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ACTIVE PULSE TELEVISION MEASURING
SYSTEMS FOR ENSURING NAVIGATION OF
TRANSPORT MEANS IN HEAVY WEATHER

CONDITIONS

This paper presents research results of the Active Vision Area, formed by the Active
Pulse Television Measuring System in conditions of decreased transparency of propagation
medium.

Aim: To increase backscatter interference suppression efficiency by the Active Pulse
Television Measuring System for ensuring navigation of transport means in heavy weather
conditions.

Methods: Simulation of Active Vision Area considering light energy attenuation is
proportionate to the square of distance and attenuation caused by propagation atmosphere.
Performance of experimental researches with the Prototype of Active Pulse Television Meas-
uring System using Big Aerosol Chamber, simulating dense fog and smoke conditions.

Results: The designed model of Active Vision Area allowed estimating the changes of
light energy distribution in the observed space layer depending on range of observation and
transparency of radiation propagation medium. With equal duration values of the illumination
and strobing pulses of the photodetector in conditions of dense fog, significantly big residual
backscatter interference was revealed, maximum intensity area of the radiation reflected from
objects was displaced from a distance of strobing delay. Illumination pulse duration reduction
led to increase of backscatter interference suppression efficiency, improvement of image con-
trast and increase of accuracy of determination of distance to the observed objects.

Conclusion: The increase of backscatter interference suppression efficiency by the
Active Pulse Television Measuring System for ensuring navigation of transport means in
heavy weather conditions is a relevant task

Keywords: Backscatter interference, contrast, active vision area, heavy weather condi-
tions, active pulse television measuring system.
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ToMCKUI TOCYapCTBEHHBI YHUBEPCUTET CUCTEM YIIPABIICHUS
Y PaANO03JIEKTPOHUKHA

Tomck, Poccus

AKTUBHO-UMMNYINbCHbIE TENIEBU3UNOHHbIE
USMEPUTEJIbHbIE CUCTEMbI OJ1A
OBECIMNEYEHUA HABUTALIUA
TPAHCMOPTHbBIX CPEACTB B CIHOXHbIX
METEOYCNOBUAX

Annomayusn. llpencraBieHbl pe3yiabTaThl MCCIEIOBAHUS AKTUBHOW 30HBI BUJICHUS
dbopMupyeMoil aKTUBHO-UMITYJIbCHON TEIEBU3MOHHON M3MEPUTEIBHON CUCTEMON B YCIOBUSAX
MMOHWKEHHOM MPO3PAYHOCTH CPEbI PACIIPOCTPAHECHUS.

Heab: [ToBbicuTh 3(h(HeKTUBHOCTH MOAABICHUS TIOMEXH 0OPATHOTO paccesiHUS aKTHUB-
HO-UMIYJbCHBIMU TEJIEBU3MOHHBIMH W3MEPUTEIBHBIMU CHCTEMaMH JJIsl 0OCCTICUeHHs] HaBU-
ralyy TPAHCIIOPTHBIX CPEACTB B CIIOKHBIX METEOYCIOBHUSX.

Metoabl: MoaenrupoBaHue akTUBHOM 30HBI BUJICHUS C y4eTOM OcCJIabJIeHHs] CBETOBOM
DHEPruu NPONOPLUMOHAIBHO KBAApPATy PACCTOSAHUS M 3aTyXaHHWs, BBI3BAHHOTO CpPENOM pac-
MPOCTpaHEHHUs. DKCIIEPUMEHTATIbHBIE MCCIIEIOBAHUS MaKeTa aKTUBHO-UMITYJIbCHON TEJICBHU-
3MOHHOM M3MEPHUTENHHOW CHCTEMBI B OOJBIION adpO30JbHON Kamepe B YCIOBHSIX IJIOTHOTO
TyMaHa " JIbIMA.

Pesyabrarel: IlocTpoeHHass MOAENb aKTUBHOM 30HBI BI//II[eHI/ISI MO3BOJIMJIAa OIECHUTh
W3MEHEHUS pacIpeeICHUs] CBETOBOM SHEPTUU HAOIIOJaEMOTO CIIOSl MPOCTPAHCTBA B 3aBUCH-
MOCTH OT JaJbHOCTH HAOJIONCHUS M TPO3PAYHOCTH CPEIbl PACIPOCTPAHECHHS W3ITyYCHHUS.
[Ipn paBHOW IIMTENTFHOCTH WMIYJIbCOB TIOJCBETA W CTPOOUpPOBaHUS (HOTONPUEMHOTO
YCTPOMCTBA B YCIOBUSX IJIOTHOTO TyMaHa BBISIBJIEHA OOJIBIIIAasi OCTaTOYHAS IIOMEXa 0OpaTHO-
ro paccessHusi, 00JacTh MAaKCUMAIbHONH WHTEHCUBHOCTH OTPaKEHHOTO OT OOBEKTOB M3IIyde-
HUS CMECTWJIACh OT JUCTaHIIMH, COOTBETCTBYIOIICH 3amepikke cTpodupoBanus. CokparieHne
JUTUTETTLHOCTH HMMITYJIbCA TIOJICBETA MPUBEIO K YBEIHMUEHHUIO 3(P(EKTUBHOCTH MOJAaBICHUS
MOMEXH OOpaTHOTO pacCesHUsl, K YJIYUYIICHUIO KOHTpacTa M300paKeHUs W K TOBBIIICHUIO
TOYHOCTH OTNPEIEIICHUS PACCTOSHUS 10 HAOII0JaeMbIX 0O BEKTOB.

BroiBoabl: [IpuMeHneHne pe3yabTaToB HUCCIICIOBAHUS MTO3BOJISET MOBBICUTH P HEKTHB-
HOCTb TIOJIaBJICHHSI IOMEXHU OOpaTHOTO pPacCesHUs aKTUBHO-MMITYJIbCHBIMHU TEIEBU3MOHHBIMU
U3MEPUTEIIbHBIMUA CHUCTEMaMH B CIIOXHBIX METEOYCJIOBHSAX ISl OOCCICUYCHHS] HaBUTAIUH
TPAHCIOPTHBIX CPEACTB.

/
Kniouesnie cnosa: momexa oOpaTHOTO paccessHUs, KOHTPACT, AKTUBHAS 30HA BUJICHUS,
CJIO’KHBIE METEOYCJIOBHS, aKTUBHO-UMITYJIbCHASI TEJICBU3MOHHAS N3MEPHUTEIIbHAS CUCTEMA.
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Introduction

Currently, in modern science and technology, there is a growing dissemi-
nation of technical vision systems which are able to efficiently perform tasks of
searching and detecting the objects observed in rough weather conditions (fog,
haze, dust, snowfall).

The operational range and possibility of detection of the objects by means
of conventional television systems are seriously limited in the conditions of low
transparency of the propagation atmosphere. The basic reason for limitation of
detection and identification ranges in rough vision conditions is the impact of
backscatter interference [1].

Backscatter interference occurs due to light photons’ scattering on the at-
mosphere aerosols in the direction of the observer, which leads to significant de-
crease of the image contrast and, consequently, to impossibility of detecting and
identifying the objects of observation [2].

There is quite a broad spectrum of monitoring systems for work in the
complicated visibility conditions:

e passive and active-passive low light television systems;

e active pulse television measuring systems (AP TMS);

e thermal vision systems.

AP TMS efficiently eliminates the backscatter interference and is not sen-
sitive to low temperatures unlike thermal vision systems. The working principle
of AP TMS is based upon space pulse illumination and time strobing of the pho-
todetector which is equipped with fast shutter.

The essence of the method is brought to the following. The object of ob-
servation is illuminated by light pulses, duration of which is significantly shorter
than the light probation time to the object and back. In the case when time delay
between pulse emission moment and shutter opening moment is equal to double
time necessary for the light to cover the distance to the object and back, the ob-
server will be able to see only the object itself and the area of space surrounding
it. The depth of this space is determined by both the time of opening state of the
shutter and the duration of the light pulse [3].

As a photodetector in the active pulse television measuring systems, as a
rule, the image intensifier tube is used, which operates in the pulse mode. The
image intensifier tube in the active pulse television measuring systems functions
as a fast-acting electronic shutter and image brightness enhancer. To receive
video signal, the image intensifier tube is synchronised with video camera.

The synchronisation is feasible by means of joining through fiber-optic
element (focon), direct joining of image intensifier tube to light-sensitive ele-
ment of the television camera or with the use of the relay coupling lens.

The use of the relay coupling lens is justified by the emergence of heavy
interferences in the energetics of the carried optical image. The synchronisation
by means of joining through focon or direct joining of image intensifier tube to

Received: 12.12.2017. Accepted: 26.02.2018  This article is available under license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.
TpaHcnopTHbIE cHCTeMbI M TexHoxoruu. 2018;4(1):68-83 doi: 10.17816/transsyst2018041068-083 Transportation Systems and Technology. 2018;4(1):68-83



https://creativecommons.org/licenses/by-nc-sa/4.0/

71 TPAHCHHOPTHBIE CUCTEMbI U TEXHOJIOT'MHA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

light-sensitive element of the television camera causes impossibility of quick
change of the device components (non-module construction) and increase of its
costs [4, 5].

As the illuminator for AP TMS, the laser-based or LED-based lighter is
used, which works in the pulse mode. The duration of the illumination pulses
may reach tens or units of nanoseconds, enabling reaching a high pulse power,
with the photodetector’s short exposure time significantly decreasing back-
ground light sensitivity of the system [6].

Depending on the purpose, AP TMS may be used in air, ground, under-
ground, surface and underwater conditions.

The increase of the range of AP TMS is possible both by means of in-
crease of power of the illumination and decrease of the number of radiation an-
gles and acceptance angles.

The most grounded decision, when dealing with significant illumination
power, is the scheme of group module of the lighter. The lighter made according
to this scheme consists of a range of standard modules with optical axes parallel
to each other.

Each module has an objective and an emitter having a laser diode matrix
with or without integrator. The radiation of all the modules is focused in one ra-
diation angle, equal to the radiation angle of one module. This scheme of the
lighter ensures its minimal longitudinal dimensions and simple radiation form-
ing scheme. The scheme is also convenient with its high repairability, as in case
of failure of one module, it can easily be replaced with another one [7].

Depending upon changes of weather conditions, different working modes
of the active pulse television measuring systems are used: uninterrupted, active
uninterrupted or active pulse mode with the time selection of radiation pulse re-
flected by the objects.

In the active pulse mode, the control of the AP TMS observation range is
carried out by virtue of changing the delay of opening the shutter of the photode-
tector relative to the illumination pulse (strobing delay). The strobing delay con-
trol in the image intensifier tube enables receiving information about the dis-
tance to the observed object with a certain tolerance which depends upon the
depth and the form of the active vision area.

The strobing delay control of the image intensifier tube in the AP TMS
may be realised both manually and semi-automatically, with the use of pro-
grammable logic.

When operating manually, the strobing pulse delay, preliminary set for a
certain value, is manually gradually and continuously, or discretely and incre-
mentally, increased or decreased to the value corresponding to the maximum or
the minimal performance range of the AP TMS. When changing the delay, the
zone of the observation is continuously or discretely shifted in range and is
combined with the object of interest by the operator. This mode of operation re-
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quires constant involvement of the operator and is not efficient when dealing
with fast-moving objects.

When operating semi-automatically, the strobing pulse delay is periodical-
ly changed, the scanning of the zone of observation from the minimal to the
maximum performance zone is carried out, and detection of the object down the
depth of visibility takes place. This mode does not require constant involvement
of the operator and can be used when dealing with fast-moving objects.

The AP TMS active vision area

The form of the active vision area will represent the result of convolution
of the illumination pulse S, and the strobing pulse of the image intensifier tube
Sg- If the pulses are of the rectangular form and have equal duration, their active
vision area will have the form of triangle (fig. 1).

A Energy

\ 4

O Strobe delay Distance

-
-

¥

Fig. 1. Active vision area for rectangular illumination pulses and strobing at 7, = 7,
without taking into account reduction of light energy

Since the illumination radiation pulse reflected from the object, which is
located at a distance corresponding to the strobing delay of the image intensifier
tube, will be being received during the entire opening state of the image intensi-
fier tube, with the duration pulses being equal, the centre of the active vision ar-
ea will have the maximum energy in one point and will correspond to the strob-
ing delay of the image intensifier tube [8].

The depth of the active vision aread, will depend upon the total duration

of the illumination and strobing pulses of the image intensifier tube
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_ (T, +74)-C
z 2 '
where 7| —the illumination pulse duration,

(1)

74 — the strobing pulse duration of the image intensifier tube;

¢ — the speed of light.

In case the duration of the illumination pulse is less than that of the strob-
ing pulse of the image intensifier tube, the active vision area will acquire the
form of trapezoid. The maximum energy area will be somewhat extended, and
the point, corresponding to the strobing delay of the image intensifier tube, will
be located in the beginning of the maximum energy area (fig. 2) [9].
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Fig. 2. Acitve vision area for rectangular pulses at 7, < 74

The starting point of the active vision area dzs,t at any duration relations
depends upon the illumination pulse duration and is determined by the expres-
sion

(t,—t.)-C
dzstart = #’ (2)

where tp — the strobing delay of the image intensifier tube;

7. — the illumination pulse duration;

Cc — the speed of light.

In the fig. 3, there are given expressions by means of which the major
points of the active vision area, at 7, < 7y for square waveforms, can be
calculated.
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Fig. 3. Calculation of major points of the area for 7 < zg

Practically, during the propagation in the atmosphere, the attenuation of
the illumination is determined by two factors. One of them is reversely propor-
tional to the square of the distance to the object, the other has a negative expo-
nent. Therefore, the decrease of transparency of the atmosphere will be followed
by the increasing distortion of the active vision area form [10].

Besides, rectangular short duration pulses with high amplitude are techni-
cally difficult to realise, therefore the calculation of the active vision area should
be conducted taking into account the signal edges’ duration, which will influ-
ence the form of the active vision area.

To calculate the form of the active vision area, taking into account the at-
tenuation of light energy of the illumination proportionately to the square of the
distance and attenuation in the hazy propagation atmosphere, the following ex-
pression is used

1 2L
SZ(L)_ﬁZ(L)!Sg (t+1ogcj-SL(t)dt, 3)

where 7 — the integration time;

L — the distance;

S, (t) — the illumination signal;

Sy(t) — strobing signal of the image intensifier tube;

o(L) — the coefficient of the optical quenching of the propagation atmos-
phere.
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In the fig. 4, there is a result of calculation of the active vision area for 15
metres (area 1) and 30 metres (area 2) at the same illumination pulse duration
and strobing pulse duration of the image intensifier tube (60 ns), taking into ac-
count the illumination attenuation proportionately to the square of the distance
and considering the optical quenching in the propagation atmosphere (light fog),
which equals 20 dB/km.

Thus, it has been shown that at short observation distances, the active vi-
sion area is significantly distorted in the conditions of decreased transparency of
propagation atmosphere. The area of the maximum energy of the active vision
area is shifted from the centre of the area to its starting part, which leads to en-
hancement of the residual backscatter interference, light clutter from near ob-
jects, reduction of image contrast and tolerances in determination of the distance
to the object under observation.

To minimise the consequences of the active vision area distortion, the du-
ration of pulses of the illumination source should be reduced. The reduction of
the duration of the pulses of the illumination source relative to the duration of
strobing pulses of the image intensifier tube will result in the enhancement of
steepness of the active vision area leading edge and the shift of the point, which
corresponds to the strobing delay of the image intensifier tube, to the initial area
of the active vision area.

The fig. 5 shows the result of calculation of the active vision areas for the
distances of 15 metres (area 1) and 30 metres (area 2) in the parameters of the
propagation atmosphere. The duration of the illumination pulse has been re-
duced twice, to 30 ns, the duration of the strobing pulse of the image intensifier
tube has been increased to 90 ns.
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Fig. 4. The model of the active vision area for distances of 15 and 30 metres
(the points mark the distance, which corresponds to the strobing delay
of the image intensifier tube)
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Fig. 5. The model of the active vision area (the distortions are compensated with the steepness
of the leading edge of the active vision area)

Experimental research of the model of Active Pulse Television
Measuring Systems (AP TMS)

To test the results of the modelling, a range of experiments under condi-
tions of decreased transparency of the propagation atmosphere by means of AP
TMS has been carried out. The system was developed by the authors of the arti-
cle, at the Department of Television and Management, Tomsk State University
of Control Systems and Radioelectronics (TUSUR).

The system comprises (fig. 6): the input objective, the image intensifier
tube (1IT), which matches the objective, the image source (a monochrome
CMOS 800 TVL) with increased sensitivity, the illuminator, the power source,
the control blocks and computers with special software. The illuminator is the
pulsed semiconductor laser which operates in the NIR.
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Fig. 6. Structural scheme of AP TMS

The appearance of the AP TMS model is seen in the fig. 7.
Technical characteristics of the AP TMS model:

e the system’s range vision up to 200 metres;

e the system’s vision angle 612 degrees;

e optical power of the illumination in the pulse 320 W,

e wave length of the illumination radiation 842 nanometres;

e pulse repetition frequency of the illumination 50-4950 hertz,;
e duration of the illumination pulse 30—-120 nanoseconds;

e duration of the IIT strobing pulses 30—120 nanoseconds;

e depth of the active vision area 9—-36 metres.

Fig. 7. Appearance of the AP TMS model
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The experimental researches of the Active Pulse Television Measuring
System have been carried out in the Big Aerosol Chamber (BAC) of V.E. Zuev
Institute of Atmospheric Optics of Siberian Branch of the Russian Academy of
Science.

The imitation of fog in the BAC was performed with the help of the fog
generator which evaporated hydroglyceric mixture. Filling of the BAC with
smoke was carried out by means of incineration of pine logs in a special furnace.
As a rule, turbidity of the propagation atmosphere with fog or smoke kept till in
the active uninterrupted mode of performance of the AP TMS (without strobing
of the II'T, with active illumination), it was impossible to detect measuring test
charts and objects of observation, located in the field of vision of the system. Af-
ter that, the mixture of aerosols was evenly distributed in the entire BAC by ven-
tilators during the course of 30 minutes.

In the fig. 8, 9 there are video frames of the AP TMS depending on the
modes of performance and level of transparency of the propagation atmosphere.

During the experimental researches of the model of the AP TMS in the
BAC, for testing the results of the simulation of the active vision area, the dura-
tions of illumination pulse and the IIT strobing pulse at constant delay of strob-
ing were controlled.

The fig. 10 shows the frames of the AP TMS in the conditions of dense
fog. The object of the observation was test chart (marked as a rectangular)
placed at a distance of 21 metres (strobing delay of the IIT — 140 nanoseconds)
with the strobing pulse delay of the 11T of 120 nanoseconds.

As it is seen from the fig. 10, the contrast of the image of the observed ob-
ject, obtained at equal durations of the illumination and strobing pulses of the
image intensifier tube, is significantly decreased due to impact of the backscatter
interference, and the objects having the maximum brightness in the frame are
located at a distance of 15 metres. On the contrary, the image of the observed
object, obtained at a duration of the illumination pulse of 30 nanoseconds, has
the maximum brightness in the frame and is distinctively more contrasting,
which, on the whole, confirms the results of the simulation of the active vision
area of the AP TMS.
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Fig. 8. Active uninterrupted mode of the AP TMS:
a) normal transparency of the propagation atmosphere; b) dense fog

Fig. 9. Active pulse mode of the AP TMS, dense fog

a b
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Fig. 10. The image of the object of observation:
a) duration of the illumination pulse — 120 nanoseconds,
b) duration of the illumination pulse — 30 nanoseconds

Shows the results of measuring the digital contrast of the object of obser-
vation depending upon duration of the illumination at constant duration of the
strobing pulse of the IIT (120 nanoseconds) and strobing delay (140 nanosec-
onds). Duration of the illumination pulse is 120, level of contrast of the object
observed is 97, 60 nanoseconds — 193, 30 nanoseconds — 230.

Conclusions

As a result of the researches, the models of the active vision areas were
obtained, taking into account the attenuation of the optical radiation proportion-
ately to the square of the distance and its quenching in the propagation atmos-
phere. It has been found out that if the durations of the illumination and strobing
pulses of the image intensifier tube are equal, then in the conditions of low
transparency of the propagation atmosphere, the form of the active vision area
significantly distorts. The area of the maximum energy of the zone is shifted
from the centre of the zone to its initial part, which leads to increase of the re-
sidual backscatter interference and, consequently, to decrease of the contrast of
the image of the observed object. The decrease of the illumination pulse dura-
tion relatively to the duration of the strobing pulse of the IIT leads to increase of
steepness of the leading edge of the active vision area and concentration of the
maximum of energy in the point, corresponding to the temporary strobing delay
of the IIT. High steepness of the leading edge of the active vision area enables
efficient eliminating the backscatter interference, and the maximum energy in
the point which corresponds to the temporary strobing delay of the IIT, increases
accuracy of determination of the distance to the objects under observation. The
results of simulation have been confirmed by experimental researches of the
model of the AP TMS, which enables concluding that making efficient systems
of navigation of transport modes in heavy weather conditions with the use of the
AP TMS is feasible.
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