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ZHANG Ke', HUANG Liang®
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2 Endoscopy Center, Zhejiang Provincial Hospital of TCM, Hangzhou, 310000

Objective To enhance the reliability of medical equipment, this study aims to develop a failure cause
diagnosis model and provide rational suggestions for efficient equipment use. Methods Combine fault
tree analysis (FTA) to identify basic events causing equipment failure and calculate their prior
probabilities. Obtain conditional probability tables for each node through expert assessment. Integrate
triangular fuzzy number theory with Bayesian network (BN) to construct a fuzzy Bayesian network (FBN)
for posterior probability inference and sensitivity analysis. Results Using endoscopes as the subject, the
analysis shows that the model accurately calculates the endoscope failure probability at 0.385%, and
identifies the key causes: improper cleaning (X5, posterior probability 0.36064), untimely fault detection
(X8, posterior probability 0.23571), irregular transportation (X6, posterior probability 0.11344), and natural
aging (X10, posterior probability 0.11377). Sensitivity analysis also confirms their influence weights
(mutual information values are 0.00749, 0.00591, 0.00202, 0.00174). Conclusion The model can
accurately perform quantitative analysis and rapid fault location of medical equipment failures, enabling
effective preventive measures.

medical equipment, fault tree, triangular fuzzy number, fuzzy Bayesian network (FBN), fault diagnosis
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Fig.1 Fault tree and Bayesian network conversion method
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T R BE kA b X3 BN R b
Al NEFERSRRRAERRE X4 BERAREIAZ
A2 NEMHREEARAY X5 ERNBHRIERY
A3 NEEFGIBAEEAY Xo  NEEEEAHE
A4 WERR X7 R IRbR
Bl B A 3R RN 2 X8 HBER A R
B2 BRI B X9 BERETE LAY
X1 A g OERNEE  X10 NBERAEL
X2 FARM NG EREA Y — —

5

[41 ]

P r T Te
% @@ 5
@) () ®)

[42 ] [43]

B3 AL REERTE
Fig.3 Endoscope failure fault tree
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Tab.3 Basic event probability

R WU RUERER BE B RUEMER
X1 222 0.0024939 X6 180  0.0020221
X2 9 0.0001011 X7 40 0.0004493
X3 28 0.0003145 X8 139 0.0015615
X4 97 0.0010897 X9 131  0.0014716
X5 409  0.0045946  X10 278  0.0031230
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Fig.4 Endoscope failure Bayesian network
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Tab.4 Node conditional probability (partial)
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Tab.5 Posterior probabilities of sub-nodes

X1 0.09905 0.09656 X6 0.11344 0.11142
X2 0.00520 0.00510 X7 0.01250 0.01205
X3 0.03608 0.03576 X8  0.23571 0.23415
X4 0.01898 0.01790 X9 0.01672 0.01525
X5 036064 035605 X10 0.11377 0.11065
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Tab.6 Sensitivity analysis of leaf node
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X5 0.00749 X3 0.00081
X8 0.00591 X4 0.00021
X6 0.00202 X7 0.00017
X10 0.00174 X9 0.000 14
X1 0.00156 X2 0.00009
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