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THIET KE BO DIEU KHIEN BACKSTEPPING

CHO THIET BI LAN TU HANH

DESIGNING A BACKSTEPPING CONTROLLER FOR AUTONOMOUS UNDERWATER VEHICLES

TOM TAT

Diéu khién phuong tién chuyén dong ngam khong nguoi lai AUV
(Autonomous Underwater Vehicles) trong diéu kién thuc té dang la mot théch
thiic hién nay. AUV [a mot hé thong thiéu chdp hanh va thuGng bi anh hudng cla
nhiéu bén ngoai khong biét trudc nhu gié, dong chdy, mat dd luu lugng nudc. Bai
bao nay dé xudt vé mot thuat toan diéu khién dua trén ky thuat Backstepping dé
diéu khién vi tri, goc diéu huéng va do sau cla tau bam theo gia tri dit mong
mudn. Cac két qud mo phdng trén phan mém Matlab/Simulink dé chiing minh
tinh hiéu qué cda phuong phap diéu khién dé xuat.

Tir khéa: Thiét bi lin tu hanh, diéu khién Backstepping, phuong phdp
diéu khién.

ABSTRACT

Controlling autonomous underwater vehicles (AUVs) is a current research
challenge in reality. AUV is an underactuated system. In addition, it is often
affected by unpredictable external disturbances such as wind, flow, and water
density. This paper proposed a novel controller based on the Backstepping
technique to control position, navigation angle, and ship’s depth as desired. The
simulation results on Matlab/Simulink software show that the effectiveness of
the proposed control method.

Keywords: Autonomous Underwater Vehicles, Backstepping controller,
control method.
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1. GIGI THIEU

Nhing nam dau cda thé ky XX cho dén nay, nhing
nghién ctu vé hé théng diéu khién UAV dugc quan tam
va phat trién khéng ngling. T thap nién 20 dén thap nién
60 cac cdng b chi yéu vé phuaong phap diéu khién déng
(xay dung trén nén tang bo diéu khién PID). Tuy nhién
dén tan nam 1960 bo diéu khién ndy mdi dugc st rdng rai.
Dén nhirng ndm dau cla thap nién 70 khi gia nhién liéu
trén thé gidi tdng cao dan dén nhu ciu phat trién va s
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dung cac phuong phap diéu khién tién tién dé dap ung
yéu cau cap thiét 13 gidm muc tiéu hao nang lugng dé
gidm gia thanh van chuyén. Phan 16n cac cdng trinh cong
b6 dua trén diéu khién téi uu toan phuang (LQR hoic
LQG) [3, 4, 5]. Nhugc diém co ban cla céc phuang phap
nay la phai biét chinh xac mé hinh toan hoc cta hé théng,
nhung trong thuc té cac phuong tién hang hai la cac déi
tugng bat dinh (duéi dang tham s6 hoac ham sé), ngoaira
chiu anh hudng rat 16n ctia nhiéu méi trudng. Do vay
nhiing ndm gan day ly thuyét diéu khién thich nghi dugc
quan tam nghién ctu nhiéu hon cho cac hé théng nay [6,
8,9, 10, 11]. Thap nién cudi cta thé ky XX bung né cac
nghién ctu vé diéu khién phi tuyén, dac trung la dng
dung ham diéu khién thich nghi Lyapunov cho hé théng
lai tau [7, 12, 13, 14]. HuSng nghién ctu nay mang lai
nhiéu thanh céng trong diéu khién cac déi tugng phi
tuyén c6 moé hinh bat dinh kiéu hing sé.

Hién nay d6i vdi cac hé théng phi tuyén bat dinh kiéu
ham s6 va chiu anh hudng cla nhiéu méi trudng thi cac
phuang phap diéu khién hién dai dugc d4p dung nham muc
dich nang cao chat lugng ludn la nhiing thach thic véi cac
nha khoa hoc. D6 ciing la doéng luc cho viéc lya chon
nghién ctu clia nhém tac gia trong bai bao nay.

2. MO HINH DONG LUC HOC CUA THIET BI TAU LAN S-AUV
2.1. Mé hinh déng luc hoc thiét bi 1dn tu hanh AUV 4 bac
tudo

D4i véi mot thiét bi hoat ddng trong moi trudng nudc
thi viéc diéu khién chinh xac cac vi tri, toa d6 clia ca 6 bac |a
hét sdc phuc tap [1, 2]. D€ don gidn hda déi véi cac loai
thiét bi Ian tu hanh c¢& nho ta c6 thé bd 2 bac tu do khéng
can thiét 1a: goc 0 (chuyén dong quay lat) va géc © (chuyén
déng quay lac), thi phuong trinh chuyén déng cua thiét bj
I&n tu hanh AUV gém 4 bac tu do dugc biéu dién qua cac
dai lugng (déng ca ddy, mét canh lai hudng, hai canh lai
phu dé€ 1an néi). Tuy nhién trong qua trinh diéu khién van
dam bao dugc yéu cau nhiém vu dat ra nhu bam vi tri toa
doé (x, y), goc diéu hudng ctia AUV () va vi tri truc z (d6 sau
Idn). Trong nghién ctiu nay, nhém tac gid tap trung xay
dung bo diéu khién Backstepping v6i mé hinh théng sé
cla AUV dugc tinh toan lya chon phu hgp ti d6i tugng
trich tai liéu [15].

Vol.57 - No. 4 (Aug 2021) e Journal of SCIENCE & TECHNOLOGY | 43



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

m[U—vr+wq—xg(q2+r2)+yg(pq—f)+zg(pr+q):|=X

m[\'/—wp+ur—yg(r2 +p2)+zg(pr—p)+xg(qp+f):|=Y

m[w—uq+vp—zg(q2 +p2)+xg(rp—q)+yg(rq+p):|=Z

Izzf+(lyy —Ixx)qp+m[xg(\'/—wq+ur)—yg(u—vr+Wq):|=N
2.2. Mé hinh déng luc hoc ctia AUV bén béc tu do trén
toa dé khéng gian 3 chiéu

M6 hinh chuyén déng bén bac tu do clia tau ngam AUV
gém: n= [x,y,z,q)]T la véc-to vij tri clia tau theo cac truc Ox,
Oy, Oz va géc diéu hudng tau quay quanh truc Oz
v:[u,v,w,r]T la véc-to van toc dai theo cac phuong Ox,
Oy, Oz va to¢ d6 quay xung quanh truc Oz.

Phuong trinh dong hoc phi tuyén cda tau ngam AUV
bén bac tu do nhu sau:

n=Jmyv 2
MV +C(v)v+D(v)v =1

Trong d6, ma trdn quay xung quanh truc Oz dugc biéu
dién nhu sau:

cos() —sin(p) 0 O

3 sin(p) cos(y) O O
= 0 0 10 )

0 0 0 1

Ma tran quan tinh hé théng:

m+ X, 0 X, -my,
Mo 0 m+Y, 0 Y, + mx, @
Z, 0 m+Z, 0
-my, mx,+N, 0 [, +N,

Ma tran Coriolis va luc huéng tam hé théng:

0 —mr 0 -mxgjr-a,
mr 0 0 —-myr+a
C= 5 (5)
0 0 0 0
mx,r+a, mygr-a 0 0

Ma tran suy gidm thay déng luc hoc:

X, +Xylul 0 0 0
o 0 Y+l 0 0
V)=
Z,ul 0 Z4Zylwl 0 (6)
0 0 0 K, +Kiy 1P

VGi cac ma tran M, J(n), C(v), D(v) théda man cac tinh chat
sau:

(MM=M">0
(2) Clv) =C'(v)
3)D(v) >0
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(4) J(n) l1a ma tran quay xung quanh truc Oz va la ma
tran truc giao J(n) = J'(n)
3. TGNG HOP BO DIEU KHIEN CHO AUV BANG KY THUAT
BACKSTEPPING

Bai todn diéu khién chuyén déng théng qua
n= [x,y,z,q)]T la véc-to vi tri clia tau theo cac truc Ox, Oy,
Oz va goc diéu hudng tau quay quanh truc Oz
v :[u,v,w,r]T la véc-to van téc dai theo cac phuong Ox,
Oy, Oz va téc dd quay xung quanh truc Oz. D€ giadi quyét
van dé trén, bai bdo dé xuat st dung bd diéu khién
Backstepping bdi vi né la phuong phap phu hop nhat dé
diéu khién nhiing hé thiéu co cau chap hanh.

Ta viét dang téng quat héa nhu sau:

m =WV

v, =f(X)+9,(X)T, ?)
n, =J,v,

v, =f,(X)+9,(X),

Véi:
.
X:[n1 vV, N Vz]
f(X)=M"(-Cv,-C,v,)
9, (X) =M"
L) =-M", {MZ‘W(_C]V] ) }
+(C,, +D, v, +(C,, +Dy, v,

9, (X)= _M7122M21,\7r1

Dinh nghia véc to sai s6 gilra tin hiéu dau ra va tin hiéu
dat nhu sau:

e(t)=|:e1:|=|:n1_n1di| (9)
€; N, =Ny

Coi hé (7) 1a hai hé con (10), (11) vdi tin hiéu diéu khién
T, T, cho tng hé, ta cé:

ﬁ1 =)V,
. (10)
vy = f1(X) +9,(X)T,
hz =J,v,
. (11)
vV, = fz (X)+9, (X)Tz
Tin hiéu diéu khién chung hé (7) dugc chon theo luat sau:
T=art, + BT, (12)
VGi q, B 1a cac hdng s6 duong.
Hé (10), (11) la cac hé truyén ngugc chat bac 2, theo ky

thuat Backstepping, dé xac dinh tin hiéu diéu khién 1,, T, ta
phai tién hanh theo hai budc:

T6ng hgp diéu khién 1,. Xét hé (10)
Buéic 1: Goi sai léch bam vi tri ddt la e,, ta co:

e1 = "11 _n1d (1 3)
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Pao ham e, theo thai gian ta dugc: 4.KETQUA SO
€, =N —Ny =4V, Ny (14) DE kiém ching chat lugng cha bo diéu khién
Backstepping ap dung cho thiét bi tau AUV, mé phéng

Dat e, =v, —qa,V6i q, la tin hiéu diéu khién o o dap BYTE L - .
dugc thuc hién véi cac bd tham sé nhu bang 1.

Thay vao (14) ta dugc: Béng 1. Tham s6 md hinh thét bi AUV

€ =N~y =), (€, +@,) =y (15) M| 185k X, 6,83.10° Z 0
Choizeh:: f;zE:Lnotjeu diéu khién do dam bado e, - 0, ta K 100 X.u|u\ 2058 | L, | 115.10°

: ) 5 X, -1,13.10° N, -12,32

Vi=5ee (16) k| 005 Y, 0,08 N, | 05.10°

Pao ham V, theo thai gian ta cé: k, 5 Y, -1,03 N, 0,32

V,=elé =e] (J, (e, +a,)—n,)=—cele, +ell e, (17) A 500 Y, -0,85 N, 2,15

Dé 6 (17) thi tin hiéu diéu khién 3o cé dang nhu sau: B 2,5 va -0,62 I, 1,57

a,=Jjj(-ce +ny) (18) X 05 Z, 4,57

vdi ¢, la hdng sé duong. D€ e, — 0 thi e, -0 Y, 0,5 Zu 0,32

Buéc 2:Ta cod X, 6,53 Zw -0,32.10°

&=v.—q (19) Théng s6 bo diéu khién:

Dao ham e, theo thai gian ta dugc: ¢, =diag{0,15 0,12}; ¢, =diag{90 90};

e,=v,—a, =f(X X)T,—a .
2 =V 4 2RO 6,00m =4, @0 ¢ —diag{0.2 0.2); c, =diag{0,1 0,1);
Dé xac dinh tin hiéu diéu khién t, ddm bdo e, -0, ta
chon ham Lyapunov: A=0,65;f =005
1., Trudng hop 1: Thiét bi AUV lan xuéng dé sau -10 (m)
V=V, t5&:8 1) tinh ti mat nudc va déng thai di chuyén dén vi tri mong
Dao ham V, theo thai gian ta co: mubn Vvéi cac gia tri dat nhu sau: ng=[11 S]Tvé

V=V, +ele, =—cefe, +e/) e, +el (fX0+qXr,~4) (22) n,,=[-10 0,3]

Chon tin hiéu diéu khién tur hé (22): 12 :
T= 9;1(X)(_czez _J1T1e1 —f(X)+ 01) (23) 10 — _‘
vdi ¢, la hang s6 duong E §l /
Thay phuang trinh (23) vao (22) ta cé: ,§ 6
. 'a
V,=—ceje,—C,ele, <0 (24) g 4/
Téng hop diéu khién 1,. Xét hé (11) .
Thiét ké theo phuong phap Backstepping tuong tu nhu ‘ ‘
thiét ké T, ta dugc tin hiéu diéu khién cho hé con thu hai: 00 20 40 60 80 100
T, =9, X)(-c.e, —J e, —f,(0+4,) (25) Time (seconds)
- (a) Vi tri theo phuang Ox
VGi e, =n, —n,, 6
e4:h2_hzd e
a, = J;;(—c3e3 +f]2d) §4 /
C3, €4 la cdc hang s6 duong § s /
Theo (12) tin hiéu diéu khién cho thiét bjlan AUV la: '§
T=ar, +Br, (26) 22
Véi 1,, T, tinh theo (23), (25) thay vao phuong trinh (26) 1
ta cé: 0
_ 0 20 40 60 80 100
T=0ag,'X)(-c,e,-Je —f(X)+q,) . Time (seconds)
+B.g,'(0)(—c,e, — e, —,(X)+4,) @7) (b) Vi tri theo phuong Oy
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0 -4
2 -5
E 4 E
c c
S 2 7
7] )
o
L -8 g- -8
N N
Q0 = - -9
A2 10 ‘ ‘
0 20 40 60 80 100 0 20 40 60 80 100

Time (seconds) Time (seconds)

(Q Vitritheo phuong 0z (c) Vi tri theo phuong 0z

A0'4 0.06
T —
© °
203 g
5 o 0.04 ]
< =)
c &
€0.2
] £ 0.02 1
‘(-U' =
o ©
>0.1 = —
g’ 2 L===
4 <

0 ; >

0 20 40 60 80 100 -0.02
Time (seconds) 0 20 40 60 80 100

Time (seconds)
(d) Géc diéu huéng cia AUV
Hinh 2. Vi tri, d6 sau va gdc diéu hudng trong trudng hop 2

(d) Goc diéu hudng cia AUV
Hinh 1. Vi tri, @ sau va gdc diéu hudng trong trudng hop 1

Trudng hop 2: Thiét bi AUV ndi 1én tir d6 sau -9(m) 1én Lo o o
do6 sau -5(m) tinh ti mat nudc va déng thai di chuyén dén Két qua mo6 phong hinh 1, 2 khi sit dung bé diéu khién

L ., 1 Backstepping cho thay:
Vi tri mong muon v6i cAc gid tri dat nhuf sau: g :[5 4] - Thai gian xac lap nhanh véi céc vi tri theo phuong

va n,, =[-5 0]T Ox, Oy ,0z va goc diéu hudng tuang tng véi trudng hgp
6 1 va trudng hgp 2 lan luoct la: 21s, 30s, 16s, 20s va 20s,
24s,17s, 30s.
T T - Gan nhu khéng c6 d6 qua diéu chinh trong két qua
Eqf mo phdng cac trang thai chuyén dong clia thiét bi AUV.
c
23 Trudng hgp 3: Thiét bi AUV lan xuéng d6 sau -8 (m) tinh
§2 I tU mat nudc va déng thai di chuyén dén vi tri mong mudn
X Vi cac gia tri dat nhu sau: n, =[8 3] va n,, =[-8 0].
1 , < .
Tuy nhién thiét bi chiu tdc ddng nhiéu diéu hoa vao tin hiéu
% 20 40 60 80 100 diéu khién c6 dang: A =[20sin(0,01t) 1Ocos(0,01t)]T
Time (seconds)
(@) Vi tri theo phuang Ox 10
s 8
4 | §, /—
El § °
2/
82 g /
2 X
>
1 2
0 . . 0 1 1
0 20 40 60 80 100 0 20 40 60 80 100
Time (seconds) Time (seconds)
(b) Vi tri theo phuang Oy (a) Vi tri theo phuong Ox
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3.5
3 j— L -—
E25) /-’E'
c
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s/
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(b) Vi tri theo phuang Oy
0
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E
S
B
"]
o
2.6
N
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(c) Vitri theo phuang 0z
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o
s 0 RS NS A\ASLS NS
)
c
©
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-
©
=
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g
3 /
-0.06
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(d) Goc diéu hudng cia AUV
30

LA AAAAAAAAN

Disturbance
o

20 40 60 80 100
Time (seconds)

(e) Nhiéu tac dong
Hinh 3. Vi tri, @0 sau, gdc diéu huéng va nhiéu trong trudng hap 3

Trudng hgp 4: Thiét bi AUV lan xuéng dé sau -4 (m) tinh
tUr mat nudc va dap ung quy dao diéu hoa theo thai gian

vGi cac gia tri dat nhu sau: n,, =[3sin(0,01t) 5cos(0,01t)]T
va n,y =[-4 O]T . Thiét bi cing chiu tac déng nhiéu diéu
hdoa vao tin  hiéu diéu khién 6 dang:
A=[20sin(0,01t) 10cos(0,01t)]'

5

=—=ouput
== set-point

JANA\WAW.
VARV

x-position (m)
o

-5 L
0 50 100 150 200
Time (seconds)
(a) Vi tri theo phuong Ox

4
===output
== set-point

2 4

y-position (m)
o

2
4 ‘
0 50 100 150 200
Time (seconds)
(b) Vi tri theo phuong Oy
0

'
-

z-position (m)
A )
p—

=

_4 j—
-5 L
0 50 100 150 200
Time (seconds)
(c) Vitri theo phuong 0z

0.8
T
©
06
2
2
S 04
c
]
0.2
=3
SN 0 e .
< NS ‘s \
>

-0.2 ' '

0 50 100 150 200
Time (seconds)

(d) Géc diéu huéng cia AUV
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30

2

o

AAAAARARAAAAAAN

1

o

Disturbance
o

10+

201

-30 ‘
0 20 40 60 80 100

Time (seconds)
(e) Nhiéu tac dong

Hinh 4. Vi tri, d6 sau, goc diéu hudng va nhiéu trong trutng hgp 4

Két qud moé phdng hinh 3, 4 cho thay, bd diéu khién
Backstepping cho chat lugng t6t ca khi c6 nhiéu diéu khién
tac dong l1én thiét bi AUV. Cu thé, véi quy dao dat 1a hiang
s6 va ham diéu hoa theo thai gian thi thiét bi déu dap ting
tét va it rung lac, thoi gian xac 1ap nhé. Tuy nhién, goc diéu
hudéng trong hinh 3d va 4d tuy cé sai léch tinh hoi I6n
nhung cé thé chap nhan dugc do van nam trong hanh lang
xac 1ap cho phép. Quéa diéu chinh nhé va c6 thé coi nhu
bang khéng do nhé hon 107, Bén canh do6, bo diéu khién
Backstepping cho chat lugng dap tng vi tri va dé sau cla
thiét bi AUV tét.

5. KET LUAN

Bai bao da dé xuat bo diéu khién Backstepping ddm bao
hé théng 6n dinh bam vj tri theo phuang Ox, Oy, Oz; gidm
thiéu bién dé goc diéu hudng va sai léch tién vé 0. Trong
cac trudng hop gia tri dat khac nhau va cé nhiéu ngoai tac
déng, bo diéu khién Backstepping déu cho chat lugng tét.
Két qua mo phéng da khdng dinh dugc nhiing uu diém clia
bd diéu khién dugc dé xuét.

Trong thaoi gian téi nhém nghién cdu sé két hgp cac bo
diéu khién thong minh dé téi uu hon nlta thuat toan diéu
khién nham dem lai hiéu qua cao trong viéc diéu khién moé
hinh AUV ma nhém nghién ctu da xay dung.
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