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MRD 183a, 570a- Safety Maps 

TBRs 
1 SM.IN.07     TBD – Source for generating Lidar ground track FDS    

2 SM.ALG.02    TBD – Definition of roughness parameter         GSFC   

Parent Requirements 
 

The following list of requirements capture the hierarchical flow from Level 1 science 

requirements, to Level-2 requirements relevant to the safety map, to requirements necessary for 

defining the safety map. The algorithms required for the generation of the safety input maps and 

the safety maps will be described in a separate Algorithm Description Document (ADD). 

Preliminary parameters used in the algorithms will be provided with the ADD but will be 

updated following launch and proximity operations as the project gains more knowledge of the 

spacecraft capability and the asteroid environment. 

Level-1 Requirements 

• 1.1 Return ≥60 g of pristine bulk sample from Bennu and archive 75% of the total 

returned mass for future analyses. 

• 1.3 Contact ≥26 cm2 of surface material from Bennu, return the TAGSAM contact 

surface, and archive 75% of the contact surface for future analyses. 

Level-2 Requirements – Safety Drivers 

• MRD-570a: OSIRIS-REx shall select a sample site that satisfies the following criteria:  

a. >99% probability of ensuring the safety of the flight system during sampling 

• MRD-183a: The Ground System shall produce the following data products on a global 

scale and for each candidate sample site in support of site selection during the encounter 

with Bennu: 

a. Safety Maps 

• MRD97: OSIRIS-REx shall be capable of executing at least 3 sample collection attempts. 

• MRD41: OSIRIS-REx shall maintain continuous telemetry coverage of the TAG 

sequence from the start of the checkpoint maneuver through initial surface contact. 

• MRD-573: OSIRIS-REx shall attempt sample collection in a region with < 1% 

probability of the TAGSAM contacting a surface angle > 14°.  Surface angle is defined 

as the angle between a 32 cm diameter sample area average normal vector and the 

commanded spacecraft negative Z-axis. 

• MRD-626: OSIRIS-REx shall achieve a contact angle not greater than 15°.  The contact 

angle is the angle between the normal to the TAGSAM contact surface and the 

spacecraft's Z-axis when the nitrogen gas is released during TAG sample collection. 



• MRD76: OSIRIS-REx shall perform an escape maneuver from Bennu after attempting 

sample collection. 

• MRD31: OSIRIS-REx shall contact the surface of Bennu with a surface relative vertical 

speed of 10 +/- 2cm/s (3-sigma) and surface relative lateral speed of 0 +/- 2 cm/s (3-

sigma) where the vertical and lateral speeds are the components of the surface relative 

velocity vector normal and tangential to the sampling plane, respectively. The sampling 

plane is the plane normal to which the spacecraft negative Z-axis is commanded for 

TAG, defined by the 2σ TAG delivery error ellipse average normal vector. 

• MRD99: OSIRIS-REx shall comply with GSFC-STD-1000.  Exceptions to this require 

waiver approval from GSFC Engineering. 

• MRD-142: OSIRIS-REx shall search for dust and gas plumes originating from the 

asteroid surface, and characterize their source regions and column densities. 

Level-2 Requirements – Data Products that Support the Safety Map 

• Tilt 

o MRD-123: OSIRIS-REx shall produce a > 1 million vector shape model. 

o MRD-126: OSIRIS-REx shall, for > 80% of the asteroid surface, produce a slope-

distribution map with a precision of +/- 7.5° in slope, relative to the geoid surface, 

and spatial resolution < 1m. 

o MRD-608: OSIRIS-REx shall, for a 3-sigma TAG delivery error ellipse around 

each of up to 12 candidate sampling sites, produce a tilt-distribution map accurate 

to +/-7° (1-sigma) in tilt, relative to the sampling plane, and spatial resolution < 

32cm. The sampling plane is the plane normal to which the spacecraft negative Z-

axis is commanded for TAG, defined by the 2σ TAG delivery error ellipse 

average normal vector. 

o MRD-115: OSIRIS-REx shall, for a 3-sigma TAG delivery error ellipse around 

each of up to 12 candidate sampling sites, produce a topographic map at < 5cm 

spatial resolution and < 5cm (1-sigma) vertical precision. 

• Temperature 

o MRD-155: OSIRIS-REx shall, for > 80% of the asteroid surface, measure the 

absolute flux of thermally emitted radiation with < 3% accuracy and produce 

maps of the temperature at seven different local solar times plus the derived 

thermal inertia at a spatial resolution < 50m. 

o MRD-411: The Ground System shall produce, within 7 days of final downlink of 

applicable data, a predicted temperature map of each candidate sampling ellipse 

for the estimated dates and Bennu times of day for TAG with < 5m spatial 

resolution and accurate to +/-10K. 

• Reflectance 

o MRD-154: OSIRIS-REx shall, 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 < 50m. 

• Plumes 



o MRD-143: OSIRIS-REx shall characterize the spectral properties of any detected 

dust and gas plumes. 

Safety Map Requirements 
 

The following define the requirements for the safety map. 
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Safety Map Requirements 

LIST OF TBDs/TBRs 

Item 

No. 

Location Summary Ind./Org. Due Date 

1 SM.IN.07 TBD – Source for generating Lidar ground track FDS ? 

2 SM.IN.11 TBD – duration for generation of safety maps after 

changing a configurable parameter 

SPOC/ 

GSFC 

? 

     

     

     

Parent Requirements 
 

The following list of requirements capture the hierarchical flow from Level 1 science 

requirements, to Level-2 requirements relevant to the safety map, to requirements necessary 

for defining the safety map. The algorithms required for the generation of the safety input maps 

and the safety maps will be described in a separate Algorithm Description Document (ADD). 

Preliminary parameters used in the algorithms will be provided with the ADD but will be 

updated following launch and proximity operations as the project gains more knowledge of the 

spacecraft capability and the asteroid environment. 

 

Level-1 Requirements 

1.1 Return ≥60 g of pristine bulk sample from Bennu and archive 75% of the total returned mass 

for future analyses. 

1.3 Contact ≥26 cm2 of surface material from Bennu, return the TAGSAM contact surface, and 

archive 75% of the contact surface for future analyses. 

 

Level-2 Requirements – Safety Drivers 

 MRD-570a: OSIRIS-REx shall select a sample site that satisfies the following 

criteria:  

a.  >99% probability of ensuring the safety of the flight system during sampling 
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 MRD-183a: The Ground System shall produce the following data products on a 

global scale and for each candidate sample site in support of site selection during the 

encounter with Bennu: 

a. Safety Maps 

 MRD97: OSIRIS-REx shall be capable of executing at least 3 sample collection 

attempts. 

 MRD41: OSIRIS-REx shall maintain continuous telemetry coverage of the TAG 

sequence from the start of the checkpoint maneuver through initial surface contact. 

 MRD-573: OSIRIS-REx shall attempt sample collection in a region with < 1% 

probability of the TAGSAM contacting a surface angle > 14°.  Surface angle is 

defined as the angle between a 32 cm diameter sample area average normal vector 

and the commanded spacecraft negative Z-axis. 

 MRD-626: OSIRIS-REx shall achieve a contact angle not greater than 15°.  The 

contact angle is the angle between the normal to the TAGSAM contact surface and 

the spacecraft's Z-axis when the nitrogen gas is released during TAG sample 

collection. 

 MRD76: OSIRIS-REx shall perform an escape maneuver from Bennu after 

attempting sample collection. 

 MRD31: OSIRIS-REx shall contact the surface of Bennu with a surface relative 

vertical speed of 10 +/- 2cm/s (3-sigma) and surface relative lateral speed of 0 +/- 2 

cm/s (3-sigma) where the vertical and lateral speeds are the components of the 

surface relative velocity vector normal and tangential to the sampling plane, 

respectively. The sampling plane is the plane normal to which the spacecraft negative 

Z-axis is commanded for TAG, defined by the 2σ TAG delivery error ellipse average 

normal vector. 

 MRD99: OSIRIS-REx shall comply with GSFC-STD-1000.  Exceptions to this 

require waiver approval from GSFC Engineering. 

 MRD-142: OSIRIS-REx shall search for dust and gas plumes originating from the 

asteroid surface, and characterize their source regions and column densities. 
 

Level-2 Requirements – Data Products that Support the Safety Map 

 Tilt 

o MRD-123: OSIRIS-REx shall produce a > 1 million vector shape model. 

o MRD-126: OSIRIS-REx shall, for > 80% of the asteroid surface, produce a 

slope-distribution map with a precision of +/- 7.5° in slope, relative to the 

geoid surface, and spatial resolution < 1m. 

o MRD-608: OSIRIS-REx shall, for a 3-sigma TAG delivery error ellipse 

around each of up to 12 candidate sampling sites, produce a tilt-distribution 

map accurate to +/-7° (1-sigma) in tilt, relative to the sampling plane, and 

spatial resolution < 32cm. The sampling plane is the plane normal to which 

the spacecraft negative Z-axis is commanded for TAG, defined by the 2σ 

TAG delivery error ellipse average normal vector. 

o MRD-115: OSIRIS-REx shall, for a 3-sigma TAG delivery error ellipse 

around each of up to 12 candidate sampling sites, produce a topographic map 

at < 5cm spatial resolution and < 5cm (1-sigma) vertical precision. 
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 Temperature 

o MRD-155: OSIRIS-REx shall, for > 80% of the asteroid surface, measure the 

absolute flux of thermally emitted radiation with < 3% accuracy and produce 

maps of the temperature at seven different local solar times plus the derived 

thermal inertia at a spatial resolution < 50m. 

o MRD-411: The Ground System shall produce, within 7 days of final downlink 

of applicable data, a predicted temperature map of each candidate sampling 

ellipse for the estimated dates and Bennu times of day for TAG with < 5m 

spatial resolution and accurate to +/-10K. 

 Reflectance 

o MRD-154: OSIRIS-REx shall, 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 < 50m. 

 Plumes 

o MRD-143: OSIRIS-REx shall characterize the spectral properties of any 

detected dust and gas plumes. 

 Gravity Uncertainty 

o MRD-130: OSIRIS-REx shall, for > 80% of the asteroid surface, map the 

surface gravity field to within 5x10-6 m/s2 at spatial resolution < 1m 

o MRD-134: OSIRIS-REx shall determine the spherical harmonic coefficients 

of Bennu's gravity field to fourth degree and order. 

Safety Map Requirements 
 

The following define the requirements for the safety map. 
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1 General Safety Map Requirements 

General Safety Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

 
        

SM.IN.02 

The safety Input maps data shall 
consist of a 
measured/calculated value at 
every map facet and a measure 
of error in the value 

The description of the error should 
include the relevant error distribution 
(e.g. Gaussian, Poisson, etc.). If 
Gaussian distribution is used, the 
standard deviation is provided 

      

SM.IN.03 

The Safety Input maps (global 
and site-specific) shall be 
compatible with the OSIRIS-REx 
data visualization tool.  
Compatibility means the data 
product can be ingested by, 
visualized by, and have all the 
functionality of the visualization 
tool applied to the input maps. 

Allows the input maps and the final 
safety maps to be viewed in a way that 
allows for easy safety evaluation 

      

SM.IN.04 
The Safety Input maps (global 
and site-specific) shall include 
version identification 

Required for configuration 
management of the input map 

      

SM.IN.05 

The Safety Input maps shall be 
referenced to the Global Shape 
Model (GSM) and have a 
nominal value and a measure 
error for each facet of the GSM 

Required to visualize the safety input 
maps on each facet of the GSM 

     

SM.IN.06 

The visualization tool shall 

ingest multiple trajectory inputs 

(ACF frame) for overlaying onto 

the safety input maps or the 

final safety assessment map 

Required to ascertain if plumes or 

hotspots may be an issue during 

approach  
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General Safety Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.IN.07 

The visualization tool shall 

ingest expected Lidar tracking 

paths for overlaying onto the 

input maps or final safety map. 

Required to be overlaid with the 

reflectivity map to determine if a 

particular area can be sampled by the 

Lidar 

  Unsure if SPOC 
may need to 
generate this from 
info received from 
FDS and TBD 
sources 

SM.IN.08 

The visualization tool shall color 

code the facet of the input 

maps by comparing the value of 

the facet against a threshold or 

thresholds. The threshold shall 

have up to 5 gradations (eg red, 

yellow, green, gray, black) 

This will allow the site selection team 

to easily recognize regions of the 

asteroid that are not in compliance 

with the safety requirements 

   

SM.IN.09 

The visualization tool shall allow 

the user to query/display the 

actual value associated with 

each facet in the safety maps 

This will allow the site selection team 

to ascertain the level of margin a 

particular region may or may not have. 

   

SM.IN.10 

The input maps shall use the 

project-defined coordinate 

system for the asteroid. 

The maps will need to coincide with the 

ACF coordinate frame as it is 

determined during asteroid survey 

   

SM.IN.11 

The safety maps shall be 

generated within TBD duration 

after modifying any of the 

configurable safety thresholds 

or weighting factors.  

The safety map team requires the 

ability to tweak the configurable 

parameters used in calculating safety 

scores during the site selection process. 

The configurable parameters are 

defined in the ADDs for each algorithm.  

   

SM.IN.12 

While viewing the global safety 

map, the user may identify a 

circular or rectangular region on 

In attempting to identify possible 

sampling sites, the site selection board 

  May require 
different tuning of 
Bayesian network 
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General Safety Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

the asteroid for further 

processing.  Further processing 

will be to generate a set of 

scores for each facet using the 

local safety map criteria and 

using the best available input 

data. 

may need to know if a particular region 

will meet the local site criteria. 

 

  



 

7 
 

2. Global Safety Input Map Requirements 

Global Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.ALG.01 

SPOC shall generate a global tilt 
input map of Bennu. The global 
tilt scale map will provide the 
average tilt of the expected 
sampling area (nominally 50m 
diameter) for each facet within 
the GSM. The assigned location 
for the tilt will be the geometric 
center of the facet. 

This requirement ensures continuous 
communications from final approach to 
first surface contact. The tilt at the 
scale of the sampling ellipse defines the 
spacecraft attitude during the final 
approach to surface contact.  Tilt in this 
context represents the angle of the 
surface normal relative to zenith and 
the surface normal vector (ACF) should 
be obtained  

Global shape model 
that contains facet 
information (location 
and orientation) at a 
scale of approximately 
1m (nominal and 
uncertainty). A set of 
coefficients 
representing 
acceptable tilt as a 
function of latitude 

Global Tilt input Map 
referenced to the 
GSM 

FDS is already 
generating the tilt map 
and will provide their 
MATLAB code. 

SM.ALG.02 

SPOC shall generate a global 
roughness input map for each 
facet in the GSM. The roughness 
parameter will indicate how 
smooth (or rough) the sampling 
area is centered on each of the 
facets in the GSM.  

Determining an appropriate sampling 
site is based on the overall orientation 
of the sampling site but also on 
whether there are significant 
deviations from the average.  When 
convolved with the deliverability map, 
it will provide the probability of 
contacting a facet that exceeds the tilt 
capability of the spacecraft 
(approximately 14 deg). 

Global shape model 
that contains facet 
information (location 
and orientation) at a 
scale of approximately 
1m (nominal and 
uncertainty) 

Global Roughness 
input Map 
referenced to the 
GSM 

 For the global 
roughness map, the tilt 
of a facet should be 
measured against the 
average tilt of the 
sampling site 
(SM.ALG.01). The actual 
algorithm for 
measuring roughness is 
being developed. 

SM.ALG.03 

SPOC shall generate a global 
thermal input map of Bennu 
indicating the temperature for 
each facet in the thermal map.   
The global temperature map 
(~40m vertex spacing)  shall be 
calculated for the predicted 
local time-of-TAG and solar 
range for the expected TAG 
date  

During approach of the sampling site, it 
would be unsafe for OSIRIS-REx to 
approach a portion of the asteroid that 
exceeds the spacecraft capability. SPOC 
already has a requirement to generate 
global thermal and temperature 
predictions for various local times.  

1) Thermal models of 
Bennu (nominal and 
uncertainty) and 2) 
Expected date of 
approach 

Global Thermal input 
Map referenced to 
the GSM 

Note that we can keep 
the 40m vertex spacing 
but eventually it needs 
to be referenced to the 
shape model (one value 
per facet) 



 

8 
 

Global Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.ALG.04 

SPOC shall generate a global 
reflectivity input map of Bennu 
indicating the reflectivity at 
1064nm for each facet of the 
GSM 

Ensures that the surface that will be 
measured to determine range is within 
the range of reflectance values in which 
the LIDAR is designed to operate.  
Predictions of the variation in intensity 
are also important to enabling 
avoidance of excessively high variations 
in reflectance that could affect LIDAR 
ranging performance 
This requirement is unique to the 
safety map developed for the Lidar 
navigation system 
 

Global Shape Model 
(nominal and 
uncertainty)and 
reflectance map (new 
product, nominal and 
uncertainty) 

Global Reflectivity 
input Map overlaying 
onto the GSM 

This is simply the re-

iteration of the existing 

science data product 

Global 1064nm 

Reflectance Map. 

There are two 

reflectivity maps for 2 

different incidence 

angles (0 and 70 deg) 

SM.ALG.05 

SPOC shall generate a global 
plume input map of Bennu. 

During approach of the sampling site 
following orbit departure, it would be 
unsafe for OSIRIS-REx to fly through a 
plume of dust or gas being expelled 
from the asteroid. 
 
This map is only intended to identify 
locations where plumes exist, and not 
necessarily whether a plume poses a 
safety risk to the spacecraft. Discovery 
of a plume will trigger a contingency 
scenario where additional data will be 
gathered to characterize the plume and 
the safety risk to the spacecraft.  

Dust and gas plume 
locations (nominal 
and uncertainty) and  

Global Plume input 
Map overlaid onto 
the GSM 

  

SM.ALG.11 

SPOC shall generate a global 
gravity input map of Bennu. The 
global scale gravity map will 
provide a measure of the error 
present in the asteroid surface 
gravitational acceleration. 

After the Matchpoint burn, the NFT 
system must predict the Time of Touch. 
A spherical harmonic gravity model is 
employed as part of this prediction, 
and the errors present in this model 
near the Bennu surface will cause 
errors in the Time of Touch prediction. 

Global shape model 
that contains facet 
information (location 
and orientation) at a 
scale of approximately 
1m (nominal and 
uncertainty).  

Global Gravity input 
Map referenced to 
the GSM 

This global map will 
only assess the distance 
of the TAG site below 
the gravity model 
reference sphere (not 
intended to include 
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Global Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

This requirement is unique to the 
safety map developed for the NFT 
navigation system 
 

 
TBD inputs to 
characterize Bennu 
gravity 

spherical harmonic 
coefficient uncertainty) 
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3. Site-specific Safety Input Map Requirements 

Site Specific Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.ALG.06 

SPOC shall generate a site 
specific tilt input map for each 
potential sampling sites. The 
site specific tilt scale map will 
provide a map for a targeted 
sampling site.  The local tilt map 
will provide the average tilt of 
all facets within the contact 
area for every facet in the 
topographic map. The contact 
area is a parameterized value 
and will be approximately at the 
scale of the TAGSAM head . 

Spacecraft safety is dependent on the 
contact dynamics of the TAG event, 
which is partially determined by 
surface tilt. The spacecraft is capable of 
safely contacting the surface if the tilt 
of the actual contact surface does not 
exceed 14 deg (required) or expected 
spacecraft performance. 

Digital Terrain Map 
that contains facet 
information (location 
and orientation) at a 
scale of 2.5 cm or 
better.  Expected 
approach vector.  

Site-Specific Tilt  
input  Map 

 . The map surface 
facets will be 2.5cm x 
2.5cm and will be color 
coded to indicate the 
level of tilt relative to 
the average tilt of the 
sampling site 

SM.ALG.08 

SPOC shall generate a site-
specific thermal map of Bennu 
indicating the temperature for 
each facet in the thermal map 
for the projected TAG time 
(local time).   The site-specific 
temperature map (8 m vertex 
spacing) shall include 
temperatures for both the local 
TAG site and approach corridor 
at the predicted local time-of-
TAG and solar range for the TAG 
date. 

During approach of the sampling site, it 
would be unsafe for OSIRIS-REx to 
approach a portion of the asteroid that 
exceeds the spacecraft capability. SPOC 
already has a requirement to generate 
global thermal and temperature 
predictions for various local times.  

1) Thermal models of 
Bennu (nominal and 
uncertainty)  and 2) 
Expected date of 
approach 

Site-specific Thermal  
input Map 
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Site Specific Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.ALG.09 

SPOC shall generate a site-
specific reflectivity input map of 
Bennu indicating the reflectivity 
at 1064nm for each of the 
candidate sampling sites at the 
same vertex spacing of the site 
specific topographic map. 

The Safety Map WG needs to know the 
reflectance of the asteroid at 1064nm 
to ensure that the surface that will be 
measured to determine range is within 
the range of reflectance values in which 
the LIDAR is designed to operate.  
Predictions of the variation in intensity 
are also important to enabling 
avoidance of excessively high variations 
in reflectance that could affect LIDAR 
ranging performance 
This requirement is unique to the 
safety map developed for the Lidar 
navigation system 
 

Digital Terrain Model 
@ approximately 2.5 
cm vertex spacing 
(nominal and 
uncertainty) and 
reflectance map (new 
product, nominal and 
uncertainty  

Site-specific 
Reflectivity  input 
Map 

This is simply the re-

iteration of the 

existing science data 

product Site specific 

1064nm Reflectance 

Map. 

There are two 
reflectivity maps for 2 
different incidence 
angles (0 and 70 deg  
i=0 is the only one 
needed for site 
specific? 

SM.ALG.10 

SPOC shall generate a site-
specific plume input map of 
Bennu overlaid with the TAG 
approach trajectory.   

During approach of the sampling site 
following orbit departure, it would be 
unsafe for OSIRIS-REx to fly through a 
plume of dust or gas being expelled 
from the asteroid. 
 
This map is only intended to identify 
locations where plumes exist, and not 
necessarily whether a plume poses a 
safety risk to the spacecraft. Discovery 
of a plume will trigger a contingency 
scenario where additional data will be 
gathered to characterize the plume and 
the safety risk to the spacecraft. 

Dust and gas plume 
locations (nominal 
and uncertainty) and  

Global Plume input 
Map overlaid onto 
the GSM 

  

SM.ALG.12 

SPOC shall generate a site 
specific gravity input map for 
each potential sampling site. 
The site specific scale gravity 
map will provide a measure of 

After the Matchpoint burn, the NFT 
system must predict the Time of Touch. 
A spherical harmonic gravity model is 
employed as part of this prediction, 
and the errors present in this model 

Digital Terrain Map 
that contains facet 
information (location 
and orientation) at a 

Site-Specific Gravity  
input  Map 

This site specific map 
will assess both the 
distance of the TAG 
site below the gravity 
model reference 
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Site Specific Safety Input Map Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

the uncertainty present in the 
gravity model for each targeted 
sample site. 

near the Bennu surface will cause 
errors in the Time of Touch prediction. 
This requirement is unique to the 
safety map developed for the NFT 
navigation system 

scale of 2.5 cm or 
better.   
 
TBD inputs to 
characterize Bennu 
gravity 

sphere as well as the 
spherical harmonic 
coefficient uncertainty 

  



 

13 
 

4. Global Safety Map Generation Requirements 

Global Safety Map Generation Requirements 

Number 
Requirement Rationale Inputs (if Applicable) Output(If 

Applicable) 
Comments 

SM.GMAP.01 

 
SPOC shall compute a safety 
score for each facet of the GSM. 
The safety score is a relative 
measure of the safety of a TAG 
site centered on a given facet of 
the GSM. 

This requirement specifies the need to 
generate a score  of safety for each 
facet of the GSM. The vertex spacing is 
dictated by the GSM vertex spacing.  

Global Input Maps 
(Tilt, Roughness, 
Temperature, 
Reflectivity, Plume,   

Safety score 
value per facet 
of the GSM 

 For an NFT guided 
approach, reflectivity 
maps are not required. 
 
“Probability of Safety” 
cannot be determined 
with global data 
products, so the safety 
score is only used to 
prioritize TAG sites 

SM.GMAP.02 
SPOC shall generate a global 
safety map by visualizing the 
safety score values on the GSM 

Builds on the previous requirement. 
Once the probability is computed per 
each facet, it can be visualized 

Safety score per facet 
of the GSM 

Global Safety 
Map (color 
coded) 

  

SM.GMAP.03 

SPOC shall compute the global 
safety score map by convolving 
the safety score  with 
deliverability at the GSM vertex 
spacing.  

This requirement specifies the need to 
convolve the safety map with the 
deliverability and to compute the 
overall mission safety. The probability 
will be generated for each facet within 
the contact area based on the 
probability of contact (ie deliverability) 
and whether any mission safety factors 
are exceeded at that facet. The 
probability of contact for each facet will 
be determined by either: 

1) The Global Deliverability Map 
2) A deliverability error ellipse 

Global Maps (safety 
and Global 
Deliverability Map 
(GDM)) 

Global Safety 
score 

This will rate each site 
(facet) with a single 
number that defines the 
mission safety score 
used for site selection 
prioiritization by 
combining safety input 
maps, uncertainty 
(SM.SSMAP.01) and 
deliverability. 

SM.GMAP.04 

The global safety map shall be 
generated within 5 days of 
SPOC receipt of the input 
parameter maps. 

Define time constraints for generating 
the global safety map 
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Global Safety Map Generation Requirements 

Number 
Requirement Rationale Inputs (if Applicable) Output(If 

Applicable) 
Comments 

SM.GMAP.05 
The global safety map shall have 
the vertex spacing equivalent to 
that of the GSM. 

Defines the vertex spacing of the global 
safety map to be equivalent to the 
global shape model 

   
 

SM.GMAP.06 

The SPOC shall create one 
global safety map for the case 
of LIDAR guidance and one 
global safety map for the case 
of NFT guidance.  

The spacecraft safety is sensitive to 
different parameters depending on 
whether LIDAR or NFT guidance is used.  

Global Input Maps 
relevant to each 
guidance method.  

Safety score 
value per facet 
of the GSM 

Algorithm description 
documents will specify 
the set of inputs 
relevant to each case 
and the process for 
scoring safety. 
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5. Site-specific Safety Map Generation Requirements 

Site Specific Safety Map Generation Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.SSMAP.01 

SPOC shall compute the site-
specific probability of safety at 
the same vertex spacing of the 
DTM. The probability shall be a 
value between 0 (0% safe) and 
100 (100% safe) 

This requirement specifies the need to 
generate a probability (ie uncertainty) 
of safety for each DTM facet at the 
potential TAG site.  The vertex spacing 
is dictated by the vertex spacing of the 
DTM and follows the distribution of 
error (eg Gaussian or Poisson…) 

 Site specific  Input 
Maps (Tilt, 
Temperature, & 
Reflectivity, maps) 

 Site-specific Per-
Pixel Safety 
Probability 

 The architecture 
reflects that we 
will compute the 
safety probability 
for each pixel in 
the map. For an 
NFT guided 
approach, 
reflectivity maps 
are not required. 

SM.SSMAP.02 

SPOC shall generate a site-
specific safety probability map 
by visualizing the probability 
values for each pixel in the TAG 
ellipse at the vertex spacing of 
the DTM. 

Builds on the previous requirement. 
Once the probability is computed per 
each pixel in the TAG ellipse, it can be 
visualized 

  Site specific  Input 
Maps (Tilt, 
Temperature, 
Reflectivity, Plume, & 
Site-specific 
Deliverability Map 

    

SM.SSMAP.03 

SPOC shall compute the site 
specific mission safety 
probability by convolving the 
safety probability with 
deliverability at the DTM vertex 
spacing. The probability of 
safety shall be a value between 
0 (0% mission success) and 100 
(100% mission success) 

This requirement specifies the need to 
convolve the safety map with 
deliverability map to compute the 
overall mission safety. The probability 
will be generated for each facet within 
the contact area based on the 
probability of contact (ie deliverability) 
and whether any mission safety factors 
are exceeded. .  The probability of 
contact for each facet will be 
determined by the site-specific 
Deliverability Map 

 

Site-specific Maps 
(safety, deliverability 
and sampleability) 

Site-specific mission 
safety map 

This will rate each 
site with a single 
number define 
the mission 
success 
probability by 
combining safety 
input maps, 
uncertainty 
(SM.SSMAP.01) 
and deliverability. 
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Site Specific Safety Map Generation Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.SSMAP.07 

SPOC shall compute a safety 
score for each facet of the DTM. 
The safety score is a relative 
measure of the safety of a TAG 
site centered on a given facet of 
the GSM. 

This requirement specifies the need to 
generate a score of safety for each 
facet of the DTM. The vertex spacing is 
dictated by the DTM vertex spacing.  

Global Input Maps 
(Tilt, Roughness, 
Temperature, 
Reflectivity, Plume,   

Safety score value 
per facet of the GSM 

 For an NFT 
guided approach, 
reflectivity maps 
are not required. 
 
The safety score is 
only used to 
prioritize TAG 
sites, and differs 
from the map 
product described 
in SM.SSMAP.01 

SM.SSMAP.08 

SPOC shall generate a site-
specific safety score map by 
visualizing the safety score 
values for each pixel in the TAG 
ellipse at the vertex spacing of 
the DTM. 

Builds on the previous requirement. 
Once the probability is computed per 
each pixel in the TAG ellipse, it can be 
visualized 

  Site specific  Input 
Maps (Tilt, 
Temperature, 
Reflectivity, Plume, & 
Site-specific 
Deliverability Map 

    

SM.SSMAP.09 

SPOC shall compute the site 
specific safety score map by 
convolving the safety score with 
deliverability at the DTM vertex 
spacing.  

This requirement specifies the need to 
convolve the safety map with 
deliverability map to compute the 
overall mission safety. The probability 
will be generated for each facet within 
the contact area based on the 
probability of contact (ie deliverability) 
and whether any mission safety factors 
are exceeded. The probability of 
contact for each facet will be 
determined by the site-specific 
Deliverability Map 

Global Maps (safety 
and Global 
Deliverability Map 
(GDM)) 

Global Safety score This will rate each 
site (facet) with a 
single number 
that defines the 
mission safety 
score used for site 
selection 
prioiritization by 
combining safety 
input maps, 
uncertainty 
(SM.SSMAP.01) 
and deliverability. 
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Site Specific Safety Map Generation Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.SSMAP.04 

The Site-specific safety 
probability map (SSMAP.03) 
shall be compatible with the 
OSIRIS-REx data visualization 
tool.  

Compatibility means the data product 
can be ingested by, visualized by, and 
have all the functionality of the 
visualization tool applied to the input 
maps. The output formats for the 
safety map shall include at least two 
versions: (i) one version in the shape 
model format, (ii) one version in the 
Project-defined map-projection format. 

    Note that (ii) may 
be obsolete and 
not required. This 
is probably 
redundant. 
Roberto will take 
action to verify 
that site specific 
map on GSM 
 

SM.SSMAP.05 

The Site-specific safety 
probability and safety score 
maps shall be generated within 
5 days of SPOC receipt of the 
input parameter maps. 

Define time constraints for generating 
the site-specific safety map 

      

SM.SSMAP.06 

The site-specific safety 
probability and safety score 
maps shall have the spatial 
vertex spacing equivalent to 
that of the DTM. 

Defines the vertex spacing of the global 
safety map to be equivalent to the 
global shape model 

   

SM.GMAP.10 

The SPOC shall create the 
following set of site-specific 
safety maps: 

- Safety Probability 
Map for LIDAR 
guidance 

- Safety Score Map for 
LIDAR guidance 

-  Safety Probability 
Map for NFT guidance 

- Safety Score Map for 
NFT guidance 

The spacecraft safety is sensitive to 
different parameters depending on 
whether LIDAR or NFT guidance is used.  

Site-Specific Input 
Maps relevant to each 
guidance method.  

Safety score value 
per facet of the DTM 

Algorithm 
description 
documents will 
specify the set of 
inputs relevant to 
each case and the 
process for 
scoring safety. 
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Note: the team is still determining how to account for NFT feature availability. This may result in an additional requirement and site-specific 

algorithm 

6. Safety Map Configuration Control Requirements 

Safety Map Configuration Control Requirements 

Number Requirement Rationale Inputs (if Applicable) Output(If Applicable) Comments 

SM.VC.01 

All safety maps (global and site-
specific) shall include the 
versions of all input parameters 
maps 

Required to ensure proper 
configuration control 

      

SM.VC.02 
All safety maps (global and site-
specific) shall include time and 
day of generation 

Required to ensure proper 
configuration control 

      

SM.VC.03 

All safety maps (global and site-
specific) shall include a unique 
version identifier for all revision 
due to changes in input data, 
algorithm definition or 
weighting factor 

Required to ensure proper 
configuration control 

      

 



 

19 
 

 

 

Table 1: Safety Map Input Parameters and Spatial Resolution (Vertex Spacing) 

Parameter Global map vertex 

spacing 

Site-specific map 

vertex spacing 

Tilt at the scale of the 2σ TAG ellipse 75 cm N/A 

Tilt at 32 cm (scale of the TAGSAM head), 30 cm 5 cm 

Asteroid surface temperature 50 m 8 m 

Asteroid reflectivity at 1064 nm and at the 

predicted viewing geometries of the GN&C 

LIDAR 

2 m 50 cm 

Dust plume location and volume density (if 

dust is present) 
2 m NA 

 

Definitions: 

Facet – The small unit of area involved in the analysis. It consists of a triangular area with 3 vertices and defined by the 

location at the geometric center 

Plate – Same as facet 

Sampling site – same as sampling area 

Sampling Area – Nominal 25 meter circular area (radius) centered on the target sampling site. Composed of many 

facets/plates 

Contact Area - The area contacted by the TAGSAM head along with the area of influence around the TAGSAM head 

contact. The extent of the area of influence is TBD.  

Element – see facet 

Surface Normal – the unit vector that is normal to a plane on Bennu (eg normal to a facet or plate) 

Tilt – The angle between the Surface normal and a reference vector. The reference vector is usually the radial vector or 

another Surface normal vector. 

Projected tilt – The Surface Normal vector projected onto the Local X-Y plane. 

Plate – see facet 

Plane – an area on the asteroid (usually circular or ellipsoidal) consisting of multiple facets. The concept of the plane is 

usually associated with the average plane (in the mathematical sense) of the facets contained in the sampling area. 


