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Industry United States Statement
FCC Statement

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.

Maximum antenna gain is limited to 5.29 dBi for the GSM 850 frequency band, 4.02 dBi for the PCS
1900 frequency band and 6.32 dBi for the FDD IV frequency band.

Industry Canada Statement

Industry Canada Compliance

This Class B digital apparatus complies with Canadian ICES-003. Operation is subject to the following
two conditions:

(1) This device may not cause interference.

(2) This device must accept any interference, including interference that may cause undesired
operation of the device.

Conformité d’Industrie Canada

Cet appareil numérique de la classe B est conforme a la norme NMB-003 du Canada. Lexploitation est
autorisée aux deux conditions suivantes

(1) I'appareil ne doit pas produire de brouillage

(2) I'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible
d’en compromettre le fonctionnement.

User instructions/antenna/etc.—see FCC section above.

Industry European Union Statement

Swift Navigation hereby declares that Duro is in compliance with the essential requirements and other
relevant provisions of the 2014/30/EU Directive and UN/ECE Regulation 10.

Duro is compliant with the European Community Restriction of Hazardous Substances Directive
2002/95/EC, (RoHS 1) and the Directive 2012/19/EU on waste electrical and electronic equipment
(WEEE) and is marked with the WEEE symbol and RoHS logo.

The symbol on the product or its packaging indicates that this product must not be disposed of with
other household or office waste. Instead, it is the owner’s responsibility to dispose of Duro waste
equipment by handing it over to a designated collection point for the recycling of waste electrical
and electronic equipment. The separate collection and recycling of waste equipment at the time of
disposal will help conserve natural resources and ensure that it is recycled in a manner that protects
human health and the environment. For more information about locations where Duro waste can be
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dropped off for recycling, please contact your local authority.

California Proposition 65

WARNING: This product contains a chemical known to the state of California to cause cancer.
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Antenna Placement Guidelines

Position the antenna as indicated by the blue marker, at a spot with a sky view that is unobstructed
above 30 degrees up from the horizon in every direction. For the best results, install the antenna on
the top of a tripod (using the included threading adapter) or other stable structure.

Duro’s high-precision, multi-band GNSS antenna is sensitive to its environment. Since Duro needs to
track carrier phase information from GNSS satellites, it is much more sensitive to obstructions than
standard consumer GNSS receivers found in, for example, smartphones. Thus, the Duro antenna must
be kept away from any obstructions to its sky view.

Do place the antenna on a tripod.

Do not test inside a building.

Do not place the antenna near buildings.

Do not place the antenna near trees and other cover.

Do not stand near the antenna or put your hand over the antenna during testing.

Do not place an open laptop near the antenna so that the laptop itself is blocking the sky view.

Not indoor Not near buildings Not near trees

Not near people Not near laptop
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Limited Warranty Terms and Conditions

Please, refer to the Swift Navigation website for information about product warranty information.
https://www.swiftnav.com/warranty-information. Warranty is voided if Duro back access panel is

opened.
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Product Introduction

Overview

Duro® is a ruggedized version of the Piksi® Multi RTK GNSS receiver. Built to be tough, Duro is ideal
for mining, agricultural, robotics, maritime and outdoor industrial applications. Duro is designed for
integration into or mounting on top of existing equipment. With its cast aluminum housing, this easy-
to-deploy GNSS sensor is protected against weather, moisture, vibration, dust, water immersion and
the unexpected that can occur in outdoor long-term deployments.

Why Duro?

Centimeter-Level Accuracy

Autonomous devices require precise navigation—especially those that perform critical functions.
Swift Navigation’s Piksi Multi module within Duro utilizes real-time kinematics (RTK) technology,
providing location solutions that are 100 times more accurate than traditional GPS.

Easy Integration

Duro is easily integrated into your application as its sealed, and industry standard, connectors
enable easy deployment in all conditions. The exposed interfaces support varied use cases without
integration challenges.

Leverages Piksi Multi

Multiple signal bands enable fast convergence times and multiple satellite constellations enhance
availability. Piksi Multi currently supports GPS L1/L2 with plans to provide GLONASS G1/G2 in 2017.
Other constellations such as BeiDou, Galileo and SBAS are planned to be rolled out in the near future.
There are no additional upgrade charges for constellation upgrades.

Features and Benefits

+ Dual-frequency RTK GNSS, providing accurate position and solution fast recovery

+  Tough, military-grade hardware

+ IP67-rated enclosure with M12 standard-sealed connectors

+ Raw IMU data stream output

+  Future-proof hardware with in-field software upgrades

+ Protected I/0, including RS232 Serial Ports, 100Mbit Ethernet, Event Inputs, Pulse Per Second
(PPS) and more

+ Durable UV and chemical-resistant powder-coating

« Multiple mounting interfaces

+ Cellular modem connection’

1 Currently a Beta Feature. While this feature is currently available to end-customers and can be used, it still has a Beta developmental status.
This implies that while the feature will work, there is a potential for unknown firmware bugs which Swift Navigation is or isn’'t aware of. Customers using
this feature need to note that user documentation for it may not be fully complete and Swift Navigation is not liable for customers intending to use a
Beta feature in a final production environment.
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Technical Information

Physical and Environmental
The following outline provides an overview of the physical and environmental aspects of Duro.
Enclosure

The Duro ruggedized enclosure offers a series of mounting options, making it flexible to adapt to your
mounting requirements:

* Pin Holes/Slots
*  %-20 Thread Insert
+ Threaded Mounting

The following section showcases Duro enclosure measurements. All measurements are in
millimeters

Pin Holes/ %4-20 Threaded Purge Threaded
Slots Inset Port Mounting
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Connectors

Duro’s M12 connectors are sealed and industry standard, which balances ruggedization perfectly
with user-friendliness. No external sealing is required to deploy Duro, in even the harshest
conditions. Duro has the following connectors:

+  Power

« Ethernet
« Serial

«  AUX

*  GNSS Antenna
+ Reserved for future use

The sections that follow explain the signal description for each connector and the cables provided
with the Duro Evaluation Kit. Importantly, the connectors or their respective caps need to be mated
to provide sealing functionality to meet IP67 standards.

GNSS Antenna
Ethernet Serial TNC

Power AUX Cellular
Modem

Antenna SMA 13



Power Connector

The power connection provides power input to Duro from a DC source. It also provides a chassis

ground pin and digital input and outputs.

M12-A/M: Duro M12 5 Pin Male Connector, A Keying

Duro User Manual Version 1.1

M12 Name Description Type | Minimum | Typical | Maximum | Units
Pin F
] Vin Voltage Input (Refer Power Section) Input 12 B o4 Vv
, Chassis._ Signal Internal(lz)rl]gsosr;gected to Duro ) ) ) ) )
GND
3 GND Power Ground GND 3 3 N 3
Pulse Per Second digital signal 3 3
4 PPS synchronized with GPS second Output > N/A
5 EVENT_A Event Input Signal Input 3.3 5 Vin \

14




Evaluation Kit Power Cable (Part#90-M12A5F_DCJ-08-X1) Description

Duro User Manual Version 1.1

DC JACK M125PF
Center CABLE 1
Shell 3
M12 5P DC Jack | Name | Type Color Description
(Male)
1 Center Vin Input Black Voltage Input 12-24V
3 Shell GND GND White Power Ground

15
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o
Ethernet Connector 00

The Ethernet connector is provided as the de-facto standard for industrial Ethernet with M12 circular
connectors. There are many off-the-shelf cables available to mate with this connector. For reference,
the mating cable provided with the Duro Evaluation Kit is provided below.

M12-D/F: Duro M12 4P Female Connector, D Keying

M12 Pin F Name Description Type Minimum | Typical | Maximum Units
! X+ Ethernet Tx+ Output - B 2.5 v
2 RX+ Ethernet RX+ Input - - 2.5 \
3 TX- Ethernet TX- Output -2.5 - - V
4 RX- Ethernet RX- Input -2.5 - - \Y

16



Ethernet Cable (Part#90-M12D4M/R8-08) Description

Duro User Manual Version 1.1

RJ45 PLUG M12 4P M
1 1 J WHITE
2 2 GREEN [ WHITE
3
4 GREEN
M12 4P RJ45 Name Type Color Description
(Male) PLUG
1 1 TX+ Output Orange/ White Ethernet TX+
2 3 RX+ Input Green / White Ethernet RX+
3 2 TX- Output Orange Ethernet TX-
4 6 RX- Input Green Ethernet RX-

17
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Serial Connector

The serial connection cable is provided to allow serial communication to downstream devices. This
connector can also provide 12 volt power output for downstream device such as radio modems. The
intention is that one cable mated with this connector can provide power and data communications to
a serial modem for some applications. Note, the serial connection on this connector corresponds to
UARTO on Piksi Multi, which under default settings is configured to provide only the SBP messages
required to use Piksi Multi as a base station.

Duro M12 8P Female Connector

M12 A code Pin (female)

M12 Pin F Name Description Type | Minimum | Typical | Maximum Units
1 TX UARTO Transit Asyn- | Output -5 +/-5 5 Vv
chronous Data Output
2 RX UARTO Receive Asyn- | Input -25 +/-5 25 Vv
chronous Data Input
3 CTS UARTO Clear to Send | Input -25 +/-5 25 \Y
Control Input / Hand-
shake Signal
4 EVENT_C | RESERVED (Future Input 3.3V 5 Vin Vv
Digital Input)
5 GND Device Ground Supply | GND -- -- - -
6 12VOUT | 12 Volt Power Output | Output 10.8 12 13.4 \
(+- 10% Depending on
Vin)
7 PPS Pulse Per Second Output -- Vin -- Vv
Digital Output
8 RTS UARTO Request to Output -5 +/-5 5 \Y
Send Control Output /
Handshake Signal

18



Serial Cable (Part#90-M12A8M/D9F-06) Description

db9 pin (fermale)

Duro User Manual Version 1.1

M12 A code Pin {male)

CABLE 1.8m BROWN
BLACHK
BLACHK
BROWHN
M12 Pin Db 9 Pin Name | Type Color Description
(Male) (Female)
1 2 TX Output | Orange | Transit Asynchronous Data Output
2 3 RX Input Yellow Receive Asynchronous Data Input
5 5 GND GND Black Device Ground Supply
3 7 CTS Input Brown Clear to Send Control Input /
Handshake Signal
8 8 RTS | Output | Green Request to Send Control Output /
Handshake Signal

19
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AUX Connector

The AUX connection on Duro is intended to be used for more full-featured applications on the device.
It provides serial, CANbus and additional digital inputs and outputs, including those intended for an
encoder. It also provides both 12 volt and 5 volt power output for downstream devices. User the serial
port from this connector to establish communication with your computer (UART1).

M12-A/F (Duro M12 17P Female Conne~*~- ’}““""8'“

16

M1217P F Name Description Type | Minimum | Typical | Maximum | Units
1 CAN_L CAN1_L I/0 0.5 0.9 1.65 \Y
2 +5V-Out | 5 Volt Power Output | Output -- 5V -- \"
(0.37A Max)
3 RTS UART1 Request to | Output -5 +/-5 5 \Y
Send Control
Output / Handshake
Signal
4 CTS UART1 Clear to Input -25 -- 25 Vv
Send Control Input /
Handshake Signal
5 +12V-Out | 12 V Power Output | Output 10.8 12V 13.4 \"
at 1 AMax (+- 10%
Depending on Vin)
6 GND Ground for 12 or 5 | Output -- -- - --
V output
7 Enc B - | RESERVED (Future | Input -7 -- 12 VDC
Encoder Support)
8 Enc A- | RESERVED (Future | Input -7 -- 12 VDC
Encoder Support)
9 Enc A+ | RESERVED (Future | Input -7 -- 12 VDC
Encoder Support)
10 TX UART1 Transit Output -25 +/-5.5 25 Vv
Asynchronous Data
Output

20
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11 RX UART1 Receive Input -25 -- 25 \Y
Asynchronous Data
Input
12 CAN_H CAN1_H I/0 2.15 2.9 3.3 \Y
13 PPS Pulse Per Second | Output -- Vin Vin \Y
Output
14 GND Ground for 12 or 5 | Output -- -- --
V output
15 Enc B + | RESERVED (Future | Input -7 -- 12 VDC
Encoder Support)
16 DI/ Event | RESERVED (Future | Input 3.3 5 Vin
B Digital Input)
17 DO/ PV | Position Valid Digital | Output - -- Vin
Output

21




AUX Cable (Par#90-M12A17/09+15-03) Descriptions

Duro User Manual Version 1.1

M12 17P (Male)

DBIP F
™ 2 1
3 2
BLACK GHO 5 3
BROWN s 7 4 BROWH
KTS § I'lll 5
I...' BLACK
DB1SPF
D 1 i 8
o CABLE g
CAN+ 3 i f ~ 10
CAN - 4 II." ::::: 11
v/ 12
i
GND B I § 13
I J Evera 7 I:'I-' 14
o/ PR |:|:;I 15
9 :|' 16
ano10 /|l 17
Encds11 Iu'lll
I
Enc & 12
ErzBe13
Enci- 14
GRS
M12 DB9 F DB15P F Name Type Color Description
17P M
1 4 CAN_L CAN1_L
2 9 +5V-Out Output 5V Power Output
3 8 RTS Output Green
4 7 CTS Input Brown
5 2 +12V-Out | Output 12 V Power Output
6 5 GND Black
7 14 Enc B - N/A
8 12 EncA - N/A
9 11 EncA+ N/A
10 2 TX Output Orange UART1 Transit Asynchronous Data
Output
11 3 RX Input Yellow UART1 Receive Asynchronous Data
Input
12 3 CAN + N/A CAN_H

22
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13 5 PPS Output N/A Pulse Per Second Output
14 1+6+10+15 GND GND N/A Device Ground Supply
15 13 EncB + N/A N/A

16 7 DI / Event

17 8 DO /PV

GNSS Antenna Connector QQG:;

o

A TNC female connection is provided to connect GNSS antennas to Duro. Active antennas are
required for Duro operation and the 4.80 volt 100 milliamp maximum current antenna bias is software
enabled. Antennas with an LNA gain between 28 dB and 45 dB are recommended.

23
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Standards and Certifications

Duro and typical cabling have been verified to be compliant with applicable regional standards for
radiated emissions:

IEC 60950-1

IP67

FCC Part 15B

ICES-003

2014/30/EU Directive

UN/ECE Regulation 10

The European Community Restriction of Hazardous Substances Directive 2002/95/EC, (RoHS 1)
Directive 2012/19/EU on Waste Electrical and Electronic Equipment (WEEE)
VCCI-B

KCC

Australia - TBD

New Zealand - TBD

CCC (pending)

€ (&) ce I ANE®
® ¥ "
ﬂ RoHS |\ /4

2002/95/EC COMPLIANT

24
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Environmental Testing

Duro has been extensively tested by Swift Navigation, Carnegie Robotics and third parties to meet
rigorous standards. A brief description of the test regimine is below. For more information about
testing and test reports, please contact Swift Navigation.

Shock
Duro has been tested to withstand 40G and 65G shock. Duro was subjected to 3 positive and 3
negative half-sine shock pulses at 40Gs over 15-23 minutes. Duro was subjected to the UUT that

included 3 positive and 3 negative shock pulses at 65Gs over 8 minutes. The Duro device survived
all shocks to which it was subjected.

Vibration

To verify vibration testing, Duro was subjected to 7.7 G root mean square (rms) per the MIL-STD-810
Minimum Integrity Test Specification for 60 minutes per axis. The device was also subject to 5 G
sinusoidal vibration in a test according to common methods. During the sinusoidal vibration test,
Duro was subjected to Sine Sweep Vibration at 5 G Peak from 10 Hz to 2 kHz with a sweep rate of

0.25 oct/min. Duro navigated and operated before, during and after all vibration tests with no faults
and little degradation of navigation performance.

Temperature
Operating temperature ranges have been verified from -40 to +75 degrees centigrade.
Ingress and IP67

Duro has been verified to meet Ingress Protection (IP) level 67, meaning it is impervious to dust and
able to withstand submersion in up to 1 meter of water for 30 minutes.

EMI/EMC

Duro and typical cabling has been verified to be FCC part 15 compliant with respect to radiated
emissions and susceptibility to interference.

25
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Mounting Duro Antenna

The following section will illustrate two scenarios in which Duro antennas can be mounted and
deployed.

With Top-Mounted GNSS Antenna

e

Duro comes with a top-mounting GNSS antenna bracket that is easy to install. The following images
describe the installation steps, measurements and technical names for the mounting parts.

26
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The following kit parts are required for GNSS antenna mounting on the top of Duro:

@00 oo

Duro

Top Mounting Base
GNSS Antenna

GNSS Cable

Mounting Screw

TNC-M to SMA-F Adapter
TNC L Adapter

28
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2. Proceed to put together the GNSS antenna with the mounting base.

Attach Antenna to Bracket

Obtain GNSS antenna, %" x 11 screw and antenna bracket.

Thread black % x 11 screw into antenna through mounting bracket.
Thread right angle TNC adapter onto antenna.

Mount antenna bracket on Duro with thumb screws.

Qo oo

29
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3. Connect the TNC-M to SMA-F Adapter to Duro and then the GNSS antenna cable.
a b

Connect Antenna to Duro

Obtain TNC-SMA adapter and antenna coaxial cable.

Attach TNC-SMA adapter to Duro.

Attach SMA side of coaxial cable to Duro.

Attach TNC side of coaxial cable to antenna. Stow excess antenna cable.

ocouoo

Large GNSS Antenna Cable

Duro comes with a 36-inch GNSS antenna cable allowing connection of the antenna away from the
Duro.

Grounding Duro

We highly recommend grounding of the chassis either at the m4 screw or through the chassis pin in
the power cable. Grounding of the chassis is required to ensure safety and RF performance.

A

30
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Power

The following section presents the minimum and maximum power range for Duro. This section is
subdivided into “Input” and “Output” sections, to make clear from where to obtain or provide energy.
Duro requires a minimum of 5 watts of power for its own operation. When powering Duro, ensure the
power supply can meet Duro’s power requirements plus the power requirements for any downstream
devices powered by Duro’s outputs.

Input Range

Input Voltage Range 12V to 24V

Output

AUX Connector 5V-0.25 Amps: 1.25 W

12V -1 Amp: 12 W

Serial Connector 12V -1Amp:12W

2 The recommended voltage is 12 to 24 volts. A minimum of 10 volts can be applied. At 10 Volts Swift Navigation cannot guarantee that the
output voltage will be met for other interfaces or applications. 35 Volts is the absolute maximum that can be applied to Duro. If Cell-modem is activated,
minimum power required is 6 Watts.

31



Interfaces

LED Indicators

Duro User Manual Version 1.1

The LEDs are located in the front left side of Duro. The operation mode is described in the table

below.
Led Description
| LED Name Color State Description
POWER off No Power
Green Solid / Cc())r;]tlnuously Module Receiving Power
POS oOff Receiver Powered but Antenna Missing or NOT
Detected
Orange Slow Blink Antenna Detected but No Satellites Tracked
, Tracking Satellites
Il Fast Blink (e.g. >1, but <5 Satellites Tracked)
Orange .SOI'd/ GNSS Solution Available
| Continuously On
LINK - off No Incoming Corrections
Red Variable Blink Connectivity Issues
Red Continuously On Incoming Corrections
MODE - off No RTK
Blue Slow Blink Float RTK
Blue Solid / Continuously Fixed RTK

On

32
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Ethernet

The ethernet interface is one of the most common interfaces used today in most IT applications
around the world. It has been incorporated in Duro to allow more flexibility in terms of product
integration and to provide connectivity through LAN or wireless networks.

Ethernet Interface

(10BASE-TX/100Base-T) 10 Mbps/100 Mbps
TCP/IP

TCP Server/Client

SSH Server

DHCP Client

NTRIP Server/Client

Serial Ports

Duro comes with two serial ports, UARTO and UART1 respectively, that operate at RS-232 levels.
UART1 is ready to be used by connecting the serial-USB cable from a computer to the AUX port cable
(provided in the Duro Evaluation Kit).

Default Baud Rate 115200

By default, UARTO only sends SBP RTK corrections information if Duro is configured as the base
station. Enable UARTO for use with the Swift Console or other software through the settings interface
by removing the message whitelist for the UART.

AUX

Both Serial Ports can be configured for different protocols, baud rates and with or without hardware
flow control.

The Auxiliary Port provides connection to Duro through UART1 and CANT interfaces.

CAN?

A Controller Network Area (CAN Bus), one of the commonly used interfaces in automotive and
industrial robotics, is available on the Duro. It can be accessed through the Auxiliary Port. Users
must note that currently the CAN implementation has been electrically verified and is hardware
ready. Please refer to CAN Section (page 41) for more details.

3 The CAN implementation Bus on Piksi Multi is currently hardware ready and is electrically verified. We do not support any specific CAN output
protocol (eg. J1939) and have no immediate plans. To help customers design specific CAN protocols, we have plans to release open Linux documenta-
tion that will allow integrators implement their own CAN messages.

33
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GNSS Tracking
Duro currently supports dual frequency GPS/GLONASS signals as seen below.*
Constellation Signal Bands
GPS L1/L2C
GLONASS G1/G2
Accuracy
Position, Velocity and Time Accuracy
Horizontal Position Accuracy (CEP 50 in SPP Mode) 2.5m
Velocity Accuracy 0.03 m/s RMS
Time Accuracy 60 ns RMS
Real Time Kinematic (RTK Accuracy 106) | Horizontal 0.010 m + 1 ppm
Vertical 0.015m+ 1 ppm
RTK Initialization Parameters Initialization Time <10s
Initialization Reliability >99%
Solution Latency <30 ms
Time to First Fix (TTFF) Hot Start <7s
Cold Start <60s
Reacquisition <2s

Connecting to Duro

The information below outlines multiple methods for connecting to Duro.
Prerequisites
Depending on the application, install the following software to access Duro:

Swift Console
Putty - Secure Shell (SSH)

4 Hardware-ready for BeiDou B1/B2, Galileo E1/E5b, QZSS L1/L2 and SBAS (Satellite Based Augmentation Systems such as WAAS & EGNOS).
Piksi Multi GNSS Module has the RF front end to receive these signals but there are no precise implementation dates for future satellite systems. Piksi
Multi FW 1.2 will support Raw GNSS Data Observations (L1/L2 GPS+GLN) up to 20 Hz or 10 HZ RT solution output, but not both simultaneously.
Current FW supports 10Hz GPS L1/L2C (low latency), 5 Hz GPS L1/L2C (time matched) or 5Hz GPS/GLN L1/L2 (low latency only).

34
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Ethernet Connection

Duro has a SSH server running in the Linux partition. This allows users to connect to Duro devices.

Alternative 1 - Swift Console

1. Proceed to connect the Ethernet Cable from your computer to Duro. Set up a local IP as shown
below:

IP Address: 192.168.0.10
Subnet Mask: 255.255.255.0

[N -
o

: Edit  View M E-' » Control Panel » MNetwork and Internet » Network Connections

‘ontrol Panel Hory - File  Edit  View Advanced Tools

W Ethe Diagnose this connection Rename this connection View si
Networking  Sharing .* Ethernet [ SwiftNav Lz
) y ,...‘,5 Unidentified network ~ "1‘, Disconnect
Connect using: G~ Realtek USB GbE Family Controller @2 WAN Mini
@ Realtek 1JSB GbE Family Controller |
Internet Protocel Version 4 (TCP/IPv4) Properties X
Configure...
This connection uses the following items: General
] B Client for Microsoft Networks o You can get IP settings assigned automatically if your network supports
]:_.12 File and Printer Sharing for Microsoft Metworks this capability. Otherwise, you need to ask your network administrator
] ]i] Killer Bandwidth Control for the appropriate IP settings.
Q05 Packet Scheduler
_a Intemet Protocol Version 4 (TCP/IPv4) () Obtain an IP address automatically
[J 4 Microsoft Network Adapter Multiplexor Protocol (®) Use the following IP address:
Microsoft LLDP Protocol Dri v
< o e . P address: [192.168. 0 . 10 |
3 Subnet mask: [ 255.255.255. 0 |
Install.. Uninstall Properties
Description Default gateway: | |
Transmission Control Protocol/Intemet Protocol. The default ) .
wide area network protocol that provides communication Obtain DNS server address automatically
acrss diverse interconnected networks. (®) Use the following DNS server addresses:
Preferred DNS server: | . . . |
OK Cancel Alternate DNS server: | . . o |
Realtek USB GbE Family Controller [ Jvalidate settings upon exit Advanced...
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2. Ensure you can reach Duro from your computer. The default Duro IP Address is 192.168.0.222.

| B C\Windows\Systen3Zycmad. exe

3. Onyour desktop, create a new shortcut:

e
Sort by
Fadnggh

Undia Delete

B Intel® Graphics Settings
B oD Contral Pane

& Winlege
P
Diedl PremierColor

TeE b Lt iR
1 Deipdsy fafings

& Personaline

X B B N s

Folder

Shorbout

Micrasof Access Database

Bitmap Emage

i Wond Docuareent

cess Datlabae
Microsoft PowerPoint Presentation
Microsa Puk

alihasr Dhaoumien

Rich Text Foemat

Text Diocurment

Microsol
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4.

& g Creste Shortout
What itemn would you like to create a shortcut for?
This wizand helps you to create shomcuts 1o bocal o netwerk progeams, files, folder, computens, or
Internet addresses.

Type the locetion of the item:
mFﬂum&mW\thmm'--m-wﬂl | Browee

Lhck Nest to continue:

Duro User Manual Version 1.1

In the Create Shortcut window, proceed to paste the directory as specified below:

“C:\Program Files (x86)\Swift Navigation\Swift Console\console.exe”

= 5 Create Shomcut

What would you like to name the shortout?

Typee a name for this shortcut:

!Eﬂ'l:m:tCorl'mﬂim"

Click Finish to create the shorout.
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5. Click on the recently-created shortcut. The Swift Console Connection Interface will pop up.
Proceed to select TCP/IP and then click “OK".

6.

" Swift Console - Select Piksi Interface

O serisuss @ TCP/IP

IP Address:

IP Port:

[ 192.168.0.222

| | sssss

It can take up to 90 seconds to acquire a signal(s). The “Tracking” Tab confirms the signals Duro

has acquired:

[ —
Jul 17 2017 174834
Rl 17 2017 1T4BN
Jul 17 2017 178634
Bl 17 2017 174833

W T2 DA DI LAR R R TRIN00A L) e Comsnde w110 =] o
Sy GdiAon  Gewlw CBeeresiow Sefegn  Preseeiodss  Adancsd
Tracking C/MO
-
b — —Aw
S
) I:
4 =
| 1
.
- E] ®
fateo ]

Soslmeet (] Sesit ] Soex 2
BN emsalelod (Wwiey  FOmieg | LSS destta

Loglevd
COMNS..
COMS
CONS...
CONS...

Beleelas 197 W0 JEE AN PIR TVIL: 5 @ate 10 Baris Lalraiy

Log e B WARNEMG =

(LR
o SetTings documentathon eatry for name madem_type and group is oll_ma..
Humber of setting loaded 134
Loaded semings yaml file from path setiings.yamd
Conpole: 1,16 Pang..
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2.

Alternative 2 - SSH Connection

: Edit  View I

“ontrol Panel Hory - File  Edit  View Advanced Tools

Networking  Sharing

Connect using:

[P Realtek USB GbE Family Controller

Configure. ..
This connection uses the following items:

v| &3 Client for Microsoft Networks
v| "3 File and Printer Sharing for Microsoft Networks
v| T8 Glier Bandwidth Control
¥| T8 QoS Packet Scheduler
v| 4 Intemet Protocol Version 4 (TCP/IPvd)
o Microsoft Network Adapter Multiplexor Protocal

v Microsoft LLDP Protocol Driver
4 >
Description

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

Realtek USE GbE Family Controller

| B CAWindows\System 32\ cmd.exe

Control Panel Network and Internet

Network Connections

Diagnose this connection

[ Ethernet
~ 4iF

Unider ed net

Realtek USB GbE Family Controller
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Proceed to connect the Ethernet Cable from your computer to Duro. Set up a local IP as shown
below:

IP Address: 192.168.0.10
Subnet Mask : 255.255.255.0

Rename this connection View si

k.. SwiftNav Lz

Internet Protocol Version 4 (TCP/IPv4) Properties

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator

for the appropriate IP settings.

(0) Obtain an IP address automatically
(@) Use the following IP address:

IP address: 192 . 168 .
Subnet mask: 255 . 255 .
Default gateway:

(®) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

[Jvalidate settings upon exit

Cancel

0 10
255. 0
Advanced...

Ensure you can reach Duro from your computer. The default Duro IP Address is 192.168.0.222.
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3. If you have a preferred tool to connect via SSH, please feel free to use it. The following example
uses Putty as a tool to connect to Duro.

Download Putty here

4. Once Putty has been installed, enter the default Duro IP Address and connect.

— - —
g PuTTY Configuration ? w I

Camgory +

Sexmon Basic aptors for youl PuT TY sesson

N
# Spacity the destmatbon you want bo conneciio

wrTIAl
K aybannd Host Mame (o P sddiess Port
Sul H2 1630 727 Frd
SR—

| Ry Cormechon ypa

Raw Talnat |Rlogin @) S5H Senal

Load. sawe or dolebs @ Sicned Jassion

Sawed Sesonsg
=i Dafaul Solngs Logd
Prs Save
Closs wandow o goot
Always M ) Cinly on chean axl I
1 Aboat Feip Opan ] Cance l
- B g |
5. Log on as root. No authentication password is required.
B 1921680222 - PuTTY i ] _x__}
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Serial Connection

Duro comes with two Serial ports, one enabled by default (UART1) and the other one requires
configuration to be used (UARTO).

Proceed to connect the Serial-USB adapter between your computer and Duro. Ensure this
connection is being made through the Serial port 1, located in the Auxiliary port (Duro AUX cable
recommended).
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CAN Connection

The Controller Area Network (CAN) bus is currently available on both Duro (and Piksi Multi) in a
hardware ready - electrically verified state (i.e. we have the required circuitry to enable CAN data
outputs and is electrically tested). However, to implement a complete CAN solution, there are
multiple steps that need to be implemented to successfully output a CAN message.

Step A (Supported & Ready on Piksi Multi and Duro) :

The CAN port can be seen through our Linux as a Network Interface. This is part of being able to
allow Linux to recognize that the hardware exists and enable it to expose it.

Stage B (Supported & Ready on Piksi Multi and Duro) :

This step is to be able to write data to a network interface. Inserting this data in the form of raw CAN
frames is handled in the CAN driver (currently already part of basic Linux implementation).

Step C (Currently NOT supported on Piksi Multi or Duro):

On top of steps A & B above, if a user wants to write or implement a specific CAN protocol (e.g.
J1939 or CANopen), then they would need to write the data parser to package this specific custom
protocol, into the raw CAN frames and write them to the “network” interface --> tied to the CAN
driver (the lower driver takes care of physical transmission over the interface). It must be noted
that we currently do not support any specific CAN message(s) and have no immediate plans to
implement step C. However, we currently have Linux documentation that would allow customers to
implement specific CAN messages on their end.

The below example demonstrates the CAN functionality on Duro and Piksi Multi.
1. Connect the Auxiliary Cable between Duro and the CAN device that you want to test. For our
example purposes, we will proceed to connect Duro with Piksi Multi.
Note: In Duro we can enable CAN1 only, since it has direct connection to the Auxiliary Port. In
Piksi Multi, we can enable CANO or CANT.

2. Connect to Duro using the Ethernet Cable.
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3. Check if CANT1 is available by typing the following command:

ifconfig

4. As shown on the image above, there is no CAN interface mounted in Duro.

5. Proceed to type the following commands to enable CANT1.

ip link set canl type can bitrate 200000

and then:

ip link set canl up

43



Duro User Manual Version 1.1

6. Verify again if CAN interface is active by again typing “ifconfig” command.

7. Once the CANT1 interface is enabled, proceed to interact with other CAN interfaces.

The following example shows the interaction between Duro (CAN1) and Piksi Multi (CANO).
Duro will send a CAN message to Piksi Multi.

Duro: Type the following command line:

cansend canl 5A1#11.22.33.44.55.66.77.88

Piksi Multi: Type the following command line:

candump can0
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4." 192.168.0.224 - PuTTY

As it is possible to observe, Duro sends the message and it is received by Piksi Multi almost
simultaneously.

For the purpose of this example, we will proceed to execute the same instructions as before, but now
letting Duro listen to the CAN interface for messages.

o 192.168.0.224 - PuTTY
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Cellular Modem - Global SIM Card

Connect your Duro device seamlessly from one country and carrier to another through global cellular
network.

Please, follow instructions provided inside of the “Duro Starter Kit” box about how to register the
Global SIM Card incorporated on Duro and get discounts or just visit hologram.io .

Once SIM Card registration has successfully completed activate Cell Modem functionality with the
following steps :

+ Open Swift Console and click on Advance settings.
+  Goto “cell modem” section, ensure APN is “hologram” and enable the cell modem.

Cellular Modem
Modem Type GSM
Device ttyACMO
APN hologram
Enable True
Debug True

To enable the NTRIP Client please visit our support website or check the following link:

https://support.swiftnav.com/customer/portal/articles/2801480
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Firmware Upgrades

The information below provides multiple options to upgrade Duro.

Alternative 1 - Swift Console

Duro User Manual Version 1.1

Based on Ethernet connection alternative 1, please proceed to execute the following steps:

1.

R DL P00 B T Comcie w11 =] s
By Solfon  Besie  Cheeresiors  Setrgn  Presawipdels  Adanosd
Tracking C/MO
-
- e
R T
e I;
]
| o | =
" - - - s
O
Soslmges [ Swsii [ Sesiz B
0 F (el Lig (uwley  rhomie L LA (et o e WARNEND v
Al Devalevg Lo bl isiiige
Ml A7 2047 174834 CDMS.. Mo demingd docufmeniaasn eonny Ior e madem b iod groud i odll_ms.,
Bl 17 2017 1AL COMNS Mumber of setfirgs loaded 134
Full §7 2007 1TEE34 COMNS...  Losded sefteags varmd file from path settings yannd
Ful §7 2047 1TERE3 CONS,.. Conpode 11,6 mamng.
Bseriaon 97 B0 ITE 5UINE FINTVIL: 9 hats |3 Bass Labrasy i

You should be able to see information in the Swift Navigation Console Tracking tab:

2. Go to the Firmware Upgrade tab, Select the Binary File to be uploaded into Piksi Multi and click

Upgrade FW.

st e T il s

Carrerst: Tt

ate Laweit
Locs Pl | B Tomsdemngi P W

Limate il

- o

“wane (Toisir e p e Bt e e |

r—

B W Ol s Coyiog POy |C Leeo Gt L0 v s ARG = |

ot by [ [EE

Mo settings documrentation entry for name modem_type and group & cell_mo..
Munbsed of semtings kaded 134

Lossded settings yaml fle from path seffingryaml

Console: 1,15 sty

Jul 17 2007 1PdE3d COMS..
Jul 17 2007 174534 COMS..
Jul 17 0T TR CONS,

Jul 17 2007 174233 COMS..

Smteviamie THE. LG TI2 MR 000 TP U et S Baer Latery
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3. An “Upgrade Completed” message will be shown and your Duro will restart. Then close your Swift
Console.

1 % NSO T ARANON FH St Comaoda w111 Lol -l T = @O x
N Teming  Goldee  Basbes  Dlesbew  felegs  Fremeerlplsl s
e

T et L

vt

L

sy o @ deay R dnerasted frmers ban

= T R - [
g b el |l .
-

g e D B -

T T TN ————— Ly Pl . @

R DL Loog bt WL =
Jul 18 2007 100540  OOHSOLE Recerved b comimand nigonds iardegs with oods

Jul 18 20T 1B5REY COMEOLE Mo ietting: documentation eairy far nams modem typs and group = oell madem

Jul 18 2007 1E55RE  CONSOLE Humbes of sebimgs loaded 134

Rl 1R 3087 AN SE LD CIRHETHF i wart i winl ks b otk cettesnd waesl =i
| e DRE AN LT ST UEN PR W Bl 8 R ey -

4. Connect again to the Swift Console and go to the Firmware Update tab. Verify the firmware
version.

Tracking Solution Baselre Obasrvations Settings Firrmware Update
Hardware Feision: s _mult

Firmmarg Verson
Cuarrent: v L.100-12

Lotest: |wi.1.27

Local File: |Pleass chooss a file

Update P&
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Alternative 2 - SSH Connection
Based on Ethernet connection alternative 2, please proceed to execute the following steps:

1. Upload the firmware to a known location. In this example, we have placed the firmware file into the
/root directory.

2. Proceed to change directory, go to the Duro’s /user/bin.

cd /usr/bin

3. Run the upgrade_tool script also providing the directory where the firmware file is located, plus the
debug option.

./upgrade tool /root/PiksiMulti-v1.1.100-12.bin —-debug

Note: In this example we are using firmware Piksi Multi-v1.1.100-12.

4. Once the firmware upgrade is completed you should be able to see the following message on your
screen.
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Support Site
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Further Swift product support information is available at support.swiftnav.com. The support site
also allows Duro users to get in touch with Swift technical support and to ask public questions to the

community.

Specifically, the following support documents are useful for integration support of Duro.

Additional Support documentation

Name

Description

Swift Binary Protocol (SBP)

Support information for Duro and Piksi Mult
native on-the-wire communication protocol.

Firmware Settings Manual

Information about all of the configuration
options exposed for Duro’s firmware.

Supporting Tools

Additional Support Tools

Name

Description

Swift Console

Support information and download of the
Swift Console, the Graphical User Interface
(GUI) for test and evaluation of Duro.

SBP2Rinex Cross platform command line utility for con-
verting raw SBP log information to the Re-
ceiver Independent Exchange format (Rinex).

Contact Us

Swift Navigation, Inc.

650 Townsend Street, Suite 410

San Francisco, CA 94103
swiftnav.com/contact-us
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