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ABSTRACT

With its nonlinearity, instability, and data transmission delay, the beam
and ball system is quite difficult to control. This study proposes to combine
proportional-integral-derivative (PID) control and supervisory control
using a radial basis function (RBF) neural network, called RBF-PID
control, on a real beam and ball model. This model has been developed
that integrated a compensator for sensor error and time delay. The PID
controller plays the role of bringing the response close to the reference
signal. The task of fine-tuning the response will be handled by the RBF
controller. Experimental results on the beam and ball system with an
ultrasonic positioning mechanism gave better results than the previous
studies. Specifically, the response time was 1.5 #0.3 seconds; the settling
time archived 6.5 £ 1.0 seconds, although the overshoot was still quite
large, about 11 +2 %, the steady-state error was eliminated. The results
showed that the RBF-PID controller is suitable for controlling the system.

TOM TAT

Vi tinh phi tuyén, bdt on va cé tré truyen dit liéu, hé cau cdn bang voi
thanh va béng khd khé kiém sodt. Nghién ciru nay dé xudt két hop diéu
khién vi-tich phan-ty 1é (PID) va diéu khién gidm sdt ding mang no-ron
ham co so xuyén tam (RBF), goi la diéu khién RBF-PID, trén mé hinh thét
cua hé cau can bang. Mé hinh nay da dwoc ché tao tir trude, cé tich hop
bé bui sai s6 va thoi gian tré. Bé diéu khién PID déng vai tro dwa ddp g
vé gan gid tri tham khao. Nhiém vu tinh chinh dap vmg sé do bg RBF ddam
trach. Két qud thye nghiém trén hé cau can bdng Vi co ché dinh vi bdng
song siéu am cho két qua tot hon cdc nghién ciru truée dé. Cu thé, thoi
gian tang cua dap ung dat 1,5 £ 0,3 gidy; thoi gian xdc lgp dat 6,5 £ 1,0
gidy; tuy dg vot 16 con khd I6m, khodng 11 +2 %, nhung sai s6 xdc ldp da
dige triét tiu. Két qua cho thdy bé diéu khién RBF-PID thich hop dé
kiém sodt hé thong.

1. GIOI THIEU

Hé cau can bang véi thanh va bong (beam and
ball system) la mgt hé hd, c6 tinh phi tuyén va bat

on (Salem, 2013; Ahmad & Hussain, 2017), thuong
dugc ding dé kiém nghiém cac giai thuat diéu khién.
B diéu khién c6 nhiém vu kiém soat goc nghiéng
ctia thanh trugt dé giit qua bong can bang tai vi tri
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mong mudn. Tuy nhién, dudi tic dong ctia trong luc,
v6i mot goc nghiéng nhé cua thanh truot, qua bong
s& lan nhanh nén rat kho gitr ding tai vi trf can béng
Vi véy, day co thé 1a mot diém dic trung da hap dan
nhiéu nghién ctru lién quan dén hé cau can bang.

Meenakshipriya and Kalpana (2014) va Maalini
et al. (2016) da tap trung xay dung mo hinh hoa hé
cdu can bang va 4p dung bo diéu khién kinh dién
PID (Proportional — Integral — Derivative controller)
dé mo phong hoat dong cta nd. Tuy nhién, v6i tham
s6 ¢b dinh, bo diéu khién PID khong du linh hoat dé
thich ing vai cac diéu kién bién d6i ctia mo hinh d6i
tuong. Chinh vi thé, nhiéu nghién ctru da xay dung
chc giai thuat diéu khlen hién dai, thong minh dé co
kha nang thich @mg t6t hon. That vay, Kharola and
Patil (2017) da 4p dung thanh cong giai thuét diéu
khién ding mang no-ron md trén mo hinh toan cua
hé nay. Tu va ctv. (2017) da ap dung mang no-ron
ham co so xuyén tdm RBF (radial basis function
neural network) dé mo phong hé diéu khién nay.
Tuong tu, Latif et al. (2019) da két hop bo dicu
khién PID va bo diéu khién md va Azar et al. (2020)
da ap dung giai thuét bay dan dé tim kiém tham s6
t6i uu cho bd diéu khién PID va kiém chimg trén mo
hinh hé cau can bang thong qua mé phong. Thuc té
cho thay, gitra mo phong trén may tinh va diéu khién
thiét bi that luon ton tai mot khoang cach ma ¢ do,
viéc tuyén tinh hoa mé hinh toan cua ddi twong
khong thé phan anh day du cac tic dong thyc tién
clia mdi trudng. Vi vy, mot sd nghién ctru da tién
hanh xdy dyng mo hinh that ciia hé cau can bang.
Mot yéu cau ky thuat kho khin trong trién khai mo
hinh that cua hé nay, d6 la giai phap do dac chinh
xac vi tri qua bong trén thanh trugt. Ngoai ra, thoi
gian tré trong truyén thong tin hiéu tir cam bién dinh
vi vé dén bo diéu khién ciing anh huong 16n dén viec
kiém soat hé thong. Boi vi, néu bo diéu khién xac
dinh qua béng & vi tri ndy, nhung thyc t& trén mo
hinh, qua bong d dich chuyén sang vi tri khac thi
tin hiéu diéu khién ludn bi tinh toan sai.

Trong cac nghién cuu hién nay, c6 hai truong
phai thiét ké mo hinh thuc cta hé cau can bang voi
ky thuét dinh vi qua bong bang phuong phap tlep
xtc va khong tiép xac. Déi v6i phuong phap tiép
xuc, cac nhom nghién ciru di ding hon bi st trugt
trén 2 thanh kim loai, nhu trong cong bd cia
(Keshmiri, 2012; Saad & Khalallah, 2017). Vi tri
ctia hon bi chinh 13 diém ngén mach hai thanh truot
kim loai. Phuong phap nay t6 ra thuan loi trong thlet
ké, nhung né ton tai mot han ché 16n, d6 1a sai s6 vi
tri s€ tang theo thoi gian, do hon bi va cac thanh
truot s& bi mai mon, bi oxy hoéa va bam bui ban. Dé
khic phuc han ché nay, nhidu nhém nghién ctru da
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sir dung phuwong phép dinh vi khong tiép xtc. Trong
cac nghién ctru cia Ali et al. (2017) va Ahmad et al.
(2017), cac tac gia da sir dung cam bién siéu 4m dé
do vi tri qua bong. Tuy nhién, cac nghién ctru nay
chua quan tam dén viéc xur Iy sai sb cam bién va thoi
gian tré cua tin hiéu. Hon nita, diém han ché 16n cua
c4c nghién ctru ndy 1a cac tac gia lai st dung bo diéu
khién PID truyén théng cho mé hinh thyuc nghiém
ctia minh.

Nghién ctru nay nham muc tiéu 4 ap dung ky thuat
diéu khién két hop gitra giai thuat diéu khién PID va
giai thuat diéu khién giam sét (supervisory control)
dung mang no-ron RBF (Liu, 2013), goi tit 13 bd
diéu khién RBF-PID, trén md hinh thuc cia hé cau
cén bang. Trong pham vi bai bao nay, giai thuat diéu
khién va két qua thic nghiém s& dwoc tap trung trinh
bay chi tiét. Phuong phap thiét ké va ché tao mo hinh
thuc nghiém c6 tich hop bd bu sai sb cam bién va
thoi gian tré cuia hé thdng dugc trinh bay trong mot
cong bd khac caa nhém nghién ctru.

2. PHUONG PHAP NGHIEN CUU
2.1. Péi twgng diéu khién

Heé ciu can bang v6i thanh va bong duge mo ta
& Hinh 1 va duoc mé ta chi tiét trong cac tai liéu cua
Ngon va Tin (2011); Choudhary et al. (2016); Tt va
ctv. (2017). B4 diéu khién c6 nhiém vu kiém soat
dong co dé dia servo quay mot goc 6(z), thong qua
tay don, thanh trugt s€ nghiéng mot goc «(?) thich
hop nham giit qua bong can bang tai vi tri r(2). D6i
tuong nay dugc mo hinh héa vaoi ngd vao la 6(2) va
ngd ra 1a r(z) bang ham truyén tuyén tinh hoa
(Meenakshipriya et al., 2014; T va ctv ., 2017; Ali
etal., 2017) duogc xac dinh nhu sau (1), cung véi cac
thong s6 mé hinh cho trong Bang 1.

R(s) mg 1 m
G(s) = —_ LI N G
(s) O(s) (Jh +m) 2 rad
R;
L
Thanh

Bia servo

Hinh 1. M hinh hé ciu cin bing
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Bang 1. Cac thong s6 mé hinh dbi twong md hinh nay, mo-dun Arduino Uno R3 thong dung
duoc dung 1am mach giao ti€p gitta may tinh va thiét
bi. B di€u khién duogc thiét ké hoan toan trén may

Tham s6 Pon vi Y nghia

k Khoi | ia qua b A :
m g 101 uomg cua qua bong tinh. Tin hiéu dieéu khién dong co DC Servo hi¢u
Ry m Béan kinh cua qua bong " NRAAPSY FEA i
) D . C1s LD-27MG sé& dugc truyeén tir bo dieu khién trén may
Jb kg.m* Momen quan tinh ciia qua bong . K X R N .
2 N X tinh dén driver cua dong co thong qua mach giao
g m/s Gia toc trong truong o n AR ST
. ~ s tiép nay. Mo-dun cam bién siéu am US — 015 dugc
o rad Goc quay dia servo (ngd vao) PR 2 ., -
S ~ bo tri & dau thanh trugt d€ do vi tri qua bong trén
r m Vi tri qua bong (ngd ra)

thanh. Mdi mau gia tri do nay s& duoc dua vao ham
bu sai s6 dé khéc phuc han ché sai sb cam bién va
thoi gian tré cia truyén thong tin hi¢u. Tin hi¢u wdc
luong duoc tir ham bu sai s6 s& truyén vé may tinh
thong qua mach giao tiép va dugc xem 1a vi tri clia

Nghién ciru nay khong dé cap chi tiét dén mo
hinh toan cta dbi tuwgng, ma chi tap trung vao viéc
ap dung giai thuét diéu khién RBF-PID cho mé hinh
thuc nghiém ciia hé ciu cén bang vdi ngd vao cia
doi twong la géc quay 6() cla dia servo vangdra la qué bong. Chi tiét v& vie thiét k&, ché tao md hinh
vi tri 7() clia qua bong. cdu can bang cing v6i thudt toan bu sai s6 ¢6 thé

2.2. M6 hinh thwc nghiém tham khao tai Ngon va ctv. (2022).

Mo hinh thyc nghiém cta hé cau can bang véi
thanh va bong dugc trinh bay trong Hinh 2. Trong

W Ultrasonic
#4 sensor US-015

< Bl

EEs: 1«~!&-1:1={-|—1=4—H'11A~H:4 LECLRELERERECEE

UNO R3 Power supply & driver
€ e =

Hinh 2. M6 hinh thwe nghi€ém h¢ cau cin bang

2.3. Hf‘ln.l’\bl‘l sai s0 cdm bién va thoi gian tré Dé han ché sai s6 dinh vi ctia cam bién, nghién
dir lieu ctru nay b tri thi nghi¢m nhu Hinh 3. Mot may anh
Thuc nghiém trén hé cau can bang cho thay duéi ¢6 chirc nang chup _Ché‘ do thé_ thao (chup nhanh)
tac dong cua trong luc, toc do di chuyén cia qua dugc sir dung d¢ ghi dong thoi gia tri do cua cam
bong kha nhanh trén thanh truot. Vi vy, khi cam bién da truyén vé may tinl} va vi tri hién tai ciia qua
bién 1dy mau vi tri qua bong, xir 1y dit liéu va truyén bong trén thanh trugt c6 gan thude ke vach (Hinh 3).
dén may tinh thi thyc té n6 da lan sang vi tri moi, Tap hop cac mau d}} liéu thi nghiém nay dung dé
khong con & vi tri vira duge lay mau truée d6. Dicu xdy dung ham bu sai s0 dya theo phuong phap binh
ndy gy nén tinh trang tinh toan sai tin higu diéu phuong t6i thiéu Levenberg-Marquardt (Marquardt,
khién, dAn dén chat lwong kiém soat h¢ cau can bang 1963; Gavin, 2000), dugc trinh bay chi tict trong
khéng tot. Ngon va Tin (2021).
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Hinh 3. B6 tri thi nghiém do khoang cach véi
cam bién siéu Am

Ham bu sai s0 dugc xac dinh va sir dung trong
nghién cru nay nhu sau:

; 41.07
n=f(r)=

(1 +8.15x e"“*’s) @

Trong d6, r,1a vi tri qua bong do dugc bang cam
bién siéu 4m; 7, 1a vi tri wdc lwong bang ham bu sai
s0 (2). Hinh 4 minh hoa trong quan ciia ham bu sai
) (2) va dir liéu do dac duogc béng thyc nghiém.
Ham bu sai sb (2) duoc tich hop vao vi diéu khién
trén mo-dun Arduino Uno R3. M&i thoi diém vi diéu
khién doc gia tri cam bién siéu 4m US-015 thu dugc
vi tri 7y thi gid tri nay dugc dua vao ham (2) dé tinh
toan duogc gia tri r,. Gia tri - moi dugc truyén vé
may tinh va dugc hiéu d6 13 vi tri cua qua bong trén
thanh truot.

Error Compensator rr=f“[r5]

40
35 “
30 %
25
€
8 20
15
10 48
5 :.".v M 4 Ultrasonic sensor
ﬁ‘) Compensator

5 10 15 20

ry {cm)

25 30 35

Hinh 4. Kiém nghiém ham bu sai s0 v6i cam
bién siéu am
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2.4. Xay dung b diéu khién RBF-PID

Theo Liu (2013), nguyén tac diéu khién két hop
thuat toan diéu khién PID va bd diéu khién giam sat
dung mang no-ron ham co s¢ xuyén tdm RBF, goi
tat 1a bo diéu khién RBF-PID duogc trinh bay trén
Hinh 5. Theo nguyén tic nay, bo diéu khién PID van
mang ning luong chu dao dé kiém soat ddi tugng.
Bo diéu khién RBF v&i co ché tu hoc truc tuyén s€
dong vai tro ty tinh chinh tin hiéu diéu khién phu
hop v6i sy bién dbi vé méi truong hay dic tinh cia
dbi twong. Co ché ty chinh nay cho phép bd diéu
khién RBF khic phuc dugc han ché vé viéc ¢d dinh
tham s6 ctia bo didu khién PID. Bo PID cling c6 tac
dong nguoc lai voi bd diéu khién RBF. Néu bo diéu
khién RBF doc 1ap kiém soat thiét bi, giai thuat cap
nhat bo trong s6 ciia mang s& kho hoic lau hoi tu,
kéo theo thoi gian xdc 1ap cua dap ung dai. Trong
khi két hop véi PID, nho bo PID kéo dap tmg vé gan
v6i gia tri xac 1ap nhanh chong, ma giai thuat huan
luyén mang RBF trg nén dé dang hoi tu hon.

Trén so d6 Hinh 5, vi bd diéu khién PID chay
trong mién thoi gian roi rac nén tin hi¢u diéu khién
dugc lay miu theo tan s6 lay mau 7, cua h¢ thong.
Tin hiéu diéu khién PID lién tuc duoc x4c dinh nhu
sau:

3)

_ ’ de(t)
u, ()= K,e())+ K, f e(di+K, =

VGi e(t) 1a sai biét gitra dap Gmg va tin hiéu tham
khao. Goi k& 1a budc roi rac tai thoi diém lay mau
t = kT, thi khau tich phan va dao ham trong (3)
dugc tinh gan ding nhu sau (Liu, 2013):

f et)dt = ﬂie(n) 4)
de(t) _, e(k)—e(k-1) )
dr T

K

Thay (4) va (5) vao (3), ta c6 tin hiéu diéu khién
PID roi rac la:

u,(b)=K e(k)+KT, Z -1)) (6)
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u, (k)

> RBF

va(k) e(k) Y0 k)_

PID

Plant

up(k) u(k)

Hinh 5. Nguyén tic diéu khién giam sat RBF-PID

Két hop (6) va (9) ta co tin higu diéu khién cia
b didu khién RBF-PID la:

u(k)y=u,(k)+u,(k) (10)
() =ya(k) 2.5. g]l;in luyén truc tuyén bd diéu khién

Mot cach tong quat, huan luyén truc tuyén mang
no-ron RBF 1a qua trinh cap nhat truc tuyén véc-to
trong s& w, véc-to tim ¢ va véc-to do rong b; cua
cac ham Gauss trong mang.

Hinh 6. Céu tric bd diéu khién mang no-ron Ham muyc tiéu ciia qué trinh hudn luyén mang
RBF dugc chon nhu sau (Liu, 2013):
Chu tric [1-m-1] cta b didu khién mang E(R) =~ (u, (k) - u(k))’ (11)
no-ron RBF mdt ngd vao, mdt ngd ra va m no-ron 2

an dugc minh hoa trén Hinh 6. Goi véc-to Ciing theo (Liu, 2013), Phuong phép gra giient

h=[h,h,,...h, ]T la cac ngd ra cua cac ham Gauss descent duoc ap dung dé cap nhat cac tham so cia
trong mang RBF m nit, thi ngd ra ham Gauss thir j mang nhu sau:
duoc xac dinh boi (Liu, 2013): OE (k
( ) Aw, (k) =—1 (1) =n|u, (k)—u(k)]h, (k) (12)
i)
x(k)—c,
h; = exp —TQJ 7 w, (k) = wy (k=1 + Aw, (k) + o [w, (k1) = w, (k- 2)|
J X—C: :
Ab,(k)=—n SE(IZ) =nfu, (k) —u(k)]w, (k) b, (k)% (13)
trong do, x(k) 1a ngd vao cua mang RBF, trong b; (k) 5 ()
truong hop nay, theo so @6 Hinh 5 thi x(k)=ya(k); b, (k) = b;(k 1)+ Ab, (k) + a| b, (k—1) = b, (k—2)]
c.=[c,.,c ] 1a vécto tam va b =[p ... b | 12 OE(k x—c,
J [ 1 m] J [ 1 m] ACj(k)Z*UL*H[M"(/{)—M(/C)}W/(H J (14)

véc-to do rong clia cac ham Gauss trong mang no- e, (k) b? (k)
ron RBF. ¢, (k) = c,(k=1)+ Ac, (k) +afc,(k—D) —c,(k—2)|
Goi véc-to' t 6 ¢t RBF la: . .
Q1 VEC-IoITong SO cua mang a Trong d6, cac hé s6 7 (0,1)1a hing s6 toc do

T

w=\w,..,W, () hocva g e (0,1) la hé $6 mo-men.
thi ngd ra cia mang no-ron RBF, ciing chinh 1a 3. KET QUA VA THAO LUAN
ngo ra cua bo dicu khién RBF, dugc xac dinh nhu 3.1. So dd didu khién

sau: . . 3
So d6 diéu khién md hinh thyc nghiém hé cau
u, (k)= hw, +hw, +..+hw =h"w 9 cén bang véi thanh va bong (Hinh 2) duogc xay dung
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trong MATLAB/Simulink nhe Hinh 7. B diéu
khién PID duoc chon lia thong sé theo phuong phap
thir sai, voi Kp =8, K;= 0,06, Kp = 6. Viéc lya chon
tham s6 bo PID khong qua nghiém ngit, vi tin hiéu
diéu khién con c6 su tham gia diéu chinh cua bd diéu
khién RBF. Ciu tric mang no-ron RBF dugc s
dung trong thuc nghiém nay la [1 — 4 — 1], vdi véc-
to trong s6 dugc khai dong ngiu nghién trong [0, 1];
véc-to tdm ¢; va véc-to do rong b; ciia cac ham Gauss
duogc chon gom ¢; = /-30, -15, 15, 30] va b; = [10,

Tdp 58, S6 34 (2022): 26-35

10, 10, 10]". Hang s6 téc do hoc dugc chon la
n=0,1 va hé s6 md-men duoc chon 13 g = 0,5.
Thuyc nghiém diéu khién cho thay, khi bo didu khién
PID tac dong va dua dap tng vi tri qua bong vé gan
vi tri mong muén (vi tri tham khao) thi mang no-ron
RBF hoi tu nhanh va gop phan tich cuc trong viéc
tinh chinh dap tmg ctia hé cau can bang.

L2
r_ref >+
u_n

RBF Controller

r_pusle | N

Yo

A4

PID(z)

r_constant

r_ref

PID Controller

u
[ >+

(.

r/r_ref

Beam & Ball

u_p

r

Hinh 7. So d6 diéu khién giam sat RBF-PID hé ciu cin bing

@ >

u

v

™

—» single

Pack — Serial Send

Byte Packing

Serial Receive | Uint8

double

Kalman Z est

>z Filter

B

I:

Hinh 8. So' d6 truyén nhan dir li¢u

Hinh 7 cho thay khdi Beam & Ball thyuc chat 13
khdi giao tiép giita may tinh va mo-dun Arduino
Uno R3, dugc MATLAB hd tr¢ sin cac thu vién
cong cu truyén thong ndi tiép manh mé. So dd bé tri
mach giao tiép nhu Hinh 8. Trong do, tin hi¢u didu
khién u s& duoc truyén tir may tinh xuong mach
driver ciia dong co DC servo dé kiém soat goc
nghiéng cua thanh truot. Ddng thoi, vi tri qua bong
sau khi dugc bu sai s6 s& dugc truyén nguoc v€ may
tinh dé 1am tin hiéu hi tiép cho hé diéu khién.
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3.2. Thue nghiém 1 — tin hi¢u tham Kkhio cb
dinh

Thuc nghiém 1 duoc trién khai v6i vi tri tham
khao ¢ dinh ¢ 15 cm (ham step) va cam bién vi tri
duoc dung la cam siéu am US-015. Hinh 9 trinh bay
dap mg ctia hé cau can bang. Hinh 10 trinh bay tin
hiéu diéu khién tuong tmg. Két qua cho thdy qua
bong dugc giit vitng ¢ vi tri 15 cm nhu mong mudn,
mic di c6 dao dong nhe xung quanh vi tri can bang.
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20 Ultrasonic-based RBF-PID control of Beam-Ball system

= = = Reference position

Actual position
 p bbb
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Ball position {cm)

]
0 100 200 300 400

Experiment 01 - Time (s)
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Hinh 9. Dap tng vi tri véi vi tri tham khio co

dinh
Ultrasonic-based Control Signals
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Hinh 10. Tin hiéu diéu khién &ng véi vi tri tham
khao co dinh

3.3. Thuc nghiém 2 — tin hiéu tham khio
xung vudng

Thuc nghiém 2 dugc trién khai véi vi tri tham
khao dang xung vudng bién do bién thién tir 10 dén
20 cm. Két qua thuc nghiém cho dap tmg vi tri qua
bong nhu trinh bay trén Hinh 11 va tin hiéu diéu
khién twong tng nhu trén Hinh 12. Két qua thuc
nghiém cho thiy qua bong dwoc giir vimg ¢ 2 vi tri
1a 10 cm va 20 cm, theo bién doi ciia xung vudng
tham khao. Qua4 trinh chuyén trang thai tir vi tri 10
cm nay sang vi tri 20 cm, dap ung c6 dao dong theo
quan tinh cua qua bong, phan anh diing dong luc hoc
cua hé.

Thong ké cho thiy thoi gian ting ciia dap tmg
khé nhanh, dat 1,5 £ 0,3 giay; thoi gian xac 1ap con
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kha dai, khoang 6,5 + 1 gidy; do vot 16 kha 16m,
khoang 11 +2%; nhung sai sb xac 1ap da bi triét ticu.

. Ultrasonic-based RBF-PID control of Beam-Ball system

= = = Reference position
Actual position

Ball position (cm)

0 50 100 150
Experiment 02 - Time (s)

Hinh 11. Pap ung v6i vi tri tham khido xung
vudng
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Hinh 12. Tin hi¢u diéu khién twong ing véi vi
tri tham khéao xung vuéng

3.4. Thuc nghiém 3 — so sanh hai kiéu diéu
Khién

Thyc nghiém 3 duoc trién khai dé so sanh hai
truong hop diéu khién. Truong hop 1: Co lap bd
diéu khién RBF, chi cho b6 diéu khién PID kinh dién
kiém soat hé cau can bang. Truong hop 2: Ap dung
bo didu khién két hop RBF-PID. Két qua thuc
nghiém cho dap ung vi tri qua bong nhu trinh bay
trén Hinh 13, khi kiém soét qua bong can bang ¢ 2
vi tri tham khéo, 1an luot 1a 10 cm va 20 cm. Hinh
13 cho thay bo diéu khién két hop RBF-PID dé tham
gia tich cuc vao viée gitr qua bong tai vi tri can bang,
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nho sy hd tro ciia bd RBF véi co ché tu cap nhat.
Khi chi diéu khién hé cau cin bang véi bo diéu khién
PID kinh dién, qua bong van dugc giif tai vi tri tham
khao, nhung né bi dao dong qua lai xung quanh vi
tri nay. Trong khi bo diéu khién RBF-PID di khéc
phuc dang ké hién twong do.

Comparison between RBF-PID & PID controllers
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Hinh 13. So sdnh diéu khién RBF-PID va PID
kinh dién
3.5. Théo luidn
B0 diéu khién giam sat RBF-PID c¢6 kha ning
kiém soat tot vi tri qua bong trén cau can bang vdi
mot sO chi tiéu chat lugng dicu k’hién dat yéu cau,
dat biét 1a thoi gian tang va sai so xac 1ap. Mac du
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d6 vot 16 ciia dép g con kha 16n, khoang 1142%,
tuy nhién, so voi két qua thyc nghiém cua cac cong
bd hién nay thi cac chi tiéu chat lugng 1a tuong
duong nhu trinh bay ¢ Bang 2. Cu thé, dé giir qua
bong tai vi tri 20 cm, bd didu khién PID trong (Ali
et al., 2017) cho do vot 16 t6i 30% va bd diéu khién
mo trong (Latif et al., 2019) cho do vot 16 khoang
10%, con bo diéu khién giam sat RBE-PID cua
nghién ctru nay cho do vot 16 11 + 2%. Thoi gian
xac 1ap cua hé thdng trong nghién ctru cua Ali et al.
(2017) khoang 10 gidy, cua Latif et al. (2019)
khoang 6 gidy va cta nghién ctru nay 1a 6,5 £ 1,0
gidy. Thoi gian ting va sai s6 xac lap ciia ca ba
nghién ctru trong Bang 2 khong chénh léch déng ké.

Nguyén nhan din dén thoi gian xac 1ap va do vot
16 ciia hé ciu can bang trong nghién ctru nay khong
nam & chét luong diéu khién cua bo RBF-PID ma
duoc danh gia la do han ché vé co khi chinh xac
trong ché tao va ma sat cua qua bong trén thanh
truot. That vay, thuc té diéu khién cho thy sai sd
clia co ciu truyén dong tir truc ctia dong co servo
dén goc nghiéng ciia thanh trugt da gay ra dao dong
clia qua bong, 1am cho bo diéu khién phai mat thoi
gian d¢é giir can bang & cac thoi diém thay doi vi tri
tham khao. Ngoai ra, ca thanh truot va qua bong déu
duoc ché tao béng k¥ thuét in 3D trén vét liéu nhya
ABS nén ma sét ciing anh huong nhat dinh dén chat
lwong diéu khién.

Bang 2. So sanh mot so chi tiéu chit lwong véi mot s6 nghién ctru truée dé

B¢ diéu khién

Thoi gian DG vot Thai gian xac

Sai so xac lap

ting (gidy) 10 (%)  lap (gidy) (cm)
PID cua (Ali et al., 2017) 2 30 10 0
Fuzzy cia (Latif et al., 2019) 1,5 10 6 0.5
RBF-PID cuta nghién ctru nay 1,5+403 11+2 6,5+ 1,0 0

Viéc ap dung giai thuat bu sai so cam bién va
thoi gian tré truyén dir liéu duoc trién khai trong
nghién ctru nay t6 ra uu diém, ma cac nghién ctru
truge day chua tiép can dén. Thyc nghiém cho thiy,
khi cam bién 1ay méu vi tri qua bong, xir ly di liéu
va truyén vé dén may tinh thi qua bong da dich
chuyén sang vi tri khac. Do d6, co ché bu sai s6 cho
phép bo diéu khién ludn wéc lugng duge vi tri méi
clia qua bong khi tinh toan luat diéu khién.

Hinh 13. Clip biéu dién thye nghi¢m diéu khién
hé cau can bang

Quét ma QR trong Hinh 13 dé‘: xem clip minh hoa
hoat dong thuc nghiém trén h¢ cau can bang nay.

4. KET LUAN

Bai viét trinh bay phuong phap két hop giita gidi
thuat diéu khién kinh dién PID va giai thuat diéu
khién giam sat ding mang no-ron ham co s¢ xuyén
tam RBF, goi tit 1 bo diéu khién RBF-PID, trén mo
hinh thyc ciia hé cAu cin bang vé6i thanh va bong.
M6 hinh thyc nghiém da duoc thiét ké va ché tao
trudce, co tich hop b bu sai s6 cam bién siéu 4m va
thoi gian tré truyén tin hiéu, dé khac phuc nhiing han
ché ma cac nghién ctru trudc d6 chua tiép can. Két
qua cho thiy khi cam bién ldy mau vi tri qua bong,
xtr 1y dir lidu va truyén vé dén may tinh thi qua bong
da dich chuyén sang vi tri khac. Vi thé, co ché bu sai
s6 cho phép bo diéu khién luon wéc luong duoc vi
tri méi ciia qua bong trong luc tinh toan lut diéu
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khién. Trong co ché diéu khién két hop nay, bo diéu
khién PID duoc xay dung theo phuong phap thwr sai
voi yéu cau khong qua nghiém ngit, ma chi can dua
dap ung vé gan gia tri tham khao. Nhiém vu tinh
chinh déap tng con lai s& do bo diéu khién RBF dam
trach nho co ché huan luyén truc tuyén cia no. Két
qué thye nghiém bo diéu khién RBF-PID trén hé cau
can bang véi co ché dinh vi qua bong bang song siéu
am cho két qua tir twong duong dén tot hon cac
nghién ctru trude d6. Cu thé, thoi gian ting cia dap
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