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Abstract 

The paper deals with the use of probing laser systems for 

solving complex security problems. In particular, laser 

systems for remote detection of unobtrusive obstacles and for 

detection of vapors of hazardous substances in the air are 

considered. The calculations showed the efficiency of the 

probing laser systems for the detection of small objects, like 

high-voltage wires, at distances up to 800 m. It was also 

shown that a compact laser probe system based on the 

principle of differential absorption and use of semiconductor 

DFB lasers, can be used to diagnose the vapors of a number of 

chemically hazardous substances in concentrations 1...1000 

ppm at distances up to 1000 meters. 
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1. INTRODUCTION 

In solving problems of complex safety laser systems can be 

effectively applied. In this paper, we consider only two areas 

of a wide range of possible applications of lasers: the use of 

lasers for remote detection of unobtrusive obstacles, which is 

important in the task of ensuring safety [16], and the use of 

lasers to detect vapors of dangerous substances in the air [8; 

10]. 

Despite the different functionality of these laser systems, they 

have a common scheme and a similar principle of operation. 

The principle of operation is based on the atmospheric 

sounding (space sounding) by laser radiation with certain 

characteristics (intensity, wavelength, polarization, phase) [22]. 

Further, the radiation scattered by the object under study (or 

subject to detection) (a small obstacle, a topographic target, 

atmospheric molecules or aerosol particles) located in the 

sensing path is received [23; 13; 3]. Finally, an analysis of the 

characteristics of the scattered radiation is carried out to assess 

the presence of an obstacle in the sensing path or the 

concentration and spatial localization of chemicals in the 

atmosphere [11; 12; 24]. 

Figure 1 shows the principle of operation of the probing laser 

system and its composition. The laser probing system includes 

a laser source, an optical system forming a probing beam, a 

receiving telescope (lens), a receiver, a control and data 

processing system [22]. The optical system forming the laser 

beam is designed to provide the required angular divergence 

and the diameter of the probing beam. The function of the 

receiving telescope is to collect the scattered signal at the 

maximum solid angle in order to increase the signal power and 

its detection by the receiver [19-21; 1]. 

Consider the features of laser sensing systems for the location 

of small objects and sensing of the atmosphere in order to 

detect the vapors of chemicals. 

 

 

Figure 1: General scheme of the laser probing system 

 

1.1. Laser location of small objects 

As you know, poor visibility conditions are one of the main 

causes of accidents and catastrophes in the performance of 

low-altitude flight and takeoff and landing operations [16]. The 

main obstacles that pose the greatest danger when flying an 

aircraft at low altitude are the wires and supports of power 

lines and high chimneys, masts, towers, stand-alone trees, 

which are poorly detected by visual observation at night and in 

conditions of insufficient visibility. 

The papers [2; 16] describes a laser-radar module as part of a 

laser-television module that provides a system of situational 

awareness of the helicopter pilot.  The laser-location module 

consists of a scanning system consisting of a pair of deflectors, 

a collimator of a pulsed laser with an alignment unit and a lens, 

a pulsed laser with a thermal module and a control and signal 

processing device built on the basis of FPGAs and including a 

high-speed photodetector, a signal amplifier, an analog-to-

digital Converter, interfaces necessary to control the modes of 

operation of the FPM, deflectors and a pulsed laser. 

Laser pulse light source together with forming optics is used to 

https://mail.yandex.ru/?uid=52859419#compose?to=%22%D0%A1%D1%82%D0%B0%D0%BD%D0%B8%D1%81%D0%BB%D0%B0%D0%B2%20%D0%90%D0%BD%D0%B0%D1%82%D0%BE%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87%20%D0%A0%D1%83%D0%B4%D1%8B%D0%BA%D0%B0%22%20%3Cdillon2000%40mail.ru%3E
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create a pulse illumination of the surrounding space. Space 

scanning is carried out using a scanning system that deflects 

the laser beam and the field of view of the lens, in the focus of 

which is an avalanche photodiode that registers laser radiation 

reflected from the obstacle. The control and signal-processing 

device controls the operation of the pulsed laser, the scanning 

system and performs pre-processing of the signal (detection). 

By sequentially receiving a number of pulses of light reflected 

from the surrounding space, the system receives a number of 

signals over the range. At the same time, the position sensors 

of each of the deflectors transmit angular coordinates, thus, the 

exact position of each object reflecting the laser beam is 

determined. 

Let us estimate the possibility of detection of an unobtrusive 

obstacle such as high-voltage wires at a distance of 800 meters 

(this distance is sufficient for timely decision-making by the 

pilot). We define the laser beam Ф0pr reflected from the wires 

and falls to avalanche diode [26]: 

𝐹𝑤
0 =

𝑒

−𝑑2

(0.5𝑓𝐻)2

2√𝜋
−

𝜌𝑟𝑤𝑆𝑤

0.5𝑓𝐻3
𝑒−2𝜇𝐻𝑊0, 

where 𝜇 ≈
3.91

𝑉𝑚
(
0.55𝑢𝑚

𝜆
) 𝑞, 

q=0,585𝑉м

1

3 

Vм – this MDV, 

Н – the distance to the wire, 

W0 – laser-generated light flux, 

μ – atmospheric loss factor due to aerosol and molecular 

attenuation (absorption and scattering), 

λ – laser wavelength, 

rw – the radius of the wire, 

Sw – the area of the entrance pupil of the lens, 

f – divergence of laser beam in radians, 

d – distance from the center of the flare spot generated by the 

laser to the wire. 

Let us assume that the distance from the wire to the center of 

the spot from the laser is equal to half the radius of the spot. 

Then the value of  𝑒
−𝑑2

(𝑓𝐻)2 will be approximately 0,78. 

f=2*10-3 radian, 

Н = 800 м, 

rw = 5*10-3 meters, 

Sw = 5*10-3 meters 2 (the diameter of the entrance pupil 80 

mm), 

W0 = 80 μJ, 

F0w according to the calculations is obtained 2,9*10-18 J, that 

at the energy of one photon at a wavelength of 1.55 µm 

1.28*10-19 J, gives a flux of about 23 photons. 

 

The calculation of the signal from the background on a clear 

sunny day at a wavelength of 1.55 µm shows that it will be 

about 1 photon. Taking into account the noise of the receiver 

and the amplifying path, the signal/noise ratio under the 

specified conditions will be 5, which suggests a high 

probability of detecting wires at a distance of up to 800 m. 

 

1.2. Remote laser sensing of vapors of hazardous 

substances 

Laser remote sensing is a promising method for detecting, 

recognizing and predicting the spread of hazardous substances 

[6]. According to the physical principle, lidar systems are 

divided into: differential absorption (DIAL) lidars [7], 

fluorescent lidars, Raman lidars, polarization lidars, aerosol 

lidars [22; 4; 5; 17;  25]. 

In recent years, interest in compact lidar systems with minimal 

dimensions and solving a narrowly defined range of special 

tasks, i.e. not being multifunctional, has become more and 

more active [18; 15; (Patent No. 2008134673, 25.08.2008). 

Prospects for the development of such lidars are due to 

progress in the technology of tunable semiconductor lasers 

(PPL). We are talking primarily about lasers with distributed 

feedback (distributed FeedBack — DFB lasers) and quantum 

cascade lasers. These lasers currently cover the spectral range 

from 0.6 to 12 µm, providing a generation power of up to 

hundreds of mW. In addition, modern technology can 

significantly increase this power using special fibre-optic 

STRS amplifier [14]. 

The main features of compact lidars are: 

- Compactness due to the use of PPL; 

- Small detection range -10 ... 1000 m; 

- Use as a reflector of natural topographic target; 

- Single task-detection of one, rarely several substances; 

- Small dimensions of the receiving telescope ~100 mm. 

 

We will evaluate the limiting capabilities of the dial lidar based 

on PPL. The absolute power P and the differential signal ΔP at 

the receiver for the concentration of particles of substance N 

can be determined using Booger's law [22]: 

 

   )1(exp1

1

0

0
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, 

where P0 – the radiation power of the laser; 

L – the optical path of the radiation to a limited extent with the 

vapors of the substance (in the calculations was taken equal to 

1 m); 
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 − geometric efficiency of the receiving system 

(the ratio of the solid angle inside which the signal is received 

to the solid angle at which the light is reflected from the 

diffusely scattering surface-in our case, we believe that the 

surface is absolutely diffuse, and the light is scattered from it 

into the hemisphere 2π), D-diameter of the receiving telescope, 

R-the distance to the object; 

α – diffuse surface reflectance; 

η – total value of inactive losses on the sensing path. 

For modeling, electronic noise was taken into account, the 

main component of which was the noise of the dark current of 

the receiver itself. It can be determined from the value of the 

equivalent noise level NEP. For example, for the PIN diode of 

HAMATSU (Japan) G8376, the value of NEP is 8∙10-15 W 

∙Hz-0.5. The bandwidth of the amplifier is ~10 Hz power noise 

will be: 

15 148 10 10 2.5 10
NEP

P NEP f W        
 

The minimum detectable signal will be determined by the 

permissible signal-to-noise ratio SNR: 

NEPPSNRP min , as distinguished by the instrument's 

hardware and software.  

The necessary parameters for the calculation [27]: 

1. The power of the P0 laser in the calculations was 1 

mW, 10 mW and 100 mW. 

2. Losses in the sensing path η=0.7. 

3. The concentration оf N vapors of the diagnosed 

substance for calculations was taken to be 10 ppm, 

which is 0.27∙1021 m-3 and 100 ppm, which is 

0.27∙1022 m-3 [9]. 

4. The length of the sensing path is L~1 m. 

5. Typical differential absorption cross section Δσ 

"model" substances (like ethanol) was taken equal to 

1.37∙10-25 m2. 

6. The coefficient α of the diffuse reflection of the 

topographic surface "of the reflector" was taken equal 

to 0.1. 

7. The scattering indicatrix was assumed to be uniform 

in the solid angle 2π. 

8. The diameter D of the receiving telescope is 0.1 and 

0.2 m. 

Figure 2 shows the results of lidar simulation using random 

topographic targets on the ground. They represent the 

nomograms corresponding to SNR~5 (signal/noise ratio). 

These nomograms show the maximum detection range of 

different ethanol concentrations depending on the power of the 

laser source. 

 

Figure 2: Dependence of the limit range of detection of 

ethanol vapor depending on the power of the laser source at 

α=0.1, η=0.7: 1, 4 – detectable concentrations 100 ppm, 2, 5 – 

10 ppm, 3, 6 – 1 ppm; 1, 2, 3 – D=0.2 m; 4, 5, 6 – D=0.1 m. 

 

In general, the numerical simulation showed that the use of a 

compact lidar for the diagnostics of hazardous substances in 

the open atmosphere at concentrations at the level of 

0.01...1ppm, the detection distance can reach hundred meters 

(when using the random topographic targets) and kilometers 

(by using special retroreflectors-reflectors). 

 

2. CONCLUSION  

Probing laser systems are an effective tool in providing 

comprehensive security. In particular, the calculations showed 

the efficiency of the probing laser systems for the detection of 

small objects that pose a threat to flight safety, at distances up 

to 800 m. It was also shown that a compact laser probe system 

based on the principle of differential absorption and using 

semiconductor lasers, can be used to diagnose the vapors of a 

number of chemically hazardous substances in concentrations 

1...1000 ppm at distances up to 1000 meters. 
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