
ESA UNCLASSIFIED - For Official Use

AREAS OF INTERACTION BETWEEN 
AIR- AND SPACE-TRAFFIC AND THE 
ROLE OF SPACE SURVEILLANCE

Holger Krag

29/08/2017



ESA UNCLASSIFIED - For Official Use H. Krag | 29/08/2017 | Slide  2

Slide 2

• Route layout based on predicted air traffic evolution

• Routes are likely to develop mostly in the nothern hemisphere

• Usage of existing ground infrastructure (cost efficiency, vicinity to major cities)

Suborbital Flight Routes

[ESA STM Study]
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Space Situational Awareness
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• Identification of key players and 

stakeholders

[ESA STM Study]

Global STM/ATM Integration

• Contribution of Space Surveillance

• Space Weather

• Re-entry Warning

• Collision Avoidance
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Space Weather Hazards to Infrastructure

Astronaut radiation

Radiation damage,
charging/discharging

Solar cell degradation

Satellite navigation
errors

Errors in 
directional drilling

Telecommmunication
disturbances

Geomagnetically
induced currents 
in power grid

Increased radiation
doses in aviation

Increased atmospheric
drag

Aurora
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Decayed Mass per Year

– Excludes Re-entry Vehicles

– Today 400t per year are launched and about 150t decay

– This corresponds to a total cross-section of about 500m² (corresponds to roughly 2 tennis 
courts)
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Aerodynamically induced 
torques dominate

Peak Heating
Peak deceleration

Initial Heating≈ 200km

≈ 120km

≈ 80-45km

Initial fragmentation

≈ 95km

Atmospheric Break-Up
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Special Analysis: ROSAT – Ground Tracks

T – 2 daysT – 17 hoursT – 12 hours

10km (ESA)

10km (IADC)

80km (JSpOC)

Last prediction

https://reentry.esoc.esa.int
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FL650

Columbia Accident

Ascend and Landing Phases

Flight Corridor Handling
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Required NOTAM Areas

Russian Federal Space Agency

HTV-3

Missile re-

entry

http://forum.nasaspaceflight.com/index.php?action=dlattach;topic=25364.0;attach=385915;image
http://forum.nasaspaceflight.com/index.php?action=dlattach;topic=29885.0;attach=451644;image
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Fragment Fall Durations

Which fragments are relevant?

• FAA-JTCG: > 0.05 g 

(penetrate of aircraft skin)

• FAA-JTCG: > 300 g 

(catastrophic event)

• RCC 321: > 1g (windshields 

and turboshaft piston 

engines protection)
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Spatial Density Computation

Cross-track distance 
[km] 

Spatial density  
[1/m³] 

11.8 1.12*10-3 

23.6 1.6*10-4 

35.4 9.48*10-6 

47.2 2.26*10-7 

59.0 2.02*10-9 

70.8 6.93*10-12 

82.6 8.99*10-15 

 

DC-8 aircraft

Complies with a risk 
threshold of 10-8

Objects > 1g
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Collision Risk in Space – Tracked Objects

AAUSAT-4 is 

at 36.4km min. 

distance after 

t=1329s 

• Sample p2p suborbital flight, with a distance of 15,000km 

and 500km peak height
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Control of collision risk by flight delays

• Sample p2p suborbital flight, with a distance of 15,000km 

and 500km peak height
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Collision Risk in Space – Small Objects

• Assumption: The probability of all catastrophic failure conditions (loss of life &/or vehicle) 

to SSV and its occupants shall be better than 1x10-4 per flight

• There are a total of 100 potentially catastrophic failure conditions which have an equal 

share of this budgeted requirement 

SSV shielding capacity (debris size, mm) Maximum cross-sectional area (m2)

1 10
5 100
10 1000
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ESA SSA Program

100 MEUR 2017-2019
• European Sensor Technology for Space Surveillance
• Space Weather Forecasting
• NEO Detection and Warning
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SSA Networking European SWE Assets
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ESA SST Developments

ESA L-Band Radar in Santorcaz

ESA Robotic Telescope
ESA SST Data Centre

ESA SSA Room
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Back-Up
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Re-entry Break-up Analysis: SCARAB for Cluster-II
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Annual Mitigation Compliance Review – Clearing 
Protected Zones

https://www.sdo.esoc.esa.int/environment_report/Environment_Report_I1R2_20170427.pdf
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Flight Information Regions (FIR)
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Space Weather Overview - Background image courtesy NASA

Slide 23

Space Weather

Risk register listing the most critical risks and impacts that could occur if space

weather conditions are unknown to crew and passengers.
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Slide 24Integrating STM and the ATM system 
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Weltraumüberwachung

• “Space Situational Awareness”

LEO

MEO+GEO

Domain

Überwachung und Verfolgung

NEOs

Weltraumwetter
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Radar-Prototyp
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ESA-Teleskop Teneriffa
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Space Debris and Space Surveillance and Tracking 

Spatial densities of non-traceable objects as a function of 
altitude and declination 

(total of all object types)
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Campaign Setup

NASA DC-8 Research Aircraft
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Results
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What is ”Space Weather”?
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Space Weather Hazards to Aviation

Satellite navigation
errors

Telecommmunication
disturbances:
• HF radio 
• Satellite links

Increased radiation doses
• Cosmic background radiation
• Solar energetic particle events

Ground surveillance system
disturbances
• Radars
• Transponders

Significance 
increasing 

rapidly
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Cross-Track Dispersion of Fragments

• Assumption of Gaussian distribution is limited

• Sometime objects beyond 100km
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NAVAREAs
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Safety & Reliability

Columbia Accident
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Results

• Maximum allowed density for expected number of 

impacte EN < 10-8

• Result: 3.64*10-14/m³

• Corresponds to 7σ

• And this corresponds to 82.6km

• Synthesis:

𝜌 <
𝐸𝑁

𝑣 ∙ 𝐴 ∙ 𝑡

  

Distance required due to 
explosion delta-v 

82.6km 

Mean value offset 2.9km 

Wind/lift 15km 

Sum 100.5km 

 


