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Abstract: We propose and demonstrate a practical low-cost interrogation system for large scale 
FBG sensor arrays utilizing code division multiplexing (CDM). Using our proposed system which 
is based on the correlation property of the CDM code, we can interrogate all the sensors 
simultaneously. For a 100-sensor system, the sensor detection speed can increase 250 times 
comparing with TDM based scheme without compromise on detection accuracy 
©2008 Optical Society of America 
OCIS codes: (0602330) Fiber optics communications; (060.4080) Modulation; (070.5010) Pattern recognition 

1. Introduction 
Fiber Bragg Grating (FBG) sensors have proved to be the most promising sensors for measuring strain and 
temperature in smart structures, civil engineering or other harsh environments due to its electromagnetic 
interference immunity, light weight, small size and other inherent advantages of fiber optic sensors [1]. In order to 
detect wavelength variation of multiple FBG sensors, several multiplexing and interrogation schemes have been 
studied. Wavelength division multiplexing (WDM) is a frequently used technique with good sensitivity and simple 
configuration. However, each sensor in the sensor array needs a unique wavelength and no spectral overlap is 
allowed, the number of multiplexed sensors is inherently restrict by the spectral range of the source at the 
interrogator. Time division multiplexing (TDM) is an alternative technique for multiplexing sensors along a single 
fiber. It utilizes the different time delay between reflected pulses to distinguish the sensors. The FBG sensor spectra 
do not need to be separated and can overlap with each other. This greatly reduces the bandwidth requirements of the 
source. TDM multiplexing with large-scale sensor arrays is well study in [2], [3]. However, in TDM system the 
detection speed and detected pulse power are typically low since a pulse has to travel up to the last FBG sensor in 
the sensor array and reflect back before another pulse can be sent by the interrogation system. This will impose a 
limit on sensor detection speed, number of sensors and sensor system reach. Trade off often have to be considered 
among these parameters in TDM system design.   
Recently the concept of a code division multiplexed (CDM) FBG sensor system was proposed [4]. However, the 
proposed scheme implements most of the functions in optical domain and as a result is rather complex and can not 
be used to interrogate multiple sensors simultaneously. We present here a new method to improve the system 
performance of the CDM scheme. The scheme utilizes autocorrelation property of the CDM and sends more than 
one pulses into the FBG sensor array over one round-trip time, and decodes the sensors’ information simultaneously 
in the electrical domain. The performance of the scheme is analyzed and the concept is proved experimentally.  
 
2. Principle 
Figure 1 shows the block diagram of our proposed system. A directly modulated SLED source launches light pulses 
into the FBG sensor array. The pulsed light is a unique sequence of ‘zeros and ones’ corresponding to the code 
pattern. The coded light pulses are sent into the FBG array via the circulator. At the FBG sensors part of the pulse 
sequence will be reflected back and detected by the detection system consists of an edge filter, balanced 
photodetectors and electronic signal processing unit. By choosing the pulse sequence long enough and letting the 
sequence period equals to round-trip time, the sensors’ reflected pulse sequences will overlap spatially and contain 
information from all the sensors in the array. The delay introduced to the pulse sequence by different sensors in the 
FBG array depends on the spatial position of the sensor. With proper code design and sensor placement, we can 
demultiplex all the sensors’ wavelength information in parallel simultaneously from the reflected signal by 
calculating autocorrelation function using different delayed version of the code. An edge filter is used as a passive 
wavelength demodulator to convert wavelength variation to amplitude variation [5]. The wavelength shift of a FBG 
can be detected by detecting the ratio of the correlation functions of the two detectors. We use two 
analogue-to-digital converters (ADC) to sample the received signals, and after some data processing such as 
decoding and division of signal powers, all sensors’ wavelength information can be attained in a complete pulse 
sequence period. 
Since in optical system only unipolar code can be used, to cancel interferences (MUI) form other sensors, a 
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unipolar-bipolar correlation process named sequence inversion keying (SIK) is used. In the system, suppose the bit 
period of the SLED light pulse is Tb, the round-trip time from the first sensor to the last sensor is MTb, and the 
 
 
 
 
 
 
 
 
     

Figure 1. Block diagram of the proposed system            Figure 2. Power transmission ratio as a function of wavelength shift 
round-trip time is divided into M time slots. To optimize the system for interference cancellation, the reflected 
signal should operate in bit synchronous mode, and the fiber length between two adjacent gratings should be such 
that the reflected pulses locate at the starting points of the time slot and the time delay difference introduced by the 
two sensors equals to integer times of the bit period.   
We design a M bit cyclic unipolar-bipolar orthogonal code, the code will be unipolar-bipolar orthogonal to any even 
bit cyclic shifts, and the autocorrelation peak is M/2. When we place the FBG sensors in the even time slots in the 
fiber array and the reflected sequences will overlap in even bit cyclic shifts format, and could be decoded with the 
corresponding bit shift bipolar codeword.  
For example, if codeword P=[p1,p2,…..p16] is the pulse sequence for the sensor array, where pj = 0 or 1 for 1≤ j ≤16, 
and code P’s corresponding bipolar code D=[d1,d2,…..d16], where di = -1 when pj = 0 else dj = pj, then the property 
of this code can be expressed as: 

16 16D * P d *p d *p ...d *p 81 1 2 2∑= + + =  
and   
                                      
where P(ni) is ni bit cyclic shifted version of P, ni is an even number, and ni 0≠  
As a result the information for FBG sensor1 can be obtained from the mixed signal with the proper codeword D. 
Similarly, we can obtain signal from ith FBG sensor with its corresponding ni bit cyclic shifted codeword D(ni).  
This process can be carried out in parallel and information from all the sensors can be obtained simultaneously.  
The SNR analysis show that the SNR of CDM increases M/4 times comparing with TDM system, or the same 
wavelength measurement accuracy M/4 times faster detection can be realized. For a code sequence with M equal to 
1000, the improvement would be 250 times. 
 
3. Experiment and Discussion 
In the experimental setup, an ASE source with external modulator with output power of 0.25mW/nm is used. 
50Mbit/s bit pattern is used and the fiber length between two adjacent grating sensors is about 4 meters. Long 
period grating (LPG) is used as the edge filter. The linear transmission range of this LPG is from 1536nm to 
1542.5nm with the transmission ratio ranges from -7dB to -23.9dB.  
Two FBGs which held by fixed stages and translation stages are used to demonstrate the concept. Strain can be 
applied to the FBGs by manually turning the translation stage. Fig.2 shows the transmission ratio between the 
correction functions of the two photodetectors as a function of wavelength shift. The calculated results agree well 
with the results measured by OSA.  
 
4. References 
[1] A.D. Kersey et al., “Fiber Grating Sensors”, J-LT, 15(1997), pp.1442 
[2] David J.F. Cooper et al., “Time-division multiplexing of large serial fiber-optic Bragg grating sensor arrays”, Applied Optics, 40(2001), pp 
2643 
[3] David J.F. Cooper et al., “Simple and Highly Sensitive Method for Wavelength Measurement of Low-Power Time-Multiplexed Signals Using 
Optical Amplifiers”, J-LT, 21(2003), pp.1612 
[4] S. Abbenseth, S.I. Lochmann, “Distinct enlargement of network size or measurement speed for serial FBG sensor networks utilizing 
SIK-DS-CDMA”, Journal of Physics, 15(2005), pp.149 
[5] Serge M. Melle, “A Passive Wavelength Demodulation System for Guided-Wave Bragg Grating Sensors”, PTL, 4(1992), pp516 

( ) ( )16 16 16 16
D*P(n ) d * p d * p ...d *p 01 n 1 n 2i ii 2 ni

∑= + + =− + − + −

       a2225_1.pdf  
 

       a2225_1.pdf  
 

© 2008 OSA / CLEO/QELS 2008
       CMZ4.pdf  

 


