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1. Research Significance of the Thesis

The continuous development of science and technology has provided the favorable
condition for the development of shipping industry. In 20185, the world trade by sea has
exceeded ten billion tonnages, accounts for over 80% of the total world merchandise trade.
This fact indicates that sea transportation is vital to the world economy. However, the
maritime environment is complex and varied, which brings a huge challenge for the efficiency
and safety of sea transportation. According the statistics and surveys on marine accidents of
IMO, during 2006-2011, the actual number of maritime accidents of various ships reached
3583, with 2869 dead and missing. Marine accidents bring not only the loss and damage of
goods and ships, but also put every crew member at risk of death and loss of life. Therefore, it
is especially important and urgent to apply advanced and reliable modern control technology
to solve the problems such as safe manoeuvring, sea-keeping and route design in the course of
ship navigation.

This thesis has described the significance of the present study from the following
aspects:

1) The operational particularity of the ship motion control system. That is, there exists
the problem of multiple conditions.

2) In designing the control system. some concessions must be made with respect to the
control quality for all operating conditions because the requirements of different control
indexes are almost on the contrary. A simplest concession is to design a unified control law to
guarantee the control quality for all operating conditions; however it will limit some
improvements of some control index for a certain operating condition. In order to avoid this
situation, the second kind of concession is to design separately the locally independent control
law for a certain operational condition. The drawback of this scheme is that when switching
among different operating conditions, the reliability of the system will be reduced. The third
option is the scheme investigated in the present thesis. This is a quality assurance method for
multi-objective control of dynamic process. It divides the control law into two parts: the first
part is a control law established for all operating conditions, while the second part satisfies the
special requirements for each independent operating condition.



3) Most relevant studies focused on the feed-back optimization design approach applied
only one time under laboratory condition. There are little applications for full-scale ships.

4) The existing search approaches for the adjustable elements in the structure of
multi-objective control algorithm are either of unsatisfying in effect or too complicated.

5) With respect to the problems such as autopilot. roll stabilization system and route
planning, implement of simple and feasible engineering approach for multi-objective control
law should be searched for. It should present the approximately optimal solution, and can be
directly obtained in the course of navigation.

Combining the above factors, this thesis has considered the conditions realized on land
and the limited computer resources, improved the original motion control law and realized the
ship-based computation algorithm. These are of great realistic significance.

2. Consistency of the Thesis Title with the Contents

The following research works are accomplished in this thesis:

1) Consideration of the particularity in applying the optimization approach to design the
multi-objective control law of ship motions.

2) Theoretical basis of the approach to search the approximately optimal adjustable
elements of ship motion multi-objective control law under various conditions.

3) Development of the design approach and algorithm design for multi-objective control
law of ship’s autopilot under wave condition.

4) Design of the dynamic calibrator in the multi-objective control law of roll
stabilization system and algorithm generation under wave condition.

5) Development of the route optimization method for ocean-going vessels and algorithm
design with consideration of weather condition forecast.

6) In order to show the practicability and efficiency of the design approach proposed in
this thesis, various specific examples for ship motion control are given.

The contents of the thesis fully demonstrate the characteristics of optimization, practical
application etc. in the title of the thesis. It can be seen that the title has extracted the essence
of the thesis.

3. Innovation and Scientific Contributions

The innovative work of this thesis is the new engineering design method for the
multi-objective control law of ship motions which ensures the motion quality of closed loop
system. The practical application value is that the design has considered the various
possibilities of directly using the control law in the course of ship’s voyage, and can solve a
series of problems in a targeted way.

In order to verify the efficiency of the multi-objective control law, this thesis presents a
large number of specific examples to demonstrate for various types of ships. The author
strives to make the basic principles and methods described in the thesis to be applied to
directly guide the engineering practice.

This thesis includes four parts: the Introduction, three chapters of main body, the
Conclusions and the References.

After making a detail analysis on the literatures published by domestic and overseas
authors working in the present field, this thesis has put forward its design philosophy, i.e., the



multi-objective control algorithm for ship motion.

Chapter 1 mainly deals with the key algorithm in the ship autopilot. i.e., the control
algorithm for course keeping based on multi-objective negative feedback. Firstly, the author
introduced the mathematical models of ship motion, including the model of wave
disturbances. Then the author described the motion conditions of the three possible close-loop
control systems and the requirements of their performance indexes, such as the time of
transient phase, the accuracy and the number of oscillation. Also the concrete composition of
the multi-objective structures is given. Finally, the computational algorithm is designed with
respect to different operational conditions, and the concrete implement steps and the graphical
simulation results are presented.

In Chapter 2, analysis design of the control law for the automatic ship roll stabilization
system is conducted, and the computer simulation algorithm is realized. Similarly, the
mathematical model of the control system for ship roll motion and the physical dimensions of
a ship are presented. On this basis, the single roll control problem without considering course
keeping is firstly investigated, where two cases, the “efficient” case and the “accurate” case,
are distinguished according to the different optimization objects. Then, to solve the problem
of not in accord with reality when considering only the roll control while neglecting the effect
of rudder to roll motion, research on integrated control law for course keeping and roll
stabilization is carried out. Both the “efficient” case and the “accurate™ case are also
considered, where in the “accurate” case, two cases. i.e., roll stabilization by rudder and joint
roll stabilization by rudder and fin are studied. Not only the concrete implement steps of the
algorithm is presented, but also the simulation results of the values of control signals and
control variables after 1000s when the calibrator is switched in are presented to verify the
validity of the algorithm. The control effects of the algorithm are visibly demonstrated.

In Chapter 3, the automatic routing problem of ocean-going vessels with weather
condition forecast is investigated. Firstly, the optimization objective, i.e.. minimum
fuel consumption, shortest sailing time and arriving on time, of route planning is determined.
Starting with parameterization of the routes, analysis of the static obstruction (such as land,
shoal or safety requirements) and the dynamic restriction condition (meteorological condition),
set of the permitted routes and quality criteria for the routes, etc., isochrone method, A*
algorithm and genetic algorithm are applied respectively to obtain the allowed route which is
then optimized. As in the first two chapters, the simulation results of the algorithm are
demonstrated with specific examples.

All these suffice to prove that this thesis shows us in every respect from a scientific
point of view the complexity of this research topic. Its research significance, innovation,
practical and theoretical values have been enough proven and beyond doubt. This research
work is accomplished based on the accumulated extensive experience in scientific research
and engineering. It is highly appreciated that this study has aroused our keen interest in this
research topic.

Up to now, 26 papers by the author related to this thesis can be retrieved in SCOPUS.
The author has attended many international conferences and presented papers with methods
and conclusions consistent with those in this thesis. These papers reflect that the author has
obtained some research achievements in the present field.

On the other hand, just as all innovative works, in the research work presented to us



there also exit some problems, such as

1) In Chapter 1, page 166, the directions of the coordinate system is not consistent with
those in Chapter 2. Although the coordinate system in Chapter 2 is the conventional
body-fixed coordinate system, the directions of the coordinate system should be shown for
analysis purposes.

2) In Chapter 1 and Chapter 2, corresponding example is presented for each algorithm,
and the simulation results are intuitional and visible. In Chapter 3, however, searching the
permitted routes and optimizing the routes by applying isochrone method, A* algorithm and
genetic algorithm are presented, but no simulation results are presented for each algorithm.

3) Eq. (2.3.6) is wrong.

4) Page 162, the number of cited reference appears 116, but in face there are only 92
references.

5) Page 243, the labels of Fig. 3.1.1 should be on the same page as the figure.

6) Some English words are not accurately used, and should be corrected..

In a word, the thesis submitted by Wang Hongbo on the topic of “Application of
optimization approach for marine ships control problems” corresponds to the basic
requirements as specified in the Order of 01.09.2016 No. 6821/1 “Concerning the Procedure
for conferring SPbU Academic Degree™; The seeker Wang Hongbo deserves to be granted the
SPbU PhD degree in technical sciences, specialty 05.13.01 — system analysis, control and
information processing.
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Anmapat pekrTopa Pexropy CIIOI'Y
H.M. KponaueBy

CIIYKEBHAA 3AIIMCKA

om  28.04.2018 No
Ha Ne om

O neobxomumocTH BHeceHus B DUC creneHui
0 pe3yJsbTaTax NpU3HaHUs yueHbIX crenener B CIIOIY

B nononHeHune k MoeMy 3aKIIOYEHHUIO O JAaHHOMY BOMPOCY, KOTOpOE
OBLIO MpeACTaBlIeHO paHee (OHO TaKXKe HANpaBIISJIOCH IS CBEIEHHUS MEPBOMY
npopektopy U.A. JleMeHTbeBY) U CTaJi0 OCHOBaHHEM IJisi (HOPMYJIHPOBAHHUS
nopy4denus }O.B. [IeHOBY 0 moAroToBke muchbMa ¢ 3aIpOCOM pa3bsCHEHUU I10
JAaHHOW CUTyaluu B aapec MuHucTepcTBa oOpa3oBaHus U Hayku Poccuiickoi
®enepanuu MOTy COOOLIUTH CleNyIOLIEe.

Cormnacno 1. 1 ct. 6.2 @enepanbHoro 3akoHa oT 23.08.1996 Nel127-®3 «O
HayKe U rocy/1apCTBEHHON Hay4yHO-TeXHHUYecKod nmonutuke» «I[lon mpuzHanunem
B Poccuiickoii ®Penepaniid HMHOCTPAaHHBIX YUYEHBIX CTENEHEH, WHOCTPAHHBIX
YYEHBIX 3BaHUWA TNOHMMaeTcss OGUUUATBHOE TMOATBEPKICHHE 3HAYMMOCTH
MHOCTPAHHBIX YYE€HBIX CTENEHEeH, WHOCTPAHHbIX YYEHBbIX 3BaHUU B ILeNAX
obecneyeHus gocrtyna ux obnamarenei K npodecCHOHAIbHON NesTeIbHOCTH B
Poccutiickoi ®epnepauuy, [IpeI0CTaBIIEHUS Ux obamarensm
Npo(deCcCHOHANBHBIX M (WJIM) HHBIX MPEeIyCMOTPEHHBIX MEXIyHapOIHbIMH
noroBopamu Poccuiickoit ®enepauvu U 3akoHomaTenbcTBoM Poccuiickoi
@®epnepauuu npaB.» ITO OTHOCUTCS B PaBHOM CTENMEHHM K JIHOOOH mpouenxype
npu3HaHus, JAeicTByromed B Pocculickoit ®enepaliud B COOTBETCTBHHU C
yKa3aHHBIM 3aKOHOM — BCE OHU SIBJISIIOTCS B PaBHOM CTENEHU «O(PUIIUATIBHBIMU»
HE3aBUCHUMO OT TOro, KTO HMEHHO YymnoJHoMoueH PenepanbHbBIM 3aKOHOM
npuHUMaTh cooTBeTcTByloulee pewieHne (IIpaButensctBo P®, MunoOpHayku
Poccun unu otaenvHble By3bl M NOCYIAapCTBEHHbIE akaAeMUHM Hayk). UTo ke
kacaercs mnpenctaBieHHod FHO.B. IleHoBeiM wuHQOpMamuu o TOM, UTO
NOJTHOMOYMSIMA BHOCHTb COOTBETCTBYyIOLIUME CBedeHUs B DenepaibHyo
HHGOOPMAIMOHHYIO CHCTEMY T'OCYyAapCTBEHHOW HAy4dyHOH aTTecTaluu oOjagaeT
TOJIbKO MuHHCTEpCTBO 0Opa3oBaHMs U Hayku P®D, TO s MONHOCTBIO C 3TUM
COTJIaCeH W MOJIaralr, 4TO Halll NPHUKa3 HYXKIAeTCs B KOPPEKTUPOBKE B 3TOU
YaCTU — COOTBETCTBYIOIIME CBEAEHUS JOJDKHBI HANpaBisATbCS HE B
HanwonaneHbli WHDOPMALMOHHBIA LIEHTP, YKa3aHHbIM B m. 5 cr. 6.2
®enepanbHoro 3akona ot 23.08.1996 Nel27-@3, a B MunobpHayku Poccun.

[IpuymnHa, MO KOTOpPOW B HalleM IMpHKa3e MMEETCs 3Ta 4acTHas OluoOKa,
nmoJiararo, cliegyrouias: npuka3z Obul W3maH 3a | Mmecsll [0 BbBIXOAAa B CBET
[Tocranosnenus IlpaButensctBa P@® ot 18.11.2013 Nel035 «O ¢enepanbHoOit
WHGOPMALIMOHHOW CHCTEME I'OCyIapCTBEHHOW HAy4YHOHM aTTecTaluu» (KOTOpoe
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Berynuwio B cuiny ¢ 01.01.2014) u mouytn 3a 3 roma no usganusa lIpuxasa
Munobpraayku Poccuu ot 27.06.2016 Ne749 «O6 yrBepxaenuu Ilopsaka
nperocTaBleHus MHGOpMalUMKU O TroCydapCTBEHHOM HAy4yHOM aTTecTaluu s
BKJIIOYeHUS B (enepanbHyr0 HHGOPMALUOHHYIO CHCTEMY TrOCYdapCTBEHHOMU
Hay4yHOM aTTeCTalMh», M3 COAEpPX aHUS KOTOPbIX H CTAIO0 TOHSTHBIM
pacnpenenenue GyHKUHH B ykasaHHoUW cdepe. IloueMy #u3MeHeHHss B Hall
NMpuKa3 He ObLIM BHECEHbl paHee M I0YeMy HHMKTO M3 OTBETCTBEHHBIX
JOJDKHOCTHBIX JIMI] HE OTCIEAMJ IMOSBIICHUS YKa3aHHBIX BbIIIE€ HOPMATHBHBIX
NOKyMEHTOB, s He 3Haw. [Ipu sTomM cama mo cebe mnpakThka, Koraa
rOCyJapCTBEHHBI OpraH CaMOCTOSATEIbHO BHOCHUT B  ONpeAeNIEHHYIO
benepanbHyl0 HHPOPMALMOHHYIO CHUCTEMY CBEIEHHs, IpeACTaBJIeHHbIE
OpYTUMH CyOBEeKTaMH, SIBJISIETCS paclpOCTpPaHEHHOW — HalmpuMep, MOXKHO
BCIIOMHUTH 0 DenepanbHoit uHopMamoHHol cucteme «Peectp denepanbHOro
UMYILIECTBa», I03TOMY 5 He coriaceH ¢ BeiBogamu HO.B. [lenoBa o Tom, uto pa3
CBEIEHUs II0 BONpOCaM IpU3HAHUS BHOCATCS B cooTBeTcTByMOIIyI0 DUC
BHOCATCS TONbko MuHoOpHayku Poccum, To cBemeHus o Haumeil pabote 1o
NPU3HAHUIO  YYEHBIX CTENeHed BHOCUTBCS B 3Ty  (eaepaibHyO
MHGOPMALMOHHYIO CHUCTEMY HE NOJDKHBI (HUKaKUX JPYTUX apryMEHTOB B €ro
3aKJIIOYEHUH HE IPUBOIUTCS).

Ha ocHOBaHuM U3/10KEHHOT0, IpEJIarao:

a) 1uO0 BHECTH WM3MEHEHHe B Halll NpHKa3 ¥ HampaBUTh B MuHOOpHaykH
Poccun coOTBETCTBYIOIIME CBEAEHHUS, yKa3aB, YTO OHM HAINPAaBJISIIOTCS B LIENSAX
BHECEHUs] B (enepaibHyl0 HHGOPMALMOHHYIO CHCTEMY TOCYyAapCTBEHHOM
Hay4YHOM aTTeCTalluu;

0) nmubo HampaBuTh B MuHOOpHayku Poccum 3ampoc o TOM, KaKk U B KaKoM
NOpsAKEe HaM CJieAyeT MPeACTaBIsATh yKa3aHHbIE CBEICHHUS;

B) Tu60 HanmpaBuTh B MuHOOpHayku Poccuu 3anpoc o ToM, HE0OX0OUMO T Ham
NpeICTaBIATh YKa3aHHbIE CBEICHUS.

[Ipu 3TOM monarar, YTO 3ampoc B MHOOOM cilydae HEOOXOAUM paau
npeaynpexaeHuss B OyaylieM BO3MOXHBIX NMPOOJIeM, €ClIH OKaXEeTCs, YTO MBI
00s13aHbI MCTIOJHATh YKa3aHHbIE BbIlIE TpeOOBaHUS 3aKOHA, HO HE UCIOJIHSIIN
uX. MHe 6oJbllle BCEro HpaBUTCS BapHAHT C aOCTPAKTHBIM 3alIpOCOM: 3aKOHOM
MpPeIOCTaBJIEHO MPaBO, CYIIECTBYET Takas cUcTeMa, 00s3aHbl JIM MPEACTaBIIATh
CBEICHHS B 3Ty CHCTeMy B paMKaxX pealu3allld 3Toro mnpasa? YUuThIBas
uHdopmanuto FO.B. [lenoBa, HaMm, ckopee Bcero, mpocTo oTKaxyT U Bee. [locine
4Yero Mbl MOJIOKUM 3TOT OTBET B JIeJI0, BHECEM M3MEHEHHE B MPHKa3 (MCKIIOUUB
00s3aHHOCTh IO HampaBJIeHUI0 HHGOpPMAlM¥ O pe3yJbTaTaXx NpPHU3HAHMS) U
3aKpOeM BOIIPOC.

[TepBBIit 3aMeCTUTENH ITO TPABOBLIM BONPOCaM

popeKTopa — pyKoBoauTeNs Annapara pekropa A.A. ConoBbeB
28.04.2018



