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AIDA = AIM + DART 

§  ESA AIM rendezvous spacecraft 

� - Orbiter payload to characterize Didymos dynamical 
 system  and study impact results 

� - Asteroid proximity operations, lander release on 
 secondary asteroid, deep-interior analysis 

� - Deep-space optical communication demonstration 

§  NASA DART interceptor and Earth-based observing 

� - Measure asteroid deflection to within 10% 
� - Return high resolution images of target prior to impact 
� - Autonomous guidance with proportional navigation to hit 

 center of 150 meter target body 

Target: Didymos in 2022 
 AIDA: Asteroid Impact and Deflection Assessment 

 AIM: Asteroid Impact Mission 
 DART: Double Asteroid Redirection Test 
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Why an impact test mission on a small NEO? 

•  Less than 20% of NEAs in the 100-500 m range are known! 
•  Earth atmpsphere has no effect at this size. 
•  Larger objets are >90% known. 

12646 known NEAs 
(871 D>800 m) 
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65803 Didymos: AIDA target 

§  Discovered in April 1996 

§  Near Earth Asteroid (Apollo) 

� Perihelion distance:1.01 AU 
� Aphelion distance: 2.3 AU 
� Close approach to Earth: Oct 2022 
� 0.07 AU range: opportunity for 
ground observation of impact event 

§  (YORP spin-up ?) Binary system 

� 800 m primary 
� Primary spinning at 2.26 hr 
� 150 m secondary 
� Separation: 1100 m 
� Secondary: 11.9-hr orbit 
� C type. 

Measurable deflection of the asteroid moon without risk of 
deflecting the asteroid into a dangerous heliocentric orbit 

 

 

 

 

 

 
Didymos (primary) radar shape model 

Radar image of Didymos , Nov. 2003 



Asteroid Impact Mission (AIM) 

Small mission of opportunity to demonstrate technologies 
for future missions  

+ addressing planetary defense objectives                       
+ performing asteroid scientific investigations 

Technology 
demonstration 

Asteroid impact 
mitigation Science 



AIM “firsts” 

First mission to demonstrate interplanetary 
optical communication and deep-space 
inter-satellite links with CubeSats and a 
lander in deep-space. 

First mission to study a binary asteroid, its 
origins and sound its interior structure 

First mission to measure 
asteroid deflection by 
determining the “ejecta 
momentum amplification 
factor” of a kinetic 
impactor. 



AIM mission objectives 

Secondary objectives 
④  Determine the momentum transfer resulting from the DART impact, by 

measuring the variation of the asteroid satellite’s period, its rotation state 
and by imaging the resulting impact crater. An optional extension of this 
primary objective is the imaging the asteroid ejecta resulting from the impact. 

⑤  Characterise the asteroid deep interior structure. 

Primary objectives 
①  Determine the binary asteroid orbital and rotation dynamics, as well as 

its mass, geophysical properties, surface and subsurface structure. 
②  Carry out a Telecommunication Engineering eXperiment (TEX), a 

Moonlet Engineering eXperiment (MEX) deploying the MASCOT-2 
asteroid lander; 

③  Test inter-satellite network link with COPINS (Cubesat Opportunity 
Payload Intersatellite Network Sensors) and the MASCOT-2 lander. 



AIM main elements 

Technology Payload Mass 

OPTEL-D (Optical terminal) 39.3 
MASCOT-2 (incl. low-frequency radar) 13 

COPINS 13.2 
Asteroid Research Payload Mass 

Thermal Infrared Imager 3.6 
Monostatic High Frequency Radar 1.7 

Bistatic Low Frequency Radar (Orbiter) 1.2 
Visual Imaging Camera 2.4 



AIM baseline schedule 

Phase - A/B1 

PRR 
Jan 2016 

B2 
C 

D 

SRR 
July 2016 

Mission approval decision (C-Min’16) 
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DART mission Objectives 

 	
   Objectives Measurements and Analyses	
  

P
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ry
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   Demonstrate the spacecraft kinetic 

impact mitigation technique 
Target an asteroid large enough to qualify as a 
PHA (larger than 100 m) 

 
Measure asteroid deflection  

Target Didymos binary system; measure the 
binary period change to within 10% (Earth-based 
optical and radar observations) 

Learn how to mitigate an asteroid by 
kinetic impact: validate models for 
momentum transfer in asteroid 
impacts 

Determine energy transfer; infer β; determine 
crater size and ejecta distributions [with AIM] 
and constrain cratering models 

Sc
ie
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e 
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d 
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xp
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   Understand asteroid collision effects 
to infer physical properties of asteroid 
surface and subsurface 

Light curve and radar observations of the binary 
for sizes and density; infer density, porosity, 
strength from cratering and from β [with AIM] 

Study long-term dynamics of DART 
impact ejecta  

Observe and model transient disk and debris tail 
formation and evolution 

𝛽= ​𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑  𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚/𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡  𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚  
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DART Payload Instrument 

§  Single Instrument: Didymos Reconnaissance and Asteroid 
Camera for Op-nav (DRACO) 
•  Narrow Angle Camera 

•  Optical Navigation and Imaging of Didymos 

§  Rebuild of New Horizons LORRI with updated electronics 
•  203 mm aperture Ritchey-Chretien telescope 

•  Use of flight spare SiC optics and metering structure 

•  Instantaneous Field of View: 5 µrad 

•  Field of View: 0.29° full angle 

DRACO Long Focal Length Visible Imager 
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DART Impact Results 

Parameter	
  β	
  	
  is	
  defined	
  as	
  momentum	
  change	
  divided	
  by	
  momentum	
  
input	
  

� If	
  no	
  ejecta,	
  then	
  β	
  =	
  1	
  
� Ejecta	
  enhances	
  momentum	
  transfer,	
  β	
  >	
  1	
  

Understanding and modeling the DART impact 

𝑀∆𝑉=𝛽​𝑀↓𝑖 ​𝑉↓𝑖  M is target mass, ∆𝑉  is velocity change 

β  depends on the incident velocity and momentum, on target size 
and target material properties such as strength and porosity 

Expected changes (nominal values, head on collision in satellite veloctiy direction): 

Binary orbit period change of some 270 sec  

ΔV = 0.4 mm/s for β = 1 
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Post-Impact Observing Prospects  

§  Didymos and Didymoon are separated by up to 0.02 arcsec when 
0.08 AU from Earth  
� Marginally resolvable with ALMA (sub-mm), Magellan adaptive optics. 

§  Observe and model post-disruption dust evolution, as done with 
active asteroids 

Observation and Modeling of DART ejecta 

Dust model for disrupting asteroid P/2010 A2, Agarwal et al. (2013):  
Object is ~200 m across, observed 1 AU from Earth.  
HST image (top) vs. model (bottom) 



La misión espacial AIDA al 
asteroide binario Didymos 

Adriano  Campo Bagatin 
DISTS – IUFACyT. Universidad de Alicante 



18 © JHU-APL 2015 

Binary Period from Light Curve Observations 

§  Binaries often discovered by light 
curve observations 

§  Large telescopes not needed 
� Magdalena Ridge 2.4-m (Ryan) 
� Ondrejov 0.65-m (Pravec) 
� Palmer Divide 0.5-m (Warner) 

§  Mutual event observations constrain 
sizes, rotation rate, and binary orbit 

§  Some ambiguities remain! 

Observe Mutual Events of Didymos 
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Modeling the Impact, Inferring Surface Physical Properties 

§  DART measurement of deflection without AIM constrains β and yields 
qualitative inferences of target properties 

§  With AIM, precise measurements of β and crater size better separate 
porosity and strength effects, but may still not be unique 

§  However, AIDA has additional handles on µ 
� Estimation from ejecta velocity distribution and from observing the ejecta distributions over time 
� If crater growth can be observed, determine µ 

§  A second impactor, at a different (smaller) impact velocity, would strongly 
constrain cratering models 

Scaling relations and numerical simulations model 
the hypervelocity impact 
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DART: 2022 Didymos Intercept 

§  DART trajectory remains near 1 AU 
from Sun, Earth distance < 0.20 AU. 

§  Impact velocity 6.5 km/s  

§  Impact event in Sept-Oct, 2022, 
occurs under excellent Earth-based 
viewing conditions including radar 

§  NEA flyby 10 months before Didymos 
encounter 

DART launches in Dec 2020 and intercepts 
Didymos on Sept 20, 2022 



AIM Asteroid Research Objectives 

P# Parameter Relevance to goal Supporting instrument(s) 

S#1 
Didymoon size, 
mass, shape, 
density 

Mass key to momentum, size to 
shape, volume, gravity and density to 
internal structure, operations  

•  Mass from binary orbit, spacecraft 
tracking (RSE, Optel-D) 

•  Shape model from Visual Imaging 
System (VIS), laser altimetry (Optel-D) 

S#2 

Dynamical state of 
Didymoon 
(period, orbital plane 
axis, spin rate and 
spin-axis) 

Key to determine momentum, indirect 
constraints on the internal structure •  VIS 

S#3 

Geophysical 
surface properties, 
topology, shallow 
subsurface  

Bulk composition, material mechanical 
properties, and surface thermal 
inertia, key to determine momentum 
as shallow subsurface drives the 
efficiency of the impact shock wave 
propagation, data point to validate 
kinetic impact simulations  

•  VIS for surface features 
•  Thermal InfraRed Imager (TIRI) for 

surface roughness 
•  Hi-frequency radar HFR for shallow 

subsurface structure 
•  Accelerometer on lander 

S#4 
Deep internal 
structure of 
Didymoon 

Interior can affect absorption of 
impact energy, “data point” to validate 
asteroid mitigation models. Key to 
distinguish between scenarios of 
binary origin 

•  Low-frequency radar LFR 
•  Drift-bys to estimate gravity field 



P# Goal Comment 

T#1 

Qualify an end-to-end 2-
way deep-space optical 
communications system 
for small missions 

•  Primary goal transmit full asteroid 1m resolution map before 
DART arrival (goal, transmit images of the impact) 

•  Components and operations representative of terminal 
developed for commercial applications. 

•  Maximum platform independence: inertial pseudo-star 
pointing, mirror-stabilization, power-limited modes 135 W 
nominal @ 0.11 AU and 50 w power limited mode @ 3.3 AU 
max distance 

T#2 
 

Demonstrate deep-space 
inter-satellite 
communication network 
for independent CubeSat-
based sensors (COPINS) 

•  Deploy up to two 3U cubesats (or any combination of units) 
•  Demonstrate inter-satellite link network between AIM, 

COPINS and MASCOT-2 lander 

T#3 

Demonstrate asteroid 
landing and extended 
operations in the 
secondary component of a 
binary system 

•  Demonstrate landing on small (170 m) asteroid and inter-
satellite link in deep-space 

•  Test long-lived payload operation i.e. transmission radar and 
surface imaging, possibly other if resource allow. 

AIM Technology Research Objectives 



AIM mission scenario 

1 

2 

4 
6 

5 

Launch by Soyuz 
from Kourou: 
 Oct-Nov 2020 

Arrival 29/5/2022 

Asteroid characterisation: 
June 2022 – February 2023 

DART  impact 6/10/2022 

7 

DSM: 03/01/2021 

8 

~35 
km 

~100 
km 

3 

Launch date 2020/10/22 

Escape velocity [km/s] 4.974 

Escape declination [deg] 30.2 

DSM date 2021/1/3 

DSM size [m/s] 246 

Asteroid arrival 2022/5/29 

Duration [d] 584 

Time to DART impact [months] 5 

Arrival manoeuvre [m/s] 1004 

Total Delta-v [m/s] 1250 



            P2 
“Early” characterization: 
- High-resolution images of 
surface 
- Optical communication 
experiment 

Close proximity Asteroid Operations: 
29 May 2022 – 25 December 2022 

P4  
Lander phase: 
Deploy MASCOT2 
lander 

P1 
Rendezvous with 
Didymos transition to 
35 km “P2” co-flying  
position. 

P5 
DART impact observation 

35 km 

~100 km 

10 km 
P3 
First detailed characterization: 
Thermal Infrared imaging 
High-frequency radar sounding of 
surface and shallow-subsurface 

P6 
Second detailed characterization: 
- High-frequency radar  
- Low-frequency radar to sound deep interior 
structure 
- Crater imaging 

~1 km 

10 km 
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Changes in Didymos Binary Orbit 

DART will target true anomaly near 270° 

Changes in Kepler orbit parameters of the Didymos binary from the DART impact, 
assuming the velocity change is along the incident momentum. These changes depend on 
true anomaly at the impact.  

Binary orbit period 
change of 273 sec  

ΔV = 0.4 mm/s for 
β = 1 


