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Introduction:  NASA’s Origins, Spectral 

Interpretation, Resource Identification, and Security–
Regolith Explorer (OSIRIS-REx) launched in 
September 2016 and arrived at the near-Earth asteroid 
(101955) Bennu in December 2018 [1]. Following 
rendezvous, the OSIRIS-REx science payload — which 
includes a camera suite, laser altimeter, visible and 
infrared spectrometer, thermal emission spectrometer, 
and X-ray imaging spectrometer — executed a science 
observation campaign to comprehensively characterize 
the asteroid. Global and site-specific characterization 
culminated in the selection of a sample site one year 
after asteroid arrival.  

The OSIRIS-REx spacecraft follows a complex 
mission plan that includes periods of time in orbit 
around Bennu as well as multiple flybys with various 
viewing geometries and altitudes above the surface. The 
complexity of the mission plan, integrated instrument 
operations, and the challenges of spacecraft navigation 
in the microgravity environment require a dedicated 
Science Planning Team (SPT) to design and plan the 
instrument sequences, as well as spacecraft pointing and 
attitude profile, for all science observations.  

Mission Design and Planning Process:  Pre-
launch, the Design Reference Mission (DRM) was 
developed to satisfy all science requirements and was 
used to guide the design of the OSIRIS-REx flight and 
ground systems. After launch, the team revisited the 
DRM to resolve liens against the requirements and 
update the mission plan based on the latest knowledge 
of the instruments, spacecraft performance, and target.  

The end product of this mission plan redesign is a 
Science Phase Plan (SPP) narrative document, which 
describes the observations, and a Mission Phase Plan, 
which describes the schedule and spacecraft operations, 
for each phase of the mission. In the first step of the 

redesign, the science team specifies observation 
geometry constraints (e.g., pixel/footprint size, 
emission angle, phase angle, incidence angle, local solar 
hour, observation target/coverage, and image overlap) 
to produce observations that satisfy the requirements. 
The Flight Dynamics System (FDS) team and SPT then 
work together to produce trajectory designs and high-
level observation designs. Iterative work is needed 
between SPT, FDS, and the science team to produce 
designs that meet the observation constraints, or in the 
case of conflicting constraints, produce a compromise 
which prioritizes activities that are most critical for 
operations and sample site selection [2].  

The SPP development and planning process are 
worked through the Science Operations Planning 
Group, which is led by the SPT and includes members 
from the science team, FDS, mission systems 
engineering, and the spacecraft team.  

Tactical Planning & Implementation Process. After 
a phase is baselined, the mission uses a tightly scripted 
8-week planning process (Figure 1) for developing a 
given week of science observations, though a shortened 
5-week process is used for less complex activities, and 
products are occasionally developed over a longer time 
period. An integrated process is utilized with close 
coordination between the science and operations teams. 
The instrument teams participate in the planning process 
to ensure the instruments are operated safely and in 
accordance with best practices, and the science team is 
asked to validate the observation plans to confirm the 
resulting data products will meet requirements.  

The first four weeks of the planning process are led 
by the SPT. During the first two weeks, the assigned 
SPT member collects information from the instrument 
teams and completes preliminary planning to ensure that 
the observation can be planned as requested, to 

Figure 1 The SPP development, planning, and implementation process that is completed for all science observations. 
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determine how to integrate instrument commanding, 
and to check if there are any difficulties with the plan, 
such as spacecraft or instrument safety concerns. The 
final observation design starts six weeks prior to 
execution and is completed four weeks prior to 
execution. The plan is reviewed by the instrument teams 
and undergoes a second-set-of-eyes review from 
another member of the SPT before it is delivered to the 
Operations Implementation Team for processing and 
final product build and testing.  

J-Asteroid Instrument Planning and 
Commanding Tool:  The primary planning tool, J-
Asteroid, is an extension of the JMARS (Java Mission-
planning and Analysis for Remote Sensing) geospatial 
information system developed by ASU's Mars Space 
Flight Facility [3]. J-Asteroid was developed for the 
mission for both true 3D data visualization of the small, 
irregularly shaped asteroid and as a mission planning 
tool. J-Asteroid allows the SPT to design the spacecraft 
pointing and attitude profile, including the integration 
of detailed instrument commands for the science 
payload. Throughout development of these science 
observation plans, J-Asteroid computes observation 
constraint parameters and checks for compliance with 
spacecraft and instrument flight rules, providing early 
warning if any observation design changes are needed 
to ensure safe execution. This built-in compliance-
checking decreases the risk for last minute observation 
changes or delays to the execution of the mission plan. 

The most commonly used observation designs 
supported by J-Asteroid include nadir-tracking, 
rectangular raster scans, elliptical raster scans, linear 
scans, and point-and-stare mosaics. Raster scans deliver 
continuous slewing in an X-Y grid with images being 
taken along one axis, while linear scans move back and 
forth along one axis, with the rotation of the asteroid 
allowing coverage to build. In contrast, point-and-stare 
observations consist of slews to designated targets, with 
imaging taking place only after the spacecraft has 
completed a slew and arrived on target. An example of 
the elliptical raster scan, used for site-specific 
characterization of individual candidate sample sites, is 
shown in Figure 2.  

Sensitivity Analysis: One of the primary challenges 
in the Bennu microgravity environment is ensuring the 
observation designs are robust to the spacecraft 
navigational uncertainties. As part of this effort, the SPT 
engages in extensive sensitivity analysis of the 
observation designs prior to the tactical planning 
process [4]. This includes analysis for slew duration 
changes, coverage of the targeted region, and 
observation constraint compliance. The SPT works 
closely with FDS and the spacecraft team to identify a 
set of bounding trajectories to test against and/or run the 

analysis against a full Monte Carlo simulation set of 
trajectory perturbations delivered by FDS. Through this 
work the SPT has identified and completed numerous 
observation design changes to ensure that observations 
have a high confidence in fulfilling their objectives.  

Conclusion: To address the particular challenges of 
an asteroid sample return mission, the SPT has 
developed sophisticated processes and tools, and 
maintains close coordination and communication with 
all elements of the OSIRIS-REx team.  
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Figure 2 An example of an elliptical raster scan planned 
in J-Asteroid with the PolyCam instrument. Each blue 
square is a single exposure from the camera, and the 
yellow arrows indicate the direction of the spacecraft 
slews. The inset at the bottom right shows the elliptical 
raster scan on the Bennu shape model. This particular 
elliptical raster scan targeted the Nightingale site. While 
the primary site of interest was a 10-m-radius crater, the 
raster scan covered a much larger area to account for the 
spacecraft navigational uncertainties.  
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