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Abstract
Now-a-days, automation in home is becoming more popular. It always remains important to consider
accuracy and speed in a said job. This paper is addressing an Arduino Mega micro-controller based Home Bot,
which has several aspects like cleaning of the floor and on-off switches as per requirement, theft detection and
monitoring. The ability of the proposed model is auto pathfinding when ever hurdles appear and auto detection when
a trouble appears inside the Home Bot. It is verified that the cost of this module is around 21%, compared to the
robots available in the market having features of only floor cleaning.
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1. Introduction

In this busy and sophisticated life, there is hardly any time for rest. Different upcoming
technologies are claiming to make the daily life activities simpler without compromising its speed.
Household activities are one of the inseparable parts of daily life. May it be sweeping the floor, to turning
off the electrical appliances, everything needs to be remembered and done at an expected time. Home
automation provides a better solution to these kinds of things. These activities are feedback based,
through the internet for real-time notification and control which is well-known as the Internet of
Things (IoT). The multifunctioning bot proposed in this paper provides a solution to daily life activities. It
not only cleans the floor but also automatically turns off the electrical appliances whenever there is
absence of human beings. The design is compact in size to reach every corner of the room and consumes
low power. As the system is operated with smart feedback, the user can know and fix the problem without
help of an expert, which provides a unique feature to this system.

The paper is organized as follows. Section II provides a literature review. In section III, we
explained the hard ware design of the prototype. In Section IV the experiments which confirm the
validation of the design are established. The development of science and technology is a challenging one
in the field of automation. Not only in Industry but also in the medical field and domestic use, automation
is used to reduce the complexity of time and burden. The attitude and acceptance towards automation are
increasing day by day.

Recently, Gutmann et al [1] have investigated the attitude of customers towards a systematic
floor cleaner and how such a robot influences their lifestyle. Their disclosures suggest that people can
save their productive time more than one hour per week as well as driving towards more beneficial lives.
Efficient cleaning is seen as a basic highlight of the residential environment which supports tremendous
affirmation of the robot. Sung et al [2] have investigated the long-term acceptance of robots at home [2].
With their finding as pre-adoption, adoption, adaptation, and retention, they took the primary step toward
setting up a system for Household Robot Biology. Dai & Chen [3] have proposed the grid scanning
algorithm for the obstacle detection based on electric map with sensor array. The finding indicates that the
detection system improves cleaning and path search ability significantly. Hong et al [4] have prepared a
small cleaning robot which includes two different modules for vacuum cleaning and mopping. The robot
takes an irregular way for floor cleaning but it had no arrangement for zone covering. Lang & Chee [5]
have proposed the fuzzy controller based mobile robot for floor cleaning, obstacle avoidance
and navigation.

As per history “Whirlwind” was the first vacuum cleaner invented by W. McGaffey in the
year 1868 [6]. The first automatic floor cleaner robot named Mint was developed in 2010 by Jen Steffen,
with Global Positioning System (GPS). Thomas et al [7] have proposed the use of a microprocessor,
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ATMEGA328 and IR sensors to build an automatic floor cleaning robot in his paper “An Advanced
mobile Robot for Floor Cleaning”. Rashid [8] developed a mobile phone operated Dual Tone Multi-
Frequency (DTMF) controlled automatic floor cleaner in 2016. Image processing based automatic
vacuum cleaner for detection of dust and mapping of the area is proposed by Prashar [9]. This system
contains automatic charging feature. The major disadvantage of this device is that it requires a PC for
operation. Saunders [10] proposed a method called “Teach Me-Show Me” through which a home robot
learns itself with the help of end users. This is completely Personalization of robot which uses real-time
programming concept and fuzzy logic to do a task. The advantage is here the client can program the robot
for following a few instructions. The disadvantages are bulky in nature, a complex algorithm, expensive
and low speed [10]. ‘Roomba 700’ the first compatible, efficient and reliable automatic vacuum cleaner
was launched in the year 2013, with a smart mapping technology and build in camera. It uses a spiral
algorithm and zigzag mode to clean the floor and an inbuilt timer to start the cleaning operation
automatically at a user specified time [11].

Table 1 shows the comparison between IRobot (Roomba), which is the first model of an
automated vacuum cleaner with the latest Samsung home bot and our proposed design. Through detailed
study, it is observed that none of the above models are using feedback system and auto path recovery
technique. This motivates towards the development of a smart, low cost, multi-functioning home bot
which not only cleans the floor efficiently but also keeps in mind the safety of the system.

Table 1. Comparison of Different automated Vacuum Cleaner

SL. No. Features Irobot (ROMBAA) SAMSUNG (VR9000)  Proposed product
1 RF Module Yes Yes Yes
2 LCD No Yes Yes
3 IR Sensor No No Yes
4 Mode of operation Random Spiral, Zig-Zag Spiral, Zig-Zag
5 Monitoring mode No No Yes
6 Speed control of fan No No Yes
7 Automatic load switching No No Yes
8 Automatic Fault detection No No Yes
2. Research Method

The silent features of the proposed bot are.
Automatic fault detection when the switch of the bot is on.
Cleaning the dust particle present in the floor.
Obstacle avoidance during forwarding movement.
Original path recovery after the obstacle is detected.
Staircase avoidance.
Wall detection and avoidance.
Emergency stops when anyone tries to lift it up.
Automatic human detection for switching off the electrical loads.
Night monitoring with the local alert (buzzer).
Speed control of fan used in the vacuum cleaner.

TorER e A o

To achieve the above requirements, the hardware implementation consists of 5 different parts as
(i) self-troubleshooting (ii) vacuum cleaning (iii) Arduino Mega as decision maker (iv) RF module is used
to transmit the data wirelessly and (v) Security alert. The implementation was done keeping in view the
maximum utilization of all the modules. The different sensors and hardware are connected to the Arduino
mega as given in the block diagram Figure 1. The vacuum cleaner motor is used for vacuum cleaning
purpose and when the dust collector is removed it works as a fan.
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Figure 1. (a) Block Diagram of the vacuum cleaner, (b) Implemented model

2.1. Arduino Mega

The Arduino Mega 2560 is a microcontroller with 54 digital input/output pins and is powered by
ATmega2560. Out of 54 input/output pins, 15 can be used as PWM outputs and 16 as analog inputs. It
also contains 16 MHz crystal oscillator and 256 KB flash memory. The Arduino Mega is programmed
through the open source Arduino IDE (Matijevic & Cvjetkovic, 2016) [12].

2.2. Motor Driving IC (L239D)

The microcontrollers are operating at a very low voltage and current, so it cannot drive the motor
which requires 250mA. For this purpose, motor driver (ICs) are used. The motordriver is a current
amplifier, which takes the low current signal and gives amplified high current signal. The direction of the
motor can be controlled by the help of the motor driver. The driver is designed to accept standard TTL
logic levels to enable or disable the device independently as per the input signals. The L239D is a high
voltage, high current full-bridge driver and capable of driving loads such as DC Motors, stepper motors,
and relays for the industrial purpose. The module is powerful enough for supporting DC Motors with
voltages between 5 and 35V, with a maximum current of 2A. Battery Operated motor has several gears
inside it which minimizes the speed and gives a perfect grip to the wheels connected for driving the bot.
The motor driving IC is also used as a battery indicator for indicating the availability of power.

2.3. RF Remote Module

RF remote module is operating at 315 MHz for transferring data between Arduino and Load. The
receiver Sensitivity is great than 90dBm and the remote can control the Load within a distance of 100
meters.

2.4. Infrared Receiver (IR)

IR sensor (700 nm to 1400 nm) is used for obstacle detection, staircase avoidance, and
emergency stop purpose. The IR Sensor transmits an infrared signal, this infrared signal bounces from the
obstacle and the signal is received at the infrared receiver. The decision is made based on the signal
received. With the help of IR sensor, the functions like emergency stop, a monitoring mode, and the spot
cleaning can be activated.

2.5. Passive Infrared Sensor (PIR)
PI sensor is used to detect the presence of a human being within a room. The PIR sensor range is
up to 10 meters at an angle of +150 or -150.

2.6. 4-Channel Relay

4-Channel relay is connected to the Arduino for controlling the home appliances in a sequence as
(1) fan (i1) light (iii) room-heater and (iv) TV set. Relay triggers the switch which is connected to a high
voltage and takes low current and voltage for operation. 4 input pins of the relay are connected to Arduino
which takes 5V supply from it and can trigger up to 10A, 250V supply.
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3. Results and Discussion

The hardware connections are implemented as per the Figure 1 and the programming is done
with the help of Arduino IDE. The automatic fault is detected when any of the wire is disconnected and
any sensor is out of order. When a fault occurs, the resistance value of the system deviates from the
defined value range. During the fault the sensor’s resistance value are observed through the program as:

If (sensor_value>= 30 && sensor_value<=100)
Display(“VCC pin disconnected”);

Else if((sensor_value>= 150 &&sensor_value<=400)

{
Display(“OUTPUT pin disconnected”);
}

Else if(sensor_value>= 900 &&sensor_value<=1000)
{

Display(“GND pin disconnected”);

}

Else

{
Display(“Sensor ready”);

A dc motor is used for creating low pressure and collecting the dust in a dust collector and the
filter is used for isolating the fan from the collected dust. Now, whenever the dust collector is removed by
remote, it simply acts like a fan. The IR sensing element lining towards left, right and front are used for
performing three important jobs as (i) avoiding staircase, (ii) performing an emergency stop, (iii) restrict
the area of the room. IR sensor receives the signal unless and until it is being lifted up or the signal is
reflected from a black object. Deviation of the signal is programmed for performing the above assigned
job. For auto path recovery purpose Arduino Mega is taking a decision based on information’s from
sensors and different logics.

For auto path recovery, the program logic used as:

If (right_IR_sensor == HIGH)

move_back_right(); //adjust bot to avoid obstacle
delay(1000);

move_forward_turning_right(); //overcome the obstacle

turn_left(); //adjust bot for forward movement

else if(left IR _sensor == HIGH)

move_back_left();
delay(1000);
move_forward_turning_left();
turn_right();

}
else if(right IR sensor == HIGH &&left IR sensor == HIGH)

turn_bot 180 degree(); //wall detection

}

else

move_forward();

}

On monitoring mode and load switching condition, the Passive Infrared Sensor checks the
human presence. As per the programme with non-availability of human, it updates the system time and
switches off the entire load after five minutes.

For human detection, the program logic used is as
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If (pir_sensor_input>=400 &&pir_sensor_input<=1000)

reset_time=true; /HUMAN DETECTED
}

else

{

time=millis(); //CALCULATE THE IDLE TIME

if(reset_time==true)

{
initial time=time; //store time in initial time folder
finaltime=initialtime*18; //18*1000 = 18000 milisec = 5 minutes as final time
reset_time=false; //stop resetting once again

}

if (timecomp>=finaltime)

{
turn_off all loads();
}

}

L2389D IC works on the principle of H-bridge. It simply takes power from the battery (12V-
30V) and pulse width modulation (PWM) signal from Arduino and steps down the voltage, current
(according to the PWM input) and supply it to the DC motor. The direct connection between 12V DC
battery and Arduino is not possible because Arduino takes a maximum of 5V and 50mA. So, if the input
is given to Arduino from L.2389D then it can detect the voltage level of the DC battery safely.

In night monitoring mode the buzzer is ON, whenever the system found some random movement
around it or change in analog value rapidly, it will turn on the buzzer for local alert. The working of the
total system can be better understood from flow chart as shown in Figure 2.
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Figure 2. Operational flow chart of the total system.
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When the Bot is on

a.
b.

The module checks the power and the working condition of all the components Figure 2 and 3 a.
In auto condition after the first step is over the bot starts cleaning the floor in a zigzag manner as
shown in Figure 3b.

In manual condition, the bot cleans the floor in a spiral path as shown in Figure 3c.

Apart from cleaning when the bot is in on condition, it senses the presence of human inside the room
and controls the switches of the room.

At night mode while there is a random movement of a human, buzzer sounds came for precaution
from theft.

To avoid any type of accident, there is an emergency stop when the bot reaches staircase, or
anybody picks it up.

To restrict the Bot inside premises a black strip may be given.

The rough sketch of the bot is shown in Figure 4a and b. Top view and bottom view of the

models are showing the detail components Figure 4c and d. Our Bot is small in size as shown in
Figure 4e, and user-friendly. We have tested the Bot in different environmental conditions with all
possible commands and found it suitable as an automatic home appliance.

(b) (©

Figure 3. (a) Initialization of components, (b) zigzag path, (c) Spiral path for floor cleaning

FRONT VIEW BACK VIEW

(a) (b)
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Figure 4. (a) Top view, (b) a bottom view ofrough sketch, (c) Top view of the model, (d) a bottom view

of model, (¢) home bot

4. Conclusion

The design of a robot for floor cleaning can be used to clean any kind of unreachable places

inside the home. The motor used for driving and vacuum cleaner to satisfy the above purpose consumes
less power. Micro-controller-based operation for cleaning and controlling reduces the complexity of the
overall system. The initial auto troubleshooting increases the time consumption with the cost of the
reliability of the system. The operation such as sweeping, controlling, detecting can be performed
automatically on any type of floor. Still, new ideas can be implemented in the system to improve its
stability and performance in different environmental conditions and geographical area. The research can
be directed towards auto detection and cleaning of dust by using image processing. Internet of things
(IoT) can be applied for controlling the system remotely.
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