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Abstract: 

Recent advancements in robotics have enabled the development of sophisticated bipedal robots 

capable of mimicking human locomotion. This paper presents the design, implementation, and 

control of a Bluetooth-controlled bipedal robot. The primary objective of this research is to 

explore the feasibility and effectiveness of Bluetooth technology in remotely controlling and 

coordinating the movements of a bipedal robot. 

The robot's hardware comprises servo motors for joint actuation, sensors for feedback, and an 

Arduino microcontroller for processing commands. A Bluetooth module facilitates wireless 

communication between the robot and a remote controller, typically a smart phone or a 

computer. The control interface allows users to send commands wirelessly, enabling real-time 

adjustments to the robot's gait and posture. 

Key challenges addressed in this study include achieving stable bipedal locomotion, optimizing 

control algorithms for their workout routines, and ensuring reliable communication between the 

robot and the controller over Bluetooth. Experimental results demonstrate the robot's ability to 

execute predefined workout patterns, turn maneuvers, and respond to commands promptly and 

accurately. 

This research contributes to the growing field of robotics by demonstrating a practical 

application of Bluetooth technology in controlling bipedal robots. The findings underscore the 

potential of Bluetooth as a versatile and accessible means of communication for enhancing the 

functionality and versatility of robotic systems in various applications, including entertainment, 

education, and potentially assisting in complex tasks in unstructured environments. 

This innovative solution offers a novel approach to personal training, promoting efficiency, 

safety, and engagement in fitness activities. 
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1. Introduction to Bipedal robots 

Bipedal robots, designed to mimic human-like locomotion, represent a significant advancement 

in the field of robotics. Inspired by the complex biomechanics of human movement, these robots 

strive to achieve stability, agility, and adaptability in navigating diverse environments. The 

development of bipedal robots is driven by the pursuit of applications ranging from exploration 

in hazardous or inaccessible terrains to assistance in daily tasks and beyond. 

The challenge of designing bipedal robots lies in replicating the intricate interplay of balance, 

coordination, and energy efficiency that humans effortlessly exhibit during walking and running. 

Unlike wheeled or tracked robots, bipedal robots offer the potential for greater maneuverability 

and versatility, capable of navigating uneven terrain and overcoming obstacles that would 

impede other types of robots. 

Key components of bipedal robot design include sophisticated actuation systems, typically 

employing motors and linkages to replicate human joint movements, and sensor arrays for 

feedback on position, orientation, and ground contact. Control algorithms play a critical role in 

coordinating these components to achieve stable and efficient locomotion, ensuring the robot's 

stability while optimizing energy consumption. 

Advancements in materials science, such as lightweight yet durable structural materials and 

flexible sensors, contribute to enhancing the performance and agility of bipedal robots. 

Additionally, developments in artificial intelligence and machine learning enable robots to adapt 

and learn from their environment, improving their ability to handle complex tasks autonomously. 

Applications of bipedal robots span various domains, from industrial settings where they assist in 

manufacturing and logistics, to healthcare where they support rehabilitation and care giving 

tasks. In research and exploration, bipedal robots offer potential solutions for disaster response, 

space exploration, and undersea exploration, where human presence is limited or impractical. 

This introduction sets the stage for exploring the intricacies of bipedal robot design, control, and 

applications, highlighting both the current state of the art and future directions in this dynamic 

field of robotics. 

2. Bipedal Robot characteristics 

Bipedal robots possess several distinctive characteristics that differentiate them from other types 

of robotic platforms. These characteristics include: 

1. Human-like Locomotion: Bipedal robots are designed to walk and sometimes run using 

two legs, mimicking human gait patterns. This enables them to navigate environments 

that are challenging for wheeled or tracked robots, such as stairs, uneven terrain, and 

narrow passages. 

2. Balance and Stability: Maintaining balance is crucial for bipedal robots due to their 

upright posture. They employ sophisticated balance control algorithms and sensor 
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feedback systems to adjust their movements and prevent falls, similar to the human 

vestibular system. 

3. Agility and Maneuverability: Bipedal robots are capable of agile movements and 

maneuvers, including turning, pivoting, and stepping over obstacles. This agility allows 

them to perform tasks in dynamic and unstructured environments with greater flexibility 

compared to other robotic designs. 

4. Versatility: The bipedal locomotion mechanism offers versatility in various applications. 

These robots can be used in environments where human-like mobility and dexterity are 

advantageous, such as search and rescue operations, exploration of hazardous areas, and 

human-robot collaboration in industrial settings. 

5. Human-Robot Interaction: Due to their anthropomorphic design, bipedal robots can 

interact with humans more naturally than other robotic forms. This makes them suitable 

for roles involving human-robot collaboration, assistance, and communication. 

6. Energy Efficiency: While bipedal locomotion requires careful energy management, 

modern designs incorporate lightweight materials, efficient actuators, and advanced 

control algorithms to optimize energy consumption and extend operational endurance. 

7. Sensor Integration: Bipedal robots rely on a variety of sensors to perceive their 

surroundings and maintain stability. These sensors may include inertial measurement 

units (IMUs) for orientation, force sensors in the feet for ground contact detection, and 

cameras or depth sensors for environmental awareness. 

8. Research and Development: Bipedal robots serve as platforms for advancing research 

in biomechanics, control theory, artificial intelligence, and robotics. They provide 

insights into human locomotion and contribute to the development of assistive 

technologies and prosthetics.  

Overall, the characteristics of bipedal robots highlight their potential to address complex 

challenges in mobility, interaction, and autonomy, making them valuable tools across multiple 

domains of robotics and beyond. 

Designing Mechanism 

This system utilizes Arduino microcontrollers for controlling the 17-DOF bipedal robot, offering 

a cost-effective and flexible solution. 

The control algorithms are designed to optimize motion control and stability while efficiently 

utilizing the limited computational resources of the Arduino platform. 

Bluetooth modules are integrated into the system to enable wireless communication, allowing 

users to remotely control the robot and receive real-time feedback. 

Sensor feedback mechanisms to provide real-time data on the robot's status and environment 

.Customizable user interface for intuitive control and visualization of the robot's actions. 

Compatibility with existing Arduino libraries and development tools for ease of implementation 

and future expansion. 

 Bluetooth Connection: The first key element is establishing a Bluetooth connection 

between the controller device (such as a smart phone or computer) and the bipedal robot. 

This allows for wireless communication between the two. 
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 Control Commands: Once the Bluetooth connection is established, control commands 

are sent from the controller device to the robot. These commands can include instructions 

for walking, turning, stopping, or any other desired movements. 

 Control Algorithm: The control algorithm plays a crucial role in Bluetooth control of a 

bipedal robot. It processes the commands received over Bluetooth and generates the 

necessary control signals to actuate the robot's motors and joints. The algorithm ensures 

coordinated movement and stability. 

 Sensor Feedback: Bipedal robots often incorporate various sensors, such as 

accelerometers, gyroscopes, or force sensors. These sensors provide feedback to the 

control algorithm, allowing it to adjust the robot's movements and maintain balance. 

 

 Power Management: Bluetooth control of a bipedal robot requires careful power 

management. The robot's power source, such as batteries, must be efficiently utilized to 

ensure optimal performance and extended operation time. 

 

Bluetooth connection: 

            The Bluetooth connection links the controlling device, such as a smart phone or 

computer, with the bipedal robot. Equipped with a Bluetooth module, the robot communicates 

wirelessly with the controlling device. Once the connection is established, the controlling device 

transmits commands to the robot, which promptly receives and executes them. This capability 

allows for effortless control over the robot's movements, providing a convenient and wire-free 

interaction method, eliminating the necessity for physical wires or direct physical contact. 

 

 
                             Fig.1.Bluetooth connection with the Bi-pedal robot 
 

 

Servo controller 

 

A servo controller is a small electronic device that plays a crucial role in controlling servo 

motors. These controllers are specifically designed to send precise signals to servo motors, 

allowing for accurate control of their position, speed, and direction of rotation 
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                                         Fig.2.servo groups in controller settings 

 

 

Algorithms Developed: 

In Bluetooth-controlled bipedal robots, various algorithms can be employed depending on the 

robot's design and specific needs. One widely used algorithm is the PID (Proportional-Integral-

Derivative) control algorithm. 

The PID algorithm is implemented to regulate and optimize the robot's movements by processing 

feedback from sensors. It plays a crucial role in stabilizing the robot, fine-tuning its gait, and 

achieving precise and seamless control 
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Another algorithm commonly applied is the Finite State Machine (FSM), which segments the 

robot's behavior into distinct states like standing, walking, turning, or stopping. Each state 

operates under specific rules and control parameters activated by inputs from the Bluetooth 

controller. 

Moreover, certain bipedal robots leverage machine learning algorithms such as Reinforcement 

Learning or Neural Networks to enhance control and adaptability. These algorithms empower 

robots to learn from interactions and refine their movements progressively. 

It's essential to recognize that the choice of algorithms for Bluetooth-controlled bipedal robots 

varies depending on factors such as the robot's complexity, intended tasks, and the preferences of 

its designers and developers. 

Algorithms used in the movement of bi-pedal robot 

The movement algorithm in Bluetooth-controlled bipedal robots orchestrates a series of 

coordinated steps to achieve smooth and stable locomotion. This algorithm typically 

encompasses the following essential components: 

1. Gait Generation: This component determines the sequence of leg movements necessary 

for walking or running. It coordinates each leg's motion to ensure balance and stability 

during locomotion. 

2. Balance Control: Constantly monitoring the robot's center of gravity, this component 

adjusts leg movements to maintain stability and prevent tipping over during various 

movements. 

3. Obstacle Avoidance: Integrating sensors, such as obstacle detectors, this component 

modifies movement commands to navigate around obstacles. It enhances the robot's 

ability to maneuver safely in its environment. 

4. Feedback Mechanisms: Utilizing feedback from sensors like gyroscopes and 

accelerometers, this component makes real-time adjustments to the robot's movements. 

These adjustments enable the robot to adapt to changing conditions and sustain smooth 

locomotion. 

By integrating these components, the movement algorithm in Bluetooth-controlled bipedal 

robots enables precise and controlled motion, facilitating effective walking, running, and 

navigation in diverse environments 

Software Tools: 

1. Programming Languages 

Software used to control bipedal robots is generally developed using programming languages 

such as C++, Python, or Arduino. These languages enable developers to craft algorithms and 

logic essential for governing the robot's movements. 
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2. Bluetooth Libraries 

To facilitate Bluetooth communication between the controller device and the bipedal robot, 

specialized software development kits (SDKs) and libraries are employed. These tools offer 

functions and APIs dedicated to transmitting and receiving data via Bluetooth, ensuring seamless 

connection establishment and data exchange. 

3. Control Algorithms 

Software tools encompass control algorithms that dictate the bipedal robot's response to commands 

received via Bluetooth. These algorithms encompass tasks such as inverse kinematics, gait generation, 

motion planning, and stability control, crucial for achieving fluid and stable bipedal locomotion. 

4. User Interface 

Depending on the specific application, software tools might feature a user interface (UI) enabling 

interaction with the robot. This UI is typically designed for mobile devices or computers, allowing users 

to send commands and adjust settings seamlessly through Bluetooth connectivity. 

Simulation and Visualization 

Sometimes, software tools incorporate simulation environments or visualization tools. These 

tools enable developers to thoroughly test and debug the robot's behavior prior to physical 

deployment. Additionally, they offer visual representations of the robot's movements and sensor 

data during its operation. 

These are just a few examples of the software tools used in Bluetooth control of bipedal robots. 

The specific tools and frameworks used may vary depending on the requirements and preferences 

of the developers. 

1. Arduino Software (1.8.19), 

2. C++ language 

3. Robokits USB Blue tooth 18 servo Controller (V8.1.0.0) 
 

 Code generation 

The input for the Robot is the code in which for every servo motor movement in the Bi- pedal 

there is function code written. We use Arduino software for the coding, With the help of the 

Algorithms we have developed a code by using python language in the Arduino Software. 

For this bi-pedal robot we choose to do a seven real time movements in the robot for that seven 

functions are developed. 

Results:  
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The Designed and developed Functions are executed. Fig.3. shows the Output 

 

Journal of Engineering and Technology Management 73 (2024)

Page No: 164



                                                         Fig 3. Result output  

Conclusion 

 

We've designed a Bluetooth-controlled robot that operates in two modes: one involves uploading 

code to the controller via USB cable, and the other utilizes Bluetooth connectivity from a laptop. 

Using Arduino and C++ programming, we developed precise and reliable movement algorithms 

for the robot, allowing it to perform real-time applications with accuracy and efficiency. 
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