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1. Muc dich nghién ciru caa luan an

Nghién ctu phat trién ang dung bo diéu khién PID dya trén mang no-ron thich
nghi cho hé théng diéu khién hudng di tau thaty. Thiét ké bo diéu khién PID no-ron
thich nghi theo md phong va thuc nghiém.
2. P6i twong va pham vi nghién cieu ciaa luan an:

Poi twong nghién cizu cua lugn an:

Hé thdng diéu khién hudng di cua tau thay, tap trung vao hé théng may lai tu
dong tau thuy.

Pham vi nghién cuu cua lugn an:

- Nghién ctru céc thuét toan diéu khién thich nghi dua trén su két hop giita
mang no-ron nhan tao va diéu khién PID thong thuong.

- Pé xuit phat trién thuat toan va (g dung vao thiét ké may lai tu dong su dung
bo diéu khién PID no-ron thich nghi cho diéu khién hudng di tau thuy.

- St dung phan mém Matlab dé md phong bo diéu khién dugc dé xuat. Déanh
gia chat luong bo diéu khién PID no-ron thich nghi so véi b diéu khién PID théng
thuong.



- Thuc nghiém trén mé hinh tau thu nho trong bé thi truong Pai hoc Giao
théng Van tai Thanh phd H6 Chi Minh.
3. Phwong phap nghién ctru caa luan an

Phuong phap nghién ctiu ly thuyét két hop nghién cau thuce nghiém, dé 1am
noi bat tinh khoa hoc va tinh thyc tién cua van dé can giai quyét, cu thé:

Nghién cizu ly thuyét:

- Phan tich, tdng hop hé thng diéu khién PID thong thudng va mang no-ron
nhan tao;

- Nghién ctru phét trién thuat toan diéu khién PID no-ron thich nghi cho hé
théng diéu khién hudng di tau thay;

- Xay dung md hinh nhan dang tau thily bang mang no-ron nhan tao;

- Thiét ké may lai ty dong sir dung thuat toan PID dya trén mang no-ron
truyén thang dé diéu khién hudng di tau thay; Mo phong trén may tinh.

Nghién cizu thuc nghiém:

- Thiét ké mé hinh tau thay va ang dung bo diéu khién PID no-ron vao diéu
khién trong moi truong thuc;

- So sanh véi bo diéu khién PID thong thuong dé chang minh tinh hiéu qua
cua bo diéu khién PID no-ron thich nghi.
4. 'Y nghia khoa hoc va thuc tién cia luan an

Y nghia khoa hoc cua lugn an:

- Xay dung co so ly thuyét két hop bo diéu khién PID va mang no-ron nhan
tao dé thiét ké hé thdng diéu khién hudng di tau thay. Két qua nghién ciu dat duoc

da gop phan hoan thién mot phan vé co sd ly luan khoa hoc lién quan dén van dé
nghién ctu cua luan an va dong gop nhat dinh cho khoa hoc hang hai.

- Pé xuat phat trién thuat toan, tan dung wu diém cua bo diéu khién PID va
mang no-ron nhan tao dé nang cao chat luong hé thdng diéu khién hudng di, ting
kha niing thich nghi va d6 chinh xac dan duong;

- Cai tién bo diéu khién PID va mang no-ron lan truyén nguoc véi thuat toan
huan luyén tang cudng va bo nhan dang no-ron cho b diéu khién nham ting cudng
do chinh xac dan duong va thich nghi véi nhiéu loan méi truong.

Y nghia thyc tién cua lugn an:

- Két hop chit ché co so 1y thuyét diéu khién tu dong va ang dung vao thuc
tién thiét ké may lai ty dong tau thuay;



- Két qua nghién ciru c6 thé 1am tai liéu tham khao cho cac cdng trinh nghién
ctiu tiép theo, nhat 12 ung dung diéu khién théng minh vao hé théng dan duong tau
thuy nhu giam lac tau thay, dinh vi dong. ..

5. Nhitng diém déng gép méi cia luan an

Luén an d3 ké thira, phat trién Iy thuyét va ang dung k§ thuat diéu khién PID
v6i mang no-ron nhan tao trong diéu khién tau thuy. Cu thé:

- Tan dung kha nang diéu khién va dé phét trién caa BDK PID dé thiét ké so
bo, két hop véi BDK no-ron, nham diéu khién huéng di tau thay.

- Bo diéu khién PID véi cac tham sé K, Ki va K¢ duogc diéu chinh bang mang
no-ron lan truyén ngugc dugc tinh toan moé phong tudng minh. Kha nang tong hop
va md hinh héa truc tuyén cia mang no-ron gilp cac tham sé cia BBK PID duoc
tinh chinh va lya chon tryc tiép theo thoi gian, tinh thich nghi ciia mang no-ron trong
diéu khién duogc tan dung va phat huy. Phuong phap tng dung nay khong méi tai
thoi diém nghién cau luan an nhung ciing it tic gia Gtng dung vao diéu khién tau
thuy. Dac biét, viéc huan luyén mang truc tuyén lién tuc trong qua trinh diéu khién
ma tac gia su dung trong cdng trinh nay, trong nghién ctu tng dung loai nay la mai
va chua c6 tac gia nao thuc nghiém.

- Thiét ké bo nhan dang mé hinh tau thiy theo phuong phap tin hiéu vao - ra
duogc giéi thiéu va tng dung. Bo nhan dang nay sir dung mang no-ron nhiéu 16p
truyén thang nhung duoc tac gia huan luyén mang theo phuong phap truc tuyén,
tang cudng nén tée do thich nghi tét, cd kha nang nhan dang mé hinh tau phi tuyén
bién doi theo thoi gian chtr khdng chi mé hinh tuyén tinh tinh nhu cac nghién ctu
trude d6. Vi viéc két hop md hinh nhan dang no-ron nay, phuong phap diéu khién
duoc tién hanh kiéu diéu khién du doan theo thoi gian thuc, nang cao tinh thich nghi
va chat lugng diéu khién,

6. Két cau cia luan an

Luan an gom 96 trang A4 (khdng ké phu luc) va thir tu cc phan nhu sau: Mo
dau; noi dung (chia thanh 4 chuong); két luan va kién nghi; danh muc céc cong trinh
khoa hoc di cong bd lién quan dén luan an (05 cong trinh); tai liéu tham khao (63
tai ligu) va phu luc (03 phu luc).

Hai Phong, ngay 05 thang 12 nam 2020

Tap thé nguoi hwéng din khoa hoc Nghién ciu sinh
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1. Aim of thesis

Studying and developing the PID controller based on neuron network for ship
autopilot system. Design of adaptive neural network PID controller is simulated and
experimented.

2. Objective and scope of thesis

Objective of the study:

Ship heading control system (Autopilot).

Scope of the study:

- Research on adaptive control algorithm based on a combination of
conventional PID controller and neural networks;

- Propose and develop algorithms and then apply on autopilot design using
adaptive neural network PID for ship heading control;

- Using Matlab software to simulate the proposed controller. The performance
of neural network PID controller with traditional PID controller is compared to
evaluate the system performance;

- Experiments have been carried out using segmented scaled model of a
container ship in Ho Chi Minh city University of Transport’s swimming pool.

3. Methodology of thesis



In order to successfully solve the study purposes, the combination of
theoretical research and experimental research are applied as the following:

Theoretical research:

- Analysis and synthesis of conventional PID control and neural network
control system;

- Studying and developing the adaptive PID controller based on neuron
network for ship heading control system.

- Proposing and building a system identification scheme of ship model using
neural network;

- Autopilot design for ship control using PID algorithm based on feedforward
neural network and then simulated the proposed one in computer.

Experimental research:

- Designing a model ship and apply proposed neural network PID controller
to control it in real environment.

- Experiment results prove that the efficiency of adaptive neural network PID
controller compared to conventional PID controller.

4. Scientific and practical significance of thesis
Scientific significance:

- Building theoretical basis for combination of PID controller and neural
network to design ship heading control system. The results of study partially
contribute to completion of theoretical basis concerning with the studied problems
and to the science of navigation.

- Proposing and developing algorithm, using the advantages of PID controller
and neural network to improve quality of ship heading control system and increase
adaptability and navigation accuracy;

- Improve performance of PID controller and backpropagation neuron
network with intensive training algorithm and the neural identifier for controller to
enhance navigation accuracy and adapt to environmental disturbances.

Practical significance:

- Closely associating the theory of automatic control and application for
practical ship autopilot design.



- This research results can be used as a reference for the next research projects,
especially the intelligent control systems and their applications in marine control
system such as ship roll damping control, dynamic position system control,...

5. New contributions of thesis

- Taking advantage of PID controller and neural network controller to
practical design autopilot for ship control.

- Parameters of PID controller K, K;i va Ky can be auto tuned by
backpropagation neural network and it’s simulated and calculated explicitly.
Generalizing and modeling capabilities of artificial neural network help PID
parameters to be tuned and chosen directly over time, adaptation of neural network
is promoted in control. This method is not new at the time of research but only a few
authors apply to ship control field. Especially, continuous online neural network
training in control process that the author used in this thesis and in this type of
applied research is new and no other authors have experimented.

- The author introduced and applied for design of ship model identifier using
input — output method. This identifier uses a multilayer feedforward neural network
but is trained by using online method and “intensive” so this identifier has good
adaptive rate and be able to identify time-varying nonlinear ship model not only
statical linear ship model as previous research. With this combination of this neuron
identification model, the control method is carried on in real-time predictive control,
improving adaptability and control performance.

6. Construction of thesis

The thesis consists of the following parts: Introduction; Content (including 4
chapters; Conclusion and Recommendations; List of published research projects
related to the thesis (05 projects); Reference; Appendix (03 appendices).
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