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Abstract: To address the challenges of accurately identifying early faults in rolling bearings, a fault de-
tection method was proposed based on one-dimensional structural graph entropy. A graph model was devel-
oped to transform time-series data into spatial structures, enabling effective extraction of bearing condition
features. A complete graph model of signal short-time power spectrum was construtured , and the complex-
ity changing rules of time-frequency energy distribution were captured. Leveraging the ability of entropy to
describe signal nonlinearity, a one-dimensional structural graph entropy measure was defined to quantify
the variations in complexity of model structure, whose mean value served as health indicator for assessing
the condition of the bearings. Theoretical explanations and numerical analyses demonstrated the discrimina-
tive mechanism of health indicators regarding operating states. Additionally, an adaptive detection method
was developed based on the characteristics of this health indicator. The method was experimentally vali-
dated on XJTU-SY, IMS, PHM., and pulp mill datasets. Results show that the method may accurately
identify fault conditions without any parametric adjustments. When compared with methods such as mean
square value, synchronized pseudo-velocity corrected mean square value, variance, and kurtosis, the pro-
posed health indicator shows superior robustness and trend-tracking performance.
Key words: rolling bearing; early fault detection; graph model; one-dimensional structure graph en-
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on one-dimensional structure graph entropy
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Tab.2 The experimental verification parameters
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Fig.7 Detection results of XJTU-SY datasets
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Tab.4 Bearing detection results for XJTU-SY dataset

BURAFR | ARV A8 | SR REAS RS | MORER /s
Bearing 1-1 512 79 4842
Bearing 1-2 270 42 2574
Bearing 1-3 478 73 4474
Bearing 1-4 797 122 7477
Bearing 1-5 231 36 2207
Bearing 2-1 2977 455 27 883
Bearing 2-2 304 47 2881
Bearing 2-3 1987 304 18 630
Bearing 2-4 198 31 1890
Bearing 2-5 958 147 9009
Bearing 3-1 15 647 2388 146 337
Bearing 3-2 16 357 2086 127 831
Bearing 3-3 2248 344 21081
Bearing 3-4 9318 1422 87 141
Bearing 3-5 53 9 552
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Tab.6 Bearing detection results for pulp mill datasets

sipsn | PO e | TR
Dataset 1 8028 2155 21 550
Dataset 2 2872 439 4390
Dataset 3 25283 6173 61730
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Fig.14 Robustness comparison results

of different methods
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Tab.7 Robustness assessment of different methods

i i B HE4
ARIT7 0.9576 1
Var 0.9371 2
SWT-RMS 0.8481 3
Kur 0.6879 4
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Tab.8 Comparison of bearing detection results for
XJTU-SY and IMS dataset

ik R/ Y HER/Y 2R
AR CTT 100 100 1.000
Var 85 100 0.919
RMS 89.47 100 0.944
SES 80.95 100 0.895
AIWFI 89.47 100 0.944
GF 53.33 100 0.696
ESWK 100 100 1
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