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What is UNION? b : S
“UNION is a satellite positioning engine for @
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accurate and real-time navigation for mass-

market devices such as smartphones and
vehicles.”
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Main objectives

- Development of a positioning engine that is flexible to process new signals and systems

(UUPE)
- Decimetric accuracy in mass-market devices (e.g. automotive, LBS)
- Overcome scalability limitations of positioning technologies such as RTK — Permanent VRS

UNION, as a precise positioning solution, will improve:

- Continuity, especially in navigation sessions spanning hundreds of kilometres.
- Accuracy. UNION will represent a major breakthrough in mass-market oriented navigation
solutions, reaching meter—level accuracy in smartphones and lane-level navigation in road

applications.
- Availability of precise navigation any time in broad geographical areas.
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Main project figures

- Two partners (ICGC + Rokubun)
- Two year duration
- Total budget of ~430k€
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WPO Project Management -
WP1 System Definition
WP2 System Design
WP3 Development
WP4 Test & Validation

WPS5 Dissemination --
T

WP6 Commercialization
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ROKUBUN

Undifferenced and Uncombined Processing Engine (UUPE)

State-of-the-art
- PPP uses combined data (ionosphere free combination)
- RTK uses differenced data (double differences)

When number of signals and systems increase, which combination to use? which difference to
make? — Problem in bookkeeping and scalability

New approach to use data that is processed as-is (no combination, no differentiation)
- Those parameters that were removed in PPP (ionosphere) and RTK (biases) are now
estimated instead

Techniques that were proposed at an academic level, UNION brings it to the market, with real
case applications




Permanent Virtual Reference Stations (P-VRS)

Positioning techniques such as RTK use data from
reference stations to achieve up to cm accuracy:

()
A s

and receive a GNSS
correction stream tailored
to their specific location

source: u-blox

Rovers transmit their
approximate loction to the
processing station center

Virtual Reference Stations are not scalable (due to its
bi-directional nature)

Permanent Virtual Reference Stations remove bi-
directional requirement — scalable!
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ROKUBUN

Permanent Virtual Reference Stations (P-VRS)

Users access UNION P-VRS through its NTRIP caster: https://caster.rokubun.cat

caster.rokubun.cat - Chromium

& caster.rokubun.cat X +

€ > C A Notsecure | casterrokubun.cat

CAS;http://caster. rokubun.tech;2101;Rokubun’s_caster;Rokubun;1;CAT;41.41;2.19;n0_backup

NET; Rokubun; Rokubun;B;N;http://www. rokubun.cat

STR;ROK1_RTCM;Barcelona;RTCM 3.0;AllMSMSat1Hz,1006,1008,1013,1019,16020,1029,1033,1042,1045,1046,1230;4; GAL+GPS+GLO+BDS+SBS ; Rokubun; CAT;41.41;2.19;0;0;Septentrio_AsteRx-U;none;B;N;7300;none
STR;ROK1_SBF;Barcelona;SBF-RAW;MeasEpoch+MeasExtra+AllRawNavBits;4;GAL+GPS+GLO+BDS+SBS ; Rokubun;CAT;41.41;2.19;0;0;Septentrio_AsteRx-U;none;B;N;7300;none

STR; relay_SSRAOOBKGO; SSR-APC;RTCM_3.1;message_IDs;0;GPS+GLO+GAL+BDS ;MISC;WLD;00. software;none;B;N; 7200 relay_SSRAGOBKGO

software;none elay SSRAGOCNEO

elay SSRAQOESAO

elay SSRAGONRCO

STR;AVEL; AVEL ;RTCM
STR;BELL;BELL;RTCM
STR;BEUD; BEUD;;RTCM

GNSS Spider;none;
GNSS Spider;none
GNSS

BBG(S) 1008(5),1013(60),1033(5),1075(1), 1085(1) 1895(1) 1125(1) GPSvGLO*GAL*BDS;CatNet:ESP;41.60;14
006(5) ,1008(5),1013(60) ,1033(5),1075(1),1085(1),1095(1) ,1125(1) GPS+GLO+GAL+BDS ;CatNet ;ESP;42.26;2.

STR; CASE; CASE;;RTCM 3 1006(5) ,1008(5),1013(60),1033(5),1075(1),1685(1),1095(1),1125(1) GPS+GLO+GAL+BDS ; CatNet;ESP;41.88;2. GNSS
STR; CREU; CREU;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1685(1),1095(1),1125(1) ;2;GPS+GLO+GAL+BDS; CatNet ;ESP;42.32;3. GNSS
STR; EBRE; EBRE ;RTCM 506(5),1998(5),1913(66),1033(5),1675(!),1985(1),1995(1),1125(1);2;(vPSvGLOoGAL*BDS;Ca(Net;ESP;46.82;04 GNSS
STR;ESCO; ESCO;RTCM 006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1) ;2;GPS+GLO+GAL+BDS; CatNet ;ESP;42.69;0. GNSS
STR;GARR; GARR;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet ;ESP;41.29;1. GNSS

STR; LLEI; LLEI;RTCM
STR;LLIV;LLIV;RTCM
STR;MARE ; MARE ; RTCM
STR; PLAN; PLAN;RTCM
STR;REUS; REUS ;RTCM

006(5) ,1008(5),1013(60),1033(5),1675(1),1685(1),1095(1),1125(1)
006(5),1008(5),1013(60),1033(5),1675(1),1685(1),1095(1),1125(1)
006(5) ,1008(5),1013(60) ,1033(5),1675(1),1685(1),1095(1),1125(1)
006(5),1008(5),1013(60) ,1033(5),10675(1),1085(1),1095(1) ,1125(1) GPS+GLO+GAL+BDS ; CatNet ;ESP;41.
006(5),1008(5),1013(60),1633(5),1675(1),1085(1),1095(1),1125(1) ;2;GPS+GLO+GAL+BDS ; CatNet ;ESP;41.
STR; SBAR; SBAR; RTCM 006(5),1008(5),1013(60),1033(5),1675(1),1085(1),1095(1),1125(1) ;2;GPS+GLO+GAL+BDS ; CatNet ;ESP;41. GNSS
STR;SORG; SORG;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1695(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet ;ESP;42. : GNSS
STR;SAGE; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1230(5);2; GAL+GPS*GLO"BD$ PVRS UNION;ESP;40.63;0. UNION; none;;B; V 16000 ; RokubunvICGt
STR;SAOF; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1685(1),1095(1),1125(1),1230(5) GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40. 8

STR;SAOG; Catalunya;RTCM 3;1606(5),196815),1613(69),1532(5),1033(5),1075(”,1085(1),1695(1),112511),1230(5)
STR;SAOH; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1236(5)
STR;SAeI;Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1230(5)
STR;SBOD; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1685(1),1695(1),1125(1),1236(5)
STR;SBOE; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1675(1),1085(1),1095(1),1125(1),1236(5)
STR;SBOF; Catalunya;RTCM 3;1006(5),1008(5),1013(66),1032(5),1633(5),1075(1),1685(1),1095(1),1125(1),1230(5)
STR;SBOG; Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1685(1),1095(1),1125(1),1230(5)
STR;SBOH; Catalunya;RTCM 3;1006(5),1008(5),1013(66),1032(5),1633(5),1075(1),1685(1),1095(1),1125(1),1230(5)
STR;SBOI;Catalunya;RTCM 3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1236(5) GAL+GPS+GLO+BDS; PVRS_UNION;ESP;41.
STR;SBOJ;Catalunya;RTCM 3;1006(5),1008(5),1013(66),1032(5),1633(5),1075(1),1085(1),1095(1),1125(1),1230(5) GAL+GPS+GLO+BDS; PVRS_UNION;ESP;41.
STR SBOK Catalunya RTCM 3: 1806(5) 1998(5) 1613(50) 1932(5) 1033(5) 1075(1) 1085(1) 1995(1) 1125(1),1230(5);2; GAL*GPS«"GLO&BDS PVRS UNION ESP 41.

GNSS Spider;none;
GNSS Spider;none
GNSS Spider;none;
GNSS
GNSS

GPS+GLO+GAL+BDS; CatNet ;ESP;41.63;0.
GPS+GLO+GAL+BDS; CatNet ;ESP;42.48;
GPS+GLO+GAL+BDS; CatNet ;ESP;41.

B:Y:16000 ; Rokubun+ICGC
UNION;none;B;Y;16000;Rokubun+ICGC
UNION;none;B;Y;16000;Rokubun+ICGC
UNION;none;B;Y;16000;Rokubun+ICGC
UNION;none;B;Y; 16000 ; Rokubun+ICGC
UNION;none;B;Y; 16000 ; Rokubun+ICGC
UNION;none;B;Y;16000;Rokubun+ICGC
UNION;none;B;Y; 16000 ;Rokubun+ICGC

7
GAL+GPS+GLO+BDS; PVRS_UNION; ESP;40.9
GAL+GPS+GLO+BDS; PVRS_UNION;ESP;41.6:
GAL+GPS+GLO+BDS; PVRS_UNION;ESP;41. 1!
GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.4!
GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.6.
GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.7!
9
[:]
1
3
4

GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.
GAL+GPS+GLO+BDS ; PVRS_UNION;ESP;41.
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Galileo HAS

In addition, Rokubun has implemented, within

UUPE, a Galileo HAS engine (i.e. SSR corrections) to

improve UUPE solution.

Also:

Rokubun has participated in EUSPA’s
validation campaign for the Galileo HAS
correction

In addition, it performs a relay of HAS
corrections from Galileo E6 to RTCMS3
compliant format so that is available to non-E6
receivers (e.g. smartphones). Publicly available
at this mountpoint:
https://caster.rokubun.cat/ROK1 HAS
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https://caster.rokubun.cat/ROK1_HAS

ROKUBUN

Galileo HAS (caster relay)

caster.rokubun.cat - Chromium

+

& caster.rokubun.cat x

& caster.rokubun.cat

C A Notse

CAS;http://caster.rokubun.tech;2101;Rokubun's_caster;Rokubun;1;CAT;41.41;2.19;n0_backup

NET; Rokubun; Rokubun;B;N;http://www.rokubun.cat

STR;ROK1_RTCM;Barcelona;RTCM 3.0;Al1MSM5at1Hz,1006,1008,1013,16019,1020,1629,1033,1042,1045,1046,1230;4; GAL+GPS+GLO+BDS+SBS; Rokubun;CAT;41.41;2.19;0;0;Septentrio AsteRx-
U;none;B;N;7300;none

STR;ROK1_SBF;Barcelona; SBF-RAW;MeasEpoch+MeasExtra+Al1RawNavBits;4;GAL+GPS+GLO+BDS+SBS; Rokubun;CAT;41.41;2.19;0;0;Septentrio_AsteRx-U;none;B;N;7300;none

STR; relay SSRAOOBKGO; SSR-APC;RTCM 3.1;message IDs;0;GPS+GLO+GAL+BDS;MISC;WLD;00.00;00.00;0;1;software;none;B;N;7200; relay SSRAGOBKGO

STR; relay SSRAGOCNE®; SSR-APC;RTCM 3.1;message IDs;0;GPS+GLO+GAL+BDS;MISC;WLD;00.00;00.00; H
STR; relay_SSRAOOESAQ;SSR-APC; RTCM"3 1;message IDs;0;GPS+GLO+GAL+BDS;MISC;WLD;00.00;00.00;
STR; relay SSRAOONRCO;SSR-APC;RTCM 3.1;message IDs;0;GPS+GLO+GAL+BDS;MISC;WLD;00.
STR; relay SSRAQ1GFZ0;SSR-APC;RTCM 3.1;message IDs;0;GPS+GLO+GAL+BDS;MISC;WLD;00.

5090 relay SSRAGONRCO
200; relay SSRA@1GFZO

STR;AVEL ; AVEL;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.88;0.75;0;0;Leica GNSS Spider;none;B;N;9600;
STR;BELL;BELL;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.60;1. ;0;Leica GNSS Spider;none;B;N;9600;
STR;BEUD; BEUD;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;42.26;2. ;Leica GNSS Spider;none;B;N;9600;
STR; CASE; CASE;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;41.88;2. ;Leica GNSS

STR; CREU; CREU; RTCM

3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet ;ESP;42.

32;3. ;Leica GNSS

Spider;none;B;N;9600;
Spider;none; ;9600;

STR; EBRE; EBRE;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;460.82;0. ;Leica GNSS Spider;none;B;N;9600;
STR; ESCO;ESCO;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;42.69;0.98; ;Leica GNSS Spider;none;B;N;9600;
STR; GARR; GARR; RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.29;1.91; ;Leica GNSS Spider;none;B;N;9600;
STR;LLEI;LLEI;RTCM 3;1006(5),1008(5),1013(60),1033(5),10675(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;41.63;0.60; ;Leica GNSS Spider;none;B;N;9600;
STR; LLIV;LLIV;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;42.48;1.97; ;Leica GNSS Spider;none; ;9
STR;MARE ;MARE;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.53;2.43; 'Leica GNSS Spider;none;

STR; PLAN; PLAN;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS;CatNet;ESP;41.49;1.99; i GNSS Spider;none;B; N 9690
STR;REUS;REUS;RTCM 3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.17;1. GNSS Spider;none;

STR; SBAR; SBAR; RTCM
STR; SONA; SONA; RTCM
STR; SORG; SORG; RTCM

STR; SAGE;Catalunya;
3;1006(5),1008(5),1013(60) ,1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1230(5) ;2; GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.63;0.
STR; SAOF; Catalunya;
3;1006(5),1008(5),1013(60),1032(5),1033(5),1675(1),1085(1),1095(1),1125(1),1230(5); 2; GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.76;0.
STR;SAOG;Catalunya;
3;1006(5),1008(5),1013(60),1032(5),1033(5),1675(1),1085(1),1095(1),1125(1),1230(5) ; 2; GAL+GPS+GLO+BDS; PVRS_UNION;ESP;40.90;0.
STR;SAGH; Catalunya;
3;1006(5),1008(5),1013(60),1032(5),1033(5),1075(1),1085(1),1095(1),1125(1),1230(5) ;2; GAL+GPS+GLO+BDS; PVRS_UNION;ESP;41.04;0.
STR;SAOI;Catalunya;
3;1006(5),1008(5),1013(60),1032(5),1033(5),1675(1),1085(1),1095(1),1125(1),1230(5);2; GAL+GPS+GLO+BDS; PVRS UNION;ESP;41.18;0.

3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet ;ESP;41.
3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet;ESP;41.
3;1006(5),1008(5),1013(60),1033(5),1075(1),1085(1),1095(1),1125(1);2;GPS+GLO+GAL+BDS; CatNet ;ESP;42.

RTCM
RTCM
RTCM
RTCM

RTCM

GNSS
GNSS
GNSS

98;2.
99;1.
37;1.

13;0;0;Leica

Spider;none; B N;9600;

14;0;1;UNION;none;B;Y; 16000 ; Rokubun+ICGC
14;0;1;UNION;none;B;Y;16000;Rokubun+ICGC
14;0;1;UNION;none;B;Y;16000;Rokubun+ICGC
14;0;1;UNION;none;B;Y;16000;Rokubun+ICGC

14;0;1;UNION; none;B;Y; 16000 ; Rokubun+ICGC




Portability to multiple platforms

Thanks to the low level implementation of UUPE, it
has been embedded in various platforms

- Laptops and Desktops

- Rokubun MEDEA Receiver (based on ARM
technology)

- Android smartphones

18mm

ROKUBUN

| 63.3mm |
o] l

103.3mm




ROKUBUN

Test and validation campaign

Multiple scenarios covered, long duration and range
automotive tests performed

Bicycle and urban scenarios covered
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Dissemination oy o
- Infographics generated oo T
- Conferences presented @ il
- Paper submitted at ION GNSS
2022 = o s s @EE0
CORS Networks Is High-Precision GNSS Coming to Your Smartphone?

by Rokubun, ICGC
November 15, 2022

UNION Infographics

Do you know what UNION technology does? How to use it? What are
the use cases?

s. That is why we

neusPace
Digital economycongress

C-E_ta|0ni'a Un nou espai 2022
Alliance per una nova

economia




LOCATION BASED SERVICES SMARYT AGRICULTUR INTERNEYT OF THINGS

UNION is a satefite positioning technology that
provides accurate and real-time navigation for

ket devices such as and
vehicles. Itis a platform-agnostic technology that can
achieve an accuracy of less than a meter.
UNION generates a new set of GNSS receiver
technologies:

How does it work?

I inthe of the

* A Location Stack based on undifferentiated + The creation and operation of a
of GNSS network of Virtual Reference Stations (VRS) enables a
high area coverage, ensuring service scalability.
- Galleo HAS (High Accuracy Service)
tions for all: (via Internet) of the

and data sources. The location stack blends PPP
(Precise Point Positioning) and RTK (Real Time
e :

a
depending on the avallable input data.

HAS messages found in Galileo E6 so that non-E6
receivers can benefit from it.

TO LEARN MORE ABOUT IT, VISIT: WWW.UNION-NAVIGATION.EU

The
UNION project, an R&D European project funded by
(EUSPA)

and

and Geological Institute of Catalonia (ICGC). The
isa fty y with an AP

that can be easily embedded in a smartphone app or

a car navigation system.

WITHOUT
UNION SERVICE

XXX

WITH
UNION SERVICE

QAQY

Technology Scenario

The UNION project aims to generate and

operate a network of Permanent VRS

that densifies the current real GNSS CORS network. Then, the user can
connect to this network and select the closest GNSS reference station(s) (real
or Virtual) to get a correction stream for navigation.

Thanks to this technique, there is no need to generate an ad-hoc VRS for
every user, which is not scalable to a massive number of simultaneous users,
andthe VRS igat

a precise navigal service in

a wide-area territory.

Its benefits

ACCURACY
Below one meter accuracy

UNION delivers sub-metric-evel ac-
curacy for navigation applications by
optimally configuring ftse depending
on the avallable data in the device.
UNION supports Precise Point Posi-
tioning (PPP) o differential tech-
niques such as Real Time Kinematics.
(RTK) and offers a high degree of
nthe

ROBUSTNESS
Protect from attacks

The muilti-navigation, multi-
frequency and multi-constellation
technology nature of UNION offers
an extra layer of position robustness.
that wil aliow on-the-fly position
cross-check with alternative
navigation systems. Besides,
incorporating a Fault Detection and
Exclusion (FDE) layer to detect and
discard potential harmful data.
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AVAILABILITY
Keep position on harsh
In case of a partial or total loss of
satelite signal (due to tunnels,
i urban

canyons, canopies,
etc), the navigation solution needs a
rapid convergence back to nominal
performance, which becomes a
significant challenge to PPP-only
techniques. UNION technology
solves this problem by combining
PPP and RTK techniques depending
on the available data.

PLATFORM AGNOSTICISM
Run in any platform

UNION has been conceived to be
platform independent and easlly inte-
grated in any navigation device.
UNION is especially suited for
mass-market o premium mass-mar-
ket navigation equipment, optimizing
the performance and providing accu-
rate navigation at an affordable cost.
UNION has been validated in plat-
forms as different as automotive navi-
gation OBUs or Android smartphones.
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Commercialization
- UUPE — Spear (commercial name)

- Rokubun is preparing a white-paper to disseminate to the industry.
Its contents are performance benchmarks of the engine through
different scenarios and receivers

- Leads have been contacted and Rokubun is currently in talks with:
- Chip manufacturers
- System integrators

-  Collaboration Agreement on-going with an initial integration and
benchmarking of SPEAR as the positioning engine of an automotive
navigation On-board Unit (OBU)




Thank you!

Any questions?

More info at:

https://union-navigation.eu
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