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Abstract

The paper presents an experimental system enabling a laboratory simulation of several types of critical situations and aggravating
circumstances (sources of smoke, fog, rain, heat) using a thermovision equipment. The critical situations taken into consideration
are those caused by human negligence or natural disasters such as earthquakes. Aggravating circumstances are those considered as
being limit. The proposed thermovision equipment with appropriate accessories must highlight and determine the measures useful
in the such situations of risk. The acquired images are transmitted in real time and require using of special equipment which is
presented in the work, to observe the occurred phenomena. It is also analyzed in the paper the calibration of that equipment to allow
the selection of features and possibilities for adjusting of this thermovision system, to ensure optimum detection, warning,
management and the intervention as a risk event. The presented experimental results show the performance of the proposed system

and its possible future developments.
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1. Introduction

A brief survey of literature proves that in the
last decade there have been advancements in
technologies supporting management and tactical
emergency response to the disaster by the combined
use of image processing, navigation, and Earth
Observation technologies (Dull and Lee, 2001).
Infrared (IR) thermography has become a powerful
tool for basic and applied scientific research and for
the application in various fields such as industry,
environment, military and maritime problems, in the
ecological monitoring, detection of oil spillages,
establishment of the pollution sources and forecast of
dangerous events (Vollmer and Mo6llmann, 2010;

PaSagi¢ et al., 2008). Many systems equipped with a
thermovision camera devoted to thermovision
monitoring of ground environments has been designed
and analysed (Lievin et al., 2014). Special control
algorithms based on the surface temperature image
captured by an infra-red (IR) camera have been
developed (Jaworski et al., 2013; Zabel et al., 2002).
The development of the blackbody sources for the
calibration of IR systems, against smoke and
obscurants, and earth background scene generation in
IR bands is largely presented in the literature (Johnson
and Triplett, 1988).

Current mathematical models are insufficient
to describe the current generations of thermal imagers.
The impact techniques such as super resolution,
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sampling frequencies and the spatial image fusion, the
performance impact of color images are unknown
today (Moyer, 2006). There are additional
investigation of the effects of discrete sampling of a
scene, the performance impact of using multiple
wavelengths (Ratches et al., 2001).

The objectives considered in the paper are
people and their habitat (buildings and outdoor spaces)
(Gavrilescu et al., 2015), where threats as: smoke, fire,
fog, explosions, various aerosols dangerous in medical
pathology are present (Caliman, 2002; Gallen, 2010;
Sarafoleanu, 2003). The authors propose a
thermographic ~ equipment  with  appropriate
accessories that can highlight and determine counter
measures indicated in such the situations (Raqueno,
2008; Spulber et al., 2005). It is also analyzed
calibration of equipment that allows the selection of
features and possibilities for adjusting the thermal
imagers, which ensures optimum detection, warning,
management and interventions risk events. Next it
shows experimental results demonstrating the
performance of the proposed system and its possible
future developments. The related objectives and
possibilities of the proposed equipment refer to:
pattern recognition in the infrared imaging, study of
sources of thermal disturbances, estimating of the
probability of false alarm for smoke or fog detectors,
establishing of performance limits in the use of
thermal images in various applications.

2. Experimental
2.1. Models studied and objectives

There are real situations that require
undistorted visualization of events or phenomena that

occur, called critical, to ensure timely decisions and
fast or even in real time, because any delay could lead

ey,

sec 06.20

to accidents, disasters, destruction of life or of
property (Moyer, 2006; Scutaru et al., 2014).
Information from images acquired with video
equipment can be decisive in the development of
standard procedures for action as effectively as a
correct decision taken at time. In the context of this
work are taken into account and appreciated as being
critical following situations: natural disasters such as
earthquakes, those caused by human negligence
(fires), or caused by chemical pollution hazards for
human communities or agricultural areas etc.

The difference between a false alarm risk and
real risk, is determined by the quality and specificity
of the acquired images. Possible events in observation
and possible risk, possible decision probability events
/ risks are presented below: 1.Target exists is detected.
The possibility of not being surprised by the event and
make the right decision and prompt in the best time;
2.Target does not exist, but it seemed there because of
confusion with another object. The opportunity to
make a wrong decision and initiating a false alarm;
3.Target exists, but does not detect various reasons
(fog, fatigue or less observer training, camouflage,
etc.). The possibility of being surprised by events and
take a wrong decision; 4.The target not exist and is
not be detected. The possibility of not being surprised
by events and take a decision in the best time.

An example of the evolution of an explosion
caused by a pyrotechnic mixture is shown (Wishna,
1979), in Fig. 1 (in the visible) and Fig. 2 (in infrared
spectrum), the duration being of the seconds order.
Determination of burning surface is performed using
Image J program through the purchase of thermal
images taken with cameras (thermographic
equipment) (Baritz et al., 2013). During some of the
events described, the fire and smoke can cause
chemical reactions that produce aerosols and toxic
gases (Neagu and Sarafoleanu, 2015).

g "_--3;’;_- )
sec 06.15

Fig. 1. An explosion dynamics as viewed in visible spectrum (pyrotechnic produced aerosol)
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Fig. 2. An explosion dynamics as viewed in infrared spectrum

The possible techniques for the analysis of the
presence are essential and can be made by
thermographic specific equipment in the infrared
(Kaplan, 2007; Maldague, 2012). Moreover, these
types of equipment provide relevant information on
the localization of persons in conditions for which
human vision is ineffective, especially in time of
night. However, adverse weather conditions and
disturbances can lead to false alarms, decisions
chaotic and inadequate distribution of the means of
salvage - in spite of the fact that images concerning
above events can be purchased and sent to decision-
making centers. In this context, it is necessary to know
what types of equipment can be used to acquire images
which provide high quality information even before
the occurrence of such critical events. To achieve and
to use a database in real-time, two scenarios stand out
in real conditions of useful operation for their
laboratory simulation and evaluation based on the
acquired images quality.

1. In disasters (destruction of buildings) the
thermographic images allow: detection and location of
natural disasters, real-time monitoring of the effects of
disasters, highlighting areas most adequate for
evacuation and protection, detecting people at risk,
damages assessment.

2. In case of explosions and fires in open or
closed places the thermographic images allow: the fire
detection and tracking, detection of persons at risk,
monitoring the fire outside and inside buildings (San-
Miguel-Ayanz and Ravail, 2005). Their role is
essential where the images can highlight objects of
interest in different ways in an atmosphere disturbed
by fire, smoke and water. Therefore, tests simulating
various scenarios will be compared with the results
obtained by other types of simulation softwares with
thermographic equipment, validated internationally. If
the  environmental  factors are  disturbed,
supplementary requirements are needed related to
observe and predict (detection, recognition and

identification) in the areas of interest (Gavrilescu,
2009).

2.2. Sources of aerosols for laboratory simulations

The obtaining of the smoke or fog can be
performed using two methods: by dispersion and
condensation. In the dispersion method, the specific
surface increases the initial system, and in the
condensation this surface reduces it. The generation of
smoke or fog through the dispersal method consists in
using of the dispersion of solids and liquids with an
explosive charge. Condensation process occurs by
itself and requires energy just to get supersaturated
vapors. In general, the dispersion method is used to
obtain aerosol particles larger than those produced by
the condensation method. In some cases, both methods
may be used at the same time as the combined
generation method (Singh et al., 2018).

a. Generation of aerosols by pyrotechnic means

Aerosols generation by pyrotechnic means
comes as a natural consequence of the burning of
pyrotechnic mixtures. Thus, in applications such as the
screening, the signaling or the fire-fighting, it is
necessary to control the nature, quantity and flow of
air to obtain the aerosols. The aerosols generation by
pyrotechnic methods involves the use of pyrotechnic
mixtures also.

b. Aerosols generated for the screening

The smoke generation process implies the
volatilize of mixtures of substances of the smoke. The
grey smoke consists of white particles of zinc chloride
mixed with the carbon black particles.

3. Results and discussions

3.1. The experimental system proposed for laboratory
simulation

In the paper is analyzed the architecture of the
equipment proposed (Fig.3), which enables
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laboratory simulation of several types of critical
situations and aggravating circumstances (sources of
smoke, fog, rain, heat). For example, a firefighter may
encounter high temperatures, open flames, pools and
water sprays and smoke. It is therefore important that
the equipment of thermal imagers to be able to monitor
the event, in these obstructive conditions with a
minimum interference with the environment (dos
Santos et al., 2016).

The equipment with IR thermovision for
laboratory simulation wuses a thermal camera
THERMACAM PM350 Inframetrics-USA, with the
following characteristics: Working spectral range: 3 ...
5 um; Sensitivity: 0.10C) « External Display: 4 LCD
(optional) * Measurable temperature range: -20 ° C ...
+ 2000 ° C; * Accuracy: = 2 ° C, £ 2% of reading;
Storing image: Flash-card (Min.128 MB).

Principle of working of the equipment
components used to determine the concentration of
aerosols is given in Fig. 3, as below. The irradiation
source (8). produced aerosols in the aerosol test
chamber (2). The determination of the concentration
of aerosols is achieved by counting particles larger
than the minimum detectable by the system thermal
camera (1) - acquisition board - Laptop (10, 11),
(approx. 40 um) using a specific image analysis
software. Aerosols are generated by performing an
electrical spark generated by electrodes which are in
contact with the pyrotechnic mixture. Test chamber
for aerosols (2), in Fig. 3 has rectangular form of
aprox.lm® volume. All walls are made of drywall,
containing a rectangular slot located next to the
lighting systems, except one of the side (for viewing
inside) which is made of Plexiglas.

3.2. Experimental results

3.2.1. External calibration of acquired image

The equipment with IR thermovision for
laboratory simulation provides the ability of
calibration of the equipment using the same thermal
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camera for calibrating (test and reference) and to
minimize the possible errors (Spulber and Borcan,
2009; Vollmer and Mo6llmann, 2010) in order to obtain
comparable and repeatable results. The calibration of
the external image PC, in optical density units, is
based on the principle of proportionality between the
light intensity of image areas, with aerosol particles
and concentration of these particles (Spulber and
Borcan, 2005). The image contrast achieved with a
camera, by setting specific data values of the camera
parameters (which must be maintained constant
throughout the image acquisition process) is variable.
Based on the selection of images representing portions
of variable contrast and using software like Imagel
with "PlotProfile" was drawn the diagram of Fig. 4 and
the calibration curve of the system (Fig. 5). It was
found that the variation of pixel intensity (gray level)
depending on the distance, in pixels, that is the
contrast level of the target plate is variable,
approximately linear for a certain optical density (Fig.
6). It is desirable to have a linear output video signal
(gray level) versus the input signal (incident photons
on the detector).

Thermal camera acquires scenes of interest to
allow further processing (Fig. 7). The analog signal
given by image is amended on acquisition board, first
by adjusting the gain (G) and then in balancing the
zero signal corresponding to a current determined by
darkness. Further the signal is digitized in real time by
means of the analog-to-digital converter (A / D)
corresponding to the input signal. For each pixel will
be assigned a set of spatial coordinates and a value
called gray level (Ng), which may vary between 0 and
255. Processing of the signal is continued with
filtering, processing, equalization etc. At each gray
level can be assigned a photometric value of
luminance L, measured under standard laboratory
conditions or a value of a standard optical density
(OD). Finally, the output signal will be converted back
through a digital - analog (D / A) converter to be
viewed on a monitor.

8. irradiation 4. comer
system / cube prism

|
5. ventilation

system

6-drawer pills

!' calibration

Fig. 3. Principle of the used experimental system using IR- thermovision equipment, where: 1-is thermal camera,
2-emitted aerosols, 3 (8)- irradiation system doubled, 4- corner cube prism, 5-ventilation system, 6-drawer pills calibration,
7 first adjustable support, 8- irradiation system, 9-second adjustable support, 10-board acquisition and 11-computer)
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Fig. 4. The variation of pixel intensity (level of gray) depending on the distance, in pixels
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Fig. 5. Polynomial approximation curve of calibrated image acquired on site
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Fig. 6. The variation in the contrast of the image (expressed in optical density units)
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Fig. 7. The histograms of an image acquired and of a calibrated image: (a). The histogram of an image acquired
converted into gray levels (8-bit); (b). Calibrated image histogram
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3.2.2. Direct determination of the size of aerosol
particles

Dimensions of aerosol that can be highlighted
depend on the capabilities offered by the equipment
used: geometric resolution, sensitivity and dynamic
range of detection matrix elements thereof. Depending
on the values of these features, you can view the
aerosol particles of microns; dimensions between 1 ...
20 um can be determined indirectly, calculating
concentrations by statistical estimation, but
dimensions between 20 ... 120 pum result by direct
visualization of gravity settling (Cozma et al., 2018).

Using the method of analysis of the aerosols,
the image histogram may include particles of size
larger than the minimum value detected by the

o0

acquisition board of the system CCD - laptop, by
means of specific software for image analysis (Fig. 9).
Then, by the command "Analyze particles" after a pre-
scaling a size of the measured object plane, we
determine the average number of particles and their
average size. To directly determine the size of aerosol
particles by visualization was used a digital camera
with 30002000 pixels resolution and Imagel
software using option "Macro"; (Figs. 10 and 11).

A comparativ study of the contrast variation of
the IR pattern at different moments of the smoke
generation process is presented in Fig. 12 and a
general view of a simplified system used by the
authors is presented in Fig. 13.
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Fig. 8. Acquired image of a variable contrast ( optical density) placed in the enclosure, in order to calibrate the image - left
and the nonlinearity which is observed due to lack of uniformity distribution of acrosols inside the test chamber-right
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Fig. 9. Lamella with aerosol deposition at an average height of the camera test-left. Scaling the image in units of length
after a known size of the object plane
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Fig. 10. The limitation of the interest area through software —left and related distribution of particles-right
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Fig. 11. The aerosol particles on a lamella, at floor level —left and the related distribution of the sample particles -right.
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Fig. 12. The contrast variation of the IR pattern at different moments of the smoke generation process (comparativ study)

a) Images of the mira (IR pattern, created by us in lab) before the combustion - left and at 3 minutes after ignition — right;
b)Variation of the contrast mira from Figure a) at 3 minutes after ignition. It observes an increased concentration of aerosol in
the enclosure, to a contrast C = 51.5%; c) Images of the mira (IR pattern) before the combustion - left and at 10 minutes after

ignition — right; d) Variation of the contrast mira from Figure c) at 10 minutes after ignition. It observes an increased
concentration of aerosol in the enclosure, to a contrast C = 21.9%; ¢) Images of the mira (IR pattern) before the combustion -
left and at 13 minutes after ignition — right; f) Variation of the contrast mira from Figure e) at 13 minutes after ignition. It
observes an increased concentration of aerosol in the enclosure, to a contrast C = 19%

There are still many aspects of the research in
the area that have not been investigated: for example,
improvements to the electronic images, the models
modified to accurately describe performances of
thermal imagers, the coefficients of correlation and
others (Leachtenauer and Driggers, 2001).

Thermal camera

Irradiation
system (blackbody) |
"Al

Fig. 13. General view of a simplified system
used by the authors

a. It is possible to make a relative comparison
between the combustion processes using a camera in
visible and a thermal camera. Regarding the
comparative results obtained for the same test, it is
noted that the measurement accuracy is higher using
a camera in visible than when using a thermal camera.

b. The radiant intensities are higher in smaller
spectral ranges, making their detection more easily
achieved with appropriate equipment for these
spectral ranges (Balmus et al., 2017).
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c. To increase the accuracy of characterizing
aerosol clouds, we need for a system of interferential
optical filters in the range of wavelengths studied;

d. The improving of the proposed
measurement system with a laser rangefinder having
the wavelength in the spectral region of interest is
important also (Sterian et al., 2012). The study of
experimental systems of pyrotechnic compositions
generating aerosol for masking in the visible and IR
spectral range and of the traps of heat.

e. Developing methodologies for detecting
and measuring the performance of the critical
situation with thermographic devices in severe
weather conditions.

Other items needed for a depth study refer to
the fact that the equipment for laboratory testing,
address the complex problem of estimating of the
probability of recognition of the micro particles also
(Mitrica, 2013), proposing the innovative solutions to
overcome the difficulties of calibration of these
equipment operating in different special conditions.

The modeling is also useful and relates
primarily to the ability to predict how the simulated
model of the studied thermovision equipment meets
the actual conditions of operation, or as it is close to
reality, through a mathematical expression with as
few parameters as possible (Fava et al., 2017; Moyer,
2006). Basically, to get a model as accurately as
possible, we must take into account the following
physical characteristics: distance to the object that is
intended to be observed, the conditions of the
environment and the thermal characteristics related to
the atmosphere (humidity, transparency, temperature,
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solar reflections), the target-related features
(temperature, emissivity, area), the background
temperature (air and land), the position in the matrix
of the sensing devices.

The expected results refer to: determining
characteristics of the disturbing sources, smoke and
heat at different wavelengths using interferential
filters for IR windows of interest for study: shortwave
infrared (SWIR), medium wave infrared (MWIR)
and infrared long-wave (LWIR) the validation of the
methods and procedures to operation; providing of
the constructive solutions to be applied for integrators
of thermal imagery and its users at the national level.
The equipment operates in the meteorological
infrared range (MIR) which is different from the
meteorological optical range (MOR).

As an example, it should be noted that all
ranges of detection for the IR are significantly better
than those of the visible fog of type I (800 meters
visibility); type I fog (400 m visibility) four times the
results are best with a camera equipped with a LWIR
detector, while the third type of fog (visibility 50 ...
200 m) there is virtually no difference as far as the
eye can see, with a device in a visible and thermal
camera because the atmosphere is the limiting factor.
Radiation does not penetrate this dense fog in all
areas of spectral bands (infrared: from 0.8 to 12 um

or visible).
4. Conclusions

The presented system enables a laboratory
simulation of several types of critical situations and
aggravating circumstances (sources of smoke, fog,
rain, heat) using a thermovision equipment. The used
thermovision equipment with appropriate accessories
may contribute to highlight of these situations of risk,
so to take suitable safety measures.

The calibration of that equipment allows the
selection of features and possibilities for adjusting of
thermovision system, to ensure both optimum
detection and the warning as well as the management
of the intervention. The testing of thermovision
equipment in real working conditions of the
situations to be simulated in laboratory, leads to
results used in the most diverse applications,
demonstrating the performance of the proposed
system and the possible future developments of it.
The design of this equipment can be modified for
applications where the probability of detection and of
the false alarm are essential to determine the
effectiveness of the thermal cameras, depending on
distance of observation and the weakness of thermal
signal, in real operating conditions. The study can be
extended to experimental predictions based on
decision matrices for the equipments to working in
different infrared spectral ranges.

The main objectives that will be possible to be
followed refer to the study of the atmosphere
disrupted by the heat in the visible (VIS) and infrared

(IR) regions of spectrum, in severe environmental
conditions as the ones using smoke sources and traps
heat also.

The system permits to be considered and the
errors caused by differences between the lab where
the simulation is produced and the real conditions, for
example: smaller size of the location proposed by the
simulator compared the real field of measurements,
the different composition of the atmosphere in the
simulator in relation to the real one, to establish the
correction factors for the decrease of the errors.

References

Balmus S.B., Sandu D.D., Gasner P., Dobrea S., (2017),
Measurements on electromagnetic scattered fields of
some RF and microwave equipment, Environmental
Engineering and Management Journal, 16, 2371-
2380.

Baritz M.I, Singer C., Cotoros D.L., (2013),
Thermographic Analysis of Hand Structure When
Subjected to Controlled Effort, E-Health and
Bioengineering Conference (EHB), 1 - 4.

Céliman A.F., Teodosiu C., Balasanian 1., (2002),
Applications of heterogeneous photo catalysis for
industrial wastewater treatment, FEnvironmental
Engineering and Management Journal, 1, 187-196.

Cozma P., Gavrilescu M., Rosca M., Apostol L.C., Hlihor
R.M., Gavrilescu M., (2018), Evaluation of human
health risks associated with pesticide dietary intake-an
overview on quantitative uncertainty analysis,
Environmental — Engineering and  Management
Journal, 17,2263-2274.

dos Santos L., Lemos A.M., Abi-Ramia M.A., (2016), 4
Simple Blackbody Simulator with Several Possibilities
and Applications on Thermography, Proc. SPIE 9861,
Thermosense: ~ Thermal Infrared  Applications
XXXVIIL, 986112, doi: 10.1117/12.2228988.

Dull C.W., Lee B.S., (2001), Satellite Earth Observation
Information Requirements of the Wildland Fire
Management Community, In: Global and Regional
Vegetation Fire Monitoring from Space: Planning a
Coordinated  International  Effort, Ahermm F.J.,
Goldammer J.G., Justice C.O. (Eds.), Kugler
Publications.

Fava F., Totaro G., Gavrilescu M., (2017), Material and
energy recovery and sustainable development-
Ecomondo 2016, Environmental Engineering and
Management Journal, 16, 1649-1650.

Gallen R., Hautiere N., Dumont E., (2010), Static
estimation of meteorological visibility distance in
night fog with imagery, [EICE Transactions on
Information and Systems, 93, 1780-1787.

Gavrilescu M., (2009), Behaviour of persistent pollutants
and risks associated with their presence in the
environment — integrated studies, Environmental
Engineering and Management Journal, 8, 1517-1531.

Gavrilescu M., Demnerova K., Aamand J., Agathos S.,
Fava F., (2015), Emerging pollutants in the
environment: present and future challenges in
biomonitoring, ecological risks and bioremediation,
New Biotechnology, 32, 147-156.

Jaworski T., Kucharski J., Fraczyk A., Urbanek P., (2013),
Surface temperature control using thermal image
processing, Image Processing & Communications, 18,
23-31.

1075



Spulber et al./Environmental Engineering and Management Journal 18 (2019), 5, 1067-1076

Johnson R.B., Triplett M.J. (Eds.), (1988), Infrared Scene
Simulation: Systems, Requirements, Calibration,
Devices, and Modeling, Volume 940, Proc. of SPIE,
On line at:
http://spie.org/Publications/Proceedings/Volume/094
0?7SSO=1.

Kaplan H., (2007), Practical Applications of Infrared
Thermal Sensing and Imaging Equipment, Volume 75,
SPIE Press.

Leachtenauer J.C., Driggers R.G., (2001), Surveillance and
Reconnaissance Imaging Systems Modeling and
Performance Prediction, 1st ed., Artech House,
Massachusetts, USA.

Lievin B.A., Inkov Y.M., Ovcharov 1.V., (2014), On the
history of thermovision monitoring of ground
environment, World of Transport and Transportation,
12, 235-237.

Maldague X.P.V., (2012), Nondestructive Evaluation of
Materials by Infrared Thermography, Springer-Verlag
London.

Mitrica B., (2013), Design study of an underground
detector for measurements of the differential muon
flux, Advances in High Energy Physics, 2013, ID
641584, 1-9.

Moyer S.K., (2006), Modeling challenges of advanced
thermal imagers, PhD Thesis, Georgia Institute of
Technology.

Neagu A., Sarafoleanu C., (2015), Endoscopic and
histological staging: Deciding factors in the treatment
of chronic rhinosinusitis, Romanian Journal of
Rhinology, 5, 115-119.

PaSagi¢ V., Muzevi¢ M., Kelenc D., (2008), Infrared
thermography in marine applications, Brodogradnja,
59, 123-130.

Raqueno R., Kremens R., Salvaggio C., Montanaro M.,
Gelein R., (2008), Humidity effects on thermal
atmospheric transmission study of potential effects of
small hygroscopic particles in the longwave infrared
region, [EICE Transactions, 93, 1391-1394.

Ratches J.A., Vollmerhausen R., Driggers R., (2001),
Target acquisition performance modeling of infrared
imaging systems: past, present, and future, /EEE
Sensors Journal, 1, 31-40.

San-Miguel-Ayanz J., Ravail N., (2005), Active fire
detection for fire emergency management: Potential
and limitations for the operational use of remote
sensing, Natural Hazards, 25, 361-376.

1076

Sarafoleanu C., (2003), Paraclinical and Functional
Exploration Methods Used in Rhino-Sinus Suffer (in
Romanian), In: Rheology, Sarafoleanu C. (Eds.),
Medical Publishing House, Bucharest, 83-127.

Scutaru M.L., Baba M., Baritz M.1., (2014), Irradiation
influence on a new hybrid hemp biocomposite,
Journal of Optoelectronics and Advanced Materials,
16, 887-891.

Singh B.K., Singh A.K., Singh V.K., (2018), Exposure
assessment of traffic-related air pollution on human
health - A case study of a metropolitan city,
Environmental — Engineering and  Management
Journal, 17, 335-342.

Spulber C., Borcan O.V., (2009), Contribution to the Study
of Night-Time Driving Devices with Thermal Cameras
and EMCCD, Proc. of SPIE, Electro-Optical and
Infrared Systems: Technology and Applications, vol.
7481, 748110.

Spulber C., Borcan O.V., (2005), On a method for
measuring the atmospheric visibility by means of the
image quality analysis, Romanian Journal of
Optoelectronics, 13, 55-65.

Spulber C., Borcan O.V., Sterian A., Sterian P., Dordia C.,
(2005), Calibration Method of a thermographic
System for Medical Applications, Proc. of SPIE, vol.
5830, 434-438.

Sterian A.R., Borcan O., Spulber C., Sterian P., Toma F.,
(2012), A new possibility of experimental
characterization of a time of flight telemetric system,
Romanian Reports in Physics, 64, 891-904.

Vollmer M., Méllmann K.-P., (2010), Infrared Thermal
Imaging: Fundamentals, Research and Applications,
John Wiley & Sons.

Wishna S., (1979), Ignition Sources by Thermography,
Proc. of the International Symposium on Grain Dust:
Its Characteristics, Explosibility, Hazard Control, and
Utilization, Division of Continuing Education, Kansas
State University.

Zabel K.W., Stumpf R., Casey M.A., Martin L., (2002),
Mobile Infrared Scene Projection for Aviation
Applications: Issues and Experiences, Proc. SPIE
4717, Technologies for Synthetic Environments:
Hardware-in-the-Loop Testing VIL, 5 July 11.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


