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ABSTRACT

This paper presents an application of an optimal smoothing filter for moving target
tracking problem based on measured noise source. In order to measure distance and
velocity for the moving target, a beamforming method is applied to use the noise source
by using microphone array. Also a Kalman filter and an optimal smoothing algorithm are
adopted to improve accuracy of trajectory estimation by using a Singer target model. The
simulation is conducted with a missile dynamics to verify performance of the optimal
smoothing filter, and a model rocket is used for experiment environment to compare the
trajectory estimation results between the beamforming, the Kalman filter, and the smoother.
The Kalman filter results show better tracking performance than the beamforming
technique, and the estimation results of the optimal smoother outperform the Kalman filter
in terms of trajectory accuracy in the experiment results.
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o]% w4 2 A7 AL 98 wolt(adar), LaH/l Wl olE Sx=Eel X AF stef
Z}o]tHLIiDAR, light detection and ranging), o= &olatAt, g AHs FHsh= © of
EO/IR(electric optical/infrared), wlo]aZZE o] Aol itk meEbd, 471 5 diolEE e
ol(microphone array) 5 thkat =4 guiz = A= A FAE HS AERE FEs A9
o] 43t WM ESo] AAFHT Yrf. AAo A e A 27174 e 7o) . FH9Y
2 ooz My 98 wAAY ]9} E dAFoxde A3 7IHE T3l 53 o
2o o= 2o X9 & 1u1 stolo] gt = & =X AF F4 A FEe S8 g
awst Fole wel BRE FH3 gAg g FHS HH Avd AHES H8d0. A4 A
Aol g A W Beel 20 A4 on D BE  DAFU(edinterval), A3
oz B sHA FA=EUT =3, marAy  (fixed-point), 2|31 31 A (fixed-lag) = %Ll"&:
29 A7/Eel ol FAAE B shxol  HP, F AFINE AL Awd TS el
B 279z 2 wAdAe gue ¢x 9t RT3 HH ARd dEe 2w g
=Ho| g T} £ 7|vto g A" FRbolA Ak 4
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wel AR QF7F obr]=® 4 Auh12l. vl &l o] AE FEolth. dE AAd oA
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Table 2. Estimation results of simulation

axis|meas(mRMS)| KF(mRMS) | SM(mRMS)
X 3.10 1.04 0.56
y 3.14 0.90 0.34
z 3.14 1.03 0.46

6000

5000 -

4000
-
E sm|
2000

1000 +

time (sec)

Fig. 5. Simulation result on z-axis



43 4 12 5%, 2015. 12. HF 279 FHE o8¢ WY AR 7 o] REE 1067
% _
| Hageln p = e B Bagolnh 54
. B 28 A agdog e AL,
agd AR nA 23 muA vlolaz
2o o ZFNEDY, g, 219 2ok
:E: jkﬂrw'n
= e
B 9nm Upeam r (19)
nm
1

o 1 2 3 4 & 6 7 8 9 10
time (sec)

Fig. 6. Simulation result on y-axis

5000 -

4500 +

4000

3500
3000

—

E 2500 +
2000
1500
1000 -

S00

time (sec)

Fig. 7. Simulation result on z-axis

v. 28 =23

= g
41 HE w
47 27y BE 4% 422 A% 23 24
Aol N £ NS F 94 4u ASS
A% WY YuYZL PV )% BEER
BE pbEE 28 3¢ A8 M9 el
SES o83 ofdlolE F5 A 7} vio|azEo

i g

-spectral matrix) CE 2](18)3} Zo] ALte T}

— —x

CC>=pop

Py (f)
~ | P2 (f)
p= pm_(f)

(18)

PM.(f )

AQpeam — N
27
Tnm
n=1

Aol 7,2 nHA 2587 mAA vloja=
E9 AYE HeH, k2 I (wave number)
oty n¥A 7 el WE WA= =
HE 9] o Z2W E ¥ (Hermitian conjugate)©l
ste] AL 2(20)3 2ol AltE

?‘501:
9
bn')=g\ <C>g, (20)

AR Wosle gAY o]z
£ & g & A Bohs]

oo i
o ook

_CH
2 AWozRy 2mel o2
2787 98 247

&3l

nfo] A2 E o] o]
(10, 30, 50m)ll =zt

uE FH=Z £HH7
Al ZH(sampling time)oll w&} o
F dow, Zvt Y ALE A

o] oyt wekA dE el A
WEY Aol A Wute e
283

Mg O o2
o
S



1068 AED - PBE - 19T - oA - AT - AES - A B

om ] | PO(Om) Model rocket

Fig. 8. Model rocket experiment environment[8]

Conventioanl Beamforming at f = 5000 [Hz]

100

Position [m]
3
Beampower[dB]

Time [sec] time (sec)

Fig. 9. Normalized beamforming results[8] Fig. 11. Estimation results of case2(D=20m)

1200 o0r

Ref.
B0

70r

B0 B0}

g B0 EED
= »= 40
A0+ 0+
200
20F
10
0% a5 oe 1 12 14 18 e % 02 04 08 08 1 12 14 18 18
time (sec) time (sec)
Fig. 10. Estimation results of case1(D=10m) Fig. 12. Estimation results of case3(D=30m)
SEA AFSE A Zo] AF AL A o] 2ZA A48 F4 2345 ey, A8 2 EA
ot HEXEo Wl FFEHAVIY, BEHIYS A E ol&s I53 Fk(Ref.) WIFAL W
At A" mde 3 Fo dis] FgH A7) I IA(BF), @9 A Iy FHZK(KF), 18
S ol gdth 3 Fe9 FEAL 12 A 3 HA Axng "E 2HH(SM)S 9w
o, N A 7Y 4w, aga HE 2549 7 Aol 19 FAHZEC] HFTHAA Fa o4
He IAYE T3l A F4& syt Hol] gRlE. ol A3 Al 53 &5 Hol
Figure 10-12&= ZF A3 Alojxo] W& =¥ €y}l A 2 xS a4 =4 o



43 4 28 12 %%, 2015, 12 HA ~FY dUH

il

o] &3

1069

Table 3. Comparison of tracking errors for
experiment w.r.t. cases

BF KF SM
(mRMS) | (mRMS) | (mRMS)

7.02 5.57 4.78
5.38 3.43
5.63
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