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A quasi-distributed dynamic and static strain sensor 
system
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A quasi-distributed dynamic and static strain sensor system consisting of 16 FBG sensors is designed by using an ampli-
fied-sponteneous emission (ASE) optical source, an optical tunable filter and a tunable laser. A resolution of about 5  has 
been achieved for dynamic strain measurement. The resolution for static strain measurement is about 1 .
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Fibre Bragg gratings (FBGs) are increasingly used as strain 
sensors in the monitoring of large-scale concrete structures 
[1-3]. They provide real-time strain sensing and can be either 
embedded into the structure, or attached to the surface. Com-
pared with mechanical sensors, they are light, compact, im-
mune to electro-magnetic interference, easy to be installed, 
and can be easily multiplexed in a large-scale distributed strain 
monitoring network [4]. Many methods have been studied for 
monitoring strain and temperature simultaneously, including 
the use of fibre Bragg grating cavity, Fabry-Perot cavity, tilted 
fibre Bragg grating, chirped Bragg grating, sampled fibre 
Bragg grating, Brillion reflection, dual-gratings [5-10],and etc. 

In this research, a FBG sensor is used as a temperature 
sensor to compensate the thermal influence at other sensors. 
An ASE source and optical tunable filter are used to monitor 
the dynamic strain at a sample rate of up to 6 samples per 
second. The strain resolution is about 5  at a sample rate 
of 2 samples per second. A tunable laser is used to monitor 
the long-term strain drift. A strain resolution of 1 ìå is achieved 
for the static strain measurement. The influence of electronic 
circuit noise, optical noise, sampling rate, wavelength scan-
ning step, tunable filter nonlinearity and signal processing 
algorithms are also discussed in this paper. 

The Bragg wavelength of a grating is given by 

B 2n , (1)
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where  is the grating pitch and n is the reflective index of 
the grating core. The change of the Bragg wavelength can be 
calculated as follows[11]:

B T ,T (2)B
B

where  is the applied longitudinal strain and T is the 
change of environmental temperature. The strain coefficient 
of the Bragg wavelength shift can be calculated as follows: 

B 78.0 10 6
B . (3)

The thermal coefficient can be expressed by using 

B 1002.7 6
B .

(4)
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The structure of the quasi-distributed dynamic and static 
sensor system is shown in Fig.1. It consists of two parts, i.e. 
the dynamic strain measurement subsystem and the static 
strain measurement subsystem. The sensors are divided into 
two groups, group one and group two. Each group has eight 
sensors, labeled S11 to S  and S21 to S28, respectively. The18

dynamic strain measurement subsystem uses an ASE source 
and an optical tunable filter to interrogate the Bragg wave-
length shift. A 16-bit Labview card is adopted to generate 
the sawtooth wave, which is used to drive the optical tunable 
filter after amplification. The filtered optical signal is con-
verted to an electrical signal at the photodetector, and then 
sampled via the analogue to digital channel of the Labview 
card for further processing. The dynamic strain measurement 



subsystem can only detect the wavelength shift of the sensors. 
It cannot detect the absolute wavelength, because the optical 
tunable filter itself can be only used to detect the wavelength 
difference rather than the absolute wavelength. The static 
strain measurement subsystem uses a tunable laser and a pho-
todetector to interrogate the wavelength shift of the sensors. 
It can detect the absolute wavelength of the sensors. So this 
subsystem can be used to monitor the long-term shift of the 
Bragg wavelength. As a result, it can be used to detect the 
long-term strain drift of the construction. 

The dynamic strain measurement subsystem can sample 
the strain at each sensor at a rate of up to 6 samples per second. 
While the sampling rate of the static strain measurement sub-
system is only 2 samples per minute, which is limited by the 
tuning speed of the tunable laser. 

Fig.1 The structure of the quasi-distributed dynamic and 
static sensor system 

Both the static strain and the dynamic strain measure-
ment subsystems can work individually, without reference 
to the other subsystem. On the other hand, they can work 
together as a whole system to eliminate the limitation of an 
individual subsystem. Generally speaking, the static sub-
system can work periodically, at an interval from several 
minutes to a few hours or even longer. Meanwhile, the dy-
namic subsystem needs to work continuously to monitor the 
real-time strain of the construction. So the performance of 
the static subsystem depends on the long-term wavelength 
stability of the tunable laser. At the same time, the perfor-
mance of the dynamic subsystem depends on the time-re-
sponse of the electrical and optical devices, as well as the 
spectrum resolution of the optical tunable filter. 

A typical measurement result of the static strain subsystem 
is shown in Fig. 2. It shows the measured strain at two sen-
sors over a time span of more than two hours. During that 
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time, an environmental temperature fluctuation of about 1.2 
°C is observed by using a conventional temperature sensor. 
One of the FBG sensors is used as a temperature sensor to 
compensate the thermal influence. The difference between 
the FBG temperature sensor and the conventional tempera-
ture sensor is less than 0.1 °C. After temperature 
compensation, the strain deviation at each sensor is less than 
1 . During the strain measurement period, a constant strain 
is applied at each sensor. The strain fluctuation is mainly 
caused by changing the environment temperature. Since the 
distance between each strain sensor and the temperature sen-
sor is different, there is a temperature difference between the 
two strain sensors. As a result, the thermal influence is not 
completely compensated. Each sensor shows a slow drift of 
the strain, which is caused by the residual thermal effect. 

Fig.2 Static strain measurement results 
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To further reduce the thermal effect, a possible method is and the decreases of the strain measurement points in the 
to use two FBG sensors as a subgroup, with one FBG used network at a certain given wavelength tuning range of the 
as a temperature sensor and the other as a strain sensor. tunable laser and a minimum wavelength gap between two 
Meanwhile, the two FBGs are mounted in each subgroup as adjacent spectrums of the FBGs. 
close as possible to reduce the thermal effects. The disad- The experimental results of the dynamic strain measure-
vantage of this method is the increase of the FBG number, ment subsystem are shown in Tab.1. 

Tab.1 The tested results of the dynamic strain measurement subsystem 

Sensor No. S11  S12 S13 S14 S15 S16 S17 S18

  Wavelength (nm)  1541.33 1537.17 1538.10 1538.97 1540.26 1526.84 1528.56 1529.63

Standard deviation ( ) 2.6 2.1 2.4 2.3 2.5 Reference 1.6 1.4

 sensor

 Sensor No. S21 S22 S23 S24 S25 S26 S27 S28

Wavelength (nm)  1565.05 1564.33 1562.64 1558.02 1556.67 1533.73 1545.50 1551.25

Standard deviation( ) 5.8 6.3 5.6 4.4 4.7 2.0 3.3 3.7

In both the static and dynamic strain measurement 
subsystems, the interrogation of strain is directly correlated 
to the measurement of the Bragg wavelength shift of the 
sensors. As each sensor has a full width half maximum 
(FWHM) spectrum width, the test results are dependent on 
the algorithms used to calculate the characteristic wavelength 
(CW) of each sensor. In this work, three algorithms are 
adopted to calculate the CW of each sensor, namely the peak 
intensity detection (PID), the weighted centre wavelength 
(WCW) [12] and the linear fit (LF) [13].

PID algorithm is the simplest one to calculate the CW of 
each sensor. It detects the peak value in each sensor spectrum. 
The wavelength corresponding to the peak value is defined 
as the CW of the sensor. Due to the sampling error and the 
system noise, this algorithm leads to the largest measurement 
error among the three algorithms. Meanwhile, this algorithm 
is sensitive to the wavelength-sampling steps. The relation-
ship between the standard deviation of the measured strain 

and the wavelength step is shown in Fig. 3. For ease of display, 
this figure only incorporates the results of three sensors, with 
each sensor indicating similar changing trend. It is obvious 
that this algorithm is sensitive to the wavelength steps. 

In this algorithm, the CW of each sensor is calculated as 
follows:

 ,  (5)P PCW i i i

where i is the wavelength sample of the sensor spectrum, 
and Pi is the intensity of the spectrum at i. The wavelength-
sampling step and the numbers of data-points, i.e. the wave-
length windows, affect the measurement resolution of this 
algorithm. When the wavelength window is larger than 600 
pm, the standard deviation calculated by using the algorithm 
is not sensitive to the wavelength-sampling steps under 70 
pm, see Fig.4. 

Fig.3 The relationship between the standard deviation Fig.4 The relationship between the standard deviation 

of measured strain and the the wavelength steps by of measured strain and the wavelength steps by using 

using PID algorithm WCW algorithm 



In this algorithm a set of data points on the falling edge 
of each sensor spectrum is used to fit a straight line and to 
calculate the wavelength on the line that corresponds to half 
maximum on the spectrum. Fig.5 illustrates how the CW is 
calculated by using this algorithm. The standard deviation 
calculated by using the algorithm is not sensitive to the wave-
length-sampling steps under 90 pm, see Fig.6. 

Fig.5 Calculation result of the CW with LF algorithm 

Fig.6 The relationship between the standard deviation 
of measured strain and the wavelength steps with LF 
algorithm

System noise and sampling rate of the electronic circuits 
also affect the system performance. System noise is caused 
by the optical source fluctuation, background light, photo-
detector noise, analogue to digital conversion (ADC) digiti-
zation error and other circuit noise. In this system, the ADC 
digitization error is dominant when the digital outputs are 12 
bits or less. When the ADC digital output is 16 bits, the back-
ground light becomes the dominant factor. 

For the dynamic strain measurement, the time response 
of the system is another key issue to be considered. The maxi-
mum strain-sampling rate under a certain resolution is mainly 
determined by the data-sampling frequency of the ADC 
circuits, software overheads, and time response of the opti-
cal tunable filter. In this system, software overheads and ADC 
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circuits sampling frequency are the dominant factors. Dur-
ing strain measurement process, a lot of data need to be pro-
cessed in real time and logged to a hard disk. Significant 
reduction in the strain-sampling rate has been observed in 
the measurement compared with the situation where no data-
logging is performed. Fig.7 shows the influence of strain-
sampling rate on the measurement results. 

Fig.7 Relationship between the standard deviation of 
measured strain and sampling rate 

There is a significant increase of the standard deviation 
of measured stain when the sampling rate is increased from 4 
Hz to 8 Hz. The parameter N in this figure is the number of 
data points used in moving average for data processing. This 
parameter also affects time response of the dynamic strain 
measurement subsystem. 

A quasi-distributed dynamic and static strain sensor sys-
tem consisting of 16 FBG sensors is designed by using an 
ASE optical source, an optical tunable filter, and a tunable 
laser. A resolution of about 5 ìå has been achieved for dy-
namic strain measurement at two strain samples per second 
per sensor. The resolution for static strain measurement is 
about 1 . The influence of electronic circuit noise, optical 
noise, sampling rate, wavelength scanning steps, tunable fil-
ter nonlinearity and signal processing algorithms have been 
also discussed. 
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