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1. Muc dich nghién ciu caa luan an

Xay dung cac thuat toan diéu khién méi ap dung cho hé can truc-tau. Két
qua nghién ctu cua dé tai s& gop phan cai tién va ap dung vao thiét ké can truc
container noi chung ciing nhu can tryc container gan trén tau, tir d6 nang cao hiéu
qua khai thac ciing nhu an toan trong qué trinh van hanh can truc container.

2. P6i twong va pham vi nghién ciru cia luan an

- Poi twong nghién ciu: Luan an tap trung nghién ciiu can truc container
gan trén tau chiu tac dong cua song va gio.

- Pham vi nghién ciru: Nghién ctiu xay dung hé thong diéu khién phi tuyén
bén vitng cho can truc container dat trén phao noi dua trén mo hinh dong luc hoc
hai chicu.

3. Phwong phap nghién ctru caa luin an

Luan an s dung phuong phép nghién ctu két hop giira ly thuyét va thuc
nghiém, cu thé nhu sau:

- Nghién ciru Iy thuyét: Thiét ké cac thuat toan dieu khién dua trén mé hinh
toan cua do6i tugng thyc. Ung dung ngon ngir lap trinh MATLAB®/Simulink® dé
mo phong sé cac dap tng cua thuat toan diéu khién.

- Nghién ctru thuc nghiém: Kiém chiing céc thuat toan diéu khién trén mo
hinh thuc nghiém trong phong thi nghiém.

4. Nhirng déng gép méi cia luan an

Luan 4n da xay dung thanh cong ba thuat toan diéu khién cho can truc
container dt trén phao ndi I thuat toan diéu khién truot bac hai (SOSMC), thuat
toan diéu khién truot bac hai tich hop mang no ron (NN-SOSMC) va thuat toan
diéu khién truot bac hai tich hop bd quan sét (OB-SOSMC), véi nhitng dong gop
chinh sau:



(1) Khdng gidng nhu cac nghién ctru trude d6, hang duoc gan Ién Mot cap
hang co chiéu dai khong d6i khi khong xét dén hoat dong clia co cau nang, C4c
yéu té vat Iy cua than tau khong duoc ké dén. Luan &n nay xay dung thuat toan
diéu khién phi tuyén bén viing trong d6 ké dén dan hoi cua cap nang, dic tinh
dong luc hoc cua than tau va kich dong séng bién tac dong Ién than tau.

(2) Tich hop mang no ron vao bo diéu khién SOSMC dé thiét ké hé thng
diéu khién thich nghi bén viing cho can truc container, mot hé théng diéu khién
phi mé hinh c6 nhing dic diém quan trong sau: (i) hé théng bén viing voi théng
sb bat dinh, nhidu va mé hinh khéng chinh x&c; (i) hé thong tu hoc va thich nghi
véi cau tric bat dinh, dong luc hoc khéng hoan hao va tham chi hoan toan khéng
c6 théng tin md hinh hé thong.

(3) Khac vai phu’ong phap thich nghi truyén thng, thich nghi Mang no ron
RBFN hoan toan c6 thé xap xi ca mé hinh dong luc hoc va thdng so hé théng.
Piéu d6 c6 nghia phuong phap thich nghi truyén thong cé thé uéc luong duoc
thong s6 hé thong nhung khong xac dinh dugc mé hinh hé thong. N6 yéu cau
dong luc hoc hé thong 1a ¢ dinh, trong khi RBFN khoéng can diéu do.

(4) BO quan sat dugc st dung dé thay cho nhitng cam bién can lap dat dé do
gia tri van téc tir d6 c6 thé giam mot nira s6 cam bién gop phan giam gia thanh
ché tao.

5. Két cau cia luan an
Luan &n gdm céac phan theo thtr tu sau: Ma dau; Noi dung (gom 4 chuong);

Két luan va hudng nghién cuau tiép theo; Danh muc cac cong trinh khoa hoc da
cong bo lién quan den luan an; Tai liéu tham khao; Phu luc.

Hai Phong, ngay 06 thang 12 nam 2019
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1. Research aim

The study aims to developing control algorithms for crane-ship systems. The
research results will effectively be applied for synthesizing controllers of onshore
and offshore container cranes, thereby improving the efficiency and safety in the
operation.

2. Research object and scope

- We focus on a control object composed of a container crane mounted on a
ship subject to wind and sea wave.

- The main scope of this study is to design nonlinear robust control systems
for floating container cranes based on their 2D dynamic model.

3. Research approaches

We use theoretical analysis, simulation, and experiment for constituting and
synthesizing the adaptive robust controllers for container cranes. The details are
as follows:

Theoretical approaches: Mathematics related to differential equations is
applied to constitute the dynamic models of cranes. Calculus together with
advanced control methods are utilized for constructing control schemes. Analysis
of system stability is on the basis of Lyapunov theory and advanced stability
techniques.

Practical approaches: We investigate the effectiveness of proposed
controllers using both simulation and experiment. Numerical simulation of crane
responses is conducted by utilizing MATLAB and Simulink. We also setup a
laboratory crane integrating the proposed control algorithms to do experiment.
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4. Contributions of study

By providing three robust adaptive controllers, namely SOSMC, NN-
SOSMC, and OB-SOSMC, for offshore container cranes, the dissertation shows
the following key contributions:

(1) Unlike the previous studies, where cargo is handled on a rigid cable
without hoisting and the physical characteristics of ship body is not considered,
this study constructs adaptive robust control systems in which cable elasticity,
container hoisting, dynamic behavior of ship body (mass and inertial), and
viscoelasticity of sea water are fully taken into account.

(2) The application of neural networks to SOSMC in designing a robust
adaptive control system for floating container cranes, a free-model based control
system has two important features: (i) the system is robust with parametric
uncertainties, disturbances, and an imprecise model; and (ii) the system itself
learns and adapts with unstructured uncertainties, imperfect system dynamics, and
even complete absence of crane model information.

(3) Unlike traditional adaptive approaches (TAA), adaptive RBFN can
completely approximate both dynamic model and its parameters. Meanwhile,
TAA is only able to estimate system parameters but cannot identify the system
model. It requires the structure of system dynamics to be fixed and linearly
parameterizable, while RBFN does not need these requirements.

(4) Instead of using velocity sensors, the state observers tend to cost-
effectiveness with a reduction in the number of sensors to a half, as well as noise
attenuation.

5. Structure of dissertation

The dissertation includes six parts: Introduction, main content composed of
four chapters, conclusion and recommendation, list of related publications,
references, and appendix.
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