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Abstract 

Artificial Neural Networks and Computer Vision have significantly been used to detect 

hand gestures and facial expressions allowing devices to analyse and recognise images, in 

turn enhancing the experience of interaction between humans and machines. Existing 

research in this area primarily focuses on interpreting hand gestures and mapping them to 

the corresponding alphabets or symbols. In this paper we focus on taking this research 

forward by introducing an enhancement to the existing model. The proposed model 

mainly concentrates on improving gesture recognition accuracy in diverse background 

environments like supporting multiple languages, allowing gestures to be translated into 

text or speech in different languages. It will utilize a webcam to detect the hand gestures 

in real time, constructing words based on the recognized gestures and generating 

sentences. Additionally, the proposed model translates the constructed sentences into a 

language of one's choice and also allows the text to be converted to audio, providing an 

audio output. This increases the system's flexibility and facilitates the hard of hearing in a 

diverse environments and languages. Furthermore, the model showcases its efficiency 

and novelty by achieving an accuracy of 98.51%. 

Keywords: Hand Gesture Recognition; Computer Vision; Artificial Neural Networks; 

Multilingual Translation. 

 

1.0 INTRODUCTION 

The deaf and hard-of-hearing community is over five percent of the global population, 

according to estimates, and this is why sign languages play a significant role in this 

community. The difficulties they experience are the necessity to communicate those who are 

unaware of the use of sign language. Written communication could be used, but it tends to be 

quite slow and ineffective in day to day Lives. Hiring a professional sign language interpreter 

is an alternative method, but only in a few cases, it remains possible when engaged in 

everyday life.  

Languages that are conveyed through signs are recognised as fully distinct languages in 

which area, exhibiting their distinct rules and syntax. For instance, American Sign Language 

(ASL) becomes difficult to understand by British Sign Language (BSL) users and vice versa. 

ASL is simple to transcribe, it is the most popular sign language across the world and is 
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accepted by the deaf community. 30 Each sign language strengthens the global deaf 

community by focusing on the unique history and culture of its users independently across 

the world.  

Existing sign language recognition methods have several limitations in their efficiency and 

usability. The lack of background noise detection results in interference during recognition, 

which is a major issue in gesture recognition. Hand gestures are also usually not dynamically 

responsive, causing delays in communication with the user experience. The inability to 

recognise some sign language gestures accurately further degrades system reliability. Most of 

these solutions are dependent on high-end hardware, thus being expensive and out of reach 

for a larger population. 

However, proposed work has the ability to provide effective background clearance, 

improving the accuracy of gesture recognition in complex environments. Additionally, these 

gestures allow interactive and faster communication, engaging the user in a better way. In the 

proposed system, the model's accuracy was highly boosted in terms of hand gesture 

recognition by relying on the MediaPipe tool. It connects the dots between the key segments 

of the hand, helping to detect and track better, which leads to much more reliable feature 

extraction. By concentrating on the touch points, this tool managed to improve gesture 

recognition accuracy by providing adequate information about the palm’s position, angle, and 

other essential parameters 

2.0 Literature Survey: 

Prasanthi Y et al. (2023) [1], developed a visual Sign Language Recognition system using [9] 

a Convolutional Neural Networks (CNN) to recognize hand gestures from webcam images. 

The system processes real-time gestures and displays their meaning as text, facilitating 

communication for the deaf and hard-of-hearing community. By relying on cameras instead 

of sensors, the system is cost-effective and robust in gesture recognition, making it an 

efficient communication tool.  

Kanchan Dabre et al. (2021) [2], developed Image processing based interpretation for Indian 

Sign Language. It captures hand gestures from webcam footage and converts them into text 

and speech in real-time without requiring gloves or sensors. The system uses the Haar 

Cascade Classifier for gesture recognition and a speech synthesizer for audio output, 

providing an affordable, accessible solution for smoother interaction between non verbal 

individuals. 

Areesha Gul et al. (2020) [3], developed a smart two-way interaction system for Deaf & 

Dumb individuals, facilitating seamless interaction with normal individuals. Using Leap-

Motion-Controller for gesture recognition, Raspberry Pi for hardware integration, and an 

Android app with Google API for speech-to-text conversion, the system allows real-time 

communication. Hand gestures are translated into [10] speech and vocalized responses as 

text. Bluetooth enables data transmission between devices. The system also includes 

emergency calling and location tracking, making it highly practical for healthcare settings, 

including dentistry. 
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Suneetha Mopidevi et al. (2023) [4], developed the HGRSL TV system to enhance 

communication for Deaf & Dumb individuals by converting hand gestures into text and voice 

using the Leap Motion Controller, Raspberry Pi, Bluetooth, and  Hidden-Markov-Model 

(HMM). The system operates in real-time, leveraging Google's MediaPipe framework, 

TensorFlow, OpenCV, and Python. It captures hand gestures, identifies landmarks, and 

classifies them with 95.7% accuracy for ten gestures like Thumbs Up or Peace. MediaPipe's 

landmark detection improves speed and accuracy over traditional methods, offering a robust 

real-time gesture recognition solution.  

Mohammedali et al. (2022) [5], developed a real-time system focused on improving 

interaction with unhearing individuals using ASL. The system influences CNN, specifically 

the Squeezenet module, for gesture recognition. It achieved 100% accuracy in offline testing 

and 97.5% in real-time applications, surpassing traditional methods like HOG. With an 

average response time of 3.3 seconds, the system captures gestures and converts them into 

text and speech, streamlining communication and enhancing accessibility for the deaf 

community. 

Table 1: Literature Survey 

SNO AUTHORS TECHNIQUES LIMITATIONS 

1. Prasanthi .Y et al.[1] Convolutional Neural 

Network (CNN),Real-Time 

Frame Analysis, 

Indian Sign Language (ISL) 

Database, Text Display 

• The system's recognition accuracy 

is affected by its difficulty in 

distinguishing gestures overlapping 

features. 

 

• It is mainly designed for Indian 

Sign Language (ISL), which 

restricts its applicability to other 

sign languages or gesture systems. 
 

2. Kanchan Dabre 

et.al.[2] 

Gesture Recognition Using 

Haar Cascade Classifier, 

Computer Vision, Text and 

Speech 

• Inability of the system to 

distinguish gestures that have 

similar feature overlaps, it is 

negatively impacting its 

performance. 

 

• It struggles to recognize significant 

gestures accurately in dynamic 

environment. 
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3. Areesha Gul et.al.[3] Leap Motion Controller, 

Raspberry Pi, Android App 

with Google API, Bluetooth 

Emergency Calling and 

Location 

 

• The system depends on the Leap 

Motion Controller, which may[11] 

not perform well in low-light or 

obstructed environments.  

• Problems with Bluetooth 

connectivity can interrupt the 

operation of the system especially 

in situations where accurate and 

constant communication is needed. 

4. Suneetha Mopidevi 

et.al[4] 

Leap Motion Controller, 

Raspberry Pi, Bluetooth, 

Hidden Markov Model 

(HMM), Google's 

MediaPipe, TensorFlow 

and OpenCV, Python 

 

• Limited to a certain number of 

specific languages. 

• Reliance on a pre-trained model but 

not new or uncommon gestures that 

were not included in the training 

dataset. 

5. A.H. Mohammedali 

et.al[5] 

Convolutional Neural 

Networks (CNN) 

Offline and Real-Time 

Testing 

Text and Speech 

Conversion 

Comparison with 

Traditional Methods 

 

•  It needs a powerful hardware for 

real-time processing, creating 

challenges for the end user. 

• It struggles in noisy or uncleared 

environments and has trouble 

recognizing gestures. 

 

 

3.0 Methodology: 

The proposed work for hand gesture recognition [7] in multilingual speech comprises four 

phases. During the initial phase, input data is preprocessed and hand gestures are detected in 

real time via a webcam. In the second phase, the pre-processed hand gestures are utilized to 

identify the alphabets. Third phase involves constructing words and framing sentences by 

storing the recognized signs in the buffer. Final Phase is to convert the constructed sentences 

into the desired language and produce an audio output. The proposed work is represented as a 

diagram in Figure 1. 
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Fig. 1: Architecture of proposed model 

3.1 Phase-1: Data Preprocessing of Hand Gesture 

In Phase 1, the model captures real-time camera input of the user [8] and the surrounding 

environment. The input is then preprocessed with the help of CV Zone package to identify 

hand gestures by eliminating unwanted elements captured through real time. The CV Zone 

package specifically helps in locating and providing the coordinate points of the detected 

hand in the input feed. This segmented hand is then processed through MediaPipe to identify 

key components of the hand such as fingertips, joints, and [8] wrist. Using these components, 

MediaPipe generates a skeletal model of the hand for further analysis. 

 

 

Fig. 2: Data preprocessing stage 

3.2 Phase-2: Recognition of Sign from the Preprocessed Hand Gesture: 
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In Phase 2, the pre-processed hand gesture is fed into the built-in model, i.e. Mobile-Net and 

Convolution Neural Networks. The input data of size 224x224x3 is fed into Mobile-Net 

which undergoes depth-wise convolution and point-wise convolution, extracting relevant 

features, and generating an output of size 7x7x1024. GolabAveragePooling2D is then 

performed on the obtained output using each channel’s average to reduce the feature map to 

(1, 1024). The output from the GlobalAveragePooling2D is then passed through a dense layer 

of neurons (512, and 256 neurons) to identify specific features and add dropout to reduce 

overfitting. The resultant is then passed through the output layer containing 26 neurons to 

formulate a valid American Sign Language sign prediction.  

 

 

Fig. 3: Gesture classification 

3.3 Phase-3: Sentence Construction 

In Phase 3, the predicted gesture is interpreted as an alphabet. This new input is then stored in 

the buffer after confirmation. This process repeats itself generating the next alphabets which 

are appended to the previous ones resulting in words and in turn sentences. This process is 

repeated until the end of communication. A word suggestion feature is made available during 

the word generation process. 

 

 

 

Fig. 4: Sentence construction phase 

3.4 Phase-4: Translation Module 

In Phase 4, the generated text is converted into any desired language by using Google 

Translate Application Programming Interface(API). This API with the help of machine 

translation technology from Google is used to translate the constructed sentences into a 

desired target language like Telugu, Hindi, Russia, etc., The translated text is then sent back 
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to the interface which is displayed to the user. Lastly, the translated text is converted into 

audio by using Google Text To Speech (gTTS) module in the selected language. 

                       

Fig. 5: Translation Module 

4.0 Experimental Results: 

In the proposed work, the input dataset is yielded by the help of Computer Vision Zone 

(CVZone) module, which references the ASL to precisely recognize and interpret several 

hand gestures. The dataset comprises 468 images with over 26 classes corresponding to 

different ASL signs. The model captures real-time input, and the preprocessing system 

captures the hand through the CVZone module, as illustrated in Figure 6. The detected hand 

is then segmented from the given input, and the resulting preprocessed hand gesture is 

illustrated in Figure 7. Subsequently, the recognized alphabet is presented on the screen, as in 

Figure 8. With support from recognized alphabets, the model constructs words and sentences, 

utilizing the word suggestions feature, which is shown in Figure 9. Here, the language 

selection option is provided to the user as represented in Figure 10. The constructed sentence 

is then translated into the selected language and is displayed on screen, as shown in Figure 

11. Finally, the translated sentence displayed on the screen is converted into audio output, as 

shown in Figure 12. 

 

 

 

                                                           

                                                           Fig 6: Real-time input through webcam 
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                                                            Fig 7: Segmented hand with tracks 

 

Fig 8: ASL sign recognition 

 

              

 

Fig 9: Sentence framing along with word suggestions 

 

 

      Fig 10: Language Selection 
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    Fig 11: Translated Sentence into selected language 

 

Fig 12: Audio Output  

5.0 Result Analysis: 

The proposed model predicts the signs accurately by grouping similar signs on the basis of 

highest probability. The Accuracy scores represented in Figure 13 show how reliable the 

model improves with rise in number of epochs and is graphically represented in Figures 14 

and 15. The resulting accuracy of the introduced model is 98.51%. This demonstrates the 

increased efficiency of the suggested model.  
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Fig 13: Accuracy Scores 

               

                       Fig 14: Graphical Visualization of Accuracy 

 

Fig 15: Graphical Visualization of Losses 

6.0 CONCLUSION: 

This work exhibits a real-time gesture-based recognition system, which marks a significant 

advancement in enhancing communication accessibility for the deaf and hard-of-hearing 

community. This model preprocesses data by isolating the hand from the environment and 

ensuring accurate detection even under noisy and unclear conditions. MediaPipe frameworks 

are leveraged to create a skeletal representation of the hand to enable extraction of hand 

features for further processing. Additionally, it contains a word suggestion feature for 

construction of meaningful sentences. Further, the constructed sentence can be translated into 

multilingual text and converted to audio which facilitates easy communication between non-

verbal and verbal individuals. By implementing the discussed features, the proposed model 

demonstrates to be efficient over the existing models. Notably, it yeilds an accuracy of 

98.51%, outperforming the existing models that have nearly precision rate of 96%, which in 

turn, proves to acts as a novel method.  
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