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DANH MUC CAC KY HIEU TOAN HQC

X,Y,Z Luc tac dung 1én AUV (N)
K,M,N M men tac dung 1én AUV (Nm)
u,v,w Tham sd van toc chiéu 1én cac truc cua hé toa do gan lién (m/s)
U,V , W, Céc thanh phan van toc dong chay d6i véi hé toa d6 gan lién (m/s)
p.q,r Céc thanh phan van toc goc chiéu 1én hé toa d6 gan lién (rad/s)
X,Y,Z Vi tri cua AUV trong hé toa do dia 1y (m)
y,0,y Biéu dién ba goc Ole (rad)
X Hé s6 lyc khoi nuée kém (kg)

u
Xgr Xgr Xors Xy | HE 50 lyc khoi nuée kém chéo truc (kg/rad)
XUM, X Xuw Hé s6 luc can theo truc X, cua h¢ toa do gin lién (kg/m)
XW‘W‘, X X Hé sb luc can theo truc X, cua h¢ toa do gan lién (kg/m)
X Heé s6 lyc banh 14i (kg/rad)
X 5 Heé s0 lyc cta banh 1ai (kg/m.rad)
Xl Luc day dong co (N)
Y.,Y Heé s6 lyc khoi nuée kém (kg)

vor
YVM Heé so luc can (kg/m)
Yupr Y g Hé s6 luc khdi nuéc kém chéo truc Y, (kg/rad)
Yo, He 6 khoi nudc kém chéo truc, Iyc nang va luc can (kg/rad)
Yo Heé s6 khoi nuée kém chéo truc, luc nang (kg/rad)
Yous Hé s6 luc cuia banh i (kg/m.rad)
Z.,Z Haé s0 lyc khoi nudc kém (kg)

wooq
ZW‘W‘ Heé s6 luc can (kg/m)
Z, Heé s6 khoi nude kém chéo truc va luc nang (kg/rad)
ZpZ, Hé s6 lyc khoi nude kém chéo truc (kg/rad)
Z,, Heé s6 lyc khoi nuée kém chéo truc, Iyc nang va luc can (kg/rad)
Z,s, Hé s0 luc cua banh 14i (kg/m.rad)
K Hé s6 m6 men khdi nudce kém (kg.m?/rad?)




K, 5 Hé s6 md men banh 14i d6i véi hé toa d6 gan lién (kg/rad)
K Hé s6 moé men khoi nude kém (kg/rad)
Ko Hé s6 m6 men khdi nudc kém chéo truc (kg/rad)
M M Hé s6 mod men khoi nude kém (kg.m%rad?)
q w
M,, Hé s6 m6 men than va thanh phan banh lai (kg)
M., Hé s6 m6 men khoi nuéc kém chéo truc (kg.m?/rad?)
M, Hé s6 md men khoi nudc kém chéo truc va luc nang (kg.m/rad)
M., Hé s6 md men khdi nuéc kém chéo truc (kg.m/rad)
\Y/ I Hé s6 md men banh 1ai (kg/rad)
N N Hé s6 mod men khoi nude kem (kg.m%rad?)
Vv r
N, Hé s6 md men khoi nuéc kém chéo truc va luc nang (kg.m/rad)
N, Hé s6 mo men than va banh 1ai (kg)
Nopr N g Hé s6 md men khoi nude kém chéo truc (kg.m/rad)
N, 5 Hé s6 md men banh 1ai (kg/rad)
B Luc ndi (luc Acsimet) (N)
W Luc trong Iyc (N)
D Luc can (N)
L Luc nang (N)
P Mat do nude (kg/m?3)
A Tong dién tich bé mit theo hudng van toc AUV (m?)
a, Céc goc tan cong va goc trugt ngang cua AUV (rad)
S, Dién tich bé mat cia banh 14i (m?)
0, Goéc anh huong cia banh lai (rad)
Xp, Khoang cach tir truc ctia cac banh 1ai dén tdm trong luc (m)
Onp» Opy Go6c quay cac banh lai huong (rad)
Oy,904, Géc quay cac banh lai sau (rad)
S, Tong goc bé 1ai diéu khién theo gbc hudng (rad)
5, Tong goc bé 1ai diéu khién theo goc lac (rad)
S, Tong goc bé 1ai diéu khién theo goc chic ngoc (rad)
M e Ma trén quén tinh cua AUV

v




Cis Ma tran hudéng tam Coriolis cua AUV

Trg Ngoai lyc va mé men ngoai luc tac dong lén AUV
G, Tam khéi cia AUV trong OX,Y,Z,

l, Ma tran m6 men duong chéo

M, Ma tran quan tinh khoi nuéc kém

C, v) Ma tran huéng tam Coriolis khoi nudc kém

D V) Ma tran lyc va m6 men thuy dong

g ( n ) Biéu dién luc va mé men trong luc

L (V) Ma tran thong s6 luc va m6 men cua banh 1ai

7y Véc to luc va mo6 men cua banh 1ai

Ty Véc to luc va m6 men cua dong co déy

C, Biéu dién tdm ndi cua phuong tién ngam ty hanh AUV
Rﬂ, R Ban kinh cong cuia trai dat theo tham chiéu Ellip

R Ban kinh cua trai dat khi xem trai dat 1a hinh cau
\A Véc to van tdc dai trong hé toa do gén lién

o Véc to van toc gbc trong hé toa do gén lién

U Véc to van toc goc trai dat

|, 1 Pai luong biéu dién kinh do, vi do

A S6 siéu phirc quaternion

Biéu dién cac tham s6 Rodrig — Hamilton

Ma tran chuyén tr hé toa do gén lién sang h¢ toa do dia 1y

o Ma tran chuyén tir hé toa do dé sang h¢ toa do dia ly
d
a,,a,,a, Chi s6 gia tdc cam nhéan c6 nhiéu do doi vai hé toa do gén lién
Qs By s Ay Chi s6 gia toc cam nhan doi véi he toa dd gan lién
W, , W, W, Nhiéu do cta gia toc ké
B,.B,.B, Ba chi so cua tir ké trong OX,Y,Z,

DVL y/ DVL y/ DVL
V.oV oV

Ba chi sb cua tir ké trong OX,Y,Z,

VN ’VE ’VD

Biéu dién ba chi s6 van toc trong OX,Y,Z,

o(t)

Véc to hoi quy




Biéu dién udc lugng sai s6

o Biéu dién hé s6 quén

0, Trong sb clia mang singleton

é, Biéu dién trang thai wdc lugng sai s6
Ail’ Aiz’ Bli Ma tran biéu dién cac tap mo
ox'y'z! Hé toa do quan tinh

oX°Y°z® Heé toa d c6 dinh tAm trai dat
OX,Y,Z, Hé toa do gan lién

OX,YoZ, H¢ toa do dia ly

¢

Vi tri va géc Euler chuyén dong quay quanh truc x

0 Vi tri va goc Euler chuyén dong quay quanh truc y

4 Vi tri va goc Euler chuyén dong quay quanh truc z

I Véc-to toa do cua trong tdm cua vat ran

m Biéu dién vi tri clia tau trong OX°Y°Z°

n, Biéu dién goc hudng ciia tau trong OX °YZ°

n Biéu dién vi tri va goc huéng ciia tau trong OX Y °Z°

v, Biéu dién van tdc dai trong OX,Y,Z,

v, Biéu dién vén toc goc trong OX,Y,Z,

Vv Biéu dién van tdc goc va van téc dai trong OX,Y,Z,

T, Thanh phan lyc tic dong trong OX,Y,Z,

7, Thanh phan goc hudng cia phuong tién ngdm trong OX °Y°Z°
T Thanh phan Iuc va tic dong 1én phuong tién ngam trong OX °Y °Z°
w Biéu dién luc va m6é men nhiéu loan méi truong

Ty Biéu dién lyc va md men suy giam

Ty Biéu dién lyc va cam tng tac dong 1én phuong tién ngam

Vi




DANH MUC CAC KY HIEU VA CHU VIET TAT

Ky hiéu Tiéng Anh Tiéng Viét

AUV Autonomous Underwater Vehicle Phuong tién ngam ty hanh

ROV Remotely Operated Vehicle Phwong tién ngam diéu khién tir xa

TUV Tetherless underwater vehicle Phuong tién dudi nudc

QUV Quadrotor Underwater Vehicle Phuong tién Quadrotor

UAV Unmanned Aerial Vehicle Phuong ti¢n bay khong ngudi 1ai

ASWSs Anti Submarine Weapons Céc loai vii khi chong ngam

ANB Adaptive neural network backstepping Thich nghi no-ron backstepping

ANSE Adaptive neural network sliding mode backstepping | Thich nghi no-ron trugt
backstepping

ANSBC Adaptive neural network sliding mode Diéu khién thich nghi no-ron

backstepping control trugt backstepping no-ron

BODY Body-fixed reference frame Khung toa do quy chiéu gin than

CG Center of gravity Trong tam

CB Center of buoyancy Tam ndi

ECI The Earth-centered inertial frame K‘hung}oa d,? quan tinh goc
trung tam trai dat.

ECEF Earth-centered Earth-fixed reference frame K‘hung}oa d,? t}iam chicu c6 goc
trung tam trai dat.

GPS Global Positioning System Hé thong dinh vi toan cau

INS Inertial Navigation System Hé thong dan duong quan tinh

IFAC International Federation of Automatic Control | Hiép hoi qudc té vé tu dong hoa

ISS Input-to-state stable On dinh trang thai dau vao

LTPTT Autopilot of ship Lai ty dong tau thuy

LOR Linear quadratic regulator B0 diéu khién t6i wu toan phuong

: : : B0 diéu khién tdi vu toan

LQG Linear quadratic Gaussian phuong khang nhidu

MIMO Multiple Inputs, Multiple Outputs Nhiéu dau vao, nhiéu dau ra

MNN Multiple layer neural networks Mang no-ron nhiéu 16p

NED North-East-Down He_:,toa d(;) €0 cac trye h}ng, .baf 3
hudng dong — hudng tam trai dat

PE Persistent excitation Kich thich bén (lién tuc)

RBF Radial basis function Ham hudng tam

RIF Radiation-Induced Forces Luc cam bién burc xa

SISO Single Input and Single Output Mot dau vao, mot dau ra
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https://www.mathworks.com/help/control/getstart/linear-quadratic-gaussian-lqg-design.html#brs1m_0

SMC Sliding mode control biéu khién truot
SMB Sliding mode backstepping Truot Backstepping
HSMC Hierarchical Sliding Mode Controller B diéu khién truot tang
ANHSMC Adaptive No — ron Hierarchical Sliding Mode | B6 diéu khién thich nghi no-ron
Controller trugt ting
AEB Adaptive Fuzzy Backstepping B diéu khién thich nghi
Backstepping
DOF Degrees Of Freedom Bac tu do
Society of Naval Architects and Marine Engineers | Hiép hoi kién trac hai quin va hang
SNAME hai
UMS Underactuated mechanical systems He thiéu co cau chap hanh
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MO DAU

1. Tinh cip thiét cia dé tai luin an

Trai dat c6 khoang 70% bé mat dugc bao phu boi nude, do vay co rat
nhiéu khu vuc van chua dugce con nguoi kham pha. Viét Nam nam trén bo Bién
Poéng, c6 ving bién rong hon mot triu km? (gap hon ba lan dién tich dat lién)
v6i bo bién dai hon 3.200 km va hé théng song ngoi day dic, cd ¥ nghia cuc ky
quan trong d6i vai cong viéc phat trién dat nudc, trong d6 ndi bat 1a dau khi,
hai san. Do vay phuong tién chuyén dong ngam néi chung va AUV néi riéng
rat can thiét, hiru hiéu trong viéc phuc vu cac nganh céng nghiép nhu: Xay
dung cong trinh bién, khao sat nghién ctu bién, hai duong hoc, tim kiém cau
hé, kinh té bién va qudc phong. Pic biét trong quan su hién nay AUV c¢6 thé
dugc vi nhu UAV (thiét bj bay khong ngudi 1ai) trén mat dat véi tam quan trong
dugc dugc khang dinh trong rt nhiéu cong trinh tng dung gan day [1], [2].

Trong Nghi quyét s6 36/ NQ-TW ban hanh ngay 22 thang 10 nim 2018
1a hoi nghi tong két 10 nam thyuc hién nghi quyét s6 09/NQ —TW vé phat trién
chién lugc bién tai Viét Nam. Ban Chép hanh trung wong d3 khang dinh trong
ndi dung van kién vé “Chién luoc phét trién bén vimg kinh té bién Viét Nam dén
nam 2030, tim nhin dén nam 2045” [3]. Diéu d6 da duoc cu thé hoa trong cac
cong trinh bién trong diém nhu x4y dung cong trinh ngam, kéo dién ludi ra dao,
qudc phong an ninh. Trong d6 thanh lap céc 1ir doan chuyén trach c6 kha ning
tac chién doc 1ap cho Hai quan Viét Nam nhu Li doan tau ngam 189 [4], Li
doan tau ngam diesel — dién 16p KILO 636 [5]. Diéu nay cho thy tam nhin va
su chuan bj tir rat sém cho nhitng muc tiéu cy thé ciia Pang va Nha nudc vé phét
trién kinh té bién tai Viét Nam gan lién v6i bao dam Qudc phong, an ninh.

Pé cu thé hoa nhiing chinh sach cia Pang va Nha nudc ciung voi su
phat trién vuot bac ciia khoa hoc k¥ thuat ngdy nay, phuong tién ngdm ngay
cang duoc quan tdm phat trién, nhat 1a phuong tién ngdm c6 ngudi lai bén
trong. Tuy nhién phuong tién ngam c6 nguoi lai bén trong thuong 1a nhiing

thi€t bi quan su ¢& 16n va c6 thé dan dén nhiing rui ro nhu vu tai nan tau ngam
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Nanggala nang 1300 tan cia Hai quin Indonesia ndm 2021 1am chét 53 nguoi
va chim & do sau 850m khong thé truc vét va diéu tra nguyén nhan [6]. Tur d6
khing dinh su can thiét cling nhu tAm quan trong cta thiét bi khong c6 ngudi 1ai
bén trong vi myc dich an toan cho tinh mang con nguoi va giam thiéu rai ro ¢
mic thip nhat. Phuong tién ngdm tu hanh AUV c6 nhiéu wu diém nhu khong
yéu cdu diéu hanh lién tuc cta con ngudi va khong chira cac hé thdng con dé
duy tri su séng nhu hé thdng khi tudn hoan, thirc an, nudc udng.... Diéu nay
dan dén sy don gian hoa trong thiét ké, bao tri, bao dudng thuong xuyén s&
nhé hon so véi thiét bi ngdm c6 ngudi 14i bén trong. Do d6 AUV 1a thiét bi ngdm
tu hanh dugc quan tAm phat trién trong nganh céng nghé hang hai cho ca muc
dich dan sy va quén su [7], [9].

AUV (Autonomous Underwater Vehicles) 1 dbi twong hoat dong trong moi
truong nudce chiu tdic dong ctia cac yéu tb khong biét trudc nhu g16, dong chay, mat
dd khong dugc tinh todn chinh xéac, ngay ca dac tinh dong hoc cua ddi tuong cling
bién doi theo thoi gian nhu nhién lidu bi tiéu hao, trong lwong tau, vi tri trong tim
tau thay d6i. Do do, cac thuat toan diéu khién hién dai da dugc nghién ctu cho
AUV, nham nang cao kha nang cap nhat su bién thién ctia cic hé sb thity dong hoc
va dong hoc cua AUV dé dat dugc chat luong diéu khién mong muén.

Pé nghién clru cac thudt toan diéu khién cho AUV thi diéu khién thong
minh ¢6 nhitng wu diém rat 16n, mot 1a tan dung dugc kién thire chuyén gia
trong diéu khién, hai 14 tinh linh hoat cao, c6 kha ning thay doi dé dap tmg dan
tot hon (kha nang tu hoc), ba la co thé khong can biét mé hinh toan hoc cua hé
thong ....Tuy nhién nhiing nhugc diém ma diéu khién thong minh mang lai cling
khong phai it nhu kho dugc bao dam bang toan hoc, céu tric diéu khién phirc
tap. Vi thé bo diéu khién théng minh thuong di kém véi cac bd diéu khién phi
tuyén dé tao thanh cac hé Hybrid (hé lai) dé tan dung nhing loi thé cua diéu
khién phi tuyén va phat huy wu diém ctia bo diéu khién thong minh [17], [18].

Bo diéu khién phi tuyén phai str dung nhiéu céng strc vao viéc xy dung
mo hinh toan cho déi tuong, trong d6 md hinh toan cho hau hét cac ddi tuong
tau ndi va tau ngdm dugc Fossen thong ké kha day du [16]. Trong d6 Fossen
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khuyén khich cac doc gia tiép tuc nghién ciu nhiéu md hinh diéu khién nang cao,
lam sao cho md hinh diéu khién don gian, hiéu qua va dap tmg duoc yéu ciu.
Phuong tién chuyén dong ngam hién nay cha yéu duoc nghién ctru v6i phuong
trinh chuyén dong 6 DOF [14], [16]. Cac cong trinh vé phuong tién chuyén dong
ngam 4 DOF cho cic phuong tién ngam c& nho chil yéu huéng dén thuat toan
diéu khién dt co ciu chdp hanh. Hé thiéu co ciu chip hanh duoc nghién ctu
trong cac hé théng nhu tau thiy, tau ngdm, may bay, tau vil try, robot véi muc
dich dé giam gia thanh, giam trong lugng, giam tiéu hao ning lugng tiéu thu hodc
hé théng co thiét bi chap hanh bi 18i. Trén thyc té, khi giam co cdu chap hanh thi
viéc phat trién k¥ thuat diéu khién cang can thiét va kho khan hon so véi cac hé
du co ciu chap hanh. Cac cong trinh nghién ctru hé thiéu co cau chap hanh UMS
(Underactuated mechanical systems) duoc nghién ctru tap trung nhiéu dén viéc
thiét ké thuat toan diéu khién cho cac hé UMS phi tuyén khi phai xét dén cac yéu
t6 bat dinh, mo hinh khong chinh x4c, nhiéu tac dong vao hé théng.

Vi nhitng 1y do ¢4 NCS Iyra chon dé tai “Nghién ctru nang cao chat luong
diéu khién bam quy dao cua phuong tién chuyén dong ngadm” lam dé tai nghién
ctiru cho luan &n tién si ctia minh, dé tir d6 dé xuét cc thuat toan hién dai nham
nang cao chat lugng bam quy dao cua AUV, hudng t6i dap Gmg nhu cau phat
trién va hién dai hoa thiét bi ngdm ty hanh AUV hé thiéu co cau chap hanh trong
nude va trén thé gioi.

2. Muc dich nghién ctru

Ap dung 1y thuyét diéu khién hién dai xdy dung bo diéu khién méi nham
nang cao chat luong diéu khién bam quy dao cho phuong tién chuyén dong
ngam dang AUV 4 DOF h¢ thiéu co cau chap hanh.

3. Poi twong va pham vi nghién ciru ciia dé tai

Poi twong nghién ciru: Hé théng diéu khién cua phuong tién chuyén
dong ngam tu hanh AUV 4 DOF bam duogc quy dao mong mudn véi sai s6 nho
nhét trong diéu kién mo hinh dong hoc cua tau c6 céac thanh phén bét dinh.

Pham vi nghién ctru: Trong luan an nay NCS khong dé cap nhiéu dén

van dé& din duong hay dinh vi do nhitng van dé nay da duoc nhiéu cong trinh
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nghién ctru trude d6 va cho két qua tét. NCS chi stir dung bam quy dao theo hang
s6 va quy ham diéu hoa trong khdng gian cho ciac mo phong sau nay.

NCS hudng téi nghién ctru xdy dung cac thuat toan diéu khién dé cung
cap tin hiéu diéu khién tic thoi 1a cac tin hiéu luc va mé men cho phép AUV di
chuyén theo quy dao mong mudn c6 tinh nang bam hudng va quy dao trén mat
phang ngang. Viéc st dung cac tin hiéu diéu khién thong qua cac co céu truyén
dong khac nhau trén AUV, NCS chua c6 diéu kién nghién ctru trong ndi dung
luén an nay.

4. Y nghia khoa hoc va thue tién ciia luin 4n

Lu4n 4n nghién ctru va xdy 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
md cho phuong tién ngam ty hanh AUV 4 DOF c¢6 mé hinh bét dinh, chiu anh
hudng ciia nhidu moi truong. Mé ra huéng nghién ctru mdi cho hé thiéu co cau
chap hanh thich nghi truot ting theo vec to (khac voi truot tang timg bién doc
1ap) hay con goi 1a truot ting suy rong.

Luan 4n dé xuat hai xu hudng diéu khién cho hé thiéu co ciu chap hanh
tmg dung cho d6i trong AUV mot 1a dua vé dang du co cAu 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 chap hanh ban dau (b diéu khién
Backstepping va Backsepping Fuzzy), hai la 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 mé hinh tau thuc té. Vi két qua moé phong khang dinh chat luong
bam quy dao thoa min cac yéu cau dit trude.

5. Phuwong phap nghién ciru

Phan tich ly thuyét cac cong trinh khoa hoc dugc cong b trong thoi gian
gan day ¢ linh vyuc diéu khién thich nghi phi tuyén. Phan tich cac wu nhuge diém
cua timg phuong phap dé tir d6 dé xuat huéng nghién ctu va phat trién phuong
phap diéu khién méi cho phuong tién chuyén dong ngam ty hanh AUV 4 DOF

thiéu co cau chap hanh.



Nghién ctu tong hop két hop véi so sanh dé dua ra cac giai phap ky thuat
cho phuong 4n nang cao chat 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 mé phéng bang phan mém Matlab.

6. Nhirng dong gép moi caa luan an

Luan 4n da lia chon md hinh phuong tién chuyén dong ngdm AUV 4 bac
tu do hé thiéu co cdu chip hanh voi muc dich dé don gian hoa trong qua trinh diéu
khién ma van dam bao duoc yeu cAu nhiém vu dit ra. Vi tri toa do (X, y, Z), huéng
di cia AUV (y) 1a md hinh ddi twong tmg dung k¥ thuat diéu khién hién dai. Mo
ra hudng nghién ctru mdi véi nhitng dong gbp dugc tom tat nhu sau:

Xay dung duogc thuat 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 bt dinh dang ham so. Céc k¥ thuat diéu khién duoc kiém chimng
trén phan mém chuyén dung dam bao bam quy dao cho AUV.

Xay dung bo diéu khién truot tang Hierarchical Sliding Mode Controller
(HSMC) thich nghi no-ron cho mé hinh AUV bén béc tu do véi hai tham sb
trong s6 dé tinh gin dung ham chira nhiéu phan tir ctia ma tran bat dinh C, D [9].
Mang no — ron huéng tdm hai 16p s& chuyén cac thanh phan bat dinh vé dang
ham va xap xi tao thanh bo diéu khién thich nghi no-ron truot ting (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 t6i wu nhat.

7. B0 cuc ciia luin 4n

- Luén 4n duoc chia thanh 3 chuong vé6i ndi dung chinh duge tom tat nhu sau:

Chwong 1: Tong quan vé phwong tign chuyén dpng ngam AUV

Gi6i thiéu vé mé hinh dong luc hoc va phan tich cac dic diém cta phuong
tién ngam. Xéc dinh ddi twong cta luan 4n 1a phuong tién chuyén dong ngam tur
hanh AUV thiéu co cdu chip hanh. Nghién ctru téng quan cac phuong phap diéu
khién d3 dugc cong bd trong va ngoai nudc, wu nhuge diém cia ting nhém
phuong phap, 1am nén tang dé phat trién cac giai thuat diéu khién méi duge dé

xuat trong luan an.



Chwong 2: Piéu khién backsteping thich nghi mé dim bdo bdm quy
dgo cho AUV thiéu co céu chép hanh

Xay dung bo diéu khién Backstepping cho d6i tuong AUV (Autonomous
Underwater) thiéu co cau chdp hanh va bi anh hudng ctia nhidu bén ngoai khdng
biét trude nhu dong chay, mat d0 dong chdy, luu lugng nudc. So sanh vo1 b
diéu khién Backstepping thich nghi sir dung hé logic m& dé chinh dinh tham s
ctia bo diéu khién. Tir d6 khang dinh wu diém cua bd diéu khién kép Adaptive
Fuzzy Backstepping (AFB) vé d6 bén vitng v6i nhidu va thoi gian qua d6 giam.

Churong 3: Piéu khién trwot tang thich nghi no ron cho AUV thiéu co
céu chdp hanh néng cao chit luong diéu khién bim quy dao.

Trinh bay 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 dugc dé xuat trén co so két
hop diéu khién truot ting va mang no-ron nhan tao. Hé thong kin véi ANHSMC

dugc md phong kiém chimg bang phan mém Matlab/Simulink.



Chuong 1.
TONG QUAN VE PHUONG TIEN CHUYEN PONG NGAM AUV

1.1.Tong quan vé phuong tién chuyén dong ngam

Phuong tién chuyén dong ngam néi chung 1a phuong tién hoat dong dudi
nuédc duoc str dung trong rat nhiéu linh vuc nhu quéin su, van chuyén hang hoa,
nghién ctru khoa hoc hang hai va dang phat trién trong nganh du lich. Phuong
tién chuyén dong ngdm c6 thé duoc str dung trong moi trudng doc hai va lan
dugc dén d6 sdu ma con ngudi khong dat toi. Phuong tién chuyén dong ngam
hoat dong dua trén 2 dinh luat vat 1y co ban:

Pinh luat Ac-Si-Mét phat biéu nhu sau: Vi bat ki mot vat nao chim trong
nuéc déu chiu mot lyc diy hudng 1én trén, thang dimg va cd do 1on dung bang
phan chit 16ng ma vét dang chiém chd. Do 16n cua luc day Ac-si-mét duge tinh
bang tich cua trong luong riéng chat 1ong ki hiéu 1a d va thé tich bi vat chiém
ch6 ki hiéu 1a V:

Fa= dV (1.1)

Pinh luat Pascal phat biéu nhu sau: Ap suat chat long do ngoai luc tac
dung 1én mat thoang duoc truyén nguyén ven téi moi diém trong 10ng chat 1ong.
Nghia 12 4p suit tai diém d6 phan bd theo moi phuong c6 d6 16n bang nhau.

Nhu vy s& ¢6 3 truong hop xay ra khi tién hanh tha mot vat ran ¢ trong
1ong chat long va vat ran s& ndi khi trong luong riéng téng hop cia vat nho hon
trong luong riéng cia nudc (p).

Fa < p: Vat ran chim xudng khi luc day Acsimet < trong luong

Fa> p: Vat ran s& noi lén khi lyc day Acsimet > trong luong

Fa= p: Vatran s& lo limg trong chit 10ng

Phuong tién chuyén dong ngdm noi chung dugc nghién ctru phét trién tir
rat sém, trong d6 ung dung hai phuong phép lin co ban nhu sau: Phuong phap
lan dong luc (Dynamic diving) va phuong phap lan tinh Iuc (Static diving).
Phuong phap lin dong luc thuong duoc sir dung trong cdc mau phuong tién
ngam dan su. Trong quan sy hién dai phuong tién chuyén dong ngam khi lan
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thuong sir dung két hop ca hai phuong phap Dynamic diving va Static diving.
Tau chim xubng nho su bom day cac két dan chinh. Sau do, tinh ndi duoc diéu
chinh that chinh xac boi cac két sip xép khoa hoc. Khi di ¢ dudi nudc, do sau
cia phuong tién chuyén dong ngdm dugc diéu khién nhd vao hé thong
canh thuy luc (hydroplanes).

Hién nay phuong tién chuyén déng ngdm dwgc chia thanh nhiéu loai
khac nhau [1]. Cin ctr vao kha ning tham gia diéu khién cia con nguoi co thé
phan thanh hai loai chinh: Phuong tién chuyén dong ngam c6é nguoi 1ai va
phuong tién chuyén dong ngam khong ngudi l4i bén trong. Hinh 1.1 1a so d6
phan loai phuong tién chuyén dong ngam 1a phuong tién ngdm diéu khién tir
xa (ROV), phuong tién ngam c6 nguoi 1ai va phuong tién chuyén dong ngam
tu hanh (AUV).

Unmanned Maritime

Vehicles (UMYV)
I |
Unmanned Unmanned
Underwater Vehicle == = = = = = = = T — — == Surface Vehicle
(Uuv) | (USV)
T ) S
____fi—— ‘ —— , [ 1
‘ Tethered ‘ Untethered ‘ ROSV ‘ ‘ ASV ‘

— S E—

I
I
I
I
I
I

[ [ 1 S| N

bl ROV SAUV Glider avv | | g St o
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2 ——_— e B |
ool 0 4 g \
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ROV : Remotely Operated Vehicle

AUV : Autonomous Underwater Vehicle
SAUV : Semi-AUV

ROSV: Remotely Operated Surfaced Vehicle
ASV : Autonomous Surface Vehicle

Hinh 1.1. Phdn loai phwong tién chuyén déng ngam [1]

Tau ngam 13 mét trong nhitng phuong tién chuyén dong ngam hién dai voi
d6i ngil thay thi doan dugc tuyén chon co thé diéu khién nhu phuong tién ngam c6
nguoi 1ai bén trong hodc dé ché do tu dong nhu mot phuong ti¢n ngﬁm tu hanh

(hinh 1.2). Hién nay trén thé gi6i cac cong trinh nghién ctru vé dong hoc, dan
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dudng, diéu khién cho phuong tién chuyén dong ngam rat da dang, nhung nhiing
cong b co gia tri khoa hoc cao c6 thé tmg dung vao thuc té chua nhiéu vi nhiing
1y do vé bi mat an ninh quc phong nén khong dugc cong bd. Tuy nhién tir nhing
mdi lo ngai vé nhiig rai ro bat thudng trong moéi truong dudi nude hay an toan
tinh mang cta con ngudi nén phuong tién chuyén dong ngdm c6 ngudi 1ai thudng
duoc cac t chic khoa hoc 16n mang tinh chit qudc gia quan tAm nghién ctru cho
muc dich quan su. Con cac ca nhan hay to chirc nho thuong danh su quan tim 16n
hon cho phuong tién chuyén dong ngam tu hanh AUV [12].

- Phurong tién ngam c6 nguoi lai:

Hinh 1.2. Phwong tién chuyén déng ngam c6 nguoi lai

- Phwrong tién ngam diéu khién tir xa:

Vao nhimg nam 1980 Phuong tién chuyén dong ngam diéu khién tir xa
khong nguoi lai diéu khién bang ddy ROV di dwoc nghién ctru va bat dau thiét
ké ché tao. Cho dén nay, ROV d4 khing dinh duogc vi tri caa minh, 13 mot
trong nhitng phuong tién chuyén déng ngdm khong nguoi 1ai dugc st dung
nhiéu va c6 do tin cay cao trong sb céc thiét b lin dudi nude duoc ché tao. Nhu
ROV la thiét bi trong cac cong trinh bién, cong trinh rai cap quang hay phat hién
X4c cta tau Titanic bi chim dudi day bién. ROV sir dung trong su ¢6 tran dau &
vinh Mexico nam 2010. ROV dugc diéu khién bang cap nén c6 kha ning co

dong tét duoc sir dung cho cac tmg dung khac nhau [13].
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Hinh 1.3. Phuwong tién ngam diéu khién tir xa

ROV 1a thiét bi tu hanh duéi nudc c6 mic do an toan cao khi duge diéu
khién qua tau me ndi trén mat nude c6 st dung cap diéu khién, né thuong duoc
gin cam bién, tay may va camera ghi hinh nén c6 thé lam viéc & do siu con
ngudi khong thé 1an xudng hay trong cic moi truong bién khic nghiét. Sy da
dang cia ROV chinh 13 ¢ thé lam viéc trong khoang thoi gian dai dudi nudc,
cho cac nhiém vu da dang ca trong quan su va dan dung. Tuy nhién, nhugc diém
cua ROV la pham vi hoat dong nhé phu thudc vao tau me va chiéu dai day cap,
v6i chi phi van hanh cao va nhi¢m vu phure tap thi phu thudc nhiéu vao trinh do
va stc khoe ctiia nguoi van hanh, ...[13].

- Phuwong tign ngam tw hanh:

Phuong tién ngdm khéng c6 ngudi 1ai bén trong diéu khién tu dong ra doi
nham khic phuc mdt s6 nhuogc diém cua ROV véi nhiéu hinh dang va dac tinh
khac nhau cho nhitng nhiém vu cu thé. Céc thiét bi ndy c6 kha niang hoat dong
trong nhiéu dang méi truong khac nhau tir sdng ngoi, ving bién dén cac ving
lanh gia khic nghiét nhat. Ngay nay, clng véi viéc phat trién cua cac dang vat
lisu méi, ky thuat may tinh, thiét bi cam bién, ciing nhu sy tién bo vé ly thuyét
diéu khién robot, hang loat cac dang AUV nho gon, tién tién, thong minh va
déang tin cay da duoc ché tao va dua vao tmg dung trong thuc té nhu quan trac
moi truong, khao sat dia hinh, ... [1]

10



Robot ISIMI, Han Quéc Robot STAFISH, Singapore
Hinh 1.4. Phuong tién chuyén déng ngam tw hanh AUV

1.2. Mt s6 &rng dung tiéu biéu ciia AUV

Trén thé gioi, phuong tién tu hanh dudi nude (AUV) da co bude phat
trién vuot bac trong cac thap nién qua. AUV c6 thé xem la ban cai tién cua
ROV, la mét phuong tién khoéng nguoi lai co kha nang tu hanh cao cho céac
tng dung dudi nude. Chu yéu c6 dang ngu 16i voi dong co day va céanh 1ai, co
tinh tu diéu khién. C6 thé 1am viéc dudi nudce trong thoi gian dai, tiy thudc vao
ngudn nang luegng mang theo. AUV dugc trang bi céc thiét bi cam bién, phuc vu

da dang tac vu cho muc dich quén su va dan dung.
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Ung dung trong thue té:

- Xay dung ban do day bién

- Khao séat, giam séat theo tirng khu vuc

- Tham do bé mat dia chat, thu thap thong tin vé cac mo, khoang san

- Phét hién, tiéu diét cac muc tiéu dudi nudce, ra pha bom min

- Thu thap théng tin, theo ddi va trinh sat

- Téc chién ngam, khao sat va nhan dang

- Truyén nhan théng tin va dinh vi dudi nudc

- Téc chién do bo

- H& trg phong tha va tan cong

- Nhiém vu dic biét (thay 16i, dat min ...)

Hién nay cac cong bd khoa hoc vé& nghién ceu AUV phuc vu quan tric
moi truong, khao sat sdng ho va ctu ho cau nan hay cac muc dich quan sy
dugc cong bo tai rat nhiéu qudc gia va 2 t6 chirc WO, EP va dugc phan bb tai 05

chau luc da khang dinh tim quan trong cua thiét bi nay:

® Chiu A i
® Chéiu Au :32%
# Chau My 1 7%
® Chau Dai Duong :7%
® Chau Phi - 4%

Hinh 1.5. Tinh hinh cdng bé khoa hoc vé AUV theo chéu luc [1]
- My 1a quoc gia nghién ctru sém nhat nhung tir nhitng nam 1981 dén nam
2008 thi sb lugng cong bd khoa hoc vé& phuong tién ngam ty hanh moi bat dau
tang nhanh va tré thanh 1 trong 2 qudc gia c6 sd lwong séng ché cong bd nhiéu
nhat thé gigi. Pung thtr hai vé cong bd khoa hoc lién quan dén phuong tién
chuyén dong ngam 13 Trung Qudc, trong giai doan tir nhitng nam 2009 dén nim
2013 Trung Qudc lién tuc 1a mot trong nim quédc gia cd s6 luong cong bd khoa

hoc 16n. Thoi gian gan dy Trung Qudc cang cho thiy tham vong 1am chi cong
12



nghé vé phuong tién chuyén dong ngam khi lién tuc 1a quéc gia nam trong nhém

dan dau. Hién nay theo thong ké cta to chire thé giéi vé AUV thi Trung Qubc da

vuot qua ca My va Nhat Ban dé tré thanh qudc gia sé mot thé giéi vé cong trinh

khoa hoc trong linh vuc nay. Nhat Ban 1a qubc gia Chau A cung véi Uc thuong

Xuyén nam trong nhom 5 qudc gia dan dau vé cong bd qudc té [1].

Bang 1.1 minh hoa so lugc V& qué trinh phét trién san pham AUV trén

thé gidi. Toan bo qua trinh phét trién va danh gia céc loai san pham vé AUV
thé gisi cd thé tham khao trong [7] [14].

Bang 1.1: Hinh anh vé mdt s6 AUV gan day nhat trén thé gioi

Stt

Mo ta chinh / hinh anh

AUV: Wukong duoc phat trién boi truong Pai hoc Ky thudt Cap Nhi
Tan, nam 2019, Wukong dai 2 mét, rong 1 mét va nang 1,3 tan. Trong hai
lan thir nghiém déu tién vao nam 2019, phuong tién chi dat d6 sau 1.500m
so v&i mue nudce bién.

- Chuyén tham hiém thir ba dién ra tir ngay 24 thang 2 dén ngay 1 thang 4
tai TAy Thai Binh Duong. Con tau dat o sau toi da 7.709 m va hoan
thanh st ménh 1ay mau nudc tai chd trude khi quay tro lai cang Thanh
Dao ¢ tinh Son Bong TQ

- Pay 1a do sau 16n nhat ma mot thiét bi lin ty hanh hoan toan (AUV) cua
Trung Qubc tung dat dugc, pha vo ky luc trude do 1a 5.213 m. Thanh
cong nay s& dat nén mong cho cac thir nghiém lan sau 11.000 m trong

tuong lai, vo1 muc ti€u chinh phuc ranh Mariana.

AUV: Vityaz-D Do Nga san xuat Theo hing thong tin TASS, dugc gidi
thiéu tai dién dan cong nghé va quan su qubc té Army-2020. Vityaz 1a tau
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lan ty hanh hoan toan dau tién trén thé gidi cham t&i1 day vuc Mariana.
Vuc Mariana la khu vuc sau nhat ctia day bién thé gidi, co6 vi tri gan quan

dao Mariana & Thai Binh Duong.

Con tau lin dén do sau 10.028m nay hira hen sé& giup nganh cong nghiép
qudc phong Nga dat dén mot tam cao méi trong tuong lai.

Vityaz-D 1 thiét bi dau tién khong chi & Nga ma con trén toan thé giéi da
thuc hién mot cach tu dong chuyén tham hiém xudng noi siu nhat cua Pai
duong. Vityaz-D da hoan thanh nhiém vu xuét sic va co thé tu dong noi

1én mat nudc.

AUV: Dolphin la san phém nghién ctru cia Pai hoc Bach khoa Ha Noi
dting dau nhoém nghién ctru 1a PGS.TS Truong Viét Anh NCS tai truong
DPH Tohoku, Nhat Ban,

Cong bd tai trién 13m "Ung dung khoa hoc, cong nghé trong doanh
nghiép" tai Trung tam Hoi nghi Qudc gia 12/2019

TRUGNG DAI HQC BACH KHOAHANG)

D “l HANO! UNIVERSITY OF SCIENCE AND TECHNOLOGY
- L -

Dolphin c6 kha ning diéu khién hanh trinh theo phuong thirc tw hanh hoic
theo chuong trinh, dong thoi tich hop diéu khién thuy am hodc giong noi.
Dolphin ¢6 duong kinh than chinh 250mm, chiéu dai 2100mm, khéi
lwong 80kg, do sau lan thiét ké toi da 50m, thoi gian hoat dong dudi nude

lién tuc tir 6-8 gid.
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4 | AUV Bluefin 9 dugc phat trién boi tap doan ciia My tir nam 2010. Théng
$6 k¥ thuat cia AUV nhu sau: Nang 60,5kg, Dai 1,65 m, rong 0,24 m, co
thé 1an sau nhat 200, van toc di chuyén tdi da 1a 2 m/s, c6 kha nang hoat
dong 12 gior lién tuc trén bién.

- Nhiém vu: Bdo v¢€ hai cang, gian khoan, thim do khai thac tai nguyén

bién, bao v¢é moi1 truong.

Bang 1.2 Hang Douglas — Westwood [15] nghién ctru chién luge vé dir
lidu va thong ké AUV tir nam 2009 va dén nam 2019 va dy bao vé tinh hinh
phat trién AUV trong giai doan hién nay.

Bang 1.2: Dir liéu thong ké va du bao vé phat trién AUV trén thé gioi

Giai | S6 lwong

doan AUV Linh vuc sir dung Can cwr
- Quan su: 23%, - Thuc té AUV d phat trién.
Trude - - Tham do: 41%,

o000 | 2% - Nghien ciu: 35%,
| Khac: 11%.

- Quan sy 49%, - Nhu cau nang luong va khai thac

- Nghién ctru: 31%,  |[dau khi trit lwgng dudi long dai

2019 | 1144 | Dau khi: 8%, duong.
- Thay van: 7%, - Yéu cau an ninh qudc phong.
- Cép ngam: 5%. - Tiém nang tai nguyén sinh vat bién.
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1.3. Hé toa dd caa thiét bi lan tw hanh AUV

M6 hinh dong hoc cua thiét bj 1an ty hanh AUV duoc xay dung dya trén
ly thuyét co hoc, nhitng nguyén 1y ctiia dong hoc va tinh hoc. M6 hinh dong hoc
ciia AUV duogc sir dung dé thiét ké cac hé thong diéu khién cho phuong tién nay
dap mg cac muc tiéu cu thé. Noi chung, chuyén dong ciia AUV c6 thé duogc
biéu dién bang phuong trinh chuyén dong véi sau bac tu do (6-DOF) [7], [8].
Céc thanh phan nhu chiéu chuyén dong, luc va mé men tac dong, tbe dd va vi tri
cho AUV duoc biéu dién trong bang 1.3

Bang 1.3: Cac ky hiéu cia SNAME

R 5 Toc dd C s
Bac Chuyén dong L}r CVa 1 daiva tbe Y! triva
tu do mo-men A goc Euler

do goc
1 Trugt doc theo truc x (Surge) X u X
2 | Trugt ngang theo truc y (Sway) Y v y
3 | Trugt ding theo truc z (Heave) Z w A
4 | Lac ngang quanh truc x (Roll, heel) K p ¢
5 | Lac doc quanh truc y (pitch , trim) M q 0
6 | Quay trd quanh truc z (Yaw) N r \

Hé toa do (x, v, z) 1a vi tri coa phuong tién chuyén dong ngam theo
chuyén dong tinh tién doc cac truc 0x, Oy va 0z, va dao ham (x, y, z) theo thoi
gian chinh la van tdc cua cac chuyén dong tinh tién d6 (u, v, ®). Cac toa do
(4, 6.3 13 cac goc mibu ta huéng chuyén dong cia phuong tién ngam AUV
quanh cic truc x,y, z va tbc d6 quay quanh (p, q,7) chinh 1a dao ham theo thoi
gian theo cac toa do twong tng (4, £,1) voi hé quy chiéu tinh tir hé toa do dia 1y
OXYZ dén hé quy chiéu cua hé toa d6 gan than GpXpYs, Zp nhu hinh 1.6.

Zy,

Hinh 1.6. Biéu dién hé toa dé ciia AUV [9]
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Pé phan tich chuyén dong ctia phuong tién chuyén dong ngam thuong
quan tdm dén hé toa do dia Iy OXYZ va hé toa do cb dinh tim trai dat OXeYeZe,

Mbi quan h¢ gitra hai h¢ toa do nay duoc thé hién trén hinh 1.7.

z ¢ X (ﬂ ’ "’)
~ ;

Puong xich dao

Hinh 1.7. Quan hé cua hé toa dé dia ly va hé toa do c6 dinh tam trdi dat [9]

Hé toa d6 0X® Y€ 78 (Earth-Centered Reference Frames) gém:
Khung toa do ECI (i-frame) 1a khung quéan tinh dé dinh vi trai dat (thoa

man dinh luét IT Newton khi xét dén cac chuyén dong c6 khung quy chiéu cua hé

toa d6 khong c6 gia tc). ECEF (e- frame) 0X® Y& 78 6 gbc gin véi than trai dét
nhung truc quay goc we = 7.2921. 10°° rad/s so v6i khung quéan tinh ECI. Chuyén
dong quay cua trai dat co thé bo qua d6i v6i phuong tién hang hai, do d6 ¢ thé
coi khung e- frame 1a khung quan tinh. Trong thuc té khung toa d§ e—frame duoc
st dung cho diéu khién, dinh vi va din dudng néi chung khi miéu ta chuyén dong
ctia phuong tién chuyén dong ngam va vi tri trén dai duwong [11].

Khung toa d0 OXYZ (Geographic Reference Frames) gom:

Hé toa d0 NED (n-frame) la hé toa do North-East-Down OX Y Z trong
nghién ctru vé phuong tién chuyén dong ngdm va duoc dinh nghia 1a chuyén dong
tiép tuyén v6i bé mit cla trai dat, xac dinh hudng bac (N) theo truc x, xac dinh
hudng dong (E) theo truc y va hudng toi bé mit trai dat (D) theo truc z dé tao thanh
mot tam dién thuan. Véi hai goc 1a 1 (kinh d§) va p (vi d9o) dé xac dinh vi tri cua

AUV theo hé toa d0 n — frame so véi e — frame [8].
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Kinh d va vi d6 gan nhu khong d6i khi phuong tién hang hai hoat dong
trong ving bién cb dinh nén c6 thé dinh vi phuong tién chuyén dong ngdm bang
cach str dung mat phang tiép tuyén trén bé mat trai dat. Nhu vay khi coi trai dt nhu
mot mat ph:fmg thi AUV c¢6 thé dinh vi trén hé toa d6 n — frame la khung toa do
quan tinh nén dinh luat II Newton van duoc 4p dung trong trudng hop nay.

Hé toa d6 BODY (b-frame) 1a hé toa do géan lién véi phuong tién, di
chuyén cung phuong tién trong khung quy chiéu gan than Gp X pYp Zp
(hinh 1.8).

Yy Z,

Hinh 1.8. Hé toa dé gan than [9]

Van tdc goc va véan tdc dai cua phuong tién hang hai thuong dugce biéu
dién trong khung toa d6 gin than b — frame con vi tri va hudng ciia phuong tién
hang hai lai dugc biéu dién trén hé toa 6 n — frame (vi hé toa d6 n — frame va
hé toa d6 e — frame 14 xdp xi bang nhau). Nhitng nghién ctru vé phuong tién
hang hai thuong dugc chia thanh hai thanh phan nhu sau [8]:

— Nghién ctru vé chuyén dong (Kinematic) phan tich vé vi tri va hudng di

— Nghién ctru vé nhitng luc giy ra chuyén dong (Dynamic).

Véi nhiéu phuong tién ngadm, Fossen [16] dwa ra md hinh longitudinal
model (chiéu doc) va md hinh lateral model (chiéu ngang) bang cach phan chia
6 phuong trinh chuyén dong thanh cac hé thong con khong twong tac véi nhau
(hodc it twong tac véi nhau):

- M6 hinh chuyén dong doc: La céc trang thai (u,w,q) va (N,D,0);

- M6 hinh chuyén dong ngang: La céc trang thai (V, P, r) va (E, o, gp).
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1.4. M6 ta dong hoc phuong tién chuyén dong ngam
Péi voi AUV thuong chuyén dong trong khoang cach ngin c6 thé xem bé
mat dat 12 phang, khi d6 hé toa do dia 1y dugc xem nhu 13 hé toa do dan duong.
Luc, md men, van toc ddi voi hé toa do ge"m lién duoc ky hi¢u boi cac véc to sau:
T,= ( X,Y,Z )T véc to ngoai luc tdc dung 1én AUV;
T,= ( K,M,N )T véc to mo men ngoai luc tac dung Ién AUV;
V= (u,v, W)T véc to van tdc dai chibu 1én cac truc hé toa do gén lién XY, 2,
o= ( p,d, I‘)T véc to van toe gbc tuyét ddi cta hé toa do gén lién;
Vi tri va goc dinh hudéng cia AUV d6i vai hé toa do dia 1y:
7, =(XY, z)' vi tri tim khdi ciia phuong tién ngam trong hé toa d dia ly;
7, =(7,0,p) goc dinh hudng giita h¢ toa do gin lién ciia phuong tién

ngam véi hé toa do dia 1y;

Ky hiéu: QZ(\LT,QT)T =(u,v,w, p,q,r)' ;’_7:(7_71@; )T =(xY,2,7,.0,¥)

Moi quan hé giira cac thanh phan véc to trong hé toa do gan lién voi hé
toa do dia ly [16]:

n=3(n)v (12)
Trong do,
; 1 tanosiny  tanocosy
Cb 03><3 , . .
J(n)= 0. I(n) voi J(n,)=|0  cosy —siny
- T, 0 siny/coso cosy/coso

Phuong trinh chuyén dong ctia AUV duéi dang tong quat trong hé toa do
gan lién [12], [16]:

MRB\;/+CRB (\_/)V:ZRB (1.3)

Trong do, M_.1a ma trdn quan tinh; C_, 1a ma trdn hudéng tam Coriolis;
Tqs 1a véc to ngoai luc va mo men ngoai luc tac dong 1én than AUV.

Véc to van toc v va vi tri, véc to tham chiéu 1 c6 thé dugc biéu dién nhu sau:
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Vi
77=[T71T’77;]T€R6 (14)
v=[v,,v; ] €R® '
Vi
7, =[xy,2]" eR® va = [u,v,w]" eR®
772:[¢1H1‘//]T€R3 sz[paqar]TERS
Dao ham bac nhat theo thoi gian véc-to vi tri suy ra méi lién hé véi véc-to

van tdc nhu sau:

{ﬁl = ‘]1(772)\/1 (15)

1, =3, (17,)V,
Nhu vy phuong trinh mé ta vi tri va hudng cua thiét bi lan ty hanh AUV:
h _ () Oy ||V .
[772}_[ Osys Jz(ﬂz)}[vj@n_‘](n)v (16)
Voi:
cos(d).cos(y) sin(g).sin(6).cos(y) —cos(¢).sin(w) cos(4).sin(d).cos(y) +sin(4).sin(y)

J,(,) =] cos(8).sin(y) sin(g).sin(6).sin(y) +cos(¢).cos(y) cos(g).sin(6).sin(w) —sin(g).cos(y)

—sin(9) sin(¢).cos(#) cos(¢).cos(d)

1 sin(p)tan(8) cos(p)tan(6)

J,(17,)=10  cos(p) —sin(e) (1.7)
0 sin(p)sec(d) cos(p)sec(d)

Ma tran chuyén doi J,(7,) khong théa man nhiing tinh chat cia ma tran truc
giao va khong cho phép xac dinh dbi véi goc quay 1at @= +90°. Tau ndi trén mit
bién khong dugc phép hoat dong & goc quay lat @ = £90°, tuy nhién phuong tién
ngam va may bay thi co thé hoat dong tai diém dic biét nay, chi tiét dugc trinh bay
trong luan 4n tién si cta tac gia Truong Duy Trung Vién khoa hoc k¥ thuat quén su
nam 2014 [9].

Vi thé, ngoai viéc 1ap ké hoach hoat dong, xac dinh chinh xac vi tri
phuong tién chuyén dong ngam lién tuc tai moi thoi diém 12 mot phan khong
thé thiéu trong dan duong diéu khién. Do d6 dan duong cho AUV khéc véi dan
duong cho tau ndi trén mit nudce ¢ hai diém co ban sau:
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- Mot 13, tau ndi trén mat nudce chi can xac dinh vi tri trong khéng gian 2
chiéu, nghia | chi can quan tim dén toa d6 theo kinh d6 va toa do theo vi do (hé
toa do XY), con AUV can xac dinh vi tri tau theo khdng gian 3 chiéu, ngoai toa
d6 theo kinh, vi d6 con quan tim dén toa do sau theo do sau truc Z huéng xudng
dudi (hé toa do XY 2Z).

- Hai 13, céc tau ndi trén mit nudc va ca phuong tién chuyén dong ngam,
c6 duoc trang bi hé théng dan duong quan tinh hay khdng, thi khi hanh trinh néi
ludn ludn cé diéu kién quan sat duoc cac vé tinh cua hé théng GNSS, con dbi
véi phuong tién chuyén dong ngam 1a phuong an két hop GNSS/INS. Khi hanh
trinh ngam, Phuong tién chuyén dong ngdm hoan toan st dung hé thong dan
duong quan tinh va mot sé6 phuong an ky thuat két hop khac dé dan duong ma
méat han tin hiéu tir hé thdng vé tinh dan duong [10].

Khi AUV hoat dong gﬁn bé mat, co nhiéu yéu td c6 thé anh huong dén
dong hoc cia AUV nhung c6 3 luc chinh tac dong vao AUV duoc téng hop lai
nhu sau, thir nhit 12 song cdp 1 va séng cap 2; tht 2 1a luc thiy dong tac dung
1én banh 141 va thtr 3 1a luc anh huong theo hi€u Uing Venturi. Nhu vay khi xét
gbc toa do ctia phuong tién chuyén dong ngam tring voi trong tim AUV, suy ra:

+ Phuong trinh chuyén dong theo phuong thiang dimng:

m(w—ug +vp) :%L“{Z;q +§L3{Z;vv'v+ Z,Vp + Z;uq]

(v2 +W2)

wave

=

wpul Y

';)LZ[Z u2+Zuw+Z,

+ZV +(Z;,0,+ z(;ba“b)uZ} Z

I q(l —1,)rp==X LS[M q+Mrprp} 2L‘{l\/l W+ M uq+M‘W‘q

+§L3[M(;u2+|v|v'vv2+M;Vuw+(|v|;s5s+|\/|(;b5b)u2]—mghsin9+ M., (18)
+ Phuong trinh chuyén dong theo phuong ngang:
sz:§§’[fo} 'gL{N v Nour + Ny (v +w?) } ELINuv+N; U5, |+ M, (1.9)
|, ngL‘{Kf v+ K;ur}+§L3[K;uv}—mghcosesin¢+ M, .. (1.10)
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Vé6i Z,., va M. lan lugt 1a Iuc va md men cua séng tac dong vao
phuong tién chuyén dong ngam.

Truong hop AUV lan xudng, AUV chiju su tac dong ctia dong chay, ap
luc nudc va mé men thuy tinh.

Luc thiy dong anh huong truc tiép dén chuyén dong lan xudng cua
phuong tién ngam (chuyén dong thing dumg) 1a hop luc cua nhing luc sau:
Dong chay, trong luc, ap luc nudc, luc noi trong luc va moé men.

Trong luc cua phuong tién ngdm W =m.g; véi m 1a khdi luong phuong
tién ngdm, g 1a gia tdc trong truong.

Luyc noi phuong tién ngam duogc tinh theo cong thitc B = pgV, trong dé
V 14 luong gidn nudc ctia phuong tién chuyén dong ngam.

Luc ndi du dugce tinh theo cong thie: A=W — B, chinh 1a nguy@n nhan
lam sai 1éch Iyc 13n ndi trong tinh toan cila cac bd diéu khién trong phuong tién
ngam nhu: Ngu 16i, dan duoc.

Khi A>0, tirc 1a AUV du trong luong nang sé& 1an xudng;

Khi A <0, AUV khong du trong luong s& noi lén;

Khi A=0, AUV ¢ ché d6 can bang, trang thai nam lo ling trong mét nudc.

Luc ndi du khéng nhimg phu thudce vao trong tim AUV, ma d6i khi con phu

thudc vao luc ndi du ctia mé men khi vi tri xac dinh cach trong tim mot khoang X,
AM | =-AP.X; (1.11)

Ngoai ra, theo 1y thuyét luc thuy tinh, trong luc cia AUV va luc ndi
khong tac dung cung luc theo mot mit phang thang dung dé tao nén luc thuy
tinh, ma con chiu anh huéng cua tic dung ngang va tac dung thang ding cua
khéi luong nude dudi than AUV tao nén.

My (@) =-mghsing (1.12)

Cong thic (1.16) c¢6 h 1a chiéu cao tim nghiéng cua khdi lugng nudc
dugc bom ra, m 1a khéi luong cua AUV, @ 1a goc nghiéng doc, ddu "-" 1a do

chuyén dong nguoc hudng voi chiéu quay quy dinh [10].
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Theo chiéu doc phuong trinh chuyén dong cac lyc thuy tinh duoc xac

dinh theo ma tran sau:
m(m Wq) = X Ut XU + X W + X 0 + X5 67+ X507 + Xy + WO

m(W+ qu:ZO+Z_ W+Z q+Z, W+ Z‘W‘|W|+qu+Z W|W|+ZWWW2+Zw‘q‘w|q|+Zq‘q‘q|q|+
w q

win

Z; 6, +2,3, +Zys [0|S, +W

1,d=M;+M w+M g+M, w+ M, [W]+ Mg+ M wiw|+ M, W+ M wlg|+ M qlg|+
w q

wiw
M, S+ M3, + Mg, 0|6, + X:Z; + M, + M0

_de

=—=0
a dt

(1.13)

Phuong trinh chuyén dong trén ddy bao gom u(t),w(t),q(t) va 49('[) la

bbn thong sd chuyén dong an, thuong xuyén duoc xac dinh bang phuong trinh
luc doc truc (phwong trinh X), phuong trinh lyc thang démg (phuong trinh Z),

phuong trinh mé men doc (phuong trinh M), va phuong trinh bo trg = 0. Khi
diéu khién banh 14i, theo quy tic J&,(t),8,(t) va dicu kién lyc thuy tinh
P(t),Mp(t), céc thong s6 chuyén dong cua phuong tién ngdm an nhu

u(t),w(t),a(t)0(t) duoc giai quyét.

Mot trong nhitng chuyén dong can nghién ctru 13 chuyén dong cua
phuong tién chuyén dong ngdm & trang thai tha troi (ngdm). Phuong tién ngam
duogc goi 1a tha troi o tu thé can bang tinh khi co cac dic diém sau day:

+ Phuong tién ngdm chim hoan toan trong nuéc, khong sir dung banh 1ai
hay chan vit;

+ Phuong tién chuyén dong ngam chim hay noi cta la chuyén dong thang
c6 hudng;

+ Phuong tién ngam tha trdi chi can cac tham sé dudi dy, nhitng tham s6

ctia chuyén dong co thé lay gié tri bang 0.

W¢O,W¢O,q¢0,q¢0 (1.14)
V, =z,=H=w (1.15)
0=q (1.16)
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Trong d6, w 1a téc do lin hodc ndi cua AUV theo phuong thing dung,
H Ia d6 sau, H 1a tdc do thay ddi d6 sau lan, 0 1a tdc do thay ddi cua gbc lac
doc .

Trong thoi gian tha troi ¢ trang thai can bang tinh, AUV chiju lyc mét can
béng tac dung tir bén ngoai Z, (t), luc nén theo chiéu théng dimg Zl(t), mat do
nude bien theo do sau Z,(t), luc phat sinh trong khi khong ché cac khoang chira
nude Z,(t), cac md men ban dau M, (T.m), md men khong ché khoang chira
nude phat sinh can bang tau M, (T.m).

Trong khi tha troi tau ngdm ¢ trang thai cin bang tinh, hudng di chuyén
ctia n6 khong dé bi khong ché, din dén phuong tién chuyén dong ngam s& troi
theo chiéu dong chay, c6 thé chi khong ché dugc d6 sau hoat dong cua phuong
tién chuyén dong ngam.

Gia thiét rang, trong phwong trinh chuyén dong thang, do Z',Z",Z. qua
qg w

nho, c6 thé bd qua cac luc nay, dong thoi cling c6 thé bé qua cac luc

M M ,MV'VW, ta ¢ phuong trinh rut gon khi AUV hoat dong & trang thai tha
q w

tro1 nhu sau:

1 1
- L L1z q\q\Q|Q| pL Z W+ (Z +Z,4Z,+Z,)
1 mghé? M, +M,
q 2| pLS q‘q‘q|q|+ pL4 W‘Q‘W|q| pr3 W‘W‘W| |_ y * Iy (1'17)
H=w
0=q

Trong hé phuong trinh (1.17), cac yéu t6 hé sb thanh phan duoc xac dinh

nhu sau:
Z il , La hé s6 dai dién cho bién Z nhu 1a ham cta q‘q‘
da ~ 0.5pL E
ZV'V\ = i -, La hé s dai dién cho bién Z nhu 1a ham cua wlq|;
1 0.5pL
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Wi

Z =~ » La hé 50 dai dién cho bien Z nhu 1a ham cta w|w];
0.5pL
M
M it , La hé s6 dai dién cho bién M nhu 1a ham cta q\q\
W~ 0.5
, M
il , La hé s6 dai dién cho bién M nhu 13 ham cia W|q|
Wi~ 0.5pL8
My = =, La h¢ s6 dai di¢n cho bién M nhu 1a ham cita w|w|;
0.5pL
Néudat Z =M, :—ml—gh; M, = Ii cong thitc (1.17) tré thanh (1.18).
m
y y

-

W= zm(z;mq|q|+ Z, WA+ Zoy WiW|+ 2+ Z,+ Z, + z3)

q=M, (M;qQ|CI|+ M W[+ M., wiw|+ M, + M3)+ M0

(1.18)
H = w
6=q
Nhiing cong thirc tir 1.8, 1.13, .... 1.18 md ta nhiing théng s6 co ban

chuyén dong cua phuong tién chuyén dong ngam tir tbc d6 lin, ndi cia AUV
(W), d6 13n sau ctia AUV (H ), tdc do thay ddi do sau lin (H ), goc 1ic doc (),

tbc do thay ddi cua goc lac doc (9) dén cac théng s6 chuyén dong an nhu
u(t),w(t),q(t),0(t) cia AUV [10]. La co s¢ dé xay dung phuong trinh chuyén
dong, cac lyc va md men cta phuong tién ngam trong phan xay dung mo hinh
toan & phan tiép theo.
1.5. Cac lyc va m6 men ngoai luc tic dong 1én AUV

Xét loai AUV dugc diéu khién boi chan vit 1a dong co day, banh Iai
hudng 1am nhiém vy diéu khién theo hudng, vira diéu khién giam lic va mot hé
théng bom diéu khién AUV theo do sdu hay goc chiic ngéc, truyén dong quay
cac banh lai nay la cdc may lai dién. Ngoai luc va mdé men ngoai luc tac dong
1én AUV duoc biéu dién:

=M, V+C, (V)V+D(v)V+L(v)v+g(n)+z (1.19)
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Véi M,,C,(v) 1a ma trn quan tinh va ma trén huéng tdm Coriolis khéi
nuéc kém; D(v) 14 ma trdn va md men thuy dong; g (Q) la véc to luc va mo
men gay ra boi trong luc va luc ndi; L(\_/) l1a ma tran thong s6 luc va md men cua
banh 14i; z =z, + 7, 1a luc v mé men cua béanh 1ai va dong co day [9].

1.5.1. Cdc lwe va mé men gady ra béi trong lwc va lie néi

Luc ndi (luc Acsimet) B tac dong tai tam ndi c6 toa d6 C .= (Xf Yo Z, )T
d6i v6i hé toa do gan lién va trong lyc W tac dong tai tim khéi G, (hinh 1.9).

Xét hé toa do gén lién véi géc toa do tai tAm khdi G, khi nay toa do cua
tim khéi trong hé toa do gin lién 1a G, =(x,,¥,,2,) =(0,0,0) . Péi véi AUV
thi W =B, dong thoi tdm khdi va tim ndi duoc thiét ké nam trong ciing mit
phang d6i xtmg tic 1a Y. =0. Lyc va m6 men gy ra bo1 trong luc va luc noi

dugc biéu dién trong hé toa d6 gan lién [12]:

X s 0

Y 0
9(77)= Zps _ 0 _ (1.20)
=\ Kis z,Bcososiny

M, z,Bsino + x,Bcosocosy

N | | —X,Bcososiny |

Véi Xus, Yhs, Zus, Kus, Mus, Nus 1a cac luc va mé men trong hé toa do
gan lién, B 1a luc ndi (luc Acsimet)
1.5.2. Cac lwc va khéi nuéc kém

Nhin chung cac ddi tuong chuyén dong dudi nude co toc do thap, khi do
Ire va mo men tao ra boi khdi nude kém duge mé ta [16]:
X, =X u+ X, ,Wq+ X, 0q+ X,vr+ X, rr
Y, =Y W+Y r+Y, ur+Y, wp+Y, pq

Z,=Z W+Z q+Z, uq+Z vp+Z rp (1.21)
w q

M,=M w+M g+M,_ uw+M_ vp+M_rp+M, ug
" ; . .

N,=N v+N r+N,uv+N,_ wp+N,pg+N,ur
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Khi phuong tién chuyén dong sé ép chat 1ong bao quanh tau dao dong véi
cac bién do 16p bao chat 1ong khic nhau, déng bo v6i chuyén dong diéu hoa
cudng birc cua phuong tién. Khéi luong nude kém duoc hiéu nhu lyc va mo
men cam Ung ap suat sinh ra tir chuyén dong diéu hoa cudng birc cia vét ran va
ti 16 voi gia téc cua vat ran. Trong d6 Ma 1a ma tran quan tinh hé thong cta khéi
lugng nudce kem, C,(v) 1a ma tran Coriolis va lyc hudng tdm thuy dong luc hoc.

Ma tran Ma 1a ma tran vuong 6x6 dugc dinh nghia nhu sau:

X X X X X X ]

u v w p q r

Y Y Y Y Y Y

u v 10} p q r

Z Z Z Z Z Z
M:— u \" [0) P q r 122
A K K K K K K (1.22)

u v 1) p q r

M M M M M M

u v 10} p q r

N N N N N N

L u v w P q r

Ky hiéu cia SNAME (1950) duoc sir dung trong biéu thirc nay nhu sau,
vi du luc khoi lvong nudc kém thay dong luc hoc Y doc theo truc y do gia tbe u
(hudng x) tao ra dugc viét nhu sau [9], [10]:

Y=-Y u trong do6 Y = 8_Y

ou

V6i nhiing tmg dung diéu khién, c6 thé gia thiét raing M, >01a hang s
duong. Diéu nay dua trén gia thiét 1a M, 1a doc lap véi tan s song, ddy 1a mot
gia thiét t6t doi voi nhitng tng dung diéu khién tan sé thap. Vi nhiing Gmg dung
nhu hoat dong cta phuong tién ngdm ¢ do sau 16n va tau thay ¢ vi tri ¢d dinh,
chung ta c6 thé gia thiét M, 1a d6i xing. Ma tran Coriolis va luc huéng tam

thiy dong luc hoc C, (v) ¢6 thé duoc viét chi tiét nhu sau:

0 0 0 0 -a a,]

0O 0 0 a 0 -

0 0O 0 -a & O

0 -a a 0 -b, b

8 0 -a b 0 -
-a, a 0 -b, b 0]

Ca(V)= (1.23)
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Trong do:

a=XU+XV+X o+ X g+Xr b=Ku+Kv+K o+Kg+Kr
u v 2] q r u v 0] q r

aL=YU+YV+Y o+Yq+Yr

u v ® q

b,=Mu+Mv+M o+M q+Mr (1.24)
u v ® q r
Q=2ZU+ZV+Z o+Z q+Zr b,=NU+NV+N @o+Nqg+Nr
u v ® q r u v ® q r
1.5.3. Cac lyc va mé men thiy dong

s L
D

Hinh 1.9. Biéu dién lwc ndng, lyc cdn, géc tin géc nang ciia AUV
Luc can lién quan dén mat do nuédc 0, téng dién tich bé mat A, theo
huéng van toc V ciia UAV (hinh 1.9) [13];

D= % pC AV’ (1.25)

Trong d6, V =~/U’+V’+W?*; C,lién quan dén goc tan cong («) theo
duong Parabol c6 dang C, = aa” +ba +cvéi a,b,cla cc hang sb.

Gia st rang van toc vV va wla nho so vai van toc U, goc tan cong a €O

A A o < 2 ; W .
theé dugc mo ta trong mat phang ngang X,Z la tga = a = —[rad] va gbc truogt

bén B trong mit phang dimg X,Y, dugc md ta tgf ~ f = X[rad ]
u
Tong luc can theo cac truc X,,Y,,Z, I&:

X, = XU

ulu

u|+ X, uv + X, uw + X, v|v|+ X

Y, =Y, uv+Y, vV
Va i

ww|

wiwi

(1.26)
Z,=2,, uw+Z, wlw|
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Trong do,

X :‘%(PAf Joi X, =X, = ‘%(PAf JbiX i =X, = ‘%(/)Af )[‘”%]?
(1.27)
1 1
Yo =Ly = ‘E(pAf Jb:2,,, =¥, = ‘E(PAf Jc

Luc nang L tac dong tai tam ap luc tao ra vuéng goc voi huong dong chay
khi AUV chuyén dong trong nudc (hinh 1.10). Luc nay d6i v6i tim ndi tao ra
mo6 men chic ngéc M. Ca luc nang va quay ti 1¢ thuan véi cac hé sé C_,C,, lién
quan dén goc tan cong a va goc truot bén B [16].

L:%pCLAfVZ;M =%pCMAfV2 (1.28)

Luc nang va chuc ngoc khi xét trong mit phang X,Z, tor phuong trinh

(1.21) ta co:

Z, =1pAcha (u*+w?)acosa véi C,, = oC, (1.29)
2 oa
1 . oC
M, :E,oAfCMa(u2 +w?)a v6i C,, = 60:'
Tuong ty trong mit phang X, Y, :
Y, :%pAchﬂ(uz +V?) Bcos BN, Z%pAfCMﬁ(UZ +Vv*) B (1.30)
Gia st rang van téc u1on hon rat nhiéu so véi v va wta co:
1 _ 1
YuvI = _Zuw, = EIOAfCLa’ '\/luwI = EIOAfCMa (131)

Tir (1.27) dén (1.31) ma tran lyc va md men thiy dong duge mé ta:

Xy XU X X, U+ X, w000
0 Y, u+Y, [v[+Y,u 0 000
D(v)- 0 0 Z,U+Z,,W+Z,u 0 0 0 (1.32)
0 0 0 000
0 0 000
0 N,,u 0 000
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1.5.4. Cac luc va mé men cua banh ldai

5:: Ay _-EHE““%\Ef
§ %:ﬂ > ///

I: Xy ﬁhﬁh““H\X

b
>
= - —

Hinh 1.10. Goc bé ldi, banh ldi sau va banh ldi huong [9]

Hai banh 14i nam ngang diéu khién AUV theo d6 sau hay goc chuc duoc
quay bai hai may lai dién theo cip, hai banh dung diéu khién AUV theo goc
hudéng va goc lic duoc quay boi hai may lai dién doc lap, cong thic thuc
nghiém cho Iyc ndng va M0 men cta banh lai [13]:

1
L, = EIOCLﬁm Sb|5eu2; M, =X,L, (1.33)

Trong d6, C,, 1a toc do thay doi hé sO lyc nang va S, 1a dién tich bé mit

cua banh 14i. &, (rad )la géc anh huong cua banh lai (hinh 1.10).

Péi v6i banh 14i hudng, goc anh huong ciia banh 14i 13 8, = &, + ol
u
e e 1s A e W=X,0 . . 7
do1 vo1 banh lai sau goc anh huong 1a o, = o, + —=—. Thong thuong khoang
u

cach tir truc cic banh 1ai huéng va banh l4i sau dén tdm trong luc 1a bang nhau

Xor = Koin = Kol -
Tir cac phuong trinh luc ning va mdé men ta c6 hé sb thuy dong theo cac

truc h¢ toa do gan lién:
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X| - _%pCLﬁbmelh [u25| —uu+ Xblup:| - )(““51u25I + X““'uu * X“plup

Y = % PC., Sy U8, +UV+ X, Ur | =Y, UG, +Y, Uv+Y, ur
Z _ ! C.S [u25 —UW + XU }—Z U +Z uw+2Z u
s 2p L&y Sbls s bl q S, s uw ug q
(1.34)

K| = EIDCL(Sblh Sblhxbl [uzé‘l —uu+ Xblup] = Kuufsluzé‘l +K

> + Kup,up

uu,uu

1
Ms = _EpCLémsSblstl [uzé‘s —uw + Xbluq:| = Muuésuzé‘s + MUWSUW + M”qsuq

1
N, = _EpCLchmethbl [uzé‘h +UV+ Xblur} - N”U5hu25h * N“thv+ N”r"ur

Tir (1.33) thong s6 luc va md men banh 14i theo cac truc di véi hé toa do
g:fm lién duge viét dudi dang ma tran:

[ X,u 0 0 X,u 0 0
0 Y u 0 0 0 Y u

uvy, ur,

0 0 Z U 0 Z,u 0

Luc va m6 men cua banh lai theo cac truc véi hé toa do gén lién la:

Z_-bl :(xuuo‘,é‘luz’Yuué‘hé‘huz’Zuu655su2’ |<uu(5,5luz’ Muu5555u2’ Nuu5h5hu2)T (136)

Vol 0, =0,, —0,,;0, =0,, + 0, trong do &, ,,0,, 1a goc bé 141 cac banh lai huong;
0, =0, —0,trong d6 6,0, la gbc bé lai cac banh 141 sau.
Luc day thuong khong thay doi d6i véi AUV c¢6 hé dong luc 1a dong co chin
T
2+0,0,0,0,0) (1.37)

1.6. Cac yéu td moi truwdng tac dong 1én phwong tién ngam tw hanh

vit va duoc tinh bang: 7 o = ( X

AUV thuong chuyén dong & do sau 16n nén chi xét dén sy anh huong cia
dong chay dai duong, it xét dén anh huong cua cac yéu tb moi truong khac nhu
s6ng gi6 hay su thay d6i nhiét d6, mat dé nude. Theo 1y thuyét dong chay duéi
mit nudc thudng chuyén dong theo chiéu ngang va chiéu thang ding duogc tao
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ra boi lyc trong trudng va su bién thién cia mat d6 nudc & cac téng khac nhau
ctia hai duong. Dong chay dai dwong ndy anh huong rat 16n dén hudng di va toc
d6 ciia AUV, c6 thé lam cho AUV d6i hudng di va gdy ra mét hanh trinh ngam
khéng an toan. Do vay, can nghién ciru chinh xac cac thong tin va sy chuyén
dong cua dong hai luu dé kip thoi diéu chinh hudéng di ctia phuong tién ngam,
dinh vi lai vi tri khi c6 sai s6 do dong hai luu gay ra.

Theo tai liéu [10], cac nha khoa hoc thudng quy vé hé toa d6 FLOW khi
xét dén anh huong cua dong chay. Trong d6 mudn chuyén tir hé toa d6 FLOW
sang hé toa 0 BODY thuong xac dinh bang 2 phép quay don gian nhu sau: Tir

truc dong chay X, quay goc dat - S vé phia truc Z, dé tao thanh mot truc moi
goi 13 truc On dinh X - Sau do tur truc 6n dinh nay quay goc « vé phia truc y dé

tao thanh truc x,. Khi d6 goc o goi la goc tdi.

Yy

Hinh 1.11. Goc toi va goc dat [10]

Céc tryc mdi dugc biéu dién trén hinh, véi c4c thanh phan van toc cia
AUV duoc tinh nhu sau:
u=V cos(a)cos(f)
v=Vsin(a) (1.38)
w=Vsin(a)cos(B)
Khi phuong tién chuyén dong ngam AUV di chuyén tinh tién vé phia trudc

v6i van téc V> 0 nao do, thi goc dat va goc ti dugc tinh toan theo cong thic:

ra:tan‘l(ﬂj
u

(Vv
£ =sIn (\7]

(1.39)
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Gia thiét goc «, 8 @du nho, dé tinh gan dung theo 1y thuyét nhu sau:

UzV,Vzﬂ\/,WzaV,azg,ﬂz\% (1.40)

Vi phén theo thoi gian v&i gia thiét van téc cia AUV va dong chay la

hang s6 khong doi, suy ra trugt ngang ciia AUV 1a:
v=V cos(B)p (1.41)

Khi van tdc V >0 suy ra; B = _t (1.42)
V cos( )
Thong qua van tbc chuyén dong twong ddi co thé tinh duge anh hudng
ctia dong chay dén toc d6 cia AUV theo cong thirc:
V.=V, -V, (1.43)
Trong d6 van tdc tuong ddi duge ki hiéu 1a V., Van tdc phuong tién
chuyén dong ngam ki hiéu 1a V, va van tbc dong chay ki hiéu 1a Vq .

Nhu vay thanh phﬁn vén tdc theo cac truc c6 thé viét lai nhu sau:

ur = uO _ud
V, =V, -V, (1.44)
W, =Wy — Wy

Vo1V, = \/m , suy ra goc dat va goc t6i tuong dbi trong trudng hop
nay nhu sau:
u, =V, cos(e, )cos(,)
v, =V,sin(ea, ) (1.45)
w, =V, sin(a, )cos(5,)

Tuong tu cach tinh toan nhu cong thirc 1.39, suy ra:

a, = tanl(ﬂj
l"II’
(1.46)

- [ v,
oy

Tuong ty cong thic 1.45 véi gia thiét goc a, B nhé tinh duoc:

W-w, , V-V,
R
33

(1.47)

ur er’Vr zﬂrvr’vvr ~aV ar ~

ror?



Phuong trinh téng quat cac luc thuy dong hoc cua vat ran duoc viét lai
nhu sau:

MegV+Cog (VIV+M, v, +C, (V. )V, +D(v, )V, +g(7) =7 (1.48)

céc s6 hang vat thé ran cac sd hang thuy dong hoc céc hang thay tinh hoc

Khi d6 \/d ~0 va \/r ~0 vector van tdc dong chay bién d6i cham. Vi vay,
phuong trinh chuyén dong dong chay trd thanh:

M V+Ceg (VIV+C, (v, )V, + D(V, )V, +g(n) =7 (1.49)

Van tc dong chay V, thuong dugc dinh nghia trong hé toa d6 cb dinh
trén trai dat voi céc truc dong chdy, nghia la [V,,0, O]T sao cho vén toc dong chay
dugc dinh hudng theo truc x. Bién d6i tir cac truc dong chay sang cac van tdc ba
chiéu c6 thé duoc thuc hién bang cach dinh nghia a, la goc to1 cua dong chay
va f, la goc dat do dong chay. Van téc dong chay ba chiéu (3D) dugc tinh bang
cach thuc hién nguyén ly hai phép quay:

Uy Vq
v§ |=RJ,Rl_,|0 (1.50)
A 0

4 J4 A T A T : ~ .
Trong do, cac ma tran quay R, . va R, , duoc dinh nghia nhu sau:

cosp, sing, 0
R, , =R, _, =|-sing, cosp, 0 (1.51)
0 0 1

Khai trién (1.50) va (1.51), tinh duoc:

ug =V, cosa, Cos 3, (1.52)
vy =V, sin g,; (1.53)
w; =V, sing, cos S, (1.54)

Str dung ma tran quay theo goc Euler dé bién ddi van toc dong chay ba

chiéu thanh van toc co dinh trén vat thé nhu sau:
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Ug U

V2 [=RI(©) | V] (1.55)
W, w;

Tur truong hop 2D, cac phwong trinh tir (1.52) - (1.54) véi a, =0, 0 thé
don gidn thanh:
ug =V, cosf,; (1.56)
vy =V, sin g, (1.57)
Trong mit phang nam ngang khéng st dung thanh phan o, . Do vay, cong
thire (1.56) va (1.57) c6 thé don gian thanh:
Ug =V, cos( By —); (1.58)

vy =V,sin( B, — o) (1.59)
Pé xir 1y d6 1éch do dong chay giy ra ddi v6i phuong tién chuyén dong
ngam thi cong thirc (1.58) va cong thic (1.59) c6 thé dua vao thuit toan dé tinh
toan cho ra tin hiéu diéu khién [10].
1.7. Tinh hinh nghién ciru AUV trén thé giéi
AUV 1a thiét bj ngdm tu hanh c6 thé hoat dong doc 1ap, cho nén AUV hura
hen nhiéu tiém ning phat trién hiéu qua trong nhiéu hoat dong nhu thim do va
khai thac khoang san hay nghién ctru khoa hoc ciing nhu cac ing dung quan su
va dan sy [16], [17]. Trong d6 cac ung dung tiém ning cia AUV bao gém tham
do tai nguyén dau va khi d6t, xay dung cic cong trinh ngoai khoi [18], giam sat
hé sinh thai dai dwong [19], khao sat va 1ap ban dd day bién, kiém tra diéu kién
duong 6ng. Vé mit nghién ctru khoa hoc, AUV c¢6 thé duoc sir dung dé thu thap
dir liéu phuc vu diéu tra thuy vin va giam sat cac thong sé moi truong doi véi
khoa hoc dia chét bién. Quan trong hon, AUV duoc st dung rong rdi trong quéc
phong bao gom khao sat, ciru ho hodc ra phé thuy 16i do ké thu cai dat [20]. Do
do, AUV da kh?mg dinh duoc vi thé va tm quan trong cua minh trong rat nhiéu
cac linh vuc khac nhau da thu hat sy dau tu va nghién clru ctia cac nudc trén thé

gi61, tuy nhién moi truong dudi nude khong thé doan trude dugce, noi c6 nhiéu
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nhidu dong bén ngoai khong thé tranh khoi. Mot trong nhiing van dé co ban
ciia AUV 1a 1am thé nao dé diéu chinh chuyén dong ctia né6 mot cach hiéu qua
va bam quy dao dat trudce trong diéu kién moi trudng méi truong dai dwong
c6 nhitng thanh phan bat dinh khong thé doan trudc can yéu cau thé hién
chinh x4c ¢ ca quy mé khong gian va thoi gian [20]. Viéc kiém soat chuyén
dong cua AUV tham chi con khé khan hon do hé théng co dién bén trong
phtic tap va cac nhiéu dong bén ngoai khong thé tranh khoi bao gdm ca nhidu
do cac dong hai luu [21]. Noi cach khéc, trong nhitng diéu kién d6, nhiéu
thong s trong hé théng AUV khong thé xac dinh chinh xac, diéu d6 gy kho
khan cho viéc thiét ké by diéu khién. Hon nita, ban than AUV 1a co céu thiéu
chap hanh nghia 14 s6 lugng dau vao diéu khién it hon sé luong dau ra diéu
khién [22]. Do vay viéc thiét ké bd diéu khién cho AUV 1a mot nhiém vu
nhiéu kho khan va thach thtc [23], [24].

Trong tai liéu [16] nhom tac gia ctia cong trinh nghién ctiru da khang dinh
nhitg van dé gip phai khi thiét ké bo diéu khién cho phwong tién ngdm ty hanh
AUV, nghién ciru da tach diéu khién chung thanh ba phan phu dé diéu khién 1a
lai, lan va diéu khién toc do. Trong mdi bai toan con d6, mot sé phuong trinh
trong mo hinh toan dugc tuyén tinh hoa dé giam tuong tac 1dn nhau, do d6 don
gian hoa viéc thiét ké cac bo diéu khién. Nhu trong cong trinh ndy nhom tac gia
trinh bay vé mo hinh tau 6 DOF va kha ning tng dung ctia AUV sau do tap
trung vé nghién ctru bai toan diéu khién do sau (bai toan diéu khién lin) cho
AUV con cac van dé lién quan nhom tac gia ké thira trong cac nghién ctru khac.
Nhu thé bai toan chua thé hién hét tinh tong quat va sy anh hudng ciia phuong
trinh truc nay sang truc kia mac du nhom tac gia da dua ca bo quan sat NDO
trong nghién ctu ciia minh. Bén canh d6, do dic tinh thuy dong luc hoc, cac
phuong trinh chuyén dong cia AUV c6 tinh phi tuyén nén khong thé tranh khoi
sai s6 ctia md hinh trong qua trinh tuyén tinh hoa [16].

Cu thé, trong linh vuc khoa hoc 1a khao sat, thu thap dir liéu va léy mau
moi truong phuc vu thiy van nghién ctru (Wynn, 2014; Eichhorn va cong su,
2018); Cong trinh d3 khang dinh dugc tim quan trong ctia AUV trong qué trinh
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tham gia 1ap ban d6 ddy bién va giam sat. Hay 16ng ghép véi qua trinh 14y mau
va kiém tra thuc té dé thu thap dir li€u ¢ cac vung nudc sau. Viée tiép tuc phat
trién cac phuong tién chuyén dong ngdm ngdy cang da dang dugc trang bi cac
cam bién moi da 1am ting pham vi tng dung khoa hoc dia chat bién, dong thoi
tién bo trong tri tué nhan tao ciing tang do tin cay va tinh linh hoat. AUV ¢6 kha
ning dua ra quyét dinh cho phép tranh va cham dudi ddy bién hodc va cham
dudi bang, va nhitng phuong tién nay ngdy cang duoc phat trién voi diéu khién
thong minh dé AUV c6 thé diéu chinh theo vai trd nhiém vu riéng biét trong
tham do va giam sat day dai duong. Cong trinh mot 1an nira khang dinh vai tro
to 16n ctia AUV trong cac tmg dung cu thé [13].

Trong quan ddi viée ra pha thay 16i do dich gai trén bién, tién hanh céc
hoat dong chién tranh véi hai quan (Hagen va cong su, 2003; Mondal va cong
su, 2019); Cong trinh nghién ctru dd khang dinh AUV c¢6 thé tim kiém, ciing
nhu phat hién va loai bo cac loai min hai quén trén cac tuyén duong bién quan
trong voi kha nang hoat dong tu dong, tiép can cac khu vuc nguy hiém va thuc
hién nhiém vu xtr Iy min mét cach an toan. Ngoai ra AUV c¢6 thé dugc str dung
dé tim kiém, theo ddi va dinh vi dé thu thap thong tin vé hoat déng va vi tri cta
tau ngﬁm doi phuong mot cach chinh xac, bi mat hoac co thé duoc su dung dé
tién hanh cac cudc tin cong tir xa trén bién ma khong phai tiép xuc truc tiép voi
ké thu, thu thap thong tin tinh bao, theo doi cac hoat dong cua tau dich [20].

Cong trinh [14] trinh bay vé phuong tién dudi nudc Tetherless underwater
vehicle (TUV) l1a ROV va AUV, khing dinh vu diém cua AUV 1a c6 thé hoat
dong & d6 sau 16n hon ciing nhu di chuyén xa hon so véi ROV. Do khéng bi
rang budc boi cap diéu khién nén AUV c6 thé tiép can cac vung bién kho tiép
can tham hiém va nhiing khu vuc chua duoc kham pha trude d6. Trong cdng
trinh ndy nhom tac gia dé cap dén bo diéu khién phuong tién ngam tu hanh tir
tau ndi trén mit nude co tinh dén yéu td thoi gian thyc, tu do dé xuat bod diéu
khién c6 tinh dén do tré thoi gian c6 thé cai dat trén tau me dé diéu khién ma
khong can ciu hinh thi cong lai phuong tién ngam. Vi AUV diéu khién tir tau
me trén mit nudc thuong cé 2 cach 1a tau ndi co thé kéo theo hé thdng thu phat
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lién lac (hinh 1.12.a), hai 13 tau ndi duoc két ndi voi hé théng thu phat théng qua
day cap diéu khién (hinh 1.12.b)

Small Surface Vessel

Small Surface Vessel

N S
Ny e @)
Tung TUV /f’

Acoustic
Transceiver

(a) (b)

Hinh 1.12. TUV diéu khién theo tin hiéu thu phat [14]

Cong trinh trinh bay vé mé hinh AUV 6 DOF cho phép md phong chinh
xéac cac chuyén dong va tuong tac cia AUV trong khong gian 3D. Diéu nay gitp
hiéu 6 hon vé cach AUV di chuyén va tuong tac v6i moi trudng dudi nude, cb
thé diéu chinh va kiém soat chinh x4c hudng, goc nghiéng, va chuyén dong cta

AUV trong qua trinh hoat dong [14].

u
(surge)

(a)

0
(pitch)

Hinh 1.13. H¢ toa dé mé ta chuyén déng ciia TUV [14]
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Hinh 1.13 m6 ta m6 hinh TUV 6 DOF véi cac hé truc toa d (hinh 1.13a)
va phan tich géc nghiéng TUV theo truc X (hinh 1.13b) 1a tién d& cho viéc sir
dung dé dao tao va giang day vé diéu khién cho AUV sau nay. Cac nghién ctru
c6 thé tao ra cac tinh hudng moé phong va huan luyén nguoi diéu khién trong
viéc diéu khién TUV va xtr Iy cac tinh hudng bat thudng trong moi trudng nude.
Nhu véy c6 thé khing dinh tim quan trong ctia TUV trong viéc mo phong, diéu
khién, va phan tich twong tac ctia phuong tién chuyén dong ngdm trong moi
truong nudce [14].

Trong cong trinh ctia T. I.Fossen, (1994), Guidance and Control of
Ocean Vehicles tac gia di théng ké mot sé bo diéu khién bat dau tir diéu khién
so khai nhat khi xut hién con quay vi co 14 diéu kién tao ra vong phan héi kin
nam 1908 dén mot s6 bo diéu khién phat trién ¢ khoang nhitng nam 2000 (hinh
1.14) nhu bd diéu khién Feedback, Sliding mode, Backstepping. Trong do
Fossen ludn dé cap dén van dé 1am méi md hinh nghién ciru ning cao cua riéng
minh phu hop véi linh vuc nghién ctru lam sao cho mé hinh don gian va hiéu
qua nhat [16].

Ship Autopilets
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Feedback Positioning Mooring (PM)
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Hinh 1.14. T. |. Fossen thong ké cdc bé diéu khién [16]
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T. I. Fossen la tac gia 16n, c6 nhiéu cong trinh nghién cru vé tau bién,
ngoai cudn sach nay tac gia con rat nhidu cong trinh va mot s cudn sach khac
cling duoc cac nha khoa hoc quan tim dén ngay hdm nay. Nhimg gid tri ma
cong trinh ndy mang lai cho nghién ctru khoa hoc 1a rat 16n nhu cac mo hinh
dong luc hoc cho tau bién, hay mot s6 mé hinh nhiéu dién hinh dugc sir dung rat
nhiéu cho céc cong trinh sau ndy. Tuy nhién cac bd diéu khién ma tic gia tong
két chi1 yéu str dung cho phuong tién tau thuy, phuong tién chuyén dong ngam it
hon va khong quan tdm nhiéu dén cac nhiu phi tuyén tac dong dén mé hinh,
mic du cac tau bién thuc té vin st dung cac nghién ciru nay dé thiét ké 1ai tu
dong vi tinh don gian va yéu cau khong qua cao vé do chinh xac. Do viy céc
nghién ctru ndy can phai duoc tong két va phat trién theo hudng hién dai dé nang
cao d6 chinh xac din duong cho tau bién noéi chung. AUV néi riéng, 1a dong luc
cho cac nha cong trinh nghién ctru sau nay [16].

Khi xay dung cac bo diéu khién cho AUV thuong sir dung cac tham sd tinh
toan khong chinh xéac va thay doi. Do d6, bo diéu khién phai c6 kha nang tu diéu
chinh dé phu hop véi sy thay doi cac thong sé cia AUV. C4c nghién ctu trude
day thuong sir dung phuong phap diéu khién tuyén tinh hon 14 phuong phéap diéu
khién phi tuyén (do viéc 4p dung dé dang hon). Tuy nhién khi tuyén tinh hoa hé
phi tuyén thuong phai lugc bdt cac thong sd hodc phai don gian hoa cac thong so
dan dén viéc ap dung mé hinh mo phong voi mé hinh thyc té s& c6 nhimg sai sb
nhat dinh. Cac dic tinh dong hoc ciia AUV kha phtic tap do tinh phi tuyén cao, cac
luc thuy dong hoc thay doi theo thoi gian, cac hé sb thuy dong luc hoc khong on
dinh va nhiéu do dong chay, song ngdm. Dé khong ngimg déap mg yéu cau vé dan
dudng cho cac phuong tién ngdm cac nha khoa hoc & cac qudc gia trén thé gisi da
trién khai nghién ctru nhiéu phuong phap dé ning cao do chinh xac hé thdng dan
dudng quan tinh phuc vu cho dan duong tau ngam. Cac nghién cliu tap trung vao
cai tién con quay, nghién ciru cac phuong phap két hop giita hé thong dan duong
quan tinh va cac phuong phép xac dinh vi tri khiac nhdm nang cao chat luong hé

thong dan duong quén tinh va phuc vu din dudng cho phuong tién ngam [25], [26].
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Vi du, tac gia cua cong trinh [25] da dé xuét khai thac bd diéu khién dao
ham ty 18-tich phan (PID) [26] dé diéu khién do sau ctia AUV Delphin2, trong
d6 cac tham s cua luat didu khién duoc xac dinh béng cach su dung k¥ thuat
Ziegler-Nichols. Tuy nhién, d6i tuong hoat dong & mdi trudng nudc chiu tac
dong cua cac yéu té khong biét truée nhu dong chay, séng ngam, mat do, nhiét
d6 nudc va mot sb thong sé trong ban than AUV khdng duoc tinh toan chinh
Xé4c, dic tinh dong hoc cua ddi twong khéng phai theo thoi gian nhu nhién
liu bi tiéu ton, trong luwong, vi tri trong tdm thay d6i. Nhu vdy, md hinh
déng hoc xay dung nhan dang dugc khong thé hién chinh x4c mé hinh thuc
cta dbi tuong. Vi thé, mot bo diéu khién PID truyén théng véi cac théng sb
ctia bo diéu khién cb dinh khdng du linh hoat dé diéu khién AUV néu sai s6 mod
hinh dong hoc va su anh huong cua cac yéu té méi truong qué Ion.

Bo diéu khién PID duoc tng dung rong rdi vao khoang nhimg nim 1960
khi nhitng nim dau cua thap nién 70, gia nhién liéu trén thé gidi ting, dan dén
nhu cau phat trién va str dung cac phuong phap diéu khién tién tién dé dap tng
yéu cau cap thiét 1a giam thiéu gia thanh van chuyén. Dan dén phat trién cac
cong trinh cong bd duwa trén diéu khién téi wu toan phuong (LQR hoic LQG)
[27]. Nhugc diém co ban ciia cac phuong phap nay 13 phai biét chinh xac mo
hinh toan hoc ctia hé thong, nhung trong thuc té cac phuong tién hang hai 1a cac
ddi tuong bat dinh (dudi dang tham s6 hodc ham sé), ngoai ra chiu anh hudng
rat 16n ctia nhiéu méi truong. Do vy 1y thuyét diéu khién thich nghi duoc quan
tam nghién ctru nhiéu hon cho cac hé thong hién nay [28]. Thap nién cubi cua
thé ky XX bung nd cac nghién ctiru vé diéu khién phi tuyén, dic trung 1a ung
dung ham diéu khién va ham diéu khién thich nghi Lyapunov cho hé thong lai
tau. Hudng nghién ctru nay mang lai nhiéu thanh cong trong diéu khién cac dbi
tugng phi tuyén c6 md hinh bat dinh kiéu hang s6.

Mo hinh AUV 6 DOF 1a mét mé hinh chi tiét va phirc tap hon so v6i mo
hinh AUV 4 DOF. M6 hinh AUV 6 DOF bao gom sau bac tu do dé mé phong
chinh x4c chuyén dong ctiia AUV trong khong gian 3D, trong khi mé hinh AUV
4 DOF chi ¢6 bén bac tu do duge tao ra tir md hinh AUV 6 DOF b?mg cach gioi
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han mét s6 bac tu do. Trong trudng hop nay, AUV chi c6 thé di chuyén theo cac
chuyén dong quanh truc Z (Yaw) va chuyén dong doc (Surge). Gi6i han chuyén
dong quanh truc X (Roll) va truc Y (Pictch): Néu chi giit cho AUV duy tri mot
goc nghiéng cb dinh va chi cho phép chuyén dong quanh truc Z (Yaw), Cac
nghién ctru c6 thé tao ra moé hinh AUV 4 DOF. M6 hinh AUV 4 DOF thuong
dugc sir dung trong nhiing tmg dung don gian hon, noi cac chuyén dong xoay
(Roll) va quay (Yaw) khong quan trong hodc khong can thiét. Va phuong tién
ngam 13 hinh thoi chuyén dong chil yéu gan bé mit nudc nén it bi anh hudng
bai cac luc song doc ngadm sau dudi ddy bién ma cha yéu bi anh hudng clia song
ngang. Diéu nay gitp giam do phtc tap cua mé hinh va qué trinh diéu khién
AUV. Trong d6 nghién ctru c6 nhic dén phuong tién chuyén dong ngam theo
mé hinh Quadrotor UAV hay goi 1a QUV, cac Quadrotor tin dung t6i da mbi
quan hé va toc do quay cua 4 canh quat dé dat duoc chuyén dong 6 DOF. Bing
cach ting toc do clia F3va F4 1én nhu nhau dong thoi giam téc do ciia F1 va F thi
luc nang phia sau 16n hon luc nang phia trude va QUV ndi 1én. Tuong tu, bang
cach giam toc d6 cua F; va F4 nhu nhau va tang tbc do cta F, va F3 nhu nhau
QUV sé& quay sang phai; mit khac, bang cach ting téc d6 cia F; va F4 dong thoi
giam toc do6 cua F, va F3, QUV sé& quay sang trai nhu hinh 1.15 [29].

Aw

N

Hinh 1.15. Cdu hinh ciia AUV quadrotor [29]

42



Gan day mot s6 nghién ciru da dé xuat 1 mé hinh cho AUV ¢& nho 4 bac
tu do va bo 2 bac tu do 1a : Goc @ (chuyén dong quay 1at) va goc ¢ (chuyén dong
quay lic), thi phuwong trinh chuyén dong cua thiét bi 1an tw hanh AUV gdm 4 bac
tw do duoc biéu dién qua cac dai lugng (dong co déy, mot canh lai hudng, hai
canh 1ai phuy dé 1an néi). Muc dich dé don gian hoa trong qua trinh diéu khién
ma van dam bao dugc yéu ciu nhiém vu dit ra. Day ciing 1a huéng nghién ctru
ciia NCS va tap thé giang vién hudng dan hudéng t6i. Nham ung dung nhimng
thuat toan diéu khién méi nang cao chét luong diéu khién bam quy dao cho
phuong tién ngam ty hanh AUV [17].

1.8. Nhirng nghién ciru AUV trong nwée

O nudc ta, cac cong trinh nghién cau, ché thir cac phuong tién AUV rat it
vé s6 luong va chua duoc to chic mot cach bai ban, trong d6 c6 mot vai san
pham chwa dugc hoi dong khoa hoc danh gia nhu san phim tau ngdm Hoang Sa
do ong P Qudc Hoa & Thai Binh hay tau ngdm mini phuc vu du lich cua 6ng
Phan Boi Tran & Thanh phd H6 Chi Minh .... Hién nay nudc ta chii yéu nghién
ctru va ché tao céc thiét bi lan khong nguoi lai diéu khién tir xa (ROV) phuc
vu mot s6 muc dich cu thé nhu thim do day bién, khao sat chan dé cong trinh
bién,... Cac tau lan c6 nguoi lai phan 16n déu phai thué cia nudc ngodi. Méi
day nhét 1a cong trinh AUV Dolphin do nhém nghién ctru ctiia Pai hoc Bach
khoa Ha Noi dtng dau nhém nghién ctru 1a PGS.TS Truong Viét Anh Cong bd
tai trién 1am "Ung dung khoa hoc, cong nghé trong doanh nghiép" tai Trung tdm
Hoi nghi Quoc gia 12/2019. Tau chi 1an sau duoc khoang 50m nhung cé ¥ nghia
rat 16n khi khang dinh Viét Nam c6 thé tham gia vao cong nghiép ché tao thiét
bi ngam AUV nay phuc vu rat nhiéu muc tiéu ca trudc mat va dai han.

Gan day Hai Quan Viét Nam nhan 6 chiéc tau ngﬁm Kilo dat mua tir Nga
cht yéu phuc vu muc dich qudc phong an ninh. Tuy nhién ngay ca Bo Qudc
phong ciing chi nhan chuyén giao cong nghé vé tau ngam chir ciing chua co
nhitg céng bd khoa hoc chuyén sau hay cac hoi thao chuyén nganh lién quan
dén thiét ké bo diéu khién cho phuong tién chuyén dong ngam, cong trinh duoc
cong bd cta Pai ta PGS.TS Pham Nhat Hong Nghién ciru thiét ké thiét bi thuy
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am lién lac [2] ndm trong dé tai 1én Nghién ctru ing dung mot s6 cam bién siéu
am dé thiét ké ché tao hé thong phat hién, do dac cac tham s6 vat bay trén khong
va thiét bi truyén tin dudi nude phuc vu kinh té - xd hoi, An ninh — qudc phong.
Cong trinh nay khang dinh duoc tim quan trong cua thiét bi truyén tin dudi
nuéc d6i véi dan duong dinh vi phuong tién ngdm nhung chua c6 nghién ciru
lién két dugce gitta dan duong va diéu khién.

Luan &n Tién si cua tac gia Nguyén Pong [7], Pai hoc Bach Khoa Ha ni
nghién ciu vé “Phan tich thay dong luc hoc va thiét ké hé thong diéu khién theo
cong nghé hudng déi trong cho phuwong tién ti hanh duedi nude”: nghién cau
nay tap trung vao viéc tinh toan thay dong luc hoc phuong tién tu hanh dudi
nude (AUV) loai nho va ap dung cong nghé hudng doi tuong trong phat trién hé
théng diéu khién bam huodng trén mit ngang véi bo diéu khién PID tuyén tinh
don gian. Hay cong trinh “Nghién citu phuwong phap hudéng déi twong trong
phan tich va thiét ké diéu khién chuyén déng cho thiér bi ti hanh AUV/ASV véi
chudn SysML-Modelica va Automate lai ” [8]; d& xay dung dugc cac thanh phan
phan tich, thiét ké va thyc thi huéng d6i twong trong diéu khién chuyén dong
cho AUV/ASV bing céng nghé hé thdng hudng md hinh két hop véi ngdn ngit
md hinh héa hé thong, ngdn ngir md phong Modelica va automate lai. Tuy
nhién, cac nghién ctu trén day chi dé cap dén bo diéu khién chuyén dong bam
huéng cua phuong tién ngam tu hanh ¢& nhé ma khong cé su két hop véi hé
théng dan duong quan tinh trong dan dudng ngam dudi nudc.

Luén &n Tién si cua tac gia Truong Duy Trung [9], Vién khoa hoc va cong
nghé quan sy nghién cau vé “Xdy dung thudt todn dan dwong va diéu khién cho
phuong tién ngam” nghién ctru di tap trung vao tinh toan dan dudng va diéu
khién cho phuong tién chuyén dong ngdm dang ngu 16i ¢6 trang bi thiét bi dan
duong quéan tinh khong dé cho 2 giai doan 1a qua trinh roi trong khi quyén va
qué trinh chuyén dong ngam. Trong d6 tap trung vao thuat toan udc lugng tham
s6 bang phuong phap binh phuong tdi thiéu dé quy, hdi tiép dau ra no ron mo

thich nghi truc tiép cho ngu 161 4 DOF du co cau chap hanh.
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Hinh 1.16. Quy dao chuyén déng ciia ASWs khi tha tir mdy bay [9]

Trong luan an Tién si cua tac gia Nguyén Quang Huy [10], Trudng dai hoc
Hang hai Viét Nam nam 2020 nghién ctru vé “Néng cao do chinh xdc dan dwong
cho tau ngam hoat dong trong khu vuc Bién déng” Nghién ctru vé hé thong hoa co
s0 1y luan cta hé théng dan duong quan tinh, 13 hé thong dan duong chinh dugc str
dung trén tau ngdm. Tao co sé khoa hoc va cac yéu cau k§ thuét cling nhu k¥ ning
trong cong tac huan luyén, xtr Iy va nhap liéu thong tin phuc vu hi€u chinh hé théng
dan duong quan tinh bao dam cong tac xac dinh vi tri tiu ngdm, nang cao do chinh
xac dan duong clia tau ngdm trong khu vuc Bién Pong.

Gan day nhat vao nam 2022 [12] Nguyén Van Tuan di trinh bay trong luan
an tién si k¥ thuat co khi tai Pai hoc Bach Khoa Ha N@i, cdng trinh nghién ctru va
phat trién phuong tién ngam ty hanh AUV ¢6 bo sung ning luong phu hop véi
diéu kién ving bién tai Viét Nam. Xay duyng mo hinh thiy dong hoc thiét bi lan
ty hanh S-AUV, t6i vu lya chon hinh dang thiét bi 1in. Véi md hinh S-AUV c¢&
nho ¢6 thé bo di hai bac tu do dé lya chon phuong trinh chuyén dong 4 bac tu do
cho md hinh S-AUV tir md hinh 6 béac tuy do. Xay dung thanh céng b diéu
khién truot ting cho mo hinh thiét bi lin S-AUV méi véi cac thong sé md hinh
duoc xac dinh bé‘mg phan tich, m6 phéng s6, chon lya dya trén mo hinh thyc té.
Do vay luan 4n mai chi tap trung nghién ctru dong hoc thiét bi lan c6 bd sung
ning lwong mat trdi voi canh nang luong linh hoat ¢ thé dong ma, két hop véi
giai thuat diéu khién truot ting HSMC dé nang cao chat luong diéu khién 14i
huéng va do sau 1an & trudng hop mé phong bang phan mém. Trong do tac gia
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c¢6 st dung md hinh AUV 4 DOF thiéu co cdu chip hanh c¢6 canh ning luong
mat troi va thir nghiém & cac viing bién khac nhau dé danh gia chat lugng diéu
khién. Pay 1a mot trong nhimng dinh huéng vé moé hinh AUV ¢& nho ma NCS
quan tdm nghién ctru diéu chinh do siu va truyén dong tng dung thuat toan diéu
khién hién dai cho hé thiéu co cu chap hanh.

Két luan chwong 1: Trong chuong nay NCS trinh bay vé 1y do chon dé
tai, muc tiéu khoa hoc. Gidi thiéu vé md hinh dong luc hoc cua phuong tién
chuyén dong ngdm noi chung va AUV néi riéng, phan tich cac dic diém cta dbi
tugng AUV 6 DOF. Budc dau hiéu biét vé ddi twong va mot sé cong trinh khoa
hoc d4 nghién ctru trudc d6 dé néu nén quan diém va nhan xét ciia minh. T d6
dinh hudng nghién ctru AUV lan ty hanh 4 DOF thiéu co cu chap hanh voi ki
thuat diéu khién hién dai tao thanh mot hé thong kin nham cai thién chét luong
diéu khién cho AUV c6 thanh phan bt dinh dang ham sd. Viéc phan tich trong
chuong nay cho phép NCS rut ra két luan sau:

1.AUV (Autonomous Underwater Vehicles) 1a d6i tuong hoat dong trong
moi truong nude chiu tic dong cua cac yéu to khong biét trude nhu do sau, ap suit,
dong hai luu, khong duoc tinh toan chinh xac, ngay ca dic tinh dong hoc cua ddi
tuong cling theo thoi gian nhu nhién liéu bi tiéu hao, trong luong tau, vi tri trong
tAm tau thay d6i. Diéu khién nang cao chat luong diéu khién bam quy dao cua
AUV doi hoi phai sir dung 1y thuyét diéu khién phi tuyén hién dai.

2.Phuong tién chuyén dong ngam hién nay chu yéu dugc nghién ctru véi
phuong trinh chuyén dong 6 DOF. Céac cong trinh vé phuong tién chuyén dong
ngam 4 DOF cho cac phuong tién ngdm c& nho thuong hudng dén thuat toan
diéu khién da co cdu chap hanh. Cac nghién ctru vé hé thiéu co cdu chap hanh
cht yéu cho tau thiy mat nude, AUV 4 DOF thiéu co cau chap hanh chua dugc
cong bd nhiéu trong cac cong trinh khoa hoc. Do d6 trong luan an nay NCS tap
trung tiép can hai xu huéng diéu khién thiéu co cdu chap hanh: Mot 1a c6 ging
dua vé dang du co cAu chap hanh khi thiét ké bo diéu khién cho cac trang thai du
co cau chip hanh, sau d6 ap dung tin hiéu diéu khién nay cho hé thiéu chap hanh
ban dau (b diéu khién Backstepping va Backsepping Fuzzy). Hai 1a thiét ké bo
diéu khién truc tiép cho hé thiéu co cau chap hanh (HSMC va HSMC no-ron).
Pay chinh 1a tién dé dé dinh huéng cho nhiing déng gép moi dugc thyc hién

trong ludn an.
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Chuong 2.
PIEU KHIEN BACKSTEPPING THICH NGHI MO PAM BAO
BAM QUY PAO CHO AUV 4 DOF THIEU CO CAU CHAP HANH

Hién nay phuong tién chuyén dong ngam ty hanh AUV thuong duoc chia
lam 4 huéng nghién ctu chinh: Nghién ctu, diéu chinh d6 sau va truyén dong
cua phuong tién chuyén dong ngdm; Nghién ctu két cau khoan 1in va dung cy,
thiét bi tim kiém phat hién vat thé dudi nuéc; Po dat dia 1y, dia chan hoc
chuyén dung cho ving ngdp nuéc; Nghién ctru thiét bi nang ha, thiét bi quan
sat va truyén tin hiéu bang séong 4m cho phuong tién chuyén dong ngam [1].
Trong d6, huéng nghién ctu, diéu chinh d6 sdu va truyén dong cia phuong
tién chuyén dong ngam tu hanh AUV 1a hudng nghién ctu dang duoc cac nha
khoa hoc quan tim nhat. Céac k¥ thuét diéu khién str dung mé hinh toan hoc néi
chung déu nham muyc dich nang cao chat luong diéu khién nhu mong mudn.

Trong d6 1y thuyét diéu khién co dién tip trung vao cac van dé cua diéu khién
phéan hoi tir thé ky 19 va nhat 1a trong nhitng nim 1920-1940, nhu mé hinh phuong
trinh vi phan cua cac hé théng dong, 1y thuyét vé tinh 6n dinh, cac phuong phap phan
tich trong mién tan sd..., nhig nam dau thap ky 60 cia thé ky 20 méi duoc coi 1a
giai doan phat trién thyc su cua 1y thuyét diéu khién c6 dién véi su ra doi cua cac
cong cu phan tich va thiét ké hé théng. Pic diém co ban cua 1y thuyét diéu khién cb
dién 1a viéc sir dung cac phuong phap trong mién tan s, dua trén phép bién doi
Laplace. Chinh do dic diém dé nén 1y thuyét diéu khién c6 dién chi thich hop cho
cac hé thong tuyén tinh [16].

Vi sy phat trién manh mé cac linh vuc tmg dung cua diéu khién phi tuyén thi
vai trd cac phuong phép trong mién thoi gian ngay cang chiém uu thé so véi cac
phuong phap trong mién tan s6. Cling véi su phd bién ngay cang rong ri clia cac hé
thong diéu khién str dung may tinh, diéu khién sb da tr¢ thanh linh vuc quan trong
hang dau ctia k¥ thuat diéu khién, vi thé ngay nay khong thé xay dung mot hé thong
diéu khién néu thiéu di may tinh hay céc bd vi diéu khién. Ngoai ra, ki thuat diéu
khién hién dai con quan tim téi mot s6 van dé khac nhu diéu khién thich nghi va t6i

uu Vi hai Iy do chinh mét 13 cac hé théng can diéu khién ngay cang tré nén phiic tap,
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khong thé mo hinh hoa dugc mot cach chinh xéac, hai 1a tinh hiéu qua dbi voi nhiéu
hé thé)ng diéu khién hién dai dugc xem 1a chi tiéu chit lugng quan trong nhét [44].

Céc cong trinh nghién ctru vé diéu khién phuong tién chuyén dong ngam dang
AUV ciing phét trién cting véi sy phat trién cta 1y thuyét diéu khién va duoc phan
tich dudi nhiéu dang khéc nhau nhung xét chung lai ¢6 ba loai thuét toan diéu khién
chinh duoc nghién ctru sinh tong hop nhu sau: Biéu khién mé hinh tuyén tinh (PID,
LQR), diéu khién mo hinh phi tuyén (Piéu khién trugt SMC, diéu khién
Backsepping, diéu khién truot ting HSMC, diéu khién thich nghi) va diéu khién
thong minh (diéu khién mang noron, diéu khién mo...)

Pé nghién ciru cac thuat toan diéu khién cho AUV thi diéu khién thong
minh c6 nhitng wu diém rat 16n, mot 1a tan dung dugc kién thic chuyén gia
trong diéu khién, hai 1a tinh linh hoat cao, c6 kha nang thay doi dé dap tmg dan
t6t hon (kha niang tu hoc), ba 1a c6 thé khong can biét moé hinh toan hoc cua hé
thong ....Tuy nhién nhimg nhugc diém ma diéu khién thong minh mang lai cling
khong phai 12 it nhu khé duoc bao dam bang toan hoc, cau triic diéu khién phiic
tap. Vi thé bo diéu khién thong minh thudng di kém véi cac bo diéu khién phi
tuyén dé tao thanh cac hé Hybrid (hé lai) dé tan dung nhimg loi thé cua diéu
khién phi tuyén va phat huy wu diém cua diéu khién thong minh [22], [23].
Trong phan tiép theo nghién ctru sinh trinh bay vé mé hinh toan cia AUV 4
DOF thiéu co cdu chip hanh, dy chinh 14 tién dé cho viéc nghién ctru cac bd
diéu khién va nhitng dong gop ctia luan an trong sudt qua trinh nghién ctru.

2.1. M6 hinh toan cia AUV
2.1.1. M6 hinh todn AUV 6 DOF (Dynamics)

Thiét bi lan ty hanh AUV coi nhu 1 mdt vat ran. Do d6 phuong trinh
chuyén dong caa AUV duoc biéu dién bang tap cac véc-to:

M oV +Cog (VIV =17y (2.1)

Trong do:

v=[uVv,w, p,q,r]" 13 véc-to van tdc dai va van tdc goc trong hé toa do

O —xyz
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Tos =X, Y,ZKMNTJ' |2 véc-to luc va m6 men diéu khién trong hé toa do
dong O —xyz

M, 12 ma trin quéan tinh hé thong cia AUV

Cgs (V) 12 ma tran Coriolis va lyc hudng tam cia AUV

Ma tran quan tinh hé théng cua AUV

m 0 0 0 mz, —my,
0 m 0 -mz, 0 mXx,
M 0 0 m my, —mx, 0 (2.2)
R 0 -mz, my, I, L, ., '
mz, 0 -mx, I, l, l,,
-my,  mxg 0 L, l,, l, |

Ma tran Coriolis va lyc hudng tam cua AUV:

0 -mr mg m(y,q+2,r) -mx,( -mxr ]

mr 0 -mp My, p M(z,1 +X,p) ~my,r
c - -mq mp 0 -mz, p -Mz,q m(x, p+Y,0)
o -m(y,a+2,r) my, p mz, p 0 Lp+ha+lr L p-la-1r
mx, U -M(z,r +X,p) mz,q L, p-lq-1r 0 Lp+l,q+1,r
mxr my,r -m(x,p+y,a) Lp+la+lr L p-lg-1.r 0 ]
(2.3)

Véc-to téng quat cia luc va mé men ngodi r,, trong phuong trinh (2.1) 12
luc bén ngoai (hodc tai mot thoi diém) tac dong 1én AUV bao gém:

(1) Véc-to lyc tinhz, (trong luc va do noi)

(2) Véc-to thuy dong luc hoc cia AUV (bao gom lucr, gay ra bai khoi
lwong thém vao va luc giam chanz, )

(3) Véc-to luc dicu khién (bao gom lyc dayr,,, va luc cia canh laiz,)

Trong d6 véc-to luc tinhz, phan anh anh huong cua trong luong va strc
ndi cua AUV. Cu thé, trong luong cua AUV laW=mgva do ndi 1aB=pVg;
véipla trong luong riéng chit long xung quanh,v1a tong thé tich dugc dich
chuyén bai AUV, gla gia tdc trong truong, m 1a khdi lugng ciia AUV.

Do d6,z, duoc cho boi phuong trinh sau:
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X, ] i —(W —B)sin(8) ]
Y, (W —B)cos(@)sin(¢)
L Z, _ (W —B)cos(9)sin(¢) (2.4)
9 Ky (Yo W — ygB) cos(8) cos(g) — (z,W — z;B) cos(0) sin(¢)
M, —(z,W —z,B)sin(0) — (X, W — x; B) cos(&) cos(#)
N, (X, W — Xz B) cos(0) sin(¢) — (y,W — yzB)sin(&)

Khi thiét bi lan tw hanh AUV chuyén dong s€ ép toan bd chét long vai céac
bién do hat chat long khac nhau, dong bd v6i chuyén dong diéu hoa cudng birc
cia AUV. Khéi lugng ting thém dugc hiéu nhu lyc va md men cam (mg ap suat
sinh ra tir chuyén dong diéu hoa cudng btc cia AUV va ti 18 voi gia toc cia
AUV. Trong d6M,1a ma trdn quan tinh hé théng cia khdi luong ting thém,
C,(v)1a ma tran Coriolis va lyc hudng tam thuy dong luc hoc.

Ma tran M, dugc biéu dién nhu sau:

(X, 0 X, 0 X, 0]
o Y 0 Y 0 YV
v o_|Z 0 Z, 0 Z 0 25)
A 0 K, 0 K, 0 K, '
M, 0 M, 0 M, O
0O N, O N, 0 N,

ViM,la doc lap v6i tan s6 song (v6i tan sd thap) nén co thé gia thiét
M, >01a hang s6 duong c6 thé ing dung trong diéu khién.

Ma tran Coriolis va luc hudng tam thuy dong luc hocC, (v):

0 0 0 0 a, —a,
0 0 0O -—-a O Q,
0 0 0 - 0
C.(v) = % TR (2.6)
0 a, -a, O b, -Db,
—83 0 & _bs 0 bl
la, -a O b, -b 0 |
Trong do:
a = X,u+X,w+X.q b =KVv+K,p+Kr
a, =YV+Y, p+Y.r b,=M,u+M,w+Mq
a=Lu+Z,W+7q b, =N,v+N,p+N.r
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Do d67,tinh boi phuong trinh sau:
7, =—(MV+C,(V)Vv) (2.7)
Ngoai su suy giam thé ning cam tng buc xa, can phai xét ca nhimng tc
dong suy giam khac nhu ma sat bé mit, su suy giam do troi cta song va sy suy
giam do dong xody do la:
7, =D(v)v (2.8)

Ma tran giam chin D(v) dugc cho boi:

(X, + Xy lul 0 0 0 0 0
0 Y, +Y, V] 0 0 0 0
Z,|u 0 Z +Z. . |W 0 0 0
D(V) _ 0 | | w wiw| | | (29)
0 0 0 K, + Ky 1P 0 0
M, |ul 0 0 0 M, +Mylql 0
0 0 0 0 0 N, +Nyg I
Trong do:

X+ Yy Z,, K, M VaN, la cac hé s6 giam chan tuyén tinh.

u?t ‘v w!
X 10T Yo 1V ] Zyp W, K lal va N, |r| 1a cac hé s gidm chan
bac hai.

Z,|u|vaM,|u|la hiéu Gmg giy ra boi su bat ddi xtng trén mit phiang

phLM

plp dlg

O—xy.
Ta c6 véc-to z biéu dién lyc va md men day nhu sau
T=Tg+7,+7, —7, (2.10)
Khi nghién ctru xay dung mé hinh AUV trong phong thi nghiém theo tiéu
chuan mo6 hinh 1y tudng nén bo qua Véc-to luc tinh z,. Do do:
T=Tpg +Ty — Ty (2.11)

Thay (2.1), (2.7) va (2.8) vao phuong trinh (2.11) duoc phuong trinh:

MV +C(V)V+D(v)v=r (2.12)
Trong do:

M =M +M,

C(v) =Crs(V)+C,(V)

D(v) = D(v)
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2.1.2. M6 hinh toan AUV 4 DOF h¢ thiéu co ciu chép hanh

Tuy theo cac ung dung cu thé ma ta chon s bac tu do phu hop, sb bac tu
do cang it thi kha ning diéu khién s& d& phuc tap hon. Dbi v6i mot thiét bi hoat
dong trong moi truong nudc thi viée diéu khién chinh xéac cac vi tri, toa d0 cua
ca 6 bac 1a hét stc phirc tap. Dé don gian hoa ddi véi cac loai thiét bi lan tw hanh
c¢& nho ¢ thé bo 2 bac tu do khong can thiét 1a: Goc o (chuyén dong quay 1at) va
g6c ¢ (chuyén dong quay lic), thi phuong trinh chuyén dong cua thiét bi lan tu
hanh AUV gbm 4 bac tu do dugc biéu dién qua cac dai lwong (mdt dong co chan
chan vit chinh dé di chuyén, mot dong co chan vit miii, mot dong co banh 1ai dé
diéu hudéng va hai dong co bom dé lan ndi). Muc dich dé don gian hoa trong qua
trinh diéu khién ma van dam bao duoc yéu cAu nhiém vu dit ra. Vi tri toa do (x,
y), hudng di cia AUV (y) va vi tri truc z (do sau 1an).

Phuong tién chuyén dong ngam AUV 4 DOF c6 phuong trinh dong hoc phi

tuyén tong quét nhu sau:
Mv+C((V)v+D(V)v=r
Trong d6 J(;)1a ma trin quay quanh trucOz biéu dién nhu sau:
cos(y) -sin(w) 0 O
: J, J
sin(w) cos(y) O O|_| v VY2
J(n) = = 2.14
(77) 0 0 10 ‘]21 ‘]22 ( )
0 0 01

Ma tran quén tinh cta hé thong:

'm+ X, 0 X, —my, |

M 0 m+Y, 0 Y, +mx, :{Mn M1z}
Z, 0 m+Z, 0 M, M,, (2.15)

o -my,  mxg +N, 0 I,+N, |
Ma tran Coriolis va ma tran luc hudng tam cua hé théng:
0 -mr 0 —mx,r-a,]

mr 0 0 -my,rr+ C,C
=l 0 0 0 0 : :{ i 12} (2.16)
C21 C22

mx,r+a, myr-a 0 0 ]
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D(v) I ma tran suy giam thuy dong luc hoc duoc biéu dién nhu sau:

X, + Xy Ul 0 0 0
0 Y, +Y,, |V 0 0 D,, D
D(V) — \ vlv| | | |: 11 12 :| (2.17)
ZO |U | 0 ZW +Zw\w| |W| 0 D21 D22
0 0 0 K, + Ky I P

Trong d6 cac ma tran M, J(77),C(v), D(v) théa man nhirng tinh chét sau:

()M =M">0, (2) C(v)=-C"(v), (3) D(v)>0

@) 901 13 ma tran quay xung quanh truc 0z va Ia ma tran truc giao T =3

M6 hinh chuyén dong bén bac tu do cua tau ngdm AUV bao gdm :
n=[x y,z,z//]T la véc-to vi tri cta tau theo cac truc Ox,0y,0z va goc diéu hudng tau
quay quanh tryc Oz; v=[u,v,w, r]T la véc-to van toc dai theo cac phuwong Ox,0y,0z va
tbc d6 quay xung quanh truc Oz. Theo hé phuong trinh (2.13) t — 14 lyc va mo-men
duoc tao ra boi co cau thuc hién caa AUV, cac lyc va md men nay dugc thuc hién boi
T= [ru,rv,rw,z'r ]T . Trong do: 7, — lyc lam cho AUV truot doc theo hudng truc X,
7, — luc lam cho AUV trugt ngang theo hudng truc Y, 7,, — luc lam cho tau trugt

ngang theo huéng truc Z, 7, — md-men quay xung quanh truc z gy ra thay doi huéng
di cua AUV.

Theo Fossen [16], [44] md hinh AUV 4 bac ty do xét trén mat phang ngang voi
mo hinh toan nhu hé phuong trinh (2.13), néu thanh phan luc tic dong t c6 day du bon
thanh phﬁn t=[7,,7,, 7,7, ]T va v=[u,v,w,r]T thi m6 hinh toan xét trén mat phéng

ngang duoc goi 13 mé hinh tau du co cAu chap hanh (Full Actuated) nhu hinh 2.1

Tu @ CHAN VIT CHiNH HE THONG
X = DIEU-XHIEN
I
Ty
Y

Hinh 2.1. Phén tich lyc AUV 4 DOF trong khéng gian 3 chiéu
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M hinh toan cia AUV 4 DOF c6 nhiéu co cdu thuc hién nhu: Chan vit
chinh sau 1ai (ML1) tao ra luc day truot doc 7, , chan vit phu tao ra lyc truogt
ngang 7,(ML2), hai bom nudéc & hai bén AUV s€ tao ra luc trugt doc
7,,(ML3), banh lai chinh sau 1ai (ML4) tao ra mo-men 7, thay doi huéng di ciia
tau. Mo hinh toan nay thuong gip dé phan tich va sir dung dé thiét ké diéu khién
trong cac tau ngdm khao sat day bién, tdu ngdm cong trinh [13], [14], AUV c6
canh ning luong mit troi [17]. Mit khac, néu 7,, 7, = 0 tirc 1a trong mo hinh
toan ctia AUV khong c6 thanh phan lyc gy ra truot ngang va quay trd (phan tir
thue hién khong co co cau ddy ngang va banh 14i) hudng theo tryc y thi mé hinh
toan xét trén mit phang ngang duoc goi 1a mo hinh tau thiéu co cau chap hanh
(Underactuated). Gia thiét rang luc tic dong ciia banh l4i phia sau lai c6 thanh
phan lyc gay ra truot ngang 1a rat nho, diéu dé6 khong mat di tinh thuc té 1a AUV
khong c6 dat ngang trong qua trinh chuyén dong. Pay 1a mé hinh toan dic trung
cho loai AUV chi ¢6 2 co cau thyc hién 1a dong co day phia sau va dong co theo
truc doc nhu mé hinh hoat dong cua Quadrotor UAV hay goi la QUV (hinh 2.2).

Hinh 2.2. Phan tich lwc AUV 4 DOF thiéu co cdu chdp hanh
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Luc song song (hay con goi 1a luc trugt) 1a thanh phan cia lyc tic dong
song song v4i mit phang AUV. Lyc va mdé men 7; nay c6 tic dung diéu khién
AUV theo phuong X, khi 7; khdc 7;” AUV sg€ sang trai hay sang phai theo
phuong OY va quay quanh truc Z nhu (hinh 2.2). Luc va mé men nay lam cho
AUV chuyén dong truot doc theo truc x, trugt ngang theo truc y va quay trd
quanh truc z (y) ¢ gia trj ndm trong khoang (-90° : 90°)

Luc vudng goc (hay con goi 1a lyc phan xa) 1a thanh phan cua lyc tac
dong vudng goc vao mit phang AUV. Khi chiéu xuéng mit phang nam ngang
luc vudng goc 7, didu khién AUV theo phuong OZ lam cho AUV ndi 1én hay
lan xuéng. Luc nay lam cho AUV chuyén dong trugt ding theo truc z (hinh 2.2)

AUV duoc coi 1 thiét bi thiéu co cdu chdp hanh (Underactuated) khi s6
tin hiéu diéu khién dau vao it hon s bién trang thai diéu khién (hay sb bac tu
do) [21]. NCS tach mé hinh toan (hé phwong trinh 2.13) thanh hai phan 12 hé
thong thiéu chap hanh va h¢ thong di chap hanh. Véc-to vi tri n=[n, »,]" s&
dugc chia 1am hai phan g, =[x z]' cho trang thai du chdp hanh va
m,=[y w] cho trang thai thiéu chdp hanh. Tuong tu, véc-to van toc V ciing
duoc chia 1am hai phan véi v=[v, vz]T. Phuong trinh dong luc hoc AUV
(2.13) duoc viét lai nhu sau:

=3\ +3,Y,

M, = dp Vi + Y,
MyV; +(Cyy + Dy vy + MV, +(Cp, + Dy v, =7
M,V +(C,y + Dy )Vy + MV, +(Cyp + Dy )V, =0

(2.18)

Voi:
M [m+X, 0 ML - Xy —my, |
L0 maY, ]P0 Y emx |
 Z, 0o | m+Z, 0 |
M,, = “m , My, = ’
—my, mx;+N, 0 l, +N;
c 0 -mr c 0 -mx,;r-a,|
ll(v)_ mr O ' 12(V)_ O _mygr+a1 1
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e 0 0 .. 0 0],
Zl(v)_ mxgr+a2 mygr_a1 ) 22(V)_ O 0 ’

] (V)__COS(l//) —sin(y) )= 0 0],
U sin(y)  cos(w) [P T |0 0]

le(v):_o 0}; Jzz(V)z{l O}

00 01
[ X, + X, U] 0 00
D _ u ulul . _ .
ll(V) 0 YV +YV|V| | Vv |:| 1 D12 (V) |:0 O:| ]
[Z,|ul 0 Zy,+Z, W] 0
— - D — -
P97 o 0}’ =) { 0 Ko+ Ky [ P1J’

ViM,, 1a ma tran xac dinh duong nén tir phwong trinh thir tu trong (2.18),
suy ra:
V, ==M 7, [M,V; +(Cyy + D,y )V, +(Cyy + D)V, | (2.19)
Thay (2.19) vao phuong trinh thi ba trong (2.18):
M,V +(Cyy + D)V, —M,M ™, [MV, +(C,y + Dy )V, +(Cyp + Dy, )V, |+ (Cy, + Dy )V, =7 (2.20)

= (Mn - M12|VI 7122M21)V1 +((C11 + D11) - M12M 7122(C21 + D21))V1 +((C12 + D12) - Mle 7122(C22 * Dzz))vz =7
Rut gon phuong trinh (2.20) tinh dugc:

Mv, +Cyv, +C,v, =7 (2.21)
Voi:

M = Mll - Mle _122M21

Cl = (Cn + Dll) - Mle _122 (C21 + D21)

C,=(C,+Dy,)~M,M™,,(C,, +D,,)
Vi ma trdn M la ma tran kha nghich xac dinh duong nén tir phuong trinh
(2.21), suy ra:
v, =M (-CyV,-C,v,) +M 'z (2.22)
Thay (2.22) vao phuong trinh (2.19):
V, =M, [ MMz =Cy, —~CV,) +(Cyy + D)V, +(Cpp + D)V, |
SV, =-M ", [Mu;M ™ (-=Cy, —~CV,) +(Cyy + D)V, +(Cpp + D)V, |[-M 7, M, Mz
Thay (2.21) va (2.22) vao h¢ phuong trinh (2.18), suy ra hé phuong trinh

dong luc hoc cia AUV duoc tinh nhu sau:
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B 77i= ‘Jll\_/l
v, =M*(-Cyv,-C,v,) +M 'z
1M, =2V,
v, =-M", [M M7 (=CV, =C,V,) +(Cy; + Dy )V, +(Cyy + Dy, )V, ] -M7,M,M ™z

(2.23)

Véi: le(v):{g 8} va le(v):[g 8}

2.2. Co s& ly thuyét diéu khién Backstepping thich nghi mo
2.2.1. Ky thudt diéu khién Backstepping

Bo diéu khién Backstepping duoc thiét ké theo phuong phap dé quy dé
xdy dung ca luat diéu khién phan hoi va ham diéu khién Lyapunov mét céch c6
hé théng. Ky thuat diéu khién Backstepping phat trién khi chia hé thong phi
tuyén truyén nguoc chat n bac thanh hé con, sau do thiét ké luat diéu khién phan
héi va ham diéu khién Lyapunov timg hé con d6 [55].

Xét mot hé phi tuyén bat ky truyén nguoc chit bao gdom mot dau vao mot

dau ra n bac nhu sau:

Xy = f(%)+9,(%)%,
)

Xn = f, (%, )+ 9, (% )7 (2.24)

y=%

Trong d6 X, =[%, X, %] €R" 1a Véc-to trang thai hé théng,z e R1a
dau vao diéu khién cua hé thng, y € R 1a dau ra cua hé thong, () va g;(.) La
cac ham thong sd phi tuyén ctia hé thoéng véi 1=1,2,....n. V&i diéu kién ham
g,(.)=0.

Pbi tugng ctia bai toan can tim luat diéu khién r dé hé théng 6n dinh, dau
ra hé théng c6 thé bam tin hi¢u dit mong mudn y=x, =X, .

Phuong phap diéu khién Backstepping duoc thuc hién theo cac budc sau:

Bude dau tién: Xét hé con thir nhat

X1 = f,(%)+ 9, (%)% (2.25)
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Dit bién trang thai méi nhu sau:
Z, =X — Xy (2.26)

Dao ham z, theo thoi gian suy ra:

z1= X1~ Xa = F,(% )+ Gy (%) % — Xe (2.27)
Lua chon ham Lyapunov cho hé con thir nhat:

v, :%zf (2.28)

Pao ham V, theo thoi gian nhu sau:

V122121221{]:1()(1)"'91()(1))(2_Xd} (2.29)
Lua chon gia tri bién trang thai la:

L, =X%—0 (2.30)
Trong d6 «,1a tin hidu diéu khién o cho hé con thw nhét, X, =z, + ¢,

Vi = zl[fl(x1)+ 0.(x)(2, +al)_'xd}

Tin hiéu diéu khién ao cua hé con thir nhat dugc tinh nhu sau:

—clzl—( f (xl)—de

o - (2.31)
g,(%)

Trong do:

Vi=-¢z +9,(%)zz (2.32)

V6i toan hang —¢,z” 1am hé 6n dinh va toan hang g, (x,)2,Z, s& dugc loai
bo & bude tiép theo.

Buoc thir 2: Pao ham z,theo t

Z.2:)(.2_022: fz(Xl,X2)+gz(X1,X2)X3—dl (2.33)
Lua chon ham Lyapunop cho h¢ con thir 2:
V.=V, "'%212 (2.34)
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DPao ham cua V, theo thoi gian:
V2=V+12,1, (2.35)

vz =z + gl(xl)zlzz + Zz{fz(xl’xz)"' gz(xl’XZ)X3 _dl} (2.36)

Pit bién trang thai nhu sau:
Z, =X, — 0, (2.37)

Trong d6 a,1a tin hi¢u di€u khién ao cho h¢ con thtr hai, X, =7, + o,

Vo= —Cjz/ + gl(X1)2122 +Zz|: f2(xl’ Xz)"‘ gz(xy Xz)(zs + 0‘2)_ 0‘1} (2.38)
Chon tin hiéu diéu khién 4o ctia hé con thir hai
—CZ, — gl(x1)zz _( f2 (X1’ Xz) _d1]
9, (%, %,)

(2.39)

o, =

V2 :_C1212 _szzz + gz(xvxz)zzzs (2.40)

Trong d6 céc toan hang -z} —c,z2

lam hé on dinh, con toan hang
9, (X, X,)Z,2, s& duoc loai bd ¢ bude tiep theo.

Bueéc iz Xét bién trang thai thir i

Li =% 04 (2.41)

Dao ham theo thoi gian ta co:

Z =X~y = (%) + 9 (%)% —aia (2.42)
Trong d6 X, =[%, X, %] i =12,...,n =L e, la tin hi¢u diéu khién &o
cua hé con thir i -1
Chon ham Lyapunov cta hé con thir i :
V, =V, + % 2’ (2.43)

Dao ham cua V, theo thoi gian:

V=V +22 (2.44)
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V= Yozt o () L) (ke | 4

k=1
Lua chon bién trang thai thu i +1

Trong d6 ¢, 1a tin hi¢u diéu khién 4o cho hé con thir i,x,, =7, +a,

Vi = —iickzkz + gi—l(xi—l)zi—lzi + { fi (Xi ) + 0 (Xi )(Zi+1 T ) _ai.—l} (2.47)

Chon tin hiéu diéu khién 4o cua hé con thur i:

—Gz — gi—l(xi—l) Ziy _( f (Xi )) _ ai.—l (2.48)

Vi ——chzk +0;(% )22 (2.49)

Trong d6 cac toan hang —chzk lam hé 6n dinh, toan hang g, (X)2,Z.
k=1

duoc loai bo ¢ budc tiép theo.
Buoce n: Xét
Zn = Xn — U (250)

Pao ham theo thoi gian bién trang thai thir n:

Z, = Xn— 4 = T, (%) + 9, (X% )U -y (2.51)

r T hY 14 ‘A ’/‘\ ';( 2 2 ~ 4
Trong d6 X, =[X,,%,,.... X, | ., 14 tin hiéu diéu khién 4o cua hé con the n—1

Chon ham Lyapunov cua hé con thu n:
V.=V, + ; z° (2.52)

Dao ham cua V| theo thoi gian:

V.=V _,+1,1, (2.53)
. n-1 .
Vn = _ch Zlf + gnfl(xifl) Znflzn +Zn |: f ( )+ g ( )T an1:| (254)
k=1
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Chon tin hiéu diéu khién ao ctua hé con thur n:

—C.Z,— 0, (Xn)zn—l _( fn(Xn)_dnlj

9n(X,)

(2.55)

V,=->cz; <0 (2.56)

Biéu thtrc (2.55) cho thdy vé&i cach thiét ké bo diéu khién theo ki thuat
backstepping ta s& tim duoc bo diéu 7 lam cho hé phi tuyén truyén ngugc chit
(2.24) én dinh, 2=[2,,2,,...,2,] tién t6i lan can cua khong.

|z] <& voi £>0 batky (2.57)

Nhu vay c6 thé thdy Z, =X, — Xy tién t6i lan can khong hay X, tién t6i lan
can X, , dap ung dugc yéu ciu bam tin hiéu dat.

Biéu thirc (2.24) cho thiy tin hiéu diéu khién 7 chi dugc xac dinh khi cac
ham f,(.) va g;(.) véi i=12,..,n 1a cdc ham thong sb phi tuyén da biét cua hé
théng. Khi cac ham nay 1a bat dinh hay khong biét trudc thi khong xac dinh
dugc tin higu diéu khién t.

Thuat toan diéu khién cudn chiéu Backstepping duwa trén cach thiét ké
ting budc cho bd diéu khién phan hoi thoéa min 6n dinh Lyapunov. Phuong
phap nay st dung phép phan tich dé quy dé xay dung thuat toan diéu khién phan
hoéi dap tng dugc tinh phi tuyén cta d6i tugng. Vi thé sé c¢6 nhiéu cach thiét ké
bo diéu khién Backstepping khac nhau, c6 thé ké dén 1a diéu khién cudn chiéu
bén viing cho hé thdng co nhimng thanh phan nhidu phi tuyén, bd diéu khién
cudn chiéu thich nghi v6i nhitng hé c6 nhiéu loan, hay bd diéu khién cudn chiéu
tich phan cho d6i twong phi tuyén tit dan. S6 budc 1ap lai (backstep) khi tong
hop bd diéu khién chinh bang s6 bac cta hé [33].

2.2.2. Diéu khién dwa trén hé suy dién mo

Mo hinh m¢ Sugeno dugc gidi thi€u trong nghién ctru [56] nam 1985

dugc xem nhu 12 sy cai tién ctia md hinh hé théng md Mamdani. M6 hinh mo

Sugeno c6 cac bién dau vao cua hé suy dién la cac bién ngdn ngir, dau ra la céc
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hang s thuc cta bién ra. M6 hinh Sugeno MISO duoc xdy dung theo cac budc
sau day:
1. Chon céc tip md cho bién ngodn ngit dau vao.
2. Chon céc hang s6 cho bién dau ra.
3. Xay dung hé luat suy dién co ban duoc biéu dién nhu sau:
R:Néu X, la A, va X,la A, va...va X_ 1a A thi y=C, hodc
R,:Néu X, 1a A, va X,1a A, , va...va X, 1a A thi y=C, hoic

R:Néu X, la A, va X,laA va..vaX laA thiy=C

Trén day 1a hé suy dién cho mo hinh md Sugeno véi m bién ngdn ngir
dau vao va mot bién dau ra v6i n luat suy dién co so.

4. Xac dinh gia tri dau ra cuia mo hinh mo Sugeno

Ung v6i véc-to gia tri d X, [57] ta co:

y(%) = 22— (2.58)

V61 w, 1a do théa man cuc dai cua R, do1 voi véc-to gia tri 0 dau vao

X:ﬁ

m
vvizlk_!yAkjk(xk);izl,Z,....,n (2.59)

Phwong phdp suy lugn tuyén tinh trong biéu dién hé mo

Hé suy dién cho mo hinh Sugeno duoc str dung 13 hé suy dién tuyén tinh
[56], hé nay duoc st dung cho cac mo6 hinh m¢ hai dau vao va mot ra. Nguyén
tdc co ban cua hé suy dién nay dugc thuc hién nhu sau:

- Sb cac tap mo cho cac bién ngdn ngit dau vao va s cac hang sb ra duoc
chonlalé: 3,5,7,09.

- Tén céac tdp mo dau vao va cac hang so dau ra ciing gan bang so doi

xung qua khong.
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- Luat suy dién co s¢ duoc chon theo nguyén tic i+ j+k=0, trong d6
i, j 13 tén cic tAp md cua bién ngdn ngit dau vao va kla tén tdp mo cua bién
ngdn ngir dau ra.

Thuc chat phuong phap suy luan tuyén tinh khong 1am thay doi ban chat
suy luan md. N6 chi gitip cho viée biéu dién hé mo duoc tudng minh hon.

Lam rd hon phuong phap thiét ké nay qua vi du sau:

Xét hé mo ¢6 hai bién ngon ngir 1a X,va X,dinh nghia trén tap nén Xy

tap mo ctia mdi bién ngdn ngir duge goi 1a -1, 0, 1 nhu trong hinh 2.1.

-1 0 1 -1 0 1
w Xt M\w
X *12 Xi3 X2 X2 Xa3

Hinh 2.3. Tédp mo ciia hai bién ngon ngir dau vao X, va X,

va X

m2°

Tuong ty nhu vy tén cac hang s dau ra ciing duoc goi tén bang sb: -2, -
1,0, 1, 2 thé hién trong hinh 2.3.
-2 -1 0 1 2

n :
Ll T T

N
Hinh 2.4. Tén cdc hang sé ddu ra

Néu goi tén tap mo ctia bién ngon ngit X, 12 i, tén tip mo cua bién ngon
ngit X, 12 j va tén cac hang s6 dau ra la k thi v6i cach biéu dién tuyén tinh cua
luat suy dién mor:

i+j+k=0 (2.60)

Hé luat suy dién theo phuong phap tuyén tinh duoc thé hién cu thé trong

bang dudi day:
Bang 2.1: Hé luat suy dién theo phwong phap tuyén tinh

_ ! -1 0 1
J

-1 -2

0 0 -1

-1 2 1 0
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Mot 16p cac phuong phép khac ciing duoc str dung nhiéu dé thiét ké diéu
khién cho phuong tién chuyén dong ngﬁm dua trén hé suy dién md. Cac bo diéu
khién st dung hé logic md ¢6 wu diém 1a trong qua trinh thiét ké tan dung duoc
kinh nghiém van hanh cia chuyén gia khong phu thudc nhiéu vao su hiéu biét
chinh xac vé mé hinh d6i twong. Chinh vi thé, b diéu khién md thuong dugc
quan tAm téi dau tién khi thiét ké diéu khién cho mot ddi twong méi.

2.3. biéu khién Backstepping cho AUV 4 DOF thiéu co cau chap hanh
2.3.1. Tong hep bé diéu khién cho AUV béng ky thugt Backstepping

C6 2 xu hudng dé diéu khién hé théng thiéu co cau chap hanh, mot 1a
thiét ké truc tiép cho hé thiéu co cau chap hanh (HSMC duoc trinh bay trong
phan chuong 3). Hai 14 dua vé dang du co cau chap hanh bang cach tach md
hinh déi twgng AUV thanh 2 thanh phan da co cau chap hanh va thiéu co cau
chap hanh. Bo diéu khién dugc thiét ké cho cac trang thai du co cau chap hanh
trudc, sau d6 ap dung tin hiéu diéu khién nay cho hé thong thiéu co cau chap
hanh ban dau. Pay chinh 13 phuong phap thiét ké bo diéu khién Backstepping
cho AUV thiéu co cau chap hanh.

Dé kiém chitng md hinh todn AUV 4 bac tu do hé thiéu co cdu chap hanh
da duoc trinh bay va dé xuat trong phan chuong 2 va 1y thuyét vé bo diéu khién
dugc NCS trinh bay trong phan 2.2.1 vé nghién ctu thiét ké bo diéu khién
Backstepping diéu khién AUV. M6 hinh caa hé thong dugc md ta nhu sau:

Nhiéu moi trwong
Quy dao tham chiéu n

Mo hinh dong hoc
. AUV

»  Backsteping

Tin hi¢u di¢u khién 7

Hinh 2.5. Cdu tric hé thong diéu khién Backstepping cho AUV
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Tin hiéu dau vao g =[x, y,z,z,//]T la véc-to vi tri cua tau theo céac
trucOx,0y,0z va goc didu hudng tau quay quanh truc, guri tin hiéu vé bo diéu
khién Backstepping dé cho ra tin hiéu diéu khién 7. Vé6i bo diéu khién du co
cau chip hanh r=[r,7,,7,7] va bo diéu khién thiéu co céu chip hanh
r=[r,0, rZ,O]T, v=[u,v,w, r]T la véc-to van tdc dai theo céc phuong Ox,0y,0z va
toc do quay xung quanh truc Oz. Tra vé bd diéu khién Backstepping dé so sanh
v6i tin hiéu dat (hinh 2.5). Thuat toén diéu khién Backstepping dugc trinh bay
sau day:

Hé phuong trinh (2.23) dugc viét lai dang téng quat héa nhu sau:

771 = J11V1
v, = ,(X)+0,(X)7, (2.61)
772 = ‘]22V2 |

v, = £,(X)+0,(X)z,

Trong d6 céc thong sb:

X=[m v m v

f(X)=M*(-Cyv,-C,v,)

g (X)=M" (2.62)

£,(X)=-M ", [ MuM *(=Cy, =C,,) +(Cpy + Dy )V, +(Cpp + D )V, |

9,(X)=-M " M, M
Pinh nghia véc to sai s6 giita tin hiéu du ra va tin hiéu dat nhu sau:

& Th—Thg
CEME ke 263)

Coi hé (2.61) 1a hai hé con (2.64), (2.65) véi tin hiéu diéu khién ,,7,cho

tung hé¢, ta co:

=V
. 2.64
{vlz f,(X)+09,(X)7, ( )
M, =3V,
| 2.65
{sz f,(X)+9,(X)r, ( )
Tin hiéu diéu khién chung hé (2.61) duoc chon theo luat sau:
T=art, + fr, (2.66)
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Véi o, B 1a cac hang sé duong.
Hé (2.64), (2.65) 1a cac hé truyén nguoc chit bac 2, theo ki thuat
Backstepping, dé xac dinh tin hiéu diéu khién r,, 7, ta phai tién hanh theo hai budc:
Téng hop diéu khiénz,. Xét hé (2.63)
Buoc 10 Goi sai l¢ch bam vi tri dat 1a e;:
€ =1 —Thg (2.67)
Pao ham e theo thoi gian:
& =1 — 1y = JyV, — 7 (2.68)
Dit e, =v, — &, Vi, 14 tin hiéu diéu khién ao
Thay vao (2.68):
& =7 —7hy = Juu (& + @) 7y (2.69)

bé xac dinh tin hi¢u di€u khién 40 dam biao e —0, ta chon ham

Lyapunov:
V, = %efel (2.70)
Pao ham Vv, theo thoi gian:
Vi=ele =¢ (J,(e,+a)—1y ) =—Cele +ef 8, (2.71)

Dé c6 (2.71) thi tin hiéu diéu khién 4o c6 dang nhu sau:
o =3y (~Ci& +1hg) (2.72)
Véic, 1a hing s6 duong. Dé e, —»0 thi e, >0
Budc 2: Taco
e,=V,—a, (2.73)
Dao hame, theo thoi gian suy ra:
e, =v,—a, = f,(X)+9,(X)r,—, (2.74)
Pé xac dinh tin hiéu diéu khién ™ dam bao & ~ 0 , ta chon ham Lyapunov:
v, :V1+%e;e2 (2.75)
Dao ham V, theo thoi gian tim dugc:
V, =V, +e,6, =—cele +e] Je, +e (f,(X)+09,(X)r,— ;) (2.76)
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Chon tin hiéu diéu khién tir phuong trinh (2.76):
7, =0, (X)(-ce, - Ifie - f,(X) + ) (2.77)
Véic,la hang s6 duong
Thay phuong trinh (2.77) vao (2.76):
V,=-cele —c,ee, <0 (2.78)
Téng hop diéu khién r,. Xét hé (2.65)
Thiét ké theo phuong phap Backstepping tuong ty nhu thiét ké 7, ta duoc
tin hiéu diéu khién cho hé con tht hai:
7, =g;1(X)(—c4e4—J2T2e3— fZ(X)+0'(2) (2.79)
V&i € =0, —1y, € =11y, Q=I5 (—C; +17,4)
C,,C, 1a cac hing s6 duong
Véir,r, tinh theo (2.77), (2.79) thay vao phuong trinh (2.66) tinh duoc:
r=0.0,"(X)(-C8, — I8, — F,(X)+ )+ 8.9, (X) (—Cie, — Ipe, — T,(X)+a,)  (2.80)
2.3.2. Phan tich md hinh mé phéng diéu khién Backstepping cho AUV 4 DOF
So d6 khdi mé phong hé thdng diéu khién Backstepping cho ddi tuong
AUV hé thiéu co cau chap hanh bao gom khdi tin hiéu dau vao (khéi a;, ay),
khéi diéu khién Backstepping va mé hinh déi tugng diéu khién AUV, khéi lay
tin hiéu dau ra (Scop) nhu hinh 2.6.

Sine wave
=
- nl 0 A nl L
. S 7, Dai g — > |Scop|
L& tuong -
= m 3 _ didu -
] - p— s 2 . A
oI & % B ’_' khién
t = ;
d _alphal " N AUV
—71, &, d _alpha? Disturbance U
Derivative

Hinh 2.6. So @6 mé phdng diéu khién backstepping cho AUV 4 DOF

trén Matlab simulink
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Pé kiém chimg chat luong cua bd diéu khién Backstepping ap dung cho
AUV, mo6 phong dugce thuc hién véi b tham sb sau:

Bang 2.2: Tham s6 mé hinh thiét bi AUV [17]

Tham s Gia tri Tham s6 Gia tri Tham s Gia tri
m 18.5kg Y, —1.03kg.m/rad/s N, —12.32 kg.m2/rad/s
Xq 0.15m Y, —0.85 kg N, 0.32 kg.m2/rad
Y, 0.15m y'vM —0.62 kg/m l 1.57 kg.m2
e Om Z, 4.57 kgls N, 0.5 x 1072 kg/m
Xy 6.83x10°kgls |  Z, 0.32 kg Nijq 0.5x10°
Xl —0.58 kg/m Z, 0 Lot 1.15 x 10~°kg/m
Y, 0.08 kgls X, —1.13 x 107° kg
Bing 2.3: Tham sb b dic¢u khién Backstepping
Tham s6 Gia tri Tham s6 Gia tri
k 100 C1 ¢, =diag{0.15 0.12}
o 5 C2 ¢, =diag {90 90}
Ky 0.05 Ca ¢, =diag{0.2 0.2}
Kk, 5 Cs c,=diag{0.1 0.1}
Vi 500 Ty Constant
25 Mg Constant

Truong hop 1: Thiét bi AUV lin xubng d6 sau -10 (m) tinh tir mit nude
va dong thoi di chuyén dén vi tri mong mudn voi cac gia tri dat nhu sau:

e =[11 5] Va n,, =[-10 03]

6
_ 5 - - - -
€ —
e Es4
S g
: £
Q o
X £z
Al
0 20 40 60 80 1b0 00 20 4‘0 60 86 160
Time (seconds) Time (seconds)
(a) Vi tri theo phuong Ox (b) Vi tri theo phuong Oy
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z-position (m)

w-navigation angle (rad)
o
o

o

0 20 40 60 80 100 20 40 60 80 1b0

0
Time (seconds) Time (seconds)
(c) Vi tri theo phuong 0z (d) Géc diéu hwéng ciia AUV

Hinh 2.7. Vi tri, d6 sdu va géc diéu hudng trwong hop 1 Backstepping

Phén tich két qua mo phong trudng hop 1 bo diéu khién Backstepping véi
toa d0 xudt phat cia AUV 1a (0, 0, 0) va toa do dén 1a (11, 5, -10), goc diéu
hudng 1a 0.3 nhu hinh 2.6.

- Thoi gian xac lap nhanh véi cac vi tri theo phuong 0x, Oy ,0z va goc
diéu hudng tuong tng voi truong hop 1 1a: 25s, 30s, 18s, 22s

- Do qua diéu chinh trong két qua md phong cac trang thai chuyén dong
cua thiét bi AUV khi st dung bo diéu khién rat nho do toa do dit 1a diém
diém va chua c6 nhiéu tac dong vao hé thong. Bé cd két qua md phong khéach
quan hon NCS xay dung kich ban mo phong trong trudong hop 2 ¢6 nhiéu diéu
hoa tac dong.

Truong hop 2: Thiét bi AUV lan xudng do sau -8 (m) tinh tir mit nudc va
déng thoi di chuyén dén vi tri mong mudn voi céac gia tri dat nhu sau:
e =[8 3]'VA 1, =[-8 0] . Tuy nhién thiét bi chju tac dong nhiu diéu hoa vao
tin hiéu diéu khién co6 dang:

A =[20sin(0.01t) 10c0s(0.01t)[

-
o
1

3.5

3— -— . -
. e E——
E E25
§° 5 :
= B15
g 4 2
% 51
2 05|
0 s \ s ‘ ] 0 . w s J
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
(a) Vi tri theo phuong Ox (b) Vi tri theo phuong Oy
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z-position (m)

y-navigation angle (rad)

0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)

(c) Vi tri theo phuwong 0z (d) Géc diéu hwéng ciia AUV
30 T T T T

Disturbance

’ * Ti‘::~e (seconedos) % h
(e)‘ Nhiéu tac d‘.o”ng~
Hinh 2.8. Vi tri, do6 sdu, géc dieu huong va nhiéu truong hop 2 Backstepping

Hinh 2.8 cho thiy bo diéu khién Backstepping cho chat luong tot ngay ca
khi ¢6 nhiéu diéu khién tac dong 1én AUV. Cu thé, v6i qui dao dit 1a hang sd va
ham diéu hoa theo thoi gian thi bo diéu khién déu dap tng tot va it rung lic, thoi
gian xac 1ap nho. Tuy nhién, goc diéu hudng trong Hinh 2.8.d c6 sai léch tinh
hoi 16n nhung c6 thé chdp nhan dugc do van nam trong pham vi xac 1ap cho
phép. Qua diéu chinh nho va co thé coi nhu bang khong do nho hon 10-5. Bén
canh d6 bo diéu khién Backstepping cho chét luong dap tmg vi tri va do sau cia
thiét bi AUV tét trong ca hai truong hop 13 1an sdu 8m va lin sau 10m véi thoi
gian xac 1ap trong khoang 20s ngay ca khi ¢ nhiéu tac dong trong truomg hop 2.

Tuy nhién goc diéu hudng trong trudng hop 2.8d c¢d dao dong nhod va
khong bam gia tri dat so voi truong hop khong c6 nhiéu & trudng hop 2.7d vi két
qua md phong goc diéu hudng da duoc cong thém phan nhidu trong dao dong
bam quy dao dat. Pé kiém ching thém chat luong bd diéu khién NCS mé phong
thém truong hop 3 véi kich ban mé phong nhu sau:

Truong hop 3: Thiét bi AUV 1an xubng do sau -4 (m) tinh tir mit nudc va
dap ung quy dao diéu hoa theo thoi gian v&i cac gia tri dit nhu sau:
1y =[5sin(0.1t) 4cos(0.1t)]T Va 1,y =[-4 O]T .Thiét bi ciing chiu tac dong nhiéu
diéu hoa vao tin hiéu diéu khién c6 dang: A = [20sin(0.01t) 10 cos(O.Olt)]T
70



Trén phan mém Matlap khai bao thong sé ham m-file céc thong sé gia tri
dit toa do xuét phat (tinh tr mat nudc tao dd x, y, z = 0, 0, 0) va bam quy dao
diéu hoa nhu sau:
nld = [5*sin(0.1*t) 4*cos(0.1*t)]"';
n2d = [-4 0]"';
nld dot = [5*%0.1*cos(0.1*t) -4*0.1*sin(0.1*t)]";
n2d dot = [0 0]';

Pap tmg quy dao trong truong hop 3 diéu khién Backstepping theo vi tri
truc x, y, z nhu hinh 2.8a, b, c.

Time Series Plot:
T T T

—output

| | | | | | | | _ Set- pOint
-6 [
0 10 20 30 40 50 60 70 80 90 100
Time (seconds)
Hinh 2.9a. Vi tri theo truc x truong hop 3 Backsteping
5 Time Series Plot:
T T T T
— Output
4 ——Set - Point
2
E 0
>
-2
-4
_6 | | 1 | | 1 | | 1
0 10 20 30 40 50 60 70 80 90 100

Time (seconds)

Hinh 2.9b. Vi tri theo truc y truong hop 3 Backstepping

Time Series Plot:

Oy T T T T
\ — Output
—Set - Point
-1 _
—_ -2 [~ n
E
N a3k i
-4
5l | | | | | | I I |
0 10 20 30 40 50 60 70 80 90 100

Time (seconds)

Hinh 2.9¢.Vj tri theo truc z truong hop 3 Backstepping
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Bo diéu khién Backstepping dam bao hé théng 6n dinh bam vi tri theo
phuong ox,0y,0z; giam thiéu bién do goc diéu hudng va sai léch tién vé 0.
Trong cac trudng hop gia tri dit khac nhau va ¢ nhiu ngoai tac dong, bo didu
khién Backstepping déu cho chét luong diéu khién kha tét. Két qua md phong da
khang dinh dugc nhimg vu diém cua b didu khién duoc dé xuat. Tuy nhién khi
str dung bo diéu khién Backstepping thi cac thong sd ciia bd diéu khién nhét 1a
hé sé «,p phu thudc rat nhiéu vao kinh nghiém cta nguoi 1am diéu khién lwa
chon théng sd ctia mé hinh (nhu trong mdé phong nay lya chon «=0.65,
B =0.05). Dé khong phai lwa chon ¢6 dinh ava g luan 4n dé xuit mot phuong
phép diéu chinh «Vva g dua trén hé mo dé so sanh chat luong bam quy dao véi
phuong phap diéu khién Backstepping thong thuong.

2.4. Phin tich md hinh mé phéng b diéu khién Backstepping thich nghi mo (AFB)
2.4.1. Téng hop bé diéu khién cho AUV bang ky thugt Backstepping thich

nghi mo

FLC

Disturbance

n
——b

7,
BA(:K&%KPING > AUV %
. Control signal 7
K \

Hinh 2.10. M6 hinh hé thong diéu khién Backsepping thich nghi mo

Tin hiéu dau vao 7, =[x y,z,w] 1a véc-to vi tri cia AUV theo cac
truc Ox,0y,0z va goc diéu hudng, giri tin hiéu vé bd diéu khién Backstepping va
b6 diéu khién md dé cho ra tin hiéu diéu khién 7, v=[u,v,w,r]' 1a véc-to van
tdc dai theo cac phuong Ox,0y,0z va tde d6 quay xung quanh truc Oz. Tra vé b

diéu khién Backstepping dé so sanh véi tin hiéu dit.
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FLC: Bo diéu khién mo; Disturbance: Nhiéu
Tin hiéu diéu khién 7 tinh theo 7, r,phu thudc vao tham sb cua bo diéu
khién theo phuong trinh (2.80):
r=a.9,"(X)(-C,8, — Ifi — F,(X) + )+ B.9,"(X) (—cu8, — I8, — F,(X) + )

Khi chon «,f 13 ¢b dinh thi trong hé thong ton tai hién tuong rung lic
nhiéu. Nham giam bot hién tuong rung lac, luan an dé xuat mot phuong phap
diéu chinh «va B dua trén hé mo. Hé md duoc thiét ké nham thay dbi dya trén
viéc chinh dinh hai tham s ava B. Thuc chit chi can thay d6i mot trong hai
tham sd ciing thay doi duoc mat trugt nén coi « €6 rang budc tuyén tinh voi S

B =kKa

Do thiét ké hé mo chu yéu 1a dya trén kinh nghiém cta nguoi diéu khién
nén tuong tng véi mot gia tr1 « > 0 lai thu dugc mot hé mo thich hop voi luat
chinh dinh. Pau vao cta hé logic mo lalae; , e, vadaurala «.

MJi bién ngon ngit ddu vao gom 3 tdp mo hinh tam giac voi tén cla cac
tap mo dugc s hoa 1an luot 1a [-1 0 1] voi d6 rong ctia ham tam giac 1a [-10 0
10], c6 ham lién thudc cac bién ngdn ngit dau vao dugc biéu dién 6 hinh 2.10 va
khai bao nhu hinh 2.11. Cac bién dau ra 12 hang s6 c6 tén dugc s6 hoa la [ -2 -1

0 1 2], twong Gng voi cac gia tri [c1C2C3C4C5 | =[3 2.5 2 2.5 3]. Vi luat suy

dién nhu bang 2.4
4] Membership Function Editor: alpha2 - o X
- ]_ 0 1 File Edit View
5 . ot aeint
FIS Variables Membership function plots """ 131
M 0 1
XY
ex_ apha
XX
dex
input variable "ex"
Current Variable Current Membership Function (click on MF to select)
Name ex Name -1
10 0 10 - o
)
Params
[H0-100]
Range [1010)
Display Range [0 10] ‘ Help Close ‘
Selected variable "ex" ‘

Hinh 2.11. Tdp mo cuia cdc bién ngdn ngir dau vao
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Bang 2.4: Hé suy dién cho bd diéu khién Backstepping thich nghi mo

Luat suy dién ldy tir bang 2.4 dugc viét va khai bao trén phan mém
Matlab nhu sau:
R1: Néu e= -2’ e = Othi =1 0 Rule Editor:test o«

File Edit View Options

r < 1. If (ex is -1) and (exdot is -1) then (ux is -2} (1) P
. A — R — 2. If (ex is -1) and (exdot is 0) then (ux is -1) (1)

R2. Neu e = '1, e — O thl a = 0 3. If (ex is -1) and (exdot is 1) then (ux is 0) (1)
1 l 4. If (ex is 0) and (exdot is -1) then (ux is -1) (1)

5. If (ex is 0) and (exdot is ) then (ux is 0) (1)

, 6. If (ex is 0) and (exdot is 1) then (ux is 1) (1)

R3 A — 0 o 1 h\ 7. If (ex is 1) and (exdot is -1) then (ux is 0) (1)
. e - - _ et
. Neu el ) el t | o= 1 8.1f (exis 1) and (exdotis O) then (uxis 1)

9. If (ex is 1) and (exdot is 1) then (ux is 2) (1)

I and Then
exis ‘exdot is ux is
1 ~ -1 -2
0 0 H
0
none none 1
2

RO: Néu e=1, e =0thi =1 R o

Connection Weight:
Oer
®and 1 Delete rule Add rule Change rule | «| »

|nsm:m H Hep | Coss ‘|

2.4.2. Md hinh mé phéng hé diéu khién Backstepping thich nghi mo

i (D
Infegrator o
T
‘—- "
! »()
ot of ]
e -
‘—. Integratart
| it
()
G
phe ) Jil o)
O u ] )
) ‘ | | ™ Integrotor?
D WATLAB Fancton
detubance ToVospece
Lo
i
Integratord @
Fuzzy Logic
Confroler

Hinh 2.12. So' d6 khéi Plant mé phong diéu khién backsteping Fuzzy cho AUV 4
DOF trén Matlab simulink
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Pé kiém chimg chat luong cua bo diéu khién Backsepping thich nghi m&
(AFB), mo phong da thuc hién cho ddi twong thiét bi lan tu hanh AUV véi cac
bo tham sb sau:

Tham s6 mé hinh thiét bi AUV [17] nhu bang 2.2

Bang 2.5: Tham s6 b diéu khién AFB

Tham s6 Gia tri Tham s Gia tri
k 100 C1 ¢, =diag{0.15 0.12}
5 5 C2 c, =diag {90 90}
Kk, 0.05 Cs c,=diag{0.2 0.2}
K, 5 Ca ¢, =diag{0.1 0.1}
e Constant [cicacacacs] [3252253]
g Constant

Dudi day 1a kich ban mo phong véi hai truong hop c¢6 nhiéu va khong cé
nhiéu cu thé nhu sau:

Truong hop 1: Phuong tién chuyén dong ngdm tu hanh AUV lin xudng
d6 sau -10 (m) tir mit nudc va dong thoi di chuyén dén vi tri mong mubn véi

cac gia tri dat nhu sau: 5, =[11 5] va n,, =[-10 03]

6
Hpm == == =
3 Eq
g c
2 23
(7] [
0 )
¢ Q2
X >
1 L
1 1 L 0 L Il L
40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
(@) Vi tri theo phuong 0x (b) Vi tri theo phuong Oy
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Time (seconds) Time (seconds)

o

(¢) Vi tri theo phuong 0z (d) Goc diéu hudng ctia AUV
Hinh 2.13. Vi tri, @6 sdu va goc diéu hwéng trong truong hop 1 AFB
Truong hop 2: Thiét bi AUV lin xubng do sau -4 (m) tinh tir mit nudc va
dap ung quy dao diéu hoa theo thoi gian véi cac gia tri dat nhu sau:
7y =[3sin(0.01t) 5cos(0.01t)] VA 7,, =[-4 0] .Thiét bi ciing chiu tic dong nhiéu
diéu hoa vao tin hiéu diéu khién c6 dang :
A =[20sin(0.01t) 10cos(0.01t)]'

4

=== ouput == output
= get-point == set-point
3 1 2
£ £
c
c
0
!.9- ] 0
[ 7]
g g
oy 2
x >t

Il 1 1 _4 Il |
0 50 100 150 200 0 50 100 150 200

Time (seconds) Time (seconds)

(a) Vi tri theo phuong Ox (b) Vi tri theo phuong Oy

0 08
)
®©
1 < 06
E 3
c -2 S04
: :
(7] —
3 S 02
8 :
N S
4 - g 0 -— -— -— - - -
>
-5 ‘ : : -0.2 ‘ ‘ ‘
0 50 100 150 200 0 50 100 150 200
Time (seconds) Time (seconds)
(c) Vi tri theo phuwong 0z (d) Goc diéu huong cua AUV
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(e) Nhiéu tic dong
Hinh 2.14. Vi tri, @ sdu, géc diéu hwdng va nhiéu truong hop 2 AFB

Két qua md phong hinh 2.12, 2.13 cho thay bo diéu khién Adaptive Fuzzy
Backstepping (AFB) cho chat lugng tdt ca khi c6 nhiéu diéu khién tac dong Ién
thiét bi AUV. Cu thé, véi quy dao dit 12 hang s6 va ham diéu hoa theo thoi gian
thi thiét bi déu dap ung tét va it rung lac, thoi gian xac 1ap nho véi céc vi tri theo
phuong 0x, Oy ,0z va goc diéu hudng tuong (ng vai truong hop 1, 2 1an luot I
18s, 20s, nho hon so véi truong hop bo diéu khién Backstepping. Goc diéu
huéng trong hinh 2.12.d va 2.13.d c6 sai léch tinh va qua diéu chinh nho gan
nhu bang khong. Bén canh d6 bo diéu khién Backstepping cho chat luong dap
ng Vi tri va do sau cua thiét bi AUV tét hon.

Nhu vay bo diéu khién Adaptive Fuzzy Backstepping (AFB) dam bao hé
théng 6n dinh bam vi tri theo phuwong Ox,Oy,0z ; giam thiéu bién d6 goc diéu
huéng va sai léch tién vé 0. Pé so sanh chat luong diéu khién cua Backstepping
v6i Backstepping Fuzzy NCS tién hanh mo phong cac duong dic tinh dap tng
theo cac truc trén cung mot dd thi nhu sau.

2.5. So sanh két qua mé phéng b diéu khién Backstepping véi Backstepping
thich nghi mo (AFB)

Khai bao ham m-file trén Matlap céc thong s6 so sanh hai bo diéu khién
v6i 3 bo thong sd dé 1dy duong dic tinh (blue, red, black) trén cing mot dd
thi va 5 hinh vé& (figure 1 — figure 5) gém cac dap Gng theo truc x cia AUV
(hinh 2.16a), dap tng theo truc y (hinh 2.16b), dap ung goc diéu hudng (hinh
2.16¢), dap tng theo truc z (hinh 2.14d) va dap ung theo quy dao x, y (hinh
2.16e) nhu sau:
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Khai b&o céc thong s6 dé 1ay duong dic tinh cho d6 thi hinh 1 cua truc y
v6i tham s6 dit 1iéu 13 a. timer theo thoi gian va a.data
close all;
figure (1),
plot(b.time,b.Data(:,1), 'blue', "linewidth',3.0); hold on;
plot (b.time,y.Data, 'red', "linewidth',3.0);
plot(b.time,b.Data(:,2), '"black--","linewidth',3.0);
legend('y - Backstepping','y - Fuzzy Backstepping', 'y -
Reference');
grid on; xlabel ('time [secs]');

Khai bao cac thong sé dé 1y duong dic tinh cho d thi hinh 2 cia tryc x
v6i tham so dit lidu 13 a. timer theo thoi gian va a.data
figure (2),
plot(a.time,a.Data(:,1), 'blue', "linewidth',3.0); hold on;
plot(a.time,x.Data, 'red', "linewidth',3.0);
plot(a.time,a.Data(:,2), 'black--","linewidth',3.0);
legend ('x - Backstepping', 'x - Fuzzy Backstepping', 'x -
Reference');
grid on; xlabel ('time [secs]');

Khai bao cac thong sé dé lay duong dic tinh cho do thi hinh 3 cua truc z
v6i tham so dit liéu 1a c. timer theo thoi gian va c.data
figure (3),
plot(c.time,c.Data(:,1), 'blue', "linewidth',3.0); hold on;
plot(c.time, z.Data, 'red', "linewidth',3.0);
plot(c.time,c.Data(:,2), 'black-=-","linewidth',3.0);
legend('z - Backstepping','z - Fuzzy Backstepping', 'z -
Reference');
grid on; xlabel('time [secs]');

Khai bao céac thong so dé lay duong dic tinh cho do thi hinh 4 cuia goc
theta v6i tham sé dit 1iéu 12 d. timer theo thoi gian va d.data
figure (4),
plot(d.time,d.Data(:,1), 'blue', "linewidth',3.0); hold on;
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plot (d.time, theta.Data, 'red', 'linewidth',3.0);
plot(d.time,d.Data(:,2), 'black--","linewidth',3.0);
legend('\theta - Backstepping', '\theta - Fuzzy
Backstepping', '\theta - Reference');
grid on; xlabel ('time [secs]');

Khai bao cac théng sd dé 1ay duong dic tinh cho do thi hinh 5 theo x, y
trong khong gian 2 chiéu.
figure (5), plot(x.Data,y.Data, 'red','linewidth',3.0); hold
on;
plot (a.Data(:,1),b.Data(:,1), 'blue', "linewidth',3.0);
plot (a.Data(:,2),b.Data(:,2), 'black--"', '"linewidth',3.0);
xlabel ('x [m]"); ylabel('y [m]");
legend ('Fuzzy Backstepping', 'Backstepping', 'Desired
Trajectory');

Kich ban mo6 phong trén cung 1 dd thi 3 duong dac tinh véi do rong bién do
cung bf?lng 3 mét theo truc x, 2 mét theo truc y nhu sau:

Truong hop 1: Thiét bi AUV lan xubng do sau -10 (m) tinh tir mit nude
va dap ung quy dao diéu hoa theo thdi gian voi cac gid tri dat nhu sau:

7y =[3sin(0.01t) 2c0s(0.01t)] VA 7,, =[-10 0] .Thiét bj ciing chiju tac dong nhiéu

diéu hoa vo tin hi¢u diéu khién c6 dang: A =[20sin(0.01t) 10cos(0.01t)]'

—X - Backstepping
—X - Fuzzy Backsteppingp
= =x - Reference (

4 | | \ \ | | \ \ !
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh 2.15a. Pdp iing theo truc x ciia AUV véi 2 bé diéu khién BCS va AFB
truong hop 1
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—vy - Backstepping
—y - Fuzzy Backstepping ||
= =y - Reference

3 \ \ \ \ \ \ \ \ \
0 20 40 60 80 100 120 140 160 180 200

time [secs]
Hinh 2.15b. Pdp itng theo truc y ciia AUV véi 2 bé diéu khién BCS va AFB
truong hop 1

1.2

I I
—@ - Backstepping
1F ——0 - Fuzzy Backstepping
= =0 - Reference
0.8} n

T

0.4F ,

"0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh 2.15¢. Pdp ing goc diéu hudng ciia AUV véi 2 bé diéu khién BCS va AFB
truong hop 1

O I I
——z - Backstepping
-2 ——2z - Fuzzy Backstepping| |
= =z - Reference
-4 i
6 i
8 |
A0 = = =
_12 | | | | | | | | |
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh 2.15d. Dap ung theo truc z cia AUV vdi 2 b diéu khién BCS va AFB
truong hop 1
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3r I -

——Fuzzy Backstepping
L ——Backstepping Ll
2
—— =Desired Trajectory
1 - —
E ot 1
>
1+ i
2+ i
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-4 -3 -2 -1 0 1 2 3 4
x [m]

Hinh 2.15e. Quy dao theo truc x, y ciia AUV véi 2 b diéu khién BCS va AFB
truong hop 1

Nhan xét: Hinh 2.16 a, b, ¢, d, e mé phong dap tmg cia AUV trong
truong hop 1 theo céac truc vi tri, do sau va goc diéu huéng. M6 phong cac dap
g trén cung mot d6 thi s& nhin thdy ngay nhiing dap tng t6t hon cta bo diéu
khién Backstepping Fuzzy so véi Backstepping thong thuong, nhu trong do thi
hinh 2.16a,b thi quy dao theo truc x, y cta Backstepping Fuzzy gan véi tin hiéu
dit hon so voi dap ung quy dao x, y ctia Backstepping, 46 quéa diéu chinh ciing
nho hon. Hinh 2.16e c6 thé thay ngay quy dao diéu khién ctia Backstepping
Fuzzy bam quy dao dat tot hon rat nhiéu so vdi bo diéu khién Backstepping.

B diéu khién Backstepping AUV bam vj tri dit sau khoang 18 gidy va do
qua diéu chinh tdi da rat nho theo phuong x va theo phuong y. Do d6, bo diéu
khién Backstepping Fuzzy dap tng bam quy dao tot hon khi c6 anh hudng cua
nhidu ngoai. Két qua mo phong so sanh chat luong gitta Backstepping va
Backstepping Fuzzy khang dinh chat luong diéu khién bam quy dao trong
truong hop st dung Backstepping Fuzzy di tot hon rat nhiéu so véi bo diéu
khién Backstepping thong thuong. Luan 4an tiép tuc thir nghiém so sanh trong
truong hop 2 voi cac thong s6 nhu sau:

Truong hop 2: Thiét bi AUV 1an xubng do sau -8 (m) tinh tir mit nudc va
dap tmg quy dao diéu hoa theo thoi gian voi cac gia tri dat nhu sau:

Ty =[65in(0.01t) 2c0s(0.01t)]' VA 7,, =[-8 0] .Thiét bj cling chiu tac dong nhiéu

diéu hoa vao tin hi¢u diéu khién c6 dang: A=[20sin(0.01t) 10cos(0.01t)]
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Hinh 2.16a. Pdp iing theo truc x ciia AUV véi 2 bg diéu khién BCS va AFB
truong hop 2
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Hinh 2.16b. Pdp itng theo truc y ciia AUV véi 2 b diéu khién BCS va AFB

truong hop 2
0 T I I
——z - Backstepping
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Hinh 2.16¢. Pdp iing theo truc z ciia AUV véi 2 b diéu khién BCS va AFB
truong hop 2
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—Fuzzy Backstepping| |
—Backstepping
= =Desired Trajectory

x[m]

Hinh 2.16d. Quy dao theo truc x, y ciia AUV véi 2 bé diéu khién BCS va AFB
truong hop 2

B diéu khién BCS va bo diéu khién AFB ma luén an dé xuit déu mang
lai chat lugng tot ngay ca khi c6 nhiéu ngoai tic dong vao AUV. Tuy nhién
chat luong diéu khién khi st dung bo diéu khién AFB duoc cai thién tt hon
rat nhiéu thong qua dd thi so sanh sai so cua 2 bo diéu khién so véi tin hiéu

dat nhu sau:

1.2

T I L |
——ex - FUZZY BACKSTEPPING
1 ——ex - BACKSTEPPING H

0.8 T

0.6 7

0.4

0.2

0

-0.2

0.4 | ! ! | | | ! | |
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh 2.17a. Sai s6 so vdi tin hiéu dat truc x ciia 2 bé diéu khién BCS va AFB
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Hinh 2.17b. Sai sé so véi tin hiéu dat truc y cua 2 bo diéu khién BCS va AFB

2 T I I I
—ez - FUZZY BACKSTEPPING
——ez - BACKSTEPPING
0 [ e
2+ .
N
v 4 -
-6 —
-8 —
-10 | | 1 1 I | L | |
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Hinh 2.17¢. Sai sé so védi tin hiéu ddt truc z cia 2 b diéu khién BCS va AFB

0.2
1. E-MEAN-AFB
-2. E- MEAN-BCS
0.15 b
0.1 T
0.05 - T
0

1 2

Hinh 2.17d. Sai s trung binh voi tin hiéu dat cua 2 bo diéu khién BCS va AFB
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y [m] x[m]

Hinh 2.17e. Sai s6 trong khéng gian 3D ciia 2 b diéu khién BCS va AFB

2+ o ——E-ANHSMC]
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\ [ . —
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/ AN
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> | //
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Hinh 2.17f. Sai sé trong khéng gian 2D cia 2 bé diéu khién BCS va AFB

Céac db thi khang dinh vu diém cta bo diéu khién AFB, véi sai s theo
truc x nho hon khoang 0,2 so voi 0,1 (hinh 2.17a), sai s6 trung binh BCS gap doi
so v6i AFB (hinh 2.17d) diém tiém cén bao xung quanh goc toa do cua BCS
cling gip doi so v6i AFB (hinh 2.17f). Nhu vy trong truong hop md hinh kho
xac dinh va muén c6 bd diéu khién cai dit don gian thi nén dung AFB. Nhung
dé thiét ké duoc AFB thi doi hoi nguoi sir dung phai du tu rat nhiéu thoi gian
dé tu thu thap kinh nghiém lyga chon ra thong s6 bo diéu khién phu hop. Trong
truong hop khong mudn dau tu thoi gian vao thiét ké thi ngudi st dung nén
chon BCS. Dé so sanh chét luong diéu khién caa AFB véi cac bd diéu khién

khac phti hop voi phuong phap diéu khién thiéu co ciu chap hanh NCS tiép tuc

85



nghién ctru cac bo diéu khién khac dé nang cao chét lugng diéu khién bam quy
dao cua AUV.

Két luan chwong 2: Trong chuong nay NCS nghién ctru 1y thuyét co so
bo diéu khién, xay dung dugc thudt toan diéu khién Backstepping va
Backstepping thich nghi md (AFB) cho mé hinh tau AUV 4 béc ty do, bo diéu
khién chinh 14 1 cong trinh két hop k¥ thuat diéu khién hién dai v6i diéu khién
thong minh tao thanh mét h¢ théng kin nham nang cao chét luong diéu khién
cho AUV c¢6 thanh phan bat dinh dang ham s.

Thong qua két qua md phong c6 thé khing dinh bo didu khién
Backstepping va Backstepping thich nghi m¢ phu hop dé diéu khién cho dbi
twong AUV thiéu co ciu chap hanh dam bao hé thong bam quy dao theo phuong
Ox,0y, Oz ; giam thiéu bién d6 goc diéu hudng va sai léch tién vé 0. Tuy nhién
néu & méi truong dai duong, cac thong sd cia ma tran €(v), D(v) Ndy rat kho co
thé duoc xac dinh. Hon nira tir biéu thirc (2.80) c6 thé thay luat dicéu khién 1a
biéu thirc phirc tap gdm nhiéu toan hang. Do trong k¥ thuat backstepping, lut
diéu khién cua hé sau phu thudc vao dao ham cua luat diéu khién hé con phia
trudc gay ra hién tugng bung nd toan hang trong k¥ thuat Backstepping nhat 1a
khi hé thdng c6 nhiéu béc.

Pé khic phuc nhiing khé khan trong viéc xac dinh cac thong s6 bat dinh
ham cua C(v),D(Vv) cling nhu céc nhiu tac dong tir moi trudng dai duong.
Trong phan tiép theo nghién ctiru NCS s& két hop cac bo diéu khién phi tuyén
khac dé tdi wu hon nira thuét toan diéu khién nhdm nang cao chat luong diéu
khién bam quy dao cho AUV thiéu co ciu chip hanh d3 xay dung. Pem lai cho
hé théng ciu hinh diéu khién vira thich nghi véi quy dao mong muén vira bén

viing véi nhiéu dén tir dai duong. DAy chinh 1a muc tiéu hudéng ti cia lusn an.
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Chuong 3.
PIEU KHIEN TRUQT TANG THICH NGHI NO RON NANG CAO
CHAT LUQNG PIEU KHIEN CHO AUV THIEU CO CAU CHAP HANH

Backstepping 14 phuong phap diéu khién phi tuyén chuyén doi trang thai
bang cach thiét 1ap cac ham Backstepping, tao ra céc tin hiéu diéu khién dé dat
dugc cac yéu cau vé chat luong. Bo diéu khién Backstepping cho phép diéu
chinh va tinh chinh cac ham Backstepping dua trén yéu cau cu thé cua hé thong.
Tuy nhién hién tuong truot trong qua trinh diéu khién c6 thé xay ra 1am cho hé
théng mét 6n dinh hodc khong dat dugc chét lugng diéu khién mong mubn. Mot
s6 nguyén nhan cé thé ké dén nhu sau, thir nhat khi ap dung diéu khién
Backstepping, mot ham Lyapunov dugc sir dung dé dam bao su 6n dinh ciia hé
théng. Tuy nhién, trong mot s6 truong hop, giéi han ctia hé thong co thé gay ra
su khong lién tuc hodc khong du lién tuc trong ham Lyapunov, dan dén hién
tugng truot. Thir hai trong thuc té, hé théng diéu khién thuong bi anh hudng boi
sai s6 va nhiéu tir cam bién, dong co, moi trudong va cac yéu t6 khéc ....1am bién
d6i dang ké cac thong sb ctia hé théng va gy ra hién tuong trugt trong qua trinh
diéu khién. Thir ba viéc lya chon khong t6i wu hodc khong chinh xac cc thdng
s6 va tham s6 cua bd diéu khién ciling c6 thé gop phan vao hién tuong nay [33].

Piéu khién md (fuzzy control) va diéu khién Backstepping 13 hai phuong
phap diéu khién khac nhau va c6 wu diém riéng. Tuy nhién, két hop ca hai
phuong phép trong diéu khién mo Backstepping c6 thé mang lai chét lugng diéu
khién cho AUV tét hon. Piéu khién Backstepping c6 kha ning 6n dinh hé thong
phi tuyén, trong khi diéu khién mo giup giam thiéu hién tuong trugt va nhiéu
trong qua trinh diéu khién. Két hop ca hai phuong phép c6 thé tao ra mot hé
théng diéu khién 6n dinh va chinh xac hon.

Piéu khién mo Backstepping tmg dung cho d6i tugng AUV 4 DOF thiéu
co cau chip hanh c6 nhiéu vu diém, nhung dé dat dugc chat luong diéu khién t6i
ru can c6 mot tap dir liéu huin luyén day du yéu cau cac thong sb cua bo diéu
khién duoc cai dit chinh xac. Cac phuong phap diéu khién va nang cao chét

luong 1udn 1a nhing thach thirc ddi véi cac hé théng phi tuyét bat dinh kiéu ham
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s6. Do d6 céach tiép can HSMC da thu hut cac nha nghién ciru trong nhiéu tng
dung thuc té& nhu hé théng co di¢n, cac may tu dong, robot. Tinh uu viét cua bo
diéu khién HSMC 1a 6n dinh mac du hé thong c6 nhidu méi trudng va cac tham
s6 bién ddi, trong d6 nhiéu ung dung thuc té di thanh cong nho bo diéu khién
HSMC [31]. Su két hop giita bo diéu khién HSMC véi k¥ thuat diéu khién khac
cling cho thiy két qua t6t hon trong ca nghién ctru ly thuyét va nghién ctru thuc
nghiém [32], [33]. Phuong phap thiét ké bo diéu khién HSMC bao gdm cic
budc: Thiét ké mot bé mat trugt 6n dinh dé diéu khién hé théng véi hidu suat
mong mudn va thiét ké lut diéu khién dé dua quy dao hé thong vé quy dao mit
trugt di chon trong thdi gian xac dinh va duy tri chuyén dong truot d6 [34]. Khi
thiét k& bé mit trugt can giai quyét tit ca cac han ché vé cac thong sd ki thuat; vi
thé bo diéu khién can duoc thiét ké t6i wu dap tmg tit ca cac yéu cau. Dé nang cao
chat luong diéu khién bam quy dao cho AUV trong phan tiép theo NCS dé xuat
bo diéu khién HSMC va thich nghi No ron HSMC.

3.1. B diéu khién truot taing (HSMC)

Ly thuyét vé bo diéu khién truot ting (HSMC) da duoc trinh bay day du
trong tai liéu [62] cho 16p hé SIMO thiéu co cau chap hanh. Thuc chat HSMC 1a
su két hop giita k§ thuat Backstepping véi diéu khién truot. Cau traic HSMC
dugc trinh bay trong hinh 3.1 [62].

Hinh 3.1. Cdu tric ciia b diéu khién truot tang HSMC [62]
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Phuong phép diéu khién vé6i phuong phap HSMC duge biéu dién nhu sau:

X =%
%, = f,(X)+0,(X)z
% =% (3.1)

X, = fz(x?+gz(x)r

Xon-1 = Xap

Xon = fn(X)+gn(X)r

Trong 46 X =[x %, ... %,] & véc-to bién trang thai; cac f, 1a ham

phi tuyén bi chin va cac 0; 16n hon khong va c6 diém can bang tai gbc toa do.

H¢ (3.1) bao gém n hé con va mot tin hiéu diéu khién 7. Bai toan thiét ké
la x4c dinh tin hiéu diéu khién 7 dé dua cac bién trang thai vé gdc toa do. Tuong
tu nhu k¥ thuat backstepping, HSMC dugc thiét ké tuan tu bat dau tir hé con thir
nhét cho dén hé con thr n. O mdi budce ta xac dinh duge tin hiéu diéu khién 4o
7, dam bao cho hé phuong trinh con thtr i va cac hé con trudc do 6n dinh theo
nghia Lyapunov, tin hiéu diéu khién 7 can tim dugc xac dinh & budc cudi cliing
theo cac budc sau day:

Buée 1: Tir (3.1), suy ra md hinh ctia hé con thir nhat:
X =X,
{)’(2 =f, + 9,7, (3:2)
Bai toan tong hop dit ra 1a xac dinh tin hiéu diéu khién 4o 7, dé x, quay

vé goc toa do khi c6 nhidu danh bat khoi diém can bang.
Pé lam duoc viéc nay, dau tién dinh nghia mat trugt S; [62]):

S =C6X +X% (3.3)
Trong d6 c, 1 hang s6 duong.
Dao ham madt trugt s, theo thot gian nhu sau:
S, =CX +X,
=cX + f+0,7
=CX, + T, + 0, (Toqy + T ) (3.4)
—k;S, —m,50ns, +7,59n s, + K;S, + 9,7,

=c X, + f, + 01 %eq

0 -0
=—kis —m, 59N,
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Vi T, =T

eql + Tswl

Tt hai diéu kién trong (3.4) ta xac dinh duoc:

Teq, :_(C1X2 + fl)/ 0 (3.5)
va:
- K,S, + zl sgn's, 36)
1

Budc 2: Mit trugt S, dugce thiét ké cho hé con thr nhat va hé con thi hai
dua trén mat truot da thiét ké cho hé con thir nhat. S, dugc dinh nghia nhu sau:
S, =4S, + S, =48, + B, (C % +X,)
% (3.7)
Véi: s, =s (Vi s, 1a mit trugt cia budc thiét ké dau tién), A,4,c, la cac
hang s6 duong.
Nhu budc trén tin hiéu diéu khién ao duoc x4c dinh 7, dé dua mat truot
S, — 0. Do vay ta dinh nghia ham Lyapunov cho budc hai nhu sau:
1.
V(82)=§S2 (3.8)
Dao ham theo tho1 gian cua (3.7) ta co:
V(S,)=S5,S,=S,(4S,+8s,) (3.9)
Tur (3.8) va (3.9) ta co:
S,=AS,+ 85
=2 (cx,+f +glrz)+ﬂl(czx4 +f,+0,7,)
_ﬂl(c X, + f,+0, Teq1+T + T2 +TSW2))+
Bu(CXe+ B+ 0y (Tat + T+ Tegp + Tz )
(<.

=B (C% + f,+0,7, eq2)+rsw2(ﬂ1gl+ﬁlg2)

=0

(//ilgl + 13192 )Tswl + 2’1 (C1X2 + fl + glreql) + //ilglreqz + ﬂngTeql
=0

) (/1191 + 59, ) + (/1191 + ﬁlgz)fswl + 401 Teqy + 51057 + k,S, +77,89n S, —

=0

(kzsz +17,50n Sz)
=—k,S,-7,s9nS, (310)
Thay (3.10) vao (3.9) duoc két qua:

V(S,) =-k,S; -1,5,50nS, (3.11)
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T cac diéu kién trong (3.5), (3.6) ta x4c dinh duoc T2 VA Ty,

Teq2 = _(C2X4 + fz)/ g, (3.12)
va:

Tswz - _ _ Alglrqu +ﬂ1927eq1 _ kzsz + 772 Sgn Sz (312)

z.SW
Y A0, + 80, A0, + B,

Buoc it Mét trugt S, duoc thiét ké dya trén mit truot S,, vahé¢ con thu i
nhu sau:

Si= //i’—lsi—l + :BHSi = j1Si71 + i (Ci Ko T Xy ) (3-13)

Vé6i: 4, B¢ 1a cac hiang s6 duong.
Nhu budc trén x4c dinh tin hiéu diéu khién a0 T, dé dua mat truot S, —>0.

Do vay dinh nghia ham Lyapunov cho bu¢c hai nhu sau:
vV, (Si ) = l Si2
2 (3.14)
Dao ham theo tho1 gian cua (2.56):

vi (Si ) = Sisi = Si (ﬂ’l—ls.i—l +ﬁi—lsi )

(3.15)
Tt phuong trinh (3.15) suy ra:
s =311 s
AN (3.16)
Do d6, phuong trinh (3.16) duoc viét lai:
vi =Sisi =5, I:Z(Hﬂ ] r-1° r:|
A (3.17)
Tur (3.15), (3.17) trd thanh:
V=SS, :Si{Z[H/IJ B X, + T, +0,7)
(3.18)

r=1

Sy

_s 1y [Hﬂ]ﬂr 40, szml }




Tuong ty nhu budc 2, tin hiéu diéu khién dugc xac dinh T VA 7,

Tei :_(CiXZi + fi)/gi

Z{Z(Hi’]ﬂ”gr]%q' K,S; +77,59n(S;)

= r#l
Towi = _ZT5W| - : :
- [ ljjﬂrlgr Z[Hﬂ ] 10,
J r=1\_j=r

2|1

Buoc n:
Tién hanh tuong tu nhu budc i, ta 6 mit trugt sau;
Sn = ﬂ“nflsnfl + ﬁn—lsn

. nhu sau:

(3.19)

(3.20)

(3.21)

O budc cuoi ta xac dinh tin hiéu diéu khién 7, cling chinh Ia tin hiéu 7 can

tim cho hé (3.21). Tin hiéu diéu khién dugc xdc dinh thong qua diéu kién ton tai

cua ham diéu khién Lyapunov sau:
1

V, ==8"Ss
2
Pao ham ham diéu khién Lyapunov theo thoi gian suy ra:
vn = SnSn = Sn (/’Ln—ls‘n—l + IBn—lSn)
Tur (3.21) suy ra:

=314 ).

r=1\_j=r

Do d6, (3.23) duoc viét lai:

V. =SS =S, [Z[Hz ] L. }

r=1\_j=r

Tir (3.23) va (3.24) (3.25) tré thanh:
V. =SS,

:Sn{zn: ﬁi]]ﬂrl(c X2r+f +g

I:tr

s, Z[H ] .0, Z%MZTSW. J

=}

S G0 per3[3(0)ra-
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(3.24)

(3.25)

(3.26)



Tin hiéu diéu khién ,, va r,,, duoc xic dinh bang cac phép bien doi
tuong ty nhu budc i:

Ton = —(CXon + T,)/ 9, (3.27)

S z[m} 50, -
n-1 ol SN k S, +n,sgn(S,
z-swn:_zuswl_ nl n - n ( ) (328)

= Z{H z,} 54 zmzijﬂ”gr

r=1 r=1

O cac budce vao biéu thuc (3.27) va (3.28) ta dung phuong phap thay thé

tin hi¢u & di€u khién suy ra luat di€u khién trugt tang:

n-1 n
= Tn = Z z-swl + Tswn + Z z-eql
1=1 1=1

. (ﬁﬂjjﬁf‘lgﬁeqf K,S, +7,59n(S,
S( 114 )s. Z[sz )

Mot cach tiép can khac cta thuat toan diéu khién truot v4i hé thiéu co cau

) (3.29)

chap hanh nhu AUV dugc dé xuét 1a diéu khién theo ciu triic phan tang nhiéu
16p (hay goi 1a diéu khién truot ting). C4u trac cua bd diéu khién truot tang cho
cac 10p mo hinh d6i twong thiéu chdp hanh dd duoc trinh bay va gi6i thiéu chi
tiét & cong trinh [63]. Trong phuong phap truot tang, hé thong dugc phan chia
thanh cac hé con theo cau trac vat Iy caa doi tuong, sau do dinh nghia cho cac
mat trugt hé con, mat truot chung dugc dinh nghia la to hop tuyén tinh cua cac
mit truot con va duoc st dung dé thiét ké luat diéu khién [64]. Nhiéu tac gia
cling da chi ra cac bién trang thai sé 6n dinh tiém can néu gia thiét mot mat trugt
con bi chin dugc théa man. Mit trugt ctia hé con thit nhat duogc chon lam mit
truot 16p thi nhat, tiép d6 mat truot nay cung mat trugt cia hé con khac dugce st
dung dé thiét ké cho mat truot 16p thtr hai. Qua trinh tiép tuc dén khi tit ca mat
truot ciia cac hé con dugc tong hop. Phuong phép trén rat phu hop cho dbi
tugng thiéu co cdu chap hanh nhu AUV, va ciing giéng nhu phuong phép diéu
khién truot thong thuong, bo didu khién truot ting c6 kha ning bén vimg véi
nhiéu dau vao. HSMC 1a mot giai phap tét cho cac hé phi tuyén nhung no c6 thé
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gay ra sy dao dong véi tan sé cao 1am anh huong dén cac thiét bi truyén dong,
nang luong bi 1dng phi va tao ra cac dao dong trén canh lai cia AUV dan dén su
mat on dinh.

Tir @6, cach tiép can HSMC da thu hat nhiéu nha nghién ctu thuc hién
cac ung dung thuc té nhu hé théng co dién, cac may tu dong, robot. Gan day,
su két hop giira bo diéu khién HSMC véi ki thuat diéu khién khéc ciing cho
thay két qua tot hon trong ca nghién ctru 1y thuyét va nghién ctiru thuc nghiém
[65]. Phuong phap thiét ké bo diéu khién HSMC cho AUV huéng t&i: Thiét
ké mot bé mit truot 6n dinh dé diéu khién hé théng voi chit luong diéu khién
bam quy dao mong mudn va thiét ké luat diéu khién dé dua quy dao hé théng
vé quy dao mat truot d3 chon trong thoi gian hitu han va duy tri chuyén dong
trugt do6 [66], [67], [68].

3.2. Mang no-ron nhan tao

Mang No — ron nhan tao dugc dua ra boi Warren McCulloch va Walter
Pitts vao nam 1943 v61 mo hinh toan hoc moé phong hoat dong ctia ndao bd con
nguoi, tor do tao thanh kha nang thyc hi¢n nhiéu nhiém vu phtic tap trong moi
truong khong xac dinh cua hé thong. Tir gilta nhitng nam 1980, diéu khién hé
théng dong hoc phi tuyén khong xac dinh str dung no-ron di thu hat sy quan tim
cua cac nha khoa hoc [75]. Mang no-ron cé nhiéu dic diém dap tng dugc voi
nhitg yéu cau ngdy cang cao vé diéu khién phtc tap, tinh bat dinh cao, hé théng
phi tuyén trong nhiing tng dung cong nghiép. Mang no-ron co cau tric song
song, co kha nang hoc, xap xi ham phi tuyén, khir sai s6, va thuc hién tich hop
hi¢u qué cho nhitng g dung tho1 gian thuc. Mang no-ron thuong dugc sir dung
theo nguyén tac khong can phai sir dung nhiéu cong strc vao viéc mo hinh hoa
d6i tuong, trong nhitng trudng hop viéc mo hinh hoa 1 rat kho khan [75].

Trong diéu khién no-ron ctia hé théng phi tuyén, dong hoc hé thong phi
tuyén chua biét dugc xap xi bang cach tuyén tinh hoa hodc bang mang no ron,
nhu mang no-ron ham co sé huéng tim (RBF) va mang no-ron nhiéu 16p
(MNNS) [76]. Trong céc budc diéu khién no-ron trudc diy c6 hai xu hudng
hudn luyén mang no—ron thudng dugc st dung 13 huin luyén mang no-ron
online va huin luyén mang no—ron offline. Trong huin luyén mang no—ron
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offline k¥ thuat toi wu duoc st dung chinh dé thu dugc lut thich nghi thong sb
nén ton tai mot s6 nhuoc diém nhu thoi gian cdp nhat lau khong dap ung duoc
tinh nang thuc cta hé thong, tiéu tén tai nguyén tinh toan nén phwong phap nay
qua cii va khong phu hop véi AUV can tinh ning thoi gian thyc [75]. Phuong
phap huyén luyén mang no-ron onnline dugc cip nhat lién tuc mdi khi c6 giir
lidu dugc nhan vao véi rat nhiéu nhimg wu diém dé diéu khién AUV nhu thoi
gian tinh toan nhanh (dam bao dugc tinh nang thoi gian thuc cua hé thong), co
tinh 6n dinh dugc dam bao thong qua ham Lyapunov gitp hé thong c6 kha ning
thich nghi vai sai 1éch mo hinh [77]. Trong ludn an nay NCS Iya chon phuong
phap huin luyén mang online dé diéu khién thich nghi bén viing cho AUV.

Pic diém cua diéu khién no-ron thich nghi dugc dé xuét dya trén ki thuat
diéu khién thich nghi bén viing bao gém: (i) thiét ké va phan tich dua trén ly
thuyét 6n dinh Lyapunov; (ii) su 6n dinh va dic tinh cta hé théng diéu khién
vong kin dugc xac dinh mdt cach r6 rang; (iii) trong sb cla mang no-ron dugc
huén luyén truc tuyén dua trén ham Lyapunov ctia hé kin, khong st dung k¥
thuat t6i uu héa nhu nhimg phuong phap huin luyén trude kia. Phuong phap
diéu khién no-ron thich nghi nay pht hop véi hé théng phi tuyén phirc tap, bat
dinh va di c6 nhitng budce tién bo vuot bac trong linh vuc diéu khién phi tuyén.

Chinh vi vy, dé thuc hién xap xi nhiing thanh phan bét dinh khong biét
trude trong mo hinh dong luc hoc AUV, luan an st dung mang no-ron RBF dé
tan dung nhitng uu diém nhu sau:

i) Mang no-ron RBF c6 kha ning x4p xi ham khong biét trudc va duoc sir
dung rong rai trong nhan dang va diéu khién thich nghi;

ii) Mang no-ron RBF ¢6 thé duoc biéu dién theo mau hoi quy tham sb
tuyén tinh, 13 tich cta véc-to trong sd no-ron va véc-to hoi quy. Trong d6, thanh
phan ciia véc-to hdi quy 13 nhitng ham phi tuyén dau vao ctiia mang RBF;

1i1) Mang no-ron RBF véi tin hiéu vao la nhitng ham c6 chu ky thi c6 véc-
to hoi quy thoa man diéu kién kich thich bén PE. Véi diéu kién PE la diéu kién
quan trong dé hoi tu thong s6 va nhan dang chinh xac dong hoc hé théng trong
Iy thuyét nhan dang hé théng va diéu khién thich nghi. Cau tric mang no-ron
dugc bicu dién & hinh:
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f@,w)

Hinh 3.2. Xdp xi ham bdt dinh bang mang RBF

Mang RBF (Hinh 3.2) 1a mang 2 16p MIMO. Ldp vao gom céc no-ron huéng
tam, dau ra phu thudc vao véc-to tin hi¢u dau vao duoc tinh br?mg cong thue:

g, (I):exp{_(I _ﬂ‘;; ( _ﬂ‘)],i =12,...n (3.30)

Trong d6: g4 = thy, thiy, .., ,uim]T la trong tdm cua ham hudng tdm va ¢; la

d6 tan. Véc-to dau ra ciia 16p vao duoe biéu dién bing Q(1)=[g(1),..q,(1)] -

Ham dau ra ctia mang duogc xac dinh nhu sau [46]:
F(1)=2_wa;(1)=w'Q(l) (3.31)
i=1

Trong d6 | e Q < R™ 14 véc-to dau vao, W :[Wl,WZ,...,Wn]T eR" la véc-
to trong s0.

Mang no-ron c6 kha nang xap xi mot ham phi tuyén bat ky véi do chinh
xéc tily y. Diéu d6 c6 nghia 1a, dbi v6i ham lién tuc tron bat ky f (1):Q >R,
trong d6 € = R"1a mot tap compact, ham f (1)duoc xép xi bang mang no-ron
(3.31) (v6i s6 no-ron 16p vao 7 1a di 16n), ludn tén tai mot véc-to trong s6 W™
sao cho tmg vdi modi € >0 nho tiy v, ta co:

max f(1)-w7Q(l)|<€ (3.32)
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Hay

F()=WTQ(1)+ (1), ¥l € (3.33)

Trong d6 |e(|)| >e". Tai liéu [54] chi ra rang mang RBF W'Q(l) , véi
mot s lugng no-ron RBF du 16n c6 thé xdp xi dong dang mdt ham tron
f(l):QI — R v6i sai s6 € nho bao nhiéu tiy y.

Két hop phuong trinh (3.32) va (3.33), ta c6:

Af = f(l)— f (I)=WTQ(I)—e, (3.34)

Trong &6 U =W —W ", W 1a u6c lugng cua W~

Nhitng nghién ctu st dung cac phuong tién cua phong thi nghiém nhu
hé théng kéo, hé thdng tao song, hé théng do v.v. dé tinh toan, do duoc mot
so cac théng s6 cua ma tran C(v),D(v). Tuy nhién khi & moi truong dai
duong viéc tach cic thong s6 xac dinh va bat dinh 1a rat kho khan, do thong
s6 chua biét va nhidu tir moi truong dai duong duoc dua vé dang véc-to hiang
chtr khong phai bién doi theo thoi gian & dang ham. Chinh vi thé cac phuong
phap diéu khién No ron huéng tdm dang c6 vai tro rat 16n trong viéc xay
dung cac thuat toan diéu khién thong minh. Trong d6 c6 két hop véi diéu
khién phi tuyén dé nang cao chat lugng diéu khién cho md hinh. Noi dung
nay chinh 1a trong tdm cua luan 4n sau khi da c6 két qua danh gia cta cac bo
diéu khién phia trugc, tir diéu khién Backstepping dén diéu khién mo
Backstepping, diéu khién truot ting HSMC.
3.3. Thiét ké b diéu khién HSMC cho thiét bi lin tu hanh AUV
3.3.1. Tong hop bé diéu khién trwot ting HSMC cho AUV 4 DOF

Céu tric bo diéu khién truot tﬁng bao gém cac tin hiéu dau vao
e =[%y,z.¢] 1a véc-to vi tri cla tau theo céac trucOx,0y,0z va goc diéu hudng
tdu quay quanh tryc z. Van téc dai v=[u,v,w,r] gl tin hi¢u vé bo dicu khién
HSMC dé so sanh vé6i tin hiéu dit va dua ra tin hiéu diéu khién truc tiép

t=[7,,7,, 77, ]T dén ddi twong AUV nhu hinh 3.3
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Nhiéu moi trwing

Quy dao tham chiéu

v

HSMC

=
o,
y.v

Tin hi¢u diéu khién 7

Mo hinh dong hoc
AUV

v

:

Hinh 3.3. Cdu triic hé théng diéu khién HSMC cho AUV

Thuat toan diéu khién truot ting HSMC duoc trinh bay nhu sau:
Tir hé phuong trinh (2.23), ta viét lai dudi dang tong quat hoa nhu sau:

m=JduVY

v, = f,(X)+0,(X)z
1, =J5V,

\\72 = f,(X)+9,(X)r

Voi:
T
X :[771 Vi 1, Vz]
fl(x) = M_l(_élvl _C_:zvz)

gl(x) =M

(3.35)

fz (X) =-M 7122 [M 21M N (_61\/1 - szz) + (C21 + D21)V1 + (sz + Dzz )V2]

gz(x) =-M 7122M21M71

Dinh nghia véc to sai s6 gitra tin hi¢u dau ra va tin hi¢u dat nhu sau:

€ T —Thy
e \'
E(t) — 2 — 1
€ 1y =My
e, v,
Dinh nghia mat trugt

s, =ke +e,(k, >0)
s, =k,e; +¢,(k, >0)
S=1s,+ps,(4,6>0)
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Theo phuong phap diéu khién Hierarchical Sliding Mode Controller
(HSMC) cho hé thiéu co cau chip hanh, tin hiéu cta bo diéu khién duogc chia
1am hai thanh phén:

T =T, +7,, (3.38)

Véi:

+ 7, 1a tin hi¢u dung dé diéu khién hé con trong cAu tric bod diéu khién
Hierarchical Sliding Mode Controller.

+ 7, 1a tin hiu dung dé diéu khién chuyén mach cia 16p mat trugt hé théng.

Pé dam bao tinh on dinh cho hé thdng thiét bi 1an tu hanh AUV, xét ham

Lyapunov cho h¢ kin c6 dang nhu sau:

v =%STS (3.39)

Dao ham V theo thoi gian:

dv :
P S.S (3.40)
Tur (3.35), (3.36), (3.37) va (3.40) ta c6 phuong tinh sau:

‘2—\: =S.5 =S.[18,+ 53, ]

= S-[/l(kl‘]n\ﬁ + £ 40,7, =KXy ) + Bk IV, + F, + 9,7, — KXy )]
Vi X, %, 1a cac gia tri hang s6 nén %, =%, =0. Suy ra:

dv :
o SS = S-[/I(kl‘]11v1 + £ +0.7,) + Bk IV, + f, + 9272)]

Ak Iy, + )+ gl(Teql Tl T Teqe T Tow2))

+ﬂ(k2‘]22V2 + f2 + gz (Teql + z'swl + z'eq2 + 2-swz))

ﬂ'(kl‘Jllvl + f1 + gﬂ'eql) "'ﬁ(kz‘]zzvz + fz + gZTqu)

=5 7,1 (40, + B9,) + 7, (A9, + £,) (3.41)
40,7y T BY,T e + kS +0590(S) - (k.S +5gn(S))

Pé dam bao tinh 6n dinh cua hé thdng thong qua nguyén 1y 6n dinh

dav. , L., . i 1A aA .2
Lyapunov sao cho o xac dinh am, ta chon cac tin hiéu diéu khién nhu sau:
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— _(kl‘Jllvl + fl)
s 9,
T = —(kpdpV, + 1)) (3.42)
9,
r __ _ﬂ'glreqz +ﬂngeq1 _ kS +5Sgn(3)
" 29,4+ B9, A9, + B9,

Thay (3.42) vao phuong trinh (3.41) ta c0 :
dv .
e S.ST =-S8"(k.S+5sgn(S)) <0 théa méin nguyén 1y 6n dinh Lyapunov.

Tin hi€u diéu khién xac dinh theo cong thirc sau:

T = z—eql + Tswl + z-eqz + TSWZ

_ At + g1, + Ak, + BK,I,,v, +K.S +5sgn(S) (3 43)
A9, + B9,

3.3.2. Md hinh md phéng AUV 4 DOF diéu khién truoet ting HSMC

So do khéi mo phong hé théng diéu khién truot tang HSMC cho d6i
tuong AUV hé thiéu co cdu chdp hanh trén matlab simulink bao gdm khdi tin
hiéu d4u vao, tin hiéu dat 774, khdi diéu khién HSMC va mo hinh déi tugng diéu

khién AUV (c6 nhiéu tac dong), khéi ldy tin hiéu dau ra (Scop) nhu hinh 3.4.

L Disturbance
™ ° Scop

. r g e
1 4, >
HSMC AUV >
> f’l2
q,
—> QZ L F
—_—
n,
Controller Plant

Hinh 3.4. So @6 mé phong diéu khién truot tang HSMC trén Matlab simulink
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Pé kiém ching chat luong ciia b diéu khién Hierarchical Sliding Mode

Controller (HSMC), m6 phéng da thuc hién cho dbi tuong thiét bi 1an ty hanh

AUV véi céac bd tham sb sau:
Tham s6 mé hinh thiét bi AUV [17] nhw bang 2.2
Bang 3.1: Tham s6 b diéu khién HSMC

Tham s6 Gia tri Tham s6 Gia tri
K 100 ) 500
5 5 V] 25
kl 005 ]71 d [ 5 4]T
K, 5 Mg [—4 O]T

Két qua md phong cho d6i tugng thiét bi lin AUV véi bo diéu
Hierarchical Sliding Mode Controller (HSMC) nhu hinh 3.5 nhu sau:

5 " ; . 4
35F
a4t -
£ E s
c
é 3 % 25
7]
g 2 5
x 2l >
15+
1 - . . 1 I . .
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
a) Vi tri theo phuong Ox b) Vi tri theo phuong Oy
0 ‘ ‘ ‘ ‘ 0.04
1 S 0.02
E £
"E ©
83 2-0.02
3 H
45 > -0.04
-5 ‘ ‘ : : ' -0.06 : : : )
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
¢) Vi tri theo phuong Oz d) Goc diéu huong cua AUV
0.15 ‘ : ‘ 0.15
E o 2 o
z z
E 8
2 0.05 2 0.05
e >
0 ‘ ‘ : 0 : : :
0 20 40 60 80 100 0 20 40 60 80 100

Time (seconds) Time (seconds)

e) Vin téc dai theo phwong Ox 1) Van toc dai theo phwong Oy
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r-angular velocity (rad/s)
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w

o
©
o
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Q) Vén téc dai theo phirong Oz h) Van toc géc diéu huong cia AUV

'
-

o

Hinh 3.5. V; tri, d sau va géc diéu hieéng HSMC

Tir két qua md phong cho thdy, bo didu khién Hierarchical Sliding Mode
Controller (HSMC) ap dung d6i véi ddi tuong méi thiét bi lan AUV cho chét
luong diéu khién tt vé cac vi tri bam, g6c diéu huong, van tbc dai va van toc
goc trong khong gian 3 chiéu. Cu thé thoi gian xac 1ap cta hé théng vé do bam
vi tri theo phuong Ox, Oy lan luot 1a 84s, 86s; con thoi gian xac lap cua vi tri
theo phuong Oz va goc diéu hudng 1an luot 13 40s. Tuwong tu, cac dai luong van
tdc dai theo cac phuong Ox, Oy, Oz va vén tdc goc diéu hudng co thoi gian xac
1ap kha 1én. Tuy nhién, d6 quéa d6 diéu chinh hé thong thiét bi lin AUV gan nhu
bang khong hodc nho hon 5% so véi gia tri dit mong mudn cé thé bé qua duoc
d6i v6i cac gia tri véc to vé vi tri, toc d theo cac phuong trong khong gian 3
chiéu va goc diéu hudng, van téc goc diéu hudng cua hé théng thiét bi lan AUV,
Tom lai xét trén phuong dién chat lugng diéu khién co khi ciing nhu chat luong
diéu khién dbi voi ddi twong mé hinh thuc trong phong thi nghiém thi bo diéu
khién Hierarchical Sliding Mode Controller (HSMC) cho chét luong tét so véi
bai toan diéu khién mo hinh thiét bi lin AUV méi cia luan an.

Pé chic chan hon vé chat lugng ciia bo diéu khién Hierarchical Sliding
Mode Controller (HSMC), luan an da thir nghiém nhiéu thong sé dat khac cho
d6i tuong mé hinh AUV nhu sau:

1. Truong hop 1: Vi tri dat theo phuong x 1a : 7 (m), vi tri dat theo
phuong y 1a : 5 (m), vi tri dat theo phuong z 1a : -6 (m), gia tri dat goc diéu
hudng : -0.25 (rad)
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©
o

E® Eq
7] 0
2 S,
X 2F >
0 : : ‘ ‘ 0 ‘ : :
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
a) Vi tri theo phuwong Ox b) Vi tri theo phuwong Oy
0
0
]
B @ 0.1
- -2 -
5 g
= o
9 4l £ .02t
3 7
3>
6 -0.3 - - - -
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
c) Vi tri theo phuong Oz d) Goc diéu huong cua AUV

Hinh 3.6. Vi tri, d6 sdu va géc diéu hirdng trong truong hop 1

2. Truong hop 2: Vi tri ddt theo phuong x 1a : 7 (m), vi tri dat theo
phuong y 1 : 4 (m), vi tri dit theo phuong z 13 : -8 (m), gia tri dat goc diéu
hudng: 0.15 (rad)

8
4
E° =
z Es
24 $
> b=
2 g,
X 2F oy
0 : : . ; 1 - - ; ’
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
a) Vi tri theo phuong Ox b) Vi tri theo phuong Oy
0 . . . .
0.25
£ g 02
é 4 §0.15
§ i § 0.1
Noer ? 0.05
>
10 . . . . 0 . . . .
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
¢) Vi tri theo phuong Oz d) Goc diéu huong cua AUV

Hinh 3.7. Vi tri, do sau va géc diéu hudong trwong hop 2 HSMC
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3. Truong hop 3: Vi tri dat theo phuong x la: 11 (m), vi tri dat theo
phuong y 1a: 6 (m), vi tri dat theo phuong z 1a : -10 (m), gia tri dit goc diéu
huong: 0.3 (rad)

r 6
10 -
E 8f E,l
[= [=
S 6 S
G @
g 4 8,
X >
2 +
0 : : : : : 0 : ‘ ‘
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
a) Vi tri theo phuwong Ox b) Vi tri theo phuong Oy
0 : . . 0.5 T T |
-2 ’gOA
E o
g 4+ §0.3
8 6l £02
-3 H
N gt "-’3_0.1
10 0 : ‘ ‘ ‘
Time (seconds) Time (seconds)
c) Vi tri theo phuong Oz d) Goc diéu huong cua AUV

Hinh 3.8. Vi tri, do sdu va goc diéu hiedng trieong hop 3 HSMC

Két qua mod phong va cac thong sé dong luc hoc ciia mé hinh d6i tuong
lan tu hanh AUV déu cho chat luong diéu khién tét. Mic du thoi gian xac 1ap
trong ca ba trudng hop hoi 16n va c6 hién tuong dao dong khi chuyén mach
xung quanh mit trugt hé thong nhung b diéu khién truot tang (HSMC) déu
cho céac gia tri md phong bam sat voi gia tri dat mong mudn va gan nhu do
qua diéu chinh rat nho va chap nhan duoc. Két qua mo phong trén phan mém
MATLAB d3 minh chting duoc rang: Véi giai thuat nay, dap tng hé thong
thiét bi lan tu hanh AUV bam theo tin hiéu mong mudn véi d6 qua diéu chinh
nhé hon 5%, sai s6 xac 1ap bang khong va thoi gian xac 1dp bam vi tri theo
phuong OXx, Oy lan luot 1a 84s, 86s; con thoi gian xac 1ap cua vi tri theo
phuong Oz va goc diéu hudng 1a khoang 40s. B diéu khién Hierarchical
Sliding Mode Controller (HSMC) dugc xay dung cho chat luong tot so véi
yéu cau bai toan diéu khién mé hinh thiét bi 1in AUV 4 DOF thiéu co ciu
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chip hanh. Trong nghién ctu tiép theo NCS sé& két hop cac bo diéu khién
thong minh dé t6i wu hon nita thuat toan diéu khién nham dem lai hiéu qua
cao trong viéc diéu khién mo hinh AUV.

3.4. B di¢u khién truot ting (HSMC) thich nghi No ron cho AUV

Han ché chinh cia HSMC 14 hién tuong dao dong tan sb cao, do chirc
ning chuyén mach khong lién tuc khién tin hiéu diéu khién dao dong xung
quanh bé mit trugt. Mot yéu td khac gop phan vao su dao dong hé thong 1a viee
st dung bo diéu khién ky thuat s6 véi ty 1€ léy mau hitu han [31]. Hién tugng
rung (dao dong véi tan sb cao) 1a c¢6 hai vi nd co6 thé 1am anh huong dén do on
dinh va d6 bén cua hé théng co khi, dd mon cua céc co ciu chuyén dong co hoc
va niang luong ton that trong hé thong. Pé khac phuc nhugc diém d6 rat nhiéu bo
diéu khién hién dai duoc nghién ctru, bo diéu khién thich nghi dugc trinh bay
trong cac nghién ctu [36], bd diéu khién logic mo ciing di duoc nghién ctu
trong FLC [37], b6 diéu khién du bao MPC [38].

Piéu khién no-ron bat ngudn tir kha ning hoc va diéu khién cta con
nguoi, tr d6 tao thanh kha niang thyc hién nhiéu nhiém vu phirc tap trong moi
truong khong xac dinh cua hé théng. Tir gitta nhitng ndm 1980, diéu khién hé
théng dong hoc phi tuyén khong xac dinh str dung no-ron di thu hat sy quan tim
ctia cong dong dicu khién. Mang no-ron c6 nhiéu dic diém dap tng duoc véi
nhitg yéu cau ngdy cang cao vé diéu khién phtc tap, tinh bat dinh cao, hé thong
phi tuyén trong nhiing Gng dung cong nghiép. Mang no-ron thuong dugc s
dung theo nguyén tic khong can phai sir dung nhiéu céng stc vao viéc mo hinh
hoa ddi tugng, trong trudng hop viéc mé hinh héa 1a rat khé khan.

Khi diéu khién no-ron, dong hoc hé thong phi tuyén chua biét dugc xap xi
bang cach tuyén tinh hoa hodc bang mang no ron ham co s¢ huéng tim (RBF)
Trong cac budc diéu khién no-ron trudc day, k¥ thuat tdi vu duoc st dung chinh
dé thu duoc luat thich nghi thong s6. Thiét ké diéu khién no-ron hau hét duoc
thong qua moé phong hodc béng cac vi du thi nghiém thyuc té. Su bat loi cua bd
diéu khién no- ron dua trén tdi vu hoa, 1a rat kho phan tich tinh 6n dinh va danh
gia chat lwong cua hé thong kin [40].
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Pé vuot qua duoc nhitng van dé ndy, nhitng phuong phap diéu khién no-
ron thich nghi [41] duoc dé& xuat dua trén k¥ thuat diéu khién thich nghi bén
vitng. Phuong phap diéu khién no-ron thich nghi nay dd c6 nhimg budc tién
vuot bac phi hop v6i hé thong phi tuyén kiéu ham sé phutc tap va bat dinh
khong biét trude [42], [43]. Thir nhdt mang no-ron RBF c6 kha ning xap xi ham
van ning va duoc st dung rong rai trong nhan dang va diéu khién thich nghi
[44]; thtr hai mang no-ron RBF ¢6 thé duoc biéu dién theo mau hdi quy tham sb
tuyén tinh, 1 tich cta véc-to trong sb no-ron va véc-to hdi quy. Trong d6, thanh
phan cua véc-to hdi quy 1a nhitng ham phi tuyén dau vao ctia mang RBF; tha ba
mang no-ron RBF véi tin hiéu vao 1a nhimg ham c6 chu ky thi c6 véc-to hdi quy
thoa man diéu kién kich thich bén PE [45]. Vé mat 1y thuyét, cac tham s phi
tuyén chua biét co thé dugc xac dinh thong qua mang no-ron va cac hé théng
logic mo [46]. Vi du, Chen et al. [47] da khai thac mang noron ham co s& xuyén
tam dé tinh toan cac tham sd chua biét trong hé thong, sau d6 str dung trong bd
diéu khién quy hoach dong cho mot 16p hé théng phi tuyén phan hoi chit va
dong bo hoa nhiéu nén tang dé theo ddi quy dao, cac tac gia da so dung mang
no-ron thich nghi dé diéu khién dy bao cho ddi twugng AUV phi tuyén [48]. Nhin
chung cac nghién ctru méi ndy d chimg minh dugc tinh hiéu qua cua bo diéu
khién [51].

3.4.1. Tong hop bé diéu khién trwot ting (HSMC) thich nghi No ron cho AUV

Khi xay dung m6 hinh cac ma tran C va D theo hé phuong trinh (2.23) thi
hai phuong trinh f,(X), f,(X) déu chira cic thanh phan ma tran C, D. Tuy nhién,
khéng thé xac dinh chinh X4c nhiu tac dong tir bén ngoai vao AUV, do d6 NCS
dé xuat bo diéu khién trugt ting thich nghi mang no-ron dé xap xi gan ding ham
f,(X) chta nhiéu phén tr ctia ma tran bat dinh C, D. Cau trac ANHSMC duoc
xdy dyng nhu hinh 3.9, bao gém khéi diéu khién (Controller), khéi déi tuong

(Plant), nhidu va cac khdi tin hiéu dau vao ra.
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v’ M
HSMC | — Dynamic >
Function
Vl_’
v > t(N) >
N2 '
LYy  Neural f2
F, VZ_’
Controller Distrirbauce Plant
At
At

Derivative
Hinh 3.9. Cdu tric bé diéu khién HSMC thich nghi No ron
Bo diéu khién truot téng thich nghi no-ron dugc trién khai nhu sau:
Phuong trinh f,(X) trong (3.35) dugc viét lai nhu sau:
v, = f,(vV)+g,(V)u (3.44)

Vi

f,(v) ==M ", [ My;M *(=Cv, =C\,) + (Cyy + Dy, )V, +(Cpy + D)V, |
g,(V)=-M ", M, M

Ham phi tuyén dung dé xap xi cac thanh phan bat dinh nhu sau:

&=W'h(H'v,)+&(v) (3.45)
AeR™ la ma tran Hurwirz tuy chon, do d6 f,(v) dugc téng hop lai nhu sau:
f,(v) = Av, + (V) (3.46)
Thay (3.46) vao (3.44) ta cé
v, (t) = Av, + WTh(Hv,) + g, (V)u + £(v) (3.47)

Do d6 ham xap xi duoc x4y dung nhu sau:
V,(t) = AV, + WTh(HV,) + g, (9)u + CV, (t) (3.48)
V6iW e R"™, ¥ eR™ 14 cac ma tran trong sd; CeR™, N1a sb chiéu cia
dau vao, n 1a sb nat cia mang no-ron.
Lu4n 4n sé& sir dung mot mang no-ron hudéng tam (RBF) hai 16p dé xap xi
véc-to ham bat dinh nhu cong thire (3.48). Lép vao gdm n no-ron hudng tam,

16p ra gdm n no - ron tuyén tinh. Cau trac ctia mang RBF sir dung trong luan an
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dugc thé hién trong hinh 3.10. Dau vao 1a 13 véc-to van tdc dai theo cac phuong
0x,0y,0z va té¢ d quay xung quanh truc Oz, Vv, = [u,v,w, r]T va sai sO cua véc —
to van toc dai Y, (hinh 3.10).

Pau ra cua 10p vao duoc dinh nghia 1a Layer 1 c¢6 thong sé udc luong
duoc tinh Ij :[Hl, H,,..., Hn]T eR", W la b0 trong s6 toi wu cua mang no-ron,
W 14 uéc luong ctia W duoc dinh nghia trong layer 2, W 12 sai s6 trong s6, G=1
14 ham truyén thang dé xuat tin hiéu ra output chinh 13 ham f,(v) nhu cau tric

tong quat hinh 3.9.

Output

Hinh 3.10. Cdu triic mang No — ron hwéng tdm RBF

Uy H
A
" Uy 12
- 2
~ Training pt(3.48)
W u
174 W

Hinh 3.11. Cdu triic hudn luyén mang No ron
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Mang no-ron huéng tdm hai 16p bao gdm 16p vao va 16p ra, 16p vao la

nhiing no-ron hudng tam, dé tang tbc d6 hoi tu thuong lya chon s0 lugng 16m,

16p ra 13 cac no-ron tuyén tinh. Cau tric huin luyén mang RBF dugc mé ta

trong hinh 3.11 véi 16p vao 1a V,va V, dé dua ra 2 thong sb udc luong va trong

s6 t6i uu cuia mang no ron tao thanh phuong trinh 3.49 1a phuong trinh khai bao

trong bo diéu khién ANHSMC. Phan tiép theo sau cong thirc 3.49 NCS lua chon

ham Lyapunov dé chimg minh tinh 6n dinh ctia bo diéu khién.

Tir phuong trinh (3.47) va (3.48), sai s6 udc luong dugce tinh nhu sau:

V, = AT, () + WTh(H™V,) + 5(v)

() =W [ h(H™v,)=h(H"9,) |+[9,(1) — g, (7)]u + £(v)

VOiA = A-C; U,(t) =V, (t) -V, (t); W =W W .

Duya vao dinh ly 6n dinh, ham Lyapunov dugc chon nhu sau

Vv =%\72TP\72 +tr (WTRW ) +tr (HTF,H)

Vi

V, =tr(W'FW ) +tr(H'F,H)
Pau tién dao ham ciia ham V, dugc tinh nhu sau:
V, = 1 [0, PV, +9, PV, |

7,) +(Wh(HTV,)) +6" (v)} Py,

I
N |
1
—_
&
N

”TP[AV2+V~VTh(I-AIT\72)+5(V)]

1 1

+E§T PV, +E\72T PAY, +%\72T PWTh(HT02)+%
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Ap dung tinh chit ma tran:
XTAY = X.(AY) = (AY).X =(AY) X =YTATX =YTAX ; W¥X,Y eR™
Va
A'P+PA =71,
V61 “dot” 1a phép nhan tich chap trén tapR"; »>0; 1 1a ma tran xac dinh;

P e R™"1a ma tran d6i xtimg xac dinh duong.

Do do:
V, = —gv;vz +%\72T P WTh(HT0,)+5(v) |
e o (3.54)
:>v13—§||\72|| +||\72||||P||(HWHh(HT\72)+5m)
Tuong tu nhu trén, dao ham ctia ham V, dugc tinh:
V, =tr {VVT FW } +tr{|—~|T Fz’lﬁ}
:tr{WTFll(W _vo)}+tr{HTF21(v—ﬁ)} (3.55)

:tr{—VVTFll\A?}+tr{—H~TF21If|}
Pé hé théng 6 thé 6n dinh va hoat dong manh, chon luét cap nhat trong
s6 nhu sau:
W= _Flh(H Tvz)va A:_l -y ”\72”\/\7
H = —F,sign(0,)% AW | 1, =g (H, ) |-v, |,

Thay vao (3.55) ta co:

H

VA :tr{WTh(HTVZ)VZT A +%||\72||V\7TV\7}
1

st i8] A 1, (A7) o A

(3.56)
:tr{WTh(HTOZ)VzT At +%||\72||V\7T (W v )}
1

+tr{VTsign<vz>vaﬂ»l(H ~A) [t —p(A70) |+ LI (H —ﬂ)}
Bang cach sir dung cac tinh chat ma tran dudi day
tr(XY")=tr(YTX)=Y"X;¥X,Y eR™
w[Z'(2-2))<[2'], 2l |2 vz Z R
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Phuong trinh (3.56) dug

¢ viét lai nhu sau:

V. =AW R(T) o (7 (w7

+V, A

el

=V, <ah(H "9,) |V, ||”V\~/ H+%||\72||[”\/\7T H”W ||—”\/\7T Hz}
GRS [AT( )51

+aHI

ey

|tr{|—~IT(H—H~)}

(IEHICIRENE

(w _W)[|No —¢(HT02)] H "sign(v,)

=V, <o, 5]+ 25| W |-

+05HI

e CHERCNY

Véih , WvaHlan lugt 13 gigi han trén cua h(Y'V,),

[ -gH70)<1; @ =[A7]
Lay phuong trinh (3.54)

AT
V=2 %[ 7]

trir di (3.56)

=Rl (W -+ )]

|5, +HWH{ P+a)h, w}

a2 - 2

(s -a)lar - gl-Ial

< o
J

Dinh nghia
Vi _
. (IPI+e)h + L _ 2R (|P|+a)h, + 2 W
: (a8 _w a’F -4y,
4 F
oW + Y2

F, _aF?_VV+l//2|‘_|

B, = -
2 1_& Z(Fz_‘//z)
F,
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Do d6 phuong trinh (3.57) duoc bién d6i nhu sau:

Lo - o[£

R B s (L B Vo (L I S
(%po1-pA1)

Vi
2

a
14 ) v, >F,

Wy >

Pao ham ctia ham Lyapunov duoc tong hop lai nhu sau:

i O e LA

V<l +HV2H{HPH5m (Fl }ﬂl [Fz jﬂz}
- __a_z i &_ 2 '

@v<{ 19,1+ [P|5, (Fl 4jﬂl +(F2 1]/5’2 }HVZH

bé dam bao diéu kién 6n dinh cho h¢ thong chon gidi han nhu sau:

et 12 g - 60

/4

(3.59)

Ak

Do dé dao ham cua ham Lyapunov luon nhé hon hoac béng 0, hé théng

6n dinh tiém can.
. 6. . 2 -
v s{—gnvszrnPnam [%“ﬂﬂ +{%—1jﬂ;}nvzns 0 (3.:61)

3.4.2. Phan tich két qua mé phéng
Céu tric bo diéu khién truot tﬁng bao gém cac tin hiéu dau vao
=[xy, z,z//]T la véc-to vi tri cta tau theo cac trucOx,0y,0z va goc diéu huodng
tdu quay quanh truc z. Van toc dai v=[u,v,w,r] gt tin hiéu vé bo diéu khién
HSMC dé so sanh vé6i tin hiéu dit va dua ra tin hiéu diéu khién truc tiép

r=[z,,7,,7,.7,] dén dbi twong AUV nhu hinh 3.12.
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Tin hiéu
dat

Disturbance
Phat

Scop

YYYVYYY

nhiéu
n
d Y u
T —r{g} > T
m: HSMC AUV V7
o I Y w
B £ (x) r
Controller Plant ]
Neural |
4—1 Derivative
=
(o]

Hinh 3.12. So' @6 mé phong diéu khién truot tang HSMC thich nghi No ron

Pé kiém ching chat lugng ctia bd diéu khién Backstepping ap dung cho

thiét bi tau AUV, mé phong duoc thuc hién véi cac bo tham sb sau;

Tham s6 mé hinh thiét bi AUV [17] nhw bang 2.2 trang 71

Bing 3.2: Tham s6 b diéu khién ANHSMC

Tham s0 Gia tri Tham s Gia tri

k 100 A 500

o 5 B 25

K, 0.1 Ty Constant
k, 0.05 Moy Constant

4 2

Ac {1 3} Fl 2

v, 1 F> 0.2
v, 0.3 n 25

Truong hop 1: Thiét bi AUV 1an xudng do sau -5 (m) tinh tir mit nudc va

dong thoi di chuyén dén vi tri mong mudn véi cac gia tri dat nhu sau:

me =[11 8] va 7,y =[-5 0.6]
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Time (seconds) Time (seconds)
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: : : — 1 ‘ : :
=== Qutput '8 === Qutput
0 == Set-Point|| <08 = Set-Point| |
Tt K
s g
_§ -2 sosft =
K] 204
>
A g 0.2
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Hinh 3.13. Vi tri, dé sdu, goc diéu hwdmg va nhiéu truong hop 1 ANHSMC

Truong hop 2: Thiét bi AUV lan xudng d6 siu -10 (m) t&i -2 (m) tinh tir

mat nudc va dong thoi di chuyén dén vi tri mong mudn véi cc gia tri dit nhu

sau: 74 =[9 7]T va 1,4 =[—2 —0.5]T

12 :
=== Qutput 10 !
== Set-Point —Output.
E O o s == Set-Point
= E 7= =
c
S 6 S
b =
x ) >,
0 : - : 0 | | I
0 50 100 150 200 0 50 100 150 200
Time (seconds) Time (seconds)
(a) Vi tri theo phuong Ox (b) Vi tri theo phuong Oy
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Hinh 3.14. Vi tri, d6 siu, géc diéu huwong va nhiéu trwong hop 2 ANHSMC

Két qua md phong Hinh 3.13, 3.14 khi sir dung bo diéu khién truot ting
thich nghi No ron ANNHSMC cho thay:

- Thoi gian xac lap nhanh vai cac vi tri theo phuong 0x, Oy ,0z va goc
diéu hudng twong tng voi truong hop 1 va trudng hop 2 lan luot 12 36s, 46s,
12s, 39s and 47s, 49s, 16s, 41s

Véi giai thuat nay, dap @ng hé thiét bi 13n ty hanh AUV bam theo tin hiéu
mong mudn véi do vot 16 khong dang ké gan nhu bang khong hoic nhé hon 5%,
sai s6 xac lap bang khong. Bén canh d6, dinh mic cua ca hai thong so trong
luong déu hoi tu vé khong. Sau d6, dé xac minh tinh on dinh caa hiéu suat diéu
khién trong AUV, NCS tac dong vao hé thong bang nhidu bén ngoai d6i véi tin
hiéu diéu khién duoc xac dinh boi:

Truong hop 3: Thiét bi AUV lan xudng do sau -12 (m) tinh tir mit nude
va dong thoi di chuyén dén vi tri mong mubn véi cac gia tri dat nhu sau:
e =[8 5] VA my =[-12 0]'. Tuy nhién thiét bi chiu tic dong nhifu diéu hoa
vao tin hiéu diéu khién c6 dang:

A=[20sin(0.01) +10cos(0.01t)]
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Hinh 3.15. Vi tri, dé sdu, géc diéu huwdng va nhiéu triwong hop 3 ANHSMC

Truong hop 4: Thiét bi AUV lan xudng d6 sau -10 (m) tinh tir mat nudc

va dong thoi di chuyén dén vi tri mong muon véi céc gia tri dat nhu sau:

T =[38in(0.01t) 2c0s(0.011)]" and 7,

=== Qutput

5 == Set-Point|]
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Hinh 3.16. Vi tri, dj sdu, géc diéu huwdng va nhiéu trwong hop 4 ANHSMC

Theo két qua md phong, bd diéu khién dé xuit phan tng kha tét véi nhidu
bén ngoai va giit cho hé théng hoat dong 6n dinh. Cac két qua thu duoc trong
Hinh 3.15 va Hinh 3.16 ching minh tinh 6n dinh cta hé thong ngay ca khi c6
nhidu tac dong. Piac biét, chat luong diéu khién trong 0x, Oy khi theo ddi quy
dao ham tuan hoan ciling rat t6t nhu trong Hinh 3.16 a va Hinh 3.16 b. Tuong tu
nhu vay, chét lugng vi tri & 0z va goc diéu hudng cling bam vi tri kha tét. Do do,
cac két qua thu dugc theo bo diéu khién HSMC thich nghi No ron tiéu chuan ¢
thé duoc coi 1a 1y tudng.

3.5. So sanh két qua moé phéng b diéu khién HSMC véi thich nghi No-ron
HSMC (ANHSMC)

Tuong ty nhu cach khai bao ham Khai bao ham m-file trén Matlap nhu
phan cubi chuong hai khi so sanh phuong phap diéu khién Backstepping véi
Backsepping thich nghi md. NCS ké thira phan khai bao cho 2 phwong phap
diéu khién can so sanh 1a HSMC va HSMC thich nghi No — ron.

Khai bdo ham m-file trén Matlap cac thong sb so sanh hai bo diéu khién
v6i 3 bo thong sb dé 1ay duong dic tinh (blue, red, black) trén cung mot db thi
va 5 hinh v& (figure 1 — figure 5) gdm cac dép tmg theo truc x caa AUV (hinh

117



3.16a), dap ung theo truc y (hinh 3.16b), dap g theo truc z (hinh 3.16¢) va dap
g theo quy dao x, y (hinh 3.16d) theo kich ban mé phong: Thiét bi AUV lin
xubng do sau -10 (m) tinh tir mat nudc va dap tng quy dao diéu hoa theo thoi
gian vGi cac gia tri dat nhu sau: 7, =[3sin(0.01t) Zcos(O.Olt)]T va n,, =[-10 O]T
.Thiét bi cling chiu tac dong nhidu diéu hoa vao tin hiéu diéu khién c6 dang;

A =[10sin(0.01t) 5cos(0.01t)]'

I
—x - HSMC
—x - ANHSMC

SN

— =x - Reference

0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh 3.17a. Bdp itng theo truc x ciia AUV véi 2 b diéu khién HSMC va ANHSMC

T
—y-HSMC
—y - ANHSMC
= =y - Reference

0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh 3.17b. Bdp g theo truc y ciia AUV véi 2 bé diéu khién HSMC va ANHSMC

0 T T
—z-HSMC
2 ——2z - ANHSMC ||
= =z - Reference
4 .
E s+ 1
N
8 .
A0 = = =
_12 | | | 1 | | | | 1
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh 3.17¢. Pdp itng theo truc x ciia AUV véi 2 bg diéu khién HSMC va ANHSMC
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Hinh 3.17d. Quy dao theo truc x, y ciia AUV véi 2 bé diéu khién HSMC va ANHSMC

Theo két qua md phong trén, bo diéu khién trugt ting HSMC thich nghi
No ron cho chat luong diéu khién tot hon HSMC thong thuong. Giam hién
tuong dao dong khi chuyén mach xung quanh mat trugt hé théng hon khi st
dung bo diéu khién truot ting (HSMC), cac gia tri md phong bam sat voi gia tri
dit mong mudn va gan nhu d6 qua diéu chinh I& rat nho. Phuong phap thich
nghi no-ron ANHSMC da xap xi cac thong s6 kho xac dinh trong thyc t& nham
muc dich nang cao chét luong diéu khién bam quy dao tdi wu nhat. Két qua nay
duoc NCS cu thé trong md phong so sanh sai sb giira tin hiéu ctia hai bo diéu

khién véi tin hiéu dat theo dd thi.
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0.8

0.6

0.2

0

-0.2

0.4

Hinh 3.18a. Sai s6 so véi tin hiéu ddt truc x ciia 2 bé diéu khién HSMC va ANHSMC
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Hinh 3.18b. Sai 56 so vdi tin hiéu dat truc y cua 2 bo diéu khién HSMC va ANHSMC
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Hinh 3.18c. Sai 56 so vdi tin hiéu dit truc theta ciia 2 bo diéu khién HSMC va ANHSMC

0.2 T T
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0.15+ .
0.1 .
0.05+ _
0

1 2

Hinh 3.184. Sai 56 trung binh véi tin hiéu dit ciia 2 b diéu khién HSMC va ANHSMC
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Hinh 3.18e. Sai 56 trong khéng gian 3D ciia 2 bg diéu khién HSMC va ANHSMC
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Hinh 3.18f. Sai s6 trong khéng gian 2D ciia 2 bg diéu khién HSMC va ANHSMC

Ca bo diéu khién HSMC va bo diéu khién ANHSMC déu mang lai chét
luong tt ngay ca khi co nhidu ngoai tac dong vao AUV. Trong truong hop md
hinh kh6 xac dinh va muén c6 bo diéu khién bén vitng voi nhiéu thi nén lya
chon ANHSMC. Nhung dé thiét ké duoc ANHSMC thi doi hoi ngudi st dung
phai dau tu rat nhiéu thoi gian dé tu thu thap kinh nghiém lya chon ra thong s6
bd diéu khién phu hop. Tuy nhién khi cai dit ANHSMC can lya chon cac Vi
diéu khién co tdc do xir Iy nhanh dé dam bao tinh thoi gian thuc cho hé théng vi
viéc hudn luyén mang duoc thuc hién truc tuyén (online). Pic tinh cua hai bo

diéu khién dugc so sanh trong bang sau:
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Bang 3.3: So sanh dic tinh b diéu khién HSMC va ANHSMC

DPic tinh HSMC ANHSMC

Thoi gian bam vi tri (s) 40 35

Sai s6 16n nhat so voi tin hiéu dat phuong x (m) 1.2 0.2

Sai sb trung binh 0.16 0.06

Gi6i han bao mién lan can goc toa do 0.2 0.1

Dao dong cua tin hiéu diéu khién Thay d61 nho Thay d6i nho

DJ phuec tap cua thuat toan diéu khién Phtre tap Don gian

Yéu cau k¥ thuat Thuat toan Thuét toan diéu khién
diéu khién | B9 nhd va chip xir Iy

Pam bao vé tinh 6n dinh bam bao Kho dam bao

Két luan chwong 3:

Chuong nay NCS tap trung xdy dung thuat toan diéu khién HSMC va
HSMC thich nghi no-ron cho mé hinh tau AUV 4 bac tu do, bo diéu khién 12
cong trinh két hop k¥ thuat diéu khién hién dai voi diéu khién thong minh tao
thanh mot hé thong kin nham t6i wu chat lugng diéu khién cho AUV c¢6 thanh
phan bt dinh dang ham s6. Céc k¥ thuat diéu khién duoc kiém chimg trén phan
mém chuyén dung va cho két qua tot ca khi AUV bam theo quy dao dit trudc.

Nhu vy c6 thé khiang dinh chat luong diéu khién ctia bd diéu khién
HSMC v61 nhiing déac tinh duge mo ta trén dd thi bAm quy dao dat tot hon so
v6i phuong phéap diéu khién dam bao bam quy dao dit trong phan chuong 2 cua
luan an. Véi thoi gian xac lap giam 15s (hinh 3.17¢) so véi 19s (hinh 2.15d) khi
cung 1an sau 10m tinh tir mat nude. D6 qua diéu chinh trong trudng hop diéu
khién HSMC No-ron ciing t6t hon khoang 5% (hinh 2.15b) so v&i 2% (hinh
3.17b) cung véi bién do theo truc y 1a 2. Trong trudng hop ANHSMC diéu
khién AUV bam theo quy diéu hoa véi sai s6 rat nhé nhu hinh 3.17.

Trong truong hop mudn xac dinh AUV bam quy dao trong khong gian
3 chiéu thi khai bao ham m-file trén Matlap nhu sau:

plot3(x.Data,y.Data,z.Data, 'red', 'linewidth',3.5); hold

on; grid on;
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plot3(x d.Data,y d.Data,z d.Data, 'black--",'linewidth', 3);
xlabel ('x [m]"); ylabel('y [m]"); zlabel('z [m]");
legend ("AUV's trajectory","Desired Trajectory");

Dic tinh dap umg dugc xac dinh nhu hinh 3.19 véi diém xuét phat trong
khong gian toa do (0, 0, 0), 1an xuéng do sau 8 mét va quay quanh quy dao dat 1a

quy dao diéu hoa 7, =[3sin(0.01t) 2cos(0.01t)]' Va 7,, =[-8 0]

- AUV's trajectory
= = Desired Trajectory
" -

z [m]

4
y [m] 2 -6 x [m]

Hinh 3.19. AUV bédm theo quy dao ciia bo diéu khién ANHSMC Iin sdu 8m
bac tinh dap ung dugc xéc dinh nhu hinh 3.20 véi diém xuat phat trong
khéng gian toa do (0, 0, 0), lin xudng do sau 10 mét va quay quanh quy dao dit

14 quy dao diéu hoa 7, =[3sin(0.01t) 2c0s(0.01t)]" Va 7,, =[-10 0]

— AUV's trajectory
0- = = Desired Trajectory

z [m]

y [m]

Hinh 3.20. AUV bdm theo quy dao ciia bg diéu khién ANHSMC lin sdu 10m
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KET LUAN VA KIEN NGHI

Két luan:

Luan an d3 lya chon md hinh phuong tién chuyén dong ngdm AUV 4 bac
tu do hé thiéu co cu chip hanh 1a di twong tmg dung dé mé ra hudng nghién
ctru méi cho k¥ thuat diéu khién hién dai. V&i nhiém vu dit ra 1a nang cao chét
luong diéu khién bam quy dao ctia phuong tién chuyén dong ngam AUV 4
DOF, luan an da dat dugc mot s két qua nhu sau:

- Xay dyng thanh cong bo diéu khién Backstepping kiém ching mé hinh
va dam bao quy dao cho AUV 4 DOF h¢é thiéu co cdu chip hanh.

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

- Khang dinh wu diém coa bo diéu khién kép Adaptive Fuzzy
Backstepping (AFB) vé d6 bén viing v6i nhidu va thoi gian qua do giam.

- Luan 4n nghién ctu thanh céng phuong phap diéu khién truot tang
Hierarchical Sliding Mode Controller (HSMC) thich nghi no-ron cho mé hinh
AUV 4DOF thiéu co ciu chip hanh. Thong qua dinh 1y Lyapunov chimg minh
duoc tinh 6n dinh cua hé thé)ng.

- Luén 4n so sénh cac bo diéu khién AUV hé thiéu co cau chap hanh véi
nhau dé dua ra danh gid cho ngudi dung lya chon cac bo diéu khién. Trong
truong hop mé hinh khé xac dinh va mubn c6 bd diéu khién cai dat don gian thi
nén dung AFB hoic ANHSMC. Trong trudng hop khéng muén dau tu thoi gian
vao thiét ké ma van dam bao vé chat luong 6n dinh thi nguoi st dung nén chon
BCS hoic HSMC. Trong trudng hop phai lwa chon 2 bo diéu khién phi tuyén thi
nén uu tién lya chon HSMC vi nhiing wu viét hon vé chét luong diéu khién (md
phong trong phan phu lyc 2) nhu diéu khién truc tiép thu thap dir liéu dang
online, d6 qua diéu chinh nho va thoi gian xac 1ap ngan hon.

- B9 diéu khién Backstepping dam bao bam quy dao kiém chimg md hinh
AUV 4 DOF, HSMC no-ron dua 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 duogc trinh bay trong luan an “Nghién ctru nang cao chat lwong bam quy
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dao ctia phuong tién chuyén dong ngdm”. Cac két qua mo phong timg bd diéu
khién véi nhau da ching minh cac muyc tiéu cua luan an dat duoc.

Kién nghi:

Luan an mdi chi tap trung nghién ctru cac giai thuat diéu khién phi tuyén
va phi tuyén thich nghi dé ning cao chét luong bam quy dao cia phuong tién
chuyén dong ngdm, mo hinh dong luc hoc chu yéu dua trén mé hinh moé phong
theo théng sb cb dinh bam quy dao trén mit phang ngang. Viéc ap dung cac bd
diéu khién chi mé phong mot sé tinh hudng trén may tinh voi sé 1an han ché,
tinh hudng han ché. NCS danh cong viéc ndy cho nhitng nghién ctru trong tuong
lai gan.

M6 hinh AUV 1a mé hinh lién tuc voi cac thong s6 thay doi theo thoi
gian, cac b diéu khién phi tuyén ciing 14 lién tuc nén can thém nhitng bd chuyén
d6i dé dua vé bo xur 1y 1a cdc may tinh sd hién nay trong diéu kién thoi gian
thuc. Pac biét 1a viéc sir dung cac tin hiéu diéu khién nay cho cac co cu truyén
dong khac nhau trén AUV 14 bai toan hoan thién dé trién khai thuc nghiém kiém

chtng thuat toan diéu khién can phat trién trong cac nghién ciru tiép theo.
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PHU LUC 1
Khai bao Mé hinh ddi tweng AUV trong m-file

function [ul, u2] = fcn(nl, gl, n2, g2,

d alpha2, t)
plotfunction [ul,uZ2]
= fcn(nl,gl,n2,92,d alphal,d alphaZ2,t)

u = qgl(l);

v o= ql(2);

w o= q2(1);

r =492(2);
cosi = n2(2);
m = 18.5;

xg = 0.15;

vg = 0.15;

1z = 1.57;

Xu = 6.83e-6;
Xul = 6.53;
Xuu = -0.58;
Xw = -1.13e-6;
Yvl = 0.08;
Yv = -0.85;
Yr = -1.03;
Yvv = -0.62;
Zzwl = 4.57;
Zu = 0.32;

Zw = —-0.32e-6;

Zou = 0;

Zww = 1.15e-6;
Nv = 0.32;

Nr = -2.15;
Nrl = -12.32;
Nrr = 0.5e-6;

cl = diag([0.15,0.12]);
PL/1

d alphal,



c?
c3
c4

nld
n2d
nld d
n2d d
mll

m21
m31
mol

MI11

M12

M21

M22 =
al

az

cll
czl
c31
co6l
dll
dz2
d31
de66
Cl1

Cl2

diag([90,901);
diag([0.2,0.2]);
diag([0.1,0.1]);
[8 31"';
[-8 01"
ot [0 01"';
[0 01"';
ml2

ot

m +

0;

Xu; 0;

m22
m32

m + Yv;

0; m33

Zu;
-m*yg; mé62 =
[mll ml2;
m21 m22];
[(m13 ml6;
m23 m26];
[(m31 m32;
mol mo62];
[m33 m36;

mo63 mo6o6];

Xu*u + Xw*w;
Yv*v + Yr*r;

0; cl2
c22
c32 =

-m*r;
0;
c33

c62

m*r;
0; 0;

m*xg*r + az2;

Xul + Xuu*abs (u) ;

Yvl + Yvv*abs (v);

Zou; d33

Nrl + Nrr*abs(r):

[ (c11+d11)
c21l (c22+d22)];
[cl3 clo6;

c23 c26];

cl2;

ml3
m23

cl3
c23

m

0;

PL/2

_|_

m*xg + Nv;

0;
0;

Xw;
0;
ZW;

mo63

clo

mlo

m26

m36

0;

Yr + m*xg;

0;
moo

lz + Nr;

-m*xg*r - az2;

c26 = —-m*yg*r + al;

c36 = 0;

m*yg*r - al;

Zwl + Zww*abs (w) ;

c63

0;

c66

0;



C21 = [(c31+d31l) c32;
cb6l c62];

C22 = [(c33+d33) c36;

c63 (cbb6+d6o6)];
J11 = cos(cosi); Jjl2 = -sin(cosi);
J21 = sin(cosi); J22 = cos(cosi);
J11 = [j11 j12;321 j22];
J2z2 = [1 0; 0 11;

M= M1l - MI2* (M22"(-1))*M21;
Cl = Cl11 - M12*(M22"~(-1))*C21;
C2 = Cl2 - M12* (M22"(-1))*C22;
zl = nl - nld;
alphal = (J117(-1))*(-cl*zl + nld dot);
z2 = gl - alphal - nld dot;
z3 = n2 - n2d;
alpha2 = (J227(-1))*(-c3*z3 + n2d dot);
z4 = g2 - alphaZ - n2d dot;
fl1 = (M"(-1))*(-Cl*gl - C2*g2);
gl = M*(-1);

2 = (M227(-1))*((M21* (M"(-1))*(Cl*gl + C2*g2))

C21l*gl - C22*g2);

g2 = (M227 (-1))*(-M21)* (M"(-1));

ul = (gl*(-1))*(-c2*z2-J11"'"*z1-(f1-d alphal));
u2 = (g2”(-1))*(-c4*z4-J22"'*z3-(£2-d _alpha2));
Khai bao théng s6 bo diéu khién trong m-file

function [yl,vy2,y3,y4,F2,T,dis] = plant (ul,alpha)
tl = ul(l:2);

gl = ul(3:4);

n2 = ul(5:6);

g2 = ul(7:8);

t2 = ul(9:10);

dis = ul(11:12);

u = gl (l);

PL/3



v = qgl(2);

w o= q2(1);

r =q2(2);
cosi = n2(2);
beta = 0.05;

m = 18.5;

xg = 0.15;

yvg = 0.15;

lz = 1.57;

Xu = 6.83e-6;
Xul = 6.53;
Xuu = -0.58;
Xw = -1.13e-6;
Yvl = 0.08;

Yv = -0.85;

Yr = -1.03;
Yvv = -0.62;
Zwl = 4.57;

Zu = 0.32;

Zw = -0.32e-6;
Zou = 0;

Zww = 1.15e-6;
Nv = 0.32;

Nr = -2.15;
Nrl = -12.32;
Nrr = 0.5e-6;
mll = m + Xu; ml2 = 0; ml3 = Xw; ml6é = -m*yg;

m2l = 0; m22 = m + Yv; m23 = 0; m26 = Yr + m*xg;
m31l = Zu; m32 = 0; m33 = m + Zw; m36 = 0;

m6l = -m*yg; m62 = m*xg + Nv; m63 = 0; m66 = 1z + Nr;
M1l = [mll ml2;
m21 m22];
M12 = [ml3 ml6;
m23 m26];
M21 = [m31 m32;

PL/4



mo6l mo2];
M22 = [m33 m36;
mo63 moo];

al = Xu*u + Xw*w;
a2 = Yv*v + Yr*r;
cll = 0; cl2 = -m*r; cl3 = 0; cl6 = -m*xg*r - az2;

c2l = m*r; c22 = 0; c23 = 0; c26 = -m*yg*r + al;
c31l = 0; c32 = 0; c33 = 0; c36 = 0;
c6l = m*xg*r + a2; c6b2 = m*yg*r - al; c63 = 0; c66 = 0;
dll = Xul + Xuu*abs (u);
d22 = Yvl + Yvv*abs (v);
d31 = Zou; d33 = Zwl + Zww*abs (w);
d66 = Nrl + Nrr*abs (r):;
Cll = [(cll+d1ll) cl2;
c21l (c22+d22)];

Cl2 = [cl3 cl6;
c23 c26];
C21 = [(c31+d31) c32;
cbl co62];
C22 = [(c33+d33) c36;
c63 (c66+d66)];
J11 = cos(cosi); Jjl2 = -sin(cosi);
j21 = sin(cosi); Jj22 = cos(cosi);
J11l = [j11 312;
j21 322];

J22 = [1 0; 0 11;
M =M1 - M12*(M22"~(-1))*M21;
Cl Cll - M12*(M22"(-1))*C21;
C2 Clz2 - Ml12*(M22" (-1))*C22;
f1 = (M*(-1))*(-Cl*gl - C2*g2);
gl = M*(-1);
£f2 = (M22” (-1))* ((M21*(M"(-1))*(Cl*gl + C2*g2)) -
C21*gl - C22*qg2);
g2 = (M227(=1))* (-M21) * (M" (-1)) ;
t = (alpha*tl + beta*t2) + dis;

PL/5



yl = Jl1*gl;
y2 = f1 + gl*t;
y3 = J22*g2;
v4d = £f2 + g2*t;

F2 = £2;
T = t;
end

Cai dit tham s6 dau vao trong m-file

function al = fcn(nl,n?2)
cosi = n2(2);
311 = cos(cosi); Jjl2 = -sin(cosi);
j21 = sin(cosi); Jj22 = cos(cosi);
J11l = [j11 312;

J21 j2z];

cl = diag([0.15,0.1217);
nld = [8 3]';
nld dot = [0 O]";
zl = nl - nld;
al = (J117(-1))*(-cl*zl + nld dot);

function a2 = fcn(n2)
J22 = [1 0;
0 11;

c3 = diag([2,2]);
n2d = [-8 0]"';
n2d dot = [0 0]';

z3 = n2 - n2d;
a2 (J227(-1)) *(-c3*z3 + n2d dot);
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PHU LUC 2
Truong hop 1: Thiét bi AUV lan xubng d6 siu -10 (m) tinh tir mdt nude
va dap ung quy dao diéu hoa theo thdi gian voi cac gid tri dat nhu sau:
Tha =[3sin(0.01t) 2c0s(0.01t)] VA 7,, = [-10 O]T Thiét bi cling chiu tic dong nhidu
diéu hoa vao tin hiéu diéu khién co dang: A =[10sin(0.01t) 5003(0.01t)]T

Dép tng quy dao theo

I T
——Xx - Backstepping
—x - HSMC

= =x - Reference

0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh PL2.1. Pap g theo truc x ciia AUV véi 2 bé diéu khién
Backstepping va HSMC truong hop 1

3 T T T T T T -
—y - Backstepping
2 —y-HSMC
= =y - Reference

0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh PL2.2. Pap vmg theo truc y ciia AUV véi 2 bé diéu khién
Backstepping va HSMC truong hop 1

0 T

T
——z - Backstepping
—2z - HSMC
— =z - Reference

-8

A0 = =

12 I I I I I I I I 1
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh PL2.3. Pap ung theo truc z cua AUV voi 2 bo diéu khién
Backstepping va HSMC truong hop 1
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0.6

—@ - Backstepping
—@ - HSMC
= =0 - Reference

0.4F

_02 1 1 1 1 1 1 1 1 |
0 20 40 60 80 100 120 140 160 180 200

time [secs]

Hinh PL2.4. Pdp vmg goc diéu huwéng ciia AUV véi 2 b diéu khién
Backstepping va HSMC truong hop 1

3 i
—HSMC
oL ——Backstepping
= =Desired Trajectory
11 4
Eot 1
>
K= 4
2+ 4
3L | | | | | | | ]
-4 3 2 1 0 1 2 3 4

x [m]

Hinh PL2.5. Quy dao theo truc x, y ciia AUV véi 2 b diéu khién

Backstepping va HSMC truong hop 1
Truong hop 2: Thiét bi AUV lan xudng do sau -10 (m) tinh tir mit nude
va dap tung quy dao diéu hoa theo thdi gian voi cac gid tri dat nhu sau:
7y =[65in(0.01t) 2c0s(0.01t)]' V& 7,, =[-8 0] .Thiét bj cling chiu tac dong nhiéu

diéu hoa vao tin hi¢u dicu khién c6 dang: A =[10sin(0.01t) 5cos(0.01t)]'

T
—vy - Backstepping
—y - HSMC
— =y - Reference

0 20 40 60 80 100 120 140 160 180 200
time [secs]

Hinh PL2.6. Dap vmg theo truc y ciia AUV véi 2 bé diéu khién
Backstepping va HSMC truong hop 2
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Hinh PL2.7. Bdp g theo truc x ciia AUV véi 2 b diéu khién
Backstepping va HSMC truong hop 2
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-2 — -z-Reference [
4+ ,
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B -
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Hinh PL2.8. Ddp vmg theo truc z ciia AUV vé6i 2 b diéu khién
Backstepping va HSMC truong hop 2
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Hinh PL2.9. Quj dao theo truc x, y ciia AUV véi 2 bé diéu khién

Backstepping va HSMC truong hop 2
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