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The comparison of underwater acoustic FM speech communication methods

in shallow water channels
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Abstract: Underwater acoustic speech communication plays an important role in marine engineering, marine research,
underwater search and rescue, and related fields. Compared with the classic single side band communication and digital code
modulation communication, frequency modulation (FM) underwater acoustic voice communication has a good performance
in amplitude fading resistance and low implementation complexity. However, shallow water channels featured by complic-
ated multipath and noise will seriously degrade the speech communication quality of FM systems, leading to the problem of
ambiguous speech and semantic ambiguity. This paper compares the performance of the underwater acoustic FM speech
communication system used nonlinear demodulation method and orthogonal demodulation method by the field experiment in
different shallow water channels, and performs quantitative assessment to the speech communication quality through PESQ

(Perceptual evaluation of speech quality) method.

Key words: underwater acoustic speech communication; FM; nonlinear demodulation method; orthogonal demodu-
lation method; PESQ

Bl AE ARG AT AR R L R

I RPNV o A VG C 5 A B R A R RE DT, e [ R AR KR
R IR A A [ B R PR BT IROT &L B BT Bk p A B PR §l #2 AR ( Digital Pulse Position Modu-

% WRESE A B RTIZ N . SR R lation, DPPM ) SCBRiE 55 (514, Bl o8 7 i

El

i

7 IR 1 B2 AR B K 38 AF A a0 35 Bl AN/WQC-2A 7K 75 R 2% 40 IE 3940 & JH: A ( Orthogonal Frequency Divi-
38 {5 HLUSZ K PR B R AR K, R K A sion Multiplexing, OFDM ) /K Nifi &5 AR50, FiKiE

B 5 BB K 7 (0 S TR RO, 78
A 54 £ AR D AED 2,

Wi HER: 2016 — 04 — 07; f&EIHHR: 2016 — 07 — 04
HEWME: BHxX AR #IEEEITE (11274259, 11574258)

A5 1B T I S 45 45 I A3 22 43 OFDM. i 35 38 1% K i 82 3+
TOKFE R E ARG AR FEZAET, B

TEE /N 200101994 - ), T, WL, HF57 K FEIEEES O,


http://dx.doi.org/10.3404/j.issn.1672-7619.2017.01.026

-128- Mmoo A

F B R %39 %

FHEWG T EDZPNERE . 2% . M
MR | R0 R ARSI S BOPERE Y R R, AR iR
ZIFH T 2SR B2k,

A ARUK P T S8 AR 2R G0 A VA R ] 2o AR b TR
L VAL ) 3 A A 5 R P AR R S i L
TE AT ZCVR i 98 A0 BRS Bk A A Y TR, A A A
(L R TS Ry VA IR e N S D E S e P
SRR SR ST RR Oy o R, R AKE
15 18 FL A (0 52 5 Z2 A2 3000 B W 75 % 7 B 52 1) 8] A3 7K 75
WERBNIEE &6, S EER NP ENZR T
o BRI R L U SOME RS R

Al 2 A fiff 98 VRN LE SC A R VR 2 Foler FH A 308 A A
Tk s ARSI i IR A T A L MR AR A0 H B X I A
ST I N, JOHE HEAT R AR B, T A A R R
& — R BE K Ay R AR R 7 R S TR V) is B B AL AR
P HE, SCELE BT EY 33X 2 PR AR I R AR K A
HE BTSN, VR T IEL
fif I I EE BT T RO AR S S RGeS SR
KT RS R 7K RS EAE RS HETT
R AR B A S (SR (248 (EWRLL ) X 2 Fb
J5 VR ARAT I 15 BT i B SE A LB . AR SORE SR AR 2k
fige V&I R L B2 fife R 0 TR UK 7S T AR R AT RO
T8 ST R RE DAL AR AR A

T GEK AR R R IR EEMR L . R ILR R
SEARAR AT BT M REVEAL L E 25 IE B K IR A
G RS H W T A T E s loh S, I
I B A T R O R R R bR . 1B R
HPEO 7] g3 FUPEAN R WA . W T
W5k AT LA BB HERR I 45 2R, (HR PEAR ) 72 2 i 2%
T3, 25 5 52 A 2% 1 R A R I A B 32 00 PR 3R s
ANl T KA SERTE S RS0 . PESQ J& — R I e 74
DA A 42 A R 5 A AR 1) 1 o 25 LT 5
P T IR A I ) i Y D £ B E LB %) 3 A HE
I PR3 M PR A B I B R DY, BT AR SCR
PESQ %4 1 Xof 5% FH A £ 4 fe 980 R 1 A2 f8t 98 149 7K 75 I A i
IR R HATHEREIEAE A AL L.
1 I EEfE T E
1.1 iFH

AT ) A ) — Rk =

S (1) = Acos[wct+ ¢ (D)] o (1)

Kb A NBRWAIRIE; [wt+eO] H 155 1 BE A
i, A0 (1) 5 o (o) AN S EIANL o FBEIHH

P # s dlwct +o 0] /de Jg {55 R MR, 0N
w (1) 5 do@) /dt JgHXE T3 o, #BRHA5O o
A 2 A IR (B2 B O AR S
m (1) G2, B
dr
XK R R, rad/ (s-V) o XA RS
-

Kim(1), )

(=K ["(@adr, (3)
AKX (1), AT E =R
S i (1) = Acos [wct vy [0 dT] . )
WEHHIE 5 o B — R i e 5%, B
() = Apcos () 5)
e AT A, R (4) ArAg

LR

S Fy (1) = Acos [a)ct +KrAp JCos(wuT) d‘r] =

, (6)
Acos [wct+ mysin (wmt)] o
o m, IR
_ KrAm -
mf = Oy o ( )
M (7) FIAE, X 55 A R 8 E my S
TG AR 0,0

1.2 et RRiA

AR L P e I 2 L FH AR 2 R A DL AR ] R o 4 i
B AR A5 S PEAT RO o AR L A R A% G R
o I AR B AL G I PR AR ) PR 2 A
AR LR A PR AL R AN 1A 1 s

1 A2 it o dad 7 )

Fig. 1 The process of nonlinear demodulation method
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Fig. 2 The process of orthogonal demodulation method
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Tab. 1 The parameters of FM system
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Fig. 4 Response of experimental underwater acoustic channels
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Fig. 5 The waveform and specetrogram of original speech
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Fig. 6 The waveform and spectrogram of speech from channel 1
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Fig. 7 The waveform and spectrogram of speech from channel 2
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Fig. 8 The waveform and spectrogram of speech from channel 3
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Tab. 2 PESQ evaluation results of the demodulated speech signal
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