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Abstract:

Identifying individuals using the veins on their face is a difficult undertaking in the realm of identity
and verification. The reason for this is that numerous additional methodologies fail to recognise the
distinctiveness of an individual inside the universe. This study report explores the distinctiveness of
an individual using a technology that analyses the veins in their face. This paper utilises five distinct
individuals' facial vein photographs captured at various rotation angles, ranging from 900 to 2700
and 3150 degrees in both left and right directions. Each individual was represented by eight distinct
photos, each taken at various rotations. From each of these images, the identical minimum cost
minutiae tree (MCMT) was derived. In this context, either Prim's or Kruskal's approach is employed
to determine the Minimum Cost Maximum Tree (MCMT) from a graph of minutiae. The MCMT is
scanned in a pre-order manner to generate a string that consists of the vertices and the lengths of the
edges, which is unique. For robustness testing, we adjusted the edge lengths of each MCMT by five
pixels in both positive and negative directions. Our investigations have shown that the sequence of
vertices and edge lengths of MCMT, which we refer to as the traversed string, is unique to each
individual. This unique sequence has proven to accurately identify a person with an accuracy rate of
95%. In addition, we have conducted a performance comparison between our suggested technique
and other established procedures. The results indicate that our suggested approach shows excellent
results.

Keywords: Face Vein, Minimum Cost Minutiae Tree, Minutiae Pattern, Thermal Image, Minutiae
Tree Traversal.

1.0 Introduction

In the past, a variety of methods had been used within the realm of individual identifying.
Previously, the investigation relied on factors such as the individual's A/c quantity, Driving Licence
and PAN (Permanently Accounts Information) card to establish their identity. However, these
strategies proved to be ineffective and unsuccessful in accurately identifying an individual. Over
time, many systems utilising human biographic identifiers were developed. Human biographical
details, including their career, education, marital status, and address, were utilised as distinct
identifiers for an individual. Currently, researchers are utilising biometric technologies for the
purpose of individual authentication. Biometric methods rely on physiologic and behavioural
characteristics. This approach utilised various biometric identifiers, including iris, hand vein, DNA
matchmaking, face vein, palms a vein, cardiac pulse, fingerprints, voice recognition, and gait
signatures [32].

Biometric features were scanned using specialised equipment such as Infrared Cameras (IR), Near
Infra-Red (NIR), Low Wave Infrared (LWIR), Short-Wave Infra-Red (SWIR), and Mid-Wave Infra-
Red (MWIR) cameras. Thermal pictures are employed to display the blood vessels and anatomical
features of human facial veins. [ 6, 9, 10, and 14].

The thermal image displays temperature fluctuations in the blood vessels and tissues of a person's
face. Physical contact is unnecessary for taking thermal photos of a person. Thermal pictures are also
utilised for the detection of intricate disorders. Thus, thermal imaging are valuable in various
domains such as engineering, medicine, space technology, and biomedical engineering. [2] [4]. Face
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vein-based identification is a sophisticated method utilised for personal identification. The technique
of facial vein-based identification involves capturing the thermal image of an individual using an
infrared camera [3] [9]. Only infrared (IR) cameras have the capability to display the structures of
facial veins and blood arteries that transport warm blood throughout the body, which is the primary
reason why human skin feels warm. It has been noticed that each individual have a distinct facial
vein structure, which aids in their identification. The process of obtaining images of face veins
involves the employment of shallow and filtering procedures. The diameter of a facial vein typically
ranges from 10 to 15 micrometres [33]. The facial veins are influenced by the influence of
temperature and psychological stress due to their reliance on blood vessel circulation. The veins
undergo structural and dimensional changes in response to an increase in body temperature. Tension
is formed as a result of the expansion in veins. The diameter of veins is constricted as a result of
tension, which significantly affects the circulatory system. Figure 1 [13] represents the sample of the
real image, thermal image, face veins 1image, and thinned face wveins patterns.
This research introduces a novel method for identifying individuals based on the patterns of veins in
their face. The suggested technique involves several crucial processes, including extracting facial
veins from a thermal picture, thinning the face veins, generating a minutiae graph (MG) from the
thinned face veins image, determining the lowest cost defilement tree (MCMT), navigating the
MCMT, as well as corresponding the findings.

LSS

1(a) Actual image 1(b) Thermal image

1(c) Face veins image 1(d) Thinned image
Figure 1 displays an illustration of a real picture, the thermal picture, a picture of facial veins, and a
thinner version of the human face vein.

2.0 Literature Review

Mottl Vadim et al. employed the elastic translation technique to distinguish the distinct facial
features of an individual using a two-pixel grid [22]. Shiguang Shan et al. introduced a method called
the Face Specific Subspace technique, which is used to accurately detect the distinct facial features
of individuals. The results were compared utilising the Yale Faces Collection. For the purpose of
assessing the reliability, a total of 350 subjects were employed in this method [31]. Leonardo Trujillo
et al. employed a method that involves extracting local and global features to address the challenges
associated with face recognition. A Support Vector Machine (SVM) technique was utilised for face
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classification [33]. Marc Garbey et al. employed a rapid Fourier transformation-based technique to
identify the face and utilised the pulse rate to measure the temperature of blood vessels based on
blood flow [9]. Gang Wang Jian et al. utilised infrared photos to extract facial traits of an individual.
The researchers employed a face detection and feature extraction technique to analyse the facial
veins of an individual [35].

Buddharaju Pradeep et al. employed thermal imaging to extract the facial veins and measure blood
perfusion, similar to how finger veins are visualised using the vascular structure of the face [3].
Arandjelovic Ognegen et al. introduced a method that involved comparing visual images and thermal
imaging using the principles of angle and data processing [2]. Chennamma and her colleagues
introduced a Markov Random Field (MRF) model for the purpose of recognising human faces. The
utilisation of the Markov Random Field (MRF) model entails creating a rough representation of an
image and then comparing it to the actual photograph [6].
Martinez Brais et al. employed thermal pictures to discern the human face and utilised the Haar
Wavelet Decomposition (HWD) approach to compare the eyes, nose, and mouth of different human
faces [19]. Mekyska Jiri et al. introduced a thermal face segmentation technique for dividing thermal
images into segments. The segmented thermal pictures were geolocated in order to identify
individuals [20]. Gault Travis et al. utilised the LWIR camera to capture a thermal image. The study
employed vessel selection, pulse measurement, and wavelet modification to conduct a multi-
resolution analysis of thermal images [10].

Chen Cunjian and his colleagues employed thermal pictures and NIR images of human faces to
determine gender using the LBHP approach. In this study, the researchers utilised Principal
Component Analysis (PCA) and Gaussian Mixture Model (GMM) to identify the gender of human
faces. The results demonstrated that this method effectively recognises the gender of individuals
based on their facial features [5]. Cho Siu Yeung et al. created a model called TIFA, which utilises
Fuzzy CMAC and Neural Network techniques to detect individuals based on their face veins [7]. The
proposed method accurately discerns the identity of an individual. Hartung Daniel et al. employed
hand veins and finger veins as a means of individual identification. He created and built the BVPR
system, which utilises spectral minutiae patterns to address the issue of personal identification [14]
[15].

Guzman Ana et al. devised a methodology in which a thermal image is recorded using the FLIRT
approach. Identity verification was performed on the registered image using feature extraction, noise
removal, image morphology, and thermal facial signature techniques [12]. Seal Ayan et al. employed
a method based on Local Binary Patterns (LBP) and Haar Wavelet Transform (HWT) to achieve
distinctive identification of individuals. This method involves converting the thermal image into a
grayscale image, and then converting the grayscale image into a binary image. The binary image is
compared with other images to verify its identity [27] [28] [26]. The thermal facial recognition
system, created by [27] [28], consists of two components: image processing and classification. The
researchers, Seal Ayan et al., conducted a detailed analysis of the minutiae points to compare the
facial veins of two individuals [27] [28]. In this study, the researchers utilised a TFRS-based
approach to calculate the minutiae points from the thermal image [30].

Sergey Chekmenev and his colleagues employed the superficial temporal artery technique to
measure the vascular heart. They utilised multi-resolution wavelet-based signal analysis techniques
to recover the arterial pulse wave [4]. Kuratate Takaaki et al. employed three-dimensional
appearance images for the purpose of generating identification. The utilisation of the 3D appearance
image extends to several applications such as robot navigation, object detection, and human-robot
interaction. In this study, the mask-bot was employed to determine the gender of a humanoid
robotics face [17]. Wong Wai and colleagues utilised the head curve geometry approach to extract
images from thermal facial data [36]. Osia Nnamdi and his colleagues employed the MWIR
technology to capture thermal images. The suggested method use fiducial points to compare several
faces using the SIFT methodology [25].
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Guzman et al. using a MWIR camera to get thermal pictures. The researchers employed a feature
extraction method and utilised the FLIRT methodology to process the registered image. The
approach suggested by Guzman et al. accurately identifies an individual [13]. Wang Ning and
colleagues employed a Multi biometric system that utilises a complex fusion method to compare
multiple faces with each other [34]. Amirthavalli and colleagues utilised a thermal vision camera to
obtain a thermal image and employed an image morphology based thermal signature extraction
technique for individual identification [1]. Negied Nermin et al. employed the thermal band
technique based on the infrared spectrum to discern the identity of an individual. The temperatures of
the facial veins' vasculature are crucial in distinguishing individuals [23].

Ghiassa Reza et al. utilised SWIR, MWIR, LWIR, and IR cameras to get a thermal image. These
thermal pictures were utilised to capture the facial veins of individuals. Ghiassa Reza et al. employed
the LBP, Wavelet Transform, and neural network processing and matching approaches to
successfully recognise an individual [11].

Kumar Sanjith and his colleagues employed the MWIR technology to get thermal pictures. Prior to
picture registration, a Gabor filter was employed. Additionally, a single reference image was selected
for comparison with all other images [16]. Lavanya et al. employed thermal imaging to depict the
vasculature and blood circulation. The vasculature generates heat as a result of blood circulation
through the veins. The blood veins are utilised for the purpose of comparing the facial structures of
two photographs, whether they belong to the same individuals or distinct individuals [18].
Nithyakalyani et al. introduced a human biometric system that uses facial features to uniquely
identify individuals [24].

3.0 Theoretical framework for recommended methodology.

Suppose "U" be an all-inclusive set that contains a number of connections from five distinct sets for
an individual. The representation consists of the elements {,,A", ,B*, ,,C*, ,,D, ,,E*}, with each set
containing the paired values of edges and vertices. The finer details of the facial veins graph are
denoted by vertices (,,v), while the connections between these finer details are denoted by edges
»€"). The characters {,,u”, ,,e”, and ,,v*} are saved in all sets to denote the beginning vertex, edge
length connecting vertices, and ending vertex of the face veins network.

A= {(uy, e, V1), (U2, €2, V2) ... (Un, €n, Vi) §
B= {(uy, €1, V1), (U2, €, V1) ... (Up, €n, Vo )}
C= {(uy, €1, V1), (U, €2, V3) ... (Up, €n, Va )} (D)
D= {(uy, €1, V1), (Uz, €, V2)... (Uy, €4, Vi )}
E= {(uy, €1, V1), (U3,.€5, V3). ... (Up, €1, Vi ) }

U={AUBUCUDUE]}
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Figure 2 displays a visual depiction of the granularity graph of an individual.

2.1 Graphic Illustration of Minute details

The vertex edges of a facial veins picture are depicted as an equation known as the Small details
Network (MG). A minutia graphs (MG) has multiple traversing trees, however just one of them is the
Maximum Costs Minutia Trees (MCMT).

2.2 Description of the Minute details Trees

A minutiae graph's traversing tree is going to be referred to as the Granular Tree (MT). A minutia
trees is going to be produced from MG, which will contain every one of MG's vertex but fails to
create a single circuit.

Illustrations 2 and 3 depict the minutiae graph and matching granularity tree for an individual's facial
arteries.
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Figure 3: Schematic illustration of a minutia trees from the second diagram.

Theorem 1: Additionally, there is a specificity tree that corresponds to the layout of face capillaries
for each individual. Evidence: The organisation of human face veins has resemblance to the vertices
and edges depicted in figure 2. Each face vein is connected to specific spots, referred to as minutiae
points or vertices.

The blood vessels that link small and precise places are referred to as edges. Let's examine a
different graph shown in figure 4, where the vertices represent minutiae points and connecting veins
of facial vein patterns, and the edges reflect the connections between them. Figure 4 displays
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minutiae points labelled as vertices {,,A*, ,,.B“, ,,C*, ,,D%, ,,E*, ,F*, ,,G*}, and the connecting veins
are represented as edges {,,el”, ,,e2, ,,e3", ,,e4", ,,e5, ,,e6", ,.e7", ,,e8", ,,e9, ,,e10%, ,,el1*, ,,e12“}.
By referring to figure 4, we may conclude that blood circulates through veins, indicating the veins
were interconnected. The interconnected veins are creating a tiny network. Every minutiae graph is
guaranteed to have at least one spanning tree. Thus, the graph depicted in figure 4, known as the
minutiae graph, possesses a minimum of one crossing plant.

Figure 4: Schematic illustration of the minutia structure.

The facial veins of every individual are interconnected and form a minutiae graph (MG). Each MG
possesses a spanning tree. The minimal spanning tree of a multigraph is referred to as the minutiae
tree (MT). Consequently, it can be asserted that every individual's facial vein pattern will possess at
least one unique marker.

Therefore, hypothesis 1 has been demonstrated.

Theorem 2 states that every MG has a unique Minimum Cost Minutiae Tree (MCMT). Evidence: Let
"US" denote a universal set that encompasses the vertex and edge values of an MG (multi-graph).
Consider a distinct collection {,,W*, ., X*, ,)Y", ,,Z“} that represents various cost minutiae trees and
contains the lowest edge values of the graph. The mathematical representation of the set "US" is
given by equation (2).

US={(Vi, E), (V2E3), ..(Va EJ} (2)

Various tree spans may be derived from Equation (2), or the routes taken by these spanning branches
can be expressed using Equations (3), (4), (5), and (6).

W ={F Py Pg-.:: = Papd 3)
X =fiP,.B5 Ps... Bl (4)
Y=ol P Py P32/ (&)
Z =4 P9 Pg L 1= oo (6)

In equations (3) through (6), P1, P2, ..Pn indicate various pathways of bridging trees, while ‘W', "X,
"Y', and 'Z' indicate distinct cost minimum cost maximum transmission units (MCMTSs). Equations
(7) to (10) are utilized to compute the boundary parameters of each least cost spanning trees
(MCST).

UGC CARE Group-1, 6



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 53, Issue 4, No. 7, April : 2024

8y = Z 7 7
= Zj: X, (8
8y = i Y, (9
Su= Zn: 7 (10)

In Kruskal's technique, the cheapest edges are chosen to form the minimal cost spanning trees.
Hence, the pathways derived from equations (3), (4), (5), and (6) are going to be identical, and
equations (7) to (10) will yield the same numerical values while traversing the roadway.
Both the Prim or Kruskal's algorithms produce the same cheapest spreading tree (MCST), which is
referred to as the minimum cost minimum spanning tree (MCMT) for a given graph. Hence, it may
be asserted that there is a uniqgue MCMT for every MG.

Therefore, the theory has been demonstrated.

The intricate configuration of MG for the facial venous patterns might be depicted by figure 5.
Figure 5 depicts a graph where every vertex represents a minutia point of view, and individual
minutia dots are linked together by edges. The distance between the two minutiae points is
represented by the number of pixels along the edge. Equation (11) is utilized to compute the expense
of the granularity structure.

Cost of MG (CMG) = )i, e; (11)

Let n be the entire amount all vertices in the MG MG, which is where n is greater than or equal to
zero and less than n. Therefore, in any MG, the number of vertices will consistently be smaller than
the number of edges.

Let's establish the variables that will be utilized to represent our suggested method for personal
identification based on face veins. The following variables are: MT: Minutiae Tree, m: Number of
edges in MT, n: Number of edges in MG, p: Number of vertices in MT, q: Number of vertices in
MG, Vi represents the total number of vertices in the MT. Root vertices in machine translation (MT),
Let Li represent the set of left vertices of a vertex in MT, Ri represent the set of right vertices of a
vertex in MT, and ei represent the number of edges in MT. tmp: The overall count of minutiae points
in a certain MT (Minutiae Template), mp: The specific count of minutiae points in the same MT. G:
The total number of edges and vertices in a mathematical tree (MT) is: MCMTT refers to the process
of traversing a minutiae tree with the lowest possible cost, whereas tsmcmt represents the total size
of MCMT.
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Figure 5 displays a visual depiction of the intricate arrangement of veins on an individual's body.

The detailed spots & their extremes for a facial vein network are depicted in Figure 5, wherein "a",
"pb", "c", "d", "e”, "f", "g", "ht, Y )Y, and K™ denote the specific spots. The numerical values in fig.
5 indicate the pixel distance between microscopic points in the depiction of face vein. To discover
the Minimum Cost Maximum Tree (MCMT) for a Minimum Spanning Tree (MST) in a Multi-Graph
(MG), we can utilize either Kruskal's or Prim's approach.

The minimum cost matching tree (MCMT) shown in figure 5 is depicted in figure 6. Figure 6 is
derived by implementing Kruskal's technique on Figure 5. To retrieve the string used for
authentication on the smart cards, the MCMT of figure 6 can be navigated in pre-ordering.
Equation (12) denotes the aggregate quantity of minutiae elements within the specificity tree with the
lowest cost.

tmp = Y- ,(RT;, L, R;) (12)
Equation (13) represents the price of a minutia branch.
CMT=X", e; (13)

In Equation (13), CMT represents the cost for a minutia tree, wherein 'm' is the maximum number of
connections and 'n' is the number of vertices in an MT. It is important to note that 'm' is less than 'n".
Equation (14) calculates the edge metrics for vertices once the crossing procedure is completed.

P
G= E y ™ Vi|RT;, L;, R;|e; (14)
i=

Researchers have previously demonstrated the type of MCMT depicted in figure 6 is distinct for each
individual's facial vein arrangements.

Prim's approach, that is utilized to determine the minimal cost spreading tree, is able to be expressed
as Equation (15).

M= {[(n, P[n]): n € N-{x} -Q} (15)

In Equation (15), the symbol "M" indicates an array which includes the smallest possible values of
granularity. The symbol "P[n]" denotes one of the parent vertices on "{x}" denotes the root vertices
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multiple and "{Q}" indicates the order of crossing all the edges and vertices of a Minimal Cost

Matching Tree (MCMT).
If a Minimum Cost Maximum Flow (MCMT) graph has no edges or corners, then the value of the
graph will be zero and the procedure will be completed. The finalization condition for our idea of an

algorithm is given by Equation (16).

M= {(n, P[n]): n e N- [x}} (16)
Equation (17) represents the total expense of order ahead of time navigation for each of the borders
and vertices in an MCMT.

tc = i1 €;(n) (17)

2
Figure 6 illustrates a visual depiction of the minimum price spanned branch.
Based upon these theoretical deductions and formulas, we may deduce that each individual possesses
a distinct MCMT traverse. This sequence will be placed in an electronic depository for identifying an

individual.

4.0 The proposed approach
Identification is presented in this part of the article. The suggested methodology employs a number

of processes to process a thermal image from an individual's encounter:
Analyzing the thermal facial image of an individual

Analyzing the thermal facial
image of an individual

| ]
Use the vertices
Construct . " T h and edges of
Extract face Finding minutiae minutiae graph Find minimum Traverse the traversed MCMT
veins from points from the from minutiae cost minutiae minimum cost to obtain the
tree for the minutiae tree in string which will

thermal image of face veins points which
a person. pattern. includes
breakage patterns

minutiae graph pre-order/post- be used for
of a person order/in-order identifying a

) ¢ QN
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A. Infrared analysis of images for identifying facial vein

Once an image type was chosen, researchers continued collecting the characteristics of the thermal
picture. The process of extracting face veins from a photograph of an individual involves a number
of stages:

Infrared analysis of images
for identifying facial vein

Face Segmentation Noise Removal Image Morphology Post Processing

B. Detecting Specific details spots using the structure of an individual's facial vein.

A minutia network is an illustration where tiny locations are depicted as the vertices while the gap
from two adjacent minutia locations is expressed by the width of the graph's edges. The method
employed for extracting minutiae elements from the structure of facial veins utilizes thirty two
scenarios. These scenarios are employed to obtain the vertex of a minutiae network, which will be
depicted based on the arrangement of the veins on the skin of the face. Figure 7 displays the
scenarios utilized for extracting minutia elements form the shapes of face veins. The specific details
are achieved by utilizing instances using m1 to m24 in figure 7, whereas the locations where
breaking occurs or the end vertex can be obtained using cases m25 to m32 in the identical image.

=[0,0.1:1,1,0:0,0,1];

=[0,1,0;0,1.0:1,0,17;

m3—r1 0,0;0.1,1:1,0,0]; m4 = [1,0,1;0,1,0:0,1.0];

m5 = [1,0,0;0,1,1:0,1,0]; m6 = [0,0,1:1,1,0:0,1,0];

m7 = [0,1,0:1,1,0:0,0,1]; m8 = [0,1,0:0,1,1:1,0,0]:

m9 = [0,0,0:1,1,1:0,1,0]: m10 = [0.1,0:1,1,0:0,1.,0];
mil =[0,1,0:1,1,1:0,0.0); m12 = [0.1.0:0.1.1:0.1.0]
m13 = [1,0,1;0,1,0;1,0,0]; m14 =[1,0,1:0,1,0;0,0.1];
m15 = [0,0,1:0,1,0;1,0,1]; m16 = [1.0,0:0.1,0:1,0.1];
m17 = [0,1,0;1,1,1:1,0,0]; m18 = [0,1,0;1.1,1:0,0.1];
m19 = [1,0,0;1,1,1;0,1,0]; m20 = [0.0,1:1,1,1:0,1,0];
m21 = [0,1,0;0,1,1:1,1,0]; m22 = [1.1,0:0,1,1:0,1.0];
m23 = [0,1,1;1,1,0;0,1,0]; m24 = [0,1,0;1,1,0:0,1.1];
m25 = [1,0,0:0,1,0:0,0,0]: m26 = [0,1,0:0,1,0:0,0.0];
m27 = [0,0,1:0,1,0:0,0,0]; m28 = [0.0,0:0,1,1:0,0.0];

nﬂ?—[ﬂﬁﬂﬁlﬂﬂﬂl],
m31 = [0,0,0;0,1,0;1,0.0];

m30 = [0.0.0:0.,1,0:0,1.0];
m32 = [0,0,0;1,1,0:0,0,0];

Figure 7. The instances from which detail elements were extracted from facial veins

C. Minimal Costs Details Trees (MCMT) Determination from the Details Diagram

The neighboring minutia elements acquired by implementing the criteria outlined in figure 7 are
connected to form the small details network. Next, the details of the network will be provided as
input to create the Maximum Cost Minutia Trees (MCMT). The procedure for creating an MCMT
(Minutiae-Centered Matching Template) from a granularity line chart is illustrated in figure 8.
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Input: Minutiae Graph
Output: Minimum Cost Minutiae Tree
1. Algorithm Minimum Cost MT(minutiae graph )
{// assume that g has at least one vertex
2. mpv={0}; //start with vertex 0 and no edge
3. for (1=0; t contain fewer than e-ledge; add (u; vy to t)

s
!

4. Let (u,v;) be a minimum cost edge such that u; is the

element of mpv and v, is not the element of mpv;

5. If (there is no edge) break;

6. [ Add v;to mpv;}

} // End of for loop
7. if (t contains fewer than e-1 edge)
8. [ printf (* minutiae point”;}
} // End of algorithm

Figure 8: Methodology for determining the smallest Cost Minute details Trees.

In figure 8, the sign "g" indicates at least a single vertex in the minutia network. The symbol "t"
represents the number of vertices in the minutiae structure. The symbol "ui" indicates the initial
vertex, while "vi" denotes.
The symbol "v" indicates the terminal vertex, and "ei" symbolizes a boundary between polygons.

D. Generating Identity Strings using MCMT.
To obtain the identifying string, we can traverse the MCMT in reservation, subsequent, and in-order.
However, in the studies we conducted, we employed a pre-order traversing-based strategy to create
an identifiable string since it is faster compared to other traversing methods.

The identifying vector will contain MCMT polygons and line lengths of time. Figure 9 shows the
procedure used to detect the vertex and edge regions of a visited string using MCMT.

Input: Minimum Cost Minutiae Tree.

Output: Traversal string of vertices and edges.

1. Algorithm Minutiae Tree Traversing Procedure

(minutiae tree)
{ // Traversal process of Minutiae Tree

2. preorder(r);
3. preorder(MTNode *CurrentNode)
// the traversal preorder traverse the

! if (CurrentNode)
4. | printf (CurrentNode—>data);
5. preorder (CurrentNode—> lefiChild);
6. preorder (CurrentNode—>rightChild);

Mt
Figure 9: The crossing of the Minimal cost minutia trees.
In figure 9, the symbol 'r' denotes the base facet of the minutia trees. The term 'CurrentNode' refers to
the specified minutiae points on the MCMT, while 'leftChild' symbolizes the vertices on the left hand
side of its MCMT, and 'rightChild" symbolizes the vertices on the right flank of the MCMT. Each
individual will possess a distinct MCMT reservations traverse value referred to as a “association
string.” The string will be utilized in the internal storage of the chip in the smart card all additional

verification purposes.
E. Findings & Examination of Experimentation Data
In order to evaluate the efficacy of the suggested methodology, it is necessary to carry out these

procedures:
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Collection
of Face

veins
Image

Make
Minutiae
Graph

Result
Comparis
on.

Experimentati
on Data

Find
Minimum
Cost
Minutiae
Tree.

The procedures are outlined in paragraph A, B, C, and D within the fifth part of this document. In

addition, subsections F, E, and G provide an in-depth examination of the outcomes and examine the
contrasting characteristics of the suggested method to other established procedures.

(1) Actual image (ii) 90" right rotation
(iii) 180°right rotation (iv) 270" right rotation
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(v) 90" left rotation (vi) 180" left rotation
(vii) 270" left rotation (viii) 315" left rotation

Figure 10(a) Picture of the veins in the exterior of the first subject rotated at various angles

(I YActual image (11) 90”right rotation
(iii) 180" right rotation (iv) 270° right rotation
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(v) 90" left rotation (vi) 180" left rotation
(vii) 270° left rotation (viii) 315" left rotation

Figure:10(b) A picture of the vessels on the face of another individual rotated at any angle

(111) 180“ right rotation (iv) 270" right rotation

UGC CARE Group-1,

14



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 53, Issue 4, No. 7, April : 2024

(vii) 270" Left rotation (viii) 315" left rotation

Figure:10(c) Responsive venous image of an additional individual at various angles of rotation

(iii) 180 right rotation (iv) 270" right rotation
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(v) 90Y left rotation (vi) 180" left rotation

(vii) 270" left rotation (viii) 315Y left rotation

Figure: 10 (d) a picture of the vessels on the face of the 4th individual at various angle of rotation.

(1) Actual image (i1) 90" right rotation

(1i1) 180" right rotation (iv) 270" right rotation
(v) 90" lett rotation (vi) 1R0Y left romation

>t

(wvii) 270" left rowamtion (wviii) 315" lett rowation

Figure: 10 (e) Illustration of the fifth the individual's facial veins rotated at various angles.

A. Assortment of Facial Veins Images

During this stage, the Infra-Red (IR) sensor is employed to capture temperature pictures. The Perona-
Malik-Anisotropic filter is used to detect the picture of facial veins [13]. For testing purposes, we
have captured eight photographs of the same person's facial veins at various degree rotation. Our
data set contains a total of five individuals' pictures.
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The size of each picture must be 120 pixels by 120 pixels. The pictures are shown in figures 10(a),
10(b), 10(c), 10(d), and 10(e).

B. Developing Minute details Networks using Facial Vein Images

Once the picture of the facial veins is located, a MATLAB application is used to create a graph of the
minutiae. During our investigation, researchers conducted operations on a picture that had to have
dimensions of 120 by 120 pixels. The process of generating a minutia network using the structure of
an individual's facial veins involves the following procedures:

Thinned
the image

Face
Veins
Patterns

The picture of the facial veins is transformed into a binary image, which consists of just black and
white pixels, using the MATLAB procedure im2bw(image, level). Then, the algorithm
bwmorph(image, 'choice’, grade) is executed to produce the thinning photographs seen in figure 11.

Bifurcation point Trfurcation point Trifircation points Bifurcation points
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Tnﬁn-:janon pomts Bifurcation }:-c»i.ntsI Trnfurcation points

Figure 11 shows a reduced picture of several people based on their facial venous characteristics.

The reduced pictures in fig. 11 demonstrate the presence of bifurcation/trifurcation sites & breaking
points in every reduced picture. The spots where facial veins patterns split into two or three branches
will be regarded as the minutiae points. The MCMT may be derived from a minutiae graph
representing the patterns of facial veins.

If neither Kruskal's or Prim's approach is used to discover the minimum cost maximum tree (MCMT)
using a minutia graph, the identical MCMT will be found for all rotations of the minutiae graph.
Consequently, capturing photos of an individual's facial veins from various angles should yield
identical MCMT (Mean Curvature Mapping Technique) values for figure 11. Therefore, we have
selected the first picture of the facial veins for each individual from figure 11 to be used in additional
research.

We used the clean(), close(), majority(), branchpoints(), and shrink() operations on the thinned
picture of figure 11 in order to get the minutiae points of figure 12. Upon careful examination of the
intricate details in figure 12, it is evident that each facial vein pattern has an estimated range of 80 to
200 minutiae points. The details in fig. 12 indicate that the pattern of veins on each person's face has
a distinct and unique collection of details.

|
Tnfircation pomts
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Figure 12: The vertices for granularity diagram representing various individuals
Producing Line Charts Using the Point of Minute details

Once detail elements have been generated for a picture of constricted facial vessels, they can be
connected to form a line chart. The scant (image) function of the MATLAB program is employed to
determine the measurements of individual minutia points, while the function for plotting (X
coordinate, Y coordinate) is utilized to produce the line graph. Figure 13 illustrates the line graph
that was produced to represent the smallest points for every person, as shown in Figure 12.

Fig. 13's graphs of lines indicate that the facial capillaries of each individual have a distinct line
graphing.

The graphical graphs depicting the blood vessels on each individual's visage are entirely unique.
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Figure 13: a line chart of various individuals

The following illustration demonstrates that every person has a distinct line graph, formed by linking
the closest small details.

The detailed graphs of the image 12 and the linear graph in the thirteenth figure are valuable for
developing the MCMT.

Developing the MCMT utilizing the Minute details network

The closest minutia elements are linked together using the line() algorithm in MATLAB to create a
minutia trees having the lowest possible cost. The granularity points of fig. 12 are shown in fig. 14
by the use of MCMTs. Upon evaluating the findings of figure 14, it becomes evident that each
individual has a distinct MCMT (Mean Cross Match Time). Furthermore, while examining the facial
veins of the same individual, various MCMT values are obtained. The Multiway Compressed Merkle
Trees (MCMTSs) shown in figure 14 may be explored in pre-order, subsequent, or mid-order to
produce the last a string, that is able to be utilized to serve additional identifying purposes.

Minimum cost minutise tree
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Figure 14: Minimal Price Details Trees with Various Individuals.

Traversing MCMT and contrasting outcomes

We employed pre-order traversing to traverse the MCMT shown in Fig. 15. A vertex is chosen as the
first vertex. Figure 15 illustrates the direction and sequence of vertices visited, as well as the
outcomes of the traversal.

The topmost vertex form the uppermost port of the trees is chosen as the starting point. Figure 15
shows the initial vertex as a rectangle. When traversing an MCMT in pre-order, we use vertices and
edge lengths to create the substring.

A pre-order traversing for MCMT in figure. 15 involve several steps:

« Traverse the root vertex in pre-order ]

» Traverse the left edge and the left node inpre-order

» Traverse the right edge and right node of MCMT in pre- |
order.

* Repeat the steps from step | to step 111 until all the
vertices and edges are not traversed.
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Fig. 15: Pre-ordering traverse string towards minimizing costs in minutia tree of distinct individuals.
The reservations traverse and the related visualization in figure 15 demonstrate that the framework of
every individual's facial veins is distinct from the reservations traverse of MCMTSs.
Developing code into the form of strings using MCMT

Upon concluding this traversal procedure, i developed an array of coding for MCMT, which allows
for comparison of the facial vein patterns between two individuals. Through experimentation, it has
been shown that every individual possesses a distinct set of string code values. Prior to creating the
string of code numbers, it is necessary to determine the length of the edges that connect the edges.
The coordinates of the vertices and the matching values of the border lengths for the Minimum
Convex Multidimensional Trees (MCMTSs) shown in figure 15 are provided in figure 16. The red
highlighted vertices in figure 16 indicate the initial vertex. The initial vertices will be utilized for pre-
order traversal and will be crucial in creating the MCMT traverse strings.

UGC CARE Group-1,

22



Industrial Engineering Journal
ISSN: 0970-2555
Volume : 53, Issue 4, No. 7, April : 2024

Minimum cost minutiae tree of parson 1
T

Mirimum cost minutise tree of parson2
T v T v

Y aos of mirediae ports
3
T

20 L L L n L "
40 a0 a0 100 120 140 160 180 0 L > £ = L £ L £
Xitxis of mifutias pointa 20 40 60 80 100 120 140 160 180 200
e Xaxis of minimum cost minutiss tree
Mininum cost minitize tree of pesson 3 Minimum cost minutise lee of person 4
180 T T T
) 180 T T T ——= T T T T
w i 164 al;
g 2 = 57 12 20 4o
1wk = | 4 1058
8 g o 150 4 85 S N3 12843 59 gl »85
? 120k “ 160 803 52 35 10
& £ 120p 124 407, 20 &1 d - 73 7,
- E n <] L 1018 57 87
10 ¥ 4 a3 ) 0 1
¥ 00 B 3 3 876X g
8 g il ' We0g7¥ 72 o 57 a
E E g 7 12 a3 8710 129
Z 8 3 sof 43 2%
B 157 E &9 21 22K30 2 g P83 10537
= ] 81
E eaf £ w} 56157 26 35\ 2 -
© s MZE 7 8l 1 113
o 6 10. v
H ) 57 0 ]
E @ § L o .y 3 374 3 n-:"' ‘ 125 168
> s . 142
20 > f 16 5 ¥a77 e h
65% 83 154 164
0 e e ' ’d L L e b 0 L L L L L L L L L
Q 20 40 60 B 100 120 140 160 180 200 a 20 40 &0 B0 100 120 140 160 180 200
Xaxis of minimum cost minutiae tres Xaxis of minimum cost mirutise tree
Muumum cost munutise Uee of person 5
100 N v - . . N
.80 e
g e d® 31 47
10 |- 3 el |
# 24 -
2 sa0l e 4 2 BT ., N
A =2 =
g 25 1558 b
= 16
= 2o} 1
3
s 144
E 100 -__ 7 2
- 1 A0 5% T g7, 114 1349~
no |- a4 i D r— 14 - B
3 o Yo
oo - A 7
40 . -

" ™ - " -~ "
<0 <0 oo L-18) 100 120 140 160 1850 <00
X axin of mindmum comt minutine tres

Figure 16 displays the lines of coding of a few minutiae tree for various individuals.

In picture 16, the total amount of lines in an MCMT will be one less than the amount of the vertices
denoted as 'n'. The variable "n" is crucial in compressing the structure of an individual's facial
capillaries.

Comparing of Various Individuals Utilizing Strings Coding

During this step, we check the purchased visited vertex & edge width data (represented as strings) of
one individual to that of another individual. We varied the length of the edge parameters within the
range of -5 to +5 in a synthetic scenario to conduct durability tests. In addition, we noticed that when
the difference in edge length values for a person is less than -5 or greater than +5, the matching
outcomes fall significantly. If the string of corresponding to two individuals have an identical percent
in excess of 80% for the facial veins structure, it indicates that each of the strings are associated with
a single individual. If the match rate is under 80%, we conclude that the facial vein patterns belong to
distinct individuals in other instances.

Our investigations revealed that the comparable proportion of facial veins MCMT traversing string
for two separate people is less than 30%, but for the same individual it exceeds 80%. The figure 17
displays the vertices and edge lengths for pre-order traversal of MCMTSs.
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Pl1={(1.3). (2.4). (3.13). (4.28). (5.26). (6.18). (7.24).
(8.29), (9.24), (10.11), (11,17), (12,33), (13.47), (14,50),
(15.51), (16,57), (17.53), (I18.45). (19.26). (20,53),
(21,43), (22,53),(23.3). (24.1). (25.12). (26.20). (27,30),
(28.53). (29.61). (30.68), (31,71), (32,79). (33.62),
(34.68). (35.72). (36,70), (37.64), (38.75), (39,93),
(40.106), (41.117), (42,128), (43.132), (44.126), (45.98).
(46,95), (47.91). (48.87). (49.75). (50.63), (51.68),
(52.35)}

17(a) The vertices & line lengths of MCMT traverse per individual
P2={(1,161,), (2,129), (3,93), (4.99), (5,122), (6,129),
(7,64), (8,19), (9.37), (10,52), (11,35), (12,67), (13,84),
(14,49), (15,29), (16,41), (17.88), (18,125), (19,32),
(20,129), (21,203), (22,27), (23.74)}

17(b) The triangles & line lengths of MCMT traverse per individuals
PA—= (1. 875, (2. 835), (R, 93), (4, 105), (S5, 74), (O6.71). (7.52).
(M. 35), (9. 20), (10, 20). (11 20), C12.3), (13.9), (1a4.91).

C1S5.61), (16 G1)Y, (1 7. 85), (132.94), (19, 103), (2O 1135).,
). €22 132y, (23.148), (24, 164), (25 _50), (26_.69),

(ZE.E1), (29.90), (30.100), (31 .112), (32, 107).

>
. (32 136). (A5, 111), (36, 114), (B37.119), (AR, 129),
CHAO. 22y, 41 . 22>, A2 .26y, (43,10, (44, 39),
CAG. O, (4‘?.(;3 ). AN G, A T2y, (SO 90>,
(S22, 1033 (S53.116). (S54.120), (S5 120), (S56.112),

<
(XBN . 117y, (S92, 10%), (GO.GL1), (OG) STy, (G2, 735),

-
.

21,122

(27.72).

(23,121

(29O . 31),

(A5 S5),

(S1.95),

(S7.116

(G3.77). (6GA.74), (6GS5.65), (GG .55) (6G7.55), (63.65),
(6D A7), (70.37). (71 .4). (72.7). (73.7). (742, (75.14),
(76, 19y, (77.26), (78.37). (79,56), (RO.6G1), (81.65),

(B2 .76G), (B3 RO (B4 43) (BS 210, (BOG . 2). (B7.13), (BR_16),

(MO OGS, (DO N3), (D1, 142), (D2 154), (V3. 164), (D4_175),

(DS 178), (DG 168), (07.!2) (OR . 263, (99, .39y, (100,9),

CIO1.3), (10233, (103, 10). (104 10), (1OS5_ 138), (106, 258),

CIOT7. 273 (10X _13). (109,12 (110,12 (111.30), (112 4a48),
(113.59), (114 58). (115, 73). (116.854), (117.93), (118,99),
C1L1I9,107), (1 20,105), C1L21.93), C122.84), (1 23.67),

(124,575, (125 48). (126, 87). (127.65), (128.91). (129,.99),
C130,99), C131,113), C132.121). C133,107). C)34,122),

CI1XS,129), (133G 1X0). 1371373, C138,.137)). C139.87).

(140873 (141 . 7%). (142 .59) (143 61), (144 55), (145 49),
(14G.31). (147 31 (1A% 20). (149 65). (1 50.87))

17(d) The vertices & edges lengths of MCMT traverse over individual_4.

P5={(1.89). (2,73). (3,82), (4.85), (5,57), (6,27), (7.1),

(8,13), (9,19), (10,41), (11,79), (12,48), (13,11), (14,11),

(15.43), (16,73), (17.80), (18.55), (19,73), (20.,97),

(21,104), (22.114), (23,134), (24,144), (25,158), (26,153).

(27,51), (28,26), (29,7), (30,25), (31,72), (32.49), (33,36),

(34.24), (35.31). (36.17)}

17(e) The vertices & edges width parameters for MCMT traverse for individual_5.

Fig.17. Triangles and edges height environments for MCMT traverse vary by individual.

Figure 17 depicts vertices and edge lengths using integer values. In Fig. 17, the first integer number
indicates vertices, while the second represents edge length. If each integer value of MCMT takes up
two bytes of memory, the entire quantity of memory would be equivalent to traversing a person's
facial veins.

VI CONCLUSIONS

The current effort introduces a novel approach for recognizing persons via facial the veins, using the
MCMT traversal. Experiments have shown that every individual possesses a distinct Multichannel
Multi-Timescale (MCMT) resulting in a unique string code representing their facial vein pattern. An
individual's identification may be determined by analyzing the MCMT traverse strings of
photographs of their facial veins.

The formation of veins on a person's face may additionally act as a means of distinguishing both
twins who are identical and fraternal. We must undertake the development and testing of the novel
methodology for the purpose of identifying situations involving identical twins. In order to enhance
the accuracy of our suggested approach, we may integrate behavioral characteristics of an individual,
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such as their gait signature, writing with a pen and gestures, together with the shape of their facial
vessels.
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