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Low frequency line spectrum detection based on generalized
Gaussian noise model
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Abstract: The problem of line spectrum detection in shallow water is investigated in this paper. The statistics of ambient
noise recorded in sea trials is firstly analyzed by distribution fitting and Kolmogorov-Smirnov test, and the generalized
Gaussian distribution is proved to be an appropriate model for ambient noise modeling. Thereafter, the generalized
maximum likelihood detector (MLD) and asymptotic detector are deduced and the maximum likelihood estimation of
frequency is proposed under the assumption of weak signal. The performances of three types of line spectrum detectors
have been verified by simulation, and the results show that the accuracy of noise model plays an important role for signal

detection and the MLD is an optimal one for line spectrum detection in ambient noise.
Key words: generalized Gaussian distribution; Line spectrum detection; maximum likelihood estimation
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Fig.1 Probability density function of generalized Gaussian distribution
with zero mean and unit standard variance
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Fig.2 Curve fitting result based generalized Gaussian distribution
assumption(u=0, 6=0.32, ¢c=2.2)
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Fig.3 Cumulative distribution function of ambient noise (comparison
of measured result and theoretical prediction)

PR IR ST 75 e TR, MR A R B S8 E
T3 7R R A5 I 2200t RASRAS V7745 31
3 Dy PR oA () R AR R pR K, ez W
7KF- 0.01 ) Kolmogorov-Smirnov K%

DRI, SR H T S 0 23 A 0 PR e s 8 v
TR A BRI, AR AT DA 5 i I e e
eise, [RINE T A A S, Al e
IRERH WL kg A geah, T SR
AT R85 B i B AR B2, DAL, wlRAG
TG UK B AR A 0 225

2 U e AR

MRAEAL GG SRS, KU 2 A5 S A

DAYy <
Hy:x(t)=w(?)

{lex<r>=s<t)+w<r> @
K, x(2) ~ s (2) R w(e) 53 3k K Wr 28 i B B
G Mg H KW s R )2 Al 75, H oA
I Wr F B s H [R] B A 5 o T s

MR e FIRIAGE I S SRR A, JE B Ak
PRTTAE, R FREEME SR XA, FEAR
AL A& M7 7] 43 A1 (Independent  Identical Distribu-
tion, L1.D)4c 1.

PN AT RENFEA, $ L5 0 A

r=[x(1),x(2),~x(N)] (5)
U2 5500 1 P BEE £ MR35 R KON «
Lﬂﬁﬂjf&@» (6)

HETT, T ASHBLAR LA 2™ «
Hf(r;Hl) {277_)]_]1

)= ————

l;llf(r5Ho)

<y,—H, Q)



2 ]

W75 BE S5 BT ) SO 3 e AR R (Y (A 1 A 131

A 1(x) 20 MEESH i P o e I ALLAR EE, ), A
WG MR R B,y AR

ARSI PR LA R B S, MRS [
I AT BB ANAUIR EEASIN R4 S dpe AR 5

3 iR

KN H FRFR S e P A (AR AR 2 i X LA B, HL
HA R fRa i, TR A TRAUE 1 B 2
RN EE . femeib RS, AMUE T35 K
A AT 3 A I B PR B B, R IO T 3 e AR A
RN A . T T EAARHE T S g A Ik
PRSI 2 o

Ha(4), EHUE LAY .

H,:x[n]=w[n]

{lex[n]zAsin(2nfn+¢)+w[n]=s[n]+w[n] ()
K Ay R RN EIEE 5 TR 13—t
H(f=folf S B L RS SRS Ay
s wn] AIEEE S .
3.1 B K{AFAEEAG 25

s LLD i, USRECRREA

(r)="=—% 9

PN RTS8 M T A
HIR I G4
T (r)="{lx[n] —|x[n]-s[n]} (10)

3.2 EmEREN 2R
MRS (T, r R0y fERE— DAk
T, 45 2RI 28 -
T 4=1, WfH
e [n]=s[n] =|x [n][ —csgn (x[a]) e [n] " s[n]  (11)
EAADRAK10), FFrE LS e, A

(1)~ 3sen (LD ol s ] (12)

it BT S, s X (10) (12)R A SN 2k
TN, AUE AT I R S HL, IR R TR
FHE AR HE ™

4 T RERER G 107 IR R I A
(Maximum Likelihood Detector in Gaussian Noise,
MLDG, 7 i 75 o ) e A 0 4 )+ e R ABL ARSI
#r(Maximum Likelihood Detector in Generalized
Gaussian Noise, MLDGG)FI#i T £l #% (Asymptotic

—MLDG
--= MLDGG
0.8{]==-ADGG
3 0.6
%
04r
0.2
‘.ff
0 A ey
-15 -10 5 5
frilL/dB

B4 S g rh 2R KA I PE RE (P =107
Fig.4 Detection performance of line spectrum detectors in generalized
Gaussian noise (P;=10*)
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