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Abstract

Abstract

Acoustic positioning technology is an important part of the contemporary
national security and marine resources development. It plays an important role in the
protection of national security and the well progress of national economy. With the
intensive research in the ocean exploitation, the research methods used becoming
more and more, Deep-sea manned submersibles, remote operated underwater vehicle,
the laid of undersea oil and gas pipelines, remote monitoring systems and various
other emerging detection equipments, high reliability underwater Navigation and
Positioning systems has a position that cannot be shaken in the marine development
strategy.

Existing high-precision acoustic positioning system devices are mostly large and
complex to operate, today, with the rapid development of information technology in
the ocean, the underwater acoustic communication networks and underwater acoustic
monitoring systems is becoming a trend, a separate set of complex acoustic design
positioning system no longer meet the requirements of high efficiency scientific
research and production activities. The Combination of underwater acoustic
positioning and underwater acoustic communication, underwater acoustic detection
and other underwater acoustic networks is a trend in the future. In a long term,
acoustic network nodes positioning have very broad application areas, and have
important scientific value and great practical value in the military and national
defense, environment observation and forecast, marine exploration development,
intelligent underwater robot and many other areas. This paper is just put forward in
such circumstances, combined with the hardwares base of national “863” specific
subject “Distribute UAC Technology research in the ocean”, designed a set of
acoustic network nodes positioning system that contains the function of position and
can be combined with acoustic communication networks.

This paper researched on the transmission characteristics of underwater acoustic
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Abstract

channel and some location model and network nodes algorithm in details, analyzed
the factors that may cause positioning error and the solutions for them. On this basis,
using NI CompactRIO Embedded Module, using of its high-speed digital signal
processing capability and the easy programming advantages in conjunction with the
physical layer of the communication module, designed and implemented a set of
underwater acoustic positioning system based on the virtual instrument software
LabVIEW 8.2. This system based on the propagation time, is a Long baseline
positioning method, use two HFM signals with specific interval as the primary
positioning signal, measure the positioning signal’s Propagation time between two
nodes as the foundation of distance measurement, use priori mean sound speed law to
determine the speed of sound propagation, combined the maximum likelihood
estimation method and centroid method to solve the positioning equation, repeated
simulation and experiments proved that the allowance error of the positioning
systemcan be about Im in a range of about 80m.

The positioning system combined with underwater acoustic networks is an
important trend of the development of marine high-tech information technology, and
it is also a major characteristic of this article. This paper use hardware and software
system of underwater communications networks (UAMS) to implementation nodes
positioning purposes. The result of this positioning system can help the
communication networks to set the Transmit power, the Signal retransmission interval,
the Node multi-hop path and other propels that can help increase network throughput,
reduce communication network’s power consumption and improve network efficiency.
The paper compared single-frequency, dual- single frequency hop detection and HFM
and other signal types, the final selection with a certain interval of two HFM signal as
positioning signal, centroid algorithm based on trilateration Law as the localization
algorithm, the positioning signal propagation delay measurement is also a new
attempt. Works of this paper can provide theoretical and technical support to
underwater acoustic communications, marine exploration and development, marine
construction and the positioning of underwater submarines, and will have broad
application prospects.

v



Abstract

Keywords. Underwater acoustic networks; Positioning signal; Positioning accuracy;

Node localization algorithm



H

H %

B B |
ARSI AC . . .ot e e e I
= 1
1.1 Bl . 1
1.2 KKEEMBERES EBIR .. . 2
L2 1 K Y . 2
1. 2.2 KRR ARKIEIIR 3
1.3 IKEME YA EM AR ERIAR 8
1.4 B EER RN . . e 11
T KEME S EER IR . .. 12
200 11— 12
2.2 KBRS ERI e . 12
2. 2 L KT A A 12
2.2.2 KM A A 17
2.3 KM RS S LB ER T . 19
2.8. 1 EAIBUERI 19
2. 3. 2 T A R B TV 22
2. 3. 3 N A B T TV 25
2.3.4 BT/ M nERe S 29
o RN RNAENEE . ... 34
< T00 11— 34
3. 2 RN . 35
3. 2.1 BB 35
3. 2.2 AR o 39
3.2.3 ZEMIIN .. 40



3. 8 MBI 41
3.3 1 MK A 41
3.3, 2 WFER T . .o 42

3.4 KREEMARGKREERMIESE ... 45
3.4 1 RN T L 45
3 4. 2 A R Ty 46
3. 4.3 RS IE 47
3 4 A R L 48

FME KEMEBBEEMRBREA . ... 53

4.1 KEMBS A EMRGMEEIERR .. ... 53
40101 BRI . 53
4oL 2 B R P 54
41,3 FESMERIATENYE .. 55
40104 BRI o 55

4.2 BB R R . 56
4.2, 1 BT GE 56
4.2.2 SERE S EBE AR ERE . o 57

4.3 BB . 63
4.3.1 FET = D B EVEN R 63
4.3.2 ZUERVEEREROAE ..o 66
4.4 KEME TS REMRESERKEEMBXA ..................... 67

FRE KEMEB YA EMAE T . ... 69

5.1 AR, BEHEE .. ... .. 69

5.2 EMIRZELEER LabVIEWSEID .. ... ... 72

5.3 IKEMEHEEMAZTREIER ... 74
5.3, 1 SEBAETEMNR . . 75
5.3.2 PWAUE T KB RE M E LM ..o 76
5.3.3 B MIGE ..o 77
5.3.4 AR 79
5.3.5 M RUEM G R o 79

VII



H

ERE REERE

........................................ 81
6.1 B T E R . 81
8.2 R . .. 82

B N B . 83

B . 87

VIII



Catalog

Catalog

Abstract in ChiNeSe........cccveereiireeeere e, HiR! REXBZE.

AbstractinEnglish ............. ... .. ... ...... HiR! REXBZE.
Chapter 1Introduction . ...t ca e 1
1.1 Background and SIgNIfiCANCE...........ccoeveeuieiuieieeieceeie et 1
1.2 UAPresearch development...... ..o 2
L.2.1 OrigIn OF UAP ..ottt ae et n 2
1.2.2  Development status 0f UAP........ccooiviiiieiiiiiiiiiiieceeee e 3
1.3 Development status Of UANP........occiiiiiiii e 8
1.4 Main CONLENES Of PAPES ...ccueeiieeiiiiee ettt 11
Chapter 2 Theprincipleof UANP . ... ... ... it 12
2.1 INEFOQUCTION ...ttt e b e 12
2.2 Classification Of UANP ..o 12
2.2.1  Classification Of UAP ....ccueiiiiiiiiieeieeeeeeee e 12
2.2.2  Classification Of UANP ......ooooiiiiiiiiiiieceeee e 17
2.3 AIGOrithm Of UANP ... e e 19
2.3.1  Location MOl ......ccueeiuiieiiiiiieiieeie ettt 19
2.3.2  Distance measurement between NOdes..........ceeevueeerieeenieeerieeeriieesiiee e 22
2.3.3  Calculation method of N0des POSItION........ccceevvierieeriiiiierie e 25
2.3.4  Newton iteration positioning algorithm based on least square................... 29

Chapter 3 Oceanic acoustics characteristic and effective sound

VEIOCITY - e 34
3L INEFOUCTION ..., 34
3.2 0Oceanic acouSstiCS Char aCter iStIC ...coeeeeeeeeeeeeeeeeeeee e 35

3.2.1  Multi-path effect

IX



Catalog

3.2.2  Fluctuation €ffect ........cceeviiriiiieieiieeeeeee s 39
3.2.3  DOPPIEr fFECE ..cuvviiiieiiieieeee e 40
3.3 Ocean sound Propagation..........cueereerereererieeseesesee e seesee e sseseessesseesseenes 41
3.3.1  The speed of sound 1n SEAWALET .........eeevviieriieeiiie e 41
3.3.2  Profile of the sound velocity undersea............cceeveerieecieenieeiienieereeneeenn, 42
3.4 Processing method of sound velocity in UAP system.........cccoceverieneenienenne 45
3.4.1  The Taylor series expansion method.............ccceevvierieniienieniieic e 45
3.4.2  Experience sound velocity method ............ccooeeiviierieniiieniiiiieiccieciee, 46
343  Amendment act OF VOICE ....cc.eeuiriirieiieieiiesiiee ettt 47
3.4.4  Effective Sound SPEed .......ccovieiieruieiiieiiieeieeiee ettt 48
Chapter 4 Key techniquesof UANP systemdesign . ............ 53
4.1 Performance of UAP SYSLEM ....ocooiiiiiiiesieecee e 53
4.1.1  Positioning precision and SCale..........cceivviriiiienieeiiierieeieecee et 53
4.1.2  Node density of positioning SYStEM ........c.ceevverieerreerieerirerieerieeneeesieeseeeens 54
4.1.3  Fault tolerance and adaptability ..........c.cccceeviiiriieiiienie e 55
4.1.4  LOCAION COSE...iitiiiiieiiitit ettt ettt ettt sttt beesbeesaeeeas 55
4.2 RaNgiNg € r0r CONTIOl.....iiiiiiiiiieie et sre e ae e 56
4.2.1  Determine the positioning sound speed .........ccceevveeriieriieriiienienieesiie e 56
4.2.2  Positioning signal’s selection and propagation delay’s determine............. 57
4.3 The selection of location algorithm ... 63
4.3.1  The centroid based on Trilateration localization algorithm........................ 63
4.3.2  Performance verification of centroid algorithm ..............ccoeveeiiininnnnnnn. 66
4.4 Differences between new UAP system and thetraditional system............... 67

Chapter 5 Therealization and experimental conditionsof UAP. ... 69

5.1 Softwareand hardware configuration of UAP ... 69
5.2 LabVIEW Implementation of the upper UAP system.........ccccceevivviienennnne 72
5.3 TheexperimentsSon UAP SYStEM ... 74
5.3.1  Experiment channel test.........cccievuieiiieiieiiieiieeie ettt 75
5.3.2  The impact of FM signal length on propagation delay determination....... 76
5.3.3  Velocity determination in 10Cation area ...........ceceeeveecieenieeieenreeineennnenn 77
5.3.4  Measuring the distance between nodes...........cceeeveevieeciienieeriienieeiee, 79

X



Catalog

5.3.5  Positioning result analysiS........c.ccccveeiierieriieniienieeieeeie e 79
Chapter 6 Summary and prospect . . ... ... 81
B.1  SUIMIMAI Y ..tttk sttt st b e ae e et e e s ae e e be e s meeebeesaneenneannnan 8l
I e 01 o= o OO TP 82
Reference ... 83
Acknowledge . .. ..o 87

XI



1.1 5|5

W T HBRER TR 71%, 0 14 12 km® AR, Z0ME W ILE T I0ED
LA K 6000 AZWERIR 7GR RIS AN BRI R REEAE At S i
FE A 2800 ALIEATI, IT 140 ALLTTRIRIR T BEE DUACEHAN A 1R
RAEE, NIRRT B R R SR AR, iy 22 6 IR [k b A 1 A T
KIRIRINIE ST T B S AR, AR ZEETFRA 7 B H O A
MBI )i, DIV S SIOBT I P DR, IX 2R V22 W [ 50K 1 W 114
e D IBER

EVE (R e A O 2, Dol T PR BUA . ZeBF M4 | ) L 2L
PR, W B VL R TG IR AR R i o i pRIX 224 3
AREDEE LT BRI )&, AR B s K i Ry R Ik 2
(V0 96 32 2% B (V) Q3 12 1y Rt I a5 L e 1 A [ 5K K 5 15 R0 s
o XS TEHERGERUL, G E N BAAT B TR H AR IS T AR 4T 7,
IR KO TR B I T B KSR SUE AL R G e v 4 A FHK NG 30
MH-H, WK~ Hl T e as PERE R Z T B, BT AR 2 U itg AR i 1 [ 5
BN TREI NG I3, W F AR N KR E LERES R L, LR
ARESE AL ERT 2 b IR S, e BTOT A IR i b
FHe g KL NGERL ST HTE YT Bk AR K 228 S5 7R AN T K
BRI AR ALET

H R PR F 3 BRSO IR e 2 R AE LU JLAS 5 T - I SRS R e
SERLEOR S RGN R bG8 S RUE - S R @ HE R P AR 5 AL
ik (SAR) AR BRI R RBUEINELELEIR . ZINRETE SR EOR. @ &
KB ARG . B R A H AR, T KR R I AT SR AR ok
A2 BN AL AR DK MR — AN EE )50, IR EAL ARSI R A



B 2R

srb K 2 5 R AT AR E R, LS H ad P v

WA LREAIANIT A S, K75 A 5 AR BRERIRIE D e, 28 ALK 7K
AR KPP MIMEARSG B AL R RE, K ERII N ROR @ 2. ThREH K
FOENL ARG O RS BN IT AR DAKR, 22 S0 A A0806S 7K 7 M 2871 i
SE LIV e SRANWOIN AT 08 L BAK 7K W28 o 1K) F R AT e A R
I B LA 2 R S 5 T 5 B AN AN W U I, K78 AR e i
Jee b R R TR

1.2 KEEMBERESXRBIIA

1.2.1 KEERRIEIR

1912 4, “Z3H)e v " WA HURAERL 2 S0 I AR TN UK LL R0 5 A7
I PR IR E . —F)E, EEBAEK RA RS (R-AFessenden)
HI T K R R0 22 3504 R IR A CBE v (sl e 2 B 2 3 T 58— & Il 7 4R
WA 1914 4F 4 JI X & 1% & 1R 500-1000HZ (175 33 B Dy PRI 21 3. 7km
ANk,

L SR B S RIS A 7K RS S8 L IR ARETE , S 1 9 0 T S O gt A ARt 7K 75 7 o
G K AR 30— IR SRR O o HE B T 7K 75 58 ) JE A S A IR e, 1
& EARAR ISR ACE B, WK IR REREA T BRI o 783 — IRt SR, %K
T H BRSNS 52 2 T T A, RN R TR R, I
T RA R o 2 I AR R W (1) AT 55 DA R AR bR 2R D A, R H bR ¥ 547
FIER B ) FH K A A M IARK rh 88U T BEAT B CRHARAR) (illsE, H
2 50 FACA BH A EACAK . 1958 45, 5 [H e il K 2 I ) BE S0 A1 K
RS = AR AR IR ER K N AR FE Y, PR RICE T DA A B A I 5 1R 7K T 2
A LAEREBE B b AT [R5 7 A b RS LI £ TR SR IR B A0 5 A5 B, I
A LK 5 e A R THIR I — AN bR



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

