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Technique for coordinate updates

ÅRe-do the Deliverability-weighted unresolved material calculation
Å 20190708 rock counts (>>>>>>>>>>registered to the V028 Shape Model. <<<<<<<<<<<)
ÅWith V13 shape model, 5cm grid
Å 2D Deliverability ellipse (DM_NFT_190809.csv)
ÅMinimum particle size of 20cm
Å/ƻŘŜΥ άParticleSurfaceAreaCode.tarέ ƻƴ ²ƛƪƛ ŀǘ ά5ŜƭƛǾŜǊŀōƛƭƛǘȅ ²ŜƛƎƘǘŜŘ ¦ƴǊŜǎƻƭǾŜŘ aŀǘŜǊƛŀƭ vǳŀƴǘƛŦƛŎŀǘƛƻƴ ό/ ŎƻŘŜύέ

ÅPerform a similar deliverability-ǿŜƛƎƘǘŜŘ ŀƴŀƭȅǎƛǎ ƻƴ ǘƘŜ ![¢²D ǇǊƻŘǳŎǘ άaI¢έ ςMaximum height of a facet 
within 50cm.
ÅMask out facets with an MHT greater than 30cm
ÅUse same V13 shape model and Deliv. Ellipses as above
ÅDetermine amount of surface area near each facet that is (deliverability weighted) within 150cm* of a tall (30cm) rock
Å This is somewhat degenerate with the unresolved material calculation

Å LŦ ǘƘŜǊŜ ŀǊŜ ƴƻ ǊƻŎƪǎ ƴŜŀǊōȅΧ ǘƘŜƴ ǘƘŜǊŜ ŎŀƴΩǘ ōŜ ǘŀƭƭ ǊƻŎƪǎ ƴŜŀǊōȅΦ

ÅCode:

ÅI do not yet have a way to quantitatively combine these. See the last point above ςI am not sure that we should 
try to combine these.

*Kevin mis-spoke about this length on Monday 9-Sept



Max Relative Height (MHT)

ÅMax relative height is an 
AltWGproduct to find 
highest/lowest point within 
a given radius relative to a 
plane fit across the region 
defined by the radius
ÅάŜǎǎŜƴǘƛŀƭƭȅ ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ 

height and depth of either 
the largest surface clast or 
crater within an region of 
ƛƴǘŜǊŜǎǘέ

ÅV013-OLA DTMs use radius 
=1.5m*

From Hari on 9-{ŜǇǘŜƳōŜǊΧΦ

*Kevin mis-spoke about this length on Monday 9-Sept



Technique for coordinate updates

ÅFor CQ13 and EX07, 
ÅFind and report the minimum value
ÅCompare qualitatively with the MHT
ÅMinimal changes from last update
ÅMHT-analysis (tall rocks) is closely aligned

ÅFor DL06 ςthe Eastern site moved North ~1 deg and East ~0.5deg
ÅThe east does not look great in the MHT-analysis
ÅCurrent analysis considered black spot as a boulder ςIts characterization will change this a 

lot. MHT-analysis likes that central area.
ÅIf the big dark spot is NOT a boulder a new minimum value is found and its much more 

central.

ÅFor DL15 ςthe unresolved material is slightly offset from the tall rocks best 
region. 
ÅUnresolved material best spot is similar to previous values



Best fit coordinates

ROI Lat Lon Notes

CQ13 11.46047 55.59017 Very close to Elite Eight coords.

EX07 -47.270569 321.367950 Very close to Elite Eight coords

DL15 55.532471 42.338367 Not aligned with MHT-analysis preferred 
region. Alternatives listed in following slides

DL06 12.894 89.459 Dark spot is a boulder! Not aligned with 
MHT-analysis preferred region.

DL06_nb 11.527472 88.737007 Dark spot is NOT a boulder. Very slightly 
better than the above.



CQ13

11.46047, 55.59017 

Mask of particles larger than 20cm Fraction of unresolved material 



CQ13 ςTall rocks (Max relative Height ςάaI¢έύ

ÅThe input here is the _MHT_ 
product
ÅThis includes a 150cmsearch radius 

to determine maximum height

ÅThe mask simply marks every facet 
with a value greater than 30cm
ÅNote ςmany are obvious ςtall rocks
ÅNote ςsome are strange and likely 

indicate topography

ÅThe final product is essentially this 
mask convolved with the 
Deliverability Ellipse
ÅThe ellipse 1-sigma dimensions are 

listed in the plot title: here it is 1.83m 
x 1.68m with a 26 deg orientation.

Mask of max relative height > 30cm



CQ13 ςTall Rocks 
Fraction of area with max relative heights > 30cm Mask of max relative height > 30cm



CQ13 ςTall Rocks 
Fraction of area with max relative heights > 30cm Fraction of unresolved material 



EX07

Min: -47.270569 321.367950

Mask of particles larger than 20cm Fraction of unresolved material 



EX07 Tall Rocks (MHT > 30cm)  

Min: -46.936607 321.496704 Min: -47.270569 321.367950

Fraction of area with max relative heights > 30cm Fraction of unresolved material 



DL06 

Min (east): 12.894*, 89.459
Min (west): 11.724, 86.675 *This is a large change North

Mask of particles larger than 20cm Fraction of unresolved material 



DL06 tall rocks ςlooking West?

Min (east): 12.894*, 89.459
Min (west): 11.724, 86.675 *This is a large change North

Fraction of area with max relative heights > 30cm Fraction of unresolved material 



hƭŘ ǾǎΦ bŜǿ ŎƻƻǊŘƛƴŀǘŜ ŎƻƳǇŀǊƛǎƻƴΧ ό9ŀǎǘύ

Min (east): 12.894*, 89.459; 0.1003
Min (west): 11.724, 86.675; 0.152954

Old East: 11.638  88.858 ; 0.142935

Fraction of area with max relative heights > 30cm Fraction of unresolved material 



DL06 ςWhere dark spot is NOT a boulder
Mask of particles larger than 20cm Fraction of unresolved material 

New Min: 11.527472 88.737007.  - drives it back towards the center



DL06 - Where dark spot is NOT a boulder
Fraction of area with max relative heights > 30cm Fraction of unresolved material 

Min (east): 12.894*, 89.459; 0.1003
Min (west): 11.724, 86.675; 0.152954

Old East: 11.638  88.858 ; 0.142935
Non-boulder: 11.527, 88.737; 0.099



DL15

Min: 55.532471 42.338367

Mask of particles larger than 20cm Fraction of unresolved material 



DL15 ςtall rocks 
Fraction of area with max relative heights > 30cm Fraction of unresolved material 



Proposed adjustment?

Adjusted: 56.032471 41.838367; 0.087242
Prior: 55.532471 42.338367  ; 0.070457

Adjusted: 56.032471 41.838367; 0.114053
Prior: 55.532471 42.338367  ; 0.292688

Fraction of area with max relative heights > 30cm Fraction of unresolved material 



Optimized adjustment? 56.029938 41.563465

Optimized:56.029938 41.563465; 0.093641
Adjusted: 56.032471 41.838367; 0.087242
Prior: 55.532471 42.338367  ; 0.070457

Optimized:56.029938 41.563465; 0.102486 
Adjusted: 56.032471 41.838367; 0.114053
Prior: 55.532471 42.338367  ; 0.292688

Combined MHT-ŀƴŘ ¦ƴǊŜǎƻƭǾŜŘΧ Fraction of unresolved material 





ÅStart with 5-15cm DTM for 
lat/ lon grid of the surface
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Deliverability weighted resolved area

Code: ParticleSurfArea_2D.c
²ƛƪƛΥ ά5ŜƭƛǾŜǊŀōƛƭƛǘȅ ²ŜƛƎƘǘŜŘ ¦ƴǊŜǎƻƭǾŜŘ aŀǘŜǊƛŀƭ vǳŀƴǘƛŦƛŎŀǘƛƻƴ ό/ ŎƻŘŜύέ



ÅStart with 5-15cm DTM for 
lat/ lon grid of the surface

ÅIngest IPWG rock counts, and 
find which facets are covered by 
a rock

23

Mask boulders
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Mask boulders

ÅStart with 5-15cm DTM for 
lat/ lon grid of the surface

ÅIngest IPWG rock counts, and 
find which facets are covered by 
a rock
üThis deals with rocks on rocks and 

overlapping rocks 



ÅLoop over every facet
ÅCalculate fraction within a given 

radius of resolved/unresolved 
material
ÅGet number of facets covered by 

rocks vs. total number of facets

ÅSame calculation as the ArcMap 
process just done very differently

ÅWeight area by Deliverability
ÅDeliverability weighted by distance 

from center of radius

25

Count/track particles



ÅLoop over very facet
ÅProject rocks as ellipses instead of 

circles
ÅWe know endpoints and centers ς

can determine whether a facet 
center is within an ellipse
ÅAssumed flattening of 0.71 

(Michikamiet al. for Ryugu)

ÅCaveats
ÅNot every rock is an ellipse.

26

New Analysis- Rocks as Ellipses



ÅStart with 5-15cm DTM for 
lat/ lon grid of the surface

ÅIngest IPWG rock counts, 
and find which facets are 
covered by a rock
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New Analysis

This shows which facets are covered by a rock (red) and 
which are not (blue). Note that here, the rocks are 
circular.



ÅLoop over very facet
ÅSimple fraction within a 

given radius of 
resolved/unresolved 
material
ÅGet number of facets 

covered by rocks vs. total 
number of facets

ÅWeight area by 
Deliverability ellipse
ÅDeliverability weighted by 

distance from center of 
radius accounting for 
ellipse axes and 
orientation
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New Analysis

This shows the output of this run at each facet in this 
region (for rock length > 30cm, search radius = 5m). Red 
facets have heavy coverage with resolved material and 
blue areas have low coverage with rocks.



Deliverability weighted (1d) Simple areal coverage
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Deliverability weighting

This shows the output of this run at each facet in this region (for rock length > 30cm, search radius = 
5m). The left plot includes a Deliverability Weighting (sigma=2.5meters).



Test of 2d Ellipseςsingle rock

1.827m x 1.635m (1-sigma axes). With 26.49 deg orientation; 6m search radius



Test of 2d Ellipse ςsame rock, larger major 
axis, 45deg

5.827 x 1.635 ellipse (1-sigma axes) at 45.49 deg orientation



Single rock, elongated 135 deg ellipse

5.827 x 1.635 ellipse (1-sigma axes) at 135.49 deg orientation





Tall rocks

ÅAltWGproduct _MHT_ gives the 
tallest height in the DTM within 
a given radius of each facet
ÅFor V12 and V13 it is 150cm 

distance

ÅHere, the process is:
ÅMask out facets with an MHT 

above a certain height ςsay 30cm

ÅThen do the deliverability 
weighting of facets within a given 
area that are above that critical 
height

Code: AvoidTallParticles.c
{ŜŜ w5²D ǿƛƪƛΥ ά!ǾƻƛŘƛƴƎ ¢ŀƭƭ tŀǊǘƛŎƭŜǎέ



Applied to _only_ rocks over 10cm tall







EX07 (40cm rocks)

Min: -46.936607 321.496704



DL06 v2 (left) ςDeliverability helps a lot

ÅIn DL06v2, some large rocks 
creep into the edge of the ROI
Å64% for non-weighted (D<30cm)

Å82% for weighted (D<30cm)

ÅMeanwhile in DL06v1, it has 
roughly uniform coverage of 
rocks
Å76% for non-weighted (D<30cm)

Å86% for weighted (D<30cm)



ÅLoop over very facet
ÅProject rocks as ellipses instead of 

circles
ÅWe know endpoints and centers ς

can determine whether a facet 
center is within an ellipse
ÅAssumed flattening of 0.71 

(Michikamiet al. for Ryugu)
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New Analysis- Ellipses



ÅLoop over very facet
ÅProject rocks as ellipses instead of 

circles
ÅWe know endpoints and centers ς

can determine whether a facet 
center is within an ellipse
ÅAssumed flattening of 0.71 

(Michikamiet al. for Ryugu)
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New Analysis- Ellipses

bƻǘŜ мн ƻΩŎƭƻŎƪ ǊƻŎƪΩǎ Ƴŀǎƪ ƛǎ ŎƭŜŀǊƭȅ ŜƭƭƛǇǘƛŎŀƭ

This shows which facets are covered by a rock (red) and 
which are not (blue). Note that here, the rocks are 
elliptical with flattening = 0.71 (flattening is simply the 
ratio between semi-major and semi-minor axes).



Scores improve with Ellipses and Deliv. 
weighting

Circular rocks Elliptical rocks (flattening = 0.71)



Comparing results

ROI C_LON C_LAT

ArcMap 
Fraction 

Unresolved 
Area (%)

Heat Map
Fraction 

unresolved (30cm)

Heat Map
EllipRock 
Fraction 

Unresolved

Heat Map Deliv. 
Weighted 
Fraction 

unresolved

Heat Map Ellip
Rock Deliv. 

Weighted Fraction 
unresolved

DL06_1 89.279 11.546 74.781 83.3 86.6 87.6 89.9

DL06_2 86.573 11.818 63.854 72.5 76.8 83.7 86.3
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This all seems to move in the right direction ςeach step to the right should increase the 
numbers.

L ŀƳ ŀ ōƛǘ ǎǳǊǇǊƛǎŜŘ ŀōƻǳǘ ǘƘŜ ŘŜƭǘŀ ōŜǘǿŜŜƴ 9ǊƛŎŀκwƻƴΩǎ ƴǳƳōŜǊǎ όŎƻƭ пύ ŀƴŘ Ƴȅ ŦƛǊǎǘ Ŏǳǘ 
numbers (col 5). With perfect resolution these should be equal, but I would have guessed 
that might would have started lower, rather than higher.  Causes?:
- DTM resolution ς15cm ςŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ŦŀŎŜǘ ŎŜƴǘŜǊǎ ǳƴŘŜǊ ŀ ǊƻŎƪΧ ǎƘƻǳƭŘ ŀƭǿŀȅǎ 

increase rocks area and depress the unresolved numbers.
- Rock counts used, and smallest size? (dl06_counts_07052019.txt with len>30cm)
- Local DTMs all have same surface area per facet. Right?



Each site

ÅDone on v34 shape model

ÅParticle counts from 8-July-2019

ÅBoulders masked as ellipses with flattening of 0.71

ÅHaversine distance calculations done with a bennuradius equal to the 
average radius of the local DTM

ÅDeliverability 1-sigma distance was derived from Elite Eight 
Deliverability spreadsheet 98.3% radius for 14 deg.

ÅBeware some great scores on the outskirts of the field of view ςthey 
ǎƛƳǇƭȅ Ƴŀȅ ƴƻǘ ƘŀǾŜ ōŜŜƴ ŎƻǳƴǘŜŘ ƛƴ ǘƘŜ Lt²D ǊƻŎƪ ŎƻǳƴǘǎΧ



Summary ςextracting mean of ROI centers

ROI LABEL C_LON C_LAT ROI RADIUS (km)AREA (m2)
Fraction Unresolved Area 

(D<30 cm)
Fraction Unresolved 

Area (D<40cm)
Heat Map (D<40cm) Circular 

rocks; no weighting
HeatMap(D<30cm)

Circular rocks (ellip)*
HeatMap(D<40cm)-
Circular (elliptical)*

DL15_2 41.760 55.596 0.005 78.500 88 88 91 92 (94) 96

DL15_8m 42.370 55.900 0.008 201.011 81 83 92 92 (94) 96

DL09 -153.45024.034 0.005 78.487 80 83 81 82 (86) 89

DL15_10m42.412 55.127 0.01 314.139 79 81 90 90 (93) 96

DL06_1 89.279 11.546 0.005 78.486 76 82 88 86 (89) 92

DL15_1 43.912 56.595 0.005 78.501 74 78 77 77 (82) 84

CQ13 55.595 11.414 0.005 78.486 73 77 81 83 (88) 92

EX07 -38.689-47.165 0.005 78.494 72 81 85 87 (91) 94

BB21 65.925 54.831 0.005 78.499 70 78 88 87 (91) 95

DL08 -29.547 23.342 0.005 78.487 69 80 73 74 (80) 83

BB03 127.054 -7.912 0.005 78.486 64 71 74 75 (83) 89

DL06_2 86.573 11.818 0.005 78.486 64 72 78 82 (85) 89

*These include deliverability weighting. They are also not for a single facet, but a small region around the central facet



EX07


