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DESIGN OF A PID CONTROLLER COMBINED WITH NSGA-III ALGORITHM FOR
A HIGH PRECISION LINEAR MECHANISM
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TOM TAT

Co cdu ban dao mdy tién gom co cau dan hoi va co cau chdp hanh ap dién Piezo (PZT)
chuyén vi co micron la mot giai phap nang cao do chinh xdc trong gia cong chi tiét co khi dé thay
the nguyén cong mai. Mo hmh nay da dwoc nhom tdc gia nghzen ciru ché tao phan co khi. Bu"ac
tiép theo dé hoan thién co cdu ban dao la diéu khién dwoc co cau chuyén vi theo vi tri mong muon.
Ziegler-Nichols la phirong phdp thwong dwoc sir dung dé chinh dinh b diéu khién PID. Tuy nhién,
b diéu khién nay khong thé diéu khién chuyén vi mé hinh ban dao dat dwoc yéu cau sai so c&
micron. Bai bao nay tdp trung trinh bay phuong phap thiét ké bé PID vong kzn doc t6i wu héa bang
thuat toan di truyen NSGA-III. Thudt todn di truyén dwoc hé tro béi phan mém MATLAB nham tim
ra cdc théng sé ciia bé diéu khién PID. Két qua dwoc kiém chitng bang mé phéng va thie nghiém
trén mé hinh. Vi b diéu khién toi wu nay, chuyén vi ban dao dat yéu cau chinh xdc c& micron.

T khéa: Co cdau dan hoi; Thudt todn di truyén; PID; Co cau chdp hanh piezo; Co cdu
an dao.

ABSTRACT

A precision tool holder of a lathe machine consists of a compliant mechanism and a
piezoelectric actuator. This suggestion aims to improve machining accuracy and can replace the
final grinding process. The mechanical model has been designed and optimized by our group. The
next step is to choose appropriate controllers to control the displacement to the desired position.
Ziegler-Nichols is a popularly used method for tuning PID controllers. However, it cannot maintain
the motion of the cutting tool holder to achieve the required error in micron resolution. This paper
studies the PID and genetic algorithm optimization to find the PID parameters. They are turned
by implementing the NSGA-III algorithm on the MATLAB. The fabricated model is verified by
simulation and experiment. The results show that the cutting tool displacement is validated in
micron resolution.

Keywords: Compliant mechanism,; Genetic algorithm; PID; Piezoelectric actuators;

Linear guide mechanism. &
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1. PAT VAN PE

Co ciu dan hoi (CCPH) tng dung dung
dé truyén hodc bién d6i chuyén dong thong
qua qua trinh bién dang dan hoi cta ban than
co céu [1]. Bic tinh nay khac biét hoan toan
s0 voi nhém co cau khau cing truyén thong
khi phai thong qua cac bo truyén va cac khép
dong. Do khong ton tai khe ho giita cac phan
khéac nhau cta co cau va thuong duoc ché tao
nguyén khdi, CCPH c6 wu diém 14 c6 d chinh
xéc cao, don gian va dé gia cong, ché tao. Ngay
nay, CCDH da va dang dugc nghién clru ing
dung rong rai, dong vai tro quan trong trong
nhiéu linh vuc khac nhau cia k¥ thuét chinh
xéac (precision engineering), bao gdm: cic co
céu dinh vi chinh xac trong gia cong co khi [2]
hodc cac loai kinh hién vi luc nguyén tu [3], co
ciu kep vat va co cau gip vt siéu nho [4], co
cAu tao va diéu chinh lyc [5], van servo dé kiém
soat chit 1ong [6].

CCDH dang 1a mot giai phap nang cao
d6 chinh xéc trong gia cong co khi dé cé thé
thay thé cac nguyén cong hoan thién sau cung
nhu mai [7]. Nhém tac gia Nguyén Van Khién
[8] va cac cong su da nghién ciru va thiét ké
mot mo hinh co cdu an dao dung co cdu dan hoi
cho may tién voi chuyén dong c& micron dé
gia cong chi tiét. Co cau nay dung thiét bi chap
hanh piezoelectric (PZT) dé cung cap chuyén vi
siéu chinh xac cho du vao. Tuy nhién, chuyén
vi cia PZT mang dic tinh tré theo thoi gian
va phi tuyén lam cho chuyén vi ban dao ciing
mang dic tinh nay [9]. Bai bdo nay dé xuét st
dung thuat toan PID dé thiét ké bo diéu khién
cho co cdu dn dao chinh xac di duoc ché tao.
Bo diéu khién PID, sy két hop bo ti 18 (P), tich
phén (I) va vi phan (D), 1a mot trong nhiing bo
diéu khién duoc trién khai rong rii trong cong
nghiép boi tinh don gian trong thiét ké, kha
nang diéu khién hiéu qua va pham vi tng dung

rong [10, 11]. Nhitng tng dung gan diy cua bo
diéu khién PID: diéu khién co cdu dinh vi chinh
xac mdt bac tu do [12], hai bac tu do [13], ba
bac ty do [14], diéu khién chuyén siu cat cho
co cu dao tién tmg dung cho tién cimg [15],
diéu khién Flycam tng dung cho van chuyén
[16].

C6 mdt sb phuong phap thiét ké bo diéu
khién khac nhau phu thudc vao cac yéu cau thiét
ké sao cho phu hop v6i nhitng Gng dung cu thé,
trong d6 bo diéu khién PID c6 thé 1a mot chon
lua cho bo diéu khién co cdu an dao tién vi chi
phi thiét ké, tinh toan va thi nghiém thap. C6 rat
nhiéu phuong phap tim bd thong sé PID, phd
bién nhét 1a Ziegler Nichols (Z-N) dua trén két
qua do dugc tir dap ung hé thong. Tuy nhién,
bd diéu khién nay kho dat duoc két qua didu
khién t6t, chua dua vao sir dung ngay dwoc ma
can phai trai qua qua trinh tinh chinh bang cach
thtr va sai, cach lam nay tén nhiéu thoi gian
va cong suc ma lai khé dat duoc két qua tbi
wu. C6 nhiéu thuat toan dua trén di truyén da
dugc phét trién dé ung dung tim nghiém tdi uu
cho bo diéu khién nhu bao gdom thuat toan PSO
[17], thuat toan GA [18], thuat toan DE [19],
thudt todn dya trén qua trinh day va hoc TLBO
[20], thuat toan con buém dém [21].

Jan va Deb, da m¢ rong NSGA-II [18]
ndi tiéng dé giai quyét van dé toi vu héa nhidu
muc tiéu, sir dung phuong phép tiép can diém
tham chiéu, voi co ché sip xép khong bi chi
phéi. Thuét toan méi dugc phat trién goi l1a
NSGA-III. Trong bai bao nay, chung t6i dé xuét
mot cach tiép can dua trén tim kiém nhiéu muc
tiéu maéi bﬁng cach su dung thuat toan NSGA-
I [22]. Giai thuat NSGA-III c6 kha nang tim
nghi¢m toan cuc v&i bai toan tdi uu, vi vay
viée su dung NSGA-III trong nghién ctru nay
nham tim gia tri t5i uu toan cuc cho bd diéu
khién PID. Nghién ctru ndy tap trung trinh bay
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phu’orng phap thiét ké bo PID vong kin duogc
t6i wru hoa bang thuat toan di truyén NSGA- 111
Thuat toan di truyen duge hd trg b01 phan mém
MATLAB nham tim ra céc thong s6 K,, K, va
K, cho by diéu khién PID. Két qua duoc klem
chung bang mo phong va thuc nghiém trén
mo hinh. Vi b diéu khién t6i uu nay, chuyén
vi ban dao dat yéu cau chinh x4c ¢& micron.
Trong cac nghién clru ¢ trén thuong st dung
céc thiét bi, cac Board diéu khién va thu thap
dir lidu co gia thanh rat cao. Nghién ciru tng
dung trong cong nghiép ludn tim kiém bo diéu
khién c6 gia thanh ré, dé tmg dung va dap Gmg
duoc do chinh xé4c ludén duoge wu tién tim kiém.
Nghién clru nay gidi thiéu vi¢c st dung Board
diéu khién va thu thap dir liéu STM32F407 véi
gia thanh ré két hop voi bo diéu khién PID va
NSGA-III 1a giai phap tiét klem va hiru ich dé
diéu khién chinh x4c co cdu an dao cho may
tién. NO1 dung cua nghién cuu s€ dugc trinh
bay thanh ba phan chinh bao gom: (1) Mo ta
van tit vé phuong phap nghién ctru, cach mo
hinh hoda bai toan; (2) Phuong phap thiét ké bo
diéu khién PID va toi uu hoa bang thuét toan
NSGA-III; cudi cung | la phan (3) Thuc nghiém
diéu khién, két luan vé cac két qua da dat duoc.

2. XAY DUNG MO HINH TOAN

Nguyén Vin Khién [8] va cac cong su
da thiét ké mot co cdu an dao chinh x4c dung
CCPH nhu ¢ hinh 1. Co ciu nay duoc din
dong bang bod chap hanh piezoelectric (PZT)
v6i muc tiéu diéu khién chinh xac miii dao tién
khi gia cong tinh/si€u tinh cac vat liéu co khi.
Pé dam bao kha niang diéu khién chinh xac vi
tri cAp micromet khi tich hop chung véi cac b
dan dong co khi hién thoi cta cac may CNC,
mo hinh nay duoc trién khai thir nghiém trong
diéu kién 1y tuong cua phong thi nghiém voi
cac yéu t6 rung dong va nhidu tir moi truong
xung quanh duoc han ché dén muc téi thiéu.
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Hinh 1. M6 hinh co cau an dao chinh xdc dan

dong bang PZT [8]
Khéi khuéch dai Khéi PZT Khéi co cfu mém
Kamp R
Yy a==s ? Pt Yort Fin |‘Jlraut o
f -—l-k k, - b
u, C— Ups Wen "~ A m ¥
v . ‘

Hinh 2. M6 hinh diéu khién co dién mé hinh ban dao
Mo hinh diéu khién co cdu dn dao nhu

0 hinh 1 v6i ngd ra la chuyen vibandaoy_ va

ngd vao 1 dién ap cap vao u_(0-10 V) dLroc

mo hinh héa nhu ¢ hinh 2 [23 24] v6i 03 khéi

diéu khién chinh:

+» Khdi khuéch dai

Ap dung dinh 1y Kirchhoff 2 cho khéi
khuéch dai, ta c6 phuong trinh sau:

d
R.C, u?”“ + Uy = (1)

Trong do: R, C, U, U lan luot 1a dién
tro, dién dung, dlen ap dau Vao va dién 4p dau
ra cua b khuéch dai.

% Khdi co cau chap hanh ap dién PZT

Theo thong sé ché tao PZT tir nha san

xuét, ta co:
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Yo = Ndz3Up,; (2)
pet kpzt + kf‘ﬂ i ( )

Trong do: y, n, d,,, y_. k lan luot 1a
R . A 5. A 17 Pt pet - ’ A
chuyén vi khong tai, s6 1op PZT, dac tinh vat
li¢u, chuyén vi khi c6 tai va d§ cung cua PZT;
k. 1a do cung dau vao cua co cau.

Két hop phuong trinh (2) va (3), sau d6
bién d6i Laplace, ta c6 ham truyén cua PZT:

Vpzt
G —
‘pZt(S) u:n(s)

_ Ndszkpzi/(kpzt + Kin)
R.C.s+1

“4)

+»» Khoi co cau mém

Theo tai li€u [8], phuong trinh vi phan
cua khoi co cau mém:

mj‘.’out + bj:"out + kyout = Fi (5)

Fiﬂ - kinypzt (6)

Trong d6: m,b,kvay_, 1an luot 1a khéi
luong, h¢ $6 giam chan, do cung va chuyén Vi
dau ra cta co cdu dan hoi.

Bién dbi Laplace cua phuong trinh (5),

(6), ta c6 ham truyén cua co cau dan hoi nhu
sau:

yout(s)
Gs age\S) =
rag ( ) ypzt(s)
k.
— n (7)
ms?+bs+k

Két hop phwong trinh (4)-(7), ta ¢6 ham
truyén cta hé thong nhu sau:

Gs (SJ = szt (S) Gstage(s)
o yout(s) (8)
Uin (S)
- ndBSkampkpztkiﬂf(kpzt + kiﬂ)
~ (R.C.s+1)(ms2 + bs + k)

Bdng 1. Gid tri ciia cdc thong so:

Théng sb Gia tri Pon vi

n 10

d,, 500

Koo 7.5

K, 60 Nim
k. 31.1 Num
R, 50 Q
C, 18 uF
m 0.8 kg
b 0.0996
k 10.35 NAum

Trong md hinh todn nay khau tré phi
tuyén cta co cau chap hanh PZT khong duogc
dua vao, dé khic phuc van dé nay, thuat toan
PID vong kin s& dugc st dung dé khéc phuc sai
s6 do khau tré phi tuyén gay ra.

Hyper
Terminal

1
Giao tiép
UART

[

fffffff

STM32F407DISCOVERY

i Setpoint
I 0-140(um)

|| Driver diéu khién co

céu chdp hanh piezo Ban dao

,,,,,,,,,,,,

Cam bién vi tri

Hinh 3. So' do khoi mé hinh diéu khién vong kin
dung thudt toan PID.
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Khai tao cac
tham so

ﬂ

Thut toan GA
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Ko on)  Kiop! Koo

r(t) T et) ek

Hinh 4. Lueu do diéu khién co cau an dao ding
PID tao ra twr giai thugt NSGA-III.

B9 diéu khién PID sb

3. THIET KE BQ PIEU KHIEN PID VA TOI
U'U HOA BANG THUAT TOAN NSGA-III

Thiét ké va diéu khién hé thdng bing bd
dicu khién PID dugc mo ta nhu sau [12, 25, 26]:

r _
xpzt - K’P

8% ot ()

1 t
- f 5% (D)d(T) (9)

6xout(t)
4 dt

xP -, 12 khi co tai, dich chuyén dau ra
cua PZT véi1 bo diéu khién PID.

Trong hé diéu khién vong kin hinh 4
ciia co ciu dao tién, goi e(t) la sai $b gitra tin
hiéu mong mubn r(t) va tin hiéu dap Gng y(t)
ctia hé thong, thi:

e(t) =r(t)- y(t) (10)

Cac ham muc ti€u cua qua trinh tinh
chinh bd di€u khién, trong bai toan nay, dugc
dinh nghia nhu sau:
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Tiéu chuan IAE (Integral of the Absolute
Magnitude of the Error — Tich phan trj tuyét ddi
bién d0 sai s6):

min{j’l = fm|e(t)|dt} (11)

Theo tiéu chuan ITAE (Integral of Time
multiplied by the Absolute Value of the Error):

min{]z = fmt|e(t)|dt} (12)
0

Tiéu chuan ISE (Integral of the Square
of the Error — Tich phan cua binh phuong sai
s6):

min{h =J’ ez(t)dt} (13)
0

Nhiém vu cua giai thudt NSGA-III
duoc ap dung 1a tim kiém cac gia tri {Kp_opt,
Kd_opt, Ki_opt} tbi vu ciia bd didu khién PID,
ma & do cac ham Ji (i=1,3) dat gia tri cuc tiéu.
Noi cach khac, ham muc ti€u cua gidi thuat
NSGA-III 1a:

min{J (14)

(1(1:1,2,3)}

Céch thirc tim bo PID ti wu hoa bang
giai thuat NSGA-III dugc dé xuat nhu sau
(Hinh 4):

Budc 1: Dung thuat toan Ziegler Nichol
2 tim thong s0 K, ., K, ., K, dua trén
ham truyén (9) tr moé hinh héa hé thong; bo
thong sd nay 1a thé hé dau tién ciia thuat toan
NSGA-III.

Theo phuong phap Ziegler Nichol 2,
tang dan gia tri K va quan sat dap tmg cua h¢;
dén khi dap tng cua hé dat dao dong nhu hinh
5; khi do th: 2.45, chu ki dao dong cua h¢ la

Tgh =1(s).
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Thei gian (gidy)

Hinh 5. Pdp vng chuyén vi véi bg diéu khién
K =K,=245

Theo cong thic tinh b diéu khién PID
theo Ziegler Nichol 2, ta cé:

K, = 0.6K =147 (10)
T,=0.5T, =05 (11)
KI ™ PZN/T =2.94 (12)

T,=0.125T, = 0.125 (13)
KDJNZ— T KUN2 =0.18375 (14)

Budc 2: Chay thuat toan NSGA-III trén
Mgtlab de tim ra bo thong so KP_Opt, KI_Opt, b opt
to1 uu.

Véi yéu cau diéu khién chuyén vi co
cau ban dao chinh xac dén c¢& micron, dé tai dé
xuat tim bd PID véi ham muc ti€u theo ba tiéu
chuan: IAE, TIAE, ISE [27].

&
x
Gnawn moeg embe
e P Ziier Mo 1)
FIDGA_TARSY

PEGA_ITAR]Z
PDGA_BKT

Taigan (g8

Hinh 6. Pdp vmg ham ndc dp dung cdc bg PID lén

mo hinh toan.

Bang 2. Két qua b diéu khién PID sau khi chay chwong
trinh tim gid tri toi wu bang thudt toan NSGA-III.

oID IZ\Illnghlsf GA IAE | GA ITAE GA ISE

5 an 12) J3)
K, | 147 | 04976 | 9.5540 | 1.4586
K, | 294 | 23.6455 | 27.6672 | 23.3189
K, |0.18375 | 1.8018 | 1.83007 | 1.7973

Lay bo thong s K, K, K, tuong tmg
voi ba tiéu chuan va chay thtr trén Matlab véi

ham truyén (8).

Bdng 3. Bang so sanh chi tiéu chat lwong ciia cdc

bo diéu khiéen

PID PIDZicglcr Nichol 2 PID GA_IAE(J1) P[DG/\JTAE(JZ) PIDGAJSE(JJ)
Do vot 16

P 20 1 14 2
Thoi gian 7.64 0.351 1.47 3.56
xac lap (s)
Thi gian 0.346 0.113 0.078 0.104
tang (s)

Duya vao bang 3 va yéu cau di¢u khién
can dat sai sO cO um cc') thé thay doi voi cac

bo PID

GA_IAE

voi [K

P opt® l opt’

K

,D opt] o

[0.4976;

23.6455;1.8018] cho ket qua t6i wu nhat.

Buc’rc 3: Léy bo thong s6 tbi uvu (K
opt) diéu khién trén mo hinh thyc té

K

1 opt®

hinh 8

P opt’

Churyin v Gam)

3 meeg e

oo Mo e

——— Thuc gt sk

Théri gian (gdy)

Hinh 7. Bdp vmg chuyén vi mé hinh ban dao véi bo
diéu khién PID t6i wu bang thudt todn NSGA-III
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Bo diéu khién PID duoc ti vu hoa bang
NSGA-III cho dap tmg chuyen vi ban dao trén
md hinh thuc nghiém dat yéu cau chuyén vi do
phan gidi micromet khi ap dung 1én mo hinh that.

4. THU'C NGHIEM VA PIEU KHIEN

Hinh 8. B6 tri thi nghiém khdo sdt va diéu khién

chuyén vi ban dao
(1) Co ciu chip hanh dp dién Piezo; (2) Co cdu dan hoi/mém;

(3) Vi tri gd dao; (4) Cam bién do chuyén vi GT2-HI2K; (5) Ban

thi nghiém; (6) Driver diéu khién co cdu chdp hanh dp dién Piezo
MDTG6944; (7) B§ chuyén déi cam bién chuyén vi GT2-71 MCN; (8)
Board diéu khién va thu thap dir lidu STM32F407; (9) Mach khuéch
dai dién dp ngé ra diéu khién 0-3 V = 0-10 V; (10) Mach chuyén doi

dong dp 4-20 mA > 0-10 V: (11) May tinh.

Hinh 8 bicu dién md hinh bé tri thi
nghiém dung dé diéu khién co cdu in dao chinh
xac thong qua co ciu chdp hanh PZT. Toan
bd hé théng co thé tach thanh 03 nhém thiét
bi: (i) Cac co céu co khi (1-3,5); (ii) Thiét bi
do luong, cam bién, diéu khién (4, 6-10); (iii)
Thiét bi giam sat, thu thap dir li¢u (11).

Hinh 6 thé hién dap ung ham nic don
vi ctia hé théng twong Gmg voi 04 bo didu khién
PID xéac dinh boi cac thong sé bang 2. Tur két
qua hinh 6, ta thay thuat toan NSGA-III da cai
thién rat t6t bo PID so v6i bo PID duoc xac
dinh bang phuong phap Ziegler Nichol 2, tat
ca déu cho sai sd xéac 1ap khong dang ké. Bang
3 thé hién céc tiéu chi danh gia chit luong cac
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bo diéu khién, c6 thé thiy dbi v6i cac bo PID
t61 uu hoéa bang NSGA-III déu cho thoi gian
xac lap va thoi gian 1€n dugce rut ngén, do vot
16 duogc giam dang ké. Trong d6, bo diéu khién
PID c¢6 tdi wu hoa bang ham muc tiéu IAE cho
két qua dap ung tot nhat.

Bo diéu khién PID (K, = 0.4976; K, =
23.6455; K, = 1.8018) do thuat toan NSGA-
111 t6i uu duoc ap dung lén chuong trinh diéu
khién co cdu chap hanh Piezo chay trén Board
STM32F407 Discovery.

Pap tmg cua bo didu khién t6i wu bang
NSGA-III trén mé hinh thuc nghiém thé hién
hinh 7 khéng c6 vot 16, thoi gian 1én ngin 0.04
gidy, thoi gian xac 1ap nho khoang 0.54 giay,
sai s& xac lap khong dap ké.

So sanh dap tng cua cung mdt bo PID
t6i wu ap dung trén mo hinh toan va mé hinh
thuc nghiém thé hién hinh 7, c6 thé thiy dap
mg chuyén vi ctia ddi trong trén mo h1nh toan
va m6 hinh thye nghiém tuong d01 gidng nhau
va cho chat luong diéu khién rét tot.

5. KET LUAN

Bai bao da xay dung dugc mo hinh toan
ciia co ciu dn dao. Co cdu dn dao nay duoc
diéu khién bang bo diéu khién PID két hop véi
NSGA-IIL. Co cau in dao si dung kich dong
PZT tao chuyén vi ¢6 d6 chinh xé4c rat cao va
stt dung Board diéu khién va thu thap dir liéu
STM32F407 dé diéu khién co ciu an dao tién.
Két qua diéu khién cho thay, bo diéu khién PID
tdi wu hoa béng NSGA-III da dat dugc yéu cAu
diéu khién co ciu an dao chuyén dong véi do
phan giai micromet, dap tng t6t hon bo dicu
khién PID tim duoc bang phuong phap Ziegler
Nichol vé cac tiéu chi nhur do vot 16, thoi gian
xac 1ap va thoi gian tang; tiét kiém duoc thoi
gian, cong sirc khi phai hiéu chinh b diéu

khién bang phuong phép thir sai dwa trén kinh &
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nghiém. Cac thyc nghiém dugc tiép tuc di sau
nghién ctru dé danh gia do chinh xac cua bo
diéu khién ciing nhu kha ning tmg dung cta bo
diéu khién dé diéu khién co ciu an dao gia cong
céc bién dang bét ky voi cac vat liéu khac nhau
trén may tién. Cac nghién ctru nay s€ dugc bao
c4o & bai viét tiép theo.
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