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Design of Fiber Bragg Grating Automatic Analysis Test
System Based on LabVIEW
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Abstract: For the purpose of realizing the Fiber Bragg Grating (FBG) sensing system automated test and
analysis, , a friendly interface of FBG sensing test system based on LabVIEW was designed by using the
remote control port of Q8384 spectrometer. The strain/force integrated tester was used for tension test
of a steel beam with embedded FBG packaged., the experiment data was acquired and analyzed by
LabVIEW automatic testing platform, the results were in line with the design expectations, and the
system realized the real-time monitoring and data storage capabilities. The tested device is easy to
manage, and the direct operation on spectrometer is avoided, which can extend the service life of the
spectrometer,
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0 Introduction

Fiber Bragg Grating (FBG) is one of the new
devices, which has
years" ™. As a kind of

optical fiber passive great

development in recent
wavelength modulation fiber sensor, it has many
incomparable advantages such as good dependability,
anti-interference in

electromagnetism, simple

structure, multiplexing ability and distributed sensing,
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etc. Compared to traditional electrical types of sensors,
FBG has higher absolute measurement accuracy and
other good characters, and is easy to reuse and
Therefore, FBG is

widely considered to be one of the most promising ways
[7-8]

composition sensor networks "
of sensing™. FBG sensor is the wavelength encoding,
which the measured physical quantity is modulated by
the FBG sensor and become the changes of a FBG

center wavelength"”!, Then, detecting the wavelength

mainly focuses on fiber Bragg grating sensing technology. Email:
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changes can measure the value of the measured physical
quantity"®’. While the majority of FBG demodulation
just measures the absolute wavelength and merely the
wavelength display real-time by demodulation software

within the devices, such as FBG
[12]

temperature

1) - and

sensing''", strain sensing"?', pressure sensing
structural health monitoring"', etc. In order to meet
the needs of FBG sensing automatic detection, using
the remote control port of Q8384 spectrometer, the
FBG sensing demodulation software based on the
LabVIEW development platform is prepared. Realizing
the data acquisition and analysis of the FBG reflected
wavelength and the spectrometer remote automation
testing by the demodulation capabilities of Q8384,
meanwhile, it can avoid the direct operating on the
spectrometer and reduce operation errors, and extend

the service life of the spectrometer.

of FBG
measuring system

1 Principle sensing and

FBG is holographic diffraction grating in optical
fiber core writing by UV, as a phase grating, its core
refractive index change is periodic distributions™*"".

According to the coupled-mode theory, periodic
disturbance index of refraction of FBG only have an
impact on a very narrow spectrum for the broadband
incident light, only the wavelength meet the condition
as”]

Ay=2n4 ¢ A (@)

Then the light wave can be reflected by the
grating, the remaining transmission spectra are not
affected, and FBG likes a mirror or filters work. In
Eq. (1), the reflected center Bragg wavelength A, will
change with the grating cycle A and the core of effective
refractive index n, changes. The temperature and
strain changes will cause changes in A and n., so that
the FBG is sensitive to temperature and strain. The
temperature influences A; by thermo-optic effect and
thermal expansion, and strain influences Ay by elastic-
optic effect and change grating period A, the drift of Ay
with strain and temperature s

Mp=K; « AT+K, * ¢ (2)
where, Ky, K, are respectively the FBG strain and
temperature sensitivity coefficient, and Eq. (2) is the
analysis theoretical basis of the FBG sensing process.
When FBG is in the externalaction of temperature and

field,
demodulate the Bragg wavelength, and the dynamic

stress using the demodulation device to
quantitative information of the field can be accurately
obtained, this is the basic principle of the FBG sensor.

In FBG sensing system, the computer sends
instructions to the spectrometer by the bus. According

to the appropriate instructions, the spectrometer

completes the test work, then the test result is sent to
the computer by bus, and the data analysis, display
and processing functions are completed in the
computer. The schematic diagram of the system is
shown in Fig. 1, the Q8384 spectrometer in the system
with General Purpose Interface Bus (GPIB), and the
data acquisition card PCI-1670GPIB are from the

Advantech Company.

Test GPIB
object

Computer

GPIB card address

Fig. 1 Automatic test system for spectrometer

2 LabVIEW program and implementation

With the rapid development ofthe computer and

instrument technology, universal, intelligent and
networked test instruments and test systems, marked
with virtual instrument, have developed rapidly,
making the measurement instruments and methods of
data acquisition system design and implementation have
It got rid of the method that

constitutes a pattern of instrument and then constitutes
(11

a profound change.

the system by traditional hardware structure
LabVIEW is the most

environment which is developed by the National

widely used software

Instrument Company (NI). The virtual instruments
developed by LabVIEW,

instruments, have low development and maintenance

compared to traditional

costs, short technology refresh cycle, flexible and open
system, and good compatibility, etc. Therefore, this
technology is a new direction in the field of automatic

testing and electronic measuring instruments!®’,

Weselect LABVIEW as the software development
platform, use the remote control port of the Q8384 as
spectrometer, develop the FBG sensing remote testing
software, and realize the FBG reflection wavelength
data acquisition and analysis by spectrometer. Using
event structure design in LABVIEW, the system
designs 10 subprograms as the response to the front
panel event: default parameter settings, scanning
parameters setting, single scan, progressive scan, data
fitting, waveform storage and playback., temperature
and strain measurement, stopping progressive scan and
exiting the program. When the spectrometer is
detecting, the parameters including basic parameters
for the default parameter settings and scan settings are
set. Default parameter setting is used for the
initialization of spectrometer, i. e. reading/writing data
formats, data acquisition points. Scanning basic
parameters setting is mainly used for the center

wavelength, measuring range, reference peace and
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horizontal scale setting. The flowchart of the whole

program design has been shown in Fig. 2.

Start

| Default parameter settings |

i

| Scanning parameters settings |

| Single/continuous scanning |
[]
Spectrum storage/temperature calculate/strain
calculate/data fitting

| Stop scanning/exit |

End

Fig. 2 Flowchart of the system program design
2.1 Automatic scanning realization

The MEA1, OSDland OSDO are program data of

Horizontal axis
coordinates

LabVIEW. Using the command MEA1 can control a
single scan of spectrometer, command OSDI can read
the horizontal wavelength in the scanning information,
command OSDO can read the energy level information
of vertical axis, command OPK can read the wave peak
information in the scanning. During the designing, the
command MEA1, OSD1, OSDO and OPK form a one-
dimensional array of string format (data command
collection) , then index commands by “For loop”, and
call the driver to write the commands to spectrometer
after the index. On the basis of a single test program,
the “While loop” is added, at the same time, the time
interval is controlled in continuous scanning
spectrometer by adding delay. This can implement the
spectrometer remote automatic continuous scanning,

and the program structure is shown in Fig. 3.

Continuously scanning
interval

Data IDBLY - L a
conversion L s
1000
Single Data Continously scanning
scanning conversion 31 spectrum curve
[
separation . .
Wave energy Single scanning
- - level spectrum curve
Vertical axis -
coordinates LR
[ [T | — Misible
Continously scanning
spectrum curve
i
C P—— Wisible
Stop continously
scanning .
Fig.3 Program structure of progressive scan panel
2.2 Data save and read wavelength and energy level, for the subsequent

The collected data is saved as a text file ( % . txt)
which is stored on the computers hard disk. When the
“Save data” button is pressed, it will pop up data read
path. Enter the file read path and name, then click
“OK”, the graphics will be displayed in a single scan.
During the data saving process, the horizontal axis and
vertical axis will be converted to the array of data, and
saved as % . txt file by “Write to spreadsheet file VI”.
In the data reading process, through the “Current VTIs
path” obtain the current and the read path, and then
send it to “Build path VI” and makes up the file path,
it is easy to use by “Read from spreadsheet file VI”,

The data read from the “Index array” can index out of

analysis.
2.3 Realization of temperature and strain measurements
According to the effects of strain and temperature
changes on FBG wavelength, Eq. (2) is changed as
AMy=Ke
My=K:AT
where, K, = Ay (1 — P.), which is the axial strain
sensitivity coefficient; K; = ({+ a) Ay, which is the

(3

sensitivity coefficient for temperature sensing. Scan the
by the

difference before the experimental calibration,

wavelength

then

peakvalue spectrometer and
enter the results to the calculation program. According

to the coefficients of temperature and strain sensitivity

0206002~ 3
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Wave drift

Center of reflected

wavelength
!ehzsb ‘
Temperture 73
coefficient ||=E== Temperature
> test value
Calibration ||| 23
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temperature =
(a) Temperature measurement
“ Wave drift H b =
Center of reflected Strain tost valee
wavelength
Strain
. 2z3
coetticient !"—b

(b) Strain measurement

Fig. 4 Temperature and strain measurement principle

of FBG sensors, the variable of temperature and strain

change can be evaluated. The principle of the system
temperature and strain measurement has been given in
Fig. 4.
2.4 Realization of data fitting

In the practical experiments, the statistical law of
the actual measurement data should be analyzed,
whichcan facilitates the linear rule analysis of the
designed FBG sensors, so the system designs a
subprogram for the analysis of these test data.
Program design uses an embedded event in a “While
When “ True ”, the
experimental data enters the “While loop” through the

loop 7 structure. selecting
shift registers, then connects the corresponding port of
“Linear fitting” for processing by the array index data,
the obtained results of fitting curves in “XY graph”,
the fitted curve equation from an event in a “For loop”
structure calculation, and the calculated parameters
using the least squares estimates. When pressing the
“Data analysis function”, the appropriate data is
entered in the pop-up panel and it will get the fitting
curves and formulas. The data fitting program is

shown in Fig. 5.

Fitting curve

equation

Fitting curve

@

Fig. 5 Program structure of the data and functionality

2.5 Remote testing interface

According to the requirements of the FBG sensing
remote test system and the individual modules feature,
the designed software interfaces of FBG sensing remote
test systemare shown in Fig. 6. Their main functions
include the scanning parameters setting up, reflection
spectrum display, peak display, spectrogram storage,
real-time display for

test data processing and

temperature and strain.

The system can meet the needs of FBG remote
sensing automatic measurement. The testing process is
fast and simple, which can significantly reduce the staff
of complex operations for the general test, the test
results can be electronically stored, which is easy to
manage spectral characteristics of the device data. The
use of staff is avoided to operate the spectrometer
directly, which can extend the service life of the

spectrometer.
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Fig. 6 The software interfaces of FBG sensing remote test system

3 Experiment and data analysis

In order to test functions of the automatic remote
FBG measuring system based on LabVIEW, FBG
strain testing of metal targeted on

structures is

experimental study. In the application of FBG strain
testing of metal structures, one of the most important
technical difficulties is the compatibility issue between
the FBG sensor and the measured structure. Tt

simple to directly bond the FBG on the surface of the

is

metal components using adhesive, but the nonlinear
creep, aging and other issues of the adhesive could lead
to the adhesive being not strong, and the FBG sensors
are easy to fall off from the metal component.

3.1 Experimental principle and plan

Strain is one of the most important parameters to

the

mechanics. It can get the strength reserve information

reflect characters ofmaterials and structural
from the strain distribution of materials and structure,
and determine the locations of stress concentration and
the actual loading conditions. Strain measurement has
been used in many fields, and the following experiment
is using the FBG sensor to test the strain of steel beam
based on the LabVIEW automatic testing platform.
Considering thematching problem of FBG sensor
the

materials and nature of the matrix of sensor and

and the measured deformation of the structure,

structure under test are as similar as possible.

Therefore, using adhesives mixed with metal powder
method in grooves of pure bending beam with packaged
FBG. This method is similar to the Metal Powder
Injection Molding (MIM) in plastic injection molding

industry. In the experiment, the aim of using MIM

technique is to reduce the strength of the impact of
metal components with the groove, and maximum
protection of the FBG sensor. The main considerations
of the metal powder are the shape, size and particle size
composition, etc. Selecting the smaller size powder can
make metal powder and adhesive fully integrated, and

it can keep the powder with high relative friction. In

the experiment, nickel powder is selected as the
adhesives mixed media, it is mainly considered that the
metal nickel has good mechanical strength and

ductility, high temperature resistance of refractory and
high chemical stability, and can be not in the air
oxidation, etc.

Adhesive is the flow carrier of the metal powder,

and the connection media of the powder particles to

maintain a specific shape, this requires that the
adhesive has good mobility. In the experiment, the
epoxy DG-3Sas adhesive is selected, which is a
modification epoxy adhesive and has resistant of low
temperature ( — 60 ~ 150 ‘C) curing. The beam
material chosen in the experiment is the Q235 mild
steel with sizes of 650 mm X 40 mm X 20 mm. We cut a

V-groove on one side of the steel beam surface, then
polish it with sandpaper and make it clean.

Thesingle mode fiber product A1559. 0 is selected
as the FBG sensor, its center wavelength is 1 559. 0
nm, the reflectivity is greater than 90% , and the band
width is less than 0. 3 nm. The stripping fiber length of
the FBG is 16 mm, and the length of grating area is 8
mm. After processing of the FBG surface, place the
FBG at the center of V-groove to ensure that the
measurement of FBG strain is the center of the steel

beam. Firstly, the two ends of FBG optical fiber parts

0206002~ 5
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are fixed in the V-groove, then the DG-3S is mixed
with nickel powder, which ensures that the adhesive
curing strength increases and the mixed-adhesive is
viscous appropriate to package the FBG. In the process
of filling the adhesive, the horizontal is kept fill in one
direction, which can prevent the gas from being mixed
into the adhesive and ensure uniformity of adhesive.
When filling is completed, the surface of the package is
processed with steel ruler to ensure the V-groove
smooth surface, and then it is placed indoor 48 h to
complete cured. Fig. 7 gives the picture of pure bending
beam after completing cured and its dimensional

drawing.

V-groove

Steel beam Fixed base

(a) Pure bending beam after completing cured

Unit:mm p\r 320 T‘P

20/ ”: ' i B ‘ v
\ N it
T I  m nneiag

47 A RN

ik

T 620 T
650

(b) Dimensional drawing of the pure bending beam

Fig. 7 Picture ofbeam after completing cured and
its dimensions
include the

Q8384

couplers,

Theexperimental devices

ASE  broadband
computer and BWQ-1pure bending beam experimental
platform. After the fixed FBG in the pure bending
beam being cured, the installation FBG side of the

spectrometer, source,

beam tension test has been experimented, the picture

of the whole system is shown in Fig. 8.

ASE;rse\l! .‘i sﬂ)ptica] fiber
P L

8384 spectrometer »
s P & ~

Computer

Fig. 8 Physical picture of the entire system

3.2 Experimental data and analysis
As shown in Fig. 8, during the testing process,

the practical imposed force is measured and monitored
by CMIL-1Hseries of strain and stress tester, the
applied force is detected and transferred to the FBG
sensor, the measured data is shown in the output LED
display.

In thetensile strain measurement, the side of beam
with V-groove should be in down, making the FBG in a
state of tension. Q8384 spectrometer is used to measure
the center wavelength changes of FBG, its resolution is
10 pm, and measurement accuracy is 20 pm. The FBG
center reflect wavelength with both the load and unload
changes are test. According to the remote automatic
testing platform based on LabVIEW aforementioned,
the test results are analyzed. The fitting curves of the
FBG wavelength change with the beam strain under the
load and unload tensile strain have been given in Fig. 9
(a) and (b).

1559.50

1559.46
1559.42
1559.38

1559.34

Wavelength/nm

1559.30

1559.26

1559.22

(=]

50 100 150 200 250
Strain/pe

(a) Fitting curve under load state
1559.50

1559.46
1559.42
1559.38

1559.34

Wavelength/nm

1559.30

1559.26

1559.22
0 50 100 150 200 250

Strain/pe
(b) Fitting curve under unload state

Fig. 9 Fitting curves of the FBG wavelength with strain

changes based on the LabVIEW test platform
From the test results, it can be found that the

FBG center wavelength changes from 1 559. 220 nm to

1 559.480 nm. However, the load force is changed to
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3300 N, and the value of strain change of the steel
beam Ae is calculated as 215. 458 pe by
Ae = F/15. 316 4)
so the strain sensitivityAl/Ae can be calculated as
1.206 7 pm/pe. The test results show that the FBG
automatic analysis test system based on LabVIEW can
realize real-time and data

monitoring analysis

conveniently.

4 Conclusion

In this paper, the FBG sensor remote automatic
test systems is developed by using LabVIEW graphical
controls, realizing spectral reflectance graph displays,
spectral peak storage, test data processing, and real-
time display of temperature and strain. The strain/
force integrated tester is used for tension test of a steel
beam with embedded FBG packaged. The experiment
data acquisition and analysis results based on the
LabVIEW automatic testing platform is in line with the
design expectations, and the system realizes the real-
time monitoring and data storage capabilities. It is easy
to manage spectral characteristics of the device data,
and the staff directly operating is avoided, which can
extend the service life of the spectrometer.
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