[ DA N e 3

Journal of Northwestern Polytechnical University

Oct.
Vol.43

2025 4F 10 H
FA3HEESH

2025
No.5

https.//doi.org/10.1051/jnwpu/20254351014

E T cLSTM-AM g m /K (K50 = in HE E R B
MBI, EakE ) AN, FEE MR, AMER, A ERE

LR PERE MR AR BB 3 8 5 S2 80 = (PR TR, ide 2 430063
2. RIHL T K2 MG SHRETR SN h TRE2ERE, Wit 2t 430063 ;
3. R RS B BR A B EE-E— ORISER, Widt BB 443003

 OE . AHE E KRR E S B AR AE ARG AT R R EARE A BT s
BAREAE T AU B KA H T W LB A (cLSTM-AM) A 2 IL KSR AT K T 4 M4 (VAR A 5
HBARRE) FFe 50 B R R IEIR . AR T cLSTM-AM AR ¢4 F ik RIE EREFIZEE S
AU AR 6 20 FodRAE | A BRI IE AL R M A 09 3847, R AAG A M SR TR H T2k 7
Ty ik it BRI IR0 B g i R IR AL 09 B R RGBT AR BREAIEE 1AL
#1649 cLSTM-AM A8 T 5 AR 69 LSTM-AM BEA fo T2 & A AL 89 cLSTM AR A BE4T T 3d b if45 | &
I, cLSTM-AM B A AL A AF ey FRml b gt | SR B A R G | LT3 B atiz £ 3 7 AR £ Fo R 3L
A& R A A 0.019,0.035 #2 0.933, B3l T 4% A 3% 77 i il B Kol b HAKIR ZARSR L A A % 7 24
MR AR RS0 AR 4 cLSTM-AM AR 9| 2543 3| 69 KB 5 7 7 K b B A e B 35X I 4
PEHEAT AT IE | 43 B IZARSRAE R AL R 3 B A 5o R ARSI B89 B M R AR A8, AR AL )G | T3 3t

iR E AR E AR REAE X B4 304 0.008,0.012 F= 0.993,

x #
FE SRS TB52°9 MERFRAERD: A

I VLA P RS P U R P — R K S T
T S SR 0 1 o DROR I R AR B 1) 7 22
PRSI TR TP By AL, PHAMRABIR SRR 840
TR ARR T R T P I v ) 2 AR R [T
RO, FEN ToK RS 77K R 75 2 e A
M P EE AL R R D C 4
A HL I B, Y ETOC T T K A A
MR ATk FE 4R 2 MR Jr I, — 22k
MK MR LY S — WA K A R
20T AT R T R RO A AR RS
I FH A R, J5 3 32 BT S b R/ INFIE 75 i R B
S A3 e AR L A 3 40 2 I 3 45 e, ARR00G

Wr#s B 87 :2024-11-21

E&WA . EEESUE TR (2023YFC2811900) 5 H 5 [ R Bl 5
ST 30 H (52271291) % B

YEZ /A M R (2001—) B #5824

BEMERE: LD (1986—) , Hid%

e-mail ; xianzhongwang00@ gmail.com

8l B R AR B HER  EE AR AR E ket
X E S :1000-2758(2025)05-1014-08

FRAEIN T e O, T 7 AR TR N 7 A e A
g P [ I R AR R R, e A
TR HAPRAT P 37 T4 [ R, S A 7K S i i PR B BR A
JERRB T EvRe H 7 AR R 2T TR A
I A K TR R H i S A OB AR MRS
FEN T 7K it b (o K T 250 545 21 R 7K R
SRR AR RS 2 P %) A e AT DA Ry B4 < I
RS | BT Rl NS P A Sk Y ey TR W e
AR SE SRS RS 5 7 I TGO, i I 2]
P A B AT S A RRAE SR KT 25
Yyrs gt DL S i ), RIVZE R e 1 3 7 R A
TS T G540 W) 52 PR B B JIT 7 A B 7 2 ) g
P P, FEALAS 5 20 48 N T8 g 4l 20 & e 1
TR, BE2EBE )8 AT LR R 2 2 b i 1]
JF G0 TR0 S, AT v o A AL f 75 2 i) o7 D1 2
KT , ST IRAE AT B 25 W by A F5000 R R ) B
(5] F7 51 PN A AU AT 1 (8] )RR A 1 3 - 2451 ( ARI-
MA) 7 = H 5 HOF WA Y ( Holt-Winters ) ™00 [



4551

M FLA, 55« T cLSTM-AM Y 7 7K o A0t 75 7 4 i A A

BB RS (VAR) PR I 12 A A
(LSTM) 75, Horpr | LSTM A5 B K HC g st A Y 7 5 51
REAESEU3I R F0I S0 ELAT AR A

AW B SRS B P 32 R LA I = A T
KU SHGHAT TR SR, WA ATFFERIR,
] PN T P 7K R 3 8 AR oK i g, B R 2
FEHITE 2 000~3 000 Hz, #843 AL 115 7 7K it 4 1 A5
HRIE 1000~ 1 500 Hz, TAF A il P QI 7 28 50
e ATk 0.98 LA b, AT R AW PEfE, 2R,
FEAR AR LT A B, 3AH 1 H 3 SR (A T 7S
Kt HOHE L S B 33 25 AROEK P I 55 M
St e — s BRI

PRI AR SCHE I N7 1 —Fiala A T P
(attention mechanism, AM ) B9 % FH 5 K 8 1212 K
2% ( convolutional long short-term memory , cLSTM) , &
FEIH P KU TP A PR S, A SO A e
VE KT S5 A4 4 M B AT 0 B, 1 5 R T B
PTTEARAG KT B AL SR S5 b 75 i S e 4, DAAR
TR TR 54T A v P e R8s v ot e, ORI ]
cLSTM-AM HRUBEAT I 2, 52 S ok B AL Ak, IF
5 LSTM-AM R4 HI cLSTM BEARS A 7% 1Al ]
FE , R BB 7 ¥5 3R AT K T B A 52 IR 2 4ty 75
BB 4E | IR R cLSTM-AM BERIBEAT I 2%, #%
JEAETH AR K P AT P RO, U — e Ak B R
FITAS B 7 R G515 0 F AN 2k B 45 74 R SRtk A T
XL

1 cLSTM-AM (K iEiEE

1.1 HikREE

ARAFF ST BT R cLSTM-AM AR A3 4 Ja R 75 5
FHEEAHZE W 25 (recurrent neural networks, RNN) [1Y
— AR R v S B A T ) R S AR T
LSTM AR il 5 45 AR AN R AL 2 X LSTM A
Rk — 25 ek | DI 3 %0 5 97 Hh AR ik 19 G T
PR

LSTM #8Y 5z A2 BT i AT it 1] g
SR VAR LA BRI 1] P 91 v R OS5 R TE 1
AN )25 A i A KSR A — I 20 A RS TR
BICICIRAS  IFAR HE BT B 1A RS AN b — B 20 1
i R Y ET 20 A T 1 R

3 AR 1A T AE B SR Y B, B LSTM
YOCAERTZ ¢ BT AR

- 1015 -
X,
hl
G
El 1 LSTM #EAIZ5

f;:o-(Wf'[ht—l,Xt:I +bf) (1)
i[ :O-(Wi : [ht—HX[} + b;) (2)
C, =tanh(W, « [h_,X,] +b,) (3)
CL :ﬁ ® Ct—l + il ® Cl (4’)
Ol:U(WU'[h[fl?Xl} +bu> <5)
h, =0, ® tanh(C,) (6)

bW W W, W, BT ] AT S
Mg B0 TOIR 2 B R AR B 5, b, ,b, ,b, 535 Ry st
SRR DR S B TR A ) D
i,,C, 0, 43 HIXF R 24 i A 220 4 B R A L B TR
BHH G B B REGX, b, ,C, 57 31FRR Y
HTETZI A A b R OTARAS s A, €y 3R
-zl AR TR @ RaR MM TR T
.o Ml tanh TS PRER

TE LSTM R i A FRUZ 0T LUFE 751 o H B
JRIT R, T AR AR B 4 1 b B Y S A AT B
TR R T AE A E T A TR S LSTM
BRI AT AR 28 B0 O v 5 80 v A B
FLRFE , A DR T A i A > AR S A R A ) )
1.2 EAIELE

TE cLSTM-AM AP A5 4 U6 A58 AU AE 28 ) B T AE
_init_ R R S BRI AERE S, 7E forward
H % 21 S BRI A

A1 FEERZ T, dH A By sk e iR
JEAF P A AT E Y, LAAE R B RE AR, &
FRUZ X 550 (9 5K it iR A7 46 B L It 0 o
HUFN dropout S5 ;

2 7F LSTM-AM b, D B2 4 i 11 5 o
2t HEA , A R I PLEI A LSTM 403, LSTM
HERZMBRRSAE M A AR5 U A Y
G R B EOIRAS B I ] 25 0 BR AR S A



- 1016 -

odt T ok K

¥ 5 43 %

SELE out SR, TR I HLIE I £k 12 RO R
BT out ik, FEEINEE owt KEZ TR
FHAFE , LASR IR B BRAAE . SR Je R IAS SR S VT e [ 2
SR, IFE T LSTM $5 ) — A ROIR S

A3 B LSTM i — > FescR 245 38 2o 4
JZHE T 5K A (8 dropout $4E

A4 AEH RBIHZE S A 5K i 32 R
Jei R[] AL R4 T 8 M e AR R A B A T
R sk dropout $#4E

B 153 cLSTM-AM AT AR R | HEZE /R 32
KN 2 fis

M aeeeerrees = = s it 1
*'ﬂ'¥WﬂMMW*whw%~\

| / I
| D o e e e e | |
li—_—_—_—_—_—_—_—_—_—_—_—_—_—_{_—_—_—_—_—_—_—_—_—_—_—_J}
: CNN :
i |
I ) }
: [ : J[ : J[ : I l[ : 1 :

1 1 I T 1 1

o IITTITIT]!
|-L_s¥1\22{4""'""} __________ i
D e e e e e e L
___________________________ )
{L ®© © 6 &6 6 6 6 6 |
If_ ______________ 1‘ R ——
(o) i
I |
| |

B2 cLSTM-AM #fEjfs

1.3 SRR

R T e EL R DAl AR AT SRR P PR RE
KA PN AR AR R RIE T 5 TR 2 R A T 255 0
fiti o RIS J T [l 5 AR | SO - 34 268
XRZE By FITTRIREE By SRR R B r,
(AN R (e A g i NN I

1 N
EMAzﬁz P = P, | (7)
n=1

1 & R )
EHMS_/\/N;(pn_pn) (8>
E@wam—m

e - N N
20w [T
s N BRI p, M TR s p, N7 T

(9)

SAH 5 p P TR BB 8 5 p 74 TR BB 1
TE 3 AV HEAR T, By B E o TSR A 550

R RS ST M R A AL FH R 5 e A

VRCF R 5 S 7 FE ( AL BE AR AR DGR

2 FRHERIRESITAKIE

21 FEHEEEESHIREES

AR A 52 oA BLRAIF 5 X 42, 7 [ A 57 7 4 B K
AL B0 B B o 20 ~ 10 000 Hz, K
k2.5 Hz, AT 3k45 3 993 ZAH0 , K b 7 R 25080 4 M
AR = A AT HES

X Tz /N AR WA R i i B T
Yk, B3 A/ IR B AR E AT | R 8% 1 A (AR ALY
22 00y PRIEUIZRRCR i SEmt L R AL R 1R AR
HEAT B S B0 A T P BE 1Tl B8 A B T B 1k i
PG IR IR 25 R AR RS e . TR %
18 60% MR i 4 , 20% J 36 UE KR 48 | 209% S Tl
TS A A R ) 43 B, 45 38 00 A T Ak A B 24 Sy
20~2 000 Hz, i FH T T 00 35 7 7K b A A0 B s o
Rk

B AT SR A R T 5 B COMSOL Mul-
tiphysics A TEBIFITHE AR AN 3 Fis,

P 3 A 7P i S O ELAR B s T

KM 2 m B 1 m 55 0.9 m, KRR
0.4 m ~F4% 0.05 m BEJE 0.001 m, W3], NG
L R Ei i AR B W R o s PN 1Y 5 v
JEE  FERE R 2.1x10" Pa B 7 850 kg/m® JAM
L 0.3 TR RIS 5 Tol vl 1] 4 32 it T4 84l , 5kl it
B4 1 N/m,, /K3 6 AN THAE FH 58 3E DL 2 f R+ 3
FE R B R, ARIE TR ) Sl S K
/N, Bl AR AR AR B KR AR AN K F a0



4551

M FLA, 55« T cLSTM-AM Y 7 7K o A0t 75 7 4 i A A

- 1017 -

RO R A B ANGr 2 FEREEH KR )R
P -G EAE I 2 W B G . RJTERET IR K
I AEAS A TR B P AR, I A5 T B A 5E 46
LG IE 175 0.2 m &b,

% BB B SRR P K A AR B K T
KA R GRS LA KOK T 8 St s 25 N R A
R ZE IR L 1) 07 205 TR0 sP ok R
WP AR SR HCRIT I T P 70 ot e I A g M
B, 75 R guth 2 an izl 4 s,

60

FER /dB

20

4 8
PR /10° Hz

B4 F St Ts g 2k

TERAE S A bR M P AN (AT DA B L S A
RIS ST RAT 1 75 TR A | A 25 X 4y A A
H AR 52 .

1) BEIHEE AR A B M | T A Hb S 4Dl B S K
b3 40 5 8 A 2 P S Ak A A A R AR AR
A 3B ST s B ELAT 3 O

2) SRS AT DA A5 4 VAR AR A ol e
FEEAE rh A RN LA , 38 R A8 TR0 RN 2 2] B s 4R
) — BB AR, DA T4 R A TR R 3 fh e

3) SRS AT DAY D AR A ) ask UL ] A
fofi v AR A B iR R R B — BCRRAE , TS S 3 43
KFEHHRE T S SR HE, 28 bl iR
MR AR B B A G T A Kt R e Y S PR
T, A T A T RS 2
22 (RINHEEEERERETTML

AHFSE 4 A cLSTM-AM R A5 v A5 750 m] 3,
MSE IR A H RN RN BRZ R
N TN A ES Bek oA B R A R R NAE
XS cLSTM-AM IR HE AR AL i — 20 i A T 2 500
B AP B SR A R,

ZHOHIAECE A R S5 (Windows 11) ,CPU( 13th
Gen Intel (R) Core (TM) i7-13700K ). N 1f
(31.8GB) i F£iFF 7 ( Python3.9) | ¥R 2 > HiE 48

(Pytorch2.4) . 7ES T REH | 3 3 150 R AL
%% (dropout) By 1 7] B8 H BL A o 4815 BL 4, dropout
W 0.2,222] 8 1x107°,

KIS LTSRN, EX R —S
AT IR BE R, 25 X B0 TR A8 AN TR0 42 i 52 0], 1E
PEFLP ARSI O ME B0 S5 BT N — AN SR
RYGES BRI BERE R IR S EC % 1R/ 7,41t
WK/ 64 B FUZ KN 2, U 2540 2, Rt 2
JuEH 64, A A H R/ 3, 445 5] cLSTM-
AM ARSI AT B AR S B & R/ 9, iR
KN 256 , B FBUZ KRN 3, TN A5 5, Bk 2 BT
BH 32, HEEE H KRN 2, SEC0E 72 v 56k
RN AR W PEAG AR AR B AN SR 1~2 PR,

*1 WiFkE ETEERE

2 H  Ey Ers rp
1R 9 0017 0032 0.420
RN 256 0.038  0.045  0.538

ESUAIUE ZO NN 3 0.041 0.048  0.563
T A5 £ 5 0041 0049 0.414

R ek H 32 0.020 0.033  0.458
EREVEL AN 2 0016 0.034 0.462

&2 WK ETEERE

ZH B Ewn Eps rp
% 1R 9 0036 0055 0912
RN 256 0.040  0.049  0.943
ESUAV L 7NN 3 0.039 0.047 0.950
T 25 E 5 0044 0053 0.927
Res HoC R B 32 0.025 0.037  0.927
EREVER AN 2 0019 0035 0933

HER 1~2 AT AT HR Y cLSTM-AM fIG 43
PSRRI AR 20~2 000 Hz 35 IR FUMLE |- E,,,
HE o fH 4 0.019 F10.035 , B63E 1 45 80 e 7 4G 451 B
FH R AT (ARG B, B 7R b AH G R ECh 0.933 UE B FE
7 W I 5 S Bl 0 I R AF T ) £ P A O
R .

cLSTM-AM HE i #5E0 AE 3 A0 4 L i = 3
Bl 5 B, AT AR Hh 2o v A 80 7 3 A B 1 e R
K07, ELARSRIAE 75 R (15 Ah oF Wit {2 > 19 ME 1 5



- 1018 - Wodb T ok ok

¥ 543 4%

B3, [R) IR, B ARt s ) 00 8 A A Tt
FAIEP S50 R LT |

JEAE

g

I

2

5505 p) i 6 8 10
iR /10°Hz

5 cLSTM-AM #fi e 0 48 f p: E

h TSR cLSTM-AM A% 4 A5 A0 P, LA M
FIABFUZ A B HUHIRT LSTM #5731 5%, X
L IE 4 BUZ 1) LSTM-AM A5 7 R JG 7 7 1 #L 1 Y
cLSTM #5852 3 AN A L BIALZE Tl 48 I i 15 22
FAHOCHERE

WNZE 3 iR, cLSTM-AM 4 - 35 46 %o 15 2% Fil 4
Ty iR R ZE(E /N, FE TN A 1 ) v i 5 B B v T
B RUZBRVRIC I B LRI AR AR OCE I
3 PRI R R AF, ARG R UL 8 T B2
FE 2 S, cLSTM-AM A7 A5 $f vt A6 750 2 90 o o

L P PERE
®3 ARERREITAEIRE
M Eyy Equs p
cLSTM-AM 0.019 0.035 0.933
cLSTM 0.032 0.049 0.934
LSTM-AM 0.024 0.039 0.942

3 EHSHERIEE 5ITHRIE

31 TEHEEEESHIEES

TE B A 5T AP BIUR O Bl rh R B0 B ik
BN 500~5 000 Hz, LKA 1 Hz, FI 315 4 501 2%k
it B 7S BN SR DRI 2 = R AT HES R
P BRI ZR4E B0 UE 48 F B0 48 60% ,20% , 20% (¥ LL
KR o Bt , N ZREEA Bl 2 300~5 000 Hz, KriiE
AEH B R 1 400 ~ 2 300 Hz, T 48 4 Bt & 500 ~
1 400 Hz, 38 FH T T 38 75 7K b AR B 75 5 s e

iz F5 B3 A4 COMSOL Multiphysics 431 4T
BEHCHEAT BRI, BT 1.2 m, 242011 m,
BEJE 0.003 m, NERTC 254, W [ 5, B AE e #F
BHE M PR 2.1x10" Pa, %37 850 kg/m”, 11
FAEL 0.3, FEJCRRZS b, 3 B 1 B AR ST il 15—
ASFHTEE SR 13, I IRAE R 1 Pa, FeRZ5H4
UK Z [B2R 75 - 2500 i B 2 3 s & . R

FH =M HRION 5 4 HH B 1075 0
O AR B B2 4 JLAT L 3 m J1FE] 6 B

Fl6  FAETC s HUR 5 FAR B R B

[RIAE M, 75 255 TR 19 5 | DY e (A
PSR AE SRR | 39075 RS 0 A5 A 7 S M
P SR M RGN 7 PR

700

FES /dB

i 3 3
S /10° Hz
7R R RGO
3.2 {RSAHEEERGR I IIE
iy 2.2 575 3], cLSTM-AM 5 A5 4 v 45 50 HL Ay
U E PR BE , PR U A2 A5 Y R A (B A 5 P A
PR GCEAR ISR TN 38 5% cLSTM-AM A4 4
B ) S EORE 1R B RS 5 A R o
FESHECE N . 5 1K/ 9 HER KN 256, B2 8
KN 3, F A0 2, B2 Bk B 32, A I H %
R/ 2, BERIAE 500 ~ 1 400 Hz Ml 4E b #54
X525 T 7 MR 22H R 0.008 1 0.012, BZ /R b A
KZHH0.993 , UE FIASE A HE AR B A1 i) )
JF BB A 7 S A {1 25 O B i R T | 2Rk
FHCEEAR S . A T AIE cLSTM-AM R A i v A5 03I
RBE B HERR PR RN G SO 7E I EE A AR
710 AHFFE BT AT R K AT T R A A R RO I
5 A KM K40 m B8 15 m KK 10 m, #1505



w55 M R0, 55 . 3 F cLSTM-AM JH 75 7K AT 75 L e A A - 1019 -
51500 Hz, tn/& 8 Fizn .
A WX V. R\ "l
L 1PN t i
e R’C) u.z
Beaei WALk i

;;_;—dlill

B8 FtETeH R

RE R BEEWE 9 Frn, B A2 REE R
011 m, KT 2% 2 BE B B A SR OB Lo
3 m, AKWTEE 1 MG RERS A& T I P 5 Y 75 PR 2%, 7K
W2 2 1000 B A 5 R S 7 R

Ko gk

W38 A5 R B P R U — R A B8 I 545
FLRIBE RN G5 e 45 75 TR G4 T XT b, WL 10 B
SFFE R M1 500 Hz L b, =& %W B4 78
1 500 HzLA'F , B T 7K A7 A ™ i A9 AR AT TR i 3 6
AT 7 F G I S v TR R T Fr A5 75 e 2, i A
RUFRINAE 5 7 ELAEDN N R A, 756 A SCHr iR By i T
K 0 3 B B B ] S A e AN HE R, TR
cLSTM-AM R Ve A5 AU BE AR AR G b T 0 B3] A 7 7
R B 1) 7 R 7 R

1201
| *x *x * W
8 oo * % 1w *
= - .
2 s
£ — Tt
5! R KA * g
7 SRR R
60— 15 23 35 45
B /10° Hz
B 10 cLSTM-AM i AR 7Y 4 {40 4 58 A i 365 30IE
B9 cLSTM-AM e 455 7Y £ BB AR LN 75 5 M
4 & i PRSI B4 1, 0 F % FUZ 9 LSTM-AM A

B X T 7 Kt 7 3 AR B T R RO A2
B I00] e s AR %) ) T, DA [BR0 A 7 8 ) 7 5 S R 7
SRR G2, B T — ol B A A B 4 v Y
A H TR R ALS A FUZ 09 K 012 o 2% 455 AR
cLSTM-AM

1E20~2 000 Hz I , 75 4 5 7 He A3 e 523000
SEIRF A TAL G R0 a7 B 8] 7 3 T A Y | iy

FIFITCTE: 25 I PLHI Y cLSTM A5 | 5 4 s iy Tt
BRI AP Az ALRE ) . 38 (B 78 75 U 301
FZK AR A% 1 500 Hz DL F | BRI 2575 31 A 5
S 95 R 8 45 X B & 4, T FE 500 ~
1 500 Hz, ERVFUM S5 R LA/ N F IR 50 25 5, AR A% I
I3 3 PR TS M g P 2 ) 460 1 P42 HE Y cLSTM-
AM RV R, S AR B N T 7K it 32 95 ) X A
SO T B RAIETF- B k2%



- 1020 - W odb T ok ko E R

B
v
gl

SEH

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

SHANG Dajing, TANG Rui, LI Qi, et al. Measurement of radiated sound power from a complex underwater sound source in a
non-anechoic pool based on spatial averaging[ J]. Journal of Sound & Vibration, 2020, 468 115071

ZHANG Yiming, TANG Rui, LI Qi, et al. The low-frequency sound power measuring technique for an underwater source in a
non-anechoic tank[ J]. Measurement Science & Technology, 2018, 29(3) : 035101

T AL AEA R A T KBRS I AR B D IR SE DL ISR MRIE TR, 2020

YU Xinyue. Research on measurement method of characteristics of transient underwater sound sources in non-free field[ D]. Har-
bin: Harbin Engineering University, 2020 (in Chinese)

XU Hongzhe, LI Qi, TANG Rui, et al. Method for measuring the low-frequency sound power from a complex sound source based
on sound-field correction in a non-anechoic tank[ J]. Chinese Physics B, 2023, 32(5) : 504-519

ROBINSON S P, HARRIS P M, FORD B, et al. CCAUV W-K2 final report-key comparison CCAUV W-K2. calibration of
hydrophones in the frequency range from 250 Hz to 500 kHz[ J]. Metrologia, 2022, 59(1) : 09003

LI Yitong, WU Kai, LIU Jing. Self-paced ARIMA for robust time series prediction[ J]. Knowledge-Based Systems, 2023, 269 .
110489

ZHANG Xiangi, WU Xilong, ZHU Guoyu, et al. A seasonal ARIMA model based on the gravitational search algorithm( GSA)
for runoff prediction[ J]. Water Supply, 2022, 22(8) : 6959-6977

ALEMU A B, PARAKASH RAJU U J, SEID A M, et al. Comparative study of seasonal autoregressive integrated moving aver-
age and Holt-Winters modeling for forecasting monthly ground-level ozone[ J]. AIP Advances, 2023, 13(3) : 035303
MOHAN M, KISHORE RAJA P C, VELMURUGAN P, et al. Holt-Winters algorithm to predict the stock value using recurrent
neural network[ J]. Intelligent Automation & Soft Computing, 2022, 35(1); 1151-1163

OUMA Y O, MOALAFHI D B, ANDERSON G, et al. Dam water level prediction using vector autoregression, random forest
regression and MLP-ANN models based on land-use and climate factors[ J]. Sustainability, 2022, 14(22) . 14934

IYER S, MAHAJAN A. Predicting total electron content in ionosphere using vector autoregression model during geomagnetic
storm[ J ]. Journal of Applied Geodesy, 2021, 15(4); 279-291

VO T. An integrated dual attention with convolutional LSTM for short-term temperature forecasting[ J]. Cybernetics & Systems,
2024, 55(2), 511-533

HUANG Xiaohui, TANG Jie, YANG Xiaofei, et al. A time-dependent attention convolutional LSTM method for traffic flow pre-
diction[ J]. Applied Intelligence, 2022, 52(15) : 17371-17386

LUO Jiahang, ZHANG Xu. Convolutional neural network based on attention mechanism and Bi-LSTM for bearing remaining life
prediction[ J]. Applied Intelligence, 2022, 52(1) . 1076-1091

QI Yongsheng, WANG Xinhua, YANG Xuyun, et al. Research on acoustic methods for buried PE pipeline detection based on
LSTM neural networks[ J]. Measurement Science and Technology, 2024, 35(9) : 096001

DU Jinbo, ZENG Jie, WANG Han, et al. Using acoustic emission technique for structural health monitoring of laminate compos-
ite; a novel CNN-LSTM framework[ J]. Engineering Fracture Mechanics, 2024, 309, 110447

XIONG Shanwei, ZHOU Li, DAI Yiyang, et al. Attention-based long short-term memory fully convolutional network for chemical
process fault diagnosis[ J]. Chinese Journal of Chemical Engineering, 2023, 56(4) . 1-14

XU Chengfeng, FENG Jian, ZHAO Pengpeng, et al. Long- and short-term self-attention network for sequential recommendation
[J]. Neurocomputing, 2021, 423. 580-589



5554 MEELIM , %5 3T cLSTM-AM T8 75 7K s (B A5 7 b i A 70 <1021 -

Deduction model for low-frequency sound field of
anechoic tank based on cLSTM-AM

MEI Liangli'*>, WANG Xianzhong'*>, JIANG Quanzhou'?, LI Zhiyuan’,
TIAN Zhenhua®’, TU Shihao"?, HU Huixuan'’

1.Key Laboratory of High Performance Ship Technology ( Wuhan University of Technology) , Ministry of Education,

Wuhan 430063, China;
2.School of Naval Architecture, Ocean and Energy Power Engineering, Wuhan University of Technology, Wuhan 430063, China;
3.The 710th Research Institute of China Shipbuilding Industry Corporation, Yichang 443003, China

Abstract; To address the challenges of reverberation and low measurement accuracy under non-free field conditions
in the low-frequency sound field measurement of anechoic tank, a long short-term memory network model (¢cLSTM-
AM) with convolution layer and attention mechanism is proposed to realize the accurate deduction of acoustic radia-
tion and acoustic scattering characteristics of the cylindrical shell structure in the low frequency band. Initially, the
paper delineates the fundamental principles of the cLSTM-AM model, the components and operations of the convo-
lutional layer and the attention mechanism embedding model, and the indicators for evaluating the performance of
the deduction model. Subsequently, a methodology combining the simulation with the background noise of underwa-
ter test is used to meet the free field conditions of the ideal anechoic tank test, and the sound pressure data set of
the deduced model is obtained. Secondly, the cLSTM-AM model with convolution layer and attention mechanism,
the LSTM-AM model without convolution layer and the ¢LSTM model without attention mechanism are compared and
evaluated. It is found that the cLSTM-AM model among them has the best prediction performance. After the parame-
ter adjustment and optimization, the mean absolute error (MAE) , root mean square error ( RMSE) and Pearson
correlation coefficient( COR) achieved by using the cLSTM-AM model are 0.019, 0.035 and 0.933, respectively,
which verifies that the method has a high accuracy in deducing the acoustic radiation characteristics of cylindrical
shells from very low frequency to low frequency in anechoic tank. Finally, the data obtained by using the cLSTM-
AM model training are compared with the acoustic scattering experimental data of the cylindrical shell in the ane-
choic tank, which proves that the low-frequency deduction model is also effective for the acoustic scattering charac-
teristics. After the parameter optimization, the MAE, RMSE and Pearson correlation coefficient are 0.008, 0.012
and 0.993, respectively.

Keywords: anechoic tank; low frequency; sound field deduction; attention mechanism; convolutional layer; long

short-term memory
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