Piksi Multi - GNSS RTK Position with Stationary
Base

Caution: Piksi Multi uses a powerful processor that can generate a significant amount of heat. Use caution when handling
the board, as components may reach upwards of 140° F (60° C).

This procedure must be performed outdoors and does not require an Internet connection.

Overview

This article details the RTK Position with Stationary Base feature available on Piksi® Multi and Duro. This article provides
instructions to obtain an RTK Position solution using hardware from the Piksi® Multi Evaluation Kit. Please be sure to
complete all prerequisites before proceeding with the guide.

Prerequisites

Installing Swift Console
http://support.swiftnav.com/customer/en/portal/articles/2756825

Installing USB to Serial Adapter Drivers
http://support.swiftnav.com/customer/en/portal/articles/2757197

Powering Piksi Multi
http://support.swiftnav.com/customer/en/portal/articles/2746937

Connecting to Piksi Multi - USB to Serial Adapter
http://support.swiftnav.com/customer/en/portal/articles/2747195

Upgrading Piksi Multi Firmware
http://support.swiftnav.com/customer/en/portal/articles/2757403

GNSS Antenna Placement Guidelines
http://support.swiftnav.com/customer/en/portal/articles/2770372

Piksi Multi - Standalone Position
http://support.swiftnav.com/customer/en/portal/articles/2770419
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GNSS RTK Position

Note: The RTK Position Solution is a high-precision GNSS position solution, with an accuracy of a few centimeters. This is
a relative position between two Piksi Multi receivers, which are both required to calculate the solution.

To learn more about RTK technology read Understanding Piksi RTK GPS Technology article.
(http://support.swiftnav.com/customer/en/portal/articles/2492803-understanding-gps-rtk-technology)

This test must be performed outdoors and does not require an Internet connection.

Goal

In this section, you will setup two Piksi Multi outdoors. One will work as a base station (stationary) and another as a rover
(moving). The base station will transmit GNSS correction data over the radio link to rover. You will be able to display a
rover RTK position solution on the Swift Console.

Radio Configuration

In order to achieve an RTK solution, the rover receiver will need to receive correction data from a base station receiver.
The Piksi Multi Evaluation Kit includes two radios to provide this link.

The radios must be configured properly before continuing with this guide.

Please follow the Radio Configuration Guide found here:
http://support.swiftnav.com/customer/en/portal/articles/2739642
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Base Station Setup

Connect the radio to the evaluation board.

232 Serial

Connect the radio antenna to the radio module. Radio Antenna
Connect the DE-9 Null Modem Adapter to the Piksi
Multi Evaluation RS232 0 port.

e Connect the straight RS-232 serial cable to the
Null Modem Adapter

e Connect the other end of the serial cable to the
radio module

Freswave Radio

Place the GNSS antenna on a tripod or on other stable
structure with an unobstructed sky view.

(See GNSS Antenna Placement Guidelines)

It is recommended to secure Piksi Multi and the radio to
the antenna tripod or structure.

Connect the GNSS Antenna to Piksi Multi.

e Connect the short MMCX to SMA adapter cable to
the primary antenna connector on the Piksi Multi
GNSS module.

e Connect the SMA to TNC cable to the SMA female
connector of the MMCX to SMA cable.

e Connect the TNC connector to the GNSS antenna.

GNSS Antenna

i MMCX to SMA
=T SMA to TNC

-
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Connect the Evaluation Board to your computer.

e Connect the USB to Serial Adapter cable to the
RS232 1 port of the Evaluation Board.

e Connect the opposite end of the USB to Serial
cable to your computer.

USB to Serial (RS-232) Adapter s

Evaluation Board

*ﬂ

Computer

Connect power to the system.

e Connect the included power adapter splitter to the
radio and Evaluation Board
e Connect your power source to the splitter.

Once powered - the LED indicators of Piksi Multi will
illuminate.

Freewave Radio

L

i
m
L

Power (9 - 40 Volts DC)
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Base Station Wiring Diagram - Overview

RS-232 Serial

USB <-> Serial (RS-232) ad:

R —

Computer with Swift Console

Freewave Radio

= ? — GNSS Antenna
MMCX Male
<->SMA Female
l l—D: [ s SMA Male: <> TNC Male

|
B —i)-
1 0

-
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Configuring Base Station Radio Messages

In the RTK system, the Base Station transmits its observations and its position to the Rover. The following steps will
configure transmission of the base data to the rover.

e Open the Settings tab
e Locate the uart0 section
e Set enabled_sbp_messages to 72,74,117,65535
e Click Save to Device button
® ® 5 10.1.23.100:55555(PKOD0098) Swift Console v1.4.2
Tracking  Solution  Baseline  Observations | S-iifEl) Firmware Update  Advanced
Name Value & & A
acq uisition Save to Export 1o Impart Reset to
glonass acquisition enabled True Device File from File Defaults
i Refresh setti Show Advanced
ip config mode Static e resh seitings (2ot iz
ip address 10.1.23.100 SR Sngs
netmask 255.255.252.0 Sattin
gateway 10.1.224 g
ext events 0 Mame: uart0.enabled_sbp_messages
suga gger Bono Value: |72,74,117 5535 |
sensitivity 0 ‘
ext events 1 Units: N/A
edge trigger None
ainiliiia R Default value: 72,74,117,65535
ext events 2
edge trigger None
sensitivity 0 ) .
frontend Description: g:nfng#re which messages should be sent on
antenna selection Primary port.
antenna bias True . . .
imu The enabled sbp messages settings is a list of
= message types and rate divisors that will be
imu raw output False sent out of the interface. If left blank, all
imu rate 50 messages will be sent. If not blank, a comma
ace range 8g separated list of SBP message |IDs in base 10
Notes: Integer format should bﬁecrravided. Oﬁtionally,
gyra range 1000 * adivisor can be specified after the / character
mag raw output False for each id. For example, an entry of 345610
mag rate 125 would provide message with ID 3456 at 1/10th
- the normal rate. For uart1, the default value is
L optimal for logging and communication with the
gpgga msg rate 1 console.
gpgsy msg rate 10

The value of the “enabled_sbp_messages” setting in the uart0 section is used to configure which SBP messages are sent
over uart0. Other communications interfaces may also feature this setting, and are configured independently.

Configuring Base Station Location

GNSS RTK provides a very precise baseline measurement between the base station and the rover. For the rover to provide
precise latitude, longitude and altitude, however, the base station must be programmed with its own location. Accuracy of
the computed rover's location directly depends on the base station position accuracy. For the best results, position of the
base station antenna should be surveyed. To enter the base station location:

e Open Settings tab
e Locate surveyed position section
e Set surveyed lat, surveyed lon, and surveyed alt to their corresponding values
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e Select broadcast and change it's value to True using the drop down menu.
e Click Save to Device

[ JoN | 5 10.1.23.100:55555(PK000098) Swift Console v1.4.2
Tracking  Solution  Baseline  Observations Firmware Update  Advanced
Name Value & ‘_"‘ A -
sain freq 10 Save to Export to Import Reset 1o Survey
output every n obs 10 Device File: from File Defaults
dgnss solution mode Low Latency
d headi Fal v Refresh settings — Show Advanced
sen . cacing ake *| from device Settings
heading offset 0
enable.g lonass True Satting
correction age max 30
standalone logging Name; “Fa E‘é‘" ~osition.broadcast
enable False Value! v True
output directory Imedia/sdat/ -
max fill a5
file duration 10
Default value: False
surveyed position
True
surveyed lat 37.7710318417
surveyed lon -122.403166381
surveyed aft 5727 Description: Broadcast surveyed base station position.
system info
firmware build id v1.3.11 This fi Himatalv detormi hetharth
firmware version v1.3.11 T R
SBP message with identifier
firmware build date 2018-03-08 03:10:32 UTC MSG_BASE_POS_ECEF will be calculated
sbp sender id 59B3 and sent. Logically, setting this attribute to
serial number 00108051217000098 "true" sets the Local receiver as a base station
= e - Notes: and configures the unit to send its surveyed
hwirevision RILRINT * position coordinates fo the other receiver(s)
mac address BC-C8-F4-90-05-79 with which the base station is communicating.
uuid A51BAB0O2-32DE-441C-9BET-2A. .. If ”lrue", the remote receiver that receives the
tep cliento surveyed position will calculate and
p clien communicate a pseudo absolute RTK position
mode Disabled based upon the received position.
address

If the surveyed position is not available, you can use the Auto Survey button. This is based on an average of the last 1000
SPP position solutions and therefore not as accurate as a proper survey of the base station location. To use Auto Survey
for the base station position:

Open Settings tab

Locate surveyed position section

Select broadcast

Click the Auto Survey button the upper right hand corner

Click Auto Survey - note the surveyed lat, surveyed lon, and surveyed alt fields are now populated.
Select broadcast and change it's value to True using the drop down menu.

Click Save to Device
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Observations  Settings  Firmware Update  Advanced

Tracking  Solution  Baseline
Mame Value X 4+
s0ln freg 10 =] - — A Auto
Sawve to Expart to Import Raset to Survey
output every n obs 10 Device File from File Defaults
dgnss solution mode Low Latency .
send headin Falze ~ Refresh settings — Show Advanced
- 9 = from device Settings
heading offset 0
enable_glonass True Setting
correction age max 30
standalone logging | Name: surveyed_position.broadcast
enable 0 ® 5 Auto populate surveyed position?
output directory |
max fill This will set the Surveyed Position section fo the
file duration ~ mean position of the last 1000 position solutions.
surveyed position The fields that will be auto-populated are:
broadcast Surveyed Lat
d lat Surveyed Lon
ol el — Surveyed Alt
surveyed lon h | . .
surveyed alt The surveyed position will be an approximate value. gyed base station position.
system info :l This may affect the relative accuracy of Piksi.
firmware build id

— Are you sure you want to auto-populate the Surveyed Position section? jaly determines whether the

vith identifier

0S_ECEF will be calculated
zally, setting this attribute to

| receiver as a base station

firmware version
firmware build date

sbp sender id Auto Survey

i qu_mber the unit to send its surveyed
hw revision o inates to the other receiver(s)
mac address BC-C8-F4-90-05-79 with which the base station is communicating.
uuid AS1BABO2-32DE-441C-Q9BET-2A. .. If "lrua", the remote receiver that receives the
tep cliento surveyed position will calculate and

p clien communicate a pseudo absolute RTK position
mode Disabled based upon the received position.
address

Finishing Base Station Setup

At this point the Piksi Multi base station setup is complete. Close Console, disconnect Piksi Multi from the computer.
Leave the base station powered, so that it can continue to provide corrections to the rover.

-
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Rover Setup

Connect the radio to the evaluation board.

RS-232 Serial
Connect the radio antenna to the radio module. Radio Antenna
Connect the DE-9 Null Modem Adapter to the Piksi
Multi Evaluation RS232 0 port.

e Connect the straight RS-232 serial cable to the
Null Modem Adapter

e Connect the other end of the serial cable to the
radio module

Freewave Radio

Place the GNSS antenna on a tripod or on other stable
structure with an unobstructed sky view.

(See GNSS Antenna Placement Guidelines)

It is recommended to secure Piksi Multi and the radio to
the antenna tripod or structure.

Connect the GNSS Antenna to Piksi Multi.

e Connect the short MMCX to SMA adapter cable to
the primary antenna connector on the Piksi Multi
GNSS module.

e Connect the SMA to TNC cable to the SMA female
connector of the MMCX to SMA cable.

e Connect the TNC connector to the GNSS antenna.

GNSS Antenna

I MMCX to SMA
=D SMA to TNC
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Connect the Evaluation Board to your computer.

e Connect the USB to Serial Adapter cable to the
RS232 1 port of the Evaluation Board.

e Connect the opposite end of the USB to Serial
cable to your computer.

USB to Serial (RS-232) Adapter s

Evaluation Board

*ﬂ

Computer

Connect power to the system.

e Connect the included power adapter splitter to the
radio and Evaluation Board
e Connect your power source to the splitter.

Once powered - the LED indicators of Piksi Multi will
illuminate.

Freewave Radio

L

i
m
L

Power (9 - 40 Volts DC)
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Rover Wiring Diagram - Overview

RS-232 Serial

USB <-> Serial (RS-232) ad:

R —

Computer with Swift Console

Freewave Radio

= ? — GNSS Antenna
MMCX Male
<->SMA Female
l—D: [ s SMA Male: <> TNC Male

—im)-

-
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Checking Rover Satellite Signals

Tracking Solution  Baseline  Observations  Settings  Firmware Update  Advanced

Tracking C/NO

NBRERrREAERzARARE

Enzr

&0

ZH-8P

Show Legend:

11| [%| ConsoleLog | csViog ‘ JSON log ‘ IUsers/nicolekelley/SwiftNav [ Log level filter:

+ t + +
760 780 800 820
seconds

GPS L1CA: GPS L2C: GLO L10OF: GLO L20F:

WARNING

Host timestamp
Mar 12 2018 17:27:31

42
Mar 12 2018 17:22:42
Mar 12 2018 17:18:53

Log level
WARNING
WARNING
WARNING
WARNING
WARNING
WARNING
CONSOLE

Message
GPS L1CA 13 invalid ephemeris

GPS L1CA 13 Latest ephemeris has IODC/IODE mismatch. Invalidating ephemeris.

GLO L2CA ME 14 False freq detected: 10.4 Hz (plock=0,flock=1)

GLO L1CAME 14 False freq detected: 10.4 Hz (plock=0,flock=1)

SPP Position suppressed due 10 velocity confidence of 47.7 exceeding 10 m/s

New obs time {wn = 1992, tow = 174180.700000} and last update time {wn = 1892, tow = 173847.300000} difference exceeds threshold of 120 seconds, reinitializing filter
No settings decumentation entry for name sensitivity and group is ext_events_2

Interface: 10.1.23.100:55555 FIX TYPE: SPP #Sats: 12 Base Latency: —

=

Open Tracking tab. Wait until at least 5 satellites have signal strength above 33 dB-Hz and Piksi computes a Single Point
Solution or SBAS solution. The POS LED on Piksi Multi will show solid orange once it has a position solution.
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Configuring Rover Radio Messages

In a typical RTK system, the Rover is only receiving observations (corrections) from the Base Station. The following steps
will disable transmission of the rover observations.

e Open Settings tab
e Set uart0 enabled_sbp_messages to 0
e Click Save to Device button

[ NoN ) 7 10.1.23.100:55555(PK0O00088) Swift Console v1.4.2
Tracking  Solution Baseline  Observations m Firmware Update  Advanced
Name Value ) £ 3 A

- = L=
mode Disabled Save to Export to Import Reset 1o
address Device | File from File Defaults
enabled sbp messages —o ) S
tep server0 ] resh setings — Show Advanc

P & from device Settings
mode SBP
port 55555 .
enabled sbp messages SSs
tcp serveri Mame: uart0.enabled_sbp_messages
mode SBP Value: I o I
port 55556
enabled sbp messages 72,74/10,65535 Units: N/A
uart0
Sl 115200 Default value: 72,74,117,65535
flow contral MNone
mode SBP
enablad sbp messages 72_.74,55535 Confi hich hould be sent
uarti Description: mgnpng:-m which messages shou sent on
baudrate 115200
flow contral None ™ abled sb i is a list of
e en sbp messages settings is a li
mock SBF message s and rate divisors that will be
enabled sbp messages 23,29,65,72,74,80,117134,1361... sent out 1%: interface. If left blank, all
udp client0 messages will be sent. If not blank, a comma
mode Disabled separated list of SBP message |Ds in base 10
Notes: integer format should b:crmvided, Optionally,

address * adivisor can be specified after the / character
enabled sbp messages for each id. For example, an entry of 3456/10
udp client1 would provide message with ID 3456 at 1/10th

- the normal rate. For uart1, the default value is
mode Disabled optimal for logging and communication with the
address console.

enabled sbp messages

-
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Checking Communication Between Piksi Receivers

The red LINK LED on Piksi Multi rover board will flash when it correctly receives an observation data from the other Piksi
Multi (base station). This LED may be solidly illuminated in the case that your piksi or Duro has a route to the internet, but
it will still blink when an observation is received.

Open Observations tab. You will see the rover's observations in the upper Local table, and the observations that have been
received over the radio from the other Piksi in the lower Remote table. Wait until you can see at least 5 satellites in
common between the Base and Rover.

5 COMIOPKON0234) Swalt Console w1011

Trasching Sodution Basseline: Observations Settings Firmware Uipdate Advaned
Local

GPS Week: 1935 GPS TOW: S18009.0 Tetal obs: 14 Llobs: 8 12 ohs: &

pge [ er Phase [op /NO [dB-H; s Doppler  1p. Doppler Lok Flags

Remaote

GRS Week: 1955 GPS TOW: 5180090 Total obs: 14 11 obs: § 02 obs: 6

PEM hase [oy /NO [dB-H: w Doppler 1p. Doppler Lok Flags

-

swift

©2017-2018 Swift Navigation, Inc. All rights reserved | Version 2.1 HAVIGATION

www.swiftnav.com | support@swiftnav.com



http://www.swiftnav.com/
mailto:support@swiftnav.com

Viewing RTK Position Solution

Once at least 5 satellites are in common between the Rover and Base, Piksi will start producing differential solutions.
Open the Baseline tab and you will see differential solutions being outputted. Initially Piksi will begin in Float mode (less
accurate) and will transition to Fixed mode (most accurate). When this happens, your Piksi has a fixed RTK lock. You
should now see a centimeter-accurate distance between your base Piksi and rover Piksi, visualized on the Baseline tab,

like in the example shown below.

T COMAIMPKOD0234) Swilt Cansole v1.0.11 ~
Tracking Sodiiticn Baxseline Obsarvalions SeltEngs Firmwvare Lidate Adhanced
IEerm Valise Il X =% 46  Reset Flters Resot [AR Init, with bnorm baseline
GPS Ti.. | 2007-02-10 23525 :
GPS W... 1935 |
GRS T 517974900
M 2656
[ 12,711
D 0661 |
h accur,,. (0,074 E-
W soou., |0.0249 E
Dist 14,2247537061 =1
Murm. &...8
Flans Dl
Maode  |[Fixed RTE

E {meiers]

If the surveyed position was programmed on the base station and broadcasting was enabled (see Configuring Base
Station Radio Messages above) you can see the rover's position on the Solution - RTK Position tab.

S COMITO{PERD0Z 4] Swift Console w1011 >
Tracking SolisRon Easeling Ohservations Sottings Fermmweare Lipdate Auheamoed
X @
Iem Value £ i
GPS To.. [2017-02-10 23:54:12 900
GPS W i + pe
e = A RE Pary OGS
GPS 1., ¥ A e RO # HTX naa
I RTE fiwng
Mim. 5... 8 il
Lat 171 T 34850078
Lnig 122417716759
Hsiphat 55334734505
LELERE

w Accur,. ((U2S Sy
Pos Fla,.. (Owld i S

B B
Paos Fix., | Fooedd RTE 1‘-@_" k-
Vel W U000 )
Wl QLT g
el O (X FL]
Wl Flacys | Dl
POOP 1.9
GDOP 23
TP
HDOPF (1.5
VOO 1.2 W
1t Is necessary bo enbor the *Surmyed Position™ settings for the base station in 4
ofder 1o vemy the KTE Positions. 0 this tab., Laongdude [dagrees)
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Congratulations!

You now know how to setup and use Piksi Multi. To learn more, visit the Swift Navigation Support Center -
http://support.swiftnav.com/.
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