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« Origins
- Retum.and analyze a sample of pristine carbonaceous asterold regolith
- Spectral Interpretation

+ Provide ground truth for telescopic data of the entire asterold population
« Resource ldentification

- Map the chemistry and mineralogy of a primitive carbonaceous asteroid
- Security

- Measure the Yarkovsky effect on a potentially hazardous asteroid
- Regolith Explorer
- Document the regolith at the sampling site at scales down to the sub-cm
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Asteroid 101955 Bennu — Prior to Arrival %




Full rotation PolyCam
mosaic from Approach
~0.5 meter/pixel resolution
~50 deg phase
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How do we Navigate to Bennu?
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Fundamental Navigation Data Products:
. Range

. Doppler
. Delta-Differential One-way Range

(ADOR)
. Optical (Spacecraft-relative imaging)




Optical Navigation Techniques
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PROXIMITY OPERATIONS TO-
DATE




Bennu First Light (August 17, 2018)




PolyCam images during
the Approach phase
(Predicted shape model
outline in red)
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Orbit A Insertion
2 X1.5 km “Frozen” Terminator Orbit

First application of a “frozen” orbit about a small body — set
eccentricity to balance SRP perturbations and minimize changes in
orbital elements




CERTIFICATE
The smatlest object to be The closest orbit of a planetary body
orbited by a spacecraft iz the was achieved by the NASA spacecraft

asteroid 101955 Bennu, which OSIRIS-REx, jointly operated by
wag confirmed to have a mass of NASA, the University of Arizona and
T3.27 billion kg when the NASA Lockheed Martin, which moved into a
. spacecraft OSIRIS-REX, jointly 1.6 x 2.1 fom orbit around the asteroid
operated by NASA, the University 101955 Bennu on 31 Dec 2018.

of Arizona and Lockheed Martin,

entered ite orbit on 31 Dec 2018.
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ProxOps View from Sun
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And again!

| atest Orbit Radius: ~800-m

OrniE R oW

OREX Data




2019-06-09T06:29: 28, 8906800

Transition to Orbit B

NavCam OpNav
images during the
Orbit B phase

(images approx.
every 2-hours,
minus gaps for
HGA passes)
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Terrain-relative
Image processing
via SPC in Orbit B




OSIRIS-REx Laser
Altimeter (OLA) global
mapping campaign in
Orbit B

Starting to use high-
resolution altimetry
data to augment and
verify navigation
solutions




Navigation Performance To-Date

OSsIFIS-RExX

. Orbit A Prediction Performance
- Achieving meter-level (Leonard, et. al. 2019)

trajectory prediction
; . BENNU Centered Posltion Trajectory Differances for ORX
accuracy in orbital phases 015 : —SeEim1n Cobesiony REcchmtn_,
; 010 ieny : : : ;
over a few days ' ' ' ' '
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- Targeting for all survey and
reconnaissance
‘observations have been
well within specifications

- Successfully executed 64
prox ops maneuvers to-date
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EARLY DISCOVERIES -
IMPLICATIONS FOR NAVIGATION




Bennu’s surface is much
more rugged than
previously thought:

Driver for site selection
and TAG navigation
performance




Original TAG Accuracy
Requirement:
90-m Diameter

Bull's-Eye TAG:

Onboard terraine
relative navigation
and hazard avoidance




Unexpected Discovery: Bennu is an Active Asteroid
A




Optical Navigation Tools and Processes Utilized to Reconstruct - ({
Ejection Events

Visualization of Jan 19" Ejection Event







CURRENT STATUS




“Final Four”
Candidate Sites

selected in July,
PAONRS




Nightingale g i ﬁ‘ Kingfisher
(DL15) | Dageis = dpiinh 405 IR giae | (CQ13)

1, Kimishisr

Sandpiper
(EXO7)

o Bandgipet |




OSIRIS-REX Recon View

Recon A Phase:
1-km Hyperbolic Flyby
of Over Candidate Site

October 3 — 26th¢




Sandpiper (EX07): Recon A Osprey (DLOS)' Recon A
October 5”‘ 2019 October 12

, 2019




Kingfisher (CQ13): Recon A Nightingale (DL13): Recon A
October 19", 2019 October 26, 2019

Final Recon A Flyby
Executes Tomorrow:
Nightingale (DL15)

Replace with Kingfisher.

image, which should be

available tomorrow . .
Images will be available

sSoon...




NEXT STEPS




/%\ Medium & Low Reconnaissance

- Navigation & Science Planning Teams are currently designing Medium (~600-
m) and Low (~225-m) altitude flybys of the Prime and Back-up sample sites
- Scheduled for early-2020

Preliminary design of
notional DL15 “Medium”
(~600-m) flyby

Each ﬂyt()jy is ~12-hours
from departure to
recapture




Touch-and-Go (TAG):
Collecting the Sample
(mid-2020)




/%\ Conclusions

OSIAIS-REX

- The OSIRIS-REx mission has provided an up-close and breathtaking look at the
near-asteroid 101955 Bennu

- Bennu'’s surface roughness has provided a challenge to site selection, leading to the
baseline of “Bull's-eye TAG”

- Fortunately, navigation performance to-date has been exceptional

- High Reconnaissance Passes, which will be completed tomorrow, provide the
necessary data to select a Prime and Back-up sample site

- Medium and Low Reconnaissance passes early next year will provide additional data necessary
to successfully perform TAG

- Rehearsals.and TAG sample acquisition are scheduled for mid-2020

33



OSIRIS-REX

ASTEROID SAMPLE RETURN MISSION

You

OSIRISREX

JOIN THE MISSION ON THE WEB!

@ NASA.gov/OSIRIS-REx
OSIRIS_REx
e +0SIRISRExMission
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