WO 2021/206640 PCT/SK2021/000002

Method for remote detection of gaseous substances in the atmosphere by the DIAL system with

two lasers and a remote detector

Technical field

The invention relates to a method for the remote detection of gaseous substances in the
atmosphere by a DIAL system with two lasers and to the construction of a remote detector of
gaseous substances in the atmosphere using the DIAL (Differential Absorption LIDAR)

technology with two lasers. The invention falls within the field of laser systems.

Background of the invention

The so-called “classic” arrangement of the DAL system with two lasers has a single
output aperture, where the laser beams from both lasers are merged by means of & semipermeable
mirror so that they are coaxial, Therefore, the laser radiation from both lasers propagates towards
the target — object that ends a particular measuring route, through the identical volume of the
atmosphere. The obvious disadvantage of this arrangement is the 50% loss of energy from the
lasers arising from the merging of beams (although this 50% of energy is used to synchronize the
system and measure outgoing energies) which has a negative effect on the remote detector range,
as its range drops to about 70%. If the output aperture is accidentally blocked, such DIAL systern
fails.

There is a DIAL system arrangement with two lasers and two oulput apertures, where
each laser has a separate output aperture. In practice, there are for instance the DD-CWA and the
F4G systems operating on this basis. As a result, the laser radiation from one laser propagates to
the target to a certain distance through a different volume of the atmosphere than the radiation
from the other laser. The laser beams gradually overlap, but they usually get coincident to sbout
50% on a halfway towards the target. The influence of optical atmospheric effects, the different
aerosol content and also the different concentrations of the detected substance for one and the
other laser in the initial part of the measuring route can fundamentally negatively affect the
minimum detectable concentration. If one of the output apertures of such DIAL is accidentally
blocked for a short period of time, it may either cause false detection or prevent the detection of

the real cloud of substance to be detected.
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Summary of the invention

The method for remote detection of gaseous substances in the atmosphere by the DIAL
sysiem with two lasers according to the invention largely eliminates these drawbacks, the essence
of which consists in that the laser beam generated by the first laser impinges on a semipermeable
mirror, where 50% of the laser beam power passes through the semipermeable mirror and
proceeds through the first aperture towards the target and at the same time the remaining 50% of
the laser beam power reflects from the semipermeable mirror, impinges on a totally reflecting
mirror from which it is reflected and is directed through the second aperture to the same target.
The delayed laser beam generated by the second laser fmpinges on the semipermeable mirror,
where 50% of the laser beam power passes through the semipermeable mirror, impinges on the
totally reflecting mirror from which it is reflected and is directed through the second aperture to
the same target and at the same time the remaining 50% of the laser beam power reflects from the

semipermeable mitror and proceeds through the first aperture towards the same target.

In gssence, the laser beams from both lasers are merged by a semipermeable mirror, each
beam being divided into two, cach carrying 50% of the energy from the first and then also the
second laser, and both beams are directed in parallel, one by semipermeable and the other one by
totally reflecting mirror to the target.

The abeve stated method for remote detection of gaseous substances in the atmosphere by
the DIAL system with two lasers is usable in a remote detector of gaseous substances in the
atmosphere according to the invention, the essence of which is based on the presence of the first
laser and the sccond laser, while at the intersection of the axes of their laser Beams a
semipermeable mirror is located. Behind the semipermeable mirror, a totally reflecting mirror is
located in the forward direction of the laser beam advance generated by the second laser and also
in the reflected direction from the semipermeable mirror of the laser beam advance generated by
the first laser. The first aperture is located in a forward direction from the semipermeable mirror
of the 50% laser beam advance from the first laser and of the reflected 50% laser beam advance
from the second laser. The second aperture is located in the reflected direction from the totally
reflecting mirror of the 50% laser beam advance from the first laser and of the 50% laser beam

advance from the second laser.
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The advantages of the method for remote detection of gasecous substances in the
atmosphere by the DIAL system with two lasers and the construction of the remote detector of
gaseous substances in the atmosphere according to the invention are evident from the effects
which are manifested externally. The originality of the solution lies in the fact that by merging
beams from both lasers using semipermeable mirror and at the same time by dividing each beam
nto two, each carrying 50% of energy from the first and then also the second laser, where both
beams are directed in parallel to the target, there is no 50% loss of energy of lasers and therefore
no decrease in the range of the DIAL and laser radiation from both lasers passes through the same
volumes of atmosphere. Such arrangement of the DIAL system with two lasers with the division
of laser beams into two minimizes the external inflyences of atmospheric effects on detection and
ensures the maximum detection range. The solution with two output apertures brings other
advantages here. One advantage is that even if one of the apertures is completely blocked, the
range of the system will decresse, but the detection capability and DIAL sensitivity will be
preserved. The second advantage is that division the laser beams into two will bring the power
density reduction in the output apertures and thus vision safety increase, because although the
total energy coming from the aperture remains approximately the same, it is divided into two

pulses: the first from the first laser, and afler a significant delay the second from the second laser.

Description of the drawings
The method for remote detection of gaseous substances in the atmosphere by the DIAL
system with two lasers and a remote detector of gaseous substances in the atmosphere according

to the invention is shown in the figure of the accompanying drawing.

Example of embodiment

In this example of a specific embodiment of the subject of the invention, a solution of a
method for remote detection of gaseous substances in the atmosphere by the DIAL system with
two lasers according to the invention is described. The method for remote detection is applied to
a remote detector of gaseous substances in the atmosphere. It is based on the fact that the laser
beain generated by the first laser impinges on a semipermeable mirror, where 50% of the laser
beam power passes through the semipermeable mirrer and proceeds through the first aperture

towards the target and at the same time the remaining 50% of the laser beam power reflects from
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