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XAY DUNG TIEU CHUAN TOI UU LQR
CHO HE THONG PIEU KHIEN TAU THUY

DJ Cong Thing'", Cao Tién Huynh?

Tém tit: Tiéu chudn t6i wu cé vai tro hét sirc quan trong trong viéc thiét ké va
tong hop hé thong diéu khién 16i wu cho tau thity hién dai. Bai bdo dé xudt phirong
phap xdy dyng tiéu chuan 161 uu LOR dam bao hé thong diéu khzen tau thuy theo
hudng co ton that toc d¢ la bé nhat, tir do phan tich dwoc cac yéu té anh huong toi
hdm tiéu chudn t6i wu (ddac trung cho t6n that toc do). Bai bao ciing chi ra dwoc cdc
kho khan va su phirc tap trong viéc lya chon trong s6 ctia ham muc tiéu, d(;ng thoi
chi ra duwoc cac han che ciia mot s6 tdc gid trong viéc xdc dinh cac trong so ham
muc tiéu. Tir o, dé xudt mot phwong phap daé xdc dinh trong s6 trong ham muc tiéu
ciia bai todn diéu khién toi wu toan phwong tuyén tinh (LOR).

Tir khéa: Tiéu chuén t6i vu; Ham muc tiéu; Diéu khién t6i vu; LQR; Tau thuy.
1. PAT VAN PE

Tau thily c6 vai trd rat quan trong trong van tai hang hoa, an ninh va qubc phong. Bé
khai thac va van hanh tau thiy co6 hi€u qua cao can hé théng diéu khién va tu dong hoa,
dic biét 1a hé thdng diéu khién 14i tu dong tau theo hudng 1a khong thé thiéu. Dé hé diéu
khién c6 chat lugng cao thi tiéu chuan t6i wu cin phai chinh xac. Dbi v6i hé 14i tau theo
hudng, tiéu chuan t6i wu phai dam bao khi van hanh lyc can 1én tau 1a bé nhit img véi ton
hao toc dd 1a bé nhat.

bé x@y dung dugc hé thong t6i wru, van dé quan trong bac nhat 1a phai xay dung duoc
tiéu chuan t6i wu, boi chat lugng cia hé thong hoan toan phu thudc vao tiéu chuan tdi wu
duogc Iya chon trude luc bude vao thiét ké hé thong. Pdi v6i hé théng ty dong 1ai tau theo
huéng tiéu chudn d6 phai duoc xdy dung trén co so cac yéu cau dit ra cho nd. Cu thé la:

a. Hé théng phai dam bao do chinh xac, theo d6 sai s cang nho cang tét, boi sai s6
hudng mili tau 1 nguyén nhén ting strc can 1én con tau lam giam tdc d¢ chuyén dong cua
tau, kéo dai thoi gian hanh trinh din dén lam giam hiéu qua kinh té -ky thuat cua tau.

b. Bén canh d6, hé théng nhit thiét phai dam bao sao cho bién d6 va tan s6 bé banh lai
nho nhat, boi bién do bé banh 14i cang 16n thi sirc can cang 1on dan dén ton thét toc do
cang 16n va di kém véi d6 1a kéo dai thoi gian hanh trinh, tan s6 bé banh 1ai cang 16n thi syr
mai mon may lai cang nhiéu dan dén giam tudi tho ctia may 14i.

Ca hai yéu cu néu trén hudng t6i viée giam thiéu sirc can va do dé giam thiéu sy mét
mat toc d6 do goc sai 1éch hudng miii tau va goc bé banh 1ai gay ra.

2. GIAI QUYET VAN PE

M0 hinh toan hoc mo ta dong hoc cua tau thiy da dugc tac gia thé hién trong cong trinh
[2] c6 dang:
2
y+> ay” =k +k,0 (1)
i=I
V6i ¥ 1a gbc hudng cta miii tu so véi phuong bic; O 1a gbe bé banh l4i. Cac tham
$6 ap%,]ﬁ,]‘} 1a cac tham sb phu thudc vao tham $6 dong hoc dic trung cua tau, dong

hoc cua tau phu thuoc rat nhiéu vao tai trong cua con tau, ma tai trong cta tau la mot tham
s0 bat dinh khong biét trudc. Trong cong trinh [2] da d¢ xuat phuong phép nhan dang céac

tham s6 al,az,kj,kz nay cua tau thuy.
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Banhlai , Pong

Than tau T

Hinh 1. Dinh nghia cdc géc bé banh ldi O va géc hudng Y .
w(s)  k+kys

] 2
o(s) s +a,s +as

Dit A(s)=s"+a,s’ +as; U(s)=0(s) va Y(s)=w(s)

2

Viét (1) & dang ham truyén G(s) = )

1 S s
X (s)=——U(s); X,(s)= U(s): X, (s)= U(s
1(8) 16) (5); X, (s) 16) (s):X,(s) 16) (s)
Py
Suy ra dt dt
Tir d6 ta co:

U(s) iy U(s) ik, sU(s)
A(s) A(s) A(s)
Suy ra daura: y(t) =y (1) = kx, + kX,

va U(s) = A(s).X,(s) = (s’ + a,s" +a,5).X,(s)

w(s)=(k +kys) = kX (s)+k,X,(s) 3)

ha u(t)=%+ax+ax :%——ax —a,x,tu
y TR R TR e R

Tt d6 ta c6 h€ phuong trinh trang thai mo ta tau thuy:
X=X,
X, =Xy
X;=—a,X, —a,X;tu @
y=kx, +k,x,
Hay viét du6i dang ma tran ta dwgc phuong trinh trang thai cua tau thuy:
{ x=Ax+Bu

v_Cx (5)

X
1
Voi x = X, la véc to trang thai; u l1a tin hiéu diéu khién;

X3
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0 1 0 0
A=|0 0 1 |la ma tran trang thai v6i Gy ==, &3 =—,; B=| 0| la ma tran
0 a, a, 1

dau vao; C = [k1 k, 0] 13 ma trén du ra.

V6i phuong trinh trang thai (5), dé tong hop duoc bai toan diéu khién tdi uu ta can xac
dinh duoc ti€u chuan toi vu. Ti€u chuan t6i uvu nay co6 dang[1]:

T
J(xw)= | (x"Qx-+u"Ru)ds —min 6)

Trong d6 Q, R 1a cac ma tran trong s6 can xac dinh. Viéc lya chon Q va R lién quan toi
tinh 6n dinh cta hé thong va chat luong bai toan diéu khién nhung tir trude t0i nay Q, R van
dugc lua chon theo kinh nghiém. Doi hoi can c¢6 phuong phap dé xac dinh cac trong sd nay
mdt cach khoa hoc. Duéi déy s& tién hanh xac dinh cac trong s6 cho ham muc tiéu (6).

Dé 6 co s xay dung tiéu chuin tdi uu cho hé théng tir dong 14i tau theo hudng, chung
ta khao sat lyc tac dong 1€n banh 14i va [én con tau khi c6 sai léch hudng miii tau.

Biéu thirc giai tich Xdc dinh lyc tac dong lén banh lai lan dau duoc Euler dua ra nam
1978 [6]. Tuy nhién, doi voi cac banh 1ai phang nguoi ta st dung cong thuc do Jossel dé
xuat[6] dé xac dinh lyc tac dong:

2
P =kr£sin5 (7)
C

T
pur
Trong d6: F, — dién tich cuia banh lai, m?;
v —Tbc d6 chuyén dong cua tau, m/s;
0 — goc bé banh lai, do;
C,,—hé sfi bién thién theo goc J ;
k; —hé so ty 18.

Hinh 2. Lyc tac dong lén banh ldi.

Tu Hinh 2 va biéu thirc (7) ta tinh dugc luc cdn tdc dong 1én banh lai Py,

2
P = krisin2 o (8)

yr
p.r
Tuong ty nhu vay, ta xac dinh duoc biéu thire tinh lyc can tac dong 1én con tau véi goc
1éch hudng miii 1a W:
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P = k“'—‘Vsinz 7% 9)

ys

Trong do: F— dién tich mat sudn cia tau, m?;
/- goc 1éch hudng miii, do;
Cos— hé’sé bién thién tl}eo goc o; ’
ks —hé so ty 1€, co tinh dén tuyén hinh va tinh dén dang thiy dong hoc ctia tau.
Tir céc biéu thire (8) va (9) v6i goc W va & nho ta co Sind ~ J, siny =~ . Vi vay, cac
biéu thirc cho phép xac dinh gan ding luc can tac dong 1én banh 1ai va 1én con tau sé la:

k Ev?
P ~—t1 5" (10)
yr Cp’r

k Fv?
o (11

p.s
Qué trinh diéu khién tau theo huéng chinh 1 qua trinh tao ra goc bé banh lai J theo
luat diéu khién t6i wu, ddm bao cho téng luc can 1én tau 1a nhod nhét trong subt thoi gian
diéu khién. Didu d6 co thé duoc thuc thi khi luat diéu khién cho phép cuc tiéu hoa tich
phan cua tong luc can 1én con tau.

T kSFSV2 T, krFGC,s 5
Jl_.[o (Pyr+f}é,)dt—c—ps.[0 (l// +Fcpré‘ )df
LRV o ’ ’ (12)
== [y + A8%)dt —>min
C,, °°
Trong d6 T 1a thoi gian diéu khién, A 1a trong sb:
krFrC S
=_f 1B (13)
kstCp,r

Diéu kién cuc tri (12) theo O hoan toan tring khép véi diéu kién cyc tri riéng thanh
phén tich phan:

J, = [ v +28%)dt —min (14)

Bing cach so sanh (6) v6i (14) ta d& dang suy ra dugc cic ma tran trong sb cua tiéu
chuan t6i vu cho doi tugng (5) nhu sau:

Q=

S O =
S O O
S o O

Nhu viy, bang viéc phan tich sy hinh thanh strc can 1én banh 1ai va 1én con tau trong
qua trinh diéu khién va sy can thiét phai giam thiéu tong cac luc can, ching ta di thu duoc
tiéu chuén toi wu cho hé théng tu dong 1ai tau theo hudng. Trong tiéu chuén t6i vu vira
dugc thiét lap, trong s A c6 vai trd vo cliing quan trong. Trong sd nay duoc xac dinh theo
biéu thirc (13). Tuy nhién c6 rat nhidu khé khin trong viéc xac dinh A do khong co du
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thong tin vé cac hé sb k,, k, Cpr, Cps. Day 1a nhitng hé ) phu thude phirc tap vao dang
thuy dong hoc ctia banh lai va cta con tau.

Vi Vay, kha ning dé co6 thé xac dinh gan ding gia tri cua trong s6 A theo biéu thuc (13)
ciing gan nhu khong thé. Trong phan tiép theo dudi day van dé xac dinh gia tri t6i wu cho
trong s0 A s€ dugc luan giai.

Tiéu chuén tdi wu cho hé thong 1ai tau theo huéng da duoc nhleu tac gia dé Xuat [3],
[4], [5], [7]. Trong cac cong trinh nay, tiéu chuan t6i uvu duoc dé xuit co dang glong voi
(14). Tuy nhién & d6 diéu déng luu tdm nhét 1 chua dwa ra co so dé lya chon biéu thirc
dudi dau tich phan, ciing chua dua ra dugc phuong phap xac dinh trong s6 A . Koyama [4]
dé xuat lya chon A trong khoang 8+10, trong khi Norrbin[5] dé nghi chon A tuy thudc vao
diéu kién thoi tiét:

(Bién lang) 0,1< A <10 (Bién dong). (15)

Amerongen va Van Nauta [3] lai dé xudt lya chon A theo loai tau, thi du: ddi véi tau
ché dau chon A=8,0 , véi tau vén tai hang chon A=6,0. Nhitng d& xudt cua cac tac gia
néu trén chu yéu dya vao kinh nghiém, mang tinh gan dtng thi€u 1ap luan chat ch€ vé mat
Iy thuyét va gip nhidu khé khin thyc té trong viée lua chon trong sé A, boi dai thay dbi
rat rong (tur 0,1 dén 10), hodc lwa chon A theo loai tau, trong khi trén thyuc té chiing ta da
thdy théng qua biéu thic (11) dé c6 duogc gia tri tdi uu cho trong sé A doi hoi phai biét rat
cu thé va chi tiét kich thudc, dang thuy dong hoc va cac dir liéu khac cua banh lai va cia
con tau.

Ta tro lai biéu thire (14), né dic trung cho stre can cua nudc 1én tau thuy. Hién nhién
thay rang strc can tac dong 1én tau cang nho thi toc do tau s€ cang 16n va ngugc lai. Tu day
dé xuat phuong phép dé xac dinh trong s6 A nhu sau: Gia thiét cong suat ctia dong co day
tau khong doi(cong sut cua chan vit khong doi), ta coi A 1a mot tham sb dau vao ciia hé
thdng diéu khién goc hudng cua tau thuy, thuc hién thay doi A sau thoi gian qua do ta do
duogc toc d6 cua tau. Ung v&i mdi gia tri cia trong s6 A, ta s€ co mot bo diéu khién t6i wu
cho tau thuy va s& c6 mot gid tri ham tdi uu J, va géc bé banh 1ai O .

Thong qua thuc nghiém mo phong ap dung cho tau c6 tham s6 a,=8,33.10™; 2,=0,0792;
k=4,167.10"* va k,=0,0167 ta x4c dinh duoc cac Kkét qua sau:

12 Omax
1.20000E+06 90.00000
1.00000E+06 00
70.00000
8.00000E+05 60.00000
6.00000E+05 50.00000
40.00000
4.00000E+05 =
2.00000E+05 20,00000
A 10.00000
0.00000E+00 . A
0 2 4 6 8 10 12 14 e A 5 : 6 P % 5 o
a) b)

Hinh 3. Quan hé giita ton hao J2 (a) va bién dp goc bé banh ldi Sy, (b)
theo A khi goc huong dat w,=50°.

Qua hai duong dac tinh trén trén ta théy rﬁng khi A cang 16n thi J, cling cang 1on, 4.
ban dau giam sau d6 hau nhu khong dbi. Nhu vy, ta phai lwa chon A dong thoi thoa méin
hai di€u kién 1a J, phai du bé va bién d¢ goc bé banh 1ai cia tau thuy cling phai du bé. Tu
do, ta c6 thé lya chon duogc gia tri phu hop cua trong sb 1a A=4.
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Delta cal Psi_e =
o |
0 50 100 150 200 250 300 350 400 450 500 7 ;
0 100 200 300 400 500
Ready T=500.000 -
Hinh 4. Goc bé banh ldi va sai léch goc huong
khi A =0,1 va goc huong dat w;=50°.
Delta c2 Psi_e [E
0 | |
a0
30
20
10
o
0 100 200 300 400 500
1 0 50 100 150 200 250 300 350 400 450 500 Ready T=500.000

Hinh 5. Goc bé banh ldi Delta va sai léch goc huong Psi_e
khi A =4 va géc hudng dat w,=50°.
Qua Hinh 4 va Hinh 5 trén ta théy VOl trong sré A=4 s& cho dap ung goc bé banh lai
nho hon so voi gia tri khac ma mét so tac gia de xuat.
3. KET LUAN

Trén ddy di dé xuat, phuong phap xay dung tiéu chuin t6i wu cho hé théng diéu khién
g6c hudng cua tau thuy mot cach logic, c6 co so khoa hoc va c6 tinh thuyét phuc hon so
Vi cac cong trinh dugc cong bd trude day (chi dung kinh nghiém), da de xuit phuong
phap dé xac dinh trong s cua tiéu chuén t6i vu. Viéc lya chon tiéu chuén t6i vu hoan toan
d& dang thuc hién nho vao cac trang thiét b k§ thuat va cong nghé thong tin ngay nay.

TAI LIEU THAM KHAO
[1]. Nguyén Doan Phudc (2002), Ly thuyét diéu khién tuyén tinh, Nha xuat ban Khoa hoc
va ky thuat, Ha Noi, 408.
[2]. Do Cong Thang (2017), "A method to identify the dynamic parameters of ships”,

Journal of Military Science and Technology. Vol. 51A(Special Issue: Rapid
Communications in Advanced Science and Technology ), pp. 10-17.

[3]. J.Van Amerongen and H.R. Van Nauta Lemke (1978), Optimum steering of ships
with an adaptive Autopilot, Proceeding of 5th Ship Steering Automatic Control,
Genoa, Italy.

[4]. Koyama, T (1970), "On the optimum automatic steering system of ships at sea.”,
JS.N.A. Vol. 122.

[5]- Norrbin, N.H (1972), "On the added resistance due to steering on a straight course",
Proceedings of the 13th ITTC, Berlin, Hamburg, Germany.

76 D. C. Thing, C. T. Hupnh, “Xdy dwng tiéu chudn téi wu LOR ... diéu khién tau thiiy.”



Nghién ciru khoa hoc cong nghé

[6]. Phrayzon L.R (1974), "Aémomamuszayus u cucmemwl nepedayu Ha kopaoasx.", -
Jlennnrpan-®denepanus Poccun.

[7]. Thor L.LFossen (1994), "Guidance and Control of Ocean vehicles", John Wiley &
Sons, Chichester, New York, Brisbane,Toronto, Singapore, 494.

ABSTRACT

ESTABLISHING LQR OPTIMAL CRITIA
FOR SHIPS CONTROL SYSTEM

Optimal criteria have an extremally important role in designing and building an
optimal control system for modern ships. The paper proposed a method to build
optimal LOR criteria ensured that control system moving direction of the ship is
always having minimum speed loss, then analyze factors that effect to optimal
criteria function(characterizes speed loss). The paper also shows the difficulty and
complexity in selecting the weights of the objective function, while pointing out the
limitations of some authors in determining the objective function weights. Since
then, a method is proposed to determine the weight in the objective function of the
optimal control problem linear quadratic (LOR).

Keywords: Optimal critia; Objctive function; Optimal control; LQR; Ships.
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