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1. INTRODUCTION

The 2150GR is an innovative system capable of detecting tubes and both metallic and non
metallic cables buried underground.

Following standard radar principles, the 2150GR uses a high performance
electromagnetic sensor equipped with electromagnetic transmitters and receivers.

The groundbreaking control unit is extremely compact and lightweight at just 2.2 1b (1kg),
and is compatible with 700MHz and 250MHz frequency antennas. The simplicity of this
instrument means that a brief training course is sufficient for correct use.

The simple acquisition software and automatic data saving procedures operate well on
Windows 2000 Professional and Windows XP Professional. (For details on the required
characteristics of the notebook PC, see Paragraph 5.1.)

From an operative point of view, the 2150GR can perfectly adapt to all applications for
pipe and cable detection in a typical roadworks environment, both over smooth and rough
ground.

SAFETY INFORMATION

The equipment conforms to the following requirements set by EC regulations, including
subsequent modifications, and to the legislation set by the member states that implement
these regulations:

73/23/EEC Low Voltage Directive
89/336/EEC EMC Directive

Warning: this equipment is destined for use in industrial
environments (Class A apparatus). In residential, commercial and
light industry environments, this apparatus may generate radio
interference: in this case, the user may be required to operate while
taking appropriate countermeasures.

This equipment complies with part 15 of the FCC rules. Any changes or modifications
not expressly approved by the manufacturer could void the user’s authority to operate the
equipment.

The apparatus is sensitive to the presence of external electromagnatic fields,
which may reduce its performance.
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1.1 Scope

This document describes how to use the 2150GR Ground Penetrating Radar, including
hardware and software components.

1.2 Trademarks
o WINDOWS 2000 PROFESSIONAL Microsoft Corporation
/WINDOWS XP PROFESSIONAL
o 2150GR

1.3 Acronyms and Definitions

1.3.1 Acronyms
2150GR: single antenna pipe detection system.

1.3.2 Definitions
Antenna trolley: a unit that holds all the equipment necessary for acquisition in the field.

Centerpoint : the ideal point of the trolley, situated in the center of the box containing the
antenna; it represents the starting point for all scans.

Data processing: this is applied to the raw data to permit the acquired sections to be
viewed in a comprehensible way.

Field survey: a group of field acquisitions relating to a single survey.
Handle: a retractable handle gripped by the operator to move the antenna trolley.

Maps: graphics showing the change in received radar signal (signal intensity in gray
scale) with respect to the scanning direction.

Position sensor: a distance measurement device fixed inside one of the trolley wheels,
which constantly signals the distance traveled from the start of the scan back to the
Control Unit.

Raw data: unprocessed data obtained during a field survey.

Receiver: part of the antenna dedicated to detecting the signals. It is housed in the same
container as the transmitter.

Scan: a single movement of the antenna trolley from the beginning to the end of a pre-
established path.

Setup: initialization of a piece of equipment or a software process.

Survey: the name given to a collection of scans, which together cover all the areas of a
large investigation: typically an entire town or a large urban area.

Transmitter: part of the antenna dedicated to emitting the radar signals. It is housed in the
same container as the receiver.

Utilities: the objects the Subsite searches for, i.e. pipes supplying gas and water,
electricity cables, etc.
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2. OVERVIEW

2.1 How to use this manual

This 2150GR user manual is subdivided as follows:
e Chap. 1: Introduction
e Chap. 2: Overview
e Chap. 3: User guide
e Chap. 4: Assembly procedure
e Chap. 5: The acquisition software
e Chap. 6: Work procedure flowchart
e Chap. 7: How to use the 2150GR

2.2 Background knowledge required

The following background knowledge is required to be able to use the 2150GR:
» Windows 2000 Professional or Windows XP Professional operating system.

For any difficulties with this aspect, the user should refer to publications available on this
topic or the manual provided with the system.
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3. USER GUIDE

3.1 Description of the hardware

The 2150GR consists of the following parts (see Fig. 3-1):
e Control unit (1)
e Two wheeled trolley used to move the system (2)
e Power cable (3)
e Inverted network cable (4)
e Antenna-Control Unit connection cable (5)
e ATS 250 or 700 IDS Antenna (6)
e Position sensor (7)
¢ Position sensor connection cable (not shown)
e 12V lead battery (see Fig. 3-7)
e Notebook computer (see specifications in paragraph 5.1)
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Fig. 3-1 — Overview of the 2150GR and its components
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3.1.1 The 2150GR Control Unit
The control unit has the following main functions:
» To communicate with the antenna

» To communicate with the notebook computer
» To pilot the position sensor

The control unit (Fig. 3-2) is fitted with the following connection ports:

» Power supply port (1): the power supply cable (Fig. 3.5) connects the battery to
the Control Unit. The port is marked BATTERY and has a spy light (5) next to it
that indicates when the system is powered by the battery.

> Network port (2): the inverted network cable (Fig. 3-4) connects the control unit
to the notebook PC. This port is marked LAN.

» Antenna port (3): the antenna-control unit cable (Fig. 3-3) connects the Control
Unit to the antenna. It is marked ANT. 1.

» Position sensor port (4): the position sensor is connected to the control unit using
the installed cable (not shown). This port is marked WHEEL.

s010m04d).jpg is01em03j jpg

Fig. 3-2 —Control Unit
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»

Fig. 3-3 Fig. 3-4 Fig. 3-5
Antenna-Control Unit Inverted Network Cable Power Supply Cable
Connection Cable

CI T
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GENERAL CHARACTERISTICS OF THE CONTROL UNIT

NUMBER OF CONNECTABLE 1

ANTENNAS

VOLTAGE 12V +/- 10%

ENVIRONMENT IP65

CHARACTERISTICS

PANEL CONNECTORS LAN, BATTERY, ANT.1, WHEEL
ABSORBED POWER 8W (1 antenna)

OPERATING TEMPERATURE 14°F-104°F (-10/ +40 °C)

Tab. 3-1 — Control Unit Characteristics

3.1.2 The Antenna
The 2150GR system can be used with one of the following antennas (see Fig. 3-6):
e ATS 250 for high signal penetration.

e ATS 700 for better resolution near the surface.

s01om08j.jpg
Fig. 3-6 —ATS Antenna
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3.1.3 Power supply
The Control Unit is powered by :
» Alead 12V, 12Ah battery (see Fig 3-7).

s01om08 jpg

Fig. 3-7 — Lead Battery

3.1.3.1 Charge level and battery replacement

When the spy light is lit next to the power supply port on the radar, this indicates that the
system is powered: if it is not lit, this means that either the cable is not connected
correctly or that the battery needs recharged (less than 10V). The battery has a useful life
of around 12 hours. When the battery runs down the instrument must be switched off,
another battery connected, and the system can be started up again. A battery can be
completely recharged in around 3 hours with the appropriate battery charger (see Fig. 3-8
right). A software message on the PC informs the user of the battery charge level with a
BATT button (see Fig. 3-8 left), which changes color as follows:

» Green if the battery is fully charged
» Yellow if it is semi-charged
» Red if the battery needs recharged

(_r RADAR

s01om10j.jpg

Fig. 3-8 — Battery status signal (left) and battery charger (right)

The control unit continuously draws current from the battery. To prevent
drain, unplug the battery when the unit is not in use.
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4. ASSEMBLY PROCEDURE

4.1 How to assemble the trolley

Follow the procedure below to assemble the trolley:
» Remove the trolley from its bag (Fig. 4-1).

S01om11j.jpg

Fig. 4-1 — Trolley folded in its carrier bag
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s01om13) jpg
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Fig. 4-2 — Opening the Trolley Fig. 4-3 — Handle blocking mechanism

» Open the trolley from the folded position to the upright position by gripping the
handle (1) shown in Fig. 4-2 and lifting until the two cylindrical pins (2) click into
their supports (3).

» Unlock the two tension levers (1) by rotating them outwards and pull the handle (2)
upwards, to adjust it as desired (Fig. 4-3). Lock the tension levers when desired
height is set.
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4.2 Connecting the cables

4.2.1 Connecting the battery

s0lom14jjpg
Fig. 4-4 — Battery and cabling support

» Place the battery in the battery bag and place the bag on the PVC base plate. Secure
the bag to the support with the strap provided.

» Connect one end of the power supply cable to the BATTERY port on the Control
Unit (1). Connect the opposite end to the white connector on the battery (2), as
shown in Fig. 4-4.

The control unit continuously draws current from the battery. To prevent drain,
unplug the battery when the unit is not in use.
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4.2.2 Mounting the antenna and connecting its cables

s01om15jjpg
Fig. 4-5 — Connecting the Antenna
» Place the antenna under the trolley (Fig. 4-5).

> Insert the two trolley pins into the antenna mounts as shown and secure with the
nuts provided.

s01om16j jpg

Fig. 4-6 — Antenna-radar connection

» Connect one end of the antenna-control unit connection cable to the antenna port
(2). Connect the opposite end to the ANT.1 port (1) on the Control Unit (Fig. 4-6).
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4.2.3 Mounting the PC notebook
» The notebook PC is secured to the upper base plate on the trolley with nylon hook
and pile strips (shown in Fig. 4-7, left).

» Once the notebook is fixed on the plate, connect one end of the inverted network
cable to the PC network port (1). Connect the opposite end to the waterproof black
connector to the radar port (2) on the control unit.

in011d jpg

stom1B)jpg

Fig. 4-7 — Mounting the notebook PC
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4.2.4 Connecting the position sensor

s0om18j jpg

Fig. 4-8 — Connecting the position sensor

» The system position sensor is situated inside one of the trolley wheels and turns in
unison with it (Fig. 4-8). The sensor measures all movements of the 2150GR from
its starting point, which coincides with the system centerpoint (which is the center
of the antenna).

» The sensor cable (2) is connected to the WHEEL port (1) on the Control Unit.
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4.2.5 Removing the trolley wheels

s01om20j jpg

Fig. 4-9 — Removing the trolley wheels

» If the wheels need to be removed when storing the 2150GR, press the black button
labeled PRESS (shown) to the side of the wheel and pull the wheel outward.

» To reinsert the wheel onto the axis, it is sufficient to push it into the support until the
block clicks into place (Fig. 4-9).

Remember to disconnect all cables before putting the trolley back into its
storage bag.
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5. THE ACQUISITION SOFTWARE

5.1 Basic characteristics of the notebook PC
If you decide to use a different notebook PC than the one suggested by Subsite (Panasonic
CF-18), it must have the following characteristics:
» Pentium processor > 1.5GHz or Centrino > 900 MHz
Ethernet 100 Mbps card
monitor resolution (color) > 800x600
Operating system: Windows 2000 Professional (Service Pack 4) or XP Professional

HDD > 6 G, shock-proof (mounted on a gel support or equivalent)

Y V V V V

No software protecting data exchanged in the internet should be installed (Firewall
protection , etc.)

A\

CD drive and/or floppy
Water-proof (>= IP54)

A\
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5.2 Software installation and configuration

The 2150GR is shipped with GPR software already installed and configured.
If it is necessary to reinstall the software, follow the steps below.

Copy the contents of the 2150GR file from the installation support into the: C:\ directory.
Create a shortcut of the 2150GR.exe file present in the C:\2150GR\ directory.

Before using the 2150GR software, you have to configure the notebook network card. To
perform this operation in Windows 2000 Professional or Windows XP Professional, follow
the steps below:

»

Y V V V

A\

Select the My Network Places icon with the right mouse button.

Select the Properties button.

Select the Local Area Connection (LAN) file with the right mouse button.
Select the Properties command.

Select Internet Protocol (TCP/IP) from the list of components (in the general menu)
with the left mouse button (see Fig. 5-1).

Select the Properties command.

General |

Connectusing

I B2 3Com 3C920 Integrated Fast Ethernet Controller (3CI05C-TH C

Configure |

Components checked are used by this connection:

[ ™ Clignt for Microsaoft Metwarks

¥ = File and Printer Sharing far Microsoft Netwarks
%~ NetBEL Protocol

V¥ Interet Protocol {TCR{IP)

Install... Uninstall Propetties

—Description

Transmission Control Protocolflntermet Protocol. The default wide
area network protocol that provides communication across
diverse interconnected networks

¥ Show icon in taskbar when connected

Ok | Cancel |

Fig. 5-1 — Selecting the Ethernet card (TCP/IP)
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» The window shown in Fig. 5-2 appears, in which you have to select Use the
following IP address.

» Write the following number in the IP address field: 192 . 168 . 200 . 150.

»  Write the following number in the Subnet mask field: 255 . 255 . 255 . 0.
» Press OK to confirm the changes
Internet Protocol (TCF/IF) Properties HE
General |

“You can get IP settings assigned automatically it vour network. supports this
capability. Othemwise, you need to ask yvour network administrator for the
appropriate [P settings.

" Obtain an IF address automatically

— & Use the following IP addrass:

IP address: I 182 . 168 . 200 . B0
Subnet mask: [ bm5 255 255 0
Default gateway: I

© Ohiain DN semver addies s auianmatically

—@ Useathe following DNS senver addresses:

Preferred DMNS server: I

Altarnate DNS server: I

Advanced... |
Ok I Cancel |

Fig. 5-2 — Changing the IP address
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5.3 The operational phases

5.3.1 Running the software

The 2150GR software permits data to be acquired, saved and viewed directly in the field.
Once the notebook has been switched on, the 2150GR.exe program has to be launched by
clicking on the icon shown in Fig. 5-3. Once the icon has been clicked, the software
initializing window automatically opens (Fig. 5-4).

x|
© RADAR
D BATT
"3 SPEED
O SWEEP
Initializing software.... PASS
Initializing system.... PASS
Initiahizing radar link.... PASS
High voltage.... PASS
Initializing radar board.... PASS
:"'éi"a"LH'Eéi\'iEng'iarim": End calibration | Skip calibration End program

Fig. 5-4 — Initializing window
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5.3.2 Pre-acquisition commands

> Press the L
on the acquired data.

button to start calibrating the processing parameters used

> Push the trolley a few meters then press the wl button to save the
parameters (see Fig. 5-5).

[z]oetector vl.n0.004 Powered by 105 Ingronera del Sistemi - GATN CALTBRATION &=

|  Endesiibaion | [ Skip colbuston || End program
Fig. 5-5 — Start calibration

Calibration can be repeated as often as required during a survey. It is most
useful whenever the ground conditions change, i.e. from asphalt to concrete, or
from concrete to grass.

> Press the m button to avoid performing the gain calculations. If you
skip calibration, you can only view pre-existing radar maps.

» The spy lights representing the radar (RADAR), battery (BATT), acquisition speed
(SPEED) and acquired sweeps (SWEEP) indicate the current activity status of the

system:
O RADAR <
® Liird | ACTIVE

_p {3 SPEED
| NOT ACTIVE | O SWEEP

» Press the color scale button to select the desired palette for viewing radar maps:
| [ — O] [ 1
" Russian I

‘ GreyScalel ¢ Unipalar i ‘ L ZCEBW | |iZCECiR |

| S |

» Zoom in on the maps up to a magnification of 4X by selecting one of these buttons:

[

» Press the L&l button to shut down the software.
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5.3.3 Commands used during acquisition

Fig. 5-6 — Acquisition selection window

» Press the button to go back to the pre-acquisition phase.

> Press the button to close the software.

» To start a new acquisition, write a name in the text box then press the button next to

it.
IScan—D1| Iﬁ

This will open the window shown in Fig. 5-7.

Fig. 5-7 — New acquisition window
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Once a name has been given to a new survey, a data file is automatically
created with the selected name in the C:\2150GR\Muission\ directory. All
files containing acquired data will be automatically stored in this file .

> Press the w[ button to stop and save the acquisition. The window shown
in Fig. 5-6 then reappears.

> Click the icon below to write notes on the scan in the text box underneath.

Prescan note

[

» Press the ﬂl button and push the trolley to start the acquisition.

P9 ®
The window shown in Fig. 5-8 will appear, displaying the icon .

[]0etector vl 00004 Powered by 105 Ingronera del Sistemi - NEW ACOUTSTTION = STULATION = i |

.

M matecan | Stop scan | SMml .Em‘ewilioﬂ I

Fig. 5-8 — Radar map during the acquisition phase

» The following information is displayed above the map:
0 The survey name (in this example, Acq (02))
0 The scan number (1)
0 The distance traveled (41°0™)

Al:qulampn ACB(I]I]Q Scan: 1 Distance: 41'0"
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> If you note the appearance of a hyperbola on the screen during acquisition
(generated by a buried pipe or cable), stop, then move the trolley in the opposite
direction. This temporarily suspends acquisition and produces a vertical line on the

data screen (see Fig. 5-9).

Stan fean | Stop scan | SMm] .Eﬁm I

Fig. 5-9 — Identifying a target

> Position the trolley on the vertical of the identified pipe or cable, and mark the
ground in correspondence to the center point of the antenna, as shown in Fig. 5-10.

e06om001h.eps

Fig. 5-10 — The antenna center point

The centerpoint of the system is situated in the central point of the antenna
(see Fig. 5-10) and it represents the starting point when reading radar maps

(dotted red line).

» Use the M and il buttons to position the horizontal cursor on the peak of the
chosen hyperbola (see Fig. 5-11).
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s -TORIZONTAL
v CURSOR

Fig. 5-11 — UP/DOWN function

|

» Press the | button to mark pipe and its position on the radar screen map. The
window shown in Fig. 5-12 appears automatically. The icons represent some types
of pipe (from the top left clockwise are Gas, Electric Cable, Telephone Cable,
Water Pipe, Unknown Pipe, Sewage Pipe, Public Illumination cable, Traffic Light
cable (Fig. 5-12).

—Select pipejfcable to confirm marker
0
M B
—=
[
[ .
Depth setting  Ground truth sketch Fitting Cancel

Fig. 5-12 — Icons for types of pipes and cables

The system can’t identify the types of pipe or cable. This information can be
found from other sources, such as opening manhole covers or consulting
technical maps.

» Press the &” button to remove a previously selected marker.
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5.3.4 Depth calibration

>

Ground truth sketch | i i i
Press the button to activate a window where you can write the

exact depth of the pipe or cable (if it is known) from another source such, as
technical maps or from opening manhole covers.

Current depth: sl

Mewdepth:  [2'5]

i Fittin i . i
Otherwise, press the 49| button to activate the following window,

arqu

1 D
Select the correct propagation speed by using the * land i buttons to
adjust the white-line curve to the shape of the hyperbola.

In both cases, you have to select one of the icons shown in Fig. 5-12 to confirm
the depth of the identified pipe. This operation can be repeated several times
during the acquisition: a symbol will appear at calibration points describing the
type of the characteristics of the detected pipe.

E & .
22y

Dist. 27"10"

Depth 1'5"

Telecom cable -I

Fitting

=l

Press the &l button to finish the scan while remaining in the open survey.

Press the _Saseen | button to save the scan file onto the computer hard disk (in the
C:\2150GR\Mission directory); you can continue the same scan by moving the
trolley in the original direction.

Press the &l button to finish the scan and go back to the main menu shown
in Fig. 5-6 to choose a new survey.
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5.3.5 Post-acquisition commands

The following commands can be activated from the ACQUISITION SELECTION window
(see Fig. 5-6):

El A

» Any of the surveys saved on the computer can be deleted by pressing the

1 button; select the survey name and press the delete button, the
software requests you to confirm your choice (Fig. 5-13).

d by 1DS Ingegneria dei Sistemi - ACQUISITION SELECTION i SIMULATION iz

400 007)
Prescannote =
not present

Fig. 5-13 — Deleting a survey
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Fename acquisition

| button to change the name of a selected survey; write

» Press the
the new name then press the OK button to confirm the change (Fig. 5-14).
]t B1O0B0 Perwered Iy TT25 Dngriggicrin ded Sialei - ACGUISTIINS X
@ RaDR
@ ATT
O EPEED
e C SWEER
Test
Test_|
=
Fennme scguisibon.
Inzed new name
ooy
o 1 |
|J\r..'a [E) Mirw acquisition J
0{002) Resume last acquisition ;lee;c::\;?’e £
p-+|
Giain calibrasion | End peogram |

Fig. 5-14 — How to rename a survey

> Press the | EEBEBSSEHERE] 1, 101 to reload the last survey and continue performing
scans in it.

> Press the —evevesmisten |1 vion to review all the scans contained in the selected
survey. The first radar map of the selected survey will appear, and more markers can
be added if required. All previously identified hyperbolas will be marked with a
circle and a vertical line (Fig. 5-15).

CIRCLE

- - —
- - Se———
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e ; s -
iy .h__
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i ._:-I--'_. ' G b : _:..!:ﬂﬁ:.
e 5 I‘I'.J,-f-k" . T, " T v :..' R
Ve S v Th SRR B f:#:

Fig. 5-15 — Insertion of a Marker during the review phase

Additional hyperbolas can be selected, or previously inserted information
can be reloaded, using the mouse or the buttons on the lower tool bar. It is
sufficient to click in correspondence to the vertical line shown in Fig. 5-15.
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> Press:

o ;I to move the review line about 1” (2.5 cm) to the right;

A to move the review line about 20” (50 cm) to the right;

to move the review line about 1” (2.5 cm) to the left;

£
o J to move the review line about 20” (50 cm) to the left.

Frint | End editing | ‘

‘ <<| < | > | >>| : |LMADDDD1.DT - -

» The lower tool bar can also be used to select and reload :

e previous scans by selecting the ! button

e subsequent scans by pressing the g.button

Finally, the radar maps and all the additional information included on them can be

Frint

printed by pressing the button and selecting the desired printer

(Fig. 5-16).

Printer selection
Select a printer from the list

[infoz122 =

Ok

Fig. 5-16 — Print function

» Press the &l button to close the editing application, the window shown
in Fig. 5-13 will reappear.

An example of a radar map printout is shown in Fig. 5-17.
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Acquisition: Acq (14) Scan: 1
Date: Thursday 15 January 2004
| Page: 1

Dist. 2,06 m
Depth 2,51 m
Gas pipe

Dist. 4,51 m
Depth 2,89 m
Telecom cable

=
=
Dist. 6,84 m

Depth 1,02 m
Sewer pipe

Prescan note: Prescan note not present

Fig. 5-17 — Final printout of a radar map

> Press the _Endprogen | button to close the program.
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5.4 Error messages

Error messages found in the program are listed below (in italics) followed by their solutions:

» Network error. Retry or check hardware!

Check that the network cable is connected properly to the PC and the control unit. Try
restarting the program.

» New depth must be > 0. Please insert new value to continue
» New depth must be > 0. Unable to set the depth
» New depth missing. Please insert value to continue

Select a new value for the depth of the identified pipe.

» Warning. Unable to print on the selected printer
Check that the printer is switched on and connected to the computer.

> Unable to review: calibration file has been lost.

The calibration files for the selected survey have been deleted. To be able to see the data, the
Igr.bkg and Igr.stc files have to be copied from the main program directory (C:\2150GR)
into the survey directory.

> Unable to review: mark file has been lost

A system file has been deleted, making it impossible to review the selected acquisition.

» Unable to mark: marker already present at this distance!

You have tried to insert a pipe in a point already containing one; select a new point.

» Gain calibration has been skipped (or lost). Calibrate gain to proceed.
» Unavailable: gain calibration has been skipped (or lost).
» Unavailable: gain calibration has changed.

A calibration has to be performed to be able to acquire data. See Paragraph 5.3.2. for
calibration instructions.

» Unavailable: directory has been lost.

The last acquisition cannot be recovered, select a new acquisition.
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6. WORK PROCEDURE FLOWCHART

USE
TECHNICAL
MAPS

v
INSPECTION

y

OPEN PRINT

MANHOLES 7y
v REVIEW
ASSEMBLE AC&XLF;ED _
DETECTOR A
- END ESTIMATE
PROPAGATION
SWITCH ON SCANNING
DETECTOR SPEED
YES
G;AIN > INSERT
MARKER
CALIBRATION CHANGE <
SEL GO
SUR RACK
4 0
SCAN: PUSH oIPE e

A 4

TROLLEY OR

CABLE
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7. HOW TO USE THE 2150GR

The main targets when performing utilities investigations with the 2150GR consist of either
extended structures (such as an interface between layers, pipes parallel to the investigation
direction etc.) or quite small structures (such as pipes perpendicular to the investigation
direction, cavities and rocks etc.).

Fig. 7-1 shows how a flat interface gives rise to a flat trace while a small structure such as a
pipe produces a hyperbolic trace. This is because the echoes form the flat plane at different
values of x take the same time to reach the 2150GR. For the pipe, however, the echoes from
its sides take a longer time to reach the 2150GR than the echoes from its top surface.

2150GR —»  2150GR 2150GR _>i 2150GR i

ST S

Y 7

Fig. 7-1 — Trace of a pipe perpendicular to the direction of investigation and a flat interface

The aperture of a hyperbola depends on various factors:

0 As the propagation speed in the medium increases (vy,), the ratio between the flight
time of the outwards and return signal twt relative to echoes originating from lateral
points and the twt relating to the top surface of the target decreases. Therefore the
hyperbola widens with higher propagation speed, vp.

0 With increasing depth of the target, the ratio between the twt relating to the echoes
from the side points and the twt relating to the top surface of the target decreases.
Again, the hyperbola widens with increasing target depth.
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o For equal propagation speed, depth and type of target, the hyperbola will be wider
for geometrically larger targets (for examples for wider diameter pipes).

When interpreting the maps, it is a good idea to remember that the width of a hyperbola does
not just depend on the geometrical size and shape of the target.

Fig. 7-2 shows two maps featuring echoes of an irregular interface between two layers with
different dielectric properties (asphalt) and six pipes situated perpendicularly to the direction
of investigation.

Wi/ .1. N, { '
L | A |
L LU i" 1 |r ) ‘I. u l.IIIhI‘ J -I. il { :

: Top
surface of
the pipes

Fig. 7-2 — Maps showing traces of an interface and
pipes perpendicular to the direction of investigation

As can be seen in Fig. 7-2, the echo of a target doesn’t simply consist of a single dark band,
it consists of alternate dark and light bands. These derive from the signal minimums and
maximums reflected back from the target (in fact, the black and white bands represented in
the figure correspond to maximum and minimum signal amplitude respectively).

A hyperbolic echo can be used to convert the ordinate of the map from time (hanoseconds =
ns) to depth (meters= m). To do this, the hyperbola traced in ns ordinates is compared with a
family of hyperbolas traced with ordinates in meters, obtained from that in ns ordinates with
various values of vy,. The best v, approximation to the real value is that with the most
similar aperture to that of the one traced in time ordinate. Once vy, has been identified, the
depth of the target corresponding to the hyperbolic section can be found.
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There are no definitive criteria for interpreting diagrams and often you have to depend on
experience. In any case, it is best to collect the largest possible amount of information for an
area under investigation, and use it to help choose the most appropriate equipment and
investigation parameters.

To conclude, we have an example below of a real situation featuring two pipes side by side
(Fig. 7-3). This example is significant in that it shows the diagrams of the same structure
(the pipe) placed perpendicularly then parallel to the direction of investigation.
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Topography of the

pipes

Fig. 7-3 — Example of map interpretation
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APPENDIX A - THE PRELIMINARY INVESTIGATION

The first fundamental phase for any field survey consists in the preliminary investigation: its
scope is to acquire all the necessary information for the logistics of the operation, taking into
account the objectives to be performed.

In the specific case of a GPR investigation for underground utilities searching, the first thing
to consider is the accessibility of the site, in terms of taking into account the space available
for the passage of the antenna trolley and considering any architectural obstacles that could
cause an obstacle to the data acquisition phase. Often, in fact, the investigation is performed
in streets, squares and on pavements with a relatively high level of urban traffic, and above
all, in the presence of randomly parked cars.

The main points to be considered during this phase are described below:

» Specific permissions must be obtained (access to pedestrian zones, permission to
interrupt the traffic flow, etc.)

Any difficulties in accessing the site must be considered
The space available

Y V V

The presence of parked cars

» The level of traffic
It is the task of the user to take these points into consideration when programming the work.

APPENDIX B - THE TECHNICAL MAPS

Technical maps of the existing utilities are produced by the various utilities companies.
These give general indications in a schematic way about the type and position of the utilities
that are managed and/or have been constructed by them.

These maps can be requested by faxing or writing to the cartographic or planning office of
the companies, specifying clearly the streets and areas of interest.

The most important types of utilities (which may be managed by different agencies) to be
considered are:

» Public Street Lighting

Low, Medium and High Voltage Electricity Cables
Water supply

Gas

Telephone Cables

YV V V V

> Sewers

Even though they may be very generic, these maps represent an important support during
the extraction and data interpretation phases, since they give the user a first idea, if not an
exhaustive one, of the utilities that are present. For this reason, it is important that the user
activates the procedures for obtaining these maps well in advance to make sure that they
will be available during the data extraction phase.
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APPENDIX C - OPENING MANHOLES

This phase is normally performed once the acquisition phase has been completed, and
consists in opening the manholes present in the investigated site. The data regarding the
depth, diameter, and direction of the utility should be saved on the work sheet: this will
provide you with further reference data during the interpretation phase, and will allow
propagation velocity estimates to be performed in order to calculate the depth of the
identified utility as precisely as possible.

APPENDIX D - CARE, MAINTENANCE AND SAFETY WARNINGS

At the moment of sale, the 2150GR is guaranteed to be free of any defects that may render it
unusable. Its characteristic level of quality respects all the European Community regulations
for electrical safety and electromagnetic emission levels.

Any breakdowns or faults experienced by the user during the guarantee period (after sale, or
under a maintenance contract) should be reported immediately to Subsite Electronics. The
problem will be resolved according to the contract in operation. In any case, only
breakdowns caused by faults in the system, and not those due to its improper use will be
repaired. If the system has been used improperly, Subsite Electronics will not be held
responsible for any damage caused to persons or objects.

The correct use of the system is governed by the following regulations:

» No operator, apart form a specialized personnel authorised by Subsite Electronics
may open and/or tamper with any of the groups that make up the system; it is also
forbidden to break the guarantee seals: this operation will mean that the user loses
the right to free technical assistance.

» All cable connections must be performed when the equipment is switched off; in
any case, before performing any modification, check that the battery is disconnected
from the radar Control Unit. The operational functions may only be performed once
the entire system has been correctly connected using all the cables.

» Always use batteries supplied or approved of by Subsite Electronics.

» While the system is switched on, in the acquisition and elaboration phases and
during standby, the antennas must only be in contact with the surface being
investigated. Do not point the antenna towards people. Inspect the cables
periodically, checking that they connect tightly when they are inserted, and that the
external covering of the cable is intact. Never use any cables that show signs of
wear or deformation. Never tamper with the cables by taping them or shortening
them. Contact Subsite Electronics for any repairs.
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APPENDIX E - CLEANING INSTRUCTIONS

Before cleaning any external parts of the apparatus, make sure that all cables have
been disconnected, including the power supply cable. If a damp cloth is used, make
sure it is not too wet, to avoid any damage to the electrical components of the
equipment.

Wait until the equipment is totally dry before reconnecting the cables.

The 2150GR should be cleaned periodically using a damp cloth.
Do not use solvents or abrasive detergents.
Do not apply liquid directly to the electrical contacts of the various connectors.

If a specific spray is used to clean the PC TFT monitor, make sure it is not flammable; in
any case, do not spray it directly on the screen, instead, spray it onto the cleaning cloth.
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