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Study on quadrature error real-time compensation for grating Moiré signal

Ye Shuliang, Zhang Qian,Zhu Weibin

(Institute of Industry and Trade Measurement Technique, China Jiliang University, Hangzhou 310018, China)

Abstract: Aiming at the problem that quadrature error exists in the output signals of grating reading heads, a quadrature error real-time
compensation method based on Coordinate Rotation Digital Computer, ( CORDIC) algorithm is proposed. Aiming at the problems that
there exist large error interval in the sine-cosine signal angle solution and low angle solution sensitivity in the sine-cosine signal peak
interval in the CORDIC algorithm, a vector pattern bi-iteration method is introduced to suppress the angle solution error caused by the
CORDIC algorithm due to too quick iteration convergence speed, and the local table look-up method is used in combination to eliminate
the angle solution error in the signal peak interval. The quadrature error compensation process consists of three steps: phase solution,
phase compensation and signal reconstruction. Taking the solved angle value as the object, the angle errors are compensated in real time
in complete period. The CORDIC rotation mode is used to reconstruct the cosine signals from the compensated angle values so as to
realize the real-time compensation of the quadrature errors of Moiré signals. This compensation method was implemented on an FPGA
platform, and the phase difference measurement and compensation performance of this method were verified. Test results indicate that
with the signal quadrature error of [ 1°, 10°], the phase measurement error is within =0.04°; for the signals with different frequencies
and phase differences, after compensation the maximum phase error is within +1°, the mean error is within +0.1°, and the mean
square deviation is within 0. 5°, which proves that the proposed method can effectively achieve the real-time compensation of the
quadrature errors of Moiré signals.
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Fig. 1 Process diagram of quadrature error compensation

WA 1 R TEACURIE MR AR L Al 5 A M2 A
fE S 3 DI EEE FPCA 9B, SRR T
IRERGEH: S BT T CORDIC B33k Y 1) 4 45 50D
TR o AEM AR T (0 R it B a2 5 R i
PN P EEAS S R AEL AR A 0T Ly (L s 7EAR L AMEZER 15 %]
PR LB 1 BE AL AM2E 1 P B A5 S AL 22 M8, UE 2 (55 A0
JBE RS AR5 A5 A TR A A BE A, S BERS (5510
FAOE 24 s FEAE S E AP (8 e e ORI A M2 )5 1Y
LA RILLE T B 5 IS

RS AME  F FA5 FEAR T R AT 3 22 A A 2%
R AR S A AR A AL 2 R A X R —
WUE S TAME . B IEAS IR 22 M S i UAR 32 i 3 3R
TR AR, LIARALAMEE IR A0, e 2l 5 {5 5 A i
HAMEE 5, LB RS 5 ISR ZE Y S M

3 ETmERAHBELEE

TEIEACIR ZEAMEE I i v, 5% JH] CORDIC B335 i) it A6



LA

AT A MR R (R S IR SR 22 ST AMEABT 5T 59

ARE S AT A RS BP0 Jstdh CORDIC B 7E ]
e A R A A1 JRE I, 0 ey ¥ DXl A B R 25 B K Y
[, 51T BGEA R, HFE5 G R A 2 e (i
DX ) i 5 SR 80P AT Py i) A
3.1 CORDIC &XHIE
CORDIC 51 J2& — it B T A6 b i@ 7 1 B 1+ 53
15 , IR Y T AN (o B S I = A R B OB B, A
3 CORDIC ByEHEAT 1 16 YWk Aa s, HAR B AL bp 5
FRISEA A R
X, =% —D;(27'y,)
Yiu =y + D(27x,) (1)
z,, =z — D.arctan2™
CORDIC 537 f Jire 2 A o A5 ey S 1B XL - D,
HOHUERAE . R T 1] 488 SO0 IR AR 5% 05 5 2R AT A B A
S HAWT R 0
D, = sign(c —y,) (2)
e FHAIERE . 238 n W HR 2]
x, = K./(x,)> + (9,)°

o= (3)

z, =2z + arcsin(k cxo)

K, = []v/1+2™ (4)
=0

2 (4) e 5% m) it 1 3 4 R o il ) B Ak B
%y =1/K,,y,=0,2, =0, 0] 18 )2 IE5%{H z, = arcsin(c¢) , JZ
RIZWTTA w/2 W IE LR R R
3.2 HMMEIRE

AR AR B 1E A8 1 2 M 0 Bl , HC A 88 i B R 22
1 ELHA% 16 B 5 22 W AR A2 A M FME 5 B PR T, e 8%
SOMRIE S HMEERG BE o A S — i ff B2 i@ 35 J7 ¥, CORDIC
AR B APIEMRAR2E . £ MATLAB 3155 X CORDIC
LR EBRAE 5 1 F BE i R 22 AT 437,00 ~ 90°3
Fil A R 22t 2 AN P 2 s

15

[ .

-5

A6C%)

0 2IO 4IO 6IO 8lO l(I)O
L)
<12 CORDIC By ff B fift 5 22
Fig.2 The angle solution error of the CORDIC algorithm
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Fig.3  Simulation verification of the angle solution error
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Fig.4  Circuit verification of the angle solution error
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Table 1 The data table of phase difference measurement

)

BEE AR 22 R IAR (32 22 Al
0 0.019 -0.019
1 0.983 0.017
2 1.966 0.034
3 2.96 0.040
4 3.996 0.004
5 5.018 -0.018
6 6.015 -0.015
7 7.017 -0.017
8 7.960 0.04
9 9.027 -0.027
10 9.977 0.023

H e 1 AR, AR SCRYFR A 22K D0 )7 IR 25 7E £ 0. 04°
O HEL, 0 A JR BT A 45 5 28 R AT AR 6 22 1330 S BN {5 5 AH
107 2 1) S I B A AR
4.2 EREHAMBMGLEME

R BURT AR XA AR L 22 F0 R S SR, T A i
SEHA 00 ~ 90° il A BEAE A N 2 B SR 3 0° ~ 360°3
Bl A o A A 5 P 2 R 0 A 5 R 53k 4 4>
GBS IR 0, ~ 0, SHJHWIfEE(E 0, B9XT R
AN 2 Pron .

x2 BERAEHEAXE
Table 2 The angle calculation formula table

for various quadrants

3 0, ~ 0, 6, AKX
1 6, 0, =6,
2 9, 0, = 180° -6,
3 9, g, = 180° + 6,
4 0, 6, = 360° +46,

NFTRIER LG B 4 AR, M 8% 15 1 i
ERR AL (5530 17 3 O 07 5 {55 IR
1708007 EE SR 00 ~ 11 PUAGER, HP
BAE FAFEIE SR IEMT LR PR S R BRI AR, LA
WIE TGS A B O e ofle, AR TP H o TR i 1 0T P
{55 AL G R I S R



55 1 MHRESE S OUMEBR G5 TR A 18 22 S AMEE ST 61
6 1.0
B60 el e e A—r—
360°-AGF° | ey ," — = KIRAO>0
- - P .
i s P ——RA0=0 0.5r
! 4 [
i g i 0 ---- FRA0<0
1 e . ! ! s
el . g O
vz [
e [
s i
r b P -05
0° k A
i ot
0101 1 000
_10 1 1 1 1 1 1 1
0 45 90 135 180 225 270 315 360

KIS XTI 7R
Fig.5 Schematic diagram of compensation
interval partition
HITE S Al AL, PSS AFAE AL 22, IR ZEAMEE X
L1 3P N = A O R R = L L R R
XA [ DX J) R AN R R AN A 3 i A i 3 2 Al
7 1o} £ B A B, S 2 B 77 6] RO AR L 22 A

5 ETmERANGESEN

IEATIRZEAME IS FRAE S8 U A 25 M 2 )5, 7 B AR 4l
FEETEA A TZ05 5. K] CORDIC 55 1k g i 45 =0 0 4y
SZAE S HATER , SEIAD SR G S RS IR 224 M
5.1 HixRE

7. CORDIC Bk Jig 6 w5 0 , FLaa ke i A0 07 72
(D) s, FIWT 524

D, = sign(z;) (7)
(1) &3 n AR HARE
x, = K, (x,cosz, — y,sinz,)
y, = K, (y,cosz, + x,sinz,) (8)
z, =0

KK, H50(4) A, )Rtk «, = 1/K, #
Yo =0, 2 = 0 141 B i I o XF I 9 4 9% M x, =
cos(zy) o
5.2 ESEM

i i& CORDIC F45 Jie 5 00t #1182 i A3 Bl i) 22
SR, T EEAMEIS 00 ~ 360° (1) £ B2 B X A F] 0° ~ 90°
JHE . AR (E X (55 FRAE A MEE S 82 R I AR 54 A5 5
FARERN 53R 4 AR, B3R 3 O FR AT 1525 5 BRXT Bz £
JEME 6," ~6," . M4l CORDIC Bk e et T & 4 R
71BN L PRI AR S AR , I AR 5 P AR L o o e 17 2
B MER WA, EHMRZESWEL, F5HE
it A 6 R o

FS E AL R DL FPGA S F- & 52 B 7K 4 4248 1Y)
CORDIC ik e i =X, i 4ls A2 5 4 AR BRXT I f i
(EEAY R ILAF T IR AT SR =AM

)
K6 RIEESHHR R

Fig.6  Schematic diagram of cosine signal reconstruction
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