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ITNG D U N G L O G I C MGf D I E U K H I E N H E P H I T U Y E N 
V A C O T H A M S O B A T D I N H 

Chu SiJ'C Toin 
Trudng Dgi hgc Dien Lu-c 

TOM T A T 
Tay may robot hay cSnh tay robot la mgt chiec may co nhOng chuc nSng tuong tu nhu canh tay 
con ngudi va dugc su dung de di chuyen cic do vat trong khflng gian ma khong can sy tiep xiic 
tryc tiep. Cac dSc tfnh dgng hgc cua ni dugc d^c trung bdi tinh phi tuyen phii'c tgp va nhung tham 
so bat dinh. Cac b§ dieu khien cong nghiep UuySn thdng khong ihk xu ly nhCtng co sd dSng hgc c6 
tfnh phi tuySn cao nhu v|y. 
MOt phuong phap dieu khiln moi thong minh, phuong phap ky thuat diing bg dieu khien md de 
diSu khien doi tugng c6 tinh phi tuyen \k tham so bat dinh. Lu§t diSu khien dugc xac djnh sao cho 
ddu ra ciia he thdng di theo mot quj dgo mlu. Viec thiSt kS bg dilu khien vi m5 phong dugc thyc 
hi?n vdi ph§n mem Matlab Simulink, K^t qua mo phong xdc minh cho vi^c thiet ke bg dieu khien 
da dugc dS xuat vdi m6 hinh dflng hgc rSbflt 2 khau cho dg chinh xac cao da dugc chi ra. 
Tir khoa: Logic md. Bd diiu khiin PID, Hi phi tuyin, rdbdt 2 khau. Bd diiu khien Narma-L2 

M O D A U 

Viec thiet ke bg dieu khien thdng thudng doi 

hdi mpt md hinh toan hgc chinh xac cua he 

thong dpng lyc hgc, ma nhiing mo hinh nay 

thudng la khdng cd san do tham so bien doi. 

De khSc phuc nhimg van de nay, trong nhung 

nam g in day nhieu nghien ciiu da dugc thyc 

hi?n trong linh vyc dieu khien thdng minh 

nhu la mang noron v i logic md, bdi vi nhung 

bg difiu khiSn nay cd kha nang dieu khien cac 

he thong phi tuyen ma khdng can tdi cac mo 

hinh toan hgc ciia h? thong. 

Bg diSu khien mgng naron dya tren bg dieu 

khi ln PID dugc thyc thi dS didu khign tay 

miy vdi tai thay doi [2] va su so sanh ciia nd 

vdi bg digu khi ln PID thdng thudng dugc dua 

ra. Bg di lu khi ln noron Narma L2 dugc thiet 

ke va thyc thi d l dieu khi ln quy dao ciia mgt 

h? th6ng tay may tir xa phi tuyIn, trong do 

qu^ dao mSu dugc tao' ra vdi thdi gian thyc 

[3]. Bg di lu khi ln noron Nanna-L2 khdng chi 

giiip loai bd phin phi tuyen, ma ddng thdi cac 

dgc tinh dgng hgc ciia h§ thdng va do dd dieu 

khi ln hieu qua q u j dao [3],[4]. Nhung bg 

dilu khiln nay chi dugc thyc thi cho m^t tay 

miy vdi mgt bac ty do. Ngoai ra vdi mgt lien 

k i t duy nhat nhu [4], bg dieu khien tran 
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Narma-L2 dugc thyc thi bSng each them mgt 
thanh phan tuyen tinh phan hdi vao bg dieu 
khiln chuan Narma-L2 d6 tranh am am, trong 
vi?c dilu khien diem tdi va chuyen dgng 
dudng lien tyc. 

Logic md la mgt each tiep can phi toan hgc 

cho nhung bai toan dieu khien dya tren kien 

thiic va kinh nghiem cua con ngudi. Tinh ben 

vii'ng cua no dugc sii' dyng rat hieu qua trong 

viec di lu khiln nhirng he thong phi tuyen vdi 

cac tham sd bat dmh ma thgm chi khdng can 

tdi md hinh ciia he thdng [5]. Dieu khien vj tri 

ciia mgt tay may hai Men ket dat dugc bang 

each sii dung bd dieu khien logic md, duoc 

md hinh hoa va dugc thiet ke trong FIDE 

(Moi trudng phat trien tuong tac md) [6] 

Thilt ke mgt bg dilu khiln logic md bin 

vitng dugc de xuSt trong [7], trong viec dieu 

khiln dpng hgc ciia tay may robot vdi nhu'ng 

b i t djnh dya sy phan tich tinh on djnh ciia bg 

dilu khiln logic md. Mgt bd dieu khien lai 

dugc trinh bay trong [8], bang each ket hgp 

bg dilu khien md vdi mgt bg dieu khien PID 

thdng thudng de tang cudng hieu suat va tinh 

bin vung ciia bg dieu khien. Mpt bp dilu 

khiln md hpc theo m6 hinh mau (FMRLC) 6n 

dinh dugc thuc thi va phuong phap m^t phang 

pha dugc su dung de phan tich tinh dn djnh 

cua no trong [9]. Viec thiet ke cua FMRLC 
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yeu c3u phat tr i ln cua hai bd dieu khien md, 

dilu nay da lam cho thii tyc dieu chinh trd 

ngn phiic tgp hem. Mac dii nd cho chat lugng 

t6t ban so vdi bg dilu khien logic md chuan, 

bdi vi khi ta cd tai tang thi do chinh xac giam 

do dao dOng ciia quy dgo md hinh mlu. Trong 

bai bao nay, mgt phuang phap dieu khien mdi 

dya tren ky thugt on dmh hda cd dmh cho 

viec dilu khiln tay may 2 khdp noi dugc d^ 

xuk. Phuong phap nay k i t hgp ky thuat dilu 

khiln thdng thudng vdi bg di lu khien thong 

minh de nang cao hi?u suit ciia bp dilu khien. 

De CO sy danh gia chinh xac chung tdi xay 

dyng phuong phap nay dugc thyc thi cho ca 

hai bg dilu khiln la mgng naron va logic m d 

cho tai thay doi. 

BAI TOAN DIEU KHIEN 

Mo hinh dong hgc rdbdt 2 khSu: 

Xet bai toan tay may 2 khdp noi nhu canh tay 

con ngudi va dugc the hien nhu tren Hinh 1. 

Md hinh dong hgc ciia tay may dgi di?n cho 

m6i lien h? giii'a sy chuyen dgng cua cac khSu 

va md men xoan ap dyng tdi cac khdp n6i. 

Trong bai bao nay, cac dgc tinh dgng hpc ciia 

he thdng dugc xay dyng bang each sic dung 

phuang phap Euler Lagrange. Khdi lugng ciia 

mdi khau dugc gia dmh la mgt khoi diem nam 

d trgng tam khoi lugng cua moi khau. 

Hinh I. Md hinh robot 2 khau 

Gia tri cac tham sd: 

- m j m2 la khdi lugng cac khau (Ikg, 1kg) 

- 9], 62 la Gdc dich chuyen cua khau I theo 
chieu ngang, goc djch chuyln ciia khau 2 so 
vdi khau 1 

- L], L2 la Chieu dai cua khau (0.3m, 0.3m) 

- g la Gia toe trpng lyc (9.8m/s^) 

- Ti,T2 la Mo men ap dyng vao cac khdp noi W 

Ham Lagrange (Lagrange) L duoc dmh nghTa 

d l phat triln cac phuang trinh chuyln dpng 

cua tay may (EOM). Cho dgng nang K| va th6 

nang Pi cho khau 1 cd the dugc bilu diln boi; 

-m^gl^smd^ (I) 

Vdi Li la chilu dai cua khau 1 va 0| la g6c 

cua chuyen dgng. Dgng nang K2 va the nang 

P2 cho khau 2 cd t h i dugc bilu dien bdi: 

(2)? 
-mjii{0^->-a,i-2e,e,)+-m^L,i^c,{9i+e,e,) 

Do do biln Lagrange: L=K]+K2-P1-P2 dugc 

tinh cho hai lien k i t nhu sau: 

?i $1)+ • ^ - . . ( 4 ) 

Cdng thiic Euler Lagrange dua ra mo men ciia 

khdp noi hign tai cho ca nhu'ng khdp n6i ngolii 

'''<^' s'e, ~^^i 

- L i ^ \ - ^ t̂ ^ 

EOM ciia robot 2 khau nhan dugc tir viec 

gian uoc phuong trinh (4) va (5) ta duoc: 

T, = M,,0, + M,2'e]+ H,+G^ 

Trong do M la Ma tran Quan tinh, H la vec t£J 

lyc gia toe ly tam va quan tinh ly tam, va G la I 

vector luc trgng tai. 

Scr do cau triic bo dieu khien 

De dgt tdi mgt vi tri mong muon, mpt tay may 

duoc yeu ciu tang tdc tir trgng thai nghi, chay 

theo mgt con dudng nhat dinh va cuoi cimg li 

giam tdc de dirng lai tai mgt vi tri quy djnh. 

De hoan thanh nhiem vu nay mo men die% 

khien dugc ap dyng bdi mgt ca cau chap hanfei 

d khdp ndi tay may. Mgt bg dilu khiln dgc 

lap cho moi lien kit dugc thilt kl.de tinh loan 
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mdmen cung cap bdi mpt ca cau chip hanh 
cho mgt khau theo mgt quy dgo mong muon. 
Bang each nay, cac bg dilu khiln dugc phep 
boat dgng dpc lap va ddng thdi thyc hien dilu 
khien cua hai khau cua cai tay may. Trong bai 
bao nay, ky thugt dilu khiln on dinh c6 dinh 
dugc sii dung de thiet ke bg dilu khiln mgng 
naron va logic md dl co dugc hieu suit toi 
uu. Hinh 2 cho thiy so dd dilu khien dn dinh 
hda cd dmh. Mgt bg dieu khien PID thdng 
thudng dugc su dyng nhu la bd dilu khien 
phan hdi dn dinh hda. Tin hieu di vao doi 
tugng dieu khien la tdng ciia tin hi?u dilu 
khiln phan hdi va tin hieu dilu khiln trudc 
(feedforward) ma dugc tinh toan bdi m^t bg 
dieu khien thdng minh cd the Ik mgng noron 
hogc logic md. Bd dieu khien thdng minh su 
dyng mpt tin hieu dieu khiln phan hdi nhu la 
mgt tin hieu sai lech dl hgc hdi va thich ling. 

Hinh 2. Sadd cdu true diiu khien dn dinh hda co dinh 

v l CO ban bg dilu khiln PID la loai thdng tin 
phan hoi, khi ma sai l^ch giiia tin hieu dgt va 
dau ra doi tugng dugc su dyng de tao ra mpt 
tac dgng dilu khiln. Ham truyln cua bg dilu 
khiln PID song song dugc dung dugc dua ra 
bdi (8): 

G{s) = K+K,- + K^s (8) 
s 

Trong bai bao nay dl xac dinh cdc h? so PID, 
tieu chuin RH dugc sii dung. Phuong trlnh 
dgc tinh ciia ham truyln he kin cua cau tnic 
dilu khiln vdi tay may lien kit don va bg 
dilu khiln PID dugc su dung de tim cac he sd 
PID ma lam 6n djnh he thong. Ham truyen 
vdng hd cua mgt lien ket don dugc coi Ik xac 
dinh bdi (9) va ham truyln ciia he kin vdi bg 
dilu khiln PID dugc xac dinh bdi (10). 
g_ ' (9) 
r Js'+Bs 

s'K,+sK^^K, (10) 
Js'+ B[+K,y + K, 

Trong do 7 „, ^ va B la he sd ma sat trung 

3 

binh. Bay gid de he tbSng dugc dn djnh, ta 

thyc hien tieu chuan on djnh Rao. 6 day ro 

rang rang cho tinh dn dinh thi: 

K^iB+Kj)-JK y^ i- . Q 

B+K^ 

Bp dieu khien logic md: 

He thdng md cd kha nang huan luyen hieu 
qua ma cd the dugc su dung de tgo nen he 
thdng suy luan hifu qua cho ke hoach chuyen 
dgng hiSu qua va thdi gian thuc. Bp dieu 
khien md ca ban bao gom bdn thanh phan: 
khau Fuzzy hoa, thiet bj can thiep fuzzy, luat 
fuzy CO ban va khau giai md. De thiet ke mpt 
bd dieu khien md budc dau tien la phai xac 
dinh sd lugng dau vao, dau ra va tgp md. Cho 
c6ng viSc nay, hai dau vao da thuc hien la Idi 
d vi tri cua lien ki t va ty 16 sy thay doi cua 
loi. Chieu dai ciia Idi la [-2.5 2.5], tdc do thay 
ddi cua Idi la [-30 30] va cua dieu khien la [-2 
2] . Nhiing dau vao nay dugc fuzzy hda de dai 
dien cho nhiing bien ngdn ngu' cua chiing, mit 
7 ham hgi vien Gaussian dugc su dyng. De 
bao gdm logic md, 49 lugt IF THEN vdi toi 
thieu thao tac dugc quy dinh the hien trong 
luat dieu khien md, ve len ban dd dau vao md 
den dau ra md. Dau ra md nay sau do dugc 
giai md de cd dugc gia tri net ciia dieu khien 
dau ra. Phuang phap trgng tam dugc sii dyng 
trong khau giai md, Luat dieu khien md' 
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Hai bd dieu kliien vdi nhirng luat tuang ty va 

cac ham thanh vien dugc thiet ke va thuc thi 

vdi ky thugt dn djnh hda cd djnh de dilu 

khien hai lien ket cho hieu suat toi uu. Uu 

diem ciia vi?c sir dung k j thuat nay lit dilu 

khiln md cd the bi t d iu vdi he thong da 6n 
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dmh, qua dd cd dugc dap ii:ng nhanh ban. Sa 
do dieu khien dugc the hi?n trong hinh 3 va 
hinh 4. 

Hinh 4. Sa do khdi ciia hi thdng dieu khiin md 
Bp dieu khien mang naron: 
Cac mang na ron cd kha nSng xap xi va dy 
doan, mgt khi dugc dao tao day du. Do dd bg 
dilu khiln nay khdng ddi hoi md hinh toan 
hpc chinh xac cua h? thong can dugc dieu 
khiln. ciu triic Narma-L2 dugc sii dyng de 
dilu khiln va dy doan trong bai bao nay. Bg 
dieu khien nay chi la sy sap xep lgi md hinh 
doi tugng sao cho nd cd thi logi bd dac tinh 
phi tuyen va dgc tinh dgng hgc cvia he thong. 
Mpt he thdng rdi rgc phi tuyen bat ky cd the 
dugc md ta bdi md hinh trung binh phi tuyen 
tu hdi chuyen (Narma) dugc dua ra bdi (11): 
y{k + d) = N\y{k),y{k-\),...,y{k-n+\), 
u{k),u{k-\),...,u{k-n+\)] ^'^* 

Trong do u (k) va y (k) la diu v^o va diu ra 
tuong li'ng cua he thong, d m6 ta sy tre cua he 
thong tii su cd gang dieu khiln 'u(k)' va N la 
ham phi tuyen. Doi vdi vi?c thiet ke bd dieu 
khien Narma-L2, ta sii dyng mgt md hinh xap xi 
Narma ciia doi tugng nhu dugc dua ra bdi (12): 
y{k^d) = f\y{k),y{k-\) y{k-n+\), 

(i-n+l),H(i),w(t-l),...,u(A-»+l)].u(k+l) 
(12) 

C) day f va g la cac ham ma tri?t tieu tinh phi 
tuyen va dac tinh dgng hpc va lam cho he 
thdng chay theo quy dao mSu. 
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Hinh S. Cdu triic diiu khien Narma-L2 
Tir (12) ta xac dinh dugc su cQ ging dilu 
khiln ma cho diu ra bang vdi quy dgo mlu va 
ta thu dugc cau tnic dieu khien cho bdi (13). 
Hinh 5 cho thiy sa do dieu khien Narma-L2: 

y,{M)-jm y(t->.tl),4),..,#-.tl)| 

gWt) #-«+l).»(i),..,»(*-»+l)| 
(13) 

in^ri:-fiiii 

Hinh 6. Hudn luyen mang naron cho ihetal 
Co hai budc lien quan den viec thiet ke mang 
naron dya tren bd dieu khien Narma-L2: nhgn 
dgng h? thdng va thiet ke bd dieu khiin, 
Trong giai doan nhan dang he thong, mpt mo 
hinh mgng noron cua ddi tugng dugc huan 
luyen vdi mgt tap hgp cac dir lieu vao ra thu 
dugc tir doi tugng. Trong suot qua trinh huan 
luyen trgng lugng va hudng cua mang dugc 
dieu chinh sao cho de xap xi cac ham f va g. 
Tgp hgp du' li?u diu vao diu ra vdi 4000 mau 
nhan dugc tir md phdng md hinh d6i tuong 
phi tuyen trong Simulink vdi thdi gian trich 
mau la 0.005 (s). Du lieu nay dugc chia thanh 
hai phan, dii li?u huin luyen va dir lieu kiem 
tra. Cac thdng sd ciia bg dieu khien ducc 
chgn vdi: Sd lugng cac diu vao: 2; So lugng 
cac diu ra: 3; Kich thudc cua lop an: 5; 
Khoang trich mlu: 0.005. Bay gid mang 
noron dugc huin luy?n ngoai tuyen trong chS 
dg vdi thugt toan lan truyen ngU(?c 
Levenberg-Marquardt vdi 100 thdi kj- va 
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dugc t h i hien trong hinh 6,7. Ham hi?u suit 
dugc sii dyng de huan luy^n mgng 1̂  sai l^ch 
binh phuang trung binh. Sai l?ch huan luy§n 
giam vdi sy t i in tdi cua qua trinh huin luyen 
nhu la cac mang hgc. 

^ i ^ 
Hinh 7. Hudn luyen mgng noron cho theia2 

Sa do cuoi cimg ciia b$ dieu khien mang noron 

phat trien bang cdch sii dyng ky thugt on djnh 

hoa CO dinh dugc th i hi?n trong hinh 8. 

Hlnh 8. Sa dd dieu khien mgng naron 

Hinh 9. Sa dd khdi cua mdt hi thdng dieu khiin 
mgng naron 

M 6 PHONG VA KET QUA 

Md phdng b ing Matlab Simulink cd six dung 

s-function, ta c6 ket qua so sanh cho tin hi^u 

d iu vao budc nhay don vj va dugc the hi?n 

trong hinh 10 va 11. 

H-

Hinh 10. Hieu suat theo doi mo hinh mdu cua 
khau I 

Hinh 11. Hieu suat theo doi mo hinh mdu cua 
khau 2 

Hinh 12, 13 va hinh 14, 15 cho th iy hieu suat 

ciia cac bg dilu khien de xuat cho mo hinh bj 

nhilu vdi tai trgng thay doi them vao khau 2. 

Bg dieu khien mang noron va logic md cd 

kha nang dilu khien he thong nhung ta quan 

sat thay rang thdi gian dgt va dp qua dieu 

chinh tang khi tang tai. 

ir 

Hinh 12. Dap icngdiiu khien mgng n 
thay ddi cho khau I 

' ^:\:::Tr ' i s 

Hinh 13, Dap Ung diiu khiin mang naron vdi tdi 
thay ddi cho khdu 2 

Hinh 14. Dap ung diiu khiin m 
cho khau 1 

di tdi thay doi 
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Hinh IS. Dap ling diiu khiin md vdi tdi thay ddi 

cho khdu 2 

Cac thong s6 ky thugt trong mien thdi gian 

trong theo ddi mau cho h? thong cac bg dieu 

khien de xuat dugc dua ra trong bang 1 va 

bang 2 tuang ling. 

Bang 1. So sdnh hieu sudt theo doi cho khdul 

Thdng s6 thdi gian 
Thdi gian dat (s) 
Qua dieu chinh (%) 
Sai lech tinh 

BBK noron 
1.7 

12.5 
0 

Logic mir 
1.2 
7.5 
0 

B^ng 2. So sdnh hieu sudt theo doi cho khdu2 

Thong so th&i gian 
Thdi gian dat (s) 
Qua dilu chinh (%) 
Sai lech tinh 

BfiK noTon 
1,8 
4.5 
0 

Logic mo' 
1,1 
6.5 
0 

Cac bd dieu khien mgng noron va logic md 

dugc thil t k l va thyc thi mpt each thanh cdng 

cho dieu khien md hinh tay may vdi tai thay 

doi bang each sur dung k5' thuat on dinh hda 

CO dinh. Dya trSn cac ket qua md phong, ta 

thay rang, thdi gian dgt giam den 70% va dinh 

qua dieu chinh giam dugc 60% vdi bo dieu 

khien md cho khau I. Ddi vdi khau 2, thdi 

gian dat giam 6 1 % nhung dinh qua dieu chinh 

tang 44% vdi bg dieu khien md so vdi bg dilu 

khien mang noron. Ta ket luan r ing bg dilu 

khien md dua ra dugc dap ling tot hon so vdi 

bp dieu khien mgng naron. 

TAI LIEU THAM KHAO 
1. Chu Diic Toan, ifng dung mgng naron truyin 
thdng nhiiu lap nhan dang tdc dg dgng ca diin 
mgt chieu co Idi thay doi. Lu^n van thac sT 2007. 
2. Pham Huu Due Due, Nguyen Cong 
Uien,"Nghlin cuu ung dung mgng naron md 
trong diiu khien thich nghi rd bdi hai khdu." 
Tuyen tap cac bao cio Khoa hoc tai Hgi nghi to^n 
quoc lin thii VI ve Ty dong hoa, 107-112,2005, 

56 

^ 3. M. T. Hagan and H. B. DemuUi, "Neural 
' Networks for ConUol", American Control 

Conference, San Diego, California, vol. 3, (1999) 
June, pp. 1642-1656. 
4. L. F. Araghi and M. H. Koorayme, "Neural 
Network Controller for Two links Robotic 
Manipulator Control with Different Load", 
Proceedings of the International MultiConference 
of Engineers and Computer Scientists, Hong 
Kong, vol. 2, (2009) March. 
5. K. Srakaew, J. Kananai and R. Chancharoen, 
"Trajectory Control Of A Nonlinear Dynamical 
System Using Narma L2 Neurocontroller", 
Journal of Computer and Infomiation Technology, 
vo! l,no, 1,(2011). 

6. S. Wahyudi, S. Mokri and A. A. Shafie, "Real 
Time Implementation of NARMA L2 Feedback 
Linearization and Smoothed NARMA L2 Controls 
of a Single Link Manipulator", IEEE International 
Conference on Computer and Communication 
Engineering, Kuala Lumpur, Malaysia, (2008) 
May, pp. 691-697. 

7. T, Takagi and M. Sugeno, "Fuzzy Identification 
of Systems and its Application to Modelling and 
Control," IEEE Transactions, on System, Man and 
Cybernetics, vol 15, no. 1, (1985) January-
February, pp. 116-132.' 
8. S, Banerjee and P. Y. Woo, "Fuz^ Logic 
Control of Robot Manipulator", Second IEEE 
Conference on Control Applications, Vancouver, 
B. C , September (1993), pp. 87-88. 
9. S. Y Yi and M. J. Chung, "A Robust Fuzzy 
Logic Controller for Robot Manipulators with 
Uncertainties", IEEE Transactions, on System, 
Man and Cybernetics-Part B: Cybernetics, vol. 27. 
no. 4, (1997) August, pp. 706-713. 

10. S, G. Anavatti. S. A. Salman and J, Y. Choi, 
"Fuzzy + PID Controller for Robot Manipulator", 
IEEE International Conference on Computational 
Intelligence for Modelling Control and 
Automation and Internationa! Conference on 
Intelligent Agents, Web Technologies and Internet 
Commerce (CIMCA-I AWTIC), (2006). 

11. M, Sheppard and M. Tarbouchi, "Design and 
Implementation of a Stable Fuzzy Model Reference 
Learning Controller Applied to a Rigid-Link 
Manipulator", IEEE International Conference on 
industrial Technology (ICIT), (2004), pp. 1886-1891. 

12. K. H. Ang, G. Chong and Y, Li, "PID Control 
System Analysis, Design, and Technolog/', IEEE 
Transactions on Control Systems Technology, vol. 

13. no, 4, (2005) July, pp. 559-576. 
13. M. T, Hagan and M. B. Menhaj,"Training 
Feedforward Networks with the Marquardl 



Chu Due To^n Tgp chi KHOA HQC & CONG NGH$ 162(02), 51 - 57 

Algorithm", IEEE Transactions on Neural Transactions on System, Man, and Cybernetics, 
Networks, vol. 5, no. 6, (1994), pp. 989-993. vol. 20, no. 2, (1990) March April, pp. 404-418, 
14. C. C. Lee, "Fuzzy Logic in Control Systems: 
Fuzzy Logic Controller- Part I", IEEE 

SUMMARY 
APPLICATION OF FUZZY LOGIC FOR CONTROLLING NONLINEAR 
AND UNCERTAIN PARAMETERS SYSTEM 

Chu Due Toan' 
Electric Power University 

Robotic manipulator or a robodc arm is a machine that has functions similar to human upper arm 
and is used for moving the objects spatially without direct contact. Its dynamics is characterized by 
complex nonlinearities and parametric uncertainties. Conventional industrial controllers are not 
capable of dealing with such highly nonlinear dynamic behavior. 
A new smart method of control which is a technical method using fuzzy logic is used to control 
objects with nonlinearities and uncertain parameters. The control law is determined such that the 
system output follows the reference trajectory. Controller design and simulation is done in Matlab 
& Simulink. Simulation results validate the proposed controllers design in which the dynamic 
characteristics of two links manipulators in high precision has been pointed out. 
Keywords: Fuzzy Logic Controllers. PID Controllers, Nonlinear Systems. Two Links 
Manipulator, NARMA-L2 Controller. 
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