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Abstract The characteristics of “mode decomposition matrix” for a short vertical array in an idea
waveguide model with the reflective coefficients of both sea-surface and bottom to be equal —1 are
discussed, and the approximate—analytic expression of the eigenvalues A, with the parameters D/H '(D
is the length of array, H is the depth of sea water) and n are obtained. The eigenvalues ), for a sea-
surface short array is proportional to the (4n — 1) power of a(wD/H), while the eigenvalues A, for a
sea—middle short array is proportional to a?”~!. The theory derivation we have done in this paper can
be used to explain why the ability of decomposing mode and matched-field processing are poor, and to

improve the quality of mode decomposition and the accuracy of source localization when the depth of

array is selected reasonably.
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1 C?/[Crfy)max Bt SHER
n\N | 2 3 4 5 6 7 8 9 10 11 12
1 |0.853|0.414 | 0147 | 0.043 | 0.011 [2.8e—3|6.2e—4 | 1.3e—5 [ 2.8e—5 | 5.6e—6 | 1.1e—6
2 {0.341|0.886 | 0.969 | 0.678 | 0.359 | 0.156 | 0.059 | 0.020 |6.3e—3 | 1.8¢—3 | 5.0e—4
3 0.089 | 0.445 | 0.863 | 0.998 | 0.826 | 0.539 | 0.294 | 0.140 | 0.059 | 0.023
4 0.020 | 0.161 0.486 0.839 0.999 0.911 0.677 0.428 0.238
5 4.0e-3 | 0.048 | 0.209 | 0.503 | 0.814 | 0.988 | 0.959 | 0.780
6 7.5e—4 | 1.3e—2 | 0.075 | 0.024 | 0.507 | 0.790 | 0.971
7 1.4e—4 | 3.1e—3 | 2.3e—2 | 0.097 | 0.260 | 0.506
8 2.0e—5 | 7.0e—4 | 6.8¢—3 | 0.035 | 0.115
9 4.2e—6 | 1.5e—4 | 1.8e—3 | 0.011
10 7.2e—7 [ 3.2¢—5 | 4.6e—4
11 1.2e—7 | 6.4e—6
12 2.0e—8
£2 N=38#, A =an/an-1 MHEMHE A BHE
D/H A1 /a8 A /ad A2/a’ Ag/a” A3/all A3/all
0.000 2.970 2.970 4.37e—2 4.436e—2 2.222e—5 2.222e—5
0.025 2.944 2.944 4.3Te—2 4.436e—2 2.225e—5 2.225e—5
0.050 2.871 2.871 4.38¢—2 4.436e—2 2.23le-5 2.231e-5
0.075 2.747 2.747 4.39e—2 4.436e—2 2.251e—5 2.251e—5
0.100 2.591 2.591 4.41 e—2 4.439e—2 2.270e—5 2.270e—5
0.125 2.464 2.464 4.43e—-2 4.430e—2 2.298e-5 2.298e—5
0.150 2.270 2.273 4.45e—2 4.427e—2 2.333e—5 2.333e—5
0.175 1.964 1.967 4.46e—2 4.456e—2 2.371e—5 2.371e—5
0.200 1.737 1.741 4.4Te—2 4.456e—2 2.419e—5 2.419e—5
0.225 1.518 1.531 4.4Te—2 4.425e—2 2.473e—5 2.473e—5
0.250 1.311 1.331 4.44e-2 4.393e—2 2.534e—5 2.534e—5
0.275 1.124 1.146 4.39e—-2 4.297e—2 2.604e—5 2.604e—5
0.300 0.955 0.987 4.30e-2 4.170e—2 2.681e-5 2.68le—5
0.325 0.805 0.850 4.17e~2 3.947e—2 2.760e—5 2.763e—5
0.350 0.678 0.738 3.99e—2 3.692e—2 2.849e—5 2.852e—5
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R (22) A0 (17) AW HE, ERBT ¥ b K REFE G R G 2 B

(1) 5 o XA, HEBEERE A\, o’ ZBREREHE N\, x o® 1

(2) FIEERERR, KBRNEEEMEN N Fn 48 HEHEK 2N fil 2n

XFER, FHE (1), RAKBESPEEIEASHEROSRERTETEN. £3
¥ P R BT AL BT AURR, T0 K 4 R %I R E LT U, B 1 R 2 4 SR G e A B4 A
SEEREBEIL D/H #XF, BN =3,58 . [FHE38 % 56 o 85 K8 BERT.

3 PR P A AE (A U

N | A/a | Xz/a® | Azfa® | Aafa” | As/a® | Xe/all | Az/al3 | Ag/al'® | Ag/al” | Ajo/al?
1 | 0.637

2 10.637 | 0.212

3 [1.273 | 0.212 | 0.0283

4 11.273 | 1.061 | 0.0283 | 2.91e—3

5 11910 1.061 | 0.264 | 2.91e—3 | 2.64e—4

6 | 1.910 | 2971 | 0.264 | 4.37e—2 | 2.64e—4 | 2.22e—5

7 [2.546 | 2.971 | 1.188 | 4.37e—2 | 5.81e—3 | 2.22e—5 | 1.78e—6

8 | 2.546 | 6.366 | 1.188 0.288 5.81e—3 | 6.74e—4 | 1.78e—6 | 1.3Te—T7

9 |13.183 | 6.366 | 3.735 0.288 | 5.28e—2 | 6.74e—4 | 7.12e—5 | 1.37e—7 | 1.04e—8

10} 3.183 | 11.67 | 3.735 1.250 | 5.28e—2 | 8.09e—3 | 7.12e—5 | 7.02e—6 | 1.04e—8 | 7.64e—10
11| 3.820 | 11.67 | 9.441 1.250 0.302 | 8.09e—3 | 1.09e~—3 | 7.02e—6 | 6.56e—7 | 7.64e—10
12 | 3.820 | 19.31 | 9.441 4.162 0.302 | 5.89e—2 | 1.09¢—3 | 1.33e—4 | 6.56e—7 | 5.88e—8
13 | 4.456 | 19.31 | 20.60 4.162 1.283 | 5.89e—2 | 9.86e—3 | 1.33e—4 | 1.52e—5 | 5.88e—8
14 | 4.456 | 29.71 | 20.60 11.58 1.283 0.311 9.86e—3 | 1.47e—3 | 1.52e—5 | 1.62e—6
15| 5.093 | 29.71 | 40.40 11.58 4.434 0.311 0.0632 | 1.47e—3 | 1.99e—4 | 1.62e—6
16 | 5.093 | 43.29 | 40.40 28.2 4.434 1.306 0.0632 0.0112 | 1.99e—4 | 2.51e-5
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F 4 5N R IE AR
N /\1/0 )\2/03 A3/C(5 )1.4/07 A5/Gg AG/CIH /\7/0‘13 Ag/als Ag,fa]‘? Alg/alg
1 | 0.637
2 10.637 | 0.212
3 |1.273 | 0.212 | 0.0283
4 |1.273 | 1.061 | 0.0283 | 2.91e—3
5| 1.91 | 1.061 | 0.246 | 2.91e—3 | 2.64e—4
6 | 1.91 | 2.971 | 0.246 | 4.37e~2 | 2.64e—4 | 2.22e—5
7 |2.546 | 2.971 | 1.188 | 4.37e—2 | 5.81e—3 | 2.22e—5 | 1.78e—6
8 | 2546 | 6.37 | 1.188 | 0.288 |5.81e—3 |6.74e—4 | 1.78e—6 | 1.37e—7
9 |3.183| 637 | 3.735 | 0288 |5.28¢—2|6.74e—4 | 7.12e—5 | 1.37e—7 | 1.04e—8
10 | 3.183 | 11.67 | 3.735 1.25 |5.28¢—2 | 8.09¢—3 | 7.12e—5 | 7.02¢—6 | 1.04e—8 | 7.64e—10
11| 3.82 | 11.67 | 9441 | 1.25 0.302 |8.09e—3 | 1.09¢—3 | 7.02e—6 | 6.56e—7 | 7.64e—10
12| 3.82 | 19.31 | 9.441 | 4.16 0.302 |5.89e—2 | 1.09e—3 | 1.33e—4 | 6.56e—7 | 5.88e—8
13 | 4.456 | 19.31 | 20.6 4.16 1.28 | 5.89e—2 | 9.86e—3 | 1.33e—4 | 1.52e—5 | 5.88¢—8
14 | 4.456 | 29.71 | 206 | 11.58 1.28 0.311 | 9.86e—3 | 1.47e—3 | 1.52e—5 | 1.62e—6
15 [ 5.093 | 29.71 | 40.4 | 11.58 4.43 0.311 | 0.0632 | 1.47e—3 | 1.99e—4 | 1.62¢e—6
16 | 5.093 | 43.29 | 40.4 28.2 4.43 1.31 0.0632 | 0.0112 | 1.99e—4 | 2.5le—5
1.0 /_..._— / /
0.8
Z 06 -
= 04
0.2 /
0.0 / / N L
0.0 0.2 0.4 0.6 0.8 1.0
D/H
H0 /,- L— / a8 /
08 / /
s A /1 /1 /L1
1l
Z 06
= /S /U /L1
=" / / 1/ /
* -
0.2 / / 7
0.0 P J—/ / _./ L
0.0 0.2 0.4 0.6 0.8 1.0



AMARE: HEEM FIERS BB FrIEEQEUET AKX 255

AV e s

VAVAVAN WA

FFEA (N=8)

/

LA L

'l
.8 1.0

- /[ ]
1/ /A AVANIN.

M1 WEEEN A\ M1 D/H XA

— ~ =

N
AN

504 (N=3)

//’
L //
V4

N

.- /
-/ P
R /

D/H

504 (N=5)

g 4 L
0.0 0.2 0.4 0.6 0.8 1.0

FEAA (N=8)

0.0 0.2 0.4 0.6 0.8 1.0
D/H

B2 BPEEN I\ M D/H BIXR



256 = % ¥ # 1999 &

5 4k

A SCH ep oL [6) 78R 5K AR T8 DE 88 4 MR E RS B B AE 5 R (7) R 7 an < any 6T, B3
An = an/an_y MEERIK, BF (17) . WXL, FRONBBMNBORZANEREK SN AR

MEEAEA, B Ayoca A A o (2N EI) R AL 5 o AL N RTX R,

FEBRATE R B M T 4% 58 B 2 1 B 0f A9 3% (67 1E 0% 40 AR BE 1 iR AL, AR kA4 0 BE B0 75 RE A 3%
TCRAEMEEMEEREN. 54, ARBOR, YRMNBFESEDEHEEEN, F A < a® )
B 2 FIE 1 BRI R, ERMNABEFRGHMESTHRREE, BATRERE MRS
BRI IE BRI BE 7, AT 32 5 75 U A2 oL 00 S

(A7) XBHHETEM, B PNER A\, = an/any, BEXEERBLH; £ MEURZHE o2
WIR R KIW, B A #§H, 2 D/H <0.12 B, RS ERANES RANIRE,

BIE, REAXHELESOHNRABRRKS, PERABERSZAEBET -1 WY HEERE
B, X6 IE U 40 AR 0 KA A A M 00118, WA B FRATE IASIE A 5 A 15 8 E Ik 4 R R A W&
O RS B 2 R BB R . SRR S AT A AE AR PE A0 5 B, JRRTHES N A ) A shyk SR E AR IR B S A,

$ £ X W

SHANG E C. Source depth estimation in waveguides. J. Acoust. Soc. Am., 1985; T8: 172—175
2 SHANG E C. An efficient high—resolution method of source localization processing in mode space. J. Acoust.
Soc. Am., 1989; 86: 1960-—1964

3  YANG T C. A method of range and depth estimation by modal decomposition. J. Acoust. Soc. Am., 1987;
82: 1736—1745
Wilson G R, Koch R A, Vidmar P J. Matched mode localization. J. Acoust. Soc. Am., 1988; 84(1): 310—320

5 Yang T C. Effectiveness of mode filtering: Acomparison of matched—field and matched—mode processing. J.
Acoust. Soc. Am., 1990; 87: 2072—2084

6 Bogart C W, Yang T C. Source localization with horizontal arrays in shallow water: Spatial sampling and
effective aperture. J. Acoust. Soc. Am., 1994; 96: 1677—1786

5 0 BEPKFEMIRAREN. AE¥ER, 1996; 21(4 #H)): 457—463
BAR, BEY, BiRE. —MECESBMREERFHE. B ELEAKFAERLIY, 1993
BmAR, BE, HitE SEERRAERLCEMOAREMN. A¥EIH, 1996; 21(4 #f): 493—505

10 GAO Tianfu, CHEN Yaoming, YANG Yiqing. Source localization for the matched—mode processing by a
short vertical array. Chinese Journal of Acoustics, 1996; 15(2): 157—167

11 FREEE, AR, HieH RBEEAMAKBEEMSREOME. S¥¥R, 1996 21(6): 912—921

12 CHEN Yaoming, GAO Tianfu, YANG Yiqing. Mode decomposition and source localization performance for
the short vertical array in shallow water. Chinese Journal of Acoustics, 1997; 16(2): 172—179. b H R ¥
AL, 1997; 8(2): 110

13 MRS, AR dBEERKMETHECHE. B¥FEIR, 1986; 8(3): 375386

sk A KT A BITHE R

i sin(z) BB

o0

. _ kL 2k
sin(z) = ;( 1) kD) + (A1)




3 RARME: MEERE FIE RS WEM R E RO EER 257
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mFRK (N =5):

Einn— A 0 E3 0 Eis
0 Eyp— A 0 E2q 0
E3y 0 E33 — A 0 Ess =0 (B1)
0 Es 0 Eqq — A 0
Es, 0 FEs3 0 Ess — A

EAFSIZ EEEE, b REREEN S AT

Eun—-A  Es Es 0 0
E3 E3z — A E3s 0 0
Es Ess  Ess— A 0 0 =0 (B2)
0 0 0 Ez — A Ea4
0 0 E42 Eqq — A

TR, NEETES R E:

En-A Es Ers
Es E3z — A Ess =0 (B3)
Es, Es3 Ess — A
Zill
Eao — A E
22 24 —0 (B4)
Eyo Esqa — A
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SRR RAREMS Y D . EE, % (Bl PAAKRME N ABEKE, (B3) M (B4) KB HAE

% i N AHKE, WELEES M. (BY) AP ED, i=n/2,j=0"/2, &

E® _ (1) - {sm[(t — j)m D/H] sm[(z'+.j)7r D/H]}
Y H (i—j7)«D/H (i+4)=D/H

(B5)

HE3 (6) A, MEET (-1)77 . B2 L, ZEFASCESEESNEMSMEM. (B5) M
AP 507 AEHLMEE, (UEXF0 N B N2, 4 N YBEEK, No=N/2; 4 N 45K

B, No=(N-1)/2.

2
\@ _ 05_304(,,_1)2_2,, (2n — 1)!(n — 1)! (2N2 + 2n)!
" 7r (4n = 3)M(4n — 1)!'| (2N2 —2n+1)!

FAE, 1 (18) RBF (B3) Rtk ED,i=(n+1)/2,j= (' +1)/2, &

{ sin[(i — j)x D/H] _ sin[(i +j — 1)= D/H] }

W _(_qyi-i D2
E; =(=1) G—j)"D/H (i+j-1)xD/H

H

A sine BRIFA, SRS (10) f (12) A H AR OEA:

EQ, =%c,.

7 T T

k -2t 2t
Ch, E( 1)* (2k+1)' [Z; ( :’:: ) (nj_%)% 2 (n_%) jlazk

BT (1) AP EEREEm, £EAhex8. MARFR

(m _ ﬂj)2k +(ni +n; — 1)% 22 ( ) (n; _ %)%—Zt (n _ %)zt
ZEHBRAFLEETEPHRE an

o — (2_a)“azn(n_1) 1 [ 1'2!13!-. - (n—1)! Tx
n T on(zn=1) | (2n — 1)(2n — 2)1T- - (4n — 3)"!

(2N1 '(2N1 + 2) (2N1 + 2n — 2)
(2N, — 1)1(2N, — 3)' -(2N1 —2n + 1)!

FAE (15) AT, AL (8 89T LU A

2
,\(1) _ Ea4(n_1)2_2[n_1) (271 — 3)!!(?1 — l)! (2N2 + 2n — 2)'
n =T (dn —35)1(dn —3)11| (2N2 —2n + 1)!

(B6)

(B7)

(B8)

(B9)

(B10)

(B11)

(B12)

He N £ (B3) RATHIRAWBE, 5 (BL) MK N MXRRL: 4 N ABRKMK, N=N/2; X

N h#é e, Ni=(N+1)/2.



