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Abstract: For underwater acoustic multipath-fading noncoherent channels, a flexible constant weight automatic coding
scheme is proposed to solve the problems of limited weight-distribution and low spectral-efficiency of traditional constant
weight mappings (e.g., Hadamard mappings). The underwater acoustic multipath channel is modeled as the Rice fading,
which is more generalized than the Rayleigh one. The auto-encoder (AE) is constructed by using the deep neural networks
(DNN) and the end-to-end input-to-output training is carried out under several fading factors. Under the fixed average
transmission power, the mapping set with better weight-distribution is obtained. The transmitted symbol amplitude is not
limited to the ‘0’ or ‘1, but the groups still maintain constant weight. The energy detection can still be used at the receiver
side, which is robust without the channel state information (CSI). To extend to the high-order cases, a low complexity
network-input mode is proposed to reduce the complexity of the proposed AE and accelerate the training convergence.
With unknown CSI on the receiver side, the simulation results show that the proposed scheme achieves a performance gain
of 5-6 dB over the standard fading channels and the Bellhop simulated underwater acoustic channel. The results are also
verified by sea trial data collected in the South China Sea with seafloor depth of 1750 m, the communication bandwidth is
4 kHz and the communication distance is 2500 m.

Key words: underwater acoustic communication; deep neural network; Rice fading channel; constant weight code;
auto-encoder

Citation: YAO Yan, WU Yanbo, ZHU Min. Optimization of non-coherent underwater acoustic constant weight mapping

based on auto-encoder. Control Theory & Applications, 2022, 39(11): 2019 — 2027

ke H 0: 2021—-08—24; % HIYE: 2021—-12-23.

T38{5/E# . E-mail: wuyanbo@mail.ioa.ac.cn; Tel.: +86 13522810208.

KL THEZE: EL.

e [ R 2 5 Al A 5 3 R % 0T H (XDA22030101), [ 5 B AR EEE G I H (61971472, 61471351), Hf B R 58 75 22 0F 72 BT H H IR R 2K T
H (ZYTS202003) %

Supported by the Strategic Priority Research Program of the Chinese Academy of Sciences (XDA22030101), the National Natural Science Foundation
of China (61971472, 61471351) and the Institute of Acoustics, Chinese Academy of Sciences Free Exploration Project (ZYTS202003).



2020 a5 MM 39 %
1 58§ YUK RE 1o W& T (8 2 B S HE

EAL G R E D ZO T, E S E. 5k
W AZ B AL TH BTl ST AT . X SR T
T FEAT A B HE S | BT X PR SRR AR AL AR e AL
R0 AN S ISR e R o 1) ) R ARG ke, T2k AS
SUBA BRI, 4R 1 RE 2ok, AL R
B A2 T 2 2 — 0 — /N T vl 8, B
(AL & 3 5 3 a1 TR b, o 28 AN ST A e 4 e A
BE RGEMA—NERAK, Wit &R EE, DR
W AR AR A R 25 R v B AL R AR, XA
IRE DAL IR BB B FAT TR S 77 193]

TRPE2% ] (deep learning, DL) 1IE#0Z 512 H 2@ (E
GRSy P AL R T 5 SRR R
P 2 &b 2 #. 7G (graphic processing unit, GPU), 7&K H
IR FEHE R A 26 1 T 34T RIS I AT s 5,
AR R SRR R SE 9 Ra e Ak, MR 1l 2k
WS R ARG E AR L 9 28 BR A el 2. 3¢
BRI SR T — PRSI ESor L35 B iR FE ph 22 )
#%(deep neural network, DNN)A4 i 1] 3 21| 3ty R 45, 18
T YIERSEIA SIS S04k, P REYE 2 5
TG PARAL. SOt ig 2 MuEE LGB
FEIDNNR B TEH, KORG8 (R XA mT 22
. TR RS IDNNTESE M) L5 B AL 45
I B 45 2% (auto-encoder, AE)PIZS{LL, 78 248
¥ b 5 B2 B A T4 Si FR OV AE-basedifl {5 R 4t. AE~
based RS HE B B RTCLIBIE RG ., A 4HT
WEF AR N SERR G ABIEL, 256 B8y 2 AT
S5). SRIMAE/K A 845 0k, AH SR 784 NINIRE 2.

KA BEEEE 2, 5 AT
18 o AR VR R L SR e B S VR | R T E S AN R
RAKFEEEP AR, IES R mA I 5TR DL
FER R EAG BT A BOR X Se R~ RS SRt AR
Wit 52 AL, SCHER (8142 tH 2 TDNNII K EE 5 5
T IN T4, K T R ABE Ay Bof AR BRI P {3 5 R 7 ) —
gy R 1] /B, I 76 5 08 AR I 2R 4R B AT B Al 25
Zhang%5: N\ 53 5ll5% 5 T DNN ) IEAS #0432 O e s
BUOKFE AR A 7 AT T WA, Hoh, SCEk[10]
R FHAE 2N ZRA I R A2 35 AT 0 SR 6 i AR (F 1E,
FHE TS SRRSO, A DU 1 f B8 4 B v 55004 BEAIK,
I Yk I SE R E R 7 45 RFEAT T IRE.

7K P A AR — SRR e i e 75 Tk B IR A6 8
FHALRTRI 2 A 385 L RS, e, ARl
R A 75 EK 2 S UG BB A AAE B, B T
15 T8 AR RIS i B o i 22 3 SO AR A AR AR TR A 45
vl G, T] B TE BB S I . — MR FH B P
JCHCRI AT, BE R R BEAR . B! FEVF 24
SE NS0T, ARl E 2 3 2 EAE U7 2 Wk
FHAE 2 e 4 (W Hadamard B S0 I FEAH Tl 45 7 &

(REIE R ORAUIE R S Dh 28 5, A R T 4o I fe 2= A
I, AR A 7 B — EL T A A0S ) FH 20 il R
FEMCEER b, 22 SRR L AT R F 2 k1K 2 B 77
18 4% 3% (low density parity check, LDPC)SI2IAN 5 15
TE ARV A L RS U1 S A ST A 3R 2 1 R IE
IEIERE. H T2 RN SEA A 5 frs
SR I SR BR 1, 28 LA Ab 50925 BT R 5 SR 138 2 PR 1T
ANE A TEAE S R T B R A
WML RAL 1115 18 IR 4515 2. (channel state information,
CSD), AEAHT 7K P A5 FUSONL I A FE AR, (R ECAIK
RSB BE T AR OR T S, 5038 & 2% 18 R S i 2]
BUm AR R GRS, L, 455 ABSR BT /KSR
FH-E 2 S 77 58 LLEUR A% i Hadamard LS & — 2%
B BB, T AE-based RG] I 2R, BEARTEA
({5 T8 7R3 1R A AT AN R 26, F SR I 3
A AT RO . T A, KRS AU R R SR AR S
B, (AR LB E AU A X TIRET 2 A2
i1 H AE-based & Gt [t 7015100, {H 15315 4. SCHR[15]
FI 1 1 5 BT AE-basedif {5 B HDNNZE 14 % #x % 11
IR, TERayleigh % ¥4 (51E N U T T4 HLAE-
based /7 F M FIPERE. SCHR (1611 TXHE H 2T Re & Al
(1) 4EAH -+ AE-based 5 4t, HeU i G 75 CSIh 1. SR 1M,
R A VA S R P R R I 2 R LY
L, TAEZK P I8 HH R AR LI B N B4 HH (single-
input single-output, SISO) R4+, KIKFE. F AE-
based F 4t M. F 27K A5 H MA7EAE TS 2 BhiR.

AL EETRS ST

1) WK ETEAEE AT 25, SR Bellhop Xt SEFx
TAE S AT O AL, WAL T TR T AR HEAH
F1E W 7 AR K RS PR R I e R T

2) BFF At — PR 2% FE I E R A AR =X
BRaGM R mEmAN, BERRAGELE, MK
SERE AT, YISSICRE TR, FIT =R,

3) BT RAE/KFE 2 2R S T AT IIZ M
IOAIE, DAZE K 75 JEAR T8 45 77 2 Hadamard LS + 55
K AL AR A6 I (maximum likelihood detection, MLD) &
WA AE-based /7 5 N HEHE 47 %] L, Bellhopffi H A
MR AL BRI 1 PR 7 RIS S AT AT 1.

2 HRHERL
21 RGiHA

KA IR LA A A EUA, AR R YoE 7oK
TNEGERRE. 52 R B E A E, A
SR IR IR BRI Z AR, T4
VEFH, 75 LR A% 46 77 1) S5 A2 5 5 75 ek /1N 1 7 1) 25
ANTA] S A B ) 7 R s R 25 S . AN — M, LA
VIR TR £ RN500 miREEAS Jafl, B 1k 75 AR 5T



11

WRATAE: BT B g KA AR UL 2021

P S AL R R 42 1O Bellhop {77 FUR & . B, vy ik
A, dOKCTIEAE R, PRI R 02 m,
FLR DL E30°, A R ST H ) P 2k i A K E0mT 2
N ELIE P AR (S ) AN 28 e i THT (o I 20 < ¥ TR
28) TR I (RE ) S At (R 22 42, 52 1T AR R 1)
Y RH A REAE R R, 28 e AN R BR AR I S 75 2
FRAEAR AL A B L2947 22 57 Sk A AR A o,
ELIEF R S R AR o P SERR A T L A
LA Re 4% BATBOAR B  B A5 BE S5 S H0A K, B
FIRGE 1 (FIEHRFIL.

0

100 |

200

h/m

300

400

500 — 0
1520 15400 1000
v,/ (ms7h) d/m

1 KR E

Fig. 1 Underwater acoustic multipath propagation
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Fig. 2 Diagram of underwater acoustic communication system
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Fig. 3 Diagram of the proposed DNN-based noncoherent underwater acoustic communication system
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