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Tém tit

Viéc diéu khién huedng tau thity mét cach chinh xdc
va on dinh la yéu té quan trong dam bdo an toan
hang hdi va hiéu qud vdn hanh. B diéu khién PID
da dwoc img dung réng rdi trong hé thong ldi tw
dong cua tau thuy, tuy nhién, viéc tinh chinh cdc
tham s6 cia bo diéu khién PID (Proportional-
Integral Derivative) dé dat dwoc hiéu sudt 16i uu
trong diéu kién lam viéc phirc tap va thay déi lién
tuc la mot thach thire 6n. Bé khdc phuc nhitng
han ché trén, bai bdo dé xudt sir dung thudt todan
di truyén GA (Genetic algorithm) dé t6i wu héa
cdc tham sé cia bé diéu khién PID, tao thanh b
diéu khién GA-PID nham muc tiéu cdi thién chat
lieong bé diéu khién. Qua dé, nghién cieu nay déng
g6p vao viéc ndng cao hiéu sudt va do tin cdy ciia
hé thong ldi tw dong tau thiiy.

Twr khéa: Mo hii?h MMG, MATLAB & Simulink
thuqt giai di truyén, PID, Ziegler-Nichols.
Abstract

Accurate and stable ship heading control is
crucial for ensuring maritime safety and
operational efficiency. PID controllers have been
widely used in ship autopilot systems, however,
fine-tuning the PID controller parameters to
achieve optimal performance in complex and
constantly changing operating conditions is a
major challenge. To overcome the above
limitations, this paper proposes the use of a
Genetic Algorithm (GA) to optimize the
parameters of the PID controller, forming a GA-
PID controller to improve the quality of the
controller. Thereby, this study contributes to
improving the performance and reliability of the
ship's autopilot system.

Keywords: MMG, MATLAB & Simulink, Genetic
algorithms, PID,Ziegler-Nichols.

1. Mé dau

Trong linh vuc hang hai, viéc diéu khién tau thay
di chuyén chinh x4c va 6n dinh trén quy dao mong
mudn 12 mot van dé quan trong va day thach thirc. Dic
biét, trong diu kién méi trudng bién phirc tap véi su
tac dong cua song, gio, dong chay, viéc duy tri quy
dao on dinh cho tau thiy cang trd nén khé khan hon.
Do d6, viéc nghién ciru va phat trién cac hé thong diéu
khién tu dong hi€u qua cho tau thuy luén 1a mot chu
dé thu hit sy quan tAm cua cac nha khoa hoc va k¥ su
hang hai [1, 2, 3, 4].

B6 diéu khién PID la mot trong nhitng bd diéu
khién phé bién nhét dugc img dung trong diéu khién
tu dong tau thuy. Vi cau triic don gian va hidu qua bd
diéu khién PID da dugc ching minh 12 mot giai phap
hiéu qua cho bai toan 6n dinh quy dao tau thuy. Tuy
nhién, hiéu qua diéu khién ctia bo diéu khién PID phu
thudc rat 16n vao viéc lua chon cac tham sb K, Kiva
K. Viéc xac dinh cac tham sd nay thuong dua trén
kinh nghiém ctia nguoi van hanh hodc cac phuong
phap thuc nghiém, diéu nay co thé dan dén két qua
khong t6i wu, tham chi gdy mat 6n dinh cho hé théng.

Dé khic phuc han ché trén, nhiéu phwong phap
t6i wu hoa da duoc nghién ciru va ung dung trong
viéc tinh chinh tham s cho bo diéu khién PID. Trong
s6 @0, thuat giai di truyén GA [1, 5] ndi 1én nhu mot
phuong phap tiém ning véi kha nang tim kiém giai
phép t6i uwu trong khong gian tham sb rong 16n va
phuec tap.

Bai bao nghién ctru sir dung thuét giai di truyén dé
t6i uu hoa cac tham so ciia by diéu khién PID xung
quanh gia (K,, K; K,) tim dugc bang phwong phap
Ziegler-Nichols. Diéu d6 c6 nghia 1a thuat giai GA s&
dugc ap dung dé hiéu chinh gia trj ctia bo diéu khién
PID nhim dép tng dugc myc tiéu 1a ning cao chét
lwong didu khién. Muc tiéu nay duoc cu thé hoa bing
ham tich phan cuda sai l&ch tuyét dbi IAE (Integral of
Absolute Error).

Bai bao duoc t& chtc thanh cac phén chinh sau:
Phan 1: Mé déu gi6i thidu vé van dé nghién ciu, tinh
céip thiét, muc tiéu, pham vi va bd cuc cua bai bao;
Phan 2: Trinh bay m6 hinh toan hoc ctia hé thong diéu
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khién quy dao tau thity; Phan 3: D& xuat giai thuat di
truyén dé tdi wu tham s6 PID; Phan 4: Két qua mo
phong va danh gi4; Phan 5: Két luan ciia nghién ciru.
2. M6 hinh héa h¢ théng diéu khién quy dao
tau thuy

2.1. Céu triic diéu khién

Hinh 1 mé ta ciu trac cua hé thong diéu khién quy
dao tau thuy. Trong do: y«(?) la hudng dat; y(r) la
hudng thyc té clia tau; e(?) = yy(1)-y(f) 1a sai léch diéu
khién; u(?) dau ra bo diéu khién; MMG (Maneuvering
Modeling Group) mé hinh d6ng luc hoc cta tau thuy.

GA

Kpl Kil Kdl

ys(t)

u(t)
“re(® T

V\E%— y(t)

MMG

PID

Hinh 1. M6 hinh ciu triic hé thong diéu khién

So db Hinh 1, mo ta mot hé théng diéu khién hoi
tiép sir dung b didu khién PID dé diéu khién quy dao
tau thiy. Pau vao cua PID 14 sai 1éch didu khién, dau
ra cua PID 1a gia tri goc banh lai can thiét dé didu
khién tau di dung huéng dat. Sai 1éch e(?) 1a dau vao
clia thuat giai GA 1a co s¢ dé toi uu hoa thong s K,
Kiva K.

2.2. M6 hinh MMG tau thiiy

MMG la mdt nhém céc chuyén gia quic té vé mod
hinh hoa chuyén dong cua tau thuy. MMG da phat
trién mot mo hinh toan hoc tiéu chuin dé moé phong
chuyén dong cua tau, dugc goi 1a "moé hinh MMG".
Mo hinh nay dwa trén cac phuong trinh dong lyc hoc
va thiy dong luc hoc, cho phép du doan chuyén dong
cuia tau trong cac diéu kién khac nhau.

Xét hé toa do gén v6i than tau nhu Hinh 2, trong
d6 X, Y, N 1an luot 12 cac lyc va mod men tac dong 1én
tau theo cac hudng khac nhau; u, v, 7 1a cac vector van
tc cua tau theo phuwong doc, ngang va thing dimg; &
la goc banh lai; ¥ hudng milii tau.

xU

00 yl)

Hinh 2. Cic hé toa d§ ciia tiu trong chuyén dpng
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Theo md hinh MMG, phuong trinh diéu khién ctia
tau dugc thé hién dudi dang sau [3]:

(m+mx)u—(m+my)vr:xH + Xp + Xg + Xy
(M +my)V = (m+ m)ur =Yy +Yp + Vg + Yy (1)

(I, +3,,)F =Ny +Np + Ng + Ny, =Y,

Trong d6 m, my, my, L., J.- lan Iuot 1a khéi luong
tau, khdi lugng bd sung theo phwong doc, phwong
ngang, md men quan tinh; Yy m6é men lyc hudng tam.
H, P, R, W 1a ky hi€u cho than tau, chan vit, banh lai
va gio.

Khi géc dat ctia tau nhé hon 30°, theo [3] cidc md
men tac dong 1én than tau dugc thé hién bing phuwong
trinh (2):

Xy = X (U) + Xy V2 + Xy Vr + X 12 "

Y, =Y V+Y r+Y, V+Y r+Y, vr+Y, r?

N,=NV+Nr+NVv+Nr+N, vr+N, vr

Trong d6 X(u) luc dai dién cho d6 nhét cua nude
tac dong doc than tau; X,,, X,, X, m0 men can cla
nudc ti 18 thuan véi tbe d6 tau; Yy, Y, Ny, N md men
can phi tuyén tac dong 1én tau khi chuyén dong; Y.,
Yorr, Nowrs Norry Yo, Now v Ny 12 céc hé s6 duge xéac dinh
bang thuc nghiém [3].

Céc lyc va m6 men thuy dong luc hoc do banh lai
tao ra c6 thé duoc biéu thi nhu sau:

Xg=—(1-t;)Fsino
Y, =—(1-a,)F, coso (3)
Ny =—(X; +a,X,)F, coso

Trong do: tz 1a hé s6 trir luc 14i; ay 1a hé s6 tang
luc 1ai; xz 1a toa d0 roc cta banh 1ai; x4 1a toa d6 doc
ctia diém tac dong cua thanh phan lyc ngang b sung
do banh 1ai gay ra; Fy 1a lyc phap tuyén cua banh 1ai.

Su nhiéu loan cta gi6 co6 tac dong 16n hon dén su
an toan ciia tau. M6 hinh nhiéu loan cia gié duoc thé
hién boi cong thue (4).

X 05p,AUZC,, ()

wind =
YWind =05p,AU éCwy (ag)
Nwind = O'Spa& LoaU FZQCwn (aR)

Trong d6 Cyx(ar), Cwy(ar) va Cyn(or) dugc tinh
bang cach sir dung phuong trinh hdi quy Isherwood
nhu d3 dé cap trong [3].

(4)
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2.2. Thiét ké by diéu khién PID theo phwong
Pphap Ziegler-Nichols

Bo di¢u khién PID 1a mot loai b diéu khién két
hop tir ba thanh phén diéu khién: ty 18, tich phan va vi
phan dé tinh toan tin higu diéu khién dya trén sai s6
giita gia tri mong mudn va gia trj do dugc. Phuong
trinh cua bd diéu khién PID dugc xac dinh bai (5).
Trong d6, K, hé s6 ty 1&; T. va T, 1a hang s6 thoi gian
cham sau va hang s6 thoi gian vuot trudc.

1 de(t
u(t)=K, e(t)+f.([e(r)dr+T\,$ %
voi:

Ks
K, = = Ky =K,T,

C6 nhiéu phuong phap dé xac dinh bo tham s6 K,
Ki, K4 trong d6 phuong phap Ziegler-Nichols 1a mét
phuong phép kinh dién dé thiét ké b diéu khién PID.

Mo hinh MMG 1a khau bac cao s€ phu hop vai
phuong Ziegler-Nichols 2 thay vi Ziegler-Nichols 1.
Trong phuong phap Ziegler-Nichols 2, dét 7. = o« va
T,= 0, chi sir dung khau diéu khién ty 1¢ nhu Hinh 3.
Thuec hién ting K,, tir 0 dén gié tri t6i han K., ma dau
ra bi dao dong, qua d6 xac dinh dugc chu ky P.r dao
dong nhu Hinh 4.

ys() @) y(t)

fT@ Kp Plant

Hinh 3. Ciu tricc thuwe nghiém dé xdc dinh thong sé
PID theo phwong phdp Ziegler-Nichols 2

y(®)

=

Hinh 4. Xdc dinh hé s6 Per tiv dp iing

Ziegler va Nichols d& xut ring chiing ta dat gi tri
ctia cac tham sb K, T. va T theo cong thirc cho trong
Bang 1.

Bdng 1. Xac dinh Kp, Ki, Ka theo Ziegler-Nichols

Loai b6 didu khién Kp Te Tv
p 0.5Ker B 0
PI 0.45Ker  0.83Pcr 0
PID 0.6Ker 0.5P  0.125Pc
Nguén: /6]
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Trong nghién ctru nay, cac thong sb thiy dong luc
cua tau pho phong dugc liét ké trong Bang 2.

Bing 2. Théng sé tau mé phéng trong nghién citu

Théng sb Gia tri
D¢ dai 103 (m)
Chiéu réng 15.6 (m)
X(u) -0.5012
Xwv 0.183
W 0.2496
Yr 0.0542
v 0.8755
Yrr -0.0028
Yr 0.8937
Yrvw 0.1379
Nr -0.0488
Nvv -0.0782
Nrr -0.0430
Nvvr -0.0480
Nrvy -0.3789
Nguon: [4]

Mo hinh MMG cuia tau duge xay dung bang m-file
theo cac phuong trinh (1), (2), (3) va (4), trong md
hinh cta nghién ctru nay gia thiét bo qua su anh hudng
ctia yéu t6 gi6 va dong chay. Pau vao mé hinh 1a goc
banh 14i &, dau ra 13 huéng tau .

Céu trac md phong Simulink nhu trén Hinh 5. Khi
K, tang téi gia tri 4,69, dap Gng dau ra c6 dang dao
dong nhu Hinh 6.

state_out shipState

¥
fout Ship's Data Store
Write

mShipPar

Ship's Parameters Xout

4

4

o b dettaln ok woutp
fen vout p

4

b

psiSet Kp=Ker rout

Ship's Data Store psi
Read

shipStale states delta® -@

Ship's MMG psi

Hinh 5. So d6 mé phéng trén Simulink véi huwéng dit
cho tau ¥=30°

|—Ship's MMG/psiOut|
]

90.35 14053

\VA

|
0 20 40 60 80 100 120 140 160 180 200
Time[s]

Psi(deg)
S s o
s & 8

n
>

Hinh 6. Dap wrng ciia hwong tau khi Ky=4.69
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Theo Bang 1, thi can chon b diéu khién PID c6:
K,=2,814; T.=2,09; T,=6,272. Két qua md phong véi
bo thong s6 tim duoc thé hién nhu Hinh 7.
|
|—Ship's MMG/psiOut

X 88.93
Y 30.1003

Psi (deg)

|
Time [s] 100 150

L
0 50

Hinh 7. Dap vmg huwéng tau khi gid tri dat 30° voi
thong so bg diéu khién K,=2,814, T=25,09, T,=6,272

Két qua cho thdy d¢ qué diéu chinh 14 66,4%, thoi
gian xéc 1ap 1a 78,93 gidy. C6 thé thay dép tng cia bd
¢6 d6 qua diéu chinh 16n, didu nay gy anh huong dén
d6 chinh xac cta quy dao diéu khién. Trong nghién
ctru tiép theo sé& trinh bay giai thuat di truyén GA dé
t6i wu hoa cac thong sb ciia bo didu khién PID noi trén.
3. Pé xuét sir dung giai thuat di truyén cai
thién chit lwong bd diéu khién PID

Giai thuat di truyén GA 1a mot thuat toan tim kiém
va t6i uu hoa dya trén cac nguyén tic cua qué trinh
tién hoa ty nhién, nhu di truyén, dot bién, lai ghép va
chon loc tu nhién, nguyén ly cta thuat giai dugc trinh
bay chi tiét trong [1, 5].

Tir két qua mé phong nhu trén Hinh 7, thiy ring
dap g c6 d6 qua diéu chinh 16n, cac gia tri ndy can
phai dugc tinh chinh lai béng thuc nghiém, mét nhiéu
thoi gian. Muc tiéu ctia phan nghién ciru ndy nham hd
trg qua trinh tinh chinh trén bang giai thuat giai GA.
3.1. Lya chon ham muc tiéu

Dé giam d6 qua diéu chinh ra cin thu hep phan
dién tich gidi han gitra dudong dap ng va dudng tin
hiéu dat. Goi e(?) 1a sai 1éch giira tin hi¢u dap ting va
tin hi¢u dat khi d6 ham muc ti€u cua thuat giai GA
trong trong bai toan nay dugc dinh nghia nhu sau:

Jine = T\e(t)dt\ (6)
0

Vai tro cua giai thuat GA 1a tim kiém cac gia tri
(Ky G4, Ki G4, Ka G4) t0i uu, ma tai d6 ham s Jyx dat
cuc tiéu.

Dé gidi han khong gian tim kiém cua giai thuat GA
(qua d6 tang toc d¢ tim kiém) thi ta gia thiét rang gia
tri t6i wu (K, G4, Ki 64, Ka Ga) & 12 cac gia trj nam
trong pham vi £30 % xung quanh gia tri dugc xac dinh
theo Ziegler-Nichols 2. Néu ving khong gian tim
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kiém nay qua nho c6 thé dan toi khong tim duoc gia
tri toi uu, néu vung tim kiém qué 16n thi tdc do tim
kiém s& cham. Két qua mo phong trén mo hinh hé
thdng cho thay gia tri £30% la phu hop.
3.2. Gidi thudt di truyén

Giai thuat GA duogc tich hop trong phan mém
Matlab & Simulink thong qua Genetic Algorithm
Toolbox. Trong bai béo nay s& khong trinh bay vé giai
thuat GA ma chi dugc st dung nhu mot cong cu dé
giai bai toan t6i uu, nham thu duoc cac gia tri (K, a4,
Ki 64, Ki 64) thoa man ham muc tiéu (6).

Luu d6 thuat giai GA dé tim kiém gia tri tdi wu cho
b6 diéu khién PID duoc mo ta nhu trén Hinh 8.

Bit dau

Khéi tao quan thé ban diu

e

Mo phong hé kin tim e(t)

Tinh gia tri ham muc tiéu
Jiae theo (6)

// \\
- —
< Hoitw? —>p
T~ Kq ca

Sy
( Kétthue )

‘ Chon loc ‘

v

‘ Lai ghép ‘
v

\ Dot bién |

Xuét gia tri Kp car Ki cas

'—| Sansinhthéhemoi |

Hinh 8. Luu dé thudt gidi GA tim tham sé cho bé
diéu khién PID

Céc tham s6 khai tao cho GA trong nghién ciru nay
duogc chon lua chon nhu sau: Kich thudce qu?m thé 1a
10, tAn suét lai gép 0,7; xac suét dot bién dugc didu
chinh thich nghi trong khoang tir 0,01 dén 0,1, qua
trinh tién hoa duge thue hién qua 40 thé hé. Két qua
sau khi thyc hién thudt giai GA sé€ thu dugc bo tham
sO (K, G4, Ki G4, Ka 4) nhu trong Bang 3.

Bing 3. So sanh két qua Ziegler-Nichols 2 vi GA

Théng sb Ziegler-Nichols 2 GA
Kp 2.814 3.151
Ki 0.122 0.095
Kd 17.649 26.474

C6 thé thiy rang bo thong sd (Kp 64, Ki 64, Ka Ga)
dat dugc do sir dung thuat giai GA chi dao dong trong
mot pham vi nho so voi Ziegler-Nichols 2, cu thé hé
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sO ti 16 ting 12%, hé s6 tich phan giam 15% va hé sb
vi phan tdng 50%.
4. Két qua mé phéng

Céac két qua dugc mo phong bang phin mém
Simulink 2020. Cac dap tng cta bd diéu khién PID
theo Ziegler-Nichols 2 va GA dugc vé& trén cing do
thi dé so sanh chét luong diéu khién.

20 40

60 Time [S]BO 100 120 140

Hinh 9. So sinh dép trng ciia huéng tiu giva bj diéu
khién theo Ziegler-Nichols 2 va GA khi géc dat ¥=30°

Tir két qua trén Hinh 9 ta thiy, bo diéu khién PID
dugc tdi wu bang giai thuat GA c¢6 do qua diéu chinh
thip hon theo phwong phéap Ziegler-Nichols 2. Béing
phép tinh co ban cho thay d6 qua diéu chinh giam
dugc 16.7%, trong khi d6 thoi gian xac 1ap tang lén.

al
I—r (rad/s)ZN2
[ 1 (rad/s)GA

J
0 50 Time [s] 100 150

Hinh 10. Téc d bé ldi khi ¥ thay doi tiv 0° thanh 30°

Trén Hinh 10 cho ta géc nhin khic vé bo diéu
khién GA-PID. Trong cing ché do diéu dong thi bd
diéu khién GA-PID can tdc d6 bé lai thdp hon va it
dao dong hon so v6i bo diéu khién Ziegler-Nichols 2.
Diéu nay gitp giam mirc do tiéu hao ning luong va
giam stic ép 1én hé thong truyén dong banh 1ai.

- --Set-point
- GA-PID
— Ziegler-Nichols 2

)

0 1 2 X [NM] 3 4 5

Hinh 11. So sinh quj dao chuyén dpng ciia tau khi
s dung GA-PID va Ziegler-Nichols 2
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Ngoai ra véi by diéu khién GA-PID cho d bam
quy dao tot hon va nhanh hon so véi bo diéu khién
Ziegler-Nichols 2 dugc thé hién trén Hinh 11.

5. Két luan

Bai béo trinh bay mot phuong phap tim kiém gia
tri tbi wu ctia bo didu khién PID xung quanh gia tri
Ziegler-Nichols 2 bang giai thuat GA. Két qua mo
phong cho thiy bo diéu khién GA-PID c¢6 d6 qué dicu
chinh va téc d6 bé 1ai thap so véi Ziegler-Nichols 2.
Tuy nhién, thoi gian xac 1ap lai cham hon, diéu nay co
thé khéc phuc bang cach thay d6i ham muc tiéu hodc
thém hé sb phu thudc thoi gian vao ham muc tiéu.
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