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ABSTRACT

In this article, it is proposed an interrogation and multiplexing system based on optical
time domain re�ectometer for �ber loop mirror coupled intensity sensors. Pulse width of
approximately 100 ns enabled to attain a dynamic range of approximately 18 dB. Good
linearity was achieved with a −13.3 dB/mm slope. The resolution of the sensing head was
0.027 mm. The proposed interrogation system showed to be an alternative technique for
multiplexing and remote sensing. © 2014 Wiley Periodicals, Inc. Microwave Opt Technol
Lett 56:2860–2864, 2014

1 INTRODUCTION
Optical Time Domain Re�ectometer (OTDR) is the most utilized equipment to measure
distributed losses in optical �bers. It uses Rayleigh scattered light to determine the
attenuation of optical �ber links. OTDR is also useful to localize events, breaks and to
evaluate splices and connectors 1. Due to these advantages and since OTDR is a simple,
easy, and ready to be used tool, it has also been the starting point of distribution sensing
techniques 1. As interrogation system, OTDR has been utilized in di�erent con�gurations.
One of the most common is to use �ber Bragg grating (FBG) and/or long period grating (LPG)
with OTDR 2, 3. Recently, Gong et al 2 proposed a multipoint strain measurement system
based on OTDR and FBG. Another approach uses OTDR to interrogate Fabry–Perot sensors
4, 5. Finally, a signi�cant function of the OTDR is to enable multiplexing 6, 7 and remote
sensing 7, 8 interrogation.
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OTDR trace loss 7, 9-11 or re�ection peak variation 6, 8 are the most attractive techniques
for interrogation when this equipment is used. In the case of the OTDR trace loss and
considering multiplexing and remote sensing, there is a compromise between the number
of sensors to be multiplexed and the distance between sensors as the loss introduced by the
sensors will be a serious limitation to the system. OTDR re�ection peak variation does not
present such limitation.

An optical �ber mirror is a device necessary in several applications. An important application
is to use as sensing element. One of the solutions is to utilize a �ber loop mirror (FLM) which
is straightforward developed using a 3 dB optical coupler. In this case, the output ports of
the coupler are spliced together forming a loop. All light input to the loop is re�ected back to
the coupler input port due to constructive interference which occurs in the coupler after the
counter waves propagate inside the loop 12.

The optical losses are merely a result of the 3 dB coupler insertion loss and the splice loss.
FLM combined with LPG is an alternative solution to interrogate such gratings in re�ection
using an OTDR as the interrogation system 13.

In this article, it is presented an interrogation and multiplexing system based on OTDR to
interrogate intensity sensors, in the case tapered based displacement sensors, coupled to
FLMs. The proposed scheme used the information contained in the OTDR re�ection peak
variation to evaluate the sensors still allowing multiplexing and remote sensing.

2 EXPERIMENTAL SETUP
Figure 1 presents the experimental setup of the proposed interrogation system. A
commercial OTDR from YOKOGAWA, model AQ 1200 OTDR—Multi Field Tester is used to
interrogate intensity taper sensors. Remote sensing is obtained connecting 5.5 km of
Corning SMF‐28 �ber to the OTDR port. An optical coupler is connected at the �ber output.
Ten percent of optical power is used to illuminate the sensor.

Figure 1

https://wol-prod-cdn.literatumonline.com/cms/attachment/591c8ede-3e26-4680-92aa-aa354e74de52/mop28720-fig-0001-m.jpg
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Open in �gure viewer PowerPoint

Experimental setup of the interrogation system for FLM coupled intensity sensor
using OTDR. Inset: Photo of the OTDR. [Color �gure can be viewed in the online
issue, which is available at wileyonlinelibrary.com]

The 90% output port of the coupler enables multiplexing which is achieved connecting 11.3
km of Corning SMF‐28 �ber to that coupler output port. To simulate intensity sensors,
optical �ber tapers were used as displacement sensors.

The mode operation of the sensing head consists in applying curvature in the taper region
with a value that depends on the displacement to be measured. Therefore, the displacement
induced curvature variation originates a change in the insertion loss of the taper. A 3 dB
optical coupler working as a FLM is connected to the output of the displacement sensor,
generating a FLM coupled intensity sensor con�guration. The inset in Figure 1 is a photo of
the OTDR with the output signal presented in Figure 2(a).

Figure 2

Open in �gure viewer PowerPoint

OTDR trace (a) in the presence of the FLM and (b) in the absence of the FLM

3 RESULTS AND DISCUSSION
3.1 Single Structure

https://onlinelibrary.wiley.com/action/downloadFigures?id=mop28720-fig-0001&doi=10.1002%2Fmop.28720
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In the single structure case, only one sensor is present and no multiplexing is performed.
Figure 2 exhibits the OTDR trace in the presence (a) and absence (b) of the FLM after the
single sensor. In Figure 2(a) it is clear the re�ection peak due to the FLM and the Fresnel
re�ection after 11.3 km of �ber. It will be explored the re�ection peak due to the FLM to
interrogate the sensor. Note that in Figure 2(b) no re�ection is present after the �rst coupler
but the loss due to it is evidenced and around 2.5 dB. Using the proposed scheme, and
despite such loss, it is possible to attain multiplexing of around 10 sensors (2.5 dB/sensor).

To optimize the OTDR parameters (optical signal) it was evaluated the dynamic range of the
FLM peak re�ection by varying the input signal and its pulse width. The FLM re�ection peak
dynamic range as a function of the input signal attenuation for a pulse width of 500 ns is
shown in Figure 3. It is observed that input signal attenuation between 10 and 15 dB allows
obtaining a maximum dynamic range of around 15 dB.

Figure 3

Open in �gure viewer PowerPoint

Dynamic range of the FLM re�ection peak as a function of the input signal
attenuation. [Color �gure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

Figure 4 illustrates the FLM re�ection peak dynamic range as a function of the OTDR input
signal pulse width for an input signal attenuation of 10 dB since it has given the best
dynamic range result. It is veri�ed that smaller pulse width results in higher dynamic range.

https://wol-prod-cdn.literatumonline.com/cms/attachment/2331a87f-5982-48a5-9b7f-c3c4c75168a0/mop28720-fig-0003-m.jpg
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As can be seen, a pulse width of approximately 100 ns enabled to attain an even better
dynamic range of approximately 18 dB. In both curves, the dots represent the experimental
results and the solid line is the �tting curve.

Figure 4

Open in �gure viewer PowerPoint

Dynamic range of the FLM re�ection peak as a function of pulse width. [Color
�gure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

Figure 5 shows the trace of the OTDR as a function of the displacement sensor. It is clearly
seen the decrease in the dynamic range of the FLM re�ection peak as the displacement
increases. The optical losses in the FLM re�ection peak as a function of the displacement are
presented in Figure 6. The results evidence a linear behavior with a slope of −13.3 dB/mm.
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Figure 5

Open in �gure viewer PowerPoint

OTDR trace for di�erent displacements. [Color �gure can be viewed in the online
issue, which is available at wileyonlinelibrary.com]

Figure 6
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Open in �gure viewer PowerPoint

Optical losses in the FLM re�ection peak as a function of the displacement. [Color
�gure can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

The sensing head resolution with the proposed interrogation system was obtained by
performing a step of 0.4 mm in the displacement sensor which corresponds to a 3.91 dB
signal intensity variation as shown in Figure 7. Considering this value and the average rms
noise amplitude before and after the step change, it turns out a displacement resolution of
0.027 mm.

Figure 7

Open in �gure viewer PowerPoint

Step procedure to obtain the resolution of the interrogation system

3.2 Multiplexing Sensor
One important feature of this proposed interrogation technique based on OTDR is also
enabling to multiplex several intensity sensors in parallel along the �ber. This feature is
illustrated in Figure 8, which shows a system with two FLM coupled intensity sensors. Note
that at the last sensor, the 90 × 10 optical coupler is not necessary and the sensor can be
connected directly to the optical �ber. Considering the 2.5 dB loss originated by the 90 × 10
optical coupler insertion loss, it is possible to attain multiplexing of around 10 sensors.

https://onlinelibrary.wiley.com/action/downloadFigures?id=mop28720-fig-0006&doi=10.1002%2Fmop.28720
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Figure 8

Open in �gure viewer PowerPoint

Experimental setup of the interrogation and multiplexing system for FLM coupled
intensity sensors using OTDR. [Color �gure can be viewed in the online issue,
which is available at wileyonlinelibrary.com]

Figure 9(a) presents the OTDR trace of the two multiplexed sensors. Note that the FLM
re�ection peak of the second sensor presents a dynamic range of around 21.3 dB which is
much greater than the 10 dB Fresnel re�ection presented in Figure 2(b). It is also important
to analyze the crosstalk between the two sensors. Figure 9(b) shows the OTDR trace when
the �rst sensor (5.5 km) followed by a FLM is absent. The dynamic range of the second FLM
re�ection peak is still around 21.3 dB. Finally, Figure 9(c) illustrates the OTDR trace when the
second sensor (∼17 km) followed by a FLM is not present. The dynamic range of the �rst
re�ection peak is around 18.1 dB which is the same as shown in Figures 9(a) and 2(a). The
signal observed between 5.5 km and approximately 17 km is maintained constant along the
�ber. Using this type of OTDR, the sample interval is 16 m that corresponds to the minimum
distance between the two FLMs.
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Figure 9

Open in �gure viewer PowerPoint

OTDR trace of (a) two multiplexed sensors, (b) in the absence of the �rst sensor
and FLM, and (c) in the absence of the second sensor and FLM

4 CONCLUSION
In this article, it was proposed an interrogation and multiplexing system based on OTDR for
FLM coupled intensity sensors. The scheme was characterized to obtain its maximum
dynamic range. It was achieved a maximum value of 15 dB when input signal attenuation of
around 10 dB is used. Pulse width of approximately 100 ns enabled to attain an even better
dynamic range of approximately 18 dB for the �rst FLM and approximately 21 dB for the
second. Despite the coupler losses, 2.5 dB, the proposed scheme permits multiplexing of
around 10 sensors. The technique demonstrated good linearity with a −13.3 dB/mm slope. A
0.027 mm resolution was achieved. The proposed interrogation system showed to be a
feasible alternative technique for sensor multiplexing and remote sensing.
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