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The year 2012 was determined by our reform ISL 2020, aiming, on the one hand, at 
streamlining and directing our research toward the future needs of our funders and 
customers, and on the other hand, at consolidating our financial perspectives. It was a 
year in which the results and conclusion of our analysis performed in 2011 were con-
verted into concepts and strategic aims. A financial strategy could be finalized and ap-
proved by our supervisory boards in December. The elaboration of an overall harmo-
nized future-oriented research strategy encountered more difficulties than expected. 
Finally, this work could be significantly moved forward and we intend to issue the final 
version within the upcoming months. 

In 2012, ISL was thoroughly audited by its binational supervisory authorities. The re-
ceived ranking confirmed the Instituté s strengths and unique research competences 
in many research areas. These results conclusively prove that our reform is steering the 
right course. Looking back on ISL’s research results of the year 2012, we are confident 
that we will master the challenges of the future. 

Here are some of the 2012 achievements of our research teams. They exemplify steady 
and determined progress in our research and toward the fulfillment of our customerś  
needs:

 In the field of Laser and Laser Applications, a prototype of a transportable jamming 
laser was designed and built at ISL: it successfully demonstrated its capabilities in 
the Mountain Fire Campaign in the Alps. Further deep-going research activities 
in the field of Active Imaging resulted in a system allowing the integration of this 
technology into a seeker head.

preface



 We could further strengthen our leading position in the 
field of Energetic and Protective Materials, particularly with 
respect to the synthesis of new energetic and inert materi-
als. A bio-inspired nanosensor was devised to detect one 
molecule of explosive within a trillion molecules of air! We 
invested in top-equipment for powder metallurgy, thus 
opening up new perspectives for novel fields of applica-
tion for inert materials. 

 The research involved in the Protection and Environment of 
the Soldier is focused on the new needs of the soldier with 
respect to more efficient hearing, and ballistic and blast 
protection; at the same time, operational performances 
like communication, mobility and area-wide perception 
have to be improved. In this sense, the research addressing 
the new generation of active “talk-through” earplugs made 
good progress.

 The axis Guidance and Control of Projectiles concentrates 
on increasing precision and range, while maintaining low 
costs. Having at our disposal a unique ensemble of all the 
necessary competences and capabilities, from wind tun-
nels to control science, we convinced our funding Minis-
tries to invest heavily in that domain for the coming year.

 The topic Electrical Engineering comprises applications 
such as the electromagnetic railgun, high-power micro-
wave devices and detection systems for sensitive (hazard-
ous and illegal) materials. Research work in this domain 
needs pulsed power supplies and power-conditioning 
devices. Our pulsed power solid-state switches based on 
SiC technology and innovative energy storage devices are 
world premières. 

It is one of our reform goals for the future to streamline our 
research portfolio in order to boost our core competences, 
to gain more efficiency and to better adapt our activities to 
the research demands of the security community and those 
coming from the area of purely civil applications. 2013 will 
be another year of intensive implementation of orientations 
decided in 2012. This includes internal reorganization, in or-
der to achieve better scientific coherence and more synergies 
and to make the multidisciplinarity of our research more ef-
fective. We also hope to continue to increase our attractive-
ness to third-party clients. 2012 was already an excellent year 
in third-party business, with a 47% increase in value in taken 
orders!

A good worldwide networking between researchers and 
research organizations, particularly with universities, is key 
to innovative and successful research. In 2012 ISL further ex-
panded its partnerships and established many new collabo-
ration projects. The number of PhD students supervised by 
ISL could be increased very significantly. In order to honor 
their many contributions to our Instituté s research, we de-
cided to devote a major part of this annual report to the 
work, the achievements and the performances of our young 
ambitious researchers of the future.

As every year, this report can just provide a selection of exam-
ples from our research portfolio. But we extend our thanks 
to all ISL colleagues for their contribution to the results and 
the success achieved in 2012. We wish to express our grati-
tude to all partners and friends of ISL for their support.

We hope that you will find interest in this report and wish 
you a pleasant reading. 

Chistian de VILLEMAGNE - Wolfgang FÖRSTER
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JANUARY
Philippe Richert, French Minister of Ter-
ritorial Affairs visited ISL as main research 
actor in Southern Alsace.

FEBRUARY
A high-level DGA delegation composed 
of Jean-Pierre Devaux , Strategy Direc-
tor, Vincent Imbert, Technical Director, 
Thierry Bretheau, Scientific Counselor, 
and members of the Administration and 
Scientific Advisory Board of ISL exchanged 
with ISL members about future orienta-
tions and strategy. 

MARCH
The annual meetings at ISL such as 
“Laser and Laser Applications, Electri-
cal Engineering, Perforation Protection 
Detonics and Guided Ammunition" as 
well as the Workshops “Laser for 2 μm 
and 3-5 μm region” and “Electrical Engi-
neering” got a very positive feedback.  

APRIL
Common organization of the Annual 
Meeting of the French Ceramics Group in 
Mittelwihr, FR, together with the Institute 
of Materials Science of Mulhouse (IS2M).

In 2012, ISL concentrated its efforts on establishing a structured collaboration with 
universities and academia. The number of PhD students financed or supervised by 
ISL reached 41 (18 of them on ISĹ s own funding, 23 co-financed by State authorities, 
universities, industry and foundations).  

In 2012, ISL launched the First Budding Science Colloquium of ISL PhD students.  More 
than 30 ISL PhD students participated in this meeting with their supervisors and part-
ner universities. An award for the best oral presentation was granted to Mario Martinis 
for his presentation “Development and Characterization of Metamaterials in Cavities". 
The award for the best poster presentation went to Steffen Schumann for his poster 
“Electronic Generation of THz Spectroscopy and Security Application”. 

highlights



MAY
Annual coordination meeting of DLR  
(Deutsches Zentrum für Luft und 
Raumfahrt)  and ISL.

JUNE

of Defense Stéphane Beemelmans 
rd Workshop on Battlefield Acous-

tics: Acoustic and Blast Protective 
Equipment for the Soldier 

-
Coop” at Eurosatory. 

JULY
More than 30 PhD students participated 
with their ISL supervisors and partner 
universities in the First Budding Science 
Colloquium of ISL .

AUGUST
The newly created and redesigned ISL 
Website went online. www.isl.eu.

SEPTEMBER

Lasercrystal-Workshop.

OCTOBER 
Inauguration of the free-flight testing 
range for exterior ballistics.

NOVEMBER

th National Annual Congress of 

tours.

DECEMBER
Signature of the technology transfer 
of the ELSI pedestrian flow analyzer 
for industrialization.

ISL exhibited at Eurosatory 2012 
Once again, ISL organized an exhibition booth at Eurosa-
tory 2012, the biggest European Land Armement Fair. The 
central subject was the robot project "RobAuCoop", a joint 
project of the ECA company and of the ISL ELSI lab. ISL 
has integrated artificial intelligence into the robot, which 

enables it to detect door 
handles and to open 
them. This demonstra-
tion was also very suc-
cessful during the Inno-
vation Forum organized 
by the DGA in Novem-
ber in Paris. 

A silkmoth-inspired explosive detector – 1000-fold more 
sensitive than other sensors
Imitating the antennas of the silkmoth, Bombyx mori, to 
design a system for detecting explosives with unparalleled 
performance is the feat achieved by a team from the “Na-
nomatériaux pour Systèmes sous Sollicitations Extrêmes” 
unit (CNRS/ISL) in collaboration with the "Laboratoire des  
Matériaux, Surfaces et Procédés pour la Catalyse" (CNRS/
Université de Strasbourg). Made up of a silicon microcan-
tilever bearing nearly 500,000 aligned titanium dioxide 
nanotubes, this device is capable of detecting concentra-

tions of trinitro-
toluene (TNT) of 
around 800 ppq  
(one molecule 
diluted in more 
than 10 thou-
sand billions of 

molecules of air). This innovative concept could also 
be used to detect drugs, toxic agents and traces of or-
ganic pollutants. This work was published on May 
29, 2012 in the journal "Angewandte Chemie" and 
was widely commented on by media sources such as  
“Nature”, “Science”,  the "New York Times" and the French 
radio and television. 

Grand opening of the new free-flight range “Layon A”
On October 2, 
2012, the new 
free-flight range 
(Layon  A) for 
exterior ballistics 
was opened at 
the ISL shoot-
ing ground. The 
range is 240 m long, equipped with stereo hypervelocity 
cameras and a surge tank (8 m high x 13 m long x 10 m deep).

ISL research has been appreciated by the scientific  
communities
Caroline Marlot, PhD student specialized in the manufac-
turing and characterization of nanomaterials was granted 
the award of the best poster for her presentation “Transpar-
ent YAG Ceramics” at the Annual Meeting of the French 
Ceramics Group. 

At the 16th International Railgun Congress in Peking the pa-
per by Stephan Hundertmark and Gregory Vincent “Using 
the Hexagonal Segmented Railgun in Multishot Mode with 
3 Projectiles" was voted "best oral presentation". 

ISL - French-German Research Institute of Saint-Louis
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facts and figures

The scientific activities of ISL are based on medium-term planning and on the cor-
responding annual executive planning documents which are approved by the ISL 
Steering Board after revision and harmonization have been done by the ISL Research 
Advisory Board.

In 2012 the scientific work was still organized in five research axes:

and the Innovative Research to prepare the future work of ISL. This last topic was 
augmented by about 50% in 2012, compared to the previous year.

After a very positive external scientific evaluation in 2011 and after priorities were given 
to its research activities in 2012, ISL decided, in accordance with its Steering Board, to 
go a step further toward excellence. A new organization of the research activities in 
four main axes with particular emphasis on the scientific orientation and critical mass 
of the research topics is planned in the very near future. The research activities will 
be reorganized in order to have more scientific coherence and to benefit from the 
complementary research topics of the institute. The reorganization is also intended 
to promote more synergies and the emergence of scientific interdisciplinary technical 
projects.



Staff

Distribution of research activities

Scientific documents

Expenses
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Scientific publications edited in 2012

Reports and papers
Publications
(conferences, scientific journals, posters)
Documents written within the framework of a contract or an agreement 

Workforce  (31/12/2012) : 357

24%

7%

23%13%

17%

16%

Scientists

PhD Students

Engineers

Technicians

Workers

Directors + Administration Staff

Expenses 2012: 48.486 M€

70%

18%

12%

Salaries

Operating costs

Investment

14%

9%

28%
8%

24%

16% 37%

63%

Basic research

Partnership research

Innovative research

Lasers and laser applications 

Perforation - protection - detonics

Acoustics and protection of the soldier

Guidance of ammunition

Electrical engineering 

Please find the updated list of selected ISL publications on our  
Website http://www.isl.eu/index.php/en/publication  
or contact our documentation service for further information  
e-mail to: documentation@isl.eu

@
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acoustics and protection 
of the soldier

Shock waves and non-penetrating impacts produced by enemy 
weapons, including improvised explosive devices, expose the soldier 
not only to a risk of temporary or permanent incapacitation but 
also to a significant vital risk.

In the field of the acoustic protection of the soldier, fundamental 
studies have been initiated at ISL to support the DGA and  
BAAINBw in their re-examination of the acoustic protection policy 
in this domain, including education and training, as well as the 
development of advanced protective equipment. These investiga-
tions include the measurement of the sound field emitted by some 
recently deployed weapons as well as the estimation of the cor-
responding auditory hazards and the efficiency of new protective 
equipment.

New needs require that apparently conflicting objectives should 
be addressed, i.e. a more efficient protection of the soldier (hear-
ing, ballistic and blast protection), while improving his operational 
performances (audio communication, safety, mobility, area-wide 
perception, etc.).

i pierre.naz@isl.eu



Field recording of battlefield noise signals Prototypes of acoustic detection devices

Schematic of the prototype of an active “talk-through” earplug

Protection against acoustic waves and blast 
- Audio communication and enhanced 
speech processing

The development of innovative solutions to protect sol-
diers against acoustic trauma when firing weapons, driving 
noisy vehicles or flying helicopters is an important opera-
tional issue if the risk of acoustic trauma is to be decreased.

ISL is working on innovative hearing protection devices 
which combine and integrate the following functions:

 hearing protection,
 good intelligibility of audio communication,
 perception and restitution of the acoustic environment,
 ergonomics adapted to military scenarios.

In the field of soldier protection against blast waves and non-
penetrating impacts, ISL is working on the improvement of 
measurement techniques. In order to foster the development 
of advanced protective hearing and thoracic equipment as 
well as to assist the armed forces in the choice of effective 
solutions, investigations are carried out by using standard, 
highly instrumented manikins that are also found in the au-
tomotive industry or by employing in-house developed de-
vices like the ISL “acoustic test fixture” (ATF or artificial head).

Acoustic detection and localization

Battlefield noises have specific signatures: large intensity 
levels and transient character. Work is performed to im-
prove the sensing capacities on the battlefield, with studies 
covering the emission-propagation-sensing chain. 

With regard to sensing, the acoustic detection and localiza-
tion of weapon noise, combined with the optical detection 
of the shooter, provide valuable information for counter-snip-
ing. Within the framework of the interdisciplinary technol-
ogy project IMOTEP (improvement of optical and acoustical 
technologies for protection), ISL is developing miniaturized 
acoustic sensor modules which will be used to complement 
our demonstrator integrated in the soldier’s head equipment.

Investigations are also carried out to document and predict 
the propagation of transient signals in the presence of com-
plex environments, with urban obstacles and under realistic 
atmospheric conditions. The results of these studies contrib-
ute to a better understanding of the sensing performance of 
acoustic detection systems, e.g. for sniper localization. They 
also allow the investigation of new concepts in acoustic 
sensing, e.g. the time-reversal technique adapted to urban 
environments. 

In concrete terms, this new personal protective equipment 
will have to combine good passive attenuation, electronic 
protective assistance (talk-through, Active Noise Reduc-
tion, etc.) and improved audio communication capabilities 
(denoising, 3D audio display, etc.).

ISL - French-German Research Institute of Saint-Louis
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Display of the ISL mission simulator for acoustic trauma awareness

Acoustic intensity and main frequency evolution for increasing 
distances

Field test of acoustic dosimetry (ISL measurement system in the 
backpack)

and as a consequence, inappropriate action may be taken. 
The result of the exercise is referred to as “mission failed” or 
as “mission succeeded".

Toward a system indicating the speaker-
listener distance by the signal processing of 
the speaker's voice

In the field of advanced audio communication and resti-
tution techniques, a PhD thesis was achieved on speaker 
voice transformation with the aim of indicating the speak-
er-listener distance: a transformation into a whispered voice 
indicates a close distance while a transformation into a 
shouted voice denotes a relatively far distance.

First, an in-depth analysis was performed to determine the 
most relevant perceived parameters in whispered voice and 
in shouted voice (much harder). The main contribution of 
this work is to demonstrate the relevance of prosodic pa-
rameters for the perception of vocal effort in the case of a 
shouted voice. As a result, descriptors developed to bet-
ter characterize the prosodic contours were proposed. We 
put forward several new transformation rules with an im-
portant influence on the quality of the transformed voice. 
The results showed that both the whispered voice and the 
shouted voice are of very good quality when relatively sim-
ple linguistic structures (CVC, CVCV, etc.) are used.

Acoustic trauma and operational  
performances

The majority of the active military personnel are aware of 
the hazard represented by weapon noise for hearing if the 
ear is not protected by an adequate hearing protection de-
vice (HPD). Many of the recruits, however, are very little 
informed of these risks when they join the armed forces. 
The consequences of acoustic trauma and communication 
problems leading to the misunderstanding of orders or dif-
ficulties in perceiving the acoustic environment may seri-
ously impede operational efficiency; yet they are unknown 
to most soldiers. 

In order to generate an awareness of these facts and greater 
acceptance of wearing HPDs, ISL has, in collaboration with 
the French Armed Forces, developed a mission training 
simulator. It uses typical military scenarii at the level of a 
small group of soldiers and provides audio and visual infor-
mation. The audio communication is presented with and 
without simulated acoustic trauma, thus allowing the deg-
radation of operational efficiency to be determined. 

The messages used in the scenarii are based on recorded 
infantry briefing situations. The messages were degraded 
by using low-pass filtering for the simulation of the hear-
ing threshold degradation, and by adding tonal noise for 
the simulation of tinnitus. The threshold shifts and tinnitus 
were defined so as to be typical of acoustic trauma after 
weapon noise exposure.

To be attractive to the user, all the parameters were imple-
mented by ISL as an interactive computer exercise. When 
using it, the soldier will experience the consequences of an 
acoustic trauma. He will realize that verbal information (e.g. 
orders from the platoon leader) may be misunderstood 

> acoustics and protection of the soldier
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Vibration modes of a helmet due 
to intense sound 

Models exposed to a blast experiment

Shockwave arrival at simplified and 
anthropomorphic models wearing 
combat suits

Improvement in the acoustic protection  
performance of headsets by using laser 
vibrometry

In the military environment soldiers may be exposed to 
high noise levels. For this type of use, HPDs (hearing pro-
tection devices) should be evaluated with signals close to 
the effective exposure. The performance of HPDs is usually 
determined by measuring their insertion loss (IL). The IL 
represents the difference in the sound pressure level at the 
ear drum with and without the protection device put in 
place in conditions of exposure to the same noise.

We have recently introduced the use of a scanning vibro-
meter allowing the measurement of the vibratory behavior 
to determine the protective behavior of a pilot helmet. A 
loudspeaker is used to emit acoustic solicitation.

The graphical interface of the system allows the visualiza-
tion of the vibration amplitudes superimposed on the im-
age of the device under test. Used in an anechoic chamber, 
our test system enables measurements with a resolution 
of 0.5 nm.

Tests were carried out with a helicopter helmet allowing 
the vibration modes on the surface of the helmet to be 
quantified and visualized. 

The measurements show 
that the surface of the 
helmet displays vibration 
modes in different areas 
that may be independent 
of one another. They also 
show that the vibrations at 
the point of attachment of 
the hearing protector are 
well damped for frequen-
cies higher than 300 Hz. 

These measurements will allow the optimization of the 
properties of the material used for the coupling of the hel-
met to the two acoustic shells.

Blast interaction with simplified and  
anthropomorphic targets

During a non-penetrating impact or a blast wave solicita-
tion, the chest wall and its underlying organs are subjected 
to huge constraints. This loading generally leads to pulmo-
nary contusions with possible cardiopulmonary dysfunction.

The primary and tertiary components of the blast effect 
coming from an IED exposure are investigated here.  In 
order to quantify the chest wall loading and relate it to 
an injury level, ISL's work consists of improving metrologi-
cal means by using high explosive charges against more 
or less simplified targets (from a Hybrid III manikin to a 
single instrumented membrane). In 2012, in the context 
of a DGA-SSA-ISL (SSA: Service de Santé des Armées - 
Medical Service of the French Armed Forces) common 
experiment, research was focused on finely measuring the 
deformation of an instrumented membrane exposed to a 
blast event. Simultaneously with punctual recording (ac-
celeration), the movements of the membrane were video 
tracked (8000  fps or more) and analyzed by using image 
processing techniques. The findings showed the necessity 
of instrumenting our models with triaxial accelerometers 
instead of a uniaxial accelerometer only, as previously. If 
not, its deformation can be underestimated and reach up 
to 35%, in the case of a 
blast loading with a 30° 
incidence. 

Consequently, it is rec-
ommended to resort to 
a 3D assessment of the 
deformation by means 
of triaxial accelerometer 
units in our next full-
scale experiments to 
evaluate the efficiency 
of a combat suit under-
going a blast exposure.

ISL - French-German Research Institute of Saint-Louis
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laser and  
laser applications

In 2012 some ambitious projects were completed. In the field of 
laser source development we achieved the miniaturization of the 
laboratory prototype of a jamming laser to the size of a transport-
able device. It enabled us to demonstrate our capabilities during a 
test campaign in the Alps. Additionally, in the field of active imag-
ing a huge study on the integration of an active imaging system 
into a seeker head was brought to a successful end.

With six students in the ISL Laser Division the number of PhD 
students reached an unprecedented level. The cooperation with 
different universities such as the University of Stuttgart, the War-
saw Military University of Technology, the University of Bordeaux, 
the University of Strasbourg and the University of Mulhouse was 
developed in a promising way. The innovative work of our young 
colleagues will be presented in the following sections. 

i div3@isl.eu



Erbium laser crystal in operation, showing its characteristic green 
fluorescence which needs to be minimized for efficient operation

Representation of the index ellipsoid of a biaxial crystal

In cooperation with CELIA (University of Bordeaux) ISL has 
initiated a thesis in the domain of  high-average power and 
high-repetition-rate lasers and their applications. This study 
is dedicated to the development of high-average power 
femtosecond fiber lasers. The filaments of femtosecond la-
sers are a very interesting means of damaging the lenses of 
attacking missiles at long range.

Additionally, two detailed presentations made by our PhD 
students are concerned with the development of lasers 
for medical and military applications based on Er:YAG, 
Tm:YAG and Ho:YLF crystals (see p. 32).

Due to recent advances in new laser materials based on 
monoclinic host media, another PhD thesis in progress at 
DPE is focusing on optimizing the crystal orientation and 
laser operation in the 2-μm range based on thulium or hol-
mium ions in biaxial crystals. These materials are promising 
for future applications; indeed, they possess broad spectral 
features allowing a large spectral tunability or ultrashort-
pulse operation and are characterized by unique polariza-
tion effects arising from the complex index ellipsoids. This 
research may lead to more efficient or more compact laser 
sources and to an increased beam quality.

Based on the expertise of the ISL DPE group in “eye-safe” 
erbium heat-capacity lasers and Er:YAG technology, a PhD 
thesis is currently devoted to investigating the capabilities 
of a continuously emitting high-power erbium source at 
1.64 μm. Within the scope of this thesis, advanced cooling 
concepts are tested while taking into account the require-
ments imposed by the erbium material. The main goal is 
the evaluation of power scaling with a good beam quality 
and the determination of requirements for the design of 
a specific resonator and its components, e.g. comprising 
deformable mirrors or laser media with special geometries. 
The results of this thesis may also contribute to new “eye-
safe” high-power lasers for industrial applications.

ISL - French-German Research Institute of Saint-Louis
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Range-gated active imaging tests in a football stadium

Live presentation to the police and to the Minister of the Interior of 
Niedersachsen

Setup for the Mountain Fire Campaign 2012

In 2012 we carried out the first outdoor experiments with 
our diode-pumped solid-state lasers for optronic counter-
measures. The miniaturized compacted and ruggedized 
band-II (3–5 μm) laser was tested and compared with 
other lasers during the Mountain Fire Campaign on the 
German WTD 52 test site in the German Alps. Numerous 
participants from industry and scientific institutes tested 
their equipment at long range against real seeker heads.

The target area was situated in the valley where company 
containers with different seeker heads were installed. Our 
laser system was placed at a distance of about 2 km from 
the target. The equipment necessary to control the laser 
was positioned in a shed.

The results of the experiments were encouraging and they 
contributed to enhancing the effectivity of our compact 
system which will be tested again in 2013.

Gated viewing

Our gated viewing technology arouses a lot of interest 
among the security community. After having established 
first contacts with the French Ministry of the Interior and 
conducted joint experiments with the French police in the 
past years, we successfully carried out first experiments 
with the German police force. We could demonstrate the 
capabilities of gated viewing in an environment where pro-
voking groups tried to hide behind a screen of Bengal fires 
and smoke. ISL demonstrated that image acquisition of 
good quality was possible in this harsh environment.

The impressive performance of the ISL active imaging sys-
tem convinced the police forces of the advantages of such  
systems in security operations and of the benefits of future 
joint activities.

> laser and laser applications
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IR image showing an industrial zone

NATO change detection test campaign

The 3-year research program of the IPACO project showed 
that active imaging is well suited to be integrated in a mis-
sile seeker head. The improvements made in the field of 
the detection/recognition/identification of targets were 
successfully demonstrated. The DGA and our industrial 
partner are greatly motivated to continue research on this 
subject.

ISL change detection system

The ISL change detection system indicates to an observer 
any changes occurring along a frequently used route. In 
April 2012, the system was integrated in a German military 
vehicle (WOLF) for the purpose of assisted IED detection. 
Since then the system has been available at ISL for real-time 
live demonstrations, and representatives of both the French 
and German special forces, of the DGA and BAAINBw as 
well as industrial partners have already been convinced of 
its effectiveness, which has led to the signature of first con-
tracts. ISL participated in the international field trials held 
in the Netherlands by the NATO SCI-256 Task Group and 
dedicated to change detection systems. On that occasion 
ISL successfully demonstrated its vehicle-mounted change 
detection system and was the only competitor in a posi-
tion to present detection results on site.

Integration in a missile

In 2012 the IPACO project (integration concept for a low-
cost laser imaging system in a missile) was successfully 
completed. ISL could demonstrate the feasibility of the in-
tegration of a range-gated active imaging system in a mis-
sile. The interesting points in this contract were the minia-
turization and ruggedizing of our technology in the harsh 
environment of a missile as well as the image processing of 
a fast moving image acquisition system.
This study was conducted within the framework of a con-
tract between ISL and MBDA-France. 

The first part of the project aimed at: 
  defining the operational scenarios and the scope of the 
study;

 specifying the imager and the interfaces between the im-
ager and the missile;

 studying the feasibility of the demonstrator and the inte-
gration of the imager in missiles;

 establishing the preliminary definition of a demonstrator 
and the tests of validation;

 studying the detection and target-tracking performances 
of the system with or without image processing.

The second part of the project aimed at:
 realizing the demonstrator and carrying out live tests;
 studying the detection and target-tracking performances 
with or without image processing in order to validate the 
use of a laser active imager for these applications;

 studying the safety aspects associated with the active 
imager;

 calculating costs.
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energetic and protective 
materials and systems

The domain of energetic and protective materials and systems 
at ISL is dealt with by six research groups, dedicated to energetic 
materials and nanomaterials, interior ballistics, shock physics and 
detonics, elaboration and characterization of advanced materi-
als, terminal ballistics and protection against explosive charges. 
Thanks to the complementarity between these different research 
activities, ISL belongs to the few European research players inter-
nally mastering an integrated approach - from the synthesis of 
new energetic or inert materials to their evaluation and applica-
tion to specific security and defense requirements.

Moreover, the capacity acquired over the last years to work at the 
nanoscale is opening new perspectives for innovation and new 
fields of application for materials that should be of benefit to all 
ISL research activities due to the transversal character of the fields 
of chemistry and materials. 

i christophe.tamisier@isl.eu



Preparation of propellants by laminar pressing 

60-mm ignition simulator

Energetic materials and their applications

ISL covers a wide spectrum of activities, ranging from the 
synthesis of energetic materials, the processing of energetic 
material particles (crystallization and nanocrystallization), 
the processing of energetic formulations (casting, melt-
ing, pressing), the machining of charges, the physical and 
chemical characterization of the materials, etc., to the char-
acterization of their reactive behavior for interior ballistics 
and for the purposes of detonics.

Most of these activities are conducted in cooperation with 
partners, for example with other French and German de-
fense research organizations or with academia (ISL/CNRS 
joint research unit NS3E, Materials Institute Carnot Alsace 
MICA, etc.). It should also be emphasized that, due to the 
transversal character of the fields of chemistry and materi-
als, other activities are dedicated to applications investigat-
ed by other ISL scientific divisions (cf. paper by L. Schmidlin 
on nanodiamonds obtained through detonation).

In the domain of interior ballistics, the purpose of the 
research conducted at ISL is to understand the physical 
mechanisms occurring within the initiation phase and 
the combustion phase of a propellant and their complex 
mutual interactions. Today the main effort is focusing on 
the ignition of low-vulnerability propellants and the iden-
tification of the propellant characteristics that govern their 
vulnerability and ignitability. ISL relies on a wide range of ex-
perimental and numerical capacities: close and vented ves-
sels, ignition simulator, 
combustion cham-
bers, guns in the ca-
liber range of 12.7 to 
60  mm and various 
simulation tools. The 
ISL tradition of excel-
lence in this domain 
is increasingly appre-
ciated by the French 
and German MoDs, as 
the industry and State 
services are faced with 
a loss of expertise.

In the field of energetic materials, the research activities are 
concerned with explosives and nano-explosives, propel-
lants and plasticizers, nanothermites, carbon compounds 
and metallic oxides obtained through detonation, and the 
characterization of their physical and chemical properties. 
The main goals are the reduction of their sensitivity and 
the improvement of their ageing behavior and of their per-
formances, taking into account the requirements of the 
French and German MoDs. Another growing issue is the 
search for alternative substances to those that could be af-
fected by the REACH regulations. 
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Transmission electron microscope (TEM)

Control of the HE microstructure (grain size, shape, internal defects)

Installation for HE nanocrystallization

ISL laser detonator

The research activities and the results obtained by ISL have 
aroused keen interest among industrial partners in such 

In the field of detonics, ISL relies on high-level competen-
cies and on specific explosive testing instrumentation and 
metrology equipment, coupled with a simulation and 
modeling capacity to study and control the explosive ini-
tiation process. ISL's dedicated equipment ranges from ex-
plosive testing labs, pyrotechnical test facilities and various 
guns for direct impact on explosives, to dedicated metrol-
ogy tools for very fast phenomena (flash X-rays, ultra-fast 
velocimetry, etc.). 

The main research issues are, on the one hand, the analysis 
of the influence of the energetic materials parameters such 
as composition, defects, grain size, etc., on their reactive 
properties and on the other hand, the determination of 
optimum stress parameters leading to detonation for given 

applications such as 
igniters, detonators 
and impulse thrust-
ers. 

applications as Very-Insensitive RDX, opto-pyrotechnical 
fuzing systems and pyrotechnical impulse thrusters for 
guided ammunition. Moreover, nanoenergetic materials 
could be synthesized by the joint laboratory NS3E (ISL/
CNRS) through innovative processes (cf. paper by B. Risse) 
and first investigations of their specific reactive properties 
were performed. The first results in terms of sensitivity and 
performance are very promising for future applications.

Protective materials and systems

Thanks to its multidisciplinary organization, ISL has the 
unique capability in Europe to simultaneously carry out 
on the same site the complete range of tasks necessary for 
physical protection research:

 production, transformation and characterization of the 
complete range of explosives, both commercial and 
home-made,

 production and characterization of a wide range of bal-
listic and explosive threats, both military and improvised,

 production and characterization of innovative advanced 
materials for protection issues,

 production and characterization of complete protection 
architectures,

 numerical simulations of threat effects and target re-
sponse,

 threat characterization, threat defeat and target protec-
tion experiments carried out in full-scale ballistic and ex-
plosive testing facilities.

> energetic and protective materials and systems
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Spark plasma sintering machine delivered in September 2011

Blast mitigation with aqueous foam

Taylor impact tests with a 20-mm gas gun

The development of advanced materials for ballistic pro-
tection at ISL is based on capacities in powder metallurgy, 
i.e. the elaboration of massive materials through powder 
consolidation (powder synthesis and sintering by means of 
the HIP or SPS process) and materials characterization – 
from their intrinsic properties (structure, chemical compo-
sition, thermal behavior, etc.) to their mechanical /dynami-
cal behavior (Hopkinson bars). This activity is new as the 
spark plasma sintering (SPS) machine was delivered to ISL 
at the end of 2011, but first promising results were already 
obtained on aluminum with nano-reinforcements for bal-
listic protection. Another field of research is dedicated to 
ceramics for ballistic protection and laser applications (cf. 
paper by C. Marlot).

Today the research activities in the fields of lethality, bal-
listic protection and protection against explosive charges 
mainly focus on:

 the protection against ballistic threats (i.e. personal pro-
tection systems, protection against fragmentation de-
vices, etc.),

 the characterization of the ballistic behavior of materials 
and the numerical simulation of dynamic phenomena 
(cf. paper by L. Collard),

 threat assessment (home-made explosives, enhanced 
blast, fragmentation and EFP improvised explosive de-
vices - IEDs),

 innovative mitigation and protection solutions, such as 
porous media for close-in mitigation or target protec-
tion. To address these issues, ISL cooperates with other 
major European actors.
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guidance of ammunition

The improvement in the effectiveness of projectiles and missiles 
is sought by increasing precision and range, thanks to the control 
of non-ballistic trajectories. The fast development of electronics, 
optronics and micromechanics, on the one hand, and the fast 
growing knowledge in the field of control, on the other hand, will 
be used as a basis for the realization of such ammunition. 

That implies to simultaneously improve the real-time embedded 
methods and technologies of localization (inertial measurement 
units, magnetic sensors, accelerometers, MEMS technologies, GNSS, 
etc.) of detection and guidance, and of control or correction of 
trajectory (aerodynamic, by side jet, thruster, discharge plasma, 
etc.). The mastery of these technologies will make it possible to 
reduce the dispersion of the projectiles at very long range, to in-
crease the hit probability and to reduce the collateral damage of 
gun-launched ammunition, conventional missiles and hypersonic 
missiles.

The philosophy behind these studies is founded on the integration 
of low-cost technologies, a significant part of the added-value being 
concentrated on signal processing and information analysis. 

i dominique.chargelegue@isl.eu
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Aerodynamic parameter identification of 
vehicles in free flight

The goal of this thesis is to improve our tools for aero-
dynamic coefficient determination in free flight by im-
plementing the most modern and the most appropriate 
parameter identification 
techniques. This thesis is 
conducted in coopera-
tion with the Automa-
tion Research Centre 
of Nancy (CRAN) and 
started in January 2012.

Priority is given to studies on precision-guided gun-
launched ammunition for ground-to-ground (enhanced 
precision for existing ammunition, new concepts for im-
proved range and precision, terminally guided ammunition 
for metric precision, etc.) or ground-to-air (airborne threats 
including mortars, rockets and ballistic projectiles) applica-
tions. Due to the specificity of its facilities and skills, ISL is 
also involved in research on missiles, gun-launched MAVs 
and even space applications. Skills, test facilities (wind tun-
nel, shock tube and instrumented flight tests) and simu-
lation tools allow research, development and assessment 
activities to be carried out in the following fields: 

 guided ammunition concepts and requirements in terms 
of performance for navigation and guidance compo-
nents and for control devices,

 low-cost navigation units containing COTS sensors as 
well as guidance and control solutions adapted to the 
various applications,

 aerodynamic architectures and control devices,
 transceivers and antennas for a bidirectional communi-
cation with a flying vehicle in order to transmit control 
commands or target data and to optimize transmission 
and discretion,

 heat transfer and flows around projectiles and missiles.

The following PhD theses deal with topics which are not 
developed in the "selected highlights of ISL PhD studies".

Optimal control framework for flying  
vehicles with pulsed steering devices

The issue of aerial target interception at high speed (rock-
ets, artillery, mortars and missiles) requires the use of lat-
eral jets or pyrotechnical thrusters in the final seconds 
of the interception. In all cases the issue of target inter-
ception necessitates specialized knowledge in trajectory 
optimization techniques and associated control tech-
niques. This thesis is conducted in cooperation with the 
Technical University Munich and started in April 2012.

Contribution to the identification and 
control of nonlinear parameter-varying 
systems. Application to a wind-tunnel 
guided projectile

This research work is concerned with 
the development of an experimental 
methodology in wind tunnels, of the 
identification of aerodynamic param-
eters and of the validation of control 
algorithms of guided projectiles. This 
thesis is conducted in cooperation 
with the Haute-Alsace University 
(UHA) in Mulhouse, is co-funded by 
the DGA and started in October 2012.

The need for guided gun-launched ammunition addresses 
a significant number of technological issues. In contrast to 
missile weapon systems, guided projectiles have to remain 
very affordable.  Another restriction is that components, 
such as inertial measurement units, seekers, actuators and 
embedded electronics, need to be gun-hardened in order 
to withstand severe launch accelerations, often beyond ten 
thousand g’s.
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Active flow control for an alternative  
artillery projectile steering

This thesis is dedicated to the research and evaluation 
of various micro-actuator devices which could withstand 
high launch acceleration and could be easily integrated 
and deployed. This work is done in cooperation with the 
University of Franche-Comté in Besançon, is co-funded 
by the DGA and started in October 2012.

Development of reconfigurable C-band 
communication antennas for smart  
munitions

The goal is to develop innovative solutions for bidirec-
tional communication between a ground station or an 
aerial vehicle and a projectile. The objectives are to ob-
tain maximum flexible radiation diagrams and maximum 
radiation levels, while maintaining a simple structure, low 
cost and the ability to withstand the high launch accel-
eration. This thesis is conducted in cooperation with 
the Institute of Electronics and Telecommunication of 
Rennes (IETR), is co-funded by the DGA and started in 
October 2012.

Data fusion from magnetometer and IMU 
for absolute navigation of a vehicle

The goal of this research work is to develop new data 
fusion algorithms based on the absolute measurement 
of the Earth́ s magnetic field. This thesis is conducted in 
cooperation with the Haute-Alsace University (UHA)
in Mulhouse, is co-funded by the "Région Alsace" and 
started in October 2012.

Gyrometer
Accelerometer

Analog-to-digital
converter @ 100 Hz

3D Magnetometer

Due to these extreme accelerations, seekers used for target 
acquisition must be mounted in a strap-down configura-
tion. Another challenge in terms of guidance and control 
comes from the fact that typical ballistic gun-launched 
munitions are fired at a very high spin rate of typically 
several hundreds of rotations per second. This produces 
a heavy coupling between the longitudinal and lateral air-
frame dynamics, as opposed to very slowly spinning mis-
siles. As a consequence, innovative solutions for the vari-
ous applications, which will be very different from those of 
classical missiles, have to be investigated for the concepts 
of airframe architectures and actuators as well as for flight 
control principles and algorithms. 

In the same way, due to these extreme accelerations but 
also to the intrinsic precision of the gun firing, the tradi-
tional solutions of navigation used for missiles are not 
suited and therefore appropriate solutions have to be de-
veloped.

Other relevant research activities for guided ammunition 
are conducted on transceivers, on telemetry antennas with 
special geometries and radiation patterns as well as on 
three-dimensional conformal antenna arrays so as to op-
timize transmission and discretion, for a bidirectional com-
munication with a projectile in order to transmit naviga-
tion, control or target data.

> guidance of ammunition
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Fragmentation and atomization of liquids 
in hypersonic flows

The goal of this thesis is to understand and to model 
the various mechanisms which occur when liquids are 
released at hypersonic speeds in the atmosphere. This 
research work is conducted in cooperation with the Uni-
versity of Zurich (ETH) and started in May 2012.

Boundary-layer transition in hypersonic 
flow

This thesis is dedicated to the experimental and numeri-
cal investigations of the transition of the boundary layer 
from laminar to turbulent flow in the hypersonic regime 
(Mach numbers of the cross-flow greater than 6). The 
research work is done in cooperation with the University 
of Munich (LMU) and started in February 2012.

The aerothermodynamics of missiles and re-entry vehicles 
at high Mach numbers and altitudes as well as the steer-
ing by lateral jets and other control devices such as plasma 
discharge and microjets also represent topics of interest for 
the French and German authorities and industry. 

The improvements in skills, in testing facilities and in means 
of measurement and simulation are ongoing concerns aim-
ing at better responding to the needs of our governments. 
For this purpose, eight PhD theses, which are illustrated in 
this report, started during the year 2012. Three of them are 
co-funded by the DGA and one of them is co-funded by 
the "Région Alsace".
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electrical engineering

This research topic covers the development of electrical systems, 
devices and components for defense and security applications. 
These include pulsed power solid-state switches based on silicon 
and SiC technology, gas and liquid spark gaps, capacitive and 
inductive energy storage, and high-voltage repetitive pulsed power 
supplies, for instance. Applications range from electromagnetic 
railguns to ultra-wideband high-power microwave sources. Rail-
guns have the unique capability of accelerating projectiles to 
hypervelocity, whereas high-power microwaves can jam or destroy 
electronic devices.

This research also addresses low-power technologies for the detec-
tion of sensitive materials, namely nuclear quadrupole resonance 
spectroscopy and terahertz spectroscopy and imaging. Sensitive 
materials include explosive compounds, counterfeit medicines and, 
to some extent, narcotics. These technologies can also be used for 
chemical characterization and quality profiling.

i div4@isl.eu



2.7 x 2.7 mm2 SiC thyristor die connected to 
the test mounting

Laboratory setup for developing and testing a high-energy XRAM 
generator

Railgun projectile equipped with a tungsten 
penetrator

Pulsed power generators

In 2012, ISL continued the investigations on very compact 
inductive pulsed power generators. A 4-stage XRAM gen-
erator was built using high-energy coils and thyristors as 
opening switches. Four coils were charged up to 200 kJ dur-
ing operation, which is equivalent to a coil energy density of  
10 MJ/m3. The XRAM was used to feed a 2-m-long elec-
tromagnetic railgun which accelerated a 33-g projectile 
to a velocity of 157 m/s. Additionally, the muzzle arc was 
suppressed by switching off the railgun current with the 
XRAM circuit when the projectile left the bore.

A 1.25-MJ rack which is part of a 30-MJ pulsed power sup-
ply, formerly used for electrothermal gun experiments at 
Rheinmetall in Unterlüß, was refurbished and successfully 
tested for its reliability.
In the context of the electrification of cars or ships, Li-ion 
batteries were considered and investigated for use in pulsed 
power applications. Cells of different chemistries and from 
different manufacturers were tested for their maximum 
current capability at short pulses.

Silicon carbide (SiC) devices

SiC collaboration was particularly fruitful during the year 
2012. Within the framework of the French National Re-
search Agency (ANR) project “VHVD-SiC” different high-
voltage bipolar diodes were fabricated by our partners Am-
père Laboratory and IBS. They consist of a structure which 
is designed to handle a voltage of up to 15 kV. These diodes 
were tested at ISL in a recently modified vacuum probing 

system up to a breakdown voltage of 10.3 kV. This equip-
ment now allows automated measurements of two termi-
nal devices situated on 3” wafers.

In 2012 SiC thyristor 
research focused 
on the evaluation 
of the developed 
10-kV GTO tech-
nology. During the 
switching tests the 
largest devices (die 
size: 2.7 x 2.7 mm2) 
proved their turn-
on and gate turn-off capability up to 1 kV, the actual limit 
of our dynamic test bench. The same device was repeatedly 
driven up to 16 A (825 A/cm2) in a high-power curve tracer, 
revealing its capacity for further pulsed power evaluation. 
Initial pulsed power tests with short (10 μs) pulses were 
carried out up to a peak current of 200 A (10 kA/cm2).

Electromagnetic acceleration

In 2012 ISL's largest railgun, the 6-m-long 10-MJ PEGASUS 
accelerator, was heavily used in an experimental campaign 
funded by  French and  German governmental contracts. 
The aim of this multi-year research project is to push the 
limits of both the accelerator and the projectile perfor-
mance. Currently, with current amplitudes above 1.3 MA 
and the applied electrical energy approaching 6 MJ, new 
concepts are required for the projectile design. The projec-
tiles of the latest generation combine copper brushes with 
a solid metal part to harness the powerful current flow 
through the armature. The rearmost part, with three brush 
rows, is used to push the payload and the aluminum boost-
er section in between throughout most of the acceleration 
length. In the final stage of the launch, this pusher section 
is left behind. The 
aluminum booster 
propels the 325-
g payload section 
with an armor-
piercing tungsten 
rod to velocities well 
above 2000 m/s. 
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D-dot probe inside a biological phantom

Acceleration sensor on a test board with 
acceleration- and shielding shells

Battery-powered UWB source inside a 
trailer

of the antenna and a conical reflector allow an increase in 
the radiated field intensity and reduce lateral lobes. The sys-
tem is powered by a 
low-energy 400-kV 
compact Marx gen-
erator and a pulse-
forming stage. High-
power outdoor 
experiments were 
carried out at the 
FOI proving ground.

Bio effects of UWB transients

Special attention was paid to the sanitary and biological 
effects of high-power microwave ultra-wideband (HPM/
UWB) signals. A bibliographical study focusing on damage 
mechanisms, dosimetry and biological effects was conduct-
ed. At the sight of the results, it was considered necessary to 
measure UWB pulse propagation in tissue-mimicking phan-
tom materials as the research conducted so far was mainly in 
the form of numeri-
cal work. The ques-
tion of the elec-
tromagnetic field 
amplitude in bio-
logical tissues and 
of the loss of energy 
along its propaga-
tion is crucial for 
the determination 
of the damage mechanisms that can be expected. For this 
purpose, a D-dot probe was used and placed in materials.

Liquid dielectric switching technology

Fundamental research on the development of a novel  
liquid dielectric high-voltage peaking output switch was 
conducted. The Galden perfluoropolyether liquid was 
used as a dielectric liquid in order to improve the switch-
ing performance. Further key advantages of liquid dielectric 
technology in switching systems are ultra-compactness, a 
more efficient heat transfer, better removal of eroded ma-
terial and the possibility of replacing the greenhouse gas 
SF6. A peak field strength of 10 MV/cm and a voltage rise 
time of 450 ps at a pressure of 20 bar were achieved. A new 
liquid dielectric pulse forming switch, equipped with an 

One possible application of electromagnetic launchers is 
to use them in order to study impact phenomena. Since 
several years ISL has been investigating, in collaboration 
with the University of New Brunswick in Fredericton, the 
dynamic fracture of brittle materials. In fact, electromag-
netic launchers allow very flexible acceleration profiles 
and projectile velocities. The materials investigated in 2012 
comprised ceramic tiles and the hexagonal segmented 
railgun of ISL was used for these experiments. One of the 
pictures on the title page, taken with a high-speed camera, 
shows the impact of a hexagonal projectile on a ceramic 
sample. First cracks are visible on the surface of the sample 
and its subsequent fragmentation can be monitored. Using 
digital image processing, the dynamics of the fragmenta-
tion can be analyzed. Such findings help to improve the 
understanding of the physical processes taking place in the 
sample after the impact.

Testing of acceleration sensors

ISL is involved in an ANR (ASTRID) project concerning the 
testing of acceleration sensors. ISL developed a test vehi-
cle for this research work. The acceleration was performed 
with an electromagnetic coil system. The test stand was 
built to accelerate test vehicles in the range from 1000 to 
25000 g for an acceleration time of 150 μs up to 900 μs.

The complete sensor test device was accelerated to measure 
the influence of the acceleration forces on the mechanical 
stability of the sensors and to investigate the influence of 

the magnetic field 
on the electronic 
part of the sensors. 
Concerning the me-
chanical stability, the 
results showed the 
good performance 
of the system.

Ultra-wideband high-power sources

In order to obtain a more constant range of effects when 
trying to disrupt an unknown or a moving system, an an-
tenna radiating circularly polarized fields over some pseu-
do-periodic signals was developed. It is based on a helical 
antenna, radiating one main lobe with a maximum intensi-
ty along the main axis. A small ground plane at the bottom 

> electrical engineering
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THz spectroscopy setup with a revolving sample holder Different paracetamol NQR resonances

Liquid dielectric coaxial spark gap switch

additional crowbar, was developed. This device will be ca-
pable of operating at a pressure up to 35 bar in repetitive 
operation mode.

THz technologies

Most of the research activities in THz time-domain spec-
troscopy (TDS) are dedicated to the detection of explo-
sives and other illicit substances. These studies include the 
spectroscopic investigation of such substances, the devel-
opment of novel hardware components for specific appli-
cations (cf. metamaterials) and the implementation of in-
novative signal processing concepts for a better and faster 
detection. Furthermore, THz TDS has also been successfully 
implemented for the characterization of energetic materials. 

While the favorably low transmission properties of clothing 
and many other packaging materials at THz frequencies have 
spurred a significant interest in THz imaging technologies for 
fast detection purposes, scattering often drastically lowers 
the image quality. The understanding of scattering proper-

ties remains therefore an important challenge in order to 
fully exploit the potential of THz imaging for defense and 
safety purposes. Therefore, studies investigating such scatter-
ing effects with a dedicated experimental system were a fur-
ther important part of our work in 2012. Several approaches 
toward an increase in the range of these active imaging tech-
nologies were investigated and compared.  

NQR detection of illicit substances

Specific antennas for multi-frequency NQR were studied 
and designed to either simultaneously or sequentially detect 
several illicit substances, such as narcotics or drugs, without 
having to change or to tune the antenna. Our proposed an-
tennas are composed of capacitively coupled small resonant 
loops, forming a broadband transmission line along which 
a slow and backward wave can propagate. The number of 
resonance frequencies and their arrangement are deter-
mined by the number of resonant elements, the equivalent 
inductance of the small loops and the values of the different 
capacitors. Preliminary experimental tests carried out with 
NaNO2 and hexamethylene (HMT) were successful. 

ISL is a partner of the EU/FP7 project CONPHIRMER (coun-
terfeit pharmaceuticals interception using radiofrequency 
methods in real time) for the development of a portable and 
easy-to-use pharmaceutical authentication device to distin-
guish genuine from fake medicines through multiple layers 
of packaging. The 1st-year efforts focused on the develop-
ment of a database management system for the storage of 
the medicine NQR characteristics as the project progresses 
and first measurements on drugs were performed. Paraceta-
mol 14N NQR line parameters were assessed in commercial 
chemical and solid formulations (pills, capsules and pow-
ders). The results shown here are clearly specific. Measure-
ments on Orlistat, a slimming drug, were also started.
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selected highlights 
of ISL PhD studies



Laser source research at ISL covers a wide field of scientific, industrial and 
military applications in the "eye-safe" wavelength range from 1.5 μm to be-
yond 6.5 μm. ISL’s unique expertise reaches from "low-power" 2-μm solid-state 
and fiber sources and associated nonlinear converters with power levels in the 
10 to 100 W range. They are mainly used in optronic countermeasures, to high-
power 1.6-μm erbium lasers holding a current world record of 4.65 kW which 
may be part of future laser weapon systems.

The following two articles describe in more detail the work performed by two 
ISL PhD students in laser source research within ISL’s Directed Photonics and 
Quantum Electronics group:

-
metric oscillator for applications in minimally invasive surgery. This activity is 
an example where defense-driven ISL expertise contributes to civilian applica-
tions in the field of life science issues.

resonantly pumped erbium lasers based on the unique know-how in order to 
identify new fields of application toward countermeasures, range finders or 
designators.

research on laser sources

i marc.eichhorn@isl.eu
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Investigation on a mid-IR OPO for 
minimally invasive surgery

Different laser sources are already used as surgical tools in 
ophthalmology and human surgery. Several medical inves-
tigations related to tissue ablation have given promising re-
sults at wavelengths near 6.45 μm, where the amide II vibra-
tional mode of the protein is the main absorption feature. 
The results of the experiments have shown a substantial 
ablation rate with minimal and sometimes undetectable 
collateral damage. The advantage at this wavelength is the 
higher absorption of radiation directly into the protein ma-
trix in contrast to water absorption for other wavelengths. 
The water absorption at this wavelength is lower, compared 
to other stronger absorption peaks at 2.9 μm and 6.1 μm.

The only difficulty posed by a laser source at 6.45 μm with 
a sufficient pulse energy and a short pulse width is that up 
to now, only a free-electron laser (FEL) could be used to 

obtain the necessary laser parameters. But this type of la-
ser source necessitates an electron accelerator and is only 
available in few research facilities. Difficult handling, high 
costs and low flexibility for surgery applications therefore 
exclude the use of such a system. The goal of the work 
presented here was to obtain an output power around 
1 W at 100–200 Hz with a pulse width of less than 100 ns 
at 6.45 μm. The beam quality of the laser beam should 
be M2 < 3.

At ISL we used a Ho3+:LLF laser source with an amplifier 
stage at a wavelength of 2.053 μm to pump an optical para- 
metric oscillator (OPO) which generates a signal and an 
idler wavelength. In the case of a Ho3+:LLF pump source, 
a signal wavelength of 3.01 μm and an idler wavelength of 
6.45 μm are obtained. The nonlinear OPO material is zinc-
germanium-phosphide (ZGP) with an optimized coating 
for the OPO wavelengths. The OPO cavity, called RISTRA, 
is a special four-mirror ring cavity allowing the image rota-
tion of the resonant wavelength. The image rotation cre-
ates a more symmetrical beam profile and reduces the un-
synchronized regions of the oscillating signal wavelength. 
The principle is shown in the schematic below.

The RISTRA cavity used here was manufactured at ISL and 
with a pulse energy of 45 mJ emitted by the Ho3+:LLF laser, 
the RISTRA OPO generated, at the wavelength of 6.45 μm, 
a pulse energy of 6.4 mJ at a repetition rate of 100 Hz. The 
pulse width of this pulsed radiation was 30  ns and the 
measured beam quality was M2 = 1.8. An average power 
of 1.09 W was obtained by increasing the repetition rate to 
200 Hz. The resulting M2 was about 2.6.
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Schematic of the Q-switched, totally eye-safe Er3+:YAG laser
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Tissue ablation at 6.45 μm and 2.053 μm

6.45 μm 2.053 μm

An interaction test with the generated 6.45 μm radiation 
was carried out at ISL, in collaboration with the University 
of Utrecht, to investigate the structural and thermal effects 
on soft bovine tissue. Due to the short pulse width and 
the high peak intensity of the radiation at 6.45 μm, the re-
sults of cutting and drilling met the requirements of the 
project. In the two pictures of bovine tissue displayed be-
low, the manually driven cut (on the left picture) with a 
pulse energy of 4.7 mJ on the target surface does not show 
any coagulation inside the cut. The edge on the surface of 
the tissue was slightly heated up and was coagulated, due 
to the long interaction time which is unusual in surgery 
and the intensity distribution of the focused beam. With 
a slightly higher pulse energy of 8  mJ and an interaction 
time of 4 seconds, a comparison by drilling a hole with the 
2-μm Ho3+:LLF pump radiation was performed, in which 
the absorption mechanism was mainly due to water. The 
result was dramatically different. It resulted in a strongly co-
agulated area around the focus and a high carbonization in 
the center with less ablation effect.

Pulsed, resonantly diode-pumped 
Er3+:YAG laser for optronic counter-
measure applications

An ISL project on laser sources concerns a study devoted 
to pulsed, totally eye-safe Er3+:YAG lasers. This particular 
technology has the potential to prove its superiority over 
Er3+:glass lasers currently in use and nonlinear converters 
driven by Nd3+:YAG lasers (e.g. in designators and range 
finders), especially in terms of footprint compactness, set-
up simplicity, average output power and beam quality. The 
goal of this work is to define the limits of resonantly diode-
pumped Er3+:YAG laser technology and to develop related 
technologies whose association will enable the fulfilment 
of requirements given by military specifications and end-
users.

The key elements of our lasers are the Er3+:YAG active crys-
tals characterized by unique spectroscopic properties. They 
allow efficient operation at elevated temperatures reaching 
up to 600 K, have very good thermomechanical properties, 
a low cost and are easily accessible. There is, however, one 
important constraint which has to be taken into considera-
tion when designing a Q-switched laser system based on 
this material: indeed, there is a so-called upconversion phe-
nomenon responsible for a significant decrease in laser per-
formance and indirectly leading to the degradation of the 
beam quality. In order to minimize its negative influence on 
the lasing process, it is necessary to decrease the erbium ion 
concentration to a low level of 0.25-0.5 at.%, which neces-
sitates a complete change in the laser system design strategy, 
compared to conventional lasers.

34 Annual Report 2012

> research on laser sources



Cavity mode radius as a function of the pump power absorbed in the 
Er3+:YAG laser rod 
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First results

Newly developed technologies as well as an associated the-
oretical model for thermal-lens prediction and cavity de-
sign enabled the operation of a resonantly diode-pumped 
Er3+:YAG laser in true fundamental transverse mode. An 
optimized Q-switched system built by using our approach 
delivered a 12-mJ pulse energy at a repetition rate of 120 Hz 
with the M2 parameter of the output beam close to 1.

This is the best result worldwide in terms of beam qual-
ity and energy per pulse generated by a totally eye-safe, 
quasi-three-level laser based on fiber-like active rods of a 
low diameter (1.2 mm).

Outlook for future work

The first Q-switching experiments proved the feasibility of 
the proposed solutions and validated the design strategy. 
The next task will be to upscale the average output power 
and pulse energy in pulsed operational mode. Our simula-
tions show that this can be achieved only if rods of a bigger 
diameter are used. Preliminary investigations have already 
been performed. A system based on a rod with a 2-mm 
diameter (0.25 at.%, 130-mm long) delivers up to 12 W of 
average power in QCW operational mode at a repetition 
rate of 100  Hz while still maintaining a very good beam 
quality (M2 = 1.1).

Laser setup

The main challenge in the design of a Q-switched, diode-
pumped Er3+:YAG laser is to ensure a high intensity of low-
spatial-brightness pump radiation inside slightly doped and 
thus very long active crystals (6 cm for a dopand concen-
tration of 0.5  at.%). The only reasonable solution to this 
problem is to use total internal reflection (TIR) for confin-
ing pumping beams within the barrel of a low-diameter 
(0.6 - 2 mm), fiber-like rod. Based on numerous simulations 
(ray tracing, FEM) and experimental results, the thermo-
optical behavior of this relatively new class of laser gain me-
dia was studied in depth. The most important conclusions 
of our investigations were that "fiber-like" crystals are some-
how flexible and additionally exhibit extraordinarily strong 
thermal lensing, which renders mounting, uniform cooling 
and cavity designing challenging tasks. In order to solve the 
problems mentioned, it was necessary to use Er3+:YAG rods 
equipped with undoped end caps, and to design holders 
allowing the stress-free mounting of the crystal as well as 
an efficient heat extraction. Within the framework of the 
Er3+:YAG laser activity a simple theoretical model for ther-
mal lens prediction and cavity design was derived and used 
for cavity optimization. Our goal was to compensate for 
the strong thermal lensing of the laser rod, to make the 
laser oscillate in a single transverse mode and to increase 
the cavity mode radius to the maximum possible size on 
each optical interface in order to reduce damage likelihood 
during Q-switched operation.
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The search for innovative solutions in the domain of guided ammunition in-
volves many scientific disciplines such as aerodynamics, flight mechanics and 
technologies of navigation, guidance and control.
The semi-empirical tools and the computational fluid dynamics tools are essen-
tial to the identification of the most promising aerodynamic architectures capa-
ble of meeting operational needs. Although CFD (computational fluid dynamics) 
has made great strides, wind-tunnel tests are necessary for the calibration of 
numerical simulations and for more detailed assessments of the aerodynam-
ics of the most adapted architecture solutions. In particular, tests are needed to 
assess the evolution of various aerodynamic coefficients as a function of param-
eters such as the Mach number or the angle of attack. The difficulties are made 
worse by the interaction problems due to the fact that the architecture concepts 
studied are wholly or partially spinning. Another difficulty lies in the fact that the 
conditions of wind-tunnel tests are generally not completely representative of the 
actual conditions of flight and the evaluation of aerodynamic architectures must 
be completed by flight tests.
The knowledge of the uncertainties about the values of the aerodynamic coef-
ficients is essential to the assessment of the robustness of control algorithms to 
these uncertainties.
ISL has made great efforts in recent years to improve its simulation and testing 
capacities as well as its overall methodology of design and evaluation of guided 
ammunition. The following theses contribute to this goal.

flight techniques for 
projectiles

i dominique.chargelegue@isl.eu



Fig. 1: Generic projectile model in the ISL supersonic wind tunnel

Fig. 2: Influence of the spinning motion on the boundary layer and 
vortex system for a model at angle of attack (surface pressure distribu-
tion on the model and asymmetric density gradients on the contour 
planes)

Fig. 3 : Visualization 
of the vortex system 
at an angle of attack 
of 9°
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Fig. 4 : Magnus side force coefficient

(a) visualization for the non-spinning model

(b) visualization for the spinning model

Numerical and experimental  
investigation of the Magnus effect in 
supersonic flows

Spinning models in cross-flow generate lateral forces and 
moments. Resulting from the so-called Magnus effect, 
these forces and moments may cause significant trajectory 
deviations and unstable flight characteristics for free-flying 
models. Especially low-drag projectiles with a large length-
to-diameter ratio are subject to strong influences from the 
Magnus phenomenon. Thus the knowledge of the origin 
and of the properties of the Magnus effect is very impor-
tant, particularly for the design of innovative aerodynamic 
body shapes. 

In order to deepen the understanding of the underlying 
phenomena, the Magnus effect in the supersonic flow re-
gime was studied by means of numerical simulations.
Experiments were carried out in the ISL supersonic blow-
down wind tunnel S20 in order to obtain reliable aerody-
namic data for the validation of the numerical simulation 
results. The investigation focused particularly on high an-
gles of attack as well as high spin rates. 

A generic projectile model in the supersonic wind tunnel is 
shown in figure 1. The outer shell of the model is mounted 
on two ball bearings. An internal brushless motor acceler-
ates the model to spin rates up to 1000 Hz and the remote-
controlled mounting assembly allows the position of the 
model to be changed during the wind-tunnel run in order 
to investigate different flight configurations. 

Numerical simulations (fig. 2) and experimental flow visu-
alizations (fig. 3) clearly show the influence of the spinning 
motion on the flow field around the model. While the lee-
side vortex on the left side becomes smaller, the vortex on 
the right side increases when the model is spinning. This 
asymmetry also influences the surface pressure distribution 

and a shift of the leeside vortices in the spin direction was 
revealed to be the primary source of the Magnus side force.

The experimental force measurements as well as the nu-
merical simulation results show a highly nonlinear depend-
ency of this Magnus side force on the angle of attack (fig. 4). 
As the model is modularly designed, the outer shape can 
be replaced by various different geometry configurations 
in order to investigate the aerodynamic characteristics of 
innovative concepts of spinning projectiles.
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Fig. 7: Forces and moment acting on a projectile

Fig. 6: Basic Finner  
in free flight after the 
separation of  
the sabots

Fig. 5: Complementary methods for quantifying aerodynamic properties
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Aerodynamic parameter identification 
of vehicles in free flight

This research project is in collaboration with CRAN (Auto-
mation Research Center of Nancy) on topics such as mod-
eling, defining and mastering the filtering and parameter 
identification techniques best suited to the problem of 
the aerodynamic coefficient determination based on free-
flight data.

Problem definition

The use of aerodynamic coefficients to characterize the 
aerodynamic behavior of an object in flight remains an 
emergent research project in the field of exterior ballistics. 
As can be observed in figure 5, there exist several methods 
allowing the quantification of the aerodynamic coefficients 
of a vehicle. However, some of these techniques are based 
on certain simplified assumptions and are generally used 
to gather only basic information about the aerodynamic 
coefficients. In order to avoid this drawback, we consider 
the identification of these coefficients based on free-flight 
data, as it takes into account the real experimental condi-
tions. In literature, several tools already exist for the esti-
mation of the aerodynamic coefficients of a vehicle in free 
flight. For instance, the EXTRACTR and INVQFW codes 
can be referred to as examples. The latter was developed 
at ISL and our purpose is to modify and improve the em-
ployed identification procedure.

Objectives

As a system identification procedure implies having access 
to real experimental data, free-flight tests with a reference 
projectile, Basic Finner (fig. 6), are planned in April 2013 at 
the ISL open range test site. Although estimating the aero-
dynamic coefficients based on free-flight data and taking 
into account the mathematical model is an inverse prob-
lem difficult to solve, the following improvements have 
been undertaken:

 the development of a mathematical model and of a co-
efficient estimation in a more accurate way;

 the characterization of the aerodynamic coefficients, di-
rectly correlated to forces and moments acting on the 
vehicle (fig. 7), as an analytical formulation;

 the identifiability and sensitivity analysis of the desired 
coefficients to be estimated.

In this sense, we are currently exploring several descriptions 
of the nonlinear dynamic system of a flying vehicle as a lin-
ear parameter-varying (LPV) model. The objective of this 
work is to show the interest of writing nonlinear models 
in the form of LPV models, in comparison to linear mod-
els, and to evaluate the levels of accuracy according to the 
employed estimation method. Moreover, the use of LPV 
design techniques could facilitate the integration of an LPV 
controller in the code for a guided projectile.

The determination of the aerodynamic coefficients corre-
sponds to a system identification problem. The latter can 
be defined as the construction of a model structure and 
the estimation of the unknown parameters contained in 
the mathematical model.

> flight techniques for projectiles
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Fig. 8: Guided 155-mm dual-spin projectile

Fig. 10: General control  
configuration (for controller 
synthesis)

 Fig. 9: Guidance, navigation & control (GN&C) loop 

Robust control for a class of nonlinear 
parameter-varying systems:  
application to guided ammunition

General context and problem definition

Most currently deployed artillery ammunition consists of 
unguided projectiles which are inherently stabilized using 
a high spin rate. As they are not proven to be sufficient to 
obtain metric precision, a potential solution for improving 
the latter, and eventually for increasing the range of such 
projectiles, is to transform them into guided weapons by 
adapting a specific correction fuse incorporating trajectory 
control devices (e.g. steering fins, impulse thrusters, etc.). 
This practice has the advantage, on the one hand, of pre-
serving gyrostabilization, while on the other hand, a low 
cost is ensured by reusing the stocks of existing ammuni-
tion. The resulting configuration is a so-called dual-spin 
projectile concept, whose forward and aft parts are shown 
in figure 8, as well as some of its major flight variables.

Design constraints

Nevertheless, the aforementioned class of guided ammuni-
tion presents several constraints such as heavily nonlinear 
dynamics, important couplings between its longitudinal 
and lateral axes, a large operating envelope, rapidly vary-
ing flight parameters (e.g. velocity, altitude, aerodynamic 
angles) and, last but not least, highly uncertain aerody-
namic coefficients. In addition, the on-board sensors (e.g. 
accelerometers, gyrometers and magnetometers) used for 
measuring several critical flight parameter variables, and 
the actuators driving the steering fins show limited perfor-
mance, due to the fact that they have to remain robust 
and low-cost.

Solutions

The above-mentioned con-
straints necessitate the de-
sign of a GN&C (guidance, 
navigation & control) loop 
specific to this type of am-
munition. This loop consists 
of a double feedback struc-
ture composed of an internal 
(and faster) control loop assisted by an external (and slower) 
guidance loop (see fig. 9). The control loop provides the steer-
ing fin actuators with the appropriate commands in order for 
the projectile airframe to follow the desired reference accel-
erations computed by the guidance loop. This kind of flight 
control is usually based on the use of robust gain-scheduling 
control methods as the control law has to adapt to any system 
operating conditions. Figure 10 illustrates the general configu-
ration of a controller synthesis block diagram often used in 
these methods.
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One of the major challenges when dealing with energetic nanomaterials and 
other nanomaterials is being able to elaborate them in important amounts to 
fulfill most industrial requirements such as reliable detonators or propellants. 
A second important step is the possibility of manipulating nanoparticles and 
of depositing them on different supports with high spatial precision. The PhD 
study which concentrated on the fundamental conception and the elaboration 
of a continuous crystallization process of submicron-sized explosive particles is 
an important step toward the industrial production of micron-sized and nano-
sized explosive materials of various natures, as it is also a very versatile process 
which can easily be upscaled to an industrial production level. 

Another PhD study, dedicated to the functionalization of nanodiamond par-
ticles and their controlled deposition, enabled fundamental advances for the 
integration of such nanoparticles. Practical needs such as pressure- 
sensitive paints (for aerodynamical purposes) and optical limitation (due to 
the nonlinear behavior of those nanoparticles toward laser aggression) can 
be met. In this second PhD work, a very important breakthrough was also 
obtained thanks to the conception and the optimization of an electrophoresis 
deposition technique allowing the accurate deposition of nanodiamonds with 
a particle density that has never been reached before. These results now allow 
such deposits to be used in applications with high added value. 

nanomaterials

i denis.spitzer@isl.eu 



Fig. 1: Detonation sequence chain

Fig. 2: Schematic of the flash evaporation process

Fig. 3: Nanostructured explosives: RDX/TNT composite (a) and pure 
RDX (b)

Formation of submicron energetic 
particles by means of a continuous 
flash evaporation process

The desensitization of explosives in order to avoid acciden-
tal initiation has played an important role since the develop-
ment of the very first explosive. As the armed forces are the 
largest consumer of energetic materials, their demand for 
explosive devices is accordingly high. Today’s explosive de-
vices do not detonate when exposed to great heat, as might 
occur in the case of a fire, or to a strong mechanical load, e.g. 
direct fire, impact of shrapnel or adjacent detonation.

The state of the art in desensitizing an explosive consists of 
mixing it with a wax or a less sensitive energetic material. 
The addition of wax to a powdery explosive improves its 
handling, reduces its sensitivity but also decreases its per-
formance.

The accidental initiation of an explosive usually occurs 
when micron-sized cracks, impurities, inclusions or defects 
are present inside the explosive particle (fig. 1).

a high-pressure section and a low-pressure one (fig. 2). The 
high-pressure part comprises two containers filled with the 
explosive solution. By means of compressed nitrogen at 
40 bar, the explosive solution is pumped through a nozzle 
where it can be heated up to 200°C.

Inclusions and impurities in the explosive crystal play an 
important part as the conversion of external applied en-
ergy (e.g. heat, impact or spark discharge) into heat takes 
place in these heterogeneities. The temperature in these  
areas, called "hot-spots", can easily exceed 400°C. As the size 
of most hot-spots varies between 0.1 and 10 μm, decreas-
ing the particle size reduces the number and size of these 
defects and makes the explosive less liable to accidental 
initiation.

A continuous nanocrystallization process has been devel-
oped at ISL to prepare various types of ultrafine explosives 
and energetic compositions on a multi-gram scale.

The nanocrystallization process is based on the flash evapo-
ration principle, an advanced spraying process that enables 
exceptionally high evaporation rates at moderate tempera-
tures. The flash evaporation installation basically consists of 

The superheated solution is subsequently sprayed into the 
atomization chamber, which is the low-pressure section 
where the solvent evaporates instantaneously. The required 
thermal energy is stored in the superheated solvent and the 
evaporation takes place in a fraction of a second. At such 
high evaporation rates, ultrafine particles having diameters 
below 500 nm can be prepared in large amounts. Axial cy-
clones are continuously separating the solid particles from 
the gas flow, thus allowing a permanent production.

The use of common solvents enables the preparation of 
multiple grams per hour of nanostructured explosives in 
a short period. Providing a production capacity of almost 
6 g/h, the flash evaporation process is currently  the most 
efficient and economical process worldwide for the prepa-
ration of ultrafine explosives.

The nanostructuration of various energetic materials such 
as RDX, CL-20, PETN or TNT, as well as energetic composi-
tions, shows the enormous potential of this process which 
is not limited to explosives only (fig. 3).
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Fig. 7: Nanodiamond forming a metal-ligand bond with a porphyrin

Fig. 6: Nanodiamond functionalized with covalently bonded porphy-
rins

Fig. 4: Raman mapping of micro-hexolite (left) and nano-hexolite 
(right). Red and green indicate areas rich in RDX and TNT, respectively

Fig. 5: Nanodiamond  
surface oxygenated  
functional groups

Nanostructured energetic compositions represent another 
field of application in which the flash evaporation process 
shows unique results. From a single solution containing 
multiple compounds, highly homogeneous composites 
can be obtained in a single processing step. The homo-
geneous distribution of the individual compounds goes 
down below the micron scale. 

Raman measurements of compressed pellets of RDX/TNT 
(hexolite) composites confirm the noticeably higher ho-
mogeneity that is obtained by the nanocrystallization pro-
cess (fig. 4).

The grafting of different molecules on the nanodiamond 
surface was undertaken. Covalent or metal-ligand bonds 
were used to achieve this goal. Two different porphyrins 
were covalently grafted on the nanodiamond surface by 
forming amide bonds from the reaction between carbox-
ylic acid and amine groups. This was achieved by a direct 
reaction with the nanodiamond surface or by using inter-
mediate molecules such as melamine.

Nanodiamond functionalization and 
controlled deposit

Nanodiamonds (NDs) are synthesized during the detonation 
of an explosive charge. The diameter of the particles is ap-
proximately of 5 nm and their surface chemical composition 
was investigated for their functionalization. The ND deposi-
tion was also studied for use in various application fields.

Nanodiamond surface chemistry

The nanodiamond surface is 
mainly covered with oxygenated 
functional groups. Infrared spec-
troscopy, thermal programmed 
desorption and titration were 
used to determine the presence 
of carboxylic acids, alcohols and 
lactones (fig. 5).

Porphyrin containing a metallic center inside the macro-
cycle can form a metal-ligand bond with the ND surface. 
To this end, the ND surface has to be previously modified 
with 4-aminopyridine in order to be covered with pyridine 
groups. The nitrogen from the pyridine possesses a lone 
electron pair that enables the formation of complexes with 
transition metals (fig. 7).

> nanomaterials
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Fig. 8: Nanodiamond size evolution by varying centrifugation parameters

Fig. 9: a) AFM observation and 
thickness of an ND deposit 
(5 μm²); b) STM observation of 
the particle proximity (600 nm²) 
and c) deposit linear evolution 
with the electrophoretic deposi-
tion duration

Fig. 10: Diamond CVD growth (white) on a silicon chip (blue) covered 
with tungsten (pink)

Nanodiamond deposition

A stable nanodiamond suspension can be obtained by ap-
plying an ultrasonic treatment followed by 24 hours of sed-
imentation. The supernatant phase remains stable for a few 
years but aggregates having a diameter of about 100 nm 
are still present. The application of a centrifugal force leads 
to a suspension containing predominantly individual parti-
cles. The relation between the ND size in the supernatant 
phase and the centrifugation parameters was studied and 
reported on the graph below (fig. 8).

Nanodiamond applications

Optical limiter materials are involved in nonlinear optical 
mechanisms and present an interest in the field of eye pro-
tection and optronic system protection against laser threat. 
Functionalized nanodiamonds exhibit very promising re-
sults in this domain of application, with properties close to 
those of the current benchmark.

The ND electrophoretic deposition technique was used to 
obtain a deposit on a silicon chip covered with tungsten 
(W) structured by lithography. A selective ND deposit was 
observed on the conductive parts of the substrate (W). A 
diamond chemical vapor deposition (CVD) growth was 
achieved on this deposit (fig. 10).

Suspensions composed of individual particles were used 
to obtain electrophoretic deposits. The advantage of this 
deposition technique is the possibility of tuning the dif-
ferent parameters in order to have a good control of the 
deposit structure. Thickness and density are the main char-
acteristics that have to be well controlled. The association 
of an ultracentrifuged suspension with the electrophoretic 
technique leads to ND monolayer deposits having a very 
high density (over 3 · 1012 particles/cm2). The coverage of 
the deposit follows a linear evolution with the deposition 
duration (fig. 9). The particle proximity was investigated by 
scanning tunneling microscopy (STM) and showed a de-
posit composed of adjacent NDs (fig. 9).

The nonlinear optical behaviors of functionalized NDs were 
studied for optical limitation applications.
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Acoustic sensing is used to detect and localize the noise caused by weapons or 
bullets, thereby increasing the situational awareness on the battlefield. ISL is 
conducting a long-term research program in order to understand and improve 
the acoustic sensing performance. Besides studies on signatures and on sens-
ing systems, this program includes an assessment of the acoustic propagation 
features which alter the acoustic signals and thus modulate the sensing perfor-
mance.

In particular, a numerical model has been developed in order to simulate the 
propagation of transient signals in the presence of complex environments. This 
article presents some recent investigations carried out by Loïc Ehrhardt in the 
context of a PhD study jointly supervised by ISL and LMFA (Lyon). They dem-
onstrate the satisfactory behavior of this numerical model in the presence of 
atmospheric turbulence effects and urban diffractive obstacles. This research 
also illustrates how the model can be used to explore new concepts of acoustic 
sensing systems. Thus, this modeling capacity prefigures a reliable numerical 
test bed to evaluate and innovate in the domain of battlefield sensing in realis-
tic environments.

simulation of sound 
propagation in complex 
environments

i sylvain.cheinet@isl.eu



Fig. 1: Sound propagation through wind turbulence. Top: turbulent 
wind field (speed in m/s) used in the simulation. Bottom: normalized 
amplitude of the 300 Hz sound wave propagating through the wind 
turbulence

Fig. 2: Fluctuation rate (log-amplitude variance) of the harmonic plane 
wave (frequency given in the figure) propagating through the wind 
turbulence. Thick line: simulation. Other curves: various theories 

The ISL model is based on the finite-difference time-do-
main (FDTD) resolution of the general sound propagation 
equations, the so-called linearized Euler equations. Unlike 
other existing models, its wide range of applicability allows 
an accurate prediction of sound propagation in complex 
configurations. Its drawback is its high computational cost. 
In the following, the ISL implementation of this model is 
called ITM (for ISL FDTD Model).

Complex atmosphere

The outdoor atmosphere is complex. The temperature, 
humidity and wind affect sound propagation in different 
ways. First, mean stratifications cause sound refraction ef-
fects, leading to the presence of acoustic ducts and shadow 
zones. Those common effects are well known and the ITM 
model has been proven to reproduce them well.

The other main impacts of the atmosphere on sound prop-
agation are the statistical sound perturbations caused by 
the small-scale time and space fluctuations of atmospheric 
parameters (turbulence). Sound tends to lose coherence as 
it propagates through atmospheric turbulence, affecting 
the performances of some localization systems when mul-
tiple microphones (acoustic antennas) are used. This effect 
is hard to deal with analytically but can be studied with the 
ITM computational code as the atmosphere can be finely 
described in the model. We have recently tested the capac-
ity of the ITM code to reproduce the physical effects of 
turbulence on sound propagation. Such effects are visible 
in figure 1, where a pure tone is propagated through a tur-
bulent wind field (top of the figure). The complex behavior 
of the sound is illustrated in the bottom part of the figure 
showing the sound amplitude. Typical elongated structures 
can be observed. A quantitative validation of the ITM code 
was performed by comparing the theoretical sound fluc-
tuation rate with the simulated rate (fig. 2). The ITM code 
can then be extended to more complex scenarios.
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Fig. 3: 3D propagation of the detonation caused by an explosion near a 
right-angle wall. The explosion location is given by the red dot, the micro-
phones are represented by the blue dots, respectively outside and inside 
the wall corner, and the surfaces are different iso-pressure surfaces

Fig. 4: Real-scale experiment of sound propagation in an urban 
environment. The source is represented by the blue circle and the 
microphones by the red circles

Fig. 5: Simulation of the sound propagation through a real urban 
environment. The red square gives the source position and the crosses 
indicate the microphone locations. Sound pressure (top: 0.8 ms; bot-
tom: 2 ms) after detonation

Urban environments

With the increase in the number of conflicts taking place in 
urban environments, it becomes necessary to study sound 
propagation in the presence of numerous obstacles. They 
cause multiple and combined reflections on ground or 
building surfaces, and diffractions on the edges and corners 
of buildings. The complexity of the sound field in an urban 
environment rapidly increases.

Again, the ITM code is a useful tool for modeling such con-
figurations, as the geometry involved (e.g. buildings) is fully 
user-defined. A simple example is given in figure 3, where 
the propagation of an impulse sound near a right-angle 
wall is given by simulation. The complexity of the sound 
field near the rigid surface illustrates the need for an accu-
rate numerical tool. A common approximation of the real 
3D world by means of a 2D projection is evaluated by simu-
lation. In this configuration, the ITM code shows the limita-
tions of this approximation. In particular, if a microphone 
is located between the two walls, the sound propagating 
over them cannot be neglected.

Realistic full-scale experiments were conducted with an 
impulsive source emitting in a real urban environment 
equipped with scattered microphones (fig. 4). The sound 
propagation was numerically reproduced by the ITM code. 
In figure 5 the simulated sound pressure is given in the 
2D-projected urban environment. This again shows the in-
creasing complexity of the sound field over time. As previ-
ously, the sound pressure recorded during the experiment 
was compared with that of the simulation and a good 
agreement was obtained.

> simulation of sound propagation in complex environments
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Fig. 6: Localization criterion obtained by the time-reversal algorithm, 
using two different sets of microphones (top: 4 microphones, bottom: 
6 microphones)

The ITM code can be used for propagating time-reversed 
signals in order to evaluate this localization principle. In 
figure 6, the time-reversal approach is used with the ITM-
simulated propagation performed for the previous urban 
environment. Two different sets of microphones are used. 
For both sets, the maximum sound energy occurs at the 
initial sound location: the source is thus well localized. The 
maximum sound energy is less contrasted in the first set. 
Hence, the ITM code allows the assessment of the respec-
tive effects of the propagation features and of the micro-
phone configuration on the efficiency of the time-reversal 
approach. 

Future prospects

The ITM code is an FDTD implementation of the linearized 
Euler equations developed at ISL and has recently shown 
its capacity to  reproduce theory and experimental data in 
many realistic configurations. It enables the investigation of 
complex acoustic phenomena, such as the statistical fluc-
tuations of the sound field caused by atmospheric turbu-
lence. The ITM code allows both theoretical and applied 
researches. Operational scenarios, such as impulse noises 
(e.g. emitted by sniper shots) propagating in an urban en-
vironment, can be simulated. The ITM code can be used 
as a numerical test bed to support the ongoing ISL studies 
on acoustic detection and localization. In particular, it can 
be employed for calibrating simpler (real-time) propaga-
tion models developed at ISL, and also for evaluating the 
performance of localization systems in versatile operational 
conditions (multiple buildings, complex atmosphere, etc.).

Evaluation of concepts of sensing

As far as the ITM code reliably reproduces the physics of 
sound propagation, it can be used to explore some new 
concepts of sensing.

A recent application of the time-reversal approach, an on-
going research domain, has been imagined by the acoustic 
sensing research community. This approach, commonly 
used for medical or communication purposes, can be ap-
plied to the localization of an acoustic source. Indeed, it has 
been shown that, if microphones are turned into sound 
sources emitting their time-reversed recorded signals, the 
sound energy focuses on the initial source position, allow-
ing its localization. The application to urban environments 
is a challenging perspective.
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Metamaterials are artificial engineered materials with particular properties 
compared to natural materials. Since the last decade, they have been exten-
sively investigated in many domains such as electromagnetism or optics; they 
appear to be very promising for enhancing the performances of existing devices 
and systems such as filters, waveguides, antennas, lenses, etc., in a wide range 
of applications in the fields of defence, aerospace or health, among others. Con-
stituted of periodic miniature elements within the materials, they can present 
particularly interesting characteristics within a specific but narrow frequency 
band, depending on their geometry and element size, which is about one tenth 
of a wavelength or even smaller.

The following article presents the work of two ISL PhD students in their first 
year, one in the range of microwave frequencies for communication applica-
tions and the other in the range of terahertz frequencies in the field of imaging 
and data transmission.

metamaterials for  
enhanced applications

i  loic.bernard@isl.eu 
bernd.fischer@isl.eu



Fig. 1: Media of cut wires and of split ring resonators (SRRs); evolution 
of the effective permittivity and permeability close to the resonance 
frequencies

region (above resonance) of 
negative values

Fig. 2: Reactive impedance surface (RIS) [2]:  
periodic square patches printed on metal-backed dielectric material. 
(a) Unit cell of RIS. (b) Parallel LC equivalent model

a) b)

Development and characterization 
of metamaterials in cavities for the 
design of compact antennas

Today, there is a growing interest in new materials with re-
fraction or reflection properties that cannot be found in 
nature. These artificial structures are called metamaterials 
and can have some novel properties. For antenna applica-
tions, metamaterials can enable small antennas to cover a 
wider frequency range, thus also making a better use of the 
available space on small platforms.

Electromagnetic metamaterials 

In electromagnetism, at microwave frequencies (roughly 
from 300 MHz to 300 GHz) metamaterials are designed 
with metallic wires and rings in order to act upon the 
electric response (permittivity ) and upon the magnetic 
response (permeability ), respectively (fig. 1). The com-
bination of both types can provide metamaterials with a 
negative effective index of refraction and a negative phase 
velocity. These structures can be represented as resonators 
composed of inductances ( ) and capacitances ( ) while 
the quality factor  is determined by the values of  and  
(low  = broader frequency range). In practice, the range 
of frequency is usually narrow.

Metamaterial concepts can also be applied to surfaces, 
thus influencing the reflection of waves. A flat metal sheet 
always has a low surface impedance and reflects the elec-
tric field with a 180° shift in phase. However, by associating 
a specific textured surface with a conducting one (fig. 2), 
it is possible to engineer a high impedance surface. The 
elements are fractionally smaller than the operating wave-
length, and the electromagnetic properties can be mod-
eled by using lumped circuit elements (capacitors and in-
ductors). An important aspect is that a low  factor can 
be achieved and thus the bandwidth of operation can be 
broad.

This PhD work, supervised by ISL and the Institute of Elec-
tronics and of Telecommunications of Rennes (IETR), ad-
dresses the enhancement of antennas.
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Fig. 3: Simulated bandwidth of a patch antenna at 2.3 GHz without a 
cavity and with circular cavities with diameters of 50 mm and 32 mm 
( /4), respectively

Fig. 4: THz near-field imaging system (by courtesy of the University of 
Freiburg)

Antennas in cavities

Conventional antennas that are very small compared to the 
wavelength reflect most of the signal back to the source. 
In our research we focus on small antennas integrated in 
cavities smaller than the wavelength (fig. 3). A small cav-
ity around an antenna degrades its performances since the 
gain-bandwidth product is fixed for the given aperture size 
of a radiator. Consequently, reducing the cavity size results 
in the reduction of the bandwidth.

In order to achieve broader bandwidths with planar anten-
nas, metamaterials can be considered: artificial magnetic 
inclusions (constituted of split ring resonators) in the sub-
strate of a planar antenna and reactive impedance surfaces 
(RISs) as ground planes. Reactive impedance surfaces can 
both miniaturize the size of an antenna and significantly 
enhance the bandwidth as they can be designed to have a 
low  factor. They can be tuned between perfectly elec-
tric and magnetic conductor surfaces, thus allowing the 
achievement of the optimal bandwidth and miniaturiza-
tion factor when used as substrates for antennas [2]. Our 
investigation so far has shown that broader bandwidths 
can be obtained with cavities of a relatively larger size, but 
not with small cavities with a 32-mm diameter. This is the 
subject of further research, as well as the investigation of an 
RIS on the cavity walls.

Terahertz metamaterials

The terahertz (THz) frequency band has recently aroused 
an increasing interest as it has a great potential for ap-
plications in the fields of security, biomedicine, defense, 
communication and quality control. Nevertheless, most 
natural materials exhibit only weak electric and magnetic 
responses and hence cannot be used for controlling this 
radiation. Therefore, functional THz devices such as filters, 
switches, modulators, etc., are not yet available. That is the 
reason why artificial structured materials and in particular 
metamaterials, are crucial for the construction of functional 
THz devices.

In theory, metamaterials are scalable and therefore, it is 
possible to engineer the effective electromagnetic proper-
ties of metamaterials in any frequency range. A significant 
part of metamaterials research has focused on the micro-
wave frequency range, partly due to the ease of fabrication 
of subwavelength structures (in the mm to cm range) at 
these frequencies. The investigation of metamaterials for 
the THz domain (from  102 nm to several μm) is thus an 
important step toward metamaterials for the optical range, 
where the size of the fundamental elements is of the order 
of a few nm.

> metamaterials for enhanced applications
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Fig. 5: Design of (a) a single split-ring resonator (SRR), (b) an MP 
waveguide based on cascaded SRRs. The dimensions are as follows: 
d = 200 μm, b = 30 μm, g = 30 μm. The waveguide period is equal to 
170 μm

Fig. 6: SEM images of the fabricated structure

The work of the THz team within the ERG group at ISL is 
conducted in cooperation with the THz group of the Uni-
versity of Freiburg, whose experts are internationally recog-
nized; therefore, this group has a wide selection of different 
specialized setups, in particular a near-field microscope de-
picted in figure 4.

Despite the fact that the PhD work has just recently start-
ed, three main projects are currently in progress, all based 
on the characterization of novel innovative devices for 
wave propagation. In classical materials, a wave propaga-
tion in such small confined areas is not possible due, for 
example, to dispersion; therefore, a better understanding 
of the effects of this propagation inside these small devices 
is an important step toward small novel highly sensitive 
optical devices. Nowadays, thanks to modern simulation 
software, the simulation of such effects is relatively easy. 
However, only very few experimental results confirming 
the simulations have been reported so far. Therefore, the 
THz near-field microscope offers a particularly important 
opportunity to verify these simulations. In this study we are 
performing simulations based on the COMSOL and CST 
Microwave Studio software, designing and fabricating the 
sub-wavelength structures together with our international 
partners, and conducting the measurements.

The preliminary results obtained on a wire medium for 
subwavelength imaging, i.e. a 3D arrangement of subwave-
length-spaced metal wires, indicate that the transport of 
the near-field information over long distances is possible. 
These results were presented at an international peer-re-
viewed conference in Australia in 2012. 

Another part of our work is performed in close collabo-
ration with the University of Adelaide in Australia. In this 
research, a THz magnetic plasmon (MP) waveguide , i.e. a 
linear chain of split-ring resonators, serving as a subwave-
length planar waveguide (see fig. 5), is investigated. Further-
more, we have experimentally characterized another THz 
plasmonics approach in coaxial microcavities. These struc-
tures (see fig. 6) engraved into silicon surfaces are shown 
to support resonance modes at THz frequencies which are 
manifested by the dramatically modified spectrum of re-
flected waves. The first experimental results have shown a 
good agreement with the simulations. These studies pave 
the way to the development of new THz devices, for exam-
ple for THz data transmission.
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Ceramic materials are of major interest for a wide range of applications, due 
to their outstanding mechanical and thermal properties. High hardness, high 
temperature resistance in combination with a relatively low density compared 
to some metals make them first-choice materials for our activities. ISL focuses 
its research efforts essentially on the following two subjects, the polycrystalline 
transparent ceramics for protection and laser applications and the lightweight 
ballistic protection systems comprising ceramic plates as key components.

Polycrystalline transparent ceramics have attracted much attention in the field 
of lasers as they can replace single crystals as host materials in solid-state la-
sers. Polycrystalline ceramics possess improved thermomechanical and optical 
properties in comparison to single crystals, as well as a better heat conductiv-
ity; they have lower fabrication costs and allow the  production of larger size 
materials with a near-net shape.

At the same time, there is a growing need for light transparent armor concepts 
against small and medium armor-piercing projectiles (AP), requiring the devel-
opment of new transparent ceramics; indeed, the latter significantly improve 
the protection performance at reduced weights in comparison to the conven-
tional glass/plastic systems currently in use, and thus can fulfill the mass and/
or thickness specifications of helicopters or light armored vehicles.

advanced ceramics

i  elodie.barraud@isl.eu 
bernhard.reck@isl.eu



Right: projectile steel core. Left: eroded 
steel core after impacting the ceramic 
armor

Multiple-exposure flash X-ray image of a projectile perforating a target. 
It allows the determination of the residual velocities of the projectile 
and of target debris after perforation

Preparation of a terminal ballistic test

Projectile penetrating a ceramic tile at 5 μs after impact (image from 
high-speed video). Left: Side view of the projectile hitting the tile front 
side. Right: Crack propagation on the ceramic tile rear side

Lightweight armor

For homeland security and military operations the use of 
lightweight armor is strongly needed to protect person-
nel and equipment against firearm bullets and fragments 
from explosive devices, on the one hand, and to guarantee 
a high degree of mobility on the other hand. Weight sav-
ings on armor are crucial for personal ballistic protection 
and armor systems of aerial vehicles. Ceramic plates have 
been the essential constituents of ballistic protection sys-
tems against armor-piercing projectiles for now more than 
30 years. The research activities on novel ceramics prove to 
be promising for further weight savings by maintaining the 
ballistic protection level. ISL started a research work in this 
field in 2011.

focuses especially on the interaction mechanisms between 
the front and back plates in order to make recommenda-
tions for the armor design when new high-performance 
ceramics have to be effectively integrated into an armor 
structure. 

The experimental part of this work is carried out at the ISL 
terminal ballistics laboratory and at the “Laboratoire de 
Mécanique Biomécanique Polymère Structures” (LaBPS) in 
Metz. The high-speed impact phenomena are observed by 
means of digital flash X-ray photographs and high-speed 
video cameras at about one million frames per second. 
Thus it is possible to observe the crack propagation on the 
front and rear sides of the ceramic tiles.

Originally the principle of dual hardness was developed on 
steel armor. Dual hardness targets consist of a hard front 
plate to break the projectile and a ductile rear plate to stop 
the debris of both the projectile and the front plate. This 
principle has been the basic idea for using ceramic materi-
als in armor structures for several decades. The heavy front 
plate was replaced by high hardness ceramic tiles having a 
relatively low density. Further armor weight reduction was 
obtained by the introduction of aluminum or fiber compos-
ites as back plate materials. 

The study helps to get a deeper understanding of the dy-
namic phenomena during the impact of a projectile and 
its penetration into the dual hardness target structure. It 
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Wide range of applications for transparent ceramics

Transparent Nd:YAG ceramic as laser source in a solid-state laser

Applications of transparent ceramics

With their wide range of applications, from envelopes for 
sodium-vapor lamps to armor windows or laser sources, 
the development of transparent ceramics has aroused a lot 
of interest in the past few years.

In the field of defense, depending on the nature of the ma-
terials, transparent ceramics can be used either as armor 
plates for ballistic protection or as laser sources for high-
energy solid-state lasers.

Transparent armor plates: T > 85% Tth
With a transmission higher than 85% in the visible range, a 
high mechanical strength and a strong tenacity, transpar-
ent ceramics such as spinel (MgAl2O4), aluminum oxide 
(Al2O3) or AlON can be used as armor plates.

Spinel ceramic armor, though transparent like glass, is half 
the thickness and half the weight of conventional, lami-
nated " bullet-proof glass " with similar ballistic protection. 
Being much lighter, it is ideal for use in vehicles and aircraft 
where weight is an important factor. By replacing laminat-
ed glass by spinel transparent armor plates, the weight of a 
troop transport vehicle could be reduced by several kilo-
grams without sacrificing any ballistic protection.

Transparent ceramic armor, like glass, is made of three layers 
consisting of the following materials:

 an outer layer that is exposed to gunfire and is made of 
AlON,

 a middle layer of glass,
 a rear layer of polymer backing.

Ceramic armor resists 7.62-caliber armor-piercing bullets 
as well as anti-aircraft weapons that typically use 12.7- 
caliber rounds. Transparent ceramics could be incorporat-
ed in a wide range of vehicles from light armored trucks to 
low-flying planes.

Laser source for solid-state lasers: 
T > 98% Tth
With a transmission as high as 98% and due to their higher 
thermal conductivity and the possibility of tuning the dopant 
distribution, transparent ceramics are good candidates to re-
place single crystals as laser sources in solid-state lasers. Several 
materials can be produced as transparent ceramics, such as 
yttrium aluminum garnets (YAG, Y3Al5O12), scandium and 
lutetium oxides (Sc2O3, Lu2O3), calcium fluoride (CaF2), etc.

One advantage of transparent ceramics for laser applica-
tions is that they can be doped to much higher levels than 
single crystals. Moreover, dopants are uniformly distrib-
uted, while in single crystals they tend to be more heav-
ily concentrated near the bottom of the crystal.  Residual 
stresses are formed in the crystal during its growth, leading 
to depolarization effects or crystal cracking either during 
cooling or during subsequent use as laser medium. Ceram-

> advanced ceramics
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Synthesis of YAG nanopowder

Spark plasma sintering of YAG transparent ceramics

YAG transparent ceramic

A recent process called spark plasma sintering (SPS) is 
shown to be a promising technique for the densification 
of nanostructured materials. Indeed, high current and pres-
sure allow sintering at lower temperatures with shorter sin-
tering times than in regular processes. Besides, rapid heat-
ing makes it possible to limit excessive grain growth.

ics are, in general, tougher than single crystals. The hardness 
measured for YAG ceramic is more than 3 times that of the 
single crystal. The reason for this is that the crack propaga-
tion is reduced by grain boundaries.

The enhancement of laser performances is also due to the 
fact that transparent ceramics can be produced with diame-
ters larger than 20 cm and with tailored shapes, which could 
improve pump light coupling and heat transfer during lasing.

Processing by powder metallurgy

When passing through a ceramic, the light can be ab-
sorbed or diffused by grain boundaries, porosity, impurities 
and secondary phases. The refractive index on both sides 
of grain boundaries should be identical. Therefore, cubic-
structure materials with no birefringence are preferred, as 
they prevent any reflection or refraction of light. Producing 
transparent ceramics is difficult, as it involves many pro-
cess steps that must be carefully controlled. However, it has 
advantages, not the least of which is the fact that, once 
the process is developed and put under control, samples 
are reproducible with relatively high yields, which makes 
ceramics very attractive materials.

Transparent polycrystalline ceramics can be obtained by 
using different powder metallurgy methods. Powders, syn-
thesized by chemical reactions such as the sol-gel process, 
the coprecipitation or hydrothermal methods, present 
some advantages such as high purity, homogeneity and 
nanosized particles, compared to those obtained by solid-
state reactions.

Transparent ceramics, with a 30-mm diameter and a 3-mm 
thickness, were successfully obtained. Their transmission 
reaches 98% of the maximum theoretical value possible for 
ceramics.
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business development

ISL offers a wide range of multidisciplinary research approaches; 
the Institute can address technological readiness levels ranging 
from 1 to 6 and therefore meets the different needs of defense, 
security and civilian markets. The ISL research activities are mainly 
tailored to the needs of our main defense funders, in order to assist 
industry with national or international projects.

During the year 2012, ISL's business activities mainly concentrated 
on the valorization of the patent portfolio. Thus, our sales volume 
was enlarged by proposing the transfer of some of our patents to 
the industry. The link of the Institute with the French SATT Conec-
tus (Société d'Accélération du Transfert de Technologies, the newly 
created French technology transfer society) was also intensified 
and will enable ISL to be even more present in the defense, security 
and civilian markets in 2013.

i jean-pierre.moeglin@isl.eu



From butterfly to explosive detector: the science of 
observation

The NS3E team (UMR 3208) run by Dr Spitzer conceived 
a revolutionary system of explosives detection inspired by 
the antennas of a silkmoth, the Bombyx mori, which has an 
overdeveloped sense of smell. This device is capable of de-
tecting tiny concentrations of explosive (TNT), of the order 
of one molecule diluted in more than 10 thousand billions 
of molecules of air. Its sensitivity is 1000 times higher than 
the most sensitive current devices! The secret of the bom-
byx mori lies in the sensilla hitched on its antennas. These 
tiny receptors bound to the sensory neurons modify the 
frequency of vibration of the antennas when they capture 
phenomena. It is this mechanism which has been repro-
duced to detect explosives. Thus, 500 000 TiO2 nanotubes 
are used on the sensor in order to detect TNT explosive. 
This discovery meets the requirements in the domains of 
defense, homeland security and civilian applications. This 
research was conducted in cooperation with the LMSPC 
lab (UMR 7515).

500 000 TiO2 nanotubes

ISL gets closer to the University of  
Strasbourg

Due to its situation in the south of Alsace, next to the bor-
der triangle of France, Germany and Switzerland, ISL repre-
sents a hub of scientific excellence thanks to its very high 
multidisciplinary research level. In the north of Alsace, the 
University of Strasbourg (UdS), which is now the biggest in 
France, offers a real scientific potential. Thus, a link between 
the UdS and ISL seems natural. This scientific cooperation 
is ensured by an active exchange of PhD research students, 
by the involvement of ISL researchers as teaching staff as 
well as by the joint participation of both entities in national 
programs.

Business segments

ISL is also in a position to contribute to projects on a large 
scale. Together with its research partners, ISL can quickly 
respond to different calls (DGA, BAAINBw, ANR, BMBF, 
"Fonds Unique Interministériel", RAPID, EDA, FP7, INTER-
REG). For several years ISL has been expanding its prospect 
and partner databases but also the amount of cooperation 
activities with companies (including SME) and universities 
worldwide.

ISL’s key strengths include proven skills in research and ex-
pertise management ranging from fundamental research 
to prototype development. ISL is able to contribute to 
projects in any capacity, be it as prime contractor, sub-
contractor or provider of high-value services, depending 
on each customer’s requirements. As a multidisciplinary 
research institute, ISL is capable of replying to very specific 
needs with a very strong reactivity. ISL is also able to man-
age research work over several years, including third-party 
contracts. This potential enables ISL to address needs of all 
kinds in the fields of defense (land, aeronautics and space, 
and naval domain), homeland security and also in civilian 
applications.

Defense

The defense sector is still the core business of ISL. ISL is able 
to adapt its research activities to meet the specific needs of 
the French and German Ministries of Defense. Therefore, 
the research conducted at ISL corresponds to topics usu-
ally related to the armament programs of the BAAINBw 
and the DGA. ISL's defense research activities are primarily 

ISL - French-German Research Institute of Saint-Louis

Annual Report 2012 57



AlyPOTEC: Analysis of phar-
maceutical counterfeits using 
terahertz technology

The project "AlyPOTEC" aims to improve the safety of 
pharmaceutical products with respect to counterfeit, falsi-
fied or low-quality drugs. To achieve this goal, ISL proposed 
developing a novel terahertz (THz) sensor that allows the 
detection, identification and characterization of a wide 
range of counterfeit medicines. It is anticipated that the 
proposed system could be applied during customs con-
trols, for quality control or product authentication by the 
pharmaceutical industry and by official medicine control 
laboratories. The project has a highly multidisciplinary 
character, combining researchers and experts from chem-
istry, pharmaceutics, terahertz techniques and system inte-
gration: ISL, two laboratories of Paris Descartes University, 
and the HORUS LASER company. Furthermore, two repre-
sentatives of the public security sector will provide crucial 
expertise: both the “Service Commun des Laboratoires de 
la Douane” and the ANSM (Agence Nationale de Sécurité 
du Médicament et des Produits de Santé : the French me-
dicinal and health products safety agency) will provide us 
with inputs on their operational needs, the main counter-
feit products and detection criteria.

Civilian applications

The research conducted at ISL in defense domains and the 
gain in technological know-how and competence allow us 
to serve civilian applications – and vice versa. Our civilian 
business supports different fields of research mentioned in 
the Annual Report 2011. For example, the neuronal net-
works studied for military applications such as reconnais-
sance and/or tracking of targets, sensors embedded in pro-
jectiles/missiles, battlefield smart sensors (computational 
intelligence, situational awareness, autonomous undetect-
able and low-cost sensors), voice recognition, fire-and-for-
get ammunition and on-board threat detection can also be 
used in civilian applications:

 surveillance/detection/recognition/identification/
counting of objects and persons,

 pedestrian flow analysis (see Annual Report 2011),
 autonomous smart stethoscope.

conducted under French-German grants but are also car-
ried out on the basis of third-party contracts and French/
German governmental contracts. During the year 2012, 
companies from France, Germany, Switzerland and the 
USA signed third-party contracts with ISL in different fields 
of research.

Under the French grant agreements, several defense com-
panies showed their interest in joining some research 
themes proposed by ISL to the DGA.

Within the framework of the EDA call referenced "IAP03 
OB-study one SWIR GV" (short-wave infrared gated view-
ing), ISL submitted and was awarded a project.

The Institute was also very active in submitting tenders 
for the ASTRID calls (accompagnement spécifique des 
travaux de recherches et d'innovation défense : specific 
support for research works and defense innovation) of 
the ANR (Agence Nationale de la Recherche - French Na-
tional Research Agency). ISL obtained the funding of three 
projects: BLASTHOR (numerical and experimental ap-
proaches of the interaction BLAST/THORax), SUPREMA-
TIE (initiation of high explosives by nanothermites: appli-
cation of this concept to high-energy ammunition for the 
homeland security services) and LORETA (localisation par 
retournement temporel acoustique/localization with time-
reversal acoustics). In the three cases, the Institute is acting 
as coordinator.

Homeland security

Since the year 2000 the Institute has addressed the home-
land security market, relying on its expertise in the field of 
defense. In 2012, thanks to its own funding, ISL also con-
ducted research within the framework of several projects 
mentioned in the Annual Report 2011 which met both 
governmental and industrial needs.

The AlyPOTEC project (see inset) was awarded by the ANR 
within the framework of the CSOSG (concepts, systèmes et 
outils pour la sécurité globale/concepts, systems and tools 
for global security). This theme is part of the ISL interdisci-
plinary technology project named “Detection of explosives 
and illicit substances”. Studying the safety of pharmaceuti-
cal products is a natural extension of ISL’s expertise in ener-
getic materials, as both share nitrogenous compounds.
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58 Annual Report 2012



It is also worth underlining that some lasers developed 
at ISL for optronic countermeasure applications can also 
meet requirements in the medical field.

During the year 2012, companies from France, Germany 
and Great Britain signed third-party contracts with ISL in 
different fields of research such as the magnetic field, ma-
terials behavior, acoustics, artificial intelligence, optopyro-
technic technology and free-flight test measurements in 
order to meet civilian applications.

2012 – A mix of contracts

In 2012, the mix of business in the domain of third-party 
contracts was: 39% defense, 61% dual use. In the course of 
the year, the Institute positioned itself as leader in the pro-
jects in response to the calls of the ANR (ASTRID, CSOSG). 
Thus, 15 projects were submitted in response to the differ-
ent ANR calls.

In the context of the FP7 programs, ISL filed three projects 
(PANOPTICON, SENAPE, IAQSense).

Besides, ISL proposed the SGUD project (Schutz gegen 
unkonventionelle Drohnen/protection against unconven-
tional drones) which was filed under the BMBF call.

Some ISL patent licenses/know-how were transferred to 
industry in 2012. This involves the following ISL domains:

 energetic materials
 digital acoustic filter proceeding
 pedestrian flow analysis.

The agreement, to be signed soon, between SATT Conec-
tus and ISL will allow the acceleration of the transfer of li-
censes to industry.
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Composition explosive pour allumage thermique par 
source laser et son dispositif d’amorçage (Ref. ISL: 226)
MOULARD H., RITTER A., BRODBECK J.M.
Registered in Europe 
Patent No.: 1 742 009 
filed: 14.02.2006, granted: 18.01.2012 
with designation of following countries: France, Germany, Swit-
zerland, Spain, Great Britain, Italy, Lichtenstein, Netherlands 
and Sweden

Dispositif de pilotage d’un missile ou d’un projectile  
(Ref. ISL: 248)
SOURGEN F., SPITZER D., COMET M., BARAS C., 
CISZEK F., BASCHUNG B., STEINBACH C., MURA D., 
MOULARD H., RITTER A., BISSEL C., HASSLER D.,  
LEOPOLD F.
Registered in Europe 
Patent No.: 2 226 605 
filed: 02.03.2010, granted: 18.01.2012 
with designation of following countries: France, Germany, 
Great Britain, Italy, Netherlands, Sweden and Switzerland

patents and licences



Reihenfeuer-Schienenkanone und Verfahren (Ref. ISL: 217)
SCHNEIDER M.
Registered in Germany 
Patent No.: 10 2005 028 864 
filed: 22.06.2005, granted: 29.03.2012

Procédé de génération d’un rayonnement laser de courte 
durée (< 100 ns) de puissance moyenne P et à une cadence 
élevée (> 50 kHz) (Ref. ISL: 262)
EICHHORN M., KIELECK C.
Registered in France 
Application No.: 10 03940 
filed: 05.10.2010, published: 06.04.2012

Procédé de génération d’un rayonnement laser de courte 
durée (< 100 ns) de puissance moyenne P et à une cadence 
élevée (> 50 kHz) (Ref. ISL: 262)
EICHHORN M., KIELECK C.
Registered in Europe 
Application No.: EP 11 007 932 
filed: 29.09.2011, published: 11.04.2012

Laser assembly with phase front regulation (Ref. ISL: 267)
EICHHORN M.
Registered in Europe 
Application No.: EP 11 008 184 
filed: 10.10.2011, published: 18.04.2012

Laser assembly with phase front regulation (Ref. ISL: 267)
EICHHORN M.
Registered in the USA 
Application No.: 13/242,728 
filed: 23.09.2011, published: 19.04.2012

Laseranordnung mit einer Phasenfrontregelung  
(Ref. ISL: 267)
EICHHORN M.
Registered in Germany 
Application No.: 10 2010 048 294 
filed: 14.10.2010, published: 19.04.2012

Laser device (Ref. ISL: 244)
EICHHORN M.
Registered in the USA 
Patent No.: 8,175,125 
filed: 26.01.2009, granted: 08.05.2012

Verfahren zur Regelung unter Verwendung von neuronalen 
Netzen und Einrichtung hierzu (Ref. ISL: 270)
EICHHORN M., RAYMOND P., PICHLER A.
Registered in Germany 
Patent No.: 10 2011 017 435 
filed: 18.04.2011, published and granted: 16.05.2012

Firing device for an initiator (Ref. ISL: 260)
RITTER A., ARNOLD T.
Registered in the USA 
Application No.: 13/102,329 
filed: 06.05.2011, published: 26.07.2012

Generator für Hochspannungsimpulse von der MARX-
Bauart (Ref. ISL: 188)
RAYMOND P., CHARON R., DUPEROUX J.-P.
Registered in Germany 
Patent No.: 102 13 804 
filed: 27.03.2002, granted: 13.09.2012

Fiber optic gyroscope with electro-optical circuit 
(Ref. ISL: 263)
SCHLÖFFEL G., SEILER F.
Registered in France 
Application No.: 12 00698 
filed: 08.03.2012, published: 14.09.2012

Procédé de réglage à l’aide de réseaux neuronaux et installa-
tion permettant de l’utiliser (Ref. ISL: 270)
EICHHORN M., RAYMOND P., PICHLER A.
Registered in France 
Application No.: 12 01126 
filed: 17.04.2012, published: 19.10.2012

Procédé de construction en temps réel de vecteurs proto-
types à partir de données d’entrée d’un processus neuronal 
(Ref. ISL: 249)
RAYMOND P., PICHLER A.
Registered in France 
Patent No.: 08 06334 
filed: 14.11.2008, granted: 16.11.2012

Procédé de génération d’un rayonnement laser de courte 
durée (< 100 ns) de puissance moyenne P et à une cadence 
élevée (> 50 kHz) (Ref. ISL: 262)
EICHHORN M., KIELECK C.
Registered in France 
Patent No.: 10 03940 
filed: 05.10.2010, granted: 28.12.2012
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