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Tém tit: Bai bdo trinh bay ndi dung thiét ké hé thong diéu khién cho kénh
chuyén déng doc cia thiét bi bay (TBB) ¢6 chita cdc thanh phan tham sé bat dinh
bang phwong phdp thich nghi theo tin hiéu dau ra. Trong do, tién hanh xdy dung mé
hinh toan hoc va mé phong doi twong diéu khién. Cdac két qua mé phong chimg
minh tinh én dinh ciia hé thong. Tir d6, danh gid dwoc cdc wu diém va han ché cia
phuwong phép nay so véi phirong phdp thich nghi theo bién trang thdi.

Tir khéa: Thiét bj bay; Thich nghi; Diu khién.
1. GIOI THIEU

Céc phuong phép thich nghi kinh dién duogc tong hop dya trén cac bién trang thai (do
dugc, hay khong do duoc) ciia ddi tugng didu khién dwa dén viéc thiét ké va tong hop cac
hé théng diéu khién phirc tap, gdy ra sai s6 (do cac cam bién), lam cho cac hé thng diéu
khién tré nén cong kénh va kém linh hoat. Do d0, viéc nghién ctru cac hé thdng diu khién
thich nghi méi doc 1ap véi cac bién trang thai nham giam bét cac han ché trén dang 1a
hudng nghién ctru kha thi. Dac biét dbi voi cac ddi tugng didu khién ¢ yéu cau khic khe
vé kich thich va trong lugng. Hién nay, di c6 nhidu cong trinh nghién ctru cac phuong
phap diéu khién thich nghi theo tin hi¢u dau ra, nhung phan 16n cac phuong phap tong hop
rat phirc tap va do tin cdy khong cao [6]. Vi vay, viéc phat trién thuat toan mdéi cho phép
xay dung cac hé thong diéu khién c6 cau tric don gian hon dang dugc cha ¥, va 1a nhiém
vu cua ly thuyét diéu khién hién dai. Trén thé gidi, cac thuat toan nay dang dwoc nghién
ctru, viéc tmg dung vao thuc té con rat han ché, chi dimg lai viéc nghién ctru 1y thuyét [4-
6]. Cac cong trinh trong nudc chua c6 nhiéu cong bd va danh gia. Do d6, viéc nghién ctru
Iy thuyét va hoan thién thuat toan thich nghi nay s& tao diéu kién dua dén kha ning ung
dung dé giai quyét cac vin dé diéu khién trong thuc tidn. Vi muc dich trén, bai bao
nghién ctru, tong hop hé thong diéu khién sir dung phuong phap thich nghi theo tin hiéu
dau ra cho kénh chuyén dong doc cua TBB c6 chira cac thanh phan tham sb bét dinh. Tur
két qua mo phong trén phan mén Malab-simulink, dwa ra mot s6 déanh gia kha niang lam
viéc cua hé théng va sy anh hudéng ciia mét s6 tham s dén chat luong diéu khién.

2. MO TA THUAT TOAN
2.1. Xay dung thuit toan

Xét bai toan diéu khién thich nghi theo tin hi¢u dau ra cho dbi twong tuyén tinh [5, 6].
Gia st doi tugng dieu khién tuyén tinh dimg c¢6 mo hinh toan & dang SISO nhu sau:

b

_up)
a(p)

Trong d6: p 1a toan tir laplace; y=y(?) 1a tin hiéu dau ra do dwoc; u 1 tin hiéu diéu khién

M

c¢6 dang u=uy+u, ; uy 1a tin hiéu diéu khién theo chuwong trinh; u,, 13 tin hiéu diéu khién
thich nghi.

Cac da thirc b(p), a(p) co6 dang:
b(p)=b,p" + b, ,p"" +...+ b p+b,; Pathic b(p) 1a Hurwitz va hé s6 b,>0;
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a(p)=a,p" +a, p" +..+ap+a, n>m, p=n—m;
Luat diéu khién sir dung phwong phéap thich nghi dau ra c¢6 dang nhu sau [5]:
u, =—a(p)(u+re 2

Trong do:

1 - Tham s6 bat ky;

a(p) - Pa thuc Hurwit co bac p—1;

K-Hé sb dung dé thuc hién do chinh xac bam theo tin hi@u Vs )

e(t)= yn(1)-y(t) - Tin hi€u sai léch, sai 1éch gitra tin hiéu dau ra cta doi tuong va tin

hi€u dau ra mong muodn.
¢ - Ham duoc hinh thanh tir thuat toan dénh gia, c6 dang:

§ =04,
§ =03, 3)

é =0 (k& -ké—~k, & +ke)
b=¢ @)
Trong do: Hé s6 o> U+ K; HE s6 k; duge tinh toan tir diéu kién 6n dinh tiém can cta
hé (3).

Luat diéu khién (2), (3), (4) hoan toan c6 thé thyc hién dugc vi trong cac biéu thirc nay
chi chtra cac tin hi€u da biét va tin hiéu do duoc.

Viét lai hé (3), (4) & dang véc to - ma trén:

E=o(T¢+dke) (5)
e=h'¢ (6)
Trong do:
é 0 1
0O 0 - 0 0 0
§=;§2 1 T= pd=| k=] 2
£ —k —k, ok, 1 0

Tir (1), (2), (7) nhan dugc so dau chu tric h¢ diéu khién doi twong tuyén tinh sir dung
phuong phap thich nghi theo tin hiéu dau ra, thé hién nhu trén hinh 1.

E=o(lE+dke) | 6 u, |b(p) J
’ T( ! ) » —a(p).(k+u) —=—> >
=i ¢ o 4P
A
e u, | Mohinh | Y +
| tham chiéu =

Hinh 1. So d6 cdu triic hé dieu khién thich nghi theo tin hi¢u dau ra.
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Tir so do trén thay rang, phuong phap thich nghi theo tin hiéu dau ra chi phy thudc tin hiéu
ngd ra ctia dbi tuong diéu khién, ma khéng phu thudc vao cac bién trang thai cua dbi tuong.
Thyc hién phuong phap nay cho phép don gian dugc ciu tric ciia hé thong diéu khién,

2.2. Hiéu chinh thich nghi cic hé s6 ciia by diéu khién
_ Khi giai bai toan DKTN theo dau ra bang phuong phap thich nghi theo tin hi¢u dau ra,
can phai xac dinh cac h¢ s0 «, 1,0 dé bao dam h¢ dat dugc muc dich dicu khién (2), (3).

Céc hé sd nay dugc xac dinh b'fmg cach st dung thudt toan hi¢u chinh tham s6 ctia bo diéu
khién nhu sau [6]:

k(t) = jl(r)dt ®)

Trong do: k=x+ M;Ham A(t) dugc tinh toan nhu sau:
2, khi le(t)] > &, (4, > 0)

HO710 i e <4,

©

2 g
Lya chon ¢ nhu sau: 0 =0,k véi o, >0

3. XAY DUNG BOQ PIEU KHIEN THiCH NGHI
CHO KENH CHUYEN PQNG DQC CUA THIET BI BAY

Xét mo hinh chuyén dong doc cia TBB nhu trén hinh 2. O day, ta sir dung mot s gia
thiét nhu sau:

- Coi bai toan chuyén dong cua TBB Ia bai toan dong luc hoc chuyén dong cua vat ran
véi cac déc tinh khi dong cho trude, bo qua yéu to dan hoi va bién dang két cau cia TBB;

- TBB dugc trang bi cac cam bién 1y tuong do toa do, van toc, do cao bay, tu thé trong
khong gian, cac van tdc goc va cc hé sb qua tai. Nghia 13, cac cam bién khong c6 sai sb
tinh va dong, tat ca cac cam bién do ludng cac tham sé chuyén dong cua UAV duoc md
phdng bang khau khuéch dai ly tuong;

- Coi cac co cau chap hanh (servos) 1a khau quan tinh bac nhat, ham truyén 1 khau
khuéch dai h¢ so bang 1 véi hang so thoi gian cho trudce.

y ya’yk X

Hinh 2. Chuyén déng ciia TTB trong mdt phiang ding.
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Tr,én hinh 2, ta c6 cac I}é toa do: x0yo, x,0v, x 0y 1a cac hé toa d6 mat dét, hé toa do
van toc va hé toa do lién ket [1].

Mé hinh toan hoc phi tuyén kénh chuyén dong doc ctia TBB dugc viét dudi dang [1]:
mV (t)=Tcosa— X, —mgsin6;
mVO(t)=Tsina +Y, —mg cos 6;
J. o, =qSbm_;
: (10)
S=w;
x(t)=V cos®,
H (t)=Vsiné,

Trong d6: 9, 0, o - Goéc gat, goc nghiéng quy dao, goc tin cong cua TBB; V- Dia tdc
cua TBB; mg - Trong luc ciia TTB; T - Luc déy dong co; S - Dién tich dac trung cia TBB;
J_- M6 men quén tinh theo truc z; q - Khéi lugng riéng khong khi; x, H - Toa dd trong
tam cta TBB trong hé toa do mat dét; X,, Y, 1an luot 1a thanh ph?m luc can, lyc nang; m, .
Hé s6 mo men theo truc z; b - Day cung khi dong trung binh.

Tuyén tinh héa hé (10), trong bai toan chi xét cac chuyén dong chu ky ngin (cac
chuyén dong goc) bo qua su thay doi toe do, do cao bay, ciing nhu bo qua sy thay doi ché
d6 1am viéc ciia dong co. Ngoai ra, gia thiét ring bo qua thanh phan theo luc ning cia
canh 14i do cao. DBé don gian hé phuong trinh bé qua cac ki hiéu sai 1éch nhé A tirc 1a
A6, =0, ... Nhan dugc h¢ phuong trinh vi phan theo sai léch nho nhu sau [4],:

H(t) = (—ay‘g + af)@(f)—af&'(t)+a§‘5€
@, (t)=a, 0(t)-ay o, (1)-a, 9(t)-a,s, (11)

3(0)=o.(1

Trong do: d. 1a goc 1éch canh 14i cua TBB; a

a [ o, a , [ A A an
y.a,,a,0 .4, .4, .4, la cac hé s6 dong
luc hoc bay duogc tinh [2], gia tri cua nd phu thudc vao diéu kién bay, d0 cao va van tde

, ) . . , \ A J< . 4 e ’ A
cia TBB. BO qua su anh huong cua thanh phén rat nho a,, ngoai ra, ta c6 quan hé
a =8 -0, sau khi bién doi (11), ta dugc:

a(t)=w,(t)+ala(t)+al s,

c

@ (t)z—ajjz a(t)—an";ja) (1)-ays (12)

3(1)= 0.1 -

_ Trong phﬁn nay, ta s& tién hanh diéu khién thich nghi 6n dinh goc gat cua TTB. Bién
do6i (12) ve dang SISO nhu sau:

S, o, a o, a
amzs—(am;ay +a; amz)

S _
Wg - a o,

3 @, a 2 a
S +(amz —ay )S +(amz —Cly amz

)S (13)

Chon ham mau c6 dang y* = 9*, ta c6 quan hé bac cua ddi tuong o =2, chon da thirc
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c6 dang ( p) = ( p+ 1) , thuat toan diéu khién theo (2) c¢6 dang:

u, =—(u+x)(p+1)eé (14)

Theo (3) nhan dugc:
& =0(-2& +2e) (15)
e=¢ (16)

4.MO PHONG VA DANH GIA KET QUA
He:: théng kin lgénh gat dugc md phong trép Matlab va cho cac tham sé ban dau (9) cua
hé thong dicu khién thich nghi theo tin hi€u dau ra ¢y = 0.01; o= 10.
Khao sat mot loai TBB c6 cac hé s6 dong luc hoc bay [4] trong cac truong hop:
Bing 1. Cdc tham sé déng hoc ciia TBB.

al(s | ap(s?) | ay(s) | al(s) | ar(s?)
al -1.10 15.5 1.20 0.09 33.0
a2 -0.86 5.81 0.18 0.06 9.15
a3 -1.34 -12.5 0.45 0.07 15.2
3, do 9, do
6 6

04 0.5

0 01 02 03 04 050 005 01 015 02 025 03
¢ (ho=30) d (ho=40)

Hinh 3. Phan ung cua goc gdat § voi kich dong bdc thang.
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Bai toan m6 phong goc gat cua TBB trong cac truong hop tham gé bét dinh trong bang
1 yél cho céc gia tri Ao thay doi theo (9). Tur do, danh gia duoc ‘,i@ on dinh cua hé th(‘)ng’.
Dong thoi dé danh gia hi€u qua cua thudt toan thich nghi (9), tién hanh thay doi tham so
ban dau Ay d€ danh gia kha nang dap ng nhanh cua hé thong va chat luong cua tin hiéu
ra. Tur d0, c6 cac phuong an lya chon cac tham s6 ban dau (9) cho phu hop voi yéu cau
thict k&.

Trén hinh 3 ky hiéu: a0 - Tin hi€u tac dong 9; al, a2, a3 twong Ung la tin hiéu thyc 9
theo cac truong hop trong bang 1. Céc hinh a, b, ¢, d tvong mg v4i phan tmg cia goc $
khi Ag= 10, 20, 30, 40. Tin hi¢u thyc 3 bam theo tin hi¢u tac dong 3.. HE thong dam bao on
dinh tiém can tai gia tri 9. = const.

Khi ting Ao hé théng c6 thoi gian dap ing nhanh hon, nhung xuit hién dao dong va do
qué chinh 16n (hinh 3¢, 3d).

Nhan xét:

- PBac trung qua do cia h@ kin cho théy, hé 6n dinh tiém cén toan cuc sau mot thoi gian
Xac d;nh V('?i cé}c chi tiéu chat lugng: thoi gian qua do, d6 qua chinh, so lan dao dong dat
yéu cau thict k&;

- Két qua mé phong phu hop véi cac két qua 1y thuyét;

- Chét luong diéu khién va thoi gian dap Gmg ctia hé théng phu thudc rat manh vao viéc
chon céac hé sb A, - Khi tang hé sb A, , ham k tién dén gia tri xac lap nhanh hon (9);

- Khi ting hé sé 4, tic 14 ting d6 nhay ctia hé thong diéu khién, khi giam hé s &, tic
1a giam sai s6 9- 9. Cac gi4 tri nay khi chon phai nam trong gidi han cho phép dé d¢am bao
hé thong lam viéc hiéu qua.

5. KET LUAN

Trén co s& phuong phap thich nghi theo tin higu dau ra, cac tic gia da dé xuat tong hop
bd diéu khién cho kénh gat hé tu 14i TBB trong diéu kién chira cac tham sd bat dinh. Két
qua theo 1y thuyét ciing nhu mé phong da chimg minh tinh dung dan cua phuong phap
thiét k&, va 1a co s& cho cac bude nghién ciru chuyén sau, ciing nhu 4p dung cho cac d6i
tuong diéu khién thyc tién.
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ABSTRACT
ADAPTIVE CONTROL FOR OUTPUT FOR CONTROLLING AERIAL VEHICLE

This paper describes an adaptive control system of an air vehicle's (AV)
longitudinal motion. A nonlinear mathematical model of resilient aircraft's
longitudinal motion is designed. The adaptive control system of a resilient AV is
built by adaptive control for output. Simulation results confirm the effectiveness of
this method in terms. The advantages and disadvantages of this method are
compared with adaptive control systems based on plant state vector.

Keywords: Adaptive; Controller; Aerial Vehicle.
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