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Abstract - Sign language is a non-verbal form of communication primarily used by the Deaf and Hard of Hearing (DHH). Sign language
recognition (SLR) is the automatic recognition of sign language that treats each sign as a class. In related work, significant progress has
been made using deep learning techniques. Large amounts of data are typically required to train deep learning models effectively. In the
academic community working on SLR, different well-tuned models provide benchmarking on different sign language datasets, and many
sign languages still lack corresponding datasets, making it challenging to train models for these languages. Transfer learning is a technique
that utilizes a related task with abundant available data to solve a target task with insufficient data. Transfer learning has been successfully
applied in computer vision and SLR. This study investigates how effectively transfer learning can be applied to isolated SLR using an
inflated 3D convolutional neural network as a deep learning architecture. Transfer learning is implemented by pre-training a network and
subsequently fine-tuning it on a small Azerbaijani Sign Language Dataset. This approach is promising because it leverages the knowledge
gained from a related task with more abundant data to enhance the model's performance on the target SLR task.
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1. Introduction

SLR facilitates communication between sign language users and non-signers, promoting inclusivity and accessibility.
The application of transfer learning in isolated SLR is a promising method, especially for languages with limited datasets.
Transfer learning enables the model to utilize the knowledge obtained from a similar task with ample data to enhance
performance on a specific task with scarce data [1]. In our case, we used a pre-trained deep learning model on a task with
more available data and then fine-tuned it on the Azerbaijani Sign Language Dataset [3] which enhanced the model's ability
to recognize signs effectively.

Our research focuses on the significance of pre-trained models in visual-based SLR, particularly highlighting the
influence of 3D convolutional neural networks and LSTM layers in the chosen backbone model when dealing with dynamic
signs. This approach allows us to leverage the knowledge learned from a large dataset, such as American Sign Language,
and apply it to a target task with a smaller dataset, such as Azerbaijani Sign Language.

3D convolutional neural networks (CNNs) are well-suited for capturing spatiotemporal features, which is essential in
recognizing sign language where both hand movements and gestures over time contribute to the meaning of signs. Initially
successful in human action recognition tasks [3], [4], [S], 3D CNNs have since been adopted by the Sign Language
Processing research community. Employing transfer learning and harnessing the capabilities of 3D CNNs offers a
comprehensive approach to tackling the inherent challenges in isolated sign language recognition, especially for languages
with limited datasets. This reflects a dedication to advancing the field through utilizing existing knowledge and customizing
it to address the specific requirements of marginalized linguistic and cultural contexts.

By pre-training a deep learning model on a task with more available data and subsequently fine-tuning it on the
Azerbaijani Sign Language Dataset, the model stands to gain a deeper understanding of the underlying spatiotemporal
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features crucial for recognizing signs effectively within the specific linguistic and gestural context of the Azerbaijani
Sign Language. The selection of 3D Convolutional Neural Networks for capturing spatiotemporal features aligns with
the intricate nature of sign language recognition. In sign language, meaning is often conveyed not only through static
hand gestures but also through the dynamic interplay of hand movements and gestures over time. The temporal aspect
is a critical dimension for accurately interpreting the signs. Studies such as [6] have demonstrated the efficacy of 3D
CNNs in extracting and understanding spatiotemporal patterns, making them well-suited for tasks that involve sequential
data, such as sign language recognition.

2. Related Work

We primarily focus on CNN-oriented computer vision techniques because SLR involves human action recognition.
Sign languages consist of complex sets of human gestures and body articulations, so the majority of the techniques were
adapted from this superclass. The study by Khurana et al. [7] offers a thorough overview of the current literature on sign
language recognition, employing deep learning methods and transfer learning techniques.

In [8], the authors proposed Spatial-Temporal Graph Convolutional Networks for skeleton-based action recognition,

which move beyond the limitations of previous methods by automatically learning both the spatial and temporal patterns
from data.

The authors of [9] proposed a two-stream CNN framework for action recognition, incorporating both spatial and
temporal information from RGB and optical flow images.

In [10], the authors used 2D CNNs for training and bootstrapped the weights into 3D. They devised a 2D-Inflated
operation and a parallel 3D ConvNet architecture for converting pre-trained 2D ConvNets into 3D ConvNets, which avoids
video data pre-training.

In the field of sign language recognition, studies have used transfer learning and convolutional neural networks with
pre-trained models like InceptionV3 and ResNet-50 to improve accuracy [11]. These studies have shown promising results
in recognizing various sign languages, including American Sign Language, British Sign Language, and Indian Sign Language
[12, 13]. Furthermore, the utilization of multi-modal data sources, such as infrared, contour, and skeleton information, has
been proven to enhance the performance of sign language recognition systems [1, 3].

The results of the experiments [14] give clear empirical evidence that transfer learning can be effectively applied to
isolated SLR. The accuracy performances of the networks applying transfer learning increased substantially by up to 21% as
compared to the baseline models that were not pre-trained on the MS-ASL dataset.

In [1] the authors proposed a Skeleton Aware Multi-modal Sign Language Recognition framework, which takes
advantage of multi-modal information to improve recognition rate. Specifically, the framework incorporates a Sign Language
Graph Convolution Network to model the dynamics of sign language gestures, and a Separable Spatial-Temporal
Convolution Network to exploit skeleton features.

In [15], the authors introduced multi-scale spatiotemporal graph convolutional networks for isolated sign language
recognition. These networks leverage the spatiotemporal characteristics of sign language gestures by incorporating graph
convolutional networks at multiple scales.

In [16], the authors proposed a (2+1)D-SLR network based on (2+1)D convolution that can achieve higher accuracy
with a faster speed. Because (2+1)D-SLR can learn spatio-temporal features from the raw sign RGB frames.

The authors of [17] proposed a Temporal Interaction Module to capture both spatial and temporal information in sign
language videos. They suggest not only can it obtain higher accuracy, but also inference speed and parameters of the network
can meet practical application scenarios, because the TIM-SLR network is only composed of 2D convolution and temporal
interaction module (TIM).
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In [18], the authors provided comparative evaluations of different deep learning architectures for word-level sign
language recognition, including 3D CNNss.

In [19] and [20] authors provide different approaches for Azerbaijani Sign Language fingerspelling alphabet and also
employ transfer learning.

Addressing the dynamic nature of signing, including temporal dependencies as well as spatiotemporal characteristics,
has been an area of focus in various works aiming to enhance the accuracy and efficiency of sign language recognition
systems [21].

In conclusion, sign language recognition research has made significant progress by utilizing convolutional neural
networks, transfer learning, and multi-modal information. In our study, we aim to build upon these advancements. By
leveraging transfer learning on 3D convolutional neural network architecture, and multi-modal data streaming we aim to
improve the accuracy of isolated sign language recognition for our specific dataset.

3. Methodology

Our research focuses on the significance of pre-trained models in visual-based SLR. As a backbone, we have selected a
3D CNN model with weights obtained from training with kinetics depth data. For fine-tuning, we used a custom dataset
collected by frontal set RGB cameras for Azerbaijani Sign Language recognition. Our findings show that utilizing transfer
learning through pre-training on a large-scale dataset like kinetics depth data greatly improves the accuracy of sign language
recognition for Azerbaijani Sign Language compared to traditional methods.

3.1. The Dataset and Data Preparation

We assembled a dataset tailored for the identification of Azerbaijani Sign Language, comprising RGB video recordings
obtained from front-facing cameras. Initially recorded in sentence form, the videos were later trimmed into individual words.
The selection process involved choosing only those videos with at least 20 samples for labeling and then focusing on the top
100 classes (words) for further analysis. Subsequently, these videos were divided into training and testing sets using a
randomized split ratio of 9:1. Certain preprocessing techniques such as center-zoom and normalization techniques were
applied to the RGB video data to enhance the quality and consistency of the input.

Addressing imbalanced datasets is a critical aspect of training robust machine learning models. In our case, where one
class constituted more than 10% of the entire dataset, an imbalanced distribution could lead to biased model predictions. To
counteract this imbalance, class weights are widely employed during the cost-sensitive training. By calculating and
incorporating the class weights, the model was provided with a mechanism to appropriately weigh the contribution of each
class during training. This approach ensures that the model is not disproportionately influenced by the larger class and helps
it generalize more effectively across the entire dataset. We calculates class weight as

Class weight of the specific _class = number of the samples in the largest class /
number _of the samples for this _specific_class
Multiplying the output of each class by its respective class weight serves as a guidance mechanism, signaling the
relative importance of each class based on its representation in the data to the model. This nuanced training strategy is pivotal
for achieving a balanced and unbiased model, enabling more accurate predictions across all classes, particularly in scenarios
where class imbalances are prominent. We continue handling inbalanced data distribution problem by applying cost-sensitive
training.
The data preprocessing steps involved saving label-to-one-hot encoding dictionaries, paths for training and testing, and
class weights for streaming. To prevent memory issues, the video samples were not fully loaded into RAM. Instead, we
utilized data streaming to read the samples.

3.2. Multimodal Data Streaming
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Multimodal training entails incorporating multiple modalities to enhance the model's feature representation. By
integrating various streams, the model can process diverse types of information concurrently. In our approach, we
an RGB stream with TVL1 and Farneback as optical flow modalities to enable a more comprehensive feature
for robust recognition. This is particularly important as RGB videos contain visual redundancy that may pose challenges
single-stream models in extracting key information efficiently. Our multimodal training method, which integrates both
and optical flow modalities, allows our model to leverage spatial information effectively at a higher level, leading to
improved accuracy and robustness in recognizing Azerbaijani Sign Language signs. We also adjusted input layer
parameters to accommodate differences in shape and batch size across dataset streams while leveraging complementary
fusion of information from different streams for enhanced performance. Additionally, we utilized pre-trained 3D
Convolutional Neural Networks trained on large-scale datasets like Kinect depth data to benefit from their learned
representations and capture more complex features when fine-tuned for sign language data.

3.3. Model Architecture

The model architecture is based on a deep Convolutional Neural Network that utilizes 3D convolutions to capture
spatiotemporal information across video frames. The model takes as input a sequence of video frames, either RGB or
optical flow modalities, and applies 3D convolutions to extract spatial and temporal features simultaneously. The input
layer is being modified to match the shape and batch size of the input data from different modalities
((n_frames,),output_size (num_channels,)) which is (20,224,224,3) for RGB and Farneback an (20,224,224,2) for
TVLI Optical flow. In the Fig. 1. the top layers of the model demonstrated:

Tables and figures should be placed close to their first citation in the text. All figures and tables should be numbered.
Table headings should be centred above the tables. Figure captions should be centred below the figures. Refer to the
figure below for a sample.

if include_top:
x = self.Avg3DPool((2, 7, 7), strides=(1, 1, 1), padding=‘valid', name='top
x = self.Dropout{dropout_prob,name = ") ()
x = self.conv3d_bn lasses, 1, 1, padding="
use_bia activation_fn=False, use_bn=False, name='top')
num_frames_remaining = int(x.shape[1])
x = self.Reshape((num_frames_remaining, classes),name = "to e ) (x)

x = self.Lambda(la mean(x, axis=1, keepdims=F

output_shape= =
x = self.activation( t , ha to 2diction')(x)

Fig. 1: Top layers of 13D CNN

Before I3D, we utilized a model with late diffusion that involved generating feature maps for each frame using the
pretrained MobileNet model. These sequential feature maps were then inputted into the LSTM model to address the
final prediction problem. However, this approach was limited in capturing frame interactions as it only relied on late
feature maps from the model, resulting in some loss of information about connections and interactions between frames.
The core issue lay in capturing temporal features essential for identifying dynamic patterns. The I3D model tackled this
limitation by incorporating continuous fusion techniques.This allowed for the extraction of both spatial and temporal
features, capturing the dynamic patterns present in the target dataset more effectively.

3.4. Training

During the training phase, we followed a two-step process. Initially, we trained the top layer of the model (Fig. 1.)
to fit the new initialized parameters to the previously trained parameters. This process helps prevent the top untrained
parameters from interfering with the previously trained parameters. Then, we unfreeze the rest of the backbone layers
and fine-tune the entire model using the target dataset.

The number of epochs during experiments typically varied between 50-100 depending on the convergence of the
training loss and validation accuracy. During the first step of the training phase, we froze the backbone layers and only
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trained the top layer with a lower learning rate to focus on fine-tuning the new parameters. In the second step, we unfreezed
the backbone layers and used a higher learning rate to fine-tune the entire model. After training, we evaluated the performance
of our model using the F1 score. Fig. 2. and Fig. 3. show trainig and testing evaluation, accordingly:

Training Metrics
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Fig. 2. Training progress evaluations

3.5. Testing and evaluation metrics
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Fig. 3. Testing progress evaluations

To evaluate the performance of our model in recognizing Azerbaijani Sign Language gestures, we conducted extensive experiments
and measured the F1 score as the evaluation metric. The experiments involved testing our model on a dataset of Azerbaijani Sign
Language gestures and comparing the results with the ground truth labels. Our model achieved an F1 score of 84.85% on the test dataset,
demonstrating its effectiveness in accurately recognizing Azerbaijani Sign Language gestures. The Fig. 4. shows the F1 scores for the
top 10 frequent words (classes). Fig. 5. shows the same results for the top 20 classes:
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Fig. 4. F1-scores for top 10 classes
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Fig. 5. Fl-scores for top 20 classes

4. Conclusion

Our research highlights the potential of using pre-trained 3D convolutional neural networks to recognize sign
language, specifically focusing on Azerbaijani Sign Language. By implementing transfer learning and fine-tuning methods,
we achieved high accuracy in identifying gestures. To further improve our findings, we plan to expand the dataset by
including a wider range of sign language gestures.

Transfer learning significantly improved final accuracy and training behavior across all experiments. It led to faster
convergence, requiring fewer training epochs while demonstrating better initial accuracy on the validation dataset —
indicating enhanced generalization capability from the outset.

Furthermore, our plans involve evaluating attention-based convolutional neural network architectures and
comparing their performance with the pre-trained 3D CNN used in this study. Ultimately, our paper proposes an
approach for sign language recognition employing pre-trained 3D convolutional neural networks. Our methodology
delivered promising results in accurately recognizing Azerbaijani Sign Language gestures with an overall F1 score of
84.85%.
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