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Abstract: A singlemode-multimode-singlemode (SMS) fiber structure for temperature measurement
using an optical time domain reflectometer (OTDR)-based interrogation system is proposed. A
temperature measurement range of 40 ‘C—195‘C with a resolution of 0.12 C and a linearity of 0.992
could be achieved for the multimode fiber (MMF) graded index with a length of 60mm. It was also
demonstrated that two-point temperature measurement with two SMS fiber structures as temperature
sensors could be made. The proposed temperature measurement system offered a high resolution and
also benefited from a simple configuration with a capability of multi-point temperature measurement.
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1. Introduction

Multimode interference effects occurring in
(SMS) fiber
structures have been investigated and utilized for

singlemode-multimode-singlemode

both sensing and signal processing applications
[1-8]. These optical devices offer an all-fiber
solution with the advantages of easiness of
fabrication, packaging, and interconnection over
other optical fibers. The SMS fiber structure is
fabricated using a commercial fusion splicer by
splicing a multimode fiber (MMF) section between
two singlemode fibers (SMF). In the SMS fiber
structure, the interference between modes in the
MMF section occurs along the MMF length. The

SMS fiber structure can generate the minimum or
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maximum interference at specific MMF lengths. By
precisely optimizing the MMF length, different
device functions can be developed.

SMS fiber structures demonstrate temperature
dependence [9, 10]. The temperature changes will
affect the refractive index and dimensions of the
fiber core and cladding, in turn the interference
between modes in the MMF section will change, and
thus the
demonstrated that the effect of temperature on the

output response changes. It was
wavelength response of the SMS fiber structure-
based device could be compensated by using a
suitable packaging material [11]. This temperature
dependence can also be exploited to develop a
temperature sensor. Some techniques can be utilized

to extract the temperature information from the SMS
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fiber structure sensor, for example by measuring the
temperature-induced shift in the peak wavelength of
its spectrum [12], an intensity-based interrogation
system [13], or a ratiometric power interrogation
system [14].

Techniques in [12—14] could only be used for
single-point measurement. In some industrial
processes or a structural health monitoring system, a
multi-point  or  quasi-distributed  temperature

16]. One

possible technique for the multi-point temperature

measurement system is needed [15,

measurement is utilizing an optical time domain
(OTDR). OTDR
measures the reflected light or the return loss and

reflectometer Normally, the
detects events such as connection, splice, cracks,
within the optical fiber network. The SMS fiber
structure’s connection and the temperature change in
the SMS fiber structure can be detected as an event
in the OTDR. Thus, some SMS fiber structures in
implementation of the multi-point temperature
sensors can be detected as the OTDR’s events. In
this paper, an experimental investigation into a
temperature measurement using the SMS fiber
structure as the temperature sensor and the OTDR as
the interrogator is presented.

2. Experimental procedure

A schematic structure of the SMS fiber structure
as shown in Fig. 1(a) was formed by splicing the
MMF with a length of Lypr between two SMFs. A
standard SMF28 (ITU-T recommendation G.655)
was used as the SMF. The MMF graded index
(ITU-T recommendation G.651) with a core radius
of 25 um was used. The SMS fiber structure
described above was fabricated using a precision
Fitel Nc S324 fiber cleaver and a compact fusion
splicer of Sumitomo Electric type-25¢. Some SMS
fiber structures were fabricated with the Lyyr of
50mm, 60 mm, 70mm, and 80 mm. These lengths,
Lyvve, were chosen because of the easiness of their
cutting process. The two SMF lengths of about
250 m were used to construct the SMS fiber

structure.

The experimental setup was built, as shown in
Fig.1(b). The SMS fiber structure was attached to a
hot plate in which its temperature could be
controlled by a precision temperature controller,
while a digital thermometer 6001 HDT sensor probe
was also attached to accurately measure the
temperature. The OTDR of JDSU MTS 8000 series
with an operational wavelength of 1550 nm was used
to detect the event induced by the temperature
changes in the SMS fiber structure. The OTDR
measured the attenuation of reflected light or return
loss and its location within the optical fiber network.
It had a maximum distance of 5 km and the
resolution of 0.001 dB. In this
the temperature measurement was

attenuation
experiment,
carried out in the temperature range of 40 ‘C—200C
with an increment of 5 °C.

Lyvr
SMF MMF SMF
(a)
Digital
termometer
SMS fiber

structure

Hot plate with temperature
controller

(b)

Fig. 1 Experimental setup diagram: (a) an SMS fiber
structure and (b) a schematic setup for measuring the
temperature variation in the SMS fiber structure utilizing the

OTDR.

3. Results and discussion

A typical response of the OTDR measurement
from an OTDR Traceview software for the MMF
length of 50mm is shown in Figs.2(a) and 2(b), for
the temperature measurement of 40 °C and 200 C,
respectively. The OTDR measures the events and
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their locations along the fiber optics network. The
abscissa and the ordinate of the graph as in Fig.2
represent the location (in meter) and the return loss

(in dB), respectively.
R SRR ___ _________________—— e
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Fig. 2 A typical response of the OTDR measurement, the

presence of the SMS fiber structure and its temperature variation
produce the non-reflected event (dashed-circled), at the
temperatures of (a) 40 ‘C and (b) 200 C.

There are three events in the optic fiber, from the
left to the right as in Figs. 2(a) or 2(b), namely:
(1) the reflective event of the fiber connector to the
OTDR, (2) the non-reflective event of the SMS fiber
structure (dashed-circled), and (3) the reflective
event of the fiber end. The presence of the SMS
fiber structure along with the temperature variation
in the SMS fiber structure causes the non-reflective
event. The temperatures of 40 ‘C and 200 C induce
the return loss relative of 0.278 dB and 1.771 dB,
respectively.

Figure 3 shows the return loss relative due to the
temperature variation from 40 °C to 200°C with an

increment of 5°C for the SMS fiber structure with
the MMF length of 50 mm, 60 mm, 70 mm and
80mm. One can see the return loss relative strongly
depends on the MMF length of the SMS fiber
structure. It is also shown that the SMS fiber
structure with the chosen MMF length can be
utilized as the temperature sensor with different
characteristics.

——Lymr =50 mm
—&— L ymp =60 mm ¥
—%—Lymr =70 mm
+LMMF =80 mm

L &

Fig.3 Return loss relative due to the temperature variation
for several MMF lengths of the SMS fiber structure.

The characteristics of each sensor are shown in
Table 1. The sensor with the MMF length of 60 mm
had the largest measurement span of 155 C with the
measurement range of 40 C-195 C and a good
linearity of R* = 0.992. However, the MMF length of
80mm had the largest sensitivity of 0.0196 dB/C;
assuming the OTDR can detect the minimum value
of 0.001 dB, therefore, the measurement resolution
of 0.05 C for the
temperature sensor purpose, the length of the MMF

can be achieved. Thus,

needs to be chosen carefully with respect to its
characteristic performance.
Table 1 Characteristic of the SMS fiber structure

temperature sensor.

Characteristic Ly (mm)
50 60 70 80
Range (C) 85-195 40-195 115-200 70-150
Span (C) 110 155 85 80
R 0.965 0.992 0.971 0.954
Sensitivity (dB/C) 0.0143 0.0085 0.0032 0.0196
Resolution (C) 0.07 0.12 0.32 0.05

The advantage of using the OTDR is to detect

some events simultaneously, and it hence can detect
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some sensors. Two SMS fiber structure sensors were
developed with the same Lyr of about 60 mm, and
the temperature measurement was carried out.
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Fig. 4 OTDR response for measurement of two events of

SMS-1 and SMS-2 (inset figure: schematic of the setup of the

OTDR measurement with two sensors).
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Fig. 5 Return loss relatives of the SMS-1 and SMS-2 due to
the temperature variation.

The inset figure in Fig.4 shows the setup of the
OTDR with two SMS fiber structures of SMS-1 and
SMS-2. In Fig. 4, it is shown two non-reflected
events occur, due to the presence of two SMS fiber
structures of SMS-1 and SMS-2. Figure5 shows the
return loss relative due to the temperature variation
for the two SMS fiber structure sensors of SMS-1
and SMS-2. Discrepancy between the return loss
relative responses of the SMS-1 and SMS-2 can be
attributed to a residual MMF length error. It can be
seen that the OTDR with two temperature sensors of
SMS-1 and SMS-2
measurement. Therefore, the OTDR can be utilized

can perform two-point

to measure the temperature for multi-point.

Assuming each SMS sensor has a span of the return
loss relative of 1dB and the OTDR has a dynamic
range measurement of about 30 dB, the proposed
measurement system can be used to measure the
temperature for about 30 points.

4. Conclusions

The SMS fiber structure sensor and the OTDR
interrogator for the temperature measurement were
investigated and proposed. Depending on the MMF
length of the SMS fiber structure, the temperature
sensor characteristic can be varied. It was found that
for the MMF length of 60 mm, the measurement
temperature range of 40 ‘C-195 C could be
achieved with a good linearity and the resolution of
0.12 °C. Tt was also demonstrated the two-point
temperature measurement utilizing two SMS fiber
made. The
temperature measurement system can provide about

structure sensors was proposed

30-point temperature measurement using a
commercial OTDR for a range of temperature sensor

applications.
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