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MO PAU
1. Tinh cap thiét ciia dé tai

Hé thong Twin Rotor MIMO (TRMS_Twin Rotor Multi-Input
Multi-Output System) la mét bo thi nghiém khi dong hoc, cac chuyén
dong cua nd duoc md phong glong cac chuyén dong cua may bay
tryc thing. TRMS 1a dbi twgng diéu khién phi tuyén dlen hinh nhiéu
dAu vao nhiéu dau ra, c6 tuong tac xen kénh, co6 tham s6 bt dinh va
c6 nhidu tac dong. Vi vay, dd co nhiéu cong trinh trong va ngoai
nuée lay TRMS lam ddi twong nghién ciru nham phat trién va kiém
nghiém cac phuong phap khién moi, dic biét 1a cho bai toan didu
khién bam vi tri chinh xac. Mic du mdi cong trinh déu dat duoc
nhitng két qua duya trén cac tiéu chi, phuong phap xay dung hé didu
khién dit ra nhung TRMS vén 1a mét thach thirc khong nho ddi voi
cac nha nghién clru trong viéc ap dung cac thuat toan diéu khién méi
dé cai thién chit lugng bam quy dao. Do d6, tac gia di chon dé tai
luan 4n “Nghién ctru thiét ké bo diéu khién bam quy dao cho hé
théng Twin Rotor MIMO” dé c6 thém dong gbp moéi co y nghia khoa
hoc trong nghién ctru ly thuyet cling nhu kha nang ting dung vao thuc
tién cho 16p ddi tugng phi tuyén nay.

2. Muc dich va nhiém vu ciia dé tai

Muc tiéu téng quat: Nghién curu thiét ké bd diéu khién tuyén tinh
hoa chinh x4c phan hdi két hop bo nhan dang bt dinh va nhiéu ap
dung vao hé co dién-tir dugc mod ta bdi moé hinh Euler-Lagrange noi
chung va TRMS néi riéng.

Pé thuc hién dugc muc tidu nay, dé tai dat ra cac nhiém vu chinh
sau:

- Nghién ctru k¥ thuét cai dit b diéu khién tuyén tinh hoa chinh
xac cho 16p hé Euler-Lagrange, khi n6 ¢6 m6 hinh chinh xac.

- B6 sung vao bd diéu khién trén thém chirc ning nhan dang
thanh phan bat dinh ham va diéu khién bu thanh phan bt dinh ham
d6 dé mo rong kha nang ng dung ciing nhu chat luvgng bd diéu khién
tuyén tinh hoa chinh xac, cho ca nhitng 16p hé Euler-Lagrange c6 mo
hinh khong chinh xac.
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3. P6i twong va pham vi nghién ctru ciia ludn 4n

Déi tugng nghién ctru clia luan an 13 16p hé Euler-Lagrange song
tuyén, bat dinh néi chung va h¢ TRMS néi riéng. Vi TRMS thi day
1a mot hé c6 gan nhu dy du tinh ning mé phong ciia mot thiét bi bay
dang tryc thang va thudc nhom cac hé co-dién tr ¢c6 md hinh kiéu
Euler-Lagrange tong quat.

Pham vi nghién ciru cu thé cua dé tai la:

- Nghién ciru xdy duyng phuong phap diéu khién hé Euler-
Lagrange dang song tuyén, c6 md hinh khong chinh xéc, chira thianh
phan bat dinh ham, dé dau ra cua hé thong, tirc 1a cac bién khép cua
hé, bam tiém can theo dugc quy dao mau mong mudn cho trudc.

- Ap dung phuong phéap trén cho hé cu thé 1a TRMS. Kiém
chig chét lugng diéu khién bang mo phong va thuc nghiém.

4. Phuong phap nghién ciru

Pé dat dugc muc tiéu cua dé tai, luan an su dung cac phuong
phap nghién cuu:

- Nghién cuu ly thuyét: Phan tich, tong hop cac kién thuc vé sai
léch mo6 hinh toan cua hé Euler-Lagrange néi chung va h¢ TRMS noi
riéng, nguyén nhan cua céc sai léch do. Tir d6 dua ra phuong phap
diéu khién thich hop ma cu thé & day la phuong phap diéu khién
thich nghi bu sai 1éch mé hinh va phuong phap diéu khién tuyén tinh
hoéa chinh xac bang phan hoi trang thai.

- Nghién cuu mé phong Su dung cong cu Matlab-Simulink de
md phong kiém chung cac nhan dinh ly thuyét va cac thuat toan ma
luan an dé xuat.

- Kiém chung két qua nghién ctru bang thuc nghiém sat véi diéu
kién cua thyc té, tirc 1a tién hanh thi nghiém dé danh gia chét lugng
thich nghi va bén viing ctia bo diéu khién d& xuat trén ban thi nghiém
vat ly h¢ TRMS.

5. Nhirng déng gép méi, y nghia khoa hoc va thye tién ciia luin 4n

* Ludn dn da c6 cdc dong gop cu thé nhw sau:

- Xay dyng bo diéu khién bam quy dao cho hé Euler-Lagrange
song tuyén c6 mé hinh chinh xac, chtirng minh tinh 6n dinh va 6n dinh
tiém can ctia hé bam trong trudng hop khong c6 va c6 yéu td bét dinh.
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- Xay dyng bd diéu khién thich nghi bam quy dao cho h¢ Euler-
Lagrange song tuyén bét dinh trén co s¢ bo diéu khién tuyén tinh hoa
chinh xéac két hop bo nhan dang thanh phan bat dinh dya trén nguyén
1y ti wu hoa timg doan sai 1éch mo hinh trén truc thoi gian.

*y nghia khoa hoc cua lugn an:

- Tir b diéu khién theo luat PID ciia nha cung cép thiét bi cho
TRMS, lugn 4n da thiét ké duoc bd didu khién bu bét dinh theo
nguyén 1y tdi wu hoa timg doan sai 1éch mo hinh trén tryc thoi gian
dat d6 chinh xac cao vé bam quy dao miu;

- Péng gop mot phan nho vao sy phat trién phong pha cua Iy
thuyét diéu khién ty dong cho hé phi tuyén c6 tham sé bat dinh va
nhiéu tac dong.

* Ynghfa thuee tién cia ludn dn:

- Pa dang hoéa cic phuong phap diéu khién cho m6 hinh TRMS,
ung dung trong dao tao & bac cao hoc va nghién ctru sinh cua trudng;

- Tir két qua nghién ctru ndy co thé 4p dung cho cac phan tir bay
¢6 dang khi dong hoc phurc tap.

6. Bo cuc ciia luin an

Nbi dung cua luan an duoc trinh bay trong 4 chuong va phan két
luén gdm cac van dé nghién cuu sau:

Chuong 1 trinh bay téng quan vé mo hinh héa va cac phuong
phap diéu khién d co6 cho TRMS. Tur d6 phén tich cac wu nhugce
diém cua nhimg phwong phap nay dé dé xuat giai phap khic phuc
nhuoc diém, phat huy vu diém cua ching.

Chuong 2 xiy dung bd diéu khién tuyén tinh hoa chinh xac hé
TRMS khi ¢6 m6 hinh chinh xac.

Chuong 3 xiy dung diéu khién bu bt dinh ham dwa trén
nguyén 1y t6i wu hoa ting doan sai 1éch mé hinh trén truc thoi
gian. Sau d6, két hop véi b diéu khién tuyén tinh héa chinh xac
dé dugc bo diéu khién thich nghi bén viing cho hé TRMS.

Cubi cung, & chuong 4, chat lugng bo didu khién tuyén tinh
héa chinh xac két hop véi co cdu nhan dang b sai léch bt dinh cia
mo hinh s€ duogc kiém chung trong cac diéu kién thyc té voi ban thure
nghiém vat Iy hé TRMS.
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CHUONG 1
TONG QUAN VE TRMS-MO HINH HOA VA CAC PHUONG
PHAP PIEU KHIEN
1.1 M5 hinh héa hé TRMS
1.1.1 Céu tricc vit Iy hé TRMS

a &

o |

R Diéu khién

Bo lwéng
Hinh 1.1: Cdu triic vdt Iy hé TRMS [8]

Hinh 1.1 biéu dién cdu trac vat 1y cia hé thong Twin Rotor
MIMO [8] (viét tit TRMS Twin Rotor Multi-Input Multi-Output
System). Pay la mét b thi nghiém dugc thiét ké cho muc dich thuc
nghiém. Hinh 1.2 dudi mé ta chi tiét quan hé hai phan dién va co
trong h¢ TRMS.

Dong co duodi

Vanh dong co duoi

Vanh dong co chinh

/
“ Chét quay

iy Pong co chinh

[ N

Dong co duoi
va mdy phat to¢ eyl

=~

Pong co chinh
Tru va mdy phat t6c

Hinh 1.2: Két cdu co-dién hé TRMS [9]-[10]

1.1.2 M6 hinh héa bang phwong phdp 1y thuyét
1.1.2.1 Phuong trinh Euler-Lagrange )
Phuong trinh Euler-Lagrange cia mdt hé co ¢6 cau tric nhu sau [11]:

(&) 5] - "
dt| 8¢ dq B



Cdc phwong trinh Lagrange
Ap dung phuong trinh Euler-
Lagrange (1.1) cho TRMS [9], [10]: i tay don o

Pong ca chinh

dfoL) oL g (127) ¥
dt adh aah i "
d(or) oL (1.28) 4 e
dt [an oa, ZM ) Y
Trong do:
S 1.2 :
L= ZIWd - Zle (1.29) Hinh 1.3: TRMS [10]
Biéu dién hai phuong trinh trén chung lai voi nhau dudi dang vector, dugc:
Jy cos’ a,+J, sin® a, +h? (mT‘ + mTz)+J3 h,(mTllT1 sina, —mT:lT2 cosaﬂ) |:0:’:/1 (1 30)
h(mTI Iy sina, —mg I, cos aﬂ) (J,+7,) v
h,(mT| I cosa, +myly, sina, )df +2(J, - J,)a,d, sine, cosa, M,
+ 2 _|
d,? (J,-J,)sina, cosar, + g(mTllT1 cosa, +myly, sinaﬂ) M,
trong do
Z Mih = Mprop.h - Mﬂ"ic,h - M(:able + kma.)’u cosa, (1 33)
K3
ZML"U = Mprop.v - Mj‘r"i(:.’u + kt d)h + ngro (134)

ay, - goc dao lai [rad], ¢, : gbe chao doc [rad]
@, : van tc goc cia rotor dudi [rad/s] , @), : van te goc clia 19 to chinh [rad/s]
1.1.2.2. Nhin dang tham s6 mé hinh

Céac budc chi tiét cua quy trinh nhan dang trén cho riéng hé
TRMS da duogc trinh bay cu thé ¢ hai tai li€u [9] va [10].

j _ T
Co cau T Co hé cua 2 - (ah, > a’v)
> —>

u
—_—
chap hanh TRMS

Hinh 1.6: Cdu tricc khoi tong thé ciia hé vat ly TRMS
1.2 Cac phwong phap dieu khién hién c6 va tong quan cac cong
trinh lién quan
Phuong trinh Euler- Lagrange mot hé dién-co tong quat [11],
[12], [13], [15]: M(@)q+C(q,9)q+9(q) = Fz+n(t) (1.40)
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Ap dung cho mo hinh TRMS dugec md ta bé’mg phuong trinh
(1.30) vao phuong trinh (1.40) s€ dugc cac tham s nhu sau:
M

Z_(Mpmph} g:[Zh} M(g):(mﬁ(g)), C(z’i):(%(g»rj)), ij=1,2
prop.v v
F=1,, g(@= (O g(mT lcosa, +mT] sing, )) (142)

’ﬁ(f) _ _Mfric,h - M(‘,able + kmwu cosqa,
- _Mfm',{:.'n + k,wh +M

gyro

m(q) =J, cos® a, +J,sin’ @, + h2(mTl +myg )+ J;

my(q) =my (g) = h(mTllT1 sina, —mTle2 COSaU), Moy (@) =J; +J,,
a(g.9) =2a,(J,—J,)sina, cosa,

c12(g,9) = zjcvh(mTIlTI cosa, +mylp, sinau)

e1(q,9) = a;, (J, — J, )sine, cosar, va ¢y, =0.

1.2.1 Piéu khién tuyén tinh

Hé tuyén tinh

= 5 aidu khidn | £ q

Bo dieu khién He TRMS

vong trong
Hinh 1.7: Tuyén tinh héa bang bé diéu khién phan hoi

Vi gia thiét rang mo hinh h¢ co — dién (1.40), hay hé TRMS mo
ta boi m6 hinh todn (1.30), (1.42) la:

- Tuy€t doi chinh xac,

- Bu co cau chap hanh, o

- Va khong chira thanh phan bat dinh, tirc 1a c6 n(t) = 0, thi mot
b diéu khién (vong trong) lam hé phan hoi tro thanh tuyén tinh s& la:

T=M(q)v+C(g,9q+g(q)- (1.43)

Ta thdy ngay duge rang voi b diéu khién vong trong (1.43) cho
0 trén thi hé phan hoi ¢ hinh 1.7 s€ tr¢ thanh tuyén tinh (tich phan
bac 2 va tach kénh):

M(q)v=M(q)j hay v=4, (1.44)

Vi M(g) 1a ma trén kha nghich (xac dinh duong). Ngoai ra, ¢ ddy ta

con thay rang voi bo diéu khién (1. 43), hé¢ (1.44) khong nhing tuyén
tinh con 1a tach kénh. Vi bo diéu khién vong trong (1.43) nhu vy thi
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van d¢ diéu khién tiép theo chi con 1a diéu khién h¢ tuyén tinh, tich
kénh (1.44) bang mot bd diéu khién tuyén tinh (¢ vong ngoai) sao
cho toan bd hé kin c6 dugc chét lugng bam mong mudn, tirc 1a dé dau

ra ¢ cuand badm ti€m can theo dugc vector tin hiu mau 7 cho trude.

1.2.1.1. Diéu khién PID
1.2.1.2 Piéu khién téi wu LOR va LOG
1.2.2. Diéu khién phi tuyén
1.2.2.1 Diéu khién theo nguyén Iy trieot
1.2.2.2 Diéu khién thich nghi
1.2.2.3 Diéu khién mo
1.2.2.4 Diéu khién bang mang neural
1.2.2.6 Diéu khién du bdo va diéu khién truot doc truc thoi gian
1.3 Kétluin

O chuong 1 ludn 4n da trinh bay tong quan vé hé thong Twin
Rotor MIMO, phan tich mé hinh toan theo Euler-Lagrange, dé cap
dén cac van dé phi tuyén cua ddi tuong can nghién ctru 1a TRMS.
Nho d6, ¢6 thé thady TRMS 1a hé MIMO phi tuyén c6 hai dau vao /
hai dau ra, chiu anh hudng xen kénh, c6 thong s6 bat dinh cung nhiéu
tac dong. Qua phan tich danh gia tong quan cac cong trinh nghién
clru clia cac tac gia trong va ngoai nudce voi cac hudng nghién ctru vé
diéu khién bam quy dao chuyén dong ciia TRMS, tir d6 1am rd tinh
cap thiét ctia luan an ciing nhu dé xuat xdy dung bo diéu khién thich
nghi bam quy dao cho hé co — dién song tuyén bt dinh trén co s¢ bo
diéu khién tuyén tinh hoa va bo nhan dang thanh phan bat dinh theo
nguyén 1y t6i wu hoa timg doan sai 1éch mé hinh trén truc thoi gian
ap dung cho TRMS. B di¢u khién nay tan dung dugc cac uu diém
cua nhiing bd diéu khién d3 co, dong thoi tranh duge cac nhuoe diém
cua ching. Chinh vi vay, luan an da dat ra cac yéu cau:

- Van st dung wu thé dang tin cdy cua cac phuong phap diéu khién
tuyen tinh, lién tuc (khéng can rdi rac héa mo hinh dé thiét ké bo
diéu khién).

- B6 sung thém cho cac phuong phap diéu khién tuyén tinh trong
mién thoi gian lién tuc, hay it nhét 1 cac phuong phéap tuyén tinh hoa
d6, kha nang thich nghi va bén viing dugc voi ca nhirng thanh phan
bat dinh phi tuyén.
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| CHUONG 2
PIEU KHIEN TUYEN TiNH HOA CHINH XAC HE TRMS
KHI CO MO HINH CHINH XAC

¢} chuong nay, luan an s& tim cach xay dung b diéu khién bam
quy dao mau cho hé co-dién c6 md hinh Euler-Lagrange song
tuyén: M(g)j+C(q,9)g=F I:?_L + c_i(g,t)] (2.1)
thay vi cég trac géc (1.40) ban dau.

C6 thé thay néu so sanh véi (1.40) thi moé hinh (2.1) nay 1a tuong
duong, néu nhu thanh phan bat dinh n(t), ciing nhu vector lyc ma
sat va gia toc trong truong g(q) cua (1.40) dugc gia thiét 1a déu

thudc khong gian anh cua F':

n(t)=Fn(t) va g(q) =Fg(q) 22)
Khi do gitta 1(t),g(q) ctia (1.40) va d(g,t) ciia (2.1) c6 quan hé:
d(g.t)=n(t) - g(g) - (2.3)

2.1 Phuong phap co s6: f?iéu khién bui trong truong

Phuong phap dicu khién bu trong truong la mot phuong phap
thiet ke bo dicu khién bam quy dao mau cho trude, ky hiéu la 1, cho
céc bién khép ¢ ciia 16p hé co-dién (1.40) du co cau chip hanh,
khong chira thanh phan bat dinh (goi 1a hé ¢6 mé hinh chinh xac):

M(q9)g+C(g:9q+9(9) =u (24)
Trong d6: u =7, tic 1a ¢ day ta cling da gia thiét co cau chip hanh
gidng nhu mot khau bién doi Iy tuong cac gi tri vat 1y.

B didu B didu khidn H§ co-diin q
E P tir (c6 mé =
khién bam tuyén tinh N
hinh Euler-

quy dao dat ’_> héa chinh xac| Lagrange)

Hinh 2.1: Cdu triic cascade ciia bg diéu khién b trong truong [4]
2.1.1 Tuyén tinh héa chinh xdic bang phéin héi

Bo diéu khién tuyén tinh hoa phan hdi (diéu khién vong trong)
cho hé co-dién tir (2.4) ciing chinh 12 bo diéu khién (1.43) da biét
trude day: u = M(q)v+C(q,9)q+9(q) (2.5)

IS

l\:
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va cling voi n6 hé kin ¢ vong trong trd thanh tuyén tinh: (_] =v (2.6)
Hon thé nita, hé tuyén tinh (2.6) trén con la tach kénh, gdbm n hé
con SISO (m@t vao-mdt ra) dang tich phan bac 2:
i=v,i=12,
trong d6 n la sd cac blen khop (va cling 1a s6 cac tin hiéu dau vao).

2.1.2. Piéu khién vong ngoal dé bam quy dgo miu

Bo diéu khién vong ngoai dugc xac dinh 1a [4]:
2

y=d—§+K1g+K2d—QVéi§=f_g 2.7)
dt dt
0 day r[radl, e [rad], K [rad/s?], K,[rad/ s]
Hai ma tran K, K, duoc chon sao cho: ¢ = { 0 0 } 2.8)
K, -K
1 2

1 ma tran Hurwitz. Vi by diéu khién vong ngoai trén thi hé da tuyén
tinh hoa chinh xac s€ trd (2.6) thanh:

2
=v= dr *+Kle+K2d€ hay O—d Q+Kle+K2d
dt? dt dt? dt

[E=H

tirc 1a tré thanh:

Jeoft] = ) -owtan(<0) oo

néncé e >0 va é > 0, vi ® 12 ma trin Hurwitz.
2.1.3 Bp diéu khién chung
Ghép hai bd diéu khién (2.5) va (2.7) chung lai véi nhau, ta duoc:
u=M(g[i+ K e+ K,é]+C(g.9)q+9(q) (2.10)
voi e =1 — q
2.2 Phwong phap dé xuit cho h¢ Euler-Lagrange song tuyén khi
¢6 mo hinh chinh xic

M(q)j+C(q,9)q=1u. (2.11)
2.2.1 Bp diéu khién bim quy dao méu

Cai bién bo dicu khién chung (2.10) sao cho n6 phu hop dugce voi
dang Euler-Lagrange song tuyén cho ¢ cong thuc (2.11), ta s€ co:

u=M(q)[i+Ke+K,é|+Clq.4)§ voie=r—¢q. (2.12)
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B6 didukhiénbam| 2% | Hé co-dign t dang
quy dao dit cho & f——] song tuyén theo bién
céng thirc (2.12). khép (2.11).

S}

wilh

theo bién khop.
Pinh 1y 1: V6i cdac ma trdn K.K,:
K, = diag(hy,). K, =diag(ky,) ¢ >k, >0 (216) thi bp diéu
khién sé lam cho dau ra ciia hé song tuyén theo bién khdp, mé ta boi
mo hinh chinh xdc (2.11), tiém cdn t6i diroc tin hiéu mau T .

Chung minh:
Ky hiéu hai ma trén:
0- 2K} 0 va P:{zKle Klj (2.17)
0 2(K;-K) K K,

Véi cac diéu kién (2.16) cic ma tran P, Q sé& la nhitng ma tran ddi
xtng xac dinh duong. Ti€p theo, cung vdi @ cho boi (2.8), ta s€ co:

o papo_ |0 KKK, K (25K K0T
\1 -x,)\ K, K, K, K, )\-K, -K, (2.18)

(2[(12 0 J
=— 5 = _Q
0 2K}-K))

Cudi cing, vi (2.18) 1a phuong trinh Lyapunov véi () ddi xtng
xac dinh duong Vé.’ ¢6 nghiém P ciing ddi ximg xac dinh duong
(tham chi 1a duy nhat), do d6 ® phai 1a ma tran Hurwitz. Vi vay theo
myc 2.1.2 thi phuong trinh (2.9) v6i e =7-¢ phai c6 dong thoi
e —> 0 va ¢ — 0 (diéu can phai chimg minh).

2.2.2 Dinh gid chit lwgng bén viing ciia bj diéu khién d@é xudt cho
hé Euler-Lagrange song tuyén bat dinh

Tai ligu [1] va [4] c6 trinh bay mdt phuong phép diéu khién bén
virng ISS cho h¢ bat dinh dang tong quat (1.40), du co cau chap hanh,
tirc 1a hé ¢6 mo hinh:

M(q)j +C(q.9)q+ g(q) =u+n(t), geR” (2.19)
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Dua theo két qua da c6 trén cua [1], [4] vé tinh bam 6n dinh ISS,
ludn 4n di dén mot phat biéu tuong tu nhu sau, nhung bay gio la cho
16p hé Euler-Lagrange song tuyén (2.11) ¢6 thém thanh phan bat dinh
n(t), md ta bsi:

M(q)q +C(q,9)q=u+n(t). (2.22)
Pinh 1y 2: V6i hai ma tran K|, K, :

K, =diag(ky;), K, = diag(k,,)

k= .. =k, =a, ky= ... =ky,=+ab =2
c6 b—1>a >0 latiy chon, thi bé diéu khién:
u=M(q)| i -d(t)+ K e+ K,é |+ Clg.4)q (2.24)
trong dé d(t) la ham duoc chon théa mén:

d(®)-M(q) 'n(®)| < g, Vtg (2.25)

sé dwa sai léch bam e =r—q cua hé Euler-Lagrange song tuyén

chika thanh phan bat dinh (2.22), cing dao ham cia né la €, tién vé
dwoc lan can nho cua géc:

0= {p =col(e.¢) eR™"| |p| < ﬁ} . (2.26)
- = a

Chung minh:

Vi hai ma tran K|, K, da cho & (2.23) thi hai ma tran P, xac
dinh boi cong thirc (2.17), nhu phan chimg minh cua dinh 1y 1, 1a hai
ma tran d6i xtmg xac dinh dwong. Hon thé nira ching con thoa mén
phuong trinh Lyapunov (2.18) ¢6 ma trén @ cho ¢ (2.8). Ngoai ra, h¢
kin, gobm ddi twong Euler-Lagrange song tuyén (2.22) va bo diéu
khién (2.24) con mé ta duoc boi:

2
O ——Kie— K, v d- Mgy ne) Y

d 2
@:( 0o I Jp+(0jy=®p+By (2.27)
dt \-K, -K,)- \UI =

trong do:

3y

p= (_] u(t)=d(t)- M(g)"'n(t) V& B= [(I)j :

1
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St dung ham xac dinh duong:
V(p)= %QTPQ V6i p=col(e.¢)=(pppys - Pan)

cung voi (2.27), ta co:

dd‘f/ ! [((Dp +Bo)" Pp+ pTP((Dp + B?))]

ZE[Q (@"P+ PO+’ (B"P+B P )p |

- l(_QTQQ +20"B"Pp)

:—(1,2%])12 —((zb—(z)% 7’5” +(a,p1, ...,ap,,(@b—a)p, ., ... ,((zb—(z)pZn)y
i=1 i=1
<=a*[pf" +alu]l < a(—alp)lp
Nhu vay, khi sai léch bam p con nam xa géc, tuc la con co: p & @)
thi vin con ¢6 V<0, nén p vn gidm, hay sai léch bam van tién vé
gdc, va d6 chinh 1a diéu phai chirng minh.

Cudi cung, ciing tur dinh ly 2 ta thiy, khi ap dung tryc tlep bd
diéu khién bén vimg ISS (2.24) cho hé Euler-Lagrange bat dinh
(2.22), thi véi hang sé a duoc chon cang 16n, mién hip din O s&
cang nho. Tuy nhién trén thuc t€ ta khong thé chon a =00 dé tinh
bam 6n dinh ISS tr¢ thanh bam 6n dinh tiém can. Do do, dé di€u
khién bam on dinh ti€ém cén thi van dé con lai 1a phai lam thé nao dé
chon dugc vector ham {(¢) théa man diéu kién bat budc (2.25) ung
voi u=0. Diéu nay s& duoc ludn an giai quyét sau & chwong 3.
2.2.3 Ap dung cho h¢ TRMS va kiém ching chét lwgng bj diéu
khién bang mo phong trén MatLab
Tin hiéu mau 1a ham don vi va ham sin:

r=(u @) =(0.5,0.3)" [rad]
= (&> @) = (0.2sin(0.1256t), —0.2sin(0.1256¢))"  [rad]

Hai ma trin K,,K, duoc chon la: K, = (400 foj ; Ky = [300 30())
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06 , ' , 0.4
Q.5

To4 Y 0.5

— =Dduvao
Déura

0.3

o
802

Géc chao doc [rad]
J2)
n

G0

o o ! |
[ 20 40 80 80 100 o 20 40 60 80 100

Thei gian [s] Théi gian [s]

Hinh 2.3: Pdp vmg goc dao lai vmg véi  Hinh 2.4: Ddp 1ing goc chao doc irng voi

tin hiéu mau dang budc nhdy don vi khi tin hiéu mau dang bucc nhdy don vi khi
mé hinh khong cé g(q) mé hinh khéng cé g(q)

93 - —--DAuvac, 03 T T e -nA.n:;o ‘
02 ey s =Bl 502 — = =plura -
Eon ;” X, ,l LS = 0t ,, A /, A
= ; X i A & / 7 / *
g ° % / p £ g °F ’ b ’
gt \‘\ 4 g i g “‘I\\ 7 \\ &

0.2 T Tt [ it ~

-0.3 - 03 | |

o 20 40 860 80 100 20 40 60 a0 100

Thei gian [s] Théri glan [s]

Hinh 2.5: Ddp img géc ddo ldi vmg véi  Hinh 2.6: Ddp tmg goc [c]hao doc vng voi
tin hiéu mau hinh sin khi mé hinh tin hiéu mau hinh sin khi mé hinh
khéng co Q(Q) khong c6 g(q)

2.3 Két luin
Céc két qua nghién ciru cia ludn an thudc chuong nay gdom cé:

- DA trinh bay tom tit lai duge mot phuong phép dieu khién truyen théng
la phuong phap diéu khlen bul trong trudng, 1am co ¢& cho viée dé xuét xdy
dung bo diéu khién tuyen tinh héa chinh xac cua luan an, ap dung cho 16p hé
Euler-Lagrange song tuyén, dii co cau chép hanh va khong chira thanh phan
bat dinh (dwoc goi 14 hé ¢6 mo hinh chinh xé4c).

- Pa ching minh chit ch& bang 1y thuyét (& dinh 1y 1) vé chat luong
bam 6n dinh tiém can theo quy dao mau ma bd diéu khién dé xuét nay
mang lai cho hé Euler-Lagrange song tuyén.

- V& truong hop hé Euler-Lagrange song tuyén khong chinh xéc, tic
1a trong 16 ton tai mot thanh phan bat dinh ham, & chuong nay luan an
cling da ban téi mot kha nang cai tién bo diéu khién da dé xuat, dé van
c6 thé dat duoc it nhat 1a mot chét lugng bam on dinh ISS (thay vi bam
6n dinh tiém can).

Mic du két qua bd sung nay s& khong dugc luan an tiép tuc sir dung,
song ¢ thé xem n6 nhu 1a mot khang dinh cho kha niang ung dung cua
bd didu khién @& xudt cho mot 16p rong cac hé Euler-Lagrange khi md
hinh 1a khong chinh xac (c6 sai Iéch mo hinh).

- Bén canh viéc chimg minh bang 1y thuyét, chit lugng bam 6n dinh
tiém can trén cia bd didu khién dé xuat cling di dugc ludn an ching
minh lai 1an nita bang m6 phong véi mo hinh hé TRMS dang Euler-
Lagrange song tuyén va khong chira thanh phéan bat dinh.
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CHUONG 3
PIEU KHIEN BU BAT PINH HAM THEO NGUYEN LY
TOI UU HOA TUNG POAN SAI LECH MO HINH TREN
TRUC THOI GIAN

Hién nay da c6 kha nl}iéu phuong phap nhan dang thanh phan bat
dinh ham cho hé phi tuyén néi chung va do do6 ciing ap dung dugc
cho céa hé song tuyén:

i =A(z)z+ B(@)[u+d(z,1)]. (3.1)

voi d(z,t) 1a thanh phan bat dinh ham, phu thudc trang thai va c
cung s6 chiéu nhu tin hiéu didu khién, tirc 1a thanh phan bat dinh ham
nay thudc khong gian anh cua B(z).

d thanhphan bét dinh ham
u Co chu z Déi twong Z trang tiai hé théng
chép hanh diéu khién
d
Uéc lwong thanh [

phan bt dinh ham
M
Hinh 3.1: Cdu triic hé diéu khién bii thanh phan
bat dinh ham o dau vao

C6 thé thdy sau khi dwoc nhan dang va bu bat dinh nhu mé ta &
hinh 3.1 thi viéc thiét ké bo diéu khién (vong ngoai) s& trd nén don
gian hon véi viéc chi con 1a diéu khién cho hé tién dinh mé ta boi mé
hinh song tuyén:

i=A(z)z+ B(z)u (32

sao cho ddu ra ¢ = ¢(x) cua nd bam tiém can theo dugc quy dao

mau dit trude 1a 7(t). D6 ciling chinh 1a cong viée di duogc lusn 4n
giai quyét tir & chuong 2 cho hé TRMS véi chuong trinh diéu khién
TRMS o
3.1 Thuit toan nhén dang thanh phan bat dinh ham
3.1.1 Lép hé bit dinh cé mé hinh trang thdi song tuyén

Luén 4n gi6i han pham vi nghién ctru cho 16p céc dbi tugng diéu
khi€n phi tuyén, m6 ta boi mé hinh dang song tuyén (trong d6 c6 hé
TRMS). Khi co cau chap hanh dugc gia thiét 1a Iy tudng, tic 1a co
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u =7 (thuan tay chi v& mat gia tri), khong c6 16i (d =0) va ciing
khéng c6 nhidu tac dong thi hé song tuyén & hinh 3.1 s& c6 md hinh
ly tudng cho & cong thic (3.2), trong do:

- A(z), B(z) la hai ma tran phu thudc trang thai,

- u, @ lan luot 1a vector cac tin hiéu diéu khién va trang thai ctia hé.

Nhu vy, néu nhu bay gid ta xét thém sy anh hudng cia nhiéu
dau vao ciing nhu 13i co cdu chdp hanh, ké ca khi co sai 1éch mé hinh
voi gia thiét rang sai léch do thuoc khong gian anh cia B(z), thi mé
hinh Iy tuéng trén s& tré thanh md hinh bat dinh ham c6 dang tong quat:

i =A(x)z+ B(z)[u+d]. (3.3)

C6 thé thay dang mé hinh song tuyén bat dinh (3.3) trén la du aé
bao quat mot ho kha rong cac hé phi tuyén co trong thyc te ké ca
nhimg hé Euler-Lagrange bat dinh (2.1), du hodc thiéu co cau chap
hanh [6], trong d6 c6 hé TRMS, 1a ddi twong duoc luan an chon dé
md phong, danh gia chit lvong nhan dang thanh phan bat dinh. That
vay, néu nhu sir dung ky hiéu:

2)-(3)

thi (2.1) tr& thanh (3.3) voi:

0 I 0
Al = . Blx) = (3.4)
(2) (0 —M(q)lC(q,(j)] (2) [M(q)lF]

3.1.2. Nhin dang nhiéu theo nguyén tic cuc tiéu héa tirng doan
binh phwong sai léch mé hinh o

Hinh 3.2 m6 ta nguyén ly nhan dang thanh phan bat dinh ham
d(t) doc theo tryc thoi gian trén co sé cyc tiéu hoa sai 1ch nhan dang [69]:

Do trang thai tr he théng 2, = (t,,)
Xac dinh trang thai mau 2

Xéac dinh thanh phan bét dinh ham dk d
- k

Hinh 3.2: Nguyén Iy nhdn dang thanh phan bt dinh
tung doan trén truc thoi gian
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Thuit toan nhin dang thanh phan bt dinh ham (thuit toan AD)

1. Chon mdt khoang dich chuyén trén tryc thoi gian 7; vOi
t,=kT,, k=0,1, ... cach déu nhau. Day la nhimg thdi diém ma
d(t) s&dugc ude huong xap xi thanh day cac giatri d, ~ d(t,).

O day ta can gia thiét rang ma trdn B(z) clia hé song tuyén (3.3)
la du hang tai moi diém trang thai T, = @(tk), tire la co:
rank B(z, ) =n, Vz,.

Tiychon z_, vad_,.Gén z_, =0, k=0.

2. bPo z, =x(t,) trhé théng. Tinh:

A =1+TA(z; ),
AL =T1+T,A(z;,), (3.15)
Bk = TSB(gk—l )’ |

2 = Az + By,

_ik = I:BI?BICJ 1 B{ (Zk — 2+ ALz _Aika—l)
10i gan k =k +1 va quay vé 2.

Vé chét lugng nhan dang thanh phan bat dinh ham d(t) c6 trong
hé song tuyén bét dinh (3.3) cua thut toan nhan dang trén, trong tai
liéu [69] da khang dinh va ching minh: “Néu trang thdi z;, = z(t,.)
do dugc tir hé & thoi diém t,, biéu dién chinh xdc dwogc boi mo hinh
khong lién tuc:

2 = Az + B [u+d(,)] trong do

A =1+TA(z)) va B, =T, B(z;,)
thi két qua woc leong nho thudt todn AD sé la chinh xdc, tirc la c6:
dj, =Wc_i(t,§)”’ 5

D¢ tang toc d6 hoi tu cho thuat toan nhan dang trén, ta cé thé
gan bién: 21 = ZTrq
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O truong hop nhu véy, cac phép tinh (3.15) cua thudt toan nhin
dang da cho ¢ trén s€ dugc thay bang:
A =T+TA(z;),

A =T+ T AR ), (3.16)
B, =T, B(z;),

z, = Az + By,

dy= [BkTBk Tl Bl (Q —z Az - Afﬁk-l)

L2k =Ly,
3.2 Xay dung bd diéu khién thich nghi bam quy dao miu cho hé
Euler-Lagrange song tuyén bat dinh

O chuong 2 luan an da trinh bay phuong phap diéu khién bam 6n
dinh tiém cén cho hé Euler-Lagrange song tuyén c6 md hinh chinh
xéc (2.11). Tiép theo ddy ching ta s& bo sung cho né kha ning nhan
dang bat dinh va diéu khién bu thanh phan bat dinh nay, dé n6 con ap
dung dugc cho ca 16p hé Euler-Lagrange bat dinh (2.19).

Trude tién, ching ta chuyén d6i mé hinh Euler-Lagrange bt
dinh (2.19) thanh dang Euler-Lagrange song tuyén bat dinh bang
cach dit thanh phan bat dinh méi:

d(g,t) =n()—g(q@). (3.18)
Khi d6, moé hinh Euler-Lagrange bt dinh ban dau (2.19) tr¢
thanh: M(q)q +C(¢,9)g = u+d(g.t) (3.19)
Tiép theo, khi sir dung ky hiéu: z = [QJ (3.20)

g

thi m6 hinh (3.19) s& tré thanh dang mé hinh trang théi song tuyén bét dinh:

L PRV T e v g Bl

= A(z)z+ B(z)[u+d(z,t)] (3:21)
nhu d3 dugc thé hién & (2.32) va (3.4), trong do:

0 I 0 A
Az) = A | B@= | VA A =dg D),
0 -M(q9) C(g-9 M(q)

dung nhu dang mé hinh (3.3), thich hop vé6i thuat toan nhan dang bat
dinh da trinh bay ¢ muc 3.1.2.
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3.2.1 Bj diéu khién két hop diéu khién bam va bii bt dinh
Céu trac diéu khién két hop nay duoc mé ta ¢ hinh 3.3 dudi day:
d

lﬁ
S
5
Il

Bb didu

Hé Euler- z =col(g,q)
khién TTH >

Lagrange

Nhan dang |«

bat dinh <—|

Hinh 3.3: Diéu khién két hop tuyén tinh héa chinh xdc
va bt bat dinh
3.2.2 Kiém chitng chit lwong bang mé phéng trén MatLab véi
TRMS

- Tin hi¢u mAu 1a ham budc: r = (ay, @,z )" =(0.5,0.3)"

- Tin hiéu mau 1a ham sin:
r=(a, @) =(0.2sin(0.1256t), —0.2sin(0.1256t))"
40 0 30 0
: ( 0 40} ? [ 0 30}
Thanh phan bat dinh ham duoc gia dinh:

n(ty - [ 0:045in(0.30)+0.02¢05(0.01)
M =100.08c0s(0.2¢) +0.075in(0.5¢)

, va khi d6 nhidu d(g.t) =n(t) - g(q)

0.5 —=-Nhiéu —==Nhiéu
— =Nhiéu wéc lwong 0.2 = =Nhiéu woc lwgng
= 0.4
E -
Z £
o3 Z
'Q @ 0
£ o0z s
s £
2 01 %-o.z
«©- N LN 2N, "~ N\ ‘Q
8 of NSNS NN
0.1 0.4
0 20 40 60 80 100 0 20 40 60 80 100
Thoi gian [s] Théi gian [s]
Hinh 3.5: Nhiéu uoc huong 4, (t) Hinh 3.6: Nhiéu wic heong 4 (1)
trén mat ngang khi tin hiéu mau la trén mdt dieng khi tin hiéu mau la

ham buoc ham bude
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Thei gian [s]

Hinh 3.7: Ddp umg géc ddo lai img
voi tin hiéu mau la ham buoc

khi chua ¢6 khdu b bdt dinh

04 [ [ [ = =Bauvao
——Diura

203

Q

3N AN AN~
002
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=

]

Q

60‘1

0 |
0 20 40 60 80 100

Thoi gian [s]
Hinh 3.9: Dap vung goc chao doc
ing voi tin hiéu mau la ham budc
khi chia c6 khdu b bat dinh

n.08

i—--nma.l
_ D06 p A . | = =Nhiéu woc lugng |
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HEBYRIRVEYE
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Tt:fri gian [s]
Hinh 3.11: Nhiéu woc luong g, (1)
trén mdt ngang khi tin hiéu mau la
ham sin

=
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=
en
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=
-

= =Dauvio
——Diura

=
o

Goc dao lai [rad]
(=)
)

=

0 20 40 60 80 100
Thoi gian [s]

Hinh 3.8: Dap wng goc dao ldi ving
Vi tin hidu mau la ham budc khi
¢ thém khdu b bat dinh

04 ; ; —
X511 gi’” vao
¥ 0.29859 dira

Goc chao doc [rad]
o o o
= o 3%

—

00 20 40 60 80 100
Thei gian [s]

Hinh 3.10: Pap wng goc chao doc
ttng voi tin hiéu mau la ham bude
khi c6 thém khdu bit bdt dinh
0

== =Nhiéu ) ‘n\
Etn ﬂ‘ -‘\T }N\WMW;T"'\‘ [
\”n I, I
MRATRTIVERTIVA!
§02 Y ¥ Y \i
g \ V
03

0 2 40 60 0 100
Thei gian [s]

Hinh 3.12: Nhiéu wéc luong d,(t)

trén mat ngangkhi tin hiéu méu ld

ham sin
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03 = =huvs 03 —
[ =Haves |=="Dau vio
g E Ulz J"—‘\i !"—‘\\ I__ -aau ra
= S04 \ TV 4
" ] ’ \\ i \\
-g g 0 \\ l,l \ |
.04 © /
_g 0.1 8 0.1 \\‘ /‘ \\\ ,, i
0 02 N’ . P
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0 4 .l lf']U @ 0 40 i 80100
Wl gian |s|
! Tho glan [s]

Hinh 3.13: Bdp vmg goc ddo lai Hinh 3.14: Ddp 1ng goc dao lai
ung voi tin hiéu mau la ham sin ung voi tin hiéu mau la ham sin
khi chua ¢6 khdu b bat dinh khi c6 thém khdu bu bat dinh

03 - =Diuvio
- g 02| ,'\- = cBura ey
g £l A \
- '} 0.1 4 7
o -3 \ \
8 g / | 2]
o g Uy A\
i £ \ / \ /
- bl 7 o
§- G2~ w7
: ; : 03
0 20 0 o6 80 100 2 0 & 80 0
Thaiglan 5] Tl glan s

Hinh 3.15: DPap g goc chao doc Hinh 3.16: Dap wrng goc chao doc

Umg voi tin hiéu mau la ham sin img voi tin hiéu mau la ham sin khi
khi chira bit bét dinh co thém khau bu bat dinh.
3.3. Két luan

Trong chuong 3, luan 4n di dat dugc nhing két qua nghién ctru
sau:

- Xay dung dugc thudt toan ude lugng thanh phan bét dinh ham
trong mo hinh Euler-Lagrange song tuyén, phuc vu viéc diéu khién
bu.

- Két hop bo diéu khién bu bét dinh ham voi bo diéu khién tuyén
tinh hoa chinh xac ¢ chuong 2 d€ c6 dugc bd di€u khién bam 6n dinh
tiém can tin hiéu rpﬁu cho cac he:: Euleg-Lagrange song tuyén.

- Banh gia chat lugng b dicu khién dé xuat thong qua mo6 phong
trén MatLab cho hé TRMS.
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) - CHUONG 4

KIEM CHUNG CHAT LUQNG BANG THUC NGHIEM
4.1. M6 ta ban thi nghiém
4.1.1 Cdc thiét bi trén ban thi nghiém
4.1.1.1 May tinh
4.1.1.2 Card dSPACE DS 1103
4.1.1.3 H¢é vat Iy TRMS
4.1.1.4 Hé théng tao nhiéu ngoai

‘ﬁ
E_ == CE
FRSvReTsELESEm

> g
L
Do luong

.
Diéu khién e

dSPACE 1103

Hinh 4.1: Cdu triic vdt Iy ciia ban Hinh 4.5: M6 hinh ban
thi nghiém TRMS thi nghiém TRMS
4.1.2 Céu tric téng thé ban thi nghi¢m TRMS ciia PHKTCN
Thai Nguyén

Hinh 4.5 la m6 hinh ban thi nghiém TRMS va hinh 4.14 la cdu
truc hé thong diéu khién hé thuc TRMS thiét ke trén Simulink.

[ ni—— =]

4 e o ik

TRAS_EuierLagrarge J

Caleulats U

!_.u_ Wy

Hinh 4.14: Cdu triic hé thong diéu khién hé thuc TRMS

thiét ké trén Simulink.
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4.3 Két qua thi nghiém va danh gia
4.3.1 Tién hanh thi nghiém
Trudng hop tin hi¢u mau 14 hang so:
oy, =17 =0.5[rad] va @, —>r, =0.3[rad]
Trudng hop tin hiéu mau dang hinh sin:
oy, = 1, = 0.2sin(0.1256¢) [rad]; «, — 7, =—0.25in(0.1256¢) [rad]
Bo diéu khién tuyén tinh héa chinh xac, trong d6 hai ma trén K, K,
van dugc chon lan lugt la: g :[40 0 ]; . :[30 0 ]
0 40 0 30
— Théng s6 bo diéu khién téc d6 va dong dién cho dong co dudi:
PID, : K,, =0.00001, K, =0.000005, K, =0.000035
PID, :K,, =025 K,;, =20, K,, =0.0028

- Thong s6 bo diéu khién téc do va dong dién cho dong co chinh:
PID,, : Ky, =0.000004, K , =0.00005, K, =0.000015
PID, K, =0.1,K =80, K; =0.0005

4.3.2 Két qud va ddanh gid chdt lwong

s as

"\l’ﬂ\"’ 0.4
: L B3 vES

o5

0.4

Zura
0.3 M Sai l&ch.

02

Goc dao l4i [rad]

0.1

sod [ e =

N
—o1 &
e 5
o 1o 20 =0 s0 2o sa 7o so sa 100 o Tio 20 50 45 'sn ec 7o s o 100
Thi gian [s]

Hinh 4.25: Ddp img goc dio ldi img 1 4.26: Dap img goc chao doc img

Vi tin hiéu mdu la ham bude va sai VOl 1in hiumdu ld ham buse va sai
léch khi c6 nhiéu quat gio tai léch khi cd nhicu quat gio ti
t=(50+100)s

w010

hidu wre lirang

2 4 shidu ]

o =0

an 50 B0 100
Theri gian [s]

Hinh 4.27: Nhiéu wéc luong d,(t) trén

0 10 20 30 40 S0 B0 _FO0 BO 90 100

_ Thé gian [5] )
Hinh 4.28: Nhiéu uéc lwong d,(t) trén
mdt ngang g véi tin hiéu mau la ham

mdt ditng teng voi tin hiéu mdu la ham
budc khi co nhiéu quat gio tai

buée khi c6 nhiéu quat gié tai
t:(50+100)5 t:(50+100)5
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04 [ TRV 04

03 B Diura 0s =g§:l;!aao
__ 0z .0z
Bl AN LN Z..
iz ool [P € oo
:": 0.1 %’ -0.1
8 -0.2 8 -0.2

03

-0.4-0+ -0.4 4

Thei gian [s] Th&i gian [s]

Hinh 4.29: Dap wng goc dao lai Hinh 4.30: Dap wrng goc chao doc
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4.4 Kétluin

O chuong 4 d3 giai quyét dugc nhitng cong viée sau:

- P tién hanh thiét ké, 1dp dat cai dat va tién hanh thyc nghi¢m
dbi tuong 1a TRMS trong phong thi nghi€ém véi bo diéu khién tuyen
tinh hoa chinh xac két hop voi co cAu udc luong nhidu va bu nhiéu.
B diéu khién tuyén tinh hoa chinh xac nay 1a bo diéu khién mé men
vi vy dé chay thuc nghiém thi hé théng can bd xung thém hai mach
vong: mach vong téc d6 va mach vong dong dién.

- Két qua thyc nghiém trén ban thi nghiém TRMS phu hop véi Iy
thuyét vé chat lwong diéu khién da duoc khiang dinh & chuwong 2 va 3.
N6 ciing dd chimg minh tinh ding dan thuat toan udc lugng nhidu va
bu nhiéu khi mé hinh déi twgng bét dinh va chiju anh huong cua nhiéu,
da tang cuong kha niang khang nhiéu dé cai thién chat lugng diéu khién.
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I. KET LUAN

Két qua cac nghién ctru ctia luan an da c6 mot s6 dong gop moi
nhu sau:

- Xay dung bo diéu khién bam quy dao cho hé co - dién song
tuyén, chtrng minh tinh 6n dinh va 6n dinh tiém cén cua h¢ bam trong
truong hop khong c6 va co yéu to bat dinh. Dya trén cac phuong
phép diéu khién truyén thong 1a phuong phap diéu khién bu trong
truong, 1am co ¢ cho viéc dé xut xay dung bo diéu khién tuyén tinh
hoéa chinh xac cua luan an, &p dung cho 16p hé Euler-Lagrange song
tuyén, di1 co cAu chap hanh va khong chira thanh phan bat dinh (dugc
goi 14 hé c6 méd hinh chinh xac). Pa ching minh chit ché bang 1y
thuyét (¢ dinh Iy 1 va 2) vé& chat lugng bam 6n dinh tiém can theo
quy dao mau ma b didu khién dé xuét niay mang lai cho h¢ Euler-
Lagrange song tuyén;

- Xay dyng bo diéu khién thich nghi bam quy dao cho hé co —
dién song tuyén bat dinh trén co s& bd diéu khién tuyén tinh hoa va
bo nhan dang thanh phan bit dinh theo nguyén 1y t6i wu hoa timg
doan sai 1éch m6 hinh trén truc thoi gian. Dya trén viéc xay dung
dugc thudt toan udc lugng thanh phan bat dinh ham trong mo hinh
Euler-Lagrange song tuyén, phuc vu viéc diéu khién bu. Két hop
bo diéu khién bu bat dinh ham vé&i bo diéu khién tuyen tinh hoa
chinh x4c & chuong 2 dé c6 dugc bo diéu khién bam 6n dinh tiém
can tin hiéu mau cho cac hé Euler-Lagrange song tuyén.

I1. KIEN NGHI

- Nghién ciru mo hinh TRMS, c6 thé ap dung cac bo diéu khién
khac nhau, Gng dung trong dao tao ¢ bac cao hoc va nghién ctru sinh
cla truong;

- Tir két qua nghién ctru nay co thé 4p dung cho cac phan tir bay
c6 dang khi dong hoc phuc tap nhu: cac UAV va nghién ciu thém
cac phuong phap diéu khién phi tuyén khac tng dung cho TRMS.



