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Since the launch of Sputnik 1 (4th October 1957), a lot of satellites have been

populated the space.

At present there are:

Å 9.300 tons of space debris around the Earth on different orbits

Åmore than 28.000 cataloged objects and only the 13% are operational

satellites



56% of the space debris are fragments due to:

ÅExplosions

About 200 explosions occurred, 30% intentional to avoid the re-entry

of military satellites or to test anti-satellite procedure

ÅCollisions

Explosionof chinesesatellite 
Fengyun-1C (Gen. 2007)

Collisionbetween IRIDIUM 33 
and KOSMOS 2251 (Feb. 2009) 

PL = Payload
PF = PayloadFragmentationDebris
PD = PayloadDebris
PM = Payloadmission
RB = Rocketbody
RF = RocketFragmentationDebris
RD = RocketDebris
RM = Object related to the missile mission 
UI = Unidentified
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Low Earth Orbit (LEO): from 200 to 2000 km

Earth monitoring, Military, etc.

Medium Earth Orbit (MEO): between LEO & GEO

Navigation (Navstar, Glonass, GPS)

Geostationary Orbit (GEO): about 36.000 km

(equatorial orbit)

Weather and telecommunications satellites

Highly Elliptical Orbit ïHight Earth Orbit (HEO): 

Polar communications
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Risks: Impacts and collisions with operational satellites

36000 km  Ą 24 h      v = 11000 km/h

10000 km  Ą 6 h        v = 18000 km/h

1000 km  Ą 105 min     v = 26400 km/h

300 km  Ą 91 min     v = 27800 km/h



Impact at 24500 km/h between a 1.7g aluminum sphere with 
a massive block of aluminum (18cm thick)



Damage to the Hubble Space Telescope

3,5 mm

Antenna 
completely
perforatedby 
a spacedebris

Perforation of a 
photovoltaic panel



Risks: human spacemissions



Mitigations:

Á Shielding

Á Evasive maneuvers



100 km 80 km

Risks: re-entry to the Earth







Rockettanks

Texas January 1997 SaudiArabia Jannuary2001



Ariane 5, Mexico 2013

/ƘŀƴƎΩŜII, China 2012



An EuropeanConsortiumhasbeenestablishedon 15 June2015

EUSST programme
(EuropeanSpace Surveillanceand Tracking)

The EuropeanCommissionprovidesfunds to the EUSST for: 
Å Upgradeof existingassets(H2020framework)
Å Operatingcost(Copernicus-Galileoframework)

Decisionof the EuropeanParliamentand of the Councilof 16 April 2014 for
the establishmentof anEuropeanSpaceSurveillanceandMonitoringNetwork

1 January2016 startedthe activitiesof the Consortium



7 EU Member States +UK 

from 2015: France, Germany, Italy, Spain, UK 

The EU SST Consortium

and from 2019: Poland, Portugal, Romania

Collaboration with
Centro Satellitare Eu

Supervisor
European Commision

Italy is represented by the Italian SpaceAgency (National Entity), which
participatesin the Consortiumtogetherwith INAFandthe Ministryof Defense.
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EUSST Sensor Network
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EUSST operating block diagram

The REand FGservicesare in chargeof Italy, through the National
OperationsCenter(ISOC)locatedat Praticadi Mare and managedby
the ItalianAir Force
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Sensors used for the space debris monitoring:

ÅTelescope

ÅLaser

ÅRadar

Space debris monitoring

Credits: ESA



shadow

Somespacedebris reflect sunlight and they can be observedwith
optical telescopes. This techniquecan be usedonly for large debris
andthe observationscanbecarriedout only in the night.

Telescope



Italian telescopes

SPADE            ASI

CAS  MOD     

PdM-MiTe MOD

Cassini INAF

TNT  INAF



Radar



TRF               MOD
MFDR

MOD

SRT             INAF

Italian radars

Croce del Nord 

Università di Bologna - INAF



Laser "illuminates" the satellite and the telescope receives the

reflected light. This technique is usually used for satellites with

retroreflectors. Observations can be done at any time (weather

conditions permitting).

Retroreflector mounted on satellites

shadow

Laser



Italian laser

MLRO ASI



Northern Cross

BIRALES: an Italian SST ground sensor
(BIstaticRAdarfor LEO Survey)
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BIRALES: operation



ISOC: Italian SST
OperationCentre

PULSED ςSIGNAL
GENERATOR

RANGE MEASURE

The sensor couples two radar systems:

ÅMultibeam CW system

ÅSingle beam pulse compression radar

CW signal

410 415411 F (MHz)
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BIRALES architecture



90° x 7°

BIRALES field of view



Modification of the focal lines



Receiversassembling, test and installation on the focal lines



Installation of optical fibres



BIRALES fragmentationcampaign
on IndianMICROSAT-R satellite

NAME = MICROSAT-R (2019-006A, #43947) 
LAUNCHED  = 24 January2019
WEIGHT = 740 kg
EXPLOSION = 5:40 UTC - 27 March 2019



Cloudof fragments
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Total numberof fragmentsdetected= 88


