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Abstract—One of the most pressing challenges facing restau-
rants since the COVID-19 outbreak began is personnel. A staffing
scarcity across the business has resulted in a slew of issues,
including significantly longer wait times and irritated clients.
A robot waiter may make a huge impact in a restaurant in
this situation. This research led to the formation of a low-cost
Arduino-based Android application control Robot that can work
as a restaurant waiter. The proposed model can follow a path,
avoid obstacles, serve meals to a specific consumer, and return
to the kitchen on its own. To precisely follow the line, the PID
algorithm is utilized. To detect potential obstructions, a sonar
sensor is used. On an LCD, messages and warnings are displayed.
An Android app that allows the chief to select a particular table
for serving meals. For convenience, the robot’s current state is
displayed in the application. Our testing results show that the
robot performs satisfactorily over 90% of the time. It should be
emphasized that the offered model is adaptable to any restaurant.

Index Terms—Line Follower, PID, Sonar Sensor, IR Sensor,
Bluetooth, Ultrasonic Sensor, Arduino Mega

I. INTRODUCTION

The robot waiter is a device that can take orders from
guests, serve meals to them, and clean up after them. Not
only that, but robot waiters can also take orders and process
payments. The most pressing concern during the COVID-19
pandemic is a labour shortage in restaurants. Another issue is
face-to-face communication. Restaurant servers must approach
clients closer in order to provide food. It raises the chances of
being affected. Of this risk, the number of restaurant customers
reduced dramatically during the pandemic. The prevention of
human-to-human contact is a significant concern. Restaurants
have come up with inventive techniques to establish physical
separation. In a café in Daejeon, South Korea, for example,
robotic baristas prepare and deliver drinks to consumers [1].
The robot waiter can boost productivity. They are capable of
carrying heavier loads than humans. Customers find the robot
fascinating. Bangladesh has roughly 30,000 small and major
restaurants. Around 10,000 of them are located in Dhaka [2],
Bangladesh’s capital. Restaurant operators are concerned about
utility expenses and employee salaries as a result of the drop
in customers. All of these businesses lost money during the
lockdown, and now that they’ve reopened, they’re experiencing
client scarcity [3]. As a result, they have no choice but to rip
off their staff. However, it is revealed at Covid-19 that the
waiter robot is required. Robot waiters are relatively new in

Bangladesh. The staff’s demands can be met by a low-cost
and efficient waiter robot. But, importing robots from foreign
countries is both expensive and time-consuming. We decided
to create our own robot waiter for those reasons. The following
are the paper’s main goals:

• Evaluate the advantages and disadvantages of a robot
waiter.

• A robot waiter controlled by Arduino is proposed for
serving four tables.

• Analyze the robot’s construction in depth.
• Explain line following technique using PID algorithm.
• Integrate an android app with a robot to provide a better

user experience.

In the COVID-19 pandemic, there have been numerous cases
of COVID-19 outbreaks in areas because of people gathering
together and not maintaining a safe distance from one another.
One of these places of gathering is the common restaurant,
which the average person visits at least two times a week. Asif
et al. [4] created a restaurant automation system in which a
robot waiter served the food and the customer ordered from
an electronic menu bar. Kamruzzaman et al. [5] designed
a prototype waiter robot that receives orders via Android
apps. Alam et al. [6] leverage an overhead crane to design a
smart automated system. They built a cost-effective method for
serving in a restaurant by exploiting an overhead crane. Chen
et al. [7] designed a catering service robot which can help
customers order foods with polite interaction and self-mobility.
A low-cost Internet of Things Akhund et al. [8] have created
a robot that can work as a waiter in a restaurant. To detect
distinct customer orders, a robot scans RFID from tables. The
system itself is built for a fraction of the price of the old
method. In the future, their robot will be gestures controlled.
A self-sufficient waiter robot was designed and developed by
Afsheen et al. [9] that can send the order directly to the kitchen
and reception via the communication network. Although all
the previous works have emphasized on the serving task in the
restaurant, the purpose of this paper is to build a prototype of
a robotic waiter that can deal with customers after receiving
the order from the customer sitting at the table by manually
pressing the button.



Fig. 1: Proposed model of LFR waiter

II. PROPOSED METHODOLOGY

A. Proposed System Overview

During the COVID-19 outbreak, minimizing contact be-
tween waiters and customers are critical. Customer satisfaction
is also dependent on quick and dependable service. In our
project, we create an android app that controls a self-serving
robot waiter. The system is implemented using multiple com-
ponents. The Arduino Mega2560, an 8-bit microcontroller,
is the robot’s brain. Sonar sensor, L298N motor driver, ball
caster, DC gear motors, 10-IR sensor array, Liquid Crystal
Display, DC to DC buck converter, switch, wheels, buzzer,
TCRT5000 IR sensor, and 3 cell lipo battery are among the
other components. The overall proposed model is depicted in
Figure 2.

B. System Arrangement

Our prototype has four tables. There are two tables in each
row. Also, there is a kitchen. The line connects all the tables
and the kitchen. The robot travels between the tables and the
kitchen by following the line.

C. Sending And Receiving Data

To exchange data with smartphones, the HC-05 Bluetooth
module is used. The commands are table numbers from 1
to 4. The numbers are sent as characters. After getting such
characters, the robot proceeds to the table of desire. When
the bot arrives at the table, it stops and transmits data to the
smartphone through Bluetooth. The app alerts when the robot
is serving food. When the customer receives the meal, the

phone receives additional data from the robot so that the app
can alert the robot is returning to the kitchen.

D. Detecting the line

For our project, we opted to use ten analog infrared sensors
beneath the robot. Each IR sensor has a transmitter that sends
out infrared light and a receiver that determines how much
light is reflected by the surface. The sensors’ output ranges
from 0 to 5 volts, depending on how much light is reflected.
The lines are black, while the surface is white. When a sensor
or several sensors are placed over a black line, there is very
little reflection. However, when the sensors are placed over
a white surface, the majority of the light is reflected. The
receiver detects the reflected light and generates a voltage as a
result. The analog pins A0 to A9 are used to read this voltage.

E. Following The Line

The PID (proportional integral derivative) technique is
utilized to correctly follow the line. PID is a closed-loop
feedback control system. It calculates an error by comparing
the feedback variable to the setpoint [10]. It modifies the
system’s output according to the error. The ideal set-point
in our situation is when the line is between the 5th and 6th
sensors. Otherwise, there will be an error. The PID algorithm
determines the error and then produces the optimal motor
speed based on that error. The rotation and speed of the motors
are managed in such a way that the error is reduced using this
speed value and some additional logic. In this manner, the
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