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ABSTRACT 
 
In this paper we will present a new fiber sensor integrated monitor (FSIM) to be used in an 
embedded instrumentation system (EIS).  The proposed system consists of a super luminescent 
diode (SLD) as a broadband source, a novel high speed tunable MEMS filter with built in 
photodetector, and an integrated microprocessor for data aggregation, processing, and 
transmission.  As an example, the system has been calibrated with an array of surface relief fiber 
Bragg gratings (SR-FBG) for high speed, high temperature monitoring.  The entire system was 
built on a single breadboard less than 50 cm² in area. 

Keywords:  Fiber optic sensors, embedded instrumentation, distributed sensing, wavelength interrogation, smart 
sensors 

1 INTRODUCTION 

Optical sensors enable non-intrusive integration because of their small size, flexibility, and 
durability, while also exhibiting immunity to electromagnetic interference and resistance to 
corrosive materials [1,2].  Even though optical fiber sensors have many advantages, and are 
themselves very compact, the sensor control equipment tends to be bulky, costly, and consumes 
significant power. Fiber sensor interrogators differ from traditional sensor interrogators in that 
the demodulation of the sensor requires measurement of optical phenomena rather than electrical 
phenomena such as a voltage or current.  For example, Figure 1 shows the transmission and 
reflection spectrum of an array of fiber Bragg grating (FBG) sensors.  Each individual FBG 
sensor reflects a narrow band of wavelengths at the Bragg wavelength, allowing the remaining 
optical power to be transmitted.  The wavelength of this reflected band, or peak, shifts in the 
presence of different environmental phenomena, such as temperature or strain.  Therefore, sensor 
interrogation requires the measurement and analysis of the wavelength spectrum.  Similar 
wavelength-based sensor interrogation is also required for other optical sensors, such as Fabry-
Perot and long period grating sensors. 
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Figure 1: Fiber Bragg grating array transmission and refection spectrum. 

Many optical sensor monitoring systems are large and bulky, costly, have high power 
consumption, and perform only the most basic functions.  Thus, while the sensor itself can be 
extremely compact and adaptable to a variety of situations, the interrogation system is not.  This 
limits the possibilities for sensor applications in embedded instrumentation systems.  
Additionally, such systems are often stand-alone units and do not easily lend themselves to 
integration into existing instrumentation systems.  

 
Figure 2: Comparison of optical fiber interrogation systems including (a) a modern spectrum analyzer 

from Agilent, (b) an FBG interrogator from Micron Optics, and (c) an FSIM prototype. 

The fiber sensor integrated monitor (FSIM) we have developed offers a new means to monitor 
optical fiber sensor arrays.  It is designed specifically for embedded instrumentation systems.  
Figure 2 shows some of the existing units used to interrogate fiber optic sensors in comparison 
with the FSIM developed in this project.  Figure 2a shows an optical spectrum analyzer 
manufactured by Agilent.  This equipment is common for research environments and is large and 
performs very slow wavelength scans.  Figure 2b shows a state of the art fiber Bragg grating 
interrogator manufactured by Micron Optics.  Although much smaller and faster than the 
research specific optical spectrum analyzer it is still dramatically larger, heavier, and consumes a 
lot more power than the FSIM board shown in Figure 2c.   

The FSIM integrates all of the components necessary for measuring and analyzing wavelength 
based data onto a single breadboard. Figure 2 shows the dramatic size and weight reduction 
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attained by the FSIM.  The FSIM also exhibits a dramatic decrease in power as well as an 
increase in operating speed.  However, the most significant advantage of such a system is the 
ability to act as a “smart sensor”  [3].  Smart sensors enhance traditional sensor functionality by 
adding signal conditioning, data processing, and a bus output at the sensor node.  Such smart 
sensors have added functionality over traditional sensors and can be networked together to create 
powerful distributed sensor systems.  Additionally, smart sensors can receive and send 
commands, giving the smart sensor the ability to make decisions based upon the data and 
commands received. 

2 FSIM OPERATION 

Figure 3 shows a block diagram of the operation of the FSIM platform. In this “smart sensor”  
architecture the controller is programmed to properly decode the incoming data, control the 
optical source according to measurement needs, read and interpret the data from the detector, and 
then format the data and return it to the data bus. The principle advantage of this system includes 
its ability to adapt to a wide variety of data formats and make the required measurements. In 
addition, the FSIM platform is capable of being configured for the interrogation of a wide range 
of sensor types such as fiber Bragg grating sensors, long period grating sensors, Fabry-Perot 
sensors, etc.  

Controller

Controllable Optical Source
(Source + Filter)

Sensor System Simple Detector

network / data bus

 
Figure 3: Block diagram of the FSIM system functions. 

The optical signal is then transmitted through or reflected off of the fiber sensor and received by 
the detector.  The received optical power is essentially a sampling of the spectral response of the 
sensor at the interrogated wavelength.  Since the wavelength of the optical signal is determined 
by the microcontroller, the spectral response of the sensor can be sampled in a specific and 
controllable method.  For example rather than scanning the entire spectral response of the sensor, 
the sampled spectrum can be centered in on specific features such as reflection peaks.  The 
operation of the FSIM can be controlled by commands sent from the network/data bus. 

3 FSIM HARDWARE 

Figure 4 shows a picture of the FSIM board. The basic components of the FSIM board (labeled 
in bold text on Figure 4) are the MEMS tunable filter, photo-detector, superluminous diode 
(SLD), and the microcontroller.  The various other electronic components are also labeled on 
Figure 4. 
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Figure 4: FSIM board. 

3.1 Optical Source 
The optical source needs to meet the following requirements (1) small size, (2) low power 
consumption, (3) broad wavelength content, and (4) efficient fiber coupling.  A laser produces a 
wavelength spectrum that is too narrow for this application, while an LED has a broad 
wavelength contents but has very poor coupling into optical fibers.  To meet the requirements of 
fiber coupling and broad wavelength spectrum we used a superluminescent diode (SLD).  This 
device is half way between the LED and the laser diode and has both good fiber coupling 
efficiency and a wide spectral content.  Figure 5 shows the SLD in its package. The SLD that we 
used is EXS1595 from Exalos.  It was chosen for its small size and low power consumption. In 
order to conserve power, we are not applying active cooling to the SLD. In continuing tests we 
will verify under what conditions cooling may be required. 

 
Figure 5: Superluminescent Diode (Exalos, EXS 1595) 

3.2 Tunable Optical Filter 
Figure 6 shows the two types of MEMS filters we acquired through an equipment grant. One of 
the filters has an internal detector while the other can be coupled to an external photodetector.  
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Figure 6: Two types of MEMS tunable filters with and without internal detector. 

These filters consist of two thin film membranes separated by a small air gap.  These two 
reflective membranes create a Fabry-Perot cavity.  The Fabry-Perot cavity transmits a narrow 
wavelength band and reflects all other wavelengths.  The specific wavelength that is transmitted 
depends on the spacing of the membranes.  The membrane separation, and thus the transmitted 
wavelength, is varied by applying a voltage in the range of 0-36V. 

Figure 7 shows the measured transmission for an applied voltage of 15V.  This measurement 
shows that the full width at half maximum (FWHM) is approximately 60pm. The width of this 
transmission peak is very consistent over the entire tuning range of the filter.  

 
Figure 7: Spectral line width of the transmission band of the MEMS filter. 
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3.3 Electronics Interfacing with MEMS Filter 
The following is a list of the prominent electronics that are used on the FSIM board. 

• Microcontroller (PIC18F2680 from Microchip) 

o Specifications: Up to 40MHz clock speed, 4kilobytes of on-chip memory, built in 10 

bit A/D converter 

o Functions 

• The microcontroller is what makes the FSIM a “smart sensor” . 

• Runs the software to perform peak tracking, self calibration, etc. 

• Sends out the digital signal to control the transmission wavelength of the 

MEMS filter 

• Converts the analog voltage from the receiver circuitry into a digital signal. 

•   Performs data analysis and aggregation.  It converts the voltage into 

wavelength and facilitates the I/O. 

• Digital to Analog Converter (DAC8571 from Texas Instruments) 

o Specifications: 16 bit resolution, high speed interface 

o Functions: The DAC is used to change the transmission wavelength of the MEMS 

filter from the digital value provided by the microcontroller. 

• Additional Memory (24AA64 from Microchip) 

o Specifications: 512 kilobits of memnory, miniature package size 

o Function: The additional memory is used by the self calibration algorithm. 

• RS232 interface (MAX202 from Texas Instruments) 

o Specifications: 5V dual line driver/receiver, serial port interface up to 120 kbps 

o Function: This chip provides the formatting of the data to communicate with the 

external computer. 

• Operational Amplifiers 

o Specifications: both single supply and dual supply operational amplifiers 

o Functions: 

• Used between the DAC and the MEMS filter to attain a voltage swing of 0-

36V. 

• Used as a transimpedance amplifier to convert the current signal produced by 

the photodetector to a voltage signal. 



 7 

• Used to amplify the signal coming out of the transimpedance amplifier prior 

to microcontroller to increase the dynamic range of the receiver. 

4 SOFTWARE IMPLEMENTED ON THE FSIM 

4.1 Scan the Entire Spectrum 
The wavelength spectrum is measured by changing the voltage applied to the MEMS filter and 
then measuring the resulting power received by the photodetector. The microcontroller 
incrementally scans the voltage applied to the filter.  The scanning is accomplished using the 16 
bit DAC and an operational amplifier.  The maximum wavelength resolution depends on the 
minimum voltage step size.  The minimum voltage step is the total voltage range (36 volts) 
divided by the number of bit of the DAC (216).  At each of the individual voltage levels the 
optical power is converted from photodiode current to analog voltage with a transimpedance 
amplifier and then converted into a digital signal using the on-chip 10 bit A/D converter.  

Figure 8 shows a scan of a 5 grating array operating in reflection mode.  The voltage step size 
used in this scan is �V=4.4 mV.  This voltage step size corresponds to a wavelength step size of 
10pm < �� < 40pm.   

 
Figure 8: Scan of the full spectrum of an array of 4 FBG sensors and a calibration grating operating in 

reflection.  The voltage step size in this scan is �V=4.4 mV (10pm<��<40pm). 

4.2 Find and track peaks 
Software has been developed to detect individual peaks, zooms in on the individual peaks and 
track them.  This simple peak tracking algorithm results in a dramatic increase in tracking speed 
and resolution. Figure 9 shows a zoomed in scan of the 5 element grating array.  The FSIM scans 
over a small window around each grating peak and then jumps to the next peak.   



 8 

 

Figure 9: Zoomed spectrum for a 4 element grating array plus a calibration grating peak. 

4.3 Extract sensor data 
We have developed software to convert the voltage level to wavelength.  This data interpretation 
enables the transmission of only the peak wavelength to the data bus rather than all of the voltage 
data resulting in some simple data analysis. 

5 CONCLUSION 

We have presented a new fiber sensor integrated monitor for embedded instrumentation systems.  
In addition to significant size and power improvements over existing fiber interrogator 
technologies, the FSIM system creates a new fiber optic smart sensor.  By adding smart sensor 
capabilities, new fiber sensors will increase functionality and adaptability.  Furthermore, 
distributed sensing systems incorporating fiber sensors with other sensor technologies will be 
possible. 

The FSIM system is capable of measuring and analyzing large wavelength spectrums in order to 
interrogate fiber sensors.  Such a system has applications to a variety of fiber sensor 
technologies, including fiber Bragg grating sensors, Fabry-Perot and long period grating sensors.  
Because a microprocessor is integrated into the FSIM architecture, the FSIM can also be 
programmed to perform application specific tasks, such as peak tracking.  The digital data 
obtained by the FSIM can then be placed onto a data bus for communication to other embedded 
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sensors or to a central processing unit.  The FSIM’s flexibility, small size and low power 
consumption will make it an enabling technology for an array of embedded instrumentation 
applications. 
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