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An error compensation method of the capacitive angular displacement encoder
based on the time domain signal state duty cycle

Wang Qiang, Gao Xu
(College of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: To improve the subdivision accuracy of the capacitive angular displacement encoder, and address the problem of nonlinear
distortion caused by parasitic capacitance, processing and installation error interference of the sensing signal, this article proposes an
encoder sine and cosine signal subdivision error compensation method based on the time domain signal, the state duty cycle. Based on
the time-space periodic sine and cosine signal sensing model of the capacitive encoder, the partial derivative model of the corresponding
relationship between the gain error, the zero position offset error, and the time point of the time-domain signal is designed. Different from
the traditional complex fitting algorithm, this method uses the high-frequency clock to collect and record the time information of the
voltage threshold intersection of the pre-set periodic signal in real time, divides the sine and cosine single periodic signal into four time-

domain state intervals, and defines the proportion of the duration of each interval in the whole cycle as "

state duty cycle". The time
point and zero offset of the actual signal are calculated based on the recorded time information and voltage threshold information, and the
real-time correction of subdivision error caused by gain error and zero offset error is further realized. In this paper, a 16-bit small
capacitive encoder with an outer diameter of d =50 mm manufactured by PCB process is used as the experimental object, and the
subdivision error before and after compensation is tested and analyzed by using this method. The results show that the measurement error
of the encoder can be reduced from £30” to +10”, and the standard deviation of error can be reduced from 16. 48" to 6. 85”. This method
breaks through the traditional matrix operation compensation framework and is easy to implement at the hardware level. It has lower time
and space complexity, faster response time, and can effectively improve the environmental adaptability, dynamic response characteristics
of the encoder, and the reliability and stability of angle measurement
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Fig. 1 Diagram of the capacitive displacement sensor
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Fig.2 Basic structure of the sensor
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Fig.3 Phase interpolation program timing diagram
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Fig.4 Phase interpolation subdivision program block diagram
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Table 3 Design of specific parameters of sensitive elements
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PR P i K 1 12 3
LN GRS 1 128 32




290 %A R F¥ M

47

HL A AR e 9 0 (88 £ S B T 155 (9 R 6 0
o7 LARAE . RS HESR BOZ AR 22 , A R G818 H et ik
PR RGELBUIA 50 MHz 9 & Fe e PE e
AT , OO LA IR 1] 23 B8R 20 ns, A2 I8 BT 2
(9 1 kHz RIS AR VR B, e — 1 oe B fs
SN AR IS S HE ) 0, TR

0, = LN 1 296 000’ (36)
TN

ST I QUL ERES I YN VR SR
HAURBUH S WU S 5 R B — BGN A% B X%
B, W FRIRTAE £ 5 f i RN R
X AL A A By Mk, AR R G2 £ 50 MHe,
f N1 kHz LA HNE g 32 %%, e T 45 42 a1y

P 817
2.3 VARG HIEMER

JE L 15 22 R A AL AR R SR A A5 1 RS B
T gehn e Sk Y 22 (A5 B R 22 45 ALl 9 T
N, TR 2 MRV R B MR 22 1l sh R 1, FE R ek
etk 2E R 23", ML G S E — N TR iR 22
SEPUE IR IR LB A, DR S 15 22 v R LI £ i X
Wi 2E , Him 2 KN e 4. 87 i 2z Mk an &l 10 s,
BRI A5 A ST RS A5

20

\
_ il ’ w
® ‘ | M ‘
x  ofll \ \
" Wil
= Nl | \
-10 A ‘ ‘ ‘
(il il
‘\ \.
_20 1 1 1 1 1 1
0 60 120 180 240 300 360
FBE)

9 ARG R ZE

Fig. 9 Integral error of sensor
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Comparison of subdivision error compensation

before and after for 128 sampling points
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Table 4 Comparison of parameters for angular

displacement encoders
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