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/ Airbus Defence and Space has ample experience in the research and production of global digital o ege oo Sz |
elevation models (DEMs) with various technologies and data from various sources. Most notable is e i R = oo oo

WorldDEM and its successor WorldDEM Neo, a globally available off-the-shelf DSM (and DTM)
with a sampling distance of 0.15" (~5m) using the data from the bi-static TanDEM-X mission.

Due to the robustness of the interferometric process and the precision of the TanDEM-X mission,
WorldDEM Neo has achieved an outstanding absolute, vertical accuracy of 1.4 meters (LEQO;
Fahrland, E. 2024) on bare ground areas. However, X-band interferometry fails to accurately
measure elevation of dense urban structures, so that the quality of WorldDEM Neo is lower in
dense urban environments.
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This is a challenge: though cities take up less than 2% of the Earth’s surface, due to ongoing
urbanisation they house more than 50% of the world’s population (United Nations Department of
Economic and Social Affairs, Population Division, 2019). Hence, accurate and homogenous
elevation data of cities are of key importance for those working in the domains of e.g. urban/
infrastructure planning, intelligence and (environmental) risk assessment.
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With this background, Airbus Defence and Space has fostered the development of a DEM fusion

Figure 1: Colorized hillshade of the DEM fusion result for Milan, Italy. Here, technology to seamlessly update and upgrade WorldDEM Neo in urban areas with local, more Figure 2: Grayscale hillshade of the result of the DEM fusion algorithm in Milan,
WorldDEM Neo was complemented by two SARZIO—Ielght—derlv.ed DSM layers accurate and higher-resolution elevation data from its other earth observation sensors. combined with .colorlzed layer indicating the s.ources of the pixel values
(one created from two dual-aspect TerraSAR-X Stripmap SAR images and the // (TerraSAR-X Stripmap (SM) and TerraSAR-X Spotlight (SL) ).

other from two dual-aspect TerraSAR-X Spotlight images). _—_—er-2>e6bonhaoownnnb 4

/ Datasets Algorithm WD Neo DSM

WorldDEM Neo serves as a global base layer to which ancillary elevation layers from The diagram on the right is a simple representation of the infilling algorithm. plus ancillary layers

Airbus’ optical and SAR sensors are iteratively merged. The first step is the creation of an urban mask, to define the areas where l

These ancillary layers are referred to as ‘infilling layers’' and include elevation layers  WOorldbEM Neo DSM elevation values should be updated. WDNeo | M on mask

generated with multispectral photogrammetry, applied to Spot, Pléiades or Pléiades Neo Outside of the urban areas, the output pixels will be a weighted combination DTM LCM

imagery and deep learning-based DSMs generated with dual-aspect SAR data (Recla & between the base layer and infilling layer. The weights are the result of a l

Schmitt, 2024) acquired by TerraSAR-X, TanDEM-X and PAZ. logistic regression applied to the difference between the base layer and the | Elevation | Layerwith

While WorldDEM Neo has a resolution of 0.15 arcseconds and was produced in a  infilling layer. The weighting of the infilling dataset is positively correlated difference infilling weights

geographic coordinate system (WGS84), the infilling layers were mostly produced in local ~ With the absolute difference between the value of the infilling dataset and T

projected coordinate systems and have varying pixel spacings: 0.5 meter for Pléiades Neo, the value of the base DEM. Infill DEM

1 meter for Pléiades, 5 meter for Spot and 1 or 3 meters for SAR2Height, depending on the Additionally, for infilling layers that have an outer border within the defined layer(s)

resolution cell of the input SAR images (e.g. HighResolution Spotlight or Stripmap mode). urban area, a buffer area is determined to create a smoother transition

For the calculation of the infilling area (urban mask), the algorithm uses the auxiliary layers ~ between the datasets. The extent of the buffer area Is specified by the Base layer

from WorldDEM Neo: amplitude, slope, height error mask and editing mask. A land cover resolution of the infilling dataset. The infilling process is run iteratively and } t iterative

mask - the result of an external, automated DTM processing chain — is also used to further ~ the output DEM serves as base DEM for the next iteration, until the last

refine the infilling area. infilling layer has been added and the final output is created. Output DEM //
L /

—— LiDAR
Infilling result (WD Neo + Spot + PleiadesNeo + S2H_SM + S2H_SL)
—— WD Neo
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Figure 5: Relative elevation profiles of the Pantheon and nearby buildings in Paris, showing a LIDAR DSM (blue) (IGN France, 2024b), the result of the DEM fusion
algorithm, where WorldDEM Neo was complemented by Spot, Pleiades Neo and two SAR2Height layers (Stripmap and Spotlight) (orange), and WorldDEM Neo
(green).
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—— LiDAR
Infilling result (WD Neo + Spot)
—— WD Neo
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Figure 6: Relative elevation profiles of the Maria-Theresien-Platz, its adjacent museums, and nearby buildings in Vienna, showing a LIDAR DSM (blue) (Staat

Figure 3: Colorized hillshades of a part of Marseille | (1) LiDAR DSM (IGN France, Figure 4: Colorized hillshades of a part of Berlin | (1) LiDAR DSM (Weller, 2021), (2) Wien, 2022), the result of the DEM fusion algorithm, where WorldDEM Neo was complemented by Spot (orange), and WorldDEM Neo (green).
2024a), (2) result of the DEM fusion algorithm, where WorldDEM Neo was result of the DEM fusion algorithm, where WorldDEM Neo was complemented by

complemented by Spot and Pleiades Neo, (3) WorldDEM Neo DSM; the boxplot Spot and two SAR2Height layers (Stripmap and Spotlight), (3) WorldDEM Neo DSM;

displays the errors of (2) and (3) referenced to (1). the boxplot displays the errors of (2) and (3) referenced to (1)
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The D on technique reliably p €s hig -quality results, evidenced by both statistical analyses a | 0@ the technology an be used to create custom elevation layers, which only include elevﬁ‘n
o T . o G S, . = = . N . ; ) -
- cross diverse ’;P ities. Wh e the quality com@red to rldDEM Neo Is improved, ers from specific sensors o frgmgr d, based on user requirements. The resolution and
seamlines and system tic s a" suppressed at the same time. ThIS\QS been demonstrated in various . projec 'olw [put layer can also be fr‘ee;#efin y the user. e
- testareas with various inpL - datasets. N/ ort, the technology is robust, effective and flexi | will be used to greatly improve th

The advanced DEM fusion technology can be used Oude t DSM layer with portfolio of Airbus Defence and Spacg.’ -

B latest, local, high-resolution elevation layers in order to create a new glo : ,. = = —
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