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In this present era, people live a very busy life. People in cities have irregular
and long working times. In such a situation a person will always find ways of
saving time. Household chores are the ones that are most dreaded upon and
cleaning a home tops the list. An autonomous floor cleaning robot is
developed to help people to complete their cleaning task. This paper presents
the development of an autonomous floor cleaning robot by using Arduino as
a platform for processing and controlling the input and output. Autonomous
vacuum cleaner robot is designed to make cleaning process become easier
compared to using manual vacuum. The idea is basically by having the
sensor to detect any object and send the input to Arduino that will control the
robot movement. This robot can perform vacuum and wiping task with water
spray function. It is also programmed to move in zigzag movement to ensure
that the robot can clean all the corner of the house and avoid obstacle
autonomously. This robot consists of three ultrasonic sensors, one infra-red

(IR) sensor and two brushes in front of it to ensure effective cleaning.
It is designed to run on flat surface. This autonomous multi-function floor
cleaning robot has lower cost compared to existing vacuum robot on the
shelves and is suitable for home and small premise usage.
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1. INTRODUCTION

Nowadays, robot is commonly used to accomplish human requirements in daily life [1, 2].
Authors in [3] discussed the massive introduction of robots and the transition of the economic system to
robonomics (robot-based economy) that might affect job opportunities especially where robots are replacing
human tasks. Despite this concern, industrial robots have been used for several decades now in warehouse
[4, 5], logistics [6, 7], agriculture [8-10], education [11-14], financial trade [15, 16], medicine [17-20],
transportation [21-23], tourism and hospitality [24, 25], and others. Recently, robots are also developed as
home appliances as the individuals’ requests expands [26]. Home mechanical machine technology
exploration is getting to be dynamic like never before [27, 28]. Cleaning robot applications are imminent
today and tend to become a mass market. Smart floor cleaner is a mobile robot with cleaning function. It is an
intelligent automated cleaner that has perceptive programming and a limit cleaning framework. It designed to
make cleaning process easier and save manpower. Most people are working long hours and do not have
enough time to clean. Thus, in some of the hospital or old folk’s house, the cleaning robot can be used widely
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as it can help the people with physical disabilities and inconvenient elderly people to clean the floor and wipe
the floor to prevent falling accident. Hence, these situation leads to the demand of autonomous-type cleaning
machine in the market.

The vacuum cleaner robot should have a mechanism such as the artificial intelligence to solve the
problem of cleaning the entire environment areas taking into account some factors such as obstacle avoidance
and the number of turns it needs to take. Over time, many researchers have come out with different
techniques to ensure optimal coverage of the vacuum robot. Authors in [29] used Genetic Algorithms (GA)
which, consist of several steps to get the solutions. Each gene represents the robot position and some of
chromosomes represent the mini-path the robot is taking. In [30], artificial intelligence is adopted to enable
intelligent scheduling and motion control for optimized operation of the vacuum robot. In addition,
other movement techniques include spiral, zig zag and cell by cell [31].

The most popular robot movement are zigzag and spiral technique. Movement using zig zag
technique is depicted in Figure 1. The zigzag coverage technique only require short range sensors but spiral
technique need long range sensors to complete the work. In addition, the shorter the distance of the sensors
from the wall when robot takes measurements, the more likely that the measured data is accurate. Moreover,
the zigzag technique achieves complete coverage at a faster rate and achieved in the least amount of cleaning
time. Application-wise, the zigzag technique is more useful as these algorithms are simple and can be
implemented not only in vacuum cleaners but also lawn mowers. The zigzag technique is useful in a
household situation for cleaning, as this allows the user to start the robot without the need to move entirely
out of the area.

2. FLOOR CLEANING ROBOT DESIGN
To develop a project, methodology is the most important part in a project. There are two major
elements discussed here which are hardware and software designing.

2.1. Hardware Development

The hardware development for the autonomous floor cleaner robot in this project has four phases.
First phase is the design and development of the sensors. Ultrasonic sensor is used to detect any blocking
objects or obstacles and infrared sensor is used to sense the distance between the mobile robot and the floor.
Figure 2 shows the circuit diagram between Arduino Uno and sensor. Second phase is the design and
development of vacuum unit. Vacuum unit used DC motor due to the continuous rotation of the motor.
The DC motor will be connected to a fan to produce a function of vacuum. Figure 3 shows the circuit
diagram of Arduino Uno and DC motor.

Third phase is the design and development of wiping unit with water spray. There is a microfiber
cloth underneath the robot and the water will spray a little amount of water for wiping function. Fourth phase
is the design and development of the robot movement. 360° servo motors are used to act as the wheels of the
robot due to its continuous rotation with a high torque. Servo motor can be programmed by Arduino Uno for
turn clockwise or counter clockwise. The movement of robot setting as zigzag algorithm is to produce a high
efficiency on cleaning all the corners of the house. Figure 4 shows the circuit diagram of Arduino Uno and
servo motor used for water spray and robot movement.

i
T

Figure 1. Zigzag motions Figure 2. Ultrasonic sensor connection
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2.2. Software Development

Figure 5, 6, 7, and 8 show the autonomous floor cleaner robot process from the start till the end,
based on the Zig Zag algorithm. This is an autonomous floor cleaner robot which will operate the cleaning
process automatically that have been programmed. The whole process is a looping process where it will only
stop when the battery is finish. The flowchart covers the whole process of movement for autonomous floor
cleaner robot.
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Figure 5. Zig zag movement algorithm Figure 6. Turning decision
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2.3. Robot Chassis Development

The design of the autonomous floor cleaner robot chassis has been constructed using the SketchUp
software. The main structure of the robot is shown in Figure 9. The SketchUp software can give view from
different sides. There are three ultrasonic sensors installed on both sides and in front of the robot.
The function of these ultrasonic sensors are to detect the obstacles or the wall and avoid from collision.
When right ultrasonic sensor sense the obstacle, the robot will stop and turn left while when left ultrasonic
sensor sense the obstacle, the robot will stop and turn to right. When front ultrasonic sensor sense obstacle,
the robot will move backward and will reconsider the direction of movement. From the figure above infrared
sensor is installed in front and underneath the robot. The function of infrared sensor is to detect the distance
of obstacle on the floor. If the infrared sensor sense the distance between the robot and the floor is more than
2 c¢m, the robot will move backward to prevent from falling.

2.4. Overall Design and Setup

To develop this project, the pathway of the autonomous floor cleaner robot is as shown in Figure 10.
The robot consists of two types of sensor to detect and sense object or obstacle. Once the sensor detected
object, it will give signal to the robot to change it direction and pathway. The robot will follow zigzag
algorithm that is programmed.

In this project, ultrasonic sensors are used as the object detection which can allow the robot to avoid
collision. While, infrared sensor is developed as the falling prevention which protect the robot falling from
height and destroy. The second step to develop the robot vacuum which sucks the dust and dirt to perform a
cleaning process. To increase the efficiency of cleaning process, two additional brush is added on the front
side of the robot where it can sweep the dust or dirt into vacuum area and make sure clean every corners of
the house.

After that, the third step is to develop the wiping part. The robot can vacuum and wipe the floor at
the same time. The water for wiping function is from the water spray which is used to allow the water to flow
to the microfiber cloth and then wipe the floor. The amount of water flow out can be adjust by programming
the time for motor move. Microfiber cloth is used in this project due to its high ability to absorb the
maximum amount of water with minimal losses and volume.

Final step is the development of the robot movement with zigzag algorithm. The zigzag algorithm is
selected as it can complete coverage area at a faster rate. The zigzag movement algorithm designed for this
robot is according to the inputs from the sensors used.

(@) The front view of the robot (b) The side view of the robot
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(c) The top view of the robot (d) The bottom view of the robot

Figure 9. 3D design of autonomous floor cleaner robot
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Figure 10. Overall project design
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3. RESULTS AND DISCUSSION

This section elaborates how the whole system is developed by merging both hardware and software
parts. The hardware part is developed and assembled to make sure the connection and components are well
functioning. After that, software is developed and programmed into the hardware part to ensure that the robot
is in desired condition.

3.1. Development of Vacuum unit

The motor that used in the vacuum unit is an 18V DC motor which operates at a very high speed
with 19500 rpm. Water bottle is modified as a dust storage for the vacuum unit. Figure 11(a) shows the space
for the bottom motor is very huge due to the theory of vacuum. Figure 11(b) shows the complete
development of vacuum unit with DC motor. A filter is placed in front of the fan which is to gather the dust
and prevent the dust to damage the motor. The capability of the vacuum only allow dust, hairs and small
sand only.

3.2. Development of Wiping Unit

The motor that used in the wiping unit in Figure 12(a) is Tamiya’s gearbox packs with DC motor
which is adjustable to become high torque or low torque. In this project, the motor is adjusted to be high
torque for 38rpm because the motor need to rotate the microfiber cloth without stopping. Figure 12(b) shows
the water spray bottle. The bottle will be pressed by servo motor and the water will spray out. In this project,
the water spray frequency is set at 5 seconds interval. The total number of spray for this water spray bottle
can reach up to 240 spray times. The position for the wiping cloth is shown in Figure 12(c) which is
underneath the robot.

(a) Motor for vacuum unit (b) Vacuum unit after assembly

Figure 11. Development of vacuum unit
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(a) Tamiya’s gearbox packs with DC motor (b) Water spray bottle (c) Position of wiping material

Figure 12. Development of wiping unit

3.3. Development of Robot Movement with Zigzag Algorithm

The ultrasonic sensors and IR sensor have been arranged on the body of robot for testing the
movement of robot. The position of the ultrasonic sensors are the front, the left side and right side of the
robot. The purpose for using the ultrasonic sensors is to avoid obstacle and allowing the robot to decide the
next movement based on obstacle condition. In the meantime, the position of the IR sensor is underneath of
the robot. This is to prevent the robot from falling of the stairs. Figure 13 shows the arrangement of the
sensors and the wheel of robot. The robot movement with zigzag algorithm is control by implementing
modulo method in programming.

Figure 14(a) shows that the robot continuously moves forward if the IR sensor detect the height
between robot and floor is less than 2cm and no obstacle. Figure 14(b) shows the front ultrasonic sensor
senses the object in less than 5cm, hence the result shows the output result of j is equal to one, then it will
proceed the turn left. Next, Figure 14(c) shows the front ultrasonic sensor senses the object less than 5cm
again, the result shows output result of j is equal to zero, and then it will proceed the turn right. This process
will continuous until it meets another condition.

Figure 15(a) shows when the left ultrasonic sensor and front ultrasonic sensor sense obstacles in less
than 5cm, the robot will proceed the turn right function. On the other hand, Figure 15(b) shows when the
right ultrasonic sensor and front ultrasonic sensor sense obstacles in less than 5cm, the robot will carry out
the turn left function.

Figure 16(a) shows the result when all three ultrasonic sensors detect the obstacle less than 5cm,
after receive the signal, the robot will make a 180° U-turn to get out from the space and give a modulo output
result. On the other hand, Figure 16(b) and 16(c) show the result of IR sensor when the height detected
between robot and floor is more than 2cm. If the output result is equal to one, the robot will proceed the turn
left function while the output result is equal to zero, the robot will proceed the turn left function to avoid
from falling.

Ultrasonic
Sensor

Ultrasonic
Sensor

Wheel

Ultrasonic IR Sensor
Sensor

Figure 13. Arrangement of the sensors and the wheel of robot
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Figure 16. Three sensors sense and result of IR sensor modulo output

3.4. Battery Performance

Figure 17(a) shows the Wild Scorpion 3S30C 2200mAh Lithium Polymer (Li-Po) battery that is
used in vacuum unit and wiping unit. It is chosen because of its high voltage supply and highly discharge
capability. The voltage of this Li-Po battery is 11.1V, the capacity is 2200mAh, continuous discharge rate is
30C and it weight 183g. Figure 18 shows the current measurement from each function unit. The battery usage
can be calculated as:

i. Total current of vacuum = 0.1A
Battery usage = %x 60 mins = 1320 mins

Autonomous Multi-Function Floor Cleaning Robot with Zig Zag Algorithm (J. Lee)
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ii. Total current of wiping unit and two sweep brushes = 1.15A + 1.59A = 2.74A
2.2A . .
Battery usage = S7ax X 60 mins = 48.2 mins

Figure 18(b) shows the ZOP Power 7.4V 900mAh 2S 25C Lithium Polymer (Li-Po) battery used in
mobility unit to give the power supply for the servo motor due to its high voltage supply. The voltage of this
Li-Po battery is 7.4V, the capacity is 900mAh, continuous discharge rate is 25C and it weight 45g.
The battery usage can be calculated as:

Total current of servo motor = 0.99A
Battery usage = %x 60 mins = 54.5 mins

() Wild scorpion 3S30C 2200mAnh Li-Po battery (b) ZOP power 7.4V 900mAh 2S 25C Lithium
polymer (Li-Po) battery

Figure 17. Battery used in the project

3.5. Autonomous Floor Cleaner Robot with Complete Specifications

Figure 19 shows the complete autonomous floor cleaner robot prototype. After testing the
autonomous floor cleaning robot, it can successfully work with desired function and specifications of the
robot has been analysed and recorded in the Table 1.

(@) Current of vacuum (b) Current of wiping (c) Current of two sweep (d) Current of mobility
unit unit brushes unit

Figure 18. Current value of each unit

(a) Autonomous floor cleaner robot prototype (b) Front view

Figure 19. Complete autonomous floor cleaner robot prototype
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This autonomous floor cleaner robot performs a zigzag movement algorithm when the cleaning
time. The Figure 20 shows the testing of the robot movement in a 1.5m? area. The time taken for the
autonomous floor cleaner robot to complete a 1.5m? area is 55seconds. The speed of the autonomous floor
cleaner robot is 0.21 m/s. The vacuum capability of autonomous floor cleaner robot only allow dust, hair and
small sand due to the small size of the dust storage and the performance of the vacuum motor. Moreover,
the run time of the autonomous floor cleaner is 48 minutes taken from the shortest time of battery usage
which is calculated in Section 3, 4. Therefore, this robot can spend 48 minutes to clean a coverage of 78.54
m? on a smooth surface in the house. The cleaning coverage of the robot can be calculated by using
mathematical method:

Time taken to clean 1m x 1.5m area = 55s

Time taken to clean Z area = 48 x 60s = 2880s
2880s_ Z

555 1.5
Z = 78.54m?

Therefore, Z is the area that can be clean with a time taken of 48 minutes.

Table 1. Specifications of Autonomous Floor Cleaner Robot
Power Supply e  11.1V Lithium Polymer (Li-Po)
Battery x2
. 7.4V Lithium Polymer (Li-Po)
RC Battery x1

Dimension 360mm x 360mm x 100mm
Weight 1.753kg
Function Vacuum, Wiping, Water Spray and Sweep
Movement Zig-zag
Algorithm
Sensing Range . Ultrasonic sensor: 5cm + 1cm
. IR sensor: 2cm + 1cm
Speed of Robot 0.21 m/s
Vacuum Dust, hair and small sand
Capability
Run Time 48 min (follow the shortest time of battery
usage)
Coverage 78.54 m?

Figure 20. Testing of the robot movement in
a 1.5m? area

4.  CONCLUSION

In conclusion, the objectives of this project have been achieved. Based on the results presented,
an autonomous floor cleaner robot prototype has been successfully developed. The autonomous floor cleaner
robot prototype has successfully managed its movement by following the zigzag technique. The sensors used
in the robot provides input to the programmed robot to move automatically. Moreover, the autonomous floor
cleaner robot prototype has managed to clean all the corners of the floor successfully with a systematic
control system. The speed of the autonomous floor cleaner robot is 0.21 m/s. The time taken for the robot to
clean a specific area 1.5m? is 55seconds. The run time of the autonomous floor cleaner is 48 minutes taken
from the shortest time of battery usage which is calculated in Section 4. Therefore, this robot can spend 48
minutes to clean a coverage of 78.54 m? on a smooth surface in the house. The autonomous floor cleaner
robot prototype can only function on flat surface and is capable to vacuum dust, hairs and small sands.
Lastly, the autonomous floor cleaner robot prototype is successfully designed to have dust vacuum,
water spraying and wiping capability. The autonomous floor cleaner robot is designed and developed under
the scope of project which fulfilled the objectives. In short, this project can help to solve the hygiene problem
in the house and facilitate human task.
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