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EFFICIENCY IMPROVING OF EMERGENCY MONITORING AND FORECASTING BASED
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The article is devoted to the automated information system modification to solve monitoring and forecasting prob-
lems of natural and man-made emergencies in order to increase the efficiency of its functioning, namely, to increase the
execution speed of the main operations, to reduce the error probability. Monitoring and forecasting of emergencies are
among the priorities in the field of population from emergencies protection, as the prevention and elimination of their
consequences are carried out on the basis of these tasks. At the same time, the data collection speed, processing and
analysis largely determine the efficiency of the obtained results. The existing system of monitoring and forecasting of
natural and man-made emergencies, its functional model in IDEF0 notation, characteristic features, advantages and
disadvantages are considered. The existing system can be improved by automating a number of tasks related to the
processing, transmission and storage of large data amounts, including real time data, as well as the generation of con-
solidated reports on the results of monitoring and forecasting of various objects. The information architecture of the
solution reviewed and the corresponding database model form the basis of the proposed solution. The IDEF0 model of
emergency monitoring and forecasting has been introduced taking into account the proposed modification of the auto-
mated information system. The main operation execution time comparative analysis based on the initial and modified
automated information system (AIS) using the existing hardware confirms the effectiveness of the proposed solution.
Data exchange and generation automation of consolidated reports on multiple monitoring objects will simplify analysis
of the obtained results and solutions development based on them aimed at prevention of natural and man-made emer-
gencies, as well as elimination of their consequences.

Keywords: automated information system (AIS), emergency monitoring and forecasting, automation, data
conversion.

INOBBIINEHUE 3®P®EKTUBHOCTHU PEINEHUSA 3AJAY MOHUTOPUHT'A M IIPOCHO3UPOBAHMS
YPE3BbBIYAUHDBIX CUTYAIUU HA OCHOBE HH®OPMAIIMOHHOU CUCTEMBbI
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Cubupckas noxapHo-crmacarenbaas akaaemus [ TIC MUC Poccun
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Cmamwst nocesiyena mooupurkayuy agmoMamusupoO8anHol UHGOPMAYUOHHOU CUCIEMbL PEUeHUs 3a0ay MOHUMO-
PUH2A U NPOCHO3UPOBAHUS YPE3BLIYAUHBIX CUMYAYULl NPUPOOHO20 U MEXHOZEHHO20 XApaKmepa ¢ Yeibio NOBbIUEHUs
apppexmusnocmu ee YyHKYUOHUPOBAHUS, A UMEHHO: NOBLIUEHUS CKOPOCU GbINOTHEHUS OCHOBHBIX ONepayull, CHudice-
HUSL 8ePOSIMHOCIU 803HUKHOBEHUSL OwUOOK. Monumopune u npocHO3UpoBanue Ype3sblyaliiblX CUmMyayuil AGA0mcs
OOHUMU U3 NPUOPUMEMHBIX HANPAGIeHULl 8 chepe obecneyenus sauumel Hacerenus om YC, max kaxk npedomepawye-
HUe U TUKGUOAYUST UX NOCIeOCMBUL OCYUWeCMEISIOMCS HA OCHOGe peuteHusi OaHHbIX 3a0ay. Tlpu smom, ckopocmb coo-
pa, 06pabomku 1 aHAIU3A OAHHBIX 80 MHO2OM ONpedensiom IP@OeKMUBHOCHb NOLYUEHHbIX pe3yibmamos. B cmamobe
Paccmampueaemcst Cywecmeaylouas CUCmema MOHUMOPUH2A U NPOSHOZUPOBAHUSL YPE36bIYATIHBIX CUMYAYUl RPUPOOHO-
20 U MEXHO2EHHO20 Xapaxkmepa, ee PYHKYUOHAIbHAsL MoOdenb 6 nomayuu IDEF(0, xapakmephvie ocobennocmu, 0ocmo-
uncmea u nedocmamiu. Ilpednazaemces cosepuiencmeosane cucnmemvl nymem Ad8mMoOMAmu3ayuy psoa 3a0ad, Ces3aH-
HbIX ¢ 00pabomKol, nepedauetl U XpaneHuem OONbUUX 00bEMO8 OAHHBIX, NOCMYNAIOWUX, 8 MOM YUCTe, U 8 pedcume
PeanvpHo2o 8pemMenu, a makdice ¢ PopMUpoSanuem c0OHbIX OMUEMO8 NO Pe3yIbMamam MOHUMOPUH2A U NPOSHOZUPO-
6aHUs OISl PA3IUYHBIX 00bekmos. Paccmompena ungopmayuonnas apxumexmypa npeonaeaemoz0 peuenus, coomeen-
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cmeyrowas moodens 6azel oannwix. Ilpedcmasnena mooens pewienuss 3a0a4 MOHUMOPUH2A U NPOSHOZUPOBAHUS YPE3Bbl-
YQUHBIX CUMYayull ¢ y4emom npeoiazaemou MoOUGUKayuu agmomamusuposantol uHGopmayuornto cucmemsl. Ilpo-
B00UMCA CPABHUMENbHBIL AHATU3 8DEMEHU BbINOIHEHUSL OCHOBHBIX ONepayuli Ha OCHO8e UCXOOHOU U MOOUDUYUPOBAH-
Hoti AUC npu ucnonv3o8anuu cywjecmeyowe20 annapamuo2o obecnederus, noomeepicoaruuil ¢@dexmusHocms
npeonazaemo2o peuienus. Ilpednazaemasn asmomamusayusi 0OMeHA OAHHLIMU U 2eHEPAyuU CEOOHBIX OMUEmos
1O MHOMCECBY 00bEeKM08 MOHUMOPUHEA NO3GOUM YAPOCTHUMb AHAU3 NOTYYEHHBIX PE3YIbINATOS U 6bIpAOOMKY HA UX
OCHO8e pewenull, HaNPABIEeHHbIX HA NPeOOMBPALYeHUe YPE3BLIUAIHBIX CUMYAYULl NPUPOOHO20 U MEXHO2EHHO20 XAPaK-

mepa, a makice IUKGUOAYUIo UxX NOC1e0Cmaull.

Knioueswvie crnosa: asmomamu3upoearHa Z/lHd)OpMaLﬂ/lOHHaﬂ cucmema, MOHUMOPUHS U NPOCHO3UPOBAHUE 4pe36bl-

YAUHBIX cumyauuzl, asmomamuszayusl, Koneepmayusi OAHHBIX.

Introduction. The main purpose of monitoring and
forecasting systems for emergencies is to monitor, control
and anticipate dangerous phenomena and processes that
occur in the technological sphere and nature, as well as
the dynamics of their development. Forecasting allows
preventing emergencies, determining their scale and or-
ganizing effective measures to eliminate them. In the
Russian Federation, the general procedure for the func-
tioning of the emergency monitoring and forecasting sys-
tems is determined by the Order No. 94 of the Ministry of
Civil Defence, Emergency Situations and Natural Disaster
Response of 4 March 2011 approving the Regulations on
the Functional Subsystem for Monitoring, Laboratory
Control and Forecasting of Emergencies of the Unified
State Emergency Management System [1].

Russian physical and geographical characteristics
largely determine the wide variety of emergencies occur-
ring on its territory. Therefore, constant monitoring of a
significant number of objects is required. Based on the
data obtained as a result of such monitoring, the tasks of
forecasting emergency situations, as well as their preven-
tion and elimination are solved [2]. For this, various tech-
nical, software and informational support is used. The
technical support of the monitoring task is based on the
equipment of stations, observation systems, computer and
network equipment, communication lines, etc. Monitoring
data for each observation objects comes from various
automated information systems; each system has its own
format for storing and outputting data, which greatly
complicates their processing for further use: solving fore-
casting problems, making decisions, compiling reports,
etc. At the same time, the number of different information
systems for forecasting for each type of emergency is
small, while many of them are implemented on the basis
of the All-Russian Centre for Monitoring and Forecasting
"Antistikhiya" of the EMERCOM of Russia, and there-
fore have a unified format of input and output data, which
simplifies their subsequent processing.

The original system description. Fig. 1 shows the
IDEF0-model [3] for solving monitoring and forecasting
emergencies problems, which are implemented on the
solution with partial automation basis [2] in the form of
separate applications and systems for data processing and
analysis.

Data collection takes place in an automated mode, but
the tasks of storing, analysing data and forecasting emer-
gency situations with the generation of a preliminary so-
lution are partially implemented manually (fig. 2—4).

The following subtasks, presented in fig. 2—4, are par-
tially or completely solved manually:
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— data recording. The readings of some sensors from
the monitoring objects are presented in the form of
graphic or sound data; their transfer to the computer
memory for subsequent processing is carried out manu-
ally;

— data conversion. For storage in the database, the
available information must be brought to a single format
corresponding to the given structure, which is also par-
tially done manually;

— converting data into a given AIS form. To solve the
problems of monitoring and forecasting based on auto-
mated information systems, it is necessary to bring the
input data to a given format, which may be different for
diverse applications. The corresponding operation is also
carried out partially manually;

— consolidation report formation. Reports obtained on
the basis of data processing in different AIS are presented
in the form of various format separate documents. The
report synthesis of a given form and a conclusion on the
basis of the analysis performed is also done manually;

— preliminary solution development. This task is
solved manually by responsible persons on the basis of
the obtained forecasts, as well as existing regulations.

Consequently, a significant part of the tasks solved
manually are associated with the processing of a large
data amount (recording, converting, combining, etc.),
including real time data. This affects the speed, accuracy
and, as a consequence, the implementation effectiveness
of the listed and related operations, which in the case of
rapidly developing emergencies requiring an urgent solu-
tion can be critical. Therefore, it is advisable to improve
the quality of the existing information system by automat-
ing the above functions.

The main goals of the information system for monitor-
ing and forecasting emergency situation modification are:

— increasing the speed of monitoring and forecasting
emergencies solving problems;

— reducing the errors associated with the human factor
probability when solving the problem of monitoring and
forecasting emergencies;

— improving the efficiency of monitoring and forecast-
ing emergencies solving problems.

To achieve the goals, the following tasks are auto-
mated:

— data conversion: reduction to a unified format corre-
sponding to a specific data structure [4; 5], coming from
various monitoring objects, for their further storage in the
database [6];

— data conversion into the form provided by the AIS:
reduction to the necessary format, which is determined by
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the AIS requirements for the structure of input informa-
tion [7; 8] and data stored in the database;

— formation of a consolidated report: a report synthesis
of a given form [9-11] based on output information from
various AIS, presented as separate documents of different
formats.

Existing system modification. Despite the identified
deficiencies, the existing solution to the problems of

monitoring and forecasting emergencies is quite effective,
i.e. making significant changes to its structure is impracti-
cal. In addition, this approach may require partial suspen-
sion of the current system functioning, which is unaccept-
able.

Therefore, it is advisable to develop the existing AIS
by integrating [12] a subsystem into it that automates the
above tasks.
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Fig. 1. Emergency monitoring and forecasting model
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Fig. 5 shows the information structure [13] of the AIS
corresponding fragment.

The basis of the automated system is the database that
stores information necessary to solve problems of moni-
toring and forecasting emergencies, as well as modules
that implement the main functions: data conversion,
report generation. The database model [14] is shown
in fig. 6.

The form and frequency of the basic documents for-
mation are determined [15].

Fig. 7 shows the functional model for solving prob-
lems of monitoring and forecasting emergencies using the
modified system.
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The data collection solution tasks and decision ap-
proval have not changed, however, the automation degree
of storage tasks, data analysis and emergency forecasting
with preliminary solution generation has significantly
increased (fig. 8-10).

The following subtasks, presented in fig. 8-10, are
still partially or completely solved manually:

— data recording;

— preliminary solution development.

The following tasks are automated, with insignificant
human involvement:

— data conversion;

— data conversion into a required AIS form;

— consolidated report formation.
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Fig. 6. Database model for the automated emergency monitoring and forecasting system
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Comparative analysis of the various operations execution time when solving monitoring
and forecasting emergencies problems

No. The operation name Average execution time Average execution time using
using the original system, s the modified system, s
1 Data conversion by one parameter with writing to 12.4 Less than 0.001
the database
2 Data conversion for AIS by one parameter 6.8 Less than 0.001
3 Consolidated report formation on emergency 312.8 Less than 0.001
monitoring
4 Consolidated emergency forecasting report for- 248.2 Less than 0.001
mation
5 One document completion for collection and 141.6 Less than 0.001
exchange of information on emergencies
Comparative analysis of the original and modified References

systems. The significant part of the tasks associated with
processing a large data amount (recording, converting,
combining, etc.), including real time data, can be auto-
mated based on the modified information system. This
has a positive effect on the speed, accuracy of data im-
plementation and related operations. Table shows data on
the execution time of basic operations based on the origi-
nal and modified automated system using existing hard-
ware.

The use of the modified automated system can signifi-
cantly increase the speed of performing basic operations
related to storing, processing and analysing data. With
numerous operations, especially in case of rapidly devel-
oping emergencies, the use of automation can signifi-
cantly increase the solving tasks efficiency.

Conclusion. According to the study, the main conclu-
sions are:

— the task of monitoring and forecasting emergencies
is one of the priorities in the security field, while its solu-
tion is associated with the collection and processing of
large amounts of information. Consequently, in order to
increase the implementation efficiency of these processes,
it is advisable to use automated information systems,
which will significantly increase the speed of data proc-
essing, analysis and decision-making based on them;

— the emergencies monitoring and forecasting imple-
mentation analysis showed that the significant part of the
tasks solved manually are associated with the processing
of a large amount of data (recording, conversion, merg-
ing, etc.), including real time data. This affects the speed,
accuracy and, as a result, the efficiency of the data
implementation and related operations, which can be
critical in the case of rapidly developing emergencies
requiring an urgent solution. Therefore, it was concluded
that it is advisable to automate the above functions
performance;

— on the basis of the modified system for monitoring
and forecasting emergency situations, a significant part of
the tasks can be automated, which has a positive effect on
the corresponding functions implementation speed and
accuracy. The comparative analysis of the manual basic
operations execution time and execution time of a modi-
fied system using the existing hardware showed the sig-
nificant increase in the speed of solving problems associ-
ated with storing, processing and analysing data. This
indicates the high efficiency of the proposed solution.
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