Nghién ciru khoa hoc cong nghé
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Tém tit: Bai bdo trinh bdy mét phuwong phdp thiét ké bé loc tin hiéu huéng trén
co so by quan sat trang thdi trong hé thong diéu khién ciia phuong tién ngam.
Trong do chuyen dong cua phwong tién ngam dwoc coi nhuw vat ran chuyen dong 6
béc tw do; hé thong ldi tw dong trong phirong tién ngam dwoc dé xuat su dung cau
triic bé quan sdt trang thai tir dé sé tinh todn va loc thanh phan tan sé thap ra khoi
nhiéu do dong chay dai dwong tic dong dén PTN. Két qud mé phong bang
MATLAB/SIMULINK dd chimg minh tinh ding dén ciia thudt todn.

Tir khéa: Bo quan sat trang thai; Phuong tién ngim.

1. PAT VAN PE

C6 rat nhiéu cac cong trinh nghién ctru vé phuong phap tuyén tinh hoa, voi cac két qua
thu dugc cho thiy phuong phap nay co trién vong rat 1on trong diéu khién phi tuyen
[2,5,7]. Song n6 lai c6 nhuoc diém 1a phai xac dinh duoc chinh xdc gia tri cua cdc bién
trang thai cua dbi tuong (thong thuong 1a do truc tlep bang cac thiét bj sensor) dé dua phan
hoi vé bo dleu khién, nhung véi phuong tién ngam c6 nhiéu bién trang thai khong thé do
dém tryc tiép dugc. Vi vay, trong bai bao nay tac gia da dua ra mot phuong phap dé xac
dinh gia tri clia cac bién trang thai - phwong phap quan sat thong qua cac tin hiéu vao/ra,
thay cho viéc do tryc tiép.

2.NOI DUNG

2.1. Phwong trinh chuyén dong phwong tién ngim

Vi tri va goc dinh hudng cta phuong tién ngdm 7 = [x, v, 2,0, 6’,(//]T dugc mo ta tuong
dbi trong hé toa do cd dinh tdm trai dit OXYZ, van tbc tuyén tinh va van toc goc
L= [u,v, w,p,q,r]T dugc mé ta trong hé toa do gin lién C,X,Y,Z, c6tam trung vdi tam
n6i C, (hinh 1).

Phuong trinh dong hoc phwong tién ngam duoc mé ta[1]:

Ci=Jp (1)

trong do6, J(77) 1a ma tran chuyén toa do.

Phuong tién ngdm ty hanh (AUV) dugc diéu khién béi hai banh 1i trong mit phang
ngang, hai banh lai theo mat phang dimg . Gia st chuyén dong phuong tién ngam chi xét
dén sy anh huong cua dong chay, bo qua sy anh huong cua song va gio.

Khi xét dén sy anh huéng cua vén tde dong chay tac dong lén phuong tién ngam,
phuong trinh chuyén dong cua phuong tién ngam sé 1a (Sorensen, 2005a):

WM,,—M o=, (v,)v,—-C,W)+DW,)v, +L0L,)V, +g(M)+T )
trong d6, M ,,la ma trdn quén tinh; C,, la ma trdn huéng tdm Coriolis; M ,,C,(v,,) 1a
ma trdn quan tinh va ma tran huéng tam Coriolis khéi nudc kém; D(v,,)la ma tran lyc va
md men thily dong; g(77) 1a véc to luc va moé men phuc hoi; L(v,) 1a ma tran lyc va mo

men cua banh ldi; 7=7,,+7

cvit

la lyc va mé men cia banh lai, vy va chan vit;

T
w =V U, [utd’vtd’ td’p’q’r]
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véi v, =[u,,v,,w,,0,0, O]T 1a van téc dong chay ddi v6i hé toa do gin lidn vat thé,

Gia thiét van toc chuyén dong thing cia AUV luén 1 hing sb u = u,, tr (2) ta c6 hé
phuong trinh chuyén dong tong quat cia AUV 1a [2],[4]:
(m—X, =X, uu+(X,, |[v|+X v+ (X, u+X | w)w+ X up+(X, w+

+ X, ,q—mwg+ (X, v+ X r+mr+ X, +X NTR)

uud, !
(m—)f.,)\'z—Yr.i’Z(Yv‘v‘ |v|+}Zvu0)v+mpw+}’vvafp+1/!7qpq+(Y u—mu)yr+Y uzé‘h

(m—ZIW—Z.g=mqu+(Z, |w|+Z ww+(Z v+Z r—mv)p+Z uq+ Zuug‘uzé;

(I, ~K)p=K,uu+K up+(I,~1_)qr+z BcosOsiny +K,,u’5, 3)

M+, —M)g=M, uw+M, v+M, rp+_ -1 )p+M,uqg+
+2,Bsin@+x,Bcosfcos p+ M, u’5,

=Ny+(_=N,)i=Nu+N, wp+(I, —1,)pg+N, pq+N,ur—xBcosOsiny

+N u25h

wd,
X =u, cosy cos ¢+ v(cos i sin ¢gsin € — sin i cos @) + w(cos i sin & cos ¢ + sin i sin )
Y =u, siny cos & +v(siny sin &sin ¢ + cos i cos @) + w(sin i sin & cos ¢ — cos i sin @)
Z=-u, sin @ +v(cos Osin @) + wcos & cos ¢
$= p+qtanOsin g+ rtan Ocos ¢
0=qcosg—rsing

“)

W =gqsingsecd+rcospsecd

Heé toadd cd dinh
tarm traicit
a

Hinh 1. Cdc hé toa do tham chiéu chuyén dong cua AUV.
Tir cac phuong trinh (3) va (4) co thé xay dung dugc phuong trinh chuyén dong riéng
cho kénh di€u khién theo hudng, theo do séu va diéu khién giam lac [4].
Xét trong mat phang ngang vadi gia thiét toc d6 1a khong déi va w= p =g =0, goc hudng
nho, céc thong sb ban dau y, =7, = 0 khi do:
W=r; X=u,CoOSy —VSINY Ru,— W ; y=u,siny +vecosy =uy +v.

Chuyén dong ciia AUV trong mit phiang ngang duge mo ta boi hé phwong trinh sau [5]:

m— Y\: _Yr’ 0ffv )\Iv\v | Vi | +Y;vutd —mu,, + Yurutd 0 Vi Y""‘Sh u’zf
_]v\ I z N, F 0 7|= N, uvutd N, urutd 0 rot Nuub',l ut%i §h (5)
0 0 1|y 0 1 0w 0
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Twong ty nhu vay, chuyén dong cia AUV trong mit phang dimg duoc mé ta boi hé
phuong trinh sau:

m _Zv'v _Zq 0 0 W Z\Mw | 1/th | +Zuwutd Zuqutd O O M}td ZW&; M;
-M, 1,-M, 0 0 q _ M u, Mu, 0 0| ¢ N M, u, s (6
0 0 1 0|6 0 1 0 0f 6 0 :
0 0 0 1z 0 0 0 O\ z 0

Str dung hé phuong trinh (5),(6) dé xay dung bai toan téng hop bd quan sat trang thai
cho chuyén dong theo géc hudng va do sau vdi cac hé s6 dugc tinh toan dua vao céac chi
sb kich thude cua mot chung loai AUV.

2.2. Tong hop b quan sat trang thai cho chuyén dong ciia goc huéng

Bo quan sat trang thai theo goc hudng duoc xdy dung sao cho dau vao 1a goc bé lai
huéng r, ddu ra 1a géc hudng w thay déi trong giGi han cho phép.

Dit cac bién trang thai:

X, =r
X, =y
Hé thdng chuyén dong goc hudng cia AUV duge viét dudi dang [6]:
X, =X,
x, =0.0225x, - 0,233 1x, +0.02580, @)
x; =—0,1114x; - 0,2647x, — 0,021 10,

Phuong trinh trén c6 thé viét lai nhu sau :

X =X,

8
x,=f+b5 ,f=0.0225x,-0,2331x, ®

Trong d6 f 1a thanh phan bat dinh, voi loai AUV dang nghién ciu [7] thi chon
b=0.0268

B0 quan sat nang cao de xuat c6 dang:

1/2

Zy=z,+ A x, —z " sign(x, —z,)+bo,

z, = asign(x, —z,) ®
trong d6 z,,z,1a cac bién trang thai uéc lugng cho x,, X, .
Khi d6 sai sé duoc tinh nhu sau:
e =Xx—z,6,=—2,+f (10)
LAy dao ham hai vé sai s6 ¢, = x, — 2, thay vao (8), (9) ta thu duoc:
é=—e,—Ale, | sign(e)+ f (1)

¢, = [~ asign(e,)

Sau khoang thoi gian xac dinh z, = x,,z, = f = F(¢,x,,X,,2,) voi:
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F(trxl,xz,Zz)=f(t,xlaxzau(taxlaxz))_f(taxla22,)(t’x15227U(t>x1:x2))
+§(t7xl>x27U(t>xlax2))lim

(12)

Gia st rang cac trang thai cta hé thong bi giéi han, va ton tai mot hang s6 f* thoa
man cac bat phuong trinh sau:
| F (8%, %,,2,) [< f7 (13)
voi: £, X, X, bat ky va | z, |< 2"l ta nhéan duge:
2 (a+fH1+p)
a-f"  (-p)

Khi a, A thoa man theo diéu kién trén thi cac bién trang thai udc lugng hoi tu, khi do

a>fA1> voi p dugcchon 0< p<1  (14)

cac saiso e,e, hoitudenO, ¢,e, théaman:

é =¢&—A1l¢|" sign(e) (15)
é, e[~ f7,+f"]-asign(e) (16)
hay:
e,ela—f",a+f"]véie =0. (17)
ée[—f+,f+]—(%/l|:ﬁ+asigne]) (18)
1

Khi: ¢ =0—>e,=x,-0=x,
e, >0 voi gia tri khéi tao x, >0
e, <0 véi gia tri khoi tao x, <0

- Xét khi ¢, >0 = ¢ >0, khi d6 quy dao dugc xac dinh giira tryc e, =0,¢, =0 va

.. .. : 1 e
quy dao cua phuong trinh & =—(a— f7),€, < [ —asigne, ——ﬂW <0
el
Hién nhién rang khi e, = ¢, , & thoi diém e, =0 va xét:
é, = F(x,,x,,2,,u) —asign(e,) (19)

ta duoc O<a—f" <l |<a+f" ,vivay|é, [>(a—f")t,v6i ¢, 1a khoang thoi gian
khi e, =0, do d6 ta co:

& |

LS——— (20)
(a-f")
Thoi gian hoi tu tong duoc ude luong theo:
€, |
r<) ——— (21)
2 (a=1")

Trong thuc té v6i mot loai AUV dang xét [7] chon cac gid tri sau:aq, =1.1,a, =1.5

a=af" A=a,(f")"
2.3. Tong hop b quan sit trang thai cho hé thong 6n dinh d9 siu
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B quan sat trang thai cho hé théng 6n dinh sau voi dau ra l1a goc chic goc Gthay ddi
theo gidi han cho trudce. Khi d6 cac bién trang thai dugc dat nhu sau:

X =z
x,=0 (22)
X3 =q

Hé théng chuyén dong cia AUV theo d6 sau duogc viét dudi dang sau[6]:
X, =—ux, + f,(.)
X, =X, (23)
X, = f,()+b6,
trong do: u, la van téc chuyén dong ciia AUV; bé‘s la mo6 men sinh ra bdi goc bé 1ai sau;

£,(), f,() 1a cac ham s6 phu thudc vao tham sé cu thé ciia AUV va cac thanh phan

khong xac dinh chinh x4c cia m6 hinh.
B quan sat nang cao cho hé thong 6n dinh d¢ sau cé dang nhu sau:

z,=z,+k e sign(e)
z,=z,+k,|e|" sign(e) (24)
z, = k,sign(e,) + bo,
Vi ¢ =x —z,6,==2,+ f,e, =z + L5 1 S fosl 51 foysva 0,14 tin
hiéu diéu khién truot:
0, =—(é—Ksat(s)),s =ae+eé,e=x—x,
Voéi s 1a mat truot, & day ta lya chon ham sat¢ thay cho ham sign dé chéng hién

tuong chattering.
Khi @6 dong hoc sai s6 hé thong la:
e, =—e, —k |el” sign(e)+ f,
e, =—e, —k,|e|"” sign(e,) + /' (25)
é3 - —k3Sigl’l(€1) + fz '
Nhu viy €,e, va e, s€ hdi ty t6i 0 trong thoi gian xac dinh > Z) bé'lng viéc lua
chon cac hé s6 khuyéch dai k,,k, va k, phu hop
Sau khi cac sai s6 cta hé thong hoi tu tdi 0, X, =2Z,Z, = J,,2, = f2 sau thoi gian
xac dinh > To-
3. KET QUA MO PHONG
Vi dit ligu ddu vao la mot ching loai AUV c6 céc thong s6 nhu sau[7]: m = 175kg ;

I =14kgm’; I =13kgm’; I =16kgm’; X,, =120Ns / m;

xx » zz
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Y =90Ns/m;Z :lSONs/m;NI":18Ns/m;Xu :90Ns2/m2;

Ju

|
So d6 md phong bd quan sat AUV theo do sau va theo hudng dugc md ta trén hinh 2 va
hinh 3. Két qua mo phong sai s6 udc luong va bién trang thai cia h¢ thong 6n dinh goc
hudng the hién tai hinh 4, bd quan sat 6n dinh d6 sau thé hién tai hinh 5.
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Hinh 3. So dé khéi mé phéng bé quan sat dé sau cho AUV.
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Hinh 5. Két qua mé phong bé quan sdt én dinh dg séu ciia AUV.

Qua két qua mo phong:

- Thoi gian hoi tu giita sai s6 cia gia tri wdc luong va bién trang thai cia hé thong 6n
dinh goéc huéng nhanh.

- Trong hé théng on dinh do sau, gia tri udc lugng ctua hé théng nhan dugc phu hop
trang thai cta hé thong.

- Tuy nhién do anh huéng cta dong chay dai dwong, quy dao chuyén dong theo cac bién
trang thai udc lugng chua tiép can dugce quy dao thuc té. Do khudn kho bai bao nén téc gia
chi tép trung trinh bay by quan sat trang thai.

4. KET LUAN

Trong méi truong nude, cac dic tinh dong hoc clia phwong tién ngdm c6 tinh phi tuyén
cao va ludn chiu su tdc ddng cua cac thanh phén bat dinh nén viéc xac dinh chinh xé4c céc
gi4 tri ctia cac bién trang thai 1a hét sic kho khan. Bo quan sat nang cao dd néu véi uu
diém 1a s6 luong tinh toan it, khong can phai tinh dao ham cua céc sai sé nhung van dam
bao dugc kha nang hoi tu nhanh gitra gia tri udc luwong va gia tri cua hé théng.

Cac két qua trong bai bao da duoc mé phong kiém nghiém trén Matlab Simulink va
khing dinh dugc tinh dung ddn cua cac phuwong phap dé xuat. Day 1a co sé dau vao dé
khao sat danh gid quy dao chuyén dong ciia AUV khi c6 tac dong clia bén ngoai.
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ABSTRACT

CONSTRUCT AN OBSERVER OF CONTROL SYSTEM
FOR UNDERWATER VEHICLES

The paper presents a method for designing a signal filter based on an obsever in
a underwater vehicle control system. In which the motion of an underuater vehicle
is regarded as a solid body moving 6 degrees of freedom, The autopilot system in
the underwater vehicle is proposed using a state observer structure to calculate
and filter the low frequency component of the underwater vehicle out of the
disturbance due to ocean currents. MATLAB / SIMULINK simulation results
demonstrate the correctness of the algorithm, indicating that the system performs
well in this model.

Keywords: Obsever; Underwater vehicles.
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