BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

VO LAM CHUONG

NGHIEN CUU VE MO HINH HOA VA PIEU KHIEN
PHAN SO CHO CAC QUA TRINH PA BIEN

LUAN AN TIEN Si
NGANH: KY THUAT CO KHi

TP. H6 Chi Minh, thang 06/2024




BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT
THANH PHO HO CHI MINH

NGHIEN CUU VE MO HINH HOA VA PIEU KHIEN

PHAN SO CHO CAC QUA TRINH PA BIEN
NGANH: KY THUAT CO KHI - 9520103

Ngudi huéng dan khoa hoc 1: PGS.TS. Truong Nguyén Luan Vil
Nguoi huéng dan khoa hoc 2: GS.TS. Moonyong Lee

Phan bién 1:
Phan bién 2:
Phan bién 3:

TP. H6 Chi Minh, thang 06/2024




BO GIAO DUC VA DAO TAO CONG HOA XA HO1CHU NGIHIA VIET NAM
TRUONG DATHOCSUPHAM KV THUAT Die lip -~ Tu do — Haoh phic
THANI PHO 1O CHi MiNa

S&: 2410/QD-DHSPKT Tp. Ho Chi Minh, ngay 03 thang 10 nam 2016

QUYET DINH
Vv giao ¢ (i luiin dn va nguii hudmg din nghién ciu sinh khoa 2016-2019

HIEU TRUONG TRUONG DATHOC SU PHAM KY THUAT TP. HO CHI MINH

Cin ¢ Quyét dinh sé 1 18/2000/QD-TTg ngdy 10 thing 10 nam 2000 cia Thi
tuémg Chinh phi vé vige thay déi 4 chire cita Dai hoe Quée gia TP. Hd Chi Minh, tich
Trudmg Bai hoe Su pham K§ thudt TP. Hd Chi Minh trye thude Bé Gido dyc va Dao tao;

Can ¢t Quyét dinh sb 70/2014/QD-TTg ngay 10/12/2014 cia Tha tudng Chinh phi
vé ban hinh Diéu 18 trudmg Dai hoc;

Can cir Thong tr s 10/2009/TT-BGDDT ngay 07/5/2009 cta B Gido dyc v Dio
tao vé vige Ban hanh Qui ché dio tao trinh dé tién si:

Can ¢t Thong tr s6 05/2012/TT-BGDPT ngay 15/02/2012 cta B Gido dyc va Dao
190 vé viée sira doi, bd sung mot s6 diéu cia Quy ché dio tao trinh d tién si ban hanh
kém theo Thong ur sd 102009/ TT-BGDDT ngdy 07/5/2009 cia B trudng Bo Gido duc
vit Do tgo;

Xét nhu ciu cong tde va kha niing cin bj;

Xét dé nghj cia Trudmg phong Péo tao,

QUYET DINH:
Diéu 1. Giao d€ i ludn an tién sTva ngudi huong din cho:
Nghién ciusinh - : Vg Lam Churong

Nginh - Ky thugt co khi Khoa: 2016 - 2019

Tén ludn 4n : Nghién cicu vé mé hinh héa va diéu khién phin si cho cdc
qud trinh da bién

Nguoi HD thir nhit (HD chinh) : PGS.TS Triweong Nguyén Luin Vi

Ngurdi HD thir hai 1 GS.TS Moonyong Lee

Thai gian thuce hién S 03/10/2016 dén 03/10/2019

Diéu 2. Giao cho Phong Bio o quéan 1y, thue hién theo ding Qui ché dio tao trinh
dé tién sT ciia BO Gido duc & Dio tao da ban hinh.

Diéu 3. Trudmg cic don vj, phong Dio tao, cde Khoa quan nganh tién s7 va cic Ong
(B#) ¢6 tén tai Di¢u | chiu trich nhiém thi hanh quyét dinh nay.

Quyét dinh ¢6 hiéu luc ké ur ngay ky./, B‘

Neti nhifin ;

- BGH (dé biét),

- Nhwr dicu 2, 3;

- Luw: VT, SDH (4b).




LY LICH CA NHAN

THONG TIN CA NHAN

Ho va tén: VO LAM CHUONG Phai: Nam
Ngay/thang/ndm sinh: 19/11/1979 Noi sinh: Khanh Hoa
. QUA TRINH PAO TAO

1997 — 2002: Hoc dai hoc tai Pai hoc Bach Khoa, TP. HO Chi Minh, Khoa: Pién -
bién Tu.
2002 — 2005: Hoc cao hoc tai Pai hoc Bach Khoa, TP. H6 Chi Minh, chuyén
nganh: Diéu khién hoc k¥ thuat
2016 — nay: Nghién cau sinh tai Pai hoc Su pham k§y thuat, TP. H6 Chi Minh,
chuyén nganh: Ky thuat co khi
QUA TRINH CONG TAC
2005 — nay: Giang vién b mon Co dién tir, Khoa Co khi ché tao may, Pai hoc Su
pham k¥ thuat, TP. HO6 Chi Minh

TP.HCM, ngay thang nam 2024

Vo6 Lam Chuong



LOI CAM DOAN

Tbi xin cam doan day 1a cong trinh nghién ctru cta riéng t6i dudi su huéng dan cua tap
thé cac nha khoa hoc va cic tai liéu tham khao di trich dan. Cac két qua nghién ciru
duge trinh bay trong luan 4n 13 trung thyc, khach quan va chwa tig cong bd trén bt

cur mot cong trinh nao khac.

Tp.HCM, ngay thang nam 2024

Tac gia luan an

Vo6 Lam Chuong



LOI CAM TA

Trude tién toi xin goi 10 cam on sdu sic nhat dén PGS.TS. Truong Nguyén
Lu4n Vi vi nhitng chi dan va gbp ¥ quy bau trong sudt qué trinh 1am luén an. Pong
thot t61 cling xin gdéi 101 cdm on dén nhom Gido su cua truong dai hoc Yeungnam, Han
Quéc, GS. Lee, GS. Nguyen, GS. Jae Hak Jung, di gitip d& trong viéc cong bd bai bao
quéc té.

T6i xin dic biét gdi 16i cam on dén Khoa Co khi Ché tao may cing cic Phong,
Ban, Khoa cing véi nhiéu ban bé va dong nghiép ctia Pai hoc Su pham K§ thuat TP.
HCM da giap do va tao diéu kién thuan loi cho toi trong sudt qua trinh hoc tap va
nghién cuu.

Xin danh 10i cdm on chan thanh dén quy thay cb trong hoi dong cac cip dd danh
thoi gian quy bau ctia minh va cho nhiing 16i khuyén rat c6 gia tri trong qua trinh thyc
hién luan an.

Cudi cung t61 xin cdm on gia dinh, dac biét 1a vg to1, da ung ho, giap do va chia
s& nhitng kho khin vé vat chét ciing nhu tinh than. Gia dinh ludn 14 chd dya viing chic

cua to1 trong sudt qua trinh thuc hién luan an.



ABSTRACT

Fractional calculus and its applications are interesting problems that attract
researchers from many different fields. In the control field, fractional orders of integral
and derivative terms are applied in the classical PID controller and extended to a
general PID controller, with the order of the derivative and integral terms being real
numbers. Many studies have proposed this fractional-order controller, mainly for
single-input, single-output systems. Meanwhile, industrial processes are mostly
complicated multivariable systems because of the mutual effects of the process
variables. As a result of that, controlling these systems is a challenge because it is
difficult to manipulate each control loop independently. Various control structures and
methods have been proposed, but this is still an open problem that needs to be
researched intensively. In this thesis, the author proposes different solutions to solve
the problem of multivariable systems using fractional-order controllers. The
contributions of the thesis are summarized as follows:

= Propose a new control structure for multivariable processes that combines the

simplified decoupling technique and the Smith predictor to deal with delay
times in real systems. Although the controller structure is relatively
complicated, the system’s performance is superior to other methods.

= The simplified decoupling technique of previous research is adopted in this

thesis. However, the burden of calculation when deriving each transfer function
is still a problem that needs to be solved, especially in the case of a higher order
of multivariable processes. Therefore, the author proposed to use particle
swarm optimization (PSO) to reduce and simplify the transfer functions of
decoupling and decoupled matrices. Using the heuristic method will simplify
calculations as well as increase accuracy in the case of higher-order

multivariable processes.



Research fractional calculus and its application in process control, especially
the fractional-order PID controller (FOPID). Propose fractional-order
controllers and their tuning rules for multivariable controllers. In general, the
author proposes two methods: for a 2x2 process using internal model control,
and for 3x3 and 4x4 processes using multiple objective particle swarm
optimization (MOPSO) with an objective function that meets the criteria of
system performance and robustness simultaneously. The proposed methods are
justified through simulation studies and also compared with other well-known
methods using benchmark models in process control.

Robust stability is an important criterion to prove whether the designed system
can be applied in practice. In the thesis, the author uses the M-A structure and
multiplicative output uncertainty to analyze and evaluate the robustness of the
proposed controllers. The simulation results prove the robust stability of the
proposed methods in comparison with other methods.

In addition, the applicability of the proposed controller and fractional-order
controllers is clarified by experiments using the quadruple tank. The least
squares method for identification of single-input, single-output systems is
extended to multivariate systems to derive the mathematical model of the tank
system, from which the proposed methods are applied to tune the control
parameters of the proposed controller. The obtained controllers are adopted to
control the system using the Real-Time Window Target of Matlab. The
experimental results show that fractional-order controllers can be deployed in

practical applications.
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TOM TAT

Tinh toan phén sb (fractional calculus) va cac ung dung cta nd 13 van dé moéi thu
huat nhiéu nha nghién ctru tir nhidu linh vuc khic nhau. Trong linh vuc diéu khién, tich
phan va dao ham bac phan sé duoc ting dung trong bd diéu khién PID cb dién va mo
rong n6 thanh bd diéu khién PID tong quat voi bac cia dao ham va tich phan 1a sd
thuc. Nhiéu cong trinh nghién ctru da dé xuat b diéu khién bac phan sé nay nhung chi
yéu cho hé don bién. Trong khi d6, cic qua trinh cong nghiép hau hét 1a hé da bién
phtrc tap vi sy anh hudng 13n nhau giita cac bién co trong hé thong. Do d6, diéu khién
nhirng hé théng nay 1a bai toan phirc tap vi kho c6 thé hiéu chinh ting vong diéu khién
doc 1ap. Nhiéu cau trac cling nhu cac phuong phap diéu khién khic nhau di dugc dé
xuat, nhung day van 14 bai toAn mo can tap trung nghién ctru. Trong ludn an nay tac gia
dé xuét cac giai phap khac nhau dé giai quyét bai toan hé da bién st dung bo diéu
khién bac phan sb. Cac dong gop cta ludn an dugc tom tit nhu sau:

= P¢ xuit cdu tric diéu khién méi cho hé da bién trong d6 két hop ca k¥ thuat

phan ly don gian hoa cho hé da bién va bd dy bao Smith nham ddi pho véi cac
khau tré hién hitu trong cac hé théng that. Mic du ciu tric bod diéu khién tuong
d6i phirc tap, nhung hiéu qua mang lai tot hon han khi so sanh véi cac phuong
phép khac.

= KJ thuat phan ly don gian hoa cta cac nghién ctu trudc duge st dung trong

luan an. Tuy nhién, vi¢c tinh toan va rat gon cac ham truyén thanh phén van 1a
van dé can giai quyét, dic biét khi bac cia hé da bién tang cao. Do d0, tac gia
dé xuit st dung giai thuat t6i vu hoa bay dan (PSO) trong viéc rat gon va don
gian hoa cic ham truyén thanh phan clia ma tran phan ly ciing nhu ma tran
tuong dwong cua hé sau khi phan ly. St dung thuit toan tién hoa s& don gian

hoa vi¢e tinh toan va tang do chinh xac khi bac ctia hé da bién tang cao.
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= Nghién ctru tinh todn phan s (fractional calculus) va tng dung trong linh vuc
diéu khién, dic biét 1a bo diéu khién PID bac phan sb. Pé xuit b diéu khién
phan sb va cac phuong phap hiéu chinh théng sé cho cac bd diéu khién da bién.
Cu thé, tac gia dé xudt 2 phuong phap hiéu chinh: cho hé bac thip (2x2) st
dung cAu trac md hinh ndi va cho hé bac cao (3%3, va 4x4) su dung t6i wu hoa
bay dan da muc tiéu (MOPSO) véi ham muc ti€éu dam bdo tiéu chi dap Gng
dong thoi bo diéu khién phai co su 6n dinh bén vimg. Cac phuong phap diéu
khién dé xuat dugc nghién ciru mé phong sir dung cac moé hinh chuan trong linh
vuc diéu khién qué trinh va dong thoi so sanh voi cac phwong phap khac da
dugc cong bo.

» Sy On dinh bén virng 1a mot ti€u chi quan trong minh chirng cho vi¢c hé théng
thiét ké c6 thé tmg dung trong thuc té hay khong. Trong luin an, tac gia sir
dung cdu traic M-A va sai s6 nhan dau ra (multiplicative output uncertainty) dé
phan tich, danh gia 6n dinh bén vimg cho cac b diéu khién dé& xuat. Két qua
mo phong déu minh ching duoc su 6n dinh bén viing khi so sanh véi két qua
cua cac nghién ctru khac.

= Bén canh do, kha nang ting dung thuc té cua bo diéu khién dé xuat cling nhu
diéu khién bac phan sb ciing dugc lam rd bang thyc nghiém st dung hé bén
boén nude lién két (quadruple tank). Phuong phap binh phwong tdi thiéu trong
nhan dang h¢ don bién duoc mo rong sang nhan dang hé da bién va ung dung
dé nhan dang va mé hinh héa hé bon nudc, tir d6 ap dung cac phuong phap dé
xuat dé tim thong s6 bo diéu khién twong tng. B diéu khién tim duoc duoc ap
dung diéu khién truc tiép hé thong that & ché do thoi gian thuc ciia Matlab
(Real Time Window Target). Két qua thuc nghiém chimg to phuong phap diéu
khién bac phén sb co thé ap dung vao diu khién vao cac tng dung trong thuc
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KY HIEU VA CHU VIET TAC

* Qui wdc dinh dang
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Chir thuwdng in dim: dai lugng vec-to; VD: g, d, c,...

CHU HOA IN PAM: ma tran; VD: A, B, C, G

= Ky hiéu

D (1) Nguyén ham cta ham sb f (t)

oD, “f (1) Nguyén ham bac phén sd, bic «, ctia ham s f (t)
oD T () Pao ham bac phan s, bac «, cia ham s6 f (t)
I'(x) Ham s6 Gamma

E,(X), E, ;(x) Ham so Mittag-Lefler (M-L)

L[] Toan tir bién d6i Laplace

F[] Toan tir bién ddi Fourier

G, () Ma tran ham truyén bo diéu khién vong kin

G(s) Ma tran ham truyén ctia qua trinh da bién

G(s) Mo hinh ma tran ham truyén ctia hé thong

G 0(S) Mo hinh ma tran ham truyén bo di thoi gian tré cia hé théng
D(s) Ma trén phéan ly

Q(s) Ma tran ham truyén ctia qua trinh sau khi phan ly

Q,(s) La ma tran Q sau khi loai bo cac khau tré
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G(s) La ham truyén xap xi ctia G(s)

q; Cac thanh phan dudng chéo ciia ma trin Q

d; La xap xi cua g

q, La cac ham truyén @ sau khi loai bo khau tré

d; La cac thanh phan ctia ma tran phan ly D (i = j)

g; Céc thanh phan dudng chéo ciia ma trin G

0 Thoi gian tré cta hé thong

1(M) Ham tong hop x (u-synthesis) mé ta gia tri suy bién c6 ciu tric

cua ma tran M

K, Hé s6 ti 1¢ ctia bo diéu khién PI/PID

T, Thoi gian tich phan ctia bo diéu khién PI/PID
K, Hé sb tich phan cua bd diéu khién PI/PID

T Thoi gian dao ham cua bo diéu khién PID

K, Hé s6 dao ham cua bo diéu khién PID

A Bac phan sb ctia khau tich phan

Y7, Bac phan sb cua khau dao ham

T, Thoi hang cua bd loc bac mot
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PHAN MO DAU

1. Pt van dé

Ngay nay, khoa hoc k¥ thuat khong nging phat trién, cac cong nghé méi gan nhu
cap nhat hang ngay d3 dua nén san xuit gan nhu tu dong hoa hoan toan véi muc tiéu
nang cao ning sudt va chit lugng ctia san pham. Cung voi su phat trién cia cong nghé
I0T ciing nhu tri tué nhan tao (AI), viéc van hanh va quan 1y day chuyén san xuit tré
nén dé dang va dat hiéu qua cao. Tuy nhién, dé nén san xuit trong nudc phat trién bén
vitng va c6 kha ning ty chi cao, cac nha khoa hoc ciing can phai tap trung nghién ciru
co ban dé timg budc chu dong lam cha cong nghé. Vi thuc té, gan nhu toan bo thiét
bi, bo dicu khién va tham chi cac chuwong trinh diéu khién dang sir dung trong cac day
chuyén hién dai déu 1a ngoai nhap. Do d6, viéc 1am chil va c6 thé tu ché tao cac thiét bi
nay dong vai trd quan trong trong su phat trién nén cong nghiép hién dai. Pay 1a bai
toan thuc tién dit ra cho cac nha khoa hoc, nha nghién ctru trong nude.

Hau hét cac qua trinh san xuét trong cong nghiép ngay nay 13 cac hé thong da bién
phirc tap voi su két ndi va tac dong 1an nhau giita cac tin hiéu c6 trong hé théng. Mot
hé thdng phtrc tap thudng bao gdm nhiéu vong diéu khién khac nhau, mdi vong dam
nhéan diéu khién mot bién co trong h¢. Tuy nhién, do cac bién c6 mdi lién hé 1an nhau
boi tinh chat vat 1y, hoa hoc, ...nén dan dén cac vong diéu khién nay lai c¢6 sy anh
huong 13n nhau, c6 nghia 13 thay doi thong sé dau vao cia mot vong s& anh huong dén
dap tng cia vong diéu khién khac. Vi dy nhu thay doi nhiét do dat ciia mot vong diéu
khién s& anh huong dén ap suét ngo ra cia vong diéu khién khéc, hodc tham chi c¢6 thé
gay mat 6n dinh cho hé thong. Dé giai quyét bai toan nay, hién nay, c6 hai hudng tiép
can 1a diéu khién tap trung (centralized) hodc diéu khién phan cip (decentralized).

Phuong phap diéu khién tap trung va st dung bd dicu khién PI/PID da vong lip
(multi-loop) thuong duoc sir dung cho céc hé da bién véi sy twong tac thip (tic dong
1an nhau giira cac bién qua trinh khong dang ké), vi cdu trac don gian, tinh hiéu qua va

tiét kiém niang luong. Tuy nhién, phuong phéap diéu khién nay tré nén khong phi hop



khi sy tic dong ting 1én dang ké. Trong trudng hop d6, mot sb giai thuat diéu khién
nang cao dugc st dung nhu diéu khién dung mo, mang no-ron, va dac biét la diéu
khién dy bao (MPC), tuy nhién cac phuong phap nay lai gip nhiéu kho khin khi thuc
thi thot gian thuc.

Do d6 hién nay, diéu khién phan cap véi k§ thuat phan ly (decoupling techniques)
dang duoc nhiéu nha nghién ciru wa thich. Cac k¥ thuat phan ly duoc sir dung dé tach
céc bién diéu khién trong hé thong va tir d6 co thé thiét ké cac vong dicu khién doc lap
don gian. C6 nghia 1, tir mot hé da bién nhiéu ngd vao-ra, ta co thé chuyén thanh
nhiéu hé don bién. Bén canh d6, thoi gian tré cling 1a mot dic tinh hién hitu trong céac
hé diéu khién qua trinh. Thoi gian tré s& gay kho khan trong viéc khao sat dic tinh,
thiét ké bo diéu khién cho hé, dic biét 1a hé da bién véi cac thoi gian tré khac nhau,
cling nhu anh huéng xau dén dap ung trong hau hét cac truong hop.

Nhu cau vé viéc thiét ké hé thong diéu khién giai quyét tat ca cac van dé trén rat
that sy can thiét trong cac ung dung cong nghi€p, dac biét 1a cac qua trinh dem lai loi
ich kinh té to 16n nhu phan tach va chung cat. Cac nha nghién ciru trong ciing nhu
ngoai nude nd lyc nghién ciru phat trién trong thoi gian dai nham duy tri va cai thién
dap tng dong thoi giam ton hao ciing nhu nang cao tinh on dinh bén viing trong cac
diéu kién hoat dong khac nhau. Theo théng ké & tai liéu [21], bd diéu khién PID van
dang chiém da s6 (khoang 90%) trong cac bo diéu khién cong nghiép. Mt du da phat
trién trong thoi gian dai, va ciing c6 nhiéu phuong phap diéu khién khac duoc nghién
ctru va phat trién nhung van chua c6 bo diéu khién ndo co thé thay thé hoan toan PID
trong tng dung. Tuy nhién, luan 4n nay ciing s& dat mot hudng tiép can tuong ddi mai
khi thiét ké bo diéu khién PID, d6 1a diéu khién bdc phén sé (fractional-order control)
dua trén nén tang toan hoc tinh toan phan so (fractional calculus).

Mot khia canh quan trong khac khi thiét ké b diéu khién trong tmg dung 12 mo
hinh héa va nhdn dang hé thong. Trong hau hét cac hé thong thuc té ta khong thé
thiét ké, thir nghiém giai thuat diéu khién tryc tiép trén d6i twong that. Tat ca phai tinh



toan mo phong st dung cac cong cu phan mém co sin, khi dat duoc yéu cau vé chat
luong diéu khién ta méi 4p dung va tinh chinh trén hé thong that. Do d6, nhu cau vé
viée xay dung cic md hinh toan trong duong véi hé that 13 that sy can thiét. Ly thuyét
nhan dang h¢ théng da dugc phat trién trong mot tho1 gian dai va cling co rat nhiéu
nghién ctru vé linh vyuc nay tir hé tuyén tinh cho dén hé phi tuyén. Cong cu nhin dang
hé théng cua Matlab (Ident Toolbox) ciing dugc phat trién khd day du, dic biét danh
cho hé tuyén tinh va phi tuyén mot ngd vao, mot ngd ra (SISO). Dé tdi ndy ciing sé mé
rong cac ky thudt nhan dang cho hé don bién dé sir dung cho hé da bién nhiéu ngo vao,

nhiéu ngé ra (MIMO).
2. Muc tiéu va nhiém vu nghién ciru

Dua trén cac van dé da dé cap trén, trong luan &n nay tac gia s€ tap trung nghién

ctru mot sb nodi dung sau:

- Tim hiéu k¥ thuat phan ly cho hé da bién. Pé xuat giai phap cai tién phuong

phap tinh toan dé thuan tién hon trong viéc tinh toan thiét ké hé phan ly.

- Dé xuét ciu trac diéu khién moi cho hé da bién nham cai thién dap Gng cta hé
khong nhiing khi gia tri dat thay doi ma con khi bi anh huong boi nhidu qua
trinh. Bén canh d6 con co6 kha ning loai bé anh hudng ciia dic tinh tré trong qua

trinh thiét ké. Panh gia on dinh bén viing cta cau trac di€u khién dé xuat.

- Nghién ctru bo diéu khién PID phan sé dua trén nén tang toan hoc tinh toan
phan sb. Dé xuét cac quy luat hiéu chinh thong s6 méi dé thiét ké bo diéu khién
PID bac phan s6 cho h¢ da bién.

- Xay dyng md hinh thyc nghiém dé kiém chung phuong phap dé xuét trén 1y
thuyét. Pé xuét phuong phdp nhan dang h¢ da bién dé ¢6 mo hinh toan phuc vu

viéc thiét ké cac bo diéu khién. Kiém chimg két qua trén mo hinh thyc nghiém.



3. Déi tweng va pham vi nghién ctru

Dbi tuong nghién ciru chinh trong luan an 1a hé da bién va bo diéu khién bac phan
s6. Hé da bién 12 hé thdng c6 nhiéu ngd vao, nhiéu ngd ra va rat phd bién trong linh
vuc diéu khién qua trinh. RS rang, hé khong vudng 13 trudng hop tong quat cia hé da
bién nhung s& gip kho khin trong viéc tinh toan cac ma tran khong vudng. Tuy nhién
trong diéu khién qua trinh da bién, ta hoan toan c6 thé lua chon sd bién diéu khién bang
va phu hop nhéat dé diéu khién sé ngd ra mong mudn, cic bién con lai dugc xem la
nhidu qua trinh. Do d6, dé don gian héa trong viéc thiét ké bo dicu khién, hé vudng
thuong dugc str dung hon va rat nhiéu cong trinh nghién ctru vé hé da bién déu lién
quan dén hé vudng. Trong luan 4n nay, NCS ciing gi6i han chi nghién ctru hé da bién

vuong, va do d6 ma tran ham truyén s€ 1a ma tran vudng, tong quat s€¢ cé dang nxn.

Vé nghién ctru 1y thuyét ciia hé da bién tic gia sé tong quat cho hé bac n. Tuy
nhién, theo khao sat & cac nghién ctru mé phong duoc cong bd trén thé gidi, hau nhu
chi gi6i han cho hé 4x4. Viéc thiét két bo didu khién tong quat cho tat ca hé da bién c6
bac khac nhau 1a van dé rat kho. Do d6 trong luan an nay, tac gia cling chi dé xuat cac
phuong 4n thiét ké khac nhau cho hé bac thip (2x2) va cic hé bac cao hon (3x3 va
4x4) trong phan nghién ciru moé phong. Dé thuén tién viéc mé phong va so sanh voi cac
phuong phép da cong bd khéc, tac gia sé sir dung cac mo hinh chuan trong céc tai liéu

d3 cong b cho cac hé da bién trén.

Trong phén thuc nghiém, do diéu kién han ché vé kinh phi cling nhu thiét bi, nén
tac gia ciing chi kiém chimg cho hé 2x2.
4. Huéng tiép cin va phwong phap nghién ctru

Muc tiéu chinh cua luan an 13 thiét ké bo diéu khién bac phan sé cho hé da bién.
Do d6, d¢ dam bao tinh méi ctia ndi dung nghién ciru, tac gia sé khao sat cac cong trinh

nghién ctru lién quan gan day tir cac tap chi qudc té uy tin trong linh vyc nghién cuu.



Sau qua trinh phan tich danh gid cac nghién ctru trudc, tac gia dua ra hudng nghién ctiru

cu thé va nhitng van dé can phai giai quyét trong luan an.

Dua trén nén tang 1y thuyét diéu khién ciing nhu diéu khién bac phén sd, tac gia dé
Xudt cac giai phap khac nhau dé diéu khién cho cac hé da bién khac nhau. Cac phuong
phap dé xuit dugc mé phong danh gia dong thoi ciing so sanh voi cac phuwong phéap ndi
bat khac tir cac nghién ciru da cong bd trén cac tap chi ¢ uy tin. Bén canh d6, mé hinh
thuc nghiém hé bdn nudce lién két (quadrature tank) ciing sé& duoc xay dung nham minh

chting cho kha ning tmg dung thuc tién ciia cac phuong phap dé xuat.
5. Y nghia khoa hoc va thue tién ciia dé tai nghién ctru

Céac két qua nghién ctru da dat dugc dugc tom tat thanh cac noi dung chinh nhu

Sau:
e Y nghia khoa hoc:

- Phén tich sw can thiét ciia bdc phan sO trong viéc mo ta dac tinh dong hoc cia
mot sé phuong trinh ndi tiéng. Tir d6 1y giai su can thiét cua tinh toan phan sb trong
linh vyc diéu khién. Nghién citu anh hwong ciia dao ham va tich phdan bdc phdn sé 1én
tin hiéu diéu khién trong ciu trac bd diéu khién hoi tiép phd bién. Cac két qua mod
phong déu cho thiy bd diéu khién bac phan sd 1am cho tin hiéu diéu khién linh dong, it

bi anh hudng bai nhidu va ciing 1am cho toan bd hé thong diéu khién bén virng hon.

- Sir dung k¥ thuat phan ly don gian hoa dugc dé& xuit boi Vu va Lee, tac gia da
thanh céng dé xudt sir dung giai thudt PSO trong viéc rit gon va don gidn héa cdc ham
truyén thanh phan cta ma trin phan ly ciing nhu ma tran sau khi phan ly. Viéc nay
nham don gian héa viéc tinh toan khi bac ciia hé tang cao. Céac két qua mo phong dat
duge minh chimg phuong phap dé xuat cho két qua xip xi t6t hon hin céc phuong

phép cua cac cong bo trudec.



- Pé xudt cdu triic diéu khién méi cho hé da bién trong d6 két hop k¥ thuat phan ly
don gian hoa va bo dy bao Smith. Mic du cdu tric b diéu khién twong dbi phirc tap,
nhung hiéu qua mang lai tot hon khi so sanh véi cac phuong phap khac.

- Nghién ctru tinh toan phan sb (fractional calculus) va tng dung trong linh vuc
diéu khién, dic biét 1a bo diéu khién PID phan sb (FOPID). Pé xudt bé diéu khién phin
6 va cdc phwong phdp hiéu chinh thong sé cho cac bg diéu khién da bién. Tac gia dé

xuat 2 phuong phap cu thé:

v/ V6i hé da bién bac thap (2x2), sit dung cau trac md hinh ndi (IMC) voi
cdu triic bg diéu khién phdn s6 dé xudt. Bé tim cac théng sb cua bo didu
khién tac gia tinh chinh thoi hang dap tmg mong mudn dé thda hiép giira
dap Gng gia tri dit thay d6i (servomechanism problem) va dap tng cia

nhiéu qu4 trinh tac dong vao hé thong (regulator problem).

v V6i hé da bién bac cao (3x3 va 4x4), st dung 16i wu héa bay dan da muc
tiéu (MOPSO) dé tim thong sd diéu khién voi ham muc tiéu cyc tiéu sai
s6 ca khi gia tri dit thay d6i va nhiéu thay doi. Cac nghiém kha di cua bai
toan toi wu s& hoi tu trén duong Pareto, va tur d6 s€ chon nghiém (thong
s6 diéu khién) phu hop thong qua gia tri ctia ham do nhay cuc dai Ms
nhiam dam bao 6n dinh bén viing ctia cac vong diéu khién.

- Céc phuong phap dé xuat duoc kiém chimg théng qua viéc so sdnh véi cdc
phirong phap khdc da duoc cong bd s dung cac mo hinh chuan thuong dugce nghién

ctru trong linh vyc diéu khién qué trinh.
e Y nghia thuc tién:

- Cac phuong phap thiét ké dé& xuit trong luan an déu thudc nhém phuong phap
thiét ké dua vao mé hinh (model-based methods), nén viéc can tim mo hinh toan cua
dbi tuong la thiét yéu. Tuy nhién, trong thuc té, tim dugc md hinh chinh x4c cua dbi

tuong l1a khong thé, su sai 1éch gitta m6 hinh tim dugc va mo hinh that cua doi tuong



dan dén truong hop phuong phéap thiét ké khong tng dung duoc trong thuc té. Do do,
su on dinh bén ving 1a mot tiéu chi quan trong minh ching cho kha ning tmg dung cia
hé thdng diéu khién. Trong luan 4n, tac gia sit dung ciu trac M-A va sai s6 nhan dau ra
(multiplicative output uncertainty) dé phdan tich va danh gid 6n dinh bén viing cho cdc
phirong phdp diéu khién dé xuat. Két qua md phong ching t6 sy 6n dinh bén vitng cua

cAu tric dé xuat, nghia 13 phuong phap dé xuét c6 kha ning tng dung cao.

- Nghién ctru phirong phdp nhin dang cho hé da bién bang cdch sir dung kj thudt
phan ly ma tran (MFD) dé chuyén doi hé MIMO thanh hé nhiéu ngd vio, mot ngd ra
(MISO). Tir d6 c6 thé ap dung k¥ thuat nhan dang phd bién ctia hé don bién 1a binh
phuong cuc tiéu (least squares method) dé nhan dang hé da bién. Ung dung phuong

phap dé xuat nhan dang mé hinh bon bdn nude lién két (quadruple tank).

- Phuong phap thiét ké cho bo diéu khién bac phan sé dugc kiém chung thuc
nghiém cho hé bon nudc v4i ma tran ham truyén 2x2. Két qua diéu khién minh ching
rd rang kha ning tmg dung thuc té cua diéu khién bac phan sb ciing nhu phuong phap
thiét ké dé xuat. Trén thé gi6i, linh vuc diéu khién hé da bién tng dung nhiéu trong cac
hé théng chung cat, cac qua trinh san xuat déu mang lai loi ich kinh té rat Ién. Phuong
phap dé xuét ciing da chung t6 kha ning Gng dung cao nén néu duogc trién khai vao

thue té s& mang y nghia thuc tién to 16n.

6. Cau tric ciia luin an

Luan 4n dugc trinh bay trong 6 chuong, bao gom 98 hinh, 11 bang biéu va phu luc.
B6 cuc cua luan an duoc chia ra nhu sau:

Chuong 1: Tong quan. Noi dung chuong nay gi6i thiéu chung tinh hinh nghién ciru
cac linh vuc lién quan dén dé tai. Tir cac phén tich nhitng ton tai dang co, tir d6 dé ra
muc tiéu nghién clru trong tam cua dé tai.

Chuwong 2: Co sé Iy thuyét. Chuong nay trinh bay cac co sé Iy thuyét vé didu khién

phan sb. Phan tich anh hudng cuta tich phan va dao ham bac phan sb 1én dép tng cua



bo diéu khién vong kin, 1a co s¢ cho viéc lya chon bd diéu khién phan ) trong nghién
ctru. Cac nghién ctru trude ma tac gia s& ké thira trong luan 4n nay nhu ky thuat phan ly
don gian héa cho h¢ da bién va bd du bao Smith cling s€ duogc gidi thicu. bpé phuc vu
phan thuc nghiém, 1y thuyét mo hinh hoa va nhan dang cho hé don bién ding phuong
phap binh phuong t6i thiéu (least squares method) ciing duoc gidi thiu, va tir d6 dugc
mo rong sang nhan dang cho h¢ da bién.

Chwong 3: Pdnh gid hé thong va sy on dinh bén virng. Céc chi tiéu chat luong sir
dung trong ludn &4n dung trong nghién ctru md phdng va thuc nghiém dugc gidi thi¢u
trong chuong nay. Tiéu chi 6n dinh bén viing st dung ham dg nhay cuc dai va cAu trac
danh gia 6n dinh bén viing cua hé thong diéu khién dé xuat ciing duoc gidi thiéu.

Chwong 4: Cdc phirong phdp thiét ké dé xudt. Gi6i thiu ciu trac diéu khién két
hop gitra phan ly don gian hoa va bo du bdo Smith cho hé da bién. Giai thuat PSO
ding dé rit gon cac ham truyén khi tinh toan bo phan ly ciing dugc trinh bay trong
chuong nay. Bén canh dé, phuong phap hiéu chinh dé xuit sir dung cau trac mé hinh
n6i danh cho hé da bién bac thap (2x2) va giai thuat t6i uu hoa da muc tiéu (MOPSO)
tim thong s6 diéu khién cho hé bac cao (3x3 va 4x4) cling dugc gidi thigu.

Chwong 5: Két qud mé phong va thwe nghiém. Cac phuong phap dé xuat bao gom
ciu trac bo diéu khién va cac quy luat tim thong sb diéu khién duoc kiém chung thong
qua nghién cru mo phong. Cac két qua dat dugc dugce so sanh véi cac phuong phap ndi
tiéng khac nham minh chiing hiéu qua cia phuong phap dé xuét. Sy on dinh bén viing
clia cau tric diéu khién dé xuét ciing duoc nghién ciru thau dao thong qua 1y thuyét 6n
dinh bén vitng & chuwong 3. Hon nita, phuong phap dé xuét con duoc minh chimg thong
qua m6 hinh thuc nghiém 13 hé bdn bdn nudce lién két.

Chuong 6: Két ludgn. Cac két quéa dat dugc cua luan an dugc téng két trong chuong
ndy. Sau khi phan tich wu va nhuoc cta cac phuong phap dé xuit, cac hudng nghién
ctru tiép theo cling duoc tong két. Bén canh d6, cac cong b lién quan dén luan an bao

g6m hoi nghi va tap chi ciing dugc liét ké trong chuong nay.



Chuong 1
TONG QUAN

1.1. Giéi thiéu hwéng nghién ciru

Toan tir sai phan d/dx qua quen thudc vGi chiing ta, tuy nhién c6 bao gio ta tu hoi
tai sao bac cla sai phan phai 12 sb nguyén ma khong phai 1a sb hiru ti, phan sb, tham
chi 1a s6 phirc. Ngay luc bat dau co cac phép tinh dao ham va tich phan, 1695, trong 14
thu gdi cho L’Hépital, Leibniz da hoi: “Y nghia ciia dao ham véi bdc nguyén cé thé
dwoc tong qudt héa thanh dao ham véi bdc khéng nguyén?”. L’Hopital rat to mo vé
cau hoi va d3 tra 101 bang mot cau hoi khac: “Né nhuwe thé nao néu bdc la 1/2?”. Leibniz
trong 14 thu tra 161, 30/09/1695, “No sé dan dén tranh cdi ma mot ngay nao do sé tqao ra
cdc két qua cé ich”. Cau hoi dugc dua ra boi Leibniz vé dao ham bac khong nguyén
tiép tuc 1a chii dé trong hon 300 nam va ngay nay né duoc biét dén 13 tinh todn phan sé
(fractional calculus), su tong quat hoa cua tich phan va dao ham véi bac bat ki (khong
nguyén).

Tuy nhién, Gmg dung cua tinh toan phan s trong diéu khién chi méi phat trién
trong khoang hai thap nién gan day. Dic biét, khi Podlubny dé xuét bo diéu khién PID
phan s6 nhu 13 trudng hop tong quat cia bo PID ¢ dién. Trong d6, thong sé ciia bd
didu khién duoc bo sung thém hai hé sb 1a bac cua khau dao ham va khau tich phan
(bac phan s6). Pay 1a mot hudng nghién ciru méi trong ki thuat diéu khién véi nhiéu
bai toan mo, va dé ciing 13 hudng tiép cin cua dé tai, 46 1a diéu khién bdc phén so
(fractional-order control) dua trén nén tang toan hoc tinh toan phan sb (fractional

calculus).

1.2. Tong quan tinh hinh nghién ciru

1.2.1 Téng quan vé tinh toan phin s6 va ing dung trong diéu khién



Tinh todn phan s d3 duoc tng dung & nhiéu linh vuc ky thuat khac nhau, ching
han nhu k¥ thuat dién-dién tr [1 — 3], k¥ thuat co khi [4, 5], ky thuat moi truong [6], va
k¥ thuat sinh hoc-y té [7, 8]. M6t s sach chuyén khao dién hinh vé diéu khién phan sb

c6 thé tra ctru & cac tai lidu [9 — 13].

Cho dén hién nay, gii thiéu tinh toan phan sé vao 1y thuyét diéu khién khéng con
12 mot chit @& méi. Bode va Tustin cung cic cong sy dugc xem nhu 13 nhitng ngudi
tién phong (1945) [14], voi phuong phap thiét ké dua trén duong dic tinh c6 bac tong
quat & mién tan s ma hién nay van dugc sir dung nhiéu trong cac bai toan thiét ké bo
diéu khién ¢ mién tan sb. Bat dau tir thap nién 90 cho dén vai naim gan day, diéu khién
phan s bat dau thu hut ngay cang nhiéu chi ¥ tir cic nhém nghién ctru khac nhau boi
nhiéu loi ich ma ndé mang lai. Trong sé nhiing ngudi tién phong, cac dong gop cia
Podlubny va cac cong sy duoc st dung mét cach rong rai. Bai bao [15], Podlubny trinh
bay cac loi ich ctia mo hinh céac hé thé)ng dong véi bac la s6 thuc ngau nhién va dé xuat
y tuong cua b diéu khién PID phan s (PI"D"). Dua trén ¥ tudng cua bai bdo nay,
diéu khién bac phan sb phat trién manh mé khong nhiing trong tinh toan mé phong ma
con nghién ctru kha nang hién thuc hoa h¢ théng dong co6 bac phan s6 va bd diéu khién

phan sb dugc nghién ciru [16-20].

Trong linh vuc diéu khién phan sd, hai nhém nghién ciru ndi tiéng véi nhiéu cong
trinh di cong bd vé md phong diéu khién phén s ciing nhu kha ning thuce thi trong céac
tng dung. Nhém nghién civu ciia Chen 13 mot trong nhitng nhom dong goép hang dau
trong linh vuc ndy. Tai liéu [10, 21] 13 ngudn tai liéu rat tét cho viéc tim hiéu va nghién
ctru diéu khién phan sb, cac tai liéu cung cdp cac kién thirc nén tang ciing nhu ting
budc phat trién bd didu khién PID bac phan s6. Cac phép toan xap xi sd hoc va tng
dung thyc té cling duoc phat trién boi nhém ctia Chen. Nhém cia éng cling di dé xudt
phuong phap hiéu chinh thyc té cho bd diéu khién ti 1&-tich phan phan s6 (FOPI) danh
cho hé bac mét cé tré (FOPTD) dudi dang cong cu tich hop vao Matlab, F-MIGO [22 —
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24]. Phuong phap ndy dugc nhom tac gia khang dinh c6 thé mé rong cho hé bic cao

hon.

Bo diéu khién phan s6 tham chi con duoc ap dung vao viéc diéu khién bay cua
phuong tién bay khong nguoi 1ai (UAV) [25], viéc diéu khién cia hé truyén dong servo
ciia 6 cung [26, 27]. Ngoai ra nhom cua 6ng con nghién ctru vé sy 6n dinh cia hé
théng bac phan sé va bo diéu khién phan sb [28 — 30], nhan dang hé phi tuyén co béc
phan sb [31]. Mot s giai thuat diéu khién khac ciing duoc xem xét nhu Yin va céc
cong su sir dung diéu khién truot thich nghi ctia hé hdn loan (chaotic systems) bac
phan sb [32]; Malek va cac cong su tdi vu hoa nang luong mat tro1 nhan dugce str dung

k¥ thuat diéu khién phan s trong diéu khién bam quy dao [33].

Nhém tiéu biéu thir hai dugc thanh 1ap boi Oustaloup, Trigeassou va Malti 1a
nhirng thanh vién cia nhém CRONE noi tiéng. CRONE Toolbox dugc phét trién boi
nhom 1a mot trong nhitng céng cu Matlab/Simulink sém nhat chuyén vé diéu khién
phan sb, dua trén nhitng nghién ciru ctia nhom vé sy 6n dinh va bén vimg cua cac bo
diéu khién bac phan s6 [34 — 36]. Ho ciling dong thdi nghién ciru cac phuong phap nhan
dang sir dung mo hinh sai phan phén s [36 — 39]; nhan dang hé phi tuyén sir dung mo

hinh Hammerstein phan s6 [40]; str dung chudi Volterra phan s6 [41].

Bén canh nhitng cong viéc dugc cong bd tir hai nhom tiéu biéu trén, nhiéu tac gia
ndi tiéng khac va nhiing thanh tyu dang dugc ghi nhan lién quan dén linh vuc nay ciing
dang dé dé cap dén. Phdn tich sw on dinh 1udn ludn 1a chu dé co ban va quan trong
trong hé théng diéu khién. Piéu nay van ding cho hé phan sd, [42, 43] |a c4c nghién
ctru dau tién lién quan dén chu dé nay thuc hién boéi Matigon va céc cdng su. Bai bdo
[44] thao luan diéu kién cin va d cho viéc 6n dinh cua hé tuyén tinh phan sb. [45] dé
xuat giai thudt cho viéc 6n dinh hé phan s co tré sir dung bd PID phan s6. [46] phan
tich sy 6n dinh ciia mé hinh trang thai phan sb roi rac. Giai thuat tinh toan sé cho viée

kiém tra sy 6n dinh cta hé phan s6 ¢o tré dugc phat trién & [47].
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Theo nhitng nghién ctru di trinh bay trén ta thdy k¥ thuat diéu khién phan sb da
dugc nghién ctru thdu ddo cho hé don bién tuyén tinh. Cac cong cu thuong ding cho
viéc khao sat, thiét ké bo diéu khién hé don bién dan dan duoc mé rong sang tinh toan
phan sb. Tuy nhién dp dung diéu khién phdn sé vao Cac qua trinh da bién van la bai
todn mé va can dwoc tdp trung nghién ciu vi hau hét cdc g dung trong thuc té la hé

da bién.
1.2.2 Tong quan vé diéu khién phén so cho h¢ da bién

Hé da bién 1a hé thong c6 nhidu ngd vao, nhiéu ngd ra va rat pho bién trong linh
vuc diéu khién qua trinh. Hé da bién duoc chia lam hai loai: hé da bién vudng véi sd
tin hi€u vao-ra béng nhau va s€ duoc dai dién boi ma tran ham truyén vuong, va h¢ da
bién khong vudng véi so tin hiéu vao-ra khac nhau. RS rang hé khong vuong 13 trudng
hop tong quéat ciia hé da bién nhung s& gap kho khin trong viéc tinh todn cic ma tran
khong vudng. Bé khic phuc kho khin nay, hién nay ciing da c6 nhiéu phuong phap va
cong cu hd tro viée tinh toan ma tran khong vudng. Tuy nhién trong diéu khién qua
trinh da bién, ta hodn toan cé thé lua chon sb bién diéu khién bang va phu hop nhat dé
diéu khién sb ngd ra mong mudn, cac bién con lai dugc xem 13 nhidu qua trinh. Do do,
dé don gian héa trong viéc thiét ké bo diéu khién, hé vudng thuong dugc st dung hon
va rat nhidu cong trinh nghién ctru vé hé da bién déu lién quan dén hé vuong. Trong
luan an nay, NCS ciing chi nghién ciru hé da bién vuong, va do d6 trong luan 4n nay,

néu khong c6 ghi chu khac thi hé da bién duoc hiéu 1a hé da bién vudng.

Kho khin 16n nhat khi diéu khién hé da bién 13 sy twong tac giita cac tin hiéu vao-
ra va cac bién qua trinh co trong hé théng. Thong thudng, c6 hai cau tric diéu khién

chinh cho hé da bién:

o Diéu khién khong tdp trung (decentralized control) [48-51] hay con goi 1a bo

diéu khién da vong lap (multi-loop). Mot dic trung rat quan trong ctia hé da
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bién la sy twong tac qua lai gitta cac bién va dan dén su tuong tac gitta cac vong

diéu khién véi nhau.

G.(s) G(s) g

%:‘l %Q%P—
<
N
y

Hinh 1.1. Cau trac diéu khién khong tap trung cho hé da bién

Day dg loi twong quan (RGA) va chi sé Niederlinski (NI) 1a cong cu hitu hiéu
dé do sy twong tac ciia qua trinh da bién boi thong tin do loi ¢ trang thai xac lap
[52]. Tuy nhién, hai thong s6 trén dam bao diéu kién can va du dé cho hé 2x2
on dinh, va chi 1a diéu kién can cho hé bac cao hon. Do d6, phién ban dong cia
RGA (DRGA) dugc dé xuit vai su phu thudc vao tan sd va thay thé cac do loi
tinh bang cac ham truyén twong tng [53]. Tuy nhién, DRGA kho tinh toan va
khong phu hop véi tmg dung. Diy twong quan do loi chuan héa (RNGA) duoc
dé xuit & [54] két hop ca thong tin d6 loi ¢ trang thai xac 1ap (RGA) va ca
thong tin cta qua trinh qua do ma khong can ca ham truyén cia mo hinh. Tir
d6, phuong phap nay thuan loi hon trong viéc tim cip bién vao-ra phi hop nhét
va quyét dinh céu trac ctia bo diéu khién cho hé da bién. Viéc tiép theo chi 1a
thiét ké cac bo diéu khién don bién cho timg cip vao-ra phu hop nhat. Mot sb
phuong phéap hiéu chinh bd diéu khién dién hinh cta cdu trac nay 1a phuong
phap hiéu chinh hé s6 (detuning factor method), phwong phap déng mach vong

tudn tu (sequential loop closing method). Phuong phép hiéu chinh doc lap
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(independent design method) ctia Vu va Lee dé xuit (2010) [55] don gian hoa
qua trinh thiét ké khi khong can dung cac chi s6 do su twong tic ma sir dung
cac tim ham truyén vong hé twong twong (EOTF) dé tach hé da bién thanh cac
vong doc 1ap, phuong phap da duogc tong quat cho hé bac nxn. Tuy nhién, nhin
chung cac phuong phap nay chi thich hop vdi hé c6 su twong quan gilra cac

bién qua trinh thap.

Uu diém cua diéu khién khong tap trung 1a viéc thiét ké bo diéu khién trd nén
don gian, va c6 thé sit dung cac k¥ thuat thiét ké cho hé don bién. Du vay,
phuong phap nay chi pht hop cho hé c6 su twong tac khong dang ké giira cac
bién, néu su tuong tac tang 1én viéc hiéu chinh dé triét tiéu sy anh huong tré
nén kho khin va anh hudng truc tiép dén dap tGng cua hé, va trong truong hop
xau c6 thé lam hé méat 6n dinh. Do d6, diéu khién tap trung van thu hut dugc

nhi€u nha nghién ctru hon v4i nhiéu phuong an tiép can khac nhau.

Diéu khién tdp trung (centralized control) [56]: Trong phuong phap nay, ¢ hai
giai phap chinh: thir nhat 13 diéu khién tdp trung thuan nhdt (purely centralized
control) v41 ma tran diéu khién dﬁy du bac dugc cac nha nghién ctru khuyén
khich str dung cho hé da bién véi su twong tic manh. Trong thoi gian gan day,
k¥ thuat diéu khién du bao (MPC) da trd thanh giai phap chuan va da dat dugc
nhiéu thanh coéng trong nghién ctru han 14m ciing nhu Gng dung [57, 58]. Tuy
nhién, trong hé théng diéu khién nhiéu tang trong thuc té, MPC chi 1a giai phap
cho cac tang diéu khién cip cao (vong ngoai) do dic tinh can thoi gian dy bao
dai va han ché vé bang thong. Cac tang diéu khién cip thap (vong trong) van
can giai phap cho cac b diéu khién PID da bién kinh dién. Hon nita, cAu tric
diéu khién tap trung thuan nhat can s6 luong bo diéu khién rat 16n (nxn bg diéu
khién cho hé bac n) s& dan dén ton thoi gian hiéu chinh va gia ting chi phi khi

g dung trong thuc té.
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Huéng tiép can thtr hai cia didu khién tap trung 13 ap dung cac kj thudt
phan ly (decoupling techniques) cing véi b diéu khién ma tran duong chéo.
Nghia 13 s bo diéu khién can cho hé da bién béc n s& 1a n bd diéu khién. Do su
don gian va hiéu qua cta phuong phap nay nén di thu hit sy quan tim déng ké
clia cac nha nghién ctru. Nhiéu cong bd vé su phat trién va tng dung cua k¥
thuat diéu khién phan ly di dugc cong bd [59-70], du vay hau hét chi tip trung
vao hé hai ngd vao, hai ngd ra (TITO). Trong thoi gian gan day, cic nha
nghién ctru da dan phat trién 1én cho hé da bién bat ky, Vu va Lee (2013) véi
phan ly don gian héa [67] hay Garrido cung cac cong su voi phan ly nghich
(2014) [68-70].

Trong k¥ thuét phan ly c6 ba phuong phap chinh d6 1a phan Iy Iy tuong,
phan ly don gian héa va phén ly nghich véi su lua chon phwong phap cu thé
phu thudc cha yéu vao wu diém va giéi han cia ting phuong phap trong tng
dung [60]. Phdn Iy Iy tuéng don gian hoa viéc thiét ké b diéu khién boi vi ma
tran ham truyén cta hé sau khi phan ly c¢6 dang ma tran duong chéo véi cac
thanh phan duong chéo chinh bang cac thanh phan duong chéo chinh cua ma
trdn ham truyén hé thong ban dau. Viéc nay lam phuong phap nay kho ¢ thé
ap dung vao thyc té do cac thanh phan ciia ma tran phan ly phuc tap, gap van
dé vé tinh kha thi (realizability) va nhay véi sai s6 ciia mo hinh. Hai k¥ thuat
phan ly con lai dugc cac nha nghién ctru quan tim nhiéu hon va cong bd nhiéu

cong trinh quan trong lién quan.

Garrido va cic cong sy da cong bd nhidu cong trinh quan trong vé phan ly
nghich. Trong trudng hop tong quat, bd phan ly gém 2 thanh phan Dg va Dy
nhu hinh 1.2. Mic di nhom tac gia di phat trién phuong phap phan ly nghich
cho truong hop tong quat, hé da bién nxn [69], nhung viéc lwa chon cau tric
cua cac ma tran phan ly cling nhu vi¢c tinh todn tré nén phuc tap khi bac cua

hé da bién ting cao. Phuong phép nay thudng chi phi hop véi hé bac 2x2, khi
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bac tang 1én khong co6 phuong phap cu thé dé chon céu tric ciia cac ma trin
phan ly. Cac tac gia cling di dé xuat phuong phap thiét ké bo diéu khién dua
trén cu trac mo hinh ndi (IMC) cho hé phén ly nghich [70].

\ AS

| R N R R

Hinh 1.2: Ciu trac bo phan ly nghich tong quat (Garrido) [69]

Phédn ly don gian héa 13 hé thong phan ly ma trong d6 cac thanh phan
duong chéo cua ma tran phan ly bang don vi va di duoc chimg minh sy 6n
dinh bén virng voi cac hé da bién khac nhau. Tuy nhién, ma tran ham truyén
sau khi phéan ly con phirc tap gay kho khin cho viéc thiét ké thong sé bo diéu
khién. Vu va Lee [67] ¢34 m& rong k¥ thuat phan ly don gian hoa cho hé da
bién bac n, trong cong bd ciia minh, cac tic gia i minh ching phuong phap

thiét ké thanh cong cho cac hé da bién khéac nhau.

N . Yo
| D(s) EIONE ”
i - - i Y yn‘
> = A
i S— (O] Se—

Hinh 1.3. Cau trac diéu khién phén ly don gian hoa [67]
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Viéc tinh toan cac ma tran phan ly (D(s)) va sau khi phéan ly (Q(s)) cua ca
hai cdu tric trén (phan ly nghich va don gian hoa) thuong dan dén cac ham
truyén thanh phan rat phirc tap, khong phu hop dé phan tich, thiét ké va trién
khai cac bo phan ly ciing nhu cac bd diéu khién tuong mg trong thyc té. Do
d6, cac phwong phap tim ham truyén twong duong (ETF) ciing 1a mot phan
nghién ctru cia viée thiét ké bo diéu khién. Hién nay c6 nhiéu phuong phap
xap xi khac nhau dé rat gon cac ham truyén phuc tap vé dang don gian va phd
bién (d6i v6i linh vuc diéu khién qué trinh, thuong 1 hé bac 1 hodc bac 2 ¢6
tr8) nhu phuong phéap sai s6 du biao (PEM), phuong phép sai sd binh phuong
t6i thiéu & mién tan sb, hay dong nhat hé s6 (CM). Tuy nhién, tat ca céac
phuong phép trén chi méi st dung cho ham truyén bac nguyén va ganh ning
tinh toan s& ting 1én khi bac cua hé thong ting cao. Bai toan xap xi ham truyén
tuong duong véi bai todan md hinh hoa va nhan dang hé thong trong trudng
hop nhan dang mé hinh ¢ tham s6 véi dang ham truyén duoc biét trudc. Dé
gidm bdt ganh nang tinh todn dac biét khi bac ctia h¢ da bién tang cao hoac
trong truong hop téng quat khi bac cua cac ham truyén thanh phan 13 s thuc,
trong ludn dan nay, NCS dé xudt sir dung thudt todn tién héa, cu thé la gidi

thudt t6i wu héa bay dan, dé tim gid tri phit hop cia cdc tham s6 mé hinh.

Mot dic trung khéac cia cac hé thong diéu khién qua trinh 13 thoi gian tré ludn hién

hiru. Mot phén do dac tinh vat 1y cua cac bién trong hé théng vi du nhu nhiét d6 c6 tinh

tré rat 16n, phan lai do quy mé cuia hé thdng san xuat rat 1on dan dén mot sy thay doi

cua tin hi¢u di€u khién déu ton thoi gian dang ké dé co tdc dong dén ngd ra, vi du nhu

thoi gian chit 16ng dugce dan tir bon chira dén noi xir Iy. Do d6, cho du c6 sir dung k¥

thuat phan ly thi thoi gian tré van ton tai trong cac thanh phan dudng chéo ctia ma tran

ham truyén cta hé sau phan ly. Thoi gian tré nay gy kho khin cho cic qua trinh phan

tich, thiét ké bo dicu khién; néu thoi gian tré da 16n s& 1am hé c6 tinh chat tuong ty nhu

hé c6 pha khong cyc tiéu (non-minimum phase systems) s& lam dap ung ngé ra khong
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t6t & qua trinh qua do. B du bao Smith (SP) hay con goi 1a bd bu thoi gian chét (DTC)
la giai phap hitu hiéu trong truong hop nay vi né loai bo thoi gian tré ra khoi ham
truyén vong kin cua hé [71]. Ciu trac dé xuat ban dau cua SP chi ap dung cho hé SISO
v6i bd diéu khién duoc hiéu chinh dya trén can bang loi ich giita dap ing cua hé va sy
bén vitng. Dé khic phuc kho khin ndy, nhiéu bién thé khac nhau cta SP di duogc dé
xudt, va cdu tric duge sir dung nhiéu nhét 14 b loc tré pha bac 1 (FOLF) trén vong hoi
tiép cua cdu trac SP va dugc goi 12 b du bao Smith ¢ loc (FSP) [72-75]. Duya trén
thanh cong ctia tng dung cho hé SISO, nhiéu nha nghién ctru dd mé rong cau trac FSP
sang tng dung cho hé MIMO [76 — 80]. Bé c6 thé ap dung cho hé MIMO, c6 2 phuong
phap thuong duogc st dung. Thir nhdt, ap dung truc tiép ciu tric FSP cho hé MIMO
[77-79]. Thit hai, st dung dong thoi véi ki thuat phan ly nham tan dung wu diém cta
k¥ thuat phan ly 12 don gian héa ma tran ham truyén ciia hé vé dang ma tran dudng
chéo va khi d6 4p dung ciu tric SP cho ting thanh phan cta ma tran duong chéo nhu
hé SISO. Bai bao [80] str dung cAu tric ndy voi ki thuat phan ly nghich voi vu diém vé
su don gian va hiéu qua cua thanh phan cau tric bo diéu khién. Tuy nhién nhu di trinh
bay & trén, phan ly nghich s& gip kho khin khi bac ctia hé da bién ting 1én. Hon nita,
theo khao sat cia NCS trong qué trinh lam luén an, viéc két hop giita phan ly don gian
héa va bd du bao Smith cho hé da bién chua dugc cong bd & bat ky cong trinh khoa
hoc ndo. Do dé, trong ludn dn NCS dé xudt sir dung cdu triic ndy nham két hop wu

diém ciia phdn ly don gian héa va tac dung ciia bé dw bdo Smith.

Cho du ding cau tric bo diéu khién nao, viéc thiét ké timg bd diéu khién cho cac
vong diéu khién dong vai tro chil chdt trong hé thong diéu khién da bién. Hién nay, tat
ca cac bd didu khién cho hé phan ly da bién du st dung bét cir phuwong phap nao déu
dua vé dang bo dicu khién hoi tiép noi tiéng PI/PID. Trong nhitng nim gan day, bd
diéu khién PID phan sé (FOPID), dugc dé xuat dau tién boi Podlubny [15], da thu hut
nhiéu sy chli y ctia cdc nha nghién ctru trong linh vuc diéu khién. B diéu khién FOPID

c6 nam thong s6 hi¢u chinh bao gobm hé so ti 1¢, tich phan, dao ham va hai bac phan so
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cua khau dao ham va khau tich phan twong ung. Trong truong hop dac biét, khi cac bac
phan sb nay bang mot, bo diéu khién tré thanh b PID truyén thong. Do d6, b FOPID
c¢6 thé dugce xem nhu 13 trudng hop téng quat cia bo PID va do ¢6 nhiéu thong s hiéu
chinh (nim so v&i ba cta bo PID) nén sé& linh dong hon trong viéc thiét ké bo diéu
khién nham thda man yéu cau vé kha ning dap tng khi gia trj dit thay d6i hay c6 nhidu
qua trinh tdc dong; bén canh do, con dam bao su on dinh bén viing cua hé théng thiét
ké. Tuy nhién, vi c6 nhiéu thong sé hiéu chinh nén s& gip khé khan khi mudn thiét ké

quy luat hiéu chinh tudng minh cho hé théng (analytical rules).

Trong hai thap ky qua, nhiéu phuong phap thiét ké khac nhau cho bd diéu khién
FOPI/FOPID trong linh vuc diéu khién qud trinh d3 dugc dé xuét. Trong nhiing
phuong phap do, tac gia tong hop lai ba huéng chinh nhu sau:

e Thu nhat, sit dung ciu tric mé hinh ndi (IMC) dé thiét ké bo diéu khién. Cau
trac IMC sé& giup tim duoc phuong trinh (ham truyén) cua bo diéu khién dudi
dang tong quat nham thda man dap tng mong mudn thong qua mot thong sd
hiéu chinh. Thong s6 nay con goi 1a thoi gian dap tng mong mudn, thoi gian
cang nho thi téc d6 dap tng cang nhanh nhung d& xay ra vot 16 va lam hé dé
mat 6n dinh va nguoc lai. Tir ham truyén nay, cac nha nghién ctru s& dé xuat
cac phuong phap bién doi khac nhau dé dua vé dang bo diéu khién PID bac
phan s6, thong thudng trong nhiéu trudng hop déu kém theo cac bd loc thong
thap bac 1 hodc 2 ndi tiép véi b diéu khién. Pay 1a phuong phap kha phd bién
khi thiét ké bo diéu khién PID bac nguyén ciing nhu bac phan sd. Uu diém cua
phuong phéap nay 1a giam sé luong thong s6 hiéu chinh chi con lai hé s thoi
gian dap ing mong mudn dé thda hiép giita C4c tidu chi dap tng va su 6n dinh
bén vitng. Thong thudong, dép tmg bén vimg sé duoc danh gia thong qua céc
tiéu chi nhu dinh cong huong cuc dai (Mp) hay do nhay cuc dai (Ms) [81-87].

Tuy nhién, nhwoc diém ciia phiwong phdp ndy la thiéu sie tong qudt, nghia la
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trong mot sé truong hop khéng thé dwa ham truyén bé diéu khién vé dang PID
hoac PID bdac phan s0.

Huéng tht hai, thiét ké & mién tin sé dwa trén ham truyén 1y tudng cia Bode.
Ba diéu kién rang budc duoc dung dé thiét ké bao gdm d6 du trit pha (phase
margin), tin s6 cit bién (gain crossover frequency) va dic tinh pha phing
quanh tan sb cat bién, cac diéu kién nay dé dam bao su 6n dinh bén viing cua
hé thong diéu khién [88-94]. Nhugc diém ciia phuong phéap nay 1a tai mot thoi
diém, hé thong diéu khién chi xem xét gia tri dat thay doi hodc nhidu qua trinh
thay d6i. Bén canh d6, véi ba dicu kién dua ra chi du dé giai tuong minh ba
thong s6 ciia bo dicu khién. Nghia 13 phuong phap nay chi thich hop cho bd
diéu khién FOPI hodc FOPD hoic bd diéu khién PID truyén thong.

Cubi cung 1a cac phuong phap st dung cac giai thuat tién hoa (EA) nhu giai
thuat di truyén (GA), giai thuat t6i wu hoa bay dan (PSO) [95 — 99]. Trong bai
bao [96], tac gia sir dung cdu trac diéu khién tp trung véi cac bo diéu khién
PID béc phan s6 (FOPID). Giai thuat GA duoc st dung dé tim thong sb cac bo
diéu khién cua hé. Do st dung diéu khién tap trung nén cau tric bd diéu khién
phtec tap, can n? bd diéu khién cho hé nxn, do d6 tac gia chi mé phong cho hé
2x2 va két qua ciing khong noi bat so vai cac phuong phap khac. Hon nira, thoi
gian chay giai thudt s& tang 1én dang ké néu bic ciia hé da bién ting 1én. Trong
bai bao [97], tac gia sir dung t6i uu héa da muc tiu (MOO) dé thiét ké bo diéu
khién FOPID cho qua trinh bac 1 ¢ tré. Bén canh tiéu chuan danh gia sai s6
thong thudng, tac gia da bod sung tiéu chi 6n dinh bén viing cho hé thong diéu
khién. Bé tim duoc thong sé diéu khién tot nhat tir tip nghiém cta bai toan tbi
wu, tac gia st dung thém phuong phap tim nghiém Nash cua 1y thuyét tro choi
(game theory), phuong phap nay khéng pho bién di voi cac ky su diéu khién,
va do d6 khién cho phuong phap nay kho duoc tmg dung trong thuc té.
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Theo khao sat cua tac gia, cho dén thoi diém hién tai, cic cong trinh nghién ctru vé
bd diéu khién PI/PID phan sé (FOPI/FOPID) cho hé da bién rat han ché va néu co da

phan chi ding lai hé 2x 2. Céc cong trinh dién hinh lién quan 1a cac bai bao sau:

e Cong trinh [85] str dung phén ly nghich két hop vdi bo diéu khién FOPID dugc
thiét ké theo cau tric IMC tuong tu hé bac nguyén. Pé hiéu chinh thong s bd
diéu khién nhim dam bao do 6n dinh bén virng, ham cuc dai do nhay (Ms) duogc
stt dung. Ly thuyét 6n dinh bén vitng Lyapunov ciing dugc str dung dé kiém
ching lai su 6n dinh bén vitng cua hé théng diéu khién. Két qua moi chi duoc
kiém chimg trén mot sd qua trinh do nhom tac gia dé xuat va thiéu sy so sanh

khach quan véi cac phuong phap khéc.

e Bai b4o [100] ung dung bd diéu khién FOPI cho hé bon nudc lién két (TITO).
Tac gia st dung ciu trac diéu khién két hop gitra hoi tiép (feedback) voi
feedforward, nén phwong phdp tiép cin khéng phit hop cho hé da bién bdc cao.
Trong két qua ctia bai béo, tac gia giit cd dinh mot ngd ra (muc chit 1ong & mot
bdn) va chi diéu khién bam quy dao ctia mirc chat 1ong trong bon con lai. Pong
gop dang ké cua bai bao 1a nhom tac gia di ching minh dwoc kha ning diéu
khién bam quy dao ciing nhu khang nhiu rat tot ctia bo diéu khién FOPI két
hop voi feedforward so v6i cac cau trac diéu khién twong tu nhung dung bo

diéu khién PI hodc PID béc nguyén.

e Bai bo [98] st dung diéu khién tap trung két hop véi k¥ thuat phan ly don gian
héa cho hé 2x2. V& bo diéu khién, nhom tac gia st dung phuong phap giai
thuat tién hoa, cu thé 1a giai thuat bay doi dong (dynamic bat algorithm) dé thiét
ké bo diéu khién FOPID. Két qua dugc mo phong va so sanh voi cac giai thuat
tién hoa khac nhu GA hodc PSO. Déi v6i hé 2x2 di c6 nhiéu phuong phap
truyén théng giai quyét duoc, dic biét 1a phuong phap dua vao cau trac IMC

nhu dd dé cap trén. Giai thuat tién hoa chi nén st dung cho cc bai todn ma

21



phuong phap truyén thdng gip kho khin khi giai quyét, trong truong hop nay 1a

hé da bién bac cao.

Toém lai, trong ludn 4n ndy, tic gia dé xudt cac phuong phap thiét ké bo didu khién
phan sb dé co thé 4p dung cho hé da bién. Ciu tric bo diéu khién sir dung k¥ thuat
phan ly don gian hoa két hop v6i bo dy bao Smith. Van dé hién thuc hoa bd phan ly 1a
bai toan thuc té quan trong vi yéu cau 6n dinh va hop thirc cta tit ca cac ham truyén
thanh phan. Hon nira, cong thtic tinh todn cac thanh phan ctia ma tran phan ly rat phic
tap dac bié¢t khi bac cua h¢ tang cao. Do do, tac gia cling dé xuat st dung giai thuat tbi
vu héa bay dan (PSO) xdp xi va rat gon cac ham truyén phirc tap vé dang don gian,
chinh tic c6 bac tong quat (nguyén va khong nguyén). Cau triic bo diéu khién sir dung
chung trong cé ludn an dwoc goi la &y thudt phan ly don gian hoa két hop bo du bao
Smith si dung b diéu khién béc phén sé (F-SDSP).

Quy luat hiéu chinh thong s6 cua bo diéu khién dé xuat st dung ca cau tric mo
hinh ndi (IMC) cho hé da bién bac thap (2x2) va str dung giai thuat tién hoa cho hé bac
cao hon (3x3 va 4x4), cu thé 1a giai thuat toi vu hoa da muc tiéu st dung toi vu hoa
bay dan (MOPSO). Pé danh gia sy 6n dinh bén viing cua toan bo hé thong thiét ké, cau
tric M-A thuong duogc st dung cho hé co bac nguyén ciing duoc mé rong dé su dung
cho hé c6 bac phan sb. Khi d6, gia tri suy bién c6 cau trac (SSV), hay thong sd u, s&
duoc dung dé biéu dién su 6n dinh bén vitng ctia b diéu khién phan sé cho hé da bién
st dung su bat dinh cua sai sé nhan & ngo ra cua h¢ théng.

1.3 Tém tit chwong 1

Qua qua trinh phén tich cac phuong phap diéu khién cho cic qua trinh da bién, tac
gia dé xuat giai phap két hop giira phan ly don gian hoa va bd du bao Smith dé giai
quyét bai toan diéu khién hé da bién c6 cac thoi gian tré khac nhau. Bén canh do, cac
giai phap khic nhau dé thiét ké bo diéu khién PID bac phan s6 ciing dugc xac dinh va

s& trinh bay cuy thé ¢ chuong 4.
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Chwong 2
COSOLY THUYET

2.1 Tinh to4n phan sb trong diéu khién
2.1.1. Co sé toan hoc ciia tinh toan phan sb

Cho dén nay, c6 rat nhiéu dinh nghia khac nhau vé tich phan va dao ham bac phan
s6. Tuy nhién dinh nghia duoc st dung phd bién nhat 13 ciia Riemann-Liouville, vé chi
tiét ta co thé tham khao tai liéu [9-13].
% Pinh nghia 2.1: Dinh nghia Riemann-Liouville (R-L) vé tich phdn phan sé.

Cong thirc R-L noi tiéng duogc viét lai dudi dang sau:

wem. Lo f(0)
D=5 j oo (2.1)

Trong d6, 0 < <1 va I'(x) la ham Gamma, véi I'(x) = Ie‘”ux‘ldu (2.2)
0

< Pinh nghia 2.2: Dinh nghia Riemann-Liouville (R-L) vé dao ham phdn so.
Dinh nghia R-L vé dao ham bic phan s dua trén tich phan phan sb va dao ham co

ban:
a d ~(l~a
ODt f(t) :a[th ¢ )f(t)] (2.3)

% Bién d6i Laplace

Bién dbi Laplace 1a cong cu co ban va quan trong cua ky thuat diéu khién. Do d6, ta
¢ nhirng phuong trinh cta cic phép bién d6i nay bai cac toan tir bac phan sb. Chi tiét
ctia cac phép bién doi nay co thé tham khao tai liéu [10]

= Bién doi Laplace ciia tich phin

L[ ,D “f (1) |=5F(s) (2.4)

= Bién dbi Laplace ciia dao ham, theo céng thirc R-L
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L[ ,Df(t)|=sF(s)—[ ,D, *f (t)]t=0 (2.5)
Vi cac diéu kién dau bﬁng 0, bién ddi Laplace cua dao ham dugc viét lai:

L[ ,Df(t) |=5"F(s) (2.6)

% Phwong trinh sai phan tuyén tinh bic phin sé

Phuong trinh sai phan bac phan sé (FODE) 1a co s& dé mé ta dong hoc ctia hé thong
¢ bac phan sb. Va tir phwong trinh nay ta cling d& dang chuyén sang mién bién phic,
mién tan sd bang cic cong cu toan hoc tuong tu nhu hé tuyén tinh. Phuong trinh sai

phan phan sb dugc mo ta boi phuong trinh (2.7):
a D™y(t)+a_,Dy(t)+...+a,D?y(t) =b D™ u(t) +...+b,D”u(t) (2.7)

Trong d6:  a,...a; b,...b_ 14 cac hang s6

n’
o, <...<a,,<a,; B, <...<p, lacac so thuc duong bat ky.

Néu a, va j ; 1a boi sd nguyén ciia mot hé sé chung thi phuong trinh trén duoc goi

1a c6 bic ti 16 (commensurate order) va néu khong ton tai hé sd chung thi duoc goi 1a

khong co béc ti 1¢ (non-commensurate order).
2.1.2 Vai tro ciia bic phin s trong mé ta dong lue hoc hé thong

Ung dung dau tién cta tinh toan phan s6 dugc thuc hién boi Abel nam 1823. Ong
kham pha ra rang nghiém cta phuong trinh tich phan cho bai toan tautochrone co thé
giai dugc thong qua tich phan cta dao ham bac %. Sau d6 ¢ thé ky 19, cac phuong
phap ky hiéu dung dé giai phuong trinh sai phan tuyén tinh hé sé hing dugc phat trién
bai Boole tao dong luc quan trong trong viéc sir dung tinh toan phan sd; hodc 1a cac
phuong phép tinh toan cuia Heaveside dugc phat trién dé giai cac bai toan trong ly
thuyét dién tir. O thé ky 20, cac dong gdp vao linh vuc nay dugc thuc hién trong ca Iy

thuyét va ing dung boi cac nha khoa hoc noi tiéng nhu Weyl va Hardy (tinh chat cua
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dao ham-tich phan), Erdély (phuong trinh tich phan), Riesz (cac ham da bién), Scott
Blair (co hoc luu chit).
Dé 1am rd hon tng dung cua tinh toan phén sd, ta khao sat mot s6 phwong trinh nbi

tiéng trong cac linh vyc khac nhau.
% Phwong trinh Langevin phan sb

Phuong trinh Langevin mé ta chuyén dong Brownian cia mot chit diém trong

dong chay, c6 dang nhu sau

d?x Adx 1
- =+ —p(t 2.8
d>  m,dt m 10 (8

e

Trong d6, Me Va x 1a khéi lugng va vi tri cia chat diém. Thanh phan nhiéu 7(t) dai
dién cho lyc tic dong cia giira chat diém chuyén dong va cac phan tir cia dong chay
(va c6 ham phéan bd xac suat Gaussian)

Tuy nhién, phuong trinh chuyén dong trén khong hoan toan mé ta duoc thay dong
hoc vi n6 bd qua anh hudng cua khdi luong thay d6i va luc ma sat nhdt do gia tde cua
chuyén dong. Vi thé, phwong trinh Langevin bdc phéan s6 duge dé xuat dé bo sung cac

thanh phan dong hoc con thiéu nay [101]

d?x 1 1
s _;[u J% D;”]x(t) +=n() (2.9)

2
, a o 1N s 1r , L, 4:A cr 1 A A ,
Trong do6: 7, =— véi1 a la ban kinh cia chat diém (gia st hinh cau); v 1a 4o nhét
1%

dong hoc; 1/o, 1a hé s6 ma sat theo mot don vi khéi lugng.

< Phuwong trinh Van der Pol bic phén s6
Phuong trinh Van der Pol (VdP) dugc dé xuat bai Van der Pol vao nam 1926 trén
tap chi Nature dé mé ta hién tuong ty duy tri dao dong trong mach dién sir dung éng

chan khong [102]. Phuong trinh VAP c6 dang nhu sau:
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X+ u(x*=1)%x+x=0 (2.10)

Phuong trinh VAP dugc xem nhu la md hinh co ban cua cic qua trinh dao dong
trong vat ly, dién tu, sinh hoc, than kinh hoc, xa hoi hoc va kinh té. Trong linh vuc vat
1y va dién tir, hé khoi luong-10 x0-giam chin v6i hé sb giam chan phu thudc phi tuyén
vao vi tri, hodc mach dién RLC véi dién tré phi tuyén am 1a cac md hinh ndi tiéng cua
phuong trinh nay.

Niam 2004, Barbosa va cac cong su dé xuat phién ban phuong trinh VAP véi dao
ham bac phan sé bang cach thay thé tu dién bang “fractance” (chudi mach RC nham
tao ra dao ham bdc phan sé) trong mo hinh mach RLC [103]. Phuong trinh VdP bac

phan s6 c6 dang nhu sau:
DX+ u(x* -)x+x=0 (1<a<2) (2.11)

Tiép theo nghién ciru trén, Barbosa da gi6i thiéu phuong trinh VAP véi ca hai dao

ham béc phan s [104]
D**x+ u(x* —1)D*x+x=0 (0< ax <1) (2.12)

Hinh (2.1) bidu dién dic tinh pha cia phuong trinh VAP véi cac diéu kién dau
X,(0) =0; x,(0) =1 (trong d6, X, =X;) trong cac truong hgp khac nhau. Trong ca 3
truong hop ta déu c6 x=1; a =1 tuong Gng véi phuong trinh VAP bac nguyén (2.10),
hai truong hop con lai ta ¢6 o lan luot bang 0.4 va 0.8 twong ng véi bac khong
nguyén ctia phuong trinh (2.12). Dya trén hinh vé& ta thay bac khong nguyén van dam
bao dac tinh tu dao dong cua phuong trinh VAP, tuy nhién tuwong trng voi bac dao ham
khac nhau (hé s «) phuong trinh FO-VdP ¢6 thé bidu dién nhiéu dang dic tinh khac
nhau. D6 chinh 14 sy linh dong (flexibility) va da dang (variation) cta tinh toan phan s6

trong mo ta dong hoc ciia hé thong.
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T
—a=04
—a=08
2+ —a=1

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25

X4

Hinh 2.1 Mat phang pha cta phuong trinh VAP khi z =1 véi cac bac dao ham khéc
nhau [104]

< Phwong trinh Bernoulli phén sb

Phuong trinh sai phan Bernoulli gbc c6 dang nhu sau:

% f(x)y = g(9y" (2.13)
X

Khi n = 0 hodc 1, phuong trinh (2.13) tr¢ thanh phuong trinh ODE tuyén tinh.
Trong tai liéu [105], Hristov dé xuat phuong trinh Bernoulli phin sb cho bai toan qua
trinh truyén nhiét véi nhiét thong c6 bién phi tuyén (non-linear boundary heat flux),

phuong trinh Bernoulli phan sb ¢6 dang sau:
,D°0, = A+ B0, +C6O; (2.14)

Trong d6, 6, =T, /T, chi ti 1€ cia nhiét do bé mit va nhiét 46 moi trudng xung
quanh; A, B, va C 1a cac hang s6 phu thudc vao cac thong sb ciia qua trinh truyén nhiét.
Khi d6, phuong trinh Bernoulli phan s tong quat dwgc mé ta nhu sau:

(24

d“y
dx”

2.1.3. Ung dung ciia tinh toan phan s6 trong diéu khién

+f(X)y=9g(x)y" (0O<a<?2) (2.15)
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Trong vai thap ky gan day, di co su phat trién manh mé vé tmg dung cua tinh toan
phan sé trong linh vuc diéu khién, dic biét 14 sau khi Podlubny gi6i thiéu bo diéu khién
PID phan s6 [15]. Bai béo [106] d3 tong két lai mot s6 bd didu khién PID phan s va
mot s6 cong cu (toolbox) phd bién duge dung trong didu khién phan sd. Dé hiéu rd hon
tai sao phai mé rong bd didu khién PID cb dién sang dang c6 bac phén sb, trong phan
nay su anh hudng cua cac bic phan sd cia cac khau dao ham va tich phéan 1én tin hiéu
diéu khién s& dugc phan tich chi tiét.
2.1.3.1. Gi6i thiéu bac phan so trong hé thong diéu khién

Trong tat ca cac tai liéu co ban vé bo diéu khién hdi tiép, cac tac dong diéu khién co
ban va anh hudng cua no 1én dap ung cua hé thong & mién thoi gian ciing nhu tan sd
déu duogc gidi thiéu. Ching ta biét cac tac dong nay 1a cac khau ti 18, vi phan va tich
phan va cac anh hudng chinh cuia ching 1én dap ng ciia hé thong la:

- Tang téc do dap Gmg, giam sai sb xac 1ap (khau ti 18)

- Tang tinh 6n dinh nhung nhay véi nhidu (khau dao ham)

- Loai bo sai s6 xac 1ap nhung 1am giam tinh 6n dinh (khau tich phan)

M3di khau déu co tac dong tich cuc va ti€u cuc, tham chi gitta cac khau déu c6 tac
dong qua lai v6i nhau. Qua trinh thiét ké chinh 14 sy thda hiép giita cac thong sb diéu
khién dé dat duoc két qua mong mudn. Do d6, mot cach tu nhién, ta c6 thé két luan
rang bang cach gidi thiéu khau diéu khién tong quat hon c¢6 dang s* va 1/s* (a € R"),
ching ta co thé dé dang hon trong viéc dat dugc su thoa hi€p gitra cac tac dong do6. Tu
d6 ta co thé phat trién cac phwong phép thiét ké linh dong va hiéu qua dé thda man yéu
ciu ngay cang cao cua hé thong diéu khién.

Bén canh do, viéc mo hinh héa hé théng can diéu khién 13 mot bude rat quan trong
trong viéc thiét ké bo diéu khién. Khi d6 cac dic tinh dong cia hé thong that s& duoc
mo ta boi cac phuong trinh toan s& gitp ich rat nhiéu trong qua trinh phan tich va thiét

ké b diéu khién ma khong can can thiép truc tiép vao hé théng that. Cac nghién ctru
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vé mod hinh c6 bac phan s déu c6 két luin rang bic phin sd ting sy linh dong
(flexibility) va da dang (variation) hon khi muén mé ta dic tinh dong ctia hé thong that.

Nhu dé cép trong tai liéu [10], c6 bdn tinh hudng trong hé théng diéu khién vong
Kin:

- Dbi tuong c6 bac nguyén (I0) cing v6i bo didu khién IO

- Dbi tuong 10 cing v6i bd didu khién phan sb (FO)

- Débi tugng FO cung voi bo didu khién 10

- Pbi tuong FO cling v6i bo diéu khién FO

Theo quan diém cta k¥ thuat diéu khién, méi quan tAm chinh 13 cai thién dap tng
ngay cang t6t hon. Nhitng cong trinh da nghién ciru ciing di ching té rang bo dicu

khién FO cho dap ung t6t hon bo diéu khién 10 trén cting mot ddi tuong.
2.1.3.2 M6 ta toan hoc hé thong sir dung bac phin sé

< Ham truyén bic phén s6

Tir (2.7) va st dung cong thirc bién ddi Laplace (cac diéu kién dau bang 0), ta co
ham truyén lién tuc bac phan sb:

b, s +...+b,s"
as™+a S +...+8,5"

G(s) = (2.16)

+¢ Phwong trinh trang thai

Hé tuyén tinh bat bién bac phan sb ciing ¢ thé biéu dién dudi dang mo hinh khong

gian trang thai nhu sau:

{0 D,“x(t) = Ax(t) + Bu(t) (2.17)

y(t) = Cx(t)
Trong d6: xe R", ueR', y e R” la cac vec-to trang thai, ngd vao va ngd ra ctia hé

théng; AeR™, BeR™, CeR™" 1a cic ma tran trang thai; a 1a bac phén sd.
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 Xap xi bac phan s6 trong mién tan so

Dé c6 thé md phong va thuc thi trong tng dung bo diéu khién phan sé v6i cac ham
truyén c6 bac khong nguyén cia toan tir Laplace s, thanh phan nay phai duoc xap xi
dua vé ham truyén bac nguyén voi sé luong gidi han céc cuc va ze-rd. Trong trudng
hop nay phuong phap xip xi bac nguyén lién tuc ctua Oustaloup duoc st dung [37].
Phuong phap nay dua trén ky thuat phian bd dé quy cua cac nghiém cuc va ze-rd va
dugc hau hét cac nha nghién ctru vé diéu khién phan sé sir dung. Cong thirc xap xi

dugc mo ta boi phuong trinh sau:

N s+
s“~s* . ~K k 2.18
[wlwh] k:z_N S+Cok ( )

Trong d6,  1a bac khong nguyén (a € R*); [@, @,] 12 dai tan s6 xap xi; K 1a
thong sé hiéu chinh sao cho cé hai vé ctia phuwong trinh trén c6 d6 loi bang 1 tai tan sd
cat bién, dé thy 1a w, =1rad/s; N 1a s6 nghiém cuc/ze-rd (thuong N duge chon tir 3
dén 8). Thong thuong @, , @, dugc chon lan luot 1a 0.001w, va 1000, . Cac thong sb
do loi, ze-r6 va cuc dugc tinh bdi cac cong thic sau:

K=a (2.19)

(k+N+0.5-0.5c)/(2N +1)
@,

®, = ®, . (2.20)
|

(k+N+0.5+0.5)/(2N +1)
@,

(2.21)

@,
Hinh 2.2 m6 ta biéu d6 Bode cua s°° trong dai tan sb [10_3, 104} (rad/s) str dung

phuong phap xap xi ctia Oustaloup nhu trén, phuong trinh (2.18 — 2.21). S6 nghiém
cuc/ze-rd dugc chon trong hai truong hop N = 4 va N = 8. Trong hai trudng hop ta thdy
Bode bién d6 gan nhu twong ddng & ca dii tan so, trong khi d6 khi N cang tang thi biéu

d6 goc pha s& phang hon.
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Dé don gian va giam thoi gian xir 1y, trong luan 4n nay N duoc chon bang 5.

Bode Diagram
T

»n
(=]

Magnitude (dB)
]
=] o

ob
oo

Phase (deg)

0 1 1 1 1 1 1
107 102 107 10° 10" 102 10° 10°
Frequency (rad/s)

Hinh 2.2 Biéu do Bode ctia phuong phap xap xi Oustaloup [37].

2.1.3.3. Phan tich cac tic dong diéu khién bic phin sb tong quat

Theo mot khao sat ctia hiép hoi do ludong va diéu khién ciia Nhat (1989), hon 90%
cac vong diéu khién trong hé thong diéu khién qua trinh 1a PID. Trong d6 tai liéu [24]
chi ra rang mot nha may gidy dién hinh cua Canada c¢6 hon 2000 vong diéu khién va
trong d6 97% str dung bo diéu khién PL. B diéu khién PI/PID du di c6 tir lau nhung
van tiép tuc duoc cac nha nghién clru va cac k¥ su mg dung nghién ciru va phat trién.
Céc quy luat hiéu chinh thong sé va dic biét 1a cac k¥ thuat ti chinh dinh (auto-tuning)
g6p phan dua bd dicu khién PID phd bién hon trong tng dung.

Mot bo diéu khién PID bao gom ba khau co ban: ti 18 (P), tich phan (I) va dao ham

(D). Trong phan nay, tac gia s& phan tich dic tinh timg khau va téng quat hoa 1én bac
phan sd. So d6 khéi bd diéu khién héi tiép co ban nhu hinh 2.3:

R(S) o E(S) u(s)

H%_—b G.(5)

Hinh 2.3 So d6 khdi ctia hé diéu khién vong kin

Y (s)

G(s)
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Trong d6, G,(s) = Ks”, a e[-1, 1], véi cac trudng hop dic biét cia « , ta co:
o a=0:Gc¢lakhautilé
o o =-1: G la khéu tich phéan
e o =1:G¢la khau dao ham
% Tac dong ciia khau tich phan
Nhu ta da biét, tac dong chinh cua khau tich phan 1a loai bo sai sb xac 14p nhung s&
giam su 6n dinh cta hé thong. Trong mién thoi gian, tac dong ciia khau tich phan bao
gbm giam thoi gian ting trudng va ting thoi gian xac 1ap va do vot 16. Trong mién bién
phtrc, n6 1am dich chuyén quy dao nghiém vé phia phai ciia mit phing phuc. Trong
mién tan sd, né gia ting —20 dB/dec vao hé sb gdc cua biéu dd Bode bién d6 va giam
goc 7/2 vao biéu d6 Bode pha.
Do d6, trong truong hop ciia bac phan s, @ € (=1, 0), ta can xem xét anh hudng
clia gia tri @ 1én céc tinh chét trén. Hinh 2.4 minh hoa dap tng diéu khién khi bac «

thay doi tir 0 (bd diéu khién 13 khau ti 18) dén -1 (khau tich phan bac nguyén), cc gia
tri @ 1an luot 13  =0,-0.2,-0.5,-1.

6

1/ fk
0

Il 1 Il Il 1 1 1 Il Il
0 1 2 3 4 5 6 7 8 9 10

Time (s)

Hinh 2.4. Anh hudng khéau tich phan bac phan sé cho tin hiéu bac thang [10]
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Véi cac gia tri a giita (-1, 0), ta thdy tin hiéu diéu khién gia ting mot lugng nhét
dinh khi sai s6 ting (dé loai bo sai s6 x4c 14p) va giam khi sai s vé ze-rd; trong khi véi
khau tich phin bac nguyén (« = —1), ta thiy tin hiéu diéu khién khong giam khi sai s6
vé zero. Tém lai, véi khdu tich phdn bdc khong nguyén sé lam hé thong on dinh hon va
khéng bi truong hop tich liy sai s6.

% Tac dong ciia khau dao ham

Téac dong chinh cua khau dao ham 1a ting su 6n dinh cia hé thong tuy nhién ciing
dé bi anh hudng ctia nhiéu tan sb cao. Trong mién thoi gian, khau dao ham lam giam
d6 vot 16 va thoi gian xéc lap; trong mién tan sb, no gia ting goc pha /2 (rad) (sém
pha) va ting hé s6 goc cuia biéu d6 Bode bién d6 20 dB/dec.

Hinh 2.5 biéu dién dap tng ctia u(t) voi T = 2.5 (), K = 0.4 va bac a thay doi tir 0
dén 1.

1.2

Time (s)

Hinh 2.5. Anh hudng cta khau dao ham bac phan sb cho tin hiéu bac thang [10]

Theo hinh 2.5 ta nhan xét khi « (bac ctia khau dao ham) c6 gid tri khong nguyén,
tin hiéu diéu khién s& khac khong khi sai s khong d6i (hang sd) va khi sai s6 thay d6i

su thay doi ciia tin hi¢u diéu khién s& khong dot ngdt nhu trudng hop dao ham bac
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nguyén. Do do, khdau dao ham bdc khong nguyén sé lam cho dap vng ciua hé linh dong

(flexibility) hon va it bi anh hwéng hon béi nhiéu tin sé cao.
2.1.4 B diéu khién PID bac phan sb

Duya vao cac phan tich tac dong diéu khién cua khau dao ham va tich phan cua bac
khong nguyén nhu trén, ta nhin thiy bo diéu khién bac khong nguyén s& c6 su linh
dong hon trong viéc thay ddi dic tinh d6 loi va pha so vdi bo diéu khién bac nguyén.
Diéu nay lam cho diéu khién phan s tré nén cong cu dang quan tdm khi thiét ké cac hé
thong diéu khién bén ving. Bo diéu khién PID phan sd, ky hiéu PI*D*, do Podlubny

dé xuat [15], c6 dang tong quat nhu sau:
I<I
G.(s)=Kp+—+Kys*  (4,u=0) (2.22)
S

Trong do: Kp, Ki, Kp lan luot 1a ba thong sb cuia cac khau ti 18, tich phan, va dao
ham; A, u lan luot 1a bac phan sd cua khau tich phan va dao ham. R3 rang néu

A=1, 1 =1 tasécé bo diéu khién PID c6 dién.

Tt phuong trinh (2.22) ta thay bd diéu khién FOPID bén canh ba hé sé ti 18, tich
phén va dao ham con co6 hai thong s6 1a bac cua tich phan va dao ham. Do d6 bd diéu
khién FOPID c6 nidm thong s6 hiéu chinh. Piéu nay tang sy linh dong ctia dap tmg diéu
khién dong thoi ciing gdy kho khin cho viéc hiéu chinh thong sb, dic biét 1a cac bai
toan hiéu chinh tuong minh thong sb (analytical tuning rules). Cac nha nghién ctu da
str dung cac phuong phap khac nhau dé hiéu chinh thong s6 bo diéu khién FOPID nhu

d3 dé cap trong phan tong quan.

Tur cac cong trinh nghién ctru da cong bo, ta rut ra mot so dac tinh quan trong cia

bo diéu khién FOPID nhu sau:

- B0 diéu khién PID phén sé dé dang dat duoc tinh chét iso-damping so véi bd
diéu khién PID c¢6 dién.
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- Dbi v6i hé bic cao, dap tmg ctia bd PID c¢b dién bi suy bién trong khi bac phan
s6 cho két qua t6t hon.

- Dbi voi hé o thoi gian tré 16n, bd diéu khién FOPID cho két qua dap tng tot
hon.

- B0 diéu khién FOPID c0 tinh chét on dinh va bén vitng hon so voi bo PID.

- Dbi voi hé c6 khong ¢ pha cuc tiéu (non-minimum phase), thudng gip trong
cac hé thdng diéu khién qua trinh, b diéu khién FOPID ciing s& cho dap tmg tdt
hon.

- Dbi v6i hé co dic tinh phi tuyén, bo didu khién PID khong thich hop st dung
hodc phai tuyén tinh héa hé xung quanh diém hoat dong; nguoc lai bd FOPID
cho dap tmg tot hon.

2.2. Ky thuat phan ly don gian hoa
2.2.1. Gi6i thi¢u

Nhiéu phuong phap diéu khién phan ly di duoc nghién ctru va phat trién trong
nhimng thoi ky dau tién cta diéu khién qua trinh dic biét 1a linh vuc chung cét trong
dau khi (Luyben, nam 1970; Waller, nam 1974; Wade, nam 1997); Tuy nhién, trong
thoi gian dau nay, cac phuong phap chi tap trung vao hé thong 2 bién (TITO). Trong
nhitng nim gan day, mot s6 nha nghién ciru khac da phat trién 1én bac cao hon (3x3,
4x4) nhu: Shen, 2010; Garrido, 2011; Vu, 2013.

Nhu d4 phan tich & chuong Tong quan, trong luan 4n nay tac gia chi nghién ctru va
phat trién bo phéan ly don gian hoa. Dya trén nghién ciru cia Vu va Lee, tac gia dé xuat
cac cai tién dé thuén tién viéc thiét ké bo phan ly cling nhu bo diéu khién.

2.2.2. Phwong phap phan ly don gidn hoa

Xét hé thong diéu khién phan ly dugc thé hién & hinh 2.6, trong d6, G_ 1a bo diéu
khién vong kin, D 1a by phan ly. G va Q lan luot 13 qué trinh da bién va qua trinh da
bién di dugc phan ly. Muc tiéu ctia sy phan ly 13 x4c dinh ma tran phan ly D, théa man

diéu kién
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G(s)D(s) =Q(s), trong d6 Q(s) 1a mot ma tran duong chéo.

= U, VA
[ u2 » : yz;
n g D(S) > G(S) E »
' un i E Y yn‘
_______________ QL

Hinh 2.6 Hé thong diéu khién phan ly
Cong thire trén duogc biéu dién lai chi tiét nhu sau:
Oy -~ 0Oy || dy ..o dy Q; .- O
D o = (2.23)
9y --- 9,/d, ... d, 0 ... q,
Déi véi phan ly don gian hoa, cac thanh phan duong chéo cia ma tran phan ly la
don vi, do d6: dii = 1 (i =1+n). Céc thanh phan (i, j) ctia ma tran phan ly D(s) c6 thé

duoc xac dinh nhu sau:

C.
do=d L, 0, j=12...,0 0 # (2.24)

ji ii
i

Tir d6, cac thanh phan dudng chéo ctia ma tran sau phan ly tinh dugc nhu sau:

g..
g 9 225
qll 1] A" ( )
Trong d6, C = (adjG) va A, = [G ®(c") } —g, |é—| (2.26)

v6i ® nghia la phép nhan tirng thanh phan caa 2 ma tran.

(Chi tiét cua viéc tinh todn xin xem phdn phu luc A)
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2.3 B du bao Smith
2.3.1 Dy bao Smith cho hé don bién

Thoi gian tré gip rat nhiu trong cic qua trinh thuc té, 1a két qua cta cac hién tuong
khac nhau nhu tho1 gian van chuyén khoi lugng, thong tin hoac nang lugng; sy tich lily
cac thoi gian tré trong cac qué trinh lién ké nhau; hodc thoi gian xtr 1y ctia hé thong.
Thoi gian tré tac dong xau dén dap tng ciia cic hé thong diéu khién truyén thdng vi nd
ngan chdn anh hudéng cua do 1¢1 16n dugc dung dé tranh sy mat on dinh cua hé théng,
hozc 1am tri hoan sy tic dong cua tin hiéu diéu khién khi gia tri dit thay doi. Bo du bao
Smith (Smith predictor) 1a b bu dau tién duoc thiét ké dic biét cho hé théng don bién
(SISO) ¢6 tré [71]. N6 cho phép loai bd thdi gian tré trong phuong trinh dic trung va
du bao dugc ngd ra trong truong hop gia tri dit thay doi. Cau tric ctua bd du bao Smith

cho hé SISO dugc mo ta nhu hinh 2.7.

o

Y
)
—

Hinh 2.7: Céu trac diéu khién du bao Smith don bién.
Trong do:
G,, 1a m6 hinh cua qua trinh.
T 12 mo hinh thoi gian tré ctia hé thong, ta co:
T =e % véi 6, 1athoi gian tré. (2.27)
Khi d6, ham truyén dat vong kin ctia hé thong:

Y(s) G.GT
R(s) 1+G.G, -GG, T +G.GT

(2.28)
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NéuGn=GvaTn=T, taco:

Y(s) GGT
R(s) 1+G.G,

(2.29)

Theo phuong trinh (2.29) ta thiy khau tré dd dugc dwa ra khoi mau sb cua ham
truyén dat. Day 1a chién luoc diéu khién du bao Smith don bién. Bo diéu khién chinh
Gc dugc thiét ké dya trén cac bo diéu khién hoi tiép truyén théng PI/PID nhu cho hé

don bién khong tré.
2.3.2. Céu triic b du bio Smith cho hé da bién

Trong vai nim gan day, nhiéu phuong phap khac nhau cia b du bao Smith dugc
phat trién dé vuot qua nhitg nhugc diém ban dau va cai thién dap tmg [72 — 75]. Hon
nita, hau hét cac qué trinh trong cong nghiép 13 qua trinh da bién véi cac thoi gian tré
khac nhau ciing s& lam bai toan thiét ké bo diéu khién trd nén kho khan hon. Do d6, bd

du bao Smith da dugc mé rong cho hé da bién véi cac thoi gian tré khac nhau [76 — 80]

Xét mot hé théng da bién bac n, c6 ma tran ham truyén dai dién nhu sau:

i gll (S) ng (S) c gln (S) ]

ng(S) gZZ(S) g2n(s)

G(s) = (2.30)

_gnl(s) gnZ(S) gnn(s)_

S

Trong do, g; (s) = gye(s)e ™5 i, j=12,...,n (2.31)

Ji0(s) 1a ham truyén On dinh va hop thire chit khong c6 thoi gian tré. 6, 1a thoi
gian tré tuong Ung.

Céu tric cta bo du bao Smith da bién duogc trinh bay ¢ hinh 2.8, trong do é(s) la
mb hinh tuong mg ciia qua trinh, G, (s) twong duong G(s) khi loai bo tat ca thoi gian
tré. Ge(s) 1a b didu khién chinh. Gia st mé hinh 14 Iy tudng, lic d6 G(s) = G(s)va

G,y(s) = G, (s).
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D(s)

+
R(s) 3 - us) o) Y(s)
A— ¢
R _ Y+
> G(s)
> G, (s)

Hinh 2.8. Céu trac diéu khién du bao Smith da bién

Khi d6, ma tran ham truyén giira ngd ra Y(s) va ngd vao R(s) duoc xac dinh nhu sau:
A A -1
H(S) =G ()G, (5)| 1+(64(9) ~6(9))G.(9) + G(5)G,(5) | (2.32)
Trong trudng hop khi mo hinh hoan héo, nghia 1a G(s) = G(S), va phuong trinh
(2.32) duoc viét lai nhu sau:
A A -1
H(s) = G(s)Gc(s)[I + GO(S)GC(S)] (2.33)
D@ dang thay thoi gian tré d duogc loai b hoan toan khéi miu sb cta ham truyén
dat cta hé. Mot cach tuong ty néu xét ham truyén giira ngd ra va nhidu D(S). Vi thé bo
diéu khién chinh c6 thé duoc thiét ké theo thanh phan khong chira thoi gian tré G (s).
Va twong ty nhu hé don bién, ddy chinh 13 dic trung ciia du bao Smith cho hé da bién.
Phuong trinh (2.33) duoc viét lai:
A A A A -1
H(s) = G(5)G,'(5)G, (5)G, (5)| 1+ G4 ()G, (5) (2.34)
= H(s) = G(s)G;(s)H, (5) (2.35)
A ~ -1 \
Trong d6, H,(s) :GO(S)GC(S)[I +Go(s)Gc(s)] 1a him truyén vong kin tuong
g vai b diéu khién thiét ké cho hé khong co tré G,(s). Tuy nhién, khong hoan toan

giong véi truong hop hé don bién, mic du Ge(s) dugc thiét ké dé H,(s) dat duge dap
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g nhu mong mudn nhung dap Gng that su cua hé théng van khong duge dam bao do
thanh phan é(s)égl(s) trong phuong trinh 2.35. Trong truong hop dic biét, khi ma tat
ca cac thoi gian tré & cac hang cua ma tran ham truyén 1a nhu nhau, G(s) c6 thé duoc
viét lai dusi dang diag{e %} G (s). Két qua la H(s) = diag {e™*} H,(s) va do d6 dap
g ngd ra clia hé cling chinh 1a dap tmg ctia H,(s) bi tré mot thoi gian twong Gng.
Hay noi cach khéac kha nang diéu khién va su 6n dinh bén viing cua hé van dugc dam
bao. Tuy nhién trong hau hét cac trudng hop thyc té, didu kién nay (thoi gian tré 1 nhu
nhau ¢ cac hang) khé c6 thé duoc dam bao. Pdy chinh la vin dé 1ém ciia bé dir bdo
Smith da bién, va trong ludn dn nay tac gia da dé xudt phwong dn khdc phuc nhiege
diém trén.
2.4. Gi6i thiéu nhan dang hé thong

Nhéan dang hé théng la Iinh vuc moé hinh hoa toan hoc cta hé théng tr cac dir liéu
thuc nghiém. Theo dinh nghia cua Zadeh (1962) thi vi¢c nhan dang nhdm xac dinh mé
hinh cu thé cua mdi quan h¢ vao-ra dya trén mot 16p cdc mo hinh thich hgp xéac dinh.

Cho hé tuyén tinh, lién tuc va bat bién theo thoi gian véi ngd vao u(t) va ngd ra
y(t) dugc mo ta bdi phuong trinh sau:

y(t) = G(q)u(t) +v(t) (2.36)

Trong d6: G 1a ham truyén, q 1a toan tir sai phan mién thoi gian, v(t) dai dién cho
sai s6 do ludng, nhidu qua trinh, sai s6 mo hinh hodc két hop tat ca cac yéu to trén.

Gia sir rang tin hiéu {u(t), t<t< tN} tac dong vao hé théng duoc 1y mau tai cac

thoi diém t, k=1..,n. Khi d6 ta thu thap duogc cdp dir li¢u vao ra cua h¢

{u(t,), y(t)}

Bai todan nhdn dang dwoc phat biéu nhw sau: tim mé hinh lién tuc theo thoi gian
cho hé lién tuc ban dau tir tdp N mau dix liéu thu thip dwoc 7" = {u(t,). y(tk)}:j:1

C6 ba loai mo hinh tham sé:
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= Mé hinh hgp tring: md hinh tuong minh, duoc xdy dung hoan toan theo 1y
thuyét

» Mé hinh hgp xdm: md hinh lién tuc dau tién dugc xdy dung dua trén céc
nguyén 1y vat ly, toan hoc, hda hoc, sinh hoc co ban. Cac thong s6 chua biét cua
hé c6 y nghia nhét dinh va dugc tim dya vao tap dir liéu vao-ra trén.

= Mé hinh hép den: khong co thong tin vé moé hinh, cac théng sb cia hé khong
nhat thiét c6 ¥ nghia vat 1y nhat dinh ma chi 1a cac hé s6 mé ta tinh chat ctia mdi

quan hé gitra céc tin hi¢u vao-ra.

Trong noi dung cua ludn dan tac gia chi tdp trung nhdn dang mé hinh hop den. Cac
budc co ban cua bai toan nhan dang hé théng nhu sau:

- Tap dir li¢u vao-ra

- Lua chon céu trac md hinh

- Lua chon tiéu chuan danh gia gitra dit liéu va mo hinh

- Danh gia mo6 hinh nhan dang vo1 hé théng that

C6 hai phuwong phap tiép can bai toan md hinh hop den cua hé lién tuc tir mau dir
ligu:

= Phwong phdp gidn tiép: bao gdm 2 budc. Dau tién, tim mé hinh roi rac cua hé
lién luc bang cach ap dung cac phuong phap ude luong dya trén miu dir liéu co
san; sau d6, md hinh rdi rac dugc chuyén hoa thanh dang lién tuc. Phuong phap
nay c6 wu diém 1a nd c6 thé sir dung cac phwong phap nhan dang mé hinh roi
rac ndi tiéng, da dugc nghién ciru va phat trién kha day du.

=  Phwong phdp truwc tiép: md hinh lién tuc dat dugc bang cach s dung céc

phuong phap nhan dang truc tiép hé lién tuc.

2.4.1 Tong quan mdt sé nghién ciru vé nhan dang hé thong
La mot phan cua Iy thuyét didu khién hé thdng, mé hinh héa va nhéin dang 13 mot

budc chinh trudc khi thyc hién viéc thiét ké giai thuat diéu khién, dic biét 1a cac
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phuong phap dua trén mé hinh (model-based methods). CAc tai liéu [116, 117] da dé
cap hau hét cac 1y thuyét co ban ctia nhan dang hé thng, cling nhu cac giai thuat khac
nhau trong viéc udc luong tham s6 ctia mo hinh, dic biét st dung cho hé SISO. Tai
lidu [118, 119] mé rong viéc nhan dang cho hé MIMO va tng dung trong linh vuc diéu
khién qua trinh.

Hau hét cac dbi tuong trong linh vuc diéu khién qua trinh déu c6 thé duoc mo ta
bdi cac hé bac thip c6 tré, chang han nhu hé bac 1 ¢6 tré (FOPDT), hé bac 2 c6 tré
(SOPDT). Cha ¥ rang, cac hé bac thip nay déu co thé dugc sir dung dé mo ta dic tinh
dong cua cic qua trinh tuyén tinh bac cao cho muc dich thiét ké cac thong sé bo diéu
khién. Trong linh vyc diéu khién qua trinh, phuong phap ding ham bac thang (step) két
hop thém co ciu héi tiép ro-le (relay feedback) dugc sit dung rong rii trong nhin dang
vi sy don gian va hi€u qua [120 — 124]. C6 ba phuong phap chinh khi nhan dang qua
trinh dung ham bac thang:

- Thu nhat, str dung cac diém dai dién trong dap ung nic, va ta c6 cic phuong
phap mot diém, hai diém, ba diém. Phuong phap nay don gian nhung chi hiéu
qua cho hé tuyén tinh c6 bac thap.

- Tht hai, st dung phuong phap tich phan thoi gian

- Va cubi cung 1 sir dung udc luong dap Gmg & mién tan sb.

Hon nita, cac phwong phap nhdn dang bén viing (robust identification) dua trén dap
g bac thang va hoi tiép ro-le ciing dugc nghién ctru nham ddi pho véi sy anh hudng
ctia nhilu tai, nhidu do luong hodc cac diéu kién dau khac khong (unsteady state) cia
qua trinh [125]. Mot s6 bai bao khac cling dd mé rong phuong phap nay sang nhan
dang cac qua trinh da bién hoic phi tuyén [124, 126-130], dic biét 1a danh cho cac qua
trinh da bién véi cau trac diéu khién phan cap [124, 126], hoic két hop véi b du bao
Smith [131], hodc cho céc qué trinh tich lily vi ddc tinh vong kin khong 6n dinh [129].
Tai liéu [132] giéi thiéu mot cach day du coéng cu nhan dang cia Matlab (Ident

Toolbox) danh cho cac qua trinh cong nghiép.
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Bén canh do, voi su hép dan cta viéc mo ta dic tinh dong cta hé béng phuong trinh
sai phan bac khong nguyén (non-integer) nhu da trinh bay trong chuong 2. Viéc nhan
dang hé théng cling dd mé rong sang hé co bac phén sb, sir dung cac ki thut da phat
trién cho bac nguyén nhu phuong phap binh phuong ti thiéu, nhan dang hé lién tuc
mién thoi gian, hodc nhin dang mién tin sd. Cac tai liéu [133 — 138] gidi thiéu cac k¥

thuat moé hinh hoa cho hé phan $0.

Trong ludn an nay, tac gia sit dung cac k¥ thudt nhan dang phd bién cho hé don
bién va m& rong né dé tng dung cho hé da bién. Phuong phap dugc sir dung trong luan
an 1a phuong phap binh phuong t6i thiéu (LS).

2.4.2. Nhan dang hé tuyén tinh don bién bang phwong phap LS
So db khbi ctia hé tuyén tinh don bién rdi rac dugc biéu dién nhu hinh 2.9, trong d6

7 13 toan tir roi rac; @ 13 thoi gian tré

—>» G(zY)z”’

Hinh 2.9. So d6 khéi hé tuyén tinh roi rac

Phuong trinh sai phan tuyén tinh ciia hé roi rac, tuyén tinh va bat bién c6 thé biéu
dién dudi dang sau (m6 hinh ARX: Auto-Regressive eXternal input):
Y(tk) + aiy(tk—l) Tt ana y(tk—na) = b1u (tk—l) oot bnbu(tkfnb) +V(tk) (2.37)

Goi g 1a toan tir 1am tré mot don vi thdi gian (mot chu ky 1dy mau), tir (2.37) ta
co:
A(q_l)Y(tk) = B(q_l)u(tk) + V(tk) (2.38)

B(q™)

AT — = v(t,) (2.39)

y(t)=——=Tut)+S(t); S(t) =

(q‘l)
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Trong d6: A(Q")=1+aq " +...+a,q™; B(q")=bg™ +...+b g™ (2.40)

Phuong trinh (2.37) c6 thé dugc biéu dién dudi dang vec-to theo su tuyén tinh cua

cac tham so cia mo hinh:

y(t) =o' (t)0+V(t,) (2.41)
Trong d6: @ (t,) =[ =y(t1)-..— Y(t_, ) U(t,)...u(t, ) | : vec-to hdi quy
0= [al ..a, b...by ]T : VEC-to' tham s6 ciia hé thong

Phuong trinh (2.41) cho thay ta c6 thé tinh dugc gia tri cta tin hiéu ra tai thoi diém
ther k khi biét tham s6 cua hé théng, tin hiéu vao va ra trude d6, nhiéu tac dong vao hé
thong. Tuy nhién trong thuc té thuong tin hiéu nhidu v(t) khong biét trudc nén ta chi
c6 thé dur bdo tin hiéu ra ciia hé thong:

9(t,.6) = 9" ()0 (2.42)

Tir d6 ta co sai sb du bao: e(t,,8) = y(t,) - y(t,.0) (2.43)

Phuong phap truyén thdng dé tim vec-to tham sb € 1a cuc tiéu héa tong binh
phuong ctia sai s6 du béo e(t,,d) bang cach dinh nghia tiéu chuan tdi wu:

V, (6) = %g( yt) — 9(t,.6) (2.44)

Pay 1a phuong phap binh phuong t6i thiéu (least squares method) ndi tiéng, vai
nghiém cua (2.44) nhu sau:

éLS = [%Z(o(tk )¢T (tk)} %Z?(tk))’(tk) (2.45)

2.4.3. Nhan dang hé tuyén tinh da bién

Cho mot qué trinh rdi rac, bt bién va tuyén tinh véi m ngd vao, n ngd ra, ta co thé

mo td md1 quan hé vao-ra bang dap img xung nhu sau:
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Y& =S Gut-k),  t=01 2. (2.46)

Trong d6 y(t) la vec-to ngd ra (nx1), u(t) 1a vec-to ngd vao (mx1) tai thoi diém

liymiu t; G . la ma trdn Nnxm duogc hinh thanh tr cdc dap irng xung tuong Ung.

Str dung toan tir 1am tré mot don vi thoi gian (mot chu ky 1dy mau):

YO =G ),  t=01 2,.. (2.47)
y(t) =G(q)u(t), t=0,1 2,.. (2.48)

Trong do: G(q) = Zqu’k dugc goi 12 ma tran ham truyén ciia hé MIMO. Néu
k=0
qua trinh ¢6 chiéu xac dinh, khi 6 mdi phan tir cia ma tran ham truyén chinh 13 ham
truyén hitu ti tong quat ctia hé SISO.
Cho muyc dich nhan dang, mo ta khac cia h¢ MIMO thuong dugce st dung:
yO)+Ayt-)+...+Ayt-k)=Bu(t)+Bu(t-1)+...+Bu(t-k) (2.49)
Trong do:
A, (nxn),..., A (nxn), By(mxn), B,(mxn),..., B,(mxn): I cac ma tran hing
St dung toan tir g, ta viét lai phuong trinh (2.49)
A(Q) y(t) =B(a)u(t) (2.50)
Trong d6: A(Q)=1+AQq"+...+A.q"; B(q)=B,+B,g"'+...+B.q ™" (2.51)
So sanh hai phuong trinh (2.48) va (2.50), ta co:
G(a) = A(q) "B(a) (2.51)

Biéu dién ma tran ham truyén béi hai ma tran da thirc dugc goi 1a mé ta phan ly ma
tran (MFD). Pé dam bao tinh duy nhit ctia mo hinh nhan dang duoc, dang don gian

nhat cia MFD dugc st dung, d6 13 dang dudng chéo:
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(A 0 ... 0 ] B.(@) Bu(@) ... B (a)]
0 B B,() .. B,
A= 0 M@ g B B - B
. 0 e e AG(@) ] | B.(a@) B,(a) ... B,(a)

Trong d6 A,(q), ...A . (q) la cac da thirc véi hé sb bac cao nhét bang 1, va bac ctia
cac da thirc B,(q), ...B, (q) nhé hon hoic bang bac cia A (q). Khi d6, qua trinh m

ngd vao- n ngd ra dugc phan ly thanh n qua trinh con véi m ngd vao don:
Au(q) yl(t) = B11(q)u1(t) +...t Blm (q)um (t)

; s 5 (2.53)
An (@)Y, (1) = By (@)u, () +...+ B, (Q)u,, (1)

Dang biéu dién nay don gian tir hé MIMO tr¢ thanh hé MISO nén su phuc tap cia
hé da bién, dic biét 1a cac hé thé)ng da bién bac cao s& duoc giam thiéu. Do d6 viéc
nhan dang hé da bién trd nén don gian bang cach ap dung cac k¥ thuat di biét cia hé

don bién.

Trong luan an ndy, nhan dang bang phuong phap LS cta hé don bién da trinh bay
muc trén s& duoc mo rong dé ap dung cho hé da bién. Phan co so 1y thuyét trinh bay
trong phan nay s& dugc st dung & chuong 5, phan thuc nghiém, dé nhan dang va mo
hinh héa hé bon nudc. Tir 46, méi c6 thé ap dung cac phuong phap thiét ké bo diéu

khién dé xuat dé kiém chtng hiéu qua trén thuc nghiém.
2.5. Tém tit chwong 2

Céc co s6 Iy thuyét duoc st dung trong luan an duoc tong hop lai trong chuong 2.
Mot s6 ndi dung quan trong nhu sau :

- Tinh toan phan s6 va img dung trong diéu khién.

- B0 phan ly don gian hoa.

- B¢ du bao Smith da bién.

- K¥ thuat nhan dang hé tuyén tinh da bién bang phuong phap LS.
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Chuong 3
PANH GIA HE THONG VA ON PINH BEN VUNG

3.1 Cic tiéu chi chit hrong danh gia h¢ thong diéu khién.

Xét vong diéu khién hdi tiép co ban nhu hinh 3.1
r e u + y
G, G —»(%)——»

Hinh 3.1. Vong diéu khién héi tiép co ban

Y

Trong @6, r & gia tri dat; e 1a sai s6 giira ngd ra (y) va gié tri dat (mong muédn); u la
tin hiéu diéu khién; d 1a nhidu (disturbance) tac dong vao vong diéu khién va anh
huong dén dap (ing cua hé.

Pé danh gia chat luong cua phuong phap diéu khién dé xuat, trong luan an nay, cac
chi tiéu chat lugng sau s& dugc xem Xét.

3.1.1. Chi s6 IAE (Integral Absolute Error)
Pé danh gia chat luong dap (ng cua bo diéu khién vong kin, tiéu chuan IAE dugc

xem xét, cong thirc dinh nghia nhu sau:
N
AE = [ le(v)]dt =~ > e, | (3.1)
k=1

Trong d6, T 14 thoi gian x4c dinh va dugc chon bang thoi gian md phong cua hé
thdng.

T chi s6 IAE, ta c6 c4c chi s6 chat lugng khac ciing duoc si dung trong luan an:

- Jr: 1a chi s6 IAE khi gia tri dat (r) thay doi.

- Ja: 14 chi s6 IAE khi c6 nhiéu (d) tac dong vao vong diéu khién.

3.1.2. Chi s6 ITAE (Integral of Time-weighted Absolute Error)
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Mot chi sé danh gia khac cling duoc st dung dé danh gia dap (ng cua hé théng ma
trong d6 thoi gian t dugc xem xét nhu 13 hé s trong sé cua gia tri sai s6. Tiéu chi nay

duoc dinh nghia nhu sau:
N
ITAE = J'OTt|e(t)|dt ~ > t e (3.2)
k=1

3.1.3. Chi s6 TV (Total Variation)
Pé danh gia bién do cling nhu mic d6 thay doi cua tin hiéu diéu khién, tiéu chuan
TV thuong duoc st dung. Mot bo diéu khién tét phai cé chi sé TV cang nho cang tét,

cong thirc tinh dugc trinh bay trong phuong trinh sau:
N
TV=Z|u(k +1) —u(k)| (3.3)
k=1
3.1.4. Ham d¢ nhay cue dai
Tu hinh 3.1, ta c6 cac ham truyén vong ho L = GG, . Tir dap ang mién tan sd
cual, L( jw), taco cong thirc tinh ham cuc dai do nhay:

,trong 46 S(jw) =(1+ L(ja)))f1 (3.4)

M, =max|S(jw)
Hon nira, tir hinh 3.1 ta ciling tinh duoc sai s6 € = (r —d)S , bo diéu khién hoi
tiép cai thién dap @ng biang cach giam sai s6 e & tit ca cac tan sd. Thong thuong, |S|
nho & tin sd thap (vi du nhu |S(O)| =0 khi h¢ co khau tich phan Iy tuéng) va
|S| —1 ¢ tan s6 cao. Tuy nhién, ¢ dai tan sb trung gian, trong thuc té, khong thé
tranh khoi dinh Ms 16n hon 1, nghia 1a tac dong xau dén dap ung caa hé. Tir do, thong
s6 Ms con duge xem nhu 13 hé s do luong su 6n dinh bén viing. M6 ta hinh hoc cua
Ms duoc bidu dién nhu hinh 3.2. Tir hinh vé ta thdy dai lugng Ms chinh 1a nghich dao
cua khoang cach ngin nhat tir duong cong Nyquist ciia ham truyén vong he L( jw)
dén diém (-1, jO) & mit phang phic. Dé dam bao sy 6n dinh bén viing cua hé diéu
khién vong kin, gia tri dién hinh ciia Ms tir 1.2 + 2 [139]
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Hinh 3.2. M6 ta hinh hoc cia ham d§ nhay

Trong lugn an nay, théng s¢ Ms sé diroC sir dung trong buéc thiét ké bg diéu khién
nham dam bao tinh 6n d@inh bén viing cua hé thong thiét ké. Tuy nhién, & budc danh
gia chat luong hé thdng diéu khién, tac gia s& sir dung cau tric M-A duoc trinh bay tiép
theo dé danh gia su 6n dinh bén viing bén canh cac chi s chat lugng khac di trinh bay

trong muc 3.1.
3.2. Phén tich 6n dinh bén virng sir dung cu triic M-A

3.2.1 Gidi thi¢u

Hau hét cac phuong phap thiét ké bo diéu khién déu dua trén mo hinh toan cua dbi
tugng diéu khién. Viéc mo ta mot hé thong thuc bang cac phuong trinh toan 14 cong
viéc phtc tap, kho khan, va thong thuong khong thé mo ta chinh xac duge. Do do,
thuat ngit bdt dinh (uncertainty) dung dé mo ta sy sai léch gitta mo hinh va thuc té. Sy
6n dinh bén ving 1a tiéu chuan téi thiéu mot hé théng diéu khién phai thda man dé co
thé ap dung trong thuc té noi ma sy bdr dinh cia mo hinh hé théng 1a van dé quan

trong.
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Bat dinh (P,)

M& hinh
danh dinh(P")

M0 hinh
that

Hinh 3.3. Pic tinh cic dang mo hinh trong mién tan sb

Hinh 3.3 biéu dién ddc tinh mién tan sb cua cac mo hinh that, md hinh danh dinh
(Po) (nominal model), va tdp md hinh bat dinh vdi sai 6 £A (P.s). M6 hinh danh dinh s&
dugc dung dé phan tich va thiét ké bo dicu khién. Myc tiéu cta bai toan 6n dinh bén
virng 1a thiét ké bo diéu khién sao cho hé khong chi 6n dinh v6i mé hinh danh dinh ma
con on dinh véi hau hét cac tip mo hinh trong mién bat dinh £A (P.).

Diéu khién bén viing khong phai 1 noi dung nghién ctru chinh cta luan an nay.
Tac gia chi phan tich 6n dinh bén viing dé dam bao cau trac bd diéu khién dé xuét cé
kha ning (mg dung dugc. Do d6, khi phan tich 6n dinh bén viing, tac gia chi khao sat
sw bdt dinh tham s6 (parametric uncertainty) nghia 13 bic va cau tric mo hinh hé thong
dugc biét nhung vai hoic tat ca cac thong s6 ctia hé thi khong chic chan. Trong trudng
hop nay, c6 hai dang thudong dung dé biéu dién P,

Dang 1 (additive form, sai s6 céng):

P,(5) = P, (5) + W, (S)A(S)W, () (35)

Dang 2 (multiplicative form, sai s6 nhin):

P.(s)= [I +W, (S)A(S)W, (S)] P.(s) q ‘ ‘ (3.6)

Trong d6, Wi, W2 1a cdc ma tran 6n dinh nham giéi han ma trdn P4 nam trong

mién 1an cin cua mod hinh danh dinh Po; Ala s thuc thda dicu kién |A| <1 dbi v6i hé

don bién, ddi véi hé da bién 5[A(jo)]<L Ve>0.
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Céac dang nay gidi han P4 trong mot mién lan can dugc chuin hoa ciia mod hinh
danh dinh Po. Thuan loi ctia dang 2 so v6i dang 1 13 trong dang 2 cac ma trén trong sd
khéng nhitng ap dung vao ham truyén cua qué trinh ma con co tac dung véi ca bo didu
khién. Viéc nay gitp cho viéc kiém tra tinh 6n dinh bén viing thuyét phuc hon. Trong
néi dung ludn dn nay dang 2 sé dwoc dp dung dé phan tich 6n dinh bén viing ciia hé

thong.

3.2.2. On dinh ndi
Cho hé hoi tiép 4m c6 cdu trac chuan nhu hinh 3.4 (xét ca cac tin hiéu nhiéu)

d d

u y

+ y
! Gc—bé)—rG

Hinh 3.4. Cau trac hé hoi tiép 4m chuan dung phan tich on dinh bén vimng

Trong @6, r, y 1an luot 1a céac tin hiéu vao ra; du, dy 13 cac tin hiéu nhiéu diéu khién
va nhiéu ngd ra; n 1a nhiéu cta tin hiéu do; G, Gc lan luot 1a ham truyén cua qua trinh

va ham truyén cua bd di€u khién.

) r d N
Ta nhom céc tin hiéu vao thanh cac nhém: 1, = {d }, r, :{ y} va dit e/, e, lan
n
u

luot 1a tin hiéu vao cua qua trinh va b diéu khién. Bat G, = -G_, tir d6 cau tric h¢ hoi

tiép hinh 3.4 duoc v& lai nhu hinh 3.5 va dugc dung dé phan tich 6n dinh ndi cta hé.
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Hinh 3.5. C4u trac phan tich 6n dinh noi

Pinh ly 3.1: H¢ hoi tié;D hinh 3.4 dvwoc goi la on dinh ndi néu tat ca cac ham truyén

dat tir v, ¥, dén e, e, déu on dinh.

Thong thuong, néu ta xét dn dinh cia hé dya vao ham truyén vao-ra, s€ co truong
hop khir cac cue khong 6n dinh bang cic nghiém ze-rd cua cic khau trong hé. Didu nay
s& dan dén truong hop van ton tai mot tin hiéu nao dé trong hé mét 6n dinh, c6 thé dan
dén hu hong khong kiém soat. Do d6, diéu kién on dinh noi chat ché hon, va bao dam
cac tin hi¢u bén trong hé théng déu hitu han khi tin hiéu vao 1a hiru han.

Vi du, ta khio sat diéu kién on dinh néi ctia hé thong hinh 3.5, tir so d6 ta c6:

{el =1, +Ge, =1, +G;r, +C§ACGe1 37)
e,=r,+Ge =1, +Gr,+GG.e,
A -1 A -1 A
e, = (! —GCG)1r1+(I -GG) Glcrz .
e,=(1-GG,) Gr+(1-GG,) r,
Suy ra:
o)- (1-6e)" (1-¢0)'¢, H a9
e, ( r,

A \—-1 A\ "
1-GG,) G (1-GG,)
\ 9 N A -1 A -1 A
Pidu kién on dinh noi cia h¢ la cac ham truyén (1-GG) , (1-GG) G,

A\l . ANl
(1-GG,) Gva (1-GG,) déu éndinh.
3.2.3. Dinh 1y d9 lgi nhé
Cho ham truyén bét ky & mién tan s6 c6 dang G( jw). Ta ¢ bdn kinh phé (spectral
radius), ki hiéu p(G ( jw)) , tai mdi tan s6 dugc dinh nghia nhu sau:

p(G(jo))2 m?x‘xi (G(jo))| (3.10)
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Trong d6, A, 1a céc tri riéng cua G

Pinh ly 3.2 (Piéu kién 6n dinh ban kinh phd): Xem xét mot hé thong c6 ham
truyén on dinh G(s). Khi do hé kin on dinh néu va chi néu:

p(G(jw))<1l Vo (3.11)

Chirng minh: xem tai liéu tham khao [139]

Dinh 1y trén kha truc quan vi ta dé nhan théy réng néu do loi cua hé théng nho hon
1 theo moi hudng (tét ca cac tri riéng) va cho moi tan sd, khi do su thay ddi cua cac tin

hi¢u s€ suy bién dan va hé tré nén 6n dinh.

Pinh 1y 3.3 (Pinh 1y d loi nhé): Xem xét mot hé thong véi ham truyén on dinh
G(s). Khi d6 hé kin on dinh néu:
|G(jw)|<1 Ve (3.12)

Trong do, |G| chi bat ky chuan ma tran nao thda |AB| < |A|.|B||

3.2.4. On dinh bén virng cho hé da bién

3.2.4.1. Ciu triic phén tich 6n dinh bén virng
Céc dai lugng bat dinh dugc mo ta béi ma tran duong chéo:

A

A =diag{A,} = (3.13)

Trong d6, mdi A, dai dién cho mét dai lugng thay doi nhat dinh.
Sy bét dinh khong cdu tric thuong duge ding dé c6 dugec mo hinh bat dinh don
gian. Cé nhiéu dang khac nhau cta cau hinh bat dinh khong ciu tric, nhung trong luan

an nay tac gia s dung dang pho bién nhat 1a mo hinh sai s6 nhan (phwong trinh 3.6)
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v6i su bat dinh & ngo ra. CAu tric bat dinh duge mo ta nhu hinh 3.6, trong d6 Gp 1a ho

ham truyén bat dinh; G 1a ham truyén danh dinh ciia hé.

Hinh 3.6. C4u trac bat dinh sai s6 nhin ngd ra
Theo phuong trinh 3.6, ho ham truyén bét dinh duoc viét lai:
G, (s) =[1+A(S)W,(5)]G(s) (3.14)

Trong luin 4n ndy, do ciu tric diéu khién st dung k¥ thuat phan ly nén ma tran
ham truyén cta ddi tugng diéu khién sau khi phéan ly 1a ma tran duong chéo. Do d6, ma
tran trong s6 mo ta sy bat dinh ngd ra W, (S) cling 1a ma tran duong chéo, cac thanh
phﬁn duong chéo cia ma tran nay dugc chon sao cho dac tinh mién tan sd bao phu su
thay ddi ctia cic ma tran thanh phan sau khi phan ly trén toan bo dii tan sé khao sat,
nghia 14 bat phuong trinh sau phai duoc thda man:

Gpi(Jw)—Gi(Jw)§1 Yoo (3.15)

W (o)1) = x| =2

Dé phan tich 6n dinh bén viing ctia hé thdng, cdu tric M-A nhu hinh 3.7 thuong
duoc st dung. Ciu trac ndy c6 nghia 1a tit ca cac thong sé bat dinh cta hé sau khi dugc
bidu dién dudi dang sai s6 nhan ngd ra nhu hinh 3.6 thi s& dugc tach ra thanh 2 thanh
phdn: ma trén A la ma tran dudng chéo véi diéu kién G[A(jw)]<1, Vo =0; ma trén
M chira cac thanh phan con lai cia hé théng nhu ham truyén déi twong diéu khién, bo

dicu khién, va ma trén trong so.

55



> M

Hinh 3.7. Cau tric M-A dé phan tich 6n dinh bén viing hé da bién

Néu hé danh dinh 6n dinh thi M 6n dinh va A 12 cac tin hiéu bat dinh c6 thé 1am
cho hé thong mat 6n dinh. Pinh 1y sau thiét 1ap diéu kién cia M dé cho hé thong vin
6n dinh duéi anh huong caa A

Pinh 1y 3.4 (Pinh Iy 6n dinh bén virng):

Gid sit M VA A 6n dinh, hé thong vong kin hinh 3.7 sé 6n dinh khi va chi khi biéu
dé cue ciia dwong cong Nyquist det(1-MA) khéng bao diém géc. Khi d6 hé thong vong
kin sé on dinh bén viing véi moi A ((A) <1) néu va chi néu khi mét trong cdc diéu

kién sau thoa man:

a. det(1 - MA(j)) %0 Vo, VA (3.16)
b. p(MA(jw)) <1 Vo, VA (3.17)
c. [M||. <1 Ve, |A|<1 (3.18)

3.2.4.2 Gia tri suy bién c6 ciu tric (structured singular value)

Gia tri suy bién c6 cau trac, ki hiéu 14 Mu, SSV hoidc p, 1a ham sb tong quat hoa
gia tri suy bién (singular value, G) va ban kinh pho (spectral radius, p). Gia tri nay s&
dugce dung nhu 1a diéu kién can va du cho su én dinh bén ving (robust stability) va

cling nhu cho sw bén vitng ciia ddp vmg (robust performance).
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Pinh nghia 3.1 (SSV): Cho ma trgn M va A = diag {Ai} chi tdp cac ma trdn ma
G(A) <1. Ham sé thuc khéng dm u(l\/l) dwoc goi la SSV va dwoc dinh nghia bdng
phwong trinh sau:

u(M)=

1
min {k,|det(I—k,MA)=0, 5(A)<1}

(3.19)

Néu khéng c6 cdu triic A ton tai, p(M)=0

Pinh 1y 3.5: Gid sit rang mé hinh danh dinh M va tin hiéu khéng chdc chdan A 1a
on dinh. Khi @6 cdu triic M-A ¢ hinh 3.7 ciing on dinh véi moi A thda 5(A)<1, Vo
khi va chi khi: p(M( jo))<1 Vo.
3.2.4.3 Piéu kién 6n dinh bén virng ddi véi hé da bién c6 sai sé nhin ¢ ngd ra

Hinh 3.8 minh hoa ciu trac sai s nhan ngo ra cua tin hi¢u bat dinh duoc tich hop
vao hé diéu khién vong kin sau khi phan ly don gian héa. Khi d6, ma trin ham truyén
G 12 ma tran duong chéo; Gc 12 ma tran diéu khién twong tng (ciing 1a ma tran dudng
chéo v6i cac thanh phan duong chéo 1a cac bo diéu khién twong Gng véi cac phan tir
duong chéo cua ma tran G); Wo la ma tran trong s6, duoc lya chon phu hop thda man
bat phuong trinh (3.15). Céu tric tuong duong M-A ciing duoc trinh bay trong hinh
3.8. Dé xét 6n dinh bén viing cho hé théng, ta can tim ma tran M va st dung dinh ly

3.5 dé chitng minh tinh 6n dinh bén viing cho hé.

> A

@
\ 4
®
+v

v
<

Hinh 3.8. Phan tich 6n dinh bén viing véi sai s6 nhan dau ra
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Taco: y(s) =-GG,[y(s)+u,] (3.20)

=y(5)=-GG,[1+G,G, | u, (3.21)
Do d6, y, =-W,GG,[I+GG ] u, (3.22)
Vay M(s)=-W,GG,[I +GG.]" (3.23)

St dung dinh 1y 3.5, ta c6 diéu kién can va du dé hé c6 sai s6 nhan du ra on dinh
bén viing 1a u(M ( ja))) <1 Vo, véi M dugce tinh nhu cong thire (3.23)

Cong thirc (3.23) s& 13 co s& dé tinh toan ma trdn M cho cac cdu tric diéu khién
khac nhau ma tac gia dé xuét stir dung trong luan 4n, va sé duoc trinh bay trong chuong
tiép theo.

3.3 Tém tit chwong 3

Trinh bay cac phuong phap danh gia chat luong hé thong nhu IAE, ITAE, TV, va
ham d¢ nhay cuc dai (Ms) dé do ludng sy 6n dinh bén viing cia vong diéu khién don
bién. Bén canh d0, diéu kién 6n dinh bén vitng cuia hé da bién st dung céu trac M-A va

sai s6 nhan ¢ ngd ra cua tin hiéu bat dinh dugc rut ra dya vao gia tri cia ham .
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Chuong 4
CAC PHUONG PHAP THIET KE PE XUAT

Nhu d3 khao sat va phan tich trong chuong Tong quan, trong luin 4n nay tac gia st
dung phan ly don gian hoa két hop v6i bo dy bao Smith da bién. Theo khao sat cua tac
gia, cau tric diéu khién nay chua dugc cong bd ¢ bat ky cong trinh khoa hoc nao trude
do.

4.1 Két hop phan ly don gian héa véi bd dw bao Smith

Nhu di phan tich & chwong Tong quan, dé cé thé ap dung hiéu qua bo du bao Smith
cho cac qué trinh da bién, c6 hai phuong phap thuong duoc st dung. Phuong phap dau
tién 1a 4p dung dong thoi diéu khién da bién va bo dy bao Smith [76, 77, 79], phuong
phap nay thudng phirc tap va chi pht hop cho cac hé da bién bac thip. Phuong phap
thi hai 13 thiét ké bo phan ly cho d6i twong diéu khién dé dat duwoc ma trdn ham truyén
duong chéo, va sau d6 tng dung bd du bao Smith cho timg thanh phan dudng chéo
nhu trudong hop cua hé don bién [80]. Trong ludn dn nay, tac gid sir dung cdch tiép cdn
thit hai va dé xudt cdu tric b diéu khién bao gom bo phén ly don gian héa két hop véi
bo du bao Smith.

Céu tric tong quat ciia bo diéu khién dugc mo ta ¢ hinh 4.1. Trong d6, D(s) 1a mot
ma trin phan ly cho qua trinh da bién G(s), Q(S) 13 ma trdn qua trinh di duoc phén ly
(Q(s) = G(s)D(s)) va Qo(Ss) duoc suy ra tir Q(s) khi loai bo tat ca cac khau tré. Do tinh
chat cuia k¥ thuat phéan ly, nén G(s)D(s) duoc tach roi, 16 rang 1a Q(S) va Qo(s) sé 1a ma
tran chéo. Thiét ké dy bao da bién ctia Smith khi d6 dugc don gian hoa thanh thiét ké
du bao Smith don bién, da vong. Chinh vi thé, nhiéu phuong phap thiét ké don gian

khac nhau cho Smith don bién c6 thé duoc ap dung.

59



@ G.(5) D(s)

_________________________________________

G(s)

Y

Y

Bo du bao Smith

Y

Hinh 4.1: C4u trac diéu khién phan ly két hop véi dy bao Smith da bién

Trong d6, Ge(s) 1a bo diéu khién da bién. Do tinh chét cua bo phan ly, hé da bién
ban dau sé& trg thanh hé don bién da vong. Do d6 ma tran ham truyén cua bo diéu khién
Ge(s) c6 dang ma tran dudng chéo duoc biéu dién béi cong thuc (4.1), trong d6 moi

thanh phan duong chéo (g, (s), i =1+n) la mot bo diéu khién cho mét vong kin.

g.,(9) 0 0
G.(5) - ? gcz:(s) ? (4.1)
0 0 ce 0g,(9)

Ky thuat phan ly don gian hoa dugc chon trong luan &n nay vi sy don gian cuaa bo
phan ly dong thoi cling dam bao su 6n dinh bén viing cua hé. Nhom tac gia Vu va Lee
d3 d& xuit phuong phap mé rong caa bd phan ly don gian hda cho hé théng MIMO bac
n [67]. Nhu da trinh bay trong chuong 2, két qua cudi cing ciia phuong phap nay duoc
trinh bay tom tat bai cac cong thirc sau:

G .. .
d.=—, i,j=12,...,ni=]j (4.2)
;i =1 (4.3)

Trong do, C = (adjG)" va A, :[G (G ]“ VGi ® nghia la phép nhan tung

thanh phan cua 2 ma tran.
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Str dung phuong trinh (4.2), cac thanh phan cua bo phan ly caa cac qué trinh 2x2
va 3x3 duoc tinh toan va trinh bay trong bang 4.1. Cac cong thirc tinh toan cho hé 4x4
tuong ddi phuc tap nén khong duoc trinh bay trong luan &n, chi tiét cac cong thic tinh
cho hé 4x4 xem ¢ tai liéu [67].

Bang 4.1: Céc thanh phan cua bd phan ly don gian hoa cho hé 2x2 va 3x3

Hé Céc thanh phan caa bo phan ly
92 912
2x2 dy =—== d, = —==
) “ 92 i 91y
d.=— 933912 = 932913 d.=— 922913 ~ Y2390 d. =— 933901 ~ 931953
12 ’ 13 ’ 21 ’
933911 = 921913 922911 = 92191 933922 — U32923
3x3

d. =— 923911 = 921913 d. =— 93192 — 93292 d. =— 93291 — 9319
23 ’ 31 ’ 32
922911 = 921912 933922 = 932923 933911 — 931913

Bang 4.2. Céc thanh phan dudng chéo cua cac ma tran duoc phan ly 2x2 va 3x3

Hé  Céc thanh phan duong chéo cia ma tran hé thong sau khi dwoc phan ly

2x2 O =91 ~ Gla Opp = O,y — 912921
oz 0u
_ _ 912(933921_923931)"‘ 913(931922 _921932)
O = 9
933922 - 923932
3x3 Uy, = Oy — 921(933912 - 913932)"' J2s (932911 - 931912)
911933 - 913931
—q _ 931(913922 _912923)"'932(923911_913921)
Qa3 = Ya3

911922 - 912921

Céc thanh phan dudng chéo caa ma tran hé théng sau khi duoc phan ly ciing dugc

tinh toan, st dung cong thuc (4.3), va duoc trinh bay trong bang 4.2. D& dang nhan
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thiy rang céc thanh phan nay rat phirc tap va khong thé dung dé phuc vu cho viéc phan
tich va thiét ké bo diéu khién.

Dé giai quyét kho khin nay, phuwong phap dong nhat hé sé6 (CM) st dung khai trién
chudi Maclaurin dugc dé xuat bai Vu va Lee [55, 67] dé chuyén doi cac ham truyén
phtic tap thanh mot s6 dang chuan nhu hé bac 1 cd tré va hé bac 2 c6 tré dong thoi
cling giai quyét dugc bai toan hién thuc héa cua bd phan ly. Tuy nhién nhuoc diém Ion
ctiia phuong phap nay 1a khong giai quyét duoc bai toan tong quat va dong thoi khoi
lugng tinh toan cling tang cao khi bac cua h¢ MIMO tang 1én. Do d6, trong luan an nay
tac gia da dé xuit phuong phap str dung thuat toan tién hod, cu thé 1a thudt toan téi wu

héa bay dan (PSO algorithm) dé khac phuc cac nhuogc diém trén.

4.2. Pé xuat sir dung thuat toan téi wu bay dan (PSO) dé rat gon mo hinh.
4.2.1. Giéi thiéu thuat toan toi wu bay dan

Y tudng cua thuat toan PSO dugc phat trién dua trén hanh vi tim kiém vi tri nguén
thirc an cua cac bay, dan (ong, chim, kién...) [140 — 142]. Tat ca cac nghiém cua bai
toan cd thé duoc dai dién bai mot cé thé trong dan. MSi ca thé trong khdng gian tim
kiém c6 thong sé vi tri va van tc ma s& dugc dung dé cap nhat vi tri méi. Tai moi
budc, tit ca cac c4 thé dugc cap nhat hai gia tri tot nhat: vi tri ca nhan tét nhat (Pbest)
Vva vi tri tot nhat cua ca dan (Gbest) cho dén budc hién tai. Cac phuong trinh ndi tiéng

dung dé cap nhat vi tri va van toc cia mdi ca thé nhu sau:

Vi (k +1) = wv, (k) + c 0, (XPbest =X (k)) +C,@, (XGbest =X (k)) (4.4)
Dnax ~ Pniin

W= Oy —Tk (4.5)

X (K+1) =x(k)+v,(k+1) (4.6)

Trong do, v,(k) va x (k) 1an luot 1a van tdc va vi tri ctia c4 thé tha i; k 12 budc lap;

C1 VA C2 1 cac hé s6 ting tdc hay con goi hé s6 hoc; o, VA o, 13 cac sb thuc dugc tao
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ra ngiu nhién trong khoang [0 — 1]; © 14 trong s6 quan tinh; M 1a s bude lap téi da.

4.2.2 Pé xuat sir dung thuat toan PSO dé rat gon mé hinh.

Trong nghién ctu ndy, tac gia sir dung hai dang ham truyén twong dwong khi rut
gon va xap xi md hinh. M6t 1a ham truyén bac nguyén thong thuong dé xap xi cho cac
ham truyén thanh phan caa ma tran phan ly, phuong trinh (4.7); hai 1a ham truyén bac
phan sb duoc dung dé xap xi cac thanh phan duong chéo cua ma tran sau khi phan ly,
phuong trinh (4.8). Nhu di trinh bay trong chuong 2, dong luc hoc bac phan sé s& mo
ta tot hon dic tinh dong hoc caa hé thong, nén trong truong hop nay véi mong muén co
ham truyén tuong dwong tot nhat, mo ta day du nhat dong hoc cua hé sau khi phan ly

nén tac gia s dung ham truyén bac phan sé cho trudng hop 2.

G ()= K(z,s+1)e™”
" (r,5+1)(z,5+1)

4.7)

- Ke™”
G, (s)=—— (0<a, <1<aq,<2) (4.8)
7,87 +7s +1

Trong d6, 7, va 7, la hang s thoi gian, khong mat tinh tong quat gia sa
7,>7,20; K 1a d loi; 7,14 hang s6 khdng &m, khi 7, =0 m6 hinh cta hé (phwong
trinh trén) trg thanh hé bac hai c6 tré (SOPTD), va néu dong thoi 7, =0 md hinh hé
thong tro thanh hé bac 1 c6 tré (FOPTD); @ la thoi gian tré cua hé; a,, o, 1a bac phan
s6, khdng mat tinh tong quat, gia sir 0< e, <l<a, <2.

Mot cach hién nhién, néu sir dung ham truyén bic cang cao thi viéc x4p xi mé hinh
cang chinh x4c. Tuy nhién, viéc d6 s& lam kho khan khi thiét ké thong s6 cho bo diéu
khién PID. Hon nira, qua viéc khdo sat cac cong trinh da cong bd trong linh vuc diéu
khién qua trinh, c4c ham truyén (4.7) va (4.8) thich hop cho hau hét cac tmg dung.

Thong sb 0 dwoc xdc dinh trude dua vao dap Gmg bac thang ctia ham truyén gdc. Cac
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thong so6 con lai s€ sur dung giai thuat to1 uu bay dan dé tim ki€ém va duoc viét lai dudi

dang vec-to nhu sau:
x=[K 7, 7, 7,4 aZ]T (4.9)

Céc diéu kién bién dugc viét dudi dang hé bat phuong trinh (4.10). Cung véi 6,

cac thong s6 Kmin, Kmax V& 7, (i =1+3) ciing duoc xac dinh dya trén dap tmg vong

I max

ho ctia ham bac thang don vi ngd vao cua ham truyén goc.

Kuin <K <K

0<7, <7y

0<7,<7,,. (4.10)
0<7, <75
O<a <1

1<a,<?2

Céu tric tong quat cla giai thuat xap xi dugc trinh bay ¢ hinh 4.2. Cau tric ndy cd
thé hoat dong tot cho ca hé hé 1an hé kin. Tuy nhién trong ludn an ndy tac gia chi st
dung dé xap xi ham truyén vong hé voi gia dinh hé ho ludén 6n dinh. Trong truong hop
khac néu hé ho khong 6n dinh, ta c6 thé sir dung thém mot khau ti 16 va dua hé vé hé

kin 6n dinh. Khi d6, giai thuat dé xuat ciing c6 thé 4p dung mét cach binh thudng.

ul
— >

dij/qii Y

—> G,
/

Hinh 4.2. CAu truc tong quat cua giai thudt xap xi
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Ngd vao la ham bac thang va ngd ra twong tng hinh thanh cap dit liéu vao-ra va
duoc luu lai dé sir dung cho giai thuat huan luyén (tim kiém). Ham téi vu duoc tinh
theo cdng thirc (4.11), véi nhiém vu cuc tiéu sai s ngd ra gitta ham truyén gbc va ham

truyén xap xi
1 .
f=WZ(y—y)2 (4.11)

Tai mdi budc cia viée cap nhat vi tri va van tdc, tinh chat hop thue (proper) cua
ham truyén rat gon ludn duge kiém tra. Néu c6 su khong hop thic xay ra tai bat ky vi
tri ndo, mot vi tri méi s& duge cap nhat ngau nhién cho dén khi dat duoc su hop thic ¢
tat ca cac vi tri va qua trinh tim kiém s& tiép tuc. Phuong phap dé xuét ndy nham giai
quyét bai toan hién thuc héa cua bo phan ly don gian héa. Luu do giai thuat cia

phuong phap dé xuat duoc trinh bay & hinh 4.3,

Muc dich cta viéc st dung giai thuat toi vu bay dan 1a dé tim ham truyén gan dung
nhat ciia mot hé théng phirc tap bat ky. Trong ludn 4n ndy, cic phan tr cia ma tran
phan ly (bang 4.1) va clia ma tran ham truyén ctia hé sau khi duoc phén ly (bang 4.2)
s& duoc ap dung giai thuat dé xuat dé dua vé cac dang chuan va pho bién trong cac ting

dung diéu khién qua trinh cong nghiép.

- Pbi v6i cac ham truyén bac nguyén, tir ham truyén tong quét (4.7) ta c6 thé dat
duoc mot sé6 ham truyén chéng han nhu: hé bac 1 ¢co tré (FOPTD), h¢ bac 2 c6
tré (SOPTD) va hé bac 2 ¢6 tré v4i nghiém ze-ro am (SOPTDNZ) lan lugt theo
cac cong thie (5.12) — (5.14)

G (8) = ke ” (4.12)
7s+1

- Ke

Cn(s) = (7,5+1) (5,5 +1) (4.13)
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6. (s) K(z,s+1)e”
(r,s+1)(7,5+1)

L. e a2 0
Khéitao N tdp vitricaccathe X ={[K 7, 7, 7, @, a,]}

(4.14)

v
- Khoi tao vi tri t6t nhat clia ca thé (Pbest): P, =X
- Tinh gié tri ham thich nghi tuong tng véi cac vi tri bat dau

0
est

- Tim vi tri t6t nhat clia ca dan ban dau: Gy

»
>

v
- Cap nhat trong sd quan tinh
- Cap nhat van toe va vi tri

Y

M®& hinh khéng
hop thtrc

Tao ngau nhién
vi tri méi

Tinh gia tri thich nghi ciia mdi c4 thé

\4
- Cap nht vi tri tot nhét cta ca thé: P
- Cap nhat vi tri tbt nhit cia dan: G

best

best

Hinh 4.3. Luu d6 giai thuat ctia giai thuat ti wu bay dan dung dé rat gon mé hinh

- Tuong ty doé1 voi cdc ham truyén bac phan sd, sau khi xap xi ¢6 hai dang nhu

Sau.
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G (s)= (0<a<1) (4.15)

G, (s)= (0<a <1<a,<2) (4.16)

4.3. Cac dé xuit thiét ké b diéu khién P1/PID phan sé (FOPI/FOPID)

Str dung cau tric bo diéu khién va phuong phap x4p xi mo hinh da dé cap, hé da
bién sé& tré thanh nhiéu vong kin don bién doc 1ap nhau véi ham truyén twong duong
mdi vong 1a ham cé bac phan sé (FOTF). Trong luan vin nay, tac gia dé xuit mot bo
diéu khién PID phan sé mai, tong quat cho ting vong diéu khién, goi 1a bo diéu khién

I PI* D“. Phuong trinh tong quat caa bo diéu khién cé dang sau:

(4.17)

g.(s) = K°si“£1+ 1/1 +rDs“j

7,8 7:S+1

Trong d6, K, 7,, 7, lan luot 13 do loi, thoi gian tich phan va thoi gian dao ham;
A, u 1a bac phan s ciia khau tich phan va dao ham; & 1a bac phan sb ctia khau tich
phén ly tudng, va: o =1- 4. Trong truong hop dac biét, khi 1=1,thitaco c=0; r_ la
thoi hang cua b loc thong thip bac 1, trong trudng hop khong sir dung bd loc ta co
7. =0.

Luu ¥ do ciu tric cta hé thong diéu khién c6 sir dung bo dy bao Smith nén ham
truyén dung dé thiét ké bo diéu khién c6 dang nhu phuong trinh (4.15) hodc (4.16)
nhung thanh phan khau tré s& duoc loai bo
4.3.1 Pé xuat phwong phap thiét ké dya trén cau tric mé hinh ndi (IMC)

Phuong phap thiét ké b diéu khién PID duya trén cu trdc mé hinh noi (IMC) rét
phod bién va thuong chi dung cho hé ¢ bac nguyén. Trong luan an nay, phuong phap
nay duoc mo rong dé thiét ké cho bo diéu khién dé xuét (1° P1* D). Hon nita, trong ciu

tric dé Xuat tac gia ciing da sir dung b du bao Smith véi muc tiéu loai bo khau tré ra
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khoi ham truyén caa hé sau khi phan ly. Do d6, khi thiét ké b diéu khién ta chi phai
thiét ké cho ham truyén khéng c6 thoi gian tré. Cau tric cua bd diéu khién dugc trinh
bay & hinh 4.4,

Theo phuong phéap thiét ké IMC, mé hinh cua qua trinh dugc chia thanh hai phan:
qo (S) = Py (S) pA(S) (4-18)

Trong d6, p,(s) chia ham tré va/hodc cac nghiém ze-ro nam bén phai mat phang

phuc; va p,(0) =1. Theo cic phuong trinh (5.14) dén (5.16), ta déu cd p,(s) =1.

r
4?—»96“ q

(a) (b)
Hinh 4.4. (a) B diéu khién hdi tiép ¢ dién

d

A\ 4
O
o
! +
=<
-
+
|
(&Qz
[
y
o)
o

(b) Bo diéu khién theo cau tric md hinh noi

Khi d6, mot cach téng quét, bo diéu khién IMC duoc thiét ké nhu sau:

g.(s)=py (s)f (4.19)

Khau f dugc goi 1a bo loc IMC va c6 dang téng quat sau:

fo_ 1 (4.20)
(7,5+1)

Trong do, z, la théng sé hiéu chinh nham can bang gitta chat luong dap wng caa hé voi
sir 6n dinh bén viing; r 14 bac twong ddi cua bo loc, r dugc chon du 16n sao cho bo
diéu khién IMC hop thirc. Thay thé (4.20) vao phuong trinh (4.19), ta co:
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§.(s) = |0M‘1(S);r (4.21)

(7,5+1)
Duya vao cau tric diéu khién cd dién va md hinh néi, hinh 4.4 (a) va (b), tir phuwong

trinh trén ta dé dang suy ra bo diéu khién héi tiép cd dién:

9.6 _ pM‘rl(s) _ pM‘l(f) (4.22)
1-G,(s)9.(s)  (z5+1) —pa(s) (z.5+1) -1

g.(s) =

4.3.1.1. Quy luét hiéu chinh cho cic qua trinh dién hinh

< 1 (0<a<1) (4.23)

a

Truwong hop 1 G (S) =
ST+

1

(4.24)
r,S+1

B0 loc IMC trong truong hop nay dugc chon nhu sau: f =

Thé vao phuong trinh (4.22), ta c6 duoc phuong trinh cho bd diéu khién hoi tiép:

s“+1 ¢ 1 1
S) = = 1+ 4.25
9: (%) Krs Kz, s ( Z'S“j (4.25)

c c

Dé dang nhan théy, trong truong hop nay, bo diéu khién dé xuét dat duoc véi cac

thong so sau:

K.=— (4.263a)
z-C
T, =7 (4.26Db)
A=a, c=1-a (4.26¢)
=7 =0 (4.264)
X _ K
Truwong hop 2: G, (s) = — - (0<ay <l<a,<2) (4.27)
7,8 +7,8" +1
A \ . 1
Bo loc IMC trong truong hop nay duoc chon nhu sau: f = W (4.28)
TS+

Bo diéu khién héi tiép dat duoc:
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7,82 + 7,5 +1
g.(s) =2 :
Kzs(z.s+2)

(4.29)

Viét lai phuong trinh (4.29) duéi dang bo diéu khién dé xuit nhu phuong trinh
(4.17), ta co:

g,(5) = 2 f 1ty lgea| L (4.30)
2Kz, s7™ 8% 1 (7,/2)s+1

Tt d6 ta co cac thong so cua b dieu khién nhu sau:

(2}

K= Ko, (4.31a)
. _5

=t o= 7 (4.31b)

A=a;, o=1-a (4.31c)

H=0—x (4.31d)

7 = % (4.31¢)

Bang 4.3. Quy luit tinh thong sb bd diéu khién cho céac truong hop khac nhau

M6 hinh Cic luit chinh dinh thong s6 b diéu khién
K
q,(s) = KC:L, 7, =7;A=a; c=1-«
78" +1 Kz,

(O<a<l) T, =17p =0
_ K T T

S) = K=—:7=,17.=-2%2.A=q,, c=1-«
%() s +rse+1l ¢ 2Ky, Y P g ' '
(O<a1£1<a2<2) T

U=0,—0y; Tp = —=
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4.3.1.2. Phén tich 6n dinh bén vitng ciia b diéu khién dé xuit

Sy bén virng cta hé théng diéu khién 14 tiéu chi quan trong nhét cho bat ki phuong
phap thiét ké ndo. N6 1a minh chung cho viéc giai phap dua ra c6 kha ning tng dung
vao trong cac dbi twong thyc té hay khong. Nguyén nhan chi yéu 1a do cic mé hinh khi
thiét ké thong thuong co sai 1éch nhat dinh voi mé hinh trong thuc té. Do d6, trong
phan nay, sir on dinh bén viing ciia phwong phdp dé xudt sé dwoc khdo sdt dira trén cdu
tric mé hinh bdt dinh véi sai s6 nhdn ¢ ngé ra. Cau tric b diéu khién dé xuét (hinh

4.1) duoc bién d6i vé dang ciu tric M-A nhu hinh 4.5.

- +
X—1G.0) iD(s)-»G(s)| i >

A 4
O
o
~

wn
~

|
QO
—~

w

~

Hinh 4.5. Cau triic M-A clia cu tric bd diéu khién dé xuat
Dua vao phuong phap tinh da trinh bay trong chuong 3, tir cac phuong trinh (3.20)

—(3.23), ta ciing s¢€ tinh dugc ma tran M theo cong thirc sau:

M(s) = -W,(5)Q(s)G, (s)[1 + QO(S)GC(S)]_l (4.32)
Trong d6, Q(s) la ma tran ham truyén cua hé sau khi phan ly; Ge(s) 1a ma tran
duong chéo caa cac bo diéu khién; Qo(s) 1a ma tran Q(s) sau khi loai bo cac khau tré
trong cac ham truyén thanh phan (tinh chat cua bo dyu bao Smith).
Theo dinh ly 3.5, ta c6 diéu kién dé hé 6n dinh bén vitng véi sai s6 nhan ¢ ngd ra

nhu sau:

u[M(je)] =W, (je)Q(j0)G, (jo)[1+ Q)G ()] | <1 Vo (4.33)
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Cong thtc 4.33 s& dugc dung dé khao séat s 6n dinh bén ving trong cac bai toan

mOo phong ¢ chuong 5.

4.3.2. Thiét ké b diéu khién PI/PID béc téng quat cho hé da bién bic cao sir dung
phwong phap téi wu hoa da muc tiéu

Hién nay c6 nhiéu nghién ciru vé phuong phap thiét ké bo diéu khién PI/PID ciing
nhu PI/PID phén s6 ma c6 xem xét cac bai toan tdi wu vé dap ung ciing nhu tinh bén
vitng cta hé théng. Trong d6, cac phuong phéap sir dung giai thuat tién héa (EA) nhu
giai thuat di truyén (GA), giai thuat toi wu hoa bay dan (PSO) thuong duoc st dung dé
giai quyét cac bai toan t6i uu voi nhiéu rang budc. Trong luan 4n nay, tac gia dé xuat
phuong phéap st dung t6i wu héa da muc tiéu trén co s¢ giai thuat toi uu hoa bay dan
(MOPSO) nham thiét ké bo diéu khién PI/PID phan s6 cho cac hé da bién bac cao (3%3
va 4x4).

4.3.2.1. Giai thuét t6i wu héa bay dan da muc tiéu (MOPSO)
Pinh nghia 4.1: (Cuc tiéu toan cuc)
Cho ham s6 f: Q c R">R, Q=& . V6i vec-to XeQ , gia tri
f*2 f(X")>—o0 dugc goi 1a cuc tiéu toan cuc khi va chi khi: VX e Q: f(X*) < f(X).
Khi d6, X* 1a nghiém cyc tiéu toan cuc, f 13 ham muc tiéu, va tap Q 1a mién kha
thi (feasible region), Qe S, trong d6 S 1a toan bo khong gian tim kiém.

Pinh nghia 4.2: (Bai todn t6i wu da muc tiéu tong qudt)

Tim véc-to X* = [x1 X, .. X T dé toi wu héa (cuc tiéu) véc-to ham:
77— - — —\1T
K =[L®) L&) ... D] (4.34)
Trong do, X = [x1 X, .. X ]T |a véc-to cua cac bién quyét dinh

Cung v6i céc rang budc:

m béat phuong trinh: g,(X)>0, i=12,..,m (4.35)
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p phuong trinh: h(X)=0, i=12,...,p (4.36)

Pinh nghia 4.3: (76 wu Pareto)

Mot vec-to X* € Q goi 1a téi uu Pareto néu mdi vec-to X e Q va | = {£2,....k}
thi: Viel: f,(X) = f,(X") hodc, ton tai it nhdt mot gid tri i e | dé: f,(X) > f,(X)

Dinh nghia 4.4: (Vuot troi Pareto)

Vec-to U =(u,,..., u,) dugc goi la vuot trdi (dominance) vec-to V =(Vv,,..., v, ),
ky hiéu boi: G <V, khi va chi khi u nhé hon timg phan v, nghia la:

Vie{l..., k}, u<v,Adie{l..., k}:u <y (4.37)

Dé minh hoa dinh nghia trén ta léy vi du vec-to ham hai bién. Hinh 4.6 mo ta anh
xa tir khong gian bién kha thi sang khong gian ham muc tiéu kha thi (cuc tiéu f, va
f,). Tt dinh nghia 4.4 va hinh 4.6, ta c6 (1) vuot trdi (2); (3) vuot trdi (4); nhung (1)
va (3) khong vuot tréi nhau (non-dominated points). Piéu d6 c6 nghia 1a (1) hodc (3)
déu co thé 1a nghiém cua bai toan ti wu, tap hop cua tat ca cac diém nay tao thanh mot

siéu phang goi 12 mit Pareto.

Khong gian bién kha thi o o
R (feasible decision space) At R Khong gian han_l muc tiéu kha thi
X5 j g 2 (feasible objective space)
\)

|

X 0 «— 1
(Cuc tiéu)

Hinh 4.6. Minh hoa khai niém vuot trdi cua cdc ham muc tiéu kha thi

Pinh nghia 4.5: (Mat Pareto)
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Cho bai toan t&i wu da muc tiéu (MOP) f (X) nhu dinh nghia 5.2, tap t&i wu Pareto

P" = {X € Q|—EIX' ceQ: f(x)< F(X)} . Ttr d6, ta c6 mat Pareto (PF ) dugc dinh nghia

nhu sau: PF = {U = 1?:( f,(x),..., fk(X))‘X c P*}

Tur hinh 4.6 va dinh nghia 4.5, ta ¢c6 mat Pareto (PF) (trong khéng gian 2-D tr¢
thanh duong Pareto) nhu minh hoa trong hinh 4.7.

(n9n o))

0 ¥ >
Pareto Front < f17
(Cuc ticu)

Hinh 4.7. Minh hoa duong Pareto trong khong gian 2D

Giai thuat MOPSO duoc trinh bay dudi dang chuong trinh gia (pseudo-code) nhu
trong hinh 4.8, trong do:

Buoc 3, 4 bao gom khdi tao cac phan tir va van tdc twong ing cua no, dong thoi
dat cac gidi han cho céc phan tur do.

Buée 5 tinh cac gia tri ciia ham muc tiéu twong tGng timg phan tir va luu vao ving
nhd (Xpvest) gitip dinh hudng cac phan tir di chuyén trong khong gian tim kiém.
Buéc 7 tim cac phan tir thong tri (dominance) tir tip cac phan tir da khdi tao.

Buéc 11, 12 cap nhat van toc va vi tri méi (gia tri) cho cac phan tir theo cac cong

thire cua giai thuat PSO da trinh bay ¢ muyc trudc, cac cong thie (4.4), (4.5) va (4.6).

Buéc 14 tao ra su dot bién cho cac phan tir vira cap nhat tir bude trude.
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Buéc 15, 16 va 17 tim cac phan tir thong tri trong tdp cic phan tir vira tao ra va
thay thé cac phan tir ndy vao viing nhd Xppest.
Buoc 19, 20 cap nhat tap théng tri cho moi budc lap. Két qua cua giai thuat s€ tao

ra tap théng tri A, con goi la mat Pareto nhu da dé cap trén.

1. A=0

2 for i = 1. Nparticle

3 initialize Xxi, Vi

4 constraint(x;)

5: XPbest,i = Xi

6: end

7 A = dominance(Xppest)

8 k=0

9: while k < MAX

10: for i = 1: Nparticle

11 V(K +2) = @V, (K) + 6,09, (Xppost — X (K)) + €0, (Xgpeer = % (K))
12: X (k+1) =x (k) +v,(k+1)
13: constraint(xi)

14: Xi = mutate(x;)

15: if Xi domninates Xppest,i
16: XPbest,i = Xi

17: end

18: end

19: A = dominance(Xppest)

20: update (A)

21: k =k+1

22: end

Hinh 4.8. Luu do giai thuat cta thuat toan MOPSO

4.3.2.2. Giai thuat t6i wu héa da muc tiéu sit dung PSO (MOPSO) thiét ké bd diéu
Kkhién.
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Céc dé xuit trong phan truéc gém k¥ thuit phan ly don gian héa (muc 4.1) va giai
thuat PSO dé xap xi mo hinh (muc 4.2) sé duoc sir dung dé tinh toan bo phan ly. Két
qua 14 ham truyén hé da bién sau khi phan ly trd thanh dang ma tran duong chéo. Khi
d6, mdi thanh phan duong chéo dugc xem nhu 13 ham truyén mé ta ngd ra twong (g
ctia hé da bién. Va do d6, mbi ngd ra s& hinh thanh mot hé diéu khién hoi tiép nhu hinh
4.9, trong d6 q 1a ham truyén twong duong (thanh phan dudng chéo ciia ma trin sau khi
phan ly); g, 1a bo diéu khién; r, d 14 tin hidu dit ngd vao va nhiéu qué trinh tuong tng.

d

r u + y
0. |- @ »é%—»

Hinh 4.9 Ciu tric mot vong diéu khién ctia hé da bién sau khi phan ly

Y

Cho dén hién nay du c6 rat nhiéu cong trinh nghién ctru vé bo diéu khién bac phan
s6, tuy nhién van chwa c6 nghién ctru nao khang dinh bo diéu khién bac phan s cho
dap (mg tot hon bac nguyén trong moi truong hop. Do d6 trong luan 4n nay, ddi voi hé
bac cao, tac gia dé xudt bd diéu khién PI bac téng quat, nghia la co thé bac phan sb
hodc bac nguyén. Khi do, giai thuat dé xuét (MOPSO) s€ dua ra két qua loai bac cua h¢
théng diéu khién va cac thong sé diéu khién twong tng tiy thudc vao dic tinh dong cia
d6i tuong can diéu khién. Bo didu khién trong trudng hop niy duoc suy ra tir phuong

trinh (4.17) khi khong str dung b6 loc (7. =0), va dugc viét lai nhu sau:

0.(5) = %(Kc +K—;j (4.38)
S S

Trong hé thong diéu khién qua trinh, dé danh gia chat lugng diéu khién, ta khong
nhitng Xxem xét dap mg cua hé & truong hop gia tri dat thay doi va ma con phai danh
gia kha ning khang nhidu qua trinh. Tuy nhién, khong may mén, hai muc tiéu nay

tuong phan nhau, nghia 1a néu bo diéu khién cho dap tng khi gia tri dat thay doi tot thi
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kha ning khang nhidu s& kém di va nguoc lai. Do d6, bai toan thiét ké thuong phai dat
dugc sy thoa hi¢p gilta hai myc tiéu nay. Hon nira, bai toan 6n dinh bén viing cling
phai dam bao dé phuong phap dé xuét c6 kha ning ap dung trong thuc té. Do sir dung
giai thuat t6i wu da muc tiéu nén két qua dat duogc cua giai thuat 1a duong tdi wu Pareto
(PF) véi1 hai ham muc tiéu la cuc tiéu chi sd sai léch do gia tri dit va nhiéu thay doi.
Tac gia dé xuét tiép tuc sir dung ham cyc dai do nhay dé chon thong s6 thich hop nhét
ctia bo diéu khién tir duong Pareto (PF) do. Theo cong thirc (3.4), ham cuc dai d nhay

trong trudng hop nay dugc tinh theo cong thure sau:

M, = max (4.39)
we[oy o ]

1+9.(s)a(s)

s=jw

Giai thuat t6i uu hoa da myc tiéu (MOPSO) duoc dung dé tim thong sb bo diéu
khién dé xuat nhu phuong trinh (4.38), va dugc trinh bay nhu sau:

Min J(x) =[J,(x), J4(X)] (4.40)

Trong do, X = [KC K, 1 O']T
J., J, la céc chi s6 IAE nhu da trinh bay trong muyc 3.1

Kcmin < Kc < K

0<K, <K, 441
0.7<4<1 (4.41)
0<06<03

C max

Thoa cac diéu kién bién sau:

Trong do, K, .., K. K duoc chon dua trén dac tinh dap trng vong hd cua hé
théng. Trong [10], Chen dé xuit phwong phép lwa chon bac phan sb (A1) phu thudc vao
dic tinh dong hoc ctia qua trinh bac 1 ¢6 tré, nghia 1a gia trj cia 4 phu thudc vao hé sb
tuong quan gitra thoi gian tré va thoi hing caa hé thdng. Trong luan 4n nay, cic hé
thong khao sat déu co dic tinh thoi hiang vuot troi nén, dua trén dé xuat ciia Chen, gidi

han cua thong sb A dugc chon A €[0.7, 1]. Hon nita, trong mot cong trinh da cong b,
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tac gid da rat ra cong thic o=1-4, do do6, gi6i han cia o cling dat dugc
(o <[0,0.3]).

Qua trinh chinh dinh théng sé dwgc minh hoa qua lwu dd nhu hinh 4.10. C6 2 giai
doan:

- Giai doan 1: str dung giai thudt MOPSO (hinh 4.8) dé tim ra duong Pareto (PF).

- Giai doan 2: sir dung tiéu chuan IAE vé&i muc tiéu cuc tiéu ham Jr trong mién

gia trj cia Ms dé xudt dé chon nghiém thich hop nhat tir dudng Pareto

Khoi tao
\ 4
MOPSO Giai doan 1
v
PE —
N @ Giai doan 2
Y

Hinh 4.10 Luu d6 caa phuong phap chinh dinh dé xuét

Béi vi, trong giai doan 1, ta chi xem xét cuc tiéu hoa cac gia tri IAE bao gém Jr va
Ju, nén co thé din dén dap ung diéu khién khong tot khi xét dén cac yéu td khac, dic
biét 1a sy 6n dinh bén viing, 1a tiéu chi quan trong quyét dinh kha niang Gmg dung cia
phuong phap diéu khién. Do do, trong giai doan 2, ham cuc dai d§ nhay duoc st dung

de dam bao su 6n dinh bén virng cho tung vong dicu khién.

4.3.2.3 Phan tich sw 6n dinh bén virng ciia hé thong thiét ké

Quaé trinh thiét ké bo diéu khién cho hé da bién chia lam hai budc: dau tién, sir dung
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k§ thuat phan 1y dé tach cc bién didu khidn, va cudi ciing 1a thiét ké bo didu khién cho
ting bién. Su on dinh cua ting vong diéu khién di dugc dam bao bang cac phuong
phap thiét ké da dé cap ¢ trén. Tuy nhién, danh gia sy 6n dinh bén viing cua ca hé
thng diéu khién (hé da bién) ciing that sy can thiét. Do d6, twong ty nhu phan trudc,
cau tric M-A véi md hinh bat dinh sai s6 nhan ngd ra duoc sir dung dé danh gia su 6n
dinh bén vitng cua hé thdng. Cau tric M-A trong truong hop nay duoc minh hoa nhu
trong hinh 4.11

Trong d6 A chi 1a ma tran duong chéo, chuan hoa cua cac tin hiéu bat dinh, voi
diéu kien (A, (jo)) <1 Va,i;

W_(s) l1a ma tran trong s6 cua mo hinh bat dinh ngd ra.

Q(s) = G(s)D(s) : ham truyén cua hé sau khi phan ly (4.42)

____________________

-------------------------------------------

Qe | Vs T

o] Q@
0 &,
¢ -
()]
©
=
©
 /
=
K
vt |
__+ -

G,.(s

____________________

g
~

w
~

A

UA yA

» M(s)

Hinh 4.11. Cau tric M-A danh gia 6n dinh bén viing cia hé thong diéu khién

Theo hinh 4.11, ma tran M(s) dugc bién ddi tuong duong nhu sau:

1
M(s) =~ W, (s)Q(S)G.(s)[1 +Q(s)G, ()] (4.43)
Theo tiéu chuan u da dé cap o chuong truéc, hé thong da bién s& gitr 6n dinh bén

vitng néu diéu kién sau duoc thda man:
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u[M(jo)] = 1{W, j0)Q(je)G,(je)[1 + Qia)G,(jo)] [ <1 Vo (4.44)

4.4 T6m tit chwong 4

Céc phuong phap dé xuat cua tac gia dung diéu khién hé da bién déu dugc trinh bay
trong chuong 4:

- P& xuit ciu trac diéu khién két hop gitta phan ly don gian hoa va bo du béo Smith
da bién.

- D& xuat sir dung giai thuat PSO dé rat gon cac ham truyén phuc tap trong qua
trinh tinh toan bo phan ly.

- Pé xuat bo diéu khién bac phan sb va phwong phéap hiéu chinh thong s twong g
cho hé da bién bac thap (2x2).

- Pé xuat st dung giai thuat toi vu hoa da muc tiéu sir dung PSO (MOPSO) dé thiét
ké bo diéu khién bac tong quat cho hé da bién bac cao (3x3 va 4x4).

- Str dung cau tric M-A véi su bat dinh sai s6 nhan ngd ra dé danh gia on dinh bén

viing caa hé théng diéu khién.
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Chuwong 5. KET QUA MO PHONG VA THUC NGHIEM

5.1 Céc bai toan md phéng cho cac gidi phap dé xuat

Dé dam bao tinh khach quan khi md phong kiém chtng cac phuong phap dé& xuét,
d6ng thoi dé dé dang so sanh véi cac phuong phap di cong bd khéc, cac méd hinh
chuan thuong dugc sir dung trong linh vuc diéu khién qua trinh duoc xem xét dé thuc
hién viéc danh gia dap ung diéu khién ciing nhu su 6n dinh bén vitng cia cac phuong
phap dé xuét. Trong luan an nay cac md hinh chuan cho cac hé 2x2 (mé hinh thap
Vinante Luyben; mé hinh bo tach dau ning (heavy oil fractionator)); hé 3x3 (md hinh
thap Ogunnaike va Ray); va hé 4x4 (m6 hinh diéu khién nhiét d6 4 phong théng nhau
HVAC) di duoc cong bé trong cac nghién ciru truéc s& duoc sir dung dé md phong céc

phuong phap diéu khién dé xuat.

5.1.1 Phwong phap dé xuat 4p dung cho h¢ TITO
5.1.1.1 M6 hinh thap Vinante va Luyben (VL)

Trong tai liéu [143], Luyben cong bd nhiéu md hinh chuan dung dé nghién ctu
phuong phap diéu khién cho hé da bién, tir hé 2x2 dén hé 4x4. Tir 46, cac md hinh nay
duogc sir dung rat nhiéu trong cac nghién ciru han 1am vé diéu khién qua trinh [55-70].
Thap VL la mét trong nhitng hé trén va c6 bac 2x2. Ma tran ham truyén cua thap VL
c6 dang nhu sau:

—22e° 1.3
7s+1 7s+1
—2.8e7%  4.3e7%%
9.55+1 9.2s+1

G(s)= (5.1)

Thap VL c6 24 tang dung dé chung cat methanol va nuée, trong d6 2 ngd ra duoc
chon dé diéu khién 1a nhiét d ting 4 va 17, v6i hai tin hiéu diéu khién twong tng 1a
lru lwong hoi luu va luu luong cap lidu. Pon vi thoi gian (hing s6 thoi gian va thoi

gian tré trong ham truyén 5.1) 1a phut (min)
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Déi véi hé 2x2, ma tran phan ly dat duoc bang céch tinh theo cac cong thuc trong

bang 4.1 ma khdng can dung ky thuat xap xi, ta co:

-0.3s
=gl _(1.736 1 j(_ 27 ZHJ = d,, =0.591e%" (5.2)
Ou S+ .2€
q —_9a _ 2.8+ ( 9.2s+1 j _0.651(9.2s +1)e 63
277y, 95s+1(43e°% ) 2 955 +1 -

Trong trudng hop nay, thanh phan dx1 cia ma tran phan ly da c6 dang caa phuong
trinh 4.7 (c6 mot thoi hang bang 0) nén khéng can dung giai thuat PSO dé rat gon.
Riéng di2 trong trudng hop nay 1a khong hop thirc, do d6 dé cé thé hién thuc hoa bo
phan ly ta xap xi di2 bang gia tri do loi trong ung (di2 = 0.591). Ma tran phén ly dat

duoc nhu sau:

1 0.591
D(s) =| 0.651(9.2s +1)e™-** . (5.4)
9.55+1
Hai thanh phan duong chéo caa ma tran sau khi phan ly tinh duoc theo bang 4.2
nhu sau:
2.2 (1.3e°*)( 28"\ 9.2s+1
Gy =90 — 92l _ + ( ~0.355 J (5.5)
9, 7s+1 7s+1 ){ 9.5s+1 )\ 4.3e
4370 (1.3 287" | 7s+1
Op =0y — %29z = - ( _Sj (5.6)
O 9.2s+1 7s+1 ){ 9.5s+1 )\ 2.2¢

D& dang thay rang, néu dwa vao hai ham truyén trén dé thiét ké bo diéu khién s& gap
rat nhiéu kho khan. Vi thé trong trudng hop ndy, giai thuat PSO s& duoc st dung dé
Xap xi hai ham truyén trén vé cac dang don gian. Nhu da dé cap, ham truyén bac phan
s6 s& duoc sir dung cho giai thuat xap xi (phuong trinh téng quét cd dang nhu (4.8)).
Qua trinh xap xi qu1 dién ra theo cac budc sau (gz2 hoan toan twong ty):

Bwoc 1: Tac dong tin hiéu vao ham bac thang don vi cho gi1 va luu dap ing ngo ra

(s& dung cho giai thuat ti wu). Pap ung bac thang c6 dang nhu sau:
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Dap rng bac thang cua q11
T T T T T

-0.2 - N

0.4 1

-0.6 - b

-0.8 - b

Amplitude

-1.2 - B

1.4 I I I I I | | I I
0 5 10 15 20 25 30 35 40 45 50

Time (min)

Hinh 5.1. Bap (tng cua qu1 theo phuong trinh 5.5

Buwéc 2: Dua trén dap tng bac thang hinh 5.1, c&c giéi han cua cac thong s can tim

K . va

min ? max

trong hé bat phuong trinh (4.9) s& dugc xac dinh trudc bao gom 6, K
T, - Cu thé trong truong hop nay ta co:
=1 K., =-15; K, =0; 7. =30; 7., =10

Buwéc 3: Chay giai thuat tdi uu da dé xuat dé tim ham xap xi tét nhat co thé.

Két qua xap xi dat duoc cho gi1 ¢6 dang nhu sau:

-1.3629¢°

= 5.7
h1 = 67575°7 11 &7
Mot cach hoan toan tuong tu, ta tim duoc ham truyén xap xi cua a2
2.6679¢7°%
= 5.8
%22 = 5 8871577 11 8)

Dap ting bac thang ¢ mién thoi gian ciia cac ham truyén géc g, va g,, va cac ham
Xap Xxi twong ung dugc so sanh & cac hinh 5.2 va 5.3. Trong truong hop nay, dap ung
cua ham x4p xi gan nhu hoan toan twong dwong véi dap (ng cua ham truyén géc.
Phuong phéap x4p xi dung giai thuat PSO ciing dugc so sanh véi phuong phap dong
nhat hé s (CM) do Vu va Lee dé xuat & tai liéu [67]. Trong truong hop nay, cac két
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qua ciing twrong duong nhau. Nhu di phan tich & chuong Téng quan, uu diém cua

phuong phap dé xuat khi dung giai thuat PSO chi thé hién khi bac cua hé tang 1én.

0

-0.2

-0.4

-0.6

-0.8

Amplitude

-1

-1.2

-1.4

0 5 10 15 20 25 30 35 40 45 50

Time (min)

Hinh 5.2. Pap &ing caa ham gbc va ham xap xi cua qu (thap VL)

3

25

N

Amplitude
n

—

0.5

1 L 1 1 I L 1 1 I

0 5 10 15 20 25 30 35 40 45 50

Time (min)

Hinh 5.3. Pap &ng cua ham gbc va ham xap xi cua g2z (thap VL)

Dua vao bang 4.3, ta tinh dugc thong s6 bo diéu khién dé xuat twong ¢ng cho hai

vong. Trong trudng hop ndy thoi hang dap tng mong muén cho hai vong dugc chon

lan luot 13 7, =1.9 va 7, =1.6. Hai bo diéu khién FOPI cho hai vong c6 dang nhu sau:
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1 1

g.,(s) =-2.5765 003 (l+ 56757507 j (5.9)
1 1

d.,(s) =2.082 oo 1+ 5 8871577 (5.10)

Pép tng cua phuong phap dé xuat duoc so sanh véi phuong phap phan ly don gian
hoa két hop bo du bao Smith véi bo didu khién bac nguyén (SDSP [144]) ciing nhu
phuong phap phan ly nghich tap trung (Garrido [68]).

Bang 5.1. Cac phuong phap khac dung diéu khién thap VL

Phuong Cau trac bé diéu khién Théng sé diéu khién

phap

1 0.591
D(s) =| 0.651(9.2s +1)e %> 1
9.55+1

SDSP L@_—>| G.(5) F

[144]

1
s) =-3.3143| 1+
9a(S) [ 6.31295)

gcz(s):2.1543(1+ L j

Cdu tric SDSP bdc nguyén 8.5344s
_—1.66——0'238 0
Garrido Ka(s) =
" G6) I 0 1067+ 2118
[68] i s
I 0 ~2.483s
i KO(S) — 7s+1
Cau trac phan ly nghich tdp trung 5.6158 o7ss 0
19.55+1

Céac ngd vao ham bac thang don vi duoc thay d6i tuan tu & hai vong diéu khién tai
cac thoi diém t = 0 (min) va t = 50 (min), két qua dat duoc thé hién ¢ céc hinh 5.4a, b

la dép Gng bac thang khi gia tri dit thay ddi cua phuong phap dé xuit va cac phuong
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phap khéc. D& dang nhan thay rang bo diéu khién dé xuét cho két qua tét hon so voi
cac phuong phap khac nhu: thoi gian xac 1ap ngan hon, khong c6 su vot 16 khi gia tri
dit thay ddi, va dic biét khi ¢ sy thay ddi ¢ ngd vao cua mot vong diéu khién thi

khéng anh huong dén dap @ng caa vong con lai.

T T T T T T
- - -SDsP
12 ———-Garrido | |
— F-SDSP
i v
o8| Ji/ ]
1}
)
0.6 - B
0.4l ]
0.2 H -
0 I I I | | I | | |
0 10 20 30 40 50 60 70 80 0 100

Time (min)

Hinh 5.4a. Cac dap tng bac thang don vi vong kin cta vong 1 (thap VL)

- - -SDSP
----------- Garrido
——F-SDSP

1 1 1 1 | 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time (min)

Hinh 5.4b. Cac dap ng bac thang don vi vong kin cua vong 2 (thap VL)

Hinh 5.5 a, b md ta tin hiéu diéu khién & ca hai vong diéu khién, phuong phap dé
Xuat (SDSP véi bo diéu khién bac nguyén va F-SDSP véi bo diéu khién bac phan sd)

duoc so sanh véi phuong phap phan ly nghich cua Garrido. Trong ca hai vong diéu
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khién, cdu tric dé& xuat déu co tin hiéu diéu khién muot (smooth) hon va bién d6 nho

hon, din dén déu c6 gi4 tri TV nhé hon nhu trong bang 5.2.

0.5 ‘
- --sDSP
Y < Garrido
or Y ——F-SDSP| ]
1
i o
H
=l .
L L L | L L L L
20 30 40 50 60 70 80 90 100
Time (min)

Hinh 5.5a. Tin hiéu diéu khién cua vong 1 (thap VL)

25 T T T T T

1.5

0.5

sl ]

1.5 i -

2 I | I I | | I I |
0 10 20 30 40 50 60 70 80 90 100

Time (min)

Hinh 5.5b. Tin hiéu diéu khién caa vong 2 (thap VL)

Bang 5.2 tom tit cac chi sé chat luong di dé cap cua phuong phap dé xuat va cac
phuong phép so sanh khac. Trong truong hop nay, so liéu thé hién su twong dong cua

hai phuong phap SDSP va F-SDSP va vuot troi so vai phuong phap con lai (Garrido).
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Phan tich bén vimg dwoc minh hoa trong hinh 5.6. Ma tran trong sb

5s+0.2 _s+0.2
2s+1 2s+1

W, (s) =diag {— } duoc sir dung. Nghia 13, su bat dinh giam 50% &

dai tan sé cao va 20% & dai tan sb thap. Tir hinh v&, ta thdy hai phuong phap SDSP va
F-SDSP ¢6 su tuong dong & do bén vitng (day 1a cau trac diéu khién tac gia dé xuat lan
lwot cho bac nguyén va bac phan sd) va vuot troi so voi phuong phap phan ly nghich

cua Garrido.

Bang 5.2. C4c chi s6 chat luong cho thap VL béi cac phuong phap khac nhau

Phuong
phap
F-SDSP 3.7490 101.66 10.838 0.2974

IAE ITAE TV #IM]

SDSP 3.4382 102.83  8.7549  0.3046
Garrido 45255 126.04 11.295  0.4107

S8V plots of robust stability

04

- —-SDSP
Garrido ||
——F-SDSP

0.35 -

03

0.25 -

£IM]

0.2

0.15 -

0.1

0.05 -

D L Lol
107 102

107 10° 10' 102 10°
Frequency (rad/s)

Hinh 5.6. Biéu d6 SSV danh gia 6n dinh bén viing (thap VL)

5.1.1.2 B tach diu niing (Heavy oil fractionator)
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Bo tach dau ning 12 qua trinh 2x 2 thudng dugc dung dé nghién ciru cac thuat toan
diéu khién hé da bién trong linh vuc diéu khién quéa trinh [70, 145]. Ma tran ham truyén
caa mo hinh c6 phuong trinh nhu sau:

4.05e7%"°  1.77e7**
27s+1 60s +1
5.39e % 5.72e7%
50s+1 60s+1

G(s) = (5.11)

Trong d6, cac hang sb thoi gian va thoi gian tré duogc tinh theo pht.
Cac thanh phan cta ma tran phan ly cho hé 2x2 c6 thé duoc tinh theo cong thirc

trong bang 4.1 nhu sau:

d - 9a_ 53%™ ( 60s +1 j _ 0.9423(60s +1)e* 512
“77g,  50s+1 (5726t )T 505 +1 '

d - %o _ [L77e™ ( 27s+1 J _ 0.437(27s+1)e” 6.1
¢ Oy 60s+1 )\ 4.05e7%"® 12 60s +1 .

Trong trudng hop ndy, 2 thanh phan cia ma tran phan ly di c6 dang cia phuong
trinh 4.7 (c6 mét thoi hang bang 0) nén khong can ding giai thuat PSO dé rit gon. Ma
tran phan ly dat dugc nhu sau:

- 0.437(27s+1)e”

1
D(s) = . 60s+1 (5.14)
© 0.9423(60s +1)e .
50s+1

Dé thiét ké bo diéu khién cho tirng vong hoi tiép cua hé, cac thanh phan duong chéo
cua ma tran sau khi phan ly phai duogc tinh todn. Dya vao céc cong thac trong bang 4.2,

ta tinh duoc nhu sau:

4.05e7" 1.77e7%° ([ 3.39¢ 7 60s+1
O, =01, — %20z = - [ _14sj (5.15)
0., 27s+1 60s+1 50s+1 5.72e
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572 (1.77¢7*)(5.39e7® ) 27s+1
O =0z — Ji291 = - ( _27Sj (5.16)
g, 60s +1 60s +1 50s+1 )\ 4.05e

Tuong tu nhu trong vi du trén, trong truong hop nay, giai thuat PSO s€ dugc su
dung dé xap xi hai ham truyén trén vé cac dang don gian. Nhu da dé cap, ham truyén
bac phan s6 s& dugc sir dung cho giai thuat xap xi (phuong trinh tong quat cd dang nhu
(5.8)). Qua trinh x4p xi qu1 dién ra theo cac budc sau (gz2 hoan toan tuong tu):

Bwoc 1: Tac dong tin hiéu vao ham bac thang don vi cho qu1 va luu dap ung ngd ra

(s& dung cho giai thuat ti wu). Pap ung bac thang c6 dang nhu sau:

3 Pap trng bac thang cua q11
T T T T T

T

25

Amplitude
oo~
T T

-
T

o
3.}
T

1 1 1 1
0 50 100 150 200 250 300 350
Time (min)

o

Hinh 5.7. Bap ting cua qu1 theo phuong trinh 5.15

Buwéc 2: Dua trén dap tng bac thang hinh 5.7, céc giéi han cua cac thong s can tim

K . va

min ? max

trong hé bat phuong trinh (4.9) s& dugc xac dinh trudc bao gom 8, K

7, . Cu thé trong trudng hop nay ta co:

9 = 27; Kmin = o’ Kmax :3’ Tlmax :TZmax :50

Buwéc 3: Chay giai thuat tdi wu da dé xuat dé tim ham xap xi tét nhat c6 thé.

Két qua dat dugc cho g1, 6 dang sau:

2.3979¢ %"
15.1333s"*** +6.9815s +1

Mot cach hoan toan tuwong tu, ta tim duwoc ham truyén rit gon cua o2z

(5.17)

O (S) =
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3.3877¢ "
45.6092s*%" +1

0,,(8) = (5.18)

Cac hinh 5.8 va 5.9 minh hoa dap tng bac thang caa ham truyén gdc (phuong trinh
5.15 va 5.16) so vai ham truyén xap xi dugc (phwong trinh 5.17 va 5.18). D& dang
nhan thdy rang st dung giai thuat PSO cho két qua xap xi rat tét, vi du nhu trong
truong hop dap (ng cia vong 2, duong dap tng cia ham gbc va ham xap xi gan nhu

trung nhau.

3 T T T T

25

2

15+

1F

0.5

1 1 | 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500
Time (min)

0

Hinh 5.8. Pap ang cua ham gbc va ham xap xi cua qu1 (heavy oil)

3.5 T T T T
—q22

3 e xap xi
25+ B

2L J
15+ B

1 - .
0.5 B

D 1 1 1 1 | 1 1 1 1

0 50 100 150 200 250 300 350 400 450 500

Time (min)

Hinh 5.9. P4p ang cua ham gbc va ham xap xi cua gz2 (heavy oil)
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Dua vao bang 4.3, ta tinh dugc thong sb bo diéu khién dé xuat twong ¢ng cho hai
vong. Trong trudng hop ndy thoi hang dap tng mong muén cho hai vong dugc chon

lan luot 12 7, =14 va z, = 20. Hai bo diéu khién FOPI/FOPID cho hai vong c6 dang

nhu sau:
1
s)=0.0622| 1+ +5.7077s%17° 5.19
9 (%) ( 4.1665s j?s +1 (5.19)
0.6732 1
gCZ (S) = S0.0033 (l-’_ 45.609280.9967j (520)

Trong truong hop nay, dé minh hoa cho hiéu qua cia phuong phap dé xuit,
phuong phap phan ly nghich két hop véi cau tric mé hinh noi két hop bé loc (IDIMC-
F), va bo phan ly nghich tap trung (ID-K) duoc dé xuat bai Garrido [70] s& duoc s
dung dé so sanh.

Bang 5.3. Cac phuong phap khac dung dé diéu khién bo tach dau nang

Phuong Cau truc b diéu khién Thong s6 diéu khién
phap
g [0.2469(275 +1) 0
u:‘é)_. G(s) y Q,(s) = 19s+1
ID-K d 0 0.1748(60s +1)
[70] J 6. (s) | L 26s+1
I 0 ~1.77(19s+1)
Q. (s) = 60s+1
Phan ly nghjch tdp trung ° —5.39(26s+1) s 0
50s+1
u
G(s) 42.12s+1 ots 0
" F(s) = 19s+1
IDIMC L{ G, (s) . 1660.05252 + 79,0225 +1
-F [70] (265 +1)°

Phan ly nghich tap trung két hop bé loc
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Cac két qua mo phong cua phuong phap dé xuit dugc thé hién & cac hinh 5.10 a, b
va 5.11 a, b. Pap ung vong kin cho sy thay di tuan tu hai ngd vao & cac thoi diém t =
0 va t = 250 (min) duogc thé hién & hinh 5.10a, b. Céac thdng sb vé chi tiéu chat lwong va
6n dinh bén viing duoc liét ké trong bang 5.4.

Cac hinh anh dap ung va cac chi tiéu chat luong dat duoc twong Gtng chung to
phuong phap dé xuat cho két qua tét hon han so véi cac phuong phap khac khong
nhitng & truong hop khi tin hiéu vao thay d6i ma con giam thiéu anh huong 1an nhau ¢
ngd ra khi ¢ su thay d6i ¢ ngd vao cua vong con lai (giam thiéu twong tac vong kin

cua céc bién qué trinh).

1.2 .

........... ID-K
. = - -IDIMC-F
al /‘ e, ——F-SDSP
N/
\J
0.8 —
T 06 4
0.4 =
0.2 A
0 3 I I I I 1 I I I I
0 50 100 150 200 250 300 350 400 450 500

Time (min)
Hinh 5.10a. Bap trng vong kin cua ham bac thang don vi cua vong 1 (heavy oil)

12 ;

........... DK
- - -IDIMC-F
——F-SDSP

¥ 2
e
o

T

0.2

! . )
0 50 100 150 200 250 300 350 400 450 500
Time (min)

Hinh 5.10b. Bap trng vong kin cia ham bac thang don vi cua vong 2 (heavy oil)
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Tin hiéu diéu khién twong ung cua hai vong dwoc thé hién ¢ hinh 5.11a, b ciing
ching to phuong phap dé xut c6 tin hiéu diéu khién tron (smooth) hon so vdi cac
phuong phap khac. Didu nay lam giam ton hao ning luong va ting tudi tho cua co cu
chap hanh khi h¢ théng hoat dong.

0.8 T T T T T

e ID.K

- - -IDIMC-F
0.7 ——F-SDSP ||

0.6

0.5

b b ko SN e,
L

5 045
0.3

0.2

0.1

0 I | | I I I | | I
0 50 100 150 200 250 300 350 400 450 500

Time (min)

Hinh 5.11a. Tin hiéu diéu khién cua vong 1 (heavy oil)

0.8 T T T T T
s | DK

0.6 - — —IDIMC-F|_|
A — F-SDSP
04 B

i

A1 I | | I I I | | I
0 50 100 150 200 250 300 350 400 450 500

Time (min)

Hinh 5.11b. Tin hiéu diéu khién caa vong 2 (heavy oil)
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Béang 5.4. C4c chi sb chét luong cua b tach dau ning bai cac phuong phap khac nhau

Phuong phap |IAE ITAE TV #IM]

Dé xuit 57.824 10173  1.4838 0.200
(F-SDSP)

IDIMC-F 750.00 218750 1.7289 0.7068
ID-K 95,521 14561 14.678 0.3880

Sy 6n dinh bén vitng cua hé thong duoc khao sat st dung phuong trinh 4.33 vai su

s+0.2 s+0.2
= nhu
2s+1 2s+1

bat dinh sai s6 nhan & ngd ra. Ma tran trong sé6 W, (s) = diag {—

trurong hop thdp VL duoc st dung. Hinh 5.12 minh hoa ham SSV hay gia tri x4 cua
phuong phap dé xuat va cac phuong phap so sanh khac.

08 SSV plots of robust stability
. T

——F-SDSP
— — ~IDIMC-F
0.7 H ID-K

Frequency (rad/s)

Hinh 5.12. Biéu d6 SSV danh gia on dinh bén viing (heavy oil)

Dya vao hinh vg, ta dé dang thay duoc phuong phap dé xuat dam bao su 6n dinh
bén viing trén toan mién tan s khao sat (10 — 103 rad/s). Gia tri cuc dai u liét ké
trong bang 5.4 ciing chir to6 phuwong phap dé xuat cho gia tri nho nhét.

5.1.2. Phwong phap dé xuat cho hé da bién béc cao

5.1.2.1 Thap chung cat Ogunnaike va Ray (OR)
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Thap chung cit OR dugc dé xuit boi Luyben dung dé phéan tach hdn hop ethanol

va nude. M6 hinh ndy duoc str dung nhiéu trong cac nghién ciru mo phong trong linh

vuc diéu khién qua trinh [55, 67-69]. M6 hinh toAn mo ta quan hé giita cac tin hiéu

vao-ra cua thap dat duoc théng qua dap Gng xung cta ting bién. Ma tran ham truyén

vong hé ¢6 dang nhu phuong trinh sau:

Y1 Uy
Y, |=G(s)| U,
Y Us
Trong d6, Y1 lati 1€ mol cta ethanol ¢ dinh thap
y2 14 ti 18 mol ctia ethnol dong ra (san pham)
y3 14 nhiét d6 ctia khay 19 (thanh phan day) cta thap
uz 13 luu luong hoi luu (m®/s)
Uz 13 Ivu lugng ctia dong ra (m®/s)
us 1a 4p suét ciia dong tai dun so6i (reboiler) (kPa)
| 0.66e2%  -0.61e7 ~0.0049 "¢
6.7s+1 8.64s+1 9.06s +1
—6.5s -3s -1.2s
SO S mel T
—-34.68¢ %% 46.2e°*  0.87(11.61s+1e®
| 8.15s+1 10.9s+1 (3.89s+1)(18.8s+1) |

Céc hang s6 thoi gian va thoi gian tré cia ma tran G duoc do bang phut (min)

(5.21)

Theo bang 4.1 va sir dung giai thuat PSO dé xap xi, ma tran phan ly tinh dugc nhu sau:

D(s) =

19.82

1

0.3905e >

47 (1388745 +0) o,
8.79565 +1

(083375 +1) s,
0.533s +1
1
4 QO1135+D) oy
5.5621s +1

0.7549

-23.17

0.0062¢ %%
-0.0014

1

(5.22)

Tuong tu cac vi du trude, cac thanh phan duong chéo cua ma tran sau khi phan ly tinh

duoc nhu sau:

96



0.3298(23.1802s +1)e 2*°
Oy = ( ) (5.23)
(21.13555 +1)(3.7363s+1)

~1.2973¢®
a,, = (5.24)
(1.2739s +1)(0.5014s +1)
_ 0.5601(17.4859s +1)e (5.25)

% = (20s +1)(2.69155 +1)

Céc hinh 5.13 a, b, va ¢ minh hoa dap tng bac thang cua cac ham géc qu1, G2z, Va
gs3 tinh theo cong thirc cua bang 4.2 va cac ham xap xi dat dugc sau khi chay giai thuat
PSO (cac cong thirc 5.23, 5.24 va 5.25). Bén canh d6, tac gia cling da so sanh dap (ng
Vv6i dap ing cua giai thuat xap xi s dung ddng nhat hé sé do Vu va Lee dé xuat [55,
67]. Dya vao hinh anh ta thay giai thuat d& xuat (PSO) cho két qua xap xi tot hon han
s0 V&i phuong phap cii, dac biét 1a kndng cé sai léch tinh & ca 3 ham truyén. Qua d6 ta
c6 thé thay khi bac cua hé da bién tang 1én cac phuong phap cii khong con ¢6 do chinh

x4c nhuw mong mudn, chwa ké viée tinh toan ciing tuong d6i phuc tap.

Step responses
T T T

0.4 T T T T T T

0.3 i
° —_—q11
ko) - pSso
=]
= [ Z2 e S N bt Vu |
5 0.2
€
<

01 -

0 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100
Time (min)
(a)
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Step responses

Amplitude

Time (min)

(b)

Step responses

0.8

0.6 -

Amplitude

0 | 1 1 |
0 20 40 60 80 100
Time (min)
(c)
Hinh 5.13 a, b, ¢. Pap @ng cua ham gbc va ham xap xi qi1, g2, Va g3 (thap OR)

Trinh tu thiét ké gom 2 budc: bude dau tién s& tim dudong PF chira cac nghiém kha

di ctia bai toan tdi vu da muc tiéu, va sau d6 s& chon ra nghiém thich hop nhat dya theo
chi tiéu chat luong va thong sé bén viing Ms. Hinh sau minh hoa két qua cac duong PF

dat dugc cia moi vong diéu khién
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O Obtained solution | -
O True Pareto front | |

554.4
526.7 [
499.0
a2
4435
4158
388.1
360.4
3326
304.9
° 2172
249.5
2218 1

194.0 1
166.3 - 1
138.6 - 1
1109 1
832 1
55.4 9
277 1
ool ——— T —
o %""P@""@“?&“?é‘?’&t}“"?ﬂ'&@“««;ﬁ?@4’5@'&;&"’9&"5&""9& * o 0%

O Obtained solution | -
O True Pareto front

NS DD D DL
N o® 0 o (S L0 S
W27 @ N QS

O Obtained solutio
O True Pareto front

P S
N A CI O ICIK JA ST S T SR
AN 02 @ At 62 6% 4P ¥ AN w02 o 4 o 6P ¥ P a¥ WD oS
VT ATESTE TV 42 R N A D 07 R N PSS

J

r

Hinh 5.14 a, b, va ¢. Cac duong tdi uu Pareto theo hai ham muc tiéu J, va J,
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Hinh 5.14 a, b, va ¢ cho thdy c4c nghiém kha di cua bai toan t6i wu 2 muc tiéu hoi
tu vé dudng Pareto. Tur cac nghiém nay, tac gia sé chon ra nghiém hop Iy nhat caa bai
toan diéu khién dwa theo gié tri cua ham do nhay cuc dai Ms. Trong trudng hop nay gia
tri Ms dugc chon tir 1.3+1.5 nhu da trinh bay trong chuong 4 (hinh 4.10). Cac bo diéu
khién tim duoc dugc tong két trong bang 5.6.

Bén canh d6, trong vi du nay, phwong phap dé& xuat dugc so sanh véi cac phuong
phap khac nhu bo diéu khién PI/PID da vong (multi-loop) [55] va bo diéu khién PI tap
trung (CPI) [146]

Bang 5.5. Cac phuong phap khac dung dé diéu khién thap OR

Phwong Cau trac bé diéu khién Théng sé diéu
phap khién
uy Y1 .
45} y2 o
loop [55] Xem bdng 5.6
Uy L, I
rg 7 rg
dy| d{ d,
u Yi o
CPI g >
uz‘ '\_) _(,\__>y2,
[146] ce) |- Ges) || |: Xem bdng 5.6
- "’ -
—M % H» f'\r\_y—“>
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Bang 5.6. Cac thong sb diéu khién va cac chi tiéu chét luong cho thap OR.

Phuong X
K. K, . , . M
phé-p Vong ci li z-Dl ﬂ'l G| /u[ ] IAE TV
o 1 1.504 0.157 1 0.055
bé xuat 2 -0.089 0970 __ 0.832 0.174 0.1002 27.79 4.9783
3 1.377 0107 __ 1 0.01
Multi- 1 2250 0.140 258 — —
loop 2 -0.490 0.155 337 . 0.2479 39.99 6.1432

3 4830 0.322 10.16

CPI _ .
Ge(s) — — 0.1276 25.73 4.9336
1.31+ 0.354 ~0.0135— 0.0582 0.0207 + 0.0026
S S S
*G_(s)={0.149+ 0'1838 ~0.147 - 0'08773 -0.009 - 0'0206
43.6+@ —9.52+@ 4.03+ 0.421
i S S S |

Pé mo ta sy thay doi cua cac gid tri dat ciing nhu sy anh hudng 1an nhau gitra cac
vong diéu khién, gia tri dat dugc thay doi tuan ty ¢ cac ngd vao tai cac thoi diémt =0,
t = 200 (min), va t = 400 (min) lan luot cho ba vong diéu khién cua thap OR. Hinh
5.15a, b, va ¢ chang té bo diéu khién bac phan sé c6 dap ung tét hon so véi dap tng
ctia cac phuong phap khéc khdng nhitng khi gié tri dat thay doi ma con khi ¢ nhiéu tac
dong. Hon nita, bang 5.6 tong hop c4c tiéu chi chat luong cua cac phuong phap chang
t6 su hiéu qua cua giai phap dé xuat.

Hinh 5.16 a, b, va ¢ biéu dién céc tin hiéu diéu khién cua ba vong diéu khién cua
cac phuong phap khac nhau. Nhin chung, bién d6 cua tin hiéu diéu khién cua phuong

phap dé xuat nho hon véi cac phuong phap khac, dac biét trong vong diéu khién thir 3.
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Diéu d6 chirng té phuong phap dé xuit it ton hao ning lwong hon so véi cac phuong

phap khac trong truong hop nay.

proposed
1 2 T T LLLL Vu —
5 ==-==CPI
>
0.6 - -
0.4 .
0.2 i
0 | | | | |
0 100 200 300 400 500
Time (min)
Hinh 5.15a. Dap tng khi gia tri dat thay d6i cua vong 1 (thap OR)
1.5 _= proposed i
- T Vu
1 y wTl ----ICPI
F?? LA
y
~ 0.5 -
>
0 -
-0.5 -
0 100 200 300 400 500 600

Time (min)

Hinh 5.15b. Dap ung khi gié tri dit thay doi cua vong 2 (thap OR)
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I I proposed
......... Vu
==-==CPI
| | |
300 400 500 600

Time (min)

Hinh 5.15c. Pap ung khi gia tri dit thay doi cia vong 3 (thap OR)

3-5 T T T T T T
3 'Y -
it
2.5 ‘“’:’H———-—_—_--_-_-—Q‘
2 proposed | |
- & e Vu
: —=-==CPI
1.5 i
1 o
0.5 |
0 | 1 L L 1 L
0 100 200 300 400 500
Time (min)
()
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1.5 | | \ | .
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',-_..... ————— - e Vu
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I i
0.5 |: N\ J
i Yot rm= — ——
o~ H
-1 ;
oy 1
-0.5 2
_1 L 1 | 1 1
0 100 200 300 400 500 600
Time (min)
(b)
100 l
ﬁ Roar.
80 .:‘-. s J 7
! i’ proposed
e §
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) 1 J
= A0
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(©)
Hinh 5.16 a, b, va c. C4c tin hiéu diéu khién cua 3 vong dieéu khién (thap OR)
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Tuong ty nhu vi du trude, tiéu chuan u duoc st dung dé danh gia on dinh bén
viing cta phuong phap dé xuat. Ma tran trong s6 cho sai s6 nhan ngd ra dugc chon nhu
phuong trinh 5.26, ma trdn nay dwoc chon nhu cac cong trinh di cong bd dé c6 su cong
bang trong viéc so sanh giira cac phuong phap.

s+0.2 _s+0.2 _s+0.2
0.5s+1  05s+1  05s+1

W, (s) =diag {— (5.26)

Ma tran ndy tuong ang Xap xi 20% sai s6 cua thdng s do loi. Hinh 5.17 chiing to gia
tri suy bién co ciu tric (SSV) cia phuong phap dé xuat luén dam bao sy on dinh bén
viing cua hé thong diéu khién. Trong khi d6, & cac phuong phap khac gia tri cua u €6

dinh vuot qua 1, nghia 1a hé théng diéu khién s& mat on dinh trong truong hop nay.

SSV plot for robust stability

——proposed
3 o Vu 4
i --—-CPI

25+ -

pIM]

15 -
17

0.5 -

0 L | L Lol L T —
1073 1072 10" 10° 10" 102 103
(rad/s)

Hinh 5.17. D6 thi dudng SSV danh gia 6n dinh bén viing (thap OR)

5.1.2.2. Hé thong diéu khién nhiét dd HVAC (hé 4x4)
Mo hinh diéu khién nhiét do cho 4 phong thong nhau l1a mot tinh hung nghién ciu

(case study) duoc cdng bd & tai liéu [64]. So dd cua hé duoc md ta nhu hinh 5.18.
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Room 2 Room 4
VT, T DM, VT, T DM,
M-~ 11 1 10 11
: '
Supply Air ——» —— o P, N S
v i
M-, O | m; il
VT, DM, vr; R3 DM,
Room 1 Room 3

Hinh 5.18. So d6 phan cung hé théng HVAC 4 phong [64]

Trong d6, Pa la cam bién 4p suat nham kiém soét ap suat trén duong dan khi; Try +
Tra 12 4 cam bién nhiét do cho mdi phong; O mdi phong s& c6 cac van tuyén tinh DM
+ DM 14 4 van diéu khién cap khi va VT1+ VT4 1a céc van xa tuong (ng. Boi vi su
tuong quan chéo gitta cac bién nén néu cé su thay doi ciia mot van bat ky s& anh huong
dén nhiét do cua ca 4 phong. Do d6, day 1a dién hinh cia hé da bién 4x4 véi sy tuong
tac manh giira cac bién. Thong thuong giai phap diéu khién cho cac hé nay 1a sir dung
diéu khién tap trung thuan nhat hoic sir dung k¥ thuat phan ly. Ma tran ham truyén dai
dién cho qua trinh duoc biéu dién thong qua ma tran (4x4) nhu phuong trinh (5.27) va
(5.28)

Tl ul
T2 u2

=G(s 5.27
L =eel, (527)
T4 u4

Trong d6, T1+ T4 & nhiét do cua 4 phong; ui+ uas 1a 4 bién diéu khién va 1a vi tri
m& cua cac van DMi+DMa; Ma tran ham truyén tuyén tinh G(s) nhu sau (Iuu y, don vi

cua hang sb thoi gian va thoi gian tré 1a giy)
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[ 0.098e " —0.036e7° -0.014e%%* —0.017e7% |
1225 +1 149s +1 158s +1 1555 +1
—0.043¢>*  —0.092e*** -0.011e®* —0.012e73*
147s+1 130s +1 1565 +1 157s+1
G(s)= _ -31s -34s -16s ~265 (5'28)
0.012¢ 0.016¢ 0.102¢e 0.033¢
153s+1 151s +1 118s+1 146s +1
~0.013¢%* -0.015e* -0.029¢® —0108e7'*°
| 156s+1 159s +1 144s +1 128s+1 |

Cac thanh phan caa ma tran phén ly tinh dugc nhu sau [67, 144]:

1 —0.341(121.9185+1)e %% _0.081(132.251s +1)e **  _0.115(124.604s +1)e **" |
146.753s +1 164.976s +1 147.929s +1
—-0.457(130.872s +1)e ®""® 1 —-0.049(235.202s +1)e %% _0.04(188.514s +1)e 14+*
D(s) = 147.641s+1 228.983s+1 170.865s +1
—0.03(187.93s +1) -0.093(97.617s +1)e 519" 1 —0.304(118.3865 +1)e %
1755 +1 117.144s +1 145.037s+1
—0.049(1946.796s +1)e 4% _0.073(152.319s +1)e®™*  —0.252(124.823s +1)e *'** 1
1946.775s +1 166.805s +1 138.501s+1 _
(5.29)

Tuong tu nhu 2 vi duy trén, sau khi sir dung giai thuat PSO dé xap xi ham truyén,

c4c thanh phan dudng chéo cua ma tran sau khi phan ly c6 dang nhu sau:

o, = % (5.30)
a,, = % (5.31)
Oy = % (5.32)
qy = % (5.33)

Tuong tu nhu h¢ 3%3, cac duong PF sé dat dugc trong budc nhu cac hinh 5.19. Ta
thiy cac nghiém kha di cua bai toan toan wu 2 muc tiéu déu hoi tu vé duong Pareto.
Dua trén duong Pareto nay céac théng sé diéu khién phd hop nhat cia mdi vong diéu

khién s& duoc lua chon dua theo gia trj ciia ham do nhay cuc dai Ms.

107



28248 oo Co
2182 5 O True Pareto front | | 2278 O True Pareto front | |
206.1 - 4 2151 Ry 4
1939 2025
1818 189.8
1607 1772}

157.6 1645 |
1455 1519
1333 F 1302

P a212f 01266
1001 139 |
970 1012
849 886
727} 759
606 - 633
485 ) 506
364 380
2021 253
1241 127

S S S S S S S S O S S e ————————————-»e
& b“”?v“hf\ﬂ"?@ﬁ@u’&?n S ?”\q’?,@g? & S S e e e SRS

R e e
O Obtained solution | -
O True Pareto front | |

232.9]

(b)

o o

S
AP a® A% S
W P S

221.2
209.6

197.9 -
186.3 -
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(c) (d)

Hinh 5.19 a, b, ¢ va d. Cac duong t6i wu Pareto theo hai ham muc tiéu J, va J,

Két qua dat duge dugc tong hop trong bang 5.7 cling véi cac chi s chat lugng cua
phuong phép diéu khién dé& xuét va cac phuong phap khac. Trong trudng hop nay,
phuong phap bo diéu khién PI tap trung (CPI) dé& xuat boi Ghosh va Pan [146] va
phuong phép tai hiéu chinh t6i vu (1-ODP) dé xuat boi Khandelwall va Detroja [147]
duoc lra chon dé so sanh véi bo diéu khién dé xuat. Thong sb cac bo diéu khién ciing

duogc tong hop trong bang 5.7
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Bang 5.7. Cac thong sb diéu khién va cac chi tiéu chat luong cho hé HVAC

Phuong

> K . K, A o M
ohép vong  K; i i O 4M] 1AE TV
1 -23799 0.0094 1
D& xuit 2 -37.292 00091 1 __ 5019 199.72 207.146
3 -28036 0.0099 1
4  -26.882 0.0085 1
1-ODP _ G100 () o 0.2287 372.03 340.492
CPI G (®)” 01999 376.60 200.588
—3253[1+ 1 12.446(1+ ! J 2.234(1+ ! J 3.283[1+ 1 ]1
91.157s 75.416s 66.442s 80.355s
16 218[1+ ! ) —38.986(1+ ;] 1.771(1+ ;j 1.535(1+ ;j
. 78.425s 86.553s 87.834s 107.734s
Gc—lODP(S)z 1 1 1 1
1.328(1+ j 0.9663(1+ J —32.075(1+—j 8.297(1+ )
97.604s 81.324s 86.027s 77.120s
1.928(1+ 1 j 3.016(1+ 1 j 2.4819(1+ 1 j —29.268(1+ 1 j
| 87.5265 92.745s 80.59s 96.763s ) |
_24.2_0.219 6.86+0.0808 1_09+o.0158 1.88+0'0205
S S S
8534 0.100 81 0.237 LoLs 0.0095 0.909 + 0.0071
sox S S S
Gocr (8)= 0.0066 0.0221 0.194 0.0539
0.815+— 1.85+— 22.1-= 4,76 + =
S S S
106+ 0.0107 Le8s 0.0172 450+ 0.0489 220 0.178
S S S

Trong trudng hop nay, gia tri ngd vao dugc thay doi tuan tu ¢ cac thoi diém t = 0
(s), t =500 (s), t = 1000 (s), va t =1500 (s) lan lugt cho cac vong diéu khién tir 1 dén 4.

Hinh 5.20 a, b, ¢ va d minh hoa dap ing ciia phuong phap dé xuét va cac phuong phap

khac khi gia tri dit va nhidu thay doi. Mot cach truc quan, ta nhan thiy rang, phuong
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phap d& xuit cho két qua tét hon ca khi gia tri dit va nhidu thay doi. Hon nita, bang 5.7
t6ng két cac thdng sb chat luong trong ciing ching t6 su hiéu qua cua giai thuat dé xuat,
dic biét ¢ gia tri IAE. Trong trudng hop nay, chi s6 u dé kiém chang sy on dinh bén

viing, c6 gia tri twong duong & tat ca cac phuong phap.

1.5 T T T 1.5
proposed proposed
—-—-:1.0DP —-—--1.0DP
--------- CPI .........CPI
1 l', - E;f._ v ™ 1 g 1 o =
- ! ~
> [/ >
0.5 1 0.5
0 . . . 0 | | |
0 500 1000 1500 2000 0 500 1000 1500 2000
Time (s) Time (s)
(@) (b)
1.5 T T T 1.5 T T
proposed proposed
—-—--1.0DP —-=-:1-0DP
--------- CPI
1+ 1 Fﬁn—-—
= N
0.5F 0.5
-~ .l“
0 o 43, J . 0 . AN |
0 500 1000 1500 2000 0 500 1000 1500
Time (s) Time (s)
() (d)

Hinh 5.20 a, b, ¢ va d. Pap ung khi gié tri dat thay d6i cua 4 vong diéu khién (hé
HVAC).

C4c tin hiéu diéu khién dugc biéu dién ¢ cac hinh 5.21 a, b, ¢ va d cho 4 vong diéu
khién caa hé HVAC. Dua trén cac hinh ndy ta ciing c6 thé thay tin hiéu diéu khién cua
phuong phap dé xuat tron hon va c6 gia tri TV tét hon han so véi phuong phép tai higu
chinh (1-ODP). Hon nira, so véi phuong phap CPI, phuong phap dé xuat co gia tri TV
I6n hon (207 so véi 200 trong thoi gian md phong), chi sé caa 2 phuong phap nay lai
tuong dwong nhau. Tuy nhién phuong phap CPI lai can dén 16 bo diéu khién Pl nén
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trong thuc té s& tén kém va cé phan ciing phuc tap hon rat nhiéu so véi phuwong phap

dé xuét.

5 T T T 20 A
fi —proposed ——Pproposed
L i i —
0 i ----1-0DP 0L :::IDP
il N cPI i
ST i, O i
| T — | 0
|
i i
-10 -
- ~
> E
-20 -
-30 -
i L
=35} -40
40 . . . 50 | . I
0 500 1000 1500 2000 0 500 1000 1500 2000
Time (s) Time (s)
5 10
£, d . — proposed
a, T e e e — propose: L BT --=-1-ODP
0 A |--1-00p 5 0 Po——— cpl
~CPI @ R —— i
S e T - o
I —
10 TN 5
15 - 10 |-
e <
E E
-20 - -15
=25 -20 -
=30 1 =25
=35 8 -30 -
40 . . I 35 . . .
0 500 1000 1500 2000 0 500 1000 1500 2000
Time (s) Time (s)

Hinh 5.21 a, b, va c. C4c tin hiéu diéu khién cua 4 vong diéu khién (hé HVAC)

Trong trudng hop ndy, ma tran trong sé duoc chon nhu vi du trén (xap xi 20% sai

s6 do lgi md hinh)

s+0.2 s+0.2 5s+0.2 s+0.2} (5.34)

Wo(s):diag{——, - o v
05s+1  05s+1  05s+1  0.5s+1

Hinh 5.22 biéu dién d thi cia # & ca 3 phuong phap va déu dam bao sy 6n dinh
bén virng khi c6 su hién dién cua tin hiéu bat dinh véi md hinh sai s6 nhan ¢ ngd ra.

Nhu di phan tich trén, phuong phap CPI ¢6 thé cho dap tng tét hon phuwong phap dé
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xuit, hinh 5.22 thé hién 6n dinh bén virg hon, tuy nhién phuwong phap nay s& giap kho

khan trong van dé trién khai tng dung thyc té.

SSV plot of robust stability
0.25 oy oy o

—proposed
——1-ODP

0.2 CPI

0.15

pM]

0.1

0.05

0 L ; L o
107 1072 107 10° 10’ 102 10°
Frequency (rad/s)

Hinh 5.22. D4 thi dudng SSV danh gia 6n dinh bén viing (hé HVAC)

5.2 Thue nghiém diéu khién phan s6 cho hé da bién

Pé kiém ching kha ning Gmg dung cia cau tric bd diéu khién dé xuat ciing nhu
kha nang thuc thi cta b diéu khién phan s cho hé da bién, trong luan an nay, nghién
ctru sinh thuc nghiém trén hé bon bon nudc lién két (quadruple tank) rat dién hinh
trong linh vuc diéu khién qua trinh.
5.2.1 Giéi thi€éu mo hinh thwe nghiém

Hinh 5.23 1a mé hinh hé bdn bon nudc lién két (quadruple-tank) dung dé thuc
nghiém. Luu lugng chit 1ong bom vao cac bdén duge didu khién thong qua hai may
bom ly tim AC vdi tdc ¢ bom diéu chinh bang bién tin véi cac dién ap diéu khién us,
uz (0 — 10 VDC). Hai van ba chiéu V1 va V2 chia luu luong ra khoi may bom vao bon
trén va bon dudi (chéo nhau) v6i hai hé sé chia la y,vay, (0<y,7,<1). Muc chét
16ng trong hai bdn duéi 1a hy, hy (m) va dugc do bang 2 cam bién dién dung (LT, LT2)
v6i tin hidu tra vé 1a dong chuan cong nghiép (4 — 20 mA) twong mg v&i mirc chat

16ng (0 — 0.6 m); sir dung bd chuyén d6i dong—ap dé chuyén dong thanh dién ap 0 — 5
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VDC. Bén bon chira c6 tiét dién hinh chit nhat véi dién tich 1an luot 1a Ag, A2, As va Ag
(m?)

0, q,
FT,,FT,: Cam bién luu lugng
LT,,LT,: Cam bién do muc

P,P,:  May bom ly tam
(:T) A GTD \;1\j2 : Van 3 chiéu

Invi, Inv2: Bién tan

<
Qe
<«

e e
&7

Invl h i

U — az E hzé KE Inv2 —u,
P, } ' P,
’% qlo % QZO

Hinh 5.23. M6 hinh thyc nghiém hé bon nude lién két

Ap dung dinh luat can bang khdi cho timg bon chira, ta ¢ phuong trinh toan mo ta

dong hoc cua hé nhu sau:

%:—%1/29 +% Zgh3+_y2k2u2

dt A
%:_i 29h2 +& 29h4 i ylklul
d A A, A,

dh a @ )k,u (5:35)
% Hoh + —Y)KY
at A \ &9, A

dh, a, -7,k
0N, _ 3 pon LYK,
d A M A,
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Trong d6, a,,a,,a, va a, lan luot 14 tiét dién ciia cAc van xa ra lan lugt & cac bon
turong tng. Xem nhu dic tuyén ctia may bom la tuyén tinh, ta c6 mdi quan hé giita dién
ap diéu khién va luu luong ngd ra ctia may bom 1a cc hang sb k;,k,

Tuyén tinh hoa phuong trinh (5.35) xung quanh diém hoat dong, ki hiéu:
h., (i =1+4), 1a muc chat Iéng twong tig trong cic bon; Uy, (i =1+ 2) la dién ap dicu

khién twong tmg cua hai may bom. Dat:

q=".2gh (5.36)

A

Khai trién Taylor (5.36) quanh diém 6n dinh hs ta c:

a alg 1
=2 gh +2 |9 (h—h)=q.+Z(h-h 5.37
q=-1+/2gh, A2hS( .) =0, -(h=h) (5.37)
Trong do, 1= 2 |2 - hing sé thoi gian (s) (5.38)
a\ g

Thay thé vao timg phuong trinh trén, vi du phuong trinh dau tién trong hé (5.35),

ta co:
d 1 1
D g~ () () + Kot (539
t T, T,
Xét tai diém 6n dinh: 0= —q,, +q,, + K, U, (5.40)

Tru phuong trinh (5.39) cho phuong trinh (5.40), ta co:

dh—hd) _ T p oy A )
qt g () (i) K (v —us) (5.41)
Bat: x =h —h, (i=1+4) (5.42)
{ S (5.43)
r,=U, — U,

Ta viét lai hé phuong trinh trén:
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d_xlz_ 1 A, +Vzk2r2

X+ —X
dt Y & AT, ’ A
% — _i X, + A, X, + V1Kl
dt T, T, A, (5.44)

%=—iX3+ A-ypkh
dt T, A,
dx, _ iX +(1_Y2)k2r2

dt T, A,
Tir d6 ta c6 phuong trinh trang thai tuyén tinh hoa cta hé:
_l 0 A 0 0 ¥.K;
T AT, A
0o -+ o A 1k 0
& I (P r (5.45)
0 0 = 0 ( _ Y1) 1 0
T3 A,
L .l L A
1 00O
y {O 10 0} (5.40)

Bién do6i Laplace va dua hé vé dang ma tran ham truyén ta c6 ham truyén quan h¢

vao-ra c6 dang nhu sau:

Kl(l_j/l) K272
{Xl(s)}_ (rls +1)(T3S +l) 7,5+1 {RAS)} 6.7
X, () K7, K,l-7,) R,(s) '
| s+l (7,5 +1)(7,5+1) |
Trong do: K, :Tl—kl; K, :Tl_kZ; K, zrz_kl; K, = 7K,
A A A A,

Nhan xét hé bon bon nudce lién két 1a hé 2x2 voi tin hiu ngd vao 1a hai dién ap

diéu khién may bom va hai ngd ra 1a muc chét 1ong trong hai bon dudi. Hé nay duogc
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chon nhiéu mé phong hoc thuat hay thuc nghiém trong linh vuc diéu khién qua trinh vi
dac tinh dong hoc cua hé sé thay ddi khac nhau tuy thudc vao hé s6 Y Vs -

Hinh 5.24 (a) 1 phan cing thuc té sau khi thi cong bao gdm hé bon nude va ti
diéu khién. Hinh 5.24 (b) 13 so dd bo thu thap dit liéu (card DAQ PCle 6323) va bo
diéu khién x4y dung trén Matlab.

MCB

L3
N L ] ] !
220 VAC I W l
Ngudn )
Monitor
+24 GND CcPU
MATLAB
Real Time
Window Target 0-10VDC

C 4-20mA [ Dang din O_.ML T
sang 2p | o1 PCle 6323

[ ] B 0-10VDC
4-20mA | Dong dién 0-10vDC Al2 AOIH Bién tan
sang ap —t
4-20ma| Dong dign [F=10PCAi3 0-10VDC
sang ap — 1" AO2 Bién tan
0T10 vDC GND
4-20ma | Dongdien [— :
sang ap — L

i

iy

Hinh 5.24. (a) Mo hinh ctia hé bon nudc sau khi thi cong
(b) So d6 bo diéu khién
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5.2.2. Nhan dang hé bén nuwéc sit dung phwong phap LS dé xuit

Theo nhu 1y thuyét nhan dang trinh bay ¢ chuong 3, tac gia tién hanh thuc nghiém
dé tim mé hinh toan hoc cho hé théng
5.2.2.1. Thu thap dir li¢u

Dé nhan dang mo hinh cua hé theo phuong phap LS, ta can c6 tap dit liéu vao-ra dé
sir dung cho hai budc nhan dang va danh gia. Thi nghiém thu thap dir liéu can phai
duoc thuc hién, qué trinh nay cé thé 1ap lai nhiéu lan cho dén khi dat két qua nhan dang
md hinh chap nhan dugc. Cac két qua trinh bay trong luan an 1a két qua cudi cing.

Mic du ban chat dong hoc caa mé hinh 1a phi tuyén (hé phuong trinh 5.35), tuy
nhién sau khi xap xi quanh diém hoat dong, hé cé thé duoc biéu dién dudi dang tuyén
tinh voi ma tran ham truyén 2x2. Do d6, trong trudng hop nay, ta lya chon tin hiéu tac

dong la tin hiéu nhi phan ngau nhién gia (PRBS — Pseudo Random Binary Signal).

L
0 200 400 600 800 1000 1200

0. L
0 200 400 600 800 1000 1200

0.5 — L — L] )
0 200 400 600 800 1000 1200
Miu dir ligu

Hinh 5.25. B¢ dit liéu vao-ra dé nhan dang cho ngd ra tha 1 (hi)

o 200 400 600 800 1000 1200

0.5L L T L il
) 200 400 600 800 1000 1200
Mau di¥ ligu

Hinh 5.26. Bo dit liéu vao-ra dé nhan dang cho ngé ra tht 2 (hy)
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5.2.2.2. Ap dung phwong phap LS cho hé da bién (TITO)

Biéu dién lai phuong trinh 5.47 dudi dang tong quat ctia hé 2 ngd vao — 2 ngd ra

nhu sau :
y(t) | [Gu(a) G(a)] n(t) N v, (t)
roFen emlho) o) o9
Trong d6, Vi, V2 1a céc tin hiéu nhiéu qua trinh.
Hoac :
Y1 (1) =Gy (a) 1 (1) + Gy ()1, (1) +vy (1)
- ooy >

Str dung phan ly ma tran (MFD) da dé cap ¢ chuong 3, ta c6:
-1
0 B B
0 A,(a)] [Ba(a) By(a)
Thay vao cong thuc (5.49) ta duoc:

{An(q)yl(t):Bn(q)r( )+ By, (a)r () +A; (a)v (1) (5.51)
A (9) Y, (1) =B, (a)n (1) + By (), (1) + Ay () v, (t)

Vi chudi N cap dir liéu vao-ra (trong trudng hop nay co6 hai ngd vao cho mét ngd

ra) cho hai ngd ra lan luot Ia:

(@) 0 @) @) (N E(N) ()] (5.52)
{y.@).5@1) @)} . V(NG (N) (N} ] (5.53)

Ap dung phuong phap LS cho hé don bién di gigi thiéu ¢ chuong 3 vao tirng ngd
ra, gia sir cho ngd ra thir nhat (cac ngd ra con lai hoan toan twong ty), ta co:
2
Z [ A (@)Y, ()= (B (@)r; (k) + B, (@)1, (K)) | (5.54)
k=n+1
Nghiém cua (5.54) dugc tinh theo phuong trinh (2.45), trong do:

N1, N2, N3 lan luot 1a bac cua da thire A11(q), B11(q), Bi2(q) (0, > n, >n,)
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nsd)
y= yl(nfz) - 0=[a,,..a,, by,.by, by, by, |

L Y(N) |

) e @ w0 e 80 R() )
v —yl(lz\l—l) —yl(l\:l—nl) rl(N:—I) rl(N:—nl) rz(l\;—l) rz(N:—nl)

5.2.2.3 Danh gia m6 hinh nhan dang

Sau khi chay giai thuat LS, ta tinh duoc cac thong s6 0 cho hai vong nhu sau :

[-1.4371]  [-1.4280]
-0.0059 0.0183
0,=| 0.4430 | 0, =| 0.4098 (5.55)
0.0000 0.0002
| 0.0002 | | 0.0001 |

Két qua danh gia 800 mau sau khi nhan dang dugc bang giai thuat LS duoc trinh
bay & hinh 5.27 va 5.28. Dya vao hinh vg, ta thiy dap tng ciia mo hinh tim dugc va
phan dit liéu danh gia c6 d6 trong quan rat tét. Do d6 cac tham sé dat dwoc trong 5.55

duogc sir dung dé tim cac ham truyén thanh phan cua ma tran hé thong.

45 | | | | | |
0 100 200 300 400 500 600 700 800
Mau dir liéu

Hinh 5.27. K&t qua d4nh gi4 md hinh nhan dang dwoc & ngd ra thi 1
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12 I | I I I | |
0 100 200 300 400 500 600 700 800
Mau div liéu

Hinh 5.28. Két qua d4anh gia moé hinh nhan dang duoc & ngd ra thir 2

Tur (5.55), sir dung Matlab chuyén vé ham truyén dang lién tuc véi chu ky lay mau
Ts=0.1 (s). Ta tim dugc cac ham truyén thanh phan cia ma tran hé théng nhu sau:

0.0002395s° +0.008916s> +0.2691s + 2.807

G, (s)= 5.56
() s* +15.44s° +1053s® +877.55 +1.777 (5:56)
0.001006s> +0.03744s% +1.135+11.79
Gp(s) =—; - - (5.57)
s* +15.44s° +1053s? +877.5s +1.777
0.001414s° +0.05352s% +1.618s +16.96
G, (s)=——; . . (5.58)
s* +16.67s® +1065s2 +1232s + 2.388
0.0006391s°® +0.02419s? +0.7314s + 7.669
G,,(5) = (5.59)

s* +16.67s° +1065s° +1232s + 2.388
Tir cac phuong trinh khao sat dong hoc caa hé bon nudc, ta thdy cac ham truyén
thanh phan chi c6 bac 1 hoic 2. Do dé, ta sir dung ki thudt xap x/ dung gidi thudt PSO
da dé xuat, cac ham truyén trén (5.56) dén (5.59) duoc xap xi thanh:
e Ham truyén xap xi cia G, (s):

1.5825e°%*
496.2227s +1

Gy (s) = (5.60)
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Step Response
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Hinh 5.29. Pap ng cua ham truyén Gi1(s) va ham xap xi

e Ham truyén xap xi ciia G, (s):

6.6411e 1%

G,(s) = 5.61
(S) 495.2328s +1 (.6
7 Step Response
6 —— xap xi/|
—612
5, -
o 6.34
Sar |
% 6.33
£/ |
6.32
2_ 4
1F i
0 . . s

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds)

Hinh 5.30. Dap (ng caa ham truyén Giz(s) va ham xap xi

e Ham truyén xap xi ciia G,,(s):

— 7.1072e7%18
G, (8)=—— 5.62
n() 516.9899s +1 (5.62)
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Step Response

8 T T
T = =1
xap Xi
6l — 62
5 | T T
5 6.43
2
B4r 6.425
-
3t 6.42
2l 6.415
1 = .

0 Il Il Il 1 Il
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds)

Hinh 5.31. Pap ng cua ham truyén G21(s) va ham xap xi

e Ham truyén xap xi cia G,,(s):

—6.55s
3.2158e (5.63)

G, (s)=—r
2 (%) 517.9853s +1

Step Response
3-5 T T T T T T

xap xi
—G22

Amplitude

0 1 1 1 L 1 L L
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds)

Hinh 5.32. Pap (g caa ham truyén Gazz(s) va ham xap xi

Tir cac hinh 5.29 dén 5.32 ta thay giai thuat PSO da x4p xi rat tot cac phuong trinh ham
truyén tim duoc tir thuc nghiém vé cac dang don gian (hé bac mét c6 tré FOPDT). Céc

ham truyén nay chinh l1a cac thanh phan ciia ma tran ham truyén 2x2 caia hé bon nudéc.
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5.2.3 Thiét ké b diéu khién
Ap dung ky thuat phan ly don gian héa cho hé 2x2, ta tinh duoc cac thanh phan cia

ma tran phan ly nhu sau:

4 —_Gu _ 41966(496.22275+1) (5.64)
o " 495.2328s +1

g —_Gu_ 221(517.98535+1) (5.65)
2 G, 516.9899s +1

Theo bang 4.2 cho hé 2x2, cac thanh phan dudng chéo ctia ma trdn ham truyén sau

khi phén ly tinh dugc nhu sau:

6.6411e>' 7.1072e7>18

6. (5)= G, - GG, _ 1.5825¢°™ 49523285 +1516.9899s+1 (5.66)
G, 496.2227s+1 3.2158¢ °5

517.9853s +1

6.6411e°1 7.1072e7>18

0. (5)= G, CuCn _ 32158¢°™ 49523285 +1516.9899s +1 (5.67)
#7® G, 517.9853s+1 1.5825¢ °**

496.2227s +1
Hai cong thirc (5.66) va (5.67) kha phirc tap va khong thé dung dé thiét ké bo diéu

khién twong ung. St dung giai thuat PSO dé xuat dé x4p xi Q1 VA 022 vé dang ham

truyén c6 bac phan s6 nhu dé xuét, cong thirc (4.8). Két qua dat duoc nhu sau:

0 T T T T T T T T T
—q1
—q11-fo

10 - -12.6

Amplitude
N X
-] o

15 | I | I | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Time (s)

Hinh 5.33. DPap (ng caa ham truyén gi1(s) va ham xap xi bac phan s6
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PSO convergence characteristic
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Hinh 5.34. Bic tinh hoi tu cua giai thuat PSO khi xap xi q11(s)

Két qua Xép xi dat duoc:

—13.0755e37*

0, (s)=

Hinh 5.35.

219.4076s** + 482.2408s +1
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Dap tng ciia ham truyén gz2(s) va ham xap xi bac phan sé
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Hinh 5.36. Pic tinh hoi tu cua giai thuat PSO khi xap xi g22(S)
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Két qua xép xi dat duoc:

—26.7e73%s
1209.2s"" +540.7s +1

0z (S)= (5.69)

Hinh 5.33 va 5.35 1a dap Gmg budc cua ham gdc va ham xAp xi theo giai thuat PSO
clia Qi1 VA Oz, két qua cho thay dap ung ctia ham xap xi gan nhu trung véi dép tng cia
ham gdc ban dau. Tur hai ham truyén cta hé sau khi phan ly dat duoc va xap xi vé dang
bac phan sb nhu trén, phuong trinh (5.68) va (5.69), ta st dung phuong phap thiét ké
bo diéu khién d3 d& xuit trong chuong 4, cac cong thirc tinh toan da tong két trong

bang 4.3. Hai bo diéu khién dat dugc c6 dang nhu sau:

0.,(s)=-3.3528| 1+ ———+ 5502489 # (5.70)
482.2408s 2.55+1
1 07 1
g.,(s) = —2.0251(1+ +2.2364s j (5.71)
540.7s 25s5+1

Két qua mo phong dap Gmg hé bon nudc duoc thé hién ¢ hinh 6.33, 6.34. Bé danh
gia hiéu qua cia phuong phap dé xuat (F-SDSP), tac gia da so sanh v4i phuong phap
cta chinh tac gia dé xuit truéc SDSP ([144]) str dung bac nguyén va phuong phap
phan ly nghich két hop v6i bo du bao Smith ctia Garrido (SID) [80]. Tin hiéu vao duoc

thay d6i lan luot & hai ngd vao tai cac thoi diém t = 0 va t = 150 (S)

1.2

1r T

0.8

=06

04

0.2

0

0 50 100 150 200 250 300
Time (s)

Hinh 5.37. Péap tmg diéu khién ngd ra thir 1
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Hinh 5.38. Pap g diéu khién ngd ra thu 2

Két qua dap img ching to bo dicu khién phan sb cho két qua tot hon han so véi hai
phuong phap con lai str dung bac nguyén véi thoi gian ting trudong giam dang ké. Pic
biét 1a phuong phap SDSP sir dung cung ciu triac va phuong phap diéu khién nhung
chi khac ham truyén sau phan ly va bo diéu khién str dung bac nguyén. So véi phuong
phap SID, tin hiéu diéu khién cua cdu trac dé xuét (bic nguyén va khong nguyén) déu
cho két qua t6t hon véi gia tri TV nho hon dang ké (bang 5.8). Cac chi sd chét lugng
con lai (IAE va ITAE) tom tit trong bang ciing ching t6 phuong phap F-SDSP cho két
qua t6t hon cac phuong phéap con lai.

Bang 5.8 Cac chi s6 chat lugng cia hé bon nudc boi cac phuong phép khac nhau

Phuong IAE  ITAE TV  uM]
phap

F-SDSP  21.2353 17395 12.4502 0.2000
SDSP 31.2305 2713.2 5.3683  0.2000
SID 24.9496 21653 26.4776 0.2027

Hinh 5.39 danh gia su 6n dinh bén viing ciia cac phuong phap. Trong truong hop

nay, sai sO nhan dau ra v6i ma tran trong s6 dugc chon nhu trong cac bai toan mo
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s+0.2 5+02
2s+1° 2s+1

phong (WO(S) =diag {— }j Nhin chung trong dii tan s6 khao sat

(10— 10%) rad/s, cac phwong phap déu cho do bén vimg twrong dong nhau. Gia tri u
trong bang 5.8 ciing chtng t6 diéu nay.

SSV plot for robust stability
0.25 T T T

——F-SDSP
- - SDSP
siD

0.2

o
-
(1]

1IM] (abs)

=
o

0.05 -

0 il il il i T, L
102 102 107 10° 10" 102 10°
Frequency (rad/s)

Hinh 5.39. Biéu do SSV danh gia 6n dinh bén viing cta hé bon nudc

Thuec thi bo diéu khién phan s theo cac phuong trinh (5.70) va (5.71) cing véi bd
phan ly don gian héa (5.64) va (5.65) sir dung Simulink ctia Matlab chay trong ché do
thoi gian thue (Real Time Window Target). So do bo diéu khién cua hé théng duoc
xay dung trén Simulink nhu hinh 5.40

» level1
20 In1  Outt Level 1
Set point 1
FOPID1 ::I_, 1
Scope
15 In1 Out1
> level2
Set point 2 ¥
FOPID2

Level 2
Simplified Decoupling QuadTank

Hinh 5.40. So d6 Simulink chay ché d6 thoi gian thyuc diéu khién hé bon lién két
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Trong hinh 5.41, ta c6 khéi “Simplified Decoupling” 13 bd phan ly don gian hoa
dugc xay dung theo hai phuong trinh (5.64) va (5.65). Chi tiét bén trong nhu hinh 5.41,
trong d6 2 khéi “D12” va “D21” 1an luot 1a 2 ham truyén theo 2 phuong trinh (5.64) va
(5.65)

) AN (1)
1 -—qi/ 1
In1 Out1
P In1 Out1
D12
P In1 Out1
D21
@ g, ()
In2 Out2

Hinh 5.41. So d6 bo phan ly don gian hoa cho hé bon lién két

Hai bo diéu khién phan s6 “FOPID1” va “FOPID2” trong hinh 5.42 13 2 b6 diéu
khién phan s duoc thiét két theo 2 phuong trinh 5.70 va 5.71. Chi tiét bén trong duoc
trinh bay trong hinh 5.42 a, va b. Luu y, do gidi han cua tin hiéu analog & ngo ra cta
card PCI, cac tin hiéu diéu khién déu bi gidi han boi 2 khau bdo hoa (Saturationl, 2) &

tam gia tri 0 + 10,

o5+

Filter 1 Saturation

Fractional
1 » 0.455
- >_' Der 570.25
In1
» K Fractional
Int s™{-1}
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Fractional
P 22364
In1

Td2

— 1/540.7 Fractional
Int s™{-1}

Ti2

1
255+ 4/ C
D5+

Out1

Fllter 2 Saturation2

(b)
Hinh 5.42 a, b. Céac bd diéu khién FOPID diéu khién hé bdn lién két

Khdi “QuadTank” trong hinh 5.40 thyc chét chi chia céc tin hiéu tuong tu vao-ra,
bao gdm 2 tin hiéu dién 4p twong tu ngd ra (0-10 V) cap cho hai bién tan dé diéu khién
2 may bom; 2 tin hiéu dién 4p twong tu ngd vao (0-10 V) 1a céc tin hiéu tra vé cta hai
cam bién do murc chat 1ong trong 2 bon chira (xem lai mé ta ¢ hinh 5.23). Chi tiét khdi

QuadTank duogc trinh bay trong hinh 5.43.

- ) Analo Analo ) -
Outpu% Inplulg ol
In1 Out1

AO1(U1) Al3 (LT1) Filter1
National Instruments Mational Instruments
PCle-6323 [aulo] PCle-6323 [auto]
Analo Analo
- ! Outpu% Inplulg g LR ! ”
In2 Qut2
AO2 (U2) Al4 (LT2) Filter2
Mational Instruments Mational Instruments
PCle-6323 [auto] PCle-6323 [auto]

Hinh 5.43 So db khdi QuadTank

Két qua diéu khién hé bon lién két duoc trinh trong hinh 5.44 a, va b. TUr hinh ta c6
thé thay dap tmg diéu khién ciia ca hai bon tuong tu nhu két qua moé phong (hinh 5.37
va 5.38). O bon mot khong c6 vot 16 va thoi gian xac 1ap khoang 40 (s); & bon 2 ¢o vot

16 nhung khéng dang ké va thoi gian xac 1ap khoang 60 (s). T hinh 5.44, ta thiy dap
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g c6 dao dong nhe, nguyén do chu yéu 1a do nhiéu cua cam bién khi bom nudc d6
vao bon dan dén mirc chat 1ong khong 6n dinh. Qua trinh thuc nghiém ciing ching to

bd diéu khién phén s c6 kha ning thuc thi trong viée diéu khién hé thdng that.

25 T T
20 el - w- ~ VT ey
15 -
€
)
10 -
]
>
)
-
5 .
0 4
5 | | | | | | |
0 20 40 60 80 100 120 140 160 180 200

Time (s)

14
12 -
10 .
B
S8 i
o~
26 .
Q
-
4 i
2 i
o i
.2 L L | 1 1 L L 1
0 20 40 60 80 100 120 140 160 180 200

Time (s)

Hinh 5.44 a, b. Pap tng muc chat 16ng trong ca hai bon

Hinh 5.45 a, b mo ta tin hiéu dién ap dicu khién ¢ ca 2 ngd ra. Ta nhan thay khi
murc chat long dat duogc gia tri mong mudn, cac tin hiéu diéu khién thay ddi rat it voi
muc tiéu duy tri diém xac 1ap cua hé. Céc tin hiéu diéu khién thuc nghiém co6 sy dao
dong voi tan s6 thép do nhiéu cua tin hiéu do cling nhu do sy dao dong nhe ctia murc

chat 1ong trong bdn chira nhu da trinh bay trén.
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bién ap u1(V)
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Hinh 5.45 a, b. Dién ap diéu khién ctia hé bon nudc

5.3 Téom tit chwong 5

Cac phuong phap dé xuit duoc moé phong trén cac hé da bién bac 2x2 (mé hinh
thap chung cit VL, b tach dau ning), hé 3x3 (mé hinh thap chung cit OR), va hé 4x4
(hé diéu khién nhiét d6 HVAC). Dua trén cac dap ting dat duoc va su so sanh voi cac
phuong phap khac déu ching minh uu diém vuot troi ciia phuong phap dé xuat. Hon
nita, sy on dinh bén virng cua hé théng diéu khién véi sai sb nhan ngd ra cua tin hiéu
bat dinh ciing dugc dam bao. Bén canh d6, phuong phap dé xuét ciing duoc trién khai
trén mo hinh thuc nghiém hé bon nude lién két (hé 2x2) thong qua hai budce: nhan
dang va mo hinh hoéa hé bdn nude lién két, 4p dung phuwong phép dé xuat cho hé 2x2

dé thiét ké bo diéu khién voi két qua dat duoc rat tot.
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Chuwong 6. KET LUAN

6.1 Cac két qua dat dwoc

Qua qua trinh thyc hién ludn 4n, tac gia tip trung nghién ciru dé giai quyét cac van
dé da dat ra khi diéu khién qué trinh da bién. Cac két qua nghién ciru dat dugc thong
qua bo diéu khién PID bac phan sb cling nhu phat trién ciu tric bd didu khién cho hé

da bién. Cac két qua nghién ctru duoc tong két nhu sau:

Phan tich wu diém ciia bdc phan sé trong viéc mé td déic tinh déng hoc ciia mot so
phuong trinh ndi tiéng. Céac két qua md phong cho thay khi sir dung bac phan sb co thé
mo ta day du, linh dong cac dit tinh dong hoc ciia hé thdng. Tir d6 1y giai su can thiét
cua tinh toan phan sb trong linh vuc diéu khién. Nghién civu danh hwong ciia dao ham
va tich phdn bdc phdn sé6 1én tin hiéu diéu khién trong ciu trac bo diéu khién hoi tiép.
Céc két qua md phong déu cho thay bo diéu khién bac phan sd 1am cho tin hiéu diéu
khién it bi anh hudéng bai nhidu va ciing lam cho toan bo hé théng diéu khién bén vimg
hon.

Pé xudt cdu triic diéu khién cho hé da bién két hop giita phdn ly don gian héa va bo
dy bdo Smith da bién. CAu tric diéu khién sir dung phuong phap diéu khién tip trung
v6i k¥ thuat phan ly don gian héa. Cac ham truyén thanh phan cua ma tran phan ly va
ma tran hé thong sau khi phan ly thudng rat phuc tap dic biét khi bac cua hé da bién
tang cao. Trong nghién ctru nay, dé don gian hoéa cac ham truyén trén nham dé dang
hon trong thiét ké bo diéu khién, tac gia dé xudt sir dung thudt todn toi wu bay dan
(PSO) dé xdp xi thanh ham truyén vé cac dang don gian véi bdc nguyén va ca bdc
phadn s6 dat dwoce sw hiéu qua va dé chinh xdc cao khi so sanh véi cac phuong phap
Xap xi, rat gon hién c6. Tuy nhién, phuong phap dé xuat chi pht hgp cho cac hé tuyén
tinh v6i dang ctia ham truyén gia dinh duoc biét trude, chua giai quyét dugc bai toan

tong quat ctua hé da bién bat ky. Bén canh d6, bé dir bdo Smith da bién dwoc két hop
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vdo cdu triic phan ly don gian héa, viéc nay nhiam loai bo thanh phan khau tré trong

phuong trinh dic tinh ctia hé kin, ddn dén viéc phan tich, thiét ké s& thuan tién hon.

Dua trén ciu trac dé xudt, tic gia ciing da dé xudt cdc phwong phdp hiéu chinh bé

diéu khién PI/PID bdc phdn sé cho cdc hé da bién khdc nhau. Cy thé nhu sau:

- D& xuét quy ludt hiéu chinh théng so cho bd diéu khién dé xuat str dung ciu trac
m6 hinh ndi ding cho hé da bién bac thap (2x2). Cac thong sb cia bd didu khién
tinh dugc thong qua tiéu chi thoi gian ddp tng mong mudn. Tuy nhién, phuong
phap nay khong tong quat vi khong phai trudng hop nio ciing dua bo diéu khién
IMC vé dang bo diéu khién bac phan s6. Pdi voi hé da bién, phuong phap nay
chi phu hop cho h¢ 2x2

- Dbi vdi hé bac cao (3x3 va 4x4), tac gia dé xudt gidi thudt tdi wu héa bay dan
da muc tiéu (MOPSO) dé tim cdc théng s6 cia bg diéu khién. Him muyc tiéu cia
bai toan tdi wu 1a cyc tiéu hai chi s6 sai s6 dap ung khi gia tri dat va nhiéu thay
d6i. Nghiém kha di cta bai toan t6i uu héa da muc tiéu s& hoi tu vé duong
Pareto, va tir d6 tiéu chi 6n dinh bén virng theo chi s6 ham d6 nhay cuc dai s€ su
dung dé lwa chon nghiém phu hop nhét tir dudng Pareto nhim dam bao tinh 6n

dinh bén viing cua hé thong thiét ké.

Su 6n dinh bén vitng cho toan bo cAu trac diéu khién s& duge danh gia lai st dung
ciu traic M-A va sai s6 nhan dau ra (multiplicative output uncertainty). Thong thuong,
ciu triic nay dugc st dung cho hé bac nguyén va trong luan 4n nay, tic gia mo rong
sang hé c6 bo diéu khién bac phan sb. Két qua mo phong chimg to sy 6n dinh bén viing
clia cdu tric dé xuat va dong thoi ciing tét hon so véi cac phuwong phap va cau trac didu

khién khéc.

Mo hinh thyc nghiém hé bon nude lién két (quadrature tank, hé 2x2) dugc sir dung
dé kiém chtng phuong phap dé xuat. Dau tién, phwong phdp nhén dang cho hé da bién
bang cdch siv dung ky thudt phan ly ma trgn (MFD) dé chuyén d6i hé MIMO thanh hé
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nhiéu ngd vao, mot ngd ra (MISO). Tir d6 ap dung phwong phap binh phuong téi thiéu

(least squares method) ctia hé don bién dé nhan dang va mé hinh hoa hé da bién. Sau

d6, phwong phap dé xuit cho hé 2x2 duoc sir dung dé thiét ké bo diéu khién bac phan

s0 va kiém ching két qua diéu khién trén moé hinh thyc nghiém. B diéu khién duoc

thiét ké trén Matlab va hoat dong & ché d6 diéu khién thoi gian thuc (Real-Time

Window Target).

6.2 Han ché va huéng phat trién

Bén canh nhiing két qua dat dugc, hudng nghién ctru cua dé tai cling con nhi€u van

dé can khai thac:

Céc phuong phap dé xuét van chua tong quat dé giai quyét bai toan diéu khién
cho hé da bién. Viéc thiét ké bo diéu khién FOPID véi day du quy luat hiéu
chinh cho ca 5 thong sé van dang 1a van dé thach thiic cho cac nha nghién ciru
trong linh vuc ndy. Hon nita, phuong phép thiét ké twong minh cho hé da bién
béc cao thay vi sir dung c4c giai thuat tim kiém ciing 12 bai toan mé trong linh

vuc nay.

Khi kiém chtng trén mé hinh thuc nghiém, b diéu khién thiét ké van chay trén
Matlab st dung ché do thoi gian thuc. Viéc trién khai hoan toan b diéu khién
sO cua diéu khién bac phéan s chua dugc nghién ciru trong ludn an. Va day ciing
12 huéng nghién ctru can duoc tap trung phat trién dé dua diéu khién bac phan

s0 vao ung dung.

M0 hinh thuc nghiém trong luan an chi kiém ching dugc hé 2x2, cac hé bac cao
hon nhu cdc mé hinh thép chung cat do han ché vé kinh phi va thiét bi nén chua
dugc trién khai trong luan an. Pay ciing 1a hudng nghién ciru ing dung quan
trong dé dua cac 1y thuyét diéu khién vao tng dung thuc té dem lai loi ich kinh

té to 16n.
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gi—l,l tee gi—l,i—l gi—l,i gi—l,i+l ce gi—l,n di’i — O (AB)
gi+l,l ce gi+1,i—1 gi+l,i gi+1,i+l e gi+l,n d O
: : : : : i+Li :
L gnl gn,i—l gn,i gn,i+1 gnn i d _ _O_
Tir (A.2), ta ¢6 thé x4c dinh thanh phan thir i ciia ma train Q nhu sau:
0; = 9;d; +(gif1i gl TP PP PP ¢ PRI PRI o TR PRI PP gindni) (A4)
=g;d, +g"d® (r=1+n,r#i;c=1+n,c#i)
Trongdo, §" = |:gi1 92 - Giix Yiia -+ i
d* = I:dli d, di—l,i di+1,i d, '
Phuong trinh (A.3) duoc biéu dién lai dudi dang ma tran va vec-to nhu sau:
G'd®+g“d, =0 (A.5)

Trong do, G' 1a ma tran G bo di hang thtr 1, §"° 1a vec-to cot thtr i ciia ma tran G

bo di thanh phan g, :
=ic T
g = I:gli 9 - Oy Y - gni] (A.6)
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Tir phuong trinh (A.5), suy ra: & =—(G') " g°d, (A7)
Theo tinh chét cia ma tran: G(adjG) = det(G)I = |G| I (A.8)

Véi adjG 1a ma tran lién hop ctia ma tran G, dit C1a ma tran chuyén vi cta ma

tran lién hiép cua G, ta co:

r T
C, Cy ... Cy
T c, C ... C
C=(adjG) =| * n? (A.9)
_C1n Cyy - Cnn_

Tir (A.8) va (A.9), ta rit ra dugc tir cac thanh phan dudng chéo :

9iCiy -+ 054G 905G +0iiaCijg -1 050G = |G| (A.10)
1

0i = _UG| _(gilcil + 002Gyt + 05460 050G T4 050Gy )} (A.11)

g, - 819 (A12)
C C

J— T hY ~ 4 M 2 A ‘A
Trong do, T* :[Cil Co -+ Ciy G .- Cin] la cot thu i clla ma tran lién
hiép ctia G, bo di thanh phan c,
Céc thanh phan con lai cta (A.8) duoc biéu dién dudi dang:

_ -l C

Op - Oya Oy Oya - G || . | [O]
: : : : : . :
gi—l,l ce gi—l,i—l gi—l,i gi—l,i+l cee gi—l,n Ciyi — 0 (Alg)
gi+1,1 te gi+l,i—l gi+l,i gi+1,i+l cee gi+l,n O
: . : . : Ci,i-%—l .
L gnl gn,i—l gn,i gn,i+l gnn i C-. _O_
Tu (A.13),taco:
G'c°+g“c, =0 (A.14)
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Vi thé,
i L GICIC
C

(A.15)

Thay (A.15) vao (A.7), ta tim dugc:

g :_(c‘;i)l(_ G;EiCJd" :d“i—ic (A.16)

Nhu vy, mot cach tong quét thanh phan (i, j) ciia ma tran phan ly D(s) c6 thé

duoc xac dinh nhu sau:

dy=d, b, i j=12,0 % ] (A17)

Thé phuong trinh (A.6) va (A.12) vao phuong trinh (A.4) ta co:

g, =g;d; +g"d" =(%—gi;—ficjd“ +§"(dn i—:j (A.18)
H (A.19)

= q; =d; c

Hon nita thanh phan duong chéo thir i cia ma trin DRGA (Skogestad,

Poslethwaite, 1996) co thé duoc tinh nhu sau:
T C.

A. =[G R(G™ } =(. L A.20

i=[68(67) | =uig (A.20)

T phuong trinh (A.19) va (A.20), ta tinh dugc thanh phan @, ciia ma trin quéa

trinh sau khi duogc phan ly:
(A.22)

g..
o=d. =L
Qi N

PHU LUC B
Phu luc B.1. Giai thuat PSO ding dé xap xi mé hinh
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[e)

% pPso main programs
for ite=1l:maxIte

% pso initialization-----—-—-—--—--—-=---—-—- START
for i=1:n
for j=1:m
x0(1i,J)=1b(j)+rand () * (ub(j)-1b(3));
end

while ((x0(1,4)-x0(1,5))>=1)
x0(i,5)= 1b(5)+rand () * (ub(5)-1b(5));
x0(i,4)= 1b(4)+rand()*(ub(4)-1b(4));

end
end
x=x0; $ kh&i tao quén thé
v=0.1*x0; % kh&i tao van tbc
for i=1l:n
f0(i,1) = optFunc(x0(i,:),delay,N);
end
[fmin0, index0]=min (£0) ;
pbest=x0; % initial pbest
gbest=x0 (index0, :) ; % initial gbest
% pso initialization-----———————"—"—"————————-— END
% pso algorithm------——-——----"-""-"-"-"-"-"-"-"-"————— START
idx=1;

tolerance=1;
while ((idx<=maxIte) && (tolerance>10"-2))
w=wmax- (wmax-wmin) *idx/maxIte; % cap nhat trong sb
$ cdp nhat van tbc
for i=1:n
for j=1:m
v(i,Jj)=w*v(i,]j)+cl*rand () * (pbest (i, Jj)-x(i,3)) ...
+c2*rand () * (gbest (1,3)-x(1,3))
end
end
% cdp nhat vi tri
for i=1:n
for j=1:m
x(1i,3)=x(i,3)+v(i,73);
end
end
$ kiém tra gidi han cua céac bién
for i=1:n
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for j=1:m
if x(i,3)<1lb(j)
x(i,3)=1b(j) ;
elseif x(i,J)>ub(j)
x(i,j)=ub(3);
end
end
end
$ kiém tra tinh hop thiGic cua ham truyén
for i=1:n
if ((x(1i,2)==0)&&(x(1,3)==0))
x(1i,2)= 1b(2)+rand()* (ub(2)-1b(2));
x(1i,3)= 1b(3)+rand()* (ub(3)-1b(3))
end
while ((x(i,4)-x(1i,5))>=1)
x(1i,5)= 1b(5)+rand()* (ub (5)-1b(5));
x(1,4)= 1b(4)+rand () *(ub(4)-1b(4));
end
end
% evaluating fitness
for i=1:n
f(i,1) = optFunc(x(i,:),delay,N);
end
% updating pbest and fitness
for i=1:n
if £(i,1)<f0(i, 1)
) =
(

pbest (i, : x(i,:)7
fOo(i,1) = £(1i,1);
end
end
[fmin, index]=min (£0) ; % finding out the best
particle

o\

ffmin (idx,ite)=fmin;
ffite(ite)= idx;

storing best fitness
storing iteration count

o°

% updating gbest and best fitness
if fmin<fminO
gbest=pbest (index, :) ;
fminO=fmin;
end
% calculating tolerance
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if idx > 20;
tolerance=abs (ffmin (idx-20,ite)-fmin0) ;

end
% displaying iterative results
if idx==
fprintf ('Iteration Best particle Objective fun\n');
end

fprintf ('%$8g %8g %$8.4f\n',idx,index, fmin0) ;
idx=1idx+1;

end

% pso algorithm------------""-"-"-"-"-"-"-"-"-"-"—-"—"—"—\—-"—~—~———\—~—~—~————
—-—END

fvalue optFunc (gbest,delay,N) ;

fff(ite)= fvalue;
rgbest (ite, :) = gbest;
end
% PSO Main program-————————————————————— - ——————— END

Phu luc B.2. Chwong trinh Matlab doc di liéu va nhin dang tham sé theo phwong
phap LS

clc
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clear all

nl=2;

n2=2;

n3=2;

inl = xlsread('data2205 L3 002.xls','ull');
in2 xlsread('data2205 L3 002.xls','u22");
outl = xlsread('data2205 L3 002.xls','outl');
out?2 xlsread('data2205 L3 002.xls','out2");

N = length(inl(:,1));

N1 = 20000;

dul = inl1(N1:10:N,2)-5;
du2 = in2 (N1:10:N,2)-5;
dhl= outl(N1:10:N,2)-11.2;
dh2= out2 (N1:10:N,2)-29.8;
idul = dul(1:1200) ;

iduz2 = du2(1:1200);

idhl = dhl1(1:1200);

idh2 = dh2(1:1200) ;

vdul = dul (1201:2000);
vduz2 = du2(1201:2000) ;
vdhl = dhl1(1201:2000);
vdh2 = dh2(1201:2000) ;
figure (1)

subplot(3,1,1)
plot (idhl)
subplot(3,1,2)
plot (idul)
subplot (3,1, 3)
plot (idu2)
figure (2)
subplot(3,1,1)
plot (idh2)
subplot (3,1,2)
plot (idul)
subplot (3,1, 3)
plot (idu2)

N = 1200;
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yl = idhl (nl+1:N);
y2 = idh2 (nl+1:N);

for i = 1:(N-nl)
for j = 1:nl
phil (i, j)=-idhl (nl1l-j+1i);
end
end
for 1 = 1:(N-nl)
for j = 1:n2
phil (i, nl+3j)=idul (n1l+i-7j);
end
end
for i = 1:(N-nl)
for j = 1:n3
phil (i, nl+n2+7j)=idu2 (nl+i-7);
end
end
thetal=(inv (phil'*phil) ) *phil'*yl

for i = 1:(N-nl)
for j = 1:nl
phi2 (i, j)=-1dh2 (nl1-3+1i);
end
end
for i = 1:(N-nl)
for J = 1:n2
phi2 (i, nl+7j)=idul (nl1+i-7j);
end
end
for i = 1:(N-nl)
for j = 1:n3
phi2 (i,nl+n2+j)=1idu2 (nl+i-7j);
end
end

theta2=(inv (phi2'*phi2) ) *phi2'*y2
% validation

M =800;
$sub-model 1
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for 1 = 1: (M-nl)
for j = 1:nl
vdphil (i, j)=-vdhl (nl-j+1i);
end
end
for i = 1: (M-nl)
for j = 1:n2
vdphil (i,nl+73)=vdul (nl+i-7j);
end
end
for i = 1: (M-nl)
for j = 1:n3
vdphil (i, nl+n2+73)=vdu2 (nl+i-7J);
end
end
yl=vdphil*thetal;
figure (3)
plot (vdhl) ;
hold on
plot (yl)
grid on
ssub-model 2
for 1 = 1: (M-nl)
for j = 1:nl
vdphi2 (i, j)=-vdh2 (n1-j+1i);
end
end
for 1 = 1: (M-nl)
for jJ = 1:n2
vdphi2 (i, nl+7j)=vdul (nl+i-3);
end
end
for 1 = 1: (M-nl)
for J = 1:n3
vdphi2 (i, nl+n2+7j)=vdu2 (nl+i-7);
end
end
y2=vdphi2*theta?2;
figure (4)
plot (vdh2) ;
hold on

161



plot (y2)
grid on
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