Map/grid of resolved/unresolved
material;
ellipses and deliverablility weighting

11-September2019



Technique for coordinate updates

A Redo the Deliverabilityweighted unresolved material calculation
A 20190708 rock counts (>>>>>>>pegistered to the V028 Shape Model. <<<<<<<<<<<)
A With V13 shape model, 5cm grid
A 2D Deliverability ellipse (DM_NFT_190809.csv)
A Minimum particle size of 20cm
A | 2 R BarticlgéSurfaceAreaCodefar 2y 2 A1 A G a5St ABSNIOAfTAGE 2SAIKGSR ! yNJ

A Perform a similar deliverabilig SA AKISR | yI f @aAa 2y c¢NaKiBumhéighttoDa facéN? R d
within 50cm.
A Mask out facets with an MHT greater than 30cm
A Use same V13 shape model @delliv Ellipses as above
A Determine amount of surface area near each facet that is (deliverability weighted) within 150cm* of a tall (30cm) rock
A This is somewhat degenerate with the unresolved material calculation
A ALT GKSNE IINB y2 NROl&a& YySINbeX GKSy GKSNB OlFlyQd oS dFrtf NROla \y
Code:

A 1 do not yet have a way to quantitatively combine these. See the last point aplos not sure that we should
try to combine these.

*Kevin misspoke about this length on Monday&ep



Max Relative Height (MHT)

AMax relative height is an Max Relative Height
. From the SIS
AItWG prOdUCt to flnd This is the magnitude of the highest or lowest point within the user defined
- . . - i lative t I fit Il th ints in th le ellipse. This i
highest/lowest point within sesentiaNy & measurs of the height and depih of eiher the largeet surface.
. . . clast or crater within an region of interest.
a given radiuselative to a Aot
gorithm:
plane fitacross the region L e oot 0 s o e e o
deflned by the radIUS . dlffr:rej‘n:e between the plane and the points in region of interest
, A o o A P - £ ncertainty:
AG S a a S y u 7\ I f f € I -g dH=H, {Z( ) /VN — 1 where R, are all the points used in the region used to fit
height and depth of either = the plane.

the largest surface clast or FromHariong S LJ0 S Y6 & NX @
crater within an reglon of
AYUISNBauoé

AV0130LA DTMs use radius
=1.5m*

Q

*Kevin misspoke about this length on Monday&ept



Technique for coordinate updates

AFor CQ13 and EXO07,

A Find and report the minimum value

A Compare qualitatively with the MHT

A Minimal changes from last update

A MHT-analysis (tall rocks) is closely aligned

AFor DLO& the Eastern site moved North ~1 deg and East ~0.5deg

A The east does not look great in the M#alysis

A Current analysis considered black spot as a boulder characterization will change this a
lot. MHT-analysis likes that central area.

A If thte IcIJig dark spot is NOT a boulder a new minimum value is found and its much more
central.

AFor DL1% the unresolved material is slightly offset from the tall rocks best
region.

A Unresolved material best spot is similar to previous values



Best fit coordinates

Ro i llon  Inoes

CQ13 11.46047 55.59017 Very close to Elite Eighbords

EXO7 -47.270569 321.367950  Very close to Elite Eighbords

DL15 55.532471  42.338367 Not aligned with MHFanalysis preferred
region. Alternatives listed in following slide

DLO6 12.894 89.459 Dark spot is a boulder! Not aligned with
MHT-analysis preferred region.

DLO6_nb 11.527472  88.737007 Dark spot is NOT a boulder. Very slightly

better than the above.



CO13

latitude (deg)

Mask of particles larger than 20cm

CQ13; v034; 20190708 rock counts; 2D Deliv. Ellipse 1.83x1.68 28deg
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Fraction of unresolved material

CQ13; v034; 20190708 rock counts; 2D Deliv. Ellipse 1.83x1.68 28deg
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CQ13 Tall rocks (Max relative Heightt a | ¢ €

Mask of max relative height > 30cm

AThe input here is the MHT _
product 15 g
A This includes 450cmsearch radius iowg
to determine maximum height

o
o

AThe mask simply marks every face .|
with a value greater than 30cm :
A Note ¢ many are obvious tall rocks 4
ANot_ec some are strange and likely o ET AR
Indicate topography G

o
o

latituc e (deg)

o
»
Covered by particle (0 or 1)

0.2

AThe final product is essentially this
mask convolved with the RO SR RO Ca ST DA e TSR
Deliverability Ellipse 2B R R e PO

A The ellipse &sigma dimensions are

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




CQ13 Tall Rocks

Fraction of area with max relative heights > 30cm

CQ13; v013; MHT.gt.30cm; 2d Ellipse 1.83x1.68 26deg
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Mask of max relative height > 30cm

CQ13; v013; MHT.gt.30cm; 2d Ellipse 1.83x1.68 26deg
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CQ13 Tall Rocks

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

latitude (deg)

CQ13; v013; MHT.gt.30cm; 2d Ellipse 1.83x1.68 26deg CQ13; v034; 20190708 rock counts; 2D Deliv. Ellipse 1.83x1.68 28deg
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EXO7

Mask of particles larger than 20cm

latitude (deg)
A
~

317 318 319 320 321 322
longitude (deg)

EX07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg

Fraction of unresolved material

EXO07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg
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EXO7 Tall Rocks (MHT > 30cm)

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

EX07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg

EXO07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg

0.3

latitude (deg)
A
\l
latitude (deg)
A
\‘

fraction of surface area covered by 30cm tall particles

-48 B -48
-49 -49
-50 -50
-51 -51

317 318 319 320 321 322 323 324 317 318 319 320 321 322 323 324
longitude (deg) longitude (deg)

Min: -46.936607 321.496704 Min: -47.270569 321.367950

0.3

0.2

Deliverability weighted surface area coverage for D.It.20cm (0-1)



DLOG

Mask of particles larger than 20cm

latitude (deg)

longitude (deg)

Fraction of unresolved material

Covered by particle (0 or 1)
latitude (deg)

89
longitude (deg)

Min (east): 12.894*, 89.459
Min (west): 11.724, 86.675
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Deliverability weighted surface area coverage for D.It.20cm (0-1)

*This is a large change Noi



DLOG6 tall rocksg looking West?

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

DLO06; v013; MHT.gt.30cm; 2d Ellipse 1.8x1.6 26deg DL06; v013; 20190708 rock counts; 2D Deliv. Ellipse 1.8x1.6 26.4deg
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Fraction of area with max relative heights > 30cm Fraction of unresolved material
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Deliv. weighted area covered by tall rocks MHT.gt.30cm
latitude (deg)

89 90
longitude (deg)

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

Deliverability weighted surface area coverage for D.It.20cm (0-1)
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A Old East11.638 88.8580.142935




DLO6c Where dark spot is NOT a boulder

Mask of particles larger than 20cm Fraction of unresolved material

DLO6nb; v013; 20190708 rock counts; 2D Deliv. Ellipse 1.8x1.6 26.4deg DLO06nb; v013; 20190708 rock counts; 2D Deliv. Ellipse 1.8x1.6 26.4deg
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2 New Min: 11.527472 88.737007drives it back towards the center
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DLO6- Where dark spot iIs NOT a boulder

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

DLO6; v013; MHT.gt.30cm; 2d Ellipse 1.8x1.6 26deg

DLO6nb; v013; 20190708 rock counts; 2D Deliv. Ellipse 1.8x1.6 26.4deg
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V/ Min (east): 12.894*, 89.459; 0.1003 A Old East11.638 88.8580.142935
@ Min (west): 11.724, 86.675; 0.152954  mm Nonrboulder: 11.527, 88.737; 0.099




DL15

Mask of particles larger than 20cm Fraction of unresolved material

DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg
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DL15¢ tall rocks

Fraction of area with max relative heights > 30cm

DL15; v013; MHT.gt.30cm;2d Ellipse 2.6x2.1 62deg
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Deliverability weighted surface area coverage for MHT.gt.30cm (0-1)
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Fraction of unresolved material

DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg
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Proposed adjustment?

Fraction of area with max relative heights > 30cm

Fraction of unresolved material

DL15; v013; MHT.gt.30cm;2d Ellipse 2.6x2.1 62deg DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg
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Adjusted: 56.032471 41.838387.114053
Prior: 55.532471 42.338367 ; 0.292688

Deliverability weighted surface area coverage for D.It.20cm (0-1)

longitude (deg)

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



Optimized adjustment? 56.029938 41.563465

Combined MHT YR ! yNB a2t OSRX  Fraction of unresolved material

DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg DL15; v013; 20190708 rock counts; D.gt.20cm; 2D Deliv. Ell. 2.69x2.12 62.3deg
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Combination of Part. Surf Area and MNT.gt.30cm
latitude (deg)
Deliverability weighted surface area coverage for D.It.20cm (0-1)

40 41 40 41 42
longitude (deg) longitude (deg)
Optimized:56.029938 41.563465; 0.102486 Optimized:56.029938 41.563465; 0.093641
Adjusted: 56.032471 41.838367; 0.114053 Adjusted: 56.032471 41.838367; 0.087242

Prior: 55.532471 42.338367 ; 0.292688 Prior: 55.532471 42.338367 ; 0.070457






Deliverablility weighted resolved area

AStart with 515¢cm DTM for
lat/lon grid of the surface

Code: ParticleSurfArea_2D.c
2 A1 AY G5St AOSNYoAfAGE 2SAIKIBRSR !



Mask boulders

AStart with 515¢cm DTM for
lat/lon grid of the surface

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

23



Mask boulders

AStart with 515¢cm DTM for
lat/lon grid of the surface

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

U This deals with rocks on rocks and
overlapping rocks

24



Count/track particles

ALoop over every facet

A Calculate fraction within a given
radius of resolved/unresolved
material

A Get number of facets covered by
rocks vs. total number of facets

A Same calculation as the ArcMap
process just done very differently

AWeight area by Deliverability

A Deliverability weighted by distance
from center of radius

25



New AnalystdRocks as Ellipses

ALoop over very facet

AProject rocks as ellipses instead of
circles /

A We know endpoints and centecs

can determine whether a facet

center is within an ellipse

A Assumed flattening of 0.71 \ -

(Michikamiet al. forRyugy N

ACaveats

A Not every rock is an ellipse.



DL6; v034; 20190321T19553853480l,0fL2pan,ap

14 . ’ b
New Analysis
13
AStart with 515¢cm DTM for
lat/lon grid of the surface g ™
Alngest IPWG rock counts, "
and find which facets are |
covered by a rock 10 (A8
8
85

longitude (deg)

This shows which facets are covered by a rock (red) and
which are not (blue). Note that here, the rocks are
circular. 7

Covered bv particle (0 or 1)



New Analysis

ALoop over very facet

A Simple fraction within a
given radius of
resolved/unresolved
material

A Get number of facets
covered by rocks vs. total
number of facets

AWeight area by
Deliverability ellipse

A Deliverability weighted by
distance from center of

latitude (deg)

85 86 87 88 89 90 91

radiusaccounting for longitude (deg)
eII_lpse axXES and This shows the output of this run at each facet in this
orientation

region (for rock length > 30cm, search radius = 5m). Red
facets have heavy coverage with resolved material and
blue areas have low coverage with rocks.
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0.4

Surface area coveraae for D It 30cm (0-1)



Deliverabllity weighting
Deliverability weighted (1d) Simple areal coverage

DL6; v034; 20190321T1 955388348poliofL2panmap DL6; v034; 20190321T195538$348poliofL2panmap
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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).
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Test of 2d Ellipgesingle rock

latitude (deg)

DLO6; v013; Single Rock DLO6; v013; Single Rock
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1.827m x 1.635m (%igma axes). With 26.49 deg orientation; 6m search radius



Test of 2d Ellipsesame rock, larger major
axis, 45deg

DLO06; v013; Single Rock DLO6; v013; Single Rock
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Single rock, elongated 135 deg ellipse

DLO06; v013; Single Rock DLO06; v013; Single Rock
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Tall rocks

AAItWGproduct MHT _ gives the AHere, the process is:
tallest height in the DTM within AMask out facets with an MHT

a given radius of each facet above a certain height say 30cm
AFor V12 and V13 it is 150cm AThen do the deliverability
distance weighting of facets within a given
area that are above that critical
height

Code:AvoidTallParticles.c
{SS w52D GATAY G! G2ARAY:



rocks over 10cm tall

ledto _only

Appl

v012; MHT.gt.10cm

DL15;

DLO6; v012; MHT.gt.10cm
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EXO7 (40cm rocks)

EX07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg EX07; 20190708 rock counts; 2D Deliv. Ellipse 2.25x2.04 -0.84deg
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DLO6 v2 (leftg Deliverabllity helps a lot

Aln DLO6v2, some large rocks
creep into the edge of the ROI
A64% for noaweighted (D<30cm)
A82% for weighted (D<30cm)

AMeanwhile in DLO6v1, it has
roughly uniform coverage of
rocks

A76% for noaweighted (D<30cm)
A86% for weighted (D<30cm)




New AnalystEllipses

ALoop over very facet

AProject rocks as ellipses instead of
circles
A We know endpoints and centecs

can determine whether a facet
center is within an ellipse

A Assumed flattening of 0.71
(Michikamiet al. forRyugy
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New AnalystEllipse

ALoop over very facet

AProject rocks as ellipses instead of
circles
A We know endpoints and centecs

can determine whether a facet
center is within an ellipse

A Assumed flattening of 0.71
(Michikamiet al. forRyugy
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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 semimajor and semminor axes).



Scores improve with Ellipses dbeliv
weighting

DL6; v034; 20190321T1955385348,,0l,0fL2pan,ap DL6; v034; 20190321T1955385348,,0l,0fL2pany,ap
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Comparing results

ArcMap Heat Map Heat MapDeliv. Heat MapEllip
Fraction Heat Map EllipRock Weighted RockDeliv.
Unresolved Fraction Fraction Fraction Weighted Fractior
ROl C_LON C_LAT Area (%) unresolved (30cm Unresolved unresolved unresolved
DLO6 1 89.279 11.546  74.781 83.3 86.6 87.6 89.9
DLO6_2 86.573 11.818 63.854 72.5 76.8 83.7 86.3

This all seems to move in the right directigeach step to the right should increase the
numbers.

L FY F 0A0 &dzNLINAASR Fo62dzi KS RStdOF 6S06SSy 9

numbers (col 5). With perfect resolution these should be equal, but | would have guessed

that might would have started lower, rather than higher. Causes?:

- DTMresolutiorg 15cmc O £ Odzf A2y 2F FI OS0d OSYidSNE dzy RSNJ
Increase rocks area and depress the unresolved numbers.

- Rock counts used, and smallest size? (dl06_counts_07052019.txtem+B0cm)

- Local DTMs all have same surface area per facet. Right?



Each site

ADone on v34 shape model
AParticle counts from -Suly2019
ABoulders masked as ellipses with flattening of 0.71

AHaversine distance calculations done withemnuradius equal to the
average radius of the local DTM

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

ABeware some great scores on the outskirts of the field of yehey
aAYL}Xte Yle y20 KIS 0SSy O2dzyu S



Summary extracting mean of ROI centers

Fraction Unresolved Aree Fraction Unresolve(Heat Map (D<40cm) Circul HeatMap(D<30cm) HeatMap(D<40cm)

ROI LABEL C_LON C_LAT ROI RADIUS (kr AREA (m2) (D<30 cm) Area (D<40cm) rocks; no weighting Circular rocksdllip)* Circular (elliptical)*
DL15 2 41.760 55.596  0.005 78.500 88 88 91 92 (94) 96
DL15 8mr 42.370 55.900 0.008 201.011 81 83 92 92 (94) 96
DL0O9 -153.45(24.034  0.005 78.487 80 83 81 82 (86) 89
DL15 10r 42.412 55.127 0.01 314.139 79 81 90 90 (93) 96
DLO6_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
EXO7 -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
DLO8 -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
DLO6_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 fa



EXO7



