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Research on Ultra Precision Positioning Control System
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Abstract A double grating displacement measurement system with the resolution of nanometer order is analyzed
theoretically. A mathematic model of the double grating displacement measurement is established. An ultra-precision
positioning set based on laser Moiré signals is designed, which achieves high-accuracy position detection and full
automatic precision plane alignment. In view of the existing non-linearity and the difficulty in establishing precision
controlled model, fuzzy control method is used in the precision positioning control. The bach propagation(BP) neural
network is used to set up a fuzzy neural network controller (FNNC) model. Driving signal is obtained by mapping
Moiré signals’ intensities and their intensity rates. The improved fuzzy control system can obtain corresponding
operation knowledge according to working environment. The experimental result shows that FNNC can perform
excellent control effect such as good stability and strong robustness, and that the positioning speed and positioning
accuracy can be effectively improved. The device based on fuzzy neural network can achieve positioning accuracy of
+0.4 pm.
Key words ultra-precision position; diffraction gratings; fuzzy neural network; intelligent control
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3 MM AR ) JE bR B (RBE) #i 28 () 45

Fas il

5 R A 9 1 ) R e B B B A
2 L AR ST T 4 1 FROR B R B el A 22
S ) PR AE 2% AR GEME AR R A T . T AR
2 100 245 47 1) R A AR 1 Al 4R T RE T3 AN R
TR RBCA AR AR 53X LR R T RO o 22 )
205 PRG0S I o 42 5 4 1) i A1 U R B
R A 22 e MG i 22 48 16 3R de » i th 1 o 2P R
HLBK th 8 v ok vh Btk s 5 0 B IO RS B . RS 8
(A7 A 1 228 0 2% 2 1l 2R G AE L AN I&T 3 B
3.1 A=

BRI 2R GE 00 I 2 o0 i 22 AR oy B L AL
ik b & v Jal o S DL TR SRR T4

x; = {NB,NM,NS,NZ,PZ,PS,PM,PB}

x, = {NB,NM,NS.Z,PS,PM,PB}

v = {NB,NM,NS,Z,PS,PM,PB}
Horpr NB 9 6k NM Oy i, NS g 6/, NZ g 1



254 H | # it 37 %
. . 5 AN Pooe 5 3oy T s 25 A
-5 1
; el s e BA LB 5, = . TR
SRR NN WA
[
L Pu =, yi=Pu (=12, (&
| grating measurement i E I%I@Z 2.
_ 2
3R BT 22 24 P =— ST p(PL) . (D)
Fig. 3 Fuzzy neural network model of precision alignment Ohj
XY hr=10,=1,2,-,8;

E,PZHIEE.Z HE,PS HIE/N.PM K IFh,PB
RIER S HAR o Ay 8.7, T AN EER LB
X, ={(—3,—2,—1,—0,4+0,+1,+2,4+3}
X, ={(—3,—2,—1,0,+1,+2,+3}
Y={(-3,—2,—1,0,+1,+2,+3}
RE P 0 R T DA 3R B 56 A4 if—then
T 2 FL I 4 45 4 85 2 or 45 i 2 3 P B B 6 1
JIT 73S VA ASERY) 425 T R 0] ¢
F 1 ORI 2k
Table 1 Regulation of fuzzy control

oe NB NM NS Z PS PM PB
e u

NB PB PB PM PM PS 0 0

NM PB PB PM PM PS 0 NS
NS PM PM PS PS 0 NS NS
NZ PM PS PS 0 NS NS NM
PS PS PS 0 NS NS NM NM
PM PS 0 NS NM NM NB NB
PB 0 0 NS NM NM NB NB

FEER 4 1) SR ek BRI AT Bl o0 B4 e 307 e BOR
W XL AL F0, s AT Y SR e
B R AREREE b DMEMIES R IRESE L MAE R,
WS L AL

R, :if xy = A} and x, = A} then y = 0,,
X L S R i AR D A BRI R 5

RO BLR ] Sum-product J7 35 SRR 1L
R U IASF 243 )

Yy = Eazaza €]

a — Ajl (Il)Aé(Iz)v (5)
A o S5 L AROR L O BE Al S 4
) KL AT 5K

3.2 REHATREE M4 B

AR (4D o (5) U 3 RO ASERA 1t 28 I 4 ] 4 e
Mo TEMZEER R, 2D REAE. 2 N2
(2) 3R BRI EUZ 15 A7 5 )2 (3D LI Z L 56 4>
T IR R 56 Z BRI 5 1 2% v A S 80E
My 501 s Mok 09 A0, T BN GRTAEE I s B n A

%,l h=2 ETJ"] =1,2,-.,7,
my; Floy 5352 h DM AS B ) B
AR 110 5 SR S R ST Y (B RN o 2%

M Z -
Pncl? :IT .Ig y? :Pnc\? (1:1929”'756)7
(8
i )
P, (9

O
» @ 3@ @

A RO 2 26
Fig. 4 Construction of fuzzy neural network
3.3 EIHE
o) LI T BP SR 0 RBUAE L F IR 2 MR
B IE 0,501+, » DT 58 B SRE JR bR S3CRI 5 1) L D)
A FEE

BiR 2 R ECH
_ i _ahyz l 2
E—Z(d y1) 5 (10)
A d A B L BOmAE S . R 2 B0 o )
X7
0,(t+1) = 0,(0) + 00, (D) . (1)
my; (1) = my,; () + 9 Amy, () (12)
Ohj (f+ 1) = Onj +7]3AG/1, (f) s (13)
X
_ —0E _ —0E Puy
Aﬁ[ a a6/ - aanll (70/
- - dJ aPﬂelZ
Ay, = JE  —JE ;

Imy; HPHUJZ Imy;



LT b4l

PRAE. R AL ) R SR TS

255

—9JE _ —9E 9P
dmy, aPnc{f doy;

VIRE/:RY/E R B R

’

Ao o

S5 B 19 90O 6 U0 2 SR BOE . B A=
635 nm . fiF S MG HE A 3 B P =100, S350 4 51
ST TR 5 L 1 30 308 2 o A0 45 T R o 2
IR0 2% $2 60 6 U BT AT Al 2% L 0T 5 R
i ) OB 2 ) AR L A 1O B 6 L IR
39 9 — B QSEIK 0 5 ST 4 L — A A M R B 7 o
R F L T A SRR 2% T B K — & 0 Lo
WL 3 BB A A WA BB R B R

38.5 pm, HIE 5 AT UL, 3 Bh4E i iE A GE 7 % 250 1Y)
R ) AN [i) o e 32 5 4 o] R 5 ] 4 0 38 s,
23 s, MBI 1 28 I 28 216 g 18 s A 3 Fh il
P14 V7 1 22 3 FELAS ) JHG vl 3 30 4 o) S8 45 1) 2 o2
iR 220 2 20,5 pm, B A0S B2 £0.5 pm,
UL 5Ca) , (b, T ASER Bft 25 I 2 1) A 15 25 31 L Ky
+0.4 pm. BIERORE BN 0.4 pm, R RO R 22
A 4% 42 1) T A A5k 4R e 0K B R o . S [ e i
FrPTHtEfEmat, mE s nTLE B A IH
4T PR T B 3 g sl A g 0 257 B R 2L AH EE BT IR
[11] 5% 22 447 1) B[] AS ] 5 348 1] LA HE ASERY ol 22 I 4% 5
i B 3 O N D] SR L R 5.5 s BVRSR B 25 I 4% 2 1
AT B0 A 35 AP T RE

g 4r
9 @ £ ® &
g 2f g af g
£ = O =
3! g g
g S 0r &
= S Il B
& £ E
3 3 k
2 -4 . . . g gl e bl B4 , ; L
40 80 120 160 200 &~ 40 80 120 160 200 &~ 40 80 120 160 200
Time /s Time /s Time /s
5 eI E R, () d 2] . (b) B ], (o) RO Bl 22 190 2% 42
Fig.5 Results of precision alignment. (a) normal control, (b) fuzzy control, (¢) FNN control
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