Asian Journal of Computer Science and Technology
ISSN: 2249-0701 (P) Vol.11 No.1, 2022, pp.40-47

© The Research Publication, www.trp.org.in

DOI: https://doi.org/10.51983/ajcst-2022.11.1.3283

Comparison Analysis of CNN, SVC and Random Forest Algorithms in
Segmentation of Teeth X-Ray Images

G. C. Jyothi'!, Chetana Prakash?, G. A. Babitha® and G. H. Kiran Kumar*
"Department of Information Science and Engineering, 2Department of Computer Science and Engineering,
“Department of Electronics and Communication,

Bapuji Institute of Engineering and Technology, Davangere, Karnataka, India
3Department of Periodontics, College of Dental Science, Davangere, Karnataka, India
E-mail: jyothigkiran@gmail.com
(Received 9 March 2022; Accepted 15 April 2022; Available online 23 April 2022)

Abstract - In dental diagnosis, rapid identification of dental
complications from radiographs requires highly experienced
medical professionals. Occasionally, depending exclusively on
an expert’s judgement could lead to changes in diagnosis, that
could eventually lead to difficult treatment. Although fully
automatic diagnostic tools aren’t still anticipated, image
pattern recognition has grown into decision support, opening
with discovery of teeth and its constituents on X-ray images.
Dental discovery is a topic of study for more than previous two
decades, depending primarily on threshold and region-based
strategies. In this study, we proposed segmentation based
Teeth X-Ray images using a couple of machine learning
algorithms as well as deep learning algorithms i.e., Support
Vector Classifier (SVC), Random Forest algorithm and
Convolutional Neural network (CNN) which would help us in
accurate identification and classification. This article also

presents a comprehensive comparison between these
Algorithms.
Keywords: Teeth X-Rays, CNN, SVC, Random Forest
Algorithm

I. INTRODUCTION

Aches from dental deformity is most exceedingly nastiest
pain suffered [1] and is hard for recognizing or analysing
amongst individuals of various age sets. Despite the fact
that a dental specialist or radiologist could analyse dental
sicknesses accurately, few circumstances exist in which
double affirmations are required. For example, for situation
in which less practiced dental specialist or radiologist
having an alternate space of claim to fame is analysing
dental X-ray, framework having capacity for achieving
object acknowledgment along significant degree of
exactness will assume a significant part in supporting his
determination. Another normal example is the point at
which the responsibility of an accomplished dental
specialist, who just requirements a couple of moments for
building conclusion on one X-ray image, turns out to be
lumbering when there are two or three hundred instances for
analysing, committing errors unavoidable.

From images got by X-beams, dental specialists can
investigate the whole dental design, arranging (in case
important) patient’s treatment. Without a doubt, X-ray
images are an instrument which is utilized in dental
medication to really take a look at the condition of teeth,
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gums, jaws and bone construction of mouth, permitting
finding of buccal issues. In dentistry, X-beams are
partitioned as 2 classes: Intraoral, radiographic method
accomplished using film situated in buccal area (X-beam
picture is gotten indoors of mouth), and extraoral, where
patient is situated among radiographic film and X-beam
resource (X-beam picture is acquired external patient’s
mouth). In these 2 sets, 3 kinds of dental X-beams exist
which are utilized regularly in dental assessments: Extraoral
panoramic radiography - likewise known as panoramic X-
ray or orthopantomography; intraoral bitewing radiography
or bitewing X-ray; and periapical intraoral radiography or
just periapical X-rays. Figure 1 outlines instances of these
X-ray image kinds.

©
Fig. 1 Kinds of X-ray images: (a) Bitewing X-ray; (b) Periapical X-ray; (c)
Panoramic X-ray

Especially, panoramic X-ray is helpful test for
supplementing scientific assessment in finding of dental
infections (caries or endodontic illnesses). This sort of
assessment permits representation of dental plus buccal
anomalies, for example, Teeth comprised, bone
irregularities, blisters, growths, tumors, diseases, post-
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mishap breaks, temporomandibular joint problems which
affect torment in ear, face, neck plus head locale. Regularly,
dental specialists demand panaromic perspective on the
mouth as preoperative assessment of teeth, and bone
medical procedures of temporomandibular locale [2], [3].

Computational models of teeth image investigation should
resolve a few issues, for example, work on the nature of
picture, segmentation, and extraction of elements of picture
that could be utilized in frameworks, these issues show up
from the way that dental pictures should be portrayed such
that finest endeavour accessible teeth data for recognizing
teeth by different tissues in dental x-ray pictures. Image
separation issue is chiefly tough assignments in image
handling and it plays out a significant job in most ensuing
picture examination, particularly in design acknowledgment
and picture coordinating. The point of the examination is to
mechanize the course of dental x-ray pictures division plus
recognize teeth by foundation and different tissues. Division
of dental x-ray images are troublesome because of outline
variety and force variety inside a similar dental x-ray
images and starting with one picture then onto the next.

A. Segmentation of Teeth in X-Ray Images

Segmentation of Teeth image investigation implies
extracting the teeth or specific tooth from image
background comprehensive gum plus jaw. Every tooth or
article extricated by image addresses region of interest
(ROI) which envelop significant information utilized for
later advances.

Numerous segmentation procedures can be applied for
clinical pictures, for example, (versatile) thresholding, area
developing, structural crunch, grouping, plus level group
[4]. As “image thresholding partakes in focal situation in
utilization of picture division, in view of their instinctive
features, effortlessness of execution and computational
pace”, we fragment periapical pictures utilizing thresholding
method. Though, in the same way as other kinds of X-ray
pictures, dental radiograph pictures additionally regularly
experience the ill effects of noise, low differentiation, and
irregular illumination. For exact segmentation, pictures
should be pre-handled either by picture improvement or
picture change or both so that the previously mentioned
issues will be diminished however much as could
reasonably be expected. In the interim, “image segmentation
might be considered as comprising of two related cycles
acknowledgment and depiction: acknowledgment is the
undeniable level course of deciding generally location of
item in picture, though outline is low-level course of
deciding exact three-dimensional degree and point-by-point
creation of article in image”.

II. LITERATURE REVIEW
Jader et al., proposed to investigate deep learning technique

to example division of teeth [5]. Apparently, this is main
framework which identifies and fragment every tooth in
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panoramic X-ray images. This is vital that the picture kind
is utmost moving one to segregate teeth, subsequently this
depicts different chunks of patient’s body (e.g., jawline,
spine plus jaws). They have presented segmentation
framework dependent on cover locale founded
convolutional neural n/w for achieving a case division.
Execution was completely evaluated by 1500 testing picture
informational collection, with high variety and comprising
10 classes of various kinds of buccal picture. Via preparing
the projected framework with just 193 pictures of mouth
having thirty two teeth in normal, utilizing move learning
systems, they accomplished 98% of exactness, 88% of F1-
score, 94% of accuracy, 84% of review plus almost 100% of
particularity more than 1224 inconspicuous pictures,
outcomes exceptionally predominant than other 10 unaided
techniques.

Ngoc et al, proposed a dental imperfection
acknowledgment model from incorporation of Adaptive
CNN plus Bag of Visual Word (BoVW) [6]. Here, it is
utilized for saving elements separated by pictures. From this
point onward, planned Convolutional Neural Network
(CNN) framework 1is utilized for making excellent
prediction. For assessing projected system, they gathered
dataset of radiography pictures Hanoi Medical Hospital,
Vietnam, having third molar inconveniences. Consequences
of representation propose precision of 84% =+ 4%. This
exactness is practically similar to experienced dental
specialists and radiologists.

Ehsani Rad ef al, introduced a technique for division and
component removal of dental X-ray pictures [7]. Technique
is carried out from utilizing bunching (k-mean) strategy to
divide after picture upgrade and outline form for teeth to
finish the division step. Moreover, we extricated numerous
highlights of dental x-beam pictures utilizing surface
insights methods by dim level co-event grid. Extricated
information accomplish getting teeth estimations to
programmed dental frameworks like human distinguishing
proof or dental analysis frameworks. Preliminary tests
display meaning of presented strategy for removing teeth by
X-ray picture.

Nishitani et al., presented a modernized technique for
division of teeth utilizing U-Net having shortfall work
biased on tooth edge [8]. Our information base comprised of
162 all panoramic dental X-beam pictures. Preparation
dataset comprised of 102 pictures, although excess sixty
pictures were utilized as trial dataset. Shortfall work
acquired from cross entropy (CE) in whole picture is
generally utilized for preparing U-Net. For further
developing division precision of tooth edge, misfortune
work biased on tooth edge is projected from totalling CE in
tooth edge part to CE for whole picture. Average Jaccard
record and Dice file for U-Net having deficit work joining
CEs for whole picture and tooth edge were 0.864 and 0.927,
individually, that were altogether bigger compared to those
for U-Net having CE for whole picture.
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Lin et al., presented a powerful plan to fragment every tooth
in periapical radiographs [9]. The technique comprises of
four phases: picture upgrade utilizing versatile power law
change, nearby peculiarity investigation utilizing Hdolder
example, tooth acknowledgment utilizing Otsu’s
thresholding and associated part examination, and tooth
outline utilizing snake limit following and morphological
tasks. Exploratory consequences of twenty eight periapical
radiographs having 106 teeth altogether and seventy five
helpful for dental assessment exhibit that 105 teeth are
effectively segregated and portioned, and general average
division exactness of every one of the 75 valuable teeth as
far as (TP, FP) is (0.8959, 0.0093) having standard
deviation (0.0737, 0.0096), individually.

B. Silva et al., presented a review on tooth division and
numbering on panoramic X-ray pictures using start to finish
profound neural organizations [10]. So, we examine
presentation of 4 organization structures, specifically, Mask
R-CNN, PANet, HTC, and ResNeSt, over difficult
informational collection. Decision of such organizations
was prepared upon its superior presentation over different
informational collections for example division and
discovery. Supposedly, this is principal work on occasion
division, location, and enumeration of teeth on all
encompassing dental X-beams.

We tracked down that (i) this is totally doable for
distinguishing, fragment and number teeth from done any of
examined models, (ii) execution is fundamentally supported
having legitimate decision of a neural organization design,
and (iii) PANet contains finest outcomes upon our
assessments having a mAP of 71.3% upon division plus
74.0% on numbering, rising 4.9 and 3.5 rate focuses
outcomes acquired having Mask R-CNN.

The work of Tuzoff et al., utilized two neural networks [11].
First, Quicker R-CNN, yields bounding boxes. Afterwards,
at that point, locales of the information picture are edited
appropriately, taking care of the subsequent organization — a
VGG-16, that numbers every tooth into one of 32 potential
outcomes. At long last, heuristics ensure the consistency of
the numbering. They assessed this two-stage method on an
informational collection comprising 1352 pictures for
preparing and 222 pictures for testing. This mind boggling
arrangement doesn’t take into consideration start to finish
preparing, and heuristics could drive the outcomes to
unwanted qualities.

III. PROPOSED WORK
The projected research design is provided underneath.
A. Teeth Segmentation in X-Ray Images
Work of article discovery targets confining and ordering
discrete items. Objective of semantic division is for

characterizing every pixel of item into recognized classes,
with no separating entity examples. Example division joins
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these 2 old style computer visions works (recognition plus
semantic division), in which every recognized item is
arranged, confined plus divided. Our projected framework
here uses CNN, SVC and Random Forest Algorithm for the
division of teeth in X-ray images.

1. CNN

CNN utilized in examination covers sixteen concealed
convolutional levels, maximum pooling level, plus
completely associated levels. 2 depicts a reasonable
depiction of a CNN. Here, both convolution and completely
linked levels use enactment work known as Rectified Linear
Unit (ReLu) although yield layer uses SoftMax initiation
capacity for assessing likelihood of different modules.
These investigations utilize TensorFlow-upheld Keras as
structure to profound learning and SK-learn for order and
assessment. This assists us with decreasing measure of
standard data composed. This additionally assists us with
accomplishing quicker study function too.
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Fig. 2 Assembly of Convolutional Neural Network (CNN)

CNN network contained numerous convolutional levels
positioned interchangeably amid pooling and normalization
levels. Every convolutional level compute convolution amid
inputs and groups of filters. Teaching was accomplished in
controlled way. Arrangement of CNN contains
Convolutional level, Batch Normalization level, Rectifier
Linear Units (ReLU), Pooling level and Completely Linked
level. This CNN architecture is like AlexNet, pretrained
CNN which consists of 5 convolutional levels and 3 totally
connected levels. By and by, this net-structure applies just 4
convolutional levels and singular totally connected level.
Moreover, batch regularization, ReLU and pooling levels
were situated in the midst of convolutional levels.

a. Convolutional Layer

This level was used to convolve input from plunging sifters
evenly in addition to in an upward direction close by input.
Spot aftereffect of loads and information are determined for
each channel in addition to later, predisposition word was
expanded [12]. Here, there were 4 convolutional levels
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which were utilized with exact hyper-boundaries. Recipe for
computing yield aspect of convolutional level and number
of loads per channel are uncovered in (1) and (2)
correspondingly.

WwWi=F=+ ZP
+1

5 (D)
Weight = F ® F x 3 Ne)

Output size =

In which,

W —>input dimension
F —>filter dimension

P >padding dimension
S >quantity of strides

b. Batch Normalization Layer

This level purposes each information channel through
smaller than usual gathering in addition to normalizes this
from deducting little gathering normal and parting from
scaled down bunch ordinary abnormality. Afterward, level
moves input by learnable offset and measures this from
learnable scaling factor y. This speeds up exercise of CNN
and diminishes aversion to net-structure starting [13].

%1—Hg . —
op+

A ... (®)
¢. Rectifier Linear Units (ReLU)

This executes process of threshold to fundamentals of
information which adjusts - ve sums to zero or more
maintaining +ve sums. This is additionally signified as an
activation reason which decides circumstance of neuron
whether it fervours or remain idle [14].

f(x) = max(0.x) ... 4

d. Pooling Layer

Down-sampling technique will work with this level which
input as rectangular pooling segments in addition to
determined upsides of each and every part. This likewise
cleans the result and stop local modifications [15]. There are
3 sorts of pooling approaches that are minimum, maximum,
and normal. Here, incomparable pooling level is used to
sub-tests result of convolutional level. Incomparable
pooling level works out maximum upsides of each and
every part. Equation for ascertaining yield aspect of pooling
level is introduced in (5).

Wi—R +2F

Output size = ————+ 1
.. (5)

In which,
W->input dimension
PI-> is pool dimension,
P - padding dimension
S—>quantity of strides.
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e. Fully Connected Layer

This level performs like classifier level in end strategy of
CNN since this accomplishes classifying of going before
mined trademark by working talented weighted joins. This
increases input from weight network in addition to expands
bias vector [16]. This level purposes result of whichever
going before level and result an N layered vector which
manages number of selectable divisions for recording. Yield
aspect and assumption of level was fit to 23 since 23
probably subjects were available to be classified.

2. SVC (Support Vector Classifier)

SVC is nonparametric clustering algorithm which doesn’t
create any supposition on the quantity or outline of clusters
in data. In our knowledge this functions finest for low-
dimensional information, thus if one’s information is high-
dimensional, pre-processing stage, e.g., utilizing major
constituent examination, is typically essential. In support
vector classifier, data points are charted by space data to
high magnitude characteristic space utilizing kernel job. In
kernel’s characteristic space, algorithm pursuits for tiniest
sphere that encircles image of information utilizing SVDD
algorithm. This upon charted reverse to space of data shapes
group of outlines that encircle data points. Those outlines
are later understood as cluster borders, plus topics bounded
from every outline are related from SVC to matching group.

SVC utilizes SVDD to demarcate area in data space in
which input instances are focused. Support Vector Domain
Description fits to typical group of kernel-founded learning.
In their “linear” form Support Vector Domain Description
searches for tiniest sphere which encircles information.
When utilized in combination with kernel function, this
searches for tiniest encircling sphere in characteristic space
demarcated by kernel function. Whereas in characteristic
space, information is defined by sphere, once charted back
to data-space, sphere is altered as group of non-linear
outlines which encircle information.

SVDD delivers conclusion function which expresses
whether specified input is within feature-space sphere or
outside, representing whether specified point fits to support
of dispersal. More precisely, this is radius-squared of
characteristic -space sphere minus distance-squared of
image of data point x by centre of characteristic-space
sphere. This function, designated from f(x) gives quantity
more compared to O if x is within characteristic space
sphere plus -ve otherwise. For additional particulars on
Support Vector Domain Description reader is denoted to
Support Vector Domain Description article. Outlines in
which f(x) = 0 is later understood as bunch borders.
Nevertheless, these borders describe groups completely,
plus extra stage is essential to “tease” group membership
out of Support Vector Domain Description.

Aij =1, if f(x)>0 for each x on line section linking xi and xj
0, otherwise.
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SVC utilizes Support Vector Domain Description to
produce non-linear cluster borders in combination along
Gaussian kernel:

K (xx)=exp(—v|x—x]12).
3. Random Forest Algorithm

RF calculation is generally combination of Bagging and
erratic subspace [17] calculations and was differentiated
from Leo Breiman as “combination of tree forecasters like
each tree holds tight upsides of inconsistent vector
attempted separately and having indistinguishable dispersal
for each tree in forest. This method occasioned by measure
of improvements in tree classifiers’ accuracy [18]. RF is

overseen learning calculation. The “forest” it develops, is
aggregate of choice trees, ordinarily gifted by “bagging”
method. In general information on packing procedure is that
combination of learning reproductions upsurges complete
result. RF upgrades additional intervention to demonstrate,
though expanding trees. Rather than investigating for
extremely huge trademark however painful hub, this
missions for best trademark in the midst of erratic subgroup
of attributes. This results in shifted range which for the most
part results in superior model.

IV. RESULTS AND DISCUSSION

Experimental results of the proposed work are given below:

TABLE I COMPARISON BETWEEN CNN, SVC AND RANDOM FOREST ALGORITHMS

Algorithm Accurateness | Correctness | Recall | F1-Score
CNN 89.6% 0.95% 0.84% 0.89%
SvC 99.69% 1% 1% 1%
Random Forest 99.69% 1% 1% 1%

Above Table I gives comparison between CNN, SVC and
Random Forest Algorithms. SVC and Random Forest
Algorithms gives accuracy of 99.69% which is higher
compared to CNN algorithm i.e., 89.6%.

A. Confusion Matrix

Assessment of presentation of cataloguing prototype
depends on sums of test archives accurately and erroneously
anticipated from model. To represent, we can perceive how
4 cataloguing metrics are determined (TP, FP, FN, TN), and
our anticipated quantity contrasted with authentic quantity
in confusion matrix is plainly introduced in confusion
matrix chart.

1. True Positive (TP) > positive and is projected as
positive.

2. False Negative (FN) - positive but is projected
negative.

3. True Negative (TN) = negative and is projected as
negative.

4. False Positive (FP) —> negative but is projected
positive.

Actual Value

Positive

Negative

2 FP

Positive (Trve Posiiive) (Folse Posive)

Predicted
Valve EN i1l

Negative : _
{Folea Negative) (True Negative)
Fig. 3 Confusion Matrix Chart

1_periapical o o
2 .
F 2_bitewing 18 o o
3 _bone_loss 4 16 0 6
1_periapical 2_bitewing 3 bone_loss

predicted label

Fig. 4 CNN Confusion Matrix
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D. Model Loss
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Fig. 9 Model Loss

E. Precision-Recall Curve
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Fig. 10 Precision-Recall Curve
F. Distribution of Image Sizes
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G. Image Analysis
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Fig. 12 Image analysis

V. CONCLUSION AND FUTURE WORK

Though numerous methodologies were projected and tried,
effective outcomes were yet a long way from being touched.
Segmentation tooth in buccal images is compulsory for
extra complicated errands in choice emotionally supportive
networks. This is initial stage for identifying teeth and its
component shares, yet in addition curios (e.g., prosthesis),
tooth issues, and surprisingly absent teeth. For further
developing the segmentation accuracy of the tooth edge, our
proposed machine and deep learning frameworks showed
promising outcomes on a difficult informational collection
with the better accuracy and also comparison analysis |
done between CNN, SVC and Random Forest Algorithms.
SVC and Random Forest Algorithms gives accuracy of
99.69% which is higher compared to CNN algorithm i.e.,
89.6%. Hence, we concluded that Machine learning
algorithms performs better than deep learning Algorithm. In
upcoming work, improved result is expected for
characterizing every tooth separately in the division stage
and assessment for separation techniques.
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