
LOW-COST MISSION ARCHITECTURES TO SMALL BODIES

Anthony Freeman, Lorraine Fesq, Steven Matousek, Reza Karimi
Jet Propulsion Laboratory, California Institute of Technology

Ralf Zimmermann,  Marc Steckling, Matthias Winter
Airbus Defence and Space GmbH

© 2023 California Institute of Technology. 
Government sponsorship acknowledged.

Planetary Defense Conference
April 3-7, 2023
Vienna, Austria



Low-cost approach to NEO missions for small body science and planetary defense make 
use of existing and planned space vehicles

DI -> EPOXI

Credit: NASA/JPL/UMD/Pat 
Rawlings
2005 -> 2010 -> 2013

Kepler -> K2

Credit: NASA
2009 -> 2014 -> 2018

Credit: NASA

WISE -> NEOWISE

2009 -> 2013 -> present

Past	small-body	missions	have	been	re-
purposed	to	achieve	new	objectives

Current	and	Future	Missions	will	have	
Propellent.	Could	reach	NEOs!

Credit: NASA
2016 -> 2023 -> present

O-Rex -> APEX MMX

2024 est. -> 2029 est. -> ??

ERO for MSR

Credit: Airbus
2026 est. -> 2031 est. -> ??



Opportunities to re-purpose mission 
elements circled in red.



Analysis Assumptions

Numerous NEOs Are Reachable by ESM After Prime Mission
Target Launch ToF 

(yr)
DV for 

Rendezvous
(km/s)

DV for 
Flyby

(km/s)

Arrival 
Vinf (km/s)

1 2014 MF18 7/2024 0.83 0.753 0.315 0.438

2 2014 MF18 7/2024 1.64 0.579 0.353 0.227

3 2002 NV16 9/2024 0.59 0.796 0.535 0.261

4 2011 AM24 7/2024 0.59 X 1.025 0.919

5 Itokawa 6/2024 1.24 X 0.817 0.973

6 Itokawa 5/2024 2.77 X 0.896 0.577

7 2001 CQ36 5/2024 2.71 X 0.471 0.819

8 2011 CG2 7/2024 2.07 X 0.411 0.832

9 2007 YJ 5/2024 1.8 X 0.621 1.945

10 2007 YJ 6/2024 1.8 X 0.382 2.470

11 2008 EV5 6/2024 0.5 X 0.812 1.305

12 2008 EV5 6/2024 0.5 X 0.289 4.036

13 2001 WC47 5/2024 1.4 X 0.748 2.103

14 2001 WC47 5/2024 1.0 X 0.240 2.103

15 2006 QQ23 9/2024 0.6 X 0.575 2.768

Ø Artemis II Planned Launch Date: 
May 2024

Ø Orion/ESM Return: 10  days after 
launch 

Ø Return Window: May-Sep 2024 (to 
account for delayed launches)

Ø ESM DV Capability after Prime 
Mission: 

0.98 km/s (300 kg Scientific P/L )
Ø ESM Earth return C3 ~ 0
Ø Targets: a pool of  ~7,000 NEO’s
Ø ToF after Prime mission < 3.5 yr



ORION ESM

Orion ESM
ORION spacecraft for NASA’s
Artemis Mission to the Moon,
designed to transport astronauts
further into Space than ever before

ARTEMIS-I: Successful mission in Nov/Dec 2022
ARTEMIS-II: Launch scheduled for Nov 2024
ARTEMIS-III to VI: ESMs in Production
ARTEMIS-VII to IX: ESM funding confirmed at ESA Council Ministerial 2022

CREW MODULE

SERVICE MODULE PROPULSION / RCS

POWER

CONSUMABLES 
(OXYGEN, NITROGEN & WATER)

THERMAL CONTROL

ORION ESM



ORION ESM

Orion ESM
Propulsion (1 x 26.7 kN main engine, 8 x 490 N 
auxiliary engines)

Attitude Control (24 x 220 N RCS thrusters, 8 sun 
sensors)

Power Generation, Conditioning and Distribution 
(11.2 kW)

Thermal Control (heaters, cooling loop, radiators)

Payload Support (up to ~380 kg with power and 
data interface)

Consumables (~8600 kg of propellant, 90 kg of 
oxygen, 30 kg of nitrogen, 240 litres of water)

CREW MODULE

EUROPEAN SERVICE MODULE

CREW MODULE
ADAPTER

19 m

7 m

4 m

ORION ESM



ORION ESMORION ESM

Adaptations for ESM Asteroid Mission 
• Several spacecraft functions are 

relying on the Crew Module
• Additional hardware has to be added 

in the unpressurised cargo area:
– Extension of existing S-band 

communication hardware, including 
Doppler ranging capability

– Additional On-Board Computer
– Battery
– Additional GNC sensors (star trackers, 

Inertial Measurement Unit)
– Scientific Payloads

• Flight Software has to be updated for 
the new flight configuration

• Assessment needed if duration 
between Crew Module separation and 
first re-entry interface needs to be 
adapted



Conclusions

• History of successful reuse of in-space asset
• Numerous current/future missions offer opportunities to reach NEOs
• Preliminary analyses show ESM for Artemis 2 could reach numerous 

asteroids

Re-purpose existing mission elements,
partner with international space agencies
for a comprehensive, affordable program

to achieve planetary defense and small body science objectives



Backup



Trajectory 1 Trajectory 2


