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Tom tit. Hé con lic nguoc va xe 1a mot trong nhimng hé phi tuyén kinh dién thuong duge sir dung dé nghién
ctru trong diéu khién phi tuyén. B6 didu khién PID dugc sir dung rong rai, cho két qua tbt nhét trong diéu
kién khong blét mb hinh toan hoc ctia hé thong diéu khién. Tuy nhién, dé dat dugc hiéu qua t6t nhat thi cac
thong s6 PID can duoc tinh toan va lya chon phu hop cho tu'ng hé thong Bai bao dé xuit phuong phap xac
dinh thong s6 bo diéu khién PID diéu khién con lic ngugc & vi tri cdn bang thing dimg st dung thuft toan
t6i wu Jaya. Bén canh do, bai bao s& so sanh két qua cua thuat toan véi cac phuong phap diéu khién khac
nhu LQR, tuyén tinh hoa. .

Tir khéa. Con lic nguoc va xe, BO diéu khién PID, diéu khién phi tuyén, thuat toan tdi wu ngiu nhién,
thuat toan Jaya.

IDENTIFY PARAMETERS OF THE PID CONTROLLER FOR THE INVERTED
PENDULUM SYSTEM USING METAHEURISTIC OPTIMIZATION ALGORITHM

Abstract. The inverted pendulum and cart system is one of the classic nonlinear systems commonly used
in nonlinear control. The PID controller is widely used, giving the best results in the absence of the control
system's mathematical model. However, to achieve the best performance, PID parameters need to be
calculated and selected appropriately for each system. This paper proposes a method to determine
parameters of the PID controller the inverted pendulum position using Jaya optimization algorithm.
Besides, the paper will compare the results of the algorithm with other control methods such as LQR,
linearization ...

Keywords (tiéng Anh). Inverted pendulum and cart system, PID controller, nonlinear control,
metaheuristic optimization algorithm, Jaya algorithm.

1 GIOI THIEU

Hé con lac ngugc don 1a mot hé théng phi tuyén dién hinh mot ngd vao va nhiéu ngd ra (hé SIMO), hé co
v0 s diém can bang khong 6n dinh & phia trén va vo sé diém can bang 6n dinh ¢ phia dudi. Tai mdi ving
lam viéc khac nhau hé con lac nguoc don ¢6 dic tinh dong hoc khac nhau, do d6 viéc diéu khién can bé“lng
ctia n6 ¢ nhiéu kho khin va thach thire. Do dic tinh phi tuyén tuyén cao nén hé con lic nguoc don trd
thanh mot mo hinh kinh dién thuong dugc ding dé kiém ching cac giai thuat tir kinh dién dén hién dai.
Céc bo diéu khién cb dién thuong duoc stir dung dé diéu khién hé con lac nguoc don nhu: PI, PD, PID, bo
diéu khién dit cuc, bo diéu khién toan phuong tuyén tinh LQR, ... cho dén cac bd diéu khién hién dai: bo
diéu khién md, bo diéu khién thich nghi hay str dung mang than kinh nhan tao. Mdi b diéu khién di duoc
nghién ctru néu trén déu c6 nhimg wu diém va cac han ché riéng. Trong bai bao [1] tac gia di sir dung bod
diéu khién don gian PD dé diéu khién hé con lic nguoc don. Bai bao [2] tac gia sir dung hai bo diéu khién
PID dé diéu khién vi tri xe va vi tri ctia con lac. Ciing trong bai béo nay, tic gia da so sanh két qua thuc
hién voi bo diéu khién LQR. Tac gia Lal Bahadur Prasad trong [3] dé sir dung bo diéu khién PID két hop
v6i bd didu khién LQR dé nang cao hiéu qua diéu khién. Trong [4] nhom tac gia dé xuét hé théng dléu
khién hé con lic ngugc dya trén diéu khién PID két hop phuong phap tuyén tinh héa vao-ra. Cac thong sO
clia bd didu khién hay cac loai bo didu khlen s€ anh huong rat 16n dén sy hoat dong cing nhu sy 6n dinh
ctia hé théng. Viée lua chon céc thong s6 cua bo diéu khién PID dé he thong hoat dong tét 12 mot van dé
nan giai. Mot 56 phuong phap thong dung dé xac dinh thong 56 bo diéu khién PID nhu viéc thir sai dya kha
nhiéu vao sy hiéu biét ciia nguoi didu khién vao h¢ thong hay phuong phap giai tich chi 4p dung dugc khi
biét dugc chinh xac mé hinh toan va thong sé chinh xac ciia hé théng. Trong truong hop d6i tuong khong
thé mo ta duoc chinh x4c biang md hinh toan, phuwong phap dua trén thuit toan t6i vu ham muc tiéu diéu
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khién theo cac gia tri do duoc & ngd vao va ngd ra duge dé xuat. Cac thuat toan tdi uu hoa ngiu nhién
thuong dugc sir dung dé diéu chinh cac thong sd cta bo diéu khién PID nhu: giai thuat di truyén (GA),
thuat toan bay dan PSO, thuét todn dan ong (BA). Trong cac bai bao [7] - [10] céc tac gid va cong su st
dung gii thuat di truyén dé tim cac thong so cua bo diéu khién PID. Trong khi d6 [11], [12] ] str dung thuét
toan dan ong dé xac dinh cac tham s6 tot hon. Cac tac gia trong [13], [14] ] str dung thudt toan t6i wu hoa bay
dan (PSO). Bén canh céac thuét toan ¢b dién, cac nha nghién ctru ludn nd luc ap dung cac thuat toan hién
dai dé cai thién chat luong diéu khién. Trong cac nghién ciru [15], [16], cac tac gia da ap dung ly thuyet mo
dé diéu khién hé con lic ngugc. Trong bai bao [17] tac gia xay du'ng hai mang neural nhan tao dé hoc hanh
vi lic con lac 1én vi tri thang dung va giit can bang con lac tai vi tri do.

M&i bd diéu khién hay mdi phuong phap xdy dung cac bo didu khién déu co cac wu va nhuoc diém riéng.
Thuat toan di truyén (GA) c6 kha nang tim duogc cac gia tri tdi wu toan cuc tuy nhién thuat toan kha phirc
tap, can c6 nhiéu kinh nghiém trong viéc lya chon cac thong s6 cho GA nhu ty 1€ dot bién, ty 1€ lai ghép,
tdc do hoi tu cham. Khong gidng nhu GA, thuat toan tbi uru bay dan (PSO) don gian hon nhiéu. PSO khong
c6 dot bién va 1ap lai cac phép tinh, viéc tinh toan trong PSO ciing don gidn hon va tdc d6 hoi tu nhanh hon.
Tuy nhién, PSO van ton tai mot vai nhuge diém: d& roi vao cuc tri cuc bo, trong céc bai toan khong h¢ toa
d6 viéc diéu chinh tc d6 va hudng thudng kém chinh xac [18]. Trong bai béo nay, tac gia dé xuat thuét
toan toi wu méi v6i kha nang tinh toan manh mé hon, don gian hon, dé hiéu hon nhiéu so véi GA. Thuét
toan toi uu Jaya s& duogc gidi thiéu trong phan 4 cia bai bao.

B& cuc bai bao gdm c6 6 phan: phan 2 gi6i thidu md hinh dong hoc ctia hé con lic nguoc, phén 3 gioi thiéu
b diéu khlen PID, phan 4 giéi thiéu thuat toan t6i wu ngiu nhién Jaya, phan 5 trinh bay két ‘qua xéc dinh
cac thong 56 b dleu khién PID bang thuat toan Jaya va so sanh két qua voi b diéu khién t6i vu LQR va
bd didu khién tuyén tinh hoa bang phuong phap dit cuc, phan 6 dua ra cac két luan.

2 MO HINH TOAN CON LAC NGUQC PON

Con lic nguoc don duge mo ta nhu hinh 1. H¢ thdng gém co Xe ¢o thé di chuyén sang trai va phai trén
duong ray dudi tac dong cta lyc u dugc cung cap béi dong co gin trén xe. Trén xe gan con lic 12 mot thanh
cling c6 thé chuyén dong quay quanh mét truc ¢d dinh. Vi tri xe chinh 1a d¢ dich chuyén cua xe theo phuong
ngang x, con vi tri con lic chinh 1a goc 1éch @ ciia con lic so voi phuong thang dimg.

Vv m

Hinh 1: M6 hinh hé con lic nguoc don
Viéc xay dung mo hinh toan hoc cho hé con lic ngugc don co thé dua trén cac dinh luat Newton [2] hay
dya trén cac phuong trinh Euler-Lagrange [3], [5]. Trong [6], nhom tac gia dé xuit thudt toan phuong phap
no6i suy thuc (RIM) dé xac dinh mé hinh con lic nguoc. Du xay dung theo cach tiép cin nao thi cudi cung
md hinh dong hoc ctia hé con lic ngugc don ciing dugc mé ta boi cac phuong trinh (1) va (2):

_ u+ml(sin 8)6% —mg cos @sin &
M +m—mcos® @

1)
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ucosd—(M +m)g(sin @) +ml(cos Isin 6)

0= 2 2)
mlcos® & —(M +m)l
Trong d6 cac théng sb vat 1y ctia hé con lic nguge duge cho trong bang 1.
Bang 1: Thong so0 vat ly cua hé con lac nguoc
Ky hiéu Y nghia vat Iy Gia tri
M Trong lugng cua xe 1kg
m Trong lugng ctia con lac 0.1 kg
I Chiéu dai cua con lac 1m
g Gia toc trong trudng 9.8 m/s?
2] Goc 1éch cua con lac theo phuong thang ding rad
X Vi tri ctia xe m
u Luc tac dong lén xe N

Bﬁng cach dat bién trang thai X, =6, X, = 6", X3 = X, X, = X, phuong trinh dong hoc ctia hé con lac nguoc
¢6 thé duogc biéu dién dudi dang hé phuong trinh trang thai nhu sau:

X =X,

_ucosx, —(M +m)g(sin x,) + ml(cos x, sin x,)X,

- ml cos® x, — (M +m)l

3
X3 =X, )
_ u+ml(sinx)X; —mg cos X, sin X,

M +m-mcos’ x,

H¢ phuong trinh (1), (2) hay hé phuong trinh trang thai (3) m6 ta dong hoc h¢ con lic nguge don va duoc
dung dé mo phong kiém chung céc thuat toan diéu khién. Bang phuong phép tuyén tinh hoa quanh diém
lam V’1¢C tinh tai vi tri con lic thing dung (gbc 1éch @ nhé hon 10°), ta c6 phwong trinh tuyén tinh hoa cua
con lac ngugc don nhu sau:

4

0 1 0 0] 0]
X X
. MNTIm 0o 0 o, —ﬁ
= “l+ u (4)
Xy 0 0 0 0fx 0
X1 |_Mg o o ofX |1
Y l M

3 BOQ DPIEU KHIEN PID

B diéu khién PID duogc str dung rat rong rii trong cong nghiép dé didu khién nhiéu dbi twong khac nhau
ma khong can quan tim dén mo hinh toén hoc ctia hé thong. Bo diéu khién PID hoat dong dua trén co ché
can bang “sai s0” e(t) giita tin hiéu phan hdi va tin hiéu dit mong mudn. Hinh 2 trinh bay so d6 khéi cua
mdt hé théng diéu khién sir dung bo diéu khién PID.

"0 —)e ® PID 1o béi tuong 0 >

Y

A

Cam bién

q Hinh 2: So d6 hé thong diéu khién sir dung PID
B diéu khién PID bao gom ba khau dugc dac trung boi ba hé so riéng biét (Hinh 3).
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e(t) u(t)

\f
Y|
+
\ 4

o Hinh 3: So d6 bd diéu khién PID
Giai thuat tinh todn bd dieu khién PID dugc cho bai cong thure (5):

u(t) = K,e()+ K, [e®) +K, ge(t) (5)

Trong d6 cac hé sb Kp, K, Kp lan luot 1a cac thong sb didc trung cua cac khau ty 18, tich phén, vi phan
ctia bo diéu khién PID. Gia tri K o tac dong 1én sai s6 hién tai, giatri K, tac dong lén sai ) trong qua khu,
trong khi do gia tri K anh hudng lén tdc do thay doi cua sai s6. Anh hudng cua ba thong sb Ky K Kp
dén chat lugng cia hé thong duoc chi ra trong [3] va dugc tong hop trong bang 2.

Bang 2: Anh hudng cta céc thong s6 bd diéu khién PID dén hé thong

Théng sb Thoi gian 1én t Thoi gian qué dd tg Do vot 16 Sai s6 xac lap
K Giam Thay doi nhe Tang Giam
p
K, Giam Tang Tang Khu
Ko Thay dbi nhe Gidam Gidam Khong thay doi

Mic di b diéu khién PID c6 thé 4p dung rong rii cho nhiéu van dé diéu khién ngay ca khi chung ta khong
ndm duoc mo hinh toan mé ta hé théng. Tuy nhién, kho khan co ban cia b diéu khién PID 1a n6 1a mot hé
thong diéu khién phan hoi véi cac thong sb khong ddi do d6 no s& nhay cam voi nhidu va thuong khong
dap ung dugc bai toan t6i uu. Dé hé théng hoat dong 6n dinh & murc chép nhan duogc, viéc xac dinh cac hé
s6 K, K, K ctia b diéu khién PID la can thiét va khong phai la mot bai toan d& dang. Phén tiép theo

gidi thi€u thuat todn toi uu hda ngau nhién Jaya va viéc ap dung nd trong bai toan xac dinh cac thong so
cho bg diéu khién PID dé dieéu khién h¢ con lac ngugc don va xe.

4 THUAT TOAN TOI UU HOA NGAU NHIEN JAYA
Thuat toan Jaya 1a mot giai thuat méi hiéu qua trong viéc giai bai toan tdi uru c6 rang budc hoic khong co
rang budc. Thudt todn nay 1a mot trong nhitng thuat toan t6i wu hda ngiu nhién duoc tac gia V. Rao va cic
cong su cong bd vao nam 2016 [19]. So véi cac thudt toan tbi vu ngdu nhién da biét nhw GA, DE, PSO, BA
thi Jaya dé hiéu hon nhiéu do viéc tinh toan don gian. Thuat toan chi yéu cau hai théng sd co ban la quy
mod dan s (population size) va s cac thé hé (number of generations), ngoai ra khong can bat cir thong so
riéng nao. Hoat dong cua thudt toan Jaya c6 thé duogc tom tat lai dudi day.
1) Gidng nhu cac thuat toan tbi uu hoa ngau nhién khac, Jaya cting dugc bat dau bang viéc khoi tao quy
mé dan s6 ngiu nhién gom NP ca thé, mdi ca thé 1a mot vector chira D bién thiét ké

X =(%, X,y
2
ca thé tot nhat (Xpest) va gid tri xau nhat (fuorst) trong ung véi ca thé xau nhat (Xworst);
2) Cac ca thé méi dugce cap nhét dua trén cac ca thé tot nhat va xau nhat theo cong thirc sau:

Xik =X +1 (Xj,best _‘Xj,k‘) —h; (Xj,worst _‘Xj,k‘) (6)

Xp) - Tai mdi budce lip i, xac dinh gia tri tot nhat ctia ham muc tiéu (fuest) twong tmg véi
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Trong d6 X X

j,best 7 7 j,worst

tuong Ung 13 gia tri ciia bién tot nhit va x4u nhat; X},k la gia tri cap nhat

clia X;, V& I, ;, T, 1a cac s6 ngdu nhién trong doan [0,1] . Biéu thitc I, ; (X, e —‘ijk‘) gitip tién

ghn hon dén gii phap 6t nhat, con biéu thitc —1,; (X; s —|X;|) d& logi b6 giai phép xéu nhét

3) Gia tri cap nhat le,k s& duoc lya chon néu gia tri ham muyc tiéu tai d6 cho gia tri t6t hon.

Hoat dong cua thuat toan Jaya dugc giai thich cu thé tirng budc trong bai bao [19]. Thuat toan co6 thé

biéu dién dudi dang ma gia nhu sau:

Thuat toan Jaya

1: Khoi tao quan thé

2: Tinh gia tri ham muyc tiéu ctia mdi ca thé trong quin thé
3: While (Delta>Epsilon and Iter <MaxIter) do

4 for k=1 to NP do

5 Xac dinh X; pest » Xj worst

6: for j=1to D do

£ X = Xjpe 1,5 (X peg _‘Xj,k ‘) =1, (X; worst _‘Xj,k‘)
8 end for

9 Tinh gid tri ham myc tiéu tai X;,

10 if (gid tri ham muyc tiéu cta X; 6t hon gid tri ham myc tiéu ctia X; ;)
11: Cap nhat X;, =X;

12: else gilt nguyén gid tri ¢l X;, = X;

13: end if

14:  end for

15:  Tinh Delta
16: lter=1lter+1
17: End While

Thuét toan Jaya da dugc Rao va cac cong su trong [19] kiém ching trén 24 ham ddi sanh véi cac dic diém
khéc nhau nhu: tuyén tinh, phi tuyén, toan phuong, don tri, da tri... Két qua thuc hién cua thuét toan Jaya
duge so sanh voi két qua ciia cac thuat toan khac nhu: GA, PSO, DE, ABC, BBO, TLBO ... Thuit toan
Jaya khong nhitng cho két qua kha quan ma con c6 thé dé dang 4p dung cho cac bai toan c6 rang budc.

5 KET QUA MO PHONG VA SO SANH
5.1 Thiét ké bd diéu khién PID

So d6 thiét ké bo diéu khién PID diéu khién vi tri con lic nguoc duoc trinh bay nhu trong Hinh 4.

Dbi tugng

c(t)\

<

r(t e(t u(t)
® UNI )

‘\ 7

\ /

\ - -

\ Jaya 1

PID

>
<

Hinh 4: So 6 thiét ké bo diéu khién PID sir dung thuat ton Jaya
Thuét toan t6i uu hoa ngau nhién Jaya dé xac cac thong $b Kp, K, Ky cua bd diéu khién PID duoc

1ap trinh duéi dang m-file trong phan mém Matlab dé tdi thiéu hoa ham muc tiéu. Him muc tiéu duoc chon
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dé cung cép cho thuat toan Jaya la ham binh phuong clia sai s6 e(t) giita tin hi¢u dat r(t)va tin hi¢u ra
c(t).

So d6 mo phong diéu khién hé con lic ngugc don dugce thuc hién trén ph?m mém Matlab (Hinh 5.). HE
thong sir dung 2 bo diéu khién PID: 1) B diéu khién PID Cart dung dé diéu khién vi tri X ctia xe tai diém
dat cho trudc; 2) Bo diéu khién PID Pendulum dung dé diéu khién con lic & vi tri théng ding. Luat diéu
khién u dé diéu khién hé thong dugc thoa higp boi hai luat didu khién cho boi hai bo diéu khién néu trén.

p el

To Workspace1

‘ PID Cart
Cart P osition
X »
C art P osition
l 0 I '}*@ e u P+ u
Set poirt Add
PID Pendulum
theta g
P endulum
> e angle
To Workspace
P Inverted Pendulum Scope

Hinh 5: So d6 mé phong diéu khién tong quat.
Tién hanh mo phong qué trinh xac dinh thong s6 bo diéu khién PID diéu khién hé con lic nguoc va xe bang
thuat toan toi uu Jaya voi cac thong sd:
— S 1an lip: RUNS = 10;
—  Quy md dan s (Population size) pop_size = 50;
—  S6 luong céac thé hé (generations): gen =100;
Két qua thuc hién mo phong xac dinh thong sé bo diéu khién PID bang thuat toan Jaya sau 10 1n lip duoc
cho boi bang 3. Cac hé s6 tot nhat cua bo diéu khién PID va gia tri ham muc tiéu dugc luu trit sau mdi bude
chay (Run). Két qua budc chay thir 7 cho gia tri ham muc tiéu nho nhit dugc chon 1a két qua ti wu cua
thuat toan Jaya. Dap tmg ngd ra cta vi tri xe va vi tri con lic dugc thé hién trén hinh 6.
Bang 3: Két qua thyc hién thuat toan Jaya

Run PID Cart PID Pendulum 3
Kp Kb Ki Kp Kb Ki
1 -187.7395 -12.0978 -6.6943 | -6.6366 -9.2948 -0.029 2.6881
2 -190.6398 -10.6086 -2.5199 | -5.8232 -8.7579 -0.0304 2.6865
3 -189.8906 -11.3273 14,5644 | -7.6063 -8.2732 0.1746 2.5421
4 -188.5954 -11.7355 -23.5756 | -5.9936 -8.4882 -0.0461 2.6710
5 -193.1875 -11.9365 -10.5004 -7.43 -9.1073 -0.1403 2.5769
6 -190.1543 -11.3655 -23.1158 | -5.9292 -7.3003 -0.0839 2.6330
7 -187.7367 -11.3650 -0.8693 | -6.6723 -8.3425 -0.1261 2.4989
8 -202.8649 -11.0641 20.8756 | -7.0645 -8.8181 0.2177 2.5116
9 -190.9676 -11.2903 12.0828 | -6.0168 -6.9172 0.7053 2.6871
10 -187.7395 -12.0978 -6.6943 | -6.8435 -8.2908 -0.0302 2.6881
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Tin hieu dieu khien u

201

— = Cart position
theta

Control signal u

Dap ung ngo ra cua vi tri xe va vi tri con lac
.

I L L L L L )
=3 8 10 12 14 16 18 20

Time (s) | Time (s)
Hinh 6: Bap ung ngd ra ctia vi tri xe x va vi tri con lac. Hinh 7: Tin hiéu didu khién u.

Bo diéu khién PID thiét ké dua trén thuét toan toi wu J aya théa man chét luong diéu khién, con lic 6n dinh

tai vi tri cAn bang thang dimg, vi tri xe bam theo vi tri dat trudc, dd vot 16 nho, dao dong nhanh tit. Thoi

gian xac 1ap cia con lac khoang 1.5s trong khi thoi gian xac lap dé vi tri xe 6n dinh tai vi tri cho trudc

khoang 8s.

5.2 DPiéu khién hdi tiép trang thai va diéu khién t6i wvu LQR

Déi twong tuyén tinh mé ta bai phuong trinh trang thai:

X(t) = Ax(t) + Bu(t) @
c(t) = Cx(t)

Hé con lic ngugc va xe véi cac thong sb trong bang 1 duogc tuyén tinh hoa quanh diém lam viéc tinh tai vi

tri con lic thang dimg (goc 1éch @ nho hon 10°), ta co:

0 1 0 0 0

10.78 0 0 0 -1
A= X B=

0 0 0 0 0

-0.98 0 0 0 1

1 0 0 0
C=
0 0 1 0
Hé théng diéu khién hdi tiép trang thai dugc mo ta trong Hinh 8, trong d6 tin hiéu diéu khién duoc xac

dinh bai biéu thirc:
u(t) = r(t) — Kx(t) (8)

r(t) u(t) X(t) |

X(1) = Ax(0)+ Bu (1) c c(t)

K <

Hinh 8: H¢ thong diéu khién hdi tiép trang thai.
Trong d6 K 1a vecto hoi tiép trang thai can dugc thiét ké sao cho hé thong thoa méan yéu cau chat lugng
mong mudn. Phuong phap chon K dé hé thdng c6 cac cuc & vi tri mong mudn dugc goi 1a phuong phép
phan bd cuc.

Dé hé théng kin c6 cac cuc & vi tri mong mubn p=[—l -2 -3 —4] can chon vecto

K:[-48.2290 -15.1020 -2.4490 -5.1020].
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Ngoai ra K con duge xac dinh bang phuong phap diéu khlen t61 wu LQR. Muc tiéu chinh cta phuong phap
LQR 1a tim ra tin hiéu diéu khién t6t nhat dép ng cac yéu cau rang budc bang cach tdi da hoa hay téi thiéu
hoa ham chi tiéu chét luong dit ra. Ham chi tiéu chét luong c6 dang:

J= j (x'Qx +u' Ru)dt 9)
)
trong d6 Q 1a ma trén xac dinh duong hodc ban xac dinh duong va R 13 ma tran hang s6 dbi xtng xéac dinh
duong. Liic nay vecto K dugc xac dinh bang:
Q=R'B'P (10)
P 1a ma tran hang s ddi ximg xac dinh duong va duoc xac dinh bang viéc giai phuong trinh dai sd Riccati
(ARE):
PA+A'P+Q-PBR'B'P=0 (11)
Thiét ké bd diéu khién t6i wu LQR cho hé con lic ngugc don bang cach chon R =1 va ma trdn Q nhu
sau:

100 0 0 O
0 10 0
=6 0 100 0
0 00 1

thi vecto can thiét ké 1a K = [-71.7655 -22.4050 -10.0000 -11.2009].

Két qua md phong diéu khién hé thong con 12‘1‘0 nguoc va xe bang phuong phap phén bd cuc va diéu khién
toi uvu LQR duogc so sanh voi phuong phéap diéu khién bang PID xéc dinh bang thudt toan toi uu Jaya dugc
trinh bay trén céc hinh 9 va 10.

0.3 0.1

b — — CatlLGR
——cCart PID
* Cart pole place

— — Theta by LGR
Theta by PID
—-—-Theta by pole place

YR T T T

Cart position
j=]
@
Pendulum position

0.06 [
0.05 -0.08 + .
o 5 10 1 o 1 2 3 4 5 6 7 8 o 1
Time (s) Time (s)
Hinh 9: Bap tmg vi tri xe. Hinh 10: Bap tng vi tri con lac.

Két qua so sanh déap tmg cua hé théng con lic nguoc va xe twong ng voi cac phuong phap diéu khién da
néu trén dugc the hién trong bang 4. )
Béng 4: Chat lugng di€u khién cia cac phuong phap diéu khién

POT x POT theta tqa_X tg theta
Phdn bé cuc 0.2858 0.0399 3.5 1.3
LQR 0.2249 0.0573 15 1
PID-Jaya 0.1802 0.0685 6 0.4

Thong qua két qua trong bang 4, do thi trong hinh 9 va hinh 10 dé thiy rang cac phuong phap diéu khién
dugc ap dung trén déu thoa man yéu cau diéu khién vi tri con lic thing ding va vi tri xe tai diém xac dinh
trude. BO diéu khién PID st dung thuét toan Jaya cho két qua tot & cac thong sb: vot 16 vi tri x cua xe
(POT_x) va thoi gian dép g cta con lic (tqe_theta), tuy nhién d6 dao dong cua con lic van con ton tai.

6 KET LUAN
Trong truong hop biét dugc mod hinhqtoa’m va thong so vat ly ctia hé thong, ta c6 thé thiét ké b di€u khién
toi vu LQR hay hoi tiép trang thai d€ cho chat lugng dap g tot. Tuy nhién, viéc xac dinh md hinh toan

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh



XAC PINH THONG SO BO BIEU KHIEN PID PIEU KHIEN VI TRf CON LAC NGUQC 73
BANG THUAT TOAN TOI UU NGAU NHIEN

cho cac h¢ théng thuc té cing nhu thong sO vat 1y cua h¢ khong phai dé dang. Bai bao da dé xuat thuat toan
t6i wu hoa ngau nhién Jaya dé xdc dinh théng s6 cua bg diéu khién PID, trong d6 chi cdn quan tdm dén tin
hiéu ngd ra va sai s6 ma khong can thiét phai x4c dinh duoc mo hinh toan hoc cua hé thong Bo diéu khién
PID d¢ xuat da thoa man chat lugng diéu khién: con lic can bang 6n dinh & vi tri thang dtng va xe ciing
can b::ing O vi tri dat cho trudec.
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