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»Hugo Geiger Prize awarded to Fraunhofer IPM employee« 

Industrial application on the horizon: using digital 
holography to survey moving objects 

Digital holography has gained momentum over the past few years. Now, the 
technology is also being used in industry to accurately measure the topography of 
objects down to several micrometers. As part of her doctoral work, Dr. Annelie 
Schiller from the Fraunhofer Institute for Physical Measurement Techniques IPM 
demonstrated that this process can also be applied to moving objects. For this 
research, she has been awarded the Hugo Geiger Prize for outstanding doctoral 
achievements in the field of applied research. 

Digital holographic measurements provide extremely exact 3D data on surfaces, making 
them suitable for checking the quality of components in industrial manufacturing 
processes. Thanks to modern laser technology, excellent cameras and the particularly 
quick parallel data processing capabilities of graphics processing units, it is now possible 
to capture and process images with 10 million 3D points within 100 milliseconds. This 
means that the process is fast enough to be integrated directly into production lines.  

In holographic surveying, laser light is used to illuminate the surface of an object. By 
superimposing the reflected or scattered light with light from a reference beam, an 
interference image is created that provides the required 3D data. To date, however, even 
the smallest movement has resulted in the 3D information contained in such images 
being destroyed, meaning that in practice, measurements have only been possible for 
stationary objects. Dr. Schiller solved this problem in her dissertation on the measuring 
the topography of moving objects using digital holography (“Messung der Topographie 
bewegter Objekte mittels digitaler Holographie”), showing that both linearly moving and 
rotating objects can be surveyed using digital holography. Dr. Schiller’s solutions for 
rotating objects are particularly remarkable. She takes advantage of the fact that the 
velocity needed to detune the reference phase of a laser beam – which is required to 
compensate for the critical axial velocity vector caused by the rotational motion – does 
not depend on the radius of the rotating object. Rather, the proportion of critical 
movement along the velocity vector is linearly dependent on the angular velocity and the 
position of the sensor. 

Using holography to survey moving objects opens up new fields of application in 
industry, as well as the possibility to improve and accelerate quality control processes in 
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manufacturing. For example, Fraunhofer IPM hopes to use the technology to examine 
gears for highly economical aircraft engines or electric vehicle drives. Both applications 
require processing with micrometer accuracy, which can now be verified while the 
objects in question are in motion, thus saving time.  

Other prize winners 

Alongside Dr. Annelie Schiller (second prize), Dr. Simon Fichtner (first prize) from the 
Fraunhofer Institute for Silicon Technology ISIT and Dr. Christian Kalupka (third prize) 
from the Fraunhofer Institute for Laser Technology ILT received awards in honor of their 
accomplishments. Dr. Fichtner developed the piezoelectric thin-film material aluminum 
scandium nitride (AIScN), which possesses ferroelectric properties and an atomic structure 
that can be shifted between states. AIScN is expected to lead to advancements in 
semiconductor elements in the field of next generation computing. Dr. Kalupka’s 
doctoral work focused on a high-precision process for processing glass and other 
transparent materials with an ultrashort pulse laser with micrometer accuracy. It can be 
used to design customized methods for processing different types of glass. In the future, 
it could be used to produce components for 5G technology or develop quantum 
computers. 
 
 

 

 
 

The Hugo Geiger Prize 
On March 26, 1949, the inaugural meeting of the Fraunhofer-Gesellschaft took 
place under the patronage of former Bavarian state secretary Hugo Geiger at the 
Bavarian Ministry for Economic Affairs. To mark the 50th anniversary of the 
Fraunhofer-Gesellschaft, the Bavarian Ministry for Economic Affairs and Media, 
Energy and Technology launched the Hugo Geiger Prize promoting talented young 
scientists. 
Each year, the prize is awarded to three young researchers, honoring outstanding, 
application-oriented doctoral work produced in close cooperation with an institute 
of the Fraunhofer-Gesellschaft. The prizewinners are also awarded 5,000, 3,000 
and 2,000 euros for first, second and third place, respectively. Submissions are 
evaluated by a jury consisting of representatives from research and development 
and the economy on the basis of their scientific quality, economic relevance, 
novelty and the interdisciplinarity of the approaches applied. 



 

The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 74 institutes and 
research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of more than 28,000, who work with an annual 
research budget totaling 2.8 billion euros. Of this sum, almost 2.3 billion euros is generated through contract research. Around 70 percent of the 
Fraunhofer-Gesellschaft’s contract research revenue is derived from contracts with industry and from publicly financed research projects.  
International collaborations with excellent research partners and innovative companies around the world ensure direct access to regions of the 
greatest importance to present and future scientific progress and economic development. 
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From left to right: Hubert Aiwanger, Bavarian Minister for Economic Affairs, with the winners of the 

Hugo Geiger Prize – Dr. Simon Fichtner, Dr. Annelie Schiller, Dr. Christian Kalupka. Also pictured are 

Fraunhofer Executive Board members Andreas Meuer and Prof. Alexander Kurz, who were among 

those who came to congratulate the prizewinners. © Marc Müller 
 

 

»I was surprised that not many people before me had examined what I demonstrated in my doctoral 

work, « says Dr. Annelie Schiller, research associate at Fraunhofer IPM. Dr. Schiller completed her 

bachelor’s and master’s studies in microsystems engineering at the University of Freiburg. Her 

doctoral work at Fraunhofer IPM focused on the topic of using digital holography to survey moving 

objects. For her research, she was awarded the 2020 Hugo Geiger Prize. © Holger Kock/Fraunhofer 

IPM 
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