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Abstract- The detection ofburied Fibre Optic (FO) cables
in an urban environment is a problem when using GPR.
The fibres themselves are not detectable as @h are
essentially sand. What can be detected is thecable
strengthening, the jacket, the trenching, the ducts they are
in and if included, any tracer wires or tape.

Simulations were done with different frequency antennas
and a 1GHz antenna was selected for practical trials The
equipment used in the tests was an 8 channel fast scan
GPR, Groundvue 38, with modular interchangeable
antennas. The data was processed in 2D and 3D using
ReflexW (Sandmeier, K.J) .

The result shows thatthe cables can be detected in some
ground conditions.

I INTRODUCTION

Ground Probing Radar (GPR) is commonly used for
detection of pipes and services such as electricity, water,
gas and drains. These a either metallicor large non
metallic structures.

The detection of buried fibre optic cables in an urban
environment ismore ofa problem when using GPR.
The fibres themselves are not detectable ay the
essentiallysand. What can be detected is tteble
strengthening the jacket, the trenching, the ducts they
are in and if includé, any tracer wires or tape.

The GPR for this application has to have a frequency
high enough to give the required resolution. Due to this
high resolution any stonesvoids and oher clutter
objects will givereturn signad.

Thesefalse signalscan be reducedby doing an area
scanover a larger area giving a 3neslice over the
survey ara. Viewing this in a plawview optimises the
rejection of discrete objects and allows the human
pattern recognition to detect thieear path of the fibre.
Furtherenhancementsould usea combination ofcross

and copolarisation antennas to enhance linear features.

FO cableswithout metallic armour or coresredifficult

to detect as they are non meta#lied small diameter. If
the FO cables are laid in ducts, detecting the ducts is
easier as they are larger

The GPR detects a target by the change in the electrical
characteristic of the matesiaon either side of the
material interfacgeither the conductivity odifferences

in thedielectric costans.

If the wavelenght of the GPR is longer than the diameter
of the cable, the effectivelielectric constant is the
averageof the different materials in the cabléAt
1GHz, the wavelength is approximately 10cm, much
longer than the cable diater). The FO fibreitself is
glass, Er$, but most of the cable is the strenthening and
jacket whch are plastic basedThese haven Er in the
region of 3 to 4. We can therefore assume an average
dielectric constant of about 4 for any simulatiotisthe
cables are laid in sand with an Er ofté 7, the
difference in the dielectric constant is smah. practice
there are other objectim the ground, stones, voids,
moisture variationsyubble with concrete etcgiving
similaror much érgersignal amplitudes thathe cable.
Simulations and the practical results prhctical GPR
surveyare used to illustratihe detection of FO cables.

I. SIMULAT IONS

The smulations of the FO @ables was done using
GprMax 2D (Giannopoulos 2005).

The modelusedhasa 16mm diameter cable (Er=4)
buried 300mm down in sand (Er=6) with and without
concrete(Er=9) rubble clutter. (Daniels, 2004) See
figure 9 for the geometry.

Different frequencies400MHz, 1GHz and 3GHuvere
used in the simutans in order todefine an optimal
frequency

Figures 1 to 3 shows the simulation results with the
cable in the sand but no clutter.
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Figure 1. 400MHzcableonly Figure 2. 1GHzcableonly Figure 3. 3GH, cableonly

With 4 clutter objects added as in figuretge
resulting simulations are shown in figures 4 to 6.
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Figure 4. 400MHzcable+clutter Figure 5. 1GHzcable+clutter Figure 6. 3GHzcable+clutter
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be very high and the groundclutter would give

Judging from the simulations, —there is little strong fast changing returns with possible ringing.

possibility of seeing the FO cable with a 400MHz
antenna, the 1GHz is possible and the 3GHz best. Applying migration to the raw 1GHz data above

However, die tothe typical depth of thEO cables, reduces the hyperbolas to #fAp
300 to 400mm, aha potentiauneven stface, the in figres 7 and 8 with cable only and cable plus
3GHz GPR is not suitabl&he attenuation would clutter.
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Figure 9. Simulation model

Figure 7. 1GHz cable, migrated Figure 8. 1Giz cable+clutter
migrated



The presence of the clutter items not only makes it
difficult to seethe cableamongst the clutter but
also changes the shape of the cable return due to
the raypath distortionas it goes through the
concrete blocks The only way to detect the
presence of aable as opposed to a stongutteris

to do a number of parallel runs andsing
timeslicing to see the linear path of the cable.

A typical 2D GPR trace from one of the antenna is
shown in figure 11.The top trace is the data with
basic processin(pbackground removal, dewow, and
gain), the bottom part with migration added.

Even knowingthatthe FO cables are laid between
300 and 400mm, oneannotpinpoint where they
are in all the clutter.

1l GPR SURVEY

It was therefee decided to use an 8 channel array
of 1GHz to test the detectability on a testsite with
different groundconditions.The system used was
an Utsi Electronics Groundvue-8 system with
1GHz antennas spaced 120mm apsee figure 10

The ground was coarse gravel with some larger
stones. These caused the encoder wheel to jump,
giving distance errors on adjecent transects.
However, the fixed antennaray spacing meant
that the dataseffrom each transect was accurately
positioned. The test area is divided into three
sections, ER in figure 11.

A high loss section
A high clutter section
A low loss, low clutter sectian

Each section is about 10m prand there are FO
cables runsn each of them.(There are also other
copper cablesind servicebelow the FO cables.)

Fiaure 10. Groundvue-8

Figure 11 2D data from testrea,migrated data on the bottom



