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Experiment of Double Inverted Pendulum Based on Chaos Optimal Control
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Abstract A method of controlling double inverted pendulum was presented in this paper. Chaos optimization linear
quadratic controller based on the dynamic performance index was proposed, in order to solve the choice of weighting ma-
trix problem in LQ control multi-variable. The controller designed by the approach can satisfy the performance index of
linear quadratic. The real-time control curves of the double inverted pendulum show that this method not only own char-
acteristics of quick speed,but also solve the problem of serious nonlinear and absolutely unstable.

Keywords Chaos,LQ control, Double inverted pendulum, Performance index, Experiment

CRE RN G RE . AR RIEA Y R BT A
G5 , X (8137 4B AU AT LS55 S % 275 B 20 X R A 5 TR G Y
BRAEC], SLa Oy s A B B T AT — M T R A
PIE B PR RO 5 40 Bt L R L

Stk =R R (LQTE T IKEE B & T, REEHRER v 2
WA TER BT, (B R R AT, BAREE o 0 B S A R
BT IAGERE QR IR, HATRANZRERIREE, & | 2
Bt 2 B R R A AR -
SRR E BRI B RS AR, X o
BRI RE E, EE W T B 58 B R F o
FAOSIT | PR M B PE S A PE B R
T—F T LQR E 3000 S BRI R L, BT
TR, 75 R b A SR IR 2
FIERAR AR LQ B BB Bk, K 1
— BT AR R AT, OB A— RS RN Y

ZiHmE 1 R .

Yy

it
?

TR BRI
BB I, RSB S EEE T

MRS A PEREIRAR . BT LQ B R A B R

AP, ST LQ B A R RRE M R AT A I
KB LT 52 0 TRV SR8 T — R AL I o TEI0 =6
1| CREENESEE s

B, R G AR, R U RS WEREHR. PR
RIS TR EAL, W RARR X WA 6, ~61 .6, FIFHE

THRENEFRH/NE R 1~2, BNz E A h#EE, S

S H #:2009-09-14 iR H#H.2009-12-16
B A A S S TR (No. 200902) % B .

F=

AXFEREARESEHES (50830207, AR ARELE LI H (No. 50775101), iR %

BRaesk (1972, B Bl FEHR T AAES 5ERLEE,; $$$1(1983~) F g, R BRI AR 5B R %, E-mail. lis-

unquan0807 @163, comGEE/EH) .
o 248 -



my lzez 511192 ]
ny lz L102 Sil’l(@z _01 )+f2
"ﬁ i

r—fo  Gmb+meli )b sind
0 —f—f2
L 0 —mplLifsin@—0)+f2
M=
r mtm+m  (Gmh-tmLi)cosh my [y costh B
mh+ml)costh ] +mb?+m i ® mylLicos(G—6)
L mplycosd myly Ly cos(d—6) Jotmb?
G=U,m L gsind, ymz gl sindy )7
25252501 501 501 02 502 462 53 BIR/NEE RIS 2K BE L
ERZE1IMEZ2 SERNAE AEE. AMERE, FENR
HERF L H GLIP2002 %I 57 #2, H B4k S 800¥ W3R
(121,
i —RIINEAL, REEARE PSR L AL, 8
BT LY BB BRSNS

rz7 [0 0 0 1000[z] [ 0O 17
o 0 0 0 010/ |6 0
921 0 0 0 001||& 0
. = I+ u
x 0 0 0 000| |x 1
o 0 8.69 —21.62000]| |4 6. 64
L& 1 10—40.31 39.45 000J 1§ L—0.088]
-
6
z 1000 0 0 7 , o
y=[ﬂ={0~1 000 0 “I+lole @
) 001000 J|F Lo
28
18, ]

2 R LQEH

ST BRI (D) , 1B RGE AR 24 (10. 0438
5.0262 —10.0438 —5.0262 0 O),ZERGEHEHEAHNL
FHEE S - BB TARERSE. hRGETENEEE(B
AB A’B A’B A'B A'BIHHEHHEBN 6, MRHETEF
&R . ’
RAEXREIEE H RERE Q) , MBI AR
PRIZ BRA :

I = J(x'Qx-’r—ulRu)dt (3
0

Rz, yu 5B ZRE S REORES A A R & 1
RGA 3 THNER, 3 /N EMNB R WEAE2H
5T 1 80, B 3 ME B FIRAE—HRAR, EH
e % ENEilivkaa: % LN

],~=w,-,1kéo| e(k) | k/max(e(k))+ w28 Y

KH,i=1,2,3, ! WAHREBEH S, 6 XN E 2 LBHA,
w1 wi,o R G SE PR 5 00 R B 35 X P ik BB 1EAR R B9 45
% 8T B A N B R L B 1R X R SE Ak RE RO R, Bt FR
¥ .

AR—ftE, AT Q, R Ryxd %R, X T Q=FF
WL FLLA, FI58 2 RE NI , 0 8 O 42 ol 0 5 i » BLWT 07 (8
g H— A RABE AR R .

K=—R'B'P (5
BETIAR 42 2 .

U=Kzx 6

ﬁqﬂ » P #Jillﬂ: Riccati ﬁﬁﬂ@ﬁ
ATP+PA—PBR'BTP+Q=0 )
B Q=diag(q qs"*+qs) s R=diag(r), FREEH S
BIHA 74, BENM R

ZRESTER-TRARERL, ¥XAH QR IXMAKE
8 LQ #hiad, LG HI%E Q R AREREREEBTT. T
RESFENEME . TEAE. FESTEMAENER
BE URSSHEEMBENER, SIIAMTHESEREE
PR

J=aJ1+b]:+cls

5. 2. 0<lc<lb<la<l (8)

a+b+c=1
AHFL T G=1,2,DRFEMABERE, 0, b, c BRIEE BR
WP RL R IE R, BRI R A QR 15
B J/MNYPERBTEIR T .

BT —d%E.

Zatt =pZa (1= 2 ) (2 = (X1,0 5y X1, ) ) yn=0,12+, N

€]
A
Q =Q" +Ban s Xa=(Z1,ns**" s Toon) (10)
A
R: =R" +ﬁnx7,n7(n=1929"'7N) (11)
Brr = (1= DB (0<y<D) a2

B =4, logistic BE R (9) E2 4 FRMRE, B .
220, DFEEIPIBT . 1B MRRA B X 14 18 1 SR A9 45
R AECO, DX () BU/INE S HT G, W AT 48 B R RS0
RIS, BRI R R SRR BUE — 2 B RBH AL
0,0. 25,0.5,0. 75,1 2 R4 Ha {8, 75 ¥ 1 e 7= A R TR 5
R, QR HEMSRHEEREINKME, XA H ¥
RSB B IR T, B 89 R W A4 /N R N I B X
B, LR RRAER, R B RNB R,

3 ZLMSrEKEsm

3.1 BERL 1LQESIEMETH

ETFRMME AR S LQ #5H — 8 a8
BBRTF .

Stepl HHRMITIRMMHIER M 210y 20, BT F) (O,
max(q;,r)) . B 7 MEMARFFIRAR (D), R H 55K
WM, REXGOBHAGENEHER. HRENREA(D .5
HERGHEY, A EREREMNRE ., REXOIHTEAHEN
Rt R GEHERETEIR J. =1,2,3);

Step2 A (8) HEUA YK a,b,c, BB HERE J. =
L2, )RAR(®) B S HEREIEHR T, A N MR G AR
TR E/IME, Hxt R H LQ #H MBS BUE N RME Q" \R” 5

Step3 4 n=1;

Stepd ¥ Step2 FFEIN 7 MEEABIRAK A0 K
ADEH Q,REME, BRKARAR (D R (5. (6 FE
BLRMALER (2) , RIER (DB H 3 1M B s & HERETER;

Steps B (8) I ELZELMEE T;

Step6 WK1, IHEMNEEF 3., 4 3<<S(SHE
FeBE MR/NB E R G R 1k 5 14) , %5 Step8, BFE
Step7;

. 249 o



Step? n=n+1,#—HW/NE R M, 7 Stepd;
Step8 (F LR, WM ANG-SHEREE, BE T

B/ M LR RA S B AT AR Q" L R”
3.2 ZHREINBRLRHES

TEHRRGED R L PHBERAZRBILER LB
BR(2). BURHEEARR 0. 055, XA g=0.5, K& k&
B B.<<107%, y==0. 002, L7 A HERER (8) 1 @=0. 2,6=0. 3,
c=0.5; B ERMB E1IRO=-3. 14Gad) B2 R b =—
3. 14(rad) NENFE r=00m) . IRMIANIREILHIT 6213 3,
7 158 HBRAARELRBAMBUER Q R, #TIHE B REN
BAESh AR SRR 254 K

K=[17.3312 116.5826 —194.6134 18.5759

3.5457 —31.4390]

AL BB MRALRUE RE S H0H LQ 188,

WA HE RSB RGN, B R AR )
5ms, LM THAR KB BRAGHNREEH ., ZHEIL
BRG LQ LR A 2—HF 4 iR,

0015 a1y
RSy i
UL} ~312 ] bbb i “ ] i
P 1 o R e I
= o -3134|
oY+ V v
s v -a1s} 1! Ll
haaet ; i !
w il LY i LI
; 31 Ao N TS S |
~001 W 520 % 30 B M0 S5 5 10 1B 20 % W B 40
time/s time/s

B2 ANENBRIAEEME K3 81 AERER R ML

L]

5 20 25
time/s

B4 22 mEHI L

005 Il
04 am
-31
003 - —an - |
\E 002 £ -312]
= o1 &
o ‘v w e A T
"\ ! -315
001 Y -1 ,” a1
© NS SN SR S N -
b 10 15 20 25 N 3H 40 £ 37 1015 20 25 30 3B 40 45
time/s time/s

B5 mshie/hEagg  B6 MLsEE 1 AEME

REd, ERAKERE LS, ERY 8s HE 2 #EFfFFm—
ANEGE 8°HIINBN, IR A R ELE 2s AWM BIEER
BN EABORREDFEMEWME 5B 7 frn. 4RIE

B, SCHP BT SR A 1 A A (R RR R ] — R BISLEE R GE T
HEFRBATTHEES .

-3105)
=311

-a12)
-3125]
=

-3
2148

8,/rad

I
S N S SR TS S S
5 10 15 20 25 30 35 40 45
time/s

B7 mitsh/aiE 2 mE ek

GRE (D FXESGEFRNEME . TEAE. L2
AERNERRE . JIA--#5REHSME REEBEHER
M RE ISR R L, RATRM SR HE RN B AR RS
Ak LQERS, TR T _RE BRI EH. (2 B
MEfERGRA RFMRRE M, BT TR, WEAR
BRI X AR RE RGO R R SR Sl R T

2 & x W

(1] FEH, &K, WXE T LERAFEHBHOSEWBERLE
I, b 5 R A, 2004,21(3) : 362-366

(2] ximd,fa4enl. - rZrEREEHZMRI] HER 2,
2007,33(5):214-219 .

[3] Rubi J,Rubio A, Avello A. Swing-up control problem for a selfe-
recting double inverted pendulum[]]. IEE Proceedings-control
Theory and Application,2002,142(2):167-175

[4] BXE 2R EFWUHGE L BEEEHI] HEM 2,
2007,34(7),214-216

[5] Cheng F Y,ZHong G M, Li Y S. Fuzzy control of a double in-
verted pendulum[ J]. Fuzzy Set and Systems,1996,76(3):315-
321

(6] ZEBHE,BLBEN. & -FELE Hoplield MW ST ENERER
PRI ], #H 555, 2005,20(9) : 1038-1044

(7] EHE.DPBE.HE 2T LQRHOBTERAEHAREHE
U1 Tk %S A 3hib3% B, 2005,3:6-8

[8] #HDB,BEZE ETREEEOBREHIMRENRTT]
BHME S5#H,2003,1110) 761-763

[9] SBFi, BFte. —RBGHRM G SRR SRR ] TN
Rhe#,2007,34(11):150-153

(10] ZE=@RAL. FIFEHEBRIERE R ERAREEL]. HHns
2#,2003,34(10) . 217-219

[11] Z=4R, HAM BT REEEN LQR BH BUEE R4
[J]. e BaS SRS, 2007,12(26) , 88-90

(127 http.//www. googoltech. com. cn/Web/chi/main, jsp#

(38 145 3

{21 Sk & E B FB S # L RID] BRI Eh ik, 2004

(3] EFA,.R¥ BFHFSPLBBENEVREHOFRLI] TE
B8, 2004(7)

(4] ZFER#.BKR,FE % ETAGKH CSCW RGN EHE
LT, 8247, 2004,11(7) :931-937

(5] i, TRy, kAR, ZRFBRIUNE T M 680U a3 Hg A
BEITT. HAEAUR B 55 FIY 224, 2004(4) 13941

[6] F#k XX ETFACNEENNEFRSRZAELENHES
SEBLT] HEHL TR 5 A, 2003,12(31):31-35

+ 250 -

(7] %D BFB% - fE R RAMBUFEEIM]. b RSN
2 R, 2004, 56-57

(8] #&Et. Bk —FMF RSB FES “—WNREERT]). s
F5iE41,2008(6):119-122

[9] Wilikens M, Feriti S, Sanna A, et al. A context-related authori-
zation and access control method based on RBAC[C] // Seventh
AMC Symposium on Access Control Models and Technologies.
Monterey, California, 2002:117-124

[10] s, M8, XEMH B FRFRELLBMR S 5ERETF
Ul ERT2EBe2EdR  BARPIENR, 2008, 22(2) : 99-103



