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Abstract : Node localization is important parameter in WSN. Node localization is required to report origin of
events which makes it one of the important challenges in WSN. Received signal strength (RSS) is used to
calculate distance between mobile node and reference node. The position of the mobile node is calculated using
multilateration algorithm (MA). Extended Kalman filter (EKF) is utilized to estimate the actual position. In this
paper, the implementation and enhancement of a tracking system based on RSS indicator with the aid of an
Extended Kalman Filter (EKF) is described and an adaptive filter is derived.
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l. INTRODUCTION

Advances in Integrated circuit technology have enabled the integration of computation and
communication into one device which monitor or control physical processes. Wireless sensor network have
attracted a lot of research in the recent past. The various issues related to wireless sensor networks pose
interesting challenges to researcher in domain like localization. There are various location estimation methods.
Received signal strength (RSS) based ranging is an advantage as it already have radios, requires no additional
hardware support. Other ranging methods used are angle-of- arrival (AOA), time-of-arrival (TOA), and time-
difference-of-arrival (TDOA).

RSS-based methods suffer from relatively lower accuracy. Several methods have been introduced to
provide better accuracy. Kalman filter is used to improve the accuracy in tracking. In [1] tracking of mobile
node is done using Kalman filter. This algorithm uses lateralization with nearest three estimated nodes to
calculate the coordinates and it is implemented for straight and circular movements of the mobile node. In
another algorithm [2] also used Kalman filter and proposed a novel filter base on fading Kalman filter. In [3]
considered shadowing effect, a novel method by combining Kalman filter and maximum-likelihood is given.

The rest of this paper is organized as follows: The system model, the wireless channel propagation
model, the multilateration algorithm are described in section Il. In section Ill, Extended Kalman filter model is
presented. In section IV, the simulation results are given and the performance is analyzed with comparison of
different methods. Finally, conclusions are given in section V.

1. SYSTEM MODEL
2.1 System model
A system model as given in literature [2] is used which has an area 20mx20m. The mobile node does
uniform motion in this area and its direction may change at any time. Four reference nodes are distributed at
four corners of this area. The reference nodes sends wireless signal at same time and for every time period T.
The computer simulations are performed on a special trajectory which is a circle starting from (14,8) and whose
center is (8,8) and radius is 6 as shown in the Fig 1.

2.2 Wireless channel propagation model

The scattering, reflection and blockage of physical obstacles results in random variations of the signal
which should be statistically modelled. And the most common model which is empirically confirmed is log-
normal shadowing. This model is presented in [3] as following equation:

d
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Where P, is the received signal strength (RSS) of the receiver which is d away from the transmitter.

Similarly, P, is the received signal strength of the receiver which is d, away from the transmitter. y is path loss

exponent, which generally equals from 2 to 4. d denotes the distance between the transmitter and the receiver
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and d denotes the reference distance. Xo denotes the Gaussian random noise with mean value of zero and
variance of 6°.

Actual trajectory of Blind node
T T

201
- m Reference node
i ¢ Starting point bl
Center of the circle
18 Actual trajectory 1
14 ————— E
el s N
12+ 3 S N il
/ \
M N,
10k / 3 g
/ Y
to | ,
sl \ / |
N /
'w.\ //
4 \ 3 b
S //
R T
2L S RS m
o L | L \ L L . L \ -
1] 2 4 & E] 10 12 14 16 18 20

Fig. 1. Actual trajectory of mobile node.

2.3 Multilateration algorithm

The distance between the mobile node and the reference nodes are calculated from equation (1) and the
coordinates of the reference nodes are known, multilateration algorithm (MA) can be used to estimates the
coordinates of mobile node. The multilateration algorithm is an effective location algorithm.

Let the coordinates of the ith reference node be (x;, y;), and the distance between the mobile node and
the ith reference node be d;. The minimum mean square error matrix [4] of the coordinates of the mobile node
can be given by:

X = (ATA)* AT @
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1 TRACKING
3.1 Extended Kalman filter algorithm
The motion model of the mobile node has been given in [2], which presents that the mobile node does
uniform linear motion in duration and its direction may change at any time.
Assuming the actual coordinates of the mobile node at time k™ is (X, yx), and the corresponding speed is

V,,V,). Let the state vector of mobile node at time k™ beS, = (x, .Y, ,Vy,V )T , We can obtain the state
y k k' 7k "Xy
equation:
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In above equation, T is the sampling period of RSS, and @y is the one step state transition matrix.
The filtering process [5] is as follows:
The initial state of filtering:

So (+) = luSO' M k-1 (+) = Cso (4)
Prediction stage:

5. ) =de.s. . () ©

One step prediction mean square error matrix:

M, (=) =M, (+)¢|<T +Q (6)

Q > covariance of process noise.
Update stage:
Filtering gain matrix:

K=M,()H; (HM, (OH+R)™ )
Filtering mean square error matrix:
M, (+)=(I =KH, )M, (-) (©))
State filtering:
S, (1) =5, ()+K(Z,-H,s, () ©)
Where:
hiif1 = 2(x" —x;)
H kK = [hllj( :|4><4 hi|f3 - 2(yk - yl) (10)
k k
i2 = hi,4 =0

is the linearization of the measurement around the previous state. g, iS the mean value of the state
vector at the initial time. ¢4 is the covariance matrix of the state vector at the initial time. R is the covariance
matrix of the observation noise vector at ny time k™. 1 is the unit matrix. R, and Q are the measurement and
process noise covariance matrices respectively. The measurement noise covariance matrix is in the form of:

R =o’ll, (11)

v ENHANCED EXTENDED KALMAN FILTER

A significant enhancement is derived by incorporating the following adaptive modifications into the
modelled EKF for object tracking.
4.1 Linearization.

The most important part of applied enhancements in the proposed method is the model presented for
measurements. It is clear that the relation of RSS indicators and coordinates of the source node is nonlinear.
Thus, to use EKF for estimation, a linearization of measurement is required. Consider the measurements are
selected to be the same as RSS indicators. The corresponding linearization cause to the following matrices:

o =207(%* = x)
" Ioglo(kdk)
k K —20p(y* - yi)
Hk :[ ij ]4><4 hi'3 = |0g (d )
10\Yg
hi‘fz = hilf4 =0 (12)
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The magnitudes of elements of Hy matrix are so much smaller than the case of Eq. 12. The importance
of this point becomes clear when KF begins to diverge.

V SIMULATION RESULTS

In this chapter, the simulation result of Extended Kalman filter (KF), Enhanced Extended Kalman filter
are presented. In order to verify the effect of the Extended Kalman filter (EKF) algorithm in location and
tracking, MATLAB is used to do the simulation.

As shown in figure 1, the actual trajectory of the mobile node is a circle. The starting coordinates of the
mobile node is (14,8), whose centre is at (8,8), radius is 6m and its speed is always 1m/s. The sampling period
of RSS (T) is 1 second.

To compare the performance of each method, Root Mean Square Error (RMSE) of each method is
defined as:

|1 M o \2 g \2
RMSE—\/M;[(X;(—XK) + (Y =¥l (13)

Where (X, , Y, ) is the actual coordinates of the blind node, and (X, , Y, ) is its estimated coordinates.

Comparison of different algorithms
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Fig. 2. Actual trajectory and estimated trajectory of mobile node.

As shown in figure 3, compared with other algorithms, the location error of Enhanced EKF algorithm
is the least when compared with EKF, Kalman filter (KF), Fading Kalman filter (FKF) as presented in [2].
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Fig. 3. Comparison of different algorithms
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CONCLUSIONS
Previous works have considered Kalman filter of single mobile nodes to smooth out the estimated
trajectory. In this paper an Enhanced Extended Kalman filter is used for tracking movements of a single mobile
node. RSS measurements are such modelled in EKF equations to obtain reliable solutions in tricky situations
when the maobile node experiences sudden changes in its trajectory.
As compared to previously proposed methods the proposed scheme has proved to have better location
accuracy in terms of the RMSE of the estimated location and faster convergence speed as compared to other
models of KF.
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