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The present invention relates to a method to use an optical fibre as a sensor. The method involves designing an optical fi-
bre to have a sensor area (12) where the external influence on the fibre that is to be measured, for example pressure or magnetic
field, is freely able to influence the fibre. Coherent radiation is then transmitted through the sensor area in several modes. On the
receiver side the radiation is split in a detector device (14) into two beams, each including the entire interference pattern created
by the transmission in the fibre. After that the beams are plane-polarized in two different directions which are conducted to a sig-
nal processing device (9,9°) which detects the amplitude and/or frequency content of each beam and from this forms a signal
which is a measure of their amplitude and/or frequency relation, which in its turn is a measure of the external influence in the
sensor area (12).
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A method to use an optical fibre as a sensor

Fibre optical sensor technique is a field that during the last ten
years has been predicted a very expanding market. The expansion has,
however, not reached the pace that was predicted. The reason for this
"is principally the difficulty to separate the sensor information from
the varying influence from the environment, both on the sensor and on
the transmission to and from the sensors. Another reason is that the
single-mode technique that has the highest degree of sensitivity is
complex and demands that the components used are very accurate. The
multimode technique, on the other hand, can allow a more simple design
and moreover, it uses more robust components. Thereby it is possible
to reach such a level for the costs for the fibre optical sensors that
they become economically interesting. But the multimode technique has
also not experienced a break-through, mostly due to the lower sensiti-
vity that hitherto has been achieved with this technique. Conventional
multimode technique is of cause based on principles of intensity modu-
lation of the light that is transmitted in the core of the multimode
fibre. This technique is Tess sensitive than the phase-sensitive
detection that the single-mode technique is based on.

The fibre optical sensors have potentially very great advantages,
primarily due to their non-galvanic construction, that result in for
instance insensibility for EMP, EMC etc. The sensitivity that can be
achieved is also as good as or better than what can be achieved with
other types of sensors. Another interesting characteristic of the
fibre optical sensor technique is the possibility to multipiex several
sensors along the same fibre optical cable and in that way impiement
sensor systems that is able to cover for instance large surveillance
zones. The sensors of the system can be dimensioned to be sensitive to
several physical quantities such as preasure and magnetism. Great
tactical advantages can be achieved by this. In order to achieve this
goal the sensors have to be based upon such a technique that a reali-
zation of the sensor technique is robust and functionally reliable and
this at a reasonable cost in comparison with conventional technique.

The present invention relates to a method to use an optical fibre as a
sensor. The detection is phase-sensitive and can be applied to both
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single- and multimode fibres. The invention solves the present problem
by the invention being designed as is evident from the following claim
1.

In the following the invention will be described in more detail with
‘referens to the attached drawings where

fig 1 shows a laser, a fibre, in which the radiation propa-
gates in several modes and the interference pattern
after the fibre,

fig 2 shows an interference detector according to the inven-
tion,

fig 3 shows a first sensor system according to the invention,

fig 4 shows a second sensor system according to the inven-
tion,

fig 5 shows a third sensor system according to the invention,

fig 6 shows two variants of the sensor circuit in fig 5 and

fig 7 shows a fourth sensor system according to the inven-
tion.

The suggested sensor system is based on detection of variations in the
phase condition of the 1ight that is transmitted in an optical fibre.
This is a more sensitive method of measuring mechanical influence on
the optical fibre than measuring the variations in the effect or the
intensity of the 1ight. A mechanical influence on the optical fibre
can be translated to serve as a measuring quantity of, for instance,
acoustical waves or magnet fields. It is very important that the
sensor system is not sensitive to external influence from the environ-
mental parameters, that can give rise to an increased noice level for
the measuring quantity of interest. For solutions that concernes
multiplexing several fiber optical sensor, this is of particular
relevance. The solution according to the invention is based on a
principle which among other things means that the variations in the
optical fibre due to the environment are filtered out and that only
significant changes caused by the measuring quantity are presented by
the sensor or sensor system. The principle is described below.
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In a single-mode fibre there exists only one mode for light having a
wavelength above the cut off wavelength of the fibre. Light of a
shorter wavelength that is transmitted in the single-mode fibre will

propagate in several modes. The single-mode fibre will then act as a
multimode fibre.

In a multimode fibre there exists many directions of propagation due
to the angle of incidence to the fibre that the incident "light rays"
have. These directions of propagation are called modes. If coherent
light, as in fig 1, from a Taser 1 is transmitted in the fibre 2 and
the emerging 1ight illuminates for example a white paper, a pattern of
interference 3 will appear on the paper. This pattern is usualy called
speckle pattern. The pattern is caused by the constructive or destruc-
tive combination of the different modes of the multimode fibre. This
pattern of interference is extremely sensitive to external influence
on the fibre as the relative phase relation is changed by the influ-
ence, which in its turn causes a movement of the pattern of interfer-
ence. If this movement can be detected a very accurate method to
detect influence on the fibre is achieved. The coherence length for
the Tight must be longer than the difference in distance between the
highest and the Towest modes.

One method to detect this pattern is to place a photodiode on a fixed
spot for instance on an intensity maximum and watch the intensity
variations. The disadvantage with this is that the pattern fades due
to the random phase difference between emerging modes, which do not

emerge uniformly during the time. Below a method to solve the problem
is given.

The phase relations can change due to changes in the spectral charac-
teristics of the source of light caused by for instance modulation of
the Taser diode, by temperature variations of the source of light, by
temperature variations along the optical fibre and by random distribu-
tion of the modes in the optical fibre, for instance caused by the
concatination points. Such unwanted phase variations have an uniform
effect on the radiation in all directions of polarisation, which is
not the case for the phase variations that are caused by the external
influence in the sensor areas.
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The 1ight emerging from the end of the fibre is therefore split by a
beam splitter 4 into two beams, see figure 2. Each beam includes the
entire interference pattern created by the transmission in the fibre.
It is suitable to choose to split the beam into two beams that are on
the whole equally strong, even though this is not necessary. The two
‘beams are then plane-polarized in different directions by two polari-
zers 5 and 6. It is suitable to choose two directions that are essen-
tially perpendicular to each other, even though this is not necessary.
In a suitable embodiment of the invention the two emerging beams are
then detected by detectors 7 and 8 independently from each other and
the difference in amplitude is compared in a differential amplifier 9.
The signal coming from the differential amplifier 9 is a measure of
the external influence.

In stead of forming a difference signal, it is possible to form, in
another type of signal processing device 9%, other types of signals
that are a measure of the quantity one wishes to measure. Thus it is
possible to detect the difference in the quotient between the two
signals or the variations in the frequency distribution between them.

It is possible to use several sensors, 12 or 12 and 13, according to
the invention in a sensor system. Then the radiation is transmitted in
short pulses through a distribution cable 10 in the form of an optical
fibre. Along the distribution cabie the sensors are distributed. The
radiation pulses are coupied from the distribution cable to the sen-
sors by means of first optical couplers, that couple a certain amount
of the effect of the laser pulses to the sensor and let the rest pass
on to other sensors. By means of other optical couplers the radiation
pulses are coupled from the sensors to one or more return cables 11 in
the form of optical fibres, in which the radiation pulses from dif-
ferent sensors are time-multiplexed. From the return cabie or cables
the radiation is conducted to a signal processing device 9,9° that
detects the amplitude and/or frequency content of each radiation beam,
and from this forms a signal that is a measure of their amplitude
relation or frequency relation, which in its turn is a measure of the
external influence in the sensor area. The result is presented in a
presentation device.
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If it is possible to make sure that all influence on the cable takes
place in special sensor areas and the rest of the optical fibre, in
both the distribution cable and return cable, is completely undisturb-
ed, which is very difficult considering the tremendous sensitivity of
the phase sensitive detection, then one sensor area 12 would be enough
“in the sensors. In practice this is not easy and above all, one does
not wish to be forced to protect the distribution cables and return
cables from external influence to the extent necessary in order to
reach successful results. Therefore one often designs each sensor with
one sensor area 12, in the form of a sensor fibre, as well as one well
protected reference fibre 13. By designing the sensor in this way, it
is possible to take out a reference signal at the time and place of
the signal from the sensor area and by comparison with it, filter out
changes just in the sensor fibre.

In a first variant of the invention, the sensor with a sensor fibre 12
and a reference fibre 13 could be made as a fibre optical ring, in
which pulses of radiation is conducted. The radiation is first
conducted through the reference half 13, after which a part of the
radiation is conducted to the detector device. The rest will travel
around in the ring and passes the sensor fibre 12 and thereafter the
reference fibre 13, after which a part of the radiation is again
conducted to the detector device etc. with Tower and Tower signal
amplitude. The first signal will then be a pure reference signal.

At least two ways to implement the system is conceivable. In the first
system, according to figure 3, an interference detector 14 is placed
after each sensor. The radiation from the detector device 14 in the
two different polarisation directions are connected to a common signal
processing device 9,9° via separate optical fibres 11. Finally a de-
multiplexing takes place in a demultiplexor 15 in order to separate
the radiation from the different sensors.

The second system according to figure 4 is on the whole similar to the
first, but on the receiver side there is some difference. Thus the
radiation from each sensor 12, 13 is conducted, time-multiplexed when
there is several sensors, by one and the same optical fibre 11 to a
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common interference detector 14, that is followed by a signal proces-
sing device 9,9° and a demultiplexor 15 in the same way as in the
first system.

In stead of using a sensor ring as above, in other variants of the in-
‘vention one could be using two seperate adjacent optical fibres con-
nected in paraliel, where one is a reference fibre 13 and the other a
sensor fibre 12. This is shown in figure 5. As the signal is not run-
ning around in the sensor, in this case one only gets one reference
signal and one sensor signal. In other respects the system can be de-
signed exactly as in the two earlier mentioned cases. Besides, in
practice one only considers one reference signal and one sensor signal
also in the case with the sensor ring.

Figure 6 shows variants of the sensor coupling in fig 5, which in
principle gives the same situation as in this figure. Certain system
related advantages can, however, occur with this method.

In some applications, especially with the sensor fibre 12 and the re-
ference fibre 13 connected in parallel as above, it could be necessary
to introduce a well defined delay in the form of a transmission line
of a determined length in order to adjust the time relation between
the reference signal and the sensor signal from one sensor.

It is possible to design a system, in which interference between dif-
ferent modes is only localized to the sensors. If one uses as distri-
bution and return fibres 10, 11 single-mode fibres having a cut off
wavelength below the wavelenght of the present radiation in the sys-
tem, so that the radiation is only transmitted in one mode in the
fibre, no interference between different modes occur here. Then one
uses for the sensor part together with the connections belonging to it
either a multimode fibre or a single-mode fibre having such a high cut
of f wavelenght that the radiation in the system have a wavelength
below this cut off wavelenght, so that the radiation is transmitted in
several modes. This solution is perhaps most advantageous in the
system according to figure 3.

-
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Figure 7 shows what such a system could Took Tike, with single-mode
fibres operated in single-mode in the distribution and return fibres
10, 11 and a fibre operated in multimode as sensor fibre 12.
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Claims:

1. A method to use an optical fibre as a sensor, characte-
rized in that an optical fibre is designed to have a sensor
area (12) where the external influence on the fibre that is to be
measured, for example preasure or magnetic field, is freely able to
influence the fibre, that coherent radiation is transmitted through
the sensor area in several modes, that on the receiver side the
radiation is split in a detector device (14) into two beams, each
including the entire interference pattern created by the transmission
in the fibre, that the beams are plane-polarized in two different
directions which are conducted to a signal processing device (9,90)
which detects the amplitude and/or frequency content of each beam and
from this forms a signal which is a measure of their amplitude and/or
frequency relation, which in its turn is a measure of the external
influence in the sensor area (12).

2. A method according to claiml, characterized in
that the radiation is split into two beams of on the whole the same
intensity.

3. A method according to claiml or2, characterized

i n that the beams are plane-polarized in two on the whole perpen-
dicular directions.

4, A method according to one of the claims 1 - 3, charac-
terized in that the radiation is transmitted in short pulses
along a distribution cable (10) in the form of an optical fibre and
coupled by means of first optical couplers along the distribution
cable to a number of sensors (12,13), each comprising a sensor area
(12), that the radiation from the sensors is coupled by means of
second optical couplers to one or more return cables (11) in the form
of optical fibres, in which the pulses of radiation is wavelength
multiplexed.

5. A method according to one of the previous claims, charac-
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terized in that each sensor is designed as two adjacent parts
of optical fibres, one of which is a reference fibre (13) and the
other a sensor fibre (12).

6. A method according to claim5, characterized in
"that each sensor is designed as a fibre optical ring, in which the
radiation is conducted, said ring having a reference half (13), to
which the radiation is first conducted, and a sensor half (12), that
the radiation is conducted to the detector device (14) from the
reference half (13), which result in the first signal to the detector
device being a pure reference signal, after which follows signals that
have passed the sensor fibre (12) and the reference fibre (13) a
successively increasing number of times.

7. A method according to claimb5, characterized in

that each sensor (12,13) is designed as two separate optical fibres
connected in parallel.

8. A method according to one of the claims 4 - 7, charac-
terized in that a detector device (14) is placed after each
sensor (12,13), from which devices the radiation in the two directions
of polarisation is conducted in an optical fibre (11) each to a common

signal processing device (9,9°) and then, in a system with several
sensors, to a demultiplexor (15).

9. A method according to one of the claims 4 -7, charac-
terized in that the radiation from the sensors (12,13) is
conducted in one optical fibre (11) to a common detector device (14)
and a signal processing device (9,9°) and then, in a system with
several sensors, to a demultipiexor (15).

10. A method according to one of the previous claims, charac-
terized in that only those parts of a fibre that is part of a
sensor (12,13) is chosen such that the radiation is transmitted in
several modes, while the other parts of fibre (10,11) is chosen such
that the radiation is transmitted in only one mode.
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