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Toém tét - Lo nhiét cdng nghiép c6 déc trwng chung la tinh tré va bién
thién cham. Do do, trong cong nghiép bd diéu khlen PID dugc st
dung phd bién trong d|eu khién nhiét d6, vi tinh 6n dinh va de cai dat
clia né. Tuy nhién, van @& vai PID 1a tinh chinh cac tham sb PID dé
thich nghi voi viéc diéu khién nhiéu ché do hoac tham sb dbi tvong
c6 sy bien thién, cling nhw cai dat cac rang budc cua tin hiéu dieu
khién vao b diéu khién. Trwéc nhitng van dé d6, bai bao ap dung
diéu khién dw bao (MPC) dé tang chét lwong didu khién va tang kha
nang thich nghi voi nhidu dbi twong 16 nhiét khac nhau, cung nhw
kiém soat cac rang budc diéu khién. Két qua mo phéng cla bai bao
sé dugc so sanh voi két qua ctia bod didu khién PID kinh dién vé mot
s6 chi tiéu chat lwong, déc biét 1a do qua diéu chinh va thoi gian dap
(ng v&i cac gia tri a5t khac nhau. Qua do, bd diéu khién du bao sé
cho thay cho cac chi tiéu chat lwong didu khién tét.

T khoa - diéu khién du bao; qua diéu chinh; thoi gian dap &ng;
didu khién ty l& - tich phan - vi phan; rang budc.

1. it véan dé

Céc bo trao dbi nhiét, hay cac 10 nhiét c6 dic diém kha
ddc biét 1a bién thién cham, va c6 tinh tré vé dic tinh thoi
gian [1], [2]. Dé diéu khién on dinh nhiét do cho cac aéi
tuong nay trong thuc té cong nghiép tr rat 1au doi, PID ludn
1a sy lya chon vu tién do cau triic kha don gian va dé cai dat
trong thuc té [3], [4], [5]. Tuy nhién, trong bd diéu khién
PID, hién tugng “Windup” do twong tac ctia khau tich phan
trong bo PID va sy bio hoa co thé gy ra sai 1éch tinh kha
16n, 1am anh huéng déng ké dén chét lugng bé diéu khién
PID. Do d6 da c6 nhiéu nghién ctru khéc phuc hién tugng
nay [6], [7]. Tuy nhién, viéc kiém soét cac rang budc tin hiéu
diéu khién ciing nhu viéc tinh chinh PID khi diéu khién bam
tin hiéu dat khac nhau, hay tham s déi twong thay dbi van
con 1a han ché cua bo diéu khién PID. Véi nhitng van d& do,
phuong phap diéu khién dy bao theo md hinh (Model
Predictive Control-MPC), v6i nhiing tinh ning diéu khién
t6t hon da dugc nghién ctru nhidu trong nhitng ndm gan day
[81, [9]. Trong bai bao nay, nhém tac gia dua ra phwong phap
diéu khién dy bao theo mo hinh c6 rang budc ap dung cho
md hinh d6i twong 16 nhiét c6 tré.

Noi dung bai bao s€ dugc chia thanh cac myc nhu sau:
Trong muc 2, nhom tac gia s& gidi thiéu vé phuong phap
diéu khién dy bao theo mo hinh va cac phuong trinh toan
hoc lién quan. Tiép theo, md ta toan hoc vé doi twong 10
nhiét s& duoc trinh bay trong muc 3. Cac két qua md phong
s& duoc trinh bay trong muc 4. Muc 5 s& tom tit mot sd két
luan cua bai bao.

2. Diéu khién dy bso

Diéu khién du bao theo mé hinh (Model Predictive
Control- MPC) 1a phuong phéap xay dung dua trén mo hinh
hé théng trong thuc t& dé du doan cac dap tng du bao trong
twong lai. Tin hidu diéu khién s& duoc tinh toan dé dam bao
sai 1éch gilra dap tng du béo trong twong lai va dap ting
m6 hinh tham chiéu 1a nho nhat.

Abstract - Industrial furnace is characterized by a time delay and
slow response. Therefore, PID controller is commonly used for
temperature control, due to its stability and easy installation.
However, with PID, we have to refine PID parameters corresponding
to different control cases, or variability of process parameters.
Moreover, an issue arises in PID controller is how to set constraints
for controller signals. For those issues, this article proposes a method
based on Model Predictive Control (MPC) for improving performance
of the controller and capability to adapt to different temperature
objects, as well as control signal constraints. Simulation results of
MPC control are compared with the results of PID in terms of
performance indices, especially overshoot, response time for
different set point values. It is observed that MPC for temperature
process control provides better performance indices.

Key words - Model Predictive Control; over shoot; response time;
PID controller; constraints.

2.1. Xay dung bai todn

Cho mo hinh trang thai cua hé théng mot tin hiéu vao
va mot tin hiéu ra nhu sau:

Xm(k + 1) = Apxm (k) + Bnu(k) (1
y(k) = Crnx (k)

O day, u 1 tin hi¢u diéu khién, y 1a tin hi¢u ddu ra, x,,
1a bién trang thai. Ta chuyén m6 hinh vé dang phu hop voi
muc tiéu thiét keé.

Ta dé dang co6 dugc:

Axy,,(k+1) =x,(k+1) — x,,,(k)
= Am(xm(k) — X (k — 1))
+ B (u(k) —u(k — 1))
Ax,, (k + 1) = A Ax,, (k) + B Au(k)
Y+ 1) = y(k) = Cn(tm (k + 1) = x (k)
= CpAx,, (k + 1)
= CpAnAx,, (k) + Cp B Au(k)

y Ax, (k)
bat: x(k) =™
Ta c6, mo hinh trang thai méi nhu sau:
A B

x(k+1)—[ m

o ] W+ ot @

Axm (k)

Cc
y(k) = [0 y(k)

= Cx(k)

Vay:

Tai thoi diém ldy mau k;, gia st ring vét to trang thai
tin hiéu x(k;) da do dugc.

Gia str tap hop cac tin hiéu diéu khién dy béo twong lai
duoc ky hié¢u nhu sau:

Au(ki), Au(ki + 1), ...,Au(kl- + NC - 1)
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Véi N, dugc goi 1a gidi han diéu khién.

Ky hiéu cac vét to tin hi€u dy bao nhu sau:

x(kl- + 1|k1)= x(kl- + Zlkl)s x(kl' + Nplkl)

Ny, 1a cira s6 t6i wu.

Dua vao md hinh trang thai (4, B, C), VéC‘tO’ trang thai
hién tai x(k;) va tdp hop cac tin hiéu diéu khién dy
bao Au(k), cac véc to trang thai tuong lai dugc tinh toan
nhu sau:

x(kl' + 1|k1) = Ax(kl) + BAu(kl)
x(kl- + Zlkl) = Azx(ki) + ABAu(kl) + BAu(kl + 1)
x(k; + Nplk;) = ANox(k;) + ANr~1BAu(k;)
+ AN 2BAu(k; + 1) + -
+ ANp~NeBAu(k; + N, — 1)
Céc bién dau ra du bao s& dugc tinh:
+1)
y(kl + Nplkl,) = CApr(ki) + CANF’_lBAu(ki)
+ CAM»2BAu(k; + 1) + -
+ CANv~NeBAu(k; + N, — 1)
Dinh nghia:
= [y(k; + 11k) y(k; + 21k)) ... y (ki + Ny |k;)]”
AU = [Au(k;) Au(k; + 1) ... Au(k; + N, — D]

Ta co:
Y = Fx(k) + PAU  (3)
O day:
[ €47
| CA? |
F =| CA3 |
lC/inJ
[CB 0 0 -0 1
CAB CB 0 0
& =|CA?B CAB CB 0
CAY»™1B  CAM2B  cAM»3pB CANv—Nep

Cho mdt tin hiéu dit trude r(k;) tai thoi diém 14y mau
k;, muyc tiéu ctua hé t‘héng diéu khién dy bao 1a mang dé}l
ra tin hiéu du dodn gn bang tin hi¢u dat truge nhat co the.
Q day, ta gia thict rang tin hi€u dat khong doi trong ctra s0
toi uu.

Tin hiéu dat trong ctra s t6i wu khong ddi nghia la:

N.
P
=[11..1]rk)
Ta dinh nghia ham muc tiéu:
=(Rs —Y)"(Ry —Y) + AUTRAU
R= TWINCXNC (ry = 0)

Diéu kién can dé J dat gia tri nhd nhét la:

aJ
FTiin 0
Ta dé dang tinh duoc:
AU = (@@ + R) 107 (Ryr (k) — Fx(k;)) 4)

2.2. Chién thudt diéu khién Iii dan

Mic du vée to AU chita cac mau tin hi¢u didu khién
Au(k;), Au(k; + 1), ... Au(k; + N, — 1), nguyén ly dicu
khién 1ui dan chi thyc hién lay mau tin hidu diéu khién dau
tién Au(k;) va bd qua cac mau con lai.

Gia tri tin hiéu nay duoc sir dung dé tinh toan véc to
trang thai x(k; + 1) phuc vu cho viéc tinh toan tin hi¢u
diéu khién & bude tiép theo. Qui trinh nay dugc thyc hién
lién tuc cho (,ien khi AU =0. Cu the: ta co cac budc tinh
toan theo chién thuat diéu khién lui dan nhu sau.

Gia str tai thoi diém k; ta da co gia tri x,,, (k;), u(k;)

Bude 1: Tinh dugce x,,, (k; + 1)dya vao x,,, (k;), u(k;)
theo cong thirc (1). Tt do, ta suy ra duoc:

Axp (ki + 1) = xpy (ke + 1) — x5 (k)

vay(k; +1) = Cppxp (ki + 1)
Buwéc 2: Tinh duoc:
Axm(k +1)

Buwérc 3: Tinh tin hiéu diéu khlen theo (4):
U= (®"®+ R)*®T(Ryr (k) — Fx(k; + 1))

Xac dinh bién thién gi tri diéu khién Au(k; + 1) 1a
thanh phan dau tién cua AU.

Do d6, tin hiéu diéu khién ¢ buédc k; + 1

u(kl- + 1) = u(ki) + Au(ki + 1)

Vay tai day, ta c6 cac gia tri trang thai diéu khién tai
thoi diém lay mau k; + 1: x,, (k; + 1), u(k; + 1).

Ta lap lai budc 1 cho dén khi AU = 0.
2.3. Diéu khién dw bdo theo mé hinh c6 rang bugc

Trong thuc té, cu thé fiéi voi ddi tuong 10 nhiét trong
bai bao, tin hiéu diéu khién s& co su rang budc trong gidi
han gia tri nhat dinh.

Gid st Ui < ulk;) < Upax

Ta co:
u(k;) =ulk; — 1) + Au(k;)
N¢
Au(k;) =[100..0]AU
T d6 suy ra:
M Y
1 0 0 [umax - u(ki - 1)]
<
[—1 0 0] AU = Umin + u(ki - 1)

Nhu vy, tai thoi diém k;, bai toan tim AU 1a bai toan
toi uu rang budc d€ ham muc tiéu:

J=(Rs=Y)T(Rs—Y) + AUTRAU )
Pat gia tri nho nhét véi tin hiéu AU phai thoa man:
MAU <y

Vi cac gia tri M va y nhu trén.

Bai toan nay dé dang giai dugc bang cac phuong phap
kinh di€n nhu: Active set, Hildreth va nhiéu phuong phap
khgic Vé.‘ da duogc cu thé bang cac cong cu tinh toan trong
phan mém thong dung nhu Matlab.

Nhu véy, cic bude giai bai toan diéu khién dy bao co
rang budc thuc hi¢n nhu sau:
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Gia sir tai thoi diém k; ta da co gia tri x,,, (k;), u(k;)
Buéc 1: Tinh duogc x,,, (k; + 1) theo cong thae (1). Tu
d6 suy ra dugc:
Axy(k; +1) = x,,(k; +1)
va y(k; +1) = Cppxp(k; + 1)
Buwée 2: Tinh duoc:

- xm(ki)

y(k; +1)
Buwére 3: Xac dinh gia tri
y = [umax - u(ki)] — [1 0o .. 0]
Umin + u(ki) ’ -1 0 .. O
Giai bai toan ti wu, tim gia tri nho nhét ctia ham muc
tiéu nhu (5).
=R, —Y)T(R, —Y) + AUTRAU
Vi diéu kién rang bugc:
MAU <y
Xac dinh bién thién gia tri diéu khién Au(k; + 1) 1a
thanh phan dau tién cua AU.
Do d06, tin hiéu diéu khién ¢ bude k; + 1
u(kl- + 1) = u(ki) + Au(ki + 1)
Vay tai day ta co cac gia tri trang thai diéu khién tai thoi
diém lay mau k; + 1: x,,,(k; + 1), u(k; + 1).
Ta lap lai budc 1 cho dén khi AU = 0.

3. M hinh dbi twong 10 nhiét
Muc dich chinh ciia bai bao nay la xdy dung bo diéu
khién dy bao dé didu khién nhiét d6 cua mot 10 nhiét véi
c4c gioi han rang budc theo yéu ciu. M6 hinh diéu khién
chung dugc cho nhu Hinh 1.
r (s e(s) ¥ (s)

o B& didu khién | Ma hinh ddi tugng

’\]NJ (Controller) (Process Model)

Y
\ 4

Cam bién nhiét dé i
(Temperature Sensor)

Hinh 1. So do nguyén Iy diéu khién nhiét dg

Trude khi thiét ké bo diéu khién, ta can tim hiéu vé md
hinh d6i twong cin diéu khién. Trong bai bao nay, nhom tic
gia xét dén dbi twong didu khién ¢ day 1a diéu khién nhiét do
10 dién tré (heating tank) cong nghiép duoc nung bang dién.

Lo dién cong nghiép thuong dugc mé phong bang mot
khau quan tinh bac 1, dya trén sy can bang nang luong véi
gia dinh diéu kién dong nhat ciia mdi chat bén trong 16. M6
hinh 16 dién con chita mot khau tré, twong trung cho thoi
gian tré xuét hién gitra kich thich lam néng 16 va cam bién
nhiét d¢ [2]. Trong mién Laplace, mé hinh chung ctia mot
dbi tugng 16 dién cong nghiép cé dang sau:

G()_Ke TS5

Ts+1
Trong d6: K: hang s6 khuéch dai cua dbi tugng;

(6)

t: hang s6 thoi gian tré;
T: hang s6 thoi gian bac nhét.
Ap dung phép noi suy Taylor ta co:

(s)®
3!

n 2
Teme =+ EE B

Mot cach gan dung ta co:
e¥=1+r1s
Do d6, d6i tugng 16 nhiét c6 thé md phong nhu mot
khau quan tinh bac 2, c6 dang:

K
G(s) = (Tys+1)((Tps+1)

(7

Trong d6, Ty, T lan luot 1a cac hing sb thoi gian béc 1,
bac 2.

Trong truong hop dbi twong 1a mot h¢ thdng nhiéu 10
nhiét ghép noi tiép véi nhau (Hinh 2), moi mét 16 nhiét 1a
mdt khau quan tinh bac 1, va nhu Vz_?ly~ hé thong cac 10 nhiét
s€ dugc mo hinh hoa thé}nh mot chuoi cac khau quan tinh
béc 1 [10]. Gia str, h¢ thong c6 3 16 nhiét ghép noi tiép voi
nhau, thi mé hinh doi tugng s€ c6 dang:

K
G(s) = (TyS+1)((To5+1)((Tas+1) (Tys+1)

®)

Hinh 2. Hé théng 16 nhiét ghép néi tiép

4. Két qua mé phong

Dé danh gia két qua viéc van dung phuong phap diéu
khién du bao theo mé hinh co rang budc vao diéu khién
nhiét d6 16 nhiét mot hé thdng didu k}nen dugc 18p trinh va
mo phong trong matlab. M6 hinh diéu khién du bao duogc

cho nhu sau (Hinh 3):
MPC Controller
mo K
MPC mv »
E—Vref T1"T2. 24T 14T 2.5+
Process Model
Reference Output
Signal

Hinh 3. M6 hinh diéu khién duw bdo (MPC)

Pé danh gia bo diéu khién dé xuét, ta chon 2 loai ddi
tuong diéu khién 1a 1o nhiét don, twong tmg khéu quan tinh
bac 2 va hé 16 nhiét gom 3 10 nhiét ghép nbi tiép, tmg véi
khau quan tinh bac 4. Viéc lya gh(_)n nay nham thir nghlem
kha nang ap dyng trén mo hinh doi twong c6 cac tham so thay
doi. Va ket qua md phong ¢ nhi€u gia tri dat khac nhau la dé
thir nghiém kha néng dieu khién ¢ nhiéu ché do khac nhau.

Dbi twgng 16 nhiét thir nhat dwoc trich lai tir [11]:

6(s) -
s) =
(Tys+1D((Tys+1)
Trong d6: K=400°C, T1=450s, T>=5s.

Puong dac tinh ty nhién cua ddi tugng dugc thé hién
nhu Hinh 4.
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Ampitude

Hinh 4. Pdc tinh tw nhién ciia doi tirong
Ta nhén théy réng, 16 nhiét dat dén trang thai xac lap
sau khoang thoi gian t = 2000s.

. Dung phuong phap Relay-feedback dé xac dinh tham
$0 bd dicu khién PID [11], ta dugc:

Kp =6.6396 Ki=10.0375 Kd=2.0375

AW (Kim=2) ‘

450 ‘
400
350
300
250

200

Temperature

150

100

50

I
0 2000 4000 6000 8000 10000 12000
Time

Hinh 5. Pap vmg 16 nhiét véi bé diéu khién PID
~ Str dung cac so dd PID c6 tich hop AW [11], ta dugc
ket qua diéu khién PID nhu Hinh 5.

Tir d6 thi, ta thiy, két qua PID phai c6 sy tinh chinh qua
h¢ s6 Klim dé dat ket qua bam tOt nhat khi gia tri dét thay
do6i. Tuy nhién, viéc chon Klim phuy thu@c vao ting doi
tuong s€ gy kho khan cho qua trinh diéu khién.

) St dqu MPQ ¢6 rang budc cho ddi tuong trén, ta dugc
két qua diéu khién nhu sau (Hinh 6).

[l |
| |
1 1
0 2000 4000 6000 8000 10000 12000

Hinh 6. Ddp vmg 16 nhiét véi diéu khién MPC

Tir db thi, ta thdy viéc dua cac rang budc tin hiéu diéu
khién phai 1a tin hiéu khong am (Umin=0, Umax=00), két qua
diéu khién bang MPC cé rang budc thu dugce t6t hon rat
nhiéu, d6 qua dleg chinh bang 0, va thoi gian dap tmg
nhanh hon kha nhiéu, khoang 300s.

Xét doi twong 10 nhiét ¢ bién thién rat chdm, 1a mot
khau bac 4 c6 cac hang so thoi gian nhu sau :

T1=300°C ; T>=10°C ; T3=10°C ; T4=0,1°C ; K =1230°C
bay la trich dan tham s ctia md phong ctia mot 10 nhiét
thye t€ dang dugc thir nghiém tai Cong ty TNHH Shinko
Technos.
DPac tinh nhiét d6 ty nhién cia 16 c6 dang nhu Hinh 7.

Step Response
1400

[ [ I [ I I I I I
| | | | | | | | |
T L S (S DU B S
L i e e e B e i et
| | | | | | | |
| | | | | | | | |
wool — — L L _ 0 0 oo oo
| | | | | | | | |
| | | | | | | |
| | | | | | | | |
P e el e e B i e R it it
K | | | | | | | | |
g | | | | | | | | |
00 — =~ — e — — 4 — A — = = — = — == — =~ — —
| | | | | | | |
| | | | | | | | |
wole L L L0 ____________]
i | | | | | | | |
| | | | | | | | |
| | | | | | | | |
E e e e e e B T T e el
| | | | | | | | |
| | | | | | | | |
0 | | | | I I | I I
0 2 400 600 800 1000 120 1400 1600 1800 2000
Time (seconds)

Hinh 7. Ddc tinh ty nhién ciia doi tuwong
Vi d6i tuong nay, két qua do tim PID dugc cho nhu sau:
Kp=0.2224 Ki = 0.0005 Kd =0.5942
~ Ap dung lai so d6 PID c6 tich hop AW [11], ta dugc
két qua diéu khién PID nhu sau (Hinh 8).
Tir d6 thi, ta nhdn thdy, du diéu khién bang PID hay
PID-AW, dap tng 10 nhiét’déu cl}am, tuy khong c6 do qua
dicu chinh. Viéc nay gy ton nhi€u nang lugng.

400

350

300

250

200

150

100

50

| | | |
00 0‘5 ; 1.5 ‘2 25 ‘3 35 Jt 4.5
Hinh 8. Ddp img 16 nhiét cé diéu khién PID-AW
Véi mot dbi tuong 1a loai 10 nhiét c6 do tré thoi gian
16n thi bd diéu khién PID da khong t0 ra hiéu qua trong
viéc lam dap Gmg nhanh hon. Dé c6 két qua tot hon, ta phai
chon lai tham s6 bo sung a trong khau tinh cac gia tri Kp,
Ki, Kd. Hogc ta phai lva chon phuong phap khdc trong viée
xac dinh tham so0 bo diéu khién PID.
) Str dung MPC c¢6 rang budc cho ddi tugng trén, ta dugc
két qua nhu Hinh 9.
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Outputs
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Hinh 9. Dap vmg 16 nhiét véi diéu khién MPC
Tir do thi, dép tmg nhiét d0 16 nhiét v6i diéu khién MPC
¢6 rang budc nhanh hon dang ké so voi PID, thoi gian dap
ung chi con 130s. P qua di€u chinh hau nhu bang 0.
Nhu vay, qua 2 loai dbi tuong nay, diéu khiéq MPC c6
rang budc c6 uu diém hon vé kha nang dap ung tot voi cac
loai d0i tuwgng 10 nhiét nhanh chdm khac nhau.

5. Két luan va kién nghi

Qua khao sat 1y thuyét va ing dung bd diéu khién du
b4o theo mé hinh vao déi turong 16 nhiét va so sanh voi
phwong phép diéu khién PID, ta thiy chat luong diéu khién
duogc cai thién 1o rét: PO qua diéu chinh béng khong va thoi
gian dap tng nhanh hon nhiéu so véi phuong phap PID.
Ngoai ra, diéu khién dyu bao theo mo hinh xir Iy dugc van
dé tin hiéu diéu khién bj rang budc, cai ma PID khong thé
tich hop vao dugc. Diéu nay cho thay kha ning img dung
rat trién vong cua bo diéu khién du bao theo mé hinh vao
thuc té diéu khién ddi twong nhiét.
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