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Thiét ké bo diéu khién bam duong cho phuong
tién thiy st dung thiét bi day khdp noi tur

Tran Ngoc Huy, Pham Nguyén Nhyt Thanh, V& Hong Thai Bao

Tém tit—Vin dé diéu khién phwong tién tw
dong bam theo mét muc tiéu hay mot quy dao
dinh sin do c6 nhiéu ing dung quan trong trong
cac linh vue nhw quéin sw, quan tric dia hinh,
khdo sat chét lwgng méi treong nén da dwoc
nghién ctru & rit nhiéu nuéc trén thé giéi. Bai
b4o nay trinh bay két qua tim hiéu phwong phap
diéu khién phwong ti¢n thiy trén mit nwéc sir
dung thiét bi diy khép néi tir dé bam theo cac
quy dao hinh xung vudng hay zig-zag bang cach
sir dung gidi thuit dwong ngam (Line of sight,
LOS) két hop véi b diéu Kkhién cudn chiéu
(Backstepping). H¢ thong dugc xét ¢ diy sé bao
gom 3 khéi chinh 13 Din dwong — Piéu khién —
Van hanh (Guidance — Control — Ship). Trong
d6 Guidance sé giup chon diém waypoint hinh
thanh quy dao, st dung giai thuat LOS voi
khoing cich lookahead dé diéu chinh va tinh ra
g6c y mong mudn (goc heading). Control véi
gidi thuit Backstepping sé tinh lwc va moment
ap vao md hinh dong hoc ciia tau trong Kkhdi
Ship. Vi tri va géc cia tau sé dwgc feedback tré
vé 2 khéi Guidance-Control dé tinh toan va xir
ly. Tinh hiéu qua cia thuit toan sé dwoc trinh
bay qua két qua md phéng sir dung
MATLAB/SIMULINK.

Tir khéa—DAin dudng, duong din, duong ngém
khoéng cach phia trudc, diéu khién, bd diéu khién
cudn chiéu

1 GIOI THIEU

gdy nay nhiéu ung dung thuc té vé viéc
khao sat song, ho, bién... dugc thiuc day do

Bai bdo nay dwoc gm' vdo ngay 25 thang 05 nam 2017 va
dioc chdp nhdn ding vao ngay 19 thang 09 nam 2017.

Céng trinh nghién ctru ndy dwoc thuc hién tai Phong thi
nghiém trong diém Qudc gia Diéu khién sb va K§ thuat Hé
thong va dugc tai trg boi PHQG TP.HCM trong dé tai mi sb
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mbi truong séng cua con ngudi bi thu hep dan va
can tim ngudn tai nguyén, mdi truong méi ciing
nhu dam bao an toan cho khu vuc sinh sdng cia
chinh minh. D4i mat véi van dé nay nhiéu Gng
dung da duogc phat trién va mot trong s6 do 1a tau tu
hanh trén mat nude dé thu thap s6 liéu. Trén thé
gi6i da phat trién nhidu loai tau ty hanh véi nhidu
muc dich khac nhau (ciing c6 thé 1a da nhiém vu)
nhu tau AutoCat cua hoc vién MIT hoan thanh nam
2000, tau HWT X-1 ctia My dugc hoan thanh nam
2007, Viknes USV dugc phat trién nam 2008 bai
Pai hoc Khoa hoc va Cong ngh¢ Norwegian, tau
UMV — O san xuit boi cong ty Yamaha ciia Nhat,
USV-ZhengHe 101 cuia Trung Qudc, Wave Glider
USV duogc san xuat boi hiang Liquid Robotics &
My. Ngoai ra mot sd ing dung ciia dang tau tu
hanh nay ciing dwoc mé ta trong cac két qua nghién
cuu [1-3].

Mubn phat trién tau ty hanh can c¢6 cac hé thong
dan dudng va didu khién ty dong dé tau co thé ty di
theo mot quy dao da dinh trudc. Trong khuon khd
bai viét ta s& xoay quanh van dé khao sat moi
truong do dé thudng yéu ciu tau di theo cac quy
dao quen thudc nhu séng vudng hay zig-zag tirc 1a
di qua cic diém mong mudn cho trude (way-point
tracking control) dugc dé cap trong [4]. Bai viét s&
trinh bay cach dé xay dung mot bo Guidance dé tao
duong dan bang phuong phap Line of sight (LOS)
va thiét ké mot bo didu khién dé bam theo goc v
mong mubn tir Guidance va dat duge véan tdc mong
muon trong qua trinh di chuyén bang thuét toan
diéu khién cudn chiéu.

2 XAY DUNG PHUGNG TRINH TOAN

Véin = [n, e, y]7 12 ba bac tuw do biéu thi vi tri
(x,y) va goc heading () cua tau trong hé qui chiéu
quén tinh ¢b dinh trén trai dit va v = [u, v, r]" biéu
thi twong ng vdi cac van toc tuyen tinh goi la
sugre (u) va sway (v) va van toc gbc yaw (r) trong
hé qui chiéu cb dinh trén tau. Theo [5] phuong trinh
déng luc hoc cua tau la:
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7=Rv)o ®

Mo+C(v)o+D(v)vo=r1

Xg
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“ r ¥, (e} : The earth-fixed inertial frame
{b} : The body-fixed frame

{e}
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Hinh 1. Céc tham s6 chuyén dong cua tau

trong d6 R(.) 1a ma trdn xoay bac ba véi
cos(y) -sin(y) O
sin(w) cos(y) O

0 0 1

R(y)=

va M 1a ma tran quan tinh h¢ théng ¢O cac thanh
phan cu thé nhu

m, O 0
M= 0 m, m,
0 m32 m33
m-X, 0 0
= 0 m-Y, mx;-Y;
0 mx, —N, I,-N,
VOiN, =YV, vaM =MT = 0.

C(v) 1a ma tran Coriolis va D(v) la ma tran
Damping. Trong khuon khé bai viét ta s& don gian
hoéa va chi quan tim cac yéu t6 anh huong dén tau
trong diéu kién di chuyén cham nén s& hop hai ma
tran C(v)va D(v) thinh mét ma trdn N(v) duy nhét
nhu trong [6]. Cac thanh phén cu thé trong ma trin
sau khi don gian hoa dugc chi ra bén dudi:

n, 0 O
N(v)=| 0 n, n,
0 n32 n33
-X, O 0
= 0 -V, mu -Y,
0 -N, mxu-N,

Trong do x; 1a khoang cach tur trong tdm cuia tau
dén géc toa d§ cua hé quy chiéu g’fm trén tau. Cac
thanh phan {X,¥;,,N;,} 1 céc tham s6 thay hoc
theo cac ky hiéu cua [7].Tin hiéu diéu khién T =
[t1, T3, T3] = [F, ¥8, N568]7 trong d6 F 1a lyc day

tir thiét bi day, & 1a goc banh l4i diéu khién. Tir day
ta c6 thé thay rang chi c6 hai ngd vao diéu khién 1a
F va § va mong mubn diéu khién 14 tac dong vao
T,, Ty nhung phai chii y ring khi tic dong T, ciing
s€ tao ra T, voi ti 1¢ 1a A = ¥; /N;. Luc nay phuong
trinh dong luc hoc cho tau sé dugc viét lai nhu sau:

1R @
Mo+ N (v)o =[F, Y6, N5]
Connect to the
Magnetic nazie

Coupling

Thruster
housing

Propeller

BLDC
Motor Shaft

Hinh 2. M6 hinh thiét bi diy khép néi tir

Phuong trinh luc day chan vit c6 dang [8]:

1ot Yo | () 3)
P [”DMWJ (anj

Trong d6: D- Pudng kinh chan vit; Vp- Van toc
tién; n- SO vong quay; p - Khéi luong riéng cia

chat 16ng; n- Hé sb nhét dong luc hoc; po -e Ap

sut tinh trén truc chan vit.

3 THIET KE BO GUIDANCE

Guidance: Trong truong hop nay dugc dinh
nghia 13 qua trinh din mot vat thé di vé phia mot
diém cd dinh. Guidance c6 thé duoc thiét ké cho tat
ca cac loai phuong tién trén khong, trén can, trén
mat nude hay dudi nude. Trong hinh thure don gian
nhét cua nd, hé théng dan duong duge chia lam hai
loai chinh:

+ Target trackmg huéng vat thé mong mudn (cu
thé ¢ day 1a hé thong tau thuyen trén mat nudc)
bam theo mot muc tiéu nhét dinh. Dé thuc hién
muc dich trén doi héi quy dao cua tau phai phu
thudc theo thoi gian.

+ Path following: huéng muc tiéu kiém soat hoi
ty va di theo mot con duong da dugc dinh sin ma
khong c6 bat ki mot sy rang budc nao vé thoi gian.

Trong bai viét nay chung ta s& tap trung tim hiéu
“guidance for path following”. Rt nhidu phuong
phap da duogc dua ra nghién ctru cho vain dé nay,
trong d6 cac phuong phap phd bién thuong thay la
Line of Sight (LOS), Pure Pursuit (PP), Constant
Bearing (CB). Line of Sight tuy 1a mét phuong
phap don gian nhit nhung nhiéu thi nghiém ciing
nhu 4p dung thuc té da chung minh tinh hiéu qua
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clia no trong hé thdng bam dwdng dic biét khi st
dung cho nhimg phuong tién tau thuyén trén mat
nuée. Hé théng LOS thuong dugc két hop véi hé
thong ty dong diéu khién phan dau dé tinh goc banh
lai thich hop hay néi cach khac 1a két hop voi hé
thong diéu khién dé tao ra lyc moment tuong tmg
co thé huéng phuong tién di theo goéc y mong
mudn, toan by hé thong sau do duac dua qua mo
hinh dong hoc cua tau dé tra vé vé vi tri va van toc
cta nd nhu hinh 3.

V6i myc dich khao sat chat lugng moi truong
nudc, quy dao duong di dugc xem la nhiing quy
dao zig-zag hay song vuong (hinh anh quy dao
dugc minh hoa trong phan mé phong), thi phuong
phap LOS cho duong thing 1a phuong phép thich
hop nhat. Trong bai viét nay phuwong phap duoc
chon lya 1a “LOS with lookahead distance”. Vi
bat ki mot vi tri ndo bén ngoai duong di mong
muon giai thuat LOS nay s& giup phuong tién hoi
tu vé mot diém mong mudn trén quy dao va bam
theo quy dao do. Tuy thudc vao co ché dong hoc
cua tau chung ta sé dat van tdc U, ban kinh hoi tu R
va khoang cach lookahead A sao cho sai s6 vi tri va
d6 quén tinh cua tau 1a nho nhét.

=[xy Yl

v =[uvr]"

Yol | Guidance | Ve T= [0, T, )"
— Shi
- T g '

Ly i

Hinh 3. So db khéi hé théng din duong

Horizontal-Plane Path Following (Bam duong
trén mat phing ngang)

Khi xét nhitng phuong tién di chuyén trén mat
nudc hay ndi cach khac 1a mat phang ngang xy,
chung ta s& c6 phuong trinh dong hoc cho tau khi
doséla

x—ucos( )—vsin(y)
= usm( ) veos () 4)

Tdc d6 tong cta tau duge xét theo phuong ngang 1a

U =u?+v? (5)

Véi U, <U<U_ ,0<U_.

Tuy theo cdu tric tdu ma van tbc U va ban kinh
hoi tu R dugce chon thich hop d¢ khi tau di chuyén
qua diém waypoint s€ c6 quan tinh nho, dam bao
sai 1éch v€ dudong di nam trong pham vi cho phép.

Gia st rang phuong tién dang dugc hoi tu vé
duong két noi cac diém tham chiéu (way-point)
wptk — Wptks1, sai s0 along track (Xe) va cross track
(Ye) cta tau khi d6 dugc dinh nghia boi cong thic:

max !

X X — X,
|: ej|:RT(ap)|: j| (6)
Ye Y=Y

Trong d Xk, Yk 1a vi tri ctia diém waypoint thi k
trong hé toa do NED (k=1 ... N); X, y 1a vi tri hién
tai cuia con tau trong hé toa d6 NED; R 1a ma trin
quéan tinh trong chuyén hé toa d6, dugc xac dinh
theo cong thirc:

R(a,) - {cos(ap)

sin(a,)

—-sin(a,)
€ SO(2) @)
cos(a,)

Khi khai trién ra chung ta s& cé:

X, = (x=X,) cos(a) +(y -y, )sin(a,)

Ye = —(x— Xk)Sin(aP) +(y- yk)cos(ap)

Véi a,la goc tiép tuyén dugc xac dinh theo

(8)

cong thuc

a, = atan2(y,,, = Yy X1 — %) €)

Muc dich 13 kiém soat sai s cross track nam trong
gi61 han cho phép hay néi cach khac:

limy, (t) =0 (10)

Luu ¥ rang dbi v6i nhitng tng dung ma thuit
toan cua no co su rang budc vé thoi gian ching
ta can phai gigi han thém sai s6 doc (Xe) vé ban
kinh hoi tu con néu chi xét bai toan do dudng
chung ta chi can kiém soat (ye).

Thuit toan din dwong LOS

Tuy theo nhidu myc dich @mg dung, phuong tién
sa dung hay phuong phap din duong ma vector
LOS c6 thé dugc dinh nghia theo nhidu cach khéc
nhau. Cuy thé trong tng dung path following cho
phuong tién trén mat nudc, LOS duge xem nhu 1a
mot vector ¢ diém dau dat tai trong tdm cula
thuyén va diém cubi dat tai mot diém (Xios, Yios) trén
dudng tiép tuyén ndi 2 diém waypoint px Va pie1.
Vi tri diém (Xios, Yios) s& cach diém chiéu vudng goc
clia tau trén duong tiép tuyén (diém giao giita yeva
dudng mong mudn) mot khoang cach A > 0. Tuy
thudgc vao dac tinh dong hoc cia tau hay van dé
quan tam 1a d¢ chinh xac hodc hi¢u sudt ma ta chon
A cho thich hop. Néu xét A 12 hang s6 thi khi gid tri
A cang nho, phuong tién hdi tu vé quy dao mong
muon cang nhanh, tuy nhién goc y sé& thay ddi lién
tuc nhidu lan, doi hoi goc banh phai thay doi lién
tuc theo, hé thong c6 thé dap (mg khong kip va thoi
gian dap ung tang kéo dai qua trlnh di hét quy dao
cua phuong tién. Dé giai quyét van dé trén, ngudi
ta c6 thé xét A c6 gia tri thay dbi theo thoi gian tir
nhé dén 16n.
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Hinh 4. M6 hinh cho vector LOS ctia tau thuyén trong truong
hop khong xét goc trugt bén

Nhur hinh 4, ta ¢ thé x4c dinh goc y mong mudn
cua tau theo cong thure:

. Liy dao ham cua Ye

v, =
trong cong thire (8) ta duogc:
Y, = =Xsin(a,) + ycos(a,),
=—(ucos(y) — vsin(y))sin(«,) 1)
+ (usin(y) +vcos(y)) cos(a,),
=usin(y —a,)+vcos(y —a,)
Bién d6i cong thie (11) ¢ dang bién do pha
chung ta nhan dugc:
Y, =Nu®+vZsin(y -a,) 12)
=Usin(y -a,)

Luu y: trong thuc té khi tau di chuyén s& co
thanh phan ngoai lyc nhu g10 dong chay... hay
nhitng nhiu khong mong muén tic dong lam cho
tau dang 1y di chuyén theo phuong cua goc y sé& bi
léch di thém mot thanh phan goc nho truot S.

Khi d6 cong thirc ya, Y, tré thanh:
Wy =0, + arctan(

e)ﬂ

j, =Usin(y —a, o
Véi f dugc dinh nghia dong hoc Ia
p =atan2(v,u) . Ta s& danh gia anh hudng cia S

(13)

v6i ngoai lyc tir méi truong (cu thé & day la gio,
dong chay) t6i chat lugng cta hé thng trong phan
mo phdong bén dudi.

Ching ta co thé giai quyét nhimg van dé ma
khoang cach A mang lai nhu da dé cap ¢ trén bang
cach xay dung A nhu mot bién co gia tri thay ddi
theo thoi gian:

A= (Amax _Amin)e7KAyez +Amin (14)
Trong 6 Amax, Aminva hing s6 biéu thi tc do hoi
tu K, co thé chon tir md hinh tu hay tir thyc nghiém.

4 THIET KE BO PIEU KHIEN

V6i viéc st dung phuong phap LOS cho bd
Guidance, vé phuong thic diéu khién dé dat duoc
muc dich ty dong lai ph'?m dau va van tbe mong
mudn trong qua trinh di chuyén nguoi ta c6 thé sir
dung nhiéu cach diéu khién khac nhau dé két hop
v6i bd Guidance mot cach dé dang va phu hop nhu
PID, Sliding mode... Trong bai viét nay ta s& trinh
bay mot phuong phép tiép can khac dé giai quyét
hai vin d& tu dong lai phan dau va véan tbc mong
mudn trong mot bd diéu khién duy nhit cho tau 1a
giai thuat cudn chiéu. Cudn chiéu 1a giai thuat diéu
khién bén vig dugc xay dung dua trén dinh Iy
Lyapunov, do d6 ta c6 thé d& dang phat trién thém
cho bo didu khién dé dam bao cho cac nhidu méi
truong va cac loai nhiéu khac. Sau day ta sé trinh
bay cu thé cach xay dung bo diéu khién dé thuc
hién chirc nang tu dong 14i phan dau va dat duoc
van tbc mong mudn.

Tiép tuc khai trién ta thu hé phuong trinh sau:

X = ucos( )-V
=usin(y)+v
V=t (15)
m,U+n,u=rt

M,,V + My F + NyV + N, 1 = Aty

My, F + M,V + Ny, VAN, M =1,
Buoc 1:
L, =y -y
- 1 d
bat :
Z,=v-a

Trong d6 « = [al,az,%]T Vaz,=[2,,,2,,.2,, ]T

Pao ham

Z,=r-r,
=h"v

T
=a,+h z,-r1,

z;taco:

B=Ton1l”

Tuong tu dao ham cho z;
Mi, =Mo-Ma
=t-Nv-Ma
Buoce 2 :
Dinh nghia ham Lyapunov diéu khién (CLF) nhu
sau
1 1
% :Ezf +52;M22
Ta c6 dao ham cua theo thoi gian cua no la:
V =2,i + 2, Mi,

=2, (a,+h'z,—-1,)+2; (1-No-Ma)
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Chon luat diéu khién ao:
o, =—CZ, +1, (16)

trong do C,>0 1a hing s6 duong. Tir day thé as
vao V ta c6 két qua sau:

V=-cz+z,h'z,+2) (1-No-Ma)

=—cz’ +12; (hz; +1-Nv-Ma)

tu day luat diéu khién s& duoc chon nhu sau:

7=-Kz,+Nv+Ma—hz, (17)

trong doK = KT = diag(ks, kz ks)la ma tran
duodng chéo voi cac h¢ so duong. Khi do:

V =—cz’-7,Kz, <0

Diéu nay chimg t6 voi luat diéu khién 7 da xac
dinh & cong thic (17) thi véri,tinh‘ chat cua ham
CLF ta s¢ cé’:(-;_,—’}ﬂ tac 1a van de autopilost df?l
dugc giai quyét. Tiép theo chung ta s& xem xét vé
bai toan van toc.

Buoc 3:

Cha y rang ¢ =[F,Y,6,N,5]" =[z, Ar,z,] két
hop voi (4.3) ta co:

T, =mya, +nu—k (Uu—-a)
AT, =m,,a, +M,a, (18)
+N,,V+ N1 =k, (V-a,)

Ty = My, + My, + N,V

+Nyr =k, (r—ay)-17,

O day 1, s& dugc chon dé dam bao u = u,. Ma
tir hé phuong trinh ciia thuyén ta két hop vai (18)
suy ra
7, =m,u+d,u

=my o, +nu—k (U—e,)
om,(i-a)+k(u-a)=0
Chon ¢, = u, dé thoa mén chi tiéu.
Béy gio ta can can bang t; trong (17) va (18) dé
timraca, .Ta co:
M,, &, + Myyly + N,V + Nyl =K, (V—ar, ) = Aty
S My, a, + Myaty + N,V + Nyl =K, (V—ar, )
= A(My,a, + My + Ny V4 Ny F — K, (F— a2y ) — 2,)
< (M, —Amy, )a, +n, (V-a,)+n,a,
N, (M=) + Ny, +Mya, —k, (V-a,)
= A(My,a, +ny, (V—a, )+ Nya, + Ny (r—ay)
+nga, -k, (r—a;)-12)
< (my, —Amy, )a, =—(n,, —Any, )a, + x
(19)

Trong d6

x==(My - Am,,)(c*z, —cz,, + 1)
—(n, —Any,)z,,
—(ny — Ang, )(z,, —cz, +1, )

A(Kyz,s +2,)

+k,z 3253

2722

Vi két qua trén ta da giai quyét duoc hai van dé
autopilot va véan toc da dé ra dong thoi cling dam
bao cho mdi quan hé rang budc giira 7, va 13 trong
tinh chat qua lyc diéu khién tau. Viéc thiét ké bo
diéu khién dd hoan thanh ta s& kiém tra thuc
nghiém chat lugng bang cach mé phong va danh
gia két qua trong phan ké tiép.

5 MO PHONG

Dé danh gia chat lugng bo diéu khién da thiét ké
cho céc tng dung thyc té ta s& thuc hién md phong
trong céc didu kién ngoai luc tic dong tir moi
truong nhu gio, dong chay dé so sanh véi truong
hop khong co tac dung ctia ngoai luc.

a)Giob:

Cong thire tinh toan cho ngoai luc gié dbi véi tau
chuyén dong vé phia trude véi gia sir van toc tuyén
tinh ciia gi6 1a ¥,va hudng gio trong hé qui chiéu
{e}la g, theo [6]:

Van tdc cua gio trong hé qui chiéu {e}:

u, =V, cos(f, —v),

v, =V, sin(8, —v)

Luc gio:
Co () Ary
Cy ()AL
= E pavrsv C () A,
2 Cx () ALH L,
Cu (7)) AsuHey
LGy () AuH e |
trong do

P, - lati trong khong khi

2 2 2 .18 ua X X .
A :Jurw +v,, : la van toc tuyén tinh tuong
(g cua gié so véi thuyén
Vo =—atan2(v

vao thuyén

o Upy,) - 12 g0c tac dong ctia gio

véiu, =u-u, va vV, =V-V

w
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Déi v6i tau co bién dang dbi xtng thi c6 thé xap
xi cho tau chuyén dong theo phuong ngang cac
thanh phan sau:

C X (7rw) ~—C, COS(}/rW)

CY (yrw) ~ Cy Sin(yrw)

C(rw) = ¢,sin(27,,)

trong d6 céc tinh toan thyc nghiém cho thdy rang
¢, €{0,5;0,9),¢c, €{0,7;0,95),c, €{0,05;0,2)

b)Dong chdy:

Gia str dong chay c6 van toc tuyén tinh 1a V.va
huéng dong chay trong hé qui chiéu {e} chi xét
theo phuong ngang 1a f.. Khi d6 ta c6 van toc cua
dong chay xét trong hé qui chiéu {e} 1a:

u, = Vieos(B. — ) v, = Vosin(B, — ) .

Theo [6] thi phuong trinh déng luc hoc bao gom
ca dong chay cho tau di chuyén theo phwong ngang
v6i gia st dong chay thay doi rat chamsé 1a :

Mu, + C(v, v, + D(uJu,. =1

trong d6 v, =v—v, véi v, = [u,v,0]7 va
U, & 0.

Do d6 véi cach thiét ké bo didu khién & phan trén
ta chi viéc thay thé v thanh v, va cic thanh phan
bén trong tuong Ung ciia nd s& van gilt nguyén
dugc sy chinh x4c trong phuong thirc diéu khién
trong truong hop bao gdm ca dong chay. Tiép theo
ta s& thyc hién mo phong dé danh gia chat luong
ciia b diéu khién.

Céc thong sb sir dung dé mé phong dugc 1y tir
md hinh tau CyberShip II (CS2) c6 khdi luong 1a
15 kg va chiéu dai 1.255 m ciia phong thi nghiém
Mariner Cybernetics (MCLab) thudc hoc vién
NTNU trong [6] vi co tinh twong ddng trong hinh
dang (tau mot than) va cach thic diéu khién (chi tac
dong lyc day téi T, va géc banh lai ).

m, 0 0) (258 0 0
M= 0 m, m,|=| 0 338 10115
0 m, m, 0 10115 2,76
n, 0 0) (2 0 0
N=|0 n, n,|=[0 7 01
0 n, n,) (0 01 05

Céc thong s cai dat cho md phong dugc chon
trong cac cong thire (17), (18) va (19) la ¢ = 1,75;
ki=25;k,=10; ks=15; A=12.

Truwong hgp 1: Séng vudng va khong c6 ngoai
Iwe (hinh 5)

Thiét dat cac gid ti ban  dauw:
Po =(Xo; Yo) = (40, 5), o= -pi. Cac diém waypoint
(x; y) bao gdm: wptl = (50; 0); wpt2 = (0; 0); wpt3
= (0; 20); wpt4 = (50; 20); wpts = (50; 40); wpt6 =
(0; 40); wpt7 = (0; 60); wpt8 = (50; 60); wpt9 =
(50; 80); wpt10 = (0; 80).

Nhén xét: Puong din véi A = hing s6 s& hoi tu
vé dudng mong mudn chdm hon so véi duong din
c6 A la mot bién di dwoc xay dung nhu mot
phuong trinh thay ddi theo thoi gian.

T
60 -
wptl wptd
50 P
Po
40 e
E
=30
20+
10
2 t3
ok wp bP
L L L L
10 20 30

® Waypoints
......... Puomg din mong muén
—-—- Dudng dén thye té (1)
Dudng dén thye té (2
wpts wptffv - g o té (2)
r wpt9??
&‘ﬂns bwpﬂ wptlo, |
I I 1 I I
40 50 60 70 80
y[m]

Hinh 5. Buong dan thyc t& hoi tu vé& dudng ddn mong mudn véi khoang cach A = hing s6 = 0.5m (chdm gach), va v&i khoang cach

A thay dbi theo thi gian Ape = 0.5M, Ain= 0.1 m, K, =1 (nét lién)

Trwong hop 2: Zig-zag va khong cé ngoai luc
(hinh 6)

Thiét dit cac gia tri ban ddu: po = (Xo; Yo) =
(5;-10), 1o = -pi. Cac diém waypoint (X;y): wptl =
(0; 0); wpt2 = (20; 10); wpt3 = (0; 20); wpt4 = (20;
40); wpt5 = (0; 60).

Nhan xét: Khi van téc 1a 1 m/s thi ban kinh
R = 0,7 m sé& gitip ddi twong sau khi qua by dicu
khién bam theo quy dao mong mudn. Nhung khi
van tbc tau ting 1én, néu van chon ban kinh hoi tu
nhé (R = 0,7 m) thi khi qua cac diém waypoint do
van tc 16n nén quan tinh tau 16n s& lam duong di
thue t& khong bam tdt theo duoc dudng di mong mudn.
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T
- Waypomts

--------- Pudng din mong muén
—-—--Purong din thuc € (1)

25F
20l __ Puomg din the 6 (2)
15 i
£
X0 |
5 i
wpt5
oF J
1 Il 1
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Hinh 6. Buong dan thyc té hoi tu v& dudng mong mudn véi van tbe U = 1 m/s (nét 1ién) va v6i van tbe U = 2 m/s (duong chiam

gach). Ca 2 hinh déu chon ban kinh hoi tu R = 0,7 m.

Trlro'ng hop 3: Zig-zag va c6 ngoai luc (hinh 7)
Thiét dat cac gia tri ban dau

Po = (Xo; Yo) =(-5;2), to =
Cac diém waypoint (X;y) : Wptl = (0; 0); wpt2 =

Nhan xét: Trong diéu kién c6 nhidu gi6 va dong
chay, hudng di chuyén cua con tau s€ bi 1éch di mot
thanh phéan truot bén ma ta goi d6 1a g, néu kh6ng
bu trir thanh phan nay hé thong s& khong thé bam
theo duong di mong mudn nhu minh hoa cu thé

(20; 10); wpt3 = (0; 20); wpt4d = (20; 40); wpt5 =
(0; 60). trong hinh 7.
25 - 25 -
% Waypoint * WaypomE
........ Pudng din mong mudn - Ddmg dén mong .muén
--—-Dudmg dan thyre té khong xét § --—- Dudmg dan thuc té c6 xét §
20 J; 207
/
151 / 15
E f / E
s {‘f el’?{ s \\\
\
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!’.:.
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4V \
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!
i
0 4
-10 0 10 20
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\

“
0 + s 4
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Hinh 7. Buong din thyc té hoi tu vé duong mong mudn véi van tdc U = 1m/s trong didu kién c6 nhidu song gi6 v6i hinh bén trai 1a

khong xét dén thanh phéri bién [3 vé. hinh bén phai 13 c¢6 bd sung thanh phan B trong thuét toan LOS cta hé din dudng

6 KET LUAN

Trong bai viét nay ta di néu ra hai vin dé chinh
cho mdt tau ty hanh 1a ty dong lai phén déau va dat
dugc van toc mong mudn trong qua trinh di
chuyén, dong thoi ciing trinh bay phuong hudéng
giai quyét va thiét ké bd Guidance va Controller
cho né. Cac két qua thu dugc qua md phong 1a phu
hop va khi quan véi thuc té. Kha nang hoi tu vé
duong di mong mudn va di trén d6 cho thay tinh
chinh xac cua Guidance va chat luwong cua

Controller. Bén canh d6 viéc so sanh tac dong cia
ti 1€ gitta ban kinh héi tu R,va vén tdc cling nhu sy
thay ddi do 16n A cua tau dén chét luong quy dao s&
gitip nguoi thiét ké hiéu 16 tinh chat cac thong s6 dé
tinh chinh chung cho phu hop va dat dugc chi tiéu
mong mudn ciing duoc trinh bay rd rang trong phan
md phong. Ta ciing ¢6 thé phat trién thém cho bo
didu khién biang cach danh gid cic thanh phan
khong chéc chén va sir dung ham Lyapunov dé giai
quyét va dam bao cho b diéu khién lam viéc tdt
trong diéu kién c6 nhiéu. Nhin chung bai viét da
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dua ra vin dé trong tau tw hanh va dé ra phuong
phap giai quyét, két qua mo phong da giai thich va
ching minh cho chat lwong va tinh kha thi cho
phuong phap nay.
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A study on tracking controller design
for unmanned surface vehicles
using magnetic coupling thruster

Tran Ngoc Huy, Pham Nguyen Nhut Thanh, Vo Hong Thai Bao

Abstract—Controlling the unmanned surface
vehicles to follow the object or define trajectory
have many important applications in the field as
military, survey quality environment so this
problem has been much research on the world.
This report represents the method to control the
unmanned surface vehicles which use thruster
with coupling follow square or zig-zag
trajectories using the Line of Sight (LOS)
algorithm combined with the Backstepping
Controller. The system consists of three main
blocks, Guidance - Control - Ship. Guidance will
help to select waypoints to create the trajectory

the use the LOS algorithm with lookahead
distance to adjust and calculate the desired
heading angle y. Control with the Backstepping
algorithm will calculate the force and moment to
apply to the dynamic model of the Ship. The
position and heading angle of the vehicles will be
feedback to the two Guidance-Control blocks
for calculation and updating. The effectiveness
of the algorithm will be presented in simulation
results with MATLAB / SIMULINK

Keywords—Guidance, Path-Following, Line of
sight, Lookahead distance, Control, Backstepping.



