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Abstract

Surveillance of the targets done in two phases, one is radar (which is operated in air), another is sonar (which is operated underwater).
These are operated in active mode. Sonar’s range and bearing measurements are used to estimate the target position and velocity. In
this paper by using Sonobuoy, observer tracks a target in underwater environment. Sonobuoy operates in active mode where it emits
sound energy (pings) into the water and listen back echo before transmitting another pulse. The simulation is carried out in Matlab
environment using Monte-Carlo statistical process. For smoothing of measurements and reduction of error in the predicted target

motion parameters, extended Kalman filter algorithm is utilized.
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INTRODUCTION

Sonobuoy is one of the equipment with expendable sonar
system that is dropped from the aircraft or from surface of
water by ships for conducting an underwater acoustic research.
Sonobuoy provides the most effective airborne warfare in
today’s world. It is used to detect the target with help of floating
sensor system. It contains a float-bag quite assembly because
the higher unit supporting the equipment submerged in water.
Sonobuoy is integrated with Global positioning system to work
out the correct position of target path. Sonar systems use sound
waves of propagation to navigate, communicate with targets or
detect targets on or under the surface of the water. Sonobuoy is
a sonar system, used to send and receive the sound waves.

Basically, Sonobuoys are of two types: passive Sonobuoys and
Active Sonobuoys [2]. Passive Sonobuoy receives the signals
from the moving targets and, Active Sonobuoy emits sound
energy (pings) into the water and listen back echo before
transmitting next ping. If the echo is received, using
beamforming at the receiver [3], it will be considered that there
is a target. The Sonobuoys will be dropped from the air or from
on the water, after that it will reach to a steady state and that
co-ordinates where taken as origin.

If the system is having multiple transmitters, then it is known

as multi-static. The performances of these three systems are
explained in [4]. Data received by the Sonobuoy is processed
and sent to the aircraft by means of an ultra-high frequency.

The study of methods and mathematical modelling proposed in
this paper are utilized to predict the target future position and
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to reduce the errors using statistical filtering algorithms. The
working of Kalman filter can be described in two steps. One is
estimating the present state of the variables using their
uncertainties [5-6]. Other is updating these estimates using the
weighted averages based on the measurements obtained.
Kalman filter is a recursive filter and is optimal filter only for
linear systems [7-9].

The tracking of target in underwater scenario is a nonlinear
process, so extended Kalman filter (EKF) is chosen to find out
target motion parameters. In this paper, estimation process is
carried out using the suboptimal nonlinear filter, EKF. It
linearizes the nonlinearities in the state and measurement
models using Taylor-series before applying Kalman filter
algorithm[10-14]. In other words, the Kalman filter uses the
linearized state and measurement models of the nonlinear
system.

In sonobuoy, propeller creates a random noise in water. This
combines with the received signal decreasing the signal
strength. As, noise cannot be eliminated, EKF tries to reduce this
noise.

In this paper, the simulator is developed to generate true range,
measured range, true bearing, measured bearing with time
tagged. The true values are corrupted with noise such that these
measurements can be treated as output measurements of
sonobuoy. The purpose of this research work is to smooth the
measurements and at the same time to estimate the target path.
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Simulator:

It is assumed that the observer (Sonobuoy) is at origin which is fixed stationary as shown in

Y

4 Target Position(Xy, Yr)
y
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obcr X
B R
Observer(X,, Y,o) -

Fig 1. Observer and target scenario

The target moves with speed, V; and at course, trcr. Initially, the
target is assumed to be at a distance of R meters from the
observer. An imaginary line joining observer and target
positions is called line of sight and it makes an angle (bearing)
with respect to Y-axis as shown in Fig.1. Itis assumed that target
and observer are in the same plane. The measurements are
made in active mode for every t seconds.

The observer positions are calculated as follows
dx, = v, sin(obcr) t (1)
dy, = v, cos(obcr) t(2)

where obcr is observer course.

Now the new observer position becomes

Xo = Xo + dXq (3)

Yo = Yo +dyo (4)

The target position (xq, y,) with respect to origin is given by

X, = R sin(B) (5)

¥t = Rcos(B) (6)

After t seconds,

dx, = v, sin(trer) t(7)

dy, = v, cos(trcr) t(8)

Now the new target position after time t is given as
Xy = dx, + X, (9)

ye = dy; +y, (10)

True bearing and range are calculated as follows

Bearing, B = tan"122¢ (11)
Yt=Yo

Range,R = /(x; — X0)? + (¥; — ¥0)? (12)
Measurements:

Let Xs(e) be state vector.

Xs(e) = [%(e) y(e) Ry(e) Ry(&" (13)

Here %(e) and y(e) are target velocity in x and y directions and
Ry(e) and Ry (e) are target range in x and y directions.

The State equation of the target is
Xs(e+1) = Be+1/e)X, (e) + b(e + 1) + w(e) (14)

where w(e) is noise having zero mean white Gaussian power
spectral density and @(e + 1|e) is transient matrix and it is
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where t is measurement interval and b(e + 1) is deterministic
matrix

b(e+1) =

T
[O 0 —(xo(e +1)+x, (e)) —(yo(e +1)+y, (e))] (16)
where x,(e) and y, (e) are observer position components.

To reduce the mathematical complexity, all angles are
measured with respect to Y-axis.

Z(e) is measurement vector

o= [

Here B, (e) and R,;,(e) are measurements and they are defined
as

By, (e) = B(e) +v(e) (18)
Rpn(e) = R(e) +n(e) (19)

where B(e) and R(e) are true bearing angle and range
B(e) = tan~*(Ry(e)/Ry(e)) (20)

R(e) = /R2(e) + R?,(e) (21)
The noises n(e) and y(e) are uncorrelated.

Extended Kalman Filter:
EKF can be formulated as follows

Xe = f(Xe_1, Ue) + W, (22)
ze = h(x.) + v, (23)

Here we and v, are the process and measurement noises, X,
and z, are the state and measurement vectors respectively. The
noises are assumed to be multi-variate Gaussian noises with
zero mean. The function‘f’is used to compute the state
estimate from the previous state and the function ‘h’ gives the
mathematical computation of the measurement estimate from
the estimated state. The Measurement equation is as follows

Z(e) = H(e)Xs(e) + v(e) (24)
(e)
(e)

cosB(e) —sinB(e)

0 0 Re e ](za
0 0 sinB(e) cosB(k)

Here v(e) = [:,] (25)

H(e) =

B(e) and R(e) are estimated values of bearing and range
respectively. EKF algorithms is as follows.

287




UNDERWATER TARGET TRACKING SYSTEM USING ACTIVE SONOBUOYS

i) X(0/0) and P(0|0) are initial state vector and its covariance
matrix.

ii) Predict state vector X (e + 1):

X(e+1) = @(e +1le)Xi(e) + b(e + 1) + w(e) (27)

iii) The Predicted state Covariance matrix:

P(e + 1le) = @(e + 1|e)P(e)@"(e + 1|e) + Q(e + 1) (28)
iv) Kalman gain is given as:

G(e+1) = P(e+ 1|k)@T(e + 1|e)[H(e + 1)P(e + 1]e) HT (e +
1)+ R]™ (29)

v) The state estimation and its error covariance:

Xs(e+1|(e+1) = Xs(e+1le) + G(e+1) [Z(e+ 1) —
Z(e + 1)] (30)

P(e+1le+1) =[1—-G(e+ 1)H(e + 1)P(e + 1]e)] (31)
vi) For next iteration
X;(ele) = X(e+1le+1) (32)

Pele) = P(e+1le+1) (33)

Simulation and Results
Simulation is carried out using Matlab on a desktop computer.

Let us consider four scenarios for the evaluation of the
algorithm. For example, in scenario 1, the range is 2000m,
course is 30 deg, target speed is 20 m/s and initial bearing is 50.
EKEF is used and the target paths are estimated.

Table. 1. Target to Observer Scenarios

Parameters Scenarios
1 2 3
Target Range 2000 500 1200
Target Bearing 50 60 45
Target Course 30 75 225
Target Speed 20 5 20
Table. 2. Solution convergence times in seconds
Parameters converged icenarios 5
Course 23 5
Speed 18 15 16
Total Convergence 23 15 16

Convergence time of the solution for all the scenarios is shown in Table2. Continuing the same example scenario 1, course and speed
are converged at 23" and 18 seconds respectively. Fig.2. shows the simulated and estimated paths of the target in scenario 1.

Simulated and estimated rx and ry range components
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Fig.2 Simulated and estimated target position for scenario 1

Simulated and estimated target course components
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Fig.3 Simulated and estimated target course for scenario 1
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Simulated and estimated target velocity components
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Fig.4 Simulated and estimated target speed for scenario 1

Fig. 3 and Fig. 4 show the simulated and estimated course and
speed of the target for scenario 1. It can be observed from the
figures that the errors in the estimated target parameters are
reduced and are obtained within the acceptable values in a
short time, which is less than 30 seconds.

CONCLUSION

By this paper, the target path is estimated and used the filtering

algorithm to reduce the errors. Extended Kalman Filter (EKF)

algorithm is explained in this paper. EKF algorithm is used to
estimate target motion parameters by using Active Sonobuoys.

Simulation results are carried out. Based on the results, EKF is

recommended to track underwater targets by using Active

Sonobuoys.

REFERENCES

1. Jacques Georgy, Aboelmagd Noureldin, Garfield R.
Mellemaacques Georgy, Aboelmagd Noureldin, Garfield R.
Mellema, “Clustered Mixture Particle Filter for
Underwater Multitarget Tracking in Multistatic Active
Sonobuoy Systems”, IEEE Transactions on systems, man,
and cybernetics—Part C: Applications and Reviews, Vol.
42, No. 4, July 2012, pp. 547-560.

2. Wang Xinwei, Wang Jianguo, Men Jinzhu “Study on the
submarine tracking method of anti-submarine patrol
aircraft using passive omni-directional sonobuoys”, IOP
Conf. Series: Materials Science and Engineering 231
(2017) 012063 doi:10.1088/1757-899X/231/1/012063

3. Alexander Wabhlstedt, Jesper Fredriksson, Karsten Jored,
Per Svensson, “Submarine tracking by means of passive
sonobuoys Position estimation and buoy deployment
planning,” Division of Command and Control Warfare
Technology, Linkoping, Sweden, Methodology Rep. FOA-
R-97-00440-505-SE, Jun. 1997.

4. Nur Atik, Alfya Nandika, Putu Indra Cyntia Dewi, Erda
Avriyanti. "Molecular Mechanism of Aloe barbadensis
Miller as a Potential Herbal Medicine." Systematic
Reviews in  Pharmacy 10.1  (2019), 118-125.
Print. doi:10.5530/srp.2019.1.20

5. S. Kim, B. Ku, W. Hong, and H. Ko, “Performance
comparison of target localization for active sonar
systems,” IEEE Trans. Aerosp. Electron. Syst,, vol. 44, no. 4,
pp. 1371-1380, Oct. 2008.

6.  S.BlackmanandR. Popolli, “Design and analysis of modern
tracking systems”, Norwood, MA, Artech House, 1999.

7. Y. Bar-Shalom and Fortmann’s, “Tracking and Data
association”, Academic Press, Inc., San Diego, USA,1991.

8. Y. Bar-Shalmon and X.R.Lee. “Estimation and tracking
principles, Techniques and Software”, Artech House,
Boston, London, 1993.

9. Branko Ristic, Sanjeev Arulampalam and Neil Gordon,
“Beyond the Kalman Filter: Particle Filters for Tracking
Applications”, Artech House, 2004.

10. Dan Simon, “Optimal State Estimation: Kalman, and
Nonlinear Approaches”, John Wiley & Sons, Inc. 2006.

11. Yu Liu and X. Rong Li, “Measure of nonlinearity for
estimation”, IEEE Transactions on Signal Processing,
Vol.63, No.9, May 1.2015.

12. Kumari, B. Leela, S. Koteswara Rao, and K. Padma Raju.
"Simplified target location estimation for underwater
vehicles", 2013 Ocean Electronics, 2013.

Journal of critical reviews

13. S. Koteswara Rao, “Modified gain extended Kalman filter
with application to bearings only passive maneuvering
target tracking”, IEE proc.-Radar Sonar navig., vol 152,
No.4, August 2005, pp239-244.

14. M. Kavitha Lakshmi, S. Koteswara Rao, K. Subramanyam,
“Passive Object Tracking Using MGEKF Algorithm”,
Advances in Intelligent Systems and Computing (Springer
Nature Singapore Pte Ltd), vol. 701, pp. 277-287, 2018.

15. B. Omkar Lakshmi Jagan, S. Koteswara Rao, K. Lakshmi
Prasanna, A. Jawahar, Sk. B. Karishma, “Novel estimation
algorithm for bearings only target tracking”, International
journal for engineering and technology, vol.8, No.1. Feb-
March 2016, pp238-246.

16. Kalal, 1.G., Seetha, D., Panda, A. Nitschke, Y. Rutsch,
F.Molecular diagnosis of generalized arterial calcification
of infancy (GACI)(2012) Journal of Cardiovascular Disease
Research, 3 (2), pp. 150-154.

DOI: 10.4103/0975-3583.95373

289



http://dx.doi.org/10.5530/srp.2019.1.20

