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TOM TAT NQI DUNG LUAN AN
1. Muc dich, ddi twong va ndi dung nghién ciru

Muc dich cta luan an 13 4p dung 1y thuyét diéu khién hién dai dé xay
dung bd diéu khién méi nham nang cao chét luong diéu khién bam quy dao cta
phuong tién chuyén dong ngadm dang AUV 4 DOF hé thiéu co cau chip hanh.

Pbi twong nghién ctru ciia luan an bao gom: Hé thong diéu khién cua
phuong tién chuyén dong ngam tu hanh AUV 4 DOF bam dugc quy dao mong
mudn voi sai sé nho nhét trong diéu kién mé hinh dong hoc cua tau co cac thanh
phan bat dinh.

No6i dung cua luan an: Gidi thi€u vé mo hinh dong luc hoc va phan tich
cac dic diém cua phuong tién ngdm. Xac dinh ddi twong cta luan an 1a phuong
tién chuyén dong ngém tw hanh AUV 4 bac tu do thiéu co ciu chép hanh. Ung
dung 1y thuyét diéu khién hién dai thiét ké bo diéu khién Backstepping cho doi
tuong AUV (Autonomous Underwater) thiéu co cau chdp hanh va bi anh hudng
ctia nhidu bén ngoai khong biét trudc. So sanh véi b dicu khién Backstepping
thich nghi str dung hé logic md dé chinh dinh tham sé cua bo diéu khién. Tir d6
khang dinh vu diém cua bo diéu khién kép Adaptive Fuzzy Backstepping (AFB)
vé d6 bén vimg v6i nhidu va thoi gian qua do giam. Nghién ciru 1y thuyét vé k§
thuat vé diéu khién truot ting Hierarchical Sliding Mode Controller (HSMC), va
mang no-ron nhan tao lam nén tang dé phat trién bo diéu khién thich nghi no-
ron truot ting duoc dé nang cao chat luong diéu khién. Hé théng kin véi

ANHSMC dugc mo phong kiém ching bang phan mém Matlab/Simulink.



2. Phuwong phap nghién ciru

Phan tich ly thuyét cac cong trinh khoa hoc dugc cong b trong thoi gian
gan day ¢ linh vuc diéu khién thich nghi phi tuyén. Phén tich cac wu nhuogc diém
cua timg phuong phap dé tir d6 dé xuat huéng nghién ctu va phat trién phuong
phap diéu khién mégi cho phuong tién chuyén dong ngam tu hanh AUV 4 bac tu
do thiéu co cu chap hanh.

Nghién ctu tong hop két hop véi so sanh dé dua ra cac giai phap ky thuat
cho phuong 4n nang cao chit lugng diéu khién. Cac giai thuat méi duoc dé xuat,
phan tich tinh 6n dinh dua trén ly thuyét Lyapunov va khao sat danh gia thong
qua mo phéng bang phan mém Matlab.

3. Y nghia khoa hoc va thuc tién ciia luin 4n
Y nghia khoa hoc

Luan 4n nghién ciru va xay dung cac k¥ thuat diéu khién thich nghi méi
trén co so diéu khién phi tuyén két hop v6i mang no-ron nhan tao va diéu khién
mo cho phuong tién ngém tw hanh AUV 4 DOF c6 md hinh bat dinh, chju anh
hudng ciia nhidu moi truong. Mé ra hudng nghién ctru mdi cho hé thiéu co cdu
chap hanh thich nghi truot ting theo vec to (khac voi truot tang timg bién doc
1ap) hay con goi 1a trugt ting suy rong.

Luan an d& xuat hai xu huéng diéu khién cho hé thiéu co cau chdp hanh
tmg dung cho d6i trong AUV mot 1a dua vé dang du co cdu chap hanh khi thiét
ké bo diéu khién cho céc trang thai du co cAu chap hanh, sau d6 ap dung tin hiéu
diéu khién nay cho hé thiéu co céu chip hanh ban dau (b diéu khién
Backstepping va Backsepping Fuzzy), hai 1 thiét ké bo diéu khién truc tiép cho
hé thiéu co ciu chap hanh (HSMC va HSMC no-ron).

Céc giai thuat dé xuat da dugc kiém ching thong qua mé phong ky thuat
s6 cho mot mo hinh tau thuc té. Vi két qua moé phong khang dinh chat luong
bam quy dao thoa min cac yéu cau dit trude.

Y nghia thuc tién

X4y dung thanh cong thuit toan diéu khién Backtsepping va
Backstepping thich nghi sir dung hé logic md dé so sanh danh gia chat luong
diéu khién cho AUV c6 thanh phan bat dinh dang ham sé. Cac k¥ thuat diéu



khién duoc kiém chimg trén phan mém chuyén dung dam bao bam quy dao cho
AUV.

Xay dung bd diéu khién trugt ting Hierarchical Sliding Mode Controller
(HSMC) thich nghi no-ron cho mé hinh AUV bén béc tu do voi hai tham sd
trong sd dé tinh gan dung ham chtra nhiéu phan tir ciia ma tran bt dinh C, D.
Mang no — ron huéng tdm hai 16p s& chuyén cac thanh phan bat dinh vé dang
ham va xp xi tao thanh bd diéu khién thich nghi no-ron trugt tang (ANHSMC)
trén co so két hop diéu khién truot ting va mang no-ron nhan tao dé nang cao
chat luong diéu khién quy dao AUV tdi wu nhat.

4. Két qua nghién ciru va déng gép ciia Luin an

Luan an da lya chon mo hinh phuong tién chuyén dong ngam AUV 4 bac
tu do hé thiéu co cu chap hanh 1a di twong ung dung dé mé ra huéng nghién
ctru méi cho ki thuat diéu khién hién dai. V&i nhiém vu dat ra 12 nang cao chat
luong diéu khién bam quy dao cia phuong tién chuyén dong ngam AUV 4
DOF, luan 4n d3 dat dugc mot sb két qua nhu sau:

- Xay dung thanh cong bd diéu khién Backstepping kiém chimg mo hinh
va dam bao quy dao cho AUV 4 DOF hé thiéu co cau chap hanh.

- Ung dung bd diéu khién backtepping thich nghi str dung hé logic mo dé
chinh dinh tham s6 cta bo diéu khién.

- Khang dinh wu diém coa bd diéu khién kép Adaptive Fuzzy
Backstepping (AFB) vé do bén viing v6i nhidu va thoi gian qua do giam.

- Luan 4n nghién ctru thanh céng phuong phap diéu khién trugt tang
Hierarchical Sliding Mode Controller (HSMC) thich nghi no-ron cho mé hinh
AUV 4DOF thiéu co cau chap hanh. Thong qua dinh 1y Lyapunov chimg minh
duoc tinh 6n dinh cia hé théng.

- Ludn 4n so sanh cac bd diéu khién AUV hé thiéu co ciu chép hanh véi
nhau dé dua ra danh gia cho nguoi dung lya chon cac bo diéu khién. Trong
truong hop md hinh kho xac dinh va muén c6 b diéu khién cai dat don gian thi
nén dung AFB hoic ANHSMC. Trong trudng hop khong muén dau tu thoi gian
vao thiét ké ma van dam bao vé chat lugng 6n dinh thi nguoi st dung nén chon

BCS hoidc HSMC. Trong trudng hop phai lwa chon 2 bo diéu khién phi tuyén thi



nén uu tién lyga chon HSMC vi nhitng vu viét hon vé chat luong diéu khién nhu
diéu khién truc tiép thu thap dir liéu dang online, d6 qua diéu chinh nho va thoi
gian xac lap ngin hon.

- B9 diéu khién Backstepping dam bao bam quy dao kiém chtirng mé hinh
AUV 4 DOF, HSMC no-ron dya trén mang no-ron nhan tao la phuong an kha
thi nang cao chit luong diéu khién bam quy dao ctia phuong tién chuyén dong
ngam duoc trinh bay trong luan an “Nghién ciru nang cao chat lugng bam quy
dao cua phuong tién chuyén dong ngam”. Két qua mo phong cac bo diéu khién
v6i nhau véi cung bo thong s6 da ching minh cidc muc ti€u cta ludn an dat

duoc.

Giéo vién hwéng din Nghién ctru sinh
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SUMMARY OF THE THESIS

1. Aims, objective and content of the Thesis

The aim of the thesis is to apply modern control theory to build a new
controller to improve the quality of trajectory tracking control of a 4-degree-of-
freedom autonomous underwater vehicle (4 DOF AUV) with a system lacking
an actuator.

The research objective of the thesis includes: The control system of a 4
DOF AUV can follow the desired trajectory with the smallest error in the
condition that the ship’s kinematic model has irregular determined components.

Content of the Thesis: Introduction to kinematic model and analysis of
autonomous underwater vehicle characteristics. Determining the object of the
thesis is a 4 DOF AUV lacking an actuator structure. Applying modern control
theory to design a Backstepping controller for an AUV (Autonomous
Underwater) that lacks an actuator and is affected by unknown external
disturbances. Comparing with the adaptive Backstepping controller that uses a
fuzzy logic system to adjust the controller parameters. Therefrom, confirming
the advantages of the Adaptive Fuzzy Backstepping (AFB) dual controller in
terms of stability against noise and reduced transient time. Theoretical research
on techniques for Hierarchical Sliding Mode Controller (HSMC) and artificial
neural networks as a foundation to develop HSMC to improve control quality.
The sealed system with ANHSMC is simulated and verified using

Matlab/Simulink software.



2. Methodology of the Thesis

Theoretical analysis of scientific works published recently in the field of
nonlinear adaptive control. Analyzing the advantages and disadvantages of each
method to propose directions for research and develop new control methods for
4-degree-of-freedom autonomous underwater vehicle lacking actuators.

Synthetic research is combined with comparison to find technical
solutions for improving control quality. New algorithms are proposed to stability
analysis based on Lyapunov theory and assessment survey is conducted through
simulation using Matlab software.

3. Scientific and practical signification:
Scientific signification

The thesis researches and develops new adaptive control techniques based
on nonlinear control combined with artificial neural networks and fuzzy control
for 4 DOF AUV with irregular determined models, influenced by environmental
noise. Finding new research directions for systems lacking an adaptive actuator
for vector-based sliding (different from sliding with each independent variable),
also known as generalized hierarchical sliding.

The thesis proposes two control trends for systems lacking actuators for
application to AUV. First, bring in the form of full actuators when designing the
controller for states with enough actuators, then apply this control signal to the
system lacking the original actuator (Backstepping and Backsepping Fuzzy
controllers). Second, design a direct controller for the system lacking the
actuator (HSMC and neural HSMC).

The proposed algorithms have been verified through digital simulation of
a realistic ship model. The simulation results confirm that the trajectory tracking
quality satisfies the preset requirements.

Practical signification

Successfully built Backtsepping and Adaptive Backstepping control
algorithms using a fuzzy logic system to compare and evaluate control quality
for AUVs with functionally irregular components. Control techniques are

verified on specialized software to ensure trajectory tracking for the AUV.



Building a neural adaptive Hierarchical Sliding Mode Controller (HSMC)
for a 4 DOF AUV model with two weight parameters to approximate the multi-
element function of the uncertainty matrix C, D. The two-layer radial neural
network will convert the uncertain components into functional form and
approximate to form an Adaptive Neural Hierarchical Sliding Mode Controller
(ANHSMC) based on the combination of hierarchical sliding control and
artificial neural network to improve the quality of optimal AUV trajectory
control.

4. Main results and new contributions of the Thesis

The thesis has chosen the 4 DOF AUV model lacking an actuator as the
application objective to open up new research directions for modern control
techniques. With the set task of improving the quality of trajectory tracking
control of 4 DOF AUV, the thesis has achieved the following results:

- Successfully built a Backstepping controller to verify the model and
ensure the trajectory for a 4 DOF AUV system lacking an actuator.

- Application of adaptive backtepping controller using fuzzy logic system
to adjust controller parameters.

- Confirming the advantages of the Adaptive Fuzzy Backstepping (AFB)
dual controller in terms of robustness to noise and reduced transient time.

- The thesis successfully researches the Adaptive Neural Hierarchical
Sliding Mode Controller (HSMC) method for a 4 DOF AUV model lacking an
actuator. Through Lyapunov's theorem, the stability of the system is proven.

- The thesis compares AUV controllers lacking actuators with each other to
provide an assessment for users to choose controllers. In cases the model is
difficult to determine and a simple controller setting is desired, AFB or
ANHSMC should be used. In case you do not want to invest time in design but
still ensure stable quality, users should choose condoms or HSMC. In the case
of having to choose two nonlinear controllers, HSMC should be given priority
because of its superior control quality such as direct control of online data

collection, small overshoot and shorter setup time.



- Backstepping controller ensuring trajectory tracking to verify 4 DOF
AUV model, neural HSMC based on artificial neural network, is a feasible
solution to improve the quality of trajectory tracking control of autonomous
underwater vehicle presented in the thesis " Research to improve the trajectory
tracking control quality of autonomous underwater vehicle". The simulation
results of each controller together have proven that the aims of the thesis are

achieved.
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