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Tém tit

Bai bdo dé xudt gidai phdp diéu khién ché dé truot
(SMC) @é gidi quyét dong thoi bdi todn bam quy
dao va duy tri doi hinh cho hé thdngA UV theo ciu
tric Leader-Follower. Nghién ciru dwroc xdy dung
trén mo hinh dong luc hoc 6 bdc tw do (6-DOF)
ddy du, xem xét dén cdc yéu t6 bat dinh va nhiéu
méi truong thuy dong lwc. Dé khdc phuc hién
tuwong rung vén la nhwoc diém 16n nhét cia b
diéu khién SMC truyén thong gay hai cho co ciu
chdp hanh, nhém tac gia da dé xudt cdi tién ludt
diéu khién bang cach sir dung ham tanh thay thé
cho ham dau (sign). Gidi phap nay gitip lam tron
tin hi¢u diéu khién ma van dam bao tinh on dinh
tiém cdn toan cuc theo Iy thuyét Lyapunov. Két
qud mé phong trén cdc qui dao dwong thing va
hinh sin cho thcfy hé théng hoat dong on dinh,
AUV Follower bam sat AUV Leader chinh xdc va
sai s6 hoi tu nhanh vé 0.

Tir khoa: Diéu khién dgi hinh, AUY, Sliding Mode
Control, diéu khién bén viing, diéu khién da tac tir.
Abstract

This paper proposes a Sliding Mode Control (SMC)
approach to simultaneously address trajectory
tracking and formation keeping problems for (AUV
systems based on a Leader-Follower structure. The
study is developed based on a full 6-DOF dynamic
model, taking into account model uncertainties and
hydrodynamic environmental disturbances. To
mitigate the chattering phenomenon a major
drawback of traditional SMC that negatively
affects actuators the authors propose an improved
control law by substituting the traditional sign
function with the tanh function. This solution
smooths the control signal while ensuring global
asymptotic stability according to Lyapunov theory.
Simulation results for both straight line and

sinusoidal trajectories demonstrate stable system
performance, where the Follower AUV accurately
tracks the Leader AUV, and tracking errors rapidly
converge to zero.

Keywords: Formation control, AUV, Sliding

Mode Control, Robust control, Multi-agent
control.

1. Giéi thiéu

Bai bao nay dé xuat mot chién luoc diéu khién bén
vitng cho hé thdng da tau 1an ty hanh (AUV) dua trén
céu trac Dan dudng - Bam dubi (Leader-Follower),
mot hudng tiép can nén tang cho cac AUV thiéu co
céu chap hanh [1]. Trong bdi canh méi truong dudi
nudc chira dyng nhidu yéu t6 bat dinh va thach thirc
phi tuyén tinh [2], viéc xdy dung mo hinh dong luc
hoc 6 bac tu do (6-DOF) chinh x4c 1a co s& quan trong
dé mo ta chuyén dong cta phuong tién [3].

Dua trén nguyén 1y ddn dudng bam quy dao [4],
nghién ctru giai quyét dong thoi bai toan bam quy dao
cho tau Leader va duy tri d6i hinh cho tau Follower.
DPé dbi pho véi sy ghép ndi manh giita cac kénh
chuyén dong va su bdo hoa cia co cdu chip hanh,
phuong phép tach kénh diéu khién duoc ap dung dé
don gian hoa qua trinh thiét ké [5]. Bo diéu khién ché
SMC dugc lya chon 1am ndng ¢t nho kha ning manh
mé trong viée xir 1y cac sai s6 mo hinh [6].

Tuy nhién, nhugc diém 16n nhét cta bo didu khién
SMC la hién tugng rung (chattering) gay hai cho thiét
bi [7]. K& thira cac nd Iyc giam thiéu chattering cho
phuong tién bién trong cac nghién ctru trude day [8],
[9], bai bao d& xuit mot cai tién méi bang cach s
dung ham tangent hyperbolic (tanh) thay thé cho ham
dau trong mit trugt [10]. Giai phap nay gitp lam tron
tin hiéu diéu khién ma van dam bao tinh bén viing
(robustness) ciia hé thong truéc dong chay va nhiéu
dong [11]. Tinh én dinh toan cuc cua hé thdng kin
duoc phan tich va ching minh chét ché dya trén 1y
thuyét Lyapunov [12]. Két qua md phong sb kiém
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ching hiéu qua vuot trdi cua thudt toan dé xuit trong
viéc duy tri d6i hinh chinh xac va triét ti€u dao dong
khong mong mubn.

2. M6 hinh toan hoc

2.1. M6 hinh dong hoc ciia AUV

Gia s AUV 1a mot vat rén tuyét dbi, trang thai ciia
AUV duoc biéu dién béi cac vector sau:

Vector vi tri va goc Euler (trong hé {E}- h¢ toa do
NED):n=[xV,2,6,0,v] .

Trong d6: (X,Y,2) 1a toa d6 vi tri; (¢,6,y) lan
luot 14 cac goc nghiéng (roll), goc chii (pitch) va goc
hudng (yaw).

Vector van toc tuyén tinh va van téc goc (trong hé
{(B}- dwoc gin trén than cua AUV):
v=[u,v,w, p,q,r]". Trong d6: (u,v,w) la van toc
dai doc theo céc truc Xg, Vg, Z5 ; (P,G, 1) 1a van toc
g6c quay quanh cac truc twong ng.

Mo hinh ddng hoc ciia AUV 6 bac tu do biéu dién
mbi quan h¢ gifra van tde trong hé toa 4o gén vo1 than
va toe do thay ddi vi tri trong hé toa d0 NED dugc md
ta boi phuong trinh (1).

n=Jmv+v, )

Véi: n=[X,V,2,4,0,w] 1a vector vi tri va goc
Euler; v =[u,v,w, p,q,r]" 1a vector van toc trong hé
than; v, =[V,,V,,V,,0,0,0]" 1a vector van téc dong
chay.

Trong phuong trinh déng hoc (1), J(n) 14 ma tran
bién dbi bao gdm hai thanh phan chinh: ma tran quay
tuyén tinh va ma tran chuyén ddi van tbe goc, dugc
dinh nghia duéi dang ma tran khdi nhu phuong trinh
).

_ Rt?@ 03x3
J(n) B |: 03><3 T®:| (2)

v6i R} 12 ma tran quay tir hé than sang hé NED
va dugc dinh nghia nhu phuong trinh (3).

R; =R, ()R, (O)R,(4) 3
Thanh phdn ma trdn chuyén d6i van téc goc
T(®), dong vai tro lién két giita vector van toc goc
trong h¢ quy chiéu gin trén than AUV (p,q,r) va
dao ham theo thoi gian ciia cac goc Euler (4,60,v7),
duoc xac dinh boi cong thic (4).

1 singtan@ cosgtané
T(@®)=|0 cos¢ —sing
0 sing/cos@ cos¢glcosd

(4)
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2.2. M6 hinh dong luc hoc ciia AUV

Phuong trinh dong luc hoc cia AUV 6 bac tu do
mo ta cac lyc va momen tac dong 1én tau, tuan theo
dinh ludt Newton-Euler. Phuong trinh can béng luc
tong quat dwoc biéu dién duéi dang ma trdn nhu
phuong trinh (5).

Mv+C(v)v+D(v)v+gn) =T +7, (5)
Trong d6: M- ma tran khdi lugng va quén tinh;
C(v) - ma tran cac lyc Coriolis va luc hudng tam;
D(Vv) - ma tran suy giam, dai dién cho luc can nhot
tuyén tinh va phi tuyén ctia nude; g(7) - Vector cac luc
hdi phuc (trong luc va luc day Archimedes);
Ty - nhiéu moi trudng; 7 - vector lyc va momen diéu
khién dau vao.

Trong pham vi nghién ciru nay, ddi tuong dugc
xem xét 14 cac AUV thude 16p thiéu co ciu chip hanh.
Diéu nay c6 nghia 1 sb lugng tin higu didu khién it
hon s6 bac tu do ctia hé théng Cu thé, AUV khong c6
dong co dé diéu khién truc tiép chuyén dong ngang va
xoay nghiéng. Do do, vector lyc diéu khién 7 duoc
céu hinh nhu biéu thirc (6).

0,7,,0, Ty T, T (6)

2.3. Quan hé dpi hinh ciia diéu khién da tic tiv
cho AUV

Trong bai toan diéu khién doi hinh da tac tr cho
AUV, nghién ctru nay ap dung cdu trac dan duong -
bam dudi (Leader-Follower). iy la mot trong nhimg
chién lugc phé bién nhat hién nay bén canh cac cau
trac khac nhu cdu trac 4o hay dwa trén hanh vi, nho
vao wu diém vuot tréi vé tinh don gian trong thiét ké
va kha nang mé rong linh hoat cua hé théng. Co ché
hoat dong ctia cdu tric nay dwoc phan cip nhu sau:

T=[z,

AUV Leader: C6 nhiém vy bam theo mot quy dao
tham chiéu toan cuc da dugc dinh trude. Trang thai
ctia Leader déng vai tro 1a tin hiéu tham chiéu dong
cho céc tau di theo.

AUV Follower: Khong bam theo quy dao toan cuc
mot cach truc tiép ma diéu chinh trang thai ciia minh
dé duy tri mot vi tri twong ddi (khoang cach va goc
hudng) so véi AUV Leader.

Trong khuon khé cuia 1y thuyét didu khién da tac
tir, nghién ctru nay ap dung chién lugc diéu khién phan
cép. Hé thong da tac tor dugc md hinh hoa dudi dang
dd thi c6 hudng, trong d6 thong tin trang thai truyén
mot chiéu tir Leader sang Follower. Cu thé, bai toan
diéu khién doi hinh duoc giai quyét bang cach quy vé
bai toan bam quy dao dong. béi voi AUV Leader, muc
tiéu 1a triét tiéu sai s6 bam giira trang thai thuc va quy
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dao toan cuc ( lim(n —7,)=0). Déi véi AUV
t—o0

Follower, quy dao tham chiéu khong ¢& dinh ma la
mot ham cua trang thai Leader theo thoi gian thuc.
Quan hé phdi hop giita cac tac tir duoc xac dinh boi

vector sai léch doi hinh E,, =[L,y,,,Az] .

Viéc diéu khién da tac tir cho AUV dé duy tri d6i
hinh Leader-Follower, vi tri mong mudn cia AUV
Follower (x!,y¢,z¢) dugc xé4c dinh dya trén trang
thai caa Leader (X ,Y,,Z, ,y, ) va cac tham s hinh
hoc d6i hinh (khoang cach L, goc 1éch ). Cac phuong
trinh quan hé dugc thiét 1ap nhu biéu thirc (7-10).

Vi tri ngang mong mudn ctia Follower dugc miéu
ta nhu phuong trinh (7) va (8).

x{ =x_+Lcos(y, +f) (7

yi =y +Lsin(y, +p) (®)

Do sau va tu thé mong mudn duoc miéu ta nhu cac
phuong trinh (9), (10).

2l =27, +Az )

¢S:¢L;‘9?:9L;W?:‘//L (10)

Trong d6 AZ 1a d chénh léch do sdu mong
mudn gitra hai AUV, va Follower duoc yéu cau duy tri
huéng di () dong bd voi Leader.
3. Thiét ké bd diéu khién

Muc tiéu cua bo diéu khién 14 tao ra cac luc va mé-
men diy (TU,TW,Tq,Tr) sao cho trang thai cuia AUV
bam theo trang thai tham chi€u. Dya trén mé hinh
dong luc hoc 6-DOF da trinh bay tai Muc 2.1, hé
théng duoc tach thanh cac kénh diéu khién doc lap dé
don gian héa qua trinh thiét ké bao gdom: kénh téc do
doc (Surge), kénh d9 sau (Heave/Pitch), va kénh
hudng (Yaw).

Vong Diéu Khién AUV Din Diu (Leader)
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So d6 céu tric hé théng diéu khién da tac tir cho
AUV thyc hién diéu khién giir doi hinh theo hang doc
va bam theo quy dao dit duwgc mo ta nhu Hinh 1.

Hé théng duoc t6 chirc theo ciu trac diéu khién
phan cip Leader-Follower, trong ¢6 AUV din dau
bam theo quy dao tham chiéu toan cuc va AUV theo
sau diéu chinh trang thai dé duy tri d6i hinh tuong ddi
dua trén trang thai cta Leader. Ca hai vong lap déu sir
dung bd diéu khién ché do trugt (SMC) dé dam bao
tinh bén ving trudc nhidu méi truong va dong luc hoc
phi tuyén. Sy phdi hop giita hai AUV duoc thyc hién
thong qua khéi logic chuyén ddi, tinh toan quy dao dt
cho Follower dua trén cac tham sé hinh hoc doi hinh
mong mudn.

3.1. Dinh nghia sai sé va mit truwot

Nguyén 1y co ban cia diéu khién truot (SMC) 1a
budc trang thai hé théng di chuyén vé va truot trén
mot mit phing pha dinh trudc. Trong nghién ctru nay,
nhom tac gia dinh nghia cac mat trugt S dya trén sai
s6 van tdc va sai sb vi tri, nham dam bao ca hai yéu tb
nay cung hoi tu vé 0. Cac mat truot cho bdn kénh didu
khién dugc thiét ké nhu sau:

* Kénh toc @6 doc (Surge - u): Muc tiéu 1a bam
van tdc dai ug. Mat trugt su duge chon 1a td hop tuyén
tinh cua sai sd van toc va sai sb vi tri doc truc than nhu
biéu thirc (11).

S, =(u-uy)+4e, (1)

Trong do: u,u, - la van toc doc truc thuc té va
mong muén; e, - 13 sai s vi tri (Etu’(jc qui’ ddi vé hé
truc trén than AUV; 4, > 014 hé s trong s6 mat truot.

* Kénh d¢ sau (Heave - W ): Dé diéu khién d6 sau

z, ta tic dong vao vén toc thang dimg W nhu biéu

thite (12).

S, =W+4,(z-2,) (12)

Nhiéu Mdi Truong (Teny)

X2 rne
Quy dao B diéu khién L“CD% "'('f';“cn M hinh dong Trﬁ;‘;“ ('\:0' ,
Tham chiéu SMC cho AUV CA L Iye hoc AUV B \Tonv),
(M, va) Leader Leader

Trang Thai Thuc Té Leader (n,,v;)

Trang Théi Thyc Té

—>
ML, ve)

Logic chuyén déi doi
hinh

Trang Thai Mong Mudn Follower (n,-_,,)l

Vong Piéu Khién

Tham S6 Ddi Hinh
(d, l”n,'[- AZ)
Nhiéu Méi
l’ MGi Truong (Teny)

AUV Theo Sau "
(Follower) i B6 didu khién I"’CD‘EYM‘”:’: ") B diéu khién
SMC cho AUV »  SMC cho AUV >
Follower Follower

Trang Thai Thuc Té Follower (15, v¢)

Hinh 1. So d6 céu tritc ciia hé théng diéu khién gi di hinh cho theo lugt Leader-Follower
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Trong do: z,z, 1a do siu thuc té va do siu mong
mubn.

* Kénh goc nghiéng (Pitch - ): Dé on dinh goc
nghiéng 6 (giit can bang cho AUV), mit trugt dugc
thiét ké dua trén van toc goc 6 nhu (13).

S, =q+4,(0-6,) (13)

* Kénh goc huéng (Yaw - ): Dé bam theo hudng di
mong mudn v, , mat trugt S, duoc dinh nghia nhu (14).

S, =r+4(w—vy,) (14)
3.2. Ludt diéu khién SMC

M6t nhuoc diém 16n cua bo didu khién trugt
truyén théng 14 hién tuong rung (chattering) do sir
dung ham diu gian doan sgn(S). Piéu nay gy hai
cho hé thdng ddy co khi cia AUV. Dé khic phuc,
nhom tac gia dé xudt sir dung ham tanh dé lam tron tin
hiéu diéu khién trong 16p ranh gidi.

Luat diéu khién ddura T duogc dé xudt nhu (15).

T, —-K, tanh(S,)
7, -K,, tanh(S,)

Tl 7] K, tanh(s,) (15)
T, —K, tanh(s,)

3.3. Phan tich tinh én dinh
Xét ham ung vién Lyapunov duong xac dinh cho

kénh tht i bat ky:

V= lSi2
2

Pao ham cta ham Lyapunov theo thoi gian:
V, =SS,

Thay thé dong hoc ciia hé théng vao phwong trinh
mit truot, ta c6 dang tong quat cia S, :
S, = f,(0)+9,(7,

Véi luat diéu khién 7, =—K; tanh(S,) , phuong

trinh tro thanh:V, = S,[ f,(x) — g, (XK, tanh(S,)]

Dé dam bao tinh 6n dinh (V, <0), hé sé khuéch
dai K; phai dugc chon du 16n dé théng duoc cac
thanh phan dong luc hoc va nhidu f,(x):

K > | ()|
g;(x)
Khi diéu kién trén thoa man, S, —O0khi t— oo,

kéo theo sai s6 bam hoi tu vé 0. Viéc sir dung ham
tanh dam béo tinh 6n dinh tiém can trong lan c4n gbc

Coéng nghé sb, tw dong hoéa va trng dung hang hai

toa d6. Do d6, hé thé)ng 6n dinh tiém cén toan cuc theo
tiéu chuén Lyapunov.
4. Két qua mé phéng
4.1. Thiét lgp mé phéng

Dé danh gia hiéu qua cia thuat toan didu khién
SMC d¢ xuat, qua trinh mo phong s6 dugc thuc hién
dya trén mo hinh dong lyc hoc 6 bac ty do cua AUV.
Céc dic tinh vat 1y cia phuong tién, bao gdm cac
thanh phan ciia ma tran khéi lugng cing cac hé sb can
thity dong luc hoc tuyén tinh, dugc thiét 1ap cu thé nhur
trong Bang 1. Bén canh d6, cau hinh d6i hinh mong
mudn giita Leader va Follower dugc xac dinh boi
khoang cach L va goc 1éch f .

Bing 1. Théng sé dpng liee hoc ciia AUV

Tham s6 Gia tri Pon vi
m;, 200 Kg
m,, 250 Kg
ms33 300 Kg
di 100 kg/s
da2 200 kg/s
ds3 150 kg/s

L 10 m
D 0.16 cm
pi

Dé kiém chirng hiéu qua cua thuat toan diéu khién,
céc tham s thiét ké cua b diéu khién truot cho ca
AUV Leader va AUV Follower da dugc lya chon va
tinh chinh thong qua qué trinh mo6 phong. Chi tiét cac
gia tri hé s6 mit truot (1) va hé s6 khuéch dai diéu
khién (k) cho tung kénh chuyén dong duoc liét ké cu
thé trong Bang 2.

Bing 2. Théng sé ciia b diéu khién SMC

Kénh Leader (1\/k) Follower (A/k)
Surge 0.5/100 0.8/200
Heave 1.0/150 1.2/150
Yaw 1.0/100 1.5/120
Pitch 1.0/80 1.2/80

4.2. Két qui mé phéng
* Mo phong hai AUV thwce hién giw doi hinh hang
doc va thuc hién bam quy dao dat co dang duwong
thing

Két qua mo phong dap tmg quy dao cua hé thong
d6i hinh AUV trong khong gian ba chiéu véi kich

SO 85 (01-2026)



Coéng nghé s6, tw dong hoéa va trng dung hang hai

Ditu khién 2AUV gtk dji hinh hing dye va bim qu§ dgo adt
dgng duimg thing (3D)

150

X (m)
¥ (my
Hinh 2. Diéu khién 2 AUV thyc hign giiv dpi hinh
hang doc va thwe hién bam quy dao dat co dang
duwong thing (3D)

Sai léch theo huéng ngang (XY) ciia AUV Leader
véi qui dao dwong thang

Sai Iéch theo hwong ngang (m)
Lo

0 50 100 150
Thai gian (s)
Hinh 4. Sai léch theo hwong ngang (XY) ciia AUV
Leader véi quy dao thing

Sai 1éch hudéng ciia AUV Leader
voi qui dao duong thang

60

40

Géc (d§)

20

-20

0 50 100 150 200 250 300 350
Thei gian (s)
Hinh 6. Sai léch huong di ciia AUV Leader voi quy
dao thing

ban di chuyén theo dudng thiang dugc thé hién chi
tiét nhu Hinh 2.

Hinh 2 biéu dién két qua mé phong 3D cua hé
thdng hai tau AUV thuc hién nhiém vu bam quy dao
duong thang va giit d6i hinh hang doc. Puong mau
xanh lién nét dai dién cho quy dao ciia AUV Leader,
trong khi duong nét dit mau do hién thi hanh trinh cua
AUV Follower bam sat phia sau. Tir diém xuét phat,
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Dibu khién 2AUV giir di hinh hing dge vi bim quy dao djt
dyng dwimg thiing (2D)

AUV Lewter |
ALY Follower|

" s0 100 150
X (m)

Hinh 3. Diéu khién 2 AUV thyc hi¢n giiv dpi hinh
hang doc va thwe hién bam quy dao dat co dang
dwong thing (2D)

Sai l§ch khoang cich cia AUV follower vii AUV leader

viéi quy dao thang
9
8
7
6
5
4
3
2

0 50 100 150

Khoang cich XY (m)

Hinh 5. Sai léch khodng cdch ciia AUV Follower so
v6i AUV Leader véi quy dao thing

Sai léch hwéng ciia AUV Follower
véi qui dao thing

150

100
50
=50
-100

0 50 100 150
Thoi gian (s)

Gac hwéng (o)
=]

Hinh 7. Sai léch hwong di ciia AUV Follower voi quy
dao thing

ca hai phuong tién nhanh chéng 6n dinh va duy tri
hanh trinh mugt ma, cho théy Follower bam chinh xac
theo Leader ma khong xay ra hién tuong dao dong 16n
hay 1éch pha.

Hinh 3 minh hoa dap tmg quy dao trén mit phang
ngang, cho thdy AUV Follower (nét dut do) bam st
thanh cong AUV Leader (nét lién xanh) theo céu tric
d6i hinh hang doc trén quy dao dudng thing. Sau giai
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Diéu khién 2 AUV giff dji hinh hang doc vi bim quy dgo djt cd dang hinh sine

a0, o — ALY Leader
18 | < - = ~AUY Follower
" s0

W -
Vo < X (m)

Y (m)

Hinh 8. Diéu khién 2 AUV thuyc hi¢n gii di hinh
hang doc va thwe hién bam quy dao dat co dang hinh
Sin (3D

doan qua do ngén tai thoi diém xuét phat, ca hai
phuong tién déu nhanh chéng 6n dinh hanh trinh véi
sai s6 bam phuong ngang gan nhu triét tiéu.

D6 thi Hinh 4 cho thay kha nang dap (mg nhanh
cuia bd diéu khién khi sai sb bam ngang hoi tu tor muic
ban dau -5m vé 0 chi trong khoang 30 gidy dau tién.
Sau giai doan quéa d6 ngén nay, sai léch duoc duy tri
6n dinh & muc triét tiéu trong sudt hanh trinh con lai.

Dd thi Hinh 5 cho thdy trong khoang 40 gidy dau
tién, hé théng trai qua giai doan qua d6 manh véi bién
d6 sai s khoang cach 1én téi gan 10m khi AUV
Follower nd luc diéu chinh vi tri dé gia nhap doi hinh.
Sau giai doan nay, sai 1éch nhanh chéng giam va duy
tri n dinh & muc 2m, cho thﬁy hé théng dat duoc tinh
on dinh (hoi tu) nhung van ton tai mot luong sai sb
xéc 1ap nhét dinh trong kich ban thtr nghiém nay.

Dé danh gia kha ning 6n dinh hudng cua thuat
toan diéu khién dé xuét, cac Hinh 6, 7 trinh bay két
qua mo phong sai 1éch goc hudng theo thoi gian ddi
voi ca AUV Leader va AUV Follower khi thuc hién
nhiém vy bam quy dao dang dudng thing.

Dua trén hai do thi sai 1éch huéng Hinh 6 va 7, c6

thé thdy ca AUV Leader va Follower déu thé hién
kha nang bam quy dao tot khi sai s6 hudng hoi tu vé
0 sau khoang 50 gidy. Tuy nhién, AUV Follower c6
bién do dao dong ban dau 16n hon dang ké (khoang -
110 dén 130 d6) so v6i AUV Leader (khoang -20 dén
70 d6). Piéu nay 1a hop 1y vi Follower phai thuc hién
hai nhiém vu dong thoi: Vira bam theo trang thai dong
clia Leader, vira duy tri vi tri twong ddi trong doi hinh,
dan dén phan (g ban ddu manh hon d¢é triét tiéu sai
sO tich lity.

* Mo phong hai AUV thuc hién gii dpi hinh hang
doc va thuc hién bam quy dao ddt co dang hinh sin

Dé danh gia toan dién hon hiéu sut cua bo didu
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Diu khién 2 AUV giir d3i hinh hing doc va bim qu¥ dao dit
c6 dang hinh sine (2D)
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Hinh 9. Diéu khién 2 AUV thyec hign giiv dgi hinh
hang doc va thwe hién bam quy dao dit co dang hinh
Sin (2D)

khién dé xuét trong cac kich ban chuyén dong phirc
tap, cac Hinh 8 va 9 trinh bay két qua mé phong quy
dao cta doi hinh AUV theo hang doc khi thyc hién
nhiém vu bam theo duong dan dang hinh Sin trong
khong gian ba chiéu (3D) va mit phang hai chiéu (2D).

Ca 2 hinh m6 phong trong khong gian 2D (Hinh
8) va 3D (Hinh 9) déu cho thay kha ning bam quy dao
va giit d6i hinh tot ciia hé thong diéu khién d& xuat.
AUV Leader (dudong mau xanh) bam sat quy dao hinh
sin tham chiéu, trong khi AUV Follower (dudng nét
dat do) duy tri vi tri chinh xac vi tri trong doi hinh
hang doc, thé hién qua su tring khép cao giita hai
duong quy dao.

Dé danh gia chi tiét hon hiéu sut giir doi hinh khi
di chuyén trén cac quy dao cong, cac dd thi Hinh 10
va 11 du6i day thé hién sai léch khoang cach giita
AUV Leader va Follower, cling nhu sai léch ngang
cua Leader so vdi quy dao dat dang hinh sin.

Hinh 10 va 11 cho thy hiéu qua ciia bd diéu khién
SMC dé xuat khi d6i hinh thuc hién bam quy dao hinh
sin phtrc tap. Hinh 10 chi ra rang sai éch ngang cua
AUV Leader duoc duy tri & muc rat thap sau giai doan
qua dd ban dau, chimg t6 kha niang bam quy dao tot.
Dong thoi, Hinh 11 cho théy sai 1éch khoang cach giita
Leader va Follower hdi tu vé mot gia tri 6n dinh (gan
voi khoang cach dat 1a 10m), méc du c6 dao dong nho
do tinh chit cong lién tuc ciia qui dao hinh sin.

Pé danh gia sau hon vé d chinh xac va tinh 6n
dinh cua bd didu khién trong cac diéu kién van hanh
phtc tap, cac dd thi Hinh 12 va 13 trinh bay chi tiét
din bién sai léch goc huéng cia ca AUV Leader va
AUV Follower khi thyc hién nhi¢m vu duy tri doi hinh
hang doc va bam theo quy dao hinh sin.

Dua trén hai d6 thi Hinh 12 va 13, c¢6 thé thdy khi
bam quy dao hinh sin, sai 1é&ch hudéng cia ca AUV
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Sai I¢ch khoding cich theo hudng ngang ciia AUV leader
véi quy dao hinh sine

Khoang cach XY (m)
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Hinh 10. Sai léch theo huwong ngang (XY) cia AUV
Leader voi quy dao hinh Sin

Sai léch hwdng ciia AUV leader véi quy dao hinh sine
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Hinh 12. Sai léch hwong di ciia AUV Leader voi quy
dao hinh Sin

Leader va Follower déu dao dong 6n dinh quanh méc
0 sau giai doan qua do dau tién. Tuy nhién, bién d¢ sai
s6 cia AUV Follower (khoang +40 d6) 16n hon nhiéu
so voi AUV Leader (khoang £4 d§). Su chénh 1éch
nay 1a hgp ly vi Follower phai chiu tai trong cong viéc
diéu khién 16n hon dé vira bam theo trang thai dong
cua Leader, vira duy tri vi tri d6i hinh chinh xac trén
mot quy dao cong lién tuc thay doi.

5. Két luan

Nghién ciru nay da giai quyét thanh cong bai toan
diéu khién phdi hop git doi hinh cho hé théng da
phwong tién lan ty hanh (AUV) dya trén cu trac
Dan dwong - Bam dudi (Leader-Follower). Duya trén
mo hinh dong lyc hoc phi tuyén 6 bac ty do (6-DOF)
day du cia AUV, xem xét dén cac yéu to bat dinh va
nhiéu moi truong, mot chién lugc didu khién manh
mé& da duoc dé xuit. Cac dong gop chinh cua nghién
clru bao gdm:

Xay dung thanh cong kién trac diéu khién phan
cép, trong d6 AUV Leader chiu trach nhiém bam quy
dao toan cuc va AUV Follower diéu chinh trang thai
dé duy tri vi tri hinh hoc twong ddi trong d6i hinh.

Thiét ké cac b diéu khién ché do truot (SMC)
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Sai léch hwéng cia AUV leader véi quy dao hinh sine

Gée (d§)
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Hinh 11. Sai léch t hwong ciia AUV Leader voi quy
dao hinh Sin

Sai lgch hwéng cia AUV leader véi quy dao hinh sine
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Hinh 13. Sai léch hwong di cia AUV Follower vdi quy
dao hinh Sin

riéng biét cho timg kénh chuyén dong (doc, trdi/lan,
nghiéng, huéng) ca ca tau din dau va tau bam dudi .

Cai tién luat diéu khién SMC bang cach sir dung
ham tanh thay cho ham sign truyén théng, gitp loai
bo hién tugng rung cé hai cho co cAu chép hanh trong
khi van dam bao tinh bén viing cua hé théng. Tinh én
dinh toan cuc cua hé théng kin dd dugc chirng minh
chit ch@ dua trén 1y thuyét Lyapunov.

Két qua md phong sb trén cac kich ban duong
thang va hinh sin di khang dinh tinh dung dén va hiéu
quéa cua thuat toan d& xuét. Hé thdng cho thdy kha
ning bam quy dao chinh xac véi sai sé hoi tu vé 0
nhanh chéng, dong thoi duy tri 6n dinh cu ly va goc
huéng ciia doi hinh truéc cac tac dong clia nhiéu.

Lo1i cam on

Nghién ctru nay duogc té‘i tro boi Trub‘ng Pai hoc
Hang Hai Viét Nam trong dé tai ma so: DT25-26.61.
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