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Nam 2014, nhom nghién ctru ciia cac tac gia nay da dwa ra két qua ap dung diéu khién du bao truc tié'p
trén nén quy hoach dong dé xét tinh 6n dinh ciia hé thong TRMS khi cira s6 dy bao tién ra vé cung [1] .
Cic két qua trong nghién ciru néu trén da chirng minh dwoc tinh 6n dinh ciia hé théng nhung chwa giai
quyét truec tiép duwge cac diéu kién rang budc ciia cac tham sé trang thai. Trong bai nay, cac tic gia dé xuat
quy luit thay d6i cac ma trin trong s6 ciia ham muc tiéu nham thoa min cac diéu kién rang bufc diu vao,
diu ra va tham so trang thai ciia hé. Cac két qua md phong khi cira s6 du bao tién dén vo cling, cac tham so
trang thai ciia d6i twong tién vé 0 va théa mén cac diéu kién rang budc, hé théng on dinh toan cuc, chirng
t6 tinh hop 1y ciia quy luit dwoe dé xuit.

Tir khod: diéu khién duw bdo, diéu kién rang budc, hé thong hai cdnh quat nhiéu diu vao nhiéu dau ra, quy
hoach dong, sw on dinh, tham so trang thai.

Chi s6 phén loai 1.2

A RULE OF CHANGE OF WEIGHT MATRIX
IN OBJECTIVE FUNCTION IN MODEL PREDICTIVE
CONTROL IN ORDER TO CONSIDER STABILITY
FOR TRMS BASED ON BELLMAN’S DYNAMIC
PROGRAMMING METHOD

Summary

A paper [1] indicated the survey results of applying Model
Predictive Control for the TRMS based on Bellman’s dynamic
programming method in order to consider the stability with
the predictive horizon going to infinity. The results of [1] has
proved the stability of system, but they did not satisfy constraint
conditions of state parameters. In this article, the authors
provided a rule of change of weight matrix in objective function
in order to satisfy constraint conditions of the inputs, the
outputs and the state parameters of this system. All of the state
parameters reached to zero and satisfied constraint conditions,
the global stability of the system when the predictive horizon
(V) went to infinity showed a reasonable rule with simulation
results.

Keywords: constraint conditions, dynamic programming, model
predictive control, stability, state parameters, Twin rotor MIMO
system (TRMS).
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Gioi thiéu chung

Téi wu hoa trong diéu khién du bao
1a mot van dé kho, dang duogc nhiéu
nha khoa hoc trong va ngoai nudc quan
tam nghién ctu. T trudc dén nay,
nguoi ta chu yéu s dung cac phuong
phap tim nghiém co huong trén cua
s6 du bao hiru han dé t6i wu hoa trong
diéu khién dy bao nhu phuong phap
gradient, Newton - Raphson (Newton
- Optimization, Newton type), hay
Gauss - Newton vi cadc phuong phap
nay kha thuan lgi cho dang cac bai toan
t6i wu bi rang budc. Cling c6 mot vai
phuong phap t6i wu hoa khac khong
st dung hudéng tim nhu Levenberg
- Marquardt hay trust region, song
tat ca cac phuong phéap t6i wu hoa da
duoc su dung déu chi co thé duoc cai
dat voi cira s6 dy bao hitu han, do dé
khong dam bao dugc tinh toan cuc cua
nghiém tdi wu tim duoc va dan dén
viéc khé ddm bao duge tinh 6n dinh
trong hé théng [2].

Phuong phép quy hoach dong co
uu diém noi bat khi ap dung gidi bai



toan t6i wu nhiéu bién 1a dam bao dugc tinh toan cuc
ctia nghiém t6i wu (phuong phap nay rat phi hop cho
16p dbi tugng c6 md hinh toan dang song tuyén). Tuy
nhién, hién nay phuorng phap nay mai dugce ap dung
dé g1a1 bal toan toi uu cho hé tuyen tinh ¢6 tham so
1a hiang s hodc tham s6 bién ddi theo thoi gian. Bén
canh uu diém ndi bat trén thi phuong phap nay cting
boc 16 han ché nhat dinh 13 chua thoa man tryc tiép
diéu kién rang budc. Trong nghién ctru nay, chung toi
ap dung phuong phap quy hoach dong dé giai bai toan
t6i wu cho hé théng co tham sé phu thuoc trang thai
TRMS. Pay la hé théng thi nghiém vé khi dong luc
hoc tai phong thi nghiém, c6 nguyén ly lam viéc tugng
tu nhu may bay truc théng, hé c6 m6 hinh toan dang
song tuyen dong thoi dé xuat quy luat thay di ma tran
trong s6 ctia ham muyc tiéu dé khic phuc han ché trén.

Mo hinh TRMS
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TRMS 33-220
Hinh 1: hé thong TRMS

Xét hé thong TRMS c6 md hinh du bao nhu sau:

Rk +i+1]k) = AQe(k +i|k)FCk +i[k) + BCe(k +i[k))a(k +i] k)
Pk +ilk) = Clxlh +i|k)F(k +i]k) (D

i=0,1..,N, -1

Pé xéac dinh duoc tin hiéu diéu khién tai cura

, du bao hién tai, sao cho su anh hudng cua sai I¢ch
ﬁ‘i’o hinh &; t6i chat lugng 6n dinh 2, — 0 14 nho nhat

ung véi mo hinh du bao (1), ta sé st dung ham muc
tiéu dang toan phuong [1]:

Np-1 '
7= % Yol +huely, — min "
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Trong do:

"ﬂ””z)k =£Z+iQk£k+i va ||gk+z||§% :7_1’%+iRk@k+i

voi @, Ry, 12 hai ma tran déi xtng xac dinh duong
tuy chon. Pé ting tinh mém déo cho bo diéu khién sau
nay, ta c6 thé thay doi @k. B theo k, tic la thay doi
doc theo tryc thoi gian ¢t =kT, .

Khi ctra s6 du bao 1a v han (N =) thi viée téi
uu hoa dugc thuc hién nhu sau: ham muc tiéu (2) s€

viét lai duoc thanh:

o]
J=7§b”£k+¢"ék +||Hk+¢||§zk — min 3)

Phuong phap quy hoach dong cho ra két qua sau [1]:
-1
—(Rk +Bf LBk) Bl LAz, (4)
trong d6 L 1 nghiém d6i xing cua:
-1
L=, +A{L[I—Bk(3k +B/ LB, | B,?L}Ak (5)
Céc bién trang thai, cac dau vao va cac dau ra cia

TRMS nhu sau:
2k =[i, (k) @,(k) S,(k) (k)

T 6

WK ok Sk a®) ©
u(k)=[U,(k) U,®)] (7)
yk) =[a, (k) a,®] ®)

Trong do: i ,: dong dién phan tmg cta dong co dudi
(A); o,: van téc goc clia canh quat dudi (rad/s); A
van tdc goc clia canh tay don TRMS trong mit phang
ngang ma khong bi anh hudng bdi canh quat chinh
(rad/s); i

o : van toc goc cua canh quat chinh (rad/s); S - van toc

: dong dién phan tng cua dong co dudi (A);

goc ciia canh tay don TRMS trong mit phing thing
doc ma khong bi anh hudng cua canh quat duoi (rad/s);
a,: Vi tri theo phuong ngang (yaw angle) cua canh tay
don TRMS (rad); o vi tri theo phuong thang dimg
(pitch angle) cta canh tay don TRMS (rad); U,: tin
hi¢u dién ap dau vao cua dong co duoi (V); U : tin hiu
dién ap dau vao cia dong co chinh (V).

Céc phuong trinh khong gian trang thai lién tuc phi
tuyén cia TRMS duoc dua ra trong [3-6]:
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kyp Sy By 1y k. 8 A B, C H, J, k,1a cac hang so

duong, ?, : tir thong ctia dong co mot chiéu canh quat

chinh (Wb); %) : tir thong ctia dong co mot chiéu canh
quat du6i (Wb). Q, va Q dugc tinh nhu sau:

Q =5 + k,w, cosa,
" " Deos’ o, + Esin’a, + F (10)
ko,
Q=S ke it 3
=8, (an

v

/ dén /, la cac ham phi tuyén. Khi L,<<R, valL,
,<<R_ma khong mat di tinh chinh xac, s0 bac
cua hé thong c6 thé gidm xudng bac 6 nhu sau:

T
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S6 bac cuia mo6 hinh giam xudng thi khong anh
huéng dén do chinh xac ctia mé hinh, nhung giam
tai cho bo xur 1y va tang tdc do tinh toan cua bai toan
t61 wu. Phuong trinh khong gian trang thai phi tuyén
ctia hé théng TRMS c6 thé xap xi va duoc biéu dién
nhu phuong trinh khong gian trang thai phu thudc
sau:

dz

——==A(z)z+ B(2)u (14)
dt
Trong do:
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Ma tran A(z)va B(z)phu thudc vao cac tham sb
trang thai.
Thiét ké bd dieu khién dw bao cho TRMS trén nén
quy hoach dong

Xét phuong trinh khong gian trang thai phu thudc
cua TRMS (14)
dx

o A(r)r + B(z)u

Tait=k.1s

Trong d6: Ts 1a chu ky trich mau (du nho)
x(t) =z, voi (k-1)T, <t <kT,

w(t) =w, véi (k-1)T, <t<kTs

Suy ra:

S Awa+ Bl véi (k=DT, <t <KT,



Thay dx _ Ty —

dt

&

Luu d thuat toan cua phuong phéap quy hoach dong

S

ta duoc:

11 =2 + Ty A(my )y, + T, By )y,
[+ T Ay )]y, + T B(zy, )y,

Alay,)ay, + By
Ay + Bruy,

duoc biéu dién trong hinh 2.

Il |

(15)

Hinh 2: heu d6 thudt toan phirong phép quy hoach dong

Két qua mo phong

Bdng 1: cdc tham s6 hé thong

Tham sb Gia tri Tham sb Gia tri
I, (m) 0,282 R, () 8
L, (m) 0,246 L,(mH) 0,86
b, (m) 0,290 ko ®, (IN/ A) 0,0202
Iy (m) 0,276 J,(gem?) 1272
Tins (1) 0,155 J,.(gem?) 248
73 (m) 0,100 B, (kgm?/s) 2,3x10°
my, (kg) 0,221 B, (kgm?/s) 4,5%10°°
M, (kg) 0,236 Fyp, 3,6x107
my, (kg) 0,068 Ky 8,7x107
m, (kg) 0,015 Epmp 1,84x10°
m,,, (kg) 0,014 K 2,20x107
my, (kg) 0,022 Efp 1,62x10°
my, (kg) 0,119 Efon 1,08x10°
™My, (kg) 0,219 ky 2,6x107
kg 0,2 Ky 2x10%
kan @ (N A) 0,0202
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Chu ky trich mau va cac ma tran trong s6 c6 cac
thong so:

T=02, R =[0,010;00,01],
0,=[100000;010000;000,01000;000100;000010;000000,01]

V61 mo hinh toan cia h¢ TRMS dugc xay dung
trong (13) va cac tham sd ctia hé thong nhu trong bang
1, lvu @6 thuat toan dua ra trong hinh 2, tién hanh mo
phong trén Matlab thu dugc dap ung thoi gian cia cac
bién trang thai cua h¢ TRMS duoc dua ra trong céc
hinh tir 3 dén 8 trong [7].
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Hinh 3: dép img thoi gian ciia bién trang thai thit nhdt
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Hinh 5: ddp img thoi gian ciia bién trang thdi thir ba
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Hinh 7: ddp iimg thoi gian ciia bién trang thdi thir ndm
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Trang i (6]
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Hinh 8: dap iimg thoi gian ciia bién trang thdi thir sdu

Véi thoi gian mo phong 1a 5 s, cac két qua mo
phong cho thiy: bién trang thai thir nhat (@,) va bién

trang thai thir tu (@,) tién vé 0 ngay & 0,2 s clia qua

trinh mé phong va thoa man diéu kién rang budc trang
thai ctia chiing. Khi thoi gian mo phong 1a 200 s, bién
trang thai thir hai va tha ba (S,, @) tién vé 0 & thoi

diém khoang gidy thir 30 va 2 bién trang thai tha nam

va thtr sau (S,, «,) cling tien vé 0 ¢ thoi gian mo

phong khoang gidy thir 100. Vay khi cira s6 du bao
@) tién ra vo cung, ca 6 tham sb trang thai cta hé
thong TRMS déu tién dan vé 0, diéu d6 ching to hé

thong on dinh toan cuc. Tuy nhién, cac bién trang thai
S,; S,; o va a,co dd qua dicu chinh con kha 16n

cho thdy phuong phap nay chua giai quyét truc tiép
duoc cac diéu kién rang budc dau vao cta cac bién
trang thai, bién trang thai thir nam va tha sau cé sb lan
dao dong kha nhiéu. Nén chung t6i dé xut viéc thay
d6i ma tran trong s trong ham muc tiéu nhu sau: gilt
nguyén ma tran £, va thay doi gia tri ciia ma tran trong

s6 Q, theo quy luat Q,,, = °Q,, trong d6 i =1+2 nham

thoa man cac dicu kién rang budc cua cac bién trang
thai ctia h¢ thong dugc dua ra trong cac hinh tur 9
dén 14.
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Hinh 9: ddp img thoi gian ciia bién trang thdi thir nhdt
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Hinh 10: ddp img thoi gian ciia bién trang thai thir hai
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Hinh 11: ddp tmg thoi gian ciia bién trang thdi thir ba
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Hinh 12: ddp vmg thoi gian ciia bién trang théi thir tw
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Hinh 13: dép tmg thoi gian ciia bién trang thdi thit ndm

Hinh 14: dép img thoi gian ciia bién trang théi thir sau

Nhén xét: v6i thoi gian md phong 13 5 s, cac két
qua md phong dua ra trong cac hinh tir 9 dén 14 cho
ta thdy: cac bién trang thai ®, S, o, o vas déu tién
vé 0 ngay ¢ gidy thir 0,2 trong qua trinh mo phong va
théa man diéu kién rang budc dau vao va dau ra cua
céc tham sd trang thai so v6i chiing ma di duogc dua ra
trong céc hinh tir 3 dén 7. Dic biét, tham sb trang thai
thr 6 (o ), mac du chua tién vé 0 ngay ¢ nhiing gidy
dau tién cua qua trinh md phong nhu cac bién trang
thai khac nhung d6 qua diéu chinh chi & muc tir -0,2
rad dén 0,35 rad so v&i diéu kién rang budc thuc té ddu
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ra cta dbi twong 13 -2 rad dén 2 rad.
Két luan

Bang phuong phap quy hoach dong ciia Bellman,
chung toi da xay dung bo diéu khién du bao cho hé
thdng TRMS dé xét tinh 6n dinh cta hé théng khi cira
s6 du bao 1a vo han. Déng thoi khic phuc dugc han ché
ctia phuong phap nay khi dé xuat quy luat thay doi cac
ma tran trong sb trong ham muyc tiéu nham thoa méin
cac diéu kién rang budc cua cac tham ) trang thai cia
hé. Két qua mo phong trén Matlab ching to hé thong
6n dinh toan cuc va ciing giai quyét duoc cac diéu kién
rang budc, két qua nay ciing chimg minh tinh dung din
cua phuong phap luan da dugc xay dung trong tai li¢u
[7] va tinh hop 1y cua quy luat thay d6i ma tran trong
sb da duoc dé xut.
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