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Facial Image Segmentation by Integration of Level Set and
Neural Network Optimization with Hybrid Filter Pre-processing
Model
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Abstract

Face segmentation is the process of segmenting the visible parts of the face excluding the neck, ears, hair, and beards. In this
field, several methods have been developed, but none of them have been effective in providing optimal face segmentation.
Hence, we proposed a novel face segmentation method known as level-set-based neural network (NN) algorithm. This
method exploits a hybrid filter for the pre-processing of images, which eliminates the unwanted noises and blurring effect
from the images. The hybrid filter is the combination of Median, Mean, and Gaussian filters and effectively removes the
unwanted noises. Hence the images are segmented by utilizing level-set-based NN algorithm which is commonly based on
the population set and effectively reduces the gap between the predicted and expected outcomes. The proposed method is
compared with state-of-art methods such as Fully convolution network (FCN), Gabor filter(GF), multi-class semantic face
segmentation(MSFS), and genetic algorithms (GA). From the experimental analysis, it is evident that the proposed work
achieved better results comparing to other approaches.
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1. Introduction applied in smart applications like human computer interaction,

Face recognition!! plays vital role in today's digital world. This
process recognizes by extracting face features regardless of
their dimensionality, orientation, or lighting conditions. Face
recognition approaches generally includes knowledge-based
approaches,l? feature invariant approaches,®! template
matching approaches,[ and methods based on facial
appearance.l!

Thus, the face segmentation and recognition have drawn
considerable attention by researchers. However, can be
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querying the database,[® virtual reality, information security,’!
operating system, health monitoring reports,®! real-time online
bank transactions, biometrics, ezc.[¥]

The efficiency of face recognition methods are highly
influenced by few factors such as complex background,
distortion in the expression, head lying position, the distance
between the camera and the subject, lighting conditions, ezc.*"!
Face recognition is an object recognition problem,*-* here
the face is considered as a dynamic object. Hence, it is a
complex issue in computer applications.

The applications of artificial intelligence will get better
results for face segmentation and recognition tasks.
Consequently, image segmentation!*’] plays a vital role in face
recognition using computers. Segmentation is a primary task
which segments the images into pixels or various parts based
on the visual understanding by the computers. There are three
types of segmentations: (i) thresholding based approaches, (ii)
region-based approaches, and (iii) edge-based segmentation
approaches.['! Further, these techniques are classified as (i)
structural segmentation (based on the data framework and the
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expected part of the subjected images), (ii) stochastic
segmentation (depends on the pixel values of the subjected
images), and (iii) hybrid segmentation (utilizes both the image
frame and the discrete pixels of the image).l’1 The structural
segmentation utilizes different structural components, which
are physically meaningful, linearity, planarity, scattering, and
uses a graph-based partitioning techniques.?”!

Face recognition plays an important role, which has been
used in wide variety of modern applications. Several
researchers have proposed novel techniques to improve the
image recognition quality and accuracy.

2. Related works

Zhang et al.?! proposed a deep center-based dual-constrained
hashing approach to restoring the discriminative face images.
The discriminative and compact binary codes are generated
via softmax categorization loss-oriented deep hashing. The
class centers and end-to-end hashing learning are integrated
simultaneously to reduce the gap between the clustering intra-
class samples and the learnable class center, which creates an
intra-class variance. It also enhances the Hamming distance by
including a novel regularization technique among the class
centers that occur in pairs. The same binary codes were
generated by encouraging intra-class samples. However, an
essential intra-class variation with large-scale face image
recognition is a challenging task.

Face quality assessment aims at estimating the suitability
of a face image for recognition. Previous work proposed
supervised solutions that require artificially or human labelled
quality values. However, both labeling mechanisms are error-
prone as they do not rely on a clear definition of quality and
may not know the best characteristics for the utilized face
recognition system. Avoiding the use of inaccurate quality
labels, Terhorst?? proposed a novel concept to measure face
quality based on an arbitrary face recognition model. By
determining the embedding variations generated from random
subnetworks of a face model, the robustness of a sample
representation and thus, its quality is estimated. This solution
can be easily integrated into current face recognition systems
and can be modified to other tasks beyond face recognition.
However, it failed to reduce the feature dimensionality and
takes a higher processing time.

The novel partition selection model was suggested by Lau
et al.®1to recognize the modular face on occlusion issue. Due
to turbulence to blur, the distortion is decomposed by
achieving disentanglement. The disentanglement is
regularized by implementing two ways of restoration. First,
the sharp images with rich particulars are reconstructed as well
as the restored image features are combined using fusion
function. Second, the artifacts were suppressed; the sharp
images were also reconstructed by adding perceptual and
adversarial losses. However, there is a scope to improve the
image detection accuracy of this method.

For machine vision applications, image recognition
techniques are the foundation, but how to associate the low-
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level information in the image with the high-level image
semantics becomes the key problem of image recognition.
Predecessors have provided many model algorithms, which
have laid a solid foundation for the development of artificial
intelligence and image recognition. The novel work proposed
by Guangxin Lou et al.?*l improves the model to be a multi-
level information fusion of the convolution calculation method,
and further recovers the discarded feature information, so as
to improve the recognition rate of the image. Visual geometry
group (VGG) divides the network into five groups (indicating
the five layers of AlexNet), yet it uses 3*3 filters and combines
them as a convolution sequence. This method outperformed
predecessor’s results, but the execution time is higher and
prediction accuracy can be improved further.

Li, K et al.™® suggested a novel method known as the
online video object segmentation approach, which conducts
the segmentation by detection structure. This approach
effectively segments the video frames with high accuracy;
however, the computational time is high compared to other
approaches.

Kim et al.?1 proposed a semantic-based segmentation that
precisely segments and derives the facial landmark features.
The classification accuracy has been improved by varying the
pixel values based on the face landmark. Thus, accomplished
high pixel accuracy in the face segmentation approach;
however, they have used only the landmark dataset, not the
real-time datasets.

Even though there are several image segmentation
techniques available to date, it is a complex process to estimate
the perfectly optimized segmented images to perform face
recognition. Hence, we propose a novel level-set-based neural
network-based face segmentation that optimally segments the
faces from the dataset taken. The contributions of our work are
enlisted as below.

e The images are pre-processed with a novel hybrid
filter interlinked with median, mean, and Gaussian
filters to eliminate unwanted noises and smoothing.

e The pre-processed images are transferred to the
segmentation section and segmented by utilizing the
level-set-based Neural network algorithm.

e The proposed level-set-based neural network can be
exploited to acquire the optimal segmented outcomes.

The remaining part of this work is arranged as section 2
describes the proposed methodology in a wider context. Then,
the experimental analysis and dataset used are discussed in
section 3; section 4 discusses obtained results. Finally, we
concluded our work in section 5.

3. Proposed active contour and level-set-based artificial
neural network-based segmentation

The proposed methodology from this article is composed of
hybrid filter pre-processing and level-set-based neural
network-based image segmentation, which provides better
optimal face segmented outcomes, which is illustrated in Fig.
1.
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Fig. 1 Schematic diagram of the proposed methodology.

3.1 Hybrid filter based image pre-processing
Face recognition becomes complex due to the presence of
noise and varying intensities of face images.?1 These factors
are removed with the support of filters. The proposed
methodology in this article adopted hybrid filters that combine
Mean, Median, and Gaussian filtering.?®! The unwanted noises
that are present in the images can be eliminated with median
filtering.”! The median value of the pixels can be calculated
by its numerical expression as follows,

M;(j + 1)/2jisodd

Median(M) = Med{Mi}{l/z[Mi(]‘/z) + M;(j/2) + 1)jiseven

(1

Here, the index of neighboring pixels is denoted as 1, M1,
M, Ms,...., M;. The median value of pixels is generated by
sorting the pixels. Meanwhile, the mean filter® is a sliding
window-based spatial filtering technique utilized for image
smoothing and noise removal. The center pixels in the
windows are determined by estimating the mean value of the
adjacent pixels. Numerically it can be expressed as:

Mean{x,y} = % X _ali ] (2)

Here, j and / denote the pixel locations, and M denotes the
used pixels from the face images. The detailed version of the
noises is eliminated by a low-pass filter known as a Gaussian
filter. The applied Gaussian filter® can enhance the image
quality and thus be used for image detection, blurring, ezc. The
numerical expression for the 2D Gaussian filter can be given
as:
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x24y?
e 2x2

Gau(x,y) =

2M0k? 3)

The Gaussian filter value can be denoted as Gau(x,y) the
rows and columns of the matrix are indicated as x and y. The
standard deviation (SD) of the Gaussian distribution function
can be given as k. Henceforth the noise removed and the
intensity adapted face images are fed as an input for the
segmentation process. The proposed method utilized a novel
segmentation technique known as Level-set-based neural
network optimization.

3.2 Active contour and level set based ANN-based
Segmentation

In face recognition, segmentation is used to split the digital
images into many parts (group of pixels or image objects) as
shown in Fig. 2.

Fig. 2 Outcomes of segmentation.

3.2.1 Active contour and Level set based segmentation
The Active-contour methodl®” is a shape-based framework
that reduces the energy function (regional properties) such as
boundaries, intensities of pixels, characteristics of an object is
to conduct segmentation. The contour location can be initially
placed inside or outside of the region of interest arbitrarily or
manually. The reduction of energy function can be used to shift
the curve to the contour of the pixel while conducting the
curve evolution process which is as shown in Fig. 3.
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Fig. 3 The Level set for object detection.

The most commonly used curve evolution method is the
marker point approach that can be used to control each point
on the segmenting curve C to determine the location vector [f,
t] with the inclusion of a curve with a certain orientation fand
time ¢. Meanwhile, the front region can be displayed along
with the marker points incorporated with either line segments
(2D) or triangles (3D).

However, if the two marker points from the curve evolution
come together, it might cause asymmetrical growth of the
markers and lead to unlimited output with variations in
curvature. Therefore, the next approach that can be applied for
active shape modeling is the level-set approach. Level set
approaches are a powerful mathematical tool for image
segmentation.

Here, the evolving corner is completely interconnected as
the zero is contour, i.e., for the unit circles, it can be defined
as,

wE)=x2+y?—1,0@X) =0 4)
However, level-set based motion curve can be determined as,
Ad+W.Vw =0 5)

The partial temporal derivation of the inferred function
w is indicated as @ the velocity of the motion is
determined W = (u, v, w), and the velocity components of the
X, y, and z-axis are given as u, v, w. Vis defined as the spatial
gradient operator. The level-set function® w is otherwise
known as the signed distance function in which it analyzes the
Euclidean distance among the object and the adjacent pixel in
the link. Amidst this, a positive value is assigned to the pixels
that fall beyond the interface and negative for the other. Hence
the level zero set is assigned to the link itself. Moreover, this
level-set technique provides stable segmentation, and also the
errors that occur are mostly negligible.

Since the level-set method offers framed structure, we
utilize a neural network to segment the face images. A neural
network is a population-based optimization method that
reduces the difference between predicted and expected
segmentation results.

3.2.2 Neural network algorithm

Neural network algorithm[ is a series of algorithms used to
detect the inter-correlation among the data set via a process
that reflects the human brain operations. Thus, the neural
networks refer to the cluster of neurons that are formed either
by nature or manmade. Neural networks depend on fluctuating
input and provide better outcomes. A neural network consists
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of four phases which are listed below.

> Population creation

According to the neural network algorithm, each pixel from
the face image possesses weight and are denoted in vectors as
shown below,

Lavi=10<Vf<,i=12,....,N (6
Here Vlis the vector weight of each pixel and can be given
asVi; = [Vi, V5., Viy] N denotes the total number of
pixels and t is the total number of epochs. The creation of
population is illustrated in Fig. 4, which can be denoted as,

Anew,j = Liza Vi X ALj=12,.....,N )
AL = At 4 A;:‘}V'i’i =12,..... N ®)

The above equationA is the solution of the i pixel at time=t,
and the weighted solution of the j" pixel at time =t+1 is given

t+1
asAyow ;-

Output Layer

Input Layer Hidden Layer

Fig. 4 Population creation method by neural network.

» Upgradation of the neural network-based weight
matrix
The weight of the pixel of the created matrix can be upgraded
as,

Vitt=vi+2xdx (Vh, = V), i=12,.....,N (9)
Here, d is the arbitrary value that falls under 0 and 1, and the
targeted vector weight can be denoted asVotpt. The updation
takes place for the expected weight vector and the expected
solution parallel. Subsequently, if the condition Af,pt =
At (k € [1, N}for time ¢, then the weight
vectorVgp: = V.
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> Bias operator
The Bias operator can be updated by deeming the key
parameter, which is otherwise known as modification factor
dand can be given as,
5+l =0.996¢ (10)

Usually, the Bias operator of NN has two portions, (i) Bias
population, (ii)) Bias weight matrix. To begin the Bias
operation, produce an arbitrary number N, and that is
equivalent to (6¢ X D). Then a set Q can be generated with an
arbitrarily selecting N, that falls under 0 and D.

The lower constraints and the upper constraints are given
as lc =, 1, 1y) and  uc = (uq,uUy,..., uy)
correspondingly.

Hence the population bias can be determined as,

A o) = loes) + (ucesy — lesy) X e,s = 1,2,...., Ny (11)

Here, e is an arbitrary number that falls under 0 and /. The
N, is an arbitrary number that can be generated for the weight
matrix of the pixel and is equivalent to (8¢ X N). N, lies
between 0 to N by choosing arbitrarily from a set R. Hence the
bias weight matrix can be expressed as

Vi,Q(T) =91 = 1,2,....,Nv (12)
Here g represents the arbitrary number and falls under 0 to 1.

» Operation of transfer function
The transfer function is used in NN to transmit the presently
available solution to an updated location to create an optimal
solution along with the surviving optimal solution as shown
below,

At = AT 42 x b x (A, — AFY),i=12,....,N (13)
Here b shows an arbitrary number and lies in the range of

0to 1.

The Pseudo-code for Neural Network Algorithm is given

below.

Pseudo-code for Neural Network Algorithm

Initialize the pixel population and weight matrix, which

includes N solutions

Estimate the fitness function for each solution and

estimate the optimal solution and weight

Repeat

Create the new pixel population of

Update the weight matrix of pixelV‘+?

For each pixeli € N, do

If arb < 6¢

Conduct the bias operator to upgrade the solution

Af*1and pixel weight matrixV+!.

Else

Conduct the transfer function operator to upgrade the

solution A*?

End if

End for

Create the medication parameter §*1

Estimate the fitness value for each pixel solution and

Evaluate the optimal solution A%ftand optimal weight

of ALt

At+1

© Engineered Science Publisher LLC 2021

Until satisfies the stopping criteria
Obtain the face segmented output
End

Finally, our proposed method accomplished highly
accurate face segmentation by combining the level-set and
neural network algorithms. Fig. 4 illustrates the pseudo-code
used for the NN. In addition, the proposed method attains a
precise, stable, and reduced gap between the predicted and
expected face segmented images and structured frames by
incorporating the Active contour level set and ANN. The
process involved in the proposed segmentation stage is
illustrated in Fig. 5.

4. Experimental analysis

This section is used to explain the performance analyses that
are conducted to justify our proposed approaches. Then the
results are compared with some of the latest works of face
segmentation. It also includes the description of the dataset
used and performance metrics.

4.1 Dataset description and preprocessing using CLAHE
The experimental analysis of our proposed work is carried on
the MIT-CBCL and FEI datasets, including 85 frontal face
images.l Moreover, the faces are not organized in the same
alignment and also contains faces of various ethnicity, gender,
and ages. Some of the sample images of taken datasets are
shown in Fig. 6.

The input images collected from the database are given to
pre-processing unit where pre-processing is carried out using
a hybrid technique; the input image and output images of the
pre-processing unit are shown in below Fig. 7.

4.2 Segmented output

The proposed method attains a precise, stable, and reduced gap
between the predicted and expected face segmented images
and structured frames by incorporating the Active contour
level set and ANN. The process involved in the proposed
segmentation stage is illustrated in Fig. 5. The segmented
output of our proposed work is shown in Fig. 8. From the
figure, it is indisputably known that the proposed work
precisely segmented the face images with higher accuracy,
sensitivity, specificity, dice coefficient, and jaccard coefficient.

5. Result and Discussion

The performance analysis of our proposed work is conducted
with some of the performance metrics such as sensitivity,
specificity, accuracy, Dice coefficient,***] Jaccard
coefficient!?4] and compared with some of the prior works
such as FCN, 1 GF,*1 MSFS,[“1 GA.#"1 The following section
of this article encloses the description of performance metrics
and their comparative analyses.

5.1 Performance metrics description
The performance metrics used for our work and its
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Fig. 5 Segmentation process of our proposed Active contour and Level set based ANN approach.
descriptions are listed in the following section.

Sensitivity
It is determined as the rate of pixels that are exactly
segmented from the face images.

b) output image after pre-processing using Hybrid Filter
technique.

ﬁ
&
L3 |

Fig. 6 Sample images from the dataset. Fig. 7 A hybrid filtering technique carries pre-processing.
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Fig. 8 The segmented output of our proposed work.

Truepositive

sensitivity = — . (14)
Truepositive+Falsenegtives

Specificity

It is defined as the rate at which the normal pixels from the

face images are exactly segmented.

Truenegative

Specificity = (15)

Truenegative+Falsepositive

Accuracy

The accuracy of face image segmentation can be determined
as the rate of correctly segmented faces from the total number
of datasets examined.

Accuracy =
(Truepositive+TrueNegative)

(16)

Truepositive+Truenegative+False@positive+Falsenegative

Dice coefficient

Dice coefficient is a statistical tool that measures the similarity
among the original and detected face images. This is the
important index for the validation of image segmentation that
utilizes the artificial intelligence technique. it is otherwise
known as the Dice similarity coefficient or Sorensen-Dice
index.[849

Jaccard Coefficient

The Jaccard Coefficient usually compares the original face
image and the segmented face images to observe their
similarity. The higher the Jaccard coefficient percentage, the
more similar the two images are.

Jaccard Coefficient =
thenumberofpixelsinbothimages

x 100 (17)

thenumberofpixelineitherset

4.2 Comparative analysis
Table 1 illustrates the comparative analysis of our proposed
work with FCN, "1 GF,*I MSFS, 1 GAX1 in terms of accuracy,
sensitivity, and specificity.

The bar chart has been plotted from these obtained values,
as shown in Figs. 9, 10 and 11.

From Fig. 9, it is observed that the prior work FCN shows
88%, GF exhibits 92%, MSFS possesses 90%, and the GA
shows 94% of accuracy. On the other hand, our proposed work

© Engineered Science Publisher LLC 2021

significantly shows the rise inaccuracy of about 98%, higher
than all the other approaches. Thus, the approach in this article
outperforms all the work in terms of accuracy by segmenting
the face images.

Table 1. Comparison of proposed work with an existing method
of Accuracy, Sensitivity, Specificity.

Methods Accuracy (%)  Sensitivity (%)  Specificity (%)
FCN 88 90 88
GF 92 91 90

MSFS 90 88 78
GA 94 93 92
PROPOSED 98 96 94
Accuracy (%)
100 mECN
98
. 96 BGF
X o4
> 092 OMSFS
]
; 90
o 88 BGA
<
86
@ Proposed
84 Method
82

Methods
Fig. 9 Comparative analysis in terms of accuracy.

Fig. 10 represents the comparative analysis of our
proposed with other existing approaches in terms of sensitivity.
The sensitivity values of state-of-art works, FCN, GF, MSFS,
and GA are 90%,91%, 88%, and 93%, respectively. However,
our proposed work shows 96% of sensitivity which shows the
precise rate of the highly segmented face from the datasets.

Sensitivity (%)

98 BFCN
96
= oGF
< 94
>
H 92 OMSFS
i
B 90
g GA
o 88
n
86 EProposed
g4 Method

Fig. 10 Comparative analysis in terms of sensitivity.
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Fig. 11 depicts the comparative analysis of our proposed
work with state-of-art approaches in terms of specificity. The
specificity values of FCN, GF, MSFS, and GA are observed as
88%, 90%, 78%, and 92%, respectively. In the meanwhile, our
proposed approach provides 94% of specificity. That shows
that the normal pixels are segmented precisely from the
subjected face images.

Specificity (%)

100

EFCN
95
—_ mGF
X Y
- 90 e
) pr
x L OMSFS
0O 85 T
0 i BGA
8, 80 S
@ i
e,
75 .'::.'::.': @ Proposed
P Method
-0 i
Methods

Fig. 11 Comparative analysis in terms of specificity.

The overlapping parameters such as Jaccard and Dice
coefficients are evaluated against the proposed and state-of-
the-art methods. The obtained results are tabulated in Table 2.
The bar charts of the same are shown in Figs. 12 and 13.

Table 2. Comparison of proposed work with the existing method
in terms of Jaccard Coefficient, Dice Co-efficient.

Methods Dice Jaccard
Coefficient(%) Coefficient(%)
FCN 80 65
GF 71 48
MSFS 74 58
GA 83 63
PROPOSED 89 71

Fig. 12 shows the comparative analysis of our proposed
work with the other state-of-art approaches. The figure shows
that the proposed work exhibits a higher Dice coefficient of
about 71%, and other approaches FCN, GF, MSFS, and GA
exhibit 65%, 48%, 58%, and 63% correspondingly. Thus,
proposed work statistically measures the similarity between
the original and segmented images precisely.

Fig. 13 illustrates the comparative analysis of our proposed
work in terms of the Jaccard coefficient. The figure shows that
the proposed work possesses 89% of the Jaccard coefficient,
and the state-of-artworks FCN, GF, MSFS, and GA possess
80%, 71%, 74%, and 83% of the Jaccard coefficient
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Dice Coefficient(%)

90 EmFCN
__88
o
¢ 86 mGF
5 84
g 82 ! oMSFS
& 80 i
0 T
378 gt BGA
Q JATAT
2 74 S
A 79 .':_'::_'::_':H mProposed
:-’:-’:-’H Method
70 i e
Methods

Fig. 12 Comparative analysis in terms of Dice coefficient.
correspondingly. The higher percentage of our proposed work

shows that the segmented output of our proposed work is more
or less similar to the original images.

Jaccard Coefficient(%)

®EFCN

X 70

E 65 mGE

8

&q:.; 60 EMSFS

3 ss

=) BGA

& 50

Q

3 45 HProposed

] Method
40 —

Methods
Fig. 13 Comparative analysis in terms of Jaccard coefficient.

5. Conclusion

This article presented a novel face segmented approach known
as an active contour and level-set-based neural network
algorithm that effectively segmented the subjected images
from the datasets. The images were subjected to pre-
processing, which exploited hybrid filters to smoothen the face
images. It also removes unwanted noises. The hybrid filters
are significantly composed of Mean, Median, and Gaussian
filters, which effectively remove the unwanted noises. Finally,
the smoothened images were fed into the image segmentation
section. The proposed method effectively segments the images
by utilizing the active contour and level-set-based neural
network algorithm. The experimental analysis was compared
with the other prior approaches such as FCN, GF, MSFS, and
GA. The comparative study shows that our proposed approach
has high accuracy, sensitivity, specificity, dice coefficient, and
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Jaccard coefficient of about 98%, 96%, 94%, 71%, and 89%,
respectively.
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