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(57) Abstract: Reflectometric vibration measurement system to monitor multiphase flows in production wells or pipelines using
multimode fibers comprising: - a sensing multimode optical fiber; - an optical source with at least one fiber output port, which gen-
erates optical pulses which are to be sent to the sensing fiber; - an optical receiver with at least one multimode fiber input port; - an
optical device with at feast 3 multimode fiber ports, in which one port is connected to the optical source, one port to the optical re -
ceiver, and one port to the sensing multimode fiber; - a system for processing the output signals from the optical receiver, further
comprising more than one spatial mode filter. A process for reconfiguring an optical reflectometry system which has already been in -
stalled in a monitoring structure is also described.
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REFLECTOMETRIC VIBRATION MEASUREMENT SYSTEM AND RELATIVE METHOD
FOR MONITORING MULTIPHASE FLOWS

Description

This invention relates to a reflectometric vibration measurement system and a relative
method for monitering multiphase flows, in particular in production wells or pipelines,
using multimode optical fibers.

Most non-optical technigues do not make provision for direct mechanical interaction with
the flow (with the exception of Ventur] tubes and/or flow mixers), but are based on
interactions with radiation of various kinds. Thus there are gamma ray, X-ray and
uitrasonic tomography, electrical impedance tomography and the analysis of dielectric
constants using microwaves. Because of their nature these techniques are not suitable
for use at the wellhead.

In general optical sensors can be subdivided into two classes: those sensors which we
will call “direct”, in which light radiation interacts with the flow, and “indirect” sensors, in
which the light radiation does not interact with the flow.

Direct sensors generally make use of total internal reflection phenomena, attenuation of
the transmitted or evanescent wave and flucrascence o estimale the composition of the
flow, often using spectroscopic technigques. Direct sensors also include examples of
optical tomographs.

in the case of indirect sensors on the other hand the optical radiation is used to measure
the temperature or deformation induced in the sensor {whether a fiber, a resonant cavity
or other) by the pipeling, the structure of the well or even directly from the flow itself. I will
be noted that in the case of the indirect sensors of interest the physical parameters
measured are not just temperature or deformation; information about other parameters
can be deduced from these. In particular, deformation measurements correspond to
pressure or vibration measurements in which two situations are often distinguished by the
frequency band of the phenomenon observed. Vibration is therefore identified as acoustic
energy, and thus one of the most useful optical fiber vibration sensors is marketed as a
distributed acoustic sensor. Information aboul multiphase flow structure is finally deduced
from these basic physical measurements through suitable physical models and
progessing of the raw data.

it is worthwhile peinting out the very important role played by distributed optical fiber

sensors in this context. in the context of measuring multiphase flow, distributed
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measurements of temperature and vibration which provide a continuous map with

sutficient spatial resolution for the entire well are of interest, making it possible to estimate

flow properties through suitable caleulation algorithms. It wilt be hoted that these
distributed measurements are only possible with technologies based on use of the
backscattered signal generated by the optical fiber.

Several optical fibers of multi-mode type, generally of silica, are often instailled within a

well or in its immediate vicinity, in a position paralle! to the well. These fibers have two

typical uses: for the transmission of two-directional data on the bottom-hole/surface bus,
or as a distributed temperature sensor using a Raman technique.

A different use for such already installed fibers is proposed in patent US-7658411 by

Schlumberger Tech. Corp, to provide a distributed vibration sensor through spatial

analysis of the backscattered signal due to the Rayleigh effect.

The measurement instrument is an OTDR with a highly coherent pulsed optical source,

typically a DFB laser; due to the high spatial coherence of the source the backscatiered

signat due to the scattering points within the optical pulse induces an interference signal
in the receiver.

Through its nature, measurement based on Rayleigh scattering is simpler if the fiber used

is of the single mode type. The solution proposed in US-7668411 provides for the

insertion of a “single spatial mode filtering sysiem” between the coherent OTDR and the
multimode fiber {see Figures 3, 4, 5 and 6 of the patent). Again in the said patent the

“single spatial mode filtering system” is for example provided using a single mode fiber or

a pinhole in air.

The solution described in that patent has the following three technical critical points:

. Use of the “single spatial mode fittering system” {as for example a single mode fiber
beam splitter) placed between the laser source and the multimode sensing fiberis
generally a source of great attenuation in the measurement signal; the typical
aftenuation in a joint betwesn a single mode fiber and a mullimode fiber may vary
from 6 fo 15 dB. This loss will have a very adverse effect on the signal-to-noise ratio
(3NR), limiting the fength of the measurable fiber, spatial resolution, the vibration
band or sensitivily {o it. The loss is even greater if a pinhole in air is used to provide
the "single spatial mode filter” as suggested in US-7668411.

i it may happen that the "single spatial mode” selected is temporarily insensitive to
weil vibrations. This problem is described in US-7668411, and in that patent itis
suggested that the problem be overcome by selecting a different *speckie”; however

there is no description whatscever as {o how this selection should be made.
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iff.  The interpretation of distributed vibration measurements may give rise to critical
points. It will not be forgotten in fact that the aim of the patent is the reuse of
multimode fibers which are already installed in wells for other purposes, and are not
therefore necessarily optimized for measuring vibration. Multimode optical fibers are
aften preferred to single mode fibers for installation in production wells because of
the greater ease of making joints. This aspect makes the configuration of the
vibration measurement system suboptimal, and makes the definition of accurate
mathematical modsls capable of linking the vibration measurements made fo
multiphase flow properties more complex.

A new system which resolves the three problems listed above both by eliminating the

“single spatial mode filter” specified in US-7668411 and by placing a suitable optical

device having at least 3 ports based on multimode fiber between the source, the

multimode measurement fiber and the receiver has now been found. This ensures a

batter signal/noise ratio which could be used to improve dynamics, resclution or

sensitivity.

With regard to the distributed measuremsnt of vibrations in multimode fibers the invention

makes it possible to overcome some of the intrinsic problems in the solution known in the

literature, which provides for the use of monomade fiber between the receiver and the

multimode measurement fiber. In the case in point the innovation makes it possible to

minimize insertion losses due to the coupling between the monomode fiber and the

multimode fiber, thus increasing the quality of measurement. In addition to this, the

innavation makes it possible to monitor all “speckies” of the backscattered signal at the

sams time, thus making it intrinsically immune to the prablem of the fading of individual

‘speckies”, which would otherwise afflict the system known in the literature.

The reflectometric system for the measurement of vibration which is the subject of this

invention for the monitoring of multiphase flows, in particuar in production wells or

pipelines, using multimode fibers, comprises:

® a sensing multimode optical fiber;

® an optical source with at least one fiber output port, which generates optical puises
which are to be sent {o the sensing fiber;

s an optical receiver with at least one multimode fiber input port;

® an optical device with at least 3 multimode fiber ports, in which one portis
connected io the optical saurce, one part to the optical receaiver, and one port o the
sensing muitimade fiber,

e a system for processing the oulput signals from the optical receiver,
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further comprising more than one spatial mode filter.

The aptical receiver may preferably comprise a photodinde or several photodiodes.

The photodiode or photodiodes may preferably be of the segmentad area type, with at

least 2 separate measurement segments, more preferably 4.

The optical receiver may also comprise a fiber with few spatial modes connected between

the input to the receiver and the segmented area photodiode or photodiodes (such that

the said fiber is not monomode). The guided modes of the fiber should number fewer than

17, even counting degenerate modes, more preferably fewer than 13, even more

preferably fewer than 7.

When at least two photodiodes are present the optical receiver may also comprise:

s either a multimode fiber power splitter, in which the said spliiter has 1 input port and
a number of output ports substantially equal to the number of photodiodes. the input
port of the spliter being connected to the input port of the receiver and each output
port of the sphiter being connected to each photodicde through a iength of
monomade fiber in which the manomode fibers can be connecied to the muitimode
fiber through an adiabatic mode converter;

) or a "photonic lantern” with a multimode input and a number of monomodal fiber
suiputs substantially equal to the number of photodiodes, the input port of the
lantern being connected to the input of the optical receiver and each monomode
output of the lantern being connectad to each photodiode.

The optical device having at least 3 muitimode fiber ports may preferably be selected

from:

° a direclional coupler;

& a power coupler/splitter;

s a circulator;

) an optical switch

The optical source may preferably comprise:

& a high coherence laser which emits @ modulated signal from the output port of the
oplical source,;

® a high coherence laser which generates continuous light and an optical maduiator
connected to the said laser, where the said modulator generates optical signals
which are sent to the output port of the source.

It a heterodyne version of the reflactometric system according to the invention is desired,

in its more general composition this comprises the foliowing specific features:

® the optical source has two output ports and emits a modulated opticat signal which
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is at a first frequency from a first port and a modulated optical signal at a second
frequency from a second port;

» the optical receiver has two input ports of which one is multimode and one
monomade, where the said multimode port is connected to the optical device with at
least 3 muitimode fiber ports and the said monomode port is connected fo the said
second port of the optical source.

in the case of the heterodyne version the optical source may preferably comprise a laser

which emits continuous light and a 3 port acoustic-optical modulator, in which the input

port of the modulator is connected to the laser and the two output ports of the madulator
constitute the output ports of the source, and in which the modulator is configured in such

a way as to send short pulses to a first port and substantially longer pulses to the second

port, where the said second port is connected to the monomode port of the optical

receiver.

Again in the case of the heterodyne version the optical receiver may preferably also

comprise a polarization coupler/splitter (polarization beam splitter) with 2 inputs and 2

outputs and two photodetectors, the said polarization coupler/splitter having:

o a first input connected to the multimode port of the optical receiver and a second
input connected to the monomode input of the optical receiver;

a two outputs connected to each of the two photodetectors;

& the two inputs provided with optical systems capable of collimating the input optical
beams;

2 the collimator of the second monomode input being dimensioned in such a way as
to generate a collimated beam which substantially overlaps the fundamental mode
of the first multimode input.

The photodetectors are preferably segmented area photediodes having at least 2

segments.

The monomode input colimator of the couplersplitter is preferably dimensioned to

generate a collimated beam which substantially uniformly luminates the segmented area

photodiodes.

A fiber with few modes is preferably placed betwesn the multimode input of the receiver

and the corresponding input of the polarization coupling/splitier, the said fiber with few

modes ot being monomaode.

The guided modes of the fiber with few spatial modes preferably number fewer than 17,

also counting degenerate mades, more preferably fewer than 13, even more preferably

fewer than 7.
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Again in the case of the heterodyne version the optical receiver may as an alternative

comprise:

& a spatial demuitiplier with 1 multimode input and at least two monomode outputs,
where the said muiltimode input is connected to the multimade input of the optical
receiver;

® an optical splitter with 1 input and a number of cutputs equal to the monomode
outputs of the said spatial demultiplier, where the said input is connected to the
monomode input of the aplical receiver;

2 a number of photodetectars equal to the number of monomods outputs from the
said spatial demuitiplier;

8 a number of optical couplers equal to the number of monomade outputs of the said
spatial demultiplier, where each coupler combines each monomode output from the
spatial demultiplier with a different output from the said optical divisor and passes
the combined light to one of the photodetectors.

The special demuitiplier may comprise a mulimode fiber power splitter in which a

monomaode fiber is connected to each multimode outpt.

The monomaode fibers may be connected to the said multimode outputs through adiabatic

mode converters.

The spatial demultipher may aiso be a “photonic lantern”.

A further object of this application is a methad for measuring vibration along a structure

using the system as specified above which comprises:

J finding a multimode “sensing” optical fiber installed aiong the structure which has to
be monitored:;

® amitiing a light pulse into the said "sensing” optical fiber;

® selecting one or more spackles of the backscattered light from the *sensing” fiber
due to Rayleigh scattering induced by the emitted pulse;

= generating a signal which is indicative of the vibrations along the structure
monitored from the multiple speckies coliectad from the fiber.

The said method may also comprise the use of a multimode fiber to dafiver the

backscatiered fight to the optical receiver,

For collecting the multiple speckles, use is preferably made of:

® gither a segmented area photodiode;

® or a multimode fiber power splitter with 2 or more oulput ports, where each cutput is
connected to a pholodiode;

» of & photonic fantern.
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A further object of this application is the method for measuring vibration along a structure

using a heterodyne system in accordance with the invention which comprises:

® dividing the light induced by a source info two different paths;

& modulating the light in the first path to form the optical pulse which is emitied info
the “sensing” fiber, while the light in the second optical path has an optical
frequency which is different from that in the first;

» combining the light in the second path with each of the multiple speckles collected
from the "sensing” fiber;

® detecting only the signal at a frequency equal to the difference between the
frequency of the light in the first path and that of the light in the second.

A further object of this application is the process for reconfiguring an optical time domain

reflectometry system which has already been instalied in the structure that has {o be

monitored.

Mapping of vibrations along a well may be carried out in & non-invasive manner using a

reflectometry technigue based on coherent Rayleigh scattering, using already installed

aptical fibers. In particular the backscattered signal is analyzed, and through using two (or

more) receivers in parallel i is possible 1o process the speckle of the modes that have a

spatial and temporal behavior that varies because of external disturbances, typically

sirain, temperature and vibration. While strain and temperature vary slowly, vibrations are
because of their nature rapidly variable in time and space, and this makes i easier to
identify them and subsequently analyze them. Spatial mapping of temperature, strain and
vibration (along the well} makes it possible to identify malfunclions, changes in the
compaosition of the multiphase flow, the development of bottlenecks resudting from the
deposition of hydrates, stc., in real time.

it is known that vibration measurement can be very much more accurate if performed

using @ monomode fiber; as a consequence, if it is wished to use multimode fibers

already installed in wells a deterioration in performance in comparison with the optimum
has to be accepled. The innovalive idea comprises making use of the same mullimode
fiber to interrogate local sensors installed along the well, to integrate the distributed
measurements of vibration with other physical parameters. These local sensors may be
installed during maintenance of the well, possibly as objects already incorporated in
specific components of the well itself (for example valves, efc.). The measured parameter
may also be vibration, but located at the point of application of the sensor, or total internal
reflection with a view to direct analysis of the three-phase flow as already described iy the

state of the art. The individual sensors may be addressed using wavelength multiplexing
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techniques, so that the same multimode fiber can be used to perform a distributed
measurernent of vibration and inlerragate local sensors at the same time.

The process according to the invention for reconfiguring an optical reflectometry system
comprising a multimode optical “sensing” fiber installed along the said structure, 3 source
to deliver pulses to the said “sensing” muitimode fiber, an optical receiver to receive the
backscatiered light from the said “sensing” fiber due to Rayleigh scattering induced by the
pulse delivered, substantially comprises placing a device for spatially separating the
multiple speckles of the light backscattered through Rayleigh scattering between the
"sensing” fiber and the optical receiver.

The device for the spatial separation of multiple speckies may preferably comprise:

® a mullimode fiber power splitter, each cutput of which is connected to a photodiode:
@ a multimode fiber connected to a segmented area photodiode;

® a photonic lantern, each output of which is connected to a photodiode.

The said procedure may also comprise generating an indicative signal of the vibration
along the sfructure monitored, through an analysis system based on multiple recorded
speckies.

Soeme examples demonstrating the effectiveness of the proposed system are provided for
better description of the invention.

Example 1

The diagram is illustrated in Figure 1.

A high coherence laser 101 with an emission wavelength lying typically between 800 and
1850 nm (preferably between 1300 and 1650 nm) controiled by an electrical signals
generator {puise generator) 102, emits optical pulses typically lasting 3-200 ns {preferably
20-100 ns) with a repetition frequency of approximately at least 1 kHz which enter an
input port of a 3 dB directional coupler (multimode directional coupler} 103 connected to
the multimode measurement fiber {multimode fiber) 104 through an optical connector
105, The signal backscatterad from the installed multimode fiber enters coupler 103 via
oplicat connector 105 and a fraction of the signal enters the second coupler 106, ali made
using multimode fibers of preferably the same type as the measuremant multimode fiber
to reduce coupling losses and spurious reflections. 2 receivers 108 with a single made tail
{single mode fiber) 107 which measure two different portions of the multimods spackia
are connected ta the output bf coupler 106, Downstream from the two photodiodes (PD)
108 connected to generator 102 there is a board 109 for processing the backscattered
optical signats and the controt signal from the electrical signals generator (electrical signal
processing).
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Example 2
The diagram shown in Figure 2 is similar{o that in Figure 1 in which coupler 103 is

replaced by a 3 port optical ¢irculator {multimode optical circulator) 201, with insertion

losses of typically 1 dB and a directivity of more than 40 dB.

Example 3

The diagram shown in Figure 3 is similar fo that in Figure 1 in which the multimode

cutputs from coupler 106 are connected to single mode patch cord 107 by means of

tapers 301 {see Figure 8). The tapers may be provided in 2 ways:

£ Limited intensily discharges are made after the fusion splicing of the single mode
fibers with the multimode fiber in order to facilitate the diffusion of doping agenis
fram the core {o the cladding.

iy A very short length of fiber having few modes which has geometric characteristics
and refractive index differences between the core and cladding , intermediats
between those of the single mode fiber and the multimode fiber is placed in
hetween.

Both solution i) and it) make it possible to reduce coupling losses.

Example 4

The diagram illustrated in Figure 4 is similar to that in Figure 2 with the insertion of two

tapers 301.

Exampile 5

The diagram illustrated in Figure 5 is similar to that in Figure 2 with the insertion of short

sections of few mode fibers, preferably 2, in front of the photodiodes.

Example 6

The diagram illustrated in Figure 6 is similar to that in Figure 1 with the insertion of an

acoustic-optical modulator {modulater) to produce a coherent receiver system which is

possibly also sensitive {o polarization.

Example 7

The diagram illustrated in Figure 7 s similar {o that in Figure 1 with the insertion of a

segmenied area photodiode {(segmented area photediode) (2 or more independent

sensitive areas) in the reception portion so as to produce an array of 2 or more receivers,

each of which are sensitive to one speckle. The segmented area photodiode is sensitive

o wavelengths between 800 and 1700 nm.
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CLAIMS

-

o

Reflectometric vibration measurement system {o monitor muttiphase flows by

multimode fibers comprising:

® a sensing mullimode oplical fiber;

® an optical source with at least one fiber output port, which generates optical
pulses which are to be sent 1o the sensing fiber,

® an optical receiver with at least one multimode fibsr input port;

@ an optical device with at least 3 muitimede fiber ports, in which one port is
connected to the oplical source, one port to the optical receiver, and one port
to the sensing multimods fiber;

2 a system for processing the cufput signals from the optical recelver, further
comprising more than one spatial mode filter.

System according o claim 1, wherein the optical receiver comprises a photadiode

or more photodicdes, preferably area segmented, with at least 2 separate

measurement segments, more preferably 4.

System according to claim 2, wherein the optical receiver also incudes a fiber with

few spatial modes connected betwesn the receiver input and the photodiode or the

segmeniad area photodiodes.

System according o claim 3, wherein the guided modes of fiber with few spatial

modes are, counting the degenerate modes, fewer than 17, preferably fewer than

13, more preferably fewer than 7.

System according to claim 1, wherein the optical receiver comprises at least fwo

photodiodses.

System accarding to claim 5, wherein the optical receiver also includes a multimode

fiber power splitier, wherein said spiitter has 1 input port and a number of output

ports substantially equal {o the number of photodiodes, the input port of the splitter
being connectled to the input port of the receiver and each output port of the splitter
being connected to each pholodiode by means of a monomods fiber ssction.

System according to claim 6, wherein the monomaede fibers are connected to the

multimode fibers by means of an adiabatic mode converter.

System according to claim 8, wherein the optical receiver also includes a "photonic

fantern” with a multimodal input and a number of monomode fiber outputs

substantially equal to the number of photodicdes, the inpul of the fantern being

connected to the input of the optlical receiver and each monomede output of the
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lantern being connected to each photodiode.

System according to claim 1, wherein the optical device with at least 3 multimade

fiber ports is selected from:

® a directional coupler,

® power coupler/splitter;

® a circulator;

® an optical switch.

System according to claim 1, wherein the optical source comprises:

® a high coherence laser that emits light pulses to the output port of the optical
source,

s a high coherence laser, which generales continuous light, and an optical
modulator connected fo said laser, where said modutator generates optical
pulses that are sent to the output port of the source.

System, heterodyne version, according 1o claim 1 where:

e the optical source has two oufput ports, and one first port emits @ modulated
optical signal at a first frequency and a second port emits an optical signat at
a second frequency;

® the aptical receiver has two input ports one of which is monomode and the
other multimode, where said multimoede port is connected by mutltimode fiber
to the optical device with at least 3 multimode fiber ports and such monomode
nort is connected to said second port of the optical source.

System according to claim 11, whevein the aptical receiver also includes a

polarization/coupler beam spiitter with 2 inputs and 2 outputs and two

photodetectors, said polarization beam splitter having:

2 a first input connected to the muitimode port of the optical receiver and a
second input connected to the monomaode input of the optical recelver;

@ the two outputs coupled fo each of the two photodetectors;

® the two inputs equipped with optical systems capabie of collimaling the input
optical beams;

) the colimator of the second monomode input dimensioned to generate 3
collimated beam that substantially overlaps the fundamental mode of the first
multimode input.

System according to claim 12, wherein the photodetectors are sagmanted area

photodiodes, and wherein the collimator of the monomode input of the

coupler/splitter is dimensioned to generate a collimated beam that illuminates the
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segmented area photodiodes substantially uniformly.

System according to claim 13, wherein the photodiodes have at least 2 separate

measurament segments, preferably 4.

System according to claim 13, where a few mode fiber is interposed between the

muitimode input of the receiver and the relative input of the polarization beam

splitter, wherein said few-mode fiber is not monomode.

System according to claim 15, wherein the guided modes of the fibers with few

spatial modes are, also counting the degenerale modes, fewer than 17, preferably

fewer than 13, more preferably fewer than 7.

System according to claim 11, wherein the optical receiver includes:

® a spatial demultiplexer with a multimode input and at least two monomode
outputs, wherein said multimode input is connected to the multimorle input of
the aptical recsiver;

® an optical splitter with one input and a number of outputs sgual to the
monomode outputs of said spatial demultiplexer, wherein said input is
connected to the menomode input of the optical receiver;

® a number of photodetectors equal to the number of monomode outputs of
said spatial demuitiplexer;

] a number of optical couplers equal to the number of monomode outputs from
said spatial demultiplexer, where each coupler combines sach monomade
autput of the demultiplexer with a different output from said optical splitter and
directs the combined light to one of the photodetectors.

System according to claim 17 wherein said spatial demultiplexer includes a

multimode fiber power splitier, wherein each muftimode output is connected o a

monomode fiber.

System according to claim 18, wherein the monomode fibers are connected to said

muttimode outputs by means of adiabatic mode converters.

Sysfem according to claim 24 wherein said spatial demuitiplexer is a "photonic

lantern”.

System according to claim 11, wherein the optical source includes a laser that emits

continuous light and a 3-port acoustic-optical medulator, wherein the input port of

the modulator is connected to the faser and the two output ports of the modulator
are the output ports of the source, and wherein the moedulator is canfigured to send
short pulses to a first port and substantially longer puises to the second port,

whereain said second port is connacted to the monomode port of the oplical receiver.
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24.

25,

26.
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Method for measurement of vibration along a structure by means of a system

according to at least one of claims from 1 o 10

® finding a sensing multimode optical fiber installed along the struclure fo be
maonitored;

® delivering a pulse of light to said sensing optical fiber;

® selecting more than one speckle of backsecattered light from the sensing fiber
due to Rayleigh scattering induced by the launched pulse;

® generating a signal indicative of the vibrations along the monitored structure
from the multiple speckle collected from the fiber.

Method according to claim 22 also comprising the use of a multimede fiber to

convey the backscattered light towards the optical receiver.

Method according to claim 22 wherein in order fo collect the multiple speckies there

fs used:

® gither a segmented area photodiode;.

8 ar a multimode fiber power splitter with 2 or more output ports, where each is
connected to a photodiode;

® or a photonic lantem.

Method for the measurement of vibration along a structure by means of a system,

heterodyne version, according to at least one of claims from 11 to 21 comprising:

® dividing the light produced by a source info two different paths;

@ modulating the light in the first path to form the optical pulse to be delivered to
the sensing fiber, while the light in the second optical path has an oplical
frequency different from that in the first;

® the light of the second path is combined with each of the multipie speckles
collected from the sensing fiber

e detecting only the signal at a frequency equal to the difference between the
frequency of light in the first path and that of the light in the second.

Method for reconfiguring an optical reflectometry system already installed in a

structure to be monitored, comprising a sensing multimode optical fiber installed

along said structure, a source for delivering pulses to said multimode sensing fiber,
an aptical receiver for receiving backscaitered light from said sensing fiber due to

Rayleigh scattering induced by the delivered pulse, characterized in that it

comprises placing a device for spatially separating multipte speckles of the light

backscattered due to Rayleigh scattering between the sensing fiber and the aptical

receaiver.
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27.

14

Process according 1o claim 28 wherein the device for spatiafly separating muttiple

specklies comprises:

® either a multimode fiber power splitter, in which sach cutput is connected to a
photodiode.

® or a multimode fiber coupled to a segmented area photodiode.

» or a photonic fantemn, in which sach output is connected to a photodiode.

Process according to claim 26 further comprising also generating a signal indicative

of the vibration atong the monitored structure by means of an analysis system

based on multiple recorded speckies.
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