
Daedalus: 
 

A Low-Flying Spacecraft  
for the Exploration of the Lower 

Thermosphere - Ionosphere 
  
  

A candidate for ESA’s 10th Earth Explorer 



• was initiated under the ESA-Greece Task Force initiative, at feasibility 
study level 

Introduction 

• It is currently undergoing a Phase-0 study for Mission Definition and Needs 
Identification 

• it has been submitted to ESA’s Earth Observation Earth Explorer 
programme and is one of the three candidates for the 10th Earth Explorer 

• it has derived the performance requirements, specifications, 
preliminary design and development plan for a Low-Flying Spacecraft 

The study for the development of “Daedalus”, a Low-Flying Spacecraft  
for the exploration of the lower thermosphere - ionosphere: 
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Dandouras, Iannis IRAP, CNRS & Université de Toulouse France 
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Participants from 9 countries, 17 entities 



Mesosphere, Lower Thermosphere & Ionosphere (MLTI):  
“Terra Incognita” 

• Circular Orbits possible  
    down to ~350km 

• Elliptic Orbits possible 
  down to ~150 km 

• Rockets cross the MLTI 
  for just a few minutes 

• Balloons can reach  
  up to ~40 km 

• Lidars/Radars can  
  investigate the region  
  only locally 

• Remote sensing is the  
  only measurement  
  source 

“Agnostosphere” 

Daedalus Science Objectives 

• In-situ measurements 
are needed for key 
science issues in the 
transition region from 
100 to 200 km 



Daedalus Science Objectives 

[adapted from presentation by Gang Lu, 2008] 

Targeted 
altitudes  

of Daedalus 

Existing  
in-situ 
measure- 
ments 



Daedalus Science Objectives 

Q1: What is the energy that is deposited into   
       the MLTI via Joule heating and Particle  
       Precipitation and how exactly does it  
       affect the dynamics and the thermal  
       structure of the MLTI? 

A. Heating processes and energy balance in the MLTI  

 Estimates of Joule (ohmic) 
heating of the thermosphere 
require simultaneous 
measurements of: 

 

a) Ion drifts 
b) Neutral winds 
c) Electric field 
d) Magnetic field  
e) Composition 

E 
ion 

drifts 

neutral  
winds 

Overview of main processes affecting momentum and 
energy transport and distribution in the MLTI.  

 
Q2: What processes control momentum and  
       energy transport and distribution in the  
       transition region, at 100-200 km altitude  
       range in the high-latitude region? 



Daedalus Science Objectives 

Justification: Estimates of key heating processes, such as Joule heating, currently 
vary by a large fraction between models (up to 500% at times and at locations) 

 

Comparison of Joule Heating between models, as a function of latitude and longitude: 

A. Heating processes and energy balance in the MLTI  



Daedalus Science Objectives 

Justification: Estimates of key heating processes, such as Joule heating, currently 
vary by a large fraction between models (up to 500% at times and at locations) 

A. Heating processes and energy balance in the MLTI  

Neutral wind 

Magnetic field 

Joule heating Pedersen Conductivity Ion Drift 

O+ density O+ collision frequency over gyrofrequency 

Required parameter (instrument): 
 
 

• neutral density (ACC) 
• neutral winds (RWS,CTS) 
• ion drifts (IDM,RPA) 
• magnetic field (FGM) 
• electric field (EFI) 
 
 

• ion density (IMS) 
• ion composition (IMS) 
• ion temperature (IMS) 
• e- temperature (LMP)  
• neutral composition (NMS) 

 

Required parameters and instrumentation for Joule Heating estimates: 



Daedalus Science Objectives 

Justification: Estimates of key heating processes, such as Joule heating, currently 
vary by a large fraction between models (up to 500% at times and at locations) 

A. Heating processes and energy balance in the MLTI  

Neutral wind 

Magnetic field 

Joule heating Pedersen Conductivity Ion Drift 

O+ density O+ collision frequency over gyrofrequency 

Required parameter (instrument): 
 
 

• neutral density (ACC) 
• neutral winds (RWS,CTS) 
• ion drifts (IDM,RPA) 
• magnetic field (FGM) 
• electric field (EFI) 
 
 

• ion density (IMS) 
• ion composition (IMS) 
• ion temperature (IMS) 
• e- temperature (LMP)  
• neutral composition (NMS) 

 

Required parameters and instrumentation for Joule Heating estimates: 



Daedalus Science Objectives 

Justification: Estimates of key heating processes, such as Joule heating, currently 
vary by a large fraction between models (up to 500% at times and at locations) 

A. Heating processes and energy balance in the MLTI  

Neutral wind 

Magnetic field 

Joule heating Pedersen Conductivity Ion Drift 

O+ density O+ collision frequency over gyrofrequency 

 

Required parameters and instrumentation for Joule Heating estimates: 



Daedalus Science Objectives 

Justification: Estimates of key heating processes, such as Joule heating, currently 
vary by a large fraction between models (up to 500% at times and at locations) 

A. Heating processes and energy balance in the MLTI  

Neutral wind 

Magnetic field 

Joule heating Pedersen Conductivity Ion Drift 

O+ density O+ collision frequency over gyrofrequency 

Required parameter (instrument): 
 
 

• neutral density (ACC) 
• neutral winds (RWS,CTS) 
• ion drifts (IDM,RPA) 
• magnetic field (FGM) 
• electric field (EFI) 
 
 

• ion density (IMS) 
• ion composition (IMS) 
• ion temperature (IMS) 
• e- temperature (LMP)  
• neutral composition (NMS) 



Daedalus Science Objectives 

Q3: What are the spatial-temporal variations in density, composition and temperature 
of the neutral atmosphere and ionosphere at altitudes of 100-200 km altitude, with 
respect to solar activity? 

B. Variations in the MLTI temperature & composition structure 

 

Q4: What is the relative importance of the equatorial dynamo in driving the low 
latitude ionosphere and how do ions and neutrals couple in the low latitude 
ionosphere and thermosphere?   

 

Q5: What is the MLTI region’s role as a boundary condition to the exosphere above 
and stratosphere below and how does it affect their energetics and dynamics?  



perigee 

apogee 
Orbit altitude:    150 x 2000 km, elliptical 
Orbit inclination:   85° 
Initial argument of periapsis:  90° (northern hemisphere perigee) 

   Best realized by a spacecraft in elliptical orbit with  
       perigee 150 km, apogee > 2000 km 

Part A - Measurements in the lower thermosphere down to 150 km:  

A 

0                         80                         160                       240                       320                     400 
Time (days) 

Daedalus Mission Concept 



perigee 

apogee 

   Can be accomplished by performing episodic descents to lower  
       altitudes, by use of propulsion 

Part B - Measurements through the “Agnostosphere” down to 120 km:  

A 

B 

0                         80                         160                       240                       320                     400 
Time (days) 

Daedalus Mission Concept 

Orbit altitude:    150 x 2000 km, elliptical 
Orbit inclination:   85° 
Initial argument of periapsis:  90° (northern hemisphere perigee) 



perigee 

apogee 

   Can be accomplished by releasing expendable, miniaturized  
       sub-satellites from the main satellite 

Part C - Simultaneous second-point measurements below 120 km:  

B 

A 

C 
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Daedalus Mission Concept 

Orbit altitude:    150 x 2000 km, elliptical 
Orbit inclination:   85° 
Initial argument of periapsis:  90° (northern hemisphere perigee) 



Daedalus Orbital Design 



Daedalus Spacecraft Design 



Daedalus Spacecraft Design 



Star-tracking  
cameras 

Science Instruments 
for measurements of  
Ions, Neutrals, Ion Drifts 
and Neutral winds 

Cold Gas  
Propulsion  

Tank 

Payload 
Electronics PPODs for CubeSat  

Nano-satellite   
Deployment 

Launch  
Adaptor 

Overview of main s/c subsystems 

RAM direction 

Daedalus Spacecraft Design 

Magnetometer 
boom 

Electronic 
subsystems  

and s/c on-board 
computer 

Electric Field  
Booms (stowed) Reaction 

Wheels 



Daedalus Spacecraft Design 

Daedalus with Deployed Electric Field Booms 



Daedalus Instrumentation 

Daedalus Main Satellite Payload 

Daedalus ram direction instrumentation 



Daedalus Instrumentation 

Daedalus Main Satellite Payload 

Simulated sampling of the “Ignorosphere” and Joule Heating estimations 
Daedalus ram direction instrumentation 



Daedalus Instrumentation 

Daedalus Main Satellite Payload 

Daedalus instrumentation heritage and required development 

Simulated sampling of the “Ignorosphere” and Joule Heating estimations 



 
 

• At the end of Phase A, one of the three missions will proceed  
     for full implementation (Phases B/C/D/E1), based on demonstration  
     that the mission respects all the necessary conditions, supported by a  
     public User Consultation Meeting (UCM) and scientific peer-review  
     under the auspices of ESAC.  

• At the end of Phase-0, each concept will be assessed  
     and the Earth Science Advisory Committee (ESAC) will  
     recommend the two highest ranked concepts to proceed  
     to a Phase-A (Feasibility) study.  

• Daedalus is one of three mission ideas  
     that have been selected as candidates for  
     ESA’s 10th Earth Explorer; all three will undergo a 
     Phase-0 study (Mission Analysis/needs identification).  

Next Steps 



- End of presentation - 

Traceability Matrix 


