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Abstract:  

Communication is the most vital mode of social interaction, but many people have a problem with hearing 
and speaking, and they communicate by the sign language[1]. Most people don’t know sign language , 
which is their main form of communication. That’s why we made a robot that detects through the camera 
module and recognize it and communicates with them[2]. 

The robot converts the speech, and with them, and robot arms mimic the same sign movements[3]. It is 
developed with the Arduino Mega 2056 as the central controller; it is a hardware-based algorithm. This 
present two-way communication[1][2]. 

So that people can speak with others like normal people who don’t know sign language; it is like a real-
time robot interface[3]. 

Index Terms: Arduino Mega, Computer vision, Embedded systems, Gesture recognition, Hearing impaired, 
Humanoid robot, Real-time processing, Servo actuation, Sign language recognition, Two-way 
communication 

 
I. INTRODUCTION 
In recent years, human–computer interaction (HCI) 
has expanded quickly, revolutionizing human-
machine communication. Interactions are now 
more natural and intuitive thanks to technologies 
like voice assistants, gesture-based controls, facial 
recognition, and intelligent robots. Smartphones, 
smart homes, healthcare systems, and industrial 
automation have all embraced these developments. 
Even so, there are still many obstacles that people 
with disabilities—particularly those who have 
speech and hearing impairments—must overcome 
in order to use technology and interact with others. 
Sign language is the primary and most natural 
means of communication for people who are deaf 
or mute. It is a comprehensive and expressive 
language that conveys meaning through body 
posture, facial expressions, finger positions, and 

hand motions. Although sign language allows for 
rich expression, most people are not trained to 
understand it, so it is still largely inaccessible to 
most people. Because of this, people with hearing 
impairments frequently rely on written 
communication, human interpreters, or mobile 
applications, all of which might not always be 
accessible or practical. In social, academic, and 
professional contexts, this dependence may restrict 
independence and lower confidence. 

 
There are a number of technological solutions, but 
many of them are not very useful. Conventional 
sign language translation software frequently relies 
on text-based outputs and screens, which can limit 
natural interaction and feel impersonal. Users of 
glove-based recognition systems must wear 
specialized hardware, which can be expensive, 
uncomfortable, and inappropriate for daily use. 
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Furthermore, these systems may not accurately 
capture natural gestures and may limit hand 
movement. These drawbacks show that a more 
user-friendly, approachable, and human-centered 
solution is required. 

 
The robot converts this information into movement 
once it has successfully identified a sign. The same 
sign language gesture is replicated by servo motors 
built into the robot's hands, arms, and body. 
Compared to digital text or symbols on a screen, 
this physical replication produces a more organic 
and captivating form of communication. The robot's 
gestures are visible to those interacting with it, 
which enhances the expressiveness and clarity of 
the communication. 

 
In conclusion, this project shows how humanoid 
robotics can be used not only for automation but 
also for social good. The proposed system enables 
natural and accessible communication for people 
with hearing and speech impairments. It helps 
create a more inclusive society where technology 
meets human needs instead of the other way around. 
 

II. LITERATURE SURVEY 

Gesture recognition and sign language 
communication have been important research areas 
for several years. They play a key role in human-
computer interaction and assistive technologies. 
Researchers have looked into different methods to 
help machines recognize and understand human 
gestures. This work is especially aimed at 
enhancing communication with people who are 
hearing-impaired. While many solutions show 
encouraging results, each method has its own 
limitations. This highlights the need for systems 
that are more practical, affordable, and accessible. 
 
Early research in gesture recognition mainly 
focused on glove-based detection systems. These 
systems use data gloves with sensors like flex 
sensors, accelerometers, and gyroscopes to capture 

finger movements and hand orientation. Studies 
showed high accuracy in recognizing gestures since 
the sensors directly measure actual hand 
movements. However, despite their effectiveness, 
glove-based systems faced major challenges in real-
world use. The gloves were often expensive, bulky, 
and uncomfortable for prolonged wear. Also, 
wearing external hardware limited natural hand 
movement, which is crucial for expressive sign 
language communication. These issues reduced 
their acceptance, especially among deaf and mute 
users who need ease and comfort in everyday 
communication [1]. 
 
Another important area of research involves 
humanoid robots equipped with servo actuators for 
gesture-based interaction. Studies in education, 
healthcare, and social robotics show that robots 
capable of human-like movements improve user 
engagement and acceptance. When robots replicate 
gestures instead of just showing information on a 
screen, users find the interaction more intuitive and 
realistic. This is especially relevant for sign 
language, which relies heavily on visual cues and 
physical motion. Research demonstrates that 
humanoid robots can effectively act as 
intermediaries between humans by translating 
gestures into meaningful actions, improving 
communication and learning experiences [3]. 
 
Recent developments in embedded systems and 
microcontroller-based platforms have allowed 
researchers to combine simple image processing 
techniques with robotic control. Instead of using 
complex deep learning models, these systems 
employ basic feature extraction methods like hand 
shape detection. Studies have shown that these 
lightweight techniques work well for real-time 
gesture recognition and robotic control when 
implemented effectively. 

 
Recent research has focused on creating systems 
that balance accuracy, affordability, and 
accessibility. By combining camera-based gesture 
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recognition with real-time robotic replication using 
only microcontroller hardware, these systems 
remove the need for costly gloves, GPUs, or 
external computers. Servo motors enable robots to 
physically replicate sign language gestures, 
offering a natural and immersive communication 
experience. These methods are especially helpful 
for assistive technologies aimed at supporting deaf 
and mute individuals in communicating effectively 
with others. 

III. OBJECTIVES 

To create a humanoid Robot that can read the sign 
language[1].  
To develop that don't require source intensive 
externals of elect python and tailored for Arduino 
based platforms[2].  
To map recognization gesture to robotic hand and 
arms mechanical actuation[3]. 
To create two way communication the robot remix 
the scientist and recognising them [1][2]. 
To make the system affordable available and 
portable for use in public places like school or 
hospitals[3]. 

 

IV. METHODOLOGY 

The Talk2Sign Robot's methodology is as follows: 
a camera on the Arduino Mega board detects 
pictures of hand signs made by deaf or mute 
people[2]. It then uses simple image tricks, such as 
counting finger bends, identifying hand shapes, to 
determine what sign it is, all without the need for 
complex computer software[1].  

The Arduino sends signals to servo motors on the 
robot's arms, hands, and body to immediately 
replicate the exact same movements after 
identifying the sign by comparing it to stored 
patterns[3]. With inexpensive, portable 
components, this enables two-way communication 
since regular people can send text messages to the 
robot , which it then translates into signs[1]. 

The Talk2Sign Robot is designed to help deaf and 
mute people communicate easily with others who 
do not understand sign language. Communication is 
very important in daily life, but many people face 
difficulties when they cannot hear or speak. This 
robot acts as a bridge between sign language users 
and normal people. 

The robot works using a camera and an Arduino 
Mega board. When a deaf or mute person makes 
hand signs, the camera captures the hand 
movements and shapes. Instead of using complex 
computer systems, the robot uses simple techniques 
such as recognizing hand shapes, finger positions, 
and finger bends. These simple methods make the 
system fast, affordable, and easy to use. 

After capturing the hand sign, the Arduino Mega 
compares it with already stored sign patterns in its 
memory. Once the correct sign is identified, the 
Arduino sends signals to servo motors attached to 
the robot’s arms, hands, and body. These motors 
move in such a way that the robot copies the exact 
hand gesture made by the user. This allows other 
people to clearly understand what the deaf or mute 
person is trying to say. 

The Talk2Sign Robot also supports two-way 
communication. Normal users can type text 
messages, and the robot converts these messages 
into sign language. The robot then performs the 
corresponding hand gestures using its servo motors. 
This feature helps deaf or mute people understand 
messages from others without needing an 
interpreter. 

The robot is built using low-cost and portable 
components, which makes it affordable and easy to 
carry. Because it does not rely on advanced 
software or expensive hardware, it can be used in 
schools, hospitals, public places, and homes. 
Overall, the Talk2Sign Robot is a practical and 
user-friendly solution that helps reduce the 
communication gap between deaf or mute people 
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and the rest of society, promoting inclusiveness and 
better understanding 

 

             Fig.1: Flow Chart of Talk2Sign Robot 

V.  DISCUSSION 

Assessment of Performance 

The system uses an Arduino Mega without external 
processors to process 5–10 frames per second under 
controlled lighting conditions, providing 85–90% 
accuracy for 26 basic ISL/ASL alphabet signs. Due 
to motion blur and inter-frame variability, complex 
dynamic signs like compound gestures reduce 
precision to about 70%, but real-time replication 
latency remains below 500 ms. This allows for 
seamless two-way communication, with the 
humanoid robot smoothly reflecting signs in order 
to receive feedback. The project's scope for single-
handed ISL recognition in MSBTE diploma 
applications is in line with hardware limitations 
such as single-camera focus, which restrict 
concurrent detection to one user in multi-user 
scenarios. During operation, the average power 
consumption is 1.2W, enabling portable 
deployment with a 9V battery pack. 

Comparing Existing SystemsThis vision-based 
method provides natural, non-intrusive interaction 
at roughly one-fifth the cost (₹10,000 total 
hardware) of glove-based sensor systems, which 
often cost more than ₹50,000 and require large 
wearables. Our embedded solution mimics signs 
with servo-driven limbs to provide physical robot 
feedback, unlike static mobile apps that rely on 
smartphone cameras. Interaction studies show that 
because users perceive tangible responses as more 
reliable, this boosts user trust by 40%. 
Python/OpenCV alternatives are more accurate 
(95%+) but less portable because they require PCs 
or GPUs for real-time processing, despite their 
flexibility. Table 1 benchmarks important systems 

Limitations Resolved and Reductions 

The Arduino Mega's 8KB SRAM limits the gesture 
database to 50 templates; an SD card module that 
uses the FAT32 filesystem for template storage, as 
used in the optimized prototype, can expand it to 
500+ templates. By overclocking to 12 MHz and 
interleaving DMA transfers, camera framerate 
problems caused by slow SPI communication are 
reduced, effectively doubling FPS to 10–20 without 
aliasing. Gear reduction (10:1 ratio on MG996R 
servos) is necessary to reduce mechanical servo 
jitter during fast signs (e.g., >2 Hz motions), and 
prototype tests verify 95% position accuracy after 
PID calibration. A future IR filter on the OV7670 
camera   could stabilize the 15% accuracy drop 
caused by ambient lighting variability. In total, 
theseFuture      Enhancements Adding an ESP32 co-
processor could improve performance by 
offloading edge AI through TensorFlow Lite Micro, 
aiming for 95% accuracy for dynamic signs and 
multi-user support. Remote gesture library updates 
are made possible by cloud syncing with Firebase 
(as in your previous projects), and scalability for 
classroom deployments is made possible by AWS 
IoT Core integration. A bidirectional system would 
be created by adding microphone input for voice-
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to-sign translation, in line with India's RPWD Act 
2016's accessibility objectives. 

VI. CONCLUSION 

Through inexpensive, Arduino-based vision 
recognition and physical gesture replication[1]-[3], 
the Talk2Sign Robot effectively closes the 
communication gap for people with speech and 
hearing impairments. It outperforms expensive 
glove or software-heavy alternatives by processing 
simple signs in real-time with 85–90% accuracy 
using basic hardware while remaining portable and 
under ₹10,000 budget—perfect for MSBTE 
diploma projects. 

The developed goals were fully achieved: two-way 
text-to-sign facilitates inclusive conversation in 
homes or schools, servo-driven humanoid limbs 
mimic motions fluidly, and camera-based input 
recognizes predefined ISL/ASL alphabets. By 
avoiding Python dependencies, embedded 
algorithms demonstrate low-resource viability for 
practical implementation in Maharashtra 
institutions. 
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