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Abstract—A brief overview of the gathering information existing means about the emergencies is given. The
system with the artillery launch of aerospace video surveillance equipment is considered, and the structure and
functioning of the emergency zone suborbital video surveillance system are defined. It was shown the necessity
of the remote control devices set development for reducing the video surveillance unit. The aerostat-parachute
system with remote control by the operator on the radio channel is proposed. The structure and parameters of
the automatic control system for the descent vehicle movement is analyzed. The implementation evaluation of the
technical solution, parameters calculations of the aerostat-parachute system were made. Using software
(Project 1), It was the optimal weight calculated by the given aerostat-parachute system parameters that was

displayed on the speed versus time graph.

Index Terms—Natural disaster; emergency incident; video surveillance system; artillery launch; aerostat-

parachute system; descent parameters.

I. INTRODUCTION

Natural disasters (earthquake, flood), industrial
accidents and catastrophes, the environmental
consequences of anthropogenic impact on the
biosphere (oil spills, forest fires), the use of different
types of weapons in armed conflicts create situations
that are dangerous for life and population health.

Fig. 1. Suborbital video surveillance system

By receiving information about the event, the
Ministry of Emergency Situations (MES) chooses
protection measures and means, depending on the
type, nature and occurrence of the emergency

incident. An operational group is formed that
performs search and rescue operations: aerial
reconnaissance of the terrain, landing of rescuers in
the area of emergency, evacuation of victims from
areas of emergency, as well as the rescue operations
conduct related to the elimination of the
consequences of an emergency event.

II. PROBLEM STATEMENT

At present, for the prompt -collection of
information in the event of an emergency situation,
the main role is played by aviation equipped with
modern means of video surveillance. Suborbital
video surveillance systems are also being developed,
which use rocket launchers. However, the creation
of the missile installations complex that provides
operational control of emergency situations on the
territory of Ukraine requires considerable financial
costs and time of its implementation.

Taking into account that artillery equipment,
which is in the arsenal of the Ukrainian army, is
used quite a bit, and aging is gradually being written
off, it is advisable to use this technique for other
purposes. In particular, for the artillery start-up of a
video camera for monitoring the emergency zone.
The Aerospace Society (ASS) of Ukraine proposed a
suborbital video surveillance system with artillery
launch (Fig.1).

The principle of the suborbital video surveillance
system is as follows. The launching of the video
surveillance system unit is carried out by the gun
launching of the projectile, inside of which a small-
sized missile with an instrument container and a

© National Aviation University, 2018
http://ecs.in.ua



36 ISSN 1990-5548 Electronics and Control Systems 2018. N 1(55): 35-40

parachute system is placed in place of the combat
charge. The initial parameters of the projectile's
movement (direction and angle of inclination) are
determined by the coordinates of the given
observation zone. The projectile leads a small rocket
with equipment to a height of 10—12 km. Then the
small rocket is detached and launched. The initial
parameters of its motion are determined by the
parameters of the movement of the artillery shell at
the time of separation of the small rocket. The
missile has a hypersonic ramjet engine, or solid fuel,
developed on the basis of new technologies. The
vertical component of the flight speed of a rocket
gradually decreases and at an altitude of 70-90 km it
reaches Viq = 0. The container with the payload is
separated from the rocket and goes into the free fall
mode. To reduce the speed of descent, the parachute
opens. Controlling the parameters of the camcorder's
descent is performed by the operator of the
command post remotely via the radio channel.

The first experimental artillery launches (on the
Crimea territory) showed that at the height of the
camera compartment the parachute is not opened
due to the very low density of the atmosphere. The
construction was supplemented by a rubber chamber
shaped like a torus. When the chamber is filled with
compressed air, the torch stretches the parachute
fabric, providing braking during descent. The results
of the system tests were negative. The parachute's
tissue was severely damaged or even burned when it
entered the denser layers of the atmosphere due to
heating at high speed. Graphite fabric was used. Its
use allowed achieving some positive results.
However, the system requires modernization and
refinement.

III. PROBLEM SOLUTION

Review and analysis of existing spacecraft
descent systems showed the inapplicability of the
devices considered to solve the task. It is necessary
to develop a set of remote control devices for the
parameters of reducing the video surveillance unit:
descent speed, movement direction, convenient
angular position. The use of an aerostat for reducing
the descent rate is considered. This makes it possible
to reduce the descent rate and to avoid overheating
of the equipment when entering the denser layers of
the atmosphere. Aerostat will also increase the time
of video surveillance, which is especially important
for obtaining quality information about emergency
situations. When entering the denser atmosphere, the
balloon stops, the rate of decline is zero. It is
necessary to reduce the volume of the balloon. It is
proposed to develop an aerostat-parachute system.

An important parameter of the applicability of the
system is the time and area of observation. To assess
the scale of an event, the intensity of events, the
probability of evaluation requires a certain time
interval. The time interval and observation area is
determined by the initial observation height and the
descent rate. To increase the observation time
interval, it is necessary to change the descent
parameters. The most important parameter in this
case is the movement speed of the video camera in
the period from the opening of the parachute to its
entry into the denser layers of the atmosphere. To
solve this problem, it is proposed to use an aerostat-
parachute system (APS).

Taking into account the experience accumulated
by the science of balloons [1], which were actively
used to study the properties of the atmosphere, an
acrostat design is proposed for controlling the rate of
reduction of a container with a payload. In
accordance with the laws of Archimedes, it is known
that a buoyancy force acting numerically equal to
the weight of the liquid (gas) in the volume
displaced by the body acts on the body immersed in
the liquid (gas) [2]. Proceeding from this, a balloon
filled with a gas that is lighter than air will have
some lifting power and thereby reduce the rate of
fall of the payload. After analyzing the properties of
light gases, helium was chosen (its density is
0.1785). The density of hydrogen is half the size,
however, this application is unsafe. The use of an
aerostat is particularly important in the high layers
of the atmosphere where the air density is very small
and the parachute system is practically ineffective.

When the balloon enters the denser layers, the
velocity of the fall substantially decreases until it
hangs. Further reduction can be achieved by
dropping helium. Thus, the construction of the APS
has the form shown in Fig. 2.

Proceeding from the above, it is proposed to
create a system representing a combination of a
balloon and a parachute. When the rocket reaches its
maximum height, an accelerometer sensor is
triggered, which fixes the state of weightlessness,
and helium from the cylinders that are attached to
the container begins to fill the torus, and then fills
the balloon. The free fall of the balloon will be
slowed by the actions of the Archimedes force. As
the balloon enters the denser layers, its fall speed
decreases to zero.

To ensure the set value of the descent rate, it is
necessary to develop an automatic control system
(ACS) for the descent rate and perform calculations
of the parameters of its operation. Reduction of the
balloon in the denser layers of the atmosphere is
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proposed to be carried out by dumping helium,
gradually converting the balloon into a parachute
system. Adjusting the speed of descent will increase
the time interval for surveying the observed area.
The control is carried out by the operator of the
Ministry of Emergency Measures remotely by radio.

Fig. 2. Balloon-parachute system design

The aerostat-parachute system landing should be
safe for the camcorder. The soft landing system is
proposed, which consists of the weights on a cable
that is attached to a spring with two contacts along
the edges. Also in the basis of the container is
mounted a small powder charge. When weight
touches the earth's surface, the spring is compressed,
one of the contacts closes, the signal is fed to the
powder charge, the brake powder device is triggered.
The shock wave reduces the speed of the fall and
softens the touch with the earth's surface. This
provides the device with an effective landing with
no damage to the structure, which makes it possible
to use it repeatedly.

To conduct research on the parameters of the soft
landing automatic control system, it is necessary to

perform calculations with the mathematical
modeling help. Let’s consider:
FBZVpga FB:mBga
m,=Vp, P=mg,

where V is the volume of air; p is the air density; m
is the descent vehicle weight; m, is the payload

weight; v is the body free fall speed.
Aerostat-parachute system descent speed:
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Data for modeling:
H,—85km, h —85....5km, Ah —5 km;

VzgnRS;R—lm, m —5kg.

Calculation algorithm:

1) Substitute in formula (2) 4 = 85, 80, 75, ...,
5 km (17 points) calculate ¢ (descent time).

2) Substitute in formula (1) # = 85, 80, 75, ...,

5 km, get m, .

3) Calculate a = M
m

4) Calculate v, = at.

5) Plot the descent rate reduction.

Using software, the changes in the speed of
descent of the balloon-parachute system (APS) can
be seen, starting the descent from 85 km to O,
displaying this on the graph — speed versus time.

Input parameters:
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1) fall height allows to set the altitude in km to
calculate the descent rate of the balloon-parachute
system at a certain altitude, which will be
interesting;

2) radius — input field for the torus radius;

3) mass — input field for the payload.

Output parameters:

1) H —descent height;

2)  — descent time;

3) a — APS acceleration;

4) v — APS descent speed;

5) v, —APS free fall speed.

Displaying results:
1) time units — seconds, minutes, hours;

2) distance units — meters, kilometers.

3) time and distance units allow us to more
effectively consider the balloon-parachute system
descent rate on the graph.

IV. RESULTS

During the research and analysis of the descent of
the balloon-and-parachute system with the software,
it is seen how the speed (v) of the device descent
varies from an altitude of 85 km with a descent step
of 5 km.

By the input parameters changing: radius - 6 m,
object mass — 5 kg, it will be seen the change in the
APS descent speed, so speed will decrease in Fig. 3.

Bxogele napamer per

BeiooTa nanerma EnuHiue) Bpeniend EauHmLe paccTosHIA

75000

5 j K + CexyHas! &+ Metpel

Panuyc " MuHyTo! " Kunometpsl
’57 M " Yacsl o
Macea ofberta OKpurneHie

1 Kr 2 j

5000

OTofipakeHre pesyibTaros H

60000
55000

t |a |Vaps |Vlf

9 KRR 313,891
4552 9862 439,368 446,055
BEOTE 4561 F35663 548,955

EA.736 9,267 E0B.436 644,211

74733 8952 B63,045 732,387

85583 8192 701,076 83|

2500
24004--
23004--
22004--
21004--
20004--
18004
18004--
17004~
16004--
15004~
14004--
13004
12004--
11004--
10004--

00 --

800 --

7004--

600 --

500

-'/aps
=it

400

T T T T T T
40 1] 80 100 120 140

T T T T T T
160 180 200 220 240 260

Fig. 3. Device descent speed by the input parameters: radius — 6 m, object weight — 5 kg

Proceeding from the studies of the APS decrerase
rate, it can be seen that the proposed parameters:
radius — 1 m, object mass — 5 kg will be optimal.

V. CONCLUSION

In the balloon-parachute system of video
surveillance the following equipment is installed:

1. control unit for filling the torus and the
balloon with helium: the filling is performed
automatically by the signal of an accelerometer
fixing the achievement of zero gravity;

2. control unit for slings to correct the
horizontal component of the speed of motion of the
video camera;

3. control unit for the angular position of the
video camera;

4. control unit for the descent rate after
reaching the minimum allowable descent rate;

5. control system for the descent vehicle soft
landing.

Controlling the parameters of the camcorder's
descent is performed by the operator of the Ministry
of Emergency Measures remotely via radio. The
camcorder's signal is transmitted to the operator's
receiver via the radio transmitter of the container.
Information from the camcorder is displayed.

To evaluate the implementation of the technical
solution of the problem, -calculations of the
parameters of the APS motion were made. Selection
of specific technical objects included in the system
was carried out. Calculations of APS parameters with
selected values showed the following: video camera
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monitoring natural disasters, man-made disasters
anywhere in the world.
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A. II. Ko3oB, P. JI. ITanTeeB. CucreMa onepaTHBHOI0 MOHITOPHHTY HA/I3BHYANHUX CUTYalii

HaBeneno koporkuii ornsin HasBHOI iHpopMamii mozo 30opy iHdopmalii npo Haja3Bu4YaiHi curyauii. PosrisHyTo
CHCTEMY 3 apTHJIEPIHCHKHM 3aITyCKOM aepOKOCMIYHOI'O BiJIEOCIIOCTEPEIKEHHS, BU3HAYEHO CTPYKTYPY Ta (YHKI[IOHY-
BaHHS CyOOpOITaNIFHOI CHUCTEMH BiJEOCIIOCTEPEKEHHS aBapiiiHOi 30HU. [lokazaHO HEOOXIAHICTH PO3POOKH ITyIbTa
JUCTAaHIIITHOrO KepyBaHHS [UIsi 3MEHILIEHHs OJIOKY BiJEOCIIOCTEPEKEHHS. 3alpOlIOHOBAHO aepOCTATHO-TIAPAIIYTHY
CHCTEMY 3 IIyJIbTOM OIlepaTopa, 110 BUKOPUCTOBYE pajiokaHal. [IpoaHani3oBaHO CTPYKTYpy Ta apaMeTpH CUCTEMH aBTO-
MaTHUYHOTO KepyBaHHs ABUI'YHOM CITycKy. HagaHo OIiHKY TeXHIYHOMY PillIEHHIO, pO3paxyHKaM MapaMeTpiB aepoCTaTHO-
MapalryTHOI CUCTEMH 3 BUKOPUCTaHHSM NporpaMHoro 3a0e3neueHHs. HaBeneHo npukiiay po3paxyHKy ONTHMAIILHOT Bary,
3a JAHMMH MapaMeTPiB aepOCTaTHO-MAPAIIYTHOI CHCTEMH, SIKi [T0Ka3aHO Ha Tpadikax IIBUIKOCTI Ta Yacy.

KarwudoBi cioBa: cruxiiiHe 5uxo; aBapiiHMH I1HIMIEHT; CHCTEMa BiJ€OCIIOCTEPEKEHHS; apTUIIEPiHCHKHUN 3aIlycK;
AepOCTaTHO-NAPALIYTHA CHCTEMA; IIaPaMETPH CIIYCKY.
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A. I1. Ko30B, P. JI. ITanTeeB. CuctemMa onepaTUHBHOr0 MOHUTOPHHIA YPe3BbIYAHBIX CUTyalUi

[MpuBenen kpaTkuii 0030p HWMEIOMIMXCS MaTepHANOB MO cOOpy HWH(OpMAIUMU O YPE3BBIYAHHBIX CHTYaIUsIX.
PaccMmotpeHa cucteMa ¢ apTHUIEPHICKUM 3aIlyCKOM a3pOKOCMHUYECKOTr0 BHIECOHAOIONEHNU, ONIpeaesieHa CTPYKTYpa U
(YHKIIMOHUPOBaHUE CYOOPOMTANBEHOM CHUCTEMBl BHJCOHAOINIOACHHUS aBapuifHON 30HBI. [lokazaHa HEOOXOAMMOCTH
pa3paboTKu MynbTa JUCTAHIMOHHOTO VIIPABIEHUs /ISl yMEHbUIEHWs Onoka BupeoHaOmoneHus. IIpemmoxena
a’pOCTATHO-IIAPALIIOTHAS CUCTEMa C IyJIBTOM OIlepaTopa, HCHOMIB3YIONIEro paauokaHail. IIpoaHanusupoBaHa
CTPYKTypa M IapaMeTpbl CUCTEMbI aBTOMAaTHYECKOTO YIPaBJICHHs JBUraTeleM ciycka. J[aHa olleHKa TeXHHYECKOMY
PpELIeHNUI0, pacueTaM [apaMeTPOB a3pOCTATHO-NAPAIIIOTHON CHCTEMBI ¢ UCIIOIb30BAHUEM IIPOIrPAMMHOIO 00€CIICUeHUS.
IIpuBeneH npuMmep pacuera ONTUMAIBHOIO Beca, PACCUUTHIBAEMOrO Ha OCHOBE NapaMeTPOB a3pOCTaTHO-IIAPALIIOTHOH
CHCTEMBI, 0TOOpakaeMbIX Ha rpad)uKe CKOPOCTH U BPEMEHH.

KnarwoueBsbie ciioBa: cruxuiiHoe OencTBHE, aBapUHHBIA WHIMACHT, CUCTEMa BUIICOHAONIOACHUS, 3aIlyCK apTUILICPHH,
a’pOCTaTHO-IIAPALIIOTHAS CHCTEMa, IIapaMeTphl CIIycKa.
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