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 DA BIEN

TOM TAT LUAN AN TIEN Si

NGANH: KY THUAT CO KHi
MA SO: 9520103

TP. HO Chi Minh, thang 06 nam 2024




LY LICH CA NHAN
I. THONG TIN CA NHAN
Ho va tén: VO LAM CHUONG Phai: Nam
Ngay/thang/nam sinh: 19/11/1979 Noi sinh: Khanh Hoa

Il. QUA TRINH PAO TAO
1997 — 2002: Hoc dai hoc tai Pai hoc Bach Khoa, TP. Hd Chi Minh, Khoa: Bién - Pién Tt
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 DPai hoc Su pham k¥ thuat, TP. Ho Chi Minh, chuyén nganh:
Ky thuat co khi.

I11. QUA TRINH CONG TAC
2005 — nay: Giang vién bd mon Co dién tir, Khoa Co khi ché tao may, DPai hoc Su pham

k¥ thuat, TP. H6 Chi Minh
Tp.HCM, ngay thang nam 2024

Vo6 Lam Chuong

LOI CAM POAN

Téi xin cam doan day 1a cong trinh nghién ctru cta riéng t6i dudi sy hudéng dan cua tap thé cac nha
khoa hoc va céc tai liéu tham khao da trich dan. Céac két qua nghién ctru dugc trinh bay trong luan an la

trung thuc, khach quan va chua timg cong bd trén bat ctr mot cong trinh nao khac.

Tp.HCM, ngay thang nam 2024

Tac gia luén an

Vo6 Lam Chuong



LOI CAM TA

Trude tién t6i xin goi 10 cam on sdu sic nhat dén PGS.TS. Truong Nguyén Luan Vil vi nhiing
chi din va gop ¥ quy bau trong sudt qua trinh lam luan 4n. Pong thoi t6i ciing xin goi 10i cam on dén
nhom Gido su cua trudng dai hoc Yeungnam, Han Quéc, GS. Lee, GS. Nguyen, GS. Jae Hak Jung, di
gitip d& trong viée cong bd bai bao quéc té.

T6i xin dic biét goi 10i cam on dén Khoa Co khi Ché tao may cung cic Phong, Ban, Khoa cling
v6i nhidu ban bé va dong nghiép cua Pai hoc Su pham K§ thuat Tp. HCM da giup d& va tao diéu kién
thuén loi cho t6i trong subt qua trinh hoc tap va nghién ctru.

Xin danh 161 cam on chan thanh dén quy thay c6 trong hoi dong cac cap da danh thoi gian quy
bau ctia minh va cho nhitng 101 khuyén rat c6 gia tri trong qua trinh thue hién luan 4n.

Cudi cung toi xin cam on gia dinh, déc biét la vo t6i, da ung ho, giup dd va chia sé nhiing kho
khin vé vat chat ciing nhu tinh than. Gia dinh luén 14 chd dua vimg chéc cta t6i trong sudt qua trinh thuc
hién luan an.

Tran trong

Vo6 Lam Chuong



MUC LUC

Ly lich ca nhan

Loi cam doan

Loi cam ta

Ky hiéu va chir viét tic
Danh sach hinh dnh

Danh sach bang

Tém tit

Abstract

PHAN MO PAU

1. Djtvandé

2. Muc ti€u va nhiém vu nghién ctru

3. Dbi tuong va pham vi nghién ciru

4. Hudng tiép can va phuong phap nghién ciru

5. Y nghia khoa hoc va thyc tién cta dé tai nghién ciru
6. CAu trac cua luan an

Chuong 1. TONG QUAN

1.1 Giéi thiéu hwéng nghién ciru

1.2 Tong quan tinh hinh nghién ciru

Chuong 2. CO SO LY THUYET

2.1 Tinh toan phén s trong diéu khién

2.2 B diéu khién PID béc phan sb

2.3 Cac ky thuét phan ly sir dung cho hé da bién

2.3.1 Gi6i thiéu k¥ thuat phan ly

2.3.2 Phuong phap phan ly don gian héa (simplified decoupling)
2.4 B du bao Smith da bién

2.5 Phuong phap nhén dang hé da bién

2.5.1 Nhan dang hé tuyén tinh don bién bang phuong phap LS
2.5.2 Phuong phap phan tach hé tuyén tinh da bién

Chwong 3. PANH GIA HE THONG VA ON PINH BEN VUNG
3.1 Cac tiéu chi chit lrgng dinh gia hé thong diéu khién
3.1.1. Chi sb IAE (Integral Abolute Error)

3.1.2 Chi s6 ITAE (Integral of Time-weighted Absolute Error)
3.1.3 Chi s6 TV (Total Variation)

3.1.4 Ham d¢ nhay cuc dai

3.2 Phan tich 6n dinh bén virng cho h¢ da bién

3.2.1 Cau trtic phan tich on dinh bén viing

Xii

N N NN o000 OO OO A B DWW WWLODN PP R PR PP PR



3.2.2 DPiéu kién 6n dinh bén vimg st dung SSV

Chuong 4. CAC PHUONG PHAP THIET KE PE XUAT

4.1 Két hop phén ly don gian héa véi bd dw bio Smith

4.2 Thuit toan toi wu héa bay dan (PSO) dé riit gon md hinh

4.2.1 Gi6i thidu thuat toan t6i uu hoa bay dan

4.2.2 D& xuit sir dung thuat toan PSO dé rut gon mod hinh

4.3 Cac dé xuit thiét ké bd diéu khién PI/PID béc phén s6 (FOPI/FOPID)
4.3.1 Dé xuat phuong phép thiét ké dua trén ciu tric mo hinh ndi (IMC)
4.3.1.1 Quy luat hidu chinh cho cic qué trinh da bién dién hinh

4.3.1.2 Phén tich 6n dinh bén viing ciia bd diéu khién dé xuat

4.3.2 Thiét ké bd didu khién PI/PID béc tong quét cho hé da bién béc cao sir dung giai thuét ti vu

© ©O© O O 00 00 00 ~N N

hoa da muc tiéu
4.3.2.1 Giai thuat t6i wu hoa bay da muc tiéu (MOPSO)

4.3.2.2 Sir dung giai thuat MOPSO thiét ké bo diéu khién PI bac tong quat

4.3.2.3 Phan tich 6n dinh bén viing ctia hé thong thiét ké

Chuong 5. KET QUA MO PHONG VA THU'C NGHIEM

5.1 Céc bai toan mé phong cho cac giai phap dé xuét
5.1.1 Phuong phap dé xut 4p dung cho hé TITO
5.1.1.1 M6 hinh thap Vinante va Luyben (VL)

5.1.1.2 Bo tach dau nang (Heavy oil fractionator)
5.1.2 Phuong phap dé xuit cho hé da bién bac cao
5.1.2.1 Thap chung cat Ogunnaike va Ray (OR)
5.1.2.2 Hé thong diéu khién nhiét d6 HVAC

5.2 Thuc nghiém diéu khién phan s6 cho hé da bién
5.2.1 Gidi thi€u mo hinh thyc nghiém

5.2.2 Nhan dang hé thong sir dung phuong phép LS
5.2.3 Thiét ké bo diéu khién

Chuong 6. KET LUAN

6.1. Cac két qua dat dwoc

6.2. Han ché va hwéng phat trién

Cic cong trinh da cong bd

TAI LIEU THAM KHAO

10
10
11
11
11
11
11
13
14
14
16
17
18
18
20
23
23
24
24
25



KY HIEU VA CHU VIET TAC

*  Qui wéc dinh dang

Chir thuong cac ham s6; VD: min, max, lim, sgn. ..
Chit thuwong va HOA in nghiéng cac ky hi€u, toan tur toan hoc; VD: y, e, L, F...
Chir thwong in dam dai luong vec-to; VD: g, d, c,...
CHU HOA IN PAM ma tran; VD: A, B, C, G
= Ky hi¢u
D (t) Nguyén ham cta ham s f (t)
oD () Nguyén ham bac phan sd, bdc &, cia ham s f (t)
oD (1) Pao ham bac phan s6, bac «, ciia ham sb f (t)
I'(x) Ham s6 Gamma
E,(X), E,,(x)  Ham s6 Mittag-Lefler (M-L)
L[] Toan tir bién d6i Laplace
F[] Toan tir bién d6i Fourier
G.(s) Ma tran ham truyén bd diéu khién vong kin
G(s) Ma tran ham truyén ctia qua trinh da bién
G(s) M6 hinh ma tran ham truyén cua hé théng
G, (s) M5 hinh ma trdn ham truyén bo di thoi gian tr& ctia hé théng
D(s) Ma tran phan ly
Q(s) Ma tran ham truyén ctia qua trinh sau khi phan ly
Q,(9) La ma tran Q sau khi loai bo cac khau tré
G(s) La ham truyén x4p xi ciia G(s)
a; Cac thanh phan dudng chéo ctia ma tran Q
i La xép xi cta g
q, La céc ham truyén g, sau khi loai bo khau tré
d; La cac thanh phan ctia ma tran phanly D (i # j)
O; Cac thanh phan dudng chéo ctia ma trin G
6 Thoi gian tré clia hé thong
u(M) Ham téng hop u ( u-synthesis) mo ta gia tri suy bién c6 cau triic ciia ma tran M
K, He s6 ti 1¢ ctia bo diéu khién PI/PID
T, Thoi gian tich phan ctia bo diéu khién PI/PID
K, Heé s tich phan cta bo diéu khién PI/PID
T Thoi gian dao ham cta bo diéu khién PID
Ko He¢ s6 dao ham ciia bo diéu khién PID
A Béc phan s6 ciia khau tich phan
Y7, Bac phan sb ctia khau dao ham
T, Thoi hang ctia bo loc bac mot
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TOM TAT

Tinh toan phan s (fractional calculus) va cic Gmg dung ciia nd 1a van d&é mai thu hut nhidu nha
nghién ctru tir nhidu linh vyc khac nhau. Trong linh vyc diéu khién, tich phan va dao ham bac phéan sd
dugc tmg dung trong bo diéu khién PID c¢6 dién va mé rong né thanh bd diéu khién PID tong quat véi bac
ctia dao ham va tich phan 1a s6 thuc. Nhiéu cong trinh nghién ctru da dé xudt bo diéu khién bac phan s6
nay nhung chu yéu cho hé don bién. Trong khi d6, cac qué trinh cong nghiép hau hét 1a hé da bién phirc
tap vi sy anh hudng 13n nhau giira cac bién c6 trong hé théng. Do d6, diéu khién nhiing hé thong nay 1a
bai toan phirc tap vi kho c6 thé hiéu chinh timg vong diéu khién doc 1ap. Nhiéu cau triic ciing nhu cac
phuong phép diéu khién khac nhau dd dugce d& xuit, nhung dy van 1a bai toAn mé cin tap trung nghién
ctru. Trong luan 4n nay tac gia dé xuit cac giai phap khac nhau dé giai quyét bai toan hé da bién sur dung
bo diéu khién bac phan sb. Céc dong gdp cua luan an dugce tom tat nhu sau:

- P& xut céu truc diéu khién méi cho hé da bién trong d6 két hop ca ky thuat phan ly don gian hoa
cho hé da bién va bd du bao Smith nham d6i pho véi cac khau tré hién hiru trong cac hé thong that. Mic
du ciu trac b didu khién twong ddi phirc tap, nhung hiéu qua mang lai tot hon han khi so sanh véi cac
phuong phap khac.

- K¥ thuat phéan ly don gidn hda cia cac nghién ctu trudc duge st dung trong ludn &n. Tuy nhién,
viéc tinh toan va rat gon cic ham truyén thanh phan van 1a vin dé can giai quyét, dic biét khi bac ciia hé
da bién ting cao. Do do, tac gia dé xuat sir dung giai thuat t6i uu hoa bay dan (PSO) trong viéc rut gon va
don gian hoa cac ham truyén thanh phan ciia ma tran phén ly ciing nhu ma tran sau khi phan ly. Str dung
thuat toan tién hoa s& don gian hoda viéc tinh toan va tang do chinh xéac khi bac cta hé da bién tang cao.

- Nghién ciru tinh toan phén sb (fractional calculus) va ing dung trong linh vuc didu khién, dic biét la
bd diéu khién PID bac phan s. Dé xuat bd didu khién phan sb va cac phuong phép hiéu chinh thong sb
cho cac bo diéu khién da bién. Cu thé, tac gia dé xut 2 phuong phap hiéu chinh: cho hé bac thap (2x2) st
dung cAu trac md hinh ndi va cho hé bac cao (3%3, va 4x4) stir dung t6i wu hoa bay dan da muyc ti€u
(MOPSO) véi ham muc tiéu dam bao tiéu chi dap tmg dong thoi bo diéu khién phai c6 sy 6n dinh bén
viing. Cac phuong phap dé xuit déu duoc kiém chimg thong qua viéc mo phéng va so sanh véi cac
phuong phap khac da duge cong bd st dung cac md hinh chuan thuong dwoc nghién ciru trong linh vuc
diéu khién qua trinh.

- Su 6n dinh bén vimng 1a mot tiéu chi quan trong minh ching cho viéc hé thong thiét ké co thé img
dung trong thuc té hay khong. Trong ludn an, tic gia st dung cdu tric M-A va sai sb nhan diu ra
(multiplicative output uncertainty) dé phan tich, danh gia 6n dinh bén vimg cho cic bo diéu khién dé xuat.
Két qua md phong déu minh chimg duoc sy 6n dinh bén viing khi so sanh véi cac nghién ciru khac.

- Bén canh d6, kha ning tmg dung thuc té cua bo diéu khién dé xuét cling nhu diéu khién bac phan sb
cling dugc 1am rd bang thyc nghiém sir dung hé bon bon nudc lién két (quadruple tank). Phuong phap
binh phuong t6i thiéu trong nhan dang h¢ don bién dugc mé rong sang nhan dang h¢ da bién va ung dung
dé nhan dang va mé hinh hoa hé bdn nude, tir d6 4p dung cac phuong phap dé xuét dé tim thong sb bo
diéu khién twong tmg. Bo diéu khién tim dugc 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 ching to phuong phép diéu
khién bac phan s c6 thé ap dung vao diéu khién vao cac g dung trong thuc té.
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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 the delay time in real systems. Although the controller
structure is relatively complicated, the system performance is superior to other methods.

- The simplified decoupling technique of previous researches 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) in reducing and simplifying 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 are clarified
by experiment using the quadruple tank. The least squares method for identification of single-input
single-output system 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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PHAN MO DAU

1. Pitvan dé

Phuong phap diéu khién tap trung véi b diéu khién da vong lip PI/PID thudng duge sir dung cho cac qua trinh da
bién voi sy twong tac thip (anh hudng qua lai giita cac bién qua trinh khong dang ké), vi cdu tric don gian, tinh higu qua
va hiéu suét thich hop. Tuy nhién, cac bo diéu khién nay thuong hoat dong kém khi su twong tac ting lén dang ké. Trong
truong hop d6, mot s giai thuat diu khién nang cao dugc sir dung nhu diéu khién du bao (MPC), diéu khién dung mo,
mang no-ron... Tuy nhién cac phuong phap nay gip nhiéu khé khan khi thyc thi thoi gian thuc.

Do d6 hién nay, diéu khién phan cap véi k¥ thuat phéan ly (decoupling techniques) dang 14 hudng thu hut dugc nhidu
nha nghién ciru. Céc k¥ thuat phan ly duoc s dung dé giam thiéu tac dong qua lai giita cac tac nhan trong hé théng va tir
d6 co6 thé thiét ké cac vong diéu khién doc 1ap don gian. Co nghia 1a, tir mot hé da bién nhiéu ngo 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 cac hé diéu khién qua trinh. Tac
nhan tré s& gay kho khan trong viéc khao sat dic tinh, thiét ké bo diéu khién cho hé, dic biét 1a hé da bién vdi cac thoi gian
tré khac nhau, cling nhu anh hudong x4u dén dap ting trong hau hét cac truong hop. Luan 4n nay ciing s& dat mot hudng tiép
can turong ddi méi khi thiét ké bo didu khién PID, d6 1a diéu khién bdc phdn sé (fractional-order control) dua trén nén tang
toan hoc tinh toan phan s (fractional calculus).

Mot khia canh quan trong khéac khi thiét ké bo diéu khién trong Gmg dung 1& mé hinh héa va nhin dang hé théng.
Trong nghién clru ndy, tac gia ciing s& md rong cac k¥ thuat nhan dang cho hé don bién dé s dung cho cac qua trinh da
bién.

2. Muc tiéu va nhiém vu nghién ctru

Dua trén cac van dé da dé cap trén, trong luin 4n nay tac gia s& tap trung nghién ciru mét sb ndi dung sau:

- Dé xuét giai phap cai tién phuwong phap tinh toan cta k¥ thuat phan ly don gian hoa

- D¢ xuét ciu trac diéu khién méi cho hé da bién nham cai thién d4p Gmg cta hé khong nhitng khi gia tri dat thay doi
ma con khi bi anh hudng béi nhidu qua trinh. Bén canh d6 con c6 kha ning loai bé anh hudng cua dic tinh tré
trong qua trinh thiét ké. Panh gia 6n dinh bén vimng ciia cau trac diéu khién dé xuat.

- Nghién ctru bd didu khién PID bac phan s dua trén nén tang toan hoc tinh toan phéan sb. Dé xuat phuong phap moi
thiét ké bo diéu khién PID bac phan s cho hé da bién.

- Xay dyng md hinh thyc nghiém dé kiém ching phuong phap dé xuit. D& xuét phuong phap nhan dang hé da bién
dé c6 mé hinh toan phuc vu viéc thiét ké cac b diéu khién. Kiém chirng Kkét qua trén mo hinh thuc nghiém.

3. Poi twong va pham vi nghién ciru

- Trong ludn an ndy, tac gia ciing gioi han chi nghién ctru hé da bién tuyén tinh bac vuéng c6 dang nxn.

- V& nghién ctru Iy thuyét ctia hé da bién tac gia s& tong quat cho hé bac n. Tuy nhién, phan nghién ciru mé phong
tac gia ciing chi dé cap dén cac hé 2x2, 3x3, va 4x4, 1a cac hé phd bién trong linh virc diéu khién qua trinh. Trong
phf?m thuc nghi€m, do diéu kién vé thiét bi, nén tac gia cling chi kiém chirng cho hé 2x2.

4. Huéng tiép cin va phwong phap nghién ciru

Pé dam bao tinh méi ciia ndi dung nghién ciru, tac gia s& khao sat cac cong trinh nghién ctru lién quan gan day tir cc
tap chi qudc té uy tin trong linh vyc nghién ctru. Phuong phap dé xuét ciing s& dugc mo phong va so sanh véi cac phurong
phap ndi bat khac tir cac cong trinh trén céc tap chi uy tin. Bén canh d6, mo hinh thyc nghiém ciing s& duoc xdy dung
nham minh chimg cho kha ning (mg dung thyc tin cta cic phuong phap dé xuét.

5. Y nghia khoa hoc va thuc tién ciia dé tai nghién ciru

Céac ket qua nghién curu da dat dugc dugce tom tat thanh cac ndi dung chinh nhu sau:
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= Y nghia khoa hoc:

- Phdn tich s can thiét ciia bdc phdn sé trong viéc mé ta ddc tinh dong hoc ciia mot s phuong trinh ndi tiéng. Tir d6
1y gidi sy can thiét cta tinh toan phan s trong linh vuc diéu khién. Nghién citu anh hiong ciia dao ham va tich phan béc
phdn s6 18n tin hiéu diéu khién trong ciu tric bo diéu khién hoi tiép phd bién. Cac két qua md phong déu cho thy bo diéu
khién bac phan s6 lam cho tin hiéu diéu khién linh dong, it bi anh huéng bdi nhifu va ciing 1am cho toan bd hé thong diéu
khién bén vimng hon.

- Str dung k¥ thuat phan ly don gian hoa dugc dé xuat bai Vu va Lee, tic gia da thanh cong dé xudt sir dung gidi thudt
PSO trong viéc riit gon va don gian héa cdc ham truyén thanh phan ctia ma tran phan ly ciing nhu ma tran sau khi phan ly.
Viéc nay nham don gian hoa viéc tinh toan khi bac ctia hé ting cao. Cac két qua mo phong dat dugc minh chimg phuong
phap dé xuét cho két qua x4p xi tot hon hin cac phuong phap cua cac cong bd trude.

- Pé xudt cdu triic diéu khién méi cho hé da bién trong d6 két hop k¥ thuat phan ly don gian hoa va bo du bao Smith.
Mic du cau tric b diéu khién twong d6i phirc tap, nhung hiéu qua mang lai t6t hon khi so sanh véi cac phuong phap khéc.

- Nghién ctru tinh toan phan sb (fractional calculus) va (mg dung trong linh virc diéu khién, dic biét 1a bo didu khién
PID phén s6 (FOPID). Pé xudt bé diéu khién phdin sé va cdc phwong phdp hiéu chinh théng sé cho cdc bo diéu khién da
bién. Tac gia dé xuat 2 phuong phap cu thé:

v' V6i hé da bién bac thip (2x2), sir dung cau triic md hinh ndi (IMC) v6i cdu triic bé diéu khién phdn so dé
xudt. Dé tim cac thong sb ciia bo didu khién tac gia tinh chinh thoi hing dap mg mong mudn dé thda hiép giita
dap ung gia tri dit thay doi (servomechanism problem) va dap tng cua nhidu qua trinh tic dong vao hé thong
(regulator problem).

v/ V6i hé da bién bic cao (3x3 va 4x4), st dung 16i wu héa bay dan da muc tiéu (MOPSO) dé tim thong sb
diéu khién véi ham muc tiéu cuc tiéu sai s ca khi gia tri dat thay d6i va nhidu thay doi. Cac nghiém kha di cua
bai toan t6i vu s& hoi tu trén duong Pareto, va tir d6 s& chon nghiém (thong sé diéu khién) phu hop théng qua gia
tri ciia ham do nhay cuc dai Ms nhim dam bao sy 6n dinh bén ving cua cac vong diéu khién.

- Cac phuong phap dé xudt duoc kiém ching thong qua viéc so sanh voi cic phwong phdp khdc da duge cong bé sir
dung cac mo hinh chudn thudng dugc nghién ctru trong linh vire didu khién qua trinh.

= Y nghia thuc tién

- Céc phuong phép thiét ké dé xuét trong luan an déu thudc nhém phuong phap thiét ké dwa vao mé hinh (model-
based methods), nén viéc can tim mé hinh toan ciia di twong 1a thiét yéu. Tuy nhién, ludn co su sai 1éch giita mo hinh tim
dugc va mé hinh that cua ddi trong dan dén phuong phap thiét ké kho timg dung duoc trong thuc té. Do do6, su 6n dinh bén
vitng 1a mot tidu chi quan trong minh chimg cho kha ning tmg dung cua hé théng diéu khién. Trong ludn 4n, tac gia sir
dung ciu triic M-A va sai s6 nhan dau ra (multiplicative output uncertainty) dé phdn tich va danh gia on dinh bén viing cho
cdc phirong phdp diéu khién d@é xudat. Két qua md phong di ching t6 su 6n dinh bén virng cua cac phuong phap dé xuit.

- Nghién ctru phuwong phdp nhdn dang cho hé da bién bang cach sir dung ky thudt phdn ly ma trgn (MFD) dé chuyén
d6i hé MIMO thanh hé nhiéu ngd vio, mot ngd ra (MISO). Tir d6 co 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 xuit nhan dang va
md hinh héa mé hinh bén bon nuée lién két (quadruple tank).

- Phuong phap thiét ké cho bo diéu khién bac phéan s6 dugc kiém ching thuc nghiém cho hé bon nude voi ma tran
ham truyén 2x2. Két qua diéu khién minh chimg rd rang kha nang tmg dung thyc té ciia diéu khién bac phan s ciing nhu
phuong phép thiét ké @& xuét. Trén thé gisi, linh vuc didu khién hé da bién ing dung nhiéu trong cac hé thong chung cit,
cac qua trinh san xuat déu mang lai loi ich kinh té rat 16n. Phuong phap dé xuét ciing da chimg to kha ning ing dung cao
nén néu dugc trién khai vao thyc té s& mang y nghia thyc tién to 1on.

6. Céu tric ciia ludn an: Luin 4n duogc trinh bay trong 6 chuong, bao gdm cac hinh anh, bang biéu va phu luc.
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Chuong 1. TONG QUAN
1.1. Giéi thi¢u hwéng nghién ciru

Tinh toan phéan sd (fractional calculus) dd c6 tir rat lau. Tuy nhién, tmg dung ciia tinh todn phan sb trong diéu khién
chi méi phat trién trong khoang hai thap nién gan day. Dic biét, khi Podlubny dé xut b diéu khién PID phéan sé nhu 13
truong hop téng quéat cua bo PID c6 dién. Trong d6, thong sb cua bo diéu khién duge bd sung thém hai hé sb 12 bac cua
khau dao ham va khau tich phan (bac phéan sd). Pay 1a mot hudng nghién ciru méi trong k¥ thuat diéu khién voi nhicu bai
toan ma, va do ciing 1a hudng tiép can cia dé tai, d6 1a diéu khién bic phan sé (fractional-order control) dya trén nén tang
toan hoc tinh toan phan s (fractional calculus).

1.2. Téng quan tinh hinh nghién ctru

Téng quan cac nghién ctru va sy phat trién ciia diéu khién bac phan sé duoc trinh bay chi tiét trong ludn an, tir cac tai
lidu [1-47]. Tir cac tai lidu [48-100] 1a khao sat cac nghién ciru vé cac phuong phap diéu khién hé da bién ciing nhu cac
phuong phap thiét ké bo diéu khién PID bac nguyén hodc bac phan sé ing dung cho hé da bién.

Theo khéo sat cua tac gia, cho dén thoi diém nghién ciru, cu triic bo diéu khién phan ly két hop voi bo du bao Smith
da bién chua dugc nghién ciu. Do d6, trong ludn 4n ndy, tac gia dé xuat stir dung cdu tric nay dé diéu khién hé da bién.
Bén canh d0, cac cong trinh nghién ctru vé bo diéu khién PI/PID phan sé (FOPI/FOPID) cho hé da bién rat han ché va néu
c¢6 da phan chi dimg lai hé 2x 2. C4c cong trinh dién hinh lién quan 14 cac bai bao [85, 98, 100]. Cdng trinh [85] st dung
phan ly nghich két hop voi bd didu khién FOPID dugc thiét ké theo cau trac IMC tuong tu hé bac nguyén. Két qua méi chi
dugc kiém chimg trén mot s6 qué trinh do nhom tac gia dé xuét va thiéu sy so sanh khich quan védi cac phuong phéap khac.
Trong d0, bai bao [100] tng dung bd diéu khién FOPI cho hé bon nude lién két (TITO), tuy nhién phuong phap tiép can
khéong phit hop cho hé bac cao khi két hop didu khién hoi tiép (feedback) va feedforward. Bai bao [98] sir dung diéu khién
tap trung két hop voi ki thuat phan ly don gian hoa cho hé 2x2. V& bo diéu khién, nhém tac gia sir dung phuong phap giai
thuét tim kiém, cu thé 14 giai thuat bay doi dong (dynamic bat algorithm) dé thiét ké bo diéu khién FOPID. That ra cac k¥
thuét tién hoa nay chi nén sir dung cho hé ma cac phuong phap thong thuong chua giai quyét triét dé (nhu hé da bién bac
cao). Do d6, cau trac bo diéu khién sir dung chung trong ca luan an dwoc goi 1a kj thudt phdn ly don gian héa két hop bo
du bdo Smith sir dung b diéu khién bdc phan s6 (F-SDSP).

Quy luat hidu chinh thong s6 cua bd diéu khién dé xuit st dung ca ciu trac mé hinh ndi (IMC) cho hé da bién bac
thdp (2x2) va sir dung giai thuat tim kiém cho hé bac cao hon (3x3 va 4x4), cu thé 1a giai thuat t6i wu hoa da myc tiéu sir
dung tbi wu hoa bay dan (MOPSO). Dé danh gia su 6n dinh bén vimng cua toan bo hé thong thiét ké, cAu tric M-A thuong
dugc st dung cho hé ¢6 bac nguyén ciing duoc mé rong dé sir dung cho hé c¢6 bac phan sd.

Chwong 2. CO SO LY THUYET
2.1 Tinh toan phén s trong diéu khién

Cho dén nay, c6 rat nhiéu dinh nghia khac nhau vé tich phan va dao ham béc phan sb. Tuy nhién dinh nghia duoc st
dung phé bién nhat 13 cta Riemann-Liouville, vé chi tiét ta c6 thé tham khao tai liéu [9-13].

% Pinh nghia 2.1: dinh nghia Riemann-Liouville (R-L) vé tich phin phén sé.

_ 1 ¢ f(2)
D “f(t)=—|——d 2.1
BT O= e [y ) (2.1)
Trong d6, 0 < <1 va I'(X) 1a ham Gamma, véi I'(X) = Ie‘”ux‘ldu (2.2)

@

< Dinh nghia 2.2: dinh nghia Riemann-Liouville (R-L) vé dao Mim phdn s6.

Dinh nghia R-L v& dao ham bac phan sé dua trén tich phan phan s va dao ham co ban:
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% Bién d6i Laplace va Fourier
Bién dbi Laplace va Fourier 1 nhitng cong cu co ban va quan trong cua ki thuat diéu khién. Chi tiét ciia cac phép bién
d6i nay co6 thé tham khao tai liéu[10]
% Phuwong trinh sai phan tuyén tinh bac phan s
Phuong trinh sai phan bac phan sé (FODE) 14 co sé ¢é mo ta dong hoc cua hé théng c6 bac phan s. Phuong trinh sai
phan phén s dugc mod ta bai phuong trinh (2.4):
a,Dy(t)+a, , D™ y(t) +...+a,D®y(t) =b, D" u(t) +...+b,D*u(t) (2.4)
Trong d6: a,...a,; b, ...b, 14 cac hang s6
ay<...<a,,<a,; B,<...< B, lacac sb thuc duong bat ky.
Néu a, va ;1a boi sb nguyén cua mot hé sb chung thi phuong trinh trén dugc goi la c6 bac ti 1€ (commensurate
order) va néu khong ton tai hé sé chung thi duoc goi 1a khong co béc ti 18 (non-commensurate order).
< Ham truyén bac phin s6
Tir (2.4) va str dung cong thirc bién ddi Laplace (cac didu kién dau bang 0), ta c6 ham truyén lién tuc bac phan sé:
b, s’ +...+b,s"

G(s)=—; p - (2.5)
a,s“ +a, ;S +...+a,8™
% Xap xi bac phan s6 mién tan sb
Cong thie xap xi Oustaloup duge mé ta boi phuong trinh sau:
tagr Ak S ST 2.6
s“zs AK Y ——F (2.6)

NS+,

Trong d6, a 1a bac khong nguyén (a € R"); [a), , a)h] 1a dai tan sb xap xi; K 1a thong s hiéu chinh sao cho ca hai vé
ctia phuong trinh trén c6 d¢ loi bang 1 tai tan sd cit bién, dé thay 1a @, =1rad/s ; N 1a s6 nghiém cuc/ze-rd (thudong N dugc
chon tr 3 dén 8). Thong thuong o,, @, dugc chon lan luot 1a 0.001w, va 1000w, . Cac thong s6 d loi, ze-rd va cuc duge

tinh bdi cac cong thire sau:

K=a 0 _ Sededmgam Hinh 2.1 mo ta biéu dd Bode cua
§x I ot ~ A A ~

a)h (k+N+0.5-0.5c)/(2N+1) 3 J,-"“f—‘, SO.5 tI‘Ol’lg dal tan sb I:lo 3’ 104:| (radls)

a)l: =0 — £’ iy , , ,( .
o, fo ] st dung phuong phap xap xi cua
o (k+N+0.5+0.5)/(2N+1) AT ,, T T T Oustaloup nhu trén. S6 nghiém cuc/ze-

_ @ H o e T TR e o ™ A . .

W =@ [a) ] go N 16 dugc chon trong hai truomg hop N =

I £ N e £ A ur .
o T 4 va N = 8. B¢ tang toc do tinh toan,

107 10?2 107 10* 10" 10% 10? 10*
Frequency (rad/s)
Hinh 2.1 Biéu do Bode cua xap xi Oustaloup
2.2 Bj diéu khién PID bic phan s

Bo diéu khién PID phan sd, ky hiéu PI*D*, duoc d& xuét bai Podlubny [15]. Ham truyén tong quat c6 dang nhu sau:

trong luan an nay tac gia chon N = 5.

G,(s) =K, +K—;+ Kos*  (4,u>0) 2.7)
S

Trong do: K, Ki, Kp lan luot 1a ba thong s6 cua cac khau ti 18, tich phan, va dao ham; A, u 1an luot 1a bac phéan )
ctia khau tich phan va dao ham. Rd rang néu A =1, u =1 ta s& c6 bo diéu khién PID cb dién.
2.3 Céc ky thuat phan ly sir dung cho hé da bién
2.3.1 Giéi thiéu ky thuét phan ly



Xét hé thong diéu khién phan ly dwoc thé hién ¢ hinh 2.2, trong d6, G, 1a b diéu khién vong kin, D 1a bd phan ly. G
va Q lan luot 13 qua trinh da bién va qua trinh da bién da dugc phan ly:

, Muc ti€u cta su phén ly 1a xac dinh ma trén phan ly D, thoa
U 1N min diéu kién G(s)D(s)=Q(s) , 1a mot ma tran duong
-y chéo.
u P Yo
D(s) = G(s) [ > Oy -+ Oy ||y oo dyy Oy -~ O
E E . . “. . . o, . = . . . (28)
Uy > E )yn; gnl gnn dnl dnn 0 qnn
Q(s) V& 1y thuyét c6 ba k¥ thuat phan ly nhung trong ludn an nay
"""""""""""""""""" chi sir dung phan ly don gian hoa (tac gia da phan tich trong

luan an). ‘Khi do, cac thanh ph?m duodng chéo cua ma trén
Hinh 2.2 Hé thdng diéu khién phan ly phén ly bang don vi, dii = 1, i =1+n
2.3.2 Phuwong phap phan ly don gidn (simplified decoupling)
Mot cach tong quat, thanh phan (i, j) cua ma tran phan ly D(s) ¢ thé dugc xac dinh nhu sau:
Ci . . o
djizdii%, Li=12,...,n 0] (2.9)

Tir d6, cac thanh phan duong chéo ctia ma trin sau phan ly tinh dugc nhu sau:

g..
o=d. 2 2.10
qII n Aii ( )
Trong d6, C = (adjG)"va A, = [G ® (G’l )T J =g, %' v6i ® nghia 1 phép nhan ting thanh phan cua 2 ma tran.

2.4 By du bao Smith da bién

Hinh 2.3 mé ta ciu trac bo diéu khién str dung du bao Smith cho

R(s) uGs) hé da bién. Khi d6, ma tran ham truyén dat vong kin giita ngd ra

—>X)—> G.() > G(s)
1 Y(s) va ngd vao R(s) duoc xac dinh nhu sau:
> () H(s) =6(5)6, (5)5,(8)G, ()] 1+ G4 (5)G.(9) |
T = H(s) = G(5)G, (5)H, (s) : (2.11)
Trong do, H,(s) = GO(S)GC(S)[I + éo(s)Gc(S)] (2.12)

Hinh 2.3. Céu triic diéu khién du bio Smith dabién ~ H,(s) 1a ham truyén vong kin twong mg v6i bo diéu khién thiétké
cho hé khong co tré G,(s)

2.5 Phuong phap nhén dang hé da bién

Tong quan cac nghién ctru vé nhan dang hé théng dugc trinh bay trong luan an, tir cac tai liéu [116 — 138]. Trong luan
&n nay, tac gia str dung cac ky thudt nhan dang phd bién cho hé don bién 1a phuong phéap binh phwong t6i thiéu (LS) va mo
rong né dé tmg dung cho hé da bién.
2.5.1. Nhan dang hé tuyén tinh don bién bing phwong phap LS

So d6 khéi cta hé tuyén tinh don bién roi rac duge biéu dién nhu hinh 3.1, trong d6 z la toan tir roi rac; € la thoi gian
tré. Phuong trinh sai phan tuyén tinh ctia hé roi rac, tuyén tinh va bét bién c6 dang sau:

yt) +ayt ) +...+a, vt ., )=bult_)+--+b, ult_, )+v(t) (2.13)



u Y, y
—>» G(z)z”*

Hinh 3.1. So d6 khéi hé tuyén tinh rdi rac
Phuong trinh (2.13) ¢6 thé dugc biéu dién dudi dang vec-to theo sy tuyén tinh cila cac tham s ctia md hinh:
y(t) =¢" ()8 +V(t,) (2.14)
Trong d6: @ (t,) =[~y(t 1)~ Y(t o) Ut 1)Ut ) | : vec-to hdi quy

0= [31 .a, bby ]T . Vec-to' tham sé ciia hé thong

St dung phuong phap binh phuong tdi thiéu (Least-squares) ndi tiéng, ta c6 nghiém cua (2.14) nhu sau:
" 1 N -1 1 N
05 :|:_Z¢(tk)¢T (tk)j| —Z¢(tk)Y(tk) (2.15)
N N i3

2.5.2 Phwong phap phén tach hé tuyén tinh da bién
Cho muyc dich nhan dang, mo6 ta khac cua h¢ MIMO thuong dugc st dung:
yO) +Ayt-)+...+ A y(t-k)=Byu(t)+Bu(t-1)+...+Bu(t—k) (2.16)
Trong d6: A, (nxn),..., A, (nxn), B,(mxn), B;,(mxn),..., B,(mxn) : 1a cic ma tran hang
Biéu dién ma tran ham truyén boi hai ma tran da thirc dugc goi 1a mé ta phéan ly ma tran (MFD). Bé dam bao tinh duy
nhét cia m6 hinh nhan dang dugc, dang don gian nhét cia MFD duogc st dung, d6 1a dang duong chéo:

A@ 0 ... 0 B.(a) By(@) ... B,(q)
0 A, (a) : B(q) = B,(q) By(a) ... B,,(q)
: : o |’ : : . :

0 Am (q) Bnl(q) an (q) Bnm (q)
Trong d6 A,(Q), ...A,,(q) 1a cac da thuc véi hé s6 bac cao nhét bang 1, va bic cua cac da thic B.(a), ...B,,(q) nho

Aq) = (2.17)

hon hoic bang bac cua A Q).

Dang biéu dién nay don gian va tir hé¢ MIMO trd thanh hé MISO nén su phuc tap ctiia hé da bién, dic biét 1a cac hé
thdng da bién bac cao s& dugc giam thiéu.

Chwong 3. PANH GIA HE THONG VA ON PINH BEN VUNG

3.1 Cic tiéu chi chit lrgng danh gia hé thong diéu khién.

Xét vong diéu khién hoi tiép co ban nhu hinh 3.1. Dé danh gia chét luong cta phuong phap dé xuét, trong luan an nay,
céc chi tiéu chat lwong sau s& duoc xem Xxét.
4»;)7 3.1.1. Chi s6 TIAE (Integral Absolute Error)

+

r N
—?_e—> G, LS IAE =Ig|e(t)|dt ~ E |ek| (3.1)
k=1

————— Trong d6, T 1 thoi gian xac dinh va dugc chon bang thoi gian md
Hinh 3.1. Vong dicu khien hoi tiep co ban  ynsng g he théng. T chi sé IAE, ta ¢6 céc chi sb chét sé chit Tugng

A 4
@

cling dugc su dung trong luan an:
- Jr: la chi s6 IAE khi gié tri dat (r) thay ddi.
- Ja: la chi s6 IAE khi ¢6 nhiéu (d) tac dong vao vong diéu khién.
3.1.2. Chi s6 ITAE (Integral of Time-weighted Absolute Error)



N
ITAE = J'0Tt|e(t)|dt ~ >t e 3.2)
k=1

3.1.3. Chi s6 TV (Total Variation)
Dé danh gia bién do ciing nhu murc do thay doi cua tin hiéu diéu khién, tiéu chuan TV thuong duoc sir dung:

N
TV=Z|u(k +1) —u(k)| (3.3)
k=1
3.1.4. Ham d¢ nhay cuc dai

Tur hinh 3.1, ta ¢6 cac ham truyén vong ho L =GG, . Tur dap tng
mién tan sé cua L, L( jw), taco cong thic tinh ham cyc dai do nhay:

M, =max|S(j®)|, trongdo S(jw)=(1+ L(jw)) " (34)

ImA

Tir hinh vé ta thay dai lwong Ms chinh la nghich déo ciia khoang cach
ngan nhat tir duong cong Nyquist cia ham truyén vong ha L( jo) dén
diém (-1, jO) & mat phang phtc. Bé dam bao su 6n dinh bén vitng cua hé
diéu khién vong kin, gié tri dién hinh cia Ms tir 1.2 + 2 [139]

Hinh 3.2. M6 ta hinh hoc ctia ham d6 nhay
3.2 Phin tich 6n dinh bén virng cho hé da bién
3.2.1. Céu triic phan tich 6n dinh bén virng
Dé phan tich 6n dinh bén vimng cta hé thong (hinh 3.3), cau tric M-A nhu hinh 3.4 dugc sir dung. Néu hé danh dinh

6n dinh thi M 6n dinh va A 14 sai s6 c6 thé 1am cho hé théng mat 6n dinh.

Y

M

Hinh 3.3. Phan tich 6n dinh bén viing véi sai s nhan dau ra Hinh 3.4: Cau triic M-A dé phan tich 6n dinh bén viing
3.2.2 Piéu kién 6n dinh bén virng sir dung SSV
< Dinh nghia (SSV): Cho ma tran M va A = diag {Ai} chi tdp cdc ma trgn ma 5(A)<1. Ham s6 thuc khéng am
u( M) dwoe goi la SSV va dwoc dinh nghia bang phiwong trinh sau:

. 1
u(M)= min{k, |det(1-k,MA)=0, 5(A)<1}

(3.5)

Néu khong co cau tric A ton tai, u(M ) =0
< Binh ly: Gida sit rang mé hinh danh dinh M va tin hiéu khong chac chdn A la 6n dinh. Khi dé cdu tric M-A &
hinh 3.4 ciing on dinh véi moi A thda G(A)<1, VYo khiva chi khi: u(M ( jco)) <1l Vo.
Trong d6, M(s) =-W,GG, [ + GG, ] (3.6)
Chuong 4. CAC PHUONG PHAP THIET KE PE XUAT

4.1 Két hop phan ly don gian héa véi bd dw bao Smith
Céu tric tong quat ciia bo diéu khién duoc mo ta & hinh 4.1. Trong d6, D(s) 1a ma tran phan ly cho qua trinh da bién G(s),
Q(s) 12 ma tran qua trinh di duoc phan ly (Q(s) = G(s)D(s)) va Qo(s) duoc suy ra tir Q(S) khi loai bo tat ca cac khau tré.
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{ Q(s) Phanly dongian hoa : gu(s) 0O ... 0

E ~ g.,(8) ... O (4.1)
r ; Gc(s)7 : : .
—X)—> G.(5) — D) > GO : Lo
A— i 0 0 NN O]

T T G .. o
e : d; =—J Lj=L12,...ni#]j (4.2)
B du bao Smith q. _ 9 (4.3)
i > ) Aii
TN~ SV 0 ! Trong d6, C = (adjG)" va A, =[G®(G™)" |

Hinh 4.1: Céu triic diéu khién phan ly két hop voi du bao Smith V91 @ nehfa 1a phép nhan ting thanh phan cta 2
da bién ma tran.

Céc thanh phan duong chéo ciia ma tran phén ly ciing nhu ma tran sau phan ly (sir dung cac cong thirc 4.2 va 4.3) rat
phtrc tap va khong thé ding dé phuc vu cho viéc phan tich va thiét ké bo diéu khién. Céng thuc tinh cu thé dugc trinh bay
trong bang 4.1 va 4.2 cua luan an. Trong luan an nay, tac gia di dé xuat phuong phap sir dung thuat toan tbi wu hda bay dan
(PSO) dé xap xi cac thanh phan trén vé cac dang don gian va phé bién trong linh vuc diéu khién qué trinh.

4.2. Thuat toan téi wu hoa bay dan dé rat gon mo hinh.
4.2.1. Giéi thigu thuat toan toi wu bay dan

Tai mdi budc, tat ca cac ca thé duoc cap nhat hai gia tri tét nhat: vi tri ca nhan tét nhat (Pbest) va vi tri tot nhat cua ca
dan (Gbest) cho dén budc hién tai. Cac phwong trinh ndi tiéng dung dé cap nhat vi tri va van téc caa mdi c& thé nhu sau:

Vi (k +1) = @V, (K) + €0, (Xopes — X; (K)) + C,0, ( Xgpest — X (K)) (4.4)

0= —Wk; x (K +1) = x. (K) + V. (k +1) (4.5)

max

Trong d6, v, (k) va x (k) lan lugt 1a van tdc va vi tri ctia c4 thé thir i; k 1a budc lap; ¢1 Va ¢z 1a cac hé sb tang tc hay con
201 hé s6 hoc; o, Va o, la cac s6 thuc duoc tao ra ngau nhién trong khoang [0-1]; ® 1a trong ) quan tinh; M 1a s6 budc
lap tdi da.
4.2.2 Pé xuit sir dung thuit toan PSO dé rat gon md hinh
Hai ham truyén bac nguyén va bac phan s s& duoc ding dé xap xi cac ham truyén phurc tap:
G (s):M;G (s):L (0<a, <l<a,<2) (4.6)
" (r,s+1)(z,5+1) " 7,5 +7,5" +1

Trong d6, 7, Va z, la hang sé thoi gian, khdng mat tinh téng quét gia sir 7, >z, >0; K 1a do loi; 7, 1a hang s6 khong
am, khi z, =0 mo6 hinh ciia hé (phuong trinh trén) tré thanh hé bac hai c6 tré (SOPTD), va néu dong thoi 7, =0 md hinh
hé thong tra thanh hé bac 1 c6 tré (FOPTD); @ la thoi gian tré cia hé; a,, a, 1a bac phan sb.

Dbi v6i cac ham truyén bac nguyén, tir ham truyén tong quat (4.6) ta c6 thé dat duoc mot sé ham truyén ching han
nhu: hé bac 1 ¢6 tré (FOPTD), hé bac 2 co tré (SOPTD) va hé bac 2 ¢6 tré v6i nghiém ze-ro &m (SOPTDNZ) nhu phuwong
trinh 4.7

- Ke - Ke * =\ K(ms+De™

G,(S)=—F—— GO)=——
7s+1 (r,;s+1)(r,5+1) (r,;s+1)(r,5+1)

(4.7)

Tuong tu doi voi cac ham truyén bac phan so, sau khi xap xi c¢6 hai dang nhu sau:
Ke™ Ke™™

G,(5)=— PR
7s* +1 7,87 +7,87 +1

(0<a<1) 48);, G,(s)= (0<a, <l<a@,<2) (49

Thuét toan x4p xi dugc trinh bay nhu sau:



Ciing véi 0, cic thong s6 Kmin, Kmax VA 7, (i =1+3) ciing

duogc xac dinh dya trén dap ung vong hé ciia ham béc thang

. Ao otk b ok A 0
Khéitao Ntgp vitricacca thé X" ={[K 7, 7, 7, & a,]}

l

don vi ngd vao cua ham truyén goc.

x=[K 7, 7, 7, 4 @]

- Khéi tao vi tri tot nhat cta ca thé (Pbest): P, = x°
- Tinh gi tri ham thich nghi tuong tmg vdi céc vi tri bét déu
Kmin <K< KmaX - Tim vj tri ot nhét ctia ca dan ban ddu: Gy
N|
O<rz 1 < Timax g
0<r. <1 - Cép nhat trong s6 quén tinh
=ty 2max (4 10) - Cép nhat van It‘éc va vi tri
0 S T3 < T3max %‘
O< <1 M6 hinh khong Tao nghu nhién
hop thire vi tri méi
l<a, <2
’ Tinh gid tri thich nghi cia mi c4 thé ‘
- Cép nhat vi tri tot nhat clia ca thé: Py,
- Cap nhat vi trf tt nhat cia dan: G,
Hinh 4.2. Cau trac tong quat cua giai thuat xap xi
\ n 13 N2 R A n Y .
Ham muc tiéu: f= NZ( y-— y) (4.11) Hinh 4.3. Luu d6 giai thuét cua giai thuat toi wu bay dan

i=1

dung d& rat gon mé hinh
4.3. Cac dé xuit thiét ké b diéu khién PI/PID phan sé6 (FOPI/FOPID)

Trong luan an nay, tac gia dé xuat mot bo diéu khién PID phan sé méi, tong quét cho timg vong diéu khién, goi la bo
diéu khién 1° PI* D*. Phuong trinh tong quét cia bd diéu khién c6 dang sau:

g.(s)= K°%(1+%+TDS”j ! (4.12)
S 7,8

| 7.5+1

Trong d0, K_, r,, r, lan lugt 1a d6 l¢i, thoi gian tich phan va thoi gian dao ham; 4, x4 1a bac phan s6 cua khau tich
phan va dao ham; o 1a bac phan sb clia khau tich phan 1y tuéng, va: o =1- 4. Trong truong hop dic biét, khi 1=1, thi ta
CO0 o=0; 7. lathoi hang cta bo loc thong thap bac 1, trong trudng hop khong st dung bo loc ta c6 7. =0.

4.3.1 Pé xuit phwong phap thiét ké dya trén ciu tric mo hinh nai (IMC)
4.3.1.1. Quy luét hiéu chinh cho cic qua trinh dién hinh
Bang 4.1. Quy luét tinh thong s6 bo diéu khién cho cac truong hop khac nhau

M6 hinh Céc luat chinh dinh théng s6 bo diéu khién
K T
q.(s)= K=—: 7=r;A=a,0=1-«
6.() 787 +1 ¢ Kz, !
(0<a<1) 75 =7 =0
K T T
0(8)=———-— Ko=—2—;7,=1,1,="2. A=, 0=1-«
%) 7,8 + 7,5 +1 ¢ o2ke, MY g ' '
O<a <l<a,<2) r
H=a, -, TF:EC

4.3.1.2. Phan tich 6n dinh bén virng ciia by diéu khién dé xuét



Chu truc bd didu khién dé xuat (hinh 5.1) dwoc bién ddi vé dang ciu triic M-A nhu hinh 4.4.
Ma tran M theo cdng thuc sau:

M(s) =-W, (5)Q(5)G, ()[1 +Q, (5)G. ()] (4.13)
Theo dinh Iy myc 3.2.2, diéu kién dé hé 6n dinh bén viing

G,

Véi sai 6 nhan & ngd ra nhu sau:

KM (j0)] = 1{ W, (10)QUi)G, (jo)]1 +Q, (J)G.(je)] | <1 ¥o
(4.14)

Hinh 4.4. CAu trac M-A cia ciu tric bd diéu khién dé xuét

4.3.2. Thiét ké bd diéu khién P1/P1D bac tdng quat cho hé da bién bic cao sir dung ti wu héa da muc tiéu
4.3.2.1. Giai thuat t6i wu héa bay dan da muc titu (MOPSO)

Giai thuat MOPSO dugc trinh bay dudi dang chuong trinh gia (pseudo-code) nhu trong hinh 4.5, trong do:

1: A=0

2: for i = 1: Nparticle

3: initialize xi, vi

4: constraint(x;)

5: Xpbesti = Xi

6: end

7: A = dominance(Xpbest)

8: k=0

9: while k <MAX

10: for i = 1: Nparticle

11: V, (K +2) = @V, (K) + €, (Xopesr = % (K)) + G2, (Xgpest = % (K))
12: X (k +1) =% (k) + v, (k +1)
13: constraint(x;)

14: Xi = mutate(x;)

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

17: end

18: end

19: A = dominance(Xppest)

20: update (A)

21: k =k+1

22: end

Hinh 4.5. Luu d6 giai thuat ciia thuat toan MOPSO
4.3.2.2. Sir dung giai thuit t6i wu héa bay dan da muc tiéu (MOPSO) thiét ké bo diéu khién PI bic tong quat
Xem xét mot hé didu khién vong kin nhu hinh 4.6, trong d6 g, 1a bo diéu khién dé xuét; g 1a thanh phan duong chéo

clia ma tran sau khi phan ly; r, d 1a tin hiéu dit ngd vao va nhiéu qua trinh twong tmg.

10



d B diéu khién trong trudng hop ndy dwoc suy ra tir bo didu

+ -2 X A . N , A _ N

r . N _»% RN khién de, xuat (4.12) khi khong sir dung b6 loc (7. =0), va
- duoc viét lai nhu sau:

9.(5) = Si(K +§j (4.15)

Hinh 4.6 Cau truc h¢ thong diéu khién vong kin

Bo diéu khién dugc thiét ké nham dat dugc su thda hiép giita dap tng cta hé thong va kha nang khang nhidu, do d6

giai thuat t8i wu hoa da muc tiéu duoc su dung. Cac budc thiét ké nhu sau:

Khoi tao Giai doagn 1: st dung giai thudt MOPSO, va dugc mo ta nhu sau
_ Min J(x) =[J,(x),J4(x)]

A\ 4 , _ T
MOPSO o don Trong d6, X = [KC’ K, 4 0']
- ' J,,J4 la cac chi so IAE dugc tinh nhu cong thure (3.1)
'V Kcmin < Kc < Kcmax
PE = N 0<K, <K,
Thoa cac diéu kién bién sau: (4.16)
07<1<1
N @ Giai doan?2 0<0<03
S Trong do, /te[O.?, 1], (0'6[0,0.3]) va K. i Koo K max duoc chon

dwa trén dic tinh dap ung vong hé cua hé thong

Giai dogn 2: Sau khi dat dugc duong PF tir giai doan 1, ham cyc dai do
nhay theo (3.4) duoc sir dung dé Iya chon thong sb diéu khién cudi cing
nham dam bao sy 6n dinh bén viing cia ting vong diéu khién.

_

1+9.(s)a(s)

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

-------------------- Theo hinh 4.8, ma tran ham truyén M(s) duoc tinh nhu sau:
i

M(s) =W, (5)Q(5)G, (5)[1 +Q(5)G, (5)] (4.18)
Hinh 4.8. Cau trac M-A danh gia 6n dinh bén vimng

Theo dinh ly 6n dinh bén vitng & muc 3.2.2, hé théng diéu khién
Chuong 5. KET QUA MO PHONG VA THUC NGHIEM
5.1 Céc bai toan mé phong cho cac giai phap dé xuét
Dé dam bao tinh khach quan khi md phong kiém chimg cac phuwong phap dé xuét, ddng thoi dé d& dang so sanh véi cac
phuong phéap néi tiéng khac, cac mé hinh chuan thuong duoc sir dung trong linh vyc diéu khién qua trinh duoc xem xét dé

Hinh 4.7 Luu d6 cta phuong phap chinh M A

o s = (4.17)
dinh dé xuat ocloy,an]

s=jw

s& gitr 6n dinh dudi sy bat dinh sai s6 nhan & ngd ra néu diéu kién

sau duoc thda man:

u[M(je)] = W, j0)Q(j0)G, ()1 + Qie)6, (jo)] | <1, Vo
Uy Ya

(4.19)

thyuc hién viéc danh gia dap Gmg diéu khién ciing nhu su 6n dinh bén viing cua cac phuong phap dé xuat.

5.1.1 Phwong phap dé xuit ap dung cho h¢ TITO
5.1.1.1 Mé hinh thép Vinante va Luyben (VL)
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Ma tran ham truyén caa thap VL duoc gidi thidu dau tién boi Luyben [143], ham truyén c6 dang nhu sau:

-2.2¢° 1.3e°% Ma trén phan ly tinh dugc nhu sau:
G(s) = 75+11 7s+1 1 0.591
_28e7 .8s 4.3e’0'35S D(S) = 0651(928 +1)e—l.455 (51)
905s+1 92541 95571 !
Hai thanh phan duong chéo ciia ma tran sau khi phan ly tinh dwoc theo bang 4.2 (trong luan an) nhu sau:
0,0, —2.2e° (13e°*)(2.8e*% ( 9.2s+1 j
. _ N 5.2
%= 0 0,  TIs+1 [ 7s+1 ){ 9.55+1 )\ 4.3e0%* ©.2)
4370 (1.3 (287" | 7s+1
O =0, — 9120 = - ( sj (5.3)
O 9.2s+1 7s+1 )L 9.55+1 )\ 2.2¢
Giai thuat PSO s& duoc str dung dé xap xi hai ham truyén phuc tap q,, va q,, (phwong trinh 5.2 va 5.3), két qua Xxap xi:
q - L3620 0 - 2.6679 % (5.4)
" 6.6757s% +1° ? 8.8871s""" +1 '

Pap ting bac thang ¢ mién thoi gian ciia cac ham truyén goc gy, va g,, va cac ham xap xi tuong tmg dugc so sanh & cac
hinh 5.1 va 5.2. Pap tng xap Xi ciing duoc so séanh véi phuong phap dong nhét hé sé (CM) do Vu va Lee dé xuit [67]
Trong truong hop ndy, cic phuong phap tuong dwong nhau va gan nhu trong duong véi dap tng caa ham truyén goc.

0 | | | ' : : i | | 3r
—pso
02-%Y q11| ] 251
- =Vu —pso
041 Iy R R o A N R S N B a22
'g % 2y - =Vu |
g -0.6 - 2
= =15+
g.08) £
< < 4L
A+
1.2+ 0.5
1.4 L L L L L 1 ! L L 0 | 1 I | I I I 1 I
5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Time (min) Time (min)

Hinh 5.1. Pap (ng bac thang ciia qu1 va ham xap xi (VL) Hinh 5.2. Pap ng bac thang cuia g2 va ham xap xi (VL)
Duya vao bang 4.3 trong luan an, ta tinh dwoc thong s6 bo diéu khién dé& xuat twong tmg cho hai vong. Trong truong
hop nay thoi hang dap tng mong mudn cho hai vong dugc chon lan luot 12 7, =1.9 va 7, =1.6. Hai bg diéu khién FOPI
cho hai vong c6 dang nhu sau:

1 1 1 1
00.(5) =-25765 (1+ o j 0:2(5) = 2.082 55 (1+ T j (5.5)

Két qua mod phong giai thuat dé xuat va so sanh véi cac phuong phap: phan ly don gian hoa két hop du bao Smith véi
bo diéu khién bac nguyén (SDSP [144]) va phan ly nghich tap trung (Garrido [68]) va duoc trinh bay & hinh 5.3a, b. Hinh
5.4 chirng t6 su 6n dinh bén viing cua bo diéu khién dé xuit. Bang 5.1 tong két cac chi tiéu chat luong.

' T T T T T T T :
—--sosP
12 n e Garrido | |
1 - == !
g

08l i ,'I - o8

- - -5DsP
Garri

i G
——F-SDSP

=
08

02

I
i
0.4 |
.f
I
i

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

L

I . 1 | I I
[ 10 20 30 40 50 60 70 80 %0 100
Time (min)

Hinh 5.3a. Cac dap (ing bac thang cua vong 1 (thdp VL) Hinh 5.3b. Cac dap tng bac thang ctia vong 2 (thap VL)
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e | 85Vt ot bt sty Bang 5.1. Cac chi sé chét luong cua thap VL

N\ B
i g ﬁggﬂg IAE  ITAE v u[M]
F-SDSP
\ 37490 101.66  10.838  0.2974
SDSP 34382 102.83 87549  0.3046
O e E— | Garrido
o " ” o z o ' 45255 126.04 11205  0.4107

Frequency (radis)

Hinh 5.4. Biéu d6 SSV danh gi4 6n dinh bén viing cua thap VL
5.1.1.2 B tach dau ning (Heavy oil fractionator)
Bo tach dau ning 1a qua trinh 2x 2 thudng duoc dung dé nghién ctru cac thuat toan diéu khién hé da bién trong linh
vue diéu khién qua trinh [70,145]. Ma tran ham truyén ciia mé hinh c¢6 phuong trinh nhur sau:
Ma tran phan ly dat dugc nhu sau:

4,057 1.77¢7 0.437(27s+1)e”*
G| 25+ B0s+1 (s - ! T 60s+1 56)
5.39e'% 5.72e7* | 0.9423(60s +1)e* '
50s+1  60s+1 B 50s +1 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
dugc tinh toan. Dua vao cac cong thac trong bang 4.2 cua luan an, ta tinh dugc nhu sau:

0,0, 4057 (1.77¢7%)(3.39e™ \( 60s+1
O =0 — = - “14s (5-7)
J, 27s+1 60s +1 50s+1 )\ 5.72e
0,0, 572" (177¢7%)(5.39e" \( 27s+1
Op =0y — = - 27s (5-8)
g, 60s +1 60s+1 50s+1 )\ 4.05e

Str dung giai thuat PSO xap xi hai ham truyén trén, két qua dat dugc nhu sau:
2.3979¢ " g 338TTe
1513335 1+ 6.9815s +1 " " 45.60925°* +1

Céc hinh 5.5 va 5.6 minh hoa dap ung bac thang ciia ham truyén géc so vaoi ham truyén xap xi duoc. D& dang nhan

(5.9)

qll (S) =

thdy rang str dung giai thuat PSO cho két qua xap xi khé tét, vi du nhu trong trudng hop dap tng cua vong 2, duong dap
g ctia ham gdc va ham xAp xi gan nhu tring nhau.

Trong trudng hop nay thoi hang dap tng mong mudn cho hai vong dugc chon lan luot 12 7, =14 va 7, = 20 . Hai bd
diéu khién FOPI/FOPID cho hai vong c6 dang nhu sau:

1 0.6732 1
s)=0.0622| 1+ +5.7077s% | ——; S)= 1+ 5.10
9ar(0) ( 4.1665 7s+1 9:2(5) 50008 45.6092s"%%° (.10)
0 50 100 150 200 Tim:ﬁ{?mn) 300 350 400 450 500 0 50 1&0 15“0 200 Tim:;:“i“} JlIJU 3;0 460 450 500
Hinh 5.5. Pap tng bac thang ciia g1; va ham xap xi (heavy oil) Hinh 5.6. Pap tng bac thang cua gz va xap xi (heavy oil)
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Céc két qua md phong cua phuong phap dé xuét dugc thé hién ¢ cac hinh 5.7 a, b. Hon nita, dé tang tinh thuyét phuc,
dap (mg ciing dugc so sanh véi cac phuong phap thiét ké da duoc cong bd nhu: phan ly nghich két hop véi cau tric mo
hinh noi ¢é loc (IDIMC-F), va bo phan ly nghich tap trung (ID-K) duoc dé xuat boi Garrido [70].

DK e ID-K
- = -IDIMCF — =~ IDIMC-F
—— F-5DSP ——F-SDSP

0 A —

500 0 100 150

L L
400 450

L
300

0 50 100 150 200 250 300 350 400 200

Time {min)

450 250

Time (min)

350 500

Hinh 5.7 a. Bap ung bac thang cua vong 1 (heavy oil) Hinh 5.7 b. Bap tng bac thang cta vong 2 (heavy oil)
Céc thong sb vé chi tiéu chat luong va on dinh bén vimg duoc liét ké trong bang 5.2. Bén canh dé, hinh 5.8 md ta db thi
danh gia sy 6n dinh bén viing cua bo didu khién dé xuat so véi cac phuong phap khac.
Bang 5.2. Céc chi s6 chat lwong cua bo tach dau nang boi

S5V plots of robust stability

i ) cac phuong phap khac nhau

o Phuong phap IAE ITAE TV u#[M]
:: Pé xuat (F-
" N SDSP) 57.824 10173 1.4838  0.200
W e e e T IDIMC-F 750.00 218750 17289  0.7068
Hinh 5.8. Biéu @6 SSV danh gia 6n dinh bén viing
ID-K 95521 14561 14.678  0.3880

5.1.2. Phwong phap dé xuat cho hé da bién bac cao
5.1.2.1 Thap chung cit Ogunnaike va Ray (OR)
Thap chung cat OR ndi tiéng dung dé phan tach hdn hop ethanol va nudc duoc sir dung nhidu trong cac nghién ciru

mo phong trong linh vuc didu khién qua trinh [55, 67-69]. Ma trin ham truyén vong hd va ma tran phan ly:

[ 0.66e2%°  —0.61e3 -0.0049¢°
6.75+1 8.645+1 9.065+1 1 07549 0-8337S+1) 0o ) 1op0e052%
G(s) = 1.1e°% 236 —0.01e'* 0.533s+1
“| 3.25s+1 5s+1 7.09s+1 D(s) = 0.3905e " 1 -0.0014
-9.2s -9.4s —s
—34.68¢e 46.2e 0.87(11.61s +1)e 10.8247 4388745+0) oo oo (201135+40) g 1
| 8.15s+1 10.9s+1  (3.895+1)(18.8s+1) | 8.7956s +1 5.5621s+1
(5.11)
Céc thanh phan duong chéo cua ma tran sau khi phan ly tinh dugc nhu sau:
_ 0.3298(23.1802s +1)e>* | _ ~1.2973¢7* _ 0.5601(17.4859s +1)e"* (5.12)

e = (21.1355s +1)(3.7363s+1) ' O = (1.2739s +1)(0.5014s +1) ’ Oea = (20s +1)(2.6915s +1)

Trinh ty thiét ké gdm 2 bude: bude dau tién s& tim dudng PF chira cac nghiém kha di cua bai toan t6i wu da muc tiéu,

va sau d6 s& chon ra nghiém thich hop nhit dua theo chi tiéu chat luong va théng sb bén vitng Ms. Hinh 5.9 a, b, va ¢ minh

hoa két qua cac dudong PF dat dugc ciia mdi vong diéu khién, ta thiy tap cac nghiém kha di cua bai toan téi wu hoi tu vé
duong Pareto. Thong sé diéu khién cudi cung dat duge dugc tong hop trong bang 5.3
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Hinh 5.9 a, b, va c. Cac duong t6i wu Pareto theo hai ham muc tiéu J, valJ,

T

Trong vi du nay, phuong phap dé& xuat dugc so sanh véi cac phuong phap nhu bo diéu khién PI/PID da vong (multi-
loop) [55] va bo diéu khién PI tap trung (CPI) [146]. Két qua md phong nhu trong cac hinh 5.10 a, b, va ¢. Tuong tu nhu vi
du trudc, tiéu chuan u dwoc st dung dé danh gia 6n dinh bén viing cua phuong phap dé xuat. Ma tran trong s6 cho sai s6
nhan ngd ra cua ba thanh phan dudng chéo ciia ma tran sau khi phan ly dugc chon nhu sau:

W, (s) = diag - s+02  s+02  s+02
° 05s+1  05s+1"  05s+1

Ma tran nay twong &ng Xap xi 20% sai s cua thong sé do loi. Hinh 5.11 chung to gia tri suy bién c6 ciu tric (SSV)

(5.13)

ctia phuong phap dé& xuat luén dam bao sy 6n dinh bén viing ciia hé thong diéu khién. Trong khi d6, & cac phuong phap
khéc gi& tri ciia £ c6 dinh vuot qua 1, nghia 14 hé thong diéu khién s& mat on dinh trong trudng hop nay.
Bing 5.3. Cac thong sb didu khién va cac chi tiéu chét luong cho thap OR.

Pt veng Ky Ky To 4 o uM] e TV
1 1.504 0.157 . 1 0.055

Dé xuit 2 -0.089 0.970 . 0.832 0.174 0.1002 27.79 4.9783
3 1.377 0.107 . 1 0.01

Multi-loop 1 2250 0140 258 o
2 -0.490 0.155 3.37 . . 0.2479 39.99 6.1432
3 4.830 0.322 10.16 .

CPI

_ *Ge(s) B B 01276  25.73  4.9336

*G¢(s): ma tran du bac (3x3), nghia la theo phuong phéap nay ta can 9 b diéu khién PI, chi tiét xin xem trong tai
ligu [146]

——proposed
wnnTruong
-=-CPI

—— proposed

0 100 200 300 400 500 600 0 100 200 300 400 500 600

. . ; ATime(min) ] . B Time (min)
Hinh 5.10 a. bap ng bac thang cua vong 1 (thap OR) Hinh 5.10 b. Pap (tng bac thang cua vong 2 (thap OR)
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10w T T T SSV plot of robust stability
" —proposed 3.5 T T T

— proposed
Truong ||
CPI

uIM]

10° 10’ 10% 108

Freaquency (rad/s)

Hinh 5.11. B4 thi duong SSV(thap OR)

107

102

L L L L )
0 100 200 300 400 500 600 103

Hinh 5.10 c. Bap ung bagmter:;:g cua vong 3 (thap OR)
5.1.2.2. Hé théng diéu khién nhiét a0 HVAC (hé 4x4)
Mo hinh diéu khién nhiét d6 cho 4 phong théng nhau, dugc biét nhu 1a qua trinh HVAC [64]. Ma tran ham truyén dai dién
cho qué trinh duoc biéu dién thdng qua ma tran (4x4) nhu phuong trinh (6.14)

[-0.098e*  —0.036e7° —0.014e —0.017e* |
122s+1 149s+1 158s +1 1555 +1
—0.043e™®  -0.092e7**  _—0.011e*** -0.012e73*
G(s) = 147s +131 130s +134 156s +116 157s+16 (5.14)
-0.012e* -0.016e* -0.102e™° -0.033e **
153s+1 151s+1 118s+1 146s+1
-0.013e*  -0.015¢* —0.029¢e®* 0108 **°
L 156s+1 159s+1 144s+1 128s+1 |
Céc thanh phan cia ma tran phan ly tinh dugc nhu sau [67, 144]:
[ 1 —0.341(121.918s +1)e *5*  _0.081(132.251s +1)e "% —0.115(124.604s +L)e 2*"* |
146.753s +1 164.9765 +1 147.929s +1
—0.457(130.872s +1)e*™"* 1 —0.049(235.202s +1)e***  _0.04(188.514s +1)e 4+ (5. 15)
D(s) = 147.641s +1 228.983s+1 170.865s +1
—0.03(187.93s +1) —0.093(97.617s +1)e > 1 —0.304(118.3865 +1)e >
1755 +1 117.144s+1 145.037s+1
—0.049(1946.7965 + 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

Sau khi sir dung giai thuat PSO dé xap xi ham truyén, cac thanh phan duong chéo cua ma tran sau khi phan ly c¢é dang

nhu sau:

~0.0804e "

~0.0736e %

%= 100.0896s 11" 2 T 117.20555+1° T 112.20665+1' T 1210125541

-0.092¢ ™%

-0.097¢ 7%

(5.16)

Trong vi du nay, phuong phap bo diéu khién PI tap trung (CPI) dé xuat boi Ghosh va Pan [146] va phuong phap tai

hiéu chinh t6i uu (1-ODP) d& xuat bai Khandelwall va Detroja [147] duoc lya chon dé so sanh voi phuong phap dé xuét.
Tuong tu nhu vi du truéc, sau khi sir dung phuong phap dé xuat cac thong sb bo diéu khién dat duoc nhu trong bang 5.4.
Tir bang nay, ta nhan thay rang khau tich phan cua bo diéu khién ludn cé bac nguyén trong trudng hop nay, nghia 14 bo
diéu khién téi uu cho hé HVAC 1a b diéu khién Pl truyén thing.

Bang 5.4. Cac thdng sb didu khién va céc chi tidu chat lugng cho hé HVAC

Phuong

. _ _ . : M
ohép vong K, K, A o uM] 1AE TV
o 1 23799 00094 1 __
bé xuat 2 -37.292 0.0091 1 .
3 28036 00099 1 — 0.2019 199.72 207.146
4 -26.882 0.0085 1
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1-ODP _ G 100p (8)° _ 0.2287 372.03 340.492

CPI Gecpi ()™ _ 0.1999 376.60 200.588

*Ge100p(S) Va **Ge-cri(S): la cac ma tran diéu khién du bg (4x4), nghia 1a theo cac phuong phap nay ta can 16
b6 diéu khién thanh phan, chi tiét xin xem trong tai liéu [146]
Trong phan nay, su thay doi tuan tu cia gia tri dat duoc thuc hién & cac thoi diém t = 0 (s), t = 500 (s), t = 1000 (s), va
t =1500 (s) lan luot cho cac vong diéu khién tir 1 dén 4. Hinh 5.12 a, b, ¢ va d minh hoa d4p wng cua bo diéu khién dé xuat

va cac bo diéu khién khac khi gia tri dat va nhiéu thay doi.

1.5 15
proposed proposed
=-==-:1.0DP —-=-:1-0DP
--------- CPI .........CPI
1 "["* 'f'f v s (g 1 s <
= =
0.5 1 05t
0 ‘ . ‘ 0 . ,
0 500 1000 1500 2000 0 1000 1500 2000
Time (s) Time (s)
(a) (b)
1.5 1.5
proposed proposed
—-—--1.0DP —-—--1-0DP
......... CP' .-.-n-.-cpl
1r N\ 1 2:*-—__
= N
0.5 051
- ™,
0 L Aan . L 0 | AN |
0 500 1000 1500 2000 0 500 1000 1500
Time (s) Time (s)
(c) (d)
Hinh 5.12 a, b, c va d. Bap ting bac thang cta cac vong diéu khién 1, 2, 3, va 4
025 SSV plot of robust stability
—rovosed Hinh 5.13 biéu dién do thi cua x ¢ ca 3 phuong

phap va déu dam bao su 6n dinh bén viing khi
c6 su hién dién cua tin hiéu bat dinh véi mé

hinh sai s6 nhan & ngd ra.

i I
10° 10° 102 10°
Frequency (radls)

Hinh 5.13 D6 thi dudong SSV danh gia 6n dinh bén vitng cua hé HVAC
5.2 Thue nghiém diéu khién phan s6 cho hé da bién

ol |
10 102 107
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Dé kiém ching kha ning tmg dung cta ciu tric bd didu khién dé xuit cling nhu kha ning thue thi ciia bd didu khién
phan s6 cho hé da bién, trong luan 4n Ny, tac gia thyc nghiém trén hé bén bon nude lién két (quadruple tank).
5.2.1 Gidi thiéu mo hinh thwe nghiém

Hinh 6.15 13 mé hinh hé bn bon nudc lién két (quadruple-tank) ding dé thyc nghiém. Luu lugng chat 16ng bom vao
céc bon dugc dicu khién thong qua hai may bom ly tim AC véi tbec do bom diéu chinh bang bién tan véi cac dién ap dicu
khién uy, uz (0 — 10 VDC). Hai van ba chiéu V1 va V2 chia luu luong ra khoi may bom vao bdn trén va bon dudi (chéo
nhau) v6i hai hé sb chiala y, va 7, (0< 7,7, <1 ). Muc chét 16ng trong hai bon duéi 14 hy, h, (m) va dugc do bang 2 cam
bién dién dung (LTy, LT,) véi tin hidu tra vé 1a dong chuan cong nghiép (4 — 20 mA) twong tng v6i mic chat 1ong (0 — 0.6
m); str dung bo chuyén doi dong—ap dé chuyén dong thanh dién ap 0 — 5 VDC. Bon bon chira c6 tiét dién hinh chit nhat véi
dién tich 1an luot 1a Ay, Az, Az va A; (MP)

: 1 ; i , Ta c6 ma trdn ham truyén mo ta quan hé vao-ra co
FT,,FT,: Cam bién luu lugng
LT, LT,: Cam bién do mirc dang nhlf sau:
e | @ o by _ Kl=p) Ko7,
h Inv1, Inv2: Bién tan |:X1(S):|_ (1'1$+l)(T3S+1) TlS+1 |:R1(S):|
X, 4 384 X,(s) Kati K.@=7,) R,(s)
v 2 1e B, 7,5+1 (7,5+1)(7,5+1)
Y, LT"
7 @ (5.17)
7 . T,k T,k T,k T,k
1 Trongdo: K, =-1%; K, =-1%; K, =-22%; K, =22
A ] ] = CUTATTTAT TR A

: e 3 5 (5.18)

Hinh 5.14. M6 hinh thyc nghiém hé bon nudc lién két
L MCB

v L, ] I ]

220 VAC
Ngudn

+24 GND

Monitor

CPU

MATLAB
Real Time
Window Target 0-10 VDC

Al1 PCle 6323

0-10VDC

Al2 AO1H

4-20mA| Dong dién 0.10vbe Al3
sang ap AO2|
- Al4
GND

4-20mA | Dong dién 0210VDC T =
sang ap i

Hinh 5.15 (a) M6 hinh cua hé bon nuéc (b) So d;;) b6 didu khidn

Bién tan

Bién tan

Nhan xét hé bdn bon nuéce lién két 1a hé 2x 2 véi tin hiéu ngd vao 1a hai dién ap didu khién may bom va hai ngd ra la
muc chit long trong hai bon dudi. Hé nay duoc chon nhidu mé phong hoc thuat hay thic nghiém trong linh vuc didu khién
qué trinh vi dic tinh dong hoc cua hé s& thay d6i khac nhau tly thudc vao hé sb v,,v,. Hinh 5.15 (a) la phan ctng thuc té
sau khi thi cong bao gom hé bon nuéc va ta diéu khién. Hinh 5.15 (b) 1a so d6 bo thu thap dir liéu (card DAQ PCle 6323)
va cac thiét bi phan cting khac sir dung trong mé hinh.

5.2.2 Nhan dang hé thong sir dung phwong phap LS dé xuat
Theo nhu 1y thuyét nhan dang trinh bay & chuwong 2, tac gia tién hanh thuc nghiém dé tim mé hinh toan hoc cho hé théng
5.2.2.1 Thu thap dir lidu
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Muic di ban chat dong hoc ciaa md hinh 1 phi tuyén, tuy nhién sau khi xap xi quanh diém hoat dong, hé c6 thé dugc
biéu dién dudi dang tuyén tinh véi ma tran ham truyén 2x2, phuong trinh (5.17). 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).

20 | 50
10 0
= -~
0 5
-0/ -0 —
800 1000 1200
-
-
o 200 400 600 800 1000 1200
0.5 0.5  E—
S0 o0
0.5 -
800 1000 1200

1000 1200 o 200 400 600
Mau di ligu

-0.5
400 600 800
Méu dir ligu

Hinh 5.16. Bo dit liéu vao-ra dé nhan dang cho ngd rath 1 Hinh 5.17. B dir liéu vao-ra dé nhan dang cho ngd ra thir 2
5.2.2.2. Ap dung phwong phap LS cho hé da bién (TITO)
Phuong trinh 5.17 ¢6 thé biéu dién lai bing dang ma tran ham truyén tong quat nhu sau:
Pl(t)HG“(q) Glz(qq[n(t)Hvl(t)} 619

Y.() ] [Ga(a) Gu(a)|lr(t)] [v.(t)

Ap dung phuong phap LS cho hé don bién d3 gisi thiéu muc 3.2 vao timg ngd ra, gia sir cho ngd ra thir nhat (ngd con

lai hoan toan tuong tu), ta co:

1 Q 2
N > [Au@y, ()~ (B (@)r (k) + By, (@)r,(k)) |
k=n+1
Nghiém cua (5.20) dugc tinh theo phuong trinh (2.15), trong do:
N1, Nz, N3 1an lugt 12 bac cia da thirc Aii(q), Bua(q), Bi2(q) (0, >N, >n,)

VLSl = (5-20)

. y, (n, +1)
. y= yl(nlfz) 0= Ay, BBy, BoyeiBy, |
y(N)
B R T I 11 R A A1
TN o p(N-n) B(N-D) . B(N-n) B(N-D) . E(N-n)

5.2.2.3. Panh gia m6 hinh nhan dang
Két qua danh gia 800 mau sau khi nhan dang dwoc bang giai thuat LS:

207 !

4
2

0
2
4
-6
-8

A0

2L |
0 100 200 700 800

|
500 600 700 800 300 400 500 600
Mau di ligu

RER
o 100 200 300 400

Mau di ligu

Hinh 5.18 Két qua danh gia mo hinh nhan dang dugc & Hinh 5.19 Két qua danh gid mé hinh nhan dang dugc &

ngo ra thir 2
Tir cac thdng sé nay sir dung Matlab chuyén vé ham truyén
dang lién tuc véi chu ky ldy mau Ts = 0.1 (s)
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Thong s6 © dat duoc cho hai vong nhu sau :

[-1.4371]
—0.0059

0, =| 0.4430

0.0000

| 0.0002 |

[-1.4280]
0.0183
0.4098
0.0002

| 0.0001

(5.21)

0.0002395s° +0.008916s* +0.2691s +2.807

G, (s)= 5.22
() s* +15.44s° +1053s® +877.5s +1.777 (622)
0.001006s° +0.03744s? +1.13s +11.79
G, (s)=— 5 . (5.23)
s* +15.44s° +1053s? +877.55 +1.777
0.001414s° +0.05352s” +1.618s +16.96
Gu(s)=— 3 . (5.24)
s" +16.67s” +1065s° +1232s + 2.388
0.0006391s° +0.02419s? +0.7314s + 7.669
G,,(s)= (5.25)

s* +16.67s° +1065s° +1232s + 2.388

Tir cac phuong trinh khao sat dong hoc ciia hé bon nudéc, ta thiy cac ham truyén thanh phan chi cé bac 1 hoic 2. Do
do, ta sir dung ky thugdt xap xi dung giai thudt PSO da dé xuat, cac ham truyén trén (5.22) dén (5.25) dugc xap xi thanh:

Gll(s) =

1.5825¢ 6%
496.2227s +1'

Step Response

6.6411e >

G, (5)=———
12(5) 495.2328s +1

0 . L L L
o 500 1000 1500 2000 2500 3000 3500 4000 4500

Time (seconds)

Hinh 5.20. Dap ng nac cia ham truyén Gi1(s) va ham xap xi

Step Response
T T T

wm e N »

S

Amplitude

w

o = 0N

0 500

1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds)

Hinh 5.22. Dap tng nac cia ham truyén Gi(s) va ham xap xi
5.2.3 Thiét ké b diéu khién
Ap dung k¥ thuat phan ly don gidn hoa cho hé 2x2, ta tinh dugc cac thanh phan cta ma tran phan ly nhu sau:

G,  4.1966(496.22275+1) |

d12 =

CElil.

495.2328s +1

~ 7.1072¢ 754
; G21 (S) =

_ G, 2.21(517.9853s +1)

3.2158¢ %

Y 5.26
51698995 <1 )~ 5179853 +1 (5.26)
: Y ~ =
N // L
% // 6.33 B ‘;:)-:
éa / 6.32 — ::-’—:if:,,,

ot/

1/

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Time (seconds)

Hinh 5.21. Dap ng nac cia ham truyén Gia(s) va ham xap xi

Step Response
3.5 P .p

3 -

s

~
-

Amplitude
n
T~

=—__

o

1000 1500 2000 2500 3000 3500 4000 4500
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Hinh 5.23. Dap tng nac cia ham truyén Gao(s) va ham xap xi

> (5.27)
G, 516.9899s +1

Theo bang 4.2 cho hé 2x2, cac thanh phan duong chéo ctia ma tran ham truyén sau khi phan ly tinh dwgc nhu sau:

6.6411e>'*

7.1072e %

GG, _ 1.5825¢°%° 495 23285 +1516.9899s +1

§)= G, _ 2uba _ (5.28)
% (5)= Gy G,, 496.2227s+1 3.2158¢ %%
517.9853s +1
o 6.6411e°> 7.10720 5%
0,,(5)=G,, - 228 _ 3.2158e°*" 49523285 +1516.9899s +1 (5.29)
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Hai cong thirc (5.28) va (5.29) kha phirc tap va khong thé dung dé thiét ké bo diéu khién twong tng. St dung giai
thuat PSO dé xuét dé x4p xi qu1 VA 022 vé dang ham truyén co bac phan s6 nhu dé xut, cong thirc (4.9). Hinh 5.24 va 5.25

1a dap ing budce cia ham gbe va ham x4p xi theo giai thuat PSO ctia g1 VA Q22
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Hinh 5.25. Pap tmg nic ciia ham truyén gz2(S) va xap xi bac

Hinh 5.24. Pap tmg nic ciia ham truyén gu1(S) va xap xi bac
phan s6 ctia né

phan s6 ctia nd
Két qua xap xi dat duoc:
—13.0755¢ °"* —26.73%°
219.4076s"**®° + 482.2408s +1 1209.2s"" +540.7s +1

Tir hai ham truyén cta hé sau khi phan ly dat dugc va xp xi vé dang bac phan sd nhu trén, phuong trinh (5.30), ta sir

G (S)= » 0 (8)= (5.30)

dung phuong phap thiét ké bo diéu khién da dé xuat trong chuong 4, cic cong thire tinh toan da tong két trong bang 4.1.

Hai bo diéu khién dat duge co dang nhu sau:

+ 2.2364s°'7) !
2.55+

1
s)=-3.3528| 1+ 1 0.4555024% ; s)=-2.0251| 1+ 5.31
0.(9) [ j 0,(5) ( . (531

482.2408s 25s+1

Két qua mé phong dap g hé bon nudc dugce thé hién ¢ hinh 5.26 va 5.27. Dé danh gia hiéu qua cua phuong phap dé
xuat (F-SDSP), tac gia da so sanh véi phuong phép cta chinh tac gia dé xuat truée SDSP ([144]) sir dung bac nguyén va
phuong phép phan ly nghich két hop véi bd du bao Smith ciia Garrido (SID) [80]. Tin hiéu vao dugc thay ddi lan luot &
hai ngd vao tai cac thoi diém t = 0 vat = 150 (s)

1.2 T T T T 1.2
1} e 1L
-
—F-SDSP| 081 —F-SDSP
0.8 - === SDSP =s=e= SDSP
—-T J——.
0.6
= 06+ 4 -~
0.4
0.4
0.2
0.2} L.
th* e
0 . . - : 02 . . . .
(1] 50 100 150 200 250 300 “o 50 100 150 200 250 300
Time (s) Time (s)

Hinh 5.26. Bap g bac thang ngd ra thir 1 Hinh 5.27. Bap tng bac thang ngd ra thi 2
So véi phuong phap SID, tin hiéu diéu khién cua cdu trac dé xuét (bac nguyén va khong nguyén) déu cho két qua tdt
hon véi gia tri TV nho hon dang ké (bang 5.5). Céc chi s6 chat lugng con lai (IAE va ITAE) tom tit trong bang 5.5 ciing

chimg to phuong phap F-SDSP cho két qua uu viét hon cac phuong phép con lai.
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S5V plot for robust stability Bang 5.5 Cac chi so chat lugng cua hé bon nudc
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Hinh 5.28. Biéu d6 SSV danh gi4 6n dinh bén
viing ctia hé bon nude
Hinh 5.28 danh gia sy 6n dinh bén vimng cta cac phuong phap. Trong truong hop ndy, sai sb nhan dau ra voi ma tran
s+0.2 s+0.2
2s+1" 25+1
khao sat (102 — 10%) rad/s, cac phuong phép déu cho do bén viing tuong dong nhau. Gia tri 4 trong bang 5.5 ciing ching
t6 diéu nay. Thyc thi bd diéu khién phan sb theo cac phuong trinh (5.31) cing vi bd phan ly don gian hoa (5.27) st dung

Simulink ciia Matlab chay trong ché d6 thoi gian thuc (Real-Time Window Target). So db bo diéu khién cua hé thong
duoc xay dung trén Simulink nhu hinh 5.29

trong s6 dwoc chon nhu trong cac bai toan mé phong (Wo (s) =diag {— }j Nhin chung trong dai tin s6

i

levell

Set point 1

Level 1

FOPID1

Set point 2

Scope

level2

i

FOPID2 Level 2
Simplified Decoupling QuadTank

Hinh 5.29. So d Simulink chay ché d6 thoi gian thuc diéu khién hé bon lién két

Két qua diéu khién hé bdn lién két duoc trinh trong hinh 5.30 a va b. Tir hinh ta c6 thé thdy dap ung diéu khién cua ca
hai bon tuong ty nhu két qua mo phong (hinh 5.26 va 5.27). O bon mot khong c6 vot 16 va thoi gian xac 1ap khoang 40 (s);
& bon 2 ¢b vot 16 nhung khong dang ké va thoi gian xac 1ap khoang 60 (s). Tir d6 thi dap tng, ta thiy dap ing c6 dao dong
nhe, nguyén do chil yéu I do nhidu ctia cam bién khi bom nudc d6 vao bon dan dén mirc chat 1ong khong 6n dinh. Qué

trinh thuc nghiém ciing chimg t6 bd diéu khién phén sb c6 kha ning thuc thi trong viéc diéu khién hé thong that.

H 20 m P ™ 100 0 0 160 180 2% o 20 40 60 80 100 120 140 160 180 200
Time (s) Time (s)

Hinh 5.30 a, b. Dap tng mirc chét 16ng trong ca hai bdn
Hinh 5.31 a, b mo ta cac tin hiéu dién ap diéu khién & ngo ra. Ta nhan théy khi mirc chit long dat dugc gia tri mong mudn, cac tin
hiéu diéu khién thay doi rat it véi muc tiéu duy tri diém xac 14p cta hé. Cac tin hiéu diéu khién thuc nghiém cé sy dao dong vai tan
s6 thip do nhiéu cua tin hiéu do ciing nhu do su dao dong ctia mirc chit 16ng trong bon chira nhu da trinh bay trén.
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Hinh 5.31 a, b. Pién 4p diéu khién cua ca hai bdn
Chuong 6. KET LUAN
6.1 Cac két qua dat duge

Qua qué trinh thyc hién ludn 4n, tic gia tip trung nghién ciru dé giai quyét cac van dé da dit ra khi diéu khién qua trinh
da bién. Cac két qua nghién ciru dat dugc thong qua bo diéu khién PID bac phan sb ciing nhu phét trién cau tric bo didu
khién cho hé da bién. Cac két qua nghién ctru dugc tong két nhu sau:

Phdn tich wu diém ciia bdc phdn sé trong viéc mé td dic tinh déng hoc ciia mot sé phuong trinh ndi tiéng. Tur d6 1y
giai su can thiét cua tinh toan phan s trong linh vuc diéu khién. Nghién ciru dnh hwéng ciia dao ham va tich phdn bdc
phdn 6 1én tin hiéu diéu khién trong ciu tric b diéu khién hoi tiép. Cac két qua mo phong déu cho thdy bo diéu khién bac
phan s6 1am cho tin hiéu diéu khién it bi anh hudng boi nhidu va ciing lam cho toan bo hé thong diéu khién bén viing hon.

Pé xudt cdau tric diéu khién cho hé da bién két hop giita phdn ly don gian héa va bé dw bdo Smith da bién. Cac ham
truyén thanh phan ctia ma tran phan ly va ma tran hé thong sau khi phén ly thuong rat phirc tap dic biét khi bac cua hé da
bién ting cao. Trong nghién ctru nay, dé don gian hoa cac ham truyén trén nham dé dang hon trong thiét ké bo diéu khién,
tac gia dé xudt sir dung thudt todn t6i wu bay dan (PSO) dé xdp xi thanh ham truyén vé cic dang don gidn véi bdc nguyén
vd cd bdc phdn sé dat dwoc sw hidu qud va d¢ chinh xdc cao khi so sanh véi cac phuong phap xap xi, rat gon hién c6. Tuy
nhién, phuong phap dé xuét chi phil hop cho cac hé tuyén tinh véi dang ctia ham truyén gia dinh duogc biét trude, chua giai
quyét duoc bai toan téng quat ctia hé da bién bat ky. Bén canh do, b6 di bdo Smith da bién duoc két hop vdo cdu triic phén
ly don gian héa, viéc nay nham loai bo thanh phan khéu tré trong phwong trinh dic tinh ctia hé kin, din dén viéc phén tich
thiét ké s& thuén tién hon.

Dua trén cu trac dé xudt, tac gia ciing dd dé xudt cdc phwong phdp hiéu chinh bé diéu khién PI/PID bdc phdn sé cho
cac hé da bién khdc nhau. Cu thé nhu sau:

- Dé xuat quy ludt hiéu chinh théng sé cho bd diéu khién dé xut sir dung ciu triic mé hinh ndi ding cho hé da bién
béc thap (2x2). Cac thong sd ctia bd dicu khién tinh dugc thong qua tiéu chi thoi gian dap ing mong mudn. Tuy
nhién, phuong phap nay khong tong quét vi khong phai trudng hop nao ciing dua bo diéu khién IMC vé dang bo
diéu khién bac phén s6. Ddi voi hé da bién, phuong phap nay chi pht hop cho hé 2x2.

- Dbi vbi hé bac cao (3x3 va 4x4), tac gia dé xudt gidi thudt toi wu héa bay dan da muc tiéu (MOPSO) dé tim cdc
théng s6 ciia bé diéu khién. Him muc tiéu cta bai toan t6i vu 13 cuc tiéu hai chi s6 sai sé dap tng khi gia trj dat va
nhidu thay d6i. Nghiém kha di ciia bai toan tdi vu héa da muc tiéu s& hoi tu vé dudng Pareto, va tir d6 tiéu chi on
dinh bén viing theo chi sé ham do nhay cuc dai s& sir dung dé lya chon nghiém phu hop nhit tir dudng Pareto
nham dam bao tinh 6n dinh bén viing ciia hé thong thiét ké.

Su 6n dinh bén virng cho toan bo cAu tric diéu khién s& duoc danh gia lai stir dung cAu triic M-A va sai s6 nhan dau ra
(multiplicative output uncertainty). Thong thuong, cu trac ndy dugc st dung cho hé bic nguyén va trong luin an ndy, tac
gia mo rong sang hé c6 bo diéu khién bac phan sb. Két qua mo phong ching to su 6n dinh bén viing cua ciu tric dé xuat
va dong thoi ciing tot hon so véi cac phuong phap va cau tric didu khién khac.
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Mo hinh thuc nghiém hé bdn nuée lién két (quadrature tank, hé 2x2) duogc sir dung dé kiém ching phuong phap dé

xuit. Pau tién, phwong phdp nhdn dang cho hé da bién bang cdch sir dung ky thudt phdn ly ma trgn (MFD) dé chuyén d6i

hé MIMO thanh hé nhiéu ngd vao, mot ngd ra (MISO). Tir d6 ap dung phuong phap binh phuong t6i thiéu (least squares

method) ctia hé don bién dé nhan dang va mé hinh héa hé da bién. Sau d6, phuong phap d& xuit cho hé 2x2 dugc st dung

dé thiét ké bo diéu khién bac phan sé va kiém chimg két qua diéu khién trén mo hinh thyc nghiém. B6 diéu khién dugc
thiét ké trén Matlab va hoat dong t6t & ché d6 diéu khién thoi gian thuc (Real-Time Window Target).

6.2 Han ché va hwéng phat trién

Bén canh nhiing két qua dat dugc, hudng nghién ciru cua de tai cling con nhiéu van dé can khai thac:

Céc phuong phap dé xuat van chua téng quat dé giai quyét bai toan diéu khién cho hé da bién. Viéc thiét ké bo
diéu khién FOPID v&i day da quy luat hidu chinh cho ca 5 thong s van dang 1 van d& thach thirc cho cac nha
nghién ctru trong linh vuc nay. Hon nira, phuwong phap thiét ké tudng minh cho hé da bién béc cao thay vi sir dung
céc giai thuat tim kiém ciing 12 bai todn m¢ trong linh vuc nay.

Khi kiém chig trén mo hinh thuc nghiém, bo diéu khién thiét ké van chay trén Matlab sir dung ché do thoi gian
thuc. Viéc trién khai hoan toan bo diéu khién sb cua diéu khién bac phan s6 chua duge nghién ctru trong luan an.
Va déy ciing 14 hudng nghién ctru can duogc tap trung phat trién dé dwa didu khién bac phan sb vao tng dung.

Mo hinh thyc nghiém trong luan 4n chi kiém chimg dugc hé 2x2, cic hé bac cao hon nhu cic mé hinh thap chung
cat do han ché vé kinh phi va thiét bi nén chua duoc trién khai trong luan 4n. Pay ciing 13 hudng nghién ciru ing

dung quan trong dé dua céc 1y thuyét diéu khién vao tng dung thuc té dem lai loi ich kinh té to 16n.
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