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Abstract

Abstract

With the rapid development of ocean and information technology, the
requirement of transmitting the data through the underwater acoustic channel is
increasing greatly. The signal’s fading which is caused by underwater especially
shallow water acoustic channel multipath propagation is the main factors influencing
the performance of underwater acoustic communication systems. Because of direct
sequence spread spectrum (DSSS) techniques’ ability of resisting multipath
interference and multi-access, it is the key technique which is used to transmit data
in underwater wireless acoustic communication networks.

This thesis briefly introduced the development of domestic and abroad research
on underwater acoustic communications and the research orientation on spread
spectrum communication, and then the properties of shallow underwater acoustic
channels and the effects of time-varying multipath propagation upon transmitted
signals are analyzed. In the third part, we introduce the key technology of direct
sequence spread spectrum communication. Channel parameters estimation is need in
the design of RAKE receiver or equalizer of direct sequence spread spectrum
communication system, so in the fourth part, we presents a novel method of
underwater acoustic channel estimation which initially uses LMS algorithm to
acquire channel parameters in convergence mode and then converts to SOLMS
algorithm for channel tracking after convergence (in tracking mode), this new
method combines the merits of the fast convergence rate of the LMS algorithm and
the better tracking performance of SOLMS algorithm. According to shallow
underwater acoustic channels’ characteristics of long multipath spreads and rapid
time variations and evidence fluctuations, an underwater acoustic communication
system based on DS/DBPSK technique was present in this paper, this scheme adopts
digital matched filtering, delay differential demodulation techniques and so on, and it
doesn't need pseudo random codes synchronization and carrier wave extraction. At

last, a DS/DBPSK underwater acoustic communication system based on a chip
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TMS320C6713 is set up combined with some peripheral circuits. And the

experiment results gathered in the lake and in Xiamen port are given.

Key words: shallow water acoustic channels; channel estimation; DS/DBPSK; DSP

11



H X

B B e e e ar—ear— e e e e e aeeaaraearreaaneaaaas 1
A D ST ACT ..o s II
= - SRS IV
(O =1 oo [N o TTR VI
= e 1
L R =1 S 1
1. 2 KEIEB BRI R . - o 1

1. 3 KA B BRI TR AT . o o 3
L3 LA AT oo, 4

L3, 2 B L M e 5

L3 3 S A R g T 7

L 3 A G S I T T e, 8

1.4 KIS EER A 9
= | =k S T= = 1 1
200 = T 11

2 2 R B I EER A . 11

2 2 L B R R N e 11

22 I o 12

2 B A R 13

22 A RS 15

225 A RN e 16

=R e, ) OSSR 18
3 Y R AR IR . . 18
S 2 I AR R R R . . - . o o 20
3.3 EHIERIY MM AR E R . . 21
3.3 L ANBEH LT e, 21

3. 3. 2 M 26

3. 3. 3 PRSI 2 27



PRE(E T8 ELAR P AU UK A5 RGET T

3.3.4 RAKE U AR 30

FME EF LMYSOLMSHFRTEZEKEEEGITEE ... 32
A1 BlE 32
4.2 LMS L SOLMS B EfIAy o 33

4.3 FRIR IS ST E . 35

A 4 B . 36
FRE DS/DBPSK JHHI R TR ....ocooeeeeoeeeeeeeeeeee e eeee e 40
T =1 =T 40
5.2 DS/DBPSK YBEI AR B IR . . . . 40
5.2 R R R R I e 41

5.2.2 B R R R 4

5.2 MR R AR 47

5.2.4 BT R AR 50

F7E DIYDBPSK RGIEUIHEY DSP IRIR ..o 51
B. 1 B E . et 51
6.2 TMS320C6713 DSPs 3R . . .. oo 52
6.2. 1 EDMA. oo e 54

6.2 2 EMIE . oo e 54

6. 2.3 B L T e 55

6.2.4 ICETEK-C6713 ) UART 210 oo 56

6.3 RGBT . 57
8.4 ARG . 59
2 = O W T b o 1 SRR 61
11 BB BT . . 61
1.2 MR BT .. 66
B B B T BRI oo oo 70
B T oottt r ettt et erarar e 71
BB I e et e et et et et et er et et et et er et e e e 75
BNt i it VR 111 - A 76



Catalog

Catalog
N 1 = (o USSR II
(O 1= [0 o [T IV
Chapter One INtroduCLiON ........ccccceeiieiie e e e 1
0 A o= Yo o SRR 1
1.2 Development Course Of Underwater CommuniCation ............cceeeeverennens 1

1.3Research Orientation On Underwater Spread Spectrum Communication3
1.3.1 Spread Spectrum Code Selecting...........ccccccvvvvveeeennn.nn. 4

1.3.2 ReCeIVEr StrUCtUIC. ... ..vviviis i, 5

1.3.3Modulation and Coding Mode ............ccoovviiiiiiiiiiinnnnnn.. 7

1.3.4 Signal Processing Method..................cooiiiiiiiiiiinn 8
1.4 Main Resear Ch CONTENES ..o 9

Chapter Two Characteristic Of Shallow water Acoustic Channel.11

A R T T = Vo] o PSS 11
2.2 Main Features of Shallow Underwater Acoustic Channel ............cccc........ 11
2.2.1.  Multipath Effects.........ccooiiiiiiiee . 11
222 Ambient NOISC.......ooiiiii i 12
2.2.3  Transmission LoSt...........ooiiiiiii i 13
2.2.4. Doppler Shift.......ccooiiiiiii 15
2.2.5 Fluctuation Effects................o.ooii 16

Chapter Three The Principle of Spread Spectrum Techniques ... .18

3.1 Thetheoretical Basis of direct sequence spread spectrum Techniques....18

3.2The performanceindex of direct sequence spread spectrum .................... 20
3.3Thekey technology of direct sequence spread Spectrum ...........cccevceveeene 21
3.3.1 pseudo-random SEqUENCE. ........ceverrrernrieireeaeeeineanneanns. 21
3.3.2 despread SpeCtrum..........ovuviiiiiiiieei i, 26
3.3.3 synchronization of direct sequence spread...................... 27
3.3 4 RAKE reception......ccviviiiiiiiiiii i 30

Chapter Four Time-varying multhpath underwater acoustic channel

estimation based on LM S/SOLM S algorithm.........cccccoeevvevivccieenne 32

VI



PRE(E T8 ELAR P AU UK A5 RGET T

T R 0T = Yo o FO USROS PSP PPTPPTPRURORN 32
4.2 A brief introduction toImsand solmsalgorithm..........cccccevveiiienenen. 33
4.3 A novel estimation method of Time-varying channdl .............cccccceneeee. 35
4.4  SIMulation eXPeriMENT......ccooiiieeeeee e 36

Chapter Five The principle of DSDBPSK modulation and

AEMOAUIBLION ... 40

S.L FOIOWOI 0.ttt b e s nn e nene s 40

5.2 Theprinciple of DS'DBPSK modulation and demodulation .................... 40
5.2.1procedure and mathematical model of transmitting

terminal..... ... 41

5.2.2 procedure and mathematical model of receiving terminal... 42

5.2.3 Frame synchronization...............ccoeviiiiiiiinnieiiennnnnnn 47

5.2.4 symbal synchronization tracking......................c.o.oeenn.. 50

Chapter Six DSP implementation of the receiving terminal of

DS/IDBPSK SYSLEM ..ottt 51
G300 = o o F PSPPSR 51

6.2 Brief introduction of TM S320C6713 DSPS......cccoeiveerenieenienieeie e 52
6.2.1 EDM A . .o 54

6.2, 2 EMIE . .. 54

6.2.3 Interface Resources..........oooevviiiiiiiiiiiiiiiiiiiie e, 55

6.2.4 Interface of ICETEK-C6713.......ccoiiiiiiiiiiiiiiiii, 56

6.3 Hardware SyStemM deSIgN.......ccueeiiierieie et 57

6.4 SOftware SYStEM ESION ....ccuiieeieeieeee e 59
Chapter seven Analysisof Laketest and Seatest result ................. 61
7.1 ANalySISOf aKeteSt FeSUIT ......eoeie e 61
7.2ANalysiSOf aKetest FeSUIT .......cceieeeeee e 66
Chapter Eight Summary and Forecast .........cccccevcvveveeveeneescieccie e, 70
REFEI BNCES... .ot e 71
ACKNOWIEAGEMENT ...t 75
Publicationsduring M.S. StUdY ........cccceverieeieeseece e 76



B iR

1.15|8

PR AT LR T1% A HAR, e NSRAEAFTE ST 0 BB A, BT
AV MR A JE - M SRR AR A A S F SR 8 n . A 8807 s
SRR T H RIS S B S BRI S84 4T R B e 5 2 A v A R A
PRI B (WNE RS AT BEAFAE S S i, MO R 1 & AR E PR B R
o S3AMHFAEHR . & B0k, el F RS I AR R AR AR H R, B
i RN TR S M ARSI T 40dB/km!Y, BRI AT IR K P ) A4
PRSI0 AT B AN BED AL NI ) (1 77 28 o AEARHAR MK (200HZ LA ),
PRI AN REALRR L 0 A B, RIAE 20kHz R 7 A8 7K IR S it H AT
2-3dB/km'", PR IR 7 8 A A £ AR 16 v H i b S IR S R B
SR £ ¥y e —F BRI,

ARSI AR I8 A H 0 B AR IS, K N PREEE K, ity v [l
AR, SRR Z I TOKFEAE RN AR, PUETE A
PIBARBATI R P2 AT IRMRE S, BRILZAh, A AR
SRV RE ), DRI AR A 7K P A D9 £ A 5 IR FH (R DG B RO, H AT T

\\\\\\\\\

L2 KFEEEMARAE

KBS BARYE AT Bt Al b, AR 5 A R 1)k R A I
LR T I R BLUE A B BRI BL AN A B B AP B R e SRR
IKFEIEAS, e K A AS, LR A R 3AE AR A AR T
WAERIER, JF HBEE KT 55 A v AR T R i, K758
ERRGT A A5 S A B SR SEHAE WA S PR BAREOR, s
IR EIAR . BIENIIBEEA DRSS K 1-1D.,



PRE(E T8 ELAR P AU UK A5 RGET T

bps Comparison Year Technigue Data Fate
Adfapiive olarred”
1,000,000 e | 2009 brid AR
2 ) Chareraed Ext 7
AIIAIO 200, D00bps [5]
100,000 OFDM 48,000bps [5]
DSSS, 160 AN 38.400bps [4]
DPSE L9 2000ps [3]
L.FM
L0000 | bes Doppler Est.  @a0ibps[2]
QPSK 6. 700bps[1]
FSK 1,8000ps [1]
1,000
555
Lok

Fig. 1. Improvement in acoustic commupications performance 2s a resuli of
the adoption of new technologies — data rate estimates over Llan channel

B 11 KEERERRREREY

FSK ARAHT R4S, ffuh T S AHAT RIS ) . LT IUERELT . 55 Sk
fifi, PR AR BAR AR S T AR R) Z EH . —ANIUB O
[§ Woods Hole i3RI 4% 700 Al Datasonics 23 7] 62 BIF (14 7K 75 B i 2 451,
ZARGHMIN 20~30kHz, KA MFSK HI(ILh 16 N+, BT WK
4FSK)EIAR, Hofg KAEHIH A Jy Skb/s, (EHIEE R 4km. ZRATEIRIBKTEIH,
700m S RIBRHRE X A 3km (R /KTE HASE AT, S S 10~12dB
FLEAT A S IS B0 T, AR IR LLRFR O 107°~107 . RGutnl 1 3/4 iR,
PR 5 IR, DIPAF LI TERE, IR S 3.75kb/s I8 A

FEIE AR, AR T AR R e e TR A A 5 i A
PF b, mnl SR KW N E S 10 R G2 A T RGN — AT . BT,
JEAH T R G T 0 35 T45 0 A& NI RS HOL B A, UG
PITAL RS, M i BB (R A 4R FE 25 . S I B el St . I 1)
EAHT RSB B R R . BSR4 R RGN ok
FIIIE BT, 3R R D AN A IR B

80 “EACHIIT UG, LA 56 AT SR AEE R o H A, /KA b Bt
MBS HI 7 X PSK) MBS T3 LS R B kA, 3 A R
PR G R 2 A 2200 AR R B 5 R(DPSK)BEA TR A, B2iesss ml LUFH 2200 M1 107
M0 SR 22 00 AT 10 2 0y AR BR T AN T EAR T8 Ah, e DU RE )
PLE IR KBRS R e ) T AL TR AR i e i AH, (R T

2



B iR

ST TS (AR, LEPUNE S B T AT BUREE,

B 5% DPSK /K A il E 248 i G R. Makelburg 25 A\ T~ 1981 45 1, % R4
1E 2 3 THRAS KK R B K T ) T BASE LI T 4800b/s A& HId . 51
— BN EL, SRFH 22 e AR SR (MK R I8 RGESEA L, H A JAMSTEC JF
I P TR T A K B A 2 46, R 4-DPSK BiR, %M 20kHz, 7F
Kk 6500 m [RIFE F R SRAT 16 kb/s AR % o 5 [H 1 B K 11“ BASS300”
LR DPSK, 7 10KHz 7 98 4, J8{5 8% Tk 10kb/s H1 20kb/s.

PSK {17 R T Bk MARNLE B, 75 AWGN {5 T H 1 i i 4K T
DPSK 5 R4, i Tk (5 AR (AR AR, 1o (AR g0 & Ak 4
SHFRAHIEAS R R ACE E A AT . B LR P s 00 th I 45 &
BAHIRBIAR, i pe 7 3B S RIAR AL RS 10 1), A1 R P Tt 1) 260 0 3
FEAE RGETT N T A E! . Bl 90 AR TFUG, /K R 38 17 45U (1 F
G U )Xo v A R A R R IR 7, 5 RhBE T PSKOR I VA &R Gt
2k R0 2 [F 1L k2% A Woods Hole HEVERTSTIT(WHOI)BES BIF ] T 147
IRAE G HHIREE MY QPSK REE, JRAES T P EREE -pEAT T3R80 . 7
110 5 B (R A5 B AL S B 2 0 660b/s; 48 s BRI IE . B RN
1000b/s, 2 JF HLYR RS 1 FR ARl 10kb/s o SCRR[O]H FH 132 0 A0 1 15 o 1
W0 R GER M 3 r a R B AR I B IR B, SV L R 1 BB 1E PLL [ ER
HE, B FRIA 2] 150kb/s.

1.3 KEH SIBERARAE

PR R R AR (145 S8 IOV BB LR 2, SIS0 3 e Ja A%
s RO R A R R e S AT R S AR SR AL B, R D (s B e . B 46
1 80 AR TC L L Bl U 7l A o TRy R R e A5 S R T A
W, PUTI. PIBARERRES IR, DI AR, FoA Rl AR i A
o

H AP A5 T R Y AT 2805 S A2 ™ B2 BRIV, BT AR DUOR Y BB AR AE 7K
P TE Iz e HAE S IS I8 R A R IR . AN ey T 7K 75 I 2% XA 9 A S )™
PBIAGEXS PL2 AR TP — FARF AR EAR, IF By A E M —RE TAFAE



PRE(E T8 ELAR P AU UK A5 RGET T

AT L 2 PF BRI AS H AR PO, BRI, 7 A AR A K P 0 £ ey o P A ok
T2 BT . — LK R G L2 Y B A AR P (B ISR At T i
S peInonanT

TAAEAR, RAKEY ARGV H SR, § RS LGSR AER,
MUK IARGEIEREAR ) Ty, XEEOREEA . §liddse. HhLait.
P S OB S AR B k.

1.3. 1 4 SfgiE %

m J¥41. GOLD fE VOB AT FA W, e AR R = A Dy i
Mz 2. WFFUERIE, S5 T X B ARas )4 A0 R Ge A AT R AP IR S 2
(LPI). fICAS A2 (LPD)MEAE, BIAEZEAR SNR A AL 2e 4y, DRI 2
X HE AT B 75 50 PA SO DAMESR i D e . RIS 51 1 AT S BEH LRI )
U E S FUR DY, I A, T USRS SR R e RE . 51 4h,
RIP Y EAZ , MR RYF, &5 T DS-CDMA Al M-ary § 555454

S. Azoul"MIRIIR Y A R 45920, FIH] ESS (Exact Spreading Sequence) Al
DUKF (Dual Unscented Kalman Filter) PYRFIHTBL, 0 2 TR AL 1)
RS0, RS S OB E IS &, nTLMER UKF J7 gy 4ies
BRSBTS (B DUKFE) o FIHIHSEHLEUE RS Brest HifE se
WORIAEPEfE o RIS T 558 (Knudsen) BERY, SR A Lkik. fR4EE B4
10km, SEIOHEX KK 90m, KUSHLREE 20m, BWHLIASE 40m, KA BPSK i
W70, i 8820Hz, VAN 4410Hz, ApMifk4i 200bit {755, AHHE 25 80,
PN AR LE 200 0dBe X T EAROR, EBERAUSDL T, ESS VAMIBUR
RUF, A IR 2 T DUKF YAGHEIE R FLE UK, (3 R 1E
BTFEE I BOARMAAT T, AR KL 5.5%.

W s IR U, AR B Tkm, SEEG KR 20m, RS HURI BRSO LR
53 5m A 10m, ARHFEERLER, BN 63, Skl —H
AL R 127 I m P20 515 18 - el A ESS(Exact Spreading Sequence)
F1 DUKF (Dual Unscented Kalman Filter) PRREETFBL, JFLEW R iFH T B
BN FE 38 25 PRI BAR R o PFP T B R DDAk 00 I R4 T ],



)

e

S ESS V20 PROSAE T AR Ak 1 BRER BE 0 B, AR 7V 2R 40 45 1 S IR LA o
) DUKF & LAEFE D) A N R Hs 77 5 AR AT A TH I, 05515 T 1
N RETIHE R . S.Azou ZE NIEKE N S e L LR VRIS SR ST ST, LS
% H. LPD/LPI PEfE.

SCRRUSUR P Bk 1) Kent WS P2 AV AP 41, 2003 4E7E RIHEHETT T 56
E, VRIAP AR 127, WA 5.10s, #5958 S0Hz, K4 ALK 186.0dB,
HAEE 2 3 1km, BT DU niim 5 525, WA 6.3b/s, IRIGF Ny 8.0%107,

W 7RV TR K 2T ST T M-ray TR 40122 301 Pattern B 4iE 25 45 ith /K 75 855
FEUO), PR TG T A R 50b/s, KPR ES R 1770m RS 0. 24
KA 8 ANMHIERS, JAFHE k) 400b/s, KFEEECA 2170m I 5265508 0.1787%

SCHR[17]AI7K S Meray §T R SR, R A BLIR KOS R R B0
hBEHLFEA . 27kl L BB K E R FS (AR N=25-1) . Rk
fPE RS 20km, FRHIH A 7.2 b/s, MO TE-14dB FIFEBELL AT, 252 0.2 %.

1.3. 2 EIHL &4

IK AR TE R N AR 2 AR LA, h T AR 28 REAMEA 5 TE IR N AR, 20155 1
FERY 5. 7EDS-CDMA R4 . WIHAMETE &AM SERS NG ES
HAE— D5 (B8 A PREFAAR), B ATEMRY 2 Ja HMON R AR A LA 4 e e =5 1
KBRS, [ B AR IR P R A TR R R i 2 R A, b S RIS P
(R G L 25 AR (A PR T4 5 0%, T S8 s R B IRAE — AN 45 1) b A £
FEAAS . B2 GX PR ARAE CRUE AR5 1 T Sk, Bl WL, 9458 AR s A
TS HORN, O T REER AR MR, A AR TR R N A R T A T
A AR UL, XN R4 A R BN % LA Y)E (chip) R B HT . A T SIS T
FRHAYIE A TR H 1), A WS ARG B, ARy 20T,
NCHESAT AT IR Be D T RGNS P I8, SCHR[18145 H T — R i S 15
B (HFE) 50025, e K FH I 5 5 I B e D)% 1 10 17 S S B I pRad b AT S 1t
NI BB A% A b R R M2 7K 5 {5 T 1 PR I AR 258

TESCHRBIMT R RS, KA EERE N 75m, BRI B Skm. REEKH
DS/BPSK i, 4 #ih k6347 [ Kasamifiy, 55150tk 420 dB, V) {EmEEL Yy



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

