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ABSTRAK

Pada artikel ini dibahas perancangan model otomatisasi restoran yang meljputi
program komputer yang dapat menerima pesanan dan mengirimkan tagihan
pembayaran serta robot yang dapat mengantar pesanan kepada pemesan secara
otomatis. Robot bergerak mengikuti garis lintasan pada model restoran dimana
meja-meja yang sudah ditempeli kartu Radio Frequency Identification (RFID)
ditempatkan dipinggir lintasan. Peralatan utama yang digunakan meljputi
mikrokontroler Arduino Uno, kit NodeMCU, telepon pintar dan komputer sebagai
server. Hasil pengujian menunjukkan sistem mampu menerima pesanan, robot
mampu menerima data dari server dan kemudian bergerak maju dengan mengikuti
garis lintasan menuju ke meja yang dimaksud dengan cara membaca kode pada
tag RFID dan berhenti di depannya dengan jarak bervariasi antara 0,5 dan 1,5 cm
dari sumbu kartu RFID. Kemudian, sistem menghasilkan faktur dan
mengirimkannya ke pelanggan melalui emairl.

Kata kunci: internet of things, line follower, otomatisasi layanan, RFID, robot
beroda

ABSTRACT

This article discusses the design of a restaurant automation model that includes a
computer program for receiving orders and sending bills as well as a wheeled robot
which can deliver orders to customers automatically. In the restaurant model there
are tables that have been attached with Radlio Frequency Identification (RFID) tags
placed alongside the track. The main equipment used includes Arduino Uno,
NodeMCU, smartphone and computer. The test results showed that the system
was able to accept orders. The robot was able to move forward by following the
path to the intended table by reading the code on the RFID tag and stopping in
front of it with a range of between 0.5 and 1.5 cm from the axis of the RFID card.
Moreover, the system generates an invoice and email it to the customer.

Keywords: internet of Things, line follower, RFID, services automation, wheeled
robot
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1. INTRODUCTION

In general, restaurants could be grouped in two kinds namely take-away and eat-in
restaurants. Daily activities in eat-in restaurants services include taking orders from customers,
preparing food, serving food to customers’ tables, providing bills and recording transaction
reports which are normally done by humans. Problems that arise in restaurant services include
the occurrence of errors in the delivery of orders and payment billing that cause customer
inconvenience. These two errors are usually caused by mistake on the manual order recording
by restaurant staffs probably due to less concentration, tiredness, handle too many orders in
one time or any other factors. Preparing payment bill manually by staff also could be time
consuming in busy hours such as in lunch time when many people come to the restaurant
together in the short period of time.

Food delivery for customers in the restaurants could be automated by using conveyor belts
(Chin, et al, 2019). However the drawback of this method is that there is less convenience
and privacy for customers since the ordered foods are not served at their table directly but are
moved along the conveyor belt route which could be seen by other customers. This drawback
could be overcome by using a waiter robot in order to replace the human waiter. A line follower
robot is a robot that moves along the specified trajectory line. Line follower uses line sensors
such as in the form of photodiode and Light Emitting Diode (LED). LEDs are used to reflect
light from detected objects and then the reflected light is captured by photodiode. The line
follower robot could be employed in the environment where there is a line trajectory which
will be used as the route of the robot. The usage of the line follower robot examples are in
gas leakage detection alongside the distribution pipe (Supriyono & Hadi, 2017) and in
computer controlled public transport (Gumus, et al, 2016). Attempts of using line follower
robots for replacing waiters in restaurants have been attracted the interest of researchers.
Line follower robot model for restaurant waiters where every table was equipped with a radio
frequency based communication instrument for transmitting unique code to the kitchen in
order to identify the intended table has been proposed (Ammanagi, et al, 2016). Then,
based on this unique code the robot would be able to identify which table it should be reached.

Broadly speaking, the Internet of Things (IoT) technology is the way to connect a device or
instrument to the computer networks or internet. Combination of line following robots and IoT
for restaurant automation has been proposed by researchers for example in (Hamid, et al,
2019). In the proposed system, the robot was equipped with a keypad and Liquid Crystal
Display (LCD) for receiving menu order from customers. After that, robot sent the menu chosen
by customer to the kitchen for food preparation processing in wireless using Bluetooth. Finally
robot able to recognize the intended table by counting the table because restaurant tables
have been outlined in certain arrangement so that the number of table could be counted by
using infrared sensor. Almost similar system was proposed where the menu was chosen by
using keypad and then sent to the kitchen by using wifi and robot find out the intended table
by calculating distance of table form the kitchen based on motor rotation (Shiny, et al,
2017). The disadvantage of these two research results is that the method on the table finding
by robot by using counter and distance calculations are only effective if the tables arrangement
are strictly unchanged. If there is a shift of table position, the potential of the robot finding
the wrong table or robot reaching an empty place between tables would be high.

The publication on the combination of wheeled robot, Radio Frequency Identification (RFID),
and computer network for restaurant automation model is still limited. The problem which
would be solved in this article is how to record the food orders from customers with accurate
information including location of the table automatically, serve the food to the customer table
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accurately and finally generate and send payment bills to the customer automatically. The
restaurant services automation system would enable customers to be able order food by
themselves using a smartphone and the data is then recorded in the computer server. This
order information should be completed with a valid customer’s email address and accurate
table number. This record would be used by restaurant staff for the food preparation process.
Furthermore, the wheeled robot would be used for servicing the food to the customer table.
RFID code could be used for identifying intended tables accurately without being mistaken for
other tables by the wheeled robot. After the wheeled robot servicing the food successfully and
back to the base, the computer server will generate a payment bill and email it to the customer.
By using this restaurant automation services, errors in delivery and payment bill could be
eliminated. The objectives of this publication are involving: (i) to record the customer order
accurately and automatically for food preparation process, (ii) to generate the bill and send it
to the customer by email, (iii) to make wheeled robot find the intended table by reading the
RFID code of the table.

2. METHOD

The development of the proposed model for restaurant services automation system consists
of steps involving system architecture design, restaurant model layout design as the
experiment test bed, hardware design, software design and testing.

2.1 System Architecture Design

The proposed system involves a wheeled robot which will be modelled for replacing humans
as a waiter. The work of the whole system would be initiated by food ordering by customers
using either smartphone or computer/laptop which is connected to the available computer
network. The ordered food would be received by a server which then could be viewed by
restaurant staff either using smartphone or computer for food preparation. After the food is
ready, restaurant staff then command the robot to deliver the food to the intended table by
pressing the table number button of the user interface display of the computer program either
using a smartphone or a computer. The wheeled robot would be able to receive command to
deliver the food to the intended customer who will be identified by using the table number.
The whole architecture of the system is represented in the block diagram of Figure 1.

Infrared

Sensor 1 _L.

internet

Smartphone

Infrared
Sensor 2

Aduino UNO NodeMcU mtemetd  server

‘_\— Computer
I-. internet
RFID

Sensor

DC Motor

Figure 1. Block Diagram Representing the Architecture of the System

In Figure 1, infrared sensors are used to read the line trajectory followed by the robot while
RFID sensor or also called as the RFID reader is used for identifying the intended table. Arduino
uno is used as the main processor for the wheeled robot will receive input from two infrared
sensors and RFID sensors. Based on the reading of infrared sensors, Arduino Uno controls the
Direct Current (DC) motor which is functioning as the actuator to move wheels of the robot.
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In this article, the NodeMCU, an open source IoT platform, is used to receive commands from
computer servers in wireless using thinger.io platform because Arduino Uno does not have this
component. Moreover, command input received by NodeMCU is given to Arduino Uno using
cable. Signal input of Arduino Uno from NodeMCU is actually a command signal from the server
which has function as a switch to determine the table to be addressed and to activate the
infrared sensor and RFID sensor. The RFID sensor then recognizes the identity code of each
table which is installed with an RFID tag. The general computation process of the developed
systems could be seen in the flowchart depicted in Figure 2.

Iy

Arduino receives orders from the server
via a smartphone or computer

v

Infrared sensors read the trajectory ||r|e

>

/ RFID read code /

the destination
table?

Yes
Motar stop
delay 10 s

/ Motor back to Customer Service table /

Motor stop

Figure 2. Flowchart Representing the General Computation Process of the System

In the computation process, if Arduino Uno receives commands from the server via a
smartphone or computer then it commands infrared sensors to read the trajectory line and
send the data to Arduino Uno to control the DC motors (the wheels) so that the robot runs by
following the trajectory line. Along the way, the RFID reader will read the RFID code of each
table which is passed. The robot will stop when the RFID code of the table is matched. In
every intended table, the robot would be given adjustable certain stop time which in this article
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is set to 10 seconds as a simulation and proof that this concept is working well. Robot counts
down its given stop time and after the stop time is finished then it runs again and finally stops
at the robot's starting point or customer service table to receive the next order. The system
architecture of this publication is different from that proposed in (Gurav, et al, 2017) where
the customers only could ordering food by using keypad based menu card attached on the
robot and then the robot needs to run to the kitchen to display the ordered food to the staff
for food preparation which is still time consuming and has potential for food delivery and
payment bill errors.

2.2 Restaurant Model Layout Design

In this publication, a model of restaurant was used in the experiment. The model itself is not
represent the actual restaurant. However, it is just functioning as a proof of concept. In this
stage, the focus of this work is for modelling the food ordering process, payment bill generation
and robot model would be able to find the intended table. Figure 3 shows a restaurant layout
model plant which was designed to be the task environment for the robot where there is a
trajectory line, three tables for customers, and one table for Customer Service (CS). The
detailed dimension of the restaurant model is also provided.

15.00 113.31 cm
. Ci
1800 e
] - 30.00 cm —+
7'°°°’“._ = 2
|9,oocm

Figure 3. Layout Design of a Restaurant Where: (1) Customer Service Table, (2) Customer
Table 1, (3) Customer Table 2, (4) Customer Table 3, (5) Robot, (6) Trajectory Line, (7)
RFID Tag, (8) RFID Reader

Robot uses line sensors in the form of photodiode and LED. The LED is used to emit light from
the detected object and the reflected light will be captured by the photodiode. In this
experiment the floor of the restaurant model was made of white-colored plastic-based material
with black line trajectory. The intensity of reflected light when detecting between the white
floor and the black line will be different. When detecting a black line, the value of light intensity
will be small so that produces a large voltage. This electricity voltage will be read by the
Analogue to Digital Converter (ADC) instrument of the microcontroller. Thus, it can be seen
whether the sensor reads the black line or not by comparing the different ADC values when
detecting a white floor or black line. While for the tables, paper boxes with dimensions of 15
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X 7 x 11 centimetres were used and each paper box has an RFID tag mounted on it which has
different code on each tag. RFID tags could be contained with unique information such as
unique code so that it would not be mistaken one with another. RFID tags were proven to be
used as a unique identification including security for example for an electronic payment
application (Nataliana, et al, 2019) and for electronic tickets of an event (Isnianto &
Agustian, 2019).

2.3 Hardware Design
The schematic circuit design tool used in this step is Fritzing software and the obtained design
is presented in Figure 4. This schematic is used to determine the location and connection of
Arduino, NodeMCU, DC motors, motor driver, RFID module, infrared sensors, buzzer, 12C
module, 16x2 LCD and two batteries 18650 3.7V. The batteries are used as the main source
of voltage for the robot.
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Figure 4. Schematic Circuit Diagram Resulted in Hardware Design

2.4 Robot Construction Design

In this article, the developed robot uses differential drive wheel arrangement, i.e. it has two
fixed wheels which are controlled by separate actuators (Oriolo, 2014). As a proof of
concept, the robot model is not designed to carry any actual foods or drinks. In this stage the
main goal is how the robot is able to receive command from the server regarding which table
should be reached, identify the targeted table by reading its RFID code, stop at alocated time
and back to the base. The hardware construction of robots built in this article complete with
its dimension is presented in Figure 5 and 6. The robot is made of a plywood box with a size
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of 20 cm x 10 cm x 8 cm as a frame and body of a robot. The robot has three wheels: one
front wheel as a steering wheel and two rear wheels functioning as a power source to robot
to make the robot move forward. Most of hardware components are placed inside the box as
the line follower sensors are placed in the bottom part of robot, i.e. in front of front wheel.
Because the robot moving will be in the clockwise, the RFID reader is mounted in the left-
hand side of the outer robot body so that it would be able to detect and read RFID tag freely.
The robot is equipped with LCD display to give information intended for the customer.
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Figure 5. Robot Construction Design: Inside View Layout (Left-hand Side Picture) and
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Figure 6. Robot Construction Design: (a) Left-hand Side View, (b) Front View

2.5 Software Design
There are two kinds of softwares designed in this step: the software for the computer or

smartphone operated by the restaurant staff and the software installed for Arduino. The
software designed in this step is used for: reading the line sensors, moving robot forward and
stop at the intended place, as a remote control and to facilitate monitoring of robot and internet
networks connected to the robot. The development process of the software used thinger.io

open source platform for the internet of things.
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The computation steps of the software intended for Arduino is outlined in the flowchart in
Figure 7.

Show Software

Check internet
cennection

Arduino connected
to internet

choose button
on=1/off=0

robot off

End

Figure 7. Flowchart Representing Overall Computation Process

The first computation step is the Arduino always checks whether it is connected to the internet
or not. If the Arduino is already connected to the internet and to the server, the restaurant
staff then would be able to click the button of the user interface of computer display (depicted
in Figure 8) or smartphone display (depicted in Figure 9) which table to be selected. If there
is any button clicked, the computer or smartphone produces a signal with logic “1” that means
to turn on the robot and then the robot will move following the trajectory line to the intended

table.

Figure 8. Interface Display of Customer Service for Computer
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&% thinger.io

Table 3

Figure 9. Interface Display of Customer Service for Smartphone

Besides choosing the intended table, the computer program is also used for processing of
ordered food by customers. The steps of the computer program for processing food order are
shown in Figure 10.

Open Link FillinHe: Select The Data Saved lnvaiceSent
Table, to
Google Menu To to ;
Name , and Customer's
Form X Order Spreadsheet :
Email Email

Figure 10. The Computer Program of Proposed System Workflow

The computer program is implemented using Google form and the contents of customer orders
are stored in the Google spreadsheet and will automatically send invoices to the customer's
email. Google form can be opened via the link bit.ly/Food_order. The interface of food ordering
software is depicted in Figure 11. The use of smartphones and computers in this proposed
system have advantages such as providing more simple and convenient food ordering system
for customers besides the ordering process that could be done in parallel in comparison to
ordering based on keypad proposed in (Afsheen, et al, 2018). Also, the use of smartphones
would be more user friendly and simpler system architecture compared to keypad-like
touchscreen proposed by (Bankar & Suresh, 2015). The use of smartphone in this
publication for model of food ordering in restaurants also different from that has been
proposed in (Mirgal, et al, 2018) where customers able to order food by using Android
application, however, the food ordering system was not connected to automated food delivery
by using robot.
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Figure 11. Interface Display of Food Ordering for Customer

3. RESULTS AND DISCUSSION

3.1 Actual Robot Construction and Layout of Restaurant Model

The actual wheeled robot obtained in this article is shown in Figure 12, which is a model of a
restaurant waiter. The robot was then tested on the restaurant model which has an actual
layout depicted in Figure 13 to unveil its performance. The testing was done by simulation,
i.e. the robot is simulated in a place that has been made to resemble the real situation. The
restaurant model was made of white plastic material sheet with black line as trajectory printed
on it. The restaurant model consists of four tables, i.e. one customer service table for
restaurant staff and three customer tables.

Figure 12. Actual Shape of Resulted Wheeled Robot
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Figure 13. Restaurant Model Layout Used for Testing

3.2 Line Sensors Testing

There are two line sensors used by the robot. The robot will move following the black line.
Testing was done by simulating it on the black line that has been made. Table 1 presents the
test results conducted more than ten laps of restaurant model layout of Figure 13. All tests
were successful which suggested that the line sensors were work consistently.

Table 1. Line Sensors Test Results

No. Left Sensor Rigth Sensor Robot Motion
1. 0 0 Forward
2. 1 0 Turn right
3. 0 1 Turn left
4. 1 1 Stop

3.3 RFID Reader and Robot Stop Testing

The user interface display of a computer (Figure 8) or smartphone (Figure 9) has four buttons
namely table 1, table 2, table 3, and CS. Each table has its own RFID tag mounted on it with
unique RFID code. RFID reader detects and reads RFID code of every table that is passed by
the robot. When the RFID code is matched then the robot will stop in front of the table abruptly
otherwise it will continue to run passing the table and detect RFID code of the next table and
so on until it finds the correct RFID code. In the experiment, the RFID reader used in the
research has specifications only be able to detect and to read the tag which has distance within
2 cm from it.

The experiment was carried out as follows. The robot was given command to find the intended
table starting from the CS table as its base. After that robot runs by following the trajectory
line to find the intended table and then stops in front of it. Then the distance of the RFID
reader of the robot to the axis of the RFID tag of the table was measured. After stopping in
the set time, in this publication was ten seconds, the robot was expected to continue to run
and stop at its base (in front of the CS table). For every table, there were five experiments
conducted. The results showed that robot always able to find intended table correctly without
mistake and stop in front of it, as can be seen in Figure 14, but with varying distance between
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RFID reader of robot and RFID tag of table were in the range from 0.5 to 1.5 centimetres as
can be seen in Table 2. These results suggested that the robot worked consistently.

Figure 14. Robot Stops in Front of Intended Table

Table 2. RFID Reader and Robot Stop Testing Results

Table Number (RFID Code)
Button
1 2 3 Ccs

(35 CF 25 AC) (75 76 58 AC) (55 2D 27 15) (90 BC DC A4)
Table1 | Stop + 0.5-1.5cm Passed Passed Stop £ 0.5-1.5 cm
Table 2 Passed Stop £ 0.5-1.5 cm Passed Stop £ 0.5-1.5cm
Table 3 Passed Passed Stop £ 0.5-1.5cm Stop = 0.5-1.5cm
Cs Passed Passed Passed Stop + 0.5-1.5 cm

The distance was caused by the delay time from the RFID reader detecting the RFID code and
then Arduino providing a command for the DC motor to stop where the delay time was set
equal to 500 miliseconds. After stopping for designated time, the display of LCD will be
changed and then followed by buzzer on-off three times as the sign that the robot will continue
moving forward to return to base, i.e. CS table.

3.4 Process of Ordering Food Testing

To order food, customers must fill in the form on the link provided namely bit.ly/Food_order.
Customers provided accurate information including name, table number, and email address
(the form can be seen in Figure 11). After filling in the form, the text of the form is recorded
on the spreadsheet, which is stored on Google Drive, which can be seen in Figure 15.

POl [E] Food Order (Responses) - Gor

<« c @ @ @ httpsy//docs.google.com/spreadsheets/d/1 F8WmMOUAX3JLUP4duljZdd1w_-V7e1LwOw0/edit#gid=1861814891 120% | eee w |
Food Order (Responses) ] a
File Edit View Insert Format Data Tools Form Add-ons Help All changes saved in Drive
o~ & PO100% - $ % .0 .00 123-  Arial - 10 v BI%i & H E-i-»--co B W Y- Z-
fx
A B c D E F G H 1 J K
1 Timestamp No. Table Your Name Your Email Address Bakso Mie Ayam Mie Ayam with Bakso Tea  Orange Food Bewerage
2 12/31/2018 12:10:20 Table 1 X zx@cv.bn 1 1 komplit ice
3 12/31/2018 12:14:09 Table 1 po po@dtgf.juhg 1 3 2 komplit 1ice, 1 hot
4 12/31/2018 17:35:29 Table 1 A praji0397 @gmail.com 3 1 2 3 2
5 12/31/2018 18:43:33 Table 2 F pratamaji97@gmail.com 5 3 2 3 4
6 12/31/2018 18:51:08 Table 3 Bababab pratamaji97@gmail.com 5 5 5 5 5
7 1/1/2019 6:38:29 Take away  Haha praji0397 @gmail.com 6 i 4 5 8
8 1/1/2019 7:07:12 Table 2 Querty praji0397 @gmail.com 7 1 4 4
9

Figure 15. Interface Display of Spreadsheet for Restaurant Staff
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Invoice

1/1/2019 7:07:12

Invoice for

Qwerty
praji0397@gmail.com
No. Table

Table 2

Ordered
Food

Bakso

Mie Ayam

Mie Ayam with Bakso
Beverage

Tea

Orange

Robot Meatball

blol

(123) 456-7890

Qty Unit price
% Rp10,000
1 Rp10,000

Rp13,000

4 Rp2,500
4 Rp3,000

Subtotal

Total price
Rp70,000

Rp10,000
RpO

Rp10,000
Rp12,000

Rp102,000

Figure 16. Display of Invoice Sent to Customer

The restaurant staff then read the text and prepared the food according to it. In addition, after
the customer fills out the form, the customer will directly receive a customer service email in
the form of a bill that must be paid by the customer, as shown in Figure 16. After filling out
the food order form and the customer has received the invoice, the food will be processed and
prepared for the delivery process by the customer service and the food will be delivered by
the robot to the customer's table.

4. CONCLUSION

Based on the experiment results, it can be concluded that the design of the restaurant services
automation model has been working well as expected. The computer program of the proposed
system was able to receive food orders from customers automatically which contain accurate
information of food, table number, customer name, and valid email address. The wheeled
robot was able to receive command from the computer program so that it knows the table
number where the food must be delivered. The robot was able to move by following the
trajectory line and recognized the intended table by reading the RFID code of each table and
stopping in front of it precisely with the distance of between 0.5 and 1.5 centimeters from the
RFID tag axis. Finally, the computer program generated the payment bill and emailed it to the
customer successfully. However, it can be noted that the article is still in the very beginning
stage that the wheeled robot and the restaurant layout have not been constructed based on
actual condition. This publication could be extended by research focusing on how constructing
robot models in actual environment conditions by including the type of food it could be carried
and the speed of the robot in order to deliver food safely and timely.
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