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Latitude Longitude
NE-Syrtis 17.890°N 77.160°E :2035

Nili-Fossae 21.023°N 74.358°E :655
Nili-Carbonate 21.700°N 78.900°E :1458
Jezero-Crater 18.389°N 77.541°E :2620
Holden-Crater 26.600°S 325.150°E :2129

McLaughlin-Crater 21.818°N 337.749°E :5028
SW-Melas-Chasma-

(east)------------------------------------
9.819°S 283.608°E :1886

SW-Melas-Chasma-
(west)-----------------------------------

9.811°S 283.488°E :1892

Mawrth-Valles 24.015°N 341.033°E- :2247
E.-Margaritifer 5.596°S 353.835°E :1249

- - - -

(top-nine)-

Mars-2020-Landing-Sites

Candidate-Landing-Site
Range-Trigger---------------------------

(16-x-14-km)-Ellipse-
-MOLA-

Elevation-(m)

Ellipse Locations Vetted through Site Proposers
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• Relief: ≤100 m at 1-1,000 m

HRSC & CTX DEMs

• Slopes: <25° at 2-5 m length scales

HiRISE DEMs

• Rocks: Probability Rock  >0.55 m high less than 0.5%

• Loosely Corresponds to ~10% Rock Abundance

• Rock Maps from HiRISE shadows

Engineering Constraints
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Pipeline USGS

NE,Syrtis ! ! ! ! ! 33 ! ! 33 ! ! —

Nili,Fossae ! ! ! ! ! 40 ! ! 40 — — —

Nili,Carbonate ! ! ! — — — ! — — — — !

Jezero,Crater ! ! ! ! — — ! — — — ! —

Holden,Crater ! ! ! — — ! ! — ! — ! !

McLaughlin,Crater ! 80 ! — ! 20 ! ! 20 ! ! —

SW,Melas,Chasma,(east),,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,! ! ! — — 75 ! — 75 — ! —

SW,Melas,Chasma,(west),,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,! ! ! — — 33 ! — 33 — ! —

Mawrth,Valles ! ! ! — — ! ! — ! — ! !

E.,Margaritifer ! ! ! ! — 33 ! — 33 — — !

!=,complete,coverage;,all,other,values,in,percents

Landing'Site'Coverage
Map,Products

Image,Coverage

Extrapolated,

Slope

Rock,

Abundance

Inescapable,

Hazard

Landing,Site USGS

CTX HiRISE

Stereo,Pipeline
Slope,(2Y5,m,

length,scale)

Relief

,
Digital,Elevation,Models

CTX HiRISEHRSC CTX

8/4/15 Golombek et al.: Terrain Characterization 5



68/4/15 Golombek et al.: Terrain Characterization



CTX & HiRISE DEMs: Nili Fossae

• Adirectional Slope 
maps generated from 
the DEM 
– (Kirk et al., 2008)

• HiRISE slopes at 1-m 
baselines
– Mean: 3.059°

– StdDev: 2.523°

– Maximum slopes are 
associated with the 
rims of craters only.

CTX Stereo Pairs
P14_006633_2018_XW_21N285W
P17_007556_2012_X1_21N285W

HiRISE Stereo Pairs
PSP_005776_2010
ESP_012039_2010

Fergason & Kirk
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DEM Generation Overview
• Pre-process HiRISE and/or CTX images in ISIS

• Remove jitter in the HiRISE images, as needed.
• Remove camera distortions and generate keywords.
• Extract MOLA DEM and MOLA track data for project area.

• Import images into SOCET SET®
• Run Multi-Sensor Triangulation

• Bundle adjustment to obtain a solution for relative control

• Align images to MOLA and generate transformed 
ground point file using Ames Stereo Pipeline
• Re-run Multi-Sensor Triangulation to gain absolute control 

to MOLA 

• Run NGATE to match features in the images and 
generate the DEM
• CTX - 20 m elevation postings
• HiRISE - 1 m elevation postings

• Manually edit the DEM to remove any artifacts or 
blunders resulting from the automated matching 
algorithm (i.e., NGATE)

• Re-generate the final DEM
• Export final products and generate ortho-images

EDR

SPICE

Level 0 – Ingestion (ISIS)

•Formatting to ISIS

•Update labels with Spice

Level 1 – Radiometric (ISIS)

•Formatting to ISIS

•Update labels with Spice

Control

Network

Improved

SPICE

Extract & Edit DTM (SS)

•Per stereo pair terrain extraction

Import (SS)

•Import from ISIS into SS

MST – Bundle Adjustment (SS)

•Orientation (Internal, 

Relative,Absolute)

Orthorectification (SS)

•Reproject to map

•Remove topographic distortions

Export Final Products (SS/ISIS)

•Final DEM

•Ortho-images

Fergason & Kirk
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Slope Extrapolation (NE Syrtis)

USGS HiRISE DEM slopes 
Yellow >24°

Anaglyph from HiRISE stereo 
pair ESP_016219_1980

ESP_016364_1980
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Rocks

North

VL2

Rock Shadows Resolvable in HiRISE
Same Rocks Measure on Ground and from Orbit
Continuous Size-Frequency Distribution - Exponential
Can Measure Rocks from Orbit – Extrapolate to Surface

Golombek, Huertas et al 20088/4/15 Golombek et al.: Terrain Characterization 11

Resolution roll-off

HiRISE



Automated Rock Counting

Huertas
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Automated Method
• Developed for Phoenix Landing Golombek, Huertas et al 2008

– Validated Against Previous Rocky Landing Sites
• VL2, VL1, MPF

– Validated Against Previous Landers 
• Lander Size ±1 pixel – VL1, VL2, MPF, Spirit, Oppy

• Accurately Predicted Phoenix Rocks Golombek, Huertas et al 2012

– HiRISE match Surface Counts

• Method Refined for MSL Golombek, Huertas et al 2012

– Deconvolution - Sharpen Shadows
– Separation of Non-Rocks – Hill, Scarp Shadows 
– Human – Auto Calibration via Pilot Studies
– Automated Fit to Model 1.5-2.25 m Rocks
– Extra Strike >2.25 m
– Accurately Predicted MSL Rocks

• InSight and M2020 Huertas

– Same Method as MSL
• Additional De-noising of Some Images for InSight
• M2020 – CFA 30 m Bins
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yellow: <1.5m  
red: >2.25m
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blue-red: all counted rocks
cyan:[1.5 – 2.25m]

map resolution:150m
rock counts in:150m x 150m tiles

Density
All sizes
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Rock Abundance
D: [1.5-2.25m]
Area < 10%: 87.9%
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SW Melas Rock Abundance

CFA
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Nili Carbonate
Inescapable ripples

2x3 m rover footprint

Inescapable Hazards

Opportunity Ripples at N Erebus

Sol 614 View

Drifts >>1m High
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Nili Carbonate Inescapable Hazard Map

Ripples: Red – Inescapable
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Landing Site Concern

NE Syrtis Some Rocks, Relief, Slopes

Nili Fossae None

Nili Carbonate Major Concern - Inescapable Hazards: Ripple Fields

Jezero High Rock Abundance

Holden None for MSL

McLaughlin Some Rocks, Slopes

SW Melas Some Rocks, Relief, Slopes

Mawrth None for MSL

E Margaritifer Some Concern – Inescapable Hazards: Ripple Field

M2020 Landing Sites

Evaluation of Images and Data Products



NE Syrtis Relief 



NE Syrtis Slope/Rock Hazards



NE Syrtis Rock Abundance
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CFA
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Jezero Rock Abundance

ESP_023524_1985

PSP_002387_1985

CFA
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Area >25°
0.59%

Dark cratered terrain
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McLaughlin Rock Abundance

Black ellipse 
center at ~
Lat. 21.8731°
Long. -22.1560°

CFA
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Rock Abundance Map: Melas
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Previous ripple and scarp hazard maps
East Margaritifer Inescapable Hazard Map

N

Ripples: Red - Inescapable ~1%
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Landing Site Concern

NE Syrtis Some Rocks, Relief, Slopes

Nili Fossae None

Nili Carbonate Major Concern - Inescapable Hazards: Ripple Fields

Jezero High Rock Abundance

Holden None for MSL

McLaughlin Some Rocks, Slopes

SW Melas Some Rocks, Relief, Slopes

Mawrth None for MSL

E Margaritifer Some Concern – Inescapable Hazards: Ripple Field

M2020 Landing Sites
Evaluation of Images and Data Products


