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A system of fiber Bragg grating (FBG) temperature sensing demodulation based on light power detection is proposed 
in this paper. Compared with the traditional demodulation method based on wavelength scanning, light power detec-
tion is more direct and avoids the use of spectrometer. Moreover, the light power in the system is converted into the 
electrical signal by the receiver optical subassembly (ROSA) and converted to the digital signal. The micro controller 
unit (MCU) processes the digital signal to realize the real-time temperature monitoring, which avoids the use of optical 
power meter (OPM). With the advantages of simple structure and low cost, the system is portable and practical. The 
experimental results show that the linearity coefficients R-square between light power and the sampling voltage are 
0.999 08 and 0.998 93 in the temperature range from 10 °C to 85 °C, respectively. According to the results, the proved 
sensor has a repeatability error of 1%, a linearity error of 1.35%, and a hysteresis error of 0.7%, which indicates that 
the system is of high stability and high precision. The experimental results are consistent with the theory, which veri-
fies the system's feasibility. 
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The fiber Bragg grating (FBG) sensors are actively under 
investigation for the advantages of strong an-
ti-interference, corrosion resistance, lightweight, and 
softness[1-4]. Compared with electronic sensors, FBG is 
passive and more secure without poor battery life or 
electric spark[5-8]. The parameters of temperature in FBG 
are converted into the wavelength shift. As a result, wa-
velength demodulation is the key technology in the FBG 
sensor. The simplest method is measuring the wave-
length shift through an optical spectrum analyzer (OSA), 
such as the Mach-Zehnder interferometer, and the Fa-
bry-Perot interferometer[9-16]. Although the sensors men-
tioned above can be used for temperature measurement 
by using an OSA, there are some shortcomings. For ex-
ample, the Mach-Zehnder interferometer structure cannot 
be made into a probe structure[9]. The structure of the 
Fabry-Perot interferometer is poor in stability[10]. Fur-
thermore, the temperature cannot be displayed in real 

time, and the use of OSA causes the system to have a 
complex structure and large volume, which is not ideal 
for use in portable devices.  

Researchers have made various attempts to find a de-
modulation method for the FBG sensors with low cost, 
simple structure, and high accuracy[17-20]. Ref.[17] pre-
sented a temperature sensor using FBG Fabry-Perot cav-
ity that can be used to discriminate the temperature and 
strain. However, the demodulation accuracy of the sys-
tem is reduced by the hysteresis effect of pressurized 
electric ceramics. Ref.[18] adopted a high-speed fiber 
grating demodulation technology that benefited from the 
swept wavelength-tunable laser and single-board com-
puter digital signal processing (DSP) with real-time field 
programmable gate array (FPGA) processing. However, 
the demodulation is based on the tunable laser, and the 
cost is high. Ref.[19] adopted a peak detection algorithm, 
which should be implemented in distributed FBG and
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Fabry-Perot or Mach-Zehnder interferometer, where the 
probability of low signal-to-noise ratio (SNR) is high. 
Ref.[20] demonstrated a filterless, tempera-
ture-independent FBG dynamical demodulator using 
pulse width modulation (PWM), which is suitable for a 
distributed system. However, it is still based on the wa-
velength shift, which is expensive and difficult to carry. 

This paper proposes a system of FBG temperature 
sensing demodulation based on light power detection to 
solve the above problems. Theoretical analysis shows 
that the light power variation of the overlapping spec-
trum of two FBGs is linear with the temperature. There-
fore, compared with the measurement of the wavelength 
shift, the light power detection is more direct and avoids 
the use of spectrometer. Meanwhile, the measured tem-
perature is real-time monitored after photoelectric con-
version and decoding by the processor, which avoids the 
use of optical power meter (OPM). The system was es-
tablished by theoretical analysis and experimented on 
temperature. The proposed system has the advantages of 
simple structure, intuition, low cost, portability, and 
real-time monitoring. 

The configuration of the proposed system is shown in 
Fig.1. The system is composed of an optical signal de-
modulation path, a photoelectric conversion circuit, and a 
signal processing circuit. The optical signal demodula-
tion path detects the overlapping spectrum of two 
chirped FBGs, the FBGA is for the reference, and the 
FBGB is for sensing. The photoelectric conversion cir-
cuit includes a receiver optical subassembly (ROSA) and 
a sampling resistor to convert the optical signal into a 
voltage signal. Finally, the signal processing circuit with 
an analog-to-digital converter (ADC) and micro control-
ler unit (MCU) is to decode and display the measured 
signal, which avoids the use of OPM.  

 

 
Fig.1 Configuration of the proposed FBG demodula-
tion system  

 
Broadband amplified spontaneous emission (ASE, 

C-band) light is injected into the FBGA from one port of 
the 3-port-circulator (port 1), and the reflected signal is 
injected into the FBGB from port 2 to port 3 of the cir-
culator. FBGB is a temperature-sensitive fiber grating, 
while FBGA is not sensitive to temperature. Therefore, 
FBGB is affected by temperature as the sensor, while 
FBGA is set at room temperature as the reference. On the 
premise of ignoring the transmission loss, the overlap-
ping spectrum of two FBGs is fixed when FBGA and 

FBGB are at the same temperature environment, and the 
transmit light of the FBGB is fixed too. However, when 
FBGA is at a fixed temperature state, but FBGB is at a 
various one, the central wavelength of FBGB will shift 
and result in the overlapping spectrum changing, which 
is shown in Fig.2. 

Moreover, the transmitted light is the wavelength off-
set of sensing fiber grating caused by temperature 
change. According to the positive temperature character-
istics of FBG, when the central wavelength of FBGB is 
greater than that of the FBGA (as shown in Fig.2(b)), the 
transmitted light increases. On the contrary, the trans-
mitted light decreases (as shown in Fig.2(c)). If the rela-
tionship between the transmitted light power and tem-
perature is specific, temperature demodulation can be 
based on light power detection. The theoretical analysis 
and experiments on temperature will be carried out later 
to verify this principle. The direct power measurement 
mainly uses the OPM, which has high power consump-
tion and cannot monitor the temperature in real time. 
Therefore, after optical path demodulation, the signal 
should be converted to an electrical signal and decoded. 

 

 

Fig.2 Relationship between reflection spectrum and 
transmission spectrum of FBGA and FBGB: (a) Re-
flection spectrum of FBGA; (b) Reflection spectrum 
and transmission spectrum of FBGB for λB>λA; (c) 
Reflection spectrum and transmission spectrum of 
FBGB for λB<λA 

 
The photoelectric conversion circuit includes an RO-

SA and a sampling resistor to convert the optical signal 
into a voltage signal. The ROSA is a photodiode pin re-
ceiver with a super trans-impedance amplifier (TIA). In 
addition, the module has built-in photodiode pin current 
monitoring, which can be sampled by a resistor and con-
verted to a voltage. Fig.3 shows the application diagram 
of the ROSA. The current IR comes from the 1: 1 mirror 
image of the pin current. After connecting the sampling 
resistance R in series, it is converted into voltage VR for 
subsequent circuit acquisition. 

The signal processing circuit with ADC and MCU is 
to decode and display the measured signal, which avoids 
the use of OPM. The ADC with 12 bits is integrated with 
the MCU, and it has an accuracy of 0.8 mV (ADC power 
supply voltage is 3.3 V, and its acquisition accuracy is 
3.3 V/4 096≈0.8 mV). The ADC collects the voltage VR 
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and sends it to MCU, displaying the measured value ac-
cording to the data fitting characteristics. According to 
the experiment, when the light source power is 20 mV 
and the temperature is from 10 °C to 85 °C, the trans-
mitted light power range is from 45.27 μW to 20.53 μW. 
After the conversion of ROSA, the current value range is 
from 45.21 μA to 20.19 μA. To meet the accuracy of 
ADC, we set the sampling resistance R as 48 kΩ, so the 
voltage range is from 2.17 V to 1.085 V. 

 

 

Fig.3 Application diagram of ROSA 

According to the characteristics of chirped FBG[21], the 
reflection wavelength has a positive linear relationship 
with temperature. Thus, the shift of wavelength affected 
by temperature can be calculated as follows 

Δλ=mΔT,                                 (1) 
where Δλ and ΔT are the changes of the wavelength and 
the temperature. m is the temperature coefficient, which 
is a constant.  

According to the principle of power density[22], it can 
be deduced that the transmission light power of sensing 
fiber grating (FBGB) in the demodulation system can be 
calculated as follows 
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where PT is the transmission light power, PI is the total 
power of the light source ASE, a1 is the loss factor of the 
3-port-circulator ring port, BT is the half-height width of 
the FBGB transmission spectrum, and BI is the 
half-height width of ASE.  

When FBGA and FBGB are in the same temperature 
environment, the overlapping reflection spectrum of the 
two FBGs should be maintained. However, it is assumed 
that the central wavelength offset of FBGB is ΔλB, which 
is resulting from the change in temperature. Because the 
transmitted light is caused by the wavelength shift of 
FBGB as analyzed above, and the wavelength shift is 
equal to the half-height width of the transmission spec-
trum, the transmission light power change corresponding 
to the wavelength offset can be calculated as follows 
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where k=a1PI/BI is a constant. It is deduced that the 
transmission light power has a linear relationship with 
the wavelength offset ΔλB. 

Combining Eq.(1) and Eq.(3), we can find out that 
ΔPT=kΔλB=kmΔT. Therefore, the transmission of light 

power is linear with various temperatures.  
A temperature-sensing experiment is conducted based 

on the setup in Fig.4 to verify the feasibility of the pro-
posed system. The structure comprises an ASE light 
source, two FBGs, a 3-port-circulator, an ROSA, an 
MCU embedded ADC, and a heating water tank. The 
sensing fiber grating FBGB is placed on the heating ta-
ble, and the reference fiber grating FBGA is placed on 
the optical platform. The thermometer in the forum mon-
itors the heating water temperature and the room tem-
perature. The FBGA is mainly affected by room tem-
perature, while the FBGB is affected by the heating ta-
ble. The multimeter displays the sampling voltage com-
pared to the ADC acquisition voltage. When verifying 
the collected voltage of ADC, it is found that the col-
lected value is 0.03 V less than the actual test value of 
the multimeter, so a 0.03 adjustment factor is added to 
the program. 

 

 

Fig.4 Experimental setup of the proposed system 

As described above, FBGB is a temperature-sensitive 
fiber grating, but FBGA is not sensitive to temperature. 
Thus, the FBGB (OEFBG, O/E Land Inc., Canada) and 
the FBGA (OEFBG, O/E Land Inc., Canada) used in the 
experiment are measured by an OSA (MS9740A, Anritsu, 
Japan). Fig.5 shows the spectra of the FBGA and the 
FBGB. As shown in Fig.5(a), the FBGA has a good reflec-
tion in the range from 1 550.31 nm to 1 560.05 nm, and 
the center wavelength is 1 555.08 nm. As shown in 
Fig.5(b), the FBGB has a good reflection in the range from 
1 545.62 nm to 1 555.54 nm, and the center wavelength is 
1 550.6 nm. To further analyze the effectiveness and con-
sistency of the system, the temperature coefficient of the 
FBG should be tested. Fig.6 shows the central wavelength 
of the FBG with temperature variations. As shown in 
Fig.6(a), the temperature coefficient of the FBGA is 
4.93 pm/°C in the range from 10 °C to 85 °C. As shown in 
Fig.6(b), the thermal sensitivity of FBGB is a bit low 
above 85 °C, and the temperature coefficient is 
16.4 pm/°C in the temperature range from 10 °C to 85 °C. 
Fig.6(b) shows that the linearity of the sensitive FBGB is 
good in the range from 10 °C to 85 °C, so we test the 
temperature from 10 °C to 85 °C. A sensitized fiber grat-
ing with a broader temperature range is needed if you want 
to increase the test range. The output power of the ASE 
(ASE-C-20-2-0-1-M, MAX-RRY-PHOTONIC-S, China) 
is 20 mW. Fig.7 shows the spectrum of the ASE source. It 
shows that the flatness of the spectrum is less than 3 dB from
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1 526.6 nm to 1 565.2 nm, which covers the C-band. To 
reduce the system's nonlinearity, the wavelength range of 
the FBGs should be within the wavelength range of the 
ASE. The ROSA (EOC1089, EOCHIP, China) is with low 
power consumption and high sensitivity. The wavelength 
range of receiving light is from 1 490 nm to 1 570 nm, and 
the sensitivity is −31 dBm. 

To verify the relationship between the temperature and 
the transmitted light power of the FBGB, a calibration 
experiment should be taken with an OPM (THORLABS, 
PM320E, USA). In the experiment, adjust the heating 
water temperature from 10 °C to 85 °C in steps of 1 °C, 
and record results while the heating temperature and 
transmitted light power are stable. We record ten data 
groups at each temperature point and take the average 
value. The transmitted light power with temperature var-
iation is shown in Fig.8. The R-square of linear fitness is 
0.999 08, and the proposed sensor's temperature coeffi-
cient is 0.321 7 μW/°C.  
  Then the transmitted light of FBGB is injected into the 
optical receiving module (ROSA) and converted into 
current. The current is converted into voltage by the se-
ries resistance. The voltage collected by the ADC circuit 
is sent to the processor for modification and storage. In 
the experiment, adjust the heating water temperature 
from 10 °C to 85 °C in steps of 1 °C, and record results 
while the heating temperature and the voltage are stable. 
The MCU will average the voltage collected by ADC for 
ten times at each temperature point and then display the 
mean voltage. To analyze the stability of the system, we 
change the temperature of the water box from 10 °C to 
85 °C in steps of 1 °C and then change the temperature 
of the water box from 85 °C to 10 °C in steps of 1 °C. 
This experiment is repeated five times. We record the 
results while the temperature and sampling voltage are 
stable, and process the experiment data by Origin 2018. 
The five groups of sampling voltages with temperature 
variations are shown in Fig.9. The temperature variation 
trend is consistent. The repeatability error of the sensor 
can be calculated as follows[23] 
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      (a) Reflection spectrum of FBGA 

 
(b) Reflection spectrum of FBGB 

Fig.5 Reflection spectra of the FBGA and FBGB 
 
where ΔSmax is the maximum difference between the 
results of multiple measurements, and yFS is the system's 
full-scale output. The maximum standard deviation is 
about 31.53 mV, and the system's full-scale output is 
1.098 1 V. Therefore, the repetitiveness is 2.871%. 
 

 
         (a) Temperature coefficient of the FBGA 

 

 
   (b) Temperature coefficient of the FBGB  

Fig.6 Temperature coefficients of the FBGA and FBGB 
 
Fig.10 shows the average results with the error bar and 

the linearly fitted relationship curve. As shown in Fig.10, 
the error trend is consistent with that in Fig.9. The max-
imum difference between the actual measurement results 
and the linear curve fitting is about 41.02 mV. The 
maximum difference between the heating and cooling 
measurements results is about 60.09 mV. Meanwhile, the 
system's full-scale output is 1.124 1 V. Therefore, the 



HUANG et al.                                                               Optoelectron. Lett. Vol.18 No.8·0465· 

linearity error of the sensor can be calculated as fol-
lows[24] 

max
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y
y
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

                            (5) 

where Δymax is the maximum difference between the ac-
tual measurement results and the linear curve fitting. The 
hysteresis error of the sensor can be calculated as fol-
lows[25] 
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where Hi Li max
y y is the maximum difference between 

the heating measurement results and the cooling meas- 
 

 

Fig.7 Reflection spectrum of the ASE light source 
 

 

Fig.8 Transmitted light power versus temperature 

 

Fig.9 Five groups of sampling voltages versus tem-
perature 

urement results at a certain point. Thus, the measurement 
results in Fig.10 have a linearity error of 3.65% and 
a hysteresis error of 5.34%, which indicates that the sys-
tem is highly stable. As shown in Fig.10, the R-square of 
linear fitness is 0.998 93, suggesting that the measured 
result has a good consistency and can be repeated. The 
temperature coefficient of the proposed sensor is 
14.9 mV/°C, which can meet the accurate acquisition of 
the ADC. Through repeated measurement, it is found 
that the variation trend of voltage with temperature is 
consistent with the transmitted light power, which shows 
that the linearity of the photoelectric conditioning circuit 
is good. 

 

Fig.10 Linear fitting of the temperature sensing re-
sults with error bar  

A good agreement is observed between theoretical 
analysis and experimental results. The minor differences 
between values can be attributed to the limitations of the 
experimental setup and the relatively low number of 
measured samples. The relationship between the voltage 
and the temperature can be calculated as follows 

0.014 84 2.352 66,xy                     (7) 

where y is the sampling voltage by the ADC and x is the 
temperature. Then the MCU transforms the voltage to the 
temperature and displays the measured value. Fig.11 
shows the measured temperature of the system. The 
temperature is measured in the range from 10 °C to 
85 °C in steps of 1 °C, including the heating and the 
cooling process. The data are average results, and error 
bars are also shown. It shows that the maximum differ-
ence between the actual measurement results and the 
linear curve fitting is about 1.012 48 °C, the maximum 
difference between the heating measurement results and 
the cooling measurement results is about 0.573 97 °C, 
and the system's full-scale output is 75 °C. Thus, the 
measurement results in Fig.11 have a linearity error of 
1.35% and a hysteresis error of 0.7%. As shown in 
Fig.11, the R-square of linear fitness is 0.999 75, and the 
slope is 0.984 98. Therefore, the temperature sensitivity 
of the system is 98.498%, which indicates that the sensor 
is with high precision. In repeated experiment, we find 
out the displayed temperature is dynamic, and the maxi-
mum standard deviation is about 0.752 31 °C, so the 
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sensor's repetitiveness is about 1%. The leading cause of 
temperature error is the acquisition voltage jump caused 
by the unstable light source and the effect of the vibra-
tion of the optical platform. Meanwhile, it is also af-
fected by the roughness caused by measurement in steps 
of 1 °C. Therefore, the accuracy needs to be further im-
proved. However, the demodulated temperature changes 
linearly with the set value, which verifies the effective-
ness and feasibility of the system.  

 

Fig.11 Contrast of the demodulated temperature and 
the set temperature 

An FBG temperature sensing demodulation system is 
proposed based on light power detection. The tempera-
ture demodulation is realized by measuring the light 
power of the overlapping spectrum of the two FBGs. The 
system was established by theoretical analysis and ex-
periment on temperature. The experimental results show 
that the linearity coefficients R-square between light 
power and the sampling voltage are 0.999 08 and 
0.998 93 in temperature range from 10 °C to 85 °C, re-
spectively. According to the results, the proved sensor 
has a repeatability error of 1%, a linearity error of 1.35%, 
and a hysteresis error of 0.7%, which indicates that the 
system is of high stability and high precision. However, 
the temperature error is within 1 °C, which should be 
improved by selecting a thermostat with uniform heating 
or an FBG with higher temperature sensitivity. Com-
pared with the wavelength scanning method, the pro-
posed system has the advantages of simple design, low 
cost, portability, and real-time monitoring without the 
spectrometer or power meter.   
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