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Near-Earth Space
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Sources: UNOOSA & ESA Space Debris Office: ESA’S ANNUAL SPACE ENVIRONMENT REPORT, 2025.

Since 1957

▪ About 6 910 launches, > 14 000 Tons (LEO to GEO orbits)

▪ About 21 620 satellites (still 14 240 in orbit, about 11 700 active)

▪ Fragmentation events (e.g. collisions & ASAT activities) producing 

large debris clouds: “Kessler Syndrom”

▪ About 42 000 objects > 10 cm tracked and catalogued Annual number of objects placed into geocentric orbit or beyond

Today    

▪ Military, gov. and commercial usage, no legal regulations 

▪ New Space: low-cost systems/payloads, mega-constellations, space-based

services,…

▪ Space traffic management (STM) & risk assessment: mission support & 

collision avoidance for Space Safety, protection of critical infrastructure etc.

© ESA
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Overview

Space Situational Awareness

Knowledge of the energy and particle fluxes in near-Earth space, natural and artificial objects passing through or 
orbiting within this space, including their past, present and future state

Artificial Objects Space WeatherNatural Objects

Active
Satellites

Space
Debris

Meteorites, Asteroides
Comets

Solar Activity
Cosmic Rays
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Space Surveillance & Space Reconnaissance

Space Object
Identification

Technical 
Analysis

Threat Analysis Damage Assessment
LEOP & Mission 

Support

Focused, detailed information on individual objects through specific analyses

Space Reconnaissance

Space Surveillance

Continuous traffic information about the population of earth-orbiting objects in a global sense

Cataloguing
Collision Avoidance

Detection & Tracking Mission Analysis
Space Traffic Management 

(STM)
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▪ Distance Regimes for SSA: space activities at large-distances / new areas of 
operation require new SSA capabilities (surveillance/reconnaissance)

▪ MEO/GEO activities increasing (e.g. crowded LEO orbits, military interests) 
▪ Solar System Exploration: use of cis-lunar space started, SSA + STM not 

yet available!
▪ SNR ~ R-4 

→ needs massive sensitivity improvement difficult for classical 
monostatic radar systems 

Why a multistatic approach? - Future Requirements

Space Situational Awareness

LEO: ≲ 2.000 km, GEO belt: ~ 36.000 km 
Earth-Moon L2: ~ 450.000 km

▪ Proliferation of smaller and more compact space assets in LEO

▪ Paradigm change: miniaturization (e.g. CubeSats), more compact attachments: 
Space reconnaissance / ISAR imaging needs improvements in data quality & 
analysis capabilities

▪ Dramatic LEO enrichment with increasing collision risk & collision avoidance 
requirements:

▪ Requires trackable catalog objects significantly smaller than 10 cm (US: < 10 cm)
▪ small-scale debris population: needs improved data for statistical modeling    

past: 2–1 cm (US: ~ 5 mm), future < 5 mm
Letsch et al. (2009)
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TIRA monostatic upgrades and bi-/multistatic extensions

TIRA-Digital: New signal processing for the L-Band tracking radar

▪ More precise orbit determination, improved tracking, more flexibility

▪ Testing of innovative methods for space observation

TIRA-HD (Phase1): New imaging radar at Ka-band

▪ Increased image resolution

▪ High sensitivity

▪ Polarimetry

Bi-/multistatic radar networks as long-term future strategic
direction (reconnaissance/surveillance, parabolic 
antennas/phased-array systems)

▪ Since 2023: TIRA-Multistatic with ONERA: experimental setup with

2nd receive element: first bistatic ISAR images

▪ Starting 2025: TIRA Bistatic Ka & Passiv (1-2 mobile 5 m antennas)
▪ Mid-term: additional large 13 m antenna (short baseline)  

 420 km      →

TIRA, Germany

Transmit & Receive
PRISME, France

Receive only

Transmit signal

▪ LFM chirp

▪ Bandwidth: 800 MHz

▪ Center: 16.5 GHz (Ku band)

Klare et al. (2024)

Yousfi et al. (2024)
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TIRA monostatic upgrades and bi-/multistatic extensions
TX

RX
RX

RXRX

 450 km                     →

Adding the WMT: basic SSA benefits

▪ Object imaging and analysis in LEO, e.g.:
▪ higher LoS diversity: multi-look ISAR, 3D interferometric imaging, etc.

▪ improved object analysis (rotation analysis, technical analysis, no ambiguities) 

▪ Tracking at LEO/GEO/cislunar space, e.g.:

▪ SNR improvement: larger SSA volume, smaller object sizes

▪ multilateration: better orbits through 3D position and velocity vectors

▪ „Beampark experiments” at Ka-Band: improving on statistics of the smaller-scale 

LEO space debris population (< 1-2 cm)

▪ WMT: L-Band, (X-Band), Ka-Band, common use of astronomical low-noise,                      

broad-band receivers, VLBI equipment etc., TLE / real-time tracking

Yousfi et al. (2024)
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New Perspective: Deep Space Radar
Planetary Defense & Solar System Science

Motivation:

▪ NASA/ESA/DLR efforts: identifying & mitigating impact threat of                           

potentially hazardous asteroids (detection, tracking, characterization, 
mitigation)

▪ NEO surveys (ground-/space-based, optical/IR): plane-of-sky astrometry

▪ far from complete for objects ≥ 140 m (~ 60% still undiscovered)
▪ Detection rate currently: a few 100 objects per month 

▪ Radar: post-discovery rapid follow-up tracking and imaging for 
▪ precise orbit determination (line-of-sight range and Doppler 

measurements)

▪ physical/dynamical characterization (size, shape, bulk density, surface 
characteristics, rotational period, spin axis, possible companions,…)

▪ Planetary Science: new opportunities for solar system studies 
(Planets/Moons & other solar System bodies)

© NASA/JPL-Caltech
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New Perspective: Deep Space Radar
Planetary Defense & Solar System Science

TX
RX

RX

RXRX

 450 km                    →

Existing capabilities strongly limited worldwide

▪ Arecibo Observatory: gone as key facility in 2020

▪ US: Goldstone Solar System Radar (GSSR): NASA Deep Space Network 
elements with 70-m DSS-14 (X-band) and 34-m DSS-13 (C-band), plus GBT 

(Ku-band) & VLBA/VLA efforts & experiments, future: ngVLA

▪ AUS: Canberra + ATCA (C-band)

▪ DE/EU: no operational system/cooperation, no powerful TX yet

▪ ESA evaluation study (DSN-TX, EB, SRT, Noto/Medicina; Pupillo et al. 2024)   

▪ First TIRA-Effelsberg experiments possible (L-Band)

▪ Future: bi-/multistatic TIRA-WMT+ as Deep Space Radar network               
(L-Band, Ka-Band): cross-disciplinary usage, future coordination/extension 

with ngVLA sub-array? 

▪ Diversification: academic usage of TIRA radar data & scientific 
collaborations

© NASA/GBO/AO/CSIRO
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Outlook & Overview SSA-Session

▪ Future SSA requires severe improvements in sensitivity and reconnaissance 
capabilities

▪ Important step: a TIRA bi-/multistatic radar network including the WMT
▪ Rapid-response usage of the WMT
▪ SSA & Deep Space Radar: cross-disciplinary WMT usage with high potential for 

collaborations (technology, operations, science)

ISAR imaging in LEO

Large distances (> LEO)

Technology

Operations


