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Filtering method of improving quality of grating Moir fringe
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Abstract: A filtering method, phase-difference filtering, was presented to improve the quality of grat

ing Moir fringe. Each field of the 4 field scanning reticle was devided into mult+ lines with different

phases to suppress the high harmonic generations and to improve the signal quality of the Moire

fringe. Firstly, the Fourier series expression of Moir fringe was introduced and various harmonic

generations of the Moir fringe were analyzed. Then, the filtering method to eliminate the second,

third and fourth harmonic generations was illustrated with the designed grating patterns. Finally, the

validity of the method to inhibit the high harmonic generations was verified through simulations and

experiments. Experimental results indicate that the third harmonic generation of the Moir fringe sig-

nal can be reduced by 4.9% and the accuracy can be improved by 0.5 m with the period of 20 m.

The method is effective, low cost, without increasing the system size and easy to be used in industrial

productions.
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Fig. 2 Scanning reticle arrangement of each field for

filtering
, L L
Ki,Ls L K>, K: K-
. K ;
f3(x)= As[sintz+ sin(ts+3 90 )], (5)
, 13= 273x+ 3
K> :
f3(x)=As[sin(t3+ 3 )+ sin(t3+3 90+ 3 )] .
(6)
(5 (6) 0, =
60 K1, K2
23+
6k(k 0,k )
, Ls Le Ks, L1 Ls
Kis,  Ki K 60, K3, K4
, K K>
Pi,Ks K P, (3)
P P> 45
, L1, L2 Ls
90 ,60 , 150,36, 126 ,96 , 186
L : 0,

90 , 180,270, 3



i
ik

3

Fig. 3 Phase relationship betw een the fields for filt e

ring

|

o

5 [Z5HAH kB A

6% ~ 12%""

{fl( )i yi UC(.)S + aas.in(3) ’ )
f2( )= x=Usin + bssin(3 )

as= bs= 10%( ), U=1
(Lissajou) 4

B

Fig. 4 Lissajou figure with and without third har

monic generation

1947
x sin
«= arctan — — arctan =
(b3cos — a3sin_)sin 3 (8)
U+ sin 3 (ascos + bssin )~
N aax = 11 N 0.02 mm N
:0.61 m

,  SGC2
6.1
SGC2 0. 02 mm,
SGC2
5 5(a) SGC2
. 5(b)
) 1 L,
4. 9%, 1
| :-1'- "':"dh".‘: &
i = ..."‘-,,.
.‘F' i
o e
SR . A 2
() (b
(a) Before improving (b) After improving
5 SGC2

Fig. 5 Lissajou figures of SGC2 linear encoder before
and after filtering

1
T ab. 1

Harmonic generation percentages

before and after filtering (%)

—_— —
—_




1948 19
6.2 2 ,SGC2 R 10
mm
, SGC2
1=1.6 m, 2= 1 m.
6 ,SGC2 , 20
o o m
7 0.1 m/10 '=1.3 m, 2=0.8 m.
mm SGC2
,SGC2 )
2
001 m SGC2 10 mm 0.6 m, 20 m
R 10 mm, 1 mm, 0.5 m
10 1 mm )
1 m , 20 m 20
124
? 1.0
2 SGCZ gzi — before improving
, 20 m % 0:4_ 3 ":.' . . :——aﬂerimproving
02/ ¢ | . h e e
R 1 m, 20 6 20 00 ¥ i ol S ‘. Lipm
o 517 154 20
m , SGC2 : i
~04]
: ~0.6]
SGC2
6 20 m
2 SGC2 Fig.6 Curves of error with period of 20 m
Tab.2 Measured data for encoder errors
2 D
SGC2 | SGC2 > 7 % 9k
/mm mm / m /mm /mm / m
1 1.0835 1.0832 0.3 1.0133 1.013 5 -0.2
2 2.0348 2.0341 0.7 1.9857 1.9855 0.2
3 29786 2.9781 0.5 3.0289 3.028 4 0.5 ’
4 4.0129 4.0132 -10.3 4.0523 4.0519 0.4 ) )
5 5.0684 5.0683 0.1 5.016 4 5.0156 0.8
2 2
6 5.9621 5.9612 0.9 6.053 8 6.053 8 0
7 7.0395 7.0382 1.3 7.0220 7.0216 0.4 )
8 8.0455 8.0449 0.6 8.076 7 8.076 8 -0.1
2
9 9.0217 9.0208 0.9 9.0128 9.0123 0.5
1010.035 8 10.0354 0.4 10. 045 3 10.045 1 0.2 ’ ’ ’
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