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Abstract

The article presents an application of the Fuzzy-PID controller to control 3-DOF Delta robots. This is a parallel
robot with a wide range of applications, from assemblying sophisticated parts to the creation of complex
movements in shaping, machining of complex profiles with high performance, high loading capacity, etc. The
Fuzzy-PID algorithm is designed to control the robot trajectory in order to combine the advantages of the Fuzzy
and PID algorithms. Simulation results in MATLAB/SIMULINK show that the response of the proposed
controller is better compared to traditional PID controllers, without overshoot and steady-state error, and with

response time about 0.11 (s).
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Tém tat'

Bai bao nay trinh bay mot (mg dung ctia bo diéu khién
Fuzzy-PID dé diéu khién bam quy dao cua robot
Delta 3 bac tu do. Pay la loai robot song song cé
pham vi sir dung kha rong, tir lap rap cac chi tiét tinh
vi dén viéc tao cac chuyén dong, tao hinh va gia cong
cac bién dang phuc tap voi hiéu suét cao, kha nang
chiu tai 16n, v.v... Thuét toan Fuzzy-PID duogc thiét ké
dé diéu khién bam quy dao robot Delta théng qua viéc
két hop thuat diéu khién Fuzzy va PID. Két qua mo
phong trén MATLAB/SIMULINK cho thiy dap tng
clia bo didu khién dé xuat tot hon dap ung ctia bo diéu
khién PID truyén thong, khong xdy ra sai sb xac lap
va vot 18, ciing nhu thoi gian dép Gng dat 0.11 gidy.

Ky hi¢u

Ky hi¢u Ponvi Y nghia

6,0,,0, bo Goc cac chan trén cua robot
Delta

Eo Vi tri diém cudi

F mm Chiéu dai canh tam giac déu
dia nén trén

E mm Chiéu dai canh tam giac déu
dia chuyén dong dudi

I mm Chiéu dai chan trén

Ie mm Chiéu dai chan duéi

Q, Do Goc chan trén

¢ Do Goc tach giita moi chan trén

v&i mat phang XY

' Ngay nhdn bai: 14/01/2019; Ngay nhdn ban sua:
21/06/2019; Ngay chap nhdn: 01/08/2019; Phan bién:
Lé Hoai Quoc, Lé Tién Diing.
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Chir viét tit

DOF Degrees of Freedom

PID Proportional Integral Derivative
DC Direct current

1. Phan mé dau

Véi co cau linh hoat, vu diém vé téc d¢, luc va do
chinh x4c, robot song song tr&é nén phd bién va duoc
sir dung rong rai trong cong nghiép [1]. CAu triic phirc
tap cta robot nay lam cho chung tré thanh mot trong
tam nghién ctru thi vi. Robot song song duoc dé xuat
vao nam 1939, khi Pollard xdy dung mdt robot diéu
khién vi tri cia mot khau sung phun [2]. Trong bbi
canh nay, cic robot khac c6 cung cau trac di dugc
thue hién. Vi du, mot robot dugc dé xuét bai Stewart
v6i hai nén tang dam bao su 6n dinh ¢ dinh trong
mot co sé tinh [3]. Nam 1985 mot loai robot song
song dd duoc phat trién va xdy dung trong Ecole
Polytechnique Federale de Lausanne (EPFL) goi la
robot Delta tap trung vao cong viéc cong nghiép [4].
Vi du, robot v6i do chinh xac cao nhung chuyén dong
cham dugc st dung rong rdi trong cdc may in 3D [5].
Trong linh vyc cong nghiép sy can thiét dé t6i wu hoa
san xuat 1a mot thach thirc 16n cho cic cong ty san
xudt robot tir nhitng nam 80 [6].

Robot song song dd dwoc nghién ctru va ché tao
thanh céng & nhiéu quéc gia [6-8]. Tuy nhién, véi gia
thanh cao va viéc kiém soat hoat dong ctia robot song
song, nhit 1a vin d& didu khién bam quy dao cua
robot luén duoc quan tdm, nghién ctru cai tién. Mot $6
nghién ctru da st dung céc thuét toan didu khién kinh
dién nhu PD, LQR [9], tuy nhién, khi tham sé cta
robot thay ddi thi cac kiéu diéu khién nay khong thé
tw hiéu chinh lai bo diéu khién.
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Trong tién trinh nd lyc 1am chu viée ché tao robot
song song dap ing nhu cau coéng nghiép, bai bao nay
hudng dén viée 1am chu ddi twong diéu khién. Nghién
ctru tién hanh phan tich, so sanh va danh gia cac giai
thuat diéu khién Fuzzy-PID va PID kinh dién ap dung
cho robot Delta, theo tiéu chuin danh gia tich phan tri
tuyét ddi sai sb, dé co6 dugc hiéu suét tdt hon cua hé
vong kin. Cac phuong phap diéu khién nay duoc kiém
nghiém bang phan mém MATLAB /SIMULINK.

2. Dong hoc ciia robot Delta
Pong hoc cua robot Delta dugc thé hién trong H. 1
bao gém hai hinh tam gidc déu bang nhau (tim cd
dinh va tdm di dong).

Tam c¢o
dinh

TAm di

Elltxll; yll: zr)
dong '

H. 1 Goc quay va vi tri robot Delta [7]

Nhitng goc chung 1a 6, 6,, 6; xac 1ap diém E, 1a vi
tri diu miit cua canh tay, co toa dd (xo, yo, Zo). Dé tinh
toan dong hoc ngugc cua robot Delta, ching ta phai
xac dinh dwoc vi tri diém Eg (Xo, Yo, zo) tir d6 tim
ngugc lai cac goch,, 6, 65. Mac khac dé tinh dong hoc
thudn cta robot Delta, ching ta phai xac dinh dugc
cac goc rdi tir do chung ta tim duoc vi tri diém cudi E,
(X0, Yo, 20) [8].

2.1 Pong hoc ngugc cua robot Delta

Bong hoc ngugce yéu cau xdc dinh dugce cac vi tri goc
mong muon cua by truyen dong, dugc cho bdi mot
diém cudi mong mudn cua hiéu Gmg trong khong gian
Dé céc. Day la phuong phap hinh hoc nén trong lugng
va mémen quan tinh khong dugc xem xét trong qua
trinh 14p mo6 hinh. Hinh hoc vét 1y ctia robot Delta
duoc biéu dién trong H. 2 [9].

Trong H.2, fdai dién cho chiéu dai canh tam giac
déu cua dia nén trén; e la chiéu dai canh tam giac déu
dia chuyén dong duéi; r, 1a chidu dai chan trén; r, 1a
chidu dai chan dudi; E, (X0,¥0,Z0) 1a tam cua dia
chuyén dong dudi; E; (x1,y1,21) 1a trung diém cia canh
tam gidc deu dia chuyén dong dudi; 0 (0,0,0) 1a tim
cua dia nén trén. Cac gbéc 6,6, 6; 1a cac goc tmyen
dong va J; 1a diém giao giita chan trén v6i chan dudi
cua robot Delta.
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H. 2 Dang hinh hoc cua robot Delta

Do két cdu cua robot Delta ma F 1. J; chi co thé
xoay xung quanh truc YZ tao thanh hinh tron voi tdm
tai diém F, va ban kinh r. Nguoc lai véi F; J;, E
duoc goi 1a khép tdng hop ¢ nghia 14 E; J; ¢6 the
quay tu do, 18 thudc vao diém E; tao thanh hinh cau
v6i tam E; va ban kinh r,. Su giao nhau gitra hinh cau
va hinh tron dugc biéu dién ¢ H. 3 [7]

vong
tron C1

Hinh ciu
v tamEl

vong
¥ twonC2

H. 3 Dang hinh hoc giao nhau giita hinh cdu va vong tron

Trong d6 E’; 1a phép chiéu cua diém E; trén mat
phang YZ. Diém J; c¢6 thé dugc tim thiy nhu 14 giao
diém cua hai vong tron CI va C2 véi cac tam lan lugt
la F, va E’;, va ban kinh lan luot 12 r, va E’; J;. Néu
tim dugc J; thi chung ta c6 thé tinh dugc goc 6 vaJ,
dugc tim thong qua cac cong thic vong tron.

Phwong trinh vong tron C1

(le_yFl)2+(Z/]_Zp])2 /,V()’ldlem

F [O,L,Oj tim dwoc tur H.3, suy ra:
23

(yll _%j +Z§1 :rjz' (D

Phuwong trinh vong tron C2
(le ~—Yeu )2 +(ZJ1 ~Zgn )2 = (E'l Ji )2 = rez _xg

o2 R e _
voidiém E| xo,yo—m,z0 , Suy ra:
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2
- X,

2
e
(le —W +mj +(ZJ1 —Z )2 = rez (2)

Tu hinh 3 ta tinh dugc F;, ching ta cén tim diém

J,(x,.,.2, ) thong qua phuong trinh (1) va (2) ti
do tim duoc goc 6, tir H. 4 [7]

Ey (X, y,i2,)

o2 e/2 - tan(30) E,

H. 4 Truc YZ va nhitng kich thude co ban dé tim goc 6,
Tir H.4 ta co:

0, = arctan{L:l
(yFl _le) ’ 3)

Giai phuong trinh (1) va (2), sau do thé vao (3) ta
tim dugc 6, . Do sy don gian vé dai $6 1a su lya chon
t6t cua khung tham chiéu: khép F, J; di ghuyén trong
truc YZ, vi vay chl'mg’ ta hoan toan co thé bo qua truc
X. Dé tan dung loi thé nay cho phan con lai dé ta tim
goc 6, va 6, do tinh d6i ximg ciia robot Delta.

7D§u tién chung ta xoay toa do hé théng trong mat
phang XY quanh tryc Z qua géc -120 d nguoc chiéu
kim dong ho nhu dugc hién thi ¢ hinh H.5 [7], dé co
dugc goc 6, va ta tiép tuc xoay toa do hé thong trong
mat phing XY quanh tryc Z qua goc +120 d6 cung
chiéu kim dong ho nhu dugc hién thi & H. 5 [7] dé co
duoc goc ;.
e Quay-120°lucndy 6, — 6,;F,— F’ val,— I,
e Quay +120° Iuc nay 6— 0, F—> F’ valJ—

J”l i

Ta ¢6 cong thirc doi truc nhu sau:

X, = x, cos(£120°) £ y, sin (£120°)

¥p = ¥, sin(£120° ) mx, cos(+120°) )
Z([) =2z,
voii=2,3.

Tir cong thirc ddi truc ta suy ra cong thirc dbi truc
cho goc 6, nhu sau:
x, cos(=120" ) - y, sin (-120°)

2 _
Xy =

Ve =Y, sin(—l20°)+x0 cos(—lZOO)
Zg :ZO

)

véii=2.
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%' =xcos(120) +y sin(120)
y' = -x sin(120) + y cos(120)

E, (x,;

0Vt

Yo ’z-:;J Tl {xll_\: yln: sz)

H.5 Sw quay déi xirng va toa d¢ ciia robot Delta

Tuong tu nhu tim 6 ta thé (5) vao (1) va (2) roi
giai lai phwong trinh tim nghiém, sau d6 thé nghiém
tim duoc vao (6) ta co:

6, = arctan {L} (6)
(yF'l —Vm )
Cong thirc doi truc ciia cho goc @, nhu sau:
X, =X, cos(l20O ) + 9, sin(lZOO)
Yo = ¥, sin (120" ) —x, cos(120°)
zy =z, %)
voii=3

Ta thé (7) vao (1) va (2) roi giai lai phuong trinh
tim nghiém sau d6 thé nghiém vira tim dugc vao (8) ta
tim duoc:

6, = arctan[ ®)

Zm :I
(Ve =¥m1)

2.2 Pong hoc thuin ciia Robot Delta

Chuyén dong chuyén tiép sir dung dé dat duoc vi tri
cubi bang cach sir dung cac goc chan trén. Hinh hoc
dai dién ciia mot chan robot duoc thé hién trong H. 6
[9]

Tir hinh H.6 ta c6 céac bién sau day.

o o
[el-r . 52l

Trong d6 i € {1, 2, 3} tham chiéu dén cac chan
trén 1,2 va3vaXlahé théng tham chiéu toan cuc, X;
1a hé théng tham chiéu cho cac diém chan trén, X.¢ l1a
hé théng tham chiéu cho cac diém cubi, C; 1a diém nbi
gita chan trén va chan dudi, B; 1a diém ndi giira chan
dudi va diém cudi, o, 1a goc chan trén va ¢ 1a goc tach

giita mdi chan trén véi mit phang XY.
Chiéu dai chan dudi co thé duge tinh bang quan
hé vector sau:

BC =CX-BX ©)
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n r
H. 6 Tham so hinh hoc ciia chdn robot Delta

Phuong trinh (9) ¢6 thé duoc viét dudi dang chiéu
dai hinh hoc cta robot va vi tri E; véi sy tuong quan
dén tham chiéu X, nhu sau:

rpcos(a,)| | A, cos(g)| [x,
BC, =Ry 0 +| A, sin(g) || vy
r,sin(a;) 0 Zy

(10)
Trong d6, A, = m - n va Rz, 1a ma trdn ludn
chuyén giita Z; va T hé théng tham chiéu. Ry chia

trong phuong trinh (10) dugc rang budc béi chiéu dai
B.C, nhu sau:
IB.C,| =2, véii=1,23
Phuong trinh (11) dugc viét lai nhu sau:
2 2 2 5

(xB _xi) +(y3 _yi) +(ZB _Zi) =7
véii=1,2,3
Thay (12) vao (10) ta c6 dugc cong thirc sau:

(A +r, cos(a ))x cos(4,)

y, = (A +7, cos(a, ))xsm(¢)

z, =7, sin(a,)

(11)

(12)

(13)

Tur (13) néu xac dinh dugc cic goca va ¢ thi ta

s& tim duogc vi tri diém cudi Eq (xo, Vo, Zp) cuia robot
Delta.

3. Mo hinh diéu khién ctia robot Delta va
bo dieu khién PID

3.1 Mb hinh diéu khién ciia robot

Chuyén dong mdi khép cua robot Delta 13 chuyén
dong quay, dugc diéu khién béi mot dong co riéng.
Nhu vay c6 3 khép quay s€ c¢6 3 dong co hoat dong
dong thoi. Pong co diéu khién chuyén dong khop
quay ciia robot Delta 14 dong co dién mot chiéu, véi
tin hiéu vao U, 1a dién 4p dit vao phan tng, tin hiéu ra
la géc quay 6 va kich tir cho dong co la kich tir doc
lap (H.7), v6i thong sb6 cua dong co la L=0.052H,
R,=21.2Q, K;=0.1433 Vs/rad, K=0.1433kg-m/A,
J=10" kg-m s*/rad, D=10"* kg-m s/rad, n=30 [13].
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H.7 So do khéi mé hinh diéu khién déng co ciia robot
Delta

3.2 B¢ diéu khién PID

Thut toan diéu khién dau tién dwoc ap dung cho céac
bo diéu khién chan dan dong robot Delta 1a thuat toan
diéu khién vi tich phén ty 18 PID [14-19] véi luc diéu
khién duoc tinh theo cong thirc:

de(t)
dt

u(t)=Kpe(1)+K, +K,fe(r)dr  (14)

G PID

Delta Robot

v

H. 8 So do diéu khién dimg thudt toan PID

Tham s6 bo diéu khién PID dugc tao boi cong cu
auto-tuning [20] ciaa MATLAB/SIMULINK v6i tham
$6 cu thé gom Kp=4.103; K; = 30.103; Kp = 0.0503,
lam co s& dé hiéu chinh théng qua thuc nghiém.

M6 phong bo diéu khién PID vé6i cac sai sb
chuyén dong ctia khau chdp hanh cubi theo dép tGng vi
tri va quy dao cung véi dap ung cua cic chan dan
dong dugc trinh bay tir H. 9 dén H. 12.

Két qua khao sat cho thiy b diéu khién PID co
tinh 6n dinh, chuyén dong cta khau chap hanh cubi
bam theo tin hiéu tham chiéu véi thoi gian xéac 1ap
ngin, khoang 0.2 (s). Cac tiéu chuan chat lugng ctia
b6 diéu khién PID cho théy dap ting theo truc X, Y, Z
¢6 vot 16 kha 16n (POT=13.3%).

C6 thé thay ring bo didu khlén PID véi cic hé sb
KP, K;, Kp da chon c6 tinh on dinh, cac tiéu chuan
chat luong cua hé thong chdp nhan dwoc nhung van
can phai cai thién tt hon.

Dap ung

200 gy

Tham chieu
—-—-PID

77777777777777

150 S
100 Hi

50

ol

Bien do x (mm)

-50

-100

150 b L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Thai mimn 7a)

H. 9 Ddp ung theo vi tri truc x ciia bo diéu khién PID
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Dap un
200 T p. 9 T

Tham chieu
— — PID

100 - 4

50

Bien do z (mm)

-100 |- 1

150 . , \ . . .
0.4 0.5 0.6 0.7 0.8 0.9 1
Thoi aian (s)

H. 10Pdp irng theo vi tri truc z ciia b diéu khién PID

I L L
0 0.1 0.2 0.3

Dap ung
-650 ' ' ' Tham chieu
— — PID
660 | f
-670 %j
|
E -680 ﬁ
£ |
=
o -690 1\1\‘
s i
5 NN,
& -700 I'JV‘J = o
i
710 Ud 1
I
720 t |
-730 L L L L L L L L L
0 01 02 03 04 05 06 07 08 09 1
Thoi gian (s)
H. 11Dadp ung theo vi tri truc y cua bg diéu khién PID

Dap ung quy dao

200

== Tham chieu
= = PID

150 . . | . . . L .
-100 -50 0 50 100 150 200 250

z (mm)

H. 12 Ddp img theo quy dao ciia bg diéu khién PID

300

4. B0 diéu khién Fuzzy-PID

Mot trong nhitng han ché ciia khau PID 1a cac hé sb
Kp, Kj, Kp khong thay ddi trong qué trinh diéu khién.
Vi vdy, cac tiéu chuin chat luong cua hé thong
thuong khong dat két qua t6t nhat va qua trinh phdi
hop giita cac chan dan dong chua déng bo. Bo diéu
khién tu chinh dinh Fuzzy-PID 1a mdt lya chon tot
hon dé cai thién cac han ché néu trén dua theo su két
hop cac wu diém cua bd diéu khién mo va bo diéu
khién PID. Nguyén tic nay duoc minh hoa trén hinh
H.13.
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—| Delta Robot >

H. 13S0 do diéu khién dimg thudt toan Fuzzy - PID

Thuat toan diéu khién Fuzzy dugc ap dung dé tu
chinh céc thong s6 ciia bd PID da khao sat & muc 3.2.
Trén hinh H.13, ham truyén cta bd PID: Gpip(s) = Kp
+ Ky/stKps voi1 cac tham $6 Kp, K;, Kp dugc chinh
dinh bang 3 bo didu khién mo riéng biét, dva theo sai
léch e(t) va dao ham de(z). Nguyén tic chung la bat
dau véi cac gia tri Kp, K, Kp theo Ziegler-Nichols,
sau do dwa vao dap ung va thay dbi dan, dé tim ra
huéng chinh dinh thich hgp. Anh huéng cia cac tham
s6 PID 1én chét lugng diéu khién [16] 1a co s dé xay
dung luat diéu khién mo (Bang 1, 2, 3). Dé rat ngin
thoi gian qua d, tin hiéu diéu khlen can du manh, do
vay, ta chon: Kp Kj 16n va Kp nho; dé han ché vot 15,
khi dap tmg gan dat dén gia tri tham khao, ta dicu
chinh sao cho Kp, K; nhd va Kp 16n; khi dép tng dat
gia tri x4c 1ap, vé co ban 1a khong thay di tham sb
cua b PID nira.

Gia tri khoi tao clia bo diéu khién PID chon lya dé
thuc nghiém dugc xac dinh theo [21-23]. T cac gia
tri nay, mdé hinh duwgc mo6 phong trén
MATLAB/Simulink dé tim dugc bo tham sé [Kp, Kp,
Kj]. Tur d6, nghién ctru da chon ra khoang gia tri
[Kinin, Kinax] Xung quanh bd thong so trén. V&i cach
lam nay, bo diéu khién dam bao 6n dinh va co wu
diém hon 1a nd c6 kha ning ty diéu chinh nhe xung
quanh bo gia tri [Kp, Kp, K;] da c6, phu hop véi diéu
kién thuc té, trong qua trinh diéu khién. Gia tri cu thé
duoc xac lap gém: K, =1,K, =5K, =0.01

Pmin Pmax Dmin

K. =0.05.
Tuyén tinh hoa cac hé sb K,,K,,K,nhu muc 3.2
ta co:
K, =(K,, -K,,) K +K,,
K, =(K, -K, )K +K, (15)

K[ = Klz’ /(ﬂ'KD)

Trong d6 Kk, va Kk, duoc xac dinh tir cac luat chinh
dinh mo va co6 gid tri chuan hoa trong khoang
K» =[1,5], Ka =[0.01,0.05]va p=[1,1000] s& duogc
xac dinh dya vao viéc chinh dinh tham s6 K,, K, .
Cac ham lién thudc cua e(?), Ae(t),K,, K, va f dugc
xéc dinh ¢6 dang tam giac va cac bién ngon ngir dugc
md ta va thir-sai thdng qua moé phéng nhu sau:

* e()= {4m nhiCu, am vira, am it, zero, duong it,
duong vira, dwong nhicu}
e ¢(1)= {NB,NM, NS, ZE, PS, PM, PB}
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Ae(t)= {4m nhiéu, 4m vira, am it, zero, dwong it,
duong vira, dwong nhiéu}

Ae(t)= {NB, NM, NS, ZE, PS, PM, PB}

Chi tiét cac luat hop thanh mo hé s6 K, , K, va S
duoc trinh bay trong cic bang 1, 2 va 3 bén dudi

B. 1 Ludt hop thanh mo hé s6 K,
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x = 10+150cos(t)

y=-700 (16)
z =10+150sin(t)
B. 3 Ludt hop thanh mo hé sé f3
Ae(tyet) NB NM NS ZE PS PM PB
NB PT PS PM PB PM PS PT
NM ZE PT PS PM PS PT ZE
NS ZE ZE PT PS PT ZE ZE
ZE ZE ZE ZE PT ZE ZE ZE
PS ZE ZE PT PS PT ZE ZE
PM ZE PT PS PM PS PT ZE
PB PT PS PM PB PM PS PT

Ae(tyet) NB NM NS ZE PS PM PB

NB PM PS PT ZE PT PS PM
NM PB PM PS PT PS PM PB

NS PB PB PM PS PM PB PB

ZE PB PB PB PM PB PB PB

PS PB PB PM PS PM PB PB

PM PB PM PS PT PS PM PB

PB PM PS PT ZE PT PS PM
B. 2 Ludt hop thanh mo hé s6 K,

Ae(t)/e) NB NM NS ZE PS PM PB
NB PT PS PM PB PM PS PT
NM ZE PT PS PM PS PT ZE
NS ZE ZE PT PS PT ZE ZE
ZE ZE ZE ZE PT ZE ZE ZE
PS ZE ZE PT PS PT ZE ZE
PM ZE PT PS PM PS PT ZE
PB PT PS PM PB PM PS PT

Trong bai bao nay, quy dao tham chiéu la duong
tron dugc mo ta boi phuong trinh sau:

5. So d6 va két qua mé phong

5.1 So' @6 mé phéng

So @6 md phong bod diéu khién Fuzzy-PID, dugc trinh
bay nhu H. 14. Trong d6, khéi Function dung dé tao
quy dao hinh tron trong hé toa d§ x,z theo phuong
trinh (16). Khdi Inverse Kinematics 1a dong hoc
ngugc cua robot Delta dugce xay dung tir phuwong trinh
(4), (5), (13) voi nhiém vu chuyén cac toa do xyz vé
cac goc 6, 0, 0,. Khéi Forward Kinematics 1a dong
hoc thuan cia robot Delta dugc xay dung tir phuong
trinh (9), (10) c6 nhiém vu chuyén cac goc 6, 09, 6,
vé toa d6 xyz ban dau dé kiém chimg cac cong thirc
trén. Khéi Delta_robot duoc xay dung tir hinh 7 véi 3
dong co DC. Khéi “Controller” 1a bd diéu khién
Fuzzy — PID véi ba bo didu khién cho ba dong co.

spesd_motor
x0 thetai thetal”_in speedi @l

thetal_out P thetal_in ] thetal =0

i { thetat thetal_out -4 B

‘ x position_Graph_out
t
dothie Zf—*120 thets? 3] thets?_in speedz ||
Clock Gain O Delta_inverse thetaZ_out theta2 in e ) 2 1
’—b thetaZ” theta?_out J| Delta_Forward
<700 ¥0 thetad theta”_in spesdd
theta?_out B theta3 in o thetz2 ¥0 pasition_cut
Constant thets? thets3_out || 4
Inverse Kinematics
Controller Detta_robot Forward Kinematics 1

H. 1480 d6 mé phéng bé diéu khién Fuzzy-PID diéu khién Robot Delta trong MATLAB

5.2 Két qua mé phéng trong Matlab/Simulink
Céc két qua mo phong hé thong vaoi bo didu khién ty
chinh dinh Fuzzy-PID tir H. 15 dén H. 20 cho thay
cac dap tmg va sai s6 chuyén dong cua khau chép
hanh cubi dugc cai thién dang ké so voi truong hop
chi dung bo diéu khién PID kinh dién.

Két qua mé phong cho thiy ring dap tng cua bd
diéu khién Fuzzy-PID t6t hon so v&i bo didu khién
PID kinh dién véi thoi gian xac lap 1a 0.11 (s) va
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khong xuat hién vot 15. Chi tiét chi tiéu chat luong
duoc trinh bay & bang 4.

B. 4 Tiéu chudn chdt lwong hé thong
Tiéu chuin chit lwong PID  Fuzzy - PID

Qua diéu chinh (%)

13.3
0.2

0
0.11

Thoi gian xac 1ap (s)
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Dap ung

Chuyén san Po liwong, Diéu khién

va Tw dong héa, quyén 22, s6 1, 4/2019

Dap ung quy dao
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H. 15Pdp img theo vi tri x ciia bg diéu khién Fuzzy — PID

va PID so véi tham chiéu

H. 18Ddp ung q

uy dao cziq bé diéu khién Fi uzzy — PID va

PID so véi tham chiéu

Dap ung
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H. 16 Dap ing theo vi tri z ciia bo diéu khién Fuzzy — PID Z (mm)
va PID so voi tham chiéu H. 19 Hinh anh phong to cua dap ung quy dao
-850 | i . Dap‘ ung i : Hoitu cua Kp, Kdva Ki
. — Tham chieu 5 ¥ T L
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H. 17 Dap ung theo vi tri y cua bg diéu khién Fuzzy — PID 207 :
va PID so voi tham chiéu 10 ; ; ;
0 1 2 3 4 5
Thoi gian (s)

H. 20 Minh hoa su hoi tu cua cac tham 6 cia Fi uzzy-PID
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6. Két luan

Bai bao nay da dé xuat dugc bo diéu khién ty chinh
dinh Fuzzy-PID dé diéu khién bam quy dao cho tay
may robot Delta ba béc ty do. Két qua mé phong cho
thdy cac tiéu chudn chét lugng cua hé théng duoc cai
thién va dap tmg tot hon so v6i bd didu khién PID
kinh dién. Giai thuat dé xut c6 tinh 6n dinh va dap
ng nhanh, dong thoi khong xudt hién vot 16, ciing
nhu sai s§ xéc 1ap trong qua trinh diéu khién chuyén
dong cua robot Delta.
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