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Bispectral analytical method for depth identification of
radiated line spectrum sources

SONG Nannan'?, WANG Xiaoyan'*>, MEI Beining'*, AN Liang'’

(1. School of Information Science and Engineering, Southeast University, Nanjing 211189, China; 2. Key Laboratory of Underwater
Acoustic Signal Processing, Ministry of Education, Southeast University, Nanjing 211189, China)

Abstract; To address the performance limitations of surface/underwater target identification methods based on power
spectrum line amplitude fluctuations under low signal-to-noise ratio conditions, a source depth identification ap-
proach that exploits the fluctuation characteristics of radiated noise line spectra in the higher-order spectral domain
is proposed herein. This method leverages the noise suppression capability of higher-order spectra. Using spectral
analysis, the sensitivity of bispectral analysis to differences in the fluctuation of line spectra induced by variations in
the source depth was theoretically analyzed. On this basis, a bispectral line spectrum fluctuation index model was
established and used for depth identification using radiated line spectrum sources. Compared with power spectral a-
nalysis, the proposed bispectral fluctuation index expands the discriminative interval between surface and underwa-
ter sources by approximately 5. 7 times, as indicated by simulation and analysis of the sea trial data, thereby enhan-
cing the robustness of source depth identification using line spectrum fluctuation and providing significant value for
the feature extraction and identification of underwater acoustic targets.

Keywords : radiated noise; high-order spectrum; bispectral analysis; depth identification; line spectrum fluctua-

tion; feature extraction; target recognition; underwater acoustic signal processing
FULA AR S IR P T A S LB A IRBESE R A RIS R ST A M B A RS S AR S A R A

R Iy Wt i s T R Ay A R AR R B b SR AR L i B R e MR A%
S AT SR OB BE SR TR B AT R BRI RRIE RS I AR, U B 0 A R SRR A 1

B
W e HHI - 2025-06-04. M 4& 1 R B BA - 2025-06-23. Mﬂ% Eﬁﬂ/‘]“ffﬁ%&ﬁ%ﬂ %[J E 7’%‘%@ E‘JE%W?}% )

BETE IR (VARG (91938203) s P EARONL  ARGEA IR B RAILATYREE , H6 LA F B 53 K T F
% % H (2242024K30004) .

TEE RS A, 2, WA FRRUKT BAn, BAsr9TEE AR fb 2 T 20 S s i
T IGeHE £, w2 AR T A e AT N e
LR 5 AR ORI EBIA 3. Clay 4 ED] 1K F AR K IR
BIS1EE : LI E-mail : xyan@ seu. edu. cn. Eﬁﬁ&%%{%%@?&*ﬁﬁ @ﬁmﬁg E/‘Ji@’fj( i George

© (I IREE TR R A5 ) SR B A RS A



- 1610 - oK IEOT OB OR 46 5
STEHAER AR T —FRR AR AR ) R Y a= (e, @ - o]

B PRESAE R B AR A5 P i A ARG 1 6 R i P
P Wagstaff 25 $2 H T3 T 0 BRI
AWSUM F5%0, PS8 XA H Ar s 59 e s i 2
AR HIE T S AT 3 R AR A
PR T — L T s A AR AR A s S M P i
FEHRR T, MRS NS BUEM T RS
JE R AE A HE Y S35 TR B i e B R AF e B A1
PERE, DA ARS8 WA L i e R R v RE A% A
RS I T IR R S M B ]

SR , Bl 25 3T A Dol I A MO R R A &,
FHF A G MR 7 P 4 5 5 B AR B AR, v v A i 15 31
T A AR L 1 ) HE AR 5 A A R
IO, 32 B PR PR AR B o TP sz i, S0 B4R
SR LR IR A T R E T A kI
TS L B AR R B P PR IR BE R Ik 1 Pk g
Z RN R FEm

o B SR AR e EL AT 4 v S0 M 7S Y R ) HL [ B
F1 8T L 0 R BE AR A B R B g
WS A R I 23 P AR AR . I AR Ok, T R B i
(A REAE A3 T T 138 3 8 o =6 % 0 g B s 1) 40
SRR T ), I 2 S R B R A T 52
AR HARFRAE (R B AR, SRS R T 5
T A AR A3 B B — R AE flA Vg T2 /N B b A
)73, Tang %11 1T — Fb 3 1 &2 X0 Xt A
IR R AR HL S 0 25 09 H bR U O ik, B A4k
AR SINEERE| P i 43 HE R B 4% ( high resolution range
profile , HRRP ) i BUE X M U) 7 FEAESE 3 T 7K F /)
HArH g,

BEAN , RO RRAE AR 22 ) 25 40 25 6 1) 7 B 7
H ARSI 2] T A SO0 . R ok ik
T FDOSGEFRREAE A A, U 25 T B8 vERR TR 1
THIFE A 57 19 B A5 5 MR 2 B B 28 X 45 5
R SRR AR R T — i I T — 4R e R XU
(AP 28 P 28 RO B IR 3 T 358 v 1 B AR AR HE SR
Ph_EAF5T 2 BH = B i E H bR AR B ORI 0 1
H—E SR M E RSB AT AT

AR SRS 1 B i ALk 3T 1k TR X s S M e 2
VR EE I AR SS &, P2 1 T —Fp 3% 005 7
BT (%) i S s s R IR R B TR i 12 ik L )
FH v i SRR ol R A0 e 0 R ohe B SO A
S b R AR R, A SR B T AR
SR R R TR

L 3T U b U R R

BT RSN RRE RS Wik
I8 n e 5 BT BEAL S B x =[x,

1.1

X

YRR i x,
P TR LS 1 o

M, 0P IT 25 ¢y T AT
Egﬁié\%*ﬂi cklkz"'ku ﬁ‘:’:

c LT . =
kyky ook,

Elx,] =a,, r=1
Bl (x —a)(x;a)]) =cjn r=2Hir
E[(x, —a)’] =a?, r=2Hi=j
0, r=3
(1)

W n dE s HBENL L S 2 S AR B AL
fx(n) | BBHKEG B, (1,,7,,,7,.,) H:
e (7,70, 1) =0, B=3 (2)
M (1) (2) AT LA %8 3 =B S LA E B
B, e AL R Y R AR R0 Y B i
RZE, BRI, =B S DL BB e o SRR R
TR BT R TR AL R AR AR ORI =
B B2 LA L B 50 e B 22 R o R e o i T 400 o s S
Mg
1.2 MEREXFEUA
e B SR AR R R B R A T 9 12 3B R 2 B YA
FR B8 T PR 3 2 = B B A A LR R M 1 7
R [ e R AR /DT 2 B R = By
T (RPRGE ) 1A T 52 B g A ek R — s
Bt

XU e = [y 2R ) 4R s

B (0, ,0,) = z z 3 (7),7,) exp( _j;wiTi)

(3)
TR x (n) D9 B B T8 RE MEAR 5, 38 x (n) R
U7 F) 5 AR () ol L P8 45 AT 383 23 30 X (w0) I
P(w) . MAE (3) PRGERYE X, AGE ] LUHE
B (w,,w,) =X(w)X(0,))X (0, +w,) (4)
TESZBRF AL B b | WU A4 A BB iR 15 5 1Y
AR B O7 M R e, AR SO XSG 5% £ U1 R
e 52 EARRFAIE A B3 48 A0 3L 42 T 3 B3 23 BT (9
B R (4) OB BB Rk L, B
1 =0, =a, T LLRFIRGER 0514
B(w,0w)=X(0)X(0)X" (20) (5)
WA X T BRI B | 75 2R ALY 5 v
FETTRUE , A Sk AR S 8 Al T 05 3 vh i B
EP AT RGE AT
1.3 ETFIEMNLEEERERFES
BB AT SR A i S P 1550 2 (1) A
x(1) =s(1) +n(1) (6)
P es(1) = Asin (gt +@) H P R IR LGS

+0o0

=-o 7,= -0
71 72



%8

SR, 55 DL T 5 LR R

- 1611 -

A w, Tl @ 73 5 R BT 5 W R B 03 W) 4 AR
B (1) At oA B S
x(t) i RFEEAE N JF5) x(n) ,n=1,
2, ,No R o (n) A 55 HC ] 4 L o728 46 ] L)
GEIP
X(w)=S(w) + N(w) (7)
KX (0) S(w) M N(w) 7350 R KW S U5
5 BRSSO R A
F (5 IRAZ (7)), ATDARE & (n) I BLEXT
I wF
B(0,0)= (S(w) + N(@))*($"(2w) + N"(2w))
(8)
F=X ()t —2 SR W LRI x (n) HRLEXT
YA H 83 S(w) N(w) .S(20) Fl N(20) 41
Gl
B (0,0)=|S(w)[’S"(2w) +[S(w) ’N" (2w) +
S"(w)N(w)S"(2w) + S " (w)N(w)N" (2w) +
N (0)S(@w)S" (20) + N (0)S(w)N"(2w) +
[N(w) I’S*(20) + [N(@) [’N"(20)  (9)
TEMF S SR R 75 8 3 R0 P A AR R e B, AN 22
RTELE AL 0 R % £ V) UL, 38 75 5 8 53
Hro=w, 21 B (w,,0,) BAETED
H TR N o, BLIEE 5 15 5 E A A
xw, REH A2 FEH R AL IR 0,5 B, (0,,0,)
I E S(20,) WITHIE R 0, ¥ w=w,
AR (9) b AL il )5 AT LS 2] .
B (0,,0,) = ‘S(wo> ‘ZN*(zwo) +
S (wy) N(wy) N" (20,) +
N (wy)S(w,)N* (2w,) + ‘N<wo) ‘ZN*(Z(;)O) =
(S(wy) + N(@y)) (8" (@) + N (@) )N" (2,) =
X(w,) PN (20,) (10)
ML (10) FATRAE % (n) B XUEXT Y] 5
TELIE R w, AHHUEALH x (n) BB X ()
AR GHE R N(w) AKX,
e x(n) MUPREE P (o) FEEIEIR o, 201
(EWSF
P (@)= |X(w,) ” (11)
MRAE (10) , 7T LA 2]  (n) B9 XGE X U1 v
TE w, REAIHE R .
|B.(0y,0,) [= | X(w,) ”N"(20,) |=
[ X(w,) |*N(2w,) | (12)
il (11) |, (12) AlAS BGE XS/ U) i AR (E
TE w, Ab 55 T 05 5 10 T 8385 3 LA 75 00 1% 7E 20,
WEELME [ N(20,) | o # N(w) MR 20, Kb
ERXF 1,0 B (w0, 0,) BB AE K F ) F 3%
P (w,) , BLB [N(2w,) |55 00 T — AR A 7, fiE

G TR R LA AR IR R A
T B Al T XGE I, D255 FOXUE X £ 1)
ROt 285 R

var{ P (o) | T

N P () (13)

var{B (w,,0,)}| =

2M];T(1 - %) P(0,)P(0,) P, +,) (14)

A T=1/f, JRAERIG ; M T RS N 9k
FEFFHN S RB AR 2 D FIR AN ES RN o, &
BREHN aM,

o=, A (13) (14), ATLIE S 7ELR
TN w, Ak 1) ) 5% FOBUE X A R Ak i
ZN

M’T

Varfpx(wo)} = N Pz(wo) (15)

mMT
N

var{ B (w,,0,) | =2 (1 —Ag?)lﬂ(a%)])(Zwo)

(16)
A (15) .(16) ATLATS 5],
e
HTMHE2 NFFINEZRE o WERER
[0,1],#2(1 - a/2) WHEAE [ 1,2], KL,
x(n) S P (w) TE 20, S BUE K T 1
I, SGE XA PR TR LB R w, AL T7 226 KT
ARG 7 2 | I 2R 3 451 A< Ak i AR AR 3] 1
B, BIERE P (o) 1 20, 5L B T 8K
W AR BAE AR R AR TR
TEARARAL | XU B X8 £ U1 AR S A B R, PR AR
15 W LUV VE PR T 1T LA D00 X8 £ U 1 108 R 1
IR R R AR, D 2 IR TR B R AR A T H S
oAl
1.4 BETIERLIERREPRGE
AR SCHERGE X V)R S T 28 S AR 1 4R
TS 28 5 0 B AR 8 2K (line spectrum fluctuation
index , LSFI) B 8 AR5 & ) 32 HH —Fh 36 T XG40 B
MY LI BE BRI
KR S R SRR S« (n) 1E DFT J5 452 5 51
X(k) ,RIEL (5), 18 «(n) FIXGEXT YA B,
(k,k) BB, (k, k) TELIEW XN ko AL RIRLE
AT LA B 00E XS A VIR LA iR B (k) -
B(ky) = |B.(k,k) [, (18)
Ao AR TR S R RGE T A U0 B2 IR P A
B(m) .45 B(m) 3 HIh Q DREN L 15, M
L2 TR ESKERN K KBS ¢ TP 50
1E B,(m,) ,1+(L-K) (¢g-1) sm,<2L+(L-K) (¢~




£ 1612 - woOR W T OB K % % 5 46 %
1),¢=1,2,, Q. TR T I — K 7T

PR M, () M =Brm-F- R % My (q)

1 L+(q-1)(L-K)

W)= Bm)  (19)
k= 1+ (= 1) (LK)
| LD LK) \ -+
wio= | (B,(m) 17
ky=1+(g=1) (L-K)

(20)

TR A 7 7 91 1Y X5 2635 iR 2 AR 95 4L
( bispectral line spectrum fluctuation index , BLSFI) , 15
Ff¥) BLSFI(q) M
M, (q)
M;(q)

GEiTITA F 75 1 BLSFI(q) #8514 (4
%P j‘j

BLSFI(q) = (21)

_ M{BLSFI(q) > A}
Q

S MY - | R G R USSR Y A R R
EARFEEOT I PR TFETITR A A4

HRAE p (II/INAT LAXTER 3% 64T — o0 iR B BN,
W p>0. 5, 4R SR 2838 T oK i H b, sz
J&TKF HEx,
2 RIEAT T R E
2.1 BEEESRATIEXYAEYH &S

T 0 FL AT BT A B AR AT R LU RS R XU X 1 U
REITERE, PR S, BT 400 Hz i {5 5 LG5
S FEATS MR LI R -20 B, M VR SRR AR U R
e T MR R BRI SRR RN 3.2 kHaz, (55 R AR
ZERFRIA 300 s,

D EARRN IR S, RIS B anE 1(a)
Fim o BOSGE X D) R AR A5 B B R S, & 4T
HSERH— L EEME 1(b) iR, B 1(a)
400 Hz ZR3% (5 5 52 W BEAE IR B M vp 5 2 40
AT p A R A — AR BE BB 3 T 400 Hz 2838 4k 1 1
—AbIERE T 1(b) H 400 Hz 2633 5 i i, (A
DB A AL 1 5 — AR BE = T 400 Hz 2835 4b
M —ABIEEE . ANEL 1(b) ] LI i, B B %t £
Yl B TSR A8 e TRl 68 71, 26 X0E X M U
i A EL I v B T R 7 5 A IR AR, 4 A T
LioR SN RSO

BEHC 1 s IEAHITE A 1 s B 3E, 715 300 s {5
5 R RS B[] P A Ty ek FURGRE X AR V) g
T 6 2 APkl T I — 1L 5 5 20 LOFAR N
K2 B, M2 Fal DLE Y 70 3015 M L A 2R
BR TGS XA A A9 LOFAR [ERERSTE 507
T B ARG b A o e 30 A A R MRS L 11
H 2 ISR RS

(22)

BB /10> Hz
(a) FFIRS, K AHE S M

0 2 4 6 8 10
BUA/10° He
(b) FFIRS, BIHME S RGN AT A HAE

1 FiES, RFESEARIE ENE—KIRE
Fig.1 Normalized amplitudes of signal emitted by acous-

tic source S, over different spectra

AER/dB

0
-10
‘ -20
200 30
2150 | 40

. |
100 [ %0
-60
70

300 350 400 450
Fi%/Hz
(a) L F IR

HER/dB

300 = 0
250 o
-20
200 = I _30
L 150 = : ] -40

= 1-
100E = | §°
= 7 ‘ -60
50 i; = - -70
0 EEL e = = =] -80

300 35 400 450 500
P /Hz

(b) FETFXGEXS Y] A BE &=
2 ETFEEMETIGEX AT e EiEH LOFAR

Fig.2 Lofargrams based on power spectra and bispectral
diagonal slice energy spectra



%58 A, 5 U 4T )4 S I P 2R R B BN - 1613 -
2.2 BETERE TRME&EHERISES Kl 5(b) s,
T A BT R T S MR R A 2 A AR 30
m1% N N Y SN — e %3
HEPE P Kraken B0 20 ERIHE , R 152 o 75 At
L R e 8 oA A
B KT IR TREE RN 5 m, KT IRIRE R e, 65
50 m, ZK I A PR AT 75 U5 A IR B 2 & A RO i 30 50 100 150 200 250 300
ST R, KT S, B 21 Ha 2R © C v
s _ . e o X
S OK A S, R 23 He &35 5,2 LiEE 51 2 4ol
FEH R MR LLIA A 0 dB WV IR MR P 1 B = §
ol | R R KN 3 B, %
_80g 27750 100 150 200 250 300
g 70t t/s
£ (a) KIS,
560} 85¢
g - ik
;:i 50+ = 80
=, 25l
J:EL% Y 75
gg A %50 100 150 200 250 300
20 . . . . t/s
10! 102 10° 10° 10° 651 .
Y51/ Hz - XK R
Z 601
B3 EEINERAEILER §
Fig.3 Spectral level diagram of ocean ambient noise S 33
TERRSHE S TR FXGE v A U A g i 50 100 150 200 250 300
P 7 U A AR A 1) 2 i 1 A PR B O, A5 31 Y £ ) ktT/S*‘JES
NN N N . J S,
TRl Lk B 5 AL A0 AR 4 BT "
TR R RN e A 5 B4 ETHEERETIGEN YK R iEN S EER
1R 3T EE

R 1R, WRIBTTLE AT I35 BGE )
FAUD BB 1 T LUK /K T IR K T P ) ) 2 i
AEE R 2E IR TI 2 11.7 dB, XFF/KmEAIR S, &
SIHY 21 Hz 26385 ARECT D305 XGEX A U1 R e &
T AR TH P R S AR RO T 49 13,5 dB; X T
KRS, KB 23 He Ziif, M4 T T 3455 , W
TEXS A YD BE R R KT AR A AR EOR T2
1.8 dB,
R 1 HEFREMIEN A EEILHZ&IE R RIEREXT T

Table 1  Peak-valley comparison in fluctuation between

power spectrum and bispectral diagonal slice en-

ergy spectrum dB
- YRR W& AV R Be i
JFR ~ S A 7N
VR AIE/ VA E R A/ A
JKTE IR S, 75.6/65.4/10.2 45.8/22.1/23.7
KA S, 82.5/74.8/7.7 61.7/52.2/9.5

PG 2.2 5 48 o ik, 2 HCF R A K
L=50, 4145 2 A~ FF I B & %N 98% , 115415 5
(1) 222 Wi F Dl 3k 1 /K T K R A IR 35 1) LSFI
EARFEEANE 5(a) Fraw, 222 Wik T RGE X M 5] A
RERIEAY/K T K T A JR LR 5% A BLSFI &1k 35 B

Fig.4 Comparison of line spectral fluctuations based on
power spectrum and bispectral diagonal slice ener-

gy spectrum
Bl 5 (a) H 3k F DR 45 10 K /K T 7R R 2R
ARG TBRE A A HUEERFI N[ 1.108,1. 1117,
R X 8] B BEAY A 0. 0035 & 5 (b)) AR T B0 Rt
AU RBE 3% B 2K /2K T 7 R A S ]
FRAE A B BUEE RN [ 1. 153, 1. 662 ] , A %X [H] 9
FEY R 2 0.509, HETEGNIRESN L,
Jr e B g ) e T B AT AR Y R TR T
0. 506, & W 5L T 008 % /1 V) 66 £ 3% 19 BLSFI 458
ELRE % AT A5 1 0 K T 55 7K 238 A AR R Y
X3,
3 IR
T BRI T AR ARG X U0 R b BRI AE B
STHFPEIREE G B AR ERAE BRI BE , 76 b R i
WK IR T T s, A K B 138 m, 1
AL N 1 547 m/s; FER)ZTE 8 ~90 m, 75
1 547 m/s J/NE 1519 m/s; FB90~138 m i)
F1519 m/s, WK H 1531 m/s, B E p



- 1614 - oK BT

1 583 kg/m’ , IR A KL a=0. 168 dB/(km-Hz) ,

125y — EURES m
=== A RS0 m
120}
=115,
—
Pl r'""'* PR Y N ¥, ‘k‘\
”O”" e el i
1.05 T : ' '
0 50 100 150 200 250
e
(a) T35
5ol —-—FURRES0 m
2.0
=18}
4
ml6+F
14}
]2 L - PPN e -
1.0 : - : - ;
0 50 100 150 200 250
i

(b) BLHEXS AU R REfL IS

B 5 skEKTHERELIERNERELY
Fig. 5 Line spectrum fluctuation index for surface and

underwater sources

TR 6 T B2 UG 4 16 1 7T B9 150 30 B | 3 56
AT BRI 1 AR 10 m B9 AR S, B
Ui, RS, R 21 Hz IR R 158.8 dB 1Y
LIEfES, S BHARM 1 Z 0 248
4.5 km; HERME 2 #5750 50 m 0K S, I
Wi, AEUR S, &R N 23 Hz YR N 158.8 dB 1Y
LI E S, B S HARM 2 Z M A BB 20
4.0 km,

BRI 16 Mooy 1740 B2 5 5307, #K
BRI (5 5 RS & S R N 19 170 s B e 40U
S TR S, RS 21 He RS S RIAE IR S, &
S 23 Hz 2315 5, 15 2 93— 1k LOFAR &
K6 i,

M 6 HAT UF Y 3T 3G % U RA5- 51 1)
LOFAR X 7 B4 58 Wt s 5L A5 558 i %) 100 ) VB
RERE AT R AR T e e s B M, B 6 () 7E
21 Hz SR A 03 e A4 T 18 6 (a) WA 52,
& 6 (d) £ 23 Hz SR AL (3% LM 5 T 18 6
(b) HAL T iy o A 52 | X — &5 SR 5 LS 45
HEFE

FED R RO £ V) 7 R B 3% bt e 8 % G
W% 21,23 Haz AR TE AT BRI O 15 3 1 2
Al B ) A A LN & 7 i

AEm/dB

160 f 0
140 10
120 ~20
100 30
< 80 -40
60 =50
40 B8 -60
20§ | 70
200 215 20 O

Y0 205
PR/ Hz
(@) LT K (RS, )

160 fIF
1401
120
100

230 235
W% /Hz
(b) LT3 (7S,

fitt/dB
T m 0

ﬂ-"i;"'}f
: :.

215

200
W%/ Hz
(o) SETFRGH XY A BERLE (FHUS,)

fEit/dB

bo 25 230 235 240 W
B/ Hz
(d) ST A 0 RE AL (7S,
6 ETFHREMEFREAYH 2L LOFAR
B (i)

Fig. 6 Lofargrams based on power spectra and bispectral

diagonal slice energy spectra (sea trial data)
JE T TR RE R IR I R A A, 45 2R
2 PR, MBS AR, N0E X U] Fr e el



SR, 55 DL T 5 LR R

- 1615 -

DLBE /K TP I AK R 7 5 ] i 400 R B R 22 B 4
T2 19.6 dB, X TIOKME AR S, K509 21 Hz £k
T AT IR NG X M Y] A RE R R 2R R R
ISR T 29 21. 4 dB; X TAK TR S, K45
(%) 23 Hz Zil , AT 335 SUEXT Y0 ag it 1%
PLGE AR EREOR T2 1.8 dB, A UL, X T
KRR T HER, BUE X Y0 A Be 2 1S 34 BE 5 4 2%
I I ER T AR R R

100 1

A

951 M\\/v\,”&x,‘“

it

t/s

900 20 40 60 80 100 120 140 160 180
t/s
(a) /KIS,

106
TR
m yi| % e
2105 A A
) N PN A Vi
B o4 AT
8
103 ; ; ' ; ’ : ' ! .
0 20 40 60 80 100 120 140 160 180
t/s
158 -
XY R
% 157§ ’\/V
5156 | i
4
155 ]
154

0 20 40 60 80 100 120 140 160 180
t/s
(b) /KRS,

E7 EFHHREMEFIEN AR ESENKITER
ESLXT b (X AR )

Fig.7 Comparison of line spectral fluctuations based on
power spectrum and bispectral diagonal slice ener-
gy spectrum ( sea trial data)

xR2 DEEMIENBITAFESENRITERES
EXTEE (R EIR)

Table 2  Peak-valley comparison in fluctuation between
power spectrum and bispectral diagonal slice en-
ergy spectrum ( sea trial data) dB

— IEST XX U1 R e i
W B AHE/ WA W fE A W B
KA S, 96.1/85.0/11. 1 127.7/95.2/32.5
KEAPES,  104.8/103.8/1.0 157.6/154.8/2. 8

AT UE XS F 1) 1 B Ak 18 X K T AR 9 2
FE AR 73 (R ok LU LXK R E bR 2k it R 1 45
EACREE I T 19.6 dB Ze 47, 3 Uk W XU X £A 1)

RIS RENE A AT X ™ AR TR 7K 7 H AR
PRSI, XS Re R R BRIk i H
b, B RS 2™ W R ARRRE | X T2k it
EAREINAKT B AR, BUE B AR B RE W 7 — & f
bt i HGRARRRAE (R R P K Tk i H AR,
X —AG X PR R Y AR T DA K T RNK R 2R
H AR AR R 22 57 0 . AR R R X 2 BE o v

PEBCT P HIKE L=50, M58 2 T 91 1) &
FoH98% ,HASRNAY 119 Wik T IR K m K
A RZE Y LSFL 488U & 8 (a) Bz, 119 Wik T
BN 1Y) R RE s IS A K T KR RS Y BLS-
FI $8%0ini& 8(b) Fiok

— PR 10m
== FEREESO m

LO0™==50""""30"""60 80 100 120
i
(a) Vi
55, A
el — A0 m
~ —= A YIATESO m
451
40}
=35
B30t
254
2.0
15}
1.0

0 20 40 60 80 100 120

5
(b) RS LT AR R
B8 JKE.KTHEERLEMERIER (BiXEE)
Fig. 8 Line spectrum fluctuation index for surface and

underwater sources (sea trial data)
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