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Abstract To improve the reliability and accuracy of photoelectric angular displacement measuring device and enable
proper decoding in the case of contamination, this paper investigates contamination detection and real-time correction
methods for contamination-induced error codes in image-based angular displacement measurements. First, the principles
of angular displacement measurement and the effects of contamination on this measurement are presented. Then, to detect
the code disk contamination and correct the resulting error codes in real-time, the detection-correction-conjecture and area
pixel scanning methods are proposed for the rough and precision code areas, respectively, in the course of correction, a
new precise coding method is designed. Finally, the proposed contamination detection and real-time error code correction
methods are experimentally validated. Results show that the proposed method can detect contamination and correct the
resulting error codes in real time. This research is important for improving the reliability and accuracy of angular
displacement measurements.
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Fig. 1 Schematic diagram of image-based angle displacement measurement system
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Fig. 2 Schematic diagram of code disk and section
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Fig. 3 Schematic diagram of different contamination conditions. (a) Rough code area; (b) precision code area
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Fig. 4 Schematic diagram of decoding principle for rough code area. (a) Schematic diagram of code disk information; (b) pixel changes

of baseline
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Fig. 6 Schematic diagram of precision code area. (a) Schematic diagram of precision code area information; (b) pixel changes in the

scanning area
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Fig. 7 Flowchart for error code correction in precision code area
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Fig. 8 Real shot of error code detection and correction system
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Fig. 9 Experiment of contaminations in rough code area. (a) Black contamination and (b) corresponding pixel change; (c¢) black

scratches contamination and (d) corresponding pixel change
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Fig. 10 Experiment of contaminations in precision code area. (a) Black cover contamination in blank space and (b) corresponding pixel

change; (c) black cover contamination in precision code track and (d) corresponding pixel change; (e) black contamination and

() corresponding pixel change; (g) black scratches contamination and (h) corresponding pixel change

2, 78X AT 25 R BEAT 43 A s A i ) 35 G 5, U0 A
155 50 AR IHE 775 e A3, 66 0% 2 9 3 19 [ I ol 4 17 iR 1
FEA s TR 2 A 2 ] A 22 {B, AR A AL 8 Al
R A 5 G IF X R G AT AL IE . A SCHR I DCAF

hE4NM  https://www.cnki.net

TR AR R A, A A AR RS 38 2 75 G
I 5 BRI BE 8 X 9 Y dE AT AR I, [ I G i A
4 TR B R AT S IR IE , AR SO W58 X B i AR 6 B I
HE R A R

2212008-8



£ 6155 22H/2024 F£ 11 /B ERBEFEHE

#1 JrRITE S A TITEX L

Table 1

Comparison of proposed method and existing methods

Signal acquisition

Method Objective Error detection Error correction Limitation
method
. Increase reliability and = . Complex algorithm, the
Method in L Two optical . . . L
flexibility of absolute Track the read bits ~ Multiple-mode operation need for initial
Ref. [15] encoder modules
encoder movement
Method in Development of high- A surface CMOS Subtraction of i No error correction for
o Subtraction of code values o
Ref. [16] precision encoder sensor code values precision code area
Detection and . Radial lines and ~ Calculation and correction Simple experimental
Proposed ) A surface CMOS ) ) . .
correction of encoder region pixel based on different kinds of ~ prototype needs to be
method ) . sensor ) )
error code in real time detection pollution further developed
Guo C X, Zhang Q Q, Ji J R, et al. Moire fringes
:I: N
5 e

AR SO — P P A5 A o A 0 3 e A 0 A R T
SE AL TE J7 ¥ 5 $ H DCAF 36 A X318 22 4 4 05 43 )
X RELAE R A5 DX PN A9 5 e R AT R, O e G AR Y R A
PEAT SE IR IE 5 5 A A 00 B T AR A R AT SR I
SEREIRIT, P B B0 T T R 0 1 R A S I ARG IE T 3 A
TR 5 ARSI B f LB DN B R GE L B 68 S B0
R R IE 75 G ARSI, 5 X 1™ AR g DR A A7 S
REIE o WFSES $2 i A 05 % 0 S A T 40 1 AR o i 1 B AT

& % X #

[1] Lin W Y, Huang C W. Absolute rotary encoder system
based on optical sensor for angular measurement[J]. The
Journal of Supercomputing, 2021, 77(8): 8355-8373.

(2] Zevk, R, &, % R E 2 Rl 4 x0 206

W g B A BT LT WOt 5ot 7AE kR, 2015, 52(2):
022801.
Zuo 'Y, Long K H, Zhou L, et al. Design for spaceborne
multi-turn photoelectric encoder of dual numerical system
[J]. Laser &. Optoelectronics Progress, 2015, 52(2):
022801.

[3] Yang X, MaiJ T, Zhang Y, et al. High accuracy image-
based rotary encoder with polar transformation of DIG[J].
IEEE Sensors Journal, 2023, 23(22): 27087-27095.

[4] &%, XEF, INVEZ, % LR & kRN
RFRERT]. 6224k, 2023, 43(6): 0600002,

YuY, LiuZY, SunZ Y, etal. Development status and
prospect of photoelectric measurement equipment in range
[J]. Acta Optica Sinica, 2023, 43(6): 0600002.

[5] Zhang Q, He Z H, Xie Z W, et al. Diffractive optical
elements 75 years on: from micro-optics to metasurfaces
[J]. Photonics Insights, 2023, 2(4): R09.

(6] =M, ke, skng, & Z 4kt 2P G BT
Jega i, 2023, 43(19): 1905001.

Yuan W, Zhu Y, Zhang M, et al. Design of two-
dimensional metrological planar grating[J]. Acta Optica
Sinica, 2023, 43(19): 1905001.

(7] SRARHE, SKRPOR, HAHER, & WS DR SR RO

FLLT). Jasrsi iz, 2022, 42(20): 2012004,

(8]

(9]

[10]

[11]

[12]

[13]

[14]

(16]

2212008-9

o [ %71

https://www.cnki.net

simulation in liquid crystal display[J]. Acta Optica Sinica,
2022, 42(20): 2012004.

UM, TiRkAE, T, S RS LB T B R AT
Feik e S R T]. WOt S04, 2019, 49(6): 650-657.
Jia X D, Wan Q H, Yu H, et al. The progress and
prospect of angular displacement measurement technology
[J]. Laser & Infrared, 2019, 49(6): 650-657.

EFVK, B, TKIL, 5 /N &9 4 55 80
L g i g (J]. WOt 5t i T AE Bk R, 2019, 56(18):
180401.

Wang Y B, Wang R, Yu Y J, et al. Small metal code
disk based photoelectric encoder with high resolution[J].
Laser & Optoelectronics Progress, 2019, 56(18): 180401.
Jiang J Q, Dai J H, Yang S, et al. A 22-bit image
encoder with optoelectronic integrated chip[J]. Optics
Communications, 2022, 512: 128022.

AW, AETET, BRARE, S5 . I5 O Al 2 B g ) £ 5% 22 Y5 BOM
AT WOE S e AR BERE 2020, 57(17): 171205.
Ren X, Du S P, Chen K, et al. Error source and
spectrum analysis for angle measurement of circular
grating encoder[J]. Laser & Optoelectronics Progress,
2020, 57(17): 171205.

Cai N, Xie W, Peng H X, et al. A novel error
compensation method for an absolute optical encoder
based on empirical mode decomposition[J]. Mechanical
Systems and Signal Processing, 2017, 88: 81-88.

Cheng F, Zhou D F, Yu Q, et al. A new image grating
sensor for linear displacement measurement and its error
analysis[J]. Sensors, 2022, 22(12): 4361.

Renishaw. RESOLUTE™ absolute optical encoder
system[EB/OL]. (2023-06) [2024-03-17]. https://www.
renishaw. com. cn/zh/resolute-absolute-encoder-downloads--
37856.

Miljkovic G S, Denic D B. Redundant and flexible
pseudorandom optical rotary encoder[J]. Elektronika Ir
Elektrotechnika, 2020, 26(6): 10-16.

FF# % /N iR o3 B O PEAR SO L g T TR BT 5E (D]
KA E B B K E LR S WL 4 BT 5T BT,
2013.

Qi L L. The principle research on small optical pattern
rotary encoder with high resolution[D]. Changchun:
Changchun Institute of Optics, Fine Mechanics and



Rt

£ 6155 22H/2024 F£ 11 B/EBAERBEFEHE

[18]

[20]

[21]

o [ %71

Physics, Chinese Academy of Sciences, 2013.

Feng Z P, Gao A R, Li K Q, et al. Planetary gearbox
fault diagnosis via rotary encoder signal analysis[J].
Mechanical Systems and Signal Processing, 2021, 149:
107325.

Shokry B, Daoud R M, Amer H H. Fault-tolerant rotary
gray encoder for industrial applications[C]/2023 12th
Mediterranean Conference on Embedded Computing
(MECO), June 6-10, 2023, Budva, Montenegro. New
York: IEEE Press, 2023.

Ning Z, Cai N, Zhao J B, et al. Error compensation for
optical encoder based on variational mode decomposition
with a coarse-to-fine selection scheme[J]. IEEE Transactions
on Instrumentation 2023, 72:
1001510.

A, TR, BT, S L T A SR 2 W EOR
WETEBAR 5 T A EDE2A, 2015, 8(5): 755-767.
Dong J, Wan Q H, Zhao C H, et al. Current situation
and prospect of fault diagnosis for photoelectric encoder
[J]. Chinese Optics, 2015, 8(5): 755-767.

Zhang D D, Zhao S J, Zheng Q S, et al. Absolute
capacitive grating displacement measuring system with

and Measurement,

both high-precision and long-range[J]. Sensors and
Actuators A: Physical, 2019, 295: 11-22.
F I G A A R R ULk b 3R] Ry 4

J& , 2020(1): 51-54.

[23]

(24]

[26]

2212008-10

https://www.cnki.net

Wang M. Application of encoders and trouble shooting of
common faults[J]. Southern Metals, 2020(1): 51-54.

EW K, BALE, BN, A G RUR g A A% A I 7R
B v e 9 v m T BIE SR LT, A B S 4R 18, 2023
(23): 80-82.

Wang L F, Tong L X, Xue Y G, et al. Research on the
application of grating ruler and encoder detection in the
maintenance of CNC equipment[J]. Plant Maintenance
Engineering, 2023(23): 80-82.

B R, BRAE . BB YT B O g T A R 4 18 = )
[J]. EEy7 %645, 2023, 36(19): 93-94.

Cai X L, Chen Z M. Three cases of fault maintenance of
photoelectric encoder of medical equipment[J]. Medical
Equipment, 2023, 36(19): 93-94.

2 EGEI LR TR PS4l . geitl 55 iR
[M]. dtat: s Egei R, 2023.

National Statistical Professional and Technical Qualification
Examination Book Writing Group. Knowledge of statistical
operations[M]. Beijing: China Statistics Press, 2023.
BEEP; | WAR R A LS AN o) B iR 22 T7 ik BE YD,
KA b BB B E L 2R 5 WS B B E 5T BT
2021.

Jia X D. Research on sub-pixel level angle displacement
subdivision and error compensation method[D]. Changchun:
Changchun Institute of Optics, Fine Mechanics and
Physics, Chinese Academy of Sciences, 2021.



