BB B k¥R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY
—ANARESE—H EBEET=M No.1 1986 Sum. 53

% 5 18 12 0 B B
5

#OE XTHERY, THAIRTaHEHFRENGEN, BWAHLR
RME—Z8M, A EMF-—HEHGEIE—LFEEORTFEHGA X
MARFTHR, EAT P #4EE up-up fo down-up HMHR Y K X Tt
KR EEM A down-up ALELGTEEHN, I FPLBETERER,

I gl .%—

BIEREMEHBEAEANTERRSIETE 4 9 B W £ K. Furuta FAM
19764EFF 4R X BB A IR AT T IRA MR, /AR T BB R E s fn
R Fibang-o-bang EHIM BMEE L (Swinging-up) HEHIZEH (1976) ;s ~ R BRI
FREHH(1978); —HBIBFEGH T8 LB A BALIEHI(1980). FE1983EXEHRT
=4 BEAHENRERS . XA Mansour il Schaufelberger #1588 T HBIRAYIE Lit
FHLEHI(1981), BraRAIMGR bang-bang Him LI ERMRMmiEsm A Dl &6
ERIARANERERAE—24H. mA, MENEHLaENRE, REARA
HEN, MBEHFPEREREESEET -

HAMBZENZHFENARELERSETEN, AEAEWHEXE, ALEMNX
—REEXGEE, #TE—FONHR. MH, BIREARENARR TITLMENE
BEBHBEN—BIAE, BABBEXS, CHF—ENTITEEX.

WIE LR, fEEXEENKFEANEXAERTTHRE, FRANXKREY
EXGEE XBEEARITAEMRZ L, SE-BRELER, XYEENGHE
HEE, MTENEE, SABRE/D, ARG EENIERE.

BT, EESLH T X BEIRLE up—up 1 down-up WFHE R ETHHHENR
TEPEFIFN down~up REE LRI ENER

A319864 9 H8 HIlkH
* RHEIEHER AR E R,



18 32 B ® & X% % % }

= RTBIEARENR

P 1 BTy AR X B L R B8 ETUANAFHERS (H2) , 2
BIBRE“down—down”iRF(a), “down—up”IR#&(b), “up-down”R#&(c), “up-up” R
(o FHp, RE D), (FWHRER L BGOTHzm LB, X HEGTRARE B
BX. Wik, EEAATXTHEEXRHAMRES T aEHlinE.

7T 1
46, BEHRE

B¥ 1,
ER AR

u

— DCHhHHL

s 6, AET %R
9.3

M1, REHREEHNE

[l o ]
(2) (b () (d)
2. P#HFEERE




%ﬁﬂﬂﬁ&?ﬁﬁ 19

Bk, HERENTRIE.

(1) #F 1, F04F 1, A EHIE .

(2) @ HELb e B NES 46, P 40, 5 Bt EREHE 5 Aez ﬁiﬂs

Bilo

(3) A AE M, 5EH&aEU RHH, M=Kr-U, Kr HHEEK.

HE 3 4 AIAXHEEBRENINEFRETT .

up-up R%: .

2048, +c( A8, + A8,)cos 8, - ¢+ A02sinJ0,=dsinA0, + KU ~ F 44, }

2b(A8,+ 48,) +c- A8 cos A8y +c+Ayisindf,=esin( A6, + A8;) — F2.4p,
(2.1)

down-up ZR%s
(26~ c+cos 40,) A8, + c+cos A0, - A0,
=c(dfs—46,)sind0,—- F1 4G, +dsind0,+ KU (2.2)
(-2b+ccos40,) A8, +2b-40,
=c Agisindf, - F, ¢, + esin( A0, - 49,)
HE (2.1) f(2.2) P REA

a =(im, +Lm, +—1-m3)1§ +%J

6 2 2
1
b = Emzlz

e =%m2gl2
R, MEBNBEXEANSHEL.

21 £¥HERGHERK

L THKE 0.3 m
la LEHFRE 0,345 m
my FHEE 0.08024 kg
mz2 LR 0,065851 kg
ms B 402 B ABEHEBBRK 0,07143 kg
J  BiBSEREHRE 0,000567 kg+m?3
K7 @b E—~AHEL AR 6.2 Nem/V
Fy a5 BRAN 0,0348 kgem?/s
Fz 404880 S U SR N 0.0005 kgem?/s
9 HIOm#EE 9.8 m/s?

-




20 B OB R B x % =2 3

ERRXTBENE RGN, B85 8 (2.1), (2.2) ERENTH & 40,=0.
A0, =0k #F LML, AMEF,. F.AREHEMH. IRARERS
X=(A40,,40,,46,,46:)

MRGREFBS
X=AX+BU } (2.3)
Y=CcX
#FP, A=4ab - Cz
up-up RL s
0 I,
2bd - ce —-ce
A= A 4
0
2ae+ce—-zbd-cd  2ae+ce
A A4
0
( 2bK »
B= 4 , c=[1,:0]
_ _(_2b+c)Kr
Z )
down—up R4,
0 1,
2bd + ce - ce
A= A4 i 0
_2bd-cd-2ae+ce  2ae—ce
4 A
0
26K 1
B= A ) c= []2 : O]
(Zb—' C)Kf
A

A
up-ups



* % 86 80 % FEM 21

| o 0 S
29.367 -11.093 o0 o) ] 14.739J
~31.448 70.582 0 0 L-37.169
down-up:
0 0 1 0 0 -
3 0 0 0 1| L 0
51.55 -11.09 0 o] | 14.739
-69.5 48.39 0 0 -7.689
=8R8 kT
1. 8wt
SH-RXRBERIBE
J.=—12—J:(X’QX+RU)dt 3.1)

b QAREEMFIERE, RAEK.
AT DUSREIEE T2 BUR/MEM R EGI R M AARRLES FE LHRRAKRS, £
ZEBPERABZTELHEORN. X, BERLHE [#4

Un)=~-Kq¢X(n) (3.2)
A K¢ T Ackermann AR 3RH . '
Kl=(09'"’0, 1)'[B‘9A‘B¢,"'9-A3-18l] -l'av(-Ad) (3.3)

ao(2) ABMENBERARREKFE SR,
Ag=eT, B.={_[Z e‘“di}-B
2. WMMERYRiT
RERE X,=40,, X,=40, TEHERNE, HEIAB/NAIN M 2% (Gopinath)

mTFs .
Z=AZ+BY +JU g

2=0Z+DY .4
BC.HABRMGHABAME TR
Z(n+1)=A4.Z(n) +B¥ (n) +JU(n) 3.5)

X (n)=CZ(n)+D¥(n)
A
e, B {flac )b, gi=fdnan ) s

FEHEHFXE (3.5) RBBRBMETHE.




22 B OB OB & Ok % % #

Lt erﬁ-'ff}L'S’: Bt e A 5k

HEREKET, ﬂ‘ﬁﬂlﬂ%fﬁlsoooﬁﬂiﬁ (#94MHz, FHK16f1); $-#, B-%K
FHMADA-16128: 8. A/D. D/A BHEIERAIKIGA 1265 A/D HEfmbEL
A30us, D/A BB EIAAS s, HHEVIKN 2R GEE 0T ER.

KSR
BB AL
£ E{BE 1 <
HERAS
pre. Amp A/D 78000 ‘ D/ ‘

M 5. ﬁ'#ﬂ%iﬁ'ﬁﬂ#ﬁ (up-up R

ﬁmmﬁﬁﬁﬁﬂ%mﬁﬁﬁﬁm ERBEARIH T RENHENE, FH0k
D SORES M BLEE E R Z S000RAL B AL ICATEE 18 A5 . MICBRAEA.
HBEE, 2@ FRAEFEEURIKBEEETBRRHORE, MR T i
HEERE, BRETHERE, XRSTRFSERE, B4 8 R BEY “HE
f£* o BRIEM XBNAESERAMETTN. ELABRFES, Fﬂ%%%%%é%
sEmTELRABR, BLEARTSHE.

TRV R EHICREFEEHSTART, SIGN, TRAS, LOOP, C’I‘RL.
OBSER, DELAY & BFR4 A, KEBEESRAME 6, BABRELNELRS 0.5K 7
(4 400 AFEFH) o

BRBERM T=0.8ms, HAWHARA (SEHE) REBEE-8, -8kko WY

C':[.?z]’ ﬁ=[81122]

ZBCFHEAUMERER, TENSEERL BERFNREEE.
C (1) up-up RE
Q=diag(5,1,0.02,0.02), R=1
Ka=-(20.19,19.226,5.095,2.829)
As=0,993621+1,,
_[-0.02762 -0.0088 0.001175
""[ 0.025 0. 00525] :[ 0.0296 J

B 7 4544 T HF o i THER 00 B S ISE 0 2o IS AT LA E%”‘HI 1416’ l
<0.9°, |46, <2.65°



EX .- I )

BB M, %Eﬁﬁﬁﬁﬂ%ﬁ%%#ﬁmimﬂﬁ —EMERNYE; HERERAM
ppEim, XYEEAEEEEE; B, %*ﬂﬂ*ﬂ%%%ﬁ&iﬁﬁmﬁymﬂ
LR ERATE BHRRIE.

(2) down-up R4

Q=diag (20,100,1,1), R =1
Ku=(22.302, -30.676, 0.221, - 4.438)
Ae=0.993621-1,, B
~0.9928x10™® —8.844x10°® 0.01175 1
|- : R i
0.0554 0.1245 6.13x 10
FLEmGTIHOERMRILES .

B
START '

A RERRBHER -
ﬁ!&iﬁ#&ﬁ’]l&ﬁ %

LOOP
AIDRMAG,(n). A0, (nd J

CTRL

I L)y =CZ(n)+ DY (n)
Un)= - KqeX(n)

TRAS

LT TS
iU (n)=D/A

OBSER
[ Z(nt 1)=4az(n) + B¥ () +JU ()

DELAY

ERERMAMT

e, SHEMEREH

LI |



24 B B # & Xx €& % #

A6
{
0.85° ,
0 V\N\VAM/\/\/W\/M
486, _‘.42'55“;.._
# Ed
2.65°
OU\/\/\

B 7. ¥l #METREREENRS

48,
3
10:18 - -~
0 \s
‘ 2.5sec
48, ~ -
4.412°¢ ]

B s, i Wit TRERELEMEN



%2 % 8 2 M % F M 25

F. down—up ZZHNIE LH#EF

RERHEIZRG, fFEBPETE down-up RET HIB L 55 7 B, 0. FRE
HIE KU (1), BB EMBIERE 8 R T EAE (down-downiR7E) 2 LM% down-up
RE, REREREEH, EXHHEERLKERET down-upiR7E. N LEZHNAE
X, REERIENMBHEEK, FEXHEE “BLE” ., BATHETS, XER
AR Bt S KA T o B0 FR— BB BB RU® (1), %372 MH) 44 i down-
dow ndR 78 DL 9 I 18148 _E 324 down—up R,

BHR (2.2) H%FH. _

49, 2b - ¢cecosA8,
[492] = (484 - [Zb- c-cosdf, 2a-c-cosdb, ] )
c(Adgy - A6,)%sind0, — F+ g, +dsind0,+ KU
) [cdggsimoz- Fyr A+ esin(A0,- 46,) ]
A U ()| <U,=2.5V
fo(48,) = (4ab - c?+cos* ;) !

4 X=(d40,,40,,46:,46:)"7

0y X=f(X,U) (5.2)

fi=xz;

fr=z,

fa=fo(xs) 26K eU + (REEUKM)

fa=Ffo(x3)+ (2b—- c+cosz,) KU + (REEUNH)

RMNFLLREDAE

X (0)=(0, - #,0,0)" (5.3)
DR SR 4%
X(tp=0 K XU ll<e (5.4)

¢ A EIERK
FIAMRERR R

(5.1

t,
J"=L 1-dt=t, . (5.5)

B U (1) 8 7 10 BUR/IMES
A0 T R A
HX,P,U)=1+P7-f(X,U)
= fo(x;) *Kr+[2bps+ (26— c-cosz,) p JU
+ (FREHEUBTD (5.6)

Hep, P() HERES, WEEHSE



2% B OB OB B Ok % 2 #

P(t)=- gg | .7)
- HRKERER
Ur(1)=~-Uy+Spa{Kr fo(xy) +[2b6p3+ (2b- c+cosx,) py]) (5.8)

BN L8 M & bang-bang #4l,

Xt T bang-bang EHEXEE—FEHEEK, MRBNMEEHEOWEEURETX
HE, BARMWRAERBET . FEHR, XEHARAME. HX(5.6),(5.7),(5.8)
LB, ERE U(ONBRRREFEEEEY, RILPRRTERN. HXE, Yn>3
W, BEREFREHELER R M. Bk, RARBRETREHR, £RHY
U*(t) RS aiE, REHZRBEBIE, BEGH-ATLULRE L 6 & 250
T ’

“

vy )

art,
2,5 r— - —
AT 0.31 0.64
0 I {(sec,)
-2.5 4T,
9

H oA LEAEE U (), Hb 4T, h “SHE" , FhiER, WEEL
RECBEAERFE, BB EEtl. dETH, REMKF L 5 T U#EZE#H A
down-upfaEX K.

10, E114H T Rt E I B r&EfmRiths, M2 L2tnEr

HE & Rl m P 128 R o




X v B m &k F E®#

27

49,
35.6° M
0
1.25sec
-
|
- 59*
- 49, r
—"]




28 B B A B X % ¥ #

D/A

[ mrar, ]

\ Amp
i=i+1
XfE

[ apmeas, |

Y
|46, | <er)
N

Y
ar :@_J E}i‘:‘ﬂ)down—lmﬁtEES.’B‘JF_’HF

N

M 12

VAREE - A S

ASCE X EE IR BHRGE XAEOWE, 0 TR NRE R R
#EEH. EEUS, ZRETLUEA-NTEAAARBEHEE MR FREANEEXR
RE,

2 % X M

[11 S. Mori, H, Nishihara and K,Furuta, Coutrol of Unstable Mechanical System

Control of Pendulum, Iat. J. Control, 1878, Vol,23,No.5, P.673~692,

{21 K.Furuta, T, Okutani and H. Sone, Computer Control of a Double Inverted
Pendulum, Comput, & Elect, Enkog. , 1978,Vol, 6, P,67~84,

{31 M. Mansour and W. Schaufelberger, Digital Computer Control Experiments in
the Control Group ot ETH-ZUERKH, IFAC 19814 k4 <H3EM 5 (2K .




= % 8 2 MmN FEM 29

(4] K Furuta,T Chikado and H.Kajiwara, Computer Aided Design and Computer

Control Using Minicomputer, JFAC Computer Aided Design, 1982, P, 425~429,
£5]1 G. F. Franklin and J, D, Powell, Digital Control of Dynamic Systems, 1980,
el &K, RBHHHRBERE, RHABE=TRESRA UGS <REMm> , 1983,

Digital Control of Joint
Inverted Pendulum

Chen Yong
Abstract

The investigation about the problem of the control of the inverted pendulum.
was seriously made by the experts in automatic control early. The structure of
cart-pendulum is mostly adopted nowadays. The author has studied some
problems of digital control of joint inverted pendulum, another structure of
the inverted pendulum, and implemented the computer stable control of joint
inverted pendulum in two typical states and the comp;lter ccntrol of Swinging

~up, The experimental results are presented,



