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ABSTRACT

In this paper, the yo-yo control system is introduced as a new benchmark system for evaluation of intel-
ligent controllers. In order to control an yo-yo, an asymmetric nonlinear controller is needed due to the
unique nonlinear asymmetric dynamic characteristics of the system. As such, it is difficult to control an
yo-yo either by a linear controller or by a bang-bang controller. In the paper, we have implemented a
yo-yo control system with a general-purpose fuzzy controller. In the fuzzy control, 14 if-then rules are
used, being extracted from human expertise and, for real-time control, a fuzzy inference hardware(called
FLEXi) is used.
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Fig. 1. Parameters in the yo-yo system.
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Table 1. Parameters used in the simulation

H 1.0m g 9.8 Kg - mfsec
d 0.001 m K 0.001 N - m/sec
M 0.1 Kg 1 0.0000625 Kg - m?
a 0.005 m b 0.025m

the height of the disk [m]

time [sec]
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Fig. 2. Simulation results of the yo-yo model.

26



HA £ & o] &8 28 A

I MH AlLH 7o

28 5L AT AA Ao Axd(4]e 2 37 o] FAHUTE o] AL A 28 VR, AM R T
2 A H o], HR Aoy, AR Y HZES R e F o

28 7l7RdE 28 99, T4 &, 2 Fol iBEth £ 20 & 497 2EF FolE %=
Aolt, 2Ate] thg Eel7} sy Aded ol 88 F9 E5ge] RH E8 Ho2 WA Ao Al Lwd 9%
& FE AL WA 37 gl B FEE B Eeol 29 £& AU FE AYLE FHN 28 FSH
3 etz gFole At dele e FHYE & 5 Uk

Alge &3 Foz 289 $HYL A BASAT NAH a8 A2 glo] 229 £FE A 3
' AL 28 44 gk 4779 Ao g9 Mgl 428 FAGE AL obF AdEtd B AAYE
gt o] A Zof Boly|% shd "k 13U 88t TN 28 AWl ARFA 307 HES] AHA
og od AX g Boli Fo] P, B Ao E shte] 253 ARV E o] &5t 28 @ AHLR ¥
Blel ¥olE FAIEE ek ol @A RE Y HHFe B e AT AEE o] 83t Alojrld Had
A e ZANEE sttt FH, 27 #AVIE 2Y 37 2ol 2& FS 22 AW A7V wE AR
9= stejolut HAE ARAE T £ AUk WM E I E 28 999 £EHA £FE oA T
QHyl Z¢ Axste] g 22] Pl o] F& wetA FAHL FL IEF At EF 27 8.8 WA
HhALE & WA o] 23 WAL E AR AR Yol $Fi F2 Bg 20 AR o Fel £ & te] WAz} o]
=& 3.

fuzzy eng. station

-

yoyo disk

=

ultrasonic sensor

T8 3 WA A A A
Fig. 3. Overall system configuration,

27



2 A 258 3] =F A 1994 Vol4, No.3.

H2) Ao}7] BRI HA 28 Yo} A Hel§ 8] FLEXi[5] 72& zte st=do] 3] Z2AM
£ ol g&dch 3h}e] IF R g3 shte] THEN REZ o] Fo|7 o] A2 I X2 A Fof & st=dlo2
2720000 M1 2L AN & A A5 23 Arh HA FEAA o]9]9] mE HA] A oy7] F2-2 68030
tjola g T2 MME 2NoR st A2 XE FFEH/ RS Suth

dutH oz HAAO7|& REE HAH o gojA HA] FHoIU 2% F4E EANAY o]F RAHY T2 4
A 9] st=gojo] theE=sled 4P - AE AZEH o] Fo] By ok st HA FH oy 24 P
£ Qs o] AR FI trial-and-error ¥ 22 F27F A F9r 7] dEolt) ol e
2 Abg ke deidd A FHI £&5FFE AT TP ste WARE AP L Eop . EF
HAA 718 AAsn FHAI e Aol 255 22 AL AYste o] FAH T2 HedEE o] 88 7
% Budo] @v] nf 2ol ref o] F vle A} F|RER aRHE AAFTHH 11 HA o Wl wal XA =HE Ao
o}

B g8 Aoj71E AsiME Sun YA 2H|HAN FAFE HA AAY Y AHHLR o]F B &
Eg o]zt /HEE At ole HA FHo £&F5E 2 Y LA AHA |2 Hd ez AAFE Aol e
2 2801 23 ZPES ndo] UL A +XHA 2dR g T3l Alol7] A4S vy B BE AR A
58 AZEYojolrh olEl§ YL T WER AA FA & 24P+ HAA V|2 dR2ES 0 dA9
89 SWEL 7 AE S 53 IF AAA77F =AU

N. HX| =2| Hoj7]2f dA % A& 2t

g9 go] 2§ EAo] HldFHolm v AU Al LHE Aoldtele 71£29 Aojo]8-& BT Ao)7]
Ze A Brbestth 28u AL g ALdd U 2dg St g dFeZ A= AL € F
Atk o3t 17k Alo] FA-L o J & EFstE AojH Mot if-then Ao H3o2 FHEY + Utk &
g o]¢} 22 if-then & AojH HMFE Tt= Aol A A =g Alo71o MEez 1d3] 7148 &
FATgE Ae F g Mol waA £ AN e 53 28 ALY RdY S FIA g A A
712 FE 9 fHoAM HA A o7& TS 88 A LHE Aojdte WS HErh

HAAel79 d¥ozE E40(len)d} 1 HAE(dlen)o], EHo2= 2HY EArl AASUT A2
o8 7|22 209 48 FFE ASE F e 1D L5, E T AEVIE FH F &3 A 2
2y o g olg 22 9-£28E Ze AXAEe RSN AAE 44 RIAATh Akt Fo
A& ZL oldfiZe 2 HAY olFHo 8.8 Yol 237 AA719 A HAE Wolut A 235 279 ¥
d3= Aol A71A HA7) dE ol

24 29 e 1A I Y
Table 2. Universe of discourses of Input/Output vari-

ables
Variable| 1/0 Min. Max. |Num. of Label
len input 0 80 cm 4
dlen | input | —70 cm/sec | 70 cm/sec 3
center | input —30cm 30 cm 3
power |output | —7.3 Volts | 5.3 Volts 5

mebd 2 Aol Me &2l 99 aa Awe) TP Fo(center) & ETHE Ao}7] YH o2 AT
olg oW goz fAAIIESSE FHE 27hetAch A2 Alge] 228 T HE osh e FAL &1 A
22 BAY 5 A BT 2 A7 AL HA el Aoi7)Y ZHE center & YT Y22 AAHE
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Table 3. The Rules of the fuzzy yo-yo controller

Rule len dlen center power
1 SH NS Z0
2 SH Z0O Z0
3 SH PS Z0
4 MD NS PB
5 MD Z0 Z0
6 MD PS Z0
7 LG NS PS
8 VL NS Z0
9 LG Z0 Z0
10 LG PS NB
11 VL PS NS
12 NS NB
13 Z0 Z0 Z0
14 PS PS
oH ¥o 2-] w NS 20 Pe
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Fig. 4. Membership functions of each 1/O variables,
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Fig. 5. The input and output relation when dlen = 30cm/sec.
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