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Tém tit

Bai bdo nay trinh bay mét phwong phdp méi dé
diéu khién huéng cho thiét bi tw hanh dwdi nwée
(AUV) dwa trén két hop giita diéu khién mo trueot
va bo quan sat nhiéu. BY diéu khién mo truot duoc
dé xudt tan dung cdc diém manh cua ca diéu khién
logic mo va diéu khién ché dg truot, cho phép diéu
khién on dinh do sdu cho thiét bi tw hanh dudi
niede. Phirong phdp diéu khién mo trueot dwa trén
bé quan sat nhiéu dwoc nghién ciru déng vai tro
woe lwong vi tri, vn toc va tong nhiéu phi tuyén,
tir d6 khdng tong nhiéu bat dinh va tang sw bén
vitng ciia hé thong diéu khién. Két qua mé phong
cho thdy b diéu khién dé xudt c6 khd nang chong
nhiéu tot, thoi gian dap ieng nhanh va dé on dinh
cao. Két qua chimg minh kha nang cia bé diéu
khién mo truot dua trén b quan sat nhiéu trong
viéc dat dwoc kha nang on dinh do sau mot cach
chinh xac va manh mé cho thiét bi tw hanh duwdi
niede, ngay ca khi bi nhiéu loan va bién doi moi
truong. Nghién cuu nay dong gop vao viéc nang
cao hiéu sudt diéu khién ciia AUV va mé ra nhiéu
hieong nghién ciu tiép theo.

Tir khéa: AUV, diéu khién truot, diéu khién mo,
diéeu khién do sau, Matlab/Simulink.

Abstract

This paper presents a new method for autonomous
underwater vehicle (AUV) navigation control
based on the combination of sliding fuzzy control
and disturbance observer. The proposed sliding
fuzzy controller takes advantage of the strengths
of both fuzzy logic control and sliding mode
control, enabling stable depth control for the
autonomous underwater vehicle. The studied
sliding fuzzy control method based on disturbance
observer plays the role of estimating the position,

velocity and total nonlinear disturbance, thereby

resisting the total uncertainty disturbance and
increasing the robustness of the control system.
The simulation results show that the proposed
controller has good anti-disturbance ability, fast
response time and high stability. The results
demonstrate the ability of the sliding fuzzy
controller based on disturbance observer in
achieving accurate and robust depth stabilization
for the autonomous underwater vehicle, even
when  subjected  to  disturbances  and
environmental changes. This study contributes to
improving the control performance of AUV and
opens up many further research directions.
Keywords: AUV, Fuzzy logic, sliding mode
control, depth control, Matlab/Simulink.

1. Giéi thiéu

Phuong tién ty hanh dudi nudc da chung to duoc
su phd bién trong nhitng thap ky gan day nho tinh linh
hoat va hiéu suét vuot troi, chung ngay cang dugc su
dung rong rai trong nhiéu linh vyc [1]. Vi vu diém
¢6 kich thude nho gon ciing hé thdng day ty dong, kha
ning mang theo cac cam bién nhu cam bién do sau,
camera, cam bién siéu 4m, ... giup phung tién ty hanh
dudi nude rat phi hop cho cac nhiém vu nguy hiém
dudi mat nude. Tuy nhién, véi mot mdi trudng cod
nhiéu bién dong nhu dudi mat nudc da tao ra nhiing
thach thie dbi voi van @& 6n dinh d6 sau va diéu
huéng cho phuong tién ty hanh dudi nudc, trong do
hién tuong chuyén dong dao dong tan sb cao, khong
chi anh huong dén hiéu suit cua cam bién, dic biét 1a
cam bién 4m thanh va quang hoc, ma con khién hé
dong luc tré nén phi tuyén tinh [2]. Ngoai ra, hau hét
cac phuong tién tu hanh duéi nude déu hoat dong &
ché d6 diéu khién ty dong, do do6 viéc diéu khién theo
ddi va 6n dinh d6 sau va diéu hudéng tré thanh nhiém
vu doi hoi khét khe, do cac phuong tién tw hanh dudi
nude thuong la thiéu co cAu chap hanh [3]. Do nhiing
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thach thte ké trén, nhiéu k¥ thuat didu khién tién tién
da dugc trién khai trong nhiéu cong trinh nghién ciru,
ch yéu bao gém k thuat didu khién bén viing [4, 5],
phuong phép diéu khién thong minh, thich nghi [6].
RO rang 1a trong sb céc loai bd didu khién bén viing,
diéu khién trugt (SMC) ¢6 nhiéu wu diém dé c6 thé
khic phuc duoc nhing tré ngai trén.

Diéu khién ché @6 trugt (SMC) 1a mot giai phap
htta hen cho nhiéu van dé diéu khién nhd kha ning
chéng nhiu, d4p g nhanh va dé thiét ké. Tuy nhién,
hiéu qua cia SMC phuy thudc rat 1on vao diéu kién
khop chit. Khép chit dam bao rang bo didu khién
truot c6 thé hoat dong hi¢u qua, dua hé théng vé trang
thai mong mudn va duy tri 6n dinh. Néu khong dap
tng dugc diéu kién khop chat, hidu suét cua bo diéu
khién c6 thé bi suy giam dang ké. Vi vay, yéu ciu cac
thanh phan bat dinh phai dugc dat chinh xc trong mo
hinh hé théng. Diéu nay han ché dang ké viéc 4p dung
SMC cho cac hé théng thuc té, ddc biét 1a cac phuong
tién dudi nudc, noi ma cac bat dinh thuong phirc tap
va kh6é mo hinh hoéa chinh xac.

Trong bai bao nay, trinh bay cach thiét ké, phat
trién mot bo diéu khién mo truot (FSMC) hoan toan
mai, s& hitu kha nang thich rng manh mé véi cac thay
ddi cia méi truong va cac nhidu bat dinh. Tir cac két
qua mo phong da chimg minh dugc rang FSMC khong
chi dam bao d¢ chinh xac cao trong viéc kiém soat do
sau cho phuong tién ty hanh dudi nude ma con nang
cao dang ké d6 6n dinh va kha niang chéng nhidu cua
hé thdng. Két qua nghién ctru nay mo ra trién vong
mg dung rong rdi FSMC trong cac hé théng phuong
tién ty hanh dudi nude hién dai, gop phﬁn nang cao
hi€u qua va do6 tin cdy cta cac nhiém vu dudi nude.
2. M6 hinh toan hoc ciia phwong tién tu hanh
duéi nuée

M0 hinh dong hoc ciia AUV 1a mdt md ta toan hoc
vé chuyén dong cuia phuong tién nay. M hinh nay dya
trén cac nguyén ly co ban ctia vat 1y va st dung h¢ toa
do dé xéac dinh vi tri va hudng ctia phuong ti€n ty hanh
dudi nude. Hinh 1 mo6 ta cac chuyén dong va hé truc
cua mot phuong tién ty hanh dudi nudce. Trong d6 hé
toa d0 OXYZ la hé toa d0 trai dét, hé truc GpXpYsZpla
hé tryuc dt trén thiét bi.

Vi gia dinh mo hinh dong lyc hoc cua phuong tién
ty hanh dudi nudc 1a xéc dinh va khong xét dén anh
huéng cua co cdu chip hanh trén mit phing ngang

(theo [2]), va gia thiét AUV 1a mot vét thé rin dong nhat.

Chiing ta c6 thé xay dyng mot mo hinh toan hoc don
gian cho AUV vai 3 bac tu do nhu biéu thirc:
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n=v.J(n) (1)
My+DWV)Vv+CV)V+g(n)=7r+wW )

T . .

Trong do6: V=[U,V, w, p,q, r] 1a van toc tuyén
tinh va goéc cua AUV dugc mo ta trén hé truc toa 4o
gan trén AUV; n=[xy,2,86, ,//]T 1a vi trf va goc cta

AUV duge mo ta trén hé truc trai dit; M.V 1a ma tran
khéi luong cia AUV; C(v).v 1a ma tran Coriolis hudng
tam; D(v).v 1a ma tran giam chan thiy dong; g(y) 1a
vecto cua luc hap dan va lyc déy;

Trong dé: r:[X,Y,Z,K,M,N]T 1a tong lyc day

va momen; w 1a nhiéu loan bén ngoai.

Xp

=C

Hinh 1. Cdc chuyén dpng va hé truc ciia phwong tign
tw hanh dwoi nwoc

Mo hinh dong hoc cta phuong tién ty hanh dudi
nudc trong hé quy chiéu quan tinh dugc quy doi vé hé
quy chiéu trén than cua thiét bi dugc biéu dién nhu:

{z =W.c0S@ —Uu.sin @

. 3)
6=q

pat X =[w,q,8, Z]T 1a bién trang thai cua thiét

bi khi d6 phuong trinh (3) ¢6 thé dugc don gian hoa
biang cach bo qua hé sé ma sat nhdt bac hai da nho.
X=Ax+Bu+d )

Véi d biéu thi dong luc hoc khong dugec md hinh
hoéa va sy can thi€p tir bén ngoai; A va B - ma tran dau
vao.
3. Thiét ké b diéu khién mé trwot véi bd quan
sat nhiéu

B9 diéu khién mo truot két hop véi khau quan sat
nhiéu 1a mét phuong phép diéu khién hién dai, dugc
tmg dung rong rdi trong cac hé thdng phi tuyén.
Phuong phéap nay két hop wu diém cua ca diéu khién
md (linh hoat, d& diéu chinh) va diéu khién truot (6n
dinh tot, chéng nhidu). Khau quan sat nhiéu gitp udc
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lwong cac nhidu khong xac dinh trong hé thong, tir d6
cai thién hiéu suat diéu khién. CAu triic cia bd didu
khién mo trugt véi khau quan sat nhidu dugc trinh bay
nhu Hinh 2.

3.1. Thiét ké b diéu khién truwot

Chon s() 1la mat trugt va dugc xac dinh bdi
phuong trinh:

$s=C.&=C% +C,%, =0 (5)

Hinh 2. Céu tricc ciia bp diéu khién mo truot véi bj
quan st nhiéu cho AUV
Lay dao ham theo thoi gian cta mit trugt trong
phuong trinh (5) r6i thay vao phuong trinh (4) ta s&
thu duoc biéu thirc:
§=C,.% +C,.X, =K.s+P.X +B.[(I+D,)u+ p,] ©)
+CiA, [p +Dy(s - Cl';(l)]
Voi:
K=A,+CA,;P=A,-CA, +CHH=A,-CA,
Bo diéu khién truot bén viing dugc tong hop bang
cach két hop phan diéu khién trong dwong duoc tinh
toan dya trén mo hinh toan hoc ctia hé thong (u.,) va
phan diéu khién bén viing, thuong 13 mot ham phi
tuyén dé dam bao tinh hdi tu cua trang thai hé théng
vé mit truot (ue):

U =Ug, +U, (7)

Bo diéu khién duoc thiét ké véi luat diéu khién
tuong duong dugc trinh bay nhu cong thuc:

Uy, =—B;".[P.X +(K-K").5] (3)

V6i: K* 1a ndm & phia 4m cua mit phing phirc.
Thay biéu thirc (8) vao (6) ta dugc biéu thic:

$=K's+B,.[I+D)u, +p, (9
Véi:
p3=Ris+Ry+ R3n(t);
4, * ] ,
Ry =1y =DyBy (K-K ) +By CiApDy;
1 4 1 .
Ry =11 +By CiApl g ~19pCq = DyBy L =By CiADy;

1
Ry =By E1ApC+Ey

Tir biéu thic (9) ta ¢6 luat diéu khién bén ving
dugc thiét ké nhu:

U, =—15, (1+Y)B; .Ls (10)

_ P
R

p =k ] +k,;k, =max|R,|;k, = max|R,.n(t)| va

o 1amot hang sé mang gia tri duong; Véc to L dugc
tinh theo cong thire Riccati:

LK™ +K")~L"B,B] +Q=0

Pinh 1y [8]: Dbi voihé thong X = f (X,t) co mot
ham anh xa V khi U xJ — R thoa man diéu kién:
c6 mot hang s6 A >0 va ham vo huéng A khi
U —Rsaocho 4[| x(®) IP<IV @) lI< 200 || x(1) I
va V(X,t) < —ﬂv/’i_(t) | X@®)|F +& véi moi

(x,t)gUxJ va xeR".Saudo, gia tri diu cudi

ctia hé théng dwoc gidi han toan cuc khi t —>00

_1 & &
X@) |IK =V (x,t )e ) = (g WMWY <
(I x(t) |l 2 (% t) A ( ) _ﬂﬂv

7. g
Voi

1a hang s6 duong. Khi d6 hé théng véi

gia tri dau cudi bi chan 1a diéu kién can thiét cho sy
6n dinh cta hé théng.
Churng minh dinh ly: Ham Lyapunov dugc dinh
nghia:
11
V() = sT Ls (1D
Lay dao ham V(t) va thay vao phuong trinh (9) ta
duoc:
V(t)=$"Ls+s"Ls$
=s"LK's+s' LK "s+u] (I +D,)BjLs (12)
+s'LB, (I + D,)u,, + p,B; Ls+s' LB, p,

véi: V,(t)=ul (1+D,)B)Ls+s"LB,(l +D,)u,

va V,(t) = p,B) Ls+s'LB,p,
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Thay luat diéu khién bén viing ¢ (10) vao biéu

thire V'l (t) ta co:

V() =—2rt1+—1 |«

® [ ||BZTLS||+J}
]

sTLBZ(I+D2;2DZJBZTLS

Véi gia thiét cac tham s6 dau vao va nhidu ciia hé
thdng duoc gidi han khi d6 biéu thirc (13) ¢6 thé dugc
viét lai nhu:

(13)

V,(t)<—2|1+—L  |s"LB,BLs

|B;L
Thay p,cua cong thic (9) vao \/2 (t) ta co:
V,(t) = p;B; Ls +5"LB,p;
=s'R/B, Ls+s"RB; Ls
+(R,%, +R,n)" B] Ls
+s' LB, (R,X, + R,n)

(15)

vi (RS)'B;Ls+(BiLS) RS <(RS)'RS oy (15 oo
+(B,Ls)" B, Ls

thé dugc viét thanh:

V,(t) <s'R/Rs+s'LB,B) Ls +2 22:](1 +‘ |B;Ls|
3
<s'R[Rs+5'LB,B] Ls+2y||B] Ls (16)
Thay phuong trinh (14) va (16) vao (12) ta co:
i« _T(O_DPT _ 2n T o)
V <-s"(Q-RIR)s —" L G”BZ Ls|
<2q[BILs] (17)
Bk
Vi —WS—HB;LS"'FO'

vi Q>R'R nén (17) co thé duoc viét lai
nhu:
V<-s' (Q-R/ R)s+2yo

< _lmin Q- Rir Rl) ”5”2 +2no (18)

Tir cong thire (18) tinh chat thir hai trong dinh Iy
sau d6 co thé thu duge nhu:

V(x,) <=4, 20 | xO |2 +2
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V6i A Z=Ii (Q-R R) Vi £=2p0

Do d6, sir dung dinh 1y bo diéu khién truot duoc
xéc dinh trong cac phuong trinh (8) va (10) c6 thé dam
bao sy hoi tu tiém can cua d6 sdu muc tiéu.

3.2. Thiét ké bé diéu khién mo truot
B6 diéu khién mo truot dugc dé xuat g6m cac tin

hi€u vao 1a 1a k;s(t) va k,s(t), va tin hiéu ra 1a

U, /k, .Cdu tric clia bd diéu khién md duge thé hién

~ \
trén Hinh 3.
—
N ~ oy
. -
Ktsf) F_depth _—
(mamdani)y
podas
-
== ; ducrik3
k2ds(t)
| FIS Name F_depth FIS Type ‘mamdani ‘
And method e o || Cument Vasiable
Or method e | || tame
T
Implication min e
Range
Agaregation max
Detzzicaton contog e ] o ||

Hinh 3. Bj diéu khién mo dwgc thiét ké trén Matlab

Chure nang ctia bo didu khién mo trong hé thong
dung dé xtr 1y hién tuong chattering cua bo diéu khién
trugt, giup giam sai s6 cua hé théng. Hé sb ty 18 k3
duoc chon 1am tham sb c6 thé diéu chinh tu do. Bo
diéu khién mo dugc thiét ké dya trén quy tic mo
Mamdani [9, 10] bao gdm nim bién ngdn ngir: Am
16n (AL), am trung binh (AT), &m nhé (AN), duong
16n (DL), duong trung binh (DT), dwong nhé (DN) va
khong (Z). Bo diéu khién dwoc thiét ké vai 49 quy tic
md xac dinh cho tit ca cac két hop c6 thé co cua cac
bién d4u vao dya trén kinh nghiém ciia ngudi thiét ké.
3.3. Thiét ké by quan sdt nhiéu

B0 quan sat nhiéu duoc thiét ké dya trén thuét toan
siéu xoan (Super-Twisting Algorithm - STA), bo quan
sat dugc thiét ké dé udc tinh cac bién trang thai va tao
ra cac tin hiéu diéu khién nham dam bao hé théng dat
dugc cac yéu cau vé do 6n dinh va kha nang chong
nhiéu.

Bién phu trg duoc sir dung trong b quan sat duoc

dinh nghta: ¢ =z -7,z € R*". Bién nay thé hién

trang thai bén trong ctia by quan sat thoa man phuong

trinh dong hoc sau.

-1 . -1 2
1=-M, .C,7.77+M,7 B, F+D (19
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Trong d6 udc tinh nhiéu loan D duya trén thuat

toan STA duoc thiét ké nhu biéu thuc:

b = —K,I¢Tsign($) - [K,sign(¢) 20)

Trong d6: K, =diag(k,) . K,=diag(k,) la

cac ma trén dudng chéo xac dinh duong.

Vi cac tin hi€u vao x; khac nhau theo (7) ta s€ cé

hé thdng diéu khién vong kin nhur:

é;:_Kl\/mSign(é/)+zz_dM (21)

2, =K, sign(¢) (22)

4. Két qua mé phong

Thuc hién md phong dé kiém chimg bo diéu khién
duoc dé xuét tién hanh trén AUV REMUS véi cac
thong $6: Chiéu dai 3,84m; khdi luvong 30,48kg; luc

nbi 306N; md men quan tinh 3,45kg.m?.

Tién hanh md phong AUV thuc hién diéu khién 6n
dinh d6 sau 1a 10m véi hai truong hop: Diéu khién 6n
dinh d6 sau cho AUV khi c6 bd quan sat nhiéu va khi
khong c6 bd quan sat nhidu. Nhiéu dugc sir dung trong
moé phong 1a dang nhidu Gaussian va vén téc dong
chay duoc gidi han Vimin=0 ms™! va Vi = 0,1m.s™'.

Céc két qua mo phong duoc thé hién trong Hinh 4-8.

— 06 58 thye 1)
- = B shu gal

B khién &n dinh 43 sdu eho AUV wéi b3 quan sét nhidy

0 50 00 15 20 250
Thé gian (s)

Hinh 4. Diéu khién d¢ siu cho AUV véi bé quan sit
nhiéu

_ Bibu khién én dinh d6 séu cho AUV khéng cé bj quan sét nhiéu

— 5 sty
- = -5 s

50 100 150 200 250
T gian (s}

Hinh 5. Diéu khién @j siu cho AUV khi khéng cé

bé quan sdt nhieu
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Hinh 4, 5 thé hién qua trinh diéu khién d¢ sau cho
AUV trong cic truong hop khi ¢6 bd quan sat nhidu va
khi khong c6 b quan sat nhidu. Trong d6 duong nét
dat mo ta do sau dat va duong nét lién mo ta do sau
thuc ciia AUV. Tir hai hinh vé ta nhan thay véi hé thong
diéu khién 6n dinh d¢ sau cho AUV khi c¢6 bd quan sat
nhiéu thi hé théng thuc hién chinh xac va c6 dap tmg
nhanh hon so v6i hé thdng khi khong c6 bd quan sat
nhiéu. Thoi gian && AUV thuc hién d6 sdu mong mudn
khi c6 bd quan sat nhidu 1a 75s trong khi v6i hé théng
khong c6 bo quan sat nhiéu thoi gian 1 100s.

Sai léch d¢ sau cia AUV

Sai ljch (m)

Thei gian (s)

Hinh 6. Sai léch dp sdau ciia AUV

Hinh 6 thé hién sai léch diéu khién do sau ciia
AUV khi c6 bd quan sat nhidu (dudng nét lién) va khi
khong c6 bd quan sat nhiu (dudng nét dut). Tur két
qué ta nhan théy sai léch d6 sau cua AUV khi ¢ bd
quan sat nhiéu 14 nho hon so v&i truong hop khong co
bd quan sat nhiéu.

Gée pitch ciia AUV khi cé b§ quan sit nhidu

o 50 100 150 200 250
Thevi gian (s)

e gan i}

Hinh 7. Géc pitch ciia AUV khi c6 bj quan sdt nhiéu

117



KHOA HOC - CONG NGHE

TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

Gée piteh ciba AUV khi khing cb b quan sit nhibu

o 50 100 15 20 220
Thei gian (s)

Hinh 8. Goc pitch ciia AUV khi khéng coé b quan

Tir Hinh 7, 8 ta nhén thiy vé6i truong hop c6 bd quan
sat nhiéu goc pitch cia AUV thi goc pitch co su thay
d6i tir tir va 6n dinh hon so véi truong hop khi khong
¢6 bo quan sat nhiéu. Piéu nay cho thay hé théng diéu
khién khi c6 bd quan sat nhidu hoat dong hiéu qua hon
trong viéc giam thiéu cac tic dong nhidu so voi hé
thong khi khong c6 b quan sat nhidu.

5. Két luan

Trong bai bao nay, mdt thuat toan diéu khién mo
truot dya trén quan sat nhiéu (da dugc phat trién cho
6n dinh d6 sau cho phuong tién ty hanh dudi nude
trong diéu kién nhidu dong khong thé du doan trude.
Xuét phat tor md hinh dong hoc va thuat toan duogc
thiét ké, tac gia tién hanh xay dyng mé hinh ciia AUV
trén Matlab/Simulink va tmg dung bo didu khién dé
kiém nghiém hoat dong ctia bo didu khién da dé xuat.
bé danh gia dugc hiéu qua cia hé théng duoc dé xuit,
tac gia tién hanh dua ra két qua mo phong ciia hé thong
v6i khau quan sat nhidu dugc so sanh vai hé théng khi
khong c6 bd quan sat nhiéu.

Tir cac két qua md phong ta nhan thdy, bo didu
khién mo truot véi bo quan sat nhidu duoc dé xuit c6
thé thuc hién diéu khién AUV thyc hién diéu khién bam
d6 sau tuong ddi chinh xac va véi dap tng thoi gian
diéu khién du nho & AUV c6 thé nhanh chong 6n dinh
d6 sau nhu mong muén. Hé théng diéu khién véi bd
didu khién mo truot v6i bd quan sat nhidu dwoc dé xuat
da dap tmg thich nghi t6t v6i tac dong ciia ngoai canh
dén sai léch d6 sdu cia AUV. Tir két qua mo phong, ta
nhan thay véi bd diéu khién mo truot c6 bd quan sat
nhiéu thyc hién diéu khién 6n dinh do sau cho AUV
chinh xac hon, sai 1&ch d9 sau va dap ung thoi gian la
t6t hon so v&i bo diéu khién mo truot khi khong c6 bo
quan sét nhiéu.

Loi cam on

Nghién ctru nay duoc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT 24.25-55.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

TAI LIEU THAM KHAO

[1] B.Drazenovi¢, C. Milosavljevi¢, and B. Veseli¢
(2013), Comprehensive approach to sliding mode
design and analysis in linear systems, January.
Springer.

[2] M. Nahon (2002), 4 simplified dynamics model
for  autonomousunderwater
Proceedings of Symposium on Autonomous
Underwater Vehicle Technology.

[3] K. Isa, M. R. Arshad, and S. Ishak (2014), 4
hybrid-drivenunderwater

vehicles, in

glider model,
hydrodynamics estimation, and an analysis of the

motion control, Ocean Eng., Vol.81, pp.111-129.

[4] B. Ullah, M. Ovinis, M. B. Baharom, M. Y. Javaid,
and S. S.Izhar (2015), Underwater gliders control
strategies: A review, in 2015 10th Asian Control
Conference: Emerging Control Techniques for a
Sustainable World, ASCC 2015.

[5] L. Qiao and W. Zhang (2019), Adaptive Second-
Order Fast Nonsingular Terminal Sliding Mode
Tracking Control for Fully Actuated Autonomous
Underwater Vehicles, IEEE J. Ocean. Eng., Vol.
44, No.2, pp.363-385.

[6] R. Cui, X. Zhang, and D. Cui (2016), Adaptive
sliding-mode attitude control for autonomous
underwater vehicles with input nonlinearities,
Ocean Eng., Vol.123, pp.45-54.

[7] Guermouche, M., Ali, S. A., and Langlois, N.,
(2015), Super-twisting algorithm for DC motor
position control via disturbance observer, IFAC-
PapersOnL.ine, Vol.48 (30), pp.43-48.

[8] SW Mei, TL Shen, KZ Liu (2003), Modern robust
control theory and application, Tsinghua
University Press, Beijing, pp.105-115.

[9] P& Khic Tiép, Téng Lam Tung, Lé Vin Tam
(2024), Thiét ké bé diéu khién fuzzy thuc hién diéu
khién huwong cho AUV, Tap chi Giao thong van tai,
Sb 744, tr.96-100,

[10] B3 Khéc Tiép, (2024), Piéu khién d¢ sdu cho
AUV sir dung bé diéu khién mo trueot, Tap chi Giao
thong van tai, SO 743, tr.91-95.

Ngay nhan bai: 14/01/2025
Ngay nhan ban stra: 27/01/2025
Ngay duyét dang: 31/01/2025

118

SO 82 (04-2025)



