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Abstract The system of reflective double grating diffraction has been studied based on the optical theory. A
mathematic model which is related to the reflective grating signal as well as the relative displacement has been
established, and the characteristic of displacement is analyzed and simulated by Matlab, it is easy to find that the
output light intensity of 0" signal come to the largest and the regulation of it stays stable. Besides, an ultra precision
positioning system using double reflecting gratings is designed, the system chooses 0" grating signal as the control
signal, through the closed—loop control by micro—computer, it can provide real-time detection of high—precision
displacement and automatic location in ultra high precision. An intelligent proportion integration differentiation(PID)
control technology based on the fuzzy radial basis function (RBF) neural networks has been designed in allusion
to the characteristics such as non-linear and hysteresis of the reflect positioning system. With the affection both
of them, the control parameter of PID system can be adjusted on time, the intelligent PID control system is able to
realize the intelligentialize as well as to improve the adaptive ability. The result indicates that the intelligent PID
control system has good interference immunity, high positioning efficiency, and the accuracy can achieve +10 nm.
Key words geometric optics; ultra—precision positioning; reflective grating signals; fuzzy radial basis function
neural network; proportion integration differentiation control
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Fig.1 Structure of reflection duo—gratings
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Fig.2 Simulation curves of Oth order reflection Moiré signals
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Fig.3 Apparatus of the precision aligment
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Table 1 Laser diode main parameters

Wavelength  Output ower Model Working voltage ~ Spot diameter Beam divergence angle Power fluctuations

635 nm 20 mW TEMOO 5V 4mm <0.2 mrad <+3%
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Table 2 Main technical parameters of the 57BYG two—phase hybrid stepping motor

Step angle Phase current . Phase Phase Positioning Holding torque No-load start
inductance resistance torque frequency
1.8° 3.0A 3.4mH 0.6 Q) 0.06 Nm 1.5 Nm 3.1 kHz
%3 SH-20403 ) T ZE R bR LS 5K
Table 3 SH-20403 main performance index and parameters
Parameter Value
Power supply 10V~40 VDC, capacity 0.03 KVA
Prive way Constant phase flow PWM control
Whole step, half step, 4 segmentation, 8 segmentation,
Excitation way
16 segmentation, 32 segmentation, 64 segmentation
Insulation resistance /strength Under the atmospheric pressure >100 M() /0.5 KV, 1 min
Cooling way Natural cooling (need auxiliary heat dissipation under the bad environment)
Environmental humidity <80%RH ,no condensation, frost
Keeping temperature =20 °C ~ +65 °C

A5 5 2% B T 18 BCAY DR s HLAS o e B B B R s 2%, R Gk T 78 & PST150/7/60 VS12 VBS #U J Hi, fi %
WAL IR B8, M S BN K 4 s .
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Table 4 PZT relative performance parameters

Drive voltage /V Maximum output force /N Nominal displacement /pm Stiffness /(N/um)
0~150 1800 60 15
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Fig.4 Fuzzy neural network PID of precision alignment
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Fig.5 Structure of fuzzy neural network

1) I A2

iy AN WGBS Sl f RBE R Z 5 e 25 2 R g on, B — 0 s A Y R —
DO EEEME, f(x)=x, i=12,n ERRGEHFAZ LA FTHAMALIT, M n=2, M50l E
I 2 S M 5 O 5 I 25 AR AL R e(r) DL S B G5 AR 22 e(r) , — 3 LR B A S5 5 2 P X R R 28 0T, P

x, =eft), 1, =c(t)

1108001-5



DI S R

2) BRI AL )=

RO AL 2 R 2R A — A Sl 43 o 40 ISR 8 45 B0 5 78 0 0 B0 48 5 1 SRR BE R, B — B
AP RR R R B R ECRR S X — 2 R AN g o g B A R TR R, X — 2 H R T
AL B R 2 A R BT o B AR B A B T A A, B A4 & PBLPM PS.0.NS.NM,
NB. Z 40 Jir 5 B SR Ja B R 50k = 307 ok 4k, ek 200

[ﬁm—cﬁ}

(b,) ’
Hfi=1,2,=1,2,7 o ¢, BRECRE i A AR 5 BRI SRR R A, b, 2 5 H
X I 2%

AL exp{— (10)

3) AEM HE B
R AFE L2 KE 55 A A A S R X R )RR (L E A T T DC I, DT 8 B KRG B R ol e G AR
JZ K AT ASOR AL U] DE TS, DC TS ) B2 DO R AT — X 7 18 7 A1 i, A Y R R R A — RO LI

R 45 2 ) 5 DU B, 38 LN 44 A BB b — IR A S S AT R
P S RS 8 J B b, 7T LSRR W

£G=TTAG) @:ﬂm) (11
et f SR R
4) i it )2
R ARSI b, k| h, BECH G 6 IR A EON 3 SRR R T DL
f=0-f= Yol () (12
Rt i) S 3 R bR A R R, 7= 1.2.3
S5 5 8 1
Au(b)=k,x ) +k-x,2)+krx03) (13)

Kk, =f,0), b, =£,2), k, =£,3); x,(1) = e(k), x,(2) = e(k) — e(k — 1), x,(3) = e(k) = 2e(k — 1) + e(k — 2), 5K 3% 1t 2 PID 4% 1l
%:%
w(k)=ulk = 1)+ Au(k) . (14)
4.2 EHWMEMENEIEE
F T B B % IR Bl MLAA A7 A 3R i M I 7 T A ek A R A T S T R AR R S b S
BUE o o XTI, R delta B80T il 28 (0 28 v 25 A4S S 80HAT 76 2R 3 FIME TF | S5 28 10 245 B 9 AUE
®,(0)= (k= 1)+ Aw (k) + [ (k- ) -o,k-2)] , (15)
Aok READIR, 0 BT DER T, Aw (k) B¥THEMT

Aw,-(k)=—n-aE =0, (k) =y, B)]X —== X2 () £3()) > (16)
A o BRI RS B2 R R E R, 0 ¥R, j=1.2.- N r k) .y, (k)5%H
AR T i 28 I 2% s o 2 1) BRAE o DL R S B
W BRI Bk AT LA R R A A T ME R FE bR R AL E = %[rm(k)_yw(k)]z ({1 35 B Fe f o
5 SZEGHESY
2501 IR O OC TR 2 IR0 LR T A TS B B W MR B 4 BN 100 wm BRI A
B8 H 635 nm , i 5 GHE 1 R0 B EH 2 Z Bl A #E G 1B A 1 mmo,

1108001-6



Dl R R

S e HEAT TORLE LR E L AR 45 5 19 52 G X8 A SE R HLRE 80 20 IO L e ) DAL Al 7 A
B M 5 R/ RL B A X 28 2E WAL SAAT A et X I Tk of 48 &, BRSNS B E L B A 3, SEBL AR B HLE A .
ARG ACKLRE BT 4 ) (40K R TR 2 0 (RORIL 2 T 3 e 240 D' A 8 5 JR A S RS R A7 B Sl LA & A
JO7 B K whAE 4, 7 e v B RS A T BBl RE 2 65 AR, S AT AR SRt AN S O RS IS I o 18T 6 s
TOML RS AR ZS A 55 SORE E A0F P SR, NP RT LU I R 8 AT A B KL AE (07 47 0K BE 8 £0.5 wm AT 35
AN R 4% WG BE 9 210 nmo BEAh, XRG % RE L7 AN [F) 2R 58 F A9 R RE #5247 17X b SE e, S5 S ) 1k
T 22 i PID 5 il DA K B TR RBE i 28 190 2% 1) BE PID 42 ol W f A ] 07 5, S 3 2 SR A P 7 s

2 40
g g
E’ )
1 s 20
£ £
8 5}
S0 § 0r
2 7
3 S
£-1 @ 20
= k|
Q o}
=) J & —40 J
40 80 120 160 200 40 80 120 160 200
Time /s Time /s

Bl 6 e DL S B 45 R o () HUBERE 0075 (b) A5 2 A2 fr
Fig.6 Result of precision positioning. (a) Course alignment; (b) fine alignment
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Fig.7 Comparison experiment of intelligent control. (a) Traditional PID control; (b) intelligent PID control
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