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A calculation method for positioning error of turntable based
on harmonic function

Shu Yi',Zhu Weibin',Huang Yao® , Xue Zi’

(1. School of Metrology and Measurement Engineering, China Jiliang University , Hangzhou 310018, China;
2. National Institute of Metrology , Beijing 100029, China)

Abstract: To ensure the accuracy of harmonic compensation value for the turntable positioning error, a calculating method for the
harmonic error function is proposed. The harmonic compensation method for turntable positioning is described and the feasibility of the
CORDIC algorithm for harmonic error function calculation is introduced in detail. Based on the principle of the CORDIC, the quantitative
models of the iteration number n and the data width b are established, respectively. The overall quantization error of calculating harmonic
function is deduced. The calculating method is implemented by using the laboratory-made field-programmable gate array circuit. The
value of n and b are determined to satisfy the calculation accuracy. Finally, a series of evaluation tests are performed to demonstrate the
effectiveness of the method by comparing theoretical and computational values. The data of experiment performed on the test turntable
platform confirm that the proposed method can calculate the value of harmonic function effectively. The positioning accuracy of turntable
is improved from 29. 0" to 5. 3" with this method.
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Fig. 3 Schematic of compensation circuit for positioning error
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after compensation
20
W AMEHT B R
WA T B IR

w

BT BIRE/(")

w

o -

0 2 4 6 8 10 12 14 16 18
HRHTIK

K12 AMEERT R T B E AR 2 B BT K

Fig. 12 Error order distributions of positioning error before

and after compensation

P 12 np L, i FAS R S ik e £ 5 O R 22 i DY
T A BRI S e B I DR 22 pR R, (MR SR e (R 2 o
DRZZ AT PG o oA A ], 5% B e 5 e i 22 8
H R T PUR I R 22 o5 L IEAME SR A Rk

AR ZENE BT DU I 20 AT A/ NE R 5 B
LR (ER B AHAE , et T G A B R T ER .

5 4 i

AR SCEF X 5 0 1 2 M B P Dl 1R 2 sR BT
BRI, W RN TG MR 22 ATy
IR T CORDIC TH5 38 Ik 152 25 ok A0 J5 B ] 47 5
SRIGERXT CORDIC B3k SRR 22 E AT 70 M, 57 Tl I
R 25 RO TR R iR 22 5 IR B n BRI E b HHOC
) B Ak R ZE AR A | KR SR X T B 0 AR v OGBS B
n FLb EATHERE  7E FPGA I v SE B I 1R 22 iR AR T3
FRSL R 22 LR M SEETE I TS A AT AT
BSUE T IRy 2 B AR 25 A 1) IE i 1 B9 O v
TSR G AL RS, SEI A5 WOR i B e ARS E
i 29. 0" $2 & 5. 3" U BH ST SR A R 48 19 SR
A E,



16 & xR ¥ Ha2%k
Sk [11] KAULSK, TICKOO A K, KOUL R, et al. Improving
[1] YANG Q X, WU Z L, HUANG M, et al. An improved the accuracy of low-cost resolver-based encoders using

angle calibration method of a high-precision angle harm'onlc analysis [J]. Nuclear Inst. and Methods in
comparator [ J]. Metrology and Measurement Systems, Physics Research, 2007, 586 345-355.
12 HUA Y, XUE Z, HUA M I. Th M
2021, 28(1): 181-190. [12] HUANG Y, XUE Z, HUANG M, et a e N
(2] MOUJ P, SUJJ. HUANG T C. Research on data continuous full circle angle standard [ J]. Measurement
Science and Technol 2018, 29(7) : 074013.
synchronization technology between rotary table and fiber uinw an ec‘ He O‘gy,k ’ Hﬂ( ): s
: [13]  Tmde, T3E, WARTL, 55 RS 5% 6 M o0 JE 1 22 4b
optic gyroscope [ J]. Measurement, 2021, 173 (5): N N N
108579 £ [J]. 6% RSB LR, 2017, 25(8): 2165-2172.
] . WANG F Q, WANG J, XIE ZH ], et al. Compensation
[3] CHENL, ZHOU Y L, ZHANG D W, et al. A dynamic
. . of angular indexing error for precision turntable [ J].
angle metrology system based on fibre-optic gyroscope and
Optics and Precision Engineering, 2017, 25 (8):
rotary table [ J]. Metrology and Measurement Systems, 21652172
2019, 26(3) : 497-504. I ' . s \ -
[ 4] PROBST R, WITTEKOPF R, KRAUSE M I. Th AL R SR PRI R B R
S . , h , et al. e o | s
RO M EAE PR N (1], 20Ah S HOL TR,
new PTB angle comparator [ J]. Measurement Science
2014, 43(1) . 274-278.
and Technology, 1998, 9. 1059-1066. . . . .
SUY Q, ZAHNG J X, CHEN B G, et al. Harmonic
[5] JONG A K, JAE W K. Precision angle comparator using . L . . .
analysis application in accuracy improvement of precise
If-calibrati f scal as h al-
sé .ﬁalbratlon of scale errors based ‘on the equa turntable [ J]. Infrared and Laser Engineering, 2014,
division-averaged method [ J]. MacroScale, 2011 1-4. 43(1): 274-278.
ATANALE T AMIT ATCHARANUKUL K e . .

[6] WATANALE T, SAMIT W, VATCHARANUKUL K. ysy o wrorti, =508, . 600 iR HORE
et al. High resolution self-A rotary table by the AR sy [J]. FHRASE2E4R, 2014, 47(6) ;
interpolation signal calibration [ J]. Key Engineering 524-529
Materials, 2015, 625: 53-59. GUO J B, CAO H Y, WANG K X, et al. Check of

[7] HUANG Y, XUE Z, QIAO D, et al. Study on the indexing error for turntable and establishment of its
metrological  performance  of  self-calibration angle compensation model [ J]. Journal of Tianjin University,
encoder [ C]. 8th International Symposium on Advanced 2014, 47(6) : 524-529
Optical Manufacturing and Testing Technologyies: Optical [16] A, Th3chl. FIR 22 1 e M 1 15 5 4 JB IR
Test, Measurement Technology, and Equipment W AR B [T]. ALEELEE T, 2009, 16(3)
International Society for Optics and Photonics, 2016, 69-71.

9684 : 968400. ZHAO R J, MA W L. Improving the accuracy of new-

(8] B W4, 3CAL, . BRI A DR 22 0 A type encoders using error harmonic compensation [ J].
Bl [1]. hEDES, 2015, 8(3) : 464-470. Instrumentation Customer, 2009, 16(3) : 69-71.
HUANG L, PAN N, MA W L, et al. Error analysis and [17] ZE7%00, Beke, 952, %. @RESMAEmRELENER
experimentation of scale tape encoder [ J]. Chinese G B 5 M2 [T]. U203 2, 2021,
Optics, 2015, 8(3) : 464-470. 42(3): 1-9.

(9] JAMME. fmokh e [ DG AIH I Al R 40 1R 22 b B2 B R B LI G L, XUE Z, HUANG Y, et al. System error
F¢ [D]. WRIREE /R TR, 2016. separation and compensation of the continuous full circle
ZHOU B B. Research on error compensation technology angle standard device [ J]. Chinese Journal of Scientific
for high accuracy circle gratings angle-measuring Instrument, 2021, 42(3): 1-9.
system [ D]. Harbin : Harbin Institute of Technology, [18] YU H H. The quantization effects of the CORDIC
2016. algorithm [ J]. IEEE Transactions on Signal Proc, 1992,

[10] ZRiEWH. BRSSP GRS RAMEFSE [D]. 40(4) ; 834-844.

BN BN, 2016.
ZHU D M. Research on error analysis and compensation
of ultra-precision air floating turntable [ D]. Guizhou

Guizhou University, 2016.

[19]

ZHU W B, YE S J, HUANG Y, et al. An improved
cordic for digital subdivision of Moiré signal [ J].
Metrology and Measurement Systems, 2020, 27 (1)
51-64.



%12 i AR ER

T BT T 17

fEE '

£Fit8,2019 4F ULV TRk %+
%fi,fﬂﬂ?*@ﬁ%ﬁ%fﬁiﬁﬁfﬁz Fu
WFFETT 0] Jy e 3 TE QLR ZEAMETT V5 .
E-mail ; 1548386825@ qq. com
Shu Yi received his B. Sc.

degree from

Jiangxi University of Science and Technology in
2019. He is currently pursuing his master degree at China Jiliang
University. His research interest is the turntable positioning
compensation.

RYEE GRFAEH) , 2014 4R RAGHTIT
FREFER Be S h TR A, R
I TR E R, AT S5 1) el
EREZISEIVNER R AR

E-mail ; zhuweibin@ cjlu. edu. cn

Zhu Weibin ( Corresponding author )
received his Ph. D.

Engineering from Zhejiang University in 2014. He is currently an

degree in Control Theory and Control
associate professor at China Jiliang University. His current
interests include the grating signal processing and precision angle
measurement.

#FE,2004 4F 1 2007 4 FAb st Tl K
SEOYIARAS 2 2 LR 2 L, 2007 ~
2013 AFAE L RO A2 B LT e = T AR,
2013 AE AL TR LA TS K EE S
K TAETE i AR 4RAT S R AR, H T
TEWNL R A B 2, RS 1) A

GESiE

E-mail ; huangyao@ nim. ac. cn

Huang Yao received his B. Sc. degree and M. Sc. degree both
from Beijing University of Technology in 2004 and 2007,
respectively. He worked at the Geometric Lab of Beijing
Metrology Institute from 2007 to 2013 and joined the Division of
Metrology in Length and Precision Engineering of National
Institute of Metrology in 2013. He is currently pursuing his
Ph. D. degree at Zhejiang University. His main research interest
is angle measurement.

BEHE 2006 4F T IR IE Tolk K2 3RA5 10
A, 1991 AR T iR AE T R S
FEBETAE, FAT AT R 2 4K 8 4
ARZEG T HPR TR EORE S RIER
l VO B e & B, R SE U5 ) 9 JL AT

b

i,
E-mail: xuez@ nim. ac. cn

Xue Zi received her Ph.D. degree from Harbin Technical
University in 2006. She joined the Division of Metrology in
Length and Precision Engineering of National Institute of
Metrology in 1991. She is currently the chairman of the Technical
Committee of Length ( TCL) of the Asia Pacific Metrology
Programme ( APMP) , the member of Consultative Committee for
Length (CCL) of the International Committee for Weights and
Measures ( CIPM ).

Her main research interest is geometric

measurement.



