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Tém tit

Bo diéu chinh dién ap tw dong (AVR) giit vai tro
rdt quan trong trong viéc duy tri dién dp on dinh
cho mdy phat dién dong bé trén tau bién, nham
cung cdp nang heong dién tin cdy cho hé thong
dién tau. Céc bo diéu khién cho AVR truyén thong,
chang han nhie b diéu khién PID, thuwong gdp khé
khan trong viéc duy tri hiéu sudt toi wu khi diéu
kién tdi thay déi va c6 nhiéu loan. Bai bao dé xudt
mét phwong phdp ning cao chat lwong diéu khién
AVR bdng cdch iing dung mang no ron nhén tao
(ANN) nham cdi thién dap vmg dong, tang do bén
vitng va kha nang thich nghi trong moi truong
hang hai.

Mang no ron nhan tao duwoc hudn luyén bdng dir
liéu mé phong tir bg diéu khién PID truyén thong,
gitip mé hinh héa quan hé giita sai sé dién dp va
tin hiéu diéu khién. Sau dé, mang ANN duoc tich
hop vao mé hinh MATLAB/Simulink dé danh gia
hiéu sudt, chat heong diéu khién. Két qua so sanh
v6i b AVR truyén thong cho thdy phwong phdp
diéu khién bang ANN giiip giam dang ké do sai
léch dién ap, cai thién dap ung quad do va nang
cao do on dinh cua hé théng.

Tir khéa: Bo t dong diéu chinh dién dp, Mang
no ron nhan tao, May phat dién tau bién, PID.
Abstract

Automatic Voltage Regulator (AVR) play a crucial
role in maintaining stable voltage output in
marine synchronous generators, ensuring reliable
electrical power supply for shipboard electrical
systems. Traditional AVR controllers, such as
Proportional-Integral-Derivative controllers,
often struggle to maintain optimal performance
under varying load conditions and disturbances.

This paper presents an enhanced AVR control

strategy utilizing Artificial Neural Networks
(ANNs) to improve dynamic response, robustness,
and adaptability in maritime environments.

The proposed ANN-based AVR is trained using
simulation data from a conventional PID
controller, capturing the relationship between
voltage error and control actions. The trained
ANN is then integrated into a MATLAB/Simulink
model to evaluate its performance and control
quality. Comparative analysis with conventional
AVR controllers demonstrates that the ANN-based
approach significantly reduces voltage deviations,
enhances transient response, and improves
overall system stability.

Keywords:  Automatic  Voltage  Regulator,
Artificial Neural Network, marine synchronous
generators, Proportional - Integral - Derivative
(PID) controller.

1. Gi6i thiéu

Trén tau bién, nguén dién nang chinh duoc tao ra
boi may phat dién dong bd xoay chiéu ba pha, truyén
dong bang dong co Diesel phu, Diesel chinh hodc
Turbin. Cac phu tai dién déu dugc thiét ké dé 1am viéc
véi dién ap dinh mirc cho trudc, chi khi cong tac trong
dai dién ap cho phép, thi hé¢ thong, thiét bi s& hoat
dong on dinh, tin cay va co tudi tho cao. Do vay, dé
duy tri 6n dinh dién 4p cung cp cho cac phu tai dién,
thi may phat dién dong bo xoay chiéu ba pha phai
dugc trang bi hé thdng 6n dinh dién 4p tu dong cho
may phat dién tau bién [1, 5, 6].

Phu tai trong qua trinh hoat dong thay ddi theo ché
dd cong tac ciia tau mot cach ngdu nhién. Do d6 sé&
lam thay ddi dién ap ciia may phat dién tau bién, vi
vay, can phai ty dong diéu chinh duy tri dién ap cung
cép trong dai cho phép. Tuy nhién, bd tw dong diéu
chinh dién 4p cho may phat dién tau bién téng hop
theo phwong phap truyén théng s& chi lam viéc trong
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pham vi thay d6i hep, va s& khong lam viéc tt néu dai
thay d6i rong. Do do, viéc xdy dung bo diéu khién cho
hé théng diéu chinh dién ap trén co s6 timg dung mang
no ron nhan tao nhim néng cao chat lugng diéu chinh
dién 4p cho may phat dién tau bién mang tinh khoa
hoc va thue tién.

Bai bao dé cap dén viéc thiét ké bo tu dong didu
chinh dién ap trén co s¢ ing dung mang no ron nhan
tao cho may phat dién tau bién. Két qua nghién ctru
dugc trinh bay trong cac phan sau.

2. M6 hinh ciia hé thong diéu chinh dién ap,
kich tir may phat dién tau bién

Hé thdng diéu chinh dién ap, kich tir ciia may phat
dién tau bién bao gdm bd khuéch dai, kich tir, may
phat dién, bo do va bién ddi dién ap dwoc trinh bay
nhu Hinh 1 [3, 4, 6].

Uq . .
£ May phat
Khueeh i e g dien —>
dai -
UG h
Do va
< Bb [«
Dién ap

Hinh 1. So dé khéi nguyén Iy ciia hé théng diéu
chinh dién ap

M6 hinh b¢ khuéch dai

Ham truyén cua bd khuéch dai dugc mo hinh hoa
bang hing sb thoi gian va hé s6 khuéch dai duoc dua
ra nhu sau [3, 4, 6]:

G, (s)=—Ra_ M
1+7,s

Trong d0, 7, va K, 1a hing s6 thoi gian va hé sb
khuéch dai cua bo khuéch dai.

M6 hinh bo kich ti

Ham truyén ctia b kich tir mo hinh hoa bang hang
s0 thoi gian va hé so khuéch dai dugc dua ra nhu sau
[3,4,6]:

K. ©)
I+,

G(s)=

Trong do, 7. va K, 13 hing sb thoi gian va hé sb
khuéch dai ctia bo kich tir.
Mo hinh may phat dién

Ham truyén cia may phat dién dugc mé hinh héa
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bang hang sb thoi gian va hé s6 khuéch dai duoc dua
rabéi[3, 4, 6]:

G, ()= 2 3)
l+7,s
Trong do, 7, va K, 1a hing s6 thoi gian va hé sb
khuéch dai ctia may phat dién va tai phu thudc vao nhau.
MG hinh bé do va bién doi dién dp
Ham truyén ciia b do va bién ddi dién ap duoc
md hinh hoa bang hang sb thoi gian va hé s6 khuéch
dai duogc dua ra boi [3, 4, 6]:

G (s) =R @)
I+zs
Trong d6, 7, va K, 1a hing s6 thoi gian va hé sb
khuéch dai cua cam bién.
M®6 hinh bé diéu khién PID
Ham truyén cua bo diéu khién PID nhu sau:
Gop () =K, + LI K,s (%)
A
Trong d6, Kp, K;va Kp la cac hé ) ty 1¢, tich phan,
vi phan.

Mo hinh hé thong tu dong diéu chinh dién 4p may
phat dién tau bién duoc thé hién trong Hinh 2.

KD KT MP
Ur
Ua AU K, K, Ke .
I+75 P s 7.5 o
UG -
DBD
K, P
- I+z.5 h

Hinh 2. M6 hinh ham truyén ciia hé théng

diéu chinh tw djng dién dp mdy phdt dién tau bién

KD KT MP
K K, K R
ltrs I+TL,S_>I+T£-“ =

I+7.s

Hinh 3. Mé hinh ham truyén ciia h¢ théng diéu
chinh tw dpng dién dp mdy phat dién tau bién véi bj
diéu khién
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3. Thiét ké bd diéu chinh dién ap tw dong ing
dung mang no ron

Mang no ron truyén thing 1a mét loai mang no ron
nhan tao, trong d6 thong tin chi truyén theo mot hudng,
tir 16p vao qua 16p an dén 16p ra, ma khong c6 vong
13p hodc két ndi nguoc [2].

Céu triic cia mang no ron truyén thiang mot 16p 4n
gém mét 16p dau vao, mot 16p 4n va mot 16p déu ra,
dugc mo ta nhu Hinh 4.

ty

ty

tm

Input Hidden

Output
Hinh 4. Ciu triic mang no ron truyén thing
mét l6p dn

Gia thiét c6 N mau dir liéu, mdi mau l1a cap (xi, i),
trong d6: Véc to xi=/xi1,Xi2, +Xin] ER, 14 dit liéu dau
vao. Véc to t;=[xi1,x;2, -+ Xim] ERn 12 dit liéu dAu ra.

Céu trac mang no ron mot 16p an s& bao gdom 16p
vao, 16p an, 16p ra. Ma trdn trong s6 lién két 16p vao
va  1op 4n la Wov=[wiws, - wy],  trong
d6 wi=[wi,wiz, --»winJ7. Ham kich hoat cho 16p 4n
13 g(x). Vector ngudng b=/b,,bs, --,bx] dé cong thém
cho mdi nat an. Ma tran trong s6 lién két 16p an voi
16p ra 14 f=[p1.pB2, - pn], VOi Bi=[Bir.Bi2. -+~ Bim]". Céc

quan h¢ trén duoc thé hién nhu sau:
N N
> Ba(x)= B wx, +b)=0,,j=1...N (©
i=1 i=1

Véctoo;la két qua dau ra cua mang no ron. Muyc
tiéu 1a tim duoc bo trong sb W, b va f8 sao cho tHi thiéu
hoa giita d4u ra ciia mé hinh o; va dau ra thuyc té 7, tic
1a su sai khac tién t6i khong:

i]loj ~1,]=0 @)

Mang no ron truyén thang mot 16p an dugc thiét
ké didu khién cho bo tw dong diéu chinh dién 4p may
phat dién bao gdm 16p vao, 16p 4n, 16p ra c6 ham
chuyén dbi 1a 'logsig','tansig','purelin'. Luat hoc 14 lan
truyén ngugc. Dit liéu luyén mang la loai mang, dugc
lay tir qua trinh md phong hé thong diéu chinh dién ap
ty dong véi bo didu khién PID. Xay dung chuong

trinh trén m.file dé thiét Iap ciu hinh mang no ron ba
l6p va luyén mang véi tép dir li¢u da thu thap & trén,
v6i du vao 1a sai 1éch dién ap va dau ra 1a dién ap
diéu khién dwa dén bo khuéch dai. Qua trinh luyén
mang dugc thé hién nhu Hinh 5.

Abgot it by,

Trameng Levenberg-Marquarat
Peformance Mean Squared Error
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Hinh 5. Luyén mang no ron vdi ludt hoc
lan truyén ngwoc

, Best Training Performance is 0.00095627 at epoch 10000
w

— Tra
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Hinh 6. Sai léch binh phuong trung binh

Gradwet = 0 00011824, ot spoch 10000

M= 001, at epoch 10000

gm’
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Hinh 7. Gid tri gradient va sé lan 16i
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[l Newral Network Training Regression (plotregression), Epoch 1 0

Training: R=0.99914
7 C  Data s {
Fit
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Hinh 8. Sai léch dau ra, muc tiéu véi ludt hoc

lan truyén ngwoc

e —

x1

y1

Custom Neural Network

O0—f—— 0

Input  Process Input 1 Layer 1 {1}
Layer 2 82}

o{1} Layer3

{2} Process Output 1 Output

Delays 1 LW(2,1)

{2}

Hinh 9. Mang no ron véi luit hoc lan truyén ngwgc
dugc tao ra

4. M6 phéng hé thong va két qua

Céc tham s6 cta hé thdng dé mo phong nhu sau:
Hé s6 khuéch dai, K,=10, hing s6 thoi gian khuéch
dai, 7,=0,05; hé s6 khuéch dai cua bo kich tir, K.=1,
hang s thoi gian ciia b kich tir, 7,=0,4; hé s6 khuéch
dai ciia may phat, K,=1, hang s thoi gian ciia may
phét dién, 7,=0,5; Hé s6 khuéch dai ctia bd do va bién
d6i dién ap, K,=1, hang sb thoi gian cua bd do va bién

130

L-JOURNAL OF MARINE SCEENCE AND TECHNOLOGY-

dbi dién ap, 7,=0,01 [3, 4].

Dé tién hanh nghién ciru, ta xay dung hé thong trén
phan mém Matlab/Simulink v&i ba hé théng gdm hé
thong may phat dién tau bién véi bo ty dong didu
chinh dién ap khong c6 bo diéu khién PID, hé thong
maéy phat dién tau bién c6 bo tw dong diéu chinh dién
ap v6i bo dicu khién PID va hé théng may phat dién
tau bién co bo diéu chinh dién 4p ty dong véi bo didu
khién no ron.

4.1. Mé phéng hé thong khi khéng va c6 bé diéu
khién PID

Heé thong khi khong c¢6 bd diéu khién PID, nhu thé
hién trong Hinh 10.

10 1 1
0.1s5+1 0.45+1 s+1
KD KT

WP Dien sp

Step

ss
1 -
0.085s+1 |

Hinh 10. H¢ thong diéu chinh dign dp khi khong cé
b diéu khién PID

N
——

s
[ 1]
L

V

Hinh 11. Dic tinh dién dp dau ra ciia mdy phdt dién
khi khéng c6 bg diéu khién

To Worspace3

S ES

0.4
KD1 KT WP Dien ap

PID Controllert
sst
1
0.08s+1

Hinh 12. Mé hinh h¢ théng véi bg diéu khién PID

-

02|

Hinh 13. Dic tinh dién dp déu ra ciia mdy phdt dién

Dién 4p dau ra cia may phat dién dao dong 16,
thoi gian qua d dai va sai 1éch tinh 16n.
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Thiét ké b diéu khién PID cho hé thong didu
chinh dién 4p may phat dién tau bién theo phwong
phép thuc nghiém Ziegler Nichols, ta c6 Kp=0,85,
Kp=0,25, K;=0,28 thu duwgc duong dac tinh nhu
Hinh 13.

Dién 4p diu ra ciia may phat dién c6 do qua didu
chinh 27%, thoi gian qua d¢ 6s va sai 1éch tinh nho.
4.2. Hé thong tw dong diéu chinh dién dp mdy
phat dién tau bién sir dung by diéu khién no ron

Hé thong ty dong diéu chinh dién 4p may phat dién
tau bién sir dung bo didu khién no ron, nhu thé hién
trong Hinh 14.

Hinh 14. M6 hinh hé théng véi bg diéu khién PID va

bg dieu khién no ron

Hinh 15. Pic tinh di¢n dp déu ra ciia mdy phdt dién
khi c6 bp diéu khién PID va b diéu khién no ron

1- C6 bé diéu khién PID

Tir két qua trén ta thay, hé thdng didu chinh tu
dong dién ap may phat dién tau bién sir dung bo diéu
khién no ron, dién 4p may phat dién khong c6 qua diéu
chinh, s6 1in dao dong bé, thoi gian qua d6 ngén, do
sai 1éch tinh nho. H¢ thong lam viéc 6n dinh va bén
ving.

5. Két luin

Heé thong diéu chinh tu dong dién ap may phat dién
tau bién st dung bo diéu khién mang no ron mot 16p
an, voi luat hoe lan truyén ngugc mang lai hiéu suét,
chét lugng vugt trdi so vai b diéu khién PID truyén
théng. B6 diéu khién mang no ron mot 16p an, voi luat

hoc lan truyén ngugc ¢ kha nang thich nghi tét khi
¢6 sy thay dbi tai trong pham vi rong, giup duy tri dién
ap ciia may phat dién on dinh, bén viing trong cac diéu
kién van hanh khac nhau.

Tuy nhién, hé théng diéu chinh tu dong dién ap
may phat dién tau bién st dung b diéu khién mang
no ron, ciing yéu cau qua trinh huin luyén ban dau ton
thoi gian, tai nguyén tinh toan va doi hoi kinh nghiém
dé lya chon céu tric mang no ron phit hop. Vi viy,
huéng nghién ciru tiép theo co thé 1a két hop mang no
ron, véi cac chién luge diéu khién thich nghi, diéu
khién mo hodc hoc tang cuong, hoc truc tuyén, dé
nang cao kha ning xir Iy cac didu kién phi tuyén va
khong xac dinh cua hé thdng.
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