FEXXH FXXH
XXXX 4E XX A

x B B AR

Power Generation Technology

Vol.XX No.XX
XX XXXX

DOI: 10.12096/j.2096-4528.pgt.25146

FESZES: TK02; TM 911

ET AT E eI F AR RS A1 &
SR
ManE, A, BR>, FBAR, FHie, HER

(1. R T KFHHITAEFR, =64 AT 650500; 2. B E LT KFdF 5dF 14
Z, L% 21010, #HEZ; 3. AEAMERFLA ISR T A, fHHE L69 3G], &E;
4. LEAFRREEHHE ARG, LT KATR 201103)

State Estimation and Fault Diagnosis of Proton Exchange Membrane Fuel Cells

Based on Artificial Intelligence
ZHENG Ruyi', YANG Bo", ZHOU Shuai’, JIANG Lin’, LI Hongbiao*, GAO Dengke*

(1. Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan Province,

China; 2. Department of Electrical and Electronic Engineering, Auckland University of Technology, Auckland 1010, New Zealand;

3. Department of Electrical Engineering and Electronics, University of Liverpool, Liverpool L69 3GJ, United Kingdom;
4. Shanghai KeLiang Information Technology Co., Ltd., Minhang District, Shanghai 201103, China)

WE: [HMY i34 08Ok B b (proton exchange
membrane fuel cell, PEMFC){E N #¢ EL 38 1 175 &5 Be IR ¢
AR, TEREURFE A % 52 9 . SR, PEMFC R4 &
JE S AN RO AT IS AR A A e 1, RS Al A
B IZ W IR 2 Pk, M E I RG] RS e
A RSN X e MR, 6 A T4 BE (artificial intelligence,
ADFARAE PEMFC R ZSAG T B 12 W 7 7 FH 55 i 5
BCGHEAT TAEIE . LO7EEY 007 1 2411 PEMFC TEIRZS A
WA 12 W A3 ) T A S . FEIRAS A A, AT T
PEMFC JE 2 PRI RURR P, 4 72 T AR Al i 4
AR, W T AR FIETE PEMEC R A5 T+ 1 N TR #E A
L. fEMEIZ BN, 45995 7 PEMFC & WLk 2
B, i T RE R I AR, AT BT AL
WK, fjE, XET AL PEMFC RSG5 H k&2
Wi R Ak R st 7T [4518] ALE R REAE R
BRI s b B AN AR R RE 7, WERR A5 T PEMFC 1)
RE, BRCW RS ESR, R T PEMFC &
GNBATRCEMRENE, WA TEESZet. R
K, AITE ALBDEGIRT . RS S RS I, B Ee
A Z 4 DL K LA S R B[R] A 55 5 TR T FERIF 9T

HEWB: [FHFEHARAIEETIH (62263014); = FEH HAR
FE 4T H (202401AT070344)

Project Supported by National Natural Science Foundation of China
(62263014); Natural Science Foundation of Yunnan Province
(202401AT070344).

BRI AR, SRR, N TRBEAD; TS B
BIH(PEMFC); RS #Bsiewr; W%

ABSTRACT: [Objectives] The proton exchange membrane
fuel cell (PEMFC), as a highly promising clean energy
technology, has attracted much attention in the field of energy
conversion. However, the high complexity and operational
uncertainties of PEMFC systems pose significant challenges
to state estimation and fault diagnosis, seriously affecting
system reliability and safety. To effectively address these
challenges, the application strategies and effectiveness of
artificial intelligence (AI) technology in PEMFC state
estimation and fault diagnosis are studied. [Methods] Current
research progress on PEMFC state estimation and fault
diagnosis is analyzed. In the field of state estimation, the
nonlinear model characteristics of PEMFC are analyzed, Al-
based state estimation technologies are introduced, and the
application principles and advantages of different algorithms
for PEMFC state estimation are analyzed. In the field of fault
diagnosis, common fault types of PEMFC are summarized,
their fault manifestations and internal causes are analyzed,
and Al-based fault diagnosis technologies are introduced.
Finally, the future prospects for Al-based PEMFC state
estimation and fault diagnosis technologies are discussed.
[Conclusions] With its powerful data processing and pattern
recognition capabilities, Al technology can accurately
estimate the state of PEMFC and effectively diagnose
potential system faults, thereby significantly improving the
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the operational efficiency and stability of PEMFC systems
and enhancing their reliability and safety. Future research can
focus on areas such as Al algorithm innovation, optimization
of state estimation and fault diagnosis, intelligent system

development, and collaboration with other technologies.

KEY WORDS: clean energy; hydrogen energy; artificial
intelligence (Al); proton exchange membrane fuel cell
(PEMEFC); state estimation; fault diagnosis; deep learning
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