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Abstract Battery condition monitoring is crucial for the healthy operation of batteries. With the continuous improvement
of battery performance and increasingly widespread application, it is urgent to develop an economical and effective battery
sensing system. Compared to traditional battery sensing technology, optical fiber sensors have unique advantages,
including high sensitivity, small size, easy integration, low cost, etc. This review summarizes all kinds of fiber optic
sensors that can be used for battery condition monitoring, including fiber grating sensors, fiber optic interferometer
sensors, fiber optic evanescent wave sensors, fiber optic photoluminescence sensors and fiber optic scattering sensors.
Finally, the challenges and prospects for future battery sensing research are proposed.
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Table 1 Traditional battery sensing approaches

Parameter Method Accuracy /°C Location Ref.
Temperature Liquid-crystal thermography +0.1-0.5 External [3-4]
Temperature Infrared thermal imaging +0.03-0.09 External and internal [5-8]

External and internal requires
Temperature Thermocouple +1-2 B : ) [9-11]
additional film preparation
Temperature Thermistor +0.01-0.05 External and internal [5-13]
Resistance temperature .
Temperature - +0.01-0. 2 External and internal [13-16]
detector (RTD)
Strain Strain-gauge External [17-19]
Strain Load cell External [20]
Strain Digital image External [21-23]
X-ray photoelectron spectrosco
Strain yp P by External [24-25]
(XPS)
Strain X-ray diffraction External [26-27]
Electrochemical
SOC/SOH Impedance External [28-30]
Spectroscope
SOC/SOH Data-driven methods External [31-32]
. Equivalent circuit ; o .
SOC/SOH External [33-34]
model (ECM)
) Direct measurement (EM, SEM,
SOC/SOH External [35-38]
TEM, XPS , etc)
Gas Resistance External [39]
Gas Infrared absorption Internal [40]
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Fig. 1 Structure of FBG and the transmitted, reflected, and output spectra™”’
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Fig. 2 Schematic of internal and external FBG sensors and their photo”
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Fig. 10 Influence of the position of FBG sensors on battery
strain measurement. (a) (¢) Schematic and physical
diagram of the FBG sensor pasted on the battery
anode; (b) (d) schematic and schematic diagram of

battery anode implanted with FBG sensor"”
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Fig. 13  Structure of sensitivity enhanced optical FBG sensor™. (a) Assembly and exploded view; (b) sensitivity enhanced structure
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Fig. 22 Oxygen concentration measurement””. (a) Schematic; (b) intensity variation curve of reflected phosphorescence at a certain

point on the cathode during the charging and discharging process
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Table 2 Optical fiber sensing approaches for batteries

Parameter Method Sensitivity Accuracy Location Ref
Temperature FBG 810 pm-C"! +0.1°C  External and internal [48-51]
Temperature Optical fiber photoluminescent 1.62% K +0.5°C  External and internal [ 55]
Temperature DFOS 1.328 GHz-C ! +0.27°C  External and internal [61-63]

Strain FBG 0.854 pm-pe™’ +0.1pe  External and internal [ 65-67]
Strain FBG/FPI +0.1pe  External and internal [74]
SOC/SOH FOEW Internal [80-83]
SOC/SOH SPR/LSPR 3.2X10 % -mC' R*=98.5% Internal [84-85]
Electrolyte density Multi-point fiber Internal [86]
Electrolyte refractive index FBG Internal [87]
Gas Optical fiber photoluminescent 0.12% Internal [56]
Gas Colorimetric Internal [89]
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