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1. Introduction 

 

This manual outlines a step-by-step replication guide for predicting and forecasting the 

opening and closing prices of Bitcoin using advanced machine learning models. The 

experiment compares several models, including GRU, LSTM, RNN, Prophet, and 

Prophet-GRU, whereby GRU surpasses others in accuracy and error minimization. This 

document lists the packages and configurations of software for the experimental 

environment so that it can replicate similar results. 
 

2. Deployment Environment 

 

The environment used for this research is the local windows operating systems 

with GPU and CPU on Jupyter Notebook. However, the hardware and the 

software specification details are mentioned below here: 

 

2.1 Hardware Specification 

• Processor: Intel Core i7 or equivalent 

• RAM: 16 GB or higher 

• GPU: NVIDIA RTX 2060 or higher (recommended for faster training of deep 

learning models). 

 

2.2 Software Specification 

• Operating System: Windows 10/11, macOS, or Linux-based OS 

• Programming Language: Python 3.11 

• IDE: Jupyter Notebook or VS Code (with Python extension) 
 

 

 

Figure 1: Python Version 

 
2.1.1 Integrated Development Environment (IDE): Jupyter Notebook 

 

2.2 Python Libraries Required 

Figure 3 shows the list of the Python Libraries required necessary for the 

execution of the code. This mentioned python libraries can be installed using 

the pip command. 
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• pandas: For data manipulation and analysis. 

• NumPy: For numerical operations, especially array operations. 

Data Visualization Libraries: 

• Seaborn: For statistical data visualization. 

• Matplotlib: For creating static, animated, and interactive visualizations. 

Machine Learning Libraries: 

• scikit-learn: For various machine learning algorithms, including:  

o MinMaxScaler for feature scaling 

o r2_score and mean_squared_error for model evaluation 

• TensorFlow: For building and training deep learning models, specifically:  

o Sequential model for creating a sequential model 

o Dense layer for fully connected layers 

o LSTM layer for Long Short-Term Memory layers 

o Dropout layer for regularization 

 

  
Figure 2: Libraries Imported 

 

 

3. Data Source 

 

The dataset for this project is sourced from Bitcoin Historical Data. This dataset contains 

high-frequency Bitcoin price data recorded every minute, including Open, High, Low, 

Close (OHLC) prices, and trading volumes in Bitcoin and USD. 

 

Dataset Preparation 

1. Accessing the Dataset: 

o Download the dataset from the provided Kaggle link. Save it in a .csv format 

for processing. 

o Dataset link: https://www.kaggle.com/datasets/swaptr/bitcoin-historical-data 

2. Dataset Structure: 

o Timestamp: Date and time of each record. 

o Open, High, Low, Close Prices: OHLC prices recorded per minute. 

o Volume (BTC and USD): Trading volumes for Bitcoin and USD. 

3. Data Cleaning and Pre-processing: 

o Convert the Timestamp column to datetime format and set it as the index. 

o Check for missing or erroneous data and handle it using interpolation or 
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removal. 

o Normalize the numerical features for stable model training. 

 

 

4. Project Code Files 

 

• Data Pre-processing: Handles data cleaning, normalization, and splitting. 

• Model Implementation: Includes GRU, LSTM, RNN, Prophet, and Prophet-GRU 

implementations. 

• Performance Evaluation: Calculates metrics such as RMSE, MAE, and R² for each 

model. 

• Results Visualization: Visualizes model predictions against actual prices. 

 

5. Data Preparation 

 

5.1 Data Loading 

Load data from CSV file uploaded: 

 

 
 

Figure 3: Dataset Imported 

 

 

5.2 Data Pre-processing 

• Handling Unnamed Values: Impute missing data using mean/median or 

interpolate and dropping unnamed column(s). 

• Date Conversion: Converting the Date column to required format. 

 

   
Figure 4: Handling duplicate values 
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5.3 EDA and Plotting graphs 

 

                             
 

Figure 5: Visualizing Bitcoin price over time 

 

 

 

6. Model Building 

 

• GRU (Gated Recurrent Units) 

                        
Figure 6: Model training code snippet for GRU 
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• LSTM 

              

              

              

              

              

              

              

              
                             Figure 7: LSTM Model Training 

 

• Prophet 

Use the Prophet library for time-series forecasting: 

               
                      Figure 8: Prophet Model Training 
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• Prophet-GRU 

Combine GRU predictions with Prophet forecasts for hybrid modelling. 

 

                  
                                  

 

 

 

 

 

 

 

 

Figure 9: Prophet and GRU Model Training 

 

• RNN Model 
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                                            Figure 10: Training Code for RNN 

 

7.3 Evaluation 

Metrics Calculated: 

• Mean Squared Error (MSE) 

• Mean Absolute Error (MAE) 

• R² Score 

 

                              

                              

                  

                   

                   

                   

                        
 

                                              Figure 9: Results for models 
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7. Results and Visualizations 

 

Best Model: GRU consistently outperformed all other models, achieving near-perfect R² 

scores for both opening and closing prices. 

 

Prophet Model: Prophet struggled with the high-frequency financial data, demonstrating 

significantly lower accuracy and higher error rates due to the lack of significant 

seasonality in Bitcoin price trends. 

 

Prophet-GRU Hybrid: Despite the hypothesis that combining Prophet's trend detection 

and GRU's sequential learning could enhance performance, Prophet-GRU could not 

outperform standalone GRU. 

 
 

Model Target R² Score RMSE MAE 

GRU Opening Price 0.9961 0.0039 0.0024 

GRU Closing Price 0.9882 0.0048 0.0034 

Prophet Opening Price 0.-160545.682 24.8082 28.4879 

Prophet Closing Price -154211.521 24.3558 27.9656 

Prophet-GRU Opening Price 0.990 17.023 11.650 

Prophet-GRU Closing Price 0.926 46.699 44.172 

 

 

 
Figure 10: Plots for Forecast 
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Figure 10: Combined model results GRU and PROPHET 

 

 

 
Figure 11 : Forecast Plot 

 

 

Key Takeaways 

• GRU is the most effective model for forecasting Bitcoin prices, excelling in high-

frequency data. 

• Prophet's limitations in handling non-seasonal data emphasize the importance of 

choosing models suited for the dataset characteristics. 

• Future work could explore advanced ensemble methods or hybrid approaches to 

improve predictions further. 

 

 

 

 


