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Position-type and Velocity-type Control Rule
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ABSTRACT

A class of fuzzy controller based on the variable structure system(VSS) technique in which different
structures of controllers are fuzzily switched according to the switching rules is proposed. The structure
of proposed controllers was motivated by the characteristics of position type fuzzy controller and velocity
type fuzzy controller; the former generally gives good performance in transient period and the latter are
capable of reducing steady state error of response. To show the usefulness of the proposed controller, it is
applied to several systems that is difficult to stabilize or difficult to get satisfactory responses by conven-
tional fuzzy controllers,
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If error is ZERO and change of error is ZERO! then a velocity-type
Suzzy controller is applied, otherwise a position-type fuzzy controller is.
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Fig.1 Overall block diagram of proposed controller.
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Fig.2 Fuzzy sets used in simulation (position-type)

Table 1. Rule table for calculating of #pp.

;| NB|NM| NS | ZE | PS | PM | PB

NB | NB | NB | NB | NB [NM | NS | ZE
NM | NB [NM [NM [NM | NS | ZE | PS
NS [NB[NM | NS [ NS | ZE | PS | PM
ZE [NM [NM [ NS [ ZE | PS | PM | PM
PS NS [NS [ ZE | PS | PS |[PM | PB
PM|NS | ZE | PS |PM | PM | PM | PB
PB | Z2E | PS |PM | PB | PB | PB | PB

Roz HHE 5 Yrh[12]

2.2 =8 HX|H 0{2|(velocity-type fuzzy controlier)
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Table 2. Rule table for calculating of Aup

Fig.3 Fuzzy sets used in simulation (velocity type)
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wr = min(uy,(e), pple)) (2-5b)
pc;(upr) = min(wn, e, (upr)), Aupre = COG(Cy) (2-5¢)
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£59 HAAl7lE $A AFE vish gol 1 P2yl EHO2 PIY HAA o712 B2l o) 2 PIA)
o717 AR Qe A AT 2 + Atk F, B4 LAE Folt FHS FYSAD ALY 4% A
ok oM % E AMSI) 23 o) ALY (BRAHOZ BHE 2 A2 Aol B S ojel e Wt B
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2.3 HX| 293 7|7(fuzzy switching mechanism)
Aol717t Halel A7 2 9w £58 HAAoV2 AESEE 51 HA e Hapt 4% e
xR AFIHEE 3lu X PoAM SOz 2HL oldfio} T2 HA YA FE 2 dhc},

If error is ZERO® and change of error is ZEROY then a velocity-type
Suzzy controller is applied, otherwise a position-type fuzzy controller is,

el 2914 7Aoo JeEldE ZERO® S ZEROX S Hul4d #4488 29 47 o] Fostd HA 29F HHL
9 59 APRERe g gAET 18 404 ZERO™S ZEROYS W4 §9] supporte X & HA A ofof
A #ixp9) g slel “ZERO” AW 4 #429] support$} @},

(a) ZEROZ &) AW 4 &4

(b) ZERO* & Wl 4] ¥
Fig.4 Membership function of ZERO?* and ZERO?".
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Fig.5 Fuzzy switching planes,

Folz (g, é)°l 3l a8 ol o) oz sy,
a= pzgroyr (e} A pzeror(é) (2-6)

Aol 94 uE T (27)4 3 2ol BYAT uw H(23) 02, upe A(25) 0.2, 2T ok 4(26) 02
¥ 4 Qe

u= (1_11') uPD+ allpr
Upr— U -+ Au (2'7)

29 590 M, lel>ef| & |e]|> e NHS0lE a=00]2 olHollE $1X8 HA Ao} gugZo] H&d
ch Haprl 2 A$ AN Alo] 9l Hael B E 333ty Ao YHL AR e AP Ao dnAE
o2 olsld & UV WEe] A7} & Ao Alte] Ao e §AF FAE e Aol

lel>le®|o1R [e]> et | Aol a=1012 58 HX] Ao dnelFo] H LAt AR} 2 49 A
#eo] Ao Y= Halet UAESLE 12 sle] AojFo FES A se £58 Ao YT FLE o)FHE +
RX7] & Aol HaPAsL 22 A9 AFg Y Ao} B9 FAMSE 0<a<19) ASE HA 20 Qo
Z Aol A (2-7) 3 o] uppS upr ¥ linear weighting© 2 AR 3t} a2 2 Algte] APl 2 A= 9
Y Aolg stal A/t AL A= £58 Ao E sty Ao|m mgh Algel 2904 98 HA 29Noz v
d3le Aoz ols)d 4 AUt
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Ak A7) A E AbE Aojrle d AL A3 2 Ao el 3 FLAE F3 I} AR AFE AHE@Th 2
2 A g ol el AHE HA 294 FH L Wy T 2ol Atk #2 A ()9 AFs e S
(bc), 281 BA 2939 BEE A-¢(de)Z B3 o2& 19 69 Yepfi At

Switching rules
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Fig.6 An example of fuzzy swithing rules.

714 let 1t 1e1°] 7 0.101 3 |es |} 1es”| & 0.3°]Th,

3.0 18 HIS2| 2x} Al2H
A tE A7 & ol2l 9] (3-1)4 oz Ne=HE A2l H gt Bl

_ 1
Gl(S)— s(s+1)

(3-1)
o714 s¥ Laplacerd @ H=o]r}

ol A& 2:®l(step) o) chal] B el e] expr) glvkn LelA 12on s-domaing] Y FAE 7FA
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Fig.7 Response of (3-1) with proposed controller.
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Fig.8 Response of (3-1) with proposed controller. (take a load)
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Fig.10 Response of (3-2) with proposed controller, (take a load)
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(1+5)(1+0.25)(140.05s) (14 0.01s)
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o] AlAElE Ajoj7|ol HE VG| T YA oA 28 Yo ] A4 L3 HolnE £5F
A o718] 750l BeHEE dtod BAGE LAHE (W £ ALZ A do] 24 FHOZ (Sei, Sai, Swi) =
(1, 1, 10) %} (Sea, Saa, Sua) =(1, 0.05, 5) ¢l 2ALH AFE AA A AL T8 Ao, Ztzte] 293
TFHoZ AZgo|r 43} A|&do] F & AAE 2 99 YUt £58 HAA Y 750 AE+E
U AP THES AN 2571 Aok & HA8 HAA 7 A gg 4 el WA FgdE 3
@ 540 HEF 39 o] ¥, £58 HAA /7 ARAH $BE FAGEE S} 219 102 62 F yr=—0.
3% 99 132 % ur = —0.5¢) Aol &l detes] 2913 pHo=2 L AAg A Rt WEd HAFS

2 % 9.
Ng 8

AR HAAAN7I £E8 HAA 717} 2T A AL FA ol 831 Alo}7] e Yo (structure) &
gehol whet who] Fi SMATEY HAAIIE ALRLH ANFNN SEH HAA 2 290 B
FHE ARA Foh=rto] GE A 29e) Yol oA e o) hal AT WE F5 AT FHY MR
& A2 9K WA 71} AR 248 Bk SHo| Hold 58 HAAIZ FANT 2903
FHo] s} HTeF S AL AW WAA 712, BAYN 7 B4 AN SEH HAH o}~
2 0N HES Aol7]e) T2E Fo2M Ao A5S AVAY + UES Aoj7|& PAAY. I= L9 A)
o] FH& FIFOZ Ao} 4% N4E VIS HH AE & + AR

If error is ZEROY and change of error is ZERO™ then a velocity-type
Sfuzzy controller is applied, otherwise a position-type fuzzy controller is.

A FPATEY HAA 7= 23 ol el A AR T A2 AAF B HFE 23E 2T Ae ARY Ao
Hdel H e A, Y B Ao} AT AFE L& F UAUh 2 systemedl] tha) FU A A A 073
o ¥A AeES 2D SEF T GAE HAA A A Ao FIAR Ao A 2F L FozM )
A A3 vy AU AT Aoyt B Aol £ AA Al 2W(2EF)d HEsdx 2 f84e 1
Ehelet Azt E e ALAQ A7rt esitka AlREh
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