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Research on Coherent Under-ice Acoustic Communication Technology Based
on Channel Equalization Techniques
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Abstract : To address the complex multipath delay characteristics and severe frequency-selective fading in
under—ice acoustic channels, a coherent under—ice acoustic communication method based on multiple
channel equalization techniques is proposed. First, a shallow water waveguide propagation model
for ice—covered regions is established to analyze the influence mechanism of ice layers on acoustic
propagation. Then, the scaled boundary finite element method is employed to numerically calculate
the propagation characteristics of under—ice waveguides. A coherent communication system based
on decision feedback equalizers is designed, utilizing fractional-spaced equalization techniques to
improve system adaptability to time—varying channel characteristics. Simulation experiments using
QPSK modulation validate the communication performance of the proposed method in complex
ice—covered environments. Results demonstrate that compared to conventional linear equalizers,
the proposed method reduces the bit error rate by one order of magnitude at 5 dB SNR, effectively
improving the reliability of under—ice acoustic communication.
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515

BT AR AR R R R R SR, VKK (SER OO R AU B S 5 T ). VKT T AR ) Y2 1
FH R X BRI T AR T BT B, ARV R AL Ge i L IS R iR si (e r 2GR T, AT S Ok i
£ SHNRAHTE B A T Fid i Vs IKKOK R S I B R AL ), A XK R (R S B8 O T A A e
HEIRMEIREH

[ PR AR IX KPR AR T T A ST DA A R, SR 2L /RIB IR Freitag S8 AFEAGIKEEF R T 20085, piohscil T
70-90 km #iE§_£5-10 bps MIHTHEME, Ak MEREEHARZIE 7HA P, M2 T, EATEZS s R R A s,
IRETARRZET 2015 FTFE T HE N VIR T BEIRK, FEIMETTIE T SEhIE T 2B EHARARE M, FEFESE LR /A
YACRRLS Tt BT T HSSHORIGE, 22 BI7E 1.26 km BRES_ ESZBAT 1.2 kbps i idiE ™,

RUEOA—E NIRRT, (DG EADTEIGE 290k LM BRSO TR IES AT T, ARk X R i 2 14
TRV TR 2R, BT R, AR T BT 2 MM SR I T T ik, 0 B SRS VK Dl S A5
A, RAIHHK N EIE TR, 8 T IE BRI A& S 51 2, R A RIS B R AR 2 R G S I AR R R

High
ATEZ R REREARR SR ED (202413037 ) X,

118 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



—. KX KEEERRSEBFEI T

(—) KX ZBESEBEE

ERESZVK DU SR, FEER R & B R 2
o AT AAT BT AR, A TR K 1
FEPRIRFR A5G RO o AR AT A A PR 2 e, R
HE X IR AT AT LA T 2R AR

c(z) =1448.96+4.591T —5.304x107°T* +2.374x107*T°

+1.340(S —35) +1.630x10> D +1.675x 107 D?
-1.025x107(S —35)—7.139x10™°T°D

Hrpr g (o C), s AR, DNEE (m), X—
AT T I KRR AR AR S, Rrlein®
THIFR A0 FE AR

(Z) K FEEEES R

N T UER T RO X S B RRAE,  ARSCR T il A F
TCH RV & R G TR AT B IRIT R B A B,
TR S R [ REAL R B U AR PR T R . RS R G ) SRy
ﬁﬁﬂ@ﬂﬁ%ﬁ:[K-ﬁM+Hy=o

Horpr g I NIEERERE, S SRS M TR AR,
SR RS HOSRE RN, RIS E A SR AR A
s ¢ WBESHEEU R o NMMAE, SRR SCRHME(E R,
AT LGRSV DX S B AR AR . B A 1R T 40 X s AR AL
ELARE T R UK X IR A (AR, S E S IE R
Hrafl 7 Ee bk,

—. ETEENEHERANBTEERE

(—) K TFREEEFRIH T

VR B FEN 2@ G5 7= A 1 A T AL I, K2R R
ANFETATHELE L B BE AL (6 S 30U ZR 5O I (AT 2 (] A7AE
By, RFESIEESEN T S 2@ BRI . IE RIS
BB IB BN A 0 2 35 RS (EAHE B Se v R Rl I [ AL
FEAN T (I A AR . (R, SRS O A RIEIE
BRI RIS VK R AR

BT HAREFEAIAT, VKT AT (318 AT LU A R ek g 7 A28
SRAUERGAN L . 2 ARG A 2% (38 2215 T R AL 9 1 L) 2 120

Al h(n)= ;i(iaic?(n—r,.)

o g 7, Y BIEIRE § SRR ITE, [ A
FREEARIEIL, SRS o (5 TIEERRRER, T
AR SRR o A

(2) HREBESat

B e 4 38 TR A2 LR PRV 1 (e
AR, HERR S  IROIESE SE R R , ZbSY
A e PO . BRI, AR IR e
SERCANERK A R A TR,

S B 50 B D VR L B TR0 N R T
IR AN L, DT B T G SRR (R B A

BT IFORD () T8, 10 S Sl 25 R ) R L R A5 SR T
RIS RS Tt SRR ATHG IS IOl G T 2 0 S (iR I v
SRR TR AR

(=) fRAMRESEREAR

LTSS B s DI 5 1 7 TR, IR RAE
T3 ARG L R A3 A R R e A SR, (EAE SRR
G AETERR BTG, RS R YRR AR IS U SRR v
ANBIRIERS o 3 B R 5 i DA T35 MR A b A TR
FE, BRURRT X

SRR M /T (P M > 1 R0 B R
[F5 BT RAT, ERIEE M =2, RIDANREA-S AR, X
ERAETT SR T S MR A S R AR, (A dshE
e RIS KA S RIS

() BiENE AR

BRI FE AR AR, SR T M DA Y
fEIEBHSIN A . PRI, RSCR I B S R S 5 %
AR LT AR/ NATT (LMS) 503k, b
/NT3R (RLS) STk BAT B RO YCSOE FEMTEE 47 O IR ER R RE, %

B AT RIS E B

=. (FESSNEERA

(—) IFES4ERE

N TR TR R, R T Se R AU T A A
PrISess . SR A QPSK R RITT =, X P 77 sCFE R A5
HR Tz, RERS AR B A R LU AR O T SE B AT S O UL
o HUEMEGREN 12 kHz, XSG % s Ay
FERCEIESR, FFS A ER 1000 bps, FFEUK MEEEEG
AISEpRAT R

(=) {SiErhEm s i

1 KIS
PFICE e AT T VK DO R R SO R A . ST 57 45
RETR, MLTIFRASIRS, WX B2 & TSR V] 2
R, REEEH TR T LRSS ERE R E T4,

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 119



IHEHIEIC ST | COMPUTER THEORY AND RESEARCH

FLAAEH, EEZ@SESMTE0-40 ms WY AYERE A, X—n
JES) AT T RS SR

(=) Mret®

QPSK T ] 1 52 P 43T B S e T AR TR A1 R R 28
g, PIFURTSEERNE 2 PR, ETCE AT, T
FEE RIS TSRAMEIE R I, Sl iy 28 B B RAL, 1Y
AEER) QPSK R moe e oG, RGEEATTEIER LIF,

(@) i

(b) b

U R

% n s »
%8 . ®

B2 REREEE
RMEGENIA GGG, BEEA TV REGE, PR
MR B, (LSRR E S AT, Rl e fEiE
FAAEF LSRR OU T, At e B R AR, S
HIBC SRR, SEMTT FIS A AT bk (o AR Gers e (AT )
SR T ARt G T BRI U, B R R AT T
e, AL T AER B0, MR T R 40 A B R B8
B R GE T RS E . P4 QPSK B RMTEIT, B

SRR, BRI TC T
DGR BB R SRR B R AR, 7 B IR FE AN ]
FUE AR T X B T S P S ORGP RE . 7EfFRLE Y 5
dB B TARSEET, T RGHIRIDRLN 3x107 , E—K
SPoE Ao AR SRR K G B B R D AR PR
8x107 » BT ITHGEH AR XL RO 2
FR AL IR G R MR IR S A R PR, R S e VR g

243t

AR R W P T A ™ B RO T R ARV B . e (Rl B P o B £
BTG 05107, MHENES A ILRARTT. /2%
(RIS BB G 1107, BARIFHRCR

4 ]
£ oL A
£ + T
- T —
——
——
[EL T34 (dB)
3 IRFIEMNL

FEAN TR e AR AT 1 B S Bl — I T RSO 7 341900
Rk, A AN 3R, HIFEEEEN 0 dBITIIE] 10 dB I,
I3 B B A phe S 542 A e s 4 R R R N T LAt 77 32 i P e A
o FERRAMUFRIIIE, XA, RUNZITELE
TS REA T HA T &L,

h. #ig

ARSCEF R R DR PG A I A AMEIE S, S T 2T 5
HURI B e S 5 10 G A TEA5 T e B S vk DCHARR N &
PR LU UG BROTTT BT 2 AR I, 1K
T BRI R P S A 0 B 45 6 7 4 BB SR A A e S i
MRS, AR T A G B AR XER S T I AR
B IE RIS, (FILSEIRRIA, KA QPSK AHINIEE R %
FEMSWELLTT 5 dB INSEHLT 1x107 HIBE%, 50l T eI kM
Rt APV T R B AR RS TR T HERRIE
FEGRIEAS AU DR BT IR . PR M 45 N B
THARIE

(5K, b, Xig , &5 . ZHK NIRRT oe U] SOV TR (2Rl 5 TR ), 2024, 48(06) : 1140-1144.

21  E8, T, & BGOSR DU S K N A A T 0], 752

24,2022, 47(05):591-602.D01:10.15949/].cnki.0371-0025.2022.05.013.

[3] M%7 . IKEE T IR RO ) S LAEITST (D). BERACIE A |, 2024.D01:10.27671/d.cnki.gcjte.2024.000665.
[4] HEE |, e, SCtE  F AU R SERRTAT (0] MBFEAAR L2019, 41(03):76-85.
[5] e | BT T SRR M S AN R G TF R B P . R | TR E R A R A IR A ], 2024-01-25.

120 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



