-~

~_ TAP CHi

1

IRONGISOINVAY

CUUKHONHOC

DAIHOCISAODD)

€0'1(7692022

I LIEN NGANH DIEN - PIEN TU - TU PONG HOA

Phan tich dong hoc nguoc cho tay may robot han 6 bac tu do 5 Duong Van Toan Ninh
Nguyén Tan Tai
Nguyén Van Cudng
Nguyén Trong Cac
Diéu khién bén virng thich nghi trén co s& m&' Noron dieu khién 13 Nguyén Phuong Ty
cho tay may robot V{ Thi Yén
Nguyén Thi Thao
Nguyén Thi Phuong
Diéu khién truyén dong dong co khong dong bd ba pha theo 20  Pham Van Tuan
phuong phap tua theo vecto tir thong réto (foc) Hoang Thi Phuong
Dang Van Tué
I LIEN NGANH CO KHi - PONG LUC
Nghién clru dac tinh téc dé ctia dong co diesel hién dai 28 Vi Thanh Trung
Ngé Thi My Binh
Nghién c(ru dnh hudng clia téc dd dén kha nang hdi phucmon 34 Nguyén Dinh Cuong
cuta phu gia nano TiO, trong dau boi tron
Nghién ctru su dnh hudng ctia phuong phap 1dy mau dén chat 40 Dao Dic Thu
lwong ctia phuong phap Monte Carlo
Nghién ctru dnh huéng clia ché dé miét ép dén (rng suat du 45 Nguyén Vin Hinh
clia chi tié€t may
I NGANH TOAN HOC
Diéu kién da téi uu cho bai toan diéu khién t&i wu cia hé 51  Nguyén Viét Tuan
phuong trinh g-Navier-Stokes hai chiéu Luu Trong Dai
Lé Thi Lidu
I NGANH KINH TE
Giai phap nang cao hiéu qua thuc thi cac céng cu chinh sach 58  Nguyén Thi Quynh
tién té trong giai doan hién nay Vi Thi Ly
Nguoén nhan luc Viét Nam - géc nhin tir thuc trang gidoduc 67  Pham Thi Héng Hoa

phé théng

Nguyén Thi Tinh

Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 1 (76) 2022 1



~_ TAPCHI

S GHENCUUKoHOCR RIRONEISE NAY
[[EE@TE@ €061 (7692022

I NGANH KINH TE

Tac dong cua dai dich COVID-19 dén hoat dong san xuat kinh 76  Dinh Thi Kim Thiét
doanh va bao cio tai chinh ctia doanh nghiép

Céac nhan to anh hudng dén thu nhap cla cac ho trong ché: 84  Tran Thi Quy Chinh
Nghién ctru tredng hop tinh Thai Nguyén, Viét Nam Nguyén Thi Ngoc Mai

I NGANH GIAO DUC HOC

Ap dung cac hoat dong ngoai khda trong day hoc Tiéng Anh 92 Vi Thi Lvong
nham nang cao ky nang giao tiép cho sinh vién Trudng Dai hoc Trinh Thi Chuyén
Sao Do

I LIEN NGANH TRIET HOC - XA HOI HOC - CHINH TR] HOC

Giang day Triét hoc Mac - Lénin trong b&i cdnh Cach mang 100 Nguyén Thi Nhan
cong nghiép 4.0

Tu twdng H6 Chi Minh vé xay dung Dang va sw van dung cia 106 Pham Xuan Dirc
Pang bd thanh phé Chi Linh hién nay

Xay dung va phat trién con ngudi theo tinh than Dai héi XIll 113 pg Thi Thay

ctia Dang - lién hé trong giang day hoc phan Triét hoc Mac - Ding Thi Dung
Lénin tai Trudng Pai hoc Sao Dd ' '

Tac dong cla chinh sach an sinh xa hoi dén lao déng va viec 120 Nguyén Minh Tuan
lam trong dai dich COVID-19 tai Viét Nam Pham Xuan Durc

2 Tap chi Nghién ctru khoa hoc, Trudong Dai hoc Sao Do, S6 1 (76) 2022



EY -

o SGIENTIFIC JOURNAL = CONITENIRS

DO[UNIVERSITY . < Nogl(76) 2022
>

I TITLE FOR ELECTRICITY - ELECTRONICS - AUTOMATION

Inverse kinematics analysis of six degrees of freedom of a 5  Duong Van Toan Ninh
welding robot arm Nguyen Tan Tai
Nguyen Van Cuong
Nguyen Trong Cac
Adaptive robust control based on fuzzy neural network control 13  Nguyen Phuong Ty
robot manipulator Vu Thi Yen
Nguyen Thi Thao
Nguyen Thi Phuong
The controlling methods for three-phase asynchronous mé to 20  Pham Van Tuan
models based on foc roto Hoang Thi Phuong
Dang Van Tue

I TITLE FOR MECHANICAL AND DRIVING POWER ENGINEERING

Research on performance characteristics of modern diesel 28 Vu Thanh Trung
engine Ngo Thi My Binh

Researchinfluence of speed on self-repairof TiO,nanoparticles 34  Nguyen Dinh Cuong
as lubricating

Study on the effects of sampling method on the quality of 40 Dao Duc Thu
Monte Carlo method

Research on the influence of mode oscillating smoothing on 45 Nguyen Van Hinh
the residual stresses of machine parts

I TITLE FOR MATHEMATICS

Sufficient optimality conditions for the optimal control 51 Nguyen Viet Tuan
problem of 2D g-Navier-Stokes equations Luu Trong Dai
Le Thi Lieu

I TITLE FOR ECONOMICS

Solutions to improve the effectiveness of monetary policy 58 Nguyen Thi Quynh
tools in the current period Vu Thi Ly

Vietnam’s human resources in terms of achievement in general 67  Pham Thi Hong Hoa
education Nguyen Thi Tinh

Tap chi Nghién ctru khoa hoc, Trudng Dai hoc Sao Do, S6 1 (76) 2022 3



-~ <

. SGIENTIFIC JOURNAL =" C@ONIMENIRS

EEU]]]IEEEY . < NQJ(76) 2022

I TITLE FOR ECONOMICS

The impact of the COVID-19 pandemic on enterprises’s 76 Dinh Thi Kim Thiet
business activities and presentation of financial statements

Factors Affecting to Tea-growing Household’s Income: ACase 84  Tran Thi Quy Chinh
Study in Thai Nguyen Province Nguyen Thi Ngoc Mai

I TITLE FOR STUDY OF EDUCATION

Applying extracurricular activities in teaching English to 92 Vu Thi Luong
improve communication ability for Sao Do University's Trinh Thi Chuyen
students

I TITLE FOR PHILOSOPHY - SOCIOLOGY - POLITICAL SCIENCE

Teaching Marxist-Leninist Philosophy in the context of 100 Nguyen Thi Nhan
Industrial Revolution 4.0

Ho Chi Minh'’s thought on Party building and the application of 106 Pham Xuan Duc
the Party Committee of Chi Linh City today

Teaching the Marxist-Leninist Philosophy module at Sao Do 113 Do Thi Thuy
University on human construction and development in the Dang Thi Dung
light of the Xl Party Congress

Impacts of social security policies on labor and employment 120 Nguyen Minh Tuan
during the COVID-19 pandemic in Vietnam Pham Xuan Duc

4 Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao D, S6 1 (76) 2022



LIEN NGANH BIEN - BIEN TU - TU DONG HOA

Diéu khi€n bén virng thich nghi trén co s& m& Noron diéu khién
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Tém tat

Bai bao nay dwa ra bo diéu khién bén virng thich nghi md noron diéu khién cho tay may robot dé cai thién do
chinh xac ctia didu khién bam. D& giai quyét thanh phan bat dinh ctia hé théng robot, bd diéu khién AFRNNs
duwoc sir dung dé x&p xi thanh phan chwa ré clia ddng hoc robot. Ngoai ra, bd diéu khién trwot SMC dwoc xay
dwng dé ti wu cac tham sé vecto, bu sai léch xap xi. TAt ca cac tham sb clia bo diéu khién dwa ra duwgc xac dinh
bang thuyét 6n dinh Lyapunov. Vi thé, kha nang én dinh, bén virng va hiéu suét bam yéu ciu ctia AFRNNs cho
tay may robot dwoc ddm bao. Hon thé nira, mé phdng hoat déng ctia bd diéu khién duoc thwe hién trén robot
hai link @& chirng minh tinh bén virng va hiéu qua cla bd diéu khién ARFNNs.

Tir khéa: Diéu khién truot; diéu khién thich nghi bén virng; diéu khién md; mang noron, tay mdy robot.
Abstract

This paper proposed an Adaptive Robust Fuzzy Neural Networks (ARFNNs) control for robot manipulators to
improve accuracy of the tracking control. To deal with the unknown knowledge of the system, the ARFNNs are
used to approximate the unknown dynamics. In addition, the robust SMC is constructed to optimize parameter
vectos, compensate the approximation error. All the parameters of the proposed control system are determined
by Lyapunov stability theorem. Therefore, the stability, robustness, and desired tracking performance of ARFNNs
for robot manipulator are guaranteed. Moreover, the simulations performed on two-link robot manipulator to prove
the robustness and efficiency of the ARFNNs.

Keywords: Sliding mode control; robust adaptive control; fuzzy logic control; neural networks; robot manipulator.

mot bo diéu khién phi hop 1a mét thach thire Ién can
duwoc gidi quyét. D& giadi quyét thach thirc d6, da co
nhiéu bo diéu khién dwoc nghién clru va dwa ra nhw bo
diéu khién PID, bo diéu khién thich nghi, bo diéu khién
trwot...[1-6]. Didu khién thich nghi 1a bai toan téng
hop bo didu khién nham gitr hé théng luén én dinh, du
trong qua trinh lam viéc xuét hién nhiéu khéng mong

CHU VIET TAT

SMC: Sliding Mode Control;

ARFNNs: Adaptive Robust Fuzzy Neural Networks;
RBFNN: Radial Basis Function Neural Network.

1. DAT VAN DE

Robot cong nghiép 1a mét trong nhivng ddi twong dwoc
st dung phd bién va mang lai hiéu qua cao trong san
xuét, sinh hoat,... ddng thoi ciing la dbi twong c6 tinh
phi tuyén manh, c6 cac tham sé béat dinh Ién va chiu
sy tac dong cua nhiéu. Song song V@i viéc nang cao
dd chinh xac trong cac khau 1&p ghép co khi thi diéu
khién ciing la mot van dé hét sic quan trong dé cai
thién chat lwgng lam viéc cla robot. Do do, dé thiét ké

Nguoi phan bién: 1. GS. TSKH. Than Ngoc Hoan
2. PGS. TS. Bui Dang Thanh

mudn, c6 sy thay déi ciu tric hodc tham sé khong
biét trwdc cha déi twong didu khién. Khi c6 sy thay
ddi cta dbéi twong bo didu khién sé tw chinh dinh cau
tric va tham sé nhdm dam bao chét lwong hé théng
khong dbi [6]. Diéu khién trwot dwoc biét dén nhu mot
phwong phap diéu khién phi tuyén bén virng don gian,
hiéu qua. Phuong phap diéu khién nay it nhay véi sw
bién dbi clia cac thong sé hé thdng, cé kha nang khang
nhiéu tét, dap rng ddng hoc nhanh. Tuy nhién, chuyén
dong bam mét trwot thuwdng ton tai hién twong quy
dao trang thai ctia hé dao dong tan sé cao quanh mét
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trwot. Mat khac thiét ké diéu khién truot yéu cau phai
biét treéc mé hinh toan hoc ctia hé déng hoc ciing nhw
cac diéu kién bién khac [4]. Dé giai quyét bai toan nay,
trong nhirng nam gan day, bo diéu khién théng minh
trén co sé logic m& va mang noron dé diéu khién vij tri
clia tay may robot dwoc quan tam. Bo diéu khién mo
la mot cong cu hiéu qua trong viéc xap xi hé théng phi
tuyén [7-12]. Trong [8] mot bo didu khién mo trén co
s& diéu khién bén virng thich nghi diéu khién cho tay
may robot. &' day, logic md dwoc st dung dé xap xi
thanh phan chwa ré ctia ddng hoc robot. Bo diéu khién
da dam bao dwoc hiéu qua bam va sai léch bam theo
yéu cau. Tuy nhién, luat ctia bd diéu khién m& duoc
xay dwng dwa trén kinh nghiém cla nguoi thiét ké. Vi
thé, bang nhirng kinh nghiém dé nhiéu khi chwa du
va rat khé dé xay dung duoc luat didu khién téi wu.
DPé giai quyét van dé& nay, bo didu khién noron duoc
dwa ra [10-12]. Trong [11], m6t bd diéu khién bén virng
thich nghi trén co sé& clia mang noron da dwoc dua ra
dé diéu khién cho tay may robot. O' day, bo diéu khién
dua ra da ké thira nhivng thuan loi ctia bd diéu khién
noron d6 la khd nang hoc online trong qua trinh lam
viéc. Tuy nhién bd diéu khién noron khi ap dung cho
cac hé thdng 16n thi khdi lwgng tinh toan nhiéu va rat
phtrc tap. Dé giai quyét khé khan nay bai bao da dua
ra bo diéu khién bén virng thich nghi mé& noron trén co
s& két hop nhitng wu diém cla bd didu khién mo va
bd diéu khién noron. Do d6, khi ap dung bo diéu khién
nay vao diéu khién robot hiéu qua bam, tbc dd hoi tu
da dwoc cai thién dang ké.

2. DONG LY'C HOC ROBOT

Xét phuwong trinh dong Iwc hoc clia tay may n bac tw
do [11]:

M(q)§+C(q.4)4+G(q)+7, =7 (1)
Trong dé:
Cac bién ¢.4,3 € R™ 1an ot 1a vi tri, téc do, gia tbe

goc cua cac khoép. Vecto TGR”XIIQ vecto mdémen

(Iwc) tac dong lén cac khop. Ma tran M (q) e R Ia

ma tran quan tinh. Ma tran C(q,q) e R 1a ma trén
ly tdm va Coriolis. Vecto G(q) e R a3 mot vecto
mo ta thanh phan trong lvong. Vecto T, € RnXIIz‘a vec-
to nhiéu. Dé thiét ké bo didu khién chiing ta dwa ra mot
s tinh chét cho (1) nhw sau:

Tinh chét 1: Ma tran khéi lwong suy rong M (g) la mot
ma tran déi xirng va xac dinh duwong

M(q) <m] (2)
O day:

m, >0 va m eR.

Tinh chét 2: M(q) — 2C(q,4) 1a ma tran ddi xtng léch
cho vecto x bat ky:

x" [M (q) —2C(q,q’)]x =0 )
Tinh chéat 3: C(q,9)q dwoc gidi han theo:

|c(a.4)d] < C.llalf (4)
O day:

C, 1a hang sb dwong.

3.CAU TRUC BO DIEU KHIEN FNNS

Output layer

Membership
layer

Input layer

Hinh 1. Cdu truc bé diéu khién FNNs
Bo diéu khién FNNs cé cAu truc nhw Hinh 2 c6 4 16p
gom:
Lop 1 1a 16p dau vao (Input layer): Gém cac bién ngon
nglr dau vao S, S,.....S,,....S,.
Lép thr 2 13 16p ham lién thudc (Membership): Mo hoéa
tin hiéu dau vao theo ham co s& Gaussian.
w4 (s,) = exp[~(s, —m/)* / (b)*] (5)
Trong dé:

m/] va bl(i=1,..,mj=1 -,Np,) twong tng la cac

tham s’é clia ham Gaussian cia ham lién thudc thir j
cua bién ngén ngl¥ dau vao thir i.

m=[m}.m™ m}.m)" .. m} ...mﬁP"]T € RNr1
Va

b=[bl..b" bi..bYP2 . bi..pVPn]" € g

O day:

n
N, = Np; biéu dién toan bd sd ham lién thudc

cla biénl;gl:]c“)n nglr dau vao the i.

Lép 3 1a I1&p luét (Rule layer).

S =TT @2t/ (s) 6)
Trong do:

8(k=1,..,N,) la dau ra the k cta |6p luat;

wﬁ‘j la trong sé gitra 16 luat va I&p ham lién thudc;

N, la toan bo sb luat.
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Lép 4 la I6p dau ra (Output layer): Trong 1&p nay méi

mot noron biéu dién moét bién ngén nglr dau ra. Méi

mét noron y;(f =1,..,Ny).

DAu ra ctia mdt noron sé dwoc tinh nhw sau:
N

Y= Zl ! kaSk

Cong thire (7) c6 thé dwoc viét lai nhuw sau:

(7)

y:[y1y2---y1vf ]T =W =y, (s, W, m,b) (8)
Vi

W =[ww,...wy, 1" 9)
o= [5152...51\,/ 1 (10)

O day:

w, = [wfwdvl |

Sau day, ching ta st dung bd diéu khién FNNs nay
gidng nhuw mdt xap xi trong bd diéu khién da dwoc thiét
ké. Khi d6 sé ton tai mot ham FNNSs téi wu véi cac tham
s6 tbi wu nhu sau:

*T * *
y(s@)=W"6 (s(t),m ,b)+A(s(?))
O day:

W, m* b* 1a cac tham sb téi wu ctia W, m, b, twong &ng,
A(s(1)) la vecto sai léch xap xi.

(11)

LIEN NGANH BIEN - BIEN TU - TU DONG HOA

Gia thiét 1: Gioi han cta tham sé téi wu bo didu khién
FNNs:

=
O day:

E3

m b'||s£T (12)

<r ,
m

b

r,,I',,I', 1a cac gia tri thwc dwong.

Gia thiét 2: Sai léch xap xi dwoc gi6i han:
|a*|<T,

O day:

(13)

FA la gia tri thie dwong.

DA4u ra ctia bd didu khién FNNs 14 gia tri xap xi va dwoc
tinh theo céng thirc sau:
P=WTS(s(t),m,b)

Trong do:

9, W,m, b 1a gia tri xap xi cla .

(14)

4. THIET KE BO DIEU KHIEN ARFNNS

Muc dich thiét ké bd diéu khién dé khi robot dwoi sw
tac dong cua lwc T thi sai léch bam gilra vi tri mong
mudn clia cac khép g, voi vecto v tri thue té ciia robot
g ¢6 thé dwoc hdi tu vé 0 khi r — . CAu tric clta bo
diéu khién robot dwoc thiét ké nhw Hinh 2:

Ga q

d/dt

l d/dt
Update Laws
Wy = —kyy * W]js||+ &, hs"
- = ki
b= _kai; "S"
A T ksI
qa + e h 4
B s(t)=é+ le S SMC robust term

Robot manipulator

Hinh 2. Cdu tric hé théng diéu khién robot céng nghiép

e(t), é(t) twong wng la sai Iéch vi tri va sai léch van

tbc. Luat thich nghi sé dwoc xac dinh nhu sau:
e(l)z‘h —-q (15)
s()=é+ e (16)

O day:
A_ = dia'g(ll,lz,
dwong.

,An) 1a ma tran khuéch dai hang sé

T cong thire (1) cé thé viét lai nhuw sau:
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)(qd —é)+G(q)+rd =7

q( +e- s)+C(q q)(q, +1e~s5)+G(q)

q (qd—e)+C

‘7, = (17)
Ms +Cs =M (q) (dg+2é) + C(q.4)(q, + 2e)
+G(q)—rd—z'

Ms+Cs=f—-1 (18)
O day:

f= M(q)(éd+/1é)+C(q,q)(qd +ie)+G(q)—rd

T so dd cAu tric hé théng diéu khién robot Hinh 3
ta co:

z'=f+z' (19)

e +kps

Trong dé:

# tin hiéu dAu ra cia bd didu khidn ARFNNS:
T, 14 bo diéu khién truot (SMC).

Bo diéu khién trwot dwoc thiét ké nhw sau:

k2 k2 k?
ks@<)nw[ i *lj

O day:
k,dwoc chon: k, =T,
Thay (19) vao (18) ta thu dwoc:

(20)

Ms=f—Cs— k,s—t,.+T, (21)

Dé hé théng lam viéc 6n dinh viéc chon luat hoc thich
nghi ctia bd diéu khién ARFNNSs rat quan trong va trong
bai bao nay luat hoc sé dwoc chon nhw sau:
W=k, W || + &, 55"
= kol
5= —5s)

(22)

5. CHU'NG MINH TiNH ON DPINH CUA HE THONG

Xét robot 2 link c6 phwong trinh déng hoc nhw phwong
trinh (1) va bd diéu khién ARNNSs ¢6 luat thich nghi nhw
cong thire (18). Phan tich tinh 6n dinh cia hé théng
theo thuyét Lyapunov.

Xét ham Lyapunov cé phwong trinh nhw sau:

L(t)= Lorms + Lo (W"k;V'W)
2 2

! L. . (23)

=71 ] ~ Tyl

+Etr(m kmm)+§rr(b k) b)

Pao ham bac nhat L(z) theo thoi gian ta thu dwoc

phwong trinh nhw sau:

L(t)= lsTMs +5" Ms—tr (k\}_.' W/ W)

—tr (v )~ ( kB b)

(24)

Thay (21) vao (24) ta cé:

p(1)= 35" (55—

+5'T, + tr(—k;;v‘vfximsf)— (k" ) —tr(k;ETB)

ZC)—sTk s—s'T
P

sme

(25)

S dung tinh chat 2 va thay luat thich nghi (22) vao
(25) ta co:
L(t)==s"k,s—s"z,, +s'T,

o o s (26)
+||s||tr(W W)+”s||tr(m m)-i—"s”tr(b b)
Bang viéc st dung két qua:
tr(WTW) < ko | W~ W]

~m o~ ~ ~12

tr(M'm) < ky, |||l — |7l ¢tr(b"b) < ky||b|| — ||5||
Va cbng thirc (20) ta thu duorc:

2 2 2
Hﬂﬂﬁh““P“@@ﬁﬁﬂ%*%*%ﬂ
W)l Dl

#T, [k

sl 51 12T )

b0 <=t (o) o570, -2

(-3 ) i)

L(t) —s"k,s

(27)

Do dé L(t) < 0.

T két qua cho thay hé théng dwoc 6n dinh khéng phu
thudc vao s.

6. KET QUAMO PHONG

Trong phan nay chung ta mé phéng hé théng diéu
khién cho tay may robot 2 link:

Phwong trinh déng hoc cua robot nhw sau:

Mll MlZ] - C = Cll ClZ] G = Gl]

u=| o
M21 M22 CZl CZZ GZ

Trong dé

My, = (my + my) 2 + myl3 + 2mylil,c0s(q,)
My; = My, =
My, = myl3
C11 = —mylil; sin(q2) G2

Ci2 = —mylyly sin(qz) (41 + 42)

Coy = mylyly sin(q,) 44

C;y =0

Gy = (my + my)glicos(qz) + myglycos(qq + qz)
Gz = myglycos(qr + q2)

O day:

m,, m,la khéi Ilwgng cua link1, link 2;

I, la chiéu dai cta link1, link 2;

myl2 + mylylycos(qy)
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g = 9.8 (m/s) gia tri cta gia tbc trong truong;

q = [g,4,]" vi tri cGa link1, link2. Chon gia tri cha vj tri
mau cho link1 va link2.

qa = [q1a q2a]" = [0.5sin(nt) 0.5sin(mt)]"

Vi tri ban dau cla céc link g, = [-0.1 0.1]", gia toc ban
dAu cua cac link g, = [0.0 0.0]"

Khéi lwong va chiéu dai ctia cac link lan lwot la:

my = 4.2 (kg),m, = 3 (kg);

Iy =420 (mm), [, = 380 (mm).

Nhiéu dwoc chon ¢6 dang nhu sau:

B ZSin(t)]

T = |2sin(0)

Chon cac tham sé ctia bo diéu khién khi mé phéng:
A =diagl5,5]; kp = diag[50, 50];

k,, = diag(50); k,, = k;,, = diag(30)

0.6

LIEN NGANH BIEN - BIEN TU - TU DONG HOA

CAu trac bd diéu khién ARFNNs v6i n = 10, N, =35,
N,=2.

Nhén xét:

Tw két qud md phdng hoat déng cia hé théng diéu
khién ARFNNs cho robot 2 bac tw do Hinh 4 ching
ta c6 thé thay réng rang ca 3 bo didu khién ARFNNS,
RBFNN [10], va PID [13] déu dam bao tinh én dinh
va bén virng trong qua trinh lam viéc. Tuy nhién, qua
két qua Hinh 4,5 cho thdy mémen diéu khién cla bo
diéu khién ARFNNs hdi tu nhanh hon, sai l1éch bam,
moémen diéu khién ciing nhé hon, va kha nang én dinh
tot hon 2 bd diéu khién con lai. Diéu d6 chirng minh
rang chét lwong diéu khién robot bang viéc si dung
bd diéu khién ARFNNs 6n dinh hon, va kha nang bam
dworc cai thién.
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Hinh 3. Vi tri, mémen diéu khién va sai léch bdm cua cdc khép robot

——Tin hieu mau|
— 0.4 ---ARFNNs |
= 02
j =
=]
e+ | 0
g
E .02
=]
_g
=-0.4
=
(=
0.6 ‘ . ‘
0 0.5 I 1.5 2
time(s)
RO
E 60
8“ 40
-_=
—
E "\() 1
= 0
o
-
E-Zil
E
= -40
-~ 0 0.5 | 1.5 2
time(s)
0.01
e 0
o
g |
=
£0.02
—
E
3
=
20.04
=
w3
-0.06 i
0 0.5 1 1.5 2
time(s)

Trong bai bao nay, bod diéu khién thich nghi bén virng
diéu khién cho robot 2 link trén co' s& st dung bo diéu
khién m& noron da ddm bao dwoc khad nang 6n dinh
va bén virng trong maéi trwdng lam viéc khac nhau.
Béng viéc si dung thuyét 6n dinh Lyapunov nhém
tac gia da chirng minh dwoc hé théng ludn ludn 6n

dinh trén toan vung lam viéc. Hon thé nira, hiéu qua
clia bod diéu khién da dwoc kiém chirng qua mé phéng
va dwoc so sanh voi bd diéu khién PID va bod diéu
khién noron thich nghi (RBFNN). Quan sat két qua mo
phdng chung ta thdy réng kha ndng bam, sai léch bam
ctia bod diéu khién dwa ra tbt hon bd diéu khién PID va
bd diéu khién RBFNN. T két qua md phdéng ching
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ta co thé tiép tuc nghién ciru d& dwa vao thuc nghiém
ciing nhu dwoc (ng dung vao thuc té.
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