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detectable by means of the acoustic sensors, and the location 
of the pipeline inspection tool being able to be determined 
by means of the acoustic sensors. 
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MONITORING OF THE POSITION OF A 
PIPE INSPECTION TOOL IN A PIPELINE 

TECHNICAL FIELD 

0001. This invention relates to apparatus and a method 
for monitoring the position of a pipe inspection tool in a 
pipeline. In particular, the invention relates to apparatus and 
a method for monitoring the position of a pipe inspection 
tool in a pipeline in the oil and gas industry. 

BACKGROUND ART 

0002 The technology of monitoring the condition of 
pipelines relies on several distinct technologies, such as, for 
example, pigging, overflight, visual inspection, sensor moni 
toring Such as acoustic monitoring, measurement of poten 
tial on cathodic protection systems and many others. 
0003. The deployment of distributed fibre-optic sensors 
on a pipeline has been proposed for the simultaneous 
measurement of temperature, strain and disturbance affect 
ing the pipeline. The aim of this proposed apparatus is to 
identify events affecting the pipeline Such as leaks, ground 
movement and third party intervention, as well as frost 
heave, Scouring of the backfill and many others. In addition, 
commercial systems are available for measuring tempera 
ture profiles and fibre-optic disturbance measurements are 
becoming available which are based either on interferomet 
ric arrays or, on a fully distributed basis on coherent Ray 
leigh backscatter, modalmetric change detection or com 
bined Sagnac/Michelson interferometry. 
0004 Typically the disturbance sensors are placed along 
side or on the pipeline with the intention of detecting 
inadvertent or deliberate intrusion on the pipeline. These 
systems are thus intended to avoid incidents involving often 
many tens of fatalities which are possible where, for 
example, an earth moving vehicle hits a pipe or as a result 
of attempted product theft. 
0005. The current invention involves the cooperative 
operation of arrays (or continua) of acoustic sensors placed 
on or nearby a pipe of a pipeline with pipe inspection tools 
or pigs running inside the pipe. 
0006. The use of the vibration generated by a pipe 
inspection tool or pig as a means of determining the rate of 
progress of the pig has been identified in GB2305989, U.S. 
Pat. No. 4,541,278 and GB 2 394 549. However, in both of 
these patent applications, all the sensing is within the pig 
itself. The concept of listening to the pig with continuous 
sensor arrays outside the pipe is not disclosed. U.S. Pat. No. 
5,417, 112 proposes installing a pair of geophone-type sen 
sors at discrete locations along the pipe. It also discussed the 
combination of geophones and magnetometers. U.S. Pat. 
No. 4,590,799 discusses tracking a pig from signals 
recorded by a geophone coupled to the pipeline wall at a 
specified location, near known acoustic features. Going back 
even further in time U.S. Pat. No. 2,820,959 discusses an 
electromagnetic transmitter within a pig, used by someone 
walking along the pipe route to detect a stuck pig. U.S. Pat. 
No. 5,549,000 discusses acoustic sensors, preferably shear 
mode geophones, including multiplexed fibre-optic sensors, 
but all are attached intimately to the pipe. 
0007. The current invention provides an accurate and 
easily operable means to monitor the progress of a pig 
passing through a pipeline by determining its location and 
speed of movement. 
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DISCLOSURE OF THE INVENTION 

0008 A first aspect of this invention provides apparatus 
for monitoring of a pipe inspection tool in a pipeline, 
comprising: 

0009 at least one sensor carrier apparatus being locat 
able in close proximity to a pipeline and along of the 
length of the pipeline; 

0.010 a plurality of acoustic sensors being locatable on 
the sensor carrier apparatus; 

0.011 a pipeline inspection tool which is moveable 
through the pipeline being detectable by means of the 
acoustic sensors; and 

0012 the location of the pipeline inspection tool being 
able to be determined by means of the acoustic sensors. 

0013 The plurality of acoustic sensors are preferably in 
the form of one or more arrays. 
0014. In one form of the invention at least one of the 
acoustic sensors may detect the noise that a pipe inspection 
tool makes and the acoustic sensor may then determine the 
location of the pipe inspection tool in the pipeline. This 
location is related to time and the speed of advance of the 
pipe inspection tool through the pipeline may thus then be 
calculated. 
00.15 Preferably the sensor carrier apparatus is locatable 
in the backfill of a pipeline. 
0016. The acoustic sensors may be used to monitor the 
progress of the pipe inspection tool through the pipeline. 
This may include tracking the rate of progress of the pipe 
inspection tool through the pipeline. The pipe inspection tool 
may further comprise an on-board logging system. The 
apparatus may further include means for associating the time 
at which the pipe inspection tool passed a particular location 
in the pipeline with time stamps of the on-board logging 
systems so as to provide a better positional correlation of the 
log with location in the pipeline. This may be used to 
determine where a particular problem is in the pipeline. 
0017. In one form of the invention the pipe inspection 
tool may be instrumented. The instrumented pipe inspection 
tool may be used to transmit active acoustic signals. These 
active acoustic signals may be periodic signals to facilitate 
its location and/or coded signals to convey messages of 
specific significance. The apparatus may further include 
signal processing equipment for receiving active acoustic 
signals emitted from the pipe inspection tool. 
0018. Even further the apparatus may include a data 
interpretation device for determining information on the 
state of the pipeline based on the acoustic signature of the 
pipe inspection tool as it passes through the pipeline. In this 
case, the acoustic signature may be made up of a passive 
acoustic signature or an active acoustic signature. 
0019. The sensor carrier apparatus may be in the form of 
a cable. Preferably the sensor carrier apparatus is a sensor 
cable. The sensor cable may include acoustic sensors in the 
form of at least one fibre optic cable. 
0020. Further according to the invention the acoustic 
sensors are used to collect background data through the 
pipeline before the pipeline inspection tool is moved through 
the pipeline. The apparatus can further include means for 
removing background data. The background data may then 
be removed from the data collected by the acoustic sensors 
when the pipeline inspection tool moves through the pipe 
line. 
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0021. A second aspect of this invention provides a 
method of monitoring of a pipe inspection tool in a pipeline, 
the method comprising: 

0022 connecting interrogation electronics to a plural 
ity of acoustic sensors located on a sensor carrier 
apparatus which is located in close proximity and along 
at least a section of the pipeline; 

0023 detecting the acoustic data of a pipeline inspec 
tion tool which is moving through the section of 
pipeline by means of the acoustic sensors and interro 
gation electronics; and 

0024 determining the location of the pipeline inspec 
tion tool by means of the acoustic sensors and interro 
gation electronics. 

0025. Further according to the invention the method of 
monitoring of a pipe inspection tool in a pipeline may further 
comprise determining at least one of the progress of the pipe 
inspection tool through the pipe, the condition of the pipe 
line based on the noise made by the pipe inspection tool 
during its passage through the pipeline and/or collecting 
information actively transmitted by the pipe inspection tool 
through acoustic transmitters. 
0026. Even further according to the invention the method 
of monitoring of a pipe inspection tool in a pipeline may 
further comprise locating the sensor carrier apparatus having 
a plurality of acoustic sensors located thereon along at least 
a section of the pipeline. 
0027. In one form of the invention the interrogation 
electronics are connected to existing acoustic sensors 
located along at least a section of the pipeline. 
0028. In one form of the invention the method may 
further include detecting background data through the pipe 
line before detecting the acoustic signature of the pipeline 
inspection tool. In this way the acoustic data of the pipeline 
inspection tool may be identified by separating it from the 
background data. 
0029. The plurality of acoustic sensors are preferably in 
the form of one or more arrays. 
0030 The method can further include relating the loca 
tion of the pipe inspection tool to time, and then calculating 
the speed of advance of the pipe inspection tool through the 
pipeline. 
0031. In one form of the invention when the pipe inspec 
tion tool is instrumented and the method further includes 
using the instrumented pipe inspection tool to transmit 
active acoustic signals. The method can further comprise 
receiving active acoustic signals emitted from the pipe 
inspection tool at signal processing equipment. 
0032. According to a third aspect of the invention there is 
provided a method of monitoring a pipeline using the 
apparatus for monitoring a pipe inspection tool in the 
pipeline as described above. 
0033. Further aspects of the invention will be apparent 
from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIG. 1 shows a schematic overview of a monitor 
ing apparatus according to an embodiment of the invention; 
0035 FIG. 2 shows a graph of one set of data collected 
over a day where several areas of significant activity can be 
seen during an instrumented pigging run; and 
0036 FIG. 3 shows a graph of the path of the instru 
mented pig through a short section of pipeline, where all the 
background noise has been eliminated. 
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MODE(S) FOR CARRYING OUT THE 
INVENTION 

0037. An embodiment of apparatus 10 for monitoring of 
a pipeline inspection tool in a pipeline according to the 
invention is shown in FIG. 1. The pipeline to which the 
apparatus according to the invention may be applied is 
preferably for use in the oil or gas industry. 
0038. The invention covers apparatus 10 which includes 
acoustic sensors in the form of an array in a sensing cable 12 
that is placed on or nearby a pipeline 14 or the use of an 
existing system of acoustic sensors in a sensing cable 12 on 
or nearby a pipeline 14. The apparatus 10 of the invention 
further includes a pipeline inspection tool or pig 16, as it is 
otherwise known, and the interrogation or acquisition equip 
ment 18 which is connected to processing equipment and 
Software 20, the interrogation equipment 18 being connected 
to the acoustic sensors of sensing cable 12. The processing 
equipment and Software 20 is used for signal processing, 
data archiving, data transmission, and decision making. 
There is then a cooperative operation between the arrays (or 
continua) of acoustic sensors placed on or nearby the 
pipeline 14 with the pig or pigs 16 that are running or 
operating inside the pipeline. 
0039. At its most basic, the monitoring apparatus 10 of 
the invention involves using Such an acoustic sensor array 
(or distributed acoustic sensor) to locate a passive pig 16, by 
detecting the noise 22 the pig 16 makes as it moves through 
the pipeline 14 in direction A and determining its location 
from the reading of the acoustic array (or distributed sensor). 
The speed of advance of a pig 16 through a section of 
pipeline is often not known accurately and in fact it is 
common practice for the engineer responsible for a pigging 
operation to go to a pumping station upstream of the end of 
the pigging section and then to listen for the passage of the 
pig in order to improve their estimate of the time of arrival 
of the pig at the far end of the route. The engineer can thus 
prepare the pig-catcher to receive the pig 16 at the appro 
priate time. Therefore by plotting the position of the pig 16 
along the pipeline by using the apparatus 10 of the invention, 
the speed of advance of the pig 16 can be determined. 
0040. Further, the invention consists in the installation of 
arrays of acoustic sensors buried in the backfill 24 of a 
pipeline 12 and used at least in part to monitor the progress 
of a pig 16, including one or more of the tracking its rate of 
progress through the pipeline, including associating the time 
at which the pig passed a particular location in the pipeline 
with time stamps of the on-board logging systems, so as to 
provide a better positional correlation of the log with loca 
tion through the pipeline and thus determine with better 
accuracy where a particular problem is occurring. 
0041. The pig may be used to transmit either periodic 
signals to facilitate its location and/or coded signals to 
convey messages of specific significance. These active 
acoustic signals 26 emitted from the pig 16 by an onboard 
acoustic transducer 28 are used to provide further informa 
tion on the state of the pipeline based on the acoustic 
signature of the pig passing through the pipeline. 
0042 Apparatus 10 therefore describes a system, con 
sisting of a) the acoustic sensor array, b) the pig, which itself 
may have a variable degree of functionality and c) the 
acquisition, signal processing and data interpretation equip 
ment. 

0043. The invention further consists of a method for 
pipeline condition monitoring involving the installation of 



US 2017/O 13852.5 A1 

an acoustic sensor array along a continuous section of a pipe 
route, connecting the array to interrogation electronics for 
recording acoustic signals along the entire continuous sec 
tion and determining at least one of the progress of the pig 
along the pipe, the condition of the pipe based on the noise 
made by the pig during its passage and/or collecting infor 
mation actively transmitted by the pig through acoustic 
transmitters. 
0044) The sensors are preferably optical fibre sensors and 
more preferably the optical fibre sensors are to be built into 
a carrier apparatus such as a cable structure that can be 
manufactured in long continuous lengths such as the sensing 
cable 12 of FIG. 1. 
0045 One example of such optical fibre sensors, are 
interferometric arrays that can be constructed by incorpo 
rating into a fibre a series of reflectors at discrete points. The 
optical fibre separating each reflector forms a sensor that 
integrates the acoustic influence along its length. Whilst the 
fibre sensor elements are frequently wound into coils in 
order to enhance their sensitivity, in the present invention it 
is preferred to rely on the natural coupling between the soil, 
the cable and the fibre. 
0046. Another example of the acoustic sensing technol 
ogy that can be applied to the invention is that of coherent 
optical time-domain reflectometry. The origins of the tech 
nique lie in optical time domain reflectometry a well-known 
technique for measuring the distribution of a number of 
parameters of an optical fibre. Such as attenuation core 
diameter, numerical aperture, and even chromatic disper 
S1O. 

0047 More specifically, its background lies in the 
speckle-like effects that occur when a narrow-band source is 
used in an optical time domain reflectometer to interrogate 
a single-mode fibre. In essence, the interrogating pulse can 
be thought of occupying a certain length of the fibre and, 
assuming that the pulse is coherent, all the electric dipoles 
arising from the scattering at non-homogeneities within the 
glass have a fixed (though random) phase relationship to one 
another. The resulting backscatter signal for a particular 
section of the fibre must then be treated as the coherent sum 
of all the electric fields of these dipoles; this sum is of course 
dependent on the phase as well as the amplitudes of each 
dipole. Thus for a fixed laser frequency and a fixed state 
(temperature, strain etc) of the fibre, the backscatter return 
(relative to the pulse energy) from a particular location is 
fixed, but randomly related to the return from any other 
section of fibre. By backscatter return, we mean the optical 
power as detected by, for example, a photodiode back at the 
launching end. The backscatter signature under these con 
ditions thus takes the form of spiky waveform, with excur 
sions about the mean value of at least a factor of ten. When 
the state of the fibre is varied, the vector Summation changes 
and the return thus changes. It is this effect that and similar 
works seek to exploit for detecting intruders into a perimeter 
or even for measuring dynamic strain, i.e. changes in a strain 
level without particular interest in the absolute strain value. 
0048. There are thus multiple means of using optical fibre 
cable as a distributed acoustic sensor or an acoustic sensor 
array. Here the term distributed is used to denote a con 
tinuously sensitive sensor, where any point on the fibre 
provides a response to the measurement, whereas a sensor 
array is a (generally) serially-arranged set of discrete sensing 
elements. Each of the elements in an array is sensitive 
independently of its neighbours, but the location of an 
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influence within an element cannot be determined to better 
than one array element. As described in the art Such 
acoustically-sensitive cables are ideally Suited for detecting 
intrusion along long objects such as pipeline and it has been 
proposed to bury such cables in the vicinity of a buried 
pipeline, preferably immediately above it, in order to detect 
intrusion before damage to the pipe results. It is the object 
of this invention to provide an additional utility for such an 
acoustically-sensitive cable in providing additional informa 
tion during pigging operations and improving the pipeline 
condition monitoring. 
0049. In its simplest form, the acoustically-sensitive 
cable 12 detects the progress of a pig 16 during its travel 
through the pipeline 14. This is useful operationally to plan 
its arrival and read the pig catching device. In addition, its 
Velocity can be plotted in real time, rather than having to 
await the log after the pig has been retrieved. This in itself 
can identify areas where the velocity is slowed, for example, 
by deposits or increased friction due to corrosion. This 
facility provides a real-time, accurate, fix on the pig location. 
As an example, using coherent optical time-domain reflec 
tormeter (OTDR), the spatial resolution can be 10 m over 
distances of 100 km. This provides very accurate determi 
nation of the pig location. in the case of Smart Pigs (which 
have on-board data logging systems to measure parameters 
Such as corrosion, distortion and deposition within the pipe), 
it is within the scope of this invention, to associate this 
accurate location information with the on-board logs in 
order to improve the location accuracy of any problem areas 
that have been identified. 
0050. In a further aspect to the invention, the pig used can 
emit acoustic signals by means of a transducer that are 
detected by the external acoustically sensitive cable. Such a 
facility has a number of useful applications, including pro 
vision of a health check on the pig, and pin-pointing 
locations of problem areas. For example, if a corrosion 
inspection pig identifies an area of abnormal readings, 
indicating possible corrosion, then it can transmit a signal 
that is picked up by the sensing cable. This then allows the 
location of the problem area to be determined extremely 
accurately, probably much more accurately than the dead 
reckoning navigation on board the pig. 
0051. By coding these acoustic transmissions, specific 
information can be transmitted whilst the pig is still far from 
its point of arrival. This would allow remedial work to be 
carried out immediately if the problem was sufficiently 
severe. As an example, if a deposition condition were 
discovered that is so severe that immediate chemical or 
thermal treatment is required, this can be effected before the 
pig has completed its journey. 
0.052 One way in which the information can be coded is 
for a resonating mechanical structure, driven by movement 
and pig vibration to be tuned in its frequency so that a 
particular note can be heard from the outside of the pipe. 
0053. In yet another aspect of this system, the acousti 
cally sensitive cable provides signals that are used to deter 
mine the condition of the pipeline from the acoustic signa 
ture that accompanies the passage of the pig. The fact that 
the frequency spectrum of the pig noise is a function of the 
condition of the pipeline is well known, but it has not been 
proposed to be carried out with an acoustically sensitive 
cable, For example, the characteristic noise of the pig will 
depend on the roughness of the inner Surface of the pipe, on 
the deposits within the pipe and even on the uniformity of 
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the soil Surrounding the pipe. This aspect is particularly 
important for an un-instrumented (dumb) pig. Instrumented 
(Smart) pigs have one or more sensors built into them that 
can provide similar information as just described; however 
pigs used solely for scrapping the insides of the pipe have no 
on-board sensing and by combining their passage with an 
acoustically-sensitive cable outside the pipe, much of the 
same functionality can be provided with no additional 
capital cost. 
0054 The equipment required at the end to interrogate 
the acoustically-sensitive cable will depend on the type of 
cable (whether it contains a sensor array or a distributed 
sensor); however, in all cases an acoustic time-series will be 
obtained for each array element (or sampling point in the 
case of a distributed sensor). The processing may involve a 
time-domain signal where an increase in the fluctuations 
(noise) is correlated with a position along the fibre. When the 
pig position is detected, the signal processing Software then 
in addition carries out spectral domain processing (e.g. using 
a Fourier transform) in order to identify key characteristics 
of the pig, Such as its noise frequency and intensity. This 
information is then used by a Software interpretation pack 
age to extract information on the location and Velocity of the 
pig, the condition of the pipeline, the condition of the pig 
and/or the condition of the Soil Surrounding the pipeline. 
0055 Another way in which the apparatus and method of 
the invention may be used to more reliably track the position 
of a pig in a pipeline is to first remove the effects of 
background data in the form of noise from the environment 
around the pipeline. The first task is therefore to detect and 
collect background data before the pigging run through the 
pipeline. FIG. 2 shows a graph of a set of acoustic data 
collected over a day to create a library which could be used 
to permit background noise rejection during the tracking of 
the pig itself. The graph of FIG. 2 shows several areas of 
activity, including a highly built-up area, and a number of 
vehicle/traffic movements along a section of pipeline. This 
data is then later to be used to remove the ambient noise 
from the data collected during the instrumented pigging run 
using the event or signal recognition features of the system 
of software. 
0056 FIG. 3 shows the graph of an instrumented pig run 
through the pipeline where the background data collected 
previously, as illustrated in FIG. 2, has been eliminated from 
the resulting data. FIG. 3 shows the path of the pig through 
the short section of the pipeline on a plot of position versus 
elapsed time. It can be seen that the background noise has 
been eliminated, leaving only the signature of the pig itself. 
The line in FIG. 3 reflects the software recognition of the 
acoustic signature of the pig, and the position of the pig is 
hence reported to within 2 m along the entire length of the 
pipeline. 
0057 The ability to reliably track the position of a pig in 
a pipeline is particularly useful in instances where the pig 
becomes stuck, the last reported position being the most 
likely location. 
0058. Further changes can be made as appropriate. 

1. An apparatus for monitoring a pipeline inspection tool 
as the pipeline inspection tool travels through a pipeline, the 
apparatus comprising: 

an acoustically-sensitive cable locatable proximate to and 
outside the pipeline and extendable along a length of a 
continuous section of the pipeline, the acoustically 
sensitive cable comprising one or more acoustic sensor 
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arrays locatable proximate to and detachable from the 
pipeline and configured to detect an acoustic signature 
of the pipe inspection tool as the pipeline inspection 
tool is movable through an inside of the section of the 
pipeline and to provide a signal based on the detected 
acoustic signature, wherein the acoustic signature com 
prises at least one of a continuous passive acoustic 
signature and an active acoustic signature; and 

a data interpretation device configured to determine infor 
mation related to a state of the pipeline based on the 
acoustic signature as the pipe inspection tool moves 
through the pipeline. 

2. The apparatus of claim 1, wherein the acoustic signa 
ture comprises at least one of periodic signals or coded 
signals. 

3. The apparatus of claim 1, wherein the one or more 
acoustic sensor arrays are configured to determine a location 
of a problem in the pipeline. 

4. The apparatus of claim 1, wherein the one or more 
acoustic sensor arrays comprise serially-arranged sets of 
discrete sensing elements. 

5. The apparatus of claim 1, further comprising signal 
processing equipment connectable to interrogation electron 
ics and configured to receive and detect the acoustic signa 
ture of the pipe inspection tool. 

6. The apparatus of claim 1, further comprising interro 
gation electronics connectable to the acoustically-sensitive 
cable and signal processing equipment and configured to 
determine the location of the pipeline inspection tool. 

7. The apparatus of claim 1, further comprising a time 
domain device for associating a time at which the pipe 
inspection tool passes a particular location in the pipeline 
with time stamps of an on-board logging system to provide 
a positional correlation of an on-board log with a location in 
the pipeline. 

8. The apparatus of claim 1, wherein the one or more 
acoustic sensor arrays are usable to detect and collect 
background data through the pipeline before the pipe inspec 
tion tool is moved through the pipeline. 

9. The apparatus of claim 1, wherein the pipe inspection 
tool comprises an instrumented pipe inspection tool. 

10. The apparatus of claim 1, wherein the acoustically 
sensitive cable comprises a fiber optic cable. 

11. A method for monitoring a pipeline inspection tool as 
the pipeline inspection tool passes through a pipeline, the 
method comprising: 

connecting interrogation electronics to an acoustically 
sensitive cable comprising one or more acoustic sensor 
arrays, the acoustically-sensitive cable and the one or 
more acoustic sensor arrays locatable proximate to, 
detachable from, and outside the pipeline and extend 
ing along a length of a continuous section of the 
pipeline; 

generating a passive acoustic signature of the pipeline 
inspection tool as the pipeline inspection tool moves 
through an inside of the section of the pipeline; 

transmitting an active acoustic signature from an acoustic 
transmitter of the pipe inspection tool as the pipeline 
inspection tool moves through the inside of the section 
of the pipeline; 

detecting the active acoustic signature of the pipeline 
inspection tool moving through the section of pipeline 
using the acoustically-sensitive cable and the interro 
gation electronics; and 
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determining information relating to a state of the pipeline 
based on the active acoustic signature of the pipe 
inspection tool as the pipe inspection tool moves 
through the pipeline. 

12. The method of claim 11, further comprising deter 
mining at least one of a progress of the pipe inspection tool 
through the pipeline and a condition of the pipeline based on 
noise from the pipe inspection tool when passing through the 
pipeline and/or based on collecting information actively 
transmitted by the pipe inspection tool. 

13. The method of claim 11, further comprising connect 
ing the interrogation electronics to the one or more existing 
acoustic sensor arrays locatable along at least a section of the 
pipeline. 

14. The method of claim 11, further comprising deter 
mining a location of the pipe inspection tool using the one 
or more acoustic sensor arrays and calculating a speed of the 
pipe inspection tool by relating the location of the pipe 
inspection tool to time. 
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15. The method of claim 11, wherein the active acoustic 
signature is emitted from the pipe inspection tool. 

16. The method of claim 11, further comprising transmit 
ting and receiving the active acoustic signature at signal 
processing equipment. 

17. The method of claim 11, further comprising deter 
mining the location of the pipeline inspection tool using the 
interrogation electronics. 

18. The method of claim 11, further comprising detecting 
and collecting background data through the pipeline before 
the pipe inspection tool is moved through the pipeline. 

19. The method of claim 11, further comprising associ 
ating a time at which the pipe inspection tool passes a 
particular location in the pipeline with time stamps of an 
on-board logging system to provide a positional correlation 
of an on-board log with a location in the pipeline. 

20. The method of claim 11, further comprising deter 
mining a location of a problem in the pipeline using the one 
or more acoustic sensor arrays. 

k k k k k 


