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Thisinstallation guide covers all models of the Novariant, TX100 Terralite, sold under FCC ID TMN-TX100. All transceiver
models sold under FCC ID TMN-TX100 must be installed professionally on a fixed base. The device must be installed to
provide a separation distance of at least 30 cm from all persons, and must not be collocated or operating in conjunction with
any other antenna or transmitter. The power line of this device may not be modified; the connector must remain as part of the
installation and may not be removed for hard-wiring purposes. This device transmits on two separate frequencies: 915 MHz
spread spectrum and 9.752 GHz spread spectrum.

FCC Notification

This device complies with part 15 of the FCC rules. Operation is subject to the following two conditions: 1) This device may
not cause harmful interference and 2) this device must accept any interference received, including interference that may cause
undesired operation.

This device must be operated as supplied by Novariant, Inc. Any changes or modifications made to the device without the
express written approval of Novariant, Inc. may void the user’s authority to operate the device.

This device complies with part 90 of the FCC rules.
This device meets RF exposure rules described under parts 1.1307, 1.1310 and 2.1091 of the FCC Rules.

A\ CAUTION

This device has a maximum transmitted output power of
955 mW (915 MHz) and 632 mW (9.752 GHz). It is
required that the transmit antennas be kept at least 30 cm

away from nearby persons to satisfy FCC RF exposure
requirements.

Note: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part
15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful interferences when the
equipment is operated in a commercial environment. This equipment generates, uses and can radiate radio frequency
energy and, if not installed and used in accordance with the instruction manual, may cause harmful interference to radio
communications. Operation of this equipment in aresidential areaislikely to cause harmful interference in which case the
user will be required to correct the interference at his own expense.

Prior to operating these transmitters, users are legally required to obtain frequency licenses, as required by the country-of-use.
Please contact your local communications governing agency for the transmitter licensing requirements.
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Safety Precautions

Observe the following general safety precautions during all phases of operation of thisinstrument. Failure to comply
with these precautions or with specific warnings el sewherein thismanual violates safety standards of intended use of
the instrument and may impair the protection provided by the equipment. Novariant, Inc. assures no liability for the
customer’s failure to comply with these requirements.

This Safety Precautions chapter includes the following sections:

Alert Satements

Symbols Found on the Unit
Safety Procedures and Precautions

Alert Statements

Table 1-1 Alert Statements

Warning, Caution and Note Definitions

Alert

Notice

Service By Qualified Personnel Only

Operating personnel must not attempt component
replacement and internal adjustments. Only qualified
service personnel may perform any service.

Danger Arising From Loss Of Ground

Upon loss of the protective-ground connection, al
accessible conductive parts (including knobs and
controls that may appear to be insulating) can render an
electrical shock.

Ground And Use Proper Electrical Fittings

Dangerous voltages are contained within this
instrument. All electrical fittings and cables must be of
the type specified, and in good condition. All electrical
fittings must be properly connected.

Use The Proper Power Cord

Use only a power cord that isin good condition and
which meets the input power requirements specified in
the manual.

Use The Proper Power Source

This product isintended to operate from a power source
that does not apply more voltage between the supply
conductors, or between either of the supply conductors
and ground, than that specified in the manual .

Use The Proper Fuse

Use only afuse of the correct type, voltage rating, and
current rating, as specified for your product.
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Alert Statements

Alert

Notice

Do Not Operate In An Explosive Environment

To avoid explosion, do not operate this product in an
explosive environment unless it has been specifically
certified for such operation.

Therma Hazard

Do not cover the unit to avoid overheating. Store the unit
in aroom below 30° C/ 86°F.
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Warning, Caution and Note Definitions

Warning, Caution and Note Definitions

Table 1-2  Warning Statement Definition

Warning indicates a hazard. It calls attention to a procedure,
practice or condition which could result in injury to
personnel. The icon shown in the left column displays the
specific warning concern, in this case, electric shock.

Table 1-3 Caution Statement Definition

A CAUTION

Caution Indicates a potentially hazardous situation which
may result in minor or moderate injury. It may also be used
to alert against unsafe practices. The icon shown in the left
column displays the specific caution concern, in this case, a
hot surface.

Note: The Note statement indicates important information. It calls attention to an operating procedure or practice

which may enhance user interaction with the product. Notes may also be used to prevent information loss or
damage to the product.
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Symbols Found on the Unit

Symbols Found on the Unit

Table 1-4 defines the symbols that may be found on the unit.

Table 1-4  Safety Alert Symbol Definitions

Definition of Symbols Found on the Unit

o L =

On (Supply) Off (Supply) Earth Ground Direct Current
IEC 60417, No. 5007  IEC 60417 No.5008 IEC 60417, No. 5017  IEC 60417, No. 5031

~ AN A A

Alternating Current Caution, refer to Caution, risk of Caution, hot surface

IEC 60417, No. 5032 accompanying electric shock IEC 60417. No. 5041
documents 1SO 3864, No. B.3.6 '
1SO 3864, No. B.3.1
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Safety Procedures and Precautions

Safety Procedures and Precautions

The following general safety precautions must be observed during all phases of operation of this instrument. Failure
to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards of
intended use of the instrument and may impair the protection provided by the equipment. Novariant, Inc. assumes no
liability for the customer’s failure to comply with these requirements.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Do not install substitute parts or perform any unauthorized modification to the instrument. Return the
instrument to an Novariant Calibration and Service Center for service and repair to ensure that all safety
features are maintained.

SERVICE BY QUALIFIED PERSONNEL ONLY

Operating personnel must not remove instrument covers. Component replacement and internal adjustments
must be made by qualified service personnel only.

GROUND AND USE PROPER ELECTRICAL FITTINGS

Dangerous voltages are contained within thisinstrument. All electrical fittings and cables must be of the
type specified, and in good condition. All electrical fittings must be properly connected and grounded.

USE THE PROPER POWER SOURCE

This product isintended to operate from a power source that does not apply more voltage between the
supply conductors, or between either of the supply conductors and ground, than that specified in the
manual.

USE THE PROPER FUSE
Use only afuse of the correct type, voltage rating, and current rating, as specified for your product.
DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an explosive environment unlessit has been specifically
certified for such operation.

HIGH VOLTAGE DANGER
High voltageis present in the cable, and in the sensor when the controller is turned on.
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Introduction

This TX100 Terralite and 1 X100 Reference Sation Infrastructure Installation Manual Introduction chapter
contains the following sections:

TX100 Terralite and 1 X100 Reference Sation Infrastructure Installation Manual Scope
Document Outline

Document Conventions

Novariant Contact I nformation

Related Sources of Information

Revision History

TX100 Terralite and 1X100 Reference Station Infrastructure
Installation Manual Scope

Thissection providesadescription of the TX100 Terraliteand 1 X100 Reference Station I nfrastructurelnstallation
manual scope. ThisTX100 Terraliteand 1 X100 Reference Sation I nfrastructureInstallation manual providesthe
information and procedures you need to perform the following tasks:

Unpack and examine the TX100 Terralite and 1 X100 Reference Station components.
Install the TX100 Terralite and X100 Reference Station components.

Configure the I X100 Reference Station components to communicate within your GPS environment.
Verify the GPS positional accuracy.

A w0 b e

Introduction 7



Document Outline

Document Outline

This TX100 Terralite and 1 X100 Reference Station Infrastructure Installation manual contains the following sections:

Table 2-1
Structure

TX100 Terralite and IX100 Reference Station Infrastructure Installation Manual Document

Section

Description

Safety Precautions

Defines the safety issues associated with the TX100
Terralite and 1X100 Reference Station components.

Introduction

Defines the purpose of the TX100 Terralite and X100
Reference Station Installation manual application and its
general functions.

Getting Started

Defines the procedure for initiating the deployment of
the TX100 Terralite and 1X100 Reference Station
components.

System Overview

Provides descriptions of theinfrastructure and individual
components that comprise the Novariant GPS mining
solution.

System Specifications

Provides the system requirements for TX100 Terralite
and 1X100 Reference Station integration.

System Components

Describes the individual components within the system
and the options.

TX100 Terralite and 1X100 Reference
Station Placement

Provides descriptions of the principles applied in the
process of choosing the appropriate location for TX100
Terralite and 1X100 Reference Station components
within the mine environment.

Diagnostics and Maintenance

Provides descriptions of the utilities and methodol ogies
available for analyzing the functional operation of the
TX100 Terralite and 1X100 Reference Station
infrastructure and for performing routine and preventive
System component maintenance.

Installation

Defines the procedure for initiating the integration and
deployment of the TX100 Terralite and 1X100
Reference Station components.

Troubleshooting

Provides procedures for isolating system failures.

IX100 Reference Station Configuration
Software GUI Description

Provides descriptions of the windows, components,
drop-down menus and fields within the 1 X100
configuration software.

TX100 Terralite Transmitter
Configuration Software GUI
Description

Provides descriptions of the windows, components,
drop-down menus and fields within the TX100
configuration software.

Glossary of Terms

Provides descriptions of the various terms used
throughout the documentation.
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Document Conventions

Document Conventions

This section describes the conventions and notation styles used in this document.

Table 2-2

Document Conventions

Text or lcon in Document

Purpose in Document

Bold Type with Initial
Capital Letters

Command names, dialog box titles, checkbox options, buttons and
dialog box options are shown in bold, initial capital |etters.
Example: Track Changes function.

bold type

Document names, directory names, project names, disk drive
names, filenames, filename extensions, file directory paths,
application names and software utility names are shown in bold
font type. Examples. Software Configuration, \print directory,
D: drive, tutorial.pdf file.

Italic Type with Initial Capital
Letters

Cross references and procedural steps are shown initalic type with
initial capital letters. Example: Figure 10-3.

Italic type

Parameters and variables are shown initalic type.
Examples: Tzcriticalv n+5.

Variable names are enclosed in angle brackets (< >) and shown in
italic type.

Example: <file name>, <project name>.pdf file.

Initial Capital Letters

Keyboard keys and menu names are shown with initial capital
letters. Examples: Esc key, the Format menu.

“Subsection Title”

References to sections within a document and titles of on-line
topics are shown in quotation marks. Example: “ Configuration.”

Courier type

Signal and port names are shown in lowercase Courier type.
Examples: datalo,

tdi, input.

Anything that must be typed exactly asit appearsis shown in
Courier type. For example:
c:\gdesigns\tutorial\chiptrip.gdf.

Also, sections of an actual file, such asaArchive File, references
to parts of files (example, the keyword SUBROUTINE), aswell as
logic function names (example, VECT) are shown in Courier.

1., 2., 3., and/or Numbered steps are used to list items when the sequence of the
a. b. c. etc. itemsis significant, such as procedure steps.
° Bullets are used to list items when the sequence of the itemsis not

significant.

WARNING Warning indicates a hazard. It calls attention to a procedure,
practice or condition which could result in injury to personnel.

CAUTION Caution indicates a potentially hazardous situation which may
result in minor or moderate injury. It may also be used to alert
against unsafe practices.

Note: The Note paragraph tag identifies information requiring specid

attention.
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Novariant Contact Information

Novariant Contact Information

This section provides contact information for Novariant customer support organizations.
Table 2-3  Novariant Contact Information

Communication Type Contact Information
Technical Support Tel: 1-602-324-3542 (US)

Tel: 1-602-324-3542 (worldwide)
Non-Technical Customer Service Tel: 1-650-644-1400 (US)

Tel: 1-650-644-1400 (worldwide)

Product Literature Www.novariant.com
Download Site (FTP) Www.hovariant.com
Documentation Feedback documentation@novariant.com

Related Sources of Information

This section provides links to additional information.
Table 2-4  Related Information Sources

Information Location
To Be Provided Tel: 1-650-644-1400 (US)
Tel: 1-650-644-1400 (worldwide)

Revision History

This section provides the revision history of this document.
Table 2-5  TX100 Terralite and IX100 Reference Station Infrastructure Installation Manual Revision History

Version Date
Version 0.8 (Alpha) 01/19/06
Version 0.9 (Beta) 03/06/06
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Getting Started

This Getting Started chapter provides general instructions for initiating the process of implementing and integrating
the TX 100 Terralite and 1X100 Reference Station components into your GPS deployment.

The information for this Getting Started chapter is contained in the following sections:

What'’s in the Box

AX100 Antenna — (170-0003-01)

MX100 Receiver — (170-0001-01)

I X100 Reference Sation — (170-0006-01)
TX100 Terralite Transmitter — (170-0007-01)
RTK Antenna — (170-0002-01)

Mount — (170-0004-01)

TX100 Sand — (500-0175-01)

X100 Sand

Solar Power — (Optional) (optional)
External Diagnostic Radio

High-Level Setup Process

This section defines what you should expect to find in the shipping boxes sent with your TX100 Terralite and 1 X100
Reference Station components. This section also provides a high-level overview of the initial setup steps.

What's in the Box

Depending upon your specific mine requirements, there may be multiple shipping boxes for each of the various
components necessary for your installation. Therefore, the total number of boxes in your shipment will depend upon
the number of TX 100 Terralite transmitters and mobile M X100 receivers.

AX100 Antenna — (170-0003-01)

MX100 Receiver — (170-0001-01)

I X100 Reference Sation — (170-0006-01)
TX100 Terralite Transmitter — (170-0007-01)
RTK Antenna — (170-0002-01)

Mount — (170-0004-01)

TX100 Sand — (500-0175-01)

X100 Sand

Solar Power — (Optional)

External Diagnostic Radio

AX100 Antenna - (170-0003-01)

1.

AX100 antenna
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What's in the Box

MX100 Receiver — (170-0001-01)

© ® N o g kM wDdhPE

MX100 Receiver

Receiver Harness (201-0256-01)

RF whip antenna (500-0090-01)

Ethernet Cable (201-0265-01)

Serial Adapter Cable (201-0257-01)

USB Adapter Cable (201-0260-01)

Power Cable, 3 foot (201-0263-04)

Lexmark 512Mb Jump Drive, Secure

CD Disk, MX100 Receiver Manual — (602-0079-01)

IX100 Reference Station — (170-0006-01)

© ® N o g kM wbdhpE

e
=

I X100 Reference Station

Receiver Harness (201-0256-01)

RF Patch cable, 10 ft. (201-0167-03) (qty. 3)
DC Block (130-0045-01)

RF whip antenna (500-0090-01)

Ethernet Cable (201-0265-01)

Serial Adapter Cable (201-0257-01)

USB Adapter Cable (201-0260-01)

Power Cable, 3 foot (201-0263-02)

. Lexmark 512Mb Jump Drive, Secure
. CD Disk, Terralite Infrastructure Manual (602-0077-01)

TX100 Terralite Transmitter - (170-0007-01)

© N o g s w0 E

TX100 Terrdite

Terralite Harness (201-0258-01) (pre-attached)

Ethernet Cable (201-0265-01) (pre-attached)

Serial Adapter Cable (201-0257-01)

USB Adapter Cable (201-0260-01)

Power Cable, 25 foot (201-0263-02)

Lexmark 512Mb Jump Drive

CD Disk, Terralite Infrastructure Manual (602-0077-01)
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What's in the Box

RTK Antenna - (170-0002-01)

RTK Phantom Antenna (500-0058-03)

RTK Phantom Antenna Bracket

RTK Phantom Antenna Cable, 50ft (201-0011-02)
Self Drill & Tap bolts (qty. 4)

Hose Clamp, 3" (qty. 2)

o~ 0N PR

Mount - (170-0004-01)

Note: A Mount Kit Shipping box is included in your shipment for each MX100 receiver and AX100 antenna.
Most customer orders include multiple Mount Kit Shipping boxes.

Vibration Plate (203-0195-01)
Vibration Mounts (202-0211-01) (qty. 4)
10 — 32x 0.75" PH PHIL 18-8 SS
1/4— 20 x 4.50" Hex Bolt Grade 8 (qty. 4)
1/4 — 20 x 3.25" Hex Bolt Grade 8 (qty. 4)
1/4 — 20 x 1.00" Hex Bolt Grade 8 (qty. 4)
1/4 — 20 Hex Nut Grade 8 Nylock (qty. 8)
1/4 — Washer 18-8 SS(qty. 12)
1/4 — Fender Washer 1.25" OD ZP (qty. 8)
. 3/8 — 16 2.00" Hex Bolt Grade 8 (qty. 4)
. 3/8 — 16 Hex Nut Grade 8 Nylock (qty. 4)
. 3/8 — Washer 18-8 SS (qty. 4)
. 3/8 — Fender Washer 1.25" OD ZP (qty. 8)
3/8-1/4 — Reducer Sleeve AL (qty. 4)

© ® N o gk wbdhpE
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TX100 Stand - (500-0175-01)

1. Terrdite Stand (500-0175-01)
2. Terralite Stand extension (fabricated on site by client)
3. Terralite Stand extension sleeve (fabricated on site by client)
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What's in the Box

IX100 Stand

© ® N o g kM wDdhPE
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Tripod (500-0222-01)(2 boxes)

Mounting Plate (vibration plate) (203-0195-01)
4 —Bolt, Y20 x 4%%"

4 —Nut, %220

8 — Washer, ¥4

4 — Stand-offs

Mailbox

Mailbox mounting bracket

2 —Bolt, ¥+20 x 1%

. 2—Washer, ¥4'
. 2—Nut, Keps, ¥+20
. Mounting diagram

Solar Power - (Optional)

N o o s~ wbdPR

Solar Panel(s)

Fiberglass enclosure

Power Controller

12V DC High Capacity Solar Gel Cells (qty. 2)

Power Cable, 25' (201-0263-02)

Solar Panel Stand (fabricated on site by client)

Field assembly and wiring (fabricated on site by client)
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High-Level Setup Process

External Diagnostic Radio

© ® N o g kM wDdhPE
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External Radio Modem (200-0309-01)

RF whip antenna (500-0090-01)

Diagnostic Radio Harness (201-0264-01)

Power Splitter Cable

RTK Phantom Antenna (500-0058-03)

RTK Phantom Antenna Bracket

RTK Phantom Antenna Cable, 50ft (201-0011-02)
Vibration Plate (203-0195-01)

Vibration Mounts (202-0211-01) (qty. 4)

. Bolt, 10-32 x ¥2" Pan Head, Phillips (qty. 4)
. Bolt, 3/8-16 x 2¥2" Hex (qty. 4)

. Nut, 3/8-16 (qty. 4)

. Washer, fender, 3/8 (qty. 4)

Washer, 3/8 (qty. 4)

. Radio Modem Bracket (202-0154-01)
. Self drill & tap screws for Radio Modem Bracket

High-Level Setup Process

© ® N gk owDdPR

L e e
A w N P O

Unpack and examine the contents of the boxes.

Verify the delivered components match the shipping invoice.

Perform bench configuration and verification.

Install the mount structures in the selected locations.

Install the I X100 Reference Station Monitor.

Verify the X100 Reference Station operation.

Install a TX100 Terralite transmitter.

Verify the connected TX 100 Terralite transmitter.

Repeat Step 7. and Step 8. for the remaining TX100 Terralite transmitters.

. Install an M X100 Receiver and an AX 100 antenna on a machine.

. Verify the operation of the installed M X100 Receiver.

. Repeat Step 10. and Step 11. for the remaining MX 100 Receivers and AX 100 antennas.
. Allow sufficient time for the receiver to self-calibrate.

Verify the GPS positional accuracy of the system.
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High-Level Setup Process
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System Overview

This System Overview chapter provides descriptions of the infrastructure and individual components that comprise
the Novariant GPS mining solution.

This System Overview chapter contains the following sections:

® TX100 Terralites
® | X100 Reference Sation Monitor
® MX100 Receivers

Open pit mining is used for copper-ore production, diamonds, and even gravel. Large circular depressions, about
500-1500 feet deep, are cut progressively deeper, and smaller diameter, as the mine matures, and the material isbeing
excavated. The goals of amodern mine operator are to extract ore efficiently and safely with minimal damage to the
environment and waste. Use of technology-based positioning in the mineis key to achieving these goals. A conical
“hole” or “pit” ismade in the ground, with distinctive “benches’ and “highwalls.” In the first stages of the mine,
regular GPS coverage is achieved, because the visibility of the sky is unrestricted. As the mine gets deeper, the sky
visibility (and view of available satellites) is restricted, and areas of no GPS coverage begin to show up in the mine.
This undermines the safety and efficiency of the mine, which relies on logistical tracking of their equipment.
Novariant's Terralite XPS system has been designed to supplement the existing GPS coverage and fill in the areas of
no coverage. Figure 4-1 and Figure 4-2 show an overview of the Terralite Infrastructure and the signals utilized within
the Terralite infrastructure.

The Novariant Terralite XPS system consists of a minimum of 6 TX 100 Terralites positioned around the rim of the
mine, an I X100 Reference Station and an unlimited number of M X100 Receivers, mounted on mobile pieces of mine
equipment, such as shovels or drills. MX100 Receivers combine the signals from TX100 Terralite transmitter units
with GPS satellite signals to provide robust positioning in areas where the view of the GPS satellitesis limited or
obscured.

System Overview 17




Figure 4-1 Terralite Infrastructure Overview
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TX100 Terralites

Figure 4-2 Terralite Infrastructure Signals

GPS satellite

Terralite

—  GPS Satellite L1 Signal —* Reference Cormrection Comm Link
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TX100 Terralites

The Terralites are the heart of the system - they transmit a proprietary XPS signal into the mine pit, which allows
mobile receivers on mine equipment, to determine their location.

Each of the 6 Terralites are positioned around the rim of the pit to provide an unobstructed view of the sky aswell as
to have an unobstructed view into operational areas of the pit. Each Terraliteistotally independent and self-sufficient,
without any connectionsto the mineinfrastructure. A 12 VDC battery bank provides the necessary power. The battery
is charged by a solar array positioned nearby. The solar cell, controller and batteries are all part of acommercially
available system, and can be provided by the customer or Novariant. The TX 100 Terralite units can be powered by any
12 VDC source.

Each Terralite transmits the (9.75Ghz) XPS signal into the mine through a single antenna, located on the front of the
unit. The XPS signal is used by the M X100 Receiver units to provide positioning in the absence of GPS satellite
signals.

Thelast RF component of the Terralite isa 2 way RF Data Link, operating in the 900 MHz unlicensed band. In its
current implementation, the radio link isinternal to the Terralite. The Data Link is an internal radio providing the
connectivity between the TX100 Terralite units and the 1 X100 Reference Station enabling integrity monitoring of the
TX100 Terralite signal.

System Overview 19



IX100 Reference Station Monitor

IX100 Reference Station Monitor

The 1X100 Reference Station acts as a GPS reference station for all the M X100 receiver units within the mine. The
I X100 Reference Station also acts as an integrity monitor for the TX100 Terralite signals.

The 1X100 Reference Station requires 12 VDC to operate.

The Reference Station isequipped withan L1/L2 (1575.42/1227.6 MHz) antenna, which receives GPS signals. During
the set-up, installation and commissioning, a surveyed set of WGS-84 coordinates location are downloaded into the
I X100 Reference Station. By comparing the known location against the GPS location, the Reference Station can
calculate the GPS errors (up to 30 meters) due to atmospheric disturbance and other factors and share the information
with the Rover units. thisinformation is used by the M X100 receiver units in conjunction with 1 X100 Reference
Station’s observed GPS signals to generate RTK positions.

Co-located with the L1/L 2 antennathere is an XPS receiving antenna. It receives on 9.75 GHz. The AX100 antenna
isalso used by the I X100 Reference Station to receive the XPS signals from the TX 100 Terralite units. The Reference
Station receives these XPS signals from all of the TX100 Terralites, and compares them against the known,
pre-programmed position, and checks for any errors.

Thereisa2-way RF Data Link (900 MHZz) associated with the TX100 Terralite XPS system. It'san identical piece of
equipment to that in a Terralite. Theinternal radio communicates GPS measurements and other information necessary
for the M X100 receivers precise positioning.

MX100 Receivers

The M X100 Receiver is the hardware component which mounts on the maobile mine equipment. It receives GPS and
XPS data simultaneously on an AX100 antenna and generates a position output consistent with the signals received.
The MX100 Receiver displays location of the mobile unit in one of three modes, a GPS location, an XPS location, or
ahybrid location. The hybrid location is cal culated when not enough satellites nor Terralites are visible to calculate a
location solution using only one set of signals. This position is output to the on-board machine application as outlined
in the Third Party Interface documentation.
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System Specifications

This System Specifications chapter provides definitions for various components and interfaces. The information for

this System Specifications chapter is contained in the following sections.

®  Power Requirements
® TX100 Terralite Transmitter
® MX100 Receiver
® |X100 Reference Sation
Environmental Tolerances
Calculation of FCC Exposure Limits
Configuration PC Requirements

Power Requirements

The power regquirements for the TX100 Terralite infrastructure components are listed in the following sections:

® TX100 Terralite Transmitter
MX100 Receiver
® | X100 Reference Sation

TX100 Terralite Transmitter
Power
12VDC @ 3.0A

MX100 Receiver
Power
12VDC @ 2.5A

IX100 Reference Station
Power
12VDC @ 2.5A
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Environmental Tolerances

Environmental Tolerances

Temperature

Operating -20° C to +60° C

Storage -30° C to +80° C
Humidity

Humidity 100% condensing
Sealing

Dustproof, fully sealed enclosure

Calculation of FCC Exposure Limits

Novariant TX100 Terralite Transmitter contains two transmitting antennas, and two transmitters. Oneis designed and
built by Novariant, used for positioning, and the second one is purchased as an off-the-shelf component for receiving
and transmitting differential updates. The off-the-shelf transmitter (radio modem) is built into our device and carries
FCC ID: KNY-6231812519.

This section contains RF exposure calculations for both the Novariant transmitter, and the radio modem as supplied
by the manufacturer. Please note that the calculations for the KNY-6231812519 device use 20 cm distance, and use
mobile device category limits. Novariant is only reprinting this information as provided by the manufacturer. The
TX100 Terralite transmitter device calculations are done with a 30 cm distance (minimum user separation) and are
performed using maobile device category limits as well, even though the TX100 deviceis categorized as a fixed
transmitter. The cal culations and compliance are valid, since the mobile device category limits are more stringent then
fixed device category limits.

TX100 Terralite™ Transmitter Specifications:

Transmit power 632 mW
Antenna Gain 12.6 dBic
® Duty Cycle (DC) 12.5%

Limitsfrom Table 1 of 47 CFR 1.1310:

®  Power Density 5 mW/cm?
®  Averaging Time 6 minutes

Calculation:

The peak power density is:
Spx =P * Gt/(4nR?) = 632 mW*18.2/(4*1*(30.48 cm)?) = 0.985 mW/cm?

The average power density in 6 minutesis:
Savg = Spk* DC = 0.123 mW/cm?

Predicted power density at 30 cm is 0.123 mW/cm? which is below the FCC limit of 5 mW/cm? for Occupational /
Controlled Exposures (B).

KNY-6231812519 Device (reprinted from manufacturer’s manual)

® 955mW - Maximum peak output power at antennainput terminal.
20 (cm) - Prediction distance.
® 915MHz - Prediction frequency.
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Configuration PC Requirements

3.05 mW/cm? - MPE limit for uncontrolled exposure at prediction frequency.
5dB - AntennaGain (typical).

3.16 (numeric) - Maximum antennagain.

0.60 mW/cm? - Power density at prediction frequency at 20 cm.

Test Result - Predicted power density level at 20 cm is 0.60 mW/cm? which is below the limit of 3.05 mW/cm?.

Configuration PC Requirements

®  Windows XP Professional compatible PC
® Internet Explorer 6.x or greater
® JavaRuntime Environment (JRE) version 5 update 5
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Configuration PC Requirements
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System Components

This System Components chapter provides information on TX100 Terralite and TX 100 Reference Station
components contained in the following sections:

® TX100 Terrralite Transmitter

¢  Components
® Dimensions
® Cablesand Accessories
®  Power Source
®  Mounting Sructure
® |X100 Reference Sation
¢  Components
® Dimensions
® Cablesand Accessories
®  Power Source
[

Mounting Structure

TX100 Terrralite Transmitter

The components for the TX100 Terralite transmitter are provided in the following sections:

¢  Components

® Dimensions

® (Cablesand Accessories
®  Power Source

[

Mounting Structure
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TX100 Terrralite Transmitter

Figure 6-1 TX100 Terralite Transmitter

Components

1. TX100 Terralite Transmitter
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TX100 Terrralite Transmitter

Dimensions

Figure 6-2 TX100 Terralite Transmitter Dimensions
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Cables and Accessories

Terralite Harness (201-0258-01) (pre-attached)
Ethernet Cable (201-0265-01) (pre-attached)
Serial Adapter Cable (201-0257-01)

USB Adapter Cable (201-0260-01)

Power Cable, 25 foot (201-0263-02)

Lexmark 512 Mb USB Jump Drive
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Power Source
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The TX100 Terralite transmitter requires 12VDC @ 2.5A. This power should be provided from a source with

minimum noise and ripple. Typica installations implement either a photovoltaic array with a controller and batteries
or abattery alone. The power sourceis selected and provided by mine personnel using the recommendations of your
Novariant representative. Figure 6-3 showsaTX 100 Terralite connected to asolar panel designed to providein excess

of 175 watts during peak solar loading.
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TX100 Terrralite Transmitter

Figure 6-3 TX100 Terralite with Solar Panel

Mounting Structure
Typical TX100 Terralite installation uses a stand mounting. Figure 6-4 shows the TX100 Terralite transmitter mount.

Figure 6-4 TX100 Terralite Stand
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IX100 Reference Station

IX100 Reference Station

The components for the X100 Reference Station are provided in the following sections:

Components
Dimensions

Cables and Accessories
Power Source
Mounting Sructure

Components

® |X100 Receiver
® AX100 Antenna

Dimensions

The 1X100 Reference Station component dimensions are shown in Figure 6-5 through Figure 6-8.

Figure 6-5 1X100 Receiver

242mm
2x 224mm
173mm Hole to Hole
2% 157mm
Hole to Hole

&3mm

4x 25mm
Between Connectors

=

36mm
Edge to 1st Conneclor
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IX100 Reference Station

Figure 6-6 AX100 Antenna (front)
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Figure 6-7 AX100 Antenna (side)
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IX100 Reference Station

Figure 6-8 AX100 Antenna Phase Center (side)

| L1/L2/X-Band Phase Center

696°C
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IX100 Reference Station

Cables and Accessories

Receiver Harness (201-0256-01)

RF Patch cable, 10 ft. (201-0167-03) (qty. 3)
Ethernet Cable (201-0265-01)

Serial Adapter Cable (201-0257-01)

USB Adapter Cable (201-0260-01)

Power Cable, 3ft (201-0263-04)

o gk w0 e

Power Source

The 1 X100 Reference Station requires 12VDC @ 2.5A. This power should be provided from a source with minimum
noise and ripple. Typical installationsimplement either aphotovoltaic array with a controller and batteries or abattery
aone. The power sourceis selected and provided by mine personnel using the recommendations of your Novariant
representative. Figure 6-9 shows a1 X100 Reference Station connected to a solar panel designed to provide in excess
of 175 watts during peak solar loading.

Figure 6-9 1X100 Reference Station with Solar Panel
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IX100 Reference Station

Mounting Structure
The I X100 Reference Station is shown mounted on atripod in Figure 6-10.

Figure 6-10 1X100 Reference Station with Tripod
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IX100 Reference Station
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TX100 Terralite and 1X100 Reference
Station Placement

This TX100 Terralite and 1 X100 Reference Sation Placement chapter provides descriptions of the process of
selecting the appropriate location for TX100 Terralite and 1 X100 Reference Station infrastructure components within
the mine environment. The processinvolves assessment of the minetopography and the devel opment of aninstallation
plan for the deployment of the Novariant GPS+XPS infrastructure into the existing mine GPS equipment.

This TX100 Terralite and 1 X100 Reference Sation Placement chapter contains the following sections:

Mine Assessment
Installation
Integration
Verification

Mine Assessment

The mine assessment process involves analysis of the mine topography and the equipment used within the minein
order to develop an efficient plan for GPS and XPS infrastructure location. Figure 7-2 shows a generic Location
Planning and Region Mapping Diagram. Figure 7-3 through Figure 7-5 show mine pit shapes and their typical
Novariant infrastructure implementation.

Note: This section provides general guidelines for the purpose of understanding the mine assessment process.
The assessment of your mine and the placement of your TX100 Terralite infrastructure components should be
accomplished with the recommendations of your Novariant representative.

The processinvolves mine and Novariant personnel utilizing on-site and remote review of collected assessment data.
The assessment procedure enables the Novariant Applications Engineersto define the components necessary to ensure
the positional accuracy within the specific mine. Figure 7-1 shows the TX100 Terrralite antenna patterns which are
used for various mine pit shapes and topologies.

Note: During the assessment process it is important to consider the position solution provided by various TX100
Terralite and Satellite signal availability. Figure 7-8 shows a matrix of TX100 Terralite unit and Satellite signals
and the resulting position solutions.

An additional part of the assessment process involves analysis of the applications being implemented within mine
infrastructure and the network environment upon which theinfrastructure operates. This part of the assessment process
ensures appropriate network protocols and application interfaces are implemented.
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Mine Assessment

The Terralite X PS transmitters have three antenna options, wide-, medium-, and narrow-beam, to accommodate wider
or narrower pit geometries. The nominal recommended for most situations is the medium-beam antenna. Figure 7-1
shows the relative beam widths of each of these antennas. See Table 7-1 for the three TX 100 Terralite antenna
Half-Power Beam Width (HPBW) values.

The different types of antennas can be used to ensure maximum coverage in a pit. Although each mine should be
evaluated individually, three general categories of mines are considered here for illustrative purposes. A round pit, an
elongated pit, and a complex-shaped pit. Figure 7-3 through Figure 7-5 show each of these cases and possible
transmitter, antenna, and Reference station arrangements.

Table 7-1 TX100 Terralite Half-Power Beam Width Values

Narrow Beam Medium Beam Wide Beam
Gan: 12.6 dB Gan: 10.4dB Gan: 9.0dB
HPBW: 20 degrees HPBW: 55 degrees HPBW: 75 degrees

In all cases, the following requirements should be considered:

Each Terralite must have adirect line of sight to the X100 Reference Station.
The Reference station must be lower in elevation than every Terralite.

3. Only areasthat are directly in line-of-sight with the Terralite can receive and utilize that transmitter's signal. So,
if you can see avehiclefrom the Terralite installation point, then that vehicle can receive the XPS signal from the
Terralite.

The general mine shapes in Figure 7-3 through Figure 7-5 provide a simplified view of typical mines. In practical
application, terrain features such as different bench levels, high berms, roadways, and concave/convex variations can
make it difficult to chose the best set of candidate equipment locations.

To provide some methodol ogy to the evaluation of candidate locations, it isrecommended that the equipment installer
create atableto record the effectiveness of each location asitisvisited. See Table 7-2. Thistable can then be inspected
afterwards and the best combination of locations can be chosen. Keep in mind that the goal isto ensure visibility to at
least four TX 100 Terralites simultaneously at all active pit areas.

Infrastructure Component L ocation Selection Procedure:

1. Select landmarks such as different bench outlines or equipment locations to rough-out several recognizable
regionsin the pit where mining activity is expected.
. Select acandidate 1 X100 Reference station location.
3. Select severa (morethan six) candidate TX100 Terralite locations.

Visit each candidate location. For each location, confirm visibility to the candidate 1 X100 Reference station
location and note which of the previously outlined regions are fully visible. Mark the resultsin the table.

5. Repeat for each candidate TX100 Terralite location.

Select the best subset of six candidate locations that provides the greatest visibility to the various regionsin the
mine.

7. Repeat for other X100 Reference station candidate locations, if necessary.
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Mine Assessment

Table 7-2

TX100 Terralite Proposed Coverage

Region

Terralite
Candidate
Location 1

Terralite
Candidate
Location 2

Terralite
Candidate
Location 3

Terralite
Candidate
Location 4

Terralite
Candidate
Location 5

Terralite
Candidate
Location 6

Ref. Station

Region 1

Region 2

Region 3

Region 4

Region 5

Region 6
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Mine Assessment

Figure 7-1 TX100 Terralite Antenna Patterns
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Mine Assessment

Figure 7-2 Location Planning and Region Mapping Diagram
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Mine Assessment

Figure 7-3 Round Mine Pit Infrastructure Implementation

Legend

Wide-beam antenna

Medium-beam antenna

Narrow-beam antenna

Feference Station

Kal>D

TX100 Terralite and 1X100 Reference Station Placement 40



Mine Assessment

Figure 7-4 Elongated Mine Pit Infrastructure Implementation
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Installation

Figure 7-5 Complex Shaped Mine Pit Infrastructure Implementation
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Installation

The infrastructure installation processis the physical placement of the hardware within the mine environment. The
infrastructure installation is dependent upon the information provided in the mine assessment process. Figure 7-6 and
Figure 7-7 show various placement issues within the mine.

The specific procedures for installing the Novariant GPS+XPS infrastructure components are located in the
Installation chapter of this manual.
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Installation

Figure 7-6  Berm Occlusion

Note: Beware of berm occlusion at the TX100 Terralite installation. The TX100 Terralite should be placed as
close to the edge as possible. To avoid unnecessary risk to personal safety, it may be required to install the
TX100 Terralite on a counter-balanced boom to establish good clearance of the transmitter antenna over the

berm.
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Installation

Figure 7-7 Catch Bench Occlusion
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Note: Unusually wide catch benches cause line of sight problems for equipment mounted on the rim of the mine.
A wide catch bench that is shallow in the mine may serve as a more suitable place to locate the TX100 Terralite,
aslong as it is still higher than the base station. A wide catch bench that is shallow presents more problems. The
TX100 Terralite simply may not be able to cover the areaimmediate below its location. In these cases, ensure the
machine of interest can see the minimum 4 - TX100 Terralites from other directions.

Figure 7-8 shows a matrix of the minimum numbers of satellites and Terralites required for an M X100 GPS+XPS
receiver to generate a high accuracy position solution (XPS Hybrid Fine). It is worth noting that these minimums do
not account for geometric limitations, and the actual minimum number of combined satellites and Terralites will be
greater than the theoretical minimum.
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Integration

Figure 7-8 TX100 Terralite and Satellite Signal Matrix
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Integration

The infrastructure integration process begins with customer system specifications and devel oped engineering
specifications obtained from the mine assessment process. The goal of the integration processis to implement the
Novariant infrastructure within the existing GPS equipment environment. The integration process ensures the
appropriate communications protocols are implemented to enabl e interaction between the Novariant infrastructure and
the mine GPS equipment and applications.

If the mineisaready using High-precision RTK GPS equipment with an established Reference station, then the
Novariant 1X100 Reference Station must be surveyed with respect to the existing Reference station to ensure datais
consistent between the two systems. This can be done by temporarily plugging in one of the mine's existing survey
receiversin to the Novariant Reference Station's GPS Antenna using a DC block and making a survey measurement,
and then entering that information into the Novariant 1 X100 Reference Station via the web browser interface.
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Verification

Caution: A supplied DC block must be used during Reference Station survey. If the DC Block is not used the AX100
antenna will be damaged and require replacement.

Note: The IX100 Reference Station should be mounted and tested with the rest of the Terralite system.

Mount the AX 100 antenna securely on the mounting structure (nominally atall tripod).
Temporarily disconnect the 1 X100 Reference station from power.

3. Disconnect the RF cablesto the AX100 antenna at the IX100 TNC connector interface, noting the
color-coordinated matching to the connectors.

4. Using aNovariant Reference Survey RF adapter DC Block kit, connect the Y ELLOW RF cable from the AX100
to thethird party survey receiver. The orange and red RF cables from the AX 100 remain unconnected. It may be
necessary to add adapters to accommodate N-type, TNC, or SMA connectors on the third party receiver.

5. Perform anormal survey of the AX100 antenna to the mine's established Reference station.

Ensure the resulting coordinates are in the format of WGS 84 Latitude, Longitude, Altitude. If not, convert the
coordinates as necessary. Be careful to ensure the coordinates are NOT in LOCAL LLA format!

Disconnect the third-party survey receiver from the AX100 antenna.
Remove the DC Block.
Re-connect the Novariant 1 X100 Reference Station and apply power.
10. Once the 1X100 has started up, connect to the receiver via Ethernet using a web browser.
11. Go to menu item Utilities/Set Receiver Configuration.
12. Enter the Reference station Position Lat, Lon, Alt values as measured above.
13. Reboot the receiver using UtilitiesyReboot Receiver

Note: Further verification (TBD), should be done, more involved - compare a Novariant mobile output to
third-party survey receiver at various locations in mine.

Verification

Verification isthe process of checking theindividual infrastructure componentsand ensuring their functional operation
within the mine environment and GPS systems. Figure 7-10 shows the placement of infrastructure and mobile units
during verification.

The process includes the observation of signals from various infrastructure components and the analysis of
communication data streams. The tools used include MX 100 GPS+XPS Receivers, External Diagnostic Radios and
PCs connected to the equipment.

Connect to the Reference station via Ethernet and Web browser

Go to Diagnostics->Terralite Survey Status window.

3. Examinethe output table shown in Figure 7-9. Look for the desired Terralite, as listed by the enumerated rows.
The survey statusinformation is captured in two ways: a"03" in the third column indi cates successful survey. The
time of the survey is updated every thirty secondsin the next-to-last column of the table.

TX100 Terralite and 1X100 Reference Station Placement 46



Verification

Figure 7-9 Terralite Survey Status Window

TERRALITE™ XPS © NOVARANT.
Home Configuration Firmware Utilities

Terralite Survey Status

Slot | Serial Number | Survey Status | North [m] | East[m] | Up[m] | Update Time | Position Valid
1 0 00| 0.000000| 0.000000 |0.000000 0 0
2 0 00| 0.000000| 0.000000 |0.000000 0 0
3 0 00| 0.000000| 0.000000 |0.000000 0 0
4 1310784 03 | -10.137695 | -9.169922 [ 2.952148 | 204671636 1
5 1310790 03 | -1.059570 | 13.060547 | 2.921875 | 204671635 1
6 1310761 03| 3.579102| 4.135742|1486328 | 204671664 1

Back
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Verification

Figure 7-10 Coverage Testing

Shovel Pickup

Note: When testing TX100 Terralite coverage near a highwall from alow-profile vehicle, such as a pickup truck,
compensate for differences in vehicle height by testing farther away from the highwall than the actual mine
equipment would be, so as to achieve same view angle to the TX100 Terralite on the rim.
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Diagnostics and Maintenance

This Diagnostics and M aintenance chapter provides descriptions of the utilities and methodol ogies available for
analyzing the functional operation of the TX100 Terralite and 1 X100 Reference Station infrastructure and for
performing routine and preventive system component maintenance.

This Diagnostics and M aintenance chapter contains the following sections:

Setup Hyperterminal Session for Data Capture and Analysis
® USB Serial Adapter Configuration

Setup Hyperterminal Session for Data Capture and Analysis

1. Start Hyperterminal from the Programs > Accessories > Communications > Hyperterminal. See Figure 8-1.

Figure 8-1 Hyperterminal Selection Menu

i) Access IBM

ﬁ Accessaties k [ ri Communications HyperTerminal
) ATIHYDRAVISION »ll () Accessibility » il & Hetwork Connections

) Games » | (&) Entertainment Fll P Network Setup Wizard

.:1 1I6M DLA > m Microsoft Interactive Training  » | 1% New Connection Wizard

@ IBM Java \Web Start v1.4.2 r !j System Tools ¥ |} 44 Remote Deskiop Connection
tj 1EM Recordiow! F I Ly Address Book " \Wireless Network Setup Wizard
) Intervideo WinDVD vl 1§ Calculator £0) HyperTerminal

i) Netwaiting | B Command Prompt
i) PC-Doctor for Windows H| @ Notepad

2. A dialog box displays, asking for aname and icon to be selected, in this case we have chosen
Novariant Output - Aquila andthefirst default Icon. See Figure 8-2.
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Setup Hyperterminal Session for Data Capture and Analysis

Figure 8-2 Hyperterminal Connection Description Window
Connection Description E|E

% Mew Connection

Enter a name and choose an icon for the cormection:

Name:
| Novariant Output - Aquila

E‘“%%@E

[ ok || cancel |

leon:.

3. Hypertermina prompts you for some information regarding location and the method for connection. Ignore the
location and select the COM port you are using to connect to the M X100 Receiver. In this case we are selecting
COM1. See Figure 8-3.

Note: If you are using a USB - Serial adaptor you will need to check the COM port number assigned to the serial
port using the Device Manager in the Control Panel.

Figure 8-3 Hyperterminal Connect To Dialog Window

Connect To @E}

% MNovanant Dukput - Aquila

Enter details for the phone number that you want to diak

Country/region:
Area code:

Phorne number:

Connect using: ICOM1T v|

[ ok ][ conce |

4. Modify the port settings to match the M X100 receiver. In this example, we are connecting to a M X100 connected
to an Aquila system. See Figure 8-4.

Diagnostics and Maintenance 50



Setup Hyperterminal Session for Data Capture and Analysis

Figure 8-4 Hyperterminal COM1 Properties Window
COM1 Properties

[ Port Settings |
Bits per second | EEKTU ~ |
Databils: |8 |
Panly: | None £
Stop bits: l 2|
Flows control: rJ'_~lvc:|'u;-. e
Restore Defaults
l DK I 1 Carcel I

5. If the settings are correct, the Ter minal window in Figure 8-5 will display the data streaming in from the MX 100
Receiver.
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Figure 8-5 Hyperterminal Novariant Output Window

& Novariant Output - Aguila - Hyper Ter minal
Fle Edt Yiew Cal Trasfer Help

D &= 087 of

|oscomnected  Auto detect Auto detect

6. Left-click file > save as. SeeFigure8-6.

Note: It is advisable to save this session to allow the data output to be checked easily in the future.

Figure 8-6 Hyperterminal Save As Menu

# Nowariant Output - Aquila - HyperTerminal

=y

Page Setup... I
Prink, ..

Properties

Exit Alt+F4

| B |

7. Enter aname for the session in this case we have used Novariant Output - Aquila.ht.SeeFigure8-7.
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Setup Hyperterminal Session for Data Capture and Analysis

Figure 8-7 Hyperterminal Save As Novariant Output Name

Save As... EE]

Save . [ HypoiToraing 3 03 m

My Documents

My Computer

by

File name: M ovaniant Dutput - Aquila bt

i

My Network Save as lupe: E_Session files [".ht) "-_l

8. Click Transfer > Capture Text.|nsome casesit may be required to capture the datato send to Novariant
for analysis. See Figure 8-8.

Figure 8-8 Hyperterminal Capture Text Menu

# Novariant Output - Aquila - HyperTerminal
File Edt Wiew Call BIEGEESM Help
D Wﬁ' @ U{ ,[ Send File. .,

Receive File,,.

Capture Text...
Send Text File...

Capture to Printer

9. Browse to the location where you want the data to be saved. See Figure 8-9.
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Figure 8-9 Hyperterminal Capture Text Browse Window

Capture Text E| E]
Folder:  C:A\Documents and
Fle:  [S\Desktopovariant Output - Aquia TXT] _Browse..

[ Start ][ Cancel ]

10. Enter afile nameto store the data, in this example, we are using the desktop for the location and Novariant
output - Aquila asthefilename. See Figure 8-10.

Figure 8-10 Hyperterminal Select Capture File Window

Select Capture File

Savein |L? Dieskbop ¥ O -

i)

My Recent
Documents

Drasktiop

=

My Documents

My Coemputer
e
MyNetwork | Saveastpe: | Textfile [TXT) ™

Note: When the capture text function is working the status bar at bottom of the terminal screen displays
“Capture” as shown in Figure 8-11. Also, the text file set up size in Figure 8-10 will increase.

Figure 8-11 Hyperterminal Status Bar

¥ e
IConnected 0:00:23  Auto detect Auto detect (1100 \F ( Caphure ) £

R

11. Click Transfer > Capture text > To stop text Capture. See Figure 8-12.
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USB Serial Adapter Configuration

Figure 8-12 Hyperterminal Capture Stop Menu

# Novariant Output - Aquila - HyperTerminal

File Edit Yiew Call RIEGEEE Help

N & g gl SendFile.., l
Receive File... .
Send Text File.., Pause
Capture to Printer

Note: The resulting file should contain all of the messages as defined in the M X100 Receiver Installation
manual Third-Party Application I nterface chapter.

Thistest only provesif the data is streaming from the M X100 and the cabling up to the point where the PC has been
connected is sound. If the application is still reporting no GPS data or similar it may still have a cabling issue further
down the line. Alternatively the data from the M X100 may not be compatible because of aincorrect option/setting.
These settings can be checked and the procedure is detailed elsewhere.

USB Serial Adapter Configuration

This section assumes the USB - Serial adapter software/driver has been installed and the adapter is connected to the
PC. When using aUSB - Seria port adapter the COM port number can be found in Windows' Device Manager.

Control panel > System > Device manager and then expand the branch for COM ports.

1. Click Control Panel from the Start menu. See Figure 8-13.
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Figure 8-13 Windows Control Panel Menu

Internet e Documents
Internet Explorer l-‘) s
= | % My Recent ;!
(. Emal | Y Documents
=4 Microsoft Office Outhook A
l,___,'i My Pictures
w Paint L‘r} My Music
% Expensable 7 §J My Computer

E—' Control Pang!

,@. Set Program Access and
Defaults

% Connect To L4
@ Quick Screen Capture. | -
' Printers and Faxes

Microsoft Office Word
2005 ©) b and support

2. Left-click the System icon. See Figure 8-14.
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Figure 8-14 Control Panel System Icon

E- Control Panel

File Edit View Favorites Tools Help
) Bect o ] pl Jsearch (| Folders |b 3
Address | [3r Control Panel
&, Accessibiity Options & Speech
€ Add Hardware {9) Symantec LiveUpdate
L5 Add or Remove Programs Asystem
48 Adrinistrative Tools il Taskbar and Start Menu
% Automatic Updates L ThinkPad Configuration
~Jpate and Time & TrackPoint Accessibiity
W\ Display &3 User Accounts
(#iFalder Options &8 Windows Firewall
CAFonts B, windows Media Connect
‘& Game Controllers @ wireless Link
IPsiEm active Pratection <& wireless Network Setup Wizard
Pinternet Options
£ Java Plug-in
SmKeyboard
L Amai
yMouse
& Network Connections
i Phone and Modem Options
D Portable Media Devices

3. Left-click the Device Manager button. See Figure 8-15.
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Figure 8-15 Device Manager Button

System Properties =[]

| SystemRestoe | AutomalicUpdstes | Remote
| Generdl | ComputerName | Hadware |  Advanced |
L‘rmeM:Emger

§ The Device Manager lists all the hardware devices installed
= o your computer. F.lsp the Device Manager to change the

- properties of any

[ Device Managet |

Diwvers:

e Diiver Signing etz you make sure that installed drivers ae

P’ compatible with Windows. Windows Update lets you set up
how Windows connects bo Windows Update for dirvers.

[ DiverSignng || WindowsUpdate |
Hardware Profiles
I Hardware profiles provide a way for you to get up and store
different hardware configurations.

| Hardware Profiles |

[ ok ][ cercsl | oy

4. Expand the Ports (COM & LPT) branch. The displayed list should contain &l the available PC serial ports with
some Adaptor identification. See Figure 8-16.
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Figure 8-16 Device Manager USB Port Icon

£, Device Manager EllE)&E
File Action View Help
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8 Batteries
Computer
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# § Display adapters
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Installation

ThisInstallation chapter providesthe procedurefor the site integration of your TX100 Terralite and I X100 Reference
Station. The information for this I nstallation chapter is contained in the following sections:

® | X100 Reference Sation Installation

® Location

® (Cablesand Accessories
®  Power

® Antenna Installation

[

Installation Procedure

® Bench Test and Configuration
® Fidd Installation

® TX100 Terralite Installation

® |ocation

® (Cablesand Accessories

®  Power

® TX100 Terralite Installation
[

Installation Procedure
® Bench Test and Configuration
® Fidd Installation
MX100 Receiver Installation
® External Diagnostic Radio

Thetypical TX100 Terraliteinfrastructureinstallation processis performed after the mine assessment process and the
TX100 Placement processes are complete. After receiving the TX100 Terralite components, you should take them to
atest bench for site configuration and verification. Following the bench configuration and verification the TX100
Terralite transmitters are ready for site installation.

The TX100 Terralite infrastructure component physical installation is performed in the following order:
1. Reference Station.

2. TX100 Terralite transmitters (one at atime, for all the site specific required TX100 Terralite transmitters).
3. Customer selected wireless IP network radios.

IX100 Reference Station Installation

The purpose of the 1 X100 Reference Station isto calculate position corrections and transmit them to the mobile
receivers and to monitor TX100 Terralite XPS signals. The mobile receivers use the position corrections to determine
their positionswith inch-level accuracy. Thefunctionality provided by the X100 Reference Station isal so used during
the infrastructure installation process to help verify the function of the TX100 Terralites as they are installed.
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IX100 Reference Station Installation

The 1X100 Reference Station is the first TX100 Terralite infrastructure component installed in anew mine
infrastructure. The location of the 1X100 Reference Station should be lower than all of the TX100 Terralite locations,
yet high enough to enable the least amount of terrain blockage for the GPS satellite signals.

The X100 Reference Station istypically placed on alargetripod or pole, approximately 3 meterstall. A small poleto
the side of the tripod provides communications antenna mounting. Power can be provided by a solar array with the
same specifications used for the TX100 Terralite units, by another 12V DC power supply or battery.

To determinethe exact coordinates of the Reference Station antennaa DC block is used to enable connection of aThird
party surveying receiver to the X100 Reference Station antennafor precise location survey to an existing coordinate,

if one exists. Thissurvey should be completed to identify the WGS-84 position of the unit asreferenced to any existing
mine coordinates.
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X100 Reference Station Installation

Figure 9-1

IX100 Reference Station Interconnections
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The location of the 1 X100 Reference Station is provided from the mine assessment and TX 100 Terralite and 1 X100
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IX100 Reference Station Installation

Reference Station Placement process information. The solar panel standsif used, need to be fabricated and completed
by mine personnel in accordance with Novariant representative recommendations.

Cables and Accessories
The wiring for an X100 Reference Station is very simple.

3-foot power cable (201-0263-01)
® Receiver Harness (201-0256-01)

Power

The 1X100 Reference Station requires 12VDC @ 2.5A. This power should be provided from a source with minimum
noise and ripple. Typical installationsimplement either aphotovoltaic array with acontroller and batteries or abattery
aone. The power source is selected and provided by mine personnel using the recommendations of your Novariant
representative.

Antenna Installation

The position of the Antennais critical to the overall operation and accuracy of the GPS system. Improper antenna
placement may be detrimental to system reliability and functionality. Consider the following issues when installing
your antenna:

® Do not mount your antenna near transmitting antennas, satellite communi cations equi pment or radar systems and
arrays.
Select alocation with an unobstructed view of the sky.

® Avoid €electrical interference, excessive heat, excessive mechanical vibration or strong magnetic fields.

Installation Procedure
The 1X100 Reference Station installation procedure is divided into two sections:

Bench Test and Configuration
® FieldInstallation

The Bench Test and Configuration portion of the process ensures the infrastructure components are properly prepared
for siteinstallation prior to moving the components to their installation locations within the mine. The Field
Installation process places the site-specific configured infrastructure components into their operational position.
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IX100 Reference Station Installation

Bench Test and Configuration

Note: If failures occur during the installation procedure refer to the Troubleshooting chapter of this manual for
the Bench Test troubleshooting recommendations.

© ® N o g s~ wDdhPE

L e i
w N P o

14.

15.

L ocate the 1 X100 Reference Station shipping container, check its contents and unpack it.

Get one tripod and rigid mount for installing an 1X100 Reference Station and a TX100 Terralite.
Separate the two mounts (one rigid mount for TX100 Terralite - one tripod for 1X100) by 30 meters.
Mount the X100 Reference Station on the tri-pod (retracted to its minimum height).

Verify power supply voltages provided to the components.

Connect the 1X100 power cable to a power source.

Connect the cables for 1 X100 Reference Station.

Connect a PC to the 1 X100 Reference Station.

Start an Internet browser on the PC connected to the 1 X100 Reference Station.

. Browse to the IP Address of the X100 Reference Station.

. Loginto the X100 Reference Station.

. Navigate to the Signal View window.

. Perform the following operations in the Signal View window:

a  Check for Autonomous mode indication.
b  Check theLat, Long and Alt (Altitude).
¢ CheckthelL1andL2signa strength. (should be greater than 20 on 5 or more Channel §/Satsfor one-half hour)

d Set the X100 Reference Station output formats as needed (site specific) using the Configuration Window
Serial Port Settings and Differential Corrections sub-windows.

e Usethe Signal View window to ensure the differential communication link is operational by viewing the
Reference Station L1/L 2 signals.

f  Reboot the X100 Reference Station.
g Recheck the Signal View window readings.

Set the Configuration->Differential Correctionsin the Position Output menu. Thisis a site specific setting.
The factory default setting is: INX.
Replace Direct Ethernet with a wireless connection.

a Connect awireless radio to your | X100 Reference Station and a second wireless radio to your PC for
diagnostic data.

b Start abrowser from your PC and connect to the | X100 Reference Station.

¢ Navigatetothe Signal View window and verify the display updates at approximately a 1Hz rate. The display
update rate should perform similar to when the PC was connected by a direct Ethernet cable.
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Note: The display of the Signal View window verifies the wireless connection operation.

16.

Leave the 1 X100 Reference Station power on. The I X100 Reference Station is used to complete the TX 100
Terralite bench test procedure.

Note: With the X100 Reference Station running in bench test mode, perform the bench test procedure for each
TX100 Terralite transmitter. When the bench testing of all the TX100 Terralite transmitters is complete, proceed
with the 1X100 Field Installation procedure.

Note: The completion of the Bench Test and Configuration procedure verifies the 1X100 Reference Station
operation and its readiness for field installation.

Field Installation

1.

10.
11.
12.
13.

Put all the X100 Reference Station components into a transfer vehicle for delivery to the installation location
within the mine.

Take the 1 X100 Reference Station equipment to the selected location.
Set up the 1 X100 Reference Station in accordance with the stepslisted in the Bench Test section. Sep 1. to Step 16.

Disconnect the RF cables to the AX 100 antenna at the 1 X100 TNC connector interface, noting the
color-coordinated matching to the connectors.

Using aNovariant Reference Survey RF adapter (DC Block) kit, connect the Y ELLOW RF cablefrom the AX100
to thethird party survey receiver. The orange and red RF cables from the AX 100 remain unconnected. It may be
necessary to add adapters to accommodate N-type, TNC, or SMA connectors on the third party receiver.

Perform anormal survey of the AX100 antennato the mine's established Reference station.

Ensure the resulting coordinates are in the format of WGS 84 L atitude, Longitude, Altitude. If not, convert the
coordinates as necessary. Be careful to ensure the coordinates are NOT in LOCAL LLA format!

Disconnect the third-party survey receiver from the AX100 antenna.

Re-connect the Novariant 1 X100 Reference Station and apply power.

Once the 1X100 has started up, connect to the receiver via Ethernet using a web browser.
Go to menu item Utilities/Set Receiver Configuration.

Enter the Reference station Position Lat, Lon, Alt values as measured above.

Reboot the receiver using Utilities’Reboot Receiver

Note: The completion of the Field Installation procedure verifies the X100 Reference Station operational
readiness.
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TX100 Terralite Installation

TX100 Terralite Installation

This TX100 Terralite Installation section provides instructions for installing the TX100 Terralite GPS Positioning
system transmitters and contains mounting, configuration, verification procedures and interconnect diagrams.

Figure 9-2 shows the TX100

Terralite transmitter interconnection.

The purpose of the TX 100 Terralite XPS system isto provide positioning information when GPSis not available. The
actual output of the GPS+XPS M X100 Receiver isdetermined by the visible GPS constellation parameters. Therefore,
the positional output to the application isa GPS position when sufficient satellitesand PDOP exist, ahybrid GPS+XPS
positional output when the GPS isinsufficient, or a XPS-only solution in the complete absence of GPS.

In consideration of the requirements to provide a positional solution, the location of the TX100 Terralite transmitters
becomes one of the paramount site specific installation issues.

Figure 9-2 TX100 Terralite Transmitter Interconnections
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Location

Thelocation of the TX100 Terralite transmittersis provided from the mine assessment and TX100 Terraliteand 1X100
Reference Station Placement process information. The fabrication of the site location componentsis completed by
mine personnel in accordance with Novariant representative recommendations.
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TX100 Terralite Installation

Cables and Accessories

1. Terralite Harness (201-0258-01) (pre-attached)
2. Ethernet Cable (201-0265-01) (pre-attached, unprotected RJ45)
3. Serial Adapter Cable (201-0257-01)
4. USB Adapter Cable (201-0260-01)
5. 25 foot Power Cable (201-0263-02)
Power

The TX100 Terralite transmitter requires 12VDC @ 3.0A. This power should be provided from a source with
minimum noise and ripple. Typical installations implement either a photovoltaic array with a controller and batteries
or abattery alone. The power sourceis selected and provided by mine personnel using the recommendations of your
Novariant representative.

TX100 Terralite Installation

The position of the TX 100 Terralite transmitter is critical to the overall operation and accuracy of the GPS system.
Improper antenna placement may be detrimental to system reliability and functionality. Consider the following issues
when installing your antenna:

® Do not mount your TX100 Terralite transmitter near transmitting antennas, satellite communications equipment
or radar systems and arrays.
Select alocation with an unobstructed view of the sky.

® Avoid electrical interference, excessive heat, excessive mechanical vibration or strong magnetic fields.

Installation Procedure
The TX100 Terralite transmitter installation procedureis divided into two sections:

Bench Test and Configuration
® FiedInstallation

The Bench Test and Configuration portion of the process ensures the infrastructure components are properly prepared
for siteinstallation prior to moving the components to their installation locations within the mine. The Field
Installation process places the site-specific configured infrastructure components into their operational position.

Bench Test and Configuration

Note: If failures occur during the installation procedure refer to the Troubleshooting chapter of this manual for
the Bench Test troubleshooting recommendations.

1. Mount the TX100 Terralite on the Terralite Stand.
2. Ensure each TX100 Terralite has a known and unique time slot setting value between 1 and 6.
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Note: The transmitter slot setting is controlled in the Configuration -> Transmitter Slot window.

3.
4.

Keep 30 meters between 1 X100 Reference Station and the TX 100 Terralite transmitter.
Point the TX 100 Terralite antenna at 1X100 Reference station.

The TX100 Terralite transmitter output signal produces
Radio Frequency radiation. All personnel should stay a
minimum of 30 centimeters from the output antenna any
time the transmitter is powered.

Connect and power up the first TX100 Terralite. (must have open sky view)
Connect a PC to the first TX100 Terralite transmitter.

Start an Internet browser on the PC connected to the TX100 Terralite transmitter.
Browse to the IP address for the TX100 Terralite transmitter

Login to the TX100 Terralite transmitter.

. Navigate to the Configuration -> Transmitter Slot window and ensure the TX 100 Terralite time slot setting.
. Navigate to the Signal View window.

Note: The XPS Navigation Solution for each antenna will follow a sequence of modes. “GPS Fixed” in green is
the final mode. The mode will follow this sequence: (1) “Connecting”, up to 2 minutes; (2) “Autonomous’ in
red, up to 1 minute; (3) “GPS Float” in yellow, up to 20 minutes; and finally, “GPS Fixed” in green.

12.

13.
14.
15.
16.

Perform the following operations in the Signal View window:
a Verify the TX100 Terralite is receiving updates from the | X100 Reference Station.
b Check for five (5) satellites with greater than 20 signal strength on the L 1/L 2 antennas.

¢ Check the oscillator setting.

d Check for RTK fixed and green.

e  Set thetransmitter slot number.

f  Verify the FCC licenseis set properly.

g Check for the X100 Reference Station receiving this Terralite’'s signal in the correct time slot.

Disconnect the PC connection from the TX100 Terralite.

Connect the wireless radio to the TX100 Terralite.

Test the wireless connection to the TX 100 Terralite.

Repeat Sep 1. through Sep 15. for each subsequent Terralite transmitter.
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MX100 Receiver Installation

Field Installation

1. Get the maximum number of infrastructure components into a transfer vehicle for delivery to the installation
locations within the mine.

. Takethe TX100 Terralite equipment to the selected location.
3.  Set up the TX100 Terralite in accordance with the steps listed in the Bench Test section. Sep 1. to Sep 15.

Note: The completion of the Field Installation procedure verifies the TX100 Terralite transmitter operational
readiness.

MX100 Receiver Installation

Detailed installation guidelines and instructions for the M X100 Receiver are provided in the M X100 Receiver

I nstallation manual. The M X100 Receiver I nstallation manual isincluded on the CD-ROM disc which shipped with
your M X100 Receiver. Check the M X100 Receiver shipping box for the CD-ROM or contact your local Novariant
representative.

External Diagnostic Radio

Detailed installation guidelines and instructions for the Exter nal Diagnostic Radio are provided in the M X100
Receiver Installation manual. The M X100 Receiver I nstallation manua isincluded on the CD-ROM disc which
shipped with your M X100 Receiver. Check the M X100 Receiver shipping box for the CD-ROM or contact your local
Novariant representative.
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Troubleshooting

This Troubleshooting chapter provides procedures for isolating causes of poor system performance and system
failures. Most pit mines are harsh and dangerous environments for setting up electronics equipment. Because of the
difficulty of setting up equipment in remote locations in the mine, the recommended installation procedure includes a
check-out stage called a“bench test” during which each separate component of the system is unpacked and tested from
acentral, easily accessed areain or near the ongoing operations. A convenient areafor conducting the bench test may
bein the vicinity of aradio or electronics shop typically present at most mines. The installation and troubleshooting
steps of the bench test are nearly identically repeated when each component is deployed to its final remote location
around the pit.

Information for this Troubleshooting chapter is contained in the following sections:

® Bench Test
® Field Installation

Bench Test

Note: During bench testing an outdoor antenna that sees the sky must be connected to the X100 Reference
Station and the TX 100 Terralite transmitter.

L ocate the 1 X100 Reference Station shipping container, check its contents and unpack it.

Get one Terralite Stand and one tripod for installing an 1 X100 Reference Station and a TX100 Terrdlite.
Separate the two mounts (one Terralite Stand for the TX100 Terralite - one tripod for the 1X100) by 30 meters.
Mount the I X100 Reference Station on the tri-pod (retracted to its minimum height).

Connect the cables for both of the units.

Use batteriesin place of solar power used in the final installation.

Connect a PC to the 1 X100 Reference Station.

Start an Internet browser on the PC connected to the 1 X100 Reference Station.

Browse to the IP Address of the X100 Reference Station.

© ® N o g M~ wDdhPE

Problem: Unknown | P address.

a  Try the default address (192.168.117.220).

b Retrievelist of addresses from the Novariant shipping container and find the | P address assigned to receiver
by serial number.

¢ Reset parameters by re-installing software using USB. | P address will be reset to the defaullt.
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Bench Test

Problem: Browser interface does not show up. Browser shows error such as. “ The page cannot be displayed”

e

f

Check the IP Address of the receiver. You may be using the wrong |P Address for the receiver.
Check the Network settings on your PC. You may have the incorrect Network settings on your PC.

Check the Ethernet cable for defects.
Check the Recelver hardware or power supply.
Try to ping the address from Command Prompt.

Restart the browser and re-try to connect to the Receiver.

10. Login to the X100 Reference Station — User I1D: user Password: user

a

Potentia login failures:
1 Unknown password on the | X100 Reference Station — reload to system defaults using a USB drive.

11. Navigate to the Diagnostic ->Signal View window.

Note: If you cannot see the Diagnostic ->Signal View window, the required Java version could be missing on
the PC connected to the X100 Reference Station.

a

Verify the following information on the Diagnostic ->Signal View window:
1 The XPS Navigation Solution displays “Autonomous’ in red highlight. See Figure 10-1 item number 1.

Problem: No Autonomous Mode

Check the antenna for connection, malfunction or cable malfunction.

Check Diagnostics/Bootlog and verify “1X-100 Up and running” ; Reboot Receiver. The receiver may have
not booted up properly. If the bootup failed, use the USB driveto re-install the receiver software.

Check Voltage (Vs) (see Figure 10-2 item number 7) on the bottom of Diagnostic->Signal View window.

Note: The Latitude, Longitude, and Altitude measurements (see Figure 10-1 item number 2) exist (non-zero) and
the values are updating at roughly 1Hz. The values of these numbers typically change in the fourth place after the
decimal (10,000ths) for the Latitude and Longitude measurements, and typically change in the units place for the
atitude measurement.

Problem: No LLA displayed - See debug for “ Autonomous Mode” above.

Note: The GPS L1/L2 Signals (see Figure 10-1 item number 3) should be greater than 20 for at least 5 satellites
for one-half hour.

Note: Figure 10-1 and Figure 10-2 show the upper and lower portions of the 1 X100 Reference Sation Signal
View window.
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Bench Test

Figure 10-1 X100 Reference Station Signal View Window (upper portion)

TERRALITE™ XPS5 @ NOVARIANT

Home Configuration Firmware Utilities

Signal View - Base Station (192.168.119.152)

H XPS Navigation Solution

Lat [deg] Donfdegl Al [m] Mode FDOP
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Note: For a detailed description of the X100 Reference Station Signal View Window (upper portion) features
see the 1 X100 Reference Sation Configuration Software GUI Description chapter of this manual.
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Bench Test

Figure 10-2 X100 Reference Station Signal View Window (lower portion)

CPU uptime: O days 03:33:22 RTKuptime: O days 05:32:20
version: 1.1 1.1 Jan 26 2006 @ 18:10:30 CQR-ALLESDT2DA1MESTATOL S/ 1310827

SPS posECEFR(-26965953 76m, -4230748 , 3519.01m) N=6 FDOP=3.2 VDOP=2.7 flags=0x01
reset=3 assert=0 status=3 T=52.5 ] 05c=0x3816 antAE=(6 6)mA agcAE=(-16 -7ImY
packets: Oxd5=11 0x558=293 0x59=14 22 0x34=90 0x9A02=0 0x3A16=225 OxAB=0

ref packets: Ox38=938 0x90=322 0x93=0 0xB4=36

L1/L2 tuning: L1 05344 =) L2 0.348 - 051052054049 OK (0x00)

¥agc -99/20F0/8709 -T8/2150/36FA) -48/B430V/E6FC -BB/AAEN/STOC -45/CCE0/BEFS 7/DTE0/3704

Back

Problem: L1 and L2 signal strengths are lower than required.
b Problem: L2 signal strengths are much lower than the L1 signal strengths.

1 Antennaor cable malfunction: replace AX100 unit; replace AX100 cables.
¢ Problem: Fewer than 5 satellites have adequate signal strength.
1 ThelX100 Reference Station location may have inadequate view of sky. Consider re-locating the X100
Reference Station.

2 Verify the Signal View skyplot for greater than 5 satellites and even distribution. See Figure 10-1 item
number 4.

3 Check the oscillator value on the Signal View window, the value should be 0.0 £ 2. See Figure 10-2 item
number 5.

Note: Although the TX100 Terralites are shown in Figure 10-1 item number 2, the TX100 Terralites will not be
seen until later in the procedure when they are installed.

12. Set the Configuration->Differential Correctionsin the Position Output menu. Thisis asite specific setting.
The factory default setting is: INX.

13. Connect awireless radio to your I X100 Reference Station and a second wireless radio to your PC.
14. Start abrowser from your PC and connect to the I X100 Reference Station.

15. Navigateto the Signal View window and verify the display updates at approximately a 1Hz rate. The display
update rate should perform similar to when the PC was connected by a direct Ethernet cable.

Note: The display of the Signal View window verifies the wireless connection operation.

16. Leavethe X100 Reference Station power on.

Note: Setup the TX100 Terralites in sequential order.

17. Ensure each TX100 Terralite has a known and unique time slot setting between 1 and 6.
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Bench Test

Note: The transmitter slot setting is controlled in the Configuration -> Transmitter Slot window.

18. Connect and power up the first TX100 Terralite. (must have open sky view)

19. Keep 30 meters between 1X100 Reference Station and the TX100 Terralite transmitter.
20. Point the TX100 Terralite antenna at 1 X100 Reference station.

21. Connect a PC to the first TX100 Terralite transmitter.

22. Start an Internet browser on the PC connected to the TX 100 Terralite transmitter.

Problem: Unknown | P address.

C

Try the default address (192.168.117.220).

Retrieve list of addresses from Novariant shipping container and find the | P address assigned to receiver by
serial number.

Reset parameters by re-installing software using USB. IP address will be reset to the default.

Problem: Browser interface does not show up. Browser shows error such as. “The page cannot be displayed”

e

f

Check the IP Address of the receiver. You may be using the wrong IP Address for the receiver.
Check the Network settings on your PC. You may have the incorrect Network settings on your PC.

Check the Ethernet cable for defects.
Check the Receiver hardware or power supply.
Try to ping the address from “ Command Prompt.”

Restart the browser and re-try to connect to the TX 100 Terralite transmitter.

23. Logintothe TX100 Terralite transmitter — User ID: user Password: user

a

Potential login failures:
1 Unknown password on the TX100 Terralite transmitter — rel oad to system defaults using a USB drive.

24. Gotothe Configuration -> Transmitter Slot window and ensure the TX 100 Terralite time slot setting.

Note: Ensure the TX100 Terralite numerical timeslots assignments are known and unique, as you test them
one-by-one.

25. Verify the proper FCC license ID for US customersin the Configuration -> FCC License window.
26. Navigate to the Signal View window.

a

If you cannot see the Signal View window, the required Java version could be missing on the PC connected
to the X100 Reference Station.

Signal view displays but does not update: Receiver did not boot up properly: Check Diagnostics/Bootlog and
verify “1X-100 Up and running”; Reboot Receiver; If fail, use USB to re-install receiver software.

Verify the following information on the Signal View window:

1 The XPS Navigation Solution displays “ GPS Fixed” in green highlight for both antennas. See
Figure 10-3 item number 1.
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Bench Test

Note: The XPS Navigation Solution for each antenna will follow a sequence of modes. “ GPS Fixed” in green is
the final mode. The mode will follow this sequence: (1) “Connecting”, up to 2 minutes; (2) “Autonomous’ in
red, up to 1 minute; (3) “GPS Float” in yellow, up to 20 minutes; and finally, “GPS Fixed” in green.

Problem: No GPS Fixed mode on either or both antennas.
a Check the antenna connection, for antenna malfunction and for cable malfunction.

The Latitude, Longitude, and Altitude measurements exist (non-zero) and the values are updating at roughly 1Hz.
The values of these numberstypically changein the fourth place after the decimal (10,000ths) for the L atitude and
L ongitude measurements, and typically change in the units place for the altitude measurement.

Problem: No LLA displayed - See debug for “ Autonomous Mode” above.

Note: The GPS L1/L 2 Signals (see Figure 10-3 item number 3) should be greater than 20 for at least 5 satellites
for one-half hour.

Problem: L1 and L2 signal levels are lower than required.
Problem: L2 signal levels are much lower than L 1.

1 Check for an antennaor cable malfunction.

Note: The AX100 Antennais not a field serviceable unit. If it fails, return it to Novariant for repair or
replacement.

Problem: Fewer than 5 satellites have adeguate signal strength.

1 TheTX100 Terralite location may have inadequate view of sky. Consider re-locating TX 100 Terralite.
a Look for reference station signals. See Figure 10-3 item number 8.
1 No Reference station signals — check RTK antenna on the I X100 Reference Station.
2  Check the configuration — possible differential radio configuration problem — contact support for
reconfiguration.
3 Try asecond Terralite to eliminate the Terralite as the defective side of the radio link.
b  Look for evidence of the X100 Reference Station receiving the TX100 Terralite signal in the correct time
slot.

1 Check Signal View window — Ensure thereis XPS signal level in the correct time sot display — signa
strength and AGC should be greater than 100 (see Figure 10-3 item number 6) and signal display should
have orange and green bars (see Figure 10-3 item number 9).
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Bench Test

Note: The XPS signal level and AGC will always be zero. The value is zero because the TX100 Terralites do not
receive signals from other TX100 Terralites. See Figure 10-3 item number 7.

Check oscillator value (-299 +/- 2) (check on Signal View window) See Figure 10-4 item number 5)
If thereisno signal in TX100 Terralite time slot — check the TX100 Terralite time slot configuration.
Check connection to the helical antenna (cable).

Ensure the Pulse cable is connected (open the TX100 Terralite backplate to verify the connection).

a b W N
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Bench Test

Figure 10-3 TX100 Terralite Transmitter Signal View Window (upper portion)

TERRALITE™ XPS @ NOVARIANT.

Home Configuration Firmware Utilities

Signal View - Terralite (192.168.119.14)

L2 1]
—#P'S Navigation Solution
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Field Installation

Figure 10-4 TX100 Terralite Transmitter Signal View Window (lower portion)

CPU uptime: 0 days 00:11:28 RTk uptime: 0 days 00:01:39
wersion: 1.1 1.1 Jan 28 2006 @ 15:08:22 QH-ALLAACIEVCBL/ABCEIEAG S/M: 1310784

SPS: posECEF(-ZE26988.70m, -4290752.93m, 9205 48m) N=5 PDOP=2.2 VDOP=1.8 flags=0<01

reset=3 assert=0 status=3 T=47.5C v5=12.3 O1mfs 05c=0x810DE antAE=(58 54)m& agrAE=(-60 -73)mv
packets: Oxd5=4 0x55=0 0x59=52 0x85=35 0x92=104 0x34=24 Ox9A02=372 0x9A16=104 0xAB=0

ref packets: 0x88=35 0x90=115 0x93=0 0xB4=139

L/LZ tuning: L1 03568 -) L2 0.377 (v) 0.004 -0.040 052049051051 Meed Tuning... (0x50)

¥ago: 0/0000/0000  O/70000/0000 O/0000/0000 Q4000040000 ©/0O00C/00CO O/0000/0000

Hot Start Wilarm Star Cold Start Set Oscillator

Back

27. Disconnect the PC connection from the TX100 Terralite.

28. Connect the wireless radio to the TX100 Terralite.

29. Test the wireless connection to the TX 100 Terralite.

30. Repeat Sep 17. through Sep 29. for each subsequent Terralite transmitter.

31. If thetests havefailed at this point, contact a Novariant representative to return the unit for repair.

Field Installation

1. Get the maximum number of componentsinto atransfer vehicle for delivery to theinstallation locations within
the mine.

Take the Reference Station equipment to the selected location.

Set up the Reference Station in accordance with the steps listed in the Bench Test section. Sep 4. to Sep 16.
Initiate the installation process for each TX 100 Terralite location.

Repeat the steps listed in the Bench Test section. Repeat Step 17. through Sep 29. for each TX100 Terralite.
Perform a commissioning test to validate the overall system functionality.

Additional Installation Criteria

o gk w DN

1. Placethe TX100 Terralitesin according to the previously performed mine assessment.
2. Connect the solar panel array to the Terralites.

Note: Check the TX100 Terralite reception at the 1X100 Reference Station by connecting via a wireless
connection. The IX100 Reference Station should show the reception of all the TX100 Terralite signals as shown
in Figure 10-1 item number 9. On the 1 X100 Reference Station only, both columns display the same signal value,
as demonstrated in Figure 10-1 item number 6 and Figure 10-1 item number 8. The signal bars show orange and
green and yellow and green colors when the signals are locked. See Figure 10-3 item number 9.
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X100 Reference Station Configuration
Software GUI Description

This X100 Reference Sation Configuration Software GUI Description chapter provides the functions and
commands you’ll use to interact with the I X100 Receiver. Figure 11-1 shows the M ain/Diagnostics window of the
I X100 Receiver Configuration Software.

The Main/Diagnostics window in the 1 X100 Reference Station Configuration Softwar e application contains links
to the following sub-windows:

Main/Diagnostics Window
® Sgnal View Window
® Terralite Survey Satus Window
®  Network Address Window
Configuration Window
Network | P Address Window
Base Sation Position Window
Serial Port Window
Differential Correction Window
Position Output Window
Diagnostic Radio Window
Set Elevation Mask Window
Set PDOP Mask Window
Data Logging Window
irmware Window
Firmware Upgrade
Utilities Window
tilities Window
Reboot Receiver Window
User Login Password Window
NMEA Ping File Window

® &6 06 O 0T © 6 6 06 06 0 0o o o
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Main/Diagnostics Window

Figure 11-1 Main Window

TERRALITE™ XPS

Home Configuration Firmware

Diagnostics Menu

+ Signal View

+ Boot Log

+ Terralite Survey Status
+ Filesystem Usage

+ Process Table

+ Network Address

The M ain/Diagnostics window contains the following components:;

Firmware Window link — Navigates to the Firmware window.
Utilities Window link — Navigates to the Utilities window.
Sgnal View Window link — Navigates to the Signal View window.

Main/Diagnostics Window

The Diagnostic window provides accessto the diagnostic functions of the Configuration software and acts asthe home
page. The diagnostic functions provided within the Configuration software are accessed through the following

windows:

® Sgnal View Window
® Terralite Survey Satus Window
®  Network Address Window

Signal View Window

The Signal View window provides accessto satellite, X100 Reference Station and TX100 Terralite™ Transmitter
positioning data. Figure 11-2 and Figure 11-3 show the various Signal View windows for the I X100 Receiver.
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Configuration Window link — Navigates to the Configur ation window.

NEVADLAN
@ NOVARIAN

Utilities

Terralite Survey Satus Window — Navigates to the Terralite Survey Status window.
Network Address Window link — Navigates to the Networ k Address window.



Main/Diagnostics Window

Figure 11-2 X100 Reference Station Signal View Window (upper portion)

TERRALITE™ XP5 @ NOVARIANT

Home Configuration Firmware Utilities

Signal View - Base Station (192.163.119.152)

%P5 Navigation Solution
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The 1 X100 Reference Station Signal View (upper portion) window contains the following components:

® XPS Navigation Solution
® Lat [deg] display — The Reference Station L atitude measurement updated at a 1Hz rate.
® Lon[deg] display — The Reference Station Longitude measurement updated at a 1Hz rate.
® Alt [m] display — The Reference Station Altitude measurement updated at a 1Hz rate.
® PDOP display — The current Position Dilution of Precision value.
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Main/Diagnostics Window

® XPSTerralite Signals

SLT display — The assigned TX100 Terralite™ Transmitter slot number.

XPS SS display — XPS signal strength.

XPS AG display — XPS auto gain control values.

Base SS display — 1 X100 Reference Station signal strength.

Base AG display — X100 Reference Station auto gain control values.

Accum: display — Accumulated data counter, incremented approximately1086 per second.

Signal Strength bar chart displays — XPS and 1 X100 Reference Station signal strength graphical display.

® SkyPlot Terralite/Satellite chart display — Showsthe TX 100 Terralite Transmitter and Satellite ID and positions.

® GPSLL1LZ2Signals
® CH display — Thereceiver channel assigned to a specific satellite.
®  PRN display — The number of the satellite providing GPS signals.
® Hzdisplay — The satellite doppler frequency.
® Ant 1Signal Strength
® Lldisplay —TheL1signa strength from antenna number 1.
® L2display — ThelL2 signa strength from antenna number 1.
® Ant 2 Signal Strength
® Lldisplay —ThelL1signa strength from antenna number 2.
® L2display — ThelL2 signa strength from antenna number 2.
Antenna Signal Strength bar chart displays—
Base Signal Strength
® L1display — The strength of the signal from the 1 X100 Reference Station L1 antenna.
® L2display — The strength of the signal from the 1 X100 Reference Station L2 antenna.
® Base Signal Strength bar chart displays — The strength of the signal from the X100 Reference Station.

Figure 11-3 [X100 Reference Station Signal View Window (lower portion)
CPU uptime: 0 days 03:33:22 RTK uptime: 0 days 03:32:20
wersion: 1.1 1.1 Jan 26 2006 @ 18:10:30 QH-ALL/ESDT 204 1/0ERTATOL S/ 1310827
SPS: posECEF({-26965953 . 76m, -4290748 53m, 3859519 01m) MN=6 PDOP=3 2 ¥DCP=2 7 flags=0x01
reset=3 assert=0 status=3 T=62.3C ¥5=12.3% rco=0.0m/s 05c=0x3818 antAE=(6 6ImA agcAE=(-16 -7Im
packets: Oxd5=11 Ox58=293 0x59=147 Ox88=98 Ox92=322 0x94=20 0x9A02=0 0x9415=293 OxAB=0
ref packets: 0x88=093 0x80=322 Ox93=0 0xB4=34
L1/L2 tuning: L1 0.5344 ) L20348:-) 00240008 0851052084049 Ok (0x00)
¥age: -99/20F0/B709 -7B/2150/86FA -4B8/B430/86FC -6R/AAENBTOC -A5/CCROABRFY T/DT7E0/ET04

Back

Note: Figure 11-3 provides information for factory and support personnel.
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Main/Diagnostics Window

Terralite Survey Status Window

Figure 11-4 Terralite Survey Status Window

@ NOVARIANT

TERRALITE™ XPS

Home Configuration Firmware Utilities

Terralite Survey Status

Slot | Serial Number | Survey Status | North [m] | Bast[m] | Up[m] |Update Time | Position Valid
1 0 00| 0.000000 | 0.000000 | 0.000000 0 0
2 0 00| 0.000000| 0.000000 | 0.000000 0 0
3 0 00| 0.000000| 0.000000 | 0.000000 0 0
4 1310784 03 | -10.129883 | -9.169922 | 2.940430 | 202938536 1
5 1310790 03| -1.061523 | 13.059570 | 2.918945 | 202936735 1
6 1310761 03| 3.579102| 4.140625|1.474609 | 202938564 1

Back

The Terralite Survey Status window contains the following components:

Slot — Terralite time slot assignment.
Serial Number — Terralite serial number.
Survey Status— Survey indicator, 3 indicates completed survey. 1 or 2 indicates only one of the antennas has
completed the survey.
® North [m] — Distance (in meters) the TX100 Terralite is located North of the X100 Reference Station.

Note: A negative value indicates a position south of the IX100 Reference Station.

® East[m} — Distance (in meters) the TX100 Terraliteislocated East of the 1X100 Reference Station.

Note: A negative value indicates a position west of the X100 Reference Station.

® Up[m] —Distance (in meters) the TX100 Terraliteis located verticaly of the X100 Reference Station.

Note: A negative value indicates the X100 Reference Station has a higher atitude than the TX100 Terralite.

Update Time — GPS Time of Millennium (GPS Week(0-1023) x 604800 + GPS Time of Week(0-604800)).
® Position Valid — Status bit. If the survey is complete, the valueis one (1).
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Main/Diagnostics Window

Network Address Window

Figure 11-5 Network Address Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Network IP Address

Ethernet Address: (192 |.[168 | 119 | 211 |

Ethernet Netmask: (255 | [265 | 252 | 0 |
Defanlt Gateway: r|_‘|_9'2_| ] Ir‘I_SE_%_| ] Ir1‘l_‘§}_| i |

If vou have no default gateway, use the Ethernet IP address.

[ Submit Changes ]

Back
The Networ k Addresswindow contains the following components:

ethO display — Provides Ethernet O configuration and status data.
eth0 Down button — Disables Ethernet 0.
®  ethO up button — Enables Ethernet 0.

The Phase Dump window contains the following components:

Filenamefield — Input field for the file to be used for phase dumping.
Sart Dumping button — Initiates the phase dumping process.
® Back button — Returns to the previous window.
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Configuration Window

The Configuration window provides access to the application functions requiring performance and environmental
setup. Figure 11-6 shows the Configuration window.

Figure 11-6 IX100 Reference Station Configuration Window

TERRALITE"™ XPS @ NOVARIANT
fome Diagnostics Configuration Firmware Utilities

Configuration Menu

Network IP Address
Base Station Position
Serial Ports
Differential Correction
Position Qutput
Diagnostic Radio
Elevation Mask
PDOP Mask

Data Logging

*

*

*

L)

L ]

*

*

The Configuration window contains the following components:

®  Network IP Address Window link — Enables configuration of the IP Address, Subnet Mask and default gateway
settings.

Base Sation Position Window link — Enables access to the Base Station coordinate input fields.

Serial Port Window link — Provides access to the serial port configuration functions.

Differential Correction Window link — Enables access to the Differential port, protocol and location settings.
Position Output Window link — Provides access to the 1 X100 output settings.

Diagnostic Radio Window link — Enables access to the serial port selection function.

Set Elevation Mask Window link — Provides access to the elevation mask configuration function.

Set PDOP Mask Window link — Enables access to the PDOP mask settings.

Data Logging Window link — Enables access to the Data L ogging window.
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Network IP Address Window

Figure 11-7 Network IP Address Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Network IP Address

Ethernet Address: 192 | [168 | 119 | 211

.58 |. &2 |.B

NN

Default Gateway: r|_‘|_9'2 :I ] [‘lSE__‘:'

If vou have no default gateway, use the Ethernet IP address.

[ Submit Changes ]

Back

The Network 1P Address window contains the following components:

® Ethernet Addressfields — The unique number assigned to the receiver Ethernet network adapter defining its
physical connection on the network.

® Ethernet Netmask fields— The subnet mask information used to inform the | P software which bits represent the
network number and which bits represent the host number.

® Default Gateway fields—When used, it is the router used to forward al traffic that is not addressed to a
node/computer within the local subnet.
Submit Changes button — Saves the changes to the config file.
Back link — Returns to the previous window.
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Base Station Position Window

Figure 11-8 Base Station Position Window

TERRALITE" XPS @ NOVARIANT
Home Diagnostics Configuration Firmware Utilities

Base Station Position

Latitude: |0 :[deg]
Longitude: |0 | [deg]
Altitude: [0 | [meter]
[ Submit Changes ]

Back

The Base Sation Position window contains the following components:

L atitude field — The Reference Station L atitude measurement updated at a 1Hz rate.
Longitude field — The Reference Station longitude measurement updated at a 1Hz rate.
Altitude field — The Reference Station altitude measurement updated at a 1Hz rate.
Submit Changes button — Saves the changes to the config file.

Back link — Returns to the previous window.
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Serial Port Window

Figure 11-9 Serial Port Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Serial Port Setting

User1 Serial Port
Baudrate: | 38400 ¥ |
Data Bfts:é 2 V

Parity: Mone V|

Set SenalPortl

User2 Serial Port
Baudrate: ' 33400 :;

Parity: | None ¥ |

Stop Bits: b

Set SerialPort2
User3 Serial Port
Baudrate: I3»_840&_*!"'
Data Bi‘ts:é 3 v

Parity: None Vi

Set SerialPort3
Back

The Serial Port window contains the following components:
®  Seria Port Settings

Note: The serial port functions are repeated identically for the three serial ports.

Port drop-down menu — The receiver communication port.
Protocol drop-down menu — The seria port data stream protocol.
Baudr ate drop-down menu — The serial port data transfer rate.
Parity drop-down menu — The parity check on/off selection.

Sop Bits: drop-down menu — asynchronous data delay bit settings.
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®  Set Serial Port button — sends the selected serial port settings to the configuration file.
® Back link — Returns to the previous window.

Differential Correction Window

Figure 11-10 Differential Correction Window

TERRALITE™ XPS @ NOVARIANT

Home Diagnostics Configuration Firmware Utilities

Differential Correction

Port | Serial Port 1 (Defaul) ¥ |

Protocol: uig(i

Base Position:  Latitude D J [deg]
Longitude D—| [deg]
Altitade 0 | [meter]

Submit Changes
Back

The Set Elevation Mask window contains the following components:

Port drop-down menu — Enables the selection of the seria port used to transmit differential corrections.
Protocol drop-down menu — Defines the differential correction data stream protocol.

Base Position L atitude field — The Reference Station L atitude measurement updated at a 1Hz rate.
Base Position Longitude field — The Reference Station Longitude measurement updated at a 1Hz rate.
Base Position Altitude field — The Reference Station Altitude measurement updated at a 1Hz rate.
Submit Changes button — Saves the changes to the configuration file.

Back link — Returns to the previous window.
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Position Output Window

Figure 11-11 1X100 Position Output Window

@ NOVARIANT

TERRALITE™ XPS5

Home Diagnostics Configuration Firmware Utilities

Position Output

® Enable O Disable
Port: SerlalF‘odS[DefElult] V
Protocol: | NMEA ~|

NMEA Output Format
GXP: 1Hz v_.f

GST: [1he._ ]

GXA: _._.'I Hz _V."_
cxv:[ire ¥
GSV:[1Hz ~|

ATZT: 'I Hz v

DA _-_-‘I Hz _V."_

[ Submit Changes ]
Back

The I X100 Position Output window contains the following components:

Enable radio button — Enables the differential correction radio output.

Disable radio button — Disables the differentia correction radio output.

Port drop-down menu — Enables the serial port selection for the differential correction radio output.

Protocol drop-down menu — Enables the selection of the differential correction radio protocol.

NM EA Output Format drop-down menus
GXP drop-down menu — Sets the GX P message type output frequency which is providing position reporting
combining satellite and TX100 Terralite Transmitter data.

® GST drop-down menu — Sets the GST message type output frequency which is providing error estimates
corresponding to the position report.

®  GXA drop-down menu — Setsthe GSA message type output frequency whichis providing DOP and tracking
information regarding satellites and TX 100 Terralite Transmitters used in the positional solution

®  GXV drop-down menu—Setsthe GXV message type output frequency whichisproviding tracking and signal
strength information for all available signals.

®  GSV drop-down menu — Setsthe GSV message type output frequency which is providing tracking and signal
strength information for all available signals. (Pre-XPS legacy systems)

® Submit Changes button — Saves the changes to the configuration file.
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® Back link — Returns to the previous window.

Diagnostic Radio Window

Figure 11-12 X100 Diagnostic Radio Window

I I:_; f A |
TERRALITE™ XPS @ NOVARIANT
Home Diagnostics Configuration Firmware Utilities

Diagnostic Radio

Port: | Serial Port2 (Defauli) ¥

[ Submit Changes

Back

The I X100 Diagnostic Radio window contains the following components:

® Port drop-down menu — Seria port selection menu.
Submit Changes button — Saves the changes to the configuration file.
® Back link — Returnsto the previous window.

Set Elevation Mask Window

Figure 11-13 Set Elevation Mask Window

() AN
TERRALITE™ XPS @ NOVARIANT

Satellite Elevation Mask

Elevation Mask: 7.0 | degrees

Submit Changes

Back

The Set Elevation Mask window contains the following components:

® Elevation Mask field — Sets the minimum elevation above the horizon that a receiver will track a satellite.
® Submit Changes button — Saves the changes to the configuration file.
® Back link — Returns to the previous window.
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Set PDOP Mask Window

Figure 11-14 Set PDOP Mask Window

@ NOVARIANT

TERRALITE™ XPS5S

Home Diagnostics Configuration Firmware Utilities

PDOP Mask

PDOP Mask: §1s.u |

[ Submit Changes ]

Back

The Set PDOP M ask window contains the following components:

® PDOP Mask field— Enablesthe use of position data only within specified tolerances. The closer the PDOP value
isto one (1), the better the geometry of the satellites the better the probability of positional accuracy.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.

Data Logging Window

Figure 11-15 Data Logging Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Toggle Data Logging

[ raw data ( raw)

[] phase data (_phase)

position fix (.nmea)

position fix - constrained (_.nmeal)
[ aux input (aux)

Back

The Data L ogging window contains the following components:

® Data L ogging checkboxes
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Note: When the check boxes are checked, the data is logged into internal the Compact Flash disk (or into USB
disk if CF is not mounted).

® raw data (.raw) checkbox —.raw filelogs al the incoming datainto RTK application in binary format.

Note: The naming convention is YYMMDD_HHMM .xxx. For example, 060213_2137.raw

phase data (.phase) checkbox — .phase file logs X PS code/carrier phase data in text format.
® position fix (.nmea) checkbox — .nmeafile logs positioning output in the same format as NMEA output in
“Position Output (Aux)” seria port.

Note: When areceiver is configured to output positioning in GSOF format in the serial port, the GUI displays
“.gsof/.gsof2” instead of “.nmea/.nmea2".

® position fix - constrained (.nmea2) checkbox —.nmea2 file logs constrained positioning output, simulating
limited satellite/terralite availability.

® auxinput (.aux) checkbox —.aux filelogs any incoming data stream from “Position Output (Aux)” seria port As
Is.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.

Firmware Window

Figure 11-16 Firmware Window

@ NOVARIANT

TERRALITE™ XPS5S

Home Diagnhostics Configuration m Utilities

Firmware Menu

+ Firmware Upgrade
+ Revert to Previous Firmware

The Firmwar e window contains the following components:

Firmware Upgrade link — Enables access to the Firmwar e Upgr ade window.
® Revert to Previous Firmware link — Enable access to the Revert to Previous Fir mwar e window.
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Firmware Upgrade

Figure 11-17 Firmware Upgrade Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration m Utilities

Firmware Upgrade

Current Bundle

nvt_bundle-20060126 1E808.tgz

Upload New Bundle

Select a new bundle file [ nvt_bundle-xXXXXXXXX Xx.tLgz )} and click Upload:

1
|_Browse..

Back

The Firmwar e Upgrade window contains the following components:

Current Bundle display — Lists the current software bundle file name.

Upload New Bundleinput field — Enables bundle path and filename manual input.

Browse button — Enables the search and insertion of a selected file from your files system or network.
Upload button — Initiate the process to upload the selected file.

Back link — Returns to the previous window.
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Revert to Previous Firmware

Figure 11-18 Revert to Previous Firmware Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration m Utilities

Revert to Previous Firmware

Current Bundle
ovt_bundle-20060126 1808 tgz

Previous Bundle

vt _bundle-20060126 1745 tgz

Click to revert to the previous firmware.
[ Revert and Reboot ]

Back

The Revert to Previous Firmwar e window contains the following components:;

Current Bundle display — Displays the current software bundle.

Previous Bundle display — Displays the previoudy loaded software bundle.

Revert and Reboot button — Returns to the previous software bundle version and reboots the receiver.
Back link — Returns to the previous window.
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Utilities Window

Figure 11-19 Utilities Menu Window

TERRALITE™ XPS @ NOVARIANT
— Diagnostics  Configuration  Fimware | VAN

Utilities Menu

+ Reboot Receiver
+ User Login Password

The Utilities M enu window contains the following components:

Reboot Receiver Window link — Provides access to the receiver reboot function.
® User Login Password Window link — Enables a user to set a password.
® NMEA Ping File Window link — Provides access to download the NMEA ping file.

Reboot Receiver Window

Figure 11-20 Reboot Receiver Window

TERRALITE™ XPS @ NOVARIANT

Home Diagnostics Configuration Firmware m

Reboot

This will reboot the receiver.

Back

The Reboot Receiver window contains the following components:

Reboot Now button — Restarts the receiver immediately.
® Back link — Returns to the previous window.
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User Login Password Window

Figure 11-21 User Login Password Window

TERRALITE™ XPS @ NOVARIANT
S SPAneS RN SR Fimware [T

User Login Passsword

Login Name: user

Enter Password:

Retype Password:

[ Submit Changes ]

Back

The User Login Password window contains the following components:

Note: The I X100 Reference Station is shipped with the following default user ID and password:
User: user
Password: user

L ogin Name display — Displays the currently logged in user name.
Enter Password field — Enables the data entry of your password.
Retype Password field — Confirms the previously entered password.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.
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NMEA Ping File Window

Figure 11-22 NMEA Ping File Window

TERRALITE™ XPS @ NOVARIANT.
Home Diagnostics Configuration Firmware m

NMEA Ping File

Download NMEA Ping File

Click the button to download a NMEA ping file.

Back

The NM EA Ping File window contains the following components:

Download button — Transfers the NMEA ping file.
® Back link — Returns to the previous window.

IX100 Reference Station Configuration Software GUI Description 100



TX100 Terralite Transmitter Configuration

Software GUI Description

This TX100 Receiver Configuration GUI Description chapter provides the functions and commands you’'ll use to
interact with the TX 100 Terralite system. Figure 12-1 shows the M ain/Diagnostics window of the TX100 Receiver
Configuration Software.

The TX100 Main/Diagnostics window in the Configuration Softwar e application contains links to the following
sub-windows:

Main/Diagnostics Window
® Sgnal View Window
® Terralite Survey Satus Window
®  Network Address Window
Configuration Window
Network IP Address Window
Transmitter Sot Window
FCC License Window
Serial Port Window
Differential Correction Window
Position Output Window
Diagnostic Radio Link Window
Set Elevation Mask Window
Set PDOP Mask Window
Data Logging Window
irmware Window
Firmware Upgrade
Utilities Window
tilities Window
Reboot Receiver Window
User Login Password Window
NMEA Ping File Window

® &6 6 O 06T © 6 06 6 06 0 0 0 o o
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Figure 12-1 Main Window

@ NOVARIANT

TERRALITE™ XPS

Home Configuration Firmware Utilities

Diagnostics Menu

+ Signal View

+ Boot Log

Terralite Survey Status
Filesystem Usage
Process Table
Network Address

L ]

+*

*

L]

The Main/Diagnostics window contains the following components:

Configuration Window link — Navigates to the Configur ation window.

Firmware Window link — Navigates to the Fir mwar e window.

Utilities Window link — Navigates to the Utilities window.

Sgnal View Window link — Navigates to the Signal View window.

Terralite Survey Satus Window — Navigatesto the Terralite Survey Status window.
Network Address Window link — Navigates to the Networ k Address window.

Main/Diagnostics Window

The Diagnostic window provides accessto the diagnostic functions of the Configuration software and acts asthe home
page. The diagnostic functions provided within the Configuration software are accessed through the following
windows:

Sgnal View Window
® Terralite Survey Satus Window
®  Network Address Window

Signal View Window

The Signal View window provides accessto satellite, X100 Reference Station and TX100 Terralite™ Transmitter
positioning data. Figure 12-2 and Figure 12-3 show the various Signal View windowsfor the various GPS positioning
infrastructure components.
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Figure 12-2 TX100 Terralite Signal View Window (upper portion)

TERRALITE™ XPS @ NOVARIANT.

Home Configuration Firmware Utilities

Signal View - Terralite (192.163.119.14)

XPS Mavigation Solution
East [m] Marth [m] g [m] Ant1 Mode AntZ Mode PDOP
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3 |8 |68 e @ | e | — g | ¢ [T
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The TX100 Terralite Signal View (upper portion) window contains the following components:

® XPS Navigation Solution
® East [m] display — Distance (in meters) the TX1000 Terralite transmitter islocated East of the X100
Reference Station.
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Note: A negative number in the East [m] field indicates the Terralite is West of the X100 Reference Station.

® North [m] display — Distance (in meters) the TX 1000 Terralite transmitter is located North of the X100
Reference Station.

Note: A negative number in the North [m] field indicates the Terralite is South of the X100 Reference Station.

® Up [m] display — Distance (in meters) the TX1000 Terralite transmitter islocated vertically the 1X100
Reference Station.

Note: A negative number in the Up [m] field indicates the Terralite is vertically lower in relationship to the
I X100 Reference Station.

® PDOP display — The current Position Dilution of Precision value.
® Flagsdisplay — QX software status flags.
® XPSTerralite Signals
® SLT display — The assigned TX100 Terralite™ Transmitter slot number.
XPS SS display — XPS signal strength.
XPS AG display — XPS auto gain control values.
Base SS display — X100 Reference Station signal strength.
Base AG display — X100 Reference Station auto gain control values.
Accum: display — Accumulated data counter, incremented approximately1086 per second.
Signal Srength bar chart displays— XPS and 1 X100 Reference Station signal strength graphical display.
® SkyPlot Terralite/Satellite chart display — Showsthe TX 100 Terralite Transmitter and Satellite ID and positions.

® GPSLYL2Signals
® CH display — The receiver channel assigned to a specific satellite.
® PRN display — The number of the satellite providing GPS signals.
® Hzdisplay — The satellite doppler frequency.
® Ant1Signal Srength
® L1ldisplay —TheL1signd strength from antenna number 1.
® L2display — TheL2 signd strength from antenna number 1.
® Ant 2 Signal Srength
® L1ldisplay —TheL1signd strength from antenna number 2.
® L2display — TheL2 signd strength from antenna number 2.
Antenna Signal Srength bar chart displays—
® Base Signal Srength
® L1display — The strength of the signal from the I X100 Reference Station L1 antenna.
® L2display — The strength of the signal from the 1 X100 Reference Station L2 antenna.
® Base Signal Strength bar chart displays— The strength of the signal from the X100 Reference Station.
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Figure 12-3 TX100 Terralite Signal View Window (lower portion)

CPU uptime: 0 days 00:11:28 RTK uptime: 0 days 00:01:38

version: 1.1 1.1 Jan 28 2006 @ 15:06:22 QK-ALLACIETCBC/MBCEIEAR SN 1310784

SPE posECEF(-26296968.70m, -4290732.93m, 3859308 .48m) N=8 FDOF=2 2 vYDOP=1.8 flags=0x01

reset=3 assert=0 status=3 T=47.2C %5=12.3% rco=-300.1m/s 05c=0x810E anthE=(28 S4)mA agcAE=(-60 -72)m*
packets: OxdS=4 0x58=0 0x59=52 Ux88=35 Ux32=104 Ox34=24 Ox9A0Z=372 0x8A16=104 OAB=0

ref packets: Ox85=35 0x30=115 Ox953=0 0<B4=1%9

L2 tuning: L1 0.3588:-) L20.377 (v) 0.004-0:040 0:520490:81 051 Meed Tuning... (0x50)

®age: 0/0000/0000  0/0000/0000  0/0000/0000 0/0000/0000  ©0/0000/0000 0/0000/0000

Hat Start Warm Start Cold Start SetOscillator

Back

Note: Figure 12-3 provides information for factory and support personnel.

Terralite Survey Status Window

Figure 12-4 Terralite Survey Status Window

TERRALITE™ XPS @ NOVARIANT

Terralite Survey Status

Slot | Serial Number | Survey Status | North [m] | Bast[m] | Up[m] |Update Time | Position Valid
1 0 00| 0.000000 | 0.000000 | 0.000000 0 0
2 0 00| 0.000000| 0.000000 | 0.000000 0 0
3 0 00| 0.000000| 0.000000 | 0.000000 0 0
4 1310784 03 | -10.129883 | -9.169922 | 2.940430 | 202938536 1
5 1310790 03| -1.061523 | 13.059570 | 2.918945 | 202936735 1
6 1310761 03| 3.579102| 4.140625|1.474609 | 202938564 1

Back

The Terralite Survey Status window contains the following components:

® Slot—Terralite time slot assignment.
®  Serial Number — Terralite serial number.
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®  Survey Status— Survey indicator, 3 indicates completed survey. 1 or 2 indicates only one of the antennas has
completed the survey.

North [m] — Distance (in meters) the TX100 Terralite islocated North of the X100 Reference Station.

East [m} — Distance (in meters) the TX100 Terralite islocated East of the X100 Reference Station.

Up [m] — Distance (in meters) the TX100 Terralite islocated vertically of the X100 Reference Station.
Update Time — GPS Time of Millennium (GPS Week(0-1023) x 604800 + GPS Time of Week(0-604800)).
Position Valid — Status bit. If the survey is complete, the value isone (1).

Network Address Window

Figure 12-5 Network Address Window

@ NOVARIANT

TERRALITE™ XPS5S

Home Diagnostics Configuration Firmware Utilities

Network IP Address

Ethernet Address: (192 |.[168 |.[119 |.[211
Ethernet Netmask: (255 |.[255 |.[252 |.[0

Defuit Gateway: (122 | 185 | 119 ||

If vou have no default gateway, use the Ethernet IP address.

[ Submit Changes ]

Back
The Networ k Addresswindow contains the following components:

® ethOdisplay — Provides Ethernet O configuration and status data.
® ethO Down button — Disables Ethernet 0.
®  ethO up button — Enables Ethernet 0.

The Phase Dump window contains the following components:

® Filenamefied — Input field for the file to be used for phase dumping.
® Sart Dumping button — Initiates the phase dumping process.
® Back button — Returns to the previous window.
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Configuration Window

The TX100 Terralite Configuration window provides access to the application functions requiring performance and
environmental setup. Figure 12-6 shows the Configuration window.

Figure 12-6 TX100 Terralite Configuration Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Configuration Menu

+ Network IP Address

+ Transmitter Slot

FCC License

Serial Ports
Differential Correction
Position Qutput
Diagnostic Radio
Elevation Mask
PDOP Mask

Data Logging

*

L ]

*

*

-

The Configuration window contains the following components:

®  Network IP Address Window link — Enables configuration of the IP Address, Subnet Mask and default gateway
settings.

Transmitter Sot Window link — Enables access to the TX 100 slot selection function.

FCC License Window link — Provides access to the FCC License data entry field.

Serial Port Window link — Provides access to the serial port configuration functions.

Differential Correction Window link — Enables access to the TX100 Terralite timeslot assignment function.
Position Output Window link — Enables access to the Differential Radio settings.

Diagnostic Radio Link Window link — Provides access to the seria port setting.

Set Elevation Mask Window link — Provides access to the elevation mask configuration function.

Set PDOP Mask Window link — Enables access to the PDOP mask settings.

Data L ogging Window link — Enables access to the Data L ogging window.
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Network IP Address Window

Figure 12-7 Network IP Address Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Network IP Address

Ethernet Address: (192 |.[168 | 119 | 211 |

Ethernet Netmask: (255 | [265 | 252 | 0 |

Default Gateway: [1:9'2_| ] Ir‘I_SE_%_| 1 Ir1‘l_‘§}_| i Ii‘l |

If vou have no default gateway, use the Ethernet IP address.

[ Submit Changes ]

Back

The Network 1P Address window contains the following components:

® Ethernet Addressfields — The unique number assigned to the receiver Ethernet network adapter defining its
physical connection on the network.

® Ethernet Netmask fields— The subnet mask information used to inform the | P software which bits represent the
network number and which bits represent the host number.

® Default Gateway fields—When used, it is the router used to forward al traffic that is not addressed to a
node/computer within the local subnet.
Submit Changes button — Saves the changes to the config file.
Back link — Returns to the previous window.

Transmitter Slot Window

Figure 12-8 TX100 Transmitter Slot Window

TERRALITE™ XP5S @ NOVARIANT

Transmitter Slot

Transmitter Slot (1-8):[200 |

[ Submit Changes ]

Back

The Transmitter Slot window contains the following components:
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® Transmitter Slot (1-8): field — Defines the timeslot assigned to the TX100 Terralite.
®  Submit Changes button — Saves the changes to the config file.
® Back link — Returns to the previous window.

FCC License Window

Figure 12-9 FCC License Window

TERRALITE™ XPS @ NOVARANT
Home Diagnostics Configuration Firmware Utilities

FCC License

FCC License: EWF’WB?A‘H

[ Submit Changes ]

Back

The FCC License window contains the following components:

FCC Licensefield — Datainput field for the TX100 license.
® Submit Changes button — Saves the changes to the config file.
® Back link — Returns to the previous window.
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Serial Port Window

Figure 12-10Serial Port Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration Firmware Utilities

Serial Port Setting

User1 Serial Port
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The Serial Port window contains the following components:
®  Seria Port Settings

Note: The serial port functions are repeated identically for the three serial ports.

Port drop-down menu — The receiver communication port.
Protocol drop-down menu — The seria port data stream protocol.
Baudr ate drop-down menu — The serial port data transfer rate.
Parity drop-down menu — The parity check on/off selection.

Sop Bits: drop-down menu — asynchronous data delay bit settings.
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®  Set Serial Port button — sends the selected serial port settings to the configuration file.
® Back link — Returns to the previous window.

Differential Correction Window

Figure 12-11 Differential Correction Window
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Back

The Differential Correctionswindow contains the following components:

Port drop-down menu — Enables the selection of the serial port used to transmit differential corrections.
Protocol drop-down menu — Defines the differential correction data stream protocol.

Base Position L atitude field — The Reference Station L atitude measurement updated at a 1Hz rate.
Base Position Longitude field — The Reference Station L ongitude measurement updated at a 1Hz rate.
Base Position Altitude field — The Reference Station Altitude measurement updated at a 1Hz rate.
Submit Changes button — Saves the changes to the configuration file.

Back link — Returns to the previous window.
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Position Output Window

Figure 12-12TX100 Position Output Window
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The TX100 Position Output window contains the following components:

Enable radio button — Enables the differential correction radio output.

Disable radio button — Disables the differential correction radio output.

Port drop-down menu — Enables the serial port selection for the differential correction radio output.

Protocol drop-down menu — Enables the selection of the differential correction radio protocol.

NM EA Output Format drop-down menus — Selects the NMEA Output Format update rate.
GXP drop-down menu — Sets the GX P message type output frequency which is providing position reporting
combining satellite and TX100 Terralite Transmitter data.

®  GST drop-down menu — Sets the GST message type output frequency which is providing error estimates
corresponding to the position report.

®  GXA drop-down menu — Setsthe GSA message type output frequency which is providing DOP and tracking
information regarding satellites and TX100 Terralite Transmitters used in the positional solution

®  GXV drop-down menu—Setsthe GXV message type output frequency whichisproviding tracking and signal
strength information for all available signals.

®  GSV drop-down menu — Setsthe GSV message type output frequency which is providing tracking and signal
strength information for all available signals. (Pre-XPS legacy systems)

® Submit Changes button — Saves the changes to the configuration file.
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® Back link — Returns to the previous window.

Diagnostic Radio Link Window

Figure 12-13Diagnostic Radio Link Window
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The TX100 Diagnostic Radio window contains the following components:

Port drop-down menu — Serial port selection menu.
Submit Changes button — Saves the changes to the configuration file.
® Back link — Returns to the previous window.

Set Elevation Mask Window

Figure 12-14 Set Elevation Mask Window
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The Set Elevation Mask window contains the following components:

® Elevation Mask field — Sets the minimum elevation above the horizon that a receiver will track a satellite.
Submit Changes button — Saves the changes to the configuration file.
® Back link — Returns to the previous window.
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Set PDOP Mask Window

Figure 12-15Set PDOP Mask Window
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The Set PDOP Mask window contains the following components:

® PDOP Mask field— Enablesthe use of position data only within specified tolerances. The closer the PDOP value
isto one (1), the better the geometry of the satellites the better the probability of positional accuracy.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.

Data Logging Window

Figure 12-16 Data Logging Window
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Back

The Data L ogging window contains the following components:

® Data L ogging checkboxes
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Note: When the check boxes are checked, the data is logged into internal the Compact Flash disk (or into USB
disk if CF is not mounted).

® raw data (.raw) checkbox —.raw filelogs al the incoming datainto RTK application in binary format.

Note: The naming convention is YYMMDD_HHMM .xxx. For example, 060213_2137.raw

phase data (.phase) checkbox — .phase file logs X PS code/carrier phase data in text format.
® position fix (.nmea) checkbox — .nmeafile logs positioning output in the same format as NMEA output in
“Position Output (Aux)” seria port.

Note: When areceiver is configured to output positioning in GSOF format in the serial port, the GUI displays
“.gsof/.gsof2” instead of “.nmea/.nmea2".

® position fix - constrained (.nmea2) checkbox —.nmea2 file logs constrained positioning output, simulating
limited satellite/terralite availability.

® auxinput (.aux) checkbox —.aux filelogs any incoming data stream from “Position Output (Aux)” seria port As
Is.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.

Firmware Window

Figure 12-17 Firmware Window
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The Firmwar e window contains the following components:

® Firmware Upgrade link — Enables access to the Firmwar e Upgr ade window.
® Revert to Previous Firmware link — Enable access to the Revert to Previous Firmwar e window.

TX100 Terralite Transmitter Configuration Software GUI Description 115



Firmware Window

Firmware Upgrade

Figure 12-18 Firmware Upgrade Window
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The Firmware Upgrade window contains the following components:

Current Bundle display — Lists the current software bundle file name.

Upload New Bundleinput field — Enables bundle path and filename manual input.

Browse button — Enables the search and insertion of a selected file from your files system or network.
Upload button — Initiate the process to upload the selected file.

Back link — Returns to the previous window.
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Revert to Previous Firmware

Figure 12-19Revert to Previous Firmware Window

@ NOVARIANT

TERRALITE™ XPS

Home Diagnostics Configuration m Utilities

Revert to Previous Firmware

Current Bundle
nvt_bundle-20060128 1504 tgz

Previous Bundle

nvt_bundle 20051025_1756 tgz

Click to revert to the previous firmware.
[ Revert and Reboot ]

Back

The Revert to Previous Firmwar e window contains the following components:

® Current Bundle display — Displays the current software bundle.
® Previous Bundle display — Displays the previously loaded software bundle.
® Revert and Reboot button — Returns to the previous software bundle version and reboots the receiver.
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Utilities Window

Figure 12-20Utilities Menu Window
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The Utilities M enu window contains the following components:

® Reboot Receiver Window link — Provides access to the receiver reboot function.
User Login Password Window link — Enables a user to set a password.
® NMEA Ping File Window link — Enables a user to download an NMEA Ping file.

Reboot Receiver Window

Figure 12-21 Reboot Receiver Window
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Back

The Reboot Receiver window contains the following components:

Reboot Now button — Restarts the receiver immediately.
® Back link — Returns to the previous window.
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User Login Password Window

Figure 12-22User Login Password Window
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The User L ogin Password window contains the following components:

Note: The TX100 Terralite is shipped with the following default user 1D and password:
User: user
Password: user

L ogin Name display — Displays the currently logged in user name.
Enter Password field — Enables the data entry of your password.
Retype Password field — confirms the previously entered password.
Submit Changes button — Saves the changes to the configuration file.
Back link — Returns to the previous window.
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NMEA Ping File Window

Figure 12-23NMEA Ping File Window
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Back

The NM EA Ping File window contains the following components:

® Download button — Transfers the NMEA ping file.
® Back link — Returns to the previous window.

TX100 Terralite Transmitter Configuration Software GUI Description 120



Glossary of Terms

Glossary

Term Definition

Anywhere Fix A receiver function enabling it to start position cal culations without
receiving the approximate time and location.

Bandwidth The frequency range of agiven signal.

C/A Code The standard Course/Acquisition (civilian) GPS code. A sequence of 1023
pseudo-random, binary, biphase modulations on the GPS carrier at achip
rate of 1.023 MHz.

Carrier A specific frequency in an analog communication channel that is modulated

with an information-carrying signal.

Carrier-Aided Tracking

A signal processing methodology using the GPS carrier signa to derive an
precise lock on the pseudo random code.

Carrier Freguency

The fundamental frequency used in both amplitude modulation and
frequency modulation. It is the frequency which is modulated and the
frequency to which areceiver should be tuned in order to demodul ate the
information signal.

Carrier Phase GPS

GPS measurements fixed upon the L1 or L2 carrier signals.

Channel

Particular frequencies at which GPS signals are transmitted and received.

Chip The pseudo-random sequence transition time for individual bits.
Clock Bias The difference between true universal time and a clock's indicated time.
Code Phase GPS Pseudo random code (C/A or P) GPS measurements.

Control segment

GPS monitoring and control stations ensuring the accuracy of satellite
positions and their clocks.

Cycle Slip A discontinuity in the measured carrier beat phase resulting from a
temporary loss of lock in the carrier tracking loop of a GPS receiver.
Data Message A message from a satellite contained in the GPS signal which reports the

satellite's location, health and clock corrections.

Dilution of Precision

Typically known as DOP or GDORP . It is the multiplicative factor that
modifiesranging error. It is caused entirely by the distances between the user
and their satellites.

Dithering

The inaccuracy added to GPS signals by the Department of Defense to
produce selective avail ability.
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Doppler Aiding

A measured doppler shift processing methodology used to help the receiver
smoothly track the GPS signal. This technology enables more precise
position and velocity measurements.

Doppler Shift

The perceived change in the signal frequency induced by the relative motion
of areceiver and transmitter.

Elevation Mask

The minimum €elevation above the horizon that areceiver will track a
satellite.

Ephemeris

A description of the path of acelestial body indexed by time. The navigation
message from each GPS satellite includes a predicted ephemeris for the orbit
of that satellite valid for the current hour. The ephemerisisrepeated every 30
seconds and isin the form of a set of 16 Keplerian-like parameters with
corrections that account for the perturbations to the orbit caused by the
Earth’s gravitational field and other forces.

Freguency Spectrum

The display of signal amplitudes as afunction of frequency.

Geometric Dilution of

Typically known as DOP or GDORP . It is the multiplicative factor that

Precision (GDOP) modifiesranging error. It is caused entirely by the distances between the user
and their satellites.

Hardover Word The specific GPS word that containing synchronization information for the
transfer of tracking from the C/A to P code.

lonosphere The region of ionized plasma 80 to 120 miles above the Earth's surface.

lonospheric Refraction

Propagation mode occurring when radio waves travel into the ionosphere.
The ionosphere bends and attenuates radio waves at frequencies below 30
MHz.

L-band

L band isafrequency range between 390Mhz and 1.55Ghz which is used for
satellite communications and for terrestrial communications between
satellite equipment.

Multipath Error

Errors caused by a GPS signal bouncing off areflective surface prior to
reaching the GPS receiver antenna.

Multi-Channel Receiver

A GPSreceiver capable of simultaneoudly tracking signals from more than
one satellite.

P-Code

A PRN code transmitted by GPS satellites. The code consists of about 2.35 3
1014 chipsand is sent at arate of 10.23 megabits per second. At thisrate, it
would take 266 days to transmit the complete code. Each satelliteis assigned
a unique one-week segment of the code that is reset at Saturday/Sunday
midnight. The P-code is currently transmitted on both the L1 and L2
frequencies.

Precise Positioning

The full-accuracy, single-receiver GPS positioning service provided to the

Service (PPS) United States and its allied military organizations and other selected
agencies. It includes access to the unencrypted P-code and the removal of
SA effects.

Pseudolite A ground-based transmitter that mimics a GPS signal. These devices can be
used around airports for such tasks as precision instrument landings.

Pseudo Random Code Deterministic binary sequences with noise-like properties. Also called

pseudonoise codes. These codes are used in spread-spectrum
communications systems and in ranging systems such as GPS. Two PRN
codes are transmitted by GPS satellites: the C/A-code and P-code.
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Pseudorange

The range between the antenna phase centers of a GPS satellite and a
receiver, measured by the receiver? delay-lock loop using either the C/A- or
P-code. The range is biased by the offset of the clock in the receiver from
that in the satellite and by atmospheric propagation delays.

Satellite Constellation

The spatial arrangement of a satellite group.

Selective Availability
(SA)

The policy and procedure of denying to most nonmilitary GPS users the full
accuracy of the system. SA is achieved by dithering the satellite clock
(delta-process) and degrading the navigation message ephemeris
(epsilon-process). Currently SA primarily uses the delta-process. The effects
can be removed with encryption keys or through DGPS techniques.

Spread spectrum

A signal normally requiring a narrow transmission bandwidth but spread
over amuch larger bandwidth. For example, the 50-bits-per-second GPS
navigation message, which could be transmitted in a bandwidth of 50 Hz or
S0, is spread over a bandwidth of about 1 MHz by the C/A-code.

Standard Positioning
Service (SPS)

The GPS single receiver (stand-alone) positioning service available to any
user on a continuous, worldwide basis. It isintended to provide access only
to the C/A-code and the L1 carrier. The horizontal-position accuracy, as
degraded by SA, currently is advertised as 100 meters, the vertical-position
accuracy as 156 meters, and time accuracy as 334 nanoseconds, al at the
95-percent probability level. SPS also guarantees the user-specified level s of
coverage, availability, and reliability.

Static positioning

L ocation determination when the receiver? antennais presumed to be
stationary on the earth. This allows the use of various averaging techniques
to greatly improve accuracy.

Warm Start The ability of a GPS receiver to begin navigating using almanac information
stored in its memory from previous use.

World Geodetic System A set of parameters, established by the U.S. Defense Mapping Agency, for

1984 (WGS 84) determining geometric and physical geodetic relationships on aglobal scale.

The system includes a geocentric reference ellipsoid; a coordinate system;
and agravity field model. The ellipsoid is essentially that of the International
Union of Geodesy and Geophysics Geodetic Reference System 1980. The
coordinate system is aredlization of the conventional terrestrial system, as
established by the International Earth Rotation Service. The descriptions of
the GPS satellite orbits in the navigation message are referenced to WGS 84.
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