CONG NGHE

NGHIEN CU'U BIEU KHIEN DU BAO VO TAM DY BAO VO HAN
TREN CO'SO'NGUYEN LY RHSDC CHO BONG CO'BOT TRONG S|

STUDY OF PREDICTION CONTROL WITH INFINITE PREDICTION BASED ON RHSDC PRINCIPLE

FOR SI INTERNAL COMBUSTION ENGINE

TOM TAT

Trong bai béo nay, mot bg diéu khién dy bao vai tam du bao vo han trén nén
nguyén Iy RHSDC (Receding Horizon Sample Data Control) dugc thiét ké digu khién
tdc do cho dong co ddt trong danh Ira SI (Spark Ignition). BO diéu khién SD
(Sample Data) diéu khién d6i tugng phi tuyén lién tuc bang bo digu khién khong
lién tuc phan hodi trang thai két hop voi tin hiéu ra va b digu khién SD & duoc
trién khai theo phirong phép diéu khién dich vé twong lai RHC (Receding Horizon
Control) doc theo truc thoi gian. Kt qua md phdng da chi rabd digu khién dy bao
md hinh theo nguyén Iy RHSDC dap (tng duroc yau cau diéu khién bam theo tdc do
dat cho ddng co dot trong.

Tlr khoa: Bo chuyén dich dan vé twong lai, di liéu méu, dong co dénh I, bo
diBu khién md hinh dv béo.

ABSTRACT

In this paper a prediction controller with infinite prediction based on the
RHSDC principle is designed to control the speed of the Sl engine. A SD controller
(Sample Data) that controls a continuous nonlinear object with a non-continuous
state and output feedback controller and a SD controller will be deployed
according to the RHC (Receding Horizon Control) along the time axis. The
simulation results indicate that the RHSDC (Receding Horizon Sample Data
Control) model predictive control controller responds to the need for speed
control of the internal combustion engine.

Keywords: Receding Horizon Control, Sample Data, Spark Ignition Engine,
Model Predictive Control.
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1.DAT VAN BE

biéu khién toc dd dong co dot trong la phuong phap
diéu khién phé bién (rng dung trong nhiéu loai xe hién dai.
Muc dich ctia phuong phép diéu khién téc do dong co la duy
tri tbc dd dong co bam theo téc do dat, khi téc do dat thay
d6i. Chang ta c6 thé dung phuong phap diéu khién toc do

36 | Tap chi KHOAHOC & CONG NGHE e S& 43.2017

bao Quang Khanh,
Lvru Kim Thanh, Tran Anh Diing

dong co dét trong bang bd diéu khién PID, LQR, nhwng néu
dung phuong phap diéu khién tdc dé déng co nay chi ap
dung cho nhitng hé c6 mé hinh tuyén tinh, hé dirng. Néu
tham s0 ctia mé hinh thay déi, ton tai thanh phan bat dinh
(hé khéng dirng), thi cac phuong phép PID, LQR khbng dap
(’ng duogc yéu cau [2, 5, 6, 7]. D€ giai quyét van dé do, co
nhiéu tac gia ap dung phrong phap diéu khién du bao [4, 8,
9, 10], trong bai bao nay dé xut phuong phap diéu khién du
b&o mé hinh theo nguyén ly RHSDC, nhiém vu diéu khién
duoc dat ra la xay dung bo diéu khién dé dau ra ctia hé bam
theo duoc tin hiéu diéu khién va chat lvgng bam dé khong
phu thudc vao cac thanh phan bat dinh.

2.NOI DUNG

2.1. Phuong phap diéu khién du béo véi tam du bao vo
han theo nguyén ly RHSDC

2.1.1. Nguyén ly RHSDC

tam diéu khién hién tai
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Hinh 1. CAu trlic hé diéu khién dw bao v6i tAm du bao v han RHSDC

Mot mo hinh déi twong diéu khién lién tuc, c6 tham s6
hang tac déng & trang thai va tin hiéu ra:

x=f(x,u)+¢
y=9(X)+v

(1)

trong d6: x=(x,, ... ,xn)T la vector cac trang thai,

u=(uy, ... uy)" & vector céc tin hiéu vao, y=(y,, ... .y,)'
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la vector céc tin hiéu ra (gia st s6 dau vao bang s6 dau ra),
¢, v lacac thanh phan bat dinh ctia mé hinh. B diéu khién

sample data s& dugc ta trién khai theo phuwong phap diéu
khién receding horizon doc theo truc thoi gian [4], tic [a d6i
twong lién tuc sé duoc dieu khién bang bo diéu khién khong
lién tuc, phan hdi trang thai véi chu ky diéu khién la T > 0,
phuong phép digu khién nay van 4p dung diéu khién co ban
la LQR nhwng thém vao dé b6 diéu khién theo d&i hay du
béo su thay ddi tham s6 ctia m6 hinh trong sudt qua trinh
diéu khién bang viéc trich mau di liéu trang théi (T nhé hon
toc do xu ly ctia bo diéu khién), tir d6 tinh toan lai tin hiéu
diéu khién trong bo diéu khién LQR tai thoi diém Idy mau
cho dodi twong diéu khién. Trong nguyén ly diéu khién két
hop nay, trude tién gia st tai thoi diém t, hién tai gia tri
vector trang thai x(t, ) clia hé la do dwoc. Tuy nhién, cling &
thoi diém hién tai t, nay thi cac théng tin quéa khi clia hé bao
gom tin hiéu vao, ra va trang thai déu da biét. Nhiém vu diéu
khién la phai xac dinh gié tri tin hiéu diéu khién u(t,) dé
diéu khién hé trong khoang thoi gian ctia mét chu ky diéu
khién t, <t <t v6i t =t +T sao cho tin hiéu ra
y(t) bam theo dugc tin hieu mau dat truc w(t) chat

lvgng bam d6 khong phu thudc vao cac thanh phan bat
dinh ¢, v [1], dong thoi chi phi diéu khién tinh theo ham

muc tiéu tong quat:
J=Jq(g00-w,u)dt @)
0

(2) dat gia tri nho nhét (diéu khién téi vu duoc trinh bay
trong phan b). Tiép theo, tai thoi diém t,,, ta lai xac dinh
u(t,,q) thda man (2) dé diéu khién hé trong khoang thoi
gian ké tiép la t, , <t<t, ,. Ck tiép tuc nhv vay cho
k=0, 1,.. s& cé dugc bo diéu khién Receding Horizon-
Sample Data nhi mong muén [4].

2.1.2. Thuét toan diéu khién

Viéc xac dinh u(t,) & thoi diém t, théa man (2) la ta sé
dva vao cac théng tin qua khit clia hé phi tuyén (1) dé xap
Xi tuyén tinh n6 thanh H,. Hién nhién néu tat ca cac hé H,,
k=0,1,... déu bam theo dugc tin hiéu mau w(t) thi hé phi
tuyén (1) ban dau ciing bam theo dugc tin hiéu mau do. Khi
do, tr gia tri qua khir u(t,_,) ma sau day sé& duoc ky hiéu la
U,_; =U(ty_;) vanéu nhur vector ham f(x,u) la tron, n6
sé lubn xdp xi dwoc trong lan can (X,_;,U,_;) thanh:
FOGW =T (X Uy )+ Ac (X=X )+ B (U=Uy )

trong d6 X, = X(ty) lado duocva:

of
A=ox

_ ot

» By 3)

Xg—1>Uk-1 Xy—1-Uk-1
la cac dao ham Jacobi cta f(x,u) tai (X,_;,U,_;). Do
Xy_1,Uy_, dabiét nén A, B, Ia hai ma tran hang xac dinh

dugec. Ky hiéu:

2 =T Uy )~ AcXi —Beuy + £ (t) )
trong dé thanh phan bat dinh gk =¢ () sé duoc udc
lvgng xap xi tr md hinh phi tuyén (1) nhv sau:
Xy =i(lks!k)+£k

Khi dé phuong trinh thir nhat trong (1) s€ tré thanh:

X=AXx+Bu+g, . (6)
Tuong ty, phwong trinh thit hai cta hé phi tuyén (1) la;
Y =CeX+Vy. 7)
. a9 .-
voi Cy i 9(Xy_) —Cr Xpy +V(t)  (8)
R

trong d6 v, =V(t,) duoc udc luong xap xi tir (1) boi:
Ve =Y, —9x) =Yy, —9(X) 9)
Cubi cung, ghép chung (6) va (7) véi nhau sé c6 mé hinh
xap xi tuyén tinh H, cta hé (1) ban dau tai (x,,uU,_;) nhu
X=AX+BuU+(
sau: Hy : {_ At B e, :

10
Y =CX+Vy "o

Goi céc gia tri trang thai va diéu khién clia hé H, & ché
do xac lap lan lugtla X, Ug thikhitin hiéu mau w 1a hang
s tirng doan, tasé c6 [1]:

QZAkls+Bkgs+§k© _ék :[Ak Bk][ls}
W =Cy Xg +Vy W -V Cc © )Y

-1 = =
Q[ﬁs]:('&k Bkj ( _gk ]:Fk_l( _gk J (11)
u) \& ©) (w-7, w-¥,

trong dé ®, 0 laky hiéu ma tran va vector co tat ca cac
phan t& 0, cting nhw ma tran F, duoc dinh nghia la;

B
3 :[Ak kJ
C, ©
Suy ra, voi ky hiéu sai léch:e = x — x

X—Xg, Z=U-U, COtlr
(10), (11) m6 hinh H|ﬁ mo ta sai léch gitra H, v&i gia tri xac
(13)

va cling voi nd, bai toan diéu khién bam tdi vu cho hé
H, s& duoc thay bang diéu khién 6n dinh t6i uvu cho hé H|ﬁ .
Tuong tng, ham muc tiéu (2) ban dau cling phai duoc
chuyén vé theo cac bién méila (e, z) . Khong mat tinh téng
quat gia sz ham muc tiéu (2) cho riéng hé H,, sau khi viét
theo bién méi (e, z) sé cé dang toan phuong [1]:

lap X, Ug nhusau Hy : é=Ace+B.z

)= [’ Qe+ 2 Rez ot (14)
0
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trong dé Q,, R, la hai ma tran d6i xirng xac dinh dwong.
Trong truong hop nhu vay, tin hiéu diéu khién z lam on
dinh hé H{, theo tiéu chun t6i vu (15) cho toan bd tam
diéu khién vo han [t o] s& la: z=-R'BlLe=R,e. Voi
L=L">0Ia nghiém clia phwong trinh dai s6 Riccati [1]:

LBRi Bl — ALL—LA = Q. (15)

Tlr d6 ta c6 duoc tin hiéu diéu khién bam t6i vu U,
trong mot chu ky thoi gian (t,,t,.;) cho hé phi tuyén (1)
ban dau nhu sau:

Uy =2y +Ug =Ry 'BeL (X, — X )+ U (16)

2.2. Thiét ké bo diéu khién RHSDC cho dong co dot
trong SI

Xét mot dong co bdn ky st dung phwong phap danh
Ilra d6t chay nhién liéu SI, khong xét dén qua trinh lam mat,
tubro tang &p ma chi khao sat dong co theo hai mat; dwong
nhién liéu vao xi lanh va dwdng khi thai t» xi lanh ra ngoai.
Hinh 2 thé hién mé hinh dong chay phan phéi khi trong
dong co d6t trong [7].

Hinh 2. Md hinh dong chay phan phdi khi trong dong co d6t trong

Trong do6, a; G6c mé chan ga, [rad], @: G6¢c m& sém trén
truc cam, [rad], P,: 4p sudt moi tredng xung quanh, [Pa],
P @p suét duong hat, [Pa], P, 4p suét duong xa, [Pal],
Mimin. IbONg Nhién liéu vao 6ng nap, [mm?, M. lkong
nhién liéu ra khéi 6ng nap [mm?, m,.,, lwong nhién liéu
vao ong nap [mm?3], m,,.. lteng nhién liéu ra khdi 6ng
nap [mm?, w, toc dé goc cua déng cofrad/s], T, mé men
trén truc dong co[Nm],t; md men can[Nm].

Theo [7] c6 hé phuong trinh vi phan day du nhu sau..

cos(a+ay)| P
C 1= "dJ amb
<t>—[ﬂRT'm-o] ”‘“A‘“[ cos(a, ]m
0.685| 1-exp| 9—"™ -9 | |- FimVa “el g1
[ p( Parb D ’Y\MI(}/)R'T,,Wo 4

levd @e nCY' 1+ 1

Rl 47 A(é]
F S

ol (7)

bult)={ 22

em

P P

—C ——=—0.685| 1-exp| 9—™-9
dethexh ,_RTem.o [ p( Pam[) ]]

1 H PnVy @eNey (1 1

@E(t):% n.(P.m,we)y(Al %L%(y)m'm'" o L+ﬂ(51

F F

Vyn,
_%(P“ ~P,, +fmep)-1,
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Hé c6 céac tin hiéu vao, ra va trang thai lan lvot la:

H:(a’y)T’ y:(Pim’we) ' l:(Pim’Pem’we)T

Trén co s& thuét toan diéu khién RHSDC duoc trinh bay
trong muc 2.1, st dung mé hinh phi tuyén (17), c6 hé diéu
khién RHSDC cho ddng co dot trong nhu hinh 3.

Bang 1. Thdng s6 cla dong co dat trong hang Ford 2.0L

Ky _ Lo | Ky _ o
hiéu Y nghta Giatri hiéu Y nghta Giatri
(AJF) | Ty 1& hoa khi 14,64 | T,y |Nhiétddkhong khi | 288,15[K]

mdi truong
Ay |Tiétdiénduong xa | 0,00385 | T, |Nhiétddkhongkhi | 288,15[K]
[m] trong dudng ht

A, |Tiétdienduong | 0,00385 | T, |Nhiétdokhongkhi | 593[K]

hit [m] trong dirong xa

Can |HangsGduonghat| 085 | Vi, |Thétich dwonghit |0,004 [m]
Con |HANQ SO dudNgXa | 0,7 | V., |Thétichduongxa |0,004[m?

H, [Nhiéttrithdp 44,106 | V, |Thétichbudngddt |0,0006638

[Vkg] [m’]

J, [Momenquantinh | 0,15 | oy |G6cmd atrungbinh 7

[kgm’]
Ny | S6xi lanh 6 N |Hiéu sudt chi thi f(Pip,y @)
P |Apsudtkhong khi | 101325 | 1, |Ham thé tichhiéu f(y)
[Pa] qua
R |Hang sd khi 287,327 | X |TyIénhiét dung 14
[I7kgK]
a |Tin higu diéu khién y |Tin higu diéu khién

xdot

Derivative

alpna
:l Pem
ganma
L cngnecontol ] {»  EngineModel L
RHSDC | Omega_thuc

Nonlnear §1 Engine
I:: aet Memoy

uk!

-l

iﬂﬁx

Uniform Random
Omegs

=l

2

=

2

W

=k

Hinh 3. CAu tric md phdng hé diéu khién du bdo RHSDC cho dong co ddt
trong S

BO diéu khién RHSDC duoc thiét ké bang SFunction trong
Matlab/Simulink [3], RHSDC ¢6 nhiém vu do X = X(t) tir hé
thong (t, =0vat, =t +T), T=001s, xac dinh matran A, B,, C,,
cac vector & © Vv, theo (3), (4), (5), (8) va(9), tinh F, theo (12),

tinh X, Ug theo (11), tinh u, theo (15) va (16) dua u, vao



SCIENCE TECHNOLOGY

digu khién doi tvong (17) trong mot khoang thoi gian diéu
khién T. Chon hai ma tran trong s0 x&c dinh duong
Q, =[100;010;001], R, =[1001], két qua mo phdng diéu
khién cho déng co dot trong hang Ford 2.0L thdng sé nhu bang
1 dugc thé hién trong hinh 4.

(b)

Hinh 4. Béc tinh t6c do ddng co diing bd diéu khién PID (a) va diing bd diéu
khién RHSDC (b)

Nhan xét: K&t qud mo6 phéng trong hinh 4 cho thay t6c
dd dong co dét trong Sl khi dwoc diéu khién bang bo diéu
khién duv bao véi tam du bao vo han theo nguyén Iy RHSDC
c6 chat lvgng ddng hoc t6t hon viéc st dung b diéu khién
PID khi cho téc do dét thay d6i nhanh va tac dong lién tuc
vao hé.
3.KETLUAN

biéu khién dy bao voi tim du bao vo han la mot ky
thuat diéu khién dua trén co s& t6i wu héa mang tinh (ng
dung cao trong thuc t€, nhat la d6i véi cac qua trinh nhiéu
bién phtc tap, c6 thém diéu kién rang budc cho bai toan
diéu khién. Trong bai bao nay, téc do cla dong co dét
trong Sl dwgc xét dén, md hinh phi tuyén clia dong co dot
trong voi nhiéu diéu kién rang budc dvoc st dung dé thiét
ké bo diéu khién du bao véi tam dv bao vo6 han theo
nguyén ly RHSDC bang cong cu S-function-Levell trong
Matlab/Simulink. B6 diéu khién RHSDC duwoc thiét ké didu
khi€n trén toan dai toc do dong co dot trong dang xét. Két
qua cho thay déng co dot trong Sl bam theo t6c do dat yéu
cau nhanh va chinh xéac, cé chat lvgng dong hoc t6t hon

khi st dung bd diéu khién PID. Hiéu quéa clia phrong phap
diéu khién dy béo v6i tam dy bao vé han theo nguyén ly
RHSDC la co s& nghién cru diéu khién tiét kiem nhién liéu
cho ddng co d6t trong.
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