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Summary of Requirement 

MRD-154 (2.14.5) For ≥80% of the asteroid surface, map the global albedo using the absolute flux of reflected 

radiation from 0.4 - 2 microns with ≤ 5% accuracy at spatial resolution ≤50 m. 

 

The requirement is to compute and map the spatially-resolved bolometric Bond albedo of Bennu.  OVIRS 

photometrically corrected spot radiance data and the OVIRS Photometric Models are the primary data setsto be 

used. 

 

Verification of this requirement includes: 

• Establishing that OVIRS can measure the reflected flux with the required accuracy 

• Establishing that the mission profile enables observations to meet the temporal and spatial requirements 

• Demonstrating that the software required has been provided and tested 

o OVIRS photometric model algorithm 

o Bond albedo algorithm 

• Establishing that the SPOC data storage and dissemination plan enables ready transfer of necessary data 

products 

Data Products Required 

The procedure is to use the Photometrically Corrected OVIRS Radiance (SA-29) and the OVIRS Photometric 

Model (SA-28) to compute a Normal Albedo for each OVIRS spot (instrument footprint on the surface of the 

asteroid) and an average phase integral for the entire asteroid.  The Normal Albedo is multiplied by the phase 

integral to compute the Spherical Albedo for each spot.  The Spherical Albedo is integrated over wavelength, 

weighted by the Solar Flux Model to get the Bolometric Bond Albedo for each spot (SA-17).  The spot albedos 

are mapped to produce a map of Bolometric Bond Albedo.   

• Input 

o Photometrically Corrected OVIRS Radiance (SA-29) 

▪ with associated observing geometry 

o OVIRS Photometric Model (SA-28) 

o Solar Flux Model (SA-24) 

• Output 

o Spot Bolometric Bond Albedo (SA-17) 

o Bolometric Bond Albedo map 

o will likely also save the intermediate spot Normal Albedo product 

• No other dependencies exist for this product 

Ability/Availability of the System to Generate Sufficient Observations 

Derivation of absolute flux to 5% accuracy depends on the OVIRS instrument meeting its performance 

requirements, which has been demonstrated/documented elsewhere (see below).  

The current DRM contains the required observations to meet the global coverage, spatial resolution, time of 

day, and data return requirements, however we note that there is a lien on the Asteroid Observation Planning 



Group at the SPOC to demonstrate that the phase and emission angle sampling (viewing and illumination angle 

sampling) is sufficient to create a Photometric Model that converges for the Detailed Survey imaging and 

spectroscopy data (Lien-PHOMOD-1).  

Minimum Success Criteria 

 

To enable OVIRS to collect the required data, operations during the appropriate phases must, at a minimum, 

meet the surface coverage and spatial resolution requirements.   

Dependencies by Mission Phase 

Detailed Survey: The spacecraft must meet the range-to-Bennu requirement specified by the DRM in each of 

the Detailed Survey stations in order to ensure that OVIRS  collects spectra with ≤50 m spatial resolution.   

Orbit-B and/or Recon: Though MRD-154 currently only calls out the global map, we will also produce site-

specific maps.  The spacecraft must meet the range-to-Bennu requirement specified by the DRM in Orbit-B 

and/or Recon in order to ensure that OVIRS  collects spectra with the required spatial resolution.  Data must be 

returned and processed prior to exiting Reconnaissance phase. 

Adequacy of the DRM 

The mission profile described by DRM Rev. C currently enables the required data to be collected.  However, we 

note that there is currently a lien on the Asteroid Observation Planning Group at the SPOC to provide 

information about the DRM Rev C viewing and illumination angle sampling that feeds into the Photometric 

Model that will be used for this data product (MRD 154). 

Data Products per Mission Phase 

Detailed Survey:  Production of these science products begins immediately after the OVIRS Photometric Model 

and Photometrically Corrected OVIRS Radiance are available.   

• It will take approximately 10 days to produce and validate the bolometric bond albedo maps, once all of 

the required inputs are available.  

Overview of Processing 

The procedure is to use the Photometrically Corrected OVIRS Radiance (SA-29) and the OVIRS Photometric 

Model (SA-28) to compute a Normal Albedo for each spot and an average phase integral for the entire 

asteroid.  The Normal Albedo is multiplied by the phase integral to compute the Spherical Albedo for each 

spot.  The Spherical Albedo is integrated over wavelength, weighted by the Solar Flux Model to get the 

Bolometric Bond Albedo for each spot (SA-17).  The spot albedos are mapped to produce a map of Bolometric 

Bond Albedo. 

Software required to satisfy MRD-154: 

• Bond Albedo algorithm (ALG-SP-003A) 

o Software has been delivered to the SPOC (entitled: "BoloAlbedoS.pro" Build 2.2).  

•  Maps are made using the PI-Office-supplied GetSpots and MakeMaps routines 



o These scripts are currently (16 May 2016) in development. Hence - Lien on the PI-Office for 

delivery and testing of the Make_Maps software (see Lien-SPEC-3 in the section on Liens 

below). 

Provenance of Algorithms, Software and Techniques 

The Bond Albedo algorithm was written by Beth Clark, Driss Takir, Josh Emery, and Jian-Yang Li.  Supporting 

references include: 

• Blackburn et al. 2010.  Solar Phase Curves and Phase Integrals for the Leading and Trailing 

Hemispheres of Iapetus from the Cassini Visual Infrared Mapping Spectrometer.  Icarus 209, 738-744. 

• Blackburn, DG, Buratti, BJ, and Ulrich, R. 2011.  A Bolometric Bond Albedo Map of Iapetus from 

Cassini VIMS and ISS and Voyager ISS.  Icarus 212, 329-338. 

• Helfenstein et al. 1996.  Galileo Photometry of Asteroid 243 Ida.  Icarus 120, 48-65. 

• Howett, CJA, Spencer, JR, Pearl, J., and Segura, M. 2010.  Thermal Inertia and Bolometric Bond 

Albedo Values for Mimas, Enceladus, Tethys, Dione, Rhea, Iapetus, as Derived from Cassini/CIRS 

Measurements.  Icarus 206, 573-593. 

• Pitman, KM, Buratti, BJ, and Mosher, JA, 2010.  Disk-integrated Bolometric Bond Albedos and 

Rotational Light Curves of Saturnian Satellites from Cassini VIMS.  Icarus 206, 537-560. 

Mapping algorithms (GetSpots and MakeMaps) are being produced by the PI Office.  They can provide the 

provenance information. 

Expected/Simulated Data 

The performance of the OVIRS instrument (including calibration data showing that the 5% absolute flux 

requirement is met) is detailed in the OVIRS instrument manuscript at this 

link: https://sciwik.lpl.arizona.edu/wiki/pages/U3B5r7/Space_Science_Reviews__Special_Issue.html 

The Bond Albedo software has been written, tested, and delivered to the SPOC:  Bond albedo. 

Analysis & Verification Methods 

• Establishing that OVIRS can measure the reflected flux with the required accuracy.  This will be 

verified in flight during the EGA.   

• Establishing that the mission profile enables observations to meet the temporal and spatial 

requirements.  This will be verified when the DRM Rev C coverage requirements have been verified as 

the DRM Rev C contains the appropriate temporally-constrained observation plan. 

• Demonstrating that the software required has been provided and tested. 

o OVIRS photometric model algorithm.  Verifying this algorithm will be part of Lien PHOMOD-

1.  When the DRM observation plan SPICE files for Detailed Survey are complete, they will be 

queried for the ranges in viewing and illumination angles.  Given these photometric angles, the 

four photometric modeling algorithms will be tested for convergence.  If any 1 of the models 

converges well when using data simulated to look like the actual observation photometric angles, 

then the photometric model algorithm will be verified. 

o Bond albedo algorithm.  Verifying this algorithm is part of the software verification plan for the 

photometric modeling effort.  In tests already conducted, the Bond albedo algorithm reproduces 

independent analyses to within +/- 5%.  This algorithm is thus considered to be verified. 

• Establishing that the SPOC data storage and dissemination plan enables ready transfer of necessary data 

products.  Verifying that this works will be done after launch during or after the Earth-Gravity Assist. 

https://sciwik.lpl.arizona.edu/wiki/pages/U3B5r7/Space_Science_Reviews__Special_Issue.html
https://sciwik.lpl.arizona.edu/wiki/pages/p810J770/Bond_albedo.html


For OVIRS instrument performance, reference the above-linked manuscript.   

Existing or Potential Liens 

There are currently no known liens on the DRM, OVIRS instrument, or spacecraft system that would degrade the solution 
or preclude success.  

Any liens relating to the photometric model and correction are described in association with MRD-149. 

Lien-SPEC-2 has closed. The database search, input, and output currently implemented in the JSON database 

at the SPOC for meeting the MRD Requirements on spectral data processing(MRD-118, MRD-140, MRD-143, 

MRD-147, MRD-154, MRD-159 and MRD-540), are ready for operations.  These database uses have been 

completed, validated, verified and used successfully by SAWG and TAWG scientists during the first Science 

Operations Proficiency Integrated Exercise (SOPIE-1).  The SAWG and TAWG teams demonstrated that the 

database IO is complete -- by correctly using it to create data products during the SOPIE-1 exercise.  Only 

minimal support was required from Sanford Selznick (Director of Science Data Processing) and his staff to use 

the database structure to download datasets and upload higher level data products.  The software and database 

structures for extracting L2 OTES and OVIRS data from the database, and handing them off to the various data 

processing algorithms, then returning them to the database, has been completed (i.e., science database tables 

have been implemented), and Lien-SPEC-2 can be closed.  

Lien-SPEC-2:  Lien on the SPOC:  The second lien on successfully meeting this requirement is the 

implementation of needed database access and data processing linkages at the SPOC.  SAWG has delivered 

individual algorithms for conducting the required analyses, but there is currently no defined procedure for 

SAWG to extract L2 OTES and OVIRS data from the database, and hand it off to the various algorithms, then 

return it to the database (i.e., science database tables have not been implemented).  Removing this lien will 

require work on both the part of the SPOC and the SAWG to generate algorithms and update existing 

algorithms once a process is defined. 

Lien-SPEC-3 has closed. The software that has been delivered to the SPOC for meeting the MRD 

Requirements on mapping (MRD-118, MRD-140, MRD-154, and MRD-540), namely GETSPOTS, and 

MAKEMAPS are ready for operations.  This software suite has been completed, validated, verified and used 

successfully by SAWG and TAWG scientists during the first Science Operations Proficiency Integrated 

Exercise (SOPIE-1).  The SAWG and TAWG teams demonstrated that the user’s manual for this software suite 

is complete and accurate -- by correctly using it to map test data and reproduce known spectral data patterns that 

were inserted into the SOPIE-1 test data sets made by Beth Ellen Clark (OVIRS), and Phil Christensen (OTES), 

respectively.  During the SOPIE-1 exercise, only minimal support was required from Luke Hawley (author of 

MAKEMAPS) and Sanford Selznick (Director of Science Data Processing) to create the necessary spectral map 

data products required by the exercise designers (Mike Nolan, Mathilde Westermann, and Anjani Polit).  The 

software for mapping calculated spot values onto the Bennu Shape model is ready for operations, and Lien-

SPEC-3 can be closed.  

Lien-SPEC-3: Lien on the PI-Office:  The third lien on successfully meeting this requirement is the completion 

of software for mapping calculated spot values onto the Bennu shape model. Removing this lien requires the 

completion of the requisite software, which is not a SAWG deliverable. 

Lien-SPEC-6 has closed now that the thermal tail removal has been implemented in the OVIRS L3 processing 

and released at the SPOC.   

Lien-SPEC-6: Lien on the SPOC in collaboration with the SAWG/TAWG:  MRD-#all OVIRS SAWG:  Provide 

and test an algorithm for matching each OVIRS spot with its corresponding OTES spot observation for 

https://sciwik.lpl.arizona.edu/wiki/pages/K7n5d838q/MRD149.html


temperature input to the Thermal Tail Removal algorithm that is a required step in the science processing of all 

OVIRS spots prior to the photometric model creation. This includes all OVIRS L3 data products. 

Lien-SPEC-7 has closed. PSE has informed the SPOC that all of the coverage analysis work has been 

accepted.  

Lien-SPEC-7 Lien on the SPOC Observation Planning Group to demonstrate that the mission plan achieves 

80% coverage of the global shape of Bennu with the OVIRS observations.  This lien will be removed when the 

DRM RevC OVIRS coverage is demonstrated to be 80% or more.  

 

 

SPOC Requirements 

SPOC must produce OVIRS instrument L2 calibrated radiance spectra, enable these to be fed to the SAWG 

algorithms for "science pipeline" processing. Geometric information is needed for the production of 

the  photometric model parameters and photometrically corrected spectra, as well as the final maps. 

SPOC is currently developing mapping software (GetSpots and MakeMaps) that will be used for creating 

maps.  

The SPOC-Spectral Analysis ICD is posted on ODOCS: \OSIRIS-REx Ground Systems\9.4 SPOC\9.4.2 

Systems Eng\ICDs\WG ICDs\ 

The Spectral Analysis flowchart is in draft form, undergoing active revision (as of 15 May 2016) and will be 

linked here when it is finalized. 

External Interfaces 

The only external interfaces relevant to MRD-154 are those contained in MRD-149, maintained by the 

Photometric Modeling Group, managed by Dr. Beth Ellen Clark, Mission Asteroid Scientist. 

 

 


