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Abstract

As a key component of industrial machinery, the surface defects of bearings will directly af-fect the
safety of industrial production, so it is of great significance to carry out quality inspec-tion of
bearings in actual industrial production. Because the defects in different positions on the circum-
ferential surface have different damage degrees to the bearing, the defects in the core area of the
circumferential surface are the most harmful. Therefore, based on machine vision inspection,
which is the mainstream apparent quality inspection technology of industrial prod-ucts.
The essence of the bearing circumferential partitioning task is to accurately extract the up-per and
lower edges of the bearing in the image. In order to solve the problems of uneven image illumina-
tion, oil stain and bump at the bearing edge in the bearing edge extraction task, this the-sis pro-
poses a bearing demarcation line detection algorithm based on adaptive Butterworth homomor-
phic filtering and multi-scale Gaussian line fusion. Firstly, to address the problem of uneven bear-
ing illumination, this thesis proposes an image adaptive threshold segmentation al-gorithm based
on Butterworth homomorphic filtering. The Gaussian filter in the homomorphic filter is replaced
by the Butterworth filter, which effectively improves uneven illumination. Then, in combination
with the adaptive threshold segmentation algorithm, the appropriate parameters were automati-
cally selected to preprocess the image and enhance the edge feature information. Subsequently, to
eliminate the influence of defects, this thesis proposes a demarcation line coarse localisation algo-
rithm based on a class-aware hashing algorithm. The algorithm auto-matically locates near the
bearing demarcation line and selects the appropriate region of inter-est to minimise the false edge
problem caused by defects. Finally, to address the issue of bearing demarcation line fracture, a
multi-scale bearing edge detection algorithm based on Gaussian line is proposed. The algorithm
accurately extracts the coordinates of the dividing line by fusing the convolution map of mul-
ti-scale Gaussian derivative images, and uses the least squares method for curve fitting. Through
the above method, the accuracy of the final bearing partition reached 99.23%.

Keywords

Machine vision; bearing; Defect detection; Circumferential face; Edge extraction

Copyright © 2025 by author(s) and Erytis Publishing Limited.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BEE T ML B S P R, AR R R SR BRI . AR (B B RT3
) EHTRATR IR, P T30 A ) 7R R AR AR LA S LU s G K a3 . FEORHR
BEF, FEPRUER AR PP S R T R I [RIF,  HEAE S AR I B A I Tl Al R AR I TR )
¥z )5, EHRMALSHIMGT. W5 SER0E. GBS EL, SEERM A5, M
I AR B, FRIRSAT AR R A dr . SGIE 2 RBUR MBI R, FHELZRE, FIREH
MR, FMMFWEE RS, - BEES . RS RO AR, BINIRsh Mg, ks
MR E M, FERRRRERE 7). [BE T BRI B R skBExT T 4R R fa E R AR, i DU O X 6k
XF TR )RR L R . O 1 SEBLRR 5 A T RS HE 4y X, ASCHR Y 1 —Fh: T 5 1& B Butterworth [7]
AUEW S 2 R a4t & R 7 FRAR Rk . 2 5E F 25 MU T KD IR

B, ERO ARG M R, ASCRR T R T ELRRIR R A I I R 1 3 L R )
o EEIRAFRIZSIER P Gaussian JE 4% £ 3 4 Butterworth JEH A%, A RE A FIHE L.

DOI: 10.63313/CS.8013 136 TR AR


http://creativecommons.org/licenses/by/4.0/

YA, RIE

Hik, e HENERE2EIRE, BalEPRE &S00 BGIEAT AL E, SR REE . %
N T REERSEEIR, ASCRE T TR A FUAR o AR E ML i . 125 RENS B B E (L
BUGAR Y FARMEE, JFEFEEIE MG D, AT REIRR D d ke 51 1 Dy i 2 i

BJa, N T RRGR Y FRAAES M, ASCR I 13T R R i 2 RE AL G N EE. %
FikE G 2 RE R S BEGERIE, MR SR btr, JHEH b — 3Rk AT thZitl &

2. EXIfE

1Tt SR B T ARG IR I T . ) TR A IR, B[ 118 1 5T Hn ks
E AR IE ST, 1207 1% EAR eV A ROH BRI IRAN I (R e R4Sz, (E 78 A B AR BN B2 06 IR AR AL I
ik e A BRI B P A IAO S AT . TSR] T Fhah & N B N KRR A T, %
Jrik i AR BRI 0N I R O R MR, SR EEMR P DE IR AL, [ 5 B R L
T, ZITERARIESE TOCIRA BRI S AT, (E0 TR AR R 2D IR A Y, RIRCRIF A
B BhAILIR AL EAFERG T W55 S BUL G R WM SR B0IRES . SRR G2 A7 A W R R LR ALY
REEFRMUTTIE. 2016 4, TIRAEBIHE ST M OREERGE IR R Ui, W AT SRR B
REFZ K. A2, BRI XA KFZETIREREEN PN, 2% Kong W S A[4)3RH T
FET OBk A BRI B G S BB Sobel IS AN VLN RGEBEAT RN . 2018 4, FEMS[S1ER A )\ TA
ff] Sobel 55xF EUEHEATIAZAN . 5 LITIR, BUA IIT7 5 A BEAR LT AT 2 R 7 X ZER, - DRI,
FATHE T 2T CARR R R A U ) PR 1 L R B 7 BB, SR RS HE 7> X

3. Bk
AR K RT3 TR X (9 AR R 3 FiR.
T 15 R ButterworthFIZS K 5 % R S 7 & M R S X B3

éﬁlaﬁiﬂﬁlﬁ?ﬁ,ﬁiﬁ BT ABHAMABH BETSH&n %RA
HEG BE N E{ES & RS R EE N AN G LRI EE

4.

-

Figure 1. The overall framework of the bearing zoning algorithm
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Fig .2 Flowchart of traditional homomorphic filtering
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Fig 3. Filtering renderings
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Fig. 5 The final binary image
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Fig. 7 Bearing zoning diagram
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