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Abstract

This study aims (i) to design optimal controllers for a Delta robot, and (ii) to experiment with controlling the robot’s end-effector tracking
reference trajectories. Delta robot is a parallel robot that has a fairly wide range of uses in industries. There exist many methods for tracking
control of the Delta robot, and PID controller is a popular choice because of its low cost of design and experiment. However, arm parameters
such as weight, joint, and friction can be changed and affect the operation of the whole system, where PID controllers no longer maintaining
control quality. Therefore, this paper presents the analysis, comparison, and evaluation of using the Genetic Algorithm (GA) for self-tuning
the PID controller based on criteria of the absolute value of error (IAE). On the other hand, this paper also presents experimental steps to
control the Delta robot. Results with GA-PID controller indicate that robot responses archive settling time of about 0.5 (s), and the overshoot
is only 3.14 %. Experimental results also show that the proposed algorithm is stable and has a fast response in controlling the motion of the
Delta robot.

Keywords: Delta robot, Parallel robot, PID, GA, Trajectory tracking.

Z-N Ziegler-Nichols
Ky hi¢u AC Alternating current
GA Genetic Algorithm

Ky hieu Ponvi Y nghia UART Univers_al Asynchronous Receiver /
6,6,,6, rad G6c quay cac chan trén cua ro- Transmitter

bot RFNNC Recurrent Fuzzy Neural Network Con-
my kg Khéi luong chén trén trol
My kg Khéi luong chan dudi DSP Digital Signal Processing
Mp kg Khéi luong tdm chuyén dong i
f m Chiéu dai canh tam giac déu dia Tom tat

nén trén
e m Chiu dai canh tam giac déu dia Nghién ctru nay nham (i) dé xuét thiét ké bo diéu khién tdi uu

chuyén dong dudi cho robot Delta va (ii) thuc nghiém diéu khién d¢au mat robot
R m Ban kinh tdm nén ¢4 dinh bam theo quy dao tham chiéu. Robot Delta Ia loai robot song
r m Ban kinh tdm chuyén dong song ¢6 pham vi s dung khé rong trong cdc nganh cong
L1 m Chiéu dai chan trén nghiép. Viéc diéu khién bam quy dao cua robot Delta hién cé
L, m Chiéu dai chan duéi nhiéu phuong phép, trong d6 bo diéu khién PID 1a mot chon
a rad Goc tach chan trén so vdi mit lya phé bién do chi phi thiét ké va thuc nghiém thép. Tuy

' phing Oxgyo bang goc tach chan nhién, cac tham s cua canh tay nhu trong luong, khop ndi va
duéi so v6i mit phing Pxpyp ma sét c6 thé thay ddi va anh huong dén hoat dong cua ca hé,

ma & d6 bo diéu khién PID khong con duy tri tot chat lugng
diéu khién. Vi vay, bai bao nay dwa ra phan tich, so sanh va

Tir viét tat lien. 10 1 ra ph :
danh gia viéc ung dung giai thuat di truyén GA (Genetic Al-

DOF Degrees of freedom gorithm) dé ty chinh bo diéu khién PID dya theo tiéu chuén
: I tich phan tri tuyét d6i sai sb (IAE). Ngoai ra, nhom tac gia con
PID Pr_oportlonal Integral Derivative trlen khai thuc nghi¢m diéu khién robot. Két qua st dung bd
o~ Direct current didu khién GA-PID vai thoi gian xéc Iap 0.5 d6 vot I§
IAE Integral Absolute Error icu khi¢ voi thoi gian xéc Iap 0.5 (s) va do vot 16
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nho 3.14 %. K&t qua thuc nghiém cho thay giai thuat dé xuat,
¢ tinh 6n dinh va dép tng nhanh trong qué trinh dieu khien
chuyén dong cua robot.

1. Phéin mé diu

Trong linh virc cong nghiép, viée tdi uru hda san xudt 1a rat can
thiét, tuy nhién ciing mang lai mot thach thirc 16n cho cac cong
ty san xudt robot tir nhimg ndm 80 [1]. Vi vay, cac cong ty
ludén phai nghién ctru ché tao ra nhimng loai robot khac nhau,
dé ti wu hoa san xuat cong nghiép. Trong d6, Delta robot hay
coOn goi l1a robot song song ba bac tur do (Delta robot 3-DOF),
1a mot loai co ciu hoat dong kha linh hoat. Cac chudi dong
luc hoc khép kin cua robot nay c6 dic diém nhu téc do, luc,
d6 chinh x4c 1am cho chung trd nén phd bién va dugc sir dung
rong rai trong cac hoat dong cong nghiép [2]. Bén canh d6, do
cAu trac phtrc tap ctia robot nay, lam cho chung tré thanh mot
trong tdm nghién ciru thu vi. Robot song song bat dau duoc
nghién ciru vao nam 1939, khi Pollard xay dung mdt robot
diéu khién vi tri cia mot khau sting phun [3]. Trong bdi canh
nay, cac robot khac c6 cing mot kién truc da dugc thyc hién.
Vi du, mdt robot dugc dé xuit boi Stewart voi hai nén tang
dam bao sy 6n dinh ¢ dinh trong mét co so tinh [4]. Nim
1985, mot loai robot song song di duoc phat trién va xay dung
trong Ecole Polytechnique Federale de Lausanne (EPFL) goi
l1a robot tap trung vao phuc vu cdng nghiép [5]. Dya trén robot
nay, kién tric méi duoc thuc hién theo cac dic tinh can thiét
trong cong nghiép va truong hoc. Vi du d6 1la mot robot véi
d6 chinh xac cao nhung chuyén dong cham, dugc st dung
rong rai trong cac may in 3D [6].

Bai bao hudng dén hai muyc tiéu chinh, mot 1a dé xudt thiét ké
cac bo didu khién tdi uu cho robot va hai la diéu khién goc
quay ciia robot. C6 mot sé phuong phép thiét ké bo diéu khién
khac nhau phy thudc vao cac yéu cau thiét ké sao cho phut hop
v6i nhing tng dung cu thé, trong d6 bo diéu khién PID cb
thé 12 mot chon lua cho b diéu khién bam quy dao robot vi
chi phi thiét ké, tinh toan va thi nghiém thap. Tuy nhién, céc
tham s6 khong lién quan dén bo diéu khién cac canh tay nhu
trong luong, khép, ma sat va luc quan tinh lam thay doi cac
hoat dong cua ca hé thdng khép kin ma & dé bd diéu khién
PID khéng con duy tri diéu khién bam quy dao. Vi vdy, bai
bao nay dua ra phan tich, so sanh va danh gia cac giai thuat
diéu khién tu dong chinh dinh GA-PID véi bo diéu khién PID
kinh dién trén tiéu chuan danh gia tich phan tri tuyét di sai
s6 dé co dugc higu suat tot hon cua hé thong vong kin. Giai
thuat GA [27-28] c6 kha nang tim nghiém toan cuc véi bai
toan t6i wu, vi vay viée sir dung GA trong nghién ctru nay
nhim tim gié tri toi wu toan cuc cho bd diéu khién PID. Cac
phuong phap nghién ctru duoc mé phong bang phan mém
MATLAB/Simulink va thyc nghiém diéu khién géc quay ciia
ba déng co AC servo trén mo hinh Delta robot 3-DOF ma
nhom da ché tao.

2. Xay dung moé hinh dong luc hoc cia Delta
robot 3-DOF

2.1. M6 hinh cia robot

V6i mo hinh nay khéu BiDi duwoc md hinh hoa thanh hai chat
diém dat tai B; yé Di, mdi chat diém c6 khoi lugng my va duoc
noi véi nhau bang thanh cung, khong trong lugng. Nhu vay,

m6 hinh dong lyc hoc cia robot nay bao gém 4 vat ran, trong
d6 cac khau AiB; (i=1, 2, 3) chuyén dong quay quanh céc truc
vudng goc véi mat phang OAB; tai AiBi ¢6 khoi lwong m; va
3 chat diém dat tai cac diém Bico6 khoi lwong my =m, /2, va
vt ran con lai 1a ban may chuyén dong (bao gdm ba chat diém
gin tai Dj) chuyén dong tinh tién c6 khdi luong (mp+3mb)
Trong d6 m, 1a khéi luong ciia khau thao tac chuyén dong c6
tam P. Trén cac khau A;B; dat cac luc phat dong 7, (i =1, 2,3)
nhu hinh 1. Khi thanh 14p md hinh déng luc hoc cta robot, tac
gia st dung phuong trinh Lagrange dang nhén tu d€ thiét 1ap
phqo*ng trinh chuyén dong. Toa d6 suy rong du dugc chon dé
thiét 1ap phuong trinh chuyén dong cia robot la:
q:[9192 93 X ¥p ZP] (1)

Hinh 1: M6 hinh déng luc hoc cua robot [7]
2.2. Xay dung mé hinh dgng luc hec cia robot

Dé xay dung md hinh dong luc hoc cua Delta robot 3-DOF,
tac gia da tham khao trong céc tai liéu [7-11] bao gém céc
phuong trinh chuyén dong cua robot 13 hé phwong trinh vi
phén — dai s6 dugc trinh bay nhu sau:

- 1
(Ily +mb"f)91 = gLi[Em1+mb)00591+rl—

)
24,1, (sing, (R - 1) - cosasingx, —sinezsing,y, —cos6iz, )
(1, +m)6, = ng[ m +mbjc050 +7,- @)
24,1, (sind, (R —r) - cosasing,x, - sinasing,y, - cost,z, )
(IIy +mth)é3 = gL1[1r711 +mbjcos€3+13—
2 @
ZﬂsLi(sinHS(R - 1) - cosasing,x, - sinasingly, —cos&szp)
(m, +3m, )%, =-24 (cosey (R - )+ L cosacos6, X, )
-22, (COSaz( R—r)+Lcosa,cos6, - xp) (5)

-2, (cos% (R—r)+Lcosa,cos6; - xp)

(m, +3m, )§, =24 (sina, (R-r)+L,sinezcosf, -y, )

- 227(sin a,(R-r)+L;sina,cosd, - yp) (6)
—213(sina3(R—r)+Llsinaacoso93—yp)
(m, +3m, )7, =—(3m, +m,) g + 24z, +Lsing,) @
+ 24, (2, +Lsing, ) + 244z, +Lysing, )
L5 —(cose, (R—r)+ L,cosa,cost; - X, i
-1 | o

(sinal(R ~ )+ Lsinacosé, - yp)2 —(Llsiné?1 +zp)2 =0
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5 —(cos:zZ(R — 1)+ L,cosa,Cost), - xp)z - @ m, la khéi luong ban méay dong.
9
(sine, (R-r)+ Lysina,cost, - yp)2 ~(Lsin, +zp)2 =0 M, la khoi lugng dit tai diém A(i=12,3).
- ( cosaty(R 1) + Lcoset,cost )2 B Céc hién trang thai dugc dinh nghia tror:g mo hinh:
(10) s=[91 6, 6, x, vy, zp] (12)

2 2
(sina (R )+ Lsinacos, - y"), ~(Lsing; +,) :,0 Céc bién ngd vao va ngd ra duoc dinh nghia:
Céac phuong trinh tir (2) dén (10) dwoc viét lai dudi dang ma u=[, 7 =]
tran nhu sau *e (13)
M(9)5 +g(s) + ] ()4 = an v=lo. o ol
f(s)=0 Tur hé phuong trinh chuyén dong cia Delta robot 3-DOF (2)
dén (10), tac gia da xay dung dwoc md hinh dong luc hoc

Trong do: chuyén dong cua robot trong MATLAB/Simulink, ché tao

|iy = |1y = |2y = |3y la ten-xo quan tinh. khung co khi md hinh robot, nhom da ché tao va thuc nghiém
trong hinh 2.

M, 1a khdi lugng gan voi cac khau B,D,,(i=12,3)
Taul
Taul

Tau3

s
Thetaldotdot  Thetaidot Thetal

Taut

1
'f |
ddX d; J ) ; |
2
Lamda2 . theta2
Theta2dotdot Theta2dot Theta2
Tauz
_‘M
ddy dy Y
U I f(w) I—»J
Lamdas . n3
— Theladdoldot Thetaddot ~ Theta3 e
GO
Taus ED

N,  Ha
‘
,

—]

Hinh 2: M6 hinh déng lec hoc chuyén dong cua Delta robot 3 - DOF xay dung trong MATLAB/Simulink
va két cu co khi md hinh robot thyc ma tc gia ché tao phién ban 2 [11]

quay nén s& c6 3 dong co diéu khién dong thoi [12- 13]
3. M6 hinh diéu Khién Delta robot Nhom tac gia dang thuc nghiém diéu khién chuyén

dong khop quay cia robot, st dung ba dong co AC
Chuyén dong mdi khép cia robot 1a chuyén dong quay, Servo Motor Three-Phase 200V [14] duoc trinh bay
duge didu khidn béi mét dong co riéng, do co 3 khgp  trong hinh 3.
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Reference
angle 1.2.3 @
ap DSP C2000
TMS320F28379D
MICROCONTROLLER
e e

Quy dao tham chiéu duge xay dung tir khéi dong hoc
nguoc [15], dé tao ra cac goc tham chiéu 1, 2, 3 dua
vao bo DSPC2000 MicroController. Trong
DSPC2000, s& nap bo diéu khién da thiét ké t6i wu va
truyén thong online véi may tinh, thong qua giao thirc
UART Communication. Ng& ra cia DSPC2000 la dang
xung PWM, dua vao Driver YAKAWA Servopack,
ngd ra cua Diver Servopack 1a dién ap Uac diéu khién
dong co chuyén dong khép quay cta canh tay robot,
thong qua dong co AC Servo Motor Three-Phase 200V.
Tbc d6 va chiéu quay ciia dong co thay doi nhanh hay
cham, phu thudc vao d rong xung ngb ra cua
DSPC2000. Ngd ra cua dong co dua hdi nguge vé bd
tong, dé cho ra sai sb 13i error giita goc tham chiéu va
goc thye té tra vé bo diéu khién DSPC2000 théng qua
hai Encoder A va Encoder B, dé xac dinh vi tri va chiéu
quay thuan nghich cta dong co.

4. Bo diéu khién PID

Thuét toan diéu khién du tién dwoc &p dung cho cac
bo giiéu khién chan dan dong robot !é thuat toan diéu
khién vi tich phén ty 1€ PID kinh dién, dugc xac dinh
boi [16] dugc trinh bay cdng thuc (14)
de(t

Uno (1) = er(t)+KD#+ K, fe(t)dt (14)
Nhiém vu cua nguoi thiét ké bo diéu khién PID dugc
xdc dinh bai (14), 1a chon lua b ba gia tri {Kp, Kd, Ki}
thoa mén cac yéu cau ve chat lugng dieu khién dugc
trinh bay trong so do6 diéu khién hinh 4

Actual
agle 123

Reference
angle 123 PID
eror CONTROLER

DELTA ROBOT
3 DOF

Hinh 4: So dbd diéu khién dung thuat todn PID
Trong so do6 diéu khién c6 khoi déng hoc nguoc [15]
dé chuyén doi tir vi tri tham chiéu [X,e , Yire » Zirer ]

sang cac goc tham chiéu[6,,,; 6, .6, 1, NGO ra cua
robot c6 khdi dong hoc thuan [15] dé chuyén d6i cac

Actual
angle_1.2.3

x:_\'>

DRIVER YAKAWA
SERVOPACK

ACSERVO MOTOR
THREE-PHASE 220V

ENCODER
Hinh 3: So d6 khbi mé hinh diéu khién dong co AC Servo Motor Three-Phase 200V cua robot

o,

gocthuc [6,..,6ae  Biaee ] - SANG Vi tri thuc tai tdm P cua

tam chuyén dong (X _actr Yo_acts Zp_act] -

Theo phuong phap Z-N va phuong phap auto-tuning
[17-18], trong qué trinh md phong, bo thdng sé thuat
toan diéu khién PID duoc tac gia chon nhitng thdng sb
ctia bo diéu khién PID, trong cdng trinh Luan &n Tién
s ctia tAc gia Nguyén Dinh Diing di cong bb trén cing
md hinh robot [19], dé diéu khién bam quy dao robot
va so sanh céc két qua dat duoc cua thuat toan diéu
khién PID so véi bd didu khién GA-PID.

5. XAy dwng bd diéu khién GA-PID
5.1. Thiét ké b diéu khién GA-PID

Giai thuat Z-N duoc ap dung dé xac dinh ba théng sé
cua bo diéu khién PID. Ba thong s6 nay 1a co so dé gigi
han khdng gian tim kiém cua giai thuat GA. Giai thuat
GA c6 kha ning tim dugc diém cuc tiéu toan cuc, Vi
vay viéc str dung GA trong nghién ctu ndy nham tim
gia tri t6i wu toan cuc cho bo diéu khién PID. Nhiém
vu cua giai thuat GA 1a chon loc bo ba {Kp, Kd, Ki} tdi
wu cho bo diéu khién PID, thoa man ham muc tiéu IAE
duoc trinh bay trong so do hinh 5.

Actual
i
DELTAROBOT |-
3 DOF
a8 Kp, Ki K

Hinh 5: M6 hinh bo diéu khién GA-PID

5.2. Luwu do giai thuat cia GA

Giai thuat GA duoc hd trg boi phin mém
MATLAB/Simulink va dugc trinh bay chi tiét trong ba
tai liéu tham khao [20-22]. Giai thuat GA cd kha nang
tim dugc diém cyc tiéu toan cuc, vi vay viéc sir dung
GA trong nghién ctu ndy nham tim gid tri téi vu toan
cuc cho bo diéu khién PID, dé dat dugc céc gia tri
{Kp_opt, Kd_ opt, Ki_ opt} thoa man ham muyc tiéu cua
giai thuat GA trong (16) véi khong gian tim kiém dugc
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gidi han boi (17) duoc trinh bay véi luu d6 giai thuat

hinh 6.

Khai tao quén thé ngau nhién
ban dau cho (K, K, Ki}

p—

Thiét 1ap PID vi mo phong hé
vong kin dé xac dinh e(?)

l

Ude lugng gia tri
ham muc tiéu J

Sinh thé hé moi ¢ Yes

|

Luu gia trj tdi wu
No K, opt
1 Ky om
Cic thu tuc cua GA Ki opi
Chen loc
Dot bien
L ]

Hinh 6: Luu db tiénrtrinh gidi thudt di truyén dé xac dinh thong
s0 bo diéu khién PID

Trong giai thuat GA thi mdi phan tu s& chira ba tham
s6 Kp, Ki va Kp tir d6 ta xay dung cac budc cua luu d6
giai thuat di truyén, dé xac dinh cac thdng sb ti uu toan
cuc cho b diéu khién PID.
Tién hanh ti vu hoa dua theo tiéu chuan IAE (15) va
ham muc tiéu (16) tham khao trong [23-28]:

IAE:J = T|e(t)|dt (15)

trong d6 e(t) =theta,, , ; ref —theta,, , 5 act
Giai thuat GA duoc &p dung la tim kiém céc gia tri
{Kp_opt, Kd_opt, Ki_opt} t6i uu cua bo dieu khién
PID, ma & d6 cac ham J dat gia tri cuc tiéu. Vi vay ham
muc tiéu cua giai thuat GA la:
Fitness = min {J} (16)

Nham gisi han khong gian tim kiém cua giai thuat GA,
ta gia thit cac gia trj toi wu {Kp_opt, Kd_opt, Ki_opt}
nam xung quanh gia tri {Kp_zn, Kd_ z, Ki_zn} dat
dugc tu giai thuat Z-N. Cac giéi hap tim kiém tuong
tng cho ba thdng so6 caa bo diéu khién PID nhu sau:

aKPfZ—N < KPiupt < ﬂKpfsz

adesz < Kdﬁopt < ﬂKrLLN (17)

aKLZ—N < Kiiopt < IBKszN

Trong d6, céc hé 6 a va A dugc chon sao cho khong
gian tim kiém du rong dé chura dugc gia trj toi uvu.

6. Két qua md phéng va thwe nghiém

Trong bai bao nay, tac gia da tién hanh thuc nghi¢m
trén quy dao duong tron, d€ danh gid tinh on dinh cua
hai bd diéu khién dugc trinh bay trong so d6 hinh 7.

Thelat st
Upid_1
thetal_act
theta2 ref i 2 FORCE_CONTROL
REF_ANGLE thetaZ act .
thela3 raf
Upid 3
b theta3_sct
FID CONTROLLER
X0Y0 —|:‘|_
TR
put_1 AB1 Taut thetat_act
thetal_rel R o
|| Tau1
(—— theta!_act - Input_3 L : J@
theta2_ref ¥ Oulput, 2 AG2 Tauz2 theta2_act|
L Input 4
theta ref Ei = \—, Act. Trajectory
Ial g Tau 2 Input_5 Forward_Kinematic
theta3_re M s O3 | T3 theta3_act|
dangh
fanghacnguoc Input_Output SWITCH T =
[C]
Inverse_Kinematic
GA_FID CONTROLLER
ol Tratory L]
Xdvd Clock ~ time
—l—@ 5:’

ACT_ANGLE

Hinh 7: Bo diéu khién GA-PID xay dung trong MATLAB/Simulink

Trong so d6 hinh 7 gom hai bo diéu khién, 1a bo diéu
khién PID vdi cac thong sé tham khao tir [19] va bo
diéu khién GA-PID ma tac gia da xay dung dé so sanh
danh gia cht luong cua hai bo diéu khién trén clng
mot md hinh robot.

6.1. Poi twong diéu khién:

Déi twong diéu khién Ia robot véi cac thong sb dugc
trinh bay trong bang 1.

Bang 1. C4c thdng s cua robot

Ky hiéu Don vi Y nghia

A 0(rad)

Goc léch tay 1 so véi truc Ox cia tAm|
¢0 dinh

27 Géc léch tay 2 so véi tryc Ox ciia tAim
Az ?(rad) b dinh '
4r Goc léch tay 3 so véi truc Ox clia tAm
As — (39 1c6 dinh Y '
m1 = m1 5 z. , A A 3
- 0.42 (kg) |Khoi lugng cua 3 chén trén bang
-m nhau
1.3
m2 1= m2 2 X: | , A P
- - 0.1 (kg) |Khoi luong cia 3 chén dudi bang
_ _ nh
- mz_a - 2mb au
m, 0.75 (kg) |Khéi lwong tim chuyén dong
f 0.32 (m) |Chiéu dai canh tam gidc déu dia nén
trén

0.052 (m) Chiéq dai canh tam gidc déu dial
chuyén dong dudi
R 0.266 (m) |Bén kinh tdm nén ¢ dinh
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r 0.04 (m) _|Ban kinh tim chuyén déng
L 0.3(m) [Chiéu dai chan trén
L, 0.8 (m) |Chiéu dai chan dudi
0.084 o A
|1y = Izy = |3y (kg.m?) Ten xo quan tinh 3 tay trén
[0.32; s Ao A A 2
038 Vi tri ban dau ctia tim P tam chuyén
[X;e s Yor Zop] _0‘7]'(m) dong
g9 9.81 (m%s) |Gia tbc trong truong

Céac tham sb caa 3 bo diéu khién PID dé diéu khién 3
canh tay robot dwoc chon theo [19] vai:

Ke = diag (800,800,800)

Ko = diag (100,100,100)

Ki = diag (150,150,150)
Cac tham s cua giai thuat GA trong bai bao nay dugc
chon lya nhu bang 2.

Bang 2. Céc tham sé giai thuat di truyén

S c4 thé trong quan thé 40

S6 nhiém sic thé trong c4 thé 9

S gen trong nhidm sic thé 10
X4&c xuat dot bién 0,001 - 0,01
Xac xudt lai ghép 0,1

S6 thé hé tdi da 100

o 0,02

B 50

6.2. Két qua md phoéng:

Quy dao tham chiéu s6 1a dwdng tron nhu (18):
X(t) = 0.17*sin(2*pi*t/10) +0.3
y(t) = 0.17*sin(2*pi*t/10)*cos(2*pi*t/10) +0.2 (18)
z=-0.7
Két qua chay mé phong bo diéu khién GA dugc trinh
bay trong phu luc [1-2] va dat cac két qua sau:

Thetas of Delta Robot (rad/s)
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Hinh 8: Bap ung cac goc véi quy dao duong tron

Control signal PID of Delta robot 18 Control signal GA of Delta robot
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Hinh 9: Tin hiéu diéu khién véi quy dao duong tron

The Circular Trajectory of Delta Robot

Reference

— — —PID-Trajectory
—— GA-Trajectory

01 015 02 025 03 035 04 045 05 055
X(m)

Hinh 10: Bap ung quy dao duong tron
The Circular Trajectory of Delta Robot when carrying a load of 0.6 Kg
0.4

Reference
— — — —PID-Trajectory
0.35 e - ——— GA-Trajactory
7 s
0.3 //
fi Ny
0.25 / A
! )
E 0.2 ‘| }
> \
AY
0.15
\ N
N
0.1 ~
~ ~ ~
0.05 T ‘:://
0
01 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
X(m)
Hinh 11: Bap tng quy dao duong tron khi robot mang tai thém 0.6
Kg

Sau khi tién hanh cai tién bo diéu khién PID sir dung
giai thuat di truyén, sau 40 thé hé bo diéu khién nay
duoc ap dung cho mo hinh diéu khién hdi tiép am don
vi nhu hinh 7. Két qua mé phong cho thay riang dap tng
cua thuat todn GA tét hon so véi bo didu khién PID
kinh dién, voi thoi gian xac 1ap khoang 0.5 (s) va vot
16 nho khoang 3.14 %. Chi tiéu chét lugng duoc trinh
bay ¢ bang 3.

Béng 3. So sénh céc chi tiéu chét lugng hé théng

Tiéu chudn

chdt lwgng PID GA

Céc goc glact €2acl 03act glact 02act 03acx
Votlé (%) | 461 | 22 | 3233 | 314 | 357 | 3233
Thoi gianxdc | 6 46 | 40 | 0014 [1.1777]0.0491|0.2846
13p ()

Sai so xdc 0.003 |0.006 | 0.002 |0.0005]0.0002 |0.0055
lap (rad)

6.3. Két qua thwc nghigm:

Delta robot 3-DOF phién ban 3, dugc tac gia cung
nhém nghién ctu ché tao va thuc nghiém vao nam
2022, sir dung 3 déng co AC servo 3 pha 220Vac. Cac
bo didu khién thong minh dugc xdy dyng trén
MATLAB/Simulink dé diéu khién vong kin robot
Delta 3-DOF, bam theo quy dao dat trude 1a quy dao
vong tron va quy dao hinh s 8. Uu diém cua phién ban
3 1a khung co khi dwoc téi uu vé& khdi Iugng, ciing nhu
khong gian lam viéc va mach diéu khién duoc st dung
vi diéu khién DSPC2000 cua Texas Instruments, uu
diém cua phién ban 3 1a robot hoat dong nhanh va chinh
xéc, luc quan tinh nho va robot c6 thé mang tai 1én dén
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vai Kg. Bdng thoi tich hop cac bo diéu khién thong
minh, dé diéu khién on]ine vong kin, hai tiép Encodgr.
Thoi gian thuc giao tiép véi cac thuat toan diéu khién

thong minh, duoc tac gia xdy dung trén phan mém
MATLAB/Simulink, dé diéu khién bam quy dao Delta
robot 3-DOF duogc trinh bay trong hinh 12.

7]
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Hinh 12: Ung dung giai thuat diéu khién thong minh trén hé thuc nghiém Delta robot 3-DOF phién ban 3

Céc thong sb caa robot phién ban 3 trén hé thuc nghiém, dugc
tac gia cung nhom nghién ctu xay dung [11], [29], [30] va
duoc trinh bay trong bang 1 & trén va cac thdng sé cua 3 bo
didu khién PID roi rac tham khao trong [29], [31] va duoc
trinh bay trong bang 4.

Bing 4. Cac thong sé cta 3 bd PID roi rac

Céc thong so cua bo | 1 1 02; Ki =0.00008; Kd = 0.009
PID roi rac 1
Cacthong socaabd | p —1; Kj = 0.00008; Kd = 0.0009
PID roi rac 2
Cac thong so cuabd | i — 0,98, Ki = 0.0000L Kd = 0.009
PID roi rac 3

Quy dao dudng sb 8 dwoc tao ra bang cach lap trinh trong khéi
MATLAB Function, dugc trinh bay trong cong thirc (19), thoi
gian lay mau chon 12 0.01(s) va thoi gian chay thuc nghiém
dugc chon 1a vo cuc (t=inf).
¢ = 10+6*cos(t) (cm)

Y, = 10+6*cos(t)*sin(t) (cm) (19)

z,, =-590 (cm)
Cac két qua dat dugc khi chay thuc nghiém voi quy dao duong
s6 8, trén phién ban 3 dugc trinh bay trong phu luc [3] va cac
két qua dat dap ung cac goc, dap tng cac sai s6 va dap tng

lyc tac dong lam quay 3 canh tay vé quy dao duong s6 8 dugc
trinh bay tir hinh 13 cho dén hinh 15.

Response of Theta 1
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Hinh 13: Pap tng goc Theta 1 ctia quy dao dudng s 8
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Response of Theta 2
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Hinh 14: Bép tng goc Theta_2 cua quy dao dudng sb 8

Response of Theta 3
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Hinh 15: Pap ting goc Theta 3 ctia quy dao dudng s 8

Quy dao thuc té cua duong s6 8 dugc trinh bay trong hinh 16
va dugc thuc nghiém phu luc [3].

Hinh 16: Dap img thuc té cia qu§ dao dudng sé 8

Sau khi thuc nghiém trén quy dao duong sé 8, ta thiy quy dao
thyc cua Delta robot 3-DOF bam theo duong s6 8  nhung chat
lwong chua dat dwoc nhu mong mudn, véi sai s nam trong
khoang [-1.57/180;1.57 /180](rad) va vi tri cay bat con

rung lic. Do han ché vé vt liéu va kha nang co khi chinh xéc,
nén phan chan dé va cac tay may cua Detla robot 3-DOF chua
du cang viing, dan dén bi rung lac trong qua trinh hoat dong.

7. Kétluin

Bai bao trinh bay mot phuong phéap tim kiém gid trj tbi wu cua
bo diéu khién PID bang giai thuat GA, thoa man ham muc tiéu
IAE dya trén cac gia tri khoi diém xéac dinh boi giai thuat Z-
N. Uu diém 16n cta phuong phap nay 1a thiét ké dugc bo diéu
khién t6i wu, dé diéu khién trén cac mé hinh toan cua dbi
tugng diéu khién khac nhau va giai thuat GA c6 kha nang tim
duoge diém cuc tiéu toan cuc. Vi vy, VIeC s dung GA trong
nghién cau nay la nhim tim ra gié tri tdi uu toan cuc cho bo
diéu khién PID. Tuy nhién, nhwoc diém cua phwong phap nay

1a phai chay rat nhiéu vong hdi tiép am don vi dé xac dinh gia
tri ham muc tiéu, trong qué trinh &p dung giai thuat GA. Viéc
thiét ké bo diéu khién thoi gian thuc, trg nén kha thi cho nhiéu
ddi twong bang céch két ndi may tinh vao céc thiét bi do dac
va hoi tiép vong kin dé diéu khién. Bong thoi, nhom tac gia
da thiét ké, ché tao va thyc nghiém thanh cong phién ban 3
cua Delta robot 3-DOF tai truong Pai hoc Su Pham K§ Thuat
Vinh Long dugc trinh bay trong phy luc [4]. Danh gia han ché
két qua thyc nghiém trén mo hinh robot: do han ché vé vat
liéu va kha ning co khi chinh x4c, nén phan chan dé va cac
tay may cua Detla robot 3-DOF chua du cung viing, dan dén
bi rung lic trong qua trinh hoat dong, lam cho ket qua diéu
khién quy dao dau cudi chua dugc nhu mong mudn, mac du
cac tin hiéu diéu khién va dap tng goc van dap tng duoc tidu
chuan ky thuat. Thoi gian t6i, viéc cai tién khung co khi cho
khéi luvgng tong thé cia Delta robot 3-DOF nhe hon, c6 khéng
gian lam viéc 16n hon va nhém s& trién khai &p dung bo diéu
khién giam sat str dung mang no-ron ma hdi quy két hop voi
PID va bd nhan dang mang no-ron mé hdi quy (RFNNC-PID-
RFNNI) ng dung diéu khién bAm quy dao Delta robot 3-DOF
trén hé thuc nghiém.
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Hoa Trung, Vii Han, Trung Qubc nim 2014.
Anh hién dang giang day tai Khoa Dién-Dién
tu, tmo‘ng Hoc vién Hang khong Viét Nam.
Linh vuc nghlen clru ctia anh: Diéu khién Dién tir cong sudt; didu khién
t6i wru, thich nghi hé phi tuyén; didu khién dong co...

Nguyé&n Chi Ngon nhan bing K¥ su Dién tu
tai Dai hoc Cin Tho nim 1996, bing Thac si
Ky thuat Dién ta tai DPH Bach Khoa, Dai hoc
Qudc gia TP.HCM nam 2001, bang Tién st Ky
thuat Bidu khién tai Pai Hoc Rostock, CHLB
Dirc nam 2007, dugc phong ham Phé gido su
Tu dong hoéa nam 2015.

PGS.TS. Nguyén Chi Ngon giang day tai
Bo moén Tu dong héa, Khoa Cong ngh¢, PH
Cén Tho tir nam 1996 dén nay. Linh vyc nghién ctu ciia anh bao gém:
Diéu khién théng minh, nhan dang hé théng, ing dung IoT, Al ..



https://www.youtube.com/watch?v=NoQzbHk4S2U
https://www.youtube.com/watch?v=CYzwYRm9QQE
https://www.youtube.com/watch?v=P1uS8J9-zRs
https://www.youtube.com/watch?v=vu_VAc7B6uI&t=24s

