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Tém tét - Con lac nguoc banh xe quan tinh 1a mét mé hinh diéu
khién hay va c6 nhiéu ng dung trong thuc té. Nhiéu dé tai da
nghién cvu vé viéc dn dinh cac bién trang thai ctia con l&c. Trong
bai bao nay, ching t6i de xuét st dung bd didu khién trwot thich
nghi glal quyét viéc latva 4n dinh con l4c nguoc banh xe quan tinh.
Viéc 6n dinh bao gdm &n dinh ca vi tri, van téc. Luat diéu khién
duoc thiét ké dé ap dung hoi tu tAt ca cac bién trang thai khi théng
sb ctia mé hinh thay ddi 1on. Cubi cung, dé chirng minh sy hiéu
qua cla bo diéu khién, cac két - qué dwge md phoéng trong diéu kién
ly tudng (khéng nhiéu), co nhiéu ngdu nhién, va thong s6 hé théng
thay déi trong qua trinh hoat dong dwdi tac dong clia nhiéu.

Tir khéa - con lac nguoc banh xe quan tinh; 6n dinh; théng sé thay
dbi; diéu khién trwot; thich nghi.

1. Pat vin dé

Hé théng ¢ sb6 dau vao diéu khién it hon sb bac tu do
cua hé dugc goi 1a mot hé dudi tac dong [1]. Bai toan diéu
khién hé théng duéi tac dong 1a mot chu dé nghién ctru
duoc quan tAm nhidu boi cac nha nghién ciru (dic biét trong
linh vuc robot, phuong tién di chuyén dudi nu6e, phuong
tién hang khong...). Mot vi du vé hé thdng dudi tac dong
d6 1a xe-con lic nguoc. Nhiéu vi du khac ctua hé théng dudi
tac dong nhu co cdu robot dudi tic dong, robot gymnast,
co cdu trong bd phan cét, ha canh ctia may bay [2], con lic
banh xe quan tinh [3].

Cac bo diéu khién dé didu khién con lic nguoc banh xe
quan tinh nhu bd diéu khién md men [4], bO diéu khién tao
chu ky giéi han cho con lic [5], sir dung ham bio hoa [6], bd
diéu khién truot thich nghi hai bac tu do sir dung hai ro le dé
dao dong tu kich thich [7] dd dwoc nghién ciru dé 6n dinh
con lic ngugc ¢ vi tri thang dung, didu khién con lic nguoc
banh xe quan tinh bang bd diéu khién fuzzy thich nghi trén
co so diéu khién bam mit phang quy dao [14].

SMC (Slide mode control) 1a mot bo diéu khién bén
vitng véi cac cac thong s6 hé thong biét chic va chiu tac
dong ctia nhidu ngoai. Bo diéu khién nay ciing dugc nghién
ctru dé diéu khién cho hé thong duéi tac dong trong [9],
[10], [11], [13].

Trong [11], mot bo diéu khién SMC bc 2 dwoc phat
trién dé g1a1 quyét van dé diéu khién bam cho mét con lic
banh xe quan tinh. Cac chuyén dong khao sat ciia con lic
1a & vi tri 1én & xung quanh diém mét 6n dinh.

Trong [13], bd diéu khién truot thich nghi bac 2 ciing
duoc su dung dé én dinh témg thé con lic ngugc banh xe
quén tinh trong diéu kién khong nhidu, thong s6 thay dbi.

‘Trong nghién ctru nay, Chung toi tap trung nghién ctru
thiét ké bo didu khién 6n dinh tdng thé cho con lic banh xe

Abstract - Inertial wheel pendulum is an interesting model of
control and has many applications in practice.Many papers have
discussed its stabilization of state variables. In this paper, the
Adaptive Slide Mode Controller is proposed to solve the swing up
and stabilization control problem of inertial wheel pendulum (IWP).
The stabilization includes stabilizing angular position and velocity
of the inertial wheel pendulum. The control law is designed to
converge all the state variables of the inertial wheel pendulum
when the model parameters vary greatly The simulation results
clearly reveal that the performance of the controller is good even in
the presence of disturbance and when parameters vary with time.
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variation; slide mode control; adaptive.

parameter

quan tinh. Khong chi hdi tu cac trang thai ctiia con lic, ma
con hoi tu duge trang thai cua banh xe quan tinh veé vi tri
khong trong diéu kién khong nhidu, c6 nhidu va thong sé hé
thér}g thay déi trong qua trinh diéu khién dudi tac dong ciia
nhicu.

2. Két qua nghién ciru

2.1. M6 hinh héa con lic ngwoc banh xe qudn tinh

Ta str dyng m6 hinh con lic nguoc banh xe quéan tinh
nhu Hinh 1 dé thiét 14p cac phwong trinh dong luc hoc:

A

m,, I,

ez

Hinh 1. M6 hinh con lic nguwoe banh xe qudn tinh

H¢ phuong trinh cua hé théng duoc thiét 1ap c6 dang
nhu sau:
{(mn + My, )Q1 +My,0, —mgsin g, =0 (1)
My, + My, =U
Day 14 hé phuong trinh vi phan cip 2. Trong d6:
m, =L +ml*+m,L*;m,, =1,; m;=ml+m,L

V6i: my, My 1a khdi lugng cia con ldc va banh xe quan tinh
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| 14 khoang céach giira trong tam con lic v6i tim quay
gan voi gia c¢o dinh.

L la chiéu dai cta con lic.

Iy, 12 1an luot 14 mé men qué tinh cua con l4c va banh
xe quan tinh so vdi tAm quay cua cac khau.

u 12 md men dit vao dong co dé lam quay banh xe quén tinh.

01, g2 tuong ng la vi tri goc cua thén con lic so véi
phuong thang ding va cla banh xe quan tinh so véi than
con lac. Tuong tu, dqi, dgz 1a van tdc goc chia cac khau.

Nhin vao hé thdng (1), ta nhan thay day la hé thong ma
¢6 s0O tin hiéu dieu khién nho hon so bién diéu khién. H¢
thong nay duoc goi 1a hé dudi tac dong. Ttrc 1a h¢ thong co
s0 bac ty do nhiéu hon s6 tin hiéu diéu khién. Hé thong (1)
1a h¢ thong phi tuyeén dudi tac dong. DE dicu khién hé thong
nay, cac bo diéu khién phirc tap hon nhicu va h¢ thong ciing
rat d¢ bi mat 6n dinh do nhicu hodc su thay doi cua cac
thong sO phan cing cta hé.

Do goc 1éch khoi vi tri can bang nho (< 10°), do d6 sing
~ qi. Vi vay phuong trinh (1) tré thanh:

{( My + My, ) G +my,0, —msq, =0 ()
My, 0y + My, 0, = U

Ta c6 ham truyén cta d6i tuong diéu khién:

_ 3)
(ms - mllSZ )

V6i hé thdng nay, 16 rang ta thiy d6i twong s& khong 6n
dinh (da thirc dac trung co hai h¢ s0 khac dau), tirc néu khong
str dung b di€u khién, h¢ thong s€ khong 6n dinh. Do vay,
ta s€ tién hanh thiét ké bd diéu khién 6n dinh cho hé thong.
2.2. Thiét ké by diéu khién trwot thich nghi diéu khién It
va on dinh con lac nguwoc banh xe qudn tinh

G(s) =

~ Trong phan nay, ta tién hanh nghién ctru bo diéu khién
de 1at dang thanh quan tinh, dong thoi 6n dinh vi tri thanh
quan tinh va banh xe quan tinh.
Hé thong (1) dwoc viét lai nhu sau:

X =X
X, =asinx —hbu )
X, =X,

X, =—asinx, +b,u

Phuong trinh (4) c¢6 thé tich thanh 2 hé théng con.
Chung ta s& thiét ké bo diéu khién theo céu trac diéu khién
song song hai h¢ thong con nay dé ép cac bién trang thai
hoi tu vé gi4 tri khong.

CAu trac cua mot hé théng dé nghi dugc md ta trong
hinh du¢i day.

4,0y,
e

Controller

Plant

Estimator

01, das, 9o, dgy

Hinh 2. Cdu triic hé thong diéu khién IPW

Chung ta chon cdc mat trugt nhu sau:
Z =CX +X, (5)

Z, =C, % + X, (6)
Trong d6: C1 yC,1a cac hang sb dwong.

Khi z, =0, céc tri riéng cua (5) 1a —1/c, , vivay X;, X,
1a 6n dinh tiém can vé khong. Tuong tu, X5, X, cling s&
hoi tu vé khong khi z; = 0.
Vi phan cta Z,, Z, trong phuong trinh (5) va (6) dugc
viet nhu sau:
2, =C,X, +asin x, —bu (1)
2 =C,X, —asin X, +b,u 8
Mit trugt tong hop dwoc chon nhu sau:
2=2,+1, )

Trong @6 A 1a mot hing sé duong.

Vi phén cia Z theo (7) va (8) dwoc viét nhu sau:
2=A2+12,=2(cx,+asinx, —bu) (10)
+C,X, —asin x, +b,u

Néu cac thong sb ciia mo hinh diéu khién 1a biét trudc,

ham Lyapunov V duoc chon nhu sau:

v=>1z (11)
2
Luét diéu khién duge chon nhu sau:
. kz +Ac,x, +C,X, +(A—1)asinx, (12)
b, b,
Thay (12) vao (10) chang ta c6 dugce:
=V =z1=—kz?<0 (13)

R rang, hé théng (13) 14 6n dinh, bién trang thai Z hoi
tu dén khong, do d6 Z,,Z, cling hoi tu dén khong.

Trong trudng hop cac thong s cia md hinh diéu khién
1a khong do duoc chinh xac, ham Lyapunov dugc chon dé
khong nhitng 1am hoi ty cac sai s6 hé thdng, ma con phai
wdc lugng dugc cac thong sd cia mod hinh didu khién.
Chung ta chon nhu sau:

Lgy Pl Py
2y, 2V 27y,

Trong d6 7,, %1, 74, 18 céc hing s6 duong, a=a—-4,4 la

(14)

VP
2

udc lugng cua a, b, :i, B, =p, — P f)i la cac ude lugng
cla pi,(i :{L‘ 2})
Chiiyrang: bu=b p,0=0—b p,a (15)

Két hop phuong trinh (4) va (15), ta viét lai phuong
trinh hé thong nhu sau:

X =X
X, =asinx —bup, (16)
X3 = X,

X, = asinx, +b,up,
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Vi phan cta V dugc xac dinh nhu sau:

vz taa ol P, pﬁyzpzp

Va 7’b1 b2

= 2[ AcX, +C,x, +aAsinx, —asinx, +(1-A) |
. 1. 1 ;
+8| (A-1)zsinx,——a |+b,p izu—_f)]
[( ) % Va j g 1( 7uSign(p,) '

—b,p — p
e 7u2Sign(b,) ’

Dé v <0, luat didu khién va cac luat cap nhat thong s6
duogc chon nhu sau:

(17)

Kz +Ac,X, +C,X, +(A—1)asinx,

T 18
u A-1 ( )
a=y,2(1-1)sin x, (19)
b, = Ay, zusign(b, ) (20)

bz = —beZUSign(bz) (21)

Khi hé¢ théng 6 cac thong sO 1a khong biét trude, vai
céc bo diéu khién ¢6 phan hoi sir dung cac phuong phap
udc luong thong s6 thuong bi hién tuong troi cac thong so
nay. Do do6 lam cho hé thong kho 6n dinh dugc trong thoi
gian dai. Vi vay viéc bd sung thém céac bd hiéu chinh 1a can
thiét dé duy tri 6n dinh ctia hé théng. Do d6 chung toi st
dung mot ham chuyén mach nhu [12] trong lut thich nghi
dé hd trg lam giam bét hién tuong trén. Luét thich nghi
hiéu chinh duge viét nhu sau:

0
|a| if |é| < Mao
8 =1, { 1] it My, <[d]<2M,, (22)
© it faamy,
5a0
0
. it [p<M,,
6p15 =10 ( Mpl l] if M oo S ‘ pl‘ < 2M (23)
" if ‘ pl‘ >2M p10
5;}10
0
f) if p20
Sp2s =10 [Mz—lJ it My <[] <2M (24)
p20 |f “jz‘>2Mp20
5;120

Trong d6: M, >0,M ,, >0,M ,; >0,5,, >0,0,4, >0
0p0 >0 1a céac hang s6 dugc dinh nghia trong b dicu
chinh & . Cac tham s6 nay dugc chon du 16n dé: M, > |é.|,
Moo > [ i) Mo > [B,].

Ciing theo [12], v6i cdc lya chon trén by, O pis s Fpps
Vﬁp dam bao 101 gidi cua bai toan va véan dé 6n dinh cua hé
thong khong bi anh hudng.

Luét cap nhéat thong sb méi ctia hé théng duoc viét lai nhu sau:

a=y,2(A-1)sin x, — 7,6, (25)
51 = AybleSign(bl)_ Y195 P (26)
bz ="7b2 ZUSign(bz )"’ 7b25p25 P, (27)

Két qua diéu khién:

Céac thong s6 cua mo hinh diéu khién duoc chon trude
nhu sau: L=0.2 m; I= 0.1 m; m; = 2 Kg; m; = 0.8 Kg;
I, = 0.008 Kgm?; I, = 0.05 Kgm?. Gi4 trj ban dau ciia bo
u6c lugng dwoc chon nhu sau: 4(0) =1, b (0)=1, b,(0)=1.
Gi4 tri ban dau cua cac bién trang thai: q,(0)=x/3(rad),
q,(0)=-x/2(rad), 4, =7 /12(rad /s), 4, == /6(rad / s). Cac
thong s6 ctia bo diéu khién duge chon nhu sau: c,=c,=0.1
7. =1, 7 =1, 7, =1, 2 = 0.5. Céc thong s6 ciia bo hiéu chinh
6 duoc chon nhu sau: 5, =5, =8,,, =1, M,, =60, M ,, =10,
M, =10

Con lic nguoc banh xe quan tinh trong qué trinh hoat
dong chiu sy tac dong cua nhiu. Nhidu c¢6 thé 1a nhidu do
mdi truong bén ngoai (tac dong luc vao con lic, banh xe)
hodc nhiéu do su bo qua cac yéu t6 noi tai cua dbi tuong
diéu khién khi thanh 1ap mé hinh toan hoc (sw khong dong
chat cua thanh quén tinh, banh xe; ma st giita truc quay va
banh xe)... Do dé, ta kiém tra két qua hoat dong ctia bo diéu
khién 14t va 6n dinh con lic nguoc banh xe quan tinh trong
truong hop khong nhiéu va trong truong hop co nhiéu ngau
nhién tac dong (tat ca cac dang nhidu déu sé tac dong truc
tiép dén van toc goc cua thanh quén tinh, do d6 dé don gian
ta quy dbi vé don vi van toc goc voi bién do nhiu nim
trong khoang [-0.5;0.5] (rad/s).

3. Két luan

Trong Hinh 3 va 4, cac sai s6 hoi tu vé gia tri khong
nhanh, chi khoang 10s. Nhung gbc va van tdc goc cuia banh
xe quan tinh thi hdi tu chdm hon khoang hon 50s trong cac
Hinh 5 va 6. Trong cac Hinh tir 9 dén 11, cdc mit truot
cling hoi ty nhanh vé gié tri khong.

Truong hop khong nhiéu Truong hop cé nhiéu

: Fvmamea] : i
o [} W\W oy
A / g

Vo cnicar]

4 [rae]
4 [rae]

0
o

0
0
0

4 El
1 2 E [ E E 1 2 E [ E E

Hinh 3. V; tri géc con lic

nwmmme] — Ve e cn

at [radis]
at lradis]

1 2 E 1 E h 1 El [

Hinh 4. Van téc géc con ldc

_ o
i —— Vi goc barh xe iz — Vit goc barh xe @2

@]
—
@]

E E E [ 2 3 [ E E
timels] timels]

Hinh 5. Vj tri géc banh xe quan tinh
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—— Van toc goc banh xe ce2

.
I [

— Van toc goc banh xe ce2

2 rads]
2 rads]

1 a B 1 a B
timels] timels]

Hinh 6. Van téc géc banh xe qudn tinh

totat-diotat

totat dhotat

|
-
;

12 1 08 05 04 22 02 04 06 12 1 w8 06 04 w02 02 o4

Hinh 7. Biéu dé pha vi tri géc — vin toc géc ciia con ldic

—— tota2dteta2 —— teta2dteta2

o - oL
‘\ i
\
|
’

O A / .

|
|
] oo |
/ |

/
1 1

t5 18 05 25 18 T 05 05

Hinh 8. Biéu do pha vi tri géc — vin toc gbc ciia banh xe qudn tinh

— —
i\ i
: time[s] “ h : time[s] ! b
Hinh 9. Mat trirot z
= ! =
\
1 |
\ |
| \ ~
J w u
1 = 4 5 1 s A( 5
Hinh 10. Mdt truot z1
0 _ 0

Slting manifold 22

Hinh 11. Mat truot z2
Cac dap ung ¢, va g, van 6n dinh méc du c6 nhiéu ngoai
tac dong.
Pé kiém tra anh hwdng cua sy thay dbi thong s6 cia mod
hinh dicu khién nhu: khoi lwong, m6 men quén tinh va trong
tdm con lac, ta s€ thay d6i khoi luong cua con lac bang cach

thém tai trong trén than con 15c. Khi d6 khéi luong, m6é men
quan tinh va trong tdm ciia con ldc s& thay di theo. Gia thiét
r?mg, khéi lugng cua tai trong dugc thém vao ting thém
35%, trong tam cua con lic duogc dua 1én cao hon trong tam
cli 40mm. Thoi gian bt dau ciia sy thay d6i nay 1a sau 35s.
Céc Hinh tir 12 dén 17 thé hién cac dap g cta hé thong.

Vg cnean [ Ventoc e confc o]

ol
l
\

- .

1 [ra
dg [racrs]

2 0 E 100 20 ) 2 E E 100 120
timels] time[s]

Hinh 12. Vi tri géc va vin téc géc con ldc

——— Vit goc banh xe @2 ——— Van toc goc ban xe 42

g2 rads]

2 4 E 100 20 2 E E 100 20
timels] time[s]

Hinh 13. Vj tri géc vd van toc géc banh xe qudn tinh

i
e ‘
ﬂ

Torque [N

2 a E 100 20 2 E E 00 120
timels] timels]

Hinh 14. Tin hiéu diéu khién Hinh 15. Tham s6 wéc lirong am

ey ‘

tram oo v oo 2, |

2 E 700 20 2 E E 00 120
timels] timels]

Hinh 16. Tham s6 wéc lwong pin Hinh 17. Tham s6 w6c hrong pom

Ta thiy rang dudi su thay ddi cua cac tham sé hé thong,
cac dap rng cuia h¢ van on dinh méc du bi dao dong.

Tir Hinh 15 d&én 17 1a cac dap Gmg cua cac thong s6 wdc
luong tuong tmg voi sy thay doi cia cac thong s6 hé thong.
Céc gia tri ude lugng nay ciing bi thay doi theo céac thong
s0 hé thong va 6n dinh dan vé cac hang so.

D6i chiéu vi mot sd két qua nghién ciru trude, ta co
nhan xét nhu sau (xét dén chi tiéu thoi gian qua dj va su
dao dong cua vi tri goc thanh quan tinh, sau d6 maéi tinh
dén van toc goc cuia thanh quén tinh va banh xe quén tinh):

So v6i két qua nghién ctru trong [5] (sit dung cac ham
bdo hoa 1ong nhau dé diéu khién 6n dinh hé thong), thoi
gian dap Gng cua b dicu khién trugt thich nghi nhanh hon
(khoang 5s so v&i gan 30s), van toc goc ctia con lac va banh
xe quan tinh cting 6n dinh hon.

So véi két qua nghién ciru trong [8] khi str dung cac
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thudt todn t6i wu dé tim céc tham s6 diéu khién cho bo diéu
khién PID, ta thdy rang qi duge nghién ciru trong [8] cb
thoi gian dap Gng t6t hon bo diéu khlen truot trong trudng
hop khong nhiéu (khoang 4s so voi gan 5s), tuy nhién trong
truong hop c¢6 nhidu va c6 sy thay d6i tham sb hé thong,
cac dap ung trong [8] bi dao dong vdi bién do khoang
0.5rad va xay ra trong sudt qua trinh diéu khién, trong khi
voi b diéu khién truot thi sy dao dong chi dién ra trong
thoi gian dau va vai bién do 0.1rad va sau d6 thi hoan toan
khong dao dong. Uu diém nay 1a su vuot troi cta bo thich
nghi dugc tich hop véi bo diéu khién truot.

Trong [13] ciing st dung bd diéu khién trugt thich nghi
dé diéu khién con lic banh xe quan tinh, tuy nhién viéc
nghién ctru chi mi dimg lai trong vige thiét ké bo diéu khién
trong truong hop diéu khién khong nhidu. bap tng cua hé
thdng trong truong hop nay tuong duong voi két qua chiing
t6i da nghién ctru. Mic khac, bo diéu khién truot thich nghi
duoc trinh bay trong bai bao nay khong chi 6 on dinh tong thé
trong trudng hop 1y tuong (khong nhiéu), ma con o6n dinh
tong thé cac bién trang thai trong diéu kién c6 nhiéu va thong
s6 con lac thay dbi trong qua trinh hoat dong (van trong
trudng hop c6 nhidu xdy ra trong qua trinh didu khién).

Qua mot s6 két qua so sanh, ta c6 thé thiy bo diéu khién
trugt thich nghi 1a mot sy dé nghi tot dé didu khién con lic
nguoc banh xe quan tinh trong trudng hop co nhidu va
trong trudng hop thong sé hé thong thay doi.

Con lic ngugc banh xe quan tinh 1a mot md hinh didu
khién kha tha vi, ¢6 nhiéu tmg dung trong cudc song Trong
gio1 han bai bao nay, ching t6i van chua giai quyet duogc
hét cac bai toan dit ra ddi voi d6i tuong diéu khién nay, do
d6 cac hudng phat trién tiép theo co thé 1a:

- Nghién ciru k§ hon vé mé hinh toan hoc cta con lic
nguoc banh xe quan tinh. Khi thanh 18p mé hinh toan hoc, can
thém vao cac thong s6 nhu luc ma sat véi moi truong, su
khong ddng chét ciia thanh quan tinh va banh xe quén tinh...

- Nghién ctru thiét ké dé diéu khién ddi tuong didu
khién nay bang cac bo diéu khién khac nhu PID mo, md
thich nghi, thich nghi cudn chiéu hoic két hop cac bo diéu
khién lai v6i nhau.

- Nghién ciru thuc nghi€ém diéu khién con lac nguoc

banh xe quan tinh dé cé duoc cac sb liéu thuc té.
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