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Warranty

NovAtel Inc. warrants that its GNSS products are free from defects in materials and workmanship, subject to
the conditions set forth on our web site: novatel.com/products/novatel-warranty-and-return-policies.

Return instructions

To return products, refer to the instructions found at: novatel.com/products/novatel-warranty-and-return-
policies.

Proprietary Notice

This document and the information contained herein are the exclusive properties of NovAtel Inc. and/or its
affiliates within the Hexagon Autonomy & Positioning division (“Hexagon”).

No part of this document may be reproduced, displayed, distributed, or used in any medium, in connection
with any other materials, or for any purpose without prior written permission from Hexagon. Applications for
permission may be directed to contact.ap@hexagon.com. Unauthorized reproduction, display, distribution or
use may result in civil as well as criminal sanctions under the applicable laws. Hexagon aggressively protects
and enforces its intellectual property rights to the fullest extent allowed by law.

This document and the information contained herein are provided AS IS and without any representation or
warranty of any kind. Hexagon disclaims all warranties, express or implied, including but not limited to any
warranties of merchantability, non-infringement, and fitness for a particular purpose. Nothing herein
constitutes a binding obligation on Hexagon.

The information contained herein is subject to change without notice.

GLIDE, NovAtel, OEM7, PwrPak7, RELAY7 and TerraStar are trademarks of Hexagon AB and/or its
subsidiaries and affiliates, and/or their licensors. All other trademarks are properties of their respective
owners.

© Copyright 2019 — 2024 Hexagon AB and/or its subsidiaries and affiliates. All rights reserved. A list of entities
within the Hexagon Autonomy & Positioning division is available at
hexagon.com/company/divisions/autonomy-and-positioning.
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SMART2 Notices

The following notices apply to the SMART2 devices (model dependent).

. Changes or modifications to this equipment, not expressly approved by NovAtel Inc., could void the
user’s authority to operate this equipment.

FCC

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.

SMART?2 has been tested and found to comply with the radiated and conducted emission limits for a Class B
digital device. The Class B limits are designed to provide reasonable protection against harmful interference in
a residential installation.

The equipment listed generates, uses and can radiate radio frequency energy and, if not installed and used in
accordance with the instructions, may cause harmful interference to radio communications. However, there is
no guarantee that interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment off and on, the
user is encouraged to try to correct the interference by one or more of the following measures:

* Re-orient or relocate the SMART2

 Increase the separation between the equipment and the SMART2

« Connect the equipment to an outlet on a circuit different from that to which the SMART?2 is connected
» Consult the dealer or an experienced Radio/TV technician for help

The SMART?2 has been authorized for use in Mobile applications. At least 20 cm (8 inches) of
separation between the SMART2 and the User must be maintained at all times.

Bluetooth
SMART2-B and SMART2-TB contain a Bluetooth radio with the following approvals:
« FCCID: QOQBT121

Innovation, Science and Economic Development (ISED) Canada
SMART?2 Class B digital device complies with Canadian ICES-003.
SMART?2 appareil numérique de la classe B est conforme a la norme NMB-003 du Canada.

This device complies with ISED license-exempt RSS-GEN and RSS-247. Operation is subject to the following
two conditions: (1) this device may not cause interference and (2) this device must accept any interference,
including interference that may cause undesired operation of the device.

Cet appareil est conforme a la norme ISED RSS-GEN et RSS-247. Son fonctionnement est soumis aux deux
conditions suivantes: (1) cet appareil ne doit pas provoquer d'interférences et (2) cet appareil doit accepter
toute interférence, y compris les interférences pouvant entrainer un fonctionnement indésirable de I'appareil.
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SMART2 Notices

The SMART2 has been authorized for use in Mobile applications. At least 20 cm (8 inches) of
separation between the SMART2 and the User must be maintained at all times.

Le SMART?2 a été autorisé pour une utilisation dans les applications mobiles. Au moins 20 cm (8
pouces) de séparation entre le SMART2 et I'utilisateur doit étre maintenue a tous fois.

Bluetooth
SMART2-B and SMART2-TB contain a Bluetooth radio with the following approvals:
* IC:5123A-BGTBT121

European Union (EU) / United Kingdom (UK)
NovAtel Inc. declares that the SMART?2 is in compliance with:
1. EU Directive 2014/53/EU
2. UK Regulations S.1. 2017/1206
The full text of the EU Declaration of Conformity may be obtained from the NovAtel web site at:

novatel.com/products/novatel-compliance

Radio Information
Description of Service: Bluetooth - BR/EDR/BLE
Operational Frequency: 2400 MHz to 2480 MHz
Modulation: GFSK/4-DQPSK/8-DPSK
Rated Power: 13.0 dBm e.i.r.p

RoHS
The SMART2 is in conformity with:

1. Directive 2011/65/EU of the European Parliament and of the council of 8 June 2011 on the restriction of
the use of certain hazardous substances in electrical and electronic equipment.

2. the Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic Equipment
(Amendment) Regulations 2012 (S.1. 2012/3032).

WEEE Notice

If you purchased your SMART2 product in Europe or the United Kingdom, please return it to your dealer or
supplier at the end of its life. The objectives of NovAtel's environment policy are, in particular, to preserve,
protect and improve the quality of the environment, protect human health and utilise natural resources
prudently and rationally. Sustainable development advocates the reduction of wasteful consumption of natural
resources and the prevention of pollution. Waste electrical and electronic equipment (WEEE) is a regulated
area. Where the generation of waste cannot be avoided, it should be reused or recovered for its material or

energy. WEEE products may be recognized by their wheeled bin label (ﬁ).

See novatel.com/products/novatel-compliance/novatel-environmental-compliance for more information.
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E-Mark

The SMART2 has been granted EC type approval of an electric/electronic subassembly with respect to
electromagnetic compatibility ECE Regulation 10.05. Therefore the equipment is labeled with the following
approval marks.

10 R- 0510669

SMART2 International Type Approval

Australia and New Zealand

Brazil

@ ANAITEL

04841-18-03402

Este equipamento n&o tem direito a protec¢ao contra interferéncia prejudicial e ndo pode causar interferéncia
em sistemas devidamente autorizados.

Este produto esta homologado pela Anatel, de acordo com os procedimentos regulamentados para avaliagao
da conformidade de produtos para telecomunicagdes e atende aos requisitos técnicos aplicados. Para
maiores informagdes, consulte o site da Anatel — https://www.gov.br/anatel/pt-br

Eurasian Economic Community

Armenia, Belarus, Kazakhstan, Kyrgyzstan and Russia

il
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Korea

MSIP-CRM-
BGT-BT121

Serbia

A
AA

noos 19
South Africa

. TA-2021/2209
IC(A'SA
R APPROVED

Ukraine

¥

Uruguay
Contiene modulo : BT121
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SMART2 Notices

Conventions

The following conventions are used in this manual:

@ Information that supplements or clarifies text.

A caution that actions, operation or configuration may lead to incorrect or improper use of the
hardware.

. A warning that actions, operation or configuration may result in regulatory noncompliance, safety
issues or equipment damage.

SMART?2 Installation and Operation Manual v1
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Customer Support

NovAtel Knowledge Base

If you have a technical issue, visit the NovAtel Support page at novatel.com/support. Through the Support
page you can contact Customer Support, find papers and tutorials or download the latest firmware. To access
the latest user documentation, visit docs.novatel.com/OEM?7.

Before Contacting Customer Support

Before contacting NovAtel Customer Support about a software problem, perform the following steps:

@ If logging data over an RS-232 serial cable, ensure that the configured baud rate can support the data
bandwidth (see SERIALCONFIG command). NovAtel recommends a minimum suggested baud rate
of 230400 bps.

1. Use the information in the Troubleshooting on page 50 section to diagnose and troubleshoot your
receiver's symptoms.

2. Log the data suggested in the appropriate Troubleshooting Logs section to a file on your computer for 15
minutes.

* General Troubleshooting Logs on the next page
» Tracking and Interference Troubleshooting Logs on the next page
* PPP Troubleshooting Logs on page 13
If using NovAtel Application Suite, log the Troubleshooting message set for 15 minutes.

3. Send the data file to NovAtel Customer Support: support.novatel@hexagon.com

4. You can also issue a FRESET command to the receiver to clear any unknown settings.

@ The FRESET command will erase all user settings. You should know your configuration (by
requesting the RXCONFIGA log) and be able to reconfigure the receiver before you send the
FRESET command.

If you are having a hardware problem, send a list of the troubleshooting steps taken and the results.

Contact Information

Log a support request with NovAtel Customer Support using one of the following methods:

Log a Case and Search Knowledge:

Website: novatel.com/support

Log a Case, Search Knowledge and View Your Case History: (login access required)

Web Portal: shop.novatel.com/novatelstore/s/login/
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Customer Support

E-mail:

support.novatel@hexagon.com

Telephone:
U.S. and Canada: 1-800-NOVATEL (1-800-668-2835)
International: +1-403-295-4900

General Troubleshooting Logs

LOG RXSTATUSB ONCHANGED
LOG RAWEPHEMB ONNEW

LOG GLORAWEPHEMB ONNEW
LOG BESTPOSB ONTIME 1
LOG RANGEB ONTIME 0.5
LOG RXCONFIGA ONCE

LOG VERSIONA ONCE

LOG LOGLISTA ONCE

LOG PORTSTATSA ONTIME 10
LOG PROFILEINFOA ONCE
LOG HWMONITORA ONTIME 10

Tracking and Interference Troubleshooting Logs

LOG VERSIONA ONCE

LOG RXCONFIGA ONCE

LOG CHANCONFIGLISTB ONCE

LOG PASSTHROUGHA ONNEW

LOG RXSTATUSB ONCHANGED

LOG CLOCKSTEERINGB ONCHANGED
LOG RAWEPHEMB ONNEW

LOG GLORAWEPHEMB ONNEW

LOG GALINAVRAWEPHEMERISB ONNEW
LOG BDSEPHEMERISB ONNEW

LOG QZSSEPHEMERISB ONNEW

LOG NAVICEPHEMERISB ONNEW
LOG RAWALMB ONNEW

LOG GLORAWALMB ONNEW

LOG GALALMANACB ONNEW

LOG BDSALMANACB ONNEW

LOG QZSSALMANACB ONNEW

LOG NAVICALMANACB ONNEW

LOG IONUTCB ONNEW

LOG GLOCLOCKB ONNEW

LOG GALCLOCKB ONNEW

LOG BDSCLOCKB ONNEW

LOG TRACKSTATB ONTIME 1

LOG RANGEB ONTIME 0.5

LOG BESTPOSB ONTIME 1

LOG SATVIS2B ONTIME 30

LOG ITDETECTSTATUSB ONCHANGED
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For interference issues add this log:

LOG ITPSDDETECTB ONNEW

For interference issues, when you have enough datalink bandwidth to handle large logs, add this log:

LOG ITPSDFINALB ONNEW

PPP Troubleshooting Logs

LOG RXSTATUSB ONCHANGED
1LOG GPSEPHEMB ONNEW

1LOG GLOEPHEMERISB ONNEW

1LOG QZSSEPHEMERISB ONNEW

1LOG BDSEPHEMERISB ONNEW

LOG BDSBCNAV1EPHEMERISB ONNEW (firmware versions 7.08.03 and 7.08.10 and later)
LOG BDSBCNAV2EPHEMERISB ONNEW (firmware versions 7.08.03 and 7.08.10 and later)
LOG BDSBCNAV3EPHEMERISB ONNEW (firmware versions 7.08.03 and 7.08.10 and later)
1LOG GALFNAVEPHEMERISB ONNEW

1LOG GALINAVEPHEMERISB ONNEW

1LOG RANGEB ONTIME 0.5

1LOG BESTPOSB ONTIME 1.0

1LOG RXCONFIGB ONCE

1LOG VERSIONB ONCE

1LOG TRACKSTATB ONTIME 10.0

1LOG LBANDTRACKSTATB ONTIME 1.0

1LOG PPPPOSB ONTIME 1.0

1LOG PPPSATSB ONTIME 1.0

1LOG TERRASTARINFOB ONCHANGED

1LOG TERRASTARSTATUSB ONCHANGED

1LOG PSRPOSB ONTIME 1.0

1LOG ALMANACB ONNEW

1LOG GLOALMANACB ONNEW

1LOG GALALMANACB ONNEW

1LOG BDSALMANACB ONNEW

1LOG QZSSALMANACB ONNEW

1LOG IONUTCB ONNEW

1LOG GLOCLOCKB ONNEW

1LOG LBANDBEAMTABLEB ONCHANGED
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Chapter1 SMART2 Overview

The SMART2 is a high performance GNSS receiver and antenna, capable of receiving and tracking different
combinations of GNSS code and carrier signals on a maximum of 167 channels. SBAS (Satellite Based
Augmentation Systems) support, which includes WAAS (North America), EGNOS (Europe) and MSAS
(Japan) is standard. Refer to An Introduction to GNSS available on our website at novatel.com/an-

introduction-to-gnss for an overview of each of the above signal types. The SMART2 rear panel also features

a Light Emitting Diode (LED) for status indication.

Once properly powered, the SMART2 begins operating as a fully functional GNSS system.

1.1

Features and Models

The main features of the SMART2 include:

* a high performance, dual-frequency GNSS receiver

a high performance GNSS dual-frequency antenna

a CAN port
three RS-232 COM ports

Bluetooth wireless technology (optional)

one LED status indicator
a PPS output
a Mark Input (MKI) (Event1)

a water and dust tight enclosure

Emulated Radar output

Terrain Compensation (optional)

support for TerraStar-L and TerraStar-C PRO correction services

The SMART2 is available in several different firmware models whose configurations may include other
additional features (see Table 1: Hardware Options below).

Table 1: Hardware Options

Tradename Description

SMART2 SMART2
SMART2-B SMART2 with Bluetooth
SMART2-TB | SMART2 with Bluetooth and Terrain Compensation

Contact NovAtel Sales at novatel.com/contactus/sales-offices for information regarding available models,

upgrading a model to increase feature/functionality or go to novatel.com/products/smart-antennas/smart2.

Refer to the chapter Firmware Updates and Model Upgrades on page 59 for details.

SMART?2 Installation and Operation Manual v1
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Chapter 1 SMART2 Overview

1.2 SMART2 Connector Overview

All SMART2 models use the same connector for power and communication. Refer to Table 2: SMART2
Connector Pin-out below for pin outs.

Figure 1: SMART2 Interface Connector

U

OO0 O
OO D D
EXXXXS

N

Table 2: SMART2 Connector Pin-out

Pin Use Pin Use
1 COM1 TxD 8 COM3 TxD
2 COM1 RxD 9 Power Negative/Return
3 COM2 TxD 10 ER_OUT (Emulated Radar Output)
4 COM2 RxD 11 MKI (Mark Input)
5 Signal Ground (COM/MKI/PPS/ER) | 12 PPS (Pulse Per Second) Output
6 CAN+ 13 COM3 RxD
7 CAN- 14 Power Positive/Source

1.3 SMART2 LED
The SMART?2 has a single LED to indicate status.

Figure 2: SMART2 Status LED

NN

Status LED

Table 3: SMART2 Status Indicator

Description

@ Status (Power/GNSS) | All hardware options
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Chapter 1 SMART2 Overview

Table 4: SMART2 Status LED

State Description

Green Solid Precise solution good (PPP, Fixed or PPP+INS)

Green Slow Flash (1 Hz) | Precise solution converging

Yellow Solid Basic solution (Single Point/SBAS/DGPS)

Yellow Slow Flash (1 Hz) | Tracking satellites and calculating initial position solution

Yellow Fast Flash (3 Hz) | Initialized and ready for communication

Red Solid (Initial) Power On/Reset (for about 10 seconds after power-on or reset)

Red Solid (Continuous) | Receiver system error, if indicator persists after 30 seconds

Red Slow Flash (1 Hz) Position quality warning (unreliable/high error)

Red Fast Flash (3 Hz) Position unavailable (unusable)

1.4 Related Documents and Information

After the receiver is set up, the OEM7 Commands and Logs Reference Manual becomes the primary source
for command and log information.

@ Each receiver has a specific set of features, so some commands and logs may not be supported by
your model.

This manual does not cover receiver service and repair. Contact a local NovAtel dealer for service or repair
inquiries (refer to Customer Support on page 11 for contact details).
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Chapter 2 SMART2 Installation

2.1

When the appropriate equipment is selected, complete the following steps to set up and begin using the
SMART?2.

Figure 3: SMART2 Installation

E1up 5 AFuse

E2

J3

J4

J2 J5
¢

' )BBIuetooth (model dependant)

. Mount the SMART2 receiver. Refer to Mounting and Orientating the SMART2 below for mounting details.

. Connect the NovAtel interface cable, or custom wiring harness, to the COM and Power port on the back of

the SMART2 (J1). Refer to SMART2 Connector Overview on page 15 for details of the connector. Refer to
SMART Antenna Interface Cable (Optional Accessory) on page 88 for cable details.

. Connect other GNSS system components using the output lines.

. Connect the SMART2 to other GNSS system components, such as a computer or data terminal, using the

communication ports. See Connect the SMART2 to Data Communication Equipment on page 19.

. Connect the power leads on the interface cable to the power supply.

Ensure a 5 A slow blow fuse is incorporated in the power wiring. Refer to SMART Antenna Interface Cable
(Optional Accessory) on page 88 and SMART Antenna Additional Equipment Required on page 23 for
fuse recommendations.

See Connect Power to the SMARTZ on page 20 and Power Supply Requirements for the SMARTZ2 on
page 21 for details.

Refer to SMART2 LED on page 15 for details of SMART2 LED states.

Mounting and Orientating the SMART2

Mount the SMART2 on a secure, stable structure capable of safe operation in the specific environment.

* When installing on a vehicle, mount the SMART?2 on the vehicle roof, ideally close to the pivot point of the

vehicle. The SMART2 must be mounted with the connector facing the rear of the vehicle and the top facing
up with an unobstructed view of the sky above and all the way around it.
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Chapter2 SMART2 Installation

The SMART2 must be rigidly secured to the vehicle to avoid errors caused by vibration and
motion.

« Ifinstalling in a stationary location, mount the SMARTZ2 in a location that has a clear view of the sky so that
each satellite above the horizon can be tracked without obstruction.

Figure 4: Orienting the SMART2

Route cable toward g Orient toward the front
back of vehicle of the vehicle

The SMART?2 can be mounted to the vehicle using the integrated magnets, an optional mounting plate or four
M4 screws.

The optimal screw penetration into the SMART2 mounting holes is 6 mm (1 mm) deep. When
selecting screws for mounting the SMART2, ensure the screw penetration does not exceed this
specification. Using excessively long screws can damage the SMART2 enclosure.

2.1.1 Mounting Plate

Two mounting plates are available to facilitate mounting the receiver:
 asurface mounting plate

* apole mounting plate
Refer to SMART2 Mechanical Specifications on page 82 for mounting plate and pole mounting dimensions.

Surface Mounting Plate
To install the surface mounting plate:

1. Place the SMART2 on the surface mounting plate. The alignment pins on the mounting plate seat in the
two of the SMART2 mounting holes.

2. The integrated magnets will hold the SMART?2 on to the mounting plate.
To secure the SMART2 to the mounting plate, use two M4 screws that pass through the mounting plate
and into the SMART2. Torque the screws to 10 — 12 in-Ibs.
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Chapter2 SMART2 Installation

The optimal screw penetration into the SMART2 mounting holes is 6 mm (x1 mm) deep.
When selecting screws for mounting the SMART2, ensure the screw penetration does not

exceed this specification. Using excessively long screws can damage the SMART2
enclosure.

3. Attach the mounting plate to the mounting location using the mounting holes at each corner of the plate or
the adhesive tape.

Typically, attaching the mounting plate to the vehicle using adhesive tape is only used when SMART2 is
magnetically mounted to the mounting plate.

Pole Mounting Plate
To install the pole mounting plate:
1. Place the SMART2 on the pole mounting plate.

2. Use four M4 screws to connect the mounting plate to the SMART2. Torque the screws to 10 — 12 in-lbs.

The optimal screw penetration into the SMART2 mounting holes is 6 mm (x1 mm) deep.
When selecting screws for mounting the SMART2, ensure the screw penetration does not

exceed this specification. Using excessively long screws can damage the SMART2
enclosure.

3. Screw the mounting place onto a mount, such as a range pole, tribrach or tripod, with a 1" x 14 thread
screw. A 5/8" to 1" bushing adapter is available (NovAtel part number 12023275).

2.2 Connect the SMART2 to Data Communication Equipment

The SMART2 can communicate with other devices in the system, such as a computer's serial or Bluetooth
port. The SMART2 also has a CAN bus port for communication with other CAN bus compatible devices.

2.2.1 Serial Ports

The SMART2 has three serial ports: COM1, COM2 and COM3. These ports are available on the 14-pin Tyco
Ampseal connector. Refer to SMARTZ2 Connector Overview on page 15 for the pin out of this connector.

Table 5: SMART2
Serial Port Protocol

Port RS-232

COM1 Yes
COM2 | Yes
COM3 | Yes

Use the SERIALCONFIG command to configure the receiver’s asynchronous serial port communications
drivers.
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Port settings (bit rate and parity, for example) are software configurable. See Communications with the
Receiver on page 24 for information about configuring the serial ports. Also see SMART2 Data
Communication Specifications on page 86 for the serial port specifications.

To connect to a serial port:

1. Connect the SMART2 Interface cable (PN: 01019944), or a custom made cable, to the 14-pin Tyco
Ampseal connector.

For information about the SMARTZ2 interface cable refer to Connect I/O Signals to a SMARTZ2 below.
2. Connect the appropriate DB9 connector (COM1, COM2 or COM3) to the serial port on the computer or
other data communication device.
2.2.2 CAN Bus Port
The SMART2 has a CAN Bus port available on the 14-Pin interface connector.
To connect to the CAN Bus port:

1. Connect the SMART2 optional accessory cable or a custom made cable, to the main 14-Pin interface
connector.

For information about the SMART?2 interface cable, see SMART Antenna Interface Cable (Optional
Accessory) on page 88. This section also has the connector pin out and connector recommendations for
making a custom cable.

2. Connect the CAN to the CAN Bus (J5) of the SMART2 interface cable, see SMART Antenna Interface
Cable (Optional Accessory) on page 88.

@ The SMART2 CAN bus port is unterminated. If the SMART2 is at the end of the bus, then the
connecting cable must have 120 ohms integrated into the cable between CAN1+ and CAN1- in close
proximity to the main 14-Pin interface connector.

2.2.3 Bluetooth

Bluetooth is a wireless radio communication standard designed for use over short ranges (within 10 m).
SMART?2 receivers equipped with the Bluetooth hardware option support the Bluetooth Classic SPP to provide
a Bluetooth virtual serial port: COMG6.

2.3 Connect I/O Signals to a SMART2
The SMART?2 has several outputs, also referred to as strobes, that provide status and synchronization signals.
e Pulse Per Second (PPS) output (E2 on SMART Antenna Interface cable)
e Emulated Radar Output (E2 on SMART Antenna Interface cable)
» Event Mark Input (MKI) (E2 on SMART Antenna Interface cable)

To access the 1/O signals, connect the interface cable or a custom made cable, to the main 14-Pin interface
connector. Refer to SMART Antenna Interface Cable (Optional Accessory) on page 88 for connector pin out
and other details.

2.4 Connect Power to the SMART2
To connect power to the SMART2:
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Connect the SMART?2 Interface Cable (01019944) to the 14-Pin connector on the back of the SMART2.
See SMART Antenna Interface Cable (Optional Accessory) on page 88 for information about this cable.

2. Connectthe BATT+ and BATT- bare wires of the interface cable to a +7 to +30 VDC power supply.
For details about the power supply required, see Power Supply Requirements for the SMARTZ2 below.

1.

2.4.1 Fuse for the Power Supply

Install a user supplied 5 A slow blow fuse in the positive line of the connection to the power source to protect

the power supply wiring and your warranty.

Figure 5: Power Supply Fuse

E1up 5 A Fuse

E2

J3
J4
J5

Refer to SMART Antenna Additional Equipment Required on page 23 for fuse recommendations.

2.4.2 Power Supply Requirements for the SMART2
The SMART2 requires a power supply that provides:
» avoltage in the range of +7 to +30 VDC, current consumption 500 mA

» atleast 15 W of power (typical use: 2.5 W)
See Table 17: SMART2 Power Requirements on page 85 for more power supply specifications.
The SMART2 has an internal power module that:

« filters and regulates the supply voltage

e protects against over-voltage, over-current and high-temperature conditions

e provides automatic reset circuit protection

If the voltage supplied is below the minimum specification, the receiver suspends operation. If the
voltage supplied is above the maximum specification, the receiver may be permanently damaged,

voiding the warranty.

The supply must be capable of providing enough current to operate the SMARTZ2, including the initial
inrush transient. The supply must also be current limited to 5 A with an external fuse.
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‘@

The amount of power required depends on the number of constellations and signals tracked, and the
features enabled.

Refer to SMART Antenna Interface Cable (Optional Accessory) on page 88 for details about the power cable.

2.5 Check that the SMART2 is Working

After the SMART Antenna is installed and powered up, use the following procedure to ensure the receiver is
operating.

1.

Check that the Status LED @ has changed from red to yellow or green.
The Status LED may briefly flash as Red before moving quickly to the Fast Flash Yellow.
See SMARTZ2 LED on page 15 for the LED location.

Connect the SMART2 to a computer using a serial cable.

3. Open NovAtel Application Suite, establish a connection to the SMART2 and open the Terminal window.

Alternately, open a terminal emulation program and establish a connection to the SMART2.

@ For information about installing and using NovAtel Application Suite, refer to
docs.novatel.com/Tools/Content/ToolsSuite/Overview.htm.

Send the following command:
1LOG VERSION

The VERSION log is returned.
[COM1]<VERSION COM1 0 83.0 FINESTEERING 2061 167959.862 1a04c000 3681

15699

< 8

< GPSCARD "DSNLNNTMNTOG" "BMWR19050037L" "OEM2500-1.00"
"OAT7CRO602RNOOOO" "OM7BRO1I00ORBGOOO™ "2019/Jun/28"™ "09:09:16"

< EMBEDDED AUTH "GSNNNNNNN" "?MWR??7?7?2722?2?7?" "NO HW VER" "NO EXPIRY
DATE™ "" "2019/Jun/28" "09:09:35"

< APPLICATION "™ "™ """ "ES2AR0602RNOOOO™ "™ "2019/Jun/28" "09:09:43"
< DEFAULT CONFIG "™ "M ™" "ES2CRO602RNOOQO™ ™™ "2019/Jun/28"
"09:09:58"

< PACKAGE "" "" "w "ES2PRO602RNOOOOQO™ ™™ "2019/Jun/28" "09:09:49"

< ENCLOSURE "SMART2-TB" "NMVK19060013y"™ "m mwm wnm mwmw wn

< BLUETOOTH "" "OO081F91AFBBFEF" "BT121" "BT1210100RNOOOO"™ "1.2.0-208"
"2019/05/09™ "15:16:47"

< IMUCARD "IAM 20680Q™" ™™ Mm mm oo

‘ @ The Log version output will vary depending on SMART Antenna hardware option.

5. Check that the Time Status is FINESTEERING which represents that time is fine set and being steered.

6. Check the Receiver Status word (1a04c000 in this example). If the lowest bit (bit 0) is set, the receiver has

errors.
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@ For information about the other digits in Receiver Status word, refer to the RXSTATUS log in the
OEM7 Commands and Logs Reference Manual.

2.6 SMART Antenna Additional Equipment Required

In order for a SMART Antenna to perform optimally, the following additional equipment is required:
¢ A computer (user supplied)

¢ A cable harness for communicating with and powering the SMART Antenna (NovAtel SMART Antenna
Interface Cable (Optional Accessory) on page 88 is available with four DB-9 connectors, six bare cables
and a SMART Antenna connector)

e Afused +7 to +30 VDC power supply (user supplied)
Refer to Power Supply Requirements for the SMARTZ2 on page 21 for details.

Table 6: SMART Antenna Recommended Fuse and Fuse Holders

Fuse Recommended Fuse/Fuse Holder

12V System Fuse ATO Silver Blade Fuse 5A (32V) | , .

(standard size blade) or equivalent Littelfuse | 0287005
12V System Fuse Mini Blade Fuse 5 A (32 V) Littelfuse | 0297005
(mini size blade) or equivalent

24V System Fuse

High Reliability, FKS ATO Blade Fuse 5A (80 V)

Harsh Environment or equivalent Littelfuse | 166.7000.450

(standard size blade)

Inline Fuse Holder,

(for standard size blade) Waterproof ATO Fuse Holder Littelfuse | FHACO0001

Inline Fuse Holder,

g Waterproof Mini Fuse Holder Littelfuse | OFHMOO0O1
(for mini size blade)

@ The Recommended Fuse and Fuse Holders table details the part numbers for recommended fuses

and fuse holders. These numbers are provided for information only and are not available from NovAtel

as separate parts.
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3.1

Before operating the receiver for the first time, refer to SMART2 Overview on page 14 for SMART?2 installation
instructions.

Refer to Communications with the Receiver below to begin configuring the SMART2 for operation.

Communications with the Receiver

Communication is established with the receiver using a data terminal or computer connected to the receiver
by a variety of methods:

 Serial Port Communications below
» CAN Bus Communications on the next page
» Bluetooth® Communications on page 26 (SMART2-B and SMART2-TB hardware options only)

When connected to the receiver, enter commands directly from a terminal or through terminal emulation
software on a computer. For example:

* NovAtel Application Suite - NovAtel Application Suite is set of computer based applications that simplify
the configuration and monitoring of NovAtel receivers. For information about installing and using NovAtel
Application Suite, refer to the online documentation (docs.novatel.com/Tools).

« Any console/command line application

To maximize the application of the receiver’s capabilities, become familiar with the commands and logs
described in the OEM7 Commands and Logs Reference Manual.

3.1.1 Serial Port Communications

The receiver can communicate with a computer or terminal via a serial port. For communication to occur, both
the receiver and the operator interface have to be configured properly. The receiver’s default port settings are:

e 9600 bps

* no parity

» 8data bits

» 1 stop bit

* no handshaking
» echo off

* breakon

The data transfer rate determines how fast information is transmitted. Take for example a log whose message
byte count is 96. The default port settings allows 10 bits/byte (8 data bits + 1 stop bit + 1 framing bit). It
therefore takes 960 bits per message. To get 10 messages per second then requires 9600 bps. Also
remember that even if you set the bps to 9600, the actual data transfer rate may be lower and depends on the
number of satellites being tracked, data filters in use, and idle time. It is therefore suggested that you leave
yourself a margin when choosing a data rate.
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present in the RXSTATUS log (refer to the OEM7 Commands and Logs Reference Manual), log ata
higher baud rate if possible.

| @ The minimum suggested baud rate for most applications is 115200 bps. If the buffer overrun flag is

Although the receiver can operate at data transfer rates as low as 300 bps, this is not recommended.
For example, if several data logs are active (that is, a significant amount of information needs to be
transmitted every second) but the bit rate is set too low, data overflows the serial port buffers, causing
an error condition in the receiver status that results in lost data.

The following ports are supported and can be configured using the commands listed. Refer to the commands
listed in the OEM7 Commands and Logs Reference Manual for detailed instructions.

Table 7: Serial Ports Supported

Receiver Type Port Supported Configuration Command

SMART2 COM1, COM2, COM3 SERIALCONFIG

Change the COM Port Settings
To change the settings on a COM port, use the SERIALCONFIG command. For example:
e Tochange the data rate of COM2 to 115200, enter:
SERTIALCONFIG COM2 115200
« Tochange the data rate of COM1 to 57600 and enable even parity, enter:
SERIALCONFIG COM1 57600 E

Communicating using a Remote Terminal

One method of communicating with the receiver is through a remote terminal. To communicate with the
terminal, the receiver requires only the RX, TX and GND lines be used. Ensure the terminal’s communications
set up matches the receiver’s port settings.

Communicating using a Computer

A computer can emulate a remote terminal as well as provide the added flexibility of supporting multiple
command batch files and data logging storage files. Use any standard communications software package that
emulates a terminal to establish bidirectional communications with the receiver. Examples include NovAtel
Application Suite and PuTTY. All data is sent as raw 8-bit binary or ASCII characters.

Refer to Communicating with the Receiver on the next page for details.

3.1.2 CAN Bus Communications
The SMART2 has one CAN port that supports data rates up to 500 kbits/s.

The SMART?2 supports J1939 and NMEA2000 CAN protocols. For information about configuring the CAN
ports to use J1939 or NMEA200 protocols, refer to SMART2 CAN Bus on page 41.

With an Advanced CAN Bus (-C) software model, the SMART2 can also write messages to and read
messages from the CAN bus using OEM7 commands and logs. This is typically implemented using the
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NovAtel API. For more information refer to Using Lua to Access I/O Devices Connected to the Receiver in the
OEM?7 NovAtel API User Manual.

‘ @ The SMART2 has internal CAN transceivers, however it still requires proper bus terminations.

3.1.3 Bluetooth® Communications

SMART2-B and SMART2-TB receivers support the Bluetooth Serial Port Profile to provide wireless access to
the receiver's internal COM®G port. Prior to connecting to this port, your device must first be paired to the
receiver.

@ Bluetooth support for Apple® products require that a custom application be developed. Contact Apple
for details about creating a custom application.

Pairing Bluetooth Devices on Windows 10
On a Bluetooth capable computer, perform the following steps.
1. Using the Windows key + | keyboard shortcut, open the Windows Settings app and select Devices.

2. Select Bluetooth & other devices and after ensuring the Bluetooth switch is in the On position, click Add
Bluetooth or other device.

3. Inthe Add a device window, select Bluetooth.
4. Selectthe SMART2 receiver from the list of nearby Bluetooth devices.

5. Once Windows 10 has completed the pairing process, check which Bluetooth Serial Port number has
been assigned to the receiver by selecting Devices and Printers.

6. Right-click on the SMART2 device and select Properties.

7. Inthe Properties window, select the Services tab. Ensure the Serial port box is checked and record the
assigned COM port.

3.2 Getting Started

The receiver’s software resides in flash memory. When first powered, it undergoes a complete self-test. If an
error condition is detected during the self-test, the status word changes. This self-test status word can be
viewed in the header of any data output log. Refer to Messages in the OEM7 Commands and Logs Reference

Manual for header information. If a persistent error occurs, contact your local NovAtel dealer. If the dealer
cannot resolve the problem, contact NovAtel Customer Support directly using one of the methods listed in
Customer Support on page 11.

3.2.1 Communicating with the Receiver

You can communicate with the receiver using NovAtel Application Suite or a terminal emulation program.

‘ @ For instructions on using NovAtel Application Suite, refer to docs.novatel.com/Tools.

When the receiver is first turned on, no data is transmitted from the COM ports except for the port prompt.
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3.3

Any of the COM port prompts indicate that the receiver is ready and waiting for command input. The screen
may display other port names for other port types.

. 1. Output from receiver self-tests may take some time. On startup, the receiver is set to log the

RXSTATUSEVENTA log ONNEW on all ports. See RXSTATUSEVENT Log on page 46 for more
details.

2. If NovAtel Application Suite is unable to locate the receiver, use a different COM port to
communicate with the receiver. When communication has been established, issue a FRESET
STANDARD command. The original communications port should be ready for use. See the
FRESET command for more information.

An example of a response to an input LOG command:
[COM2] LOG COM1 BESTPOS ONTIME 1
<OK
In this example, [COM2] is the port prompt.
If the command was accepted, the receiver responds with:
<OK
If acommand is entered incorrectly, the receiver responds with:

<ERROR:Invalid Message ID (oramore detailed message)

Ensure the computer does not sleep or hibernate during a logging session or data will be lost.

GLIDE

NovAtel's GLIDE is a positioning algorithm for single-frequency GPS and GPS/GLONASS applications.
GLIDE produces a smooth position output tuned for applications where time relative accuracy (pass-to-pass)
is more important than absolute accuracy. Because of this, it is well suited for agricultural applications.

Multipath signals tend to induce time varying biases and increase the measurement noise on the L1/L2
pseudorange measurements. Carrier phase measurements are much less susceptible to the effects of
multipath. The GLIDE algorithm fuses the information from the L1 code and the L1 phase measurements into
a Position Velocity Time (PVT) solution.

GLIDE includes settings for a dynamic mode, a static mode and an “auto” mode, where the filtering
parameters are automatically adjusted as vehicle velocity varies between stationary and dynamic states.

3.3.1 Dual-Frequency GLIDE

NovAtel's dual-frequency GLIDE technology adds to the superior pass-to-pass performance provided by
single-frequency GLIDE. Dual-frequency GLIDE is ideal for agricultural and machine guidance applications
where relative positioning is critical. Using GLIDE significantly reduces the variation in position errors to less
than 1 cm from one epoch to the next. Dual-frequency GLIDE improves the absolute accuracy of the GLIDE
position and creates a robust solution resistant to the effects of high ionospheric activity. GLIDE works in all
code positioning modes, including single point, DGNSS and SBAS.

Refer to the NovAtel white paper on GLIDE Technology for more information on GLIDE and APN-038:
Pseudorange/Delta-Phase (PDP) and GLIDE Filters along with other information available from
novatel.com/support/support-materials/application-notes.
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3.3.2 PDP and GLIDE Configurations

GLIDE is a mode of the Pseudorange/Delta-Phase (PDP) position filters. PDP and GLIDE can be used for
single-frequency single point, WAAS or DGNSS positioning. Refer to the PDPFILTER command and
PDPMODE command in the OEM7 Commands and Logs Reference Manual.

To reset the PDP or GLIDE filter:

pdpfilter reset
To enable the PDP filter:
pdpfilter enable

Ensure the PDPFILTER command is used before the PDPMODE command. Set the PDP type and kinematic
type according to the application. For most kinematic applications:

pdpmode glide dynamic Or pdpmode glide auto

The rest of the setup is position type and log dependent according to the application. See PSRDIFFSOURCE
command, INTERFACEMODE command and SERIALCONFIG command in the OEM7 Commands and Logs

Reference Manual for details.. Also refer to the NovAtel application note APN-038: Pseudorange/Delta-Phase
(PDP) and GLIDE Filters available from our web site at novatel.com/support/support-materials/application-
notes.

3.4 Enabling SBAS Positioning

SMART?2 receivers are capable of SBAS positioning. This positioning mode is enabled using the
SBASCONTROL command:

sbascontrol enable auto

When the command is entered, the SMART2 automatically tracks the SBAS that is operating in the region
(e.g., WAAS or EGNOS) and applies the corrections from the service. On a simulator, leave the test mode
parameter off or specify NONE explicitly. For more on SBAS, refer to application note APN-051 Positioning
Modes of Operation (additional Application Notes available at novatel.com/support/support-
materials/application-notes) and the known solution SBAS Positioning.

3.5 Enabling TerraStar Correction Services

With TerraStar Correction Services data and NovAtel's Precise Point Positioning (PPP) algorithm, SMART2
receivers can achieve up to centimetre level positioning accuracy when a TerraStar subscription is active.

To use TerraStar Correction Services and obtain a PPP solution, perform the following steps.

1. Ensure the OEM7 receiver has a model that supports the TerraStar Correction Service to be used. See
Receiver Models Needed for TerraStar Correction Services on the next page.

2. Ensure L-Band tracking is enabled on the receiver.
L-band tracking is enabled by default and required for service delivery unless IP service delivery is used.
See Enable L-Band Tracking on page 30.

3. Obtain a subscription to the TerraStar Correction Service to be used. See TerraStar Subscriptions on
page 30.
3.5.1 Required Firmware
A SMARTZ2 requires the following minimum firmware versions to support TerraStar Correction Services:
e TerraStar-L — all OEMY firmware versions

¢ TerraStar-C PRO —firmware version 7.05.00 or later
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‘ @ Firmware version 7.08.10 or later is required for the best convergence performance for TerraStar-C
PRO.

For instructions on upgrading the SMART2 firmware, see NovAtel Firmware on page 59.

3.5.2 Receiver Models Needed for TerraStar Correction Services
Specific receiver models are required to use the correction data provided by TerraStar Correction Services.
To check the model of the receiver:
1. Request the VERSION log to view the current receiver model.
log version once

<VERSION COM1 0 83.0 FINESTEERING 2061 167959.862 1a04c000 3681 15699

< 8

< GPSCARD "DSNLNNTMNTOG" "BMWR19050037L"™ "OEM2500-1.00"
"OA7CRO602RN0O0O00"™ "OM7BRO100RBGO0OO™ "2019/Jun/28" "09:09:16"

< EMBEDDED AUTH "GSNNNNNNN" "?MWR??2?2?2272222" "NO_HW_VER" "NO_EXPIRY_
DATE" "" "2019/Jun/28" "09:09:35"

< APPLICATION "" "m mwn wES?2AR0602RNO0O0OO™ ™" "2019/Jun/28"
"09:09:43"

< DEFAULT CONFIG "" "" "" "ES2CRO0602RNO0OO"™ "" "2019/Jun/28"
"09:09:58"

< PACKAGE "" "" "m "ES2PRO602RNOOOO™ "™ "2019/Jun/28" "09:09:49"

< ENCLOSURE "SMART2-TB" "NMVK19060013y™ "m mwm wmw ww wn

< BLUETOOTH "" "0081F91AFBBF" "BT121" "BT1210100RNOOOO™ "1.2.0-208"
"2019/05/09"™ "15:16:47"

< IMUCARD "IAM 2068Q"™ ™" 'mmw mmw mmw wmw wn

2. Compare the model number of the receiver to the model required for a TerraStar subscription. The first
four letters of the receiver model must match the letters in the table below.
In the example above, the receiver model numberis DSNLNNTMNTOG.

TerraStar-L TerraStar-C PRO

Minimum model required | GDN-L DDN-P
SMART2

Model for full functionality | DDN-L MFN-P

‘ @ Notes about the fourth letter. A P model (e.g. DDN-P)meets the requirements for L and P.

Configuration feature. For more information, see Subscription Managed Channel

@ Models that enable TerraStar-C PRO also enable the Subscription Managed Channel
Configuration on page 32.

3. Ifthe receiver does not have the minimum model required, or if you want to upgrade to full TerraStar
functionality, contact your local NovAtel sales representative to upgrade the receiver model.
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3.5.3 Enable L-Band Tracking

The receiver must be powered and tracking an L-Band signal from a TerraStar satellite prior to the planned
activation time. Send the ASSIGNLBANDBEAM command to configure the receiver to track the L-Band
signals from TerraStar satellites.

ASSIGNLBANDBEAM auto
@ By default, the ASSIGNLBANDBEAM command is set to AUTO.

To confirm the receiver is tracking of an L-Band signal, request the LBANDTRACKSTAT log to view the L-
Band tracking status information.

log lbandtrackstat

<LBANDTRACKSTAT USB1 0 54.5 FINESTEERING 2232 421280.000 02000020 2%9e3 16809

< 5

< "98W" 1545865000 1200 974c 00c2 0 -449.146 40.239 2.8709 160.522 2944 1
1 376832 287 0.0005

< "AORW" 1545845000 1200 974c 00c2 0 -178.422 44.178 4.1159 171.958 3200 0
0 409600 2 0.0000

< "POR" 1545905000 1200 974c 0000 0 643.962 0.000 0.0000 0.000 0 0 0 O O
0.0000

< "™ 0 0 0000 0003 O 0.000 0.000 0.0000 0.000 O O O O O 0.0000

< "™ 0 0 0000 0003 O 0.000 0.000 0.0000 0.000 O O O O O 0.0000

If the receiver is tracking an L-Band signal from a TerraStar satellite, the tracking status word (shown in bold in
the example above) of the LBANDTRACKSTAT log will be 00c2. In the example above, the tracking status
word indicates that the receiver has locked onto the signal from "98W" and "AORW", but not "POR".

@ The latest services and coverage can be obtained from novatel.com/products/gps-gnss-correction-
services/terrastar-correction-services. For additional information on TerraStar activation, contact
NovAtel Customer Service at novatel.com/support or download APN-087 TerraStar on OEM7 from
novatel.com/support/support-materials/application-notes

3.5.4 TerraStar Subscriptions
A subscription is required to use TerraStar Correction Services for land and airborne applications.
There are several TerraStar Correction Services available:

e TerraStar-L
TerraStar-L is a real-time correction service that includes GPS and GLONASS satellite clock and orbit
corrections that provides sub-metre accuracy and excellent pass-to-pass accuracy.

* TerraStar-C PRO
TerraStar-C PRO is an advanced GNSS correction service that provides additional information, including
higher rate clock and orbit corrections, and makes PPP ambiguity resolution possible. TerraStar-C PRO
provides centimetre-level accuracy, fast convergence and fast re-convergence after GNSS outages.

For more information about TerraStar services, visit novatel.com/products/gps-gnss-correction-
services/terrastar-correction-services.
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Obtain a Subscription

To obtain a subscription, contact your local NovAtel sales representative. The NovAtel product serial number
(PSN) is needed to obtain a subscription. Request the VERSION log to view the receiver serial number.

log version once

<VERSION COM1l 0 83.0 FINESTEERING 2061 167959.862 1a04c000 3681 15699
< 8

< GPSCARD "DSNLNNTMNTOG" "BMWR19050037L" "OEM2500-1.00" "OAT7CRO602RNOOOOQO"
"OM7BRO100RBGOOO™ "2019/Jun/28" "09:09:16"

< EMBEDDED AUTH "GSNNNNNNN" "?MWR???7?72?2??7?" "NO HW VER" "NO EXPIRY DATE"
"ro"2019/Jun/28" "09:09:35"

< APPLICATION "™ "M """ "ES2AR0602RNOOOO™ "™ "2019/Jun/28" "09:09:43"

< DEFAULT CONFIG "" "" "" "ES2CRO602RNOOOQ"™ "" "2019/Jun/28" "09:09:58"
< PACKAGE "" "" "" "ES2PRO602RNOOOOQO™ "™ "2019/Jun/28" "09:09:49"

< ENCLOSURE "SMART2-TB" "NMVK19060013y"™ "m mw wnm mww wn

< BLUETOOTH "" "O081F91AFBBFE" "BT121" "BT1210100RNOOOO"™ "1.2.0-208"
"2019/05/09™ "15:16:47"

< IMUCARD "IAM 2068Q"™ "M mwm mw wmw mww an

In the example above, the receiver serial number is BMWR19050037L.

Verify the Subscription Status

After a subscription is purchased, the subscription activation signal can be broadcast at the time of the service
activation (default), or at a specified start date and time (upon user request).

‘@

To confirm the TerraStar subscription status, request the TERRASTARSTATUS log:

log terrastarstatus

The receiver must be configured to track the TerraStar signal prior to the subscription start time. See
Enable L-Band Tracking on the previous page.

<TERRASTARSTATUS USB1 0 57.0 FINESTEERING 2232 423531.436 02000020 32bc 16809
< ENABLELOCKED 0 IN RANGE DISABLED

The first field after the log header will be ENABLE to indicate the TerraStar subscription is valid. The second
field after the log header will be LOCKED to indicate the decoder is locked to the data format.

To achieve full TerraStar performance, reset the receiver using the RESET command or by power cycling the
receiver.

Monitor PPP Convergence

The PPP position calculated using TerraStar Correction Services is not ready for use until the PPP solution
has converged. To monitor the PPP convergence, request the PPPPOS log:

log ppppos ontime 1

<PPPPOS USB1l 0 47.5 FINESTEERING 2232 424797.000
< SOL_COMPUTED PPP_CONVERGING 51.15043905734
17.0001 WwGs84 0.6791 0.4277 1.7640 "TSTR"™ 17.000

<PPPPOS USB1l 0 58.5 FINESTEERING 2232 424886.000

02000020 9078 16809
-114.03067597608 1096.6201 -
0.000 34 34 34 33 00 00 7f£ 37

02000020 9078 16809

< SOL COMPUTED PPP 51.15043767399 -114.03067692975 1097.4541 -17.0001 WGS84

0.2498 0.1951 0.4824 "TSTR"

16.000 0.000 34 34 34 33 00 00 7f£ 37
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Initially the position type will report PPP_CONVERGING for TerraStar-C Pro or PPP_BASIC_CONVERGING
for TerraStar-L. After the PPP solution has converged, the position type in the PPPPOS log will change to PPP
for TerraStar-C PRO or PPP_BASIC for TerraStar-L.

3.5.5 Subscription Managed Channel Configuration

When using TerraStar-C Pro service, a three constellation, three frequency channel configuration gives better
accuracy and faster convergence time compared to a dual-constellation, dual-frequency channel
configuration. To allow the receiver to make best use of the TerraStar subscription, the Subscription Managed
Channel Configuration (SMCC) feature automatically changes the channel configuration of the receiver to
ensure all available constellations and frequencies are used. The specific channel configuration used is
shown in the table below.

Receiver TerraStar-C PRO

SMART2 | MF config (6)

@ For information about channel configurations, refer to the SELECTCHANCONFIG command and the
CHANCONFIGLIST log.

SMCC is enabled by default.
For information about enabling or disabling SMCC, see the TERRASTARAUTOCHANCONFIG command.

@ The automatically applied channel configuration takes effect on the next receiver restart after the
TerraStar subscription is received.

@ If the TerraStar-C PRO subscription becomes inactive, the receiver will revert to the channel
configuration enabled by the receiver model.

‘ @ This feature is available on OEM firmware version 7.08.15 and later.

3.5.6 Additional Information

For more information on TerraStar Correction Services, refer to APN-087: TerraStar on OEM?7 available from
novatel.com/support/support-materials/application-notes

3.6 Terrain Compensation

The Terrain Compensation feature corrects for errors in position caused by the roll and pitch of the vehicle.
The SMART Antenna senses the vehicle’s roll and pitch angle and, with the user-entered “height above
ground”, compensates the position output to give the position under the vehicle rather than at the antenna.

‘ @ Vehicle motion is required to compute and obtain terrain-compensated positions.
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As shown in Figure 6: Terrain Compensation — Roll below and Figure 7: Terrain Compensation — Pitch below,
if a vehicle is operating on sloped terrain, the position will be in error by an amount proportional to the roll or
pitch angles.

Figure 6: Terrain Compensation — Roll

61 cm Level Ground

Position Error

Figure 7: Terrain Compensation — Pitch

~—49 cm Level Ground

Position Error
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If terrain compensation is enabled, the SMART Antenna determines the roll and pitch angles and corrects the
position data before it is forwarded to the user equipment. In the example shown in Figure 6: Terrain
Compensation — Roll on the previous page, the roll angle is 10 degrees, so the position correction that needs
to be applied is 61 cm. In the example shown in Figure 7: Terrain Compensation — Pitch on the previous page,
the pitch angle is 8 degrees, so the position error that needs to be applied is 49 cm.

The following logs provide terrain compensated positions:
« BESTPOS log
« BESTXYZlog
« BESTUTM log
« GPGGA log
* GPGGALONG log
* GPGLL log
 GPRMC log
e PGN129025 NMEA log
e PGN129027 NMEA log
e PGN129029 NMEA log
Terrain Compensation is available on the following SMART Antennas:
« SMART2-TB

3.6.1 Configuring Terrain Compensation

To fully install and set up Terrain Compensation:

1. Mount the SMART Antenna on the vehicle.

2. Measure and set the height of the SMART Antenna from the ground to the bottom of the antenna.
3. Level the tilt sensor.
4

. Save the Terrain Compensation configuration data.

Mount the SMART Antenna

The SMART Antenna must be mounted as close to the center of the vehicle as possible with the top facing up
with an dunobstructed view of the sky all around, as illustrated in Figure 8: SMART Antenna Installation on the
next page.
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Figure 8: SMART Antenna Installation

The SMART Antenna must be mounted with the connector facing the rear of the vehicle, as shown in Figure 9:
SMART Antenna Orientation below.

Figure 9: SMART Antenna Orientation

Route cable toward E Orient toward the front
back of vehicle of the vehicle

The SMART Antenna must be rigidly secured to the vehicle to minimize errors due to vibration and
motion.

Set the SMART Antenna Height and Enable Terrain Compensation

The height measurement should be made while the vehicle has the correct tire pressure and is parked on a
hard-packed and level surface. The measurement should be made, in metres, from the ground to the bottom
of the SMART Antenna. The measurement accuracy should be within 2.5 t0 5.0 cm.
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Figure 10: Antenna Height Measurement

A {E

Antenna
Height

After the measurement has been made, use the TILTFILTER command to set the height of the
SMART Antenna.

To set the height in metres:

1. Enter the following command to set the height.
TILTFILTER switch antennaheight
Where:

switch enables or disables Terrain Compensation
antennaheight is the height measurement in metres

2. Enter the following command to ensure the height configuration is saved between power cycles.

TILTZERO SAVE

For example, to enable Terrain Compensation and set the SMART Antenna height to 3.5 metres, enter the
following command:

TILTFILTER ENABLE 3.5
TILTZERO SAVE

For more information, refer to the TILTFILTER command.

@ Changes in tire pressure over time can potentially cause errors in Terrain Compensation. This is
because the height of vehicle can vary with tire pressure.
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@ The TILTFILTER settings are saved using the TILTZERO SAVE command, not the SAVECONFIG
command.
Leveling the Terrain Compensation Sensor

Two-stage zeroing should be used to level the Terrain Compensation sensor whenever possible.

Two-Stage Zeroing

Two-stage zeroing is the best way to level the Terrain Compensation sensor.

Zeroing the Terrain Compensation sensor while moving will negatively impact performance. Always
ensure the vehicle is stationary before zeroing the sensor.

@ Two-Stage zeroing must be completed outside with good GNSS visibility. A level surface is not
required.

To level the Terrain Compensation sensor, complete the following:
1. Park the vehicle where you can return to the same location but facing the opposite direction.
2. Ensure that you have good GNSS visibility.
3. Remain stationary for 15 seconds.
4. Begin the zeroing by issuing the following command:
TILTZERO NEW

5. Re-position the vehicle so that it is parked facing the opposite direction on the same spot, as close to 180
degrees as possible.

6. Remain stationary for 15 seconds.
7. Complete zeroing by issuing the following command:
TILTZERO ADD
8. Enter the following command to ensure the zeroing configuration is saved between power cycles.
TILTZERO SAVE
For more information, refer to the TILTZERO command.
Single-Stage Zeroing

Single-stage zeroing can be used as an alternative to two-stage zeroing.

Zeroing the Terrain Compensation sensor while moving will negatively impact performance. Always
ensure the vehicle is stationary before zeroing the sensor.
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@ A known level surface, such as a concrete floor of a shed or workshop, is required to perform the
leveling using the single-stage zeroing procedure. GNSS visibility is not required.

To level the Terrain Compensation sensor, complete the following:

1. Park the vehicle on a known level surface.

2. Remain stationary for 15 seconds.

3. Complete zeroing by issuing the following command:
TILTZERO ZERO

4. Enter the following command to ensure the zeroing configuration is saved between power cycles.
TILTZERO SAVE

For more information, refer to the TILTZERO command.

3.6.2 Configuring Terrain Compensation using a NMEA Command

Terrain Compensation can also be configured using the NMEA style command, $PMDT.

@ Using the $PMDT command is an alternative to using the TILTFILTER and TILTZERO commands.
Either method will successfully configure the Terrain Compensation feature, however only the single-
stage zeroing procedure is supported with the $PMDT command. For best performance, two-stage
zeroing is recommended.

Setting the SMART Antenna Height

The height measurement should be made while the vehicle has the correct tire pressure and is parked on a
hard-packed and level surface. The measurement should be made from the ground to the bottom of the
SMART Antenna connector. The measurement accuracy should be within 1 to 2 inches (2.5 to 5.0 cm).

After the measurement has been made (in feet and inches, or metres), use the $PMDT command to set the
height of the SMART Antenna.

To set the height in feet and inches, enter the following command:
$PMDT, u, , x, y*hh
Where:

x = the feet portion of the height measurement
y = the inches portion of the height measurement
hh = NMEA check sum

For example, entering the command $PMDT,u,,1,1*78 will set the SMART Antenna height to 1 foot and 1 inch.

To set the height in metres, enter the following command:
$PMDT, a,,,,X.X*hh
Where:

x.x = the height measurement in metres
hh = NMEA check sum

For example, entering the command $PMDT,u,,,,2*66 will set the SMART Antenna height to 2 metres.
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The SMART Antenna is shipped from the factory with the height set to 0.0 metres.

For more information, refer to the $PMDT command.

@ Changes in tire pressure over time can potentially cause errors in Terrain Compensation. This is
because the height of vehicle can vary with tire pressure.

Leveling the Terrain Compensation Sensor
The vehicle must be parked on flat ground when the level command is sent to the SMART Antenna.
To level the Terrain Compensation sensor, enter the following command:
$PMDT, 1*4D

For more information, refer to the $PMDT command.

Saving the Terrain Compensation Configuration

After the height has been set or the Terrain Compensation sensor has leveled, the Terrain Compensation
configuration must be saved. This is done so the height data and level setting are saved between power
cycles. To save Terrain Compensation configuration, enter the following command:

$PMDT, x*59

For more information, refer to the $PMDT command.

3.7 SMART Antenna Emulated Radar

3.7.1 Emulated Radar (ER)

A typical radar sensor emits radio beams that bounce off the ground and computes ground speed based on
the speed at which objects are passing in front of the sensor. The output of the sensor is a digital pulse, the
frequency of which is proportional to the vehicle’s ground speed. This is often used in agricultural applications
such as planting and spraying. The SMART Antenna eliminates the need for separate ground-sensing radar
equipment by converting the GPS-derived velocity to a proportional frequency output. The following emulated
radar signal parameters can be configured by the customer:

» Frequency Step: Specifies how the frequency output relates to the vehicle speed.
» Signal Update Rate: Specifies how often the frequency output is updated to match the vehicle speed.

» Response Mode: Specifies how quickly changes in velocity are reflected in the frequency output. Setting a
slower response mode reduces spikes (noise) in the velocity but increases latency. Setting a higher
response mode reduces latency, but may result in noisier frequency output.

Refer to RADARCONFIG command for detailed information.

After i