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A Study on the Stabilization Control of an Inverted

This paper

presents

Triangle
Y. S. Oh
Abstract
a method for designing a control svs

tem to stand

upright inverted-triangle. A linearized model 1s obtained form the nonlinear

system by Taylor series expansion and a state controller 1s designed based on

the model.

After implementing the control svstem which 18 combined control

law and estimator with reference input, experiments are carried out to stand

upright mverted triangle at any angluar posttion.
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Fig. 1 Schematic diagram of inverted triangle
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Fig. 6 Time history of j\t(k—%> 1) [Fig. 7 Tracking control system



400 BB RPBRE e $208

32 Mol My
AH16)ANA Ao F &
u(k) = — Kx(k) (26)
2 59 4(16)e
x(k+1) = Ox(k)— I'Kx(k) 7

ol i o]o] EA WA
detf(zI— @+ I'K) =) (28)
o] It} H(28)9 K& Al2€ EXulg e o FolAH olaugte] FAL o)L
st 74 Qo B A7 Alrdw =
= 8%]
K=1[168.4937 57.6361 1.1812 0.0779] (29)
7F "o

3.3 Reference Y= 2 7Ixl= Hoj7] M
el 78 L, KE ol &3td ZA4H2A7] 72gade TFR) & Alo] A
Z=9S AR 71E9He] Y& A2Le Fig. 73 o] Aojrle dHe Al 2
9 S8 V1EdY exeln B4 onz @3N wh) = —Ku(hE
EREA
(k) = [0—TK— LcHO+ LCHTKIZA+1) +  Lely(B)— ref] (30)
o] gt}
Aih A 2ee) 7t ASE YYstu
[0— I'K— L. Ho+ L: HTK] =
0.0024  0.0002  0.0000  0.0000
—8.6502 —0.0283 —0.0064 0.0005

—5.6981 —20.7641 —0.0283 0.0074
—35.9498 —318.5511 —15.3255 —0.5960

o e},

(31)



Qurtgs) hgE Aolel B & 401

34 HW 2A

()MOTOR &+

DC ®Ele] FEEE Fig 8% gol FAEel Atk BEe 7FE HEHAY
o] mefolusl vholam A <l W8OCIBKCE Agatalrh. 8ICI96KC= A H
o] PWMate w9 Aol gi¥or Atk AR XASVHE Mgt
0Bitz A/D¥#Hatal otk A/DAE0C 2HE AojFel s HEmstel
Aol /)i wEe) wol e W gte] FEFSLE PWME st DCREAC
7N& A et

1:-

R

(@) BA A2 74
A Ao} Alsglel e Fig 99 2t Aol DCRE Al /IS B3 %

I CREERR TP E A R E

1
(8=
joi [e IS

% AD CONVERT |
S

2—’8&71 h Q\

5 :?4“1} w1 [ OC |
- =l oFRUE | MOTOR *
| CONTROLLER | : |

e A | =] wenrace — -

‘ ‘ O o

‘ T MOTOR

| T ™

| | L %

l L W coeRr \
Fig. 8 DC motor driving part Fig. 9Configuration of control system

4. A EHolA

ol )\L 7

~“r-’
o
i \0

garziel o ghwle]  delzh d8emeolir AlefFe] W9l ghlis
95 6emol i Ao} o s 640ge sl crzE el EvE AAE Al
of etiiir i/ s wo) b gt wslulel A Aol dl e At Fig. 10+

2Tl 055 1 eol A w omR Agle Wi Aldelejdd slew Fig 10



402 WEIBEAR KB Sk $2088

Fig. 1% 27) 0Eo4 7|2092te 0552 s19eue) A Baoldoz welz
B AolFe AX WAL e,

System x1.x3

005

Reference U2 @ IR AIAH 9| x1(k),x3(k)

...................................................

.............................................

P—x— (x3=xL/10 001 ¢----{-- % . R AE ISRttt IR

B S N i’

B B R LT LT LT T T SUR

-004

Time(sec) Time(sec)

Fig. 10 Responses of ) (k) and x3 (&) Fig.11 Responses of ; (k) and x; (&)
when initial condition is 0.5 degree when reference is 0.5 degree

5. Al&Rle % A9

Fig. 122 4 A&"dA 27928 0082 ata o] 7aigde me w4
¥el™ Fig. 135 E8ZE 0504 0552, 0554 0252 #Hasde j 2]
Zti 99} DCEH Q7bsle A4S 28 Holw). Fig. 12, 1391419} o) 2| ol

AHE A$Y BEANE MBS AE DESA 2Fs0} AoHn Yo o
+ gt

B8

PR W T T S Y T
01 2 3 4 5 6 7 8 9 10 11 sec

Fig. 14 Responses to a disturbance Fig. 15 Responses to reference
changes



olabrieiol by gl alofel| vk ¢l 403

R R F DR I LR NP E R E R R
SOl ol el sl Ao} ARl AAsta g alate] Al e o] 41

Sul el Wolel fubel Aol 5 9l Hlagiul wolF vy &l

Aol elabvbel cooel Aol olal apuisier sbwiatel dhel guiuel e
Pz oglRlent. #lyle] QIhE A9 sk A7 Wa A A goln 7lska)
A AelEl e shel 9 elgivh

Moglpel Al gl Aol Abg e} ddsd ot 9 Aol d it g
SRR R EERRE AU e U s YRR E B B S B KA

\=]
S

b

1) Gene IPlrankhn and J.David Powell, “Digital Cuntrol of Dynamic Svstems,”
Adison Wesleyv 1990,

2) Chi-Tsong Chen, “Linear >ystern Theory and Design,” Holt, Rinehart and
Winston, 1984

3) Benjamin C. Kuo, "Automatic Control Svstems,” Prentice Hall, 1996,

2 Katsuhiko Ogata, "Modern Control Engineering,” Prentice [all, 1990.

5y Wilham .. Brogan. "Modern Control Theory,” Prentice Iall, 1991,

) Katsuhiko Ogata, “Disrete Time Control Svstems,” Prentice Hall, 1991,

7) Bahram, Shahian and Michael, “"Control SvstemDesign Using MATLAB.”
Prentice THall, 1993,

8) Ohmut, "i8096 AL zrefrd” Ohm, 1993

D) Rk Ty Ao vt g ekd 1996,

1OV il st " (TR T el g AR, 1994,

11 ntel, “Microcontroller Handbook,” Intel, 1991,

12) #hdig:, "TURBO C =2l 217 o g kAL, 1996.



€.\Collection | ____



