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AN EFFECTIVE STRUCTURE OF THE DYNAMIC MONITORING SYSTEM
OF TELECOMMUNICATION NETWORK OBJECTS USING MOBILE
MEASURING DEVICES IN REAL-TIME

Toayoko B. b., Komaposa JI. O., Lnbin O. O. EjdexkTuBHA CTPYKTYpa CHCTEMH AMHAMIYHOTO MOHITOPHHTY
00’€KTIiB TeJeKOMYHIKaliiHOI Mepexi 3 BUKOPHCTAHHAM MOOLIBHMX BUMIPIOBAJIBHMX NMPUCTPOIB Y pealbHOMY
yaci. Posrnsaerses npobnema peasizaiii CHCTEM MOHITOPHHTY MapaMeTpiB 00’€KTIB TEIEKOMYHIKAI[IiHOI Mepexi 3i
3011bIIEHOI0 1H(OPMATHBHICTIO TIPO TOYKM INPOBENEHHS BUMIpPIOBaHb. 3allpOIIOHOBAaHA Ta OOIPyHTOBaHa e(eKTHBHA
CTPYKTypa MOJIEpPHI30BaHOI CHCTEMH MOHITOPUHTY JJisl BUNAAKy BHKOPUCTAHHS B HiH K CTallilOHApHUX, TaK 1
MOOUTFHHX BUMIPIOBAILHUX MPUCTPOiB, SIKi (YHKHIIOHYIOTH Yy peanbHoMy uaci. OKpecleHi IUISXH IiIBUIIEHHS
€(EeKTUBHOCTI CUCTEMH 3a paXyHOK 3MEHIICHHs HaBaHTa)KEHHS Ha KaHaJ 3B’5I3Ky 3 IEHTpOM 00poOku naHux. [TokazaHi
OCHOBHI TIepeBaru MOJICPHI30BaHOI CHUCTEMH Ul BUMAJKIB 3[IHCHEHHS JIOKAJIBFHOIO Ta IJI00AJHHOI'O MOHITOPHHIY,
KOJIM 3MiHAa KOOP/IMHAT BUMIipIOBAIGHUX IIPUCTPOIB Ta BUMIPSHHX MapaMeTpiB He3HAYHA.
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iHpopMariiiHa cucrema

Tonyoko B. Bb., Komaposa JI. A., Uapun O. A. DdpexTuBHAA CTPYKTYypa CHUCTEMbI AUHAMUYECKOIO
MOHHTOPHHIa O00BHEKTOB TeJeKOMMYHHKAIMOHHOH CETH € MCHOJIb30BAHHEM MOOHJIBHBIX H3MEPUTEJBHBIX
YCTpOiicTB B peajibHOM BpeMeHH. PaccmarpuBaercs mpoOiieMa peaju3allid CHCTEM MOHUTOPHHIA IIapaMeTPOB
00BEKTOB TEJIEKOMMYHUKAI[MOHHONW CETH C YBEJIMYEHHOW HH(OPMATUBHOCTHIO O TOYKAX IPOBEICHUS H3MEPEHHU.
[Ipennoxxena u obocHoBaHAa A(PQEKTHBHAS CTPYKTypa MOJEPHU3UPOBAHHON CHUCTEMbl MOHUTOPUHTra Uil CIydas
UCIIONIb30BaHMs B HEH KaK CTallMOHAPHBIX, TAK M MOOMIIBHBIX N3MEPHUTENBHBIX YCTPOHCTB, KOTOpBIE (PYHKIIMOHUPYIOT B
peanbHOM BpeMeHH. Ouep4eHbl TYTH MOBBIIICHUS d((EKTUBHOCTH CHCTEMBI 3a CUET YMEHBIICHUS] HAarPY3KH Ha KaHall
CBSI3U C IIGHTPOM 00paboTKM NMaHHBIX. [lOKa3aHbl OCHOBHBIE TPEHMYILIECTBA MOAECPHHU3MPOBAHHOM CHUCTEMBI IS
clly4aeB OCYLIECTBIICHHs JIOKAJBHOTO W TII00AIFHOrO MOHWUTOPHHIA, KOT/Ia M3MEHEHHE KOOPIUHAT M3MEPUTEIBHBIX
pUOOPOB ¥ U3MEPEHHBIX MTAPAMETPOB HE3HAYHUTEIIHHBIL.

Knwouesvle cnosa: TeneKOMMYHHKAIIMOHHAS CE€Th, MOHUTOPHHI, KOHTPOJIHPYEMBIH OOBEKT, HU3MEPHUTEIHHOE
YCTPONCTBO, MHPOPMAIMOHHAS CHCTEMA

Tolubko V. B., Komarova L. O., Ilin O. O. An effective structure of the dynamic monitoring system of
telecommunication network objects using mobile measuring devices in real-time. The problem of
the implementation of monitoring systems of the parameters of objects of telecommunication network with
increased information about the point of measurements is considered. The effective structure for the
upgraded monitoring system, in case using the stationary and mobile measuring devices in it which operate in
real-time, is offered and substantiated. The ways of improving the efficiency of the system by reducing the load
on the link to the data center are delinecated. The main advantages of the modernized system for the cases of
implementation of the local and global monitoring, when changing of the coordinates of the measurement devices
and measured parameters are insignificant are shown.
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Statement of the problem. Objectives of the research. Today in the developed countries of
the world deep qualitative changes are held, which caused by rapid scientific-technological progress
and the information revolution, which requires solving a number of problems which have both the
organizational and the technical nature, the primary of which is the creation of an information and
communication network that will provide the transfer of the accurate and complete information
about the situation in real time. The systems of the dynamic monitoring of the parameters of the
objects of the telecommunication networks (TCN) are widely used in modern conditions. They can
collect information on a global scale, for example, even within the state. Herewith, the most
widespread are systems, which use the stationary measuring devices (MD) of those parameters of
the objects of the TCN for which monitoring is carried. However, such system provides monitoring
only in a few fixed points, which may not be enough within the state. There may be cases when in
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the fixed points parameters of TCN will not exceed the permissible limits, but the situation between
them can be alarming.

Therefore, topical is the problem of implementation the system of monitoring the parameters of the
objects TCN with increased informativeness about points of measurements by providing the functioning
not only stationary MD, but also mobile MD in the system. It is possible to use the known structures of
monitoring systems using stationary MD, expanding them by adding a large number of mobile MD.
However, these expanded systems will not be very effective. Therefore, the relevant question is the
formation of an effective structure monitoring systems, especially radiomonitoring, which use
axcept the stationary MD significant number of mobile options in real-time.

About the possibility of a practical approach to solving the problem of multi monitor show
the researches of V. M. Zherdiev, S. D. Degtyariov, P. S. Rusynov, V. L. Bocharov,
V. M. Smolianinov, V. M. Zolotoriov, A. V. Nazarenko, T. N. Zadorozhna (synoptic meteorology
and aeroekology) and others. Analysis of the literature [1, 2] shows that the most widespread
monitoring systems contain a small number of fixed MD. An example of such a system [3] is control
ling the radiation background in Germany. Also considered systems [4], which contain a small
number of mobile MD (usually, in specially equipped cars). But there is almost no information about
the structure of the monitoring systems, which contain hundreds of thousands of mobile-MD which
are working in real time.

Explored in this paper the systems of dynamic monitoring of the controlled objects of
telecommunications network using mobile measuring devices in real time are significantly different
from existing systems so that they consists of an extremely large amount of MD. This sharply
increases the volume of the transferred information and the complexity of its further processing.

According to above, the purpose of the article is the proved choice of an effective structure of
monitoring system of controlled objects of TCN using a large number of real time mobile MD.

Statement of the main material. Consider the universal scheme of the information system of
control of the environmental condition, suitable both for the system as a whole and for arbitrary
geophysical service, which is included in the system (Fig. 1).
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Fig. 1. The block diagram of the system monitoring [1]
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The most universal approach to definition of the structure of monitoring system of
anthropogenic changes of parameters of TCN is separating it on units: monitoring, forecast of the
state, assessment of the projected state, assessment of the real state.

Monitoring systems using stationary MD. Fig. 2 shows the functional diagram of the system
of monitoring the radiation level [3], which contains only stationary MD, in which the resulting
information is placed on a dedicated website on the Internet.

The system consists of a certain number of stationary measuring devices (MD;...MDy),
each of which MD; contains: a sensor for measuring the probability of error Am; , a device
(usually GPS) with resolving capacity of the data coordinates of longitude Ad;, latitude As;,
height Ah; its location, time measurement At;. Next the array of data through a communications
channel (wired or wireless) is transmitted in the data center and displayed on a dedicated
website on the Internet. However, this system provides monitoring only a few fixed points
that may not be enough.
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Fig. 2. The system of dynamic monitoring with using the stationary MD

So urgent is the problem of implementation of a monitoring system of parameters of
controlled objects of the telecommunication network using mobile measurement devices with
increased information content about the point of measurement, by ensuring the functioning
in the system not only the stationary MD, but also mobile. At the same time as device
communication channel (Fig. 2) a mobile phone is most appropriate to use.

The GPS device can be available at the transmitter, or in a mobile phone. In their absence
it 1s necessary to use additional GPS device. This system is more flexible and informative,
because the mobile measuring devices can be distributed to a considerable part of the population.
If the functioning of the monitoring system is carried out under the auspices of the state, the MD
can be distributed to many mobile subscribers (for example, drivers of city, regional
and interregional buses).
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As a result, you can get information about the status of the parameters of the controlled object,
not only in the few fixed points, but almost on the entire territory of the state, or even neighboring
countries. But when building a system with mobile MD their number increases in the tens to
hundreds of times, causing a sharp increase in the workload of the communication channel and
volume of information that must be processed in the data center. Therefore there is a necessity for
modernization of the structure of the system in order to reduce the specified load.

The modernized system of monitoring of stationary and mobile MD. Fig. 3 shows the
structure of the modernized system. In this case, the signals in the data center do not come from
each MD, but only from the centers of the packet data (CPD), whose number is significantly smaller
than the number of MD:

Nc<<Nv (Ne¢, Nv— amount of CPD and the MD, respectively) 1)

It is obvious that if the condition (1) workload of the communication channel with the data
center is sharply reduced. To determine the number of the CPD and their location, all the territory to
be monitored is divided into separate rectangular sections with step

AAs= (Ads— Ady)/Ns — for latitude; (2,a)

AAd= (Ads— Ady)/Ng — for longitude, (2,b)

where Asy, Asg (Ady, Adg) — the minimum and maximum values of latitude (longitude) within
the monitored area; N, Ng — number of sections in latitude and longitude, respectively.
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Fig. 3. The modernized system of monitoring using the stationary and mobile MD

Cmop. 8



Tenexomynikauiiini ma ingopmauiinni mexunonocii. — 2014. — Nel

Thus, each of the sections can be characterized set of coefficients m and n, moreover the
coordinates of points for As; and Ad; within each section condition:

Asym < As; < As,(m+1) — for latitude; 3,a)

Adyn < Ad; < Ad, (n+1) — for longitude, 3,b)
where 1<m<N;-1, 1<n<Nyg-1.
It is obviously, that the total number of individual sections is:
Nas= NaNs. “4)
Within each of the sections Ngs installed CPD;.

Through the device (usually a mobile phone) outbound channel (Fig. 4) from with each of the
CPD signal is fed into the data center (see Fig. 2). On the device (also, as a rule, mobile phone)
input channel of the CPD (see Fig. 3) data comes only from a certain group of MD, which are
located in the vicinity of this CPD. For this MD are complicated (compared with the Fig. 2) by
adding them to the signal processing device (Fig. 5).
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Fig. 4. The packet data center
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Fig. 5. Complicated MD
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For coordinates of points As; and Ad; MD, which performing local monitoring
following conditions are satisfied:

Bs,; < As; <Bs, — for latitude; (5,a)

Bd, < Ad;<Bd; — for longitude, (5,b)

where  Bsy, Bsg (Bdy, Bdg) — minimum and maximum latitude (longitude) of the territory to
which the local monitoring is carried out.

In the devices of signal's processing on the basis of the obtained data about the
coordinates (As;, Ad;) location of MD in a particular time and dependencies (5,a), (5,b) determines
the coefficients m and n, then there CPD to which you want to send signals from a particular
VPI (Fig. 4) depending on its place in a given time.

3. The benefits of the upgraded system. Monitoring of the controlled objects of
telecommunication network using mobile measurement devices can be carried out both global and
local, for example, within the same premises in case of occurrence in it of an emergency.

If adopted from the CPD data from various MD following conditions are satisfied (5,a) and
(5,b), in the data center (Fig. 4) is enough to send only one value with the highest value measured
data Am; The fact that users in the selected site in the Internet not interested in how the situation
changes within the premises — they are only interested in the maximum value of measured
parameter on the territory of its location. The change of the situation inside the premises is useful to
the customer of the given local monitoring. Such information for the customer is formed in the
CPD, which received signals of local monitoring. Thus, in the implementation of local monitoring
of controlled objects of telecommunication network using mobile measurement devices is
significantly reduced (Fig. 4) workload of the communication channels and data center compared
to using the structure (Fig. 3).

Another advantage of the upgraded system available in the possible cases when the mobile MD
are some time to rest (for example, at the bus stops or non-business hours). In this case, the CPD
rather than sending the data about the coordinates MD may transfer only a short conditional “label”
that the coordinates of the recipient has not changed. In the data center based on the approved label
for this MD on the website only change the values of the measured data Am,;.

Note if the mobile MD even is at rest, it still cannot be turned off, because it performs its
function carries out measurements at this point, where may at any time be an emergency.

Other advantages of the modernized system are obviously based on our review of the main
characteristics of the system (Table 1).

The main characteristics of the systems of monitoring Table 1
Name Value
Accuracy of definition of coordinates (latitude and longitude) | AAs — latitude,
at the point of measurement AAd — longitude

The accuracy of determination of a parameter for which the monitoring | AAm
1s carrying out

There may be situations when a mobile user changes their position within the less AAs and
AAd (for example, bus during repair in garage). In the CPD detected signals from these MDj, and
instead of passing their coordinates are transmitted only “label”. In the data center based on the
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approved label for this MD on the website only the values of the measured data Am;. is changing
(similarly as for the OP, that was at rest) .

There may be situations, where mobile MD that was in a state of rest or change its coordinates
within smaller AAs and AAd, changing the value of parameter Am; does not exceed the values
AAm. Then it is also enough to send the appropriate label on the basis of which on the website
change only the time of receipt of the information from the subscriber.

The benefits of the upgraded system also include the fact that the specific CPD,
has received an information from many MD may not be sent to the processing center
data (Fig. 4) data on the time of receipt of information from each MD, and only about one group
time, that concerns all subscribers.

The above described only the basic (not completed) benefits of the proposed upgraded
monitoring system (Fig. 4).

The conclusions. The proposed effective structure of the upgraded system of ecological
monitoring for a case of use it both stationary and mobile MD. Improving of the efficiency of the
system is ensured by reducing the load on the communication channel with the data center and
amount of information to be processed, in the presence of a significant number of MD.

The main advantages of the upgraded system for cases: implementation of local monitoring, the
implementation of the global monitoring when a change of coordinates MD and measured
parameters insignificant are shown.
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