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Asteroid Redirect Mission: Three Main Segments

Infrared Telescope FacilityGoldstone Arecibo

NEOWISE

IDENTIFY

REDIRECT

EXPLORE

Ground and space 

based assets detect and 

characterize potential 

target asteroids

The Asteroid Redirect 

Robotic Mission (ARRM) 

uses solar electric 

propulsion (SEP) based 

system to redirect asteroid 

to cis-lunar space. 

Crew launches aboard SLS 

rocket, travels to redirected 

asteroid in Orion spacecraft 

to rendezvous with redirected 

asteroid, studies and returns 

samples to Earth

Pan-STARRS
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Key Aspects of ARM
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ÅMoving large objects through 

interplanetary space using SEP

ÅIntegrated crewed/robotic vehicle 

operations in lunar distant retrograde 

orbit (LDRO)

ïIntegrated attitude control, e.g., solar 

alignment

ïMulti hour EVAs

ÅLean implementation

ïClean interfaces, streamlined processes

ïCommon rendezvous sensor 

procurement for robotic vehicle and 

Orion

ÅIntegrates robotic mission and human 

space flight (HSF) capabilities

ïHSF hardware deliveries to and 

integration and test with robotic 

spacecraft

ïJoint robotic spacecraft and HSF mission 

operations



PROTOTYPING 

AND TESTING 

CAPTURE 

OPTIONS

INTERNATIONAL DOCKING SYSTEM

VACUUM PRESSURE INTEGRATED 

SUIT TESTING

IDENTIFYING CANDIDATE ASTEROIDS

MISSION DESIGN AND SIMULATION OF CRITICAL MISSION OPERATIONS

Asteroid Redirect Mission: 2015 Advancements

SOLAR ELECTRIC PROPULSION
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Objectives of Asteroid Redirect Mission

1. Conduct a human spaceflight mission involving in-space interaction with 

a natural object, providing systems and operational experience required 

for human exploration of Mars.

2. Demonstrate an advanced solar electric propulsion system, enabling 

future deep-space human and robotic exploration with applicability to the 

nationôs public and private sector space needs.

3. Enhance detection, tracking and characterization of Near Earth 

Asteroids, enabling an overall strategy to defend our home planet.

4. Demonstrate basic planetary defense techniques that will inform impact 

threat mitigation strategies to defend our home planet. 

5. Pursue a target of opportunity that benefits scientific and partnership 

interests, expanding our knowledge of small celestial bodies and 

enabling the mining of asteroid resources for commercial and 

exploration needs.
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External Engagement (1)

ÅJune 2013: NASA issued a Request for Information (RFI) to seek new 

ideas on how to implement the ARM and AGC, alternative ARM 

concepts, and innovative approaches to broaden participation from 

partners and the public.

ÅFall 2013: Ideas Synthesis workshop for public synthesis of highest 

rated responses

ÅMarch 2014: NASA issued the Asteroid Redirect Mission Broad Agency 

Announcement (BAA), soliciting proposals for concept studies in areas 

including asteroid capture systems, rendezvous sensors, adapting 

commercial spacecraft for the Asteroid Redirect Mission and feasibility 

studies of potential future partnership opportunities for secondary 

payloads and the crewed mission.

ïIn June 2014, NASA announced it selected 18 of the 108 BAA proposals 

for six-month studies, totaling $4.9 million in awards. 
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External Stakeholder Engagement (2)

ÅOther assessments, information during pre-formulation

ïSeveral briefings with feedback 

ïSBAG Special Action Team ïAugust 2014

ïCAPTEM input ïDecember 2014

ÅMay 2015: NASA issued another RFI for Spacecraft Bus Concepts to 

Support the Asteroid Redirect Robotic Mission and In-Space Robotic 

Servicing

ÅJune 2015: Formulation Assessment and Study Team invitation

ÅSept 2015: Community workshop
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NEA

LDRO
Moon

EARTH

5) NEA Characterization 
and Boulder Collection

6) Measurable Planetary Defense 
Demonstration on PHA Sized NEA

10) Crew Visit to Returned Boulder in LDRO

1) Launch on Delta IV Heavy or SLS

2) Phasing

3) Lunar Gravity Assist 8) Lunar Gravity
Assists

4) SEP thrusting 
to NEA

7) SEP thrusting 
to Earth

9) SEP Thrusting 
to Lunar Distant 

Retrograde 
Orbit (LDRO)

~ 180 days

ARRM Mission Concept Overview



ARRM Capture Phase Introduction

Approach
14 days

Characterization
72 days

Boulder Collection
69 days

Note: Asteroid operations timeline varies depending on 
target asteroid.  Times shown are for 2008 EV5: total 
stay time of 305 days with 95 days of margin.

Departure Planetary Defense Demo

Planetary Defense Demo
150 days (30 deflection + 120 hold & verify)

Approach

Characterization

Boulder Collection
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BENNU 2008 EV5 1999 JU3

Current Candidate Parent Asteroids
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ITOKAWA

Itokawa Bennu 2008 EV5 1999 JU3

Size 535 x 294 x 209 m 492 x 508 x 546 m 420 x 410 x 390 m 870 m diameter

V�L 5.68 km/s 6.36 km/s 4.41 km/s 5.08 km/s

Aphelion 1.70 AU 1.36 AU 1.04 AU 1.42 AU

Spin Period 12.13 hr 4.297 hr 3.725 hr 7.627 hr

Type S B(C-grpvolatile rich) C (volatile rich) C(volatile rich)

Precursor Hayabusa(2005) OSIRIS-REx
(9/2016 launch, 
8/2018 arrival)

None currently planned 
(boulders implied from 

2008 radar imaging)

Hayabusa 2
(launched 12/4/2014, 

7/2018 arrival)

Comparison of current candidate parent asteroids

Muses C �t
Hayabusa landing

Expected valid target -
Hayabusa2 target

Radar �t boulders and 
extremely pronounced bulge 
at equator suggests 
movement of loose material

Radar �t
OSIRIS-RExtarget

Asteroids not to scale

NASA continues to look for additional targets in accessible orbits. Reference ARRM Target


