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Tom tat
Bai bao dé céap t6i van dé phan tich mé hinh toén tau thdy 3 béc tw do (3 DOF) trén mét
phdng ngang. Nghién ctru cac thuat toan diéu khién dw bao theo mé hinh cho hé tuyén tinh
va hé song tuyén. Trén co sé& do ting dung b diéu khién dw bao theo mé hinh MPC (Model
Predictive Control) dé diéu khién én dinh, bdm huéng di dat cho hé thdng I4i tau thay.
Tor khéa: Piéu khién du béo theo mé hinh, mé hinh tau tuyén tinh, phi tuyén, én dinh huéng di.
Abstract
The article refers to the problem of analysis the three degrees of freedom (3 DOF) on
horizontal plane. Research the model predictive control algorithms for linear and bilinear
system. On that basis, application the predictive controller model MPC to control stability,
tracking to set course for ship navigation system.
Keywords: Model Predictive Control (MPC), Linear and Non-linear vessel models, Ship course stability.
1. Giéi thiéu

Tbng quan cac phuong phap thiét ké bo diéu khién tau theo quy dao va hwéng di trong nhirng
nadm gan day, la rat phong phu nhu: diéu khién tuyén tinh: LQR, LQG,... diéu khién phi tuyén:
Backstepping, trwot, didéu khién mat dong két hop véi didu khién Me hay Noron [3, 4],...

Diéu khién du bao MPC la mét phwong phap téng quat thiét ké bo diéu khién trong mién thoi
gian co thé ap dung cho hé tuyén tinh cling nhw hé phi tuyén, dwoc sir dung phd bién nhét trong
diéu khién qua trinh vi cdng thirc, thuat toan cia MPC bao gém ca diéu khién tbi wu, diéu khién cac
qua trinh ngau nhién, diéu khién cac qua trinh c6 tré, diéu khién khi biét trwéc quy dao dat. Mot wu
diém khac ctia MPC la c6 thé diéu khién cac qua trinh c6 tin hiéu diéu khién bi chan, cé cac diéu
kién rang budc [2]. M6 hinh toan m6 ta dong hoc tau thiy la moé hinh phi tuyén lién tuc va cé thé
chuyén thanh mé hinh song tuyén khi tién hanh roi rac hda. Mé hinh toan cho thay tau thay la déi
twong c6 tinh chat déng hoc nhw: qua trinh dao déng, thdi gian qua dé dai, dd dw tri» 6n dinh thap.
Tin hiéu diéu khién c6 quan tinh tré 1&n bi gigi han (chan) b&i sy dap trng khéng cho phép cla co
céu thuc hién. Do vay viéc ap dung bo didu khién MPC cho diéu khién tau thay 1a mét phuong phap
c6 thé dap rng cac yéu ciu dat ra trong diéu khién chuyén dong tau thay va dé kiém tra kha néng
khang nhiéu cta bo diéu khién, bo diéu khién MPC phan héi trang thai dwoc dwa ra trong bai bao.
2. Mb hinh toan chuyén déng tau thay

Chuyén déng cla tau thay xét trong mét phdng ngang dwoc dac trwng béi cac thanh phan:
Trwot doc, trwot ngang, quay tré, bé qua thanh phan I&c ngang, lac doc, trwot dirng. M6 ta chuyén
doéng tau thay 3 bac ty do, xét trong mat ngang dwoc dac trung béi: 9 = [u v r]” lan lwot 1a tdc d6
trwot doc, ngang, quay tré. n = [x y ] Ian lwot 1a toa d6 theo truc x, truc y, hwéng mii tau.
Phwong trinh mé t& chuyén dong tau thdy 3 bac ty do dwoc dua ra trong [3] nhu sau:

{ n=J)Y )
MO +C@H)9 +D®W)9 =1

Trong do6: M,C(9), D9y, T,T(M) lan lwot la ma tran quan tinh 1& ma tran Coriolis va huwéng tam,
ma tran gidm chan thiy dong lwc hoc, vécto cla lwc va mdmen didu khién (bao gébm lwc tac dong
cua chan vit va goc banh lai §) va ma tran tryc giao.

a. M hinh diéu déng phi tuyén [3].

Gia thiét rang tbc d6 tau | tién va u = u, ~ constant (tbc do tau khong c'1’0|) tau dwoc diéu
khién hwéng bang mét banh l1ai don phia sau lai. M6 hinh IGc nay gébm céac bién trang thai 1a 9 =
[vr]". Mbi quan hé gitra hwéng di () va téc do thay dbi hwéng di la ¢ = r. Bang cach dwa thém
bién trang thai hwéng di () vao phwong trinh (1) va bién ddi ta cé dwoc mé hinh didu dong tau phi
tuyén c6 dang nhu sau:

MY + N9, u,)d = bé @)
m-—Y, mx;—Y. 0 —Ys
Trong do: 9=[v,r, ], M= |mx;,—Y; I,—N; l b =|—Ng
0 0 1 0
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V&i m - 1a khéi lwong tau,x, - la toa do trong tam tau theo truc hwéng mii tau (truc x), I,
moémen quan tinh trén z (hwéng theo chiéu thdng dirng), cac thong sé: Y,, N;, ¥; dwoc ky hiéu theo
SNAME (1950) [4] vi du nhuv sau: Y = —Y,v, trong dé Y, := Z—Z, va Y5, Ns la hé sb lwc va mémen.

Gia thiét ma tran gidm chan thay déng lwc hoc D(9) c6 thanh phan phi tuyén, khi d6 ma tran
N(9,u,) dwoc tinh nhu sau:

=Y, - _Ylvlvlvl - erlvlrl (m—Xu, — Y — Y|v|r|v| - Y|r|r|r| 0
N@,uo) = | (Xy = Yy)up — Ny — =Ny [v] = Nppplr| - (mxg — Y )ug — Ny = Nigjp[v] = Nipyp|7| - 0
0 -1 0

Cé4c phan tt trong ma tran N(9,u,) duwoc ky hiéu theo SNAME (1950) [4].
b. Md hinh diéu déng tuyén tinh [3].

Mb hinh diéu déng tuyén tinh dwa trén gia thiét réng téc do tién va u = u, ~ constant (tbc dod
tau khong ddi) va v va r dwoc gia thiét 1a nhd, tau dwoc didu khién hwéng bdng moét banh lai don.
Céc thanh phan phi tuyén trong cac ma tran C(9), D(¥) dwoc bd qua. T (2) md hinh diéu dong
tuyén tinh dwoc viét dwéi dang sau:

M9 + N(u,)d = bs (3)
3. Hé diéu khién dw bao
a. Cau tric hé diéu khién duw béo

Diéu khién dy bao theo mé hinh (Model Predictive Control - MPC), hay goi tat 1a diéu khién
dw bao, dé& cap dén mot ho cac phwong phap didu khién st dung mot mé hinh toan hoc dé dw bao
tin hiéu ra cua déi twong (qua trinh) trong twong lai. Tai méi thoi diém trich mau, thuat toan diéu
khién dy béo sé téi wu dap (rng clia hé bang cach tinh toan ra day tin hiéu diéu khién twong lai [5].

I I
| CAu trac bd diéu khién |
dw bao |

) Khoang dy bao hién tai
Phwong phap| i '
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Hinh 1. C4u triic cda bé diéu khién dw béo

Kh&u md hinh dw bao: Kh&u nay cé nhiém vu xac dinh tin hiéu ra twong lai y,,; tinh tl thoi
diém hién tai k. yies; = Views (Uie Ui 1, - Upesn—1) . . .

Khau ham muc tiéu: La khau xay dwng tlr chat lwgng mong muén ma hé théng phai cé tin
hiéu ra y, bam theo dwoc day gid tri tin hiéu mau w, dat trwéc,

Khau téi wu héa: La khau tim nghiém w, d& ham muc tiéu dat gia tri nhd nhét.
b. Nguyén ly lam viéc bé diéu khién du béo

Ban chét clia bo didu khién dw bao la hoat dong theo nguyén tac vong 1ap trwot doc trén truc
thoi gian (receding horizon control), dwgc mé tad nhw Hinh 2.

k

k+1 k+2
| | | !
v v v
Xac dinh
<i<
Xk+1'l_ i=N l l
Chon Qk’Rk l l
Tinh Uy Tinh Ug4q Tinh Uy, 2
bua vao Bua vao Bua vao
Diéu khién Diéu khién Diéu khién
u(t) DPéi twong DPéi twong Déi twong
t

-

Hinh 2. Nguyén ly trirot doc theo truc théi gian cua bé diéu khién dwbao
4. Xay dwng bé diéu khién theo mo hinh dw bao 6n dinh hwéng di tau thay
a. Xay dung bé diéu khién theo md hinh dyw b4o tuyén tinh cho diéu khién hwdng di tau thay
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Xjer1 = AXy + By
Yie = Cxp + vp
Bai toan dat ra la xay dwng bd diéu khién dw bao dé tin hiéu ra y, bam theo tin hiéu d&t mau
wy. T m6 hinh (4) c6 dwoc cac dau ra dy bao yy.;, i = 1,2...N (trong do N Ia ctra s6 dw béo, tirc 1a
s6 tin hiéu ra dwoc dy bao trong mét chu ky lap diéu khlen) tinh tlr thoi diém hién tai nhw sau: (Vi
gia thiét nhiéu 1a bién dbi cham dé c6 thé xem la hang sb trong cra s6 dw bao hién tai):
Vi = CA'x) + CA™'Buy + -+ + CABUy 1 i—p + CByllyyioq + Vi (5)
V6i v, 1a woc lwong cla nhiéu. Viét chung lai thanh vector dau ra dy béo thudc clra sb dw
bao hién tai thi:
Yie+1 Vk CA CB 0 0 U

Xét dbi twong diéu khién c6 mé hinh { Vi v, la nhiéu tac déng (4)

Yi+N Vi cAN CAN-'B CAM2B .. CB/ \Wk+n-1
<=>y=d+Fu
St dung ham muc tiéu dang toan phwong cho moi thoi diém k ta cé dwoc ham muc tiéu nhw sau:

Je=0@ - ®)" Qi (X - Q) + U R U VI @ = col(Wp1) Wiras o) Drtn)
Va Q,, R, la hai ma tran dbi xirng xac dinh dwong tuy chon, c6 duoc:
u=(F'QF +R)'F Q(w—d) va w =(0,...00u ™
T nhitng phan tich & trén ta tng quat lai dwoc thuat toan diéu khién dy bao cho mé hinh
tuyén tinh (thuat toan 1) bao gom cac bwdc sau:

Thuéat toan 1, [1,2]:

1. Chon clra sb dy bao N > 2. Xay dwng ma trén F tir tham s6 mé hinh theo (6), gan k = 0;

2. Chon hai ma tran doi xirng xac dinh dwong Qy, R,. Do x;, y, xac dinh v, va tlr d6 tinh vécto
d theo (6);

3. Tinh u va u, theo (7) réi dwa w, vao diéu khién déi twong trong khoang théi gian trich méu;

4.Gan k = k + 1 va quay vé budc 2.

Tir thuat toan trén dé xay dwng bd diéu khién dy bao cho di twong c6 mé hinh tuyén tinh
nhw (3) thi ta phai dwa phwong trinh (3) vé dang (4) sau d6 ap dung thuat toan dieu khién 1 va dwa
thém khau tich phan vao b diéu khién. Phwong trinh (3) dwgc bién doi bang cach dat bién 9 =
x,u = 6, ta c6 dwoc phuwong trinh méi theo (8):

X =—M"'N(ug)x + bu ®)

Qua trinh i rac hoa thong qua i = #*=2k v6i T la chu ky trich mau, khi d6 phuong trinh
(1.8) tr& thanh:

Berr = (1+ T(=M N (up))) x;c + Thu 9)

Pat: A, =1+ T(—~M"*N(uy))vaT.b =By, y, = x

~ Khi d6 phuwong trinh (9) ¢ dang nhu (4), va chiing ta ap dung thuat toan 1 dé thiét ké bo diéu
khién dw bao cho mo hiqh tuyén tinh. ) ) .
b. Xay dung b diéu khién theo mé hinh dw bao phi tuyén cho diéu khién hwéng di tau thdy.

Xét doi twong dieu khién cé mo hinh:

{&m = A(x) X + B (xp) Xy 10
Vi = C(xp)x + g (10)

Vé&i nhiéu v, 1a hang bat dinh hodc ham bién déi cham. Trong do6 A(_k) B(x:), €(x) @éu phu
thudc trang thai, kh| do hé (10) duwoc goi la hé song tuyén. Nhiém vu diéu khién la xay dwng bo diéu
khién phan hoi trang thai dé co tin hiéu ra y, bam theo tin hiéu dat wy, y, - w; v&i {w;} 1a day tin
hiéu mu dat cho trwoc. Tl m6 hinh trén thi & thoi diém k hién tai va trong toan bo clra sb duw bao
[k, k + N] twong &ng, khi da co x;,y, (do dwoc), doi twong sé mo td xap xi dwge béi mo hinh LTI
(Linear Time-Invariant).

K1 = ApXy + By
Vi = CXp + Vg
Trong d6: Ay = A(xy), By = B(xx), Cx = C(xy). B&i vay ta lai c6 dwoc: y = Fu + d, Voi:

11)

Tap chi Khoa hoc Céng nghé Hang hai S6 58 - 04/2019 29



CHAO MUNG NGAY THANH LAP TRUONG 01/04/2019

Yie+1 Vi CA Ay,
. . . Ek .
y= - |d=| . |+| . |zex= (Ek_l),y = : (12)
Vi+n vy ¢ AN Atyesn-1
Va cac matran F, 4 ,B,C dwoc xac dinh nhw sau:
CB 0 0
_ ' ' ' ' i (Ax B\ p _ (B A _
F_ . . . . ’A_(O I))B_(I)!C_(Cklo) (13)
CAN-1B  CAN—?B .. CB

Ham muc tiéu va téi wu hoéa: st dung ham muc tiéu dang toan phwong cho moi thdi diém k

tin hiéu diéu khién sé dwoc tinh nhw sau:
u=(F'QF + R)TF Qu(w—d) va we=we+(10,..0u (14)

T& nhirng phan tich & trén ta tdng quat lai dwoc thuat toan diéu khién dw bao cho md hinh
song tuyén (thuat toan 2) bao gébm céac buwéc sau:

Thuét toén 2, [1, 2]

1. Chon clrasé dw bdo N > 2 Gank = 0, u_, = 0,

2. Chon hai ma tran ddi xing xac dinh dwong Qy, Rx. Do cac bién trang thai x, y,, xac dinh

cac ma tran tham sé Ay, By, C, va tir dé xac dinh 4, B, C, F theo (13) va xac dinh vy, z,, sau do tinh
vécto d theo (13),

3. Tinh u va u, theo (14) rdi dwa u, vao diéu khién déi twong trong khoang thei gian trich méu,

4. Géan k = k + 1 va quay vé buéc 2,

Tw thuat toan & trén dé xay dwng bo diéu khién dw bao cho dbi twong cé mé hinh song tuyén
(2) thi ching ta phai dwa phwong trinh (2) vé dang (10) sau dé ap dung thuat toan diéu khién 2.
c. M6 phdéng kiém ching bé diéu khién

Trwong hop 1: B6 diéu khién theo mé hinh dw bao tuyén tinh diéu khién bém huéng di dét.

Sé liéu ma tran tham sé mod phéng M,b dwoc 14y tir théng sb tau CyberShip Il trong [3]. BO
diéu khién dwoc tao ra theo thuat toan diéu khién 1, trong d6 cra s6 dw bdochon N=4, R =1,Q =
3R. Gia dinh tau chuyén dong v&i téc do khong ddi 8,5 Knots, nhiéu tac ddng phan bé déu, bién ddi
cham trong 2 trwéng hop. thay ddi hwéng di tr hwéng dat 1,= 0° sang huwéng dat y,= 10° va thay
ddi hwéng di tr hwéng dat ¢, = 10° sang huwéng dat ¢, = 5°.

- Dac tinh thay doi hwéng di " Bac tinh goc bé lai

huéng thye [
---- huwong dat | 1

goc b lai

Huéng di(do)
Géc b [4i(d6)

0 10 20 30 a0 50 80 70 80 o 10 20 30 40 50 60 70 80
Théxi gian(s) Théi gian(s)

Hinh 3. Béc tinh hwéng di va goéc bé Ii khi thay déi hwéng di tir hwéng dit ¥, = 0 sang Py = 10

" Biéc tinh thay déi hwéng di 3 Dac tinh goc bé lai

Hudng di(dg)
Goc bé lai(dd)

0 1 20 30 40 50 60 70 80 0 v 2 W #N N ® N B
Thoi gian(s) Thai gian(s)

Hinh 4. Bac tinh hwéng di va géc bé I4i khi thay déi hwéng di tir hwong P, = 10 sang Py = 5
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_Truong hop 2 bé diéu khién theo m6 hinh dw béo phi tuyén diéu khién bam hudng di dét.
BO diéu khién duoc tao ra theo thuat toan diéu khién 2, trong do ctra s6 dy bdo chon N = 5, R =
I,Q = 4R. Gia dinh tau chuyén dong v&i toc do khong doi 8,5 Knots,
- Bac tinh thay di hwéng di 5 ‘ ___DPactinh géc bé lai

huwéng thue
12 | - - - = huéng dat

géc bé lai

1

Hirdmg di(d5)
@
Géc bé l4i(da)

o
1
2
-3
4
5
-6

(o] 10 20 3‘:) A.u 5‘0 e‘:) 7‘0 80 0 10 20 30 40 50 60 70 80
Théri gian(s) Thoi gian(s)

Hinh 5. Ddc tinh hwéng di va géc bé |ai khi thay déi hwéng di ter hwéng P, = 0 sang P, = 10

Pac tinh thay d6i hwdng di Bic tinh gé!: bérléi

goc b lai

huéng thus [
10 - = = = huéng dat

o

Hudng di(da)
Gac bé l4i(a8)
o

e =

=
n

3 1 h . | | |
o 10 20 30 40 50 60 70 80 o 10 20 30 40 50 80 70 80
Thei gian(s) Theri gian(s)

Hinh 6. Ddc tinh hwéng di va géc bé |ai khi thay déi hwéng di tor hwéng P, = 10 sang P, = 5
5. Két luan

Bai bao da xay dwng thuat toan cho bd diéu khién theo md hinh dy bao trong viéc diéu khién
bam theo hwéng di dét trong hé théng lai cho mé hinh tau Ia tuyén tinh va mé hinh phi tuyén. Théng
qua két qua mé phdng cho thay dac tinh dau ra (hwéng di) dap tng bam tét tin hiéu hwéng di dat
trong c& mé hinh tuyén tinh va phi tuyén. Dac tinh co céu thyc hién (géc bé Iai) ddm bao yéu cau
nam trong gia tri cho phép so véi thuc té va bod diéu khién MPC cé kha ndng khang nhiéu.

Nhirng noi dung sé tiép tuc nghién ctru dé hoan thién bd diéu khién 1a: xay dung bd diéu khién
dw bao diéu khién bam theo quy dao va huéng di dat khi tbc do tau thay ddi, cac tham sb trong mo
hinh tau thay ddi phu thudc vao téc do tau (mé hinh tau cé thém thanh phan bt dinh). Bwa thém bo
quan sat trang thai dé wéc lwong nhidu va chuyén thanh bo diéu khién MPC phan héi dau ra.
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