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Setup to demonstrate ultrarapid distance measurement: The barrel of a rifle is firmly 

clamped and the laser beam that is invisible in the experiment is directed towards the 

trajectory of the projectiles fired. (Photo: Laila Tkotz, KIT) 

Scientists of Karlsruhe Institute of Technology (KIT) and École 

polytechnique fédérale de Lausanne (EPFL) have demonstrated 

the fastest distance measurement so far. The researchers de-

monstrated on-the-fly sampling of a gun bullet profile with 

micrometer accuracy. The experiment relied on a soliton fre-

quency comb generated in a chip-based optical microresonator 

made from silicon nitride. Potential applications comprise real-

time 3D cameras based on highly precise and compact LIDAR 

systems. DOI: 10.1126/science.aao3924 

For decades, distance metrology by means of lasers, also known as 

LIDAR (laser-based light detection and ranging), has been an estab-

lished method. Today, optical distance measurement methods are 

being applied in a wide variety of emerging applications, such as na-

vigation of autonomous objects, e.g. drones or satellites, or process 

control in smart factories. These applications are associated with very 

stringent requirements regarding measurement speed and accuracy, 

as well as size of the optical distance measurement systems. A team 

Optical Distance Measurement at Record-High Speed 

Microresonator-based optical frequency combs enable highly-precise optical distance ranging at 

a rate of 100 million measurements per second – publication in Science. 
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of researchers headed by Professor Christian Koos at KIT’s Institute 

of Photonics and Quantum Electronics (IPQ) together with the team 

of Professor Tobias Kippenberg at École polytechnique fédérale de 

Lausanne (EPFL) has started to address this challenge in a joint ac-

tivity, aiming at a concept for ultra-fast and highly precise LIDAR sys-

tem that shall fit into a matchbox one day. The basics of this concept 

have now been published in the scientific journal Science. To de-

monstrate the viability of their approach, the scientists used a gun 

bullet flying at a speed of 150 m/s. “We managed to sample the 

surface structure of the projectile on-the-fly, achieving micrometer ac-

curacy”, Professor Koos comments, “To this end, we recorded 100 

million distance values per second, corresponding to the fastest dis-

tance measurement so far demonstrated.“ 

This demonstration was enabled by a new type of chip-scale light 

source developed at EPFL, generating optical frequency combs. The 

combs are generated in optical microresonators, tiny circular struc-

tures, which are fed by continuous-wave light from a laser source. 

Mediated by nonlinear optical processes, the laser light is converted 

into stable optical pulses – dissipative Kerr solitons – forming regular 

a pulse train that features a broadband optical spectrum. The concept 

crucially relies on high-quality silicon nitride microresonsators with 

ultra-low losses, which were produced at EPFL’s Centre of MicroNa-

notechnology (CMi). “We have developed low-loss optical resonators, 

in which extremely high optical intensities can be generated – a prere-

quisite for soliton frequency combs,” says Professor Tobias Kippen-

berg of EPFL, “These so-called Kerr frequency combs have rapidly 

found their way into new applications over the previous years. “ 

In their demonstrations, the researchers combined findings from dif-

ferent areas. “In the past years, we have extensively studied methods 

for ultra-fast communications using chip-scale frequency comb 

sources,” Christian Koos of KIT explains. “We now transfer these re-

sults to another research area – optical distance measurements.” In 

2017, the two teams already published a joint article in Nature, repor-

ting on the potential of chip-scale soliton comb sources in optical tel-

ecommunications. In principle, optical frequency combs consist of 

light with a multitude of precisely defined wavelengths – the optical 

spectrum then resembles the teeth of a comb. If the structure of such 

a comb is known, the inference pattern resulting from superposition 

of a second frequency comb can be used to determine the distance 

traveled by the light. The more broadband the frequency combs, the 

higher is the measurement accuracy. In their experiments, the rese-

archers used two optical microchips to generate a pair of nearly iden-

tical frequency combs.  

Graphic representation of measurement 
with a laser beam on a bullet. (Graphics: 
Christian Grupe, Philipp Trocha, KIT) 



 

 

 

 

 

 

 
Page 3 / 4 

Press Release 

No. 019 | mhe | Feburary 23, 2018 

 

The scientists consider their experiment to be a first demonstration of 

the measurement technique. Although the demonstrated combination 

of precision and speed in the ranging experiment is an important mi-

lestone in itself, the researchers aim at carrying the work further and 

at eliminating the remaining obstacles towards technical application. 

For instance, the range of the method is still limited to typical dis-

tances of less than 1 m. Moreover, today’s standard processors do 

not permit real-time evaluation of the large amount of data generated 

by the measurement. Future activities will focus on a compact design, 

enabling highly precise ranging while fitting into the volume of a 

matchbox. The silicon-nitride microresonators are already commerci-

ally available by EPFL’s spinoff LiGENTEC SA that has specialized 

on fabrication of silicon nitride-based photonic integrated circuits 

(PIC).  

The envisaged sensors might serve a wide variety of applications, 

e.g., for high-throughput in-line control of high-precision mechanical 

parts in digital factories, replacing state-of-the-art inspection of a 

small subset of samples by laborious distance metrology. Moreover, 

the LIDAR concept might pave the path towards high-performance 3D 

cameras in microchip format, which may find widespread applications 

in autonomous navigation.  

Philipp Trocha, Maxim Karpov, Denis Ganin, Martin H. P. Pfeiffer, 

Arne Kordts, Stefan Wolf, Jonas Krockenberger, Pablo Marin-Pa-

lomo, Claudius Weimann, Sebastian Randel, Wolfgang Freude, 

Tobias J. Kippenberg, Christian Koos: Ultrafast Optical Ranging U-

sing Microresonator Soliton Frequency Combs. DOI: 10.1126/sci-

ence.aao3924 

Being „The Research University in the Helmholtz-Association“, 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to 

the global challenges in the fields of energy, mobility and infor-

mation. For this, about 9,300 employees cooperate in a broad 

range of disciplines in natural sciences, engineering sciences, 

economics, and the humanities and social sciences. KIT pre-

pares its 26,000 students for responsible tasks in society, indus-

try, and science by offering research-based study programs. In-

novation efforts at KIT build a bridge between important scien-

tific findings and their application for the benefit of society, eco-

nomic prosperity, and the preservation of our natural basis of 

life. 

Since 2010, the KIT has been certified as a family-friendly university. 
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This press release is available on the internet at www.kit.edu.  

 

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-47414. The photo may be used in the context given above 

exclusively.  
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