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Performance of Machine Learning for Lane
Detection
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Abstract: With the approach of the self supervised cars, the
significance and exactness of path discovery has accomplished
principal significance in the field of perception and imaging. In
this paper, we propose a calculation to accomplish path
recognition on streets utilizing the real-time data accumulated by
the camera and applying K-means clustering method to report
data in a way reasonable to make a feasible guide. The proposed
method utilizes the physical way of the data to group the data.
Silhouette coefficient is utilized to decide the quantity of groups
in which the data ought to be partitioned. Paths are added to get
the right markings. We show the adequacy of, the proposed
method utilizing real-time activity data to commotion, shadows,
and light varieties in the caught street pictures, and its
materialness to both stamped and unmarked streets

Keywords: Field of Perception, Real-Time Data, K-Means
Clustering Method, Silhouette Coefficient

I. INTRODUCTION

With the beginning of the new centuries, self supervised
cars have accomplished incredible force because of DARPA
Grand Challenge [1, 2] and now-a-days, many car
organizations like Mercedes, Audi and Nissan have entered
in the field of driverless innovation. Any driverless
innovation for a vehicle needs to detect the earth and get to
information that are imperative for taking continuous
choices to control the auto. This is accomplished by the
assistance of different sorts of sensors, for example, Camera,
Light Detection and Ranging (LIiDAR) sensors, Radio
Detection and Ranging (RADAR) sensors [2], Ultrasonic
sensors, optical character acknowledgment (OCR), PC
vision, Canny Edge Detector, CHEVP model (Canny/Hough
Estimation of Vanishing Points).

Stereo vision camera sensors, even warm imaging in
specific cases. Among these sensors, the camera sensors are
one of the least expensive and most promptly accessible
sensors. It is additionally the sort of sensor whose
information is anything but difficult to imagine [3, 4]. Hence
Computer Vision is one of the centre viewpoints for any
self-governing innovation that controls any car for a long
time to come.

An essential piece of self-supervised driving is path
discovery. Paths give a request in urban driving situations.
They give a course to the auto to take after. It is of most
extreme significance for a vehicle to drive in a path and
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judge when to cross the path with the end goal of
overwhelming or alternating. This paper manages enhancing
the after effect of Lane Detection with a Machine Learning
Approach [5, 6]. This enhances the exactness of path
identification to a higher degree than customary path
discovery calculations. The calculation's precision is
restricted by the nature of the picture taken and is of
polynomial time unpredictability. The issue articulation is
to enhance current path recognition calculations.

Our strategy includes cutting edge and demonstrated
machine learning calculations. Customarily, B-wind bend
fitting is utilized for this reason. There are various
weaknesses with B-wind calculation. It utilizes vanishing
guide strategy toward extrapolate the line section which
speaks to path information [7]. This does not function
admirably at the truncation purposes of the pictures. It
additionally comes up short when the limits in the picture
are not clear. The proposed calculation deals with these
deficiencies as it doesn't rely on upon the point of view
change and does the path discovery on unique picture itself.

Il. LITERATURE REVIEW OF MACHINE

Machine learning is the sub field of software engineering
that, as per Arthur Samuel in 1959, gives "PCs the capacity
to learn without being expressly programmed."[1] Evolved
from the investigation of example acknowledgment and
computational learning hypothesis in artificial intelligence,
[2] machine learning investigates the review and
development of calculations that can gain from and make
forecasts on data [3] — such calculations defeat taking after
entirely static program guidelines by making information
driven expectations or decisions, [4]:2 through building a
model from test inputs. Machine learning is utilized in a
scope of registering undertakings where planning and
programming express calculations with great execution is
troublesome or unfeasible; illustration applications
incorporate email sifting, location of system interlopers or
malevolent insiders working towards an information breach,
[5] optical character acknowledgment (OCR), [6] figuring
out how to rank and PC vision.

I1l. LEARNING FOR LANE DETECTION

Machine learning is firmly identified with (and regularly
covers with) computational insights, which likewise
concentrates on forecast making using PCs. It has solid
binds to numerical advancement, which conveys techniques,
hypothesis and application spaces to the field. Machine
learning is some of the time conflated with information
mining, [7] where the last subfield concentrates more on
exploratory information investigation and is known as
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unsupervised learning. [4]:vii [8] Machine learning can
likewise be unsupervised [9] and be utilized to learn and
build up gauge behavioral profiles for different entities [10]
and after that used to discover important irregularities.

Inside the field of information examination, machine
learning is a technique used to devise complex models and
calculations that loan themselves to expectation; in business
utilize, this is known as prescient investigation. These
investigative models permit specialists, information
researchers, architects, and experts to "create solid,
repeatable choices and comes about" and reveal "shrouded
bits of knowledge" through gaining from authentic
connections and patterns in the data. [11]

Starting at 2016, machine learning is a popular
expression, and as per the Gartner build up cycle of 2016, at
its pinnacle of swelled expectations. [12] Because
discovering examples is hard, frequently insufficient
preparing information is accessible, and furthermore in light
of the elevated standards it regularly neglects to deliver.
[13][15]

IV. BACKGROUND

A. Short comings of existing methods in Lane Detection

In B-snake algorithm for lane detection [1], the
accompanying is a short depiction of the algorithm:

1. Develop an edge guide of picture utilizing Canny Edge
Detector (as per CHEVP model)

2. Partition the picture into various portions for
remunerating the twist of the lane

3. Apply Hough Transform on each of the picture
portions and separately recognize the vanishing purposes of
each section and further identify the skyline of the picture

4. From these vanishing focuses, figure the control
focuses for the development of the B-snake

5. From these control focuses, a spline would then be
developed. From this, the lane limit would be extrapolated
utilizing the width of the street

Taking after are the issues with the B-snake algorithm:

1. In our comprehension of the whole algorithm, it is
unmistakably equipped for identifying the lane if there was
just a solitary lane in the picture. It is not clear how various
lanes would be identified and additionally recognized from
each other.

2. The CHEVP model (Canny/Hough Estimation of
Vanishing Points) does not evacuate the enlightenment
clamours to the required levels. There are an excessive
number of situations where this strategy for computing the
vanishing point bombs basically in view of brightening
clamour. This is on account of, in specific cases, the
commotion is keener, discernible than the lane part of the
picture.

3. Vanishing focuses may not be computed for specific
pictures if the whole lane is not unmistakable in the picture.
In this manner we feel that it is wrong to concentrate
consideration on finding the mid-lane. Or maybe, we should
recognize every lane limit exclusively. This is critical for
independent frameworks [12,13] since it concentrates on a
more extensive scope of conceivable outcomes for which
lane detection is endeavoured. If there should arise an
occurrence of tainted yield as found in the event of non-
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uniform brightening in the picture, we may expect that the
past lane limit is parallel to the present lane limit.

B. Advantages of using present algorithm

The significant preferred standpoint of this calculation is
that it doesn't expect that the lanes that are to be identified
are of any endorsed shape or number. It is equipped for
identifying lanes of any number, width and shape regardless
of the possibility that the shape changes powerfully. This
has been made conceivable as a result of the utilization of an
unguided machine learning calculation to distinguish every
one of the lanes and its number. Hence we don't see a need
of accepting that the lane limits are parallel to each other.
The calculation likewise identifies various lanes as saw in
the picture.

An extensive portion of lane detection algorithms
including this one may not create dependable outcomes if
there is an uncommon change in brightening [14,15] in the
picture which might be brought about in specific districts of
the picture because of reflected beams from the sun that are
occurrence specifically on the focal points of the camera
utilized. This calculation captures lanes in all cases, yet
tends to characterize these brilliant spots of daylight
additionally as lanes. This case is not dealt with by this
calculation and might be exceptionally treated in the wake
of applying an enlightenment redress on the picture. The
calculation creates the best outcomes when the lane is
plainly set apart on a shady day with unimportant measure
of daylight.

V. ALGORITHM STEPS

We have overcome the above inadequacies of the B-
Snhake algorithm in the accompanying way:

1. We expect that the camera is constantly pointed
towards the street i.e. the street is a noteworthy piece of the
picture. By applying a 3-channel filter, we can without much
of a stretch get the lane boundaries from the picture as a
parallel edge picture

2. From the double picture, extricate all shapes and reject
all little range forms. This evacuates the salt and pepper
commotions from the picture

3. Apply Probabilistic Hough Transform (PHT) to the
double picture [16, 17]. We wind up with a yield that has a
ton of bunched lines in the district of the lane boundaries. In
less complex words, the lines are grouped at the lane
boundaries

4. At that point we isolate the yield from the PHT as
indicated by which form they are available in i.e. amass the
line portions as per the forms they happen in

5. Apply K-Means Clustering algorithm [18,19] to each
gathering of line portions. The yield would give us a thought
regarding the state of the lane. The bunch implies inside
each gathering would be the required yield for the lane
boundaries in the picture

6. Organize the methods in a specific request to plot the
spline speaking to the lane limit
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This algorithm has favourable position that it can discover
all lanes in the picture with a high level of precision. A far
better perception is that the state of the lane assumes
definitely no part in its recognition. Therefore no lane model
is accepted for its discovery. Additionally thus, any number
of lanes might be all the while identified in the picture.

This speaks to a summed up algorithm for lane discovery
from a camera and it gives the best outcomes when there are
no sun spots or ranges of splendid shading out and about.
With respect to enlightenment amendment, there are
numerous algorithms accessible for expelling those splendid
locales and the vyield of such a rectification must be
encouraged to this algorithm for ideal outcomes. This next
segment discusses the algorithm in details.

Fig. 1 Source Image Fig. 2 Channel Thresholding

Fig. 3 Area Thresholding

Fig. 4 Hough Transform

Fig. 5 K-Means Output and Post Processing

VI. PRE-PROCESSING IMAGE

A. White Colour Threshold

A basic assumption of this algorithm [20] is that any
white patch on the road is a lane marking. Then this white
patch is captured by a 3-channel filter with an appropriate
threshold using Fig.1.

For each pixel, individual threshold are applied to 3-
channels, red, green and blue channel. For an 8-bit image,
the green threshold is set as 200, the red threshold is set as
200 and the blue threshold is set as 200. Vp €lmage
I,(R|G|B)p>(200]200|200) => (R|G|B)p=(255|255|255)

B. Area Threshold

After white colour threshold, salt and paper commotions
have a tendency to remain in the image. To evacuate them,
the white colour patches are assigned as separate shut
shapes. These shapes are then additionally passed through
an area channel to reject all strangely placed white markings
by Fig.2. All forms with the area lesser than 100 square
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pixel (for image resolution of 1280x720) are rejected.
Accordingly, we obtain an image which has the lane
markings in a black background. This expels any strangely
illuminated isolated pixel or a small gathering of pixels by
Fig.3.

C. Hough Transform

Now we have obtained lane markings from the image, this
does not specify the lane boundaries. Interpretation of this
line segment data is required for getting the lane boundary
position. We need to accurately determine the boundary of
multiple lanes [21].

Thus we apply Probabilistic Hough Transform [4] [5] on
the resultant image by Fig.4. This gives us a set of line
segments which are useful to determine the lane boundary
position.

Probabilistic Hough Transform [22] is later applied on the
resulting binary image that is obtained from the 3 channel
filter and area threshold. This provides us with a vector of
line segments on which the clustering algorithm is applied.
K-means clustering [24] was chosen as it provided a natural
principle to go about for lane detection by Fig.5. Hough
Transform does give us the lane marking position, but it
does the same in an unclustered and unusable output. The
output of the probabilistic hough line transform comes in the
form of extremes of the line. Let each line be given an index
i. Initial point be denoted by index o and final point be
denoted by index f. So extreme points are (xoi yoi xfi yfi)

After we apply hough transform by Fig.6, we then split
the line segments into groups corresponding to the nearest
white patch. This was done by enclosing a tight rectangle
(close fit) around each contour. Let each contour be defined
by (k). So a line (i) with initial point (0) and final point (f) in
a contour (k) is denoted by (xoik yoik xfik yfik). If the
midpoint of the line lies within a rectangle, then it is said to
be associated with the group of lines corresponding to that
white patch.

Any line segment that lies between two patches is
classified as noise and rejected from the set of line
segments. This also aids us in decreasing the runtime of the
algorithm.

Hough transform [25] was chosen as the line segments
obtained after the white threshold filters are almost always
concentrated on the lane marking positions. This
aggregation of line segments tells us that the LOCALISED
MEANS of these line segments may be considered as the
lane marking positions using Fig.7.

K-Means was chosen to be a solution for this unique
problem. It can be used very efficiently to extract these
localized means provided we know how many such means
are there.
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Fig. 6 Image after Hough

Fig. 7 Prob Threshold

VII. APPLICATION OF K-MEANS TO GET LINE
DATA

A. Procedure to Apply the Clustering Algorithm

We intend to apply the clustering algorithm inside each
group of line segments (split according to white patches).
The basic idea of clustering Line segments means to find the
“Average” of all the line segments inside a cluster.

Let us take the case of point data. K-Means clustering [26]
of point data involves finding clusters of point data by Fig.8.
Thus the algorithm provides us with the means of the
clusters.

Within a rectangle, we arrange all the indices of the hough
lines such that (yoik> yfik) so that the line segments can be
interpreted in a progressive fashion only as per the distance
from the vehicle Fig.9. Now all the observations within a
rectangle have these two properties:

CluC2UC3U ... UCK= {1,2.3,...,n}. In other words, all the
line segments are covered within a rectangle.

Ck N Ck'= ¢ for all k # k'. In other words, the clusters are
non—overlapping.

If the data has n number of clusters, then the algorithm for
obtaining n clusters is as follows:

(Sample Data with 4 clusters, K-Means Terminates here in 6
iterations)

‘8

Fig. 8 Sample Data Fig. 9 Initiate K-Means

= g

af o
B g
Y

Fig. 10 Iteration 1 Fig. 11 Iteration 2

% - %

Fig. 12 Iteration 3 Fig. 13 Iteration 4

A - Initialization: Randomly associate n line segments as
the cluster means, cmj Fig.10.

B - Iteration: Find the distance of each point from all the
cluster means. The distance is calculated using Euclidean
distance and associates each data point with appropriate
cluster [27]. The distance between the line segments is
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termed to be the distance between their midpoints. Distance
between two lines I1 & (2 with mid points (xml1, ml1) and
(xml2,ml2) is defined as,

di(11,12)= N(xmll—xml2)2+(yml1—ymli2)2

(1) For clustering the line in a particular cluster, Ck, the
following criteria is used.

k=minj=1(dis(i,cmj))=>i€Ck Fig.11.

(2) C - After Updating: Calculate the new cluster means
which are the means of the clusters so formed. Average is
calculated as the centroidal line segment defined as the line
segment joining the centroid of all the initial points
(xoi,yoi) and centroid of all the final points (xfi,yfi)

cmk=av{i:ieCk} Fig.12

(3) D - Termination: Check the position of the new means
with the old ones. If they are “very close” then terminate the
process, or else go to step 2 with the updated means as the
cluster means.

This process is very effective in determining the clusters
from the data. To figure out the number of clusters in the
data, again an iterative approach is wused. This is
accomplished by looking at a coefficient called as the
Silhouette Coefficient [28]. After clustering the lines, the
mid-point of the line is used to determine the Silhouette
Coefficient.

E - Silhouette Coefficient:

Within a cluster, for each point:

aik is defined as the average distance of the point from
the other points in the same cluster, (cohesion factor)

aik=avg{dist(i,j):i#j,j€ Ck}

(4) bik is defined as the average distance of the point
from the other points in the nearest cluster, (separation
factor)

bik=min (di(i,j): i € Ck,j € Cp

p= min (di(cmk,cmt),t#k)t=1n)

(5) The silhouette coefficient for that data point is then
defined as:

si=(bik— aik)max((bik, aik))

(6) Then the overall silhouette coefficient is defined as:=
avg(si)Vi

(7) From the definition of the silhouette coefficient, it is
clear that the range of the coefficient is between -1 and 1.

So we have the following,

si= { l1—aikbik if bik>aikO if bik=aikbikaik—-1 if
bik<aik

(k K bik=> si —1, aik >» bik=> si ——1)

(8) In the given data, if variation within the cluster is
small (aikis small), and variation from data points which are
part of another cluster (bikis large), this indicates a good
clustering of data. (Low cohesion and large separation)
Fig.13
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Fig. 14 1-means Fig. 15 2-means

/ 74
// /

Fig. 16 3-means

Fig. 17 4-means

Fig. 18 5-means Fig. 19 6-means.

It represents the data perfectly

////

Fig.20 7-means.

Data clustered to 7 clusters. This is not an appropriate
number of clusters in the data. So the algorithm decides that
the earlier method to cluster the data was appropriate and
terminates the loop.

Figures positioned above Fig-14 to Fig-20 show
progression of means from 1 to 6 in a clearly clustered data.
Algorithm terminates after calculating coefficient for 7
means as it is smaller than that of 6 means.

Then we can state that if we divide the data set into
partitions such that the average silhouette coefficient of the
entire data set or the average silhouette coefficient is
maximized, then the data is adequately clustered into the
correct number of clusters. In this case, the silhouette
coefficient approaches 1 (Any value more than 0.7 indicates
good clustering).

Also note that if the data has not been clustered properly
or if the data has no clear number of clusters, the Silhouette
Coefficient is smaller compared to that of a properly
clustered data. This happens because the data has cohesion
and separation in comparable ranges. This indicates that
some sample data have been misclassified.

K-means clustering fails when the data distribution is
uniform i.e. there is no clear clustering of data. In these
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cases, silhouette coefficient comes near 0. (Any value
between 0 and 0.25 means the data is uniformly distributed).

If the Silhouette Coefficient [6] is positive and close to 1,
say something like 0.75, from above definition of Silhouette
coefficient, we have the inequalityaik < bik. This means
that the factor of cohesion is small compared to factor of
separation. This means that on an average, distance between
data points within the same cluster is smaller than the
distance between points in different clusters. This means
that points within the same cluster are close to each other
compared to points in different clusters.

This is indicative of good clustering. Thus Silhouette
Coefficient value close to 1 indicates good clustering of
data.

On the other hand, if the Silhouette Coefficient is small,
say something like less than 0.25, it means that the distance
between points within the same cluster I comparable to
points in different clusters. This means that the data is not
clustered properly. Better clustering is possible. An
immediate solution is to increase the number of clusters to
be considered for clustering the data. This may or may not
increase the Silhouette Coefficient.

This may occur because increasing the number of clusters
may lead to better clustering, but beyond a point, the
clusters start to overlap. If we keep on blindly increasing the
clusters, then we get to a situation where each and every
single data point is a cluster on its own. This leads to
breakdown of the concept of cluster in data. Thus it is
unwise to keep increasing the number of clusters if the
silhouette coefficient begins to fall.

VIIl. RESULT

A better implementation of the algorithm is to compute
the cluster means of all reasonably possible number of
clusters in the data keeping a threshold in the value of the
Silhouette Coefficient, figure out the global maxima of the
Silhouette Coefficient value and then it corresponds to the
appropriate number of clusters in the data. This process
would be computationally expensive and may induce lag in
the real time lane detecting module. Thus the algorithm was
simplified to terminate whenever the Silhouette Coefficient
falls.

So the Silhouette Coefficient is an important factor in
cluster formation. It is to be noted that the silhouette
coefficient just gives us an indication of the clustering in the
data. It gives us a guess on how many clusters exist in the
data.

This is the basic logic that is iteratively applied properly
figure out the appropriate clustering of the data. The idea is
to repeatedly evaluate the Silhouette Coefficient for all
iterations and stop the process when the coefficient starts to
fall from the previous value. In the end, we are left with
some line segments that are the means of the clusters in the
data.
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Table. 1 Statistical Analysis of the Dataset

Attribute | Mean Standard Deviation
RI 14.408 0.817
Na 13.408 0.817
Mg 2.685 1.442
Al 1.445 0.499
Si 72.651 0.775
K 0.497 0.652
Ca 8.957 1.423
Ba 0.175 0.497

Statistical Analysis of the

Dataset

80
o 60
m\
S 40
(]
= 20

0 o

Rl Na Mg Al Si K Ca Ba
Attributes
=@ Mean Standard Deviation

Fig. 1 Statistical Analysis of the Dataset

IX. CONCLUSION

The line portions from the Hough Transform are for the
most part grouped around the path markings. Consequently
the nearby means of these groups or the 'bunched means' can
be thought to be the precise places of the path markings.
This sort of bunched information straightforwardly requests
K-means clustering for precise usage. The issue with the
typical execution of K-means clustering is that we have to
know what number of groups exists in the information. This
is not accessible with us if there should be an occurrence of
path recognition. So we get around that specific issue by
looking at the bunch means that we acquire from the K-
means algorithm with the informational index accessible
with us. We contrast the means and the information by a
parameter known as Silhouette Coefficient. Expanding the
silhouette  coefficient prompts fitting clustering of
information. This precisely gives us the quantity of groups
in the information.

Preferred standpoint of utilizing K-Means is that it gives
us an astoundingly precise yield reliably. The algorithm's
blunder is really reliant on the mistake of the accessible
information (Error produced from Hough Transforms)
which are very exact by their own privilege.

K-Means Clustering algorithm is the most fundamental
algorithm if there should arise an occurrence of
Unsupervised Machine Learning Algorithms.  The
fundamental core of the algorithm is broadly comprehended
and regarded inside the universe of Algorithms. Along these
lines this gives us a trick verification method for getting the
path from the picture.
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Another acknowledgment from the algorithm is that it is
constant. Along these lines preparing force and memory
necessity is additionally very inside the points of
confinement.

REFERENCES

1. Kavitha, R., Nedunchelian, R., “Domain-specific Search engine
optimization using healthcare ontology and a neural network
backpropagation approach”, 2017, Research Journal of Biotechnology,
Special Issue 2:157-166

Kavitha, G., Kavitha, R., “An analysis to improve throughput of high-
power hubs in mobile ad hoc network” , 2016, Journal of Chemical and
Pharmaceutical Sciences, Vol-9, Issue-2: 361-363

Kavitha, G., Kavitha, R., “Dipping interference to supplement
throughput in MANET” , 2016, Journal of Chemical and
Pharmaceutical Sciences, Vol-9, Issue-2: 357-360

Michael, G., Chandrasekar, A. “Leader election based malicious
detection and response system in MANET using mechanism design
approach”, Journal of Chemical and Pharmaceutical Sciences(JCPS)
Volume 9 Issue 2, April - June 2016

Michael, G., Chandrasekar, A., “Modeling of detection of
camouflaging worm using epidemic dynamic model and power spectral
density”, Journal of Chemical and Pharmaceutical Sciences(JCPS)
Volume 9 Issue 2, April - June 2016

Pothumani, S., Sriram, M., Sridhar, J., Arul Selvan, G., Secure mobile
agents communication on intranet, Journal of Chemical and
Pharmaceutical Sciences, volume 9, Issue 3, Pg No S32-S35, 2016
Pothumani, S., Sriram, M., Sridhar , Various schemes for database
encryption-a survey, Journal of Chemical and Pharmaceutical Sciences,
volume 9, Issue 3, Pg NoS103-S106, 2016

Pothumani, S., Sriram, M., Sridhar, A novel economic framework for
cloud and grid computing, Journal of Chemical and Pharmaceutical
Sciences, volume 9, Issue 3, Pg No S29-S31, 2016

Priya, N., Sridhar, J., Sriram, M.  “Ecommerce Transaction Security
Challenges and Prevention Methods- New Approach” 2016 ,Journal of
Chemical and Pharmaceutical ~Sciences, JCPS Volume 9 Issue
3.page no:S66-S68 .

Priya, N.,Sridhar,J.,Sriram, M. “Vehicular cloudcomputing security
issues and solutions” Journal of Chemical and Pharmaceutical
Sciences(JCPS) Volume 9 Issue 2, April - June 2016

Priya, N., Sridhar, J., Sriram, M. “Mobile large data storage security in
cloud computing environment-a new approach” JCPS Volume 9 Issue
2. April - June 2016

Anuradha.C, Khanna.V, “Improving network performance and security
in WSN using decentralized hypothesis testing “Journal of Chemical
and Pharmaceutical Sciences(JCPS) Volume 9 Issue 2, April - June
2016 .

Anuradha.C, Khanna.V, “A novel gsm based control for e-devices*
Journal of Chemical and Pharmaceutical Sciences(JCPS) Volume 9
Issue 2, April - June 2016

Munya Saleh Ba Matraf, Analysis of Machine Learning and
Information Security for the Corporation”, International Journal of
Computing and Mathematics, 3(1), 2019

Anuradha.C, Khanna.V, “Secured privacy preserving sharing and data
integration in mobile web environments “Journal of Chemical and
Pharmaceutical Sciences(JCPS) Volume 9 Issue 2, April - June 2016.

10.

11.

12.

13.

14.

15.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


https://www.scopus.com/record/display.uri?eid=2-s2.0-85045934930&origin=resultslist&sort=plf-f&src=s&st1=pothumani&st2=&nlo=1&nlr=20&nls=count-f&sid=5fd3967a3946fa7c86b957db67cfd63e&sot=anl&sdt=aut&sl=34&s=AU-ID%28%22Pothumani%2c+S.%22+55315128900%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045934930&origin=resultslist&sort=plf-f&src=s&st1=pothumani&st2=&nlo=1&nlr=20&nls=count-f&sid=5fd3967a3946fa7c86b957db67cfd63e&sot=anl&sdt=aut&sl=34&s=AU-ID%28%22Pothumani%2c+S.%22+55315128900%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045879415&origin=resultslist&sort=plf-f&src=s&st1=pothumani&st2=&nlo=1&nlr=20&nls=count-f&sid=5fd3967a3946fa7c86b957db67cfd63e&sot=anl&sdt=aut&sl=34&s=AU-ID%28%22Pothumani%2c+S.%22+55315128900%29&relpos=2&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045879415&origin=resultslist&sort=plf-f&src=s&st1=pothumani&st2=&nlo=1&nlr=20&nls=count-f&sid=5fd3967a3946fa7c86b957db67cfd63e&sot=anl&sdt=aut&sl=34&s=AU-ID%28%22Pothumani%2c+S.%22+55315128900%29&relpos=2&citeCnt=0&searchTerm=

