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héa tham s6 luat diéu khién PID cho hé théng
giam lac Rotor Magnus tau thuy

A study on genetic algorithm (GA)-based optimization of PID controller parameters for a ship
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TOM TAT

Bai bao dé xudt phurong phap sir dung thuat toan di truyén
(Genetic Algorithm - GA) d& tdi vu haa tham sd ba digu khién
PID cho hé thing giam lac tau thiy ing dung Rotor Magnus. Ma
hinh dang luc hoc l&c ngang dugc xay ding dang phi tuyén, ca
xét dén nhiéu do sdng diéu hoa tac dang lan tau. Ma-men diéu
khién cia rotor Magnus duoc mé hinh hoa theo nguyén ly tudn
hoan, ty I8 vai tdc do quay rotor va tdc do quay bi rang budc
bao hoa & mac +1.000 rpm. Tieu chi tdi vu dwoc lra chon l3
higu qua giam |ac trong ddi RRC (Rolling Reduction Criterion).
tinh theo da léch chudn (RMS) cia gac lac trude va sau digu
khién. K&t qua ma phang sd cho thay ba PID tdi vu bai GA dat
RRC trén 80%, giam dang ké mirc |ac so vai treang hop khang
digu khién va duy tri bign da l4c nha dn dinh trong sudt khoang
thvri gian ma phang.

Tir khéa: Rotor Magnus; gidm |4c tau; PID; thuat toan di truyén;
RRC; mé phing sd.

1.DAT VAN BE

Trong hoat dong hang hai hién dai, hién tuong lac ngang (roll
motion) luén dugc coi la mét trong nhiing yéu té bat Igi 16n nhat,
anh hudng tryc tiép dén do6 an toan, kha nang khai thac, su thoai
mai clia thuyén vién va hanh khach, ciing nhu tudi tho két cau va
thiét bi trén tau. Viéc nghién cliu cac gidi phap nham giam thiéu dao
dong lac ngang vi thé mang y nghia khoa hoc va thuc tién sau sac.

Trong s8 cac phuang phap 6n dinh hién nay, hé théng Rotor
Magnus (RM) dugc danh gia la mot gidi phap tién tién, than thién
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ABSTRACT

This paper proposes a method that uses a Genetic Algorithm (GA)
to optimize the parameters of a PID controller for a ship roll
reduction system employing a Magnus rotor. The roll dynamics are
modeled as a third-order nonlinear system, taking into account
harmonic wave-induced disturbances acting on the ship. The
Magnus rotor control moment is formulated based on circulation
theory, proportional to the rotor rotational speed. and constrained
by saturation at +|,a00 rpm. The selected optimization criterion
is the Rolling Reduction Criterion (RRC), computed from the
standard deviation (RMS) of the roll angle before and after
control. Numerical simulation results show that the GA-tuned PID
controller achieves an RRC above 80%, significantly reducing rall
motion compared with the uncontrolled case and maintaining a
small, stable roll amplitude throughout the simulation period.
Keywords: Magnus rotor; ship roll stabilization; PID; genetic
algorithm; RRC; numerical simulation.

moi trudng va phu hgp véi dinh huéng phat trién bén ving cua
nganh Hang hai. Cg ché sinh mo-men gidm lac dua trén hiéu tng
Magnus khéng chi mang lai hiéu qua gidm lac dang ké ma con co6
nhimng uu diém vugt troi: Hoat ddng hiéu qua & téc dé thap (khi tau
di chuyén cham, neo dau hodc diéu dong tai cang), thiét ké gon
nhe, tiét kiém nang lugng va khéong anh hudng dén khéng gian khai
thac hang héa[1, 2].

Mac du vay, hiéu qua cta hé thdng RM phu thuéc quyét dinh
vao chat lugng bo diéu khién. Trong do, bo diéu khién PID vd&i uu
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diém dan gian va dé trién khai van chiém vi tri phé bién, nhung kha
nang dat t6i uu lai phu thuéc manh vao viéc lua chon cac tham sé.
Cac phuang phap chinh dinh ¢ dién thudng chua dap ung dugc
yéu cau déi véi hé théng phi tuyén va chju tac dong cta bat dinh
nhu hé théng én dinh gidm l&c [1, 2].

Trong thuc té&, PID la b6 diéu khién phé bién nhd ciu tric don
gian, dé trién khai. Song, chinh dinh PID theo kinh nghiém thudng
kho dat t6i uu khi hé phi tuyén va c6 nhiéu. Bai bao nay dé xuat si
dung thuat toan di truyén (GA) dé téi uu tham s6 K,, K,, K, cla
PID nham cuc dai hda hiéu qua gidm ldc RRC dua trén RMS clia géc
lac. Bay la tiéu chi tryc tiép phan anh hiéu qua giam lac trong mién
thai gian, phu hgp cho danh gia thuc nghiém/mo phong.

2.CO SO LY THUYET CUA HE THONG ON DINH LAC ROTOR
MAGNUS

2.1. Mé-men diéu khién sinh ra béi hiéu (tng Magnus

Tin hiéu diéu khién trong chuong trinh la t6c d6 quay cla
rotor u = n(rpm), gi6i han béi:

ue [—umax; umax] (1)

Quy déi téc dé quay sang téc dd goc véi don vi rad/s:

— 2 n

w=2rx 0 2

Hiéu (ng Magnus xuat hién khi mot vat thé quay trong dong
chatléng, tao ra luc nang vuéng goc vai hudng dong chay. Luc nang
F, do rotor tao ra dugc xac dinh dua trén dinh ly Kutta-Joukowski
nhu saul4,5]:

F, =27za’plVe 3)

Trong d6: p la khéi luong riéng ctia nudc bién; V 1a van téc
dong chay tuong déi; / 1a chiéu dai rotor; a la ban kinh va w la toc
do go6c quay cua rotor.

Hinh 1. Luc ndng do hiéu ting Magnus téc dung |én xi-lanh quay

Roll direction

n
F
Hinh 2. Thiét bi 6n dinh I3c Rotor Magnus dugc I3p dat trén tau

Khi bé 6n dinh Rotor Magnus hoat déng thi canh xi-lanh thuc
hién déng thdi cd chuyén déng quay va dao ddng xoay truc, luc
nang sé phu thudc vao téc do géc quay clia Rotor w va tan sé goc
dao dong quanh truc clia canh taitan s6 géc w_. Két hgp vai phuong
trinh (Levin et al., 2019) [5, 6], mé-men thiét bj diéu khién 6n dinh
I4c Rotor Magnus dugc xac dinh theo céng thuc [5, 6, 71:

K, =F,r., (4)

Vi 7,,, la canh tay don luc do bé 6n dinh Rotor Magnus dugc
xac dinh béi cdng thuc:

7., =71,.COSE (5)

2.2. Mé hinh ddng luc hoc lc ctia tau gén thiét bi giam lac
Rotor Magnus

Goi @ lagéclic(rad), @ latdcdd goc. Chuyén dong lac ngang
clia tau (roll motion) khi xét dén moé-men diéu khién K, va mo-men
nhiéu dong do séng gi6 K, c6 thé dugc biéu dién bdi phuong trinh
vi phan phi tuyén bac hai [3, 5, 6]:

(Ix+A1x)¢’+81¢+32|¢'|¢7+C1¢7+Cz(/73 =2K, +K, (6)

Trong d6: B , B, la cac hé s6 dap tat dao dong lac cda tau; C, la
cac hang sé lién quan dén cac thong s6 clia tau; C, la tich cta lugng
gian nudc va chiéu cao thé viing ban dau cda tau; | la mé-men quan
tinh cGa than tau; Al_la m6-men quan tinh b6 sung; D la lugng gian
nudc cla tau; GM la chiéu cao thé viing ban dau cla tau; o la géc
nghiéng tac déng cla séng lén than tau.

Véi:

B =
T

B, = 3m( +AL)
4

C,=DGM

Véi @ lagéengdp nude, ny va la cac hé sé dugc xac dinh
nhu Bang 1[10].

Bang 1. Bang xac dinh hé s n theo loai tau

Loai tau n, n,

Tau khach 0,05 0,0125
Tau hang 0,03 0,0155
Tau cé 0,1 0,0140

Bién ddi phuang trinh (6) ta dugc:
Cl¢ _ Cz(/’3 _ B|¢ _ BZ ‘W‘Qﬂ + 2KM + KW
I+A I +A I +AI, I +A I +AI_ I +Al )

¢=

3. THIET KE BO PIEU KHIEN PID VGI GA TOI UU THAM SO
CHO HE THONG ON PINH GIAM LAC ROTOR MAGNUS

3.1. Bo diéu khién PID

Thuét toan diéu khién dau tién dugc ap dung cho hé théng 6n
dinh giam lac Rotor Magnus dugc nghién ctiu béi Lihua Liang [3]. B&
diéu khién PID kinh dién dugc xac dinh bai cong thuc:

(1) = K,e) 4 K, [e)dt + K, de(t) @®

G day, e(t) 1a sai s6 goc lac gitia gia tri mong mudn va gia tri
thuc; u(t) 1a dau ra ctia bé diéu khién PID; SRDM (Ship Roll Dynamics
model) 1a mé hinh déng hoc cua tau thay khi lac ngang. Muc tiéu
diéu khién 1a dua géc lac vé gia tri mong muén @, () — 0, do dé:

o) = 9, (1)~ (1) = (1) ©)

So d6 mé ta cau trdc cla hé théng diéu khién gidm lc ngang
béng hé théng rotor magnus nhu sau:
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Hinh 3. M6 hinh cdu triic diéu khién hé thdng 6n dinh giam I3c Rotor Magnus

So d6 Hinh 3 mé ta hé théng diéu khién hoi ti€p st dung bod
diéu khién PID dé diéu khién giam goc lac vé gia tri mong mudn.
Dau vao cuia PID la sai s6 e(t) dau ra cta PID la toc dé quay ctia Rotor
Magnus u(t). Sai s6 e(t) la dau vao cta gidi thuat di truyén GA la co s&
dé t6i uu hoa cac thong s6 clia bo diéu khién PID: K, K, K.,

3.2. Thuattoan di truyén GA t6i uu héa cac hé sé diéu khién PID

Thuéat toan di truyén (Genetic Algorithm - GA) la mét phuong
phap t6i uu hda dua trén tién hoa tu nhién va da dugc nghién cuu,
phat trién rong rai trong nhiéu linh vuc ky thuat [9, 10]. Nh& kha
nang tim kiém toan cuc va it phu thuéc vao dang tuyén tinh hay
kha vi cila ham muc tiéu, GA da dugc dé xuat 4p dung cho nhiéu
bai toan t8i uu tham sé trong cac hé théng diéu khién nhu chinh
dinh PID cho hé co-dién, diéu khién qua trinh cong nghiép, hé dao
dong co hoc, robot ciing nhu cac bai toan t6i uu két cu va téi uu
nang lugng. Cac két qua cong b cho thdy GA cé thé cai thién dang
ké chat lugng dap Uing dong, tang do bén ving trudc nhiéu va bat
dinh so vdi cac phuang phap chinh dinh ¢ dién, dic biét trong cac
hé phi tuyén va da tham sé.

Tuy nhién, d6i v6i hé théng 6n dinh giam lac tau sir dung Rotor
Magnus, cac nghién ctru con rat han ché; phan 16n céng trinh hién
nay tap trung vao mo hinh héa luc/mé-men Magnus [3, 4, 5, 6, 7,
8], thiét ké diéu khién theo kinh nghiém hodc sir dung cac chién
lugc diéu khién bén viing khac, trong khi hudng tiép can téi uu hoa
tham s6 PID bang GA chua dugc khao sat mot cach hé thong. Do do,
viéc nghién ctu 4p dung GA d€ t8i uu bé tham s6 PID cho hé Rotor
Magnus la can thiét, nham tao ra mot quy trinh chinh dinh c6 tinh
tu doéng, t6i uu va phu hgp hon véi dac tinh phi tuyén va nhiéu séng
cUa bai toan giam lac trong thuc té.

Trong nghién ctru nay, GA dugc st dung dé xac dinh bé tham
6 t6i uu clia bo diéu khién PID cho hé théng &n dinh gidm l4c Rotor
Magnus, tic tim {K;’”, K, Kg“’} sao cho ham muc tiéu (10) dat gia tri
t6t nhat trong mién tim kiém da xac dinh.

Fitness = min{J} (10)

Quy trinh t&i uu dugc thuc hién theo cac budc va dugc minh
hoa bang luu d6 thuat toan GA-PID nhu trinh bay & Hinh 4.
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Hinh 4. Luu d6 tién trinh gidi thudt di truyén d€ xac dinh bd thong s6 PID [10]

Dé& danh gia hiéu qua gidm lac ngudi ta dung cong thic RRC -
Rolling Reduction Criterion.

RRC = Pans =P 100%) )
Pures

Trong d6: Punes la goc léc khi khong co diéu khién; @, la goc
lac khi c6 diéu khién véi bo tham s6 K. Theo tiéu chudn danh gia
chat lugng giam lac khi RRC cang I6n thi mic dé giam lac cang tot
50 Vai lac tu do.

GA trong MATLARB gidi bai toan t6i thi€u hoa. Trong khi d6, muc
tiéu mong mudn clia bai toan la t6i da hoa RRC. Vi vay, ham muc tiéu
(fitness/cost) dugc chuyén déi dudi dang:

J(K)=100- RRC(K) (12)

Theo cac cong thic 10, 11 va 12, viéc t6i thiéu hoa gia tri J
déng nghia vdi t6i da héa gia tri RRC.
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Céc tham s6 cda gidi thuat di truyén trong nghién ctu nay dugc
Iua chon nhu sau: Qua trinh ti€n hda qua 40 thé hé (generation =40),
kich thudc quan thé 40 (populationsize=40), mién tim kiém tham s6
theo chuong trinh K, €[0,20000], K, €[0,5000], K, €[0,5000]. Nghiém
t6t nhat la bé tham s6 lam J nhé nhat, tuang tng RRC I6n nhat.

4.MO PHONG SO

Trong phan nay, mé phéng sé dugc thuc hién nham ching
minh hiéu qua ctia b6 diéu khién dé xudt trong moi trudng MATLAB
2020a. Phuong phap Euler dugc sir dung dé gidi cac phuaong trinh vi
phan, véi thai gian 1dy mau 12 0,001 gidy va téng thi gian mo6 phéng
la 200 gidy. Cac tham s6 ctia mé hinh déng luc hoc tau thay dugc
trinh bay trong Bang 2.

Bang 2.Théng s6 ddng hoc cda tau va hé théng én dinh Rotor
Magnus

Théng sé ky hiéu Gia tri Pon vi
Chiéu dai xi-lanh Magnus L 3 M
Chiéu dai toan bo cuta tau Loa 76 M
Lugng gian nudc D 1,4573x10° Kg
Chiéu cao man tau H 4,6 M
Chiéu cao thé vimng GM 1,15 M
Chiéu rong tau B 11.5 M
M&-men quan tinh I +AI 3,438x10° kg.m
G6c ngap nudc 0, 39°=0,68 rad
Hé s6 thi nghiém n 0,031
Hé s6 thi nghiém n, 0,0152

Pé kiém nghiém uu diém ctia bd diéu khién PID sir dung thuat
todn GA dé tim kiém céc théng s6 cla bo diéu khién, trong nghién
cru nay mé phéng dugc thuc hién vdi ba trang thai vai nhiéu séng
bién thay déi. Cu thé:

- Két qua mé phéng trang thdi 1: Goc lac ban dau 20 do, téc do
l&c 0,1 rad/s, phuong trinh nhiéu s6ng bién K, = C x0,12xsin(0,5t).

Hinh 5. D6 thi hi tu GA 6 trang thai 1

e ]

Hinh 6. So sanh goc lac gitta I3c tu do va hé diéu khién PID-GA & trang thdi 1

Hinh 7. Két qud md phdng thé hién tdc do quay cta Rotor (gidi han rotor +1.500 rpm
G trang thdi 1

J trang théi 1, bd tham s6 PID t8i uu thu dugc la K, = 1.569, K,
= 2.865, K, = 767,44 véi gii han rotor +1.500 rpm. Két qua dat RRC
= 83,51% cho thay géc ldc giam manh so vai lac tu do, dap ng sau
qua d6 duy tri bién d6 nhoé 6n dinh. Gia tri fitness gidm rat nhanh
trong vai thé hé dau va sau d6 gan nhu git n dinh, cho thay GA héi
tu s6m vé vung nghiém tét (Hinh 5). Trudng hap lac tu do (nét dut)
duy tri dao déng cudng buc bién dé tuong déi I6n do nhiéu séng
lién tuc, trong khi PID-GA (dudng lién) dap nhanh dao dong vé viing
bién dé nhé va 8n dinh quanh 0 (Hinh 6). T6c d4 rotor c6 xung diéu
khién I6n & giai doan dau dé triét nhanh nang lugng dao dong ban
dau, sau d6é chuyén sang dao déng nhé dang gan diéu hoa dé bu
nhiéu séng & trang thai xac 1ap. Tin hiéu diéu khién luén nam trong
gidi han +1.500 rpm, cho thay b PID-GA thoa rang budc co ciu
chap hanh va c6 tinh kha thi thuc té (Hinh 7). Nhu vay, GA t6i uu PID
cho thay kha nang héi tu tot va nhanh, déng thai bo PID-GA mang
lai hiéu qua gidm lac cao (83,51%). Hé dugc dap lac nhanh sau qua
d6 va duy tri bién d6 nhé én dinh trong sudt thdi gian mé phéng,
trong khi rotor hoat déng trong gidi han t6c dé cho phép va chi can
tac déng manh & giai doan dau.

- Két qua mé phéng trang thdi 2: Goc 1ac ban dau 20 dé, téc do
13c 0,1 rad/s, phuang trinh nhiéu séng bién: K,, = C,x0,15xsin(0,8t).

Ben: 14,2901 Mean: 142016

[ [
Hinh 8. D4 thi hoi tu GA & trang thai 2

o e L B FT

Hinh 9. So sanh gdc l&c giita Ic tu do va hé diéu khién PID-GA & trang théi 2

Y

0 et B P g . 1

Hinh 10. Két qua md phong thé hién toc dd quay ctia Roto (gidi han roto +1.500 rpm
@ trang thai 2

0 trang thai 2, bo tham s6 PID t6i uu thu dugc la K, = 1.091,85,
K, = 4.515,55, K, = 805,43 vGi gi6i han rotor £1.500 rpm, dat RRC =
85,71%. So vdi trang thai 1 (RRC = 83,51%), hiéu qua giam lac tang
thém ~2,2% du nhiéu séng manh/nhanh hon, cho thdy GA van
tim dugc bd PID thich nghi tot véi diéu kién kich déng mdéi. Déng
thai, fitness hdi tu vé Best =~ Mean = 14,29 thap hon trudng hgp 1
(Best=16,49), khdng dinh chat lugng nghiém t&i uu tt hon (Hinh 8 so
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vGi Hinh 5). Trén dé thi goc lac, PID-GA tiép tuc dap nhanh dao déng
vé bién d6 nho én dinh quanh 0 trong khi lac tu do duy tri dao déng
cudng buc Ién (Hinh 9 so véi Hinh 6). To¢ d rotor van ¢ xung I6n luc
dau va sau d6 dao dong diéu hoa nho, lubn nam trong +1.500 rpm
(Hinh 10), tuong tu trang théi 1. Nhu vay, qua hai trang thai c6 nhiéu
khac nhau, phuang phap GA-PID cho két qua 8n dinh va bén viing:
Luén hoi tu nhanh, théa rang budc co cau va duy tri muc giam lac cao
(>80%), tham chi cai thién khi diéu kién séng thay déi.

- Két qua mé phdéng trang thdi 3: Goc lac ban dau 20 do, toc do
13 0,1 rad/s, phuang trinh nhiéu séng bién K, = C,x0,5xsin(1,2t).

Bask: 12.9567 Mean: 129647

Mg Wroimn

Frlraiss; v
r

AW (L)

Hinh 11. D4 thi hoi tu GA 6 trang théi 3

}-.-"-."'-."-. A AT T T A T T T A T T A AT ATV

Hinh 12. So sénh goc 14c giita Ic tu do va hé diéu khién PID-GA & trang théi 3

Vi i ey st s e g e, B

Hinh 13. Két qud m6 phdng thé hién téc do quay cta roto (gidi han roto +1.500 rpm
@trang thai 3

Jtrang thai 3, bd tham s6 PID t&i uu thu dugc a K,= 930,85, K =
4.468,33, K = 680,75 v6i gidi han rotor £1.500 rpm. Két qua dat RRC
=87,04% cao hon trang thai 1 (83,51%) va trang thai 2 (85,71%), cho
thay GA van duy tri hiéu qua giam l3c t6t ngay ca khi diéu kién kich
déng thay déi. Gia tri fitness hoi tu vé Best=12.9563, Mean=12.9647
(tuong Ung RRC = 87,04%), dong thai Best xap xi Mean chuiing to
quén thé da hai tu 6n dinh (Hinh 11). Trén d6 thi géc lac, trudng hop
lac tu do (nét dut) co bién d6 dao ddng cudng buc rat 16n, trong khi
PID-GA (dudng lién) lam gidm manh bién do va duy tri dao dong
nho quanh 0 (Hinh 12). T6¢ d6 rotor xuat hién xung I6n & giai doan
dau, sau d6 dao déng diéu hoa rd rét dé bu nhiéu séng & trang thai
xac 1ap va lubn nam trong giGi han £1.500 rpm, thé hién tinh kha thi
clia cd cdu chap hanh (Hinh 13). Nhin téng thé 3 trang thai, khi bién
d6/tén s6 nhiéu tang, GA tu diéu chinh b (K, K, K ) d€ gitr RRC luén
> 83% va ¢6 xu hudng tang dan, ching té phuang phap GA-PID c6
tinh thich nghi va d6 bén viing tét trudc thay d&i diéu kién song.

Nhu vay, két qua mo phdng trén ba trang thai nhiéu séng khac
nhau cho thdy bé di€éu khién PID-GA dé xuat c6 kha nang giam lac
hiéu qua va én dinh, véi RRC luén 16n han 80%, dap nhanh dao
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déng vé bién d6 nhé trong khi tin hiéu diéu khién rotor luén théa
gi6i han +£1.500 rpm, qua d6 khang dinh tinh bén viing va kha thi
cla phuong phap trong cac diéu kién khao sat.

5. KET LUAN

Nghién ctru nay dé xuat phuong phép téi uu héa tham s6 bé
diéu khién PID cho hé théng én dinh gidm lac tau st dung Rotor
Magnus dua trén giai thuat di truyén (GA) trong diéu kién dong luc
hoc 13c phi tuyén va chiu nhiéu s6ng diéu hoa. Quy trinh thiét ké
dugc xay dung trén moé hinh lac phi tuyén bac ba c6 xét can phi
tuyén, mo-men phuc héi phi tuyén, moé-men nhiéu séng va rang
budc gidi han t6c d6 rotor & muc +1.500 rpm nham dam bao tinh
kha thi trién khai.

Ba kich bdn m6 phong véi cdc muc kich déng khac nhau da
dugc thuc hién dé danh gia hiéu qua thuat toan. Két qua cho thdy
GA hoi tu nhanh va én dinh, tim dugc bo {K;". K}, K3} giGp gidm
manh géc ldc so véi trudng hop khong diéu khién; chi s6 giam lac
RRC luén 16n hon 80% trong ca ba trang thai va tin hiéu diéu khién
luén thoa gidi han co cdu chdp hanh.

Hai dong gop néi bat cda nghién ctru gém: (i) Dé xuadt mot
quy trinh chinh dinh PID tu déng dua trén GA, t6i uu truc ti€p theo
tiéu chi gidam RMS/STD goc lac (RRC), ph hgp vai bai toan chiu kich
dong soéng lién tug; (i) danh gia hiéu qua trong diéu kién rang budc
bdo hoa téc do rotor, qua d6 phan anh sat hon khé nang ting dung
thuc té€ ctia hé Rotor Magnus.

Tuy nhién, nghién ctu hién méi diing 8 mo6 phdng va chua xét
day du cac yéu t6 nhu dong hoc ca cau rotor, gidi han céng suat,
tré va nhiéu méi trudng phc tap (s6ng-gio-dong chay ngau nhién
theo phé). Trong huéng phat trién, nhém tac gid sé mé rong ham
muc tiéu theo huéng da tiéu chi (gidm lac-nang lugng-bao hoa), xét
nhiéu theo phé s6ng va tién hanh thir nghiém thuc nghiém dé kiém
chiing tinh hiéu qua trong diéu kién khai thac.

L&i cdm on: Nghién clu nay dugc tai trg bgi Truang Dai hoc
Hang hai Viét Nam trong Dé tai ma s6: DT.25-26.02.
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