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Dynamic and efficient human-robot collaboration due to remote 3D safety sensor 
technology 
 

Innovative sensor solution for cobots – secure human-
robot collaboration thanks to radar 

A breakthrough in collaborative robotics is within reach thanks to a joint project 
coordinated by Fraunhofer IAF. In the project “RoKoRa - Safe Human-Robot 
Collaboration using High-Resolution Radars”, researchers have succeeded in 
developing an innovative radar technology. It is an enabling technology for 
functional safety in various robot systems and applications, including high-
performance robots. 
 
With the goal of safe human-robot collaboration (HRC), the Fraunhofer Institute for 
Applied Solid State Physics IAF and six partners launched the project “RoKoRa - Safe 
Human-Robot Collaboration using High Resolution Radars” in 2017. Since then, there 
has been a lot of movement in the HRC market and although a large range of 
collaborative robots, so-called cobots, has developed, the big breakthrough has not yet 
happened. The reason for this are the strict safety regulations, which do not make it easy 
for high-performance robots and can only be followed at a great loss of efficiency by 
common sensor solutions. 
 
At the successful conclusion of the “RoKoRa” project in December 2020, a remote 3D 
sensor solution was demonstrated that could lead to a breakthrough in HRC. As an 
enabling technology, it promises enormous advances in both industrial cobot technology 
and service robotics. 
 
Radar monitoring of the collaborative space 
 
Due to the high demands on human safety, only lightweight robots have been used in 
HRC to date. Due to the sensor solutions currently available, these robots are dependent 
on power and force limitations. However, in order to ensure that HRC is not only safe but 
also efficient, the project partners of “RoKoRa” have developed a remote 3D safety 
sensor system that, compared to conventional sensor solutions, monitors the entire 
collaborative space at a greater distance and enables dynamic adaptation of the robot’s 
speed and direction of movement. 
 
The demonstrator, which was developed in the course of “RoKoRa”, shows a radar 
sensor ring with an accompanying sensor node. It allows reliable 360° distance 
measurement even in fog, smoke, dust and other optical influences and can even 
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penetrate dielectric objects. As a result, it not only has a greater measurement range than 
common capacitive sensors, but also increased robustness compared to optical 
alternatives. It also enables large and powerful robots with higher payloads to interact 
with humans in shorter cycle times for the first time. 
 
“Based on the environment measurement by the radar, the optimized motion sequence 
for the robot can be calculated. It can adapt remotely and dynamically to the interaction 
with humans,” explains Christian Zech, project coordinator at Fraunhofer IAF. The sensor 
ring can potentially be attached to any relevant robot axis as a plug and play solution. In 
combination with real-time evaluation, it thus enables safe HRC in almost all process 
sequences and interactions. 
 
Safety is the top priority 
 
A unique feature of the joint project was the early connection of the sensor components 
with real robot system technologies while consistently taking relevant safety aspects into 
account, even at the research level. To ensure this, the project was actively supported by 
the industrial user AUDI AG, the robot manufacturer FANUC Deutschland GmbH and the 
Institute for Occupational Safety and Health of the German Social Accident Insurance 
(DGUV). 
 
Various control mechanisms have been developed and implemented in “RoKoRa’s” 
sensor technology. “The sensor ring currently consists of 16 radar modules, eight of 
which are sufficient for 360° monitoring. The additional eight modules act as functional 
redundancy,” explains Zech. Data processing in the sensor node also has safety controls: 
Two processors evaluate the measurement data independently of each other, and a third 
compares the results before the information is forwarded to the robot’s control software. 
This ensures the safety of the system not only during measurement, but also during data 
processing. 
 
The project was funded by the German Federal Ministry of Education and Research 
(BMBF) and consisted of seven project partners: the Fraunhofer Institute for Applied Solid 
State Physics IAF, the Fraunhofer Institute for Algorithms and Scientific Computing SCAI, 
IMST GmbH, the University of Kassel, FANUC Deutschland GmbH, the Institute for 
Occupational Safety and Health of the German Social Accident Insurance (DGUV) and 
AUDI AG. 
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Project report: 
https://www.iaf.fraunhofer.de/en/researchers/electronic-circuits/high-frequency-
electronics/rokora.html 
 
Video of the demonstrator: 
https://www.iaf.fraunhofer.de/content/dam/iaf/multimedia/videos/Elek
tronik/rokora_demonstrator_en.mp4 
 
Images:  
 

 
The innovative sensor solution of “RoKoRa” consists of 16 radar modules, each made of 
a 77 GHz front end from Fraunhofer IAF. 
© Fraunhofer IAF 
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The demonstrator of “RoKoRa” is able to collaborate dynamically and according to 
expectations with humans during the assembly of a brake disc. 
© RoKoRa 
 
 
------------------------------------------------------------------------------------------------------ 
 
About Fraunhofer IAF 
 
The Fraunhofer Institute for Applied Solid State Physics IAF is one of the world's leading research 
institutions in the fields of III-V semiconductors and synthetic diamond. Based on these materials, 
Fraunhofer IAF develops components for future-oriented technologies, such as electronic circuits 
for innovative communication and mobility solutions, laser systems for real-time spectroscopy, 
novel hardware components for quantum computing as well as quantum sensors for industrial 
applications.  
With its research and development, the Freiburg research institute covers the entire value chain - 
from materials research, design and processing to modules, systems and demonstrators. 
www.iaf.fraunhofer.de/en  
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. With its focus on developing key 
technologies that are vital for the future and enabling the commercial exploitation of this work by business and industry, Fraunhofer plays a central 
role in the innovation process. As a pioneer and catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps shape society 
now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 74 institutes and research institutions throughout 
Germany. The majority of the organization’s 28,000 employees are qualified scientists and engineers, who work with an annual research budget of 
2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research. 
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