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Clustering Segmentation of Ferrograph Images Based on

Improved Particle Swarm Optimization
LI Haotian"?, DAI Leyang"*, WANG Yongjian"?, SONG Jiasheng"

(1. School of Marine Engineering, Jimei University, Xiamen 361021, China;
2. Fujian Provincial Key Laboratory of Naval Architecture and Ocean Engineering, Xiamen 361021, China)

Abstract: When using K-means clustering algorithm to segment ferrography images, due to the randomness
of initial clustering center and the complexity of ferrography image, missegmentation will occur, which will af-
fect the effectiveness of subsequent ferrography analysis. In order to solve the problem, based on the normalized
RGB color model, the K-means clustering method is optimized by introducing the simulated annealing optimiza-
tion adaptive particle swarm optimization algorithm, which can effectively alleviate the problem of missegmenta-
tion. At the same time, the algorithm can achieve a balance between the global optimal solution searching abili-
ty and the convergence speed. The experimental results show that the improved algorithm improves the segmen-
tation accuracy of ferrograph images and ensures operational efficiency.

Keywords: Ferrograph image segmentation; clustering; particle swarm optimization; simulated annealing
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Fig.3 Comparison of segmentation result 1

b) K-means ¢) PSO-K d) APSO-SA-K

B4 SEIERITL 2
Fig.4 Comparison of segmentation result 2
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Fig.5 Comparison of segmentation result 3
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Fig.6 Comparison of segmentation result 4
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Tab.1 Comparison of metrics of segmentation evaluation for different algorithm

BT %
K-means PSO-K APSO-SA-K
BIEE e
A R P A R P A R P
1# 97.8 91.3 78.4 97.6 92.4 76.1 98.6 86.6 91.3
2# 95.5 97.5 69.9 95.6 97.4 70.7 97.4 99.3 80.3
3# 96.4 84.1 97.5 96.2 83.1 97.3 96.4 95.2 86.8
44 97.3 88.1 97.0 97.4 89.2 96.7 97.7 90.8 96.8

K7 g5 1A TR FITE AN TRk A i A O e . AT L, AR SR Y A9 380k 2 17 (LA e £
JLUGEACH R R, IR 20 UOEIUR LR B RS . @ g R, 57 kA

http : /xuebaobangong. jmu. edu. cn/zkb



514 PR, A SRR B BRI IR SR 26 - 101 -

Ho, ASSCER Y A A BRI SERGB , TH ORI

i
7 — APSO-SAK 8 — APSO-SAK
— PSOK — PSOK
~ 6 ~ 1
S E
o 5 o
= &
S =
L
5|
i
1 1 1 1 1 1 1 | 4 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
AU AU
a) F1R 1# b) K4 2#
.
—— APSO-SA-K —— APSO-SAK
4 H — PSOK — PSOK
g g
g pe
o L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
, DA
AU LACUEL
o) 14 34 d) B 44

B7 BEfERTEE
Fig.7 Algorithm iteration process diagram

4 it

EEX K-PIE RIS ERIE RS 0 B P AAfE R )8, 760 —16 RGB BRI R b b 17 R0, R
BEIAR K 38 R RO AR S A I m LA ctE , 8 T 35 F I3 —1k RGB B (5 2 (1 5L 401R k. [ 35 1y
TRERALH) K-Y{EE 28 J7 1 (APSO-SA-K) . APSO-SA-K B35 BEA% B T K-25 {8 W 8455 B e ag 18
R, NERT K-YHEREG AR R LS, SE5 45 R RE 7 IH—1k RGB Bl (B A 7R 2515 4
&I SEFTE, H APSO-SA-K FLAEERIE MG A BIROR AR 7 A 4 5, R — A sy gk
UGSy &7k

[ &% 3Tk ]

(1] E#RK, TR, BT Bha B E RIS KISER M SGE B/ 31T ], thES R E224] ,2013,42(5) :866-872.

[2]RAO X,SHENG C C,GUO Z W et al. A review of online condition monitoring and maintenance strategy for cylinder liner-
piston rings of diesel engines[ J]. Mechanical Systems and Signal Processing,2022 165 ;108385.

[3]DAL X J,WANG Y,YU S Q. Ferrographic analysis of pivot jewel bearing in oil-bath lubrication[ J]. Wear, 2017 ,376/377 ;

http : /xuebaobangong. jmu. edu. cn/zkb



- 102 - FFRREM (HRBERRD 530 %

843-850.

[4]XTAO H L. The development of ferrography in China;some personal reflections[ J ]. Tribology International,2005,38(10) :
904-907.

[5]KUMAR M,MUKHERJEE P S,MISRA N M. Advancement and current status of wear debris analysis for machine condition
monitoring;a review|[ J |. Industrial Lubrication & Tribology,2013,65(1) :3-11.

[6]CAO W,DONG G N,XIE Y B,et al. Prediction of wear trend of engines via on-line wear debris monitoring[ J ] . Tribology In-
ternational ,2018 ,120:510-519.

[7]ERARAE , EAFER , 562435 . 3T K-means T2 5 i K0 Jy 25 B R GRS 4y BI [T ]. I 5% 44,2014,39(12) .
101-104.

(8 TR, Tk B PH. AN [ o 107 PR Rk B B PR o BV L [T ] T 54,2021 ,46(4) < 111-115.

(9] T Ha , JO4 . BT 5 RN A B R S BTk [0 ] B4 2741, 2007 (5) 2467471,

[10]WANG J Q,ZHANG L,LU F X, et al. The segmentation of wear particles in ferrograph images based on an improved ant col-
ony algorithm[ J ]. Wear,2014,311(1/2) :123-129.

CULYBELL T, T %8, i MRa, 45, T ORI S B A A D A B 1 PR B A AR (IR S [ ) ] 0 55 % 5, 2019 ,44(6) 1 66-
71.

(121005 e, EFRK. 56T N TR SR R (U Bk R RS sl [ 1] HLARIE 55 A 351k ,2016 ,45(5) :145-146.

[13]ZHU D L,XIE L P,ZHOU C J,et al. K-means segmentation of underwater image based on improved manta ray algorithm
[J]. Computational Intelligence and Neuroscience,2022,2022 :4587880.

[14]NIKNAM T,AMIRI B,0LAMAEI J,et al. An efficient hybrid evolutionary optimization algorithm based on PSO and SA for
clustering[ J ]. Journal of Zhejiang University-SCIENCE A ,2009,10:512-519.

[15]WANG X H,LI J J. Hybrid particle swarm optimization with simulated annealing:machine learning and cybernetics[ C]//
Proceedings of 2004 International Conference on Machine Learning and Cybernetics. Shanghai, China; IEEE, 2004 ; 2402-
2405.

[16]ZHANG H X,PENG Q X. PSO and K-means-based semantic segmentation toward agricultural products[ J]. Future Genera-
tion Computer Systems,2022,126.82-87.

[17]WANG H,YANG J F,XUE B, et al. A novel color calibration method of multi-spectral camera based on normalized RGB
color model[ J]. Results in Physics,2020,19:103498.

[18 ]POLI R,KENNEDY J,BLACKWELL T. Particle swarm optimization[ J]. Swarm Intelligence 2007 ,1(1) ;:33-57.

[ 19 ]KIRKPATRICK S,VECCHI M P. Optimization by simulated annealing[ J]. Science,1983,220:671-679.

(REHE DE%E HXHER =R

http : /xuebaobangong. jmu. edu. cn/zkb



