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Once upon a time (1880–1910)
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1890 – a horse-powered army

14 / 86



1920 – diesel takes over
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2000 – still same contours
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2010 – DK-DEM (DHM, Danmarks Højdemodel)
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What happened?

1890 data OK for more than 110 years—why suddenly this urge for new data?
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What was done, what was learned?

Done:
I 2007: Tender for a new gridded elevation model for public sector use

I Based on LiDAR data collected 2005–2007
I Delivery and QA/QC process running in 2007–2008

Learned:

I An amazing success!!!
I Many new users and uses
I Limitations (no point cloud, public sector only) were a real problem
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What happened next?
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The time was ripe!
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“Basic Data”. . .

Don’t just release data—make sure they are useful, i.e. data should be:

I Correct, complete and up-to-date
I Distributed in an efficient manner, fulfilling user needs
I Freely and openly accessible for both public and private parties
I Used as common reference across geographic and administrative boundaries

Meaning:

I Update of DK-DEM urgently needed
I Funding allocated—not just for immediate update, but for continuous future updates!
I Get going—reduce the update cycle for DK-DEM from 110 years to 5 years!
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A beauty contest

With funding allocated specificly for DK-DEM, we could issue a tender inviting for a race
to the top of quality, rather than a race to the bottom of price (and quality).

Price mattered, but quality mattered more

A beauty contest, which was won by a consortium led by AeroData Nederland

I 4 pulses/m2 (DK-DEM2007: 0,5 pulses/m2)
I Horizontal accuracy 15 cm (DK-DEM2007: 70 cm)
I Vertical accuracy 5 cm (DK-DEM2007: 15 cm)
I Very narrow tolerances for precision as well
I Colour information from concurrently recorded images for all day time flights
I Full Waveform information
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Contract signed December 2013
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3 flight seasons. Project ends December 2015
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Specification philosophy

I Do not specify anything that cannot be checked

I Check everything specified
I . . . and not just by spot checks (CPU clock cycles are cheap)
I We’re the National Mapping Authority—take advantage of existing

photogrammetrically derived geodata
I . . . and get a better overall feel for the accuracy and precision of the entire geodata

stack
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QC and Production system—architecture
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QC and Production system—emphasis on QC
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QC details

Data delivery: Blocks of up to 40 km x 40 km. Checks: Run in parallel on 1 km x 1 km tiles
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QC: Vertical precision—detail
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QC: Vertical precision—first flight season
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QC: Horizontal accuracy—How?
I Take advantage of a highly symmetric subset of building registrations.
I Assume roof ridge is at the exact center.
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QC: Horizontal accuracy—How?

I Extract point cloud patch for building outline
I Do 3D Hough transform
I Find intersection of 2 first Hough components
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QC: Horizontal accuracy—Example (first delivery)
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QC: Horizontal accuracy—Example (second delivery)
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QC: Horizontal accuracy—Example (statistics)
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QC: Classification

We’re avid users of the

S.R.A.F.A.P.
method

I Students
I Running

I As
I Fast
I As
I Possible
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QC: Classification

But they need something to run with: Grids indicating suspicious situations

I Registered buildings with no points classified as building
I Vegetation where buildings (or roads) are expected
I . . . and a few more
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Example: Frederik’s Church, 2007
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Example: Frederik’s Church, 2014

72 / 86



Example: Decidous vs. Coniferous, 2007 vs. 2014
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Example: Decidous vs. Coniferous, DSM 2014
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Example: Decidous vs. Coniferous, DTM 2007
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Example: Decidous vs. Coniferous, DTM 2014
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Fruition—all done with one day to spare
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Try it yourself
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(un)Conclusion

Well—we did it. We (and AeroData) finished the project in time, building the tracks (i.e.
the QC/Production system) while driving the train.

I’ll let some users conclude. . .

Poul-Henning Kamp (a.k.a. phk, Varnish, FreeBSD, etc. guru): Denmark’s new Digital
Elevation Model is undisputedly the country’s coolest data file

Martin Keller (German Aerospace Center, DLR): The DEM looks really great. I don’t
think that I ever had a DEM in this quality, wow!

Lene Fischer (lecturer in GIS, University of Copenhagen): A fantastic data set. Teaching
GIS has suddenly become much more fun.
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Patching text files mechanically
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Patching binary files semantically

Converting las file heights from ellipsoidal to orthometric in 3 lines of code

#include "sspplash.h"
HEADER {automatic;}
RECORD {O.rec.z = I.rec.z - N (I.rec.x, I.rec.y); automatic;}

Where traditional patch scripts describe the mechanics of what to do, semantic patch
scripts describe the semantics.

Hence, the patch platform need to understand quite a bit of the input data format it
processes.
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