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¥ cryptocurrencies
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¥ decentralization
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'® Recurrent Neural Network (RNN)
¥ Long Short-Term Memory (LSTM)
Y Gated Recurrent Unit (GRU)

'* Sentiment Analysis (SA)

" Natural Language Processing (NLP)
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™ Text Mining

" Classification

™ Linear Regression (LR)

" AutoRegressive Integrated Moving Average (ARIMA)
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" Convolutional Neural Network (CNN)
" Multi-Layer Perceptron (MLP)
" Kaggle
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" Generalized Regression Neural Architecture

¢ Gaussian kernels
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" Radial Basis Function Neural Network (RBFNN)
™ Generalized Regression Neural Networks (GRNN)
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¥ Model Generalization

¥ Evaluation
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Neutral
Neutral
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0.615441263 neutral
0.624978065 neutral
0.680372477 negative
0.590097666 neutral
0.63647306 neutral
0.675836742 neutral
0.67835182 positive
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0.999892592 Positive
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0.999895215 Neutral
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3ConvlD (64, 128, 64) + 2Bi-LSTM (100) (Rathee et al., 2023)
2LSTM (256) + Dense (128) (Jiang, 2019)
ConvlD (64) + LSTM (75) + Dense (16) (Murray et al., 2023)
GRU (75) + Dense (100) (Murray et al., 2023)
LSTM (75) + LSTM (50) + Dense (32) + GRU (50) + Dense (64) (Murray et al., 2023)
Conv1D (64) + 2LSTM (50, 100) + Attention + Dense (128) (Amirshahi & Lahmiri, 2025)
LSTM (100) (Kaur et al., 2025)
GRU (100) (Kaur et al., 2025)
Dense (100) + Attention + Dense (128, 128) (Mazinani et al., 2025)

3Conv1D (128, 64, 128) + GRU (256, 256, 256) + Dense (128) Fatemeh Tabe et al.
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Input_Layer (InputlLayer)

Qutput shape: (None, 2) | Qutput dtype: float32

;

Lambda_Add_Dimension (Reshape)

Input shape: {None, 2} | Output shape: (None, 1, 2) Qutput dtype: float32

;

bidirectional_5 (Bidirectional)

Input shape: (None, 1, 2) | Output shape: {None, 1, 128) | Output dtype: float32 BIEILELES

bidirectional_6 (Bidirectional)

Input shape: {None, 1, 128} | Output shape: {None, 1, 128} | Output dtype: float32 BRIEILE]HE

bidirectional_7 (Bidirectional)

Input shape: {None, 1, 128} | Output shape: {None, 1, 128} | Output dtype: float32 BRIEILE]HE

l ¥

Hidden_Layer_4 (Add}

Input shape: [{None, 1, 128}, {None, 1, 128)] | Output shape: (None, 1, 128) | Qutput diype: float32

!

bidirectional_8 (Bidirectional)

Input shape: (None, 1, 128) | Output shape: (None, 1, 128) | Qutput dtype: float32 RIEILELIE

bidirectional_9 (Bidirectional)

Input shape: (None, 1, 128) | Output shape: (None, 1, 128) | Qutput dtype: float32 RIEILELIE

! ,

Hidden_Layer 7 (Add}

Input shape: [{None, 1, 128), {None, 1, 128)] | Output shape: (None, 1, 128) | Output dtype: float32

!

bidirectional 10 (Bidirectional)

Input shape: (None, 1, 128) | Output shape: (None, 1, 128) | Output dtype: float32 RIEILELIE

bidirectional 11 (Bidirectional)

Input shape: {(None, 1, 128} | Output shape: {None, 1, 128) | Output dtype: float32 RIEILELE

Hidden_Layer 10 (Add)

Input shape: [{None, 1, 128), {None, 1, 128)] | Output shape: {None, 1, 128)

}

Decision_Layer (Dense)

Output dtype: float32

Activation: relu

Trainable

Input shape: (Nene, 1, 128) Output shape: (Nene, 1, 128) | Qutput dtype: float32

}

Output_Layer (Dense)

Activation: linear

Trainable

Input shape: {(None, 1, 128) | Output shape: (None, 1, 1) | Output dtype: float32
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MAE MSE MAPE RMSE Jde b5 #
0.016191 0.00048 1.987774 0.021901 MLP 1
0.015291 0.00045 1.881794 0.021204 CNN 2
0.021218 0.000697 2.570907 0.026395 RNN 3
0.015875 0.000469 1.950866 0.021656 Bi-RNN 4
0.015349 0.000452 1.891129 0.021263 LSTM 5
0.016706 0.000522 2.05499 0.022845 Bi-LSTM 6
0.015855 0.000469 1.951341 0.021662 GRU 7
0.015064 0.000444 1.859814 0.021074 Bi-GRU 8
0.01729 0.00053 2.095999 0.023024 CNN Bi-LSTM Ensemble 9
0.016967 0.000541 2.083119 0.023254 2LSTM Dense 10
0.023191 0.00093 2.840193 0.030498 CNN LSTM Dense 11
0.015152 0.000448 1.871359 0.021176 GRU DENSE 12
0.015398 0.000459 1.903229 0.021414 2LSTM DENSE GRU Dense 13
0.015202 0.000449 1.880697 0.021182 CNN 2LSTM Attention 14
0.125764 0.016329 15.30575 0.127785 LSTM 15
0.150353 0.023362 18.22216 0.152846 GRU 16
0.03112 0.001419 3.66911 0.03767 Transformer 17

0.0196 0.000639 2.437291 0.025272 Fatemeh Tabe et al. 18
0.014195 0.000395 1.705625 0.019867 Proposed Method (Scenario 1) 19

0.01272 0.000311 1.50291 0.017629 Proposed Method (Scenario 2) 20
0.01136 0.000208 1.280455 0.014416 Proposed Method (Scenario 3 - CryptoBert) 21
0.011314 0.000213 1.277189 0.014593 Proposed Method (Scenario 3 - DistilRoberta) 22
0.012515 0.000284 1.417459 0.016841 Proposed Method (Scenario 3 - FinBert) 23
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MAE MSE MAPE RMSE Joo b #
0.015807 0.000469 2.955002 0.021651 MLP 1
0.016598 0.000503 3.110354 0.02242 CNN 2
0.015654 0.000464 2.886721 0.021537 RNN 3
0.016705 0.000494 3.200294 0.022226 Bi-RNN 4
0.01574 0.00048 2.899944 0.02192 LSTM 5
0.016808 0.000523 3.116244 0.022878 Bi-LSTM 6
0.015696 0.00048 2.88887 0.021911 GRU 7
0.015545 0.00047 2.845774 0.021682 Bi-GRU 8
0.016481 0.000486 3.122862 0.022042 CNN Bi-LSTM Ensemble 9
0.01634 0.000495 3.008065 0.022254 21.STM Dense 10
0.025278 0.000946 5.116507 0.030762 CNN LSTM Dense 11
0.015927 0.000481 2.902867 0.021936 GRU DENSE 12
0.015973 0.000483 2.912262 0.021975 21 STM DENSE GRU Dense 13
0.01586 0.000469 2.935824 0.021656 CNN 2LSTM Attention 14
0.069812 0.006127 12.01161 0.078274 LSTM 15
0.073885 0.006062 13.67032 0.077858 GRU 16
0.016225 0.000482 3.014804 0.021958 Transformer 17
0.015589 0.000468 2.853353 0.021632 Fatemeh Tabe etal. 18
0.014367 0.000433 2.819452 0.02081 Proposed Method (Scenario 1) 19
0.013881 0.000431 2.738288 0.020759 Proposed Method (Scenario 2) 20
0.013655 0.000324 2.518299 0.017987 Proposed Method (Scenario 3 - CryptoBert) 21
0.013818 0.000364 2.679601 0.019077 Proposed Method (Scenario 3 - DistilRoberta) 22
0.01386 0.000411 2.696965 0.020262 Proposed Method (Scenario 3 - FinBert) 23
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Abstract

The combination of sentiment analysis and an approach based
on recurrent neural networks for the estimation and analysis
of cryptocurrencies

By
Ali Mansourabady

The cryptocurrency market, due to its rapid growth and unpredictable volatility,
provides a fertile ground for scientific research in the field of modeling and forecasting.
This has led to the development of prediction models becoming one of the key areas of
focus in supporting investment decision-making and guiding both market participants and
researchers. The primary objective of this study is to investigate the effectiveness of
combining recurrent deep neural networks in enhancing the accuracy of cryptocurrency
price prediction. In this work, residual recurrent neural network architectures are
employed to mitigate issues such as the vanishing gradient problem, thereby improving
predictive performance over long sequences. To validate the robustness of the proposed
approach, multiple cryptocurrencies were analyzed. The proposed method integrates
historical price data with news sentiment to predict the next day’s price movements. For
sentiment analysis of the news data, pretrained language models including CryptoBERT,
FinBERT, and DistilRoBERTa were utilized. Experimental results demonstrate that the
proposed model achieves higher accuracy compared to baseline methods. The
contributions of this study lie in advancing cryptocurrency price prediction through the
use of state-of-the-art sentiment analysis techniques, as well as in demonstrating the
superiority of the residual recurrent architecture for time-series forecasting tasks. Overall,
the findings confirm that combining historical price data with sentiment analysis, together
with the proposed architecture, significantly enhances predictive accuracy.

Keywords: cryptocurrencies, recurrent neural networks, Sentiment analysis, deep
learning
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