Modeling, Analysis and Fabrication of Hotel Servicing Robot
Dr V Hari Kiran1, Dr R Siva Sankara Raju2, A N S Surya Prakash3,   N V Ashok Kumar4, S Rishikesh5

1, 3, 4, 5 Faculty, Avanthi Institute of Engineering and Technology, Makavarapalem, Anakapalle District, Andhra Pradesh, India-531113
2 Faculty, Aditya Institute of Technology and Managememt , Makavarapalem, Srikakulam District, Andhra Pradesh, India-532201
Corresponding Author: harikiran3285@gmail.com,  sivaraju80@gmail.com 
Abstract
The study aims to provide a sustainable development model for the restaurant business, which is suffering from a shortage of manpower. The study identifies the relationships among serving robots’ attributes, perceived benefits, perceived risks, perceived value, satisfaction, and revisit intention of customers. Moreover, satisfaction has a positive effect is of high importance. Based on these findings, several meaningful theoretical and practical implications that can lead to the sustainability of restaurants are presented. With rapid advances in technologies, especially in artificial intelligence, smart sensors, big data analytics, and robotics, the service industry began introducing robots to perform a variety of functions. While the main purpose of deploying robots has been productivity improvement, the current COVID-19 pandemic has brought more urgent purpose, providing contactless service for social distancing. This study explores the service quality provided by robots based on real data in a hotel setting. The objective of the project is to develop the robo which can function as a Hotel server, which will be capable of taking orders from customers and serve food.

1.  Introduction
Traditionally, service providers have been humans. In the advent of advanced digital technologies, especially artificial intelligence (AI) and Internet of Things (IoT), and the current pandemic situation, smart robots are increasingly replacing employees to provide contactless services. For example, smart robots have been deployed in some hotels, retail stores, airports, meal delivery, etc[1, 2]. Service robots can alleviate the workload of first responders in hospitals while keeping them safe from virus infection, perform tasks so that humans can practice social distancing, execute delicate procedures that not many medical staff have the skills or stamina to perform[3]. 
The abilities of service robots have gradually exceeded the performance of human service providers in certain areas, e.g., memory, computing power, physical strength, and handling unpleasant or dangerous tasks. Today’s service robots, while their applications have seen a significant increase during the current pandemic, are efficient and therefore used mostly for the first two level of intelligence, as they still lack proficiency in the two high order intelligence. It is imperative for businesses to understand the strengths and shortcomings of current service robots in order to determine the most effective way to not only design but also deploy them in customer service processes[4, 5]. 
To explore customer performance of service robot used a real-world findings of expected to make contributions to the service robot and provide useful new insights to service organizations in their strategies to effectively deploy service robots for positive customer experience. Prejitha et al.[6] used sensors like LDR, LED and sensors resistance and voltage divider arrangement for algorithm. They made simple, low cost line following robot without using any microcontroller. Eksiri et al. [7] tried to develop robot for taking orders and delivering food to table. Their robot was inspired from competition ABU Robocon. They have used two different robots where one is used for ordering and another for serving food. They also used line following technique and sounds were given to it for greeting human. Due to the humanoid shape of the robot people stopped robot for taking selfie and for this purpose they had emergency pause switch to stop robot.

Kaushal, et al. [8] proposed idea of E
restaurant where they used robot for serving food. They proposed idea on how money expense on waiter can be reduced by using robots. They explained that this robot is able to serve for one or more order in one cycle. They had also used the idea of line follower and made local server and website (XAMPP) distributed Sensing and Control Framework for Mobile Robot. This is from the branch of mechanical and aerospace building actualizes a task on this system. The principle errand of the undertaking is to transport a bundle from a pickup station to a drop-off station. The bundle transportation is finished by a wheeled mobile robot (WMR) with a gripper framework before it, which feels in as a lifting gadget. The bundle accessibility on pick up station is finished by push catch on the stage of the station. Additionally, there is another push catch set up at the drop-off station to check whether the bundle has effectively sent.
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and revisit intention. Moreover, satisfaction has a positive effect on revisit intention. Based on these

findings, several meaningful theoretical and practical implications that can lead to the sustainability of
restaurants are presented.
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Figure 1: Portable Robot Servicing in Hotel

Bicci and Kumar indicates Vacuum grippers are used in the robots for grasping the materials and objects in packets[8]. It uses vacuum cups as the gripping device as shown in Figure 1, which is also commonly known as suction cups. This type of grippers will provide good handling if the objects are smooth, flat, and clean and stored in cartoons. It has only one surface for gripping the objects. It may not be suitable for handling the pores objects all around. 
3. Modeling 
3.1 3D Modeling:

Catia V5 offers a range of tools to enable the generation of a complete digital representation of the product being designed[9, 10]. In addition to the general geometry tools there is also the ability to generate geometry of other integrated design disciplines such as industrial and standard pipe work and complete wiring definitions. Tools are also available to support collaborative development. A number of concept design tools that provide up-front Industrial Design concepts can then be used in the downstream process of engineering the product[11, 12]. These range from conceptual Industrial design sketches, reverse engineering with point cloud data and comprehensive freeform surface tools. The 3D model of the Hotel Servicing Robot with all details of drawing has been shown in Figures 2-5 and Figure 6 represents assembly of robot system. 
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Figure 2: Indicative 3D Design
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Figure 3: Frame Structure
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Figure 4: Wheels Assembly
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Figure 5: Assembly Drawing
3.2   Analysis
ANSYS has evolved into multipurpose design analysis software program, recognized around the world for its many capabilities. Today, the program is extremely powerful and easy to use. Each release hosts new and enhanced capabilities that make the program more flexible, more usable, and faster. In this way, ANSYS helps engineers met the pressures and demands of the modern product development environment[9, 13, 14]. The below pictures shows the Robot structure
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Figure 6: Assembly
The various parts considered for assembly are:

1. DC Geared motors 100 RPM 2

2. Caster wheel ½ inch

3. 70mm dia wheels

4. Aluminum channels

5. Acrylic sheets

6. Arduino UNO – controller

7. Motor Driver L2 98D

8. SR08 line following sensor

9. 12V & 5V regulator 2 amps.

10. 4 Channel remote

11. DC jacks

The entire robot is designed in such a way that it is compatible so that it can move freely in the restaurant. The electronic parts include sensors, speakers, buzzer, battery and motors. Considering the situations and demand of contact less delivery the design has been made[15]. Unlike regular humanoid restaurant robot this design is unique and serves better for the purpose. It has more space for the food and also can accommodate well and is handy. Industrial aluminum is chosen for the Base frame because it has the strength to carry the load and the finish of it will be an added advantage. 

3.3 Working:

The robot is used to serve food from the kitchen, to the table. The robot uses line following technique with the help of Infra-red sensors for navigation. In case of obstacles in the way the ultrasonic sensors in the robot will detect them and stops the robot. A keypad is integrated in the robot to know which table to serve. The food will be ordered through an app, on each table there will be a QR code that could be scanned which will redirect them to the app store. After the food is ordered, the order will be directly sent to the kitchen screen with the table number, The robot is first placed near the kitchen (on the line). When the food is ready, the chef can place the items inside the robot and click the table number on the keypad for delivery. The robot will start making its way to the table following the line. In case of obstacles in the path, the ultrasonic sensors will detect them and stop the robot from moving. And also, when it detects the obstacle a piezo-buzzer will alert the person to move or move the obstacle. The directions for the table are already coded in the robot for smooth running. Figure 7 shows the flow chart of the basic ideology.
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Figure 7 Flow chart of basic ideology of working 

3.3.1 DC Geared motors 100 RPM 

This 12 Volt DC Motor – 100 RPM can be used in all-terrain robots and a variety of robotic applications. These motors have a 3 mm threaded drill hole in the middle of the shaft thus making it simple to connect it to the wheels or any other mechanical assembly[4]. These motors are simple DC Motors featuring gears for the shaft for obtaining the optimal performance characteristics. They are known as Center Shaft DC Geared Motors because their shaft extends through the center of their gearbox assembly. The external structure of a DC geared motor vide in Figure 8, as a straight expansion over the simple DC ones, shown in Figure 9.
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Figure 8: External Structure DC Motor
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Figure 9: Lateral View DC Motor
3.3.2 Working of the DC Geared Motor
The DC motor works over a fair range of voltage. The higher the input voltage more is the RPM (rotations per minute) of the motor. For example, if the motor works in the range of 6-12V, it will have the least RPM at 6V and maximum at 12 V.

In terms of voltage, we can put the equation as:

RPM= K1 * V, where,

 K1= induced voltage constant

V=voltage applied

In any DC motor, RPM and torque are inversely proportional. Hence the gear having more torque will provide a lesser RPM and converse. In a geared DC motor, the concept of pulse width modulation is applied. The larger part of the gear further turns the smaller duplex part. The small duplex part receives the torque but not the speed from its predecessor which it transfers to larger part of other gear and so on. The third gear’s duplex part has more teeth than others and hence it transfers more torque to the gear that is connected to the shaft.  

3.3.3 Caster wheel ½ inch
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What is the Difference Between Casters and
Wheels?

Many people may not know what a caster is, but when they see t, they may
simply define it as a wheel.

But a caster is more than just a wheel!

In materials handling, as in many other fields, when it comes to looking for a
certain product, you have to be very specific in naming what you want. And
knowing the correct name of the product is key there. So let's define exactly
what the difference between a caster and a wheel is.

Wheels

We're all familiar with the wheel. It's a round object that will have a hole in
the center to use as a shaft to make it work for whatever purpose you need,
and that can be anything. One might also define it as a circular
cylinder of greater or lesser width that spins around on an
axle, much like the wheels on a car. The wheel is used for
many mechanical purposes.

The invention of the wheel 5000 years ago has changed the
way humans live, work and create. But it's only been about
150 years since the even more versatile caster was first




Figure 10: Caster Wheel
Casters wheel support (see Figure 10) and make it easy to maneuver carts, racks, dollies and other equipment. One might also define it as a circular cylinder of greater or lesser width that spins around on an axle, much like the wheels on a car. The wheel is used for many mechanical purposes. A caster does indeed include a wheel.  But, it is more than a wheel. It is an assembly that contains both a wheel and a bracket for it, sometimes called a “fork,” or “yoke” and this bracket that contains it is what separates it from the regular wheel. 

3.3.4 Aluminum Extrusions

Extrusion is a process used to create objects of a fixed cross-sectional profile by pushing material through a die of the desired cross-section[16, 17]. Its two main advantages over other manufacturing processes are its ability to create very complex cross-sections; and to work materials that are brittle, because the material encounters only compressive and shear stresses. It also creates excellent surface finish and gives considerable freedom of form in the design process, shown in Figure 11. 
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Figure 11: Slotted Extrusion

3.3.5 Arduino Uno – micro controller

The Arduino UNO is categorized as a microcontroller that uses the ATmega328 as a controller used for an electronics project and mostly preferred by the beginners. The board contains 14 digital input/ output pins in which 6 are analog input pin, one power jack, USB connector, one reset button, ICSP header, and other components. The board is charged by USB port or can be directly charged by the DC supply to the board. The board has regular innovation and a bug fix in the design of the board used by the rookie in their work[2, 18]. The Arduino UNO board, vide in Figure 12 has a list of bluetooth, internet, motor control, hardware components and has the capability to interact with those devices. The Arduino UNO is a type of Arduino product that is used in electronics project and circuit design mostly by the beginners. There are various features that make the board suitable for the use and preferred over other Arduino products. The selection of right Arduino products is based on user requirement but the Arduino UNO is a standard board compared to Arduino products[19].
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Figure 12: Arduino UNO
3.3.6 Voltage regulator

A voltage regulator is designed to automatically ‘regulate’ voltage level. It basically steps down the input voltage to the desired level and keeps that in that same level during the supply. This makes sure that even when a load is applied the voltage doesn’t drop. All electronic voltage regulators will have a stable voltage reference source which is provided by the reverse breakdown voltage operating diode called zener diode[20, 21]. The main reason to use a voltage regulator is to maintain a constant dc output voltage. It also blocks the ac ripple voltage that cannot be blocked by the filter. A good voltage regulator may also include additional circuits for protection like short circuits, current limiting circuit, thermal shutdown, and overvoltage protection.
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Figure 13: Voltage Regulator Circuit
The output of the rectifier that is filtered is then given to the input terminals and regulated output voltage Vload is obtained across the load resistor Rload, shown in Figure 13. The reference voltage is provided by the zener diode and the transistor acts as a variable resistor, whose resistance varies with the operating conditions of base current, Ibase.
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Arduino Code Controlling a DC Motor
- Code Explanation

If you are planning on assembling your new robot friend, you will eventually want to learn

about controlling DC motors. One of the easiest and inexpensive way to control DC motors is





Figure 14: Motor Driver
3.3.7 Motor Driver L298D

One of the easiest and inexpensive way to control DC motors is to interface L298N Motor Driver with Arduino[22]. The IR sensor is a 3 three wired sensor, in which the brown and the black wire are used to connect the sensor to the power supply, whereas, the red wire is connected to the load, or Arduino, in our circuit. The L298N motor controller follows the H-bridge configuration shown in Figure 14, which is handy when controlling the direction of rotation of a DC motor. The other benefit of using an H-bridge is that we can provide a separate power supply to the motors. This is very significant especially when using an Arduino board where the 5V power source is simply not enough for two DC motors. The following program code has been used for operation in servicing robot. 
3.3.8 Code

// Black Line Follower 

int IR1=8;      //Right sensor

int IR2=9;    //left Sensor

// motor one

int enA = 5;    //Right motor

int MotorAip1=2;

int MotorAip2=3;

// motor two

int enB = 6;    //Left motor

int MotorBip1=4;

int MotorBip2=7;

void setup() 

{

  // put your setup code here, to run once:

  pinMode(enA, OUTPUT);

  pinMode(enB, OUTPUT);

  pinMode(IR1,INPUT);

  pinMode(IR2,INPUT);

  pinMode(MotorAip1,OUTPUT);

  pinMode(MotorAip2,OUTPUT);

  pinMode(MotorBip1,OUTPUT);

  pinMode(MotorBip2,OUTPUT);

}

void loop() 

{

   if(digitalRead(IR1)==HIGH && digitalRead(IR2)==HIGH) //IR will not glow on black line

  {

    //Stop both Motors

    digitalWrite(MotorAip1,LOW);

    digitalWrite(MotorAip2,LOW);

    digitalWrite(MotorBip1,LOW);

    digitalWrite(MotorBip2,LOW);

   analogWrite (enA, 0);

   analogWrite (enB, 0);

  }

  else if(digitalRead(IR1)==LOW && digitalRead(IR2)==LOW)  //IR not on black line

  {

    //Move both the Motors

    digitalWrite(MotorAip1,HIGH);

    digitalWrite(MotorAip2,LOW);

    digitalWrite(MotorBip1,HIGH);

    digitalWrite(MotorBip2,LOW);

    analogWrite (enA, 200);

    analogWrite (enB, 200);

  }

  else if(digitalRead(IR1)==LOW && digitalRead(IR2)==HIGH)

  {

    //Tilt robot towards left by stopping the left wheel and moving the right one

    digitalWrite(MotorAip1,HIGH);     

    digitalWrite(MotorAip2,LOW);

    digitalWrite(MotorBip1,LOW);

    digitalWrite(MotorBip2,HIGH);

    analogWrite (enA, 200);

    analogWrite (enB, 150);

   delay(100);

  }

  else if(digitalRead(IR1)==HIGH && digitalRead(IR2)==LOW)

  {

    //Tilt robot towards right by stopping the right wheel and moving the left one

     digitalWrite(MotorAip1,LOW);     // If I want to turn right then the speed of the right wheel should be less than that of the left wheel, here, let a be the right wheel

    digitalWrite(MotorAip2,HIGH);

    digitalWrite(MotorBip1,HIGH);

    digitalWrite(MotorBip2,LOW);

    analogWrite (enA, 150);

   analogWrite (enB, 200);

   delay(100);

  }

  else

  {

    //Stop both the motors

    digitalWrite(MotorAip1,LOW);

    digitalWrite(MotorAip2,LOW);

    digitalWrite(MotorBip1,LOW);

    digitalWrite(MotorBip2,LOW);

    analogWrite (enA, 0);

   analogWrite (enB, 0);

  }

}

3.4 Final Assembly:

The final assembly of Figures 15, Figure 16, Figure 17 and Figure 18-19 explained the sequence of operations such as robot bottom portion, electronics, acrylic structure assembled with bottom structure complete assembly shows and demonstrated.
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Figure 15: Robot Bottom Portion
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Figure 16: Electronics
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Figure 17: Acrylic Structure Assembled with Bottom Structure
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Figure 18: Complete Assembly
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Figure 19: Complete Assembly
4. Conclusion:

With the new advances in AI and other digital technologies, continuous decrease of hardware costs, the rise of 5G networks, and the current pandemic crisis, service robots will become much more widely used and accepted, at a much faster pace than ever thought possible. In the past, the main reasons for using robots were: increasing the efficiency and accuracy, shortening the service time, and taking over dull, dangerous, dirty, and unsafe tasks. The present design of the robot has bottom structure is developed by Aluminum and Top structure by acrylic sheets. The structural is stiff to hold the plates and required food items on the three locations provided. The designed structure is very simple to assembly and dis assembly so it can be cleaned as per requirement. 
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