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Abstract

This paper presents the approaching target above ground tracking based on Kalman filter applied to the proximity sensor for the
active defense system. The proximity sensor located on the front of the countermeasure is not easy to detect when the anti-tank threat
enters a fragment dispersion range due to limited antenna beamwidth. In addition, it is difficult for the proximity sensor to detect the
anti-tank threat accurately at a terrestrial environment including various clutters. To solve these problems, this study presents the
approaching target above ground tracking based on Kalman filter and applies the novel estimation method for a noise covariance matrix
to improve a tracking performance. Then, a high tracking performance of Kalman filter applied the proposed noise covariance matrix
is presented through field firing test results and the validity of the proposed study is examined.
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Fig. 4. Measured velocity of the target and transformed
velocity of the target by a linear equation.

o
o glo
flf (o
4o, HU
Moot o
24 gk
i S
I
oo
£.|L
Y
N
o T
= L
—h‘ FlO
fitl o
M oox
>~
5
m?L'T\‘P;
o
2 30

M oE
X,
=
lo
0
o
=2 q
=
_?lr’
o M
(A
o Mo
N
dlo
ol =~
M o
T?L
fru
O oox ot b
o,

o

g Yooy fLomd
i)
_‘_O,
fured)
2
)
ACH
2
=
ot

S

flz,)= ax? +bz;+c (15)

n

X2= 230V, f ()’

i=1

— (aaz? + bz, + c))2

(16)

9 Aol A 7t 9] olulE A (11), (12)9 SY5HH

V,E ZRAMNA i 249 JFA ) AgES Uet

Ak 4 (16)9] a, b, ol D AHES =3 4 (16)0]
A2} HE a, b, c2 A (173 o] vERdTh

AN AL BE e TRAS AAASYS
Eal AR A2 23 350 TRANE 5T 919
A ARAR Aolo] o B zA A (18)7 2,

814

[ n n n 1
Sl St St

L; €L; €L;
i=1 i=1 i=1 i=1

AR DERE# zy

i=1 i=1 i=1 i=1

(17)

xi - P
n;= ) ) (18)

=9 9P AeFRY 55 depin, p,
A 858 YA AIRE duatt 1Y 5
) 2 g53 9749 A AaAsH é
B3 ARAY AE 23 (4R 2AE Y=

39 590 vERd Hhst o] TPANE ST A8A)
o A= A4 54 LAt TR AYAY SE
7} Z71% 4k BHS A theE AY B4 2
oI, 53 AAE HASUE £ 24 B2 A
s AsHa)e AW/ DIF SRS AT Y2

st= 5492 Yeha gith
o|xy H Ao 4 (14), 4 (18)F 7o) Zwrd
Ho 5 Tat dEd @A A Es B3 95

R+15 T
& Transformed range by a quadratic equation
* #  Measured range of the target
°4
R+10 X b
K(‘.‘.
*4
#D
*0
E R+5 | *;ﬁ% -
5 Ra
o #a
5 5% x
o o
R [ X 1
Bx
Bx
&
&
&
&
R-5 | & i
&
*a
ﬁ{:\
R10 I I I I I I I %

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time[sec]
a8 5. A”A 34 A, 238 T W3 AL(2)
Fig. 5. Measured range of the target and transformed range
of the target by a quadratic equation.



S &E0 AYGEY 2 05 FPANPCEA P AFAY S=AR Ttk T 8o £ A7)
3 Ao e LALLM ofU, AA JAFA BAF ALHE S TR ALS A8 2R I
BN BT 5 e TN 24 QS A2 EE 3F A4, 7)E 2TBEY AFA L% 24
9 2do) wojste] £xo Ael FHo] B RS AR, TPANE IS A S5, £5Y

P4 F Ak doltz 243 A8 £E(0)F tephdn.
9 8l A gS FRA Ao BT 27 2xE
. ?/85 EANE % 20ES AR 7)E 2RREO)E AAA g S5 FHo|

/@ O

Zro] wse

Sk
<]

Atk 227l A% B7HE 9181 19 63} 2ol

FINGAL LAl NPHOIEE FAAE AW
2HEE WYa] Slete] AFAL o 15 mol A WAl
stol oF 3m ¥olo BAE AoE AR, 9

Proximity
AWbe €7 3471 _ e |

A
mtE &9 Aue depideh A S19A 7
OJAAYE | m FELE SHEAY, IHAA NN g5
ot 1A ol et vl o] 8= DSP(Digital Signal Processing)
©] FFT(Fast Fourier Transform)& 53 ¥ 53 H|E F3}
FE o]g3to] A A SEAHHE HB3AT
Y5 APA Y SEARE 71E ARHLH S Acts)

L o 14 o =3 =
T e TaA dES A8d 2 E 9 99 dolH a8 7. 2N 9FA ] 24w
2 AARFNY, 1 AFE T2 dojudE E8 A= Fig. 7. The encounter scene of the proximity sensor with
the target.
Protective barrier
NEE = 3 500 & Tracking velocity (proposed kaman filter)
= o o O Tracking velocity (basic kalman filter)
) B V440 = 5 #¥  Measured velocity (proximity sensor)
| Proximity; o O Measured velocity (doppler radar)
' g sensor
o o
V20 o
= N - o
L M e o B0a, 5
: = * * * TOgg %
e 4 - o y L % DD
= £ 5 * ok oy Xx¥ o8008
gﬁaaaaaﬂ
*0 g ¥ 2XX3a eggoﬂﬁaﬁggg
V-20 ﬁ&ﬂaooooé
O% A 30800 *
L °
Anti-tank & * *
> threat Va0 | | I | I | | |
launcher 0 0.01 0.02 003 0.04 0.05 006 007 0.08
Time[sec)
J8 8 934 34 59 ¥ 4 & vy

I3 6. Algdely 3% .,4§_ AN B S| Fig. 8. Comparison of the measured velocity and filter
Fig. 6. Field test environment for data acquisition. tracking velocity.

815



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 10, Oct. 2017

A B A AT Qe aHE TE st e T
AL HES AL AgEH((A)Y S5 33 A Y
A FAANREY FEARHA SE i) A F
A748E ey, 28 goluz 4 23 f
At AFRE S8 34 S BAFTh

APA Soll hat F4 A5 HlLE fdt] =&
goltt2 JesiA SA AFPA S8 7F2E At
e A At gE S H L3 A H Y 34 £k,
SHAAME Bl 53 A9A S5, 71E AgH | F
A &5 5 % 13} 722o] RMSE(Root-Mean Squared Error)=
H] 8k T

S
1o
:
)
tjo
v
ful
=
rir -
fin
-
rr
rl
N
=
>
lo
~
T
Y

N

m/ 2
211 % 7kt o, ASkehs 71M= 488k gt

RMSE 752 3.34 mis A5
73 % Zaste £ F8 HYgw7

5 2~
A vk

fu
ri
m
rx

39 9 Akse e FEN YBS 4
B9l A9 Ael 73 AKa), 71F B0

Al 4 A3*), THAMZ 53 AFA<] AE(0)

= YehASih

E1 2944 274 S5 2 26 24 4E v

Table 1. Comparison with RMSE of velocities.

Case RMSE [m/s]
Measured velocity error of proximity sensor 12.45
Tracking velocity error of basic Kalman filter 38.74
Tracking velocity error of proposed Kalman filter 3.34
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