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LOI MO PAU

Ngay nay trong linh vyc cong nghi¢p, robot Scara dugc sir dung rét rong rai nhu
robot ciit, robot han, robot gip vét.... Tuy nhién, md hinh toan ciia robot kha phirc
tap. D& didu khién ddi twgng nay thi cic bd didu khién thong thudng khong dép ting
duge, vi thé cac bd diéu khién théng minh xuét hién nhu didu khién mo, mang
neural, giai thuét di truyén. . . .

Uu diém co ban cta didu khién ding mang neuron so vé6i diéu khién kinh dién 13
chi cAn dit lidu vao ra cua d6i twong 13 c6 thé didu khién dugc dbi twong d6 ma
khong can biét mé hinh todn cua déi twong. Chinh vi 1y do d6 ma céc b diéu khién
dung mang neuron c6 thé 4p dung dé giai nhiéu bai toan diéu khién c6 d¢ phirc tap
cao, c6 nhiéu yéu td bAt dinh.

Thiy dwoc vu diém dé, van dung kién thirc d4 hoc, t6i 4p dung dé thiét ké hé
thdng didu khién canh tay robot cit miu ding mang RBF. P& tai chia 1am 4 phén
chinh sau:

e  Xay dyng mo hinh toan cénh tay robot 2 khép ndi

e Thiét ké bd didu khién truc tiép ding mang RBF diéu khién cénh tay

robot cit mau

e  Xday dung giai thuat huén luyén mang RBF nhén dang mo hinh toén cia

canh tay robot
e  Thiét ké bd didu khién mo hinh ndi ding mang RBF didu khién c4nh tay

robot cit mau



LUAN VAN THAC ST =l GVHD:TS. NGUYEN THIEN THANH

CHUONG I:
GIOI THIEU TONG QUAN VE DE TAI
1.1 Pt van dé

Su phét trién khong ngimg cua khoa hoc cong nghé 1am xuét hién cc d6i twong
didu khién c6 do phitc tap ngdy cang tang. Yéu ciu thyc tién dat ra 1a phai diéu
khién cac hé théng dong ngdy cang phuc tap, trong diéu kién cac yéu t6 bét dinh
ngdy cang gia ting véi yéu cau chit lvong diéu khién ngay cang cao. Cic yéu cau
trén khong thé dugc dap ing mét cach tron ven, ddng thoi néu chi ding cic 1y
thuyét diéu khién thong thuong sin c6. DPay chinh la dong lyc cho sw ra doi cla
hang loat c4c li thuydt didu khién hién dai hira hen mot hudng giai quyét trigt dé cac
bai toan diéu khién phi tuyén phtc tap.

Trong nhitng nim gin ddy, mang than kinh nhan tao di dugc 4p dung thanh
cong vao nhitng linh vyc k§ thuit nhu giao thong, robot, thi gidc mdy tinh, tay
mdy... Nhidu so d didu khién ding mang thin kinh véi thudt todn lan truyén
nguoc dugc tng dung dé giai c4c bai todn didu khién cac h¢ phi tuyén phirc tap va
bAt &n dinh. Tinh thich nghi cho phép mang thin kinh vAn thyc hién tot chitc ning
ciia n6 khi mdi trudng va déi twong didu khién thay déi theo thdi gian béng cach
cap nhét cdu tric cling nhu céc trong s6 cia mang. C6 rit nhiéu thuat toan d& dugc

phét tridn dé hun luyén mang thin kinh véi nhitng wu va khuyét diém riéng. Thuét

toan suy giam do dbc 13 mot trong nhitng thuat todn don gién va thudng dung nhét
d8 cap nhat cac trong s6 cta mang than kinh.

Piéu khién tu dong héa 13 linh vuc rit quan trong trong céc nganh cdng nghiép,
dic bidt trong nganh ché bién thyc phdm, héa hoc, du khi,...Viée didu khién va
giam sét chinh xdc la rét cén thiét va quan trong, va né c6 anh hudng dén chét lugng
ctia san phim. Hién nay da sé cac mdy cét gach, cét sit déu do con ngudi tryc tiép
st dung mdy cit nén dé dang xay ra tai nan lao dong néu bét cén,

Vén d& dit ra 13 thiét k& bd diéu khidn dé diéu khién canh tay robot cét theo tin
hiéu dat (duong thing, tam gidc, hinh vuéng, gap khuc, dudng tron). Hé canh tay

robot 13 hé phi tuyén do d6 b didu khién phai c6 kha ning ty chinh dinh thong sd
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dé thich nghi véi sy thay dbi ciia méi trudng, thich nghi véi nhiéu tac dong bén
ngoai.
V6i nhitng 1y do trén, t6i chon d& tai “Ding mang RBF didu khién cénh tay
robot cit mau”.
1.2 Giai quyét vin dé
C6 nhiéu cach dé diéu khién canh tay robot nhu dung bd diéu khién mo, didu
khién thich nghi, diéu khién dung mang neuron.....
Hai b didu khién ding mang RBF kh4 phd bién 1a didu khién tryc tiép ding
mang RBF va diéu khién mé hinh noi ding mang RBF.
1.2.1 Diéu khién trye tiép ding mang RBF

Tin higu dit | BO diéu khién Dbitugng | Tin higura
neuron Didu khién ’

Hinh 1.1 So d6 khdi hé thong diéu khién truc tiép ding mang RBF
Mang than kinh dugc str dung dé hoc kinh nghiém cta chuyén gia. Sau khi
huan luyén, mang than kinh c6 thé diéu khién cac dbi twong thay thé con ngudi.
1.2.2 Didu khién mé hinh ndi ding mang RBF

nl(t)

u(®

1(t) &3
—’QP—' M0 hinh ngugc Doi tugng

M6 hinh Ym(t) ;
thuén

,i y(®)

e(t)

Bd loc

Hinh 1.2 So dé khéi hé théng diéu khién mé hink ndi hé phi tuyén dimg
mang RBF
Hinh 1.2 dugc dua ra dya trén so d6 diéu khién mo hinh ndi hé tuyén tinh.
Khi m6 hinh m6 ta chinh x4c djc tinh dong hoc ctia hé théng va khong c6 nhidu
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thi tin hiéu hdi tiép bing 0, khi d6 hé théng trén tr& thanh hé thdng didu khién

vong hé. Néu c6 nhidu n(t) anh huéng dén qua trinh didu khién thi tin hidu phan

hdi s& bing n(t) va khong giy ra anh hudng dén tic dong didu khién, nhidu n(t)

bi trir khoi tin higu chuén, Do d6 anh hudng cla nhiéu do lwdng & ngd ra cia

qua trinh diéu khién hoan toan bj triét tiéu. BS loc dugc sir dung d& ting d6 bén

~ o A A As e s A ALY 2 s A A A A R 3
vitng ctia h¢§ thong doi vdi sai 6 m6 hinh & mién tin s6 cao va nhiéu do ludng,

1.2.3 Céc van d@ cén giai quyét

X4y dyng mé hinh toan hoc ctia cdnh tay robot hai khép ndi

Thiét ké bd diéu khién tryc tiép diing mang RBF didu khién cénh tay
robot ¢t miu

Xay dung giai thuat hudn luyén mang RBF nhan dang mé hinh toan cua
canh tay robot

Thiét ké bo didu khién mo6 hinh ndi ding mang RBF diéu khién canh tay
robot cit miu

Mb phong hé théng da thibt ké.

Cho két qua m6 phéng
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CHUONG II:

CO SO LY THUYET
2.1 Ly thuyét mang noron

2.1.1. Mang neuron nhén tao
Mang neuron nhin tao md phong hoat dong ciia ndo ngudi dé giai quyét cac
bai toan k¥ thudt. B§ ndo nguoi c6 khodng 10" neuron. Cac neuron nay dugc két
hop véi nhau thanh mang. Viéc xtr Iy théng tin duge thyc hién nho vao su lan
truyén ciia tin hidu tir neuron ndy sang neuron khéc thong qua céc soi truc thin
kinh (axon). Mang neuron nhén tao dugc dic trung bdi 3 yéu tb:
+ PhAn tir xit Iy (neuron)
+ Chu triic va ghép nbi ciia céc phin ti xtt 1y
+ Phwong phép hudn luyén mang
Hinh 2.1 trinh bay céu triic clia 1 neuron

Dendrites

Hinh 2.1 Cau triic cita 1 neuron

Hinh 2.2 trinh bay c4u triic ctia 1 neuron nhan tao

X

Xz\

Kin

Hinh 2.2 Cau tric ciia 1 neuron nhdn tao
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M3i neuron nhén tao duge dic trung bdi quan hé giita cic tin hidu vao X,

X oo Xpvatinhi€uray
net = (X, Xs, ..., Xp) — 0
y = a(net)
Trong do:

0: Ngudng tac dong cuia neuron

a(.): Ham tac dong

f(.): Ham tich hgp
Ham tich hop: Két hop céc thong tin nhan dwgc & tin hiéu vao. Ta c¢6 1
s6 ham tich hop théng dung nhu sau:

+ Ham tich hop tuyén tinh:
net=f(x)—0=Y wx,—0=w'x
=

Vi x =[%{, X3, s « Xigy~1]F vAW== [W1, Way v oo Wi, O]T
+ Ham tich hop dang toan phuong

mn

net= f(x)-0 = wa -

Ham tic ddng: La ham kich hoat, hdm truyén tao tin hiéu ra y = a(net).
Ta ¢6 1 s6 ham tac dong thong dung nhu sau;

+ Ham téc dong tuyén tinh:
a(net) = net

+ Budc nhay don vi:

1 if net >0
a(net) =
0 if net<0
+ Ham déu:
1 ifnet>0
)=
alnet) {—1 if net <0
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LUAN VAN THAC ST -6-
+ Ham déc:
0 ifnet<0
a(net)=<net if 0<net<l1
1 ifnet>1

+ Ham logsig:

a(net) - I+e-—1net
+ Ham tansig:
a(net) = 1+e-—i€net o

A A
Huan luyén mang:

Muyc dich ciia hudn luyén mang 13 xdc dinh céc bo trong sb ctia céc

neuron trong mang tir cac dir liu. Néu qua trinh huan luyén cé sit dung

tin hiéu ra mong muon d, ta néi cdc neuron hoc c6 giam sit. Néu qua

trinh hudn luyén khong st dung tin hiéu ra mong muon, ta ndi cac

neuron hoc khong gidm sat. Néu qué trinh huin luyén khéng str dung tin

hiu ra mong mudn nhung c6 st dung 1 tin hiéu danh gi4 chét lugng cua

mang, ta n6i qud trinh hoc ctia mang la qua trinh hoc ting cuong,

Luét hoc c4c trong s6 thudng ¢ dang sau:

w(k +1) =w(k) +nr(k)x(k)
Trong d6 17 >0 hing s hoc
r(k): tin hiéu hoc

2.1.2 Mt s0 loai mang neuron thong dung

2.1.2.1 Mang Perceptron 1 l6p:

+ Perceptron 1a neuron véi ham tich hop tuyén tinh

+ Hinh 2.3 trinh bady mang perceptron 1 16p v6i m-1 tin hiéu vao x; va p tin

hi€u ra y; (X, = -1 twong Gng véi ngudng tic ddng wi, clia neuron)
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Hinh 2.3 Cdu triic mang Perceptron 1 1op

+ Y, =a [z Wijij = a(wiTx)

Jj=l
+ Muc tiéu: Hudn luyén mang ding N miu dit lidu {x(k), d(k),k=1,2, ...
N} sao cho y(k) =d(k),k=1,2,...N.
+ Mot s loai Perceptron:
- Adaline (Adaptic linear element):
La 1 neuron v6i ham tac dong tuyén tinh va ham tich hep tuyén tinh

Vi du: Cho 1 Adaline véi 3 tin hiéu vao, 1 tin hiéu ra nhw hinh 2.4

A .\Dw

X @ W7 4

W3
X3 ./ é:
™.
-1

Hinh 2.4 Céu triic mang Adaline

net = w, X, + woXp + wiX; —-wo = X'w 2.1)
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Vai
W X,
w, X
w=| 2l X=|"2
W X,
W, -1
y=net=XTw

Huén luyén mang: Hoc c¢6 giam sét
1
o Ham muc tiéu: J = E(d -y (2.2)
Véi:
d: Tin hidu ra mong mudn
y: Tin hi€u ra cia mang

o Xéac dinh w sao cho J cuc tiéu: Ding phuong phép Steepert

descent
w(k +1) = w(k) —V.J
Vi
(MY _(¥ Y _ .,
W‘(awj (6}/ 6w) @=y)
= w(k+1) = w(k) +1(d - y)x 2.3)

- LGU (Linear graded unit): 1a | neuron véi ham tdc dong la ham
sigmoid va ham tich hop tuyén tinh

Vi du: Cho 1 LGU véi 3 tin hiéu vao, 1 tin hi€u ra, hdm tdc dong

tansig nhu hinh 2.4.
net =wX; + w,Xo + wsXs —wo = X'w (2.4)
Vi

w, X,

w. X

W, -1
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2
y=m-—1, A>0 (2.5)

Huén luyén mang: Hoc ¢ gidm st
1
o Ham muc tiéu: J = E(d - y)" (2.6)

o Luét cdp nhat trong s6 w:
w(k +1)=w(k)-nVJ
Véi:

T T
w:(a_v') =[BZ oy dner
ow Oy Onet Ow

=[—(d—y)—”2“-(1—y2)x‘r)

=>w(lc+1)=w(k)+n(d—y)%(1—y2)x (2.7)

- LTU (Linear threshold unit): 13 1 neuron v&i ham tidc dong la ham
dAu va ham tich hop tuyén tinh
Vidu: Cho 1 LTU véi 3 tin hiéu vao, 1 tin hi€u ra nhu hinh 2.4.

net = w; X + woXp + w3 X3 —wo = X'w (2.8)
Voi:
[w,]  [X ]
X
e W, x=|"?
! X,
w, -1

1 if net=0

= sion(net) =
y = sign( ){—ltfnet<0

Huén luyén mang: Hoc c6 gidm sat
1
o Ham muyc tiéu: J :E(d -y)’ (2.9)

o Luat cdp nhat trong s6 w:
w(k +1)=w(k)+n(d—-y)x (2.10)
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2.1.2.2 Mang RBF: (Radial Basis Function Networks)

Mang RBF(Mang xuyén tdm) la 1 trudng hop déc bigt cia mang truyén thing 2

16p, trong do:
+ Ham tdng ngd vao cuia t& bao thin kinh & 16p 4n 1a ham cau
+ Ham kich hoat ctia t& bao than kinh & 16p 4n 13 ham mit: a,(f)=¢”
+ Ham tdng ngd vao clia té bao than kinh & I6p ra 1a ham tuyén tinh

+ Ham kich hoat ctia té bao thin kinh & 16p ra 12 tuyén tinh

Mang RBF la loai mang thuong dung trong nhén dang va diéu khién. C6 kha

ning xAp xi him rit t5t va c6 thé huén luyén d& dang, nhanh chéng. Kha ning xap

xi chinh x4c va tdc do ctia mang RBF con c6 thé cai thién hon nita bang viéc chon

tAm, hé 6 trai phtt hop cho céc ham co s& & 16p 4n.

Mang c6 céu tric nhu hinh 2.5:

X V7 ¥ ‘_i

X di
X . In dy
Z ¢
Hinh 2.5 Céu triic mang RBF
Trong d6: x=[x;..... Xm]" 12 vector ngd vio

Z, 12 ham xuyén tAm tao tin hi¢u ra cua don vi q ¢ 16p én

W = [Wig](i =1+n,q =1+/) la ma trdn trong s6 két nbi giita 16p 4n va 16p ra

¥y =[.r....y, 113 vector ngd ra thyrc sy clia mang

d=[d,......d,]1a ngd ra mong mudn clia mang
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Ngd ra ciia t& bao than kinh & 16p 4n 13 ham mii. Do d6 vector tin hiéu vao cang
gn tim ctia hdm co s& thi ngd ra cia té bao thén kinh & 16p én cang lon va nguge
lai. Ng ra cia mang y; = f(z,) nén chi nhitng vector tin hi€u vao nim trong lan cin
quanh tim ctia ham co s& mdi anh hudng dén ngd ra cia mang. Vi viy ham co s¢
xuyén tdm c6 tinh cuc bg.

Huén luyén mang RBF:

Cho mang RBF ¢6 ciu tric nhu hinh 2.5
Trwong hop 1:

Ngd ra cua céc t¢ bao than kinh & 16p an duge cho nhu sau:

stmf

z,(k)=e 7 ; q=1=I @.11)

_ e NP |
+ ”x—mq”—\/(x m,) (x—m,) |
- T 1a . 2 Kook 2 T S |
+mg = [mygy,. . . .,Mgy) 14 vector diém xuyén tdm ctia don vi q & 16p 4n
+ 0,1 khd rdng ctia ham Gauss (hé s6 trai)

Ngo ra ciia mang dugc tinh nhu sau:

v, (k)= w,(k)z,(k)+0; i=l+n 2.12)

Ham muc tiéu:

T=2 3 (@ ® =) 2.13)

i=l
Luét hoc c4p nhét trong s0, tdm, h§ so trai:
o Cho ham chi phi do sai s6 gifta tin hi¢u ra mong muon va tin higu ra

thuc sy cia mang la:

7 =23 () -, 2.14)

Véi 6,13 don vi ngudng
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o Ludt hoc cdp nhét trong sb Wig:

' =T =n,(d;-y)z (2.15)
! avv:'q ayr‘ aw’:q i

Phuong trinh cdp nhét trong s6 duoge thiét 1ap:
w, (k+1)=w, (k) +Aw, (2.16)

o Ludt hoc cép nhét tim mg;:

n ! a
A, =y & ( a_J@Ji
om, in Oy, Oz, amq 2
n x—m '
=1, [Z(dr' —J’,-)W;q]zuzq
i=1 g,
Phuong trinh cap nhét tim:
m,(k+1)=m,(k)+Am, (2.18)
o Ludt cap nhat hé sb trai: |
oJ " oJ Oy, |0z
AO“,'f:_nJ—:_ 3( —ij—q-
aa'q i=1 ay,. 8zq aO'q
2 (2.19)
n x—m
=n3[2(d,—y,.)112,-qJ2 = Z4
i=l o,
Phuong trinh cdp nhét hé s6 trai:
o,(k+))=0,(k)+Ac, (2.20)
Truwdong hep 2:
Ngd ra ctia c4c té bao thin kinh & 16p 4n dwgc cho nhu sau:
_||.7c(I¢:)—mq,l|2
z,(k)=e ** ; q=1+1 (2.21)
Ngd ra ciia mang dugce tinh nhu sau:
I
yi(k) = W, (k)z, (k) +6;; i=1+n (2.22)

gq=1

Véi 6,14 don vi ngudng
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Ham muc tié€u:
l n
J =22 (d) =y (0)) (2.23)
i=l

Luat hoc cép trong s6, tAm, hé sb trai:
o Cho ham chi phi do sai s6 gifta tin higu ra mong mudn va tin hiéu ra
thuc sy clia mang 1a:
l n
J =22 (di0) =y, () (2.24)
i=l
o Ludt hoc cép nhat trong ) Wig:

oJ aJ oy
Aw, =-n, B == a_xa_w:' =1 (di _yi)zq (2'25)

“q

Phuong trinh cdp nhét trong s6 dugc thiét 1ap:
w, (k +1) = w, (k) + Aw, (2.26)

o Ludt hoc cép nhit tim my:

n : )
Ay, =iy 2L _2{ ﬂ%]i

_"2% B i1 Oy, Oz, |om,

q

(2.27)

m,(k+1)=m, (k)+Am, (2.28)
o Luét cap nhat hé sb trai:

aJ [ Y ay,.) &z,
[ | %

Ao, =, 2 =
: 113 do L el (3}1‘ an aCTq

o]
-n( (e -nm, JEoels

2
i=1 20 q

(2.29)

Phuong trinh cdp nhat hé s0 trai:

o,(k+))=0,(k)+A0c, (2.30)

HVTH: PHAM VAN TAM



LUAN VAN THAC ST -14 - GVHD:TS. NGUYEN THIEN THANH

2.2 Ung dung mang RBF trong nhin dang va diéu khién

2.2.1 Nhén dang ding mang RBF

Néu bidt trudc rét it (tham chi khong biét) thong tin vé d6i twgng ta phai giai
bai toan nhin dang hé théng chi yéu dya vao dit liéu vao — ra thyc nghiém quan
sat duge. Trong truong hgp ndy, mang thin kinh 1 céu trc m6 hinh phi tuyén
dwogc chon lwa ddu tién dé mé hinh héa hé thong vi mang than kinh cé tinh linh
hoat rét cao, c6 thé x4p xi ham phi tuyén tron véi sai s6 nhé tiy ¥ néu s6 té bao
than kinh & 16p 4n da 16n, ddng thoi trong sé ciia mang c6 thé huin luyén hodn
toan dua vao dit liéu ma khong cAn thém bt cir thong tin gi khac vé dbi twong

can nhédn dang.

Khi sir dung mang than kinh d& nhén dang hé théng can phai chon c4u hinh

mang, cu thé:
+ S6 té bao thin kinh & 16p vao: phy thudc vao sd phan tir hdi quy

+ Sb té bao thin kinh & 16p 4n: Phu thudc vao tinh phi tuyén ctia dbi twong
cAn nhan dang, d6i tugng cé tinh phi tuyén cang cao thi cAn nhidu té bao
than kinh & 16p 4n. Tuy nhién, khong phai chon cang nhiéu té bao thin kinh
& 16p An cang tét vi c6 thé din dén hién tugng qué khép. Nén chon s6 € bao

_ thAn kinh & 16p 4n cang it cing tot sao cho sai 1éch giita ngd ra clia mang va

ngd ra clia hé théng cAn nhan dang dt nhé chip nhan duge
. Mang RBF khi sir dung trong nhén dang md hinh can Iuu y mét s8 vu diém va
nhuogc diém sau:
+ Uw: Qud trinh hoc twong ddi don gian
+ Nhuge: Khi vector diu véo c6 sb chidu 16n s& kéo theo sé tdm 16n, 1am khéi
lugng tinh toén nhidu va c6 thé 1am sai léch qué trinh nhén dang mé hinh.
Ngoai ra, néu tinh ngiu nhién cta dit lidu ting s& dn dén viéc lam ting s

lwgng tdm va nhu vay phdi ting thém chidu cho vector dit liéu ddu vao dé
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dam bao d6 chinh xdc nhan dang md hinh. Khéi lwong tinh todn ting 1én
lam cho thoi gian nhén dang bi kéo dai

Vi du: Cho céng Not gdm 1 ngd vao A va 1 ngd ra F nhu sau:
Ae{0,1};F =not(4) ={1,-1}.
+ Phuong trinh todn ciia céng Not nhu sau:

1, if net>0

F = sign(net) = {_1 if net <0

Chonnet=-A+0.5 (2.31)

+ CAu tric mang;

A(t)

F(t)
Véiq=1+2
Hinh 2.6 Cdu triic mang nhin dang RBF
+ Huén luyén mang;

Lép vao: X(t) = {A(t), F(t)}

Ldp an: Pau ra cua cac neuron 16p an

_(x —IC1|)2
Z=g(x-ch=c -

Lép ra: y(t)
y=W.Z

Ham muc tiéu: J =%(F -y

- Luét cép nhét tdm:

x-c| k&
Clk+1) = C(k) + o (F - y).Z.HTzue - (2.32)
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- Luét cip nhat hé sd trai:

B, o i
o(k+1) =G(k)+qa(F—y).2.Me o! (2.33)
ag
- Luét cdp nhat trong s6:
[w e+ 1) =W (k) +n, (F = y)Z| (2.34)

+ M6 phong:
- Budc 1: Thu thap dit li¢u:

o So db simulink thu thap dit ligu:

=’m'..‘ B
l.li-- 'I H
Band-Limited
White Noise o
Constantt (e Sign —P
Constant2 b
Ll
To File

Hinh 2.7 So @6 simulink thu thdp dit liéu
o Sau khi thu thdp di li¢u xong ta dugc dit liéu ngd vao va ngd ra mong
mudn coa mang nhén dang dugc luu trong file datanot.mat
- Budc 2: Nhan dang

o Hudn luyén tim, hé sd trai, trong sd 16p ra ciia mang

o Két qua nhan dang:

A A R e e Y S R

Hinh 2.8 Két qua nhén dang cdng Not
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Véi: d = F: Ngd ra mong mudn ciia mang
y: Ngo ra ciia mang
e =d—y: Sai s6 giita ngd ra mong mudn va ngd ra clia mang
2.2.2 Piéu khién ding mang RBF
2.2.2.1 Pidu khién tryc tiép ding mang RBF
Trong cong nghiép cé nhitng d6i tugng didu khién rét phirc tap, viée thiét

ké céc by diéu khién thong thuong hiu nhu khong thé thuc hién dugc do
khong thé x4c dinh dugc mé hinh toan ctia déi twgng, hodc md hinh todn cia
déi twong qua phirc tap, c6 tinh phi tuyén cao. Trong khi dé con ngudi véi
kha nadng xit 1y tinh x40 ctia by nfio sau khi trdi qua qué trinh ddo tao va tich
Ifiy kinh nghiém lai c6 thé diéu khién dugc cac d6i tuong phitc tap ma khong
cin biét gi vé md ta toan hoc ctia dbi twgng. Tir d6 cc nha nghién ctu di dua
ra cac so dd diéu khién c6 kha ning phong theo kha ndng xir ly dya vao kinh
nghi¢m, kha ndng hoc cta con ngudi, d6 1a cdc so db diéu khién dung logic

md, mang than kinh.
Piéu khién tryc tiép ding mang neuron:

B¢ diéu khién thin kinh dugc ding trong dwong thuan ciia hé théng

dieu khién hoi tiép, Tt hidu ra cira ddi twrong didu khién dwoc so sanh voi
tin hidu dit, néu c6 sai léch thi b didu khién than kinh s& xuét tin hidu téc
dong vao di twong nhdm muc dich 1am sai 1éch giam v& 0. Day 13 so dd
diéu khién rit quen thudc, trong so dd nay bo diu khién than kinh duoc

ding dé thay thé bg didu khién kinh dién.

Tin higu dat B didu khién Dbi tugng Tin hiéu ra
neuron Pidu khién ¢

Hinh 2.9 Diéu khién truc tiép diing mang neuron
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Mang than kinh ¢6 thé dugc st dung dé hoc kinh nghiém chuyén gia
trong viéc diéu khién cac d6i twgng phirc tap, khé xac dinh mé hinh toén
hoic sao chép 1 bd diéu khién vat Iy c¢6 sin. Vi du mang thin kinh c6 thé
hoc kinh nghiém ctia ngudi 14i tau, 14i xe hodic hoc kinh nghiém diéu
khién may méc thiét bi ciia cac chuyén gia lanh nghé. Sau khi huén luyén,

mang thin kinh c6 thé didu khién cac d6i twong thay thé con ngudi.
B¢ diéu khién neuron PD ding mang RBF:

B6 diéu khién kinh dién PI, PD, PID chi kh6ng ché tin hiéu ra cta dbi
twgng v6i chét lugng tot néu hé thng 1am viée trong mién tin hiéu nhd
(hé tuyén tinh). Néu d6i twgng 13 phi tuyén thi cdc bo diéu khién nay
khong thé dam bao chit lugng didu khién tai moi diém 1am viée. Do viy,
dé diéu khién céc ddi tugng phi tuyén ta sit dung bd didu khién neuron
PD, PD m&, PImo, PID mo . . .

Déi véi bd didu khién neuron PD thi tin hiéu ra cta bd diéu khién ti 18
phi tuyén voi tin hi€u vao va vi phan tin hiéu vao theo luét cép nhit trong

s6, tAm, hé s trai cia mang RBF.
So @6 khéi hé théng diéu khién canh tay robot 2 khép ndi dung bé didu

khién neural PD:

L 0, (t-1

6,(t) de(t) —— BDK = Cénh tay E » Yl p( )
dey(t) —neuron PD| i robot_2D = 0. (-1

92 (t) 2—’ A ) 'Iz_ » V2p ( )

Hinh 2.10 Hé thong diéu khién canh tay robot 2 khép néi dimng b diéu khién
neural PD
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2222 meu' Khién m hinh néi diing mang RBF

Sor b khm hé thong dieu khlen md hinh néi dung mang RBF nhu hinh 2.30

8 i

91(1)- e ' .
)  — Mang .
) : Canh ta;
:lig;(tt)- ) nghich || © - | robot 2*3;
| ol aidu khién|— % _ 3
60, AN o
. el‘fz( ) = | Mang luef (t)
lp( ) nhiin d%ng Zfi'ef (t)
GZp(t_l)—’ :

—»

ei(t)
6, , (-0

&y, (t~1)

o errz(ti'_ :

' %;)_‘ez(f)

' H‘ nh 2 1 I So’ d‘o khoz he thong d‘zeu khzen mé hmh ngi dzmg mang RBF

Trtrorng horp nay bo loc bang 1 Nhu' vay mang neurai diéu khién chinh 1a
- mang nhan dang md hinh nguorc ctia d6i tugng (su: dung b6 diéu khién neuron
PD), mang thuan chmh ia mang neural nhan dang mo hmh todn cla ddi

: tuong Khi ¢6 nhidu tao dong thi s& smh ra I'sai so v sai $6 nay bi triy béi tin

hlou dat nén khong anh huo‘ng dén tac dong didu khién, -

Hé thong didu khlen mé hinh ndi ph1 tuyen cb cac tmh chét sau;

Neu d01 tuorng dleu khzen va m6 hinh ngu:orc bn dmh va néu mé hinh

' thuan mo ti chinh x4¢ dac t1nh dong hoc ciia do1 tuong thi hé théng diéu

" khlen én dinh

3 Néu dbi tu:ong didu khibn va md hinh ngwgc én dinh va néu mé hinh
thugn mo ta chinh xdc dic tinh dong hoc clia déi twong, md hinh nguge

o ta chinh x4c dic tinh déng hoc nguoc cua ddi twong va néu khéng cb

nhidu thi tin hiéu ta cita déi twong bing tin hidu dat
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CHUONG III:

KHAO SAT POI TUQNG CANH TAY ROBOT 2 KHOP NOI
3.1 Khéo sat md hinh toan dong lc hoc ciia canh tay robot 2 khép nbi:
Cho hé thdng vt 1y ctia canh tay robot hai khép ndi nhur hinh 3.1

Dao cét (m,)

5
14
X

Khép nbi 1
Hinh 3.1 M6 ta canh tay robot Scara

y A m2 +mt

Y

Khép nbi 2

x"’

Khép ndi 1
Hinh 3.2 Cénh tay robot 2 khdp néi

Phin nay s& trinh bdy mé hinh toan dong luc hoc clia canh tay robot hai béc tu
do (two-degree-of-freedom). Hinh 3.2 m6 t4 canh tay robot Scara g(:‘)m hai truc lién
két (2 links), hai khép ndi (2 joints), hoat dong cu thé nhur sau:
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+

-

Bo chip hanh (actuator) 1 cung cAp moment quay M, dé didu khién khdp
ndi 1 duge két ndi tryc tiép véi truc 1 tao lyc chuyén dong chinh cho toan
canh tay.

B chép hanh 2 cung cip moment quay M, d& didu khién khép ndi 2, khdp

n0i nay két noi truc 2 vdi truc 1.

a, la khodng céch giita tdim ctia khép ndi 1 va tdm ctia khép ndi 2.
a, 1 khoang céch giita tdm ctia khép ndi 2 véi tai (my).

0, va 0, trong tmg 13 goc quay ciia bd chip hanh 1 va 2.

V6i khau 1, ta ¢é biéu thirc dong ning va thé ning twrong tmg la:

o %mlaféf 3.1)

P, =mga,sin6, (3.2)
Vi khéu 2 ta cé:

X, = a, cos 6, +a, cos(6, +6,) (3.3)

¥, =a,8in6, +a, sin(6, +6,) (3.4)

t, =—a,6,sin6, —a,(6, +6,)sin(6, +6,) 3.5)

2 I.I £ II'II " I.‘ hY V¥ a BNy o WY f3_6j_—_
¥, =atcost +a, (0 +U,)cos(0, +0;) .

Binh phwong van tic: |

V2 =i+ 32 =al0? +a2(6,+6,) +2a,a,(07 +6,6,) cos 0, (3.7)

Pdng niing cua khéu 2 la: |

1 1 s ) +0
K5 =5(m2 +M;)V§ =§(mz '4'""‘:)‘1'12912 +5(m2 +m,)a22(9, +06,)

2

(3.8)
+(m, +m,)a,a,(0] +6,0,)cos b,

Thé niing cta khau 2:

P, =(m,+m,)gy, =(m, +m,)gla, sin6, +a, sin(0, +6,)] (3.9)
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Ham Lagrange cho tay may ndy la:

: L K~ P K-f-K2 P -_—(ml+mz+m,)a192+ (mz+m)a2(t9+9)

+(m, +m, )alaz(@2 +6,6,Ycos8, —(m, +m, +m,)ga sing
| —(mtm)gsin@+6) (3.10)
Phuong trinh chuyen dong Lagrange thiet lap cho 1 co he; S

cdaL oL, SECERAT

Nl iy ¥ R R T R ST LR 3.11
56 30 S TR o GdD
Ta co:

g = R _

. pY: —(m +m2+m)a19 +(m2+m)a,_(9 +8 )+(m2+m)ala2(29 +0 )0089
BRI (312)
| _-_'w(E—é?--(mﬁ»mz+m)a,9 +(mz+m)az(9 +9) .

L . +(m2+m)ala2(29 +9)cos€ (mz+m)ala2(296' +6'2)sm9 R ERY)
o —gg—'u— (m1+m2+m)gaicosﬁ? (m2+m)gazcos(6' +6) | L (3.14)
- Eau-(mz-&m)az(G +0 )+(m2+m)aa26 cosG . HORNE (3.15)

| ia e _ . B S 3
. ?gw(mzwn)az (9 +6. )+(m2+m )ala29 cosO (m2+m )ala299 sm9

R | (3.16)
3 Eéw=~—(m2+m)a,a2(9 +69 )sm@ (m2+m)gazcos(9 +9) (3.17)

Nhu vay, phuorng trmh chuyen dong ciia ¢o he; tay may ducc cho b(’n hé 2
| phirong trmh vi phan ' TSN '
M [(ml +m, +m )al +(m2 +m )a2 +2(m2 +m )a a, 0039 ]9

- +[(m, +m,)a2 +(m, +m,)a,a, cos 6,1, — (m, +m,)aa, (26,6, %&f)sin o,

+(m, +m, +m,)ga, cos B, +{m, +m,)ga, cos(0, +6,)

R B (3.18)
M, ={(m, +m,)a;+ (my + m,)a,a, 086,10, + (m, +m, a2, (3.19)
+(m, +m,)a,a,0} sin 0, +(m, +m,) ga, cos(6, +6,)
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Véi: M1, M2 14 cdc moment phat déng ciia cac dong co dién
Phuong trinh chuyén dong cia co hé tay may dugc viét dudi dang ma trin:
(my +my +m)al +(my +m,)a; +2(m, +m,)aa,cos6, (m,+m,)aZ+(m,+m,)aa,cosb, |6 "
0,
~(m, +m,)a,a,(26,6, +62)sin 6, » (m, +m,+m,)ga, cos 6, +(m, +m,)ga, cos(6, +6,) | M,
(m, +m,)ga, cos(6, +6,) M 5

(m, +m,)a; +(m, +m,)a,a, cosd, (m, +m,)a’

(m, +m,)a,a,6 sin 6,
(3.20)
3.2 khao sat dap tng buéc ciia @i twgng:
3.2.1 So' dd simulink:

vV

ql

b 4
L d

N

mm ' Px . O
::I | ! : : Py

Ij | robot-2d

M2

q2
I_I
[ Y [:1
_4
g2

Hinh 3.3 So @ simulink mé phong canh tay robot 2 khép ndi

3.2.2 PAp ting bwéc ciia doi twgng:
+ Dap rng ngd ra 0; vdi tin hiu dat M1, M2 1a ham budc:

50

57 {1]| RERRRR,

T3]0 SRS

5 T ) PS—

-200
0

Hinh 3.4 Dap ing ngo ra 0, voi tin hiéu dat M1, M2 la ham bwdc
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+ Pdap g ngd ra 6, vdi tin hiéu dét M1, M2 1a ham budc:

L ! T T T
800
600
400

200

0

-200 i i i
0 2 4 6 8 10

Hinh 3.5 Pap wng ngd ra 6, voi tin hiéu dgt M1, M2 la ham budc
+ Toa d¢ dau cong tac vdi tin hidu dat M1, M2 1a ham budc:

 Toadoducongtic

.
"
[
[

Hinh 3.6 Toa d¢ dau céng téc véi tin hiéu ddt M1, M2 la ham budc
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CHUONG IV:
THIET KE HE THONG PIEU KHIEN CANH TAY ROBOT 2
KHOP NOI DUNG MANG RBF
4.1 Thiét ké hé théng didu khién c4nh tay robot 2 khép ndi ding bd diéu khién
neural PD
4.1.1 So' d@b khoi:
6,(t) ge,ty — BBK M Cénh tay L, 0,(-1)
0.0 dey(t) —neuron PD| M, (1) robot_2D 6,1

ext)

Hinh 4.1 H¢ thdng diéu khién cdnh tay robot 2 khop ndi dimng bg diéu khién neural
PD

Dé hudn luyén b didu khién neuron PD hoc tdp dong hoc nghich clia cénh
tay robot, trude tién ta thu thap dit li§u vdo ra cia d6i tugng. Sau d6 sir dung dit

litu d& thu thip dé huén luyén mang thAn kinh sao cho

1 1 ’
J= é(el +ade,)” + 5 (e, +bde,)’ cuc tiéu

4.1.2 Céu triic b diéu khién neuron PD diing mang RBF:
6,(t)
A0
j: g; Zj L Q—’ Mi(t)
e,(?) b2;
0,(t)

Véii=1+2,j=1+6
Hinh 4.2 Céu tric mang diéu khién RBF
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Mang RBF diéu khién ddi tugng gdm co:
+ 6 ngd vao: u(t) = {0,(t), e;(t), dei(t), B2(t), ex(t).dex(t)}
Véi:
ei(t) = 01(t)- 0,,(t-1)
ex(t) = 0(t)- Op(t-1)
+ 2 ngd ra: upe(t) = {Mi(1), Ma(t)}
+ 6 neuron 16p 4n
4.1.3 Huén luyén mang RBF:
- Lép vao: Co 6 ngd vao
u={uy, Uy, U3, Ug,Us,Us} = {0,(t), e1(t), de,(t), dex(D), ex(t) , 0,(1)}
- Lép an:
Piu ra cta céc neuron 16p n:

_(u=e]?
2

z=2,=g(u—cf)=e ° @4.1)
_ (u—al?
0_2
z,=z,, =g(u—cf)=e = 4.2)
z=ile, 7|
Voi:

u=[u; u; u3 uy us ug] 1a 6 ngd vao

_|enGecscuass |_|a]
Cy1 oy Cp3 Cpy o5 5| |C2 piem
el %11 %12 O13 T4 O1s O1s | _ (91| | L
Oy Ty Fg3 Ty U536 (93 I 12 hersrfrsy
T
Z=[Zl Zz] L1 2 Ziy Zy3 21y Zy5 2 18 12z vt nousan 16 i
Zy1 Zyp Zy3 Zop Zp5 226
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- Lép ra: Gom 2 ngd ra
M, =W, 2, + Wz, + WisZis + W2y + Wiz + WigZis +b2, =wz, +b2, (4.3)
M, = Wy\2y, + Wy 2y + Wy Zyy + Wy Zy, + WiysZys + WysZys +02, =wyz, +b2, (4.4)
Vay:
M, :
U,y = [M } =w.z+b, (4.5)

2

Vai:
w Z[Wu Wi Wiz Wiy Wis WIG]
W, =[W21 Wyy Wy3 Wy Wy Wzs]

w=

=
wljl_{wu Wiz Wi Wiy Wis Wi :l
W, Wy Wy Wy3 Wy Wys Wye

62, ]

U2—

52, ]

- Giai thuft huén luyén:
Ap dung phuong phdp Steepert descent dé tim tAm, hé sb trai va cac
trong s6 bing qué trinh t6i thidu héa sai sé binh phuong.

+ Ham muc tiéu:
J =%(el +0.3de, )’ +%(e2 +0.25de, )’ (4.6)

+ Cip nhit tim:
Luat cép nhét tdm c;:

¢(k+D)=c(k)-nV,J
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Vai:
v-(¥). (& 06, oM, oz,
o, ) |28, aM 0z, o,

Do bd diéu khién neuron PD chinh la mang neuron nhén dang md

hinh nghich ciia doi twgng nén sai s6 dwgc lan truyén tryc tiép

sang md hinh mang neuron cuia bg diéu khién. Vi vy ta khong xét

sai SO

1

vy vr-(2)- [() pJeel
C,

Vay luét c4p nhét tim ¢, dugc viét lai nhu sau:

||u—c.||

c,(k+l)=c,(k)+n{(el+0 3de, ) w,.2. "" c‘” J @.7)

Luét cap nhéat tdm ¢, nhu sau:
Jemal
c,(k+1) =c,(k)+n,| (e, +0.25de, ) w,.2 —6—22- (4.8)
2

Vay luat cdp nhat tdm:

G l)_rci(kuﬂ 9

Setiinl )] (+9)

+ Cap nhit hé s trai:
Luét cAp nhat hé sb trai o;;
o(k+)=0,(k)-n,V,J
Véi:

v () [ 99, oM, &
" \oo,) |06, oM, oz oo,

2 |u-af
6 “ .

=- (e,+0.3de1)w,.2.”—u——3— ot

1
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Viay ludt cap nhat hé s trai o, duge viét lai nhu sau:

3
|

I
o (k+1)=0,(k)+1, [(el+0.3de,)m.2.Me o J (4.10)
(o2

Luat cap nhat hé sb trai o:

2

P |£r—£‘z||2
az(k+1)=az(k)+na[(e2+0.25de2)w2.2."”0—f2"e o J (4.11)

Viay luat cép nhat hé s trai:

o,(k+1)
o,(k+1)

4.12)

0(k+1)=[

+ Cap nhit trong sb:
Luét cap nhat trong b

wy(k +1) = w (k) —MyVyJ
wy(k+1) =w, (k) -,V J

Wy

Voi:

i 2L
il awl

1l

( aJ 96, aM,

; A =—{(e +0.3d
69“, 6Ml aw! ] ((el el)zl)

\c

00
vora| 2N O Oy oM =—((e, +0.25de,)z, )
" \ow, ) | 06, "M, " ow,

Vay luét cép nhét trong sé w,, w, dwgc viét lai nhw sau:
w (k +1) = w (k) +1,, ((g +0.3de,)z,) 4.13)
w, (k +1) = w, (k) +1,, (e, +0.25de,)z,) 4.14)
Ludt cap nhat trong s6 :

w(k+1)
w, (k+1)

w(k+1)=[ (4.15)
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* Cap nhat ngu’o’ng(bZ)
Luat cap nhat nguorng b2 o
b2 (k+1) b2,(k)~ n,,zv,,z J o

26, e
R Z_Vb-zl-J [aJ] (m 4 aMJw(elwwe,)-

ob2 06,, oM, 0b2

: Vay luat cap nhat ngu’orng b2, |
2+ =02, (k)+nbz(e1+0 3de|) b

Luat cap nhat nguorng b2y _ i
o2 (k+1) b2 (")+’?bz(€z+025de2) i

Luat cap nhat nguong b2

b2,(k+1) ; o
b22(k+1) S

| b2(k 1) [

4 1. 4 Mo phﬁng bo dleu khlen neural PD theo mo hinh toan"_ -
- Sor do SImulmk S | ‘

BO DIEU KHIEN NEURAL PD

\/ ref gt

ef gl el

. .

: o e'rr_'q2r .
u\ ref,_q2r B '. '

ref g2

Salmaﬂon

" .- robot-2d:

b A

Hinh 4.3 So dé simulink b didu khién Newron PD

¥
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- Dap rng ngd ra 6, vdi tin hiéu dat 13 hinh sin:

a8

i ;
| g
i H
! (< | R VR ORI Y R Lttt CEEETES SERT S S A
e SRCI ITTTS R T CY PO N R U S -
. o) I SRR S S RS T L I R =
| (]| S SRR R e ROttt EEEREES CERETN S S -
i H

Hinh 4.4 Dap ving ngd ra 0, voi tin hiéu dit la hinh sin
Nhén xét: Pap ting ngd ra 6, c6 sai s6 nho.

- Pap tng ngd ra 6, vai tin hiéu dit 1a hinh sin:

Hinh 4.5 Ddp ving ngd ra 0, véi tin hiéu dit la hinh sin

Nhén xét: Pdp (ng ngd ra 0, c6 sai s6 nho.

- Pédp tng ngd ra 6, vdi tin higu dit 14 xung vudng:

g
3 ................................................................. -
- LT ETE EEEEEE EETTRE: SEPTEEE PEPTRRE EPE P A i . -
52 ’; .................................................. -
.|!5_ ............................................... -
1 = o s S He 2t e . --—{ 1
-\-@5 wb “-t ---- y ."q“r—l ----- [__L:Ck-—‘ :
ST R T TR R R

Hinh 4.6 Dap ieng ngo ra 0, voi tin hiéu dat lé xung vuéng
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Nhén xét: Pdp ng ngd ra 6, c6 sai s6 nhod

- Dap 1ing ngd ra 6, vdi tin higu dit 1a xung vudng;

e
£ L MO (S PO (NN PR A gl e m i N S |
o I STTTET T EES (SRR NN SO G SORE S SO SR -
17 A S R SRR (S S e et ] o
1
a.6--1---
a6f--
[ N O S O Y S O O
)

| —
2%

Hinh 4.7 Ddp itng ngé ra 0, véi tin hiéu dit la xung vuong
Nhén xét: Pép g ngd ra 6, c6 sai sé nho

- Dép ing ngd ra 6, vdi tin hiéu dit 14 xung ring cua;

Hinh 4.8 Dap ving ngé ra 0, véi tin hiéu dat la Xung rdng cua

Nhdn xét: Dap ting ngd ra 6, bj sai s & céc dinh ciia tin hiéu dit

- Ddp ng ngd ra 6, véi tin hidu dit 1a xung ring cua;

4

Hinh 4.9 Dap iing ngd ra 6, véi tin hiéu dit la xung rdng cua

Nhén xét: Pap ng ngd ra 6, bi sai s6 & c4c dinh cua tin hiéu d3t
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4.2 Thiét ké mang RBF nhin dang md hinh canh tay robot 2 khép ndi

4.2.1 Céu triic mang:

M, (1)
M, () Wigq 0
91 (-1
P qu
gzp (t . 1) 92net‘ (t)
Véiq=1+4

Hinh 4.10 Céu triic mang nhdn dang RBF
Mang RBF nhén dang di twong gom c6:
+ 4 ngd vao: x(t) = {M;(t), Ma(t), 01p(t-1), O25(t-1)}
+ 2ngd ra: Yel(t) = {01nei(t), 02nei(t)}
+ 4 neuron ldp 4n, 4 tAm
4.2.2 Huén luyén mang RBF:
- Lép vao: C6 4 ngd vao

X ={X), X3, X3, X4} = {My, My, 0y, 025}

r A
- L6ép an:
Dau ra cia cac neuron 16p an:

_(IIX—qu)’
z=glx-ch=e °

Voi:
X=X, X; X3 X4] 1a4 ngd vao
C=[C, C; C;5 Cy]la4tam
c=[0, 6, 03 04]la4hé sd trai

Z=[Z,;2Zy; Z3; Z4] 12 4 ngd ra cia neuron lop in

X -c|=y(x-C) (x-C)
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- Lép ra: Gom 2 ngd ra

e =W 2, + pVIZ‘Zz +W,Z, + Wz, =WZ
Ot =W Z\ AWy Zy + Wy Zy + W, 2, = w,Z
Véi:

W: =W]q =[WI| le Wls WM]
W, =qu =[Wzl sz Wy Wz4]

W=[rﬂ]=[m, W,y W %]

N N

N
I

- Giai thuét huéin luyén: Ap dung phuong phép Steepert descent dé tim tam,

hé sb trai va céc trong sb bing qua trinh ti thidu héa sai s6 binh phuong.

2
+ Ham muc tiéu: J =%Z(9ﬂ, =0,

j=l
+ Cdp nhdt tam:
Luét cp nhét tdm:

Clk+1)=C(k) -V oJ

(4.19)

Vi

VCJ= 2‘1 = aj 'aelmzf ._a£ +
- ec 06, 0z oC

lner

oJ 06, °Z
" 9Z ‘éC

- a‘j a91;4'1'3!' + aJ 692m:1 QZ_
2,., 0z ) \86,, 0z )jeC

= _((Glp _elﬁ‘ef)m + (QZp - 92r|el )PVZ )'2'

a

Jx-c| =g
o’ €

Vay luat cdp nhét tdm dugc viét lai nhu sau:

X -
C(k + 1) = C(k) + nC ((elp - 6lrrel')pVi + (92p - 62:1.:{)’4/2)'2'.“__-2_"6
ag

bx—cf’

7| (4.20)
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+ Cip nhat hé s6 trai:
o(k+1)=0o(k)-n,V_ J
Voi:

o [ajj o 80, z) (& 00y, OZ
a oo 80, 6Z o 00, ' 07 ‘oo

1net 2net

a] a91 net L aJ a 92ne.' %
aghm aZ 69{’."2! 86,,, aZ 60’
X IIX-C'ﬁ

= _((91}? —Glnet )m + (92;1 erei)W ) _"O-—"

Vay luét cdp nhat hé s6 trai duge vidt lai nhu sau:

ok +1)=0(k)+1, (6, =G, +(6,,, — Oy ;) 2. A q| i (4.21)
+ Cap nhit trong sé:

Luit cép nhit trong s6:
W (ke +1) =W, (k) =1y V
Wy (ke +1) =W, (k) =1V, J

Véi

(or Y {—eaf 86

Vol = aw; )\ a0, ow, )=\ Cr O)Z)
()

Viy luét cap nhit trong s6 dugc viét lai nhu sau:
Wi (ke +1) =W, (k) + 1, (6,, = 0,,,)Z (4.22)
W, (k +1) =W, (k) +n, (6,,—0,,.,)Z (4.23)

(4.24)

6 -
W(k+1):[PVI(’CH)}:{WI(’C)WV( p ~ O )2 ]

W(k+D] | W(k)+1y(6,, - 0,,,)2Z
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Thuét todn hudn luyén tam, hé sd trai, trong sb 16p ra ctia mang nhén dang:
+ Bude 1:
Chon hing s6 hoc n = 0.3
Load mAu dit liéu vao ra mong mudn

Chon ham muc tiéu:
J =220, =6,
2=
+ Budce 2 : khoi dong:
Gan bién chay k= 1
Gan trong s6, tam, hé s trai bing gid tri ngAu nhién bét ky
+ Budc 3: Tinh ngd ra cta cic neural 16p 4n, 16p ra:

_(x-gy
Z—g(x-ch=¢

Ot = W02, +WoZ, + W2, + W, Z, =W, Z
azuer =Wy 2, +WpZ, + WnZ, +W24Z4 =W,z

+ Budc 4: Cép nhét trong s6 ctia 16p ra, tAm va hé sb trai cua mang:

_ FVI (k + 1) _ l/Vl(k) +1?W(91p _eluer)z
ke {chkﬂ)] ¥ {Wz(fc) (6, ~62,,,_,,)Z} (h23)
X - Ix -cf |
Clk+1) = C(R)+1c (6, = 6,0 W, + 0y, =0y, W, ) -2-"—2(’"e # (4.26)
[x-cff e
ok +1)=a(k)+n, (6, =0, W, +(6,, — Oy W, ).Z.Te o (4.27)

+ Budce 5 :
Néu k < K(s6 mAu hudn luyén) thi gén k = k+1 va tré lai budc 3
Néu k =K thi tiép tuc budc 6
Budc 6: két thic 1 chu ky hudn luyén
Néu J < Ir thi két thic qud trinh hoc

Néu J > Ir thi génk = 1 va tré lai budc 3
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4.2.3 M6 phéng mang nhin dang:
Thu thip dir liéu:
+ Tao tin hiu dit Ia 1 trong cdc mAu ct (hinh tron, vuéng, tam gidc . . )
+ Cho hé théng diéu khién chay dé thu thap data:

SO PO THU THAP DATA

u
&+t o
— i

Thu thip data

R rf_“'—be LllO—|

robot-2d

qi

q2

rel_q2

Hinh 4.11 So dé thu thdp data
+ Sau khi thu thdp dif liéu xong ta dugc dit lidu ngd vao cia mang nhin
dang dugc luu trong file input.mat, dit lidu ngd ra mong mudn cia mang
nhén dang dugc luu trong file output.mat

Nhién dang dung mang RBF:

\ a 1
+ Ham muc tiéu J :',lr(dt —yl)z +—(d, —yj)z :éerro Tiz +%grro_T22
Z 4

+ So @b simulink:

MANG NHAN DANG

Hinh 4.12 So @6 simulink mang nhdn dang
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-38.-

+ Huan luyén tdm, hé so tréi, trong sb 16p ra cua mang nhén dang roi dua

LUAN VAN THAC ST

dén so do simulink mang nhin dang

Két qua nhin dang:

g0 9000

70

. )

-

90 100

a0

e

50 100

60

2

Al A R e

10

Hinh 4.13 Két qua nhén dang

Voi:

d, d; 1a 2 ngd ra mong muén ctia mang nhén dang

Y1, ¥2 1a 2 ngd ra ciia mang nhén dang

e;=d; -y

e =dy—y,
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4.3 Thiét ké h¢ thong diéu khién mé hinh ndi cénh tay Robot 2 khép ndi ding

mang RBF;
4,3.1 So' dd khéi:

_ 1
0,(1) |

ef) — M(t)

de() ——— 1
ghich robot 2D

dea® 1 fidu khidn || M0 - ‘

i) A » 6,,(t-1)
err;(t)
0,() ﬁ Lﬁ%u—u&

Mang

Cénh tay Z » 0,(¢-1)

— Mang
91,,(1‘—1)‘—_’ thuén

. 0, ,(t-1)
nhén dang [~ ("
Gzp(r-l)"[‘

?‘_’ e(f) -
ern(t)

Hinh 4.14 H¢ thé'ng diéu khién mé hinh ngi diung mang RBF
H¢ théng gdm cac khéi:

— Khéi diéu khién: St dung bd didu khién neural PD

+ Ngd vio gbm c6 tin higu dit 0,(t) - err,(t), O,(t) - erry(t), sai s6 e;(t),
ex(t), vi phén sai s6 de(t), de,(t)
Véi:

erri(t) = (8 (t=1)=0_(t—1)

A
erry(t) = (6, t=-D-6,,..0-1)
e1(t) = 8,(t)- 0,,(t-1)
ea(t) = Ox(t)- Ony(t-1)
+ Ngo ra we(t) = {M(t), My(t)}
— Khéi d6i tuong:
+ Ngb vao: uy(t) = {M;(t), My(t)}
+ Ngo ra cta ddi twong: yu(t) = { 01p(t), 025(t)}. Ngb ra cua ddi twong

dugc tim bing cach gidi phuong trinh vi phan béc 2 dung phuong
phép Euler
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— Khéi nhin dang: C6 chirc ning nhan dang mé hinh todn ciia canh tay robot
+ Ngb vao cua mang nhén dang: x(t) = {M;(t), My(t), 0, p(t=1), Og5(t-1)} -
+ Ngo ra cia mang nhan dang: y,e(t) = {0)ne(t), 020et(t)}
+ Céc sai s6 err(t), erry(t) dung dé cap nhat trong s6 khi hudn luyén
mang RBF

Trong hé théng diéu khién mé hinh ndi thi sai s6 duge lan truyén qua ddi
twong nhd mang thudn nhin dang mé hinh ddi twong. Cac sai s6 nay (erry(t),
erry(t)) duge dua dén mé hinh mang neuron cia b diéu khién.

Viéc hudn luyén mang nghich tuong ty myc 4.1.3. Mang gém cd 6 ngd vao
u(t) = {0,(t) - erry(t), e (t), de;(t), 0,(t) ) - erry(t), ey(t),de,(t)}. O ngd vao thir | va
thir 4 ta thém céc sai s6 err,(t), erry(t) vao, 2 ngo ra ue(t) = {M,(t), My(t)}

4.3.2 M6 phéng b$ diéu khién mé hinh ndi theo mé hinh todn:

- So d6 simulink:

HE THONG BIBU KHIEN MO HINH NOI CANH TAY ROBOT DUNG MANG RBR

o 1
/ 4 ‘ Band-Limited
/ !" A White Huise
ref gi - » | | H—><all]
el ang didu ktidn q
= 0
| == 1
Ld B ;' Py
Saturation P s 4
robot-2d
e2 >
J\ rel_qQL
ref_g2

Hinh 4.15 So dé simulink bé diéu khién mé hinh noi
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- Pdp ing ngd ra 6, vdi tin hiéu d4t 13 ham budc:

3.5 T T T
e Y —
b Lo (L0 FEEERRRSRE IR (ORI S =
5% NSRRI A R S S S )
0. i i i
50 2 4 G 8 10

Hinh 4.16 Dap itng ngd ra 6, véi tin hiéu ddt 1 ham budce
Nhén xét: Pép tng ngd ra 6, c6 sai s nhd, tqe 160

- Ddp ing ngd ra 6, vdi tin hiéu dit 13 ham bude:

4.5

Hinh 4.17 Dap 1ng ngd ra 6, vdi tin hiéu dit la ham bude

Nhin xét: Dap ting ngd ra 6, cd sai s0 nho, tyq 16n

- Dap ing ngd ra 6, vdi tin higu dit hinh sin:

4

[ I e e —

B A L

-3

0] 5 10 15 20

Hinh 4.18 Dap irng ngd ra 6, vdi tin hiéu dit hinh sin
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Nhén xét: Pap (img ngd ra 6, ¢ sai s6 nho

- Pdp ing ngd ra 6, vdi tin hiéu dit hinh sin:

8
5]
<4
2
(8]
-2
-4

-6

0

i

5 10

15 20

Hinh 4.19 Dadp ving ngd ra 0, voi tin hiéu ddt hinh sin

Nhén xét: Dap rng ngd ra 6, c6 sai s6 nhd

- Bap ung ngd ra 6, voi tin higu dit hinh sin khi ting tin sd:

Hinh 4.20 Dap 1tng ngé ra 0, véi tin hiéu ddt hinh sin khi ting tin sé

Nhén xét: Ddp (g ngd ra 6, c6 sai s6 nho

- Dép ing ngd ra 6, vai tin hi¢u dit hinh sin khi ting tan sé:

Hinh 4.21 Ddp 1ing ngd ra 0, véi tin hiéu ddt hinh sin khi ting tan sé
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Nhén xét: Pép ting ngd ra 6, c6 sai s6 nho
- Péap ing ngd ra 6, vai tin hiéu dit 1a xung vubng:

(=

4

o] S5 10 15 20
Hinh 4.22 Dap wng ngo ra 6, voi tin hiéu ddt la xung vudng
Nhan xét: Dap &g ngd ra 6, c6 sai s6 nhd, tqa 16n

- Dép g ngod ra 6, vdi tin hidu dat 14 xung vudng:

Hinh 4.23 Dadp wng ngo ra 0, voi tin hiéu ddt la xung vudng

Nhan xét: Pap ung ngd ra 6, khong vot 16, sai s6 nho, tqq 160

O~

- Dép ting ngd ra 6, véi tin higu dat 13 xung vudng khi ting tan s

2
20 25 30 35 40

Hinh 4.24 Ddp 1ing ngd ra 0, véi tin hiéu @it la xung vudng khi ting tan so
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Nhén xét: Dap ing ngd ra 6, ¢6 sai s0 1dn

- Dap ting ngd ra 6, vdi tin higu dit 1a xung vudng khi ting tin sb:

Hinh 4.25 Pap vtng ngé ra 0, vdi tin hiéu ddit la xung vudng khi ting tin sé

5

1

0

Nhén xét: Dap ing ngd ra 6, co sai so 1on

15 20

- Pap ing ngd ra 6, vdi tin hiu dit 14 xung ring cua:

10 2

o) 30

40

Hinh 4:26 Papttng ngd-ra O voitin-hiéu-dat la xung ring cua

Nhén xét: Dép ting ngd ra 6, cd sai s6 nhé ¢ cac dinh ciia xung tam gidc

- Pép tng ngd ra 6, vdi tin higu dit 1a xung ring cua:

2
I P e e P e (e ] [ gl
b I S e e L Y Sr T T FERS ey S -
0.5 - frememememee e e o
%% 10 20 30 40

Hinh 4.27 Dap vtng ngo ra 0, voi tin hiéu ddt la xung rdng cua
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Nhén xét: Dap ing ngd ra 6, co sai s0 nho & cac dinh cia xung tam gidc

- Pép ting ngd ra 6, véi tin higu dit 12 xung ring cua khi ting tin so:

::::_: 2 ::::_ '4

Hinh 4.28 Ddp ting ngé ra 0, véi tin hiéu djt 1 xung rdng cuwa khi ting tan sé

o]

Nhén xét: Dap ung ngo ra 6, ¢co sai s0 1dn & cdc dinh ctia xung tam gidc

- Pap tng ngd ra 6, véi tin hiu d3t 14 xung ring cua khi ting tan s

2.5 ,

IO
)]

o]

0
Hinh 4.29 Ddp ting ngé ra 6, véi tin hiéu ddt la xung réing ciea khi ting tan sé

Nhén xét: Dép (rng ngd ra 6,co sai so 1on ¢ cac dinh clia xung tam gidc
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CHUONG V:

KET QUA MO PHONG
Chuong trinh m6 phéng chay trén matlab 7.0
5.1 Giao di¢n v& tin hi¢u dat:

» LUAN VAN TAM EES
) e 2 7
GIAO DIEN PIEU KHIEN CANH TAY ROBOT HAI KHGP NOI
QUY PAO HAI KHOP VE TIN HIBU DAT |
1 .._.._-....:.-..-_...-...E...........E......-......:..b-.-.-..; 0.4
e |
U -
.
0 i | i i i 0.1
0 0:2 04 06 0.8 1
: 0
;| R SRS, WOTRR IR . ¢
gy R
i e ot .
o O O SO WO -
| PR i L i o .
o 02 G TR 1 U =
i ‘—'Chg'n‘tiﬁf,l_ﬁé'u dit _' : : : 5 |
|©Circle OLinear O cubie |[XACNHAN |SIM2D | | SIM3D CLOSE

Hinh 5.1 Giao dién vé tin hiéu ddt
Céac budc vé tin hiéu dit:
+ Chon tin hiéu dit: C6 3 loai tin hiéu dit 13 dudng tron, duong thing va
dudng cong
+ Click nut xac nhin
+ V& tin hiéu dit ¢ giita 2 dwdng tron gidi han
Khi tin hi¢u dit dugc v& thi chuong trinh matlab s& tinh ra toa d6 2 khép va v&

1én giao dién, ddng thdi luu thanh 2 file toa_do_ql.mat va toa_do_q2.mat dé dua

dén so dd simulink.
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5.2 Két qua md phéng ciia hé théng diéu khién canh tay robot 2 khép néi ding
bd diéu khién neuron PD:
5.2.1 So @b simulink hg théng didu khién canh tay Robot 2 khép néi diing bd

s A s A
dieéu khién neuron PD:

v

ql
\J\ ref_q1 i

ref_qi err g1,
>0
1
Saturation

neuran rohot-2d
err_qzr 9@
qﬂ\/‘/ ref_q2 i
ref_g2

: <

h 4

v

Hinh 5.2 So @6 simulink hé thong diéu khién canh tay robot 2 khép noi ding bé
diéu khién neuron PD
5.2.2 Két qua md phéng:

QUY DAOHAIKHOP | VETIN HIBU DAT

35 {.........._:...--.....E.-_......T.....A....E .......... . 04 ______:"_"'_1-_______ :

03

02

01 - :_

04k ‘

02

-03

S— Bel(radfs) ‘

0 20 40 60 &0 loo - 04

Hinh 5.3 Tin hiéu dit I mau cit hinh tron
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3.5

L e LTSNS S -
| S (e R | BRS s .
0.5 [--mmmmmmmmede e anaty TSRS S -
. | ;
0 20 40 60 80 100

Hinh 5.4 Pap vimg ngé ra 0; vdi tin hiéu dit la mdu cdt hinh tron

3.5

3

2.5

2

1.5

1

0.5

0

0

20

60

80

100

Hinh 5.5 Ddp ving ngd ra 0, véi tin hiéu dit 1a mau cét hinh tron

Hinh 5.6 Ddp iing ctia co cdu chap hanh véi tin hiéu ddt la mdu cdt hinh tron

8
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QUY PAO HAI KHOP VE TIN HIEU DAT

0.4

0.3

0.2

0.1

1]

-0.1

i

-0.3

=6, (rad/s) i

1‘5 i ; T ] v H ‘
0 10 20 20 40 50 T 70, 02 03 04

Hinh 5.7 Tin hiéu dgt la mdu cdt hinh vudng

o 10 20 30 40 50

Hinh 5.9 Ddp img ngd ra 0, vdi tin hidu ddt la mdu cit hinh vubng
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i : ! !

0.2f--------- “RERTELER .

el

[ (r )| I —— L o awe wreenie e sineemm s Al

e s

= :

) . ! S— !

047 02 0 02 iy |
i g '

Hinh 5.10 Pdp ting ciia co cdu chap hanh véi tin hiéu dit la mdu cdt hinh vuong

‘QUY PAO HAIKHOP VE TIN HIEU BAT
3 ! | - O ooy a o
- T 03 =
P P 1 g
: : o T (rad/s)
= [—awo]i
o R SR | I ey i :
: : : a
E -0.1
: 5 P|—b,ma|i ;
0 5 § : R ‘
0 10 20 20 40 94 03 02 D1 0 01 02 03 04
Hinh 5.11 Tin hiéu ddt la mau cdt hinh tam gidc
1o 5 10 1s 20 25 30 35

Hinh 5.12 Bdp ttng ngé ra 6, véi tin higu ddt la mdu cdt hinh tam gide
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e

Hinh 5.14 Ddp itng ciia co cdu chdp hanh véi tin hiéu dit Ia mdu cdt hinh tam gide
Nhén xét: Dap tmg ngd ra 0y, 0, it dao dong, it vot 18, thoi gian dap tng

. A 2 r I k] I’\ I( ] r - A 2
nhanh, sai s6 nho, dap ng ctia co cau chip hanh c6 sai s6 nho

HVTH: PHAM VAN TAM



LUAN VAN THAC ST -52- GVHD:TS. NGUYEN THIEN THANH

5.3 Két qua mé phéng ciia h@ thong didu khién mé hinh néi canh tay Robot 2
khép néi diing mang RBF:
5.3.1 So' @0 simulink hé thong didu khién md hinh ndi cnh tay Robot 2 kKhép
ndi ding mang RBF:

Band-Limited
White Noise
ref g1 ‘

robot-2d

err_ql

ang diéu ktién

durd

w

dufdt

er g2 .

\/\ ref_q2
ref_q2 J

Mang nhin dang

v

q2

Hinh 5.15 So do simulink hé thong d@iéu khién mé hinh ngi cénh tay robot 2 khép

noi
Trong dé:
6,,(t-1)
92p(t - 1)

ref _q, =6,
ref _q,=0,

5.3.2 Két qua m6 phéng khi khong cé nhibu tac dong & ngo ra:

+ Trudng hgp 1: Thong s6 canh tay robot: a; = 0.25m, a, = 0.15m, m, =2.5kg,
m, = lkg, m; = 0.5kg
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QUY DAO HAI KHOP

0.4

0.3

Hinh 5.17 Dap rng ngo ra 0, voi tin hi¢u ddat hinh tron

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

o

Hinh 5.18 Dap wrng ngd ra 6, voi tin hiéu ddt hinh tron

02f-- i fft

VE TIN HIEU PAT

i
P R S

01
0
: : : 0]
L4972 [eeeeen e foreeeans —— I P 02NN
| : =0, (radss) | : : '
1.4972 ‘ : ; : { 0
VL R R o sy

010

04

Hinh 5.16 Tin hiéu ddt la méu cdt hinh tron

...............

..............

..............

...............

0

20

4

0

60

8

0 100
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PN Y SRS SO A0t SURR. ¥ SURRUIG HPUNRRRREN SN SRS -
15 \'y»————-—u.-_--{--—
[ SO U S S R S S -
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Hinh 5.27 Dap iing ciia co cdu chdp hanh voi tin hiéu ddt hinh chir nhat
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QUY DAO HAI KHGP : VE TIN HIEU PAT
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Hinh 5.29 Dap itng ngé ra 0, vdi tin hiéu ddit hinh tam gidc
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Hinh 5.30 Dap ving ngd ra 0, voi tin hi¢u ddt hinh tam gidc

HVTH: PHAM VAN TAM



LUAN VAN THAC ST =58~ GVHD:TS. NGUYEN THIEN THANH
e : | 5 |
| - ---._
= ; | ;
() dewussesrnans T mmimit {8
= s 5 s
= : : :
11— i s AR SRS |
0.4 : ’ i i 1
U i pen 2R

Hinh 5.31 Dap 1ing ctia co cdu chdp hanh véi tin hiéu @it hinh tam gidc

Nhén xét: Dép tng ngd ra 0,, 0, it dao dong, it vot 16, thoi gian dép ung

nhanh, sai s6 nhé, dap trng ctia co cau chap hanh c6 sai s6 nhd

+ Trudng hop 2: Thong sb cénh tay robot: a, = 0.4m, a, = 0.25m, m, =2.7kg,

m, = 1.6kg, m, = 0.5kg
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Hinh 5.43 Ddp ting ciia co cdu chdp hanh véi tin hidu dit hinh vudng
Nhén xét: Pép (g ngd ra 0;, 8, it dao ddng, it vot 15, thoi gian dap vmg

nhanh, sai s6 nho, dap ng clia co cau chip hanh c6 sai s0 nhod
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5.3.3 Két qua mé phéng khi cé nhifu tic déng & ngd ra:
Trudng hop 1: Xét anh huéng ciia nhidu véi chu ky 14y mau 1s:
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Hinh 5.44 Tin hiéu ddt I mau cdt hinh tron
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Hinh 5.46 Dadp vtng ngo ra 0, vdi tin hiéu ddt hinh tron
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SImoT

Hinh 5.47 Ddp 1ing ctia co cdu chdp hanh véi tin hiéu ddt hinh tron

Trudng hop 2: Xét dnh hudng ctia nhidu véi chu ky 1y mau 0.1s:
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Hinh 5.48 Ddp ing ngd ra 0, vdi tin hiéu ddt hinh tron
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Hinh 5.49 Dap vrng ngd ra 0, vdi tin hiéu ddt hinh tron
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 Hinh 5,50 Dép ting ciia co céu chép hanh véi tin higu dat hink tron
. Nhan xét: Dép tmg ngd ra 0, 0, dao dong véi bién d6 thay déi theo bién

d6 va tin s6 clia nhidu, Pép ting cia co cAu chdp hanh ¢6 sai s6 [6n
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CHUO'N G VI
KET LUAN VA HUUN G PHAT TRIEN DE TAI
6. 1 Ket luan | _
Luén viin dﬁ thu’c hlg:n duo’c céc v1¢c sau:r o
T+ Xay dung mé hinh mé phong cénh tay robot 2 khop nbi
"+ Thlet ke bo d1eu khlen tru’c tlep dung mang RBF didu khzen canh tay robot
catmau SRR AR AR RRE
- Xay dung gzal thuat huan iuyf;n mang RBF nhan dang mé hlnh todn ciia dbi
| tuqng | L '_ _ _ S
. '+ Thlet ke bQ dleu khlen mo hmh néi dung mang RBF dleu khlen canh tay
" robot cat mau o
F Cac mé phong cho thay hé thong dleu khlen da thiet ke dap u’ng du:qc yéu
_ clu dat ra. Bo dleu khién rit thich hop cho céc bal toan deo bém muyc tidu
Tuy nhlen, de tai con mot s6 han che sau. . L
| + Do klen thuc matIab con han che nen trong g1ao dlen V8 tln hleu dat chu‘a dat
durge cac mau it hinh ellp chinh xdc. ' '
_ + Chu'a khac phuc duqc nhidu tac dong V] ngo ra
62 Hu'ﬂ'ng phat trlen adti
+ Khi cé nhleu tac dong den h¢ thong lam hé thong kem on dmh Vlec didu
chlnh cac thong s0 b6 didu khien d6i hoi ¢6 kinh ngh1em méi khéc phuc duge
nhleu V1 vay thudt toan cé thé nghlen ctru thém v8 anh huong ctia nhidu dén
glal thuat cap nhat trong s8 clia mang. Thult todn cé thé tim ra céc gidi han
vé nhleu & trong glm han nay he; théng vin én dinh, _
+ Dung phan mdm v& chinh xd¢ hon (Autocad) dé v& tm h1¢u dit rbi ndi suy
toa do 2 khép tir file Autocad ndy. Khi d6 c6 thé dit duoce cdc mau cht bét ky.
+ Mot phuc.)‘ng'.é’m duge 48 nghi 13 diing giai thut di truyén dé tim ra b$ trong
56 t6i wu hcn

+ Thiét ké va thi cong mb hmh thu'c & kiém chimg Iy thuyét.
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PHU LUC

1. Chwong trinh m file ciia mb hmh canh tay robot

function [sys,x0,str,ts] = mht_Robot(t,x,u ﬂag,ml m2, mt,al,a2)
%m1=2.5;m2=1.0; mt=0.5;a1=0.25;a2=0.15;
switch flag,
case 0
[sys,x0,str,ts]=mdllInitializeSizes:;
case 3
sys=mdlOutputs(t,x,u,m1,m2,mt,al,a2);
case { 1,2, 4}
sys=[];
case { 9 }
sys=[];

otherwise
error(['Unhandled flag = ',num2str(flag)]);
end
%%%0%%%%%%%%% %% %% %% %% %
function [sys,x0,str,ts] = mdlInitializeSizes()
sizes = simsizes;
sizes.NumContStates = 0;
sizes.NumDiscStates = 0;
sizes. NumOutputs  =4;
sizes.NumlInputs =2
sizes.DirFeedthrough = 1;
sizes.NumSampleTimes = 1; % at least one sample time is needed
Sys = simsizes(sizes);
str=[];
x0 =[],
ts =[0.001 0] ;
%%%0%%%%% %% % %% %% %% %%
%clc
global Xo Ts qol qo2
dql =0; dq2 =0;
Xo =[qol;dql;qo2;dq2]; Ts = 0.001;

%
function sys = mdlOutputs(t,x,u,m1,m2,mt,al,a2)
global Xo Ts
C1 = cos(Xo(1)); C2 = cos(Xo(3)); C12 = cos(Xo(1)+Xo(3));
S1=sin(Xo(1)); 82 = sin(Xo(3)); S12 = sin(Xo( 1)+Xo(3));
% Ma tran moment quén tinh
HI11 = (ml+m2+mt)*al*2 + (m2+mt)*a2/2 + 2*(m2+mt)*al ka2 %2k




HI2 = (m2+mt)*a2"2 + (m2+mt)*al*a2*C2;
H21 =HI12;
H22 = (m2+mt)*a2"2 ;
H=[HIL,HI2;H21,H22]; .

% moment nhét va hudng tdm

V(1) = -(m2+mt)*al*a2*S2+*Xo(4)"2 - 2*(m2-+mt)*al *a2*S2¥Xo(2)*Xo(4)

v(2) = (m2+mt)*al*a2*S2*Xo(2)"2 ;
V=[v(1);v(2)];
% moment trong luc
gl = (mI+m2+mt)*9.81*al *C1--(m2+mt)*9.81*a2*C12;
g2 = (m2+mt)*9,81*a2*C12;
G =[gl;g2];
% Nghich ddo H
Hinv = inv(H);
% Vian téc khop
DX = -Hinv*(V+G) + Hinv*u;
% Phuong trinh trang théi
dx(1) = Xo(2);
dx(2) = DX(1);
dx(3) = Xo(4);
dx(4) =DX(2);

Xo= Xo+ Ts*dx";
Px=al*Cl + a2*Cl12;

Py =al*S1 + a2*S12;

sys = [Xo(1); Px; Py; Xo(3)];

%o

2. Chwong trinh m file cita m6 hinh mang neural didu khién:

function [sys,x0,str,ts] = neuron_s(t,x,u,flag,no,nl,n2,eta,Ts,Ir)
switch flag,
case 0
[sys,x0,str,ts]=mdlInitializeSizes(n1,n2,Ts);
case 3
sys=mdlOutputs(t,x,u,n1,n2,eta,lr);
case { 1, 2, 4}
sys=[];
case { 9}
sys=[1;
otherwise
error(['Unhandled flag = ',num2str(flag)]);
end
%6%0%%%% %% %% % %% %% % % % %% %
function [sys,x0,str,ts] = mdllnitializeSizes(n1,n2,Ts)

3




sizes = simsizes;

sizes. NumContStates = 0;
sizes.NumDiscStates = 0;
sizes. NumOutputs = n2;
sizesNumInputs =nl;

sizes.DirFeedthrough = 1;

sizes.NumSampleTimes = 1; % at least one sample time is needed

Sys = simsizes(sizes);

str=1];
x0 =[];
ts =|Ts 0];

%%%%%%%%%% %% %% %% % %%
global W ¢ sigma b2
load('trong_so.mat','W",'c",'sigma’,'b2")

%

function sys = mdlOutputs(t,x,u,nl,n2,eta,lr)
global W ¢ sigma b2
for n=1: n2
a_1(n,}) = sqrt(((u - c(n,:))*(u - c(n,:))));
a_2(:,n) = (sigma(n,:)");
net q(:,n)=a_l(n,:)./a_2(:,n);

end
zq = radbas(net_q);
for n=1; n2

uk_net(n,:) = (W(n,:)*zq(:,n)) + b2(n);
end
sys = uk_net;
erro = [u(2) + 0.3*u(3) , u(5) + 0.25*%u(4)J;
if 0.5*sum(erro.”2) >Ir

for n=1:n2

errh(n,:) = erro(n)*W(n,:)*(a_1(n,:)./(a_2(:,n). AZ))*zq( ) ;

- ¢(m,2) = e(n,:)+eta(n)*errh(n,:) ;

erthl(n,:) = erro(m)*W(n,))*((a_1(n,:).*2)./(a_2(:,n). 3)¥zq(:,n);
sigma(n,:) = sigma(n,:)+ eta(n)* errhi(n,:);

W(n,:) = W(n,:) + (eta(n)*erro(n)* zq(:,n))" ;

b2(n) = 400*eta(n)*erro(n);
end
end




Chuong trinh m file c4p nhét tam, hé sb trai, trong sb:
cle
load('input.mat','PR")
load('output.mat’,'Y")
x =PR’;
d =Y
d1=Y(1,:);% bkhop 1 them vo
d2 = Y(2,:); % bkhop 2 them vo
N =s5ize(d,1);
load('trong_so 1 mat','W_T,'C_T''SIGMA_T")
eta=0.3; '
epoch = 0;
while epoch < 10
for bk=1: N
a3(bk,:) = sqrt((x(bk,:)' - C_T'")"*(x(bk,:)' - C T
ad(:,bk) = (SIGMA _T";
net_q_T(:,bk) = a3(bk,:)./a4(:,bk); % 4 hang 500 cot
zq_T(:,bk) = radbas(net_q_T(:,bk));% matran 4 hang 500 cot
y(,bk) = W_T*zq T(,bk); % 2 hang 500 cot
forpl=1:2
erro_T(bk,p1) = d(bk,p1) - y(p1,bk)' ;: % ma tran 500 hang 2 cot
end
saiso(bk,:) = erro_T(bk,1) + erro_T(bk,2);%500 hang 1 cot
J(bk,:) =0.5*(erro_T(bk,1)*2 + erro_T(bk,2)"2);
testl(bk,:) = erro_T(bk,:)*W _T;
test2(bk,:) = test1(bk,:)*net_q_T(:,bk);
test2_1(:,bk) = test2(bk,:)";
test2_2(bk,:) = zq T(:,bk);
test2_1(:,bk)*test2_2(bk,:);
errth_T = test2_1(:,bk)*test2_2(bk,:);
C_T = C_T+eta*testl(bk,:)*(a3 (bk,:)./(a4(:,bk)."2))*zq_T(:,bk)";
errh_T1 = test1(bk,:)* ((a3(bk,:)."2)./(&4(:,bk)."3))*zq_T(:,bk)';
SIGMA_T = SIGMA_T+ eta* errh_T1;
test3(bk,:)= eta*erro_T(bk,:);
test3_1(:,bk)= test3(bk,:)’;
test3_2(bk,:) = zq_T(:,bk)";
test3_1(:,bk)*test3_2(bk,:);
W.T=W T+ test3_1(:,bk)*test3 2(bk,:); %ma tran 500 hang 4 cot
end
epoch = epoch + 1;
end
SIGMA T;
CT,




W_T;

bk;

erro_T,

saiso;

J;

T=0.2:0.2:100;

subplot(411), plot(T,d1,'’k", T,y(1,:),'); grid;legend('d1','y1%)
subplot(412), plot(T,dQ,'k',T,y(Z,:),'r');grid;legend('d2','y2')
subplot(413), plot(T,erro_T(:,1),'r"); grid;legend('e1")
subplot(414), plot(T,erro_T{( 52),'1");grid;legend('e2")
disp('nhédn dang xong')

3. Chwong trinh m file tao giao dién:

function varargout = giaodien(varargin)

gui_Singleton = 1;

gui_State = struct("gui_Name', mfilename, ...
'gui_Singleton', gui_Singleton, ...
‘gui_OpeningFcn', @giaodien_OpeningFen, ...
'gui_OQutputFen', @giaodien_OutputFen, ...
'gui_LayoutFen!, [], ...
'gui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.gui Callback = str2func(varargin{1});

end
if nargout
[varargout{1:nargout}] = gui_mainfen(gui_State, varargin{:});
else
gui_mainfen(gui_State, varargin{:});
end

O mmmmmm e e e
function giaodien_OpeningFen(hObject, cventdata, handles, varargin)
handles.output = hObject;

e e
function varargout = giaodien_OutputFen(hObject, eventdata, handles)

varargout{1} = handles.output;

globalr loai_veal a2 m dta_2 dta_1q

loai_ve=0;m=0;dta 2=[];dta 1= (Lg=11;

al =0.25; a2 =0.15;

L1=link([0al 0 00]);

L2 =1ink(f0 a2 0 0 0]);

r=robot( {L1, L2},'Robot 2D') ;%n =r.n

gioi_han(handles);




function gioi_han(handles)
global al a2
clc
t = linspace(-2*pi,2*pi);
x = sin(f); y = cos(t);
xcl = (al+a2)*x; yel=(al+a2)*y; xc2 =(al-a2)*x;yc2 = (al-a2)*y;
axes(handles.axes dat)
set(handles.axes_dat,NextPlot','Add")
plot(xcl,ycl,'linewidth',3)%, hold on
plot(xc2,yc2, linewidth',3)
G rw e e o e e e
function p_ve_Callback(hObject, eventdata, handles)
global loai ve
axes(handles.axes dat)
set(handles.axes_dat,'NextPlot',ReplaceChildren)
plot(0,0)
gioi_han(handles);

% .
xy=[ln=0;but=1; xy L=[l;m=0;xys L={];
while (but == 1&loai_ve~=0)
[xi,yi,but] = ginput(1);
q = teta(handles,[xi,yi]);
if isempty(find(imag(q(:,))))==1 & isempty(find(imag(q(:,2))))==1
plot(xi,yi,'ro") '
n=n+l;
Xy(:.n) = [xi;yi];
%%%%%%%% %% %% %% %%
if(loai_ve==2)
m=m+l; :
xy_L(:,m) = [xi;yi];
if{mod(n,2)==0)
xys = linear(handles,xy L);
plot(xys(:,1),xys(:,2),'1(','Iinewidth',5);
m=0,
xys_L =[xys_L; xys];
Xys =xys L;
end
end .
%%%%%%%% %% % %% %% %%
end
end

if(loai_ve==1) % noi suy phi tuyén
Xys = cubic(handles,xy,n);




plot(xys(:,1),xys( 52),'color','k', linewidth',5);
end

while (but == 1&loai_ve==0)
[xi,yi,but] = ginput(1);
q = teta(handles,[xi,yi]);
plot(xi,yi,'ro")
n=nt+l;
Xy(:,n) = [xi;yi];

end

if{n<2) |
errordlg('POINT >= 2''ERROR")
return

end

if(loai_ve==0) % ndi suy vong tron
xys = circle(handles,xy);
plot(xys(:,1),xys(:,Z),'color','k','linewidth',4);
end
DHD(handles,xys)
%, - .
function p_close_Callback(hObject, eventdata, handles)
closereq

function p_sim_Callback(hObject, eventdata, handles)
global qr ‘
cle
if isempty(q)

errordig("STOP','ERROR")

return
end
h = figure(1);
set(h,'numbertitle’,'off,'name’,'Mo hinh Robot 2D,
'menubar','none','color','w','position',[10 300 500 400])
title("Quy dao dau cong téc’,‘color','r','Pontname','VNI—Times‘,‘FontSize',20)
xlabel('x','color,r",'F ontname','VNI-Times','FontSize',ZO)
ylabel('y','color','r",'F ontname','VNI-Times','FontSize',20)
zlabel('z','color’,'r','F ontname',"'VNI-Times','F ontSize',20)
plot(r,[q;[0,01])

% —— e

function [nPx,nPy]=DHT(q)
global al a2
tetal= q(:,1); teta2= q(:,2);
nPx = al*cos(tetal) + a2*cos(tetal + teta2) ;




function DHD(handles,xys)
global qtql g2
q = teta(handles,xys);
if find(imag(q(:,1)))~=0 | find(imag(q(:,2)))~=0
errordlg("STOP','ERROR")
return
end
% VE qu§ dao khép
ql =q(:,1); q2=q(:;,2);
axes(handles.axes ql)
t=(1:length(q1));
plot(t,q(:,I),'Iinewidth‘,S,'color‘,'r‘) % VE&noi suy
legend("\theta 1+ (rad/s),4)
axes(handles.axes q2)
plot(t,q(:,2),'linewidth',3,'color','b') % V& ndi suy
legend("\theta 2~ (rad/s)',4)
set(gca,'F ontname',"VNI-Times','F ontSize',13)
% Luu file
control_file(xys);
Ypmmm e
function q = teta(handles,xys)
global al a2
% Dong hoc dao
Px = xys(:,1);
Py = xys(:,2);
d_2=Px. 2+ Py.A2;
%Tinh teta_ 2
teta 2 = acos((d_2~a1"2—&2"2)/(2*31*a2)) ;
%Tinh teta 1
gama = atan2(-Py./sqrt(d_Z),—Px./sqrt(d_Z));

teta_1 = gama + acos((—(d_2+al"2~a2"2))./(2*a1*sqrt(d_Z)));

q = [teta_l,teta 2];

function r_cubic_Callback(hObject, eventdata, handles)

global loai ve
loai ve=1;
% ———— [P e ———

function r_linear_Callback(hObject, eventdata, handles)

global loai_ve
loai_ve =2;
% e O




i

function p_open_Callback(hObject, eventdata, handles)
global gol go2 Px Py
clc
load toa_do_ql.mat sigl
load toa_do_q2.mat sig2
ql =sigl(2,:); q2 =sig2(2,:);
qol=ql(1,1); qo2=q2(1,1);
t=(1:length(ql));
Len = length(t);
q = [q1;92];
[Px,Py]=DHT(q);
axes(handles.axes_dat)
plot(Px,Py,'ko',’linewidth',Z);

% VE qu¥ dao khép
ql =q(,1); 92 =q(:,2);
axes(handles.axes ql)
plot(t,q(:,1),'linewidth',B,'color’,'r') % V& ndi suy
set(handles.axes q! ;' NextPlot','Add")
plot(t,q(:,2),'linewidth’,3,'color','b') % V& ndi suy
set(handles.axes q! » NextPlot','ReplaceChildren’)
legend("\theta 1~ (rad/s)',\theta 2~ (rad/s),4)
set(g‘ca,'Fontname','VNI-Times','F ontSize',13)

sct_param('neuron_controller’, ‘StopTime', num2str(Len))
set_param('neuron_controller, ‘StartTime', num2str(0.001))

function r_circle_Callback(hObject, eventdata, handles)
global loai_ve |
loai_ve = 0;

A e e ,

function p_s_Callback(hObject, eventdata, handles)
sim('neuron_controller')

e —

% --- Executes on button press in pushbuttons8,

function pushbutton8_Callback(hObject, eventdata, handles)

% hObject handle to pushbutton8 (see GCBO) _

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)




