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ABSTRACT

The voice-controlled artificial intelligence robot is a smart mobile platform that is used to interact with in real-
time and operate remotely by voice commands. The system makes use of the L293D motor drivers to control four
DC gear motors on wheels connected to the Arduino Uno R3 central processing unit and allows the system to
have a high level of locomotion precision. Communication is made possible by an HC-05 Bluetooth module,
which enables a smooth communication with a mobile device to feed in commands. A Wi-Fi-enabled camera
transmits live video over the air to be monitored and navigated whereas a voice feedback and response is provided
by an audio player BT kit that has 1.5-inch speaker. The power system consists of two 3.7V lithium batteries,
attached to cell holders, an on/off switch, and a battery indicator, which allows a good energy management. The
use of ribbon wires is utilized in case of flexibility connection and it suits the small structure of the robot. Such a
design enables the robot to carry out autonomous tasks, remote controlled tasks and a combination of mobility,
real time monitoring and voice interaction. The experimental findings reveal that the system can react properly to
voice commands, live video, and find way around inside buildings, which makes it potentially useful in
automation, assistive robotics, and learning.

“Index Terms — voice-controlled robot, Arduino Uno R3, Bluetooth communication, L293D motor driver, Wi-Fi

camera, DC gear motors, lithium battery management, mobile remote operation. ”

1. INTRODUCTION
Intelligent mobile systems that comprehend and respond to the human commands have been developed as a result
of the advancement of robotics and human computer interaction. Voice controlled robots have also become an
eminent solution to improving user interaction, which allows them to be controlled in real-time and make
autonomous decisions [1]. Such systems use the speech recognition and artificial intelligence methods to decode
human instructions and perform tasks with limited physical effort, therefore, are very suitable in the fields of
automation, assistive technologies and education [2]. The most recent research has seen the incorporation of
adaptive voice control in collaborative robotics where the behavior of the robots can be changed by feedback of
the user, making interaction between humans and robots safer and more intuitive [3]. The mobility that is provided
by mobile platforms together with wireless communication modules like the Bluetooth and the Wi-Fi has also
increased remote control and real-time observation, which brings more versatility to the robotic systems [4], [5].
The development of cost-efficient and programmable robots that can execute complex tasks at a high level of
precision has been made easy through the use of microcontroller-based platforms such as Arduino [6]. By
integrating with motor drivers, the control of many actuators to give a smooth and reliable locomotion is possible.

Moreover, audio feedback systems also tend to improve the interaction by providing feedback or notices, which
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will allow the user to find more interactive experience [7]. The studies of the Al-driven voice chat robots point
out the opportunities of the integration of Internet of Things (IoT) gadgets and speech recognition in order to
create interactive and intelligent robots [8]. Although flexible voice-controlled mechanisms have also been
discussed in order to allow flexibility in different industrial and domestic contexts, it has been further highlighted
that multicasting hardware and software equipment are important to control efficiently [9]. New systems are being
introduced with real-time video streaming and video surveillance which allows operators to navigate and control
robots remotely, which enhances operational efficiency and safety [10].

The main aim of the proposed work is to create and deploy a mobile Al robot that will be able to respond to voice
commands with some precision via a mobile interface and at the same time provide real-time visual cues and
audio feedback. Combining microcontroller based control, wireless communication, and intelligent voice
processing, it is hoped that the system will add extra mobility, interaction and usability, providing a viable solution

in autonomous assistance, education, and interactive robotics uses.

2. RELATED WORK

The use of voice-controlled robotics has emerged as a major field of study due to the necessity of natural human-
robot interface and autonomous control. Different researches have been conducted concerning the incorporation
of speech recognition systems with mobile robotics to improve the efficiency and flexibility of control. Gupta et
al. [11] introduced a speech-based wireless control system with mobile robotics whereby strong voice interfaces
have the capacity to provide highly accurate movement control, without human intervention. This paper has
brought out the need to incorporate solid communication protocols in order to minimize time delays and enhance
the accuracy of commands. On the same note, Sajjad et al. [12] have discussed the use of Al and 10T in agricultural
robotics, as they have designed a FarmBot to help farmers with disabilities. The article highlights the practical
application of voice recognition and smart robots to carry out mindless or physically tough jobs.

Multimodal control mechanisms have also been improved to improve human-robot interaction, such as voice and
gesture-based systems. Zhang et al. [13] explored voice command and gesture-based methods of controlling
mobile robots and showed that multimodal input could help a great deal in achieving better user experience and
operational effectiveness. Pandy et al. [14] have given an extensive work on the human-robot interface,
summarized the different methods of interactive control, including the basic command-based systems, to adaptive,
learning style robots. Their contribution highlights the increasing popularity of incorporating Al into the process
of interaction with nature and context that supplies the user with a smaller cognitive load.

Voice-controlled robots have been increased with the integration of consumer electronics and large language
models. Wu et al. [15] showed how a consumer oriented robotics system was developed under the use of Al
structures to respond to and process complex voice commands to allow a more natural and human like interaction.
Voice technology has also been used with loT-enabled surveillance robots, such as demonstrated by Libina et al.
[16], in which night patrol robots made use of speech commands to further enhance their monitoring and reaction
to improve real-time sensory feedback with autonomous functionality. Patil et al. [17] investigated the use of
voice assistants on food-serving robots, which emphasize the importance of voice-based control on service-

oriented robotics.
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The use of advanced sensors and machine learning methods has been used to face indoor monitoring and control.
As Fezari et al. [18] introduced an indoor mobile robot, which is operated with the help of Kinet sensors and
machine learning, showing the superiority of voice commands with the help of visual processing can be more
effective to use the device. Santana et al. [19] developed an interactive service robot control and monitoring
system, in which the speech recognition, real-time feedback, and user interface design are integrated with the
system to improve the usability. Moreover, Chen et al. [20] suggested a synergistic model that was based on
nonlinear acoustic computing with reinforcement learning, which oriented the real-life human-robot interaction
to change according to the changing environment and variable commands of the user.

All these studies point towards a number of research gaps such as the integration of voice recognition and real -
time mobility control should be seamlessly integrated, adaptive learning of various commands and efficient energy
management of mobile platforms. Current systems usually rely on either indoor navigation, service tasks or
industrial applications alone with little effort to explore the potential of a system that is fully integrated and is
capable of integrating mobility, voice responsive, real-time monitoring and audio feedback. To cope with these
failures, a system is needed, which can communicate intuitively with humans, move around autonomously or
semi-autonomously, and deliver dependable performance within various operating situations. The suggested
design will fill these gaps by adopting a mobile Al robot that is able to react correctly to voice commands, live
video streaming, and interactive audio response in order to produce a multifunctional platform of automation,

education, and assistive robotics.

3. MATERIALS AND METHODS
This system proposes an intelligent mobile robot that can perform specific movements at the voice command as
well as giving real-time feedback (visual and audio). An Arduino Uno R3 acts as the main controller, L293D
motor drivers to power four DC gear motors, and an HC-05 Bluetooth device for wireless communication with a
mobile device, become a part of the design that allows the remote operation to be operated intuitively [23]. It has
a Wi-Fi enabled camera to broadcast live video stream to monitor navigation and improve situational awareness
in the course of operations [21]. The audio player BT kit and one and a half inch speaker give voice responses
which makes it interactive to people who use it. The power system incorporates two lithium batteries which have
battery indicators to guarantee a reliable and continuous working of the system [24]. The system seeks to bridge
the gaps in the current robotic platforms by integrating adaptive voice control, mobility, and real-time sensory
feedback to provide a versatile system that could be used in assistive, educational, and autonomous monitoring

applications [25].
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Fig.1 Block Diagram
In Figure 1 the block diagram of a robot system based on Arduino is presented. Arduino Uno R3 is the main
controller, which will be connected by the HC-05 Bluetooth Module through wireless means. It receives such
inputs and transmits control signals to the L293D Motor Driver which controls the amount of power fed to the
Motor. A Wi-Fi Cam is also attached to the Arduino, where there might be video streaming, a Battery Indicator
gives feedback of power, probably to the motor driver circuit.
i) Microcontroller and Communication Setup:
The main part of the suggested system is the Arduino Uno R3 microcontroller that process, receive, and send
inputs and outputs. It reads voice commands through an HC-05 Bluetooth module that provides a connection to a
mobile phone through wireless connection to enable the transmission of real-time commands. These inputs are
then processed by the Arduino and are converted into control signals that are sent to the L293D motor driver that
drives the DC gear motors. The flexed and reliable connections of the Arduino, motor driver, sensors and audio
modules are also made by ribbon wires. The power is delivered through two 3.7V lithium batteries that are
installed in cell holders where there are some on/off switches and battery indicators to control the entire process
of keeping track of battery health. This arrangement allows the low-latency communication, precise command
execution as well as uninterrupted assimilation between the hardware and the mobile interface, which underlies
the interactive and autonomous robot functionality.
ii) Locomotion and Motor Control:
The four Bo DC gear motors that are attached to the wheels are powered by the L293D motor driver, allowing the
mobile robot to move forward, back and turn. PWM signals sent by the Arduino control motor speed and direction
and enable the motor to move smoothly and precisely. The design has the stability of all the wheels moving in
synchrony and the turning ability by the wheels with minimal slippage through the use of differentiation motion.
The four-wheel has the ability to give uniform support to allow movement on plain indoor grounds. Compact
solutions to the ribbon wires are applied in connecting the motor drivers and motors to guarantee flexibility and
reliability. The motors are tested to have the same torque and speed at varying loads so that the robot can react to
voice commands appropriately. This locomotion system constitutes the main system to convert digital instructions
into the actual movement.
iii) Audio Feedback and Voice Interaction:
The means of achieving the interactive functionality is an audio player BT kit and a 1.5-inch speaker built into
the microcontroller. The Arduino is then triggered by the receipt of a command through Bluetooth causing the
audio module to play the predefined feedback sounds or messages giving feedback to verify receipt and execution.
This increases interaction with the user and makes it responsive, especially on assistive or educational situations.
The system can handle a number of voice commands, hence it can be used to execute a number of tasks without
human intervention. Audio feedback system is aligned to the movements of the robot, and camera streaming
delivery, which gives real-time feedback to the user. The combination of voice recognition and audio response
fills the gap between human-robot communication, which makes the system easier to use and understand.
iv) Visual Monitoring and Power Management:
The module also has a Wi-Fi camera to allow the user to stream video in real-time to the mobile device and hence
do remote monitoring and navigation. The camera helps the operator to see around, overcome challenges and be
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safe. The dual lithium battery system ensures all the components have consistent power supply and the battery
indicators make sure there is constant monitoring of the system to avoid abrupt breakdowns. Each battery cell has
on/off switches enabling them to be controlled separately and enhance energy efficiency. The Arduino controls
the power distribution and provides the synchronization of motors, sensors and the audio /video modules. This
visual monitoring and trusted power management ensures constant operation, ensures a higher level of safety, and
provides a better overall performance of the system, in case of an autonomous or semi-autonomous working
process.
v) Components Used:
The voice-activated Al robot combines various hardware and software resources to offer interactive, autonomous
and remote-controlled features. Every single component is chosen to do certain functions, whether it is processing
voice commands and managing motors or giving real-time video feedback and audio replies. All these make up a
smooth, smart robotic platform that could be used in education, assistance, and automation.
a)Arduino Uno R3: The main processing unit of the robot is the Arduino Uno R3. It also gets voice command
signals as input via the HC-05 Bluetooth module and processes it to produce suitable control signals to the L293D
motor driver. It also coordinates the work of the audio player, speaker and Wi-Fi camera. The Arduino
programmable digital and analog 1/O pins allow connecting with a variety of other components, and the
programmable pins of this board provide accurate coordination and real-time response. It is small, consumes less
power and has an open-source ecosystem, which makes it best suited when a person wants to create a prototype
in an unusually short time and the robot system can easily implement motion, communication and sensory
capabilities.
b) L293D Motor Driver: The L293D motor driver is a driver that controls the four DC gear motors based on
PWM signals sent to it by the Arduino. It controls the pace and the direction of the motors in order to move
forward, reverse and turn. This motor is capable of two-way motor control and provides coordinated movement
and uniform control over the movement in the indoor surfaces. The small size enables it to be connected to ribbon
wires and microcontroller pins, which ensures a connection that is reliable. The L293D prevents damage to the
controller by isolating the high-current motor circuits of the Arduino yet provides enough torque to cause the
movement of the robot. It is required in order to translate digital commands to precise mechanical move.
c) HC-05 Bluetooth Module: The HC-05 Bluetooth module provides a wireless communication between the
mobile device and the robot. It gets the voice command on a smartphone or tablet, and sends the information to
the Arduino to process. It has a stable connection and low-latency delivery of the commands, which are configured
in a master or slave mode. The module is programmed to work at 3.3V logic levels and it is compatible with the
microcontroller. It is also small and dependable which makes it ideal in mobile robots. The HC-05 is convenient,
safe, and useful in many situations in the house by enabling remote control and so that the users can interact with
the robot without having direct physical access.
d) Wi-Fi Camera: The camera has Wi-Fi functionality that allows video streaming in real-time to the mobile
phone of the operator, which allows him to navigate, identify obstacles, and track. It is linked to the Arduino and
is supplied with power through the lithium batteries and can be remotely monitored when in operation. High
quality images or video can be streamed on the camera and accurately controlled even on the areas that cannot be
seen by the user. Its wireless system saves them the hassle of having complicated wiring systems that will clutter
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the system. The camera can provide a better situational awareness, teleoperation, and offer more safety when
performing autonomous or semi-autonomous work through the use of visual feedback. Real-time and remote
monitoring of the robot is important.

e) Battery and Power Management: This system includes 2 lithium batteries with 3.7V current and are made up
of separate cell holders that ensure that all the parts are supplied with constant power. On/off switches enable
control of each battery independently and a battery indicator observes the voltage levels to be safely operated.
The arduino controls power flow to motors, audio module and the camera. Lithium Chemical batteries feature
high energy density and high run-time, which guarantees a consistent level of functioning over a long period of
time. Effective power management ensures that shutdowns are not sudden, components are not damaged and the
efficiency of the system is increased. This configuration would ensure that voice recognition, mobility, audio
output, and video streaming can be performed continuously.

f) DC Gear Motors and Wheels: The four Bo DC motors have locomotion which pushes the wheels forward,
backward and turns them. The motors are controlled by the L293D motor driver controlled by the Arduino to
provide the motors with accurate PWM signals to control direction and speed. The reduction gear multiplies torque
making the gear changeable under different loads. They are coupled with wheels, which makes them able to
navigate stablely on an indoor surface. The four-wheel product is used to balance and maneuver. Ribbon wires
are used to attach the motors to the driver to enable proper transfer of power and signals. The motors and wheels
combined then convert digital instructions into mechanical motion which is the basis of the mobility system of
the robot.

g) Audio Player BT Kit and Speaker: The audio player BT kit is set up with a 1.5-inch speaker that is used to
give interactive audio feedback to user commands. When a voice command is given, the Arduino uses it to activate
the module to give out a series of predefined replies or alerts to ensure it has been executed. The system promotes
the interaction between the human and the robot since it produces a responsive and interactive experience. The
Bluetooth audio system has been made to work in unison with the microcontroller, thus wireless control and
playback is possible. It offers real-time audio feedback that is synchronized with the movements of the robot to
facilitate a better usability of the robot, lower ambiguity of command recognition, and maximize safety. The kit
is also small, power-saving and what is necessary to produce an interactive voice-controlled robotic system.

vi) Working Process:

1. Voice Command Input: To send voice commands to the robot the mobile device takes voice commands with
a dedicated application or interface and sends them wirelessly to the HC-05 module as a Bluetooth device. These
audio signals are sent to the module which processes them into digital data which it in turn sends to the Arduino
Uno R3 to be processed. The wireless communication enables the robot to be operated remotely without any
physical contact and hence flexibility and convenience. The stable connection Bluetooth provides makes real-time
execution of commands through the transmission with low-latency.

2. Command Processing: After this, the voice commands are transmitted to the Arduino Uno R3 which then
interprets the input based on programmed sets of instructions. The controller recognizes the action demanded like
fording forward, turning or halting and produces the respective PWM signals to control the motor. Also, the

Arduino elicits the right audio reactions using the speaker system or the visual reaction using the camera system.
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This action will guarantee that every command is correctly converted into motion and feedback so that the robot
can be feet to the ground in the same direction and with minimal error.

3. Motor Activation: Arduino PWM power outputs are connected to the motor driver L293D that serves as the
interface between the microcontroller and the four DC gear motors. The motor driver controls the speed, direction
and the torque of every motor making the robot move easily. This enables the robot to do forward and backward
as well as turn maneuvers. The coordination of all four wheels facilitates the stability of navigation even at the
different load conditions. The system converts computer code into the fine mechanical movement.

4. Audio Feedback: The Arduino is used to switch on the audio player BT kit and 1.5-inch audio speaker to issue
real-time report on executed commands. The user is made aware that the robot has gotten and is acting upon the
requested action by preloaded messages or sound notifications. The feedbacks increase the level of interactivity,
minimize ambiguity, and improve user experience because the robot becomes more responsive and interactive.
The audio feedback is aligned with movement and visual surveillance to make sure that the users should have
direct and unmistakable feedback of all the actions.

5. Visual Monitoring: The Wi-Fi camera is connected to allow the user to have real time image of what is being
seen by the robot and it is sent to the user mobile device. This enables the operator to steer clear, track the
hindrances and direct the robot over complicated routes. Remote operation requires visual feedback to provide
accuracy especially in a cluttered or indoor environment. The camera will also make sure that the movements of
the robot are monitored adequately and that its connection to the Arduino and power system makes sure that the
video is streamed continuously and without interruptions.

6. Power Management: The robot is driven with the help of 2 lithium batteries 3.7 V and joined by cell holders,
and it has the possibility to use on/off switches to control its operation. Battery indicators check the voltage levels,
and it produces real time feedback to avoid the abrupt power loss. The Arduino regulates the power flow
throughout the motors, audio module, and camera, which guarantees the standard performance. The arrangement
ensures that the system is operational 24/7, shields the parts against voltage fluctuations, and allows extended
operations that would enable the robot to work in a stable environment on prolonged sessions or indefinitely on

remote-controlled operations.

4. RESULTS AND DISCUSSIONS

The deployed voice-controlled Al robot was proven to be reliable when it comes to performing the commands of
users and feedback in real-time. When the system was tested, it was able to identify voice commands relayed by
the mobile phone through the HC-05 Bluetooth module and there was low latency. The Arduino Uno R3 was able
to handle these commands and produce PWM signals that enabled the L293D motor driver to use these to drive
the four DC gear motors effectively. The robot also executed forward, back and turning moves with high
coordination indicating that the robot is stable in locomotion on flat surfaces inside the house.
Feedback on the 1.5-inch speaker and Bluetooth audio module was audio feedback, when it was proven that the
commands were received and worked, which improved the conduct of the interaction and user trust. At the same
time, the Wi-Fi camera broadcasted live video to the mobile phone that made it possible to monitor and navigate
effectively in real time. Battery indicators gave accurate data regarding the power position and the presence of
dual lithium batteries ensured that the product will not run out of power.
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In general, the findings have shown that voice recognition, motor control, audio feedback and visual monitoring
in combination will give a smooth and interactive robotic system. The discussion points to the possibility of
making this platform further extend to learning, supportive, and service based use cases wherein human-robot
interaction must be real time. The weak points are that it can perform poorly in noisy conditions, which can be

improved by adding more noise filters or better speech recognition programs in subsequent versions.

Fig.4 Robot -

5. CONCLUSION

The introduction of the voice-controlled Al robot serves as an effective example of mobility, real-time monitoring,
and the ability of the interactive voice implementation into a small and efficient system. The challenge is that the
robot can react to voice commands sent through a mobile device and this indicates that the HC-05 Bluetooth
module is reliable in wireless communication and the audio player BT kit is effective in providing feedback. Four
DC gear motors and wheels coupled with the L293D motor driver give the control of the motor a fine and steady
movement allowing the driver to travel smoothly on different indoor surfaces. The system is also usable in
activities where remote supervision or teleoperation is necessary since the Wi-Fi camera can provide real-time
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visual feedback to facilitate continuous monitoring. The two lithium battery structure with battery sensors will
guarantee the continuity of operation, a fact that justifies the strength of the energy management system. The
results of experimental testing show that the robot is able to perform complex sequences of movements quickly,
reacting to commands, and retain the same performance under different loads. This implies that it can be put into
practical use, such as automation, interactive learning devices, assistive robotics, and even smart home integration.
The effective integration of voice control, mobility, and real-time monitoring provides a platform to add more
knowledge to autonomous and intelligent robots in the future.

In the future, the development of autonomous abilities could be done through better design with the incorporation
of superior sensors like ultrasonic and infrared sensors to detect obstacles and plan the routes. The use of machine
learning algorithms, voice recognizing and natural language processing, could make the system more accurate in
recognizing various commands and context-based instructions. All-terrain wheels or tracks would lead to
expansion of the mobility in diverse environments other than the indoor surfaces. The connection to the cloud
would help to monitor remotely, record data, and perform real-time analytics to make smarter decisions. Besides,
power management algorithms and larger capacity batteries can be used to optimize energy efficiency. Such
advances are intended to make the robot more intelligent, multi-purpose, and autonomous to be used in industrial,

educational, and assistive robotics applications.
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