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Battery technology 

Real-Time Measuring Method Extends Lifespan and  
Enhances Safety of Batteries 

An innovative measurement method enables optimized battery management in 
electric vehicles, helping to make them safer and extend their lifespans. Imped-
ance spectroscopy from the Fraunhofer Institute for Manufacturing Technology 
and Advanced Materials IFAM analyzes detailed measurement data on the bat-
tery’s state in real time during operation. This means batteries can also be used 
for safety-critical applications. 

Powerful, safe batteries are a key component in the success of electric mobility. This 
makes measuring a battery’s capacity and state a crucial factor. The most informative 
method of doing this is impedance spectroscopy. Impedance itself cannot be measured 
directly; instead, it is calculated from the relationship between current and voltage. Im-
pedance provides information on the battery’s state of charge (SoC) and permits con-
clusions regarding its state of health (SoH, i.e., the condition inside the battery, where 
the cathode, anode and electrolyte are located) or its safety status.  

Collecting all the necessary data requires time-consuming measurements and analytical 
methods. On top of that, measuring impedance has only been possible in a resting 
state so far. It can typically take as much as 20 minutes before the data needed to 
characterize the battery is ready and available. 

Researchers from Fraunhofer IFAM further developed this method under the leadership 
of Fabio La Mantia. Now, for the first time, dynamic impedance spectroscopy makes it 
possible to calculate measurements regarding the battery’s status during live operation 
and make them available in real time. The information obtained in this way encom-
passes much more than simple data about the charge capacity or remaining operating 
time. It provides a detailed, accurate and in-depth picture of what is going on inside 
the battery. This also makes it possible to predict the battery cell’s potential lifespan in-
dividually. 

While existing battery charge status displays — which are incorporated into the vehicle 
electronics in electric cars, for example — do also take measurements on an ongoing 
basis during use, they offer less information, are much slower to respond and are not 
as accurate. 

“First, dynamic impedance spectroscopy opens up new possibilities for optimizing bat-
tery management, thereby extending the batteries’ lifespan. It also paves the way for 
these batteries to be used in safety-critical applications,” explains Hermann Pleteit, who 
heads up the project.  
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High-resolution measurement method and direct analysis 

In this innovative method, the discharging or charging current is overlaid by a multi-fre-
quency test signal. The different frequencies make it possible to draw conclusions re-
garding the status of certain components or processes inside the battery. The response 
signal from the current and voltage is measured up to one million times a second. All 
of the data from the high-resolution measurement method flows into a data pro-
cessing system that is running at the same time. A software program uses this infor-
mation to calculate the evolution of the impedance values and then make inferences 
concerning the state of the relevant battery cell. 

To obtain results in real time in spite of the vast volume of data generated by the high-
resolution measurements, the Fraunhofer researchers devised another clever trick. “We 
developed algorithms that significantly reduce the volume of data before the analysis 
without dropping relevant information,” Pleteit says. In line with these advances, real-
time control of all aspects of the battery’s state through impedance spectroscopy offers 
significant advantages. 

Quickly powering down overheated cells 

Battery management systems can use the impedance data to immediately register 
when a cell becomes locally overheated while driving, for example. Then they simply 
turn that cell off or reduce the power. This eliminates the need for conventional tem-
perature sensors, which are placed on the outside of the battery cell , thus registering 
thermal issues with a delay. By that time, it is often too late to prevent the cell from be-
ing damaged. 

There are also advantages to EV chargers. For example, this technology could be used 
to decide between extra-fast charging and charging that is slower but also reduces bat-
tery wear. During a brief pause at a rest stop, the battery management system charges 
the battery quickly while also ensuring that there are no dangerous temperature spikes 
and the internal components are not unduly stressed. If the vehicle is plugged into a 
charger for several hours, the management system charges the battery slowly to reduce 
wear and extend its lifespan. 

Application for renewable energy and aviation 

Providers of renewable energies such as wind power or photovoltaics, who need to 
compensate for fluctuations in electricity production with energy storage, are provided 
with stable battery module systems that can be controlled at all times thanks to Fraun-
hofer technology. 

Real-time monitoring of the battery state will even unlock the possibility of use in 
safety-critical scenarios going forward. “These kinds of systems could be used in eco-
friendly electric aircraft, for example. This market is in its infancy right now. And the 
shipping industry is also signaling interest in the technology,” Pleteit says. 
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Impedance spectroscopy is not only suitable for the lithium-ion batteries that are com-
monly found today, either. This method can also be applied to solid-state, sodium-ion 
or lithium-sulfur batteries — or any other future technology.  
 
 
 
 
 

Fig. 1 Lab setup for com-

puter-assisted real-time 

measurement of impedance 

in a lithium-ion battery cell 

to analyze its state. 
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Fig. 2 The graph shows 

how the impedance curves 

change dynamically during a 

charging cycle. The curves 

provide information on the 

physical and chemical pro-

cesses taking place inside 

the battery cell. 
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