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Application of XGBoost machine learning in error
compensation of photoelectric encoder

LI Yingzheng, LI Zhibin, JIN Lei, HU Zhenzhen, KANG Yefei, LI Gengbai
(Department of Automation, Shanghai University of Electric Power, Shanghai 200082, China )

Abstract: The error of photoelectric encoder detection system is mainly affected by the angle
measurement error of the reference photoelectric encoder, data acquisition error and coaxial error.
The angle measurement error can be compensated. In this paper, an algorithm based on extreme
gradient boosting (XGBoost) machine learning is designed to compensate the error of the reference
photoelectric encoder. After compensation, the static accuracy is improved by 35 times. The
standard deviation is decreased from 3.62" to 0.13", and the maximum error value is reduced from
5.53" to 0.39". Compared with the traditional back progagation (BP) neural network algorithm and
radial basis function (RBF) neural network algorithm, XGBoost's compensation is better than the

others. XGBoost machine learning algorithm compensation effectively reduces the measurement
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error of the reference photoelectric encoder and improves the detection accuracy of the

photoelectric encoder detection system.

Keywords: photoelectric encoder; error compensation; XGBoost; accuracy of detection
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Fig.1 Precision measurement system for photoelectric encoder
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Tab.1 Encoder error detection results
FEE/(0) FefRZEE/ () || () s ()
0 0 180 —4.44
15 —4.81 195 -3.70
30 -3.02 210 —4.94
45 5.28 225 —4.12
60 4.11 240 2.19
75 -3.99 255 -0.12
90 1.31 270 3.09
105 4.59 285 4.25
120 493 300 3.11
135 3.30 315 1.27
150 —-0.07 330 5.53
165 -2.16 345 -1.20
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Fig. 2 Structure of error detection system for reference
photoelectric encoder
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Fig. 3 XGBoost machine learning training ability
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Fig. 4 XGBoost machine learning generalization ability



5 A% 545 %

.« 36+ o

6
41

—~ 2-

ATAO\-——,—<—_5 ----- -y —6—9-8-e—g-e

i
_2_
~4| o XGBoost #MEJF i
6 = X(}.Boost?l*{%ﬁﬁi%il

0 5 10 15 20 25
RIS
E5 MERIEHEIFREXL
Fig. 5 Comparison of encoder error before and after

compensation

ATLIA Y, XGBoost HAA 8RR MERL G
fe), MEHAMERSG)S, AMASERIIRZELE 0 KT
Wl HAMESCRIRES

T 55 F XGBoost YIl 2k £ 7 vE 1A &L
£, FIH BP #i & (2% 5 RBF 48 W 48 #E 17152
2:4MZ . BP ML N4 5 RBF #1128 45 (1 # Fhah
PRI E Ry 161,  WRH I 45 # MRS iR 22 &
BanE 6. K7 Fis.

—e MM RIS
4l i * oo AMERTIR2E
2t . !
£ "ﬂ\ =1
;[E Ll -] 4
_4 [
_6 1 1 1 1
0 5 10 15 20 25

HEYEE
B 6 BP 142 4 #MEXT LL
Fig. 6 Comparison diagram of BP neural network

compensation

4 HMETIR 2

—~ 2t
E 0fe= hate NP e ,L» g iae’ '\b "--=<';' o0
K Ll o

74 L

76 I I I I

0 5 10 15 20 25
W A5 5

7 RBF £ F 4 4MEXT L E
Fig. 7 Comparison diagram of RBF neural network

compensation

ATLVER], PIRMRIZE 28 R 22 AMERCRA
U XGBoost HLaw 7 T AIAMERCR . HiR 224
BRI LA RN 2 Fs .

®2 BIMERGIMERRRTEE
Tab.2 Comparison of compensation effect of each
compensation system

X WASNEE e EORIRZEE/
(") (") (")
MR 3.15 3.62 5.53
BPHIZ M4 ME R 5t 0.51 0.77 1.59
RBFHIZ MM R ST 0.19 0.31 0.87
XGBoosttMz: R4t 0.09 0.13 0.39

ST BRI, 3 FhAME R G
SR . R RIRZEABRKNNEE,
Hrp XGBoost [ #MER R B 4. 4838 XGBoost
wMERGAMEDLA, BRASRT 305 B IL R
0.09", PrRifEZEH 3.62"F#(RZ 0.13", e RiRZE(E
i 5.53"F%AIK = 0397,

i#

4 &

FIH XGBoost Bk T T — M REAMER
B, B, XmALERRIN R AIR 2SRRI T4
Br, #Sr 7R 2ZERMERSCRIE bR .
24 THI B AR FEE G g S AR A TR A e,
SR EHRE7E MATLAB i ] XGBoostHL#s
) RGP TAME . *MESE RIS IR R, %Ok
BB IRZEAMERCR . B L Reg it — D4R
T O HEL 2 B B RG2S G R L AE SE PR ST
XGBoost L7 > RGBT, 0 T ZAR A
AEARHATAR R SEOR T U LSE A, DR
PR B AMEERIR . XGBoost H %t L 4
TSR ZE M AME:, FMEET S G Gt 28 AT
ORGSR R 2 MR T A i R
ge4rh

EEPEE

(1] GREE, E B, Mowk. St il midas & R IR
M SRR [1]. 24, 2005, 27(1): 90 — 96.
[2] INCZEI], SZABO C, IMECS M. Incremental encoder



5513

FWLER, % XGBoosthlavar: A 7E GRS as iR 22 AMA 1

e 37 o

(3]

(4]

[5]

(6]

(7]

in electrical drives: modeling and simulation[M]//
RUDAS I J, FODOR J, KACPRZYK J. Computational
Intelligence and Informatics: Principles and Practice.
Berlin, Heidelberg: Springer, 2010: 287 — 300.

S, 5, B, 2. HT LabVIEW fOGHER
SN SFF R RS (7], AR L, 2019, 47(3):
25 -28.

LU L, WANG L, WANG W, et al. A self-calibration
method for error of photoelectric encoder based on
gyro in rotational inertial navigation
Microsystem Technologies, 2019, 25(6): 2145 — 2152.
BHANGU B S, RAJASHEKARA K. Control strategy

for electric starter generators embedded in gas turbine

system[J].

engine  for  aerospace  applications[C]//Energy
Conversion Congress & Exposition. Phoenix: IEEE,
2011: 1461 — 1467.

HOU B, ZHOU B, LI X, et al. Periodic nonlinear error
analysis and compensation of a single-excited petal-
shaped capacitive encoder to achieve high-accuracy
measurement[J]. Sensors, 2019, 19(10): 2412.

WRIEA, dkbh, XA, 4F. 22T PSO-BP MIZ R 455t
HL 2 1) i TR 22 AMEE AT 9T (0], R IR AR 2241, 2017,
30(8): 1182 —1186.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

R 2R E T, 45 RBF W48 00 A1 25 A
PR [J]. GH T, 2009, 36(8): 139 — 142.
LA, R, XU, 4. —FOLHR R S A 3
KRl 25 [J]. AL EAR R, 2019, 32(3): 463 — 468.
X230, XBSCAN. 25 fn gt 24 [7]. s TR,
2000, 27(6): 66 — 68.
JIAHK, YUL D, ZHAO H N, et al. A new method of
angle measurement error analysis of rotary encoders[J].
Applied Sciences, 2019, 9(16): 3415.
YU H. Angle measurement based on in-line digital
holographic reconstruction[J]. Optics and Lasers in
Engineering, 2021, 137: 106385.
S, BT, XUBRAL, 55 4ax) g i dedi 5
MR 2E A SR (1] J6HL TR, 2015, 42(1): 89— 94,
Z= 510, XJRJZE. 3T XGBoost AYARE B2 1 [1].
SE{ESR, 2019, 40(10): 101 — 108.
M, EIRA FMAHE, 55 T TR ALY
Xgboost B F M HE K v [11. 72 ol K2e2a4),
2018, 35(1): 23 —28.
WA, BvERE . 4o X 2O6 R g gl M iR 22 A shis
MRS (7). e 5eH A, 2021, 19(5): 30 - 35.
i, TR, T, A /NI FOG L G A R
HEhKIl 248 [J]. HEDEF, 2016, 9(6): 695 —703.
(it : ZEIREA)


http://dx.doi.org/10.1007/s00542-018-4139-0
http://dx.doi.org/10.3390/s19102412
http://dx.doi.org/10.3390/app9163415
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.11959/j.issn.1000-436x.2019154
http://dx.doi.org/10.1007/s00542-018-4139-0
http://dx.doi.org/10.3390/s19102412
http://dx.doi.org/10.3390/app9163415
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.11959/j.issn.1000-436x.2019154
http://dx.doi.org/10.1007/s00542-018-4139-0
http://dx.doi.org/10.3390/s19102412
http://dx.doi.org/10.1007/s00542-018-4139-0
http://dx.doi.org/10.3390/s19102412
http://dx.doi.org/10.3390/app9163415
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.11959/j.issn.1000-436x.2019154
http://dx.doi.org/10.3390/app9163415
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.1016/j.optlaseng.2020.106385
http://dx.doi.org/10.11959/j.issn.1000-436x.2019154

	引　言
	1 光电编码器检测系统的误差构成
	2 XGBoost基本原理以及补偿方法
	3 基准编码器误差补偿实验
	3.1 编码器检测系统装置
	3.2 基于XGBoost误差补偿建模及数据处理

	4 结　论
	参考文献

