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LQR Controller Optimization for Double Inverted Pendulum Based on
Improved Artificial Bee Colony Algorithm
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Abstract; As a nonlinear, instability, high— order, strong coupling system, the rotary double inverted pendulum has become an ideal
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platform. In this paper, LQR control is introduced to achieve its stable control. In order to avoid the complexity of adjusting parameters man-
ually, meanwhile obtain optimal control effect. the artificial bee colony (ABC) algorithm is applied to optimize the LQR controller. Further-
more, in order to accelerate the convergence speed and increase the diversities of population, the ABC algorithm has been improved during
employed bees phase and the onlooker bees phase. The simulation results show that the improved ABC algorithm is able to complete parame-
ter optimization for LQR controller of inverted pendulum system.

Keywords: inverted pendulum; balance control; LQR; artificial bee colony

Wi, TR E M T £ 2K, Nooraliza " 15 42 J&) e A0 7 14 B 2 2k
SRR E A . R TSR . T AR BB e R
B B, HBCHE PP T PR SR A 3 B IS I 5 UE T3 BB 2 R
3 A T SR A S . FEAR SO TR T S B BERI A 22
Sy AL RAR (DE)  [a] i 75 BB 39 B B 52 4 Jmy do (10 1 2% S
X ABC B3k AT 0 . IR R T 152 18 LQR 24518 1k

0 3|5

BB R SR A E R 2R, R SR
BUARRE RGE . A TR0 R i 2 3 40 0 Fa v 1 b — LR [ A 4
BB BRI . R R I (LQR) . B
0 Hoo e 5 ) 4G A0 Y 0 2 A 7 1 2 TE B T S
e BCH R R B 2 AT O 2 LQR 5k

R o A B o 00 G e R SRR Q AR, — R P RE A
Frim/NRARUE . B AT R T IS M e 4% U5 ik R S KR . R
EBM BB ISR . FB MR, AR
WO A AT o ARG . B TR A ORI TR R
. CUEW] T AT AE oR B B I 2 MO Ak U5 A S R O
PEET . R karaboga' ! £E 2005 4 2 i Al R 0 B 0 R B HL
it e O I B A N T e R Ak LR R 2 0 5 T8t
TR SFE A CREMIEM LQR EH Bk X
IR AR AR I B L 7 8 Kk A

TREREMZ. ABC Bk RARBEM IR A L/, HE
WA S50 32 A S B A 1L =2 1B A MU A AE P O TR T Sk B B

Wi EER2014-05-11; {EE HEI:2013-06-13,

BB :EHRARFELEETH KB (61304115) ; H BRBHL A
1 H (2010DFA22770) ,

EEBA X PR 1985 ), 2, WARE MR Ak A, By IS IR U L A, 3
BN LT L R SRR B 5T

He.
1 WRFEEIE

A SCH WIS R ITE R, B B
AR B R AT RS G A, A AR AN 1 TR, 7E
SE P R I BEORGE IS AT RO RS B, PRAIE TR 4R AT B9 A AL B
O, FNEARFF AL 0, 3903, A BT S 5@ 5% Dy 1E 5l

B 1 B G S 4B A
BT EREeEER, WX (D, X 2 R, HPRE
Rl I I R O | %%U'ft%‘%i%*TEA(EF%H"JXﬁﬁ 0 »
TSR ETMBRM 0, . LEFFSRET MM 0 . &



59 KU, T R T 0 () R 2 O - 2821 -
FRAOFRIE O o FERFFRO AV O, A L AR EF 00 A RE O, L (VAW W =0 o
AREN B+ iR [0.0..0,] l"““’&+wﬂw>xm<o
0 0 1 0 04 fitness,;
D= = 7
0 0 0 0 1 0f|x b Eé;lﬁl’”“*‘k
x—|° 0 0 0 0 e Ap W AR IR Y FAR BB . B LQR $ 1 25 10 1 RE 35
0 0 R B BRJ . BT LQR AR R0 F R T BN, T e
0 89.9012 2L 850000 8 00 0 0 O AR R SR L ) 8 R T A
0 —48.5655 50.6292 0 0 0] | (3) fECHE B E: .
’ R — A B IR 3 T RV ROR R A5 37 W6 4%
Z EUDHE BT TE . R0 01 67 L 058 M OF 1 5K (8) R
Lol (1 AR R
L iea X = Xy T rand (0,1) (X, — Xoinj) (€))
o o6 FE s Xy X RO T S0 3 50
o 4 HEMAIEREX
Lo 000 ol " X T B R O o R o 2 17 S 1
v—lo 1000 ol l®4loluc lol @ E%%%f%@%w,W%$i%ﬂ7&ﬁ%ﬁ%%%%%
00 1 0 0 0 T4 0 0, SRR OISR
v 41 BEFESHAOLERM
@ 4k (DE) SEEUS R T 90 MO 0 0 FLAT (R

L0

HE— 25 A B 4k 1) B 6 B Pe=ctril A, B), W15 H BN
6, BIH#F, WMARGEITE., HTFXE—ITEERS, @i
It LQR il # R E R G Aae ..
2 LOR #=HIg§i%it

PE I A LQR L 0 — i I s R
s AR (3 R W /D R B RE RS AR d /D

J= J [x"Qx + u"Ru]d: 3

LQR # il #8 y K=R'B"P , TiiZ% P w] LIl i 3K i an =X

(4) 1Y Riccati 7153 .
PA+A'"P—PBR'B'P+Q =0 (4)

T EWIRME S BRL, BEINHEA 1M RA 34
B, 6 MRS AR, BMAERE Q MR WIEXA Q =
Diag(qi+q2+qs+qi+qs +qs) s R = [r] o W (3) (4 WK, Q
MR SH I E SRR AR J 09K/, g T i 245 1
TERE . N TR R OL A I RCR . R R fE LQR ¥ i g% it
A, ¥ ABC BN T LQR il & S8k,
3 ANIEsEE

NTHEREFETE (ABC) S 0028 M R B8 ML 2t 47 -0 A 3
RESE 1, ABC S354% BRAF AN [ T 43 S i 4P 06 . B2 I 6 D T ¢
W 3 AN, X 3 R 6 2 A AR B DM SR AT RS

(1) A1 B B

FRA IR IS W AR T R,
AWRSE T T¥

Vii=X;+r; (X, — Xu))i £k (5)

X G He VAR ARG 4w, X AR
X: W5 der i, Xy, HBENLIE R AR TAE X M55 40
ity o [—1, 1] [EAREHLEL .

(2) BLFEREBY B

META R M T I R Z )G, G N Fimess; {5 8.7
SRR, T p BRI AR W U L R HE R P SRR

=—kx

gl (5)

B ALk, B ER .. S KER 3 e, H
JRELTRI B, ZR BB R G R G . DE Bk TE RS
Bt 7 BT T R A AR .

AR B, (5 SIZ A 038 AR, B AR TR TE
WAAFE A EYRZEHEAZTSHEHF F, AR, XAAES
BAERT LA TR (9 FIR:

V., = X, +F( X, — X, ) (9

Hrp. a0 € {1.2...... SN} ERMEHERFEFH i MY
W, [ SN 4EE,. AR E T F e [0.2] B2—MH A
Fo XA AT LU F R A A w22 . R S AR 2 T
I BE B DA {5 BT RA8 R IX 88, DU BE A 48 3 57 4 1 i
4.2 ETESHENER

AT B 40 BT A5 0 4 R 1 2R X AT LA 3 R G 2
PE (U R 9 0 SR B A5 AR . O T EE MBI B . R AR
25t TR R EE I, R B, s (10) FF
TR W TS S Rl B O S A R e I e A 4 R AR
B 2 o 38 R B 1) 45 8 1 A B AT A B, DA 4 R e
i 48 T REE

Vi = X+ CXppowr; — XD 10)

K A0y Ky s O LAY R EN R TE R U RS 5 4

S, CH [—1. 1] ZIMREENLE 450 X ; — X ZESRTL .

et ;= Xa), CE[1, 2]

b

e O
Js, \\\‘
” e \.“c(xgm”.— X)), celo, 1]

L\

AN

B2 10 7 AR A9 B fi
BT BT 3 (9D X AT g A 18 R AL AT AR
G R 3 (L [ I S BRSO AR, Tl (10)
b B 10 4 R S R T A | R R A 4 R 1 1) e B Y R



.« 2822 . AN & 5 4 4 %22 4%
MR BRI S A A . IR SR AN . TR A B —
WIS ARk . R T RO E S ABC Bk, HAHE
BESY I -

D WAL R BE, B E S8 BIE RN SN k% g
KL MCN %5 3

2) JRE A e AE T W R AR BGE 1 3 (9) 82 A 06 Tk i %

Vs -
3 MHE 6 TR V., IERNE
AR IE B A5, et el (7D T R e e £ 4 U 1 Yz 5 1 5 s 1 5 9 1

HEE 5

4) PRFBERETE IR AR AT R, @ (10) 5F
R Vi s

5) 01 5% W Rk 4 28 2k — S A FR K BOR BB Y AR, B
(8) F=A:FEHLAR ;

6) 05 H Al B 0 550 00

) FIW LR &AM (Cycle=MCN) &R, #2 &
W e i, EMEE 3 4k8 3k,
5 hEZ&RESH

T EE Pk ABC 2R 7E LQR #5868 3% 3153 782 10 5L
P, X R AT E L. o A BERLEE NP Ry 20, SN 4§
F 10, #=HI S8 limit R 60, BHE T SN XD, Hi D i)
TR YER, e RAGFF L MCN %5 2 300, MR FTFaR
ﬁ}%ﬂ&ﬁ ub= [1000 1000 1000 50 50 50 10], b= [0. 60.60.6
0.60.60.60.6], F3HFHETHEMNMLLQR 28RS, %45
ABC filgealt ABC B3k (4 fig (kb 72, 8 4R elealk ABC Bk 7
84 Uk B TR MM, Wit ABC ik NIAE 290 R THRE, I
SIOH W BT % ABC Bk, HL AR B3m B R i

HE— 25 25 5 00 0 AR 0 B AR, A T IR A
0.01 rad BT ERET A . HADPTAEFF A 0, A 4~6 45 B FY
BRmm kA, M LIRS ABC 5k, Bk ABC 57k B
PR EREEMERE . ARSI 6 s W/l 4 s, LT
VA5 TP A EAT R R R A N FAE S8 ABC Bk, HOE B E A
7TsW/NE S s, AR, M TES ABC Bk, SRR IS AR
% 558 g 19 S B4 <7 428 4 S A s 4

0.60 T r r
—— ABC
0.58F ===+ LABC 1

0.56

0.54
0.52}

0.50

Fitness Valueg

it
0.48}

0.46 1

50 100 150 200 250 300
Cycle number

3 itk

p— v
-==- TABC | 1

Angle theta2/(rad)

0 1 2 3 4 5 6 7 8 9 10

/s
B4 3 R R

5
t/s

B 5 T EEAT I B BRI I

0.5

|
=)
T

|
o
T

Angle theta2/(rad)

|
5
o

|
1
o

6 b AT I B BRI 1L

6 #hit

AR SCEZTIE LQR 15 5535 18 3R I8 = S 48] 5 128 19 o i 4%
AR RS . BE XS LQR HImACAE M Q AR AR 3 4% 8] At
PR TN TSR AT IMABUE E I S0 0 TR M R
[ s il e Jo 2 B (AL e 5 45 DE B0 Al 42 J5 18 R SR T 1 sk
et ABC Bk, 1 H 905 32 W oot i) ABC 553k i 1E 1k 5 2R W]
BT ABC k. bW T H7E LQR ] 4 2 Kt A 1
HA 3 P

S &30k

(1] fhakz, 2= . BB dl s it 5058 (1] g M4
Be2%d. 2011, 26 (8): 49-51.

(2] FTX. @bk, 8. pRE-Emammisrs [J] X
BN . 2010, 31 (8): 170-172.

[3] Wang H Q, Zhou A Q, Wang D Y, Optimization of LQR controller
for inverted pendulum system with artificial bee colony algorithm
[A]. Int. Conf of Icamechs [C]. 2013.

L4 XUik#f, 5k B FL. 26T LQR /Y ¥R 8 50 9% (8] 7 12 Fa o 4 i B2 95 3R
[DJ. #Im: #Img Lol KaE2E4, 2011,

(5] F B, LA TR, A0 B 50k 76 90 47 W AF: 55 08 B3 b i L
LI, FHEmLm S5, 2012, 19 (6): 1470 - 1472.

L6] % 55 3 &, /NI SR eR B0HR 1 o] Y o i 1 N L i
s (70, FEHLRY, 2013, 40 (8): 252 -257.

[7] Bai Q H, Analysis of Particle Swarm Optimization Algorithm []J].
Computer and Information Science Vo, 2010, 3 (1).

[8] Kang F, LiJ J, Li HJ, An Improved Artificial Bee Colony Algo-
rithm [A]. Journal of Beijing Institute of Technology [C]. 2010.

[9] Peng W S, Zhang W S, Q Sun J, The Mechanical Reliability Opti-
mization Based on the Improved Artificial Bee Colony Algorithm
[J]. Chemical Engineering Transactions, 2013, 33; 505-510.

[10] Karaboga D, Basturk B. A powerful and Efficient Algorithm for

Numerical Function Optimization: Artificial Bee Colony ( ABC)
Algorithm [J]. Journal of Global Optimization, 2007, 37. 459
—471.

CF#E455 2825 T



%9 ffJEAS . 4 Smith— Fuzzy— PID 75 48 o i A 45 il 2 4 v 19 0 F 5 - 2825 -+
F 1 BRI
Aky [ Nei ) Ay NB NM NS 70 PS PM PB

p
NB PB/NB/NS | PB/NB/NS | PM/NM/NB | PM/NM/NB | PM/ZO/Z0 | PS/NS/NB Z0/ZO/NB
NM PB/NB/NS | PB/NB/NS | PM/NM/NB | PS/NS/NM | PS/NS/NM | Z0/ZO/NS NS/z0/Z0
NS PM/NB/ZO | PM/NB/NS | PM/NM/NM | PS/NS/NM | ZO/ZO/NS | NS/PM/NS NS/PM/ 70
Z0 PB/NB/NM | PB/NB/NM | PM/NS/NM | ZO/ZO/NM | NM/PM/NM | NB/PB/NM NB/PB/ZO
PS PB/NB/PB | PM/NB/PB | PM/NM/PB | ZO/PS/PB | NM/PM/PB | NS/PB/PB NS/PB/PB
PM PB/PB/PB | PB/PB/PB | PM/PB/PB | NM/PB/PB | NM/PB/PB | NM/PB/PB NB/PB/PB
PB NM/ZO/PB | NM/ZO/PB | NB/PS/PB | NB/PM/PB | NB/PM/PB | NB/PM/PB NB/PB/PB

3.3 ETRGSHTHUERENKEE

2P R G AT By T A SR B0 A D R S 00 A R AR A
R BHE IR 5K 8020, WU I ALY K 30,
PID 45 ] i1 Smith— Fuzzy— PID {5 BE45 RN &l 5 7~

% 2 PID fil Smith— Fuzzy— PID ¥ il 38 ¥5 20 #r
PID Smith— Fuzzy— PID
A/ % 2.5 0
Fa e Wf[a] /s 7 000 4300
fadinz 0 0

3.3 ETRGSHTHUERNGE

45 RGBT T A S 3l A R 00 A R A A
—ERZEMT, RIRE R T K 2% 0 K 80 %0, A A R 3G K 3026,
PID £z #] #1 Smith— Fuzzy—PID f B 45 R N & 5 Frs .

2.0 e

L B
e

y,yl

LO—T ] ‘s A r—/

AP N A S

000.20.40.60.8 LO1.21.41.61.820
t/s X 10!

& 5 PID 1 Smith Fuzzy— Smith [
3 3 B e AT A1, PID F Smith— Fuzzy — PID #58 i 2 1k
25 R AR AN SR 3 PN
FHE 3 AN, S0 Bl A7 Al A5 300 D0 A TR B S PR AR T A R

20, PID #EH R mE Ik 74. 5%, TN A Smith T4l AR 5
#ilJ5 9 Smith— Fuzzy—PID #il, #HUB M 2.5%, Hik
Xt Bt A5 W i FR G0 A AR AT A s AR .

%3 PID Fl Smith— Fuzzy — PID $8 #7437
PID Smith—Fuzzy—PID
A/ % 74.5 2.5
Fa gt [a] /s 46 000 8 000
fRARE 0.000 5 0. 000 16
4 g

Hy LAE 23 B RT A 2 00 A RS A B 2 A SR I S S i P
T ASE 7Y 5 52 BRASE B A7 7E i 22 15+ Smith— Fuzzy — PID f 7]
REE Y, AN RBIRR SR A . B EAS R R W Ty
T X I 2 AR G A AT AT R

EEPLE

(1] Emi &, H2ER. PID#EH#SHEE ks (D). 5. hHE
Al R2E (B, 2008,

(2] Z234E, SR, XKNI, 2. £ T ok gk Smith 46 4% 19 = B i}
MRS (1. TFEHEE, 2011, 28 (1), 198 —233.

(3] kaezr. MOWI PID— Smith 83 904 il 76 i A0 i B 55 1 28 45 v 09 B
A L1, AT A R, 2012, 39 (8): 979 -981.

(4] FFEE. BHARS A PR R (D] AR WALRHL
Fe2, 2013,

(5] BEwe e, L+ 4k JF 98 Oy R = il B R WF 58 [D]. MR
MR Tl K%, 2011,

[6] X438, Seik PID #%4i f Ht MATLAB {5 5 [M]. dbat: B+ 1Lk
HRRAL . 2007,

R32,239,299,239,999,999,299,990,999.299,033,999,299,099,939,999,299,939,999,299, 099,939,299, 299,939,999, 299, 933,939,209, 233,939,999, 999, 939,999,299, 293,939,299, 993,939,999. 299,233,999, 299, 233,999,999,299,237

CHHEE5 2822 T1)

[11] Sulaiman No, Mohamad— Saleh Ja, Abdul Ghani Abro. A Modi-
fied Artificial Bee Colony (JA — ABC) Optimization Algorithm
[A]. International conference on Applied Mathematics and Com-
putational Methods in Engineering [C]. 2013, 74 —79.

[12] Bao L, Zeng ] C, Comparision and Analysis of the Selection Mech-
anism in the Artificial Bee Colony Algorithm [AJ. Ninth Interna-

tional Conference on Hybrid Intelligent Systems, [C]. 2009, 411
- 416.
[13] Storn R, Price K. Differential evolution a simple and efficient adap-
Technical Report TR — 95 — 012, ICSI, f{tp, icsi, Berkeley.
edu, 1995.

tive scheme for global optimization over continuous spaces,



