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Sign language is the most commonly used form of communication for persons with disabilities who have hearing or
speech difficulties. However, persons without hearing impairment cannot understand these signs in many cases.
As a consequence, persons with disabilities experience difficulties while expressing their emotions or needs. Thus,

a sign character detection and text generation system is necessary to mitigate this issue.

computer vision Sign Language Recognition sign-language detection CNN dataset

| 1. Introduction

The most-widespread communication means for persons with hearing or speech disabilities is sign language.
Bengali Sign Language (BSL) is composed of precise hand motions produced with one or two hands, where the
arrangement of the fingers and the position of the palm together form the characters of the language 2. The
signs that are used to represent Bengali characters and numerals are called BSL. In Bangladesh, there are over
1.7 million people who have hearing impairment or speech impairment. These hearing- or speech-impaired
individuals use BSL for communication. However, due to the lack of knowledge of sign language, persons with
such disabilities cannot convey their opinions and emotions properly. To address this issue, an interpreter system is
needed that can detect Bengali signs characters and translate them into Bengali text. It can reduce the

communication gap between person with and without disabilities.

Currently, most research emphasizes vision-based Bl or sensor-based ¥ systems. However, further research
needs to be done in this domain to introduce an efficient and convenient system for sign-language interpretation. At
present, various benchmarking datasets for BASL detection can be found, and there has been much research on
the subject. However, these datasets are insufficient for developing and testing deep learning models, and most of
them are closed-source. As a result, it becomes difficult to train Convolutional Neural Network (CNN) models to
detect BSL.

Sign-language detection is one of the challenging tasks in computer vision. Numerous related works BIEIZEIE on
detecting the individual characters of Bangla Sign Language can be found. However, hardly any work has been
done with generating text from sign images. Many research studies only included around 25-35 sign characters for
their detection models. The dataset we have used, has 49 different characters. Additionally, researchers use
various techniques, i.e., K-Nearest Neighbors (KNN), Support Vector Machine (SVM), shallow neural networks,

and image processing, for detection purposes. However, these models are trained on a small dataset consisting of
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only 2000-3000 pictures in total. Furthermore, previous works not only used a smaller amount of data but also a
smaller number of classes. The maximum number of classes was 36, which was proposed by Hoque et al. 29, The
YoloV4 11 detection model is quite popular among researchers for detecting sign language (1213 Researchers 12!
developed a BSL detection model using Yolov4. In addition to detecting or localizing the region of the waved sign in
an image or video frame, the YoloV4 model also predicts the class or label of which sign is being waved. In a

nutshell, this detection model also recognizes the localized area of the hand sign.

| 2. Sign Language Recognition

Sign Language Recognition (SLR) is a significant computer vision task that has been extensively studied. The
prevalent SLR approaches can be categorized into two groups: recognizing a single sign at a time 4 and
recognizing multiple signs from video content input 28, However, there is lack of sufficient study for Bangla SLR

and/or detection. This section discusses previous work related to Bangla SLR and detection.

Venugopalan et al. 18 proposed a dataset of commonly used Indian Sign Language (ISL) words for hearing-
impaired COVID patients in emergency cases. They also presented a deep convolutional LSTM hybrid model for
recognizing the proposed ISL words and acquired an accuracy of 83.36%. The authors in 17 developed a system
that can recognize Arabic hand signs of 31 classes and translates them into Arabic speech. The system provides
90% for recognizing Arabic hand signs. The authors propose a deep multi-layered CNN model in & to detect 36
static English signs, including digits and alphabet characters and 26 dynamic English signs such as emotional
hand gestures. Their proposed model achieved 99.89% accuracy in the blind testing phase. One drawback of this
model is that it cannot detect signs in real time. Khan et al. 18 proposed a grammar-based translation model to
translate English sentences into equivalent Pakistani Sign Language and got a Bilingual Evaluation Understudy

(BLEU) score of 0.78. However, the model is unable to translate compound and complex sentences correctly.

For Bangla, OkkhorNama is an image dataset is proposed in 12 for real-time object detection. It contains over
12,000 images of 46 classes. The dataset is used to train different versions of YOLOV5 for performance analysis.
However, the number of classes is not significant. Afterwards, a dataset named BdSL36, which includes 26,713
images of 36 different classes, was proposed by 9. This dataset is further divided into two sections. The first
section contains images for developing a detection model, and the second section contains images for developing
a recognition model. To evaluate their dataset, the authors trained ResNet-50 on their dataset and achieved an
accuracy of 98.6%. Although the number of images in the dataset is significantly large due to data augmentation,
background removal, affine transformation, and many other methods applied, it only has 36 classes. The authors of
(201 developed a dataset named Shongket, which consists of 36 classes of distinct Bengali signs. They also trained
a few CNN models using their dataset and achieved about 95% accuracy. The dataset BDSLInfinite, consisting of
37 different signs, was developed by Urmee et al. 8 and contains 2000 images, and a trained recognition model

using Xceptoin architecture achieved 98.93% accuracy as well as 48.53ms response time.

The authors of 21l proposed a custom CNN architecture and trained it on a dataset that consists of 100 different

static sign classes. On colored and grayscale images, the proposed method obtained training accuracy rates of
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99.72% and 99.90%, respectively. Basnin et al. 22 proposed an integrated CNN-LSTM model for Bangla Lexical
Sign Language Recognition using a dataset that contains 13,400 images of 36 distinct classes of Bangla lexical
signs. Their proposed model achieved 90% training accuracy and 88.5% testing accuracy. Moreover, they used

high computational techniques for data pre-processing, which made their model computationally expensive.

An application that speaks the results in Bangla after automatically detecting hand-sign-based digits was
developed by the authors of 23, They utilized deep neural networks to complete the task, and their proposed
model achieved an accuracy of 92%. Islam et al. [24] used four different finely tuned transfer learning methods to
recognize 11 different Bengali sign words and got an accuracy of 98%. Shurid et al. 22 proposed a Bangla sign
language recognition and sentence generation model and achieved 90% accuracy using their augmented dataset.
However, their proposed model could not work correctly to recognize critical sign gestures. Angona et al. 28]
developed a computer system to recognize 36 different classes of BSL and translated them into text format. For
sign recognition, they used the MobileNet version 1 model and got an accuracy of 95.71%. Podder et al. [&1
designed a sign language transformer that can aid in establishing communication with doctors remotely by
translating sign language into text and speech. It also translates the speeches of doctors into sign language.
However, the system is not yet tested for people with disabilities in Bangladesh. A Scale-Invariant Feature
Transform (SIFT) technique and Convolutional Neural Network (CNN) are used in the proposed system of 4 to
recognize one-handed gestures of 38 Bangla Signs. However, the used dataset is relatively low. Rafiq et al. &
proposed a translation system that can translate different Bengali word signs into Bengali speech using a seven-
layered custom sequential CNN model. The system trained with 1500 images of 10 different word signs and

achieved 97% test accuracy as well as an average response time of 120.6ms.

The authors in & proposed a method to detect and recognize American Sign Language using the YOLOV5
algorithm and achieved an overall F1-score of 0.98. However, their dataset contains only 36 different sign classes.
The authors of 28l proposed a real-time Bangla sign-language detection model and generated textual and audio
speech. They created a dataset of 49 different classes containing 12,500 images of BDSL. They used Yolov4 for
detecting hand gestures and got an overall accuracy of 97.95%. However, while generating some common words,
the system faces some difficulties. A rule-based system is proposed by the authors of [28 to interpret Bengali text
and voice speech into BSL. The system achieved an accuracy of 96.03% for voice interpretation and 100% for text
translation. However, the system was trained and tested with only Bangla numerals. Khan et al. 22 proposed a
CNN and customized Region-of-Interest (ROI) segmentation-based BDSL translator device that can translate only
five sign gestures. It demonstrates about 94% accuracy in detecting signs in real-time. Das et al. 2% proposed a
hybrid model for automatic recognition of Bangla Sign Language (BSL) numerals and alphabet characters using a
deep transfer learning-based convolutional neural network with a random forest classifier. The proposed system is
verified on 'IsharaBochon’ and ’'Ishara-Lipi’ datasets and achieves 91.67% and 97.33% accuracy, respectively, for
both character and digit recognition. The authors of Bl proposed a method that includes three steps:
segmentation, augmentation, and CNN-based classification, and is evaluated on three benchmark datasets. The
segmentation approach accurately identifies gesture signs using a concatenated approach with YCbCr, HSV, and a
watershed algorithm. A CNN-based model called BenSignNet is applied to extract features and for classification.

Hassan et al. [32 present a low-cost Bangla sign language recognition model that uses neural networks to convert
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signs into Bangla text. The dataset was manually captured, and image processing techniques were used to map
actions to relevant text. The system achieves an accuracy of approximately 92% and can be used for applications
such as sign language tutorials or dictionaries. Akash et al. 23! proposed a real-time Bangla Sign Language (BdSL)
detection system that aims to generate Bangla sentences from a sequence of images or a video feed. The system
uses the Blazepose algorithm to detect sign-language body postures and a Long Short-Term Memory (LSTM)
network to train the data. After training for 85 epochs, the model achieved a training accuracy of 93.85% and a
validation accuracy of 87.14%. The authors of 24 are working on isolated sign language recognition using PyTorch
and YOLOV5 for video classification. The system aims to help people with hearing and speech disabilities to
interact with society. The authors achieved an accuracy rate of 76.29% on the training dataset and 51.44% on the
testing dataset.
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