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Abstract - The creation of optoelectronic devices and
systems with the best metrological parameters that enable
the operational analysis of basic physical and
environmental parameters, and distant monitoring of the
atmosphere and air infrared environmental control of vast
forest spaces (for detection of fires in the early stages of
their development) and pipelines of natural gas is a very
important task. The present work is devoted to presenting
the results of research and development work on the
development of metrological providing methods and
theoretical research of metrological parameters of
developing by us universal spectral radiometer “USR-A”,
for the purpose of spectral and radiometric studies of
atmospheric and thermal objects ecological parameters in
the wavelength range from 0.4 to 14 microns. “USR-A” is
intended to measure the spectral density of the brightness
and radiation temperature (or drops) of point and
extended sources of infrared radiation in the laboratory
and field conditions, as well as for remote spectral analysis
of hot gas facilities.

Keywords - Universal infrared spectral radiometer,
metrological parameters. Thermal objects, ecological
parameters.

. INTRODUCTION

Currently sharply increased interest in environmental
issues, which is primarily due to the ever-increasing
contamination of the environment.

According to the latest data on the study of atmospheric
pollution in industrial developed countries [1-4] the main
sources of pollution are industrial and energy facilities and
transport, which accounted for over 80% of the total amount
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of pollution. The major components of air pollution are
gaseous compounds of carbon, nitrogen and sulphur, as well
as solid and liquid aerosol formation, which are of particular
concern for the normal functioning of humans and other
biological objects [5-6].

Significant contamination of air space and its devastating
effects on human health, climate and vegetation is also due to
macroscopic leaks (or sometimes emissions) of natural gas
pipelines and extensive fires, particularly forest areas.

In ecological researches of a terrestrial atmosphere, rather
great value measurements of quantity water vapour and
carbonic gas in an environment have. On the basis of the
experimental data received on measurements of a spectral
transparency of atmosphere in the wave lengths from 2.5 up to
5.5um where there are strong band of absorption water vapour
(on 2.7um) and carbonic gas (on 4.3 um), and with the help of
existing empirical dependences between a spectral
transparency and quantity of absorbing molecules it is
possible to determine concentration H,O vapour and CO2 on
a site of measurements.

The study of gaseous components in the atmosphere plays
a significant role in the sphere of ecological researches. One
of main tasks of environmental control is the spectral study of
chemical composition of atmosphere pollution, as well as
analysis of gaseous outbursts of either industrial processes or
ground transport

Important value has also distant measurements of radiation
temperatures of point and extended sources of thermal
radiation in an industry and in atmosphere.

Therefore, the creation of optoelectronic devices and
systems with the best metrological parameters that enable the
operational analysis of basic physical and environmental
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parameters, and distant monitoring of the atmosphere and air
infrared environmental control of vast forest spaces (for
detection of fires in the early stages of their development) and
pipelines of natural gas is a very important task.

The present work is devoted to presenting the results of
research and development work on the development and
manufacturing  of  optical-electronic  instruments  for
environmental purposes to explore the basic physical and
ecological parameters of the atmosphere, as well as
monitoring forest spaces and main gas pipelines.

Il.  UNIVERSAL SPECTRAL RADIOMETER

For the purpose of spectral and radiometric studies of
atmospheric and thermal objects parameters in the wavelength
range from 0.4 to 14 microns, we have developed and
manufactured a universal spectral radiometer “USR-A”, a
detailed description and principle of operation is presented in
[7-8].

“USR-A” is designed to measure the spectral density of
the brightness and radiation temperature (or drops) of point
and extended sources of infrared radiation in the laboratory
and field conditions, as well as for remote spectral analysis of
hot gas facilities.

3 i

d

Fig. 1. OMB Optical Scheme:1-Primary mirror lens; 2-secondary
mirror lens; 3-radiation from the object; 4-retractable flat mirror; 5-
sight; 6-modulator; 7-bearing cavity; 8-field stop; 9,10-projection
lens; 11-disk interference filters; 12-sensitive area of the photo
detector; 13-dewar of liquid nitrogen; 14-visual tube

Structurally spectroradiometer made up of two parts:
optical-mechanical (OMU) and the electronic control unit
(ECU). The electrical connection between the units is by
means of cables. Full spectral range of the instrument is
covered by three sets of interchangeable filters and photo
detectors sub bands: from 0.4 to 1.1 microns from 2.5 to 5.5
microns and from 8 to 14 microns. Optical scheme OMU is
shown in Fig.1.

An Electronic Control Unit constructively desktop
performance: all organs and display controls are located on
the front of the ECU. We note some of the benefits we

developed IR spectroradiometer "USR-A" as compared to the
existing close analogues (see for example [9]). To extend the
functionality of spectral studies of thermal objects, except for
the broadband interference filters for spectral regions from 0.4
to 1.1, from 2.5 to 5.5 and from 8 to 14 mm, the device is also
provided with the ring tuneable optical filters [10].

In order to eliminate chromatic aberrations in the optical
system of the device includes two pairs (Fig. 1) mirror
projection lenses, in the focus of which are installed filters
and photo detectors tipple.

At the end of this section, we note that after some design
improvements in the optical system spectroradiometer "USR-
A" (adding the input deflecting mirror) in [11] described in
detail the method of air environmental control of forest spaces
and gas main pipelines.

Ill.  METHODOLOGY OF METROLOGICAL ATTESTATION AND
THE METROLOGICAL CHARACTERISTICS OF A UNIVERSAL
SPECTRORADIOMETER “USR-A”

On the metrological attestation appears the spectral
radiometer “USR_A”, intended for measuring of radiation
temperature of the infra-red (IR) sources, and also for the
distant ecological control (infra-red monitoring) of
environment.

1. Metrological Characteristics to Determination

During Attestation

During the realization of metrological certification of the
radiometer “USR-A”, must be certain following metrological
parameters, indicated in Table 1.

Table 1: Basic Metrological Parameters of the “USR-A”

Name of Basic Value | Possible Note
Metrological rejection
Parameters and
Measuring Unit
Working
spectral regions, Providing
Hm by
I Channel 045-1,1 10% Spectral
Il Channel 25-55 10% Filters
111 Channel 7,9-135 10%
Field of View,
mrad, no more
I Channel 4 10%
Il Channel 4 10%
111 Channel 4 10%
Difference of
radiation
temperatures,
Equivalent to
noise, ATeq °C
Il Channel 0,5 10%
111 Channel 0,5 10%
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Range of

measureable

radiation

temperatures, °C

Il Channel from 5ATegn
Il Channel to 45°C
Basic absolute Temperatures
error of at level
measuring (20+5)°C
difference of

radiation

2. Facilities of Meteorological Attestation

During realization of metrological attestation of “USR-A”
radiometer, must be applied the facilities indicated in Table 2.

Table 2. List of metrological attestation facilities

Name of Type Basic
measuring normative
facilities characteristic
Metrological MMC-0,3-15 Measuring
measuring spectral range
complex from 0,3 to 15
mkm
Model ABB AGA -RS-10 | Range of the
reproduced
temperatures
from 289 to
373K
Voltmeter B7 - 23 Measuring limits
from 10mV to
1000V
Table turning TT-630 Corner of turn
+10° through 1
Line
instrumentation

3. Conditions of Realization of Metrological Attestation
e Temperature of the air - (293+5) K, (20+5)°C:;
e Atmospheric pressure - from 84 to 104,6 kPa;
e Relative humidity - (65£15)%;
e \oltage of feed-in network - (220+22)V;
o Frequency of feed-in network - (50+0,5)Hz.

4. The Metrological Characteristics of a Universal
Spectroradiometer ""USR-4”

Metrological attestation was conducted in accordance with
the universal spectroradiometer specially designed program of

(AEL2.807.007PMA, [12]). In metrological evaluation
determined device characteristics shown in Table 3. In
carrying out metrological attestation spectroradiometer “USR-
A” to apply the necessary instrumentation and equipment
referred to in [12]. Measurements to determine the difference
between the radiation temperature equivalents to noise ATeq.y

, performed with the setup diagram of which is shown in [12].
Value of noise equivalent temperature difference determined
by the formula: ATeq, = U,/Kar Was found to be 0.05 within

+ 10%.

To determine the basic error of measurement of radiation
temperature difference Spectroradiometer, on the installation
of attestation established blackbody temperature in the range
of 288 to 298 and in increments of 1° K, five times the output
signals of the device checked.

The standard deviation of the measurements was
determined by the formula:
‘ﬁ:( Usni~ Usy
S ) S

Used= 1/ nin—-1)

]
Reduced error in the measurement of the difference

between the spectroradiometer radiation temperatures was
within £ 15%.

Table 3: Metrological Parameters of the Equipment “USR-A”

Permissible | Comment

Declinations

Nom.
Values

Name of
Metrological
Characteristics
and Measuring
Unit

Working spectral
regions, pum
I Channel
Il Channel
111 Channel

Providing
by Filters
0.40-1.1 10%
2.50-5.50 | 10%
7.9013.5 10%

Field of View,
mrad, no more
I Channel
Il Channel
111 Channel

10%
10%
10%

ww w

The difference in
noise-equivalent
radiation
temperatures,
ATegn K, NO
more than:

Il Channel 0,05 10%
111 Channel 0,05 10%

Summary
reduced
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measurement
error of the
temperature
difference
between the
radiation range

of 0.5 to 20° at

the level 293 +

5° K, no more

than:

Il Channel 15%
Il Channel 15%

IV. INFRARED MONITORING OF LARGE FOREST SPACE AND
GAs MAIN PIPELINES (GMP)

The IR radiometer is mounted in the helicopter [11,13]
and, with the help of a deflecting plane mirror, by its field of
vision scans (through the bottom hatch, along the helicopter
motion routing) terrestrial surface of large forests, see Fig. 2.

Fig. 2: Helicopter IR scanning of large forests

In the presence of fire hearths the radiation temperature in
this region (within the wavelength range of 2.5 to 5.5 pm
considerably increases that is registered by the electronic
control unit.

Fig. 3: Helicopter IR canning of GMPS

At the helicopter flight altitudes of 200, 500 and 700 m the
radiometer covers, with its field of vision, surface areas of
about 120, 750 and 1500 sg.m, correspondingly.

The IR radiometer scans the Earth’s surface along the
GMPs routes within its field of view through the bottom
hatch. If there are macroscopic gas leaks in this region, the
radiation temperature (in the wavelength region 8-14um)
drops significantly [14] and is recorded by the ECU.

At helicopter flight altitudes of 200 and 150 m, the
radiometer fields of view on the ground encompass surfaces
with radius of ~6 and ~2.5 m, respectively, see fig. 3.

With the helicopter speed of 150-200 km/hr the time of one
measurement cycle is 0.1 sec.

V. CONCLUSION

The developed optical-electronic systems offer the
possibility of remote sensing of physical and environmental
parameters of the atmosphere and IR sources. The
experimental results of the metrological characteristics
developed devices confirm the high accuracy of the
measurements.

The developed method of infrared air monitoring can be
widely used for remote environmental monitoring forest
spaces and natural gas main pipelines.

Mobile version of the complex created instruments can be
used successfully for the rapid assessment of physical and
ecological state of the atmosphere, as well as for the distant
researches of thermal objects.

Application of the given method of remote ecological
monitoring of vast forest spaces and extended gas pipelines
will undoubtedly bring to the considerable technical-
economical effectiveness and will also have a great
importance in the problem of preventing the fire occurrences,
especially of large-scale ones, and also will be imported in
solving the problem of monitoring atmospheric pollution from
natural - gas emissions.
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