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1 Anaconda Navigator 
 
The Anaconda navigator is a software which is a Graphical User Interface desktop software 
included in anaconda distribution, this enables the user to launch the anaconda packages and 
environments and channel. This software enables us to use the Jupyter notebook, [1] 

1.1 Jupytor Notebook 
 
The Jupyter notebook is an web based application which is used for creating and sharing the 
original computational documents, this enables the users to create streamlined document 
oriented experience in a simple way. The Jupyter notebook enable us to use the python 
coding. This contain different set of programming languages such as Python, R, Julia and 
scala. The Jupyter notebook support over 40 programming languages. 
 This can liverage big data tools, for example apache spark, from python, R and Scala. 
This enables to explore the same data with pands, scikit-learn, ggplot2 and Tensorflow. [2] 
 
2 Scikit-image 
 
The Scikit-image is a image processing software used to process the images and fine tune the 
images. This is an open-source software library for python. This provides high quality image 
processing. This program is written by an active community of volunteers. This helps to 
enable the CLAHE image tuning functionality. [3] 

2.1 CLAHE 
 
The CLAHE is the image contrast enhancement and histogram equalization method, the 
CLAHE stands for Contrast Limited Adaptive Histogram Equalization method. Thus helps to 
adjust the contrast of the image and equalize the image histogram, which helps to protect 
from overdone of contrasting,  CLAHE works with specific tile area and removes the false 
boundaries, here the cliplimit is set by 3.0 and a tilegrid of 8,8 for the biometric traits, for 
fingerprint, face and palmprint biometric image, over doing of cliplimit can increase the 
contrast and the tilegrid is set by 8 in order to distribute evenly and thus provide less noise in 
the image. 
 
3 Matplotlib 
 
This software library is used in the python in order to visualize the fine tuned images, here 
the visualization is done for CLAHE image and equalized histogram images. Here the 
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plotting of histogram is also done by converting the histogram to flat. The complete range of 
histogram is applied here as 0 to 255. [4] 
 
4 Dlib 
 
Dlib is a python library software which is used for image processing, this is mainly used to 
detect the face images, this is a powerful tool for face recognition. This provides very high 
capability for face detection. Here the Dlib is used to extract the face region of interest. [5] 
 
5 Tensorflow 
 
Tensorflow software is an end to end platform for machine learning, tensor flow has the 
ability to solve many real world problem with machine learning. The tensor flow has keras 
basics, this is useful for both beginers and advanced users. Here the tensor flow keras are 
used to extract the features. The tensorflow is used here for python. The version used here is 
Tensorflow v2.16.1 [6] 
 

5.1 DenseNet 201 
 
The DenseNet201 is a dense convolution network architecture used with tensorflow keras 
application in python, in order to extract the features from the biometric traits, we are using 
the DenseNet201, the setup for image predictions are done by adjusting the ROI size to 224 
pixel density and loaded the dataset from ImageNet for fine tuning image, the colour channel 
is RGB. [7] 
 
6 Scikit learn 
 
The scikit learn  is a powerful python software used for different machine learning purpose, 
such as classification, clustering, prediction, regression, clustering, similarity calculation and 
much more. Here we are using this library for similarity calculation and classification  
method using cosine similarity function and softmax function. [8] 
 

6.1 Cosine similarity 
 
The cosine similarity is used to calculate the similarity of each biometric trait set here. Here 
first we normalize the feature vectors and then calculate the similarity for each set. The 
cosine similarity is calculated based on Scikit learn algorithm. [9] 
 

6.2 Softmax function 
 
The softmax function here used to classify the image based on the biometric to calculate the 
cosine similarity score, which can be used based on the alogorithm numpy and scikit learn. 
[10] 
 
7 Score level fusion method 
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The score level fusion method here used to combine the biometric traits, a threshold value is 
set in order to achieve the fused similarity score while authorizing a perron’s biometric. If it 
is right the authorization will detect the person or else fail. Here the threshold value is set by 
9. 
 
8 Numpy 
 
Numpy mainly used in python to work with array, numpy used here to perform mathematical 
operation with the machine learning. 
Numpy is python softwares used here to extract the region of interest from the biometric 
traits and also to do the QR decomposition. The pixel value for region of interest is set by 255 
here. The multiple times decomposition of matrix is also done with a number decomposition 
of 3 times. [11]. The version of numpy used here is numpy 2.0 released oin 2024-06-07. 
 
9 Open CV 
 
OpenCv is a python library software used for image recognition and identification, here the 
opencv is used in amny region such as importing the biometric image and also for 
identification. [12] 
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