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TOM TAT

Phuong phap diéu khién GPC (Generalized Predictive Control) dwoc biét dén nhu mot cong cu
thiét ké hiru hiéu bo diéu khién du bao phan hoi dau ra cho hé tuyén tinh. Dicu nay da duoc thyc té
ching minh théng qua nhiéu tng dung vao diéu khién qué trinh. Tuy vay, dé cai dat dugc phuong
phép nay cho ting bai toan cu thé, nguoi ta can phai tryc tiép hay gian tiép st dung mot budc
trung gian la xdc dinh nghiém hé phuong trinh Diophantine. Bai bdo nay gidi thiéu mét phuong
phap cai dat khac cua GPC, dugc tam goi 1a AGPC (alternative GPC) ma ¢ d6 ngudi cai dat khong
can sir dung t6i budc trung gian nay. Hon thé nira, khac véi GPC truyen thong, phuong phap
AGPC dugc gisi thiéu & day co cau tric chung cho ca hé SISO va MIMO, rét tién loi cho viéc cai

dit vao cac bai toan thuc té sau nay.

Tur khoa: Piéu khién du bdo; Phwong trinh Diophantine; Thugt toan AGPC; Téi wu héa; Hé

truyén déng banh ring.

PAT VAN PE

Diéu khién du bao dwoc khai dau tir khoang
dau nhitng nam 70 thé ky truéc boi tap doan
nghién ctu dau khi Shell véi hai phién ban
diéu khién ho 1a MAC (Model Algorithmic
Control) va DMC (Dynamic Matrix Control)
0. Sau dé nd da dugc Clark phéat trién thanh
GPC (Generalized Predictive Control) nam
1987 0, 0 dé &p dung cho bai toan diéu khién
phan hdi dau ra hé LTI roi rac md ta boi ham
truyén (v6i hé SISO) hoic ma tran ham
truyén (hé MIMO). Y nghia cta phuong phap
GPC trong tng dung thuc té ciing da duogc
minh ching trong tai liéu 0. Thém vao d6 cac
danh gia ddy du vé uwu nhugc diém cua
phuong phap GPC nay ciing da duoc tong két
trong 0 bao gom tinh thich nghi véi nhiéu,
bén vitng vai sai léch md hinh....

Tuy nhién, c6 mot nhugc diém khi can phai
cai dat phuong phap GPC nay ma tai liéu O
khong dé cap t6i. P6 1a & GPC ngudi ta phai
st dung nghiém cua N (v6i hé SISO) hoic
cia N*Pd (v6i he MIMO) phuong trinh
Diophantine, trong d6 N 1a do rong cira sb
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du béo, p, q lan luot 12 sb tin hiéu dau ra va
dau vao cua hé.

Mac du phuong phap tim nghiém hé phuong
trinh Diophantine khéng con la vin dé phai
nghién ctu, nhiéu thuat toan sé hd trg viéc
tim nghiém nay cting da dugc trinh bay trong
0, 0, song viéc str dung cac thuat toan nay, du
truc tiép hay gian tiép, ciing s& kéo theo sb
luong céc phép tinh can thuc hién ting 1én,
theo cip sé cua sé céc tin hiéu vao ra trong
hé. Piéu nay khdng tranh khoi s& ¢ nhiing
sai s6 tinh toan tich lily trong két qua thu
duoc, 1am anh huong toi chat luong diéu
khién.

Bai bao gigi thiéu mot phuong phap cai dat
bo diéu khién GPC ma & d6 khéng can st
dung toi  nghiém hé phuong trinh
Diophantine, gitip phan nao giam thiéu duoc
su tich lity sai s6 tinh toan nay.

NOI DUNG PHUONG PHAP

Péi tuong quan tam cua bai béo 1a he MIMO
roi rac, tuygn tinh, tham so6 hang, bi tac dong
boi nhidu =k & dau ra, mo ta bai hé gom P
phuong trinh sai phén bac (m,n) nhu sau:

Y +A1,0Xk_1+ . +An,0¥k_n +Dod, =

=BgoUk + -+ +Bpy oUx_m 1)
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trong do
T .
- Uy :(ul(k), ,uq(k)) la vector cua q tin
hiéu dau vao,
T .
- ¥, =12, ... ypk)) 14 vector cua p tin
hiéu déu ra,
- Do,Agg, -
ma tran tham s6 ciia mo hinh.
C6 thé thay rang mo hinh trén la tong quat
cho cd truong hop hé co tre va c6 bac cac
kénh khac nhau. Chang han khi hé c¢6 tré dau
vao la 7 thi cac ma trdn hé so By, ...

'An,OvBQon 1Bm,0 1é nh&ng

B0
s€ ‘d(*)ng phét bang © (ma trén co tat ca cac
phan tir bang 0). Con khi bac timg kénh la khac
nhau thi (m,n) trong (1) s€ la gia tri cuc dai cua
béc tit ca cac kénh nay.

Nhiém vy diéu khién duoc dat ra & day 1a xay
dung bo dieu khién dy bao tng véi do rong
cua s6 du bdo N >2 tuy chon, sao cho tin
hiéu dau ra Y, cua hé bam theo dugc tin hiéu
dat w, theo nghia co duoc sai léch bam
& =Y, —W, tiém can vé 0 va hitu han, tic 1a
co |gk|<oo,vk , trong d6 day gia tri tin hiéu
dat Mk}:wO,V_\Il, e 1é. ChO tI'lIdC.

Bo diéu khién du bao duoc thiét ké s& gom ba

khdi chinh 1a khdi mé hinh du béo, khdi ham
muc tiéu va khdi toi wu hda nhu mé ta ¢ hinh 1.

Khéi ham
muc tiéu
¥
Khoi toi =
wu héa

,| Poi trong Yy R
"| diéu khién v

Khéi mé
hinh dw bao

Hinh 1: Cdu triic hé diéu khién dy bdo
Khoi mé hinh di béo
Nhiém vu cua khdi nay 1a xac dinh duoc cac
dau ra tvong laiy, . tinh tir thoi diém k hién
tai du6i dang cac ham caa nhitng tin hiéu dau
vao tuong lai uy Uy 4, ... U,y thudc cua
s6 du bao hién tai 1a [k,N), trong d6 N >2 la
d6 rong cira s6 du bao, hay con goi la tim du
bao. NG la mot s6 nguyén duong tiy chon.
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Ta s& sir dung phuong phap quy nap dé xéac
dinh Yo i=12 ... ,N . Trudc tién ta xem
nhidu d, da duoc ude lugng boi d] va gia tri
udc luong nay 1a khong ddi trong toan bg cira
sé du bao hién tai. Vay khi i =1 thi tir mo
hinh (1) cua hé ta cé duoc ngay:

+ Bm,OU_k+1—m )_

/
TA0.0Y 1 Dol )

Yia Z(Bo,olik+1+31,olik to
_(ALOXk TA20¥) 4t
:(30,0!k+1+31,0lik+ +Bm,0gk+l—m)_

_(Al,O [(Bo,olikJr

/
_(A1‘0¥k71+ +Anvoxk—n +D0qk )}"‘

+Bm,0llk—m )_

/
TA20Y 4t oYy, +D0qk)
Do d6, néu sir dung céc ky hiéu:
B0,1 = BO,O

B11=B10~A10Boo

Bm,l = Bm,O _Al,OBm—l,O
Bmi11==A10Bm 0
A1 =R20 —A10A10 (2
Az1 =RAz0—A10A20

An-11=An 0 =A10An-10
An1="A10An 0
D; =Dg —DoAg
thi m6 hinh dy bao trén tmg v6i i =1 s€ duoc
viét gon lai thanh:
+Bm 11Uy )—

+An1Y, +D1‘11£) @)

Ta thay duoc ngay 1a mé hinh du béo (3) cho
truong hop i =1 €6 cau triic hoan toan tuong
ty nhu mé hinh (1) cta hé théng khi i =0. Boi
vay, bang quy nap cho tit ca céc chi sb
i=2,3, ...,N con lai thi tir (2) va (3) ta sé co:

Yin :(50,1!k+1+51,1!k +o

(g +

+Bm+i,i Ugm )_

/
+An xixk—n + Diqk)

Yisi :(Bo,i Ugsi +Brilysig + o

(g,

trong do:
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Boi =Boii-1
Bii =Byia
Bi_1i =Bi_1ia

Bii =Bii1—AiBoo

Bm+i1i =Bmai-zi-1 —A11Bm 10 (@)
Bmaii =—AwiaBmo
Ai =Rz 1—Ai 110
Agi =Azi1—AiaPA2p

An_1i =An i —AListAn 10
Ani=—A1iaPno
Di =Di_1 —DiiAia

Tiép theo, dé don gian trong biéu dién ham muc
tiéu sau nay, ta s& ghép chung tat ca céc tin hiéu

daura Y0 1=0% ... ,N coduoc tirmo hinh
du bao trén, thanh mot vector nhu sau:
y=Yu+g ()
trong do: g =Bu, —Ay, - Dq{( (6)
va
Yi Uk N U1
y- Xk_+l u= !k+:N 1y, - !k:-z 7
Yien i He-m
Yia Ao Azp Ano
¥y = kaz A= be A:Z1 oa '
Yo AN Aon An N
® © By Do
Vo ® Bo1 B.l,l D- D, '
Bon Bvan B Dy
B1o B2o Bm .o
B B?,l B.Sl Bm'+1,1 |
BniN Bnaan Bman N )

C6 thé thay g la vector xac dinh duoc tir cac
gia tri ddu vao ra trong qua khi Up, ¥ nén
vector cac tin hiéu dau ra twong lai y chi con

la ham cua cac dau vao tuong lai u .

Uéc lwong nhiéu

Tiép theo, d¢ c6 dugc g cho md hinh dy bao
& cong thic (5) ta can ude luong duoc thanh
phan nhidu d, thdng qua dj . Tir md hinh (1)
ta thiy néu nhu nhiéu d, 1 bién d6i cham thi
né hoan toan cé thé udc lwong duoc tir nhitng
tin hiéu vao ra trong qué khir cia hé nhu sau:

/
di ~dy 4 =BoolUyg+ -+ +Bpy ol -1 -

_(Xk—l+A1v0Xk—2+ +An,0¥k_n—1)

:(Bo,ol ,Bm,o)!()‘(lp'Al,O' 'AHYO)!t/) (8)
trong do
u y
o, e, ) ®
Uk-m-1 Xk—n—l

Néu ta sir dung hai vector uj, y/ cho & cong
thac (9) thay cho uy, y, trong (6) thi vector
g S viét lai dugc thanh:

/ / /
9= (B, O 1109 )5 — (A O s1ypyp )Y, ~ Dl
=Buy - A'y, - Dg (10)
trong d6 ®;; 1a ma trgn khong kidu ixj va
/ \
B = (B,@(N +]_)qu) va

A" =(AOn aypp) (11)

Ham muc tiéu

Trudc tién ta thay s& c6 nhiéu ham muc tiéu
phi hop véi y8u cau chét lugng e, —0 va
le | <0, vk dat ra ban dau cho h¢ kin, trong
do e, =y, —w, 1a sai Iéch bam tai thoi diém
k . Tuy nhién, dé cong viéc téi uu hoa sau nay
dugc don gian, ta sé sa dung ham muc tiéu
dang toan phuong rng trong toan by cua so
du béo hién tai [k,N) nhu sau:
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J =e"Qe +u' Ru —>min (12)
trong d6 Q, R 1a hai ma tran dbi xing xac
dinh duwong tuy chon, ciing nhu e la vector
hop tAt ca cac sai léch bam trong ctra s6 du
bao do, tuc la:
e=y-w va

W =col (W, Wyq, - Wiy ) (13)

Thay cong thirc m6 hinh dy bdo (5) vao (13)
roi thay tiép vao ham muc tiéu (12) va bo dl
cac thanh phan khéng chira u )y trong J,

s€ dugc ham muc tiéu twong duong la:

J'=u"Eu-2h"u —min (14)
trong do
E=Y'QY+Rvah=Y"Qw-g). (15)

R& rang khi ¢6 duoc u dé J/ dat gia tri nho
nhét, ham J ban dau cling s& tré thanh cuc
tiéu va do do sai léch e s€ la nho nhat. Hién
nhién, cira s6 du bao N dugc chon cang 16m,
| s& ce‘mg nho, nén hé bam cang nhanh, song
tra gia so lugng cac phep tinh pha1 thyc hién
cang nhiéu dan ti sai s6 tinh toan s& cang 16n.
Ngoai ra, vi Q, R la tuy chon nén ta con cé
co hdi chon ching sao cho két qua thu duoc
sau nay thoa man thém cac diéu kién rang
budc bat budc.
D) T6i wu héa
Ham J/ cho & (14) co dang toan phuong
chuan nén nghiém téi uu cua nd s& 1a 0:

Eh.
Suy ra, tin hiéu diéu khién ¢ thoi diém k 1
Uy =(@, ,®,|q)!=(®, ’®’|q)E_lh (16)

Thuat toan AGPC

Bo diéu khién AGPC trinh bay & cac cong
thic (2)-(16), khi cai dat, s€¢ dugc khai tao
Vi (2),(4) va (7) sau d6 duoc thuc hién lan
luot theo ting vong lap cho k=0,1,... v&
(8),(9),(15),(16). Chi tiét hon, dé thuan loi
cho cbng viéc cai dat AGPC sau nay, thuat
todn sau s€ trinh bay thi ty thuc hién céac
budc tinh toan do:
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1) Khei tao: Ty chon N >2. Tur tham sb
mé hinh  Ajg, ... \Ay0.Bgo:s ---Bmo
xay dung cac ma tran A;;,B;;,D; nho
cong thac (2) va (4), trong do
1<j<n, 1<i<N, 0<l<m +N . Chon hai
ma tran ddi xtng xac dinh dwong Q, R
c6 sb chiéu lan luot 1A (N +Dp va
(N +1)q.
St dung cong thirc (7) dé xac dinh cac ma
tran A,B,Y,D va tu d6 la E~! véi ma
tran E cho & cong thirc (15) va A/, B
cho ¢ (11).
Khai bo hai mang dir lidu uj), y/ c6 s6
chiéu lan luot 1a (m +1)g, (N +1)p va gan
tat ca cac phan tir cia chung bang 0. Ky
hiéu cac vector phan tir ciia u é, y é la:

b b )

I _ b b /
lib:(L_jl, !ngrl)’ Xb=(¥1, ,¥n+1 .

Xay dung vector W tur day cac gia tri dat
{w, } da cho theo (13).

2) Ubec luong dj theo (8) va tinh g theo
(10).
3) Tinh h theo (15) va u, theo (16).

4) Dua u, vao diéu khién ddi twong trong
khoang thoi gian trich mau.

5) Po tin hi¢u dau ray, va sip xép lai hai

mang dir li¢u gt/), Xé theo thur ty nhu sau:

u: .—u?1,|_2 ,m+1

b
Zi
b._ _
yJ yJ 1,] .,n+1

6) Gan uj:=u, va y=y rdi quay lai
budc 2.

Chu ¥, trong truong hop can chon Q, R dé bo
diéu khién thoa méan thém dleu kién céc rang
budc, ta can chon va thay doi ching trong
vong lap (tir budc 2 dén budc 62 Tuorng ung
budc tinh ma tran E va E cung dugc
chuyén vao trong vong lap nay thay vi ¢ budc
khoi tao.
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HAI VI DU UNG DUNG THUC TE

Vi du thir nhat 1a diéu khién hé budng sy
gidy c6 2 vao va 2 dau ra cung két qua so
sanh chét luong khi st dung bo diéu khién
GPC truyén thong da duoc cong bd o tai lidu
0. Theo két qua nay thi bo diéu khién AGPC
dat dwoc chit lugng khang nhiéu va tach kénh
tot hon bo diéu khién GPC truyén thong.

Vi du thr hai la irng dung AGPC cua bai bao
dé diéu khién he¢ truyén dong banh ring c6 mo
hinh ham truyén gan dung cho & tai liéu 0, 0
nhu sau:

bz 1, b,z 2

G@)= = (17)

1+a;z t+a,z”
Vay khi so sanh voi mo hinh (1), ta thy (17)
la doi tugng SISO va co:

m =2, Bgo=0 Byg=by, Byo=h,

(18)
n :2, Al,O =a1, AZ,O :az, DO :1

hay tat ca cac tham sé mo hinh (1) déi voi h¢
truyén dong banh réng (17) khdng con la ma
trdn ma deu la nhiing so thuc. Suy ra:

Al,O A2,0 0 Bl,O BZ,O 0

Ay Ay O B B
A/ _ 21.,1 :2,1 gl B/ _ :2,1 :3,1
AN Ay O Bnun Bnion 0
0o - 0 0 1
o - B B D
v=l oo e
Bon - Bnan Ban Dy
v6i N >2 tiy chon va nhing s thuc
Aj,i’B|,j’Dj ’

1<j<2,1<i<N, 0<I<2+N duoc xac
dinh tir tham s mo hinh (18) ban dau theo
cac cong thic truy hoi di cho & (2) va (4).
Hinh 2 1a két qua md phong caa hé kin voi
ddi twong c6 mé hinh (17) dugc thuc hién véi
cac tham sé cu thé:

b1=3, b2:1, a]_:l, a.2:0.5, N :2

Chi tiét hon, hinh 2a biéu dién két qua mo
phong chét luong hé kin gdm bo diéu khién
AGPC va dbi tuong truyén dong banh ring
(17) khi khong c6 nhiéu tic dong, trong d6
dudng nét roi 1a do thi tin hiéu dau ra thuc co
ctia hé y, va duong nét lién bicu dién day gia
tri tin hiéu mau cho trudc c6 dang tin hiéu
diéu hoa hinh sin: w, =5sin(314k) .

Hinh 2b 1a két qua mé phong thu dugc khi ¢6
nhiéu 6n trang (noise power: 0,001).

N\ P

N\ /O
: \ / \

Lugng dat
T

(o] 2 4 6 8 10

Hinh 2a. Két qua mé phong khi khéng cé nhiéu

AN VAR
. N/ \

Hinh 2b. Két qua md phong khi ¢ nhiéu on tring
KET LUAN

Bai bao di gisi thiéu mot phién ban dé thyc
hién cong viéc cai dat khac cho nguyén ly
didu khién du bao GPC, duoc goi tén Ia
AGPC. O phién ban nay, dé xac dinh tin hiéu
diéu khién, ta khdng can phai thuc hién buéc
trung gian la tim nghiém cua hé phuong trinh
Diophantine. Nho d6 da giup phan lam giam
sai sb tinh toan. Két qua mé phong trinh bay
trong bai bao di x4c nhan diéu nay.

Hon nira, khac véi GPC truyén thong, thuat
toan diéu khién AGPC nay ciing con ding
duoc chung cho ca hai truong hop khi dbi
tuong la SISO va MIMO.
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AN ALTERNATIVE GPC WITHOUT USING SOLUTIONS OF DIOPHATINE
EQUATIONS FOR CONTROL OF OUTPUT DISTURBED SYSTEMS

Le Thi Thu Ha'", Dang Danh Hoang", Nguyen Doan Phuoc

2

University of Technology — TNU, 2Hanoi University of Sciences and Technology

The Generalized Predictive Control (GPC) method is known as an effective methodology for
designing predictive feedback control for linear systems. This has been practically proven through
many applications into process control. However, to install this method for specific problems, one
must directly or indirectly use an intermediary step to determine the solution to the Diophantine
system. This article introduces another installation method of GPC, which is called AGPC
(alternative GPC), where the installer does not need to use this intermediate step. Furthermore,
unlike traditional GPC, the AGPC method introduced here has a common structure for both SISO
and MIMO systems, which is very convenient for installing into real-world problems later on.

Keywords: Model predictive control; Diophantine equations; AGPC algorithm; Optimized;

gearing transmission systems.

Ngay nhgn bai: 01/9/2017; Ngay phdn bié¢n: 21/9/2017; Ngay duyét dang: 16/10/2017

* Email: hahien1977@gmail.com

20



