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TOM TAT

Nghién ctiu duy tri su 6n dinh cho Spotdog robot Ia van dé kho va phic
tap do tinh chat phi tuyén cta hé, doi héi phai nghién cu dé hiéu ro va dé
xudt cac giai phap diéu khién hiéu qua. Trong bai bao nay, b diéu khién ma
truot tang dugic phat trién cho SpotDog robot dudi tic ddng ca nhiéu, trong
d6 tham s6 ctia bd diéu khién truot tang duoc thich nghi dua trén bo diéu khién
ma. Két qua md phdng cho thay bo diéu khién dé xut cho két qud tét han so
véi b diéu khién trugt, khdc phuc duoc hién tugng chattering va 6n dinh hé
thdng khi bi nhiéu.

Tir khéa: Spotdog robot, diéu khién md; trugt tdng, nhiéu.

ABSTRACT

The paper presents the research on concentrating stability for Spotdog robot
as a difficult and complex problem due to the nonlinear of the system, requiring
research to understand and propose effective control solutions. In this paper, a
fuzzy hierarchical sliding controll is developed for Spotdog robot under the
influence of fault, in which the hierarchical sliding controller's parameter set is
adapted based on the fuzzy controller. Simulation results show that the
proposed controller gives better results than the sliding mode controller,
overcoming the chattering and stabilizing the system when disturbed.
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1. GIGI THIEU

Spotdog la mot hé robot c6 kha nang di chuyén bang
bén chén trén nhiéu dia hinh khac nhau [1-4]. Piém dac
biét ctia SpotDog la kha nang di chuyén trong moi hudng,
ngay ca trong moi trudng han ché khong gian, nha vao
thiét ké dac biét va hé théng diéu khién phuc tap. D€ dat
dugc sy linh hoat nay, SpotDog s dung cac théng so
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trang thai nhu vi tri, van t6¢c, géc nghiéng va téc d6 goc
dé tinh toan va diéu chinh cac tin hiéu diéu khién. Tuy
nhién, véi tinh chat phi tuyén va dé phuc tap cao clia hé
théng nay, viéc diéu khién SpotDog yéu cau nhimng thuat
toan diéu khién théng minh dé dam bao tinh én dinh va
hiéu suat van hanh.

DE diéu khién can bang cho SpotDog, ta ¢ thé s
dung mét s6 phuong phap nhu diéu khién proportional
integral derivative (PID). Trong cac nghién ctu [5, 6], bo
diéu khién PID da dugc st dung dé duy tri su can bang
cla céc robot tu can bang, dua trén nguyén ly cia mét
con lac ngugc. Mac du b diéu khién PID ¢ uu diém vé
cau tric don gian va dé trién khai, nhung kha nang dap
Ung phi tuyén va tinh thich nghi ctia n6 trudc cac diéu
kién méi trusng nhiéu con han ché.

Diéu khién ma (Fuzzy Logic Controller) la mét trong
nhiing giai phap diéu khién thong minh cho cac hé théng
phi tuyén nhu SpotDog. Nghién ctiu ctia Nguyen [7] da
ching minh hiéu suét ca bo diéu khién fuzzy qua cac thur
nghiém, vai dit liéu do ludng va diéu khién dugc thuc
hién tirxa. M. Goharimanesh va cac d6ng nghiép [8] da st
dung bo diéu khién fuzzy cho hé théng robot dé dam bao
su can bang. B diéu khién fuzzy thich ung [9, 10] cho
phép diéu chinh cac quy tac theo cac phuong phap khac
nhau, tuy nhién, viéc trién khai thuc t&€ gap kho khan do
khoi lugng tinh toan I6n va khé thiét lap quy tac.

DE gidi quyét nhiing han ché cla cac phuong phap
trén, bd diéu khién mo trugt tang (Fuzzy Hierarchical
Sliding Mode Control (FHSMC) da dugc dé xuat cho hé
thong SpotDog robot. FHSMC c6 cau tric don gian, thoi
gian dap ung nhanh va dé thuc hién, dong thoi c6 kha
nang chéng nhiéu va su cé. Phuong phap moé phong da
dugc st dung dé danh gia hiéu qua ctia FHSMC, cho thdy
su cdi thién dang ké vé dé 6n dinh va hiéu suat ciing nhu
kha nang xur ly cac hé théng phi tuyén va khéng can mé
hinh toan hoc chinh xac. Diéu nay rat phu hop vdi
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SpotDog, mét hé théng robot di ddng c6 nhiéu yéu té phi
tuyén khi di chuyén trén cac dia hinh phuc tap.

2.DONG LUC HOC CUA SPOTDOG

2.1.Dong hoc SpotDog robot

SpotDog la robot bén chan, co cau chan dugc cau tao
tu nam thanh dugc trinh bay nhu hinh 1(a). Chan cla
robot dugc diéu khién bang dong co dugc gan trén than.

(a) Cu triic ctia SpotDog

(b) Cau triic mot chan

Hinh 1. Mo hinh SpotDog

Méi chan c6 thé dugc mé hinh hda nhu co cdu nam
thanh trong hinh 1(b). G8c toa d6 dugc dat tai diém A.
Huéng duang cla truc x chi vao trung tam cla co thé
robot theo phuong ngang. Huéng duong cua truc y chi
vao ban chan theo phuong thidng ding. Cac diém B, C, D
biéu thi cac khép thu dong di chuyén cung vdi cac khép
déng. Diém F dat tai tdm cla ban chan - muc tiéu diéu
khién. Dua trén cac dac diém dugc hién thi trong hinh
1(b), toa do x va yr clia diém F c6 thé dugc tinh toan.

Xe =l cos®, +(1, +1g )cosp, )
yr =l sin®, +(1, +1g)sing,

Xg =g +1, 050, +1; cosg, +1, cos@, )
Ye =1, 5in0, +15 sing, +I, sing;,

Tu (1), (2) suy ra:
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(I, +1g)* +2l,cosB,x; +21,5inB,y; —12 —x:2 —y2 =0 (3)

¢~ +Ye —2(Is +1g cos@, )xe +2lslg cos @,
=2lgy; sing, +1,%1%1,% — 15 @
+2(I3ls —14X¢ +1,lg cos @, )cos6,

+2(I3ls sin@, —1,y¢ )sin6, =0

Trong dé:

A, B, C, D, E, F: Cac diém khdp trong co cdu chan.

01, 02: Cac goc khdp chinh dugc diéu khién dé thay déi
vi tri clia chan.

@1, P2: GOc cla chan dudi tai cac khdp véi mat dat.

1, I, I3, 14, Is, le: Chiéu dai cac doan thanh néi trong co
cdu chan.

X, y: Hé toa do biéu dién vi tri clia chan robot so véi co
thé robot hodc mat dat.

Suy ra:
8, _U+JUr+v2-w?
2 V-W
0, _u+yu'+ui-w’

V—W

tan (5)

(6)

tan

Trong dé:
U=2lye,V =2lxe, W=(l, +15)° = —x2 —y2.
u=2(Ils sing; =1,y ), v =2(I,ls =X +llg cOs 9, ),
w=x7 +y7 —2(ls +ls cOs @ ) X +2lsls cOs @,
=2l sin@,ye — % +1,7 +1.7 +1;°

Khi d6 ¢, dugc tinh nhu sau:
2 2 2
@, = arccos h +ng (’ILzlsJr )IG; lae

Trong do6: lar la d6 dai doan AF, 8, dugc xac dinh &
phuong trinh (5).

2.2.Dong luc hoc SpotDog robot

+0,-m (7)

Phuong trinh dong luc hoc cho chan cda spotdog
robot dugc xac dinh nhu sau:

D(a)g+C(a,q)q+9(q)+&=T1(t) )

Trong d6, q=[q, q,I', =09, @,1" v6i a1 = 6; va
g2=0,, D(q) biéu dién matran quan tinh, C(g,q) la matran
Coriolis, g(q) la vector trong luc ctia momen diéu khién,
€ la nhiéu clia hé théng.

Ta c6 phuong trinh trang thai khéng gian hé thong:

X = f(X)+G(X)T 9)
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Trong do6:
q,
| G (10)
q,
d,
T:P} (11)
TZ
a,
-D C(g,9)a+G
0 (a)( (qqq)q+ (@), (12)
-D7(a)(C(a,9)q+G,(a)),
0 0
D@ 0
G(X)= 1
(X) 0 0 13)
0 -D(q)

3. THIET KE BO PIEU KHIEN MO TRUGT TANG CHO
SPOTDOG ROBOT

Cau tric mat trugt tdng dugc biéu dién nhu hinh 2.
Mat trugt cap 1 clia hé théng SpotDog dugc thiét ké nhu
sau:

{ Sx1 = )\x1ex1 +ex1
sz = )\xzexz + exz

Véi e, =q,—q,, ,=0,—0d,, dirva da lan luot la gia tri

(14)

mong mudn cla goc gr va gz, A Va A la tham s6 diéu
chinh t6c d6 hoi tu vasi A A ,>0.

x1/

{ S :}\x1(q1r_q1)+(q1r _q1) (15)
S

2 =N, (d,—a,)+(q,, —q,)
=0, luat diéu khién tuong duong
cta hai hé théng con c6 thé dat dugc la:

{ xht1 = G (q)[)\x1q1r +f(q q)]
xhtz G (q)[}\xzqzr +f (q q)]

Trong d6, G:(q) va Ga(q) dugc tinh theo cong thurc (13).

Luat SMC phan cap dugc suy luan nhu sau: Cac mat
trugt I6p dau tién dugc dinh nghia la Sy = sx. D6i vai 16p
mat trugt dau tién, luat SMC va ham Lyapunov [11, 12]
dugc xac dinh la:

bat 5 ,=0 va s,

(16)

T +7T 17)

x1 = xht1 xct1

Vx1(t) :_S; (18)

Trong d6, T« 1a phan diéu khién chuyén ti€p cta I6p
dau tién SMC.
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DPao ham V,4(t) theo thai gian t:

vx1(t):_kx1s>2<1 —S5,N,sign(s,,) (19)

Trong d0, kx va ny la cac hang sé duong. Luat SMC I6p
dau tién cé thé duoc suy ra nhu sau:

Tx xht1 +— G (q)sx1

Mat truot I16p tha hai dugc xdy dung nhu sau:

S, =6S5,+5,,

><><1

(20)

(21)
Trong d6, ¢ la tham s6 diéu chinh do truot.

D6i voi mat trugt I6p thd hai, ludt SMC va ham
Lyapunov dugc dinh nghia la:

TZ = T1 + TxhtZ + Txth (22)

V()= (23)
2

X2
Trong d6, Txw 1a phan diéu khién chuyén tiép cua lop
thu hai.
Dao ham V,,(t) theo thai gian t ta cé:

sz (t)= —kaS)ZQ - szﬂszign(sz ) (24)

Trong do, ke, va Ny la cdc hang s6 duong. Tin hiéu diéu
khién ctia bd HSMC cho déng co thir nhat dugc suy ra nhu
sau:

— c>(G1(q)-[-xht1 +Gz(q)Txht2 _kXZSXZ _nXZSign(SXZ)
” ¢,G,(@)+G,(q)

Tuong tu, tin hiéu diéu khién cho déng ca thir 2 c6 thé

dugc biéu dién nhu sau:

(25)

_ cy G1 (q)Tyhﬂ + GZ (q)Tyhtz - kyZSy2 - nyzsign(SyZ)

- (26)
” ¢,G,(q)+G,(q)

T

Hinh 2. Cau triic mét truot tang

Tinh 8n dinh ca hé thédng dugc chliing minh nhu sau:
Phuong trinh Lyapunov I6p thir i dugc chon c6 dang:

(27)

X1

1
V, () ==5;,
2

DPao ham V(t) theo thai gian t ta co:
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V, =SS =S,(-kS, —n;sign(s,)) = —k,S? —S;n;sign(S;) (28)
Tich phan hai vé ta dugc:

t

jvxidT = I(_nxi |Sxi | - kxisii )dT
0

0

(29)
Ta co:

Va(0)=Y, {0+ j.(nxi |Sxi| +k, S )dT > j(nxi |Sxi| +kSy )dT (30)
0 0

Vi vay:
t

lim [(ng[S,|+k, S JaT <V, (0) <0 (31)
0

Theo b6 dé Barbalat ¢4 ton  tai

Iim(r]Xi |Sxi|+kxi5§i)dr <V, (0) <00, c6 thé suy ra rang néu

t — oo thi n, [S,|+k,S% — 0.Diéu nay c6 nghia la gi6i han

limS,, =0.Vay ta co mat trugt S thit i 6n dinh tiém can.

DE t6i uu héa va tang cudng kha nang thich nghi ctia
b6 diéu khién HSMC, mét bd diéu khién ma dugc tich hap
nham diéu chinh cac tham sé cia HSMC mot cach linh
hoat. Viéc sir dung bd diéu khién md& cho phép thich nghi
vGi cac bién dong cta hé thong va méi trudng, dam bao
hiéu suat diéu khién cao han ma van gilt dugc cac uu
diém ctia HSMC, dac biét 1a kha nang 6n dinh tiém can va
chéng nhiéu. So d6 bo diéu khién FHSMC dugc biéu dién
nhu hinh 3 véi dau vao la vi tri dat qir, g2r cung cap tin hiéu
cho bo diéu khién HSMC théng qua tinh toan dé dua ra
tin hiéu diéu khién cho tiing khép chan. Bo diéu khién mo
dugc dua vao cau truc diéu khién cung cap cac gia tri
N NSk AN 6, My, kb cho bé diéu khién
HSMC, dua theo diéu kién hién tai clia sai sO e va ey.

Ngd vao clia bd déu khién fuzzy la e, va ey, dugc mo
hod bdi 3 tap {NB, ZE, PB}. Trong d6 NB la Negative Big, ZE
la Zero, PB la Positive Big. Ham lién thudc cla cac tap ma
ngd vao dugc st dung la ham Gauss:

2
o,(x)= exp(—uJ

Y 2N, 32

Trong do, ci va Ai la hoanh d6 tam va dé réng cla tap
mJ y; tuong Ung.

Mién xac dinh cla cac bién ngé vao clia bd diéu khién
fuzzy la:

e1 e[e1min’e1max]

(33)
e, ele

eZmax]

2min’

Cac ngd ra mg dugc ma hod bang tap {LOW, MED,
HIG}. Trong d6 LOW la Low, MED la Medium, HIG la High.

80 | Tap chi Khoa hoc va Cong nghé Trudng Dai hoc Cng nghiép Ha Noi

Bang luat cta bd diéu khién fuzzy dugc trinh bay nhu
bang 1. Ham lién thudc cla cac tap md ngd ra dugc su
dung dang tam giac:

0 x<a
;_G as<x<f
-a
o, (x)= - (34)
B<x<é
B-06
0 x>8
Véi q, B, 6 la hoanh d6 3 dinh clia tap ma .
4
Chén Spotdog >

T
I ‘
~q,
HSMC
Ty

A

Vi tridatq,,

Hinh 3. S d6 bo diéu khién FHSMC

Ta c6 luat cla bé diéu khién fuzzy nhu sau:

If e,=NB and e, =PB THEN c,,=LOW,...,k , =HIGH (35)
Co ché suy dién ma dugc chon la MAX-MIN va gidi mo

theo nguyén ly trung binh clia phuong phap cuc dai, ta
co:

R
;biov‘
R

25

Vai bi 1a hoanh d6 diém trung binh xéac dinh béi luat
thu i trong R luat tac déng tai thai diém xem xét.

{)\xﬂ)\xZ'cx ’r]XZ’kXZ ’)\y1')\y2’Cy 'nyZ’kyZ} = (36)

Bang 1. Bang ludt cia bo diéu khién Fuzzy

M| e | & | ne | ke )\y1 )\yZ G | Ny kyZ
NB | LOW [HIGH [ LOW | LOW [HIGH | LOW [HIGH | LOW | LOW |HIGH
:y ZE | MED | MED | MED | MED | MED | MED | MED | MED | MED | MED
PB | HIGH | LOW | LOW | HIGH | MED | HIGH | LOW | LOW | HIGH | MED
4. PANH GIA KET QUA

Cac théng s6 déng hoc clia hé théng chan SpotDog la
|1 = |4 = 0,1m; |2 = |3 = O,2m; |5 = 0,05m; |6 = 0,02m;
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m = 0,1kg; M = 3kg; § = 0,25nrad; g = 9,8m/s2. Thong s6

0.2 T T T T T T
khai tao clia bo diéu khién FHSMC 1a A = 0,6; M = 0,5; ‘ <ol
& = 0,2, N = 6; ke = 10; Ayy = 0,65; Ay = 0,4; ¢, = 0,2; A ====EHSMC
= — —Setpoint
Ny2 = 5; ky> = 10. "
Dé cho thay hiéu suat da dugc cai thién, bd diéu khién
dé xuat dugc so sanh véi bo diéu khién PID va Fuzzy trong
cac trudng hop khéng chiu nhiéu va chiu nhiéu fault véi
gidtrila &(t)=0,25m, te[3,4]s.
0.05
-PID -0.15 5
Fzry 1 2 3 4 5 6 74 8 9 10
0.04 —FHS,.\I(' Time (s)
= — =Setpoint (d)
0.03 T ¢ gen . X s \ N iz
_ Hinh 4. Sai s6 diéu khién: (a) Sai s0 goc ¢, trudng hgp khdong nhiéu;
3 sy 1 (b) Sai s6 gdc qi trudng hop cd nhiéu; (c) Sai s6 goc g, trudng hop khdng nhiéu;

i (d) Sai s0 gdc g, trutng hop cé nhiéu
" Két qua danh gia sai s6 diéu khién dugc thé hién trong
hinh 4. Cho thay rang b6 diéu khién FHSMC c6 hiéu suat
. . Ml . . ) . . vugt trdi so véi PID va Fuzzy trong ca hai trudng hop cé
12 3 4 5 6 7 8 9 10 vakhéngconhiéu.Khikhéng cé nhiéu, FHSMC dat dugc
ime thai gian dap Ung nhanh nhat, hoi tu nhanh vé gia tri

mong mudén ma khong c6 qua diéu chinh 16n, trong khi
Fuzzy c6 hiéu suat t6t hon PID nhung van ton tai sai s6
_ il nhé trong trang thai 6n dinh. Ngugc lai, PID c6 dao déng
01t [\ R I6n, thai gian 6n dinh lau va sai s6 ban dau cao. Khi c6
- = =Setpoint nhiéu, FHSMC van duy tri dugc do 6n dinh tét nhat vai

- k 1 dao déng thap va thdi gian hoi tu nhanh, trong khi Fuzzy

0

-0.05

0.15 T T T T T T T
-PID

bi dnh hudng béi nhiéu nhung van hoat dong tét hon PID.
Bén canh d4, PID thé hién su kém hiéu qua nhat khi ¢
nhiéu, véi dao déng manh va thai gian 6n dinh kéo dai.
Nhu vady, FHSMC la lva chon t6i uu néu yéu cau vé do
chinh xac va kha nang ch6ng nhiéu cao, trong khi PID c6
SR T hiéu suat thap hon dang ké va dé bi anh huéng béi nhiéu.
6 1t 2 3 4 Tim—i " 6 7 8 9 10 H‘|r‘1h 5 thjé’ hién tin hiéu diél‘u khién chc‘) 2 gc')c: chc? thay bo
diéu khién FHSMC c¢6 chat lugng diéu khién tét. Trong
(b) trudng hgp khéng cé nhiéu, FHSMC duy tri tin hiéu diéu
i - khién én dinh hon so vai PID va Fuzzy, véi bién dé dao
déng nhoé hon. Khi c6 nhiéu, PID va Fuzzy thé hién su dao
] déng manh hon, trong khi FHSMC van duy tri d6 6n dinh
cao hon, cho thay kha nang chéng nhiéu tét hon. Nhin
chung, FHSMC mang lai chat lugng diéu khién t6t nhat,
dac biét trong méi trudng c6 nhiéu, gidp hé théng van
hanh én dinh va hiéu qua hon.

Goe 1

0.1 F

-0.15

-0.02 F

-0.04 K

Gée 2

-0.06

= Dé danh gia chat luong diéu khién, phuong phap can
Fuzzy bac hai binh phuong (RMSE) va sai s6 tuyét d6i trung binh
i:::::j,,(, (MAE) dugc st dung va trinh bay trong bang 2. Khi so
s 4 s 6 7 s s 1w sanhkétqud mé phdng cta ba bé diéu khién, c6 thé thiy

Vi hé théng dugc dé xudt thé hién hiéu sust vuot troi. Diéu

()

-0.08 |/

Vol. 61 - No. 3 (Mar 2025) HaUl Journal of Science and Technology | 81



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

82

nay dugc ching minh bang cac gia tri loai 16i thap hon va
thdi gian chiu nhiéu kéo dai. Nhu vay, FHSMC dugc chiing
minh 1a giai phap diéu khién hiéu qua hon vé téc do dap
Uing va kha nang chong chiu nhiéu.

15

= PID

—— Fuzzy

= FHSMC

Tin hiéu khép 1

0 1 2 4 5 6 7 8 10

Time (s)
(a)

1.5

s PIT)
Fuzzy
¥ =—=FHSMC
05} 4

Tin hiéu khép 1

-0.5

Time (s)

(b)

Tin hiéu khap 2

-5

= PID

Fuzzy

=——=FHSMC

-2.5

0 1 2 3 4 5 6 7 8 9 10
Time (s)

(0
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L L] T T T L] L] T T
0.5
o
§.
-
=
=
= 1}
8
=
-15F
~—PID
2F = Fuzzy
=== FHSMC
_2-5 'l 1 1 1 1 1
0 1 2 3 4 a8 6 7 8 9 10
Time (s)
(d)

Hinh 5. Tin hiéu diéu khién: (a) Cho ¢ trudng hap khong nhiéu; (b) Cho ¢
truong hap ¢d nhiéu; () Cho g truong hap khong nhiéu; (d) Cho g, trudng hop
¢ nhiéu

Bang 2. So sanh 16i giita bo diéu khién PID, Fuzzy va FHSMC trudng hop
khéng nhiéu

RMSEq: | RMSEq, | MAEq, | MAEg
PID 0,7203 0,3014 0,3193 0,1092
Fuzzy 0,2957 0,5329 0,0922 0,2317
FHSMC 0,2325 0,4053 0,0568 0,1948

5. KET LUAN

Bai bao nay thiét ké bd diéu khién FHSMC cho hé
théng SpotDog. Bo diéu khién FHSMC gitip nang cao téc
dé hoi tu ctia hé théng va dam bao tinh 6n dinh ca hé
thong. Qua cac két qua mé phdng, phuong phéap nay da
chiing minh rang ky thuat dé xuat trén co hiéu suat dugc
cai thién vugt tréi so véi bo diéu khién PID va Fuzzy théng
thuong. Trong cac nghién clu tiép theo, cac phuong
phap diéu khién thong minh khac ti€p tuc 4p dung dé cai
thién hiéu suat ctia bo diéu khién FHSMC, mé ra hudng di
mai cho cac ing dung diéu khién hién dai.

LOI CAM ON

Nghién ctu nay dugc tai trg béi Trudng Dai hoc Cong
nghiép Ha Noéi thong qua nhiém vu khoa hoc va cong
nghé ma s6 44-2024-RD/HD-DHCN.
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