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ABSTRACT 

The development of optical fiber sensors based on fiber Bragg grating (FBG) has driven the need 

for a deeper understanding of sensor characteristics under mechanical deformation conditions. 

This study is motivated by the limited investigations specifically examining the simultaneous in-

teraction between bending and thermal response in chirped FBG. This research aims to analyze the 

effect of bending degree on the sensitivity and thermal response of chirped fiber Bragg grating 

(CFBG), to observe Bragg wavelength (λB) shifts and transmission power variations, and to deter-

mine the optimal bending configuration. Measurements were conducted using a dual laser source 

at wavelengths of 1310 nm and 1550 nm, with bending angle variations of 0°, 10°, 20°, 30°, and 

40°, across a temperature range of 35°C to 49°C representing human physiological conditions. Re-

sults demonstrate that bending degree exerts a substantially more dominant influence on transmis-

sion power than temperature variation, with inter-angle power differences exceeding 12 dB. Bend-

ing angles of 20° and 30° consistently yielded the highest transmission power, with sensitivity val-

ues reaching 1555.72% and 1527.37% respectively at 1550 nm. The 1310 nm wavelength exhibit-

ed slightly higher sensitivity, whereas the 1550 nm demonstrated better thermal response stability. 

This research contributes to establishing optimal operating conditions for CFBG sensors in weara-

ble health monitoring applications requiring high sensitivity and reliable thermal stability. 
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INTRODUCTION 

Fiber Bragg grating (FBG) sensors are wide-

ly used for temperature, strain, and deformation 

measurements because of their compact size, 

immunity to electromagnetic interference, and 

multiplexing capability [1]. These advantages 

also support wearable applications for physio-

logical and motion monitoring [2]. Chirped fi-

ber Bragg gratings (CFBGs) extend these capa-

bilities through a spatially varying grating peri-

od, producing a broad reflection band respon-

sive to temperature and strain distributions [3].  

Bending and temperature can both influence 

sensor output, making their combined effects 

important for reliable measurements. Hong et 

al. [4] demonstrated FBG-based wearable rings 

for joint motion monitoring, while Han et al. [5] 

distinguished bending and temperature effects 

using a sampled CFBG mounted on a cantilever 

beam. These studies highlight the influence of 

sensor configuration and interrogation method 

on the measured response.  

This study examines CFBG optical power 

responses at bending angles of 0°, 10°, 20°, 30°, 

and 40°, using 1310 and 1550 nm illumination 

over 35°C – 49°C. Relative power changes and 

temperature-dependent responses are compared 

to identify configurations offering pronounced 

optical responses and comparatively stable out-

put for potential sensing applications. 

 

LITERATURE REVIEW 

Hill and Meltz [6] described the fundamental 

principles, fabrication methods, and optical prop-

erties of fiber Bragg gratings. Their work pro-

vides the basis for understanding how the grat-

ing structure determines wavelength-selective 

reflection and supports sensing applications. 
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Erdogan [7] analyzed the spectral character-

istics of uniform, apodized, and chirped grat-

ings. This framework explains how grating de-

sign influences reflection and transmission 

spectra and provides a theoretical basis for in-

terpreting the optical response of CFBGs under 

changing experimental conditions. 

Pereira et al. [8] demonstrated an interroga-

tion method using ultra-short FBGs as optical 

edge filters, incorporating temperature compen-

sation. Their study illustrates how a wave-

length-dependent filtering arrangement can 

support power-based interrogation. This distinc-

tion is relevant to the present study, which 

compares optical power responses under bend-

ing and temperature variations rather than di-

rectly measuring spectral shifts. 

 

RESEARCH METHODS 

 

Experimental Setup  

 

The experiment used a CFBG, a dual-

wavelength laser source at 1310 nm and 1550 

nm, an optical power meter (OPM), a digital 

thermometer, and a protractor. The CFBG was 

connected between the source and OPM to 

measure transmitted power (see Figure 1). 

 

 
Figure 1. Transmission-based CFBG setup for 

bending and thermal measurements.  

 

The sensing region was secured at bending 

angles of 0°, 10°, 20°, 30°, and 40° and posi-

tioned above hot water without contacting the 

liquid. Temperature near the sensing region and 

transmitted power were recorded during cooling 

from approximately 49°C to 35°C. Measurements 

covered both wavelengths and all bending con-

figurations, with 0° serving as the reference.  

Power readings were converted from dBm 

into milliwatts, calculated using the Equation (1): 

 

 
(1) 

 

Relative power change was calculated using 

the Equation (2): 

 

 
(2) 

 

where Pθ and P0 denote bent- and straight-fiber 

power at matching wavelengths and tempera-

tures. Power–temperature curves were com-

pared in Excel and OriginLab to assess bending 

effects. 

 

RESULTS AND DISCUSSION 

 

Optical Power Response to Bending  

 

Figure 2 (1550 nm) and Figure 3 (1310 nm) 

showa nonmonotonic relationship between bend-

ing angle and transmitted power, with the highest 

outputs generally occurring at 20° and 30°. Near 

35°C, power increased from -29.38 to -17.19 dBm 

at 1550 nm and from -30.44 to -17.98 dBm at 

1310 nm between 0° and 20°. At 40°, outputs de-

creased to -27.54 and -28.17 dBm, respectively. 

 

 
Figure 2. CFBG transmitted-power characteris-

tics of power versus temperature at 1550 nm. 

 

Curvature-induced radiation loss can reduce 

transmission [9] but cannot fully explain the 

increase at intermediate angles. Mounting, local 

strain, coupling, and source-grating spectral 

alignment may also influence the response. 
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Figure 3. CFBG transmitted-power characteris-

tics of power versus temperature at 1310 nm. 

 

Temperature-Dependent Power Response  

 

At 1550 nm, power generally increased with 

temperature, although steps and isolated devia-

tions require further examination. At 1310 nm, 

power spans ranged from 0.030 to 0.125 dB, 

indicating smaller temperature-dependent varia-

tions than at 1550 nm (see Figure 4). 

 

 
Figure 4. CFBG transmitted-power characteris-

tics of relative power change near 35°C. 

 

CFBG thermal response depends on grating 

design and temperature distribution [10]. Non-

uniform vapor exposure may influence results. 

Small power variations do not establish accura-

cy or repeatability; calibration must consider 

the complete system [11].  

 

Relative Power Change  

 

Figure 5 shows relative power changes near 

35°C. At 20° and 30°, these reached approximate-

ly 1556% and 1527% at 1550 nm, compared with 

1662% and 1640% at 1310 nm. These percent-

ages describe changes relative to the straight-

fiber reference, rather than sensitivity per unit 

angle or temperature. The larger percentages at 

1310 nm partly reflect its lower reference power. 

 

 
Figure 5. CFBG transmitted-power characteris-

tics of power span across tested temperatures. 

 

Measurement Limitations and Configuration 

Assessment  

 

The -14.66 dBm entry at 1550 nm, 30°, and 

45.15°C requires verification before fitting or 

optimization. Because the specified grating res-

onance is near 1550 nm, the 1310 nm results 

represent fiber-assembly transmission unless a 

corresponding resonance is confirmed. Calcu-

lated wavelength shifts must also be distin-

guished from measured spectra.  

Overall, 20° – 30° produced the highest re-

ported power, while 1310 nm exhibited smaller 

temperature-dependent variations. Establishing 

an optimum requires verified data, controlled 

bending geometry, repeated measurements, and 

uncertainty evaluation [11]. Wearable perfor-

mance remains to be validated.  

 

CONCLUSION 

 

The CFBG assembly showed a nonmonotonic 

bending response, with the highest transmitted 

power at 20° – 30°. Near 35°C, the 20° configura-

tion increased power by 12.19 dB at 1550 nm and 

12.46 dB at 1310 nm relative to the straight con-

figuration. The 1310 nm measurements exhibited 

smaller temperature-dependent variations. Data 

verification, repeated testing, and uncertainty 

evaluation are needed before determining an 

optimum or validating wearable applications. 
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