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Abstract: In this paper effort is made to track a maneuvering
target using Unmanned Aerial Vehicles (UAV) with range,
bearing and elevation measurements. Extended Kalman filter is
preferred to processmeasurements tampered with noise.
Algorithm to detect the maneuver of target is developed in this
paper. This information about range, bearing and elevation is
communicated to weapon guidance station by means of personal
communication system between UAV and weapon guidance
station. Mathematical modeling in detail and simulation resultsis
presented.
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I. INTRODUCTION

This aeria vehicle (UAV) is the safest airborne warfare
system existing in the world today. UAV is a robot-like
system flying in air mainly used in target tracking. It sends
radio waves to track the target parameters like range, bearing
and elevation. UAV now-a-days are GPS equipped so that
weapon guidance system of UAV will have knowledge about
position of UAV. Weapon guidance system may be a ship on
the surface or an aircraft in air. Data received from UAV is
sent to weapon guidance system by means of a personal
communication system so that weapon guidance system will
be able to know the position and motion of target and releases
weapon in that direction. Target tracking is carried out using
Extended Kalman filter (EKF). Target motion parameters
particularly at long ranges are nonlinear. So, EKF is
considered based on rapidly convergent and unbiased filter
problemsin Kalman Filter [9-17].

Tracking of the target is carried out by Extended Kalman
filter (EKF) [3-9]. In this paper, the main contribution is
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tracking of a maneuvering target, as suggested in [4, 5].
Target maneuver cannot be visualized easily by observing
bearing residual plot. So, zero mean chi-square distributed
random sequence residuals in sliding window is used for
detecting maneuver of the target. Normalized squared
innovation process is used to find out whether target is
maneuvering or not. To get the finest solution during target
maneuver enough amount of process noise is added to the
covariance. When the maneuver is completed, state noise is
lowered back. Bearing and elevation measurements are
non-linearly related to the state of the target parameters
making the process non-linear. So, the optimal linear filters
like Kalman filter is not suitable for three—dimensional
tracking of target. For simplicity of the process, the target is
assumed to be travelling with constant speed and maneuvers
in its course. The plant noise considered is white Gaussian
noise generated due to disturbance in the velocity of target.

Section 1l contains with mathematical modeling and
implementation of the process. Section Il aso deas with
generation of measurements in simulation environment.
Sections |11 describe simulation and the results obtained. The
paper is concluded in Section 1V.

1. MATHEMATICAL MODELING

A. General Simulator mode

Author Let initial position of the target and observer be
(%, ye, 2z) and (xg, Yo, 29), assuming that they move with
velocities v, and v,. After t seconds, change in observer
position is given as follows.

dx, = v, sin(ocr) sin(oph) t (D)
dy, = v, cos(ocr) sin(oph) t 2
dzy = v,y cos(oph) t ©)]

Here oph and ocr are pitch and course of the observer
respectively. The changed observer position is given as
follows.

Xo = Xo + dxo (4)
Yo = Yo +dyo ®)
ZO = ZO + dZO (6)
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Similarly, from Fig.1.

X¢ = Ry, sin(B) (7)
Ye = Ryy cos(B) (8
sin(8) = Ry, /R 9

Substituting (35) in (33) and (34),

x; = R sin(©) sin(B) (10)
v, = R sin(0) cos(B)

(11)

z; = R cos(0) (12

Fig.2.Target and observer velocities

When the target is in motion with velocity v,, change in
target position after t seconds, from Fig.2, is given as
follows.

dx; = v, sin(tcr) sin(tph) t (13)
dy; = v, cos(tcr) sin(tph) t (14)
dz; = v, cos(tph) t (15

Here tph and tcr are pitch and course of the target
respectively.
The changed target position is as follows.

Xy = x¢ + dx, (16)
Ye =Ye T Ay, 17)
Zt = Zt + dZt (18)

Simulated true values of bearing, range and elevation of
the target are given as follows.

true bearing = tan™((x; — x0)/ ¥r — Vo)) (19

true range = \/(x; — %0)? + (Ve = ¥0)? + (2 — 2)>
(20)
(21)

true elevation = tan‘l(ny/zt - ZO)

Estimated range,
bearing,
elevation, course

EKF speed

Corrupted range

bearing and elevation

ma3jsyrements
Simulato

L.,

Inputs: True target motion
parameters, Noise in elevation,
bearing and range with time

Performan

Fig:3. Block diagram of TMA in simulation mode
Block diagram of target motion analysis in smulation
mode is shown in Fig.3. The measurements tampered with
noise are utilized for the prediction of target parametersusing
EKF. The estimated target parameters are compared with that
of true values.

B. System model
Consider state vector

x(kt)

y(ko)

z(kt)

R (kD)

R, (kD)

R.(kY)
Here x(kt), y(kt), z(kt) are speed parameters of the

target and R, (kt), R, (kt), R,(kt) areitsrange parameters

in x,y and z directions respectively. The state equation

Xs(kt)= (22)
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becomes
X;(kt +1) = @X,(kt) + b(kt + 1) + T'w(kt)  (23)
@ isgiven by
1 0 0 0 0 O
01 0 0 0 O
0 01 0 0 O
P = t 0 01 0 O (24)
0t 0 0 1 0
0 0t 0 0 1

Heret istime interval at which measurement is obtained.
b(kt + 1) isdeterministic control matrix and is given by
_ 0 T
0
0
—(xo(kt + 1) + x, (kt))
— (ot + 1) + o (kt))
| —(zo(kt + 1) + z, (kt)) |
Here x,,v,,2, are the observer position components. To
reduce the mathematical complexity, Y-axis is taken as

reference while measuring all the angles. Let w(kt) be plant
noise

b(kt +1) = (25)

w(kt) = [Wx Wy WZ]T (26)
Variance of w(kt) isgiven by
E[T(kt)yw(kt)w (kt)I'" (kt)] = Q6;; 27
Where §;; = 62(i = kt) (28)
=0 otherwise
ts? 0 0 ts3/2 0 0
0 ts? 0 0 ts3/2 0
10 0 ts? 0 0 ts3/2
Q= ts3/2 0 0 ts3/4 0 0
0 ts?/2 0 0 ts3/4 0
0 0 ts?/2 0 0 ts3/4
(29)
t 0 0
0 t 0
I(kt) = tzo/z 8 (t) (30)
0 t2/2 0
0 0 t?/2

Z (kt)represents the matrix of al measurements and is
given by

Z(kt) = [Rp(kt) By (kt) On,(kt)]" (31)

Here R, (kt), By, (kt) and 6,,(kt) are measured range,
bearing and elevation

R (kt) = R(kt) + §p(kt) (32)
B, (kt) = B(kt) + &z (kt) (33)
O (kt) = O(kt) + &o(kt) (34)

where R(kt) , B(kt) and ©(kt) are simulated range,
simulated bearing and simulated elevation.

R(kt) = JR% (kt) + RZ(kt) + RZ(kt) (35)
B(kt) = tan™* (R, (kt)/Ry (kt)) (36)
O(kt) = tan™'(Ry, (kt)/Ry(kt)) 37
Where R,, = \/RZ + R} (38)
Measurement vector is given by

Z(kt) = H(kt) X (kt) + &(kt) (39)
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H(kt)
0 0 0 sin(B)sin(B) sin(®)cos(B) cos(B)
cos(B) —sin(B)

_ 0 0 O R., W 0
0 sin(B) cos(©) cos(0) cos(B) —sin(6)

R R R
(40)
Andé(kt) = [§r §p Sol” (41)

C. EKF Algorithm

All EKF implementation is as follows.
i). Initidly the estimation of state and its covariance
bex(0|0) and P(0]0).
ii). State vector at the next time period is predicted
asX,(kt + 1):

X,(kt + 1) = @(kt + 1|kt) Xy (kt) + b(kt + 1) +
w(kt) (42)
iii). The predicted covariance matrix of the state vector is

given asfollows.
P(kt + 1|kt) = @(kt + 1|kt)P(kt)@T (kt + 1]kt) +

Q(kt +1) (43)
iv). The gain of the Kalman filter is calculated as given in
eq. (44).

Gkt +1) = P(kt + 1|kt)®T (kt + 1|kt)[H (kt +

DP(kt + 1|kt) HT (kt +1) + R]™* (44)
V). The state estimation and its error covariance:

Xo(kt + 1| (kt +1) = X, (kt + 1|kt) + G(kt +

D [Z(kt+1) — Z(kt + 1)] (45)

P(kt+ 1|kt +1) =[1 - G(kt + DH(kt +

VP (kt + 1]|kt)] (46)
vi). For next iteration

X (kt|kt) = X(kt + 1|kt + 1) (47)

P(kt|kt) = P(kt + 1|kt + 1) (48)

D. Target Maneuver Detection

When target is not maneuvering, the process noise is less.
When target maneuvers, the process noise increases [10, 11].
So, in simulation, the covariance matrix is multiplied by
fledge factor of 10 for the time period of target maneuver.
Once the target achieves its new coursg, i.e., completes the
maneuver, process noise will be reduced. The normalized
squared innovation, y,, (kt), is calculated as follows.

Yo kt) = @7 (kt)S™(kt + Dp(kt + 1)

Where p(k+1) is

okt +1) =Z(kt + 1) — h(kt + 1, X (kt + 1/kt)) (50)

Let S(kt)is

S(kt +1) = H(kt + 1)P(kt + 1/kt)HT (kt + 1) + o2

(49)

(51)
Let
d@) =y"sly=c (52)
where Sis diag{S(kt)}
andy = [p(1) @(2)....0kD)]" (53)

where ¢ is a constant (threshold) and d is chi-square
distributed statistic. This diding window size is chosen as 5.

I11. SIMULATION ANDRESULTS

It is assumed that experiment is conducted at favorable
environmental conditions. Thissimulation is carried out on a
personal computer using Matlab. The scenario chosen for
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evaluation of algorithm is shown in Table 2. For example,
scenariol describes atarget at an initial range of 3000m from
the observer, travellingwith course and speeds of 170° and
400m/s respectively. The initial line of sight is 0°. The
bearing and range measurements are corrupted with 0.330
(1o) and 10m (1 o) respectively. After 300s, target changes
its course to 295%t a turning rate of 3° per second. The target
elevation is 0° for simplicity. The observer is assumed to
travel with constant speed of 20m/s and with a course of 90°.

The measurements are assumed to be available
continuously for every second. The true values of the target
and observer are simulated in Matlab. So, the estimated
values can be evaluated or validated based on the simulated
values based on certain acceptance criteria. The acceptance
criterion is chosen based on weapon control (thistopic is not
discussed here) requirement. The solutionis accepted or said
to be converged when error in course estimate <= 3° and error
in speed estimate <= 1m/s.

The estimates and true paths of target are shown in Fig.4
for scenario2.For clarity of the concepts, the smulated and
predicted course and speed for scenario2 are presented in
Fig.5and 6. Similarly simulated and predicted elevation of
the target for scenario? is presented in Fig.7.The solution is
accepted or converged when the course and speed errors are
within the acceptance criteria. The convergence time, in
seconds, for the scenariosisgivenin Table.2.

The scenario2 chosen for evaluation of agorithm for
maneuvering target has the convergence of solution for the
estimated course of the target after maneuver at 460" second
and 67" second before target maneuver respectively.The
target does not maneuver in speed, so the convergence of
speed estimate is 43 seconds for scenario 2.

Table. 1. Target to Observer Scenarios

Scenarios
Parameters
1 2
Target Range (m) 2000 3000
Target Bearing (deg) 0 0
Initial Target Course (deg) 135 170
Target Course after 300s (deg) 235 295
Target Speed (M/s) 400 400
Target Elevation (deg) 0 0
Observer speed (M/s) 20 20
Observer Course (deg) 90 0
Noise in bearing (16) (deg) 0.33 0.33
Noise in Range (16) (m) 10 10
Noisein bearing measurements (1 0.33 033
o) (deg)
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Table. 2. Solution conver gencetimesin seconds () ' . '
J———— 0 Simulated and estimated farget elevation components
0
Parameter s conver ged 1 > N 200\ \
0 ~SIMULATED
Course 54 67 0 oREDICTED
Before Speed 84 3| 3
Target - 0 !
maneuver Elevation 8 2 o
Total Convergence 93 67 9
W
Course 385 460 ) 0 |
After Speed 84 3| 7
Target : S0 00 00 N0 40 50 60 00 800
maneuver Elevation 8 2 m
Total Convergence 385 460 T|ME (SecondS)
Fig.7 True and predicted elevation of target for
scenario 2
~ and
o x10 —SIMULATED TARGET
0 SIULATED TARG IV. CONCLUSION
s 2 - PREDICTED TARGET
g « —OBSERVER Based on the results obtained in simulation, Extended
c 0- — Kalman filter is recommended to estimate target course,
ﬁ speed in active target tracking from UAV systems.
d -
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