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Landing Site Selection Criteria

e Latitude
e Elevation
e Wind
* Slopes

— Kilometer baselines

— Hectometer baselines
— 1-10 m baselines

e Rock abundance
e Dust abundance

* Temperatures
* Science
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Landing Site Slope Criteria

e >500 m: MOLA grid
 >300 m: MOLA profiles
 ~100 m: MOLA pulse widtt

* <100 m: Images
— 40-200 m Viking Orbiter
— ~100 m THEMIS

— 3-10 m MOC Mars Pathfinder Ares Tiu site
— 0.3-1 m HiRISE Viking Orbiter 40 m/pix stereo

» Other possibilities
For MSL slope evaluation at — 12—-200 m HRSC
2-5 m baseline, choices are

MOC (photoclinometry) or - 6-20m CTX
HIiRIS — 3-10 m HRSC-SRC
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Photoclinometry & Stereo




Methodologies Compared

Photoclinometry

Single image
Horizontal res 1 pixel
Measure, [ slopes
— Neighbor hts to << 1 pix
— Errors grow w/baseline
Radiometric
— Artifacts if albedo varies

— Scale error if haze not calib. to
stereo/MOLA

— No absolute heights
CPU & labor intensive
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Stereo
* Two convergent images
Horizontal res >3 pixels
Vert res 0.2 pix / (b/h)

— ~1 pix for MOC

— Independent of baseline
Geometric

— lgnores albedo

— lgnores atmosphere

— Absolute heights require control
(e.g. to MOLA)

CPU & labor intensive




=>40,000 lines
A

HiRISE Stereo: Data Volume
Necessitates Digital Mapping

USGS Viking Orbiter Global DTM
21,338 km
_A—

iy C’[iﬁf'*rﬁ‘

=90 million posts
Control images, produce
and edit DTM in a few work

days by digital “softcopy”
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170 million posts

>99% interpolated from contours
Team of 5-6 people working

for a decade by analog stereo

oy



ISIS/SOCET SET Workflow

IS S

- _e§,t|on
*Formatting tc
«Update label: th Spice 4 S

Import

/

-Ra ometric
*Formatting to ISIS
*Update labels with opice

—

rol
Establish relative match points
«Tie to ground control system

cric

«Camera distortion
*Map Projection
<Color filter ¢ gistrauc

Level3-F ‘rlc
*Normalize sce
*Residual inter: age brigi..ness

Level4 - Iy ng

*Mosaicking of mes
Analy iTools
*Spectra  hancement

_______ ,________
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Repro;ecl to1
“Remoy~ topo

D SOCET SET

Orlenta I (Internal,
Relativ. bsolute)

Perst opa rain extracnon

(SOftCopy Exploitation
ToolSet: Digital
Photogrammetric

Workstation)
om I1SIS

(Multi-Sensor
Triangulation
“Block Adjustment”)

(ATE-Automatic
Terrain Extraction
ITE-Interactive
Terrain Extraction

;a,tlon “matching”)

phlc distortions

Mosa|corth notos map
*Mos: DTN - global DTM

Analysis Tools

Change Detection
*Volume metrics
«Elevation measurement
«Terrain Analysis

ISIS: Integrated Software for
Imagers & Spectrometers

*USGS in house s/w

*Strengths:
*Ingestion/calibration
*Planimetric mosaicking

*Quantitative analysis
including photoclinometry

*Use for calibration, 2D proc.
SOCET SET: softCopy
Exploitation ToolSET
*BAE Systems commercial s/w
*Strengths:
*Stereo display/input
*Bundle-block adjustment
«Automatic DTM matching
*Use for 3D processing
*Write new sensor model




Astrogeology SOCET DPWS:
Dr. Jones, Henry Jr., Hen3ry,
Temple, Grail*

Indiana Jones on Earth
“I have a lot of good memories of that dog”

Indiana Jone

Elpitha (Annie) Howington-Kraus with our 4t generation
SOCET Set workstation “Temple (of Doom)” sisted by Salla
and Shorty
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MSL Candidate Sites

\
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H O I d e n HiRISE Ortho PSP_007191_1535 Stereo DEM

1 meter/pixel 1 meter/pixel
35°5'0"W 35°00"W 35°5'0"W 35°0'0"W
Stereopair:
PSP_007191_1535
PSP_007903 1535

26°5'0"S

-1,364
26°10'0"S
-1,415
-1,466
-1,517
-1,568
-1,619
1.670 26°15'0"S

1,721
- 1,772
-1,824

1 B 1 26°20'0"S

™ Km

26°20'0"S

Planetocentric

26°25'0"S o6250'S

35°50"W 35°0'0"W

35°50"W 35°0'0"W



Holden Crater Context & Slopes
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M awrt h 2 HIiRISE Ortho PSP_006676_2045 Stereo DEM

1 meter/pixel 1 meter/pixel
18°50'0"W 18°50'0"W

Stereopair:
PSP_006676_2045
PSP_007612_2045

24°10'0"N

-2,231
— -2,275
-2,318
-2,362
-2,405
— -2,449

24°5'0"N

-2,493
— -2,536

.: -2,580
-2,623

2 0 2
™ K

24°0'0"N 24°0'0"N

Planetocentric

23°55'0"N 23°55'0"N

18°50'0"W

18°50'0"W



Mawrth 2 Context & Slopes
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Mawrth4

Stereopair:
PSP_006887_2050
PSP_007823_2050

e -3,233
-3,248
—-3,264
—-3,279
-3,294
—-3,309
—-3,325
-3,340

-3,370
0 2 4

™ i

Planetocentric

HiRISE Ortho PSP_006887_2050

1 meter/pixel

20°30'0"W 20°25'0"W

25°0'0"N

24°55'0"N

24°50'0"N

24°45'0"N

24°40'0"N

20°30'0"W 20°25'0"W

20°30'0"W

20°30'0"W

Stereo DEM

1 meter/pixel

20°25'0"W

20°25'0"W

24°45'0"N

24°40'0"N




Mawrth 4 Context &Iopes
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be rs Wa I d e HIiRISE Ortho PSP_008272_1560 Stereo DEM

1 meter/pixel 1 meter/pixel
33°20'0"W

Stereopair:

PSP_008272_1560
PSP_007481_1560

s 1,595
— 1,556

— 1,517

— 1,478

— 1,439

— 1,400
1,361
1,322
1,283

1,244

™= s [ 1)

Planetocentric

33°20'0"W

23°45'0"S

23°50'0"S

23°55'0"S 23°55'0"S
24°0'0"S 24°0'0"S

33°20'0"W

33°20'0"W



Eberswalde Context & Slopes
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G a I e HiRISE Ortho PSP_009505_1755 Stereo DEM

1 meter/pixel 1 meter/pixel

137°30'0"E 137°30'0"E

Stereopair:
PSP_009505_1755
PSP_009571_1755

4°200"S
— -3,890

— -3,961

— 4,033

— 4,105

— 4,176 4°250"S

— 4,248

— 4,320

— 4,391

-4,534 4°30'0"S

10 1
™ Km

Planetocentric

4°35'0"S 4°35'0"S

<
4°40'0"S 4°40'0"S

137°30'0"E

137°300"E



Gale Crater Context & Slopes
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Remaining sites are on hold because of “jitter,”
which degrades DTMs as shown here at PHX site

TM with discofINUTIES
at.CCD bounddries

-y

Jiarag peEiicning9gcomas “nois)
Wnare imayges ara out of alignn
along-irae vacause of jitiar
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Example Good and Bad Jitter Cases

Nili Fossae PSP_006633_2010 Nili Fossae PSP_007556_2010
RED4IREDS Hijitreg RED4IREDS Hijitreg
0 3
-1?<ggw'§mgm‘:’:m8 momw =4
2 e X
£ E
s £ -
£5 £
g s L
7
-8
9 5
FromLine FromLine
Nill Fossaa lmaga |, ling componzni Nili Fossaz Iinayz 2, ling componani
~| ozl osclllations—no uroblam 48 pixzl uscillations—BIG problem
(lgnorz ine sk, it's 2 vad f2aiura maichn)
USGS approach:

*Incorporate polynomial for motion in jigsaw (bundle adjustment)
*Practical limit 20" degree handles 6-7 “wiggles” per image
U of A approach:

*Fourier series for offsets -> Fourier series for net motion of
features in the focal plane |
*Each CCD pair is “blind” to certain frequencies of jitter but 3 CC
give a full solution
*USGS converts model of feature motions to new SPICE CK kernel




Mawrth 3

2™ half has jitter, awaiting fix

Mawrth 3 PSP_008179_2035
RED4/REDS jitter

=

| ——
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PSP, 008966 2035 e
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Nili Fossae

3 ¥ “, ;,\ 7Y -ff _ ,2" 2" half has jitter, awaiting fix

Psp\oosoee 201

' PSP 003587 2015 B 3 Nili Fossae PSP_007556_2010
‘ s RED4/REDS Hijitreg

Regline-FromLine
L N N - I )

FromLine

~= PSP_008716.2010

\‘ PSP 0087\2015‘
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PSP_004497_2
PSP_005776_2
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Mawrth 1

Both have jitter, awaiting fix

Mawrth1 PSP_007388_2050
RED4/REDS Hijitreg

Regline-FromLine

FromLine

[\ Ly - 4 / T Mawrth1 PSP_007678_2050
. 2 ' RED4/REDS Hijitreg

RSP,_007388 2080,
BSP_007678.2050

N7 )
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65
05
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65835
375
915
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N
2_1 715
==

9/17/2008

FromLine



Miyamoto Crater

1st half has jitter, awaiting fix
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Miyamoto PSP_007124_1765
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South Meridiani

W
PSP_oogi‘no \’l ' / .\\ ,

Lowest priority

) PSP1009352_1770

(p—) [l
% PSP_009497_1770
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Slopes Summary

RMS Slope % 15° Slopes RMS Slope % 15° Slopes
(°) at 2m at 2m (°) at 5m at 5m

Holden Crater 4.41 0.59 3.85 0.25
Mawrth 2 6.73 3.30 6.30 2.60
Mawrth 4 5.47 1.52 4.87 0.98
Eberswalde* 10.89 13.90 9.22 9.43
Gale Crater 6.66 2.98 6.19 2.47
Mawrth 3

Nili Fossae

Mawrth 1

Miyamoto

S. Meridiani

*Contains both real features with steep slopes and extremely bland areas

in which matching fails, leading to high apparent slopes at short distances
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