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Introduction

* Ginan is an open-source PPP software toolkit and an analysis centre software being developed by Geoscience
Australia as part of Positioning Australia National Positioning Infrastructure Capability (NPIC)

* It is one of the two major initiatives of Positioning Australia, with the second being SouthPAN — Australia and New
Zealand SBAS
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The Ginan Name

W< The name Ginan comes from the Wardaman people
7\
of Northern Territory

)X( Is a Wardaman word for a red dilly-bag filled with
songs of knowledge

Is the fifth-brightest star in the Southern Cross

\7 \7
M} X

The Southern Cross helped the First Australians to
navigate
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What is Ginan
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Ginan - Geoscience Australia’s GNSS Analysis Centre Software
“Accurate and reliable positioning for everyone”

* Open-source software toolkit for precise positioning and navigation

* Multi-GNSS data processing and analysis capability

» Undifferenced, State Space Representation (SSR) using Precise Point Positioning (PPP) methodology

» Capable of delivering precise positioning products and services for post processed and real-time applications

* Enables centimetre level accuracy positioning in areas with mobile phone/internet coverage
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Aims of Ginan

* Provide a comprehensive GNSS analysis tool kit capable of producing correction messages that allow users to get
to a position accuracy of a few centimetres

* Enhance Positioning Australia’s internal expertise in multi-GNSS so that Geoscience Australia can continue to
provide expert advice on GNSS system performance to domestic and international GNSS users

* Provide a state-of-art GNSS analysis toolkit to universities and research organisations to enable Australia to lead
the development of geospatial technology

* Encourage the development of innovative position dependent technology and services that will be of economic
benefit to Australia — to grow the market for OEMs, technology integrators, service providers, the science

community and end users, and realise the full benefits of GNSS.
&
* Help Positioning Australia generate the next generation of geodetic datums and keep track of multi-GNSS ,\:M*ga

performance over Australia and the region
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Observation Space Representation (RTK) vs State Space Representation (PPP) (OSR vs SSR)

Error Sources GNSS Satellite Constellation

- Sat signal bias X _ : e
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OSR vs SSR Positioning

Observation Space Representation (OSR) - RTK State Space Representation (SSR) - PPP

%" Centimetre level accuracy «¥ Centimetre level accuracy s
X Dense base station network «* Sparse base station network 1
X Local coverage " Global coverage
X High bandwidth " Low bandwidth
x Two-way communication v One-way communication
X Not scalable o Easily scalable
«# Fast convergence x Slow convergence
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The Ginan Concept
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Ginan Components

Configuration
Data Input

Modelling + Prediction

Filtering + Estimation

Error Handling
Augmentation

Products Output

[ Scripts + Visualisation J
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Ginan Components
_ #quu. cionfig'uration file

Data Input

Modelling + Prediction D i

TUGORGAFTH_ 20191530000 010 01D OSE_BIA ]

Filtering + Estimation

Error Handling S
Augmentation

Products Output

<CONFIG>/

Scripts + Visualisation
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Ginan Components

Configuration
RINEX RTCM sP3

_ {Observations) {Observations] {Orbits)

Modelling + Prediction ANTEX SINEX EOP
(Antenna Meta) [5tation meta) {Earth orizntation]

Filtering + Estimation

CLK BSX IONEX
Error Handling (Clocks) {Biases) (lonospheres)

Augmentation TROP NAV

(Broadcast)

Products Output

[ Scripts + Visualisation }
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Ginan Components

Configuration
Antenna

lonosphere —

Data Input

Positions

Filtering + Estimation

Satellite

Relativity Troposphere Orientation

Error Handling

Augmentation Phase Windup

Satellite Laser
+ Ambiguities Ranging

Products Output

[ Scripts + Visualisation J
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Ginan Components

Configuration
Measurement and Process Noise

Data Input

MOdE"IHg + Prediction Sensitivity Matrices

Error Handling

Filtering and Estimate Updates

Augmentation
Correlation + Uncertainty Estimates

Products Output

[ Scripts + Visualisation J
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Ginan Components

Configuration

Statistical Checks
Data Input

Modelling + Prediction Cycle Slip Detection

Filtering + Estimation

Augmentation

Products Output

[ Scripts + Visualisation J

e "

Organized By @ iSO Shensors @esri @Trimble

NSPS e AN THE SCIENCE OF WHERE"

voRs




@ FIG WORKING WEEK 2023

28 May - 1 June 2023 Orlando Florida USA

rjlando
HUL€ Working Week 2023 Protecting Our World, Conquering New Frontiers

Ginan Components

Configuration o )
Ambiguity Resolution

Data Input

. . 4 Minimum Constraints
Modelling + Prediction

Filtering + Estimation RTS Smoothing

Error Handling

Products Output

lonosphere Modelling

Combinations

{ Scripts + Visualisation J
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Ginan Components

Configuration
RINEX RTCM SP3

(Observations) (Observations) (Orbits)

Data Input
Modelling + Prediction ANTEX SINEX EOP
(Antenna Meta) (Station meta) (Earth Orientation)

Filtering + Estimation

CLK BSX IONEX
Error Handli ng {Clocks) (Biases) {lonosphere)

Augmentation TROP NAV

- Products Output sl e
[ Scripts + Visualisation }

Organized By @ iSO Shensors @iﬁ @Trimble

NSPS INTERNATIONAL FEDERATON THE SCIENCE OF WHERE"

VO3



X FIG WORKING WEEK 2023

I? i 28 May - 1 June 2023 Orlando Florida USA
F

Working Week 2023 Protecting Our World, Conquering New Frontiers
Ginan Functional Infrastructure

e Configuration: * Measurement model:
» Standard Yet Another Markup Language (YAML) * Positions, Clocks, Phase/Code biases, Troposphere,
- Input: lonosphere, PCO, PCV, phase windup, Antenna Ecc, Tides,

Relativity, .......
* File based for Post Processing (PP)

e Streams for Real Time (RT) processing * Filtering and Estimation:

* Robust Kalman filter
* Flexible full GNSS observation model State estimation
e Backwards Smoothing (Fixed Lag and Full RTS)

e Observations:
* Always Un-Differenced (UD)
* Combined lonosphere Free (IF) form, or Un-

Combined (UC) e Output: Industry standard file products or RTCM3 stream
* Dual frequency (IF), or Multi-frequency UC based aﬁ‘?
* Multi-constellation: GPS, GLO, GAL, QZS, BDS Y
(SBAS in dev) A
d
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Ginan Development Timeline
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June

January | February | March | April | May |

2023
| July

September

Ginan vl
Ginan v1.5.4 source code

sinan v1.5.4 correction products

Awvailable GitHub, supported

Awvailable GA data repository, Nirip, supported

Ginan v2.0

Ginan v2.0 source code dev

Ginan v2.0 source code

Ginan v2.0 to operations

Ginan v2.0 correction products
[Phase 1 and 2 messages]

Available Git

Hub, suppo

Available GA data repository, Ntrip, supported

Ginan v3.0

Ginan v3.0 source code dev
Ginan v3.0 source code
Ginan v3.0 to operations

Ginan v3.0 correction products

Alpha

v3.0

— | G | G—
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Key Deliverables and Milestones

Ginan v2 has been released earlier this month and is available from GitHub Repository

i

Working Week 2023

€« C | & dgithubcom/GeoscienceAustralia/ginan | G B B %

Solutions Open Source

Pricing

Sign in | Sign up

 GeoscienceAustralia / ginan  Pubiic L} totitications Y Fore 68

<> Code (3 Issues R 11 Pullrequests 2 @ Actions [ Projects D Security & Insights

F main « P 12 branche: © 21tags Go to file m About
The Australian Government, through
m JohnDonovenGA Merge pull request #36 from GeosdenceAustralia/release-v2.0-beta . 589328 last week  ¥0) 64 commit Pasitioning Australia (part of Geoscience
Australia), is funding the design
W Doc Rebeasa v1.5.1 ) manths ag development and operational service of a
B archived i ) Global Nawgation Satellite System (GNSS)
Chaves L ) 5 ¥
position correction system - the Ginan
B dockes Re beta sty service and toolkit. The application of the
Ginan cotrection service by a GNSS
B oxomples 1 beta
device has the potential to increa.
| scoipts Re ) 5t
& geoscienceaustralia githubio/ginan/
| s R ) 4
gnss  ppp
2‘] Atignore s S E] ul
I Reads
(M CHANGELOG.md [ ot las
2 View licer
™ CCLIES R 1AL
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M LICENSEmd In W Veal &® 27 watching
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Differences between Ginan v1 and v2

* Unified User and Network operation modes (One Observation Model & Filter)

* More GNSS constellations — Full Multi-Constellation capability (Ex SBAS)

* Better internal frequency indexing (complete Multi-Frequency capability)

* UnDifferenced / UnCombined (UDUC) processing (vl was Combined IF only)

e Parameter Estimation Algorithm (PEA) integrated and coupled Precise Orbit Determination (POD) capability
* More robust data handling in filter cycle slip and outlier detection and removal

 Complete RTCM3 phase 1 and Phase 2 message decoding and encoding

* SLR data handling fully implemented

* Model & Performance improvements
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Downloading and Installing Ginan
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Installing Ginan

» For native install, the source code is available at GitHub and it supports:
> Linux
» Mac
» Windows (via WSL — Windows Subsystem for Linux)

« Another way to run Ginan is via Docker Image

Ed' docker desktop

enterprise gnssanalysis/ginan ©
. PR RS AGT
Version 2.0.0.0-ent (30827) =

Version pack Enterprise 2.1

Channel enterprise

License until Oct 5, 2019 Docker Pl Cammenand

Wvehns ULl greaansdpriaigliee -

A~ Engine: 18.09.1 Notary: 0.6.1

s D stz @ESIT 1> Trimble

N S P 5 R St o THE SCIENCE OF WHERE

VO3



R

28 May - 1 June 2023 Orlando Florida USA

H Workmg Week 2023 %&% g O‘EW"’E: Con q ‘E‘i’g N ew F & ;'32. ers—z—

Installing Ginan
B ——————————— e ———

Organized By G%)
NSPS5S




@ FIG WORKING WEEK 2023

Aando 28 May - 1 June 2023 Orlando Florida USA
HU€ Working Week 2023 Protecting Our World, Conquering New Frontiers

Ginan Performance
Real-Time

)

®

Organized By @ e Spensors @ esrl h Tl‘lmble

NSPS wm«g;«,;,mm THE SCRCS



X FIG WORKING WEEK 2023

Hando 28 May - 1 June 2023 Orlando Florida USA
HU(® Working Week 2023 Protecting Our World, Conquering New Frontiers

Dual frequency uncombined PPP vs IF PPP in Ginan (i.e. v1 vs v2)
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Dual Frequency uncombined PPP — Multi constellation (v2)

1E+O
—GPS —GPS+GLO —GPS+GAL

\, GPS+QZS —GPS+GLO+GAL — GPS+GLO+GAL+QZS

Position error (m)
[
m
=

1E-2
0O 10 20 30 40 50 60 70 30 S0 100 110 120 130 140 150 160 170 180
Convergence time (minutes)
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Dual Frequency uncombined PPP (AR) — Multi constellation

1

—— (G PSH+GLO - - -GPS+GLO AR
—— GPS+GLO+GAL+QZS - - -GPS+GLO+GAL+QZS AR

yrosition error (m)

0.01
0 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150 160 170 180
Convergence time (minutes)
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Ginan Performance
Post-Processing
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Reference Scientific GNSS Processing Software Packages / Web Services

Ad

I N ol
Bernese (Baseline) GAMIT/GLOBK (Baseline) GipsyX (PPP) NRCAN CSRS (PPP)
New kid on the block £

X
;

Ginan (PPP)
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Post-processing Experiment

» Data processed from three stations - MOBS (Australia), REUN (Réunion Island) and BRST (France)
* All three stations were processed in Ginan V1, Ginan V2 and NRCAN CSRS-PPP service for reference
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Ginan V1 - Dual frequency IF PPP

Ginan V1 Results - BRST
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Ginan V1 Results - REUN

Ginan BRST MOBS REUN
V1 dE dN duU dE dN duU dE dN duU
Mean -0.002 -0.001 0.007 0.001 0.005 -0.007 -0.001 0.001 0.003
St Dev 0.003 0.001 0.004 0.002 0.002 0.004 0.003 0.002 0.006
s G 8 sumsserer @S 1 Trimble
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Ginan V2 - Dual frequency Uncombined PPP (GPS+GAL)

Ginan V2 Results « BRST Ginan V2 Results - MOBS Ginan V2 Results - REUN

Ginan BRST MOBS REUN

V2 dE dN duU dE dN dU dE dN dU
Mean -0.003 -0.001 0.003 0.004 0.006 -0.008 0.007 0.001 -0.004
St Dev 0.002 0.002 0.008 0.003 0.003 0.003 0.004 0.002 0.008
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NRCAN CSRS-PPP Results https://webapp.csrs-scrs.nrcan-rncan.gc.ca/geod/tools-outils/ppp.php

NRCAN Results - BRST NRCAN Results - MOBS NRCAN Results - REUN

NRCAN BRST MOBS REUN

CSRS-PPP dE dN dU dE dN duU dE dN dU
Mean -0.003 0.002 -0.001 0.001 0.007 -0.005 0.001 0.001 0.002
St Dev 0.001 0.001 0.003 0.001 0.001 0.003 0.001 0.001 0.004
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Summary of Results

Ginan BRST MOBS REUN

V1 dE dN du dE dN duU dE dN duU
Mean -0.002 -0.001 0.007 0.001 0.005 -0.007 -0.001 0.001 0.003
St Dev 0.003 0.001 0.004 0.002 0.002 0.004 0.003 0.002 0.006

Ginan BRST MOBS REUN

V2 dE dN duU dE dN duU dE dN duU
Mean -0.003 -0.001 0.003 0.004 0.006 -0.008 0.007 0.001 -0.004
St Dev 0.002 0.002 0.008 0.003 0.003 0.003 0.004 0.002 0.008

NRCAN BRST MOBS REUN
CSRS-PPP dE dN duU dE dN duU dE dN duU
Mean -0.003 0.002 -0.001 0.001 0.007 -0.005 0.001 0.001 0.002
St Dev 0.001 0.001 0.003 0.001 0.001 0.003 0.001 0.001 0.004
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Ginan Team
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Ginan Team

From left to right:

John Barassi (GA)

Simon McClusky (GA)
Aaron Hamond (GA)
Jacob Shearer (FrontierSl)
Umma Zannat (GA)

Ken Harima (FrontierSl)
Ron Maj (FrontierSl)
Salim Masoumi (GA)
Vincent Rooke (GA)
Rupert Brown (FrontierSl) absent
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Conclusion

e Ginan is an open-source PPP software toolkit and an analysis centre software being currently developed by
Geoscience Australia

* Ginan can be used both in real-time and post-processing mode
* Version 2 of the software has been released in May 2023 and is available to download and use from GitHub

e Version 3 is currently being scheduled for December 2023

https://github.com/GeoscienceAustralia/ginan
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Practical Demonstration
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GNSS2022 About Membershio
Save the date!

* |IGNSS — Australia’s premier GNSS conference will
be held between 30 Jan — 1 Feb 2024 in Sydney

 Details and call for abstracts will be available
shortly at www.ignss.org.au

International Global Navigation Satellite

Systems Association
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Questions?

Simon McClusky - Simon.McClusky@ga.gov.au (technical)

Rupert Brown - rbrown@frontiersi.com.au (applications)

Eldar Rubinov - erubinov@frontiersi.com.au (anything)
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