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Cognitive load 

Smart Sensor Network and AI Algorithms Ease Strain 
on Stressed Drivers 

Fraunhofer researchers have developed a system that uses sensors and AI to 
monitor a driver's cognitive load. In the future, this technology could ease 
driver strain when they reach their stress limit. The system can also be applied 
in other fields, such as for pilots or surgeons. The researchers are using an inno-
vative sensor network for the project — as well as a PC game for preparing vir-
tual sushi. 

Driving seems so natural that many people are hardly aware of the enormous amount 
of information they have to process behind the wheel. The display indicates speed, 
RPM and fuel level; the navigation system shows the route; traffic lights, road signs and 
other road users must be observed. What’s more, drivers may be talking to passengers 
or listening to the news on the radio. Once a driver reaches their cognitive load limit 
and has to make a decision in a critical traffic situation, things can become dangerous.  

Researchers at the Fraunhofer Institute for Integrated Circuits IIS in Erlangen are devel-
oping a system that is to support individuals in performing complex activities in various 
settings while taking into account their cognitive load limit. They are implementing two 
proprietary technologies for this purpose: a network of sensors that measures biosig-
nals, such as pulse, respiratory rate and movements, and AI-driven algorithms that rec-
ognize when a person has reached their cognitive load limit. The criteria for evaluating 
the biosignals were defined based on studies in which the researchers investigated the 
relationship between biosignals and cognitive load in test subjects.  

In practice, the system could ensure that the vehicle electronics relieve the driver of cer-
tain tasks to reduce overall complexity or simply recommend a break at the next rest 
stop. 

Mobile and multimodal sensor network 

To implement their idea, the Fraunhofer researchers developed the maphera sensor 
network. “We integrated a large number of different sensors into a system that not 
only works in the lab but is also mobile, allowing it to be used in a wide variety of situ-

ations. maphera is modular in design. Depending on the application or requirements, 
we combine different sensors,” explains Norman Pfeiffer, Group Manager for Medical 
Sensor Systems at Fraunhofer IIS. These sensor systems can be integrated into clothing 
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or embedded in wristbands and smart patches — intelligent, mostly skin-adhering, 
wireless sensors that can continuously monitor biosignals. The data is then transmitted 
using Bluetooth Low Energy (BLE). 

What sounds simple is, in fact, technically challenging. This is because different sensors 
are equipped with different microcontrollers that operate at different clock frequencies. 
With short-term measurements, this is not a problem. However, when used while driv-
ing or in the field of occupational safety, measurements often run for several hours. In 
these cases, clock drifts accumulate, and the biosignals fall out of sync. They can then 
no longer be assigned to the same point in time. The Fraunhofer researchers have suc-
ceeded in calculating the clock drifts caused by the different microcontrollers when col-
lecting the sensor data. “With our system, the data is in sync, with a tolerance of just 

30 microseconds,” says Pfeiffer. Hence the project name maphera. The name comes 
from ancient Greek and means “to transfer simultaneously.” 

Testing cognitive load with computer games 

The second part of the extensive research initiative focuses on the relationship between 
biosignals and cognitive load. The test subjects solve tasks of increasing difficulty in an 
exposure cabin where they are not disturbed by external influences such as tempera-
ture changes, drafts or noise.  

To solve these tasks, they play computer games. As a chef or kitchen staff in a sushi 
restaurant, they take orders and assemble sushi dishes. Over time, both the number of 
orders and the complexity of the dishes ordered increase. While the test subjects per-
form their tasks, sensors record their bodies’ biosignals. This data is then collected and 
combined with the n-back test, a standard psychology test that examines cognitive 
abilities such as attention and memory. The tests are followed by one-on-one inter-
views with the test subjects.  

Nadine Lang-Richter, Group Leader for Medical Data Analysis at Fraunhofer IIS, says: 
“In the final step, we bring all the information together and analyze it using AI algo-
rithms that we developed in-house. This allows us to create a personal cognitive load 
profile.” 

Driver monitoring systems in new cars 

Systems like these could use sensors, including cameras, to monitor drivers and inter-
vene when they reach their cognitive load limit. Car manufacturers are showing a 
strong interest in this technology since camera-based advanced driver distraction warn-
ing (ADDW) systems will be mandatory in new cars from 2026 as part of the EU’s Gen-
eral Safety Regulation (Regulation (EU) 2019/2144). These systems are designed to as-
sess whether the person behind the wheel is paying attention and will also be manda-
tory for self-driving cars. Here, too, the driver must remain vigilant in order to be able 
to intervene quickly in an emergency.  
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Pilot training 

The new Fraunhofer technologies could also be used in aviation. For pilots, the individ-
ual load profile could complement and improve their training. In the future, the tech-
nologies could even be used in operating rooms. Monitoring systems could increase the 
safety of long surgical procedures, which require sustained performance and focus over 
many hours.  

The Fraunhofer IIS researchers will be presenting maphera and their technologies at 
the Medica 2025 trade show (November 17–20, 2025, Hall 12, Booth C31) in Düssel-
dorf, Germany.  

 
 
 Fig. 1 The maphera sen-

sor network measures bi-

osignals even outside the 

lab. Depending on the appli-

cation, maphera can be tai-

lored to individual require-

ments. 
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Fig. 2 The miniaturized 

maphera® sensor node with-

out housing records an ECG. 

By interconnecting two cir-

cuit boards, the individual 

sensor nodes can be adapted 

to other applications. 
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The Fraunhofer-Gesellschaft, headquartered in Germany, is one of the world’s leading organizations for applied research. It plays a major role in 

innovation by prioritizing research on cutting-edge technologies and the transfer of results to industry to strengthen Germany’s industrial base and 

for the benefit of society as a whole. Founded in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research units throughout 

Germany. Its nearly 32,000 employees, predominantly scientists and engineers, work with an annual business volume of 3.6 billion euros; 

3.1 billion euros of this stems from contract research. 
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 Fig. 3 Unobtrusive while 

driving: The driver wears a 

wrist sensor node and a 

chest strap (under the shirt) 

to record an ECG. The 

maphera® user interface is 

displayed on a tablet, show-

casing the data in real time. 
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Fig. 4 In the exposure 

cabin, test subjects complete 

their tests without being 

subject to external influ-

ences such as noise, drafts or 

temperature. The biosignals 

and camera recordings can 

be observed in real time dur-

ing the test. 
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