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Abstract 

This paper explores the transformative role of serving and welcome robots in the hospitality and service 

industries. As technology evolves, these robots are increasingly integrated into customer-facing roles, 

enhancing operational efficiency and customer satisfaction. The study traces the historical development, 

current applications, and potential future trends of these robots, with a focus on how they are reshaping 

service delivery. Through case studies and industry analysis, we identify key drivers, challenges, and best 

practices for the successful implementation of robotic solutions in hospitality settings. 
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I.  INTRODUCTION 

Recent advancements in robotics, artificial intelligence, and machine learning have enabled the creation 

of robots that can perform a wide range of tasks autonomously, from greeting guests and providing 

information to delivering items and performing routine maintenance. In the hospitality industry, these 

robots can enhance the guest experience by offering personalized services, reducing wait times, and 

ensuring consistent service quality. For instance, a welcome robot can greet guests in multiple languages, 

guide them to their destinations, and provide real-time updates on events or services available at the venue. 

In terms of application, serving robots are increasingly being used in restaurants, hotels, and conference 

centers to deliver food and beverages, handle check-ins, and assist with customer inquiries. These robots 

can navigate complex environments using advanced sensors and mapping technologies, ensuring safe and 

efficient operation alongside human staff. The benefits of deploying such robots include increased 

operational efficiency, cost savings, and the ability to reallocate human resources to more complex and 

interactive tasks, thereby enhancing overall productivity. 

However, the integration of robots into the service industry also presents several challenges. These include 

technical issues such as navigation in dynamic environments, human-robot interaction, and the need for 

robust software that can handle diverse tasks. Additionally, there are concerns regarding job displacement 

and the need for regulatory frameworks to ensure safety and ethical use of robots in public spaces. 

Despite these challenges, the potential for robots in the service industry is immense. As technology 

continues to evolve, we can expect to see more sophisticated and capable robots that can handle a broader 

range of tasks, ultimately transforming the way services are delivered across various sectors. This paper 

aims to provide a comprehensive overview of the current state of serving and welcome robots, their 
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practical applications, and the future trends that will shape their development and integration into the 

service industry. 

 

II. TECHNOLOGICAL ACHIVEMENT 

Early Developments: The initial forays into service robotics focused on basic functionalities, such as 

simple delivery tasks and automated greetings. Early models were limited by technology constraints but 

laid the groundwork for future innovations. 

Modern Innovations: Advances in AI, machine learning, and robotics have enabled more sophisticated 

functionalities. Modern serving and welcome robots are equipped with advanced sensors, precise motor 

controls, and connectivity features that allow them to navigate complex environments, interact with guests, 

and perform a variety of tasks autonomously. 

Modern serving and welcome robots are characterized by their advanced design and technological 

capabilities. Key components include high-capacity batteries for extended operation, motor drivers for 

precise movement control, and a variety of sensors for navigation and obstacle detection. Line-tracking 

sensors, such as KY433, allow robots to follow predetermined paths and navigate complex environments. 

Connectivity features, like Wi-Fi modules, facilitate remote control and integration with existing systems, 

enabling seamless communication and data exchange. The combination of these technologies results in 

robots that are not only functional but also adaptable to different service environments. 

 

III. IMPACT ON CUSTOMER EXPERIENCE AND EFFICIENCY 

The integration of serving and welcome robots has had a profound impact on customer experience and 

operational efficiency. For customers, the presence of robots offers a blend of convenience and novelty, 

enhancing their overall experience. Robots can deliver services promptly, interact with users in a friendly 

manner, and provide consistent service without the variability that can come with human staff. For 

businesses, robots contribute to operational efficiency by automating repetitive tasks, reducing labor costs, 

and minimizing errors. Their ability to operate around the clock further increases productivity and service 

availability. 

 

MATERIALS REQUIRED TO WORK ON SERVING ROBOT: 

IV. MATERIALS 

In this chapter the mechanical and electronic components which has been utilized in robot. 

A. Mechanical Components 

 
Figure (4.1) Gear motor 

In figure 4.1, DC gear motors play a critical role in the functionality of serving robots, providing the 

precise control and torque necessary for various movement and operational tasks. These motors are 

integral to the robot's ability to perform tasks such as moving along designated paths, delivering items to 
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specific locations, and interacting with objects or surfaces. The integration of a gearbox with the DC motor 

enhances its performance by reducing speed while increasing torque, which is essential for tasks that 

require both power and precision. For instance, in serving robots, DC gear motors are often used to drive 

the wheels or tracks, enabling the robot to navigate complex environments with stability and accuracy. 

The selection of appropriate DC gear motors is crucial for ensuring the robot's smooth operation. Factors 

such as the motor's torque rating, speed, power consumption, and durability must be carefully considered 

to match the specific requirements of the robot's tasks. High-quality DC gear motors contribute to the 

robot's ability to operate efficiently over extended periods, reducing the risk of mechanical failure and the 

need for maintenance. Moreover, the use of these motors allows for smooth and controlled motion, which 

is particularly important in hospitality settings where robots interact directly with guests. The ability of 

DC gear motors to provide consistent and reliable performance makes them an indispensable component 

in the design and functionality of serving robots, enabling these machines to meet the demanding 

expectations of modern service environments. 

B. Electronic Components 

1) Wi-Fi Module (ESP8266): The Wi-Fi module (ESP8266) is a critical component in serving robots, 

enabling them to connect to wireless networks for communication and control. This module allows the 

robot to receive commands, send data, and interact with other devices or systems within its operating 

environment. For example, through the Wi-Fi module, the robot can access cloud-based services for real-

time updates, remote monitoring, or data logging. It also facilitates integration with mobile apps or web 

interfaces, allowing users to control the robot or customize its behavior remotely. Wi-Fi modules in 

serving robots are typically designed to support stable and secure connections, ensuring that the robot can 

operate efficiently even in environments with multiple connected devices. The use of Wi-Fi enhances the 

robot’s versatility, allowing it to operate in dynamic settings such as hotels, restaurants, or event venues 

where robust and flexible communication is essential. 

 
Figure(4.2) Wi-Fi Module(ESP8266) 

2) Motor Driver: The motor driver is a crucial electronic component that controls the operation of the 

DC gear motors in serving robots. It acts as an interface between the robot's control system and its motors, 

translating low-power control signals from the microcontroller into high-power signals that drive the 

motors. Motor drivers are responsible for controlling the speed, direction, and torque of the motors, which 

are essential for the robot's mobility and task execution. For instance, in a serving robot, the motor driver 

regulates the movement of wheels or arms, allowing precise control over the robot's navigation and 

interaction with objects. Advanced motor drivers also incorporate features such as current sensing, thermal 

protection, and braking functions, which enhance the robot's safety and performance. By providing 

efficient and reliable motor control, the motor driver ensures that the serving robot can move smoothly, 

handle varying loads, and respond accurately to user commands. 
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Figure(4.3) Motor Drive 

3) LED Matrix Light: The LED matrix light in serving robots serves both functional and aesthetic 

purposes. This component consists of a grid of LEDs arranged in rows and columns, which can be 

programmed to display patterns, symbols, or text. In serving robots, LED matrix lights are often used to 

communicate with users or indicate the robot’s status. For example, the robot might display a friendly 

greeting, show the status of a task, or indicate an error using the LED matrix. Beyond communication, 

these lights can enhance the robot's appearance, making it more engaging and approachable for guests. 

LED matrix lights are valued for their versatility, low power consumption, and ability to produce bright, 

clear displays. They can be customized to suit different environments and purposes, whether in a hotel 

lobby, restaurant, or any other service-oriented setting. The integration of LED matrix lights helps create 

a more interactive and user-friendly experience, adding a touch of personalization and technology to the 

service provided by the robot. 

 
Figure(4.4) LED Matrix Light 

4) IR Sensors: Infrared (IR) sensors are essential components in serving robots, enabling them to detect 

obstacles, measure distance, and perceive their environment. These sensors work by emitting infrared light 

and measuring the reflection off nearby objects, allowing the robot to "see" its surroundings. In serving 

robots, IR sensors are typically used for navigation and obstacle avoidance. For instance, as the robot 

moves through a crowded restaurant or hotel lobby, IR sensors help it detect tables, chairs, or people in its 

path, enabling it to navigate smoothly without collisions. Additionally, IR sensors can be used to detect 

the presence of objects for tasks such as picking up or delivering items. Their ability to operate in various 

lighting conditions and their relatively low cost make IR sensors an ideal choice for serving robots. By 

providing real-time feedback on the robot's environment, IR sensors enhance the robot's autonomy and 

reliability, ensuring safe and efficient operation in dynamic service environments. 

 
Figure(4.5) IR Sensors 
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5) Batteries: Batteries are the primary power source for serving robots, providing the energy needed to 

operate the motors, sensors, processors, and other electronic components. The choice of batteries is crucial 

for determining the robot's operational lifespan, performance, and efficiency. In serving robots, lithium-

ion (Li-ion) batteries(4) are commonly used due to their high energy density, long cycle life, and relatively 

low weight. These batteries offer a balance between power capacity and portability, enabling the robot to 

perform its tasks for extended periods without frequent recharging. The battery system in a serving robot 

is often equipped with features such as battery management systems (BMS), which monitor the charge 

level, temperature, and overall health of the batteries, ensuring safe and optimal operation. Some robots 

may also include hot-swappable battery packs, allowing for continuous operation by replacing batteries 

without shutting down the robot. Proper battery selection and management are vital for maintaining the 

robot’s reliability and ensuring that it can meet the demanding requirements of service environments such 

as hotels, restaurants, and event venues. 

 
Figure (4.6) Batteries 

 

V. MODULES DESCRIPTIONS 

1) Motor Control: Motor control involves managing the operation of DC or servo motors using a motor 

driver like L298N or L293D, connected to a micro controller. The driver receives commands from the 

microcontroller, enabling the motors to move forward, backward, or stop. The control logic is 

implemented in code, where specific pins on the microcontroller are set to high or low to dictate motor 

movement. Testing involves adjusting the code and ensuring the motors respond correctly to commands, 

providing precise movement essential for tasks like navigation in robotics. 

2) Wi-Fi Connectivity: Wi-Fi connectivity in a project, often implemented using modules like ESP8266 

or ESP32, allows the device to connect to a wireless network. The process begins by wiring the Wi-Fi 

module to a micro controller using a communication protocol such as UART. The module is then 

programmed to connect to a specified SSID and password using libraries like ESP8266WiFi. Once 

connected, the module can transmit or receive data over the network, enabling remote control, data logging, 

or interaction with cloud services. Proper testing is crucial to ensure stable and reliable connectivity. 

3)Line Following Module: The line-following module typically uses IR sensors to detect a line, often 

black on a white surface. These sensors are mounted on the underside of a robot, with the microcontroller 

reading their output to determine the line's position. The control logic in the code adjusts the motors' speed 

and direction based on sensor input, ensuring the robot follows the line. This setup requires careful 

calibration of sensor placement and thresholds to accurately detect and follow the line without deviation. 

Testing involves running the robot on different tracks to refine its ability to stay on course. 

4)LED Matrix Control: Controlling an LED matrix, such as an 8x8 or 16x16 display, involves using 

shift registers or driver ICs like the MAX7219, connected to a microcontroller. Libraries like LedControl 

simplify the process by providing functions to light up individual LEDs, display patterns, or scroll text 

across the matrix. The microcontroller sends data to the matrix, which then lights up according to the 
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programmed pattern. Testing involves creating various patterns and animations to ensure the matrix 

displays them correctly, making it a powerful tool for visual feedback or simple user interfaces. 

5)Buzzer Control: Buzzer control is a straightforward process where a piezo buzzer is connected to a 

microcontroller, which generates sound by sending a PWM signal to the buzzer. The tone() function in 

Arduino, for instance, can generate different frequencies, creating sounds of varying pitch. This setup is 

commonly used for audio alerts or signaling in a project. Testing the buzzer involves trying out different 

tones and durations to ensure it produces the desired sound, whether for a simple beep or more complex 

sound sequences. 

 

VI. CIRCUIT DIAGRAM FOR MANUAL CONTROL AND LINE FOLLOWER DESIGN: 

The whole circuit diagram was given in figure 5.1 and figure 5.2 by examining the circuit diagram we can 

analyse the connections of motor drive and line following. 

 
Figure (6.1) motor controls with Buzzer 

I've decided to incorporate an active buzzer along with two bright LEDs. Powering the system will be two 

Li-ion 14500/18650 batteries, rated at 7.2V, along with two additional Li-ion 18650 batteries at 3.7V each. 

The core of the system will be built around the NodeMCU, with connections to D5, D7, D8, 2, and 15 

pins. 

To manage motor control, I'm utilizing the 2A-L298N motor driver, which is more than capable of 

handling the power requirements of the motors. Speaking of which, I'll be using either two or four geared 

motors, ensuring precise movement and control. With all these components in place, the system is 

designed to be both powerful and efficient, capable of handling complex tasks with ease. 
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Figure (6.2) Line following circuit diagram 

For the power supply, I'm using two U-on 14508/18650 batteries rated at 7.2V, paired with a Li-ion 18950 

battery. This combination should provide ample power for the entire system. The motor control will be 

handled by a robust motor driver, perfectly suited for the task. 

To enhance the robot's navigation capabilities, I've integrated three KY433 line-tracking sensors. These 

will be strategically placed at the front left (FL), front right (FR), and back right (BR) positions, ensuring 

accurate line detection. Depending on the required torque and speed, I'll decide between using two or four 

geared motors, with the back left (BL) motor complementing the overall setup. This configuration is 

designed for precision and reliability in line-following tasks. 

 

VII. WORKING DIAGRAM OF THE IR SENSORS 

1. Both Sensors on White Surface 

 
Figure (7.1) Both Sensors on White Surface 
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2. Left Sensor on black Right Sensor on white 

 
Figure (7.2) Left Sensor on black Right Sensor 

 

3. Left Sensors on white Right sensors on black    

 
Figure (7.3) Left Sensors on white Right sensors on black 

 

4. Sensors Connected with Motor 

 
Figure (7.4) Connectivity of Sensors 

These are the various process involved in the line following module. 
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VIII . WORK FLOW CHART  

1.THE SERVING ROBOT 

Figure (8.1) work flow chart of serving robot 

 

2. LINE FOLLOWING WORKFLOW IN RESTAURANT 

 
Figure (8.2) Line following process in restaurant 
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IX. RESULTING CONFIGURATION AND OUTCOME: 

With the chosen components, the project is designed to achieve optimal performance in line-tracking and 

motor control. The power setup, consisting of two U-on 14508/18650 batteries at 7.2V and an additional 

Li-ion 18950 battery, provides a stable and sufficient power supply to the system. The motor driver 

efficiently controls the geared motors, which can be configured as either a two- or four-motor setup, 

ensuring the necessary torque and manoeuvrability. 

The integration of three KY433 line-tracking sensors at strategic points front left (FL), front right (FR), 

and back right (BR) enhances the robot's ability to accurately follow a line, ensuring precise navigation. 

The back left (BL) motor further stabilizes the movement, contributing to smooth operation. Overall, this 

configuration results in a well-balanced, responsive system capable of handling complex tasks with 

precision.  

 
Figure (9.1 & 9.2) Progress of Serving Robot 

 

X.APPLICATIONS 

In the hospitality industry, serving robots are revolutionizing service delivery. In restaurants, these robots 

autonomously deliver food and beverages to tables, reducing wait times and enhancing the dining 

experience. In hotels, they handle room service deliveries, navigate through hallways, and even perform 

tasks like providing directions or assisting with luggage. The presence of such robots contributes to 

operational efficiency, allowing human staff to focus on more personalized customer interactions. 

In the broader service industry, including corporate environments and public spaces, serving robots offer 

similar benefits. In offices, they manage internal logistics by transporting documents and refreshments, 

streamlining workflows. In shopping malls and airports, robots assist with guiding visitors, delivering 

information, and managing goods transportation. These applications not only improve service efficiency 

but also provide a novel and engaging experience for users. 

 

XI.CHALLENGES AND FUTURE DIRECTIONS 

Despite their advantages, the deployment of serving and welcome robots comes with challenges. Technical 

issues, such as navigation accuracy, battery life, and sensor reliability, need continuous improvement. 

Additionally, there are ethical considerations related to the impact of automation on employment and 
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customer interactions. Ensuring that robots complement rather than replace human staff is crucial for 

maintaining a balanced approach to service delivery. 

The future of serving and welcome robots lies in further advancements in AI and machine learning. These 

technologies will enable robots to offer more personalized services, adapt to diverse environments, and 

interact more naturally with users. Innovations in human-robot interaction, improved sensory capabilities, 

and enhanced decision-making algorithms will drive the next generation of service robots. As these 

technologies evolve, we can expect robots to become even more integral to the hospitality and service 

industries, offering solutions that are both efficient and engaging. 

                                                                                   

XII. CONCLUSION 

The serving robot has been meticulously designed to balance power efficiency, precise control, and 

effective navigation. The power system, consisting of two U-on 14508/18650 batteries rated at 7.2V and 

an additional Li-ion 18950 battery, ensures a consistent and reliable energy source capable of sustaining 

extended operation periods. The 2A-L298N motor driver, paired with either two or four geared motors, 

delivers robust control over the robot's movement, providing the necessary torque and responsiveness for 

tasks such as serving and maneuvering in various environments. 

Incorporating three KY433 line-tracking sensors—strategically positioned at the front left, front right, and 

back right—enables the robot to accurately follow predefined paths and adjust its course as needed. This 

configuration is essential for a serving robot, as it ensures precise navigation along specific routes, 

minimizing the risk of errors or collisions. The addition of a back left motor further enhances stability and 

control, contributing to smooth operation and reliable performance. 

Overall, the carefully selected components and thoughtful design choices culminate in a highly functional 

serving robot. Its ability to maintain a steady power supply, execute precise movements, and navigate 

efficiently makes it an effective solution for automated service tasks, offering both reliability and accuracy 

in a practical application. 

Serving robots represent a significant leap forward in automation technology, offering numerous benefits 

across various sectors. Their ability to enhance service delivery, improve operational efficiency, and 

provide reliable performance makes them a valuable asset in modern industries. Continued research and 

development will further expand their applications and capabilities, driving innovation in service 

automation. 

Serving and welcome robots have significantly impacted the hospitality and service industries, offering 

enhanced service delivery and operational efficiency. Their evolution from basic automated systems to 

sophisticated, AI-driven machines reflects ongoing advancements in technology. As these robots continue 

to develop, they will play an increasingly vital role in shaping the future of service automation, driving 

innovation, and improving customer experiences across various sectors. 
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