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There is  room for AI even in the smallest space  
 

Erlangen/Nuremberg, Germany: AI, ML - these letters stand for a new era of Ar-
tificial Intelligence and Machine Learning and microelectronic systems that en-
hance many areas and applications  ̶  including embedded systems. At the em-
bedded world 2023 in Nuremberg, AI/ML experts from the Fraunhofer Institute 
for Integrated Circuits IIS will showcase Edge AI developments from AI integra-
tion into hardware up to new ways of AI-centric hardware design from March, 
14-16 in Hall 4-422.  

Optimal exploration of the design space 
 
Space for extensive analysis and pre-processing in existing hardware and embedded 
systems is extremely limited. The key question is therefore, how to implement powerful 
AI/ML applications under these constraints. The solution is multi-objective design space 
exploration to suit both, the restricted hardware space and the application. To this end, 
experts at the Fraunhofer Institute for Integrated Circuits IIS develop automatic explora-
tion and optimization techniques using reinforcement learning and genetic algorithms 
to quickly explore a wide variety of solutions including classical machine learning pipe-
lines and efficiently compressed deep learning models.  
 
“With embeddif.[ai] Fraunhofer IIS offers rapid development of AI solutions for various 
embedded hardware systems,“ explains Nicolas Witt, group manager Machine Learn-
ing & Validation. Customers can run AI applications energy-efficiently on site, inde-
pendent of a cloud server. These advantages enable companies to use artificial intelli-
gence in the smallest possible space for their applications. 
 
As close as possible to the action 
 
Using AI and ML is a hard-to-beat plus, especially for embedded sensors and systems, 
to ensure the efficiency of fast data analysis as close as possible to data acquisition and 
any actuator technology. In addition there are short distances and thus low delays, no 
additional analysis hardware or complex cloud connectivity, which are at the expense 
of energy consumption, sustainability and efficiency. When selecting and applying AI 
pipelines, scientists focus on methods that are implemented as fast and energy-effi-
ciently as possible directly into commercial microcontrollers, FPGAs or graphics cards 
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and make best use of the limited space available. With this level of customized adapta-
tion AI can be integrated in existing hardware right down to the sensor, the camera or 
connected embedded modules. Fraunhofer IIS offers “Joint Labs” to realize customers 
edge AI applications together with extensive know-how transfer. Furthermore, embed-
ded AI development frameworks serve as a quick start for system programmers and 
can be adapted to their applications, including training and support. 
 
When AI moves right into the chip 
 
In addition to crafting and adapting AI methods for existing hardware, the scientists at 
Fraunhofer IIS focus on neuromorphic computing and a chip architecture that is based 
on the principle of biological neural networks. Spiking neural networks (SNNs) are one 
example. “Basically, SNNs function similarly to a classic neural network. They send in-
formation in the form of short pulses,” says Johannes Leugering, Chief Scientist for 
embedded AI. “The trick is to send a very small amount of information only occasion-
ally, just when something interesting has happened. In this way, we reduce the amount 
of data and, in turn, energy consumption.” Fraunhofer IIS develops both, spiking and 
convolutional neural networks in qualified mixed-signal CMOS technologies, which are 
scalable and configurable for a wide range of applications. The required software tools 
for training networks as well as the transfer of the networks to the hardware are devel-
oped in tandem. The resulting solutions are able to offer more parallel processing and 
less on-chip data transfer than comparable systems based on the von Neumann archi-
tecture. 
 
More information: www.iis.fraunhofer.de/ew23 
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The Fraunhofer-Gesellschaft, headquartered in Germany, is the world’s leading applied research organization. Its research activities are con-

ducted by 76 institutes and research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of more than 30,000, 

who work with an annual research budget totaling more than 2.9 billion euros. 

The Fraunhofer Institute for Integrated Circuits IIS, headquartered in Erlangen, Germany, conducts world-class research on microelectronic 

and IT system solutions and services. Today, it is the largest institute of the Fraunhofer-Gesellschaft. Research at Fraunhofer IIS revolves around 

two guiding topics:   

In the area of “Audio and Media Technologies”, the institute has been shaping the digitalization of media for more than 30 years now. Fraun-

hofer IIS was instrumental in the development of mp3 and AAC and played a significant role in the digitalization of the cinema. Current develop-

ments are opening up whole new sound worlds and are being used in virtual reality, automotive sound systems, mobile telephony, streaming 

and broadcasting.  

In the context of “cognitive sensor technologies”, the institute researches technologies for sensor technology, data transmission technology, 

data analysis methods and the exploitation of data as part of data-driven services and their accompanying business models. This adds a cognitive 

component to the function of the conventional “smart” sensor. 

More than 1100 employees conduct contract research for industry, the service sector and public authorities. Founded in 1985 in Erlangen, Fraun-

hofer IIS has now 14 locations in 10 cities: Erlangen (headquarters), Nuremberg, Fürth, Dresden, further in Ilmenau, Bamberg, Waischenfeld, 

Würzburg, Deggendorf and Passau. 75 percent of the budget of 191 million euros a year is financed by contract research projects. Approximately 

25 percent is subsidized by federal and state funds as well as internal projects of the Fraunhofer-Gesellschaft. Detailed information on: 

www.iis.fraunhofer.de/en 


