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ABSTRACT 
This review paper presents a smart robotic vehicle featuring dual control modes-voice control and 

Bluetooth control. The system uses an Arduino microcontroller, motor drivers, and a Bluetooth module 

for operation [15], [17]. Arduino is an open-source hardware platform widely used for developing digital 

and embedded systems [16], [31]. The project involves designing the hardware of the robotic car and 

programming its complete operation using Arduino IDE and embedded C programming. 

The robotic car can be controlled wirelessly through voice commands given by the user. The robot is 

capable of moving forward, backward, left, and right based on the commands received [5], [11]. An 

Android application is used to communicate with the microcontroller through Bluetooth technology [1], 

[15]. Arduino Uno acts as the brain of the robotic vehicle and controls all operations efficiently. 

The robot consists of various hardware components such as a Bluetooth module, ultrasonic sensor, PIR 

sensor, motor driver, DC motors, and buzzers. The software section includes a mobile application that 

allows the user to control the movement of the robotic car remotely. The user can either manually control 

the robot using a mobile device or switch it to automatic mode, allowing the car to navigate 

independently using sensors and programmed instructions [18], [21]. 

Keywords: Arduino, Voice Control, Robotics, Bluetooth Communication, Automation, Assistive 

Technology. 

 

1. INTRODUCTION  

Voice-controlled systems have emerged as a significant innovation in the field of robotics by providing 

hands-free operation for various applications. Using the Arduino microcontroller platform, researchers 

and developers have created systems capable of responding to voice commands for controlling robotic 

vehicle movement [12], [14], [16]. These technologies have important applications in assistive systems, 

surveillance, rescue operations, and educational platforms [18], [21], [29]. This review paper aims to 

study the existing developments in Arduino-based voice-controlled robotic cars, highlighting their 

advancements, challenges, applications, and future opportunities. 

Voice-controlled robotic cars combine wireless communication, Arduino microcontrollers, and Bluetooth 

technology to enable intuitive and efficient vehicle operation through spoken commands [15], [17]. By 

addressing challenges related to accessibility, automation, and remote control, these robotic systems are 

becoming increasingly useful in modern robotics applications, exploration systems, and smart automation 

technologies. 

The Arduino platform offers a cost-effective and open-source environment with extensive community 

support, making it suitable for beginners and researchers alike [16], [31]. Coupled with Bluetooth 

modules such as HC-05 or HC-06 and voice recognition technologies, these systems provide a reliable 

and powerful solution for creating responsive remote-controlled vehicles [1], [15]. With the growing 

demand for automation and smart technologies, Bluetooth-based voice-controlled robotic cars are 

becoming increasingly relevant in solving real-world problems and encouraging innovation in robotics 

education and research. 
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This paper provides a comprehensive review of research and developments related to Bluetooth-based 

voice-controlled robotic cars using Arduino technology. It discusses the core technologies involved, 

major challenges in implementation, applications in various domains, and future advancements that can 

improve the efficiency and intelligence of such robotic systems. 

 

2. Core Technologies in Voice-Controlled Cars 

2.1 Arduino Microcontroller 

The Arduino microcontroller provides a versatile, cost-effective, and open-source solution for developing 

robotic car or system.Arduino is an open-source microcontroller platform widely used for prototyping 

electronic projects. It is popular among hobbyists, students, and professionals due to its simplicity and 

versatility.  Its ease of programming and extensive library support make it an ideal choice for voice-

controlled car projects. The heart of an Arduino board is a microcontroller, such as the ATmega328 on 

the Arduino Uno or the ARM Cortex processors on advanced models like the Arduino Due. These boards 

are designed to be user-friendly, with a plug-and-play interface that allows easy programming via the 

Arduino Integrated Development Environment (IDE), which supports a simplified version of C/C++. 

Arduino boards come in various models tailored to different needs, including the compact Arduino Nano, 

the beginner-friendly Arduino Uno, and the Arduino Mega, which provides extra input/output pins for 

larger projects.  

 
Fig. 1 Arduino Uno Microcontroller 

2.2 Voice Recognition Modules 

Voice recognition modules are devices designed to process and interpret spoken commands, enabling 

voice-controlled systems for applications such as robotics, home automation, IoT devices, and hands-free 

interfaces [14], [25], [30]. Modules such as Elechouse Voice Recognition Module V3 and HM2007 play 

an important role in interpreting user voice commands accurately. 

These modules generally consist of a microphone for capturing audio signals, onboard processors for 

speech analysis and recognition, and output interfaces that transmit recognized commands to 

microcontrollers like Arduino or Raspberry Pi. Popular voice recognition modules such as EasyVR and 

Elechouse V3 support customizable voice commands and can work with different languages and accents, 

making them suitable for a wide range of projects. 

Advanced voice recognition systems use microphone arrays and noise reduction techniques to improve 

accuracy in noisy environments.These modules are widely applied in voice-activated home automation 

systems, robotic control systems, accessibility tools, AI assistants, and interactive IoT devices, providing 

a seamless and user-friendly experience [24], [25], [30]. 

 
Fig. 2 Voice Recognition/Bluetooth Module 
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2.3 Bluetooth Communication 

Bluetooth communication is a wireless technology used for exchanging data over short distances through 

radio waves.It is widely used in IoT devices, home automation systems, wearable devices, robotics, and 

wireless peripherals because of its low power consumption, simplicity, and compatibility with multiple 

devices [1], [15], [17]. 

Bluetooth technology operates in the 2.4 GHz ISM frequency band and uses Frequency Hopping Spread 

Spectrum (FHSS) to reduce signal interference and improve communication reliability. Bluetooth 

modules such as HC-05 and HC-06 are commonly used to establish wireless communication between the 

user’s smartphone and the Arduino-based robotic system [15], [17]. 

The communication process involves pairing devices, establishing a secure wireless connection, and 

transmitting data through protocols such as Serial Port Profile (SPP). Bluetooth communication enables 

various applications such as wireless data transfer, remote robotic control, real-time monitoring, and file 

sharing. Although Bluetooth modules are simple and energy efficient, they may face limitations related to 

communication range and signal interference in crowded environments [1], [15]. 

 
Fig. 3 HC-05 and HC-06 Bluetooth Modules 

 

2.4 Motor Controllers and Power Systems 

Motor drivers such as L298N and L293D are commonly used to control the DC motors responsible for 

the movement of robotic cars [15], [16], [31]. Proper integration of motor controllers ensures smooth, 

accurate, and reliable movement based on the received voice commands. 

Motor controllers act as an interface between the microcontroller and motors by controlling parameters 

such as speed, direction, and torque. Different types of motor controllers are used depending on the 

application, including DC motor controllers, servo motor controllers, and stepper motor controllers. H-

bridge motor drivers such as L298N are widely preferred in robotic projects because they can control 

motor direction and speed efficiently. 

Power systems are also essential components of robotic vehicles. These systems include batteries, voltage 

regulators, and energy storage devices that provide stable power supply to the entire robotic system. 

Proper power management prevents overcurrent, voltage fluctuations, and system failures. 

Together, motor controllers and power systems play a crucial role in robotics, drones, industrial 

automation, and electric vehicles by ensuring smooth, efficient, and precise operation of motors and 

electronic components [15], [16], [31]. 

 
Fig. 4 L298N and L293D 

3. Literature Survey 
Aniket R. Yeole, Sapana M. Bramhankar, Monali D. Wani, and Mukesh P. Mahajan proposed a 

Bluetooth smartphone-controlled robotic system using the ATMEGA328 microcontroller. Their work 

focused on controlling a robot through an Android smartphone application using Bluetooth 

communication and UART protocol [1]. 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882 

IJCRT2605931 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org i285 
 

M. Saravanan developed an “Arduino Based Voice Controlled Robot Vehicle” that operates according to 

voice commands provided by the user through a smartphone application [5], [11]. The system was 

designed to respond to commands such as forward, backward, left, and right movements. The project 

mainly focused on voice-controlled navigation and wireless robotic communication. 

S. J. Lee et al. designed and developed a robotic car using Bluetooth communication and sensors for 

obstacle avoidance and monitoring purposes [3]. The robot established communication between a smart 

device and the robotic vehicle using Bluetooth technology. Ultrasonic sensors were used to prevent 

collisions, while cameras were used for monitoring and image analysis. 

E. Amareswar et al. developed an autonomous robotic car using Arduino Uno R3, Bluetooth modules, 

and ultrasonic sensors [4]. The system used QR code scanning for autonomous navigation and included 

text-to-speech communication with Android devices. The robot also utilized ultrasonic sensors and PID 

algorithms for smooth and accurate movement control. 

Premkumar et al. designed a military-purpose robotic vehicle equipped with a metal detector, wireless 

camera, Bluetooth module, Arduino Uno, DC motors, and motor drivers [5]. The robot was mainly 

developed for explosive detection, surveillance, and monitoring applications in hazardous environments. 

4. Methodologies 

4.1 Design 

According to the circuit design, all hardware components including Arduino Uno, voice recognition 

module, L298N motor driver, DC gear motors, and battery are connected appropriately to perform the 

required operations [15], [16], [31]. Initially, the voice recognition module is trained with predefined 

commands. Since it is a speaker-dependent module, it can store and recognize multiple voice commands 

efficiently [14], [25]. 

The voice recognition module consists of TX, RX, VCC, and GND pins. The TX pin is connected to the 

digital input pin of Arduino, while the RX pin is connected to the corresponding transmitting pin. The 

VCC pin is connected to the 5V supply, and the GND pin is connected to the common ground of the 

Arduino system. 

The L298N motor driver is connected between the Arduino and DC motors. Input pins of the motor 

driver receive control signals from the Arduino, while the output pins are connected to the motors for 

movement control. A 12V battery supplies power to the motor driver, and the Arduino receives power 

through the motor driver output connection. A switch is also connected to control the power supply of the 

robotic vehicle. 

 
Fig. 5 Design 

 

4.2 Working of Voice-Controlled Robot Car 

The working of a voice-controlled robotic car involves hardware and software integration that allows the 

system to receive, process, and execute voice commands [14], [24], [25]. 

4.2.1 Voice Command Input 

The first step involves capturing the user’s voice command using a microphone or voice recognition 

module such as EasyVR or Elechouse Voice Recognition Module [14], [25]. The microphone converts 

sound waves into electrical signals, which are further processed by the recognition system. 

4.2.2 Voice Recognition and Processing 

The captured voice signals are analyzed using speech recognition algorithms that compare the spoken 

words with stored commands. Commands such as “move forward,” “turn left,” “turn right,” and “stop” 

are recognized and converted into executable instructions [24], [25], [30]. 
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4.2.3 Signal Interpretation and Decision Making 

After recognizing the command, the microcontroller interprets the instruction and sends control signals to 

the motor driver. The Arduino processes the input and determines the required movement operation such 

as forward motion, turning, or stopping. 

4.2.4 Motor and Movement Control 

DC motors and servo motors are commonly used for movement and steering operations in robotic 

vehicles [15], [17], [31]. The L298N motor driver controls motor direction and speed using H-bridge 

configuration. Based on the received voice command, the robot adjusts motor speed and steering 

direction accordingly. 

4.2.5 Execution 

After processing the command, the robotic car performs the required action such as moving forward, 

turning left or right, or stopping. Additional indicators such as LEDs or buzzers may provide feedback to 

the user confirming successful command execution. 

4.3 Challenges in Development 

4.3.1 Speech Recognition Limitations 

Speech recognition systems face challenges related to accent variation, pronunciation differences, and 

environmental noise [14], [25], [30]. Background noise from traffic, machines, or outdoor environments 

can reduce command recognition accuracy and affect system performance. 

4.3.2 Hardware and Software Integration 

Integrating sensors, motors, Bluetooth modules, and microcontrollers into a single system is a complex 

process [16], [17], [21]. Developers must ensure proper synchronization between hardware components 

and software algorithms for efficient and reliable performance. 

4.3.3 Range and Connectivity Issues 

Bluetooth modules such as HC-05 and HC-06 provide cost-effective wireless communication but have 

limitations in communication range and signal stability [1], [15]. Obstacles and interference from other 

wireless devices operating at 2.4 GHz frequency can affect communication reliability. 

5. Applications 

5.1 Assistive Technologies 

Voice-controlled robotic cars are highly useful in assistive technologies for physically challenged 

individuals [18], [20], [23]. These systems allow users to control movement through voice commands, 

improving independence and mobility. Features such as obstacle avoidance and emergency stopping 

further enhance safety and usability. 

5.2 Surveillance and Exploration 

Voice-controlled robotic vehicles are widely used in surveillance, rescue operations, and hazardous 

environment exploration [5], [21], [29]. These robots can navigate dangerous locations and provide real-

time monitoring through sensors and cameras while reducing human risk. 

5.3 Educational Platforms 

Arduino-based voice-controlled robotic cars serve as excellent educational tools for teaching robotics, 

embedded systems, programming, and automation concepts [12], [16], [31]. These projects help students 

gain practical knowledge of electronics, sensors, motor control, and real-time system integration. 

6. Future Directions 

 Machine Learning Integration 

One of the most promising future directions for voice-controlled robotic cars is the integration of machine 

learning (ML) and artificial intelligence (AI). Machine learning techniques, especially Natural Language 

Processing (NLP) and deep learning algorithms, can significantly improve the accuracy and flexibility of 

speech recognition systems. These technologies allow the robot to recognize different accents, speech 

patterns, and pronunciations more effectively, thereby reducing command errors and improving user 

interaction. 

ML-based systems can also adapt to individual users by learning their speaking styles over time. This 

personalized recognition improves system reliability and usability, particularly in multi-user 

environments. Moreover, machine learning algorithms can enhance noise filtering capabilities, enabling 

the robot to operate effectively in noisy surroundings. Context-aware voice recognition can further 

improve performance by interpreting commands according to the operating environment and intended 

task. As a result, the integration of ML can make voice-controlled robotic vehicles more intelligent, 

adaptive, and efficient for real-world applications.[11][18][24] 
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 IoT and Real-Time Monitoring 

The integration of Internet of Things (IoT) technology with voice-controlled robotic vehicles opens new 

possibilities for remote operation and real-time monitoring. IoT enables devices to communicate through 

the internet, allowing users to control and monitor robotic vehicles from distant locations using 

smartphones or computers. Through cloud connectivity, real-time data such as position, obstacle status, 

battery condition, and sensor information can be continuously monitored and analyzed. 

IoT-enabled robotic cars can be highly useful in surveillance, industrial automation, agriculture, rescue 

missions, and smart transportation systems. Real-time monitoring also supports predictive maintenance 

by identifying faults or performance issues before system failure occurs. Additionally, multiple robotic 

vehicles can work together as a coordinated system by sharing information over a network, thereby 

increasing operational efficiency and automation capabilities.[18][21] 

 Energy Efficiency Improvements 

Energy efficiency is another important area for future development in voice-controlled robotic vehicles. 

Most existing systems rely on conventional battery technologies, which limit operating duration and 

require frequent recharging. Future systems can improve efficiency by incorporating low-power 

microcontrollers, energy-efficient sensors, and communication modules such as Bluetooth Low Energy 

(BLE). 

Advanced battery technologies, including lithium-polymer (Li-Po) and solid-state batteries, can provide 

higher energy density, faster charging, and longer operational life. Renewable energy integration, such as 

solar charging systems, may further extend operating time for outdoor applications. Intelligent power 

management algorithms can also optimize energy consumption by activating hardware components only 

when required. These improvements will enhance the sustainability, reliability, and performance of 

autonomous robotic systems.[20][29] 

 Enhanced User Experience 

Future voice-controlled robotic cars are expected to provide a more natural and user-friendly experience 

through advanced speech recognition and NLP algorithms. Users may interact with the system using 

conversational language rather than fixed commands, making the interaction more intuitive and seamless. 

Personalized responses, multilingual support, and adaptive interfaces can further improve accessibility 

and usability for a wider range of users.[24][30] 

 Autonomous Features 

The combination of voice control with autonomous navigation technologies can improve both safety and 

convenience. Future robotic vehicles may be capable of performing autonomous tasks such as self-

parking, path planning, obstacle avoidance, and automatic return-to-home operations. Integrating AI with 

sensors like ultrasonic sensors, cameras, and LiDAR can help the vehicle navigate complex environments 

with minimal human intervention.[13][21] 

 Smart Home Integration 

Voice-controlled robotic systems can also be integrated with smart home technologies through IoT and 

wireless communication protocols. Users may control household appliances, lighting systems, or security 

devices through the robotic platform. Such integration can improve automation and convenience in smart 

living environments.[27][28] 

 Remote Operation and Monitoring 

Future robotic vehicles may support advanced remote-control features through Bluetooth, Wi-Fi, or 

cloud-based systems. These capabilities can be applied in hazardous environments, surveillance 

operations, delivery services, and disaster management tasks where direct human involvement may not be 

safe or practical.[29][30] 

 Educational and Research Applications 

Voice-controlled robotic vehicles will continue to play an important role in education and research. 

Arduino-based robotic systems provide students and researchers with practical exposure to embedded 

systems, robotics, artificial intelligence, IoT, and automation technologies. These projects encourage 

innovation, creativity, and hands-on learning in engineering and technology fields.[12][17] 
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 Entertainment and Gaming 

Voice-controlled robotic cars can also be utilized in entertainment and gaming applications. They may 

serve as interactive gaming devices, robotic racing platforms, or augmented reality (AR) systems. Such 

applications can enhance user engagement and provide innovative experiences in the field of smart 

entertainment.[17] 

 Commercial and Industrial Applications 

In industrial sectors such as warehousing, logistics, and manufacturing, robotic vehicles can automate 

tasks including material handling, transportation, and inventory management. Voice-controlled systems 

can simplify operations and improve productivity while reducing human effort.[21][29] 

 Healthcare and Assistance 

In healthcare applications, robotic vehicles can assist patients with mobility limitations and support 

hospital operations such as medicine delivery and monitoring tasks. Voice-controlled systems are 

especially beneficial for elderly and disabled individuals because they enable hands-free interaction and 

easier accessibility.[20][23] 

 Environmental Monitoring and Exploration 

Robotic vehicles equipped with sensors and cameras can be used for environmental monitoring, 

infrastructure inspection, and exploration in hazardous or inaccessible areas. Voice and wireless control 

technologies enable safe and efficient remote operation for such applications.[29] 

 Customization and Personalization 

Future robotic systems may offer greater customization features, allowing users to personalize functions, 

commands, and operational behaviors according to their requirements. Personalized interfaces and 

adaptive controls can improve user satisfaction and system effectiveness.[30] 

7. Conclusion 
Arduino-based voice-controlled robotic vehicles represent an important advancement in the fields of 

robotics, automation, and embedded systems. These systems combine voice recognition technology, 

Bluetooth communication, microcontrollers, sensors, and motor control mechanisms to create an efficient 

and user-friendly robotic platform. The integration of speech recognition with wireless communication 

enables hands-free operation, making robotic systems more accessible and practical for a wide range of 

users and applications. 

Despite several challenges, including speech recognition accuracy, environmental noise interference, 

hardware-software integration complexity, and communication limitations, continuous advancements in 

artificial intelligence, machine learning, IoT, and sensor technologies are expected to overcome these 

issues in the near future. The development of more intelligent and adaptive systems will significantly 

enhance the reliability, efficiency, and functionality of voice-controlled robotic vehicles. 

The proposed “Voice Controlled Robotic Vehicle” demonstrates the successful implementation of a 

robotic system capable of responding to user voice commands with precision. The project highlights the 

effective use of Arduino programming, Bluetooth communication, speech recognition technology, 

ultrasonic sensors, and motor drivers to achieve smooth robotic movement and obstacle avoidance. The 

simplicity of implementation and low-cost design make the system suitable for educational, industrial, 

healthcare, surveillance, and assistive technology applications. 

Voice-controlled robotic vehicles are especially beneficial for disabled individuals and elderly users 

because they reduce physical effort and provide easier control mechanisms. In addition, these systems 

can be utilized in hazardous or inaccessible environments such as military operations, rescue missions, 

disaster management, environmental monitoring, and industrial automation, where direct human 

involvement may be difficult or dangerous. 

Furthermore, the project provides a valuable educational platform for students and researchers to gain 

practical knowledge in robotics, embedded systems, IoT, artificial intelligence, and automation 

technologies. The integration of advanced features such as autonomous navigation, cloud connectivity, 

machine learning, and smart home interaction can further expand the capabilities of robotic vehicles in 

future developments. 

In conclusion, voice-controlled robotic vehicles have significant potential to contribute to modern society 

by improving automation, accessibility, safety, and convenience. With continuous technological 
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advancements, these systems are expected to become more intelligent, efficient, and widely adopted 

across multiple domains in the future. 
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