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ABSTRACT: Localization is a important method in wireless sensor network (WSN).Global Positioning system
receiver has high cost and include more number of sensor nodes while using this Localization concept. For indoor
localization RSSI (Received Signal Strength Indicator) concept used to find out the unknown node depend up on the
received signal strength. Three sensor nodes are used for this object tracking application these nodes are also\ called as
anchor nodes or beacons. Direction of arrival (DOA) and Time of arrival (TOA) value are the important parameters in
Localization. Finally the depend up on the corrected value of RSSI distance will be calculated. The proposed algorithm
is ML-DONL (Maximum likelihood based Distributed optimization for Node Localization) used to improve the
accuracy of the node localization and also eliminate the positional errors.
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I. INTRODUCTION

Wireless sensor network used in this project to transfer the information. This method used Localization
concept for tracking process and also monitoring purpose. It does not need any specific knowledge about sensor nodes
who are situated inwireless sensor network because it only depends up on the signal strength received from each nodes
in the WSN captured by RSSI.In GPS localization used costly component for outdoor localization.RSSI is used for
indoor Localization. Sensor nodes are used acoustic sensors and inertial sensor to estimate the position of the object
when it is in motion condition. TDOA (Time Difference Of arrival) and TOA (Time of arrival) are important parameters
to estimate the position of the object.

Some other method like relative localization method is also used to find out the unknown sensor node position
in wireless sensor network [8]-[10].Maximum likelihoodestimation is used in this relative localization method.in our
project we used ML-DONL(Maximum likelihood based Distribution Optimization for node localization) algorithm is
used to find out the position when they are distributed in wireless sensor network(WSN). ML estimator used mapping
algorithm to estimate the node position depends up on the estimated range measured in different ways.

The indoor localization method used for many applications such as wireless acoustic sensor networks, object
tracking and localization, Device free environment and so on. The sensor count and sampling rate is important one in
this method. If the number of sensor nodes will be increased the accuracy is improved and positional errors also
reduced. Prior synchronization is not necessary in this method and also reference node also no need.

Il. PREVIOUS METHOD

In[1], a set of smartphones are connected in wireless sensor networks(WSN) for indoor localization
application such as indoor positioning system[5], pedestrian tracking, smart cities, teleconference system, speech
enhancement system using external microphones(ex. Hearing aids) and so on. Multi-lateration and multi-angulation
techniques are used to findout the position of the unknown sensor nodes. It does not need any reference node to find out
the distance between the unknown sensor nodes so it is known as blind node localization.

Bluetooth, WIFI and GSM modules are available in commercial smartphones are used for localization in WSN
by using RSS and RF signal to calculate the node position. Due to the multipath propagation and dynamic environment
RF-based indoor localization yield low accuracy. These drawbacks could be overcome by using data fusion techniques.

Copyright to IJAREEIE DOI:10.15662/1JAREEIE.2016.0511037 8514



ISSN (Print) : 2320 — 3765
ISSN (Online): 2278 — 8875

[N

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)

Vol. 5, Issue 11, November 2016

The information are combined which is comes from any sensors: RF, acoustic signal, inertial sensors, image/video and
so on [6],[7].

In [4] it gives the node information in the form of image but it is not gives the information about the position
of the node. So the blind node localization algorithm is proposed to find out the position of the node.In [1] this
algorithm proposed to find out the position of the object. A set of smartphones are connected in WSN, each smart
phone consists of two microphones also containing inertial and acoustic sensors. This algorithm no needs any reference
node and synchronization. But this proposed approach has some limitations in hardware.

In [3], indoor localization is performed by RF signal processing. The node distance will be calculated using
MEMS(Micro Electro Mechanical system).It contain many features like embedded devices are small, data processing
operation, and communicate with all other nodes to find out the short distance. It includes some spatial diversity
technique like multipath fading to find out the accurate location of the node. The range estimation diagram is below:

Fig: 1 RF Based indoor localization

In [3], localization is performed using TDOA (Time difference of arrival) method. In [1], TDOA method is
used to find out the position of the smart phones, because the processing time of every smart phones are different so
this method gives accurate result without considering the processing time. The distance between receiver and particular
smartphones are estimated using coordinates that equation is below:

M *§o| = \(x; - xo)z +(y - }’n)z-

And also in air the speed of the sound is calculated using below formula:

R; =

Cue = 331.5m/sq(1 4 .
arr m/"\’ 273.15°C

In Adhoc broadcasting WSN contain j nodes so the signal received from the different nodes in different
angles.
1) Two Microphones: m1 j (t) (back microphone originally intended noise reduction) and m2 j (t) (front microphone).
2) 3-D Accelerometer: aj (t) = [ax j (1), ayj (1), azj (t)] [m/s2].
3) 3-D Magnetometer: bj (t) = [bx j (1), byj (t), bzj (t)] [uT].

The below diagram explains the distance estimation from different angle from the two microphones and the
speaker. The objective of the localization is to find out the Euclidian distance and also orientation of the J nodes in the
network

Y (Narth)

X (East)

Fig: 3.2 Node Configuration: dm and Bm are the distance and the angle between the two microphones,
respectively and ds and Bm are the distance and the angle between the back microphone and the speaker.

. The position matrices are below: M1 =[m1x ,mly], M2 [m2x ,m2y], and P = [px , py] containing the 2-D
Cartesian coordinates of the back microphone, the front microphone, and the speaker, respectively, for J nodes
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(i.e, mix = [xm1l, ..., xm1lJ]T, mly = [ymll, ..., yml) ]JT ,m2x = [xm21, ..., xm2J JT , m2y = [ym21, . . .,
ym2J]T, px=[x pL, ..., xpJIT, py=[ypl, ..., ypJIT).

dmy cos(@y + Bmr1) dm sin(@y + 1)
M> = M; + : : (1)

dmy cos{py + Bma) dmi sin(gs + fmi)

dsy cos(gp; + fsy) dsy sin(g; + far)
P =M, + z : s (2)

dsy Cﬂs(qf;j + Bea) dss sintgb.; + fsi)
The localization problem is reduced by estimating 2D coordinates using this matrix P=[px,py].
11l. PROPSED METHOD

In proposed method, the sensor node positions are calculated simultaneously using location estimator. In [3]
,RSS signal of wifi estimates the node location accurately but the signal strength is poor[1].it will be performed using
acoustic signal measurement in the form of RF signal. Maximum likelihood estimator based tailored algorithm used to
estimate the position simultaneously. We used another optimization algorithm that is ML-DONL (Maximum likelihood
based Distributed algorithm for node localization). The main two steps in this algorithm is Distributed ML estimator
solve DOA uncertainty problem. Node optimization procedure is same as all nodes but each node initial condition is
different.another step is centralized used to choose best solution derived from the previous step. The below block
digram explains the overall simulation process of the work.

RSSI Received DOoA Range
signal estimation estimation

Node
orientation
estimation

ML based Blind
localsation

Fig: Block diagram of overall simulation process

Implementation procedure:

1. Broadcast system is enabled, but all information exchanged between nodes will travel through the master node.

2. Master node sends a request for acoustic transmission to the other nodes in the network and starts to record.

3. Receive the request for transmission and their position in the acoustic transmission queue.

4. DOA estimation of node, range estimation of node and orientation estimation of node.

5. The master node broadcasts a request to start the distributed step of the localization algorithm ML-DONL. When the
nodes finish their optimization procedure, they send the results to the master node.

6. The master node selects the best solution, in terms of ML, among the J solutions obtained in the distributed step of
ML-DONL and executes the second step of ML-DONL (localization).

Algorithm for blind node localization in a WSN

The belowalgorithm chart explains the optimization accuracy result improved from the first step of
localization process.ML estimator is a main concept used to find out the best solution when all sensor nodes are
distributed in WSN. This algorithm also used for android devices are connected in star network.
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Localization algorithm
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fig:Blind node localization flow chart Problem formulation and identification: Direction of arrival estimation:

Hybrid-Range-bhased

Locating the source(loud speaker) as in the array’s far field, the wave front coming from different nodes from
different angles like ajk corresponding with the DOA, as shown in fig 3 two signal arriving time difference is expressed
as 1 jk= ds j cos(ajk)/c, where c is the speed of sound. DOA estimation is same as the TDOA estimation in the far field
case.

Fig:3 Hlustration of the DOA estimation from two microphones m1j(t) and m2j(t) (jth node)the source sk is
located in the far-field.

in 2-D case, a TDOA estimate t jkhas two potential DOAS, ajkand —ajk.
Yik =@; + Bmj £ ajk-

Next range could be estimated depend up on that corresponding DOA measurement. In[2] DRR(Direct-to-Reverberant
energy Ratio) is used to calculate the source distance depend up on that below equation

DRR = Ep/(Er — Ep)

ML estimator for node localization:

The goal of the process is used to find out the position matrix P = [px ,py] it is based on the standard deviation
error as or( j, k) and oy ( j, k). Each polar measurement (azimuth and distance pair) is converted into a measurement
vector in Cartesian coordinates djk= (v jk,wjk ), where v jk=r jk- cos(y jk) and wjk=r jk- sin(y jk), with r jk> 0 and
vike [-=, ] for all jand k from 1 to J . Let us consider the joint probability density function (pdf) of the measurements
in Cartesian coordinates as a multivariate normal distribution, given by
fit(P) =

e{—{rfp;' —pi—dji JC,&' (pi—pi—dii)")

1
2r|Cjk|T

To evaluate proposed node localization algorithm database creation is necessary.it includes 300 sceneries to
process the signals. The acoustic scenarios include both reverberation and background noise. Reverberation is
controlled by the absorption coefficient of the walls. The background noise is additive white noise that covers the entire
frequency range and it is controlled by the signal-to-noise ratio (SNR). Each scenario has ten similar nodes and they
have been generated varying the next parameters: room dimensions from 6 to 12 m in length/width and 2 to 3 m in
height, absorption coefficient from 0.5 to 1, SNR from 5 to 20 dB, and node positions and node orientations. All
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parameters are selected at random for each scenario. The RT60 has a mean value of 0.332 s and a standard deviation of
0.053 s. The positions of the nodes are restricted as if they were laying on a table with dimensions 5x2 m (a standard
conference table). The minimum distance between nodes is 15 cm. The selected nodes are BQ Aquaris 4 smartphones,

whose physical characteristics are the following:
dm=10.106 m, ds = 0.096 m, fm = 9.3°, and Bs = 5.9°. The sampling rate is 44.1 kHz.

IV SIMULATION RESULTS

The following result were obtained by simulating the program to detect the object depend up on the signal
strength received by PIC microcontroller with RSSI module which is send by the node located nearer to the object.

Step by step evolution process is below:
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V. CONCLUSION

In this paper RSSI concept is used to track the object in wireless sensor network (WSN). In previous concept
GPS is used only for outdoor object tracking process. But this RSSI concept especially used for indoor object tracking
with accurate node localization by receiving the signal strength from different nodes using ML-DONL(Maximum
likelihood based distributed optimization for node localization) algorithm and also it does not need prior
synchronization and reference node.
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