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Case Study

Smart Devices and Data 
Analytics Enable Innovative 
Rope Testing 
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ROTEC GmbH was founded in Stuttgart, Germa-
ny, in 2017. Its aim was to make an extremely 
well-founded body of expert knowledge of ropes 
and rope systems accessible to various customer 
groups. As recognised experts on cable cars, 
ROTEC (an acronym derived from ROpe TECh-
nology) carry out inspections on new and reno-
vated cable cars, as well as regular maintenance 
inspections on ropes and cable car systems. 
The company also develops a huge variety of 
standard and specialised cable testing systems, 
which are used worldwide and sold under licen-
ce. ROTEC recently collaborated with inovex to 
develop software for their latest magnetic rope 
testing (MRT) innovation, a departure from the 
standard solutions of the industry.

Rope-checking sensors generate large 
quantities of data 
In order to ensure the safety of steel cables, 
they are checked at regular intervals to ensu-
re that they conform to current standards and 
legislation. The magneto-inductive rope testing 
process, which detects breaks in a rope’s wires, 
is the standard procedure used. In order to carry 
out this type of testing, ROTEC has developed a 
new sensor platform that combines conventional 
coil measurement with echo sensors which can 
be read extremely quickly. While this method 
enables the high-resolution inspection of ropes, 
it also generates extremely large amounts of 
data, all of which must be recorded and proces-
sed in real time.

The solution – an autonomous 
readout device
Since the steel cables to be tested are not al-
ways easily accessible, ROTEC decided to place 
their new sensor platform with an embedded 
computer inside a compact device. The aim was 
to carry out the rope testing process (the recor-
ding and analysis of measurement data) via a 
wirelessly connected laptop or tablet. Based on 
these requirements, a client-server architecture 
was chosen. The embedded computer handles 
the sensor readout as well as the processing and 
storage of measurement data, while a web app 

controls and displays the measurements. The 
software also supports rope testing personnel 
by providing semi-automatic analyses, such as 
evaluations of a rope’s condition according to 
various international standards.

Embedded computers enable 
automatic evaluations 
In addition to its use by rope testing experts, 
the architecture also enables the solution to be 
used as a smart device for convenient system 
monitoring. In such cases, multiple devices are 
permanently installed in areas such as lift shafts. 
System operators can then initiate a convenient 
check of all ropes from a control centre with a 
single push of a button. Unlike the expert device, 
this system evaluates the sensor data completely 
automatically once the measurement has been 
completed. It then displays a clear overview of 
the ropes’ condition to the system operators. 
Detailed information on individual ropes, such as 
the position of the defects on a particular rope, 
can also be retrieved. 
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Technical challenges of the sensor 
platform 
The application is structured like a classic web 
app and comprises a backend on the embedded 
computer and a browser frontend. The fron-
tend was implemented with React/ TypeScript 
and D3.js, while the backend was implemented 
in C++ due to the limited hardware resources 
of the embedded computer and the sensor 
platform’s connection requirements. The high 
resolution of the measurement data and the 
resulting data rate of over 700,000 sensor values 
of 2 bytes per second presented both the ba-
ckend and the frontend with technical challen-
ges: In the frontend, the data had to be plotted 
step-by-step during recording, while the image 
data needed to be infinitely zoomable and shifta-
ble for analysis. In order for everything to func-
tion smoothly, the data had to be intelligently 
filtered and aggregated before display. Due to 
the backend’s limited hardware 
resources – a typical measure-
ment cannot be retained wholly 
in RAM – the measurements had 
to be continuously streamed into 
files without affecting either the 
sensor readouts or communicati-
on with the frontend. The auto-
matic evaluation process also 

had to be stream-based. The HDF5 data format 
for storing the measurements was a tremendous 
help in this regard. 

Methodology 
In order to do justice to the innovative approach 
and the investigative nature of the project, 
an exploratory process model was chosen in 
which the hypotheses proposed were validated 
through regular experiments on cable cars. This 
facilitated the creation of multiple revisions 
and prototypes based on empirical evidence, 
allowing the hardware to be continuously impro-
ved parallel to the software 

“The project work between ROTEC and inovex 
was characterised by excellent technical know-
how, a targeted, value-adding methodical 
approach, and a high degree of empathic co-
operation. We are looking forward to our next 
innovative collaboration project.”
Product Owner

�
Rope expert
Inspects ropes, manages 
& analyses measurements 

Expert system (web app) 
User interface for managing &
analysing measurements 

Smart device frontend (web app)  
Simplified interface for continuous 
system monitoring 

Web server (nginx) 
Proxy to REST interface, Uploads/
downloads, delivers to web app 

Backend (REST interface) 
Web interface for measurement 
management &analysis

Device discovery (avahi) 
Detects other devices 
on the network

Sensor platform (hardware) 
Circuit board for GPIO ports 

MRT backend (softwares system) 
Other devices on the network

�
System operator 
checks (high-level) rope 
condition 

Database (HDF5, SQLite) 
Stores measurements, associated 
metadata, and annotations

Laptop/Tablet/Smartphone

Embedded computer

Laptop/Tablet/Smartphone

discovers

queries
reads/writes

delivers (http)

delivers (http)

user input

user input

read
s/w

rit
es

reads (GPIO)forwards

uses

uses

communicates (http)



4

Conclusion 
This was a ground-breaking project. Among 
other things, new algorithms for analysing 
measurement data had to be developed. The 
fluid, real-time display of high-resolution data 
in the frontend and the many abstraction layers 
in the backend – from the hardware driver to 
the stream processing of the sensor data to the 
input validation in the web context – also pre-
sented particular challenges. From start to finish 
it was an exciting, exploratory, and multi-layered 
project, one we were able to complete together.

Technologies
 ▪ C++
 ▪ Python
 ▪ SQLite
 ▪ HDF5
 ▪ React
 ▪ D3.js



About inovex
inovex is an IT project center driven by innova-
tion and quality, focusing its services on ‘Digital 
Transformation’.

Over 400 IT experts provide comprehensive 
support to companies in making their core busi-
ness digitised and agile and in the implementa-
tion of new digital use cases.

The solutions we offer include Application De-
velopment (Web Platforms, Mobile Apps, Smart 
Devices and Robotics – from UI/UX design 
to Backend Services), Data Management and 
Analytics (Business Intelligence, Big Data, Sear-
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modern applications?

 ▪ Are you looking for a partner to support you in agile 
development?

 ▪ Do you want to know more about inovex and our services 
for your digital transformation?  
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ches, Data Science and Deep Learning, Machine 
Perception and Artificial Intelligence) and the de-
velopment of scalable IT infrastructures (IT Engi-
neering, Cloud Services), within which the digital 
solutions are operated in DevOps mode. We 
modernise existing solutions (Replatforming), 
strengthen systems against external attacks 
(Security) and share our knowledge through Trai-
ning and Coaching (inovex Academy).

inovex has locations in Karlsruhe, Pforzheim, 
Stuttgart, Munich, Cologne and Hamburg and is 
involved in projects throughout Germany.


