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Abstract—Face recognition technology raises ethical and privacyconcerns, particularly
regarding data security, consent, and potentialmisuse. A comprehensive analysis of face
recognition, with a specificfocus on fuzzy logic (FL) and intuitionistic fuzzy logic (IFL) to
addressuncertainties in facial feature extraction and recognition. Additionally,the paper
explores the emerging concepts of IFL, evaluating itsapplicability and contributions to
enhancing the robustness of facerecognition systems. The findings aim to guide researchers in
thedevelopment of more adaptive and resilient face recognition systemsthrough fuzzy and
intuitionistic fuzzy logic principles.

Index Terms— face Recognition, Fuzzy logic, Intuitionistic Fuzzy Logic, Image Processing.

|. INTRODUCTION

Your goal is to simulate the usual appearance of papers in a Conference Proceedings or Journal Publications. We
are requesting that you follow these guidelines as closely as possible. Image processing involves the
manipulation and analysis of digital images to enhance or extract information, using techniques like filtering,
segmentation, and feature extraction [1]. This field plays a crucial role in various applications like medical
diagnostics, satellite imagery analysis, facial recognition, artistic photo enhancements etc [2]. Fuzzy logic is a
mathematical framework that handles uncertainty by allowing values to exist between true (1) and false (0). It
has applications in control systems, decision-making, and artificial intelligence were precise

boundaries are ambiguous or context-dependent. Uncertainty in image processing arises due to factors such as
noise, variations in lighting conditions [3], distortions during image acquisition, and inherent imprecision in
feature extraction algorithms. These uncertainties can impact the accuracy of image analysis, pattern recognition,
and computer vision tasks. This leads to using FL and IFL in image processing [4].

Biometrics is a field of technology that involves the measurement and statistical analysis of people’s unique
physical and behavioural characteristics, such as fingerprints, iris patterns, facial features, and voice patterns [5].
Face recognition is crucial in biometric authentication due to its numerous advantages. However, several factors
affect authentication accuracy, including identifying individuals whose appearances have changed due to aging
or other factors, which pose a challenge in maintaining consistent performance over time. Additionally,
background noise, clutter, and other environmental factors can obscure facial images, impacting the reliability of
face recognition systems. Mathematical models in FL & IFL play a key role in

overcoming these uncertainties.
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Il. PRELIMINARIES

A. Fuzzy sets

Let I ={i,,i,,...,i,} beanon-empty set. We define a fuzzy set F of | as follows,

F={i,prDli €1} 1
Where ur(i): F — [0,1] depicts the degree of belongingness of i € I.

B. Intuitionistic Fuzzy Sets (IFSs)

An intuitionistic fuzzy set A in [, is expressed as:
us(0):A - [0,1],9,(): A — [0,1] are the belongingness and non-belongingness degrees of an element I in A
upon the condition, 0 < 1, (i) +9,() < 1when9,(i) =1 —pu,(), Vi€ A.
We now define, the degree of hesitation as follows:
(D) =1 — py (@) — v, ()
As we rewrite, the above equation we get,
pa(@) =1 = 1,(i) — v,(i)
v, (1) =1 — p, (D) — ,(0)
Thus, forevery i € I, I,(i) + pu, () +v,(@Q) = 1.

C. Fuzzy Logic

FL is a mathematical approach that deals with reasoning and decision-making in uncertainty, imprecision, and
partial truth, unlike classical or traditional logic, which relies on binary true/false values. One could raise a
question, why do we need to Fuzzify the images? how does that improve the results?

D. Intuitionistic Fuzzy Sets (IFSs)

In IFL, each element is associated not only with a degree of membership but also with a degree of non-
membership and a degree of hesitation [6]. The degrees of membership and non-membership still range between
0 and 1, and the sum of the membership and non-membership degrees can be greater than 1, reflecting hesitation
or uncertainty.

(i)
p(@)
9(i)
v
Figure 1. IFL

In some cases, we cannot decide on which gray level the pixel belongs i.e., the belongingness of pixels is not
known in all the cases, that’s when IFL comes into action. There are various ways in which we can fuzzify the
images intuitionistically. In some cases, FL is enough to obtain the information from the images and in some
cases, we would require to go with IFL. Fig. 1 helps us understand IFS better.

I11. DEVELOPMENT OF MATHEMATICS IN FACE RECOGNITION

A. Initial Stage

Mathematics plays a fundamental and crucial role in image processing. It has become an essential requirement
for researchers to know the mathematical tools and algorithms to process the images [7]. The Following tables
give us a brief outline of Mathematical techniques applied in Image processing. Even though we have so much
of techniques to perform the task, they never have full accuracy. Hence along with these techniques, many more
high-level concepts were merged to get more accuracy.

The following figure helps us to understand how, mathematics plays a vital role in image processing. Fig. 2
shows the different concepts that is involve in the process of studying an image.
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TABLE |. MATHEMATICS BEHIND IMAGE PROCESSING

Methods Image Processing Techniques
Histogram Equalization Contrast
Spatial Filters enhancements, blurring
Discrete Cosine Transforms Reduce computation time, compression
Laplacian Distribution Edge detection
Mathematical Operations Manipulation of pixel values
Linear and non-linear Contrast Adjustments
Convolution Operations Blurring, sharpening

Frequency domain operations

Fourier Transforms . :
smoothing or sharpening

Deconvolution Motion, defocus
Discrete Cosine Transform Compression
k-means Grouping pixels
Morphological Operations Modify the shape of features
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Figure 2. Mathematical Techniques

B. Fuzzy Logic in Image Processing

Fuzzy Logic has played a vital role in image processing. The following flowchart is the usual procedure that is
employed in face recognition [8].

Input face image

|

Pre-processing

Define
membership —>  Fuzzification Defuzzification
function |

Fuzzy Infelence system
Knowledge | (Output membership Output

base or domain face image
function)

The first attempt to introduce Fuzzy sets in Medical Image processing was Isabelle Bloch in 1994, who gave two
examples of clustering and mathematical morphology for fuzzy sets. Later in 1997, Peter, Hespanha, and David
developed an algorithm based on Fisher’s linear discriminant which is insensitive to large variations in lighting
during face recognition [9]. Another important approach was made by Gyu-tae Park and Zeungnam Bien in
2000, where they initiated a feed forward multilayered artificial neural network that involved fuzzy observer
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[10]. In 2002, Otman Basir, Hongwei Zhu, and Fakhri Karray constructed fuzzy integral-based image
segmentation [11]. In 2004, Jae Jun lee and Taeseon Yoon demonstrated a combination of fuzzy theory and
Shannon entropy[12], to eliminate complications that arise in face recognition [12]. In 2005, Keun and Witold
used [9] to develop the Fisherface concept to fuzzy where he concluded that the model managed the vagueness
and ambiguity of the face images. Kim and Bien in 2008, designed a personalized classification using a neuro-
fuzzy approach, which has provided higher classification art, minimal network parameters, and faster
computation[13]. Later in 2010, Vishwakarma, Pandey, Sujata, and Gupta defined a @ membership function that
calculated the degree of belonginess of each pixel in every class with less error rate [14]. Melin, Mendoza, and
Castillo in 2011, proposed a modification of Sugeno integral with interval type-2 fuzzy logic, this modified
method showed a statistical change in recognition [15]. In 2017, Polyakova & Lipinskiy suggested an ensemble
approach that involved fuzzy logic system to solve and classify the regression problem, this fuzzy system has
proven to give minimal solution error [16]. In the same year, Rustam, and Zuherman classified Learning Vector
Quantization and Fuzzy Kernel Learning (FKLVQ) which gives no restriction on background, expression etc.
This method gives an accuracy of a maximum of 89.33% [17]. In 2020, Gibran, Budhiarti, Sihombing used
Fuzzy C-means (FCM) to do image segmentation which has 95.78 % accuracy, which is more than, K-means
clustering segmentation which has 92.22 %. Hence, they concluded using the Fuzzy accuracy rate has improved
[18].

IMAGE PROCESSING
FACE DATABASE
LIGHTENING EXPRESSION SEGMENTATION

Fuzzy fisher linear discrimnant Feedforward multilayer artificial Maximum fuzzy integral
Sugeno Integral with Interval network (fuzzy observer) Fuzzy Threshold
type-2 fuzzy logic. neurofuzzy approach fuzzy- rule based
Fuzzy Logic System 7T membership function Fuzzy Clustering- Means

fuzzy kernel Learning Vector

Quantization (FKLVQ)

Figure 3. Fuzzy Used in Uncertainty

To summarize the literature survey, we have the following diagram: Whenever fuzzy logic has been used in the
process of recognition, it has given a better accuracy rate and less error rate [19]. It’s important to note that the
implementation of fuzzy logic should be carefully designed to the specific requirements of the face

recognition application to maximize its effectiveness [20]. Additionally, advancements in deep learning and
neural networks have also been prominent in the field of face recognition, so a combination of fuzzy logic

with these techniques may be considered for optimal results [21].

C. Intuitionistic Fuzzy Logic in Image Processing

Intuitionistic fuzzy sets provide a framework for handling uncertainty in face recognition, their practical
implementation requires careful consideration of the specific application, data [22], and the level of uncertainty
inherent in the recognition task [23; 24; 25]. In some cases, traditional fuzzy logic may be sufficient, while in
others, the enhanced capabilities of intuitionistic fuzzy logic may be more appropriate for handling the
complexities and uncertainties inherent in certain image processing applications [3; 26]. Researchers started to
bring in Intuitionistic Fuzzy in image processing, in 2005 loannis K. Vlachos, and George D. Sergiadis defined
membership and non-membership functions based on the brightness in a gray level image, also they have used a
fuzzy histogram to define the hesitation [27]. In 2007, 1.LK. Vlachos and G.D. Sergiadis analysed the
characteristics of digital images that involve uncertainty. A new approach to IFIP using various examples that
helps in contrast enhancements and edge detection [28; 29]. A. Jurio, D. Paternain, H. Bustince, C. Guerra,
G.Beliakov in 2010 developed a new method to magnification algorithm, this construction is known for
simplicity and efficiency in time [30]. In 2016, Sharmistha Bhattacharya and Srijita Barman Roy introduced
intuitionistic fuzzy set oscillation for face recognition. This method captures important pixels like eyes, nose,
and mouth [31; 32].
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IV.FL & IFL MoDELS IMPLEMENTED IN FACE RECOGNITION

A. Fuzzy Fisher Linear Discriminant Analysis (FFLDA)

FLDA is a technique used for dimensionality reduction and classification, particularly in scenarios where there
are two or more classes [33]. Instead of assigning data points strictly to one class or another, FFLDA allows for
partial memberships to different classes based on fuzzy membership functions [21]. This means that instead of
hard boundaries between classes, there are soft boundaries where data points can belong to multiple classes with
varying degrees of membership.

B. Sugeno integral with Interval Type-2 Fuzzy Logic

The Sugeno integral is a generalization of the Choquet integral, which is used to aggregate information from
multiple sources or criteria in decision-making processes. Combining the Sugeno integral with Interval Type-2
Fuzzy Logic allows for more robust decision-making in situations where there is uncertainty in the data and the
membership functions themselves.

C. Feedforward multilayer artificial neural network with a fuzzy observer

A feedforward multilayer artificial neural network with a fuzzy observer is a computational model that combines
elements of artificial neural networks (ANNs) and fuzzy logic [34]. FMFNNSs are used in pattern recognition
tasks where the data may be imprecise or ambiguous. This includes applications like image recognition, speech
recognition, and handwritten character recognition.[35].

D. Fuzzy Kernel Learning Vector Quantization (FKLVQ)

FKLVQ combines the concepts of LVQ, fuzzy logic, and kernel methods. Fuzzy memberships are assigned to
data points to represent the degree to which they belong to different classes. Kernel methods are employed to
operate in a higher-dimensional space, capturing non-linear relationships in the data. During training, fuzzy
memberships and kernel-based adjustments are used to adapt the prototype vectors to the input data.

E. Fuzzy Cluster Means

The fuzzy cluster mean is calculated as a weighted average of all data points in the cluster, where the weights are
the membership values indicating the degree of belongingness of each data point to the cluster [2].
Mathematically, the fuzzy cluster mean can be expressed as follows:

_ Z M @)

==

! Zi=1 lr;l
Where ¢, , represents the fuzzy cluster mean of cluster j, x;; denotes the membership value of data point i in
cluster j , x; denotes the ith data point and m is a weight exponent which is known as fuzzifier.

F. IFS oscillation

Intuitionistic Fuzzy Sets (IFS) oscillation refers to the fluctuation or variation in the membership, non -
membership, and hesitation degrees of elements within an intuitionistic fuzzy set over time [36], in different
contexts, or in response to changing condition [37; 38]. This methodology helps us to capture the most important
features carrying pixels that provide the best recognition [39].

V. CONCLUSION

In conclusion, this analysis has provided a comprehensive overview of the advancements and challenges in the
field of face recognition, with a specific focus on applying fuzzy logic and intuitionistic fuzzy logic. The
exploration of various studies and methodologies has revealed the growing significance of these intelligent
paradigms in addressing the complexities associated with face recognition systems. Thus, we conclude that
determining whether to employ fuzzy logic or intuitionistic fuzzy logic depends heavily on the specific research
scenario. The literature survey table summarizes the important findings, showing how the various studies
interconnect to highlight trends, gaps, and contributions to the research field.
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