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In previous researches, the author studied, built the mathematical
model of the soft-joint robot with 2 degrees of freedom and designed
the sliding mode control to compare with the basic linear controller.
The control purpose is finding the working point more optimal than
the basic sliding mode control and handling the uncertainties coming
from the model is also considered. In this paper, the author proposes a
controller designed to control the trajectory of the robot. This
controller is designed on the basis of SMC sliding mode controller
combined with Lyapunov stabilization and fractional derivative
method. The simulation results on Matlab once again confirm the
success of this method with the performance of fractional order
sliding mode controller for very short and stable transient time with
all fractional order derivatives when the system has noise and
uncertainty.
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biéu khién

Khép

Robot

Diéu khién truot bac phan sé
Hut co cau chap hanh

Trong cac nghién ctu trude day, tac gia da tim hiéu, xay dung mo
hinh toan hoc cua hé théng robot khép mém véi hai bac ty do va thiét
ké bo diéu khién ché do trugt dé so sanh véi bo diéu khién tuyén tinh
co ban. Muc dich diéu khién dé tim ra diém lam viéc t6i wu hon bd
didu khién truot truyén théng va xu Iy dwoc cac yéu té bat dinh dén
tir mo hinh ciing dwoc xem xét. Trong bai béo ndy tac gia dé xuat bo
didu khién duoc thiét ké dé diéu khién bam quy dao cho Robot. Bo
didu khién nay duoc thiét ké dya trén nén tang cua bo diéu khién
truot SMC két hop vai 6n dinh Lyapunov va phuong phap dao ham
cap phan sb. Két qua mé phong trén Matlab mat 1an nira khing dinh
su thanh cdng cia phuong phap nay véi higu suat cua bo diéu khién
ché d¢ truot bac phan sé cho thoi gian qua do 1a rat ngan va 6n dinh
Vi tit ca dao ham béc phan sé khi hé thong xuat hién yéu tb nhidu va
bat dinh.
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1. Mé dau

Nghién ctru vé hé théng hut co cau chap hanh 1a mot chu dé nghién ciru thu hiit dwoc su quan
tam trong cong dong diéu khién. Céac hé thong d6 duoc dic trung bai viée c6 it hon cic co cau
diéu khién doc 1ap so véi cac bac ty do 6 thé dicu khién duogc. Dicu khién hé thdng co khi hut co
ciu chap hanh phi tuyén 1a mot vin dé day thach thicc vi nd yéu cau khai thac day du cac thudc
tinh phi tuyén (the non-holonomic properties). Vi du nhu cic hé théng tay may vai khop linh
hoat (flexible joint manipulators), tau thay (ships), vé tinh (satellites), con lic nguwoc don va doi
(single and double inverted pendulum), canh tay robot 2 khép ndi (the Acrobot), robot phang (the
underactuated planar robot) [1] robot 2 bac c6 lién két dan hoi (the Pendubot) [2], ...

C6 rat nhiéu cac cong trinh nghién ciru da cong bd sir dung cac phuong phéap diéu khién khac
nhau dé diéu khién hé hut co cau chap hanh, hay ap dung phuong phap diéu khién trugt két hop
v6i dao ham cép phan sé dé didu khién cac déi twong khéc nhau vi du cho hé 2n béc ty do [3].
Mot vai bo dicu khién da duoc dé xuat cho cac hé théng hut chap hanh cu thé nhu cac k¥ thuat
tuyén tinh hoa phan hoi mét phan (partial feedback linearization) cho pendubot [4], luat diéu
khién phan hdi trang thai phi tuyén (nonlinear state feedback control law) cho con lic nguoc (the
inverted pendulum) [5], diéu khién dwa trén su thu dong (passivity based control) cho con lic
nguoc [6] va pendubot, diéu khién truot phan cap cho mét ho cac hé théng thiéu diéu khién
SIMO [7], diéu khién truot két hop véi nguyén Iy diéu khién ISS cho dbi tuong cau treo 3D [8].

Bai béo nay tac gia dé xuat bo didu khién truot va phuong phap dao ham cip phéan sb dé diéu
khién bam quy dao cho robot khop mém hai bac tu do, dong thoi phuong phap nghién ctru dugc
md phong bang phan mém Matlab/Simulink.

2. Md hinh toan hec

Diu tién, md hinh ton hoc cua hé robot khép mém véi hai bac ty do (Hinh 1) duge dua ra
nhung tong quat hon khi xem xét dén céc thanh phan bat dinh cuia mé hinh cing nhu nhiéu ngoai.

D(a)a+C(a.q)a+Ka=r+d M
Trong d6:  =[q, qz]T |a vecto gom hai thanh phan géc can kiém soat
t=[z, 0] 1a vecto du vao diéu khién

d=[d, d,]  lathanhphin nhidu ngoai

Hinh 1. M6 hinh robot khop mém véi hai béc tr do
Thanh phan bat dinh trong phuong trinh (1) dwoc phan tich chi tiét tir cac ma tran
D (d), C(a.4), K' lan luot thanh céc gia tri tham s6 dinh danh D(q), C(q,q), K va cic

tham s6 chua biét AD(q), AC(a,§), AK.
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D'(a)=D(q)+AD(a)
C(9,4)=C(a,9)+AC(q.,q) (2)
K =K+AK

Trong d6, D (q) e R??1a ma tran quén tinh cua hé théng, D (q) e R?®1a ma tran quan

tinh ly tam va Coriolis, K € R?® 1a ma tran d6 cang. M6 hinh dong luc hoc cua hé théng trong
(1) s& duoc viét lai bang viéc gop cac thanh phan bat dinh ctia mé hinh dugc dinh nghia trong (2)
véi nhidu bén ngoai d thanh &(q,d) =[5, &,] .
D(q)d+C(q,9)a+Kg=1+5(q;t) 3
Ta gia st rang thanh phan chua bat dinh va nhidu ngoai, dao ham theo thoi gian cia né lan
lwot duoc chin bai cac vecto hang sé A va A nhu sau:
[5(a.t) <A 4)

5(a.t) <A (5)

Nhu vay, tac gia da dua ra robot khép mém véi hai bac ty do trong (3) va dua ra nhiing gia
thuyét vé thanh phan bét dinh va nhiéu trong (4), (5) nham tao co s& dé thiét ké cau tric & phan
tiép theo. Thém vao d6, nhitng gia thuyét dwa ra dugc xem 1a hop |y theo cac phan tich cu thé
trong [9] va [10].

3. Phuong phap nghién ciru

3.1. Phép todn phin sé

Néu nhu khai niém phép toan dao ham nguyén da c6 tir rat lau va tré nén quen thuoc véi tat ca
nhiing ai biet den giai tich so cap. Nhung phdi dén ndm 1884, 1y thuyet ve cac phép toan bac
phan so méi dugc tong quat hda va tro thanh nén tang cho cac nha toan hoc hién dai va cac nha
diéu khién sau nay. Pau tién, phép tinh phan s6 la mot phép toan tong quat cuaa phép tich phan va
phép dao ham vai toan tir bac khdng nguyén cho ham sé a(t) bat ky duoc dinh nghia nhu sau:

d*(a(t))

. Dt”a(t)= 1 =0 (6)

Trong do, t > t,, t, lathoi diém dau.
3.2. B¢ diéu khién trwot phan sé

Dau tién, b diéu khién ché do truot bac phan sb dugc thiét ké nham gitp 0, tién vé ;4 va
dam bao cac dao dong caa (, tat dan. Trong qué trinh thiét ké, ta gia thuyét ring ¢ =0, §=0.
Mt truot phan sé duoc lya chon nhu sau:

s=D"e +ke +k,D“e, + kg, )

1. 1 2
=D""¢ +ke +k,D“¢, +keg,
Trong do:
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e =0,—-0,, €& =0,—0,, lan luot Ia sai léch vi tri cua bién trang thai.

D* Ia phép toan bac phan sb.
K., K,,K, lan luot 1a cc tham s6 didu khién duoc thiét ké.
Thuc hién dao ham mat truot, ta co:

2 1+1 2 1+1 o
s=D""¢e +ke +k,D""e, + kg,

o . . . 8
=D""¢ +kge +k,D" '€, + kg,
V6i
(2% 51 - dgé; - E11q‘1 - quz - qu
g = al
52 - dﬂ(;l : 51) _621(:11 _szqz - Izzqz
q,= az
thay vao (8) ta duogc
r, kd.r
=D & S0ah g kg
s [ 3 dd ]+ kg, +k.d,
_qul — f;_zqz — k1q2 + kz _621q1 — Z_zzqz — kzqz (9)
+ Dp—l 1 2
dzzél — d1252 d1152 — d2151
+ =22+ K, —
d22d1 d11d2
Tin hiéu diéu khién giir trang thai ¢ lai mat truot dugc thiét ké va dua ra nhu sau:
__ 0.0,(6.0,+ a8, + k0. )+ KA., (6.0, + €0, K3, )
. o dndz - d1k2d21 (10)
- & D™ (qul + ksqz)
dndz - d1k2d21

Thanh phan tin hiéu diéu khién gidp trang théi tién v& mit trugt duoc thiét ké dé thém vao
phuong trinh (10) nhu sau:
d.d,, (.4, +5.9, +kg,) +k,d.d, (.0, +C,0, +kq,)

271171

"o dnd_z - d_1k2d21 11
040, o o p gy Gdudk,sgn(s) )
-2 prr(kg kg, ) - e
dndz - d1k2d21 (dndz - d1k2d21)

Dé chung minh sy 6n dinh bd diéu khién ché @6 truot bac phan sb, ham Lyapunov duoc chon
nhu sau:

1
V ==¢° 12
> (12)

Dao ham phuong trinh (12), thu dugc:
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V, =s$
-1 i_ kzd21T1
D [dl dnaz ]+ kg, +k,a,
=3 _611q1 _Eizqz - qu + k2 _621q1 _@qz _ Izzqz (13)
. d, d,
+D”
d, o —d.,o d.s,—d, o,
+ 2271 7122+k2 1172 7211
d22d1 dlldz
Thay tin hiéu diéu khién trong (11) vao phuong trinh (13)
, d,d,(d,0,-d,0,)+d,d,(d,5,-d,0)
V:SS:S Dp—l —kSﬂS+ 172 271 12_2 2_21 172 2171
1 ( [ 4 g ( ) dldlleZdZ (14)
Do d,d.d,d, >0 thivsi | o %u%al(A*A)—|d.d0A, —|ddduf A 4300V <0.
‘ dd.d. d

Cubi ciing, thanh phan ham dau trong bo dicu khien (11) c6 the gay ra hién tugng rung. Vi
vay, ta thay thé ham dau bang su két hop cua ham khuéch dai bdo hoa va ham sigmoid trong
nghién cuu nay.

S S
tanh(—j, —1>1
S € €
sat(—]: (15)
€ S |s
=, |-I<1
€ &

Trong d6, ¢va tanh () lan luot 12 16p bao va ham tiép tuyén hyperbolic.

4. Két qua mé phéng
4.1. Kich ban md pheng

Dé quan sat higu suat cia bo diéu khién ché do trugt bac phan sé (FO-SMC) cho hé robot
khép mém 2 bac tu do, tac gia da thuc hién md phong trén MATLAB/SIMULINK véi thoi gian
trich mau 0,01s. Ta xem xét hé thong véi cac tham sé nhu sau: 6, =0.0799, 6, =0.0244,
6,=0.0205 va ddi voi hing sé do cang k =1. Tham sb bo diéu khién dugc sir dung la:
k, =1 k,=0.5k, =-5, k, =50, £ =0.01, va déi véi vi tri ban dau dugc khéi tao Ia:

0= q-Z
3 7 g
q1=0 q2=0

Ngoai ra, cac két qua md phong sau day déu duoc tac gia dua vao thanh phan nhidu ciing nhu
bét dinh bang: & =[0.5sin(t) 0]
4.2. Két qud va so sanh
4.2.1. Truong hop 1

Nham cho thay wu diém cia bo diéu khién ché do truot bac phan sb, tc gia da so sanh két qua
cua 3 bac dao ham phén so6 khéc nhau la: 1,1, 1,0 va 0,9.
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Fractional Order = 1.1 | Fractional Order = 1.1
2 | === Fractional Order = 1 04 Fractional Order = |
= = Fractional Order = 0.9 | = = +Fractional Order = 0.9
. 1.5 » 1
= =] -
g 1L - \ g 0.2 p——
— D -
= 5 o o 1 2
0.5 i 0
12 3 4 of
ok
| I | 0.2 . | |
0 5 10 15 20 0 5 10 15 20
Time (seconds) Time (seconds)

Hinh 2. So sdnh dép 1mg cua khop thi nhat
0.51 : : }

Hinh 3. So sdnh dap 1mg cua khép thi: hai

2 Fractional Order = 1.1
0 Fractional Order = 1
1F : —{= = «Fractional Order = 0.9
Z 05 Q)
: R ofpr— e
-z - 1 = I 3
2 | S - I ~ b || - .
= 19 = L
Fractional Order = 1.1 I' Sy
2+ © ’ -2 " i .
Fractional Order = 1 [
25k | . |= = ‘Fractional Order = 0.9 3l o 1 E |
0 5 10 15 20 0 5 10 15 20
Time (seconds) Time (seconds)

Hinh 4. So sanh dap irng dao ham goc quay khép — Hinh 5. So sdnh ddp vmg dao ham goc quay khép
tha nhat thuz hai

Pap ung vi tri cua hai khép trong Hinh 2 va Hinh 3, van téc trong Hinh 4 va Hinh 5 da cho
thiy hiéu suit cua bo diéu khién ché do truot bac phan sé vai thoi gian qua do 1a 4 (gidy). Tuy
nhién, viéc so sanh cac bac dao ham phan sé di cho thiy céc chat lwong khac nhau, khi ting bac
phan sb Ién s& khién cho do vot 16 cang cao. Nhu vay, bo diéu khién ché do truot bac phan sé
duoc dé xuat on dinh véi tat ca dao ham bac phan sb cho hé robot khap mém khi xuét hién yéu tb
nhiéu va bat dinh. Tuy nhién, véi tirg bac dao ham lai dem lai hiéu suit khéc nhau tiy thudc vao
viéc chinh dinh ctia nguoi thiét ké diéu khién.

4.2.2. Truong hop 2

_ Thuc hign m6 phong kiém chung bo diég khién trugt bac phéan sb v&i mi dao ham bac phan
s6 12 0,9 (FO-SMC), so sanh vai bo dieu khién truot truyén thong (SMC) va b diéu khién PID.

PD [ ' ‘ PD
SMC 0.4 ———SMC
= = =FO-SMC ! - = =FO-SMC

i 2
T

=
=
[

q, (rad)
q, (rad)
-

oL A\ a 02
0 5 10 1I5 20 0 5 10 15 20
Time (seconds) Time (seconds)
Hinh 6. Pdp iing géc quay ciia khdp thir nhat Hinh 7. Ddap vmg géc quay cua khép thir hai
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2 ' PD
————SMC
1 i = = =FO-SMC
-g 0.1F T g 0F o .
= = ) —
z _ g V4
-g_‘ 0 (—‘-..,‘___’.(:--.h__ 'UN | ! - .|
= o 0 o= L
PD 2
o ol ——sMc 2 1
6 8 10 12 14 16 | _ CFO.SMC T J
5 10 15 20 0 5 10 15 20
Time (seconds) Time (seconds)

Hinh 8. Pdp itng dao ham géc quay khdp thir nhdt Hinh 9. Ddp vmg dao ham goc quay khop thir hai

Hiéu suét cua cac bo diéu khién da duoc thé hién qua céc hinh 6 dén hinh 9, két qua cho thiy
dap tng Vé vi tri va van téc cua bo diéu khién truot bac phan sé 1a tét nhat khi dua trén yéu to
thoi gian dép tmg va do vot 16. Ngoai ra, kha ning bén viing cia bo diéu khién PD con kém hon
bo diéu khién truot (SMC) va bo diéu khién trugt bac phan sé (FO-SMC).

5. Két luan

Cong trinh nay da thiét ké thanh cong mot b didu khién bén vimg ap dung cho robot khép mém
véi hai bac ty do. B diéu khién ndy dya trén nén tang ky thuét trugt SMC két hop véi 6n dinh
Lyapunov va dao ham cip phan s6. Bo diéu khién dugc kiém chung thong qua md phong
MATLAB/SIMULINK duoc st dung dé kiém tra tinh hiéu qua véi tay may hai khép mém. Két qua
moé phong b diéu khién duoc so sanh voi phuong phap didu khién dya trén Passivity ctia Robot, thu
duoc két qua diéu khién cai thién rd rét dic biét khi hé thong anh hudng boi cac thanh phan bat dinh.

Két qua cho thay bo diéu khién 1am viéc tdt véi thoi gian qua d6 4 gidy, on dinh véi tat ca dao
ham bac phan s6 cho hé robot khdp mém khi xuit hién yéu té nhidu va bét dinh.
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