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MRD 141 

1.  Requirement Summary:  

MRD-141: Map the surface in a panchromatic filter at ≤1-m resolution and map the ECAS b-v color index, v-x 

color index, and the depth of the 0.7-microns absorption feature with an accuracy of <2% in regions where the 

signal-to-noise ratio (SNR) is ≥100 at a spatial resolution of < 2 m 

Primary Co-I(s): Daniella DellaGiustina 

Working Group(s): Image Processing 

2.  Key Associated Data Products: 

The data product associated with MRD-141 is the global MapCam color ratio map, described as follows: 

Global Color-ratio maps: False-color image mosaics that highlight spectral variations across the surface of 

Bennu. They satisfy MRDs 119 and 141 and are produced from MapCam images in the b’, v, w and x filters 

(the central wavelengths for these filters are 450, 550, 700 and 850 nanometers respectively).  After a 

photometric correction is performed for images in each color filter, ratios in I/F are used to create false-color 

images. The main color ratios are expected to be b’/v to characterize the UV slope, the v/x to characterize the 

visible slope, and a combination of the v, w and x images to characterize the presence and depth of any 0.7-

micron (700 nm) absorption feature. Other ratios may be deemed diagnostic and also used. The color ratios can 

be represented as RGB color maps. 

Although MRD-141 also specifies mapping in the panchromatic filter, the products generated from MRD 121 

will satisfy (and exceed) the panchromatic mapping needs outlined by MRD 141. 

To explain the concepts relevant to this MRD, we will use the following nomenclature: 

    "Frame” refers to an individual filter image within a color-set (e.g. a single v-image) 

    A “color-set” is defined as b, v, w, and x frames of the same target that are acquired successively at the same 

time. These images should overlap to the greatest extent possible. 

    A “color-cube” is defined as a color-set where all of the frames have been co-registered to each other and the 

edges of each frame have been “band-trimmed” to remove any non-overlapping pixels. Color cubes represent a 

"single" multi-band image that will be mosaicked with other color-cubes to generate the color-ratio map. 

    “Domain” refers to the projected spatial extent (in terms or line and sample) of a single image. 

    “Line” and “Sample” are used to refer to the “rows” and “columns”, respectively, of an image. 

3.  System to Generate Sufficient Observations: 

Fulfilling MRD 141 requires that a color mosaic is generated at sufficient quality to allow for identification and 

interpretation of color units on the surface of Bennu. To ensure success, these images must have the following 

characteristics: 

    The images should be taken of the surface at Bennu at low phase (but not zero phase), at either 11:00-11:30 

AM or 12:30-1:00 PM local time. This ensures the best possible SNR at the shortest possible exposure time; the 

SNR must ≥ 100. This also ensures that images have minimal shadows so that albedo and spectral variations on 

the surface are as visible as possible; accordingly, images will be photometrically corrected to (0, 0, 0). A full 

discussion of the impact of the local time on this product can be found here. 



    The total overlap of all frames included in a color-set should be as close to 100% as feasible. This will 

minimize the presence of seams in the mosaic, and minimize differences in phase angle between frames in a 

color-set (to avoid phase reddening). At a minimum, the color frames (b, v, w, x) should have a total overlap of 

90% from end-to-end.  

    The number of color-sets acquired along a single slew should provide 80% coverage of Bennu to fulfill MRD 

141, including uncertainties. This number is currently estimated at 3 color-sets per slew. 

    All images should be acquired at low emission angles (< 30 degrees) to minimize distortion, foreshortening, 

and other projection effects in the equatorial to mid-latitudes (~ 50 degrees latitude) for 80% coverage. This is a 

requirement for all images to be included in mosaics. 

    Blur should be minimized to the greatest extent possible, and should not exceed 1 pixel in the blue filter 

(where the longest exposure time is anticipated). 

    The overlap between successive color-sets (i.e. the first and second) of a single slew should be > 30% (at a 

minimum),  and > 10 % between end-member sets (i.e. the first and third) ideally. 

    The overlap between color sets across longitude-band slews should be > 40%. 

4.  Minimum Success Criteria: 

For the Global Detailed Survey 12:30 PM Equatorial Station: 

    Acquire MapCam image coverage of ≥80% of the surface of Bennu in color-sets (b, v, w, and x filters). 

    Acquire MapCam images that are ≤ 50 cm in pixel size over the required area. 

    Acquire MapCam images that have a SNR ≥100. 

    Acquire MapCam images that have the required amount of overlap, both within and between color-sets (as 

addressed in Section 3. "System to Generate Sufficient Observations"). 

    Generate color-cubes for each color-set acquired by MapCam. 

    Generate the following "ratio" images using frames within the color cubes:  

        the b/v slope, 

        the v/x slope 

        depth of the 700 nm absorption feature (if it is present). 

    Map each color-ratio to a RGB color channel to generate false-color composite products that highlight the 

signal associated with each of the above "ratios". 

5.  Dependencies per Mission Phase: 

Detailed constraints for creating the products associated with MRD 141 are addressed in Section 3. "System to 

Generate Sufficient Observations" of this page. Detailed constraints for dependencies from prior mission phases 

are addressed in Section 3 for each of the corresponding MRDs: 123, and 149. 

Dependencies from the relevant mission phases are as follows, according to dates within DRM Rev C: 

   - Image data (L2 OCAMS images in the b, v, w, and x filters): 

    Detailed Survey Equatorial Station (MRD 141, 149) MapCam Images: 

            A global uncontrolled color-ratio mosaic will be generated by 3/25/2019 



            A photometric model for MapCam color filters will be developed and can be applied to a color mosaic 

by 4/02/2019. 

            A global, controlled, and photometrically corrected color-ratio image mosaic of Bennu will be generated 

by 4/08/2019. 

   - Altimetry data (including the Bennu shape model, site-specific terrain models): 

    Preliminary Survey (MRD 123): The Bennu shape model will be generated from OCAMS images and OLA 

data acquired during Preliminary Survey. The global shape model is required to generate the global 

panchromatic mosaics and must be generated by 1/09/2019 (e.g. by Baseball Diamond). 

6.  Adequacy of the DRM: 

DRM Rev C is not able to adequately satisfy MRD 141 for the key observations acquired during Detailed 

Survey Equatorial Stations. 

Several issues surround the current color image strategy; they are well detailed in Section 10 "Expected Results 

& Simulated Data". A summary is as follows: 

    The 2 mrad/sec slew rate during the Equatorial Stations of Detailed Survey is driven by the spectrometers and 

is too rapid for color imaging with multiple filters that must be combined into color cubes 

    The Equatorial Station imaging only allows for robust imaging at the equatorial latitudes; any pixels above or 

below ± 40° latitude will suffer from foreshortening, and are not suitable for mosaicking.  

Update: The baseline plan is sufficient now that the observations to support this MRD have been moved to 

dedicated flbybys in Detailed Survey Baseball Diamond. 

7.  Data Products per Mission Phase: 

Timeline of data products: 

The key observations required to satisfy MRD 141 are provided by Detailed Survey Equatorial Stations. The 

required 12:30 station images are acquired on 3/03/2019. The data processing timeline occurs in the following 

stages: 

    1. Image Mosaicking: Image mosaicking can begin once the following inputs are made available: 

        L2 MapCam b, v, w, and x images in units of I/F from all the 12:30 Equatorial Station. 

        Reconstructed attitude and trajectory kernels from the 12:30 Equatorial Station. 

        Other inputs to this process include the OCAMS photometric model, (generated during the same time 

frame as the color-ratio products from Equatorial Station MapCam images) and the Bennu shape model 

(produced during Preliminary Survey). 

It is anticipated that the first uncontrolled global color-ratio mosaic will be completed within 3 weeks after 

necessary inputs are received by the IPWG. 

The first controlled and photometrically correct global mosaic will be completed with 1 week after the OCAMS 

photometric model is generated by IPWG. 

8.  Overview of Processing: 

Tools/Techniques used to satisfy MRD 

In proximity operations the minimum tools/techniques will be used to meet MRD 141: 



    Color image mosaicking pipeline using ISIS3 for OSIRIS-REx 

Software Status 

Color image mosaicking pipeline: The color image mosaicking pipeline is presently in development, although 

the architecture of this pipeline will be similar to the completed panchromatic image mosaicking pipeline. The 

color image mosaicking pipeline is based on the Dawn FC color image mosaicking pipeline developed by 

OSIRIS-REx collaborator Lucille Le Corre.  

9.  Provenance of Algorithms, Software, and Techniques 

The primary software tool is ISIS3, customized for OSIRIS-REx, as described here: Verification of ISIS3 + 

OCAMS Camera Models 

Relevant information relating to the history and utility of selected software packages can be found using in the 

following data product descriptions: 

    Color-Ratio Mosaic data product description  

10.  Expected Results & Simulated Data 

This section describes DRM Rev C results, which has now been superseded by the Baseball Diamond Science 

Phase Plan (SOCR-60). 

During the 12:30 Equatorial Station, the OSIRIS-REx spacecraft remains relatively stationary while Bennu 

rotates underneath it for a full 4.3 hour rotation period; this ensures global coverage with respect to longitude. 

To ensure global coverage with respect to latitude, the spacecraft will slew above and below the North and 

South Pole while imaging and collecting spectral data from OVIRS and OTES. The slew rate during this phase 

is driven by the spectrometers and is currently set at 2 mrad/sec.  

Figure 1 illustrates a sequence of planned color images for a single slew during the 12:30 Equatorial Station. 

Because there is only a small amount of change in spacecraft position during this imaging campaign the 

geometry of images acquired during a single slew are representative of every slew within the campaign, 

especially with respect to the distribution of pixel size, emission, and incidence angle. Taking advantage of this 

symmetry, we perform an evaluation of the imaging geometry for only a single slew from the 12:30 Equatorial 

Station. This strategy reduces the overall complexity and processing of the analysis while illustrating the 

strengths and weaknesses of the imaging campaign, as discussed in subsections a-c.  

Figure 1. Sequence of Color Image Frames (two sets) during 12:30 Equatorial Station 

 



a. Image Acquisition: Offset of Color Frames 

Given the slew rate prescribed by the DRM (2 mrad/sec), and the rotation rate of Bennu provided by the DRA 

(0.04 mrad/sec), we can determine the amount of overlap that will be present among successive MapCam 

frames intended for coregistration. In this analysis we assume 6 sec latency between image frame acquisition; 

this value is based on a 24 sec "best-case" scenario acquiring the pan, b, v, w, and x filter image sequences from 

MapCam. These values may improve if the pan filter is dropped from the data set, however, as currently 

planned panchromatic images must be acquired during the 12:30 station to inform the photometric model. 

The offset between two successive MapCam images of any filter, due to spacecraft slew rate and the rotation of 

asteroid Bennu is as follows: 

 

The slew rate, therefore, violates the requirement that, at a minimum, the color frames (b, v, w, x) should have a 

total overlap of 90% from end-to-end (e.g. from b to x). Due to slew rate alone, each color frame will be offset 

by 176 pixels from its neighboring frames. To meet the 90% requirement, the image offset should be ~25 pixels 

between successive frames. Failing to meet this requirement will: 

    Create smaller color-cubes that have less coverage of Bennu 

    Decrease the amount of overlap between successive color-sets (and therefore color-cubes derived from them). 

    Increase the number of seams present in the color-ratio mosaics, thereby decreasing the overall quality of the 

product. 

    Dramatically increase the amount of processing required to generate the color-ratio mosaics 

Figures 2-3 illustrate the color frame offset geometry for imaging with the current slew rate, as compared to an 

ideal imaging strategy for the two color sets illustrated in Figure 1. The extent of individual color frames is 



visible on the left-hand side of the image, along with the color cubes that can be generated from these frames (in 

alternating black and blue for visibility). The diagram on the right of Figures 2-3 highlights the extent and 

overlap of individual color cubes in pink. 

Figure 2 illustrates the geometry that color-cubes will posses given the 2 mrad/sec slew rate with 17.2% offset 

between successive frames (resulting in 31.25% end-to-end overlap). The lack of overlap in this scenario results 

in each frame belonging to multiple color-cubes, thereby increasing the processing complexity and phase angle 

spread within any given color cube. Given this geometry, the best possible overlap between adjacent color 

cubes is ~15% (with the requirement being > 30%). 

Figure 3 illustrates the geometry that color-cubes will posses given the ideal 2% offset between frames 

(resulting in 90% end-to-end overlap). Given this geometry, the best possible overlap between adjacent color 

cubes is ~35% (with the requirement being > 30%). 

Note: the 0.34% offset due to Bennu's rotation is not taken into account in these figures. 

Figure 2. Color Frame Geometry for Current Imaging Strategy (~17% intra-set offset) for two successive color 

image sets. 

 

Figure 3. Color Frame Geometry for Ideal Imaging Strategy (~2% intra-set offset) 



 

b. Image Acquisition: Signal to Noise 

In order to meet MRD 141, images must be acquired at a SNR > 100. Using the OCAMS exposure calculator 

and boresight geometry values that are typical of images acquired during the 12:30 station on 3/03/2019, the 

SNR of images in each filter was calculated. A full snapshot of the results of the OCAMS exposure time 

calculator can be found here. 

The rapid 2 mrad/sec slew rate translates to one pixel of blur at ~35 ms. This value was adopted as a constraint 

to determine whether or not images would exceed 1 pixel of blur. The full results are detailed below in Table 1. 

Table 1. Exposure Time and SNR of MapCam images during 12:30 Equatorial Station 

 



These results demonstrate that, even rapid slew rates, the SNR of MapCam images in each filter is well above 

the threshold required to meet MRD 141, while maintaining less than 1 pixel of blur. 

c. Image Acquisition: Resolution and Suitability for Mosaicking (Global) 

Using simulated SPICE kernels for the Global Detailed Survey 12:30 PM Equatorial Station, with associated 

imaging times, the 85 cm shape model of Bennu (generated from the Nolan radar shape model), and a MapCam 

camera model implemented in ISIS3 for OSIRIS-REx, the following simulated data was generated for a single 

slew of MapCam images:  

    The emission angles, relative to the shape model, of MapCam images for a global mosaic (Figure 1). 

    The incidence angles, relative to the shape model, of MapCam images for a global mosaic (Figure 3). 

    The phase angles of MapCam images for a global mosaic (Figure 5). 

    The pixel sizes of MapCam images for a global mosaic (Figures 7 and 8). 

        Oblique pixel size indicates the pixel size when projected on to the surface at a given emission angle. 

    Histograms depicting the distribution of each of these four parameters (Figures 2, 4, 6, 9). 

The figures listed above are created using an equirectangular projection. For calculating area coverage, a 

projection which preserves area must be used, such as sinusoidal. The oblique resolution plot and histogram are 

repeated in Figures 10 and 11 using a sinusoidal projection. 

Table 3 details a statistical summary of the parameters analyzed in the plots. 

Table 3. Statistical Summary for Each Parameter  

 

 

 

  

 

 

 

 



Figure 1. Emission Angles in a MapCam global mosaic for the 12:30 Equatorial Station 

 

 

 

Figure 2. Histogram of Emission Angles in a MapCam global mosaic for the 12:30 Equatorial Station 

 

Figure 3. Incidence Angles in a MapCam global mosaic for the 12:30 Equatorial Station 

 



 

Figure 4. Histogram of Incidence Angles in a MapCam global mosaic for the 12:30 Equatorial Station 

 

 

Figure 5. Phase Angles in a MapCam global mosaic for the 12:30 Equatorial Station 



 

Figure 6. Histogram of Phase Angles in a MapCam global mosaic for the 12:30 Equatorial Station 

 

 

Figure 7. Pixel Sizes in a MapCam global mosaic for the 12:30 Equatorial Station 



Figure 8. Pixel Sizes in a MapCam global mosaic for the 12:30 Equatorial Station 

Saturation (red) indicates pixels that exceed the resolution requirement 

 

Figure 9. Histogram of Pixel Sizes in a MapCam global mosaic for the 12:30 Equatorial Station 



Dashed line denotes the resolution requirement

 

Figure 10. Pixel Sizes in a MapCam global mosaic for the 12:30 Equatorial Station using a sinusoidal projection 

which preserves area 

Figure 11. Histogram of Pixel Sizes in a MapCam global mosaic for the 12:30 Equatorial Station using a 

sinusoidal projection which preserves area 

Dashed line denotes the resolution requirement 

 



 

11.  Analysis and verification methods 

 

Much of the analysis performed to verify MRD 141 is included in Section 10. "Expected Results & Simulated 

Data" of this document. 

 

Verification documentation on the OSIRIS-REx ISIS3 version, which implements OCAMS camera models into 

ISIS3 and handles DSK shape models of asteroid Bennu, can be found here. 

 

During the planning of the color imaging campaigns, IPWG will verify that the necessary inputs are being 

provided by the planned observation through inspection of the predicted SPICE kernels. Inspection of MapCam 

images will also be performed post-acquisition to ensure that the data acquired satisfy the imaging 

requirements. 

Data processing errors messages and metrics (i.e. reprojection errors) are tracked by the ISIS3 for OSIRIS-REx 

image mosaicking pipeline. Errors, performance metrics, etc., are stored in a output file every time a new 

mosaic is generated using the mosaicking pipeline; this file will be inspected along with the final product to 

ensure the mosaic is of the appropriate quality before submission to the SPOC. 

12.  Existing or Potential Liens 

MRD 141 has the following potential liens: 

 

Lien-IP-3 has closed with the July 2017 OCAMS pipeline review. The IPWG agrees that OCAMS is presently 

implementing appropriate calculations to determine the spectral radiance and I/F for OCAMS Level 2 images, 

and their technique has been reviewed and signed off on by several IPWG members. 



    Lien-IP-3-Lien on OCAMS: The OCAMS pipeline does not currently calculate spectral radiance and I/F for 

color filters as advocated by the science team. Resolving this lien will involve a modification of the OCAMS 

pipeline to calculate spectral radiance, and subsequently I/F, for MapCam filter images. 

The part of Lien-IP-4 applicable to MRD-141 is now closed. Detailed Survey Baseball Diamond was 

redesigned to make these color observations of the point and stare observation type to maximize the color frame 

overlap. 

 

    Lien-IP-4-Lien on DRM and/or SOPG: The 2 mrad/sec slew rate during the Equatorial Stations of Detailed 

Survey is driven by the spectrometers and is too rapid for color imaging with multiple filters that must be 

combined into color cubes.  Resolving this lien will involve decreasing the slew rate during color-imaging 

campaigns to minimize the offset between frames within a color-set.  

Lien-IP-9 has closed with the baselining of Detailed Survey Baseball Diamond. Observations to satisfy MRD-

141 constraints were added to dedicated flybys in Baseball Diamond (Flybys 2 and 7). The attached 

presentation details the IPWG assessment of the Baseball Diamond Science Phase Plan (SOCR-60). 

SOPG_IPWG_BBDv2_20180313_CCv0001.pptx 

 

    Lien-IP-9-Lien on DRM: The Equatorial Station imaging only allows for robust imaging at the equatorial 

latitudes; any pixels above or below ± 40° latitude will suffer from foreshortening, and are not suitable for the 

mosaicking (the size and position of features will not be accurately conveyed in image-based maps outside of 

the the mid-latitudes). Resolving this lien will involve re-designing the observations intended fulfill MRD 141 

so that they are compatible with the requirements of image mosaicking (note: these images will also be used to 

generate a the global 1064 nm map). 

Lien-IP-11 has closed. Detailed analysis has demonstrated that the OCAMS detectors are linear to within 1% 

over a dynamic range that covers 1000 DN to ~12000-14000 DN (depending on detector). Signal levels below 

that threshold can be used, but have increased non-linearity (e.g. 2% at 500 DN). However, data that feeds 

MRD-141 will be taken with at least an SNR of 100, corresponding to a signal level of >2000 DN. As a result, 

the data products will not be affected by the low-signal non-linearity in the detectors. 

    Lien-IP-11-Lien on OCAMS and IPWG: The OCAMS imagers demonstrate some non-linearity, particularly 

at low levels of DN. This non-linearity may result in an inability to meet the 2% accuracy requirement 

radiometrically for OCAMS images, if they are not acquired above a threshold DN count. Resolving this lien 

requires either 1) demonstrating that during proximity operations the anticipated signal level, exposure time, 

etc., will not generate the non-linearity that impacts the accuracy of the radiometric performance of MapCam, 

or 2) determining a correction factor that will fix it. 

Lien-141-1 is now closed. The re-fly of BBD FB2 was added to Recon A. SPP and Mission Phase TCR have 

been approved. 

    Lien-141-1: The requirement to calculate the desired color indices at a spatial resolution < 2 m, and at the 

desired spectrophotometric accuracy, over 80% of the asteroid was not met with the data from the combined 

Flybys 2 and 7 due to the Flyby 2 degradation. An ephemeris and time-shift late update did not occur due to a 

blizzard in Denver that prevented MSA personnel from working. The resulting FB2 observations were therefore 

biased toward the southern hemisphere instead of pointing at the equator. 

13.  SPOC Requirements 



The requirements that the SPOC must fulfill in order for all relevant parties to access the necessary information 

to fulfill MRD 141 are cited/described within the documents listed in the "14. External Interfaces" section of 

this page. 

14. External Interfaces 

The following ICDs describe the external interfaces relevant to MRD 141: 

    OCAMS-SPOC ICD 

    FDS-SPOC ICD 

    ALTWG-SPOC ICD 

    RADF SIS 

    IPWG-SPOC ICD 
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Baseball Diamond v2
FB 2

Global Color Imaging



Sample images



Global Color Imaging Coverage Map

• Each color is a different slew made of two color sets (pointed north and south)
• Good overlap between slews, even some overlap between every other slew



Global Color Imaging Mosaic (equatorial only)

No photometric correction



Global Color Imaging Resolution Requirement

• ~97% of observed pixels meet 
<50 cm resolution requirement

• Equatorial station does not 
cover 80% of the surface (~±60 
lat), so we do need the mid-
latitude stations, as expected.



Global Color Imaging



Baseball Diamond v2
FB 7

Global Color Imaging



Global Color Imaging Coverage Map

• Each color is a different slew made of two color sets (pointed north and south)



Global Color Imaging Coverage Map

• Each color is a different slew made of two color sets (pointed north and south)



Baseball Diamond v2
Global Color Imaging



Global Color Imaging Mosaic

• Pixels mosaicked with resolution-priority and no photometric correction
• Lighter pixels are from equatorial station, darker pixels are from mid-lat stations



Global Color Imaging Resolution Requirement, 3 stations

• ~100% of observed pixels meet 
<50 cm resolution requirement



Global Color Imaging



Baseball Diamond v2
FB 3

Global Panchromatic Imaging



• Flyby 3 gathers global high resolution PolyCam 
data from the equator

Sample images



Global Panchromatic Imaging Resolution Requirement

• Only 30% of the surface is 
under the resolution limit with 
just the equatorial station



• Displaying only the data that meets the requirement (<=5.25 cm/pix) shows that most of the 
coverage is between ±10° latitude.

Global Panchromatic Imaging Resolution Requirement



Slew 
70

Slew
51

Slew 
40

Slew 
2

Slew
1

Slew 
90

43.7 47.6 43.0 41.7 54.7 39.8

39.2 16.5 40.9 43.5 19.6 40.7

33.5 21.4 35.9 40.1 25.2 32.7

29.5 25.7 31.8 33.9 28.8 29.9

29.8 29.9 31.0 35.2 32.9 29.9

30.1 29.2 31.2 34.2 32.2 29.3

29.2 28.6 30.9 33.3 30.9 30.2

29.5 28.4 30.0 34.1 31.7 29.7

26.3 28.9 27.6 28.6 32.8 25.0

20.3 32.2 22.9 21.7 33.0 18.0

17.2 34.4 18.8 18.7 39.7 18.7

36.4 41.2 32.0 34.0 42.3

49.1

29.7 29.0 31.1 34.1 32.8 29.9

Slew 1 Slew 90Slew 51 Slew 40Slew 70

Median

Slew 2

Global Panchromatic Imaging Overlap



• This is a slight overestimate, as J-Asteroid will not allow us to limit the # of images per slew to 16
• Some slews have 17, some have 15

Global Panchromatic Imaging Overlap



• Plot only the image pairs that meet the resolution requirement

Global Panchromatic Imaging Overlap



• Across-slew overlap is >=39% for all slews

Global Panchromatic Imaging Overlap



Baseball Diamond v2
FB 4

Global Panchromatic Imaging

IPWG
03.13.18



Global Panchromatic Imaging Overlap, FB4A

• There is enough overlap almost everywhere
• Overlap at the ends is due to the slew slowing down and turning around



• Keeping only images that meet the resolution requirement (approximately), most image pairs meet the 
overlap requirement

Global Panchromatic Imaging Overlap, FB4A



• There is enough overlap in most places
• Overlap at the ends is due to the slew slowing down and turning around

Global Panchromatic Imaging Overlap, FB4B



• Keeping only images that meet the resolution requirement (approximately)
• Most failing spots are ~29%, 2 are ~25%, one (slew 40, lon~5) is ~15%

Global Panchromatic Imaging Overlap, FB4B



• There is enough overlap almost everywhere in the mid-latitudes

Global Panchromatic Imaging Cross-slew Overlap, FB4A



• There is enough overlap almost everywhere in the mid-latitudes

Global Panchromatic Imaging Cross-slew Overlap, FB4B



Baseball Diamond v2
Global Panchromatic Imaging

IPWG
03.13.18



• Combining all 3 stations, overlap and coverage are pretty good

Global Panchromatic Imaging Overlap, FBs 3 and 4



Global Panchromatic Imaging, FBs 3 and 4

• Resolution requirement is met 
over ~96% of the surface



Global Panchromatic Imaging



FB4a

FB4b

FB3

Global Panchromatic Imaging, FBs 3 and 4



Baseball Diamond v2
FB 5B/6B

Global Panchromatic Stereo

IPWG
03.13.18



• Note: the overlap requirement for FB5b and FB6b has been reduced to 20%
• This is necessary due to data volume limitations
• But also reasonable because the 12 pm stations (5b,6b) will be able to register with the 10 am stations (4a,4b)

Global Stereo Overlap, FB5B



• Note: the overlap requirement for FB5b and FB6b has been reduced to 20%
• This is necessary due to data volume limitations
• But also reasonable because the 12 pm stations (5b,6b) will be able to register with the 10 am stations (4a,4b)

Global Stereo Overlap, FB6B



Global Panchromatic Stereo Cross-slew Overlap, FB5B

• Overlap as low as 13% around the equator
• Combined with 6B, there should be guaranteed coverage, but dropping rotational resolution is questionable
• More effective would be to push the stereo stations toward the equator, as we have plenty of high-lat coverage



Global Panchromatic Stereo Cross-slew Overlap, FB6B

• Overlap as low as 8% around the equator
• Combined with 5B, there should be guaranteed coverage, but dropping rotational resolution is questionable
• More effective would be to push the stereo stations toward the equator, as we have plenty of high-lat coverage



Global Panchromatic Stereo, FB5B & FB6B

• Equator doesn’t meet resolution 
limit, but that is expected and 
acceptable for the stereo stations



Global Panchromatic Stereo



Global Panchromatic Stereo, FB4B <-> FB6B

• Histogram of stereo parameters, red indicates those that meet a default set of stereo requirements
• Stereo (in particular, stereo angle) is not quite as strong as we’d like
• If we were to optimize this, we would likely push 5B and 6B 30-60 minutes east to increase the stereo angle



Global Panchromatic Stereo, FB4B <-> FB6B

• Plot only data that meets the default stereo requirements
• We have no equatorial stereo coverage
• Another reason to consider pushing the stereo stations toward the equator



• Push both stereo stations (5B and 6B) toward the equator by ~5°
• Currently at ±33° latitude
• Dropping would improve

• Stereo coverage at the equator
• Cross-slew overlap at the equator

• There is plenty of coverage and overlap, and sufficient stereo 
coverage, at high latitudes to justify the shift

• Push both stereo stations east by 30-60 minutes
• Currently at 12:30 pm
• Would increase stereo/convergence angles that are currently a bit low

BBD Optimizations



• If there are data volume restrictions on 5B/6B, there are 3 obvious options:
• Increase (worsen) rotational resolution -> fewer slews -> less data

• Cross-slew overlap is already very low at the equator, not a good option
• Reduce number of images in a slew -> less along-slew overlap

• Along-slew overlap is acceptable, but wouldn’t want to make it much lower
• Reduce the slew size -> fewer images

• Increases the chance of missing portions of a 2s Bennu
• But a slightly increased chance of missing a portion of Bennu we don’t even 

need (e.g. 70°-90° latitude) might be the best option

BBD Optimizations



• However, multiple parts of this analysis have reminded us how sensitive the results 
are to the shape of Bennu

• So some optimizations may be unproductive until we get the real shape model

• Nonetheless, the proto-analyses and thought experiments are useful to prepare us 
for that eventual decision

BBD Optimizations


