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MRD-380  

MRD-380: OSIRIS-REx shall image the sample collection event. 

Figures are in the pdf version of this document, but are not included here unless required to 

understand the description. 

An overview of the imaging requirements of the TAG head are described here. 

Summary of the Requirement 

Concise Statement of the Requirement 

OSIRIS-REx shall image the sample collection event. 

Brief overview of the approach to verify the requirement 

This data product is a standard product of the OCAMS and SamCam systems, which were built 

to satisfy the instrument allocation of 59 OSIRIS-REx requirements. The images do not even 

need to be run through the pipeline, but can be used in their L0 form and still satisfy the 

requirement. 

Data Products Required 

List of required data for input and resulting output of the process 

Some 70-130 SamCam images acquired between Matchpoint + 2 minutes and TAG + 10 

seconds. 

Dependencies on input data—other processes, external/internal interfaces 

None. 

Ability/Availability of the System to Generate Sufficient Observations 

S/C pointing navigation and timing performance 

The S/C is guided to the surface using one of GN&C LIDAR or NFT and the orientation of the 

S/C relative to the surface is one of the controlled and tested characteristics of the OREx 

mission. 

Sensor performance 

The SamCam radiometric and optical performance during the TAG imaging observations was a 

driving requirement and SamCam passed all of its performance requirements with generous 

margin. 

Data quality, quantity and rate requirements 

The images are 1k by 1k, taken at a peak rate of 3 images every 5 seconds (actual performance is 

closer to 4 images every 5 seconds). 

Algorithm/software processing gains and considerations 



Requires only standard pipeline processing (L1 or L2) or no processing (raw, L0) 

Calibration and setups 

We have sufficient calibration information to determine SamCam parameters once the TAG site 

is chosen. 

Minimum Success Criteria 

Detail the minimum amount of data over a given time period required to meet threshold 

objectives 

70-130 images over a period of around 5 minutes around TAG. 

Dependencies per Mission Phase 

Physical constraints (e.g. range to Bennu and off attitude pointing) 

Range to surface 3-30 m, nadir-pointed. 

Communication timelines for downlink 

0-2 days post-TAG (currently 10/12-14/2019) 

Processing turn-around timelines 

less than 12 hours after downlink of all data. 

Adequacy of the DRM 

Identify discrepancies between expected/required mission profile and profile detailed by DRM 

rev C 

None 

Data Products per Mission Phase 

Detail the timing and generation of raw and processed data throughout the mission profile 

Data generated during TAGSAM sampling campaign, 10/12-14/2019. 

Overview of Processing 

Summary of software tools and techniques used to verify requirement 

Pipeline or IDL procedure fr_v4v.pro; JPGVideo; Video Converter 

Current status of software (e.g. in development, in testing, prior use) 

All software available and tested. 

Simplified flowchart of analysis workflow 

Figure 11 presents the flowchart for the TAG image processing, include video generation. 



 

Provenance of Algorithms, Software and Techniques 

Describe the history and utility of the selected software packages for verifying the requirement 

This set of routines has been used for ground processing of EMI/EMC data and more than a 

dozen ATLO tests, converting each of them into movies. Movie examples are available upon 

request. 

Prior use, references and versioning 

The frames procedures (used to generate movie frames) is in version 4v. 

Expected Results/Simulated Data 

Provide analytical and simulated results that demonstrate the ability to verify the requirement to 

the necessary fidelity/uncertainty 

Refer to the ODOCS folder:  5.1.9Integration and Test/Test Results/Movies for examples of 

animations formed by the amalgamation of still sequences. Figures 12-15 show examples of 

frames from ATLO testing. (See MRD-403 & 404) 

Analysis and Verification Methods 

Detail the methods used and their applicability in ensuring the statistical significance of the 

underlying data and resulting solutions in verifying the requirement 

N/A. 

Existing or Potential Liens 

Identify any known liens that will degrade the solution or preclude success 

No known liens degrade this solution. 



Identify potential system deficiencies that would preclude success 

No system deficiencies preclude success. 

SPOC Requirements 

List expected SPOC processes (e.g. archive, retrieve, etc.) 

Expected SPOC processes are already in place and have been tested, including the 

implementation of the L1 and L2 pipelines, outputting FITS images into a readily accessible 

database repository. This system has been successfully tested by the analyst.. 

Review and link to applicable SPOC ICD’s 

SPOC to OCAMS Interface Control Document UA-ICD-9.4.4-1002, Rev_0.2. 

Provide simplified flowchart 

N/A. 

External Interfaces 

Detail any external interfaces, link to ICDs, agreements of service and/or collaboration 
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L2 Science Requirement Verification and Validation:  
MRD- 190, 380, 586 
This document presents the response to the verification and validation checklist for 
pre-launch requirement verification close-out for requirements 190, 380 and 586 
These three requirements are: 
 
MRD- 190:  OSIRIS-REx shall estimate the area of surface sample collected by the 
TAGSAM Sampler Head surface-contact pads 
 
MRD- 380:  OSIRIS-REx shall image the sample collection event 
 
MRD- 586:  OSIRIS-REx shall detect particles protruding 5mm or more from the 
TAGSAM Head contact surface with a signal-to-noise ratio not less than 100 at a range 
of 2.1 ± 0.1 m. 
 
MRD 190 
This section responds to the V&V checklist to verify requirement MRD-190. 
Summary of the Requirement 

Concise Statement of the Requirement 
The requirement is stated above. 
Brief overview of the approach to verify the requirement 
During flight, the data product is derived by comparing images acquired during 
the so-called Glint Test Calibration, which occurs before the sampling 
campaign, with images acquired during the post-sampling TAGSAM head 
imaging campaign and identifying areas in which differences in morphology 
indicate that a successful surface sampling is evident.  Varying illumination 
angles in such images is important in order to make the assessment.  These 
areas are outlined.  The area of the outlined areas is estimated and compared to 
the requirement. 
 
To verify the requirement, simulated images from relevant ATLO tests and other 
simulated images of the contact pad sampling material are examined under 
different lighting geometries and shown to have sufficient resolution and detail 
to allow such a comparison as the above. 
 

Data Products Required 
List of required data for input and resulting output of the process 
During flight, at least 2 SamCam post-sampling images of the bottom of the 
sample head acquired at two different illumination angles—one shallow and one 
steep—during the post-sampling campaign and at least 2 SamCam comparable 
images with an identical illumination geometry recorded before sampling are 
required to generate the data product that satisfies the requirement. 
 
For verification, simulated images were generated in 2 ATLO tests of the 
TAGSAM arm and resulting SamCam imaging campaign. Images were also 
acquired of the contact pad material. 
 
Dependencies on input data—other processes, external/internal interfaces 
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The illumination angles for the relevant SamCam images depend upon 3 
conditions:  1) the spacecraft’s ability to position its sampling arm to position 
the head at a range of 2.1 m± 0.2 m from the SamCam entrance pupil (located 
0.1 m off of the science deck) 2) the S/C’s ability to orient the head to several 
different angles and 3) the S/C’s ability to orient itself to the proper position 
relative to the Sun.  In the appropriate TAGSAM arm position, the camera filter’s 
optical configuration has a generous depth of field, but the visibility of the full 
bottom surface of the TAGSAM is somewhat hindered and dependent upon 
proper positioning within the correct three-dimensional box.  However, there is 
significant margin because of the number of contact pads (24) and the 
assumption underlying this observation that the sample site region regolith is 
uniform in composition and distribution.  Simulated TAGSAM head images are 
shown in Figures 1, 2, 7, 8 and 9. 
 

Ability/Availability of the System to Generate Sufficient Observations 
S/C pointing navigation and timing performance 
This measurement does not require the S/C to target a specific asteroid 
location, only a specific orientation relative to the Sun.  Given that probable 
absolute errors in pointing are expressed in quantities as low as fractions of a 
mrad while required pointing uncertainties are closer to 50-100 mrad, pointing 
navigation is a non-issue.  S/C timing performance also has large margins 
because images are acquired while stationary in space. 
Sensor performance 
SamCam has sufficient optical and radiometric performance to accomplish the 
measurements, by many multiples.  Because of the stationary nature of the 
target long exposure times (at least a second) while incurring no motion blur.  
Dynamic range required is 20-50, while the sensor’s actual working dynamic 
range is closer to several million.  Sensitivity required is close to several tenths 
of W m-2 sr-1 while SamCam’s actual sensitivity floor is closer to one-hundredth 
of that. 
Data quality, quantity and rate requirements 
At least 2 SamCam post-sampling images of the bottom of the sample head 
acquired at two different illumination angles—one approaching 0° and one 
around 60°—are needed to satisfy this requirement.  The images can be 
acquired over a period marked by hours. 
Algorithm/software processing gains and considerations 
Important to this data’s image processing is convenient contrast stretching and 
on-image marking and delineation. 

Minimum Success Criteria 
Detail the minimum amount of data over a given time period required to 
meet threshold objectives 
See previous section under ‘Data quality…’ 

Dependencies per Mission Phase 
Physical constraints (e.g. range to Bennu and off attitude pointing) 
This measurement requires an illumination geometry that allows a specular 
reflection from at least some of the contact pads into the SamCam field.  Given 
the wide range of angles available to the Sample Head around an axis parallel to 
the wrist and given the ability to take up hundreds of different attitudes relative 
to the Sun, this should present little difficulty. 
Communication timelines for downlink 
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The data should be downloaded within 3 days. 
Processing turn- around timelines 
The data should be examined and processed within 3 days 

Adequacy of the DRM 
Identify discrepancies between expected/required mission profile and 
profile detailed by DRM rev C 
This observation campaign has been adequately described and specified in the 
DRM Rev C. 

Data Products per Mission Phase 
Detail the timing and generation of raw and processed data throughout the 
mission profile 
Measurements are made during the glint test calibration of the bottom of the 
sampling canister before sampling and the same measurements are made after 
sampling.  The images are compared. 

Overview of Processing 
Summary of software tools and techniques used to verify requirement 
The image tools currently specified for this processing are custom routines 
written in IDL (fl, {name of histogram area-computing routine}).  Similar routines 
ported to Matlab, Fortran, OpenCV or other processing platforms would no 
doubt work equally well. 
Current status of software (e.g. in development, in testing, prior use) 
Several IDL routines have been written that would either be used directly or 
serve as the immediate template for custom routines of the kind described 
above under ‘Summary…'. They were employed in a simulation estimating the 
contact area of the pads themselves and comparing them to the known area.  
The analysis successfully computed the area of the pads using only image 
processing to within an error of less than 4%. 
Simplified flowchart of analysis workflow 
Figure 10 presents the flowchart for a simulated analysis of the contact pad 
surface area measurement. 

Provenance of Algorithms, Software and Techniques 
Describe the history and utility of the selected software packages for 
verifying the requirement 
These algorithms combine those that have been written in IDL explicitly for this 
specific processing and general algorithms written for general image 
processing. 
Prior use, references and versioning 
These algorithms were created for this program. 

Expected Results/Simulated Data 
Provide analytical and simulated results that demonstrate the ability to 
verify the requirement to the necessary fidelity/uncertainty 
The correct contact pad area, based on mechanical dimensions and as a ratio of 
the total area of the TAGSAM head bottom plate contact surface, is 14.63%  
(10.60 sq. in. vs. 72.45 sq. in.).  Based on the histogram-aided analysis outlined 
above, the measured ratio is 14.1%, less than 4% area. 

Analysis and Verification Methods 
Detail the methods used and their applicability in ensuring the statistical 
significance of the underlying data and resulting solutions in verifying the 
requirement 
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The methods identify pixel region and areas as having changed from control 
images and sum the area. 

Existing or Potential Liens 
Identify any known liens that will degrade the solution or preclude success 
No known liens work against the satisfying of this requirement. 
Identify potential system deficiencies that would preclude success 
No known system deficiencies work against the success of this requirement’s 
fulfillment. 

SPOC Requirements 
List expected SPOC processes (e.g. archive, retrieve, etc.) 
Expected SPOC processes are already in place and have been tested, including 
the implementation of the L1 and L2 pipelines, outputting FITS images into a 
readily accessible database repository.  This system has been successfully tested 
by the analyst. 
Review and link to applicable SPOC ICD’s 
SPOC to OCAMS Interface Control Document  UA-ICD-9.4.4-1002, Rev_0.2 
Provide simplified flowchart 
N/A 

External Interfaces 
Detail any external interfaces, link to ICDs, agreements of service and/or 
collaboration 
N/A 
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MRD 380 
This section responds to the V&V checklist to verify requirement MRD-190. 
Summary of the Requirement 

Concise Statement of the Requirement 
OSIRIS-REx shall image the sample collection event. 
Brief overview of the approach to verify the requirement 
This data product is a standard product of the OCAMS and SamCam systems, 
which were built to satisfy the instrument allocation of 59 OSIRIS-REx 
requirements.  The images do not even need to be run through the pipeline, but 
can be used in their L0 form and still satisfy the requirement. 

Data Products Required 
List of required data for input and resulting output of the process 
Some 70-130 SamCam images acquired between Matchpoint + 2 minutes and 
TAG + 10 seconds. 
Dependencies on input data—other processes, external/internal interfaces 
None. 

Ability/Availability of the System to Generate Sufficient Observations 
S/C pointing navigation and timing performance 
The S/C is guided to the surface using one of GN&C LIDAR or NFT and the 
orientation of the S/C relative to the surface is one of the controlled and tested 
characteristics of the OREx mission. 
Sensor performance 
The SamCam radiometric and optical performance during the TAG imaging 
observations was a driving requirement and SamCam passed all of its 
performance requirements with generous margin. 
Data quality, quantity and rate requirements 
The images are 1k by 1k, taken at a peak rate of 3 images every 5 seconds 
(actual performance is closer to 4 images every 5 seconds). 
Algorithm/software processing gains and considerations 
Requires only standard pipeline processing (L1 or L2) or no processing (raw, L0) 

Minimum Success Criteria 
Detail the minimum amount of data over a given time period required to 
meet threshold objectives 
70-130 images over a period of around 5 minutes around TAG. 

Dependencies per Mission Phase 
Physical constraints (e.g. range to Bennu and off attitude pointing) 
Range to surface 3-30 m, nadir-pointed. 
Communication timelines for downlink 
0-2 days post-TAG (currently 10/12-14/2019) 
Processing turn- around timelines 
1 day 

Adequacy of the DRM 
Identify discrepancies between expected/required mission profile and 
profile detailed by DRM rev C 
None 

Data Products per Mission Phase 
Detail the timing and generation of raw and processed data throughout the 
mission profile 
Data generated during TAGSAM sampling campaign, 10/12-14/2019. 
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Overview of Processing 
Summary of software tools and techniques used to verify requirement 
Pipeline or IDL procedure fr_v4v.pro; JPGVideo; Video Converter 
Current status of software (e.g. in development, in testing, prior use) 
All software available and tested. 
Simplified flowchart of analysis workflow 
Figure 11 presents the flowchart for the TAG image processing, include video 
generation. 

Provenance of Algorithms, Software and Techniques 
Describe the history and utility of the selected software packages for 
verifying the requirement 
This set of routines has been used for ground processing of EMI/EMC data and 
more than a dozen ATLO tests, converting each of them into movies.  Movie 
examples are available upon request. 
Prior use, references and versioning 
The frames procedures (used to generate movie frames) is in version 4v. 

Expected Results/Simulated Data 
Provide analytical and simulated results that demonstrate the ability to 
verify the requirement to the necessary fidelity/uncertainty 
Refer to 5.1.9 Integration and Test/Test Results/Movies for examples of 
animations formed by the amalgamation of still sequences.  Figures 12-15 show 
examples of frames from ATLO testing. 

Analysis and Verification Methods 
Detail the methods used and their applicability in ensuring the statistical 
significance of the underlying data and resulting solutions in verifying the 
requirement 
N/A. 

Existing or Potential Liens 
Identify any known liens that will degrade the solution or preclude success 
No known liens degrade this solution. 
Identify potential system deficiencies that would preclude success 
No system deficiencies preclude success. 

SPOC Requirements 
List expected SPOC processes (e.g. archive, retrieve, etc.) 
Expected SPOC processes are already in place and have been tested, including 
the implementation of the L1 and L2 pipelines, outputting FITS images into a 
readily accessible database repository.  This system has been successfully tested 
by the analyst. 
Review and link to applicable SPOC ICD’s 
SPOC to OCAMS Interface Control Document  UA-ICD-9.4.4-1002, Rev_0.2 
Provide simplified flowchart 
N/A 

External Interfaces 
Detail any external interfaces, link to ICDs, agreements of service and/or 
collaboration 
N/A 
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MRD 586 
This section responds to the V&V checklist to verify requirement MRD-586. 
Summary of the Requirement 

Concise Statement of the Requirement 
OSIRIS-REx shall detect particles protruding 5mm or more from the TAGSAM 
Head contact surface with a signal-to-noise ratio not less than 100 at a range of 
2.1 ± 0.1 m 
Brief overview of the approach to verify the requirement 
Detection of grains clinging to the TAGSAM contact surface is simulated by 
demonstrating the ability to detect the holes perforating the sides of the 
TAGSAM head, which are 4 mm in diameter. 

Data Products Required 
List of required data for input and resulting output of the process 
Required flight data products consist of TAGSAM contact surface SamCam 
diopter images (Filter 2) from at least 2 different illumination angles. 
Dependencies on input data—other processes, external/internal interfaces 
No other data is required. 

Ability/Availability of the System to Generate Sufficient Observations 
S/C pointing navigation and timing performance 
This measurement does not require the S/C to target a specific asteroid 
location, only a specific orientation relative to the Sun.  Given that probable 
absolute errors in pointing are expressed in quantities as low as fractions of a 
mrad while required pointing uncertainties are closer to 50-100 mrad, pointing 
navigation is a non-issue.  S/C timing performance also has large margins 
because images are acquired while stationary in space. 
Sensor performance 
SamCam has sufficient optical and radiometric performance to accomplish the 
measurements, by many multiples.  Because of the stationary nature of the 
target long exposure times (at least a second) while incurring no motion blur.  
Dynamic range required is 20-50, while the sensor’s actual working dynamic 
range is closer to several million.  Sensitivity required is close to several tenths 
of W m-2 sr-1 while SamCam’s actual sensitivity floor is closer to one-hundredth 
of that 
Data quality, quantity and rate requirements 
At least 2 SamCam post-sampling images of the bottom of the sample head 
acquired at two different illumination angles—one approaching 0° and one 
around 60°—are needed to satisfy this requirement.  The images can be 
acquired over a period marked by hours 
Algorithm/software processing gains and considerations 
Important to this data’s image processing is convenient contrast stretching. 

Minimum Success Criteria 
Detail the minimum amount of data over a given time period required to 
meet threshold objectives 
SamCam images must be able to detect all protrusions that would prevent the 
TAGSAM head from being inserted into the Sample Return Capsule. 

Dependencies per Mission Phase 
Physical constraints (e.g. range to Bennu and off attitude pointing) 
This measurement requires an illumination geometry that allows a specular 
reflection from at least some of the contact pads into the SamCam field.  Given 
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the wide range of angles available to the Sample Head around an axis parallel to 
the wrist and given the ability to take up hundreds of different attitudes relative 
to the Sun, this should present little difficulty. 
Communication timelines for downlink 
The data should be downloaded within 3 days 
Processing turn- around timelines 
The data should be examined and processed within 3 days 

Adequacy of the DRM 
Identify discrepancies between expected/required mission profile and 
profile detailed by DRM rev C 
This observation campaign has been adequately described and specified in the 
DRM Rev C 

Data Products per Mission Phase 
Detail the timing and generation of raw and processed data throughout the 
mission profile 
Measurements are made during the glint test calibration of the bottom of the 
sampling canister before sampling and the same measurements are made after 
sampling.  The images are compared. 

Overview of Processing 
Summary of software tools and techniques used to verify requirement 
The image tools currently specified for this processing are custom routines 
written in IDL (fl, {name of histogram area-computing routine}).  Similar routines 
ported to Matlab, Fortran, OpenCV or other processing platforms would no 
doubt work equally well. 
Current status of software (e.g. in development, in testing, prior use) 
Several IDL routines have been written that would either be used directly or 
serve as the immediate template for custom routines of the kind described 
above under ‘Summary…'. They were employed demonstrating the ability to 
detect the perforating holes in the side of the TAGSAM head, which allow egress 
of nitrogen gas during the process of sample collection. 
Simplified flowchart of analysis workflow 
Figure 15 presents the flowchart for a simulated analysis of protruding particle 
detection. 

Provenance of Algorithms, Software and Techniques 
Describe the history and utility of the selected software packages for 
verifying the requirement 
These algorithms combine those that have been written in IDL explicitly for this 
specific processing and general algorithms written for general image 
processing. 
Prior use, references and versioning 
These algorithms were created for this program. 

Expected Results/Simulated Data 
Provide analytical and simulated results that demonstrate the ability to 
verify the requirement to the necessary fidelity/uncertainty 
In the images in Figures 12, 13, 14, the holes on the side of the TAGSAM head 
are clearly seen, demonstrating the system’s ability to detect a 4mm feature of 
average contrast.  The same system is used in the attempt to detect 5 mm 
particles adhering to the contact surface. 
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Analysis and Verification Methods 
Detail the methods used and their applicability in ensuring the statistical 
significance of the underlying data and resulting solutions in verifying the 
requirement 
Methods identify areas of reflectance different from the reflectance of two 
distinct areas of the contact surface—the plate and the surface sample pads.  
Their distinct reflectances, in addition to the possibility that particles may have 
reflectances that are different or nearly identical to these distinct reflectances, 
inform two different particle detection approaches:  detecting the grains by 
contrast stretching an image that records the contact surface at a relatively low 
phase angle (closer to the surface normal) and 2) detecting the grains by 
contrast stretching an image that records the surface at a very high phase angle 
(the rays of light more parallel to the surface) allowing the protruding grains to 
be detected in silhouette against a different background, one that would provide 
more contrast. 

Existing or Potential Liens 
Identify any known liens that will degrade the solution or preclude success 
No known liens work against the satisfying of this requirement. 
Identify potential system deficiencies that would preclude success 
No known system deficiencies work against the success of this requirement’s 
fulfillment. 

SPOC Requirements 
List expected SPOC processes (e.g. archive, retrieve, etc.) 
Expected SPOC processes are already in place and have been tested, including 
the implementation of the L1 and L2 pipelines, outputting FITS images into a 
readily accessible database repository.  This system has been successfully tested 
by the analyst. 
Review and link to applicable SPOC ICD’s 
SPOC to OCAMS Interface Control Document  UA-ICD-9.4.4-1002, Rev_0.2 
Provide simplified flowchart 
N/A 

External Interfaces 
Detail any external interfaces, link to ICDs, agreements of service and/or 
collaboration 
N/A 
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intensity solar-simulating lamps shining from upper right in a more flight-like 
configuration than September 2015, but still not completely accurate.  Actual 
conditions in-flight will allow for greater specular reflectance from the metallic 
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Figure 1  SamCam Image of TAGSAM head mechanism acquired during ATLO 
SARA Functional Test of September 19, 2015 at LMSSC.   High bay lighting is more 
diffuse than the anticipated flight- like illumination as well as the lighting 
conditions during later SARA Functional Test on March 18, 2016.  The canister is 
tilted at angle of 30°  from horizontal, where the bottom plate is aligned with the 
wrist and arm. 

 
  



13 
 

Figure 2  SamCam Image of TAGSAM head mechanism acquired during ATLO 
SARA Functional Test of September 19, 2015 at LMSSC.   High bay lighting is more 
diffuse than the anticipated flight- like illumination and the lighting conditions 
during later SARA Functional Test on March 18, 2016.  The canister is tilted at 
angle of 0°  from horizontal; the bottom plate is aligned with the wrist and arm. 
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Figure 3  Sample of crushable material used to occupy the contact pad sampling 
areas. 
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20160122_091830 

Figure 4  Image of contact pad material in lighting and range conditions similar to 
those anticipated in flight (Image 20160122_091830).  

 

  



16 
 

Figure 5  Zoom of image 4. 
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Figure 6  Zoom of image 5. 
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20160318:  1118059 
Figure 7  SamCam Image of TAGSAM head mechanism acquired during ATLO 
SARA Functional Test of March 18, 2016 at LMSSC.   High bay lighting produced 
by high- intensity solar- simulating lamps shining from upper right in a more 
flight- like configuration than September 2015, but still not completely accurate.  
Actual conditions in- flight will allow for greater specular reflectance from the 
metallic grooved ridges of the contact pad sample material.  The canister is tilted 
at angle of 0°  from horizontal, leaving bottom plate aligned to the wrist and arm. 
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Figure 8 a, b, c  Zoom of Image in Figure 7 at 3 different contrast stretches; each 
stretch allows a somewhat different contact pad morphology to be revealed.   The 
ridges are about 4mm and 5 pixels apart.  Each contact disk is about 16mm and 
20 pixels wide.  Evidence of contact pad sample collection will be ascertained by 
comparing similar images before and after sampling (Image 1118058). 
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Figure 9a, b, c.  Detail of Image in Figure 7 for set of 6 contact pads at 3 different 
contrast stretches; each stretch allows a somewhat different contact pad 
morphology to be revealed.  

 
  



21 
 

Figure 10  Flowchart of MRD- 190 Processing 
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Figure 11  Flowchart of MRD- 380 Processing 
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Figure 12  A close- up of Figure 1, showing the 4mm holes protecting the TAGSAM 
screen and allowing egress of the nitrogen gas that is used to mobilize Bennu’s 
regolith at the sample site during sample collection.  These holes subtend 24 
total pixels in the original image and are clearly seen.  This image recorded 
during the SARA Functional test of September 19, 2015. 

 
  



24 
 

Figure 13  Another image similar Figs. 1 and 12, but with the more realistic 
lighting geometry of the SARA Functional test of March 18, 2016.  If anything the 
screen holes are even more visible.  The TAGSAM head orientation shown in the 
image is more favorable to detecting the screen holes by contrast and particles 
protruding from the contact surface by silhouette, or contrast against a different 
background. 
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Figure 14  Also from the test of March 16, 2016, this orientation geometry is 
more favorable to detecting protruding particles in silhouette.  The dark backdrop 
simulates the black of space. 
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Figure 15  MRD- 586 Processing Flowchart 
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