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Major disasters caused many casualties with the condition of the damaged
bodies. It causes the individual identification process to be ineffective through
biometric characteristics (such as lips and fingerprints). However, the palatine
rugae can carry the individual identification process. Palatine rugae have
unique and individual characteristics and are more resistant to trauma because
of their internal location. In this study, an individual identification system is
proposed to identify gender using the image of palatine rugae. The proposed
system is developed by several algorithms and methods, such as Local Binary
Pattern (LBP) as the feature extraction method and K-Nearest Neighbor
(KNN) as the classification method. Based on the result of the system
performed test, the proposed system can identify the gender of an individual
by the combination of recognized palatine rugae patterns. The system

achieved an accuracy test result of 100% with a specific configuration of LBP
and KNN. The research contribution in this study is to develop the individual
gender identification system, which proceeds with the palatine rugae pattern
image with unique biometric characteristics as an input. The system applied
several methods and algorithms, such as Geometric Active Contour (GAC) as
a segmentation algorithm, Local Binary Pattern (LBP) as a feature extraction
method, and K Nearest Neighbor (KNN) as a classification method.
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1. INTRODUCTION

Indonesia is a country that is prone to natural disasters. Natural disasters that occur massively cause
significant damage to the victim's body. The missing or damaged body parts make the deceased victims
unable to be appropriately identified. In these circumstances, the application of victim identification by the
lip, fingerprint, tooth, or bone method cannot be used because it is ineffective. These limitations have made it
difficult for forensic odontologists to identify victims. Forensic odontology is a branch of medical science
that helps investigators determine individual identities in mass disasters. The point of legal odontology is to
assess the demonstrative quality of the autopsy odontogram carried out remotely through a video of the
verbal depth utilizing an intra-oral camera. Exceptionally few consider having inquired about teledentistry
within the field of forensic dentistry. The scientific dental specialist, a part of the legal team, is
commissioned, for the case, by the legal specialists to identify cadavers and ponder chomp marks on living or
expired persons.

Several studies have been conducted on individual identification methods; one is palatine rugae.
Palatine rugae are unpredicTable transverse edges of the mucosa in the front third of the sense of taste,
emanating from the palatine raphae behind the sharp papillae [1]. Palatine rugae are permanent and unique to
each person [2]. A cross-sectional think of 239 Korean children who matured under 13 long time ancient and
61 adolescents who matured 13 long times and older illustrated that the number of palatine rugae a childhood
or youth was comparative [3]. In another study, it can be concluded that all rugae appeared to have positional
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changes, increased lengths, and lower numbers but no noteworthy shape changes with development. The
lengths, numbers, and positions of the rugae were influenced by orthodontic treatment, particularly their
sidelong focuses, but the personal characteristics of the palatine rugae did not alter [4]. In addition, age, race,
and genders also affect the number of patterns found in rugae. The palatine rugae within the Lebanese
population show shape distinct from other detailed Mediterranean and non-Caucasian populaces. According
to Asmaa Fady Sherif et al., the curve pattern is more significant in Malaysian men than in Egyptian men. In
contrast, the wavy pattern in Malaysian women is more significant than in Egyptian women. They are a
sTable landmark, the palatine rugae also can play a significant role in clinical dentistry, so they can be used
as an option to assist the identification process [5]. Palatine rugae are found to be steady in shape and
structure during the life of a person and are not changed by disease, trauma, chemicals, or heat [6][7][8].
Once shaped, they stay in the same position and, indeed, in case they are devastated, are reproduced precisely
at their unique site [6][8]. Their soundness is due to their anatomical position interior the verbal depression,
which protects them by the lips, cheeks, tongue, teeth, and bone and prosthetic gadgets. Moreover, they resist
thermal effects in burn victims and decay changes for up to seven days after death [9][10]. Besides, palatine
rugae can identify edentulous subjects when other odontological methods cannot be used [11]. Numerous
endeavors have been made in this field to record and examine information to create a reliable and
straightforward way for personal identification [12].

The research contribution in this study is to develop the individual gender identification system, which
proceeds with the palatine rugae pattern image with unique biometric characteristics as an input. The system
applied several methods and algorithms, such as Geometric Active Contour (GAC) as a segmentation
algorithm, Local Binary Pattern (LBP) as a feature extraction method, and K Nearest Neighbor (KNN) as a
classification method.

2. METHOD
The research method is shown in Fig. 1. It will be explained in the next section.

Feature Classification:

Data Acquisition Pre-processing Extraction: LBP KNN

Fig. 1. Proposed method for palatine rugae classification

2.1. Data Acquisition

Data or image acquisition is the step of collecting data that will be used for defined the data pattern for
system testing purposes. This study develops the gender identification system with 200 palatine rugae images
as data input. The used images are a print of the palatine rugae that have been marked on the outline of the
palatine rugae pattern using a marker. The outlined palatine rugae pattern image print is then photographed
and saved in .jpg format. The sample data of the palatine rugae image is shown in Fig. 2.

Fig. 2. Sample of Data Study

2.2. Pattern Identification

The rugae design was recorded agreeing to Gayathri [13] as wavy, bent, straight, and circular
concurring with Chopra et al. [14] as unification/branching assist classified as separating or converging
depending on the sort of beginning. Any other frame which did not fit into the criteria was classified as non-
specific. The pattern classification used in this study refers to the classification of palatine rugae based on
Thomas and Kotze. Patterns will be divided into five types: unification, wavy, curved, straight, and circular.
The shape of each pattern can be seen in the image Fig. 3 [13]. The palatine rugae patterns are shown in Fig.
3.
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Fig. 3. Type of palatine rugae pattern. Name of palatine rugae pattern: 1- straight; 2- circular; 3- curved; 4-
wavy; 5- divergent; 6- convergent.

Thomas and Kotze classification were utilized to interpret palatine rugae on the casts. The rugae were
sketched out with a sharp pencil and measured using a computerized Vernier Caliper [15]. The rugae are
classified based on their length as the following: primary (>5 mm), secondary (3-5 mm), and fragmentary
(<3 mm). Rugae less than 3 mm are neglected. The rugae are separated into four shapes: shape unification,
curve, wavy, straight, and circular [16]. This study used Thomas and Kotze's classification standard to
differentiate the gender based on the palatine rugae pattern. Thomas and Kotze said that there were
differences in the dominance of the appearance of the pattern in the male and female palatine rugae. Males
are dominated by wavy, straight, curved patterns and unified, circular patterns. In women, the more dominant
patterns are wavy and curved patterns, followed by straight patterns and unification.

2.3. Pre-Processing

Pre-processing is the preparation stage to improve efficiency and image quality used for the feature
extraction process. The process is divided into five steps: RGB to grayscale conversion, Filtering Gaussian,
grayscale to BW image conversion, and Morphologic process: dilation, Cropping, and segmentation ROI.
2.4. RGB to Grayscale

The input image with the primary colors green, red, and blue; needs to be changed to gray. The gray
image has only one intensity value for each pixel, ranging from 0 to 255 [17][18]. The difference between
RGB and grayscale images can be seen in Fig. 4.

(a) (b)
Fig. 4. RGB and Grayscale Image (a) RGB Image (b) Grayscale image

2.5. Gaussian filters

After being converted into a gray image, the image will be refined using a Gaussian filter to remove
noise to increase the detail in the image. The Gaussian filter makes the image smoother by normalizing the
extreme value pixel [19]. The image of the Gaussian filter can be seen in Fig. 5.

2.6. BW Image

This process converts the palatine rugae image into BW or binary image. This BW image conversion
process aims to facilitate the morphological pattern process at the next step. The BW image is illustrated in
Fig. 6.
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Fig. 5 Gaussian Filtered Image Fig. 6. BW Image

2.7. Dilation

A dilation is a form of image morphology, which is adding pixels to object boundaries or restoring
damaged (lost) image shapes in binary images [20][21]. In this study, morphology is used to determine the
structure of the palatine rugae pattern. The dilated image is illustrated in Fig. 7.

Fig. 7. Dilated Image

2.8. Region of Interest (ROI)

The ROI cropping or segmentation is carried out to get the specific area in the pattern part of the
palatine rugae image. The feature extraction process facilitates the calculation and analysis process in pattern
recognition. In this study, Geometric Active Contour (GAC) method is used as the image segmentation
method [22][23]. In the segmentation process, thresholding is performed based on the image's differences in
gray levels [24], [25]. Segmentation was carried out by separating the pattern of palatine rugae with a
rectangular frame. GAC is one of the segmentation methods that Kass first introduced. The inadequacy of
dynamic geometric forms is that they are amazingly delicate to initialization positions. The show is inclined
to fall into false boundaries, spilling from the soft edge and destitute anti-noise ability.

Consequently, active forms can extend or shrivel from initialization, making strides the impediments of
destitute vigor to initialization and unidirectional development [26]. The forms of the objects are initialized
and advanced at the same time within the given pictures. As the forms continue towards the boundary of the
common object(s) displayed within the pictures, vitality esteem gets decreases. The forms are permitted to
advance until both the internal and the external forms coincide at the protest boundary [27]. This method is
influenced by energy which is written by the equation as [28][29]:

Esnake = J-{Eint(v(s)) + Eimg(v(s)) + Ewn(U(S))}dS (1)
0

Where E.,.xe IS an active contour energy function. E;,; is the internal energy of the active contour, which is
influenced by the curve and movement of the object. Ej,,,, is the energy of the digital image that is entered.
E..n Will draw the contour to widen or narrow towards the desired object. The image of the palatine rugae
pattern resulting from the cropping and segmentation process can be seen in Fig. 8.

2.9. Local Binary Pattern (LBP)

This process is performed to get the particular characteristics of palatine rugae pattern images. The
different pattern characteristics of palatine rugae images will be identified in a unique mathematical pattern.
The segmented palatine rugae image features are extracted using LBP parameters such as P and R. P is the
number of adjacent pixels, and R is the radius between the center and adjacent pixels. In the LBP calculation
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process, a threshold value is needed to be defined: the value of the middle pixel in a block of pixels [30][31].
Then, the pixel value will be compared with the adjacent pixel value. Once the middle value is defined, the
other pixel values are compared. If the adjacent pixel value is lower than the threshold value, the pixel is
assigned a bhinary value of 0. However, if the neighboring pixel value is higher than or equal to the
neighboring pixel value, the pixel will be assigned a binary value of 1 [32]. After obtaining 8 bits of a binary
value, the bit values are sorted following a clockwise pattern starting from row one and column one so that a
binary series is arranged [33]. After the binary series are formed, the binary patterns are mapped by
multiplying the binary values according to their weight values in their respective positions. The mapped
binary pattern results are added to replace the middle pixel value. The binary value that has been obtained
from the LBP method will be converted back into the form of a decimal value. Then the input image will be
resized according to the specified dimensions. In this study, the resolution of the input image is 320x240.

-

Fig. 8. The Image of Palatine Rugae Pattern Result of Cropp'ihg and Segmentation

2.10. K Nearest Neighbor

KNN classifies the features of palatine rugae images based on the combination of patterns that have
been recognized before. The output images of five rugae pattern types will be obtained and used as features
in gender identification. Classification is needed to facilitate finding similar patterns in the very diverse
images of palatine rugae. The KNN classification proceeds using four distance calculations: euclidean,
cosine, city block, and correlation [34][35]. In addition, to determine the effect of the K value on the
classification process, KNN is conFig.d using K values of 1, 3, 5, 7, and 9. In determining the proximity or
metric distance from the center to the nearest sample in the KNN method, several formulas can be used,
including:

a.  Euclidean Distance
In calculating the distance between two points, it can be found by the following equation
[26][271[361[37] [38]:

Dxy = [ (=2 @

Where D is the proximity distance, x is the training data, y is the testing data, i is the individual attribute with
values 1 to n, and n is the number of individual attributes.

b.  Cosine Distance
In this calculation, the cosine distance is calculated by one minus the cos value of the angle between
two points defined as follows [10][37][39][38]:

dse =1—cos@ 3)
where,
g = XsXt @
ST = xs|ixe

c.  City Block Distance
City Block Distance calculates the distance between two points from the total difference in the absolute
value of the Cartesian coordinates written with the following equation [7][27][36][40]:

n
doe = ) Isy = 1] (5)
i1

Classification of Gender Individual Identification Using Local Binary Pattern on Palatine Rugae Image (Hilman Fauzi)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

ISSN 2338-3070 Jurnal llmiah Teknik Elektro Komputer dan Informatika (JITEKI) 427
Vol. 8, No. 3, September 2022, pp. 422-430

d.  Correlation Distance
In correlation distance, the points are considered as a series of values. The distance between the values
of x; and x, can be calculated by the following equation [10] [1][36]:
(xs = %) (Xe — %)

dey = (1 - — — — — 6
' ( ((xs - xs)(xs - xs)’ (xt - xt)(xt - xt)) ( )

with s, t is the coordinates of the object point, and n is the number of objects.

3. RESULT AND DISCUSSION

System performance testing is calculated in accuracy and computation time involving four parameters.
Those parameters are kernel size and radius (R) on LBP as feature extraction, K value, and distance
calculation method on KNN as classification method on the system.

3.1. Effect of Kernel Size

The test was conducted to determine the effect of the system on the kernel size. The system is tested
using kernel sizes of 2x2, 3x3, 4x4, and 5x5. Based on the test results, it was found that the highest
accuracy occurred in 2x2 and 4x4 of kernel sizes with 83%. However, system performance with a 4x4
kernel size is considered better because of the 6.4% shorter computation time of 1.31 seconds. The system
showed higher performance in odd kernel sizes (3x3 and 5x5) compared to even kernel sizes (2x2 and 4x4)
with 17% and 67% accuracy. Kernel size with odd values can optimize the calculation of the image matrix in
the feature extraction process in LBP. The results of system testing on kernel size can be seen in Table 1.

Table 1. Kernel size test results

Kernel Size Accuracy Computation Time (s)
2%2 83% 1.56
3x3 17% 1.39
4x4 83% 1.46
5x5 67% 1.31

3.2. The Effect of R

The purpose of the test is to determine the effect of radius size (R) on the accuracy and computational
time of the system. The tests were carried out on the sizes of Radius 1, 2, and 3. Based on the test results, the
best system performance occurred with R=3 with an accuracy of 83% and a computation time of 61.7
seconds. In addition, the system performance showed a better performance in accuracy and computation time
linearly with the increment of R size. Increasingly widespread R size, the area used as a reference for
comparison is also wider. Thus, the required time to proceed with the pixels to be characterized will be less.
The results of R size testing on the system can be seen in detail in Table 2.

Table 2. R-value test results
R Size Accuracy Computation Time (s)

1 50% 717
2 50% 63.79
3 83% 61.7

3.2. Effect of K value and Distance Calculation Type

The test is conducted to determine the effect of the K value and the type of distance calculation on the
KNN on system performance by measuring the accuracy and computational time of the system. Based on the
test results, on average, the highest accuracy occurs in the cosine distance type with a value of 67%. While
the highest average of accuracy based on the value of K occurs at K = 3 with an accuracy of 67%. However,
the highest accuracy with a combination of K values and the type of distance calculation is achieved in K=7
and cosine distance calculation method with an accuracy of 100%. The detailed accuracy calculation results
can be seen in Table 3.

In another case, the average time required to process data is 0.1 seconds in calculating the system's
computational time. The difference in computation time for each type of distance calculation and the value of
K is minimal on the order of 10-3, so it is not significant enough to affect overall system performance. Thus,
regardless of the value of K and the distance calculation method of KNN, the resulting computational time is
relatively the same at 0.1 seconds. The results of calculating system computing time based on different
distance calculations and K values can be seen in Table 4.
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Table 3. KNN Type Accuracy Results with Different K Values and Distance Method
Accuracy (%)
1 3 5 7 9

Distance method Average (%)

Cosine 50 83 67 100 33 67
City Block 50 50 50 33 33 43
Euclidean 33 83 83 33 17 50
Correlation 33 50 33 50 17 37

Average 42 67 58 54 25 [N

Table 4. Results of Computing Time for Types of KNN with Different K Values
Computation Time (s)

1 3 5 7 9
Cosine 0.097 0.109 0.108 0.101 0.121 0.107
City Block 0.111 0.102 0.110 0.110 0.125 0.112
Euclidean 0.114 0.111 0.01 0.105 0.078  0.102
Correlation 0.101 0.102 0.105 0.103 0.103 0.103

Average 0.106 0.106 0.106 0.105 0.107 [N

Distance method Average

4. CONCLUSION

Based on the results of three types of system testing, it can be concluded that the palatine rugae pattern
image processing can identify an individual gender. The gender identification system is performed optimally
with the configuration of LBP as a feature extraction method and KNN as a classification method by
selecting the best parameters. In detail, the proposed system was compiled optimally with the 4x4 kernel and
the value of R=3 on the LBP. On the KNN configuration, the proposed system is optimally compiled by the
distance calculation method of cosine with K=7. Finally, this study has proven that an individual gender can
be identified through image processing of palatine rugae with excellent accuracy and performance.
Therefore, it has raised the opportunities for further study of forensic technology.
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