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UNG DUNG LOGIC MO BIEU KHIEN HE PHI TUYEN

VA CO THAM SO BAT BPINH

TOM TAT

Cbu Dike Toan’
Truong Dai hoc Dign Lisc

Tay mdy rébst hay canh tay robdt 1a mot chiée  mdy ¢4 nhitg chite nang fwong tr nhy cdnh tay
con ngudi va duge st dung & di chuyén céc 48 vat trong khang gmn ma khéng cén sy tiép xic
trye tlep Cic djc tinh déng hoc cla n6 duge d5¢ trung bdi tinh phi tuyén phire tap vi nhing tham
sb bt dinh. Céc b didu khién céng nghigp truyén théng khéng thé xit Iy nhitng co s& dong hoc ¢6

tinh phi tuyén cao nhu viy.

Mgt phuong phap diéu khién méi th(mg minh, phuang phép ky thudt ding bo diéu khién mo dé
diéu khidn abi tuqng 6 tinh phi tuyén vi tham 36 bét djnh. Ludt didu khién dwoc xac dinh sao che
déu ra cta hg thong di theo mét quy dac mAu. Vige thiét ké ba didu khifn vA md phéng dugc thye
hi¢n véi phan mem Matlab Simulink. Két qua mé phong xdc minh cho vige thiét ké b9 didu khidn
43 dwoc dé xudt véi mé hinh dding hoc rdbot 2 khdu cho d§ <chinh xdc cao da dweg chira.

Tir khoa: Logic mé, Bg diéu khién PID, HE phi tuyén, v6bét 2 knau, BS didu khién Narma-12

MO bAU

Vi thiét ké b3 didu khién thdng thuimg doi
hoi m6t md hinh todn hoc chinh xéc ¢ia hé
théng dong Iee hoc, ma nhitng mo hinh nay
thmmg 12 khéng ¢6 san do tham sé bién i,
Dé khic phuc nhitg vin dé niy, trong nhing
nam gin ddy nhidu nghién ciru da duge thyc
hién trong linh vye didu khién thong minh
nhur |2 mang noron va logic mo, boi vi nhung
bé didu khién nay ¢6 kha ning dleu khidn cac
hé théng phi tuyén mi khong cin t6i céc mo
hinh toén hgc cia hé thong

B didu khién mang noron dua trén bo didu
Khién PID duoe thyc thi dé didu khién tay
may vdi tai thay ddi [2] va su so sanh ciia no
véi b didu khién PID thong thuomg duge dwa
ra. B didu khién noron Narma 1.2 dugc thiét
ké va thuc thi dé didu khién quy dao clia mét
hé théng tay may tir xa phi tuyéa, trong 46
quy dao mdu duee tao' ra v&i thoi gian thue
[3]. B& didu khién noron Narma-LZ khong chi
gip loai bo phin phi !uycn, ma dung thoi cac
dac tinh déng hoc cia hé ihﬁng va do d6 diéu
khién higu qua quy dao [3],(4]. Nhung bd
diéu khién nay chi duge thyc thi cho mdt tay
may vi mdt bic ty do. Ngoai ra v&i mdt lién
két duy nhét nhu [4], bd didn khidn tron
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Narma-L2 dwoc thue thi bing cach thém mét
thanh phin tuyén tinh phan hdi vio b didu
khién chuén Narma-L2 dé tranh Am &m, trong
vige didu khidn diém t6i va chuydn ddng
dudng lién tuc.

Logic mé 1& mdt cach tiép cin phi todn hoc
cho nhitng bai 10dn diéu khién dua trén kién
thirc va kinh nghiém ctia con ngum Tinh bén
viing cua nd dwoc siv dyng rét higu qua trong
vige didu khlen nhing hé théng phi tuyén vm
céc tham 8 bit dinh ma tham chi khéng chn
t6i mé hinh cia hé théng [5]. Digu khién vi tri
cta mét tay may hai lién két dat duoe bing
cich sir dung bd didu khién logic ma, dwoc
md hinh héa va duqc thiét ké trong FIDE
(MOI tnrb’ng phat trién twong tic md) [6]
Thiét ké mét b didu khidn logic m¥ bén
viing duoc d& xuét trong (7], trong viée didu
khidn doag hoc clia tay may rdbt voi nhimg
bat dinh dya sy phan tich tinh &n dinh cia by
didu khién logic md. Mot bo didu khién lai
duge trinh bay trong (8], bang céch két hop
b didu khién md véi mét bo didu khién PID
thong thudng dé ting cu‘o‘ng hidu suft va tinh
bén ving cua bé didu khidn. Mgt by didu
khién m¥ hoc theo mé hinh mau (FMRLC) én
dinh duoc thue thi va phuong phap mat phing
pha duge sir dung dé phin tich tinh &n dinh
cita né trong [9]. Viée thiét ké cia FMRLC
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yeu cAu phit trién cia hai bé diéu khién ma,
didu ndy d4 lam cho thi tuc didu chinh tro
nen phite tap hon, Méc dit n6 cho chit lugng
t6t hon so véi bd diéu khién logic mdr chudn,
boi vi khi ta ¢6 tai ting thi dd chinh xdc gidm
do dao ddng ciia quy dzo md hinh mAu, Trong
bai béo nay, mdt phu'orng phap 6iéu khién méi
dya trén ky thuit én dinh héa co dinh cho
vide didu khién tay may 2 khép ndi duge 48
xudt. Phuong phap nay két hUp k¥ thuit difn
khién thong thwmg véi bg diéu khién thong
minh dé nang cao hiéu suit cia by didu khién.
Dé co sy danh pia chinh xdc ching tdi xdy
dung phlm'ng phap nay dugc thuc thi cho cd
hai b3 didu khién [2 mang noron va logic m&
cho tai thay ddi.

RAI TOAN DIEU KHIEN

M3 hinh ddng hoe robdt 2 khau:

Xét bai todn tay méy 2 khép ndi nhu cénh tay
con ngudi vi duge thé hién nhw trén Hich 1.
M hinh déng hoc cia tay may dai dign cho
méi lién he glua sy chuyén dong cda cée khau
va mé men xodn 4p dung toi cac khdp néi.
Trong bii bao ndy, cac ddc tinh dong hoc cua
hé théng duge xay dung béng cach sit dung
phuong phap Euler Lagrange. Khéi lwong ciia
mbi khiu dugc gia dinh 14 mt khéi diém nim
§ trong tim khéi lwong cia m3i khau.

Hinh 1. M6 hinh robot 2 khiu
Gi4 1rf cac tham sé:
- my_ m, 12 khéi luong céc khau {1kg, 1kg)
- 6|, 8, 1a Goe dich chuyén cia khiu 1 theo

chidu ngang, géc dich chuyén ciia khiu 2 so
v6i khau 1

- Ly, T4 12 Chiéu dai cua khu (0.3m, 0.3m)
- g 1a Gia te trong Iyc (9.8m/s?)

162(02): 5t -%
- 13,7 14 M6 men ép dung vao che khop ni

Ham Lagrdnge (Lagrange) L duoc dinh nghia
@& phiat trién cc phuong trinh chuyén dl)ng
ciia tay miy (EOM). Cho déng ning K, va thé
nang P, cho khiu 1 ¢6 thé duoc bidu difn bai;

2
Klzém\L,lﬁl&P‘:lzm,gLsinH, ¢)]

V&L la chifu dai ctia khau 1 va 8, 1a gfe
cia chuyén dong. Pong ning Ky va thé ning
P, cho khdu 2 ¢& thé duoe bidu difn bei:
Kym s e m 6622880 %m;AAQ(b:m“aL) @
1
=mygLS, + 2 mel.S, ()]
Do & bién Lagrange: L=K1+K2-P1-P2 duge

tinh cho hai lién két nhur sau;

L 2 Lo .
L:—\Smﬁmz)Lfﬂ\+—m,L§(€;+9)’+25|€,’)+ @

4 m,L‘LC (61466} m,m,)gL‘s ~—ngL Sa

Cong thirc Euler Lagrange dua ra m& men cie
khép néi hién tai cho ci nhitng khép ndi ngodi

@)
(6)

EOM cda robdt 2 kban nhan dugc td viée
gian ude phuong trinh (4) va (5) ta duoc:

=M“5,+M,, b;+H, +G,

= My B+ My Bt H, +G, m
Trong 46 M 1 Ma trdn Quén tinh, H la véc to .
lyc gia téo ly tim vi qudn tinh ly tdm, va G 13 .
vector luc trong ti. ’
So 48 chu tric b didu khién
Pé dat t6i mot vi tri mong mubn, mot tay méy
duoc yéu chu tang tde tir trang thai nghi, chay
theo mét con dudmg nhit dinh va cudi ciing i
glam the dé dirng lai tai mét vi tri quy dinh.
Dé hodn thanh nhiém vy nay mo men didly
khién duge ap dung bai mjt co chu chip hanhs.
& khép ndi tay may. Mot bo didu khién ddc
1p cho mi hién két duge thiét ké dé tinh todn
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mdmen cung cip bdi mdt co cdu chip hanh
cho mgt khau theo mét quy dao mong mudn.
Bing cich ndy, cic by didu khién dugc phep
hoat déng djc lip va dong théi thye hién didu
khién ciia hai khau cia cii tay méy. Trong bal
béo ndy, k¥ thuat didu khidn én dinh cé dinh
duge sit dung dé thiét ké b didu khién mang
noren va logic mé ¢é c6 duge higu suft ti
wu. Hinh 2 cho thiy so dd didu khién dn dinh
héa ¢b dinh. Mét b didu khién PID thong
thudng drge so dung nhur 13 by didu khidn
phan hdi dn dinh héa. Tin hicu di vao déi
wrong didu khién 13 tdng cia tin higu didu
khién phan hdi va tin hign didu khién truéc
(feedferward) ma dugc tinh toan béi mét bo
diéu khién thong minh ¢4 (hé 1a mang noron
hose logic md. Bo didu khién théng minh s
dung mét tin hiéu didu khién phan hdi nhw 13
mét tin hidu sai léch @& hoc héi va thich tmg.

Hinh 2. S5 36 cdu tric diéu [hién 6n dinh héa e dmh
V& co ban bg didu khién PID 1a logi théng tin
phan hdi, khi ma sai (&h giita tin higu dat va
ddu ra ¢ tugng duge s dung dé tao ra mot
tac dong diéu khién, Ham truyén ciia bo didu
khién PID song song dugc ding dugc dwa ra
bdi (8):

Gy =K, +K 1K, ®
5

Trong bai béo ndy dé xéc dinh céc hé sé PID,
tiéu chudn RH duge su' dung. Phu'm1g trinh
dac tinh cia ham lruyen hé kin coa cau tric
didu khién voéi tay may lién két don va bo
didu khién PID duge si dung dé tim céc hé sb
PID ma lam én dinh h¢ théng. Ham truyén
vong hd chia mét lién két.dun duoc coi [ xdc
dinh boi (9) va ham truyén cia hé kin véi b
didu khién PID duge xac dinh bdi (10).

[ ©
r S+ Bs

= SK, 4K, + K, (10)
S+ B+K S K,

Trong dé J=’”_L2 va B 1a h s6 ma sit trung
3
binh. Bay gitr dé hé théng dvoc dn dinh, ta

thuc hign tiéu chudn én dinh Rao. O day 1o
rang ring cho tinh dn dinh thi:

KB+ K=K,
BrK,

w0 Y2 K0

B# diéu khién logic mé:

Hé théng m& c6 kha ning hufn luyén hidu
qua mi cb thé duoc sit dung dé tao nén hé
thdng suy luin higu qui cho ké hoach chuyén
dong higu qua va thoi glan thue. Ba didu
khién m& co ban bao gdm bdn thanh phin;
khéu Fuzzy héa, thiét bj can thigp fuzay, luat
fuzy co ban va khau gidi my. B thidt ké
b6 didu khién m& budc ddu tién Ia phai xdc
dinh s6 luong diu vio, diu ra va tip md. Cho
cdng viée nay, hai diu vio da thye hién 12 131
& vi tri cia lién két va ty 16 sy thay déi ciia
13i. Chiéu dai cua 16i 1a {-2.5 2.51, toc do thay
déi cua 181 12 [-30 30] v ctia didu khién 13 [-2
2]. Nhitng dhu vio nity duge fuzzy héa dé dai
dién cho nhiing bién ngdn ngit cia ching, ma
7 ham hdi vién Gaussian dwec st dung. pé
bao gbm logic md, 49 luit IF THEN véi tbi
thidu thao tac duge quy dinh thé hién trong
ludt &iéu khidn mc, v& 18n ban 4 dau vao mo
dén diu ra mo. Pdu ra md nay sau do dugc
gidi m& dé ¢6 duge gid tri nét cia didu khién
dAu ra. Phuong phip trong tim dugc st dung
trong khiu gii m&. Luat didu khidn mir-

Fguua | MU [T [ Z [
it
S PL | PL { P | PM [ Pai | PS [ P
BT T N R S T I S
N P [ P | es | s | 2 z | s
z 3 A Z {7 |~ w8
s S | < 2 |~ [~ [~ [~
P NS | W5 RS NS S | Nm |
PL ESYH IRSSH BESSH BRSNSV BV Y]

Hai b didu khién véi nhitng luat trong ty va
céc ham thanh vién dugc thiét k& va thue thi
v6i ky thuat dn dinh héa cb dinh dé didu
khién hai lién két cho hidu sudt i wu. Uu
diém ctia viée sir dung ky thudt nay la diéu
khién m¥ c6 thé bét dau voi hé théng da én
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dinh, qua d6 cé dugc dap dng nhanh hon. So
d6 diéu khién dwge thé hign trong hinh 3 va
hinh 4.

Hinh 4. So d6 khdi ciia h¢ thing didu khién mo
B diéu khién mang noron:

Cac mang no ron ¢d kha ning xfp xi vi du
doan, mat khi duge dio tao dhy dd. Do d6 bd
didu khién niy khéng doi héi mé hinh todn
hoe chinh x4c ctia hé théng cin duge didu
khién. Céu tritc Narma-L2 duoc st dung dé
didu khién va du doin trong bai bao ndy. B
didu khidn nay chi 1a sy sép xép lai md hinh
déi tuong sao cho né c6 thé loai bd dic tinh
phi tuyén va ddc tinh ddng hoc cta hé théng.
MGt hé théng roi rac phi tuyén bit ky co thé
dwgc md 12 boi md hinh trung binh phi tuyén
tu héi chuyén (Narma) dwge dua ra béi (11):

Hk+d)= Nyp(k), plk=1),.., (k- n+1), -

Wk =Dy il +D)] an

Trong dé u (k) va y (k) 12 du vio va ddura
taong img cla hé théng, d md t sir e cia hg
théng tir s ¢ gang didu khién “ufk) va N I3
ham phi tuyén. BSi véi vige thiét ké bo din
khién Narma-L2, ta sir dung m@t mé hinh xAp xi
Narma ctia d6i twong nhar duee dua ra béi (12);
Yk+d)= fTR), Y =), yk ~n +1),
u(u(k —1),.., u(k -n+1)}gly(k), (e ~1},...y
(k—n+D),u(k)ulk = 1),k =+ D] ulkH)

(12)
& ddy fva g |a céc ham ma trigt tidu tinh phi
tuyén v dic tinh déng hoc va lam cho hé
théng chay theo qu¥ dao mau,

$4

Hinh 5, Cd wrilc didu khuén Narma-L2

Tir (12) ta xde dinh duge sy cd ging didy
Kkhidn ma cho dAu ra bing véi quy dao mAn v
1a thu duge céu tric didu khién cho béi (13).
Hish 5 cho thy so d5 diéu khién Narma-L2:

(k+4)- J1(8).... yk ~n+ Du(h),..,ufk-n 1]

\
TSR YT TR

Hinh 6. Hudn huyén mang noron cho thetal
C6 hai buéc lign quan dén vide thiét ké mang
noron dya trén b diéu khidn Narma-L2: phén
dang hg théng va thiét ké bo didu khikn.
Trong giai doan nhin dang hé théng, m6t md
hinh mang noron ciia déi twong duge hudn
luyén véi mét tap bop cdc dit lisu vao ra thu
duge tir 381 tuong. Trong subt qua trinh hudn
luyén trong lugng v huong cita mang duge
didu chinh sao cho dé xép xi cde ham fvi g
Tép hop dit lién diu vao diu ra vé1 4000 mau
nhéin duge tir md phong md hinh dbi wong
phi tuyén trong Simulink véi thoi gian trich
miiu 14 0.005 (s). Di lidu nay dugc chia thinh
hai phn, dit ligu hudn luyén va dit ligu kiém
tra. Cde thong sé cla bd didu khién duge
chon véi: 88 lwong céc dhu vao: 2; S8 luong
cic ddu ra: 3; Kich thudc cia l6p & 5
Khoing trich m&w: 0.005. Béy gio mang
noton dwoe hudn luyén ngoai tuyén trong ché
d3 véi thuit todn lan truyén nguee
Levenberg-Marquardt véi 100 théi ky vi
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duge thé hign trong hinh 6,7. Ham higu suit
duge sir dung dé huén luyén mang 14 sai l§ch
binh phuong trung binh. Sai léch hudn luyén
gidm voi sy tién téi cia qué trinh hudn luyén
nhu la cdc mang hoc.

4

Hinb 7. Hudn luyén mang noron cho thetu?
So dd cubi ciing ciia by didu khién mang noron
phét tridn bing céch sit dung k§ thust 4n dinh
héa ¢& dinh dugc thé hién trong hinh 8.

Hinh 9. So d5 khdi ciia mgt hé thing diéu khién
mang noron
MO PHONG VA KET QUA
M5 phéng bang Matlab Simulink ¢6 sir dung
s-function, ta c6 két qui so sinh cho tin higu
d3u vao buge nhay don vi va dugc thé hién
trong hinh 10 va 11.

N R
| | I i
[I [ B
-7 T [ | _i_
i Vo !
;
bt |
BB .
S S
N |
4.. -
Hinh 10. Higu sudt theo dii mo hink méu ciia
bhdu 1

Hinh 11. Hicu sud theo d5i m6 hinh mdu cia
khdu 2

Hinh 12, 13 va hinh 14, 15 cho thy higu sudt
cua céc b3 didu khién dé xudt cho md hinh bj
nhidu véi i trong thay dbi thém vao khau 2.
B diéu khién mang noron vi legic m& co
kha nang didu khidn hé théng nhwng ta quan
sét thdy ring thdi gian d5t vi 49 qua didu
chinh rang khi tang tai.

Hinh 12. Ddp iing d:é:u khién mang noron véi 1
thay doi cho khdu 1

Hinh 13. Ddp iing diéu khién mang noron v0i té
thay doi cho khdu 2

Hinh 14. Ddp iing diéu khién mo voi tai thay d6i
cho khau
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' Networks for Control”, American Control
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June, pp. 1642-1656.

4. L. F. Araghi and M, H. Koorayme, “Neural
Network Coatroller for Two links Robatic
Mampulator Contwol  with  Different  Load”,
P dings of the ional MultiConference

Hinh 15, Dép ting didu khién movei tai thay 351
cho lhdu 2

Céc théng sb ky thuat trong midn thoi gian
trong theo d6i miu cho hé théng cic b didu
khién ¢& xuit dugc dua ra trong bing 1 vi
bang 2 twong fing,

Bing 1. So sanh higu sudt theo doi cho khdul
Thing s thoigian BDX noron _Logic my
Thai gian it () 17 12
Quaé diéu chinh (%) 125 15
Sai 1&ch tinh 1] Q

Bang 2. So sdnh higu sudt theo dpi cho khéu2

Thing sb thoigian BDK naron _Logic mé

Thon gian dat (s) 138 1.1

Qua diéu chinh (%) 45 6.5

Sai 1éch tinh 0 1]
KET LUAN

Céc bd didu khidn mang noron va logic mo
duoe thiét ké va thue thi mat cach thanh cong
cho diéu khién mé hinh tay may vm tai thay
d6i bing cach st dung k§ thujt 6n dinh hoa
¢b dinh. Dya tén cic két qua md phong, ta
thiy ring, thoi gian dat giam dén 70% va dinh
qué diéu chinh gidm duge 60% voi bo didu
khién mé cho khau 1. Di véi khau 2, thoi
gian djt giam 61% nhung dinh qué didu chinh
ting 44% véi bd didu khién mo 50 véi bd (Ileu
khién mang noron. Ta két lufn rang bd

eu
khién m& dua ra duge dép tng t8t hon so véi
b6 didu khidn mang noron.
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SUMMARY
APPLICATION OF FUZZY LOGIC FOR CONTROLLING NONLINEAR
AND UNCERTAIN PARAMETERS SYSTEM

Chu Duc Toan”
Electric Power University

Robotic manipulater or a robotic 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 aot
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 manipulaters in high precision has been pointed out.

Keywords: Fuzzy Logic Controllers, PID Controllers, Nowlinear Systems, Two Links
Manipwlator, NARMA-L2 Controller.
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