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ABSTRACT- Indian Sign language provides an important 
means of communication for deaf and hard of hearing 
individuals in India. However, communication might be 
difficult when people who do not understand ISL have to 
interact with Sign language users. Artificial Intelligence, 
Computer Vision and deep learning offer possible ways for 
recognizing signs from visual inputs and converting 
recognized information into text and speech. This paper 
reviews existing research on ISL recognition, translation, 
datasets and sign to speech conversion. It also discusses 
some techniques such as Convolutional Neural Network 
(CNN), Long Short-Term Memory (LSTM) Networks, 
Gated Recurrent Units (GRUs), and transformer-based 
models. It also examines datasets, such as INCLUDE and 
ISL Translate, alongside international sign language 
datasets used in related research work. The reviewed 
literature shows the distinction between recognizing 
individual signs and translating continuous sign sequences 
into full sentences. Some important challenges include 
limited and diverse ISL data, changes in the variation among 
signers, changes in lighting and background, and the need 
for effective real time processing. Based on the reviewed 
studies, the paper shows a conceptual framework that 
combines sign recognition, language processing, and text to 
speech conversion. The framework provides a direction for 
further future research; its complete implementation and 
performance evaluation remain outside the scope of this 
review. 

KEYWORDS- Artificial Intelligence, Computer Vision, 
Deep Learning, Indian Sign Language, Sign Language 
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I.   INTRODUCTION 
Communication becomes difficult for people who doesn’t 
understand sign language. Because communication can be 
difficult for the person who doesn’t understand sign 
language. 
But with the help of Computer Vison and Artificial 
Intelligence methods for understanding information which 
is captured through camera. A camera captures the 
information while deep learning Can analyze the frames 
This pattern can then be converted into text or speech 
Early research was only done on individual sign language 
but now researchers. But now researchers have developed 
many deep learning techniques such as convocation and 
neural network CNN’s long short-term memory LSTM 
networks and gated recruitment units GRU to improve the 
recognition and temporal information.[1],[4],[5],[7]  
For the dataset which has supported this research is 
INCLUDE Where large Were large scale Indian Sign 
Language data was available for Recognition [2], While, 
other dataset was ISL Translate which focused on translation 
of the Indian Sign Language and many were International 
Sign Language which includes WLASL And How to sign 
also provided the contribution for this research.[11][12] 
Most recent studies have been shown by the researchers 
towards transformer base and gloss free translation base 
learning methods [10][14][15]. This approach was applied 
to understand longer sequence of translation of signs rather 
than considering every single individual signs. 
Below Figure 1 illustrates the overall process of AI-based 
sign language recognition and text conversion. The process 
begins with capturing sign language through a camera. The 
captured video is processed to identify relevant hand and 
body information. Deep learning and computer vision 
techniques are then used to recognize the signs, which are 
converted into text for further processing. 
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Figure 1: AI-Based Sign Language Recognition and Text Conversion Process 

II.    REVIEW METHODOLOGY 
A. Research Question 
The following questions guide the review: Indian Sign 
Language  uses which Artificial Intelligence, Computer 
Vision, and deep learning techniques for detection and 
recognition? How are CNN, LSTM, GRU, and Transformer 
models used in sign language recognition and translation? 
Which datasets are available for Indian Sign Language and 
other sign languages?  Which perspectives support 
continuous sign language translation and sign to speech 
conversion? What are the real-time ISL recognition and 
translation’s current gaps and challenges? 

B. Search Strategy 
This review aims on the research that has been published 
and is related to Indian Sign Language recognition and 
translation, deep learning, computer vision, language 
models, datasets, sign to speech systems, and gloss-free 
translation. The studies which have been discussed in this 
manuscript covers the publication period from 2015 to 2024, 
based on cited literature. The search keywords include 
“Indian Sign Language”, “ISL recognition”, “sign language 
translation”, “computer vision”, “deep learning”, “CNN”, 
“LSTM”, “GRU”, “Transformer”, “gloss-free translation”, 
“language models”, and “sign-to-speech”. 

C. Databases Used 
The literature reviewed in this study was collected from 
IEEE Xplore, Springer, and Google Scholar. These sources 
were used to identify relevant research papers that are 
related to Indian Sign Language recognition, translation, 
datasets, deep learning, computer vision, continuous sign 
language translation, gloss-free translation, language 
models, and sign-to-speech systems. 

D.  Inclusion/Exclusion Criteria 
The studies that were included addressed sign language 
recognition, translation, continuous sign language, datasets, 
deep learning, computer vision, transformer-based methods, 
gloss-free translation, language models, or related sign-to-
speech approaches. The studies outside the scope of this 
review were not related to sign language recognition or 
translation. 

E.  Study Selection 
This paper presents a narrative review of research on Indian 
Sign Language (ISL) recognition, translation and sign to 
speech conversion. The discussion has been done on 16 
principal references published between 2015 and 2024, 

selected for their relevance to recognition techniques, 
datasets, continuous sign language translation, multi model 
approaches, gloss-free translation, language models and 
speech generation. The selected literature was studied to 
identify the main approaches, available datasets, evaluation 
measures and research challenges. A complete numerical 
account of study identification and selection cannot be 
provided as the original search-result counts and screening 
records were not retained. For this reason, the manuscript is 
presented as a narrative review rather than a systematic 
review, and the 16 references should not be interpreted as an 
exhaustive collection of all relevant studies. 

III.     LITERATURE REVIEW 
A. Early Indian Sign Language Recognition 
Early research was found only on individual ISL Signs and 
gestures from videos or images. One study showed that the 
only focus is on continuous ISL sign Language [1]. This 
system showed that sign language should not only be 
considering individual signs but also taking sentences into 
consideration. 
Another study showed signers independent recognition [3]. 
This was important because many signers do not only 
perform one signs; they move their hands from one motion 
to another so there can be difference in hand Movement 
provided by the signer. However, there are still many 
challenges which can be faced as background lighting and 
camera pose changes with the time. 

B. Deep Learning for ISL Recognition 
Deep learning has become an important method for sign 
language recognition CNN based methods can help features 
like hand move, finger position and hand orientation from 
images or videos.[5] 
CNN and LSTM-based systems have also been used for ISL 
recognition [7]. In Such systems CNN takes useful 
information based on video frames, while the LSTM 
processes the movement of these features over time. 
Other research has used MediaPipe with GRU models [4]. 
MediaPipe is helpful for hand landmarks, while the GRU 
can learn how these landmarks change during signing. 

C. Datasets for Sign Language Recognition and 
Translation 

Datasets are important for developing ISL sign recognition. 
INCLUDE is a large-scale dataset which is developed for 
Indian Sign Language Recognition [2]. While ISL Translate 
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focuses on translating Indian Sign Language into English 
continuous sentences.[8] 
There are many other datasets such as WLASL [12] and 
how2sign [11] Are mainly based on American Sign 
Language Although they are not ISL datasets they provide 
powerful examples for developing Indian Sign Language 
recognition and translation system. 

IV.   DATASETS USED IN SIGN LANGUAGE 
RESEARCH 

A. Include 
INCLUDE is a large Datasets used for Indian Sign 
Language Recognition [2]. 

B. Isl Translate 
ISLTranslate is designed for Indian Sign Language 
translation [8]. It is useful for research on translating Indian 
Sign Language into continuous English sentences. 

C. Wlasl 
WLASL is a large-scale American Sign Language dataset 
containing many word-level signs [12] 

D. How2sign 
How2Sign is a large multimodal dataset for continuous 
American Sign Language [11]. It is helpful for Studying 
longer sign sequence 

E. Phoenix14t 
PHOENIX14T is generally used in sign-language 
translation research [9], [10]. As it supported the 
development and evaluation of neural and Transformer-
based translation methods. 

V.   CONTINUOUS SIGN LANGUAGE 
TRANSLATION AND TRANSFORMERS 

Recognizing and translating is a two completely different 
things a recognition system may identify individual signs 
while a translation system needs to understand full sentence 
and a meaning of a complete sequence [9] 
Camgoz et al. [9] introduced neural approaches for sign-
language translation and later explored Transformer-based 
sign-language recognition and translation [10]. Study of 
different part of sequence is done with the help of 
transformer, making them useful for datasets are important 
for developing ISL sign recognition and longer sign 
language videos. 
Sign 1 → Sign 2 → Sign 3 → Meaningful Sentence 
This shows the development of sign-language research from 
simple gesture recognition toward continuous sign-
language translation. 

VI.   MULTIMODAL AND GLOSS-FREE SIGN 
LANGUAGE TRANSLATION 

The research has been started on more than just hand 
movements skeleton base and multi approaches can include 
information about hands bodies and movements [13]. 
Sign Video → Gloss → Sentence 
Gloss-free systems aim to reduce this intermediate step: 
Sign Video → Sentence 

This approach still requires large and diverse training data; 
however, it can make the translation process more direct. 

VII.   AI AND LARGE LANGUAGE MODELS 
FOR SIGN LANGUAGE TRANSLATION 

Research Recently have also showed the use of large 
language models for sign language translation Sign2GPT is 
an example of research using language models for gloss free 
sign language translation [16]. 
After the sign language has been recognized language 
models can help generate more natural sentences after the 
sign information. However, a model cannot directly 
understand the hand movements It first needs useful visual 
or sign representation from the recognition system 

VIII.   SIGN-TO-SPEECH CONVERSION 
After the sign language has been recognized, the recognized 
sign information is then converted to a meaning sentence 
through language processing. Language models are helpful 
in generating more natural sentences from the recognized 
sign information. The final sentence is then converted to 
spoken output using a Text-To-Speech (TTS) system. This 
enables the system to provide the output which can be easily 
understood by the users who may not know sign language. 
The overall sign-to-speech process can thus be represented 
as following:  
Sign Language → Sign Recognition → Language 
Processing → Sentence Generation → Text-to-Speech → 
Spoken Output 
Because Text-to-Speech conversion provides the final 
spoken form of the translated sign language, it is an 
important component of sign-to-speech systems. However, 
the accuracy of sign recognition and the quality of the 
generated sentence is what determines the quality of the 
speech output. 

IX.   COMPARATIVE ANALYSIS OF EXISTING 
STUDIES 

In below Table 1, it summarizes the principal studies 
reviewed in this paper, including their publication year, 
main topic, and main finding. 

Table 1: Comparative Analysis of Existing Studies 

Ref. Year Main Topic Main Finding 

[1] 2015 ISL 
Recognition 

Identified continuous ISL 
gestures. 

[2] 2020 ISL Dataset Made a large ISL dataset. 

[3] 2022 Signer 
Independent 

Recognized signs from 
different users. 

[4] 2022 MediaPipe + 
GRU 

Landmarks recognized by 
ISL 

[5] 2022 CNN + SVM Indian Sign Language 
recognized 

[6] 2022 Deep Learning Detected and recognized 
signs. 

[7] 2023 CNN + LSTM Recognized signs from 
video formats. 
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[8] 2023 ISL Translation Created a dataset for ISL 
translation. 

[9] 2018 Neural 
Translation 

Translated sign language 
using neural networks. 

[10] 2020 Transformers Recognition and Translation 
uses transformers 

[11] 2021 Multimodal 
Dataset 

A continuous sign language 
dataset created 

[12] 2020 WLASL Word-level sign recognition 
supported 

[13] 2021 Skeleton 
Features 

Recognition uses skeleton 
information 

[14] 2023 Gloss-Free Without gloss signs are 
translated 

[15] 2023 Gloss-Free Used end-to-end sign 
translation. 

[16] 2024 Sign2GPT Used LLMs for sign 
language translation. 

X.   PROPOSED AI-BASED ISL-TO-SPEECH 
ARCHITECTURE 

Proposed architecture presented(see Figure 2) in this section 
is a conceptual framework developed from the findings of 
the literature reviewed in this paper. It has a combination of 
video capturing, preprocessing, hand and body detection, 
feature extraction, sequence modelling, sign recognition, 
language processing and text to speech conversion into a 
possible ISL to speech work flow. These components have 
a reflection of approaches which are discussed in the 
previous research on sign language recognition and 
translation. However, the complete architecture has not been 
implemented or experimentally validated in this study. It is 
shown to illustrate a possible system design and identify 
directions for future research rather than demonstrate 
measured system performance. 
 

Figure 2:  AI Based Indian Sign Language-to-Speech Architecture Proposed 
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Figure 2 illustrates the proposed architecture for converting 
Indian Sign Language into speech. It shows the complete 
processing pipeline, beginning with video capture and 
preprocessing, followed by hand and body detection, feature 
extraction, sequence processing, sign recognition, language 
processing, and finally text-to-speech conversion. In our 
proposed architecture, we followed these steps:  
• Step 1: Video Capture  
Webcam that records live video of the user's ISL signs 
• Step 2: Preprocessing 
The video is split up into frames, and basic preprocessing 
tasks like resizing and normalizing are carried out 
• Step 3 Recognition of Hands and Body  
A computer-vision method (e.g. MediaPipe) is used to 
detect hand and body landmark points. This helps to identify 
hand position, finger motion and body posture [4].  
• Step 4: Extraction of Features  
Important features like hand shape, finger position, 
movement and body position are extracted from the frames. 
Visual features can be extracted by CNN [7]. 
• Step 5: Sequence Processing 
As sign language is a movement over time, models such as 
LSTM, GRU or Transformer can process the sequence of 
extracted features [4],[7] [10]. 
• Step 6: Sign Recognition 

The trained model uses the processed video [2], [5], [7] to 
recognize the sign or sequence of signs.  
• Step 7: Language Processing 
The identified signs are then transformed into meaningful 
sentence using Natural Language Processing (NLP) [8],[9].  
• Step 8: Text To Speech Text-to-Speech Conversion  
The last sentence is converted to speech output by a Text-
to-Speech (TTS) engine. 

XI.   PROPOSED SYSTEM FLOW 
In below Figure 3 we represent the proposed System Flow 
and major stages involved in the Indian Sign Language 
recognition and speech conversion process. These steps 
demonstrate the sequential processing of video input to 
identify signs, produce meaningful text, and generate the 
final speech output. It explains the process of converting 
Indian Sign Language into Speech using AI, at first, a 
camera captures the sign with the help of a video, then it 
preprocesses using frame normalization, Next the system 
detects the Hand and Body Detection, the features are 
extracted using landmark and motion features, AI and deep 
learning techniques then recognize the signs and convert it 
into English text. Finally, Text-to-speech system converts 
the English text into audio, allowing people to understand 
the message. 

 

Figure 3: Stages of AI-Based Indian Sign Language Recognition and Speech Conversion. 

 
XII.   EVALUATION MEASURES USED IN 

PRIOR LITERATURE 
The following evaluation metrics are included as measures 
used in prior literature to assess sign language recognition, 
translation, and processing performance. They are presented 
for review and comparison purposes only. No experimental 
results from the proposed AI-based ISL-to-speech 
architecture are reported or claimed in this review. 

A. Accuracy 
Accuracy measures the portion of correctly reorganized or 
classified Signs out of the total numbers of the predictions 
made by the system. 

 Accuracy=Number of Correct Predictions/Total 
numbers of predictions 

B. Precision 
Precision is a classification metrics that measures the 
proportion of positive predictions that are actually correct 
Precision =TP / (TP + FP) 
Where: 

• TP = True Positive 
• FP = False Positive 

C. Recall 
Recall measures how many of the actual signs belonging to 
a particular class are correctly identified by the system. It 
Shows the ability of the model to detect relevant signs. 
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Recall= TP / (TP + FN) 
Where: 

• TP = True Positive 
• FN = False Negative 

D. F1-Score 
F1-score is the performance metric use to measure precision 
and recall into a single number 
F1 = 2 × (Precision × Recall) / (Precision +Recall) 
A higher F1-Score indicates a better balance between 
Precision and Recall. 

E. BLEU Score 
BLEU (Bilingual Evaluation Understudy) can be used to 
evaluate the quality of translated sentences. It compares the 
sentence generated by a sign language translation system 
with a reference sentence. It is therefore useful for assessing 
the quality of the generated translation. 

F. Word Error Rate 
A  Standard metric used to measure the accuracy of the 
Automated Speech recognition .WRE measures the 
minimum level of word level changes required to turn the 
machine transcript into  the reference transcript 
WER = (S + D + I) / N 
Where: 

• S = Substitutions 
• D = Deletions 
• I = Insertions 
• N = Number of words in the correct sentence 

A lower WER indicates fewer errors between the generated 
output and the reference sentence. 

G. Processing Speed 
Processing speed is important for real-time sign language 
recognition and sign-to-speech systems. Prior studies can 
evaluate processing performance using measures such as: 
• Frames Per Second (FPS): Shows how many video 

frames it can capture per seconds 
• Processing Time: Measures the time required by the 

system to process the input. 
• Response Time: Measures the time taken by the system 

to produce an output after receiving an input. 
• Latency: Represents the delay between the input sign 

and the corresponding system output.  

These measures are useful for comparing the suitability of 
different approaches for real-time sign language recognition 
and translation applications. 
In the below Table 2, we present a comparative analysis of 
16 Existing Studies on Sign Language and translation 
published between 2015 and 2024.It summarizes the 
methods used and the evaluation metric reported in the 
literature ,including Study methods, Accuracy, Precision,  
Recall F1-score,BLEU – 4,WER FPS and Latency. This 
Studies uses different techniques and dataset, and some do 
not report all evaluation metric .Therefore this table 
summarizes findings from existing literature does not 
present experimental results from the proposed architecture. 

Table 2: Comparison Analysis of existing Sign language Recognition and translation Studies Based on Evaluation Metric 

Ref. Year Study / 
Method 

Accuracy 
(%) 

Precision 
(%) 

Recall 
(%) 

F1-
score 
(%) 

BLEU-4 WER (%) FPS Latency 
(ms) 

[1] 2015 
Continuous 
ISL Gesture 
Recognition 

94% 
accuracy 

Not 
reported 

Not 
reported 

Not 
reported Not reported Not reported Not 

reported 
Not 

reported 

[2] 2020 INCLUDE 
Dataset 

94.5% 
(INCLUDE-
50); 85.6% 

(INCLUDE); 
92.1% 

(ASLLVD, 
48 classes) 

Not 
reported 

Not 
reported 

Not 
reported Not reported Not reported Not 

reported 
Not 

reported 

[3] 2022 

Signer-
Independent 

ISL 
Recognition 

90.1% 
(static); 89% 

(dynamic) 

Not 
reported 

Not 
reported 

Not 
reported Not reported Not reported Not 

reported 
Not 

reported 

[4] 2022 MediaPipe + 
GRU 

95% 
(average) 

Not 
reported 

Not 
reported 

Not 
reported Not reported Not reported Not 

reported 
Not 

reported 

[5] 2022 SURF + 
SVM + CNN 

99.17% 
(SVM); 
99.64% 
(CNN) 

99.09% 
(SVM); 
99.57% 
(CNN) 

99.02% 
(SVM); 
99.57% 
(CNN) 

99.096% 
(SVM); 
99.57% 
(CNN) 

Not reported Not reported Not 
reported 

Not 
reported 

[6] 2022 DeepSign 97% 97% 97% 97% Not reported Not reported Not 
reported 

Not 
reported 

[7] 2023 

CNN + 
LSTM for 

ISL 
Recognition 

Not 
available 

Not 
available 

Not 
available 

Not 
available Not available Not available Not 

available 
Not 

available 
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[8] 2023 ISLTranslate 
Dataset Not reported Not 

reported 
Not 

reported 
Not 

reported 
6.09 (Pose-SLT 

baseline) 

61.88 (281-
pair human-
validation 
sample) 

Not 
reported 

Not 
reported 

[9] 2018 
Neural Sign 
Language 

Translation 

Not 
available 

Not 
available 

Not 
available 

Not 
available Not available Not available Not 

available 
Not 

available 

[10] 2020 
Sign 

Language 
Transformers 

Not reported Not 
reported 

Not 
reported 

Not 
reported 

20.17 (Sign-to-
Text); 21.32 

(best 
Sign2Gloss2Text 

translation 
model) 

24.59% 
(Sign2Gloss); 
26.16% (best 

translation 
model) 

Not 
reported 

Not 
reported 

[11] 2021 How2Sign 
Dataset 

Not 
available 

Not 
available 

Not 
available 

Not 
available Not available Not available Not 

available 
Not 

available 

[12] 2020 

WLASL 
Dataset / 

Word-Level 
Recognition 

62.63% top 
accuracy 
(2,000 

classes) 

Not 
reported 

Not 
reported 

Not 
reported Not reported Not reported Not 

reported 
Not 

reported 

[13] 2021 

Skeleton-
Aware 

Multimodal 
Recognition 

Not 
available 

Not 
available 

Not 
available 

Not 
available Not available Not available Not 

available 
Not 

available 

[14] 2023 

Gloss-Free 
Sign 

Language 
Translation 

Not 
available 

Not 
available 

Not 
available 

Not 
available Not available Not available Not 

available 
Not 

available 

[15] 2023 
Gloss-Free 
End-to-End 
Translation 

Not reported 
(translation 

study) 

Not 
reported 

Not 
reported 

Not 
reported 

7.06 (OpenASL 
test); 2.24 

(How2Sign test) 
Not reported Not 

reported 
Not 

reported 

 

XIII.   RESEARCH GAPS AND CHALLENGES 
Problem of limited ISL dataset. More large and diverse 
Indian Sign Language dataset are required. 
Different people may perform Similar signs differently 
which can affect the system. 
Problem of background and lightings due to different type 
of lightings in background camera positions which can 
reduce the recognition performance. 
Recognizing individual sign is easier than understanding of 
complete sequence of sign 
Hand movements alone cannot only provide all the 
information which signer wants to convey so the body 
movement and facial expressions can also be important part 
of the communication. 
The system needs to recognize sign quickly as the 
communication becomes easy and faster while maintaining 
good performance. 
Recognized signs may be converted into meaningful 
sentences and understandable speech. 

XIV.   FUTURE SCOPE 
• To develop a ISL datasets 
• Including many users and many signing styles. 
• To support different Types of lighting and backgrounds. 
• Coordinating hand information boarding information 

and facial information. 
• Improving real time processing. 
• Using continuous translations based on transformer. 
• Improving the gloss free translation. 

• Better sentences formation using NLP and language 
models 

• Developing direct ISL to speed systems 

XV.   CONCLUSION 
The studies discussed in this paper cover different 
perspectives, including CNN based recognition, temporal 
modelling using LSTM and GRU Networks, Transformer-
based translation, and Gloss-free methods. The review also 
shows datasets such as INCLUDE and ISL Translate which 
supports ISL recognition and translation. Appropriate 
models and evaluation methods are required for different 
tasks such as recognizing individual signs and translating 
continuous sign sequences as indicated by the literature. 
Challenges remain in dataset diversity environmental 
conditions, signer variations real time processing and 
continuous sentence translation. This paper outlines a 
conceptual ISL to speech framework that connects visual 
signs recognition with Language processing and speech 
generation in order to address needs. The effectiveness of 
complete framework cannot yet be established as it has not 
been implemented or experimentally evaluated in this study. 
Future research should be focusing more on the 
development and evaluation of integrated systems using 
diverse ISL data and suitable recognition, translation, and 
processing speed measures. 
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