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In this d'Oct'Oral dissertati'On we present a combined meth'Od 'Of c'Onventi'Onal and c'Oherent 

D'Oppler s'Onar systems (CMDS) t'O pr'Ovide accurate and precise marine vel'Ocity inf'Ormati'On with a 

sh'Ort time lag.ηle dissertati'On is divided int'O f'Our chapters， backgr'Ound， s'Onar system， c'Ombined 

method ofDoppler sonar and conclusi'On. 

. Chapter 1 intr'Oduces也ebackground 'Of velocity measurement systems in water. The purpose of 

the research is to provide accurate and precise velocity f'Or surface and underwater vessels. A食:er

introducing several velocity measurement systems， suchぉ electr'O・magneticl'Og， inertial navigati'On 

system， velocity information Gl'Obal P'Ositi'Oning System and Doppler sonar system， we f'Ocus on the 

Doppler sonar system. Conventional D'Oppler sonar (CNDS)閃 nprovide vel'Ocity inf'Ormati'On 

without velocity ambigui臥 butit needs some seconds t'O provide valuable reading vel'Ocity. C'Oherent 

Doppler sonar (CHDS)ωn measure the velociザ withan accuracy of about 1 cmls， but velocity 

ambiguity seri'Ously limits its general application.百時間fore，CMDS is proposed in order t'O take 

advantage of both CNDS and CHDS t'O provide accurate and precise vel'Ocity wi由 ash'Ort time lag. A 

further brief description of也edissertation's structure can be found at the end ofthis chapter. 

Chapter 2 introduces existing Doppler s'Onar systems， CNDS and CHDS， in detail. First¥y， types 

and usages of sonar systems are introduced briefly. Then wi吐1the basic kn'Owledge 'Of s'Onar systems， 

CNDS and CHDS are described in detail. The fundamentals of CNDS are explained and由e

equati'Ons凶 edt'O calculate velocity using CNDS are sh'Own. CNDS calcuJates vel'Ocity using 

m田 suredfrequency inf'Ormati'On by Fourier transform direct¥y b蹴 d'On the Doppler e挽 ct.After 

in甘oducingthe measurement meth'Od ofα'IDS， error analysis of CNDS is also discussed. After 

explanati'On 'Of CNDS， velocity measurement by CHDS is in加 duced.Phase change betw田 ntw'O 

adjacent pulses is悶 dto calcul翻 m'Ovingvelocity of measured '0切ect.But because也emeasured 

phぉeis limited企om-;πt白鳥 vel'Ocityambiguity occurs. Several meth'Ods have been prop'Osed t'O 

s'Olve this problem. One method is t'O introduce dual time intervals.百lismethod can extend the range 

of maximum measureable vel'Ocity several times， but it decreases the data rates. Because 'Of 

in甘'Oducinga new time interval， it als'O increases measurement error of CHDS. Although a da包

processing technique is used t'O make the measurement result 'Of dual time interval method as precise 

as the single time interval method， maximum measureable vel'Ocity range is still limited. Multiple 

企'equencymethod is also used to enlarge the maximum measureable vel'Ocity range without 
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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 purpose of 

the research is to provide accurate and precise velocity for surface and underwater vessels. After 

introducing several velocity measurement systems, such as erectro-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 I 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 provide accurate and precise velocity with a short time lag. A 

further brief description of the dissertation's structure can be found at the end ofthis 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 transform 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 -1& to 1&, 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 rates. 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 comp訂edwith duaJ time intervaJ method， system device needed of 

multiple企equencymethod is expensive.百leaJternating dual time intervaJ and duaJ企'equency

method， which has been proposed in weather radar systems， has aJso a性:emptedto solve也eproblem

of velocity ambiguity， but despite enlarging the range it was unable to solve血evelocity ambiguity. 

Although， these previous methods could extend the measureable velocity several times larger， none 

ofthem could cancel it. At the end ofthis chapter error anaJysis using CHDS is explained. 

In Chapter 3， CMDS is introducedぉ asolution to cancel the velocity ambiguity of CHDS. 

First以 basicCMDS is presented凶 ngthe measurement results of CNDS and CHDS.百lebasic 

CMDS旬keadvan'句喜esofboth CNDS，甘le加gemωS町田blevelocity range， and CHDS，也eprecise 

meぉurementresult， to provide al∞urate and precise velocity information wi血 shorttime la喜-

However， the result of this basic CMDS method is affected by the value of measured velocity. A 

velocity shi食techniqueis introduced to solve白isproblem. 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血erange of low SNRs it con包inslots of impulsive noise 

due to a wrong estimation of integer factor， which makes the measurement error much larger白m

CHDS. Accordingly adaptive algori由m is employed to provide accurate and precise velocity 

information for CMDS at a wide range of SNRs. In adaptive aJgorithm， optim国nambiguity 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ぉ preciseぉ CHDSat low SNRs. After in甘'oducingthe measurement method， 

血eerror analysis of CMDS is disc附 ed.Measurement error of CMDS is deduced by也eerror of 

CNDS and CHDS. The effect of velocity shift technique is aJso discussed. Error reduction of 

adaptive algorithm is anaJyzed. FinaJly simulations and experimen也 ofCMDS were carried out to 

ev山 ateits peぽormanω.Simulations were car巾 dout with white Gaussian noise. Compared wi也

the measurement errors of CNDS， CHDS and CMDS in the simulation， CMDS using adaptive 

aJgori曲目1ωnprovide accurate and precise velocity information at a wide range of SNRs. And世le'

results of C1I>⑪S自社ed也etheoreticaJ analysis well， which means the equation used to caJculate the' 

measurement error of CMDS can be凶 edto evaluate the performance of CMDS， when the noise is 

white Gaussian noise. With a constructed CJv⑪S system in the laboratory， experiments were 
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carried out in a加geshaJlow water tank. Under the situation of fixed projector and hydrophone， the 

noise in the received signals could be considered as white Gaussian noise， and也emeasurement 

results of CNDS， CHDS and CMDS fitted也etheoa世CaJresults welL When the projector moves 

forward and backward， the measurement results became noisy. Tl国e凶gemeasurement error is 

directed by two typ問。fnoise. One is世leelecむ0・magneticnoise generated by three dimension 

moving device. The other one is白紙themovement of projector caused a vibration to be generated 

from也eb訂 and合ameof出eexper加entaJplaげorm.百leelectro・magne世cnoise and vibration 

caused the res叫匂 ofCNDS to be much noisier than in the s包blesi知ation，especiaJly瓜 therange of 

high SNRs. With a worse measurement result of CNDS， the CMDS using adaptive aJgorithm did not 

work wellぉ inthe stable situation.ηlis shows血atthe deduced equ低ionsfor adaptive aJgorithm 

only work well in white Gaussian noise. We can also figure out白atmeasurement error of C恥⑪Sis 

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 a∞urate velocity 

informationぉ preciseぉ CHDSat a wide range of SNRs， although the noise in the received signal is 

not white Gaussian noise. According to the simulation and e却erimentresults CMDSωn provide 

accurate and precise veloci勿ata wide range of SNRs. 

ln Chapter 4， conclusions based on由e世leoretiω1and experimen:句1rωults of世leproposed 

C恥⑪S紅eexplained. 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恥 wrongestimation of 

integer factor. Another one is to improve the robustness of CMDS by using some data processing 

techniques， such as釦zzyaJgori廿1mand neural networks. 
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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. 

Although, 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, CMOS 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 

CMOS 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 measurement error much larger than 

CHOS. 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. Finally 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 CMOS in the simulation, CMDS nsing 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 tanle. 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 generated 

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 CHOS 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. 
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審査概要

現在，洋上や水中移動体の移動速度の計測はドップラ一方式，電磁誘導方式などのログ

あるいはソーナーによってなされている.電磁誘導方式は測定可能範囲が設置されたセン

サ一位置近辺に制限され，ドップラ一方式では計測範囲は電磁誘導方式と比較して広範囲

であるが，計測の対象が周波数変移量であることから瞬時の計測が困難で，さらに雑音に

対する計測特性が良好とは言えず，特に高雑音領域では平滑化のために比較的長い計測時

聞を要することから時間遅れが生じている.

近年，ドップラ一方式によるソーナーの欠点を補うべく，コヒーレント方式のソーナー

が開発された.本コヒーレント方式のソーナーは雑音に対する計測特性に優れおり，高雑

音領域においても比較的短時間で高精度の速度計測が期待されてりる.しかしながら，本

コヒーレント方式は計測対象が位相である乙とから速度を求めるためには波数の暖昧さ

が残り，乙れにより計測可能な速度範囲が制限されている.

本研究は周波数計測の従来方式のドップラーソーナーと位相計測によるコヒーレント方

式ドップラーソーナーの両速度情報を用いて，両方式の融合をはかることにより波数の暖

昧さを除去し，計課tl速度に制限が無くかっ高精度なドップラーソーナーを提案(融合方式)

し，さらにその計測性能を解析的，数値的かつ実験的に評価している.

論文は 5章から構成され，第 1章では本研究を行うに至った動機および本研究に関連し

た事項を述べ，第2章では従来方式およびコヒーレント方式のソーナーシステムについて

概説している.第3章では本研究で提案する従来方式とコヒーレント方式を融合した融合

方式ソーナーシステムにおける速度計測原理について説明した後に，本方式の中核である

適応アルゴリズムについて詳細に述べている.第4章では従来方式，コヒーレント方式お

よび提案する融合方式の各々で得られる計測誤差について，解析的な誤差を導出し，その

計調IJ誤差について数値的なシミュレーションおよび実験的に比較・検証を行っている.そ

の結果，本提案方式が計測誤差の点で特に優れており最小の計測誤差を実現できることを

示している.最後に第 5章では本研究をまとめ，さらに今後進めるべき研究課題を明らか

にしている.
， 

本研究は，洋上・水中移動体における移動速度を計測するために用いられているソーナ

一技術に関して十分な成果を上げており，海洋計測学に関する分野の進展に大いに役立つ

と考えられ，学位申請者の女Ij鵬は博士(工学)の学位を得る資格があると認める.
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