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End User License Agreement

Except as otherwise specifically provided herein, this software may not, in whole or in any patrt,
be copied, reproduced, transmitted, translated (into any language, natural or computer), stored
in a retrieval system, reduced to any electronic medium or machine readable format, or by any
other form or means without prior consent, in writing, from Sensors & Software Inc.

IMPORTANT: Do not continue until you have read this End User License Agreement (the

fAgreemento ) . By installing or wusing this Software, y
Agreement. If you do not agree to the terms of this Agreement, do not install or use this Software.

If you are not sure that you are authorized by your employer to accept this Agreement, give this

document to a principal in your company before proceeding. This Agreement is a legally binding

document setting forth the manner by which you may use the Software. Carefully read the terms

and conditions of this Agreement before using this Software. Use of the Software indicates your

acceptance of the following terms and conditions:

1) License. Sensors & Software Inc. grants you a personal, non-transferable, non-exclusive,
limited license to use this Software for internal use only solely in accordance with the
documentation on a single computer device. The
contained in this package. The Software may only be used or copied only in accordance with
the terms of this Agreement. You may make one copy of the Software in machine-readable
form for backup purposes only.

2) Ownership. The Software shall remain the property of Sensors & Software Inc. including
the media on which the Software is contained. Sensors & Software Inc. retains ownership of
the proprietary information contained within the Software as well as all copies of the Software
made by you and the user manuals and other supporting materials.

3) Trademarks. All trademarks listed at https://www.sensoft.ca/trademarksiare trademarks of
Sensors & Software Inc. and SPX Corporation. You agree to reproduce the trademark,
copyright, patent and other intellectual property rights notices contained in the original on
any copies you make of the Software and documentation.

4) Use. The "user" is defined as the original downloader and any user of the Software. The
Software may be used on a single computer at a time. Neither you nor any of your authorized
users may, without Sensors & Software Inc. written permission:

a) distribute, publish, sublicense, rent, lease, lend, sell or otherwise make available any
portion of the Software or any features or functionality of the Software;

b) modify or prepare derivative works of the Software;

c) use the Software in a computer-based services business;

d) distribute the Software product electronically by any means;

e) use the Software product in multiple computer or multiple user arrangements;

f) reverse engineer, disassemble, decode, or decompile or otherwise attempt to derive or
gain access to the source code of the Software or any part thereof;

g) sell or transfer the Software to any third party;
h) modify or translate the Software or accompanying documentation; or
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5)

6)

7)

8)

9)

i) remove, delete, alter or obscure any trademarks or any copyright, trademark, patent or
other intellectual property or proprietary rights notices from the Software or
Documentation, including any copy thereof

Taxes. You will pay all taxes, including use and property taxes, due to your use of the
Software.

Warranty. Sensors & Software Inc. releases this Software without any warranty, guarantee
or support. The Software is furnished fas i s06 and without wa
results, you may be able to obtain by using the Software. The entire risk as to the results
and performance of the Software is assumed by you. SENSORS & SOFTWARE INC.
(TOGETHER WITH ITS AFFILIATED ENTITIES) EXPRESSLY DISCLAIMS ANY AND ALL
WARRANTIES, WHETHER EXPRESS OR IMPLIED, STATUTORY OR OTHERWISE,
WITH RESPECT TO THE SOFTWARE AND DOCUMENTATION INCLUDING, WITHOUT
LIMITATION, ANY WARRANTY OF MERCHANTABILITY, TITLE, NON-INFRINGEMENT
OR FITNESS FOR A PARTICULAR PURPOSE. WITHOUT LIMITATION TO THE
FOREGOING, THE LICENSOR PROVIDES NO WARRANTY OR UNDERTAKING, AND
MAKES NO REPRESENTATION OF ANY KIND THAT THE LICENSED SOFTWARE WILL
MEET THE LICENSEE'S REQUIREMENTS, ACHIEVE ANY INTENDED RESULTS, BE
COMPATIBLE OR WORK WITH ANY OTHER SOFTWARE, APPLICATIONS, SYSTEMS
OR SERVICES, OPERATE WITHOUT INTERRUPTION, MEET ANY PERFORMANCE OR
RELIABILITY STANDARDS OR BE ERROR FREE OR THAT ANY ERRORS OR DEFECTS
CAN OR WILL BE CORRECTED.

Limitation of Liability. In no event shall either Sensors & Software Inc. or its subsidiaries,
affiliates, partners, agents, contractors and the like be liable for any interruption, delay or
inability to use the Software , lost revenues or profits, delays, interruption or loss or services,
business or goodwill, loss or corruption of data, loss resulting from system or system service
failure, malfunction or shutdown, failure to accurately transfer, read or transmit information,
failure to update or provide correct information, system incompatibility or provision of
incorrect compatibility information, or breaches in system security, or for any direct, indirect,
incidental, or consequential damages, or damage to any equipment, even if Sensors &
Software Inc. has knowledge of the potential for such loss or damage. In no event shall
Sensors & Software Inc. be liable for any loss of data.

Assignment. You may only transfer or assign this Agreement to a successor of your
business that uses the Software. Any other transfer or assignment of this Agreement is null
and void. This agreement is binding upon and inures to the benefit of the parties hereto and
their respective permitted successors and assigns.

Termination. This Agreement is effective until terminated. You may terminate it at any time
by destroying the Software. Sensors & Software Inc. may also terminate it immediately at its
sole discretion if you fail to comply with any term of this Agreement. Upon termination, you
agree to destroy the Software.

10) Governing Law. The laws of the Province of Ontario and the Federal Law of Canada

applicable in the Province of Ontario govern this Agreement, without giving effect to any
choice or conflict of law provisions or rules.

rranty
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11) This Agreement is for the sole benefit of the parties hereto and their respective successors
and permitted assigns and nothing herein, express or implied, is intended to or shall confer
on any other entity any legal or equitable right, benefit or remedy of any nature whatsoever
under or by reason of this Agreement.

12) Sensors & Software Inc. may, in its sole discretion, audit your use of the Software under this
Agreement at any time during the Term to ensure your compliance with this Agreement,
provided that (i) any such audit shall be conducted during business hours on not less than
thirty (30) days' prior notice to you, and (ii) no more than one (1) audit may be conducted in
any twelve (12) month period except for good cause shown. You shall reasonably cooperate
with Sensors & Software Inc. personnel (and, if applicable, agents) conducting such audits
and provide reasonable access requested by Sensors & Software Inc. to records, systems,
equipment, information and personnel, including machine IDs, serial numbers and related
information. If the audit determines that the your use of the Software exceeds or exceeded
the use permitted by this Agreement then, you shall, within thirty (30) days following the date
of Sensors & Software Inc.'s written notification thereof, pay to Sensors & Software Inc. the
retroactive license fees for such excess use, pay to Sensors & Software Inc. an additional
ten percent (10%) penalty fee and, unless Sensors & Software Inc. terminates this
Agreement, obtain and pay for a valid license to bring use into compliance with this
Agreement.

13) Export Regulation. The Software and documentation may be subject to export control laws.
You shall not, directly or indirectly, export, re-export or release the Software or
documentation to, or make the Software or documentation accessible from any jurisdiction
or country to which export, re-export or release is prohibited by law, rule or regulation.

14)If any term or provision of this Agreement is invalid, illegal or unenforceable in any
jurisdiction, such invalidity, illegality or unenforceability shall not affect any other term,
provision of this Agreement, invalidate, render unenforceable such term, or provision in any
other jurisdiction.

15) Contact Sensors & Software Inc.: You can contact:

Sensors & Software Inc.

1040 Stacey Court Mississauga, Ontario Canada L4W 2X8
Tel:(905) 624-8909

Toll Free: 1-800-267-6013

E-mail: sensoft_customerservice@spx.com

Due to a policy of continued development, we reserve the right to alter or amend any published
specification without notice. This document may not be copied, reproduced, transmitted, modified
or used, in whole or in part, without the prior written consent of Sensors & Software Inc.

Sensors & Software, Inc. trademarks are listed at: www.sensoft.ca/trademarks
1999 -00236 -06
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Important Safety Information

Use the DVL only as specified in these operating instructions or the protection provided by the
unit may be impaired.

The battery charger/AC adapter must only be connected to a power outlet which provides a
protective earth (ground).

Connect the AC power cord only to designated power sources as marked on the battery
charger/AC adapter.

The battery charger/AC adapter is rated for indoors use only.

Do not replace detachable MAINS supply cords for the battery charger/AC adapter by
inadequately RATED cords.

The exterior of this product should be cleaned using a damp cloth.

Safety Symbols

A Consult this documentation in all cases where this safety symbol appears. This
symbol is used to inform you of any potential HAZARD or actions that require your attention.
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Introduction

1.

Introduction

Congratulations on your purchase of a pulseEKKO Ground Penetrating Radar (GPR) system.
pulseEKKO is designed to meet the needs of GPR professionals by addressing a wide range of
GPR applications. The variety of components available allow for a truly customizable unit.
Features include:

il

Multiple frequencies provide a variety of exploration depths and spatial resolutions
required by different applications.

Lower frequency (LF) antennas with center frequencies and bandwidths of 12.5, 25, 50,
100 and 200 MHz connected to transmitter and receiver electronic modules.

Shielded, higher frequency (HF) transducers provide center frequencies and bandwidths
of 250, 500 and 1000 MHz.

Several antennas and/or transducers can be deployed simultaneously when using
SPIDAR hardware.

Multiple configurations and deployment methods provide practical field operation.

The fully bistatic configuration enables variable antenna offsets and orientations for
advanced survey types such as multi-offset, trans-illumination and multi-polarization.
Data is collected and displayed on the DVL-500. The DVL-500 is a ruggedized display,
with a high-visibility touchscreen, Wi-Fi compatibility and easy USB data export.

Acquired data is in Sensors & Software's industry standard format. Post-processing and
analysis can be accomplished by importing the data into the EKKO_Project software.

The first half of this manual describes the physical assembly of the various configurations. The
remainder describes menu operation, data collection, troubleshooting and techniques for proper
surveying.
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Assembly

2. Assembly

The image below displays all the antennas and transducers that are available for the
pulseEKKO. All antennas and transducers come in pairs: one for transmitting and one for
receiving. The one exception is the TR1000, which combines the 1000 MHz transmitter and

receiver into a single, integrated sensor head.
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The DVL (short for Digital Video Logger) is a ruggedized field computer that displays, and stores
collected data. All the cable connections, including power, plug into receptacles on the back of

the DVL.
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Transmitter

& Receiver
ports Serial port
for GPS
Battery Odometer
port Cable

2.1 Low Frequency Antennas

You can configure the pulseEKKO with 12.5, 25, 50, 100, or 200 MHz low frequency,
unshielded, bistatic antennas. The shortest antennas (200 MHz) are 0.5 meters long, while the
longest antennas (12.5 MHz) are 8 meters long.

2.1.1 Attaching Antenna Sockets to the Transmitter & Receiver

Insert and tighten the two female brass antenna sockets into the bottom of the transmitter and
receiver electronic boxes. Finger-tighten the sockets; do not over-tighten. These should be
checked every time the transmitter and receiver are connected to the antennas, as they may get
loose during regular field operations.
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2.1.2 Latching the Transmitter & Receiver to the Antenna Mounting
Blocks

Place the transmitter and receiver electronic boxes onto the black mounting blocks in the middle
of the antennas, ensuring the brass sockets connect to the brass pins in the antenna.

5.X
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Connect the electronics boxes to the mounting block using the two plastic draw latch
connectors.
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2.1.3 Inserting batteries into the Transmitter & Receiver

Unlatch and then open the two battery covers on the sides of the transmitter and receiver.

=

™ 5

—

Place one 12-volt battery on each side of each of the electronics boxes. Make sure the positive
(+) terminal faces inward toward the electronics.
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NOTE: Thebatter y i s fAkeyedo with a notch in one side
orientation.

"

Close and latch the battery covers.

2.1.4 Attaching Skid Plates to Antennas

When using the SmartCart (3.2) or SmartTow (3.3), it is recommended to use antenna skid
plates which protect the antennas from damage caused by contact with the ground when
moving.
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Velcro

The antennas are secured with Velcro straps to the skid plates. The picture below shows an
assembled SmartCart with antenna skid plates.
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2.1.5 Attaching Fibre Optic Converters to the DVL

Fibre optic cables connect low frequency (12.5 to 200 MHz) transmitter and receiver electronics
to the back of the DVL. First, attach the fibre optic converters to the back of the DVL and secure
them using the latches shown in the following image.

To connect fibre optic cables, see section on Connecting Fibre Optic Cables (3.6.2).
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2.2 High Frequency Transducers

2.2.1 Bistatic Transducer Assembly
pulseEKKO can use three high frequency, shielded, bistatic antennas: 250, 500, and 1000 MHz.

Each component is a transducer because it consists of both an antenna and either the
transmitter or receiver electronics. The transmitting transducer is indicated by Tx, e.g. Tx500,
while the receiving transducer is indicated by Rx, e.g. Rx500.

2.2.2 Mounting Transducers to the Skid Plate

Skid plates fit a pair of transducers positioned side by side.

a) On a flat surface, position the skid plate assembly bottom and two side flanges as shown
in the following image.

1. Place the transducers onto the bottom skid plate with the labels facing the same
direction.

\

\

2. Place the two transducer flanges onto the skid plate over the mounting posts.

9



Assembly

Attach the completed transducer - skid plate assembly to the SmartTow (3.3) or the SmartCart
(3.2). See section on Connecting Transducer Cables (0).

10



Assembling Full Configurations

3. Assembling Full Configurations

3.1 Bistatic System

Before assembling the full Bistatic system, make sure the transmitter and receiver are
connected to the antennas. The following image displays the complete low frequency
pulseEKKO hand held assembly.

pulseEKKO PRO Handles with 100 MHz antennas

77>

Power Cable

k|

DVL

Belt Battery

Fibre Optic Cables

3.1.1 Attaching Adjustable Handles

1. To attach the adjustable handle to the antenna, place the handle blocks over the 4 posts on
the antenna and insert the pins to secure.

11



Assembling Full Configurations

2. Adjust the handle height by loosening the two levers by hand.
3. Move the handle to the desired height and then retighten the levers.

4. Once the handles are adjusted, lock them by tightening the levers until they click into place.

\
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3.1.2 Assembling a One-Person System

The following image displays the One-Person System (without cables and battery).

To attach the One-Person handle to the antennas, place the handle blocks over the 4 posts on
each antenna and insert the pins to secure.

The optional DVL tray can be attached to the either the middle or top bar as shown in the One-
Person Assembly image.

Note that one person carrying the whole system can be tiring. If a second person is available,
the DVL can be carried on the DVL Harness (3.7.2). The second person will also carry the belt
battery.

g i - m s

Once this is setup, see section on Connecting Fibre Optic Cables (3.6.2).
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3.2 SmartCart

The SmartCart is configured for operation with 50, 100 and 200 MHz antennas and 250, 500
and 1000 MHz transducers to rapidly acquire data in flat and smooth environments.

The following image shows a completely assembled SmartCart with a frequency of 100 MHz.

100 MHz

3.2.1 Unfolding the Handle

The Sensors & Software SmartCart is shipped in a folded position for easier transportation and
storage. Refer to the following image while unfolding your SmartCart.

T-Shaped Tube L\ Handle Support Arm
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a) Remove the pin from the handle support arm.
b) Raise the handle support arm.

¢) Raise the handle up, past the support arm and towards the back of the cart until the
handle support arm can be placed in the T-shaped tube.

d) Place open end of the T-shaped tube on the handle onto the end of the support arm
(Step 1)

e) To lock the handle into position, align the hole in the support arm with the hole in the T-
shaped tube. Insert the handle pin (Step 2)

Note: When folding the SmartCart back up, fold the handle down before folding the
handle support arm.

3.2.2 Attaching Wheels

SmartCarts are shipped with the wheels attached. If your wheels arrive-un-attached-or have
been removed for maintenance or cleaning, complete the following procedure to attach them to
your SmartCart:

91 Press the button on the end of the wheel axle to unlock the axle catches.

1 Insert the axle through the wheel and into the SmartCart frame until it locks into position.

1 Make sure the odometer wheel makes good contact with the side of the wheel (see
figure below). The odometer fhdelinsi dber ome W
wheel slippage in wet conditions.
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If the odometer contact with the wheel is too loose, the odometer wheel may slip resulting in
incorrect position measurements. If the odometer wheel seems loose:

1. Use a % inch Allen (hexagonal) wrench to loosen the screws on the side of the

odometer.
2. Pivot the entire odometer assembly until the small odometer wheel makes good contact

with the side of the cart wheel.
3. Tighten the screws to lock the odometer wheel in this position.

1/16 inch set screw

Tighten the screws to lock the
odometer wheel in this position

1
4. Tighten the 1/16 inch set screw into the fibreglass tubing to prevent the odometer from

rotating from this position.
It is always a good idea to recalibrate the odometer (0) whenever this adjustment is made.
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3.2.3 Attaching Antenna Separation Bars to the SmartCart

The following image displays an assembled SmartCart with separation bars for low frequency
antennas.

Each system has a unique set of separation bars to attach the transducers or low frequency
antennas to the SmartCart and suspend them over the surface.

Before you begin, detach the DVL from the SmartCart and battery as the back half of the cart
may fall to the ground and be damaged.

17
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Attach the 200 MHz antennas to the SmartCart using the 0.5 meter separation bars (left); the 50
MHz antennas have 1 meter separation bars (right) while the 100 MHz antennas can be used
with either 0.5 or 1.0 meter separation bars.

0.5 meter 1.0 meter

Refer to the following image to assemble the 0.5m separation bars. (The 1m separation bars
can be assembled in a similar manner). You need two user-supplied 10mm wrenches for
tightening lock nuts onto the bolts.

l 0.5 m Separation Bar +

Thumb ”\ A
Screws Locking Nuts Bolts
y ¥ \

k. 5 2 ' o
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Locking Nuts 0.5m Separation Bar

Pins
Bolts ———

Swing Frame

Thumb Screw

1. Make sure the Swing Arm bold head is caught by the plastic ridge, so it cannot rotate. Do
not over-tighten, the Swing Arm needs to move freely.

Plast ic Ridge
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2. To attach the separation bars to the SmartCart tube frame, carefully align the screws so they
go in straight.

Note: Forcing the screws can strip the threads. If the holes are not aligned, the thumb screw
will bind after half a turn and damage the hole by cross-threading it. Forcing the thumb screw
to turn also causes damage. If you have damaged the insertion point, run a 10-32 tap
through the insert to re-tap the hole.

3. Use the Thumb Screws to attach the separation bars to the front and rear axle SmartCart
assemblies. Do not over-tighten.

3.2.4 Attaching the Antennas

If the antenna skid plates are not attached, now is the time to attach them. Use Velcro straps to
hold the antennas on the skid plate, as shown below. The skid plates are recommended for 50,
100 and 200 MHz antennas.

Velcro Straps
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Then attach the antennas to the bottom of the separation bars using the metal posts on the
antenna and pins.

Attach the antennas to the SmartCart before attaching the transmitter and receiver (with
batteries inside) to the antennas. To complete all cable connections, see section on Connecting
Fibre Optic Cables (3.6.2). Once completed, the assembled SmartCart is shown below with 50

MHz antennas, using 1m skid plates. Note that the 50 MHz antennas stick 0.5m out each side
and are vulnerable to damage (see figure below).
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3.2.5 Attaching Transducer Separation Bars to the SmartCart

Before assembling the SmartCart, make sure the transducers are assembled on the skid plate
assembly (2.2.2).

The following image displays a SmartCart with the Transducer Separation Bars attached:

Each transducer pair has a unique set of separation bars to attach them to the SmartCart and
suspend it over the surface.

To attach the separation bars to the SmartCart tube frame, carefully align the screws so they go
in straight.

Note: Forcing the screws can strip the threads. If the holes are not aligned, the thumb screw
will bind after half a turn and damage the hole by cross-threading it. Forcing the thumb screw

22



Assembling Full Configurations

to turn also causes damage. If you have damaged the insertion point, run a 10-32 tap
through the insert to re-tap the hole.

Use the Thumb Screws to attach the separation bars to the front and rear axle SmartCart
assemblies. Do not over-tighten.

Use the silver U-brackets and pins to secure the skid plate assembly to the separation bars as
shown below

U-Bracket
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3.2.6 Attaching the Battery

The following image displays the SmartCart 12V (9 Amp-hr) battery. Follow the steps for
placing the battery in the SmartCart:

Power Cable
Receptacle

2. Ensure the battery unit handle is facing the back of the cart and the cable receptacle is
on the right. The battery should rest in this area without moving.

Secure the battery onto the cart by placing the straps provided over the battery.
Fasten the plastic buckle to lock the straps.
5. Tighten the straps.

W

Once complete, see section on Connecting Transducer Cables (0).
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3.2.7 Connecting the Odometer Cable to the DVL

Connect the odometer cable to the receptacle on the back of the DVL. Secure the odometer
cable to the cart using Velcro straps.

Odometer Cable

3.2.8 Attaching the DVL

1. Align the back plate on the DVL with the Mount on the DVL tray.

Slide the DVL down onto the mount so that the sides of the mount catch on the DVL
back plate.

3. The spring-loaded release pin will snap into place when secure. Do not let go of the
DVL until you are sure that it is secure.

DVL back plate

Mount

Thumbscrews Release pin

4. Rotate the DVL to adjust the view angle. If it is difficult to rotate, slightly loosen the
thumbscrews on the bottom of the support shelf. Tighten to fix the viewing angle.

5. To remove the DVL from the SmartCart, pull the cylindrical release pin outward and lift
the DVL off the shelf.
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3.2.9 Installing the GPS Mount (optional)

The optional SmartCart GPS mount is designed to mount a GPS receiver, which can log GPS
information during data collection. It uses a 5/8-11 UNC-1A thread at the top of the pole. These
are standard for Trimble, Topcon and many other GPS units.

Quick
Release

Vertical Pins

Support
Section

Mounting
Tubes

1. Fasten the U-shaped Vertical Support Section onto the tubes on the separation bars
and secure it by inserting the 2 quick release pins.

2. Insert the GPS mounting post into the top of the Vertical Support Section and secure
it with a quick release pin.

To install and connect the GPS to the DVL, see Section 3.7.3.
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3.3 SmartTow

The SmartTow configuration enables you to drag 50, 100, 200 MHz antennas and 250, 500 and
1000 MHz transducers across the surface to acquire data. The following image displays a low
frequency SmartTow system.

100 MHz SmartTow system
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3.3.1 Low Frequency Antenna SmartTow

Ensure that the antennas and electronics are assembled and connected. The following image
displays the parts of the SmartTow frame:

g r'n

' Handle

Corner

ray

Antenna
7 Post
Tow Blocks
<— Frame
Sides

Thumb

Scre\
A o 4

Big Wheel
Odometer

pulseEKKO SmartTow frame parts Assembled pulseEKKO SmartTow frame

The instructions below describe how to assemble the Tow Frame:
1. Place the Tow Frame Sides so the antenna post blocks are facing outward.

2. Connect each piece using the four thumbscrews. Be careful to not strip the threads.
The handle and big wheel odometer are not connected to the frame with thumb screws

but held in place once the low frequency antennas are attached.
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Note: The assembly kit comes with extra end pieces so both SmartCart and SmartTow
configurations can be assembled; as a result, there will be extra pieces after assembly.

To connect the antennas to the Tow frame;:

3. Place the SmartTow frame over the antennas.

4. Align and then insert the eight antenna post blocks on the frame into the antenna
mounting posts on the antennas.

5. Secure the SmartTow frame to the antennas by inserting the pins into the eight post
blocks.

-

Antenna Mounting Posts

6. One Person Operation: Route the odometer cable along the frame and up the handle.
Keep the cable away from the electronics and antennas. Secure the cable to the frame
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and handle with Velcro straps. The cable should have some slack to reduce any stress
during data collection, as the handle assembly moves up and down.

When the metal odometer cable is routed overtop of the low frequency antennas, it can
cause banding in the GPR data. Banding can often be removed in post-processing,

however, if possible, we recommend two-person operation so the odometer cable does not
cross the low frequency antennas.
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7. Two Person Operation: Route the odometer cable behind the wheel odometer to the
second person carrying the DVL.

Refer to section on Connecting Fibre Optic Cables (3.6.2), to complete those connections.

Once the SmartTow is assembled, connect the round four-pin battery cable to the belt battery
receptacle.

3.3.2 High Frequency Transducer SmartTow
The following image displays a pulseEKKO 500 SmartTow:

mmmas

500 MHz SmartTow
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Ensure the transducers are assembled in the skid plate assembly (2.2.2). Then attach the
adjustable tow handle to the skid plate assembly by placing the smaller T-end of the handle into
the trough on the end of skid plate assembly. The label on the transducers should be facing

away from the handle, as shown in the picture above.
~

Attach the T-end of the handle to the skid plate assembly by placing the U-bracket over top and

into the vertical slots.
~ \

Secure the handle to the skid plate assembly by inserting the metal pins into the holes at the
bottom of the U bracket.
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3.3.3 Attaching a Wheel Odometer

pulseEKKO SmartTow allows you to use two different odometers for collecting data; generally,
operators use the Big Wheel Odometer in rough conditions and the Small Wheel Odometer in
flat, smooth areas.

Big Wheel Odometer

Attach the large odometer wheel to the end of the skid plate assembly. Look atthei Thi s Si de
U p label on the tube to ensure that it is installed in the correct orientation.

To attach the T-end of the odometer to the skid plate, place the U-bracket over top and into the
vertical slots. To secure the odometer, insert the metal pins into the holes at the bottom of the
U bracket. This is the same way the handle was secured (see above).

U-Brackets
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Face the labels on the transmitting transducer toward the odometer wheel. Secure the cable to
the T-bar with Velcro straps.

Connect the yellow odometer cable to the receptacle on the transducer cable. You can also
connect the odometer cable to the back of the DVL, but you will need an odometer extension
cable; this is not recommended as the cables now need to run a longer distance, near the
antennas.

Odometer cable
P dw * T .
g o > » >
¥, IV Yol
# " odometer Recéptaclg
ont Transducer cable

Loop the odometer cable so it does not interfere with the rotation of the odometer wheel.

Calibrate the odometer (0) to ensure accurate data images.

Small Wheel Odometer
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Attach the small wheel odometer to the skid plate assembly by inserting the metal post into the
hole on the end of the skid plate (1).

Secure the odometer by inserting the metal pin into the vertical hole on the edge of the skid
plate (2).

Loop the odometer cable so it does not interfere with the rotation of the odometer wheel.
Connect the odometer cable to the receptacle on the transducer cable. You can also connect
the odometer cable to the back of the DVL, but you will need an odometer extension cable; this
is not recommended as the cables now need to run a longer distance, near the antennas.
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ST -

*~Receptacle on
JTransducer cable

Secure the cables to the cart using Velcro strips or electrical tape. Complete all transducer
cable connections as described in the section Connecting Transducer Cables (0).

Calibrate the odometer (0) calibration to ensure accurate data images.
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3.4 SmartChariot

The SmartChariot is used to deploy GPR transducers at medium speeds (maximum 25 km/hr or
15 mph) from a tow vehicle. The SmartChariot can only be used with the pulseEKKO 500 or
1000 MHz transducers.

The following image shows a fully assembled SmartChariot system with 500 MHz and GPS.

Hanger Bars

Hanger Kit

500 MHz SmartChariot

3.4.1 Hanger Kits

The transducers are attached to the SmartChariot using the appropriate hanger kit. The hanger
kit is attached to the skid plate assembly. Ensure that the transducers are secure in the skid
plate assembly (2.2.2) before proceeding.

Each hanger bar has six parallel mounting locations to attach the hanger kits to. The hanger kit
for each GPR transducer must be mounted in the correct position on the Hanger Bars for proper
operation of the system:

1. the pulseEKKO 500 hanger kit connects to Hanger Bar Mounts 2 and 5.
2. the pulseEKKO 1000 hanger kit connects to Hanger Bar Mounts 3 and 4.

When the transducers and skid plates are mounted to the SmartChariot, ensure that the
transducer cable connections face the back of the SmartChariot.
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Attach the hangers to the hanger bar using the nuts and bolts provided. Use two 10 mm
wrenches to assemble the hangers (wrenches not provided).

The resulting pictures show the assembled SmartChariot with 500 MHz and 1000 MHz
transducers.

500 MHz 1000 MHz
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3.4.2 Attaching the SmartChariot Handle

Depending on the height of the ball hitch used on the tow vehicle, the SmartChariot Handle
Assembly can be installed in two different positions. Attach the handle assembly to the
SmartChariot so the GPR sensor is as level as possible.

Low Handle Position

riChariot

High Handle Position

Attach the handle to the back of the SmartChariot using the two locking pins:
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3.4.3 Attaching the Ball Hitch Receiver

The Ball Hitch Receiver is shipped detached from the handle assembly.

1. Determine whether to use the handle in high or low position.
2. Find the appropriate side of the handle arm to attach the Ball Hitch Receiver to.
3. Align the two white blocks with the handle arm bolt holes.

4. Place the Ball Hitch Receiver on top, lining up the holes.
5. Insert the bolts, with washers.

6. Tighten the bolts with a 7/16-inch wrench.
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3.4.4 Adjusting the Transducer Height

Once the SmartChariot is attached to the tow vehicle, check that the skid plate assembly is
abovethesurface and doesndt tTypicallp, it shbukel begdrSamutiddnch) above
the ground.

If necessary, adjust the four SmartChariot Height Adjusters to attain the optimal height above
the ground:

1 To change the height, remove the bolts and lock nuts from the bottom of the front or rear
height adjusters

Height
Adjuster

Bolt

Hanger Bar

9 Turn the bottom of the height adjusters clockwise to raise the transducer and counter
clockwise to lower the sensor height.

1 When rotating the height adjusters, remember the number of turns so you can apply the
same number of turns to the other side of the SmartChariot.

1 Reattach all the locknuts. Do not over-tighten the locknuts; the skid plate assembly
should be free to swing forward and backward.

During data collection with the SmartChariot on a flat road, the skid plate assembly should not
come in contact with the ground. It is normal to periodically hear the skid plate briefly scraping
on the ground; typically, when going over curb edges or rough patches of road. However, if
excessive scraping is heard or suspected, inspect the skid plate bottom and, if excessive wear
is seen, adjust the height if necessary. Generally, the height of the SmartChariot only needs to
be adjusted once per tow vehicle.
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3.45 Adding GPS

If an optional Global Positioning System (GPS) unit was shipped with your SmartChariot, attach
it to the threads at the front of the SmartChariot, near the point where the handle attaches to the
frame.

3.4.6 Routing Cables

It is important to route your cables properly to eliminate interference with the GPR signals, as
well as keeping the setup neat and secure.

Transducer Cables

1. Route the cables up the hanger brackets and along the SmartChariot frame on the same
side as the odometer cable. Use Velcro straps provided to secure the cables to the hanger
bracket.

2. Route the cables to the top of the SmartChariot frame and secure with the Velcro straps
provided.

3. Run the cable along the SmartChariot handle and into the towing vehicle.
4. Attach the cables to the back of the DVL in the tow vehicle.

Odometer Cable

1. Route the yellow odometer cable, along with the transducer cables, up the hanger
bracket to the top of the SmartChariot frame. Secure to hanger bracket along with the
transducer cables.

2. Route the cable down the Hanger, where it connects to the odometer receptacle on the
transducer cable.
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Transducer
cables

Odometer
Cable
Connection

GPS Cable
1. Route the GPS cable up to the top of the SmartChariot Handle Assembly.
2. Route the cable along the top of the SmartChariot handle and into the tow vehicle.

Connect all transducer cables as described in the section Connecting Transducer Cables

(0).
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3.4.7 GPR System Parameters

The following table lists suggested GPR parameters based on the maximum SmartChariot
speed of 25 kph (15 mph). These can be set in the System Configuration (0).

Depth (m) 15 0.75
Transducer 500 1000
Stacks 1 1
Trigger Method Odometer
Step Size (cm) 5cm 5cm

3.4.8 Tips for Using the SmartChariot
Step Size

Many pavement structures contain asphalt over concrete which can be difficult to distinguish in
the GPR cross-section. Most concrete is reinforced with metal rebar which can be seen in the
GPR cross-section when the step size is set to a resolution that is small enough to identify
individual pieces of rebar. Set step size to a maximum of 5¢cm to identify this type of pavement
structure.

SmartChariot Odometer Calibration

Although typical SmartCart/SmartTow odometer calibrations are completed on short lines,
SmartChariot odometer calibrations should be completed on 20m long lines.

Zoom (Position)

The SmartChariot can collect GPR data very fast and the data on the DVL screen may scroll too
quickly to view the image in real time. You can change the zoom to increase the total distance
shown on one screen (7.1.5). This causes the screen to scroll more slowly, making the data
image more visible.

Skipped Traces

The system will occasionally skip traces. Typically, only a few traces will be skipped but
thousand s wi I | be col | ec tissde. Fav aniexplanstiomod skippadstracas, | y
see Show Skips under GPR Line Options (5.1.11).
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3.5 TR1000

The TR1000 transducer contains 1000 MHz transmitting and receiving antennas, electronics,
and an odometer wheel, all in one housing. The odometer wheel is spring-loaded so the unit
must be pushed down so it makes good contact with the surface during data acquisition. The
bottom of theTR1000 has a replaceable wear pad.

Trigger
button

s,

TR1000 Cable:
Receptacle
(underneath)

Line
Centering
Arrows

Line Start/Stop
Arrows

Front Handle
Mounting Holes

Odometer
Wheel Rear Handle

Mounting Holes

The trigger button on the TR1000 can serve three functions in collection mode:

1) When the Trigger Method is set to Odometer (Section 6.2.3) pressing the trigger
button will start and stop data acquisition.

2) When the Trigger Method is set to Free Run (Section 6.2.3 ), pressing the trigger
button will add a flag.

3) When the Trigger Method is set to Manual (Section 6.2.3), the button can be
pressed to collect one trace of data.

3.5.1 TR1000 Handle

The TR1000 comes with an optional handle, which allows the operator to stand up during
collection on floors or extend their reach when scanning walls or overhead spaces.

The long handle consists of 3 threaded pieces screwed together by hand. A shorter handle can
be made by leaving out the middle piece.
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e ——
T —
To connect the handle to the Sensor Head, slightly retract the 2 spring-loaded knobs on the end

of the handle forks, align with the two holes at the back of the Sensor Head and release them to
lock into position. Ensure that the cable remains below the handle to avoid stressing it.

There is an additional set of handle mounting holes at the front of the TR1000 which can be
used when scanning a vertical surface or in confined spaces when it is preferable to pull the
TR1000 towards the user rather than pushing it.
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An assembled TR1000 with handle is shown below. When using the handle, a harness is
typically used to support the DVL in front of the operator Section 3.7.2.
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3.6 Connecting Cables

It is recommended to only connect cables after the entire system is assembled and powered off.

3.6.1 Cables

There are several types of cables available to pulseEKKO users: fibre optic, transducer, power,
GPS and odometer cables. These cables are available in different lengths, depending on the
type of survey you are doing.

3.6.2 Connecting Fibre Optic Cables

pulseEKKO systems use two dual fibre optic cables with the low frequency transmitter and
receiver.

Fibre optic cables typically come in the following lengths:

1 5 meter cables are standard for the Bistatic (3.1) system.
1 2.5 meter cables are used with the SmartCart Assembly (3.2).

20 meter cables are used with the 12.5, 25 and 50 MHz antennas or for all antenna
frequencies when collecting low frequency Common Mid-Point (CMP) (6.2.1), Wide Area
Reflection and Refraction (WARR) (6.2.1) or Transillumination survey data (6.2.1).
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The Care and Maintenance section describes how to care for Fibre Optics Cables (13.2), and
repair them if necessary (see_Fibre Optics Cable Repair, 13.2.2).

The connections will be slightly different depending on which receiver is being used: the PRO
receiver (Model 1600) or the Ultra receiver (Model 3200).

Receiver i Model 1600

The black and gray strain reliefs on the end of the cable plug into the same colored fibre optic
receptacles on the top of the transmitter and receiver. The other end of the cable connects to
either receptacle on the back of the DVL.

pulseEKKO

pulseEKKO PRO

Model 1600 > Transmitter

Receiver

Transmitter/Receiver
end with Strain relief

Connection to
fibre -optic

receptacle  on /
back of DVL \
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To connect the pulseEKKO cables:

1. Plug the dual fibre optics cable into the transmitter. Make sure the color on the strain
relief jacket matches the color of the receptacle door: black to black and grey to grey.

—

2. Install the fibre optic connection by pushing gently until the connection clicks into place.

Attach the other end of the fibre optic cable to the fibre optic converter on the back of the DVL.
The fibre optic connection is keyed and will only attach properly in one orientation. Make the
same connections for the other cable.
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Ultra Receiver (Model 3200)

The fibre optic cable connections for the Ultra (Model 3200) Receiver are different. The Ultra
Receiver employs a serial connection running from the DVL to the Ultra Receiver and then from

the Ultra Receiver to the transmitter.

Back of
DVL

— \
Fibre

/ Optic N\
cable 1 Receiver end

DVL end

puiseEKKO

Receiver  Transmitter
end end

pulseEKKO PRO

Ultra Receiver » Transmitter

As a result, there are two different cables used.

Receiver end
with  Strain

relief
Connection
\ to fibre optic
converter on
back of DVL

1. Using the cable 1 shown above, connect the receiver end to the ports labelled DVL on
the receiver, by pushing gently until the connection clicks into place. Make sure the color
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on the strain relief jacket matches the color of the receptacle door: black to black and
grey to grey.

l pulseEKKO ‘

Fibre Optic
Cable 1
connections

2. Attach the other end of the fibre optic cable to the fibre optic converter on the back of the
DVL. The fibre optic connection is keyed and will only attach properly in one orientation.
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3. The next connection uses a special dual fibre optic cable 2, where both ends are
identical.

4. Connect one end of the cable to the ports labelled Tx on the Receiver.

l pulseEKKO ‘

Fibre Optic
Cable 2
connections

[
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5. Gently push the Fibre Optic cable end until the connection clicks into place. Make sure
the color on the strain relief jacket matches the color of the receptacle door: black to
black and grey to grey

B » \

6. Connect the other end to the transmitter, again matching black to black and grey to grey.

You can use an older pulseEKKO 100 transmitter with the pulseEKKO PRO and Ultra Receivers
(see Transmitters,6.1.6).

Note: If you are using a pulseEKKO 100 transmitter, do not connect the fibre optic
Output connection on the transmitter.
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3.6.3 Connecting Transducer Cables

Transducer cables connect the transducers to the DVL and are available in 2, 3, 10, and 30
meter lengths.

Connect the female end of each transducer cable to the transducers. Secure the connection
with the latch.

Connect the male end of the transducer cables from the transmitting and receiving transducers
to the back of the DVL. The electronics recognize which device is connected to which
receptacle. Secure the cable attachments with latches.
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3.6.4 Connecting Cables with an Odometer Receptacle

Some configurations, such as SmartTow and SmartChariot are supplied with transducer cables
that support odometer input. Attach an odometer cable to the receptacle at the transducer end
of the odometer transducer cable.

Odometer Receptacle

3.6.5 Connecting Cables with a TR1000

The TR1000 uses a single cable connected from the back of the DVL to the sensor head.
However, a special adapter cable (shown below) is first required to connect the two transducer
cable receptacles together on the back of the DVL.

The TR1000 cable is available in variable lengths. Connect the male end of the TR1000 cable to
the adapter cable. The view below shows the back of the DVL, once all connections are made.

56



Assembling Full Configurations

The female end of that cable can connect to the receptacle on the sensor head. When
disconnecting the TR1000 cable from the TR1000 or the Adapter Cable, it is hecessary to
squeeze the connector release tabs on either side of the connector.

//
.— TR1000 Cable
Receptacle
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3.7 Accessories

The following accessories can be connected to the pulseEKKO system:

1 Triggers
1 Harness
T GPS

These are explained in detail below:

3.7.1 Triggers

A trigger is used to fire, or pulse, the GPR transmitter to collect a trace of data. There are
several ways to trigger the GPR system to collect a data trace; these include Odometer,
Manual/Button and Free Run. These options are set in Trigger Method (6.2.3)

If the system has an odometer wheel, such as the SmartCart, SmartTow, SmartChariot or
TR1000 configurations, that is usually the preferred triggering device. However, for bistatic
operation or other special cases, there is an option to use a Bluetooth trigger button. A picture
of two example Bluetooth triggers are shown below. Details on configuring and pairing this
device is explained in Section 5.1.7. Contact sensoft_customerservice@spx.com for information
on compatible Bluetooth devices.

Once the bluetooth is paired and working, simply press the button on the device to trigger data
collection.
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3.7.2 Harness

The Harness is a convenient option for mounting the DVL when acquiring data using the
SmartTow and SmartHandle configurations:

b ST PN L

The DVL will connect to a mounting platform, which will then connect to the harness. The
viewing angle of the DVL can be adjusted to suit the user.
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3.7.3 GPS

Most GPS receivers with a standard thread can be screwed onto the top of the GPS mount (5/8-
11 UNC-1A thread). Connect one end of the GPS cable to the GPS receiver, and the other end
to the serial port on the back of the DVL.

This single cable powers the GPS (if this option is turned on in the GPS menu) and receives
data from it. Ensure that the DVL is powered down when connecting or disconnecting the GPS
cable.

NOTE: Since the serial port of the DVL outputs power (current=1A, voltage=12V), be very
careful if connecting other GPS units to the serial port. Verify the pins on the drawing below.

5/Ground |2 RX (in)
Power and Signal @ TX (Out)

——[4] Accessory Power

Provides a switched, and current-limited
positive(+) feed from the system battery.

Care should be taken to ensure that
the accessory can handle the supplied

A power, and that it does not feed power
back into the GPR system.

You can enable or disable power to the serial port, see Section 5.2.5.
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If you have purchased a GPS from Sensors & Software, it is pre-configured to communicate
with the DVL, and no further changes are required. Should some of the settings change, the
default settings are as follows:

A
A

Baud Rate = 19200
Saved Strings = CGA only

To connect and utilize a 3rd party GPS with the DVL, it must meet the following criteria:

A

A
A
A

o

Able to communicate over RS232 with a standard 9-pin serial output cable
Output a NMEA GGA string in ASCII format, at a rate no faster than 20 Hz
Support a baud rate of between 4800 and 115200

If it cannot safely accept power via the serial port (as shown below), it must have
its own battery or way of receiving power.

GPS must not expect any handshaking from the DVL
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4. Getting Started

4.1 Powering up the Low Frequency Transmitter and
Receiver

Once all connections are made between the DVL and the antennas/transducers, odometer and
accessories, turn the transmitter and receiver on by pressing the On/Off button on the top of the
units (Figure 4-1).

Figure 4-1: Turning on the Transmitter

1 The red Power LED on the top of the unit will flash five times and then stay on to indicate
the unit is ready for operation.

T I'f the unit doesndét turn on, check that the trar
and installed correctly. See Section 2.1.3 for details.

Note: If you are not collecting data for more than 15 minutes, turn the transmitter and
receiver off to increase the life of the batteries.
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4.2 Powering up the DVL

Note: If you are using Low Frequency antennas, it is recommended to power on the
Transmitter and Receiver prior to turning on the DVL.

Make sure the power cable is plugged into the back of the DVL (Figure 4-2).

Figure 4-2: Connecting power cable into back of DVL

Connect the other end of the cable to a 12-volt power source; typically, this is either the large
battery or the belt battery, pictured in Figure 4-3.

Power cable
receptacle

Figure 4-3: Belt battery (left) and Large battery (right).

Connect the round four-pin power cable to the receptacle on the side of the battery (Figure 4-4).
When the battery is first plugged in, the LED light turns green for 5 seconds then turns off.
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. Power cable
Figure 4-4: Connecting to belt battery

To start the system, press the red power button on the DVL (Figure 4-5). The LED on the front
panel will light up red.

System Configuration: Sys Config 1
LED light

System Configuration

Power
button

Figure 4-5: Buttons pressed when turning on DVL

Once boot up is complete, the color of the LED will indicate the amount of battery power
remaining:

T 20% to 100% = green

1 10% to 20% = orange

1 0% to 10% =red

The first time you turn on the DVL, you will see a Start-Up Wizard. A series of screen prompts
will allow you to setup the language, units, date & time, and additional options. You will need to
enter these settings again anytime you update the embedded software (Section 13.6). Every
subsequent time the system boots up, you will see the main screen (Figure 4-6).

If the system boots up, but no antennas or transducer is connected, you will see the warning
message in Figure 4-7.
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Figure 4-6: Main screen after bootup

Figure 4-7: Warning message that no antenna or transducer is connected

4.3 Interacting with the DVL

Data collection is controlled by the DVL Display. The DVL can set survey parameters and collect,
display and store data. It offers touch screen operation, as well as a keypad with a number of
buttons that can be pressed to perform various tasks. Most operations can be done using either
the touch screen or the keypad.
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