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Tém tit

Hé théng tw dong diéu chinh dién dp (AVR) dong
vai tro sdng con trong viéc dam bdo sy on dinh va
chat lwong dién nang cua may phat dién, dac biét
la trong méi truong hoat dong khdic nghiét va tai
thay déi lién tuc trén tau thiy. Cdc bo diéu khién
PID truyén thong, mdc dic phé bién, thwong gdp
khé khan trong viéc dép g toi wu truede cac thay
doi tai dot ngot va khong thé xir Iy hiéu qud cdc
rang bugc vit Iy ciia hé thong. Bai bdo nay dé xudt
ving dung phirong phép Diéu khién Dy bdo M6 hinh
dé diéu khién toi wu hé thong AVR cho mdy phat
trén tau thity. Bang cdch sit dung mot mé hinh todn
hoc ciia hé thong dé dir bao hanh vi trong tiong lai
va gidi mét bai todn t6i wu héa & moéi buéde thoi
gian, bé diéu khién MPC cé kha néng cdi thién
ddang ké ddp g déng, giam thiéu d¢ qud diéu
chinh va thoi gian xdc ldp, dong thoi tudn thi cdc
gidi han van hanh ciia may phat. Két qua mé phong
cho thdy MPC vuot tréi hon hin so véi bé diéu
khién PID kinh dién vé moi mdt hiéu nang.

Tir khéa: AVR, bg diéu khién PID, diéu khién mo
hinh dw bao, Matalb/Simulink.

Abstract

The Automatic Voltage Regulator (AVR) system
plays a vital role in ensuring the stability and

power quality of generators, especially in harsh

operating  environments with  continuously
changing  loads on  ships.  Traditional
Proportional-Integral-Derivative (PID)

controllers, despite their popularity, often
struggle to provide an optimal response to sudden
load changes and cannot effectively handle the
physical constraints of the system. This paper

proposes the application of the Model Predictive

Control (MPC) method to optimally control the
AVR system for shipboard generators. By using a
mathematical model of the system to predict future
behavior and solving an optimization problem at
each time step, the MPC controller can
significantly improve the dynamic response,
minimize overshoot and settling time, while
simultaneously adhering to the operational limits
of the generator. Simulation results demonstrate
that MPC is significantly superior to the classic
PID controller in all performance aspects.

Keywords: AVR, PID controller,
Predictive control, Matlab/Simulink.

Model

1. Giéi thiéu

Hé thdng tu dong diéu chinh dién ap (AVR) déng
vai tro séng con trong viéc dam bao sy on dinh va chét
luong dién ning ciia may phat dién. Tam quan trong
nay cang dugc nhin manh trong méi trudng hoat dong
dac thu trén tau thuy, noi cac hé thong dién hoat dong
doc lap, thuong xuyén déi mat véi didu kién khéc
nghiét va su thay doi tai dot ngot, quy mé 16n [3]. Viéc
duy tri mot dién ap on dinh trong moi ché d6 van hanh
1a yéu cau bat budc dé dam bao an toan cho céc thiét
bi dién tr hang hai nhay cam va hoat dong chung cia
toan bd con tau.

Trong nhiéu thap ky, bd diéu khién PID da 1a lya
chon pho bién cho cac hé thong AVR nho sy don gidn
va d& trién khai. Tuy nhién, trong méi truong hang hai,
noi tai c6 thé thay ddi tir vai kilowatt dén hang trim
kilowatt chi trong vai gidy, b diéu khién PID truyén
théng thuong boc 10 nhiéu han ché. Cac nghién ctru da
tap trung vao viéc cai thién hiéu ning cta PID bang
cach sir dung céc thudt toan théng minh dé tdi uu héa
tham s, chang han nhu t6i wu hoa bay dan [1], Giai
thuét di truyén [2], hay cac thudt toan lai [3]. Mic du
cac phuong phap nay cai thi¢én dugc dap tng qua do,
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chung van mang ban chét 1a mét co ché didu khién phan
(g, tirc 1a chi hanh dong sau khi sai s6 da xay ra.

Dé khic phyc nhiing nhuoc diém nay, nhidu chién
luge diéu khién tién tién da dugc dé xuat. Cac bo dicu
khién théng minh nhu Logic mo [4, 5] va mang No-
ron nhén tao [6] dd dugc ap dung dé ting cuong kha
nang thich ung cua hé thdng. Cac phuong phép diéu
khién bén viing nhu diéu khién truot [7] ciing dugc
nghién ctru nho kha niang chéng lai nhidu va sy bat
dinh ctia mo hinh. Ngoai ra, cac bién thé tién tién hon
ctia PID nhu b diéu khién PID bac phan sé (FOPID)
[8] ciing cho thay nhiing két qua hira hen. Mic du vay,
cac phuong phap nay thuong gap kho khan trong viéce
xtr Iy mot cach tuong minh va cé hé théng cac rang
budc vat 1y cua h¢ théng, chéng han nhu gidi han dién
ap dau ra hay giéi han cta co cdu chap hanh.

Bai bao nay dé& xuat mot giai phap vuot troi hon
bang cach ing dung phwong phap Diéu khién Dy bao
Mo hinh dé diéu khién t6i wu hé thng AVR cho may
phat trén tau thuy. Mac du MPC da dugc nghién ctru
cho cac hé théng AVR trong ludi dién trén bo [9, 10],
viéc ap dung no6 cho mdi truong dac thu trén tau thiy
v6i cac rang budc khat khe van 1a mot hudéng di day
tiém nang. Khac biét co ban ciia MPC so v&i cac cong
trinh da néu [1-8] ndm & nguyén 1y hoat dong: nd sir
dung mot md hinh toan hoc dé du bao hanh vi cia hé
thong trong tuong lai va giai mot bai toan ti wu hoa
& mdi budc thoi gian dé tim ra chudi hanh dong didu
khién t6t nhat [11].

Chinh nho co ché du bao va tbi uu hoa nay, bo diéu
khién MPC dugc dé xuit c6 nhidu wu diém vuot troi
hon hin so v6i cac cong trinh trude day. Thir nhét, no
¢6 kha nang xr 1y cac rang budc vat 1y cua hé thong
mot cach truc tiép va co hé théng. Thtr hai, ban chét
"dy bao" cho phép nd hanh dong phu diu cac nhidu
loan thay vi chi phan tng mét cach bi dong. Thu ba,
viéc giai bai toan téi wu tai mdi thoi diém dam bao
rang tin higu diéu khién dua ra luon 14 t6i wu nhat cho
trang thai hién tai. Bai bao nay s& trinh bay chi tiét vé
qué trinh thiét ké, ching minh tinh 6n dinh va kiém
chimg hiéu ning ciia bo diéu khién MPC thong qua
cac kich ban mé phong thuc té, qua do chimg minh
tinh wu viét ca né so véi bo diéu khién PID kinh dién.

2. M6 hinh toan h¢ théng

Dé thuan tién cho viéc phan tich va thiét ké, hé
thong AVR phtic tap dugc tuyén tinh hoa va chia thanh
cac khéi chirc nang chinh. Cac khéi nay bao gdm bod
khuéch dai, bd kich tir, may phat. Bong hoc ctua mbi
thanh phan nay sau d6 dugc mo hinh héa bang mot
ham truyén bac nhét trong mién tan s Laplace dé biéu
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din mdi quan hé ddu vao-dau ra ctia n6. Phuong phap
nay cho phép két ndi cac ham truyén riéng 1¢ thanh
mot so d6 khéi tong thé, gitp don gian hoéa dang ké
viéc khao sat tinh 6n dinh va thiét ké bo didu khién
cho toan hé thong.

* Phwong trinh toan ciia by khuéch dai:

AVgp(s) K,

G,(s) =
A (9) AV,(s) 1+sT,

(1

Trong d6: AV, (s) 1a dién ap dau ra clia bo khuéch
dai; AV, (s)ladién ap sailéch; K, 1a hang s6 khuéch
dai; T, 1a hiang s6 thoi gian.

* Phwong trinh toan ciia mach kich tir:

AV, (s)_ Ke
AVi(s) 1+5sT;

Ge(s)= 2
Trong d6: AV, (s)la dién ap dau vao ciia mach
kich tir; AV, (s)la dién 4p dAu ra ctia mach kich tir;
K 1a hang sb khuéch dai; T, 1a hang s6 thoi gian.
* Phwong trinh toan ctia may phat:

Ke

Ce(®) =15t
G

3)

Véi: K, 1a ty 1¢ gitra sy thay doi cta dién 4p dau
ra va sy thay ddi cua dién ap kich tir (6 dau vao) khi
hé théng da dat dén trang thai on dinh; T, 1a hﬁng sb
thoi gian dai dién cho quén tinh dién tir cia cudn day
truong trong may phat.

Ham truyén vong hé cua toan b hé théng duoc
tinh bang cong thic (4).

K,.Ke Kg
(1+5sT,).(A+sT.).(A+5sTy)

Gplant (S) = (4)
Tién hanh x4y dung mo6 hinh cta hé théng véi may
phat dién c¢6 thong sé nhu Bang 1.
Bing 1. Théng sé ciia mdy phdt NISHISHIBA
Gia
tri

Cong suét tac dung dinh muc 610 kW

Tham sb Pon vi

Cong suét biéu kién dinh mic ~ 762.5 kVA
Dién ap dinh mirc 380 A\
Dong dién dinh murc 978 A
Tén sb dinh mitc 60 Hz
Heé sb cong suét (P.F.) 0.8

Tbe do dong co dinh muc 900 rpm

Str dung céc thong sb ciia may phat trong Béang 1
va cac thong so clia nha san xuat cung cép ap dung
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vao cong thirc (4) ta thu dwoc ham truyén lién tucc ctia
hé thdng nhu cong thice (5).

250
s +13.55* +37.55+ 25

Gplan[ (S) = )

Dé thuan tién cho viéc thiét ké bo diéu khién MPC
ta tién hanh chuyén d6i mé hinh cta ddi tugng tir dang
ham truyén sang mo hinh khong gian trang thai lién
tuc (phuong trinh (6) va sau d6 roi rac hoa véi thoi
gian 1dy mau 7,=0.05s.

{)’((t) = Ax(t) + B.u(t)

y(t) = C.x(t)+ Du(t) ©)

Trong d6: x(?) 1a vector cac bién trang thai (cac gia
tri dién 4p, dong dién bén trong hé thong); u(z) 1a tin
hiéu diéu khién dau vao (tir bo didu khién); y(2) 1a tin
hiéu dau ra (su thay ddi dién ap ctia may phat AV7); A,
B, C, D la cac ma tran dic trung cho h¢ théng.

Str dung cong cu tinh todn ctia Matlab ta tinh dugc
thong sb ciia cic ma tran dic trung:

0.4787 -1.3673 -0.8948
A=|0.0358 0.9619 -0.0251 ;
0.0010 0.0493 0.9996
0.0358
B =10.0010 ; C= [0 0 250] ; D= [0]
0.00001766

3. Thiét ké bd diéu khién MPC
3.1. Thiét ké bé diéu khién MPC

Phuong phap Diéu khién Dy bdo M6 hinh (MPC)
12 mot chién luoc didu khién tién tién dua trén viée su
dung mo6 hinh toan hoc ctia hé théng dé du doan hanh
vi trong tuong lai. Tai mdi thoi diém lay mau, bo diéu
khién MPC thyc hién giai mot bai toan t6i wu hoa
trong mot khoang thoi gian hitu han trong tuong lai
(goi 1a chan troi du bao) dé tim ra chudi tin hiéu diéu
khién ti wu. Sau do, chi co gia tri dau tién cua chudi
didu khién dwoc ap dung cho hé thdng, va toan bo qua
trinh dugc ldp lai & budc thoi gian tiép theo. Nguyén
ly nay, dugc goi la "nguyén ly chan troi truot", gitp
b diéu khién ¢ kha ning thich tmg va chong lai cac
nhiéu loan khong luong trudc.

Quié trinh thiét ké bd diéu khién MPC cho hé théng
AVR bao gom cac budc chinh sau:

* Mo hinh du bao

B diéu khién MPC sir dung md hinh khong gian
trang thai da dugc roi rac hoa & phan 2 (voi thoi gian

Coéng nghé s6, tw dong hoéa va trng dung hang hai

lay mau 7,=0.05s) dé du doan céc trang thai va ddu ra
ctia h¢ thong trong tuong lai. M6 hinh nay c¢6 dang
nhu phuong trinh (7).
{X(k +1) = A, x(k)+ B, .u(k)
y(k) = Cq-x(k)

* Ham muc tiéu

(M

Muc tiéu ctia bo diéu khién 1a dua dién ap dau ra
y(¢) cla may phat bam theo mot gia tri dat »() mot
cach nhanh chong va chinh xac, déng thoi han ché su
thay d6i dot ngdt cuia tin hiéu diéu khién u(z). Didu nay
dugc thé hién qua mot ham muc tiéu J, va bai toan tdi
wu s& tim cach tbi thiéu hoa ham nay.

Ham muyc ti€u dugc dinh nghia dudi dang téng
binh phuong co trong s6 ctia sai léch bam va sy thay
d6i cua tin hiéu diéu khién va c6 dang nhu phuong
trinh (8).

N
I=Y (Yk+i|K)=r(k+0))".Q(y(k +i|k)—r(k +i))
®)
+) Au(k+i[K) RAu(k +i k) +V, (x(k + N, 1K)
i=1

Trong d6: N,- Chan troi du béo, 1a s6 bude trong
teong lai ma bd diéu khién du doan dau ra cua hé
thng; N~ Chan troi diéu khién, 1 s6 budc ma chudi
tin hidu diéu khién t6i uu dugc tinh toan (N.<N,). Sau
Nc budc, tin hiéu diéu khién dugc gia dinh 13 khong
doi.

9(k +i k) ): Gia tri dau ra dy doan tai thoi diém
tuong lai k+i, dugc tinh toan ¢ thoi diém hién tai k.
r(k+i) : Gia tri dat mong mudn tai thoi diém
tuong lai k+i.

Au(k +i|K) : Su thay doi cia tin hiéu diéu khién
tai thoi diém twong lai k-+i.

Q, R: La c4c ma tran trong $6 duong, xac dinh tam
quan trong twong ddi giita viéc giam sai léch bam va
viéc han ché nang lugong diéu khién.

V, (x(k + N, | k))1a ham chi phi cudi, déng vai tro

sdng con trong viée dam bao tinh 6n dinh cua hé thong
kin. Ham nay dugc dinh nghia 1a mgt ham Lyapunov,

T
Vi (x) = x"Px , vOi ma trAn P 1a nghiém cta phuong

trinh Lyapunov roi rac.

* Cac rang budc

Gidi han bién do tin hiéu diéu khién (dién 4p cap
cho mach kich tr): u_; <u(k)<u_,.

Gidi han téc do thay ddi cua dién ap didu khién:
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Au;, <Au(k) <AU,, -

Gi6i han bién d¢ dién 4p dau ra: Yoin SYK)ISY -

* Bai toan toi wu

Tai mdi bude thoi gian k, bo diéu khién MPC giai
quyét bai toan t6i uu héa sau: Tim chudi diéu khién
t6i wu AU =[Au(k*k),..., Au(k + Nc-1*k)] dé t6i
thiéu héa ham muc tiéu J.

Sau khi tim dwgce chudi AU tdi wu, chi c6 thanh
phan dau tién 12 Au(k/k) dugc st dung dé tinh tin hiéu
diéu khién thuc t& ap dung cho hé thdng:
u(k)=u(k—1)+Au(kfk). Toan by qua trinh tinh toan s&
duoc lap lai & budce tiép theo k+17 véi thong tin trang
thai méi cua hé théng.

Dua trén cédc phan tich trén, cac tham sb cho bd
diéu khién MPC duoc lua chon va s& duoc sit dung
trong phan mo phong tiép theo.

3.2. Chirng minh tinh én dinh

Tinh 6n dinh trong MPC dam bao rang khi hé
thong duoc diéu khién, cic bién trang thai (nhu dién
ap, dong dién) s& hoi tu vé gia tri mong mudn ma
khong dao dong hodc phan ky. Viéc chimg minh didu
nay thudng phirc tap hon so vdi cac b diéu khién
tuyén tinh c¢6 dién. Cac phuong phap phd bién nhat
dya trén 1y thuyét 6n dinh Lyapunov.

* Piéu kién 6n dinh cho MPC

Pé dam bao tinh 6n dinh, bd diéu khién MPC cho
hé théng AVR dugc thiét ké voi cac didu kién sau:

- Tap rang budc cudi

x(k+Np)e X,

Trong d6 X/la tap cac trang thai cudi dugc thiét ké
sao cho: X 1a tap bat bién duong dudi tic dong cua
diéu khién u = Kx.

- Vai tro ctia ham chi phi cudi (Vf)

Nhu da dinh nghia trong phuong trinh (8), ham chi
phi cubi:

Vi (X(k+ N, [k))=x(k+N, | k)" Px(k + N, k)

+ V& ban chét, ham chi phi cudi chinh 1a mot ham
Lyapunov cho hé théng. Ma tran trong s P khong
duoc lya chon tuy ¥ ma dugce tim ra bé‘mg cach giai
phuong trinh Lyapunov rdi rac, gan lién véi viéc thiét
ké mot bo diéu khién hoi tiép trang thai 6n dinh cuc
bd u=K, (thuong 1a LQR).

+ Viéc t6i thiéu hoa ham muc tiéu J (c6 bao gom
ca thanh phan chi phi cubi) budc bo dicu khién phai
tim ra mot quy dao diéu khién sao cho trang thai &
cubi chan troi dy bao x(k+N,) co6 "ning lugng
Lyapunov" cang nho cang tét. Bang cach "trimg phat"
céc trang thai cudi c6 nang lugng Lyapunov 16n, ham
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chi phi cudi budc bd diéu khién phai c6 mot "tam nhin
xa", dam bao rang hé thong s€ luon di theo mot quy
dao hoi tu vé diém dat mong muon.

- Piéu kién ma tran trong so

Céc ma tran trong s6 Q, R, P dugc chon 1a nghiém
cua phuong trinh Lyapunov:

(A+BK)"P(A+BK)-P=-Q-K'RK
Chon ham Lyapunov:
V(x(K) = 3" (x(x)

* Chirng minh tinh xac dinh dwong

Do Q>0 va R >0 (xac dinh duong), nén:

J*(x(K)) = x(k)"Qx(k) >0 vé6i moi X(k) =0
thi AV(x(k)) < 0vaJ"(0) = 0

* Chimg minh AV (x(k)) < 0

Goi u" (k) 1a chudi diéu khién t5i wu tai thoi diém
k. Tai thoi diém k+1, xét chuoi dicu khién:
(k+1) = [u*(k+1), U*(k+2), ..., u*(k+Np-1), Kx(k+ Np)]

Do tinh chat cta tdp rang budc, chuoi dicu khién
nay kha thi. Khi do:

J(x(k+1), Gk +1)) = 3" (x(k)) ~[y(k) —r(k)I QLy(k) ~r (k)]

—Au(k)" RAU(K)]+ AJ

terminal

Trong d6: AJiermina duge dung dé do ludng su ting
hay giam ning lwong Lyapunov cta hé théng & budc
chuyén tiép cudi ciing trong chén trdi du béo. Va duoc
dinh nghia:

Aierminal =V (x(k + N pt 1)) -V(x(k+N p))

Véi mot b diéu khién MPC duoc thiét ké dé thoa
man dﬁy du cac diéu kién dam bao tinh én dinh theo
1y thuyét [11]. D& dam bao AJsermina <0, do d6:

3T (x(k+D) < I(x(k +1), G(k +1)

<37 (x09) [y ()~ r (1" QLy(k)~r (k)] - Au(k) " Rau(K)]

Suy ra:

* *

AV (x(k))=J (x(k+1)-J (x(k))

<{y() - (1" QLK) -r(k)]-Au(k) R<u(k)] <0

* Két luan: Theo 1y thuyét 6n dinh Lyapunov, hé
thong kin 6n dinh tai diém lam viéc
4. Két qua mé phéng
4.1. Thong sé mé phéng

Dé tién hanh mo phong va danh gia hidu ning, cac
tham s6 cua b diéu khién MPC cin duoc xac dinh
trudc nhu Bang 2.

V6i 2 tham s6: N, (Chan troi du bao) va N, (Chan
troi didu khién) 1a cac tham s6 cdt 161 quyét dinh hanh
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Bing 2. Cic tham sé ciia bg diéu khién MPC

Tham s Gia tri
Chan troi du bao (N,) 28 budce
Chan troi didu khién (N,) 3 budce
Ma trén trong s6 (Q) 85
Ma trén trong s6 (R) 0.15
Bién do diéu khién (u(k)) 0<u(k)<5 pu

Bién do dién 4p ddura (y(k))  0.94V<y(k)<1.06V

vi ctia bo diéu khién MPC. Nhom tac gia lwa chon:

N,=28 (Chan troi du bdo): Pay la khoang thoi gian
ma bo diéu khién "nhin vé phia trudc" dé du doan
hanh vi ctia hé théng. Viéc chon N,=28 (twong duong
1,4 gidy v6i T,=0,05s) cho phép bd didu khién c6 tAm
nhin du xa dé luong trude cac dap tng cua hé thong
va dua ra hanh dong tdi wu, tranh duge cac hanh vi
"thién can" c6 thé gay ra dao dong.

N,=3 (Chan troi diéu khién): Pay 1a sé budc diéu
khién trong twong lai ma b¢ diéu khién s& tinh toan
chi tiét. Viéc chon N.<N, 1a mot k§y thuat phd bién dé
giam dang ké khdi luong tinh toan. Thay vi phai tim
28 gia tri diéu khién, thuat toan chi can tim 3 gié tri,
sau d6 gia dinh tin hiéu diéu khién khong d6i. Diéu
nay gilp can bang gitra chat luong diéu khién va kha
nang dap Gng tinh toan trong thoi gian thyc.

Vi ma tran hoi tiép LQR (K):

K =[0.2773 0.4708 0.6319]
Ma tran:
55696 9.4956 12.9444
P=|9.4956 16.3816 23.3619

12.9444 23.3619 42.0505

Gia tri cia o =0,0034

4.2. Két qui mé phéng

bé kiém ching hi€u qua va tinh wu viét cia bd
diéu khién MPC di thiét ké, cic mé phong so sanh véi
bd didu khién PID kinh dién dwoc tién hanh trong ba
kich ban van hanh chinh: Khéng tai, khi co nhiéu tai
nho, va khi cé nhiu tai 16n. Cac két qua vé dap tng
dién 4p, sai s6 diéu khién, va hoat dong du bao cua
MPC dugc trinh bay va phan tich chi tiét qua cac hinh
v€ dudi day.

* Truwong hop khi khong tai

Hinh 1 cho thiy dap tng dién 4p cta hé thong khi
khong tai, noi ca hai b diéu khién déu dwa dién 4p bam
theo gia tri dat. Tuy nhién, bg diéu khién MPC (duong
mau xanh) thé hién chét lugng vuot trdi voi thoi gian
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xac 1ap nhanh (khoang 1,5 gidy) va gan nhu khong c6
qué diéu chinh. Nguoc lai, bo diéu khién PID (duong
mau do) gay ra mot do qua didu chinh dang ké va can
nhiéu thoi gian hon dé hoan toan on dinh.

Dign 4p Mdy phat khi khing tai

4005 N

w

5
2
=

Dign ap (V)

=
=

] 2 4 6 8 10
Thai gian (s)

Hinh 1. Dién ap ciia mady phat khi khong tdi

Hinh 2 cho thay b diéu khién MPC thé hién hiéu
ning vuot troi, nhanh chéng on dinh sai sb trong
khoang 1,3 gidy v6i qua diéu chinh khong déng ké chi
-8V. Nguoc lai, b diéu khién PID boc 16 sy kém 6n
dinh khi gay ra dao ddng manh véi qua didu chinh 1én
t61 -30V, dan dén thoi gian xéac 1ap kéo dai hon gap
d6i, vao khoang 2.8 gidy, qua d6 khang dinh MPC la
lua chon t6i wu hon han.

™ Sai I§ch dign Ap khi khéng tii
—— MPC
— PID
300 ——

200

Sai sb (V)

100

0 2 4 6 8 10
Thivi gian (s)

Hinh 2. Sai léch dién dp ciia mdy phdt khi khong tdi

Hinh 3 cho thdy tai /=2s khi hé théng da 6n dinh,
bo diéu khién MPC du béo réng dién ap sé tiép tuc
bam dung gia tri dat. Diéu nay ching to MPC xé4c dinh
khong can hanh dong diéu khién thém, khang dinh kha
nang duy tri 6n dinh mot cach thong minh va hiéu qua.

400 -

300 -

200 -

100

Din dp (V)

100

-200

-300

400
15

'I'hl:iz;.z?un (s)
Hinh 3. Gid tri dw bao ciia MPC cho dién ap ciia
mady phat khi khong tdi
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Hinh 4 cho thiy phan ting ciia hé thong trude mot
nhiéu loan tai nho tai thoi diém 7=2s. Tir hinh v& ta thiy
b6 diéu khién MPC di thé hién kha nang vuot trdi khi
phuc hoi dién ap chi trong 0,8 gidy. Nguoc lai, bd dicu
khién PID can gan 2 gidy d¢ 6n dinh va gay ra dao dong,
cho thiy hiéu qua xur 1y nhiéu kém hon rd rét.

Dién 4p ciia mAy phat khi tai nho

500 [« = =pign ap aat|
—MPC
—FID
400
z
= 300
k]
=
£
2 200
100
0 | |
0 2 4 6 8 10

Thii gian (s)

Hinh 4. Dién dap ciia mdy phat khi tii nho

Hinh 5 m6 ta sai 1éch dién 4p cia may phat khi tai
nho, tir hinh v& ta nhan thiy khi tai ciia may phat dwoc
dua vio tai 1=2s, ca hai by diéu khién déu c6 dinh sai
s6 ban dau la +40V. Tuy nhién, trong khi MPC khir
nhiéu mot cach muot ma, b diéu khién PID lai giyra
dao dong vé&i qua chinh 1a -15V, thé hién sy kém 6n
dinh va cham chap hon.

Sai 1¢ch di¢n ap Khi tdi nhé

400

Sai s6 MPC
——Sai s6 PID
300 -
< 200
S
£
& 100
ol
-100 | | | |
0 2 4 6 8 10

Thei gian (s)

Hinh 5. Sai léch dién ap ciia may phat khi tdi nho

Ngay khi phat hién nhiéu loan (tai nho dugc dua
vao) tai £=2s, Hinh 6 cho thay bo diéu khién MPC da
lap tire du bao mot quy dao phuc hdi dién ap tdi wu
(dudng mau xanh). Ké hoach chu dong nay chinh 1a
minh ching cho tinh "du béo" cua bo didu khién, cho
phép né xir Iy nhiéu mot cach thong minh va hiéu qua
vuot troi.

Trong kich ban thir nghiém khic nghiét nhit voi
nhiéu loan tai 16n tai 7=2s nhu Hinh 7, bd diéu khién
PID d3 thé hién sy yéu kém rd rét khi dé x4y ra mot
dot sut ap nghiém trong xuéng téi 150V. Nguoc lai,
b diéu khién MPC di chimg to kha nang xtr Iy vuot
troi khi duy tri dién 4p gan nhu khong d6i va én dinh
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hé théng mdt cach nhanh choéng, khéng dinh tinh vu
viét va manh mg¢ trong diéu kién van hanh kho khan.

K& hoach Phuc hdi Di¢n ap ciia MPC
T T T

Di¢n ap (V)

Lich sir dap img

—e— Dy bio cia MPC

- - -Gia trj djt

- - - Thai diém hién tai (t=2.0s)

L5 2 25 3 35
Thoi gian (s)

Hinh 6. Gid tri dw bdo ciia MPC cho dién dp ciia

mdy phat khi tdi nho

Pién 4p cua may phat khi tai lém

400 PN
~ 300
s
=
-
£.200
- - -Dign ap dit
100 —MPC
—PID
0
0 2 4 6 8 10

Thai gian (s)
Hinh 7. Dién dp cvia mdy phadt khi tdi lon

Biéu db sai 16ch dién 4p tai Hinh 8 cho thiy rd sy mét
on dinh ctia bo didu khién PID khi d6i mat voi tai 16m,
v6i dinh sai s§ vot 1én t6i +230V tai thoi diém =2s.
Trong cung diéu kién khic nghiét do, bo didu khién MPC
gin nhur triét tiéu hoan toan sai s, khang dinh kha ning
duy tri 6n dinh va do tin ciy vuot trdi hon hin.

Sai 1¢ch dign dip khi tii 161
100 ai 1¢ch dign sip khi tii lon

—MPC
PID

300

200

Sai sb (V)

100

-100
0

Thdoi gian (s)
Hinh 8. Sai léch dién dap ciia may phdt khi tdi lon

Hinh 9 thé hién ké hoach xir 1y khung hoang ciia
MPC tai thoi diém #=2s; n6 du béo trude mot dot sut
ap sau la khong thé tranh khoi va ngay lap tirc tinh
toan mot quy dao phuc hdi tdi wu (dudng mau xanh).
Ké hoach chu dong nay cho phép MPC kiém soat
dugc qua trinh syt ap va phuc hdi mot cach hiéu qua,
trai ngugc hoan toan véi sy sup d6 gan nhu khong
kiém soat ctia bo diéu khién PID trong cung diéu kién.
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Gid tri d bio cia MPC cho dign sp ciia miy phat khi ti lin
. .

Dign ip (V)

25 3 35
Thei gian (s)

Hinh 9. Gia tri dw bao ciia MPC cho dién ap ciia
madv phat khi tdi lon

4.3. So sanh hiéu nang dinh lwong

Dé danh gia hiéu ning cta hai bo diéu khién mot
cach khach quan va dinh Iuong, cac chi s6 sai s6 dugc
str dung, bao gom Sai s6 tuyét ddi trung binh (MAE).
MAE tinh toén trung binh ciia cac sai léch tuyét ddi
gitta gia tri dat va gia tri thyc té, cho tha?iy mirc d0 sai
1éch trung binh trong toan b qua trinh moé phong. Hinh
10 thé hién biéu dd so sanh chi s6 sai sb tuyét d6i cua
dién ap may phat véi cac truong hop mo phong.

So sanh chi s6 Sai sé Tuyét ddi Trung binh (MAE)

. MPC
25 - (EEErip

16.1232

Gia trj MAE (V)

Khi khéng tii Khi tii nho Khi tai lém
Hinh 10. Biéu do so sanh chi so sai so tuyét doi ciia

di¢n dap mdy phdt voi cdc truong hop mé phong

Biéu d6 Hinh 10 trinh bay so sanh dinh luong chi
s sai 86 tuyét dbi trung binh (MAE) giira hai bo diéu
khién MPC va PID qua ba kich ban tai khac nhau. RS
rang trong moi truong hop, tir khong tai (14,40 so véi
15,71), tai nho (15,27 so v6i 16,12), dén tai 16n (21,34
so véi 23,20), gia tri MAE cua b diéu khién MPC
1uén thap hon dang ké so v&i PID. Diéu nay chimg to
b diéu khién MPC duy tri dugc sai s6 trung binh thap
hon, gitp hé théng bam theo gié tri ddt mot cach chinh
xac va 6n dinh hon. Két qua nay khing dinh manh mé
su vuot troi ciia phuong phap MPC vé ca do chinh xac
1an kha ning thich tmg véi sy thay doi cia tai so voi
b¢ diéu khién PID kinh dién.
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5. Két luan

Bai bao nay di trinh bay chi tiét viéc thiét ké,
chtng minh tinh 6n dinh va kiém chimg hiéu ning cua
bo diéu khién Dy bao M6 hinh (MPC) cho hé thong
tu dong diéu chinh dién ap (AVR) trén may phat tau
thiy. Dua trén mo hinh khong gian trang thai cua hé
thong, bo diéu khién MPC da duogc xay dung véi kha
ning dy bao hanh vi tuong lai va tdi uu héa tin higu
diéu khién tai mdi budc thoi gian, dong thoi xir 1y hiéu
qué cac rang budc vat 1y ctia hé thong.

Két qua md phong so sanh giita bo diéu khién
MPC va bo diéu khién PID kinh dién trong ba kich
ban van hanh - khong tai, tai nho va tai 16n - da cho
tha?iy su vuot trdi toan dién cia phuong phap MPC.
Trong moi truong hop, MPC khong chi cho dép tng
nhanh hon véi thoi gian xac 1ap ngan va do qua diéu
chinh gan nhu bang khéng, ma con thé hién kha ning
khtr nhiu wu viét, dic biét 1a trong truong hop co
nhiéu loan tai 1én. Phan tich dinh lugng thong qua chi
s6 Sai s6 Tuyét ddi Trung binh (MAE) ciing khing
dinh rang MPC duy tri dugc sai s thap hon mot cach
nhat quan, chimg to d6 chinh xac va kha nang thich
ung cao hon.

Vi nhitng vu diém da duogc chtiing minh, bd diéu
khién MPC 1a mot giai phap day htra hen, c6 kha
ning thay thé hiéu qua cac bo diéu khién truyén
théng, gop phan nang cao dang ké do tin cay, on dinh
va chét luong dién ning cho cac hé théng may phat
trén tau thuy.

TAI LIEU THAM KHAO
[1] Z. L. Gaing (2004), 4 particle swarm optimization

approach for optimum design of PID controller in
AVR system, 1EEE Transactions on Energy
Conversion, Vol.19, No.2, pp.384-391.

[2] A. M. Abdelkhalek, M. A. Attia, A. Mohamed, and
N. Badra (2022), Optimize AVR
performance by using enhanced genetic algorithm,
in Proc. 23rd Int. Middle East Power Syst. Conf.
(MEPCON), pp.122-127.

[3] S. G. Jayasinghe, L. Meegahapola, N. Fernando,
Z. Jin, and J. M. Guerrero (2017), Review of Ship
Microgrids:

system

System  Architectures,  Storage

Technologies and Power Quality Aspects,

Inventions, Vol.2, No.1, p. 4.

[4] T. Gupta and D. K. Sambariya (2017), Optimal
design of fuzzy logic controller for automatic
voltage regulator, in Proc. Int. Conf. Inf. Commun.
Instrum. Control (ICICIC), pp.1-6.

SO 85 (01-2026)

169



Coéng nghé s6, tw dong héa va rng dung hang hai

[5] M. Micev, M. Calasan, and D. Oliva (2020),
Fractional Order PID Controller Design for an
AVR System Using Chaotic Yellow Saddle
Goatfish Algorithm, Mathematics, Vol.8, No.7, p.
1182.

[6] A. K. Bhullar, R. Kaur, and S. Sondhi (2022),
Modified neural network algorithm based robust
design of AVR system using the Kharitonov
theorem, International Journal of Intelligent
Systems, Vol.37, No.2, pp.1339-1370.

[7] M. Furat and G. G. Cicii (2022), Design,
Implementation, and Optimization of Sliding
Mode Controller for Automatic Voltage Regulator
System, IEEE Access, Vol.10, pp.55650-55674.

[8] X. Li, Y. Wang, N. Li, M. Han, Y. Tang, and F. Liu
(2017), Optimal fractional order PID controller
design for automatic voltage regulator system
based on reference model using particle swarm
optimization, International Journal of Machine
Learning and Cybernetics, Vol.8, No.5, pp.1595-
1605.

TAPCHi  ISSN: 1859-316X, e-ISSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI
LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[9] M. Elsisi, M.-Q. Tran, H. M. Hasanien, R. A.

Turky, F. Albalawi, and S. S. M. Ghoneim (2021),
Robust Model Predictive Control Paradigm for
Automatic Voltage Regulators against Uncertainty
Based on Optimization Algorithms, Mathematics,
Vol.9, No.22, p. 2885.

[10] J. Hu, Y. Shan, J. M. Guerrero, A. loinovici, K.

W. Chan, and J. Rodriguez (2021), Model
predictive control of microgrids—An overview,
Renewable and Sustainable Energy Reviews,
Vol.136, p. 110422.

[11] J. B. Rawlings, D. Q. Mayne, and M. M. Diehl

(2017), Model Predictive Control: Theory,
Computation, and Design, 2nd ed. Madison, WI:
Nob Hill Publishing.

Ngay nhan bai: 30/09/2025
Ngay nhan ban stra lan 1:  10/10/2025
Ngay nhan ban sira 1an 2:  17/11/2025
Ngay duyét dang: 05/01/2026

170

SO 85 (01-2026)




