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Abstract

The SPICE (Sparse Iterative Covariance-based Estimation) algorithm estimates the azimuth angle by applying a sparse recovery
method to the covariance matrix in the time domain. In this paper, we show how the SPICE algorithm, which was originally formulated
in the time domain, can be extended to the frequency domain. Furthermore, we demonstrate, through numerical results, that the
performance of the proposed algorithm is superior to that of the conventional frequency domain algorithm.

Key words: Passive Sonar, Tone Signal, DOA Estimation, Compressive Beamforming, SPICE Algorithm

[N 2 FHAQ A15 34 glol B4 P2 40 e
2 SpSF Lz Fol vlste] Aol He Aol 9)
UMY 7S AFH BH w7 2970 2 2 =Ro At 7)Ee] AZYeelA) T SPICE 41
A2 NE9 24 (anit)S oGt B WALE  2)ze Fue geloz B A Fo4 ool
T 4EA e HolE A

Tt e FEIIL, o1& SPICE &gl 4
T 2

FANEIZ g4k A2 fitting WA 02 YAAHIE. agtozn Fug JAANE Y TueFe TAY
SpSF(Sparse Spectrum Fitting) %72 &3} SPICE &7 T USS Btk Fa Gl SPICE ¢aEF9)
Zhe g gdo FEA A fitting 7|9 T2t 4 & A A FA AsE Loty S8 AFH 24
e Eo1tgb, SpSF L2 &S sparse recoveryS T8 3} A7t F4 <4859 CBF(Conventional Beamforming),
7] flsted XA HASE ok stEE ALkl MVDR (Minimum Variance Distortionless Response) &1.2]
St Wh SPICE ¥3 252 WHEA| iteration) = 53l Z3} vy B S HIBHe

o] AT FPHTATFA] (UL wol 58 = 12(UD160015DD).,

AZt gt B 525 87 Department of Information and Communication Engineering, Sejong University)
#1318 3 4~ (Agency for Defense Development)
- Manuscript received February 1, 2018 ; Revised March 23, 2018 ; Accepted July 5, 2018. (ID No. 20180201-016)
+ Corresponding Author: Joon-Ho Lee (e-mail: joonhlee@sejong.ac.kr)

560 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



I.= &
MY ANE TAE Agudo A A8 bolH
y(t)E b3} o] £33 5 Qo

Ny
y(t)= Dlays, () +nt), t=1,-,T

o (1)
y(t) = [y, (t)7""yM(t)]TE oMl (2
ak:[al(Gk),...,aM(ek)]T,k:1’...Ng 3)
n(t) = [ny (t),-,n,, ()] 7e cM! @

Al QI ol M A Al
o, BT JJ5E Nolth 5, (1)E 6,2 QA A%
o, g, AN $HE TI A& AA ofdlo] Wl
o n(t)s FFo] 00]7 BAL 520 AFRTE n}2
L oAgUsE 4EoR 2t Aot

SPICE ¥ &< %"l‘i:i ol sparse recovery 71
% x%&a}oiyﬂ oy z}rE z;sxo 0]._4 7]1:1—10]1:}- /\/\]
W SPICE €3e]Fel #-&3s}of
A7zks FAsHE AHFGX e 4l HolH

o A gEE Fasfol

1_,
_‘

fu
rE
o,
rot,
o
ol
S

AZEg e FANE FES AT Apol=e o
b

block®.Z UF ¥, 7t block ¥ 2 FFT(Fast Fourier Trans-
form)E FHFOEN Fub¢ GHO R Wdhsty AAE
AL tone A1 S7F A= bind] HlolHE o]&3te] MEHE
A gk

A A5 P v, e 2ol 447} 7}36]-1:}_
Y,b:[yb(fl)"“’yb(fN)] (5)

2 Sy N FFTS] Zolth Fok5 S elo|A] puls
blocke] 441 415 WE Y, (f,) & T 2ol et

Yy () =Y (F)s 0 Yy (f:)] (6)

Tone YA Z o] that F34 oJf SPICE ¥1E&E

2 blockell T& 5 joie] AT MEE o)
sl T34 Qole) $ANE YA TR T4 o

oo A AP L et o] ek BE block 7}
ol

o2 I A%
3 ol A9+ Aok
ELS,(0)S7® )] = py5, .5, ®)
o4 0 . 0
ENONT®) =972 Vs,
0 0--oy
5 = [1’ b=1b
b,b 0, elsewhere )
GAE HHo®E 7o FEA gEL U 2o &
a4 g 5k

R=4
A% Pe a3t 2ol 4E 5 Sl
A

= {alv"'vaxe IM]

— {al,---,axy GIA\'0+17"'7GN{,+M] (11)
(P O oo cor e 0
0
P = OpNH 0
O ceeees eee O e 0
[V IRESRTTIR TR
DL O e e 0
0Py 0 - 0
0~ :
— 0 e by, 0
O corvee aen pN9+1 0
[0 e e < PN,+ M| (12)

561



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 7, Jul. 2018.

(13)

%3 7} sparsest U
e ZEoEN T4 W97t

B el A S FEAURTE >
el AFORA T ool FRU T
[e)

-4
mlo oN pot <

% ?Lﬁdfzﬁ‘r. & %‘lﬂ =< °

0,=0,="=0,=0

Step1 Matrix P initialization. (Estimated value obtained by using Beamforming, MUSIC)

Hp -1
W, = 3, R7a, ¢ R R . .
Step2 M L T =1..,N,
[ 4
Nooll : signal power update
:/: Z ll'; "
km N1
UR ()R]
% 0]
P -IR2 : noise power update
C,=PAR'R power uj

"
p(:|:an‘ e, |+ Zc [ |
Repeat ‘step2’ and update the value of rho until rho converages
I8 1. P 48L QuelESRE 34
Fig. 1. The process of updating P matrix.
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Table 1. Simulation parameters.

2. Aol =4
Table 2. Simulation condition.

Freq. [Hz] | Angle [Deg.] | SNR [dB] | Sensor | Block
Case | ;?)g [30°, 75°] 0 15 15
Case 2 7;3(')9 [30°, 75°] 2 15 15
Case 3 ggg [30°, 75°] -5 15 15

Design frequency [Hz] 800

# of snapshot in time domain 2,048

Length of FFT 2,048

Velocity of sound wave [m/s] 1,500

Interelement space d A2
Search range [deg.] 0°~180°
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Fig. 2. Spectrum of algorithms in the frequency domain(Case 1).
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Fig. 3. Spectrum of algorithms in the frequency domain(Case 2).
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Fig. 4. Spectrum of algorithis in the frequency domain(Case 3).
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Fig. 5. MSE value according to SNR.
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Table 3. Opteration time of SPICE and SpSF.

Algorithms Operation time (sec)
SPICE 0.5528
SpSF 96.6935
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