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In this doctoral dissertation we present a combined method of conventional and coherent
Doppler sonar systems (CMDS) to provide accurate and precise marine velocity information with a
short time lag. The dissertation is divided into four chapters, background, sonar system, combined

method of Doppler sonar and conclusion.

- Chapter 1 introduces the background of velocity measurement systems in water. The pl.upose of
the research is to provide accurate and precise velocity for surface and underwater ves.sels. After
introducing several velocity measurement systems, such as eléctro-magnetic log, inertial navigation
system, velocity information Global Positioning System and Doppler sonar system, we focus on the
Doppler sonar system. Conventional Doppler sonar (CNDS) can provide velocity information
without velocity ambiguity, but it needs some seconds to provide valuable reading velocity. Coherent
Doppler sonar (CHDS) can measure the velocity with an accuracy of about 1 cm/s, but velocity
ambiguity seriously limits its general application. Therefore, CMDS is proposed in order to take
advantage of both CNDS and CHDS to prdvide accurate and precise velocity with a short time l;ig. A

further brief description of the dissertation’s structure can be found at the end of this chapter.

Chapter 2 introduces existing Doppler sonar systems, CNDS and CHDS, in detail. Firstly, types
and usages of sonar systems are introduced briefly. Then with the basic knowledge of sonar systems,
CNDS and CHDS are described in detail. The fundamentals of CNDS are explained and the
equations used to calculate velocity using CNDS are shown. CNDS calculates velocity using
measured frequency information by Fourier fransform directly based on the Doppler effect. After
introducing the measurement method of CNDS, error analysis of CNDS is also discussed. After
explanation of CNDS, velocity measurement by CHDS is introduced. Phase change between two
adjacent pulses is used to calculate moving velocity of measured \object But because the measured
phase is limited from — to =, velocity ambiguity occurs. Several methods have been proposed to
solve this problem. One method is to introduce dual time intervals. This method can extend the range
of maximum measureable velocity several times, but it decreases the data raies. Because of
introducing a new time interval, it also increases measurement error of CHDS. Although a data
processing technique is used to make the measurement result of dual time interval method as precise
as the single time interval method, maximum measureable velocity range is still limited. Multiple

frequency method is also used to enlarge the maximum measureable velocity range without
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decreasing the data rates, but compared with dual time interval method, system device needed of
multiple frequency method is expensive. The alternating dual time interval and dual frequency
method, which has been proposed in weather radar systems, has also attempted to solve the problem
of velocity ambiguity, but despite enlarging the range it was unable to solve the velocity ambiguity.
Althoggh, these previous methods could extend the measureable velocity several times larger, none

of them could cancel it. At the end of this chapter error analysis using CHDS is explained.

In Chapter 3, CMDS is introduced as a solution to cancel the velocity ambiguity of CHDS.
Firstly, basic CMDS is presented using the measurement results of CNDS and CHDS. The basic
CMDS take advantages of both CNDS, the large measureable velocity range, and CHDS, the precise
measurement result, to provide accurate and precise velocity information with short time lag.
However, the result of this basic CMDS method is affected by the value of measured velocity. A
velocity shift technique is introduced to solve this problem. With velocity shift, the measurement
error of CMDS is independent of the measured velocity. CMDS using fixed ambiguity velocity only
works well at the range of high SNRs, at the range of low SNRs it contains lots of impulsive noise
due to a wrong estimation of integer factor, which makes the meastrement error much larger than
CHDS. Accordingly adaptive algorithm is employed to provide accurate and precise velocity
information for CMDS at a wide range of SNRs. In adaptive algorithm, optimum ambiguity velocity
is selected based on the minimum measurement error of CMDS under a provided range of ambiguity
velocities at each SNR. With the optimum ambiguity velocity, CMDS can provide the accurate
velocity information as precise as CHDS at low SNRs. After introducing the measurement method,
the error analysis of CMDS is discussed. Measurement error of CMDS is deduced by the error of
CNDS and CHDS. The effect of velocity shift technique is also discussed. Error reduction of
adaptive algorithm is analyzed. Finaily simulations and experiments of CMDS were carried out to
evaluate its performance. Simulations were carried out with white Gaussian noise. Compared with
the measurement errors of CNDS, CHDS and CMDS in the simulation, CMDS using adaptive
algorithm can provide accurate and precise velocity information at a wide range of SNRs. And the
results of CMDS fitted the theoretical analysis well, which means the equation used to calculate the-
measurement error of CMDS can be used to evaluate the performance of CMDS, when the noise is

white Gaussian noise. With a constructed CMDS system in the laboratory, experiments were
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carried out in a large shallow water tank. Under the situation of fixed projector and hydrophone, the
noise in the received signals could be considered as white Gaussian noise, and the measurement
results of CNDS, CHDS and CMDS fitted the theoretical results well. When the projector moves
forward and backward, the measurement results became noisy. The large measurement error is
directed by two types of noise. One is the electro-magnetic noise generated by three dimension
moving device. The other one is that the movement of projector caused a vibration to be génerated
from the bar and frame of the experimental platform. The electro-magnetic noise and vibration
caused the results of CNDS to be much noisier than in the stable situation, especially at the range of
high SNRs. With a worse measurement result of CNDS, the CMDS using adaptive algorithm did not
work well as in the stable situation. This shows that the deduced equations for adaptive algorithm
only work well in white Gaussian noise. We can also figure out that measurement error of CMDS is
seriously affected by measurement error of CNDS which directs a wrong estimation of integer factor.
To handle this situation, ambiguity velocities several times the standard deviation of CNDS at
different SNRs, were used to decrease the impulsive noise generated by CMDS. When ambiguity
velocity is four times of measurement error of CNDS, CMDS can provide accurate velocity
information as precise as CHDS at a wide range of SNRs, although the noise in the received signal is
not white Gaussian noise. According to the simulation and experiment results CMDS can provide

accurate and precise velocity at a wide range of SNRs.

In Chapter 4, conclusions based on the theoretical and experimental results of the proposed
CMDS are explained. Future considerations and proposals are also discussed to improve the
performance of CMDS. One of the considerations is to add some other sensors to provide more
comprehensive information to cancel the impulsive noise generated by the wrong estimation of
integer factor. Another one is to improve the robustness of CMDS by using some data processing

techniques, such as fuzzy algorithm and neural networks.



(BIHE 1) RXEEORROES

K4 x| B (PengLIU)
] Velocity Measurement by Doppler Sonar Using Coherent Method
Lz Q=L rEREAWE Ry P59 —Y —F—IC X D REHAIKET 55 RK)
K 4 "B & K %
¥ & B8 WO fE&
T T mz | w8 ER &
g I % B BB
8 &
B & 21
= ]
EEHE

BfE, LRI BHEOBHEEOFHAZIR Y V7 —FR, BRFESFRArEODS
HBHWRY —F =Ko TRINTVD. ERFES NI ETREEAIRES N2>
Y—UEETICHREN, Ry 77— AR TGRS EREE SN & &L TRHHE
T THEY, FAOHRPFEEEBRTH D I LM SBEFOHANEET, I5IHER
T HHBFESNRFEEERT, FCEHTFER TRIBLOEDIT BRI
MEZET 5 EPSBMENNEL TN S.

BE, Ry T I7-ARCEDY—F—DORIAZFIRL, Ab—L Y rAEROY —F—
PRFEEINZ. £3b—L 2 bAROY —F—RBEFITHT DB CENB D, S
FRECBVTHRBNERM TEREOEEHHMRFEINTWLS. LMLAENS, &
Je—L 2 hARBEFRMNKRMMUMETH D I NS EEERD B EDITITHEBR OBEKR S
MERY, ZNIKOFRTRREEGENEREN TN,

EREIAEESROMRSRDO Ky TS5—y —F—HsRIc LB E—-1V > b
KRBy TS5V —F—OHEEBREANVT, OAROBEZIINBE I LICEVEHROBE
BRE ZBREL, SHAEEICHBENES M OBRER Ry V-V —F—2RE @EE&HR)
L, 3570 RIMER2ETN, BENMDERNICEML THWD.

WXL S ENSHRIN, B1lETHEARRRZITOIRE BB XUEDRICEREL
FEERZRN, E2ETRERFRBIVIE-LV I FARDOY —F—3 AFAIZDNT
BHLTNWS. E3ETHAMETRETZMRFREIL-LV O MARZRAL=AE
ARV —F— P AFLACBITSEEFRERICOWTHRBELAERZIR, AFROHKTH S
BHETNVITU XA DWTHEICRRTNWS, E4BTHRERSR, ab—L > MAFRB
FUVRETIHESIROEZL TEONDFHRERCDOVWT, BHIREEZERL, F0O
FHESEZAIC OWTHEN RS I 2l —2 a U BLUERMICHE - RIEZTo TS, Z
DR, AEEFRPHPBREOEA TR IIENTHBVR/NDOHAIRELEBTEBR I &8
FRLTWS, BRICESETHEANEZZ LD, SOXSBEDDIREWMERELZHON
IZLTWwa, -

RGN, k- KB B S BEEE £ BT B A BTN B —F
B LT AR RES ETTHD, BRI BT 5 B ORBIC A N RO
LERLN, FHEEEONUMILEL (T2) DBIEE5EENDSEHED .






