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Phuong phap diéu khién ché dd truwgt phan cap - mé thich nghi
m&i cho mot I6p cac hé thong Under - Actuated SIMO

A novel adaptive fuzzy hierarchical sliding mode control method for a
class of Under - Actuated SIMO system

Tran Thij Diép*, Duong Thi Hoa, Nguyén Thij Sim

*Email: phuongdiep222@hnu.edu.com

Truong Dai hoc Sao Do

Ngay nhan bai: 28/01/2021

Ngay nhan bai stra sau phan bién: 02/6/2021
Ngay ch3p nhan ding: 30/6/2021

Tém tit

Trong nghién ctru nay, mot sw két hop gitka didu khién ché d6 trwot phan cap va diéu khién mé thich nghi cho
mot I&p cac hé théng robot under - actuated mét dau vao nhiéu dau ra (SIMO) dwoc dé xuét. Trong so db diéu
khién nay, bang cach s dung phwong phap diéu khién trwot phan cp, mét luat diéu khién trwot dwoc tao ra
dé lam cho moi hé théng con 6n dinh cing mét IGc. Tuy nhién, bo diéu khién nay gay ra hién twong dao dong
quanh mat trwot. Hon niva, cac tham sé chwa biét ctia hé théng gay ra bi tinh phi tuyén clia co cAu chdp hanh
va nhiéu bén ngoai. Do d6, giai phap dwoc dé nghi 1a két hop gira bo diéu khién trwot phan cép véi quy téc didu
khién mo thich nghi dé loai bo hién twong dao ddng va nhiéu loan bén ngoai. Cac tham sb chwa biét ctia hé thdng
duwoc wéc lwong va suy luan béi hé thdng logic md thich nghi d& xuét. T thuc nghiém cho thdy bo diéu khién
ché dd trwot phan cp mé thich nghi cé thé diéu khién tdt cho mét Iép cac hé thdng kich thich yéu. Xe con léc
ngwoc 2D va cau truc 2D 1 hai hé théng kich thich yéu dién hinh, dwoc str dung d& xac minh tinh kha thi cta
phwong phap diéu khién dé xuét.

Tir khéa: Diéu khién thich nghi: diéu khién ché do truot; diéu khién mo; hé théng mét ddu vao nhiéu dau ra; hé
théng under - actuated.

Abstract

In this study, a combination of hierarchical sliding mode control and adaptive fuzzy control for a class of single
input multiple output (SIMO) under-actuated robotic systems is proposed. In this control scheme, by using
hierarchical sliding control method, a sliding control law is generated to make every subsystem stable at the
same time. However, this controller causes oscillation around the sliding surface. Furthermore, the unknown
system parameters are caused by the nonlinearity of the actuator and the external noise. Therefore, the proposed
solution is to combine the hierarchical sliding controller with the adaptive fuzzy control rule to eliminate oscillations
and external disturbances. The unknown parameters of the system are estimated and inferred by the proposed
adaptive fuzzy logic system. The experimental results show that the adaptive fuzzy hierarchical sliding mode
controller can control well for a class of SIMO under-actuated system. 2D inverted pendulum cart and 2D crane
are two typical weak excitation systems, used to verify the feasibility of the proposed control method.

Keywords: Daptive control; sliding mode control; fuzzy logic; single input multiple output systems; under-actuated
systems.

1. DAT VAN DE khong gian bay tw do, robot dwdi nwéc, robot di bo...
Dai khi, cac thuat toan diéu khién cho cac hé théng
kich thich yéu c6 thé dwoc st dung dé khoi phuc lai
mot phan cac chirc nang cla hé théng bi héng. Bang
thuat toan diéu khién kich thich y&u thich hop dwoc
trinh bay trong [3-4], canh tay robot van co thé cung
Ngu®i phan bién: 1. PGS. TS. Tran Vé Quéc cp mot ph‘é‘n chL'rS; ning. Do d9, v’iéc phat trién c:flc

2. GS. TSKH. Than Ngoc Hoan thuat toan diéu khién cho cac hé thong kich thich yeu

Céc hé théng kich thich yéu dwoc dac trung béi thuc té
I chung cd it bo truyén déng hon mire do tw do duoc
diéu khién [1]. C6 nhiéu hé thdng kich thich yéu trong
cac (rng dung thuc té nhw da dé cap trong [2], robot

14 Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, ISSN 1859-4190, S6 2 (73) 2021
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la rdt quan trong. Phuong trinh toan hoc ctia ching
thwong bao gébm cac thanh phan phi tuyén cao va cac
khép ndi, 1am cho cac thiét ké didu khién cla chang tré
nén kho khan [5].

Trong nghién clru nay, chung téi tap trung vao mot
I&p cac hé théng SIMO kich thich yéu. Lop nay kha
Ién, bao gébm céac hé théng con lac ngwoc song song
hoac xoay, Pendubot, TORA... Cac hé théng nhw vay
thwong dwoc s dung dé nghién ctu cac phwong
phap didu khién khac nhau va 1a cong cu giang day
trong cac trwong dai hoc trén thé gidi. Co rat nhiéu
phwong phap diéu khién dwoc dwa ra, bao gdbm diéu
khién dwa trén nang lvong, diéu khién twa thu dong,
didu khién lai, diéu khién théng minh... da dwoc dé
céap trong cac tai liéu [6-10]. Hau hét cac bai bao déu
dé xuat luat diéu khién cho mot hé thdng cu thé. Trong
thwe t&, mot bidu thire khong gian trang thai tdng quat
co6 thé md ta cho mot loat cac hé théng SIMO kich
thich yéu. Do do trong bai bao nay, tac gia da nghién
ctru, thiét k& mot luat diéu khién tdng quat cho loat cac
hé théng SIMO kich thich yéu.

Trong nhirng nam gén day phuong phap diéu khién
trrgt /SSMC/ d& dwoc st dung rong réi cho van de thiét
ké diéu khién clia hé thdng phi tuyén SIMO kich thich
yéu. SMC la mot cach tiép can hiéu qua déi véi van dé
duy tri sw 6n dinh va hiéu suat thich hop cla hé théng
didu khién v&i md hinh chinh xac [11-17]. Dac diém
cot I6i cia phuong phap diéu khién trwot la khd ning
dam bao tinh bén virng va &n dinh cho hé théng diéu
khién tuy nhién mét khé khan chinh trong viéc thiét
ké bo diéu khién trwot 14 tat ca cac thong sb gidi han
trén va gidi han dwéi clia cac clia cac théng sé khéng
xac dinh phai dwoc xac dinh trwdc khi thiét ké bd didu
khién. Do d6 ddi v&i cac hé thdng didu khién co nhiéu
tham sb khong xac dinh thi viéc thiét ké hé théng diéu
khién trwot tré nén phirc tap. D& gidi quyét khé khan
nay, cac bo didu khién théng minh trén co sé cla logic
m& dwoc dwa ra [18-23]. Cu thé hon, cac tac gia trong
[20] da dé xuat mot phwong phap diéu khién mo thich
nghi cho mét con lac dao nguoc cé banh xe. Twong
tw nhw vay, tac gia trong [19] da khai thac phép xép
xi logic m& dé& giai quyét tham sd khong chéc chén
trong mot bo diéu khién tay may di déng kich thich
yéu. Trong pham vi clia hé théng SIMO, céng trinh [21]
da st dung luat mo tu thiét lap dé tinh toan ma tran
trong s sau dé dwoc st dung dé téi wu héa ham trong
sb trong mot bd diéu khién tdi wu. Cac tac gia trong
[23] ciing da xem xét viéc thiét ké mot bo didu khién
backstepping mo thich (rng cho mét robot kich thich
yéu. Tuy nhién, trong tat cac bo didu khién dwoc thiét
ké dwa trén co s& cla logic md, cac luat diéu khién
dwoc xay dwng dwa trén kinh nghiém clia nguoi thiét
ké do d6 v&i nhirng kinh nghiém d6 nhiéu khi khéng da
va khé dé xay dwng luat diéu khién phu hop.

DBé khéc phuc nhwoc didm trén, trong bai bao nay tac
gid nghién ciru vé bod diéu khién ché do truwot phan
cp mé& thich nghi AFHSMC cho mét loat cac hé théng
SIMO kich thich yéu. Bang viéc ké thira cac thuan loi
cta bo diéu khién trwot phan cdp HSMC va bd didu
khién logic m&. Wu diém, cta bd diéu khién HSMC
do la kha ndng bén virng va 6n dinh. Uu diém, cia bod
didu khién logic mo 1a kha nang xap xi wéc lwong cac
tham s6 chwa biét mét cach chinh xac, do dé khi ap
dung bd didu khién nay vao diéu khién hé xe con lac
ngwoc 2D va can truc 2D thi hiéu qua bam, do vot 16
da dwoc caéi thién.

2. SO PO DIEU KHIEN CHE PO TRUGT PHAN
CAP MJ THICH NGHI

2.1. Thiét ké bé diéu khién

Xét mo hinh dién hinh ctia mot loai hé théng SIMO
under-actuated nhw sau:

X, =X,
X, = [i(X)+ g (X)u )
X, =X,

Xy = f,(X)+ g, (X)u
Cac sai s6 gilra cac phan hdi ctia hé théng va cac
tham chiéu mong muén la:

X, —X X, —X e

X, =@y x,—0 e,
Trong do:
X, 1a vi tri mong mudn.
Trong trwong hgp clia con lac ngwgc va cau truc. X,
la vi tri mong muédn cua xe. ®,= 0 la géc quay mong
mudn. Trong d6, cac dao ham cla sai sé cé thé duoc
suy ra tr (1) nhw sau:

é =e¢,
e, = fi(X)+g(X)u—-3%, (3)
e =e,

e, = f,(X)+g,(X)u

K FLC

HSMC

i

o PLANT —>

X1, X2, X3, X4
» X2, X3, \k

Hinh 1. So d6 diéu khién ché dé truot phdn cdp mo
thich nghi, trong dé FLC va SMC ldn lugt la dai dién cho
bé diéu khién logic mé va b diéu khién ché db truot
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s, =ce +e, (4)
5, =C,e t+e, )

Véi ¢, va c,la cac hang s6 dwong. Sau do, bé mat
trwot cAp hai cho cac hé théng SIMO under-actuated
duworc tinh toan bdi.

S =n5,+B,S, (6)
O day:

A, va B, cling 1a cac tham sé dwong. Can lwu y rang dé
dam bao mat trwot cap hai hoi tu vé 0, so d& HSMC
dw kién bao gdm hai luat riéng biét [23]. N6i cach khac,
chung t6i str dung luat didu khién chuyén mach dé diéu
khién cac trang thai ctia hé théng diéu khién hwéng téi
mot mat trwot cu thé. Sau d6, chung tdi st dung mot
luat diéu khién twong duwong dé duy tri sy xuét hién
cla cac trang thai trén mat trwot. Do d6, so dd diéu
khién hiéu qua cho mot hé thdng SIMO under-actuated
duoc xay dwng nhuw sau:

u=u, +ug (7)

Trong do:

u, va u, tuvong ng la luat diéu khién chuyén mach va
diéu khién twong dwong. Hon niva, d& dam bao tinh 6n
dinh cla hé théng SIMO under - actuated theo so' d6
didu khién dwoc dé xuat, mot ham Lyapunov duoc xét:

1

V==5 8
5 @8)

Dao ham clia mét trot cAp hai dwoc xac dinh nhw sau:

dv .

—=SS 9)

dt

Hoac

ar . o

E =8§§=8508,+B;5,)

= S[)Ll(clx2 +1+gu)+p,(c,x, + £, +g2u)]

_ll (e, + i+ gl(ueql g+l )+ i)
_+Bl(c2x4 +f,+ gz(ueq1 il +Hiy +i,,))
_)\1 (6% + i+ &, )+ P65+ /1 g, ,)

=§ +usw2(}\'lg1 + B1gz) +“5w1()\1g1 + B1g2)
NGt Bige, kS +nsat(8) - (kS +7 sgn(S))

(10)

V6i sat(.)va sgn()) 1an luot 1a ham bao hda va ham
dau, k 1a tham sb dé loai bé hién twong chattering
Uy = Uy + Uy, U = U F U

eql eq2? “'sw swl

Can lwu y rédng d6 6n dinh ctia mat truwot S dwoc dam
bao néu.

S (K1)

Hinh 2. Su héi tu cuia cdc bién trang thdi S véi k bién thién

— _(clxz +f1)
eql —
&
:_(c2x4+f2) (11)
eq2
&,
u =—y _ )nglueql + Bnguqu _ kS +T] Sgn(S)
sw2 swl
Mg+ Bigs Mg+ Bigs
Taco
dv

o =88 =—(kS> +n S sgn($)) < 0 (12)
Do vay, tin hiéu diéu khién cho hé théng SIMO under-
actuated dwoc tébng hop nhu sau:

u= Z'{eql +uswl +ueq2 + ust
__ LA +B LX) +hex, +Bie,x, +kS gl sgn(S)
7 (X)+B,8,(X)

Pé gidm hién twgng dao dong, mot ham bao hoa dwoc
dé xuét dé thay thé ham sign:
ar($) - {sgn(S) if|S|>1

s ifls]<1
Do d6, tin hiéu diéu khién trong (12) c6 thé dwoc viét
lai bovi:

__ WA +BSLX) +hce, +Bice,
1,8 (X)) + B8, (X)
N WX, +kS +nsat(S)
281 (X) +B,g, (X)

2.2. Luat thich nghi

(13)

C6 thé thay trong phan tich & muc 2.1 ring néu ca hai
théng s6 %, va B, trong (6) duoc gitr nguyén khong
ddi thi s& gay ra dao ddng trong hé théng diéu khién.
Dé giai quyét van dé, trong bai bao tac gia da dé xuét
diéu khién thich nghi cac tham sé theo thei gian bang
cach str dung hé théng me. Bé don gian bo diéu khién,
chung t6i xac dinh:

B =k,

Do d6, cho phép hé théng logic mé tinh toan mét tham
s6 thay vi hai tham sé tai mét thoi diém cu thé. Nhan
thay réng hé sbé k co thé duwgc xac dinh trwdc. Ngoai
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ra, thay déi k dan dén sw thay ddi clia cac mat trwot.
Va néu k dwoc chon dung, cac trang thai ciia hé thdng
didu khién di chuyén trén cac mét trwot dé hoi tu vé
0 nhw dwgc minh hoa trong Hinh 2. Phwong phap dé
xuét gidm dang ké hién twong dao dong trong cac hé
théng SIMO under-actuated.

Mb hinh diéu khién m& vong kin cho mét Iép hé théng
SIMO under-actuated dwgc minh hoa trong Hinh 1.
Bay gi& chung ta nghién clru cach xay dwng cac ham
lién thudc va luat co s& cho hai hé théng dién hinh
bao gdm hé xe con lac ngwoc va can truc. Cac ham
lién thudc cho cac tham sé dau vao cla hé thdng xe
con l&c ngwoc 2D va can truc 2D, trong d6 mbi tham
s6 diu vao cé moét tap md ba tam giac dwoc minh hoa
trong Hinh 3a va 3b, twong ng. V& mat toan hoc, cac
tap m& duoc trinh bay béi [-2 -1 0 1 2].

-1 0 1 -1 0 1
10 0 10 5 0 5
lal o/

Hinh 3. Tdp hop mo cdc tham sé ddu vdo cho (a) hé théng
xe con Idc nguo'c 2D va (b) can truc thdng dirng 2D
Twong ng v&i [C,C,C,C,C,=[32.522.53]

Cho hé théng xe con l&c ngwoc 2D va can truc 2D.
Quan trong hon, luat co sé cling dwoc xay dwng va
tém tét trong Bang 1.

[c,C,C,C,C,=[109.257.59.2510]

Bang 1. Suy ludn mo cho bé diéu khién ché dé truot phdn
cdp thich nghi

el
}\‘1
-1 0 1
_ 1 0 -1 -2
€ 0 1 0 -1
-1 2 1 0

3. KET QUA MO PHONG VA KET LUAN

Dé& chirng minh tinh hiéu qua ctia phwong phap tiép can

Position (m)
(-] - N
o W 4 N b ow

0o 5 10 15 20
Time (seconds)

a)

dwoc dé& xuét clia chuing t6i, bo diéu khién ché do trwot
phan cdp mo thich nghi /AFHSMC/, trong diéu khién
mot I&p hé théng robot SIMO under - actuated, ching
t6i da tién hanh céac thi nghiém trong méi trwérng mod
phdng téng hop cho hai hé théng robot SIMO under-
actuated dién hinh bao gébm hé xe con lc nguwoc 2D
va can truc 2D. Théng qua két qua dwoc trinh bay &
phan 3. C6 thé nhan thdy réng hiéu suét didu khién
clia xe trong hé thdng xe con lac va xe trong can truc
trén cao dat dwoc cac vi tri mong muén.

3.1. Hé thong xe con lic nguoc 2D

Trong cac thi nghiém cla xe lac ngwoc 2D [25], ching
ta thay réng cac thong sé ctia hé théng dwoc trinh bay
trong [25] da biét trwdc. Cac thong sb d6 duwoc tom tat
trong Bang 2.

Bang 2. Cdc théng s6 cta hé théng xe con Idc nguoc 2D

Thong so Gia tri
m, 1 (kg)
m 0,1 (kg)
I 1(m)
C, 1
C, 5
k 5
h 10
8 9,81 (m/s?)

Hon niva, dé& chirng minh tinh bé&n vitng clia hé théng
didu khién vong kin do nhiéu bén ngoai, trong cac
mé phdng, ching t6i & tac ddng nhiéu 1én hé théng
2(N) sau thoi gian hoat déng 3(s). Két quéa mé phéng
trong céac thi nghiém cé s ton tai va khéng co sy ton
tai clia nhiéu bén ngoai dwoc minh hoa trong Hinh
4, trong d6 Hinh 4a, 4c va 4e 13 két qua thu dwoc 1a
khéng xét dén nhiéu bén ngoai. Con cac Hinh 4b, 4d
va 4f cho thay két qua thu duwgc khi hé thdng da bi
anh huéng béi nhiéu loan bén ngoai. C6 thé thay
rd rdng trong ca hai trwong hop, xe da dat dén vi
tri mong mudn la 2(m) va géc quay hdi tu dang ké
vé diéu kién ly twdng la O(rad) sau 10(s). Tc la,
sw 6n dinh clta hé théng xe con lac nguwoc duoc
dam bao v&i bat ké diéu kién bén ngoai trong moi
trwéng nhiéu loan.

3
2‘5].
E 27
S5t
=
& 1
0.5
D: " i ]
o 5 10 15 20
Time (seconds)
b)
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0.15 0.45
o 041 = 01
b
£ E
0.05 2 0.05
? 2
- ]
o 0 2 ¢
g £
E & 0.0s|
0.05}
0.1 - -
04 A i i 0 5 10 15 20
0 5 10 15 20 Time (seconds)
Time (seconds)
d)
c)
5[ - 5 .
3 K/ 3 k/
2 9 20
H 2
£ s £ s
5 ;
3 ]
-10 : : : -10 : : ;
0 5 10 15 20 0 5 10 15 20
Time (seconds) Time (seconds)
e) f)

Hinh 4. Hiéu sudt diéu khién trén hé thong xe ldc nguo'c 2D khéng cé nhiéu (cot bén trdi)
va ¢6 nhiéu tdc déng (cét bén phdi)
Hiéu suét b diéu khién trén hé thdng xe con lac nguwoc a2 b didu khién HSMC va AFHSMC déu héi tu
2D thu duoc béng céch tiép can dé xuat cla ching o dén vi tri can bang trong khong 10 s. Tuy nhién, do
AFHSMC so v&i hiéu suat thu dwgc bang thuat toan vot 16 goc dao déng, van tdc va van téc goc clia xe

HSMC tiéu chudn dwoc thé hién trén Hinh 5. N6 chi  trong bd didu khién AFHSMC c6 dao ddng nhé hon
ra rang vi tri xe, goc quay, van toc va van téc géc xe  so véi bo didu khién HSMC.

X 0.2 - ' e
——AFHSMC | — AFHSMC
—--HSMC g —==HSMC |

3

25 |&
_ < %15
E? £ o4
g 15 S
= g 0.05
(7] L
g g o
- & -0.05
0
-0.1
1] 5 10 15 20 1] 5 10 15 20
Time (seconds) Time (seconds)
a) vi tri xe b) Géc dao doéng ciia con lac nguoc
I—AFHsuci = tnmsm
—==HSMC 3 -
£
£ £
: °
£ 2
2 e
[=2]
=3
<
" 10 15 20
15 20 Time (seconds)
Time (seconds) ” 2 - i 5 =
e d) Van toc goc dao ddng cua con lac
c) Van téc cua xe nguoc

Hinh 5. Hiéu sudt diéu khién cta hé théng xe con ldc nguoc 2D thu duoc bdng bé diéu khién dé xudt (AFHSMC)
so v&i bé diéu khién HSMC tiéu chudn
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3.2. Hé ciu truc 2D

Dé cing cb tinh hiéu qua cda thuat toan dwoc dé
xuat clia chung t6i trong viéc diéu khién moét I&p hé
théng rébdt SIMO under - actuated, chung toi da
tién hanh cac thtr nghiém trén moét can truc 2D dién
hinh khac [15]. Cac théng sb dwgc st dung d& mo
phéng cau truc 2D va bo diéu khién dwoc tom tat
trong Bang 3.

Bang 3. Cdc théng s6 cua cdn truc 2D

Théng sé Gia tri
M, 6 (kg)
m_ 3 (kg)

I 1(m)

C, 0,01
C, 3

k 3,5

h 3,85
g 9,81 (m/s?)

Twong tw nhuw hé théng xe con Iac ngwoc 2D, trudc

4

— 3 [
E
c
L2
&
"
&
1
0 i
1] 5 10 15
Time (seconds)
a)
2
5 1
E
@2 0
o
=
L]
o1
£
&2
3l . "
o 5 10 15
Time (seconds)
c)
500
= 400
=
=3 300
2
E 200
g 100
=
o
o o

5 10

Time (seconds)

e)

15

tién chang toi tién hanh cac mé phéng xem xét rang
méi truéng khéng cé nhiéu loan. Sau do6, dé xac
minh tinh &n dinh cla hiéu suét diéu khién trong cau
truc 2D, ching tdi da cb y tac déng Ién cau truc bang
nhiéu bén ngoai 15(N) sau khi hé théng khéi déng
5(s). Nhw mong doi, bd diéu khién AFHSMC dwoc
dé xuét phan héi kha tét véi nhiéu loan bén ngoai va
gitr cho hé théng bén virng. Két qua thu dwoc thé
hién trong Hinh 6 dbi v&i ca hai trwdng hop khéng
c6 nhiéu (cot bén trai) va cé nhiéu (cot bén phai)
chirng 6 s &n dinh clia hé théng bat ké nhiéu loan.
So sanh giva bo didu khién AFHSMC dwoc dé xuét
clia chiing t6i va bo didu khién HSMC tiéu chuén ciing
dwoc thue hién va két qgué dwoc minh hoa trong Hinh 7.
Khong ngac nhién khi luat HSMC tiéu chuén hoat dong
so v&i phwong phéap dé xuét ctia ching toi tét hon mot
chat. Diéu nay 1a do cac tham sé trong so d& HSMC da
dwoc biét dén méac du xac dinh cac tham sb trong hé
thdng robot phi tuyén SIMO under-actuated va khong
chac chan cao 1a khéng thye té. Do do, cac két qua thu
dwoc theo luat HSMC tiéu chuén cé thé duoc coi la ly
twdng. Tuy nhién, cac két qua thu duwgc bang phuong
phép clia tac giad thi cac tham sé cla phwong phap
dwoc dé xuat la xap xi va dwoc suy ra mot cach thich
nghi b&i logic mo&.

4

w

Position (m)

10
Time (seconds)

15

b)
2
T 9t
E 1
2
2o
L
o
=
3 -4
a2t
L] 7 10 15
Time (seconds)
d)
500 [
g 400
2 300
=
£ 200
B
£ uwl
8 0 i b
100 -
0 5 10 15
Time {seconds)

f)

Hinh 6. Hiéu sudt diéu khién trén cdn truc 2D khéng cé nhiéu (cét bén trdi) va cé nhiéu (cét bén phdi)
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w

e
n

——AFHSMC
—==HSMC |

Position (m)
- ; L]

0.5

o 5 10 15 20
Time (seconds)
a) vi tri xe
15
——AFHSMC
10 [===HeMc: ]
-E' 0.5
£
7
2 0
s
0.5

-

|-EI 15 2‘0
Time (seconds)

-]
tn

c) Van téc clia xe

Angular velocity (rad/s)

& s & o
N (=] N - -
LY

s
-

10
Time (seconds)

15 20

b) Géc dao déng clia con lac nguoc

|=——AFHSMC
|===HSMC

o

5 10
Time (seconds)

15 20

d) Van téc géc dao dong clia con lac

nguoc

Hinh 7. Hiéu sudt diéu khién trén cdn truc 2D thu duoc bdng bo diéu khién dé xudt (AFHSMC)
50 vGi bé diéu khién HSMC tiéu chudn

4. KET LUAN

Bai bao da gi&i thieu mot cach didu khién én dinh hiéu
qua dé diéu khién mot Iop hé thdng robot SIMO under
- actuated, trong d6 bo didu khién dwoc thiét 1ap bang
cach st dung luat HSMC. Hon nira, tac gia cling da
dé xuét khai thac co ché logic mo dé suy ra cac tham
sb bt dinh, phi tuyén va chwa biét clia hé théng. Thuat
toan dwoc dé xuat sau do da dwoc xac nhan trong hai
hé théng SIMO under-actuated dién hinh bao gébm xe
ldc ngwoc 2D va can truc 2D. Két qua thu dwoc da
chng té hiéu qua clia phuong phap dé xuét.
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