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Summary:
NDE data provides essential information for the evaluation and characterization of materials and com-
ponents. These could be used along the entire value chain, for example, for process optimization or as 
training data for AI applications. However, this requires not only the unique identification of the com-
ponent or material, but also the continuous readability of the NDE data sets. In this presentation, tech-
nical challenges, and solutions for the development of a data cycle are presented.
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Motivation
Today, only a few aspects of current Industry 
4.0 goals are reflected in the performance of 
non-destructive evaluation (NDE). Files are 
often saved on hard disks and inspection re-
ports are usually stored as PDFs and then de-
leted again after a specified safekeeping period. 

But besides this, NDE methods can be valuable 
data suppliers for the optimization of e.g., man-
ufacturing processes [1]. However, this is cur-
rently affected by the fact that NDE data sets 
usually do not guarantee a uniform structure, 
data format or the completeness of all relevant 
information. These changes are part of the on-
going digital transformation of the NDE towards 
NDE 4.0 [2] and include, among other things, 
the structured digital archiving of NDE data sets 
with the long-term goal of establishing an NDE 
data space using current networking technolo-
gies.

In addition to the direct use of the information, 
e.g., as part of KPI analyses, the recycling of 
the collected data sets offers significant ad-
vantages over the current state of the art in the 
long term, from which AI applications in particu-
lar benefit. For the training of an ANN, for ex-
ample, a multitude of suitable and diverse data
sets are needed and, in case of a shortage of 
real data sets, often synthetic data sets are 
generated and included, whereas real data sets 
are always preferred [3]. Also, NDE data sets of 
the whole history of a component could be used 
for optimization of recycling processes.

In the following, an approach is presented that 
allows the recycling of NDE data sets based on
a data cycle.

The Data Cycle
The sub-aspects for realizing a data cycle can 
be divided into five essential steps. These are 
technically independent in their implementation 
but build on each other technologically. In the 
following, the sub-steps and their requirements 
are discussed in general terms, followed by the 
specific processes used to achieve the results. 
The sub-aspects are data generation, data ar-
chiving, database, data extraction, and the re-
use of the data sets.

The data cycle always begins with the genera-
tion of data sets. At best, these are carried out 
during the product life cycle of the product as 
part of in-service inspection or in case of mal-
functions. This already represents a first critical 
point, because whether data sets are suitable 
for reuse depends on several factors. The most 
obvious characteristic is thereby the correct-
ness and valency of the measurement [4].
Since this is influenced by essentially the cor-
rect execution of the inspection, this point is 
unfortunately difficult to verify afterwards. How-
ever, it is equally important for reuse that all 
relevant meta data is recorded as completely as 
possible. In addition to the information for inter-
pretation of the measurement data, this should
also contain as much information as possible 
about the circumstances under which the re-
sults were generated. This includes, among 
other things, the measurement points, infor-
mation about the inspected component and, if 
applicable, other environmental conditions. At 
the same time, it is difficult to estimate at the 
time of creation whether an information is rele-
vant for later use, which makes it difficult to 
freely structure the measurement data and me-
ta data.
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The knowledge of the essential factors of suita-
ble data generation has a significant impact on 
the second step of the data cycle, the archiving 
of the data sets and thus also the data format. 
There is a conflict between the proprietary data 
formats usually specified by the manufacturers 
of inspection systems and the manufacturer-
independent generic data formats. Whereas 
manufacturer-dependent data formats already 
combine an extensive structure of raw and me-
ta data in their data sets, the further processing 
of the data sets is usually only possible with 
company-specific software. Generic data for-
mats such as XML or CSV, on the other hand, 
ensure readability by third parties, but the struc-
tures are user-specific and thus offer scope for 
misinterpretation. An alternative is provided by 
structured open data formats such as DI-
CONDE (Digital Imaging and Communication 
for Nondestructive Evaluation) [5] and AQDEF 
(Advanced Quality Data Exchange Format) [6], 
which offer a specific data structure and open 
access. These can also be extended by further 
information fields, if necessary, whereby this 
again brings potential for misinterpretation of 
information with itself. The DICONDE data for-
mat is particularly suitable for NDE applications 
since it specifically addresses inspection tasks 
and is already standardized for common NDE 
methods. 

The specific structuring of the data sets is im-
portant for the implementation of a database. 
This allows data sets to be separated based on 
their meta data and found by means of a suita-
ble query. For this purpose, SQL (Structured 
Query Language) or SPARQL (SPARQL Proto-
col And RDF Query Language) are suitable 
database languages. These technologies 
thereby allow complex search queries, whereby 
relevant data sets can be identified based on 
the meta values. In a simple file system, on the 
other hand, it is usually only possible to search 
and select by file name, format, and creation 
date. The contents of the files can usually only 
be viewed in the case of text files, for example. 

By structuring the data sets combined with the 
database, concrete queries can now be pro-
cessed by the database, which then outputs a 
series of matching data sets for data extraction. 
Depending on the technology, the storage loca-
tion or a UID (Unique Identifier) is used to ex-
tract the data from an archive or folder. What 
remains is the individual use of the data set for 
a new application. At this point the data cycle 
closes as soon as the new data sets, which are 
obtained in this new application, are archived 
again according to the described pattern, and 
transferred to the database. 

Implementation and outlook 
During implementation, ultrasound data was 
addressed as the first application. These were 
stored in DICONDE format and archived on a 
DIMATE DICONDE server. Since the search 
function of the DICONDE server only allows 
simple queries, e.g., several criteria cannot be 
specified as conditions at the same time, an 
Apache Jena Fuseki SPARQL server was set 
up in parallel to the DICONDE server, which 
allows structured queries of the archived data 
sets based on the DICONDE ontology. The 
result provides their UID, which allow extraction 
from the DICONDE server and can be used 
afterwards for further applications such as ex-
tending training data with real data sets for AI 
algorithms. 

The described procedure will be transferred to 
other NDE methods in the next development 
iterations. In addition to established NDE meth-
ods such as thermography and eddy current, 
more complex methods such as 3MA will also 
be addressed. This work represents an essen-
tial basis for the implementation of an NDE data 
space, in which the mentioned setup allows a 
cross-company data access. However, this also 
requires a focus on the usage and access 
rights. 
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