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ABSTRACT: Fiber optic technology has seen tremendous growth both in the field of telecommunications and sensing. 
FBG sensors are suitable for sensing and data acquisition, where sensors can be multiplexed using various interrogation 
techniques like Wavelength Division Multiplexing (WDM), Time Division Multiplexing (TDM),Optical Code Division 
Multiplexing (OCDM), Polarization division multiplexing (PDM) etc.  Polarization Division Multiplexing (PDM) as a 
method of interrogation is preferred. This technique uses a polarizer with known predetermined angle of polarization 
for each sensor. The reflected lights from different sensors are aligned at unique angles of polarization with reduced 
cross talk and interference. Thus unique identification of each sensor data can be obtained by using this technique. If 
sensors at different location have same data, sensor also can be properly identified. The main advantage of this 
technique is small size even if large number of sensors is interrogated in an array, separated by small angles. 
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I. INTRODUCTION 
  

Earlier, electrical sensors have been used as the standard mechanism for measuring mechanical and physical 
phenomena. The inherent limitations of these sensors are highly immune to electromagnetic interference and 
transmission loss that make their usage impractical in many applications. An excellent solution to overcome these 
challenge is fiber-optic sensing which uses light rather than electricity and optical fiber instead of copper wire. Over the 
last two decades fiber-optic communication industries has improved the quality and significantly reduced optical 
component prices. 
  
 Fiber optic technology has seen a tremendous growth in both telecommunications and sensing applications. 
Besides several advantages of the fiber optic technology in telecommunication applications, fiber optic sensors 
especially Fiber Bragg Grating (FBG) sensors have gained popularity in sensing applications. The advantages of FBG 
are low cost, simple, negligible loading effect, dynamic range, minimal EMI and relatively long distance 
communication. Fiber-optic sensing technology is an alternative to the traditional sensors. Optical fibers can be used as 
sensors to measure pressure, strain, temperature and other quantities by modifying an optical fiber. Fiber Bragg 
Gratings (FBG) sensor has the same principle of operation with fiber optic sensor with an advantage that it can measure 
over long distances with high precision. The detection is purely based on the wavelength shift introduced by the 
measurand. FBG sensors are very suitable for data acquisition and sensing, applications where array of sensors can be 
multiplexed using similar techniques that are applied for fiber-optic sensors. Multiplexing techniques such as 
Wavelength-Division Multiplexing (WDM), Optical Code Division Multiplexing (OCDM), Time-Division-
Multiplexing (TDM) and Polarization Division Multiplexing (PDM)  can be directly implemented in the fiber without 
changing the diameter of the fiber. These features make the FBG sensors suitable for a wide range of applications [1]. 
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II. FIBER BRAGG GRATINGS 
  
 Gratings are simple, intrinsic sensing elements with inherent self referencing capability. this can be photo-
inscribed into the core of an optical fiber by using different techniques such as Interferometric method, phase-mask 
technique etc.. These devices can be easily multiplexed along a single fiber .Gratings can be used as the sensing 
element in fiber sensor configurations such as pressure sensors, grating-based chemical sensors, accelerometers are 
examples. 
 
 A fiber Bragg grating is a wavelength dependent reflector or filter formed by introducing a periodic refractive 
index variation within the core of an optical fiber. According to Bragg’s law, light from a broadband source is passed  
through an optical  fiber inscribed with fiber bragg grating, which will reflect a narrow portion of the light at specific 
wavelength, which is called as the Bragg’s wavelength. The Bragg’s wavelength depends on the refractive index of the 
fiber and period of the grating. The Bragg’s wavelength equation is  
    λB= 2neΛ                                                                                         (1) 
where ne is the effective refractive index of the fiber, Λ is the period of grating.[2] 
 

III. RELATED WORKS  
 
 Mahdiraji [3] proposed recent research advances on the design and fabrication of new FBG sensors. Optical 
fiber gratings are still playing a significant role for developing a wide variety of sensors with the fusion of new fiber 
materials and structures. Those new kinds of FBG sensors hold great potential for various industrial applications. 
 
 Majid [5] introduced a method in which WDM multiplexer/demultiplexer was designed using the Bragg 
wavelengths of every FBG. In this design, UFBG was experimentally implemented. By properly choosing the Bragg 
wavelengths of the UFBG. There was a problem that faced this design, which is grating dispersion that affects the 
performance of a WDM network incorporating cascaded gratings. Two UFBG filter were used,where the transmitted 
channel may be distorted due to dispersion. This problem was solved by using ideal compensator to compensate 
dispersion. Finally, the results of this work may be also important in designing of recently proposed multiple-grating 
fiber structures for WDM multiplexer and demultiplexer 
 
 Saikat Saha [6] proposed a new system in which optical CDM system has been designed using spectral 
encoding and decoding schemes. This technique helps to overcome Multiple Access Interference and moreover it is 
bandwidth efficient. Fiber Bragg grating is used for encoding and decoding. Performance of the OCDMA system 
decreases as the bit rate increases. This is due to effect of attenuation and dispersion in the fiber. 
  

IV. SYSTEM MODELLING 
 
 Whenever the bandwidth needs of the devices are greater than the bandwidth of the medium linking two 
devices, that link can be shared. A technique that allows the transmission of multiple signals simultaneously across a 
single channel is called multiplexing. Higher bandwidth links can be installed and use each to carry multiple signals. 
Recent technology includes higher bandwidth media such as terrestrial, satellite and optical fiber. These all has an 
excess bandwidth that needed for the average transmission of a signal. If the bandwidth of link is greater than the 
bandwidth needs of the devices, bandwidth is wasted [3]. 
 
 The basic multiplexing techniques are  time division multiplexing (TDM), wavelength division multiplexing 
(WDM), and optical  code division multiplexing (OCDM). To avoid the drawbacks of these multiplexing techniques, 
another multiplexing technique called Polarization Division Multiplexing (PDM) is used. 
 
3.1 Optical Time Division Multiplexing  
  
 Optical Time Division Multiplexing (OTDM) is a technique were several low bit rate signals can be 
multiplexed or combined to form a high bit rate signals. The multiplexer interleaves data in a bit by bit or packet by 
packet basis. Framing is required for the receiving terminal, because incoming should be divided and distributed to the 
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output channels. The receiver should identify each bit correctly, so proper synchronization is needed for this operation. 
That is signals should be uniquely synchronized in time with beginning of each frame, for that over head bits are 
added.[3] [4] 
 

 
Fig 1: Simulation model of Optical Time Division Multiplexing 

 
3.2 Wavelength Division Multiplexing 
  
 Wavelength Division Multiplexing (WDM ) is a process where different independent users transmit data over 
a single link using different wavelength. ‘N’ independent user date with unique wavelength is modulated into ‘N’ high 
frequencies. The multiplexer combines these signals and the multiplexed optical signals are coupled into the optical 
fiber. At receiving end, a demultiplexer is used to separate these optical signals. Channel spacing will determine the  
total capacity of the system. The major disadvantage of the system is low spectral efficiency and channel utilization 
because one wavelength is required per user. The use of filters, amplifiers will increase the cost of the system.[5] 

 
 

Fig 2: Simulation model of Wavelength Division Multiplexing 
 

The subsystem model of WDM is shown in fig 3. Fiber Bragg grating is used as the dispersion compensator, which is 
used to compensate the dispersion effects. 
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Fig 3: Sub system simulation for dispersion compensation 
 
3.3 Optical Code Division Multiplexing (OCDM) 

 Optical Code Division Multiplexing (OCDM ) offers enhanced information security. The network based on 
code has the potential to simplify network control and management. This allows multiple users to access the channel 
asynchronously and simultaneously without any delay. It is noise limited due to the multiple access interference (MAI ) 
from different user codes. MAI results in overlapping and corrupting of encoded signals, thus introduce bit error rates  
which will degrade the system performance. Fiber Bragg Grating (FBG) at the transmitting and receiving end is used to 
encode and decode the signal. As the bit rate increases, performance of the system gets degraded.[6] 
 

 
 

Fig 4: Simulation model of Optical Code Division Multiplexing 
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3.4Polarization Division Multiplexing ( PDM) 
  
 Polarization division multiplexing (PDM) is a technique where two independently modulated data channels 
with the same wavelength, but orthogonal polarization states are simultaneously transmitted in a single fiber link which 
will double the capacity of the system or spectral efficiency. At receiving end, these signals are detected independently. 
This can reduce the interference and cross talk in FBG sensor array.PDM can be implemented in high speed optical 
networks. Polarizer’s with predetermined angles at the output of each FBG sensor will reduce the cross talk and 
interference issues. Polarization rotator and polarization attenuator can separate the reflected light from each sensor.[3]  
  

A broadband optical source is used as a transmitter which has been generated using the nonlinear phenomenon 
of cross phase modulation (XPM). Two continuous waves with different wavelengths will  co-propagate in the optical 
fiber and act as a broadband optical source. The desired frequency band is filtered out using a Gaussian band pass 
filter. The reflected light from FBG is fed to polarization rotator with predetermined angle. The signal from 
polarization rotators are combined using a polarization combiner and output of the polarization combiner is combined 
with signal from polarization rotator 1 by the use of a power combiner. Each polarization rotator is set with a 
predetermined angle there by interference of signals from adjacent sensors can be avoided. By using a polarization 
splitter the signals get splitted and fed to the receiver. The receiver stage consists of eye diagram analyser gives the 
value of maximum Q factor, minimum BER, eye height.[1] 
 
 

 
 

Fig 5: Simulation model of Polarization Division Multiplexing 
 

V. RESULT AND DISCUSSION 
 
 Performance analysis of different multiplexing techniques under different fiber lengths are given in the tables 
shown below: 
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Table 4.1 Optical Time Division Multiplexing: 
 

LENGTH (km) Q-FACTOR 
10 10.024 

20 7.238 
30 5.587 

 
From Table 4.1 it is clear that Optical Time Division Multiplexing has maximum transmission capacity upto 

30km. 
Table 4.2 Wavelength Division Multiplexing: 

 
              LENGTH(km) Q-FACTOR 

10 240.546 
70 89.9819 
140 12.35 

 
Transmission capacity of Wavelength Division Multiplexing at different fiber lengths is given i n Table 4.2. 

WDM system has maximum transmission capacity upto 140km. 
 

Table 4.3 Optical Code Division Multiplexing: 
 

        LENGTH(km) Q-FACTOR 
10 20.58 

60 10.0952 

120 7.2146 

 
Optical Code Division Multiplexing at different fiber lengths is given in the Table 4.3 . The transmission 

capacity of OCDM is limited upto 120km. 
 

Table 4.4 Polarization Division Multiplexing: 
 

 LENGTH(km)  Q-FACTOR 
10 442.223 

90 79.0801 

180 5.59834 

   
Table 4.4 shows the performance analysis of Polarization Division Multiplexing at different fiber lengths. 

PDM has the maximum transmission capacity upto 180km. Polarizer’s at end of each sensor will reduce the 
interference there by allowing long distance transmission.  

 
VI. CONCLUSION 

 FBG sensors are suitable for sensing and data acquisition, where sensors can be multiplexed using various 
interrogation techniques like Wavelength Division Multiplexing (WDM), Time Division Multiplexing (TDM),Optical 
Code Division Multiplexing (OCDM) and Polarization division multiplexing (PDM).OTDM are less common because 
each sensor must be placed sufficiently far apart for pulses returning from adjacent sensors to avoid interference. WDM 
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offers high resolution and accuracy , but cost of this system is high and it offers relatively low sampling rates. OCDM 
uses unique code with enhanced security. Performance of the system decreases as the bit rate increases. To overcome 
the drawbacks of OTDM, WDM and OCDM, another multiplexing technique called PDM is used. PDM has the 
capability of rejecting interference and crosstalk from other sensors in the sensor array. In PDM large number of 
sensors can be interrogated in an array, without changing the optical fiber. Multiplexing techniques like OTDM, WDM 
and OCDM can increase its transmission capacity up to 30 km, 140 km and 120 km respectively. Compared with these 
multiplexing techniques, PDM has increased transmission capacity up to 180 km with reduced cost. The main 
advantage of this technique is its small size even if the number of sensors in an array is large as the sensors in an array 
are separated from each other by small angles. 
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