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preface

The year 2013 was an important year. ISL efficiently continued its efforts and significantly advanced
the progress of its “Reform ISL 2020”. The main
objectives of the latter are to better satisfy the research needs of the French and German Ministries
of Defence (MoDs), to maintain competences and
expertise capabilities by delivering good innovative scientific work and last but not least, to remain an attractive and reliable research partner for
industry, institutes, academia and other national
and international customers.
In this context ISL completely revised its scientific
strategy and consequently streamlined its internal
organizational structure to concentrate on four
core areas:
yy Energetic and advanced protective materials,
yy Flight techniques for projectiles,
yy Laser and electromagnetic technologies,
yy Protection technologies, security and situational
awareness.
Beyond thematic focuses, multidisciplinary and
synergetic, cross-cutting approaches are highly
fostered and benefit from the variety of scientific
disciplines co-localized at ISL.
The main research challenges in the field of
“Energetic and advanced protective materials”
comprise the design and improvement of modern
protection materials via innovative technologies in
powder metallurgy and lightweight solutions (light
metals, ceramics and composites) and secondly in compliance with our original mission - the reduc-
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tion of the sensitivity and vulnerability of energetic
materials by using newly discovered phenomena
in microstructures and nanotechnology.
The research domain “Flight techniques for projectiles” remains focused on the aerodynamic aspects related to the effectiveness of projectile and
missile designs and on the goal of developing lowcost technologies to increase precision and range.
This primarily requires comprehensive studies on
algorithms, aerodynamics, electronics, optronics
and micromechanics in the fields of guidance, navigation and control and of the evaluation of gunhardened components.
The scope of the research area “Laser and electromagnetic technologies” encompasses research
on new laser sources, including highly powerful
ones, in order to defeat incoming threats, investigation of the interaction phenomena between
laser and material under realistic conditions, research on electromagnetic accelerator technologies, and research on related innovative power
supply technologies, such as high-performance
pulsed power components, in particular pulsed
power generators and high-power SiC-semiconductor technology.
With the aim of improving the survivability of defense and security forces as well as civilians, the
topic “Protection technologies, security and
situational awareness” is dedicated to improving situational awareness in the field of acoustic
and optical detection (e.g. active imaging) as well
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as innovative electromagnetic detection methods
(e.g. THz). Research in this field also focuses on
the mitigation of threats (identification, characterization, defeat) and on physical protection technologies, with particular emphasis on hearing and
blast protection.

and other customers and 40% of projects selected
from calls for tenders issued by research funding
agencies and organizations. Research conducted
for civilian clients mainly addressed the market
segments of space, automotive and medical technologies.

The purpose of ISL’s new scientific strategy is to
address, thanks to the institute’s unique mix of
scientific competences, the recently harmonized
binational research needs of the French and German MoDs as well as those of our homeland security and other civilian clients, thereby increasing
third-party research. Particular emphasis is placed
on maintaining and developing ISL’s outstanding
blend of competences, know-how, expertise and
cross-cutting approaches. In our effort to support
the development of products by companies, we
pay particular attention to keeping the right balance between our ability to supply immediate technological solutions and the need to prepare the
know-how for future-oriented innovative solutions.

Cooperation bonds with academia, other research
institutes and industry could be convincingly
strengthened beyond the French-German and
even European borders. ISL is currently mentoring over 30 PhD students, from France, Germany
and other European countries. Many of them are
co-funded by industrial and other partners and
are most often under the co-supervision of ISL’s
researchers with an accreditation to supervise research and partners from academic laboratories,
whose topics are closely articulated with ISL’s topics of interest.

Today, ISL’s research is on the right track to continue a success story spanning nearly 55 years. It
has been recently confirmed that the high-level
recommendations and objectives set by both nations’ MoDs at the end of 2012, are now almost
achieved thanks to ISL’s ongoing transformation.
In 2013, ISL’s third party research was steadily
broadened. Almost all of ISL’s scientific topics contributed to this success. Our contract portfolio included 60% of contracts serving industry partners

The present report gives you a brief overview and
highlights some examples of our work and our
achievements in 2013. We thank all colleagues for
their dedicated contribution to these results and
their constructive support to our demanding reform activities.
We wish you a very informative and pleasant reading.

Chistian de VILLEMAGNE - Wolfgang FÖRSTER
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52.142 M€

facts and
figures
budget*

86 scientists
380 staff

34 PhD students
64 engineers
46 technicians

management
team

66% salaries
14% operating costs
20% investment

* VAT included
12
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61 workers

documents

Scientific

89 administration and support
140

documents written within the framework of contracts or agreements

131

publications (conferences, scientific journals, posters)

43

technical reports and papers
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8
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1
2

9
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List of selected ISL publications on our Website:
http://www.isl.eu/index.php/en/publication

activities

Research

1

27% energetic and advanced protective materials
26% flight techniques for projectiles
21% laser and electromagnetic technologies
26% protection technologies, security, situational awareness
List of patents and licences on our Website:
http://www.isl.eu/index.php/en/patents-and-licences
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Wolfgang FÖRSTER

French Director

German Director

Hilmar PETER

Pascale LEHMANN
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Strategic aspects of research

Operational aspects of research

Christophe TAMISIER

Dominique CHARGELÈGUE

Energetic and advanced protective materials

Flight techniques for projectiles

5

7

Marc EICHHORN

Laser and electromagnetic technologies
9

Jean-Pierre MOEGLIN

Business development office
11

Bernd FISCHER

6

8

Protection technologies, security, situational awareness

Pierre GRUNENWALD

10

Quality, security, environment

Martin WINTER

Magdalena KAUFMANN-SPACHTHOLZ

Corporate affairs

Communication
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business
development
 jean-pierre.moeglin@isl.eu

ISL provides a broad range of expertise, management, engineering, technical, scientific and
information services. The institute supplies both
domestic (French and German) and international
customers with scientific studies, expertise and
prototypes that have defence, security and dualuse applications, our principal customers being
DGA and BAAINBw.

Change detection

Defence business represents 40% of ISL’s contractual activities. 60% of the global third-party contracts can be considered to be dual-use (be they in
the security sector, or in sectors much further away
from defence).
No items

While land applications are ISL’s main domain, the
institute is increasingly positioning itself in air and
sea applications. In 2013, the most important sales
in the field of defence were made in the domains of
„Materials and nanomaterials“ and „Photonics and
electrical technologies“. In addition, ISL participated in operational and technical studies financed by
DGA and industrial partners.
Today ISL responds to three business segments in
the civilian domain: space, automotive and medical technologies.

Suspicious items
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A few examples
yy Our change detection technology initially conceived and developed for military needs to secure vehicle convoys, currently allows railroads

ISL - French-German Research Institute of Saint-Louis

to be secured and can also be used to detect
objects on airports' runways. Several tests were
carried out in Zmigrod (Poland) within the framework of the European FP7 project PROTECTRAIL. It was clearly shown that it is possible to
detect any object placed on or along railroad
tracks or removed from them. In 2013 the system was demonstrated, on several occasions, to
DGA, military users, industrial partners as well as
to the German police. This technology will soon
be transferred to an industrial partner.

Furthermore, two strategic partnership agreements were signed, the first one between ISL, the
University of Strasbourg and SATT Conectus, a
public-owned technology transfer company. The
second one was concluded between ISL, the University of Haute-Alsace and SATT Conectus. The
positive impacts of these partnerships are already
noticeable.

yy Regarding dual-use business, the IAQSense
project (nanotechnology-based gas multispectral sensing system for environmental control
and protection) was submitted to the European
Commission in 2012 and granted in 2013. The
IAQsense objectives are to develop sensor systems including all electronic components and
pattern detection firmware, and to validate
these systems in real environments.
yy The project based on HPM technology and used
for car stopping has reached a high level of maturity with the development of a demonstrator
which was tested in Sweden and Switzerland.
We expect an upcoming transfer of this technology to an industrial partner.
yy In 2013 a license agreement was also signed
concerning innovations in the field of time-gated
active imaging.

ISL demonstrator: HPM source running on batteries
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> scientific organization

energetic and
advanced protective
materials
 christophe.tamisier@isl.eu
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innovation for safety and

survivability

Energetic materials and nanomaterials

Advanced protective materials

Interior ballistics

Detonics and physics of explosives

The manufacturing and processing of enhanced
energetic materials include the formulation,
elaboration and characterization of pyrotechnic
compositions, propellants and explosives. Regarding energetic nanomaterials, the research
activities conducted within the NS3E joint laboratory with CNRS are focused on the synthesis
of nanocarbonaceous materials through detonation and on the detection of vapors of explosives in extremely faint amounts.

This field covers the elaboration of massive materials by means of powder metallurgy (i.e. powder synthesis and sintering) and their characterization – from intrinsic properties (structure,
chemical composition, thermal properties) to
mechanical and dynamical behavior (e.g. tests
using Hopkinson bars). Competences focus on
the making of light metals and ceramic-based
materials (nanostructuration, metal or ceramic
matrix composites, functionally graded and hybrid materials).

ISL has unique experience in using propellants
and pyrotechnic compositions for propellant
ignition to accelerate projectiles in small-tolarge-caliber guns. The basic scientific issue is to
understand the physical mechanisms occurring
within the initiation phase and the combustion
phase of a propellant and their complex mutual
interaction.

Pyrotechnic and explosive devices are investigated for a wide range of applications. Basic
and applied research activities cover the formulation and structure design of explosives, sensitivity analysis, physics of combustion, deflagration and detonation as well as the effects of
shock waves on inert materials. The main topics
of interest at ISL include opto-pyrotechnic technology for fuzing systems, impulse thrusters for
guided ammunition as well as very insensitive
explosives (e.g. patented RDX).

ISL - French-German Research Institute of Saint-Louis
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Improving light armor ballistic protection through advanced powder metallurgy

Bio-inspired explosives detector designed using nanotechnology

Enhancing the ballistic protection level of body
armor and light armored vehicles requires the
development of advanced materials combining
high mechanical strength, high ductility and low
weight. To meet this challenge, ISL has been
investigating the elaboration of strengthened
aluminum-based composites through advanced
powder metallurgy techniques: nanostructuring
obtained by using high-energy ball milling and
flash sintering, and by adding nanodiamonds.
Using these techniques, ballistic protection tiles

Explosives such as TNT are difficult to detect
due to their low volatility. As a result, the detection of explosives has focused more on finding
explosive particles on surfaces than on detecting molecules in the air. The ISL team working in
the field of energetic nanomaterials developed a
promising device that can “sniff out” TNT at concentrations of less than one part per trillion. The
device is inspired by the olfactory architecture
of the silkworm moth antennas. The detection
principle relies on the measurement of the vibration frequency of silicon slivers, called microcan-

were produced with pure aluminum powder and
consolidated by spark plasma sintering. A range
of perforation experiments were conducted
with 7.62 AP steel core bullets to assess the
protection performance of the tiles. Compared
to the best aluminum alloys commonly used
for light armored vehicles, an increase of 30 to
40 percent in absorbed energy was observed.
In future work, the possibility of using aluminum
alloy powders will be considered for even better
protection performance.

ISL - French-German Research Institute of Saint-Louis

tilevers. As molecules of explosives are captured
by the latter, the added mass alters their rate of
vibration. Covering the cantilevers with vertically
aligned titanium dioxide (TiO2) nanotubes significantly increases the device sensitivity, due to the
nanotube structure and large surface area and to
the strong affinity of TiO2 with TNT. The detector
is also much less sensitive to other compounds,
which reduces the likelihood of false positives.
The team is now adapting the sensor to detect
additional chemicals, including other types of
explosives such as RDX and PETN.
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flight techniques
for projectiles
 dominique.chargelegue@isl.eu

range

12

and

precision

at

low

cost

Aerodynamics and exterior ballistics

Sensors, telemetry, communication

Aerodynamics, measurements, simulation

Guidance, navigation, control

ISL holds unique skills and facilities for the study
of the aerodynamic behavior in flight of various
innovative architectures. This includes space
probes, sabot designing, prototyping, in-flight
determination of aerodynamic coefficients, an
open-range test site, and a soft in-bore recovery
facility (SIBREF). These skills and facilities also
contribute to the research activities on g-hardened navigation units and on communication
and telemetry systems for guided ammunition
applications.

ISL has unique experience in the design, ghardening and miniaturization of various sensors, transceivers, antennas and their associated
electronics. The research activities are focused
on low-cost navigation units based on magnetometers with or without global navigation
satellite systems (GNSS) and on low-cost bidirectional communication and telemetry systems
for guided ammunition applications.

ISL possesses low-cost facilities (wind tunnels
and shock tubes) and simulation tools, and
develops appropriate experimental devices,
measurement techniques and methodologies
in aerodynamics. In this field priority is given to
the research activities dealing with the design
and the evaluation of innovative aerodynamic
architectures and innovative control devices for
precision-guided munition applications and in
particular long-range spin-stabilized concepts.

ISL develops simulation and evaluation tools for
guided ammunition using the MATLAB/Simulink®
environment and up-to-date techniques for
guidance (optimization-based real-time algorithms), navigation (Kalman filtering and data
fusion techniques) and control (robust multivariable and linear parameter-varying feedback).
The research activities focus on algorithms for
navigation units based on magnetometers with
or without GNSS and on the control of longrange fin- and spin-stabilized guided projectile
concepts.

ISL - French-German Research Institute of Saint-Louis
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highlights

Investigation of the Magnus effect
As a result of the so-called Magnus effect, spinning projectiles exposed to cross-flow undergo
lateral forces and moments. Thus , they may be
affected by significant trajectory deviations and
unstable flight characteristics.
The experimental and numerical investigations
of the Magnus effect conducted at ISL are particularly centered on supersonic flight velocities,
especially in combination with high angles of attack and high spin rates.
The study of the flow physics showed that the
interaction between the cross-flow separation

14

Measurement units based on magnetometers for aerodynamics and navigation
and the development of a complex leeward
vortex system is the primary source of a highly
nonlinear dependency on the angle of attack for
both the Magnus force and moment.
The results of the study enable the fundamental Magnus phenomena for high-angle-of-attack
projectiles to be thoroughly described.
During the International Symposium on Ballistics held in Freiburg (Germany) in 2013, our
work was honoured with the „Rosalind and Pei
Chi Chou Award” which is granted by the US
National Defense Industrial Association (NDIA).
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In 2013 two free-flight test campaigns were
conducted. In the first one, ten 155-mm shells
were instrumented with the “aeroballistic diagnostic fuzes” developed at ISL and fired in June
at the proving ground of DGA-Tt (Bourges, FR).
Each fuze was equipped with 3D magnetometers, a temperature sensor, autonomous miniaturized electronics and a 500-mW telemetry
module; sensor data were thus sent in real time
during flight (beyond 20 km) and collected at
a receiving station. Based on an accurate sensor calibration, the collected data were used to

determine the aerodynamic coefficients and the
shell attitude. The second campaign dealt with
the reference “Basic Finner” medium-caliber
projectile. Its electronics consisted of 3D magnetometers, 3D accelerometers and onboard
electronics ( = 20 mm), including a transient
recorder. Fired at the ISL open range, the models were recovered after impact and the data
were reduced to determine the aerodynamic
coefficients and the attitude during flight. Further shells will be fired in 2014 to complement
these preliminary shots.
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laser and
electromagnetic
technologies
 marc.eichhorn@isl.eu

directed energy
Laser technologies and applications
The development of new laser sources for defense applications includes research on new lasing materials (holmium, erbium), nonlinear crystals such as zinc germanium phosphide (ZGP),
doped fibers, non-planar optical parametric oscillators (OPOs) and innovative diode pumping
schemes for lasers from 1.6 µm to beyond 5 µm.
Technology readiness levels (TRLs) range from
basic research on laser components to highly
ruggedized prototypes and from small-scale lasers for countermeasures to high-energy sources
in the context of laser weapons. Laser-matter in-
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teraction studies focus on the neutralization of
mortar shells, missiles and drones as well as on
land ordnances in an approach coupling theory
and experiment. Both hard- and soft-kill scenarios at significant standoff are considered.

Power semiconductor devices and
pulsed power technologies
The new clean room built in 2013 will enable ISL
to consolidate and further develop its SiC thyristor technology. ISL also offers internationally renowned services in device characterization with

ISL - French-German Research Institute of Saint-Louis

technologies enabling weapons of the future
its PASChAC platform. Pulsed-power supply
research focuses on the development of compact inductive XRAM generators, including the
related primary energy source based on Li-ion
batteries, and on repetitive high-voltage liquiddielectric pulse-forming switches, thus allowing sub-nanosecond pulse widths and a worldrecord breakdown field of 14 MV/cm. ISL’s
pulsed-power know-how is also used for an improved electromagnetic acceleration test stand
with a smooth deceleration capability mitigating shock damage caused to payload sensors.

Electromagnetic acceleration
Railguns are linear electromagnetic launchers that can accelerate macroscopic bodies to
velocities above 2000 m/s. This technique has
huge potential for both military and civil applications. ISL’s railgun facilities are unique in
Europe, covering multiple small-to-mediumcaliber launchers. Research topics range from
basic phenomena (e.g. sliding electric contacts)
to system integration aspects (e.g. electromagnetic compatibility), with a particular focus on
innovative metrology which benefits from the
cooperation with European and US partners.
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ISL laser sources for IR countermeasure (IRCM) applications

Railgun technology: a game changer for military scenarios

ISL’s 2013 generation of semi-ruggedized IR
band I/II countermeasure laser sources for jamming and damage was demonstrated in the
context of international test and evaluation
campaigns both in France and Germany, proving to be a mature and scalable technology for
IRCM lasers. The jamming source is based on
a Tm3+:fiber laser pumping an Ho3+:YAG laser
cascaded with a mid-IR OPO, allowing a very
high average power and repetition rate in a
compact housing delivering powers from a few
to several tens of watts in bands I and II with

ISL has identified various scenarios for the future applications of railguns. On the one hand,
the capability to reach very high muzzle velocities will allow a longer range to be covered,
compared to any conventional artillery. The
corresponding ammunition requires on-board
electronics and in 2013 substantial progress was
made in this field using pulse frequency modulation at 20 kHz to transmit experimental data
from a projectile to the laboratory. On the other
hand, ISL has built up a multi-shot railgun with

very good beam qualities. Both bands can be
modulated independently. The damage source
(Ho3+:LuLiF4-based laser system) operated in
continuous-wave or Q-switched mode with excellent beam quality. With the non-planar FIRE
resonator developed at ISL a new technology
was successfully tested in a mid-IR OPO configuration and outperforms the current U.S. ITARrestricted technology (RISTRA) in output power
and beam quality – needed e.g. for destruction
lasers in OCM.

ISL - French-German Research Institute of Saint-Louis

unique capabilities, which has proven to outperform existing systems like Phalanx in both muzzle velocity and fire rate. Its fully autonomous
operation first yielded in 2013 a fire rate of
75 Hz, corresponding to that of classical Gatling systems. In general, ISL is capable of covering all the important aspects of this promising technology, which will be further developed
within the framework of the electromagnetic
artillery system (ELMAS) project.
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protection technologies,
security,
situational awareness
 bernd.fischer@isl.eu
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staying ahead of operational

threats

Advanced visionics and processing

Acoustics and soldier protection

Protection against explosive devices

Ballistic protection and perforation

New capabilities offered by advanced imaging
technology are investigated in order to obtain
all-weather, day/night, mid- to long-range images of the battlefield (range-gated imaging
systems for situational awareness, 3D imaging).
Advanced signal and information processing is
considered in order to enhance, analyze and
interpret the information from optoelectronic
sensors. Our prototype is of particular interest
for the detection of improvised explosive devices (IEDs) applied to road surveillance.

The objective is to improve the protection of
soldiers:
yy at the individual level, by decreasing the combatant’s vulnerability (hearing protection,
behind-armor effects caused by projectiles,
fragments or blast) while improving his/her
operational performance (audio communication, safety);
yy at the collective level, by enhancing the global perception of the battlefield thanks to the
analysis of the acoustic environment (detection
and localization of snipers or incoming rounds).

The studies related to the physical protection of
personnel and assets against explosive threats
are organized around three core activities:
threat characterization (projectiles, explosives),
threat defeat (disruption, mitigation) and target
protection (personnel, platforms). Investigations are carried out on conventional and novel
military threats as well as on highly versatile improvised explosive devices such as multiphase
blast explosives or home-made explosives.

ISL has long-standing experience in the field of
ballistic protection. This activity is dedicated to
defeating the threat caused by the kinetic energy of gun-fired projectiles, explosively formed
penetrators or fragments. Research activities
combine experimental and theoretical investigations with numerical simulations. They focus
on the mechanisms of impact, penetration and
perforation and on the characterization and
modeling of materials at very high strain rates
(metals, ceramics and fabrics).

ISL - French-German Research Institute of Saint-Louis
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laser illuminator with duct reducing scintillation

reduced scintillation effect

Range-gated active imaging
In range-gated active imaging, ISL's patented illuminator homogenization technique is known
to provide a very high image quality of the
scene. It seems that the multi-reflection of the
light inside the duct reduces the coherence of
the illumination beam and also decreases its
sensitivity to atmospheric turbulence (scintillation). Scintillation corresponds to an illumination fluctuation due to local propagation index
variations along the optical path. It affects the
long-range image quality. Degradations can be

22

Hearing protection and audio communication devices
predicted by theoretical models, but the latter
are only valid for punctual, monochromatic and
coherent laser beams. It was the first time that
we conducted statistical experiments to quantify
this phenomenon. We showed that the current
model used to estimate the scintillation effects
is a pessimistic approach with regard to active
imaging systems. Furthermore, using a duct in
the laser illuminator can reduce the scintillation
effect by at least a factor of 2.

ISL - French-German Research Institute of Saint-Louis

In the domain of hearing protection devices
(HPDs), recent tests have shown that the ability
of the wearer to localize sound sources is largely degraded when classical devices are used.
Therefore, it is necessary to investigate the reasons for this degradation and to find specific design criteria which can overcome these obstacles. In 2013 ISL developed and began to test
a laboratory prototype of a “talk-through”-type
earplug with optimized parameters in order to
support the localization capabilities of human

hearing. Military communication often involves
the messages of multiple speakers being transmitted to the soldier at the same time. Current
communication systems do not allow a clear
separation between different speakers, which
impedes speech intelligibility. A first technology
demonstrator was implemented. It virtually displays multiple speakers at different locations, so
that they can be optimally perceived.

Annual Report 2013
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multidisciplinary project

gun-launched
micro air vehicle
GLMAV
 patrick.gnemmi@isl.eu

Motivation
In today's confusing civilian situations as well
as in conflicts where our troops are faced with
severe risks in contexts of asymmetric warfare,
an everyday scenario can turn into a confused
gunfight within seconds. Imagine a patrol suddenly exposed to a risky situation. By means of
superior reconnaissance equipment they could
regain control of their precarious situation. ISL
formed a consortium with members from academia, industrial and military representatives
and members of the police special forces. The
project is supported by the French “Agence Nationale de la Recherche” (ANR). A fast prototyping approach was adopted, with a tight schedule leading to the GLMAV (the gun-launched
micro air vehicle), thus introducing a new kind
of reconnaissance drone ready for service.

Concept
A subsonic projectile is fired by a special portable launcher to a distance up to 500 m, saving priceless onboard energy for this part of the
trip. Reaching the apogee of its ballistic trajectory, the projectile is transformed into an operational micro air vehicle (MAV) equipped with
reconnaissance technology and transmitting redundant streaming to the ground station. After
completing its mission, the GLMAV can return
to a safe landing zone to be reused later on.

A wealth of technology

Pure facts
yy Ballistic two-chamber gas-combustion
80-mm launcher
yy Launching velocity of 100 m/s
yy Acceleration of about 2500 g
yy Weight of 1 kg
yy Fins to be deployed to stabilize the
ballistic flight
yy Two coaxial counter-rotating rotors
yy Time of flight of about 10 min
yy Flight altitude up to 100 m over the scene
yy Embedded electronics with onboard computing
yy Real-time video transmission
yy Project duration: 2009-2013

24
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The GLMAV is a unique technology demonstration project exploiting and combining the long
expertise gained in two different fundamental
research domains classically covered by ISL:
yy the whole range of ballistic research from the
interior to the exterior ballistics of projectiles,
including the gun hardening of all embedded
components (mechanical, electronic and optical);
yy the expertise in the field of aerial platforms,
including aerodynamics, innovative guidance,
navigation and control techniques, and system design.
The GLMAV project proves the competence of the
ISL experts normally accustomed to working on
fundamental research topics in producing innovative high-level technology devices in order to
support reconnaissance capabilities in civilian
applications and in military conflicts, thus ensuring the survivability of our troops.

Annual Report 2013

25

> multidisciplinary projects

multidisciplinary project

IMOTEP



martin.laurenzis@isl.eu
sebastien.hengy@isl.eu

Motivation

Active imaging

Snipers have emerged as a major threat to
troops in recent conflicts. Reducing this menace is the objective of the ISL research project
“IMOTEP” (improvement of optical and acoustical technologies for protection), through the
improved detection of snipers on the battlefield. Our basic approach is to combine several
sources of information for a fast and appropriate
reaction when an unusual signal (e.g. a flash or
a shot) is detected. The project includes several
technologies developed at ISL: acoustic detection, fusion of distributed sensor network data,
active imaging and 3D audio communication.

The active imaging sensor
is a laser gated viewing
system, operating in the
eye-safe shortwave infrared band, which can identify the
threat and provide its precise location. The system is based on a
water-cooled solid-state laser and
an EBCMOS imaging sensor. The
sensor unit and the laser illuminator
are equipped with 10x zoom optics to
handle wide and narrow fields-of-view with
a perfectly matched illumination field.

Scenario
The protection of camps rests on a distributed
acoustic sensor network that detects and localizes sniper attacks. An early estimation of the
threat position is transmitted through a network
to an active imaging system in order to confirm
and refine this position by 3D imaging. The refined position is then sent to the control center
which generates an alert message that displays
the location of the threat, using two formats: a
tactical map and a 3D audio signal. In addition,
the camp is protected by an ad hoc sensor network used for intruder detection.

26
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3D audio display
The natural sense of the soldier for localizing
sounds can be used to draw his/her attention
in the direction of the sniper. A warning signal
whose origin is perceived as being in the direction of the sniper is presented via the headset of the soldier. This representation, called
3D audio display, provides an intuitive perception of the sniper’s location without distracting the soldier.

Acoustic detection

Final demonstration and future work

The detection system is a network of various
types of acoustic shooter-detection sensors.
Each of these sends only two types of information: the position of the node and the time of
arrival of the Mach and muzzle waves. The network gives the shooter’s position with an error
of less than 10% with respect to the shooter-toarray distance for more than 90% of the shots,
at distances ranging from 50 m to more than
1 km. The data fusion is still effective in an urban environment when the nodes are along the
trajectory, whereas reflections can lure isolated
sensors.

This three-year project (2010-2013) has led
to an increase in performance with regard to
shooter localization using acoustics, and to
the development of a new eye-safe active imaging system, ad hoc network and 3D audio
communication capabilities. It was successfully demonstrated to external visitors on ISL’s
proving ground on October 23, 2013. Some
of the applied technologies have reached maturity for technology transfer. In the future, ISL
will focus on sniper detection in urban terrain
operations.
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detection

 bernd.fischer@isl.eu
therese.schunck@isl.eu

Project

Trace detection

Risks induced by improvised explosive devices (IEDs) may be mitigated when detected at the right moment. Fortunately, by now
a broad repertoire of standard detection
techniques has been identified for civilian
or military purposes, although with severe
shortcomings. As this issue is still of crucial
importance, a team of ISL scientists coming
from different backgrounds have focused
their work on this research. Their aim is to
surpass today’s standards by developing
and combining several cutting-edge technologies in order to improve the detection
performance for selected niche applications
– either for the remote or trace detection of
explosives and illicit substances.

Bio-inspired microcantilevers – one of this
year’s breakthrough developments – and
nanocalorimetry devices will reach sensitivities comparable to those of a dog’s nose,
which remains a great challenge for human
technology. This paves the way for new
technological approaches making use of
carrier platforms such as robots of all sorts
or unmanned aerial vehicles, as well as for
forensic post-blast investigations.

Remote detection
Remote detection is of particular interest for
military applications. Whereas THz imaging
has proven to allow the very fast detection
of hidden threats such as dangerous objects
carried underneath clothing, a clear identification of explosives and illicit substances requires a spectroscopic investigation. While
conventional THz techniques are clearly
limited in their detection range, novel approaches such as plasma-based THz spectroscopy can be appropriate for stand-off
applications. By combining Raman spectroscopy and LIBS, the capability to detect various energetic materials at distances greater
than 15 m has recently been achieved.
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Summary and facts
Since 2010, innovative detection technologies have been investigated by means of:
yy laser-induced breakdown spectroscopy
(LIBS) combined with Raman spectroscopy,
yy terahertz spectroscopy and imaging,
yy nuclear quadrupole resonance (NQR)
spectroscopy, and
yy nanostructured cantilevers and nanocalorimetry devices.
The combined efforts of the team of ISL
experts in different scientific disciplines allowed the project to make remarkable overall progress. At its end, specific solutions for
niche applications in both remote and trace
detection were successfully demonstrated.
In addition to this, the team could prove
its scientific excellence by a high output of
publications.
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> special events

a selection of
special events
in 2013

2nd Budding Science Colloquium
The 2nd Budding Science Colloquium was held
on June 27-28, 2013. The Budding Science Colloquium is an annual event that provides a main
forum for discussion and exchange among ISL’s
PhD students on the different research topics
of the institute such as energetic and advanced
protective materials, flight techniques for projectiles, laser and electromagnetic technolo-

gies, as well as protection technologies, security and situational awareness.
The Budding Science Colloquium acts as a
catalyst for stimulating and promoting young
scientists during their PhD theses at ISL. In the
course of the colloquium PhD students share
and exchange a wealth of knowledge through
oral and poster presentations.

 communication@isl.eu
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Meeting on Applied Aerodynamics

ELSI Workshop

The 48th International Symposium of Applied Aerodynamics hosted by ISL (March
25-27, 2013) focused on specific problems
encountered in the aerodynamic design and
the performance prediction of small objects
such as micro air vehicles, projectiles and
flow control devices. Similar difficulties may
be caused by small discontinuities or defects
on the body, leading to substantial parasitic
drag and significant noise generation. Such
small defects can compromise any attempt
to reduce drag by laminarity control. The
influence of geometrical details, such as
technological effects on turbomachinery or
on detailed helicopter rotor heads, was presented. Given the current emphasis on fuel
consumption reduction and environmental
impacts such as noise, these problems have
taken on vital importance in vehicle design
and propulsion system definition.

The purpose of this first ELSI Workshop on
Artificial Intelligence (November 6-7, 2013)
was to present some ongoing efforts in data
processing, including advanced methods
and algorithms, wired architectures applied
to data mining, target tracking, system optimization, event detection, recognition,
identification and learning.
The workshop was open to a wide international audience, academic and business research institutions, as well as industrial partners.
Some of the topics presented were:
yy innovative requirements: industry, research, etc.
yy advanced signal/image processing for efficient and real-time decision-making
yy computational intelligence: theory and applications
yy neural network, fuzzy logic and bio-inspired computation
yy remote sensing and autonomous devices.
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4th Workshop on Active Imaging
The 4th Workshop on Active Imaging took
place on November 20-21, 2013 and was
hosted by ISL.
This workshop brought together more than
80 participants - researchers, operational staff,
state representatives and industrial experts
from different countries. All the participants
appreciated the high level of shared information and this opportunity to facilitate future
joint collaborations. Special focus was placed
on military and civilian operational needs, 2D
and 3D active imaging, system and technology aspects, multi-wavelength imaging, data
processing, modeling and simulation as well
as performance assessment. Presentations on
novel active-imaging concepts such as structured illumination imaging, polarization and
spectral imaging, synthetic aperture or new
time-of-flight imaging were also given.
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