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The research of the under-ice acoustic experiment technology
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Abstract Scientific investigations and research activities have been carried out in the arctic regions of many
countries. They have extremely important strategic significance and commercial value. The related research
about the Arctic Ocean is particularly important, especially arctic hydroacoustics that is the significant support
to guarantee military presence and normal scientific research activities. The first domestic under-ice acoustic-
experiment research was conducted in the Songhua river of Harbin in January 2015. The under ice channel test,
measurement of ice scattering coefficient, and under ice acoustic communication experiment are mainly included
in the experiment. The preliminary observation of the half waveguide phenomenon, the ice forward scattering
coefficient measurement, the spread spectrum communication under low signal-to-noise ratio condition based
on energy detector, high speed underwater acoustic communication based on time reversal mirror combined
with decision feedback equalization, 12 users under ice multiple access underwater acoustic communication
have been all realized. Technologies about the under-ice acoustic-experiment are introduced in this paper, and
the corresponding experimental results are presented.

Key words Arctic hydroacoustics, Under-ice acoustic experiment, Ice-scattering coefficient, Under-ice acous-

tic communication

2015-05-21 Wifi; 2015-11-03 FEF
*EFRERBAEETIH (51179034, 61471137, 11204051), AFAATIWSC 3 RIS HH (1373.1.5), FREmREABL S L% &
T H (heucfd1506, heucfx1505), I HE T K 24 7 AT g TR [ 5% 28 o S 30 s PO B 4 B Bh I H ((LP1501)

FEE TS B (1980- ), 55, MORTTRG/RIEN, %, WA T 1A): /K15 S5 S Ab 3.

THFSEE E-mail: yinjingwei@hrbeu.edu.cn



%357 H1 M

PO 25 FAEVLOK N A 2R I BRI 7 59

1 3]

AR RARBE S, AL AR KL I E,
FEREH DB SR AL T AT B, X R E R UL, N T — 44
DNAEHE B TR B A R SE AT 2R 51X — HhIX 2655
B RSN R R, OKE AR A T
iR 5 M FE, BF K E k)2 B
i AR AZ I RESR AL T R AR BRI BT, A
AL RE RN 5 4 BRFT 7 1 78 5 X 35k DA A2 K
W& AR RE /T o FE T IR EE R 3R, £ E L mE R R
bRk % [H S bk M 77 H -, 2009 4% 2 1
TR ZNRE 7 N B B0 4 B 5k o [0 7 2011
A S A R R A TR R AT LA AT T B A T I
2014 4F 26 [ 4 1 2 SL Rl AT 72 I ERE AR AE R
AT TE RIS BR A T = K2R}, B il S 5 IR
PR DL R e 2 Bl REH Al 90 AR LAKR
S JE X ACARBEAT T 6 IRFE%E, 2004 SR SL 15—
FEE b % 523k, 2013 4E [ 1E 208N
AEAR R S 2 Rk AMEE B . MR, FRETEALA K
BRI 5 U5 AN 0, RBLE LR 3555 R S AL
0. 2014 55, FE Ay Ak (Rt Hoa ) e
W X H A B2 IR T R T

i o L 1 R AL () v, FE AR R KIS
B G 10, AATTN R AR A 2 AR B Z AN R 7 R
FEALMR B FEMEAR IR, BT UK 35 57K FUKH IA7AE,
YRIERE UUV S0K R AT 88 BRI D2 RGHEHT
TS AT R T AR B R A, 75K 75 7 SN
TBERE UUV S5/K T RUAT 88 7E 0K S AT e — AT SRS
SRR K AR ST B

VG J5 ik B 5 e i IRt T 0k 2 P UK Z Xt
KR AR IRty T R BB I TAE. #87RiE
IR % Sh Akt 75 2 (R F C T R AR e L, JRAEVK R
FERRTT IS T —2e R . o, Burke J. E. (1966
SE) W FE T I PR 2 A0f [ 4 T I B L 43 A 7E R
P B 26 T THT L KR RO UKR 7 2 U A
14 Bl Mayer W.G.(1975 4F) T8 1 UK/K LRI ) 75
RGBS W e 4E R % Yang T.C. & T T
1 kHz S R bR OK 2 1 75 4t 1P Diana F. M. 48
VKIZVERFENE Y EA R, VH5 T VNS I (0 7
S5t ZH0); Bush G 7RG AR UK 1 75 R S S
AH, R IRIBCRAE A 228 50 4R AURE CLORTE T UK
JZ ) P AR R ) A, 90 AEARAE { Akusticheskij Zhur-
nal) BH R %R T8 2 06T 0K 2 0T 78 8

il

3, 38 AR VKR SR P S E RS IRk
WAEFF B T UK)ZE H A G AL 38 1] 7, Zaslavskii
Y. M. Fil Zaslavskii V. Y. 7EWPK EHET T UK R
A 3 0 S B6 B 7T 18], Maksimov A.O. BF9T T 0K
JE S IR R A R R O,

X UK K G THT B DR N RUOBE R RS P 6 7K R A
B ORI 2, 35 1B ONR S5 A 5T ALAG I
&7 REMAME KT, W Burke J. E. fl Twersky
V. EEHEI 10 PR A A0 [ A T [ A B AL 20 A 7E
I B e B T B A UKR KR 7S SO
7 101, Diachok O. I 3 T Burke-Twersky %,
TELIWTE T 7 A R T 1 75 SO 40 2k 5 0KR IR
FE TR AN AT R ROU 2 TR (06 R L
Bishop G. C. 73 AIXH 0K LUK Z AT T RHIE
37 12, Meredith R. W. #E4T T UK R 58 45 5508 75 A
T B, SR R AR RN R T UK R B A A OKCH
il T S5 P (AR 1 0 (81 Wolf J. W.oRA T
J& Burke-Twersky BB K T St e b 47 1 A5
fF e 14,

UK K FEAE AL By J 48 2 RE S DT 1H, Freitag
L. 7£ Oceans 22 W F R 3 1 VKT /K 7 3@ 45 #F 7o 4l
i, FEEAEFE RN 70 km Y [ 9 S T IBAE N
510 bps FIAH T 7K B il {5 56 101 3¢ [ 24 2 /R
7L T 5 Benthos A &) G 4F, A7 K33 47
PRI B 3 ZARFE K R 1 AL & B 32 0K R HLES
NS5 B A B K R A A S K R A 1R
K 37 5 [16-18]

H _E il 90 AR LK, FREXHRRIL R
PR DGR, HAEE AT T AL E S, R T K
AU PRt I B8 e R AR A 7 0
R E R A B ] SR SR AN e ] K A AR AL
BEAE S JE R AR T — e b S 2RI SRR, (H
RIS P AR KU 3 UK R P B R R AR A
WEgT 1 09=24 0 & N B8R 5L, 2014 45 7 A HF UG
EANRACNFELE, HIRRE T KAEEITNE, L
Ho, 20144 12 A BB B4 S R R 55 55 1)
(LMK S 22 — 18] N SRTE BB B 28R} 125) — 3¢,
K FE S FLAR B T — B I RIS S Pk
77 1A o

WS IRV A K 2K s TR 2 B RO A a2 1R
AT 2015 55 1 A ERG JRIEAAAEVLIEAT T RN E
KUK T 0. RACA A BRI oK
I, Mgt 7 ORRBI KA. R 5 AT



% 20 7%

2016 £ 1 A

TUKT KA EAS S (BHEY 9. $ 80K . OFDM.
Pattern I 4E 72 gm i 55 ) | UK 2 75 B R 2000 &R0
JUKF S E RS . AHGNEET 2015 45 A 1E
55169 Jm 3% [E 75 % 4218 (169th ASA Meeting) b3
T 7 £k S, 8 H N (Experimental demonstra-
tion of under ice acoustic communication), %k
F R ik N BA I AEHGE N E BT 5T (Identified
as being potentially newsworthy), [KUt52 8 #S
TZOC B AR RROAS LA 58 [ A I Jo 2k # & (National
Public Radio). #7 £} % %% & (New Scientist).
K FE 4 & (National Geographic). 38 B #5244 &
(Science) S WA HRAE , 7T W3R [ UK T A 221k 56 % 2
T RE AT . AR SO B e AR UK TR AR
6 () 2% i R 2RI B B g AT VA A 28, B S 45
FHE )56 45 2R

2 KTAEFIRE

A2 A S5 PR A5 oA A1 o 7P i B FL N T A R
EZ M (1) Bt R AR IR x K A 3
PR EBE R RS, 1 B 2 4 B EEE A
I SRR EE MR 22 RAR (B AP —40°C A, K
IR 2 °C i) MaRAF 2R . (2) 3t = 2% R ik 1
FE IRV T 7K P B0 R BE RO R I, LA HRE 1 e
AP 52 75 T ) T T RS BRG F) ~F d  7 T LA R T il
ICRIX S R XBLG, UK ARE 7 pr BAT KRR
FEIANESAE /N R (AR SITE R A e R R
PR R SRR, DL 5% 52 UK SR iR B
VIR B DK 5 N B AR AR RE IR IR P 30 (3) R
R AR AR M UK T KSR UK T T8 48 AT K RS e 76 A
TSR, K EAFAE VKR S UKV B oK 3 — 20
BN T TRESEIUAESE o

T VKT 7 2k, AR GERK T A 26
FHEE, 75 EE5 18 (1) JEA 2 T iy Rod iy i il 56
ek S 3t 5 (2) A2 A [RI SR T I I X B A
M AL 1) 5 (3) S A 2% A T kAR
Ry KB B 3 i) AL SR DR AR R BE s (4) 0K
AR N G A . it OKTF PR AR e
RAZ IR LUR JFUWBEAT - (1) 8 G BT A (X 2 50 & 043
PR R R A TEVR A1 (2) P AR AisCe A D ik
G AN T4 Ak UK T 5 (3) PRUEVKIK 2Z 18] B 5 2 AN
5 UK, XA KL ZIHE (4) K8 K SR Kb

HREUK B ARG X, B IR AR B A A AR N R
©7h,
2.1 KTEFREEL

AR URVK T 75 60 TR M R A AL VLI AT 1
FASEVL R LR 2 —, & BIRILAE R E N
B RS . FAETT 1 H i Z AP I EAE —20°C
FEA, LT L VKIE N 0.3~0.5 m, iK% A 6~10 m.
F1(a) A VTR TERE, B 1(a) Fhai T
AIRIK T 75 250 5 i RIS Ao R, R iy
MANB, 158 K Sk, a0l 1(b) Bis s #2lo ik
FEFE B R 5 200 m % 1000 m Y8 FEl N, ZEREAN U
Uiy PR USCAS 5 B 35 7 4 A o X e

WIG T ZHN N VKE P B R B0 &5
A [) 38 A5 A 1A [F) 2 i 5 =X 0K R 7K T8 S 1568
DL UK R A MR B8 1 — A 2 H 2
FAHMHUK T P RIS HAR (BRI 5 &
UK DX R0 b 15 A AH DA MLt AR, R FEUK T 5
EAE R, BRAIE T T AH SC /K P AR VKR & A
F, AJGBK T 75 2050 S Ak 56 28 5 L it o

AN Y

(a) PAAEIT SR

(b) AR3LH%3k

1 VKR AR A
Fig. 1 Under-ice acoustic experiment configuration
2.2 ImETE IR
KT 1R 62 W I 256 3 73 DA S s e 32 e AT 45
WAz 5 b+ % S i 1 o 39 7 7 5D Sk [ e AN
B, FENC e I 3 D9 $4 S AE VL T B Kz, AT AR 4



ERLE AR

PO 25 FAEVLOK N A 2R I BRI 7 61

6 7 EEBE N A B0 BRI Hh A i i Sk B s R 7 e
g Sk e LB AR, b A BC AT PR PRATE S WL AE
15 °C feAq s Fefoom ik S i ik 58 3t e g ehrih A
WL AL, Bt Ay 308 2o R I 0 3 O PR AIE M 2 PN ) T
PRI EAES °C A

P 2 D S ) W B K S B 3, LR 18] 2(a) R
(3 2 14 2 7 0 2 S B . 5 K2R, DUAN AHE 5
3 A BV AT BRI e s i A, DA e MAT o i I
i 52 e 1t PR AL 0 1 R K B N B3 R K 6 A 4 1
SEURIN TR] o P9 2(b) D22 i I IR K S22 1 Py 45, 2
UKTH b 3550 b7 R SR AL A AR, PRIE S AR
N GRS Ve 2 AN 55 DK A 2B Rt o 1S i T b
SEHE L P P A FATLAE HL A FLTL A H IR
A R R R A AL A 7 A e e s x5 T
VRN GURG P AE RO T, DR A W 0 A i e i
W VM AL TAER, T3 E S8, TR
UEFLAE —20 OB N IEH TAE; il & Lz
BT, ANFARE A I [) 2 B A2 A, 75 100 2> PRI
SPEUR AU I 18] A TEVE AR 31

(b) IS HEHL P

P2 i e B 5 2t £ 222
Fig. 2 Building terminal receiving base
2.3 KRR E
A IRUK T P 26 5 S s R Y FR A 55 46 e 4
WE3FR. WEeH, 7Aoo m s ge a8 LAK

WA RIS 5, 75 5 4 K S0 46 e 2 I B e e
PN K SO, R R R A B e e RS
W M, HAESE LA GRS UK, & 4
SEH T VKR 75 SR e o S 5 e A SR AT U
T 20~40 kHz A 5 4 i 2% 2 58 BUUK 2 75 8O &
B B AT S5, 75 B0 8 RORHEAS, Rl 20~40 kHz
e e 25K F R AT T8 W 4(a) B Ak
SF e i 2% 2 B BOK T 7R S IEAS ROK T RS (S
TEPRAT 55 » 0T R FH e i e L4 s i) 7 =X,
B 4(b) fim. ME 4(a) FTLLE 2], BATHIE T —4
WA U BB 75 TEARAR, B & “U” Y fd H n] f
73 20~40 kHz $efe 35 M4 75 BAT 2 OB A R B

(a) 2~8 kHz

(c) 20~40 kHz (d) 40~80 kHz

B3 ANIFIAT R St e g
Fig. 3 Transmitting transducer with different fre-

quency bands

£

(b) ZRAEEEATIL

(a) WIEZEREATL

B4 RAHEAESATL

Fig. 4 Laying transmitting transducer



. 20 7%

2016 £ 1 A

(5] I (R 5 5 DK T 2 LR S . Pl 4(b) T2 A%
SPUK R IR B, S — AN PR SRR iR ORAIE R ST e
RE A% E LA 55 DK IR o A0 > P 2 L B 2 i
Wkl 5(a) Fias, BEAMERH T R B K T ds I
Kl 5(b) Fizm o

(b) FKEKUTER

K5 Bl re o

Fig. 5 Receiving transducer
3 MIEIKEEES RN EHE

3.1 JKESSNA RS RENERNIEHR

UKJEAE g T K B B A B A AR R
PRELAE : — R AR BAT R 2R e, B )=
S 1) S PR (R, TR DK 2060 7K 78 A 6 1) 5 i
B AN R T8 WL R K -2 A T s K -0k
G AT R AN REE AR ST RIAE SR, X AN
[F) A3 1 75 0 EL A AN R (R TBOR S SO Re P 3R X
UKTR P KR AR P AR P B . PR,
TR KA T I AL IR B IVE R, WA b ZIR
N T UK JZ R P (0 SO BOR R o SRGEIZL H I
Pt AR B A2 200 S e v S5, E2H 2R
RUKE LI B HOR | 2256 S R H s, ) 2k
IRANBT AT e fi o

[FAES
é
RATHRSE X %ﬁﬁ(;ﬁlﬁ:
\ ==Y
> '
KT
e HE
R AHIEE R

Ko  UkZAEUN R2800E R A RS
Fig. 6 Schematic layout of ice scattering coefficient

measurement experiment

UK 2 BUR FR B0 e AT B A B 6 B, R
FEE RS S KT IE R 6.7 m, VK2R 0.3 m, KIE
6 m. REHAEREKT 3.1 m, [4) FATRE A 60°, 3
WSRO F K R 0.54 m, BRI N 8 Jo TR B, [
JGIAIFE 0.07 m, WA 7 AR, RPHRUSCHT ) O« 42
W] B2 ), Skie #2308 U, [ FE 0.2 m —iK,
AN ST, REHE S CW Rk, A0S 45 531
N 27 kHz.32 kHz.37 kHz.42 kHz.47 kHz, 375 10
AN SEREETE o BT 10 CRFE , 45 HEHE , JL 450
MFEA
3.2 EEESHRTEN

W 4 75 R I ] A0 2 UG R A e 1, DA ECHR
AD7cw32k(41% 4 32 kHz I CW k{5 5 Bl %
WL R IR =Rt N R N e AP SRS e
SRAEEHE, WIE 1.3 T 2% S EUR RS IR, K
WIS . B8 K32 kHz Ml {5 5 BIA K 25 45
4, B8 AR A1 2 0° I 9P o

"0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0

1
) ———

g "0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0

v

0 02 04 06 08 10 1.2 1.4 16 1.8 2.0
= o
"0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0

SRR/ 101
(a) 14 JHE TR

O
0O 02 04 06 08 1.0 1.2 14 16 1.8 2.0
Oi————f-'%
0.2 04 06 08 1.0 1.2 14 16 1.8 2.0
Oi—.—‘

0 02 04 06 08 1.0 1.2 14 16 1.8 2.0

g /v
o

of &
—1 L L L L L L L L
0 02 04 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0
SR/ 104
(b) 5~8 WIH AL

K7 &IEiE R AL
Fig. 7 Data acquisition of eight channels



ERLE AR

PO 25 FAEVLOK N A 2R I BRI 7 63

FH P 8 AT 401, ELIA 7 A BN 4.8 ms, VKT
U BB 1) R 5.9 ms £ BE A 40°, 483t — RO
J& E FLTH AL B 45 5 B BLAE 9 ms. BT FE TR
FEOR T2 0k, BT CAAEZEM AR, B0 oF 5 FLBE 3 9
45°, FEJM3 AB %N 70, Wil 9 Fros, Rk, 72 8
H A AR D 00 (CPAR) HLAFRET IE] 5.9 ms B, 9K R
SRFHE N E M, Bl R US PR B A, [ B S SO E IR AT A
R 24° PR IH] 4.8 s Ak I8 A A B A 2 0
FIMEIES .

&y

ems 8

T
—ll VO]

€

IR/ (%)

3y .
|
mﬂf-i: ) /
.

2 4 ” 6 8 10 12 14 16 18 20
i) /ms
B8 HE AD7cw32k I {5 5N 25 45K

Fig. 8 Acoustic signal temporal structure of acous-

tic signal temporal structure

&

“80 —40 0 40 80
/()
Ko B THSERRRE ) B AR 45 e 1 R

Fig. 9 Theoretical natural directivity diagram of

receiving array

3.3 HIEAERGTRENEER

K AD7ew B4R 4, REAHFEAR 154, Al H 8T )
B BT o BT R SR UK TR 5030, 5 21 04 AT m) S50
5FR 55 I R g SR K TR N SIS PR ) AR SR, AR
R 10 Fros, 205008 27 kHz. 32 kHz 137 kHz
FR) AT [r) O R B

1 1B 10 W] 5, 72 40° 24 A BORIEUR , X2
HI T FE 12 A 5T R RIUHT 96 P 5 A S S e I e, HL
HI TR R AT — € B 98 1L, TR L AE 40° B/ via F]
W REFRMC RN B . FERUINIIR AR, TS
W EL AR, i AR BE A 28 (IR 95 52 B UK, T
FE ST R M IE, o T (5 e B v, SO i T S U
RN

1T ok UK R AL REREEE L VKR P B 2
H, HAFAEAS 515 e LA B A 40 R S5 SRR, St 25
RE T GBS RAR LR, (5T S8 25 2

0
_5 '

—10 8o

—15 o 8 l

—20

H R /dB

—25 :is

30} s

10 15 20 25 30 35 40 45 50 55 60

ST A/ ()
(a) 27 kHz
0
sa
-5 e, '
¢ ]
—-10 ¢ of
% !I § [] .
Q —15 5 00 H
B 90 i
£ o5t
§
30} ¢
B 10 15 20 25 30 35 40 45 50 55 60
RS/ ()
(b) 32 kHz
0 e
L) []
-5 0y : LN Y
—10 0% .
m H f ) o:
3 1513 i i
2 20} iy '
o
8 —25 !
-30 §
—35F} ¢

_4010 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 60
BT A/ ()
(c) 37 kHz

P10 il A 7 IO i P 4 2R
Fig. 10 Measurement results of forward scattering

intensity



o 20 7%

2016 £ 1 A

K I BT 28 2 B $U0 A I AR A 3 R 75
MBS T AR R R AR o AR, UK R PE
FC, A ALIE BT H AT R R i — PR )
AT FFEAR T & 5 A 41 ) S 360 LA R HEAT IR
WEFC, AR BE 2 A GBI A SR B HOR , 3X 2 DR
e85 T — A TT 1A

4 MILKTKEBERE

ARVK T IR HEAT T 2 R AN [ 4t A ) 4
J3 K P8 A5 5, A SCHTE R ORE A RN B
= (1) RAG MR LEUK N /K A A5 s (2) ILREOK T i
KA (3) VKR 2 KA IEAS . B, A AT
X B b = g BRI R0 AR B A5 2R, A I £ 5
W 25 SRAGHE IR BT TURCR 45 e J3 4, FEA UK
NEAE RS S ARG A O K R E A

ARG FTHIH , it 2~8 KHyz 195 AL 22 %
41 WDKK B S EE I S5 A
1140 T BAEEE B A 1 ke, R RIVKF U
S S T DK 42530 5 B 45 58, WA 2 1
98 kHz. P 11(a) FAS A UK 9 B WU 45 £ £ 3k 45
Wl T R8T 568, 4 SRR IV R SR A F 42 0
17T WG — LA, T LU 51, 7280 B 0K JE &
B35 25 04, BT 0T, (55 KO T A7
Jies B 11(b) AR Aok T I 1 05 5 A 0
AL G R WL, UK RS R AR
BB UK R T 2RI A B VA ST, B R R ok
AN o S0 e 7 R R R T A 75 A
B (AT KA e LKL I3 BRI 7T 43 7
PR SFATETT 75 L N IR RE A ol T A
Ve, TR0 P 7 2 2 SRR A SR T (LR A

1 —— 1.0 ——
0.8} HORE = 0.5 m 0.8t PRE = 1.0 m
iy 061 2 06
E 04t 0.4}
0.2} 0.2+
0 n L h 1 0 ! L L n f n
0 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
L 4L /ms I%E /ms
0.8 N 1@&“;& 1'5' 1.0 —
' e tem 0.8} BRI = 2.0 m
MO'G' MOG'
E o4l — E
0.4}t
0.2}
0 0.2}
0 1 2 3 4 5 6 7 8 9 10 0 : .
4 /ms 01 2 3 4 5 6 7 8 9 10
1 —— % /ms
0.8 FORE = 2.5 m
0.6
Lg.
0.4}
0.2
O 1 1 1 1 1 1 I 1
01 2 3 4 5 6 7 8 9 10
IS /ms e
(a) VK FAEREFE L
1.0
0.9
0.8
0.7
£ 0.6
g 0.5
i
2 0.4
! 0.3
0.2
0.1

F4iE /ms
(b) VKTFAEREEIRE =

BI11 KR ASRARFEK P {5 1 Sl 45

Fig. 11 Measured results of under ice acoustic channel at different receiver depth



ERLE AR

PO 25 FAEVLOK N A 2R I BRI 7 65

S RANIRTT LUE RIOK T AL iR e & A TP AEUK T 3R
T PRI Ak, 35X R J5 BRAE TR ZK IR IE - i 5 I R R it
T RIS -

BI1245 H 11 km &b oK T 7K 5 45 38 W0 25 2R
BT #KEE 5, LR rie I LikEE
i () Fo At g S b FURAR AN E , BHIK R 7K A AE
o fasE . R, UKZSRHEI AR E bl & E
FRUK T AT K P IS B AN 22 52 B 23k AR A7 B AL 52
Wi, A B T4 s AH T K S RAETERE

H$1E] /ms

0 5 10 15 20
I 4E /ms

K12 KR SEBK A (EE R

Fig. 12 Under ice acoustic channel characteristics

4.2 MWDK TRERLLKEEE

I T RA TR AR R DA K 6 2% F A PR 1, 43
REFE 1 km Yl A HEAT UK k36 . AL, R f0K
R N O B g e DA SE AR e KRS, i
ALK N T R K Pl AE o AEARAEMR LL 2R AT, BRI
A2 ELY 28 G0 R T s O 10 TR R 2 Pl i o $R
ARALAE R o R RE A I R, R B R4t
FEARAE R EL AR A IR RS AR5 fa] PR 5 1T o A 4%
JEEE B0 B 13 P, SIS S 2 i Ja LLAE P A
PR 5 N AL 5] 5 A S 2 4 81 AT
Kia 5, AR R F e, I8 LA S8 fay A 2%
e e B K/ IN R BEAT A A

[PN PN]

[PN —PN|

K13 AR & R A
Fig. 13 Energy Detector

K EME EE RS, BV 24 KH
JE AR 511 B m 7 5UAE Ny AT 51, &R Gt 5 0k
4~8 kHz, HA5HEFNT.6 bit/s. &FWiEHE0F
180 bit 15 &, M ILALHr 45 Witk 8100 bit {5 &. 7E
—15 dBASMEEL 264 F ¥Rl T FiRG MRS . K 14
gy T AR E WS S ASFEE MR L2 1 R AT 10 bit
R B RN B 45 R, AT LLE B, RUMEFESS
W LA —15 dB 26, A S A I 25 AH DG 2% 4 1)
Re g ZE(E AR T4 B B, INIARIE T B RS M IE
AR o BB S AG I 25 1] 5 2 S IR HLI0 A e e ) A 3
WA, HA BRI PTEPARA B PiEE 2 & T
PLIIBE T, 5% T BE S A I 45 11 J5L 3 40t DA B gk 5
% BAE RS AU R 4 H

I T _ _
gg?émﬂu;giu 7 o B
0.7 IR I e S R B 2L HITL)
ool O T T T T 101 0] |
0.5 % SRR EEES s
S g SRR SERIEN
g4 i e
T s N R 1
0.3 ¢ﬁj‘Hﬁifﬁm¥V%~~
iR iSRRI R ol (el
0.2 8¢ 11 P TRrITe
o+ +*L+w¢1tgq>
01 ’ R R A B L1so
W22 s s
s il 00
0.4 //////// 50
10 9 8 7 ¢ 5 4 3 2 1 g 0 %,%,',w
o9y
(a) SNR =10 dB
;;J;j;‘jf P e e S
T R e
0.08 PRLtHT L AR i RS
0074 [T T 1 1 1 1 0[1.0]
0.06 1 T T
¢ 0.05 §§i$ 5 | %g
gool it e
E 0.04 i i %%&sﬁ 1‘1,1},%@, ,z;,gf
003y gt it B I T 88 TR
0.021 BT Bt e
0.014 2§ s s e 150
o 10 . i 100
10 9 8 7

Bl14  REEA I &4 th 45 R
Fig. 14 Outputs of energy detector

4.3 MELATERKERE

VKR K Al AE R T R K
BEHAR, RGN 4~8 kHz, FUCE N R
I 5 B ) S IR A T AR ARIAIE T R G e ik 261,
I & 8 I W R A AR SR E B 15 BiToR, E 2 YA



0 20 7%

2016 £ 1 A

H R RS S AT I AL B, 159 3] E B 55
AR Q pREL, SR Jm i ) H S B AT 25 06 Q PR
K55 W R A 18] T P EAT Yo A B . G I I
Kb BEAG BB R E K Q BRH, AR faifb 1) vk S 15t

oA 4 (P A B FE, ESRAE R BN 1 ks FEUSCAS
bt 15 dB 2544 T DSl 17l E E % 4 4.5 kbps
9 kbps (I FRIGK ARG Bl16 004 H 7T KH
QPSK F1 8PSK 1 ] (1) fige ih 2 a1

BT

i) A BERE S )

~

HP B

K15 I BT R s
Fig. 15 Time reversal DEF

¥ffiija R (SNR = 15.113 dB)

[F]4H
(a) BER = 0(0/15000)

Yyfi)E LR (SNR = 17.4205 dB)

[RIAH
(b) BER = 0(0/21000)

Bl16  F il et S e

Fig. 16 Decoding constellation of single carrier

4.4 MIELKTZUKEBRE

VKR 2 Hk K 75 A SR F 25 43 2 kAN 4y 22 4k
AR 2GR A 511 8 m 5 FIAE Ny kD,
9 9 4~8 kHz, R BEAS H Y 7.6 bit/s.
234y 20k T ZANE 17 fiiow, B IR T2 7 s 127
FRIVEF 1 S5 e B A Fi o A 5T 250 75 52 T LA TR] B
H AR 22 B P 7 s 1B, AT A 2% s 4 Aok s
I SE (13815 5 I 1) i % B R LA I ) e 4 1 R, T
H & N VCAECHAEE F {518, A 28455 1m0 g
[0, R BA 2 (e R AR, FIRAF P 5 &

RENACTEEIV 2R E ALk LN E A GPER PN e -2
SR P B AL 2 B P 28], 5 2 hEER
AT LA RS 7> 2k R G rh i 2 T30, 4 il
NEUWRGNARGH R

H TR B8 P B A6 2% AR P R A, UK R 22 ik J
IS A I T AR AR AN [R] A R R L PR 45 A
P I EHs , Jim R A0 BRI B 0 e — S R AS U 22 hik i
fE e A RUK T R3S BRI SEBL T 124> ™ 1) 2 ik
WS ARG, AR ROEM O R R AT, &4
JUSEIL T FARMGEAE - B 1845t 1 AN I



%35% 2510 Bl 25 BAEYLUK T R 5 o
iLL‘(—t)
I} 1) 2 %%
‘ ~
p hl(t) Y
— PTRM T oo .
IS
L Ll AHEFY . ’ ‘
gﬁ e 1%%%1 fﬂ — ™ ﬁlljg%? 2 9 * /CDMA
& HIE Al o EE i X .
% “j 4 VyTRM N 7}3;;_]%: PN, 24
S > JRHELAA v,

FURAGEEESARSE, MR T

K17

BRSSP TL

T ZHEE TR

Fig. 17 Space division multiple access communication scheme

10 bit {5 2 A RER AL I 23 AL BRE5 R . W] LAE 21,
AR R BE B AT &5 A S A% 4 HH RE R 22 W], ARIIE
TEAH PR IER ARG, FEW R, £
REPHEAT T D], B ORAES N H P B D A 1)
JEREAT BN 5 ANBEAT DA, KRIHRA R ™
SO /NT R AL S SN DA P e IR R RS
FESERRUK T 2 HEAE DR P BOR AT 2D, 3K
WA 5 S — T 1.

—o— MK ER L
HE a2k

10

K18 kKA (s S A Bl 45 2R

Fig. 18 Multiple underwater acoustic communica-

tion data processing results
5 ZHR

A SCHEET 2015 4 1 7 78 s IR AA FE L REAT 1Y)
B IRUK R P 22, DR e SR VK T A AT T L
PEITR 724, RN R T R SRl 2
Ko AUV A AR BT T 0KJZ HIUH 2 800 2
5, AR UKIR S50 M B R | 2256 KA et
BERAONJESEUK T AR L UK KA fFiE

BAR SR . UKTR 23 A IE i Tl K IR
SRS, R AR BT T S L
RN TE UL, IR T S R T
UK AIRAR M LU 2% AR T B 7S S A5 X 6 (R 0L i A
JKFE AR ) R R K A AE I AN KT 2 K
P A BRI H 3R Ty B R 15 (1 UK 5 Ak
FFEB AR LA B8 E , R0 KA B, 45 26 BN
g 8o 1 A AR B BN B Bt H DARIR R
FE£0 °C VAL, OFUKR = 2l s ok 1 Bkil. Asix
BRI AL B R O AR R R T B RS AR R
AR, BT RS T e iR E LR, RN R
PSR SR AR IR o TR, (X3S e 46 e A2 T e o
T A DRI LA ) 7 W] 45 52 AR R Y Rl A LR KR
A7 I I S 3 15 4 S 490 D9 E 2L (RIS, At of i
R K W 4 K P A3 e i BB AE JE IR

24 B S M AP S AR T S I RIS
AW B, Bk Z 5 A T B A SRR AT, SR
ARA WL TP 9 e, [RIIN JSR AR 3 24 B S 6
AT SR LA PR 2 2 BR ] 0 Bt 7 2 AR A T
Foo N AKAE— SO QAT ST R L, A AR OC i
IR ATV SR BK ] e, & F:A1E
2 JE XI I RAAETL S FAAEWITT VKR /K75 ik,
B HEBER R BRI L, 9t AT i 75 2l e
BL5E L fi

=

S E X M

[1] BIRD K J, CHARPENTIER R R, GAUTIER D L, et al.
Circum-Arctic resource appraisal: Estimates of undiscov-
ered oil and gas north of the ArcticCircle[R]. Geological
Survey (US), 2008.



68

A7 %

2016 £ 1 A

2]

(3]

(4]

(5]

(6]

7]

8

[9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Official of Naval Research website. [EB/OL]. [2014-9-10].
http://www.onr.navy.mil/science-technology/code-31.
BURKE J E, TWERSKY V. Scattering and reflection by
elliptically striated surfaces[J]. The Journal of the Acous-
tical Society of America, 1966, 40(4): 883-895.

MAYER W G, BEHRAVESH M, PLONA T J. Deter-
mination of sonic velocities from reflectivity losses at sea
ice/water boundaries[J]. The Journal of the Acoustical So-
ciety of America, 1975, 57(1): 39-46.

YANG T C, VOTAW C W. Under ice reflectivities at fre-
quencies below 1 kHz[J]. The Journal of the Acoustical
Society of America, 1981, 70(3): 841-851.

MCCAMMON D F, MCDANIEL S T. The influence of
the physical properties of ice on reflectivity[J]. The Jour-
nal of the Acoustical Society of America, 1985, 77(2):
499-507.

BUSH G, DUNCAN A, PENROSE J, et al.
tic reflectivity of Antarctic sea ice[C]//OCEANS’95.
MTS/IEEE. Challenges of Our Changing Global Envi-
ronment. Conference Proceedings. IEEE, 1995, 2: 962.
ZASLAVSKII Y M, ZASLAVSKII V Y. Experimen-
tal analysis of flexural waves in river ice[J]. Acoustical
Physics, 2010, 56(4): 486-492.

MAKSIMOV A O. Acoustic manifestation of bubbles
frozen in an ice sheet[J]. Acoustical Physics, 2011, 57(3):
391-400.

BURKE J E, TWERSKY V. Scattering and reflection by
elliptically striated surfaces[J]. The Journal of the Acous-
tical Society of America, 1966, 40(4): 883-895.
DIACHOK O I. Effects of sea-ice ridges on sound propaga-
tion in the Arctic Ocean[J]. The Journal of the Acoustical
Society of America, 1976, 59(5): 1110-1120.

BISHOP G C, MELLBERG L E, ALBANESE C J, et al.

A simulation model for high-frequency under-ice acoustic

Acous-

back scattering[J]. The Journal of the Acoustical Society
of America, 1985, 77(S1): S56-S56.

MEREDITH R W. Measurements of under-ice broadband
coherence[J]. The Journal of the Acoustical Society of
America, 1990, 88(2): 1003-1010.

WOLF J W, DIACHOK O I, YANG T C, et al. Very-
low-frequency underice reflectivity[J]. The Journal of the
Acoustical Society of America, 1993, 93(3): 1329-1334.
FREITAG L, KOSKI P, MOROZOV A, et al
Acoustic communications and navigation under Arctic
ice[C]//Oceans, 2012. IEEE, 2012: 1-8.
PLUEDDEMANN A J, KUKULYA A L, STOKE R, et
al. Autonomous underwater vehicle operations beneath
coastal sea ice[J]. IEEE/ASME Transactions on Mecha-
tronics, 2012, 17(1): 54-64.

MOROZOV A K, ALTSHULER T W, JONES T C P, et
al. Underwater acoustic technologies for long-range nav-
igation and communications in the Arctic[C]//Int. Conf.
Underwater Acoustic Measurements: Technologies & Re-
sults, Kos, Greece, JS Papadakis and L. Bjorno. 2011.
MOROZOV A K. Modeling and testing of carbon-
fiber acoustic  trans-

doubly-resonant underwater

(19]

20]

(21]

(22]

23]

(24]

(25]

(26]

27]

(28]

ducer[C]//Proceedings of the 2013 COMSOL Conference,
2013: 1-5.

FREAS, FRE5e, Wrel-r. 10 HL 2L R A Ah K sk e
RHIE [J). & SRR 540, 1995, 25(s1): 235-249.

CHEN Mingjian, SHI Maochong, GAO Guoping, et al.
Hydrologic characteristics of the water outside the conti-
nental shelf near Prydz Bay[J]. Journal of Ocean Univer-
stity of Qingdao, 1995, 25(s1): 235-249.

FREER R, AR, 7, 55, ALUKPEIRIK /SR R G KRS 423k
S A2 [J]. BT, 1999, 11(4): 301-310.

KANG Jiancheng, YAN Qide, SUN Bo, et al. The Arctic
sea ice, climate and its relation with global climate sys-
tem[J]. Chinese Journal of Polar Research, 1999, 11(4):
301-310.

ST, okt ALHGEE KA AL RAE AT [J]. TR, 2008,
24(4): 42-48.

WEI Lixin, ZHANG Zhanhai. Analysis of Arctic sea ice
variability[J]. Marine Forecasts, 2008, 24(4): 42-48.

Bri |, R, A, & WRIXHEFE R I R ST et
FIARTR [J]. AR5, 2008, 19(4): 305-313.

JIAO Yutian, ZHAO Jinping, SHI Jiuxin, et al. The de-
sign and deployment of mooring system in polar region[J].
Chinese Journal of Polar Research, 2008, 19(4): 305-313.
WE, FEE, REG, F. E AUKERIME BRI [J]. K
RleEit R, 2009, 20(2): 287-292.

LEI Ruibo, LI Zhijun, QIN Jianmin, et al. Investigation
of new technologies for in-situ ice thickness observation[J].
Advances in Water Science, 2009, 20(2): 287-292.

TRV, AR, RS, . LRI AR I 4 1R T VS AL A TE )
VKAY AR ASARAFAE [J]. BT 5T, 2010, 22(2): 104-124.

SU Jie, XU Dong, ZHAO Jinping, et al. Features of north-
west passage sea ice’s distribution and variation under
Arctic rapidly warming condition[J]. Chinese Journal of
Polar Research, 2010, 22(2): 104-124.

FIRLE, 7, BEERE, S KA — 115 AR RHTE
R[], BLF A%, 2014, 33(6): 471-483.

LI Qihu, WANG Ning, ZHAO Jinping, et al.
underwater acoustics: an attractive new topic in ocean
acoustics[J]. Journal of Applied Acoustics, 2014, 33(6):
471-483.

HAN X, YIN J, YU G, et al. Experimental demonstra-

tion of single carrier underwater acoustic communication

Arctic

using a vector sensor[J]. Applied Acoustics, 2015, 98: 1-5.
B, Ak, AEMSE, . BT RREG IR RS
gy Z K EELE [J], WEFR, 2012, 61(6): 329-335.

YIN Jingwei, YANG Sen, DU Pengyu, et al. Code divided
multiple access underwater acoustic communication based
on active acoustic intensity average[J]. Acta Phys. Sin.,
2012, 61(6): 329-335.

JR A, ke, BRI, A IR SR B AR K R A4S M _E AT
EHBIRI [J]. MR DRER 22544, 2011, 32(1): 1-5.
YIN Jingwei, ZHANG Xiao, ZHAO Anbang, et al. The
application of a virtual time reversal mirror to upstream
communication of underwater acoustic networks[J]. Jour-
nal of Harbin Engineering University, 2011, 32(1): 1-5.



	Abstract
	1引言
	2冰下声学试验
	2.1 冰下声学试验概况
	2.2 临时基地搭建
	2.3 冰下试验仪器设备

	3松花江冰层声散射系数测量试验
	3.1 冰层高频声散射系数测量试验概况
	3.2 高频声信号时空结构
	3.3 前向声散射强度测量结果

	4松花江冰下水声通信试验
	4.1 松花江冰下水声通信信道特性分析
	4.2 松花江冰下低信噪比水声通信
	4.3 松花江冰下高速水声通信
	4.4 松花江冰下多址水声通信

	5结论

