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Motivation

Valleys in Elevation Maps

 Extraction of valleys as extremal
structures

« Minimal lines in the elevation map

» Change of monotony in a local
neighborhood

* Varying strength of the valleys

Extremal Structures

« Critical points: minima (blue), saddles
(yellow), maxima (red)

« Separatrices: integral lines connecting
critical points — minimal (blue) and
maximal (red) lines

« Partition of a map in monotone regions

Combinatorial Topological Data Analysis

 Global analysis
e Derivative free extraction
of extremal structures

 Natural hierarchy by
persistence (level of detail)

 Differentiation of dominant
and spurious features

* No computational
parameter
 Grid dependence

 Separatrices separate two extremae
* Change of monotony in normal direction
» Strength depends on adjacent extrema

p(r) = min |h(x) — h(e)

 Separatrix Persistence: Smallest height
difference of the extrema and a point on
the separatrix

* Global measure

* Dependence on the connectivity of critical
points

« Monotonically increasing with respect to
the hierarchy

Simplified extremal structure

Conclusions and Future Work

e Semi-automatic extraction of craters

« Unbiased and automatic extraction of
all extremal lines

 Result is robust with respect to noise

 Separatrix persistence allows for
meaningful reduction

* Not all extremal lines are valleys
 Separation of valleys from other
extremal lines (use of local information)
 Application to more highly resolved
Martian topography (e.g. HRSC data)
 Application to terrestrial elevation data
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Application to Martian Surface

Mars Orbiter Laser Altimeter data — gridded to 128 pixel per degree

Detection of Craters

Minima as seed points Binary mask

* Craters affect extraction of valleys

« Computation of the hierarchy for a given elevation map

* Level of detail: Craters are covered by at least one minimum

 Region growing for each minimum until each crater is covered

Extraction of Extremal Lines

:) g ~ — (: 5%, ,a./f‘ " N ? < I 'v‘ \ ey
& ; L N S ALY
.3 WA e §~'-' Kap < 5

365 i K 2
| ‘1 3 « A 5 5 ¥
e | A 0 PN\
S, 7 2 % &
0f S ] lﬁ 5 At s
N \ | R s
{ - -'-u.;*w 3 R,
7 5 R S S ;
B, h ¥ - g 3 ) iy BB J
‘ol WA ey "

R

Reduced minimal lines

« Computation of the hierarchy for the masked elevation map
« Minimal lines (blue) are scaled by separatrix persistence

 Extraction of valley-like structures
 Separatrix persistence reflects the
varying strength of valleys

 All extremal lines are extracted
 Uplift of crater impact
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« Comparison with manually
mapped valleys by Hynek et al.

 Correspondences of large-scale
structures

 Similar branching behavior

 Differences in small-scale valleys
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