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UNG DUNG MANG NO-RON TUYEN TINH HOA PHAN HOI PIEU KHIEN
THICH NGHI VI TRi BAN TRUQT

ADAPTIVE CONTROL OF SLIDING TABLE POSITION USING FEEDBACK
LINEARIZATION NEURAL NETWORKS

V6 Khanh Thoai
Truwong Pai hoc Sw pham Ky thudt - Pai hoc Pa Néang;, vkthoai@gmail.com

Tém tét - Diéu khién vi tri ban trugt trong cac may gia cong co khi
la van dé rat quan trong dat biét trong cac may CNC doi héi vij tri
ban trwot can phai cé do chinh xac cao. Da sb trong cac may gia
cong co khi, bo diéu khién tbc do, vi tri ... déu s dung bod diéu
khién PID nén it c6 kha nang thich nghl voi nhleu cling nhw sw thay
ddi tham sb cGia mé hinh. Bai bao nay dé xuat mét giai phap ¢ng
dung b diéu khién NARMA-L2 (Nonlinear Autoregresswe Moving
Average) la bo dleu khlen no-ron thich nghi. Y twéng ctia bo diéu
khién loai nay la x&p xi gan dang hé théng dong Iwe hoc phi tuyén
thanh hé thong dong lwc hoc tuyén tinh. Ban dau a viéc xay dwng
mo hinh hé thong, sau dé dung bd diéu khién NARMA-L2 @& nhan
dang hé thdng va tao ra tin hiéu diéu khién cung cap cho déi twong.
Két qua nghién ctru cho thy kha nang thich nghi véi nhiéu va sy
thay ddi ctia tham sb mé hinh trong qué trinh van hanh cta bd
NARMA-L2 tét hon bd PID.

T khéa - PID; NARMA-L2; mang no-ron; diéu khién théng minh;
ban trwot; dong co DC.

1. Pat vin dé

Hé truyén dong gém dong co diéu khién vi tri ban truot
vo6i tin hiéu vao 1a dién ap va tin hi¢u ra la quang duong
ban truot di dugc ¢6 so ¢ nhu Hinh 1. Hé thong gém mot
dong co DC chuyén dong thong qua hé thdng truyen dong
diéu khién ban may di chuyen doc theo truc dai oc co vit
dan, trén d6 c6 gan cam bién do vi tri ban truot. Tin hiéu
nay dugc phan hdi vé& bo diéu khién. Téc do cua dong co
duogc giam sat qua bg do tdc do va hoi tiép vé& mach diéu
khién khuéch dai cong suit. Chwong trinh trén may tinh c6
nhiém vu lam viée va xuét tin hidu dén mach khuéch dai
cong suét (thong qua bo diéu khién sd) dua dén diéu khién
téc d6 dong co ciing nhu diéu khién vi tri ctia ban truot phai
luén bam theo duogc tin hiéu dat.
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Hinh 1. So d6 hé thong déng co chinh vi tri ban truot

So dd ciu tric hé thong dong co diéu chinh vi tri ban
truot thé hién nhu trén Hinh 2.

Dé diéu khién 6n dinh tdc d6 dong co, vi tri ban truot
trén cac may cé sir dung dong co, bo didu khién kinh dién
ti 1¢ - dao ham - tich phan PID luén 14 sy lya chon vi céu
triic don gian va dé cai dat [1], [2], song s€ gdp kho khan
trong viéc tinh chinh PID khi hé thong c6 cac thong sb

Abstract - Control of sliding table position in mechanical work
machines is very important, especially in CNC machines because
it requires high accuracy. In most mechanical machines, speed or
position controllers have used PID controllers, so they are less
adaptable to the noise as well as the parameter changes of the
model. This paper proposes a solution that uses a feedback
linearization control and a nonlinear autoregressive-moving
(NARMA-L2) adaptive neuron controller. The idea of this type of
controller is to approximate the nonlinear dynamical system into a
linear dynamical system. Initially, the system model is built, then
the NARMA-L2 controller is used to identify the system and
generate control signals for the object. The results of this study
show that the ability to adapt to noise and the change in model
parameters during operation of the NARMA-L2 is better than that
of the PID controller.
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thay ddi, khi c¢6 nhidu tac dong hay tin hiéu dat thay doi
khac nhau.

Tin hiéu M6 men Vin téc vitri
didu khién :
(V) Nm) m/s) (m)
Tin hiéu B Khuéch dai a
t ] Dongco || Banma Kot
dit | didu khién ¥ cong sudt o +iig tich phan |

BY do téc dd —

} Bo do "‘

Hinh 2. So d6 nguyén Iy diéu khién vi tri

Céc phuong phap dung b diéu khién md, no-ron trong
diéu khién [3], [4] 1a nhitng huéng nghién ctru dé cai thién
nhuoc diém cua bo PID. Hé théng diéu khién ung dung
mang no-ron tuyén tinh hoa phan hdi (feedback
linearization control) va b0 NARMA-L2 (Nonlinear
Autoregressive Moving Average) dugc dé xuat dé khic
phuc nhimng tinh ning trén. BO NARMA-L2 1a bo diéu
khién no-ron thich nghi, y twéng cua bo didu khién loai nay
1a xdp xi gin ding hé thong dong luc hoc phi tuyén thanh
hé théng dong luc hoc tuyén tinh. Ban dau 1a viéc xay dung
md hinh hé théng, sau d6 ding bo diéu khién NARMA-L2
dé nhéan dang hé théng va tao ra tin hiéu diéu khién cung
cép cho d6i twong.

Noi dung bai bao gdm: gi6i thiéu vé bd didu khién
NARMA-L2, mé ta toan hoc cho dbi tuong 1a dong co diéu
khién vi tri ban truot, thiét ké bo didu khién ding PID va
NARMA-L2 dé diéu khién, cudi cing 1a nhan xét va két luan.

2. B diéu khién tuyén tinh héa phan hoi

_ B¢ diéu khién NARMA-L2 duoc md ta la dang phan
hoi tuyen tinh khi m6 hinh d6i twgng 1a phi tuyén. Y tuong
cua bd dicu khién 1a chuyén d6i hé thong dong luc hoc
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phi tuyén thanh hé thong dong luc hoc tuyén tinh boi viée
x6a bo tinh chat phi tuyén. Phan nay bat dau boi su c6
mit ctia md hinh hé thong va chimg minh lam thé nao dé
¢6 thé sir dung mét moé hinh mang no-ron theo hudng
nhédn dang mo hinh nay. Sau d6, n6 mo ta cach thic xac
dinh mo hinh mang no-ron c¢6 thé duoc sir dung dé phat
trién mot bo diéu khién.
2.1. Nhan dang ciia mé hinh NARMA-L2

Budc dau tién dé sir dung cac thong tin phan hdi tuyén
tinh (bo diéu khién NARMA-L2) 1a nhan dang hé thong
duogc diéu khién. M6 hinh NARMA-L2 13 mét x4p xi cia
md hinh NARMA (Nonlinear Autoregressive Moving
Average) dugc cho boi phuong trinh [5], [6]:

y(k+d)=N[y(k), y(k-1)..... y(k=n+1),u(k),u(k-1),...u(k-m+1]] (@)

Trong dé: u(k) 1a di liéu vao h¢ thdng, y(k) 1a dir liéu
ra hé thong va d 1a tré cta hé thong.

Phuong thirc nhan dang 1a huan luyén mang no-ron
theo x4p xi ham phi tuyén N. Day la thu tuc nhan dang duoc
sir dung cho bo diéu khién dyu bdo mang no-ron. Néu mudn
dau ra h¢ thdng bam theo mot duong thi y(k+d) = - Yr(k+d).
Budc tiép theo 1a phat trién b diéu khién phi tuyén tir:

u(K)=GLy(K), y(k=1),... y(k-n+1),y, (k+d),u(k-1)....u(k-m+1)] ()

Vén dé khi sir dung bo diéu khién nay 1a néu mudn huan
luyén mot mang no-ron tao 1dp ham G ma s€ giam thiéu sai
1éch, thi ta can phai sir dung phuong phép lan truyén nguoc.
Phuong phép niy ¢6 nhuge diém 1a toc d6 cham. Mot trong
nhitng giai phap va dé xuét cua Narendra Mukhopadhyay
1a sir dung mo hinh gin ding tir md ta hé thong. Bo diéu
khién str dung & day 1a mo hinh gan diing NARMA-L2:

§(k+d): fly(k), y(k=1),....y(k-n+1),u(k),u(k-1),...,u(k—m+1)]
+0ly(k), y(k=1),....y(k=n+1),u(k),u(k=1),...,u(k-m+1)]Ju(k) ()
2.2. Bj diéu khién NARMA-L2

Gin ding mang noron g()

Gén dang mang noron ()

Hinh 3. M6 td cdu triic ciia mét mang no-ron
_ Loi thé cua dang NARMA-L2 12 vira c6 thé diéu khién
dau vao va vira c6 thé I[am cho cho dau ra hé thong bam
theo tin hi¢u tham chiéu: y(k+d) = yq(k+d).
Két qua bd diéu khién c6 dang nhu sau:
Y, (k+d) = f[y(k), y(k=1),....y(k=n+1),u(k),u(k=1),...,u(k-m+1)]
u(k)=
aly(k), y(k=1).....y(k=n+1),u(k),u(k-1),....u(k-m+1)]
Tuy nhién, viéc sur (!ung bd dlﬁu khién nay gap kho khan,
boi vi phdi xdc dinh dau vao di€u khien u(k), dua vao cac
dau ra tai cing mot thoi diém, y(K). Do d6, sir dung mé hinh:

(4)

y(k+d)=fly(k), y(k-1),....y(k-n+1),u(k),u(k-1),...,u(k—m+1)]
+0y(k), y(k=1),....y(k-n+1),u(k),u(k-1),...u(k-m+1)Ju(k +1) (5)
Trong d6, d = 2.

Hinh; md td cau tric ciia mot mang no-ron. Hinh 4 la
so d0 khoi bd dicu khién NARMA-L2.
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Hinh 4. So do khéi bé diéu khién NARMA-L2
B9 diéu khién nay c6 thé thuc hién v6i cic mé hinh déi
tugng NARMA-L2 da dugc nhan dang trude do, dugc thé
hién trén Hinh 5.

Hinh 5. B diéu khién thuc hién véi mé hinh NARMA-L2 da
nhdn dang

3. M6 hinh h¢ théng diéu khién vi tri ban truwot

Mudn diéu khién duoc vi tri, ta can phai m6 hinh dbi
tugng diéu khién. O day, ta xét dén ddi tuong 1a dong co
DC diéu khién vi tri ban truot, dugc thé hién bing so dd
khéi nhu Hinh 6. Pau vao 1a tin hiéu dién ap Us; ddu ra 1a
vi tri g sau khi qua khéau tich phan 1/s; Ra la dién tror phén
ing; Ta= La/Ra 12 hang s6 thoi gian dién; Ka, Kp 12 cac hé
s6; T 12 md-men tong trén truc dong co; s toan tir Laplace.
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Hinh 6. So d6 khéi diéu khién vi tri dgng co dién DC
Ham truyén ctia bo chinh luu c6 dang:

K K K
Wc (S) — Kc .e—rs — clS - cl ~ cl (6)
I ! g™ 1+E+(Tc|5)2 +(Tcls)3 + I+(rc|5)k Tys+1
i 2! 3! k!
(do Te << 1). Vi Ugn = 100 (V), do d6 Ke =Ugn/10= 10;
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Ta=~0,00167 (s), khi d6 bo chinh luu W, = L
¢ 0,00167s+1

Tinh chét cta bo bién dong tuong tu véi b chinh luu,
ta c6 ham truyén bd bien dong la:

g = Kag , chon Kyg= lgn/10 = 0,6; Tpa= 0,001 (s) (7)

T s+1
B¢ bién dong: W,, = __06
0,001s+1
Ham truyén cua bo do toc do c6 dang:
= Kt v6i Ke = aun/10 = 27nanf600 = 31,4 (8)
Tes+1

Chon Ty = 0,001(s);
Khi d6, bo do toc do:

314
"7 0,001s+1
Ham truyén cua b do vi tri c6 dang:
W, = —Fe_ chon Ky = 0,95; Tw=0,005() (9
T,5+1
Bo do vi tri: W, = — 000
0,005s +1

Nhiém vy cia ngudi thiét ké 1a tim b didu khién sao
cho vi tri ciia ban truot bam theo tin hiéu dit, khir nhiéu tot.
4. Két qua md phéng
4.1. Thiét ké b diéu khién vi tri ban truwgt diing PID

Céc bo diéu khién vi tri don gian va thuong dung (hon
90%) la bo dieu khién ti 1¢ - dao ham - tich phan (PID).
Vong dicu khién cap trong cung la bg diéu khién dong dién,
gid st ea~ 0, ta c6 so dd cau triic mach vong diéu khién
dong dién nhu Hinh 7.
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Hinh 7. So d6 cdu triic mach vong diéu khién dong dién
Tir so dd ta ¢ ham truyén hé hé (khi chua c6 RI) la:
1

(s)= FTa Kig ~ K,
Y (Tc|5+1) (Ts+D) (Tes+)  (Ts+)(Tys+D)

10)

Ap dung cac nguyén tic cac hing sb thoi gian nho,
(Ta>> T + Toa = Ty).
Day 14 mot khau quén tinh bac 2, 4p dung tiéu chuan toi
uu do 16n, chon bd diéu khién PI c6 dang:
RaTa
(2K Koy T )+ )
T;s

a

a1

W, =

Thay sb vao ta duoc:

1
~0,1392(1+
Wa ( 0,0027s 0.00275

Ham truyén hé kin c6 dang:
_ 167(0,001s+1)
“ 7 0,005345(0,00267s+1) +1

Vong diéu khién tiép theo Hinh 8 1a toc do:
Uy 1 q
o b

K
Tees+1 [0

Hinh 8. So dd cau triic mach vong diéu khién téc do

1 K ft
W (S) ki a
Js (Tes+1)
KK (TS +1)
W (s) K 12)

vt IS(2T )]y S(Tys +1)(Tys +1) +1](Tys+1)
v6i T = Tha = 0,001(S) va bo qua cac thanh phan bac cao,
K, Kq
W IKyg
ha [s(2T ) s+1
Ap dung tiéu chuén t6i wru dbi ximg voi dbi tuong co
hén} truyén dang tich phan quan tinh bac nhat, chon bd dicu
khién PI c6 dang:

ta co: (13)

1
WS K, (— ) (14)
R 1+~
TS
trongdd, T =~2aT, ;K ~—— Wy (15)
Iq o 2K, K, Ty \/_
Khido: W (2w _yqp_ Loy (16)
R 2K K, T,<a  2aTys
chon a =9 va thay sb vao ta duoc:
T =~0,048; K =0,0039
Iq pa
. 1
Nén: W  ~0,0039(1+———)
Rq 0,048s

Vong diéu khién ngoai cing Hinh 9 12 vi tri cia ban
truot:

qd Rq I
L

Hinh 9. So' dé cdu triic mach vong diéu khién vi ori

Ham truyén hé hé (khi chua c6 bo didu khién vi tri Rq):

W W, K,

1
=)

_ Js 1

Who = 1 K, .,'s

KVI
S
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Thay s vao ta dugc:
0,033(0,048s+1)

W =
"~ 5(0,0055s +1)(0,00046 5%+ 0, 045 +1)(0,000017 5%+ 0, 0065 +1)

Bo6 qua cac thanh phan béc cao, ta chon bo diéu khién
PID. Sir dung phuong phap cua Ziegler-Nichols va tién
hanh hiéu chinh ta cé: kpq =400; kiq =0.0% kdq =130.

4.2. Thiét ké b diéu khién diing NARMA-L2

O buéc nhan dang h¢ théng, ta chon cac thong s6 diéu
khién nhu bang diéu khién & Hinh 10 dé xac dinh dap tng
cua hé théng, v6i mo hinh st dung cho vi¢c hoc va nhén
dang 1a d6i tugng dugc luu thanh file MHDCI, véi dir liéu
chon huin luyen 1 10000, s6 16p an 1a 9.

Plant Identification - NARMA-L2

[ —

Hinh 10. Béing nhdn dang déi twong
Tién hanh nhan dang (Generate Training Data) ta thu
duogc dir li€u vao, ra va dir liéu huan luyén cta qua trinh
nhu Hinh 11.
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Hinh 11. Dit liéu vdo, ra va hudn luyén ciia qud trinh
Budc tiép theo ta huan luyén ddi tugng (Train Network)
véi gia tri d3 nhap vao hé thong. Két qua thu duoc sau khi
huén luyén nhu Hinh 12.

700 400 600 600
time (3)

Hinh 12. DiF liéu hudn luyén va xdc nhdn

Dir liéu huén luyén véi cac dau vao da nhap, sai sb giira
dbi twong va mé hinh mang no-ron vao khoang 1,5.10.
Dir liéu x4c nhan sai s6 0,5.10%. Sau khi c¢6 théng sé cua
b6 diéu khién, tién hanh xuit tin hi¢u ra Simulink, ta c6 cau
trac mang nhu Hinh 13a. Két qué 1a tao ra cac khdi trong
Simulink véi sau 16p ctia mang no-ron, dugc trinh bay nhu
Hinh 13b.
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Hinh 13. Mang no-ron va cdu triic nhdn dang déi tirong
4.3. Két qui mo phong

Két qua md phong diéu khién vi tri ban trugt ding
phuong phép PID va phuong phap mang no-ron NARMA
-L2 ma tac gia da thyc hién trén Matlab — Simulink c6 mo
hinh nhu Hinh 14.

4.3.1. Piéu khién ¢ diéu kién khong nhiéu

St vdung PID va NAR MA- L2, & didu kién khong nhiéu,
thay d6i diém dit, ta dugc do6 thi Hinh 15.

Tir cac cong thire & Muc 3 va 4, ta nhan thiy rang, khi
st dung bo PID phai c6 su chinh dinl} cac tham so Ky, Ti,
Tq. Tuy nhién, vigc chon cac tham so nay phu thudc vao
cac gia tri tham so cua hé thong, di€u nay s& gy kho khan
cho qua trinh diéu khién.
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Hinh 14. M6 hinh diéu khién PID va NARMA-L2
Str dung NARMA-L2 yc’ri dit liéu dad dugc nhap truég
va hoc trude d6 giup hé thong c6 dap tmg nhanh 1s, sai so
x4c 1ap nho 2.107, d6 qua diéu chinh chap nhan duoc.

———— P

Hinh 15. Ddp itng hé thong khi khéng nhiéu
4.3.2. Diéu khién ¢ diéu kién c6 nhiéu
Trudng hop nhidu dau ra (nhidu vi tri) nhu Hinh 16 thi
b di€u khién PID t0 ra khong hi€u qua, dap mg chdm hon,
chat lvong bam cua PID giam xudng rd rét, by dicu khién
NARMA-L2 cho dap ung nhanh, bam tin hi¢u dat tot.
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Hinh 16. Ddp iing khi nhiéu vi tri (dau ra)

Xét truong hop nhiéu dau vao (nhiéu dit...), nhiéu dau
ra (nhicu vi tri), tham s6 cuia dong co thay d6i (thay doi gia
tri Ra), két qua duogc thé hién trén Hinh 17.

Hinh 17. Bép ung khi nhiéu dau vao, diu ra,
dién tro dong co thay doi
Khi c6 nhidu dau vao va ra, dién tré cua dong co thay
d6i, thoi gian dap ting ctia PID (2s) cham hon NARMA-L2
(0,55), sai s PID ciing 16n hon nhiéu. BO NARMA-L2 bam
tin hiéu dit t6t hon PID.

5. Két luan

Tir thyc té khao sat Iy thuyét va ung dung mang no-
ron, ma cu thé 1a b6 NARMA-L2 (Nonlinear Auto-
regressive - Moving Average) vao ddi twong dong co
chinh vi tri ban trugt va so sanh véi diéu khién kinh dién
PID, ta thdy rang kha ning thich nghi cua h¢ thong dugc
nang 1én rat nhiéu: d6 qua didu chinh kha it, thoi gian dap
g nhanh va sai s6 vi tri nho, gop phan nang cao chat
luong diéu khién.
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