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The techno level of the modern world causes an increase in contingencies leading
to industrial accidents and disasters, which in many cases are accompanied by
emissions of harmful substances polluting the atmosphere. This poses a significant
threat to the population, territories and the environment. Based on these positions, the
development of methods for operational monitoring of the state of the atmosphere in
emergency situations using remote gas analysis methods is an urgent problem in the
field of civil protection.

An analysis of methods for the remote determination of substances in the
atmosphere established that the leading position is occupied by optical methods for
monitoring the composition of the atmosphere, which include recording and
subsequent analysis of electromagnetic radiation from the object of study [1]. To
control the composition of the atmosphere in emergency situations, the most rational
use of the Fourier transform spectrometric complex (FSF).

To solve the problems of remote sensing of the atmosphere, a number of
manufacturers have developed mobile Fourier spectrometers. The designs of Fourier
spectroscopic systems are described in [1-5]. Most of them are equipped with a
single-element photodetector and a manual guidance system on the object of study.
Among such models, it should be noted the products of Midac (www.midac.com) and
EDO corporation (www.nycedo.com), the spectral resolution of which reaches 0.15
cm-1 in the working range of 7-40 mm, the minimum detectable concentrations at
the presence of an external IR illumination source of 0.1-15 ppb. The second
generation of mobile Fourier spectroradiometers include the similar products MR100
and MR200 from Bomem (www.bomem.com) and K300 from Kayser
(www.kayser.it). Models of the MR series provide a spectral resolution of 0.2 32
cm-1, a scanning speed of 2-100 spectra / s in the spectral range of 2 to 15
microns. Recommended measurement path lengths for active methods are 5-500 m.
Currently, more technically advanced models of Fourier spectroradiometers, initially
oriented to passive operation, have also appeared. These are the developments of
the companies “Bomem” (model CATSI), “Bruker” (model OPAG22),
“Blocking Engineering” (models Model 100, Model 500 and Block I-Spec).
Models MCAD and PORTHOS are fully automated systems and are designed to
operate in the range of 7-14 microns in order to identify toxic substances and
industrial ecotoxicants in the atmosphere with a range of 0.1-5 km.
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In the Russian Federation, Fourier spectrometers are developed specifically for
systems for passive detection of substances in an open atmosphere in an automatic
mode [3]. In cooperation with a number of institutes, the Bauman Moscow State
Technical University has developed and created a series of mobile Fourier
spectroradiometers with a spectral resolution of 4-8 cm-1 in the working range of 8-
12 pm, an interferogram scan time of 0.3 s, and a detection range of up to 6 km and
the probability of detecting substances is more than 0.9. IR Fourier spectrometers of
type IKFS-2 [2, 3] developed by the Vavilov Institute of Optics, the Keldysh
Research Center and the Space Research Institute of the Russian Academy of
Sciences for solving problems of monitoring the Earth’s atmosphere from orbiting
satellites. These spectrometers have a spectral resolution of 0.5 cm-1, an operating
range of 6 to 20 um, an error in measuring radiation of 0.5 K, a vertical spatial
resolution of 1-2 km, a horizontal resolution of 110 km. It should be noted panoramic
[4] and imaging Fourier spectrometers, which make it possible to obtain spatial
information about a gas cloud or aerosol, construct a diagram, and visualize the
propagation of matter in space.

Thus, the main fields of application of Fourier spectrometers / radiometers (FSR)
can be formulated:

1. Identification of substances from a remote position, which is necessary for the
detection of toxic and poisonous compounds, environmental monitoring of industrial
enterprises, compliance with labor protection conditions [3], etc. In these cases,
medium resolution spectra are recorded (usually units cm-1) and it is meant to carry
out an express analysis of substances [4] in an extremely short time, where the main
task is identification with a lack of information about the surrounding meteorological
situation. These analysis procedures are almost completely automated.

2. ldentification of substances under conditions of elevated temperatures and
pressures, as well as in rapidly changing conditions where it is fundamentally
Impossible to carry out analysis by sampling [4, 5 — 7]. For example, in the
framework of the AEROTEST and AEROJET FSR projects, systems are used to
analyze greenhouse, toxic, and ozone-depleting substances in aircraft gas turbine
exhausts. Such information is used for subsequent refinement of engines for the
complete combustion of fuel and for the development of environmental standards.

3. Visualization of a cloud of gas or aerosol in the atmosphere [1, 4, 6]. Such
systems work as quick response systems for the release of substances and aerosols
into the atmosphere and allow both to warn of the release of substances and to
localize the cloud. In this case, it is advisable to use panoramic FSR.

4. Determination of the temperature of the gas mixture from a remote position.
For example, in [6], spectral regions were considered where it is a priori known that
the substance is in a state of saturation for these conditions, for example, the R branch
in the CO, emission spectrum in the range of 2390 cm — 1. The approximation of the
spectrum by the Planck function allows you to restore the temperature of the mixture.
In [6], an algorithm is presented for reconstructing the temperature of the atmosphere
from a spectroradiometer located on a satellite with an error of 10 per kilometer layer,
even with significant cloud cover of the Earth's surface.
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5. A detailed chemical analysis of the composition of the atmosphere and
observation of changes in atmospheric components, such as ozone or greenhouse
gases. For this, high-resolution spectra and line-by-line algorithms are used with
meteorological information, for example, from probes [1-6]. In some cases, this
procedure is preliminary for calculating the background spectrum and extracting the
spectrum of the analyte. In any case, such procedures require the collection of a large
amount of initial information, highly qualified researcher and significant time and
computational costs.

6. Restoring the characteristics of the atmosphere, oceans and underlying surface
from space (temperature profiles, humidity profiles, ozone content, underlying
surface temperature, cloud cover fraction, etc.) to simulate the dynamics of the
behavior of the Earth as a system, isolating and assessing the main factors
determining it modern behavior, as well as predicting the characteristics of the system
for different periods in different regions [5]. So, in 1999. Under the (EOS) / NASA
program, the Terra satellite, carrying five spectroradiometers, was launched into
orbit. The studied objects and measured characteristics are described in the source.
Characteristic restoration algorithms are given in [7]. In the Russian Federation, to
solve the problems of satellite monitoring of the Earth’s atmosphere and the oceans,
the IKFS-2 Fourier spectrometer located on the Meteor-M satellite is used.

An analysis of spectroscopic databases and spectroscopic program complexes
showed that existing compilations of spectroscopic databases contain the most
complete spectra and identification of vibrational-rotational transitions of molecules
that form the basis of a standard atmosphere [1]. The most informative are two
databases that are developed almost simultaneously in the United States and France:

1. HITRAN (http://www.cfa.harvard.edu / HITRAN / Updated) [5] is a
compilation database of spectroscopic parameters intended for use in various
computer programs for modeling the absorption and radiation of radiation in the
atmosphere. This database is an ongoing project launched in the late 1960s at the US
Air Force Research Laboratory in response to the need for a detailed study of the
infrared properties of the atmosphere.

2. GEISA (http://ara.Imd.polytechnique.fr) [6] (Research and management of
atmospheric spectroscopic information) is a long-term project developed at the
Polytechnic School since 1976. Initially, the GEISA database contained spectroscopic
information on molecules of interest, mainly from the point of view of studying the
atmosphere of the Earth and other planets. Currently, it contains the parameters of the
spectral lines of 96 isotopomers related to 42 molecules.

Several special purpose databases have been created:

1. CDSD (Carbon Dioxide Spectroscopic Databank) - a spectroscopic database of
carbon dioxide, is a high-precision calculated bank of spectroscopic data for a CO2
molecule.

2. Schwenke-Partridge (PS) is a calculated list of lines of a water molecule
containing transition frequencies, intensities, lower energies and quantum
identification of vibrational-rotational transitions of a water molecule. Calculation
performed by C.A. Tashkun at the Institute of Atmospheric Optics SB RAS (Tomsk)
using the VTET David Schwenke software package (NASA, USA).
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3. The Russian spectral database of the Institute of Atmospheric Optics of the
Russian Academy of Sciences (http://spectra.iao.ru). The source includes data (both
calculated and experimental) obtained at the spectroscopy department of the Institute
of Atmospheric Optics (Tomsk).

Conclusions:

1. Currently, there is not a single implemented method and method in the world
for non-sampling analysis of substances in an open atmosphere for the needs of fire
and rescue units, while non-sampling methods for spectral analysis of substances in
an open atmosphere are extremely popular and have significant potential for use by
fire and rescue services as in Ukraine and in the world.

2. Subject to the development of appropriate mathematical methods for
processing and interpreting experimental information obtained by Fourier
spectrometers, the use of modern mini-computers will allow to obtain results in real
time. Moreover, thanks to the growth of computing power and the miniaturization of
modern computers, it became possible to conduct a non-sampling analysis of
substances in an open atmosphere in the field.

References

1. Scanning Fourier transform spectrometer in the visible range based on
birefringent wedges / Aurelio Oriana, Julien Rehault, Fabrizio Preda, Dario Polli, and
Giulio Cerullo / Journal of the Optical Society of America / 2016 / Vol. 33, Issue 7,
pp. 1415-1420

2. Editorial for the Special Issue “Optical and Laser Remote Sensing of the
Atmosphere” / Dennis K. Killinger 1, and Robert T. Menzies / Remote Sens. 2019,
11(7), pp. 742

3. Review of Chinese atmospheric science research over the past 70 years:
Atmospheric physics and atmospheric environment / Tijian Wang, Taichang Gao,
Hongsheng Zhang, Maofa Ge, Hengchi Lei, Peichang Zhang, Peng Zhang, Chunsong
Lu, Chao Liu, Hua Zhang, Qiang Zhang, Hong Liao, Haidong Kan, Zhaozhong Feng,
Yijun Zhang, Xiushu Qie, Xuhui Cai, Mengmeng Li, Lei Liu & Shengrui Tong /
Science China Earth Sciences volume 62, pages1903-1945(2019)

4. Fourier transform spectrometer on silicon with thermo-optic non-linearity and
dispersion correction / Mario C. M. M. Souza, Andrew Grieco, Newton C. Frateschi
& Yeshaiahu Fainman / Nature Communications volume 9, Article number: 665
(2018)

5. Sensitive and broadband measurement of dispersion in a cavity using a Fourier
transform spectrometer with kHz resolution / Lucile Rutkowski, Alexandra C.
Johansson, Gang Zhao, Thomas Hausmaninger, Amir Khodabakhsh, Ove Axner, and
Aleksandra Foltynowicz / Optics Express Vol. 25, Issue 18, pp. 21711-21718 (2017)
/

6. Fourier transform spectrometer [Electronic resource]. — Pexxum pgocrymna:
http://scienceworld.wolfram.com/physics/FourierTransform
Spectrometer.html

7. Quantum Fourier Transform Spectroscopy / Tiemo Landes, Amr Tamimi, J.
Lavoie, Michael G. Raymer, Brian J. Smith, and Andrew H. Marcus / Rochester

40


http://scienceworld.wolfram.com/physics/FourierTransformSpectrometer.html
http://scienceworld.wolfram.com/physics/FourierTransformSpectrometer.html

SCIENCE, TRENDS AND PERSPECTIVES

Conference on Coherence and Quantum Optics (CQO-11) OSA Technical Digest
(Optical Society of America, 2019), paper W4B.2

41



