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PIEU KHIEN ROBOT THEO NGUYEN LY TRUQT
SU' DUNG MANG NORON

NGUYEN TRAN HIEP!, PHAM THUONG CAT?

YHoc vién Ky thudat Quan su, Bé Quéc Phong
2Vién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét nam

Abstract. This paper proposes a neural sliding mode control method for robot tracking problem
to overcome the noises and large uncertainties in robot dynamics. The Lyapunov direct method has
been used to prove the stability of the overall system. Simulation results are given to illustrate the
applicability of the proposed method.

Tém tat. Diéu khién trurot 1a mot phuong phép diéu khién duoc diing phé bién trong trong khién
robot. Nhuoce diém 16n nhat cia phirong phap diéu khién nay 1a xuat hién dao dong xung quanh
mat truot. Bai bdo ndy dua ra mot phuong phép khitr duge nhirng dao dong dé va tang do chinh
xéc cla diéu khién bang xap xi cdc thanh phan phi tuyén bat dinh cia robot. Tiéu chuan 6n dinh
Lyapunov duogc st dung dé chitng minh tinh 6n dinh toan cuc cia hé théng. Céc két qud mé phéng

ctiing minh hoa cho kha nang ting dung cla phwong phép trén.

1. PAT VAN PE

Robot 1a mot linh vire ¢é su phét trién lién tuc suét nam muwoi nam qua [1,18,19]. Hé
phuong trinh dong lue hoc ciia robot 13 mot hé phi tuyén cao véi nhiéu yéu t6 bat dinh.
Trong nhiéu tng dung, rébot phai chuyén dong nhanh tir mot vi tri nay sang vi tri khéc hoic
bam theo mot quy dao mong muon trong khong gian ba chiéu véi do chinh xdc cao. Céc
phuong phép diéu khién ¢6 dien nhw PID, phwong phép tinh moment hay diéu khién t6i wu
[3, 18] Iic nay khong cho két qua kha quan do ciac phwong phdp niy thudong doi héi phai biét
chinh xdc cdc tham s6 cia hé dong lyc robot. Biéu khién trwot [17] 13 mot phwong phép
dieu khién cé tinh bén vitng cao va da dwoc nhieu tac gid 4p dung cho bai toan dieu khién
robot [10]. Tuy nhién nhwoc diém chinh cia phwong phap diéu khién trwot 13 tw dao dong
xung quanh mat trwot vé cd bién d6 va tin s6 déu khong xéc dinh dwoc. Dé gidm bét téc
dong xau nay, nhiéu tdc gia da dé xuat nhieu phwong phdp khac nhau nhw dwa thanh phin
tich phan vao mit truot, sit dung ham bao hoa (sat(s)) hay ham sigmoid thay thé ham dau
(sign(s)), nhan dang hodc xap xi cdc thanh phan bat dinh cia robot [5, 7, 8.

Mang noron da dwoc st dung rong rai trong linh vire dieu khién do cac tinh chat noi troi
cia né nhu la st Iy song song, kha ning tu hoc va tu thich nghi cao. Mang noron cé kha
nang xap xi cac ham phi tuyén tir cdc dir liéu thue nghiém ma khong can biét chinh xéc céc
tham s6 v& cau tric cla ham dé [4, 6]. Nhiéu cong trinh nghién ciru da sir dung tinh chat nay
cla mang noron dé xap xi cdc dac tinh phi tuyén bat dinh cia robot va minh ching qua céc
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két qua mo phéng [13, 14]. Tuy nhién phan 1én cic dé xuat khong dwa ra duoc 1y luan chit
ché chirng minh tinh 6n dinh cia toan cuc cia hé dieu khién rébot sit dung mang noron.

Bai bdo nay dua ra mot phwong phap méi diéu khién rébét bam theo quy dao mong mudn
theo nguyén 1y truot cé sir dung mang noron dé xap xi cac thanh phan khéng xac dinh. Do
on dinh toan cuc cia hé thong dwoc chitng minh bang phwong phép 6n dinh Lyapunov. Bai
bo dwoc chia thanh 6 phan. Phan mot dit van de vé diéu khién robot theo nguyen Iy trwot.
Phan hai mé t4 bai toan can gidi quyét. Phan ba dwa ra cdu triic cia hé thong bao gom khai
tao mit trueot PD, khdi bl phi tuyén, khéi tinh toan thuat diéu khién va khoi mang noron
tu hoc xap xi céc thanh phan phi tuyén bat dinh. Tinh én dinh toan cuc cia hé théng dwoc
chtrng minh trong phan nay. Phin bon cia bai bdo dwa ra mot s6 danh gid vé do chinh xédc
va téc do hoi tu ciia phwong phép dé xuat. Phan 5 1 két qua mo phéng. Phan cudi tém tat
mot s6 két luan cia bai béo.

2. BAI TOAN PIEU KHIEN ROBOT BAM THEO QUY DPAO
VOI NHIEU THANH PHAN PHI TUYEN BAT BPINH

Phuong trinh dong luc hoc ciia mot hé robot n khép cing ¢é the dwoc mo ta bang phwong
trinh vi phan phi tuyén MIMO nhu sau:

M(q)§+ B(q,4)d+4(q) + d(g,9) = 7, (1)
trong dé, ¢ = [q1, @2, s @l s @ = [G1, G2, ooy Gl Ly G = [i1, G2, -y @] T 15 cdc vector n x 1 bidu
dién vi tri, van toc va gia toc géc cia cackhép twong tng.

T = 71,70, ..., Tu] L 14 vector n x 1 bi€u dién momen téc dong lén cac khép.

M(q) € R™ la ma tran quan tinh.

B(gq,¢) € R™" 1a ma tran hé s8 Coriolis va luc huéng tam.

a(q) € R™! la gia téc trong truong.

d(q,§) € R™! 1a thanh phan lwc ma sat va nhiéu tdc dong lén cic khép cia robot.

Céc dai lwong M(q), B(q, §), §(g) thuomg khong xéc dinh dwoc chinh xée. Ta ¢é thé mo

t& cdc dai lwong nay nhw sau:

M(q) = M(q) + AM(q), (2a)
B(q,4) = B(g,4) + AB(q,9). (20)
M(q) = M(q) + AM(q), (2c)

trong d6 M(q), B(q, ), g(q), 14 cidc thanh phan xic dinh dwoc, AM(q), AB(q,q), Ag(q) 1a
cac thanh phan khong biét do tinh bat dinh cia moé hinh robot. Gid thiét ||[AM(q) <
mo, [[AB(g, @) || < bo, |Ag(9)|l < go, mo, bo, go 1& cdc gid tri dwoc biét). Phuwong trinh (1) ¢6
thé dwoc biéu dién dwéi dang:

M(q)i + B(q,4)q +9(q) + f(g,4) =7,
T =Ty +f(q,q),
To = M(q)d + B(q,9)q + g9(q),

f(a,9) = AM(q) + AB(q,9) + Ag(q) +d(g,9),

3a
3d

(3a)
(3d)
(3¢)
(3¢)

3e



238 NGUYEN TRAN HIEP, PHAM THUQNG CAT

f(g,4) € R™" trong (3) la tong hop céc thanh phan khong xéc dinh cia hé déng lrc, ma
sat, nhiéu loan tdc dong lén robot va bi chan béi ||| < fo véi fo c6 thé xdc dinh dwoc.
bé xay dung thuat diéu khién thi cdc tinh chat quan trong sau day cia hé dong lrc robot
duoc st dung:
- Ma tran quén tinh M(q) la déi xing va xac dinh dwong.
- Ma tran (M(q) — 2B(q, §)) 12 ddi xiing léch hay
2T |M(q) — 2B(q, §)]z = 0 Vo € R = 2T M(q)x = 22T B(q, §). (4)

Muc dich ctia dieu khién la xéc dinh tin hiéu dieu khién 7 sao cho ré bot bam dwoc qily
dao gq mong muon, nghia la sai léech e = (¢ —qq) — 0, é = (¢ — ga) — 0. O day e, é la céc
gia tri sai s6 vé vi trf, van toc.

3. XAC PINH THUAT DIEU KHIEN ROBOT THEO NGUYEN LY TRUQT
SU DUNG MANG NORON

Céc heé diéu khién theo phwong phép trwot c¢é kha nang dieu khién céc hé phi tuyén, cac
hé MIMO c¢6 nhiéu tham s6 bat dinh. Dé sir dung diéu khién truot, cho hé robot (1) viec dau
tién phai xdc dinh mat truot. O day méat treot duoc chon dwdi dang PD:

s(t) = Ce +é, (5)

C thuomg dwoc chon la ma tran dudmg chéo x4c dinh dwong va s = [s1, $a, ..., 5,|1. Phuwong
trinh (5) cho thay quan hé nhat quén gitra (e,é) va s. Do d6 phwong trinh (3b) c6 thé viét
dudi dang:

T =10+ f(s). (6)

Su bat dinh cta f(s) 13 nguyén nhan chinh lam gidm chat lwong clia qud trinh diéu khién.
Néu ching ta thuc hién b thanh phan phi tuyén bat dinh nay thi chat lwong cia dieu khién
c6 thé dwoc cai thien. Theo dinh 1y Stone-Weierstrass [2] ta cé thé chon dwoc mot mang
noron nhan tao (ANN) véi s6 ntit noron htru han ¢6 khd ning xap xi mot ham phi tuyén véi
d6 chinh xéc cho trueéde. Pé xdp xi ham f(s) ta chon cau tric mang don gian nhw sau:

f(s) =Wo +¢, (7)

hey fs) = f+e. (70)
trong d6 f = [f1, fa, ..., fa]T = Wo 1a thanh phan xdp xi ciia f(s),& 1a sai s6 cia phép xdp

x1.
Véi ||f(s)]| < fo ta c6 thé xédc dinh dwgc gigi han 59 cia g : ||g| < =o.
bat w; la vector ¢ot thit ¢ cia ma tran W ta c¢é:
f=Wo = [w,w, ..., wnlo. (8)

Véi robot cé n khép, ta xdy dung mang noron ¢ cau tric mot lép an nhw hinh 1.
Pay 14 cdu tric mang noron nhan tao dang RBF (Radial Basic Function). Céau triic nay
da dwoc chitng minh 1a thod man dinh 1y Stone-Weierstrass [2]. Chon ham tdc dong o; dang

phan bo Gauss ta cé:
. )2
o; — exXp _%7 (9(1,)

z
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trong dé ¢; la trong tam, va \; la tham s6 chuan hod c¢é thé tuy chon. Lic nay ham xap xi
cia f(s) c¢6 dang:
n
fi = wijo véii,j=1,2..n, (9b)
j=1

N e ~ ~
w;j 1a cdc trong s6 cla mang noron Xap xi.

S, f,
S, fz
[ ]

o
o

[ ]
[ ]
s f

n n

Hinh 1. Mang Noron dung dé xap xi cdc thanh phan phi tuyén bat dinh

Bai toan dieu khién chinh la tim dwoc thuat dieu khién 7 véi thuat hoc w;j cla mang
noron (8) sao cho s — 0 kéo theo Ce + é = 0 va hé thong sé truot vé goc toa do e = 0 dam
bdo q(t) — ga.

Pinh ly. Hé dong lwc r6bot n bac tw do (1) véi mang noron (8) va mat trwot (5) sé bam
theo qui dao mong mudn qq véi sai s6 e = (q —qq) — 0 néu ta chon thudt dieu khi€n momen
T va thudt hoc w; cia mang noron nhu sau:

T = Mgy + Bia +g—MCé—BCe—Ks—'yHZ—H+(1 +)Wo, (10)
w; = —1)805, (11)

trong @6 cdc tham s6 tu chon K = KT > 0 la ma trdn 461 xing zdc dinh dwong, n,v > 0.
Nhir vay cau tric cia hé diéu khién c¢é thé mé ta theo so do trén Hinh 2.

Momen 7 gom ba thanh phéan chinh: thanh phan bl phi tuyén 775 = Mgg + Bga + g —
MCé — BCe, thanh phan truot 7, = —Ks — ’yHZ—H va thanh phan xdp xi f 13 mang noron ¢6
thuat hoc online.

Dinh 1y nay duwoc chitng minh bang nguyén Iy 6n dinh Lyapunov ddm bdo 6n dinh toan
cuc nhw sau.

Chiéng minh. Chon ham:

1 n
V= 5[sTMs + Zw?wl] (12)

i=1
Vi M la ma tran quan tinh cia robot cé tinh chat déi ximg xéc dinh dwong nén ta cé
V > 0 véi tat ca (sT,w’) £ 0 va V =0 khi (s7,w”) = 0. Him V thod man cic dieu kién
khéc cia nguyén Iy on dinh Lyapunov nhu V' — oo khi s — oo, w; — co. Néu ta xdc dinh
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dwroe thuat dieu khién 7 sao cho V < 0 thi theo nguyeén ly én dinh Lyapunov s — oo hay hé
thong sé tiép can va duy trl trén mat trwot. Tinh on dinh toan cuc cia hé théng sé duwoc béo
dam.

Lay dao ham V theo thoi gian ta nhan duoc

V= %[.éTMs +sTMs+s"Ms+ Z('u')?'w,- +wlw;)| = sTMs+ %STMS + Z('w?'u')i). (13)
i=1 =1

Vi ma tran (M(q) — 2B(q, §)) 12 ma tran doi xing léch do d6 s”Ms = 25T Bs nén

A

n
V—=s"Ms+s"Bs+> wlw. (14)
=1
T g

M{, +Bgq, +g-MCé-BCe |— q
q q
d "
dq T, !
4 s s S N Robot >
A  e+Ce > -Ks-y— (. >

¥ [s] f

—h>

.

. (1“%

4

\ A ’ ~ . N
Hinh 2. So do ciu tric hé diéu khién trwot sit dung mang noron

Mat khéc ta cé

M3+ Bs=M(é+Cé)+B(é+Ce)=M(—Ga+Cé) + B(—ga +Ce) + B§+ Mj. (15a)
Tl phwong trinh (1), (3a) ta rit ra
B+ Mg—1-g(q) - f(s). (150)
Thay (15a), (15b), (7b) vao (14) va sau khi bién doi ta cé

V=s"[-M§s+ MCé —Bga + BCe + 7 —g —Wo —g] + ) _wj ;. (16)
i=1

Thay 7 duge chon theo (10) vao phuwong trinh (16) ta nhan dugc

" §TlKs -y S wl
V=s|Ks fstHJrnWa g]Jr;wzw,. (17)

Véi thuat hoc (11) thanh phin cudi ciing ctia (17) ¢é the viét duéi dang;
n n n
Zw?u')i =7 Zw?sai = —pst Z'wiai. (18)
i1 i=1 i=1

Mat khéc ta cé
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Wo = Zwia,-. (19)
i=1
Thay (18), (19) vao (17) ta dwoc
V= —sTKs—sTy— —se, (20)

Véi s 1a kha vi (5), xét thanh phan trong (10), (20).

|| |
Trong khong gian n chiéu, xéic dinh hm °_ khi sl = [s1,82,..., 8.7 v&

> |ls ||
S S9
sl = /57 + 83 + ... + 82 tacé lim — =
P stoe Jlsl] st [s sae s e ||S||
han do tirng thanh phan cia véc to ¢é tir 6 luon nhé hon hoac bang mau s6. Do vay T va
V trong (10), (20) la lién tuc khi s — 0.
Chon v =9 + &9 v6i o > 0,

T {dn tai htru

V=—sTKs—sT(5+¢0) i

Is]

Vi [le|| < g0 do dé ta ludn ¢6 V < 0 véi moi s # 0 va V = 0 khi s = 0. Nhu vay theo
nguyeén 1y 6n dinh Lyapunov ta cé s — 0 tir phwong trinh (5) suy ra e — 0, é — 0, hay néi

—sTe = —sTKs—d|s|| — (co||s|| + sT€) < 0. (21)

cach khic quy dao cia robot bam theo quy dao mong mudn véi sai s6 e — 0. Dinh 1y cling
nhir tinh én dinh toan cuc cia hé dieu khién trrot sit dung mang no ron mé ta trong hinh 2
da dugc chirng minh.

4. VE PO CHINH XAC VA TOC PO HOI TU CUA THUAT HOQC

Trong hé phuwong trinh dong lrc robot, cdc gid tri sai lech AM(q), AB(q, §), Ag(q), ma
sat va nhieu 1a nhiig yéu t6 bat dinh giy nén sai s6 va gidm téc do hoi tu cia thuat dieu
khién. Tuy nhién véi hé rébot thi céc dai lwrong bat dinh nay déu cé gidgi han va cé thé xéc
diinh dwoc tir céc s6 liéu cia robot. Cau tric mang noron cé s6 noron trong 1ép an bang s6
bac tu do cia robot. Cdc noron st dung ham tdc dong dang phan bé Gauss va tin hiéu trén
céc nit & 16p ra clia mang noron 1a phép tong hop tuyén tinh cia cac ham dau ra 1ép an.
D6 chinh xdc cia phép xap xi phu thudc vao viéc chon céc tham s6 ¢;, A\; cia cdc ham phan
b6 Gauss sao cho bao phi dwoc hét dai bién do cia cac dai lwong bat dinh cia robot. Toc do
hoi tu cida mang noron phu thuoc vao thuat hoc (11) trong dé ¢6 su tham gia cia mat truwot
s va hé s6 . Nhu vay néu ta chon mit truot ¢ do doc 1é6n (C, K 16n) va hé s6 hoc n 16n
thi toc do hoi tu s& cao. Tuy nhién lic nay c¢6 thé xuat hién qua diéu chinh lam anh hwéng
dén chat lwong diéu khién. Van de chon cdc tham s6 ¢;, A;, 17, t6i wu s& cho két qua xdp xi
t6t nhdt va toc do hoi tu t6i wu. C6 thé ng dung phwong phap mo phéng hodc gidi thuat
di truyen (GAs) dé xdc dinh cdc tham s6 t6i wu nay.

5. MO PHONG TREN ROBOT PHANG HAI BAC TU DO

Pé minh ching thuat diéu khién dé xuat ching t6i da mo phéng bai toan chuyén dong
ctia robot bam theo quy dao mot cung tron trong khong gian e céc. r6bot duoc chon 1 loai
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robot phang hai bac twr do [18] dwge mo ta trong hinh 3 véi céc tham s6 ghi trong Bang 1.
Nhiém vu ctia rébét 1a dieu khién tay nam chuyén dong theo cung tron tir diem A dén diém
B trong khéng gian Peé cic (Oxy), trong thoi gian T va bdo dam téc do chuyén dong theo
thoi gian ¢6 dang hinh thang. Dieu nay c¢é nghia la quy dao chuyén dong tir A dén B sé ¢6
doan dau tang toc tir toc do ban dau la 0 dén doan chuyén dong véi toc do deu va sau d6 cé

doan gidm t6c dé dau tay nam khi téi dieém B c6 toc do bang 0.
bat m; = mun; + my;; Pong lwe hoe ciia robot nay ¢é dang

M(q)i + B(q,d)d + g(q) +d(g,d) =T,

i(q) {(mllgl + mali)gcos(qi) + malgag cos(qr + ¢2)
malgag cos(qr + q2)

B(q,9) = malilys

—q2

m2l§2 + IQ

|

} sin go

v

Hinh 3. Robot phang hai bac tw do

Bdng 1. Céc tham s6 ciia robot phang hai bac tu do

1(q) {mllgl + 1] + I; + ma (12 + l§2 + 201142 cos q2) mg(l§2 +llgacos qa) + I
mg(l92 + Ll cosqa) + I

Khép thit nhat

Khép th hai

Trong luong thanh ndi mli [kg] 50.0 50.0
Trong luong cia dong co mmi [kg] 5.0 5.0
M6 ment quan tinh cia thanh ndi Ii [kg.m2] 10.0 10.0
Do dai cla khép li [m] 1 1
Khodng cdch tir khép dén trong tam cia thanh ndilgi [m] | 0.5 0.5

’ » oA N ~ .
Ta chon cdc tham s6 diéu khién cho moment 7 va thuat chinh trong mang noron w; cho

robot nhu sau

T = M(q)ij +Bga+§ — MCé —BCe — Ks

nso;, i = 17 27

s

—’yiH +(1+n)Wo,
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véi K = {180 120} , Y =5,n=100.
Trang thai ban dau cia robot 1a g9 = —0,4; g0 = 1, 85.
Véi cdc tham s6 ham Gauss cia mang noron A\ = 1, A\ = 2,¢; = 0,01, ¢o = 0, 02.
Do bt dinh cia robot duwoc chon téi 30% gid tri that.
Thanh phan ma sat va nhiéu loan dwoc gid thiét

dwd a0 = [0+ b 3 [A]

50
05
q14(t) va goq(t) khi tay nam di chuyén tir diem dau A(1,5;0,8) dén diem cudi B(0,8;0,1)
theo duong tron tam C(0,8;0, 8) theo chiéu ngwoc chieu kim dong ho trong thoi gian T
theo quy luat t6c do géc hinh thang véi gia toc géc 3 cho trude. a(t) la gbe trén cung AB.

a(0) = 0, a(T) = 37/2.
) = [0 vl

Két qua mo phéng: Céc két qua mo phéng dwoc mo t4 trong cdc Hinh 4, 5, 6, 7.8 va 9.

Ma tran C' cia mat treot dwoc chon la C = { } Can xéc dinh quy dao mong mudn

XY Plot

Thay doi cua mat truot s theo thoi gian

15 m———— 02
o —— : i —
’/” Yy L] IR SR RN RIS RN NN NS N Mt
vi tri :
/i \ ban déu 7
1 f'l £
= 2
- K
\\ diém A z
05t \ g
N 1
..\"‘-.‘ diém B
9982 02 08 08 1 12 12 16 %57 o4 06 08 1 12 14 16 1;5
X Axis Time (s)
Hinh 4. Quy dao thyc té cua tay nam Hinh 5. Thay d6i cua mat truot theo thoi gian

trong khong gian Bé cac

Quy dao chuyen dong goc khop 1

Quy dao chuyen dong goc khop 2

Angle (rad)
Angle (rad)

i i i i H e
0 2 4 3 8 10 12 y
Time (s) Time (s)

Hinh 6a. Quy dao chuyén dong goc khép 1 Hinh 6b. Quy dao chuyén dong goc khép 2
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Sai so goc cua khop 1 Sai 50 goc cua khop 2
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£ | s |
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£ J < J
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: : 035 i ; i i i
-0.02 : ! i : . 1] 2 4 3 ] 10 12
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Time (s)
Hinh 7a. Sai so cua goc khép 1 Hinh 7b. Sai so cua goc khdp 2
150 16% Momen cua khop 1 50 Momen cua khop 2
T T T T T 1 T X T
a0t AR S s B 4
_ 1o
E £
2 z
[ = 3
2 =
50
g ') || SRR .............. ........... o
O 2 : 5 8 0 12 0 2 : 5 8 0 12
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Hinh 8a. Momen cua khép 1 Hinh 8b. Momen cia khép 2
Thay doi cua trong so w11 vaw12
04 T T Thay doi cua trong so w21 va w22
: : wil 02 ' : ; T r
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Hinh 9a. Thay doi trong so W,; va W;, Hinh 9b. Thay doi trong so6 W,; va W,,

Qua mo6 phdng ta thay robot dwge dieu khién bam rat sat quy dao mong mudn trong khi
sai 80 clla mo hinh lén dén 30 % va ¢ ca thanh phan khong xdc dinh 13 ma sat va nhiéu bén
ngoai tdc dong lén tirng khép. Dieu nay minh chimg cho tinh ding dan va kha nang tng
dung thuc té ciia phwong phép dé xuat trong thuc tién.
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5. KET LUAN

Béo cdo nay da dé xuit mot mé hinh dieu khién theo nguyén Iy trwot cé sit dung mang

N ~ . ~ ~ N 7’ . ’ ™ . N ~
noron bl nhirng yéu t6 bat dinh cia robot va chitng minh dwoc tinh 6n dinh toin cuc cia he

thong. Mang noron cho phép gidm nhé hon nira cdc gid tri giéi han sai léch do tinh bat dinh

cla ddi trong. Cdc mo phéng trén robot phang hai bac tu do bam sit quy dao mong muén

trong khong gian Pé cdc da cho cic két qua rat phi hop véi cac nguyen 1y dé xuit cia béo

cdo.

Qua qud trinh mé6 phdng véi nhieu mite doé bat dinh va nhieu tdc dong ciing nhuw s lua

chon cdc tham s6 va thuat chinh trong mang noron khéc nhau ta luon duwoc cc két qua hoi

tu chitng té tinh 6n dinh bén virng cia phirong phap. Tuy thudc vao cach chon mit trurot ta
c6 thé xay dung céc bo dieu khién truot t6i wu theo moé hinh truwot PD hay truwot PID. Céc
nghién citu sau hon vé téc do hoi tu va t6i wu céc tham s6 sit dung céc thuat hoc di truyén

GA sé 1a cdc van dé duoc tiép tuc nghién ctu.

[11]

TAI LIEU THAM KHAO

John J. Cr. Caig, Robotics Mechanism and Conirol, Sencond Edition, 1955.

N. E. Cotter, The stone-weierstrass and its application to neural networks, IEFE Tran on
Neural Networks, 1 (4) (1990) p 290-295.

J. Somlo, B. Lantos, P.T. Cat, Advanced Robot Conirol, Akademiai Kiado, Budapest
1997.

D. Psaltis, A. Sideris, Yamamura, A neural controllers, Proc IEEE 1st Int. Conf. Neural
Networks, San Diego, Jun 1987.

Ahmet Karakasoglu, M. K. Sundareshan, A recurrent neural network-based adaptive vari-
able structure model-following control of robotic manipulators, Automatica31 (10) (1995)
1495-1507.

Chin - Teng Lin and C.S George Lee, Neural Fuzzy Systems, Book is to the Chiao-Tung
University Centennial 1996.

H. Daniel Patino, Ricardo Carelli, and Benjamin R. Kunchen, Neural networks for ad-

vanced control of robot manipulators, IEEE Transations on Neural Networks 13 (2)
(2002) 343-353.

K. Jezernik, M. Rodic, R. Safaric, Neural network sliding mode robot control, Roboticka
15 (1997) 23-30.

Mohamad Teshnehlab, Keigo Wantanabe, Intelligent Control Base on Flexible Neural
NetworksKluwer, Academic Publishers, 1999.

M. On der Efe, Okyay Kaynak., Sliding mode Control of a Three Degrees of Freedom An-
thropoid Robol by Driving the Controller Parameters to an FEquivaloent Regime, Bogazici
University, Electrical and Electronic Eng. Dep. Bebek, 80815 Instanbul Turkey, Vol.122
December 2000 (632—639).

Miran Rodi, Karel Jezernik - Siding mode based neural network learning procedure, V: §th
Int. Workshop on Robotics in Alpe-Adria-Danube Region, RAAD 96, Budapest, Hungary,
10-13 June, 1996 (Proceedings, pp.547-552) ISBN 963 420 482 1.



246

[12]

[13]
[14]
[15]

[16]

NGUYEN TRAN HIEP, PHAM THUONG CAT

N. Murata, S Yoshizawa, S Amari, Network information criterion-determining the number
of hittden units for an atificial neural network model, IEFEE Trans, Neural Networks 5

(6) (1994) 856-887.
A. Ishiguro, T. Fururashi, and Uchikawa, A neural network compensatator for uncertain-

ties of robotic manipulator, IEEE on Neural Networks 7 (2) (1996) 388-399.

F.C Sun, 7Z.Q Sun, and P.Y Woo, Neural network based adaptive controller design of
robotic manipulator with obsever, IEEE Trans on Neural Networks 12 (1) (2001) 54-57.

7. Wang and C.D Massimo, A prodcedure for determining the topology of multilayer
feedforward neural networks, Neural Networks T (2) (1994) 74-92.

T. Ogzaki, T.suzuke, T. Furuhashi, S..Okuma, and Y. Uchikawa, Trajectory control of
robotic manipulator using neural networks, IEEE Tran. on Ind. Electron 38 (3) (1991)
195-202.

V. L. Utkin, Sliding modes in control and optimization, Springer Verlag, New York, 1992.

Lozenzo Sciavicco, Bruno Sicilliano, Modeling and Control of Robot Manipulators, Inter-
national Editition 1996.

H. Asada, J.J. E. Slotine, “Robot analysis and control”, Massachusetts Institude of Tech-
nology, 1985.
Nhan bar ngay 19 - 2 - 2008



