of the PI Controller.

The pixy camera module was used to identify waypoints.
A specific colour is identified by the camera as the signature
colour depending on the colours of the background.
Waypoints of this colour were then fixed in the boundaries.
The pixy camera is integrated with a pan tilt mechanism, thus
enabling it to rotate and identify the closest waypoint with the
highest image area. The coordinate points are identified using
the digital magnetometer. The angle at which the waypoint is
compared to the current position of the mower is being
determined by the program and subsequently the mower
moves in the direction of the waypoint. The camera
simultaneously rotates in order to capture the next waypoint
to enable continuous navigation.
C. Obstacle Detection and Avoidance
As discussed in the earlier sections, navigating around
obstacles is key to ensure a smooth operation of the lawn
mower. Three sonar sensors were aligned at an angle of 60
degrees each in order to cover a complete regional area of
120 degrees. Fig. 4 indicates how the sensors were mounted
on to the chassis whereas Fig. 5 shows the finalised design of
the lawn mower prototype.

Fig. 6 Obstacle avoidance process chart.

III. TEST RESULTS AND DISCUSSION
The obstacle sensing system designed was tested by
bringing in obstacles to nearby positions of the sensors. The
results of the sensor readings is shown in Fig. 7. The set of
readings on the left represents data when an obstacle was
brought in front of the left sonar sensor. The three readings in
the left column represents readings of all sensors at a
particular instance. Similarly obstacles were brought towards
the middle and the right sensor and the sensor readings
corresponding to them are shown in the middle and right of
the figure below respectively.

Fig. 4 Sonar sensors for obstacle detection

Fig. 5 Finalised autonomous lawn mower prototype
Fig. 7 Readings from the sonar sensors
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The pixy camera module was used to choose which colour
was best to be used for the waypoints during the testing
process. Table II describes the test results.
TABLE II
COLOUR IDENTIFICATION RESULTS

Distance from the pixy camera to the waypoint
5cm 25cm 50cm 100cm 150cm 200cm
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
No

Red
Orange
Green

All coloured objects were of the same size and were tested
under outdoor lights. The results confirmed that red was the
most suitable colour for the way points due to its easiness in
identification over a long range. Fig. 8 displays an image
where the pixy camera captures red coloured objects among
other colours.

Fig. 10 Simulated model results of the left motor

Fig. 9 and Fig. 10 represent the responses of the motors
against the simulated response. It is seen that the actual
response lies close to the simulated thereby showing good
stability in the system. The green and blue lines represent the
simulated graphs in the above figures.
IV. CONCLUSIONS
This research paper has shown the capability of producing
an autonomous lawn mower with path planning and obstacle
avoiding systems. The results confirm the effective usage of
sonar sensors for obstacle avoidance and PI controllers in
maintaining a constant linear velocity. The mechanical design
of the tank robot chassis provided good stability for the
mower. Further this project proved the success of using a
pixy camera for identifying waypoints based on the colour
which has not yet been commonly implemented in the design
of lawn mowers.

Fig. 8 Colour identification using the pixy camera

In order to achieve an accurate heading direction for the
robot during path planning, the object being tracked needs be
centred by the camera therefore the system was modified to
achieve this objective. When the object being tracked is
centred, the servo motors of the pan tilt kit stops and remain
in the same position. Fig. 9 represents an instance when the
coloured object was brought to a position approximately
close to the centre. The heading direction compared to the
current orientation of the robot was determined using the
digital magnetometer.
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