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PREFACE

n 2015, first time in its history, the Institute of Optoelectronics
I has accomplished all scientific, educational and organizational

capacities of an academic faculty. In the research-development
group, being persistently our main area of activity and source of
funds, we have carried out above 80 projects including 12 inter-
national projects financed by 7PR EU, NATO, EDA H2020-EU, SF)
and above 70 projects financed by Ministry of Science and Higher
Education, Ministry of Defense, National Centre for R&D, National
Science Centre and other national economic institutions. We have
submitted 8 patent applications . The most R&D projects have been
carried out in the framework of scientific-industrial consortia. Our
business partners were large industry concerns, small and medium
enterprises and high-tech companies. Above half of our budget was
derived from R&D projects for the benefit of the national security
and defense. The most important projects are ones within the fra-
meworks of Strategic Program “New Systems of Weapon and De-
fense regarding Directed Energy”, Program TYTAN “Advanced In-
dividual Warfare Systems” , Program PIORUN “Modernization of
portable, anti-aircraft missile GROM” and programs dedicated to
precise munition, active defense or detection of biological warfare
agents. The assistance and consultation of our specialists provided
to the Auschwitz-Birkenau State Museum and Chancellery of the
Sejm have also an important social impact.
The very important form of scientific activity of IOE is international
collaboration. For several years we have been participating in scienti-
fic programs of EU, EDA and NATO. Moreover, we have been conduc-
ting a number of common projects according to bilateral agreements
with teams from several countries all over the world. In this year we
have commenced two projects from Horizon 2020.
In 2015 council of IOE have conducted 6 PhDs and 3 habilitations pro-
ceedings and started one proceeding for a title of professor. The Pre-
sident of Poland has granted the title of professor to our meritorious
colleague, academic teacher Henryk Madura, outstanding specialistin
infrared technology and thermal imaging.
On the initiative of Council of IOE, Professor Wiestaw Leonard Wolin-



ski, member of Polish Academy of Science, tutor of a few generations of optical engineers in Poland was
honored by the Senate of Military University of Technology with the title of doctor honoris causa.

Our two young scientists: Mjr Przemystaw Wachulak, D.Sc. and Marta Domanska-Michalska, PhD. were
the winners in OPUS 9 and SONATA 9 competitions financed by National Science Centre.

In year 2015 we have intensively enriched our education offer and activity. The first group of students
has started the 1-st stage of studies on the newly organized specialization: space and satellite engine-
ering. Our students have continued 2-stage studies on electronics and telecommunications and could
have started regular Ph.D studies in electronics. In the framework of Erasmus Mundus Joint Doctorate
(EMJD) Program - Extatic 5 foreign doctoral candidates from Italy, Ghana, Pakistan, Ethiopia and Sudan
have been preparing in our Institute their PhD. dissertations.

The professors of IOE have gained important awards and distinctions. In August Minister of Defense
Tomasz Siemoniak has awarded Ret. Col. Prof. Henryk Madura entry to the Honor Book of Polish Army.
Prof. Mieczystaw Szustakowski was honored with | Medal of Warsaw Technical University commemo-
rating centenary of its renewal during conference “Integrated optics - sensors, sensing structures and
methods” in March 2015.

InAprilwe participated in OPTONexpo - Polish most important conference and exhibition in area of pho-
tonics, optoelectronics and laser technology. In May the IOE has hosted for the second time international
teams of scientists working on terahertz technology and making joint measurements during NATO RTO
SET-193Field Trials. In July on request of Chief of Department of Defense against Mass Destruction We-
apons, the IOE has conducted a training in stand-off detection of chemical and biological contaminations
for CBRN Joint Assessment Team. Foreign specialists from JFC Brunssum, JCBRN Defense COE, Armed
Forces of Czech Republic and Hungary have participated in this training as well. In June, designed in IOE,,
LIDAR system for medium-range stand-off detection of biological hazards passed successfully for the se-
cond time a 2-week tests in military technology training facility DPG (Dugway Proving Ground) in Utah,
US. The first tests took placein DPGin 2013.

In conclusion year 2015 was for IOE the time of successes and dynamic progress, a year full of achieve-
ments and important changes in scientific and educational activity. The good development and accom-
plishments attained in year 2015 allow us to look optimistically into the future of our Institute.

ptk dr inz. Krzysztof Kopczynski
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Dyrektor Instytutu Optoelektroniki
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AND SCIENTIFICTASKS OF INSTITUTE

ORGANIZATION STRUCTURE AND
SCIENTIFIC TASKS OF INSTITUTE

Organizational structure of the Institute of Optoelectronicsin 2015

Table 1.1. Distribution of comprises 4 Divisions, Accredited Testing Laboratory and the Bio-

divisions and scientific groups medical Engineering Center with 16 research groups (see Table 1)
Division Group Leader
Laser Matter Interaction Group prof. H. Fiedorowicz
Solid State Lasers Group prof. A. Zajqc
LaserDTthnoIogy Fiber Lasers Group J. Swiderski, D.Sc.
ivision
Laser Optics Group prof. J. Jabczyniski
Laser Application Group J.Marczak, D.Sc. T
Laser Teledetection Group M. Zygmunt, PhD Eng.
Optical Technology Group Col. K. Kopczynski, PhD. Eng.

Optoelectronic

Technologies Division Laser Nanotechnology Group

B. Jankiewicz, PhD.

Optical Spectroscopy Group M. Kwasny, D.Sc. Eng
Biochemistry Group A. Padzik-Graczyk, D.Sc.
Optical Signal Detection Group prof. Z. Bielecki
Optoelectronic . B
Systems Division Security Systems Group prof. M. Szustakowski
Quantum Electronics Group prof. Z. Puzewicz
Infrared TeChn.OI.Ogy Thermal Detection and Thermovision
and Thermovision prof. H. Madura
Divisi Group
ivision
Accredited Testing Laboratory J. Janucki, PhD. Eng.

Biomedical Engineering Center M. tapinski, D.Sc., M.D.




At the end of 2015, the staff of the IOE consisted of above 200 employees
including 104 scientific workers, 12 professors, 13 D.Sc’s, and 63 PhD's.
Thirty-nine of these scientific workers were <35 years of age, among
whom 34 were Ph.D. students. The Council of the Institute (comprising 11
professors and 11 D.Sc’s) can award a D.Sc (doctor habilitatus) and Ph.D.
degrees in electronics.

12%

m teaching
W statute
= R&D

m UE

u [RP

The structure of the finances was not changed in the 2015. The ac-
tivity in research- development has remained the main d source of
incomes, however the activity in the education field was increased
significantly. The R-D works, conducted in the framework of 89 pro-
jects, were financed from several sources (see Fig. 1.1., Appendix
2). The research results have been presents in 246 scientific publi-
cations and reports including 60 articles published in the journals
included in the JCR list.

m art. JCR

m art.B
mart.C

m Intern. conf
m Polish conf.

= monographs

In Chapters 2 - 5 the selected results of R-D works conducted in
2015 were presented.

Below the competence areas, scientific topics and main achieve-
ments of divisions were presented

ANNUAL REPORT 2015

Figure. 1.1. Distribution of
financial sources of the IOE
in 2015

Figure. 1.2. Distribution of
publications of the IOE in
2015 (total number, 246)
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1 . 1. LASER TECHNOLOGY DIVISION

Laser Technology Division conducts fundamental and application
studies related to the development of laser sources, laser-plasma
soft X-ray (SXR) and extreme ultraviolet (EUV) sources, as well as
studies carried out with the use of lasers in military technology,
materials engineering, measuring techniques, medicine, and art
renovation. The division carries out research on the broad subject
of diode pumped lasers (LPD), including: the design of optical sys-
tems, resonators, and LPD pulse designs for special and industrial
applications; characterization of new active centres and nonlinear
crystals; systems of nonlinear radiation conversion that include pa-
rametric generation and supercontinuum generation; and studies
on the spatial distribution of laser beams. Highly qualified staff, mo-
dern laboratories, and extensive equipment ensure a high level of
research and education.

AND SCIENTIFICTASKS OF INSTITUTE
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Research Topics:

e Development and testing of high-efficiency stable sources of
laser radiation and their applications in military, technology,
and metrology equipment

e Development and testing of pulsed, tunable LPD generating in
the 1 - 3 um spectral range, and their applications in military,
technology, and metrology equipment

e Research on fibre-based near- and mid-infrared lasers and su-
percontinuum sources

o Development, testing, and construction of power supplies and
parameter control systems for laser sources
Development of laser-plasma SXR and EUV radiation sources
Application of laser-plasma radiation sources in material te-
sting, microscopy, surface engineering, microtreatment, and
nanolithography

e Research on the interaction of high energy laser pulses with
matter for military technology and nanotechnology

e Research on the process of laser ablation and applications of
laser technology in art renovation

e Researchon Laser Directed Energy Weapons Systems

Achievements in last years:

e diode pumped neodymium lasers Nd:YAG, Nd:YLF, Nd:YVO4,
Yb:YAG, Yb:LUAG, lasers generating eye-safe radiation
(Er:YAG, Tm:YLF, Tm:YAP, Tm:fiber, Ho:YAG, Ho:YLF), a series of
nonlinear radiation conversion systems (OPO, harmonic gene-
ration, Raman lasers)

e unique all over the world high-power mid-infrared superconti-
nuum sources

e novel fibre lasers and amplifiers operating at 1.55 pm and
2um



Creation of micro- and sub-micro-periodic structures on diffe-
rent surfaces, including biocompatible materials, using laser
induced interference lithography

Development and commercialization of technology for art
renovation using laser ablation applied to sedimentary rock,
gypsum, museum and construction ceramics, animal bones, ele-
phant ivory, fabrics, metal braid, varnishes, and wood
High-efficiency laser-plasma SXR and EUV radiation sources
and their application in pulse radiography, microscopy, micro-
-treatment, and polymer surface modification
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1.2. OPTOELECTRONIC TECHNOLOGIES DIVISION

The Optoelectronic Technology Division conducts fundamental
and application studies related to the development of optoelectro-
nic materials and technologies for applications in security systems,
defence, environmental protection, medicine, and industry. The di-
vision is involved in the advanced construction and implementation
of complex optoelectronic systems and devices including systems of
point and remote detection of hazardous chemicals and biological
materials. Fundamental studies carried out in the division mainly
involve materials and nanomaterials engineering, optical spectro-
scopy, materials characterization using advanced research me-
thods, plasmonics, and biotechnology.

AND SCIENTIFICTASKS OF INSTITUTE
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Research Topics:

e Physics and optics of new types of lasers, in particular those with

potential applications in military laser technology systems

Coherent and incoherent optical detection

Design of refractive, reflective, and diffractive optical systems

Optical beam shaping

Integration of military optoelectronic systems

Measurement methods and standards for calibration, testing,

and standardization of military optoelectronic equipment

e Spectroscopy methods for remote detection of atmospheric
pollutants and contaminants, including chemicals and biologi-
cal materials

e Optical point and stand-off detection of biological and chemi-
cal agents
Laser range-finding
Measurement of laser speed
Laser-plasma ion sources for nanotechnology and materials
research

e Laser-assisted fabrication of thin films and nanostructures
using a pulsed laser deposition (PLD) method

e Measurements of spectral characteristics of optical compo-
nents

e Optical technology of special laser and infrared elements and
components
Thin film technologies
Plasmonic nanostructures for use in the detection of chemicals
and biological materials

e Spectroscopy in the UV-Vis-NIR range, Raman, Surface Enhan-
ced Raman Scattering, and fluorescence spectroscopies
Biomaterials
Analytical procedures for determination of microelements and
biologically active compound content in various samples
Cancer therapies and diagnostics
Optoelectronic components for space research



Selected Achievements in last years:

e LIDARs for stand-off detection of chemical and biological
agents
Laser rangefinders
Laser speedometers

Laser shooting and ballistic simulation systems
Fire detection and explosion suppression systems
Optoelectronic systems for fire control

Laser communication links

UV dosimeters

UV Solar Blind radiometers

Laser radiation warning systems

Optoelectronic solutions for cancer diagnosis
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1.3. OPTOELECTRONIC SYSTEMS DIVISION

The research and development activities in the Optoelectronic Sys-
tems Division focus on applications of new optoelectronic detec-
tion systems, fibre and terahertz (THz) technologies in medicine,
environment monitoring, and critical infrastructure protection.

AND SCIENTIFICTASKS OF INSTITUTE
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Research Topics:

e Design of low-noise, highly responsive photoreceivers working
in the extreme ultraviolet to long-wavelength infrared radia-
tion range

e Construction and investigation of devices for vapour precon-
centration and thermal decomposition of explosive materials

e Design of free space optical transceivers that operate in the
longer infrared wavelengths

e Investigation of ultrasensitive optoelectronic sensors for dan-
gerous gases

e Development of air sampling units for breath analyses of pe-
ople, using laser absorption spectroscopy

e Design of special current drivers for semiconductor lasers used
in laser absorption spectroscopy or free space optic setups

o Development of fibre sensors for electronic protection of large
objects

e Design, consulting, and commissioning of electronic protection
systems for critical infrastructures

e Measurement methods and systems for investigating thermal
imaging cameras, TV cameras, night vision devices, laser devi-
ces, and multisensor observation devices

e Measurement of the spectral signatures of dangerous mate-
rials (explosive materials, drugs) and characterization of com-
posite materials using THz spectroscopy

e Investigations of integrated radar-camera systems for airport
and seaport security

e Development related to the modernization of the homing he-
ads of GROM short-range anti-aircraft missiles and P-22 me-
dium-range water-to-water missiles

e Simulation studies of missile homing head subsystems working
in the real configuration of the head, simulation of missile flight
dynamics (also in the presence of organized jamming)

e Development, modernization, and manufacturing of training
systems for operators of mobile short-range anti-aircraft mis-
siles

e Modernization of missiles along with industry, laboratory, and
field tests of developed equipment and participation in the mo-
dernization of equipment by the manufacturers




Selected Achievements in last years:

Development of optical sensors for trace detection of explosive
materials

Ultra-sensitive sensor of NO2

Commercialization of a fibre system for perimetric protection
of special objects

Fibre optic sensor for protection of museum collections
Single-photon sensor to protect and monitor the integrity of
the fibre-optic link

Integrated platform radar-camera for protection of military
facilities

Integrated maritime port security system

Protection system against pirate ship attacks

Modernization of anti-aircraft missiles

Modernization and commercialization of a seeker’s detection
module for the P-22 water-water type missile

Development and commercialization of controls and measure-
ment equipment for laboratory and field tests of short-range
anti-aircraft missiles
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1.4. INFRARED TECHNOLOGY AND THERMOVISION DIVISION

The research carried out by the Infrared and Thermovision Techno-
logy Division covers non-contact temperature measurements, ther-
movision measurements, and infrared technology used in devices
developed for the Polish Armed Forces. In recent years, the statuto-
ry tasks were dedicated to thermographic and spectroradiometric
measurements of objects and the development of integrated opto-
electronic sensor systems for military applications. The current re-
search of the division focuses on the development of thermovision
cameras with cooled and uncooled array detectors.

AND SCIENTIFICTASKS OF INSTITUTE
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Research Topics:

Military applications of infrared technology:

Thermo-detection systems for intelligent ammunition
Multisensor detection systems

Infrared sensors for protection systems

Detection systems for infrared objects

Thermovision cameras with cooled and uncooled detectors
Thermovision cameras for individual soldier equipment systems
Thermovision and infrared pyrometry of infrared radiation
Thermovision measurements and thermal image analysis
Development and fabrication of infrared pyrometers
Development and fabrication of infrared radiation sources
Calibration and standardization of infrared pyrometers
Characterization of thermovision cameras, visible light came-
ras, and laser rangefinders

Testing of thermo-detection components and assemblies
Measurement of spectral characteristics of infrared detectors
Measurement of angular characteristics of infrared sensors
Climatic measurements of infrared detection systems
Modelling of infrared radiation detection processes
Simulated operation of thermo-detection systems and devices
Determination of multispectral signatures of infrared objects
Determination of the operating range of thermo-detection
devices

Selected Achievements

The recently completed targeted projects in collaboration with Prze-
mystowe Centrum Optyki S.A. resulted in the development of:

e CTS-1thermovision sight

e KT-1 camera with cooled detector for fire control systems

e LOP-1rangefinder-observation binoculars



1. 5 . ACCREDITED TESTING LABORATORY

The Accredited Research Laboratory functions in accordance with
quality management systems of research, meeting the require-
ments of standard PN-EN ISO/IEC 17025, since 1997. The manage-
ment system is documented and has been issued a certificate (No.
AB 109) by the Polish Centre for Accreditation. The results of tests
performed by the laboratory are recognized by the International
Laboratory Accreditation Cooperation/Mutual Recognition Arran-
gement (ILAC/MRA).

Measurement procedures:

PB-01 - Measurement of laser pulse energy

PB-02 - Measurement of the power of continuous laser radiation

PB-03 - Analysis of the irradiation distribution in laser beam cross
sections

PB-04 - Measurement of laser radiation pulse duration and deter-
mination of its asymmetry factor

PB-05 - Verification of correction factors and the nonlinearity of
laser energy and power meters

PB-06 - Measurement of the absorption coefficient of optical ma-
terials

PB-07 - Assignment of safety classes for laser devices

PB-08 - Measurement of parameters related to thermal imaging
devices, including: signal transfer function; components
of the 3D noise model; components of the simplified no-
ise model, including 1/f noise, non-uniformity, and noise
equivalent power; signal-to-noise ratio; modulation trans-
fer function and contrast transfer function; minimum re-
solvable temperature difference; and field of view

PB-09 - Measurement of parameters related to TV, LLLTV cameras,
and night vision devices, including: signal-to-noise ratio, mo-
dulation transfer function, contrast transfer function, spatial
resolution, minimum resolvable contrast, and field of view

The laboratory has collaborations with national and foreign

scientific centres in the area of optoelectronic metrology. The

laboratory research team participated in several international

EUREKA projects and developed and pursued their own research

projects funded by the Ministry of Science and Higher Education.

The laboratory is also working closely with business entities on the

development and implementation of projects in the area of opto-

electronic measurement systems and automation, which include:

e Material testing using laser-induced plasma spectroscopy

e Electronic sensors for measuring physical quantities

e Laser power and energy meter calibrators

e Microprocessor control systems and data processing of measu-
rements
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1.6. BIOMEDICAL ENGINEERING CENTER

The mission of the Biomedical Engineering Centre (BEC) is to con-
duct research in the field of biomedical engineering as well as to
design innovative technologies and medical equipment. BEC is im-
plementing the project as a part of the 5.1 IE OP under the name
of “Development of the Cluster - the Centre of Biomedical Engine-
ering”. The aim of this project is the diffusion of innovation from the
Military University of Technology as well as other research insti-
tutions to companies associated with the cluster. The cluster was
established by 44 companies: enterprises, research organisations,
scientific institutes, universities and the business support institu-
tion. Currently BEC is in the final stage of personnel training as well
as organizing and launching of new research laboratories.

AND SCIENTIFICTASKS OF INSTITUTE

&
:
7
:
3

Research Topics:

e Development of technology for diagnostics and therapy of cancer
and cardiovascular diseases with use of photodynamic therapy

e Design of technology for detection of harmful microorganisms
that could become a cause of nosocomial infections

e Assessment of antimicrobial activity and biocompatibility of
graphene flakes

e Analysis of proliferation rate and differentiation of human
bone marrow-derived mesenchymal stem cells uponirradiation
from LED sources with different wavelengths

e Studyonbiological effects of low-frequency and microwave frequ-
encies HPM pulses on the mammalian cells at molecular level

e Design of information systems for and therapy of cancer.
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RESE-ARCH ON PLASMA PHYSICS
AND LASERS
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2 1 INVESTIGATIONS OF PHOTOIONIZED PLASMAS: ELECTRON
oo TEMPERATURE

andrzej.bartnik@wat.edu.pl
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Laser produced plasma EUV (extreme ultraviolet) sources devel-
oped in Institute of Optoelectronics can be used for different types
of investigations. The EUV collector employed for focusing of the ra-
diation enables to obtain a power density at the level of 107"W/cm?. It
is the ionizing radiation allowing to perform different kinds of inves-
tigations concerning interaction with solids or gases. As a result of
interaction of intense EUV beam with gases, photoionized plasmas
are produced. This kind of investigation was carried out and emis-
sion spectra of plasmas produced in different gases were obtained.
The spectra were recorded at the wavelength range 10 + 100 nm
using a toroidal grating spectrograph (McPherson, Model 251) and
at the 200 + 780 nm range using the Echelle Spectra Analyzer ESA
4000. The spectral lines were used for construction of Boltzmann
plots allowing for estimation of the plasma electron temperature.
It is so called low temperature plasma with T, = 1 eV. Its electron
density at the level of 10%¢ + 10 cm is a few orders of magnitude
higher comparing to plasmas used in various technologies.

Figure 3. The Boltzmann
plot based on spectral lines
originating from Kr atoms
measured in the visible
range, Te = 0.64 + 0.06 eV
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Figure 1. Experimental
arrangement for EUV
backlighting imaging of a
capillary channel target

Figure 2. Photograph of the
valve equipped with capillary
nozzle a) and zoomed for the
capillary b).

2.2. PULSED CAPILLARY CHANNEL GAS PUFF TARGET

y \ Focusing lens Plasma

N/
Nd:YAG laser \ . i
Steering/ :

mirrors
| ]
GLLa Seimc e «—Si,N, - 200nm filter
=
Zr - 200m filter
) o ¥\ Mo/Si multilayer
2=13.5+/-0.5nm mirror

Capillary target

Characterization measurements of a pulsed capillary channel gas
puff target, developed for applications in laser-matter interaction
experiments, were carried out.

g I
electrical connectors gas supply 2x2x30mm3 capillary

The target is produced by pulsed injection of gas through a slit-
shaped nozzle into a capillary channel and has been characterized
by extreme ultraviolet (EUV) radiography at 13.5nm wavelength.



with channel w/o channel 1mm with channel w/o channel

"

time (1ms-DT): 150us time (1ms-DT): 290us
with channel w/o channel with channel w/o channel

Figure 3. Sequence of
EUV shadowgrams (raw
transmission data) for the
capillary channel target
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EUV pulse Experimental Z
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conditions: argon pressure
P, =0.1bar, PW=40ms. Each
frame was recorded in ~3ns

time (1ms-DT): 200us time (1ms-DT): 650us
with channel w/o channel with channel w/o channel

time (1ms-DT): 230us time (1ms-DT): 1000us

Time dependent gas flow effects and flow shaping by capillary walls
were visualized. Density measurements for argon were performed
on axis for variable timing conditions and variable backing pressu-
res. This target, due to its advantages, might be an interesting al-
ternative for lower repetition rate and higher energy laser-matter
interaction experiments.



2 3 GAIN-SWITCHED AND PASSIVELY MODE-LOCKED THULIUM
oJe FIBER LASER OPERATING AT 2 um

Anall-fiber gain-switched and mode-locked (GS-ML) thulium-doped

fiber laser (TDFL) operating at 2 pm was developed. The TDFL was
resonantly pumped by 1.55 um pulses delivered by a home-made
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% fiber MOPA system whereas passive mode-locking was provided
Q Fig. 1. Pulse waveform on by a SESAM which was characterized by the saturation fluence of
5’ oscilloscope: upper trace - 65 pJ/cm2 and modulation depth of 12%. The system operated at
Z fr‘:]’::_p:l:iz:tt:flsse“m' lower 50 kHz and emitted gain-switched pulses with duration of less than
< at 2 um; inset, output pulse 200 ns and output average power of up to 22 mW. The sub-puls-
train of the GS-ML fiber laser es recorded within the gain-switched pulse envelope were regular,
(a), measured temporal GS- stable and had a repetition rate of 89 MHz, corresponding to the
ML pulse (b) cavity round trip time, which indicates that the oscillator operated

in fundamental mode-locking. The laser operated at 1999 nm with
a 3-dB bandwidth of 0.29 nm.
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It is the first time simultaneous fast gain-switching and mode-locking
of TDFL with a 100% modulation depth was demonstrated. The pat-
ent-pending laser can be used as a seed ina MOPA configuration, lead-
ing to higher pulse energy and peak power, which is crucial for OPO or
supercontinuum generation in the mid-IR.
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2 4 HYBRID, CONTINUOUS-WAVE AND Q-SWITCHED HO:YLF
o“Te LASER DEVELOPER IN MOPA CONFIGURATION

The compact setup of a Ho:YLF laser pumped by a high power Tm:-
fiber laser was developed and examined in both continuous-wave

(CW) and Q-switched operation. In a continuous-wave operation,
the research in an oscillator scheme was done for a crystal of 0.5
at. % Ho dopant concentration and the length of 30 mm for vari-
ous output coupler transmittances. At room temperature, the max-
imum CW output power of 24.5 W for 82.5 W of incident pump
power, corresponding to slope efficiency of 35.4 % was achieved.
The highest slope efficiency of 81.6 % with respect to the absorbed
pump power was obtained. Trying to fully utilize the pump power
unabsorbed by the active crystal in an oscillator stage, an amplifi-
er system based on two additional Ho:YLF crystals was developed.
A two-stage amplifier system yielded an output power of 30.5 W.
For a Q-switched operation, for the maximum incident pump power
and the pulse repetition frequency (PRF) of 1 kHz, pulse energies of
18.5 mJ with a 22 ns FWHM pulse width corresponding to 841 kW
peak power in the amplifier system were recorded. Carrying out
the measurements of the laser spectrum, for various out-coupling
transmittances, we observed laser generation at wavelengths in
the range of 2050 and 2060 nm with a beam quality parameter of
M2 better than 1.1.
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Photo 1. Picture of the
laboratory scheme of the
Ho:YLF-MOPA laser
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Fig. 2. Beam propagation
factor measurement of a CW
Ho:YLF-MOPA laser beam.
The insets show 2D spatial
profiles of the amplified laser
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2 5 PULSED, YB DOPED LASERS SIDE-PUMPED BY HIGH POWER
ode 2D LASER DIODE STACKS

jan.jabczynski@wat.edu.pl The semi-analytical model to design lasers side pumped by means

of 2D laser diode stacks was developed and applied to design Yb
lasers (see Fig. 1). The elaborated model enables determination of
2D inversion profile (see Fig. 2), effective gain and reabsorption loss
inside mode areaq, stored and extracted energy density for a wide
class of gain crystals, shapes of gain elements and pump beam sha-
ping optics etc.
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Fig. 1. Scheme of side pumped Fig. 2. 2D inversion
slab laser distribution inside slab

We have elaborated the laboratory model of such laser system
with 2D LD stack pump unit offering up to 0.8 J of energy in 1 ms
duration at 970 nm wavelength. According to model predictions,
such lasers can operate in room temperature applying only passive
cooling to control of LD stack temperature. We have checked both
Yb:YAG and Yb:LuAG crystals with different doping levels generat-
ing at 1030-nm wavelength. In free running regime we have shown
the energies of 160 mJ for Yb:YAG and above 100 mJ for Yb:LUAG
with slope efficiency about 20% in near fundamental mode. In pas-
sive Q-switching by means of Cr:YAG, 10 mJ energy and 2.5 MW
peak power were demonstrated for the best case of Yb:LUAG laser.
The output energy in such a case was limited by damage threshold
of laser elements. The indications how to overcome or mitigate that
drawbacks were formulated. Lasers of such type could provide the
real alternative to ‘old-schooled’ lamp pumped Nd lasers, as well as,
novel Yb lasers designed in ‘thin-disk’ architecture.



2 6 MONOLITHIC PULSE MICROCHIP LASER OPERATING AT
Je 1.5 pm

Monolithic pulse microchip laser Er®*Yb*:glass/Co?*:MgAl O, op-
erating in eye-safe radiation range was designed and developed.

On the basis of the microchip a laser head was build which can be
successfully applied to laser range finders.

Op AM Fig. 1. Outline of the
[ developed monolithic
PB microchip laser; FoP - fibre
. ' | of the pumping laser diode;
7 PB - pumping beam; Op -

FoP ‘ ' ; GB optics; AM - active medium
SA Er®Yb3*:glass; SA - saturable
absorber Co?*:MgAl O,; GB -

Zwierciadto wejsciowe Zwierciadto wyiéciowe generated beam
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Fig. 2. Photo of the laser head
with the pumping laser diode

The generated radiation is characterized by: peak power, pulse
duration, pulse energy, slope efficiency n=5,31% and threshold ,
pulse repetition rate depends on the pump power and for =375
mW is equal to 735 Hz.

M? parameter of the generated beam amounts to M? =2.77 and

M2 =2.27.
800
10 5 /
T o 2 oo
g E / e 3
E © 6 2 L .
o S Q3
2 4 o 400 r 3
S 3 4 - =0; 7996 z 2
25 s a = 5,8766x - 1456,2
“ g ) B E 200 y=
L & .
o I 4 u 0 T T T T 1
200 i 300 . 400 200 250 300 350 400 450
Srednia moc pompujaca [mW] Srednia moc pompujaca [mW]
Fig. 3. Average output power versus the Fig. 4. Pulse repetition rate versus the average
average pump power incident on the active pump power incident on the active medium

medium with linear approximation with linear approximation
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Fig. 5. Pulse shape generated
by the laser head
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IN MEASUREMENTS

APPLICATIONS OF
OPTOELECTRONIC TECHNIQUES
IN MEASUREMENTS

3 1 LASER INDUCED BREAKDOWN SPECTROSCOPY (LIBS) IN
oo ANALYSES OF ART WORKS

Laser induced breakdown spectroscopy (LIBS) is used to determine

Fig. 1. The crowns from
Skrzatusz Sanctuary: left

- Jesus Christ crown, right -
Blessed Virgin Mary crown

chemical composition and structural analyses of any objects in sol-
id, liquid or gas phase. Shortly, it relies on using high peak power,
focused laser energy to cause the ablation of a small amount of sur-
face material, resulting in plasma that emits both continuous and
linear radiation, which is then analyzed to identify elements. Cal-
ibration and gradual ablation deliver knowledge about elemental
concentrations and object’s stratigraphy.




Diagnostics of art works using LIBS technique are conducted more
than 15 years in the Laboratory of Lasers Application (IOE MUT).
Recently, wide research program included identification analyses
of two crowns (17t century) from the Shrine of Our Lady of Sorrows
in Skrzatusz (fig.1), and collection of five oil paintings presenting the
family of King Jan Ill Sobieski from Wilanéw Museum (fig.2).

LIBS data usually contain multiple spectroscopic variables, which
allows to apply statistical methods, delivering information about
most important properties of analyzed objects and correlation be-
tween different measurement points. So called factorial (FA) and
principal components (PCA) analyses have shown that the bodies
of both crowns are likely to have been made from the same silver al-
loy with small additions of copper, zinc, lead and tin. The presence of
mercury under a thick layer of gold reveals that an amalgam tech-
nique was used to cover the silver with gold. The other components
of the crown, which were later additions, were made of different al-
loy compositions, with the largest variance being in the metal stone
settings.

In case of five oil paintings from Wilanéw, PCA statistical analyses
were performed on the set of lithium and barium content in paint-
ing grounds (fig.3). Results suggest similarity in the ground com-
position, e.g. in Wil.1685 and 1686 paintings (King and Queen on
a horse), which correspond also to the similarity of complete LIBS
elemental spectra at the stratigraphic depths after subsequent 41-
50 and 51-60 laser shots.

e L
froy=d,> ]

Fig. 2. Collection of five oil
paintings of King Jan Il
family, Museum of King Jan
11I's Palace at Wilanéw

Analiza PCA (Li, Ba)

212 Wil 1950
1] L)
1e ‘=
|8 Wil. 1939 ngoo
08 7%
1HE [+ f)wil 1685
& \ - |/wil. 1686
2O -t

2 -1 0 2 3

Fig. 3. The PCA results of
Li and Ba content in paint
ground
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IMAGING BY RAMAN SPECTROSCOPY AND FTIR

3.2.

Biological samples are characterized by the complex structure and
chemical composition. A study of this type of material is based onan
analysis of the bioelements that occur in very low concentrations.
Among the many analytical techniques optical spectroscopy meth-
ods work very well in cell and tissue studies of biological origin. The
main advantages of spectroscopic methods are: low invasiveness,
low destruction and the ability to detect pathological changes in
the tissues at an early stage of their creation. Spectroscopic meth-
ods are relatively quick and allow in vivo testing, so one can skip the
stages of sampling and preparation of samples for analysis.
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aneta.bombalska@wat.edu.pl
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Ls
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Photo 2. For mapping with

34

Photo 1. For imaging with Raman
technique spectrometer Nicolet
1S-50 Raman/FTIR was used with
excitation wavelength of the laser
1064 nm and DTGS detector.

At the same time Raman is
coupled with ATR-IR module for
recording spectrain the infrared
range

infrared absorption technique
(FTIR) NicoletiN10 microscope
was used equipped with DTGS
and MCT detector, movable table
that allows a precise location of
the mapped area. Interchangeable
adapters allow to fit the
measurement techniques (DRIFT,
ATR, transmission) to the kind of

samples analyzed

Inthe Raman spectrumtheonebandisvisiblearound 960 cm?, which
is characteristic for PO, group originating form hydroxyapatite, the
main tooth material. The intensity of this band determines the phos-
phates content inthe sample. Tooth decay is the quantitative change
of the phosphate content (the loss) hence the maximum amount of
phosphatesisobservedinthehealthyenamelandlowerincariesarea.
Anthocyanins are a large group of plant pigments, which in accor-
dance with pH of environment, may be seen as red to purple. These
dyes are found in flowers, fruits, leaves, stems, and less common-
ly in the roots and wood. In cells they are located in vacuole in the
form of granules of varying size, but cell walls and the pulp tissue
does not contain anthocyanins. The characteristic construction of
C,-C,-C, result in identification of these compounds in a range of
1604 cm* assigned the aromatic ring.

MILITARY UNIVERSITY OF TECHNOLOGY INSTITUTE OF OPTOELECTRONICS



Fig. 1. Tooth image recorded
with Raman technique
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Fig. 2. Flower petal image
recorded with FTIR technique
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3.3. TERAHERTZ SCANNING OF POLIETHYLENE COMPOSITES

norbert.palka@wat.edu.pl Polyethylene composites, which are manufactured as plates with

a thickness of approx. 10-20 mm, are used as material for the bal-
listic protection of vehicles, helmets and bulletproof vests. They
consist of a number of about 50-mm thick layers of fibers (diameter
approx. 20 mm) made of UHMWPE. The fibers in successive layers
are arranged perpendicular to each other. During interaction of a
projectile with the structure a chamber and vast delamination oc-
cur (Fig. 1). Knowing the location of these delamination, their size
and thickness is essential to determine the quality of material and
further research. Terahertz radiation from the range of 0.1-3 THz
perfectly passes through the polyethylene structures and facilitate
their accurate analysis and three-dimensional visualization.

To measure the sample we used the TDS system operating in the re-
flection configuration. The TDS technique bases on generation and
detection of the 0.5-ps-long pulse of electromagnetic radiation (Fig.
2). THz impulse propagating in a multilayer structure encounters
the interfaces between the layers with different refractive index
and is partially reflected. The remaining part propagates further in
the structure. As a result, one obtains a series of pulses delayed re-
lative to each other by twice the propagation time in the individual
layers. Scanning the sample point by point facilitates to create the
internal structure and the position of delamination
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IN MEASUREMENTS

Vertical (Fig. 3) and horizontal (Fig. 4) cross sections of the struc-
ture present the inlet channel of the projectile, centrally located

Fig. 1. Photo of polyethylene

composites with the . . . .
delaminated defect area chamber, radially spreading delamination, and other features.

induced by projectile

By means of the developed signal processing of ambiguous THz
waveforms reflected from the interior of the sample we can unam-
biguously determine the distribution of delamination and size of
the chamber (Fig. 5).

T Dzielnik wigzki 1
szafirowy Soczewka (9)
Eusirg \ Swiattowod
N T "\ :

—— 2z — X 7
—— . .
Komputer Linia % =
2 /
R |
)
N T

opoznia
TPI Imaga jaca
0.5ps
Skaner
X-Y
L 1

Fig. 2. Optical scheme of
measurement set-up
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a) 30-65ps

. Fig. 3. Vertical cross sections
d) 92-115 ps &) 130 - 170 ps of the structure
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3 4 IMAGE FUSION METHOD FOR DETECTION OF CONCEALED
o Te OBJECTS

marcin.kowalski@wat.edu.pl

Fig. 1. Image Fusion process.
THz image (left), VIS image
(centre) and fused image
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IN MEASUREMENTS

Security of public transport systems and public places has become
a major challenge. Assuring safety of crowded public places like
e.g. airports is one of the most serious social issues. One of aspects
of the problem is detection of potentially dangerous objects hid-
den under person’s clothes. Detection of concealed threats such
as weapons, explosives or chemicals is essential in this context.
Terahertz (THz) band haslately become very interesting for scien-
tists mainly because of its specific properties. One of potential
application of THz devices is security area. Imaging devices wor-
king in the THz range can be used to detect objects hidden under
clothes. Since most of commercially available THz cameras provi-
de low quality images, great potential of image processing tech-
nigues for both quality improvement and detection of threats is
expected.Ourgoalsaretodetectobjectshiddenunderclothesand
providetherecipientwithclearandunderstandablevisualization.
There is a great potential in using multispectral surveillance
imagers in security systems thus we investigated the possibilities
of concealed object detection by screening people using non-i-
nvasive cameras working in visible and terahertz ranges. We ap-
plied image fusion methods in order to achieve understandable
visualization presenting a visible image of a person with marked
localization of hidden item. Image fusion allows us to combine
the most interesting elements of images two spectrums into one
image. During the investigations, a passive THz camera opera-
ting at 250 GHz as well as visible light camera were used.
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LONG-WAVE INFRARED RADIATION

Innovative device has been developed for the measurements of the
polarization state of electromagnetic radiation in far infrared spectral
band. It'sthe same part of electromagnetic spectrumcommonly used by
thermal cameras. Contrary to a conventional thermal camera solution,
the developed device performs the analysis and visualization of polari-
zation state of recorded thermal radiation coming from observed ob-
jects, which allows for the detection of their characteristic properties.
Principle of operation of the presented device relies on a well-known
phenomenon of partial polarization of electromagnetic radiation
when reflected or scattered from certain surfaces. The developed de-
vice detects and measures the basic properties of partially polarized
IR radiation using specially designed optics, detection modules with
focal plane array detectors and a real-time data processing subsystem
made of FPGA circuits and microprocessors. Prototype model of the
device is presented in Fig.1.

During the research project also a method was developed for the visu-
alization of polarization state using color image representation. Color
describes the orientation angle whereas saturation corresponds to the
magnitude of polarization effect. The results are shown in Fig.2.

3 5 MEASUREMENTS OF POLARIZATION STATE

grzegorz.bieszczad@wat.edu.pl

Fig. 1. Prototype system
for the measurement and
visualization of polarization
state of infrared radiation

Fig. 2. Sample visualizations
of recorded polarization
states
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N-ANO AND BIO TECHNOLOGIES

henryk.fiedorowicz@wat.edu.pl

MODIFICATION OF POLYMERS FOR APPLICATION IN

4. 1. BIOMEDICAL ENGINEERING USING A LASER PLASMA
EUV SOURCE

Correct tuning of polymer surface properties is beneficial for va-
rious applications in bio-implants, artificial muscles and diagnostic
devices. The surface properties can be modified by the surface func-
tionalization and fabrication of nano- and micro-structures on it.
The degradation of bulk material has been reported for traditional
chemical, plasma, and ultraviolet irradiation based surface modi-
fication techniques. However the strong mechanical properties of
these materials are considered as an imperative for their use in bio-
medical engineering applications. This limitation can be avoided by
using extreme ultraviolet (EUV) that is absorbed within a very thin
(less than 100 nm) layer of the polymer.

In this study a compact laser plasma EUV source based on a double-
-stream Kr/Xe gas-puff target, irradiated with a Nd:YAG laser pulse
(3ns/0.8J) at 10 Hz was used. The EUV radiation at the wavelength
of about 10 nm was focused onto a polymer sample using a gold-
-plated grazing incidence ellipsoidal mirror. Several polymers were
irradiated by EUV radiation under different experimental con-
ditions and SEM, AFM, XPS, and water contact angle goniometry
were used to characterize the changes of the physical and chemical
properties. Thenceforth cell culture studies were performed to de-
termine EUV surface modification potential in biomedical engine-
ering.

It was shown that the EUV surface treatment strongly modified
the surface properties, introducing nano and micro-structuring,
controlled multi-scale surface roughness, controlled wetting beha-



vior and functionalization of the studied polymers. The cell culture
studies by using L929 mouse fibroblasts and Human Umbilical Vein
Endothelial Cells (HUVEC) demonstrated enhanced biocompatibi-
lity and hemocompatibility of EUV modified PTFE polymers to be
used as bio-implants for cardiovascular devices. The EUV modified
polymer substrates were successfully used to identify cancer cells
depending upon their metastatic potential on the basis of pleomor-
phic phenotype. The EUV surface modification was successfully
employed as a single tool for controlling the wetting behavior by
increasing hydrophobicity or hydrophilicity for applications in se-
paration devices and artificial muscles. The results presented in this
work were the basis of the doctoral dissertation entitled ,Applica-
tion of laser plasma extreme ultraviolet (EUV) source in biomedical
engineering” defended by Inam Ul Ahad in 2015.

Project was realized under the Erasmus Mundus Joint Doctoral
(EMJD) Programme EXTATIC. Investigations have been performed
in collaboration with Advanced Processing Technology Research
Centre, Dublin City University in Ireland, Biomedical Engineering
Laboratory, Warsaw University of Technology, Laboratory of Bio-
physical Microstructures, Institute of Nuclear Physics in Krakow
and Institute of Motor Vehicles and Transportation Military Uni-
versity of Technology.

Fig. 1. HUVEC cell adhesion
on pristine (above) and
EUV modified (below) PTFE
surface after 48 hours cell
culture.
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Fig. 1. Scheme of
experimental arrangement

Fig. 2. a) SEM image of holes
in square microsieve; b)
Magnified SEM image of
holes in involute microsieve;
c) Exemplary result of

hole diameter distribution

measurement

4 2 LASER MANUFACTURING OF MICROSIEVES FOR
odme BIOENGINEERING APPLICATIONS

Matrices of microholes (microsieves), fabricated using different ma-
terials, such as polymers, silicon and metals, are necessary in many
technological applications, among others in microfluidic systems
and filtration-separation techniques. Simple processes of fast dril-
ling of thousands of holes per cycle with low processing expenses
are desired. The ideal tool in this case is a laser beam with a proper
energy density and a high pulse repetition rate, operating without
contact with the material in an easy-to-automate and fast process
of position control (fig.1). Experiments were performed using pico-
second Nd:YAG laser, emitting 60 ps pulses with a repetition rate of
1 kHz at a wavelength of 355 nm (third harmonics), which was co-
upled to a galvanometric scanner, equipped with F-theta lens with
a focal length of 163 mm. Kepler’s telescope, expanding the laser
beam to 25 mm (8x) was inserted at the output of the laser head.
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Square and involute distributions of holes in Ni and Al foils were for-
med with an overall dimension of 3 mm. Examples of SEM images
are shown in fig.2a and 2b. Distance between adjacent holes was
25um to 100um, which meant fabrication of up to 10,000 openings
per microsieve. The square sieves were fabricated using percussion
drilling with five laser shots per hole, in foils with a thickness of 50



pm. Samples of involute microsieves were perforated in foils with
a thickness of 7 mm, using “on the fly” method with different scan-
ning velocities. Each hole was drilled with a single laser pulse. Final
transmission of optimized sieves with regular pore diameters (see
fig.2c) and periods of 100, 75, 50 and 25 pm was equal to 1%, 2.5%,
5% and 22%, respectively. Exceptionally short processing times of
1 second for sieves with 900 holes and below 10 seconds for sieves
with 10,000 holes were obtained using techniques of “on the fly”
laser drilling and percussion laser drilling. Fabricated microsieves
are used in the research on filters and microfluidic devices for bio-
engineering applications, including separation of circulating tumor
cells.
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Fig. 1. Scheme of
experimental arrangement
based on prism
interferometer

SIMPLE LASER INTERFERENCE LITHOGRAPHY

WITH PRISM OPTICS FOR PERIODICAL MICROMACHINING
OF BIO-SCAFFOLDS

Direct Laser Interference Lithography (DLIL) is increasingly applied for
shaping of material surfaces and for changing their properties. DLIL
applications in bioengineering for shaping biocompatible scaffolds for
tissues using patterned materials with enhanced mechanical proper-
ties and selectively influencing the growth and development of cells
are particularly interesting. DLIL technique uses at least two superim-
posed laser beams that create an intense interference field which is
further reproduced by ablation on the processed surface. It does not
require any preparation of treatment area except cleaning, and the
only requirement is a sufficient absorption of material and high enough
power density of radiation above the predetermined treshold. There
are a lot of methods for dividing a laser beam into an arrangement of
many interfering beams, but, in many applications, the simplest, effi-
cient and precise are prism-based methods. The great advantage of
these methods is an easy way of the beam partition to the interference
components by proper selection of the prism geometry as well as by
shaping a characteristic period of the interference structure through
the control impinging radiation divergence (Fig. 1).
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The important type of cells necessary for providing a fully functional
tissue-like vessel wall are the vascular endothelial cells. Therefore, the
adhesion and growth of endothelial cells were tested on a dotted grid,
created in a diamond-like carbon (DLC) layer on a silicon wafer (Fig.
2a). In the cardiovascular field, DLC is employed for blood-contacting
implants and interventional devices, such as heart valves, vascular
prostheses, dialysis membranes and rotary pumps for ventricular as-
sistance, stents and guidewires. The performed studies have indicated
a directional migration (proliferation) towards the dimples and an in-
creased number of cells in such patterned areas in comparison to the
smooth DLC surfaces (Fig. 2b,c).



Fig. 2. a) Photograph of an
interference pattern obtained
by overlapping of 4 laser
beams while illuminating a
thin DLC layer on asilicon
substrate; b,c) Confocal laser
scanning microscope images
of endothelial cells growth on
dotted structures from a)
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Fig. 1. Dependence of Ra
roughness parameter on laser
fluence and direction of laser
irradiation

4 4 LASER DECORATION BY FUSING COLOUR CERAMIC LAYERS
o Te WITH GLASS PRODUCTS

By reducing costs and time of the production process and by introdu-
cing significant improvements in technological processes, laser fusing
of colour ceramic agents with ceramic or glass products arouses great
interest, thereby substituting the typical process of furnace firing for
decoration of small series of products. Glass substrate of a decoration
allows use of two configurations of the optical scheme in the technolo-
gical process - laser irradiation from the side of fused ceramic layer as
well as from the side of glass substrate. Presented results are mainly
related to experimental determination of utility features and advanta-
ges of both solutions.

Tests were performed with an extensive range of colour agents develo-
ped at the Institute of Ceramics and Building Materials in Warsaw, and
with commercial glass substrates, delivered by the industrial company
- Ceramika Tubgdzin Il Sp. z 0.0. The processes were researched and
optimised using computer-controlled ytterbium-doped diode-pumped
fibre laser systems: GLPM 10 from IPG Inc, USA (10 W, 532 nm) and
SP-100C-0020 from SPI Lasers UK Ltd (100 W, 1070 nm), coupled with
“galvo” type beam scanners RLC1004 from Raylase GmbH, Germany.
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A main advantage of sample irradiation through the glass layer is
the low value of roughness parameters for low values of laser fluen-
ce causing minimization of microcracks of product surface. Fig. 1 illu-
strates a comparison of the dependence of roughness parameter Ra
on laser fluence for both optical configurations used. In the summary
of all tests conducted using both fibre lasers, definitely better results
are obtained for laser operating at a wavelength of 532 nm rather
than 1070 nm. It corresponds to a higher absorption of colour agents
in the visible part of spectrum. Examples of fused decoration images
are shownin Fig. 2.
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Fig. 2. Examples of laser fused
colour decoration. a) image
of vector ornament (Corel
Draw); b) bitmap image (left
side) and its laser projection
before washing off the excess
of green paint (right side)
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Fig. 1. The SEM images of
TiO,@Au, Ag@TiO,, Au@
TiO,and Ag@TiO, core-shell
structures, which have been
synthesized in IOE MUT

4 5 SYNTHESIS OF “CORE-SHELL “ PLASMONIC
[ ] [ ]

NANOSTRUCTURES

In 2015, we continued our research studies on the chemical fabri-
cation, characterization and applications of various types of plas-
monic nanostructures. The main efforts were focused on studies on
the fabrication and characterization of core-shell nanostructures,
based on titanium dioxide and noble metals, having great potential
for application in photocatalysis and photovoltaics. As a result of
carried out work, the methods for the synthesis of core-shell struc-
tures TiO,@Au, Ag@TiO,, Au@TiO, and Ag@TiO,, including struc-
tures shown in the pictures above, were developed. The synthesized
nanostructures were tested for their efficiency in the process of
photocatalysis. These structures have also been used to build sim-
ple photovoltaic cells.

Research studies focusing on the surface-enhanced Raman spec-
troscopy (SERS) were devoted to the use of this technique in the
detection and identification of bacterial endospores. Our research
results have shown that this is a complex task and the results de-
pend on many factors, including the type of SERS substrate and
the excitation wavelength used in the measurements. The use of
Raman imaging also showed that the measurement results are de-
pendent on the position of spores on the SERS substrate and their
spatial orientation. The extension of IOE MUT Raman system made
in 2015, will allow in the near future to use for studies on SERS of
bacteria ultrafast Raman imaging and 3D imaging, among others.



4.6. FLUORESCENCE IMAGING IN BIOENGINEERING

Fluorescence imaging is used to evaluate the viability of cells, miroslaw.kwasny@wat.edu.pl

localization of endogenous and exogenous fluorochromes.
Amino acids are source of endogenous fluorescence in UV
spectrum human cells and tissues. In mineralized structures fluo-
rescent properties has hydroxyapatite - main component of bone.
The laser scanning system LSM 700 combined with confocal micro-
scope Zeiss Axio Observer.Z 1 has an extensive illuminator system (con-
sisted of lasers with a wavelength of 405nm, 488nm, 555nm, 639nm,
Colibri panel with LEDs 365nm, 470nm, 590nm, halogen lamp HAL
100). It allows to observe intracellular processes in cell cultures in real
time (monochrome camera AxioCam MRC5) at a given temperature,
humidity, and CO, concentration (incubation chamber Pecon XLmulti
S1), fluorescence imaging of biological preparations, accumulation of
fluorochromes analysis in in vitro conditions.

Photo 2. QLF-D system

Photo 3. Fragment of
the floor of the mouth;

» g 3 ] AxioCamera MRc5
*
— NW : B
QLF-D system (Quantitative Light-induced Fluorescence) is more Photo 4. Example of green
sensitive than the reflection method of the enamel evaluation and and red fluorescence
permits to get the screening of the teeth in a short time. It is based ““hq'tys's- ";he g'lree,“ 0:5 at
. . . . white spot analysis shows us
on the method of imaging fluorescence at an excitation wavelgngth the fluorescence loss in each
at 405 nm. Analysis of the green fluorescence allows detection of pixel in the selected area,
outbreaks of caries and demineralization of the tooth surface, while which means caries. Red
the red area shows us the localization of bacteria and plaque. fluorescence reveals bacteria

and plaque localization
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4 7 APPLICATIONS OF LASER-INDUCED FLUORESCENCE
o/ o METHODS IN BIOMEDICAL ENGINEERING

Laserinducedfluorescence(LIF)isoneofthemostsensitivespectroscopic
method. Inthe Laboratory of Lasers Application in Medicine unique me-

asurement systems allow to measure bioluminescence different groups
of materials:photosensitizersfor PhotodynamicTherapy (PDT),microor-
ganisms, proteins, biological pollution of the atmosphere, laser crystals.
The spectrofluorimetric Quanta Master QM-400 (Horiba) system is
intended for the characterization of luminescent materials such as
powders, solutions, thin films, crystals and nanomaterials. The spec-
tral range of excitation and detection is between 200 to 2200 nm. The
excitation sources are the pulse laser Nd:YAG Opolette 355 LD (225-
2200nm) illuminator with xenon lamp (200-900 nm) and 980 nm laser
to up-conversion measurement.

Photo 1. The

spectrofluorimetric Quanta
Master QM-400 (Horiba)
system

Main applications of laser induced fluorescence: excitation spectra,
emission spectra, time-resolved spectra, fluorescence and luminescen-
ce polarization anisotropy kinetics. System permits to determine the
quantum yield. The system is integrated with a fluorescence microsco-
pe Zeiss Axio Imager. M2 and supersensitive camera for bioluminescen-
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Fig. 1. Excitation-emission map of phthalocyanine Fig 2. Excitation-emission map of amber



4 8 RESE-ARCH ON FLUORESCENCE PROPERTIES OF SIMULANTS
oJe AND INTERFERENTS OF BIOLOGICAL WARFARE AGENTS

The database of fluorescence properties of more than 50 biological sam-
ples, including vegetative bacteria, bacterial and fungal spores, pollens,

proteins, amino-acids, culture growth media, and also inorganic air pol-
lutants has been created. These materials are simulants and interferents
(naturally occurring substances that may give false alarms) of Biological
Warfare Agents (BWA). Database consists of excitation-emission matri-
ces, Laser-Induced Fluorescence (LIF) spectra, and fluorescence decay
characteristics. This database, with addition of Principal Components
Analysis (PCA) was used for design of BWA early warning systems. The-
se systems were tested during international tests in campaigns in France,
Swedenand USA.

Przetrwalniki BG Alternaria alternata

Fig. 1. Excitation-emission
spectra of bacterial and
fungal spores

Fluorescencja [j.wzgl]
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Fig. 2. Laser induced
fluorescence of biological
sample
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OPTOELECTRONICDEVICES
AND SYSTEMS

5 1 EXTREME ULTRAVIOLET COMPACT MICROSCOPE WITH
oo NANOMETER SPATIAL RESOLUTION

Research, related to imaging in the extreme ultraviolet
(EUV) spectral range was conducted using a laser-plasma
EUV source. The microscope system was developed under LI-
DER/004/410/L-4/12/NCBR/2013 program. A compact, table-
-top EUV microscopy system was developed, which is based on
a multilayer off-axis ellipsoidal condenser mirror and diffractive
Fresnel zone plate lens objective.

przemyslawwachulak@wat.edu.pl

Condenser

chamber Mikroscope

chamber

EUV camera
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Fig. 1. 3-D visualization of
the EUV microscope




LIDER 2012  Mikroskop EUV

Detailed source and microscope optimization was carried in the co-
urse of studies. Using this microscope series of experiments were
conducted, during which source parameters such as number of
photons available, plasma size, emission spectrum from nitrogen/
helium double stream gas puff target, as well as imaging of test ob-
jects for spatial resolution assessment were carried out.
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The microscope spatial resolution was measured to be 48 nm and
the exposure time was from a few seconds up to 1 minute to acquire
single EUV image with nanometer spatial resolution.

Fig. 2. Photograph of the
EUV microscope

Fig. 3. Spatial resolution
measurement using KE
criterion a) - half-pitch
spatial resolution of 48 nm.
EUV image of the test object
- copper mesh 2000 periods/
inch b)
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5.2. MULTISPECTRAL LASER REFLECTANCE PROFILOMETER

marek.zygmunt@wat.edu.pl The project concerning construction of the reflectance profilome-

ter scanning head with optical transmitting and receiving systems
of a new generation was completed. Multispectral laser scanner
is an optoelectronic device, designed for use on aircraft platforms
including unmanned. Its principle of operation is based on range-
-finding technique. As a source of radiation one used 4 semicon-
ductors laser diodes of high power (850 nm, 905 nm, 2 x 1550 nm).
With the multiplication of number of analyzed wavelength, it is
possible not only to measure a distance from analyzed objects,
but also intensity of a returning signal for each channel. Both
returning signal intensity for all analyzed wavelength, as well as
their mutual relationships arise directly from spectral charac-
teristics of analyzed substance, and being their unique feature,
provide the basis for identification. Obtained signals are compa-
red with reflectance characteristics collected in specially created
database for that purpose Based on the database the process of
identification and analysis of terrain cover elements is made. For
the needs of multispectral laser scanner one developed special
software which illustrates collected data. Final information is

Fig. 1. Pictures of the presented by digital visualization implemented in both 2D and 3D
reflectance profilometer format, creating Digital Elevation Model (DEM) as well as Digital
head Surface Model (DSM).
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Fig. 2. Picture of analyzed
terrain

Fig. 3. Digital surface model

Fig. 4. Digital elevation
model
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Fig. 1. Spectral signatures
(left) and integrated
fluorescence signal (right)
measured by Bio-LIDAR
during field tests

normalized system unit

5 3 BIO-LIDAR TESTS IN USA
[ ] [ ]

LIDAR (Light Detection and Ranging) system for medium-range
stand-off detection of biological hazards underwent a 2-week
test in military technology training facility DPG (Dugway Proving
Ground) located in the US (UT).

During the first week, a verification of the overall sensitivity
was performed and a database of fluorescence and depolariza-
tion signatures was built. LIDAR was located approx. 1 km from
specialized bio- chamber, where a variety of biological aerosols
were released in a controlled manner. The chamber looked like a
cylinder, opened at both sides, with a base diameter of 3.5 m and
a length approx. 40 m, additionally equipped at both ends with
air curtains to prevent the escape of particles sprayed inside to
the outside. Inside the chamber, a number of devices designed to
maintain spatial uniformity of aerosol throughout its volume was
installed. The concentration was monitored in real time by three
independent APC sensors (Aerosol Particle Counter) located in
the chamber, which allowed the assessment of LIDAR sensitivi-
ty. In many cases, our system showed a sensitivity for detection
of biological particles at a concentration of several hundred ppl
which is comparable to the concentration level of natural biologi-
cal background constantly present in Earth atmosphere.

Experiments carried out during the second week, were aimed at
spraying biological aerosols in the open space, at different (unk-
nown) points within the monitored area. Evolution of the cloudsin
terms of their size and movement was dependent on weather con-
ditions and especially wind. LIDAR operated in automatic mode,
scanning the designated space sector to detect the presence of
aerosols, confirm or exclude their biological character (based on
a fluorescence signal), and follow the trajectory of aerosol move-
ment.
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Fig. 2. DGP location and
photo of the chambers

Fig. 3. Photo of the Bio-
LIDAR
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marek.zygmunt@wat.edu.pl

Fig. 1. Photos of hand held
photo-speedometer

5.4. HANDHELD LASER PHOTO-SPEEDOMETER

The project was completed and the final version of the laser spee-
dometer integrated with video recording was obtained. This final
prototype takes into account any improvements in the field of al-
gorithms, ergonomics and mechanical design, the need for which
was identified during testing of the intermediate version of the
device (in 2014).

The field tests were also conducted - the results of velocity me-
asurements obtained remotely using the laser speedometer were
confronted with the results recorded on the so called calibration
gate. The measurements were performed repeatedly, at different
times, under different atmospheric conditions, with respect to dif-
ferent vehicles and for different measuring distances. Statistical
analysis of the results confirms the speed measurement accuracy
below 1 km/s. The device is safe for eyes (Class 1) and has a maxi-
mum operational range of 1 km. In addition to the participants of
road incident, the system records how the measurement was con-
ducted by the operator. The speedometer has two displays - the
main (touch-screen) and near-eye (of strong sunlight conditions),
as well as a number of useful features and functions. It received
particularly positive comments from police representatives and
the commercialization is expected in nearest future.




CONTAMINATION

In this work we developed an optoelectronic device for quick au-
dit of hospital equipment surface cleanliness. Application of UV
radiation can quickly estimate the potentially contaminated are-
as and pinpoint the places where samples should be collected for
further analysis, and decontamination should be carried out. The
use of systems based on laser induced fluorescence for the con-
stant monitoring of microbiological purity of operating rooms,
sanitary items and medical equipment, can significantly reduce
the risk of spread of pathogenic microorganisms and affect the
security of the citizens.

5 5 OPTOELECTRONIC DETECTOR OF SURFACE
[ ] [ ]

miron.kaliszewski@wat.edu.pl

Photos 1.2. Contamination
on the sanitary equipment in
visible and UV light

Photo 3. Application of an
optical filter, so that only the
fluorescence of fluorophores
present in microorganisms

is visible

Photo 4. Autofluorescence
of pollen on the tip of the
needle
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5 6 BIOMETRMOBILE SYSTEM
[ ) [ )

Experimental mobile system for services performing the biome-
tric control was worked out. The design is based on the vest with
freely configurable components. The developed system allows
checks of second-generation biometric documents.

Kamera = ' KAMIZELKA

Fig. 1. Biometric vest Czytnik
dokumentéw
Czytnik
linii
Terminal papilarnych

operatora

Fig. 2. Reading data from the
passport

Safety data verification is done through communication with the
server certificates. The system is equipped with an experimental
ultrasonic fingerprint reader. Work is underway on the possibility
of using Augmented Reality technology for data acquisition and
visualization of information (HMD module).
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Fig. 3. Acquisition of
fingerprints




Rys. 4. Concept of data
visualization

Additional components of the system are PKI card reader, a he-
art rate monitor. Communication with the individual elements of
the systemis realized by wireless communication. The vest has its
own energy center.
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5 7 A COMPOSITE SYSTEM OF PASSIVE AND ACTIVE
o/ o PROTECTION OF CRITICAL INFRASTRUCTURE

The Operational Programme Innovative Economy, Institute of
Optoelectronics as Applicant (leader) and the company Intermet
with Cztuchéw (as a Consortium Member Business) realized the
project no. POIG.01.03.01-14-033/12, financed by The National
Centre for Research and Development entitled ,A composite sys-
tem of passive and active protection Critical Infrastructure”.

The aim of the project was the implementation of an innovative
technology to Business Consortium Member, active composite
mechanical security system through the integration of mechanical
elements of the composite fences, fiber optic and electromagnetic
sensors and system integrator. The result of the project is:

1. The development of experimental technological line for the ma-
nufacture of composite mechanical components of Critical Infra-
structure (Cl) protection by extrusion.

2. Installing experimental line for the production of composite com-
ponents in Business Consortium Member Intermet in Cztuchéw (fig.
1) and realization the elements for the construction the experimen-
tal composite mechanical systems security Cl objects (fig. 2).

3. The development of fiber optic cable sensor for use in composite
mechanical security systems CI.

4. The development of electromagnetic cable sensor for use in com-
posite mechanical security systems CI.

5. The development of an integrator of electronic sensor systems
for use in composite mechanical security systems CI.

6. Development and implementation of an active integrated rese-
arch system for mechanical safety of composite components made
on a pilot a technological line.

Active composite mechanical security systems are made through
the integration of mechanical elements composites, sensors and in-
tegrator. They have been tested in operational conditions:

- razor mesh fence (fence 30 m long and 2.7 m height with installed
sensors, built in MUT).

- razor barbed wire - coiled wire roller with composite blade with
electromagnetic sensor (manufactured and examined by a Business
Consortium Member).

- mesh floating security fence for submarines and surface ships pro-
tection (tested in the dock in Gdynia).

- portable stretched barbed wire to protect the sides of ships from
pirates (difficult boarding) - tested in Gdynia on the ship Amaranth



=T

Fig.1. Technological line
for extrusion installed at
aConsortium Member
Business in Cztuchéw

Fig.2. Composite structures
made of razor mesh done

at Consortium Member
Business in Cztuchow
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Fig. 1. Photography of

the laboratory setup (a)
and example of measured
characteristics of noise
voltage spectral density for
selected photoreceivers (b)

Komputer
Oprogramowanie

“LOCK-IN” SIGN-AL PROCESSING SYSTEMS FOR

PHOTORECEIVERS

The main objective of this work was to develop laboratory setups
employing the advanced optical signal detection methods. This
is important issue for identify opportunities for improvement of
optoelectronic technologies. It involves closely with military appli-
cations related to sensors and surveillance. A measurable effect of
this work was to design and develop:
e automated laboratory setup for noise parameters testing of
components and systems for both electronic and optoelectro-

nic devices,
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b)

e “Lock-in” type platform for optical radiation detectors and pho-
toreceivers,

Bateria
zasilajgca

Fig. 2. Lab model platform of
Lock-in technique (a) and its
3D visualization (b)

e compact Lock-in amplifier module.

The developed instruments can provide valuable information, which
will be applied to construct new detectors and photoreceivers, as
well as their practical application.



Fig. 3. Photo of Lock- in
lab module (a) and its 3D
visualization (b)
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Fig. 1. Thermal weapon sight
compatible with TYTAN
individual warfare system
mounted on 5,56 mm Beryl
assault rifle

a)

5 9 THERMAL WEAPON SIGHT COMPATIBLE WITH TYTAN
o4 INDIVIDUAL WARFARE SYSTEM

Nowadays all armed forces utilize a wide variety of advanced
optoelectronic observation devices. Institute of Optoelectro-
nics, in co-operation with PCO S.A. and WB Electronics S.A., de-
veloped a high-resolution thermal weapon sight for small-arms
weapons. The sight is compatible with TYTAN individual warfare
system and can be paired up with a helmet-mounted display and
laser IFF module. Furthermore the sight is equipped with interfa-
ces allowing for a remote control of its main functions.

Thermal weaponsightis used for precise firing, observation, tar-
get detection and identification during day and night, regardless
of natural lightning. It is also effective in the presence of light
fog or smoke. The sight is fitted with a state-of- the-art uncooled
microbolometer focal plane array detector made of amorpho-
us silicon, with a 640x480 resolution and 17 ym pixel pitch. As a
result it provides sufficiently long detection ranges for a variety
of potential targets. Electronic circuits, optics and mechanical
construction of the sight were designed with the application of
cutting-edge technology, which resulted in feature-rich, yet li-
ghtweight and energy-efficient solution.

b)



Fig. 2. Prototype thermal
weapon sight compatible
with TYTAN individual
warfare system with
attached laser IFF module
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5 1 0 OBSERVATION AND RECONNAISSANCE LLL/CCD TV
. Jl CAMERAS WITH HIGH DYNAMIC RANGE

Institute of Optoelectronics, in co-operation with PCO S.A. and
WB Electronics S.A., developed a high dynamic range (HDR) came-
ra with a video link to TYTAN individual warfare system. One of the
key features of this camera is its ability to produce visual image in
low ambient light environment (e.g. at night) resulting from the ap-
plication of highly sensitive image sensor with an extended spectral
response. This HDR camera was developed using monochrome ima-
ge sensor Lynx (by PHOTONIS), featuring SVGA 1280 x 1024 reso-
lution and spectral range 350 nm - 1100 nm.

henryk madura@wat.edu.pl

Modut |
| obiektywu

Zasilacz »|  Modut
matrycy VIS
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Modut cyfrowego
Modut sterowania |/'—N przetwarzania obrazu
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Modut interfejséw

komunikacyjnych
i I —>| Modut interfejséw video |

Zdalne sterowanie

Fig. 1. Simplified block
diagram of HDR camera
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Fig. 2. Photos of the
developed HDR camera:
without casing (left), ina
weather-sealed enclosure
(center) and helmet-mounted
(right)



WARFARE SYSTEM

Institute of Optoelectronics, in co-operation with PCO S.A. and
WB Electronics S.A., developed a camera with digital zoom and
advances image processing capabilities. It also features a video
interface to TYTAN individual warfare system, which makes it
possible to display its video feed on a personal computer and/
or helmet-mounted display. The camera enhances the visual ob-
servation capabilities of a soldier, being able to adapt itself to a
changing scene illumination. Camera features a digital zoom and
image processing system, which provide sharp, enlarged view of
objects in the center (adjustable x2/x4 zoom) yet retaining the
overview of a wider scene.

The camera design was based on color CMOS image sensor
AR0132AT6COOXPEAOQ ( by APTINA) with 1280 x 960 resolution.

| Modut |
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Wyswietiacz

OBSERVATION AND RECONNAISSANCE CAMERA WITH

5 . 1 1. DIGITAL ZOOM, COMPATIBLE WITH TYTAN INDIVIDUAL

henryk.madura@wat.edu.pl

Fig. 1. Block diagram of the
developed camera (a) and the
operation of digital zoom and
image processing system (b)

Fig. 2. Inside view of the
developed camera module (a)
and the camera case which
can be mounted on a helmet

(b)
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5 1 2 CAMERA SET FOR OPTOELECTRONIC, MULTISPECTRAL
J Jl SYSTEM AIDING AIRPLANE LANDING OPERATION

Institute of Optoelectronics, in co-operation with PIT-RADWAR

S.A. and PCO S.A, developed the camera set to be used in opto-
electronic, multispectral airfield system intended to assist aircraft
landings. The main purpose of this system is to provide detailed
information on approaching aircraft (in day/night, fog conditions),
such as: position with respect to runway axis, altitude, distance to
touchdown point and visual image of landing gear (or other aircraft
components). The camera set consists of three camera units: two
newly developed, high-resolution thermal cameras with cooled fo-
cal plane array detectors (640x512 pixels, pixel pitch15 pm) and a
video camera module. Thermal cameras operate in MWIR (35 um)
and LWIR (8-12 um) bands of infrared spectrum whereas the video
camera covers visible spectrum (0,38 - 0,78 um). MWIR thermal
camera is fitted with InSb infrared array detector Pelican D ma-
nufactured by SCD (Israel) and LWIR camera uses MCT infrared
array detector supplied by AIM (Germany).

Real test conducted on an airfield confirmed the performance and
proper operation of the camera set. Thermal cameras were capa-
ble of aircraft detection and tracking from the distance exceeding
10 kilometers, both at night and light fog conditions (visibility 1 ki-
lometer).
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Fig. 1. Photo of the set from
the cameralens side ( from
left to right: MWIR, VIS,
LWIR) and an inside view
with casing removed



Fig. 2. Sample aircraft images
recorded from 2 kilometer
distance: PZL-130 Orlik,
MWIR camera (left), PZL
M28B Bryza, LWIR camera
(right). Visibility 1 kilometer
(light fog)
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APENDICES

D 1 1 INTERNATION-AL PROJECTS FINANCED BY UE AND
[ ] [ ] [ ]

OTHER INTERNATIONAL ORGANIZATIONS

M1. PUM/09-041/2013/WHAT, ,Terahercowe platformy obrazu-
jgce do zdalnej detekcji IED (improwizowanych tadunkéw wybu-
chowych) (TIPPSI) ,EUROPEJSKA AGENCJA OBRONY EDA, Kie-
rownik: PALKA Norbert

M2. PUM/09-058/2013/WAT, RAMBO ,EUROPEJSKA AGEN-
CJA OBRONY EDA, Kierownik: JANKIEWICZ Barttomiej

M3. PUM/09-153/2014/WAT, ,AMURFOCAL -Active Multispec-
tral Reflection Fingerprinting of Persistent Chemical Agents”
,EUROPEJSKA AGENCJA OBRONY EDA, Kierownik: KASTEK
Mariusz

M4. PMW/35-002/2013/WAT, ,Wytwarzanie laserem promie-
niowania rentgenowskiego i skrajnego nadfioletu (EUV) do zasto-
sowan w inzynierii materiatowej i biomedycynie. LASERLAB-EU-
ROPE ,MINISTESSTWO NAUKI | SZKOLNICTWA WYZSZEGO,
Kierownik: FIEDOROWICZ Henryk

M5. PRUE/31-089/212/WAT, Laserlab Europe Il ,KOMISJA
WSPOLNOT EUROPEJSKICH, Kierownik: FIEDOROWICZ Henryk

Mé6. NCN/36-433/2013/WAT, Impulsowe lasery na osrodkach
quasi-lll-poziomowych pompowanie poprzeczna 2D stosami diod
laserowych duzej mocy ,NARODOWE CENTRUM NAUKI KRA-
KOW, Kierownik: JABCZYNSKI Jan
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M7. PMN/36-236/2015/WAT, Badania generacji supercontinu-
um w Swiattowodach fluoroindowych pompowanych impulsami
optycznymi o czasie trwania z zakresu femtosekund, pikosekund
oraz nanosekund. ,NARODOWE CENTRUM NAUKI KRAKOW,
Kierownik: SWIDERSKI Jacek

M8. FS/32-015/2013/WAT, Rozwdj Klastra Centrum Inzynierii
Biomedycznej ,POLSKA AGENCJA ROZWOJU, Kierownik: tA-
PINSKI Mariusz

KL1. FS/32-309/2015/WAT, Rozbudowa Laboratoriow Cen-
trum Inzynierii Biomedycznej Wojskowej Akademii Technicznej
»Zarzgd Wojewodztwa Mazowieckiego Mazowiecka Jednostka
Wdrazania Programéw Unijnych., Kierownik: tAPINSKI Mariusz

M9. FS/32-480/2013/WAT, Kompozytowy system pasywnej i ak-
tywnej ochrony obiektéw infrastruktury krytycznej ,NARODO-
WE CENTRUM BADAN | ROZWOJU, Kierownik: SZUSTAKOW-
SKI Mieczystaw

M10. PPFM/37-363/2015/WAT, OPTOLAB- Rozbudowa bazy
laboratoryjnej Instytutu Optoelektroniki Wojskowej Akademii
Technicznej ,NARODOWE CENTRUM BADAN | ROZWOJU, Kie-
rownik: SZCZUREK Mirostaw
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D 1 2 STRATEGIC PROGRAMS FINANCED BY NATIONAL
[ ] [ ] [ ]

CENTRE FOR RESEAARCH & DEVELOPMENT

PST1. PSOB/16-062/2014/WAT, Metody i Sposoby Ochrony
i Obrony przed impulsami HPM ,NARODOWE CENTRUM BA-
DAN | ROZWOJU, Kierownik: KOPCZYNSKI Krzysztof

PST2.PSOB/16-064/2014/WHAT, Laserowe systemy Broni Skiero-
wanej Energii, Laserowe Systemy Broni Niesmiercionosnej ,NA-
RODOWE CENTRUM BADAN | ROZWOJU, Kierownik: KOP-
CZYNSKI Krzysztof
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D 1 3 BASIC RESEARCH PROGRAMS FINANCED BY
[ ] [ ] ®

NATIONAL SCIENCE CENTRE

BP1. NCN/07-145/2012/WAT, Badanie procesu zatezania | de-
kompozycji w optoelektronicznym sensorze par materiatéw wy-
buchowych ,NARODOWE CENTRUM NAUKI KRAKOW, Kie-
rownik: RUTECKA Beata

BP2. NCN/07-148/2012/WHAT, Mikroskopia w zakresie skrajne-
go nadfioletu oraz miekkiego promieniowania rentgenowskiego
,NARODOWE CENTRUM NAUKI KRAKOW, Kierownik: WA-
CHULAK Przemystaw

BP3. NCN/07-150/2012/WAT, Wptyw budowy plazmonowych
monostruktur core-shell na bazie tlenku tytanu i metali szla-
chetnych na ich wtasciwosci optyczne i fotoelektryczne ,NARO-
DOWE CENTRUM NAUKI KRAKOW, Kierownik: JANKIEWICZ
Barttomiej

BP4.NCN/07-381/2013/WAT, Nowe lasery ciata statego z samo-
-adaptujgcymi rezonatorami wykorzystujgce efekt cztero-falo-
wego mieszania w osrodku czynnym. ,NARODOWE CENTRUM
NAUKI KRAKOW, Kierownik: ZENDZIAN Waldemar

BP5.NCN/07-124/2014/WAT, Analiza teoretyczna oraz badania
wiasciwosci generacyjnych pompowanego koherentnie, impulso-
wego lasera Cr:ZnSe, przestrajalnego w pasmie widmowym okoto
2400 nm. ,NARODOWE CENTRUM NAUKI KRAKOW, Kierow-
nik: GORAJEK tukasz

BP6. NCN/07-125/2014/WAT, Fotojonizacja osrodkéw gazo-
wych impulsami promieniowania plazmy laserowej ,NARODO-
WE CENTRUM NAUKI KRAKOW, Kierownik: BARTNIK Andrzej

BP7. NCN/07- 094/2015/WAT, Badanie generacji supercontinu-
um w pasmie widmowym Sredniej podczerwieni z uzyciem wybra-
nych $wiattowodéw nieliniowych oraz nowoczesnych laserowych
uktadéw swiattowodowych generujgcych pikosekundowe impul-
sy promieniowania o dtugosci fali 2000 nm ,NARODOWE CEN-
TRUM NAUKI KRAKOW, Kierownik: SWIDERSKI Jacek
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D 1 4 RESEARCH & DEVELOPMENT PROJECTS FINANCED BY
[ ] [ [ ]

NATIONAL CENTRE FOR RESEAARCH & DEVELOPMENT

BR1. PBR/15-291/2012/WAT, Celownik termowizyjny kompaty-
bilny z systemem C4ISR ISW TYTAN, zintegrowany z wyswietla-
czem nahetmowym, modutem laserowego systemu identyfikacji
,SWOj-obcy” (IFF) z mozliwosciq zdalnego sterowania gtownymi
funkcjami celownika. ,NARODOWE CENTRUM BADAN | ROZ-
WOJU , Kierownik: SOSNOWSKI Tomasz

BR2. PBR/15-305/2012/WAT, Kamery obserwacyjno-rozpo-
znawcze o szerokim zakresie natezenia Swiatta LLL/CCD TV
kompatybilne z systemem C4ISR ISW TYTAN ,NARODOWE
CENTRUM BADAN | ROZWOJU (BUMAR ZOENIERZ S.A.), Kie-
rownik: MADURA Henryk

BR3. PBR/15-301/2012/WAT, System monitorowania integral-
nosci tgcza swiattowodowego w celu ochrony przed nieautoryzo-
wanym dostepem do informacji niejawnych. ,NARODOWE CEN-
TRUM BADAN | ROZWOJU , Kierownik: ZYCZKOWSKI Marek

BR4. PBR/15-314/2012/WAT, Uprawnienie procesu odprawy
granicznej oséb przy wykorzystaniu biometrycznych urzqgdzen do
samokontroli srodkéw transportu przekraczajgcych granice ze-
wnetrzng UE. ,NARODOWE CENTRUM BADAN | ROZWOJU
Kierownik: SZUSTAKOWSKI Mieczystaw

BR5. PBR/15-316/2013/WAT, Srodki ochrony wzroku i sprzetu
przed wysokoenergetycznym promieniowaniem elektromagne-
tycznym, w tym laserowym, w szerokim zakresie widma zgodnie
z ISW TYTAN. ,NARODOWE CENTRUM BADAN | ROZWOJU (
WYDZIAt NOWYCH TECHNOLOGII | CHEMII), Kierownik: ZYG-
MUNT Marek

BR6. PBR/15-098/2013/WAT, Mobilna kontrola graniczna z wy-
korzystaniem technik biometrycznych dostosowana do wymo-
goéw i zalecen UE. ,NARODOWE CENTRUM BADAN | ROZWO-
JU , Kierownik: SZUSTAKOWSKI Mieczystaw

BR7. PBR/15-097/2013/WAT, Inteligentny antypocisk do zwal-
czania pociskéw przeciwpancernych ,2NARODOWE CENTRUM
BADAN | ROZWOJU WYDZIAE MECHANICZNY, Kierownik:
ZYGMUNT Marek

BR8. PBR/15-114/2014/WAT, Narzedzie wspomagajgce prowa-
dzenie postepowania przygotowawczego i wykonywanie czyn-
nos$¢w procesie wykrywczym poprzez odtwarzanie wyglgdu miej-
sca zdarzenia i okolicznosci zdarzenia. ,NARODOWE CENTRUM
BADAN | ROZWOJU CGS, Kierownik: KASTEK Mariusz
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BR9. PBR/15-067/2014/WAT, Innowacyjny hetm strazacki zinte-
growany z obserwacyjnym systemem termowizyjnym i systemem
umozliwiajgcym monitorowanie funkcji zyciowych strazaka ra-
townika oraz wyjsciem do transmisji obrazéw i danych do urzdzen
zewnetrznych. ,NARODOWE CENTRUM BADAN | ROZWOJU
CENTRALNA SZKOtA PANSTWOWEJ STRAZY POZARNEJ
CZESTOCHOWA. PRZEDSIEBIORSTWO SPRZETU OCHRON-
NEGO ,ASKPOL S.A., Kierownik: MADURA Henryk

BR10. PBR/15-072/2014/WAT, Opracowanie Srodowiska do
wdrozen koncepcji SmartBorders. ,NARODOWE CENTRUM BA-
DAN | ROZWOJU JAS TECHNOLOGIE GEMALTO SPZ O.0. ,
Kierownik: SZUSTAKOWSKI Mieczystaw

BR11. PBR/15-361/2015/WAT, System przeciwdziatania i zwal-
czania zagrozen powstatych w wyniku bezprawnego i celowego
uzycia platform mobilnych (latajgcych, ptywajgcych). ,NARODO-
WE CENTRUM BADAN | ROZWOJU JAS TECHNOLOGIE GE-
MALTO SP Z O.0. , Kierownik: KASTEK Mariusz

BR12. PBR/15-364/2015/WAT, Symulatory szkoleniowe w za-
kresie zwalczania pozaréw wewnetrznych. ,NARODOWE CEN-
TRUM BADAN | ROZWOJU JAS TECHNOLOGIE GEMALTO SP
Z 0.0. , Kierownik: FIRMANTY Krzysztof

BR13. PBST/27-054/2013/WAT, Opracowanie energooszczed-
nego zestawu biometrycznego do mobilnej kontroli dokumentéw
i 0séb z uzyciem systeméw akustycznych i zobrazowania twarzy
,NARODOWE CENTRUM BADAN | ROZWOJU, Kierownik: SZU-
STAKOWSKI Mieczystaw

BR14. PBST/27-086/2012/WAT, Emitery i detektory podczer-
wieni nowej generacji do zastosowan w urzqdzeniach do detekgji
sladowych ilosci zanieczyszczen gazowych ,NARODOWE CEN-
TRUM BADAN | ROZWOJU (Instytut Technologii Elektronowej),
Kierownik: BIELECKI Zbigniew

BR15. PBST/27-219/2015/WAT, Aktywny sub-THz skaner 3D
do zastpsowaﬁ antyterrorystycznych. ,NARODOWE CENTRUM
BADAN | ROZWOJU, Kierownik: SZUSTAKOWSKI Mieczystaw

BR16. PBST/27-220/2015/WAT, Pompowany diodowo, moduto-
wy zestaw laserowy do zastosowan specjalnych. ,NARODOWE
CENTRUM BADAN | ROZWOJU, Kierownik: JABCZYNSKI Jan

BR17. PBST/27-225/2012/WAT, Wielopikselowy detektor pro-
mieniowania THz zrealizowany z wykorzystaniem selektywnych
tranzystoréw MOS i jego zastosowanie w biologii, medycynie
i systemach bezpieczenstwa. ,NARODOWE CENTRUM BADAN
| ROZWOJU, Kierownik: ZAGRAJEK Przemystaw
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BR18. PBST/27-238/2012/WAT, Opracowanie gtowicy skanujg-
cej z uktadami nadawczo-odbiorczymi nowej generacji do wielo-
spektralnego laserowego profilometru reflektancyjnego umozli-
wiajgcego okreslanie rzezby i charakterystyk fizykochemicznych
pokrycia terenu do zastosowania na platformie powietrznej. ,NA-
RODOWE CENTRUM BADAN | ROZWOJU, Kierownik: PIOTRO-
WASKI Wiestaw

BR19. PBST/27-239/2012/WHAT, Optoelektroniczny system sen-
soréw markerow chorobowych. ,NARODOWE CENTRUM BA-
DAN | ROZWOJU, Kierownik: BIELECKI Zbigniew

BR20. PBST/27-281/2012/WAT, Opracowanie warunkéw wy-
twarzania spinela magnezowego MgA1204,skandowo-magne-
zowego ScMgA104,oraz szkta Er, Yb, do zastosowania w mi-
krolaserach dalmierczych ,NARODOWE CENTRUM BADAN
| ROZWOJU, Kierownik: MEYNCZAK Jarostaw

BR21. PBST/27-345/2012/WAT, Reczny fotoradar laserowy.
,NARODOWE CENTRUM BADAN | ROZWOJU, Kierownik:
WOJTANOWSKI Jacek

BR24. INT/19-045/2014/WAT, Lasery chirurgiczne wysokiej
mocy pracujgce na dtugoscifali 1470nmi 1940 nm do zastosowan
w matoinwazyjnej chirurgii endoskopowej i robotycznej. ,NARO-
DOWE CENTRUM BADAN | ROZWOJU (METRUM CRYOFLEX S
z0.0.,sp.k.), Kierownik: SWIDERSKI Jacek

BR25. INT/19-190/2015/WAT, Opracowanie nowatorskiego
czujnika detekcji upadku oséb wraz z systemem sterowania inte-
ligentnym budynkiem. ,NARODOWE CENTRUM BADAN | ROZ-
WOJU, Kierownik: ZYCZKOWSKI Marek

BR26. INT/19-335/2015/WAT, Spektrometr ramanowski z hete-
rodyng optyczng ,NARODOWE CENTRUM BADAN | ROZWO-
JU, Kierownik: KOPCZYNSKI Krzysztof

BR25. PPFN/34-198/2012/WAT, Nanostruktury plazmonowe do
zastosowan w fotowoltaice i_optoelektronice »MINISTESSTWO
NAUKI | SZKOLNICTWA WYZSZEGO, Kierownik: NYGA Piotr

BR26. PPFN/34-038/2013/WAT, Metoda i system do wykrywa-
nia obiektéw z uzyciem polarymetrii obrazowej w zakresie dale-
kiej podczerwieni ,NARODOWE CENTRUM BADAN | ROZWO-
JU, Kierownik: BIESZCZAD Grzegorz

BR27. PPFN/34-049/2013/WAT, Mikroskop EUV z nanometro-
wq rozdzielczosciq przestrzenng do zastosowan we wspotczesnej
nauce i technologii ,NARODOWE CENTRUM BADAN | ROZWO-
JU, Kierownik: WACHULAK Przemystaw

BR28. PPFN/34-068/2014/WAT, Detektory promieniowania THz
wytworzone z wykorzystaniem tranzystoréw polowych do zasto-
sowania w komunikacji bezprzewodowej ,NARODOWE CEN-
TRUM BADAN | ROZWOJU, Kierownik: ZAGRAJEK Przemystaw



D 1 5 SCIENTIFIC SCHOLARSHIPS FOR OUTSTANDING
[ ] [ ] ®

YOUNG SCIENTISTS

SN2. PPFN/34-001/2012/WAT, Finansowanie stypendium na-
ukowego decyzjg Ministra z dnia 31.10.2012 dla wybitnego
mtodego naukowca ,MINISTERSTWO NAUKI | SZKOLNICTWA
WYZSZEGO, Kierownik: NYGA Piotr

SN3. PPFN/34-004/2014/WAT, Finansowanie stypendium na-
ukowego decyzjg Ministra z dnia 31.10.2012 dla wybitnego
mtodego naukowca ,MINISTERSTWO NAUKI | SZKOLNICTWA
WYZSZEGO, Kierownik: JANKIEWICZ Barttomiej
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D 1 6 STATUTE RESE-ARCH PROJECTS FINANCED BY
[ ] [ ] [ ]

MINISTRY OF SCIENCE AND HIGHER EDUCATION

ST1. PBS/23-902/2014/WAT, Optoelektroniczne rozpoznanie
pola walki. ,MINISTESSTWO NAUKI | SZKOLNICTWA WYZSZE-
GO, Kierownik: ZYGMUNT Marek

ST2.PBS/23-903/2014/WAT, Optoelektroniczne metody wytwa-
rzania i charakteryzacji nanostruktur dla potrzeb techniki woj-
skowej. ,MINISTESSTWO NAUKI | SZKOLNICTWA WYZSZEGO,
Kierownik: GIETKA Andrzej

ST3. PBS/23-904/2014/WAT, Zabezpieczenie metrologiczne
optoelektroniki. ,MINISTESSTWO NAUKI | SZKOLNICTWA
WYZSZEGO, Kierownik:

ST4. PBS/23-905/2014/WHAT, Analiza poréwnawcza symulato-
row lotéw przenosnych rakiet przeciwlotniczych krétkiego za-
siegu. ,MINISTESSTWO NAUKI | SZKOLNICTWA WYZSZEGO,
Kierownik: PUZEWICZ Zbigniew

ST5. PBS/23-906/2014/WAT, Multispektralne urzgdzenia opto-
elektroniczne w systemach bezpieczenstwa ,MINISTESSTWO
NAUKI | SZKOLNICTWA WYZSZEGO, Kierownik: SZUSTAKOW-
SKI Mieczystaw

ST6. PBS/23-907/2014/WAT, Militarne zastosowania lase-
row pompowanych wigzkami swiatta ,MINISTESSTWO NAUKI
| SZKOLNICTWAWYZSZEGO, Kierownik: ZENDZIAN Waldemar

ST7. PBS/23-908/2014/WHAT, Laserowe i plazmowe technologie
mikro-i nano - obrébki warstwy wierzchniej materiatéw ,MINI-
STESSTWO NAUKI | SZKOLNICTWA WYZSZEGO, Kierownik:
BARTNIK Andrzej

ST8. PBS/23-920/2015/WAT, Uktady przetwarzania sygnatéw
do detektorow promieniowania optycznego. ,MINISTESSTWO
NAUKI | SZKOLNICTWA WYZSZEGO, Kierownik: BIELECKI Zbi-
gniew

ST9. PBS/23-921/2015/WAT, Obserwacyjne kamery termowi-
zyjne dla autonomicznych platform bojowych z niechtodzonymi
matrycami detektoréw podczerwieni o duzej rozdzielczosci . ,Ml-
NISTESSTWO NAUKI | SZKOLNICTWA WYZSZEGO, Kierownik:
SOSNOWSKI Tomasz

MRN1. PRM 08-754/2015/ WAT, Wytwarzanie ultrakrétkich im-
pulséw spdjnego promieniowania w zakresie widmowym skrajne-
go nadfioletu (EUV) w wyniku oddziatywania femtosekundowych
impulséw laserowych z tarczami gazowymi o zmiennym rozkta-
dzie gestosci. ,MINISTESSTWO NAUKI | SZKOLNICTWA WYZ-
SZEGO, Kierownik: FOK Tomasz
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D R 1.7. RESE-ARCH PROJECTS FINANCED BY OTHER SOURCES

PBU1.PBU/01/598 2011/WAT, Modernizacja przeno$nego prze-
ciwlotniczego zestawu rakietowego ,GROM” . BUMAR AMUNI-
CJAS.A, Kierownik: PUZEWICZ Zbigniew

PBU2. PBU/01-122/2012/WAT, Wykonanie 19 szt. Uktadéw de-
tekecyjnych FAD Mod.1 do gtowicy samonaprowadzajgcej na pro-
mieniowanie podczerwone rakiety morskiej P-22, zwanej dalej
yStowarem”. ,CENZIN SP.Z O.0. , Kierownik: NOGA JANUSZ

PBU3. PBU/01-195/2012/WAT, System amunicji precyzyjnego
razenia do 120 mm mozdzierza kryptonim RAK i System amunicji
precyzyjnego razenia dla samobieznych haubic kal.155 mm kryp-
tonim KRAB,KRYL. ,BUMAR AMUNICJA S.A, Kierownik: PUZE-
WICZ Zbigniew

PBU4. PBU/01-356/2012/WAT, Cytadela Bezpieczenstwa Stat-
kéw - system ochrony jednostek ptywajqcych przed atakami pi-
rackimi. ,Przedsiebiorstwo Produkcyjno - Ustugowe INTERMET
Sp. z 0.0., Kierownik: SZUSTAKOWSKI Mieczystaw

PBUS8. PBU/01-172/2014/WAT, Zadanie 1 Analiza problemu
diagnostycznego dotyczgcego degradacji topatek turbin -opra-
cowanie metody pomiarowej i wymagan dla innowacyjnego lase-
rowego systemu wizyjnego. W ramach realizacji projektu” Inno-
wacyjne laserowe metody diagnostyki oraz technologie naprawy
topatek turbin parowych” ,Zaktad Remontowy Energetyki Kato-
wice Spoétka Akcyjna, Kierownik: PISZCZEK Marek

PBU9. PBU/01-036/2014/WAT, Badania i pomiar parametréw
zestawu 12 kamer termowizyjnych w zakresie okreslonym w zat.
Nr 1. ,Bracia Strzelczyk, Kierownik: KASTEK Mariusz

PBU10. PBU/01-185/2015/WAT, Opracowanie nowego wzoru /
typu kamuflazu. ,MASKPOL S.A., Kierownik: KASTEK Mariusz

PBU11. PBU/01-271/2015/WAT, Opracowania udoskonalone-
go systemu do wideoweryfikacji decyzji sedziowskich w sporcie
,BIRS Sp.J., Kierownik: KOPCZYNSKI Krzysztof

PBU12. PBU/01-282/2015/WAT, Opracowanie i wdrozenie lek-
kiego systemu ze sterowang rakietq o zasiegu 2,5 km kryptonim
JPIRAT”. ,MESKO S.A, Kierownik: PUZEWICZ Zbigniew

PBU13. PBU/01-336/2015/WAT, Wykonanie 19 sztuk uktadéw
detekcyjnych FAD Mod1 do gtowicy samonaprowadzajgcej na
promieniowanie podczerwone rakiety morskiej P-22 . ,CENZIN
Sp. z 0.0., Kierownik: PUZEWICZ Zbigniew
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PBU14. PBU/01372/2006/WAT, Przeprowadzenie przez Akade-
mie na rzecz Zamawiajgcego badan na zgodno$é z warunkami
technicznymi (WT) fotodetektoréw InSb, PbS przeznaczonych
do GSN GROM w roku 2006 i 2007 oraz przeprowadzenie badanh
kontroli wejsciowej poétfabrykatéow owiewki dla GSN GROM na
warunkach okreslonych w dalszej jej czesci. ,CRW TELESYSTEM
MESKO SP.z 0.0., Kierownik: PUZEWICZ Zbigniew

PBU15. PBU/02-254/1999/WAT, Poufna ,BUMAR AMUNICJA
S.A., Kierownik: PUZEWICZ Zbigniew

PBU16. PBU/02-189/2014/WHAT, Zaawansowane Indywidualne
Systemy Walki(ZISW) kr. TYTAN ,Skarb Panstwa Inspektorat
Uzbrojenia, Kierownik: ZYGMUNT Marek

PBN1. PBN/03-192/2014/WAT, Pomoc ekspercka w organizacji
i przeprowadzaniu postepowania o udzielenie zam. publicznego
,Kancelaria Sejmu, Kierownik: SZUSTAKOWSKI Mieczystaw

PBN2. PBN/03-119/2015/WAT, Wytworzenie struktur Perio-
dycznych przy uzyciu techniki DLIL na powierzchni blachy wyko-
nanej z tytanu Grade 2. ,Politechnika Warszawska, Kierownik:
MARCZAK Jan

PBN3. PBN/03-147/2015/WAT, Instrumentalna analiza defek-
téw ,gtadkosci, rozktadu srodkéw barwnych i rozdzielczosci w de-
koracji laserowej szkta przy naswietlaniu laserowym od strony
podtoza. ,Instytut Ceramiki i Materiatéw Budowlanych, Kierow-
nik: MARCZAK Jan

PBN4. PBN/03-155/2014/WHAT, Doradcy w procesie wytonie-
nia Wykonawcy w organizowanym przez spétke postepowaniu
na zaprojektowanie i wykonanie technicznego systemu ochrony
perymetrycznej Lotniska Warszawa / Modlin oraz uczestnictwo
w ocenie nalezytego wykonania umowy w wyniku postepowania
wykonawcg.. ,Spétka Mazowiecki Port Lotniczy Warszawa -Mo-
dlin Sp. z 0.0., Kierownik: SZUSTAKOWSKI Mieczystaw

PBNS5. PBN/03-257/2015/WAT, Badania poréwnawcze efektéw
cisnieniowych w odczycie bezposrednim i interferometrycznym
w materiatach pod wptywem silnych impulséw laserowych. ,In-
stytut Podstawowych probleméw Technik PAN, Kierownik: MAR-
CZAK Jan

PBN6. PBN/03-273/2015/WAT, Lokalizacji zawodnikéw w cza-
sie poszczgzgélnych akcji w pitce siatkowe;j. ,BIRS Sp.J., Kierownik:
KOPCZYNSKI Krzysztof

PBN7. PBN/03-289/2015/WAT, Laserowa modyfikacja po-
wierzchni tytanu. ,Politechnika Warszawska, Kierownik: MAR-
CZAK Jan

PBNS8. PBN/03-232/2015/WAT, Ustugi wsparcia w charakterze
konsultanta w zakresie rozwigzan technicznych dla etapu Il i 11l
,Panstwowe Muzeum Auschwitz-Birkenau, Kierownik: ZYCZ-
KOWSKI Marek



PBN9. PBN/03-025/2014/WAT, Opracowanie urzgdzenia do
wytwarzania dwustrumieniowej tarczy gazowej przeznaczonej
do badan w zakresie oddziatywania impulséw laserowych z ga-
zem pod wysokim cisnieniem oraz wytwarzania promieniowania
w zakresie widmowym skrajnego nadfioletu (EUV). ,Inframet
Krzysztof Chrzanowski, Kierownik: FIEDOROWICZ Henryk

PBN10. PBN/03-048/2014/WAT, Wykonanie badan laboratoryj-
nych kamery termowizyjnej i kamery dziennej TV wyrobu ZMO-1,
zastosowanego w ZSMU, w zakresie okreslenia zasiegu wykrycia,
rozpoznania i identyfikacji celu dla wgskiego i szerokiego pola wi-
dzenia. ,Wojskowy Instytut Techniki Pancernej i Samochodowej,
Kierownik: KASTEK Mariusz
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D. 2. PATENT APPLICATIONS IN 2015

ZP1. No. 415256, T: Sposdb okreslania wzglednej transmisji pro-
mieniowania i urzgdzenie do wykorzystania tego sposobu

ZP2.No.415227, T: Sposéb korekcji wptywu temperatury na war-
tos¢ czutosci napieciowej detektoréw w matrycy mikrobolome-
trycznej

ZP3.No0.415226, T: Urzgdzenie zruchomg przestong do zdalnego
wykrywania par alkoholu w poruszajgcych sie pojazdach

ZP4. No. 414689, T: Impulsowy detektor zaburzen mechanicz-
nych $wiattowodowej linii transmisyjnej i sposéb detekcji zabu-
rzen mechanicznych swiattowodowej linii transmisyjnej

ZP5. No. 414705, T: Kwantowy detektor zaburzen mechanicz-
nych swiattowodowej linii transmisyjnej i sposéb detekcji zabu-
rzen mechanicznych swiattowodowej linii transmisyjnej

ZP6. No. 414425, T: Sposdb optycznego szyfrowania informacji
i uktad do optycznego szyfrowania informacji

ZP7.No. 15166490.1-1655, T: An active protection system
ZP8. No. 412840, T: Urzgdzenie do wykrywania par alkoholu

w poruszajgcych sie pojazdach z wykorzystaniem miedzypasmo-
wych laseréw kaskadowych
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D.3.

SCIENTIFIC MEETINGS ORGANIZED BY INSTITUTE OF

OPTOELECTRONICS
Title thlor}aI/In- Date Numbers of particpants
ternational

Application of Laser Plasma International | July 6-9,2015. | 43 participants from Poland
Sources of X-rays and Extreme - 26,Germany - 5,
Ultraviolet (EUV) in Technology Sweden - 2, Japan - 2, Ire-
and Science - meeting organi- land- 2, Italy -1 UK - 1,
zed in the framework of LASER- CzechRep-1
LAB-EUROPE France- 1,

Portugal - 1,

South Korea- 1.
XXIX Konferencja Naukowo- national Sept. 15-18, ~150 participants
-Techniczna EKOMILITARIS 2015
pt. ,Inzynieria bezpieczenstwa
- ochrona przed skutkami nad-
zwyczajnych zagrozen”
»innowacyjne technologie national Nov. 252015. |~ 70 participants

w Centrum Inzynierii Biome-
dycznej”
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D 4 SCIENTIFIC ARTICLES IN JCR - LIST A OF MINISTRY
® [ ]

OF SCIENCE AND HIGHER EDUCATION

A1l. M. J. Walczakowski, N. Patka, A. P. Czerwinski, M. Sypek, M.
Szustakowski, THz reflection spectra of different materials, inc-
luding explosives, measured at a distance up to 5 m ,Acta Physica
Polonica A, 2015, 127, 3, 689-692

A2. K. Nowak, E.F. Plinski, B. Karolewicz, P. Jarzgb, S. Plinska, B.
Fuglewicz, M. Walczakowski, £. Augustyn, t. Sterczewski, M.
Grzelczak, M. Hruszowiec, G. Beziuk, M. Mikulics, N. Patka, M.
Szustakowski, Selected aspects of terahertz spectroscopy in
pharmaceutical sciences’, Acta Poloniae Pharmaceutica, 2015,
72,5,851-866

A3. E. Mavrona, U. Chodorow, E.M Barnes, J. Parka, S. Saitzek, J.
F. Blach, V. Apostolopoulos, M Kaczmarek, N. Patka, Refractive
indices and birefringence of hybrid liquid crystal - nanoparticles
composite materials in the terahertz region ,,AIP Advances, 2015,
5,7,77143-77143

A4. M. Kowalski, M. Kastek, M. Walczakowski, N. Palka, M. Szu-
stakowski, Passive imaging of concealed objects in terahertz and
long-wavelength infrared’, Applied Optics , 2015, 54, 13, 3826-
3833

A5. P. Wachulak, A. Torrisi, A. Bartnik, D. Adjei, J. Kostecki, t. We-
grzynski, R. Jarocki, M. Szczurek, H. Fiedorowicz, Desktop water
window microscope using a double-stream gas puff target sour-
ce, Applied Physics B. Lasers and Optics, 2015, 118, 573-578

Ab. J. Bou Sleiman, B.Bousquet, N.Palka, P.Mounaix, Quantitati-
ve Analysis of Hexahydro-1, 3, 5-trinitro-1, 3, 5, Triazine/Penta-
erythritol Tetranitrate (RDXZPETN) Mixtures by Terahertz Time
Domain Spectroscopy’, Applied Spectroscopy, 2015, 69, 12, 1464-
1471

A7.P.Kwasniak, J. Pura, M. Zwolinska, P. Wiecinski, H. Skarzynski,
L. Olszewski, J. Marczak, H. Garbacz, J.K. Kurzydlowski, Laser and
chemical surface modifications of titanium grade 2 for medical
application’, Applied Surface Science, 2015, 336, pp: 267-273

A8. J. Marczak, Micromachining and patterning in micro/nano
scale on macroscopic areas’, Archives of Metallurgy and Mate-
rials, 2015, 63 (2), 2221-2234

A9. Z. Bielecki, T. Stacewicz, J. Wojtas, J. Mikotajczyk, Application
of quantum cascade lasers for trace gas detection’, Bulletin of the
Polish Academy of Sciences - Technical Sciences, 2015, Vol. 63,
No. 2,2015,515-525
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A10. MTraczyk, J. Wojtanowski, Z.Mierczyk, M. Zygmunt, PKNY-
SAK, T. Drozd, M. Muzal, Theoretical analysis and optimization of
3D laser beam shaping’, Bulletin of the Polish Academy of Scien-
ces - Technical Sciences, 2015, 63(2),str 555-560

A11. Dtugaszek Maria, Kurpiewska Zaneta, Mierczyk Jadwiga,
Lithium content in the tea and herbal infusions’, European Food
Research and Technology, 2015, 241: 289-293

A12. M. Wtodarski, M. Kaliszewski, E. A. Trafny, M. Szpakowska,
R. Lewandowski, A. Bombalska, M. Kwasny, K. Kopczynski, M. Mu-
larczyk-Oliwa., Fast, reagentless and reliable screening of “white
powders” during the bioterrorism hoaxes., Forensic Science Inter-
national, 2015, 248,71-77

A13. M. Kaliszewski, M. Wtodarski, E. A. Trafny, M. Szpakowska,
R. Lewandowski, A. Bombalska, M. Kwasny, K. Kopczynski, M. Mu-
larczyk-Oliwa., Fast, Reagentless and reliable screening of ,white
powders” during the bioterrorism hoaxes ,Forensic Science Inter-
national, 2015, 248,71-77

A14. J. Suszek, A. Siemion, M. S. Bieda, N. Blocki, D. Coquillat,
G. Cywinski, E. Czerwinska, M. Doch, A. Kowalczyk, N. Palka, A.
Sobczyk, P. Zagrajek, M. Zaremba, A. Kolodziejczyk, W. Knap, M.
Sypek, 3-D-Printed Flat Optics for THz Linear Scanners ,IEEE
Transactions on Terahertz Science and Technology, 2015, 5, 2,
314-316

A15. E.A. Trafny, R. Lewandowski, K. Koztowska, I. Zawistowska-
-Marciniak, M. Stepinska, Microbial contamination and biofilms
on machines of metal industry using metalworking fluids with or
without biocides’, International Biodeterioration & Biodegrada-
tion, 2015, 99, 31-38

Al16. W. Mréz, B. Budner, R. Syroka, K. Niedzielski, G. Golanski,
A. Slésarczyk, D. Schwarze, T.E. Douglas, In vivo implantation of
porous titanium alloy implants coated with magnesium-doped oc-
tacalcium phosphate and hydroxyapatite thin films using pulsed
laser deposition’, J. Biomed. Mater. Res. B Appl. Biomater., 2015,
103, 151-158.

A17.W.Mréz, B.Budner, W. Tokarz, P. Piela, M. L. Korwin-Pawlow-
ski, Ultra-low-loading pulsed-laser-deposited platinum catalyst
films for polymer electrolyte membrane fuel cells’, J. Power Sour-
ces, 2015, 273,885-893.

A18. P.Kopyt, D. Obrebski, P. Zagrajek, J.Marczewski, Silicon Junc-
tionless Field Effect Transistors as Room Temperature Terahertz
Detectors ,Journal of Applied Physics, 2015, 118, pp. 104502-8

A19. P. Kopyt, B. Salski, J. Marczewski, P. Zagrajek, J. tusakowski,
Parasitic Effects Affecting Responsivity of Sub-THz Radiation De-
tector Built of a MOSFET ,Journal of Infrared Millimeter and Te-
rahertz Waves, 2015, 6, 1-17
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A20. N. Palka, R. Panowicz, F. Ospald, R. Beigang, 3D Non-de-
structive Imaging of Punctures in Polyethylene Composite Armor
by THz Time Domain Spectroscopy ,Journal of Infrared Millime-
ter and Terahertz Waves, 2015, 36, 8, 770-788

A21. N.Patka, S. Krimi, F. Ospald, D. Miedzinska, R. Gieleta, M.
Malek, R. Beigang, Precise Determination of Thicknesses of Mul-
tilayer Polyethylene Composite Materials by Terahertz Time-Do-
main Spectroscopy’, Journal of Infrared Millimeter and Terahertz
Waves, 2015, 36, 6,578-596

A22. A. Szerling, K. Kosiel, M. Szymanski, Z. Wasilewski, K. Gota-
szewska, A. taszcz, M. Ptuska, A. Trajnerowicz, M. Sakowicz, M.
Walczakowski, N. Patka, R. Jakieta, A. Piotrowska, Processing of
AlGaAs/GaAs quantum-cascade structures for terahertz laser
,Journal of Nanophotonics, 2015, 9,1,093079

A23. P. Wachulak, A. Torrisi, A. Bartnik, £ We-
grzynski, T. Fok, R. Jarocki, J. Kostecki, M. Szczurek,
H. Fiedorowicz, Fresnel zone plate telescope for condenser align-
ment in water-window microscope’, Journal of Optics, 2015, 17,
055606

A24. K. Druzbicki, E.Mikuli, N. Patka, S. Zalewski, M. D. Ossow-
ska-Chrusciel, Polymorphism of resorcinol explored by comple-
mentary vibrational spectroscopy (FT-RS, THz-TDS, INS) and fir-
st-principles solid-state computations (plane-wave DFT) ,Journal
of Physical Chemistry B, 2015, 119 (4), pp 1681-1695

A25. A. Bartnik, H. Fiedorowicz, T. Fok, R. Jarocki, M. Szczurek, P.
Woachulak, Low-temperature photoionized Ne plasmas induced
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