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Tong hop b diéu khién Backstepping truwet thich nghi cho tén lira
theo thiét ké két hop ludt din va diéu khién
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Tom tat

Bai béo trinh bay phuong phap téng hop bd diéu khién
thich nghi bén vimng cho tén ltra ¢6 cac tham s bat dinh
theo thiét k& két hop IGC (Integrated Guidance Control
design). Luat diéu khién truot dang lién tuc voi cac
tham sb tu chinh thich nghi duoc sir dung tai mdi budc
ctia thiét ké backstepping nhiam bu cac tham sb bat dinh.
Céc tinh toan phirc tap dwoc giam thiéu bang cach udc
luong thich nghi d6i v6i gidi han trén ctia dao ham didu
khién 40 va bl n6 bang luat diéu khién truot. Str dung ly
thuyét 6n dinh Lyapunov, ta ching minh duoc céc sai
léch bam sat bi chin. Két qua mé phong cho thay hiéu
qué cua phuong phap dé xuét.

Tir khéa: Diéu khién phi tuyén, Diéu khién két hop IGC,
Diéu khién Backstepping, Piéu khién trugt, Tén lira.
Abstract:

This paper present robust adaptive controller for missile
with uncertainties based on IGC design (Integrated
Guidance Control). Continuous sliding mode control with
one adaptive gain parameter is used at each step of
backstepping design to deal with the uncertainties. The
computational complexity is minimized by estimating
adaptation to the upper limit of the derivative controller
and offset it by law virtual slider controls. Using
Lyapunov stability theorem, the tracking error is shown
to be ultimately bounded. Simulation results show the
effectiveness of the proposed method.

Keyword: Nonlinear Control, Integrated Guidance and
Control, Backstepping Control, Sliding Mode Control, Missle.
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1. Pit van dé

Dbi voi cac hé thong phi tuyén, luat didu khién dugc
thiét ké theo phuong phap backstepping thich nghi c6
kha niang bu duoc cac bat dinh md hinh va nang cao tinh
bén ving cia hé thong diéu khién [6]. Tuy nhién,
phuong phap Backstepping thich nghi ¢6 han che 1a luat
diéu khién ao thiét ké rat phuc tap va ta chi tong hop
dugc luat didu khién khi c6 cac diéu kién phu hop [6].
B diéu khién truot ¢6 tinh bat bién va bén ving dbi voéi
cic bat dinh va nhidu loan bén ngoai. Su két hop cta
ché d6 diéu khién truot va k¥ thuat backstepping 1 giai
phép hiéu qua dé phat trién bo diéu khién bén viing cho
céc hé thdng phi tuyén c6 dang strict-feedback, do tinh
bén ving va thu tuc thiét ké don gian xuét phat tir wu
diém ctia ca hai phuong phap.

Tén Itra 13 mot d6i tugng didu khién, mo hinh dong luc
hoc chuyén dong cua tén lira va vi tri cua tén Itra-muc
tiéu dugc biéu dién qua cac phuong trinh phi tuyén c6
chtra cac thanh phan tham sé bt dinh. Cac phwong phap
thiét ké diéu khién tuyén tinh truyén théng dya trén viéc
tuyén tinh hoa cac phwong trinh phi tuyén, bao gdm bai
toan tong hop luat din va téng hop hé ty 14i tén lira [1],
[2]. Phuong phap thiét ké két hop luat dan va diéu khién
tén ltra (Integrated Guidance and Control design-1GC)
la mot huéng nghién ciru méi, trong d6 viée tong hop
luat dan va diéu khién dwogc thuc hién theo mot mé hinh
thong nhét, phu hop véi cac loai tén lira ty dan tam
trung, c6 kha niang co dong nhanh. Pa c¢6 nhiéu tai ligu
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dé cap dén phuong phap téng hop luat dan [5] hodc hé
on dinh tén ltra [3], [4], [10] mot cach riéng biét. Trong
tai liéu [3], cic tac gia da nghién ciru, tong hop dleu
khién thich nghi hé ty 1ai tén lira co chira cac tham s
bat dinh theo phuong phdp Backstepping truot thich
nghi. Biéu thuc luat dleu khién c6 dang ham dau va chi
ap dung trong budc tong hop diéu khién cudi cung. Tai
liéu [3] cling chua phan tich mdi lién hé rang budc giita
ludt dan va diéu khién ty l4i, chua nghién ctru sy anh
huong ciia hé tu 1ai dén tinh 6n dinh ciing nhu chét
luong clia toan bo vong diéu khién tén Iira.

Bai béo trinh bay phuong phap tong hop bd didu khién
dua trén phuong phap Backstepplng thich nghi két hop
v6i ché do truot cho tén lira theo thiét IGC. Ham chuyen
dang lién tuc thay cho ham chuyén roi rac truyen thdng,
gitp han ché van dé tu dao dong cua didu khién truot.
Mot thuat toan quan sat, danh gia duoc st dung vai muc
dich nang cao do chinh xac, tinh bén viing cua tén lira
dbi voi dao dong cua cac hé s6 khi dong va nhiéu loan
bén ngoai. Pong thoi phuong phdp nay lam giam tinh
phure tap cta lénh diéu khién dugc tong hop, von 1a mot
han ché ctia phwong phéap Backstepping.

2. N¢i dung chinh

2.1. Piéu khién Backstepping thich nghi h¢ théng phi
tuyén c6 bat dinh mé hinh véi b quan sat
Xét hé thong phi tuyén [6]:

x=f(x)+BU

U =g(xu)

xeR" 1a véc to trang thai do duoc va ueR 1a dau vao
diéu khién thuc,

1)

B=(0 .. 01) @)
sao cho trang thai cudi cing X, lién hé voi diéu khién ao
théng qua.

%, =T, (X)+g(x,u)=f, (x)+U

Gia str ring, ta khong biét toan b anh xa g(x,u) tir diu

vao diéu’ khién a0 U sang diu vao diéu khién thuc u,

nhung biét dugc mot phan cua anh xa do, tuc la

U =g(x,u)=4g(x,u)+8&

Vi gia thiét nay, ching ta viét lai (1) nhu sau
x=f(xX)+B(w+0) (3a)
w=g(x,u) (3b)

trong d6, w 1a di;éu lghién a0 tmg v6i mo hinh da chon.

Gia s, ta da thiét ké duoc luat diéu khién

U =k(x)
dam bao hé¢ %= f(x)+Bk(x) 6n dinh tiém can toan cuc
(GAS) tai gbc v6i ham Lyapunov V (x) thoa man
V(X) =V, (X)(f(x)+Bk(x))=-W(x)<0 (4)
trong d6 W (x) 1a ham xac dinh duong.
Tir (4), ta ¢6 thé tim dugc W, tir d6 xéc dinh duge diéu
khién thyc u.
w=U-60<g§(xu)=k(x)-6 (5)
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Do 4nh xa tir U sang U va ngugc lai 2 khong biét hoan
toz}m, nér] ¢ cting khong biet. Loi giai ¢ ddy duoc dya vao
diéu khién thich nghi va st dung danh gia tham s6 6. Ta
thay thé tham sb chua biét 6 bang danh gia 6 .
w=d(x,u)=k(x)—6 (6)

i © D tugng 1
w L v
: Xx= f(x)+BU I

— k(x)

Bo danh

g1a

g L=

L)

H1. Diéu khién thich nghi véi bé quan sdt
Vén d@ cn dit ra 1a: Lam thé nao dé c6 dugc danh gia 6
va khi sir dung 0 dé phan hdi, hé théng ¢6 con gitt dugc
tinh on dinh da thiét ké & trén khong? 6 6 thé nhan duge
bang mét s6 phuong phap khac nhau, ¢ day ching ta s&

str dung ky thuét Backstepping thich nghi dé giai quyét
van dé nay. Pong thoi, ta s& kiém tra tinh 6n dinh ctia hé

kin khi diing phan hoi 6 bang phuong phéap Lyapunrov.
Tu tuong Backstepping thich nghi [6] vd&i tham so chua
biét 6 1a coi sai s0 danh gia ] =0- 0 nhu mt bién trang
thai méi cia hé thong va bang cach md rong ham
Lyapunov thém thanh phan sai s6 0
V, (x,0) =V (x) 2 @
2n

trong d6, 7>0 la h¢ s6 hiéu chinh. Luat cap nhat 0 dang

0= T(X,é) lam cho V, xac dinh am, do d6 dam bao giir
duoc ginh 6n dinh cta hé kin.
Cu thé, ta co

V, =V, (x)( f(x) +B(k(x)— O+ 9))+%é§

1. (8)
_9}

n

Thanh phan thir nhat ctia V, xac dinh am theo thiét ké (5),
chiing ta s& khir bo thanh phan thir hai chira thanh phan bat

=-W(X)+ é{M +
OX

n

dinh & bing cach tim ludt cap nhat 6=7(x,6) sao cho

triét tiéu phan trong ngodc vudng ctia (8).

§=—T(X,é)=—r(x)=—nav(x) 9)
Két qua, hé kin tro thanh n
x=f(x)+ B(k(x)+é)
N (10)

n



Hoi nghi toan qudc vé Diéu khién va Tu dong hoa - VCCA-2015

Va ham Lyapunov cta h¢ V, thod man

V, (x.6)=-w(x)<0 (11)

Biéu thurc (11) cho phép két luan, diém gbc x=0, =0

14 diém can bing GAS ctia h¢ (10) theo dinh Iy Lasalle-
Yoshizawa [6]. Piéu do6 ciing c6 nghia 13, hé kin (3) véi

LOS

»

Pong hoc Vi DPong Bo LOS

Tbe dd

didu khién (7) vin dam bao 6n dinh toan cuc khi ta ap
dung Backstepping thich nghi.

2.2 M6 hinh diéu khién tén lira theo thiét ké IGC

2.2.1. Lién h¢ chuyén dong ciia tén lira va muc tiéu
So @6 khdi cua mot hé théng didu khién tén lira ty dan
dién hinh (H2) [1]:

Lénh

Tinhtoan | 940 | Knéi Pong luc

"1 hinh hoc
7y

muc tiéu toa do

v

| luat din tw 1ai hoc tén lira

Téc do tén lira

H2. So' do khoi ciia mét hé théng diéu khién tén hira tw dan dién hinh

Chuyén dong cua tén lira ty dan trong mat phén,g ding
dugce mo ta trong H3, OXY la h¢ toa d6 quy chiéu quan
tinh Be cac, M va T la ky hi¢u vi tri tén lira, muc tiéu.

A Wy
Y \

M o Oy

X

O >
H3. Vi tri twong doi c»ja tén lira (M) va muc tiéu (T)
Céc phuong trinh luat dan lién hé chuyén dong gilra tén
Itra, muc tiéu [1], [2]:
R=V, cos(c -6, )-V,, cos(c-6,,)
Ro =-V; sin(c - 6,)+V,, sin(c - 6,,)
Vi phan 2 vé ciia cong thire (12b):

R6 +R& =-V, sin(o - 6,) +V,, sin(c -6,,)
+V. 6. cos(o -6, ) -V,,6,, cos(c -6,,)
-V;ocos(o-6,)+V,,ccos(o-6,)

va thay vao cong thure (12a), nhan dugc:
—Ed—v—RTsin(o——HT) +V?Msin(a—0M )

(12a)
(12b)

R (13)

VM QM

V; 6,
+TCOS(O-_0T)_ cos(oc—6,,)

Gia thiét: Tén lira, muc tiéu chuyén dong thang déu
V,, =V, =0; muyc tiéu khong co dong (6, =0); phuong
phéap dan dubi (o = 6,V,, =V, =0), (13) dugc viét lai:
. Vbu 2R . P+Y“
c=——0C =——0-— a
R R R
2.2.2. Phuong trinh dong luc hoc tén lira

Dong Iyc hoc tén lira trong mat phing gt xac dinh boi
phuong trinh [1], [3]:

(14)
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G = (-Psina —Y“a +mgcosd, )+w, (152)
M

J,o,=M:a+M, ®, + M5, (15b)

=0, (15c)

«=-9-8, (150)

Ms, M= M.® - cac dao ham riéng cia mémen kénh
gat theo goc tan cong, toc do goc gt va goc quay canh
lai. O day, goc a ¢6 gia tri nho, thuong khong vuot qua
14-16° [12] nén c6 thé coi sina ~ a, do d6 cong thirc
(15a, 15b) tr¢ thanh:

_P+Y o gcosf,, N

= o, (16a)
mv,, Vi
a w, 9,
@, =—oa+— a)Z+M—Z§Z (16b)
JZ JZ JZ
Y =57,3c/Qs ; My =57,3QsIm;" ;
20,
Mo = QMY s 57,308
VM
, pVMz , A A A A ,
trong d6, Q = > ap lyc toc d9; p - mat do khi

quyén; ¢, - dao ham h¢ sO luc nang i véi a; m;’,
m* va m®- cic h¢ s6 moémen khi dong khong thir
nguyén kénh gét theo «, ,,7,.

2.2.3. M6 hinh két hop lujt din va diéu khién tén lira
Xay dung m6 hinh két hop di€u khién tén Ira c6 tinh
dén cac thanh phan bat dinh nho két hop phuong trinh
(14) va hé phuong trinh (16):

. 2R. P+Y*
6=——0-— a+d,
R Rm
__P+Y a4 gcosé,, ro,+d, 7)
mv,, Vy,
a w, 5,
@Z=&a+M—ZwZ+M—ZEZ+dw
JZ JZ JZ ‘
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Trong do, d,, d,, d,
trong mo hinh. Trong hé phuong trinh (17), dat cac bién
trang thai X, =0, X, =a, X, =®,, U=0,,nhan dugc:

71

thé hién cac thanh phan bat dinh

X = fl(X1)+gl X2+d1 (18a)
X, = f,(X,) + 9, X5+ d, (18b)
Xy = f5(X,, X5) + QU +d, (18c)
Trong do:
2R P+Y®
fl(xi):_?)(l v O =— RM ,dlzdd
P+Y“ g cosé,
f(%,%)=— X, + M.g,=1d,=d, (19)
2( 1 2) mVM 2 VM 2 2
M M M
fs(XZIX3):TX2"'‘]_Z)(3193:T1da:dmZ

Nhin xét: Hé phuong trinh (19) c6 dang Stric-feedback
biéu dién luat dan va phuong trinh dong luc hoc tén lira,
¢6 chira cac ham phi tuyén, cac hiang sé bat dinh. Trén
co s& phuong phap diéu khién phi tuyén, thich nghi, ta
tong hop luat diéu khién véi muc dich 6n dinh va ning
cao chét luong didu khién hé tu 14i tén lira.
2.3 Thiét ké lut diéu Khién
Qué trinh tong hop luét diéu khién cho hé phi tuyén (18)
theo phuong phap backstepping nham tim ra dai luong
diéu khién u dé dam bao cho tén lira én dinh tiém can,
déng thoi tiép can muc tiéu voi do trugt nhod nhét.
Gid thiét 1: Cac bat dinh md hinh bi chin va duoc biéu
dién:

|di|£dimax ,1=1,2,3

o day, d,,,, 1a hing s duong chua biét.
Phuong phap thiét ké diéu khién dugc dé xuat dé tong
hop diéu khién ao lién tuc trong ché do truot véi mot
mit truot riéng trong mdi budc thiét ké. Cac tham sd
bién ddi thich nghi dwgc didu chinh dé udc lugng cac
tham s6 bat dinh bi chan.
Bude 1:
Xét hé con (18a), coi x, la didu khién 4o, can xdy dung
luat diéu khién 4o lam cho hé (18a) 6n dinh mong
mudn. Dt X, 14 gia trj mong mudn ciia X, , dinh nghia
mit truot thir nhét va thit hai:

L= X Xy L= Xm Xy (20)

& day, X, l1a gia tri mong muén cta X, .
Viphén z, theo thoi gian:

&: )§" )% = fl(X1)+ G2, + G2, * dl' )% (21)
Chon luat diéu khién truot [10]:
o
X2c:_gl f_)fo-'-kz-'-dlmaxZ—E (22)
Z+els

trong d6, k, >0 la hiang so thiét ké d6i xtung, & la
hing sb thiét ké, d
Ta co:

1max 1d UOC lugng cua d, ., .
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A

d, e Z
@L:gZ'klZ*’d' 1max 71
152 1 1 m
Chon ham Lyapunov theo (7)'
1
Vi(z)= A+ Lo 23
( ) 2 2h 1max ( )
& day, i, 1a tham s6 thiét ké duong,
(%’max = almax - . 12 sai léch udc lugng cia d, ., .
Pao ham ham Lyapunov:
\/lgL: 21&-'- 8?”13)((%[“8)(
& . 24)
4 u (
=7 %122 - klzl+ dl_ %&F i Omaxd%max
¢ z+efu N
Ham tyr chinh thich nghi d,_, duoc thiét ké 1a (7):
&, =ng il
1max E 1max mﬁ

& day, j, la tham sb thiét ké riéng. Thay (25) vao (24)
ta cé:
Z (glzz - k121 + dl)

z (26)
- J 8/maLxd max dma><—1
1 1 1 \/m
Ta xét cong thuc:
| & 1 1,
lmaxdlmax - EJ 1 1max lmax lmax (27)
V& trg thanh:
2
2,(9,2,- kz,+d,)- ey
1 1 1 \/T
1.
- EJ 1(81@max dlzmax dlzmax)
N 1.
U vlgl£ Zlglzz -1 min (kl)zf' EJ 1&?max
28)
d,.. 2 (
J dlmax dlmale- : :

2 2
JZ+ ¢

T ¢ 1a hang s6 duong, ta c6 bat dang thc:
2

Z Z
; - £-|z]+e (29)
\/zf + ¢/ 7|+ e I+ &
Tur @6 ta co:
\§&£ 2,0,7, min (k1)zz'
1. (30)
EJ 181@max J dlmax dlmaxel

Buwére 2: Dinh nghia mat truot thu' ba:
3= X7 Xy (31)

& day, X, la gia tri mong muon cua X,.
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Bién sai léch dugc dinh nghia trong budc trude la
Z,= X, - X, .Viphan z, vathay (31) vao z, taco:

ZS‘: ch— @% = f2+ 0,23+ Gy 2. + dz' )%: (32)
Dao ham cua dau vao diéu khién a0 X,, can thiét cho
viéc thiét ké diéu khién a0 X,,. Tuy nhién, cac tinh toan
cla X, rat phirc tap va 1am tang kho khin khi hién thuc
h(?a lué}t diéu Kkhién. Trong thyc té, viéc diéu khién co
cau chap hanh luén c6 gidi han, do do cac dao ham dau
vép diéu khién ao cling s€ bi chan. Bé don gian hoa bd
dieu ,khién, dao ham cua diéu khién éiordéu vao fiuqc COi
la bat dinh. Ta dinh nghia nhimng bat dinh tong quat
chtra cac thanh phan vi phan am cta dau vao dic¢u khién
4o nhu sau:

E =d +(—%.);i=23 (33)
Trén co s6 gia thiét 1, ta gid thiét nhu sau:
Gid thiet 2: Nhing bat dinh tong quat chira cac thanh
phén vi phan cua dau vao dieu khién 40 bi chan:
|E|<d i=23 ..

Ti‘én hanh bu dau vao diéu khié}n ao béng cach str dung
diéu khién truot, ta chon luat diéu khién cho buéc thir 2:
&

imax ?

Z

Xy = - g-zlgglzl"' fz + kzz2 + aZmax—.
«fz + 62 ]

& day, k, 1a hé sb thiét ké ddi xtmg duong, e, 1a h¢ s6

I [-I-I-1O:

(34)

thiét ké duong, d
Chon ham Lyapunov V, :

»max 1d WGC luong cua d,,. .

Z2 1 8/
V,=V,+ 2%+ —da? 35
2 1 2 2h2 2max ( )
& day, h, la tham s6 thiét ké duong,
(%max = dZmax - 0, 1asailéch udc luong cua d,, ., .
Vi phén cua V, la:
v%: vlgq- 22&4— %maxfmax
= Zz[‘ 0.2+ 9,25 k222+ dz' & (36)
3 u
- omnZ2 o+ ia/z & &
2 2 h max ' 2max 1
Z; + & u
Ham ty chinh thich nghi d,,, duoc thiét ké 1a:
Eon i S
2max = g_ J dZmax 2 2 2 E (37)
ZZ + eZ 6

& day, j , 1a hang s6 thiét ké riéng. Thay (37) vao (36)
ta duogc:

\"%: \"1&" Z, (gzzs' 9,2,
- 23’ d

2max ¥ 2max

Z,+ dz - @%)
z (38)

Zmax
¢ 2 2
ZZ + e2

Ta c6 cong thuc lién hé:
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. 1. 1
J 2820max 2max — E 8@ _J dZmax - Zmax (39)
Vg‘trd thanh:
V= B 2, (0,2, Z-k2+d->§‘c)
1.
- _J 292max ~ J dZmax JZ 2max (40)

2 max \/7

Do ¢, la hang s6 duong, ta c6 bat dang thirc:

- Z—2£
fz 2

Nhu vy, ta c6 bat ding thirc:

z
z.(d, - - dy,
2( 2 &E) 2 m (42)
£ |ZZ|(d2_ )&c)_ d2max|22|+ eZdZmax£ eZdZmax
Ta co:

- |22|+ e, (41)

02 1 02 -
\f§‘£ ,0,Z;- A Imin (kj)z Ea_ J a?max
2

= = (43)
j 0t @ dje

jmax™
2 =1 I

O bude cudi clng, ta xay dung dau vao diéu khién thyc u

Buéce 3: Viphan z,= X,- X, taco
284: f3 + 93U+ ds' )&c (44)
Déu vao diéu khién thuc u dugc thiét ké [6]:

X

u= - gélggzzz"' fy+ kyzy + d =

3max v
2 2 =
NS

& day, k, 1a h¢ s thiét ké ddi xting duong, e, 13 hé s6

[-I-I-|l©:

(45)

thiét ké duong, d
Chon ham Lyapunov V, dang:

amax 18 UGC lurong cua d, . .

v=v+ B L (46)
2 2h,
o day, 77, 1a tham s thiét ké duong,
820max = dgmax - O, 12 sai léch uwdc luong cia d, ., .

Vi phan V,, thay (44) va (45) vao & ta c6:
V= Bt 2 &t — ! 8/0 &

3max - 3max

g c§3maxz3 llj

ZsQ 0,2, - k323+ ds' )&b' 2 7 U (47)
& Z;+ e
o,

Ham ty chinh thich nghi d duoc chon

3max
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|-|-H-|O=

Smax = E 3max (48)
oday, j, la hang sb thiét ké duong. Thay (48) vao (47)
ta duoc:

\f?‘: V%"' Zg (' 0,2, - k323+ ds' )%t)-
2 49
j e )

3max “3max 3max 2 2
23 + e3

Vi &, 1a hang s6 duong, ta c6 bt dang thirc:

Z +€3g

d

2
N T |z,|+ €, (50)

Ji2+ e
Thay céng thirc (43) vao (49) va tinh dén (50), ta co:

£ 4 (R

3
3 +8 d e (51)
j:

-Ij jmax

o day,
Cl = mln{ min(k )I min(kS) g]] lg3l 3}
1 0 03
a dezmax a djmaxej
=1 =1

Nhin xét. Xét (101 tuong (18), véi cac gia thiét 1, 2,
diéu khién thuc u duoc thiét ké theo (45), cac dau vao
diéu khién ao dugc thiét ké theo (22), (34) va cac luat
thich nghi duoc thiét ké nhu (25), (37) va (48). C4c sai
Iéch bam sat cia hé théng va uoc luong sai 1éch cua
tham s bat dinh s& hoi tu dén 1an cén cua diém gdc hé
thdng. Nho viée diéu chinh c4c tham sb thiét ké, toc do
hoi tu s& thay d6i va co thé thu dugc ving hoi tu ctia hé
thdng dap tmg theo yéu cau.

2.4. M6 phéng, danh gia két qua
Xay dung so @6 mo phong hé théng trén Mallab-
Simulink (H4):

H4: So do mé phéng hé thong trén Mallab-Simulink

Khao sat mot loai tén lira tu din yéi cgic tham sb gia
dinh nhu sau [12]: Phuong phap dan dudi, trong lugng
tén Itra khi phong m = 107,5 [Kg], d0 dai dac trung tén
lra L=2,2m, mémen quan tinh tén hra I1=850N/m?,
mat d6 khi quyén p = 0,414 Kg/m®, dién tich dic trung
tén Iira $=0,43m?, dao ham hé sb luc nang theo goc tn
cong: ¢ =0,028, lyc ddy dong co P = 27.400N, toc dd

tén lira V,, =750m/ s, toc d6 myc tiéu V, =310m/s,

VCCA-2015

gbc nghiéng quy dao muc tiéu ban dau 6, (0) =80°, toa
d6 ngang ban diu cia muc tiéu X, (0) =5000m, do cao
ban dau cta muc tiéu Y, (0) =1000m .

Dé biéu dién tinh bén viing ciia by diéu khién duoc thiét
ke, ta dua ra tham s6 m6 phong gom cac h¢ s6 khi dong
bat dinh thay doi trong khoang 25% gia tri danh dinh.
Hg¢ thong dugc mé phong trén Matlab-Simulink, két qua
nhéan dugc nhu sau:
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Do thi goc tan cang

Goc tan cong (s]

Thni gian (&)
H5: Phdn ing ciia géc tan cong o
khi co tac dong bdc thang

Da thi goc nghieng quy dao (s)

e

Goc nghieng quy dao (s)
o
i

Thoi gian (s)
H6: Phan ung cua goc nghiéng quy dao 6
khi ¢6 tdac dong bdc thang

B0 cao (m) ) ] )
15000 T T - T

10000

5000

0 2000 4000 6000 8000
Cu ly ngang (m)

H7: Quy dao tén lira (M) - muc tiéu (T)
Nhin xét:
- Hinh H5, H6 m6 ta phan tng ciia goc tin cong o va
goc nghiéng quy dao 6 cua tén Iua trong 2 truong hop:
Trudng hop 1, khi cac hé s6 khi dong tén lira khong dao
dong va d, =0(12,3), nghia 1a khong c6 nhiéu bén
ngoai tac dong. Truong hop 2 khi cac hé s6 khi dong tén
lira dao dong +25%, va c6 cac nhiéu loan d, =0.1sint,

10000

d, =0.2sint va d, =0.3sint. Trong ca 2 truong hop,

gbc tan cbng o va goc nghiéng quy dao 6 déu nhanh
chong on dmh vé gia tri mong mudn vdi thoi gian qua
d0, sai s6 nam trong khoang gi tri cho phép.

VCCA-2015

- Hinh H7 mé ta quy dao chuyén dong cua tén lira-muc
tieu (M-quy dao tén ltra, T-quy dao muc tiéu). Nhén
thay, quy dao tén ltra it dot bién, d¢ truot nhén dugc nhd
va Vq nhanh chéng hoi tu dén mot 1an can nho cua 0,

dam bao kha nang danh chan cua tén lura.

- Cac két qua mo phong phii hop véi két qua giai tich,
diéu nay xac nhan tinh phu hop, hiéu qua ciia phuong
phap dé xuit cho bai toan nang cao tinh 6n dinh, bén
virng cta tén lira d6i voi sy dao dong cua cac hé s6 khi
dong va cac nhiéu loan bén ngoai.

3. Két ludn

Bai bao di trinh bay ndi dung tong hop bo diéu khién
thich nghi bén vig trén co s phuwong phap Back-
stepping thich nghi két hop vé6i ché do truot cho tén lira
theo thiét ké IGC. Viéc két hop nay gilp nang cao tinh
bén viing cua hé théng ddi véi sy dao dong cuia cac hé
s6 khi dong va cac nhiéu loan bén ngoai. Bén canh do,
viéc 4p dung diéu khién truot 1am giam tinh phuc tap
khi téng hop 1énh diéu khién, vn 1a mot han ché cua
phuong phap Backstepping. Trong bd diéu khién truot,
ham chuyén dang lién tyc dugc s dung thay cho ham
chuyen truyen thong dang dao diu, gitp han ché dugc
cac van dé tu dao dong cua diéu khlen truot trong hé
thong Tai mdi budce thiét ké, hé sd khuéch dai chuyen
ddi cua b diéu khién truot dugc cap nhéat thich nghi.
Céu tric didu khién twong d6i don gian, d& thyc hién,
céc két qua chimg minh bang giai tich va mé phong da
thé hién tinh hiéu qua ctia phuong phap da chon.
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