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1 Introduction 
This configuration manual shows minimum hardware and software configurations to replicate 

the research project “Improving Waste Sorting Systems: Enhancing Sustainability and 

Resource Recovery”. It also shows the libraries, code and each implementation steps with all 

the requirements. This documentation is designed to reproduce with accuracy and precision 

for further application of the research project.  
 

2 System Requirements 
 

2.1 Hardware Requirements  

 

The below table1 shows the hardware requirements needed to for project execution. 

 

Components Specifications 

Processor Intel Core i7 4.7Ghz 

GPU NVIDIA RTX 4050 

RAM 16 GB 

Storage 1 TB SSD 

Operating System Windows 

Display 144Hz 

 

2.2 Software Requirements 

 

The below table shows the software configurations 

 

Software Type Software Name Version 

Programming Language Python 3.10.9 

Coding Environment Jupyter Notebook 6.5.1 

Platform TensorFlow 2.16.1 

 

2.3 Required Libraries and packages 

 

The below section shows us all the libraries and packages we have used in the process. 
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Figure 1 Libraries and packages 

 

3 Implementation of Code 
 

In this section, we will see everything required to process the code successfully from scratch.  

 

3.1 Creating Folder and loading all the required things. 

 

The below figure2 shows the folder and all the codes files in it with data folder in it.  

 

 

Figure 2 Directory 
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3.2 Data Preprocessing 

 

In this process, we collected all the images and stored in a folder called data_waste. The 

collected data has been labelled with the same name as folder. In Fig 3 and Fig 4 Below 

 

              

                         Figure 3 Classes                                                      Figure 4 Image labels 

3.3   Data splitting and Transformation 

 

In this section, we did split the data in three categories train, valid and test. But first we did 

train and valid then out of it we made a test folder containing test images. Below Figure 5 

shows the python code for train and valid data. 

 

 

Figure 5 Splitting of data 
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The above code shows splitting. One change is we use test_size for validation folder you can 

use valid_size and change as per requirements. Below Figure shows code for test folder 

creation. We took 5 images per class to keep data short.  

 

 

Figure 6 Test Data folder creation 

 

Later on, we made an Augmented dataset out of it to make data more robust and better. 

Below Figure7 shows the Augmentation code. 
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Figure 7 Augmentation data code 

We can change i>3 to get more or less images as per the requirements.  

 

3.4 Final Code 

 

In this section, we will start making and processing the model by loading the images first in 

required variables and then go on with all the implementations and training. 

 

In this code what we did is loaded the data in the variables train_dir and val_dir to process the 

data. We made the model in the same folder where our data is you can change path as per 

your data folder. Then we used augmentation on our training set for better training and kept 

valid set as it is. We later gave the batch size which is 64 but we can use (16, 32, 64 or 128). 

The size of the images is kept at 224 x 224 but change as per the model requirements. Class 

mode is categorical because we are performing multi class classification. 

Below figure 8 shows the code 
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Figure 8 Data loading 

 

In the below code, we started with loading the model. We loaded the pre-trained model of 

InceptionV3 with pre trained weights using ImageNet. In the next step we froze the base 

layer of the pre-trained model to retain trained features. Then we added the custom layers to 

the model for fine tune the unique features of the model. We used dropout layers to avoid 

overfitting and Dense layer using softmax activation for multi-class classification. 

 

Later, we complied the model with Adam optimizer, loss as categorical crossentropy and 

metrics of accuracy to show the training process. Then, we moved to training the model with 

epochs 40 for better training and saved the model as .h5 file format.  

 

In the end, we have written code to get the line charts for training and validation 

accuracy/loss for better understanding using matplotlib.pyplot. We can see in the Figure 9 

below.  
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Figure 9 Model loading and training 
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Figure 10 Training process 

In figure 10, we can see the training process of the above model.  

 

 

Figure 11 Graphs and charts 

In the figure 11, we can see the code for making confusion matrix and classification report 

for the above model. 

 



9 
 

 

 

Figure 12 Model testing 

Above in Figure 12, we can see the code for testing the model by input of images to test the 

model predictions of the image classes.  
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