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Abstract: For IOT wireless sensor networks, there is large positioning error in APIT 

positioning algorithm, an improved APIT positioning algorithm is proposed. APIT test is 

easy to produce InTo Out and OutToIn errors to affect positioning accuracy, a new interior 

point test method is designed; the new algorithm further reduce the triangular area in the 

traditional APIT positioning algorithm through the median line, the positioning accuracy is 

improved. The algorithm does not require any additional hardware support to improve 

complexity. The simulation results show that the improved algorithm has high localization 

accuracy in the network anchor node density and different communication radius, it can 

meet the needs of most localization wireless sensor networks. 

Keywords: Internet Of Things (IOT), Wireless Sensor Networks (WSNs), Approximate 

Point-In-Triangulation Test (APIT), Received Signal Strength Indicator (RSSI) Technology, 

Signal Strength. 

INTRODUCTION 
Wireless sensor networks (Wireless Sensor Network) is a large number of sensor nodes with 

information awareness is formed by a multi-hop self-organizing wireless communication network system 
[1]. WSNs node positioning technology is one of the main support technology, the nature of node location 
is determined by measuring the correlation data is positioned between the object correlation between the 
spatial coordinates [2]. Depending on whether the positioning process requires measuring the actual 
distance between nodes can be existing localization algorithm is divided into two categories: distance-
based and range-free localization algorithm [3,4]. The former high positioning accuracy can be obtained, 
but the hardware requirements are relatively high; the latter does not need to measure the distance to the 
unknown node anchor nodes, has certain advantages in terms of cost and power consumption, but the 
positioning accuracy of less than the former. 

Approximation within the triangle point test method (Approximate Point-In-Tri-angulation test, APIT) 
is a common distance-independent localization algorithm, the basic idea of the algorithm is simple and 
easy to implement, and is positioned low power consumption, low cost, has been wide range of 
applications and research. But there are big problems of the conventional positioning error of APIT 
positioning algorithm, this paper proposes to solve this problem, an improved APIT positioning 
algorithm. 

APIT LOCATION ALGORITHM 
APIT algorithm principle [5-6]: Unknown anchor node from the adjacent nodes in the arbitrary choice 

of three triangles to test whether the node in the three anchor nodes thereof. APIT algorithm is repeated 
until the end of this test all combinations or achieve the required accuracy, the final calculation of the 
unknown node contains all the triangles of the overlapping area, the centroid of the overlapping area as 
the position of the unknown node. 1, shaded area contains all the triangles overlap unknown node, 
centroid position indicated by black dots will be used as the location of the unknown node. 
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Figure 1: APIT positioning principle 

APIT algorithm is the theoretical basis of the best within the triangle point test (Perfect Point-In-
Triangulation test, PIT) algorithm. PIT test method shown in Figure 2. The unknown node M is moved in 
either direction, away from or close to the node M is at least if the anchor node A, B, C which between any 
one, it indicates that the node M is located in ΔABC, Figure 2 (a); if there is a direction, so that the 
unknown node M is moved in the direction, away from or close to the same time the three anchor nodes 
A, B, C, M indicates that the node is located outside ΔABC, Figure 2 (b). 

 
Figure 2: PIT Test Method Schematic 

In practical wireless sensor networks, nodes are usually at rest or moving very slowly situation, so the 
above method can not be used to determine the location node to be tested, instead of using approximate 
PIT principle test, that test to be APIT algorithm to locate node. 

APIT algorithm relies on exchange of information with neighboring nodes to simulate the movement 
of nodes. When the distance between neighboring nodes and anchor nodes and unknown nodes 
simultaneously found themselves more or less than the distance from anchor nodes, equivalent to 
position themselves to move to the neighboring node is located, at the same time he is away from or close 
to the anchor node case, determination node outside the triangle. Analyzing nodes in the triangle of the 
situation is based on neighbor nodes exchange information to judge. 

APIT Location Algorithm The main steps are as follows: 

1. Collecting information: unknown node collects information about all anchor nodes within its 
communication range, such as the position, identification number, the signal strength.  

2. APIT test: test whether combined into the unknown nodes in a different anchor nodes inside the 
triangle, if in, it is marked.  

3. Calculate the overlapping areas: the calculation of all the overlapping area of the triangle contains 
unknown nodes. 

4. Calculate the unknown node location: calculate the centroid position of the overlapping area, and 
as a location unknown node. 

IMPROVED APIT ALGORITHM 
New Interior Point Test Method 

In traditional APIT testing, boundary effects, and low density of neighbor nodes easier to increase 
InToOut and OutToIn test errors. Figure 3 shows the determination of these two scenarios occurred error 
[4]: Figure 3 (a), the unknown node M is close to one side of the triangle, and the neighbor node 2 is 
located outside the triangle, Node 2 compared to the unknown node M while away anchor nodes a, B, C, 
according to the test theory APIT, then make the unknown node M in the wrong judgment ΔABC outside, 
this is a typical InToOut mistake; similar analysis method, when a neighbor node distribution node M 3 (b 
FIG. ), a judgment is made in the wrong ΔABC M inside. 
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Figure 3: InToOut and OutToIn error 

InToOut and OutToIn bugs affect the positioning accuracy of the algorithm, in addition, APIT algorithm 
grid scanning algorithm for error tolerant OutToIn poor and low efficiency. For these problems, this 
paper proposes a new interior point test. 

The new test method within a point from the perspective of InToOut and OutToIn avoid errors of 
view, the use of mathematical geometry is determined by comparing the area of a point located outside 
the triangle method to test unknown node anchor nodes located inside or outside the triangle. As shown 
in Figure 4. 

 
Figure 4: Compare relations of area 

In Figure 4, ABC area set anchor nodes A, B, C composed of s, unknown node M with endpoints A, B, C 
consisting of three triangles is AMB, AMC and BMC, area respectively, s1, s2, s3. If s1 + s2 + s3> s, you can 
determine the point in the triangle outside; if s1 + s2 + s3 = s, you can determine the point inside the 
triangle. For the triangle area calculation, you can use formulas to determine Helen triangle area [7], as is 
shown in the formula(1). 

 
Wherein, a, b, c are the length of the three sides of the triangle, s is the area of the triangle, where p = 

(a + b + c) / 2. 

The new test method is not affected by the interior point neighbor node density is totally dependent 
on the relationship between the node itself and the anchor node to the decision node anchor nodes 
located inside or outside the triangle, thereby improving positioning accuracy. 

Median Line Reduced Location Area 

This article from the reduced node and then locate the regional dimension to further improve the 
positioning accuracy, detailed ideas for: unknown node within communication range with three or more 
different anchor nodes, for a composition comprising each triangle unknown nodes, according to the 
same time unknown node a received signal strength anchors triangle vertices to determine the closest 
two anchor node, the anchor node connecting the midpoint of the two opposite sides of the bit lines are 
formed to reduce targeted area. The small area of the bit lines and the last two anchor node is formed as a 
positioning region node, as shown in Fig. FIG regions ABED region is positioned, wherein E, D is the 
midpoint, A, B, C for the anchor node, M is the unknown node, Rss (A), Rss (B), Rss (C), respectively, for 
the unknown node M received from the anchor node a, B, C to the signal strength. 

 
Figure 5: Median line reduced area 
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Analysis of the median line method is feasible reduce targeted area. In wireless sensor networks, the 
farther away from one node to another node (near), the received signal strength is weaker (stronger). As 
has been known the unknown node receives the signal strength of the three anchor nodes triangle 
vertices, it can determine the specific area where the unknown nodes by comparing the signal strength. 
As shown in Figure 6. 

 
Figure 6: Locate areas of different triangles schematic 

Figure 6 Rss (A), Rss (B), Rss (C), respectively, received from an unknown node M anchor node A, B, C 
to the signal strength. Point D, E, F, respectively were side BC, AB, AC of vertical. If the unknown node 
received signal strength comparison result Rss (B)> Rss (C)> Rss (A), the vertical according to the nature 
of [8] any (the vertical distance from one point to the line on the two end points equal) that the point 
perpendicular to the left (right) is closer to the left end point (right end point), resulting in unknown node 
M precise positioning region for the region ①, but in order to reduce the computational complexity, the 
paper slightly expanded this area point method to connect the signal strength of the largest and the 
second largest anchor node B, C on the side of the midpoint of the E, F, namely the median line EF, the 
region as a node M EFBC final positioning area. For other comparison result signal strength can be 
reduced by the unknown node location areas such methods. In acute triangle, obtuse triangle, this method 
can row, shown in Figure 6 (b), FIG. 6 (c), straight DH, EG, FI is the side BC, AC, AB the perpendicular. 
Figure 6 (b) can be seen in the Rss (A)> Rss (B)> Rss (C) signal strength comparison result, the unknown 
node M precise positioning region ① in the median line DE (connection anchor node A, DEAB region B on 
the side of the midpoint D, E) and formed in the side AB. Figure 6 (c), under the Rss (C)> Rss (B)> Rss (A) 
of the case, the region containing the M FECB precise positioning area ①. 

By the analysis, the median line reduced location area always contains the unknown node M's 
pinpoint area, thereby indicating that the method is not only feasible, but also compared to the literature 
[9] The method reduces the computational complexity. 

RSSI Ranging Error Correction Method 

RSSI (Received Signal Strength Indicator) ranging technique uses a known node to transmit the signal 
strength of signal propagation model [10-11], the receiving node based on the signal strength of the 
received signal in the communication process to calculate the losses, the use of theory or experience will 
converted to distance the propagation loss. However, in practical applications, RSSI ranging by 
environmental, reflection, multipath propagation, affecting NLOS antenna gain and other factors, so the 
ranging error is large, ranging error for the RSSI big problem, this paper presents a error correction 
method to improve the range accuracy. 

In DNs, the position of anchor nodes is known, you can calculate the actual distance between nodes dr 
any anchor the coordinates of nodes, but also measure the distance can be calculated according to de RSSI 
ranging technology, measurement Comparative anchor nodes through distance and actual distance 
ranging error to get RSSI value d, namely d = de- dr, then the node according to the received values 
ranging error correcting itself to measure the distance to other nodes. Ranging error and distance 
relationship as formula (2). 

 
Wherein, D is the average RSSI ranging network error values; n is the number of nodes in the network 

anchor; m is the number of nodes in the other anchor anchor node communication range; d'ij anchor 
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anchor node j to node i measuring distance; dij anchor node i to the actual distance of the anchor node j. 
After the obtained RSSI value ranging error, correcting itself to measured distance node to other nodes, 
such as the formula (3) below. 

 
Where, du is the measurement distance between nodes as amended; du node to measure the distance 

to other nodes. RSSI ranging error correction method in this paper to improve the measurement accuracy 
and reduce measurement errors in the network at any distance between nodes, the nodes will help 
improve the positioning accuracy. 

Improved Algorithm Processes 

Improved APIT algorithm from two aspects to improve the interior point methods of testing and 
reduce the region to improve the positioning accuracy of the positioning node, detailed steps are as 
follows: 

The first step: the anchor node periodically broadcasts its own information, including the location, 
identification number ID, signal strength. Each anchor node receives information other anchor nodes 
within its communication range, unknown node M receives all anchor nodes within its communication 
range of information, assuming receipt anchor node number is n, if n 3, proceed to the next step. 
Otherwise node M positioning end. 

Step two: average RSSI ranging error value according to equation (2) to calculate the d, and broadcast 
to the network each node. N anchor nodes from any of the three components of the triangle taken Ai (i = 
1,2, ... ,C3 n), for each triangle using RSSI technology to calculate the distance Ai triangle three anchor 
nodes between vertices, and according to formula (3) be corrected, the corrected value of a, b, c, that is, 
three sides of the triangle Ai length, and substituting into equation (1), to give an area of s. The same 
distance using Equation (3) Fixed unknown nodes M and triangle vertices Ai three anchor nodes, the 
revised value of d1, d2, d3. Ai unknown nodes M and three sides of the triangle formed three triangles, 
these three triangle side lengths are substituted into the formula (1), to give an area of s1, s2, s3. If s1 + s2 
+ s3> s, it is determined that node M in the triangle outside; if s1 + s2 + s3 = s, it is determined that node M 
in the triangle. 

The third step: in the triangle of the unknown node M receives the signal strength triangle vertices of 
the three anchor nodes to determine the closest two anchor nodes B1 according to the same time, B2, 
connection anchor node B1, B2 on the side of the midpoint D1, D2, and the side of the median line B1B2 
D1D2 region formed constitute D1D2 B1B2, and this region as a node M's targeted area. 

Step 4: Use the grid scanning algorithm to calculate the overlapping area is available to all small 
regions after the reduction, that is the intersection of all available M contains unknown nodes small area. 

Fifth step: calculation of centroid position overlap region (overlapping region calculation of each of all 
small mesh centroid position, and obtaining an arithmetic mean value), the position coordinates of the 
centroid M as the unknown node position coordinates, node M to complete positioning. 

SIMULATION AND ANALYSIS OF RESULTS 
Simulation experiment, simulation scenarios to the 1 000 m × 1 000 m in area 300 randomly deployed 

sensor nodes (where the anchor node is tentatively scheduled for 60) consisting of a wireless sensor 
network, which is tentatively scheduled for the unknown node communication radius of 200 m anchor 
node communication radius to 1.2 times the radius of the unknown node communication. In this paper, 
Matlab simulation tool for improved APIT APIT algorithm and the original algorithm, the improved 
algorithm[9], as well as literature on the perpendicular bisector of . Based on the midline improved 
algorithm for the simulation experiments and contrast, in the monitoring area, studies in different 
proportions anchor node communication radius and positioning error of several positioning algorithms. 
For different situations, article 50 simulations were carried out, then the simulation results were 
statistically, taking the average as the final result. 

Figure 7 is a different anchor node proportions, different algorithms compare the average positioning 
error, wherein the unknown nodes as communication radius 200 m. With the increase in the proportion 
of anchor nodes, these types of algorithms are positioning error decreases until stabilized, but this article 
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improved algorithm compared with the other three algorithms, positioning errors fall faster, higher 
positioning accuracy.  

 
Figure 7: Comparison chart of positioning error ratio under different anchor node 

Figure 8 is a different communication radius positioning error of different algorithms comparison 
chart, wherein the anchor node ratio as 0.2. Positioning precision of these types of algorithms are 
communicating with the increasing radius increase, and gradually stabilized, but the figure can be seen, 
the paper improved positioning effect algorithm is better than the other three algorithms, average 
location error smaller. 

 
Figure 8: Figure headings 

CONCLUSION 
Two aspects of this article from point test method and location area reduce will be improved, and an 

improved APIT algorithm. The algorithm determines the mathematical geometry point in the process of 
the triangle and outside the technology combined with the RSSI proposed a new interior point test 
method, and based on the test method, and further reduce the use of the median line to locate regional 
nodes, and in the All available cells within the reduced overlapping area calculation, the estimated node 
position, complete node location. Improved APIT algorithm smaller computational overhead to achieve a 
more accurate estimate of the node position, showing good positioning performance in different anchor 
node communication radius and the proportion of the network. 

REFERENCES 
[1] Udayakumar, R., Khanaa, V., & Saravanan, T. (2013). Analysis of polarization mode dispersion in 

fibers and its mitigation using an optical compensation technique. Indian Journal of Science and 
Technology, 6(6), 4767-4771. 

[2] Udayakumar, R., Kumaravel, A., & Rangarajan, K. (2013). Introducing an efficient programming 
paradigm for object-oriented distributed systems. Indian Journal of Science and Technology, 6(5S), 
4596-4603. 

[3] Mageswaran, S.U., & Sekhar, N.G. (2013). Reactive power contribution of multiple STATCOM 
using particle swarm optimization. International Journal of Engineering & Technology, 5(1),          
122-126. 

[4] Giri, R.K., & Saikia, M. (2013). Multipath routing for admission control and load balancing in 
wireless mesh networks. International Review on Computers and Software, 8(3), 779-785. 



890            Eurasian Journal of Analytical Chemistry 

[5] Padmapriya, G., Manikandan, A., Krishnasamy, V., Jaganathan, S.K., & Antony, S.A. (2016). Spinel 
NixZn1− xFe2O4 (0.0≤ x≤ 1.0) nano-photocatalysts: synthesis, characterization and 
photocatalytic degradation of methylene blue dye. Journal of Molecular Structure, 1119, 39-47. 

[6] Vijayaragavan, S.P., Karthik, B., Kiran Kumar, T.V.U., & Sundar Raj, M. (2013). Analysis of chaotic 
DC-DC converter using wavelet transform. Middle-East Journal of Scientific Research, 16(12), 
1813-1819. 

[7] Eldho, A. (2016). Multi Support Vector Machine Classification of Skin Lesions. International 
Journal of Advances in Engineering and Emerging Technology, 8(2), 83-92. 

[8] Devaarul, S., & Iyapparaja, M. (2019). Hybridization Approach to Classify Big Data Using Social 
Internet of Things. Bonfring International Journal of Software Engineering and Soft Computing, 
9(2), 31-35.  

[9] Sankari, G., Pushpalatha, G., Senbagam, V., Karthika, M., & Anbuselvan, N.(2019).Search Engine 
Optimization in Advanced Computer Vision. The SIJ Transactions on Computer Networks & 
Communication Engineering (CNCE), 7(1), 6-9. 

[10] Wen, K.L., Chang, K.H., & Shen, Y.C.(2019).The Evaluation of Automobile in Germany via 
Globalization Grey Relational Grade. The SIJ Transactions on Computer Networks & 
Communication Engineering (CNCE), 7(1), 1-6. 

[11] Rajesh, R., Jesus Sandal Vinibha, G., Kalaimathi, K., Kamalakkanni, P., & Kamatchi, V.(2019).NFC 
Identification System for Fuel Management. The SIJ Transactions on Computer Networks & 
Communication Engineering (CNCE), 7(4), 1-6. 

[12] Aravindan, K., Kanniyappan, M., & Karthi, R. (2019).Advance Smart Surveillance System. The SIJ 
Transactions on Computer Networks & Communication Engineering (CNCE), 7(4), 7-9. 

[13] Chandan, A. (2019). Expernimental Analysis of Kinematics and Injury of Pillion Passenger in 
Motorcycle Crash. Journal of Computational Information Systems, 15(1), 23-34. 

[14] Tharinie, V., & Pandiyaraj, (2016). Ant Colony Optimization based Latency Conscious Routing 
Protocol (ACO-LCRP) for Wireless Sensor Network. International Journal of Advances in 
Engineering and Emerging Technology, 8(3), 191-199. 

[15] Chandran, C., & Arulgeetha, G. (2016). Efficient User Revocation for Anonymity Control Cloud 
Data Access Privilege. International Journal of Advances in Engineering and Emerging Technology, 
8(3), 209-222. 

[16] Hariharan, N., Karthikeyan, K., Nelson, M., & Sangeetha, K.S. (2016). Attribute based Encryption 
with Distributed System. International Journal of Advances in Engineering and Emerging 
Technology, 8(3), 223-227. 

[17] Lokesh, K., Kavitha, G., Manikandan, E., Mani, G.K., Kaviyarasu, K., Rayappan, J.B.B., ... & Maaza, M. 
(2016). Effective ammonia detection using n-ZnO/p-NiO heterostructured nanofibers. IEEE 
Sensors Journal, 16(8), 2477-2483. 

[18] Abraham, A.G., Manikandan, A., Manikandan, E., Vadivel, S., Jaganathan, S.K., Baykal, A., & 
Renganathan, P.S. (2018). Enhanced magneto-optical and photo-catalytic properties of transition 
metal cobalt (Co2+ ions) doped spinel MgFe2O4 ferrite nanocomposites. Journal of Magnetism 
and Magnetic Materials, 452, 380-388. 

[19] Kennedy, J., Fang, F., Futter, J., Leveneur, J., Murmu, P.P., Panin, G.N., & Manikandan, E. (2017). 
Synthesis and enhanced field emission of zinc oxide incorporated carbon nanotubes. Diamond 
and Related Materials, 71, 79-84. 

[20] Teresita, V.M., Manikandan, A., Josephine, B.A., Sujatha, S., & Antony, S.A. (2016). Electromagnetic 
properties and humidity-sensing studies of magnetically recoverable LaMg x Fe 1− x O 3− δ 
perovskites nano-photocatalysts by sol-gel route. Journal of Superconductivity and Novel 
Magnetism, 29(6), 1691-1701. 

[21] Caroline, M.L., & Vasudevan, S. (2009). Growth and characterization of pure and doped bis 
thiourea zinc acetate: Semiorganic nonlinear optical single crystals. Current applied physics, 9(5), 
1054-1061. 

[22] Jayalakshmi, V., & Gunasekar, N.O. (2013). Implementation of discrete PWM control scheme on 
Dynamic Voltage Restorer for the mitigation of voltage sag/swell. International Conference on 
Energy Efficient Technologies for Sustainability, 1036-1040. 

[23] Udayakumar, R., Khanaa, V., & Kaliyamurthie, K.P. (2013). Optical ring architecture performance 
evaluation using ordinary receiver. Indian Journal of Science and Technology, 6(6), 4742-4747. 



891            R. Muthu Venkata Krishnan et.al 

[24] Udayakumar, R., Khanaa, V., & Kaliyamurthie, K.P. (2013). Performance analysis of resilient ftth 
architecture with protection mechanism. Indian Journal of Science and Technology, 6(6),           
4737-4741. 

[25] Saravanan, T., Srinivasan, V., & Sandiya, V.P. (2013). A two stage DC-DC converter with isolation 
for renewable energy applications. Indian Journal of Science and Technology, 6(6), 4824-4830. 

[26] Sundarraj, M. (2013). Study of compact ventilator. Middle-East Journal of Scientific 
Research, 16(12), 1741-1743. 

[27] Thema, F.T., Manikandan, E., Gurib-Fakim, A., & Maaza, M. (2016). Single phase Bunsenite NiO 
nanoparticles green synthesis by Agathosma betulina natural extract. Journal of alloys and 
compounds, 657, 655-661. 

[28] Sathyaseelan, B., Manikandan, E., Sivakumar, K., Kennedy, J., & Maaza, M. (2015). Enhanced visible 
photoluminescent and structural properties of ZnO/KIT-6 nanoporous materials for white light 
emitting diode (w-LED) application. Journal of Alloys and Compounds, 651, 479-482. 

[29] Gopalakrishnan, K., Prem Jeya Kumar, M., Sundeep Aanand, J., & Udayakumar, R. (2013). Analysis 
of static and dynamic load on hydrostatic bearing with variable viscosity and pressure. Indian 
Journal of Science and Technology, 6(6), 4783-4788. 

[30] Prabhu, M.R., Reji, V., & Sivabalan, A. (2012). Improved radiation and bandwidth of triangular and 
star patch antenna. Research Journal of Applied Sciences, Engineering and Technology, 4(12), 
1740-1747. 

[31] Arumugam, S. and Ramareddy, S. (2012). Simulation comparison of class D/ Class E inverter fed 
induction heating. Journal of Electrical Engineering, 12(2), 71-76. 

[32] Udayakumar, R., Khanaa, V., & Kaliyamurthie, K.P. (2013). High data rate for coherent optical 
wired communication using DSP. Indian Journal of Science and Technology, 6(6), 4772-4776. 

[33] Nagarajan, C., & Madheswaran, M. (2012). Experimental Study and Steady State Stability Analysis 
of CLL-T Series Parallel Resonant Converter with Fuzzy Controller using State Space Analysis. 
Iranian Journal of Electrical and Electronic Engineering, 8(3): 259-267. 

[34] Gopalakrishnan, K., PremJeya Kumar, M., SundeepAanand, J., & Udayakumar, R. (2013). Thermal 
properties of doped azopolyester and its application. Indian Journal of Science and 
Technology, 6(6), 4722-4725. 

[35] Kumaravel A., Meetei O.N. (2013). An application of non-uniform cellular automata for efficient 
cryptography. Indian Journal of Science and Technology, 6(5): 4560-4566. 

[36] Kumaravel, A., & Pradeepa, R. (2013). Layered approach for predicting protein subcellular 
localization in yeast microarray data. Indian Journal of Science and Technology, 6(5S), 4567-4571. 

[37] Kaviyarasu, K., Manikandan, E., Kennedy, J., & Maaza, M. (2016). Synthesis and analytical 
applications of photoluminescent carbon nanosheet by exfoliation of graphite oxide without 
purification. Journal of Materials Science: Materials in Electronics, 27(12), 13080-13085. 

[38] Mathubala, G., Manikandan, A., Antony, S.A., & Ramar, P. (2016). Photocatalytic degradation of 
methylene blue dye and magneto-optical studies of magnetically recyclable spinel NixMn1-
xFe2O4 (x= 0.0–1.0) nanoparticles. Journal of Molecular Structure, 1113, 79-87. 

[39] Manikandan, E., Kennedy, J., Kavitha, G., Kaviyarasu, K., Maaza, M., Panigrahi, B.K., & Mudali, U.K. 
(2015). Hybrid nanostructured thin-films by PLD for enhanced field emission performance for 
radiation micro-nano dosimetry applications. Journal of Alloys and Compounds, 647, 141-145. 

[40] Kumaravel, A., & Meetei, O.N. (2013). An application of non-uniform cellular automata for 
efficient cryptography. IEEE Conference on Information & Communication Technologies:                   
1200-1205. 

[41] Langeswaran, K., Gowthamkumar, S., Vijayaprakash, S., Revathy, R., & Balasubramanian, M.P. 
(2013). Influence of limonin on Wnt signalling molecule in HepG2 cell lines. Journal of natural 
science, biology, and medicine, 4(1), 126-133. 

[42] Srinivasan, V., & Saravanan, T. (2013). Analysis of harmonic at educational division using CA 
8332. Middle-East Journal of Scientific Research, 16(12), 1768-73. 

[43] Josephine, B.A., Manikandan, A., Teresita, V.M., & Antony, S A. (2016). Fundamental study of LaMg 
x Cr 1− x O 3− δ perovskites nano-photocatalysts: sol-gel synthesis, characterization and 
humidity sensing. Korean Journal of Chemical Engineering, 33(5), 1590-1598. 



892            Eurasian Journal of Analytical Chemistry 

[44] Saravanan, T., Saritha, G., & Udayakumar, R. (2013). Robust H-Infinity Two Degree of Freedom 
Control for Electro Magnetic Suspension System. Middle-East Journal of Scientific 
Research, 18(12), 1827-1831. 

[45] Rajasulochana, P., Dhamotharan, R., Murugakoothan, P., Murugesan, S., & Krishnamoorthy, P. 
(2010). Biosynthesis and characterization of gold nanoparticles using the alga Kappaphycus 
alvarezii. International Journal of Nanoscience, 9(05), 511-516. 

[46] Slimani, Y., Güngüneş, H., Nawaz, M., Manikandan, A., El Sayed, H. S., Almessiere, M. A., & Baykal, A. 
(2018). Magneto-optical and microstructural properties of spinel cubic copper ferrites with Li-Al 
co-substitution. Ceramics International, 44(12), 14242-14250. 

[47] Kaviyarasu, K., Manikandan, E., Kennedy, J., Jayachandran, M., & Maaza, M. (2016). Rice husks as a 
sustainable source of high quality nanostructured silica for high performance Li-ion battery 
requital by sol-gel method–a review. Adv. Mater. Lett, 7(9), 684-696. 

[48] Ilayaraja, K., & Ambica, A. (2015). Spatial distribution of groundwater quality between 
injambakkamthiruvanmyiur areas, south east coast of India. Nature Environment and Pollution 
Technology, 14(4), 771-776, 2015. 

[49] Sharmila, S., Rebecca, L. J., Das, M.P., & Saduzzaman, M. (2012). Isolation and partial purification 
of protease from plant leaves. Journal of Chemical and Pharmaceutical Research, 4(8), 3808-3812. 

[50] Rajakumari, S.B., & Nalini, C. (2014). An efficient cost model for data storage with horizontal 
layout in the cloud. Indian Journal of Science and Technology, 7(3), 45-46. 


	INTRODUCTION
	APIT LOCATION ALGORITHM
	IMPROVED APIT ALGORITHM
	SIMULATION AND ANALYSIS OF RESULTS
	CONCLUSION
	REFERENCES

