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Abstracts Conventional linear control fails to provide precise positioning of a control object under the
influence of friction, deadzone, saturation, etc. This paper proposes a high-precision control scheme
for a precise point-to-point positioning system, called an X-Y table, even under the same influences
above. The proposed scheme is composed of a fuzzy precompensator and a PD controller. The fuzzy
precompensator is employed to improve the performance of the PD controller. Its fuzzy rules are
obtained from experimental evolutionary programming (EP), not from an expert. The effectiveness
of the scheme is demonstrated by experiments on the X-Y table, with a positioning error of within 1

pm.
I 42
X-Y Hol 22 A%, 2dnAl, SMD u2e 5o Ad7A g AHEH 2 . e X-Y HolEe 93

&8 A
Aolo] BF W& A7) oi gttt YA o g X-Y Ho|BL W2 oo A A2doz FE + UV HE
o 71&=¢] PID (w)3]-3A£-nl &) Aol 71 g T2 APA o7 ftog HFF 5& #:E A A7} 7MsdigL
de A Ut X-Y golEe Aoy Apke T AL A we ggsiA FA A AT e X-Y HeolEo I
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Hojlth A BV YH S A} e(k)oh 229) WA F Ae(k) o] L £ 2 n(k) olt.

39 1A A9 A = A o] EE (mode)E FAHAPD Aoj7] REA A “o]F 727 Aol7] RER A}
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f 3] AFEFH AT A ANRERZA Ao iAol uld FH A A He £ 7R PD Ao 7]t 2F
Bch wreF AojhAde] A fxo] G I A FXEHE AHA(SW)7 g8 FAA HA AT
g SAF R, o) HA AGEAI e 2] vi2 PD Aorle) Yoz st
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AN, B A LA EAAY & UAESF 4A =Hdo

AFEEE “]3 7279 A A& ol FE B AT WAV thsted AYIEF Brf. 2 =EAA AL
HEgz) Aol JAL ARAA HA =go] 71HE T Ut F U AT AFo] oY EXE FIEY (1S
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n(k) = n(k — 1) + Fle(k), Ae(k)]

A7 A Fle(k), Ae(k)] HA E2o] 78g £ w48 Fsolch

B Fle(k), Ae(k)]) 7RE WA =)o) 71 %g T2 UL, HA B} WA FE, A2 3} 32A L FHRG.
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AN A e(k)sh Ae(k)s BA Yo} Ao AF2 AVYA B, B =RAE thi 57 Aol A9 oo
Gt AYE 44E ALk

L ={NB,NS, ZO, PS, PB}
M ={Mnp, Mns,Mz0, Mps, Mpg}.

o) AR B AFSodM 77 [0,1]2 A8EE dF9 Yold. AYE ¥+ convex driE 2o
NG ol FegE AHEE  don, 22 £ Y, 44Y ¥, Al E ¥50 A A M AlAre
ZrA 2 918 H48 P9 AL F-E ALEEHAY. F AFE T 19 29 o 7 Yoj o) olm =
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ol 2 7}A) g 0 2 positive (P £ A&t}

Zt Aol 1 € Lo A #AAA JUYE o Mo 3t 4 e(k)F Ae(k)2 &% ol n. ()3}
na.(1) 3 Fo] A2 439 + Uk

ne(l) = Mi(Cee(k))
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olwf C.8t Cact Ml &0l T} o8 & WEE, n.(l), nac(l), | € L, & ol =8 WA =2 B2 B34 AH£H
HA) =8 B9 FFNA HA FAE) Y% R = {Ri,Ra,... ,Ras)o] AT E 1& HA AG 9Aby)
AN AEHE FHEE HAFT U AL A0l 71 & “height defuzzification” & AH487) ol Zof 2t 73]
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Toizy mipi(e(k); Ae(k))
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[e(k), Ae(k)] = CF T2 pile(k), Ae(k))

o714 Cp & v &olth
YAHE AFHEC] ALRAY = & AT L& AE $R A0 o sho] 7o Aok
(k) = n(k — 1) + Fle(k), Ae(k)]

AR “o]F FZ” Aol TR F& 7|E PD Aojrle] ¥4 & wEcE FA Ao R=oMel PD
Aol 719} AL AMoj71e FAA Fol Ao PD Aoj7| o] Aol= AU Aoj7le E¥ia FoHE Yoz
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HHR:

v(k) = Kpe'(k) + KpAe'(k).
3" 14 A 5 C= e'(k)s} Ae'(k)e] B2 BWEE €A A7 & Yl & Aot &, o] A v(k) =
Cle'(k), Ae’(k)]e] c}.
o} 37 Mozl AMAY FHHAE T dE A
e(k) = ym(k) — y(k)
Ae(k) =e(k) —e(k — 1)
n(k) = Fle(k), Ae(k)] + n(k — 1)
Ym (k) = ym (k) + n(k)
e'(k) = ym(k) - y(k)
Ae'(k) =e€'(k) —€'(k = 1)
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y(k) = P(z)[u(k)]
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NB | NS [ ZO | PS | PB
NB [-1.0 | -1.0 | 0.5 | -0.5 | 0.0
NS [-10 | 0.5 ] 0.5 | 0.0 | 0.5
Ae(k) [ ZE | 0.5 | 05 | 0.0 | 05 | 0.5
PS [-05] 00| 05 | 05 ]1.0
PB | 0.0 | 05 | 0.5 | 1.0 | 1.0
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Fog A9ste] X HF 9 AAE Foprts ot [9]. A7IA st ﬂHI HE = t&3 Zo] 2570 9
HA FPE2 +EH U

ﬁl‘ = [I"lly )I‘;S]T
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AN T2 FEE VMR = YT E 27 AAEA BTG, 2y & =FNA AHRts A8 3F A3
Z2aR P AA ALRANA T o dolo FAE AEY PS¢ AA A Ao EFHY &
Reu, Yo AL HAHE & F Ut TP ER £ =FAA AARHE 27AAE HA Ao 7oA
de] AR E oA L MM AL AFEE B3 FY 2 FAH Uk 28 £ =EA Ag3e
z7) FHEE Y4B I A Ag BEUAA 4, Vie {1,---,20}9] 271 gL 258 278 = 3
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o(m') = \/Ee(fﬁ-‘,k)? +Ces(1)? (1)
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el &= Fe] oz, 1S niel A3 S8 o). x3 ¥ gte] v &olc}.
@ B 7 A5 E7) AIZM olFo] AJAR QXA th& 3 o] o] H):

e(A', k) = ym(k) — y(', k)
AN ym(k)E 715 QO IL, y(' k)& ' E HA A BAA79) FH02 ALY A4 A2 29
olt}, es()= 1R A A _?_i}EH es(1) —yf(l)—y(ﬁ’z',k)i R} o of y, (1) 1AA BEFo|r)
()& BAAE LA E N8 =U= e, (¥ 40008 AHE31 )
(R R) AL AA (RY,6) § T g AW ANAE o) g5t & BE MM (', F)2HE
Adsid o

o] u:ﬂ k
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Az
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=
x

rireie
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m'(§) =m'(5) + 7:(4) - N,(0, 1)
F' () =di(j) - 7 NOD+TN;(0.1)
Vi € {1,---,25}, 71 A @'(5)9 @Y (5), Gi(5), 6V ()E A A w6, io) s g Uehdn &,
m'(j) HA FA9 piE e N(O, 1)‘ Ffo] 003, BFE BAV} 19 U A1 71941 ¢ (Gauss1an)
A Fol k. Nj(o, 1) Z A jAA Y %’@'ggﬂaﬂ}t}kﬂiﬂ dolA = WY@ veid. r, 7=
5 ITYLE el = gtoez M I (\/Tﬁ) 9} (\/@ 2 B s At (10]. Hol7 7} FF T %91011*1
T Arstoiof a7 Foll th& o] AT o] A& AMNE YFeE 20 TFHAY
-2<m'(j) <0 forj€({1,23,4,6,78,11,12, 16},
0<m'(j) <2 for j € {10, 14,15, 18, 19, 20, 22, 23, 24, 25}
—2<m'(j) <2 forj€{5917,21}
m'(j)=0 for y =13.
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34 4(a)E PD M7 & A28l & o] 48 FE BHA THNMN g9 Aol ol ff, EEY A=
100,000umo] 32, A ¥ A4 18ume] FAFE 227 G 8t o= PD Aol 7jwto @ = nlgo] glE= A A9
AU AT E7bs e 2§ Yo Eoh(11]. dirF oz AjAg el FAAAY QXN E A A S 9 sty AT
Xate Ao 71 E AT gEtA ) PD Ao ol FAAE QAHE A A&7 9] 3 HE Y] s A PID A o
718 783 4EE FEEHAL. o] o) AHr} 19 4(b)ol EAH U} 2} o] Hol & HE L FEA o]
FA%R, NAPo] AAG w7 dE s Ao A Y£L ¢ 5 UG-

A D Aoj7lo] APE st AA HA AGRA79) FAL Fojof gu}. o oA Y8 ule} go] &
=ERME AEY VE T2 oY G ol &5ty WA FA L HAAAAUY B FAL AYAH N3 Loy
Fog A7 371931 o] FH I AY o] F R doHE NN IL NS E WAL 2 A A= o) ExA} 1
cmol A E &3t 10 cm7tRA] FELFR F 4] 20 cm7A) FELEL FEE A, =, o] AYS Evaluation
DA N M E yr(l) = 10cm, lem, 20cm, lem, 1 = 1,2,3,48 A8 %t o7 A F2stajol & #.& 3 2
W Pol HFE AlEH ol do] obd AA A2 & Al o] 8¢} Evaluation H A thE 3ol th. X-Yo] o] S HE Zo] R
NEFAE e RPN E5te] 0.15% ol 13 2xglo]l FA s P} AN FE NS A 257}
0.25m/se] &L 7HEETL 1.7m/s?Q) 221 FMo|ch. BA AT BAY 9] &L e o] AYE gk

Ce=0.1 Cae =0.1 and Cr = 9.
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NB NS Z0 PS PB

NB | -1.503 | -1.419 | -0.147 | -0.896 | 0.045
NS | -0.403 | -0.218 | -0.577 | -0.013 [ 0.643
Ae(k) | ZE | -0.187 | -0.359 | 0.000 | 0.755 [ 0.492
PS [ -0.583 | 0.075 | 0.618 | 0.197 | 0.347
PB | -0.128 | 0.658 | 0.371 1.097 | 1.483
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£ U YWY 8 2ol 5] HAR gk AW A7 A HAE (1um) olhe] 913
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