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Outline

Maintenance and Densification of the Italian
GNSS Network

1.Maintenance of the original RDN (100 sites ) from time
of validation (2008.0) to present
2.Densification of RDN:
|.  Processing includes additional 300 permanent
sites
Il. Stacking, reference frame alignment to ETRF2000
and time series
Ill. Repository: traceability of Rinex data, monitoring
of stations, archive
IV. Applications: cadastre, RTK/ETRF2000
georeferencing, geophysics
3.Conclusions
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Rete Dinamica Nazionale (RDN)

Rete Dinamica Nazionale RDN of Istituto Geografico
Militare IGMI

Legend

A ITRFO5 & RDN stations ;‘
Computed in ETRF2000 at epoch e

2008.0, Class B campaign

100 Permanent Stations R

Includes 28 EPN stations, among them
10 are IGS

Periodic re-adjustment  necessary
because of tectonic deformation of up
to some mm/yr

Project CISIS — NSPR: Universita di
Bologna, Politecnico di Milano and
Universita di Padova, with IGMI and
CISIS, independently recompute the
network every 6 months since 2008.0

Velocities implied by the time series i o,
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Rete Dinamica Nazionale (RDN)

Method

Setup of workflow:
— RINEX Files are downloaded from the server at IGM

— Repro2 CODE orbits, IGb08.atx, BSW50, EPN guidelines for
densification

— EPN solution numbers are implemented for the Class A sites

Daily free network adjustments, then stacking of seven daily Neq’s with
Minimum Constraints on class A EPN sites: CAGL, GENO, GRAS, GRAZ,
IENG, MATE, NOT1, SOFI, WTZR, ZIMM

Stack 83 weekly normal equations from 2007-12-23 to 2013-01-05

Monitor Helmert parameters of the weekly campaigns relative to the long
term solution

Estimate velocities in IGb0O8 and ETRF2000
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Rete Dinamica Nazionale (RDN)

Datum stability: weekly MC solutions vs. combined
solution: 2008 - 2013
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Rete Dinamica Nazionale (RDN)

Computed Horizontal (w/r ETRF2000) and Vertical
velocities (original RDN)
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Rete Dinamica Nazionale (RDN): Updating

Need to densify the RDN

* In order to maintain a unique accurate reference frame for all GNSS users,
the RDN must be densified

* The densification involves the inclusion of RTK GNSS networks

* Eventually, all RTK mountpoints have coordinates in a ETRF2000
consistent frame (= Inspire) nationwide.

This means:

*Include stations from regional networks
*create a repository

*Maintain files traceability

*updated STA file

EUREF 2014
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Rete Dinamica Nazionale (RDN): Densification

Densification of RDN: 100 = ca. 400 permanent
GNSS sites

46° 46° 48"

Stazioni NordOvest_WK17EE

44° s e 3 » processed stations
+ RDN stations
+ missing stations
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Rete Dinamica Nazionale (RDN): Densification

Densification of RDN: 100 = ca. 400 permanent
GNSS sites

12 14 16° 18 200 22
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Rete Dinamica Nazionale (RDN): Densification

Definition of the 13 clusters

1.Valle d’Aosta-Piemonte-Liguria;
Lombardia;

. Trentino Alto Adige-Veneto;
Friuli Venezia Giulia - Austria;
Emilia Romagna;

Toscana;

Marche-Umbiria;

Abruzzo;

. Lazio;

10. Molise- Campania;

11. Puglia-Basilicata-Greece;
12. Calabria-Sicilia;

13. Sardegna.

©ONOU A WN

Testings must be performed in order to set most optimal clustering strategy
(thanks to Lotti Jivall for his excellent report on clustering)
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Rete Dinamica Nazionale (RDN): Repository

RDN Repository

Structure of the repository for data and results is patterned after ftp
.//igs.bkg.bund.de/EUREF/
REPOSITORY

We archive: [ \\
1.Weekly Bulletins with results of the

products station

processing email
2.Rinex data l l l

3.SINEX files (Network, tropos,

Bollettini bernese in e Settimana I logfile di tutte
discontinuities) cartesiane, es. gps (es 1721) le stazioni
bolwk1721.txt e
4.Sites’ logfiles (logsheet IGS/EUREFSOMm txt
contenete le coordinate Giorno

SISIpaRMr. o0 dell’anno . . ‘
geografiche ; File sinex (.snx) e

troposferici (.tro) di tutti i
giorni della settimana .
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Rete Dinamica Nazionale (RDN): Repository
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RDN Repository

Example: RINEX files per station

EPOCA PRIMO DATO ARCHIVIATO

a partire dal 21 ottobre 2012 N° GIORNI ARCHIVIATI

DOY= 295 (settimana gps 1711) al 31 gennaio 2013 % file presenti
1 ACCA 2012-10-21 - bolwk1711 101 98
2 ACCE 2012-10-21 - bolwk1711 99 96
3 ACOM 2012-10-21 - bolwk1711 99 96
4 AFAL 2012-10-21 - bolwk1711 99 96
5 AGNE 2012-10-21 - bolwk1711 96 93
6 AJAC 2012-10-21 - bolwk1711 73 71
7 ALAT 2012-10-21 - bolwk1711 67 65
= ALIN 2012-10-21 - bolwk1711 14 14
9 ALRA 2012-10-21 - bolwk1711 71 69
10 ALSN 2012-10-21 - bolwk1711 100 97
11 ALTA 2012-10-21 - bolwk1711 79 77
12 AMPE 2012-10-21 - bolwk1711 2 2
13 AMUR 2012-10-21 - bolwk1711 103 100
14 ANCG 2012-10-21 - bolwk1711 85 83
15 ANTI 2012-10-21 - bolwk1711 18 17
16 AD01 2012-10-21 - bolwk1711 73 71
17 APRI 2012-10-21 - bolwk1711 33 32
18 AQRA 2012-10-21 - bolwk1711 e 4
19 AQUI 2012-10-21 - bolwk1711 102 99
20 AQuUM 2012-10-21 - bolwk1711 78 76
21 ARBU 2012-10-21 - bolwk1711 13 17
22 ARCA 2012-10-21 - bolwk1711 78 76
23 ARCE 2012-10-21 - bolwk1711 51 50
24 AREZ 2012-10-21 - bolwk1711 56 54
25 ASCC 2012-10-21 - bolwk1711 76 74
26 AsCO 2012-10-21 - bolwk1711 41 40
27 ASIA 2012-10-21 - bolwk1711 103 100
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Rete Dinamica Nazionale (RDN): Traceability
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RDN Traceability: where we download data from

Agencies/Sites traceability (example)

aqui cagl baja | amur alat fire pfer ajac alsn REPI alra brbz kasi Ampe acom acca asia
bzrg geno | beve bras alin fisc piac ancg busl UNOV agra bzrg pont Barc afal fasa blo1
| cagl gras | biel | bsso alta foll pibi borm canl UNTR atra fdos rlso Beva canv fogg bole
| gari ieng brix cdru anti form piti brea crsn atra igmi span Gori codr gino borc
| _geno igmi | camn | cucc ac01 fosc pozl cagz cuor bira mabz vism Mogg fuse giur bosc
gras linz chiv eiiv apri foss prem came demn cdra moca Palm joan isch brse
igmi mate | como | enav agum foza prig camp doms cmra parr Pord mdea morg btac
lamp notl cose fres arbu frmo psan cari gozz frra pass Tarv mpra poge cgia
linz pado | elba | grog arca fvra pste dubr novr mrra pejo TRFV pazo sasa citt
mate prat fdos grot arce gavo ptnz eden osta mtra pozz Udin trie spci Idns
medi sbg2 eno | hmdc arez gazz ptol graz Serr ocra ronc udil ugen legn |
mops stpo | genu | ingp ascc grav rams grot ovra rove vale mave
notl tori ieng ingr 3s5c0 grsn rass hflk pbra scrn mstr
pado vich igmi lasp asti genv rebo latl scra sper pado
unp wien lecl malt av0l gioi rmn2 mada smra stbz prig
zimm zimm | loan maon avD2 gram roma mila tera tren rovi
zouf zouf | mOse | moco av0D3 groa slen nu0l vcra vear sapp |
mara | mode bass gub2 sagu pale vitra schi
mate | monc belp igle scia reno sdna
medi | mrge bolo imol serm riet tamb
milo | mrlc bor2 imp3 sevi rsmn 'S‘LI
moca | msru borr iser sfci sass trev
notl | murb bras isil sgll shmn ve0l
nova | parm bron lari sin2 sien vel
INGV Istituto Nazionale di Geofisica e Vulcanologia
1GMI Istituto Geografico Militare
TPOS Provincia Autonoma di Trento
STPOS Provincia Autonoma di Bolzano
NOA Stazioni della Grecia
FReDNet Friuli Venezia Giulia
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Rete Dinamica Nazionale (RDN): Site Maintenance

Site Maintenance

Discontinuities of sites (TYPE 001): plots of time series on the Web are linked to
the STA file

ALAT 000008000 001 19%%2 01 01 OO0 Q0 QO ALAT™
ALTR 00000MO00 001 1992 01 01 OO0 OO0 0O ALTARY
AMFE 00000M0O00 001 1%%2 01 01 OO0 OO0 OO0 AMPE™®
AMEE100000MO00 001 1992 01 01 00 00 00 AMPE*
AMEEZ00000MO00 001 2007 01 20 00 00 00 AMPE1D0000MO00
AMEE3IQ0000MODD 001 2007 09 26 00 OO0 00 AMPEZOD000M0O00
AMUR 00000MO00 o0l 1992 01 01 OO OO0 QO AMITRY
AOO1 00000MO00 001 i992 01 01 OO0 OO0 OO ROO1w
AQUI 12757M001 001 1992 01 01 00 00 00 RQUI*
ARQUIL1Z2T75THMODL ool 1992 01 01 OO0 OO0 0O 2009 04 05 23 55 59 RARQUI 12757THMO01 earthgquake 1526.1
AOUIZ1ZTSTMOO0] 001 2009 04 06 OO0 OO 00 AQUI 12757M001
AQRALOOODO0MOO0 001 1992 01 01 OO QO QO 2009 04 05 232 532 39 AQRA OQOQO0O0OQMOOQQ earthguake 1526&.1
Station: AQUI A=
I I . | 2009/05/03: Tmam T I
40/ | N:2.41 Emax = 12_45
E-045 e e
30/ I | FX U473 Omin = -£5.32
E a0 ! | Station rename from AQUI12757MO0L to } data
£ ! 1 | AQUIZ1275TMO0L. data
= 10| I 'ﬂ\ N | | b
@« Wi ! - -
% T {?‘Aﬂ-“;’fg‘i‘,‘(l ﬁ‘h ; :I:I'I * ‘ .l J? ‘KIH " ;mm . '.W . JW"H
8 0 A0 LT L R {
% 20| . J.b hrr] I’lllf
o - R ﬂﬁhf
=301 [
-40|
so' |
2000 2010
Show: North ¥ East ¥ Up ¥ Annotations
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Rete Dinamica Nazionale (RDN): Site Maintenance

Site Maintenance

Antenna/Receivers changes (TYPE 002)

TYPE 00Z: STATICN INFORMATION

STATICH NAME FLE FROM TO RECEIVER TY¥PE ANTENNR TYPE REC £ ANT £ NORTH EAST up DESCRIEBTION
e el e e e bk YYYY MM DD HH MM S5 YYYY MM DD HH MM S5 whdhrbd bbb bbb dbbhhbd  hhhbhdhbdbbbdbhhbhdhd  dddbdd  hddhkbd  dhok kb kb ok deokok sk ook ook e o e s o e e
ACCR ACCR 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 LEICA GRH1Z00GGERO LEIATS04 LEIS a a 0.0000 0.0000 0.0000 ACCAR ACCR
ACCE ACCE 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 LEICAR GRH1Z0O0BRO LEIATS04 HNONE a a 0.0000 0.0000 0.0000 ACCE ACCE
ACOM 1Z7&7HMOO0L 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 TPS GB-1000 ASHTO1345E SCIT a Z4Zle 0.0000 0.0000 0.0083 ACCM 1Z7&7MOO1
AFAL 1Z7&6M0O0L 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 TPS GB-1000 ASHVO1945E_] SCIT a 23512 0.0000 0.0000 0.0083 AFAL 1Z7&6M0O01
AGHE ACGHNE 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 LEICAR GRH1Z0O0BRO LEIATS04 HNONE a a 0.0000 0.0000 0.0000 AGNE AGNE
AJAC 10077HMO0S 001 2000 01 2Z 00 00 00 2008 11 26 00 00 00 ASHIECH Z-XII3 ASHT00936L M N0 471 39333 0.0000 0.0000 0.0000 Ajaccio, FR
AJAC 10077HMO0S 001 2008 11 26 00 00 00 200% 05 11 00 00 00 LEICAR GRH1Z00GGERO LEIATS04GE N0 482582 39333 0.0000 0.0000 0.0000 Ajaccio, FR
AJAC 10077HMO0S 001 Z200% 05 11 00 00 00 2010 10 18 00 00 00 CR GRH1Z0O0GGEERO LEIATS04GE N0 482582 39333 0.0000 0.0000 0.0000 Ajaccio, FR
AJAC 10077HMO0S 001 2010 10 18 00 00 00 2011 03 23 00 00 OO0 EICAR GRH1IZO00EGERO LEIATS04GE 482582 39333 0.0000 0.0000 0.0000 Ajaccio, FR
AJAC 10077MO05 001 2011 03 23 00 00 00 2011 0O& 14 00 00 00 Ch CGREHI1ZOOEGERD LEIRTS04GE 482582 599535 0.0000 0.0000 0.0000 Ajacecio, FR
AJAC 10077HMO0S 001 2011 0& 14 00 00 00 2012 12 05 00 00 OO0 CR GRH1Z0O0GGEERO LEIATS04GE 482582 39333 0.0000 0.0000 0.0000 Ajaccio, FR
AJAC 10077HMO0S 001 2012 12 05 00 00 00 203% 12 31 00 00 Q0 EICR GRES TREMS7371.00 NONE 830133 39333 0.0000 0.0000 0.0000 Ajaccio, FR
ALRZ 00000MOOO 001 2012 08 05 00 00 30 2012 08 05 23 5% 30 TPS NET-G3A TESCR.G3 TESH a a 0.0000 0.0000 0.0000 ALR2 00000MOOO
ALAT 00000MOOO 001 1%80 01 0& 00 00 00 2033 12 31 00 00 00 LEICR GMH3S0ZGGE LEIRH1ZOZGE NONE 101233 a 0.0000 0.0000 0.0000
ALSN 13543M00L1 001 1380 01 0& 00 00 00 2033 12 31 00 00 00 LEICAR GRH1Z0O0+GENSS LEIRRZS.R3 LEIT 43&38¢6 a 0.0000 0.0000 0.0083
ALTZ 00000MOOO 001 1%80 01 0& 00 00 00 2033 12 31 00 00 00 LEICR GMH3S0ZGGE LEIAS10 NONE 720127 a 0.0000 0.0000 0.0000
AMEE 00000MOOO 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 TRIMBLE MNETRS TRMZ3653.00 UHAV a a 0.0000 0.0000 0.0000 AMPE 00000MOOO
AMUR 00000MOOO 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 EICAER GRH1IZO0EROD LEIATS04 SCIT a a 0.0000 0.0000 0.0083 AMUR 00000MOO0
ACO1 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 OO0 EICAER GRH1Z00 LEIRXI1Z0Z NONE 450888 a 0.0000 0.0000 0.0000

| E iaﬁ :::::ﬂﬂﬂﬂ [alu k] Z 015 l"ﬁ o5 o0 00 [a] 2092 l"ﬁ s 2 =] [a] T'Dﬁ MNET_C2 R T'D'ﬂ"? 3 TDW [a] [a] [ s [alalal O _oonan [ s [alalal ZOoDR o000
AQUI 1Z757HMOO0OL 001 1%%% 0& 11 00 00 00 2001 08 Z7 00 00 00 TRIMBLE 4000551 TEMZZO0Z0.00+EF MNOME 21525 899335 0.0000 0.0000 0.0000 L'Rguila, IT
AQUI 1Z2757HMOO0L 001 2001 08 27 00 00 00 203% 12 31 00 00 00 TRIMBLE 4700 TRMZ3653.00 NONE 04580 39333 0.0000 0.0000 0.0000 L'ARgquila, IT

B0 g gt L8R (4 B R [ B 14 B 8 g8 R = L s a1 (Ea0a g ees LETASTU 21000 IO g g ooaooyg o_ooog ooaooyg
ARCZ 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 OO0 GRE1Z00GEERO LEIATS04GE LEIS 355412 Z00Z231 0.0000 0.0000 0.0083
ARCE 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 OO0 CMESOZEE LEIRH1ZOZGE 101z01 a 0.0000 0.0000 0.0000
AREZ 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 OO0 SR530 LEIATS04 135259 a 0.0000 0.0000 0.0000
ASCC 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 OO0 CMESOZEE LEIRH1ZOZGE 120053 833007 0.0000 0.0000 0.0000
ASIZ 1Z714M0O0Z 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 EICAR GRH1IZO00EGERO LEIRRZS. R4 LEIT a lles 0.0000 0.0000 0.0000 ASIA 1Z714M00Z
ASTI 00000MOOO 001 1%80 01 0& 00 00 00 2033 12 31 00 00 00 LEICA SR530 LEIATS03 HNONE a a 0.0000 0.0000 0.0000
ATRZ 00000MOOO 001 1%80 01 0& 00 00 00 203% 12 31 00 00 00 TPS NET-G3A TESCR.G3 TESH a a 0.0000 0.0000 0.0000
AVOZ 00000MOOO 001 1%80 01 0& 00 00 00 2033 12 31 00 00 00 LEICA RS5500 LEIATS04 LEIS 82247 102003 0.0000 0.0000 0.0000
BRJAR 13513M001 001 1%30 01 0& 00 00 00 203% 12 31 00 00 00 TPS NEIG3 TESCR.GE3 TESH a a 0.0000 0.0000 0.0500
BASS 00000MOO0 001 1%80 01 0& 00 00 00 2033 12 31 00 00 00 LEICR GMH3S0ZGGE LEIRH1ZOZGE NONE 101031 a 0.0000 0.0000 0.0000
BEVA 00000MOO0 001 2012 08 05 00 00 30 2012 08 11 23 5% 30 TRIMBLE MNETRS TEM41243.00 TZIGD a a 0.0000 0.0000 0.0000 BEVA 00000MOOO
BEVE 13520MO001 001 1%80 01 0& 00 00 00 203% 12 31 00 00 00 TPS NETIG3 TESH a a 0.0000 0.0000 0.0500
BIEL 00000MOO0 001 1380 01 0& 00 00 00 2012 0% 17 00 00 2% LEICAR GRH1Z0O0+GENSS LEIRE LEIT 43&388 a 0.0000 0.0000 0.11&€0
BLO1 00000MOO0 001 1%80 01 0& 00 00 00 203% 12 31 00 00 00 TRIMBLE 5700 TREM33105.00 HNONE a a 0.0000 0.0000 0.0000
BLEA 00000MOO0 001 2012 08 05 00 00 30 2012 08 05 23 5% 30 TPS NET-G3A TESCR.G5 TESH a a 0.0000 0.0000 -0.0803 BLRA 00000MOO0O0
BRSE 00000MOO0 001 2012 08 0& 00 00 30 2012 08 11 23 5% 30 LEICR GMHS0ZGGE LEIRH1ZOZGE HNONE a a 0.0000 0.0000 0.0000 BRSE 00000MOOO0
BOGI 12Z07THOO3 001 2001 01 03 00 00 00 2003 05 06 00 00 OO0 EURCCRRD ASHTO013945C M SHOW 204751 39333 0.0000 0.0000 0.0534 Borowa Gora, FL
BOGI 12Z07THOO3 001 2003 05 0& 00 00 00 2003 08 08 00 00 OO0 ASHTO013945C M SHOW 204751 39333 0.0000 0.0000 0.0534 Borowa Gora, FL
BOGI 12Z07THOO3 001 2003 08 08 00 00 00 2004 07 30 00 00 00 JPS EUROCARD ASHTO01345C M SHOW 204751 39333 0.0000 0.0000 0.0534 Borowa Gora, FL
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Rete Dinamica Nazionale (RDN): Evolution
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RDN Evolution since certified
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Rete Dinamica Nazionale (RDN): Evolution

o

Website where all the delivered products are made available:
http://147.162.229.63:
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i L L 0 % | REGIONE o1 VENETO
e 5

Bollettini Bernese

Home

Obiettivi Anno 2014

Motivazioni Anno 2013

Stazion GPS Anno 2012

Scarica dati Anno 2011

Sistemi di riferimento Anno 2010

I CISAS e il GPS Mappa velocitd NE aggiornata all'ultimo bolletting
Bollettini Bernese - talia

Ultimo Bollettino Bernese - Nord Est

Documenti < NordiGyast
FagQ
- - Centro
Legin
- Sud e Sicilia

Registrazione account

Contatti - Sardegna e Corsica
Mappa velocita verticali aggiernata allultimo belletting

0 search

@ email Italia

& 29min nord Est
- Nord Ovest
- Centro
- Sud e Sicilia

- Sardegna e Corsica
- Velocitd NEU in formato ASCIT

Serie storiche stazioni italiane

Cisas Regione del Veneto privacy contatti guida ViviStats
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Rete Dinamica Nazionale (RDN): Conclusions

* Systematic analysis of RDN + densification, in parallel with IGM and other
Universities
* Our cumulative products:
— Use orbits and ERP ‘repro2’: full compatibility IGb08; BSW52
— Are organised in a single database open access and automatically
updated

— Are generated within an agreement with IGM, Regional Governments,
National Cadastre, Commercial Networks

— Contribute regularly to the IAG and EPN Densification Projects
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Rete Dinamica Nazionale (RDN):

Thank you for your attention!!

e T s R
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