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MO DAU

1. Tinh cip thiét cia dé tai luin an

Trai dat c6 khoang 70% bé mat dugc bao phi boi nude, do viy co rat
nhiéu khu vuc van chua duge con nguoi kham pha. Viét Nam nam trén bo Bién
Pong, c6 ving bién rong hon mot trieu 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 ddi vai céng viéc phat trién dat nudc, trong dé ndi bat 1a dau khi,
hai san. Do véy phuong tién chuyén dong ngém noi chung va AUV noi riéng
rat can thiét, hiru hiéu trong viéc phuc vu cac nganh céng nghiép nhu: Xay
dung cong trinh bién, khao sat nghién cau bién, hai duong hoc, tim kiém cuau
ho, kinh té bién va qUOC phong. Déc biét trong quan sy hién nay AUV c6 thé
dugc vi nhu UAV (thiét bi bay khong nguoi 1ai) trén mat dat v6i tam quan trong
dugc duoc khang dinh trong rat nhiéu cong trinh tng dung gan day [1], [2].

Pé cy thé hoa nhiing chinh sach ciia Pang va Nha nudc cung voi sy phat
trién vuot bac cua khoa hoc ky thuat ngay nay, phuong tién ngdm ngay cang
dugc quan tam phat trién, nhat 1a phuong tién ngdm c6 nguoi lai bén trong.
Tuy nhién phuong tién ngam cO nguoi 1ai bén trong thuong la nhing thlet bi
quan sy ¢§ lon va co thé din dén nhiing rai ro nhu vu tai nan tdu ngam
Nanggala ning 1300 tin cua Hai quan Indonesia nam 2021 lam chét 53 nguoi
va chim ¢ d6 sau 850m khong the truc vét va diéu tra nguyén nhén [6]. T d6
khang dinh su can thiét cling nhu tAm quan trong cta thiét bi khong co ngudi 1ai
bén trong vi myc dich an toan cho tinh mang con nguoi va giam thiéu rai ro ¢
muc thép nhat. Phuong tién ngam ty hanh AUV c¢6 nhiéu vu diém nhu khong
yéu cau dleu hanh lién tyc cua con nguoi va khong chura cac he théng con dé
duy tri su song nhu hé thong khi tuan hoan, thirc an, nudc udng.... Pidu nay
din dén su don gian hoa trong thiét ké, bao tri, bao dudng thu’ong Xuyén s¢
nhé hon so véi thiét bi ngdm c6 nguoi 1ai bén trong. Do d6 AUV 1a thiét bi ngam
tu hanh dwgc quan tAm phat trién trong nganh céng nghé hang hai cho ca muc
dich dan su va quén su [7], [9].

AUV (Autonomous Underwater Vehicles) 1 dbi tugng hoat dong trong moi
trudng nude chiu tic dong cla cac yéu to khong biét trude nhu gid, dong chay, mat
do khong dugc tinh todn chinh xéc, ngay ca dic tinh dong hoc cua ddi tuong cling
bét bién theo thoi gian nhu nhién li€u bi ti€u hao, trong lugng tau, vi tri trong tam
tau thay doi. Do do, cac thuat toan diéu khién hién dai da duoc nghién ctu cho
AUV, nham nang cao kha nang cap nhat sy bién thién ctia cac hé s0 thuy dong hoc
va dong hoc cia AUV dé dat dugc chat luong diéu khién mong muén.

Pé nghién ciru cac thuat toan dicu khién cho AUV thi diéu khién thong
minh c6 nhimg wu diém rat 16n, mot 1a tan dung duoc kién thic chuyén gia
trong diéu khién, hai 1a tinh linh hoat cao, c6 kha nang thay doi dé dap tmg dan
tot hon (kha nang tu hoc), ba 1a co thé khong can biét mo hinh toan hoc cua hé
thdng ....Tuy nhién nhitng nhugc diém ma diéu khién thong minh mang lai cling
khong phai it nhu kh6 dugc bao dam béng toan hoc, cau trac diéu khién phtrc
tap. Vi thé bo diéu khién thong minh thuong di kém véi cac bo 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 uu dlem ctia bo diéu khién thong minh [17], [18].

Phuong tién chuyén dong ngdm hién nay chu yéu dugc nghién ctu voi
phuong trinh chuyén dong 6 DOF. Cac cong trinh vé phuong tién chuyén dong
ngam 4 DOF cho cac phuong tién ngam ¢ nho thuong huong dén thuat toan diéu
khién du co cAu chap hanh. H¢ thiéu co cdu chap hanh dugc nghién ctru trong cac
hé thong nhu tau thuy, tau ngam, may bay, tau vii try, robot vo1 muc dich dé giam
gia thanh, giam trong luong, giam tiéu hao ning lugng tiéu thu hodc hé théng co
thiét bj chap hanh bi 15i. Trén thyc té, khi giam co cAu chdp hanh thi viéc phat
trién k¥ thuat diéu khién cang can thiét va kho khan hon so véi cac hé dii co cau
chap hanh. Cic cong trinh nghién ctru hé thiéu co cdu chdp hanh UMS
(Underactuated mechanical systems) duoc nghién ctru tp trung nhiéu dén viéc
thiét ké thuat toan diéu khién cho cac hé UMS phi tuyén khi phai xét dén cac yéu
t bat dinh, mo hinh khong chinh xac, nhiéu tic dong vao hé théng.

Vi nhimg 1y do d6 NCS lua chon dé tai “Nghién ciru nang cao chat lugng
diéu khién bam quy dao cta phuong tién chuyén dong ngadm” lam dé tai nghién
ctru cho luan &n tién si ciia minh, dé tir 46 dé xuat cac thuat toan hién dai nham
hang cao chat luong bam quy dao cua AUV, huéng t6i dap (mg nhu cau phat
trién va hién dai hoa thiét bi ngam tu hanh AUV trong nudc va trén thé gidi.

2. Muc dich nghién ciru

Ap dung ly thuyet diéu khién hién dai xay dung bd diéu khién méi nham
nang cao chat luong diéu khién bam quy dao cho phuong tién chuyén dong
ngam dang AUV 4 DOF thiéu co cau chap hanh.

3. Poi tugng va pham vi nghién ciru ctia dé tai

D01 twong nghién ciru: Hé théng diu khién cua phuong tién chuyen
dong ngam tu hanh AUV 4 DOF bam dugc quy dao mong mudn véi sai s6 nho
nhat trong diéu kién mo hinh dong hoc cua tau c6 cac thanh phan bat dinh.

Pham vi nghién ctru:

Trong luan an nay NCS khong dé cap nhiéu dén van dé dan duong hay
dinh vi do nhitng van dé nay da duoc nhiéu cong trinh nghién ctru trudc do va
cho két qua tot. NCS chi st dung bam quy dao theo hang sd va quy ham diéu
hoa trong khong gian cho cac mo phong sau nay.

NCS hudng téi nghién ctru xdy dung cac thuat toan diéu khién dé cung
cap tin hiéu diéu khién tirc thoi 1a céc tin hiu lyc va m6 men cho phép AUV di
chuyen theo quy dao mong muén co tinh nang bam hudng va quy dao trén mat
phang ngang. Viéc sir dung cac tin hiéu diéu khién thong qua cic co cau truyén
dong khac nhau trén AUV, NCS chua c6 diéu kién nghién ctru trong ndi dung
luan &n nay.

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

Luan an d& xuat hai xu hudng diéu khién cho hé thiéu co cau chap hanh
tmg dung cho d6i tuong AUV moét 1a dua vé dang du co cau chap hanh khi thiét
ké bo diéu khién cho céac trang thai du co ciu ch?ip hanh, sau do ap dung tin hi¢u
diéu khién nay cho hé thiéu chap hanh ban dau (b6 diéu khlen Backstepping va
Backsepping Fuzzy), hai la thiét ké bo diéu khién truc tiép cho hé thiéu co cu
chap hanh (HSMC va HSMC no-ron).



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

5. Phwong phap nghién ciru

Phéan tich ly thuyet cac cong trinh khoa hoc dugc cong bé trong thoi gian
gan day ¢ linh vuc diéu khién thich nghi phi tuyén. Phan tich cac uu nhuoc 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.

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

6. Nhirng dong gép mai caa luan an

X4y dung thanh cong thuit toan diéu khién Backtsepping va
Backstepping thich nghi st dung h¢ logic mo dé so sanh danh gia chat lugng
diéu khién cho AUV c6 thanh phan bat dinh dang ham s6. Cac k¥ thuat diéu
khién dugc kiém ching trén phan mém chuyén dung.

Xay dyng bo diéu khién truot ting Hierarchical Sliding Mode Controller
(HSMC) thich nghi no-ron cho md hinh AUV 4 DOF trén co s¢ két hop diéu
khién truot tang va mang no-ron nhan tao dé nang cao chét luong diéu khién
qui dao AUV t6i wu nhit.

7. Bo cuc ciia luin 4n

- Luan an dugc chia thanh 3 chuong voi ndi dung chinh dugc tom tat nhur sau:

Chuong 1: Giéi thiéu tong quan vé phuong tién chuyén dong ngam AUV,
cac phuong phap diéu khién da dugc cong bd trong va ngoai nudc, lam nén tang
dé phat trién cac giai thuat diéu khién méi duoc dé xuét trong luan 4n.

Chuong 2: Piéu khién backsteping thich nghi mo dam bao bam quy dao
cho AUV thiéu co cau chap hanh. So sanh véi bo diéu khién Backstepping thich
nghi sir dung hé logic mo dé chinh dinh tham s6 ctia bo diéu khién. Tir d6 khang
dinh uu diém ctia bo diéu khién kép Adaptive Fuzzy Backstepping (AFB) vé do
bén vitng véi nhidu va thoi gian qua do giam.

Chuong 3: Piéu khién trugt tang thich nghi no ron cho AUV thiéu co cau
chap hanh nang cao chat luong diéu khién bam quy dao. Trinh bay 1y thuyét vé
k¥ thuat vé diéu khién truot tang 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 xuét trén co so két hop diéu khién trugt ting va mang no-
ron nhéan tao. Hé thong kin véi ANHSMC dugc md phong kiém chung bang
phan mém Matlab/Simulink.



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

1.1.Téng quan vé phuong tién chuyén dong ngam

Hién nay phuong tién chuyén dong ngdm dugc chia thanh nhiéu loai khac nhau
[1]. Can ctr vao kha niang tham gia diéu khién cta con ngudi co thé phan thanh hai
loai chinh: Phuong tién chuyén dong ngam cd ngudi 1ai bén trong va phuong tién
chuyén dong ngam khong ngudi lai bén trong. Hinh 1.1 13 so d6 phan loai phuong
tién chuyén dong ngam 1a phuong tién ngam diéu khién tir xa (ROV), phuong tién
ngam c6 ngudi lai va phuong tién chuyén dong ngam ty hanh (AUV).
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Hinh 1.1. Phdn loai phwong tién chuyén dong ngam [1]

Phuong tién ngam tu hanh AUV khong c6 nguoi 1ai bén trong diéu khién tu dong
ra doi nham khic phuc mot 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 ning hoat dong
trong nhiéu dang méi truong khac nhau tir sdng ngoi, ving bién dén céc ving lanh
gia khiac nghiét nhat. Ngay nay, cling véi viéc phat trién cua cac dang vat lieu mai,
ky thuat may tinh, thiét bi cam bién, ciing nhu sy tién bo vé ly thuyét diéu khién
robot, hang loat cac dang AUV nhé gon, tién tién, thdng minh va dang tin cay da
duoc ché tao va dua vao tng dung trong thuc té nhu quan tric méi truong, khao sét
dia hinh, ...

1.2. Mt s6 ing dung tiéu biéu ciia AUV

Bang 1.1 minh hoa so lugc vé qua trinh phét trién san pham AUV trén thé
gioi. Toan b qua trinh phat trién va danh gia cac loai san pham vé AUV thé gioi
c6 thé tham khao trong [7] [14].



Stt

Mo ta chinh

AUV: Wukong duogc phét trien boi truong Dai 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 dau tién vao nim 2019, phuong tién chi dat do sau 1.500m so
voi mue nudce bién.

AUV: Vityaz-D Do Nga san xuat Theo hing thong tin TASS, duoc gidi
thiéu tai dién dan cong nghé va quan su qudc té Army-2020. Con tau lan dén
d6 sau 10.028m nay htra hen s& gitip nganh cong nghiép qudc phong Nga dat
dén mot tAm cao moi trong twong lai.

AUV: Dolphin 14 san phdm nghién ctru cua Pai hoc Bach khoa Ha Noi dung
dau nhom nghién ctu 1a PGS.TS Truong Viét Anh NCS tai truong PH
Tohoku, Nhat Ban.Cong bd tai trién 1Am "Ung dung khoa hoc, cong nghé
trong doanh nghiép" tai Trung tam Hoi nghi Qubc gia 12/2019

AUV Bluefin 9 duogc phat trién boi tap doan cua My tir nam 2010. Thong sb
ky thuat cia AUV nhu sau: Nang 60,5kg, Dai 1,65 m, rong 0,24 m, c6 thé
lan sau nhét 200, van toc di chuyén tdi da 1a 2 m/s, c6 kha nang hoat dong 12

gio lién tuc trén bién.

1.3. Hé toa @9 cua thiét bi lan tw hanh AUV

M6 hinh dong hoc cua thiét bi 13n tu hanh AUV duoc xay dung dua trén 1y

thuyét co hoc, nhitng nguyén 1y ciia dong hoc va tinh hoc. M6 hinh dong hoc cua

AUV duoc sir dung dé thiét ké cac hé théng diéu khién cho phuong tién nay dap tmg

cac muc tiéu cu thé. Noi chung, chuyén dong caa AUV c6 thé dugc biéu dién bang
phuong trinh chuyén dong véi sau bac tu do (6-DOF) [7], [8]. Cac thanh phan nhu
chiéu chuyén dong, luc va md men tac dong, tbc do va vi tri cho AUV dugce biéu dién

trong bang 1.3

Bang 1.3: Cac ky hi¢u cia SNAME

Biac Chuyén dong Lwcva | Toc dd daiva | Vitriva
tuw do : mo6-men toc do goc | goc Euler

1 Truot doc theo truc x (Surge) X u X

2 Trugt ngang theo tryc y (Sway) Y v y

3 Truot ding theo truc z (Heave) Z W z

4 Lac ngang quanh truc x (Roll, heel) K p [0)

3) Lac doc quanh truc y (pitch , trim) M q 0

6 Quay tr¢ quanh truc z (Yaw) N r 1

Heé toa do (x, y, z) 1a vi tri ciia phuong tién chuyén dong ngam theo chuyén

dong tinh tién doc céc 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 (¢, 6) la cac goc

miéu ta huéng chuyén dong cua phuong tién ngdm AUV quanh céc truc x, y, Z Va tdc

2




d6é quay quanh (p,q,r) chinh la dao ham theo thoi gian theo cac toa do tuwong ng
(6, 8,1)) v6i hé quy chiéu tinh tir hé toa do dia Iy OXYZ dén hé quy chiéu cta hé toa
d6 gan than GpXpYb, Zp nhu hinh 1.6.
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Hinh 1.6. Biéu dién hé toa dé ciia AUV [9]
Pé phan tich chuyén dong ctia phuong tién chuyén dong ngam thudng quan
tam dén hé toa do dia Iy OXYZ va hé toa do cb dinh tam trai dat OXeY®Ze. Méi quan
hé gitta hai hé toa do nay duogc thé hién trén hinh 1.7.
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Hinh 1.7. Quan hé ciia hé toa do dia Iy va hé toa do cé dinh tam trdi dat [9]

He¢ toa do 0X® Y& 78 (Earth-Centered Reference Frames) gdm:
Khung toa do ECI (i-frame) 1a khung quén tinh dé dinh vi trai dat (thda méan
dinh lut II Newton khi xét dén cac chuyén dong c6 khung quy chiéu cta hé toa do

khong co gia toc). ECEF (e- frame) 0X® Y& 7€ ¢6 gbc gén véi than trai dat nhung truc
quay goc we = 7.2921. 10°° rad/s so v&i khung quan tinh ECI. Chuyén dong quay cia
trai dat co thé bo qua ddi véi phuong tién hang hai, do d6 c6 thé coi khung e- frame 1a
khung quén tinh. Trong thuc té khung toa d6 e—frame duogc sir dung cho diéu khién,
dinh vi va dan duong ndi chung khi miéu ta chuyén dong cia phuong tién chuyén dong
ngam va vi tri trén dai dwong [11].
1.4. M6 ta dong hoc phwong tién chuyén dong ngim
1.5. Cac lwc va m6 men ngoai luc tac dong 1én AUV

Xét loai AUV duoc diéu khién bdi chan vit 1a dong co day, banh 1ai hudng lam
nhiém vu diéu khién theo hudng, vira diéu khién giam lic va mot hé thong bom diéu
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khién AUV theo d6 sau hay goc chiic ngoc, truyén dong quay cac banh l1ai nay 1 cac
may lai dién. Ngoai luc va m6 men ngoai luc tac dong 1én AUV duogc biéu dién:

Toe =M,V +C, (V)V+D(V)v+L(V)V+g(n)+z (1.19)

Vé6i M,,C,(v) la ma trin quan tinh va ma trn huéng tdm Coriolis khéi nuéce
kem; D(v) la ma trdn va m6 men thiy dong; g (7_7) 1a véc to lyc va md men giy ra
boi trong luc va luc noi; L(v)1a ma tran thong s6 luc va md men cia banh 14i;
=1, +7,laluc va m6é men cua banh lai va dong co day [9].

1.6. Cac yéu td mdi trudng tic dong 1én phwong tién ngdm tu hanh
1.7. Tinh hinh nghién ctiru AUV trén thé gioi
1.8. Nhirng nghién ctru AUV trong nuéc

Trén thé gidi nhitng cong trinh khoa hoc nghién ciru vé AUV dugc quan tim
rat 16n, nhiing cong trinh duogc cong bd ngay cang nhiéu. Trong d6 cac k¥ thuat diéu
khién hién dai dang duoc ung dung phat trién. O Viét Nam cac cong bd gan day vé
AUV chi yéu 1a cac luan an Tién si tip trung & mot sé6 DH 16n nhu Pai hoc Bach
khoa Ha Noi, hoc vién Ky thuat quan su, Truong Pai hoc Hang hai Vi¢t Nam,
nghién ctru khong tap trung vao mot sd van dé nhu ngu 16, tau ngam, thiét bi thuy
am lién lac. Cong trinh cong bd hoan thién vé AUVchua dugce quan tim nghién ctru.

K¢ét luan chwong 1: Viéc phan tich tinh hinh nghién ctru trong chuong 1 cho
phép NCS rut ra két luan sau: AUV (Autonomous Underwater Vehicles) 1a d6i tuong
hoat dong trong méi truong nude chiu tac dong cia cac yéu to khong biét trude nhu do
sau, ap suit, dong hai luu, khong dugc tinh toan chinh xac, ngay ca dac tinh dong hoc
ctia d6i tugng cling bat bién theo thoi gian nhu nhién li€u bi ti€u hao, trong lugng tau, vi
tri trong tAm tau thay doi. Piéu khién nang cao chat lugng diéu khién bam quy dao cua
AUV doi hoi phai str dung 1y thuyét diéu khién phi tuyén hién dai.

Phuong tién chuyén dong ngam hién nay chu yéu duoc nghién ctru voi phuong
trinh chuyén dong 6 DOF. Cac cong trinh vé phuong tién chuyén dong ngam 4 DOF
cho cac phuong tién ngdm c& nho thuong huéng dén thuat toan diéu khién du co cau
chap hanh. Céac nghién ctru vé hé thiéu co cau chip hanh chu yéu cho tau thily mit
nude, AUV 4 DOF thiéu co cau chap hanh chua duoc cong bd nhiéu trong cac cong
trinh khoa hoc. Do d6 trong luan an nay NCS tap trung tiép can hai xu hudng diéu
khién thiéu co cdu chap hanh: Mot 1a ¢b ging dua vé dang du co cau chap hanh khi
thiét ké bo diéu khién cho cac trang thai dil co cau chip hanh, sau d6 ap dung tin hiéu
diéu khién nay cho hé thiéu chdp hanh ban dau (b diéu khién Backstepping va
Backsepping Fuzzy). Hai 1a thiét ké bo diéu khién tryc tiép cho hé thiéu co ciu chap
hanh (HSMC va HSMC no-ron). Pay chinh 1a tién dé dé dinh hudng cho nhimng dong
gbp madi duge thuc hién trong luan an.



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

2.1. M6 hinh toan cia AUV

Tuy theo cac ung dung cu thé ma ta chon sb bac tu do phu hop, sb bac tu do
cang it thi kha ning diéu khién s& d& phirc tap hon. Dbi véi mot thiét bi hoat dong
trong moi truong nudc thi vige diéu khién chinh x4c cac vi tri, toa d ctia ca 6 bac 1a
hét st phtrc tap. Pé don gian hoa ddi vé6i cac loai thiét bi 1an ty hanh ¢& nhé c6 thé
b6 2 béc ty do 1a: Goce (chuyén dong quay 1at) va goc ¢ (chuyén dong quay lic), thi
phuong trinh chuyén dong cua thiét bi 13n ty hanh AUV gém 4 bac tu do duoc biéu
dién qua cac dai luong (mot dong co chan chan vit chinh dé di chuyén, mot dong co
chan vit miii, mot dong co banh lai dé diéu hudng va dong co bom dé lin ndi). Muc
dich dé don gian hoa trong qua trinh diéu khién ma van dam bao duoc yéu cau nhiém
vu ddt ra. Vi tri toa d0 (X, y), huéng di caa AUV (y) va vi tri truc z (d0 sau lan).

Phuong tién chuyén dong ngam AUV 4 DOF c6 phuong trinh dong hoc phi tuyén
tong quat nhu sau:

.
o (mv (2.13)
Mv+C(V)v+D(v)v=r
Trong d6 J(»)1a ma tran quay quanh trucOz biéu dién nhu sau:
cos(w) -sin(w) 0 O 33
i 11 Y12
30 = sin(w) cos(w) 0 O|— (2.14)
0 0 10| [Jndy
0 0 01
Ma trdn quan tinh cta hé thong:
‘m+ X, 0 X, —my, |
M = 0 m+Y, 0 Y, +mx, :{Mn Mlz:l
Z, 0 m+Z, 0 M, M, (2.15)
-my, mx,+N; 0 I, +N,
Ma tran Coriolis va ma tran lyc hudng tam cua h¢ théng:
0 -mr 0 -mx,r-a,
_ Cc,C
co mr 0 0 —myrr+a | _|*u e (2.16)
0 0 0 0 CZl CZZ
mx,r+a, my;r-a 0 0

D(v) Ia ma tran suy giam thuy dong luc hoc dugc biéu dién nhu sau:



X+ Xyl 0 0 0
D) 0 Y, + Yy V] 0 0 _{Dn D12:| (2 17)
V — —_ .
Z,|ul 0 Z,+Z,y W] 0 D,, Dy,
0 0 0 Ky + Ky 1 P

Trong d6 cac ma tran M, J(;),C(v), D(v) thoa min nhiing tinh chét sau:
(H)M=M">0, (2) C(v)=-CT(v), (3) D(v)>0
J(7) 13 ma tr 1 12 ma tra iagd (M) =3"(n)
4) la ma tran quay xung quanh truc 0z va la ma tran tryc giao
M6 hinh chuyén dong bén bac tu do cua tau ngdm AUV bao gdm :
n=[x, y,z,gy]T la véc-to vi tri cta tau theo cac trucOx,0y,0zva goc diéu hudng tau
quay quanh truc Oz; v=[u,v,w,r]" | véc-to van toc dai theo cac phuong Ox,Oy,0zva

téc d6 quay xung quanh tryc Oz. Theo hé phuong trinh (2.13) © — 1a luc va mo-men
duoc tao ra boi co cdu thuc hién caa AUV, cac luc va md men nay duoc thuc hién
bi 7=[7,,7,,7,.7,] .

M5 hinh toan ciia AUV 4 DOF c¢6 nhiéu co cu thuc hién nhu: Chan vit chinh
sau l4i tao ra luc day truot doc 7, , chan vit phu tao ra luc truot ngang 7, , hai bom
nudc & hai bén AUV s€ tao ra luc truot doc 7,,, banh lai chinh sau lai tao ra mo6-men
7, thay d6i hudng di cta tau. Mat khac, néu 7,, 7, = 0 tirc 1a trong mé hinh toan cta
AUV khong c6 thanh phan luc gy ra truot ngang va quay tré (phan ttr thuc hién
khong c6 co cdu ddy ngang va banh 1ai) hudng theo truc 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 ctia banh 1ai phia sau 1ai c6 thanh phan luc gy ra truot
ngang 1a rat nho, diéu d6 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 ¢ 2 co cau
thuc hién 1a dong co déy phia sau va dong co theo truc doc nhu mé hinh hoat dong
cta Quadrotor UAV hay goi la QUV (hinh 2.2).

Hinh 2.2. Phdn tich lwc AUV 4 DOF thiéu co cdu chdp hanh
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AUV duoc coi 12 thiét bi thiéu co cau chdp hanh (Underactuated) khi s tin
hiéu diéu khién dau vao it hon sb bién trang thai diéu khién (hay sd bac tu do)
[21]. NCS tach m6 hinh toan (h¢ phuong trinh 2.13) thanh hai phan Ia hé thong
thiéu chap hanh va hé thong du chap hanh. Véc-to vi tri 7 =[m n,] s& duoc chia
lam hai phan 5 =[x z]' cho trang thai ¢ chip hanh va 5, =[y w] cho trang thai
thiéu chip hanh. Tuong tu, véc-to van téc V ciing dugc chia 1am hai phan véi
v=[v, v, ]T . Phuong trinh dong luc hoc AUV (2.13) duogc viét lai nhu sau:

=3\ + 5,V

1M, = doVi + Y,
MV +(Cpy + Dy + MV, +(Cpp + D)V, =7
M 21\71 + (C21 + DZl)vl + M 22\72 + (CZZ + D22 )V2 = 0

Voi:

M. = m+X, O M. = Xy —my, M. Z, 0 M- m+Z, 0
270 mey, 2UL00 Y mxg A -my,  mx +N, 2700 L4N,
|0 -mr |0 —mxr-a, |0 0 100
C“(V)_[mr 0 } C“(V){O —mygr+aj Cﬂ(v)_[mxgwa2 mygr_aj sz(V)_{o O}
cos(y) —sin(y) [O O} 00 10
Jy (V) Lin(l//) cos(y) 2 (V) 0 0 2(V) 00 »(V) 01

X+ X ul 0 00 Z,lul 0 Z,+Z,. |W| 0
D, (v)= . D (v):{ } D.()=|"® | Ew T Cu
o { 0 YV+YW|V|] W70 of P Tg o] Pal) 0 K, +Kyy [ P

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

(2.18)

& (My =Mu,M ™, My, ¥ +((Cy + D) = My,M ™, (Cpy + D) JV, +((Cpp + D) =M,M ™, (Cp + D) v, =7
Rut gon phuong trinh (2.20) tinh dugc:
Mv, +CV, +C,v, =7 (2.21)
M, -M,M ‘1?_2M21
(C,+D,)-M,M ‘122 (C,,+D,)
C,=(C,+D,)-M,M™,(C,,+D,,)
Vi ma trdin M la ma trin kha nghich xac dinh duong nén tir phwong 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 =CV, —=CV,) +(Cyy + D)V, +(C, + Dy, )V, |

M =
Véi: C,=
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&V, =M, [ MM (=Cy, —=C,V,) +(Cyy + D)V, +(Cp, + Dy )V, |[-M 7, MMz
Thay (2.21) va (2.22) vao h¢ phuong trinh (2.18), suy ra h¢ phuong trinh dong
luc hoc cua AUV duoc tinh nhu sau:
=V
V,=M*(-Cyv,-C,v,)+M 'z
1, =2V,
V,=-M™, [M 4M 7 (=CV, —CV,) +(Cy, + D,))v, +(C,, + D)V, ] -M, M, Mz

(2.23)

0

2.2. Co s6 1y thuyét didu khién Backstepping thich nghi mo
2.2.1. Ky thudt diéu khién Backstepping
2.2.2. Piéu khién duwa trén hé suy dién mo
2.3. Piéu khién Backstepping cho AUV 4 DOF thiéu co' cau chap hanh
2.3.1. Tong hep bé diéu khién cho AUV bang kj thugt Backstepping

Pé kiém ching mé 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 duoc
NCS trinh bay trong phan trén vé nghién cau thiét ké bo diéu khién Backstepping
diéu khién AUV. M6 hinh caa hé théng dugc mé ta nhu sau:

Véi: le(v):{g 8} va JZl(v):B 0}

Nhiéu moi truong

Quy dao tham chiéu n
0 Mo hinh dong hoc _
d AUV '
»  Backsteping >
' Tin hiéu diéu khién 7

Hinh 2.5. Cdu triic hé théng diéu khién Backstepping cho AUV
Thuét toan diéu khién Backstepping duoc trinh bay sau day:
Hé phuong trinh (2.23) dugc viét lai dang tong quat héa nhu sau:

=V X=[771 v, 7, Vz]T
u=06(X)+a(X)n (2.61)  f(X)=M*(-Cy,-C,,)
1, = J5V, gl(X)=M_1

v, = f,(X)+9,(X)r ) o
’ ’ ’ ’ fz(x):_M l22[M21M l(_Clvl_szz)"'(Cm"'D21)V1+(C22+D22)V2]

QZ(X) =-M 7122M21M71
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Dinh nghia véc to sai so gita tin hi€u dau ra va tin hi¢u dat nhu sau:

€ Th — g
e(t){ }{ } 2.63
€; 1y = Moy ( )
Coi hé (2.61) 14 hai hé con (2.64), (2.65) v6i tin hiéu diéu khién 7,,7,cho ting
hé { M= JVy (264) { M, = JaV, (265)
v, = f,(X)+9,(X)z v, = fz(x)+gz(x)72

Tin hiéu diéu khién chung h¢ (2.61) dugc chon theo luat sau:
T =ar, + fr, (2.66)
Véi «, p 1a cac hang s6 duong.
Hé (2.64), (2.65) 1a cac hé truyén nguoc chit bac 2, theo k¥ thudt Backstepping,
dé xac dinh tin hiéu diéu khién 7,7, :
legl_l(x)(_czez_‘]lTlel_ fl(x)+dl) (277)
Véic,la hang s6 duong
& :gz’l(x)(_c4e4_\]2T2e3— fz(x)"‘dz) (2.79)
VOi e =m,—1y, & =1,-Th, 0= 350 (—Co85 +171,4) ,C5,C, 12 céc hﬁng s6
duong. Thay z,,z, vao phuong trinh (2.66) tinh duoc:
r=a.9;" (X)(—Ce, — Ifie — Fi(X)+¢, )+ B.9," (X) (—c,e, — 58, — F,(X) +a,)  (2.80)
2.3.2. Phan tich mé hinh mé phéng diéu khién Backstepping cho AUV 4 DOF
So d6 kh6i mo phong hé théng diéu khién Backstepping cho dbi tuong AUV
hé thiéu co cdu chap hanh bao gém khdi tin hiéu dau vao (khéi ai, az), khéi diéu
khién Backstepping va mo hinh dbi twong diéu khién AUV, khéi 1ay tin hiéu dau ra
(Scop) nhu hinh 2.5.

Sine wave
- BB
i LT o A n -
> g 3 " ™% Doi g, |— > [Scop
: % tuong .
P 12 _ didu ™ -
o ] _ = 2 W2
ot a 1 B r khién %
B ™ d alphal | AUV b
1, @ d — alphaz Disturbance u
Derivative

Hinh 2.6. So @6 mé phong diéu khién backstepping cho AUV 4 DOF
Dé kiém chimg chit luong cua bo diéu khién Backstepping ap dung cho AUV,
mo phong dugc thuc hién véi bo tham sb sau:
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Bang 2.2: Tham s6 mé hinh thiét bi AUV [17]

Tham sb Gia tri Tham s Gia tri Tham sb 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 \" —0.62 kg/m | 1.57 kg.m2
% Om Z, 457 kgls Ny 0.5 x 1073 kg/m
Xu 6.83x10°kg/s Z, 032 kg Nijq 0.5x10°
Xy -0.58 kg/m Z, 0 - 1.15 x 10~°kg/m
Y, 0.08 kg/s X, —~1.13 x 107¢ kg

Bang 2.3: Tham s6 b diéu khién Backstepping

Tham s6 Gia tri Tham so6 Gia tri
k 100 C1 ¢, =diag {0.15 0.12}
5 C2 c, =diag {90 90}
k, 0.05 Cs ¢, =diag{0.2 0.2}
K, 5 C4 ¢, =diag{0.1 0.1}
A 500 Thg Constant
B 2.5 Mg Constant

Xay dyung kich ban mé phong trén hai truong hop cu thé nhu sau:

Truong hop 1: Thiét bi AUV lin xubng do sdu -10 (m) tinh tir mat nudc va
dong thoi di chuyén dén vi tri mong mubn véi cac gia tri dat nhu sau: 7, = [11 5]T va
Thy =[-10 03]

Truong hop 2: Thiét bi AUV 1an xubng do siu -8 (m) tinh tir mit nude va dong
thoi di chuyén dén vi tri mong mubn véi cac gia tri dat nhu sau: 7, =[8 S]T va
7 =[-8 0] . Tuy nhién thiét b chiu tic dong nhi€u dicu hoa vao tin hiéu diéu khién

c6 dang: A=[20sin(0.01t) 10cos(0.01t)]

g
o

10 r
= mm == == gy
8= = = -
,g §2.5
5° §2
x > 1
2 0.5
0 : : ‘ ‘ J 0 : s L
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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o

' 3
» N

z-position (m)
&

&
|

y-navigation angle (rad)

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

(c) Vi tri theo phuong 0z (d) Géc diéu hieomg ciia AUV
30 T 1 T T

o

Disturbance

-30 1 L 1 L .|
V] 20 40 60 80 100
Time (seconds)

(e) Nhiéu tic dong
Hinh 2.8. Vi tri, do sdu, géc diéu hiedng va nhiéu trieong hop 2 Backstepping

Bo diéu khién Backstepping dam bao hé théng 6n dinh bam vi tri theo phuong
Ox,0y, 0z ; giam thiéu bién d6 goc diéu hudng va sai 1éch. Trong cac trudng hop gia
tri dat khac nhau va co nhiéu ngoai tac dong, bod diéu khién Backstepping déu cho
chat luong diéu khién kha tot. Két qua md phong da khang dinh dugc nhiing uu diém
ctia bo diéu khién duoc dé xut. Tuy nhién khi sir dung bd diéu khién Backstepping
thi cac théng sd ctia bo diéu khién nhat 1a hé s6 «, 8 phu thudc rat nhiéu vao kinh
nghiém cta nguoi lam diéu khién Iya chon thong s6 ctia md hinh (nhu trong mo
phong nay lua chon «=0.65, S=0.05). Dé khong phai lua chon ¢ dinh ava g
luan 4n dé xuat mot phuong phap diéu chinh «va B dua trén hé mo dé so sanh chét
lugng bam quy dao véi phuong phép diéu khién Backstepping thong thudng.

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

FLC

Disturbance

L

s
BA(:K&XQING AUV %
5 Control signal 7
k

Hinh 2.10. M6 hinh hé théng diéu khién Backsepping thich nghi mo
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Tin hiéu diéu khién 7 tinh theo 7,7, phu thudc vao tham s6 cua bo diéu khién

theo phuong trinh (2.80):
r=0.0,"(X) (-8, — 311, — F,(X) +dy )+ B.9,"(X) (—C,8, — I 58, — F,(X) + )

Khi chon «, g la ¢ dinh thi trong hé théng tdn tai hién tuong rung l4c nhiéu.
Nham giam bét hién tuong rung lac, luan an dé xuat mot phuong phap diéu chinh
aVa f dua trén hé mo. Hé mo dugc thiét ké nham thay doi dua trén viéc chinh dinh
hai tham s6 «va . Thuc chét chi can thay d6i mot trong hai tham sd ciing thay doi
duoc mit trugt nén coi o €0 rang budc tuyén tinh véi f: f=ka

Do thiét ké hé mo chu yéu 1a dya trén kinh nghiém cua ngudi diéu khién nén
tuong tng voi mot gia tri ¢ > 0 lai thu dugc mot h¢ mo thich hop voi ludt chinh
dinh. Pau vao cua hé logicmolalae;, ¢, vaidaurald «.

Bang 2.4: Hé suy dién cho bd diéu khién Backstepping thich nghi mo

el
a -1 0 1
1 0 -1 -2
e 0 1 0 -1
-1 2 1 0

2.4.2. M6 hinh mé phéng hé diéu khién Backstepping thich nghi mo
Pé kiém chung chat luong cua bo didu khién Backsepping thich nghi mo
(AFB), md phong di thuc hién cho dbi tuong thiét bi lan tu hanh AUV véi cac bd
tham sd sau:
Bang 2.5: Tham so b dic¢u khién AFB

Tham s6 Gia tri Tham so Gia tri
k 100 C1 ¢, =diag{0.15 0.12}
) 5 Co c, =diag{90 90}
K, 0.05 C3 c,=diag{0.2 0.2}
Kk, 5 C4 c,=diag{0.1 0.1}
Ty Constant [cicacscCycCs ] [3252253]
Mg Constant

Dudi day 1a kich ban mo phéng véi hai truong hop c¢6 nhiéu va khong c6 nhiéu
cu thé nhu sau: Truong hop 1: Phuong tién chuyén dong ngam tu hanh AUV lan
xubng d6 sau -10 (m) tir mit nude va déng thoi di chuyén dén vi tri mong mudn véi

cac gia tri dat nhu sau: 7, =[11 5] va n,, =[-10 03]

12



Truong hop 2: Thiét bi AUV lan xudng d6 siu -4 (m) tinh tir mat nude va dap
tmg quy dao diéu hoa theo thoi gian v&i cac gia tri dat nhu sau:
1ha =[3sin(0.01t) 5COS(0.0]I)]T va 1,y =[-4 0]T .Thiét bi ciing chiu tac dong nhiu diéu
hoa vao tin hiéu diéu khién c6 dang :

A =[20sin(0.01t) 10cos(0.01t)]'

4

5 ‘ ‘ ‘ T T T — 1
m—ouput output

== set-point

== set-point

N

x-position (m)
y-position (m)
(=]

v
N
T

0 50 100 150 200 0 50 100 150 200
Time (seconds) Time (seconds)

(b) Vi tri theo phuong Oy

(a) Vi tri theo phuwong Ox

N o o
B (=2 (-}

o
N

z-position (m)
& R

o
|
|
|
|
|
1

y-navigation angle (rad)

o
)
=)

0 50 100 150 200 50 100 150 200
Time (seconds) Time (seconds)

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

30

Disturbance

0 20 40 60 80 100

Time (seconds)
(e) Nhiéu tac dong

Hinh 2.14. Vi tri, dé sau, géc diéu hiémg va nhiéu truong hop 2 AFB

Nhu vy bo diéu khién Adaptive Fuzzy Backstepping (AFB) dam bao hé thong
6n dinh bam vi tri theo phuong Ox, Oy, Oz ; giam thiéu bién d6 goc diéu hudng va sai
léch tién vé 0. Pé so sanh chat luong diéu khién ctia Backstepping voi Backstepping
Fuzzy NCS tién hanh mé phong cac dudng dic tinh dap ung theo céc truc trén cliing
mot d6 thi nhu sau.
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2.5. So sanh két qua mé phong bd diéu khién Backstepping véi Backstepping thich
nghi mo (AFB)

Khai bao ham m-file trén Matlap cac théng sé so sanh hai bo diéu khién véi
3 bd thong sb6 dé léy duong dac tinh (blue, red, black) trén cung mdt dd thi va 5
hinh v& (figure 1 — figure 5) gdm céac dap tng theo truc x ctia AUV (hinh 2.16a),
dap ung theo truc y (hinh 2.16b), dap tng goc diéu husng (hinh 2.16¢), dap tGng
theo truc z (hinh 2.16d) va dap ung theo quy dao x, y (hinh 2.16¢) nhu sau:

Truong hop 1: Thiét bi AUV lan xudng do sdu -10 (m) tinh tir mat nude va dap
tmg quy dao diéu hoa theo thoi gian v&i cac gia tri dit nhu sau:
Ty =[3sin(0.01t) 2c0s(0.01t)]' VA 7,, =[-10 0] .Thiét bi ciing chiju tdc dong nhiéu diéu
hoa vao tin hiéu diéu khién c6 dang: A =[20sin(0.01t) 10cos(0.01t)]"

Truong hop 2: Thiét bi AUV lan xudng d6 siu -8 (m) tinh tir mat nude va dap
mg quy dao diéu hoa theo thdi gian vai cac gia tri dat nhu sau:

Ty =[65in(0.01t) 2c0s(0.01t)]" VA 7,, =[-8 0] .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

—Xx - Backstepping
\ —X - Fuzzy Backstepping]
= =X - Reference /

120 140 160 180 200

x (m)
o &S A NV o N oA~ o o
T T = T T T

80 . 100
time Isecs]

Hinh 2.16a. Bdp vmg theo truc x ciia AUV véi 2 bg diéu khién BCS va AFB truong hop 2

T
——y - Backstepping L
—v - Fuzzy Backstepping

— -y - Reference

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

Hinh 2.16b. Pdp vmg theo truc y ciia AUV véi 2 b diéu khién BCS va AFB truong hop 2

0

T
—2z - Backstepping
— 2 - Fuzzy Backstepping

-2 — -z - Reference i

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

Hinh 2.16¢. Pdp ting theo truc z ciia AUV véi 2 b diéu khién BCS va AFB trieong 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 bg diéu khién BCS va AFB trizong hop 2

Bo diéu khién BCS va bd diéu khién AFB ma luan an dé xuat déu mang lai
chat luong tot ngay ca khi c6 nhiu ngoai tic dong vao AUV. Trong trudng hop mod
hinh kho xac dinh va mudn c6 bd diéu khién cai dit don gian thi nén dung AFB.
Nhung dé thiét ké duoc AFB thi doi hoi ngudi sir dung phai dau tu rat nhiéu thoi gian
dé tu thu thap kinh nghiém lya chon ra thong s bo diéu khién phu hop. Trong truong
hop khong mudn dau tu thoi gian vao thiét ké thi nguoi sir dung nén chon BCS. Pé
so sanh chat lugng diéu khién ctia AFB véi cac bd dicu khién khac phu hop voi
phuong phap diéu khién thiéu co cau chap hanh NCS tiép tuc nghién ctru cac bo diéu
khién khac dé nang cao chat luong diéu khién bam quy dao ctia AUV.

Két luan chwong 2: Trong chuong nay NCS nghién ctru 1y thuyét co s bo
diéu khién, xay dung dugc thuat toan diéu khién Backstepping va Backstepping thich
nghi md (AFB) cho mé hinh tau AUV 4 béc tu do, bd diéu khién chinh 14 13 cong
trinh két hop k¥ thuat diéu khién hién dai voi diéu khién thong minh tao thanh mot hé
thong kin nham nang cao chit luong diéu khién cho AUV c6 thanh phan bat dinh
dang ham so.

Thong qua két qua mo phong c6 thé khang dinh bo diéu khién Backstepping va
Backstepping thich nghi mo phu hop dé diéu khién cho ddi tuong AUV thiéu co cu
chap hanh dam bao hé thong bam quy dao theo phuong Ox,Oy, 0z ; giam thiéu bién
d6 goc diéu hudng va sai 1éch tién vé 0.

Pé khac phuc nhitng khé khan trong viéc xac dinh cac thong s6 bat dinh ham
cua C(V), D(V) cling nhu cac nhiéu tac dong tir moi trudng dai duong. Trong phan
tiép theo nghién ctru NCS s& két hop cac bo diéu khién phi tuyén khac dé t6i uvu hon
nita thuat toan diéu khién nham nang cao chat luong diéu khién bam quy dao cho
AUV thiéu co cau chap hanh di xay dung. Pem lai cho hé thong c4u hinh diéu khién
vira thich nghi véi quy dao mong mudn vira bén virng véi nhidu dén tir dai duong.
Day chinh la muc ti€éu hudng té1 cua luan 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

3.1. B diéu khién trugt ting (HSMC)
3.2. Mang no-ron nhan tao
3.3. Thiét ké b diéu khién HSMC cho thiét bi lin tw hanh AUV
3.3.1. Téng hop bé diéu khién trwot ting HSMC cho AUV 4 DOF

CAu trac bo diéu khién truot tﬁng bao gém cac tin hiéu dau vao e =[xy, z,://]T
la véc-to vi tri ciia tau theo cac truc Ox,0y,0z va goc diéu hudng tau quay quanh truc
z. Van toc dai v=[u,v,w,r]" giri tin hiéu vé bd diéu khien HSMC dé so sanh véi tin hiéu
dat va dua ra tin higu didu khién truc tiép 7 =[z,.7,.7,.7,] dén déi twong AUV nhu
hinh 3.3

Nhiéu méi truing

Quy dao tham chiéu n
n Mo hinh dong hoc

B —— B
HSMC AUV v

Tin hiéu diéu khién 7 —‘

Hinh 3.3. Cdu tric hé thong diéu khién HSMC cho AUV
Thuat toan diéu khién truot tﬁng HSMC duoc trinh bay nhu sau:

Hé phuong trinh (2.23) viét lai dudi dang tong quéat hoa
m=Jv
Vi = F(X)+9,(X)z (3.35)
1, =V,
v, = f,(X)+9,(X)r
X :[771 vi 1, Vz]
N f(X)=M*(-Cy, -C,v,)
Vor: gl(x):M—l
f,(X) ==M 7, [ MM *(=Cv, =C,v,) + (Cpy + Dy )V, +(Cp + D)V, |
9,(X)=-M 7122M21M71
Dinh nghia véc to sai so gitra tin hi¢u dau ra va tin hiéu ddt nhu sau:

T

€ Th —7Thg (3 36)

e V. .
e(t) — 2 — 1

€3 772 — 1724

e, v,
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Theo phuong phap diéu khién Hierarchical Sliding Mode Controller (HSMC)
cho hé thiéu co cdu chip hanh, tin hiéu cta bo diéu khién dugc chia 1am hai thanh
(3.38)

+ r,la tin hi¢u dung d€ diéu khién hé con trong céau trac by di€u khién

phan: r=r_+7,

Hierarchical Sliding Mode Controller.
+ 7,1 tin hiéu dung dé diéu khién chuyén mach ciia 16p mat truot hé thong.
Tin hiéu diéu khién xac dinh theo cong thirc sau:
At + 1, + kI, + K, J,,v, +K.S +5sgn(S)
) Ag, + B9,
3.3.2. M6 hinh mé phéng AUV 4 DOF diéu khién truwet ting HSMC
So d6 khdi mo phong hé thong didu khién truot ting HSMC cho d6i twong
AUV hé thiéu co cdu chap hanh trén matlab simulink bao gdm khdi tin hiéu du vao,
tin hiéu dat 7, , khdi diéu khién HSMC va mé hinh d6i twong diéu khién AUV (c6
nhiéu tac dong), khoi 1ay tin hiéu dau ra (Scop) nhu hinh 3.4,

(3.43)

T= Teql + z—swl + z—qu + z—sw2 =

HSMC

L Disturbance
™7

AUV

Controller

9
A,

|Scop|

I

Plant

Hinh 3.4. So @6 mé phong diéu khién truot tang HSMC trén Matlab simulink
Pé kiém chimg chat lugng cua bd diéu khién Hierarchical Sliding Mode
Controller (HSMC), md phong da thuc hién cho dbi twong thiét bi 13n ty hanh AUV
voi cac bo tham sd sau:
Bang 3.1: Tham s6 b diéu khién HSMC

T:gm Gia tri Tham sb Gia tri
k 100 A 500
5 5 B 25
K, 0.05 Th [5 4]
K, S 24 [-4 O]T

Pé chic chian hon vé chat lugng ctia b diéu khién Hierarchical Sliding Mode
Controller (HSMC), luan an d3 thir nghiém nhiéu thong sé dit khac cho ddi tugng mo
hinh AUV nhu sau:
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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 13 : -6 (m), gia tri dat goc diéu hudng : -0.25 (rad)

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

Truong hop 3: Vi tri dat theo phuong x 1a: 11 (m), vi tri dat theo phuong y 1a: 6
(m), vi tri dat theo phuong z 13 : -10 (m), gié tri dat goc didu hudng: 0.3 (rad)

6

10 -
E 8 £,
g c
S sl 2
3 -
g 47 &2y
< >

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 phuwong Oy
0 ' ' ‘ ) 0.5 ‘ : : :

T 2 g0.4
_g -4r ié, 0.3
E 6 =02
3 £
N gl ‘Z_o.1

10 0 ‘ ‘ : ‘

0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
c) Vi tri theo phuwong Oz d) Goc diéu huong ciua AUV

Hinh 3.8. Vi tri, d¢ sdu va géc diéu hiedng truong hop 3 HSMC

Két qua mod phong va céc thong sé dong luc hoc ctia md hinh d6i twong 1in
ty hanh AUV déu cho chat lugng diéu khién t6t. Mic du thoi gian xac 1ap trong ca
ba truong hop hoi 16n va c6 hién tuong dao dong khi chuyén mach xung quanh
mat truot hé théng nhung bo diéu khién truot téng (HSMC) déu cho cac gia tri mo
phong bam sat véi gia tri ¢at mong mudn va gan nhu do qua diéu chinh rat nho va
chap nhan duoc. Két qua mod phong trén phan mém MATLAB di minh ching
duoc rang: V6&i giai thuat nay, dap ung hé théng thiét bi 1in tu hanh AUV bam
theo tin hiéu mong mudn véi d6 vot 16 khong dang ké gan nhu bang khong hoic
nho hon 5%, sai s6 xéac 14p bang khong va thoi gian xac 14p bam vi tri theo phuong
Ox, Oy lan luot 1a 84s, 86s; con thoi gian x4c 1ap cua vi tri theo phuong Oz va goc
diéu hudng 1a khoang 40s. Bo diéu khién Hierarchical Sliding Mode Controller
(HSMC) duoc xay dung cho chat lugng tot so v&i yéu cau bai toan diéu khién mo
hinh thiét bi 1in AUV 4 DOF thiéu co cdu chap hanh. Trong nghién ctru tiép theo
NCS s& két hop cac bo diéu khién thong minh dé toi wu hon nita thuat toan diéu
khién nham dem lai hiéu qua cao trong viéc diéu khién mo hinh AUV.
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3.4. B diéu khién trugt ting (HSMC) thich nghi No ron cho AUV
3.4.1. Tong hop bé diéu khién truot ting (HSMC) thich nghi No ron cho AUV

Khi xay dung mo hinh cac ma tran C va D theo h¢ phuong trinh (2.23) thi hai
phuong trinh f,(X), f,(X) déu chira cac thanh phan ma tran C, D. Tuy nhién, khong
thé xac dinh chinh x4c nhiéu tac dong tir bén ngoai vao AUV, do d¢6 NCS dé xuat bd
diéu khién truot tang thich nghi mang no-ron dé xap xi gan dtng ham f,(X) chua
nhiéu phﬁn tir ciia ma tran bat dinh C, D. Ciu tric ANHSMC duoc xay dung nhu
hinh 3.9, bao gdm khéi diéu khién (Controller), khdi d6i tugng (Plant), nhidu va cac
khdi tin hiéu dau vao ra.

t(N) > ]

eurs 2
- N
L >
Controller Distrirbauce Plant

Au
At

Hinh 3.9. Cdu tric bé diéu khién HSMC thich nghi No ron
B diéu khién truot tang thich nghi no-ron duoc trién khai nhu sau:
Phuong trinh f,(X) trong (3.35) dugc viét lai nhu sau:
v, =f,(v)+g,(V)u (3.44)
f,(v) ==M ", [ My;M 7 (=Cv, =C¥,) + (Cyy + Dy )V, +(Cpp + D)V, |
0:(1) =M MM -
Ham phi tuyén dung dé xap xi cac thanh phan bat dinh nhu sau:

Voi

&=W'h(H"v,) +e(v) (3.45)
AeR™ la ma tran Hurwirz tuy chon, do do 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 dugc xay dung nhu sau:
V,(t) = AV, + WTh(HV,) + g, ()u + CV, (t) (3.48)

VoiWeR™, ¥ eR™ 13 cdc ma tran trong s6; CeR™, N1a sb chiéu cua dau
Va0, n 14 s6 nit cia mang no-ron.

Pau ra cua 16p vao duoc dinh nghia 1a Layer 1 c6 thong sd udc luong duoc
tinh H =[H,, H21'“1Hn]T cR", W 1a bd trong s6 toi ru cua mang no-ron, W 1a uéc luong
ciia W duoc dinh nghia trong layer 2, W 13 sai s6 trong s6, G=1 1a ham truyén thang
dé xuat tin hiéu ra output chinh 1a ham f,(v) nhu cau trac tong quat hinh 3.9.
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Output

Layer 1 Layer 2

Hinh 3.10. Cdu triic mang No — ron hwéng tim RBF
Mang no-ron huéng tdm hai 16p bao gdm 16p vao va 16p ra, 16p vao 13 nhimg
no-ron hudng tam, dé tang tdc do hoi tu thuong Iua chon ) luong 16n, 16p ra 1a cac
no-ron tuyén tinh. C4u tric hudn luyén mang RBF dugc mé ta trong hinh 3.11 voi
16p vao 1a V,va V, dé dua ra 2 thong s6 udc luong va trong sd tdi wu ciia mang no
ron tao thanh phuong trinh 3.49 1a phuong trinh khai bao trong bo diéu khién
ANHSMC. Phén tiép theo sau cong thirc 3.49 NCS lya chon ham Lyapunov dé chimg
minh tinh on dinh ctia by diéu khién.
Tir phuong trinh (3.47) va (3.48), sai s6 udc luong duoc tinh nhu sau:
V, = AV, () + WTh(HV,) + 5(v)
S() =W [h(H™V,) =h(HT0,) |+[g,(v) - g,(9) ]u + &(v)
VOiA =A-C; 0,(t) =V, (t)—,(t); W =W -W .
3.4.2. Phan tich két qua mé phéng

(3.49)

CAu tric bo diéu khién trugt ting bao gdm cac tin hiéu dau vao 7, = [, z,:,//]T
la véc-to vi tri ctia tau theo cac truc Ox,0y,0z va goc diéu hudng tau quay quanh truc
2. Van toc dai v=[u,v,w,r] gti tin hi¢u vé bd diéu khién HSMC d¢ so sanh véi tin hiu

N Y .2 e T 24 X
dat va dua ra tin hiéu diéu khién tryc ti€p 7 = [Tu 1 Tyr Ty rr] dén doi twong AUV nhu
hinh 3.12,

AUV Y 1

L) "
Controller Plant
Neural

Derivative
=]
15,

Hinh 3.12. So' @6 mé phong diéu khién trueot tang HSMC thich nghi No ron
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Dé kiém chimg chit luong cta bo diéu khién Backstepping ap dung cho thiét
bi tau AUV, mo6 phong dugc thuc hién vdi cac b tham sb sau:
Bang 3.2: Tham s6 b diéu khién ANHSMC

Tham s6 Gia tri Tham s6 Gia tri
k 100 A 500
5 5 p 2.5
k, 0.1 Tha Constant
K, 0.05 Mo Constant
4 2
Ac { L 3} F. 2
v, 1 Fz 0.2
v, 0.3 n 25

Truong hop 1: Thiét bi AUV lan xubng do sau -5 (m) tinh tr mat nudc va dong
thoi di chuyén dén vi tri mong mudbn véi cac gia tri dat nhu sau: me =[11 8] va
T =[-5 0.6]

Truong hop 2: Thiét bi AUV lan xubng d6 sau -10 (m) t6i -2 (m) tinh tir mat
nudc va dong thoi di chuyén dén vi tri mong mudn véi cac gia tri dat nhu sau:
ma=[9 7] VA, =[-2 -05]

Trudng hop 3: Thiét bi AUV lin xudng do sau -12 (m) tinh tir mit nudc va
dong thoi di chuyén dén vi tri mong mudn véi cac gia tri dat nhu sau: 7, = [8 5] va
7, =[-12 0]'. Tuy nhién thiét bi chiu tac dong nhiéu diéu hoa vao tin higu diéu khién
co dang:

A =[20sin(0.01t) +10co0s(0.01t)]'

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

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

74 =[3sin(0.01t) 2cos(0.01t)] and n,, =[-10 O]

_s e
£ £ 2 ]
~— 3— 4 ~—
z 1

3 1

L L J -2 [ 1 L
o 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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=== Qutput |
== Set-Point

= Qutput
1 == Set-Point| |

z-position (m)

N

N o b & ANMoON

y-navigation angle (rad)

' '
=N

0 50 100 150 200 ] 50 100 150 200

Time (seconds) Time‘ (seconds)

(c) Vi tri theo phuong Oz (f) Goc diéu huong cua AUV

10

20

" AR AR AR AR RN

5 £,
‘ = 1T
di |
-20
00 50 100 150 200 0 56 160 150 200
_Time (seconds) Time (seconds)
(e) Nhiéu tac dong (f) Mo hinh nhiéu

Hinh 3.16. Vi tri, d sdu, géc diéu huwdng va nhiéu trieong hop 4 ANHSMC

Theo két qua mo phong, bo diéu khién dé xuat phan tmg khé t6t v4i nhidu bén
ngodi va gitr cho hé théng hoat dong 6n dinh. Cac két qua thu duogc trong Hinh 3.16
chting minh tinh 6n dinh cta hé thong ngay ca khi ¢ nhiéu tac dong. Pac biét, chat
luong diéu khién trong 0x, Oy khi theo bdm qui dao ham tuan hoan ciing rat tot nhu
trong Hinh 3.16 a va Hinh 3.16 b. Tuong ty nhu vy, chét lugng vi tri & 0z va goc
diéu huéng ciing bam gia tri dit. Do do, cac két qua thu duoc theo bd diéu khién
HSMC thich nghi No ron tiéu chuan c6 thé duoc coi 14 1y tudng.

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

Khai bao ham m-file trén Matlap céc thong s6 so sanh hai bo diéu khién voi 3
bo thong sd dé 1ay duong dic tinh (blue, red, black) trén cing mot d6 thi va 5 hinh vé
(figure 1 — figure 5) theo kich ban mé phong: Thiét bi AUV lan xudng do sau -10 (m)
tinh tir mdt nudc va dap tmg quy dao diéu hoa theo thoi gian voi cac gia tri dit nhu
sau: 7, =[3sin(0.01t) 2cos(0.01t)] VA 7,, =[-10 0] .Thiét bi ciing chju tac dong nhiéu
diéu hoa vao tin hi¢u diéu khién c6 dang: A =[10sin(0.01t) 5cos(0.01t)]'

Theo két qua mé phong trén, bd diéu khién truot tang HSMC thich nghi No
ron cho chat luong diéu khién t6t hon HSMC thong thuong. Giam hién tuong dao
dong khi chuyén mach xung quanh mat truot 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 14 rat nho. Phuong phép thich nghi no-ron ANHSMC di xap
xi cac thong s6 kho xac dinh trong thyc té nham muc dich ning cao chét luong diéu
khién bam quy dao t6i wu nhét.

22



Ca bo diéu khién HSMC va bo diéu khién ANHSMC déu mang lai chat luong
t6t ngay ca khi c6 nhifu ngoai tic dong vao AUV. Trong trudng hop md hinh kho
xac dinh va mudn c6 bo diéu khién bén viing v&i nhiéu thi nén lya chon ANHSMC.
Nhung dé thiét ké duoc ANHSMC thi doi hoi ngudi sir dung phai dau tu rat nhiéu
thoi gian dé tu thu thap kinh nghiém lya chon ra théng sé bo diéu khién phu hop. Tuy
nhién khi cai ¢at ANHSMC can lua chon cac vi diéu khién c6 tdc d6 xtr Iy nhanh dé
dam bao tinh thoi gian thuc cho hé théng vi viéc huin luyén mang dugc thuc hi¢n
trye tuyén (online).

Két luan chwong 3:

Chuong nay NCS tip trung xay dung thuat toan diéu khién HSMC va HSMC
thich nghi no-ron cho mé hinh tau AUV 4 bac tu do, bd diéu khién 1a cong trinh két
hop k¥ thuat diéu khién hién dai véi diéu khién thong minh tao thanh mot hé théng
kin nham tdi wu chat luong diéu khién cho AUV c6 thanh phén bat dinh dang ham $0.
Cac k¥ thuat diéu khién dugc kiém chimg trén phin mém chuyén dung va cho két
qua tot ca khi AUV bam theo quy dao dit trude.

Pic tinh dap tng duoc xac dinh nhu hinh 3.20 voi diém xuét phat trong khong

gian toa dd (0, 0, 0), lan xudng do sau 10 mét va quay quanh quy dao dit 1a quy dao

diéu hoa 7,, =[3sin(0.01t) 2c0s(0.01t)] VA 7,, =[-10 0]

— AUV's trajectory
0 = == Desired Trajectory
-2
-4
E s
-

y [m]

Hinh 3.20. AUV bdm theo quy dao ciia b diéu khién ANHSMC ldn sau 10m
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KET LUAN VA KIEN NGHI
Két lun:

Lu4n an da lya chon md hinh phuong tién chuyén dong ngdm AUV 4 bac tu do
hé thiéu co ciu chip hanh 1a ddi twong Gmg dung dé mé ra huéng nghién ctru méi cho
k¥ thuat diéu khién hién dai. Véi nhiém vu dat ra la nang cao chat luong diéu khién
bam quy dao cua phuong tién chuyén dong ngdm AUV 4 DOF, luan an d3 dat duoc
mot sd két qua nhu sau:

- Xay dyng thanh cong bo diéu khién Backstepping kiém chtrng mé hinh va
dam bao quy dao cho AUV 4 DOF hé thiéu co cdu chap hanh.

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

- Khang dinh vu diém cua bo diéu khién kép Adaptive Fuzzy Backstepping
(AFB) vé d¢ bén vitng voi nhiéu va thoi gian qua do giam.

-Luan 4n nghién ctu thanh céng phuong phép diéu khién truot ting
Hierarchical Sliding Mode Controller (HSMC) thich nghi no-ron cho mé hinh AUV
4DOF thiéu co cau chap hanh. Thong qua dinh 1y Lyapunov chiing minh duoc tinh
6n dinh cua hé thong.

- Luan 4n so sanh cac bo diéu khién AUV hé thiéu co cau chép hanh véi1 nhau
dé dua ra danh gia cho nguoi ding lya chon cac bd diéu khién. Trong trudng hop md
hinh kho x4c dinh va mudn c6 bd diéu khién cai dit don gian thi nén dung AFB hodac
ANHSMC. Trong trudng hop khong mudn dau tu thoi gian vao thiét ké ma van dam
bao vé chat luong 6n dinh thi nguoi st dung nén chon BCS hodac HSMC. Trong
truong hop phai lwa chon 2 bd diéu khién phi tuyén thi nén wu tién lra chon HSMC
vi nhitng wu viét hon vé chét lugng diéu khién.

- Bo diéu khién Backstepping dam bao bam quy dao kiém ching mo hinh
AUV 4 DOF, HSMC no-ron dua trén mang no-ron nhan tao la phuong an kha thi
nang cao chat lugng diéu khién bam quy dao cua phuong tién chuyén dong ngam
dugc trinh bay trong luan an Nghlen clru nang cao chat luong bam quy dao cua
phuong tién chuyén dong ngadm”. Cac két qua moé phong ting bo diéu khién véi nhau
da chirng minh cac muc ti€u cua luan an dat duogc.

Kién nghi:

Luan 4n moi chi tap trung nghién ctru cic giai thuat didu khién phi tuyén va phi
tuyén thich nghi dé ning cao chét lugng bam quy dao ctia phuong tién chuyén dong
ngam, mo hinh dong lyc hoc chii yéu dua trén md hinh mé phong theo thong s6 ¢
dinh bam quy dao trén mat phang ngang. Viéc ap dung cac bo diéu khién chi mé
phong mot s6 tinh hudng trén may tinh v6i sb 1an han ché, tinh hudng han ché. NCS
danh cong viéc nay cho nhiing nghién ctru trong tuong lai gan.

M6 hinh AUV la md hinh lién tuc v6i cac thong s6 thay d6i theo thoi gian, cac
bo diéu khién phi tuyén cling 1a lién tuc nén can thém nhu’ng bd chuyén do6i dé dua vé
bd xir 1y 14 cac may tinh s6 hién nay trong diéu ki¢n thoi gian thue. Dac biét 1a viée
sir dung céc tin hiéu diéu khién nay cho cac co cau truyén dong khac nhau trén AUV
1a bai toan hoan thién dé trién khai thuc nghiém kiém chtng thuat toan diéu khién can
phat trién trong cac nghién ctru tiép theo.
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