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Error analysis and compensation of angular position measuring
device for turntable working surface
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Abstract: The detection of angular positioning error on specific turntable shaft end cannot reflect its actual space angular position of
working surface. Thus, a space angular position measuring device of turntable working surface is introduced with circular grating and
horizontal capacitance sensor as its angle measuring components. The error factors of the measuring device are especially classified and
analyzed in order to improve spatial angle measurement accuracy. Besides the angle measuring error of subsystem, the measuring device
has error that the shafting or the sensitive direction of horizontal capacitance sensor is not parallel to the reference plane for measurement
and others error terms. The mathematical model is established to analyze the factors of systematic errors and correct them according to the
spatial geometrical relations of grating rotary surface, sensitive direction of sensor, rotation axis and reference plane for measurement.
Then the measuring device is calibrated by using high-precision turntable with 0.3” indexing error. And the mathematical model of error
compensation is established based on radial basis function ( RBF) neural network to improve precision with the maximum error value
decreased t0 2.9 ” from 13.75 " to satisfy angular measuring accuracy within 3 ” demand.

Keywords : angular position; circular grating; horizontal capacitance sensor; error compensation; neural network
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Fig. 1 Principle of space angular positioning
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Fig.8 Calibration method of space angular position

5.2 REWMETR

T R A 45 e 1) — AL B AT R 2 AN L
UE, L0 °,10 ©, - 350 iR ZE(ENE R ML I ZrkE A &
9 PR A BRIk e th 4 LA S ©,15 ©, -+ ,355 °©
PR ZZEAE AR AS (8] 10 Fos iz ke AR i) fig
KrgHh 2 . RBF i1 28 [0 2% 13 2 f AR A rp ik 8 il 28 0 B
KEH 600, R B 150, YIZR I AERS [A] hy 6 s, £ 2F
AT RS R T LA B, 2 8B i A )R
5, LA AR B R 22 T M BE T

15
—— WAIR A
0 - 23Sy Lk

0 5I0 ](I)O 5I0 Z(I)O 2%0 360 350
FIEC)
KO REACE A RE ) 4
Fig.9 Curve of sample learning ability

S —— AR
~ \\ —— = 2
E W - - rd =
& N 72
i Y 7
K 7
/

50 100 150 200 250 300 350
FEAEAC°)
10 FEAHE) RE ST 2R

Fig. 10  Curve of sample generalization ability

ik 53 A s [ Ff 07 B0 2 R 22 AR A ML LA
L RBF 2 R 25 AR B0 A2 TG DR 22 728 T 26
AT L, QAT 11 P s AR TR ZZ(E Hh 25 y A Ay
D FS B, B T AN IE LA BE A IR 22 70 i, (HL T 2 A A
AR5 A 9 el e e o 2SR R AR A o ST
MR GERZE MR ATAE 22 5, 200 M 0 A 73 2 G 1B D' Al
REETING R, AL A IE 52 A A AL

15
i0 — JFIRR I
~ ——— AMEE R
b 5
:§ O’\/‘\~,f\~-—’~'§. N —
-5
-10 T T T TR
0 50 100 150 200 250 300 350
FJEA/C°)
BT RMEEHT G TR 2E T X HE
Fig. 11 Correlation curve before and after the

error compensation

ML T FIRZEFMERCR R #METT IS bR HER 2
4.68 "FRERE0.96 ", I KIRZEEH 13.75 "FREE2.9 7,
WA B R E R 3 "N AT R, HAR 25 i R
T2 AMERCR I

6 B ®
TEST TR GE 3% 3 A L B 07 1 22 D o 07 125 10 ik i
FL AT R TR £ A T A 1) A L B R 2E Y
2R R TR R B AT i K
I3 HT TR A R 25 T, I B 0 A T A A gl
AR I R GER 22 BEAT 23 [ AT, OO B R ST
WRZEAAC RN Z I T LS, 1% 53 M7 05 16 0 L s [ )y iR
A SN,
IER T — TR e G R e 2 1) A oz 0 2 )
Jik Iz ] RBF P2 (9 265 X0 I 75 15 2 2008 4T AR T
INFEIE , IR A MG D222 th St — 20 34
(1] B, A, kR, 55, =Hhpy 55 & s S PERE xS
PrEIR G oA L) ] i IR, 2011,32(12) .
28-31.
YANG L D, XIAO B L, ZHANG CH, et al. The impact
analysis of three-axis motion simulator dynamic
performance on simulation [ J]. Electronic Measurement
Technology, 2011, 32(12) .28-31.

(2] FBESE OREH, 5K, AR5 M e Rk e 6 R4
PR L], Ak A A R, 2014, 33 (9)
68-71.
DU B X, MI 'Y, ZHANG SH M. Application of variable
structure control for high precision turntable [ J]. Foreign
Electronic Measurement Technology, 2014, 33 (9).
68-71.

(3] BREBEM, kb Gy, B2 5 S ph il & 5 58 1 1% 22 i
FELI]. i I 5 {4k ,2012,26 (3) - 187-191.
CHEN X H, DU G SH, CHENG ZH Y. Research on
dynamic error of grating measurement system [ J].
Journal of Electronic Measurement and Instrument,
2016, 26(3) :187-191.

(4] JBKRWE, i, 23547, 55, 515 AL ARl &2 AL DG



5

WAEE S e & AT AL B I B RO I S A

1189

(5]

[6]

(7]

(8]

(9]

[10]

[11]

WO 0 22 AR A B AB IEWFFE LT ] L7 I 5 s
,2016,30(10) :1568-1574.

ZHENG D T, XIE SH K, LUO ZH Y, et al. Circular
grating eccentricity error modeling and correction of
[J].

Instrument ,

Journal of Electronic

2016, 30 (10 ).

articulated arm CMMs
Measurement and
1568-1574.
SR, W, ANDUNR,, 25 32 o 53 Y B O o AG: 00 %
fRZEAME[T]. S K % T, 2012,20 (11):
2476-2484.

Al CH G, CHU M, SUN H X, et al. Eccentric testing of
benchmark circular grating and compensation of angular
error [ J]. Optics and Precision Engineering, 2012,
20(11) :2476-2484.

XL BRSEW AE, 45. F 70 R i rhO A A o B 2
BHARZE MW oA [T E AR R 22 4Rk,
2015,23(1) :6-8.

LIU Y, ZHANG Y, PAN J, et al. Influence and analysis
of optical angular encoder’s installation error in gravity
gradiometry [ J]. Journal of Chinese Inertial Technology,
2015, 23(1) :6-8.

EHEK BTy, PMEE. BOHE Y B A 2 RO HE I R 5
0 1 JEE A Tt 1R 22 M i (). 4o e 5 T
2013,30(10) :1342-1346.

WANG Y Y, DENG F, SUN J.

neural-network-based fuzzy

Improved adaptive
inference system angular
sensor error compensation method [ J]. Control Theory &
Applications, 2013, 30(10) :1342-1346.
IR, ALESR AT 4L, A R T RL Ok AL D
MM AL AR ST ] 20505 306 T/, 2015,44(7)
2182-2188.

LAO D B, ZHOU W H, LI W H, et al. Cylindrical
grating angle measurement technology based on genetic
algorithm [ J]. Infrared and Laser Engineering, 2015,
44(7) :2182-2188.

AR, St , TORMREE. J7 LRI (5 18 22 S8R
SRR BE 3 A [ ] AR A R 22 42, 2016,37 (7))
1500-1508.

JIAJ Y, CHAI W, YU D L, et al. Error parameters
identification and pointing accuracy analysis of an
azimuth-elevation turntable [ J]. Chinese Journal of
Scientific Instrument. 2016, 37(7) : 1500-1508.
FARE  BRTT, BHVLIR, 55, 56T 3l 25RO i 22 19 2%
AOLPR I A2 5 07 12 22 4 [ T ] HLAR A% 27 4l , 2011,
47(13) :175-179.

WANG F J, JIAZH Y, YANGJ Y, et al. Time-varying
position error compensation of machnie tools based on
[J]. Journal Of
Mechanical Engineering, 2011,47(13) :175-179.

AR BEAE 1 MRIT AR 6T RBF 2 [ 25 g g 5 %7
FARZAMEDT ST [T ], 700 5 R, 2014,37(3)
36-38.

dynamic fuzzy neural networks

SHAO T T, FAN Y H, LIN K D. Research on error
compensation of electronic compass based on RBF neural
network [ J]. Electronic Measurement Technology,
2014, 37(3) :36-38.

7o GO, E3C, AR, 45 LT RBI 1 28 19 2% 18 O 75
FRZEAMELT]. HUM AR 41 ,2010,46 (12) :20-24.
GAO G B, WANG W, LIN K, et al. Error compensation
of joint angles based on rbf neural networks [ J]. Journal
of Mechanical Engineering, 2010,46(12) :20-24.

X, BER, Fo, A8 OB AERLAN &R 98 5K R 8UfE
FIEEMEAMETT L [T ] AXA R 41, 2012,33(8)
1735-1740.

LIU Y, LVHY, WANG Y, et al. Compensation method

of Moire fringe sinusoidal deviation in satellite optical

(12]

[13]

communication coarse pointing system [ J ]. Chinese

Journal of Scientific 2010, 33 (8):
1735-1740.

e, JT BK AR /INBY ' H B 4 A S0 1% 25 AL IE T
B[] B 44,2013 ,34(6) - 1374-1379.

FENG Q Y, WAN Q H. Interpolation error calibration
method of small photoelectric encoders [ J]. Chinese

2013, 34 (6):

Instrument ,

[14]

Journal of Scientific Instrument,
1375-1379.

(D DALY R IS VA i AL Wi VAT L Rl
AMEBARLT ] FRUTHIEA 2008 ,28(2) - 11-13.

HE X L, FENG WEI L, ZHENG Y Q,et al. The error of
angular measurement and its compensation [ J]. Journal

2008,

[15]

Metrology and Measurement,

of Astronautic

28(2) :11-13.
fEEE T

WEERE , J1IAE 2014 47 A 2016 4FAE%E

R TR 2 BE AR AT RIS 2 0, Bk ZE b
TREEBE R LA, AT TT 10 e A
TR 55 MR
E-mail; yanghuahuil992@ 163. com

Yang Huahui received his B. Sc. and M.
Sc. degrees both from Ordnance Engineering College in 2014 and
2016, respectively. Now he is a Ph. D. candidate in Ordnance
Engineering College. His main research interests include
measurement and calibration of equipment, signal testing and
processing.

BAEF, 1985 4E T RAR R oy

A, B AL SR TN S AR SE Fr ke
b1, EEWFFETT 1) 9 5E 1) i E SR | e S
AR BACHIBAE
E-mail: 13501036004 @ sina. com

Feng Weili received his B. Sc. degree from
Tianjin University in 1985. Now he is a
research fellow in Beijing Aerospace Institute for Metrology and
Measurement Technology. His main research interests include
directional sighting technology, transmission techniques and

related theories.



