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1. Giéi thiéu

Robot 12 mét trong nhitng déi tugng dwoc sir dung rong réi va mang lai hiéu qua cao trong san
Xuat, sinh hoat,... nhung robot 1a d6i tuong c6 tinh phi tuyén manh, c6 cac tham sé bat dinh lon
va lubn co6 nhiéu tac dong. Vi vay, song song véi viéc nang cao do chinh xac trong cac khau lap
ghép co khi thi diéu khién ciing 1a mot van dé can duoc quan tam dé cai thien Chat lugng lam
Viéc cuia robot. Do dé, trong qué trinh thiét ké bo diéu khién da phat sinh khé khan can phai giai
quyét. Bé giai quyét Vin @& nay, trong thoi gian qua da co nhiéu nha nghién ciru da nghién ciu va
dé xuat céc b dieu khién nh diéu khién PID, diéu khién trugt, diéu khién thich nghi,... [1]-[6].
Bo diéu khién thich nghi duoc tong hop aé giup h¢ thong lam viéc 6n dinh, du cho trong qua
trinh lam vi¢c cua hé thdng c6 su thay doi cua cau tric, xuat hién nhidu khéng mong mudn, hogc
tham s6 khong biét trudc cua doi tuong diéu khién. Bo diéu khién tu chinh dinh lai tham sb va
ciu trdc nham dam bao chit luong hé thdng khi c6 su thay ddi caa dbi tugng [6]. Diéu khién
trugt 14 mot phuong phap diéu khién phi hop cho cac d6i twong phi tuyén. N6 1a phuong phap
diéu khién c6 kha nang khang nhidu, it nhay véi sy thay ddi cac thdng s cua hé thong va dap
mg dong hoc nhanh. Phuong phap diéu khién nay twong dbi don gian nhung dem lai su bén
viing va hiéu qua cao. Tuy nhién, diéu khién truot gy ra hién tugng dao dong tan sé cao quanh
mat truot. Ngoai ra, khi thiét ké bo diéu khién truot can phai biét truéc md hinh toan hoc cua dbi
tuong va cac diéu kién bién [4]. Trong nhimng nam gan day, diéu khién théng minh str dung mang
no ron va logic mo dé diéu khién vi tri bam cua tay méay robot dugc quan tam. Bo diéu khién mo
la mot cong cu hiéu qua trong viéc xap xi hé thong phi tuyen [7]-[12]. Trong [8], mét bo diéu
khién mo trén co so diéu khién bén vimg thich nghi diéu khién cho tay may robot di dugc dua ra.
O day, logic mo da duoc sir dung dé uée lwong thanh phan chua rd cua dong hoc robot. Sai léch
bam va hiéu qua bam da duoc dam bam theo y8u cau dit ra khi sir dung bo diéu khién nay. Tuy
nhién, luat diéu khién cua bo didu khién mo dugc xay dung dua trén kinh nghiém cua nguoi thiét
ké. Vi vay, n6 rat kho dé xay dung duoc luat diéu khién t6i wu. Dé giai quyét kho khan nay, bai
bao da dua ra bo diéu khién bén viing thich nghi no ron. Khi 4p dung bo diéu khién nay vao diéu
khién robot toc do tu va hiéu qua bam da duoc cai thién dang ké.

2. bong luc hec robot
Dong luc hoc clia tay may n bac tu do nhu sau [11]:
M(q)q‘+C(q,q)q+G(q)+F(q)+rd =7 (1)
O day: Cac bién q,q,6 < RnX]' lan Tuot 1a vi tri, tbe do va gia tdc goc cua cac khdp. Véc to
Te R la véc to mo men (lyc) tdc dong 1€n cac khép. Ma tran M (q) e R™M1a ma tran quan
tinh. Ma tranC (q, q) eR™ 1a ma tran ly tdm va Coriolis. Véc to G (q) cR™ 13 mot vec to mo
ta thanh phan trong lugng. Véc to F(d)eR™ 1a véc to md ta thanh phin ma sat. Véc to
rq € R vée to nhidu.
Phuong trinh dong Iuc hoc (1) ctia robot phai thda mén cac tinh chat sau:
Tinh chdt 1: M (q) phai la mot ma tran xac dinh duong va dbi ximg:
M (q)<ml )
Véimyg >0, my €ER
Tinh chit 2: M(q) — 2C(q, ¢) 1a ma tran d6i xtmg léch cho vector x bat ky:

X' [M (q) —ZC(q,q)]x:O (3)
Tinh chit 3: C(q, §)q duoc gidi han nhu sau:
| (a.a)d <c. @)
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Vi € > 0.
3. Céu truc ciaa NNs
CAu trlc bo diéu khién no ron dugc mé ta trong hinh 1 gém 3 16p [12].

fm
Output
layer
Wl Wm
/ w T \ _
8y 2, ° 00 O
Hidden layer
e o o
Input layer

Hinh 1. Cdu tric cia NNs

Lép thir 1 (Input layer): duoc goi 12 16p dau vao, trong d0 51, S3,.. ;.. Sy, la cac bién dau vao.
Lép thir 2 (The hidden layer): duoc goi la 16p 4n Va dau ra cua 16p an dugc tinh toan nhu sau:

¢j(s) =exp[~(s—c; ) / (2dj ) (5)
Trong d6: m 14 sd no ron 16p an va Cj = Cj1, -, Cjn 12 véc to trung tdm cua mang. D 1¢éch
chuin ham xuyén tam the j 1a dj,d=[dy,....dp]" . ¢ i la ham Gaussian cuia mang no ron j.
Lép thir 3 (Output layer): dwoc goi 1a 16p dau ra va dugc tinh theo cong thirc sau:
m -
fj(8) =25 Wiidj (s),i=1..m (6)
Trong do: Wj; la trong s6 gitra no ron cua I6p an thir j va no ron cua 16p dau ra thir i, n 12 s6
déu vao.
Viét lai cong thic (6) ta co:
f(s)=W¢(s) ™
Trong d6: W 1a trong sb cua mang no ron, ¢(s [¢1 @, ,¢n~J
O day chang ta sir dung mang no ron dé xap xi. Do d6, n6 s& ton tai M6t ham no ron tdi wru nhur sau:
f(s)=W'g(s)+5 (®)
O day: Gi4 tri trong gé t6i wru 1a W*, va véc to sai léch xap xi 12 6.
Gid thiet: Sai léch xap xi duoc gigi han:
lol<4, o

Trong d0, &, 1a gia tri thuc duong.
Pau ra cua bo diéu khién no ron 1a mot ham xap xi va duogc xac dinh nhu sau:

f(s)=WTg(s) (10)
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Trong do, f, W, 1a gia tri xép xicua f*,W?,
W =[w, Wy, .. Wy ]
4. Thiét ké bd diéu khién ARNNs
Robot nhiéu thanh néi 1a mot hé phi tuyén MIMO, c6 cac tuong tac chéo thé hién rd nét. Vi
vay viée xac dinh chinh xac cac thong so cua mo hinh robot cong nghiép gap nhicu kho khén, do
su phirc tap trong viée xac dinh gia tri vé khoi lugng, m6 men cling nhu kich thudce hinh hoc cua
robot, ngoaj ra c&c tham s6 con cd thé bj thay d6i phu thugc vao ché do cong tac cua robot, do do
cécﬂtham s6 dong hoc, déng luc hoc cua robot dugc coi la cac tham s6 bat dinh. Muc tiéu dicu
khi€n trong bai bao nay la xay dung bo dicu khien bam quy dao dét truéc cho mo hinh bat dinh
ham s6 dam bao hé kin 6n dinh va bén virng toan cuc, sai léch bam tién vé khong va khéng chiu
anh huong cua nhicu. ,, ’
Bo diéu khién ARNNS cho robot tim va lam sach ban c6 cau tric nhu hinh 2:
e(t) la sai léch vi tri, va é(t) la sai léch van toc cta cac khép robot. Do do, luat thich nghi
duoc tinh toan theo cbng thic sau:
e(t)=d, -0 (11)
s(t)=¢é+1e (12)
O day A = diag (A4, Ay, ..., A,,) 1a ma tran khuéch dai hang sé duong.
Pao ham (11) va thay (12) vao ta c6:
q=-s+d4 +1e (13)
Taco:
MS = M (g —ti+2¢) = M (g +4¢) - Mg (14)
Thay (1) vao (14) ta cé:
M$ = M (q’d +/1é)—CS+C(qd +ﬂe)+G+ Firy—t
MS'=—CS—T+f+z'd (15)
Trong do: f (x) =M (q‘d +/1é)+C(qd +/1e)+G+ F
Trong thuc té f (X) ctia mod hinh khong xac dinh. Do d6, can phai xac dinh gia tri gin ding
cua f (X) . Trong bai bao nay, tic gia sir dung mang RBF (Radial Basis Function) no ron dé udc
luong gia tri cua f (X) . Tin hi€u vao cua mang no ron la: x = [eT e’T qI da q'dT J .
Tir so dd céu trac hinh 3 ta c6:
O day: f 1a tin hidu x4p xi ddu ra ctia NNs. 7, 1a b diéu khién truot (SMC).
Bo diéu khién truot duoc lua chon nhu sau:

2
kw
iJrkpsgn(s) 17)

e ]
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d/dt d/dt
o

Update Laws )
d/dt
W = ky@(s)s™ — kky ||s|W )
. I s kIl
4a e . AN
+ s(t) =¢é+ e ] [TSMC =7 + kpsgn(s)

Hinh 2. Hé thong diéu khién robot tim va lam sach ban

Vi k, =, +14
Luat hoc trong thiét ké nay chon nhu sau:
H T R
W =kys(s)s' —kkyy [s| W (18)

5. Chitng minh tinh 6n dinh caa b diéu khién

O day tac gia ching minh tinh 6n dinh cua hé thdng cho robot n bac theo thuyét Lyapunov c6
phuong trinh dong luc hoc dua ra trong (1) va luat hoc dua ra trong (18).
Ham Lyapunov c¢é phuong trinh nhu sau:

L(t):;sTMs+;tr(\/~VTk\7\/1\7V) (19)
Pao ham bac nhét L(t) theo thoi gian ta thu duoc phuong trinh nhu sau:
L(t)=sT Ms‘+;sT Ms +tr (WT k\7\,1\fv) (20)
Thay (15) vao (20) ta co:
L(t):sT (—z’+f+rd)+;sT (M—ZC)s+tr<\7VTkV_\,1\7V) (21)
Str dung tinh chét 2 va thay cong thiic (16) vao (21) ta co:
L(t)= s Kgs+ (5 +74 )sT - (kv_\,l\iv + ¢(S)ST ) (22)
Thay (18) vao (22) ta co:
L(t)= —s' Kgs + (6 +74 )sT _s' Tsme v (—¢(s) sT +k 5|/ W + ¢ (s) s ) (23)

(23) c6 thé viét lai nhu sau:
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L(t)= s Kgs + (5+ 74 )sT _sT Tsme +K ||s||tr\/~vT (W-W) (24)

Dot (w W) = (W) W < [ jw] - ]
Do vay ching ta s& 6 bat dang thic:

(1)< T Kes (57 74 )57~ e+ o] - 47 25)
Thay (17) vao (25) ta co:
. T ) 2 w2
L)< el - -4 2
L(t)< ' Kgs (27)
Do @6
L(t)<0 (28)

Tir (28) ta thdy L(s(t),W)<O01la ham nghich bién. L(s(t),W)<L(s(0),W)néu tat ca cac
tham sb nhu s(t), W dugc gidi han tai t =0 va chung van bj rang budc khi t>0. Dinh nghia

g(t)= y Kgs vataco g(t) <-L, va tich phan cua ¢ (t) c6 thé viét nhu sau:

o2 (v)do < L(s(0),W)-L(s(t) W) (29)
Do L(s(0),W)la ham gisi han, va L(s(t),W)la ham khong tang va c6 gioi han, ta c6 két
luan sau.

lim [’ (U)dz)<oo (30)

t—oo

Ap dung b d& cua Barbalat [12] ( ) dwoc gi6i han, n6 c6 thé chang minh ring

lim [ ,&(v)dv =0, dodd s(t)se hoi tyve 0 khi t — oo

t—
6. Két qua md phéng

Tién hanh md phong bo diéu khién cho robot tim va lam sach ban trong hinh 3.
Phuong trinh dong hoc cuia robot nhu sau:
M= [Mll MlZ] C11 Clz],G _ [Gl]
My, My, |” Co1 Cyal” G,
Trong do:
My, = (mq + my)1? + myl3 + 2myly1,c0s(qy)
Myy = Myy = myl5 + mylylhcos(qy)
My, = myl3
C11 = —mylil; sin(qy) ¢,
C12 = —mylil; sin(qy) (41 + G2)
Cy1 = mylyl; sin(qz) 415 C21 =0
Gy = (my + my)glicos(q,) + myglycos(qq + q2)
G, = myglycos(qq + q2)
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Hinh 3. Robot tim va lam sach bdn

O day my,m, 1a khdi luong cua linkl, link 2. 3,15, 1a chiéu dai cua linkl, link 2. g =
9,8(m/s) gia tri ctia gia toc trong trudng. q = [q; q, |7 vi tri cia link1, link2. Gia tri tin hiéu
mau cho link1 va link2 dugc chon I: qq = [q14 2417 = [0.1sin(t) 0.1sin(t)]”

Vi tri ban dau cua cac link gy = [—0.1 0.1]7, gia tc ban dau cua cac link g, = [0.0 0.0]7.
Thong s cua cac link robot 1a: m; = 2 (kg),m, = 1 (kg),l; = 0,8 (m), 1, = 1 (m).

Thuc hién mé phéng trén phan mém matlab.

Budc 1: Cai dat cac thdng sé ciia mang no ron, cac hé s6 khuéch dai trong luat thich nghi:
n,m,ky Ak, K

Budc 2: Khai tao cac gié tri ban dau cua b didu khién NNs vai gia tri ngau nhién.

Budgc 3: Cap nhan tin hiéu vao caa bo diéu khién NNs, va trong sé cua bo diéu khién NN,
tinh toén s(t) theo cdng thuc (12).

Budc 4: Tinh toan dau ra cua bo didu khién NNs theo (10).

Budc 5: Diéu chinh céc gié tri trong sé cua bo diéu khién NNs theo cong thie (18).

Budc 6: Dua ra cac trong s6 cua bo diéu khién NNs va quay lai budc 3.

Truong hop 1: Lya chon thong s6 mé phong nhu sau:

0.1sin(t .

Tq = [O.lsingtg]; F=0.2*sign(dq)

Hé sb khuéch dai trong luat thich nghi (3,17) Ky = 15;k = 0,01, 1 = diag[8,8]; K, =
diag[20,20];

I

Cau trdc bo diéu khién no ron: n=5, m=7; Véc to trung tim ctia mang:

15 -1 -05 0 05 1 15|
15 -1 -05 0 05 1 15
c=01*-15 -1 -05 0 05 1 15
15 -1 -05 0 05 1 15
|15 -1 -05 0 05 1 15
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Do léch chuan cua ham xuyén tam: d = 10

Z0.15 — S 0.15 —

I ——Tin hieu mau| 2 ===Tin hieu mau

= 0t A N /= = ARNNs o 01r ' /= = ARNNs

Eoosif v ] SR ANNs & |/ N R ANNs

M i ; f PD . ' [ / D

g 0 —t T = 0 \ A S Ry AR

"‘: Iy . ..‘ 3 \ J : " 1 I

£0.05 i . ! / g | 1 Lol \ \

M) ./ LN i - # % ' .'. .

g 0.1 i / : Tl [ / v v :

< 5

z0.15 : : ‘ Cl.15 - . |

5 0 5 10 15 20 25 0 5 10 15 20 25
time(s) time(s)

- 0.02 = 0.04

e = = ARNNs s#eses ANNs == == PD 3 = = ARNNs "+ ANNs ====PD

= —

= = 0.03

— - - o= g -

o 0 T i st ¢ g o im0 1« oy s e 5—

:‘g f £ 0‘021

g ,}' £ ool

g0z} = 0 0 1 2 3

= 3 0 e i 1 o, Temre e 5 e s

‘=-0.04 : ‘ -0.01 : :

A0 5 10 15 20 25 0 s 10 15 20 25
time(s)

E s E s

z |= = ARNNg #++#ss++ ANNs == =-PD| Z = = ARNNs =201+ ANNs = === PD

— (o]

£25 3

v A2

=]

v A

g 5

225 5 -

£ 5 : ‘ : : :

g 0 5 o 15 20 25 0 5 0 15 20 25

time(s) time(s)
Hinh 4. Trirong hop 1: Vj tri, sai léch bam, mé men diéu khién céac khép ciia robot tirong vng Véi bg diéu
khién thich nghi bén viing no ron (ARNN), thich nghi no ron (ANNs) va bé diéu khién PD (Mé men diéu
khién cac khop phién dgc gia xem ban mdu trén web sé 16 nét hon)

Truong hep 2: VAn gitt nguyén céc théng sé md phong & truong hop 1 va tang tai trong khép
2 1én 0,5 kg

Nhan xét: Qua két qua moé phong hinh 4, 5 ching ta thiy ring, trong qua trinh 1am viéc, hé
théng chiu tac dong cua nhiéu, sy thay ddi cia ma sat hoic tai trong thay ddi bo didu khién
ARNNS van hoi tu, dam bao tinh 6n dinh va bén viing trong qué trinh 1am viéc. Hon thé nixa,
bang viéc str dung diéu khién truot dé bu sai léch udc lwong ciing nhu trong qué trinh lam viéc
cac trong sb cua b diéu khién no ron ludn luén dugc cap nhat lién tuc thong qua luat hoc, do do
sai léch vi tri cac khop robot caa bo diéu khién ARNNSs hoi tu nhanh hon nhoé hon va 6n dinh hon
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2 b9 diéu khién con lai. Qua do ching minh rang chét lugng diéu khién robot tim va lam sach
ban bang viéc str dung bo diéu khién ARNNs da dugc cai thién.

7. Két luan

Trong bai b4o nay, b diéu khién thich nghi bén viing sir dung bo diéu khién no ron (ARNNS)
cho robot tim va 1am sach ban d3 dat duoc do chinh xac. Dua trén sy phan tich thuyét on dinh
Lyapunov cho chling ta thay su 6n dinh caa hé thdng dat duoc trén toan ving lam viéc dudi tac
dong cua nhiéu cling nhu thanh phan ma sét, hoic tai trong thay doi trong qua trinh 1am viéc. Két
qua md phong kiém chiing trén md hinh robot tim va 1am sach ban, duoc so sanh véi b diéu
khién ANNs va PD. Két qua md phong chi ra rang bo diéu khién ARNNSs c6 kha ning khang
nhiéu tot, sai léch bam, do 6n dinh tot hon 2 bo diéu khién con lai. Qua d6 chiing ta c6 thé tiép
tuc nghién ctru dé dua vao thuc nghiém ciing nhu dugc tng dung vao thyc té.

= 0.15 — ®0.15 —
= | Tin hieu mau = oL Tin hieu mau
2 0.1 -r‘f\; . Fik = = ARNNSs a 'ﬁ‘h . :‘r', - = ARNNs
5 A N ANNs £ /o R S R ANNs

= 0 [ ) > i | PD = 0 . / * y PD

3 v/ i\ T P o \ J 7 ;
g ;. f; .A\ .t'-‘ll '.A 5':- ‘l'\ ; E T 3 ,: “ J: - ﬁ L ;'
S 0.1 v W S “4 8.0+ i ’ - /
(=]
€ -0.15 - - - - £0.15 - - ‘ -

2 0 5 10 15 20 25 =, 0 5 10 15 20 25
< time(s) & time(s)

= 0. = 0.02
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Mo men dicu khien khop 1(Nm)
=

Mo men dicu khien khop 2(Nm)

Hinh 5. Triong hop 2: Vi tri, sai Iéch bam, mé men diéu khién cac khop ciia robot firong ing Véi bg
dieu khien thich nghi ben viing no ron (ARNNS), thich nghi no ron (ANNs) va bg dieu khién PD (M0
men diéeu khién cac khép phién doc gid xem ban mau trén web sé r6 nét hon)
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