


Landing Site Selec-on Criteria 

•  La-tude 
•  Eleva-on 
•  Wind  
•  Slopes 

–  Kilometer baselines 
–  Hectometer baselines 
–  1‐10 m baselines 

•  Rock abundance 
•  Dust abundance 
•  Temperatures 
•  Science 
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Landing Site Slope Criteria 

•  ≥ 500 m: MOLA grid 

•  ≥ 300 m: MOLA profiles 
•  ~100 m: MOLA pulse width 

•  < 100 m: Images 
–  40–200 m Viking Orbiter 

–  ~100 m THEMIS 

–  3–10 m MOC 

–  0.3–1 m HiRISE 
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•  Other possibilities 
–  12–200 m HRSC 
–  6-20 m CTX 
–  3–10 m HRSC-SRC 

Mars Pathfinder Ares Tiu site 
Viking Orbiter 40 m/pix stereo 

For MSL slope evaluation at
 2-5 m baseline, choices are
 MOC (photoclinometry) or

 HiRISE (stereo) 



Photoclinometry & Stereo 
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Methodologies Compared 

Photoclinometry 
•  Single image 
•  Horizontal res 1 pixel 
•  Measure, ∫ slopes 

–  Neighbor hts to << 1 pix 
–  Errors grow w/baseline 

•  Radiometric 
–  Ar-facts if albedo varies 
–  Scale error if haze not calib. to 

stereo/MOLA 
–  No absolute heights 

•  CPU & labor intensive 

Stereo 
•  Two convergent images 
•  Horizontal res ≥3 pixels 
•  Vert res 0.2 pix / (b/h) 

–  ~1 pix for MOC 
–  Independent of baseline 

•  Geometric 
–  Ignores albedo 
–  Ignores atmosphere 
–  Absolute heights require control 

(e.g. to MOLA) 
•  CPU & labor intensive 
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HiRISE Stereo:  Data Volume  
Necessitates Digital Mapping 
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Typical HiRISE pair
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20,000 samples


≥90 million posts

Control images, produce

and edit DTM in a few work 

days by digital “softcopy”


USGS Viking Orbiter Global DTM
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ISIS/SOCET SET Workflow 
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Level 4 - Mosaicking 
• Mosaicking of individual frames 

Digital Terrain 
Models Orthophotomsaics SPICE 

(Updated Pointing) 

Annotated Mosaic 
of Control Net 

(x,y,z,l,s,frame) 

EDR 

SPICE 

ISIS 
Level 0 -Ingestion 
• Formatting to ISIS 
• Update labels with Spice 

Level 1 - Radiometric 
• Formatting to ISIS 
• Update labels with Spice 

Geometric Control 
• Establish relative match points 
• Tie to ground control system 

Level 2 - Geometric  
• Camera distortion 
• Map Projection 
• Color filter co-registration 

Level 3 - Photometric 
• Normalize scene brightness 
• Residual inter-image brightness 

Analysis Tools 
• Spectral enhancement 

Control 
Network 

Improved 
SPICE Extract & Edit DTM 

• Per stereo pair terrain extraction 

SOCET SET 

Import 
• Import from ISIS  

MST 
• Orientation (Internal,  
  Relative,Absolute) 

Orthorectification 
• Reproject to map 
• Remove topographic distortions 

Mosaicking 
• Mosaic orthophotos -> map 
• MosaicDTMs-> global DTM 

Analysis Tools 
• Change Detection 
• Volume metrics 
• Elevation measurement 
• Terrain Analysis 

(SOftCopy Exploitation 
ToolSet:  Digital  

Photogrammetric  
Workstation) 

(Multi-Sensor 
Triangulation 

“Block Adjustment”) 

(ATE-Automatic 
Terrain Extraction 

ITE-Interactive 
Terrain Extraction 

“matching”) 

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 models 



Elpitha (Annie) Howington‐Kraus with our 4th genera-on 
SOCET Set worksta-on “Temple (of Doom)” 
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Indiana Jones on Earth 
“I have a lot of good memories of that dog” 

Indiana Jones on Mars 

*Assisted by Sallah
 and Shorty 



MSL Candidate Sites 
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Holden Crater Topography 
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Holden Crater Context & Slopes 
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Mawrth 2 Topography 
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Mawrth 2 Context & Slopes 
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Mawrth 4 Topography 
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Mawrth 4 Context & Slopes 
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Eberswalde Crater Topography 
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Eberswalde Context & Slopes 
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Gale Crater Topography 
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Gale Crater Context & Slopes 
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Remaining sites are on hold because of “jiier,” 
which degrades DTMs as shown here at PHX site 



Example Good and Bad Jiier Cases 



Mawrth 3 
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Nili Fossae 
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Mawrth 1 
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Miyamoto Crater 
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South Meridiani 
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Slopes Summary 

Site 
RMS Slope 
(°) at 2m 

% 15° Slopes 
at 2m 

RMS Slope 
(°) at 5m 

% 15° Slopes 
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 
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*Contains both real features with steep slopes and extremely bland areas 
in which matching fails, leading to high apparent slopes at short distances 


