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1 Introduction 
 

This report gives the information of all the software and hardware used for this project. 
Along with the detailed explanation of how all the steps were taken in successfully 
completing this project. 
 

2 System Configuration 
 
The project hardware information is shown in Fig. 1. This project used 12th Gen Intel 
processor with the RAM speed of 16GB and 1TB storage. 
 
 

 
Figure 1: Hardware information 

 
 

On the software side Python 3 jupyter notebook was used for different tasks and Fig. 2 shows 
the different libraries used for the implementation of this project.  
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Figure. 2: Python libraries 

 
 

3 Project Implementation 
 
 
This project is implemented using CRISP-DM methodology method by preprocessing the 
dataset, building and evaluating the model. Different steps are considered in preparing the 
model dataset to build and train the model which are discussed below. 
 

3.1 Importing Data 
 
Data was collected under the supervisory control and data acquisition (SCADA) technology 
for the interval of every 15 minutes and over the period of 2 years from Jan 2019 to Dec 
2020. In this research data was first downloaded in .xlsx format from the available repository 
of the existing study and then it was imported into jupyter notebook by using python libraries 
pandas as shown in Fig. 3, this library helps to read the excel file and structures into a data 
frame.  
 
 

 
Figure. 3: Import data 

 
 
The data consisted of 8 solar power stations which ranged from 30 MW to 130 MW and 
Table.1 shows the nominal capacity of each station along with number of observations for 
each feature. 
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Nominal 
Capacity

Time(year-
month-day 

h:m:s)

Total solar 
irradiance 
(W/m2)

Direct normal 
irradiance 
(W/m2)

Global 
horizontal 
irradiance 
(W/m2)

Air temp  
(°C) 

Atmosphere 
(hpa)

Power 
(MW)

Relative 
humidity 

(%)

Station1 50MW 70176 70176 70176 70176 70176 70176 70176
Station2 130MW 70176 70176 70176 70176 70176 70176 70176
Station3 30MW 20352 20352 20352 20352 20352 20352 20352
Station4 130MW 70176 70176 70176 70176 70176 70176 70170 70176
Station5 110MW 70176 70176 70176 70176 70176 70176 70176 70176
Station6 35MW 70176 70176 70176 70176 70176 70176 70176 70176
Station7 30MW 70176 70176 70176 70176 70176 70176 70176 70176
Station8 30MW 69408 69408 69408 69408 69408 69408 69408 69408  

Table. 1. Stations & feature count 
 

3.2 Data cleaning 
 
Dataset is then cleaned by checking missing values as shown in Fig. 4, in which we can see 6 
missing values in the power variable for solar station4. These missing values are removed by 
dropping the number of lines as shown in Fig. 5. 
 

 
Figure. 4: Checking missing values 

 

 
 

Figure. 5: Dropping missing values 
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3.3 Feature extraction  
 
As the dataset was in timeseries format. 'Time' column under both stations was converted to a 
datetime format by using the panda’s library. Features like quarter-hour, hour of the day, day 
of the week, and month were extracted, that helps in understanding temporal aspects like 
intra-day variations, weekly cycles, and seasonal trends. To improve the model's capacity for 
identifying temporal relationships in solar power generating data lag features like 'Lag 
15min', 'Lag 30min', and 'Lag 1hour' were created by shifting the past values of the 'Power 
(MW)' variable by 15, 30, and 1 hour as shown in Fig. 6. 
 
 

 
Figure. 6: Feature extraction 

 
 

3.4 Exploratory data analysis 
 
To understand the trend and seasonal variation in the data used seasonal decompose from the 
python library stats model.tsa.seasonal as show in Fig. 7. Also plotted correlation matrix as 
shown in Fig. 8 with the help of seaborn and matplotlib library from python 
 

 
Figure. 7: Season decomposition 
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Figure. 8: Correlation matrix 

3.5 Feature selection 
 
Feature selection is done with the combination of correlation matrix and random forest 
regressor technique as shown in Fig. 9.  In this process randomforestregressor is used from 
sklearn python library, which is one of the best techniques to extract important features. Once 
the features are extracted these are assigned to another variable and reorder and renamed for 
consistency, Fig. 10 shows the first 5 values of the data set by using head function from 
pandas librabry.  
 

 
 

Figure. :9 Feature selection using random forest and correlation matrix 
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Figure. 10: Dataset summary 
 

3.6 Model data preparation 
 
The dataset was first isolated by separating the input features from target variable (Power) for 
both station 4 and 8. Min-Max scalar function used from sklearn library to normalize both the 
stations. The scaler fit is applied to the feature and target data of station 8 to ensure consistent 
scaling as shown in Fig. 11. Also, this step is crucial in this research as the models are trained 
only on station 8 dataset and then evaluated on station 4, which also relates back to the 
research question. Next the data for station 8 is split into train (80%) and validation (20%) by 
using sklearn python library, also complete data on station4 was used for testing as shown in 
Fig.12. 
 
 

  
 
         Figure. 11: Min max scaling                       Figure. 12: Train-test split 
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3.7 Model building 
 
Three hybrid models are built with combination of convolutional neural network (CNN)- 
long short-term memory (LSTM) and transformer based - multihead attention mechanism by 
using the library tensorflow and keras as shown in Fig. 13 and Fig. 14. 
 

  
 
           Figure. 13: Transformer model                          Figure. 14: CNN-LSTM combined 
 

3.8 Model compile and training 
 
All the three hybrid models are trained and validated on station 8 data. For model training, 
the MSE loss function is used with 50 epochs and an early callback was set to 15 allowing 
model to train properly and to stop if the validation loss does not improve after 15 epochs as 
shown in Fig. 15. Libraries used for the model are from keras and sklearn. Similar model 
building and training procedure is followed for CNN-TF and LSTM- TF model. 
 

 
 

Figure. 15: Model training 
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3.9 Model Testing and Evaluation. 
 
All three models are then tested on station 4 dataset and inversed the scaling before 
calculating the metrics. Metrics are calculated using the sklearn library’s, MSE, RMSE, MAE 
and R2 score as shown in Fig. 16. 
 
 

 
Figure. 16: Model test & evaluation 

 
 
 
 
 
 
 


