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ARTICLE INFO ABSTRACT

In this paper, we design and simulate an interrogation system for Fiber Bragg
Article History: Grating (FBG) sensors using the time-wavelength division multiplexing (TDM)
Received 3 March 2018 technique. Interrogation systems enable the determination of the environmental
Received in revised form 20 April conditions surrounding each sensor. Environmental changes such as temperature
2018 and strain alter the Bragg wavelength. The relationship between wavelength shifts
Accepted 9 May 2018 and measurable quantities is linear. Given the linear equation and the Bragg
Available online 23 June 2018 wavelength of each sensor, it is possible to measure the environmental quantities

around each sensor. The strain and temperature sensitivities for each sensor are
Keywords: 0.78/ue and 9.15x10°/°C, respectively. The designed system, due to its
Interrogation System, Fiber Bragg amplification capability without the use of amplifying fibers, not only reduces the
Gratings, Time-Wavelength system design costs but also increases the speed of detecting changes in the
Division Multiplexing measurable quantities. Furthermore, due to the lack of reduction in sensor

reflectivity and the appropriate spacing between the Bragg wavelengths of each
sensor, the measurement range for the measurable quantities has increased.
Additionally, the reflectivity of each sensor in the output of the interrogation
system does not decrease, which reduces errors in this system.

1. INTRODUCTION

After nearly two decades of development, structural health monitoring systems have now become a prominent
area of research and have numerous applications in extensive urban infrastructures worldwide. Accurate damage
analysis, especially damage localization using global information, remains a significant challenge [1-5].

A major advantage of external sensors is their ability to operate in inaccessible locations while providing excellent
protection for the measured signal against noise [6-12]. There are many applications, such as measuring temperatures
inside jet engines using fibers to transmit radiation to an external radiometer. External sensors can also be used to
measure internal temperatures of electric transformers, where strong electromagnetic fields render other
measurement techniques impractical.
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FBG sensors offer several advantages over conventional sensing systems, including immunity to electromagnetic
fields and interference, resistance to harsh environments, long-term stability, the ability to multiplex many sensors,
small size, and impermeability. These features make FBG technology suitable for smart structures by integrating a
distributed fiber optic sensing system into a large structure [13, 14].

Recent studies indicate that sensitivity to strain and temperature is critically important in various industries.
Consequently, the ability to network a large number of sensors for timely detection is of great importance [15].

In this paper, we design and simulate an interrogation system for FBG sensors and measure the wavelengths of
each sensor.

2. DESIGN OF THE INTERROGATION SYSTEM

A Fiber Bragg Grating (FBG) is a periodic structure created by exposing a fiber to ultraviolet light. Several
gratings can be placed along a single optical fiber. When light from a broadband source interacts with the grating,
one wavelength, known as the Bragg wavelength, is reflected back, while the rest of the signal is transmitted [1].

The Bragg wavelength (Equation 1) depends on the physical and geometrical properties of the grating:

A, =2An,, (1

where "o is the effective refractive index of the propagation mode along the fiber, and A is the period of the
FBG. Both the effective refractive index and the grating period change with applied strain A¢ and temperature AT
. The applied strain and temperature change the Bragg wavelength through the expansion or contraction of the grating
period and the photoelastic effect [16].

Assuming external longitudinal strain and temperature effects on the grating, we have [16]:

AZ, =(1-P)e+(a,, +a,,)AT )
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Next, we proceed with the design of the interrogation system. We have employed the time-wavelength division
multiplexing technique to design an interrogation system with four sensors.

A white light source is used to generate the optical pulse. Figure 1 shows the schematic of the designed
interrogation system. The first, second, and third sensors measure temperature variations, while the fourth sensor is
sensitive to both strain and temperature changes. The distance between the sensors is considered to be 20 km.
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Fig. 1. Schematic of the Designed Interrogation System
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Nonlinear effects and dispersion are also considered along the fiber. Figure 2-(a) shows the reflectivity intensity,
and Figure 2-(b) shows the transmissivity intensity of the sensors under applied temperature and strain changes. As
observed, with increasing temperature and strain, the Bragg wavelength shifts, and by examining these changes, the
environmental conditions around the sensor can be determined.
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Fig. 2. (a) Reflectivity Intensity and (b) Transmissivity Intensity of the Interrogation System with Four Sensors

The changes in temperature and applied strain intensity for each sensor are shown in Figure 3. The temperature
changes for the first two sensors are considered identical.
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Fig. 3. (a) Applied Strain Changes to the Third Sensor, (b) Applied Temperature Changes to the Fourth Sensor, and (c) Applied
Temperature Changes to the First and Second Sensors

Now, the Bragg wavelength changes for each sensor are examined. Figure 4 shows the changes in the Bragg
wavelength concerning the applied temperature and strain. The Bragg wavelength changes in the first and second

sensors are identical due to similar temperature changes, with the difference being the Bragg wavelengths of the two
Sensors.
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Fig. 4. Bragg Wavelength Changes Concerning Applied Temperature and Strain for (a) the Third Sensor, (b) the Fourth Sensor,
and (c) the Second Sensor

3. CONCLUSION

According to the simulation results, it is observed that the interrogation system using a white light source
appropriately covers a distance of 60 kilometers. Given the use of nonlinear fibers, it is expected that the reflectivity
intensity would decrease during the interrogation of the sensors. However, due to the use of the wavelength-division
multiplexing technique, the reflectivity intensity does not decrease. This non-reduction in reflectivity intensity
enhances the measurement accuracy around each parameter and significantly reduces errors. The designed system
is capable of remote sensing applications, synthesizing FBG sensors, temperature, strain, and pressure detection, and
can be applied in civil engineering projects such as bridges, pipelines, and structures, as well as multidirectional data
detection. Another advantage of the designed system is the absence of a need for an amplifier due to the use of a
fiber loop mirror, which amplifies the reflected light within the system.
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