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is available and was analyzed by Tadono et al. (2014) and Takaku et al. (2014). As for the other height 
models a gap filling has been made with other height data. (Jacobsen 2016) gives an overview about 
the preceding listed height models and (Aldosari, Jacobsen 2019) are including also the following 
height models. The most homogenous and really worldwide height model is now available from the 
TanDEM-X InSAR which is commercially distributed as WorldDEM; it has been investigated in 
detail by the German Aerospace Center (DLR) (Rizolli et al. 2017, Wessel et al. 2018) and (Baade and 
Schmullius 2016). A reduced version of this is freely available as TDM90 with 3 arcsec point spacing 
(~ 90m). 

DEM generation from aerial imagery is a standard process, described very often, so a naming of all 
references is not possible. As in all other areas of DEM generation the pixel wise Semi Global 
Matching (SGM) (Hirschmüller 2005 is used more often (Haala 2014) ), especially in built up areas. 

An overview about the ISPRS/EuroSDR benchmark test about the use of penta-cameras for 3D-
evaluation is given in Gerke et al. 2016. The use of penta-cameras is growing. The complex matching 
of images with quite different view directions usually is based on Scale Invariant Feature Transform 
(SIFT) (Lowe, 2004). Penta-cameras often do not have very stable camera geometry, requiring an 
image orientation with self calibration for a satisfying ground coordinate determination (Jacobsen and 
Gerke 2016). 

Similar it is with the Unmanned Aerial Vehicles (UAV), they also require a proper camera calibration 
and the matching usually is based on SIFT (Bakula et al. 2018). With UAV only small areas can be 
mapped opposite to the other methods. Commercial programs should be used for the orientation, 
allowing a block adjustment with self calibration and ground control points. 

The height model determination by airborne LiDAR is a standard procedure based on calibrated 
systems with post-processing by commercial programs to compensate orientation uncertainties by 
overlapping flight lines and ground control points (Davidson et al. 2019). 

InSAR from space allows the generation of height models for large area up to global coverage. The 
Shuttle Radar Topography Mission (SRTM) in 2000 was the first attempt to reach height accuracy, 
better as available for several national survey administrations by the classical methods. Now with the 
TanDEM-X Mission, available as commercial WorldDEM or with reduced spacing freely as TDM90, 
the accuracy and morphologic quality has been strongly improved (Rizolli et al. 2017, Wessel et al. 
2018). 

A number of benchmarks about DEM generation with the different methods exist (Bakula, Mills, 
Remondino, 2019). 

 

2. Horizontal Accuracy and Improvement 

Before the analysis of the vertical accuracy, the horizontal location of the height model has to be 
checked. 
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Figure 1: Horizontal shift between LiDAR height models 

Figure 2: Horizontal shift between a DSM based on Kompsat-2 and the Turkish DTM 

 

Horizontal shifts between height models are typical. In figure 1 a horizontal shift between two aerial 
LiDAR DTMs is shown. The horizontal shift of 4m up to 5m can be seen in inclined areas. The shift 
corresponds to DX=DZ / tan ax respectively DY=DZ / tan ay, with ax=slope in X-direction and 
ay=slope in Y-direction. Figure 2 shows a height profile of a DSM generated by images of the optical 
satellite Kompsat-2 (1m GSD) and the national Turkish DTM. On right hand side the height profile is 
not influenced by vegetation, while on left hand side the area is covered by forest. Nevertheless the 
Hannover program DEMSHIFT determined the horizontal shift correctly in X with 48m and in Y with 
195m. Such large shifts are caused by datum problems of the Turkish reference. The DEM shift 
reduces the RMSZ from 27.09m to 10.35m. Also a tilt of the height models can be detected by this 
investigation. 

 

3. Accuracy figures 

Different accuracy figures are in use. The RMSZ is influenced by the bias (constant shift in Z), which 
is split of for the standard deviation. The Median Absolute Deviation (MAD) is the median of the 
height differences and corresponding to this it has 50% probability. For comparison with the standard 
deviation MAD is multiplied with the relation of the normal distribution for 68% to 50% probability 
the factor 1.4828, resulting to NMAD (Höhle and Höhle 2009). Under the condition of normal 
distributed height differences NMAD is identical to SZ. SZ is based on the square mean of the 
differences, while NMAD is a linear value. Very often the height discrepancies of a DEM against a 
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that the public administration collects and produces (datasets), the meaning of the datasets (concepts), 
the distribution of the datasets (APIs) and how the datasets/concepts are modeled (information models). 
If  needed, more catalogs may be included in the catalog portal in the future. In addition to the aspects 
as the purpose of the datasets, the meaning of the data elements in the datasets, the legal basis for non-
disclosure or disclosure of the datasets, distributions of the datasets etc., the data catalog also contains 
descriptions of the quality of the datasets. 

In this paper we will  present the challenges that we met in achieving standardized and machine-
readable data quality descriptions in our national data catalog, and our approaches and solutions to 
cope with those challenges. 

 

Standardized and machine-readable descriptions of data quality 
When we started to develop our national data catalog in early 2016 regarding the inclusion of 
descriptions of data quality into the data catalog, the first challenge that we met was the lack of 
suitable standards. Our national data catalog is based on a distributed architecture. The national data 
catalog should be able to automatically harvest data descriptions provided by various sectors and 
agencies. One crucial aspect is thus standardized and machine-readable descriptions. 

The national data catalog is in compliance with the national Standard for description of datasets and 
data catalogs DCAT-AP-NO ([6]) which is based on DCAT-AP ([7]), a European application profile of 
the W3C recommendation DCAT (Data Catalog Vocabulary) ([8]). Using the same standard, the 
national data catalog automatically harvests from other sources, e.g. the national portal for metadata of 
geospatial data ([10]) which is in compliance with the INSPIRE legislation ([9]) (as for member states 
of the European Union). 

However, except for a few data quality aspects, current versions of DCAT from W3C and DCAT-AP 
from the European Commission, do not yet specify or recommend specifically how to describe quality 
of data in a machine-readable way. As presented at the 2nd International Workshop on Spatial Data 
Quality by Borrebaek and Buskerud ([11]), a national working group got the mandate to establish 
suitable standards for machine-readable descriptions of data quality, based on the needs from the 
Norwegian public administration. The working group delivered a Specification for description of 
quality of datasets ([12]). The working group concluded to extend our Norwegian application profile 
DCAT-AP-NO with relevant parts of DQV (Data Quality Vocabulary) ([13]) from W3C. DQV 
provides a framework in which the quality of a dataset can be described, whether by the dataset 
publisher or by a broader community of users. 

 
Figure 1: Simplified data model for extending DCAT-AP-NO with DQV  

for describing quality of datasets. 

https://doc.difi.no/dcat-ap-no/
https://joinup.ec.europa.eu/solution/dcat-application-profile-data-portals-europe
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https://www.geonorge.no/en/
https://eurogeographics.org/calendar-event/2nd-international-workshop-on-spatial-data-quality/
https://eurogeographics.org/calendar-event/2nd-international-workshop-on-spatial-data-quality/
https://doc.difi.no/data/kvalitet-pa-datasett/
https://doc.difi.no/data/kvalitet-pa-datasett/
https://www.w3.org/TR/vocab-dqv/
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file://RZ0-FIL-25/DOPV2$/CRD-FSW-EuroSDR-25/..Workshops/2020/Spatial%20Data%20Quality/Papers/Word/SDQ2020_paper_4.docx%23_bookmark16
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Quality 
dimension 

Quality 
subdimension 

Quality metrics (with data type) 

completeness under- 
coverage 

missing objects (boolean) 

number of missing objects (integer) 

rate of missing objects (percentage) 

number of objects with missing value for a given property (integer) 

rate of objects with missing value for a given property (percentage) 

over-coverage excess objects (boolean) 

number of excess objects (integer) 

rate of excess objects (percentage) 

imputation number of objects with imputed value for a given property (integer) 

rate of objects with imputed value for a given property (percentage) 

currentness delay overall time difference (xsd:duration) 

consistency consistency 
within the 
dataset 

rate of objects with inconsistent properties (percentage) 

rate of objects with inconsistency between given properties 
(percentage) 

accuracy identifier 
correctness 

number of objects with incorrect identifiers (integer) 

rate of objects with incorrect identifiers (percentage) 

classification 
correctness 

number of incorrectly classified objects for a given property (integer) 

rate of incorrectly classified objects for a given property 
(percentage) 

Table 1: Quality dimensions, quality subdimensions and quality metrics defined by the working group. 

 

Summary and future work 

One of the key prerequisites for digitalization of public administration (e-Government) is data sharing 
and reuse. In order to reuse data, one needs to know which data already exist. Furthermore, quality of 
data is one of the aspects that is important for potential users of a dataset, to evaluate whether the 
dataset is reusable or not. 

As a first step towards more data sharing and reuse, we have established a national data catalog which 
contains standardized and machine-readable descriptions of datasets that are collected and produced by 
the public administration. Among of the aspects that are described in our national data catalog is the 
quality of datasets. 
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Figure 1. LADM profile for the Republic of Croatia  
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