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Abstract Optical frequency domain reflectometry (OFDR) based on Rayleigh backscattering (RBS) has drawn significant
attention in the fields of aerospace, health care, and high-precision instrument testing due to its advantages of exhibiting
high spatial resolution and high sensitivity. The improvements in the spatial resolution and sensing distance of OFDR is
limited by the weak RBS in the fiber and nonlinear tuning of the laser source. To address these problems, two methods,
namely, optical fiber post processing and data post processing are introduced, focusing on RBS enhanced fiber using
ultraviolet and femtosecond lasers. Moreover, the temperature, strain, and three-dimensional shape sensing properties are
realized using RBS enhanced fiber and data post processing methods.
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UV laser: ultraviolet laser; CL: cylindrical lens; PM: phase mask; SMF: single mode fiber;
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V: moving velocity during UV exposure; E-SMF: exposed-SMF; UE-SMF: un-exposed SMF
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Fig. 2 Rayleigh scattering of standard single-mode fibers is enhanced by UV laser exposure””. (a) Schematic diagram of exposure area of UV

laser exposure method; (b) Gain spectrum of Rayleigh scattering enhanced single mode fiber with optimal exposure parameters
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Fig.3 Fabrication of weak scattering point array (WSPA) in SMF using femtosecond laser self-focusing technique"". (a) Schematic

diagram of WSPA processing; (b) obtained Rayleigh scattering enhanced spectrum of WSPA
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Fig. 4 Fabrication of weak scattering point array (WSPA) in
each core of multicore fiber using femtosecond laser self-

focusing technique™”
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fiber; PBS: polarization beam splitter; BPD: Balanced photodetector

5 SR CRD O o T AR i 45 i Bl e )
Fig. 5 Micro-cavity arrays fabricated by femtosecond laser

micro-machining technology™’!
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Fig. 6 Fabrication of weak fiber Bragg grating (WFBG) array in SMF using femtosecond laser technology'™’. (a) Distance domain
spectra of 200 identical WFBG; (b) enlarged view of the 89th to 92nd grating
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(a) Standard single-mode fiber strain sensing; (b) UV-exposed Rayleigh scattering enhanced fiber strain sensing
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