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Abstract

PID controllers are applied widely in industry. Ziegler-Nichols algorithms are often used to adjust certain
controllers. However, this method cannot achieve optimal coefficients of K,,, K;, K; due to the influence of the
error of the measuring devices and interference from system disturbances. From there, the designer needs to
select the appropriate parameters of the controller that is not easy to reach the optimal values and requires
experience of the designer. So, this study proposes a method to determine the optimal coefficients of K,,, K;, K,
around the operating point of the PID controller by using a particle swarm optimization algorithm. Simulation
results show that the algorithm has perform effectively in finding optimum coefficients satisfying the control
quality criteria such as small steady-state error and fast response time.
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Tém tit' 1. Gi6i thiéu

Bo diéu khién PID dugc ung dung rat phé bién trong  Hién nay, bd diéu khién PID dugc ung dung rong rai
cong nghiép. Giai thuat Ziegler-Nichols thuong dugc  trong cac hé théng do tinh tién loi, dé thiét ké va hiéu
sit dung dé chinh dinh bo didu khién. Tuy nhién, qua trong didu khién [1-3]. C6 nhiéu phuwong phéap
phuong phéap nay kho c6 thé téi wu duge cac hé s6 K,, hiéu chinh hé sO cua by diéu khién PID, nhung phd
K;, K; do anh hudng sai s ciia thiét bj do va nhidu tir ~ bién nhét 1a phuong phap Ziegler-Nichols [4]. Tuy
hé thong. Tir d6, ngudi thiét ké phai lya chon cic tham  nhién, diéu chinh hé s6 niy trong mot s hé thong s€
s6 phu hop cho by diéu khién. Phwong phép nay phu thudc vao kinh nghiém nguoi thiét ké va mat
khong ¢ co s¢ dé xac dinh gia tri tdi wu va doi hoi  nhiéu thoi gian. Thong thuong, phuong phap Ziegler-
kinh nghiém cua nguoi thiét ké. Vi thé, bai bao d&  Nichols xac dinh cic thong s6 ciia bo didu khién dwa
xuét mot phuong phap xac dinh cac h¢ s6 ti wu xung  trén két qua thyc hién ctia hé thong Tuy nhién, do sai
quanh diém diéu hanh cua bd diéu khién PID bﬁng s6 cua thiét bi do va nhidu anh hudng 1én tin hiéu do,
giai thuat bay dan. Pdi tugng duoc st dung dé kiém  do d6 1am cho bd diéu khién PID trong qua trinh hi¢u
nghiém giai thudt nay 1a mo hinh canh tay robot ba  chinh khé dat dugc gia tri tdi wu. Vi vay, trudce khi ap
bac ty do PUMA 560. Két qua mé phong cho thay giai  dung vao h¢ thdng can thiét c6 mot qua trinh tinh
thuat da phat huy hiéu qua trong viéc tim kiém hé s6  chinh [5]. V4n dé dit ra 1a 1am thé nao dé hé thong dat
t6i wu dé dat dugc cac chi tiéu chat lugng diéu khién  dwoc gia tri toi vu dwa vao qué trinh tinh chinh.

nhur sai s6 xac 1ap nho va thoi gian dap tmg nhanh. Viée t6i wu cac thong so thiét ké da dugc nhidu

nha khoa hoc nghién ctru va ung dung [6, 7]. Trong

Ky hiéu do, giai thuat bay dan (Particle Swarm Optimization,

Ky hiéu Y nghia PSO) thuong dugc sir dung rong rai dé toi wu bo. diéu

A(9), B(9),C(q),2(q) Ma tran ctia mé hinh khién [8].Thuat toan nay dé tim kiém 1oi giai t6i wu

G, (5) 3 i d cho céc thiét ké dya trén khong gian tim kiém , duge

P am truyen dat xdy dung dua trén khai niém tri tué biy dan dé tha

. méan mdt ham muc tiéu nao d6 [9]. Tuy thudc vao tiing

Chir viet tat tmg dung cu thé, ma nhleu nghién ctru dp dung giai

PSO Particle Swarm Optimization thuat PSO dé tim kiém cdu trac tdi wu cho bo diéu
PID Proportional Integral Derivative khién PID d3 dugc thyc hién [10, 11].

D-H Denavit-Hartenberg Bai bio dé xuat mot phuong phép sur dung gidi

thuat PSO dé tim kiém hé s toi uu ciia by diéu khién
PID. Chit lugng dép mg cta hé thong thiét ké dugc
1 ) A g . . - 3. . danh gid dya trén gia tri nhé nhat cua ham muc tiéu.
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phong, thiét ké va kiém nghiém chit lwong cua giai
thuat.

2. Phwong phap tim kiém hé sé bd diéu
khién PID va mé hinh ciia déi twong

2.1 B) diéu khién PID

Bo diéu khién PID [12] biéu dién trong Error!

Reference source not found. dugc mo ta nhu sau:

d

% e(?)

u(t) =K, e(t)+ K, f e(t)dt +K, (1)
0

voi:
e=r,-¥0 @
Ham truyén cua bd didu khién PID dugc dién ta
boi cong thire (3):

3)
trong d6, K,,, K, K, 1an luot 1a hé s0 ti 18, thoi hang
tich phan va thoi hang vi phan, e(?) 1a sai s gitta ngd
ra va tin hiéu dat, u(#) 1a ngd ra cua bg dicu khién,
yd(t) va y(¢) lan lugt 1a ngd vao tham chiéu va ngd

K.
Gop(s) =K, +—+K;s
S

ra cua doi tugng.

B didu khién [ *\¥/

I}
PID "

.| Ddi tugng
"] diéu khién

H.1 Cdu triic diéu khién sit dung bé PID

Nguoi thiét ké dua trén mo hinh dé lwa chon cac
thong s6 K, K,, K, dé thda man céc yéu cau vé chit
luong diéu khlen Cu thé ¢ déy 1a tim cac hé s6 ctia bd
diéu khién PID dé dat dwoc chét luong diéu khién
mong mudn.

2.2 Giai thuat t6i wu PSO

PSO 1a mot ky thuat tim kiém gia tri tdi vu dwa vao
hanh vi ciia cac ca thé trong quéan thé dugc dé xuat boi
Kennedy va Eberhart [13]. Cac c4 thé c¢6 kha ning hoi
tu nhanh dén vi trf t8i uu cuc bd hodc toan cuc.

Mot quan thé PSO bao gom cac ca thé. Mdi ca thé
dai dién cho mot giai phap tiém nang cho nhiém vy tbi
wu. Tt ca cac ca thé 1an luot ¢ thé kham pha cac giai
phap c6 thé xay ra. Mdi ca thé tao ra mot vi tri theo
van téc, ghi nh¢ vi tri trude d6 va n6 duge so sanh vi
tri tot nhat duoc tao ra bdi cac ca thé trude do theo
ham muc tiéu. Giai phap tdi wu nhit sau d6 dwoc gitr
lai. Mdi ca thé tang tdc theo vi tri tot nhat khong chi
cuc bo ma con con tién dén toan cuc. Néu mét ca thé
¢6 thé phat hién ra mot giai phap co thé Xdy ra, cac ca
thé khac s& di chuyen dén gan n6 hon dé kham pha
duoc khu vuc tot nhat [14].

Véi N la s6 lugng cac ca thé trong quan thé PSO
bao gom ba thuge tinh: vi tri hién tai a;, van toc hién
tai Vi va vi tri t6t nhit mdi ca thé Pb,;. MGi c4 thé trong
quén thé 13p lai cac thudc tinh & trén cho dén khi theo
ham muc tiéu dat gia tri nho nhat kich thudc va van
tdc hién tai cua ca thé duoc cap nhat bdi phuong trinh

“4):

25

Chuyén san Po liwong, Diéu khién va T dong hoa, quyén 21, s6 1, 04/2018

vt +1) =wv, (0)+cn, (D[P, (1) — a;(1)]
+eyr, (O[GD, (1) — a;(1)]

trong do, v; la van toc ca thé thir i cia quan thé j,
i€l..N; wla trong sO quan tinh cia vén toc; ¢, va

“

c, 1a hé sb gia toc; 7 va r, 1a hé s6 kinh nghiém va
hé sb quan hé xi hoi, co gia tri ngau nhién trong
khoang [0,1]. i i
Vi tri méi cla ca thé duge biéu dién & cong thirc
)
a;(t+1)=a,; () +v;(t+1) 5)
Giai phap tim kiém tot nhét ciia ca thé duoc cap
nhat boi (6):
Ph(t+1)=
Ph(t)  néu f(a(t+1))> f(Pb,(1))

a,(t+1) nguoc lai

Q)

Giai phap t6i wu toan cuc Gb duoc téng hop tir tit
ca cac ca thé qua ba budc trén dugc thé hién nhu cong
thtrc (7):

Gb(t+1)= argtr};ll;nf(Pbi t+D)),1<i<n (7)

Muc tiéu ciia giai phap dé xuét 1a giam thiéu gia tri
clia f(e,e,) trong (19) dugc cap nhat sau mdi lan
lap. Trong trang thai ban dau cua PSO, tt ca cac vi tri
clia ca thé a, , van téc v,, Pb, va Gb, dugc khoi tao

ngau nhién trong khoang [0,1]. Sau khi cac ca thé di
chuyen theo (4) moi ca thé s& tim ra mot giai phap
tiém nang, vi tri mai tot nhét trong qua khir sé cép
nhat boi (5) va vi tri tot ctia quan thé dugc cap nhat
bai (6). Cac ca thé s& tlep tuc di chuyen dé tim mot
giai phap tét hon cho dén khi né dat dén muc tiéu hodc
dap ung cac didu kién két thiic, sau d6 ta thu duoc két
qua téi ru toan cuc theo cong thire (7) [15].

2.3 M6 hinh dgng lwc hoc ciia robot PUMA 560
Cénh tay robot ba bac tw do PUMA 560 [16] c6 céu
tric twong ty nhu sau bac ty do, dugc dung dé kiém
nghiém giai thuat didu khién. Trong mé hinh nay
(hinh H. 2), ba khdp cudi duge giir ¢b dinh, con ba
khép dau chuyén dong.

_- Eje3

Eje4, 8
H.2 Cac khau phoz hop cuia robot PUMA 560 [17]
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Phuong trinh dong lyc hoc cua canh tay may 3
khép dugce miéu ta trén ma tran Lagrange-Euler hodc
Newton-Euler nhu sau (8):

L 4y 49,
I, |= A@)|4, |+ B(q)| 4,95
I g, 9,95
s (3)
q,
+C()|4,° |+ 2(9)
5

Ma tran A 14 ma trin d6i xung 3x3 (9):
A@)=|ay ay ay ©)

Khi d6, ma tran B duoc biéu dién (10) 1a:

b112 bll3 0 bllS 0 b123
O 0 b214 0 0 b223
Blg) = 0 0O b, 0 0 O (10)
byy by 0 bys 00
0 0 b, 0 0 O
0 0 0 0 0 0
Ma trén C dugc thé hién & (11):
0 ¢, ¢y
Cl@=|c 0 ¢y (11)
¢ ¢ 0
va ma tran G la:
0
glq)=|g, (12)
83

Gia toc goc dugce thé hién nhu cong thie (13):
§= 4" @{r~[B@3d+C@3i +g@]}(13)
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Két hop cong thuc (13) va (14) ta suy ra (15):

G=4"(@! (15)
Twr cong thuc (14) ta co:
I, =T, _[bllqucb +bi139145 +b123‘?2‘?3}
(16)

*[clzqzz Jrcls%z]
I,=T,- {b223q.2q.3}7[c21q.12 +cz3‘?32]* g, (17

I =1, _[031‘}12 +032422]_ 83 (18)
Chuy:

s, =sin(f,), ¢; = cos(f,), c; = cos(6; +6,),

Sy = sin(0, +0,+6,), cc, =cos(f,)cos(b;),

cc; = cos(;)cos(0,), cs; = cos(0;)sin(0,)

3. Toi wu b dieu khién PID bang giai
thuat bay dan
3.1 Ham muc tiéu
Dé tim céc h¢ s6 K,, K;, K; cua bo diéu khién PID,
cong thuc (19) dugc su dung. Trong qua trinh tim
kiém, giai thuat PSO tim kiém cac ca thé t6t nhat dua
trén sai s6 nho nhat cia ham muc tiéu.

(19)

trong d6: ¢, e, 1 sai sb ciia by diéu khién thur 1 va 2,

de de
.f(elﬂez) = tel(t)d_;+0ét€2(t)7;

o 1a hé sb khao sat.

So d6 bo diéu khién PID duoc cau tric bang giai
thuat PSO trong hinh H. 3. Trong do, ngd vao dat cho
robot la quy dao x, va y,, sai sO giita ngd vao dat va
ra thuc té 1a e va e, duoc str dung dé tinh toan ham

muc tiéu.

3.2 Tim kiém hé s6 PID sir dung thuét toan by
dan

Giai thuat PSO dwa vao gia tri cia ham muc tiéu dé
Iya chon cac thong sb t6i uu nhét cho bd diéu khién
PID.

Khi do:
1={r-[B@dd+C@d* +e@]} (14
&
| Ppso
e, .
Kpi Kii Kdi
YV VY
Xd + A oA o R
Quy dao —>® » Bo dieu khieén u Robot
tham chidu |20 5 > PID "| PUMA 560

H.3 So dé bg diéu khién PID cdu triic bang PSO
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Thuét toan tim kiém cac hé sé cua bd diéu khién
PID [18] dugc chia thanh cac budc nhu sau:

e Budc 1: Khoi tao cac thong sb PSO.

e Budc 2: Chon ngiu nhién cac hé ) K, K, K,
trong khoang khao sat.

e Bude 3: Tinh ham muc tiéu dua trén sai s6 hoi tiép
trong bo diéu khién PID.

e Buoc 4: Cép nhat vi tri va van tdc cua ca thé trong
quin thé tim kiém.

e Buoc 5: Chonraca thé tdi wu trong mdi lan lap
(t6i wu cuc bo).

e Budc 6: Lia chon ca thé tot nhét trong quén thé
sau tAt ca vong lap (t6i wu toan cuc).

e Budc 7: Thoat khoi vong ldp néu thda didu kién.

e Bude 8: Dua vao t6i wu toan cuc dé lua chon cac
thong sd K,, K, K; cho qua trinh mo phong cua
robot.

Luu dd giai thuat cua qua trinh tim kiém duoc thé
hién trong hinh H. 4. Trong do, giai thuat biy dan dé
tim kiém hé s6 t6i wu trong bo diéu khién PID dua vao
gia tri cia ham muc tiéu. Piéu kién ding 1a s6 vong
1dp, dugc lya chon dya vao kinh nghiém trong qua
trinh tim kiém.

Bit dau

Khoi tao théng sé PSO

Chon ngau nhién hé sb Kp, Ki, Kd
trong khodng khao sat

| Tinh gi4 tri ham muyc tiéu |

| Cap nhat vi tri va van toc ca thé |

| Chon c4 thé tdi wu |

v

| Lua chon c4 thé tot trong quan thé |

Sai

Xuat cac thong s6 tim kiém Kp, Ki, Kd

H. 4 Luwu do tim kiém thong sé bé diéu khién PID bang
PSO
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Ban dau s& khéi tao cac thong s6 cua PSO, sau d6
chuong trinh s€ chon cac hé s6 ngau nhién cua PID
trong khoang gi6i han. Chuong trinh s& bat dau voi

vong lap dau tién trong khoang 1,7 gidy aé lya chon
cac cac thé toi va trong quan thé. Vong lap van tiép

tuc dién ra sau d6 dén khi thda man diéu kién dimg

(khao sat ¢ 20 vong). Cubi cung chwong trinh s& chon
ra cac ca thé 61 wu tiém cén rdi gan cho cac hé s PID

can tim.

3.3 Cac thong s6 md phong
Céc thong s0 D-H co ban [19] trong mé phong cua
robot PUMA 560 dugc trinh bay trong B.1. Trong do,

phuong trinh dong luc hoc dugc xay dung chua cé cac

thiét bi truyén dong. Ngoai ra, con nhiéu chi tiét, dic
biét 1a cac hé so truyén dong da dugc lugce bo vi thicu

khong gian.
B.1 Théng s6 D-H ciia robot PUMA 560 [17]
Khiu  «;_, 0, a; d,
1 0 7 0 0
2 -90 q> 0 0.2435
3 0 q3 0.4318 -0.0934

Dé tim phwong trinh dong hoc ba béc tu do cua

robot, mot ma tran chuyén déi va hé toa d6 D-H moi
dugc thanh 1ap dua trén thong sb sau khép tu do. Tuy
nhién, trong phuong trinh dong luc hoc ¢q,, g5 va g

duoc dat béng 0. Hé sb cua cac khép duogce trinh bay

trong B.2 va
B.3.

B.2 Hing s6 qudn tinh ciia robot (kg.m*)[17]

1, =1.43+0.05

1, =1.75£0.07

I, =138+0.05

1, =0.694+0.02

1, =0.372+0.031

5

I, =0.333£0.016

1, =0.298+0.029

I, =—0.134+0.014

1, =0.0238+0.012

I,, = —0.02130.0022

1,, =—0.0142+0.0070

1, =—0.0110.0011

I,; = —0.00379 £ 0.0009

1,, = 0.00164 4 0.00007

I, =0.00125+0.0003

1, =0.00124 +0.0003

I;; =0.000642 £0.0003

I, = 0.0004310.00013

I,, =0.0003+0.0014

I, = —0.000202 + 0.0008

1,, =—0.00010.0006

1,, =—0.000058 +0.000015

1,, = 0.00004 £ 0.00002

1, =114+0.27

ml

1 ,=471+0.54

1,5 =0.827+0.093

B.3 Hdng s6 trong lc (N.m) [17]

g, =-372+05

g, =—8.44+020

g, =1.02+0.50

g, =0.249£0.025

gs =—0.0282£0.0056
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Céc thong sb khoi tao ciia PSO [8] dugc trinh bay
trong bang B.4.

B.4 Théng s6 PSO tim kiém hé s6 PID [8]

Thong s6 thuat toin PSO Gia tri
S ca thé trong quan thé 6

Kich thudc quan thé 20

S lan lap 20
Trong s quén tinh 0.6

Heé s6 kinh nghiém 2

Heé s6 quan hé xi hoi 2

Sé vong lap dugc chon dya vao kinh nghiém trong
qué trinh khéo sat. Céc cd thé 1a céc hé sb tim kiém
clia bo diéu khién PID, trong sé quéan tinh, hé s6 kinh
nghiém va h¢ s6 quan h¢ xa hdi 1a cac thong s6 mic
dinh trong giai thuft bay dan.

Két qua tim kiém thong sd K, K;, K, trong bo diéu
khién PID st dung giai thuat bay dan dugc trinh bay
trong B.5.

B.5 Théng s6 b diéu khién PID

Cic hé s6 tim kiém  Gia tri

182,87
pl

K, 998,56

Kdl 13,9

K, 119,72

K, 1681,8

K, 13,84

3.4 Két qua md phong

Do hoi tu cua tim kiém thong s6 bo didu khién PID
bang giai thuat bay dan dugc thé hién trong hinh H. 5.
Cho théy céc hé s tim kiém dugce t6i vu tiém can sau
sb 1an 1ap dya vao ham muyc tiéu.

0.0335

'—Do hoi tu cuia qua trinh tim kiém

0.0334

0.0333

0.0332|

Ham muc tiéu

0.0331 |

0.033

5 10 15 20
S6 vong lip

H.5 D¢ héi tu tim kiém hé s6 PID bang gidi thudt bay dan

Khao sat tin hi€u dap cua bo diéu khién PID duoc
chinh dinh bang giai thuat bay dan trén mo hinh robot
PUMA 560. Ngd vao dat la quy dao tron co6 hé
phuong trinh nhu (20):

x; =0.15cos(2t) —0.15

y, =015sinry ™ (20)
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Tin hiéu dap ung ciia md phong dugc thé hién
trong hinh H. 6, H. 7 va H. 8 cho thdy, robot bam quy
dao t6t voi thoi gian ting khoang 0.34:0.05s va thoi
gian xac 14p nho khoang 0.540.05s .

0.15

0.1¢

0.05¢

E o - - Tin higu tham chiéu
= —Tin hiéu dap &rng
-0.05
-0.1
-0.15 : :
-0.3 0.2 0.1 0
x(m)

H. 6 Tin hiéu bam quy dao tron cua robot

Sau két qua mo phong robot bam quy dao voi tin
hiéu dat hinh tron (hinh H. 6), sai s6 toan phuong

trung binh ctia hé théng 1a mse = 2,27x107°.

-0.05

E o4
°
T .0.15
&
2 02
0.25 -
-- Tin hiéu tham chiéu xd
0.3 — Tin hiéu dap tng x
0 05 1 15 2 25 3 35
Thoi gian (s)

H.7 Tin hiéu dap ving cua x

0.15+

-- Tin hiéu tham chiéu yd|

o
T

- 0.05

-0.05
-0.1
-0.15

Blen do (m)
o

0 0.5 1 15 2 25 3 3.5
Thoi gian (s)

H. 8 Tin hi¢u dap vng ciia y
Dap g cta bd didu khién PID dugc diéu chinh

bang giai thuat bay dan trén quy dao hinh budém voi hé
phuong trinh (21):
L
12
(m)

e 2. cos(4t)—sin® | =
12

Ccost

x, = 0.02cos(t)| e —2.cos(4t) —sin’

v, = 0.02sin(¢)

2
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- - Tin hiéu tham chiéu

H. 9 Tin hiéu bam quy dao hinh buém cua robot

Két qua md phong tng véi quy dao dat hinh budém
(hinh H. 9), sai s6 toan phuong trung binh ciia hé
thong 1a mse = 3,09x107" .

Hinh Error! Reference source not found. trinh
bay dap ing bam quy dao hinh buém tmg voi bo didu
khién PID duoc dat boi thong sé trong Bang 5. Tir cac
két qua thé hién trén hinh H. 9, H. 10 va H. 11 ta thay
giai thuat da tim kiém dwoc cac hé sb tot cho b didu
khién PID. Két qua mo phong cho thiy thoi gian ting
nhanh khoang 0.44-0.05s va thoi gian xac 1ap ngan
khoang 0.7£0.05s.

01p

—Tin hiéu tham chiéu xd

~Tin hiéu dap (rng x
0.05

Bién dé (m)

-0.05

| |
6 8 10 12
Thoi gian (s)

0 2 4

. 10 Tin hiéu dap vng cua x

0.1 |
-- Tin hiéu tham chiéu yd
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0.05

Bién do (m)

0 2 4 6 8 10

Thei gian (s)
H. 11 Tin hiéu dap vng cua y

4. Két luan
Bai bao dd dé xuat mot phuong phap tim kiém hé s6
t6i uu cho bo diéu khién PID bang giai thuat bay dan,
khao sat trén ddi tugng canh tay robot ba bac tu do.
Phuong phép nay c6 wu diém 1a thiét ké dugc bo diéu
khién t6i wru ma khong can quan tdm dén mé hinh toan
cia d6i twong. Vi trong qué trinh thiét ké bo diéu
khién, giai thuat tdi wu bay dan dd dwa vao tin hiéu
véao ra dé tim kiém cac hé sd thich hop. Do d6, nhugc
diém cua phuong phap nay 1a tén nhiéu thoi gian dé
thyc hién vong lap. Trong thuc tién, diéu nay rat it
duoc ap dung. Vi thé, néu muébn ap dung thuc té, hé
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thong can co thém thiét bi d6 dac tin hiéu. Tir d6, bo
dicu khién thoi gian thyc tréd nén kha thi cho nhicu doi
tuong bang cach két noi thiét bi do dac vdi may tinh.
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