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Fifth-generation (5G) mobile communications face major challenges in offering resource-
intensive diverse services such as the Internet of Things (IoT), high-definition video, and
augmented reality (AR). The optical network play a key role of 5G infrastructure, efficiently
transmitting high volumes of data. This article focuses on the study of network latency in a
segment of the 5G transmission system, as well as on the analysis of delays in the individual
elements of the optical network, examining its suitability for 5G needs, including the applicable
criteria that follow

MobunHute KOMyHMKauuMum OT neto nokoneHne (5G) ca wsnpaBeHu npeqd ronemu
npeansBuKaTencTea Npu npeanaraHeTo Ha pecypcoemMky pasHoobpasHu ycnyrn kato MHTepHeT
Ha Hewarta (IoT), Buaeo c BUCOKa pasgenuTenHa cnocobHOCT u paswmpeHa peanHocT (AR).
OnTtuyHaTta mpexa urpae knio4dosa pons B 5G nHdpacTpykTypaTta, Kato edpeKkTMBHO npegasa
ronemn obemn faHHW. Tasu ctaTnsa ce pokycrMpa BbpXy U3CrefBaHEeTO Ha faTeHTHOCTTa Ha
MpexaTa B cerMeHT oT 5G npefaBaTeriHa CMCTEMa, KakToO M BbpXy aHanunsa Ha 3aKkbCHeHusATa B
OoTOENHUTE eneMeHTM Ha OnTMYHATa Mpexa, KaTto Cce u3crneaBa HenHata npurogHoCcT 3a
HyxauTe Ha 5G.

Balabanova, I.S.,Kostadinova, S.S.,Markova, V.l.,Sadinov, S.M.,Georgiev, G.I,,
Statistical techniques to determine of optimal and acceptable noise levels (Open
Access) (2021) IOP Conference Series: Materials Science and Engineering, 1032 (1),
art. no. 012006. doi: 10.1088/1757-899X/1032/1/012006

Statistical techniques to determine of optimal and acceptable noise levels
| S Balabanova, S S Kostadinova, V | Markova, S M Sadinov and G | Georgiev

The paper presents an approach for an application of QoS procedures, on noise impacts in
communications, respectively Uniform White Noise (UWN), Gaussian White Noise (GWN),
Bernoulli Noise (BN) and Poisson Noise (PN). The approach consists in experimental
establishment of recommended optimal and acceptable limit levels of the noise indicator Root
Mean Square based (RMS) on the processing of registered information sets for each specific
noise. A set of methodological statistical procedures are applied to the experimental data with
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respect to the complete and individual input sets (RMS levels for each individual noise). Types
of family characteristics are analyzed and evaluated about different quality indicators as “Mean
Plot of multiple variables”, “Normal Probability Plots”, “Individual Plots”, “X-Bar and R char
variable”, “Capability Plots” and “Capability Histograms”. The approach is also associated with
the detection of RMS samples with deviations outside the defined statistical levels, as well as

their exclusion in order to improve the quality of the processed information sample.

CratuaTa npeactassa noaxo 3a npunaraHe Ha QOS npoueaypw BbpXy LLYMOBUTE Bb3OeNCTBUS
B KOMyHUKauunte, cboTBeTHO 6an wym (UWN), Maycos 6sn wym (GWN), BepHynu wym (BN) n
MoacoHoB wym (PN). [MogxoabT ce CbCTOM B €eKCNepuMMEHTarHO YCTaHOBSIBAaHE Ha
NpenopbYNTENHN ONTUMANHN U NPUEMIINBU TPAHWYHW HMBA Ha WMHAMKATOpa Ha wyma Root
Mean Square (RMS) Ha 6a3ata Ha o6paboTka Ha perMcTpmpaHn nHgpopmaumoHHM Habopu 3a
BCEKM KOHKpeTeH LWyM. KbM ekcnepMMeHTanHuTe aHHu ce npunara Habop OT MeToAO0NOrMYHN
CTaTUCTUYECKM MpoLenypu MO OTHOLWIEHME Ha MbIIHUTE W OTAenHuTe BXoAHW Habopwu (RMS
HMBa 3a BCEKM OoTAeneH wym). TunoBeTe XapakKTepUCTUKM ce aHanuaupaT M OueHsiBaT 3a
pasnuyHK MnokasaTenun 3a kayectBOo kato ,CpegHa rpadguka Ha MHOXECTBO MNPOMEHNMBU,
.l pau Ha HopmanHa BepoaTHocT", ,MHameuayanuu rpadmkn®, ,X-Bar u R char npomeHnusa®,
oI padm Ha cnocoGHocTM® M Xuctorpamm Ha kanauyuteta“ “. lNooxogbT e CBbp3aH M C
oTKpuBaHe Ha RMS mn3Bagku ¢ OTKNOHEHNS U3BBLH onpeaesieHnTe CTaTUCTUYECKN HUBA, KakKTo U
TSXHOTO W3KMOYBaHe C uUen nogobpsiBaHe KayecTBOTO Ha obpaboTteHaTta WMHGOpMaLMOHHA
n3Bagka.

Balabanova, |.S., Kostadinova, S.S., Markova, V.l., Sadinov, S.M., Georgiev, G.I.,
Voice control and management in smart home system by artificial intelligence(Open
Access), (2021) IOP Conference Series: Materials Science and Engineering, 1032 (1),
art. no. 012007. doi: 10.1088/1757-899X/1032/1/012007

Voice control and management in smart home system by artificial intelligence
| S Balabanova, S S Kostadinova, V | Markova, S M Sadinov and G | Georgiev

The paper provides a 3D architectural model of Smart Home system. An information data sets
of parameters in sound analysis of test voice commands were collected. The following analyzed
indicators are included, respectively LZE, LZeq, LZF, LZS, LZI, LAE, LAeq, LAF, LAS, LAI, LCE,
LCeq, LCF, LCS, LCI and LEX8h. Backpropagation and Hybrid algorithms based Artificial
intelligence (Al) and Adaptive neuro-fuzzy interface system (ANFIS) were synthesized. Selected
architectures are integrated in intelligent automated voice control system for human access
control, power switching and lighting, air conditioning systems and home appliances. In the
process of synthesis, different criteria for network performance in the analysis of activation type
in the output layers in Al and input layer in ANFIS are applied. About all considered voice
categories for functional control an accuracy of 100.0% was established. Verification procedures
concerning reliability of the achieved results were performed for correct confirmation.

Cratnara npeacrtasa 3D apxuTektypeH mogen Ha Smart Home cuctema. CvbpaHu ca
NH(OPMALIMOHHM HAabopK OT AaHHW Ha napamMeTpu Npy 3BYKOB aHanu3 Ha TECTOBW MacoBu
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KomaHau. BkntoueHn ca cnegHuTe aHanmanpaHu nHaukatopu, cboteeTHo LZE, LZeq, LZF, LZS,
LZl, LAE, LAeq, LAF, LAS, LAI, LCE, LCeq, LCF, LCS, LClI u LEX8h. CuHTeaupanun ca
anroputTMmn 3a 06paTHO pasnpoCTpaHEeHWe U XMOPUOHW anropuTMmu, 6asupaHn Ha WU3KYCTBEH
nHtenekt (Al) n agantuBHa HeBpo-pa3muTa uHTepdencHa cuctema (ANFIS). M3bpanute
apXUTEKTYpPU Ca MHTErpupaHu B UHTENUIreHTHa aBToMaTuanpaHa cuctema 3a rnacoB KOHTPOM 3a
KOHTPON Ha A0CTbM, NPEBKMOYBaAHe Ha 3axpaHBaHe W OCBETNeHWe, KNMMaTUYHW CUCTEMU U
OOMakKvHCKM ypeau. B npoueca Ha cwHTE3 ce npunarat pasfuvyHn  KpuTepun  3a
NPOV3BOAUTENHOCT Ha MpexaTa Mnpu aHanuaa Ha Tuna Ha akTuBMpaHe B u3xogHuTe crioese B Al
n BxogHusa crion B ANFIS. 3a Bcuuku pasrnexgaHu rracoBu KaTeropum 3a qyHKUMOHaneH
KOHTpon e yctaHoBeHa To4HOCT oT 100,0%. 3a npaBWNHOTO MOTBbLPXKAEHUE Ca WU3BBbPLUEHU
npouenypu 3a NnpoBepka OTHOCHO HAAEXAHOCTTa Ha NOCTUrHaATUTE pesynTaTu.

Balabanova |., Kostadinova S., Karapenev B., Georgiev G., Application of Discriminant
Analysis for Signals Identification in Communication Systems, Journal of Engineering
Science and Technology Review, 2020, ISSN:1791-9320E-ISSN:1791-2377

Application of Discriminant Analysis for Signals Identification in Communication
Systems
Balabanova, I., Kostadinova, S., Karapenev, B., Georgiev, G.

The paper presents noise impact identification over analog and digital signals in the time and
frequency domains based on a discriminant analysis. Object of the study are sine, square,
triangle and saw tooth waveforms with Uniform White Noise (UWN) and Periodic Random Noise
(PRN). Histograms of normal signals distribution are built. The parameters characterizing the
probability density functions for untreated and processed signals with FFT - mean value and
standard deviation are presented and compared. The results of the analysis of the quality of the
generated discriminant linear and quadratic models, presented through the technical
approaches as resubstitution and cross-validation, are presented. Quadratic and pseudo-
quadratic classifiers have been successfully synthesized to identify untreated signals with UWN
and PRN with equal classification precision of 98.80%. Low levels of accuracy are registered for
the linear ones compare to the quadratic types of classifiers ranging around 50.00%. Close
gualitative indices are achieved with regard to the identification of FFT signals with UWN and
PRN, 98.24% for the quadratic and 98.17% for pseudo-quadratic models. The effect of FFT
processing is investigated. Positive indications have been identified for increasing classifier
accuracy in linear discriminant models within seven, eight percent.

B poknapa e pasrnegaHa wvaeHTUUKauUMs Ha LYMOBM Bb3OEWCTBMA KbM aHarorosu wu
unpoBn curHanum BbB BpemeBata M 4YecTOoTHa obnactm Ha 6GasaTta Ha OUCKPUMWHAHTEH
aHanua. OBekT Ha n3cneaBaHe ca CMHYCOMAAnHW, NPaBoObIbAHNU, TPUBIBIHU U TPMOHOOBPAa3HU
cuUrHanu ¢ Hanuume Ha noctosiHeH 6sn wym (UWN) u nepuogmyeH crniyqaeH wym (PRN).
lMocTpoeHn ca xuctorpamm Ha HOpPManHO pasnpeferneHne Ha curHanute. [NpeacraBeHu wm
CpaBHeEHW ca napameTpuTe, xapakTepusvpawum OyHKUUUTE Ha NIMbTHOCT Ha BEPOATHOCTTA 3a
HeobpaboTeHnTe n obpaboTeHn curHanu ¢ FFT — cpegHa CTOMHOCT U CTaHOAPTHO OTKITOHEHME.
MpencrtaBeHn ca pesyntatuTe OT aHanu3 Ha KayecTBOTO Ha reHepupaHn AUCKPUMWHAHTHM
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NVHENHN W KBagpaTU4YHU MOAENW, HarnpaBeH 4Ype3 TEXHUYECKUTE MOAXOAWN PecyoCcTUTYyLMa U
Kpoc-BanugupaHe. YCMNEWHO ca CUHTe3uMpaHn KBagpaTudeH U NceBOO-KBagpaTUyeH
knacudmkaTopu npu pasno3HaBaHe Ha HeobpaboteHun curHannm ¢ UWN u PRN c paBHM
TOYHOCTM Ha knacudukaumsa 98.80%. PernctpupaHm ca 3aHWXKeHM HMBa Ha TOYHOCTTa MNpu
NVHENHUTE CrnpsMO KBaapaTUYHUTE TUMoBe KnacudukaTopwu, Bapupawm egsa okono 50.00%.
Mo oTHolwleHMe Ha naeHTudukaumara Ha FFT curHann ¢ UWN u PRN ca nocturHatu 6nmnskm
KayeCcTBEeHM nokasatenu npu keagpatnyHusa 98.24% wn ncespo-kBagpatndHms 98.17% mogen.
NacnegeaH e edekta or FFT obpaboTka KaTo ca yCTaHOBEHW MONOXUTENHN MHAMKALMK 3a
noBulaBaHe Ha KrnacudukaunoHHata TOYHOCT MpU NIMHEWHUTE OUCKPUMWMHAHTHM MOAENU B
paMKnTe Ha cefeMm, OCeM MPOLEHTa.

| Balabanova, S Kostadinova, V Markova, G Georgiev, Analysis and Categorization of
Traffic Streams by Atrtificial Intelligence, Biomedical Innovations and Applications (BIA),
2019, Publisher:IEEE, ISBN 978-1-7281-4754-3

Analysis and categorization of traffic streams by artificial intelligence
Balabanova, I., Kostadinova, S., Markova, V., Georgiev, G.

This report presents an evaluation of artificial neural networks in terms of computational
efficiency, by analyzing transmitted information flows for determination the type of defined traffic
categories using artificial intelligence. The subject of study are Markov M/M/c circuits with
unlimited number of waiting calls in the queue and fixed number of server stations in
accordance with the desired test categories, as follows c=5, ¢=10 and c=15. Three layer
architectures are applied to different types of neural output activators with Levenberg-Marquardt
training, respectively linear, tangent-sigmoidal and logarithmic-sigmoidal. The lowest values of
the Mean Squared Error (MSE) of 0.0080, 0.0041, and 0.1923 are experimentally established at
7, 3, and 25 hidden neurons for the indicated activation functions. An accuracy levels of 94.4%,
100.0%, and 70.6% were obtained against indicator levels for identical numbers of neurons.

B poknaga e HanpaBeHa OLEHKa MO OTHOLWEHMEe Ha u3ducnetenHata eqekTMBHOCT Ha
N3KYCTBEHUTE HEBPOHHU MpEXW NpU aHanm3 Ha npegaBaHn WHOPMAaUMOHHM MOTOUM 3a
onpefenaHe Ha Tuna Ha AeduHupaHn TpaduUyHU KaTeropumM C MNOMOLLUTA Ha W3KYCTBEH
nHTenekt. O6ekT Ha nscneaBsaHe ca Bepurn Ha Mapkos M/M/c Npu HENEMUTMPAHO KONMUYECTBO
YakalluM MNOBMKBaHUA B onawkata u (UKCMpaHU CbPBbPHM CTaHUMM B CbLOTBETBETCTBME C
XeraHu TeCTOBM KaTeropuu, Kakto crnegsa ¢ = 5, ¢ = 10 u ¢ = 15. lNpunoxeHu ca TpUCHONHU
APXUTEKTYPU MpU pasfniMieH TUN akTuBalimMs Ha HEBPOHHUTE u3xoau ¢ Levenberg-Marquardt
obyyeHne, CbLOTBETHO JIMHEEH, TaHrec-cUrmMouganeH W  NorapuTMUYEH-CUrMOVAANEH.
EkcnepumeHTanHo ca YCTAHOBEHW HaW-HUCKM CTOMHOCTM Ha Mean Squared Error (MSE)
0.0080, 0.0041 »1 0.1923 npn 7, 3 n 25 ckpUTM HEBPOHA B nocriefoBaTeneH peq 3a ykasaHute
dyHKUMM Ha akTmBaums. CnpsMO HMBaTa Ha NokasaTens npu naeHTndeH G6pon HEBPOHWM ca
nony4eHn ToyHoctn 94.4%, 100,0% n 70.6%.
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| Balabanova, S Kostadinova, V Markova, G Georgiev, Categorization of Markov
Chains M/M/c/k by Feed-forward Neural Networks, Biomedical Innovations and
Applications (BIA), 2019, Publisher: IEEE, ISBN 978-1-7281-4754-3

Categorization of markov chains m/ m /c/k by feed-forward neural networks
Balabanova, I., Kostadinova, S., Markova, V., Georgiev, G.

The report presents the study of the possibility of applying Artificial Intelligence to analyze traffic
data in order to define their category against the observed circuits for different number of server
stations in M/M/c/k queuing model, respectively c= 0, c= 5 and ¢=20. Feed-forward neural
models with Scaled Conjugate Gradient training are used at given 'sigmoid' activation types in
hidden and 'softmax’ in output network layers. The selection is performed in range of 3 to 25
intermediate neurons in assessing the information content of five input indicators-'client 1D',
'service request time', 'service starting time', 'server id' and 'release time of requests'. A model is
synthesized for four input variables without the 'service request time' parameter and accuracy of
87.7% was achieved. For the established model, the experiment was extended to 39 neural
units, to reaching a potential accuracy level of over 90.0%. The highest accuracy of 90.7% is
achieved at 33 neurons.

B moknaga e pasrnegaHa Bb3MOXHOCTTaA 3a npunoxeHune Ha Artificial Intelligence npn aHanus
Ha M/M/c/k TpaduniHM gaHHKU C Len aeduHUpaHe Ha TaxXHaTa KaTeropus cnpsmo obcnyXBaHu
BEPUIK Npu pasnuyeH 6poi CbpBbLPHN CTaHUUN, CbOTBTHO € = 10, ¢ = 15 n ¢ = 20. 3nonasanu
ca feed-forward HeBpoHHU Mogenu ¢ obydeHne no Scaled Conjugate Gradient anropuTbm npu
3aaHn akTMBauMOHHM Tunoee ,sigmoid“ B ckputute n ,softmax” B M3XogHM MpPEXOBU CrOEBE.
M3BbplueHa e cenekumsa B rpaHuuute oT 3 Ao 25 MEeXOMHHW HeBpOHa Npu OueHKa Ha
WH(POPMaTMBHOCTTAa Ha NEeT BXOAHW Npu3HaKa — ,KIMEHTCKM WAEHTUdUKALMOHEH HOMep®,
,BPEME Ha TMOCTbMBaHe Ha 3aaBKW‘, ,BpemMe Ha CcTapTupaHe Ha obcnyxsaHe,
,MOEHTUMUKALUNOHEH CbPBBPEH HOMEP® N ,BpeMe Ha ocBOOOXaaBaHe Ha 3asaBku“. CUHTe3npaH
€ Mogen npu 4YeTupu BXOAHM NpoOMeHnuBM 6Ge3 napameTbpa ,BPEME Ha CTapTUpaHe Ha
obcnyxBaHe“ ¢ nonyyeHa TovHocT 87.7%. Cnea KoeTo 3a yCTaHOBEHWUs MoAen, ekcrnepuMmeHTa
e paswupeH Ao 39 HeBPOHHM eAuHMLM A0 AOCTUraHe Ha NOTEeHUManHO HMBO Ha TOYHOCT Hapg
90.0%. B nscnegsaHnst onuTeH gManas3oH e KoHCcTaTtupaHa Han-Bucoka TouHocT 90.7% npu 33
HEeBpOHa.

G. Georgiev, |. Balabanova, S. Kostadinova, R. Dimova, Structure Synthesis of ANFIS
Classifier for Teletraffic System Resources Identification, IEEE International Black Sea
Conference on Communications and Networking (BlackSeaCom), Varna, Bulgaria,
2016. Publisher:IEEE. ISBN:978-1-5090-1925-0

Structure synthesis of ANFIS classifier for teletraffic system resources identification
Georgiev, G., Balabanova, |., Kostadinova, S., Dimova, R.

In the communication systems, Adaptive Neuro-Fuzzy Interface Systems (ANFIS) are used for
the detection of unauthorized user access and forecasting product demand for 3G and 4G
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mobile phones. The Paper proposes ANFIS for identification of quantity of servers in a teletraffic
system. Combinations of teletraffic performance parameters are defined for synthesis of the
structure of the neuro-fuzzy classifier. The errors variations are studies in process of training for
a hybrid algorithm and for a backpropagation algorithm. Performance of the system is studied
based on selected combination of parameters. The minimum root mean square error 0.015763
and accuracy classification 100.00% are obtained.

B KOMyHMKaUMOHHUTE CUCTEMU Ce Wu3non3Bat AgdanTUBHU HEBPO-Pa3MUTUN UHTEPGENCHU
cuctemn (ANFIS) 3a oTkpuBaHe Ha HeoTopu3upaH NOTPebMTEeNnckn AOCTbN M NPOrHo3npaHe
TbPCEHETO Ha nNpoaykTn. B cTtatusaTa ce npegnara ANFIS 3a ngeHtngukaums Ha Konnm4ecTsoTo
obcnyxxBawm ycTponcTBa B TeneTpadmyHa cuctema. 3a CUMHTE3a Ha CTpyKTypaTa Ha HeBpo-
pasMuTus knacudumkatop ca AeuHMpaHn KOMOUHauMKM OT TerneTpaduyHu napameTpu Ha
edeKkTMBHOCTTa Ha obcnyxBaHe. M3cnegBaTt ce BapuauumMTe Ha rpeLlkMTe npu npouec Ha
obyyeHue 3a xMbpuaeH anropuTbM U anropuTbm 3a obpaTHO pasnpocTpaHeHue. N3cnensa ce
Npou3BOAUTENHOCTTA Ha cMCTeMata Bb3 OCHOBa Ha m3bpaHaTa KomMbuHaums OT napameTpu.
lMonyyeHn ca MnMHMUManHa cpegHa ksagpatuyHa rpewka 0,015763 n knacudukaumoHHa TOYHOCT
ot 100,00%.

Balabanova, G. Georgiev, P. Penchev, S. Kostadinova, R. Dimova, Classification of
Teletraffic Service Devices by K-NN, ANFIS and ANN Classificators, IEEE International
Black Sea Conference on Communications and Networking (BlackSeaCom), Varna,
Bulgaria, pp(1-5), 2016. Publisher: IEEE. ISBN:978-1-5090-1925-0

Classification of teletraffic service devices by k-NN, ANFIS and ANN classificators
Balabanova, I., Georgiev, G., Penchev, P., Kostadinova, S., Dimova, R.

In this paper various types of classifiers for quantitatively identify teletraffic service devices are
proposed. The classification method 'K - Nearest Neighbors With Defined Cityblock Metric
Distance At Three Nearest Neighbors' is selected. A classifier structure is synthesized based on
Adaptive Neuro-Fuzzy Interface Systems (ANFIS) in hybrid learning algorithm and Gaussian
type membership function of the input variables. Results are obtained for variation of mean
square error and classification accuracy in a variation of neurons in the hidden layers of artificial
neural networks with different number of output neurons and method of encoding target classes.
A network structure with better performance is selected based on the parameters values of
linear regression and correlation.

B Tasnm cratms ca npeanoXeHu pasnuMyHu BUAOBE KnacudukaTopyu 3a  KONMYECTBEHO
noeHTudmumpaHe Ha TeneTpaduyHn ycTponcTBa. M3nonsea ce knacugukaunoHHmaT metog “K
- Nearest Neighbors With Defined Cityblock Metric Distance At Three Nearest Neighbors”
KnacudwukaumoHHata CTpyKTypa ce cuHTe3uMpa Ha 6asata Ha AJanTMBHM HEBPO-pasMuUTU
uHTepdencum cuctemm (ANFIS), xmbpugeH anroputbm 3a o0OyyeHMe w QyHKUMA 3a
NPUHaANeXHoOCT Ha BXoAHWUTe npomeHnueu oT [aycoB Tun. [lonyyeHn ca pesyntatu 3a
Bapuauusa Ha cpefHaTa KBagpaTuyHa rpelka n TOYHOCT Ha Knacudukaumsta npu BapupaHe Ha
HEBPOHUTE B CKPUTUTE CNOEBE Ha U3KYCTBEHA HEBPOHHA Mpexa C pasnuyeH 6pon n3xogHu
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HEBPOHU 1 MeTOo[ 3a KoaupaHe Ha LeneBuTe knacose. M3GpaHa e CTpyKTypa Ha mpexara C no-
fobpa npousBOAUTENHOCT Ha GasaTta Ha CTOMHOCTMTE Ha napameTpute npu JMHenHa
perpecus 1 kopenauus.
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Balabanova |, G. Georgiev, S. Sadinov, S. Kostadinova., Synthesizing of Models for
Identification of Teletraffic Markov Chains by Artificial Neural Networks and Decision
Tree Method, Journal of ELECTRICAL ENGINEERING (Slovakia), vol. 69, No (5),
2018,pp. 379-384, ISSN:1335-3632

Synthesizing of models for identification of teletraffic Markov chains by artificial neural
networks and decision tree method
Balabanova, I.S., Georgiev, G.l., Sadinov, S.M., Kostadinova, S.S.

Imitation modelling processes of telegraphic systems on the Markov chains with unlimited and
limited queues were made. For this purpose, the Java modeling tool simulation environment is
used. With a fixed number of client stations and a number of system users, data are
accumulated about the telegraphic system parameters as: customer ID, arrival time, server 1D
and exit system. Artificial neural networks (ANN) with backpropagation algorithm and decision
tree (DT) method for identification of the studied Markov chains in MATLAB were applied.
Training of the structural identification models to determine of the membership of the obtained
parameters in telegraphic simulation to both unlimited and limited systems was carried out. The
results of the training and synthesis of ANN and DT models are presented. Sufficient results
have been obtained for telegraphic identification confirming the successful application of the
proposed synthesized classification models, approximately 91% for DT and 99.2% for ANN.

B nybnukauusata e npunoXxeH MHOBATMBEH NoAxo4 3a umaeHTudmkaumsa Ha Bepurn Ha Mapkos
M/M/c n M/M/c/k B MATLAB Ha 6a3a Ha MmaTeMaTU4YeCKUTE anapaTu Ha N3KYCTBEHUTE HEBPOHHN
mpexn (ANN) oT Tvn c oGpaTHO pasnpocTpaHeHWe Ha rpelikata M MeToga AbpBO Ha
peweHunata (DT). N3BbpweHo e obydeHne Ha CTPYKTYPHU MAEHTUUKALMOHHW Mogenu 3a
onpegensHe Ha NpUHaANEeXHOCTTa Ha NofyvYeHnTe napameTpuy Npu TenetTpaduyHa cumynaums
kbm M/M/c wnnn M/M/c/k Bepurn, 6asupaHo Ha YykasaHuTe anapaTtu. [lpeactaBeHu ca
pesyntatute OT npoBeaeHoTo obyyeHue n cuHTe3 Ha ANN m DT mogenu. lNMocTurHatn ca
AOCTaTb4yHO BMCOKM pe3ynTatm npu TeneTpaduyHa uaeHTUdMKaums, nNOTBbPKAABALLM
YCMELWHOTO MNPUMOXeHWe Ha MNpPeanoXeHnTe CUHTEe3MPaHW KNnacUUKaALMOHHN  MOAEnNM,
cboTBETHO NpnbnunantenHo 91.00% npu DT 1 99.20% npn ANN.

Georgiev G., I. Balabanova, P. Kogias, S. Sadinov and S. Kostadinova. Identification of
Sine, Squire, Triangle and Sawtooth Waveforms with Uniform White and Inverse F
Noises by Adaptive Neuro - Fuzzy Interface System, Journal of Engineering Science and
Technology Review, Open Access, Volume 11, Issue 3, pp. 128-132, 2018, ISSN:1791-
2377

Identification of Sine, Squire, Triangle and Sawtooth waveforms with uniform white and
inverse F noises by Adaptive Neuro-Fuzzy Interface System
Georgiev, G., Balabanova, I., Kogias, P., Sadinov, S., Kostadinova, S.

In this paper the structures of Adaptive Neuro-fuzzy interface system (ANFIS) are studied for
noise identification. The system's structures are analyzed for different types of membership
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functions applied for input variables with root mean square errors variation. Hybrid algorithm
and back propagation algorithm are applied. The input data are obtained through system
simulation based on LabVIEW system design platform and development environment. The
choice of ANFIS structure is based on the training results and minimum RMSE for identification
of the signals with uniform white and inverse F Noises. Therefore, "gbellmf" membership
function for input data variables is chosen. The accuracy classification is obtained at 100 %.

B nybnukaumaTa ca vuscnegBaHu CTPYKTYpU Ha aganTMBHW HEBPOHHO-PasMUTU MHTEPEENCHM
cuctemMu 3a WymoBa uaeHTUdUKaums. HeBpOHHO-pa3MUTUTE CUCTEMW Ca aHanusnpaHu npu
pasnnyHn TUNoBE YHKUMM Ha MPUHAOSIEXHOCT Ha BXOOHWUTE MPOMEHMMBU C U3MEHEHWe Ha
RMSE (Root Mean Square Error). MNpunoxexun ca xnbpuaeH anroputsbm (hybrid) n anroputsem ¢
obpaTHO pasnpocTpaHeHne Ha rpewkata (backpropa). TecToBuTe OaHHM 3a cCurHamuTe ca
nosnly4yeHun B pesynrtar oT cumynauma B nnatgopma LabVIEW. Bb3 ocHoBa Ha npeacTaBeHuTe
pesyntatu npu oby4yeHme n MMHMUManHa ctonHoct Ha RMSE = 0.062289 3a vaeHTuduumnpaHe
Ha CuUrHanM C HacroXeHn LWymoBe ce u3bupa cTpyktypa Ha ANFIS ¢ dyHKuumn Ha
NPUHaANEeXHOCT Ha BXOAHWUTE MpoMeHnuBuM oT kambaHoBuaeH Tun (gbellmf) kato e nonyyena
MakcumarHa knacudukaumoHHa TodHocT 100.00%.
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My6nukauum npeacrtaBeHn no nokasaren 4.7

Ivelina Balabanova, Stela Kostadinova and Georgi Georgiev
Recognition of Noises and Noise Speech Signals by Artificial Neural Networks, Biomedical
Innovations and Applications (BIA) 2021, in print

According to the studies, the most commonly used mathematical apparatuses for signal
recognition tasks are Convolutional Neural Networks (CNNs), Recurrent Neural Networks
(RNNs) and Deep Neural Networks (DNNs). This paper presents an innovative approach
related to the possibility for identification of accidental noise impacts and human speech with
superimposed presence of noise by Backpropagation Neural Networks (BNNs) in different
transfer functions. BPNs with linear, tangent-sigmoid and log-sigmoid transfer functions in the
output layers are tested. A neural architecture for noise recognition in 6 neurons defined in the
hidden layer with “tansig” activation output and achieved accuracy of 98.3% is selected. In the
speech processing, an identical efficiency of 93.7% in 4, 3 and 4 hidden neurons for all types of
output transfer functions was observed.

Cnopep npoy4BaHusATa Han-4eCTO W3MNOM3BaHUTE MaTteMaTudecku anapaty 3a pasno3HaBaHe
Ha CUrHanu ca KOHBOMIOUNOHHUTE HEBPOHHN Mpexu (CNN), umknnyHn HeBpoHHN Mpexn ( RNN)
n obnbokn HeBpOoHHU Mpexu (DNN). Tasu ctaTns npeactaBs MHOBATMBEH MOAXOA, CBbP3aH C
Bb3MOXHOCTTa 3a uMaeHTUUUMpaHe Ha CnyyYamHW LUYMOBWU BBH3OEWUCTBUS U YOBELLKA ped C
HaCMnoXeHo HannuMe Ha LUyM 4pes3 HEBPOHHU Mpexu 3a obpaTHo pasnpocTpaHeHue (BNN) B
pasnuyHn TpaHcdepHu QyHKUMKU. TectBaHM ca BPN C NUHENHW, TaHreHc-CUrMouaHu Wu
norapuTMUYHO-CUrMOMAHN TpaHcdhepHn yHKUMM B uaxogHute crnoese. V3bpaHa e HeBpOHHa
apxuTeKTypa 3a pasno3HaBaHe Ha LyM ¢ 6 HeBpoOHa, AeUHUPaHN B CKPUTUA CNOW C n3xo[ 3a
akTuBmpaHe tansig® u nocturHata TouHOCT OT 98,3%. lpm obpaboTkata Ha pedta ce
HabnogaBa naeHTn4Ha eekTnBHocT ot 93,7% B 4, 3 1 4 CKPUTM HEBPOHW 3a BCUYKMA BMAOOBE
N3X0OHW TpaHcepHN dYHKLNN.

Ivelina Balabanova, Stela Kostadinova and Georgi Georgiev, Stress Recognition Using
Sound Analysis, k-NN, Decision Tree and Artificial Intelligence Approach, International
Conference on Biomedical Innovations and Applications(BIA), 2021 in print

Stress Recognition Using Sound Analysis, k-NN, Decision Tree and Atrtificial
Intelligence Approach

Ivelina Balabanova, Stela Kostadinova and Georgi Georgiev

The paper presents an approach for stress recognition based on registered sound parameters
LZE, LZeq, LZF and LZS in different speech levels in working environment. The approach
combines k — nearest neighbors (k-NN) method in Euclidean, Cityblock, Minkowski and
Chebychev metric distances, Decision tree (DT) method with CART algorithm and artificial
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neural networks (ANN) with Levenberg-Marquardt (LM) and Scaled Conjugate Gradient (SCG)
algorithms. According to k-NN method a maximum accuracy of 93.99 % with minimum
parameter k = 3 for Cityblock distance have been registered. There has been established a
fourth optimum level of nodes pruning from the structure for multiple choice of the classification
group by used on DT method with achieved accuracy of 99.05 %. In investigation of LM
algorithm during training of networks with purelin, tansig and logsig transfer functions has been
achieved identical accuracy of 99.99 %. ANN architecture with tansig output activation function
has been selected With regard to a minimal indication of Mean Squared Error (MSE) indicator
0.0064 in 11 hidden neurons. By using of artificial intelligence (Al) during SCG training was
synthesized a model for correct speech recognition with level accuracy 100.00 %.

CratuaTta npegctaBs noaxon 3a pasno3HaBaHe Ha cTpec, GasvpaH Ha perncTpupaHm
3BykoBM napameTtpu LZE, LZeq, LZF n LZS c pasnuyHn peyeBu HMBa B paboTHa cpena.
MogxoabT cbyeTaBa Metoda Ha k — Han-6nmsknte cbeeamn (k-NN) B MeETpUYHUTE pa3CcTOAHUS
Ha Euclidean, Cityblock, Minkowski n1 Chebychev, meTtoga Ha abpBoTO Ha pewenusaTa (DT) ¢
CART anroputeM u u3kyctBeHun HeBpoHHU Mpexun (ANN) c Levenberg-Marquardt (LM) u
Scaled Conjugate Gradient (SCG) anroputmu. o metoga k-NN e pernctpupana makcumarnHa
ToyHocT oT 93,99 % ¢ muHumaneH napameTbp k = 3 3a Cityblock distance. YctaHoBeHO e
4YeTBBbPTO ONTUMASTHO HUBO Ha CbKpalllaBaHe Ha Bb3Mnu OT CTPYKTypaTa 3a MHOXECTBEH n3bop
Ha KnacudukaumoHHata rpyna no metoga DT ¢ nocturHata TouHocT oT 99,05 %. [lpum
nacnegsaHe Ha LM anroputbm no Bpeme Ha obyyeHue Ha Mpexn ¢ npegasaTteniHu yHKUUK
purelin, tansig n logsig e nocturHata mgeHTu4Ha TodHOCT oT 99,99 %. WM3bpaHa e ANN
apxuTekTypa C (yHKUMS 3a akTMBupaHe Ha tansig u3xog no OTHOLIEHWE Ha MWHUManHa
CTOMHOCT Ha uMHAMKaTopa 3a cpefHa kBagpaTtuyHa rpewka (MSE) 0,0064 ¢ 11 ckputum
HeBpoHa. Ypes3 manonssaHe Ha m3kyctBeH mHTenekt (Al) no Bpeme Ha SCG obyyeHuneTo e
CUHTE3MpaH MOAEN 3a NpaBUITHO pa3rno3HaBaHe Ha peY ¢ HMBO Ha To4HocT 100.00 %.

Balabanova, S. Kostadinova, and G. Georgiev, Regression Analysis and Optimization of
Teletraffic Models for Parameters Forecasting, Journal of Engineering Science and
Technology Review 9(16),2020, ISSN:1791-9320E-ISSN:1791-2377

Regression Analysis and Optimization of Teletraffic Models for Parameters Forecasting
Balabanova, I., Kostadinova, S., Georgiev, G.

One of the main aspects of quality of service provisioning in teletraffic systems is the ability to
predict the moments in which the calls are received and served at optimal input parameters. For
this purpose, in the report an approach for synthesis and optimization of mathematical Markov
M/M/1 systems models based on design of experiment, regression analysis, Interior point and
Genetic algorithms is presented. Non-symmetric quasi-D-optimal plan for second-order
polynomials and the Symmetric Quasi-D-optimal plan for linear prognostic models based on the
R2 coefficient are selected. The impact of mean arrival rate and mean service time for the
predicted incoming and outgoing traffic flow times are analyzed. Optimization procedures for
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constant non-linear minimization are applied in searching for potential minimum of the mean
arrival rate of calls in the system through Interior point and Genetic algorithms. Achieved optimal
solutions have a certain degree of similarity. The better results are achieved with the intelligent
optimization approach, illustrated by a set of generated numerical and graphical experimental
results.

EOvH OT OCHOBHMTE acnekTM Ha NpegocTaBAHETO Ha KayeCTBEHW YCNyrn B cUCTEMUTE 3a
TeneTpadmk € Bb3MOXHOCTTA 3a MPOrHO3MpaHe Ha MOMEHTWUTE, B KOMTO MOBUKBaHMATA ce
nony4aesaT u obGcnyxBaT Mpu ONTUManNHM BXOAHW NapameTpu. 3a Tasu uen B Aoknaga e
npeacTtaBeH noaxod 3a CMHTE3 M ONTMMM3auMs Ha MatemaTuydecku moaenu Ha MapKoBCKM
M/M/1 cuctemn, 6asvpaHn Ha Ou3anH Ha eKCNepuMEHT, perpecuoHeH aHanus, Interior point n
reHeTUYHN anroputmMu. M3bpaHn ca HeECMMETPUYEH kBa3n-D-onNTMMarneH nrnaH 3a NosIMHOMK OT
BTOPU pen W CUMETpUYEH KBasu-D-onTumaneH nnaH 3a fMHEeNHW MNPOTrHOCTMYHM MOAENW,
GasupaHn Ha koeduumeHTa R2. AHanusnpa ce BfMSHMETO Ha cpegHaTta CKOPOCT Ha
npucTUraHe n CpPeaHoTO Bpeme 3a obcnyxBaHe 3a NPOrHo3MpaHWTE BPEMEHA Ha MOTOKa Ha
BXOAdAW, M u3xogsaw, Tpaduk. lMpunoxeHn ca oNTMMMU3ALMOHHWM Npoueaypu 3a MNOCTOsIHHA
HEeNUHerHa MUHUMKU3aUMs NpU TbPCEHe Ha NOTeHuuaneH MMHMMYM Ha cpegHaTa CKOpPOCT Ha
npucTUraHe Ha TMOBUKBaHMSI B cuctemarta 4pes3 Interior point n Genetic anropytmu.
MMocTurHaTMTE ONTUMArHU peLleHns uMaT M3BECTHa CTeneH Ha cxoacTBo. Mo-gobpu pesynTtaTtn
ca MOCTUrHATU C WHTENUIEeHTHUS ONTUMU3ALMOHEH NOoAXond, WICTpUpaH OT Habop oOT
reHepupaHn UMdpoBn 1 rpaddnUyHN ekCnepMMEHTarnHn pesynraTty.

Balabanova, S. Kostadinova, V. Markova and G. Georgiev, Speech Stress Recoghnition
by Sound Analysis and Multilayer Artificial Neural Networks, 2020 International
Conference on Biomedical Innovations and Applications(BIA), 2020, pp.77-80, doi:
10.1109/BIA50171.2020.9244508

Speech Stress Recognition by Sound Analysis and Multilayer Artificial Neural Networks
Balabanova, I., Kostadinova, S., Markova, V., Georgiev, G.

The report presents the study of recognition of stress states through Multilayer Backpropagation
Neural Networks (MBNN) based on extracted sound indicators at speech signal analysis.
Experimental neural architectures with tangent-sigmoid and logarithmic-sigmoid functions in the
two hidden layers with different initial activation were tested. The models with initial logarithmic-
sigmoid type, where the obtained maximum accuracy is 75.00%, are defined as inapplicable. In
MBNNs with linear and tangential-sigmoidal functions in the initial layers, significantly better
adequacy was found as the highest levels of the indicator reached 100.00%.

HdoknagbT npeactaBa u3cregBaHe Ha pas3no3HaBaHETO Ha CbCTOSHUA Ha CTpec 4ype3
MHOFOCITOMHN HEBPOHHW Mpexu ¢ obpaTtHo pasnpocTpaHeHme (MBNN) Bb3 oOcHOBa Ha
M3BMNEeYEHN 3BYKOBM WHOMKATOPU NpuM aHanu3 Ha pevyeBn curHanu. TecTBaHuM ca
eKCnepuMeHTanHN HEBPOHHN apXUTEKTYPU C TAHFEHC-CUTMOMAHU U NOrapuTMUYHO-CUTMOUOHN
dyHKUMM B ABaTa CKPUTK Cros C pasnmMyHO MbpBOHAYanHo aktmempaHe. Kato Henpunoxmmm ce
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onpegenart mogenuTe C WM3XOAEH JOrapuTMUYHO-CUIMOMAEH TWM, MPUM KOUTO nonydeHaTta
MakcmmanHa TodHocT € 75.00%. lMpy MBNN C nMHENHM U TaHreHumanHo-curmomgasHu
yHKUMM B Ha4anHUTE CrNoeBe Ce YCTaHOBSIBA 3HAYMTENHO No-gobpa agekBaTHOCT, KAaTO Hawn-
BUCOKUTE HMBA Ha nokasatens gocturat 100,00%.

Balabanova, S. Kostadinova, V. Markova and G. Georgiev, Synthesis of Prediction
Models for Levels of Noises in Electrical Signals, 2020 International Conference on
Biomedical Innovations and Applications (BIA), 2020, pp. 149-152, doi:
10.1109/BIA50171.2020.9244489

Synthesis of Prediction Models for Levels of Noises in Electrical Signals
Balabanova, I., Kostadinova, S., Markova, V., Georgiev, G.

The results of evaluation of linear regression models and artificial neural networks (ANN) with
linear output activation for prediction of the amplitude of Uniform White Noise superimposed in
signals with Sine, Square, Triangle and Sawtooth shape are presented in the paper. Regarding
the models, various statistical parameters were derived for the signals used as independent
predictive variables. In the course of the research different variations of the coefficients of
certainty in the regression analysis and the correlation coefficients in ANN were registered and
the indicators “maximum” and “minimum” values were selected according to their highest levels.
Predictive mathematical regression models of zero degree are derived for the considered signal
groups with R2 above "0.99", determining the application of higher degree models as
unnecessary and inappropriate. A selection of neural architectures was made according to the
requirement for minimum of the Mean Squared Error indicator (MSE), reported at 14, 15, 9 and
11 neurons in the intermediate layers in the sequence of the listed signals, and here the
established R levels are above "0.975".

lMpeacTaBeHn ca pesyntatuTe Npu OLEHsIBaHe Ha MHENHWN PErPECUOHHU MOAENN U U3KYCTBEHU
HeBpoHHN Mpexun (ANN) ¢ nuHerHa n3xoaHa akTMBaums 3a NPOrHO3MpaHe Ha aMmnnuTyaarta Ha
CUrHann cbC CUMHycomaarHa, NpaBobrbiHa, TPUbIbIIHA U TPMOHOOOpasHa popMa C HaCMoXeH
NoCTOsAHEH 0an wym. o OoTHOWeEHWe Ha MoAdenuTe ca W3BMNEYEHU pPasfnnYHU CTaTUCTUYECKU
napameTpu 3a CurHanute, M3non3BaHuW KaTo He3aBUCUMM Npeackassaliy npomMennveu. B
npoueca Ha u3cnegBaHe ca pPerncTpyupaHu pasnuyHu Bapuvaumm Ha KoedUuuMeHTUTe Ha
onpeneneHocT Npu PerpecuoHHUst aHanms KU KopenaunmoHHuTe koedumumeHTn npu ANN kaTo
CNpPsSIMO TEXHUTE HaM-BUCOKU HMBA ca NoabpaHn nokasatenute ,makcumanHa® n ,MuHumanHa“
CTOMHOCTU. M3BeaeHn 3a MPOrHO3HM MaTeMaTMYEeCKU PEerpecuoHHM MOLENW OT HyneBa CTeneH
OTHOCHO pasrnexgaHute curHanHu rpynn ¢ R2 Hag ,0.99% onpegenswo npunaraHeTo Ha
MOZENM OT MO-BUCOKA CTEMEH KaTO HEHYXHO W Henogxogswo. HanpaBeH e nogbop Ha
HEBPOHHW  apXUTEKTypu  cropeg  M3UCKBaHe 3a  MUMHUMMANHOCT Ha  MHAWKaTopa
cpegHokBagpaTtuyHa rpewka (MSE), otyeteHa npu 14, 15, 9 n 11 HeBpoHa B MeEXOUHHUTE
crnoese B MocrnefoBaTeNHOCT Ha M3bpoeHUTe curHanu kaTo TyK yCTaHOBeHWUTe HmBa Ha R ca
Hapg ,0.975%
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I. S. Balabanova, S. S. Kostadinova, V. |. Markova and G. |. Georgiev, Identification of
Tones with Noises by Artificial Intelligence, 2020 28th National Conference with
International Participation (TELECOM), 2020, pp. 41-44, doi:
10.1109/TELECOM50385.2020.9299531

Identification of Tones with Noises by Artificial Intelligence
Balabanova, I.S., Kostadinova, S.S., Markova, V.l., Georgiev, G..

The paper presents the results of the application of the apparatus of artificial backpropagation
neural networks in identification of signal frequency tones with different RMS noise level. The
Levenberg-Marquardt (LM) and Scaled Conjugate Gradient (SCG) training algorithms were
applied in the processes of neural synthesis. The results cover groups of indicators such as
Mean Squared Error (MSE), Cross-Entropy (CE), Correlation coefficients and Classification
Accuracy in train, validation and test procedures. Three-layer with 35 hidden neurons and four-
layer architectures with 22 in the first and 11 neurons in the second hidden layer in hyperbolic
tangent transfer functions with maximum accuracy of 96.00% and 98.00% in LM training were
selected. About the procedures for SCG algorithm with softmax output activation function a
neural network with the best accuracy of 94.3% in 29 hidden neurons was synthesized.

B poknaga ca npenctaBeHu pesyntaTtute OT MNPUMOXKEHWe Ha anapata Ha W3KYyCTBEHUTe
HEBPOHHN MpeXu C obpaTHO pasnpoCTpaHeHWe Ha rpelwkata npyv uaeHTuduumpaHe Ha
YECTOTHM CUrHarHuM TOHOBE C pasnuyHo RMS HmBO Ha wym. B npouecute Ha HEBPOHOHEH
cuHTe3 ca usnonssaHu Levenberg-Marquardt (LM) mn Scaled Conjugate Gradient (SCG)
obyyaBawu anroputmn. Pesyntatute obxsaliart rpyny OT nokasaTtenu KaTo cpefHoKBApaTU4Ha
rpewka (MSE), cross-entropy (CE), kopenauuoHHHM KoeUUMEHTM W TOYHOCT Ha
knacudpukauua npu obydyeHue, BanuauvpaHe U TecTBaHe. CenektupaHu ca TpucrnonHa W
YyeTUpUCHIONHA apxXuUTeKkTypu ¢ ,35“ MexauHHU HeBpoHa n ,22 B nbpBua U 11 HeBpoHa BbLB
BTOPUS CKPUT CMon“ npu TaHrec-curmouganeH akTuBauuoHeH Tun B WU3XOOHMS Cron C
MakcmmarnHum TodHoctn 96.00 % mn 98.00 % ¢ LM obydenwne. MNpu npouenypute oTHocHO SCG
anroputbM ¢ softmax na3xogHa yHKUMS Ha akTUBaLMSA € CMHTe3npaHa HEBPOHHA MpeXa C Hau-
Aobpa ToyHocT npu ngeHtudmkaumsa 94.3 % npm ,29“ MeXanHHM HEBPOHa.

I. S. Balabanova, V. I. Markova, S. S. Kostadinova and G. |. Georgiev, "Comparative
Analysis between Machine Learning Methods in Tones Classification, 28th National
Conference with International Participation (TELECOM), 2020, pp. 45-48, Publisher:
IEEE do0i:10.1109/TELECOM50385.2020.9299535

Comparative Analysis between Machine Learning Methods in Tones Classification
I. S. Balabanova, V. |. Markova, S. S. Kostadinova and G. |. Georgiev
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This paper presents the comparative analysis between the indicators in synthesis of models
based on machine learning techniques for RMS noise levels recognition about tones with
frequencies 75 Hz, 100 Hz, 125 Hz, 150 Hz, 175 Hz and 200 Hz. Linear, diagonal-linear,
pseudo-linear, quadratic, diagonal-quadratic and pseudo-quadratic discriminant classification
models were performed in MATLAB. A pseudo-quadratic model with the highest accuracy of
84.650% was selected. Based on the Naive Bayes algorithm with Gaussian and Kernel
probability distributions of the input variables is implemented in the classification process as the
better results is reported in the second approach. In selection of the metric distance,
respectively Euclidean, Cityblock, Minkowski and Chebychev by the k-NN method, an accuracy
range from 89.800% at Cityblock to 91.050% at Euclidean at the experimentally established
best value of k=3 is observed. Optimal and basic models for chosen of the solution from many
of possibilities at tone recognition were synthesized.

B noknaga ca npefctaBeHU JaHHM OT CpaBHUTENEH aHanua Mexay nokasatenute npu CUHTe3
Ha MOAEenu 3a pasno3HaBaHe U knacudukaumsa Ha RMS noise levels kbM TOHOBE nNpu 4YecToTn
75 Hz, 100 Hz, 125 Hz, 150 Hz, 175 Hz 1 200 Hz. AHann3bT € npoBeaeH B NnporpaMeH NpoayKT
MATLAB. W3BbpweHo e oOyvyeHne Ha §nuHeeH, [AuaroHanHo-NIMHEEH, NCeBAO-NIMHEEH,
KBagpaTuU4ieH, OuaroHanHo-KBagpaTuyeH W NceBAO-KBagpaTUYeH OUCKPUMWHAHTHU MOAENMW.
CenekTupaH e nceBno-kBagpaTnyeH Moges, Nnpu KONTo e nofnydeHa Han-sucoka To4HocT 84.650
%. Ha 6a3a Ha anroputbma Ha benc e peanusupaHa knacudpukauunsa npu Maycoso n KepHen
BEPOATHOCTHM pasnpeneneHnss Ha BXO4HMTE NPOMEHNMBM KaTo no-gobpu pesyntatn 86.10 %
ca peructpuypanu npu BTopusa noaxod. lpwm HanpaBeH noabop Ha pasctodHue Euclidean,
Cityblock, Minkowski n Chebychev no metoga k-NN ce HabniogaBaHu 6nmn3ku TOYHOCTU B
nHTepsana ot 89.800 % npwu Cityblock go 91.050 % npu Euclidean npu ekcnepumeHTanHo
yCcTaHOBeHa Haun-gobpa cTtomHocT k = 3.

1. lliev M., Balabanova |., Kostadinova S., Georgiev G., Statistical Processing and Quality of
Service for Incoming Traffic in Markov Chains, Proceedings of 29th Annual Conference of
the European Association for Education in Electrical and Information Engineering
(EAEEIE), 4-6 September, Ruse, Bulgaria, pp. 1-7, Publisher:lEEE 2019 Electronic
ISSN:2472-7687

Statistical processing and quality of service for incoming traffic in markov chains
lliev, M., Balabanova, |., Kostadinova, S., Georgiev, G.

A simulation modeling of M/M/1 teletraffic system is performed, setting the Average Arrival Rate
and Average Service Time and output data are received for the entering time of the user
requests into the system. Transitions and states diagrams are given. Information arrays
concerning current moments of receiving calls for users with identification numbers 100, 200,
300 and 400 are formed. The task of statistical processing and optimization of incoming traffic,
based on a quality control approach on the representative sets, is considered. Theoretical
nominal and acceptable limit values for arrival time are defined, as a result of processing.
Verifications are performed to what extent the experimental observations and the obtained
samples as mean values between them had a normal distribution, and if they fell within the
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respective limits. With respect to each of the surveyed data sets, basic quality indicators are
calculated, illustrated by multiple X-Bar and R plots and probability histograms. The results of
the quality analysis show the highest level of quality with respect to the data set for customer in
order of entry requests number 400. The presented approach to statistical analysis and quality
control includes further steps under establishing samples beyond the limits of optimality and
their exclusion from the composition of the input data.

M3BbplIEHO € CMMynauMoHHO MoaenupaHe Ha TeneTpadumyHa cuctema M/M/1 npu
3a[afieHn cpedHa CKOPOCT Ha MOCTbMNBaHE Ha MOBMKBAHMSA U CpeqHO Bpeme Ha obcnyxBaHe
KaTo ca MoslyYeHu M3XOOHW OaHHM 3a BPEMETO 3a MOCTbNBaHE Ha MOTPEOMTENCKN 3asBKU B
cuctemata. [ageHn ca pguarpamm  Ha npexogute W cbeTtosHuATa. dopmumpaHum ca
MHAOPMALMOHHM MacuBM OTHOCHO TEKYLLUMTE MOMEHTW Ha MOCTbMBaHe Ha MOBMKBAHUA 3a
notpebutenu ¢ naeHtTndmkaumoHHm Homepa 100, 200, 300 n 400. Pasrnexga ce 3agayaTa 3a
ctatucTuyecka obpaboTka M onTMMM3aLmMsa Ha Bxoaswmsa Tpaduk, 6asvpaHn Ha noaxod no
KOHTPON Ha KayecTBOTO BbPXY MNpeacTaBeHuTe u3Bagku. B pesyntat oT obpaboTkata ca
onpegeneHn TeopeTUYHU HOMUHANHU U SONMYCTUMM FPaHUYHU HUBA HA BPEMETO 3a NOCTbMNBaHe,
HanpaBeHW ca NMPOBEPKU OO KakBa CTEMNEH OMUTHWUTE HabnoaeHWs N NonyvyeHuTe pesynTaTHU
€TanoHM KaTo CPEedHN CTOMHOCTM MeXAy TAX nputekaBaT HOPMarHO pasnpeaeneHne, Kakto u
nonagaTt B paMKUTE Ha CbOTBETHUTE rpaHuun. o oTHoweHMe Ha BCeKku OT uacnenBaHuUTe
Habopu OT OaHHM ca KankynMpaHu OCHOBHM MoKa3aTeNu Ha KayecTBO, OHarnegeHu 4pes
MHOXecTBO X-Bar 1 R guarpamu n BepoATHOCTHU xucTorpamu. Pesyntatute oT aHanm3 Ha
Ka4eCcTBOTO Noka3BaT Han-BMCOKa CTEMEH Ha Ka4eCTBO OTHOCHO MHpOpMaLUVoHHaTa M3BaaKa 3a
KIMEHT B pea Ha nocTbnBaHe Ha 3asBkn ¢ Homep 400. [lNpeactaBeHMsAT noaxod 3a
CTaTUCTUYECKN aHamnmM3 1 KOHTPOJST Ha Ka4eCTBOTO BKIOYBA OLLE CTBLMKW MO YCTAaHOBSABaHE Ha
HabMOEeHNa N3BBH YCTAHOBEHUTE FpaHMLN 3a ONTUMArNHOCT U TAXHO M3KMoYBaHe OT CbCTaBa
Ha BXOOHUTE OaHHW.

M. lliev, I. Balabanova, S. Kostadinova and G. Georgiev, Processing and Analysis of
Signals with Superposed Noises by Atrtificial Neural Networks, 29th Annual Conference of
the European Association for Education in Electrical and Information Engineering
(EAEEIE), 2019, pp. 1-8, Publisher: IEEE , Electronic ISSN: 2472-7687

Processing and analysis of signals with superposed noises by artificial neural networks
lliev, M., Balabanova, I., Kostadinova, S., Georgiev, G.

Sine, square and triangle signals with added impact of Uniform White Noise (UWN) and Inverse
F Noise (IFN) are studied in LabVIEW. Spectral characteristics of the signals based on the Fast
Fourier Transform (FFT) algorithm are obtained. A potential task for identification of the type of
disturbing impacts with application of artificial intelligence, trained by Scaled Conjugate Gradient
technical approach in partial data samples for signals in the time and frequency domains is
considered. Target probabilities of membership for UWN signals and IFN signals with and
without FFT processing are defined. Procedures for synthesis of Feed-forward neural
architectures with 'Sigmoid' and 'Softmax' activation functions in the hidden and output layers at
different amounts of hidden neural units within the limits of 5 to 25 were performed. The data on
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basic criteria for cross-entropy synthesis and classification accuracy are analyzed. Neural
networks for identification of spectral signals and signals with superposed noise without FFT
with 20 and 11 hidden neurons and with the best accuracy ratios of 73.40% and 98.00% were
selected. It is established that the use of FFT in the signal processing is not achieve the desire
effect for improvement of classification parameters. An analogous approach is applied to an
attempt to identification of sine and square signals without preprocessing, were the presence of
UWN are replaced by Gaussian White Noise (GWN), and where the highest achieved
identifiable accuracy is 94.20%.

B cumynauunoHHa cpega LabVIEW ca uscnegBaHun cnHycomganeH, npaBoblrbieH U TPUbIbIIeH
curHanu ¢ pgobaseHo Bb3gencteue Ha [loctosHeH 6an wym (UWN) n Posos wym (IFN).
[MonyyeHn ca cCnekTpanHU XapakTepUCTUKM Ha CUrHanuTe C MPUIoXeHMe Ha anropyTbma Ha
Obp3oTo NpeobpaszoBaHme Ha Pypue. PasrnegaHa e noTeHUmManHa 3agada 3a ngeHtudukaums
Ha TuMna CMywaBaliM Bb3OENUCTBUS C NPUNOXEHWE Ha W3KYCTBEH WHTenekT, obyyeH
nocpeacteom Scaled Conjugate Gradient TexHM4eckn nogxod Npy YacTUYHU MHAOPMALMOHHNK
M3Bafkn 3a CUrHanute BbB BpemMeBaTa M 4vecToTHaTa obnactu. [edumHupann ca ueneswu
BEPOATHOCTN Ha NPUHAANEXHOCT OTHOCHO curHanum ¢ UWN u curHanm ¢ IFN ¢ n 6e3 FFT
obpaboTka. M3BbpLlieHn ca npoueaypwn nNo cuHtes Ha feed-forward HEBPOHHM apXUTEKTYpU C
TUMN aKkTUBauUMOHHA yHKUMSA “sigmoid” B MexauHHuS u “softmax” B u3xogHusi cnom npwu
pPasfnnYHN KONMYECTBaA CKPUTU HEBPOHHW €AuHUUM B rpaHuTe oT 5 go 25. AHanusmpaHu ca
OaHHU 332 OCHOBHM KpUTEPUM MPU CUHTE3 Ccross-entropy M TOYHOCT Ha Kracudukaumu.
CenektupaHu ca HeBpoHHN Mpexu npu 20 n 11 MexanHHM HEBPOHa C Han-0obpu nokasaTenu
3a ToyHOCT 73.40% wn 98.00% 3a unaeHTUdMKaAUUS Ha CreKkTpanHu CUrHanm u curHanm c
HacrnoxeHn wymoBe 6e3 FFT. YctaHoBeH € (pakta, 4e BIUSAHMETO Ha OBP30OTO
npeobpasoBaHme Ha ®ypue npu ob6paboTka Ha curHanm HAMa TbpceHuss edekT OoT
nogobpsiBaHe Ha KnacugukaunoHHUTE napameTpu. AHanormyeH Noaxon € NpPUroXeH npu onut
3a ngeHTUdUKaLmMa Ha cMHyconganHn u NpaBobIbiHM curHanu 6e3 npegsaputenHa obpaboTka
kato npucbctBneto Ha UWN e 3ameHeHOo ¢ ToBa Ha [aycoB 6an wym (GWN), kbgeto
nocTurHaTaTa Han-BMCOKa TOYHOCT Npu naeHTudukaumnsa ce paHasa Ha 94.20%.

Balabanova I, G. Georgiev, S. Kostadinova. WEB Design of Digital Filters in LabVIEW
and Connection with MSSQL and MySQL Databases. Proceedings of XXVII International
Scientific Conference of Electronics - ET2018, Sozopol, September 13 — 15, pp. 51-54,
2018, Publisher IEEE, ISBN:978-1-5386-6691-3

WEB Design of Digital Filters in LabVIEW and Connection with MSSQL and MySQL
Databases
Balabanova, I.S., Georgiev, G.l., Kostadinova, S.S.

The paper presents developed virtual tools for modeling of digital IR and FIR in LabVIEW
environment with the possibility of remote access to them through WEB. A custom applications
allowing simultaneous generation of filter coefficients and various types of features that achieve
more complete information about the specifics of their work were made. An innovative approach
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for linking of LabVIEW with Microsoft SQL and MySQL databases has been demonstrated.
Architecture of an innovative solution of a WEB-based system is presented.

B poknaga ca npeactaBeHn paspaboTeHn BUPTyanHU WHCTPYMEHTW 33 KOMMIOTbPHO
mMogenupaHe Ha undposu IIR u FIR B rpaduyHa cpega LabVIEW ¢ Bb3MOXHOCT 3a oTAaneyeH
aocTtbn go Tax npe3 WEB. HanpaBeHute noTpebutenckn npunoxeHns gaBaT Bb3MOXHOCT 3a
€0HOBPEMEHHO TeHepupaHe Ha @UITbPHUTE KOEUUMEHTM U pasfivdHM  TUMNOBMU
XapaKkTepUCTUKKN, C KOETO ce noctura no-nbfiHa MHPOPMMPAHOCT 3a crneundurkaTa Ha TaxHaTa
paboTta. [leMOHCTpMpaH e MHOBaTMBEH MOAXOA 3a peanu3auus Ha Bpb3ku mexay LaBVIEW u
penaumMoHHM CcuUCTeMM 3a ynpaeBneHne Ha 6asm oT gaHHuM Microsoft SQL and MySQL.
lMpeactaBeHa e apxuTekTypa Ha BHeOPEHO MHOBATMBHO pelleHne Ha WEB-based cuctema 3a
npoekTupaHe, nacnenBaHe 1 aHanns Ha LMPOBM PEKYPCUBHU U HEPEKYPCUBHN OUNTPN.

Balabanova |., Georgiev G., Kostadinova S., Artificial Neural Network for Identification of
Signals with Superposed Noises, Proceedings of the Second International Scientific
Conference “Intelligent Information Technologies for Industry” (IITI’17) [Tl 2017.
Advances in Intelligent Systems and Computing, vol 679. Pp488-495, Springer, (2018)
ISBN:978-331968320-1

Artificial neural network for identification of signals with superposed noises
Balabanova, I., Georgiev, G., Kostadinova, S.

In this paper is proposed an innovative approach combining principal component analysis of
information processing and artificial neural patterns in identifying signals superimposed noise in
telecommunications. An artificial neural network multilayer structure with back propagation error
is synthesized for identification of seven groups of pure signals and signals with six type of
noises. As a results for noise identification an accuracy of 92.3 % is obtained. Presented higher
classification results confirm the possibility of extending the technical annex by increasing the
amount of the analyzed signals and the additional types of noise. The implemented neural
model can be successfully used to improve the quality of data transmission and digital signal
processing.

B nybnukauusta e npeanoxeH MHOBAaTUBEH MOAXOA, KOMOUHMpALL, NPUHLMMHUSA KOMMOHEHTEH
aHanM3 3a WHdopmaumoHHa o06paboTka W M3KYCTBEHWUTE HEBPOHHM MOAENW Mpwu
noeHTuunLumMpaHe Ha CUrHanM C HaCroXeHW LWyMoBe B TenekoMyHukauunte. CuHTe3aupaHa e
MHOrOCMONHA CTPYKTypa Ha M3KyCTBEHa HEBPOHHA Mpexa C 0b6paTHO pa3npocTpaHeHwe Ha
rpewkaTa 3a naeHtTudmkauma Ha ceaemM rpynu — CUrHanm B YMCT BUA M CUTHANM C LWeCT Tvna
wyma. Kato pesyntat npu wymoBa uaeHTUdMKaUMs € nocTurHata MakcumarnHa TOYHOCT OT
92.3%. lNpencrtaBeHnTe BUCOKU KIAcUPUKALMOHHM pe3ynTaTu NoTBbpXA4aBaT Bb3MOXHOCTTA
3a paswupsiBaHe Ha 06xBaTa Ha TEXHUYECKO MPUITOXKEHME Ype3 yBENMYaBaHE Ha KONIMYECTBOTO
aHanuanpaHu cuUrHanu u goNbiHUTENHU BUAOBE LWYM. HEBPOHHUAT MOAen ycrnewHo Moxe aa
6bae m3nona3eaH 3a nogobpsiBaHe Ha KayecTBOTO MpU MNpedaBaHe Ha AaHHuM U uudpoBa
obpaboTka Ha curHanm
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Balabanova, I., Georgiev, G., Dimova, R., & Kostadinova, S. (2017). Teletraffic system
performance evaluation based on LABVIEW virtual instruments development. Paper
presented at the 2016 IEEE International Black Sea Conference on Communications and
Networking, BlackSeaCom 2016, doi:10.1109/BlackSeaCom.2016.7901593

Teletraffic system performance evaluation based on LABVIEW virtual instruments
development
Balabanova, I., Georgiev, G., Dimova, R., Kostadinova, S.

This paper proposes and presents the structure and the functionality of new Virtual instruments
developed for teletraffic system performance evaluation based on LABVIEW platform. The
LABVIEW design platform, is widely use today for creation of virtual instruments, ensuring the
operation of automated information systems for collecting, analyzing and processing data in real
time. The developed new Virtual instruments are designed for statistical analysis of the
performance parameters and for the impact of incoming traffic flow on them for different
numbers of servers via using synthesized structures of artificial neural networks with
backpropagation of error and classifier based on the adaptive neurofuzzy interface system
(ANFIS).

B npeanoxeHaTa ctatus ce npeanara WU npeacrtaBsa CTpykTypata M PyHKUMOHANHOCTTa Ha
HoBM BupTyanHu WHCTpyMeHTH, paspaboTeHn 3a oueHKka MpoU3BOAUTENHOCTTA Ha
TenetpacdmyHa cuctemaTta, 0OasvpaHa Ha nnatdopmata LABVIEW. [OusanHepckaTta
nnatgopma LABVIEW gHec WMPOKO ce 13non3ea 3a Cb3gaBaHe Ha BUPTYanHW UHCTPYMEHTH,
ocurypsialimM aBTomMaTuampaHn MHPOPMaLNOHHM CUCTEMN 3a CbOupaHe, aHanm3 n obpaboTka
Ha OaHHW B peanHo Bpeme. PaspaboTeHnTe HOBU BUPTYanHU MHCTPYMEHTU ca NpegHasHayeHu
3a CTaTUCTMYECKM aHanu3 Ha napameTpute Ha ePeKTUBHOCTTA N Bb3AENCTBUETO Ha BXOAALLMS
TpadmyeH NOTOK BbPXy TAX 3a pasnuyeH 6pon obcrnyxBalim yCTPOMUCTBA, Ype3 U3MNomns3BaHe Ha
CUHTE3MPaHN CTPYKTYPU Ha M3KYCTBEHM HEBPOHHU MpPEXWU C OBpaTHO pas3npoCTpaHeHue Ha
rpewknTe n knacudpukatop 6asvpaH Ha aganTUBHUTE HEBPOHHO - PasMUTU UHTEPKENCHM
cuctemn (ANFIS).
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My6nukauum npeacrtaBeHn no nokasaren 4.8

K. leoprues, M. lMeTtpos, C. KoctaguHoBa, Cuctema 3a ynpaBreHne Ha NpounsBexgaHo oT
ALCATEL o6opyaBaHe, cbopHuk doknadu om HauuoHasiHa KOHGEPEHUUS C MexX0yHapOodHO
ydqacmue TEJIEKOM PasBuTMe Ha TenekOMyHUKaLMOHHUTE MpPEeXW U cuctemu, Tom 1,
ctp:107-127, HUNC, Codbmnsa 1998r

MANAGEMENT SYSTEM FOR ALCATEL SDH EQUIPMENT
K. Georgiev, M. Petrov, S. Kostadinova

The structure of the 1353EM and 1354RM Telecommunication Management Network system
for multiplexer equipment from Alcatel Telecomm is described in the paper. The network
architecture, the protocol stacks, and the network element interfaces are described. The place
of different product functions in the TMN hierarchy is shown.

B cratnarta e onucaHa cTpyktypa Ha 1353EM u 1354RM cuctema ynpaeBneHue Ha
TENEKOMYHMKALUMOHHA Mpexa OT MynTunnekcopHo obopyaBaHe Ha Alcatel. Onucanu ca
MpeXXoBaTa apxuMTeKkTypa, NPOTOKOSIHUTE CTEKOBE W UHTEPdENCUTE HA MPEXOBUTE €MNEMEHTMU.
[Moka3zaHo € MACTOTO Ha pasnnyHUTe PYHKUUK Ha NpoayKTa B nepapxmdara Ha TMN.

KoctagmHoBa, P. [JumoBa, /3crnegBaHe Ha CUCTEMHUTE XapaKTEPUCTMKM Ha nogsogHarta
onTnyHa kabenHa cuctema BSFOCS, Cb6opHuK Ookradu om HauyuoHalrHa KOHgepeHUUs ¢
mexdyHapoOHo yyacmue TELECOM 2001, ctp: 89-93, HNWNC, Codoms 2002

PERFORMANCE ANALYSIS OF THE BLACK SEA FIBER OPTIC CABLE SYSTEM
(BSFOCS)
S. Kostadinova, R. Dimova

The Black Sea Fiber Optic Cable System (BSFOCS) is an optical integrated
telecommunications network between Bulgaria, Ukraine and Russia. The paper presents
system design analysis. Network configuration, system interfaces and transmission
performance are investigated. Transmission performance is demonstrated on the Network level
between pair of access points.

UepHomopckaTa ontnyHa kabenHa cuctema (BSFOCS) e ontnyHa UMHTerpupaHa
TereKkoMyHuKaumMoHHa Mpexa mexay bbnrapus, YkpanHa n Pycusa. [JokymMeHTBLT npencrassi
aHanu3 Ha amsariHa Ha cuctemarta. MacnegBaT ce mpexosaTa KOHUrypauus, CUCTEMHUTE
UHTepdencn u npousBoaUTENHOCTTa Ha npegaBaHe. EdekTMBHOCTTa Ha npegaBaHe ce
AEMOHCTPUPa Ha MPEXOBO HNBO MeXAY ABe TOYKM 33 AOCTbI.
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Oumosa P., MeaHoB M., MapkoBa B., KoctaguHoea C., ,MIHTepancumnnMHapeH nogxon 3a
nogobpsiaHe Ka4yecTBOTO Ha oby4yeHMe no TenekoMyHukauumm®, International conference
UNITECH2013, Nabposo, bvnrapus, c1p.:93-97 , 2013, ISSN 1313-230X

INTERDISCIPLINARY APPROACH TO IMPROVING THE QUALITY OF EDUCATION IN
TELECOMMUNICATIONS
PosanuHa umoea, MaptuH BaHoB, BaneHTuHa MapkoBa, Ctena KoctagmHoBa

Globalization in engineering education and dynamic development of technology require
modernization of the training in order to create highly competitive and qualified specialists in
global labor market. To meet these requirements, a new approach in learning process and
laboratory facilities has to be used. This paper presents the experience of department
“Communication technique and technology” at the TU-Varna in improving the facilities and
upgrading the educational process. The aim of the proposed project is to implement a modern
integrated research complex for a comprehensive study of telecommunication networks.

MmobanunsaumaTta B MHXEHEepHOTO obpasoBaHMe M AMHAMUYHOTO Pa3BUTME Ha TEXHONorMuTe
n3nckBaT MoAepHM3upaHe Ha obydYeHMeTo C uen Cb3daBaHe Ha BUCOKO KOHKYPEHTHU W
KBanuuuupaHn cneumannuctu Ha CBETOBHWUA nasap Ha Tpyga. 3a ga ce OTroBopu Ha Teswn
n3nckeaHusd, Tpsbea ga ce u3nona3ea HOB Noaxod B y4ebHus npouec n nabopartopHarta 6asa.
HacTodwara ctatua npegcraess onuta Ha kategpa ,KoMyHUKaUMOHHa TEXHUKA U TexHonornn”
kbMm TY-BapHa 3a nogobpsisaHe Ha maTtepuanHaTa 6asa u HagrpaxgaHe Ha y4ebHus npouec.
Llenta Ha npegnaraHusa NpoekT € BHeApsiBaHe Ha MOLEPEH WHTerpupaH u3crnegoBaTencku
KOMMJIEKC 3a USAMNOCTHO u3crneaBaHe Ha TeNEeKOMYHUKALUOHHUTE MPEXN.

MeaHoe M., KoctaguHoBa C, [dumoBa P., PaspaboTBaHe Ha cpeda 3a cumynauusa Ha
WHTENUIreHTHN EHepruiHn Mpexu, Mssecmusi Ha Cbro3a Ha ydYeHume BapHa, cepus
» Te€XHUYecKU Hayku“ 2, , cTp. 24-29, 2011. ISSN 1310-5833

PA3PABOTBAHE HA CPEOA 3A CUMYNAUMA HA WHTENMWUIEHTHW EHEPrUWHWU
MPEXU
MapTtun MiBaHoB, Ctena KoctaguHoea, PosanvHa dumosa

Innovation in network architectures, control mechanisms and management algorithms are
proposed for future implementation of smart grids. In order to assess their impact on the overall
system, a simulation approach is needed that includes not only the communication but also
power grid field. This report is a proposal to build an integrated simulation environment,
covering the service requirements of the energy transfer and distribution.

NHoBaumm B 06nactute Ha MPEXOBUTE apXUTEKTYPU, KOHTPOSTHUTE MEXaHU3MU U anropuTMuTe
3a ynpaerneHue ce npegnarart 3a peanu3aumsa Ha ObaelmTe MHTENUIEHTHU EHEPTNNHN MPEXMN.
3a fga ce oueHu TAXHOTO Bb3OENCTBME BbPXY UAMOCTHATaA CUCTEMA € HYXXEH CUMYMauMOHEH
noaxod, KOUTo obxealla He camO KOMYHMKaLMOHHATa, HO M enekTpoeHeprunHaTa obnact. B
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TO3N [OKnad e NpeacTaBeHO MpeanoXeHue 3a uarpaxgaHe Ha MHTerpupaHa cumynauuoHHa
cpepa, NokpuBalla M3McKBaHMsATa 3a 06CNy)XKBaHETO Ha eHepronpeHoca 1 pasnpeneneHmeTo.

Atanasov |., E. Pencheva, R. Dimova, S. Kostadinova, Study On Access Network
Discovery and Selection Based on User Profile in EPS, 3-Tu mMexayHapodeH HayveH
KoHrpec Ha TY BapHa -10.2012, ISBN 978-954-20-0551-3 vol.2, pp. 94-100, 2012

STUDY ON ACCESS NETWORK DISCOVERY AND SELECTION BASED ON USER
PROFILE IN EPS
Ivaylo Atanasov, Evelina Pencheva, Rozalina Dimova, Stela Kostadinova

Abstract: The paper investigates a user profile based extension of access network discovery
and selection in the Evolved Packet System (EPS). Access Network Discovery and Selection
Function (ANDSF) enables the network operator to control how users and their devices prioritize
between different access technologies if several non-3GPP access networks are available.
ANDSF may interact with the home subscriber repository, where user data are stored to provide
subscription based decisions. Generic ANDSF interworking functions are identified. Signaling
procedures are designed and a use case is considered in order to illustrate the usage of the
proposed extended functionality.

CraTtudara uscnegea 6asmpaHo Ha NnoTpebuTencku Nnpodun paswmnpeHne 3a oTkpuBaHe 1 n3bop
Ha Mpexa 3a goctbn B Evolved Packet System (EPS). ®yHkuuaTa 3a oTkpuBaHe M n3bop Ha
mMpexa 3a pgoctbn (ANDSF) nossonsiBa Ha MPEXOBMS onepaTop Aa KOHTponuvpa Kak
noTpebuTenuTe M TEXHUTE YCTPOWCTBA OaBaT MNPUOPUTET MEXAY Pa3fMYHU TexHomormm 3a
OOCTbM, aKo Ca HalNM4HW HSAKOMKO MPEeXn 3a gocTbn, pasnudHn ot 3GPP. ANDSF moxe ga
B3aMMOAENCTBA C XpaHUMMLWETO Ha AOMaLLHM aboHaTh, KbAETO Ce CbXpaHsiBaT NoTpebutenckn
OaHHW, 3a Oa npedocTaBAT pelueHusi, basnpaHn Ha aboHameHT. VopeHTudnuympaHn ca obuim
dyHKUMK 3a B3ammogencTeme Ha ANDSF. PaspaboTeHn ca npouenypu 3a curHanmsmpaHe u ce
pasrnexga cny4anW Ha ynoTtpeba, 3a ga ce wunicTpupa M3NoN3BaHeTO Ha npegnoxeHaTa
paswmnpeHa PyHKLNOHANHOCT.

Georgi Stoyanov, Borislav Naidenov, Stela Kostadinova, Using of mobile platforms for
sensor nodes in Biomedical Wireless Sensor Networks, . ICEST 2015, pp 22-25., 2015

USING OF MOBILE PLATFORMS FOR SENSOR NODES IN BIOMEDICAL WIRELESS
SENSOR NETWORKS
Georgi Stoyanov , Borislav Naidenov , Stela Kostadinova

The rapid pace of technological advances in recent years has enabled a significant evolution
and deployment of Biomedical Wireless Sensor Networks (BWSN) which have the important
impact nowadays. Related technologies have variety of applications, and they are key enabling
technologies of 10T (Internet of Things) in the field of e-health. I0T solutions, based on different
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mobile platforms, offering cost efficiency, flexibility and simplicity of development, can be used
in BWSNs as sensor nodes or gateways. The current paper aims to summarize the challenges
related with the collection, manipulation and exploitation of the data generated by these
networks, using mobile platforms as sensor nodes. The biomedical data security, the type of
communication and the sensor node's software, also will be considered in terms of increasing
the efficiency of data transmission in BWSNSs.

Bbp3anat Temn Ha TEXHONOIMYHUA HanpeabK Npe3 nocneaHuTe roauHN fage Bb3MOXHOCT 3a
3HaAYMTENHO pa3BuUTME M BHeApsiBaHe HAa BMoMeanumMHCKN Be3xmdHM ceH30pHU Mpexun (BWSN),
KOUTO MMaT BaXXHO Bb3AenCTBME B Hawu AHW. CBbp3aHUTe TEXHOMOrMn mmat pasHoobpasHu
NPUoOXeHMA M ca KIK4YOBM MNO3BONsABaWM TexHonormm Ha |oT (MHTepHeT Ha Hewarta) B
obnacTtra Ha enekTpoHHOTO 3apaBeona3BaHe. 0T pelweHus, 6asnpann Ha pasnUYHU MOBUITHK
nnatcopmu, npeanarawy ePekTMBHOCT Ha pasxoauTe, MBKABOCT M NPOCTOTa Ha pa3paboTka,
mMoraT fa ce manonssaT B BWSN kaTo CEH30pHU Bb3nu unu Wwno3oBe. HacToawmaT JOKYMEHT
nMa 3a uen ga o6o6Lwm npegusBukaTencreaTa, CBbp3aHn CbC CbOupaHeTo, MaHUMyIMPaHeTo n
N3NON3BaHETO Ha [aHHWUTE, TeHepupaHu OT Te3n MpPEeXu, KaTto ce Wn3nonssaT MOOUNHK
nnatopMm KaTo CeH30pHM Bb3NU. CurypHoctTa Ha OMOMeAMUMHCKUTE [aHHW, TUNbT
KOMYHMKaLMA U cOPTyepbT Ha CEH30PHNSA Bb3en CbLUO We 6baaT pasrnegaHu Ot rnegHa Toudka
Ha noBuLLaBaHe Ha e(PeKTMBHOCTTa Ha NpefaBaHe Ha faHHM B BWSN.

banabaHoea W., I'. leoprnes, C. KoctagmHoBa. WgeHTudwuumpaHe Ha napameTpu Ha
TenetpacdmnyeH Mogen Ha rnacoBuM U3TOYHMUM € npunoxeHne Ha ANN un ANFIS
knacudumkatopn. HAYUHW TPYOOBE HA PYCEHCKNA YHUBEPCUTET, tom 54, cepus
3.2, cTp.(67-72).2015, ISSN 1311-3321

MOEHTUOULUUPAHE HA NMAPAMETPUA HA TEJIETPA®UYEH MOOEN HA TJIACOBMU
M3TOYHULUU C NMPUNOXEHUE HA ANN U ANFIS KTACUDPUKATOPU
MeBenuHa BanabaHoBa, 'eopru Neoprues, Ctena KocragmHoBa

Identifying the parameters of Teletraffic model of voice sources with application of ANN and
ANFIS classifiers: Teletraffic model is analyzed voice sources On-Off + H/ M / 1 / k tail FIFO.
Simulation data have been obtained for the average downtime W in the system at different time
td and the size of the queue g at the same intensity of receiving calls Al. There are classifiers for
identifying type of downtime in the system based on artificial neural network (ANN) and adaptive
fuzzy neural interface system (ANFIS). The results in training and testing classifiers have been
achieved a fair recognition of the observations of the test samples.

B nybnukaumsTta e cb3gageH TenetpadudeH mogen Ha rnacosu nstodHuum On-Off+H/M/1/k ¢
onawka FIFO. lNMonyyeHn ca cumynauuoHHW OaHHW 3a cpedHoTo Bpeme 3a npecton W B
cucTemarta npu pasnuyHn CTOMHOCTM Ha BpemeTo td n pasmepa Ha onawkaTa q npu egHa u
Cbllia MHTEH3MBHOCT Ha NOCTbMNBaHe Ha NoBukBaHuATa L. Cb3gageHn ca knacudukaTopu 3a
TUNOBO MAEHTMdUUMpaHe Ha BpeMeToO 3a NpecTol B cucTemaTta, 6asvpaHu Ha M3KycTBeHa
HeBpoHHa mMpexa (ANN) n aganTmBHa HEBPOHHO-pasmuTa uHTepdencHa cuctema (ANFIS).
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npeﬂ,CTaBeHM Ca pes3ynrtatute rnpu o6yl-|eH|/|e N TeCctBaHe Ha KJ'IaCVI(bI/IKaTOpI/ITe KaTto €
NOCTUTHATO KOPEKTHO pa3no3HaBaHe Ha HabnogeHnaTa oT TECTOBUTE U3BaLKU.

leoprmeB I., V. banabaHoBa, C. KoctagmHoBa. OnpegensiHe NpuvHaAANEeXHocTTa Ha
napameTpu Ha TenetpaduyeH MOLEN Ha [nacoBM M3TOYHMUM nocpeactsom  k-nn
knacudmkaTtopu. Crnucarue ,M3gecmusi Ha Cbro3a Ha y4eHume - Pyce”, Cepusi TexHu4ecku
Hayku, Tom 11, cTp.(29-35) 2014, ISSN: 1311-106X

IDENTIFICATION PARAMETERS OF TELETRAFFIC MODEL WITH VOICE SOURCES BY K-
NN CLASSIFIERS
Georgi Georgiev, lvelina Balabanova, Stela Kostadinova

K-nearest neighbors is a classification method, operating on the principle of referral to the
monitoring group of observations from a class called k-nearest neighbors. Each class contains a
number of reference values from the training samples. The most commonly used metric unit
measuring the distance between the nearest neighbors is euclidean distance. If the search of k-
nearest neighbors in the ratio of an unknown object have been found standards of two or more
classes, the object is refers to the class containing the founded closest neighbors.

K-Han-6nunskute cbceamn e knacudumkaumoHeH metoa, paboTely Ha NpuHUMNa Ha npenpalaHe
KbM MOHUTOPMHroBaTa rpyna oT HabniogeHusa oT Knac, HapedeH K-Han-6nusku cbcean. Beeku
Knac cbabpxa peavua pedepeHTHM CTOMHOCTM OT npobuTte 3a obydveHne. Han-yecto
n3nonasaHaTa MeTpUYHa eauHULa 3a U3MEepBaHe Ha Pas3CTOSAHUMETO Mexady Han-b6nuskute
CbCeau € eBKIMAOBOTO pascTosdHMe. AKO npu TbpceHeTo Ha Kk-Han-6nu3km cbcegn B
CbOTHOLUEHNETO Ha Heun3BecTeH ODeKT ca HamepeHu CTaHgapTu OT ABa WK NoBeYe Khaca,
00eKkTbT ce OTHacs A0 Knaca, CbAbpXaLl, OTKPUTUTE HaN-OnNnsku cbceau.

banabaHoea W, I'. 'eoprnes, C. KoctagnHoBa, KoMnoTbpHO MogenvpaHe U WHTerpupaHe B
WEB 6asnpaHo npunoxeHue Ha umdposun IR duntpn ¢ LabVIEW n n3kycTBEHU HEBPOHHWN
Mpexn,.55-HayyHa koHgpepeHyus PYSCY 16, Pyce, 2016. (235-245)cTp., "THE BEST PAPER",
KpuctaneH npus

COMPUTER MODELING AND INTEGRATION INTO THE WEB-BASED APPLICATION OF
DIGITAL IIR FILTERS WITH LABVIEW AND ARTIFICIAL NEURAL NETWORKS
MeennHa BanabaHosa, Neopru Neoprues, Ctena KoctaguHosa

lIR filters are modeled with use of various approximations using the software product LabVIEW.
The developed in LabVIEW virtual instrument is integrated for a remote access, visualization
and management in the global Internet network in interactive WEB-based application. The
artificial neural networks are trained imitating modeled filter types in an environment of
MATLAB. The results in network validation and testing were introduced as quality indicators
defining the extent of proper training and the ability of networks to successfully modeling digital
filters.
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B nybnukaumsTa e u3BbpLIEHO MOAenNnpaHe Ha PeKypCUMBHU LMAPOBU OUNTPU C MPUNOXKEHUE
Ha pasnMyHM BWOOBE anpokcumauum B npoaykta LabVIEW. PaspaboteHuat BupTyaneH
WHCTPYMEHT 3a NpOoeKTMpaHe, n3crneaBaHe N aHanu3 Ha XxapakTepucTukuTe Ha undgposu putpu
e wuHTerpupaH B WEB ©6asvpaHO npunoxeHwe 3a oOTAanedeH AocTbh, Bu3yanusauus u
ynpasneHune npes rnobanHata mpexa MHTepHeT. O6ydeHn ca U3KyCTBEHU HEBPOHHU MPEXW C
obpaTHO pasnpocTpaHeHWe Ha rpellkaTta, MMUTUMpaLLM MogenvpaHute Tmnose untpu B cpeaa
Ha MATLAB. lMocturHatnte pesyntatm npu OUNTbLPHO MOLENUPaAHE C MOMOLLTA U3KYCTBEHMU
HEBPOHHN MpexKn ¢ 0bpaTHO pa3npoCcTpaHeHUe Ha rpelukaTa nokassart gobpa 1 HeoTCcTbNBaLa
CrpsIMO OPYrn U3nNon3BaHy TUNOBE MPEXU U3YUCINTENHA ePEKTUBHOCT.

Balabanova |., G. Georgiev, S. Kostadinova, Modeling of Digital Filters by LabVIEW WEB
Application for Education in Telecommunications., Booklet of the 56-th Science Conference of
Ruse University, Bulgaria, 2017.FRI-2G.302-1-CSNT-01, p.(92-96), Harpaga: ,THE BEST
PAPER®, Crystal Prize” 17

MODELING OF DIGITAL FILTERS BY LABVIEW WEB APPLICATION FOR EDUCATION IN
TELECOMMUNICATIONS
MeennHa BanabaHoea, Neopru Neoprues, Ctena KoctaguHoBa

This paper provides an opportunity for students to perform computer modeling, research and
analysis of digital IR and FIR filters. In an environment of LabVIEW product are developed
virtual applications with interactive, intuitive, accessible and understandable graphical user
interface, modeling IIR Comb - Peaking and Notching filters; Optimal FIR filters implemented by
Parks-McClellan and Remez algorithms; 1IR (Butterworth, Chebyshev, Inverse Chebyshev and
Elliptic) and FIR (Kaiser-Window, Dopth-Chebyshev Window and Equi-Ripple) filters. By
integrating relevant virtual instrument for analysis of IIR and FIR filters in HTML document is
created WEB-based application for remote access, visualization and its management. Through
the global network Internet users can explore and analyze the overall behavior of the modeled
filters, and assess the impact of set parameters on filter characteristics, respectively Magnitude
response, Phase response, Impulse response, Step response, Group delay and Pole-Zero plot.
In this way students can learn, illustrate and compare different methods, algorithms and
mathematical models for modeling digital IR and FIR filters.

Hoknaga 3anosHaBa obyvyaemuTe C Bb3MOXHOCTTA 3a KOMMNIOTbPHO MOAenupaHe, uscneaBaHe
n aHanun3 Ha undposu IIR n FIR duntpu. B LabVIEW ca cb3gageHv BUpTyanHu NpUnoXxeHus ¢
WHTEePaKTUBEH, WHTYUTUBEH, OOCTbNEeH U pa3bupaem rpaduyeH noTpedbutenckn nHTepdenc,
mogenupawm IR Comb - Peaking n Notching; Ontumanun FIR dountpu, peanuaumpaHu c
anroputmmn Ha Parks-McClellan 1 Remez anroputmu; IIR (Butterworth, Chebyshev, Inverse
Chebyshev wu Elliptic) n FIR (Kaiser-Window, Dopth-Chebyshev Window n Equi-Ripple) duntpu.
HanpaBeHo e BHeApsiBaHe Ha MHCTPYMEHTa B CTPyKTypaTta Ha HTML mogyn kaTo No TO3U Ha4yuH
ce cb3gasa WEB-6a3vpaHo npunoxeHue 3a otganeyeH JOCTbN, BU3yanusaums n ynpasneHue.
Upes WHTepHeT noTpebutenute moraT [a OUEHAT Bb3LEWCTBMETO Ha napameTpu npu
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NpoeKkTUpaHe BbpPXy aMnnuTyaHus cnektbp, PYUX, nmnyncHus oTroBop, CTbMKOBaTa peakuus,
rPYnoBOTO 3aKbCHEHWE U MOJIOCHO-HyNeBaTa guarpama

banabaHoea W., . l'eoprues, C. KoctaguHosa. NgeHTudurumMpaHe Ha CUrHanm C HacrioXeHu
LYyMOBE C NPUIIOXeHne Ha OUCKpUMMHaAHTEH aHanus. Booklet of the 56-th Science Conference
of Ruse University, Volume 56, book 3.2, pp.9-14, FRI-2G.302-1-CSNT-01, Bulgaria, 2017

IDENTIFICATION OF SIGNALS WITH SUPERPOSED NOISES BY APPLICATION OF
DISCRIMINANT ANALYSIS
MeennHa banabaHoea, "'eopru Meoprues, Ctena KoctagnHosa

In this paper explores the possibility of using the apparatus of the discriminant analysis in
identifying signals with superposed noises. For this purpose of the study, simulated sinusoidal
and rectangular signals with the appearance of unwanted lateral Periodic Random and Inverse
F noises. Signals are processed through Fourier Fast Transformation with the generation and
processing processes being performed in LabVIEW. An analysis of Q-Q probability diagrams of
data for linear types of discriminant classifiers was made on the correctness of the method's
applicability.undesirable lateral Periodic Random and Inverse F noises. Linear models were
developed to identify untreated and processed signals in MATLAB environment. Procedural test
steps with the technical approaches resubstitution and cross-validation were conducted to
assess the quality of the models. The most appropriate discriminant classifiers for noise
analysis of signals with sinusoidal and rectangular shapes are synthesized.

B poknaga e uv3cnegBaHa Bb3MOXHOCTTA 3@  MpUNOXeHWe Ha anapata Ha
ONCKPUMUHAHTHUSAAHaNM3 Npy naeHTndmumMpaHe Ha curHanu ¢ Hacnoxexu wymose. 3a uenTta
Ha M3CnedBaHETO Ca CUMYMMpaHU CuHycomganHa M MNpaBObIb/IHU CUrHanmM C MosiBa Ha
HexenaHu cTpaHudHn Periodic Random u Inverse F cmyweHunda. CurHanute ca obpaboTeHu
ype3 6bp30 npeobpasoBaHns Ha Pypue KaTto npouecuTe Ha reHepupaHe u obpaboTka ca
nposegeHn B npoaykta LabVIEW. HanpaBseH e aHanu3 Ha Q-Q BEpOSATHOCTHW Auarpamu Ha
AaHHWUTE 33 NUHEMHU TUNOBE AUCKPUMWHAHTHWU KNnacuUKaTopy OTHOCHO KOPEKTHOCTTa Ha
nNpunoXmmoct Ha wmeToda. Cb3gageHn ca  NUHENHMMOoZenn 3a uaeHTMduKauus Ha
HeobpaboTeHnte n obpaboTeHn curHanm B MATLAB cpepa. 3a oueHka Ha Ka4yeCTBOTO Ha
MogenuTe ca npoBeAeHU npouedypHM TeCTOBM CTbMKM C  TEXHUYECKUTe Noaxoam
pecybcTuTyumMs n Kpoc-BanugupaHe. CuHTe3upaHu ca Han-noaxogsaiy OUCKPUMUHAHTHU
KnacudumkaTtopn 3a aHanuM3 Ha LyMOBE KbM CUrHamm CbC CUHycouanHa wm npaBoblrbiHa

dopmu.
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PESIOMETA HA HAYYHW TPYOBE HA /1. AC. CTEJIA CABOBA KOCTAAMHOBA KATEAPA KTT, TY BAPHA

SIGNAL ANALYSIS WITH APPLICATION OF K-NEAREST NEIGHBORS METHOD
MeennHa BanabaHoea, Neopru Neoprues, Ctena KoctaguHosa

The paper presents the results of synthesizing kNearest Neighbors (k-NN) models for
identification the presence of noises. Signals with Gaussian White and Periodic Random noises
are analyzed. The models are evaluated by resubstitution and cross-validation procedures.
Classifiers at Euclidean, Minkowski, Cityblock and Chebychev metric distances are examined.
Classification model with 97.375% accuracy, parameter k = 5 and Minkowski distance is
selected.

CraTtudata npeacraes pesyntatuTte oT cmHTesmpaHeTo Ha k-NN Mogenu 3a ngeHtudpuumnpaHe Ha
HanMuMeTo Ha LWymoBe. AHanuaupaT ce CurHanu ¢ raycosm 6enn v nNepuognydHn cryyamHu
wymoBe. MogenuTte ce oueHaBaT 4pes3 npoueaypy 3a MOBTOPHO 3aMeCTBaHE M KPbCTOCaAHO
BanuaupaHe. PasrnegaHn ca knacudukatopyu Ha METPUYHW pas3CcTosHuMs Ha EBknvg,
MwuHkoBckM, Cutnbnok n Yebunyes. N36paH e knacudukaumoHeH moaen ¢ 97,375% To4dHOCT,
napameTbp k = 5 n pasctosiHne Ha MMUHKOBCKN.
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