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ABSTRACT

Aim: Development of fiber optic vibration sensor based Spirometer.

Methodology: A fiber vibration sensor is set up and is used to measure the variation of wind velocity with distance. For a source,
driving air at constant speed, the variation of the light intensity level of the optical fiber sensor is studied. The experiment is
repeated for various separations of source and detector fiber. The set up has also been used to measure the wind velocity. The
results obtained from these preliminary studies tell the possible functioning of the sensor as a spirometer. For calibrating the fiber
optic spirometer, commercially available spirometer is used. Noting down the air volume a person can inspire, from the standard
spirometer, and the light intensity level at the output fiber while blowing, the spirometer can be calibrated.

Results: A fibre optic vibration sensor is constructed and is used to measure the wind velocity. The set up is used as a fiber optic

spirometer by calibrating it against a standard spirometer.

Conclusion: The study thus reveals the application of fiber sensor as a fiber spirometer.
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INTRODUCTION

The changing life style, food habits, and environmental pol-
lution has proved to affect the health adversely. Now a day’s
lots of people are suffering from lungs related diseases. In-
creased number of vehicles and factories lead to high-level
air pollution. In connection with world Spirometry Day, Fo-
rum of International Respiratory Societies (FIRS) released
the data that lung diseases kill 4 million people every year
[2]. The ignorance of people about lung diseases has dou-
bled the mortality rate during the last three years. Hence,
continuous monitoring of lungs is essential for maintain-
ing good health. The efficiency of lungs can be understood
from a spirometer. A spirometer is equipment used for basic
pulmonary function test for measuring the volume of air in-
volved in respiration. A test for measuring the movement of
air into and out of the lungs can help to diagnose various lung
conditions, most commonly Chronic Obstructive Pulmonary
Diseases (COPD). It is also used to monitor the severity of
some other lung conditions and their response to treatment.
The earlier the test is performed, the earlier lung disease can
be detected and treated.

The advent of lasers and fiber optic sensor system has revo-
lutionized the medical field of diagnoses and treatment of
diseases [3]. Optical fiber sensors work on the principle of
analysis of the optical energy flowing through the fiber. Fiber
sensors have gained the attention because of their smaller
size, lighter weight, higher sensitivity, larger bandwidth and
immunity to electromagnetic interference [4]. Because of
smaller size and easiness in implementing, fiber sensors find
applications in biomedical field [5]. Since measurands alter
the light energy in the fiber, even smaller changes in the pa-
rameters can be accurately measured. Temperature, pressure,
strain etc are the widely studied measurands. Various types of
fiber optic sensors used are temperature sensor[6,7], pressure
sensor [9-11], rotation sensor [12], vibration sensor [8, 13],
fiber optic current sensors [14], fiber grating sensors [14] etc.
In the present work, we have extended the principle of fiber
optic vibration sensor as anemometer and spirometer.

METHODOLOGY

The Fig. 1 shows the experimental arrangement for the Fib-
er optic spirometer. The light from the He-Ne laser with a
wavelength of 632 nm and a power of SmW is focused on to
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the step index multimode fiber of core diameter 120 micron
meter and cladding 200 micron meter. The other end of the
fiber is fixed inside a box as shown in Fig.1. The light from
the source fiber is coupled to another identical fiber whose
end inside the box can vibrate freely. When the detector fiber
vibrates, the amount of light coupled into it varies. The pipe
attached to the box directs the air onto the detector fiber. The
amount of light coupled to the detector fiber also depends on
the separation between the source and the detector fiber tips.

The experimental setup is calibrated by studying the varia-
tion of wind intensity with distance. For this study, a hair dri-
er generating wind at a constant speed in a given direction is
used. When the wind source is close to the detector fiber the
misalignment for the detector fiber is maximum. Hence the
amount of light coupled into the detector fiber is a minimum
and we get a low voltage at the output of the photodetector.
The deviation of the detector fiber from the initial aligned
position depends on the amount of force exerted by the wind
on the detector fiber. This setup can be used as anemometer
or spirometer.

RESULT AND DISCUSSION

The experimental setup is calibrated using constant wind
source. The variation of detector output with distance is
shown in Fig.2. The experiment is repeated for different
separation between the source and the detector fiber tip.
The separation between the fiber tips decides the maximum
amount of light intensity entering the detector fiber. From
Fig.1, it is clear that for a given wind velocity as a separation
decreases the detector output increases. Also it can be seen
that the response curve is linear. That is as the distance of the
source from the detector fiber increases the wind intensity
decreases and this in turn reduces the force exerted on detec-
tor fiber and thus the deviation of the fiber from the aligned
position. Hence we get the increasing value of detector out-
put with increasing distance.

The experiment setup can be used for measuring the wind
velocity and hence function as an anemometer. For this the
source is kept at a distance (d) and noting down the time
required for the detector output to change the time (t). The
wind velocity (v) can be calculated as v = d/t. The setup can
be used as an anemometer once calibrated against a stand-
ard anemometer. The variation of wind velocity is shown in
Fig.3.

For working the experimental setup as a fiber optic spirom-
eter, it is calibrated against a clinical spirometer as shown in
Fig.4. The standard spirometer gives a measure of the maxi-
mum air a person can breathe in.

The amount of air a person can breathe in depends on the
efficiency of the lungs. People of different age group are par-
ticipated in the study. Each person is asked to breath in using

a standard spirometer and the volume of air intake is noted.
Then the person is asked to blow the air inhaled through the
pipe provided in the fiber optic spirometer with a maximum
speed possible to him. The amount of air the person exhale is
related to his inhaling capacity. The detector output changes
with respect to the amount of air blown in. Since the input air
pipe is fixed, the error that may occur when different persons
blow air can be avoided. The different people who inhale
the same amount of air are grouped together and the average
value of the detector output while blowing air is calculated.
The graph relating the amount of air a person can inhale and
the corresponding detector output is shown in Fig.5.

Since blowing of air pushes the detector fiber away from
the initial aligned position. There is a greater chance of no
light falling on the detector fiber. This problem can be over-
come by introducing a slight modification in the fiber optic
spirometer as shown in Fig.6. Here the detector fiber is ini-
tially kept misaligned as shown in Fig.6. When air is blown
in the detector, fiber moves towards the aligned position,
where the amount of light coupling between the source and
the detector fiber is a maximum.

CONCLUSION

Thus, the present work fiber optic vibration sensor is con-
structed and demonstrated how it can be used as an anemom-
eter. By calibrating against standard spirometer, the device
can be used as a high sensitive fiber optic spirometer for get-
ting information about one’s lungs efficiency.
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Figure 1: Schematic arrangement for the Fiber optic anemom-
eter.
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Figure 2: The variation of detector output with distance of wind
source.
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Figure 3: Distance-Time graph for wind.
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Figure 4: Clinical spirometer.
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Figure 5: Output voltage v/s air volume.
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Figure 6: Fiber Optic Spirometer.
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