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The PhD thesis was discussed and allowed to be defended during an extended session of the
Department of Modeling and optimization at 1ICT-BAS, which had been held on 23th of February
2017

The defense of the PhD thesis had been held on 09th of May 2017 at 11.00 in Room 507, Block 2,
[ICT-BAS.

The full volume of the dissertation is 165 pages. It consists of an introduction and three chapters (p. 1-
150). The list of references contains 151 titles (p. 151-165). The text of the dissertation includes 14
tables, 32 formulas and 65 figures. These lists are given at the beginning of the dissertation.
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Introduction
In this thesis, the subject of research is the sensor data integration in intelligent wireless sensor

networks and systems.  The study is in the field of sensor data integration, based on the
Kalman filtering and Fraser-Potter equation in wireless sensor networks. The aim of the
research work is to develop a new methods and software algorithms for sensor data integration
in intelligent sensor systems.
The above formulated goal is achieved by fulfilling the following tasks:
- development of new generation wireless sensor module (hardware and software) for
local sensor data integration;
- development of method and algorithm for sensor module energy optimization;
- development of architecture and method for wireless sensor network generation;
- development of method and algorithm for decentralized sensor data integration;
- development of architecture of software platform for sensor data integration from
intelligent sensor networks and systems.

1. Methodology

The research methodology uses the following fundamental scientific methods and applied
developments:
Sensor data integration

e Extended Kalman filter
e Central Limit Theorem

e Fraser-Potter equation

Algorithms and communication protocols for wireless sensor networks - generation and
management

e Weighted Clustering Algorithm (WCA)

e Unicast, Anycast and Broadcast Duty cycling algorithms
e 6LOWPAN protocol

e |EEE 802.15.4 ZigBee protocol

Program languages and frameworks
e Program language C
e High level program language WSDL
e Framework WSO2 Carbon SOA

Abstracts of Dissertations 5 (2017) 3-17



6 Alexander Alexandrov

1. Sensors and sensor networks
A wide variety of sensors, sensor modules (wired and wireless) and sensor networks are

described in the literature.

The concept of 10T (Internet of Things), so-called “Smart sensors” are becoming more and
more popular in the industry and in the lifestyle of people.

There are prerequisites for the development of next-generation sensors, sensor modules and
sensor networks based on the increasingly rapid penetration of high technology and
miniaturization of electronic devices.

The term "smart" sensor is now shifted by the term “intelligent” sensor defining the
emergence of a new generation of sensor modules.

The “intelligent sensor” concept incorporates the structure of a smart sensor and complements
it with new adaptive algorithms and functionalities inherent in expert systems. The Intelligent
Sensor is able to analyze, control and adaptively manage its blocks for more efficient
performance and greater productivity.

In addition to self-test and self-calibration mechanisms, intelligent sensors have enough
computational power to analyze and process real-time data from their sensor blocks. These
sensors have self-decision capabilities for reliability and accuracy of measured data, as well as
built-in capabilities to communicate with other intelligent sensor modules to collectively solve
optimization problems associated with data routing, optimization of group energy
consumption sensors and more.

More and more important is the question of quantity and quality of measured data. For that
reason, the intelligent algorithms for decentralized data integration are becoming more and
more popular, allowing for a substantial reduction of traffic within a sensor network or
system, and hence energy savings when transmitting this data.

2. Development of new generation wireless sensor module (hardware and
software) for local sensor data integration.

A functional block diagram of the developed sensor module for monitoring meteorological
information is shown in Figure 1.
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Fig.1 Block diagram of sensor module for monitoring of meteorological data.

Abstracts of Dissertations 5 (2017) 3-17



DATA INTEGRATION FROM INTELLIGENT SENSOR SYSTEMS 7

The developed sensor module has the following features that distinguish it from other existing
developments:

- control unit capable of hardware-switching on and off from the supply bus functional blocks
and separate nodes such as external memory modules, the communication block, selectively
one or more sensors, a GPS unit and/or a photovoltaic panel with a DC-DC controller energy
saving.

- custom design developed innovative intelligent software algorithm that controls the energy
consumption of blocks and nodes of the sensor unit with the possibility of anticipating the
future energy consumption and making a standalone solution on this basis for the way the
power, communication, sensor and GPS units are controlled.

- ability to locally integrate sensor data by using implemented in the firmware Kalman
filtering methods..

3. Methods and software algorithms for wireless sensors data integration.

The third chapter of the dissertation describes the creation of an improved method and
algorithm for the integration of sensor data, a method and algorithm for the formation of ad
hoc data integration clusters, a method and algorithm for optimization of energy consumption
during measurement and a method and algorithm for optimization of consumption during
transmission of integrated data in wireless sensor networks.

The work described in Chapter 3 is based on Kalman filters, Fraser-Potter equations, the
Central Limit Theorem, and other integrative and optimization methods and algorithms.

3.1 Method and software algorithm based on Kalman filter for wireless sensor
network data integration.

The developed algorithm is designed to manage a set of sensors that are part of a smart cluster
topology based on the 802.15.4 standard. Each sensor node is equipped with battery based
power source with battery capacity control and GPS coordinates, temperature, humidity and
atmospheric pressure sensors. For the development and testing of the algorithm, the solar
module of the sensor module is turned off to obtain reliable data about the net power
consumption of the module in different modes of operation.

The communication between the nodes and the cluster coordinator is performed by the
communication block with an integrated ZigBee protocol. The primary processing of the
sensor data is done by the microcontroller built into the sensor module.

Each cluster consists of sensor nodes and a cluster head (CH-cluster head) as shown in Fig. 2:

Abstracts of Dissertations 5 (2017) 3-17
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.Controlcenter B Custernode @ Sensornode

Fig. 2 Cluster network topology for sensor data integration.

The developed method and algorithm for sensor data integration, groups the sensor nodes
from a network cluster into a group called a super-sensor. The energy of the super-sensor is
the sum of the energy of all the sensor nodes in it.

The distance between two super sensors is the maximum distance between two sensor nodes
belonging to different clusters of the network.

The process of decentralized integration of sensor data is realized within a "super-sensor".

The first step of the sensor data integration process is realized in the sensing modules by the
Extended Kalman filter method.

Figure 3 illustrates the prediction and correction process using the Kalman filter method.

'

———»  Prediction Correction

Fig. 3 Kalman filtering prediction and correction process
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The prediction phase starts with the initializing assumption X,_, and the covariant vector
P,_, and is realized with the equations:

%, = A%, +Bu, + Cw, (1)

z,=H, x,+D, v, (2)

where X, is the predicted value, A is a matrix of process transition, B is an input matrix, C is
transient matrix of noise, uk is a defined input value, w,, defines the level of noise, z, isthe
observation vector, v, is a variable describing the measured noise, H, is a matrix of the
observation vector z,, and D, is a matrix describing the influence of measurement noise.

The measurement correction adjusts the predicted value by the actual measurement for that
time interval.

During the development of the software algorithm in this dissertation, the focus is on the
measurement update process.

For this purpose, we apply a modification of the Kalman filter known in the literature [32] as
Extended Kalman filter.

The equations describing the prediction and correction process in the Extended Kalman Filter
are shown below:
Fy Hy

Gk = E
Hy P Hy, +Rp;

©)

Xy = X 117G (2, — Hp Xpmyq) (4)

Py = (1= G Hy).P, ()

In these expressions G, is so called Kalman coefficient, P, is the covariance vector of the
error, H, is a matrix of the observation vector z,, and R, is a covariate matrix.

The initialization phase of Kalman's extended filter begins with Kalman's calculation G,
formula (3). The next step is getting the real measurement value and based on the value that
this measurement is generated by the prediction for the next state by adding a correction
(formula 4).

The final step is to calculate the future error of the next measurement by formula (5).

This recursive principle is one of the most important features of the Kalman filter, requiring
minimal computational resources for the software implementation of the algorithm. In
practice, the integration of Kalman filter method data is realized by recursively generating a
correction for a future measurement based on a previous measurement.

The sensing module of which is implemented and tested the developed algorithm is described
in Chapter 2 of the dissertation.

Immediately upon completing the processing cycle of the measurements made, the data
integrated at the first level in the sensor module is sent to the cluster coordinator, where is
realized the second level integration of the sensor data with input parameters x, tox,.

The second step of the integration process, realized in the cluster coordinator is illustrated on
fig. 4
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Extended
Kalman Filter |

Sensor
module 1 i 3
Convergence based on Central Limit

Sensor Extended Theorem and Fraser-Potter equation| X
module 2 Kalman Filter 2 —>
= alfp=2 $ 122 3 =% 8
X = 00" %10, . Xyt 0 . Xg)

Extended
Kalman Filter 6

Sensor
module 6

Fig. 4 Sensor data integration process in the cluster coordinator

Based on these input parameters, a criterion based on the Central Limit Theorem and the
Fraser-Potter equation for flattening smoothing is formed.

I A (- 20 s A SR +o.t2) (6)

where

is a variation of the combined prediction of the measured value.

The software solution of the data integration algorithm is implemented on C ++ for sensors of
the sensor module described in chapter 2 of the dissertation:

- Texas Instruments HDC1080 sensor for temperature and humidity measurement

- BOSH BMP280 barometric pressure sensor

Developed software libraries implement data integration using the Kalman filter method.
Integrated data is sent as a measurement vector, including GPS data from the current location
of the sensor module.

By default, all sensors are in low-state (sleep) mode and are activated only at the time of
measurement.

Also in the sensor module the firmware realize power supply analysis algorithm, enabling the
sensor block to shut down for a certain amount of time to maintain the communication
capabilities of the sensor module as a whole.

The developed software libraries allow the unification of the sensing data measurement and
the integration algorithm to implement them in various sensor modules.

3.2 Method and software algorithm for ad hoc cluster generation in wireless sensor
networks.
The current development is based on the so-called WCA (Weighted Clustering Algorithm)

and builds on it in the phase of analysis of the neighboring of the sensor module
communication devices and other sensors and the formation of this base an ad hoc cluster
base.

The algorithm starts in 3 successive phases: the discovery phase, the assigning phase, and the
status monitoring phase.

Abstracts of Dissertations 5 (2017) 3-17
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Discovery phase
In the detection phase, a process is initiated to detect neighboring nodes by sending broadcast

messages. Based on the received responses with GPS coordinates information and the received
signal strength of the Received Strength Signal Indicator (RSSI) module, the corresponding
sensor node is analyzed and the so-called weight factor for each sensor module [6] is
calculated. The weight factor for each module is calculated based on the number of adjacent
modules that can be reached with one hop and the strength of the signal received by the sensor
module.

Unlike the original WCA algorithm, a new, key to the scientific input parameter that
characterizes the Link Quality Indicator (LQI) link between two adjacent nodes is introduced.
In the research of a real wireless sensor network it turned out that, not always the distance
between two nodes is proportional to the quality of the communication between them. In a
number of cases, the communication quality level between two sensor nodes located at
relatively large distance is more reliable and consumes less energy in data exchange than the
connection between nodes located in close proximity to each other but separated by radio
shield or falling into a high-noise area.

The parameters on the basis of which the weight coefficient Kyeighe 0f each Ni node is
calculated are as follows:

- C;i characterizes the number of neighboring nodes within the N; range

C=INDI = ) (dist(i) < Sounge } ®)
jEMiki=]

The expression dist(i,j) characterizes the distance between two nodes within range of
communication.

Srange 1S @ coefficient that characterizes the maximum distance at which a communications
node can exchange data with another node of the network and depends on the particular
hardware implementation of the network node. D; characterizes the average sum of the
distances between the node N; and the neighboring nodes j.

For each node D; is calculated according to [1]. [2]

1 , . s
D;= E_L ZJEN,:-L}{dISt(IJJ:]} (9)
- M; is a coefficient characterizing the mobility of a network node, i.e. the probability that a
network node will change its location over time.

1

T
M=) (B X TGV (W)

where (Xi, Y u (X1, Y1) are the GPS coordinates of the node t and t-1.
- Ecurrent Which characterizes the instantaneous amount of energy available on the N; node.

Generally
Ecurrent = Ei - (Erx -tl + Etx- t2 + Ecomp- t3 + Esensor- t4) (11)
where:

E; - is the initial amount of energy the node has;

Abstracts of Dissertations 5 (2017) 3-17



12 Alexander Alexandrov

E - the amount of energy that is consumed in the node receiving mode;

Ei - the amount of energy that is consumed in the node transmission mode;

Ecomp - the amount of energy consumed by the microcontroller cluster management
unit;

Esensor - the amount of energy that is consumed by the node location sensors;

t;-t4 - are the time intervals through which each unit of a node consumes energy
(Erx, Etx, Ecomp ¥ Esensor );

- Ki_iink - Characterizing the quality of the connection between two nodes. This coefficient is
calculated by the formula:

Ki time = Kppe 5 T ,_-i[zi_ﬂ K; gsssi (12)

where Kix is a coefficient reporting the power of the radiation emitted by the node N;, a
Krssi is a coefficient reporting the the received signal strength, emitted from an adjacent node
N;.

The coefficient K jin value, report the quality of the communication environment between
two nodes and allows optimization of the cluster creation process.

The weight coefficient of the Ni node is calculated according to the formula:

Fi=w Ci+ w; D+ wg My + Wy E; e T3 K i (13)

where @y + @, + wg +wy + w; =1

The correction coefficients w; + w; are selected in accordance with the specific requirements
of forming an ad hoc cluster. For example, for cluster sensor networks where no mobility of
nodes is envisaged, it is selected wy; = 0 u correction coefficient w; value between 0.5 and
0.7.

The discovery phase ends with calculating the weighting coefficients of all nodes.

Phase of assigning roles
In this phase, a process of selecting cluster network coordinators is carried out. On the basis of

calculated weighting coefficients for each node, the node with the highest weighting
coefficient is selected for a cluster coordinator and the associated nodes are excluded from the
selection procedure of other cluster coordinators. (In the original WCA algorithm, it is
acceptable to choose the cluster coordinator based on the smallest weighting factor).

Monitoring phase
The monitoring of wireless sensing networks with ad hoc functionality is an important phase

of the operation of these networks. On the basis of monitoring results of a sensor network, if
necessary, adaptive reconfiguration of the sensor network and redistribution of the roles of the
communication nodes is performed. [116]

The monitoring phase mainly analyzes 5 situations leading to adaptive reconfiguration:

- exhaustion of the battery at a node near a critical minimum;

- adding a new sensor module to the network

- moving a sensor module (a typical situation for mobile networks);

- sensor module failure;

- critical link quality change (LQ - Link quality) between an existing cluster coordinator and

Abstracts of Dissertations 5 (2017) 3-17
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cluster nodes;

Monitoring is carried out at two levels - at local and global (global monitoring) level. A
similar approach is used by Da Silva et al. [38] and Benahmed et al. [56].

Each cluster coordinator CHi will periodically run a monitoring procedure on the nodes
belonging to its cluster by sending a special START_MON broadcasting message consisting
of 3 packages (START_MONL1 and START_MON2

Each node i (i <> j) of the cluster i upon receiving the first packet START_MON starts its
procedure for calculating the connection parameters as follows:

- the number of packets sent from CHi to ni and the time interval between them

At = [t0, t]:Nbp_Send(ni, At);

- the delay between two successive packages:

Delay(n;,t) = Arrival, ;; — Arrival, _, (14);

At is a time interval [to, t1];

Er(n;, to) - the power level of the node nj in time to ;

Er(n;, t1) - the power level of the node njintimet; ;

Ec(ni, At) - The energy consumed by the node n; for time At;

After each calculation of the communication and energy node parameters n; sends its status
to the cluster coordinator CHi.

The status of each node contains the following information:

Iz Ny, (AL N (n,, At); Delay(n,, t); E, (n, At)

The energy E. consumed by the node n; to accept the packages and send a confirmation is

E, [’"’f, ﬂt) =E, [’"’f, tu) — E, [’"’f, t1) (15);

Messages received as a response from START_MON are stored in the CHI cluster coordinator
memory for subsequent analysis.

If a node n; did not respond to three consecutive START_MON cycles he is considered to be
missing.

After 3 consecutive START_MON cycles, each cluster coordinator CHi sends the results of
the local monitoring of the PAN coordinator of the network or to the control server, depending
on the specific implementation of the sensor network.

BOrareinad

Contribution summary

The contribution of the thesis can be summarized as follows.

1. An innovative sensor module (hardware and system software) with wireless communication
capability is being developed for monitoring and intelligent meteorological data processing.
The module is in process of patenting. A key advantage of the developed sensor module is its
ability to self-regenerate by the energy generated by a built-in solar panel and specialized
hardware and software solutions with developed adaptive algorithms. These algorithms with
the characteristics of a mini expert system allow the module to independently decide when and
how to change its the communication parameters and/or change the operating mode of
different hardware blocks based on locally integrated sensor data and communication traffic
analysis to minimize the energy costs and improving the reliability of integrated data.

2. An innovative concept, architecture and a new software algorithm have been developed to
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14 Alexander Alexandrov

form an ad hoc intelligent wireless sensor network with cluster topology. Based on the so-
called WCA (Weighted Clustering Algorithm) defined in previous publications has developed
a new improved algorithm, characterized by functionality leading to clusters with priority for
the quality of interconnection between nodes, and not by the distance basis between nodes,
which significantly reduces the risk of a network breakdown when one of the formed cluster
coordinators fails.

In recognition of the classic WCA algorithm, a new K; jinx parameter has been introduced to
measure the distance between two neighboring nodes and the quality of the communication
between them. An additional feature of the new algorithm is the criterion for selecting a
cluster coordinator.As opposed to the WCA, the most weighting node is chosen here as a
cluster coordinator to reduce the number of CH nodes and increase the number of cluster
members. These innovations significantly improve the performance of the cluster coordinator
selection and clustering algorithm on ad hoc wireless sensing networks, and subsequently
enable the packet routing process to be substantially optimized between the cluster
coordinators and the PAN coordinator.

The new software algorithm has been successfully tested in a real experimental wireless
sensor network based on the wireless sensor module described in Chapter 2.

3. A SOA (Service Oriented Architecture) software platform is developed to integrate
intelligent sensor networks and systems. The platform provides software services to manage
heterogeneous sensor networks or a group of intelligent sensor modules in a sensor system
that provides the necessary interoperability. The advantage of the developed services is that
they enable easy integration of heterogeneous sensor networks and creation of data views for
application developers.

The platform is hardware-independent, and service-based developers can easily access data
from any smart sensor or network sensor network without needing information about the type
and topology of the sensor network or the type of the used communication protocols.

The process of data integration is transparent and geographically independent. Through the
open architecture architecture of the SOA based software platform, it is possible to build
virtualization services and virtual sensor networks.
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OO0ma xapakTepucTUKAa HA JUCEPTALMOHHUSA TPY/]

AKTYaJIHOCT Ha TeMaTa M 0030p Ha OCHOBHHTE Pe3yJITaTH B 00J1acTTA

IT TexHONMOrMUTE cCa HABCAKBAE B HAILIETO ChbBPEMHE M HMEHHO TE€ ONPEIEIT OYEpTAHUATA
Ha HameTto Obpaemnie. CeH30pHUTE U CEH30PHUTE MPEXH Ca HEOTAEIMMA YacT OT JKMBOTA Ha
4OBEYECTBOTO. B MHOTO 00sacTi 6€3 CeH30pH YOBEHIKHAT KUBOT € TIOJUIOKEH Ha OMAcHOCT a
B JApyru 0Oe3 TAX € HEBb3MOXHO CBHILECTBYBAHETO HA MM WHAYCTPUM U HAYYHU
W3CIICBAaHHUS.

[pe3 nociaeqHUTE HIAKOJKO TOJWHU OC3KUYHHUTE CCH30PHU MPEXH NMPOBOKUPAT MHTEpEca Ha
CHCIMATUCTUTE C TOJIEMHUsI OPOU TEOPETUYHU U MPAKTUYCCKH MPEAU3BUKATEIICTBA, CBhP3aHU
C TIPWJIOKHUTE UM BB3MOXKHOCTH. be3kurdHaTa UM apXUTEKTypa MO3BOJIIBA JICCHO U3MEpBaHe
Ha (U3HYHU BEJIMYMHHU KaTO TEMIEPaTypa, BIAKHOCT, HAJSATAHE W JIP., KAKTO W MHTETPaIHs
KBbM BEYEC CHIICCTBYBAIM M3MEPBATEIHA CHCTEMHU. TSAXHATAa T'bBKABOCT, Bh3MOMXHOCTHUTE 32
MaTeMaTH4eCKH aHAJIN3 B 00pabdOoTKa Ha JIAHHUTE, KAKTO M JICCHUSAT MOAXO0/] 32 MPOrpaMUpaHe
MPENOCTABAT BB3MOXKHOCT 3a HM3TPaXKJIaHE HA ISUIOCTHH PEHMICHUS 3a MOHHTOPHHT Ha
TEXHOJOTHYHH TIpollecH. Taka Hampumep, OC3KMYHHUTE CEH30pPH MOTaT Ja CIyXaT 3a
JUCTAaHIIMOHHU HW3MEpBaHEC HA BEIWYHHH B CIIydad, KOTaTo CTaHJApTHHUTE CIIOCOOW 3a
KOMYHHKAIMsI 10 KaOeqd WM JUPEKTHO W3MEpBaHE ca HECPCKTHUBHU W CKbBIIH.
B cimydauTe Ha W3MepBaHe Ha MapamMeTpy Ha (U3WYHM M XUMHUYHH BEJUYMHHA HA TOJCMH
MJIONM, € MO-HAJEKIHO W MKOHOMHUYECKH WU3TOJTHO W3IMOJI3BAHETO HAa OC3KMYHU CCH30PHH
MpEXH BMECTO KJIACHYCCKa MPOBOTHUKOBA MpeKa.
Bcesika 00y1acT Ha MPUIIOKEHNE HA CEH30PUTE € HEM30EXKHO CBhp3aHa ¢ OTPOMHU MOTOIHU OT
nHpopManus reHepupana oT cenzopu. OOpaborkata Ha Tasu WHPOpPMAIHS ChXpaHSIBaHA B
OTPOMHHU XpaHWJIMINA 3a JaHHH, T.H. big data ¢ eqHAa OT MBPBOCTENEHHWUTE 3a7a4d, YUETO
peliaBaHe ¢ Ha JIHEBEH Pefl.

WuTerpupaneTo Ha JaHHU OT CEH30pPU M CEH30PHH MPEXKH € MpoOJieM, pelaBaHeTo Ha KOUTO
€ aKTyaJJHO B MHOTO O0JIaCTH Ha JKMBOTA KaTO CE 3all0YHE OT PYTHHHHUTE METUIMHCKU
W3CIEABAaHUA HA YOBEIIKOTO TSUIO M C€ CTHTHE 10 ITAaHHUTE CBBP3aHU C KIMMaTHYHHUTE
MPOMEHH Ha IJIaHeTaTa.

CbcTosiHUE HA N3CJIeABAHUSA NPODIeM

B mutepatypara € onmcaHO rojsiMO MHOTOO0OpasHle OT CEH30pH, CEH30pHU MOy (GKUYHU U
0€3:KMYHU) U CEH30PHU MPEXKH.

Konnenmmsra va [oT (Internet of things) u T.H. ymHE (smart) ceH30pH 100MBa BCe MO-TOJSIMa
MOTYJISIPHOCT ¥ HABIIM3a BCE TMOBEYE B MPOMHUIILICHOCTTA M OMTA HAa XOpaTa.

Hammme ca mpennoctaBku 3a pa3pa0OTKa Ha CJEIBAINO MOKOJEHHWE CEH30pPH, CEH30pHU
MOAYIM W CEH30PHM MpeXH Oa3upaHM Ha BCE MO-ObP30TO HABIM3aHE HAa BHCOKUTE
TEXHOJIOTUHY ¥ MUHHATIOPHU3ALMITA HA eIEKTPOHHUTE YCTPOMCTBA.
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TepMuHBT yMeH (smart) CEH30p Bede Ce M3MECTBa OT TepMHHA MHTEeNMreHTeH (intelligent)
CEH30p AeUHHpAIL TTOsBaTa Ha HOBO TIOKOJICHUE CEH30PHU MOYIIH.

KonnenmusTa 3a MHTEIUTCHTHUAT CEH30p BKIIOYBA B ce0€ CH CTPYKTypara Ha yMeH (smart)
CeH30p W s JOMBJIBA C HOBU QJAlTHBHU AITOPHUTMHU M (YHKIMOHAITHOCTH TPHUCHIIA Ha
eKCIIEPTHUTE CHCTEMH. VIHTEIUTEHTHHST CEH30p € B ChCTOSHUE J1a AaHAIM3HUPA, KOHTPOJIUpA U
aJIaliTHBHO Jla YIpaBisiBa CBOWTE OJIOKOBE C IeN Mo-eeKkTUBHa pabdoTa W MO-ToJsIMa
npousBoautenHocT. OcBeH ¢ mexanusmu 3a self-test m self-calibration wHTenMrenTHUTE
CEH30pH pas3mojaraTt ¢ IOCTaThbyHA HM3YMCIUTETHA MOII Ja aHaIu3upar u oOpaboTBar B
peanmHo BpeMe [aHHUTE OT CEH30pHUTE cu OnokoBe. Te3n ceH30pW pasmonarat ¢
(YHKIIMOHATHOCT 32 CAaMOCTOSITENHO B3E€MaHE Ha PEHICHUS CBBP3aHM C HAACKIHOCTTA U
TOYHOCTTA HA M3MEPEHNUTE TaHHU, KAKTO M BIPaJCHU BB3MOKHOCTH J1a KOMYHUKHPAT C IPYTH
WHTEJIMTCHTHA CEH30PHM MOIYIH C IIeN KOJEKTHBHO peIIaBaHe Ha ONTHMHU3AIHOHHU
npobieMr CBBP3aHHM C MapUIpyTH3alMiTa HA JaHHHUTE, ONITUMH3AIMSA Ha KOHCyMalHaTa Ha
SHEeprus Ha rpymna CEH30pH U Ap.

Bce no-ocHOBeH € BbIIpoca Kacaell He KOJMYECTBOTO a KaYeCTBOTO HA M3MEPEHUTE JTaHHH.
[Topaan Ta3m mpuYMHA BCE MO-TOISIMA MOMYISPHOCT JOOMBA BrPaXXIaHETO B MHTEIUTCHTHUTE
CCH30pPM Ha aIrOPUTMH 32 JCHEHTPAIM3UPAHO WHTETPHPAHE HA JAaHHH TI03BOJISBAIIO
CBIIECTBEHO penylupane Ha Tpaduka B paMKUTE Ha €IHA CEH30pHA MpeXa WM CHCTEMa, a OT
TaM ¥ UKOHOMUSI Ha €HepTHs NIPH NpeaBaHe Ha TE3H JaHHU.

WNHuTerpupanero Ha JaHHUTE MOJYYCHHU OT OOCIWHEHU B CCH30PHA CHCTEMa CEH30PHU MPEXKH
MTO3BOJISIBAT PEIICHWE Ha IMHUPOK KPBr 3aJaqM, Karo IobajieH aHanmu3 Ha KIMMaTUIHUTE
MPOMEHU B KPaTKOCPOUCH W JBJITOCPOYEH IIJIAH, aHAIN3 Ha THTHUSA TpapuK B TOJEMH
Meraroancu kato Hro ropK, MockBa, Mekcuko u zip.

Ien u 3a1a4n HA AMCEPTALMOHHUS TPY

Llen Ha m3cnenBaHeTo € pa3paboTKa Ha Xapayep, METO/IU, aTOPUTMH U cO(TyepHHU CpeacTBa
3a MHTErpupaHe HA JAHHHW OT MHTEIUTCHTHU CEH30PHHU CUCTEMHU OT MPEXH.

[TocraBenuTe 3ama4un Ha Oa3a nepUHUpaHATA I HA U3CIEIBAHETO Ca:

1. Pa3paboTka Ha Oe3KMUYEH CEH30PEH MOJIYJ 32 MOHHUTOPHHT ¥ JIOKAIHO MHTETPHpAHE Ha
JaHHU 32 OKOJIHATa Cpea.

2. Pa3paboTka Ha anrOpUTHM 3a IEHEHTPATH3UPAHO MHTEIPHpPAHE HA CEH30PHH JaHHU.

3. Pa3paboTka Ha METON M AITOPUTHM 3a ONTHMHU3AIMS HAa KOHCyMalus Ha €HEPTUs OT
0e3KMYCH CCH30pEH MOAYI Ha 0a3a aHanu3 Ha Tpaduka OT MHTETPUpPAHH JaHHU B MpeXKaTa.

4. Pa3paboTka Ha apXUTEKTypa M TOJXOJ 3a TeHEpHUpaHE HAa MHTEIUTEHTHAa Oe3KMdHa
CEH30pHa MpeXa Ha 0a3a MOIYJIH 32 JIOKAIHO MHTErpUpaHe Ha CEH30PHU JIaHHHU.

5. Pa3paboTka Ha apxuTeKTypa Ha copTyepHa rmiardpopMa 3a MHTErpHpaHe Ha JaHHH OT
WHTEJIMTCHTHU CEH30PHU MPEKH H CUCTEMH.
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METOI{OJIOFI/IH Ha U3CJICABAHETO

Merogonorusita Ha  HACTOAIIMTE H3CIECIBAaHUS CE€ OCHOBaBa Ha (YHIAMEHTATHH U
MPHUJIOKHA Pa3pabOTKH OT CIIEAHUTE 00JIACTH:

HNuTerpupane Ha JaHHH

e Pasmmpen ¢punrep Ha Kanman (Extended Kalman filter)
e Ilentpanna I'pannuna Teopema (Central Limit Theorem)
e VYpasuenus Ha Fraser-Potter

AJITOPUTMH ¥ MPOTOKOJIM 32 opMUpaHe U yIpPaBJeHHe HA 0e3KUYHHN CEH30PHH MPEKU

e Weighted Clustering Algorithm (WCA)

e Unicast, Anycast and Broadcast Duty cycling algorithms
e 6LOWPAN mnpoTokoi

e |EEE 802.15.4 ZigBee mpoTokon

IIporpamMum e3uum u miargopmu

e [Iporpamen e3uk C
e E3suxk ot Bucoxo vuso WSDL
e Framework WSO2 Carbon SOA

Anpodauusi Ha pe3yJTaTUTe
Pe3ynraTu, BKIIOYEHH B AUCEPTALMATA Ca TOKJIAIBaHU HA:

e Third International Conference on Telecommunications and Remote Sensing —
ICTRS’14, 26-27 june 2014, Luxembourg, Grand Duchy of Luxembourg

e 7-th IEEE Conference Intelligent Systems, Warsaw Poland, September 24-28, 2014

e MexnaynaponHa koHpepeHus “Apromaruka u nHpopmaruka”, 1-3 Oxromspu 2014,
Codus

e International conference “Robotics, Automation and Mechatronics” RAM 2014,
November 5-7 2014, Sofia

o Eleventh International Conference Flexible Quering Answering Systems 2015 October
26-28 2015, Warsaw, Poland
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OCHOBHO CHABpPKAHME HA JUCEPTALMOHHUS TPYJ

[To chIIECTBO AMCEPTANMOHHMAT TPYJ CE ChCTOM OT YBOJ, 3 TJIABHM OIMMCBAIM CTAIUTE Ha
peliaBaHe Ha NMPoOJeMH CBBP3aHUW C WHTETPUpPAHE Ha JIAHHU OT XCTEPOTCHHH OC3KUIHH
CCH30pHU MPEXHU U CUCTEMH, 3aKJIIOUYEHHUE U CIUCHK HA U3I0JI3BaHaTa JUTEPaATypa.

JlMcepTamOHHUAT TPYA Ce ChCTOM OT 165 cTpanuuy u chabpxa 14 tabmmim, 32 hopmym u
65 ¢urypu. CnuchKbT Ha M3IIOJI3BaHATA JIUTEpATypa BKIOYBa 151 urepaTypHu HM3TOYHHKA.

B yBoma e 000ocHOBaHa akTyalHOCTTa OT MpoOJieMa 3a MHTErpUpaHe Ha JaHHU OT CEH30PHU
MPEKHU U CHCTEMH OT MPEXKH.

YBoa CeH30pH M CEH30PHU MPEKH

B yBoma ¢ BKIIOUEH M JHUTEPaTypeH 0030p BBPXY ChIIECTBYBALIOTO CHCTOSHHE HA
CCH30PHHTE MpPEKOBH TEXHOJOTMU M HWHTETPUPAHETO Ha JaHHU. HampaBeH e omut 3a
KJIacU(UKaIKs Ha OCHOBHUTE BHJOBE CEH30PH HM3IOJI3BAaHU B CEH30PHUTE MPEKH U TAXHATA
crenuduka MPU HMHTETPUpPaHe Ha JaHHU OT TsAX. CrHenuaiHO BHHMaHUWE € OOBpPHATO Ha
CBIIECTBYBAIMTE METOJM 3a MHTErpuUpaHe Ha ceHzopHu nanuu (Sensor Data Fusion) mpu
0€3)KMYHUTE CEH30PHU MPEXKHU U TO-CIEIMAIHO HA CEH30PHHU MPEXKHU U3rPAICHHU 0 CTAHIAPT
IEEE 802.15.4

I'naBa 1 Pa3paGoTka Ha ceH30peH MOAYJI 32 MOHUTOPUHT U UHTEJUT€HTHA
00padoTKa Ha MeETEOPOJIOTMYHM [aHHH M BB3MOKHOCT 32 0e3KHYHA
KOMYHHUKALMS.

[IbpBa raBa € MOCBETEHAa Ha CH3JABAHETO (XapayepHa M copTyepHa apXUTEKTypa) Ha
WHOBaTUBEH O€3KMYEH MHTEJIMICHTEH CEH30PEH MOAY/ C OTHOCHTENHO ToJsiMa MPOLIECOpHa
MOIIHOCT 32 M3IbJIHEHUE HA 3aJ]a4H CBbP3aHH C JIOKAJTHO HMHTETPUPAHE HA CEH30PHH JaHHU U
BrpakJaHe Ha aJallTHBHU aJTOPUTMH 32 yIpaBJICHUE.
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OynknuoHanmHa OJIOK cxeMa Ha pa3pabOTeHHs CEH30pPEH MOAYT 3a MOHHUTOPHHT Ha
METEOpOJIOTUYHA HH(POpMAIH € TToKa3aHa Ha ¢ur. 1

| (2) CensopeH 6nok

CeH3aop 3a CeHaop 3a |

I CeH3o0p 3a
BNaXHOCT Ha GapomeTpuyHo
Temnepartypa
Bb3ayxa Hansrave |
| S— — — hem—) — —r — D _l AHTeHa AHTeHa
| BxoaHo/naxoneH nHrtepdgenc I
(1) Ynpasnsasauw, 6nok c BrpaneH
anropuTbm 3a UHTErpupaHe Ha
BbvHwHa AaHHu ¢ hunTep Ha Kanmax
onepaTtusHa namer
(4) KomyHukaumoHeH 6nok ¢
| @ < :> RSSI v LQI hyHkumoHanHocT
| MukpokoHTponep |
BoHwhHa | (3) GPS 6nok ¢ BrpaneH
€eHeproHesasucuma <:> < > anropuTbM 3a MHTerpypaHe
namer Ha AaHHKW C PUNTLP Ha
I Kanman
(5) 3axpaHBauy 6nok
— —— c— c— —
| DC-DC koHBepTOp |
| AkymynatopHa
dorosBonTanyeH Garepus | |
| nawen
i

@ur. 1 briok cxema Ha ceH30pPEH MO 38 MOHUTOPUHT Ha METEOPOJIOTHYHA HH(POPMALIUS

XapayepHata 4YacT Ha CEH30pDHHS MOIYJA € peajm3upaHa Ha 0a3a e€JIHOYHMIIOB
MUKpOKOHTpoJep Ha Texas Instruments USA MSP430F449 ¢ no6aBeHa BbHIIHA ONlepaTHBHA
u Quam maMeT, CEH30peH OJIOK CBCTOSI C€ OT CEH30pW 3a TeMIleparypa, BIXKHOCT Ha
BB37yxa W OapOMETpUYHO HalsraHe, O€3KMYeH KOMYHHUKAIMOHEH OJIOK paboTem Io
cragaapt |IEEE802.15.4 u nomubpaxain npotokomu ZigBee RFACE u 6LowPAN, GPS 610k
msrpanen Ha 6asa SIRFStarlV GSD4e u mHTerpupanu B KOpIyca MHUHH COJIAPEH MAHEN U
LiON akymynatopHa Oarepusi.

CucreMHaTa apxXWTeKTypa Ha 0a3a Ha KOSATO € M3rpaZeH (pbpMyepa Ha CEH3O0PHHUS MOIYIT
BKJIIOYBA CIEHUATHO pa3paboTeHH copTyepHH MOIYIIH 32 YIIPaBIICHHE Ha 3axpaHBaIIus OJI0K,
codTyepeH MOAyNn MpeBKIOYBAll paboTara Ha ceH3opHus Mmoayn B pexum FFD (Full
Functional device) u RFD (Reduced Functional Device) cerinacuo cranmapt |IEEE 802.15.4,
codryepeH MoOmyn 3a yrmpaBieHHEe Ha paboTaTa Ha KOMYHHKAIIMOHHHA OJOK M coTyepeH
MOJTYJI 32 yIIpaBJIEHUE HA CEH30pHUS OJIOK.

B pesynrar Ha HampaBeHHs H300p Ha €NEKTPOHHM KOMIIOHEHTH, XapAyepHa W CHUCTEMHA
ApXATEKTypa € CB3IaJIeH EKCIIEPUMEHTAIEH CEH30PEH MOAYJI 32 MOHUTOPHHT M JIOKAJHO
MHTETPUPAHE Ha METEOPOJIOTUYHH JaHHU.

PazpaboreHusiT ceH30peH MOy MPUTEKaBa CJICIHUTE XapaKTEPUCTUKH, OTIMYABAIIM IO OT
JPYTH CHINECTBYBAIIN Pa3pabOTKH:

1. VhpasmsBamy 070K € BB3MOXKHOCT XapAyepHO Ja BKIIOYBA M HW3KIOYBA OT
3axpaHBamara MmWHa (QYHKIMOHATHM OJOKOBE W OTHCTHH BB3JIM, Karo BHHIIHHA 3a
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MHUKPOKOHTpOJIEpa MaMeTH, KOMYHHKAIMOHHUS OJIOK, M30MpaTeNHO €IWH WM HAKOIKO
censzopa, GPS 61oka w/uma ¢oroBonranunus manen ¢ DC-DC konTponepa ¢ 1ien uKoHOMHS
Ha KOHCYMHpaHa €HepTHsl.

2. CrnenmanHo pa3pabOTeH WHOBAaTHBEH UHTEIUTEHTEH CO(PTYepeH aIrOpUTHM
yIpaBisiBall KOHCYMalusATa Ha €HEprus OT OJIOKOBETE M BB3JHMTE HAa CEH30pHUS OJIOK ¢
BB3MOXKHOCT 32 MPEIABIKIAHE Ha KOHCYMAIMATa HAa CHEPrus 3a OBJEII MEepHOi W B3EMall]
CaMOCTOSATEIIHO pEIICHHe Ha Ta3uw 0a3a 3a HayMHA Ha YIpaBIEHHE Ha 3axpaHBaIlus,
KOMYHHKaMoHHus, ceHzopHus u GPS Giokose.

3. BB3MOXHOCT 3a JIOKaTHO WHTETPUpAaHE HA CEH30PHM MAHHU 4Ype3 H3IOJ3BaHe Ha
MMIUIEMEHTUPaHU BB (yppMyepa ¢puitpu Ha Kammans.

Ha 6a3aTa Ha peaausupaHaTa paspaﬁoTKa HA 0e3:KHYeH CEH30pPEH MOAYJ 3a JIOKAJHO

HHTeIpHpaHe HAa CEH30PHH [aHHH e HAIlpaBeHa 3asiBKa 32 INATEHT
N0.112400/17.10.2016.

Ha caumku 1 u 2 ca nokasann Moau(uKauy Ha pa3pabOTeHHs CEH30PEH MO

CH.1 u 2 ExcniepumeHTanHu 0e3)KHIHN CEH30pHH MOY/H Ha 0a3a pa3paboTka ot riasa 2
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I'nmaa 2 Metoau U aJrOpUTMH 32 HMHTerpHpaHe HA [JaHHU OT
HHTEJTUTeHTHH 0€3’KHYHN CEH30PHU MPEKH U CHCTEMH.

Bropa rmaBa Ha aucepTalMOHHMAT TPYA OMNKCBAa CH3JABAHETO HA MOJOOPEHH METOA H
AITOPUTHM 32 MHTEIPUPAHE HA CEH30PHHU IaHHU, METOJ U AIrOpUTHM 3a (opmupane Ha ad
hoc kimbcTepu 3a WMHTErpHpaHe Ha JaHHH, METOA M AITOPUTHM 3a ONTHMH3AIMS Ha
KOHCYMallMATa Ha €HEeprys M0 BpeMe Ha M3MEPBAHE U METOJ U aJTOPUTHM 33 ONTHUMHU3ALUS
Ha KOHCyMalMsTa MO BpeME Ha NpedaBaHe HA MHTETPUPAHU JaHHU B OE€3KUYHU CEH30PHHU
MPEXH.

Omnwucanure B ['maBa 2 pa3paboTku ca peanusupanu Ha 6a3za punrpu Ha Kanmman, ypaBHeHHS
Ha Fraser-Potter, Llentpannata ['pannuna Teopema u Apyru METOAM M ANTOPUTMHU 32
WHTErpUpaHe u ONTUMHU3ALUS.

3.1 Metoa u codTyepeH aaropurbm 6azupan Ha ¢uarbp Ha Kaiman 3a mHTerpupane
HA JaHHU OT HHTEJTUTeHTHH 0e3:KUYHU CEH30PHHU MPeKH.

3a nemTe Ha pa3paboTKaTa W TECTBAHETO HA METOJIAa U aJTOPHUTHMa € M3MOJI3BaH CEH30PHHUS
MOJTyJI, OTIFICaH B IJIaBa 2 Ha HACTOSIIHUS TUCEPTALIMOHEH TPYI.

Pazmenpr omnmcBa HOB codryepeH anmropuThM, Oasmpan Ha ¢witpu Ha Kamman 3a
WHTETPUpaHe Ha CEH30pHU [aHHH, NpEJAHA3HAUYeH 32 HMMIUICMEHTHpPAaHE WHTEIMICHTHU
0e3:xuunu cern3zopHu Mpexu (IWSN).

OCHOBHUTE pe3yATaTH, NPEIACTaBEHH B HACTOSIIMS pasieil ca OTpa3eHH B MyOJmKanus 6 —
»Alexander Alexandrov. "AD HOC Kalman filter based fusion algorithm for real-time
Wireless Sensor Data Integration”, Proc. of the Eleventh International Conference Flexible
Quering Answering Systems 2015% SPRINGER Vo0l.400, ISBN 978-3-319-26153-9

Hpe):[J'IO)KeHI/ISIT AJITOPUTHM € MPEAHA3HAYCH 3a MHTCIPpUPAHC B HHTCIMICHTHH 0e3KUIHU
CCH30pHH CUCTEMHU 3a MOHUTOPUHI' HA TaHHU.

WuTterpupaneTo Ha JaHHH OT HSKOJKO M3TOYHHMKa ce neduHupa karo data fusion karo B
HACTOSIIHAT TUCEPTAIIMOHEH TPYI CE U3IOI3BA OBITAPCKUSIT TEPMUH UHMESPUPAHE HA OAHHU
B nureparypara Holl u J.Linas [19][7] nedunupar nporuieca Ha UHTETpUpaHE HA JaHHH KATO:
"TeXHUKU KOMOMHHUPAIIH JaHHH OT HSIKOJKO CEH30pa M CBbp3aHa ¢ TAX HH(opMalms ot 6a3u
JIAHHW 32 Jla C€ MOCTUTHE IMO-TOJsIMa TOYHOCT U JOCTOBEPHOCT B CpPaBHEHHE C JAHHUTE
MOJY4eHH OT equH ceHzop". VHTerpupaHeTo Ha CEH30pPHH JaHHU € ,,lIPOLEC Ype3 KOMTO
JAHHUTE OT HSIKOJKO PAa3MYHU CEH30pa Ce CHHTE3MparT 3a Ja Ce M3YHCIUM U TeHepupar
MOBEYEC JIAHHU, OTKOJIKOTO €IMH CEH30p Moxke Ja uaMepu''[8] B oOmiHocT MHTErpUpaHeTo Ha
CCH30pHH [aHHM € Cco(TyepeH mpolec KOMOMHHpAIl W HHTErpUpal] MO0 CHCHUAICH
ITOPUTHM JAHHUTE OT TpyHa CEH30pH 3a Jia ce MOJ0O0pH HAIEKIHOCTTA U JIOCTOBEPHOCTTA
Ha U3MEPCHUTE JaHHH.

WuTerpupaneTro Ha TaHHH OT HSAKOJKO CEH30pH KOPHTHpPA OTKIOHEHHSTA U KoJeOaHusATa Ha
M3MEpEHUTE TaHHH U peAyIHpa ChIIECTBEHO MOTOKA OT JaHHU, KOMTO ce TpaHcdepupa npes
MpPEKOBHTE BB3IIM KBbM IPIIOKEHUETO 32 ChXpaHEHHE W TOcieaBama o0paboTka 1 aHAIU3.
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ToBa e BaskeH MpoIiec B MHOTO PUIIOKEHUS, HAIIPIMEp TP aHAIIN3a Ha 3aryOnuTe Ha SHeprus
B paznuuHu obnactu [3], [5]. OCHOBHOTO MPeIU3BHKATEICTBO B HHTETPUPAHETO HA CCH30PHHU
TaHHU € e()eKTHBHO pa3/eiisiHe Ha MOJIS3HUsI CUTHAJ OT IIyMa MPUAPYKaBaIll U3MEPBAHETO.

B nmpakTtukara ca pa3npocTpaHeHH HAKOJKO TEXHUKH 33 MHTETPUPAHE U arperupane Ha JaHHU
OT CEH30pH. B 3aBHCHMOCT OT MECTOIOJIOKEHUETO HA MIPOLIECAa HA UHTETPHUPAHE HAa CEH30PHH
JaHHU oOpaboTkaTa Ha CEH30PHH JaHHH MOXXe Ja Obae IeHTpalu3upaHa,
JIELIEHTpaIn3upaHa U CMECEHA.

TepMUHBT HEHTpPATU3UPaH CPElly ACHEHTPATU3UPAH MPOIEC €€ OTHACSA IO MICTOTO, KBIAETO
Ce M3BBPIIBA HHTETPHPAHETO HA TAaHHH.

[Tpu neHTpanM3MpaHOTO MHTETPUPAHE HA CEH30PHU JaHHM, CEH30PHUTE MOIYIH Tpenpaniar
BCHYKH HW3MEPEHU JAAaHHU JI0 IEHTPAIEH IIEHTHP 3a 00paboTka, 00l 3a IsuiaTa Mpeka HIIn
rpyra oT MpeXH, KbJIETO JAHHUTE CE aHAM3UPAT U 00pabOTBAT C ATOPUTMU 32 HHTETPUPAHE
U aHaJH3.

[Ipu neueHTpanM3upPaHOTO WHTETPUpPaHE HA CEH30PHHM NAaHHHU, CEH30PHHUTE MOIYIM WU
rpymna OT CEeH30PHH MOJYIHM IMOeMaT IbJIHATa OTTOBOPHOCT 3a IMpOolieca Ha MHTETPUPAHE Ha
nanHd. "B TO3M ciydail, BCeKH CeH30p WM IDIaTopMa MOXKE J1a ce pasriekaa KaTto eIuH
WHTEJIWTCHTEH aKTUB pasloJiarai] B HSAKAaKBa CTEIEH ChC CaMOCTOSITEIIHOCT MPH B3€MaHETO
Ha pemienus." [8] B peasHuTe ceH30pHM MpEXH CHIIECTBYBAT MHOXKECTBO KOMOMHALIMU OT
LEHTPAIN3UPAHN U ACUCHTPATUZUPAHHU CUCTEMH.

Hacrosimara pa3spabotka ce (okycupa BBPXY Ch3JaBaHE Ha apXHTEKTypa Ha HepapXudHa
JCTIIeHTPaIM3UpaHa CUCTeMa 3a WHTETPUPaHe Ha JaHHU Oa3upaHa Ha MOETAIHO WHTETPHUpaHe
Ha naHHHATEe 4ype3 ¢unTbp Ha Kamman. VHTerpmpaneTro Ha JaHHU C€ M3BBPIIBA JIOKATHO B
CEH30PHM MOJYJH, ChCTOSIIM C€ OT CEH30pHW 3a TEeMIIeparypa, BIAXKHOCT U aTMOC(HEPHOTO
HaJsiTraHE M MUKpOIpouecopeH 00k 3a oOpaboTka Ha gaHHW. CeH30pHHTE MOAYIM ca
oOenvHeHH BBB (popMara Ha KIBCTEpU W Ha Oa3ara Ha BCEKH KIBCTEp ce Gopmupa T.H.
,»CYIIep CeH30p‘‘. B KIrbCTepHMUS KOOPIMHATOP HA TO3H ,,CYIEP-CEH30P ™ c€ M3BBHPIIBA BTOPHU
Ipoliec Ha MHTETPUpPAHE HAa CEH30pPHM NaHHHW. KpalHUAT eran Ha WHTETpUpAHE Ha JaHHH € B
W3HEeCeHa W3BBH ceH3opHarta wpeka, SOA 0Oasmpana codryepHa miatdpopma ¢
(YHKIIMOHATHOCT 32 MHTETPUPAHE HA JaHHU HA HUBO CEH30PHHU MPEKH U CHCTEMH.

IIpexoaHnu Mmoaenun
[To mpuHIMT ypaBHEeHUsATA pH punThpa Ha KanMan ce gensT Ha B OCHOBHU KaTETOPHU:

- YpaBHEHHUS 32 aKTyaJIn3aIus 10 Bpeme
- YpPaBHEHUS 32 aKTyaJIM3UpaHe Ha U3MEpBaHe.

VYpaBHeHHsATA 32 aKTyalu3alus 10 BpeMe ca OTTOBOPHU 3a INpecKa3BaHe (BbB BPEMETO) Ha
TEKYIIOTO CHCTOSTHHE U 3a OIICHKA Ha IPeIIKaTa 3a CIIeABAIII HHTEPBAI OT BpeMe.
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VpaBHEHHTA 32 aKTyaln3upaHe Ha U3MEPBaHE ca OTTOBOPHU 3a T.H. 00paTHa BPB3Ka T.C. 3a
BKJIFOYBAHE HAa JJAHHUTE OT HOBO M3MEPBAHE B allPHOpPHATA OILICHKA 32 KOPEKIHs Ha JTaHHHUTE
OT cieBanoTo u3meppane [9].

VYpaBHeHHsTA 32 aKTyalu3alus MO BpeME MOTaT Ja ce pasriiekIaT KaTo YpaBHEHHS 3a
MpeCKa3BaHe Ha ChCTOSHUETO, JOKATO YpPaBHEHUSATA 33 aKTyalH3alds Ha H3MEpPBaHE MOTar
Ja ce pasriekaar KaTo ypaBHEHHS 3a KOpeKmus Ha m3MmepBaHeTo. Durypa 2 mmocTtpupa
mpolieca Ha MpezcKa3BaHe U KOPEKIus 1Mo MeTo1a Ha punrbpa Ha Kanvan.

| '

—— | Prediction Correction

@ur.2 Ilpouec Ha peacka3BaHe M KOPEKIUs o MeToa Ha ¢puTbpa Ha Kanvan

dazara Ha TmpeACKa3BaHE CTApTUPAa C WHUIHAIM3HPAIIOTO NPEANONIOKEHHE Xp_q U
KOBapHaHTHHS BEKTOP Py _q M ce peanm3upa ¢ ypaBHCHHSTA!

X = AXy_1+Buy + Cwy, 1)

Z=Hy x) Dy vy (2

KBJIETO X} TpE/CKa3aHaTa CTOWHOCT, A € MaTpulla Ha MPEXOJHOTO ChCTOSIHUE Ha mpoiieca, B
e BXxoJHa Matpuna, C € npexosiHa MaTpula Ha IIyma, U, € AedMHUpaHa BXOJHA CTOMHOCT,
W), neHuHUpa HUBOTO Ha € IIyM, Z; € T.H. BEKTOp Ha HaOmoaeHue(observation vector), vy
¢ MMPOMEHJIMBA OIKCBAIA U3MEPEHHUs myM, H) € MaTpulla Ha BEKTOpa Ha HAOJIONIEHHE Z;, U
Dy, e maTpuIia onucBalla BIMSHUETO HA IIyMa IPH U3MEPBAHETO.

Kopeknusta Ha W3MEpBaHETO KOpHWTHpa MpEACKa3aHaTa CTOWHOCT 4Ype3 aKTYaJIHOTO
M3MEpBaHe 32 TO3U BPEMEBH MHTEPBAJL.

MaremaTtnueckusT amapar Ha ¢uaTbpa Ha Kanman e omumcan moapoOHO B iuTepaTrypara

[30][31][32].

[Tpu paspaboTkaTta HA COPTYCPHHUS ATOPUTHM B HACTOSIIMS JUCEPTALMOHEH TPYHX (HOKYCHT
€ OCHOBHO KbM MPOIIcCa HA aKTyaIu3allys Ha U3MEPBAHETO.
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3a nenra npuarame MoauduKays Ha punThpa Ha Kanman no3Har B mureparypata [32] kato
pasmmpen ¢unrsp Ha Kanvan (Extended Kalman filter). YpaBaenusita onucBanu mpoueca
HAa TIpe/IcKa3BaHe M KOPEKIUs MpH pasmmpenus puirsp Ha Kanman ca moka3zaHu mo-aoiy:

G, = _ PiHp A3)

HypPrHE+Ry

Xk = Xp—1+Gy(z — Hy Xp—1) (4)

P, = (1 — GgHy). Py (5)

IMpu Te3m wspasu Gy ¢ T.H. koepunueHt Ha Kamman, P, ¢ KOBapWaHTHUS BEKTOp Ha
emkara, Hj, e marpuiia Ha BeKTOpa Ha HaOJIOIeHNEe Z; M R) € KoBapHWallMOHHA MaTpHIIA.
k k k

Wunnmanmspamara ¢aza npu pasmmpenust ¢unrbp Ha Kanman 3amouBa ¢ M34HCIIBaHE HA
koepunuenta Ha Kamvan G, (popmyna 3). CrenBamiata cThIIKa € MOJyd4aBaHE Ha
CTOHHOCTTA Ha peaJHO W3MEpBaHE W Ha 0a3a Ha CTOMHOCTTAa TOBA M3MEpPBAHE Ja Ce TeHepHupa
NpeACKa3aHue 3a CIIEABALIOTO ChCTOSHHE 4Ype3 n00aBsHe Ha Kopekuus (dopmyna 4).
[Tocnennara cThIKa € 3YHUCIIBaHE Ha OBbJENIaTa TpelIKara Ha CJIeIBAOTO HW3MEpPBaHE Upe3

dopmyma (5).

To3u peKkypCHBEH MPHUHLMUI € €IHAa OT Hail-ChIIECTBEHHUTE OCOOEHOCTH Ha (uiThpa Ha
Kanman, m3uckBan] MUHUMAIHH W3YHCIMTEIHH PECYpCH 3a coTyepHaTa peanu3aius Ha
anroputrhbMa. Ha mpakTuka MHTETpHpaHETO HA JaHHH MO Merona Ha Guiarhpa Ha Kamman ce
peanm3upa upe3 peKypCMBHO T€HEpHpaHe Ha KOpEeKIHs Ha Obaemo m3MepBaHe Ha 0aza Ha
MPEAX0IHO U3MEPBAHE.

B pasrnexxmanuTe ypaBHEHHS BCSKa M3MEPEHUTE TPEIIKHM B KOBapuWaHTHaTa martpuma R
MOJKe J]a Ce M3MEpH MPEIH CTapTUpaHe Ha Tpolieca Ha MHTErpUpaHe Ha JTaHHHU 0 METOJa Ha
¢mrrepa Ha Kamvan. Ha mpakrtuka B Hacrosmara pa3paboTka COQTYSpHHUST aIrOpUTHM
ImpeaBkaa HAKOJNKO off-line m3MepBaHuWs Mpeau crapTUpaHe Ha Ipoleca ¢ el  Ja ce
neuHMpa BapHaIiITa Ha U3MEepeHaTa Iperka.

B®B Bcnukm ciaydan pa3paboTeHHAT cO(TyepeH aaropuThbM NpEIBIDKAa MOIU(UKAIMS Ha
napamerspa R,. Moxke na ce oTOenexu 4e B CIydauTe KbJIETO Rj € KOHCTaHTa W JBETE
BapHpaliyd CTOMHOCTH - KOBapHaHTHara Tpemka P, u koedummenta ma Kalman G, ce
cTaOUIM3upar OTHOCUTENHO OBP30 OKOJIO HsKakBa crToHOCcT. Ilpu TO3M ciydaid e
MpEeIBUICHO MapameTspa R, na ce MpeKoMIuIupa 4upe3 crapTupaHe Ha (unrbpa mpean
3all0YBAaHE HA PEATHOTO U3MEPBAHE.

[Tpu pa3paboTkara Ha COPTYEPHUAT aNTOPUTHM, Oa3upaH Ha pasmmperus Gpuirbp Ha Kanman
ca B3€TH TPEABH] PEIHIA CHIIECTBYBAIIN Pa3pabOTKH MOJ00PSBAIIN TMPOU3BOIUTEIHOCTTA
Ha paboTa Ha ArOpPUTHMA.
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[MocnenHuTe M3ClenBaHUs Kacaelld MHTETPUPAHETO Ha JAHHH MO MeToja Ha (QUIThpa Ha
Kanman ca KOHIIEHTpUpAaHN OCHOBHO Ha CHENH(DUIHHTE OCOOCHOCTHM HAa MPOCTPAHCTBEHO
pasnpenenenute Oezxuynu cenzopu [9][31][32] u oOTHOCHTENHO OrpaHMYEHAaTa UM
ciocoOHOCT 3a m3MmepBane U komyHukausa[30]. [lopaau penuna npuIUHN TE3W H3CIICIBAHIS
ca (hOKycHpaHU OCHOBHO Ha aHAJIU3 HA ONTHUMAJIHU CTPATCTMU HAa WHTErPHPaHE HA JAHHU U
ITOPUTMH, YBEIMYABAILM MPOU3BOAMTEIHOCTTa HA [aJicHa CEH30pHa Mpexa 0e3 ga ce
B3eMar B Mpe/] BUJ OTPaHMYCHUS KAMAIUTET Ha 3aXpaHBaHE HA TE€3U MOJYJIU

[IpeanmHuTe M3cnenBaHrus MOTAT J1a Ce Pa3JesAT OCHOBHO B JIBE TPYIH:

- QITOPUTMH 32 WHTETPHpaHE Ha JaHHU C eNl yBeInyaBaHe Ha 00XBaTa Ha W3MEpBaHe
- QITOPUTMH 33 MHTETPUPAHE Ha JAHHU C 1€ TOBHUILIABAHE HA MPOU3BOJUTEIIHOCTTA.
Te3u nBe Tpynu pa3pabOTKH ca OMUCAHU TI0-J0JTY.

Penuna uzcnensanus [16][8][22] yBennuaBar moKpUTHETO HA CEH30PUTE Upe3 pa3paboTka Ha
AITOPUTMHU 32 alPOKCHMHUpAHE Ha PE3y/ITATUTE HAa MPOCTPAHCTBEHO Pa3MpeieCHH CEH30pH
[31][32]. Apyra rpyna anroputmu [9] ca MpOSKTUPAHH C 1eJI ONTHMU3UPAHE HA 0OXBaHATATA
OT CEH30pUTE IUIONI - T.C. MOKPUBAHE HA MAKCHUMaJHa IUJIOIl ¢ MHHHUMAJICH Opoil CeH30pH.
Hpyru uscnenBanus [8][31] 3a pa3paboTka Ha aIrOPUTMU 3a yBEIMUYABAHE HA MIOKPUTHETO Ca
OCHOBaHHM HAa BEPOSITHOCTHH CCH30PHH MOJENH. EKCHepUMEHTAIHUTE pe3yiaraTd Ha [7]
MOKa3BaT, Kak MOXeE Ja Cce pa3mmpu o0XBara Ha Tpyla MPOCTPAHCTBEHO pa3MpelesiCHU
CEH30pH Ype3 TPYIMUPAHETO UM U MHTETPHPAHE Ha M3MEPEHHUTE OT TSIX JaHHHU.

TeopetnyHu pa3pabOTKH WM3CICABAIIM TOKPUTHETO HA TOJEMH OE3KUYHU MPEKH ca
nyommkyBanu B [8][9][31][32]. Ontummusanus 6a3upana Ha MHTErpUpaHe HA JaHHU Ha ad-hoc
0e3)KMYHU MPEXKH € pasrieaana B [11].

Texymara pa3paboTka pasriiexxaa OCHOBHO ONITUMHU3UPAHETO Ha MpoIleca Ha HHTETPUpPaHE Ha
JAaHHU OT CEH30pHU C OTPAHUYEH CHEPTUEH PECypC.

B xoHTpacT OoT MyONMKAIMUTE IMO-TOpEe, OCHOBHATA IIeJl HA HACTosIaTa pa3paboTka ¢ Ja
MOJ00pH HAJCKIAHOCTTA HA U3MEPCHHUTE OT CEH30PUTE JaHHHM, Ja ONTHUMH3MpA Ha Ta3u 0asa
obxBaHaTaTa OT CEH30pHUTE IUION[ W B CHINOTO BpeME Jla MUHUMH3HMpA KOHCyManuaTa Ha
SHEpPrUs OT CCH30PHHUTE MOAYIH. Peam3aiusara Ha TE3U el MOXKE Jia Ce MOCTUTHE Ha 0asza
OTNITUMU3HpAHE Ha WHTEPBAJa HAa M3MEpPBaHE dYpe3 aHaIM3 Ha maTpuiata H, Ha BekTopa Ha
Ha0JIOJICHUE Z;, TIPU TpoIleca Ha WHTETPUPAHE HA JAHHW 4Ype3 pasmmpeHus QUIThp Ha
Kamman.

OnucaHue Ha aJrOpUTHMA

Enna oT OcCHOBHMTE 3aJauM Ha TO3M AITOPUTHM € MOAOOpSBAaHE HAa CHOTHONICHHETO HA
CUTHA&J / TIIyM HAa U3MEPBAHUTE BEIMYHMHH U MOJ00psSBaHE HA HAJACKIHOCTTA HA U3MECPCHUTE
JTaHHH.

[Tapanenno ¢ mpoieca Ha UHTETPUPAHE HA JAHHU C€ aHAIM3MpPA MAaTpULATa Ha BEKTOpa Ha
HaOJFO/IEHUE ¥ TI0 OTIPEECNICHH KPUTEPUH, Oa3upaHu Ha CTOMHOCTTA HA MPEIBHKIAHUTE OT
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¢mirepa Ha KanmaH CTOMHOCTH H pealHO HM3MEPEHHTE CTOMHOCTH OT CEH30pUTE Ce
yIpaBiIiBa HHTEPBajla OT BpeEME MEXAY [OBE H3MEpPBaHUA Ha CEH30pH. enra e
OINITUMHU3HUPAHE Ha KOHCyMallMsiATa Ha CHCPIUA IpH 3alla3BaHEC Ha OTHOCUTCIIHO HHUCKO HHUBO
Ha rpeuikara npu u3MepBaHe.

CeH30pHUAT MOAYN HA KOMTO ce UMIIEMEHTHPA U TECTBA pa3padOTEeHNUs AITOPUTHM € OIHCaH
B IJIaBa 2 Ha AucepTanusaTa. ToBa € MHTEIWICHTHA O€3KMYeH CeH30pEeH MoAayd Oa3upaH Ha
KOMYHHKaMOHHUAT TpoTokon 802.15.4 ZigBee, pa3nonarail ¢bc CEH30pH 32 U3MEpBaHE Ha
TeMIepaTypa, BIKHOCT Ha Bb3JyXa U OapoMeTpU4HO Hajsrane, kakto U ¢ GPS cenzop 3a
OTIpe/eIIsiHE HAa MECTOIOJIOKEHUETO Ha CEH30pHUS MOAYN. Pa3riexxnaHusiT ceH30peH MOy
e Oa3upaH Ha MHKPOKOHTPOJIEpP C JOCTaTb4HO MaMeT M HM3YMCIMTENHA MOIL, TO3BOJISBAIIN
WHTEIIMTCHTHO YIPaBICHHE Ha BCUYKU BrPAJICHH B CEH30PHHUAT OJOK CEH30pH.

Pa3paboTeHUST alropuThM € MPOSKTHPAH Jia yIPaBJsiBa IPyla OT CEH30pH, KOMTO Ca 4acT OT
MHTEJMICHTHA CCH30pHA MpEXa C KJIbCTEpHA TOMOJIOTHUS M3rpajieHa Ha 0a3a Ha craHmapTa
802.15.4. Bceku ceH3opeH BB3en € o0OpyaBaH ¢ OarepwilHO 3axpaHBaHE C KOHTPOJ Ha
Kamanurera Ha Oarepusrta u ceHzopu 3a GPS koopnuHatw, TemmepaTypa, BIaXHOCT U
atMoc(hepHOTO HaisAraHe. 3a HYKAUTE Ha pa3paboTKaTa M TECTBAHETO Ha aJIrOpUThMa
COJIapHUsA 070K Ha CCH30PpHUA MOAYJI € U3KJIIKOYCH 3a IIoJIy4aBaHC Ha JOCTOBECPHU AAaHHU
OTHOCHO HETHaTa KOHCyMallUsl Ha €HEepTUs OT MOyJa B Pa3IMUHH PEXKUMHU Ha padoTa.

KomyHukammara MeXIy BB3IHTE W KIBCTEPHHS KOOPAWHATOP C€ W3BBPIIBA OT
KOMYHHKAIlMOHHKS OJOK ¢ umHTerpupan ZigBee mporokoin. IIepBuunata obpaboTka Ha
CCH30PHHUTE JAaHHH CE M3BHPIIBA OT BIPAZCHHUS B CEH30PHUAT MOYJ MUKPOKOHTPOJIEP.

Bceku kirbeTep Ce ChCTOM OT CEH30PHH BB3JIH M KiTbcTepeH koopaunarop (CH-cluster head)
KaKTO € TIOoKa3aHo Ha ¢ur. 3

Super serisor2 Q@

Control center

-Controlcenter B Clusternode @ Sensornode

@ur. 3 UnTenurenTHa CeH30pHAa MpesKa 3a MHTETPUPaHe Ha JaHHU C KITbCTEPHA TOIOJIOTHS
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PazpaboreHusT anropursM 3a MHTETPUPAHE HA CEH30PHU JAaHHU IPYNUpPA CEH30PHUTE BB3IU
OT €IWH KIbCTEp Ha MpekaTa B Ipyna HapeueHa '"cymep-ceHzop". Eneprusita Ha cymep-
CEH30pa € cymara OT €HEeprusATa Ha BCHYKU CEH30PHHU BB3JIM B HESl.

PascrostaneTo MexXIy ABa Cymep ceH30pa € MaKCHMAIHOTO PAa3CTOSHAE MEXY JIBa CEH30PHU
Bb3eJIa, IPUHAUICKAIIN KbM Pa3IMYHU KITbCTEPU Ha MpeXxara .

[MpomechT Ha JACHCHTPAIM3MPAHOTO HWHTETPUPAHE HA CEH30PHU JaHHU CE peau3upa B
paMKuTE Ha euH "cynep-ceH3op .

Kakro e mokazano Ha ¢wur. 4, mppBaTa CTENEH Ha Mpolleca Ha WHTETPHUPAaHE HAa CEH30PHU
JaHHU C€ pealM3upa B CEH30pHUTE MOJYIHU 110 METOJa Ha pasmmpenus Gunrsp Ha Kamman.
HemocpencTBeno crnes 3aBbpIiBaHe HA NUKBJIA HA 00pab0oTKa Ha HaNpaBEHUTE M3MEPBAHMUA,
WHTETPUPAHMTE HA IBPBO HUBO JAHHU C€ M3MpPAIIaT Ha KIIbCTEPHUSI KOOPAUHATOP, KbIETO CE
M3BBHPIIBA BTOPO HUBO WHTETPUPAHE HA CEH30PHHU JIaHHU C BXOJIHU IMapaMeTpu X, 110 Xg

A~

CensopeH Z) ®untep Ha Xq
Moy | Kanman-1 Hpouec Ha UHTETrpUPAHE HAa TaHHU C

R ¢bmiThp Ha KaniMaH #/uimi KOHBEpPTeHIUs

Censopen 7 DurTep Ha X2 6a3upana Ha Central Limit Theorem n X,
MOy 2 Kanman-2 Metoja Ha Fraser-Potter —>

iy ALl = =2 4

% R = (1 o g TR P

Censopen Z6 DuaTep Ha X6 i n(1 171 %2 6 6)
Moy 6 Kanman-6

®ur.4 [Ipouec Ha UHTErpUpaHe HA CEH30PHHU JAaHHU B KIIbCTEPHUSI KOOPAUHATOP

Ha 6azara Ha Te3u BXOJHHM mapameTpu ce (opMmupa KpuTepuil x, 6asupan Ha Llentpannara
I'panmuna Teopema(Central Limit Theorem) u wmeroma Ha Fraser-Potter 3a m3rmaxmane c
(buKCHpaHN HHTEPBAIIH.

_ 2 -2 & -2 & 2 A
Xn = o5(07 % X to %X, +onnni, +05°. %) (6)
KBJIETO

02 = (o7 %+o[2+......... +0:%)  (7)
¢ Bapuals Ha KOMOMHHPAHOTO MPEABMK/IAHE HAa M3MEpEHAaTa CTOWHOCT.

CodryepHOTO pemieHHe Ha anropuThMa 3a MHTETPUpPaHEe HA JaHHU € peanmsupaHo Ha C++
3a CEH30pHUTE HA CEH30PHMS MOAYJ ONKCAH B IMIaBa 3 HA AMCEPTALUATA!

- CeH30p 3a u3MepBaHe Ha Temiieparypa u BiaxHoct HDC1080 na Texas Instruments
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- ceH3op 3a 6apomerpuuno Hamsirane BMP280 na BOSH

Pa3zpaborenure copryepHr OMONMMOTEKH peann3upaT MHTETPUpPaHEe Ha JAaHHH 110 METO/Aa Ha
¢mrrepa Ha Kanman. MHTerpupaHwTe MaHHU Cc€ HM3MpamiaT BbB BHJ Ha BEKTOp Ha
n3MepBaHeTo, BKmouyBail GPS naHHM OT TEKYIIOTO MECTOIOIOKEHHE Ha CEH30PHHS MOTYI.

[To mompazbupane BcHYKH ceH30pH ce Hamupar B low-state (sleep) pexum u ce akTHBHpAT
caMo B MOMEHTa Ha U3BBPIIBaHE Ha U3MEPBAHETO.

B®B (ppMyepa Ha CEH30PHUS MOJYA € TMPEIBUACH U AJTOPUTHM Ha aHAJIHM3 Ha KaraluTeTa Ha
3axpaHBamys OJOK, O3BOJIABAIL CEH30PHUAT OJIOK Ja ce M3KIIOYH 3a ONpEeNieH WHTepBall
OT BpEMeE C LIeJ 3alla3BaHe HA KOMYHUKAIIMOHHUTE BB3MOXHOCTH Ha CEH30PHUSA MOIYJ KaTo
LSJIO.

Pa3zpaborenure codryepHn OMOMMOTEKH TMO3BOJABAT YHU(PHIHpAHE HA AITOPHUThMa 3a
M3MEpBaHE M MHTETPHpPAHE Ha CCH30PHH JaHHH C IeJ IMIUIEMEHTHPAHETO MY B Pa3MYHU
CEH30PHU MOJTYJIH.

brok-cxemara Ha anropuThMa € nokasana Ha ¢ur.5

NHnunanusauyus
i =0; ki1 = Ko; Xk-1=Xo
A=0; N=0

l

MpountaHe Ha cneasawlata uamepeHa CTOMHOCT |
oT ceHsopa Zy, K;

l

WNHTerpupaHe Ha cneasauloTo usmepBaHe Zy 1
YCTaHOBW CbCTOSIHUETO Ha TpaH3UTUBHaTa
maTtpuua ot Kiy Ha K

>

Banuwun nokasaHMeTo Ha ceH3opa B
perucTbpa

NHkpemeHTupan 6posva
i=i+1

HE

Hopmanusauuma Ax, =N

NTepauusn HE
Xo +X -> Xo
MpucBosiBaHe opurnHanHaTa
CTOMHOCT Ha Pg

MpouecsT KOHBeprupaH nu e?
(vma nn cxoanMocCT)

( Kpai Ha uMkbna Ha uHTerpypaHe )

®ur.5 biiok cxema Ha anropuThbMa 32 HUHTETPUPAHE HA CEH30PHU aHHU.
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3.2 MeToa u anropuThM 3a ¢opmupane Ha ad hoC kirbeTep 3a MHTerpUpaHe HA JaHHU B
0e3:)KMYHA CeH30PHA MpeKa

3a nemTe Ha pa3paboTKaTa M TECTBAHETO HA METOJIAa U JTOPHUTHMa € M3MOJI3BaH CEH30PHHUS
MOJTyJI, OTIFICaH B IJIaBa 2 Ha HACTOSIIHUS TUCEPTALIMOHEH TPY/L.

Tekymata paspaborka ¢ Oasupana ma T1.H. WCA amropursem (Weighted Clustering
Algorithm) u ro magrpaxkna BbB (hazaTa Ha aHAIM3 HA CHCEIHUTE 32 CEH30PHHUS MOJYI
KOMYHHKAIIMOHHH YCTPONCTBA U JPYTH ceH30pHu U (hopmupane Ha Ta3u O6a3a ad hoc cluster.

AnroputeMbT WCA e 6aszupan Ha uzaeu npenjioxenn ot M.Chatterjee et al. [23] A.Zabian et
al . [3] u M. Lehsaini et al[24].

B HacTosuAT nucepTalMOHEH TPy OpPUTHHAIHATA BEPCHs HA AJITOPUTHMA € MPOMEHEHa U
nmonoOpeHa ¢ BbBEXKJAaHE HAa HOBM NapaMeTpU M YPAaBHEHHUS, OTpa3sBalld KayecTBOTO Ha
Bpb3KaTa NIPHU KOMYHUKALIUSA MEXIY ChbCEIHH BB3IIH.

OcHoBHaTa Wjes Ha MpeIaraHuAT Moa00peH MeToa U anropuTbM € ad hoc dopmupane Ha
KIIbCTEPH C BHCOKAa CTENCH Ha HAJSXKIHOCT, KAaTO JAaHHUTE OT CEH30PHHUTE MONIYIIH
(hopMHupaIIy Te3n KILCTEPH J]a Ce HHTETPUPaAT 000COOCHO HA CIIE/BAIIIO, TI0-BUCOKO HUBO.

[Tpu crapTupane Ha anropuThMa 3a cb3naBane Ha ad hoc krecTep B mporiecopHuUst OJOK ca
3aJI0KEHU CIICTHUTE MPEIBAPUTEITHH YCIOBUS:

- BCUYKHM CEH30pHHM MOJYJIH KOMYHUKHPAT €IMH C IPYr HA €IWH U CBII YECTOTEH KaHal. B
pexuM ad hoc KIBCTEpUHT HE c€ MOMyCKa CEH30pHHS MOIYN Ja TPEBKII0YBA HA IPYTH
YECTOTHU KaHAJIM OCBEH OCHOBHHMS, NIPEABAPUTETHO AeprHUpaH BB (bpMyepa Ha CEH30PHHUS
MOZYIL.

- BCEKH CEH30pEH MOIyN mpeaBapureiano € ompeaenuwn coute GPS koopaunnat upes
aktuBupane Ha GPS censopa cu.

- BCEKH CEH30PEH MOJYJ IIPEABAPUTEIHO € ONPEIEINII MOMEHTHOTO CH €HEPTUIHO HUBO YpE3
BrpaJieHus JaTYMK 32 HUBOTO Ha OaTepusra.

- mpu (popMuUpaHETO Ha KITbCTEpa ce JOIyCcKa Ja Ma caMo €iH KirbcTepeH koopaunarop CH
(Cluster Head)

- B IIpolieca Ha M300p Ha KIIbCTEPEH KOOPAMHATOP HAa MpekaTa ce JOMyCKa BCEKH CEH30p Ja
crcTeMa KOMYHUKUPA ChC CBOUTE CHCEIU TUPEKTHO.

ANTOPUTBEMBT cTapThpa B 3 mocnenoBareianu (asm: ¢a3a Ha oTkpuBane (discovery phase),
¢a3a Ha IpUCBOSIBaHE HA pOJI U (pa3a HAa MOHUTOPUHT HA CHCTOSIHUETO.

®a3a Ha OTKpUBaHe

BbB (hazaTta Ha OTKpHMBaHE C€ CTAPTHpa MPOIEC HA OTKPUBAHE HA CHCEIHU BB3JIH UpE3
n3npaiiane Ha broadcast cro0mnienns. Ha 6a3a nonydenure otroBopu ¢ nHopmanus 3a GPS
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KOOpJMHATHTE U cuiiata Ha u3Mepenus ot moayna RSSI (Received Strength Signal Indicator)
NPUET PAJUOCUTHAJ, Ha OTTOBAapSIIUs CCH30PCH BB3EI CE MPaBH aHAIM3 U CE KAIKyIupa T.H
KOC(UIIMEHT Ha Teryo 3a BCeKH ceHzopeH mojayn [6]. KoeguuueHThT Ha TErjao 3a BCEKH
MOJIyJ C€ M3YMCIIsABAa Ha 0a3a Opoi ChCeIHU MOMAYJH, KOMTO MOTAaT Jia C€ IOCTUTHAT C eIHH
XOII U CUJIaTa Ha MPUETUSI OT CEH30PHUSI MOy CUTHAIL

3a paznuka oT opuruHaiHuAT WCA aiaropuThMm ce BbBEXAa HOB, KIIOYOB 32 HaydHUS
MPUHOC TTapaMeThp, XapakTepusupan] kadectBoto Ha Bpb3kaTa LQI (Link Quality Indicator)
MEXIy 1Ba ChCEIHH Bb3elna. [Ipu HampaBeHUTE M3CIEeIBAaHMI HAa peantHa Oe3KnIHa CEH30pHA
Mpeka ce OKaza 4e, He BHHATM Pa3CTOSIHUETO MEKAY JBa Bb3ela € MPOMOPLIUOHAIHO Ha
Ka4ecTBOTO Ha KOMYHHKAIMATa MEXIY TAX. B pemuma ciaydanm Bpb3KaTa MEXIy IBa
CCH30pHM BbB3€Jla HAMUPAIM CE Ha OTHOCHTEIHO TOJSIMO Pa3CTOSHUE €AWH OT APYr € Mo-
HAJIeKITHA U U3Pa3X0JBa T0-MaJKO €HEpTHs Mpu OOMEH Ha JIaHHH B CpaBHEHHE C Bpb3Kara
MEXIy Bb3JIM HAMHpPAIIX CE B HEMOCPEICTBEHA ONM30CT €IWH OT APYr, HO pas3ieieHu OT
paano eKpaHMpalia mperpaja Wiv MonaJaliy B 30Ha C TOIAM PaTHOIIYM.

[MapameTpuTe BH3 OCHOBA Ha KOUTO CE M3YUCISIBA KOSHUITUEHTHT HA TETJIO Kueight Ha BCeKH
CEH30pEH Bb3ea Nj ca CICTHUTE:

- Cixapakrepusupa 6post Ha ChCETHUTE BH3JIM HAMUPALIH ce B 00cera Ha BB3e Nj

C=INDI = ) {dist(i) < Srange ) ®)
JEN(i) i%]
uspasst dist(i, j) xapakTepusupa qucTaHIMATa MEXKIY JBA Bb3€Jla HAMUPAIIM CE B 00Cer Ha
KOMYHHKAIHSL.
Srange ¢ KoeQUIMEHT XapakTepu3Wpall MaKCHMaJHOTO pa3CTOSHHE Ha KOETO

KOMYHHKAIIMOHEH BB3€J MOKEe Ja OOMEHS JaHHU C JPYr BB3EN OT Mpekara W 3aBHCH OT
KOHKpEeTHaTa XapAyepHa UMIIJIEMEHTAUsI HA MPEXKOBUS Bb3EI.

- Dixapaxrepusupari cpeHata cyma OT AUCTAHIUUTE MEXNY Bb3el N; U ChCEIHUTE BB3IIH j.

3a Bceku Bb3en Di ce n3umcinsBa cerimacao [1]. [2]

1

- Mj e koedummeHT XapakTepusupa MOOMITHOCTTA Ha J1aIeH MPEKOB Bb3€ET T.€.
BEPOATHOCTTA JTaJICH MPEKOB BB3€EJI Ja IPOMEHSI CBOETO MECTOIIOJIOKEHNE BEB BpeMeTo T.

M= X Ve (10)

kb1ero € (Xi, Yo) u (X1, Y1) ca GPS xoopamHatrTe Ha Bh3eiia B MOMEHT t u t-1.

- Ecurrent XapakTepHu3upan] MOMEHTHOTO KOJIMYECTBO EHEPTHS C KOETO pasmoiiara Bb3en Nj
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B 06mms cyqait

Ecurrent = Ei = (Erx -tl + Etx- t2 + Ecomp- t3 + Esensor- t4) (11)

KBJICTO:
Ei € IIbPBOHAYAJIHOTO KOJIUYECTBO CHEPIUA C KOETO pasnoJara Bb3CIbT,
Erx - KOMM4YecTBOTO €HEeprus KOETO C€ N3Pa3X0/Ba B PEKMM Ha ITPUEMAHE Ha Bb3ENa,;
Etx - KOJIMYECTBOTO €HEPIHA KOCTO C€ U3pa3xoaBa B pECXMM Ha IpE€AaBaHEC Ha BBH3EJIA,

Ecomp - KOTMYECTBOTO €HEPTHUS KOETO CE€ M3Pa3X0/Ba OT MUKPOKOHTPOJIEPHUAT OJIOK 32
yIpaBlieHHE Ha IEHHOCTHTE TI0 (POpMHUpPAHE HA KITBCTEP;

Esensor - KOJIMYECTBOTO CHEPTHS KOCTO CE M3Pa3X0JBa B OT CCH30PHUTE 33 U3YHUCIIIBAHE
Ha MECTOTIOJIOKEHNE Ha BH3€EJIa;

t1-t4 ca mHTEpBAIMTE OT BpeMe TPe3 KOUTO BCEKH €TUH OJIOKOBETE HA BH3EI
KOHCYMI/Ipa eHepFI/ISI (Erx, Etx, Ecomp nu Esensor ) ,

- Ki_Jink XapakTepu3upali KauecTBOTO Ha Bpb3KaTa M1y ABa Bb3eda. T03M KOCPUIUEHT €
ce M3YUCIIIBa 1Mo (popMyrara:

1 j=0
Ki jink = Kix j + C—iZ{ K; grsssi (12)

KbJeTO Kix € KoeHIIMEeHT OTYuTAI MOIIHOCTTA HA U3TbUCHUS OT Bb3ena Nj curHai, a Kgsg
¢ KOC(UIIMEHT OTYMTAIL] CUJIATa HAa MPUETUS CUTHAI U3IBYEH OT ChCEEH Bh3ell N;

KoedumuenTsT K| jink 0OTIMTA Ka4ecTBOTO HAa KOMYHHKAIIMOHHATA CpeJja MeXy JBa Bb3ela U
MI03BOJIIBA ONITUMH3UPAHE Ha IIPOIIEca HAa Ch3/1aBaHE HA KIIBCTED.

TernoBHuAT KOePUIIMEHT Ha BB3en Nj ce U3UHCIABA ChIVIACHO GopMyrara:
Pi = w1 Ci + w; Di + w3 Mi + wy Ei_current+w5 Ki_link (13)

Kpmeto w; + wy; + w3 +w, + ws = 1. Kopurupammure KOCPHUIIUCHTH W & Ws CC
n30UpaT B CHOTBETCTBHE KOHKPETHHUTE HM3HMCKBaHWs Ha ¢opmupane Ha ad-hoc cluster.
Hanpumep mpu KIbCTEPHM CEH30PHH MPEXKH, KBJAECTO HE CE TMPEIBHXKIA MOOWJIHOCT Ha
BB3IIUTE ce u3bupa ws; = 0 u cToliHOCT Ha Kopurupain koepunueHt ws mexay 0.5 n 0.7

dazara nHa otkpuBaHe (discovery phase) 3aBppIIBa C W3YHCISBAaHE HA TETJIOBHUTE
KOS(HUIIMEHTH HA BCHYKHU BB3IIH.

®a3a Ha NnpucBOAABaHEC HA POJIA

B Tasm ¢asza ce uzBbpmIBa npouec Ha U300p HAa KIBCTEPHU KOOPIMHATOPU HA Mpexara. Ha
0a3a M3YMCICHU TETIIOBHH KOC(PUIMEHTH HAa BCEKH BB3EJ, BH3EIBT C HAM-TOJSAM TETJIOBEH
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KOepHUIHEHT ce u30mpa 3a KIBCTEPEH KOOPAMHATOP a CBBP3aHUTE C HEr0 BB3IM Ce
U3KJIF0YBAT OT MpoIieypaTa 3a u300p Ha JAPYrH KIBCTEPHU KoopauHatopH. (B opuruHanzus
WCA anropursM € TpUETO KIBCTEPHHUS KOOPAMHATOpP 1a ce m3dupa Ha 0Oa3za Hail-MarbK
TErJI0BEH KOS(HUITHUEHT.)

Cren npoiieca Ha U3YUCIIIBAaHE HA IBPBUS KIIbCTEPEH KOOPAMHATOP NMpOLeaAypaTa ce MOBTaps
C OCTaHAJIMTE BB3JIHM, KOWTO BCE OIIE HE ca YacT OT Beue M30paH KIbCTEp 10 IThJIHO
U3TpaXKIAHE HA MpEXKaTa.

®a3za MOHUTOPUHT

MOHUTOPHUHTBT B O€3KUIHNATE CEH30pHU MpexH ¢ ad hoc pyHKIMOHATHOCT € BakHa (paza oT
paborara Ha Te3u Mpexxute. Ha 6a3za pe3ynraru oT MOHHTOPHHTA Ha €IHA CEH30pHA Mpexa
Ipu HYXKIa C€ W3BBPIIBA aJaNTHBHO TNPEKOHOUTYpUpAHE HA CEH30pHATA Mpeka H
npepasnpeieicHre Ha POJIMTE Ha KOMYHHKAIMOHHUTE BB3iu. [116]

B®B (azara Ha MOHMUTOPHHT C€ aHAJIM3UPAT OCHOBHO 5 CHTYaIlMH BOJCIIM 10 aalTHBHO
MpeKOHpHUTypHpaHe:

- U3ueprBaHe Ha OaTepusaTa Ha Bb3ed OJIM30 IO KPUTUICH MUHAMYM;

- 106aBsiHE Ha HOB CEH30PEH MOJYJ B MpEXKara;

- IPEeMEeCTBaHE Ha CEH30PEH MO (THITMYHA CUTYalUs NP MOOMITHUTE MPEXN);
- OTKa3 Ha CEH30PEH MOYIL;

- KpUTHUYHA NMPOMHA Ha KauecTBOTO Ha Bph3kaTa (LQ - Link quality) mexmy ceimecTByBamg
KITbCTEPEH KOOPIMHATOP M BB3JIH OT KIIBCTEPA;

MOHHUTOPUHT'BT C€ U3BBPIIBA HA JABE HHUBA - HA HUBO KIbCTep (local monitoring) 1 Ha HUBO
Mmpexka (global monitoring). [lomoben moxxon ce m3momsBa ot Da Silva u nmp. [38] u
Benahmed u ap. [56].

Bceku xibcrepen koopaunarop CHj craptupa nepuoauvHoO mporeaypa Ha MOHUTOPHHT KbM
BB3JIUTE MPHUHAAJICKAIIM Ha HETOBUS KIIbCTEpP Ype3 M3IMpAllaHe Ha CHEHHATHA MOPEAULA
broadcasting cpoOmenust START MON cwcrosma ce ot 3 maketa(START MONIlu
START_MON2

Bceku Bw3en N; (i<> j) ot xiberepa i mpu noiydaBane Ha mbpBus naker START MON
cTapTupa CBOS MPOLEaypa 10 H3YUCIIBaHE HA MApaMETPUTE Ha BPh3KaTa KAKTO CIC/Ba:

- Opoil maketm m3mpareHn ot CH; 1mo N u BpeMeBHA HMHTEpBAl Mexny Tix At=
[to, t]:Nbp_Send(ni, At);

- 3aKbCHCHUETO MEKAY ABa IMOCICAOBATC/IIHU ITaKETa:
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Delay(n;,t) = Arrival, r; — Arrival,, 4 (14);

- CHCprusaTa KOHCYMHpaHa OT BB3CI Ni 3a pHEMaHC Ha MNAKCTUTC W M3IpallaHe Ha
MOTBBPKACHHUEC

E, (ni’ At) =E, (ni’ to) - E, (ni’ tl) (15);
At e BpemeBu uHTEpBan [to, t1];
Er(nj, to) eHepruitHOTO HMBO Ha BB3EI N; BbB Bpeme 1o ;
Er(n;, t1) enepruiiHOTO HUBO Ha Bb3eI Ni BBB BpeMe {1 ;

Ec(n;, At) eneprusita KOHCyMHpaHa OT Bb3ena Nj 3a Bpeme At;

Crnen BCSIKO M3YUCIICHUE HA KOMYHUKALMOHHUTE U €HEPTUUHU MMapaMeTpu Bb3el N u3mparia
CBOsI cTaTyc 10 KirbcTepHus koopaunatop CH;.

CraTychT Ha BCEKH BB3€J ChABPIKA ClieTHATa HH(POPMALIHS:

Iq Ny, (0, At); Ny ... (n;, At); Delay(n;, t); E. (ni’ At) (16)

CrobOmwenusita noiaydueHn karo orroBop or START MON ce 3anucBar B mamerra Ha
kibcTepHus koopaunarop CHj 3a mocnensar anamus.

- Ako nmaneH Bb3en N HE OTTOBOPHW HA TpH mocnemoparenHu 1ukbia Ha START MON rtoi
C€ CUMTAa 3a U3Ue3HaJl.

Cnen mnpuxmouBane Ha 3 mocnemoBatenin START MON mukbia, BCeKHM KIbCTEPEH
koopaunHarop CH; n3npama pesynratute ot JokamHusi MOHUTOpUHT Ha PAN koopamHaTopa
Ha MpeKaTa WIK 10 KOHTPOJHUS ChPBBP B 3aBUCUMOCT OT KOHKPETHATa UMIUJIEMEHTAIIUs Ha
CEH30pHAaTa Mpexa.

3.3 Metoa un AJTOPUTHBM 3a ONITUMHU3AIINA HA KOHCyManusiTa HA €HEPrus OT CCH30PCH
MOAyJ IO BpeMeE Ha mnpoieca Ha UIBMEPBAHE U NMpeaaBaHE HA JaHHHU B CCH30pHAa MpeKa

3a 1enuTe Ha pa3paboTKaTa W TECTBAHETO HA TO3W METOJ € W3IMOJI3BaH CKCIICPUMEHTATHUS
CEH30PEH MOJIYJI OTMCAaH B IIaBa 2 HA HACTOSIIINS TUCEPTAIMOHEH TP/,

B 3aBucMMOCT OT HenMTe Ha M3CIEIBAHETO CEH30PHHUAT MOAYI MOXE Ja padOTH B HAKOJIKO
pexuma Ha pabora:

- MEepPHOJUYHO CchOMpaHe, 0OpaboTKa, aHAIW3 W TpeJaBaHe HA JIAHHW OT JATYHIATE B
CEH30PHUS OJIOK 10 KOMaH/a OT KIIbCTEPHUS KOOPAMHATOP;

- cpOupane, 00paboTKa, aHANIM3 U TpeJaBaHe HA JaHHHU OT CEH30PHUAT MOJYI IPHU MPOMSHA
Ha U3MEPEHNTE JaHHH OT HAKOW OT HaJ| MPEIBAPUTEIHO Ae(GUHUPAH TIpar;
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- cpOupane, 00paboTKa, aHANIM3 U TpeJaBaHe HA JaHHHU OT CEH30PHUAT MOJYI IPHU MPOMSHA
Ha MECTOIOJIO)KEHHETO Ha CEH30pa WM TpPH HW3JIH3aHE HA ChHIIUS OT MpPEIBAPUTEITHO
neguHUpaH palioH;

- KoOMOWHaNKs OT JBa WM MOBEYE MO-TOpE ONMCAaHW KPHUTEpHH 3a 00paboTKa M aHAIHM3 Ha
JaHHH;

Omnwucanute No-Tope peKUMH Ha paboTa ce aKTUBUPAT B 3aBUCUMOCT OT 33Ja4uTe, KOUTO ca
MOCTaBEHH Ha CEH30PHMS MOJYNI W TIO3BOJIIBAT T'bBKABO aJalTHpaHe IMPH NPOMsSHA Ha
OKOJIHATa cpena B oOcera Ha M3MEpBaHEe HAa CEH30PHTE.

[IpeanaranusT METOA M aJrOPUTHM 32 ONTHUMU3AIMS HA KOHCyMAalUsITa Ha €HEPTHsl MOXE /1a
paboTH py BCHYKHU PEXXUMHU Ha paboTa Ha CEH30PHHS MOJYJI, ONMCAHH TTO-TOPE.

CpImecTBeHa HOBOCT Ha pa3pabOTEHHs aJTOPUTBM € OJIOKBT 32 CPaBHHUTEJICH aHAIW3 Ha
WHTETPUpAHUTE JaHHUW. Bb3 OCHOBa Ha pemIeHHe Ha TO3M OJIOK, CEH30PHHAT MOIYI
CaMOCTOSITENIHO pellaBa Jalu JAa HU3MpaTH Bede H3MEPEHUTE U HHTErPUPAaHU JaHHU OT
CCH30pHUTE WM Ja M3MpaTH KOJ C KOWTO na WHPOpPMHUpa KIIBCTEPHHUS KOOPAMHATOP WU
KOHTPOJIHHUS LEHTBP, Y€ TEKYIIO M3MEPEHUTE JaHHU OT CCH30PUTE Ca MACHTUYHU B PAMKHUTE
Ha MHCTPYMEHTAJIHATA TPelIKa C MPeIX0IHH U3NPATEeHH 0 HErO JaHHU OT T€3U CEH30PH.

ToBa Mo3BOJISIBA CHIIECTBEHO PEayIMpaHe Ha EHEPTHATA, HEOOX0MMa Ha KOMYHUKAIIMOHHUS
OJIOK Ha CEH30pPHHS MOJIYJN, MOJ0OpsBa aBTOHOMHOCTTa MYy M BOJAM JO HaMalsiBaHE Ha
KOMYHHKallMOHHUS ~ TpaQuKk W  HMKOHOMHS  HAa  €HEprus  OT  KIbCTEPHHUS
KOOpJAMHATOP,HE00X01MMa 3a BTOPO HUBO MHTEIPUPAHE HA IaHHU.
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AJTOPUTBMBT Ha paboTa Ha MHTEIWTEHTHHS CEH30PEH MOIYJ B PEKUM Ha H3MEpBaHE €

mokaszaH Ha OOk 1uarpamara Ha ¢ur. 6

Standbay. Pexum Ha
OuaKBaHe Ha Komanaa or
KITLCTEPHUA KOOPAUHATOP

CH 2a craptvpane Ha
UMK M3Mepeane

Monyuexa v e xomaHaa or
CH 2a uuxen namepeane?

Tanm ayTt

v

ceH3opure

Lisxbn Ha namepsaHe Ha nasHimn ot

UNamepennte naHHmn
BanMaHn nu ca?

AA y

Hynupasue Ha namepenute
AaHHn

MbpBO HMBO MHTErPUpaHe Ha OaHHUTe OT
cex3opure ¢ hunTpu Ha Kanman

.

nameTTa Ha KoHTponepa

3annc Ha MHTerpUpaHnTe aanHn B

Uamepernte naHHn
MOEHTUYHKM N Ca C AaHHKn OT
NpenxoaHo uimepeaHe?

Bnox 3a cpasHuTeneH aHann3 |

Uanpawane na 3
6uT08 KOA 38
noeTopexHne Qo

DA

s . i e, i . s}

KNbCTepHua koopauHatop CH
(Cluster Head)

Uanpauiane Ha UHTerpupaHuTe JaHHu 40

Kpai na uukena
Ha namepsane

@ur. 6 AnropuTeM Ha paboTa HAa HHTEIUTEHTHUS CEH30PEH MOIYII B P&KUM Ha U3MEpBaHE

[Ipu crapTupane (pexuM MHUIHAIN3ALKUS) MOAYABT U3MEpPBa eqHOKpaTHO TekyumTe cu GPS

KOOpJAWHATH, KaluOpupa NaTIUIUTE OT CEH30PHUS OJIOK CIPSMO TMapaMeTpHuTe Ha OKOJHATa

Cpeza M BIIM3a B pEKUM OYaKBaHE HA KOMaHa OT KITbCTEPHUSI KOOPAMHATOP.

[Mokazanust Ha ¢ur. 6 paboOTEH ATOPUTHM Ha CEH30PHUS MOJIYJI CTApTHPA 1O MoApa3oupane

U BKIIOYBa CJICOAHHUTE OCHOBHHU CTalla HUKIAMYHO IMOBTapAlln C€ CJCH IMPUKIHOYBAHEC Ha

pexruMa Ha MHUOWAIM3allus:

- BIM3aHe B peXuM standby BKIFOYBAI PEeXUM [UKIMIHO MPOCIYIIBAHE HAa paJdOKaHaNa 3a

KOMaHAIH OT KIIbCTCPHUA KOOPAUHATOP,

- CTapTUpaHC Ha UKD U3MEPBAHC IIPU HAJIMYKWEC HAa KOMaH/Ja OT KIIbCTCPHUSA KOOPAHUHATOP

CH (Cluster Head);
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- BAIMAUpPAHE Ha JaHHUTE OT ceH3opute. [Ipy Hamm4uue Ha rpemka Ipu U3MEPBAHETO HYIHPA
JIaHHATE OT CEH30pa U MOBTapsl U3MEPBAHETO;

- TBpPBU eTan (HWBO) HA MHTCTPHUPAHE HA M3MEPCHHUTE OT CCH30PHUTE JAaHHU C (WITHD Ha
Kamman;

- 3aIMC Ha UHTCIPUPAHUTE JaHHU B CHEPTOHE3aBUCHUMAaTa IMaMET Ha CCH30pHUA MO YII;

- CTapTUpaHC Ha MpPOLCC Ha CPAaBHUTCIICH aHAJIM3 Ha TCKYIIO M3MEPCHUTEC U MHTCIrpHpaHU
JaHHU C JaHHU 3aIllMCaHu B IaMETTa Ha MOAYyJIa OT NPEAXOJHUA UKD U3MCPBAHE;

AKO HampaBeHUST aHAIM3 MOKAXH Y€ HOBUTE IJAHHM Ca MACHTUYHH (OTKIOHEHHUETO € B
paMKHTe Ha JOMycTUMAaTa Ipelika) ce reHeprupa 3 OUTOB KOJ 32 WACHTUYHOCT HAa JAHHMWTE,
KOWTO c€ M3Mpalla BMECTO CTaHAAPTHUA NAKET C JAHHH 0 KIIBCTEPHUSI KOOPAUHATOP.

AKO JJaHHHUTE HE Ca UICHTUYHH, TE€ CE M3IMPAIIAT 10 KIBCTEPHHUS KOOPIHUHATOP 33 BTOPO HUBO
UHTErpupane u/wim KoHBepreHuus O0azupana na Central Limit Theorem u ypaBHeHusTa Ha
Fraser-Potter.

Crnen mpuKiIOYBaHE Ha LUKBJIA [0 H3MEpPBAaHE, BAIWAUPAHE, MHTETPUpPAHE, CPaBHUTENCH
aHaJHM3 W W3MpallaHe Ha JaHHWUTE, CCH30PHUS MOIYJ BiH3a B pexuM standby ¢ u3kimoueHne
Ha CIIy9auTe, KOraTo M0 KOMaHJIa OT KOHTPOJHUS LEHTHP € CTapTHPal PEXUM 3a HUKJINYHO
MU3MEpBaHe Ha JaHHU.

34 MeTo, 3a OIITUMHU3aALUsA HA KOHCYyMAlUsATaA HA €Heprua oT 0e3XXu4YeH
CEH30pEH MOAyJl 3a UHTErpupaHe Ha AAdHHHU B CC€H30pHaA MpeiKa C KJIbCTEpHa
TOIIOJIOTHUA.

3a menure Ha pa3pa60TI<aTa 1N TECTBAHCTO Ha METOJAa U aJIrOpUTHhbMa € U3IMO0JI3BAH CCH30pHUA
MOy, OIIMCaH B I'laBa 2 Ha HACTOSIIUS JAUCEPTALITUOHCH TPYA.

OCHOBHHTE pE3yNTaTH, MPEACTABEHU B HACTOSIINS pPa3fesl ca OTPa3cHW B MyOJMKaIus 2
Alexandrov, A., V. Monov, ZigBee smart sensor system with distributed data processing,
Proc. of the 7-th IEEE Conference Intelligent Systems, Warsaw Poland, Vol. 2, pp. 259-268,
September 24-28, 2014., In: Advances in Intelligent Systems and Computing, SPRINGER
Vol. 323,ISBN 978-3-319-11309-8, DOI: 10.1007/978-3-319-11310-4_23.

B xonkperHara pa3paboTka, 3a OCHTypsIBaHE Ha TMCEBIO HEMPEKbCHATOCT Ha Oe3xuunute [P
0asupanu JMHKOBe ce m3moyizBa T.H. duty-cycling texumka [20], upe3 kosTo ce mocrura
UJIIO3USATA 32 TOPHHUTE CJIOEBE (MPEXOB M AllJIMKAL[MOHEH CJIOW), Y€ MPUEMHMKAa BUHATU €
aKTHBECH W JIMHKA € B T.H. up state Mode gokaro Ha mpakTHKa YCTPOHCTBOTO € M3KIFOUEHO OT
MpeExara npes3 1mo-rojiiMara 4actT OT BpEMETO.
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Tepmunbt Duty cycle (DC) nmeduHHpa CHOTHOIICHHETO B MPOLICHTH MEXIY MEpUOJa HA
AKTUBHOCT Ha €AWH EJEKTPUYECKHM CHTHAN CHPSAMO LEIMAT [EpPHOJ Ha CHUTHaJla H
matemarudecku DC ce n3passiBa upe3 popmynara:

Dc = 1.100
P

(17)

kpaero DC e duty cycle B mporientn, T € BpeMeTo mpe3 KOeTO CHrHaja € akTuBeH a P e
LENHAT TIePHOJI Ha CHTHAJA.

Ocgen duty-cycling TexHuka B mpeaiaranara paspaborka, ekcnepumentaanata 6LoWPAN
0asupaHa ceH3opHa cHucTeMa m3nosBa u T.H. Low Power Listening (LPL) texnomorus[9],
KOSITO TIO3BOJIIBA HAa MPEXKOBUTE YCTPOWCTBA Ja JOCTHIBAT paavo KaHajla B HAITBJIHO
pasmnpeneneH U aCHHXPOHEH PEKUM.

I'paduano npencrassine Ha LPL e mokaszano Ha ¢ur. 7

Mpepasaren

>
| Mpeambion Al
A MpremHmk
7
/ .

Al- AKkTHBEH MHTEpBan |:] SI - Sleep uHTepsan
[:] MpeaasaHe Ha naker @ Mpeambron/cuHxpo HU3MaLUMA

@ur.7 I'paduano npencraBsue Ha TexHoiorus LPL

AnropuTeMbT Ha pabora Ha LPL e ciemHHMAT: BCEKM CEH30p MEPUOIUYHO ce CHOYXKIa,
BKJIIOYBA CH NMPUEMHHUKA 1 MIPOBEPsABa erpa 3a aKTUBHOCT. AKO HsMa aKTHBHOCT PUEMHHUKA
C€ M3KIII0YBA M CEH30pa BIM3a OTHOBO B CITAII PeXUM. B MpoTHBEH cilydail yCTpONCTBOTO
OCTaBa aKTHBHO, JI0OKaTO NpUEMe TMakeTa OT JaHHHW WM B CIydaid Ha KOH(IIMKT 10 Kpas Ha
timing KB,

Twit Karo  KOHQIMKTHTE MEXKIy NaKeTUTE NPHU pPaguo KOMYHHKAIMATA BJIOIIABAT
eHepruiiHara e()eKTUBHOCT Ha YCTPOHCTBOTO, M300PHT HA MOJIXOMAI] YECTOTEH KaHAI € OT
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CBIICCTBEHO 3HAaUYECHUE. BhIpeku ToBa TO3M HAUYMH HA paboTa € YCIENIHO aJanTUpaH U 1pu
ycTpoiicTBa paboTeny B cpesia C BHCOKO HMUBO HA PaHo IIIyM.

3a u30srBaHe Ha 3aryda Ha MakKeTH JOKAaTO YCTPOWCTBOTO CE€ HAMUpa B CIISN] PEKUAM
pa3MepbT Ha CHHXPOHM3HpAIlaTa MOpeaulia Mpeayd NpenaBaHe Ha MakeT T.H. mpeamOIon
TpsiOBa J1a € TOJIKOBA JBJIBI, KOJKOTO HHTEpBalla MEXIy ABa nocienosarendn LPL nuksia.

AHaJIu3 U ONTUMM3aLMA Ha padoTaTa Ha CeH30pPHHUA MOIYJ ¢ MPoToKoJa1 6LoWPAN B
3aBHCHMOCT OT MPe:KOBUTE NapaMeTpu

CoerioacHo ommcaHusi B pasfen 3.3 anropuTsM Ha paboTa CEH30pPHHUS MOIYJ Ce HamHpa
OCHOBHO B sleeping mode ¢ 1en HamansiBaHe Ha KOHCYMAIUsITa Ha €HePTHs.

[Tpu xoHKpeTHaTa pa3paboTKa OCHOBHO BHMMaHHE € OOBpHATO Ha onTuMm3anus Ha LPL
IIapaMeTpUTE Ha MO YA,

OcuoBaure LPL mapamerpu neduHHpamy €IUH IUKBI Ha MpenaBaHe Ha MaHHH ca Sleep
Interval (SI) u Activity Interval (Al). Kakro ce Bikna ot ¢ur. 7 enua LPL muksi e chcTaBeH
ot Al crnegBan ot SI. B koHkperHara xapayepHa WMIUIEMEHTalusi napamerspa Sl ce
nepuHUpa OT TpOorpamMHupyeM TaliMep W TOpaad TOBa Ce MpHeMa KaTo KOH(PUTYypHpyeM
mapamerThsp Hojyiexanl Ha aHanm3 u ontumuszaius [20]. B cwimoTo Bpeme Al e O6asupan Ha
3asBKUTE HA MpeNaBallUTe YCTPOWCTBA M HSAMa BB3MOXKHOCT Jla C€ MPOMEHS B TOJIEMU
rpaHuuu. B MomeHTa, B KOMTO ce mM3mpud Haker mo Bpeme Ha Al, mpuemHara crpaHa ce
aKTHBHpa JO TpUeMaHe Ha menus mnakeT. [lopagm Tasm mpUYMHA UETUSIT Tpapuk B

ceH3opHara Mpeka 3asucu oT nukbiaa (Duty Cicle — DC) Ha mpenaBammTe Bb3/IM B Mpexara
[21].

3a equa 6LoWPAN BB3en usnpaiiai nepuoArndHo HHPopMaIus ¢ onpeaenaeHa ckopoct DC
MOXe€ J1a C€ KOHTPOJMPA Ype3 ONTUMHU3ALMS Ha NPOABIDKUTENHOCTTa Ha SI 1 Ha ckopocTTa Ha
npenaBane Ha nakerute [27]. Tlpu cpeiHO HaTOBapeHa MpeXa CPEIHHAT WHTEPBAIT MEXIY
MakeTuTe TpsioBa aa e mo-rossamM oT equd LPL muks.

Bcenencreue Ha ToBa eque DC Ha emHa LPL Mpexa Moske fa ce M34uCiiv KaTo:

_ Al +Tp.Nppc
Al + Sl (18)

Dc

kbaeTo Al u Sl ca npoxbIKUTENTHOCTTa HA AKTUBHUA UHTEPBal (MHTEpBajl HA U3JIbYBAHE) U
sleepeng nHTEpBana chOoTBETHO. B chmara hopmymna Tp e BpemeTo 3a mpenaBaHe Ha MaKeTa u
Nppc e cpenHusaT HoMep Ha makeTuTe B eanH LPL nuksI.

[Tpu cpexno HaTtoBapBane 6u TpsaoOBamo Nppc<<l
CpoTBETHO

Tps=Tpre+Tpkt+Dtx (19)
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Kkbpaero Tpreamble € MpoABIKUTETHOCTTA Ha TIpeaMOIona, KoiTo e ekBuBaneHTeH Ha SI, Tpkt
€ BpeMeTo 3a MpenaBaHe Ha makera a Dtx e xapayepHO 3aKkbCHEHHE, KOeTo € okoyio 20ms 3a
KOHKpPETHUS 0€3)KMICH MOy OTIMCaH B IJlaBa 2.

[TapameTspbT NppC MOKE Aa ce MOIy4H OT U3pasa:

Al +SI (20)

Nppe= Tsend

kbpaero Tsend e meproa Ha H3MpAIIAHKS TTaKeT.

Karo 3amectum Tp u Nppc BbB opmyna (18) 3a DC ce nomydaBa m3paz vHa DC Ha enuH
6LoWPAN Bw3en kaTo (hyHKIIMS HAa TapaMEeTPUTE Ha MpexKara:

__Al +S.I+Tpkt+Dtx
SI+Al Tsend (21)

Crnen w3cnenBaHe Ha ypaBHeHHe (21) ce oxasBa ce, ue DC ce m3MeHsS HEMMHEWHO W WMa
MIO0AICH MUHUMYM W MMa BB3MOXXHOCT 3a ONTHMHU3AINS HAa KOHCYMHpaHATa €HEPIHs 3a
JafieH CeH30peH MoAya upes mpomsHa Ha SI. OntumanausaT SI moxe na munummsupa DC u
MOJKe J1a Ce M3YHCIM Ype3 HaMHUpaHe Ha TbpBaTa NpOU3BOIHA Ha (-1 22, :

SI= ~\Al.Tsend- Al (22)

Bmxname ue ontumuzanuara Ha SI oka3Ba BausHue Ha DC, KOWTO cTaBa OTHOCUTENHO II0-
MaJTbK NPH HaMaJsIBaHE Ha NEPHOJa Ha MNpenaBaHe Ha MmakeTu. Tosa mokassa ue npu LPL,
KOTraTo CKOPOCTTA Ha MAKETUTE € roJiiMa MOJXKE Jla Ce MOCTUTHE TO-TosiMa e(heKTUBHOCT Ha
MpelaBaHe Ha JaHHU MPU €IHO U ChILO HATOBAPBAHE HA MpEKaTa.

ExcnepuMeHTHTE ca HampaBeHH C peajHa CEH30pHa Mpeka C KIbCTepHAa TOIOJIOTHS,
W3TpajZieHa OT CEH30PHHUTE MOMYIM, ONHMCAaHU B TiaBa 2 . Pe3ynraTure oT ekcriepuMeHTa Ha
OTIMCaHUA MO-TOPE METOJT 32 ONTHMHU3AIUS ca TIOKa3aH! Ha ¢ur. 8
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DC
1.0

0.8

0.6

04

0.2

A

1 1 i

10° 10° 10' 102

<O~ Tsend = 100 sec
<D Tsend = 50 sec
0 Tsend = 25 sec

9 Tsend = 10 sec

10° Sl (sec)

@ur. 8 ExkciepuMeHTaIHN pe3yATaTH OT paboTara Ha alrOpUThMa

KakTo ce Buxaa ot ¢pur.60 ontummsauuata Ha Sl (Sleeping Interval) okasea saunanue Ha DC (Duty
Cycle). Hanpumep npwm Tsend = 50sec. u SI = 82 sec. DC e ot nopsgbka Ha 0.21 KoeTo npeacTaBasga

rnobaneH MMHUMYM 3a TOBA HUBO Ha HAaTOBAapBaHe HA MperKaTa. Bcska npomsiHa Ha cTolHocTTa Ha Sl

pa3/iMyHa OT nmocoveHaTa no-rope npu KoHctaHTed Tsend soam 4o ysennyasaHe Ha DC u ot Tam

MOBULLEH PA3Xo/ Ha EHEpruA 3a NpejaBaHe Ha eauHuLa MHGopMauums.

ToBa 03Ha4aBa, 4e NPn BCAKO HMBO Ha HAaTOBAPBAHETO Ha MpeXKaTa B onpegesieHn rpaHnumM moXxe aa

ce Hamepw onTuUmaseH Sl Npu KOWTO ce M3Pa3xoABa Hal-MasIko eHeprus 3a NpeAaBaHe Ha eaANHULA

nHbopmaums.
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I'maBa 3 SOA 6a3upana codryepHa niardopma 3a HHTerpupaHe Ha JAHHU
OT CEH30PHHU CHCTEMHU.

Tpera r7aBa € pasriekaa apxXuTeKTypara 1 UMIUIEMEHTAIUATa Ha coPpTyepHa TuaTdopma 3a
aHaJIW3 W MOCIJIEABANI0 UHTETPUPAHE HA JAHHU OT CEH30PHU MPEXH M CHCTEMH OT MPEKH.

ITo chimecTBO ChABPIKAHMETO Ha IiaBa 4 e orpaseno B myonukarus No.1 ,,Alexandrov, A.,
V. Monov, Implementation of a service oriented architecture in smart sensor systems
integration platform, Proc. of the Third International Conference on Telecommunications and
Remote Sensing — ICTRS 14, 26-27 June 2014, Luxembourg, Grand Duchy of Luxembourg,
DOI 10.5220/0005422101140120, ISBN 978-989-758-033-8, pp. 114-118, 2014.

KomOunupanero Ha JaHHM OT pa3lNMYHU CEH30PHHM CHCTEMM J1aBa BBb3MOXXHOCT Ja ce
KOpHTHpa JeBHANUATA U (QIIYKTyallHUTE HA U3MEPEHHUTE TaHHHU.

ToBa e BakeH MpoOIlEC B MHOTO TPHJIOKCHUS, HANPUMEP B YIPABICHUETO HA CHEPTHIHU
pecypcu [6], [15]. OCHOBHOTO MpeIM3BHKATEICTBO MPU HHTETPUPAHETO HA CEH30PHH JaHHH €
e(eKTUBHO pa3JiesTHE HA CHTHAIA OT CEH30pa OT (PIYKTyal[uUTe W IIyMa MPHIPYKaBaIu
M3MEpBaHETO. B ChBpEMEHHUTE CCH30PHU MPEXKH W CUCTEMH HHTECTPUPAHETO HA JAHHHUTE
Wrpae 3HAYWTENHA POJs B Tpolleca Ha oO0paboTkaTta Ha JaHHWUTE OT TAX. [IpolechT Ha
WHTETPUPAHE HA JAHHW MOXE JIa BKJIFOUBA ChUCTABAHE HA CEH30PHH JAHHU OT Pa3JInIHH
W3TOYHWIIA C IIeJ yBEJIMYaBaHEe Ha HANSKJIHOCTTa M TOYHOCTTA Ha IOJydeHATa
uHdopmarnusi.[39][40]

OcHOBHaTa IIe7 Ha MpeuiokKeHata margopma ¢ eDeKTHBHO HMHTEIPUpPAHE HA JaHHH OT
XETEPOTCHHH CEH30PHU MPEKH M CUCTeMH. TO3H BBIIPOC Beue € PasriIeiKAaH B JINTEpaTypaTa,
Hanpumep Samaras u ap. [34] u Delicato u ap. [10]). Ilopamm emna wmm npyra nmpudiHa
TE3W PCEILICHHs] Ca HACOYCHH KbM pealu3allisi Ha OPHEHTHPAH KbM YCIYTHTE MUIBIYEp
(middleware), paboTemr IUPEKTHO CHC CEH30PHUTE BB3IHM Ha Mpekara dYpe3 IUPEKTHA

HUHCTAJIalUg Ha OpI/IeHTI/IpaHI/I KbM YCJ'IYI"I/I HpOTOKOHHI/I CTCKOBC KaTo HaHpI/IMep
DPWS[28][17].

Ha mpakTika, OCHOBHUST HEJOCTAThK HA TO3M MOAXO] € HEOOXOJMMOCTTa OT BHEIPSIBAaHE HA
cioxkeH web 0a3upaH MexaHW3bM IO reHepupaHe W Bamuaupane Ha XML cpoOmeHus B
OTHOCHTEITHO MAJIOMOIIIHM KaTO MpOIIECOPHA MOII M TaMeT YCTPOWMCTBA, KAaTO CEH30PHU
MOJIyJIH, KOUTO Ca C OTpPAaHWYCH €HEPTHeH pecypc. 3a Ja ce MPeoJoesT Te3U OrpaHNdCHHS,
aBTOPHTE MpeIIaraT Ja ce W3IO0JI3BaT NpeaBapuTenHo neduaupand XML cpo0menns, KoeTo
€ 3a CMeTKa Ha 3arydara Ha I'bBKaBOCT M aJalITUBHOCT Ha IpeJylaraHaTa OT TAX copTyepHa
mwiatdpopma. Jlpyr OCHOBEH mpoOieM MpH HM3IMOJI3BAHETO HAa Web YCIyrd B TakbB POJI
YCTpOIiCTBa € HAJIMYKE Ha JIATCHTHOCT M ChUIECTBEHA EHEPTOEMKOCT Ha perieHueto. Priyantha
u zip. [29].

3a pa3nmKa OT TOPHHUTE M3CIEABAHUS NPEAJIATAaHUAT TOAX0A ce (POKycHpa B M3Tpa)KIaHe Ha
MoIHa miaropMa, KbM KOSTO Ca CBBP3aHM PA3NIMUHU IO BHJI M XapaKTep XETEPOTCHHU
CEH30PHHU MPEKH U CUCTEMHU OT MPEXKH.
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TakoBa pelreHue Mo NPUHIMT He € HOBO. ChIECTBYBa MOJAO0OHO pelieHrue pa3paboTeHO OT
Gil Martinez Abarca u jp. [14], koeTo MO3BOJISIBA OTHANCYCHO yIpaBIeHHE HA bpMyepa Ha
MpexoBH B3 npe3 MutepHer ot Kansal u ap. [15]. BenpocHoTo pemieHne uma CMUCHI
caMo TpH peer to peer HUHPpaAcCTpyKTypa 3a OOMEH Ha CEH30pHM HaHHU Tpe3 VHTepHer.
TpsiOBa ma ce oTOenexu 4Ye TE3W PEIICHHS Ca MOMYCPTAHO YHUBEPCATHH M TOPAAU Ta3d
NpUYMHA HE pemaBaT THIMYHHA TPOOJEMH Ha OC3KWYHUTE CEH30pPHU MpPEKH, KaTo
yrpaBieHue Ha eHepruitau pecypcu u QoS (Quality of Service) pemenus npu o6paboTkaTa
Ha CEH30PHUTE JaHHHU.

CriiecTByBa perieHue npeiokeno ot Moeller u Sleman [25], 3a uHTerpupane Ha O€3KUIHA
CEH30pHU MpPEXH B Apyru chiuectByBamy I[P 6asupanu mpexu. Tsaxnara pabora e HacoueHa
CIEeIMANHO KbM peIleHHs Ha T.H. "yMeH" JIOM M B TSAXHOTO pelIeHHe € paspaboTeHa
abcTpakuys caMO Ha HHUBO €IMHHYEH CEH30p, T.e. NPWIOKEHHATA 3a Ja MOrar jaa
KOMYHHKHPAT C TE3W CEH30pH TpsiOBa Ja pasmojarar ¢ MpeIBapuTeIHO BbBEJACHA B copTyepa
TeXHUYECKa KOH(PHUTYpaIs 3a MpekaTa U aJpecuTe Ha CEH30PHTE,

[MpennaranusaT MOAX0/ € HA HUBO a0CTPAKIMS CEH30PHH MPEKH M CHCTEeMH. ToBa MO3BOJISIBA
MPHUJIOKESHUATA OOCITY)KBAIIN 3asBKU J]a HE CE MHTEPECYBaT OT KOHKPETHATA UMILJIEMEHTAIINS
Ha JaJeHa MpeXa WIA OT MPOTOKOJIUTE IO KOUTO KOMYHHUKHPAT CEH30PHUTE MOIYIU
nmoMexay cu. TO3H MOJIXO0J HAITBJIHO Ce pa3nruaBa oT cuctemu Tum TinyDB [25], kouto ca
MPOEKTUPAHU 32 W3BIMYAHE Ha JJaHHU OT CEH30PHH MPEXH, HO Ha TPAKTHKA HE TMPETOCTABST
YCIYyTH CBBP3aHU C MHTETPHpAHE Ha M3BJICUCHHUTE JAaHHU W/WJM aHaimn3 Ha kauecTBOTo(QoS)
Ha TOJIyICHHUTE NaHHWU. TO3HM THII CHCTEMH HM3MOJ3BAT TEXHWKH Ha ChOMpaHEe HA JaHHU Ha
Hucko HuBo (low level techniques) u mo-ckopo mMorar ga ce pa3riexnar Kato (pyHKIHOHAIHO
paslIupeHre Ha KOHKpeTHa ceH3opHa mpexa[34]. [Topanu Ta3u npuunHa TaKbB PO PELICHUS
ca TIOJIE3HH caMO KaTo MHTep(deiic Ha KOHKpETHAa CEH30pHa Mpeka 3a OOMEH Ha JaHHHU.
[MpennaranaTta B AUCEPTAMOHHUS TPY TUIaTGOpMa 3a HHTETPUPAHE U YIIPABICHHE HA TaHHH,
KOSITO € HEe3aBUCHMa OT JH3aifHa (TOMOJIOTHS, CTAaHAApPTH 3a KOMYHUKAIMs W Jp.) Ha
CCH30PHUTE MPEXH CBBP3aHH C HEs, 0 ToJsiMa CTENEeH € 0CBOOOICHA OT ONHCAHHUTE MO-TOpPe
HEIOCTaThHII.

Onucanune Ha apxuTekTypa Ha SOA-6a3upana copTyepHa niaatdopma 3a HHTerpupaHe
HA JaHHU OT HHTEJIUTeHTHH CEH30PHH CHCTEMU.

[Mpennaranata codryepHa miatdopma 3a MHTETpUpAHE HA JAaHHU OT CEH30PHH CUCTEMH €
0azupana Ha SOA (Service Oriented Archiecture)[37][38] u u3nomnsea Apache TexHonoruu u
e3ukbT Ha Bucoko HHBO WSDL (Web Service Definition Language). bnokosere ¢ yciyru
peamu3upanu B codryepHara miardopma ca JOCTHIIHU 4Ype3 HM3MOJ3BAaHM HAa CTaHIAPTHH
WHTEpHET npoTokosw 1 1o crienuanao SOAP (Simple Object Acccess protocol). Hact ot Te3u
YCIyTH ca HOBOpa3paOOTEHU MPHUIIOKEHUS, a IPYTH ca peaju3upaHd camMo KaTo OOBUBKa Ha
BEYE CHIICCTBYBAIIM HHTEP(EHCH W TPOTOKOIM 3a KOMYHHKAIHS CHhC CEH30PHH MPEXKH.
Bceku 610k ¢ yemyrn B SOA muiatdopmara Moke J1a M3IBJIHSBA €IHA WM MTOBEYE POJIH B
mpolieca Ha MHTETPUPaHe Ha CEH30PHU JTaHHH KaTo:
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JlocTaBYHK Ha yciayra

JloCTaBYMKBT HA YCIOYrH € co(TyepHO NPHIOKEHHE, NMpoeKkTUpaHo kato back end web
uHTep(eiic u ocurypsBa I0CThI 10 MH(pOpPMAaNKs, 3alHcaHa B PETHCThpa Ha ycimyrara. B
3aBUCUMOCT OT 3asABKUTE 32 MHPOPMALUS W/MIM JaHHU, JOCTAaBUYMKBT HA YCIYTH H3MpaIa
uCKaHug 3a wuH(popMamus Wi HEoOpaOOTEeHH MaHHW KbM CBHOTBETHHTE IIEHTPOBE 3a
00paboTka U ChbXpaHeHHE Ha JaHHW. VIckaHuATa 32 MHPOPMAIU KbM JOCTABUMKA HA YCIYTH
ce ¢dopmupar upe3 crenmaiHoO paspaboreHa crnenudpukamms Ha XML napewena UDDI
(Universal Description Discovery and Integration) B kosiTo ce neduHUpaT aapeca Ha HEHThpPa
3a nHpOpMaNus, TUIIA U CTIeNUPUKAIUATA Ha HCKaHaTa HHPOpMAaIHs).

IHoTpeduTen Ha ycayra

[Motpebutensar Ha yciyra € copTyepHO TPHIOXKEHHE TNPOCKTUpaHO Karto web client.
OcHoBHara 3a/1aua Ha TOBA MPIJIOKEHHE € Ha 0a3a perHCTpUpPaHH TUIIOBE JAaHHU JIa U3IPATH
3asBKa 3a yCiIyra KbM JJOCTaBUMKa Ha yciayrd. EnuH motpeburen Ha ycInyra B 3aBUCHMOCT OT
XapaKTepUCTUKUTE Ha HWH(OpMAIMsITa MOXE [a W3MpaTH 3asiBKa J0 €AMH WIH HIKOJKO
JOCTaBYMKA HA YCIYTH.

B npemiaranara miatdopma 3a HHTErpPUpPAHE HA CEH30PHH JJAHHU, BCUUKU OJIOKOBE C YCIYTH
ca m3rpajaenu Ha 0aza mpotokosn SOAP u u Texnonorusta RPC (Remote Procedure Call).
Te3u cranmapTi myonuKyBaHu U kato Recommendation ver. 1.2 xa W3C (World Wide Web
Consortium) npe3 2003r. [6] ocurypsBat nodpa MexayriathopMeHa ChbBMECTUMOCT.

IIpotoxkoa SOAP

SOAP (cekpamenne Ha Simple Object Access Protocol) e mporokon 3a oOMeH Ha
CTpYKTypUpaHa WHPOpManus B U3MBIHEHNUE HA yeO yCIyrd B 00JNacTTa Ha KOMITIOTHPHHUTE
Mpexu. [IpotokorsT oOmens crobmenns B XML ¢opmar u e 6a3upan Ha MPOTOKOJIU OT
npuioxHo HuBO, Haii-Bede Ha HTTP(Hypertext Transfer Protocol) 1 SMTP(Simple Mail
Transfer Protocol).

RPC (Remote Procedure Call)

RPC e cranmaptu3mpana mporeaypa MO3BOJsBAlla HA €IHAa KOMIIOTBPHA Iporpama Ja ce
o0BbpHE KBM JIpyra MOANpOrpamMa WIM MpoIeaypa, HaMupam@a ce B JIpYro aapecHo
MPOCTPAHCTBO, (HampuMep Ha JAPYr KOMITIOTHP B CIOJENIeHa Mpexka) 0e3 MporpaMuCThT
M3pUYHO Ja yKake MapaMeTpH 3a ToBa AUCTAHIMOHHO B3amMmojeiictBue. [Ipm OOP(Object
Oriented Programing) RPC ce Hapuua mMeTo[ 3a TUCTAaHIIMOHHO OOpBICHHE.

OcnoBHara 1ien Ha paspaborenata SOA 6azupana copryepHa miatdopma e 1a ce MHTErpupar
pa3IUYHA XETEPOTCHHHW CEH30pHM MPEXKHM Ha 0a3zaTa Ha pa3iMYeH XapAyep W HM3MOJI3BaHH
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pa3siivdHu KOMYHHUKAIWMOHHW TEXHOJIOTUM B €AHA HWHTCTPpHpaHa HHTCIMUICHTHA CCH30pHa
cuctema (ISSS).

Ta3um KoOHIENIMS HU TO3BOJSIBA IMBJIHO HWHTETPHpPAHE HA [AHHUTE OT CEH30pHUTE U
BB3MOXKHOCTTA 32 OOMEH Ha JTaHHH MEXIy CEH30PHHTE MPEXH, BKIIOYCHU B IUlaTdopmara
KaKTO ¥ MEXy HHTEJIMTEHTHU CEH30PHU MOJYJIM OT Pa3JIMYHU MPEKU.

Brpanenusar B codryepnata miarpopma 6LoWPAN (IPv6 over Low-Power Wireless
Personal Area Networks) unTepdeiic mo3BoJsiBa AUPEKTHA aJpecalsi 10 BCCKH CEH30pEH
MOJyJ, TIOJAbpKam To3u cranaapT (cnemmduuupan B RFC6282) u npsk oOMeH Ha NaHHU
MeXIy codryepHara maropmMa i CEH30PHUS MO YL

Bb3 ocHOBa Ha Ta3W TEXHOJIOTHs, pa3paboTeHara miarhopma OCHTypsiBa BB3MOXKHOCT 3a
U3rpakiaHe Ha BUPTYyaIHH ceH30pHU Mpexu u cuctemu (VSS-Virtual Sensor System).

B TexHONOTHYHO OTHOWIEHWE IU3aiiHBT Ha codryepHaTa pazpaborka e OasupaH Ha
dpeiimybpka (framework) WSO2 Carbon SOA. ®peiimybpksT Ha WSO2 BKIIIOUBA BrpajicH
peructbp, SOA 0Ga3upan OJOK 3a ynpaBJeHHWE HA MOTPEOMTENWTE, BrpafeHH CO(TyepHHU
YCIYTH 32 CHTYPHOCT, TPYHpaHe U KeIIUpaHe Ha JAHHWUTE, KaKTO W BHTPEUICH (peiMybpK
3a notpeduTtencku untepdeiic (GUI - Graphical User Interface).

B HacrosimaTa Bepcus Ha npejuiarasara codgryepHa rmatdopma, ca gepuaupanu 3 cios:
1. Ilpunosken cmoit

2. Crioii 3a UHTErpUpaHe Ha TaHHU

3. MpexoB cioi

brokoBata cxema Ha ¢ur.9 wmocTpupa pasmnpeneNeHHETO Ha 3aJaunuTe MEXIy Taka
Ie(UHUPAHUTE CIIOCBE.

IIpuioskeH cjaou
SOAP, SSI, Ilorpedurencku nuHTepdeiicu, front-end npuioxxkeHust

Cui0¥i 32 MHTErpUpaHe HA JaHHU
brnok 3a ynpasnenue Ha nanau (MDM), yciyru o nHTerpanusi Ha
naHHU, data mining u ap.

MpexoB ciaou

ITpoTtokon 6LowPAN, Mmexx1y Mpe>KoB OOMEH Ha JJaHHU, OOMEH Ha
JAaHHU MEXX/Iy UHTEJIUT'€HTHHU CEH30PH, TEXHUYECKHU YCIIYyTHU
(CHMHXpPOHU3ALUs Ha CJIOTOBE U Ap.)

@ur. 9 SOA apxuTekTypa Ha TeUHUPAHNTE CIOEBE B coPpTyepHaTa maThopma
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IIpuJioxkeH cJioi.

[MpunoxuusaT cnoii Ha pa3paboTBaHara miargopma ce ocHoBaBa riaaBHO Ha SOAP ¢ XML
¢dopmar Ha manauTe. JOMBIHUTEHO B MPHWIOKHUA clIoi ca mHTerpupann RPC  Gasupanu
npoTtokonu 3a komyHuKkamms U SSI(Simple Sensor Interface). IIporokoast Ha SSI ("Simple
Sensor Interface") e KOMyHUKaIIMOHEH TPOTOKOJ, MPOSKTHPAH 3a MPEHOC HA JTAaHHU MEXITY
KOMIIIOTPH WJIH MOTPEOUTEIICKH TEPMUHAIM U MHTEIMTEHTHH CEH30PH.

Cu10ii 32 UHTErpUpaHe HA JTaHHH

Cnosr 3a HHTErpUpaHe Ha JaHHU B 3aBUCHUMOCT OT HUBOTO Ha MHTCTPHUPAHE HA IMOJIYYCHHUTEC
OT CCH30PHUTEC MPEXU JaHHHU HU3I10JI3Ba PAa3JIMYHU METOAU U AJITOPUTMHU 3a HHTCIPHUPAHE.

OcHoBHara (yHKIMOHAIHOCT HA CJIOS 32 MHTETPUpPaHe HA JaHHU € OJIOKBT 3a yIpaBJeHHE Ha
JAHHUTE.

broxsT 3a ympasnenne Ha nanau (MDM - Master Data Management) ce cscton ot Habop
copTyepHH MOAYITH, KOUTO OCHTYPSBAT METOIM M AITOPUTMHU 32 MHTETPUpAHE Ha JaHHH C
MOCTIeIBAIIl aHAJN3, Kiacu puItpane u Jorniaecka o0paboTka Ha Bede HHTETPUPAHNTE JTaHHH.

OCHOBHUSAT METOJl M3IIOJI3BaH 3a MHTETpHpaHe Ha gaHHH B MDM e meTtona u codryepHuUs
anroputhbM Ha punrepa Ha Kamman ommcan B paszzmen 3.1 Ha HACTOSAIIMS AWCEPTAMOHEH

TPpYyA.

broxkeTr MDM pasnonara ¢ BbTpemHa 0a3a JaHHH, CTPYKTypHpaHa MO IapaMeTpU3HpaHd
W3TOYHHIH OT JAHHH.

Brok-cxemata Ha MDM e nokaszana Ha ¢wur. 10.

— <>

W3rounuk Ha —A Wrapper-A e )
CCH30pHM JanHu A [N~V N— Vv
\/

e— Penaumonna 6asa
U3TOuHMK Ha Wrapper-B JIAHHH 3a
censopuu nannu B |V 14 ] V HHTErpUPaHU
— CEH30PHH JIAHHH

e '
m Wrapper-N = { )
N——————/

@ur. 10 brok-cxema Ha G11oka 3a yrpasieHne Ha fanan MDM

\-/
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MpeikoB cJI0H.

OcHoBHara 3a7aga Ha MPEKOBHS CIIOW € Ja ce OCUTYpH (DYHKIHMOHAIHH W TIPOLEAYPHHU
CPEACTBA 32 NMPEXBBPIISIHE HA TPYNW OT JaHHU C MPOMEHINBA ABJDKMHA OT CEH30PHU MPEXKH
W/WIIM MHTEJMTEHTHH CEH30PHU MOJY/H 710 CJIOS 332 MHTErpUpaHe Ha TaHHH.

Co(ryepHara UMIUIEMEHTAIIMS HA MPEXKOBHUS CJIOW € TPOCKTUPAHA Jla MOJIbpKa CICTHUTES
TpyIU OT TIPOTOKOJIH;

- Iporokoa IPv6 / 6LoWPAN. 6LoWPAN e akponum Ha IPv6 over Low power Wireless
Personal Area Networks. Konnenmusra 3a 6LoWPAN npousnusa ot uaesra, 4ye "HHTEPHET
MPOTOKOJI MOXKE W TpsiOBa Ja ce Mpuiara JAOpH 3a Hal-MalKuTe ycTpoiictsa," [13] u ue
YCTpOWCTBA ¢ OTpAaHMYCHH M3YHCIUTEIHN BB3MOXKHOCTH 3a 00paboTka TpsOBa na ObaaT B
cbcTosiHKe J1a yuactBar B MHTepHer Ha Hemiata (IoT - Internet of Things) [35] [36].

Cnenuduranusara Ha 6a3a pazpadoren ot rpyna 6LoOWPAN IETF e RFC 6282.

- Iporokon ICMPv6 (Internet Control Message Protocol version 6) IIporokomst
ICMPv6 e nMmmneMeHTanus Ha MPOTOKOJIA 3a YIIpaBieHHe Ha wHTepHET chobmenus (ICMP)
3a UuTtepHer npotokoi Bepeus 6 (IPvo), nebunupanu B RFC 4443 [37].

ICMPv6 e nepasznenna yact ot [Pv6 n u3BbpIIBA OTYUTAHETO HA TPEIIKH M AMATHOCTUYHH
¢ynkuu (Harmpumep ping) u mMa QpeiiMybpK 3a pasmupsiBaHe Ha ()YHKIHOHAITHOCTTa MY
npu Obaewy npomenn Ha RFC 4443,

K®sM TO3M IPOTOKOJ Ca MMINIEMCHTHPAHU HAKOJIKO pasHIMPpCHUA KacCaClllki KOMYHHKaluATa
CbC CCH30PHU MOAYJIU U CCH30PHU MPEXKU:

NDP (Neighbour Discovery Protocol) e nporokon mnpenHa3HayeH 3a OTKpHBaHE Ha
MpPEKOBH BB3JIM U TpeAcTaBisiBa pasmmpenue Ha ¢yHkuuute Ha ARP(Address Resolution
Protocol)

IIporokoa SEND (Secure Neighbour Discovery) - npeacrasnsiBa pasmupenne Ha NDP u
C€ M3II0JI3BA IPpU KOMYHHUKAIUA B MPEKU C KPUIITHpaHa KOMYHHUKaAUA MCXKAY Bb3JIUTE.

Iporoxkon MRD (Multicast Router Discovery) - cneuuanHo MpoeKTHpaH 3a OTKpUBAHE HA
Mmulticast pyTepu, HM3MOI3BaHU 32 CHHXPOHHU3AIMS HA BBH3JIUTE HA CCH30PHHUTE MPEKH HITH
npu koHpurypupane Ha AD HOC mpexu.

- ZigBee 3.0 rpyna ot npotokoju - no criermanao ZigBee IP, ZigBee Green Power 1.0 u
ZigBee Gateway 1.0
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B mpomec Ha Opaemo pasBuTHe Ha codryepHara Iuatgopma, KOETo € M3BBH 00XBara Ha
HACTOSIIMS JUCepTAalMOHeH Tpyx € BHeApsBaneto Ha WIiFi u Bluetooth BT4/BLE
unTepdeiicu 3a komynukarusa ¢ WiFi u Bluetooth 6a3upanu ceH30pHN MpeXH.

OcHOBHUTE KOMITOHEHTH Ha Tardopmara ca:

- CBPBBp Ha MPWIOKEHHUs, U3MOM3BaN] CcOOCTBeH nu3aiiH Ha mMomuduuupan WCO2 Carbon
peiimybpK;

- 6a3a ganau cepBbp ¢ MySQL RDBMS;

- IIUTIO30BU CHPBBPHU CBBP3aHH C MHTEP(EHCH 3a TOCTBI 10 XETEPOTCHHU CEH30PHU MPEXHU
WM WHTEIUTEHTHH CEH30PHU MOMIYIIH;

- codpryepru uHTepdeiicu, nogappxkanm 802.15.4 ZigBee 3.0 npoTtokomn, 6LoWPan, WiFi
802.11/bgn n BT4 / BLE npoTokomnu 3a 0OMEH Ha JTIaHHU;

CrpykTypara Ha Tuiardopmara € OTBOPEHAa M MOXKE JIeCHO na Obae oOHOBEHA C pa3iMyYHA
(YHKIIMOHATHOCT B 3aBUCHMOCT OT CHeIN(DUIHUTE U3NCKBAHHS.

Ha ¢ur. 11 e nmokazana ¢pyHknmoHaHA OJI0K cxeMa Ha MpexoBHs cioil Ha SOA Oa3upanara
codryepHa raTdopma 3a HHTErpUpaHe HAa CEH30pHU JaHHH.

MpexoB ciiou

WHuTtepdeiicu Ha CEH30PHH MPEKH

6LowPAN WiFi 3 7123 3 : ) [ — ZigBee

@ur.11 OynxnuonanHa 010K cxema Ha MpekoBus cinoit Ha SOA 6asupana tuiatrgopma

B mnpemmaranara coTyepHa apXuUTEKTypa ca TPEABHICHH YCIYTH 3a YIpPaBICHHE Ha
Pa3IMYHA CEH30PHM MPEXH WM Tpyla OT MHTEINTEHTHU CEH30pHU MOIYIM B CEH30pHA
CHCTEMa C IIeJ OCHUTypsSIBaHE HA HE00XOAMMAaTa OlepaTHBHA ChbBMECTHMOCT.

[MpemumcTBO Ha pa3pabOTEHHTE YCIAYId € 4e JaBaT BH3MOXKHOCT 3a JIECHO MHTETPHpaHE Ha
XETEPOTEHHHU CEH30PHHU MPEKH.

[Tnatrpopmara e xapayepHO He3aBHCHMa M pa3paboTyuiuTe Ha Oa3ara Ha TpeAslaraHUTe
YCIyTH MOTaT JISCHO Ja MOJydaT JOCTHII JI0 JaHHUTE OT BCEKH HMHTEIWICHTEH CCH30PEH
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MOIyJA WM CEH30pHa Mpeka, Oe3 Ja uMar Hyxkna WHPopManus OTHOCHO BHAA U
TONOJIOTHATA Ha CEH30pHATA MpeXa WIM BHAAa HAa W3MOJ3BAHUTE KOMYHHKAIMOHHU
MPOTOKOJIH.

[TporechT Ha HHTErpHpAHE HAa JaHHM € TMpo3padyeH W reorpadCku HesaBucuM. Upes
nmpenjaraHara oTBopeHa apxuTekTypa Ha SOA Oa3upana codryepHa miatdopma ce Jasa
BB3MOKHOCT 3a M3TpaXJaHE Ha YCJIYTHM 10 BUPTyaiu3anus W (GopMupaHe Ha BUPTyaIHU
CCH30PHH MPEKH.

Ha caumku 3, 4 m 5 ca moxa3aHu ekpaHu Ha Tpaduanus uHTEpdeiic Ha ,, [loTpedurens Ha
yenyra® web client ¢ Busyanmusupanu pe3yaTaTtd OT 3asBKH 32 HHTETPUPAHU CCH30PHU JTaHHU
1O KITBCTEPH 3a TEMIIepaTypa, BIAKHOCT Ha Bb3AyXa U 0apOMETPUYHO HAJATaHe.

ttp://195.96.241.254 ¢ A T 86 ¥$ # O =

WUKT BAH

EkcnepumeHTanHa SOA
6a3unpaHa nnatpopma 3a
NHTerprpaHe Ha CeEH30pHM

JAAHHU

VIHTerpwpaHe Ha AaHHW OT MeTeopoIorMYHn ceH30pun

195.96.241254/504 . e || Q rapcen w8 $ A9 =

WUKT BAH

WSN1 :

VHTerprpaHe Ha AaHHW OT ceH30pu 3a Temneparypa

VINTErDHDaKE 1a A3HHY OT CEHIODH 3 UIMEDBANE HA TEMNEPATYPa Ha BLIAYXa

Knucrep 1 Knmscrep 2 Kmucrep 3

ViHTerpupana TemMnepatypa or knbcrep ViHTerpupana TemMneparypa oT Knbcrep VIHTerpupana TemnepaTypa ot Kmbcrep
1 2 3

o CEM T 9B 8 Y g 9 e
CH.4 Busyanuzupanu pe3yaTaTH OT 3asBKH 3a HHTETPUPAHU CEH30PHU JIaHHU 110 KIbCTEPH
3a TeMIeparypa.
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195.96.241.254 (IS B8 $ A9 =

WUKT BAH

WSN2 :

VIHTerpMpaHe Ha AaHHW OT CEH30pW 3a B/IaXXHOCT

VIHTErDVpaHe Ha A3HH1 OT CEHIOPH 33 M3MEPBAHE HA BAGXHOCT Ha BL3RYXa

i l i

Knbcrep 1 Kbcrep 2 Knbcrep 3

VIHTErpMpaHy AaHHM 3a BNAXHOCT Ha VIHTErp1paHy AaHHM 3a BNAXHOCT Ha VIHTErpvpaHi AGHHM 3a BAGXHOCT Ha

Bb3AYXa KAbCTEp 1 Bb3AYXa KNbCTEp 2 BL3AYXa KbCTEp 3

CH.5 Busyanuzupanu pe3yaTaTd OT 3asBKH 3a UHTETPUPAHU CEH30PHU JIaHHU 110 KIbCTEPH
3a BJIAYKHOCT.

hitp://195.96.241.254/S0A platform C || Q Tupcen wBe $§$ A 9 =

WUKT BAH

WSNS3 :

MHTEFPVIpaHe Ha AaHHW OT CeH30pu 3a 6apomepr4Ho HandaraHe

VIHTErDIpaHe Ha 43HHY OT CeH30DY 33 63POMETDIUHO HanAraHe
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B npennaranara miatdopma 3a MHTETPUPAHE HAa CEH30PHU JJaHHHU, BCHYKHU OJIOKOBE C YCIYTd
ca u3rpajenu Ha 6a3a npotokoi SOAP u u Texnonorusta RPC (Remote Procedure Call).
Tes3u crannaptu mydnaukyBaHu u kato Recommendation ver. 1.2 za W3C (World Wide Web
Consortium) mpe3 2003r. [15] ocurypsBat 1o06pa MexaymiargopmMeHa CbBMECTUMOCT.

Ha canvkm 7 u 8 e mokaszaHa ekcnepuMenTtanHata cuctema Ha SOA OasupanaTa copryepHa
aTdopMa 3a HHTETpUpaHe Ha TaHHU OT OE3)KUYIHU CEH30PHU MPEXHU..

a | I x
= | E==

TR T T U LU U L i

>4
>4
4
D SE 2
*> 4
*
) g 2
) S 2

Cn.7 u 8 ExcnepumenTtanna WSO2 Carbon SOA 6a3upana riardopma

JakiauyeHue

B Tazu 9acT OoT AuCEpTalMOHHUA TPYX € JaJeHO PE3IOME Ha IMOCTUTHATUTE PE3YITaTH H
HAaIlpaBEHUTE MPUHOCHU OT HAYYHO W HAyYHO-IIPWIOKHO €CTECTBO, KOUTO B OCHOBHATA CH 4acT

ce NPHUIOKPUBAT IO CHABPKAHWE CBC CIEABALIMAT pas3fen ,, ABTOpcKa CHpaBka“ Ha
aBTOpedepara.
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ABTOpCKa cripaBka

OcHoBHHTE HAaYYHHU MPUHOCH HA HACTOAIIATA TUCEPTALIUA Ca:

1. Pa3paboTeH € HOB MeTOX U CO(TyepeH aNropuThM 3a ACIEHTPAIN3UPAHO HHTETPUPAHE HA
CEH30pHM JaHHU C M3MoJ3BaHe Ha pasmmpeH ¢unThp Ha Kamvan (Extended Kalman filter),
central Limit Theorem wu ypaBHenus na Fraser-Potter. B ornuumne Ha mnyOiukyBaHH B
JUTEepaTypara alropuTMH 3a HHTErpanys Ha CEH30pHH JaHHW HOBaTa pa3paboTKa peanmsupa
JBYCTETICHEH TPOIleC Ha MHTErpupaHe. KIio4oB MprHOC B HOBUSI AITOPUTHM € BHBEACHUST
OJIOK 3a aHaiIM3 Ha JIOKAIHO MHTETPHPAHHW JAaHHU M HMHTEIMICHTEH aJalTHBEH aITOPHUTHM
MO3BOJISIBAIl HAa MOJyJa CaMOCTOSTEIHO @ B3€ME pEIIeHHe MJald Ja W3MpaTh Bede
00paboTeHnTe Ha MTHPBO HUBO JAHHU JI0 KIIBCTEPHHS KOOPAMHATOP HIIM CaMoO Ja TeHepHhpa
KOJI, 4Ye HOBHUTE JAHHU Ca WICHTHYHH B PAMKHUTE HA HHCTPYMEHTAJIHATA TPEIIKa C MPEIXO0 HU
BEUYC M3MPATeHN CEH30pHU JaHHU. B penuma ciaydam HOBHAT QITOPHTBM TI03BOJISIBA
CBIICCTBEHO HaMassiBaHE HAa TpaduKa B Mpekara W peylrpaHe Ha MPOIECOPHA MOIIHOCT U
KOHCyManusi Ha €Heprus 3a oO0paboTka HAa CEH30pHW [aHHU 10 CHIIECTBO HIACHTHYHH C
MPEIXOTHU CEH30PHU JaHHH.

2. Pa3paboTeH e MeTo.1 3a ONTHMHU3ALKU HA €HepTUifHA KOHCYMalsl Ha Oe3KUYCeH CEH30pEH
MOJyJI TT0 BpEME Ha MpeaBaHe Ha JaHHW W/WIIM MapIIpyTU3alis Ha TAaKeTH B MpEexKa.
[Mpennaranust HoB MeTon mpomeHs auHamudHO T.H. Sl (Sleep Interval) B 3aBucMMoOCT OT
TEKYLIOTO HAaTOBapBaHE HAa MpPEkKaTa, KOETO BOAU 1O ChIIECTBEHa MKOHOMHS Ha CHEPTUS U
yBeJIMYaBaHE HA aBTOHOMHOCTTa Ha OaTepuilHO 3axpaHBaHM OE3KUYHU YCTPOHCTBA
BKJIFOUYMTEJIHO O€3KUYHU CEH30PHHU MOYIIH.

OcHoBHHTE HAYYHO-TIPUJIOKHU MPUHOCH HA HACTOALIATA TUCEPTALIUA Ca:

1. Pa3paboTeH e HHOBAaTHBEH CEH30pEH MOAYI (XapAyep U CHCTeMEH copTyep) HaMuparl ce B
MpoLec Ha MAaTEHTOBAaHE, 32 MOHUTOPUHI M MHTEIWIeHTHa 00paboTKa Ha METECOPOJOTUYHH
JTaHHUA ¥ BB3MOXKHOCT 3a Oe3KMuHa KOMYHHKarus. Kio4oBo nmpennMcTBo Ha pa3paboTeHus
CEH30PEH MOIYJ € CIIOCOOHOCTTa My Jia CaMOBB3CTAaHOBSIBA HM3pPa3XOJBaHATa 0 BpeMe Ha
pabota eHeprus 4pe3 BrpajicH COJAPEH IMMaHeN M CIEeHUAIN3UPaHN XapIyepHH U copTyepHH
pELICHUS C BrPajIcHH aJaNTHBHHU QJITOPUTMH. 1€3U aJrOPUTMHU C XapaKTEPUCTHKH HAa MUHHU
EKCIIEpTHA CHUCTEMa IO3BOJIIBAT Ha MOAYJa CaMOCTOSITENIHO Ja B3eMa PEIICHUS OTHOCHO
MpoMsHA Ha TMapaMeTpUTe Ha KOMYHHKAalWs W/WIA TpOMsSHAa Ha pexuMa Ha pabora Ha
pa3IuYHu XapayepHU OJOKOBE BH3 OCHOBA HA JIOKAJTHO WHTETPUPAHU TAaHHU OT CEH30PH H
aHaIM3 Ha KOMYHUKAIMOHHUS TpapuK C el MHHUMH3UpAaHEe HAa CHEPTHHHUTE pa3Xoqu U
nonoOpsABaHe HA HAJIEKIHOCTTA HA MHTETPUPAHUTE TaHHU.

2. Pa3paborenHa e MHOBaTHBHA KOHIEMIHS, apXUTEKTypa W HOB COPTyepeH aIropuTbM 3a
¢dopmupane Ha ad hoc nHTeNMreHTHAa O€3KMYHA CEH30pHA MPEXa C KIIBCTEPHA TOMOJIOTHS.
Ha 6aza ma T1.H. WCA amropursm (Weighted Clustering Algorithm) nedunupan B
MPEIXOJHN MyONMKAlMK €  pa3padoTeH HOB MOJOOpPEH anropuTbM, OTIHYaBal] Cce C
(GYHKIMOHATHOCT Bojemia 10 (opMupaHe Ha KIBCTEPH C MPHOPUTET HA KA4EeCTBOTO Ha
CBBP3aHOCT MEXKIY BB3IIUTE, @ HE KIbCTepH (OpMHUpaHU Ha 0a3a pa3CTOSHUE MEXIY Bb3JIHTE,
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KOETO penylypa ChIIECTBEHO PUCKAa OT paslaZaHe Ha MpeXara Mpu OTKa3 Ha HAKOW OT
(dbopMHEpaHHUTE KITBCTEPHH KOOPINHATOPH.

B omimume ot xnacuueckuss WCA anropuTbM € BbBe€H HOB mapaMmeTbp Ki jink OTUMTAL] HE
Pa3CTOSTHUETO MEXIY /IBa ChCEAHH Bb3€la a KAYECTBOTO HAa KOMYHUKAIMATA MEXKIY THX.
JIOTTbJIHUTETHA OCOOCHOCT TPH HOBUS ITOPUTBM € KpPUTEepUs 3a M300p Ha KIIbCTEpEH
koopaunHatop. B orimane or WCA Tyk 3a KITbCTEpEH KOOPAMHATOP ce M30Mpa BB3EIbT C Haii-
TOJISIM KOC(DUIIMEHT Ha TEXECT C 1eNl HamansBaHe Ha Opost Ha CH Bb31mTe U yBennyaBaHe Ha
Opost Ha YJICHOBETE Ha KIIbcTepa. Te3u HOBOBBBENEHHS 1TOI00PSIBAT CHIIECTBEHO padoTaTa Ha
aTOpUTHMA 32 U300p Ha KIBCTEPHH KOOpIWHATOpU U (popMupane Ha Kirsctepu mpu ad hoc
0€3:KMYHU CEH30PHH MPEXU W BIOCIEACTBHE IMO3BOJISIBAT Ja CE ONTHUMHU3UpPA CHLIECTBEHO
mpoueca Ha MapLIpyTH3alusi Ha TAaKeTH MEXAY KIbCTepHUTE KoopauHaTtopu U PAN
KOOpJAUHATOpA.

HoBusaTt codryepeH aliropuTbM € TECTBaH YCIICIIHO B peajiHa eKCIepUMEHTaHa Oe3KuJHa
CEH30pHa Mpeka 0a3upaHa Ha ONMCAHUA B I71aBa 2 0€3KUUYEH CEH30PEH MOAYIL.

3. Pazpaborena e apxuTekrypa Ha codryepHa mimardpopma mimomsBama SOA (Service
Oriented Architecture) 3a WHTerpupaHe Ha JaHHH OT WHTEIUTCHTHU CEH30PHH MpPEXH U
cucremu. B mmardopmara ca mpeaBuaeHn copTyepHH YCIYTH 32 YIpPaBJICHUE HAa Pa3IMIHU
XETEepOTEHHHN CEH30PHH MPEXH WM TPpyHa OT WHTEIUTCHTHU CEH30PHU MOJIYIH B CEH30pHA
cucTeMa, KOSATO OCHUrypsiBa HeoOXoaWMaTa orepaTthBHa chBMecTUMOCT. [IpemmmcTBo Ha
pa3paboTeHHTe yCIyrd € d4e JaBaT BB3MOXKHOCT 3a JIECHA WHTETpanus Ha XETepOTCHHU
CCH30PHM MPEXH U Ch3aBaHE Ha MHEHUS aHHH 32 pa3pabOTYNINTE HA TPUIIOKEHHSL.
[Tnatrpopmara e xapayepHO He3aBHCHMa M pa3paboOTUMIIUTE Ha Oa3ara Ha MIpeJlaraHuTe
YCIyTH MOTar JISCHO Jia MOJydaT IOCTHII 10 JaHHUTE OT BCEKH WHTEIMICHTEH CEH30pEH
MOJIyJl WJIM CEH30pHa Mpeka Mpeka, Oe3 Ja mMaT Hyxaa mH(popMaius OTHOCHO BHIA U
TOTIOJIOTHATA HA CEH30pHATAa MpeXa WM BHIA HAa W3MOJ3BAHUTE KOMYHUKAIIMOHHU
MPOTOKOJIH.

[MponiechT Ha WHTETpHpaHEe HAa JTAaHHM € Tpo3padeH W reorpadcku He3aBucuUM. Upes
mpeularaHata oTBopeHa apxutekrypa Ha SOA Oasumpana codryepHa miaardopma ce masa
BB3MOXKHOCT 3a HM3TpakIaHe Ha YCIYIH MO BUpPTyaldu3amus U (opMHUpaHe Ha BUPTYaJTHU
CCH30PHU MPEXKH.

baaropapuocTu

W3ka3Bam crenuanHu 01aroJapHOCTH Ha HAYYHUSAT MU PBKOBOJMUTEN AOL. A-p Bragumup
MonoB - PobroBomuten cekums "Mopenupane u ontumuzauua’ kKepM HMHcTUTyTa 10
Nudpopmannonnn n Komynukannonan TexHonoruu npu bearapckara Axkagemus Ha Haykure
3a HETOBHUTE IICHHM HAIIBTCTBUS, MNpO(QeCHOHATHAa KOMIIETEHTHOCT M CBACHCTBHE NpHU
MOATOTOBKATa HAa TUCEPTALUATA.

Peanm3anusaTa Ha HAaCTOSIIMAT IMCEPTAIMOHEH TpyHd OM OwWia HEBB3MOXKHA 0e3 HEroBHTE
[IEHHH CHBETHU U CHICIHCTBHUE.
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