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Identification of Mobile Robot Using Ultrasonic
Waves

M. Jasmin, S. Philomina and G. Angelo Virgin

Abstract— Robots play a major role in present world to minimize human labour and to accomplish
complicated/dangerous tasks. The pre-requisite for a motilerobot to perform its activities in a given environment is
for it to know its current location, which would help it to know the degree and distance to move to perform its tasks.,
Different techniques have been suggested over the years to solve the problem of the Robot knowing its own location.
This document presents a survey on the different approaches and implementations proposed by various research
scientists. In this paper, the Ultrasonic sensors are used for distance measurement and the Speedometer for knowing
the speed in which the Robot travels. Low Pass Filter is used for error reduction in measurements and to provide
accurate localization of posture and orientation. The overall process of measuring based on the sensor inputs and
guiding the Robot to the desired position is performed by a PIC microcontroller (Model: PIC16F877A). The
Ultrasonic Hybrid Localization algorithm proposed in an earlier work, allows for up to 500 measurements beyond
which the error level is significant. The oversampling algorithm proposed in this work allows much more
measurements to be taken to locate a robot in motion more accurately. Extended Kalman Filter is based on time
domain, while Low Pass Filter is based on Frequency domain, which helps in covering greater distance and
measurements to accurately track the posture of the motile robot. The proposed solution is designed to be more cost

effective but also provides reliable solution to the problem of Mobile Robot localization.
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. INTRODUCTION
Three things are needed for a Robot to navigate in its environment — 1. Knowing where it is, 2. Knowing where

it is going, 3. Knowing how to get there. The scope of this paper is limited to answering the first point. Localization
is the determination of posture and orientation of any object. Humans use reference points around them and sense of

distance relative to the reference point to know where they are located.

Robot positioning and Orientation type can broadly be categorized into two — Relative Positioning, Absolute
Positioning [1]. Relative positioning methods consist using Odometers, Inertial navigation systems etc. Absolute
positioning methods include usage of beacons, artificial landmarks, natural landmarks, and Model matching.

Locating the position and orientation of Robots requires application of various sensors, algorithms, and filters.
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Different kinds of Sensors like Odometer [3], gyroscopes [2], accelerometer [2], ultrasonic sensors [5][6][10],
and Infrared sensors [12] have been proposed. Algorithms proposed include Hybrid Static Posture for Global Self-
Localization [5], Accurate Hybrid Global Self-Localization Algorithm [6][11] and Dynamic Ultrasonic Hybrid
Localization [10][15].Various kinds of filters like Kalman, Extended Kalman [2], Hybrid Extended Kalman [3][18],
and Particle filter [4] have been proposed in various papers. Kalman filter can be used only for a system with linear
measurements. It is not widely used for non-linear systems like the one that is being discussed. So Extended Kalman
filter (EKF) and its variants which support non-linear measurements is highly recommended [2] [3][13]. In
association with EKF, error models are defined based on the sensor specification. Particle filters or Sequential
Monte Carlo method compares existing data with latest data to calculate the current position. This method is heavy
in computation, but provides more accurate results. We will look into the different proposed methods in greater

detail in the below sections.

Il. PROPOSED SYSTEM
In most papers studied, the basic concept used for localization of Mobile Robots is distance and angle

measurement, the main difference being usage of reference points, sensors and measuring devices used.

In the paper “Inertial Navigation Systems for Mobile Robots” by Billur Barshan, Hugh F. Durrant-Whyte [2],
three solid state gyroscopes (for measuring angular movement in relation to gravity axis), tri-axial accelerometer
(for approximating the position based on velocity) and tilt sensors (for measuring the tilt angles in uneven surface).
Inertial navigation systems (INS) is a kind of dead reckoning system which does not depend on external reference
points but makes use of self-contained measurement devices to identify their location. Error modelling is done using
Extended Kalman Filter (EKF) which acquires INS Sensor measurements as Input and generates calculations for the

posture, orientation, and rate of drift.

A cost effective system for inertial navigation is described for the application of the mobile robots. Estimation of
the robot orientation is done by two different solid-state gyroscopes. Along with the extended Kalman filter (EKF)
inertial sensors error models are developed and comprehended for the estimation of physical place and orientation of
a mobile robot vehicle. Gyroscopes performance with error models is correlated to the accomplishment when the
error models eliminated in the design. Same error models were designed for every axis of a solid-state tri-axial
accelerometer and for a conducting-bubble tilt sensor which perform alternative function as a affordable
accelerometer. Three gyroscopes were included in integrated inertial platform, a tri-axial accelerometer and two

sensors for tilting explained.

The circuit concept involves the accelerometer. The orientation estimates calculated using this method was stable

for prolonged time period. When the position estimates acquired were stable for a less time frame.

In “Localization Based on the Hybrid Extended Kalman Filter with a Highly Accurate Odometry Model of a
Mobile Robot” by Tran Huu Cong, Young Joong Kim, Myo-Taeg Lim, Odometer reading based on Dead Reckoning
and Artificial beacons are used along with 360° laser sensor scan. Hybrid Extended Kalman Filter is implemented to
model error and provide accurate estimate of location by comparing the actual and estimated location of the

beacons. Separating and Sequence Updating (SSU) algorithm (Figure 2) is used to decide on the best measurement.
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Fig.1 Localization of Mobile Robot using Inertial navigation systems
Depending on the present position, the robot performs a motion based on dead-reckoning data at the new
position the error covariance matrix is modified. An observation is taken by 360 degree laser sensor. If there is no
observation of beacon, the motile bot relentlessly changes to preceding step or the orientation and position will be
modified. The conclusion was made by robot if the beacon must bestored in the memory or a new state will be
generated. The maximum likelihood method is utilized to make decision which beacon is the most confident and for

changing the robot’s pose one beacon is selected.

With reference from the correction of systematic odometry errors and measurement in motile bots. The most
frequently deployed method for concluding the fleeting position of a robot that is locomotive is Odometry. It
proposes experimental ways to measure and reduce odometry errorsthat are produced by the two major

error sources in differential-drive mobile robots:

1) Ambiguity about wheelbase effectiveness; and

2) Dissimilar diameter of wheels. These errors remain utmost stable over longer period of time. Infrequent
calibration measurement proposed will improve the odometric precision of the robotand decrease
operation cost because an precise motile bot needs less absolute positioning improvements. Most
manufacturers or end-users validate their robot, typically in a time-consuming and non-systematic trial and
error approach[14].
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Fig. 2 Flow chart of SSU algorithm

In ““Hybrid Localization of Micro Robotic Endoscopic Capsule Inside Small Intestine by Data Fusion of Vision
and RF Sensors™, a mixed localization method, tracking algorithm for motion camera to support the existing radio
frequency localization framework for the WCE application. The remarkable contribution of this work is that The
ability of video source is exhibited to aid RF localization of the WCE. The motion tracking technique put forward is
depends on the image sequence captured by video camera. which is equipped on the capsule previously, thus, no
new system components like IMUs or magnetic coils are required. A virtual emulation environment is used for
performance evaluation for the system put forward. The outcomes from experiments exhibit that by fusing the
motion information with measurements of RF, the suggested hybrid localization algorithm has the ability to deliver
precise, trouble free and continuous localization outcomes that meet the need of WCE application. Later the focus

will be on algorithm refinement corresponding to the clinical data and algorithm testing with actual human object.

In “Probabilistic Localization Methods of a Mobile Robot Using Ultrasonic Perception System” by Lei Zhang
and Rene” Zapata, Hybrid Grid-MCL algorithm along with Monte Carlo Localization and grid localization,

sampling in similar energy regions and both these combined together are the three approaches carried out in this
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paper. The heavier computation burden due to need of large number of samples was found to be the drawback of the

system which in turn was overcome by the pre-caching technique.
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Fig. 3: Hybrid Grid-MCL algorithm
The basic requirement for accomplishing autonomous motile bot is effective localization. Three probliasitc

approaches were proposed in this paper to resolute the global localization problem and the kidnapped robot problem.
The first approach named the hybrid Grid-MCL algorithm fuses Monte Carlo Localization (MCL) and grid
localization. The problem of global localization can be solved at less computational cost. Sampling in Similar
Energy Regions (SER) is the second approach, The kidnapped robot problem can be overwhelmed with it. The
fusion of two approaches mentioned with samples that are adaptive is the third approach, it resolute the global
localization problem and the kidnapped robot problem combined. The approaches timeframe is checked via

extensive simulations with Ultrasonic Perception System deployed.

In “A Hybrid Algorithm for Global Self-Localization of Indoor Mobile Robots with 2-D Isotropic Ultrasonic
Receivers” by Seong Jin Kim and Byung Kook Kim, Many ultrasonic transmitters are set at reference positions and
2-D isotropic ultrasonic receiver array composed of three receivers is mounted on top of the Motile Robot (Figure
4).
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Fig. 4: Localization of Mobile Robot using Ultrasonic sensors
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Straight and Indirect techniques are used to locate the position of the Robot. In the Direct methods, the exact
position is located when proper signal is obtained from the transmitters, whereas when the position cannot be
exactly located, the Indirect method detects the position within the range. Hybrid static posture estimation algorithm
is used to identify initial position of the Robot at start-up. Performance index is the key for positioning. Trilateration

and triangulation are obtained using significant points from the performance index.

In “Accurate Hybrid Global Self-Localization Algorithm for Indoor Mobile Robots with Two-Dimensional
Isotropic Ultrasonic Receivers” by Seong Jin Kim and Byung Kook Kim, which is an advancement on the previous
paper, Direct and Indirect methods are used. Only significant points are considered for the performance index which

reduces the complexity of the previous method.

In “Dynamic Ultrasonic Hybrid Localization System for Indoor Mobile Robots” by Seong Jin Kim and Byung
Kook Kim, a further advancement on the previous two methods, Extended Kalman Filter (EKF) algorithm with a
state/observation vector generated of Robot pose is shown using odometer and measurement of ultrasonic distance.
Ultrasonic Hybrid Localization (UHL) algorithm which identifies the best of Direct and Indirect measurements to

accurate locate the position and posture of the Motile bot.

A competent DUHL algorithm [8] design depends on an EKF with a robot pose state/observation vector and a
UHL algorithm utilizing ultrasonic distance information dynamic evaluation was presented. The DUHL utilizes
ultrasonic and odometric range measurements using ultrasonic sensors subsystem localization. The system uses
ultrasonic sensors consisting of disparate ultrasonic (txs) set at reference positions and an equilateral ultrasonic array
of receivers with receivers of three on the robot top in global coordinates. The usage of self-localization algorithm
with the EKF is exhibited. the continuous use of the UHL algorithm is enabled in the framework of the EKF, a
dynamic distance calculation method was depicted to keep track of the estimates of ultrasonic distance data from

feasible Transmitters of interest and changeableness in estimates.

The calculation of the previously mentioned ultrasonic range data are revised at the time of robot movement and
distance perceived from the group of present transmitters. The approximate calculation and related Transmitter can
also be eradicated because of a great uncertainty, if essential. A comparison is performed with put forward DUHL
algorithm with the UHL algorithm using space between last two transmitters for four non-similar trajectories. The
mode of operation depend on a consecutive RF synchronization with next Transmitters permit the Barker code to
perform it task appropriately, as explained in Section 11-A. However, orthogonal codes for faster localization process
supplementary sets of sequences may be used, on account of only one RF synchronization signal essential to

calculate distances betwixt Transmitters and the Receivers on a bot. Reduced computational complexity is observed.

In visual SLAM choosing useful landmarks makes tracking easy, stability over multiple frames, and easy to
redetect a previously visited location during the robots return path [21]. Hence closing of loops is vital in SLAM.
Loop closing reduces gathered errors by distributing in data from areas which are less certain to those with greater.
In addition to that landmarks numbers must be maintained under control because the complications of SLAM is
typically a function of the landmark numbers in the map. Landmarks must be distributed over the environment in

appropriate manner.
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1)  better pose estimation is enabled by tracking landmarks

2) the area exploration with no landmarks to acquire a fine distribution of landmarks in the scenario, and

3) the active redetection of landmarks to enable closing of loops in environment in which a non-movable

camera failedfor loop closing.

A range observation is generated When two nodes,i and j are within a range provided and sensor F.O.V. to each

other which is exhibited by z[i,j,t][22]. This study depends on the position of the two nodes i and j.

I11.RESULT ANALYSIS

The Ultrasonic sensors are used for distance measurement and the Speedometer for knowing the speed in which

the Robot travels. Low Pass Filter is used for error reduction in measurements and to provide accurate localization

of posture and orientation. The overall process of measuring based on the sensor inputs and guiding the Robot to the

desired position is performed by a PIC microcontroller (Model: PIC16F877A). The Ultrasonic Hybrid Localization

algorithm proposed in an earlier work, allows for up to 500 measurements beyond which the error level is

significant. The oversampling algorithm proposed in this work allows much more measurements to be taken to

locate a robot in motion more accurately.
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Fig. 6 Variance of particles(x, y, theta) in each position of Mobile Robot (a)variance of x-coordinate, (b)variance of

y-coordinate, and (c)variance of theta

1VV.CONCLUSION

Identification of the exact orientation and posture of the Mobile Robot is important for the Robot to move to the

required destination and perform its activities. The study of the varied concepts applied to solve the problem has

been analyzed. Each method uses different measurement techniques, algorithms and filters to determine the location

as accurately as possible. Each method has its own advantages and disadvantages. Future work in this area is to

further reduce the cost and increase the accuracy of locating the Mobile Robots.

REFERENCES

(1]
(2]
3]
[4]

(5]
6]

Rajesh E., Sankari L., Malathi L., Krupaa J.R., Naturally occurring products in cancer therapy, Journal of
Pharmacy and Bioallied Sciences, V-7, PP:5181-5183, 2015.

Vanangamudi S., Prabhakar S., Thamotharan C., Anbazhagan R., Dual fuel hybrid bike, Middle - East
Journal of Scientific Research, V-20, 1-12, PP:1819-1822, 2014.

Brindha G., Krishnakumar T., Vijayalatha S., Emerging trends in tele-medicine in rural healthcare,
International Journal of Pharmacy and Technology, V-7, I-2, PP:8986-8991, 2015.

Sharmila S., Jeyanthi Rebecca L., Naveen Chandran P., Kowsalya E., Dutta H., Ray S., Kripanand N.R.,
Extraction of biofuel from seaweed and analyse its engine performance, International Journal of Pharmacy
and Technology, V-7, I-2, PP:8870-8875, 2015.

Thooyamani K.P., Khanaa V., Udayakumar R., Using integrated circuits with low power multi bit flip-flops
in different approch, Middle - East Journal of Scientific Research, V-20, 1-12, PP:2586-2593, 2014.

Jeyanthi Rebecca L., Sharmila S., Das M.P., Seshiah C., Extraction and purification of carotenoids from
vegetables, Journal of Chemical and Pharmaceutical Research, V-6, -4, PP:594-598, 2014.

Received: 18 Feb 2018 | Revised: 06 Mar 2018 | Accepted: 02 Apr 2018 28



International Journal of Psychosocial Rehabilitation, Vol. 22, Issue 03, 2018
ISSN: 1475-7192

[7]

(8]
9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

Udayakumar R., Khanaa V., Saravanan T., Saritha G., Retinal image analysis using curvelet transform and
multistructure elements morphology by reconstruction, Middle - East Journal of Scientific Research, V-16,
I-12, PP:1781-1785, 2013.

Karthik B., Kiran Kumar T.V.U., EMI developed test methodologies for short duration noises, Indian
Journal of Science and Technology, V-6, I-SUPPL5, PP:4615-4619, 2013.

Bomila R., Srinivasan S., Gunasekaran S., Manikandan A., Enhanced photocatalytic degradation of
methylene blue dye, opto-magnetic and antibacterial behaviour of pure and la-doped ZnO nanoparticles,
Journal of Superconductivity and Novel Magnetism, VV-31, 1-3, PP:855-864, 2018.

Manikandan A., Mani M.P., Jaganathan S.K., Rajasekar R., Jagannath M., Formation of functional
nanofibrous electrospun polyurethane and murivenna oil with improved haemocompatibility for wound
healing, Polymer Testing, V-61, PP:106-113, 2017.

Saravanan T., Sundar Raj M., Gopalakrishnan K., Comparative performance evaluation of some fuzzy and
classical edge operators, Middle - East Journal of Scientific Research, VV-20, 1-12, PP:2633-2633, 2014.
Karthik B., Kiran Kumar T.V.U., Authentication verification and remote digital signing based on embedded
arm (LPC2378) platform, Middle - East Journal of Scientific Research, V-20, 1-12, PP:2341-2345, 2014.
Gopalakrishnan K., Sundar Raj M., Saravanan T., Multilevel inverter topologies for high-power
applications, Middle - East Journal of Scientific Research, V-20, 1-12, PP:1950-1956, 2014.

Sakthipriya N., An effective method for crop monitoring using wireless sensor network, Middle - East
Journal of Scientific Research, V-20, 1-9, PP:1127-1132, 2014.

Vijayaragavan S.P., Karthik B., Kiran Kumar T.V.U., Effective routing technique based on decision logic
for open faults in fpgas interconnects, Middle - East Journal of Scientific Research, V-20, 1-7, PP:808-811,
2014,

Kanniga E., Selvaramarathnam K., Sundararajan M., Kandigital bike operating system, Middle - East
Journal of Scientific Research, V-20, 1-6, PP:685-688, 2014.

Sundararajan M., Optical instrument for correlative analysis of human ECG and breathing signal,
International Journal of Biomedical Engineering and Technology, V-6, I-4, PP:350-362, 2011.

Khanaa V., Thooyamani K.P., Saravanan T., Simulation of an all optical full adder using optical switch,
Indian Journal of Science and Technology, V-6, I-SUPPL.6, PP:4733-4736, 2013.

Slimani Y., Baykal A., Amir M., Tashkandi N., Gilinglines H., Guner S., El Sayed H.S., Aldakheel F., Saleh
T.A., Manikandan A., Substitution effect of Cr 3+ on hyperfine interactions, magnetic and optical properties
of Sr-hexaferrites, Ceramics International, V-44, 1-13, PP:15995-16004, 2018.

Suguna S., Shankar S., Jaganathan S.K., Manikandan A., Novel Synthesis of Spinel Mn x Co 1-x A12 O 4
(x = 0.0 to 1.0) Nanocatalysts: Effect of Mn 2+ Doping on Structural, Morphological, and Opto-Magnetic
Properties, Journal of Superconductivity and Novel Magnetism, V-30, I-3, PP:691-699, 2017.

Mathubala G., Manikandan A., Arul Antony S., Ramar P., Enhanced photocatalytic activity of spinel
CuxMn1-xFe204 nanocatalysts for the degradation of methylene blue dye and opto-magnetic properties,
Nanoscience and Nanotechnology Letters, V-8, 1-5, PP:375-381, 2016.

Kumaravel A., Dutta P., Application of Pca for context selection for collaborative filtering, Middle - East
Journal of Scientific Research, V-20, I-1, PP:88-93, 2014.

Krishnamoorthy P., Jayalakshmi T., Preparation, characterization and synthesis of silver nanoparticles by
using phyllanthusniruri for the antimicrobial activity and cytotoxic effects, Journal of Chemical and
Pharmaceutical Research, V-4, I-11, PP:4783-4794, 2012.

Amir M., Gungunes H., Slimani Y., Tashkandi N., El Sayed H.S., Aldakheel F., Sertkol M., Sozeri H.,
Manikandan A., Ercan 1., Baykal A., Mdssbauer Studies and Magnetic Properties of Cubic CuFe 2 O 4
Nanoparticles, Journal of Superconductivity and Novel Magnetism, VV-32, 1-3, PP:557-564, 2019.

Raj M.S., Saravanan T., Srinivasan V., A modified direct torque control of induction motor using space
vector modulation technique, Middle - East Journal of Scientific Research, V-20, I-11, PP:1572-1574, 2014.
Khanaa V., Thooyamani K.P., Using triangular shaped stepped impedance resonators design of compact
microstrip quad-band, Middle - East Journal of Scientific Research, V-18, 1-12, PP:1842-1844, 2013.

Asiri S., Sertkol M., Giingiines H., Amir M., Manikandan A., Ercan 1., Baykal A., The Temperature Effect
on Magnetic Properties of NiFe 2 O 4 Nanoparticles, Journal of Inorganic and Organometallic Polymers and
Materials, V-28, 1-4, PP:1587-1597, 2018.Thaya R., Malaikozhundan B., Vijayakumar S., Sivakamavalli J.,
Jeyasekar R., Shanthi S., Vaseeharan B., Ramasamy P., Sonawane A., Chitosan coated Ag/ZnO
nanocomposite and their antibiofilm, antifungal and cytotoxic effects on murine macrophages, Microbial
Pathogenesis, V-100, PP:124-132, 2016.

Received: 18 Feb 2018 | Revised: 06 Mar 2018 | Accepted: 02 Apr 2018 29



International Journal of Psychosocial Rehabilitation, Vol. 22, Issue 03, 2018
ISSN: 1475-7192

[28]

[29]

[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]
[39]
[40]
[41]

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

Kolanthai E., Ganesan K., Epple M., Kalkura S.N., Synthesis of nanosized hydroxyapatite/agarose powders
for bone filler and drug delivery application, Materials Today Communications, V-8, PP:31-40, 2016.
Thilagavathi P., Manikandan A., Sujatha S., Jaganathan S.K., Antony S.A., Sol-gel synthesis and
characterization studies of NiMoO 4 nanostructures for photocatalytic degradation of methylene blue dye,
Nanoscience and Nanotechnology Letters, V-8, I-5, PP:438-443, 2016.

Thamotharan C., Prabhakar S., Vanangamudi S., Anbazhagan R., Anti-lock braking system in two wheelers,
Middle - East Journal of Scientific Research, VV-20, 1-12, PP:2274-2278, 2014.

Thamotharan C., Prabhakar S., Vanangamudi S., Anbazhagan R., Coomarasamy C., Hydraulic rear drum
brake system in two wheeler, Middle - East Journal of Scientific Research, V-20, I-12, PP:1826-1833, 2014.
Vanangamudi S., Prabhakar S., Thamotharan C., Anbazhagan R., Collision control system in cars, Middle -
East Journal of Scientific Research, V-20, I-12, PP:1799-1809, 2014.

Vanangamudi S., Prabhakar S., Thamotharan C., Anbazhagan R., Drive shaft mechanism in motor cycle,
Middle - East Journal of Scientific Research, VV-20, I-12, PP:1810-1815, 2014.

Anbazhagan R., Prabhakar S., Vanangamudi S., Thamotharan C., Electromagnetic engine, Middle - East
Journal of Scientific Research, V-20, 1-3, PP:385-387, 2014.

Kalaiselvi V.S., Prabhu K., Ramesh M., Venkatesan V., The association of serum osteocalcin with the bone
mineral density in post menopausal women, Journal of Clinical and Diagnostic Research, V-7, 1-5, PP:814-
816, 2013.

Kalaiselvi V.S., Saikumar P., Prabhu K., Prashanth Krishna G., The anti Mullerian hormone-a novel marker
for assessing the ovarian reserve in women with regular menstrual cycles, Journal of Clinical and Diagnostic
Research, V-6, 1-10, PP:1636-1639, 2012.

Thanigai Arul K., Manikandan E., Ladchumananandasivam R., Maaza M., Novel polyvinyl alcohol polymer
based nanostructure with ferrites co-doped with nickel and cobalt ions for magneto-sensor application,
Polymer International, VV-65, I-12, PP:1482-1485, 2016.

Das M.P., Kumar S., An approach to low-density polyethylene biodegradation by Bacillus
amyloliquefaciens, 3 Biotech, V-5, I-1, PP:81-86, 2015.

Vanangamudi S., Prabhakar S., Thamotharan C., Anbazhagan R., Turbo charger in two wheeler engine,
Middle - East Journal of Scientific Research, V-20, 1-12, PP:1841-1847, 2014.

Vanangamudi S., Prabhakar S., Thamotharan C., Anbazhagan R., Design and calculation with fabrication of
an aero hydraulwicclutch, Middle - East Journal of Scientific Research, V-20, 1-12, PP:1796-1798, 2014.
Arputhamary, B., & Arockiam, L. (2015). Data Integration in Big Data Environment. Bonfring International
Journal of Data Mining, 5(1), 01-05.

Meymari, B.K., Mofrad, R.F., & Nasab, M.S. (2015). High Dynamic Range Receiver System Designed for
High Pulse Repetition Frequency Pulse Radar. International Academic Journal of Innovative Research,
2(9), 1-20.

Abinaya, R., Abinaya, R., Vidhya, S., & Vadivel, S. (2014). Latent Palm Print Matching Based on Minutiae
Features for forensic Applications. International Journal of Communication and Computer Technologies,
2(2), 85-87.

Dr. Krishnapriya, G. (2017). Identification of Money Laundering based on Financial Action Task Force
Using Transaction Flow Analysis System. Bonfring International Journal of Industrial Engineering and
Management Science, 7(1), 01to04.

Vakilfard, M., Taheri, A., & Salehifar, M.R. (2014). Implementation of the Satellite Ground Station Control
in Real-Time Under Windows. International Academic Journal of Science and Engineering, 1(1), 1-9.
Aarthi, S., & Vijay, N. (2014). Sophisticated Data Entry Application using Matchmaking Algorithm through
Scanned Images. International Journal of System Design and Information Processing, 2(1), 27-29.

Patidar, H.P., & Sharma, N. (2016). Adaptive Approach of DSR and OLSR Routing Protocols Using
Optimal Probabilistic Logical Key Hierarchy in MANET. Bonfring International Journal of Networking
Technologies and Applications, 3(2), 13-20.

Venkateswara Rao, B., and Nagesh Kumar, G.V. (2014). Voltage Collapse Proximity Indicator based
Placement and Sizing of Static VAR Compensator using BAT Algorithm to Improve Power System
Performance. Bonfring International Journal of Power Systems and Integrated Circuits, 4(3), 31-38.

Neenu Preetam, I., & Gupta, H. (2014). Cardless Cash Access using Biometric ATM Security System.
International Scientific Journal on Science Engineering & Technology, 17(10), 893-897.

Revathi, M., Prakash, K., & Suguna, R. (2018). A Systematic Study on Cyber Physical System. Bonfring
International Journal of Research in Communication Engineering, 8(1), 1-4.

Received: 18 Feb 2018 | Revised: 06 Mar 2018 | Accepted: 02 Apr 2018 30



