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Tém tit

Hé théng ldi tw dong trén tau thiy la doi twong
diéu khién phi tuyén va phirc tap do dnh hwéng
ciia méi trieong vdn hanh va nhiéu yéu té khach
quan. Bai bdo dé xudt by diéu khién mo lai nham
tao ra bé diéu khién cé chat luwong hon so voi cdac
bé diéu khién dang duoc st dung dé diéu khién
bdnh ldi quay goc phit hop nhdt gitip con tau hanh
trinh an toan, tang tinh kinh té, dé sir dung trong
qud trinh khai thdac vdn hanh tau.

T khoa: Hé thong ldi tau thiy, Ldi tw dong tau
thuy, dieu khién mo, diéu khién PID.

Abstract

The autopilot system on ships is a nonlinear and
complex control object due to the influence of the
operating environment and many objective
factors. The article proposes a hybrid fuzzy
controller to create a controller with better quality
than the ones being used to control the rudder to
turn the most suitable angle to help the ship cruise
safely, increase economy, ease of use in the
process of ship operation.

Keywords: Steering gear system, marine

autopilot, fuzzy controller, PID controller.

1. Gioi thiéu

Ty dong hoéa dang phat trién trong moi linh vuc,
n6 ciing dang thay d6i hang ngay trong phat trién ty
dong hoa didu khién tau thuy, trong d6 didu khién
béanh l4i dé thay d6i huéng di ctia con tau mang nhiéu
¥ nghia. Hé thong 1ai lién quan chit ché dén higu qua
chi phi va dam bao an toan cho con tau, vi viéc su
dung may lai tu dong gop phan dam bao tau hanh hai
theo hudng di ngén nhét, giam ty 1 tiéu thu nhién liéu
va giam hao mon thiét bi,... Trudc day bo didu khién
PID duogc str dung rong rai va dugc coi 1a b diéu khién
kinh dién dé thiét ké may lai ty dong [1]. Bo diéu khién
nay di ap dung thiét ké hé théng mo phong, bao gom
mot mo hinh ctia may lai tuy dong dung trong dao tao
thiy th trén tau [2]. Bo diéu khién duoc phat trién theo
thoi gian va PID 1a mot trong nhitng phan tir ctia hé
thong trong cac phat trién d6. Cac bo diéu khién c6 thé
dé xuat ap dung bo diéu khién mang no-ron, trong khi

céc tham s cua bd didu khién PID duge rat ra tir dinh
1y 6n dinh ciia Lyapunov [3]. O [4] cac tac gia giai
quyét van dé du bdo mé hinh hudng di cua tau bién
bﬁng cach sir dung mang no-ron nhan tao. Bén canh do
céc tic gia con phat trién hé thong 14i thich nghi,... Qua
phan tich danh gia, tong hop nhom tac gia thdy hé thong
1ai sir dung logic md ¢ nhiéu wru diém va mang lai chat
luong diéu khién t6t hon. Logic mo da trai qua mot
ching dudng dai ké tir khi no 1an dau tién dugc gidi
thi¢u vao nam 1945, mot trong nhitng may lai tu dong
dau tién duoc thiét ké véi 1y thuyét tap mo dugce trinh
bay vao nam 1995. M6 hinh lai ty dong cling duoc dua
ra dya trén ly thuyét logic mo, chira hé thong suy luan
mo hodc quan sat sir dung 1y thuyét logic mo [53, 6].
Trong nghién cru nay nhom tac gia st dung logic mo
¢6 tham chiéu v6i mé hinh mau cia con tau Iy tudng dé
tinh toan cac tham sd theo diéu kién lam viée thyc té
ctia thoi tiét, moi truong.

2. M6 hinh b diéu khién

2.1. Céu tritc hé thong

Do hé thdng 14i 1a d6i twong phi tuyén, khong co
mo hinh toan hoc chinh xac. Trong nghién ciru nay
nhom tac gia s& nghién ctru cac bo diéu khién khac
nhau dé phan tich, danh gia va dua ra bo diéu khién
6 chét lugong tdt nhat. Hinh 1 chi ra cu tric bd diéu
khién PID. Tiép d6 mé hinh hé théng diéu khién mo
duogc nghién ctru (Hinh 2). Hé théng md lai duoc dua
ra dya trén 1y thyét diéu khién hién dai nhu viéc két
hop md véi hé thdng didu khién no ron (Hinh 3), hay
b6 diéu khién mo sir dung bd quan sat cac tham s6
(Hinh 4). Tai Hinh 3 con tau dugc diéu khién thong
qua bd phan loai no-ron dé xac dinh mang no-ron nao
phtl hop nhét véi cac dic diém nay theo dir lidu thong
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ké. Dit li¢u nay dua qua m6 hinh mang no ron cuia mo
hinh miu cua céc tau tir d6 xac dinh tham sé t6i vu
cua bg dicu khién logic mo.

2.2. Ham truyén dat
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Bo diéu
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Thyc hién| 4 N
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trung gian Con tau

La ban dién

Hinh 2. Mé hinh hé thong diéu khién mo
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Hinh 3. M hinh hé thong diéu khién mo - No ron
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Hinh 4. M hinh hé thong diéu khién mo

két hop mé hinh tham chiéu

Xét mo hinh tau duoc thé hién trong Hinh 4 [7],
trong do co xét dén anh huong cua song gi6. Ham
truyén duoc tinh theo (1), trong d6 & 1a huéng thuc té
clia con tau l4y tir la ban, 13 goc bé cua banh 1ai:

als
p(s)-2t) 1)
As)

Néu bo qua cac nhiéu loan thi ham truyén dat dang
tong cla tau dugc tinh theo cong thirc (2) hoic dang
tich theo cong thire (3), trong d6 k 1a hé s6 ham truyén
dat, T'1a cac hang s6 thoi gian:

als) K0+ T9

! (s) ) ﬂ(s) B s(1+Ts+Ts") @

3

P(s)- als)  KO+Tp)
ﬂ(s) s(L+Ts)(L+T,s)
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Khi tau chuyén dong khu vyc dong chay binh

thuong va c6 anh huéng cia cac nhiéu loan thi ham
truyén c6 thé dugc xac dinh theo (4):

4)

p(s) -] k0T
B(s) s(+Ts1+Tps")

2.3. Thiét ké by diéu khién mo (FLC: Fuzzy
Logic Controller)

Muc tiéu 14 cn diéu khién S dé giit cho tau di diing
huéng. Duya trén tin hiéu dau vao 1a sai léch e giita
hudng di thuc « va hudng di dat ap va vi phan sai léch
de/dt cho b diéu khién mo. Pau ra cua bo diéu khién
s& quyét dinh tao ra 1 goc banh l4i 1énh tuyét ddi.

Bing 1. Ludt hop thanh bj diéu khién mé

< | AL | AT | AN | K DN | DT | DL

AL AL | AL | AL | AL | AT | AN | K

AT AL | AL | AL | AT | AN | K DN

K AL | AT | AN | K DN | DT | DL

DT AN | K DN | DT |DL |DL | DL

DL K DN (DT | DL | DL | DL | DL

Theo Hinh 2 va Hinh 4 bd diéu khién mé ¢6 tin hiéu

vao la e, de/dt ¢6 bién ngdn ngir dugc chon nhu sau:
e = {AL, AT, AN, K, DN, DT, DL};
de/dt = {AL, AT, AN, K, DN, DT, DL}.

Trong d6: AL 1a am 16n, AT 1a 4m trung binh, AN
la am nho, K 1a khong, DN la duwong nho, DT 1a duong
trung binh, DL 1a dwong 16n. V& gia trj khi thuc hién
& ché do 14i tu dong néu sai s6 16n hon 10 do thi hé
thdng thuong phat ra tin hiéu canh bao va coi d6 12 sai
s6 16n. Nhu vay AL 1a -10 49, DL 1a +10 do.

Tuong tu dau ra cua b diéu khién 1a p cod bién
ngon ngit dugc chon nhu sau:

B={AL, AT, AN, K, DN, DT, DL}.

Vé gia tri dé hé thong d4p ung nhanh ta chon AL la
-35 do, DL 1a +35 dd. Viéc chon 7 bién ngon ngir giup
cho hé thémg lam viéc c6 dg tac dong nhanh hon, nhung
ciing 1am cho hé thdng tré nén phtrc tap hon doi hoi
phan cting thuc hién thuét toan phai dap tmg duoc.

Luat diéu khién dugc chon theo Bang 1, phuong
phap giai mo trong tim voi thiét bi hop thanh la
MAX-MIN.

3. M6 phéng hé théng
3.1. Thong sé mé phéng

Dé thyc hién kiém nghiém Kkét qua ta léy thong s6

tir con tau cu thé [7, 8] nhu sau:
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num(s)
den(s)

Tau mau

Hinh 5. M6 hinh hé thong xdy dwng trén Simulink

3.2. Xdy dwng moé hinh trén Matlab Simulink

Trong bai bao nay nhoém tac gia tap trung phan tich
két qua mo phong con tau theo hé théng didu khién
kinh dién, hé thong diéu khién mo va mo lai dé thay
16 chét lugng bo diéu khién ung dung 1y thuyét mo.

M hinh hé théng x4y dyung trén phan mém Matlab
dugc thé hién tai trén Hinh 5. Trong d6 gia sir hudng
di 14 20 do, gioi han goc bé 1ai £35 d6 (cai trong khoi
SATURATION). B diéu khién md dugc tong hop tir
Bang 1. Ham truyén duogc iy tir cac tham sb trong
Béng 2.

Bing 2. Théong sé tau

hinh diéu khién dugc dé xuat (md lai). Qua két qua ta
nhan thiy d6 qua chinh cua hé thong rat nho (khong
qué 1%), thoi gian qua do ngén, sb 1an dao dong nho
trude khi tré vé hudng 6n dinh, sai sé tinh gan nhu
bang 0. Néu so v6i bo diéu khién PID ta c6 thé thay
chat luong 1a vuot troi. Hinh 8 thé hién hudng di cua
tau theo sy tac dong goc quay cua banh lai.
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Hinh 6. Sw thay d6i hwéng di ciia tiu

300 7 ra

250 /
200 -

Théng so Gia tri
Chiéu dai tong thé 171,80m
Chum sang t6i da 23,17m
Moén nuée thiét ké 8,23m
Téc @6 thiét ké 15 hai ly/ gic
Géc banh 14i toi da 35 (rad)
Hé s6 K 0,185
Ty 1,4325 gidy
T 25 gidy
T, 7,8 gidy
T3 18,5 giay
Tbc do gio 2m/s
Chiéu cao séng 0,8m

3.3. Két qud mé phéng

Hinh 8 thé hién hudng di thyc cia tau khi thuc
hién thay déi huéng di. Puong mau xanh thé hién
huéng di cua tau khi sir dung bd diéu khién PID,
duong mau do thé hién hudng di can thay doi khi tau
hanh trinh. Qua két qua ta nhan thay d6 qua chinh ctia
hé théng (khoang 10%), thoi gian qua do (40s), s6 lan
dao dong (5) trude khi trg vé huéng 6n dinh, sai so
tinh (1-2%) 1a twong ddi 16n.

Hinh 7 thé hién huéng di cua tau khi st dung mo
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Hinh 7. Sy thay d6i hwong di ciia tau
khi siv dung b diéu khién mo lai

Hinh 9 m6 phong trén cung hé truc toa do cac tin
hiéu trong thoi gian mo6 phong 2000 gidy. Puong mau
xanh nhat thé hién tin hiéu dit hudéng di, dudng mau
do thé hién hudng di ciia tau khi sir dung bo didu khién
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Thoi gian (Gidy)
Hinh 8. Su thay doi huéng di va géc ciia banh ldi
trong qud trinh diéu khién khi sir dung bj diéu
khién mo lai

PID con duong mau xanh dam thé hién hudng di cia
tau khi sir dung bo didu khién mo lai d& xudt. Tir két
qua thay rat rd bo diéu khién mo t6t hon han so vdi bo
PID truyén thdng thong qua thoi gian 6n dinh ngén
hon, d6 qué chinh nho, sb 1an dao dong it va sai sb
tinh rat nho so véi gia tri dat.
4. Két luan

Trong bai bao nay, ching tdi trinh bay phuong
phap thiét ké hé thdng 14i ty dong trén tau dudi tac
dong cua cac yéu td ngoai vi. Cau tric hé théng duoc
dé xudt va tién hanh mé phong trén phan mém Matlab
dé danh gia chat luong. Qua két qua mé phong cau
truc hé théng diéu khién mo lai ¢ chét luong vugt troi
s0 voi by PID truyén thdng. Trong bai bao tiép theo
nhom tac gia tién hanh cac nghién ciru tiép theo vé cac
cu trac da dé xuat véi cc didu kién lam viée khac
nhau lién quan dén tai trong, diéu kién nhidu,... B
diéu khién dé xuat ngoai viéc mé phong con cé thé
kiém dinh trén hé théng thuc da dugc xay dung trong
[9] dé kiém nghiém dé tir d6 tim dugc bo diéu khién
gitip tau 6n dinh hudng di, ting tinh kinh té trong qua
trinh khai thac con tau.

TAI LIEU THAM KHAO

[1] Téng Lam Tung, Pao Minh Quan (2015), Truyén
dong dién tau thuy, NXB Hang hai.

[2] L. Weifeng, S. Caiqin, W. Chuang, L. Guangxing,
and X. Bin (2017), Modeling, Simulation and
Application of the Hydraulic Steering Gear

DMS2016 Marine

Simulator, 2017 9th International Conference on

System in Engineering
Measuring Technology and  Mechatronics

Automation (ICMTMA), pp.296-299.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Hudme di (dd)

bt [}
l R

;H‘llllll.“h TUTUTL Y Tt A
i it i
I ”‘f“-""‘l'

(LALLM CAR |
A
Tin hidu dit
T B6 diew khaen PID
== ™ B4 DK &b xult

‘ 'llli"'u"

e
2000

Thoi gian (gidy)
Hinh 9. Sy thay déi hwéng di ciia tiu
theo tirng b diéu khién

[3] N. Khaled and N.G. Chalhoub (2013), 4 self-
tuning guidance and control system for marine
surface vessels, Nonlinear Dyn, Vol.73, No.1-2,
pp-897-906.

[4] A. Annamalai, R. Sutton, C. Yang, P. Culverhouse,
and S. Sharma (2015), Robust adaptive control of
an uninhabited surface vehicle, Journal of
Intelligent & Robotic Systems, Vol.78, No.2,
pp-319-338.

[5]J. Ren and X. Zhang (2013), Ship course-keeping
adaptive Fuzzy controller design using command
filtering with minimal parametrization, 2013 25th
Chinese Control and Decision Conference
(CCDC), pp.243-247.

[6] J. Ren (2012), Adaptive Fuzzy Control via
Command Filtering and Backstepping for Ship
&

Course-Keeping, Applied mathematics

information sciences, Vol.6, No.3, pp.733-739.

[7] FOSSEN, T. I (2002). Marine Control Systems.
Guidance, Navigation, and Control of Ships, Rigs
and Underwater Vehicles. Marine Cybernetics.
Trondheim, Norway.

[8] Dang, X. K., Ho, L. A. H., & Do, V. D (2021).
Joint fuzzy controller and fuzzy disturbance
compensator in ship autopilot system: Investigate
stability in environmental conditions, pp.114-126.

[9] Vuong Puc Phic, DS Vin A, Lé Van Tam (2021),
Nghién ciru va xdy dung mé hinh hé thong ldi tau
thity phuc vu céng tdc dao tao, Dé tai Nghién ciru
khoa hoc cap Truong, Ma s6: DT21-22.41, Truong

Pai hoc Hang hai Viét Nam.
Ngay nhéan bai: 20/3/2022
Ngay nhéan ban stra: 19/4/2022
Ngay duyét dang: 26/4/2022

SO 72 (11-2022)



