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Outline

1. Remotely sensed

Airborne lidar 1s swath mapping, pointing error dominates.
Samples, not a complete description

2. Topography
Continuous, single-valued, mineral, non-anthropogenic? Not
well defined at m and cm scale

3. Used

Poor usability and incompleteness are more common
problems with lidar data than lack of accuracy

4. To map
Map = explore, inventory, explain. Map units =
f(mappability, time, process). Calculate the right image

5. Earth history

Retreat of the last ice sheet from the Salish Lowland.
Outwash flats are strain markers with which to discern
Holocene tectonism



1. Remotely sensed

I |
Lidar 1s complex
ﬂ technology and 1t’s worth
T thinking a little about how
1t works

graphic courtesy Natural Resources Canada



To make a lidar DEM

e Position & orient aircraft with GPS and IMU
. Scan landscape with laser rangefinder

« (Calibrate position, orientation, and range
measurements (GCP match, swath-swath match);
reduce measurements to ground coordinates. Iterate

» Identify ground points
» Create surface model from ground points

Each step contributes to the accuracy of lidar DEM

Topics: measurement reproducibility, DEM
reproducibility, adequacy of ground-point sample



Accuracy of lidar point measurements

What the vendor can be held responsible for
Evaluation requires abundant, expensive GCPs

Industry standards focus on vertical accuracy of
points on near-horizontal, near-bare surfaces

As a substitute, look at

» Reproducibility (consistency) of point
positions
Can be cheaply evaluated from swath overlaps
Provides lower bound on measurement accuracy



CONSISTENCY analysis

 Start with tile of multiple-swath data

* Sort on time. Split into swaths at time breaks. For
each swath
— Identify data areas
— Build surface (1%t-return points — TIN — lattice)

« Subtract swath surfaces, spatially merge
differences

« (Calculate local curvature to 1dentify smooth areas
where 1nterpolation 1s valid

 Make image
— Saturated color = smooth area with overlap
— Unsaturated color = rough area with overlap

— Gray = no overlap
— White = no data
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'~ The dominant source of error in most airborne

lidar data is swath-related




e Larger AZ on
steeper slopes
implies XY
mismatch larger
than Z mismatch

e This 1s the norm

 Conclusion:
pointing 1s bigger
problem than
positioning
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Corollaries to dominance of swath-
related pointing error

 To improve accuracy, improve pointing calibration

#

* Local averaging to reduce absolute errors 1s
ineffective

* For best shapes 1n open areas, use single-swath data

 In general, denser data = more accurate data

— Calibration involves less XY interpolation, thus 1s more
precise

— Denser data = lower flying height = less XY error for
given pointing error
Also, denser datasets commonly have smaller fraction of
ground-point classification errors



Accuracy of point-based DEM

What we care about
Evaluation requires abundant, expensive GCPs

As a substitute, look at:

* Reproducibility (consistency) of DEM
Can be cheaply estimated from swath overlaps
Provides lower bound on DEM accuracy

* Quality of the ground-point array

Quantify how well ground points (assumed to be
accurate) characterize topography



To make bare-earth DEM:
1) Measure XYZ of points
2) Classify points as ground or not-ground
3) Interpolate ground points to continuous surface

DEM error =

[ (measurement error)? small, <10 cm
may be large in
forested terrain
+ (interpolation error)> ]2 ditto

+ (classification error)?

Rule of thumb:
internal DEM reproducibility =
~2 x Z. measurement reproducibility



How well do ground points sample
Earth’s surface?
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Without knowledge of the true surface, likely estimates
of sample quality are:

interfacial angle (closer to 180 = better)

edge length (smaller = better)
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~6 pulse/m?, leaf off

~1 pulse/m2, leaf on

median edge length 3.1 ft

median 1.f. angle 176.4°

median edge length 14.8 ft

median 1.f. angle 170.7°

95% edge length 8.7 ft

95% 1.f. angle 165.8°

95% edge length 68.6 ft

95% 1.f. angle 142.8°




Images colored by estimated per-facet average interpolation error

O ft 1 ft 4 ft



2. To pogr'aphy n. The 2%-D shape of the

Earth’s surface. Once commonly depicted with
contours, now commonly depicted and
“analyzed as a raster.

Current practices suggest to me that we
assume topography is (more or less):

 Continuous & differentiable
* Single-valued
e Mineral

* Non-anthropogenic















3. Used

Despite our

" preoccupation
with accuracy,
most problems
with lidar data
stem from lack
of usability and
failure to be
complete.

Usable data have

Report of Survey
Formal metadata

Correct and correctly
labeled spatial reference
framework

Consistent file names
and file formats

Workable tiling scheme
(can calculate names of
adjoining tiles)

Consistent calibration



Usable data have
» Consistency between data layers

* No unnecessary artifacts in
surface models

Complete data have

* No gaps

* Adequate data density

* Adequate swath overlap

These are what we pay for



4. To map

Map 1s a verb: an activity that includes
exploration, inventory, and explanation

Geomorphic mapping:
— Parse landscape into geomorphic units
— Choose units to emphasize mappability, process, and
time
My mapping 1s not automated!
— [ have experimented, but without success
— Major challenge 1s noisy data
— Worth further exploration

Interpret by eye: on-screen digitizing over the
right backdrop 1image



Map units defined inductively from
observed phenomena

Not deduced a priori from textbook
principles. I wish to be open to unexpected
classes of phenomena

Map units defined on basis of texture,
shape, and position

Most contacts are at slope breaks
Not all map units have an obvious genesis

Mapping geomorphic units allows one to
see (some) erosional history that is mvisible
to a focus on earth-material units
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Challenges

 Human modification of the landscape

— Where to map modified land? One needs to make a
policy decision

Artifacts in the DEM
— [ try to map what I interpret the ground to truly be

What scale am I mapping at?
— Working scale typically ~6 X nominal scale

e Are my map units adequate?

iy

Mostly not a challenge:

e Overprinting (e.g., dunes on top of alluvial flats,
diffusional modification of hillslope edges)



b. Earth history

Surface “stratigraphy” of the Puget Lowland
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Analysis based on:

« Geomorphic mapping of region
from 30m/25m DEMs

« Geomorphic mapping of central
area from 6ft lidar DEMs

* Local revision with David
Finlayson's 30ft composite DEM
(http://www.ocean.washington.edu
/data/pugetsound) -




Glacio-isostatic rebound documented from
displaced deltas by Thorson (1989) and
Dethier and others (1995)
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Late Vashon age

alluvial flats
(outwash streams, delta
tops, beaches)
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A history of progressive
deglaciation 1s preserved
in topography
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Reflections on geomorphic mapping

* Topographic data are commonly richer than
geologic data

e Geomorphic maps inventory erosional as well as
aggradational features, thus complement and extend
the rock-and-deposit record

e At least in the Puget Lowland, landscape
development was punctuated

* Improved spatial resolution (lidar) translates into
improved resolution of landscape process and
improved temporal resolution



L_ength and time scales of surface
changes—mountains to molehills

4 4> . Michigan
X °$$ ﬁ?of basin
. ﬁ“ é%cades
_'Q_) 6 60 cline
Q)
c P
2 | 1:24K con’rourogiéﬁgyg)‘gmphy |
2 La Honda fault
| ~ landslidg E1906
2 0 Wlndtﬂr%gﬁ?ﬁéﬁ °$
‘0 o"‘ ¢“
molehill ‘0‘
) &
fookpeiat
-2 0 P 4 : 6 8

logy years



Summary

* Know your data
/o Think historically
* Ask questions:

— How accurate are these data?

— Do these data adequately sample the landscape?
— What is the landscape?

— How can the landscape be parsed?

— What was the interplay of process over space
and time 1n the landscape?
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edges image
hue = (170—-(dem div A)*B) mod 360

A- number of elevation units in one hue step
B- size of color jump between hue steps

sat = 40

slope(dem)<=40:
val=99-99*sgrt(slope(dem)/40)
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