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Tom tat
Bai bao nay mé ta phuong phap diéu khién bém tbi wu tich phén LQIT tw chinh béng
phuong phép nhan dang tham sé va mé hinh ham truyén hodc mé hinh trang thai cia mot
hé mé hinh toan phi tuyén da biét Ia déng co dét trong bang céng cu System Identification
Toolbox. Ttr tham sé va mé hinh nhan dang duoc ta ¢ thé xdy dung mét mé hinh trén
maéy tinh nhdm phén anh hé théng thurc tir dé tinh toén truc tuyén bo diéu khién LQIT. Viéc
xdy dung céac bo diéu khién c6 thé tién hanh nhanh chéng trén mé hinh ham truyén dat
hodc mé hinh trang thai, gitup gidm thoi gian, chi phi thiét ké va tranh hw hai dén thiét bj
thue. Nghién ctru str dung phédn mém Matlab/Simulink dé tién hanh thu thap di liéu, nhén
dang va mé phéng hé théng. Két qua tinh toén b diéu khién bém téi wu LQIT duoc truc
tiép diéu khién luong nhién lidu cung cap theo mé men dat dau ra mé hinh phi tuyén la
déng co dét trong. Két qua mé phéng cho thay lwong nhién liéu da gidm hon so véi phurong
phép diéu khién kinh dién PID.

Ttr khéa: Céng cu nhan dang hé théng, déng co dét trong, diéu khién bam téi tu toan phuong tich

phén, tw diéu chinh, diéu khién toi wu.

Abstract

This paper, the optimal method of Linear quadratic integral Tracking LQIT and Self Tuning
with the parameter identification method and the transfer function model or the state model
of the nonlinear mathematical model called the internal combustion engine described. with
System Identification Toolbox. From the parameters and the identification model, we can
build a computer model to reflect the real system to calculate the LQIT controller online.
Building controllers can be implemented quickly on the communication function model or
state model, which reduces design time and costs and avoids damage to real equipment.
Research on using Matlab/Simulink software to conduct data collection, system
identification and simulation. The calculation results of the LQIT optimal grip controller are
directly controlled by the amount of fuel provided by the torque set to nonlinear model
output as an internal combustion engine. Simulation results showed that the amount of fuel
was reduced compared to classical PID control method.

Keywords: System Identification Toolbox, internal combustion engine, linear quadratic integral
tracking, self tuning regulator, optimized control.
1. Dat van dé

Trong bai toan diéu khién theo bam téi wu LQIT, muébn téng hop dwoc bo diéu khién cho déi
twong dé hé kin cé dwoc chat lwong nhw mong muén thi trwée tién can phai hiéu biét vé déi twong,
tirc 12 can phai cé mo6t mé hinh toan hoc cua dbéi twong. Két qua t6ng hop bd didu khién phu thudc
rat nhiéu vao mo hinh mé ta ctia déi twong. Nguwoi ta thwong st dung hai phwong phap mo hinh
héa dbi twong: phwong phap ly thuyét va phwong phap nhan dang [1]. Phwong phap ly thuyét 1a
phwong phap thiét 1ap moé hinh dwa trén cac dinh luat c6 san vé quan hé vat ly bén trong va quan
hé giao tiép v&i moi treong bén ngoai cuia déi twong. Trong didu kién & nwéc ta hién nay, viéc khao
sat nhirng quy luat glao tiép bén trong aéi twong cling ve moi quan hé gitra ddi twong véi méi trudng
bén ngoai day di cta déng co dbt trong dé cé thé xay dwng dwoc mdt mé hinh toan hoan chinh la
rat kho khan. Mat khac, khi cac déng co dbt trong hoat dong trong thoi gian dai, thwdng xuét hién
hién twong 130 héa do sw chuyén déng ctia cac chi tiét co khi, do gidn né vi nhiét, do chéat lwong
clia nhién liéu, ctia chat bai tron, mdi chat 1am mat,... |am cho céc théng sb clia déng co bi thay ddi
khi hoat dong [6]. Vi vay, tac gid 4p dung phwong phap nhan dang truc tuyén dé hoan thién viéc xay
dwng mé hinh ctia déi twong trén co s& quan sat tin hiéu vao ra cta dbi twong, tin hiéu vao ra tir hé
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théng dwoc ghi lai va phan tich d& nhan dang mé hinh ham truyén dat hodc mé hinh trang thai cia
déi twong tlr d6 tinh toan bo diéu khién bam téi wu LQIT [1].
2. N6i dung
2.1. Nhan dang mé hinh déng co dét trong

Nhan dang hé théng 1a phwong phap xay dwng mo hinh toan cta hé théng dwa vao di liéu
vao/ ra quan sat dwoc. Trong hinh 1 bao gom uc(k) la tin hiéu vao, y(k) la tin hiéu ra, 6(k) tin hiéu ra
cla mo hinh nhan dang, u(k) diéu khién [1]. Viéc nhan dang hé thong bao gdm cac bwéc: thi nghiém
thu thap sb liéu, chon ciu trac md hinh, wéc lwong cac thong sb va danh gia mé hinh [2].

Tinh thong s6 diéu khién f)(ﬂ Uéc lwong trwc tuyén
0.(k)=F(0(k)) O
() :
He |\ K Bb diéu khién Péi twong J”("")
—_— . . >
- G, (6,(k)) o G(0) g

Hinh 1. C4u tric nhan dang mé hinh va diéu khién hé théng
Khi nghién ctu vé dong co dét trong theo [10] xay dwng dwgc mé hinh (1) méi quan hé gitra
md men va lwgng nhién liéu:

P V M.PV
m, =m,, (1-c0s(1.14459.c: 106 ))| 1—exp| 9 =™ —1|| |- —=-n@, —2 2"
P 4V, RT,
. 1
o , i (1)
fi — fi
15z m
0,05+ 17 M/
@, m_
\Y I\/I PV
o e )
M, =C, ~n ! AFI (t—At,)SI (t - At, ) 0.10560, —15.1— M,
o, (t—Aty)

Trong dé: o géc mé ga;

M, lwgng khdng khi vao hong hut; [ty 1& nhién liéu mong mudn;

M, lwong nhién liéu phun vao budng dét; M, lwgng khong khi vao khi géc mé ga la max;
M . Md men ctia dong co; V, thé tich budng dét;

C,, héng s6 mé men cla dong co; V,, thé tich hong hat;

AFI ty I& phun nhién liéu hiéu chinh; P. ap suat khong khi trén hong hut;

At hang sb thoi gian tré chu ky cong tac; P,.. 4p suét khéng kh;

At hang s6 thoi gian tré lan truyén Ira trong budng ddt; N,,, hidu suét khé;

Sl goc danh Ira diéu chinh; o, tbc do déng co:

M. . lwong phun nhién liéu hiéu chinh; . .
o ONI P P nie R hiing s6 khong khi.

Phwong trinh (1) 1a hé phwong trinh phi tuyén ctia déng co dbt trong véi bién 3 trang thai la
I:ma mg, Ti:lvé’i cactham sb a , ,SI, thé hién mébi quan hé gitra nhién liéu vao budng dbt véi mo
men trén truc déng co, vi vay ta chon bac mé hinh nhén dang la bac 3. Trong phwong trinh (1) viéc
diéu khién mé men ctia dong co dbt trong phu thudc vao céc tin hiéu dau vao: «, f#, S| [10]. Theo
[71, [8], [9] ta chi c6 thé diéu khién md men clia ddng co dét trong bang diéu khién truc tiép goc mé
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gaa . Dé chuén bj cho viéc nhan dang ta tién hanh thwc nghiém thu thap tin hiéu dau vao ra cho bo
nhan dang véi input = @ , output = M _. Tir (1) ta th&y khi nhan dang dong co dét trong, ddi tuong
c6 dang bac 3 v&i ham truyén rdi rac cé cac thong sb can nhan dang b1, b2, b3 va a1, a2, a3:
6(2)- 3b1224;b22+b3 -
Praz’+a,z+a,
- Xay dwng cong thirc wéc lwong binh phwong téi thiéu [2]:

-1 -2 -3
G(z)= Z EZ)) = 1?;1}; Z:Ea; == (1+az'+a,2” +a,2°)Y(z)=(bz " +b,z " +b,z°)U (2)
2 3

= y(k)=-ay(k-1)-a,y(k-2)-a,y(k-3)+bu(k—-1)+bu(k—2)+bu(k-3)
Vector héi quy:
p(kK)=[-y(k-1) -y(k-2) -y(k-3) u(k-1) u(k-2) u(k-3)]

Vector thamsé: O(k)=[a, a, a b b, b?,]T
Suy ra bd dy béo tham sb clia dong co dét trong c6 dang [2], [4]: y (k) = ¢ (k)O(k)  (3)
: - 1 1 ’
Theo chuén binh phwong tdi thidu [2]:V, = 5 > &' (k,0)= > Yy - (x)e]
k=k, k=k,

Do Vi la ham toan phwong nén bdé wéc lwong tham sb é la ham cuwc tiéu 1a nghiém cla
phwong trinh:

aavg gé:ozﬁk‘;qo(k)[y(k)_qf(k)é}o:e() {z(p k)" k)} z(,,(k)y(k @

- Xay dung bd woc lwgng binh phurong téi thiéu thoi gian thwe: Gia stiv dén thoi diém k, ta thu
thap dwoc k mau di liéu. Chi tiéu wéc lwong binh phuwong téi thidu cé trong sb & thoi diém k 1a [2], [4]:

=%igz(l,9)=%i[y(l)—gf(I)G]Z ()

.
B6 woc lwong thong sé tai thoi didm k: 0(k) = {Zﬁ,k “o(l)e' (I } > Ap()y(1)  (8)
1=1

-1

patR (k) = ilklw(l)wT (1), f (k)= ilk1¢(l)y(l) =0(K)=[R(K)] f(k) @

B6 dir lieu nhan dang (7) khdong ap dung thdi gian thye vi khi thdi gian hé théng hoat dong
cang dai, s mau di¥ liéu sé ting lén, dan dén tang thoi gian tinh toan va vwot kha nang tinh toan
cla bd nhan dang. Vi vay, ta phai st dung phwong phap dé quy, thuat toan wéc lwgng dé quy dwoc
xac dinh [2], [4]:

0(k)=0(k-1)+R*(k)p(k)e (k) (8)
Trong dé:g(k) = y(k)—gz)T (k)é(k—l), ﬁ(k) = iﬁ(k—l)+(p(k)g)T (k) A lahésbd
quén, thong thwong 4 =0.98+0.995, Ta dat:

P(K)=R*(K)=> P(k :ﬂp(k_l)_P(k—1)¢(k)¢T(k)P(k—l)}

119 (K)P(k-1)p(K)

& L(K)=R*(K)p(k) = ——Do(K)

A+ (k) P(k —1)(p(k)

©)
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Thuat toan wéc lwong dé quy: é(k) = é(k —1)+ L(k)g(k) (10)

Nhuw vay, dé wéc lvong tham sb truc tuyén cho dong co' dbt trong ta cho chay thuat toan (10)
tai thoi diém k ta dwoc bd tham sé cho dong co dét trong [3], [4], [5], [6]:

A A N N A T
O(k)=0(k-1)+L(k)s(k)=|& & & b b b (11)
2.2. Thiét ké bé diéu khién bam téi wu LQIT tw chinh
Trong cAu trac Hinh 2, tin hiéu bam sai léch dwoc xac dinh:

W=r(t)—Yy(t)=r(t)—CX(t), Trong do: r(t) tin hiu dat, y (1) tin hiéu ra.

Dat hai bién trung gian X =X w]T , Khi d6 phwong trinh trang thai c6 dang [9]:

e
Véi: é:[ﬂ/&{i 8}

ez . 1T T mo T o
Ham muc tiéu didu khién duoc xac dinh: J = = j RTQR +0"RU
2
0

(13)

1=

Déi tuong
didu khién

Hinh 2. Cau tric bé diéu khién bam t6i wu tich phan LQIT
Néu hé théng dwoc mé ta nhw trén 1a didu khién dwoc, cé thé tim dwoc bod diéu chinh trang
thai chon sao cho (I 1 ham cla trang thai X c6 thé do dworc [9]:

U(t)=—Kx(t)

(14)
Trong do: K =RBT p= [KX Ki] (15)
p la nghiém cuta phwong trinh Riccati: PA+AP-PBR'B".P +Q=0
U(t) = —KXX— KWW+U :_KX (X—X)— KWW+U = _Kxx +[KXAle - ](CA,lB)—l r— KiW
=KX+ [ K,A'B—1](CA™B) "r—Kw=-K,x+ K, r —Kjw (16)
Véi K, =[K,A'B-1](CA'B)" (17)
A outz| Eq
N = e
= Saum e e |
e S e =
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Hinh 3. So' d6 mé phong st dung bé diéu khién bam téi wu LQIT tw chinh cho déng co’ dét trong
Hinh 3 biéu dién cau tric mé phong bang Simulink khi cai dat thuat toan diéu khién bam toi
wu LQIT tw chinh, trong mé hinh m6 phdng, tac gia st dung thuat toan nhan dang thong s bang

phuong phap dé quy, tim ra dwoc bd thong sé 4(k) = [él a a b, b, 63]T cla mo

3

hinh nhan dang ARX, chuyén thanh dang phwong trinh trang thai véi cac ma tran A, B, C, tir do tién
hanh tinh toan trwc tuyén cac ma tran diéu khién Kx, Ki, Kr, va ma tran L cia bd quan séat trang thai.

Khi cai dat bo didu khién theo so' dd cAu tric trong Hinh 3, v&i cac thdng sé clia dong co trong
Bang 1 ta thu dwoc két qua mé phdng Hinh 5, Hinh 6. Két qua mé phdng nay st dung diéu khién
bam tbi wu LQIT tw chinh (cac théng s6 clia bd diéu khién LQIT luc dau la: Ki = -10, Kx = [1720 399,6
41,7], Kr = 5,6) khi d6i twong c6 cac tham sb £, Sl clia dong co thay dbi dwoc so sanh véi két qua
véi ddi twong 1a dong co dét trong khi str dung bo diéu khién PID (théng sb cia bd PID dwoc tinh
theo phwong phap Ziegler - Nichols thir nhat: Kp = 0,031, Ki = 0,041, Kd = 0,002 trong Hinh 4). So
dd m6 phéng s dung bod PID va LQIT dwoc mé phdng déng thoi, lwong nhién liéu do dwoc dung
dé so sanh dwoc tinh toan theo phwong trinh vi phan cta my, trong hé (1).

HHIEN LIEU

WOMEN CAR

Ma

Dang co dot rongl

Hbign liew (k) khi du dung PID

A= Ax+ Bu ’:I
y=0Cx+Du

Hinh 4. So' @6 mé phdéng st bé diéu khién PID cho déng cor dét trong

DAC TINH MO MEN DAU RA CUA DONG CO DOT TRONG SU DUNG BO DIEU KHIEN LQIT VA PID
T T T T

7 7
i L [ Lr
r L~

Momen (PID) | 7]
Momen (LQIT)
T

1 1 l | | |
50 60 70 80 E) 100 10
Thei gian (s)

Hinh 5. Bdc tinh mé men trén truc cua déng co’ dét trong khi sir dung bé diéu khién PID va bé diéu
khién LQIT tw chinh, véi mé men can bang 5 N.m

DAC TINH NHIEU LIEU

08 T T T T

Fuel(g)

0 100 200 300 400 500 600 700 800 900 1000
Thoi gian (giay)
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Hinh 6. Bdc tinh nhién liéu tiéu thu khi st dung bé diéu khién PID va LQIT tw chinh, véi mé men cén 5 N.m
Béng 1. Théng s6 da dwoc khéo sét thue nghiém cta déng co’ 4 xi lanh 2.7L

Mpmax 0,1843kg/s Nhién liéu khi ga mé Ién nhét Aty | 5,48/w(s) Thoi gian tré phun nhién liéu
Vi 0,0038m3 Thé tich éng nap Aty | 1,3/w(s) Théi gian tré danh Ira

Ve 0,0027m3 Thé tich xi lanh Tw | 300degK Nhiét do éng nap

Je 0,1454kgm? M6 men quéan tinh M. | 28,84g/mole Trong lwgng riéng clia khong khi
o 498.636kg/s H&ng s6 mdé men R 8.314,3J/mole Hé&ng s6 khong khi

Nhan xét, danh gid cdc két qua mé phong: Dwa trén két quéd md phéng véi thoi gian mod
phdng 1a 1000 giay cho thay khi dung bd diéu khién bam téi wu diéu khién déi twong la dong co dbt
trong s dung thuat toan LQIT tw chinh cho thdy dap (rng dau ra clia mé men trén truc clia déng co
dét trong bam theo md men dat va c6 dac tinh dong tét hon khi st dung bod diéu khién PID. Ngay
khi thay d6i mé men can ngau nhién trong khodng 5 N.m (lam nhiéu hé théng) v&i chu ky thay déi 1a
6 gidy, md men dau ra van bam chinh xac theo tin hiéu d&t. Lwong nhién liéu tiéu thu tirc thdi cia
dong co khi stz dung bd didu khién PID Ia 0,843 kg, khi st dung bo didu khién LQIT 1 0,742 kg. Nhu
vay, khi str dung b6 diéu khién bam tdi wu LQIT tw chinh thi lwong nhién liéu tiéu thu tiét kiém hon
khi str dung bd PID la 10%.

3. Két luan

Mubn thiét ké hé théng diéu khién c6 chat lwong tét can phai biét mé hinh toan hoc cla déi
twong diéu khién. Nhan dang hé théng la phwong phap rat ra mé hinh toan hoc cta hé théng dwa
vao di¥ liéu vao - ra quan sat dwoc. Dén nay cac phwong phap nhan dang mé hinh tuyén tinh tir mod
hinh phi tuyén da phat trién kha hoan chinh, phwong phap nhan dang mé hinh tuyén tinh tr mé hinh
phi tuyén gitip nguoi thiét ké cé thé bé qua bwdc tuyén tinh héa md hinh phi tuyén, tir d6 viéc tinh
toan bo diéu khién nhanh chéng hon. Trong bai bdo nay, dau ra & momen, dau vao la géc mé ga
alpha ctia mé hinh phi tuyén ctia déng co dét trong véi cac tham sé bat dinh ctia mé hinh phi tuyén
duoc xét dén, nhan dang va tim ra mé hinh ham truyén dat va mé hinh cla hé théng dé giup cho
viéc tinh toan trwc tuyén bd diéu khién bam tdi wu LQIT cho mé men déng co dbt trong.
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