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TOM TAT

Bai bao trinh bay giai thuat huan luyén va nhan dang mang no-ron cho viéc diéu khién
canh tay robot song song trong khong gian toa do Descartes. Vi giai thuat dé xuat, canh tay
robot dugc diéu khién thich nghi dé thich ¢ng véi sy thay dbi cua didu kién lam viéc nham
dap g do linh hoat vé kha ning hoc tap ciing nhu viéc didu khién hé théng. Cac két qua mo
phong dung Matlab/Simulink va thyc nghiém dung chip STM32F407VGT6 dat dugc da
chung minh giai thuat diéu khién d& xuat cho dap tng van hanh tdt, dap tmg dwoc do linh
hoat vé kha ning hoc tap so vai viéc dimg bo diéu khién PID truyén thong.

Tur khéa: BO dleu khién vi tich phan ty I¢ (PID), mang no-ron, canh tay robot song song,
canh tay robot ndi tiép, bo truyén dong khi nén.

1. MO PAU

Ngay nay, viéc tng dung cac giai thuat diéu khién nhu: giai thuat di truyén (GA), giai
thuat t6i wu hoa dan kién (ACO), giai thuat huan luyén mang no-ron, giai thuat toi uu hoa
biy dan (PSO), diéu khién vi tich phan ty I& (PID) hoic két hop lai ghép giira cac giai thuat
v6i nhau nham muc dich tim diém lam viéc téi vu cua hé théng. Mai giai thuat déu co nhitng
vu diém va nhugc diém riéng. Tuy nhién, viéc lya chon giai thuat dua vao dic diém cua ting
hé théng cu thé. Giai thuat huan luyén mang no-ron nhan tao (ANN) da duoc 4p dung nhiéu
trong cac linh vuc khoa hoc ky thuat khac nhau nhu: y hoc, dién, dién ttr, vién thong.

Trong linh vuc Ky thuat diéu khién ty dong néi chung va k¥ thuat diéu khién robot néi
riéng, voi su hiéu biét chinh xac vé déi twong didu khién va sy hd tro ctia may tinh da dap
ung d6 chinh xac cao, thoi gian thu nhan va xir Iy cac tin hiéu nhanh chéng, tin cay, da lam
tang ning suat lao dong, han ché nhitng tai nan va doc hai cho con nguoi... Tuy nhién, loai
robot noi tiép hién dang str dung trong nhiéu linh vyc da boc 19 cac nhuoc diém nhu: tinh
linh hoat thip, téc d6 xir Iy va kha nang dép ng khong cao, do cing viing ciing nhu do
chinh xac chua dam bao. De khac phuc phan nio cac nhugc diém trén, loai robot song song
(parallel robot) m&i bao gom hai canh tay may hoat dong song song da ra doi. Khac han voi
robot ndi tiép (serial robot) 1a loai robot lién tiép co két cau ho duoc lién két vai cac khau
dong hoc va duoc didu khién tuan tu hoic song song. Robot song song 14 robot co co cau
vong kin, trong d6 khau tac dong cudi dugc lién két véi nén boi it nhat 1a 2 chudi dong hoc
doc l1ap [1-3]. Uu diém cua loai robot nay 1a d¢ ciing viing co khi cao, kha ning chiu tai cao,
gia toc 1on, khdi lugng dong thap va két cdu don gian. Vi nhitng vu diém trén, robot song
song di duoc wng dung trong nhiéu linh vuc nhu y hoc, thién van hoc, tric dia, may mo
phong, cac may cong cu, may diéu khién s6 bang may tinh (CNC)...

Mot vai cong trinh nghién ciru ye canh tay robot song song da dugc ap dung [4-8]. Trong
nghién ctru ciia Hermes et al., viéc t6i wu hoa mét may chuyén dong song song (PKM) tur quan
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diém dang hudng xem xét truong hop cia mot may thao tac lién két cua robot 5 thanh da duoc
tién hanh [4]. Theo phuong phap nay, mot chirc nang cua hé thong truyén dong dugc sir dung
dé di chuyén robot thong qua viée phan tich truong horp robot 2 dof trong khong gian lam viéc
va v6i khai niém dang huong. Tir d6, mot giai phap t6i wu dé dat duoc dang hudng hé thong
truyén dong dugc didu khién boi cac dong co tuyén tinh. Tuy nhién, giai thuat diéu khién robot
khong duoc thé hién chi tiét. Trong nghién ctru ciia Shenggi et al., hé robot song song 5 thanh
¢6 cau hinh ddi xing gém 4 tay va 2 bo truyén dong duoc didu khién dung bo PID [5]. Véi
phuong phép nay, viéc diéu khién vi tri va goc quay ctia dong co DC servo di duogc thuc hién
nham danh gia chat luong diéu khién vong kin thong qua md hinh d6 thi. Tuong ty nhu diéu
khién vi tri va goc quay, van tc, luc, md men xodn va van téc goc déu co thé duoc bleu dién
bang mo hinh d thi. Do d6, md hinh db thi khong nhimg c6 kha nang giai quyét cac van dé
dong ma con diéu khién canh tay may trong mat phang. Tuy nhién, phuong phép nay chi co thé
duoc st dung dé danh gia khong gian lam viéc cua mdy thao tac, kiém tra d6 bén cua vat liéu,
kiém tra hiéu suat cuia thiét bi truyén dong va lam chimg cho tinh kha thi cta thuat toan moi.
Trong nghién ciru cua Fatih & Hayrettin, phuong phap didu khién quy dao bam sat théng qua
bo diéu khién PD truyén théng cho robot 5 thanh sir dung card Arduino Mega 2560 va giao
dién may tinh HMI da d& xut [6]. Uu diém cua phuwong phép nay 1a chi phi thip. Ngoai ra,
robot ¢ kha ning doc va nhan dang cta cac hinh thir nghiém tuong ddi tét. Tuy nhién, van
hanh 1ap lai ctia robot khong chinh xac.

Trong phuong phap diéu khién kinh dién, muén diéu khién duoc dbi twong can phai co
mo hinh toan mé ta cac thanh phan vat 1y cta ddi tuong. Tuy nhién, hon 80% ng dung cua
céc bai toan diéu khién trong thuc té cong viéc xdy dung mé hinh toan 1a rat khé hodc khong
¢6 kha niang. Dé khic phuc diéu nay thuong cong viéc diéu khién 1a dya trén kinh nghiém
cta cac chuyén gia. Biém manh ciia mang no-ron trong linh vuc diéu khién 1a ta co thé thiét
ké cac bo diéu khién no-ron ma khong can dén mé hinh toan hoc cua cac ddi tugng. Diéu
nay co thé 1am dugc 1a nho mang c6 kha nang hoc. Véi bai toan hoc gidm sat dit liéu chinh
X4C Va0 ra mong mudn de hun luyén mang phai duoc biét trudc, V6i bai toan hoc cung ch
dir liéu vao ra mong mudn dé huan luyén mang la tap dix liéu cung cb va voi bai toan tu hoc,
dir liéu huan luyén mang do6 chi 1a tap dir liéu vao. Ung véi mdi dang hoc c6 thé thiét ké cac
bo diéu khién no-ron nhu hoc giam sat hoc cang ¢b va tu hoc [9].

Trong bai bao nay, giai thuat huan luyén va nhan dang mang no-ron cho mé hinh
canh tay robot song song lam viéc trong khong gian toa do Descartes da dugc ap dung. Viéc
huan luyén va nhan dang mang no-ron dua trén tp mau dat duoc tir bo diéu khién PID dugc
thuc hién. Cac két qua mo phong va thuc nghiém da dat duoc dé ching minh giai thuat diéu
khién ding no-ron cho két qua van hanh tét hon, so véi bo diéu khién PID truyén théng.

2. PHUONG TRINH PONG HQC VI TRi HE THONG

2.1. Phwong trinh d9ng hoc thuan canh tay may song song diéu khién vi tri

Hinh 1. So d6 tinh toan phuong trinh dong hoc thuan cta canh tay may song song diéu khién vi tri.
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Vector toa o goc quay ctia 2 canh tay trong Hinh 1 trén mit phang Oxy:

6= o] @
Vector toa dd vi tri ctia 2 canh tay trén mit phing 0xy:

— E

E= [E;] %)

Cac phuong trinh dong luc hoc dugc tinh toan dya vao cac khép vi tri {2}, {3} theo
vector goc 0:

P,x = —L;sinB, 3
P,y = Lycos0, (@)
Py = L;sinB; + Ly (5)
P;, = Lycos0, (6)

Cac phuong trinh tinh toan toa do vector vi tri cua khung {4} d6 1a toa 6 vector o:

I3 = J(P3,x - Pz,x)2 + (P3,y - Pz,y)2 (7)

— tan—1(Pay= P2y
I ®)
_ -1(1
B = cos (ﬁ) 9)
Ex = P,x + Lycos(a + B) (10)
Ey, =P,y + Lysin(a + B) (11)
GE =oa + B (12)

2.2. Phwong trinh dgng hoc nghich ciia canh tay may song song diéu khién vi tri

Hinh 2. So db tinh toan phwong trinh dong hoc nghich cua canh tay robot song song diéu khién vi tri

Vector toa do goc quay clia 2 canh tay trong Hinh 2 trén mit phang oxy:
6= [91] (13)

Vector toa d vi tri clia 2 canh tay trén mit phang oxy:
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- [E
E= [ X] 14
B (14)
Phuong trinh ddng hoc nghich canh tay robot song song:
Phuong trinh dong hoc nghich cho céanh tay 1:

log = ‘/azx)z +(B)" (1)

a=90—tan"?! (?) (16)

X

12,7272
B = COS_l( L2+L1+104) (17)

2L1los
Bp=B—- « (18)
Phuong trinh dong hoc nghich cho céanh tay 2:
2
114 = \/(LO - Ex)z + (Ey) (19)
2

Yy =90 — tanJ(Lo -E)%+ (Ey)”  (20)

— _1 (-L3+LI+1,
8= cos™ (<5 @y
0, =06y (22)

3. PIEU KHIEN CANH TAY MAY DUNG BQ VI TiCH PHAN TY LE (PID)

Hinh 3 thé hién hé thdng diéu khién canh tay may song song dung bo diéu khién PID.
Trong do, vi tri goc quay dat (01, 6, ;) cia dong co dat dugc tir phuong trinh dong hoc
nghich. Gia tri goc quay do dugc (01 a, 6, 5) duge so sanh vdi gid tri goc quay dat thong qua
bo diéu khién PID. Ngd ra cua bo diéu khién goc quay (Vi, V) dugc st dung dé diéu ché do
rong xung cho viéc diéu khién dbi twong. Véi viéc s dung bo diéu khlen PID, gia tri gbc
quay do duoc s& bam theo gia tri goc quay dét. Tuy nhién, cac thong s6 bo diéu khién thuong
dugc thiét ké khong doi trong mot thoi diém van hanh nhat dinh caa hé thong Vi ly do nay,
khi canh tay may van hanh Gng véi cac goc quay khac nhau thi bo diéu khién PID s& lam
viéc khong con hiéu qua.

Toa di dat Tea dd Sai s6 gic Xung dp Toado Toa dj
goc di digu khién zic thire thire
[Ex_r] al_r] |'EI’I’|| [E-"l} 8141 [hx_;i]
E_','_r BZ_T ETTg ¥, HZ_;L E-"r A
PT ddmg ' Bo diéu Bi urgmg <] P ding
—> h ¢ nghich ?“ khicn PID = didu khién 21 hoc thudn —

Hai tigp Encoder

Hinh 3. So d6 khéi diéu khién hé thong sir dung b diéu khién PID.
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4. PIEU KHIEN CANH TAY MAY DUNG MANG NO-RON

Chuong trinh diéu khién h¢ thong duoc thuc hién trén phan mém Matlab/Simulink
(Hinh 4). Chuong trinh nay dugc nap vao chip ARM STM32F407 dé thuc nghiém h¢ thong
va thu thap tap dir liéu (Hinh 5) cho viéc thiét ké bo diéu khién st dung huan luyén mang

no-ron nhan tao.

Wajung: 13 04a
T DI
MCU: STMBIFALTIG Por: D
Auto Compit Download: ON Relay3 Speed (MHz): 100
Full Chip Erase: OFF 5 (PP/CD): Push Pull
Anto run app: ON e Te(sec): 0.01
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¥
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Timer: 9
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18-] ¢ Is(sec). 0.
Subpriority: 0 1 e Ts(c):0.01 PDI5 o
s (sec) - 0.001 faretion() gk P WML
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Timer (Time Bas) [RQ Quil—+  — igital Outpul

Function-Call
Subsystem

§-Function Builder]

Phuong Trinh Dong H;

Gaind

UARTTx2

UART Txl

Hinh 4. Chuong trinh nap vao card ARM STM32F407

——>——{=

Gain

Host Serial Setupl

Host Serial Rx

Gant dulieu toado_y

O Y |

:

dulicu toado x dang song err_1

ﬁ

dang song err 2

Encoder Read Pitch

Hinh ve theo XY

l

Encoder Read Pitch1

Encoder Read Pitch2

Encoder Read Pitch3

Do thi err_x.err_yu_1,u_2

L

Dang song dién ap u_1

|

Dang song dién ap u_2

5372 dign 4p cua dong co 1 ul

5272 dién dp cua déng co 2_ u2

Hinh 5. Chuong trinh giam sat va thu thap dit liéu mau trén mé hinh thuc nghigém.
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Nhu duoc thé hién trén Hinh 4, khdi serial setup c6 chirc nang khai bao cong két ndi
truyén va nhan UART va toc do truyén giita card STM32F407 va phin mém giam sat
Matlab/ Simulink. Khéi workspace c6 chirc néng thu thép 4 tap dit lieu nhu: err_04(t), u_1(v),
err_ 02(t), u_2(t), tuong (g vai sai s6 ngd vao va ngd ra. Ngoai ra, khdi XY graph co chirc

nang vé& lai dap tng cua hé théng.

Khoi tao mang
i=1

—_—

Miu No ron
thi i

€

Hinh 6. Luu d6 diéu khién canh tay robot song song ding mang no-ron.

Mo hinh mang no-ron dugc dua ra bdi Mc Culloch va Pitts vao ndm 1943 c6 cu trac
co ban duoc mo phong nhu hoat dong cua ndo ngudi dé giai quyét cac bai toan k¥ thuat. Bo
nio ngudi c6 khoang 10" no-ron. Cac no-ron nay duoc két ndi vai nhau thanh mang. Viéc
xir Iy thong tin duoc thuc hién nho vao su lan truyén caa tin hiéu tir no-ron niy sang no-ron
khac théng qua cac soi truc than kinh nham déap g d6 linh hoat vé kha ning hoc tap ciing
nhu viée diédu khién hé théng dé dap ung caa hé thong gan véi gia tri dinh truge [9-12].

Hinh 6 thé hién luu db diéu khién canh tay robot song song dung mang no-ron. Dé xay
dung mot co so dir liéu dung dé huan luyén mang (goi 1a tap mau) trudc tién viéc md phong
hé thong diéu khién canh tay robot song song dung b diéu khién PID tuong (ng véi nhiéu
vi tri c6 toa d0 xy khac nhau. Tap mau nay dugc nap vao chip STM32F407VGT6. Sau do,
qua trinh huin luyén mang duoc thyuc hién. Két thiic qua trinh ndy, mang no-ron cé thé phan
loai cac vi tri khac nhau, tir d6 c6 thé nhan dang duoc cac i tri ¢ da hoc ma khong can dén
khong gian dit liéu mau nira.

Hinh 7 thé hién chuong trinh dleu khién mang no-ron thyc nghi¢ém dung card ARM
STM32F407, trong d6 ngd vao 1a sai sb goc va ngd ra la xung ap dicu khién. Nhu dugc thé
hién trong Hinh 6, myc dich 4p dung mang no-ron la huin luyén hoc tap sao cho dép tmg ngd
ra cua mang glong V6i tin hiéu mong mudn. Thong thuong, tiéu chi van hanh cua b dleu
khién trong mién thoi gian dugc xac dinh boi do vot 19, thoi gian qua do, thoi gian 1én va sai 56
trang thai x4c lap. Do do, d& danh gia két qua van hanh cua hé théng, sai sé binh phuong trung
binh duoc st dung trong giai thuat huan luyén mang va duoc dinh nghia nhu sau:

13 2
MSE = H;(a_r -0._,) (23)

Trong do: 6; ; va 6; , lan luot 1a vector dat va vector do dugc thir i ciia goc quay dong co.
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Vajueg 13,04
Compier: GNU ARM 2010
AuhM:U: smmmgm . M};)m‘;o%
Compile Downloa " .
Full ChipErase: OFF e (FP/OD): Push Pull
Auto run app: ON D13 Ts (sec): 001
Execution Profiler: None .
Base Ts sec)- 0.01 UART Setup UART Setupl UART Setupd =
Target Setupl Digital Oulgutl
Sameation
Lirk LD-—'- Lo Timer: 3
" Gl Y (CHI (4) Polarty. Actie %}1
B D / Peiod (s2c) .01
Lek[2 166 4 Ta(see) -1
fen
¥ X o Costom Neteel Network
i G Besc P
| 1
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Custom Neural Networkd Tiner: 0
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Subprioriy: 0 24—l y gy 15 ) 001 Digital Oupul Basic WAL
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Timer (Tims Base) RQ Outl Phurong Trinh Bfng Hoc T llfjan UARTTi2 Gainl 17
Gaind
Ot}
Q
— §-Function Builder!
Funetion-Call
Subsystam

Hinh 7. Chuong trinh diéu khién mang no-ron thuc nghiém dung card ARM STM32F407 VGT6

5. KET QUA THU'C NGHIEM VA THAO LUAN

Encoder_ |
A 4 r
Mach xir Iy tin Mach céng suat
PC | | hidu dieu khién | digukhién
dong co DC
(Control Card) one
h »
Mguén cung cip
24Vdc, 5vdc,

Hinh 8. So d6 két ndi hé théng diéu khién.
Hinh 8 thé hién so d6 két ndi hé thong didu khién canh tay robot song song ding card

ARM STMB32F407. Cac thanh phan cua mot hé thong diéu khién bao gom: card
STM32F407VGT6, UART, driver cong suat, dong co mdt chiéu, nguon cung cap.
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Hinh 9. M0 hinh thyc nghiém canh tay robot song song

M6 hinh thyc nghi¢ém canh tay robot song song dugc thé hién trong Hinh 9. Cac thong
s0 k¥ thuat cuia canh tay may dwgc thé hién trong Bang 1.

Bang 1. Bang thong s6 ky thuat ctia canh tay robot song song

Tén bién Dinh nghia Gia tri
Lo Chiéu dai c¢b dinh gitra hai dong co 11,6 cm
L, Chiéu dai cua canh tay {0} - {2} 12,4 cm

Chiéu dai cua canh tay {1} - {3}
L, Chiéu dai cta canh tay {2} — {4} 16,6 cm
Chiéu dai cta canh tay {3} — {4}
B,o Géc quay link Ly vai vi tri dau cudi thay doi
o Goc léch vi tri dau cudi vai truc y thay ddi
0o, 01 Lan luot 1a goc quay cua link L1 (canh tay 1 va canh tay 2) thay ddi
Ex La khoang canh cua dau cudi so véi truc y thay doi
Ey La khoang canh cua dau cudi so véi truc x thay doi
log 14 Lan luot 1a khoang canh cudi diém cubi so vai {0},{1} thay ddi

5.1. Két qua thuc nghiém hé thong dang b diéu khién PID
Bang 2. Thong s6 diéu khién PID va toa do tham chiéu cho hé thong

bong co 1: Kp =5; Ki =30; Kd =0,04

Heso PID bong co 2: Kp =4,8; Ki=31; Kd=0,02
Thoi gian ldy mau (s) T=0,01
Toa d6 x(cm) 58 10 10 1 6,5 10 10 5 | 105
Toa do y(cm) 27,95 | 20 24 | 24 | 24 24 20 20 | 20

Thong s6 bo diéu khién PID va cac toa do tham chiéu dugc thé hién trong Bang 2. Vi
cac thong so thict ke va toa d6 tham chicu nhu Bang 2, dap ung cua hé thong dwa vao chuong
trinh gidm sat trén phan mém Matlab/Simulink dugc thé hién nhu Bang 3 va Hinh 10.
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Bang 3. Pap ung cua hé thong sir dung bo didu khién PID

Toadotham | Toadothuc | Dovotls | Thoi gianxdc | ungép dieu Xung ap diéu
4 A khién khi chua .2 S A
chiéu [x, ylem [x, ylcm (%) 1ap (ms) . 1a khién khi xac 1ap

xac lap
[10, 20] [11, 21] 10% 3,5 ms 4,8V 50 mV

BAF N0 TAB) XTHITVATAS) XTHAM (HEU BAF TAB() ¥THYC Vi TAS) ¥THAM CHEEL
T T T T T T T T T T T

Hinh 10. DPap g toa do Xy So v&i gi tri toa 6 tham chiéu
5.2. Két qua thuc nghiém hé thong diing mang no-ron

Viéc md phong va thuc nghiém mé hinh canh tay may song song str dung phuong phap
nhan dang va huin luyén mang no-ron cho hé phi tuyén duya trén phan mém
Matlab/Simulink. Tap dir liéu dung dé huan luyén mang duoc liy dua vao mé hinh chuén
(md hinh ding b6 diéu khién PID) véi mot tin hiu vao (sai sé goc) va mot tin hiéu ra (xung
ap diéu khién) thong qua chwong trinh giam sat nhu Hinh 7. Thoi gian khao sat trén mo
phong va trén mo hinh thuc nghiém lan luot dugc thé hién nhu Bang 4 va Bang 5.

Bdng 4. Thong sb khao sat dung mang no-ron trén mé phong Matlab/Simulink.

Thong s tay may Link 0 =11,6cm | Link 1=12,4cm | Link 2 = 16,6 cm
Tin hiéu tham chiéu | Tin hiéu lién tuc (tin hiéu Random)

Tinbigudiping oot oo 1123931

S6 no-ron 16p vao 1

S6 no-ron Iép an 12

S6 no-ron 16p ra 1

S6 1an huén luyén 2000

Chu ky ldy mau T (s) 0,01

Thoi gian khao sat (s) 20s

S6 mau khao sat 2001
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Bdng 5. Thong s6 khao sat ding mang no-ron trén mo hinh thyc nghiém

Toa d6 x(cm) 58 10 | 10 | 1 65 | 10 | 10 | 5 | 105
Toa d6 y(cm) 2795 | 20 | 24 | 24 | 24 | 24 | 20 [20| 20
S6 no-ron 16p vao 1

S6 no-ron 16p an 50

S6 no-ron 16p ra 1

S6 1an huan luyén 10000

Thoi gian khao sat (s) 100

Thoi gian lay miu (s) 0,01

S6 mau lay duoc 10001

5.2.1. Két qud mé phong

- Phuong phéap huén luyén va nhan dang mang no-ron cho hé phi tuyén dya trén mé hinh
chuan sir dung b6 dieu khién PID dugc thyc hién. Kt qua danh gia dap ung van hanh cua hé
thong dung mang no-ron dugc trinh bay nhu trong Bang 6 va Hinh 11.

Bang 6. Két qua danh gia kha nang dap ung cua hé théng ding mang no-ron

Goc quay tham chiéu 0, = 39,59° 0, =33,71°
D6 vot 16 50 v6i gia tham chibu 22,73% 24,59%
Thoi gian xac 1ap 3,58 5s

DAP NG NGO RA HUAN LUYEN NEURAL CUA HE 1 DAP NG NGO RA HUAN LUYEN NEURAL CUA HE 2
10

|

Dap img ngd ra cua BOK PID
Dap Ung nod ra khdl neural &l D4p img ngd ra kndi neural,

Dap ung ngé ra BOK PID

DAP UNG GOC QUAY CUA DONG CO2

[)\I’l‘\l»(i(v)('l)l AYCUAB
@

o 2 a 14 16 18 20

. 8 0 2
TRUC THOT GIAN T(s) TRUC THOT GIAN T (s)

Hinh 11. Dap ting goc quay cua 2 dong co so v6i gia tri tham chiéu (tin hiéu ngau nhién)

Y DAPUNG GOC QUAY 9 CUAMANG NEURAL DAPGOC QUAY 1 CUA3 TIN HIEU
T T T T T T T T T

C QUAY 0 (ad)
GOC QUAY 01 (dd)

' I I I ! I I I ' I I I I 1 1 I I I
0 1 2 3 4 5 6 7 8 9 10 0 1 4 ) 8 10 12 14 16 18 20
T(s) T(s)

Hinh 12. Dap g goc quay cua 2 dong co so véi gia tri tham chiéu (tin higu goc dat)
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Dua vao két qua nhan dugc nhu Hinh 12, dap ung cua hé théng dung huin luyén mang
no-ron tét hon so voi dap tmg mé hinh chuan st dung bo diéu khién PID. Két qua so sanh vé
d6 vot 16 va thoi gian xac 1ap cua dong co 1 va dong co 2 trong hai truong hop dung bé diéu
khién PID va dung huan luyén mang no-ron lan luot duoc thé hién trong Bang 7 va 8.

Bang 7. So sanh dap ung hé théng ding mang no-ron va PID cuia dong co 1

B6 diéu khién Huén luyén mang no-ron B6 diéu khién PID
Do vot 16 (%) 22,73 40,41
Thoi gian xac 1ap (s) 3,5 8,4

Bang 8. So sanh dap tng hé thong dung mang no-ron va PID cta dong co 2

Bo diéu khién Huén luyén mang no-ron B6 diéu khién PID
Do vot 16 (%) 24,59 42,39
Thoi gian xac 1ap (S) 5 13,8

5.2.2. Két qud thuc nghiém

Viéc thuc nghiém vai hé thdng dung giai thuat hudn luyén va nhan dang mang no-ron
dua trén mo hinh chuan st dung bo diéu khién PID duoc tién hanh. Nhu duoc thé hién trong
Hinh 13 va 14, gia tri thuc do duoc bam sat gia tri tham chiéu cua hé thong. Piéu nay ching
t6 rang giai thuat hun luyén mang no-ron cho dap tng van hanh tét hon phwong phap diéu
khién PID. Két qua vé dap ung hé thong do duoc so véi gia tri tham chiéu sir dung phuong
phap huan luyén mang no-ron trén mé hinh thyc nghiém dat duoc nhu Bang 9.

Toa dd truc x(em)

| | | | | | | | |
0 10 2 k) 4 £ 60 L 80 90 100

1 il T T
— T tham i
| ) ‘ | Dipingnewon ||
10r - = I : —DipingPID

N |

15

Toa dd truc X(cm)

= Tham chieu PID
s Dap ung PID 4
~——Dap ung neuron
=Tham chieu neuro
0 | | | 1 | | | | | |

0 10 20 30 40 50 60 0 80 90 100 0 ) 4 6 ] 10 1
T(s) Toadf tryex (cm)

Hinh 14. Dap Gmg gia tri thuc so v4i gid tri tham chiéu cua hai phuong phap diéu khién PID
va huan luyén mang no-ron
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Bang 9. Pap ung hé thong so vai gia tri tham chiéu str dung phuong phap huan luyén
mang no-ron trén mé hinh thyc nghiém

. Xung ap diéu khié X dié
Toadd tham | Toa d dép tmg | DO vot 16 | Thoi gian xéc | gfggc?kﬁ?iac 1;; khle‘flndgofg Cf‘f(hl
chicu [x; ylem [x; ylem (%) lap (s) (mV) chua xac lap
[5.8;27,95] | [58;27.95] | [0;0] [0: 0] [10; 10] [10; 10]mv
[10; 20] [10,6;21] | [6:65] | [8;3.25] [20; 11] [3.5; 4,25]V
6. KET LUAN

Viéc diu khién canh tay robot song song trong khéng gian toa d6 Descartes sir dung

mang no-ron duoc nghién ctu nham diéu khién chinh xac vi tri canh tay may. Két qua mo
phong dung phan mém Matlab/Simulink va thuc nghiém dung chip STM32F407VGT6 duoc
kiém ching cho thiy rang giai thuat d& xuat cho dap tng tt hon (do vot 16 it hon va thoi
gian xac 1ap nhanh hon) so vai viéc diéu khién ding bo PID truyén thong.
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ABSTRACT

APPLICATION OF NEURAL NETWORK TO CONTROL OF PARALLEL ROBOT

Le Minh Thanh*, Van Tan Luong, Le Khac Sinh
Ho Chi Minh City University of Food Industry
*Email: thanhIm@hufi.edu.vn

The paper presents the control algorithm of the parallel robot arm using the neural
network. With the proposed algorithm, the robot arm is regulated to adapt to the change in
different working conditions when the proportional-integral-derivative (PID) controller gives
some limitations. The simulation results using Matlab/Simulink and experimental results
based on chip STM32F407VGT6 have shown the proposed control algorithm gives better
performance, compared with the conventional PID control.

Keywords: PID control, neural network, parallel robot, serial robot, pneumatic actuators.
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