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ABSTRACT

This article describes the design and development of a waiter Robo which is considered as a possible solution to human
automation. The Waiter - robo technology will replace manual work. In cafes, restaurants, hotels, and lodges, many individuals
face a lot of problems due to abundant peak hours, the inconvenience of work and due to manual order processing these
imperfections can be handled by using an electronic automation system called “Waiter Robo” are used for ordering food,
beverages, cleaning tables etc. The order from menu bar via kitchen is broadcasted on the wireless network. The menu bar
includes LCD, Keypad, and Bluetooth module. When an individual place an order using the electronic menu bar. Using
communication network the order is sent to kitchen and reception. Then food is handover to the individual.

Keyword: LCD, Pathfinder sensor, Obstacle sensor, Bluetooth, Arduino.

1. INTRODUCTION

Robot is used to serve humanity. The branch of robotics that plays such a vital role is called “social automaton”. Due to
modernization in robotic technologies, many new designs and mechanisms are being implemented which are able to read human
thoughts and understand the action. Such robots find vast applications of assistive robotics. There is an ever-rising trend in using
robots in restaurants for automation. The robots are programmed in such a way that they can welcome guest, take the order, and
sever food to the customer. Designing these robots can be effective to learn advance concepts in human-robot interaction, develop
new models and protocols for communication as well as use new architectures for real-time path planning, guidance, and control.

2. DESIGN OF ROBO WAITER

The robotic technology takes the place of manual work. In manual café systems, one can witness a lot of problems. The robot waiter
is an innovation and the concept can be used for restaurant automation in various fast food chains. The robot waiter works as a line
following robot for which four sensors are used. The project has two important parts namely the Menu Bar and the Robot itself.

Figure 1: Interaction of Robo with Clients

MENU BAR

The menu bar is based on the LCD, Keypad, and the Bluetooth module. The LCD is used to display the order of menu bar, while
the Keypad is used to select the order. The customer places the order using the electronic menu bar. The order is sent to the kitchen
and reception using Bluetooth. The Bluetooth module is used for the wireless communication having the range of 10 meters in non-
line of sight (NLOS) while 50 meters in line of sight (LOS). The robot waiter will work on the phenomenon of line following, we

© 2018, www.lJARND.com All Rights Reserved Page | 57



https://www.ijarnd.com/
https://www.ijarnd.com/?utm_source=pdf&utm_medium=edition&utm_campaign=OmAkSols&utm_term=V3I5-1161

Afsheen Salmiya et.al; International Journal of Advance Research and Development

have used four IR sensors; the two sensors in the centre are used for line following and set the robot waiter on line, The other two
sensors installed on sides are used for table counting, i.e. if the robot count one, it means that it has stopped on the first table, and if
the robot count two, the robot has stopped on the second table for 20 seconds and so on. The command to stop at the table number
is sent to the robot wirelessly from the kitchen using WLAN wireless transmitter. This is because the range of WLAN is higher as
compared to Bluetooth.

Here IR sensors are used as a feedback element to keep the robot tracking the line. Once all sensors are “ON” for the first time, the
controller waits for the RF command. If the command is for table 1, then the microcontroller follows these instructions:

e Ifall sensors status is “ON” for the second time, then wait for 20 seconds.

o After 20 seconds, a motor “ON” command is sent till all sensors are “ON” the fourth time, same as for table number.

e Incase, when the second sensor is “ON” and the third sensor is in “OFF” condition, the microcontroller sends a command
to motor 2 “ON” and motor 1 “OFF” in order to follow the line.

Similarly, in other cases, the second sensor is “OFF” and third is “ON”. So, in this way, we control the robot on track line and
accuracy is also improved.
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Figure 2: a block diagram of the menu bar
KEYPAD INTERFACE:

The keypad is used for placing the order. It is a simple 4x3 keypad which is used for the selection of order. When turned ‘ON’, the
microcontroller power up the4x3 keypad and always checks the column. If the voltage level is changed, then microcontroller senses
that some command is being sent from the user and then it can check the condition. Then, according to the condition, it can send
data to LCD and Kitchen as well as Reception.
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Figure 3: Schematic diagram of a key-pad interface with Microcontroller
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LCD INTERFACE:

The Interface of LCD with the keypad so that the customer can see his order. The R/W (read/write) pin of the LCD is used to display
messages. If the microcontroller sends ‘0’ to the R/W pin then it is in “read mode” used to read characters from the LCD. However,
if the microcontroller sends ‘1’ to that pin it is in “write mode”. Since the LCD is used to display the order which the customer
wants, we only require write mode by displaying the order to the customer when he is typing keys.

The LCD has 16 columns and two rows and is monochrome display. The LCD used in the menu bar is 16x2. We use only 4 pins
of the LCD for data receiving. So, there is a variable resistor placed for the control of the brightness of the LCD. This LCD has pins
and schematic diagram are shown in Figure 4.

Figure 4: LCD Interface
BLUETOOTH INTERFACE:

Bluetooth module (HC-06) contain 4 pins namely power (Vcc), ground (GND), Rx (receiving) and the Tx (transmitting) pin. In this
circuit, we use crystal frequency of 16MHz for heart beat signal according to their basic requirement. We have used the Bluetooth
module as a wireless communication device for the communication between the Reception, kitchen and Menu Bar. The Bluetooth
module transfers data from the table to reception & kitchen at a baud rate of 9600 bps. The customer selects the order, the order
transfer wirelessly via Bluetooth to the kitchen and reception.

VOLTAGE REGULATOR:

The voltage regulator provides the voltage levels according to our need for this project, we require two regulators; the First regulator
can regulate +5V and other provides 3.3V. The +5V regulator used for the supply of a microcontroller and the second one with 3.3V
regulated output is used for supply to the X-BEE module. For +5V regulator, we use LM 7805 and for 3.3V we used LF 33 regulator.

3. CONTROLLER UNIT (ATMEGA328)
1) ARDUINO

Arduino Uno is a microcontroller board based on the ATmega328P. It has 14 digital input/output pins (of which 6 can be used as
PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It
contains everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it with an
AC-to-DC adapter or battery to get started.

Microcontroller

Figure 5(a): Arduino Uno board Pin description
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2) ATMEGA328 MEMORY:

N Flash (32K) (15-bit addresses)

Program memory — read-only

Non-volatile

Allocate data to Flash using PROGMEM keyword
SRAM (2K)

e Temporary values, stack, etc.
o Volatile
e Limited space!l EEPROM (1K) Long-term data

3) ATMEGA328 PORTS

Three 8-bit Ports (B, C, D)

Each port controlled by three 8-bit registers. Each bit controls one 1/0O pin
DDRx- Direction register

Defines whether a pin is an input (0) or and

output (1)

PINX- Pin input value

Reading this “register”” returns value of the pin

PORTXx — Pin output value

Writing this register sets the value of the pin.
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Figure 5(b): Atmega328 Minimum circuit connection

4. MOTOR DRIVER
1) H-Bridge Circuit (L293d)
(a) How Does Dc Motor Work???

Let’s start with how actually DC motor runs? Direction control of a DC motor is very simple, just reverse the polarity. Mean to say
that every DC motor has two terminals out. When we apply DC voltage with the proper current to a motor, it rotates in a particular
direction but when we reverse the connection of voltage between two terminals, the motor rotates in another direction.
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Figure 6(a): working of DC motor
(b) Controlling Using Micro-Controllers!!!

| think you are now familiar how to change the direction of DC motor. Now let us consider how to control motor using
Microcontroller provided:

e  The microcontroller provides us only digital logic (1 or a 0).

e  We can’t provide polarity from microcontroller Digital I/O.

e We can’t connect motors to Controller as mostly motors run on voltage level more than +5V, and motors demand high
current (depends).

2) Working Theory of H-Bridge

The name "H-Bridge" is derived from the actual shape of the switching circuit which control the motion of the motor. It is also
known as "Full Bridge". Basically, there are four switching elements in the H-Bridge as shown in the figure below.

Motor Power (+)

High Side L/ l/ High Side

(left) (right)

Low Side 0/ MOTOR 0/ Low Side
(left) (right)

I

Motor Ground (-)

Figure 7 (a): Elements of H-Bridge

As you can see in the figure above there are four switching elements named as "High side left", "High side right”, “Low side right",
"Low side left". When these switches are turned on in pairs with motor changes its direction accordingly. Like, if we switch on High
side left and Low side right then motor rotate in a forward direction, as current flows from the Power supply through the motor coil
goes to ground via switch low s(ide right. This is shown in the figure below.

Motor Power (=)

High Side l $ High Side

(lef?t) (right)
Low Side 0/ MOTOR Low Side
Geft) (right)

1

Motor Ground (-)

Figure 7 (b): H-Bridge in clockwise
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Similarly, if we switch on the High side right and Low side left then motor rotate in reverse direction, as current flows from the
Power supply through the motor coil goes to ground via switch low side left. This is shown in the figure below.

Motor Power (+)

High Side $ l High Side

(lefrt) (right)
Low Side MOTOR O/ Low Side
(left) (right)

|

Motor Ground (~)

Figure 7 (c): H-Bridge in Anticlockwise

H-Bridge is a special circuit which allows motor rotation in both directions. From four terminals of H-bridge, you can control the
direction of a DC motor. Using L293D Dual H-Bridge Depending on current & power requirements, we can make our own H-bridge
using transistorssMOSFETSs but it will be better to demonstrate the working if we use some readymade IC such as L293D, it’s a
dual half H-bridge IC. We can drive a maximum of two DC motor and one stepper motor using one L293D.
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Figure 8 (d): H-Bridge motor connected to the controller

Decision Table will look like

IN1 IN2 |Motorl

0 1 Rotates in one direction

1 0 Rotates in other direction
1 1 Stop rotating

0 0

5. IR OBSTACLE SENSOR

In electronics, this sensor is analogous to human’s visionary senses which can be used to detect an obstacle which is one of its
common applications. In robotics, a group of such modules is used so that a robot can follow a line pattern.

Figure 8 (a): Obstacle Sensor
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Working Mechanism

An IR sensor is basically a device which consists of a pair of an IR LED and a photodiode which is collectively called a photo-
coupler or an optocoupler. The IR LED emits IR radiation, reception and/or intensity of reception of which by the photodiode
dictates the output of the sensor.

Now, there are so many ways by which the radiation may or may not be able to reach the photodiode. Let’s discuss a few.

Direct incidence

We may hold the IR LED directly in front of the photodiode, such that almost all the radiation emitted, reaches the photodiode. This
creates an invisible line of IR radiation between the IR LED and the photodiode. Now, if an opaque object is placed obstructing this
line, the radiation will not reach the photodiode and will get either reflected or absorbed by the obstructing object. This mechanism
is used in object counters and burglar alarms.

Indirect Incidence

High school physics taught us that black color absorbs all radiation, and the color white reflects all radiation. We use this very
knowledge to build our IR sensor. If we place the IR LED and the photodiode side by side, close together, the radiation from the IR
LED will get emitted straight in the direction to which the IR LED is pointing towards, and so is the photodiode, and hence there
will be no incidence of the radiation on the photodiode. Please refer to the right part of the illustration given below for better
understanding. But, if we place an opaque object in front of the two, two cases occur:

Reflective Surface

If the object is reflective, (White or some other light color), then most of the radiation will get reflected by it and will get incident
on the photodiode. For further understanding, please refer to the left part of the illustration below.

Non-reflective Surface

If the object is non-reflective, (Black or some other dark color), then most of the radiation will get absorbed by it, and will not
become incident on the photodiode. It is similar to there being no surface (object) at all, for the sensor, as in both the cases, it does
not receive any radiation.

Figure 8(b): Line Following Robo

Proximity Sensors

We use reflective indirect incidence for making proximity sensors. The radiation emitted by the IR LED is reflected back on the
photodiode by an object. Closer the object, higher will be the intensity of the incident radiation on the photodiode. This intensity is
made analogous to a voltage by a circuit, which is then used to determine the distance.
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/ Reflective Surface //
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T

Circuit Boards
Photodiode IR LED Photodiode IRLED

Figure 9: Proximity Sensor
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Proximity sensors find use in Touch Screen phones, apart from many other devices. In a Touch Screen Phone, the touch screen
needs to disable when it is held near the ear, while in use, so that even if the cheek makes contact with the tough screen, there is no
effect.

6. ADVANTAGES & DISADVANTAGES
(a) Advantages

o  Effective and efficient work as we are using robots.
¢  Reduces customer waiting time. One time investment in the system.
e Work can be faster and may reduce the cost of laboring.

(b) Disadvantages

e  Cost of maintenance is high for robots.
7. APPLICATION AND IMPROVEMENTS
APPLICATION

e Hotel Robo is used for delivering food, drinks, to the respective tables and rooms.
e ltisalso used for room service.
e It reduces the customers waiting time.

IMPROVEMENTS

Further, it can be implemented for cooking in restaurants.

Carrying luggage from one place to another of customers of restaurants.
Implemented as staff in hospitals.

In Industries as labor to pick the objects and place in its destination.

It can be used as a maid in houses for servicing the elder persons.

8. RESULTS

Figure 10.1: Hardware Unit
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Figure 10.2: Proximity Sensors

Figure 10.4: Moving Forward Towards Left

Figure 7(a): working of DC motor
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Figure 10.6: Serving Robot

9. CONCLUSION

The Robo Waiter will be focused on the Trinity College competition. It should be able to navigate the course in a quick and efficient
manner without colliding with objects or spilling food. This competition will provide a good base to expand from in order to build
a complete robotic assistant. Given enough time, the Robo Waiter could be expanded to an all-purpose assistant, or "butler." By
following the marketing and design requirements, a Robo Waiter capable of completing the advanced competition in a relatively
short amount of time should be completely realizable. While the main goal is to win the competition, expandability is also a major
point of concern.As we see the robots are increasingly becoming the part of everyday life; the use of ROBO WAITER can be
extended to various functional purposes. We have tried to implement the robot waiter from the existing appliances which could be
used by elderly people or disabled people for house service processing also that could help to use this robot in many applications.

10. FUTURE ENHANCEMENT

The main idea of the Hotel Robot is to use robots in place of a human to reduce the human efforts and get some useful works done.
It can be used as a waiter in restaurants or as a staff in hospitals or in an industry as a labor to pick objects and place it to its
destination. The customer will place him; the robotic waiter receives the order form of a signal from the LED and switches. The
robot moves to a defined location turns to its left, places the order. The robot could be designed with the gripper that will pick and
place the objects too. For more precision, we can use the image.
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