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Tom tét - Bai bao dé& xuét mot thuat toan diéu khién thich nghi cho
tay may robot cdng nghiép co xét dén mé hinh clia dng co truyén
doéng. Trwdc hét, mé hinh dong luc hoc tdng quat clia tay may robot
cong nghiép c6 xét dén dong co truyen dong duoc xay dwng. Dya
trén mo hinh nay, mot thuat toan <1Jeu khién trwot truyep théng dwoc
trinh bay. Tiép do, bai bao d& xuét mét thuat toan diéu khién thich
nghi trén co’ s& cai tién thuat toan didu khién truot truyén théng béng
cach st dung két‘hqp‘mang no-ron nhan tao, bd wéc lwong sai s6
va moét thanh phan bén virng. Mang no-ron nhan tao va b wéc
lwong sai s6 co kha nang tu chinh va hoat dong online dé bu cac
thanh phan bét dinh cla hé théng Sw &n dinh cla thuat toan dwoc
chirng minh béng ly thuyet 4n dinh Lyapunov. D& kiém ching sy
hiéu qua ctia thuat toan dé xuét, cac mé phéng dwoc thuc hién trén
Matlab/Simulink va SimMechanics cho tay may robot hai bac ty do.

Tir khoa - tay may robot cong nghiép; diéu khién thich nghi; dong
co truyén dong; tw chinh online; mang no-ron nhan tao; diéu khién
truot.

1. Pat vin dé

Ngay nay, viéc ing dung cac k¥ thuat diéu khién thong
minh dé diéu khién tay may robot cong nghiép nhan dugc
rat nhiéu sy quan tam. Qua trinh thiét ké cac bo diéu khién
robot thudng chi tap trung vao phan dong hoc. Trong khi
mo hinh ddng luc hoc cia robot thong thuong dugc xdy
dung véi tin hiéu diu vao 1a mé-men truyén dong cho cac
khép. Céc tin hiéu mo-men nay 1a tin hiu ra ctia bd diéu
khién. Va cac nghién ctru vé diéu khién robot xem co céu
truyén dong 1a 1y tuong, nghia 1a bo diéu khién yéu cau mé-
men bao nhiéu thi co ciu chép hanh thuc hién chinh xac
mo-men yéu cau do.
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Hinh 1. Céu triic ciia mét hé thong dleu khlen tay may robot
cong nghlep 6 xét dén co cau truyén dong

Trong thyc té, cdu trac day di cia mot hé théng diéu
khién tay may robot cong nghiép dugc thé hién nhu Hinh
1. Phan truyén dong cho cac khdp ciia tay may robot bao
g6m B6 bién dbi tin hiéu, BO bién doi cong suit va Co ciu
truyén dong thuong bi bo qua va xem 1a ly tudng trong cach
tiép can truyén thong Thyc té phan truyén dong nay khong
ly tuong, va viéc didu khién mé-men cua co céu truyén
dong phu thudc vao tai trong l1a cac khdp va thanh cua

Abstract - This paper proposes an adaptive control algorithm for
robot manipulators considering motor model. First, a general
dynamic model of robot manipulators including motor model is
developed. Based on this dynamic model, a traditional sliding mode
control algorithm is presented. Then, an adaptive control algorithm
is proposed based on the improvement of traditional sliding mode
controller using the combination of a neural network, an error
estimator and a robust term. The neural network and the error
estimator can self adjust and work online to compensate for the
uncertainties of the control system. The stability of the proposed
control algorithm is proved by Lyapunov theory. To demonstrate
the effectiveness of the proposed control algorithm, simulations are
conducted on Matlab/Simulink and SimMechanics for a 2 DOF
robot manipulator.

Key words - robot manipulators; adaptive control; actuator motor;
online tuning; neural network; sliding mode control.

robot. Vi viy, dé thiét ké dwoc chinh xé4c tin hiéu diéu khién
nham diéu khién chinh x4c tay may robot bam theo cac quy
dao mong mudn, can thiét phai tinh dén mé hinh cta co cau
truyén dong.

Dé giai quyét van dé néu trén, di c6 mot s6 cong trinh
di trude nghién ctru dé xudt cac giai phap diéu khién. Trong
bai bao [1], cac tac gia Claudio Urrea vaJohn Kern da
nghién ctru md hinh héa, mo6 phong dong co dién mot chiéu
¢ xét dén tai 1a canh tay robot. Cac tac gia da dung mo
hinh toan cua dong co dé xuit mot s phwong phéap diéu
khién tdc 4o, diéu khién vi tri cia dong co servo HS 755
HB. Tac gia Goor trong bai bao [2] dé& ching t6 su quan
trong ctia dong luc hoc co cdu truyén dong trong diéu khién
robot va da chi ra dugc dong luc hoc cua ddng co chi ph01
nhu thé nao dén cac hanh dong cua robot. Trong bai bao
[3], tac gia Rong-Jong Wai d4 nghién ctru thiét ké bo dicu
khién quy dao tay may robot 2 bac tu do c6 xét dén dong
co truyén dong. Bai bao da dé xuat ding cac bo diéu khién
phan hdi tuyén tinh hoéa bén viing (robust feedback
linearization control - RFLC) va bo diéu khién md-neuron
bén vimng (robust neural-fuzzy-network control -
RNFNC) dé diéu khlen quy dao tay may robot bam theo
quy dao mong mudn. Mot sé cong trinh nghién ctru khac
da duoc cong bd trong cac tai liéu [4 - 6] theo hudng ing
dung cdc thuat toan thong minh dé dé xuat thuat toan diéu
khién cho tay may robot c6 xét dén dong co truyén dong.
Tuy nhién, cac giai phap dé xuat déu con ton tai nhuoc
diém 1a ¢6 cdu trac thuat toan phirc tap, khéi lugng tinh
toan 16n va thuc té 1a cac mang no-ron nhan tao hodc hé
logic mo khong thé wdce lugng duge hoan toan chinh xac
c4c thanh phan bt dinh.
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Trong bai bao nay, ching to6i dé xuit mot thuat toan
diu khién méi cho tay may robot cong nghiép co xét dén
md hinh ctia déng co truyén dong. Trong d6, mot mang no-
ron truyén thing véi cdu tric 3 16p duoc s dung dé ude
luong cac thanh phan bat dinh ciia robot. Khac véi cac cong
trinh di trudce, thuat toan dé xuat bd sung thém mot thanh
phan wdc lugng sai s6 dé bu sai s ciia mang no-ron khi
udc luong cac thanh phin bat dinh. Ngoai ra, mot thanh
phan bén viing duoc thém vao dé nang cao sy 6n dinh cia
hé thong.

Céc phan tiép theo cta bai bao duogc td chirc nhu sau.
Trong muc 2, md hinh toan hoc cua tay may robot cé xét
dén dong co truyén dong dugc trinh bay. Thuat toan diéu
khién truot truyén thong cho tay may robot c6 xét dén dong
co truyén dong duoc trinh bay trong muc 3. Muc 4 trinh
bay thudt toan diéu khién thich nghi cho tay may robot c6
xét dén mo hinh dong co truyén dong, trén co so cai tién
thuat toan diéu khién trugt. Muc 5 trinh bay mo phong kiém
ching cho trudong hop tay méy robot 2 bac ty do. Cudi
cung, cac két luan duoc dua ra trong muc 6.

2. Mo hinh toan hgc ciia tay may robot c6 xét dén dong
co truyen dong

Mot cach tong quat, tay may robot n bac ty do truyén
dong bang n dong co dién mot chidu didu khién dién ap
phan tng dugc mod ta bang cac phuong trinh sau:

e_KTla (1)
Te = JmOm + BpOm + T )
Vo = Rala + Lo 52+ Keby, 3)

Trong do, t. la vector mé men di¢n tir cia dong co
(nx1); Tm1a vector mo6 men tai (nx1); O, 1a vector goc quay
ctia dong co (nx1); w 1a vector dién ap ngd vao phan g
clia dong co (nx1); Kr 1a ma tran chéo hang sé mo men
dong co (nxn); Ke la ma tran chéo h?mg s6 st dién dong
nguoc dong co (nxn); i, 1a vector dong dién phan ing dong
co (nx1); Jm1a ma trdn chéo mdé-men quéan tinh dong co
(nxn); Bm1a ma tran chéo hé s ma sat xoan (nxn); R, 1a ma
tran chéo dién tro thuin cudn day phan tng (nxn); L, 1a ma
tran chéo hé s t cam cudn day phan tng (nxn).

Gia s mdi dong co truyen dong cho khop cua tay may
robot thong qua bo giam tc c6 ty s truyén:

9 .
Iri = Zmi — i, i=1,.n 4)

qi Tmi
trong d6, g. 12 ma tran chéo ty sb truyén cta khop ndi
thir i; 714 vector mé men diéu khién dat 1én khép nbi thu
i; gila goc quay cua khop néi thir i. Dinh nghia G- =
diag(gr1, gr2,....gm) 1& ma trén ti sO truyen cua cac bo giam
toc tai cac khop.
Ttr cac phuong trinh (1), (2), (3) va (4) co thé tinh duoc
vector dién ap phan ung nhu sau:
Vo=L,T+R,t+L,J,G+
+(RuJp + LuB)d + (RyBp + Ko)q ()
trong 46 L, = L,(G,.K7)™*, R, = R, (G, K;) ' J, =
G m Bn = G?Bn vaK., = K.G,.
Phuong trinh dong luc hoc Lagrange ctia tay may robot
n bac tu do:

M(@)iq+CqPq+G@+N=1 (6)

Trong d6, M(q) 1a ma trdn quan tinh cla tay may robot
(nx n); €(q, q) 1a ma tran lyc li tdm va luc Coriolis cua tay
may robot (n x n); G(g) 1a vector trong luc cua tay may
robot (n x 1); N 1a vector cdc thanh phan nhiéu, ma sat va
cac thanh phan dong hoc chua xac dinh (z x 1). Ma tran
M(q) duogc viét tach thanh hai thanh phan: M(q) = M,, +
Mgy (q) trong d6 mot thanh phan chi lién quan dén céac
tham s6, mot thanh phan c6 chira bién khop.

M0 hinh (6) xem phan’ truyén dong cho céc khop la ly
tuong, nghia la mong muon md-men truyén dong cho cac
khop bao nhiéu thi phan truyén dong s& tao ra mo-men
chinh xac theo yéu cau. Trong thyc t€ diéu nay rat kho xay
ra. Vi vay can xét dén phan truyén dong cho cac khdp cua
robot.

Thay (6) vao (5), ta rit ra dugc phuong trinh dong luc
hoc mo ta tay may ;obot n bac ty do cd xét dén dong luc
hoc ctia co cau truyén dong nhu sau:

M (@)G+D(q.q.9)q9+d=1v, ()

Trong do:

1 va(n x 1) 1a vector tin hi¢u dién ap dat vao phan tng
dé dicu khién cac dong co;

+ Cac ma tran duoc tinh nhu sau:

M =L,(M, +],) ) )]
Rnc(q' Q)q + Ranq + KEnq + LnG(q, Q) +
R.G(q) , ©)
d=L,Myg(q)g + L,N +R,N (10)

d 1a tong clia nhidu h¢ théng va cac thanh phan dong
luc hoc khong xac dinh duge. Ta chap nhan gia thiét d bi
chéan nhu sau:

lldll < d (11)

(trong d6 dj la mot sé thyc duwong da biét va ||.|| 1a
chuan Euclid cua vector).

M6 hinh dong luc hoc (7) 14 co s¢ dé xdy dung bé diéu
cho tay may robot cong nghi€p khi c6 xét dén dong luc hoc
cua dong co truyen dong.

So v6i md hinh (6) khi chwa xét dén dong co truyén
dong, ta thiy mo hinh (7) c6 dao ham dén bac 3. Do d6 khi
thiét k& thuat toan diéu khién s& khé khin va can nhiéu k¥
thudt nang cao hon so vdi truong hop khong xet dén dong
luc hoc ctia dong co truyen dong.

3. Thuit toan djéu Kkhién truot cho tay mdy robot cong
nghiép co6 xét dén dong co truyen dong

Goi:

+ qq(t),qa(t), ga(t): 1a vector quy dao goc, van toc
goc va gia toc gbc mong muon cua tay may robot.

+ q(t): 1a vector quy dao goc thyc cua robot.

+ q,(t): 1a sai léch giita quy dao mong mudbn va quy
dao thuc cta robot.

q.(t) = qa(t) — q(t)

Dinh nghia ham trugt nhu sau:

(12)
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s(t) = 4.(t) + Koqe(t) + Kpq.(t) (13)

Trong do, K, va Ky 1a cac ma tran chéo, xac dinh duong.
Theo bai bao [2], chon thuit toan diéu khién truot kinh dién
U, cho tay may robot n bac ty do (7) c6 xét dén dong luc
hoc ctia dong co truyén dong nhu sau:

v, =M"(5+K.q.+¢q) +D(q,q,q4) + k,.sgn(s)

(14)
K. = M""'sgn(s)sgn(q.") (15)
k, = d, (16)

trong d6 sgn(.) 1a ham diu.

Su 6n dinh ctia hé thong diéu khién‘tay may robot cong
nghié¢p (7) khi st dung thuat toan diéu khién (14) duoc
chuing minh nhu sau:

Chon mdt ham Lyapunov xac dinh duong:

G =>s"M"s (17)
Pao ham cua ham Lyapunov (17) dugc tinh nhu sau:
V., =s"M"s (18)
Tu (7), (13) va (14) ta co:

§ = —K.q, — M [k.sgn(s) — d] (19

T d6 thay vao (19) suy ra:
V. =s"M'{(-K.q. — M"*[k,sgn(s) — d]}
= —sTsgn(s)sgn(q,7)q, — s"sgn(s)k, + s'd
< —s"sgn(s)sgn(q.")q. — s"sgn(s)d, +
+sTsgn(s)ld|l
< —s"sgn(s)sgn(q.")q. — s"sgn(s)(d, — lIdll)
(20)
Trong biéu thic (20) ta thiy: sTsgn(s)>0 va
(dp — 1Idl)>0. Vi vay:

V. < —s"sgn(s)sgn(g.")q, < 0 1)
Do d6 hé théng 6n dinh theo 1y thuyét Lyapunov.
Trong thuc té, thanh phf?ln ham d4u trong thuat toan diéu

khi€n c6 nhi€u nhugc diém nhu kho che tao voi tan so

chuy€n mach cao, gy ra hién tugng rung (chattering)... e

han che cac khuy€t diém trén, trong phén ticp theo bai bao

s€ d¢ xuat mot thuat toan diéu khién thich nghi img dung
mang no-ron va bo udc luong sai so.

4. Piéu l,(hién thich nghi cho tay may robot cong nghiép
c6 xét den dong co truyén dong

Dura trén thudt toan dié,u khién (14), (15) va (16) & myc
3, bai bao d¢ xuat thay the ham sign(s) bang ham bao hoa
(sar), dong thoi thay thanh phan k,sgn (s)‘béng mdt mang
no-ron két hop vdi bd ude luong sai s6 nham bu cac thanh
phan bat dinh. Cac phuong trinh cua bg dicu khien thich
nghi ma bai bao d¢ xuat dugc biéu dién nhu sau:

v, =M($+K.q.+4) +D(qqqq+
+UNN + fest - T§(22)

K, = M 'sat (g) sat (%) (23)
(s)néul|s| > 06
wl-[FOEE

Trong d6 Uxn 12 mot mang no-ron nhén tao ¢6 3 16p cod
cau trac nhu Hinh 2.

LOPRA

Hinh 2. Cdu tric mang no-ron truyén thing 3 I6p
Lép ngd vao co vector tin hiéu vao xac dinh nhu sau:
x=[% X xn;]T (25)
Trong d6, N; 1a s6 lugng ngd vao.
Lép an ¢ Nj no-ron, ma trén trong s lién két gitra ngd
vao va 16p an dugc xac dinh nhu sau:

V = [v,,v,, ..., 05,7 € RNVRXNi; (26)
v; = [vig, via, ...,vmi] € RYi,i =1,N, (27)
Quan hé vao - ra cua l6p an dugce xac dinh nhu sau:
net; = ¥11, vyx; (28)
G; = g(nety), i =1,N, (29)

Trong d6: g(.) 1a ham truyén (chuyén d6i) cua 16p an,
duogc chon 1a ham sigmoid nhu sau:

1
82) ==

L6p ngd ra co ma tran trong s lién két véi 10p an xac
dinh nhu sau:

T
— N
W = [wl,wz, ...,th] € RYhXM

w; = [Wil’WiZ] € Rn, i = 1, Nh

(30)

(31)
(32)
Céc ngd ra cia mang no-ron dugc xac dinh nhu sau:
(33)
Mot cach téng quat, cac ngd ra cla mang no-ron trén
c6 thé dugc vict lai dudi dang vector nhu sau:
y=W'G(x,V) € R" (34)
‘Trong phuong trinh (22),5 = [3,5,]" 1a mit truot bac
nhat duoc dinh nghia nhu sau:
§=¢q,+M\q, (35)
Muc dich cia mang no-ron Unx 12 dé xép xi va bu
online cho thanh phan bat dinh Avr cua tay may robot. Tuy
nhién trong thyc t€ ngd ra clia mang no-ron khong thé xap
xi chinh géc gia tri‘AVr, dan dén s‘ai s0 xac lap ctia hé thong
khong thé hdi tu vé 0, do do ta can phai dung thém bo udc
lugng fese = —& [ §dt nhdm lam suy giam céc sai l&ch.
Ngoai ra, thanh phan T dugc st dung nham lam tang thém
tinh bén vitng cho hé thong; T = diag(Ty,T,), A =
diag(hq, Ay), € = diag(&l, iz) 1a cac ma tran chéo c6 phan
tir 1a cac hang s6 duong.

N
Vi =2ty wyGi, k=1,..,n

Ta chon ngd vao cia mang no-ron la mdt vector bao
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gém cac tin hiéu sai léch va dao ham cua sai 1éch:

X = [Qelﬂ e+ Gens ('?en]T € ’RZn (36)

Sai s0 gifra gid tri chinh xac (t6i vu) va gia tri wdc luong
cua thanh phan bat dinh nhu sau:

Av, —Uyy = WTG(x, V") — WTG(x, V) + ey(37)

Trong d6:

+W#e RN *" va V¥e R*™*M 13 céc gia tri tbi wu cua
cac ma tran trong s6 W va V trong mang no-ron;

+ W € RVn*™ vaV € R *Nn 14 gia tri ue luong cua
cac ma tran trong so toi vu (W* va V¥);

+ geR" 14 sai s6 u6e luong.

Pé don gian, phuong trinh (37) duoc viét lai nhu sau:

Av, — Uyy = WTG + WTG + £4(38)

Trong d6: G* = G(x,V*), G = G(x,V), G = 6" — G,
wW=w-Ww.

Khai trién Taylor mé rong cho G v&i mdi gia tri x cho
trudc nhu sau:
G =G,V"x+0(VTx)(39)

— 9G4 G, aGNh T NpxNp
4 [avTx ovTx aVTx:||V=V ER (40)
V=v"-V (41)

0(VTx) € RN"a vector tong céc thanh phan bac cao,
duoc gia dinh 1a bi chan.

Thay (39) vao phuong trinh sai léch xap xi (38), ta
duoc:

Av, —Uyy = WTGyVTx + WTG + & (42)
trong do:
§=WTG,VTx +wTo(VTx) + gy (43)

Giai thuat hoc online ciia mang no-ron va cau tric cua
bd uéc lugng sai s6 dugc chon nhu sau:

W = —nGsT (44)
V = —ux(G,Ws)" (45)
fest = —ES (46)
fest = =& [ 3dt 47)

Dé phan tich 6n dinh cho giai thuat diéu khién va giai
thuat bu online ndi trén, ta chon ham Lyapunov nhu sau:
V:V1+V2+V3+V4

Véi

v, =1sTms (48)
v, = %tr(WTn‘1W) (49)
V, = %tr(VTu_lv) (50)
V, = tr(87¢7'3) 51)

Dao ham ciia tirng thanh phan ciia ham V duogc tinh nhu
sau:

V, =8T(Ds + v, — D4 — Av,, — M*(q — 5))
Thay thuat toan diéu khién (23) vao ta co:
V,=8"(-WTG,V'x —W'G — 6+ f .o, — TS (53)

(52)

Pao ham cia cac thanh phﬁn Va, V3 va Vy lan luot 1a:
Vy = —tr (W 'W), Vs = —tr (VW) va v, =
—tr (STQ'IS).

Twr d6 ta c6 dao ham cua ham Lyapunov:

V=3"(-W'G,V'x —W'G -8+ fos, — TS) —

—tr (WT 77‘1W) —tr (VTu‘l;V) —tr (3T§_13) (54)

Thay cac luat hoc online vao phuong trinh trén ta co:

V=-3"Ts <0 (55)

Vi vay hé théng 6n dinh theo 1y thuyét on dinh
Lyapunov.
5. M6 phéng kiém chirng

bé kiém ching sy hiéuq qua cua thuat toan dé xuét, dé
tai thyc hién mé phong ki€ém ching cho truong hop mot
tay may robot 2 bac tu do. M6 hinh co khi cua tay may
robot dugc xdy dung trong SimMechanics theo cach duoc

mo ta trong tai liéu [7]. Cac thong s cua robot dugc tong
hop trong Bang 1.

Bing 1. Théng sé ciia tay mdy robot 2 bdc tir do

A I Ky | Khép | Khép .

Tén thong so hi¢u 1 2 Pon vi
Khéi luong thanh | m 3,55 0,75 [kg]
tay may robot
Chidu dai thanh I 0,205 0,210 [m]
tay may robot
Khoang cach tr | /e 0,1548 | 0,105 [m]
khép den trong
tam thanh cula
robot
Moment  quén | Ju 3,7x 1,47 x [kgm?]
tinh cua dong co 107 104
H¢ s6 ma sit | Bu 13x | 2,0x [Nms/rad]
xo0an cta dong co 107 1073
Dién cam phin | L. 0,003 | 0,0024 [H]
ung dong co
Dién tro cuon day | Ra 2,8 4,8 [Q]
dong co
Hing sb mé-men | K. 0,21 0,23 [Nm/A]
dong co
Hing s swc dién | K. | 2,42x | 2,18x [Vs/rad]
dong nguoc cua 104 104
dong co
Ty s6 truyén bo | g 60 30 0
giam toc
Cong suit dinh | Pan 220 200 [W]
muc dong co
Dién ap dinh mic | Uinm 100 100 [V]
dong co
Dong dién dinh | I 6,0 5,5 [A]
muc dong co
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So sanh quy dao goc quay khop 1
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/ N Desired traj
‘.
T
g \
2
E)
&
£ i
§ % //
Ay /
X /
N/
o
16 . el
1 2 3 4 5

Time [s]

Hinh 3. Két qua diéu khién bam quy dao cia khop 1

So sanh quy dao goc quay khop 2

0.2
NN
0 p we SAT
pd N -——-= RFLC
-0.2 ‘." Desired traj
¢
T -04 \
g
- 5
2 06
&
g -08 _,.'
£ 7
s A
12 AN
o
16 p .
0 1 2 3 4 5

Time [s]
Hinh 4. Két qua diéu khién bam quy dao ciia khép 2

Quy dao mong mudn (desired trajectory) duoc thiét lap
nhu sau:
s

Ga =—7 + % (1 — cos(1,26t)) (56)
Gza = =%+ (1= cos(1,261)) (7)

Mo phong so sanh két qua dap tung cho 3 truong hop:
Truong hop dung thuét toan diéu khién trugt véi ham bao
hoa (SAT), truong hop dung thuét toan RFLC trong tai liéu
[3] va trudng hop dung thuat toan cia bai bao dé xuat (NN).

Trén Hinh 3 va Hinh 4 biéu dién két qua diéu khién
bam qu¥ dao cua khop 1 va khép 2 cua tay may robot cho
3 trudng hop. Chung ta ¢6 thé thay truong hop sir dung
thuat toan diéu khién thich nghi dung mang no-ron cua
bai bao dé xuat (NN) cho két qua tdt nhat: quy dao thuc
tién nhanh vé quy dao mong muon va bam sat quy dao
mong mudn nhit.

So sanh tin hieu dieu khien khop 1
30 25 1
NN
20 e SAT }
RELC—
10 —
_ 15}
= O
= ~
5 N 1
% -10 N
B N
‘g‘ 20 ™~ 269 2695 27
S \\\
-30 \\
82| N
40 “a | N
1614 I
50 L L L L v
0 1 2 3 4 5 N TS
Time [s] L1 NN TN S
’ \f \
159

2695 27 2705

Hinh 5. So sanh tin hiéu diéu khién ciia khép 1

So sanh tin hieu dieu khien khop 2
40
NN 1
20 senunnss SAT
RFLC 0.5
0 . @ E— fmamem——m—
N 0
E 20 \
3 0.5
P40
g’ 3.356358.35362364
© 50
04
-80 "
-100 L . . . 03
0 1 2 3 4 5
Time [s] N
0.2

3.396358.36.362364
Hinh 6. So sanh tin hiéu diéu khién ciia khép 2

D6 thi ciia tin hiéu dién ap didu khién cip cho 2 dong
co truyén dong cho 2 khép quay cua robot dwoc thé hién
nhu trén Hinh 5 va Hinh 6. Két qua cho thiy truong hop st
dung thuat toan diéu khién ciia bai bao dé xuat (NN) cho
két qua it bi rung dong (chattering) nhat. Nhu vdy trong
thuc té b bién doi c6 thé thuc hién dugc dé dang cac gia
tri dién ap nay dé cap cho dong co truyén dong. Chung ta
cling co thé thiy vai truong hop sir dung bo diéu khién
RFLC, tin hiéu dién 4p c6 nhiéu rung dong nhit.

So sanh tln hleu sai Iech goc quay khop 1

0.5
NN
T 0505 SAT
g RFLC
(<]
5
1.5{
2 .
0 1 2 3 4 5

Time [s]
Hinh 7. So sanh sai s6 diéu khién ciia khép 1

So sanh t|n hleu sai Iech goc quay khop 2
0.5

Error [rad]

Time [s]
Hinh 8. So sanh sai s6 diéu khién ciia khép 2

Hinh 7 va Hinh 8 biéu dién sai s6 diéu khién cuia khép
1 va khép 2. Két qua cho thiy trudng hop sir dung thuét
toan diéu khién ciia bai bao dé xuat (NN) cho két qua sai
s6 nho nhét.

6. Két luan

Bai bao da trinh by qua trinh thiét ké va dé xuat mot
thuat toan diéu khién thich nghi str dung mang no-ron nhan
tao va bo udc luong sai s6 dé diéu khién tay may robot
cong nghiép c6 xét dén moé hinh cua dong co truyén dong.
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Dua trén thudt toan diéu khién truot truyén théng, mot
mang no-ron truyén thang véi cu trac 3 16p dugc st dung
dé u6c luong cac thanh phan bat dinh cua robot va thay cho
thanh phan chuyén mach cua tin hiéu diéu khién. Khéc véi
céc cong trinh di trudc, thuat toan dé xudt bd sung thém
mdt thanh phan wéc lugng sai sb dé bu sai s6 ctia mang no-
ron khi udc lugng cac thanh phan bét dinh. Ngoai ra, mot
thanh phan bén virng dugc thém vao dé nang cao sy 6n dinh
cua hé théng. Su 6n dinh cua thuét toan dugc chuing minh
bang 1y thuyét on dinh Lyapunov. Cac mo phong kiém
chimg cho thiy thuat toan didu khién cuia bai bao dé xuét
¢6 chét lugng bam quy dao t6t hon cac thuat toan di trude
va c6 d6 rung dong (chattering) duogc cai thién.
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