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Introduction:   NASA’s Origins, Spectral Inter-
pretation, Resource Identification, and Security–
Regolith Explorer (OSIRIS-REx) mission suc-
cessfully launched on September 8th, 2016. Dur-
ing its rendezvous with near-Earth asteroid 
(101955) Bennu beginning in 2018, OSIRIS-REx 
will characterize the asteroid’s physical, miner-
alogical, and chemical properties in an effort to 
globally map the properties of Bennu, a primitive 
carbonaceous asteroid [1], and choose a sampling 
location. 
 
OSIRIS-REx science operations planning and 
implementation is quite different from many other 
planetary science missions.  The unique nature of 
an asteroid sample return mission creates signifi-
cant operational challenges.  These challenges 
include accurate spacecraft navigation in the mi-
crogravity environment, precision delivery of the 
spacecraft to the asteroid surface, tight coupling 
and interdependence between the science team 
and spacecraft operations, and data product pro-
duction on a tactical timeline to enable sample-
site selection.  The OSIRIS-REx ground system, 
which includes the Science Processing & Opera-
tions Center (SPOC), is designed to meet these 
unique challenges (Figure 1). 
 

 
Figure 1 
 
The OSIRIS-REx Science Payload consists of the 
following instruments; OCAMS (camera suite), 
OLA (scanning LIDAR), OVIRS (infrared spec-
trometer), OTES (thermal emission spectrometer) 
and REXIS (X-Ray imaging spectrometer).  
 

Traditionally science instrument teams have inde-
pendent science objectives and do not directly 
support operations.  For OSIRIS-REx this is very 
different.  The OSIRIS-REx science instrument 
teams have one common integrated goal, charac-
terize and select a sample site.   
 
The integrated science operations approach starts 
with science planning.  The OSIRIS-REx Science 
Operations Planning Group (SOPG) is responsi-
ble for developing the science observation activi-
ties required to meet the mission science objec-
tives.  The SOPG reaches across all elements of 
the team and includes members from the science 
team, navigation, mission systems engineering 
and the spacecraft team.  Science planning is done 
on a mission phase by phase basis.  The observa-
tions required to obtain the science data necessary 
to produce the data products critical for sample-
site selection have been identified and are con-
tained in the OSIRIS-REx mission plan.  As the 
details for science observation activities are de-
veloped, multiple and often conflicting constraints 
must be taken into consideration.   Given the inte-
grated nature of the science observation activities 
and their interdependence on one another, priority 
for resources will be given to the instrument ac-
tivity that provides the most critical data to sup-
port phase transitions and sample-site selection 
data products.  Once the SOPG has finalized the 
detailed science observation activity, they hand 
the plan off to the Science Operations Implemen-
tation Team.  
 
The OSIRIS-REx Science Operations Implemen-
tation Team includes members of each of the in-
strument teams.  The implementation process is 
an integrated process that requires close commu-
nication across all project elements and the sci-
ence team members.  The implementation team is 
responsible for ensuring the sequences required to 
successfully execute the science observation ac-
tivity are generated and produce the expected sci-
ence data output.  Operations Engineers, Instru-
ment engineers and Instrument Scientists work 
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closely together to validate the instrument engi-
neering and science data.  
 
One of the biggest challenges facing the Science 
Operations Planning and Implementation teams is 
the substantial uncertainties in the prediction of 
the spacecraft trajectory and pointing.  This chal-
lenge also has a significant impact on the naviga-
tion team, requiring close coordination and com-
munication with the science planning and imple-
mentation team.  The OSIRIS-REx operations 
team developed a sophisticated late-update pro-
cess to tactically revise planned science and opti-
cal navigation observations.  Further, the OSIRIS-
REx team is maintaining a matrix of all critical 
science data products and science observations 
required to produce the products. These multi-
tiered processes and tools allow planning and 
commanding to occur with the flexibility required 
for an asteroid mission. 
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