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The Aerospace Engineering Group (GIAS)

operates within the ItAF Flight Test Wing in

order to:

 Explore and evaluate the capabilities 

provided by the space segment, managed by 

the DoD, for use in support of ItAF missions;

 Expand the environmental expertise of ItAF

beyond 60 kft, from the traditionally 

aeronautical domain to aerospace, in 

cooperation with Industries, Universities, 

Agencies and Research Centers.
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65 kft/18 km

325 kft/100 km

Air launch

systems

XCOR/SpaceShipOne

Shuttle
Soyuz

X43-A

NEAR SPACE

SPACE

AIR
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GIAS

Aero-Space (R&D)

M&S (Ballistic Missile Defence and space)

Space Surveillance and Tracking (SST)



Sub-Orbital Flight • In progress a feasibility study for introducing a new 

system for space transportation in the Italian Aero-

Space.

• In progress a feasibility study for launching a micro 

satellite through Modelling and Simulation Tools

Airborne launch of micro-satellites

GIAS



 Support studies, analysis, development, research and 

experimentation of aerospace systems using Modelling and 

Simulation Tools.

 Integration Test Bed to support M&S activities related to:

 Exercises/Trials

 NATO BMD

 Forza NEC

 MEADS

M&S

Modelling & Simulation



Space Surveillance & Tracking

From Sputnik 1 launched in 1957, more 

than 8,000 spacecraft were placed in 

orbit. Many aspects of our daily life 

may suffer the consequences of 

interaction of orbit structures with spatial 

debris.
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Why SST?
9

• Increasing need to protect spatial

structures of national / EU interest from

impacts with debris (consequences on

navigation services, TLC, etc.) and to

ensure access to space;

• Estimating the risk of collision through

national SST capabilities, enabling

satellite operators to plan mitigation

measures and prevent the proliferation

of spatial debris.

Example of recent 1mm debris damage to Copernicus 

Sentinel-1A satellite [Credit: ESA]



SST national
capacity

• Collaboration among MoD, ItAF, ASI, 
INAF

EU SST 
Consortium

• SST Support Framework inititive
started by the European Commission

• Network with IT, DE, ES, FR, UK & 
SatCen

EUSST Program



National SST sensors connected to ISOC

BIRALES/BIRALET via PISQ

MFDR

PdM - MiTe

Flight Termination System

(FTS)

CAS

SPADE + 

MLRO

• Radar 

• Optical

• Laser 

Ground-
based
sensors

• Survey

• Tracking
Observation

Criteria



GIAS as ISOC

 Manager of telescope PdM-MiTe;

 Italian SST Operational Center (ISOC)

 Hub for the national SST sensors network (radar, 

optical, laser) of MoD/ITAF/ASI/INAF;

 Tasking of sensors and data processing for orbit 

determination;

 Generate and provide services for Conjunction 

Analysis, Re-entry e Fragmentation
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COSMO-SkyMed 1-2-3-4

SICRAL 1-1B-2

EUMETSAT (x6)

GALILEO 15-16-17-18

SENTINEL 3A



C2 Chain

- RE and FG services are based on a 

rotation scheme between Member 

States (except France), with a monthly 

breakdown of a Responsible 

Operations Center and a backup;

- The CA service is based on the 

allocation to each Member State of 

specific national interest satellites and 

additional satellites of European 

interest, as approved by the Steering 

Committee.



Tasking of sensors

BIRALES

MFDR

PdM - MiTe

MLRO - Matera

Planning based on the availability / type of 

the various sensors

Server_AGI_3

NAS
40TB

Operator 
Workstation 2

Operator 
Workstation 1

Server_FTP_VPN

ISOC

Task SST - Tracking

SPADE - Matera



Receiving data

BIRALES

MFDR

MLRO - Matera

Raw data trasfered on ftp server UNCLASS 

(INTERNET/AERONET)

Server_AGI_3

NAS
40TB

Operator 
Workstation 2

Operator 
Workstation 1

Server_FTP_VPN

ISOC

0100110011010101010

PdM - MiTe

SPADE - Matera



Optical Raw Data processing

Track automatically

detected by the 

software

X

X

Estraction of Right Ascension and 

Declination of the initial and final

pixel of the track and GPS time tag

File .geosc generated

Extraction process reiterated for 

each image



Orbit Determination

TLE

Least Square Filter

Satellite 

Initial Orbit Determination

.filrun file
Residual

graph

Smoother

.geosc

measurements

Step

0

Step

1

Step

2

Kalman Filter

.smrtrun file

.rough file

Step

3

Step

4
Position

Uncertainty

Step

5

Step

6
.e 

ephemeris file

National

Database

Space-Track



ENVISAT Test-case

 9 days orbit analysis

 Observation from 31 Aug
2015 to 08 Sep 2015 (8 
dataset of measures)



ENVISAT Test-case

 Uncertainty of position:

 Along-Track: from 100 to 2300 m

 Radial: from 50 to 600 m

 Cross-Track: from 50 to 600 m



Products and services

 Conjunction Warning Report
 Date/time of closest approach;

 Distances primary-secondary;

 Collision probability.

 Re-entry Analysis Report
 Epoch and area of re-entry with uncertainty.

 Fragmentation Analysis Report
 Type of fragmentation;

 Number/distribution of fragments.



Conclusions

 The Aerospace System Engineering Group of the Flight Test Wing is the 

reference point of the ItAF for studies, analyzes and experiments in the 

Aereo-Space dimension;

 Aim to support decision makers to enable new operational capabilities or 

improve existing ones;

 GIAS active as ISOC within the EUSST program, providing services for the 

European Community and protecting national assets
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SLIDE di back-up



Data Fusion optical-optical

Raw Data Eleboration

10001003  1001518878863022000004 141649242 0613513400010001000     100

10001003  1001518878864022000004 141557752 0631502100010001000     100

10001003  1001518878903036000004 134039350 1753222600010001000     100

10001003  1001518878904036000004 133938759 1811001500010001000     100

10001003  1001518878983030000004 121155480 3704444400010001000     110

10001003  1001518878984030000004 121041126 3715384600010001000     110

10001003  1001518879103012000004 095839112 4725042200010001000     110

10001003  1001518878983030000004 121155480 3704444400010001000     110

file «standard» (*.geosc)

software MOTS powered by GIASOptical 

Raw Data



Data Fusion optical-laser

h1 CRD  1 2015  7 30 12

h2 SISL       7838 36  3  3

h3 envisat 0200901 6179    10000 0 1

h4  0 2015  7 30 12 23 53 2015  7 30 12 23 54  1 

0 0 0 1 0 2 0

c0 0 532.000 std

60 std 0 4

10 44633.128969200000 0.006458005628 std 2 0 

0 0 0

20 44633.129 1004.10 299.50 81 1

12 44633.1289692 std 0.0 0.0000 -1.00 -1.0000

30 44633.129 222.4510 50.0247 0 3 1

40 44633.1289692 0 std -1 -1 -1.000 111825.0 -

8.0 40.0 -1.000 -1.000 -1.0 2 2 0

10 44633.730652100000 0.006447714522 std 2 0 

0 0 0

30 44633.731 222.7879 50.1546 0 3 1

10 44633.932207900000 0.006444291843 std 2 0 

0 0 0

30 44633.932 222.9013 50.1979 0 3 1

10 44634.335598600000 0.006437478610 std 2 0 

0 0 0

30 44634.336 223.1292 50.2848 0 3 1

full-rate laser data (*.frd)

Raw Data Eleboration

10001003  1001518878863022000004 141649242 0613513400010001000     100

10001003  1001518878864022000004 141557752 0631502100010001000     100

10001003  1001518878903036000004 134039350 1753222600010001000     100

10001003  1001518878904036000004 133938759 1811001500010001000     100

10001003  1001518878983030000004 121155480 3704444400010001000     100

10001003  1001518878984030000004 121041126 3715384600010001000     100

10001003  1001518879103012000004 095839112 4725042200010001000     100

10001003  1001518878983030000004 121155480 3704444400010001000     100

file «standard» (*.geosc)



ENVISAT Test-case

 9 days orbit analysis

 Observations from 31 Aug
2015 to 08 Sep 2015 (8 
dataset of measures)



ENVISAT Test-case

 Uncertainty of position:

 Along-Track: from 100 to 2300 m

 Radial: from 50 to 600 m

 Cross-Track: from 50 to 600 m



ENVISAT Test-case

Data Fusion Optical-Laser

 9 days orbit analysis

 Observations from 01 Sep
2015 to 08 Sep 2015 (14 
dataset of measures)



 Uncertainty of position:

 Along-Track: from 10 to 310 m

 Radial: from 20 a 30 m

 Cross-Track: from 20 a 50 m

ENVISAT Test-case

Data Fusion Optical-Laser

Uncertainty of position improved

of 10 times



Test-case MEO - GALILEO

 2 day orbit analysis

 Observations from 30 
March 2016 to 31 March 
2016 (2 dataset of 
measures)



Test-case MEO - GALILEO

 Uncertainty of position:

 Along-Track: fro 700 to 4000 m

 Radial: from 400 to 1200 m

 Cross-Track: from 1000 to 1500 m



Test-case MEO - GALILEO

Data Fusion Ottico-Laser

 2 days orbit analysis

 Osservations from 30 March 
2016 to 31 March 2016 (4 
dataset of measures)



Test-case LEO

Data Fusion Ottico-Laser

 Uncertainty of position:

 Along-Track: from 600 to 2000 m

 Radial: from 10 to 400 m

 Cross-Track: from 600 to 1300 m

Uncertainty of position improved

of 2 times



Collision Data Message



STK e CAT (AGI)
 STK Module Conjunction

Analysis Tool - CAT

 Prevision of collision between
objetcs in orbit

 Time of probable collision

 Minimum distance

 Ellipsoid for uncertainty of 
position



Test-Case LEO

Preliminary Collision Data Message

ENVISAT_27386

vs. 

PEGASUS_DEB_24213



Test-Case LEO

Accurate Collision Data Message

ENVISAT_OD

vs.

PEGASUS_DEB_24213


