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Design of the Extended Kalman Filter for Frequency—amplitude Tracker
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In this study, the tracking of the temporal variation of the frequency and the amplitude in the presence
of additive white Gaussian noise is considered using the Extended Kalman filter (EKF). The EKF has many
applications and it has been applied to the problem of tracking the time—variable frequency, However
the existing EKF frequency trackers could was driven in the small time—variable amplitude or required
the additional amplitude tracker in the large time—variable amplitude, In this study, the EKF
frequency—amplitude tracker, which could track both frequency and amplitude simultaneously from the
measured signal in the relatively large time—variable amplitude environment, is proposed for improving
the performance of the time—variable frequency tracking and its performance is verified by the simulation
and the experimental work,
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Fig. 1. Frequency tracking result for moving FM-AM source.

YZONE] F=-T% 227 A 259

& oo, N2 F H[o]E] Fjseolt, E]E CRBY
e ALY (= o2/oi< 1)}l B0l 4jte
Hol2] AFchRrgulof ofgt Aatolct, 4] (20)-(22)&
0|85} CRBE A3 A et A E-Fupgs 2379
FR Xt vl walgrt,

38 13} 2F Fakpet A Eo| gk 3 Aot 1
o 194 3N AAL dA Fojpe] W JEoln He
AL 34 Avjo|n HAL 60 Hz Jn} o]F Y
o] =& Fupg goloft}, AAF T A|7HY
WE SAE ENE & Y= EANE BT} AZ e
Fafpo] AZHA wslel 9 do|ng U Wzt E R
B Fuppo] 2ol GeE 7|X X et 2 29)
A A AL AR K& e JRoln He UM
23€ Ao|n AL 60 Bz ¥} o] U 23
Ax7re] AHe| ¥stef W AE Holo[c}, AE o] Wzt
E4E € 332 ok Ak Foe-2E 24719
AZe| N7t ¥ 33 450) Fup 33 Joroh &
S5t Ao #lgrt 13 32 Bitmead Fo| A
719402 FUS 200N FujeE S4% AAE B
o}, 34 AAS AR Fuhpo] HIMIE, AL 44
23 Zapo| 1 AL & Tt Holoc}, 17 1at
H| 23t I Aeo] AatEE ERIY 4 9l o]RL
A7 T ZFe] WS WEQ A2 Wit

38 4= Foegt AT AHE HE B4 A
£ =EolA 2Bk Foe-E 2247]9} Bitmead
Sol Akt Fupp 227]9] A Echggu]o] wh& At
39 0F FEA(E HE BoE AR G o7 T
A 72 503]9) £AEHEE 38t At
k. 2A 73 o e A ()3 F iR e A

-~ Doppler
—  Actual
—— Tracking

Amplltude

Time [gec)

28 2. Fop-ZE HUZE 0|5 SHe IF &Y Jo
Fig. 2. Amplitude tracking result for moving FM-AM source.



260 ERREYRieix] X21A X3L (2000

603

- Doppler
Actual
—  Tracking

€0.2

3

Frequency [Hz)
8

59 70
Time [sec]

78l 3. Bitmead SO| M 7IHS 0188 015 SO Fajd
%% Y5

Fig. 3. Frequency tracking result using the proposed method
from Bitmead elc.

100 T T

al---{—= 1/CRBa| _____________________________________
—— 1/CRB,,

%] SRS SRR ¥ R 51 S SRS SOV SO S

0 5 10 15 20 25 30 35 40
SNR [dB}]

38 6. X= &xe| CAB2t o oF #4
Fig. 5. CRB and inverse error variance of amplitude tracking.

()2 B Ao A ARIZ A o 2 533 A3t u
4 34 Fo| 2 A ¥R = Al (&)L Bitmead 50|
Akst 7P o R SAg Fajp 24 Fijold}, NEf
ZAgu7h gy £ 72 w2 vshtl viglRAE 2
t}, A3 hiRgul7t 0 dBoH AR 7)) a3
of i3t & oF 3 dB, || fistoE 10 dBo|w,
Bitmead 50| A% 7)Ye] Fatp 230 3t £ 72
ok 1dB JEE viepytch, & Qo)A Rt Fupe-7
£ £37]9] & "2 Bitmead F°] AIUR Fab4 7]
o] & "t} 5 dBe| A3 EgulolA ¢ 3 dB, 20 dBS)
A RrS o oF 5 dB A= A AT, o}
A A E AEQ] A7 MshEo] 2 H-Lof ARG Fupp-
AZ 247]7} Bitmead 50| A} T 37 Hrt
gt Fop 23 A5 Yehdc

29 59} 6& A Fapp-AE 2A7| 4 of

¢

o]

@ . . -

—o— Frequency Estimate using proposed method |1 :
35 1 —s— Ampltude Estimate using proposed methdod -« == -n--=--
—e-- Frequency Estimate using Bitmead's methad | ¢

7 v T v v '

b s w5 ™ s m ® 4

SNR[dB}

38 4. Fu4-28 BIE 015 B8NS Fule-2E £9
s o 2% 38N

Fig. 4. Normalized inverse error covariance of frequency-

amplitude tracking for moving FM~AM source.

140 T T
—— 1/CRBy ! : ' ! !
120f-=o| o VERBy,  {eboemanboronne
—.— 1/“3'{9'(‘()]

SNR [dB]

I8 6. Fike X2 CRBR & @R B4
Fig. 6. CRAB and inverse error variance of frequency tracking.

BAL 1/vad o(B)]1 7} 2] (20)-(22)0] 2]3] Al4kEl CRBE
23t ATE HQltk, 7|4 CRBE: Aeh 33te] o
$& 33 dBZ vehdct, 2l 7 ¢l e A
()2 CRB 813t} =0l F7bo]| 9= A (<)< CRB
Agre] <ol 7Hg ol Qe A ()L g o F Bt
& Uepdich 27 594 Roli= uke} o] 2 49|
o o8 BAF 1/var e B](=1/val a(k) — a(D D=
A 3RSzt $71845 AF 349 CRB AR
Aol ZHBHE 442 B, 19 69 AokE Wy
o2 1% 2ok £ d 0F B4 varleB](=
1/varl A — RHDE AZHEE87 571808 5
uk= 5274 2] CRB AHRHe] 42 28k H3HE BolA
gk 20 dB oj4ke 2 whi) AXECE, oA 4 (2222
AXEE Fabe 5232 CRBE Al BY St e] 53000 o
F AHol7) wlio]l B @A o2 sk A i



o) 270] e CRB %) G4t o wA| Ak A
o8 A

3.2. WA Holg 24 2y

AA HFolN SFE Lt A (AR 20EH B
EYg Hsia Fujpo} XL A7HHF B4 T4
Tk, B0l ARSE A F = 300839) Aulo] 11,7 knot
o] £& 2 CPA A2] 306u|Ej2 Zo] 30ul 9] $=41715
& g 24 Aot} {2 WEY Fuhe= 100k
o] A A7 Eo)7] Ao A9 LEE T B E
1 k22 thA) A&t Aot Futpe} 229
230 AMgE A3 Fukevt e 114 HeQl Y A E
o|ef Au} ¥iA} 289 33 3L 19 73t Zed, o]y
o|24¢l | =&Y Fuje= Bole i 0,457 Hz2
Ao 31749 £RRALEE 7|22 3l Heto]H
o=t 2.5816 % 10° 2.2 2| Q55 7% o) H
o|7} cheF 1.5¢1 Ae.2g ulelu|g g 113X 1072
2 A5t £3 GRtH R Auh AL S
tjahgn)7} 10 dBel AL 2§k 2AE| o2 wjeln]g R
o] e 0.12 3o E4L st

I3 82 thEFHQ CPA BT A AL 718 2R £502
Azt i3t 24 A15.0] o3t 2HEZ Y FAHE K<l
o}, ANEE B4 F7he] Zoli= 4006 B0 FEFY
& 2048 MEE Fafpo]| Bl ot 0,25 Hzolo,
AZE Bols-2 oF 222 dAE|9T) AHER TP
B S A a4 B utel Zo] A Fuee] A7
A {3 EAL 87| AT Q) 8 =t
< ¥ 5 Y Ao}, i 502 B2 S0

16

1554

&

Frequency [Hz]
5 = =
Ll -~ "

-
w

11251 l

12

0 1‘IJ b1 3;3 #‘0 E;ZI Ell.'J ?;3 Blﬂ Si] 100
Time [sec}

3 8. 5 BALASS AHES W

Fig. 8. Spectrogram of the radfated ship noise.

HIUCHEE] Fu-NE 30| WA 261

600 m

N|
1

iJf.‘.PA : 306 m

measurement ship
recelver depth : 30 m

I’
i
target ship
veloclty : 11.7 knot

a8 7. 53 g4
Fig. 7. Configuration of the measurement.

CPAE $H3he A0l 43 713l 29 9 Aljke
ojit 23} Zut HE] Fujp-AE 2H7]9) T 323
Atolcy AwEZ Y] Avtet v|wd o HXHQI
AL ~dEZ IR0 Ao} vl A, ot Y
Azt Edso] FYE ATE F& 4 k. ol ARER
B $90] CPAS B8l A FL 2 502 2228 4
% 7Fs3it,

28 102 AIQre yhi o 2 23 E 2 FE 0] WHF EA40]
ot 23004 E e digded 4159 At 5o
o, 48 A4S A& 24 Fo|th, 19 10(a)e A
10020 i3t 4 ATE RO|L (b= J& 1027429
dielg o] gt 32 Zato|ct, () 2N 502 ¥
2o H& oYX E ZH= B o2 oufj7} 3o CPAS
3R AF o 458 4 olot, 0" 2 (b)olA
Uy Zey 439 A2S F 33T 9L HY

F 9t

Ak 79L& AE2| A7ty o] & B9l &4
A3 2RE Fuhpol A A 7MY ME E4S FA
Z7 7h53ith olF SHoERE 24H ABA &

118

155

&

Frequency fHz]

@ = =
" Rl n

-
w

1125

112

S R
Time [sec)
a9 9. 3 WAARE Fol =X Fn)
Fig. 9. Frequency tracking result fer the actual radiated ship
noise.



262 EEREERX] H21H HIE (2002

Amplitude estimate
0% ~oom Thne waveform

0w W B TH TR 0 8 0w
Time [sec}

(@) M4 1% 3 Ay
{a) Total amplitude tracking result

02} - Amplitnde estimate |
05t —= Time waveform

Time [sec]

(b) L¥® XZ =4 Y
(b) Truncated amplitude tracking resuit

38 10, 2 YRS IF Y PN
Fig. 10. Amplitude tracking result for the actual ship radiated noise.

A 29 Fokest WEG) AL UE B4 2580
o|%F S92 CPAZ EN3t= A|H, & CPAE dl&3k=
2Ale] 98 7H5T RO BT QNHOE Ay
o YA ge ol A9 EWR 23g, Uk Ale)
27} HEolA g B S| WA ¥ 4 B9 T
o} Ao WF 4L HAsl ofd 7|E EY0] 93
of digt e Hel B AXE BAY + U H22 7]
=i,

V. &

2 A A 7RI S0l Rt 87 (AWGN)
AN &% JE2NE B Fohpot AR A WE
£4& 23317 A% B 20 UE Foe-AF 24
718 Ast et Abe Pjo| AZtof we} WE
Fol 2 87NN FENEREE A7ho] izt BEE o]
Lehbs Fued) A2 2| S48 FHshe a4y
& AR A A A PSS EF e EH
st

22719 & Azegulo) vl2sie], 4 =}
u]ej2] Adgef &gt dup Alh o) AgEHE F
Hp-TE 227|194 meo|E S Et S
¥ &= aemuiR S &9 5 TAH Sd @
=2 249 4 AUt

AYE e 5 duhiaka o) B4 Fue £
Folu} S} Al w 3] 22 HeE, 9 AA-Y A
o Fue 24 5ol o1 8E 4 e Aot £3 olES

o BRE SYH 84 Fuo] =58 Fopr Aol
FH3to CPAE dlF3ie] AT} g2 o2 Bd 1B E
WA oA B S AdA A 128 A
< FAL e HEAHRoH =329 Fop Holg
HAshedl ol47Hs® Aol

N CE

E 7= 200085 25353 E3M 43314 Zjej
Q)3 +PE G-

¥i1g¥

1. 8. F. La Scala and R, R, Bitmead, “Design of an extended
Kalman filter frequency tracker,” IEEE Trans, on Signal
Processing, 44 (3), 739742, 1996,

2. B, F, La Scala, R, R, Bitmead, and B, G, Quim, “An extended
Kalman filter frequency tracker for Wigh—noise environments,”
IEEE Trans, on Signal Processing, 44 (2), 431=-434, 1996,

3. S, Bitlanti and S, M, Savaresi, “On the parameterization and
design of an exiended Kaiman filler frequency tracker,”
IEEE Trans, on Aulomatic Conirof, 45 (9), 1718-1724, 2000,

4. D. More) and C, Jaufirel, "tnstable speciral line fracking
from time samples,” UDT 85 Procsedings, 330333, 1995,

5. J. R. Yoo and Y, J. Ro, “Effective delection method of
unstable acoustic signature generated from ship radiated
naise,” Journal of the Acoustical Sociely of Korea, 20 (IE),
25~30, 2001,

6, P. Tichavsky and A, Nehorai, “Comparative study of four
adaptive frequency trackers.” /EEE Trans. on Signal
Processing, 45 (6), 1473-1484, 1997,



7. S. R Dooley and A, K Nandi, “Fast frequency estimation
and tracking using Lagrange interpotation,” Electronics
Letlers, 34 (20}, 1908-1910, 1998,

8, M. S, Grewal and A, P. Andrews, Kaiman Filtering—Theory
and Practice Using MATLAB, John Wiley & Sons,, Chap, 5,
169-200, 2001,

9. G, Zhou and G, B. Giannakls, “Harmonics in Gaussian mul—
tiplicative and additive noise: Cramér—Rao bounds,” /EEE
Trans, on Signal Processing, 43 (5), 1217-1231, 1995,

SFUIE Fje-TIT S5 G 263

XX} o

oXx & F (Ro Yong~Ju)

1997 2§ BAUgn YeRUASt I

19094 2% RFd%D Y FRELR &
A

20014 2@ SZNYL Y YagHBe) 4
AR +2

* FRUEOR CIXHMRE, +BBYLSH

B3 9% &X &

® & 3 ¥ (Yoon Jong—Rak)

SDBYAULX) HISH 8L Y=
i 2EdHa HeE2E0 D

e A A (Jeon Jae—Jin)

H2SUHSK] MeH HRE AR
B WG A MYHEH



