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Dynamic Compensation for Interpolation Error of Moiré Fringe Signals

Piao Weiying Yuan Yibao
(Auto Test & Control Department , Harbin Institute of Technology . Harbin , Heilongjiang 150001, China)

Abstract Lacking effective error compensation method is one of the important reasons that limit the advance of
measurement precision of the grating ruler. A dynamic compensation method for eliminating the interpolation error of
moiré fringe signals is put forward. The interpolation error is caused by zero offset. quadrature phase shift and
unequal amplitude of two signals. Eight characteristic points (zero points and absolute amplitude joints of two
channels signals) on a grating signal period is traced, and the zero offset of sinusoidal signal is separated from
amplitude of characteristic points. and compensated. Then the compensated signal is traced, and the zero offset of
cosinusoidal signal can also be separated and compensated. The compensative signal is traced continuely, the unequal
amplitude error and the error of quadrature phase shift can be separated and compensated respectively. The above
three errors can be totally compensated in no more than three grating signal periods. The influence of harmonics was

analyzed and the improvement method was presented. Experiments verify this method ‘s validity.
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R 2 PR R . HATE TR Bk
BOG#UE WM k. #lan 8 Opton 23 ) 1) A& 5%
A AT DAL B o (A S R AL 1Y) 10 0B 3 2%
REAS T 2 300 44 19 2. SCHRL7 14 43 1 1E 5% 1%
G A AR RO . NSEBRE B A - B A 6
Tt Heidenhain, Fagor 25 4 7 i 5 Al R 247 8 2
HAE B R B S AR SUE Y. B RAUE
5 A0 A3 5 22 4 B g S AR 22 X 41 4 R B AT

SAI  PRLIG FUA T Bl £ i — el R 2 0 £ v 4 4
R BE S B AN K o AR SO 1 R AN BRI BB LA A 1 T
AIRER R KA SO 2 56 IR W B 45
et AT 2 B o A A A

3 SR

S e B9 6t R P BE P Fagor 28 /A4 77 1)
MP-12-5 7 3 A 56 R, B 50 Ip/mm (1) Z1 45
BRE . OEMEE B AE B A THK 2 | A4 77 (08 %5 S50
R 22 AT AT B 38 b G A F AR R ) AC6111
12 A B R R RECME S . REFM
s F Matlab 8447 AL 3R, FUR ] — F AR AE
{EL A B ERGUT S OF HOMHRRAEAE A2 3.7 A i P

IR A A UG e s . ARSI 3 A
SR L X TR AR A A B BR S L T LR SCER 3 A
T

A IR S B OEHE S A 4 TR R R
WETEAE 6 () iR . A L, J5 4615 5 47 76 B 5 Y
B IEAS IR 2 IO — % 1Y B VR S 15 2 F0AS 46 i 1
25, Gl =AY RIS 0 6 MHE S 0 R R B
A O THMEJE 15 5 R B2 a0 18 5 = A R4S 5

B
1.0 — —— ,
< P P i@
_g 05 u 7 o AN AN A ] TRV AT .' -
E —0.5 |- WV, LA MM W WY
S 171 M RN SN SN A S SN SN S
0 2000 4000 6000 8000 10000
10 Sample point
O N P31 1)
%; 0.5 i A T A T T A T T AT T
E 0- -. ) h ¥ ! T g h y / , i ¥
3_0,5 RURRVGRIR! RSV RRNAVE TRYIBNER: TRY
~1.0 j i i i i i i i i
0 2000 4000 6000 8000 10000

Sample point

B4 JRIReMH S . (O #MERT, (D) #MEE
Fig. 4 Original grating signals (a) before, (b) after

compensation



74 MBS, BMALES

UG 15 22 1 — i B A A U5 1 1305

A3 ANl 5 Ji 0 o s L g 2 ad
FAMEEEN R NE 1 s,
1 AR AR A O

Table 1 Change of compensation value of original

3 A JE

grating signals

1 2 3 4 5
Aai/V 0.0427 0.0564 0.0557 0.0564 0.0558
Aa;/V 0.0625 0.0653 0.0659 0.0651 0.0659
£ 0.9936 0.9615 0.9389 0.9370 0.9393
sing —0.1973 —0.2413 —0. 2408 —0. 2372 —0. 2262
cos@  0.9804 0.9704 0.9706 0.9715 0.9741
i 1l .20t 3 A G A A T

R AHA /NE BB . X A B SOk I TG S
TN WG 722 R R A 2 2 e K0 AR AAE B S MR (T 5 R
2. X REU A AMEEE S W AR IS
BRI 53 A A0 52 X R WYL UG S A2 AR AR /N i R
it AR AL AR /N AR S 15 5 B B Sl AR /) L [ i
RILRREN .
1EFOCHHE 5 B3 — Bl
oy R BN
Aa=3X10 "rx
EaVL LRSS P Y XTEKHTE’J)‘CWE?LH%M?,
FMETT S HOEHHE & i 5 TR A an EDE n &
6(b)FJT/T M R R AR AR SR 2 s . Al
WL o TSR SR AR 5 1 U A% % 25 A2 A A R 4
j( M 73 A = A A R EEA AR . (H 53R 1 ML,
T3 Hh ZASRME R B RN A A — E i 22, X 2 i T
E(mﬁixﬁﬁiﬁﬁﬂ D] I b 425 I 3 7 A — 28 1 B IR
WAL, SR AME R A R 2E . I
EME%I‘ L AFTE i 22 - (H 5 AMEEHTOCHHE S AR EE &b
BJECHME S A B A AR B T B . R
4 JEOCHIHE 5 R B AN BB A7 78 B R gl i 4B TS
55 A I BB AN AR . X T AN SR 54 25 AR

R VA=®: i1 REN

<
<
é before comp
CLUE i ¥ I S A S N 2 S 1
5 0.2 s M b o s enspespasdzascases 4
-0.4 i ‘
A =
; ai]‘ter coimpensation

i i
-04 -02 0 0.2
Amplitude /V

04 06 08

K6 JRAGulE 5

o) 5 B I 25 LV R 5 5

IESCIRZE WA FIRERIEE 2R . A SO A HAE 2
R GER 2 T HLRE W /MR ALIR 2
1.0 ‘ T T T T T T T T
1] PSP PSP A T
ol i
-05 | H H H R
ol i i

R R R
0 2000 4000 6000 8000 10000
L0 Sample point

Amplitude /V

0.5

0 . . .

1) S TR SN S N NN S N

0 2000 4000 6000 8000 10000
Sample point

Amplitude /V

5 BN B EEOUHHE S .
(b AR

Fig. 5 Grating signals with time-varying zero offset

(a) #MEHT

(a) before and (b) after compensation

22 BRI A RS R A B
Table 2 Change of compensation value of grating

signals with time-varying zero offset

1 2 3 4 5

Aa,/V 0.0466 0.0776 0.0965 0.1150 0.1346

Aa,/V 0.0698 0.0910 0.1094 0.1293 0.1485
¢ 0.9948 0.9813 0.9671 0.9669 0.9700

sing —0.1633 —0.1998 —0.1998 —0.1975 —0. 2004
cosg  0.9866 0.9798 0.9798 0.9803 0.9797

oI 6 Al UL fy 4% Fif 5 2 DR R 5 ORI A2 I A
JEAHE = 19 M) % 4 P T A 18— A A B AR A
M 5 B W R 1 T IR R D Bl 3 B 2 — A B
AR m M) 1% P TR A B2 R 22 B A 4y iR
FEE R A ST 7 R AT A 3 R AR A R 2

0.8

e e i
0.4 [ i

02 e rra—

Amplitude /V

0.0 -4

-02 - %
‘ : = afier compensation
0 6 1 1 1 1 1

-0.6 —04 -02 0 02 04 06 08
Amplitude /V

-04

Cb) AN RIS a5 5 % A1 1% ]

Fig. 6 Lissajou figures of original grating signal (a) and grating signal with time-varying zero offset (b)



o
k

1306

g3

i1 28 %

4 4 e

e — M BAMEBR M AR BUE S MR E T
%o EAMHBEAME R SR 25, T S S RE A —
AT BENLIR 22, H P EIREE 8 451 (8 5 A e B
{8 PRI T 5 () A7 2 TRDAR /)N 5 38 3 F5 B 1 o ik 3fe B
i G5 BT DAMESEMHE 5 i BRI A R 25 AR IE RS
TR 25 RN SE MR 1 2, B Tk iR R0 RE 8 Wk A2 S s A B Y
W, T A EBE S R AIK R S 2 e T 3k i
BE L M HLRE W8 2 3 M 2 M S 0 T, FRAIK A 4
PR TR E M i RE R B A M R R
BRSSP AR G S B0 40 K I ) — T G BREROR

2 % x ™

Li Jiangguo, Xuan Ming, Wang Yifan. Software compensation

—_

method of phase error in moire strip division [ J]. Optics and
Precision Engineering , 1995, 3(1): 69~73

B, E WL E L SRSB4 v L R 2 BB I
JrEl]. kFEHE A, 1995, 3(1): 69~73

Fei Yetai.
interpolated displacement of grating signal [ ] ].
Sciences, 1999, 17(1) . 70~74

XN Peolb 28, 5 B B el (s S an Sk (1], R A+ &,
1999, 17(1): 70~74

Chu Xingchun, Lii Haibao, Du Leibo e al..
subdividing method for random phase difference fringe signals
[J]. Acta Optica Sinica, 2005, 25(4): 497~500

RN, BB HFI 55, AT B0 E 2 R BUE 5 @ Tk it
FE0J]. R FF|, 2005, 25(4): 497~500

Yu Wenxin, Zhou Zigiang, Hu Xiaotang. Research on dynamic

IS

A high-accuracy algorithm for the
J. Applied

Liu Wenwen,

8}

Research on

e

realtime error correction method in grating-based nanometrology
[J]. Chin. J. Scientific Instrument , 2001, 22(suppl. ) ; 63~64
ARICH AR B SR/ E . OB K I b SR S AR 25 B E
EWFEL)]. BB AK #2001, 220 ) 63~64

Yu Wenxin, Hu Xiaotang, Zhou Zigiang. Research on dynamic

ol

o

-

oo

©

10

1

—_

realtime error correction method in grating-based nanometrology
[J]. Acta Metrologica Sinica , 2002, 23(2): 101~105

RICHT WA AR OGN R I i R G IR 2B IEE AR
Wryel)]. %5, 2002, 23(2): 101~105

Wang ChunHai, Zhang GuoXiong, Jing Fangsheng. A method of
determining the interpolation error without length refrence[ J].
Acta Metrologica Sinica, 1995, 16(1): 6~10

AR 5 M SR 05 B AN O I B A ) SE AT AN 43R EE R I
Jrikl)]. 4R, 1995, 16(1): 6~10

Wang ChunHai, Guo Shangqi e al.. A
displacement encoder using sine micro-window grating[J]. Acta
Optica Sinica, 1999, 19(9): 1153~1157

TR E e M AE. SR FOE BX G G M L R 15 R
[JJ. 53R, 1999, 19(9): 1153~1157

Luo Hua, Gao Shan, Li Xianglong. Realization of high division

Zhang GuoXiong,

number of coarse grating signals by fully digital processing
method[ J]. Optics and Precision Engineering , 2007, 15(2):
283~288

Fofem L e, HDUHE 5 2807 oAk 2 90 i m %
By, ks E T, 2007,15(2); 283~288
Hans-Jiirgen von Martens. Generalization and analysis of the
measurement of
motion quantities[J|. Measurement , 1999, 25, 71~87

Zhang
measurement technology based on virtual grating of double
frenquecy[ J1. Chin. J. Lasers, 2006, 33(10): 1407~1411

TR A AR, BUBURE OB g B AR LT]. F B R
., 2006, 33(10): 1407~1411

Zhang Lijuan,

fringe-counting method for interferometric

Nanyangsheng, Yang Kuntao. Three-dimensional

Lu Xiangdong, Ou weiying. Improvement of
measuring grating parameters with diffraction orders of m =1
effeciencies ratiol J]. Acta Optica Sinica, 2006, 26(11): 1605~
1608

TREHAE . 5 ) AR WG B, X IE L — S0 BE 22 L Ol 2 8 O
BRI, g 3R, 2006, 26(11); 1605~1608

Hua Shiqun, Luo Ying. High precision measurement of
alignment error based on theory of interference[J]. Chin. J.
Lasers, 2006, 33(1). 76~80

MG B BT TWEENSHEEXRERENRELT] F
Bk, 2006, 33(1): 76~80



