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1. Introduction

Optical fiber sensors have many advantages over
electrical sensors, such as complete electromagnetic
interference immunity, ease of remote sensing and a
small feature size. Although many kinds of sensing
methods have been proposed e.g. fiber Bragg grat-
ings 1), Brillouin-scattering 2) or Fabry-Perot interfer-
ometry 3,4), these sensors are restricted to sophisticat-
ed applications due to the expensive measurement
systems used to realize a high accuracy. 

In this paper we propose an inexpensive and high-
accuracy optical fiber sensor utilizing a unique sens-
ing method that detects optical power variation. We
have realized both temperature and pressure sensing
with the proposed method. We have developed and
commercialized a temperature compensated water
level sensor based on these sensors.

2. Operation principle

Figure 1 shows the schematic diagram of the pro-
posed method. The sensor consists of a light-emitting
diode (LED) light source, photodiode (PD)s, and an
“angled three-fiber array” which consists of one light-
projecting fiber and two light-receiving fibers. These
fibers are fixed to a silica substrate with an angle θ.
Single-mode fibers are employed as both the project-
ing fiber and the receiving fibers to obtain a stable
projecting pattern and a high spatial resolution of the
detected power. 

Figure 2 shows the magnified diagram of the array
head. The light from the projecting fiber is reflected
using a mirror. The reflected light is coupled into the
two light-receiving fibers. The position of the reflect-
ed light depends on the distance between the array
and the mirror. When the mirror position is at x1 as

shown in Fig. 2, the coupled power into the inner
fiber becomes the maximum. In the same way, the
coupled power into the outer fiber becomes the maxi-
mum when the mirror position is at x2.

Figure 3 shows distance dependence of the cou-
pled power at θ = 5°. The solid line with filled circles
represents the coupled power of the inner fiber (P1)
and solid line with crosses shows that of the outer
fiber (P2). In this array, the distances between the
fiber array and the mirror at which coupled power is
at a maximum are 520 µm for P1 and 980 µm for P2.
The solid line with open-squares in Fig. 3 shows the
power ratio of the measurement data. Power ratio of
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Fig. 1.  Schematic diagram of the three-fiber array sensor.
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Fig. 2.  Magnified diagram of three-fiber array head.
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these coupled powers defined as (P1−P2)/(P1+P2),
has the high dependence on distance, which  is due
largely to the fact that power reaches a maximum at
different positions for P1 and P2. We can measure the
displacement between the array and the mirror accu-
rately by utilizing the gradient of the curve between
600 µm and 1,000 µm. This simple configuration of
the sensor is one advantage of our method.

In addition to the simple configuration, various sen-
sitivities can be easily achieved with the angled three-
fiber array method. Figure 4 shows the power ratio
for different angled arrays. As the angle becomes
larger, distance dependence becomes greater. The
intended distance dependence can be obtained by
selecting the appropriate angle of the array. 

Another advantage of this sensing method is the
high tolerance to a light source fluctuation as any
power fluctuation is canceled due to the use of two
detecting fibers. In addition, wavelength fluctuation
has little effect on the measurement results, because
this sensor does not use wavelength dependent
devices such as an optical directional coupler or an

optical circulator.
These three advantages, a simple configuration,

flexible sensitivity design and a high tolerance to
light source fluctuations, enable us to realize inexpen-
sive and high-accuracy sensors. 

3. Experimental results

3.1. Light source dependence

We investigated the light source dependence of the
angled three-fiber array sensor. Power and wave-
length fluctuation effect were investigated by employ-
ing an LED, which had large temperature depen-
dence. Figure 5 shows the emission spectra of the
current controlled LED at various temperatures. As
the temperature changes from −5°C to 55°C, the
peak wavelength and emission power changes dra-
matically. Figure 6 shows temperature dependence of
the LED properties and the measurement results. As
the peak wavelength shifts from 1280 nm to 1358 nm
the power changes from −4.0 dBm to −13.5 dBm, but
the power ratio deviation as measured by the array is
less than 0.005. It was confirmed that angled three-
fiber array method could achieve high accuracy, even
if an inexpensive LED light source is used without a
precise power control circuit. 
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Fig. 3.  Distance dependence of measured power and power
ratio with  angled three-fiber array.
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Fig. 4.  Distance dependence of measured power ratio for vari-
ous angled three-fiber arrays.
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Fig. 5.  Emission spectra of LED at different temperatures.
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Fig. 6.  Temperature dependence of LED and power ratio.



3.2. Temperature sensor

We applied the proposed method to a temperature
sensor. The array was fixed on a metal base to mea-
sure a displacement resulting from a thermal expan-
sion of the base. The schematic diagram of the sens-
ing part is shown in the inset of Fig. 7. We designed
the angle of the array to detect the displacement pre-
cisely since any displacement due to thermal expan-
sion is less than a few micrometers. Figure 7 shows
the measurement results. The linear relation between
the set temperature and the measured power ratio
was confirmed. Less than 1 °C accuracy was achieved
with this temperature sensor.

3.3. Pressure sensor

We have also fabricated a pressure sensor. The
array was set against a diaphragm to measure the
deformation due to an externally applied pressure.
The schematic diagram of the sensing part is shown
in the inset of Fig. 8. The displacement amount of the
diaphragm is designed to be 200 µm at 400 kPa. The
angle of the pressure measurement array is smaller
than that of the temperature sensor array, because
deformation is much larger than that of a tempera-
ture sensor. Figure 8 shows the measurement result
which exhibits a linear relation between the power

ratio and the applied pressure. 

3.4. Temperature compensated pressure sensor

A temperature compensated pressure sensor was
fabricated by combining the temperature and pres-
sure sensors as shown in right side of Fig. 9. By mea-
suring the environmental temperature at the sensing
point with the temperature sensor, the temperature
dependence of the pressure measurement results can
be compensated. Figure 9 shows the temperature
compensated pressure measurement results at vari-
ous environmental temperatures. An accuracy of +/−
0.3% of the full scale was achieved for temperatures
ranging from −5°C to 50°C and pressures ranging
from 0 to 400 kPa.

4. Water level sensor

We have developed and commercialized a tempera-
ture compensated water level sensor utilizing the pro-
posed method. Figure 10 shows the appearance of
the water level sensor. The water level is detected by
measuring a water pressure at the bottom of a water
pool. Table 1 shows the specifications of the water
level sensor. 

5. Conclusion

A simple, inexpensive and high-accuracy sensor
utilizing an angled three-fiber array has been pro-
posed, demonstrated and commercialized. It has
been shown that the proposed sensor can achieve
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Fig. 7.  Temperature dependence of power ratio with angled
three-fiber array fixed on metal base.
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Fig. 8.  Pressure dependence of power ratio with angled three-
fiber array and diaphragm.
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high accuracy even with an inexpensive LED light
source. Temperature sensors and pressure sensors
were fabricated by the proposed method and linear
properties were obtained for both sensors by select-
ing an appropriate angle between the fibers in the
array. The temperature compensated pressure sensor
was also realized by a combination of the temperature
and pressure sensors. An accuracy of +/−0.3% of the
full scale was achieved for temperatures ranging from
−5°C to 50°C and pressures ranging from 0 to 400
kPa.
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Fig. 10.  Temperature compensated water level sensor
employing three-fiber array.

Table 1.  Specifications of the water level sensor.

Items Contents Unit

Measurement span 0 to 10 or 0 to 40 m

Accuracy at all operating
±0.3 % F.S.

temperature

Operating temperature −5  to 50 °C

Weight 4.5 kg

Material SUS316


