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DIEU KHIEN DI CHUYEN BAM QUYDAO
CHO PHUONG TIEN NOI TU HANH HUT DAN DONG
DUA TREN KY THUAT MO HINH DU BAO PHI TUYEN
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TOM TAT

Di chuyén bam qu§ dao la mét trong nhiing bai toan quan trong trong diéu khién phuong tién thay tu hanh vi ¢6 nhiéu ting dung trong thuc t€. So véi cac
phuong tién di chuyén trén mét dét, viéc diéu khién phuong tién thay tu hanh di chuyén bam quy dao trd nén khd khan hon nhiéu, dac biét la véi phuong tién
hut dan dong. DE diéu khién phuong tién di chuyén bam quy dao, can thiét ké luat dan va ludt diéu khién. Luat dan 6 nhiém vu xac dinh cac gi tri tham chiéu
nhu i tri, van toc. Luat diéu khién thiét ké Iuc dé diéu khién dua phuong tién tién dén gid tri tham chiéu, tir d6 hoi tu dén quy dao can bam. Phan I6n cac phuong
tién thay thutng bi hut dan dong theo phuong ngang, diéu nay lam cho bai toan diéu khién bam quy dao tré nén kho khan hon. Dé giai quyét hut dan dong,
trong bai bdo nay nhom tac gia thay ddi diém diéu khién, xac dinh lai mé hinh dong luc cho diém diéu khién mdi. Bai béo ciing gidi thiéu luat dan va dua ra
chiing minh dé dam bao phuong tién hoi tu dén quj dao mong mudn. Bo diéu khién dugc xay dung dua trén ky thudt mé hinh du béo phi tuyén (Nonlinear Model
Predictive Control), 6 tinh d&n cac rang budc dau vao diéu khién. Cac két qua mé phong dugc thuc hién trén Matlab chiing minh tinh hiéu qua cda phuang phap
dé xuat.

Tirkhéa: Phuong tién ndi tu hanh; phuong tién hut ddn dong; diéu khién mé hinh du bdo phi tuyén.

ABSTRACT

Path-following control is one of the most important problems in controlling autonomous water vehicles because it has many practical applications.
Compared with vehicles moving on the ground, controlling autonomous water vehicles to follow a trajectory becomes much more difficult, especially with
vehicles that are under-actuated. To control a vehicle to follow a path, it is necessary to design a guidance law and a control law. The guidance law is
responsible for determining reference values, such as position and velocity. The control law designs the force to control the vehicle to the reference value,
thereby converging to the desired trajectory. Most water vehicles often have lateral underactuation, which makes the trajectory tracking control problem
more difficult. To solve this problem, in the article, the authors change the control point and redefine the dynamic model for this new control point. The
article also introduces the guidance law and provides proof to ensure that the vehicle converges to the desired trajectory. The force controller is built based
on Nonlinear Model Predictive Control technique, taking into account the control input constraints. Simulation results performed on Matlab demonstrate
the effectiveness of the proposed method.

Keywords: Autonomous Surface Vehicle (ASV); Under-actuated Vehicle; Nonlinear Model Predictive Control (NMPC).
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1.DAT VAN BE

Phuong tién thly ty hanh d4, dang dugc nghién clu va
Ung dung rong rai trong may thap nién tré lai cho cac
nhiém vu trén bién, dai duong [1]. Do khéng c6 su tham
gia truc ti€p ctia nguai diéu khién nén c6 thé t6i uu phuong
tién thay tu hanh vé kich thudc, chi phi san xuat, van hanh,
dam bao san sang hoat déng trong cac diéu kién moi
trudng khdc nghiét, nguy hiém. Di chuyén bam quy dao la
mot trong nhimng bai toan quan trong nhat trong diéu
khi€én AUV/ASV, cho phép ASV/AUV di chuyén theo quy
dao xac dinh trudc khi thuc hién cac nhiém vu trén bién
(hoat d6ng ctiu nan, vé ban d6, nghién ctu dai duong) [2].
Khac vai cac phuong tién trén mat dat co luc ma sat véi mat
dudng lén, gilt phuong tién bam quy dao khi vao cua, thay
luc tac dong lén phuong tién thay la khéng 1én, lam cho
phuaong tién dé bi trugt. Di€u nay lam cho viéc diéu khién
phuong tién thay tu hanh bam quy dao trd nén khé khan,
dac biét vai phuong tién hut dan déng.

Trong céng trinh [3], tac gid phat trién bd diéu khién
cho ASV (Autonomous Surface Vehicle) dua trén ky thuat
trugt backstepping va ky thuat DSC (Dynamic Surface
Control). Tuy nhién cong trinh ding lai & bai toan bam
quy dao cho d6i tugng ASV day da dan déng. Do anh
huéng ctia ham dau, luat diéu khién trong bé diéu khién
trugt backstepping bi dao ddng. Trong cong trinh [4], tac
gia st dung ky thuat TMPC (Tube-based Model Predictive
Control) dé diéu khién phuong tién day du dan dong di
chuyén bam quy dao trong diéu kién c6 vat can. D€ giai
quyét bai toan hut dan dong, moét s6 cong trinh két hgp
luat dan LOS (Line of Sight) véi mét luat diéu khién cu thé
[5-7]. Phuong phap LOS xac dinh luat thay déi goc huéng
clia phuaong tién thay huéng dén mét diém ngdm do nam
phia truéc diém tham chi€u mét khodng cach ¢ dinh.
Nghién ctru trong [8] st dung luat dan PP (Pure Pursuit),
trong dé phuong tién luén dugc diéu khién hudng dén
muc tiéu can bam. Phuong phap nay thuong dugc su
dung trong cac nhiém vu bam dudi, don gian, dé trién
khai, tuy nhién kha nang bam theo quy dao va én dinh
kém. Cac nghién ctiu [9] sirdung ky thuat VF (Vector Field)
cho luat dan. Phuong phap nay khéng yéu cau diém
ngam ao nhu luat dan LOS, thay vao d6 tao mét trudng
véc to van téc xung quanh quy dao mong mudn. Véc ta
van téc tai moét vi tri sé chi ra huéng mong muén cua
phuong tién tai vi tri 6. V&i luat diéu khién, c6 thé st ky
thuat diéu khién PID [10, 11]. Phuong phap nay st dung
tuong déi phé bién trudc day cho phuong tién thay.
Trong [12], b6 diéu khién SMC dugc thiét ké danh cho luat
dan va luat diéu khién. Phuong phap nay x ly dugc yéu
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t6 nhiéu va tinh khong chac chan trong mé hinh, tuy
nhién no lai gay hién tugng rung trong diéu khién. Mot
phuang phap khac dua trén ky thuat backstepping dugc
st dung tuong déi hiéu qua dé thiét ké bd diéu khién luc
cho ASV [13, 14]. Cac phuong phap néi trén da giai quyét
dugc bai toan di chuyén bam quy dao, tuy nhién, viéc
thiét k& luat diéu khién chua tinh dén cac rang budc thuc
té déi véi dau vao, daura.

Trong nghién cttu nay, nhém tac gia trinh bay phuong
phap diéu khién phuong tién néi hut dan dong di chuyén
bam quy dao dua trén viéc thiét ké luat dan va thiét ké bo
diéu khién st dung ky thuat mé hinh dy bao phi tuyén
(NMPC). D€ giai quyét van dé hut dan dong, nhom tac gia
dé xuat thay déi diém diéu khién trén ASV, tir dé khuéch
dai luc diéu khién thanh phan dat ngang (thanh phan
khéng c6 dan déng). Bo diéu khién NMPC cho phép tdi
uu luc diéu khién, c6 tinh dén cac diéu kién rang budc dau
vao. Cac phan tiép theo clia bai bdo bao gém: Muc 2 trinh
bay m6 hinh déng luc ctia phuong tién hut dan déng,
thiét ké luat dan, thiét ké bo diéu khién NMPC; Muc 3 trinh
bay cac két qua moé phong; Muc 4 dua ra két luan.

2. PIEU KHIEN DI CHUYEN BAM QUY PAO
2.1.M5 hinh déng luc cia phuong tién néi hut dan déng

Vé&i phuong tién thiy tu hanh trén mat nuéc véi ba
bac tu do (tién, dat ngang, quay hudng), mé hinh déng
luc hoc [2]:

{r’] =R()v

Mv+C(v)v+D(v)v=1t+w

)

Trong dé: n:[x,y,qJ]T - véc td biéu dién toa do va
huéng clia phuong tién biéu dién trong hé toa do dan
dudng; v= [u,v,r]T - véc td van téc clia phuong tién biéu
dién trong hé toa doé lién két (hé toa do co cac truc gan
vGi ASV, cu thé truc x trung véi truc doc than, huéng vé
phia mai ASV, truc y huéng tir man trai qua man phai, truc
z hudng tir lung dén bung ASV); R(Y) - ma tran chuyén hé
truc toa lién két sang hé truc toa do dan dudng xac dinh
bai gbc phuong vi Y clia phuong tién:

cos(p) —sin(p) O
R(p)=| sin(p) cos(p) 0O (2)
0 0 1

M, C, D lan lugt la ma tran quan tinh, ma tran Coriolis
va ma tran Dampping:
11 0 O
M= 0 my, m,|;

m
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0 C,5(V)
C=| 0 0 C5(V)|;
—C,5(V) —c,(v) 0
d,(v) 0 0
D= 0 d,(v) dy(v)
0 dy(v) dy(v)

T 7 - R « % +« X s ~
w=[w,,w,,W,]| - véc ta biéu dién nhiéu tac dong,

T - véc to biéu dién luc diéu khién va mé men. Véi phuong

tén hut dan déng ngang, T=[F,0,T]. Dat
dH 0 C13 nH 0 n13
N=C+D=| O d,, Cy+dy; (=l 0 n,
—C3 _C23+d32 d33 n; n
Khai trién (1) ta co:
. n n F w
u= —iu—ir]+—+—1=f1+b1F+61
m11 m11 mH m11

|:\7 1 |: Mg, _m23:|
Fl MyMyy —MyMy, [ My, My, n

Hay:

(m23n32 —M33Ny, )V + (m23n33 —My3Ny3 )r

m,,My; —M3,My;

v:

_mst + M3 W, —My; Wi

)

m,,M3; —M3,M,;
=f,+b,T+9§,

my,My; —M5, My,

= (m32n22 —My,N;, )V + (msznzs —MyN5; )I’

M5, M3z =My Mys

mzzT + —MyW, + My, Wy

(6)

My, M3z =My My
=f,+b,T+4,
Trong do6:

My, M3z —M3,My3

1 w n n
. 1. 11 13 ..
by=—; 8§ =—5; f,=——lu——y;
m;, m;, m,, m,,
b. = —My -8 = My W, =MW,
2 [
M5, M3z — M3, My, m,,Ms; —M3,M,;

7

(m23n32 —My;N,, )V + (m23n33 —My3N,; )I’ .

f,= ;
My, M3 —M53,Mys
b. = m,, -85 = —M3, W, + My, W5 |
3 ! 3 !
M;, M3 —M3,My, M;, M3 —M5,Mys
£ - (m32n22 —My,Ns, )V + (m32n23 —My,N53 )r

3
m,, M3 —M;,M,,
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Do yéu t6 hut dan dong, khong thé diéu khién hai
thanh phan v, r mot cach déc lap. Trong thuc té
m,, <m,,, do d6 b,T<«b,T, cé nghia thanh phan diéu
khién tham gia vao chuyén déng theo phuong ngang
nho. DE gidi quyét van dé nay, ta thay déi diém diéu
khién, chon diém diéu khién méi H (hinh 1). Diém nay
nam trén truc doc than va & phia trudc diém trong tam
cla phuong tién. Trong bai toan diéu khién ASV, thay vi
diéu khién diém G bam quy dao, chung ta diéu khién
di€ém H. Thanh phan diéu khién & day la luc F va mé men
T, con thanh phan theo phuang dat ngang (phuang truc
yb) khong c6 dan dong.

Hinh 1. M6 hinh ASV hut dan dong véi diém diéu khién H trong bai toén
bam quy dao trén mdt nudc

Trén hinh 1, H la diém diéu khién quan tam, Py, Pg, Pp
lan lugt la toa do xac dinh trong hé toa dé dan dudng
(n-frame) ctia diém H, trong tdm G va vi tri mong mudn
clia ASV trén quy dao can bam. Khi thay déi diém diéu
khién, mé hinh déng luc clia phuong tién thay déi.

Dat I, - véc to néi tir diém trong tam G dén diém H.
Theo déng hoc vat rin, ta cé: V,, =V +FxL,; suy ra
a, =V +rxl +Fxl,=v_+rxI,—r’I,. O day, G la
diém trong tdm clia phuong tién; ¥ - véc ta van toc gog;
v, V- lan lugt la véc to van téc dai cia diém G va diém
H so véi hé quy chiéu dan dudng. Chiéu phuong trinh véc
to cla van toc [én hé toa do lién két, ta co:

0 —r OfL u 0

Vi=vi+{r 0 0[0|=|v]|+|Lr

0 0 0|0 0 0

(7)

Trong mat phdng chuyén déng, biéu thic nay cé thé
uH

rat gon: vy =
VH

u '
}:{ } Tuong tu, chiéu phuaong
V+Lr

trinh véc to biéu dién gia tc 1én hé toa d6 lién két:
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o= U, _ u—r’L
v, v+l
(f —r’L)+bF+8, }

(8)
B sz L)+ (b, +b,LT +(8, +6,L)

Véi phép bién déi nay, co thé thay, thanh phan luc
tham gia vao chuyén déng ngang dugc khuéch dai.
2.2. Thiét ké luat dan

Trong bai toan diéu khién di chuyén bam quy dao, bd
diéu khién dugc thiét ké gébm hai vong. Vong ngoai dua
ra luat dan xac dinh van t6c tham chiéu dé phuang tién
bam theo. Vong trong lién quan dén luc diéu khién. &
vong nay, luat diéu khién dugc thiét ké luc dé 1ai van t6c
phuong tién bam theo gia tri van téc tham chiéu, tu do,
phuong tién di chuyén bam theo quy dao cho trudc
mong muon.

Vg d V,gf NMPC F,T
. N R N "
Quy dao 2 P Luatdan controller P Phuong tién
e v
A 4
Py L, Py " ,
VU‘ B0 quan sat

Hinh 2. Sa d6 khdi diéu khién bam quy dao

Quy dao g trén mat phang ngang dugc mé ta bai
ham cta tham s8 y, véi ye[a,p], y=v(t). G day bién
chay y thay déi gia tri tir a dén B, bién chay y cé thé la thoi
gian (khi d6 quy vé bai toan trajectory tracking), hoac c6
thé 1a d6 dai quang dudng. Khiy = a, xac dinh toa do6 diém
xudat phat ctia quy dao, khiy = B xac dinh toa do diém két
thuic clia quy dao. Khi thiét ké luat dan, ta can xem xét
tham s6 nay thay ddi theo thai gian. Diém Py & day la toa
d6 thuc té ctia ASV, con Pp la toa d6 mong muén ctia ASV
trén quy dao. Trong hé toa do dan dudng, tai thoi diém t,
toa do thuc té cda diém diéu khién H 1a Pu(t); Dat
P, (t)=P(y,(t)) - toa d6 ctia vi tri mong mudn trén quy
dao,. bat: e=P, —P,, sai léch toa d6 gitra vi tri thuc té va
vi tri mong muén. Trong hé toa d6 dan dudng, van toc

mong muén dugc Xac dinh:
dP, _dP, dy, . . .

v,=—L2-—"0"7D_p’ =Ply,. Khi gita phuon

D dt dYD dt V:VDYD o Yo g p g

tién va vi tri mong muén sai léch mét khodng cach e, dé
phuong tién bam vi tri mong muén thi d6 van téc tuong
déi clia phuong tién so vai diém tham chiéu phai c6

0
k, |’

’ , k
huéng cla e (dén vi tri mong muén). Bat K :[ !
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vGi ki > 0, k, > 0. Van toc tham chiéu ctia phuong tién co

thé dugc thiét ké:
v =V, +Ke =PJy, +Ke
{ > DVD (9)

ref =R (ll)) ref

Ta chiing minh khi v,, —> v ., thi sai s6 e >0, tic
diém H sé hoi tu vé vi tri mong mudn D khi thdi gian tang
[én. That vay: Xét ham LFC (Lyapunov Function

Candidate): V= %eTe .

Ta co:
V=e'é=e'(P,—P)=¢"(P,
-P,)

-v +v —P,)

=—e'Ke+e'(v

ref
Véi gia thiét v, > v, suyra V—>-e'Ke<0 (chuy

ma tran K xac dinh duong). DoV = 0 va V lién tuc va bi
chan, suy ra limV =lim—e'Ke =0 (theo b6 dé Barbalat),

t—oow t—o0
suy ra @ —> 0. Sai s6 dan t6i 0 theo thdi gian ddm bao
phuang tién sé di chuyén hoi tu dén quy dao tham chiéu.
2.3. Thiét ké bo diéu khién NMPC

Dat véc to trang thai: X = r]T .Ta co:

u, 1 u u
X=|v, |=|v+Lr {0 v|=H|v
0
1
0
0

0
1
0 r r

- - o

0 O
1T -L
0 1
(f,—r’L)+bF +8,
=|(f, +f,L)+ (b, +b,L)T +(5, +8,L)
f; +b,T+9,

f-r’L| [b, 0 . 5,
=|f,+fL|+| 0 b,+b,L {T}+ 6, +6,L

f, 0 b, 8,

Hay

X=AX+BU+W (10)
O day:

A=[V(f,-rL) V(f,+fL) VE]H

a1u a1v a1r _L(r+a1v) ;
=|ay +La3u a, + Lasv ay, +L(a3r —a,, _Lasv)
a a a, —La

3u 3v 3r 3v

a, =—hy, /mﬂ; a, =0;a,=-n;, /mn;
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a,, =0/a, = (m23n32 _m33n22)/(m22m33 —My;M,; );
A = (m23n33 _maanza)/(mzzmas —M3,M,, );
a;,=0;a,, = (msznzz —Mmy,N, )/ (m22m33 —My;M,; );

a3, :(maznza _mzznsa)/(m22m33 _m32m23);

b, 0 8,
B=| 0 b,+bL|;W=|5,+5L[;u=[F T]'.
0 b, 8,

Goi A - thai gian 1dy mau. Rai rac hda (10) ta co:
X, =X, +(AX, +BU, +W)A, (11)
M6 hinh daura Y (bao gém u,,V,,,r) dugc mé ta béi
(12):
Y =L.X +0,,U, (12)
Goi N - d6 dai du bao. Gi sir tai thai diém t = t trang thai
hé théng la X Ki hieu: {U, U, Uy | chudi diéu
khién gid dinh tiép theo trong ky thudt NMPGC;

{XMK,Xk+2|k ,...Xk+N|k} - chubi trang théi thu dugc tuong tng;

{Yk+1\k U Yk+2\k U "'Yk+N\k }

Z.= [Ulﬂ\k

XZ)=1,Z)+1,(Z)+1,(Z)

2o WYij ref 2
Trong d6: Jy =ZZ _(Yj|(k+i|k) _le(k+i|k)) )

=1 =1 Syj

- chuéi dau ra tuong Ung. Dat
u ULy | - Ham chiphiJ dugc xac dinh:
k+2k ek | p C inh:

(13)

2 N 2
w ij re
Ju ZZZ(S—UJ(U”(M“@ _Uj|(1;<+i|k) )J ’

2 N 2
W i
Jw= ZZ(LUJ(UH(MIO _Uj|(k+i—1|k) )J ;

eref =V s UIref =[0,0]T; Wyij, Wuij, Wauij, Syj, Suj, Sauj cac
trong sé va hé sé ti lé tuong ting véi bién dau ra, bién diéu
khién, lugng gia tang diéu khién. Diéu kién rang budc lién
quan dén luc va mé men diéu khién:

{Fmin < U]\(k+i|k) < I:max ! I = 1’N

_ (14)
T <Uyiey < T s 1= LN

2|(k+ilk) max /

Bai toan t6i uu trong NMPC tuong duong vaéi viéc tim
bo nghiém Z, dé gia tri J dat cuc ti€u véi diéu kién (14).
bat ham Langrange:

L[N T )= 4(z.)+N'a(2.)+v'h(z,) - Trong do:

9{4) :[Frrin_uq(kﬂ\k) o B Yiaw B Yoo =~ an_uzl(kwk)]T;
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.
I(Z():[Q\(kﬂk) _Fm»( Q\(kmqk) _Frrm< Uzl(k+1k) _Fm»( Uz:(kmo _Fmax]
Giai hé phuong trinh (15), ta tim dugc nghiém t6i uu

cho b6 diéu khién NMPC:

VL(Z, Ny )=0;
A>0
y=0

(15)

G day, A>0néu A >0,Vi=1N. Sau khi tim dugc
chudi diéu khién téi uu z; = {Ui”‘k 'U:mk ,...UZM } , luc diéu

khién tiép theo tai thoi diémt+1séla U, =U

PR

3. KET QUA MO PHONG

Dé mo phdng, ta st dung mé hinh Cybership 11 [2]. Véi
van téc chuyén dong nhé, déi tuong diéu khién ASV ¢
thé dugc tuyén tinh héa vai cac ma tran trong mé hinh
dong luc:

25,8 0 0 2 0 O
M=| 0 33,8 10115|;N=/0 7 01
0 10115 2,76 0 01 05

Luc ddy va moé men bi gi6i han trong dai: -2N<F<2N,
—1,5Nm < T <1,5Nm . Quy dao th nghiém la mét phan tu
cung tron ban kinh 20m, mé ta bsi ham tham so:

{x =20cos(y)

,velo,m/2|. Tai vi tri xudt phat,
y =20sin(y) Y [ ] ) ’ P

P,=(250), p,=m, v,=(0,0), ro = 0. Van téc mong
muén uy =|v,||=0,25m/s. Thit nghiém dugc tién hanh
vGi bo diéu khién NMPC thiét ké trong muc 2.3 dé diéu
khién phuong tién ndi tu hanh (Cybershipll) di chuyén
bam quy dao. Luat dan dugc xac dinh bai (9), cac tham sé
L dugc chon lan lugt la:L=0m,L=1m,L=2m,L=3m,
L = 4m. Cac két qua mé phdng dugc thé hién trén hinh 3,
4,5,6,7.

Hinh 3 minh hoa két qua mé phdng véi bo diéu khién
NMPC, dugc thuc hién khi chua thay d6i vi tri diém diéu
khién (L =0m). Nhin téng thé, ASV van di chuyén theo quy
dao, tuy nhién né khéng bam, diéu nay thé hién & cac sai
sO toa do va sai s6 goc hudng I6n, dao dong lién tuc, van
téc ASV khong dat dugc gia tri dat. Trong trudng hop nay
luc va m6 men diéu khién thay déi lién tuc, diéu nay la
nén tranh khi thiét ké bé diéu khién bdi vi né anh huéng
dén d6 bén clia co cau chap hanh.
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(a)- Quy dao ASV

(b)- Sai sé toa do X

(c)-Saisbtoaddo Y
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Hinh 3. Diéu khién ASV véi bd
(a)- Quy dao ASV

diéu khién NMPC, L = Om

(b)- Sai s6 toa do X

(c)-Sai s toado Y
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Hinh 4. Diéu khién ASV v6i b diéu khién NMPC, L= 1m toan trong moé
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Hinh 5. Diéu khién ASV véi bg diéu khién NMPC, L = 2m
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Hinh 4 cho két qua diéu khién t6t nhat
vGi bd diéu khién NMPC va véi L = Tm.
Trén hinh 4(a) ASV héi tu mugt va di
chuyén bam sat quy dao, cac sai léch toa
d6 theo truc H Bac va H Béng hoi tu tdi 0,
hudng clia ASV bam sat tiép tuyén quy
dao tai vi tri tham chiéu. Van t6c ctia ASV
bam sat gia tri dat (0,25m/s). Cac tham s6
diéu khién luc (F) va mé men (T) dugc t6i
uu, nam trong ngudng gidi han va it giao
dong theo thai gian. ASV tiép tuc héi tu
dén quy dao mong muén véi L = 2m
(hinh 5), tuy nhién, trong trudng hgp nay
c6 thé thdy c6 su dao dong vé goc huéng
va van téc bam. Vi L = 3m, ASV bat dau
cho thdy su mat 6n dinh vé hudng, van
téc bam va diéu khién, tuy nhién, vé cg
ban ASV van bam theo quy dao mong
muén vdi sai léch toa dé tang 1én (hinh 6).
Trong trudng hgp L = 5m, b diéu khién
ASV khong dap ung dugc, ASV bét dau
mat bam quy dao (hinh 7).

Nhu vay véi bd diéu khién NMPC thiét
ké trong 2.3, két hop vai luat dan thiét ké
trong 2.2 va ky thuat thay déi diém diéu
khién trong 2.1, nhém tac gia da giai quyét
dugc bai toan diéu khién phuong tién ndi
hut dan déng di chuyén bam quy dao
trong diéu kién luc diéu khién bi rang budc.

Mac du gidi phap cho thay hiéu qua
trong bai toan diéu khién ASV hut dan
déng bam quy dao, dé don gian khi tinh
phdéng, nhém tac gid chua dua mé hinh
nhiéu vao phuong trinh déng luc. D& ¢
thé danh gia mét cach toan dién anh
huéng cda nhiéu trong phuong phap dé
xuat, nhom tac gia sé trinh bay trong céng
trinh tiép theo.

4, KET LUAN

Bai bdo da trinh bay phuong phap
diéu khién phuang tién néi hut dan déng
di chuyén bam quy dao. Bang cach thay
déi vi tri diém diéu khién, bai bao da khac
phuc dugc van dé hut dan dong. Bo diéu
khién thiét k€ dua trén ky thuat NMPC
giadi quyét tinh phi tuyén cta mé hinh
dong luc va cho phép téi uu luc diéu
khién, c6 tinh dén cac rdng budc dau vao
diéu khién. K&t qua mé phdng véi mo

HaUl Journal of Science and Technology | 19



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

(a)- Quy dao ASV (b)- Sai sé toa dd X
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hinh Cybership Il cho thdy, vGi phuong phap dé xuat,
phuong tién ASV hut dan déng di chuyén bam quy dao
vGi khodng cach t6i uu L = 1m tir diém diéu khién méi H
dén diém trong tam G. Két qua nay tot hon nhiéu so véi
trudng hop khéng thay déi diém diéu khién (L = Om).
Trong cong trinh tiép theo, nhom tac giad sé di sau hon
vao phan tich anh hudng cta nhiéu tac dong lén giai
phap dé xuat, cing nhu so sanh né véi moét sé ky thuat
diéu khién khac.
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