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1 Introduction 

Data is literally the „new gold“ of our time. 
While two zettabytes (equivalent to one 
billion terabytes) of data were generated 
worldwide in 2010, this figure had already 
risen to 47 zettabytes by 2020. Moreo-
ver, this immense growth is predicted to 
exceed 2142 zettabytes (in 2035) in the 
coming years [Sta22-ol]. In addition to 
the amount of data, the number of end 
or producer devices is also increasing: 
According to Statista, the number of 
Internet-enabled products is estimated to 
reach 75 billion by 2025. 
The use of artificial intelligence holds 
enormous potential for utilizing this flood of 
data, especially for product development. 
The successful use of AI can lower pro-
duction costs, reduce development time, 
and help to optimize the use of resources. 
For example, it is assumed that the use of 
AI will increase profitability by an average 
of 38% by 2035 [Dau17-ol].
In order to fully exploit the potentials of 
artificial intelligence for product creation, 
the data from product creation plays a 
central role: The heterogeneous, com-
plex data from the different software 
frameworks used in Engineering IT must 
be usable (or made usable) for AI appli-

cations. Vendors of software solutions, 
especially in the AI field, are adapting 
to the increasing demand from industry. 
But industry standards and those in the 
still new „AI sector“ differ, which is why 
collaboration between the two domains 
has not yet reached its full potential. For 
this reason, the „AI Marketplace“ project 
is investigating, among other things, the 
extent to which the data standards com-
monly used in Engineering IT can be read 
in and used directly by the most common 
AI frameworks, and in which cases this 
will not work without problems. For this 
purpose, the project defined the term „AI 
readiness“ of a standard as the ability 
of the standard to be read by defined AI 
frameworks or to be transformed into for-
mats that have this ability. The goal is to 
provide a recommendation on the use of 
appropriate data standards from Enginee-
ring IT for use in AI applications, as well 
as to address specific challenges. This 
white paper provides an initial overview 
of the results of the analysis. The focus 
is on neutral, open standards to ensure a 
cross-tool and cross-vendor view.

It is a challenge to make 
the heterogeneous, 
complex data from 
Engineering IT usable 
for AI.

Goal: Identify Engineering 
IT Standards that are 
„ready for AI“.
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Figure 1: AI Marketplace Ecosystem

2 Project introduction AI Marketplace

As described above, there is huge poten-
tial for optimizing processes by the use of 
AI applications and thus improving the per-
formance of manufacturing companies. 
Specifically, development capacities can 
be increased and development times and 
subsequent manufacturing costs reduced. 
However, only a few companies have so 
far exploited this potential because they 
often lack the necessary AI expertise, or 
have concerns about the security of their 
data.

Providers of AI solutions, on the other 
hand, often lack access to customers and 
the necessary domain knowledge. This 
is where the AI Marketplace comes in, 
by creating a platform for providers and 
users of AI solutions, and in particular by 
supporting SMEs in making Artificial Intel-
ligence usable for themselves. In the AI 
Marketplace project, a secure, intelligent 
platform is being built where users can 
find customized AI solutions for product 
creation and AI providers can gain direct 
access to domain knowledge, as well as 
access to their customers from industry.
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The AI marketplace intelli-
gently connects providers 
and users of AI.

An ecosystem is being created that 
builds this bridge between AI providers 
and users. The linchpin is the AI mar-
ketplace platform of the same name, 
where providers, users and experts can 
jointly develop and exchange solutions 
for AI. The vision is a marketplace that 
intelligently connects platform users with 
each other according to their supply and 
demand profiles, while also providing a 
protected space for secure data exchange 
and data sovereignty.

The AI Marketplace will make an 
important contribution to ensuring the 
competitiveness of the industry and sig-
nificantly increasing Germany‘s global 
visibility in the field of Artificial Intelligence. 

In addition, there is an app store for AI 
applications that can be used directly 
by companies, and ultimately a toolkit 
where individual AI building blocks can be 
configured into company-specific overall 
solutions.

With a project consortium consisting of 
19 research institutions, networks and 
companies, the AI Marketplace research 
project is excellently positioned.

Consortium Partners

Figure 2: Consortium Partners in the AI Marketplace, Status 2022
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3 Approach

Data is the most 
important driver for 
the development of AI 
systems.

The most important driver for the develop-
ment of AI systems is the data on which 
they are trained and validated. However, 
not all data is equally suitable for proces-
sing by AI systems. One of the goals of 
the AI Marketplace is therefore to examine 
and evaluate the most commonly used 
standards in Engineering IT and to pro-
vide initial advice on efficient processing 
in AI systems, to simplify access to Engi-
neering IT data for AI specialists.
To achieve this, the first step was to 
collect the most common standards and 
data formats from Engineering IT. For this 
purpose, the reference process of product 
creation from the AI marketplace project 
served as a starting point [KIM22-ol]: 
On the basis of the individual activities 

in product development and the artifacts 
assigned to them, it was possible to iden-
tify a number of standards from product 
development. For example, the activity 
of „analyzing stakeholder requirements“ 
with the associated artifact „product spe-
cification“ resulted in the standard ReqIF, 
the “use case analysis” with the artifact 
„use case diagram“ resulted in the stan-
dard SysML, and so on. The standards 
identified in this way were aligned with 
the overview of standards based on the 
V-model, which was developed in the pro-
step ivip Standardization Strategy Board 
project group [SSB19]. Furthermore, addi-
tional standards were collected through 
own research as well as expert interviews.

Figure 3: Standards allocated on the V-Modell (adapted from [SSB19])
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The next step was a general classification 
and evaluation of the standards recorded. 
For this purpose, various criteria were 
formulated to describe the standards and 
to classify them in terms of scope, rele-
vance, maturity, etc. In many cases, it was 
possible to build on the work of the prostep 
ivip Standardization Strategy Board, in 
particular the fact sheets prepared there 
for many of the standards discussed here 
[SSB19]. For example, the characteristics 
„Short Description“, „Application Scope“, 
„Penetration“, „Visibility“ and „Maturity“ 
were taken from the fact sheets with only 
minor adjustments, as well as the assess-
ments of these criteria already recorded 
there, insofar as these were available for 
the respective standard. On the basis of 
these criteria, an initial assessment of the 
industrial relevance of the standards was 
possible.

Furthermore, criteria were developed to 
evaluate the AI usability of the standards. 
In particular, the focus was on the ques-
tion of which frameworks, libraries and 

programming languages commonly used 
in the field of AI enable direct processing 
without time-consuming preprocessing of 
the standards.
To standardize the presentation and 
improve the comparability of the results, 
a fixed set of answer options (dropdown) 
was defined for all criteria where possible.

Since it quickly became apparent that 
direct processing of the engineering IT 
standards via common AI frameworks 
is not possible in many cases, further 
attention was paid to the use of possible 
transformation formats. To this end, sam-
ple data sets were collected for all the 
standards under consideration, suitable 
formats (i.e., formats that are easier to 
use for AI frameworks) such as CSV were 
identified for each standard, and the trans-
formation into these formats was tested.

Defined criteria support 
the evaluation of the AI 
usability of Engineering 
IT standards.
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4 Overview of the relevant standards  
 and central evaluation criteria

Based on the product 
creation process, 23 
relevant standards have 
been identified.

The analysis of the 
standards, in particular 
with regard to their AI 
usability, was based 
on defined evaluation 
criteria.

Based on the analysis of the product 
creation process and its process steps, 
activities, artifacts, and IT systems, we 
identified 23 standard data formats of high 
relevance in the context of AI applicati-
ons. Decisive for the relevance were the 
visibility and penetration of the standard 
in the industry, its actuality, its degree of 
maturity, and its potential for processing 
by AI-based systems. This was sup-
plemented by other evaluation criteria: 
General factors, such as the existence of 

documentation on the standard, official 
support by standardization organizations, 
technical factors such as the application 
scope, and the file format of the standard 
(text as XML/XMI/proprietary/binary). The 
transformability to other standards and 
the availability of sample data were also 
investigated (more on this in section 5 ).
The evaluation criteria used can be divi-
ded into the following categories: General 
information about the standard, additional 
information, especially with regard to the 
industrial use of the standard, as well as 
criteria for AI usability, the data type and 
its transformation possibilities. The criteria 
for AI usability represent the core of the 
aspects examined here.
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Table 1: Evaluation Criteria
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Each standard was examined and eva-
luated with regard to these criteria. The 
results were documented with the help 
of one infosheet per standard. The infos-
heets for all 23 standards examined are 
available in the appendix of this document.

As mentioned in the introduction, data is 
the core of Artificial Intelligence with its dif-
ferent technologies. Therefore, the focus 
lies not only on the AI models develop-
ment but also on data processing.
 AI models expect a determined input for-
mat and the work of the data scientist is to 
process the data and transform it with the 

In the frame of this work and for consis-
tency reasons, the approach of narrowing 
down the enormous number of the exis-
ting AI tools to the most common ones 
was adopted in regards to AI readiness 
criterion 1. Considering that the choice 
of the most common AI frameworks would 
usually be seen in a particular field in AI 
(e.g. Machine Learning, Deep Learning, 
Computer Vision, etc…), in the scope 
of this white paper, the overview of the 
most used AI frameworks was generic. 
Therefore, a focus on a particular field in 
AI could lead to a different assessment of 

use of standard libraries and frameworks 
to a suitable format for these AI models. 
The data preprocessing challenge is high 
with engineering IT standards in product 
creation, for that reason the goal with the 
work done is to give guidance on the AI 
readiness of a standard and in case it 
is not, give recommendation on how to 
transform it.

The process of classifying the enginee-
ring IT standards as AI ready was based 
on four evaluation criteria which are the 
following: 

standards. In a generic view and based 
on Google Trends [Goo22-ol], Tensorflow 
[Ten22-ol], Pytorch [Pyt221-ol] and Scikit 
Learn [Sci22-ol] are the leading AI frame-
works. They have a rich set of AI tools, 
remarkable community support, open 
source and continuous development. 
While Tensorflow, Pytorch and Scikit 
Learn are considered the de facto frame-
works for building AI models, the caveat 
of supporting a limited range of data input 
formats justifies the search for alternati-
ves that could fulfill having both the tools 
to build AI models and tools to process a 

Table 2: AI Readiness Criteria

The use of AI in product 
development involves 
high costs for data 
preprocessing
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to import it by a dedicated importer in that 
list.

AI readiness criterion 2 consists of 
capturing available documentation or 
example of usage for the data standard. 
The approach here was to set a list of 
trustworthy sources for documentation 
& examples that are relevant to provide 
this information. The search was not only 
limited to the selected list of sources, 
but when an example was found elsew-
here, its trustworthiness was assessed. 
The sources with trustworthy examples 
are: Official AI tool providers documen-
tation, Papers with Code [Pap22-ol], 
Stackoverflow [Sta22-ol], IEEE [IEE22-ol], 
CatalyzeX [Cat22-ol] and GitHub [Git22-
ol]. This criterion gives support to the first 
one in a case where a dedicated importer 
is not available but an example/documen-
tation of a module which imports the data 
standard is implemented.

Concerning AI readiness criterion 3, the 
reason for it was if criteria 1 & 2 were not 
fulfilled by default, then a transformation 

The most relevant 
AI frameworks 
were considered for 
the analysis of the 
standards.

wide range of engineering IT data stan-
dards. These two requirements were 
covered by MATLAB [MAT22-ol], with its 
AI library and dedicated data importers to 
the majority of the data standards in pro-
duct creation captured in this white paper. 
What makes MATLAB standout is the 
variety of its AI specialized products e.g. 
Statistics and Machine Learning toolbox, 
Deep Learning toolbox, Computer Vision 
toolbox. Its powerful data processing 
and visualization products e.g. data ana-
lysis tools, modeling and simulation tools 
and last but not least the integration with 
Simulink for embedded deployment or 
simulations have made MATLAB the first 
choice to enable an engineering IT data 
standard to be AI ready. 
Within the list of the common AI tools, 
Python [Pyt22-ol] is considered one of 
the best programming languages for AI 
development, since it comes with a wide 
range of prebuilt libraries like Numpy, Sci-
py, Matplotlib and Pandas [Pan22-ol] and 
many others. Python is an open-source 
language with support by developers 
from across the world (teilweise reflek-
tiert durch die Tatsache, dass es diverse 
Open Source Transformationswerkzeuge 
gibt). Pandas is the most common Python 
library for data analysis. It serves as one 
of the pillar libraries of any data science 
workflow as it allows processing, wrang-
ling and cleaning of data. 

To summarize, the following are the most 
common AI frameworks, libraries and 
languages which the evaluation process 
is based on: “TensorFlow ”, “PyTorch ”, 
“Pandas”, “Scikit Learn”, “MATLAB” and 
“Python ”. On that basis, each standard is 
classified as AI ready when it is possible 

Figure 4: Most common AI frameworks, 
libraries and languages
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to a recommended data format which is 
qualified as AI ready would be a solution. 
The possible transformation data formats 
are defined by the following list (answer 
options): CSV, MS Excel, OBJ, STL, 
STEP AP242, IGES, HDF5 and Parquet. 
These transformation options fulfill criteria 
1 & 2 ; therefore, a standard that could be 
transformed to one of these formats is AI 
ready with transformation. 

Lastly, AI readiness criterion 4 which 
is a support to criteria 3 by capturing 
documentation or examples of usage of 
the data format which the standard itself 
is transformed to (in the frame of the list 
of the trustworthy sources as mentioned 
above in the explanation of criteria 2). 
 
After explaining the evaluation criteria, 
this is how the classification results were 
made: 
 If criterion 1 is fulfilled, then the  
 standard is AI ready (at least for  
 the AI frameworks identified). The  
 AI usability is improved if criterion  
 2 is fulfilled in addition.

 If criterion 1 is not fulfilled, then, if  
 criterion 3 is fulfilled, the data 
 standard is AI ready with transfor 
 mation. In this case, it is worth 
 taking into account that there 
 might be a potential challenge 
 with information loss. If criterion 4 
 is fulfilled, this improves the trans 
 formability.
 In case none of the criteria was  
 fulfilled, it doesn’t necessarily   
 mean that the standard is not 
 AI ready, but that there are no   
 available examples of applications
 yet. 

In summary, the AI readiness of the stan-
dards can be ranked as follows (from 
strong to weak):

 Criteria 1 and 2 are fulfilled.
 Only criterion 1 is fulfilled.
 Criteria 3 and 4 are fulfilled.
 Only Criterion 3 is fulfilled.

Assessment criteria 
allow standards to be 
ranked with graduated 
levels of AI usability.

Many standards are not 
directly usable for AI. 
Transforming them into 
alternative formats can 
be a solution.

1.
2.
3.
4.
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Standard Short Description Crit. 1 Crit. 2 Crit. 3 Crit. 4

ReqIF ReqIF (Requirements Interchange Format) is a stan-
dard for exchange of textual requirements in XML. MATLAB

https://de.mathworks.com/help/slre-
quirements/ug/roundtrip-with-reqif-
files.html

CSV (via XLSX) None

SysML

SysML (Systems Modeling Language) is a Graphical, 
descriptive, semi-formal, modelling language. SysML 
is an extension of UML. It is suitable for mechatronic 
systems.

MATLAB None None None

UML

The UML (Unified Modeling Language) is a collection 
of visual languages aiming at allowing to model all 
aspects of a software system. It is an ISO standard 
and the de facto standard for modeling in the IT indus-
try.

MATLAB None None None

 STEP 
AP242

STEP (Standard for the Exchange of Product Data) 
is a popular neutral 3D CAD file format that is inter-
operable among various CAD programs. STEP is an 
ISO-standard (ISO 10303-242:2020) written using the 
EXPRESS modeling language. It is detailed into nu-
merous Application Protocols (APs). Predecessor and 
sometimes still in use for geometry-only use cases: 
STEP AP 214.

Python https://github.com/tpaviot/pytho-
nocc

STL, OBJ None

MATLAB
https://de.mathworks.com/help/
physmod/sm/ug/cad-translation.
html

JT
JT (Jupiter Tesselation) is an industry focused, high-
performance, lightweight, flexible file format for captu-
ring and repurposing 3D models.

None None OBJ, STL, STEP 
AP242 See OBJ/STL

3MF

3MF (3D Manufacturing Format) is an XML-based data 
format designed by the 3MF Consortium for additive 
manufacturing. It includes model geometry, structure, 
material, color and property information.

MATLAB
https://de.mathworks.com/matlab-
central/fileexchange/66224-wri-
te3mf

OBJ, STL See OBJ/STL
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STL

STL (Standard Triangle language / Standard Tessel-
lation Languate) is a triangle-tesselated surface geo-
metry description of 3D models. It is mostly used for 
stereolithography / (3D printing) and does not include 
colour, texture, material etc. information.

MATLAB
https://de.mathworks.com/help/pde/
ug/pde.pdemodel.importgeometry.
html

OBJ, IGES

https://de.ma-
thworks.com/
help/pde/ug/
pde.pdemodel.
importgeometry.
html

OBJ

Wavefront OBJ describes geometry of 3D objects by 
positions of vertex, vertex normals and polygons de-
fined by vertices. It contains also texture information 
(stored in a separate material file,.mtl, and referenced 
to in the.obj file).

MATLAB
https://de.mathworks.com/matlab-
central/fileexchange/27982-wavef-
ront-obj-toolbox

OBJ, IGES

https://de.ma-
thworks.com/
matlabcentral/
fileexchan-
ge/27982-wavef-
ront-obj-toolbox

IGES

IGES (Initial Graphics Exchange Specification) ia an 
outdated predecessor of STEP which was used for ex-
change of product data models. wireframes, freeform 
surface, solid modeling representations and circuit dia-
grams.

MATLAB
https://de.mathworks.com/matlab-
central/fileexchange/13253-iges-
toolbox

OBJ, STL See OBJ/STL

VEC

VEC (Vehicle Electric Container) is a comprehensive 
universal data format for the complete electrical net-
work. It is capable to build a tool-independent digital 
product model supporting the design paradigm of a “lo-
gical mock-up” (LMU).

None None None None

STEP AP 
210

ISO 10303-210 (STEP AP 210) (electronic assembly, 
interconnect and packaging data) provides the data 
structures for the exchange of electromechanical de-
sign, requirements, functional specifications, and con-
figuration identification with configuration control data 
either with or without associated 2D or 3D model infor-
mation.

None None STL, OBJ, IGES See OBJ/STL
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IDX

The IDX (Incremental Design Exchange) is an XML-
based messaging format. It is based on the ProSTEP 
EDMD (ECAD Design and MCAD Design) open sche-
ma for the incremental exchange of PCB layout chan-
ges between MCAD and ECAD tools. It captures and 
tracks the proposed design changes initiated by the 
mechanical and electrical users in ECAD-MCAD Col-
laboration. It communicates design changes between 
ECAD and MCAD.

None None None None

IDF

IDF (Intermediate Data Format) has it purpose in the 
exchange of Data of Printed Circuit Assemblies among 
Mechanical Design, PCB Layout and Analysis Proces-
ses. It integrates mechanical and electrical design and 
is a predecessor of IDX.

None None STEP 242, STL See STL

AUTO-
SAR

AUTOSAR (AUTomotive Open System ARchitecture) 
is a worldwide development partnership of vehicle ma-
nufacturers, suppliers, service providers and compa-
nies from the automotive electronics, semiconductor 
and software industry.

MATLAB
https://de.mathworks.com/solu-
tions/automotive/standards/autosar.
html None None

Python https://github.com/cogu/autosar

EAST-
ADL

EAST-ADL (Electronics Architecture and Software 
Technology) is a modeling language for automotive in-
dustry, to model, analyse and describe software-inten-
se, embedded electronical systems. Based on UML. 

MATLAB
https://de.mathworks.com/products/
connections/product_detail/volca-
no-vehicle-systems-architect.html

None None

FDX

FDX (Functional Data Exchange) is a Format for data 
exchange of functional (measured or simulated) data 
(characteristic value/curve/diagram) for mechanical 
parts, modules, assemblies between OEM and sup-
pliers.

None None None None

FMI

FMI (Functional Mock Up Interface) defines an API 
(Application Programming Interface) and a data file 
format. The FMI specification is freely available under 
a CC-BY-SA (Creative Commons Attribution-ShareA-
like 4.0 International) license, its header file is under 
BSD license.

MATLAB
https://de.mathworks.com/products/
connections/product_detail/mode-
lon-fmi-toolbox.html

None None
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Modelica 
SSP

Modelica SSP (System Structure and Parameterizati-
on) is an assembly of simulation components and their 
parameters into simulation ready (sub-)systems. SSP 
1.0 was released in March 2019, specification is ac-
cessable via ssp-standard.org.

MATLAB https://mdpi-res.com/d_attachment/
energies/energies-13-06381/artic-
le_deploy/energies-13-06381-v3.
pdf?version=1607076704

None None
Python

LOTAR

LOTAR (=Long-Term Archiving and Retrieval) is an 
international consortium of Aerospace manufacturers, 
jointly facilitated by AIA, ASD-Stan, AFNeT, prostep 
ivip and PDES, Inc. The prime objective is the crea-
tion and deployment of the EN/NAS 9300 series of 
standards for long-term archiving and retrieval of digi-
tal data. Note: Lotar applies different STEP AP´s (see 
Main Documentation).

None None None None

I++ DMS

I++ DMS (Inspection PlusPlus Data Management Ser-
vices) facilitates efficient measurement data manage-
ment for the 3D Master-based digital process chain. It 
is a complete 3D product description (3D Master).

None None None None

ASAM 
MDF

MDF (Measurement Data Format) is a binary file for-
mat to store recorded or calculated data for post-mea-
surement processing, off-line evaluation or long-term 
storage.

Pandas https://asammdf.readthedocs.io/
en/4.0.2/intro.html#

XLSX, HDF5, 
CSV, Parquet None

QIF

The QIF (Quality Information Framework) is a unified 
XML framework standard (ANSI standard) for compu-
ter-aided quality QIF systems, available free to all im-
plementers. QIF enables the capture, use, and re-use 
of metrology-related information throughout the Pro-
duct Lifecycle Management (PLM) and Product Data 
Management (PDM) domains.

None None CSV via XLSX None

 STDF
STDF (Standard Test Data Format) is a proprietary, but 
widely used format for semiconductor test information, 
used by several automatic test equipment platforms.

MATLAB
https://de.mathworks.com/matlab-
central/fileexchange/68833-stdf-file-
reader-v2

CSV
https://github.
com/Semi-ATE/
STDF

Table 3: Overview of Standards and their AI Readiness Criteria results
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5 Transformation of Engineering IT   
 standards
Since only a few of the standards con-
sidered can be imported directly by the 
AI frameworks in focus (with the notable 
exception of MATLAB), in most cases it is 
first necessary to transform the data into a 
suitable format, e.g. CSV.
In order to provide an initial insight into the 
challenges of transformation, suitable tar-
get formats and transformation tools were 
identified for each standard and the cor-
responding transformation was performed 
using sample data. As far as possible, the 
transformation was conducted as a „round 
trip“, i.e. a retransformation to the original 
format was performed in each case in or-
der to be able to identify information loss 
more easily during the transformation. 
Table 2 gives an overview of the results 
obtained. With regard to these results, the 
following aspects should be considered:

An exact check of the transforma-
tion results (i.e. 1:1 comparison 
of the source data with the trans-
formed data) was not possible for 
reasons of effort. The problems 
listed below are therefore not ne-
cessarily a complete listing.
The transformation was perfor-
med with (partly relatively simple) 
example data sets. Therefore, ad-
ditional information loss may occur 
with more complex data.

The transformations were perfor-
med with freely available tools. 
For reasons of effort and availa-
bility of the transformation tools, 
we limited ourselves to one tool 
per transformation, even though 
additional tools could be used in 
some cases. The loss of informa-
tion probably varies depending on 
the transformation tool used.

XML-based standards such as ReqIF or 
UML/SysML take on a special role: Due to 
the common metastructure that characte-
rizes all XML formats, the hope was that 
such data could be prepared in a generic 
way for AI systems. Unfortunately, this 
hope has only been partially borne out: 
Because of XML‘s inherent tree structure, 
transformation to tabular data formats 
such as CSV is either lossy or redundant. 
We therefore recommend two approaches 
for processing XML-based data formats: 
Either the lossy transformation (whereby 
care must be taken that the data relevant 
to the problem is not lost) or the use of AI 
models specifically developed for the pro-
cessing of graph-based data structures, 
such as Graph Neural Networks [WCP22]. 

1.

2.

3.
The low AI usability of 
many standards requi-
res transformations to 
alternative formats.

The tree structure of 
XML-based standards 
requires a special ap-
proach to transformation.
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Standard Transformation & Tools used Transformation issues & identified information loss 

ReqIF
ReqIF → Excel → ReqIF with 
pyreqif pyreqif [Ebr22-ol]

„Relation types“ (maybe all meta data) were lost during the initial transformation from ReqIF to Excel. The re-
transformation (from Excel to ReqIF) didn´t work out of the box, one column name had to be added manually. 
Also during the retransformation, some pictures, IDs and dates got lost.

SysML no suitable target format JSON /CSV export would be possible, but the information loss would be very high or the result very redundant; 
Rather recommendable is the alternative to extract for each use case the information needed (to csv).

UML no suitable target format JSON /CSV export would be possible, but the information loss would be very high or the result very redundant; 
Rather recommendable is the alternative to extract for each use case the information needed (to csv).

STEP AP242
STEP → IGES/OBJ/STL → 
STEP with FreeCAD [Fre22-ol]

No information loss identified.

JT JT → OBJ/STL → JT
with aspose No information loss identified.

3MF
3MF → OBJ with aspose No information loss identified.

OBJ → 3MF with 
Spin3DConverter [NCH22-ol]

No information loss identified.

STL
STL → OBJ with FreeCAD 
[Fre22-ol]

The retransformation (OBJ to STL) results in a blank file. Another transformation possibility would be STL to 
STEP, but here is the issue that STL just provides surface information. FreeCAD could "fill up" the surface, but 
this would change source data and was not tested. However, STL itself is classified as “AI ready”, which makes 
transformation secondary.

OBJ
OBJ → STL with FreeCAD 
[Fre22-ol]

The retransformation (STL to OBJ) results in a blank file. Another transformation possibility would be OBJ to 
STEP, but here is the issue that STL just provides surface information. FreeCAD could "fill up" the surface, but 
this would change source data and was not tested. However, OBJ itself is classified as “AI ready”, which makes 
transformation secondary.

IGES
IGES → STL/OBJ/STEP 
with FreeCAD [Fre22-ol]

Retransformation (from STL/OBJ to IGES) is not possible without manipulating the data (because STL & OBJ 
just contain surface data).

VEC no suitable target format  

STEP AP 210 possibly: CAD Formats The Transformation was not possible with available tools, it might work with PTC Creo, but this was not tested.

IDX possibly: CAD Formats The Transformation was not possible with available tools, it might work with PTC Creo, but this was not tested.
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IDF
EMN → STEP with FreeCAD 
[Fre22-ol]

The EMN file (contains PCB outline, position of parts, holes and milling, keep out regions and keep in regions) 
can be opened and transformed. The EMP file (contains outline and height of parts) could not be opened with 
FreeCAD. So, only the geometry of the PCB can be transformed. The transformation is not useful.

AUTOSAR no suitable target format  

EAST-ADL no suitable target format  

FDX no suitable target format  

FMI no suitable target format
FMI is difficult to transform, as it defines a container and an interface to exchange dynamic models using a 
combination of XML files, binaries and C code, distributed as a ZIP file (.fmu). Therefore, no single target for-
mat could be identified.

Modelica SSP no suitable target format  

LOTAR no suitable target format LOTAR is the application of several STEP APs. For this reason, see transformation possibilities for different 
STEP APs.

I++ DMS no suitable target format  

ASAM MDF
ASAM MDF → MAT/CSV with 
python package asammdf 
[Hri22-ol]

Several files resulted from the transformation to CSV. The retransformation to ASAM MDF was therefore not 
possible.

QIF
QIF → CSV with QIF PMI Re-
port Software [NIS22-ol]

The retransformation was not possible.

 STDF
STDF → CSV with Semi-ATE's 
STDF library [Hör22-ol]

The retransformation was not possible.

Table 4: Overview of the transformations performed and the identified information loss during transformatio
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6 Interpretation

An important result of these investigations 
is that the AI tools and frameworks con-
sidered offer little direct support for the 
standards under consideration, which ma-
kes the use of AI technologies in product 
development difficult (with the above-
mentioned exception of MATLAB, which 
supports the direct import of many stan-
dards considered). An important reason 
for this is certainly the fact that the AI field 
must still be considered young; it can be 
assumed that the situation will improve in 
the next few years and that explicit support 
will be available for important standards.
Furthermore, it can be assumed that data 
from product development is mostly very 
sensitive and valuable intellectual property 
of the respective companies. This results 
in poor availability of corresponding data 
sets, which makes the development of 
suitable AI tool support more difficult.
Another reason is the fact that today‘s AI 
applications belong to weak AI, as they 
solve very specific problems (as opposed 
to strong AI, which is compared to human 
intelligence and thus can potentially solve 
any problem). However, solving a specific 

problem usually does not require all the 
available data, so the data relevant to 
the problem is extracted from the overall 
data set. So you have to „touch“ the data 
anyway - preparing it in an AI-friendly way 
is then just an additional step.
In most cases, therefore, a neces-
sary step in the development of 
product-creation-specific AI systems will 
be the transformation of the given data 
into suitable data formats such as CSV. 
It must be decided on a case-by-case 
basis how the data will be transformed 
and what loss of information, if any, will be 
accepted in the process. The transforma-
tion approaches identified in the course of 
this research are meant as a „starting aid“ 
and will be supplemented and refined in 
the context of the AI marketplace. In sum-
mary, a high AI Readiness of standards 
simplifies the use for AI applications or re-
duces the efforts for data preparation. On 
the other hand, low AI readiness does not 
mean that the standard cannot be used for 
AI applications, but only that an increased 
effort (e.g., transformation, evaluation of 
information loss) must be expected.

Today‘s AI tools still offer 
little support for Engi-
neering IT standards.

Transformation to alter-
native formats can be a 
solution, but information 
loss must be considered.
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7 Outlook and Recommendation

As the results presented here show, the 
use of standard formats from Engineering 
IT for AI applications still holds challenges 
and in most cases is not possible without 
extensive manual preparatory work.
While a generic approach was chosen for 
these investigations - the AI readiness of 
the standards was investigated without 
reference to concrete use cases - in prac-
tice, concrete tasks have to be solved with 
the help of AI. This means that only cer-
tain aspects of the information contained 
in a standard format are relevant. This 
particularly applies to the topic of data 
transformation; In this paper, the transfor-
mation and the resulting loss of information 
was considered for the entire information 
content of a standard. Often, however, 
depending on the desired use case and 
corresponding information needs, a partial 
extraction of only the necessary/relevant 
data in a format suitable for the desired AI 
framework may make more sense. Here 
we see a potential business area for the 
AI marketplace: we believe that there is 
definitely a certain and currently neglec-
ted market for the service of high-quality 
transformation or data extraction.
In addition to transformation -either of the 
entire „information package“ in a standard 
format, or by partial export of relevant da-
ta- another, more long-term approach is to 
improve the AI-readiness of the standards 
under study. This requires a more precise 
examination of the individual standards. 
Based on concrete application examples, 
the individual standards would have to be 
used as an input for AI applications. In this 
process, relevant information and speci-

fic difficulties in processing the standard 
could be identified. In the next step, these 
challenges could be taken into account in 
the definition and further development of 
standards by the relevant standardization 
organizations. This approach will be pur-
sued further and corresponding results 
will be made available on the AI market-
place and, if necessary, brought to the 
attention of the relevant standardization 
organizations.
In summary, the following alternatives are 
recommended to simplify the preparation 
of Engineering IT standards for AI appli-
cations:

Check AI readiness for the   
respective standard, depending on 
the selected AI framework (see AI 
Readiness Criteria 1&2).
Check AI readiness with transfor-
mation: if suitable transformations 
exist for the standard: Conduct 
transformation and check informa-
tion loss.
If only partial transformation/export 
is possible: extract necessary data 
(in case of XML, consider using 
dedicated AI technology as men-
tioned in section 5). 

With the results presented here, we hope 
to provide insight into the use of Enginee-
ring IT data as an input for AI, and thus 
simplify manual data preparation for AI 
applications in product development.

1.

2.

3.

The extraction of indivi-
dual data relevant to the 
use case may be more 
useful in practice than a 
complete transformation.
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