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THIET KE BQ PIEU KHIEN CHUYEN PONG TAU THUY BAM
QUY PAO PAT DUA THEO NGUYEN LY RHC TREN NEN LQR

DESIGNING TRAJECTORY SHIP MOTION CONTROLLER BASED ON RECEDING

HORIZON CONTROL WITH LQR
Nguyén Hizu Quyén, Tran Anh Diing
Dai hoc Hang hai Viét Nam

Tém tit: Bai bdo dé cdp 101 van dé phan tich mé hinh todn tau thiyy 3 bdc tw do thiéu co cdu chap
hanh (3 DOF) trén matphang ngang. Nghién ciru thiét ké b diéu khién chuyen dong tau thuy theo quy
dao dwa theo nguyén 1y toi uu RHC (Receding Horizon Control) trén nén LQR (Llnear Quadratic
Regulator ) théng qua viéc tuyén tinh héa ting doan mé hinh doc theo truc thoi gian cho doi twong tau

thity ba bdc tir do thiéu co cau chap hanh véi mé hinh phi tuyén.

Tir khéa: M6 hinh tau phi tuyén thiéu co cdu chdp hanh, diéu khién toi wu RHC trén nén LQR, tuyén

tinh hoa tieng doan mé hinh doc theo truc thoi gian.

Chi s6 phan logi: 2.2
Abstract:

The article refers to the problem of analysis the three degrees of freedom (3 DOF)

underactuated mathematic ship model on horizontal plane. Researching, designing trajectory motion
controller ship based on Receding Horizon Control LQR by the linearization each model segment along
the time axis for Non-linear 3 DOF underactuated vessel models.

Keyword : Non-linear underactuated vessel models, Optimal Receding Horizon Control with
LQR, linearization each model segment along the time axis.

Classification number: 2.2

1. Gigi thiéu

Tau thiy 1a d6i tugng co tinh phi tuyén
16n, hoat dong trong mdi truong chiu tac dong
ctia nhiéu ngau nhién nhu séng, gid, dong
chay...Tong quan cic phuong phép thiét ké
bd diéu khién chuyén dong theo quy dao va
huéng di trong nhilng nam gan day la rat
phong phu, nhu str dung cac bo diéu khién phi
tuyén: Backsstepping, trugt SMC (Sliding
Mode Control), diéu khién mit dong DSC
(Dynamic Surface Control) két hop véi didu
khién md Fuzzy hodc Noron, diéu khién thich
nghi [2,7]...cac phuong phap diéu khién phi
tuyén trén déu dua trén viéc tong hop ham
diéu khién Lyapunov tuy nhién viéc xac dinh
ham diéu khién Lyapunov 1a rat phuc tap va
luén 1a mot thach thuc trong thiét ké diéu
khién [2].

Nhu vady phuong 4n don gian hoda cac
budre tinh toan khi thiét ké bo diéu khién duoc
dit ra. Bo diéu khién theo nguyén ly RHC
(Receding Horizon Control) trén nén LQR la
mot phuong phap thiét ké bo diéu khién theo
nguyén tac truot doc trén truc thoi gian cua bd
diéu khién LQR, tirc 1 bo diéu khién LQR c0
tham s6 bién d6i theo thoi gian [1,4]. Md hinh

todn md ta chuyén dong tau thity voi ba bac tyr
do trong mat phéng ngang duoc dua vé dang
md hinh song tuyén (dang mé hinh c6 céc
tham sd phu thudc vao trang thai cua d6i
twong). Thong qua viéc tuyén tinh héa timng
doan m6 hinh doc theo truc thoi gian cua dbi
tugng phi tuyen dé xay dung b diéu khién
LQR cho dbi twong phi tuyen tau thuy. Dé
nang cao cht lwong bo diéu khién RHC — LQR
cho bai toan diéu khién bam quy dao tau thuy,
bai bao di str dung ky thuat nang cao toc do
hoi tu cua sai 1éch bam nho hiéu chinh tin hiéu
dat theo nguyén 1y hoc lap IL (lterative
Learning) [8]. Do d6 thiét ké bo diéu khién
chuyén dong tau bam quy dao dat theo nguyén
1y RHC trén nén tbi uu LQR s€ dap img nang
cao chét lugng didu khién chuyén dong tau
thuy.

2. M6 hinh md ta chuyén déng tau thiy

Chuyén dong cua tau thay xét trong mat
phiang ngang dugc dic trung boi cic thanh
phan: Truot doc, truot ngang, quay trd. Mo ta
chuyén dong tau thiy 3 bac tu do, xét trong
mat ngang dugc diac trung  boi:

v=[uv r]T e R*lan luot 12 téc d6 truot doc,


https://en.wikipedia.org/wiki/Linear-quadratic-Gaussian_control
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ngang, quay trs. 7 =[x y W]T e R® lan luot 14
toa do theo truc x, truc y, huéng mii tau.
Pugc md ta nhu hinh vé 1.

Phuong trinh mo ta chuyén dong tau thuy 3
bac tuy do duoc dua ra trong [2] nhu sau:

Q:J(Q)Q (1)
Mo+C(v)u+D()v+9(n)=z+zy

Trong do:

M,C(v),D(v),7,J(n) luot Ia ma tran quan
tinh lIa ma tran Coriolis va huéng tam, ma tran
giam chan thay dong luc hoc va ma tran truc
giao dugc xac dinh nhu sau:

m-X, 0 0
M=M,+My,=| 0 m-Y, mx, -y,
0 mx, -y, 1,-N,
00
C(v)= 00

m(X,r+v)=Yv=Y,r —mu+X,u

—M(X,r+V)+YV+Y,r

mu— X,u
0
X, 0 0
D(v)=D+D,(v), D=| 0 Y, VY, |,
0 N, N,
\u\u‘u‘ 0 0
Dn (L—))_ 0 Mv‘v‘-i—Yr\v‘ ‘ M ‘V‘
0 MV‘V‘J’NHV‘ | Nije MJ’N |
cosy -siny O
J(n)=|siny cosy O
0 0 1

Vécto cua luc va md men diéu khién
(bao gém luc tac dong cua chan vit va goc
banh lai &) va ma tran truc giao, z,, la nhiéu
tac dong.

v (sway) q (pitch)

w (surge)
w (heave)

Hinh 1. M6 ta thanh phan chuyén déng, cdc thong so
déng hoc ciia chuyén dong tau thiiy.

2.1. Mb hinh tau ba bac tw do di co ciu
chap hanh

Theo Fossen [3] md hinh tau 3 bac tu do
xét trén mat phang ngang c6 mé hinh toan nhur
(1), néu thanh phan luc tac dong T c6 day du
T, ]T va

cac thanh phin: tic z= [z, 7,

v=[uvr] thi mo hinh toén xét trén mat
phang ngang duoc goi la mo hinh tau du co
cau chap hanh (Full Actuated). Day la loai tau
ma cO nhiéu co ciu thuc hién nhu: Chan vit
chinh sau lai tao ra luc déy truot doc, chan vit
ngang hai bén man tao ra luc trugt ngang,
banh 14i chinh sau l4i tao ra md men thay do6i
huéng di cua tau. Mo hinh ndy thuong thay
trong cac loai tau cong trinh, tau phuc vu
nhiém vu dic biét trén bién [2]...mo hinh nay
thuong dugc ap dung khi nghién ctru vé diéu
khién 6n dinh dong DP (Dynamic Position)
cho tau thuy [2].

n=3(nv
Mo +C(v)u+D(v+9(m) =z+zy (2)

t=[7, 7, 7, ]T

2.2. M6 hinh tau ba bac tu do thiéu co
cu chip hanh
Mit khac néu trong (2) luc diéu khién
0 7], tic 1amd hinh tau khong c6
thanh phan lyc gay ra truot ngang hudéng theo
truc y, thi mo hinh toan xét trén mat phang
ngang duoc goi 1a mo hinh tau thiéu co cau
chap hanh (Underactuated) [2]. Gia thiét ring
lyc tdc dong cuia banh 141 phia sau lai c6 thanh
phan lyc gay ra truot ngang 13 rat nho, didu do
khong mat di tinh thyc té 14 tau khong dat
ngang trong qua trinh chuyén dong. Boi vi
trong mo hinh toan tau thiéu co cau chap hanh
trinh bay dudi day (theo phuong trinh (3) tac
dong dat ngang duoc tao ra boi thanh phan
u, 7). Pay 1a loai thu ma chi c6 hai co cdu thuc
hién 1a chan vit chinh va banh lai chinh sau lai.
Gia sir rang tau khong c6 chan vit miii va néu
c6 thi chan vit mili chi hoat dong & ché d6 khi
tau diéu dong ra vao cang. Dicu nay khong
lam mét di tinh tong quat ctia phuong toan hé
thiéu co cdu chap hanh dbi véi tau thay. Mo
hinh toan nay thudng gip phd bién 1a cac tau
chd hang, tau Container [3]...c6é hanh trinh
chuyén di dai. M6 hinh tau thiéu co cdu chip

r=[r,
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hanh ba bac tu do xét trén mat phing ngang
nhu sau [6]:
n=J(nv
Mo+C@u+Do+9(n)=z+zw (3)

, 0 7 ]T

3. B diéu khién t6i wu RHC trén nén
LOR . o .

Bo diéu khién toi vu RHC trén nén LQR
thuc chit 1a bo didu khién LQR c6 tham sb
bién d6i truot doc trén truc thoi gian ap dung
cho 16p ddi twong phi tuyén c6 mé hinh dang

t=|r

song tuyén nhu (4).
& = A(z)z + B(z)u
{ =C(z)x
Trong d6: A(z), B(z),C(z) lacac matran
phu thudc vao trang thai mé hinh déi tuong.
Pé tranh phai viéc tim nghiém bai toan
diéu khién toi wu phi tuyén, thuong rat phic
tap, tham chi trong nhiéu truong hop khéng
thé co6 dugc nghiém twdng minh. Do d6 ky
thuat tuyén tinh hda ting doan doc trén truc
thoi gian mé hinh song tuyén (4) caa hé tai cac
diém ¢, k=0,1, ...véi t,=0 cho hé tién
dinh (4) duoc ap dung, rdi sau d6 ap dung
phuong phép diéu khién ti uru tuyén tinh ciing
ting doan trén truc thoi gian. Phuong phap
diéu khién ti wu tuyén tinh duoc &p dung &
day s& 1a phuong phap bién phan (variation
calculus). Hinh 2 biéu di&n minh hoa k§ thuat
nay.
3.1. M@ hinh tuyén tinh tirng doean doc
theo truc theoi gian
Gia str o thoi diém ¢, hién tai ta do dugc
trang thai z, =z(f,) cua hé. Khi do, trong
khoang thoi gian rat ngan ké tiép t, <t <t,,
va néu nhu tit ca cac phan tr ciia ma tran
A(z), B(z) cting nhu cta C(z) la nhﬁng ham
lién tuc, thi hién nhién mé hinh song tuyén (4)

s& xap xi duwoc bai mé hinh tuyén tinh tham s6
hang (LTI: Linear Time Invariant) [5].

i=Az+Bu
H, . _o
Y=t

(4)

(®)

Trong do:
ooy = a(0), , SE<ty
! t
——+—
by b b
_______ l. Tih 4 = Al i i Mo hinh LTI xapxx
Do, =1(;) 8,5, af” fe- 4$+Ba,—>¢(]f+lgt<tk+2
""""""" Y1GEE) Y G

_____________________

Hinh 2. Y nghia cua viéc tuyén tinh héa timg doan
mé hinh song tuyén.

Nhu vay, doc theo quy dao trang thai
z(t) sau nay, hé song tuyén (4) da duoc thay
thé bing didy vO han cac hé LTI
H,., k=0,1, ... cho ¢ cong thuc (5) va (6).
NOi cach khéc, & day co: ]!im H, =(4)

—>00

3.2. Bj diéu khién LQR truwot doc trén
truc thai gian

Sau khi da c6 dugc mo hinh LTI H, xap
xi cho hé song tuyén (4) ¢ cac cong thuc 5),
(6) thi tiép theo ta s& xay dung bo diéu khién
t6i wu LQR phan hdi trang thai, ky hiéu 1a R,

dé dau ra y cuahé 'H, bam theo dugc tin hi¢u
hang w;, =w() .

B¢ diéu khién R, nay, khi duoc str dung
dé diéu khién hé song tuyén ban dau (4) thi
cling s€ chi duoc st dung ¢ khoang thoi gian
ta St<t.,, con ¢ khoang thoi gian
t, <t<t,, trudc d6 nd dugc didu khién boi
R,._, - Nhu vay khoang thoi gian chénh Iéch
5, =t,,,—t, s&chinh la khoang thoi gian can
thiét dé xac dinh duoc R, . Vi kha nang tdc
do xir Iy hign nay cua céc bo diéu khién,sé dé
tim R, thi §, s¢ larat nho, do do6 sai so gitra
H, va hé song tuyén (4) ciing 1a vo cling bé
[1,4 5]

Pé tang tbc d6 bam tin hiéu dit cho bo
diéu khién R, , ta cd thé ap dung nguyén tic

hoc lap, tirc la thay vi chi bam theo tin hiéu dat
w, =w(l,), ta s€ xay dung R, dé daura y
cua hé¢ H, bam theo dugc tin hi¢u dat méi r,
co bu thém sai léch cua R, ; trudc d6 nhu
sau:
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-Ke ()
—w,4 va 0< K <1, trong d6

T =Wy
Véie=y,,
Y, , =y(4) latin higu dau ra do duogc cua
hé tai thoi diém ¢, ;.
Tiép theo s& la xay dung bo diéu khién
R, cho h¢ LTI H, md ta boi (5), sao cho dau
ra y cia n6 bam theo dugc r; . Cong cu dé
giai quyét viéc nay s& la phuong phap bién
phan. Nhung vi phuong phap bién phan lai chi
glup tim dwoc bo diéu khién 1am hé 6n dinh
t6i wu, nén trude khi xac dinh R, nhd bién
phan, ta s& 1am dong tac chuyén hé vé géc toa
do mai la cac gia tri xac lap z,[k], w,[k] cua
hé. Do 1a nhirng gia tri thoa man:

(Qj (A -@j{ MU F{%JHJ
Ty Ck: _9[k] . Es[k]

vei £ = B 8
ol Iy = (Ck 0 J (8)
Suy ra:

ZS[]{:] 1 Q

Sau khi da c6 duwoc gid tri xac lap
z[k], u,[k] thikhi dit cac bién mai:

z=z—-z[k], v=u—u/k] (10)

M6 hinh (5) caa H, duoc chuyén thanh:

My i=Az+Bu (11)

Va nhiém vu diéu khién bam cho hé #,

dugc chuyén thanh diéu khién én dinh he ;.

Pé diéu khién 6n dinh t6i wu hé¢ ], ta su

dung ham muc tiéu.

7o) =§:f(gTka+@TRky)dt > min (12)
cé hai mak tran d6i xung, xac dinh duong
@y, R, tuy chon. Khi d6, nho phuong phap
bién phan s& duoc nghiém tbi uu 1a:
v=-R'B{ 8z (13)
Vé6i S, B.R;'BIS, - S, A, —Al'S, =Q,
va S, =5 >0
Suy ra, bo diéu khién R, can tim Ia:
Ry u(t) = u[K]- BB S (z—z,[k]) (14)

Va n,é s€ duogc str dung dé diéu khién hé
song tuyén (4) cho ban dau trong khoang thoi
gian ¢, <t<t.,,.Khoang thoi gian
z, = z(t,) cta hé cho téi khi co dugc tin hiéu
diéu khién toi wu u(t), t,,, <t <t,,, chinhla
khoang thoi gian can thiét dé thyuc hién céc
phép tinh (6), (7), (9), (13) va (14). Chlng sé&
duoc thuc hién lap voi £=0,1,...

4. Thiét ké bp diéu khién chuyén déng
tau thiy theo quy dao dua theo nguyén ly
RHC trén nen LQR

Ta thay rang ¢ mo hinh (3) cua mo hinh
chuyén dong tau thuy ba bac tu do trén mat
phang ngang la mot hé song tuyén nhu sau:
Mo +C,(v)v=Fz véi veRrR?®, (15)

Trong do:

Cy(L)=C (L) +D(v)
Dit bién mai:
t=u, v=gz, Alz)=-
B=M"'F
C6 dwoc md hinh trang thai chinh tic nhu sau:
& =A(z)z + Bu
y=Cz

Nhu vy, ddy 1a mot h¢ song tuyén. Do
do, phuong phap dieu khién RHC trén nen
LQR da trinh bay ¢ trén dugc ap dung dé tin
hiéu dau ra y=v cua hé (17) bam tiém can

ZE]KZ

-1

(17)

theo duoc quy dao mau w(t) cho trudc hay
theo phuong trinh sé mét cua (3) thi quy dao
chuyén dong cua tau n bam theo quy dao n,

(quy dao dat). Do mé hinh song tuyén (17) chi
cd ma tran A phu thudc vao trang thai do d6
phuong phap RHC-LQR tong quat di duoc md
ta ¢ hinh 1 bay gio cling tré nén don gian hon
nhu cho ¢ hinh 3 sau day.

He = ), by St<tyg
! t
| | | |
T T T T
by bbb
______ l s iMohmhLTlxz{pxt }
1Do g, =23 )E—mehA =Ae, )H W ‘l’ AatBy r—ht() by SH<tiy
""""""" 1o ; b y=Cg \

_____________________

Hinh 3. Ngi dung thugt toan RHC-LQR cho hé chuyén
dong tau thuy theo quy dao.
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Thuat toAn RHC-LQR

i. Khai tao bang viéc gan k =0 va khoang
trugt 7 >0 nho tuy y, song khéng nhé hon
thoi gian tinh cho mot vong lap. Xac dinh
B,C tir hé diéu khién (15) theo cbng thirc
(16);

ii. bo z, =2(kT), tac la do v, =v(kT)
va tinh A, = A(z,). Chon hai ma tran ddi

ximg xac dinh duong Q, e R**va R, e R*®

iii. Tinh z,[%], w,[%] theo (9), tuc I:

(zs[k]}ﬂ_l( 0 J’Fk:[Ak Bj;
u,[£] v, (kT) ¢ 0

iv. Tinh v theo (13) va R, theo (14), tuc
la:
Ryt u(t)=u,[k]-R'B"S, (z—z,[F])
trong d6 S, la nghiém dbi xtng xac dinh
duong cua:
S,BR'B"S, -S, A, - Al'S, =Q,;

v. Pua u(t) vao diéu khién hé (17), véi
7(t) = u(t) , trong khoang thoi gian 7T .

0T 50 54 A 4 DUCH T T VGl D T

”
=
m /
m

Em |

”

vi. Gan k =k +1 rdi quay veé 2.

5. Két qua md phéng b diéu khién

Chon khoang thoi gian trugt T=0.01; ma
tran xac dinh dwong Q=5*eye(3);
R=2*eye(2). Thong s6 ma tran M,C,D dugc
lay trong md hinh tau tai liéu [7]. Quy dao
dit (quy dao tham chiéu ) 1, =% Yo V]

VoL 1, > vy VOI Uy :[ud vy rd]du(jc tao ra
thoa man mo6 hinh dong hoc (3), tuc la
phuong trinh

n,=J (ﬂd )2

Moy +C(vg)ug +D(vg)ug + 9(7_7d) =Ty

Ty = [Tud 0 74 ]T

~ Coi nhiéu tac dong 1 nhiéu egodic, phan

b6 chuén va c6 ky vong bang 0. K&t qua mé
phong hinh 4 v61 quy dao chuyén dong tau
chia ra lam hai gia% doan: Giai doan mot tau
chay vai quy dao thang trong thoi gian 300 (S),
giai doan hai tau chay v6i quy dao vong tron
véi ban ban kinh 200 (m).

DO TH 50 S4KH GUY DAO TOE DO TRUOT NGANG DAT VA THUC
T

a0t oc i bt ngang ()
G i o o uok ngang e )

an £ m

0 o w0 )

Tener sl

Hinh 4. Két qua md phong bg diéu khién RHC trén nén LQR
cho diéu khién chuyén dong tau thizy bam quy dao.
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6. Két luan

Pé tai da xay dyng bo diéu khién va thuat
toan cho bo diéu khién RHC trén nén LQR
trong viéc diéu khién bam theo quy dao tham
chiéu dat truéc. Két qua bo diéu khién cho
chat lwong tét va c6 kha ning khang nhidu.
Quy dao tau bam theo quy dao dat véi sai s6
nho. Nhiing noi dung sé& tiép tuc nghién ciu
dé hoan thién bo diéu khién la: Xay bo diéu
khién RHC phan hoi dau ra trong viéc diéu
khién bam theo quy tham chiéu dao dit trude
v&i md hinh tau 6 thém thanh phan bét dinhQ
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