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Tém tat - Bai bao nay gidi thidu v& mdt phwong phap diéu khién méi,
d6 la phwong phap diéu khién ADRC (Active Disturbance Rejection
Control), trong d6 di sau vao gii thiéu bd diéu khién ADRC tuyén tinh
ap dung cho cac dbi twong c6 dang clia khau quan tinh bac nhat. Uu
diém chinh cua phuwong phap ADRC so v6i phuong phap PID truyén
thong la chi can it thong tin vé& déi tuo’ng ta da co thé tinh toan duwoc
bd diéu khién. D& thé hién dwoc két qua didu khién cta nd, mot mo
hinh ctia khéi 16 hoi - tua bin da dwoc st dung cho viéc mé phang.
Bén canh viéc thu dwoc két qua khi str dung bd diéu khién ADRC, ta
cling sé& so sanh v&i két qua cla bd didu khién PID dé thay dwoc sw
khac nhau gitra hai phuong phap didu khién nay.

Tir khéa - ADRC tuyén tinh; bac nhét; 16 hoi- tua bin; mé hinh;
ondinh; quan sat trang thai.

1. Phan mé déu

Khai niém vé ADRC (Active Disturbance Rejection
Control) dugc gioi thiéu boi Jinging Han va sau d6 dugc
hé thng lai trong phién ban tiéng Anh cong b lan dau tién
bai Zhigiang Gao [1]. Trong bai viét cua minh, Jinging Han
da chi ra mot s nhuoc diém cua bo diéu khién PID:

- Co mot vai didu kién anh hudng dén viéc dat dén trang
thai 6n dinh nhu hién twong bio hoa tich phan.

- Thuong duoc trién khai thiéu thanh phan D do su nhay
cam caa khau vi phan déi véi cac nhidu.

- Trong nhiéu truong hop, viéc tim dugc mot bo diéu
khién tré nén kho khian do phu thudc nhiéu vao mé hinh
dbi twong.

ADRC 13 mét chién luoc didu khién manh mé, noi cac
mo hinh ctia hé théng dugc mo rong voi mot bién trang thai
moi, trong d6 bao gom tat ca cac dong hoc chua rd va rdi
loan con soét lai khong dugc chu y trong mo ta ddi tuong
thong thuong. Viée wde tinh tryc tuyén cua trang thai méi
nay duoc thuc hién bé’mg cach str dung by quan sat trang
thai mo rong (Extended State Observer — ESQ). B quan
sat nay c6 nhiém vy theo ddi va udc lugng cac nhiéu tac
dong tryc tiép, cac sai s6 cua viéc mod hinh hoa dbi twong
S0 Vvéi thyc té. Bang cach do, mac du chi c6 mot md hinh
véi d6 chinh xac khong cao, chung ta van co thé thiét ké
dugc mot b diéu khién co chét luong tét, manh mé chéng
lai cac bién dong cho ddi twong thuc té, do do gian tiép
gitip don gian hoa mo hinh. Bat ky sy khac biét trong mo
hinh s& khong anh huong dén cac co ché kiém soat, bao
gOm tat ca nhimg bit on trong cac bién trang thai md rong.

Kha ning diéu khién sau va lam giam tinh bat 6n cia
phuong phép nay 1am cho no tr¢ thanh mot giai phap tha vi
trong truong hop ma céc thong tin day du vé hé thong 1a
khong san co. Biéu nay lam cho ADRC ¢6 thé tro thanh sy
lya chon hip dan, dang dugc can nhic cho cac ki su diéu
khién. Phuong phap diéu khién ADRC duoc d4nh gia nhu 1a
mot dai dién thay thé cho phuong phap didu khién PID ¢

Abstract - This paper introduces a new control method namely
ADRC (Active Disturbance Rejection Control), especially the linear
ADRC controller applied to the object in the form of first order
inertia. The main advantage of the ADRC method compared with
the traditional PID one is that only with some limited information
about the subjects we are still able to calculate the controller. To
demonstrate the results of its control, a model of block boiler -
turbine is used for the simulation.In addition the results obtained
when using ADRC controller will also be compared with those of a
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dién. Hién nay phuong phap nay dugc tmg dung trong nhiéu
linh vuc nhu: dién tir cong suat, didu khién nhiét do..

Vé bo ADRC tuyer} tinh, c6 thé khai quat clu trac
ADRC tuyén tinh bao gom céc thanh phan co ban sau:

- TD (Tracking Differentiator): thanh phan quyet dinh
téc do on dinh va quy dao dap tng dau ra cua d6i tuong.
Thanh phgn TD c¢6 thé duoc rat ra tr quy dao mong muQn
cua h¢ thong. Nhirng tiéu chuan vé chat lugng dieu khién
s& duogc sir dung dé tinh toan.

- ESO (Extended State Observer): thanh phan wéc
lwong nhiéu va sai s6 mo hinh.

Néu xac dinh dugc 2 thanh phan trén, ta co thé didu
khién duoc dbi trong mong mudn.

2. N§i dung chinh
2.1. Téng quan vé b diéu khién ADRC tuyén tinh

Vige thiét ké mot bo diéu khien ADRC du la tuyén tinh
hay phi tuyen, s& c6 kha nhi€u cach dé di den cac ket qua
khac nhau. Trong ni dung bai bao nay ta s& xét den mot

phuong phap xay dung bo diéu khién ADRC tuyén tinh cho
cac ddi twong bac nhit [5].

Xét mot cau tric khdng gian trang thai sau:

d: =ax+bu+d(t)

1)
y=cx+du

Trong do tat ca nhidu va sai sé cua viéc mo hinh hoa s&
dugc dua vao d(t). Ta sé& thay rang cac nhiéu va sai s6 nay
s& khong anh huong téi qua trinh tim ra bo diéu khién
ADRC tuyén tinh va két qua diéu khién caa né.

Xét phuong trinh thir nhat trong hé phwong trinh (1), ta
viét lai nhu sau:

‘;X = (ax(®) +d() + Ab.u(t) + byu ?)

f0)
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Trong (2), ta da tach b = b, + Ab, vai b la thanh phan
cua b da biét trong md hinh cua ddi twong; Ab duogc coi la
thanh phan chwa biét dén, do 1a sai sb xuét phat tir viéc mo
hinh héa so véi thuc té. Tt ca cac thanh phan d(t), a.x(t),
Ab.u(t) s& dugc gom lai thanh mét va coi la nhiéu t6ng duy
nhat con lai f(t). Va gio day, mot phuong trinh kha Cong kénh
da duoc don gian hoa di rat nhiéu. Néu nhu c¢6 thé tim dugc
mot gia tri £(t) = f(t), chi can thém mot khau tich phén, ta co
thé giai ra duoc x vay. Vi Iy do nay, mot bo quan sat trang
thai mo rong (ESO) da duge dua ra. ESO ciing la diém méu
chét cho bat cir bo diéu khién ADRC nao khac. Bo quan sat
nay s& gitp ta udc lugng dugc gia tri xap xi £ (t) cua f(t).

Qué trinh

Hinh 1. Cdu tric vong diéu khién ADRC tuyén tinh
Dé xay dung dugc ESO, trudc hét, ta viét lai phuong
trinh (1) dudi dang hé phuong trinh khéng gian trang thai
nhu sau:

v, (1) [o 1} [vl(t) b,
= . +
v,®) lo of{v,®) lo
o
x®=@ 0.
v, (1)

O hé phuong trinh (3) xuat hién thém mot dau vao 4o
f(t), dau vao do nay khong thé do dugc tryc tiép, nhung
chang ta co6 thé wéc lugng duoc no dua vao ESO. Viéc u6c
luong chi dua trén su do dac va xir ly cac dau vao u(t) va

dau ra x(t) cua qué trinh nay. Phuong trinh caa bo quan sat
trang thai mo rong dugce dua ra nhu (4):

[Vl(t)] [O l] [Ol(t)] [b} [
S uw +
i,0) o o)ly,o) (o I,
-, 1) (e by
- [ Ll Bl
-1, oJ\5,®) lo 1,

Ae

Trong phuong trinh trén v (t) = ®; ,(t) =f (), dua
trén céch w6 luong nay, viéc loai bo nhidu dugc thuc hign
théng qua luat diéu khién sau:

u(t) = ()b f© véiu, () = K, .(r(t) — (1) (5)

Thay (5) vao (2):
Uy () —F) _ (6)
b,

u() +

0) .
f@

1

3)

(X =V, (1)

X(t) = (t) + b, .

=[f(0) — F(O)]+ U (©) = Uy (© = K, [r()) - X(D)]
Néu nhu X(t) = X(t), ta s& nhan dugc ham truyén cua
vong kin cé dang mot khau bac nhét véi mot diém cuc

1 1
M= K X() R A — X + X() ~ r(t) @)
KP KP
Trén day la phin dua ra by quan sat va cau tric diéu
khi@n sur dung no. Viéc tinh toan cac théng s6 cua b dieu
khién s€ dugc thuc hién trong phan sau day véi chi mot yéu

cau can duoc biét trude, d6 1a thoi gian qua do. Ta sé tinh
toan bo diéu khién dya trén thoi gian qua do dé dat dén do
qua diéu chinh 0% = 2%. Tir (7), thuc hién phép bién ddi
Laplace 2 vé, ta s& thu duoc:

6 =20t ®

—S+1

Tir (8), ¢ thé thiy ring thoi gian qua do dé dat duoc

. ©

T
P 2%

Cudi cung, viéc con lai la phai tim dwoc 2 tham sé cua
b6 quan sat trang thai mo rong 1,1, trong phuong trinh (4).
Viéc timral,, 1, s& dya trén nguyén tac gan cac diém cuc hop
Iy cho b6 quan sat. Bé bo diéu khién c6 thé lam viéc tot thi
b6 quan sat ctia nd phai ¢6 dic tinh dong hoc du nhanh, néi
cach khac, cac diém cuc ciia bo quan sat (s °) phai dugc dat
& bén trai diém cyc cua vong kin. Co thé Ch()n nhu sau:

s’ =70 =(5+10)s"  vois* =K, (10)
Tu phuong trinh déc trung cua (4), chung ta c6 thé suy

ra duoc 1,1, bang cach dong nhat cac hé sé cia phuong
trinh sau:

det(sl-Ag)=s2+l;5+1,=(s-5550)2= 52-25F50 s+(sESO)2
=>|;=-25550; |,=(sFSC)2, (11)
2.2. Diéu khién tich kénh doi twong 16 hoi- tua bin ding
phwong phap ADRC
2.2.1. Piéu khién tach kénh doi twong 16 hoi- tua bin dung
phuong phap ADRC

0% = 2% la: T,,,

Van cap nude

Van dieu khien
ap suat hoi

Van cap
nhién liéu

Hinh 2. Cdu triic don gian ciia khéi 10 hoi- tua bin [6]

Khéi 16 hoi — tua bin 1a mot ddi tugng phi tuyén, da bién
va tac dong xen kénh manh mé [2], [6]. Cudi nhiing niam
1970, Bell va Astrom da trai qua qua trinh dai nghién cuu
va thic nghiém véi déi twong 10 hoi — tua bin 160 MW
dang nhién liéu dau tai nha may dién Synvendska Kraft
AB, Malmo, Thuy Pién. Nam 1979, Bell va Astrom di dua
ra md hinh dong hoc caa ddi twong trén [3]:

% = —0.0018u,x® +0.9u, —0.15u,

g
%, = (0.073u,—0.016)x? —0.1x,
%, = (141u,— (L.1u,~0.19)x ) /85
V=%

Y, =%,

(12)

y, = 0.05(0.13073x, +100a,, + % —67.975)

MG hinh nay b lwoc bét con lai 3 dau vao va 3 dau ra.
Tuy nhién, cac tac gia da kiém nghiém rang nhitng dac tinh
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nhan dugc khi thuc hién mé phong kha st vai thuc té.
Bdng 1. Mét sé diém lam viéc ddc trung cira md hinh [3]

#1 #2 #3 #4 #5 #6 #7
X,° [75,6 86,4 97,2 108 118,8 (1296 |1404
X, |15,27 36,65 |50,52 |66,65 (85,6 1058 [128,9
X [299,6 |[342,4 (3852 |428 470,8 |513,6 |556.4
U’ (0,156 [0,209 [0,271 |0,34 0,418 0,505 |0,6
U’ |0,483 10,552 [0,621 0,69 0,759 |0,828 0,897
U’ (0,183 |0,256 (0,34 0,433 (0,543 0,663 |0,793
Y® [-097 [-0,65 |-032 |0 0,32 0,64 0,97

D co thé thiét ké cac bo dieu khién cho doi twong nay,
ta s& tuyen tinh hoa mo hinh (12). Hau hét cac nghién cau
ve doi tugng 16 hoi — tua bin trén déu quan tam tai diém
lam viéc s6 4. Do do, trong bai bao nay, mot m hinh dugc
tuyen tinh hoa quanh diém lam viéc s6 4 trong Bang 1 s&
dugc dua ra. Két qua dugc thé hién trong (13) [3].
% =—2.509%10"x, +0.9u, —0.349u, —0.15u,

%, = 6.94x107 x, —0.1x, +14.155u,

%, = —6.69x10°x —1.398u, +1.659u,

Vi =%

Y. =%

y, = 6.34x10°x +4.71x10"°x, +0.253y, +0.512u, - 0.014u,
2.2.2. Tinh toan bgdiéu khién tach kénh ADRC

Mot trong nhitng muc dich diéu khién ciia viéc sir dung
ESO la tach kénh h¢ thong. Vi vay, ta s thiet ke cac ESO
riéng cho tung cap dau vao ra: (U, / y;;u, / y,5us 1 ys).

(13)

Déi vai trang thai dau tién trong (13), ta co:

X =-2.509%x10"x —0.349u_—0.15u, +0.9u = f (t) + b u,

1

=b, =09

Phuong trinh trang thai cua b6 quan sat trang thai mo
rong ESO1, va luat dieu khién ua(t):

ol G G o)
. = . + u () + X (1)
v, () =1, 0/ \V, (1) 0 I

KIO-201-f0 KEO-90-90

u(t) =

b b
Chon thoi gian qua d6 cho xi la T1 = 40(s), theo (4.9):
Kp, = Ti =01 =>s"=-K,=-01 (14)

1
Theo (10), lay s*°* =10s** = —10K,, = —1
I1 — 725E501 — 2
|2 _ (SESOI)Z :1

Tinh toan tuong tu trén ddi vai trang théi thir 2 va thir

3, ta dugc cac tham sb cua cac bo didu khién ADRC cho
dbi teong 1o hoi —tua bin:

K =01 K =02 K

P1 P2 P3

ADRC, :{l, =1

3

=01

ADRC, :{l =2 ADRC, :{l =4

2

1 =1 I =4

12 2

I, =025

2.2.3. Két qua md phong

g,
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Hinh 4. Thay déi cac gia tri dat khi hé thong da én dinh

Nhan xét: Vi tat ca nhiing thay doi nay, bo dieu khien
ADRC da |‘élm viéc tot, gia tri xac lap dugc thiet Iap nhanh
va khong ton tai sai léch t;nh cling nhu d6 qua diéu chinh
véi dai lugng dugc thay doi.

Tir do, ta c6 thé rit ra mot s6 két qua quan trong cia
viéc sir dung ESO trong diéu khién doi tuong phi tuyen lo
hoi — tua bin nhur sau:

- Tach kénh hé thdng.

- Chdng nhi&u manh.

- Piéu khién tdt tai nhitng diém lam viéc khac nhau.

Cac két qua tiép theo s& thé hién nhitng kha ning trén
cua ADRC.

Theo Hinh 5, Hinh 6, Hinh 7 cac dap ung thu dugc khi
¢6 nhi€u tac dong tdi co cau chap hanh, nhi€u cua tai ¢ ca
3 cap vao/ra da dugc thé hién rd. Nhin chung, cac tac déng
xau deu dugc dap tat kha nhanh. Gia tri daf}t cling sém dat
dugc, ¢ trang thai xac 1ap hau nhu khong ton tai dao dong.

0 m m e £ 3 o -
e g )

Hinh 5. Céc anh hiong t6i cdp uilyr: Nhiéu dau vio
10%u10 (1=200s), nhieu dau ra 10kg/cm? (t=400s);
diéu chinh y1 ting 20 kg/cm?(t=600s)
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Hinh 6. Cdc anh hieong 161 cap uzlya: Nhiéu dau vao Hinh 9. Bdp ing ddu ra khi thay déi gid tri dt
10%uzo (t=200s); nhieu dau ra 10MW (t=400s); (dieu chinh y1 tang dén 120 kg/cm*tai t=200s; y2 ting
diéu chinh y2 tang 20MW (1=600s) dén 120 MW tgi t=400s; y3 ting dén 0,1m tai t=600s)
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Hinh 7. Cac anh hudng ti cap uslys: Nhiéu dau vio
10%uso (t=200s); nhiéu dau ra 0,1m (t=400s);
diéu chinh ystang 0,2m (t=600s)

2.2.4. So sanh két qua diéu khién gia hai bg diéu khién

Pl

D va ADRC [4]

21 22 23

k
Bo diéu khién PID: K(s) = |k, k., k
k

: i

7

Hinh 8. Cdu triic bé diéu khién PID
Dé thoa man duoc cac tiéu chuan vé chat luong diéu khién

tach kénh, thi ma tran ham truyén ho L(s) = G(s) K(s) phai la
mot ma tran duong chéo. L(s) s€ ¢6 dang:

e 0 0
Le=[ 0 L) 0| =>Ks =G sLs (15
0 0 L

Xac dinh duoc L(s), ta s€ xac dinh dugc K(s).
So sanh két qua mé phong cuia 2 bo diéu khién:

Ta thay rang khi thay doi gia tri dat, dap timg cua 2 b

diéu khién kha gidng nhau, tuy nhién bd PID c6 ton tai do
qué didu chinh, con bo ADRC thi khong. Trong Hinh 10 1a
tin hiéu didu khién giri dén cac co cdu chip hanh. Ca hai
b6 diéu khién déu dua ra cac tin hiéu kha gidng nhau.

Hinh 10. Tin hiéu diéu khién khi thay déi gid tri dat
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Hinh 11. Pdp ting ddu ra khi c6 nhiéu tac dong (nhiéu 10%u10 tai
t=200s, nhieu 10%uzo tai t=1000s; nhieu 10%uzo tai t=2000s)

— AORC
o eees PO

C S—,

03|

078,

onf-
o 0|

E 000 w00 0

Hinh 12. Tin hiéu diéu khién trong trong hop cé nhiéu tic dong

Khi c6 nhiéu tac dong, ta nhan thiy rang 2 bo diéu khién
d3 mang lai cac két qua khac nhau dang ké. Trong khi bd
diéu khién ADRC loai bé nhidu nhanh va hiéu qua thi bd
diéu khién PID, mic du c6 thé loai bo nhiéu, nhung lai co
thoi gian qua do va do qua didu chinh I6n.

DPé xem xét dén kha nang diéu chinh rong hon, ta s& xét
truong hop chuyén tir diém lam viéc s 4 vé diém lam viéc
s6 1. Két qua dap ing dau ra duoc thé hién trong Hinh 13.
Két qua thu duge tir 2 bd diéu khién rat khac nhau. Trong
khi bo diéu khién ADRC chi mat khoang 600s cho ca qué
trinh qua d6 va khong c6 d6 qua diéu chinh thi bo PID cin
t6i khoang 1500s dé cac dap ung dugc coi 1a 6n dinh. Trong
Hinh 14 1a c4c tin hiéu giri t6i co cdu chap hanh cua 2 bd
diéu khién.
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Hinh 13. Dap 1ing dau ra khi chuyen tir diém lam viéc s6 4
vé diém lam viéc s6 1 tai t=200s (Bang 1)
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Hinh 14. Tin hiéu ﬁiéu ]chién trong truong hop
chuyén diém lam vigc

Tir nhitng két qua da nhan duoc khi xem xét phan tng
cua hai bo diéu khién vai cing mot anh huéng tir nhidu, va
ca trong viéc xac 1ap gia tri dat, bd ADRC d thé hién duoc
nhidu vu diém hon bd diéu khién PID. D6 la khi xét trén
mot mo hinh duoc coi la chinh xac. M6 hinh cé do chinh
xéac chua cao, do viéc tinh toan bo diéu khién P1 nay dua
vao kha nhiéu théng s trong md hinh, nén khi cac tham s6
trong mé hinh co sai sé dang ké, két qua cua bo P1 s& khong

con nhu trén nita. Mat khac, phuong phap ADRC chi dya
trén hang s b cua bién du vao tuong ng, con c6 ca sai
sb cua b duoc tinh dén. Nén su sai khac v& mé hinh s&
khéng hoic it anh huong dén két qua — mot loi thé nira cua
ADRC chua duoc thé hién trong md phong.

3. Két luan

Bai bao da budc dau tiép can vai bo didu khién tich cuc
loai bo nhidu ADRC tmg dung dé diéu khién tach kénh cho
dbi twong 10 hoi- tua bin. Tir nhitng ghi nhan vé céc két qua
tich cuc trong diéu khién, ta nhan thiy cht lugng diu
khién khi sir dung phuong phap ADRC ¢ t6t hon phuong
phap PID truyén thong. Picu d6 htra hen sy phat trién ctia
phuong phap ADRC trong tuong lai.

TAI LIEU THAM KHAO

[1] Z.Gao, Y.Huang, J.Han, “An alternative paradigm for control
system design”, Proceedings of 40th IEEE Conference on Decision
and Control, Orlando, Florida, December 4-7, 2001, pp. 4578-4585.

[2] R.D.Bell, K.J.Astrom, Dynamicmodels for boiler-turbine alternator
units: data logs and parameter estimation for a 160 MW unit, Tech.
Rep. Report LUTFD2/(TFRT-3192)/1-137, Department of Automatic
Control, Lund Institute of Technology, Lund, Sweden, 1987.

[3] F.Khani, A.Yazdizadeh, “Boiler -Turbine Unit Controller Design
Based on the Extended State Observer”, International Conference
on Control and Automation, Christchurch, New Zealand,
December9-11, 2009, pp.2066-2071.

[4] J. Garrido, F. Morilla, F. Vazquez, “Centralized PID control by
decoupling of a boiler-turbin unit”, Proceedings of the European
control conference 2009 — Budapest, Hungary, August 23-26, 2009,
pp. 4007-4012.

[5] G. Herbst, “A Simulative Study on Active Disturbance Rejection
Control (ADRC) as a Control Tool for Practitioners”, Electronic,
Vol. 2, 2013, pp.246-279.

[6] K.J. Astrom, K. EKLund, “4 simplified non-linear model of a drum
boiler-turbine unit”, Int.J. Control, Vol. 16, No.1, 1972, pp.145-169.

(BBT nhdn bai: 03/04/2015, phdn bién xong: 01/05/2015)



