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ABSTRACT

This paper is to proposed an algorithm for estimating parameters (i.e.,
K., K, Ky) of a PID (proportional integral derivative) controller using
RBF (radial basis function) neural network. The proposed algorithm is
then applied to control direct current motor and a degree-of-freedom
robot arm. MATLAB based simulation results show that the RBF based
PID gives better performance than the conventional PID for both cases:
the fixed and changed parameters of the DC motor and 1 DOF robot
arm. It is noteworthy that the proposed approach gives the step response
with insignificant overshoot, fast settling time (2 s), and the rise time (0.8
s) is shorter than the conventional PID.

TOM TAT

Bai bdo dé xudt mét gidi thudt cdp nhdt cac tham $6 K,, Kiva Ky cuia b
diéu khién vi tich phan ty 1é PID (Proportional Integral Derivative) sit
dung mang no-ron ham co so xuyén tam RBF (Radial Basis Function).
Gidi thudt dé nghi dwoc dp dung dé diéu khién dong co dién mot chieu
va cdnh tay mdy mot bic tw do. Két qua mé phéng tir phan mém
MATLAB di minh chitng rang, b diéu khién PID dwa trén mang no-ron
RBF cho chdt lwong tét hon so véi bé diéu khién PID truyén thong ké ca
hai trieong hop thong s6 cia déng co cé dinh va thay doi. Pdc biét, gidi
thudt dé nghi cho ddp immg ndc véi do vot 16 khong dang ké, thoi gian xdc
Igp nhanh (2 s) va thoi gian ting (0,8 s) ngdn hon so véi bg diéu khién
PID truyén thong.

Trich d&n: Huynh Thé Hién, Huynh Minh Vii va Nguyén Hoang Diing, 2018. B9 diéu khién PID dya trén
mang no-ron ham co s& xuyén tam. Tap chi Khoa hoc Truong DPai hoc Can Tho. 54(7A): 9-19.

1 GIOI THIEU

sanh dua trén két qua diéu khién cung mot diéu
kién cua cung mot doi tuong. K&t qua mo phong

Giai thuat tinh chinh cac tham sé K, K; va Ky
cia bd diéu khién PID (Proportional Integral
Derivative) dua trén mang no-ron ham co so xuyén
tam RBF (Radial Basic Function) dugc dé& xuét
trong nghién ctru nay. Pdi tuong dong co mot
chiéu va hé tay may mdt bac tu do duogc dung dé
kiém ching giai thuat dugc dé nghi. Bén canh do,
trong nghién ctru hién tai, bd diéu khién PID truyén
thng va bo didu PID dya trén mang RBF dugc so

cho thay bo diéu khién PID dya trén mang no-ron
ham co s¢ xuyén tdm dat dugc kha nang thich nghi
t6t voi ca hai truong hop thong s6 cta dong co ¢d
dinh va thay doi.

Bo diéu khién PID truyén théng da va dang
dugc s dung rong réi trong qua trinh cong nghiép
vi cdu trac don gian, d¢ tin cdy cao va dé thyc hién.
Tuy nhién, bd diéu khién nay c6 mot sO han ché
nhu khi d6i twong diéu khién 1a phi tuyén hodc
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thong s6 ctia ddi tuong thay ddi theo thoi gian, d6i
tuong kho xac dinh chinh xac md hinh toan, thi cac
tham s6 khong thé diéu chinh ty dong dé thich tmg
v6i diéu kién da thay d6i (Zhu et al., 1999). Do do,
v6i bo diéu khién PID truyén thong kho co thé dat
dugc chat lwong diéu khién nhu mong muén. Géan
day, mot s6 thuat toan diéu khién thong minh da
dugc dé nghi dé cai tién bo didu khién PID truyén
théng. Cu thé 1a thuét toan diéu khién feedforward-
feedback dugc kiém chimg 1a phu hop dé diéu
khién hé phi tuyen (Nguyen Hoang Ding, 2011).
Trong d6, bo diéu khién feedback dugc thiét ké
dua trén PID va bd diéu khién forward dugc thiét
ké dua trén mang no-ron lan truyén nguwoc. Hon
nita, su két hop gitra bo diéu khién truot va bo diéu
khién PID c6 thé diéu khién tét d6i trong phi tuyén
(Nguyén Hoang Diing, 2012). Trong d6, ham trugt
ctia bo diéu khién truot duge xay dung dya trén bo
diéu khién PID sao cho théa min t1eu chuan
Hurwitz. Ngoai ra, dé tim ra céc tham s tdi uu cua
bo diéu khién PID, thuat toan di truyén két hop véi
giai thuat Nelder-Mead da dugc dé nghi su dung
(Lasheen et al., 2010). Ty chinh PID dya trén k¥
thuat phan hdi chuyén tiép da duoc trinh bay boi
Hovakimyan ef al. (2002). Mot hé thong diéu khién
PID dua trén md hinh mo thich nghi ciing duoc
bao cao bai Nounou and Rehman (2007).

Mang no-ron ham co sé xuyén tim c6 mot sb
vu diém ndi bac nhu kha nang dy doan tdt hon, cau
tric mang don gian va cac thuat toan hoc nhanh
hon (Lee et al., 1999). N6 da dugc st dung thanh
cong trong diéu khién robot, diéu khién mo, diéu
khién PID phi tuyén va céc linh vuc khac (Hou et
al., 2007). Mang no-ron RBF duoc két hop véi bd
diéu khién truot ¢ thé diéu khién tét d6i tuong hé
tay may ba bac tu do (Nguyén Hoang Diing, 2010).
Trong d6, mang no-ron RBF dugc ding dé wéc
lwong ham phi tuyén cua luat diéu khién truot.
Ngoai ra, mang no-ron RBF ¢6 thé két hop véi bo
dicu khién truot va mo hinh md dé diéu khién tot
dbi twong phi tuyén (Nguyén Hoang Diing va
Duong Hoai Nghia, 2010). Luat suy dién mo duoc
st dung dé uée lugng bién do cua luat diéu khién
trugt trong khi mang no-ron udc luong ham phi
tuyén trong luat didu khién truot. Dua trén nhing
vu diém cia mang no-ron RBF, bai bao nay e
xuit mot giai phap woc luong bd tham s cua bd
didu khién PID truyén thong sir dung mang no-ron
RBF. Giai thuat dé nghi dwoc kiém ching thong
qua diéu khién téc d6 dong co mot chiéu va diéu
khién canh tay robot 1 bac tw do. Dé kiém chimg
su thich nghi ciia bo didu khién (chat lwong cua bd
diéu khién va kha ning tu diéu chinh cac tham s6
clia giai thuat), cac thong sd cua dong co duoc gia
sir trong hai truong hop 1a ¢b dinh va thay doi. Day
1a vin d&& ma bo diéu khién PID truyén théng
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khong thé giai quyét dugc. Vi b diéu khién PID
dua trén mang no-ron RBF, by tham so Ky, Ki va
Kq khong chi duge ude lugng tir ngd ra doi tuong
ma con la by tham s6 t0i uu thong qua kha nang tu
ho‘c cua ‘mang ncr-ron.’Qua do6, chat lugng ctia bo
dicu khién dé nghi s€ tot hon (Yang ef al., 2006).
2 PHUONG PHAP NGHIEN CUU
2.1 Déi twong diéu khién
Hinh 1 trinh bay dbi tuong diéu khién 1a dong
co dién mot chiéu. Phuong trinh (1) trinh bay mo
hinh‘ toan cua doi tuong duoc mf) ta dudi dang ham
truyén. Mo hinh nay th¢ hién moi quan h¢ gitra ngd
vao di?n ap va ngd ra toc do cua dong co dién
(Nguyén Hoang Diing, 2011).
D(s) K
Vis) (Js+b)(Ls+R)+K’

@)

Trong d6, J la moment quén tinh cua rotor; b 1a
hé sé ma sat; K 1a hang sb sic dién dong; R 1a dién
trg day quan; L 1a dién cam cudn day; ngd vao V
ctia d6i tuong 1a dién 4p dat 1én hai ddu cudn day
(don vi V); Ngé ra @ cua ddi tuong 1a téc do
rotor (don vi rad/s).

L

i

Rotor

Hinh 1: M hinh déng co dién mot chiéu

2.2 B diéu khién PID dwgc thiét ké bang
phuong phap Ziegler-Nichols
2.2.1 B¢ diéu khién PID

Ham truyén ciia bd diéu khién PID 1y tuong
duoc xac dinh bdi Johnson and Moradi (2005).

)

P[D

(s)=K, (1+L+Ts)
Ts

i

Trong d6, Kp 1a hé s6 ti 18; Ti va Td 1a cac thoi
hang tich phan va vi phan twong tmg. Cac hé sb
tich phan Ki va vi phan Ka cta b diéu khién dugc
xac dinh bai (2).

K

K =— ©)
T

K,=KT, “)
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Tir (2)~(5), (1) c6 thé duogc viét lai nhu sau:

K
GP,D(S):KP+T’+KdS 5)
‘Nhiégn vu quan trong nhét trong thiét ké bo
diu khién PID la lya chon bd ba gia tri {K}, Ki, Ka}
trong (5) sao cho thoa man cac yéu céu v& chat
luong dieu khién.
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2.2.2 Phwong phap Ziegler-Nichols

Ziegler and Nichols (1942) di dé xuit hai
phuong phap thuc nghiém dé thiét ké b didu khién
PID. Trong nghién ciru nay, phuong phap thiét ké
dua trén dap ung nic vong hé cua ddi tuong duge
st dung (Hinh 2). Phuong phap nay dugc ap dung
khi dap tmg ctia dbi twong c6 dudng cong hinh chir
S v6i ngd vao la mot ham néc don vi.

1=

_—» A
b
- t 01, -
u(t) uong c(?)
c(r)
Puong t'iép tgyén
tai diém uodn

K /

0 t
—{ L T

Hinh 2: P4p rng ham nic ciia ddi twong c6 hinh chir S

Bing 1: Luit didu chinh tham s6 PID theo
phuwong phap Ziegler-Nichols (Ogata,

2010)

Loai diéu .

Khién Kp Ti Td
T

P — 0 0
L
T L

PI 0.9— — 0
L 0.3
T

PID 1.2— 2L 0.5L
L

Ham truyén vong kin C(s)/U(s) c6 thé tinh xap
xi theo cong thirc sau:

C(s)
U(s)

Ke™
Ts+1

(6)

11

Viéc udc lugng cac thong ) K,, K;va K; dugc
thuc hién dua trén phuong phap Ziegler and
Nichols dugc trinh bay & Bang 1 (Ogata, 2010).

1
G (s)= Kp(1+—+Td)
T
T 1
=12—(0+——+0.5Ls) 7
L Ls

1 2
_oer~—1L/

2.3 Mang No-ron xuyén tim RBF

Mang mang no-ron RBF dugc trinh bay boi
Moody and Darken (1992). Day la mang no-ron
truyen thang ba 16p voi mot 16p én. Anh xa tir ngd
vao dén ngd ra 1a ham  phi tuyen nhung tir 16p an
dén 16p ngd ra la tuyen tinh. Ciu triic mang cua
mdt mang no-ron truyén thing dugc trinh bay &
Hinh 3.
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Lop ngo ra

Hinh 3: CAu tric ciia mang no-ron RBF

Trong cau truc mang no-ron ham co s& xuyén

A r ~ \ 1 T A s 2 9
tam, vécto ngd vao la X = [xl X, ,xn] va gia su

vécto RBF 1a H =[h,h

12°720°

T re 1 by
,hm] , VoI hjla ham
Gaussian va dugc xac dinh theo moi quan hé toan
hoc duogc trinh bay nhu sau:

Tam cua ciac ham co sé tai nat j la
T
Cj_ =[c>“,cj_2, c ., .c/n] ,i=12,..,

Iéch ctia ham cac ham co sé 1a B = [ b, b]

n. Gia su do

Trong do, b/‘ 1a d6 1éch cua ham co s& cua nut j va

b >0. Vécto trong sO coa mang i

W = [w], W,y
ron ham co s& xuyén tdm dugce tinh nhu (9).

v, (k)= W'h = wh +wh, +..+w h

T 2 A
Wm] . Tong tr()ng SO Cua mang no-

)

Viéc cap nhat péq trong sb cua mang dya trén
binh phuong sai so toi thieu dugc trinh bay ¢ bicu
thae (10).

E(k)=

1
E(y(k)—ym (k))’ (10)

12

Trong do, y(k) 13 ngd ra cua hé thong tai thoi
diém thtr k.

Thong qua thudt toan Gradient Descent, do bién
thién trong s6 ngd ra Aw;, (k) gitia diém nut co s&

va diém nut trung tm, Ac i duoc tinh nhu sau:

Aw, (k) = n(y(k) — y, (k))h, (11)
w, (k) =w (k-1)- Aw, (k)
‘ ‘ (12)
+a(w,(k=1)-w, (k-2)
|x-c ||
8b, (k) = n(y (k) =, ()w h, =—== (13)
b (k)=b (k=1)+Ab +a(b (k-1)
. ‘ . . ”
~b (k-2))
Ac, () = n(p(k) — y, (k)w, “— (1)
./
c,(k)y=c (k=1)+Ac, +alc,(k-1)
| (16)

—c,(k-2)

Trong do, ¢ 1a tde do hoc; n la hé ) dong
luong hoc. Jacobian dugc tinh dua trén (17)
(Xiangsong et al., 2016).
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oy(k) oy, (k) z € — %
R —" =) wh ———

~ 17)
OAu(k) oAu(k) S

J

Trong do6, x, = Au(k).

Téap 54, S6 74 (2018): 9-19

2.4 Giai thut t6i wu by diéu khién PID
bang mang no-ron RBF

Mb hinh diéu khién dong co mot chiéu sir dung
mang no-ron RBF duogc trinh bay ¢ Hinh 4. Trong
d6, cac tham sb diéu chinh K,, Ki, Kqdugc cap nhat
dya trén mang no-ron RBF.

Mang no-ron RBF

AKp iAK; PAK G

ylk) -+ e(k) Bo didu khién | “® | Déi twong y (k)
® PID diéu khién
Tin hiéu héi tiép
Hinh 4: M6 hinh t6i wu b$ diéu khién PID bing mang no-ron
Sai s6 ngd vao cua b didu khién PID duoc AK = — a_E - _Ué_Ea_y@A_u
dinh nghia nhu (18). ' oK dy 0Au 0K 25)
i 1 5
e(k) =y, (k)~ y(k) (18) o
= ne(k) P xc(2)
~ A , A 322 -2 , . u
BaAngo \fao cu'a bo diéu khién duoc xdc dinh o OF oy ohu
theo cong thirc sau: AK, =-n—=-n————
xe(1) = e(k) —e(k —1) (19) K, dy 0Au oK, 26)
xc(2) = e(k) (20) = ne(k)aixc@)
u
xc(3) =e(k)—2e(k—1)+e(k—-2) 21

Do bién thién & ngd ra cua bd diéu khién PID
duogc xac dinh nhu (22).
Au(k) = K [e(k) - e(k —1)]+ K e(k)
(22)

+ K, [e(k)—2e(k —1) +e(k—2)]

Céc tham sé diéu chinh mang no-ron dua trén
binh phuong sai s toi thieu dugc trinh bay nhu
(23).

E(k) = %e(k)z (23)

Cac tham sb cua bo didu khién PID duoc diéu
chinh dua trén phuong phap Gradient Descend véi
cac cong thuc sau:

AK ok
! K,

OE 0Oy OAu

0y 0Au oK
! (24)

R
OAu

13

Vi,

1a thong tin Jacobian cua bd diéu
u
khién va dugce xac dinh boi mang no-ron RBF.

2.5 Mo hinh moé phéng

So dd mo phong sir dung bo diéu khién PID
truyén théng va bo diéu khién PID dya trén mang
no-ron RBF duoc trinh bay & Hinh 5. So db nay
duoc thiét ké dua trén Simulink cuia MATLAB.

Trong do6, giai thuat mang no-ron RBF duogc
thiét ké boi cong cu giai thuat mang no-ron RBF
t6i wu san c6 cia MATLAB. Trong qua trinh mo
phong, mo hinh bo diéu khién PID truyén thong
v6i cac tham s6 K, K; va Kq chon trudc. Trong khi
d6, bd diéu khién PID dua trén mang no-ron ham
co s¢ xuyén tdm dugc hoc boi gidi thuat Gradient
Descent dé cap nhéat cac tham $b K,, Ki, K4. Hinh 6
trinh bay bo diéu khién PID truyén thng va PID
dua trén mang no-ron RBF.
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Input

dKp
u Voltage Speed
0 dKi u
Constant S DC Motor1
PID_CustomerControllert
e PID
R dKp dKp "]
u P Voltage Speed
dKi dKi u PID_RBF
- Scope
Y dkd dKd
DC Motor2

Radial Basic Funcion

PID_CustomerController

Hinh 5: M hinh mé phéng bj diéu khién RBF-PID

. ;_ Kp_Update
Proportional Gain
2 |dKp

=

K>

Derivative Gain

Integral Gain Integrator
dKi

Radial Basis Network

y
+
l +
Ki_Update +

L
c

Qi
Kd_Update | 4t

Derivative
dKd

e =™,
dKp dK

p

dKi
Jacobian

Ajust PID

dKd

(b)

Hinh 6: B di¢u khién PID (a) truyén thong va (b) dwa trén mang RBF

3 KET QUA VA THAO LUAN

i Cac tham s cua dong co dugc lya chon ban
dau cho mo6 phong nhu sau: quan tinh J = 0,01

kgm?¥s% hé s6 ma sat b = 0,1 Nms; hing s sirc
dién dong K, = 0,1 Nm/A; hing s6 moé-men K, =
0,01; dién tré day quén R =1Q; dién cam cudn day
L =0,5H. Dbi véi bd diéu khién PID truyén théng,



Tap chi Khoa hoc Truong Pai hoc Can Tho

tham s6 cua b diéu khién duoc tinh toan dua vao
phuong phéap Zeiler-Nichols la K, = 150, K;= 100
va Kq= 10, két qua ngd ra dbi voi dap ting nic 1a
duong mau do nét dat duogc trinh bay & Hinh 7.
Dbi voi bo diéu khién PID dya vao mang no-ron
RBF, sau khi ba tham sb K,, K, va Ky dugc tinh
bang phuwong phap Ziegler-Nichols nhu bo diéu
khién PID truyén théng, cic gia tri & ngd ra diéu
khién cta by diéu khién PID truyén thong va dap
ung ngd ra cua hé¢ théng duogc thu thép lai va dua
1.2 T
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vao huin luyén bang mang no-ron RBF véi téc do
hoc dugc chon trude 1a 77 = 0,25. Gid tri nay duoc
chon bang phuong phap thir sai dé c6 duoc toe do
hoc phu hop. Co the thay rang, dap ung cia bod
diéu khién PID truyén théng cham xéc 1ap (1,35 s)
trong khi dap tng ctua b diéu khién PID dya
trén mang no-ron RBF xac 1ap nhanh hon (0,65 s).
Céc chi tiéu chét lugng nay ciing dugc trinh bay &
Béng 2.

------ Ref = — PID —— RBF based PID

08r

Amplitude (au.)
o
()]

0.2

Time (sec)

Hinh 7: Pap g ciia dong co sir dung b diéu khién PID va PID dua trén RBF

Gia su rang, trong moi trudng lam viée khic
nghiét 1am cho cac thong s6 ctia dong co thay doi
nhu hing s6 mé-men K, = 0,5 Nm/A; dién tro day
quan R = 2 Q; dién cam cudn day L = 1 H; trong
khi d6, cac thong s6 con lai cia mo hinh van giit
nguyén thi cic bo diéu khién c6 thé diéu khién tot
dugc ddi twong khong? Két qua mo phong cho thay
dap (mg ngd ra cua hai bo diéu khién c6 su khac
nhau rat 13 rét (Hinh 8). Buong mau do nét dut la
dap mg cta bo diéu khién PID truyén thdng trong

khi duong mau xanh duong 1a dap tmg cta bo diéu
khién PID dya trén mang no-ron RBF. B§ diéu
khién PID truyén thong c6 d6 vot 16 dudi rit 16n
(89%), thoi gian xac 1ap (2,6 s) cham hon so vdi bd
diéu khién PID dua trén mang no-ron RBF (2,0 s).
Hon nita, thoi gian tang cta bo diéu khién PID
truyén thng (2,2 s) cham hon so v6i bo diéu khién
PID dya trén mang no-ron RBF (0,8 s). Poc gia c6
thé tham khao thém céc chi tiéu chit lugng cia dap
ung dugc trinh bay trong Bang 2.

Bang 2: So sanh chi tiéu chét lwong ciia dap Gng cia hai by diéu khién PID truyén thong va PID dwa

trén mang RBF (PID-RBF)

Chi ticu Théng s6 dong co ban dau Théng s6 dong co thay ddi

PID RBF based PID PID RBF based PID
Do vot 16 trén (%) - - - -
Do vot 16 dudi (%) - - 89 0
Thoi gian tang (s) 0,27 0,21 2,2 0,8
Thoi gian xéac lap (s) 1,35 0,65 2,6 2,0

15
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15 . ' '
-------- Ref = — PID —— RBF based PID
B RS o AN S P i
3 05 |
(]
©
2
=
€ o |
<
05 |
1 ' ‘ ‘ ' :
Time (sec)

Hinh 8: P4p tng ciia hai b diéu khién khi cac thong s6 dong co thay doi

Béng 2 so sanh cac chi tiéu chat luong ciia ca
hai bo diéu khién PID truyén théng va PID dua
trén mang RBF. C6 thé thdy ring, bo diéu khién
PID dya trén mang no-ron RBF c6 thé cai thién
dugc thoi gian tang, thoi gian xac lap va do vot 16
so voi by diéu khién PID truyén théng. Trong

truong hop mot sd théng sd cua dong co bi thay
ddi, bo diéu khién PID dua trén mang no-ron RBF
van dam bao 6n dinh chit lugng diéu khién cho hé
thong trong khi b PID truyén théng xuét hién su
dao dong 16n va thoi gian xac 1ap cham (Hinh 8).
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Hinh 9: B§ tham s6 AKi, AK,va AK, dwgc wéc lugng biing mang no-ron RBF sit dung biéu thic
(24)-(26)

B6 tham sb 4K, AK va AK, cia bo didu

khién PID dwoc uéc luong dwa trén mang no-ron
RBF dugc trinh bay ¢ Hinh 9. Cé thé thay rang, bd

16

tham s nay thay ddi lién tuc trong khoang thoi
gian tr 0 dén 1,2 s d¢ dam bao cho bd diéu khién
PID c6 thé didu khién tét dugc dong co khi cac
thong s6 cua n6 thay doi. Tai thoi diém xéc 1ap, cac
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gia tri cua by tham s6 wdc lugng nay khong thay
doi.

Dé kiém chimg thém giai thuat dugc dé nghi c6
thé diéu khién tot d6i tuong phi tuyén ké ca truong
hop c6 va khong c6 nhiéu, mo hinh hé tay may mot
bac tuy do dugc st dung trong nghién ciru nay.
Phuong trinh dong lyc hoc cta hé tay may dugc su
dung lai tr phuong trinh (1) trong bai bao cua tac
gia Nguyén Hoang Diing (2011).

(J +ml”)O(t) + BO(t)
+(ml + Ml ) g sin(0(t)) = u(t)

27

Trong d6, J = MI. 1a moment quan tinh cua
canh tay; m la khéi luwong cua vat nang; [ 1a chiéu
dai canh tay; B 1a h¢ s6 ma sat nhét; L. 1a khoang
cach tu trong tdm clia cia canh tay dén truc quay;
M 1a khéi tuong canh tay; A1) la vi tri can diéu
khién ctia canh tay; g 1 gia toc trong truong va ¢ 1a
budc thoi gian. Phuong trinh dong lyc hoc cua hé
tay may duoc phan tich dya trén cong thic Euler-
Larange duoc trinh bay chi tiét trong gido trinh Ly
thuyét diéu khién tw dong cua nhom tic gia
Nguyén Chi Ngon va Nguyén Hoang Diing (2012).

Phuong phap thiét k& hai bo didu khién PID
truyen thong va PID dya trén mang no-ron RBF
cho d6i tugng hé tay may mot bac tu do cling dugc
thyc hién nhu d trinh bay & Myc 2. Bo diéu khién

Téap 54, S6 74 (2018): 9-19

PID thong qua phuong phap thuc nghiém Ziegler —
Nichols véi cac bg thong s6 tim duoc 1a K,=45, K;
=25 va Kq= 4, con bd diéu khién mang no-ron
ham co s xuyén tim duya trén PID duoc thiét ké sir
dung giai thuat Gradient Descent dé wéc luong

tham s6 4K, AK va 4K, . Két qua md phong

diéu khién canh tay robot cho truong hop khong co
nhiéu duoc trinh bay & Hinh 10 va truong hop co
nhiéu can thiép vao duogc trinh bay ¢ Hinh 11.
Puong mau do nét dut 1a dap Gng ctia hé tay may
sir dung bd diéu khién PID truyén thong trong khi
d6 duong mau xanh duong dam chi cung dap ung
nhung st dung bd diéu khién PID dya trén mang
no-ron RBF. Ddi véi truong hop khong ¢ nhiéu
can thiép vao, ca hai b didu khién diéu c6 thé diéu
khién tot ddi twong hé tay may (Hinh 10). Tuy
nhién, d4p ung cua hé tay may s dung bo diéu
khién PID dua trén mang no-ron RBF ¢6 d¢ vot 16
khong dang ké (0,01%) va thoi gian xac 1ap ngén
(1 ), trong khi véi bd diéu khién PID truyén thong,
d6 vot 16 16n (40%) va thoi gian xac 1ap lau hon
(2,2 s). Ddi véi trudng hop 6 nhiéu can thigp vao
(Mean = 0 va variance = 0.001), dap ung cua hé tay
may st dung bo dleu khién PID truyén théng dao
dong nhiéu va sai s6 x4c 1ap 16n, trong khi bo didu
khién PID dua trén mang no-ron RBF van dam bao
ca vé do vot 16, sai sé xac lap va thoi gian qua do
mong mudn (Hinh 11).
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Hinh 10: Pap ing ciia h¢ tay may mét bac tw do dwoc diéu khién bing PID truyén théng va PID dua
trén mang no-ron RBF
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Hinh 11: Pap irng ciia hé tay may mét bic tu do dwoc diéu khién bang PID truyén thong va PID dua
trén mang no-ron RBF trong truwdng hop c¢6 nhieu (Mean = 0, Variance = 0.001)

4 KET LUAN

Bai bdo trinh bay mét phuong phap hiéu chinh
cac tham sb cua bo diéu khlen PID str dung mang
no-ron RBF. Cac tham sb cta bd diéu khién duoc
cap nhat sao cho théa man cac chi ti€u chét luong
diéu khién khi md hinh c6 thay déi thong sb. Uu
diém cua phuong phap nay 1a c6 thiét ké don gian,
thoi gian huin luyén mang no-ron nhanh va d&
dang dap ung dwoc cac chi tiéu chat lwong diéu
khién. Két qua mdé phong bang MATLAB di
chtng minh rang, bo diéu khién PID dya trén mang
no-ron RBF cho két qua tot hon so véi b didu
khién PID truyén thng trong ca hai truong hop
thong s6 mo hinh ¢6 dinh va thong s6 mé hinh thay
ddi vé cac mat nhu do vot 16, thoi gian xac 1ap va
thoi gian tang. Tuy nhién, trong nghién ctru nay,
cac tham s6 cua bo diéu khién PID duoc cap nhat
boi mang no-ron ham co s& xuyén tdm theo
phuong phap offline. Theo d6, giai thudt can mot
khoang thoi gian chay mo hinh dé 1y dit liéu phuc
vu huan luyén cho mang. Trong nghién ctu tiép
theo, phuwong phap huén luyén online dugc sir dung
dé cap nhat cac tham sb cua bo diéu khién PID.
Trong phuong phép nay, mang no-ron xuyén tdm
dugc xay dung co thé 1dy mau dir liéu lién tuc tir
mo hinh dé tinh toan va udc luong cac tham sé cho
b6 didu khién PID. Diéu nay s& giup cai thién chat
lwong ngd ra va su thich nghi cua bo didu khién khi
thong s6 ciia mé hinh thay dbi.
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