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Abstract: This paper outlines the development of a humanoid robot, emphasizing its kinetic design and hardware
capabilities. The robot is crafted for automation and interactive tasks, prioritizing smooth motion through
advanced kinematic modeling. Key components include microcontrollers, sensors, and actuators, all integrated to
support locomotion and perception. The discussion centers on the synergy of these elements and the robot's
operational performance.
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I.LINTRODUCTION:

House companion and greeting robots are designed to interact with humans in domestic settings, offering
assistance, communication, and entertainment. This project aims to develop a cost-effective and efficient
companion robot using widely available hardware. By focusing on the kinetics of motion, the robot achieves
smooth and precise movements that create a welcoming and interactive experience. Equipped with motion control,
obstacle detection, and voice interaction functionalities, the robot enhances daily living by acting as both a helper
and a greeter. The following sections outline the hardware components, design methodology, and features of the
robot in detail.

1. Hardware Specifications:
2.1. Arduino Controller:

The core of the robot’s hardware setup is an Arduino microcontroller. This microcontroller acts as the central
processing unit (CPU), managing the robot's inputs and outputs, running the control algorithms, and handling
communication between different components. The Arduino platform was specifically chosen for its simplicity,
low cost, and extensive community support. Its compatibility with a wide range of sensors, motors, and actuators
makes it an ideal choice for rapid prototyping in robotics. The Arduino communicates with peripherals via digital
and analog 1/0O pins, enabling precise control over motion, sensor feedback, and voice interaction.
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2.2. Stepper Motors:

The robot uses NEMA 17 stepper motors, chosen for their ability to provide precise and repeatable positioning,
making them ideal for tasks requiring high accuracy, such as controlling the robot's joints. Stepper motors are
driven by digital pulses, allowing the system to accurately control the angular movement of each joint without
relying on feedback systems. These motors are used primarily in

critical joints, such as the shoulders, elbows, and wrists, where high precision is essential. Stepper motors offer
advantages over standard DC motors in robotic applications because of their predictable movements and torque
at low speeds, which are necessary for tasks such as walking, turning, and performing fine motor tasks.

2.3. Ultrasonic Sensors:

Ultrasonic sensors are used for obstacle detection and environmental mapping. Positioned on the front, back, and
sides of the robot, these sensors use sound waves to measure the distance to nearby objects. The sensors emit high-
frequency sound pulses and then measure the time it takes for the pulses to reflect back. This information is used
to calculate the distance between the robot and any obstacles in its path, allowing the robot to make informed
decisions about navigation and movement. Ultrasonic sensors provide a key role in the robot’s ability to
autonomously avoid obstacles, allowing it to navigate effectively in dynamic environments.

2.4. Battery Management System (BMS):

The robot is powered by a 12V lead-acid battery, and the Battery Management System (BMS) ensures the safe
operation and longevity of this power source. The BMS monitors the voltage and current levels of the battery to
prevent overcharging, over-discharging, and overheating, which could damage the battery or reduce its lifespan.
The system balances the energy consumption across the robot's components, ensuring efficient use of power and
extending operational time. In addition to regulating battery usage, the BMS also provides important data on
battery health, allowing for timely recharging and maintenance.

2.5.Voice Interaction Module

To enable natural communication with the robot, a voice interaction module is integrated with Al capabilities.
This system uses speech recognition to interpret spoken commands, allowing the robot to respond to verbal
inputs from users. The voice interactio n system is designed to recognize and process commands for a range of
tasks, from simple actions such as greetings or navigating to specific locations, to more complex commands
related to tasks like object retrieval or following specific motion patterns. The system utilizes Al to improve its
recognition capabilities over time, making the robot more responsive and adaptable to user needs.

2.6. Modular Architecture:

The robot is built with a modular architecture to allow for easy upgrades, maintenance, and repairs. Each
component of the robot—such as sensors, actuators, and controllers—is designed as a separate, interchangeable
module. This modularity enables quick replacement of malfunctioning components and facilitates future
upgrades as technology evolves. For example, as sensor technology advances or new motor types become
available, individual modules can be swapped out without the need for a complete redesign of the robot. The
modular approach also ensures that the robot can be easily adapted to new tasks, environments, or user
requirements.
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im. DESIGN AND METHODOLOGY

3.1. Kinetic Design:

The kinetic design of the humanoid robot focuses on achieving fluid, precise, and human-like movements. This
is accomplished by integrating a combination of mechanical and electrical optimizations that enhance both
performance and efficiency. The robot utilizes a mix of Johnson motors for torque-heavy tasks and NEMA 17
stepper motors for high-precision control, allowing the robot to replicate a wide range of motions with accuracy
and stability. By carefully balancing power and precision, the design ensures that the robot can perform dynamic
actions, such as walking, turning, and interacting with objects, all while maintaining a realistic and coordinated
movement pattern.

3.1.1. Joint Dynamics:

The joints of the humanoid robot are actuated using a combination of DC and stepper motors, each selected for
its specific advantages. For the robot's primary joints, including the shoulders, elbows, and wrists, stepper motors
(specifically NEMA 17) are employed due to their precise angular control, enabling highly accurate and
repeatable movements. These motors are critical for ensuring that the robot’s arms and legs maintain consistent
movement, such as in lifting or swinging motions, as they require finer control for smooth, coordinated action.

In contrast, Johnson motors are utilized in less critical, but torque-intensive applications, such as driving the
wheels. These motors offer high torque, making them ideal for tasks that demand more power but less precision,
such as moving the robot across a surface or handling larger weights. By strategically assigning different motor
types to various parts of the robot, the system achieves a balanced performance that prioritizes both precision and
strength, depending on the task.

3.1.2. Motion Control Algorithms:

To ensure the robot’s movements are smooth and precise, the control system incorporates a combination of
pulse-width modulation (PWM) signals for controlling the DC motors and stepper commands for the NEMA 17
motors. PWM is used to modulate the power sent to the DC motors, adjusting speed and direction by varying the
duty cycle of the signal. This technique provides efficient control of the motor's rotational speed while
minimizing power loss.

For the NEMA 17 stepper motors, precise commands are generated to control their movement in discrete steps.
Each step corresponds to a fixed angular movement, allowing for highly accurate joint positioning. In addition to
these control strategies, a Proportionalintegral- Derivative (PID) controller is employed to regulate acceleration
and deceleration. The PID controller adjusts the motor inputs dynamically, reducing overshoot, oscillations, and
mechanical stress, ensuring smooth transitions between different movement phases. This control mechanism
significantly enhances stability during motion, particularly during complex movements like turning, walking, or

stopping.
3.1.3. Kinematic Model:

The robot’s kinematic model is designed to calculate and control the robot’s joint angles and positions, allowing
the robot to move its limbs along a desired trajectory while maintaining balance. The kinematic model utilizes
both forward and inverse kinematics, which are mathematical frameworks that describe the motion of a robot's
limbs in relation to its joints. Forward kinematics calculates the position of the end effectors (such as the hands
or feet) based on known joint angles, while inverse kinematics calculates the necessary joint angles to achieve a
desired end effector position.

This model also incorporates key parameters such as the lengths of the robot’s limbs (link lengths), joint angles,
and the center of gravity, ensuring that movements are not only precise but also balanced. The kinematic
calculations help the robot maintain an upright posture, even during dynamic movements like walking or turning.
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By optimizing these calculations, the robot is able to execute complex motions while minimizing the risk of
tipping or instability.

3.2. Mechanical Design:

The mechanical structure of the humanoid robot is constructed from a combination of lightweight aluminum and
ABS plastic. These materials are chosen for their strength-to-weight ratio, offering sufficient structural integrity
while keeping the overall weight of the robot manageable. The lightweight nature of the components ensures that
the motors are not overloaded, which would otherwise limit the robot’s performance or battery life. Additionally,
the mechanical design incorporates strategic mounting points that secure all hardware components—such as the
motors, sensors, and control systems—firmly in place. This layout is designed to allow for easy assembly,
adjustments, and maintenance, ensuring that the robot remains adaptable to future modifications.

The wheels, with a diameter of 100 mm and a width of 40 mm, are specifically designed for optimal traction. This
configuration allows the robot to move effectively over both smooth and moderately rough surfaces. The robust
design of the wheels ensures that the robot can traverse a variety of environments, providing reliable mobility in
both indoor and semi-outdoor settings.

3.3.ElectricalDesign:

The electrical system of the humanoid robot is powered by a 12V lead-acid battery, which has a capacity of 7Ah.
This battery is capable of providing sufficient power to operate the robot for extended periods under normal
operating conditions. The 12V battery is also chosen for its availability and cost-effectiveness, making it a
practical solution for the robot’s power needs.

A buck converter is used to step down the voltage from 12V to 5V, which is required by low-voltage
components such as the Arduino controller and various sensors. The buck converter ensures that the system
operates efficiently by reducing energy loss during the voltage conversion process. This contributes to the robot’s
overall energy efficiency and helps maximize operational time on a single charge.

Iv. Results and Discussion

The humanoid robot has demonstrated reliable and efficient operation across all its core functionalities, fulfilling
the design goals of precision, autonomy, and user interaction. The following results highlight the robot's
performance in key areas:

4.1. Kinetic Efficiency:

The robot's kinetic efficiency is a critical aspect of its functionality, particularly in tasks that require coordinated
movement. The integration of the kinematic model, combined with stepper motors for precise joint control,
allows the robot to achieve smooth, humanlike motion. This is particularly evident in complex movements that
require synchronization between the robot’s arms and legs, such as walking, reaching, or turning. The model
calculates the appropriate joint angles and ensures that the robot maintains balance while executing these
movements. The result is a robot that can move fluidly and with an appropriate level of coordination, m irroring
human locomotion to a significant degree. The precision of the stepper motors in combination with the forward
and inverse kinematics model contributes to the naturalness of the robot’s motion, making it suitable for a wide
range of interactive and autonomous tasks.

4.2. Locomotion Performance:

The Johnson motors, used primarily for driving the robot’s wheels, provide stable and smooth movement. These
motors are designed for tasks requiring high torque and low-speed control, ensuring that the robot’s locomotion is
both steady and controlled. The low RPM (revolutions per minute) rating of the Johnson motors ensures that the
robot can move gradually without sudden jerks, which is particularly important for maintaining stability during
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navigation. The use of stepper motors for precise tasks like head rotation adds versatility to the robot's
functionality. The stepper motor's ability to perform small, controlled movements contributes to the robot's
ability to interact with its environment, such as turning its head to face different objects or people. Together,
these motors ensure that the robot performs reliably in tasks involving both fine motor control and mobility.

4.3. Power Management:

The power management system of the robot is highly effective in maintaining consistent performance. The 12V
lead-acid battery delivers reliable power, with the battery’s 7Ah capacity providing several hours of operation
under typical conditions. The system’s battery management component ensures that the battery operates within
safe voltage and current ranges, helping to extend its lifespan. The voltage indicator is particularly useful in
monitoring the battery's remaining charge, providing real-time data on the robot’s power status. This feature
enables users to plan for recharging in advance and ensures that the robot does not unexpectedly run out of
power during critical tasks. Additionally, the buck converter ensures stable voltage regulation, converting the
12V input to 5V for low-voltage components such as the Arduino controller and sensors. This ensures that
sensitive electronics receive clean, stable power without fluctuations, thereby reducing the risk of component
damage or performance degradation. .

4.4. Remote Operation:

The inclusion of an RC transmitter and receiver allows for seamless remote control of the robot, providing a
flexible means of operation. The system has a reliable range of up to 30 meters, which is sufficient for many
indoor and semi-outdoor applications. This makes the robot ideal for tasks requiring remote monitoring or
intervention, such as surveillance, inspection, or rescue operations. The RC control system offers manual control
over the robot’s movements, allowing the user to direct the robot in real-time. This feature complements the
robot’s autonomous capabilities, providing a hybrid control approach that can be switched depending on the
situation. The seamless integration of the RC system enhances the robot's versatility and provides users with
greater control in scenarios where autonomous navigation might be limited or need additional human input.

45. Visual Feedback:
The web camera integrated into the robot provides real-time video streaming, allowing users to monitor the

robot’s surroundings as it moves through its environment. This visual feedback is particularly useful in
applications like surveillance, where situational awareness is critical. The real-time feed from the camera enables
users to observe potential obstacles or interactions, which can be useful for decision-making and ensuring safe
operation. Additionally, the visual feedback system could be further expanded to include image processing
capabilities, such as object tracking, facial recognition, or scene analysis. These enhancements would allow the
robot to better understand and respond to its environment autonomously, increasing its utility in more complex
tasks such as security patrols or customer service.

v. Conclusion:

This paper outlines the successful design and development of a humanoid robot using cost-effective and readily
available hardware. The robot performs basic locomotion, obstacle detection, and remote control tasks
efficiently. The integration of kinetic design principles allows for smooth and precise movements, enhancing its
functionality. Its modular design allows for easy upgrades and customization, making it a suitable platform for
educational and research applications.

Future work includes integrating Al capabilities for autonomous navigation and decision-making. Additional
sensors, such as infrared or LIDAR, could further enhance the robot’s perception capabilities. With these
improvements, the robot could transition from a basic prototype to a more advanced humanoid system.
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