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Abstract 

 

A laboratory system for measuring the Raman scattering light in optical 
fiber is presented. The system is equipped with the developed driver for 5 

mW/1550 nm laser diode, optical circulator, WDM filters to separate 

Rayleigh and Raman scattered light and InGaAs cooled photodiode to 
detect the weak scattered radiation. Instead of using expensive network 

analyzer we propose to use Software-Defined Radio, which ensures the 

necessary sensitivity and selectivity of detected signals. The preliminary 
results are presented for about 3 km – length single mode silica optical 

fiber. 
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1. Introduction 
 

Analysis of scattered light in optical fiber provides valuable 

information. It can be used for detection of breaks and bends as 

well as for measurement of strain and temperature along a fiber. 

This phenomenon is applied in structure monitoring, hydrology 

and remote sensing. Brillouin scattering stands out for strain 

measurements, while the spontaneous Raman Anti-Stokes 

scattering allows getting temperature profiles along the fiber due 

to its high dependency on temperature [1]. 

Scattered light could be analyzed through either the Optical 

Frequency Domain Reflectometry (OFDR) or the Optical Time 

Domain Reflectometry (OTDR). Nowadays, OFDR-based systems 

are still not used commercially due the higher cost and more 

complex signal processing, besides the limitations in spatial 

resolution and dynamic range [2]. OFDR uses continuously 

working lasers, while OTDR needs impulse high-power lasers. 

The important benefit of OFDR is its lower optical power. It 

guaranties safety while being used [3]. On the other hand, there 

are applications, where high-power systems may not be used. One 

of them is measurement of temperature in mines where an 

explosive atmosphere may occur.  

Software-Defined Radios (SDR) allow users to apply preferred 

settings for filters, amplifiers, detectors and modulators via software, 

thus they make it easier for users to test various settings without the 

need to construct individual system for each setting [4].   

The aim of this paper is to present the application of SDR in the 

detection of scattered light basing on the OFDR analysis.  

 

2. Optical Frequency Domain Reflectometry 
 

Optical Frequency Domain Reflectometry (OFDR) is an 

analyzing method based on the reads of frequency changes of the 

backscattered light, resulting from breaks, bends and strain or 

temperature changes. OFDR can provide valuable information about 

the position of scattering factors, with less than 1 m spatial and 1C 

temperature resolution. There are two main types of OFDR 

analyzing: coherent (C-OFDR) and incoherent (I-OFDR) [5]. 

The principle of the C-OFDR (Fig. 1) is detecting of a beat 

frequency (interference frequency) between the distributed scatters 

from the tested fiber and a local oscillator. In this case, the 

frequency of the laser is linearly swept without mode hops in 

order to map the beat frequencies positions along the fiber. The 

coupler splits the laser signal to the tested fiber and to another arm 

of an interferometer where is reflected – Fig. 1. The backscattered 

light from the fiber and reflected from the mirror coherently 

interfere at the coupler, creating an interference signal that 

contains the beat frequencies. The spectrum analyzer performs 

Inverse Fast Fourier Transform (IFFT) and displays the beat 

frequencies as peaks in the spectrum of the impulse response. One 

must notice the dependency of the signal on the polarization of the 

scattered light, thus a polarization diversity detection scheme 

implementation is a must [6]. 

 
 

Fig. 1. Block scheme of the C-OFDR analysis 

 

I-OFDR (Fig. 2) uses a frequency modulated continuous wave 

(CW) optical carrier. The frequency range is changed either 

stepwise (step frequency method) [7] or continuously (sweep 

frequency method) [8]. The scattered signals are detected as  

a function of modulation frequency. The vector signal analyzer 

obtains the frequency response of the fiber. Applying IFFT allows 

moving the signal from frequency to spatial domain.  

It is worth mentioning that OFDR can be also applied using an 

incoherent frequency-modulated continuous light waves. The 

modulating signal is swept in frequency and the scattered light is 

detected. Then both signals are mixed electrically and the analysis 

is performed using spectrum or network analyzer [9]. 

 

 

 
 

Fig. 2. Block scheme of the I-OFDR analysis 

 

 

3. Software-Defined Radio (SDR) 
 

The aim of the Software-Defined Radio is to replace the 

hardware components traditionally used in radios, such as filters, 

amplifiers, detectors and modulators, with a software controlled 

programmable devices that can be chosen on user’s preference 

through PC or embedded systems. SDR main advantage is the 

avoidance of interferences between transmission channels thanks 
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to the facility of dynamic configurations of the system by the 

software. This is actually implemented in Cognitive Radios (CR) 

[10]. 

According to Mitola [10], SDR relies on the advance of high-

resolution Analog-to-Digital (ADC) and Digital-to-Analog (DAC)  

converters, as well as the appliance of the recently developed 

Digital Signal Processors (DSP). It is remarkable, that the receive 

digitization occurs at the same stage downstream from the antenna 

[11]. The antenna is followed by a filter, which has a tunable pass-

band. It allows the digitization of the channel’s signal at an 

acceptable SNR for the demodulation [12]. For multi-mode 

terminal applications, the SDR architecture involves the use of 

mixers to reduce the ADC sampling rate [13], where the 

broadband RF signal containing the desired channel is converted 

to a baseband with a single broadband analog stage. Another 

approach of SDR architecture relies on the implementing of 

subsampling in order to perform down-conversion, which requires 

a strong anti-aliasing filter [14]. 

The main advantage of SDR is the high configurability that 

allows radios to be upgradeable in order to adapt to newly 

emerged standards [15]. This also ensures the reduction of cost 

due to the long service time and higher reliability of these radios 

for military, space and mobile communication applications [16].  

 

4. Experimental setup 
 

In order to perform the research presented in this paper, a laser 

diode driver board was developed. The block diagram of the laser 

driver control board is shown in Fig. 3. This board allows setting 

the laser diode operating frequency. The communication between 

the board and the PC is through USB FTDI FT2232HL module 

[17]. The PIC18F4520 microcontroller [18] receives the user’s 

settings for the frequency through RS232 port from the FTDI 

module and passes it to FPGA XILINX Spartan 6 XC6SLX9 

digital controller [19]. The system uses the PPL programmable 

clock generator ICS512MILF controlled by the software from the 

host [20]. PLL generator allows setting the maximum frequency of 

160 MHz. In addition, the standard 50 MHz quartz generator can 

be used. Software controls the frequency dividers implemented in 

FPGA in order to set the laser diode operating frequency. The 

operating frequency is then transferred through the FPGA to the 

dedicated laser diode driver MAX3766 [21]. This driver operates 

in a wide frequency range. The PIC15F4520 microprocessor is 

also responsible for switching the laser diode ON/OFF. The board 

also contains S25Fl127 flash memory to save the configuration of 

FPGA [22].  

 

 

 
 

Fig. 3.  Block scheme of the laser driver control unit 

 

 

 

The block diagram of the experimental system setup is presented 

in Fig. 4. This setup is based on the I-OFDR analysis method. The 

emitted light is provided to the fiber optic through an optical 

circulator, which guarantees the guidance of the emitted light only 

to the light guide, and the guidance of the scattered light to the 

Wavelength Devision Multiplexing (WDM) filters. The WDM 

separates the scattered light depending on the its wavelength to: 

Rayleigh (R), Raman Stokes (S) and Raman Anti-Stokes (AS) 

scattered light. Each of these signals is then detected by the 

photodiode (PD), which converts them to electrical signals, 

creating a modulating wave. 

 

 

 
 

Fig. 4. Block scheme of the experimental system setup 

 

The carrier wave is provided by a signal generator (SG). Both 

the carrier and the modulating waves are then provided to a four-

quadrant analog multiplier AD834 [23]. The output signal of the 

multipliers is then connected via antenna to the RSP1A SDRplay 

radio [24] (Fig. 5), which covers a wide RF spectrum from 1 kHz 

to 2 GHz, and has a 14-bit ADC. The SDRPlay radio performs 

IFFT, which result is a complex number (I – Real number,  

Q – Imaginary unit). The analysis of the obtained signals is 

performed using the freeware software “RSP-Spectrum Analyser” 

available at the radio’s manufacturer website [25]. The photo of 

the system is presented in Fig. 6.  

 

 

 
 

Fig. 5. Block scheme of the SDR 
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Fig. 6.  The developed light scattering measurment bench based on SDR: 1 - PC,  

2 – laser diode control unit, 3 – optical circulator, 4 – optical fiber (SMF28-e), 

5 – WDM filters,     6 – signal generator, 7 – avalanche photodiode module,  

8 – analog multiplier, 9 – SDRPlay radio 

 

 

5. Results 
 

In this research, an experiment with 3 km-length single mode 

silica optical fiber was performed (Fig. 6). The system operates at 

the wavelength 1550 nm with the low power laser diode    (P=5 

mW). All experiments were carried out in room temperature 

T=25C. Only amplitude characteristics are presented here. The 

phase of the back-scattered signal at the modulating frequency is 

not mentioned because there was a uniform temperature profile 

along the light guide without any hot spots. Phase of the scattered 

light is only useful to locate such hot spots through IFFT 

appliance [3]. 

Figures 7, 8 and 9 present the results obtained from the “RSP-

Spectrum Analyser” software, which shows the signal spectrum of 

the SDRplay radio in the frequency domain. The x-axis displays 

the frequency in MHz, while the y-axis displays the signals 

amplitude in dB. The carrier wave frequency of the local oscillator 

was set to 13 MHz, while the laser modulating wave frequency 

was 5 MHz. These frequencies were chosen randomly. 

The same frequency set up was chosen for measurement 

Rayleigh, Raman Stokes and Raman Anti-Stokes scattered 

radiation. The backscattered light has the same frequency as the 

modulating wave. One must notice that the Raman shift occurs in 

the wavelength, thus the frequency is the same for Rayleigh, 

Raman Stokes and Raman Anti-Stokes. The obtained results fit in 

with the theory of light scattering, since the Rayleigh scattering 

signal is the highest, and the Raman Stokes scattering signal is 

greater than the Raman Anti-Stokes one. 

 

 

 
 

Fig. 7. Measured spectrum for Raman Anti-Stokes signal at room temperature 

(T=25C) 

 

 

 
 

Fig. 8. Measured spectrum for Rayleigh signal at room temperature (T=25C) 

 

 

 
 

Fig. 9. Measured spectrum for Raman Stokes signal at room temperature (T=25C) 

 

In order to confirm the obtained results, the amplitude 

characteristic of the scattered signal using modeling are presented 

[3]. For 3 km optical fiber in room temperature, for wavelength  

= 1550 nm, the characteristic as the function of modulating 

frequency is presented in Fig. 10. 

 

 

 
 

Fig. 10.  Amplitude characteristic of Raman Anti-Stokes back-scattered signal 

obtained from the model [3] 

 

 

6. Conclusions 
 

In this paper, a low-cost system for the measurements of the  

intensity of back scattered light in 3 km single mode optical fiber 

was presented. The novelty of the proposed measurement system 

is the application of Software-Design Radio in it. SDR acts as  

a low-cost network analyzer. In order to implement the SDR in 

this approach, the high frequency carrier was modulated by the 

signal of back-scattered light. This concept was successfully 
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validated for a single modulating frequency, and now the complete 

OFDR system for temperature measurement in long optical fiber 

with low power continuous lasers is ready to be implemented. 

 

7. References 
 
[1] Shatarah I.S.M, Olbrycht R.: Distributed temperature sensing in 

optical fibers based on Raman scattering: theory and applications. 

Measurement Automation Monitoring, vol. 63, no. 02, pp. 41 – 44, 

2017. 

[2] Shatarah I.S.M, Olbrycht R., Więcek B.: Modeling of Spontaneous 

Raman Scattering in silica light guides for Distributed Temperature 

Sensing. 14th Quantitative Infrared Thermography Conference 

(QIRT), pp. 209 – 220, Berlin 2018. 

[3] Liehr S.: Fibre Optic Sensing Techniques Based on Incoherent Optical 

Frequency Domain Reflectometry. BAM Bundesanstalt für 

Materialforschung und –prüfung, Berlin, 2015 

[4] Yuksel K., Wuilpart M., Moeyaert V., Mégret P.: Optical Frequency 

Domain Reflectometry: A Review. 11th International Conference on 

Transparent Optical Networks (ICTON) , IEEE 2009. 

[5] Wegmuller M., ObersonP., von der Weid J.P., Guinnard O., Guinnard 

L., Vinegoni C., Legrk M., Gisin N.: Overview of coherent 

reflectometry techniques: characterization of components and small 

systems, in Proc. Symposium on Optical Fiber Measurements, pp. 155 

– 160, Colorado 2000. 

[6] Nakayama J., Iizaka K, Nielson J.: Optical fiber fault locator by the 

step frequency method. Applied Optics, vol. 26, no. 3, pp. 440 – 443, 

1987. 

[7] Dolfi D.W., Nazarathy M, Newton S.A.: 5-mm-resolution optical-

frequency-domain reflectometry using a coded phase-reversal 

modulator. Optics Letters, vol. 13, no. 8, pp. 678 – 680, 1988. 

[8] MacDonald R.I: Frequency domain optical reflectometer. Applied 

Optics, wol. 20, no. 10, pp. 1840 – 1844, 1981. 

[9] Mitola J.: The Software Radio Architecture. IEEE Communication 

Magazine, vol. 33, no. 5, pp. 26–38, 1995. 

[10] Tuttlebee W.: Software Defined Radio Enabling Technologies. John 

Wiely & Sons Ltd, England, 2002. 

[11] Bagheri R, Mirzaei A., Chehrazi S., Heidari M., Lee M., Mikhemar 

M., Tang W., Abidi A.: An 800MHz to 5GHz SoftwareDefined Radio 

Reciver in 90nm CMOS. IEEE International Solid-State Circuits 

Conference, 1-4244-0079-1/06, 2006. 

[12] Yoshida H., Otaka. S, Kato T., Tsurumi H.: A Software Defined 

Radio Reciver using the Direct Conversion Principle: Implementation 

and Evaluation. IEEE International Symposium on Personal, Indoor 

and Mobile Radio Communications vol. 2, pp. 1044 – 48, 2000. 

[13] Akos A.M., Stockmaster M., Tsui J.B.Y., Caschera J.: Direct 

Bandpass Sampling of Multiple Distinct RF Signals. IEEE 

Transactions on Communications, vol. 47, no. 7, pp. 983 – 988, 1999. 

[14] Ru Z., Moseley N.A, Klumperink E.A.M, Nauta B.: Digitally 

Enhanced Sofware-Defined Radio Receiver Robust to Out-of-Band 

Interference. IEEE Journal Of Solid-State Circuits, vol. 44, no. 12, pp. 

3359 – 3375, 2009. 

[15] Ulversoy T.: Software Defined Radio: Challenges and Opportunities. 

IEEE Communications Surveys & Tutorials, vol. 12, no. 4, pp. 531 – 

549, 2010. 

[16] Future Technology Devices International Ltd. FT2232H Dual High 

Speed USB to Multipurpose UART/FIFO IC. Document No.: 

FT_000061. 2008. Available at: https://www.ftdichip.com/Support/ 

Documents/DataSheets/ICs/DS_FT2232H.pdf 

[17] Microchip Technology Inc. 28/40/44-Pin Enhanced Flash 

Microcontrollers with 10-Bit A/D and nanoWatt Technology. 

Document no.: DS39631E, 2008. Available at: http://ww1.microchip. 

com/downloads/en/DeviceDoc/39631E.pdf 

[18] XILINX. FPGA XILINX Spartan 6. Document no.: DS160 V2.0, 

2011. Available at:  https://www.xilinx.com/support/documentation/ 

data_sheets/ds160.pdf 

[19] Integrated Device Technology, Inc. LOCO™ PLL CLOCK 

MULTIPLIER. Document no.: REV H 051310. Available at: https:// 

www.idt.com/document/dst/512-datasheet 

[20] [Maxim Integrated. 622Mbps LAN/WAN Laser Driver with 

Automatic Power Control and Safety Shutdown. Document no.: 19-

1249; Rev 1; 11/04, 2004. Available at: https://datasheets. 

maximintegrated.com/en/ds/MAX3766.pdf 

[21] Cypress Semiconductor Corporation. 128-Mbit, 3.0 V Flash Memory. 

Document Number: 002-00646 Rev. *M, 2017. Available at: https:// 

www.cypress.com/file/196851/download 

[22] Analog Devices Inc. 500 MHz Four-Quadrant Multiplier.  Document 

no.: D00894-0-6/12(F), 2012. Available at: https://www.analog.com/ 

media/en/technical-documentation/data-sheets/AD834.pdf 

[23] SDRPlay. Radio Spectrum Processor 1A 14-bit SDR. V1.9, 2018. 

Available at: https://www.sdrplay.com/docs/RSP1Adatasheetv1.9.pdf 

[24] SDRPlay. Steve Andrew’s Spectrum Analyser Software.2019. 

Available at: https://www.sdrplay.com/spectrum-analyser/  

_____________________________________________________ 
Received: 12.06.2018     Paper reviewed     Accepted: 03.08.2018  

 

 

 
Iyad S. M. SHATARAH, MSc 

 

He received the BSc degree in Electronics and 

Telecommunications at Lodz University of Technology 

in 2013 and the MSc degree in Electronics and 

Telecommunications in 2014. His scientific interests are: 

contact and non-contact temperature measurement, 

Raman spectroscopy and industrial applications of IR 

thermography. 

 

 

 

 

e-mail: iyad.shatarah@p.lodz.pl  
 

 

Prof. Bogusław WIĘCEK 

 

Prof. Bogusław Więcek is the head of the Electronic 

Circuits and Thermography Department at the Institute 

of Electronics, Lodz University of Technology. He 

specializes in computer thermography and modelling 

thermal effects in electronic devices and circuits. He is a 

member of the scientific committee of the international 

Quantitative Infrared Thermography Conference and the 

chairmen of the Thermography and Thermometry in 

Infrared Conference. 

 

 

e-mail: boguslaw.wiecek@p.lodz.pl  
 

 

 

 

 
 


