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 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:

I. Processing includes additional 300 permanent 
sites

II. Stacking, reference frame alignment to ETRF2000 
and time series

III. Repository: traceability of Rinex data, monitoring 
of stations, archive 

IV. Applications: cadastre, RTK/ETRF2000 
georeferencing, geophysics

3.Conclusions



Rete Dinamica Nazionale (RDN)
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Rete Dinamica Nazionale RDN of Istituto Geografico 
Militare IGMI

• 100 Permanent Stations 
• Computed in ETRF2000 at epoch 

2008.0, Class B campaign
• 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: Università di 
Bologna, Politecnico di Milano and 
Università di Padova, with IGMI and 
CISIS, independently recompute the 
network every 6 months since 2008.0

• Velocities implied by the time series



Rete Dinamica Nazionale (RDN)
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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 IGb08 and ETRF2000



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

Helmert Transformation 
for the individual weekly  

solutions with respect 
the combined one. 



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



Rete Dinamica Nazionale (RDN): Updating
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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 
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Densification of RDN: 100  ca. 400 permanent 
GNSS sites

Rete Dinamica Nazionale (RDN): Densification
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Rete Dinamica Nazionale (RDN): Densification

Densification of RDN: 100  ca. 400 permanent 
GNSS sites



Rete Dinamica Nazionale (RDN): Densification
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Definition of the 13 clusters

1.Valle d’Aosta-Piemonte-Liguria;
2. Lombardia;
3. Trentino Alto Adige-Veneto;
4. Friuli Venezia Giulia - Austria;
5. Emilia Romagna;
6. Toscana;
7. Marche-Umbria; 
8. Abruzzo;
9. Lazio;
10. Molise- Campania;
11. Puglia-Basilicata-Greece;
12. Calabria-Sicilia;
13. Sardegna.

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

We archive:
1.Weekly Bulletins with results of the 
processing
2.Rinex data
3.SINEX files (Network, tropos, 
discontinuities)
4.Sites’ logfiles (logsheet IGS/EUREF)

Rete Dinamica Nazionale (RDN): Repository

RDN Repository

ftp://igs.bkg.bund.de/EUREF/
ftp://igs.bkg.bund.de/EUREF/
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Color code allows to 
identify which regional 
network a station 
belongs to.

Most, if not all daily 
Rinex files, are 
available for each site 
(last column gives the 
percentage of 
archived/number of 
days)

RDN Repository
Example: RINEX files per station

Rete Dinamica Nazionale (RDN): Repository
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Agencies/Sites traceability (example)

RDN Traceability: where we download data from

Rete Dinamica Nazionale (RDN): Traceability
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Discontinuities of sites (TYPE 001): plots of time series on the Web are linked to 
the STA file

Rete Dinamica Nazionale (RDN): Site Maintenance

Site Maintenance
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Rete Dinamica Nazionale (RDN): Site Maintenance

Site Maintenance

Antenna/Receivers changes (TYPE 002)
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Rete Dinamica Nazionale (RDN): Evolution

RDN Evolution since certified
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Website where all the delivered products are made available:
http://147.162.229.63:

Rete Dinamica Nazionale (RDN): Evolution

http://147.162.229.63/
http://147.162.229.63/
http://147.162.229.63/
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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!!


