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High-range regimes for radar-based space domain awareness
Geosynchronous orbits, cislunar space & deep space

▪ Geonsynchronous: semi-major axis = 42,164 km

▪ Cislunar space: volume within the L2 orbit

▪ Deep space: volume beyond Moon‘s orbit
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Orbits of known potentially hazardous objects       © NASALagrange points in the Earth Moon systemOrbit regimes

Earth
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Bi- and multistatic radar observations
Advantages for space domain awareness

▪ Diversity gain

▪ Simultaneous observation from different aspect angles

▪ Higher accuracy in parameter determination

▪ Simultaneous imaging from different directions

▪ Bistatic angle ß ≥ 10°

▪ Geosynchronous orbits: baseline L ≥ 6260 km 

▪ Radar range equation

▪ Bistatic

▪ Multistatic
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Bistatic geometry

©  mtex antenna 
technologies / 
JMU Würzburg
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Geosynchronous orbits

▪ Geosynchronous: orbital period = sidereal day

▪ Equatorial: inclination = 0

▪ Circular: eccentricity = 0

▪ Use

▪ Communication

▪ Meteorology

▪ Navigation 

▪ Geopolitical issues

▪ Growing congestion

▪ Radio frequency interference

▪ Fragmentations (e.g. Intelsat 33e) 

▪ Unintended and intendend close

approaches
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Critical services

Mass  development                          © ESANumber development                          © ESA

(1) http://weelookang.blogspot.com/2010/07/ejs-
open-source-geostationary-satellite.html

(2) https://spaceinafrica.com/2020/12/03/spectru
m-orbital-slotting-a-case-for-african-countries/

Geostationary orbit (1) Congestion of geostationary orbits (2)                           

http://weelookang.blogspot.com/2010/07/ejs-open-source-geostationary-satellite.html
https://spaceinafrica.com/2020/12/03/spectrum-orbital-slotting-a-case-for-african-countries/
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Bi-/multistatic radar observations at GEO
First investigations

▪ NATO SET 293

▪ Long baseline bistatic radar (LBBR)

▪ Application cases:

▪ Rotating/tumbling objects: Delta 4

▪ Object clusters: Nilesat cluster
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Rotation of Delta 4 rocket body. 
Doppler frequency versus time from 5 
JBO receivers (1)                            © IET

Nilesat cluster. SNR and phase at two 
polarisations (2) © NATO SET 293

LBBR network                                                                     © IET Radar, Sonar & Navigation

(1)Serrano et al. 2023, Long baseline bistatic radar imaging of tumbling space objects for enhancing space 
domain awareness, IET Radar, Sonar & Navigation https://doi.org/10.1049/rsn2.12511
(2) NATO SET 293 Final Report

https://doi.org/10.1049/rsn2.12511
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Cislunar space
Growing commercial, scientific and defense interests

▪ Ongoing missions (21st Cent): 37

▪ e.g. Artemis

▪ e.g. Chang‘e

▪ Future missions

▪ Robotic: 29

▪ Crewed: 6

▪ Proposed: 20 and growing

▪ Three body systems

▪ Complicated trajectories

▪ Observation challenges

▪ Detection: large distances

▪ Tracking: complicated kinematic models

▪ Visibility: lunar and solar emission, lunar clutter
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© ESA

Artemis P1 and P2                   © NASAChang’e 5 (1)(1) https://www.youtube.com/watch?v=WBFJphwPDME&t=70s
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Cislunar space situational awareness
Relevance of radar observations

▪ Cislunar orbits: three body problem (M1, M2, M3)

▪ Circular restricted three-body problem

▪ M3 extremely small

▪ M1 > M2

▪ M1 & M2 orbit in a circle around center of mass

▪ Infinite number of periodic solutions (known: > 720,000)

▪ Transfer orbits: coast and thrust phases

▪ Radar advantages

▪ Independent of illumination conditions and weather

▪ Measurement of range and radial velocity

▪ Control of transmitted signal (e.g. polarisation)

▪ Radar drawbacks

▪ Lower resolution for direction of arrival

▪ High power consumption (SNR ~ 1/R4) 

▪ Clutter from Moon
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Representative examples of 
periodic orbit solutions 
© NASA JPL

Overview and close-up of a 
transfer orbit with coast (blue) 
and thrust (red) phases (1)

(1) McCarty, Burke & McGuire 2018, Analysis of Cislunar Transfers 
from a Near Rectilinear Halo Orbit with High Power Solar Electric 
Propulsion, https://ntrs.nasa.gov/citations/20180006893
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Deep space

▪ Near-Earth Objects (NEO)

▪ Small Solar System bodies

▪ Perihelion distance < 1.3 AU

▪ Discovered: 38,500 asteroids & 120 comets

▪ Potentially Hazardous Objects (PHO)

▪ Crossing the Earth‘s orbit

▪ Size > 140 m

▪ Discovered: 2,300

▪ Surveys far from being complete

▪ Especially for small impactors (Tungunska, Chelyabinsk) 

▪ Growing number of discoveries @ IR and optical

▪ Plane-of-sky astrometry

▪ Radar-detected asteroids: 1287  
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Planetary science and planetary defence

Cumulative number of discovered near Earth asteroids (1) © NASA JPL

(1) https://cneos.jpl.nasa.gov/stats/totals.html
(2) https://commons.wikimedia.org/wiki/File:2013_Chelyabinsk_meteor_trace.jpg

Chelyabinsk meteor trail (2) © Alex Alishevskikh

https://cneos.jpl.nasa.gov/stats/totals.html
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Post-discovery radar observations of NEOs and PHOs  
When will they hit? How bad will it be?

▪ Tracking

▪ Range & radial velocity

▪ Characterisation

▪ Size & shape

▪ Bulk density (polarisation)

▪ Surface properties

▪ Rotation

▪ Companions

▪ Planetary radar

▪ Past: Arecibo & Goldstone

▪ Current: Goldstone DSS-14 & DSS-13 in bistatic configuration, Greenbank

▪ Future European contribution: TIRA & WMT & ngVLA receivers

▪ Application case: Apophis

▪ Close encounter: 13 April 2029

▪ Distance: 31,600 km

▪ Size: 400 m
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High-resolution delay-Doppler images and model of Toutatis (1)High-resolution delay-Doppler images of 1999 KW 4 (1)

(1) Ostro S.J., Hudson R.S., Benner L.A., et al., 2002, 
Asteroid radar astronomy, Asteroids III 151–168 

Radar observations of Apophis at 17 Mio km
from Goldstone and Greenbank 
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Radial velocity (Doppler frequency)

Trajectory of Apophis     Source: Wikipedia   
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