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I. XABWINTAIIMOHEH TPYJ — HAYYHHU IIYBJIUKAIIUU (HE IIO-MAJIKO
OT 10) B U3JAHUA, KOUTO CA PEOEPUPAHU U UHIEKCUPAHU B
CBETOBHO U3BECTHHU BA3U JAHHU C HAYYHA UH®OPMALIMA

B.4.1: Hoenmugpuxayus na enacosu npogunu usnonssatiku nooxoo ¢ FFT, mnozocroiinu PNN u
FENN

Crarusita mpelyiara IMOIXOJA 3a pa3lo3HAaBaHE HAa TJIACOBH MNPOQHIM 3a HIACHTUQHKANWS Ha
¢u3nueckn nuna Ha ocHoBaTa Ha monydeHu FFT crekTpaiHu XapakTepUCTUKH W MHOTOCIIOWHH
U3KYCTBEHH HEBpOHHM MpexH. [logxonsT uHTerpupa BepostHocTHu HeBpoHHH Mpexu (PNN) u
HeBpounu Mpexu ¢ 00paTHO pasnpocTtpaneHue Ha rpemikara (FFNN), 6a3upanu Ha MPUHIMIATE Ha
,IIPUHIIMIIATE Ha ABIOOKOTO oOyudeHue. bsxa W3BBPUICHW NpOUEAYpU IO H3BIMYAHE Ha
WHPOPMATUBHH TMPH3HALM Tpu 00pabOTKa Ha IETIeBH TJIACOBH MPOQWIM Ype3 MpujaraHe Ha
pasmuanu TunoBe Window Function otHocHO AnropurhMa Ha bsp30oTo peodpaszyBanue Ha Oypue.
N3cnensann ca yerupucnoiiHn PNN apxurektypu npu pasinuuyHd HuBa Ha ,lllupounnara Ha
¢ynkuusta B Paguanno-6a3ucHus MpesxkoBu cioii“. bele mpoBeieH cpaBHUTENEH aHAIH3 MEXIY
Deep FFNNs npu 3amaraHe Ha ,,TaHT€HC-CUTMOMJAiIHA“ U ,,JJOrapUTMUYHA-CUTHOMJATHA
aKTHBaLUs HAa HEBPOHUTE B M3XOJHHUTE CIIOEBE NPH MICHTUYHO (UKCHPAHO KOJIMYECTBO Ha
W3YUCIIUTENIHUTE €AMHUIM B MEXAMHHTE cioeBe. OIEHEHHM ca IOKa3aTeluTe 3a KayecTBO Ha
KIacuuKaius, CboTBETHO ,, Tounoct®, ,,CpeaHokBanparnynaa rpemka MSE* u ,,Cpenna abcomoTHa
rpemka“. HabmomaBaHO € W3pa3eHO MPEOUMCTBO Ha ,,TAHT€HC-CUTMOMJAJIHATa™ B CPBHEHHUE C
,,JIOTAPUTMHYHATA-CUTMOMIATHA  M3X0AHA akTuBamus. CHpsMO HPUIOKCHHUTE MPOLEAypH Oele
YCTAaHOBEHO KOPEKTHa HIeHTU(UKAIMs Ha nepcoHanmu3upanute riacoBd npodunu 100.0 % npu
peructpupann MuHuManHM MSE, kakto cneaa ,,8.0000e-05¢ 3a PNN, ,.8.6520e-04“ 3a
yerupucnoitna FFNN apxurekTypa npu ,,TaHTec-curMoHJjalTHA U3XO0AHA (QYHKITHSL.

B.4.1: Voice Profile Identification Using FFT, Multilayer PNN and FFNN Approach

The article proposes an approach for recognition of voice profiles for identification of individuals
based on obtained FFT spectral characteristics and multilayer artificial neural networks. The approach
integrates Probabilistic Neural Networks (PNNs) and Feed-Forward Neural Networks (FFNNs) based
on Deep Learning. Information retrieval procedures were carried out when processing target voice
profiles by applying different types of Window Function to the algorithm of Fast Fourier Transform.
Four-layer PNN architectures were studied at different levels of the Spread Indicator in Radial-Basis
network layer. A comparative analysis was conducted between Deep FFNNs when implementing
hyperbolic tangent and log-sigmoid transfer functions in output layers at an identically fixed amount
of computational units in the intermediate layers. A marked advantage for the "tangent-sigmoid"
compared to the "log-sigmoid" baseline activation was observed. Quality of classification indicators,
respectively Accuracy, Mean-Squared Error (MSE) and Mean Absolute Error (MAE) were assessed.
According to the procedures applied, a correct identification of personalized voice profiles was
established as follows "8.0000e-05" for PNN, "8.6520e-04" in four-layer FFNN architecture under
"tangent-sigmoidal™ output function.




B.4.2: Hoenmuguxayus na monoge ¢ uiymoge nocpedcmeom Hzxkycmeen unmenekm

JoxmagbT 000011aBa pe3yiTaTuTe OT MPIIOKEHNETO Ha U3KYCTBEHUTE HEBPOHHH MPEXKHU C 00PaTHO
pasnpocTpaHeHHE Ha IPEIKa TP HACHTU(DUKAIINS HAa CHTHAITHU YeCTOTHHA TOHOBE ¢ Bapupaim RMS
HUBa Ha IIyMa. BBBeNeH € MOAXOJ 3a HEBPOHHA CEJICKIMS HAa TPUCIOWHU U YCTHPUCIIONHU
apxutextypu npu Levenberg-Marquardt (LM) u Scaled Conjugate Gradient (SCG) o6yuaBaru
ANTOPUTMH C OIlcHKAa Ha OasucHUTe KpuTepum “‘CpemHokBampaTHdHa rpemka” mpu LM u
,.Kpbcrocana enrpomnus 3a SCG moaxoaa. B mepBa (hasza oT usciaeaBaHusATa Ca TECTBAHH TPUCIIONHH
Mpexu nipu LM oOyuenue ¢ Gpukcupane Ha ,JiuHeHHA™, ,,TAHTCHC-CUTMOHIaTHA ™ U ,,JIOTApUTMHUYHA-
curmMonainHa (yHKIH Ha aKTHBAllMs B M3XOIHHUTE CIO€BE B Ne(MHUPAH JAUATIA30H HA CKPUTHUTE
HeBpoHU 3 1o 35. CenmekTupaHd ca apXUTEKTYPH C YCTaHOBEHH ,,|0YHOCTH Ha pa3moO3HaBaHE,
cpoTBeTHO 91.7 % , 96.0 % u 95.7 %. IlocpencTtBom mpomsiHa Ha oOyyaBamus moaxon LM ¢ SCG
MpH 3ama3BaHe Ha JWara3oHa Ha M3CJIe/BaHE OT CKPUTH HEBPOHM Oelle MojydYeHa Hai-BUCOKA
touHocT 94.3 %. Tperara ¢aza ot U3cineABaHUATA € CBbP3aHa C aHATN3 HA TIPOM3BOIUTEIIHOCTTA Ha
MHOTOCJIOMHH HEBPOHHH MPEKH C IPUETO ChOTHOIICHUE MKy U3YUCIUTCIHUTE SANMHULIU B ITbPBH
U BTOPH CKpUT clIoH ,,2:1“npu cra3BaHe Ha PaBHOMEPHO CTHIIKOBO YBEIMYaBaHE U 3a/laBaHE Ha
MTOCOYCHHTE TUIIOBE Ha HEBPOHHA aKTUBAIIM B H3XOJHUTE clioeBe. Ha ocHOBaTa Ha MPUHITUNINTE HA
,,IBJIO0KOTO 00y4eHne  0sxa TOCTUTHATH ,, | 09HOCTH Ha pasno3HaBaHe' 95.7 %, 98.0 % u 95.3 % 3a
CIIy4auTe Ha ,JIMHECWHA", ,,TAHT€HC-CUTMOHIalTHA® U ,,JIOTAPUTMUYHA-CUTMOUJATHA " aKTUBAITMOHHA
(bhyHKIISL.

B.4.2: Identification of Tones with Noises by Artificial Intelligence

The paper summarized the results of the application of artificial neural networks with
backpropagation error in the identification of signal frequency tones with varying RMS noise levels.
An approach is introduced for neural selection of three-layer and four-layer architectures under
Levenberg-Marquardt (LM) and Scaled Conjugate Gradient (SCG) training algorithms with
evaluation of the basis criteria "Mean-Squared Error" in LM and "Cross-Entropy"” for the SCG
technique. In the first phase of studies, three-layer networks under 1M training with fixed linear",
"tangent-sigmoidal™ and "logarithmic-sigmoidal" activation functions in the output layers in a defined
range of hidden neurons 3 to 35 have been tested. Architectures with established “Recognition
accuracies” were selected, respectively 91.7 %, 96.0 % and 95.7 %. By modifying the LM training
approach with SCG while maintaining the range of research from hidden neurons, the highest
accuracy of 94.3% was obtained. The third phase of research is related to the performance of
multilayer neural networks with an assumed ratio between the computing units in the first and second
hidden layer “2:1” subject to a uniform stepwise increase setting of the indicated types of neural
activation in the output layers. Based on the principles of deep learning, "Recognition accuracies" of
95.7 %, 98.0 % and 95.3 % were achieved for the cases of linear", "tangent-sigmoid" and
"logarithmic-sigmoid" transfer function.

B.4.3: Pasnosnasane na cmpec usnonzeatiku nooxoo cwc 38ykoe ananus, K-NN, Tupeo na pewenusma
u Uskycmeen unmenexm

JloKIaibT mpejyIara Moo/ 3a pa3lo3HaBaHe Ha ChCTOSIHUS HA CTPEC Ha OCHOBATA TJIACOB aHAJIN3 C
peructpupanu crieruduann 38ykoBH napamerpu LZE, LZeq, LZF and LZS npwu pasindyHu HUBa Ha
peuTa B yCIIOBHS Ha akTUBHA paboTHa cpena. [1oaxoabpT KOMOMHUPA METO I ,,K — Hali-0JIM3KHU Cheean
(K-NN)“ ¢ BpBesknane Ha Euclidean, Cityblock, Minkowski u Chebychev merpuku, ,,JIbpBo Ha
pemenusita“ mo CART anropurbM M M3KyCTBEHH HEBPOHHH Mpexu rpu With Levenberg-Marquardt
(LM) u Scaled Conjugate Gradient (SCG) anropurmu. Cwrimano K-NN meron e koHcTaTHpaHa
MakcumaiaHa TouHocT 93.99 % mpu K = 3 mpm Mmerpuuna emmnmia 3a pascrosaue Cityblock.
YcTaHOBEHO € YEeTBBPTO ONTHUMAJHO HHUBA Ha INPEMaxBaHE Ha BB3JIOBU PA3KIOHEHUS OT
I'bPBOHAYAIIHO T€HEpUpaHaTa CTPYKTypa 3a MHOTOBapHaHTEH M300p Ha pemieHue mo meron DT c
nocturHara TogdHocT 99.05 %. Uscnensanero Ha LM anroputsm npu mpexu ¢ “purelin”, “tansig” u
“logsig” akTMBauUMOHHM (YHKUMH € HaOIIofaBaHa HIEHTUYHA TOYHOCT 99.99 %. M3bpana e
HEBPOHHA apXUTEKTypa IIpU ,,TAHTCHC-CUTHOMJAMHA (YHKIUS BCIEICTBUE Ha TO-100pa
MUHHMH3AIMs HA ,,CpeTHOKBajipaTiyHara rpemka’ B nopsyrbka 0.0064 mpu 11 ckput HeBpoHa.




Uznon3eaHeTro Ha KoHUeNUUATA ,,J3KycTBeH nHTENeKT ¢ mpuiarane Ha SCG oOyueHue moctura
II'BJIHO KOPEKTHO PA3NO3HABAHE HA PEUEBUTE CUTHAIM IIPHU I1aCOBA JUArHOCTHKA.

B.4.3: Stress Recognition Using Sound Analysis, k-NN, Decision Tree and Artificial Intelligence
Approach

The paper proposes an approach for stress recognition based on voice analysis with 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 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 observed 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) concept during SCG training was synthesized a model for correct speech recognition
with level accuracy 100.00 % at voice diagnostics.

B.4.4: Paznosnasane na uzobpasicenus upes nooxoo ¢ FFT, Hzkycmeen unmenexm u K — naii-onusxu
cvcedu

[pencraBenu ca mporeaypu 1mo o0padoTka 1 pa3no3HaBaHe Ha IIBETHH H300pa)KEHHsI C TOMOIIITa Ha
M3KYCTBEH WHTENIEKT ¥ MalnHHO oOydeHue. [Ipuioxenn ca aBe dhasu Ha 00paboTKa BHB BPH3Ka C
W3BIMYaHe Ha WHPOpMaTHUBHU mpu3Haiy. OOpaboTKkara mpeMuHaBa npe3 KoHBepTupaHe Ha RGB
nzobpaxxenusta B Grayscale u Binary u npeoopasysane na RGB, Grayscale u Binary xsm Index
tdhopmatu. [IpunoxeH e criekTpalieH aHaIHu3 ¢ alropuThMa Ha OBp30TO TIpeoOpa3yBanne Ha Dypue
CIpsSMO TOCOYEHHTEe TpadudHH (opMaTh W CErMEHTHpaHe Ha ,,pealHata’ W ,,AMaruHepHaTa‘
KOMIUIEKCHA YacT. M3BbpiIeHH ca IeifHOCTH 10 00y4YeHue, OIICHKa U CHHTE3 Ha HEBPOHHH MPEXKH C
obpartHo pasnpoctpanenue Ha rpemkara (FFNNS) u BepostHocTHr HeBpoHHH Mpeku (PNNS) Ha
OCHOBaTa Ha aHaJlM3 Ha ,,TOYHOCT W ,,CPEIHOKBaJApaTHYHA Tpemka . M3cienBan e MeTox Ha
mamrHHO 00yuenue K-nearest neighbors npu Euclidean, Euclidegn squared, Cityblock u Chebichev
METPUYHU EIWHHIN 3a Pa3CTOsIHME OTHOCHO ,,Kpoc-Banmmmupamata tounoct”. [locturHatu ca
TIOJIO’KUTEITHU HHANKAIMY TIPH pa3io3HaBaHe Ha 3aJI0KEHUTE TpadUuHH N300paKEHHS TOCPEICTBOM
M3M0JI3BAaHUTE MaTeMaTuyecku amapatru, cboTBeTHO 100.0 % mpu FFNN; 96.0 % 3a PNN; 99.81988
% 3a Euclidean u Euclidean squared npu k = 2, 99.83625 % 3a metpuku Cityblock u Chebychev npu
k=1

B.4.4: Image Recognition By FFT, Artificial Intelligence and k-Nearest Neighbors Approach

This paper presents procedures of processing and recognition of color images by means of artificial
intelligence and computer aided training. Two stages of processing have been applied with regard to
extraction of features. Processing involves conversion of “RGB” images in “Grayscale” and
“Binary”; and conversion of “RGB”, “Grayscale” and “Binary” into “Index” formats. Spectral
analysis is also applied in here with Fourier’s algorithm for fast conversion concerning indicated
graphic formats and segmentation of the real and imaginary complex parts. Activities related with
training, assessment and synthesis of feed-forward neural networks and probabilistic neural networks,
based on Accuracy and Mean-Squared Error analysis. Special emphasis is made on a method for
computer aided training k-nearest neighbors with Euclidean, Euclidean squared, Cityblock and
Chebychev metric distances in relation to Cross-validation accuracy value. Some positive indications
have been achieved in recognition of assigned graphic images by means of the employed
mathematical apparatus, respectively 100.0 % in FFNN; 96.0 % for PNN; 99.81988 % in “Euclidean”
and “Euclidean squared” at k = 2; 99.83625 % “Cityblock™ and “Chebychev” metrics at k = 1.




B.4.5: Jluyeso pasznosnasane nocpeocmeom Yeiienem mparncgopmayus, Deep FFNN u ANFIS
no0xo0

JloknanbT npecTaBst 0000IIEHH PE3yATATH OT CENIEKIVSI Ha MHOTOCIIOWHN HEBPOHHHU MPEXKH C TIPSKO
pa3NpoCTpaHeHUEe Ha CUTHAIMTE W 00paTHO pasmpoctpaHeHue Ha rpemikara (Deep FFNNSs) u
aJalTUBHA HEBPOHHO-Pa3MHUTH HWHTEp(EHCHM CHCTEMH 3a JIMIEBO PA3MO3HABAaHE, H3IMOJI3BANKH
npeaBapuTeaHa o0paboTka Ha TecToBuTe M300paxkeHus ¢ Daubechies yeiiBier Tpanchopmarms.
[Ipouenypure mo mpenBaputenHa oOpaboTKa ce M3pas3sBaT B M3BIMYaHE HA HaOOpW OT yeWBIeT
SArnpokcumupamu“ u ,Jleraitnusupamm (“Horizontal”; “Vertical”; “Diagonal”)“ yeiiBner
KOC(QUIIMEHTH, U3MON3BaHN B KAYECTBOTO HAa BXOJHU MH(GOPMATHBHU MPHU3HAIM NPU O00yYeHHE Ha
Deep FFNNs u ANFIS. M3cnenBanu ca HEBPOHHU CTPYKTYPH C JiBAa CKPUTH CJIOSI C Pa3inIHU
CHOTHONICHHUS MEXIY MEKIMHHUTE HEBPOHHHU €IUHUIM MpH mpoiiecute mo Levenberg-Marquardt
oOyueHue, pecrneKTuBHO ,,1:1%, ,1:2 u ,,2:1“. Cunresupanu ca Deep FFNNs ¢ nabmrogaBanu
MMOCTUTHATH TOYHOCTH Ha pasmozHaBane 100.00 % u momydenn MuHUMAIHY ,,CpeIHOKBAIPATUIHH
rpenku‘, choTBeTHO 8.4654¢-04, 0.0016 u 5.6520e-04. N30paH € HEBPOHHO-Pa3MHUT KIIACU(PUKATOP
C TMOCTHTHATO MHMHUMAJHO TOKa3aHWe Ha ,,CpelHO KBajapatudHOTO oTkioHeHue 2.8091e-05 u
unentnyHa touynoct 100.00 %, xoncratupana npu Hybrid oOyuasam anmroputeM u “Pi-shaped”
(YHKIMS Ha IPUHAJIC)KHOCT HA BXOJIHUTE MPOMEHJIVBH.

B.4.5: Face Recognition by Wavelet Transformation, Deep FFNN and ANFIS Approach

The paper presents the summarized results of selection of multilayer Feed-Forward Neural Networks
(FFNN) and Adaptive Neuro-Fuzzy Interface Systems (ANFIS) for face recognition using
Daubechies wavelet image pre-processing. The pre-processing procedures consist in the extracting
sets of wavelet "Approximation™ and "Detailing (“Horizontal”; “Vertical”; “Diagonal”)" wavelet
coefficients used as input informative features in training Deep FFNNs and ANFIS. Neural structures
have been investigated with two hidden layers in different ratios between hidden neurons in
Levenberg-Marquardt learning processes. FFNNs have been synthesized with observed accuracies
100.00 % and minimal MSE indicators, respectively 8.4654¢-04, 0.0016 and 5.6520e-04. A neuro-
fuzzy classifier was found with achieved minimum RMSE = 2.8091e-05 and 100.00 % accuracy in
Hybrid learning algorithm and Pi-shaped membership function.

B.4.6: Pasznosnasane na peuesu npogunu nocpeocmseom @ypue cnekmpaner ananus, FFNN u ANFIS
noxeamu

JoknaneT npeaiara KOMOWHUPaH MOJIX0/1 32 Pa3l03HaBaHEe Ha peveBU pedeBr npodwim O0a3upaH Ha
FFT c npo3opeuynn ¢QyHKIMH, HEBPOHHH MPEXKH C TIPSKO Pa3NpOCTPaHEHHE Ha CUTHAINTE U 00OpaTHO
pasmpoctpanenue Ha rpemkarta (FFNNS) u ananTuBHE HEBPOHHO-Pa3MHUTH HHTEPPEHCHH CHCTEMHU
(ANFIS). Cneuunduimpanu ca BXoAHA UHOOPMAIIHOHHN HAOOPH TIOCPEICTBOM CIIEKTPAJICH aHAJIN3
¢ Hamming, 4 Term B-Harris, Flat Top and Hanning mpo3opeunu ¢yHKIMH BbpXy pedra Ha
(m3nyecku nuia, 00eKTH Ha TJIacOoBa IUArHOCTHKA U pasno3HaBaHe. CunaTtesupad e FFNN monen c
umiuteHTupane Ha Scaled Conjugate Gradient (SCG) obydenne 3a nehuHHpPaHHTE LENH 32
pasno3HaBaHe Ha peueBH MpouiK ¢ HocTUruaTa TouHOCT 93.50 %. CenekTupaH € HEBPOHHO-PA3MUT
kiaacudukatop B cborBerctBHe ¢ Hybrid ob6yuasamy momxom mpu “Pi-shaped” dyHkmust Ha
NPUHAJISKHOCT Ha BXOJAHUTE MPOMEHIIMBH. YCTaHOBEHO € KOPEKTHO pa3llO3HAaBaHE HA PEUEBHTE
npoduu ¢ Touroct 100.0 % npu HanpaBeHUTE TecToBH Nponeypu Ha n3opanus ANFIS mozen.

B.4.6: Speech Profile Recognition By Fourier Spectral, FFNN and ANFIS Techniques

The paper proposes a combined approach for recognition of speech profiles based on FFT windowing,
Feed-Forward Neural Networks (FFNN) and Adaptive Neuro-Fuzzy Interface Systems (ANFIS).
Input datasets are specified by means of spectral analysis with Hamming, 4 Term B-Harris, Flat Top
and Hanning window functions on the speech of physical entities, objects of voice diagnostics and
recognition. A FFNN model has been synthesized during implementation of Scaled Conjugate
Gradient (SCG) training for the purpose of speech profiles recognition with attained accuracy of
93.50 %. There has been selected neuro-fuzzy classifier in accordance with Hybrid learning algorithm
in Pi shaped membership function of input variables. During testing procedures of selected ANFIS
model there has been established a 100.00 % accuracy in speech profiles recognition.




B.4.7: I'macos ananuz u nepconanna uoenmugpuxayus uznonzeavxu FFT, Mawunno obyuenue u Al
nooxoou

B nokmaga e mpemioxeH XHOpHIIEH ITOAXOJ 32 CHEKTpajeH aHAJM3 W pa3lo3HABaHE Ha TJIACOBH
npoduiu Ype3 TEXHUUECKH cII0coOr Ha ocHOBaTa Ha MammHHO o0y4yenne u M3KkycTBeH MHTENEKT.
OTHOCHO mpoleaypuTe MO TrinacoBa 00paboTka Oemle NPHIOKEH alropurbMa Ha bbp3oTo
npeobpa3yBanne Ha Dypre MpH HAKOJIKO pa3IndHH MPO30peuHn GyHKINH, pecriekTuBHO Hamming,
4 Term B-Harris, Flat Top u Hanning. HMssneuenunte FFT crexTpamHu XapakTEPHCTHKU ca
W3MON3BaHU KaTo HaOOpH 3a MpeABapUTENIHO OOyueHHE OTHOCHO KJIACU(PHUKALMOHHH MOJENIU 10
MeTon K — Hal-OJM3KU ChCeIM M M3KYCTBCHH HEBPOHHU MPEXH C 00pPaTHO pa3smpoCTpaHEHHE Ha
rpemkara (FFNNS) 3a wunamBumyanna nepcoHanHa HICHTH(UKAIMA Ha IleJeBa Ipyma OT
notpeburenn. [lpu cw3gaBane Ha K-NN momenute Osxa mpumoxkern Euclidean, Cityblock,
Minkowski u Chebychev metpuunu enuHuIM 3a pa3cTosiHUE. | eHEpUpaHUTE MOJCIH Ca OLICHECHH
ype3 TeXHH4YecKuTe crmocobu ,,PecyOcturymusa“ wu ,Kpoc-Bammmupane™. VYcraHoBeHH ca
MpUOIM3UTEITHY OYaKBAaHU TOYHOCTH TpU TiacoBa uaeHtudukanus 95.75 %, 96.92 %, 95.75 % u
94.43 3a k-NN wmonemure, cvorBerHo npu Euclidean, Cityblock, Minkowski u Chebychev
pascrosinust. Ilo otHomenne Ha FFNN HeBpoHHHMTe apxuTekTypu Oemie m3moissan Levenberg-
Marquardt oGyuaBari arOpuThM IPHU 3ajaraHe Ha ,, JMHEHHA™ U ,,TAHT€HC-CUTMOHIATHA" DYHKIIHS
Ha aKTHBalMsl B MpPEXOBUTEC H3XOAM. belle MOCTHrHATO MBJIIHO KOPEKTHO pa3lo3HaBaHE Ha
AaHAIM3UPAHUTE CHEKTPATHA TIACOBH TPOPWIH TPH €IHAKBO KOJIWYECTBO Ha (HUKCHPAHOTO
KOJIMYECTBO OT CKPUTH HEBPOHH C M3pa3eHO MPEANMCTBO Ha ,,JJMHEWHATA B CpaBHEHHE C ,,TAHTEC-
CUTMOUaIHATA  U3X0JHA AKTUBAIIMOHHA (QYHKIUS TPH MUHUMU3aIMs Ha ,,CpeJHOKBaApaTHIHATA
rpenka‘.

B.4.7: Voice Analysis for Personal Identification Using FFT, Machine Learning and Al Techniques

In this paper a hybrid approach for spectral analysis and voice profiles recognition by techniques on
the base of Machine Learning and Artificial Intelligence (Al) have been proposed. For voice-
processing procedures was applied the algorithm of Fast Fourier Transformation (FFT) with several
different window types, respectively Hamming, 4 Term B-Harris, Flat Top and Hanning. The spectral
feature extraction is used for pre-processing training sets about k-Nearest Neighbours (k-NN)
classification models and Feed-Forward Neural Networks (FFNN) for individual's personal identity
about target group of people. Euclidean, Cityblock, Minkowski and Chebychev metric distances were
applied in k-NN model creation. The design models are evaluated through resubstitution and cross-
validation techniques. Approximate expected accuracies 95.75%, 96.92%, 95.75% and 94.43 for the
k-NN models in voice identification were established, respectively at Euclidean, Cityblock,
Minkowski and Chebychev distances. Levenberg-Marquardt learning algorithm was used to FFNN
architectures with Linear and Tangent Sigmoid activation functions in network outputs. High quality
k-NN and FFNN models in regard to personal voice identification with level of accuracy achieved
97.68 % and 100.0 % were synthesized. The full correct recognition of the analyzed spectral voice
profiles for an equal amount of the fixed amount of hidden neurons with a pronounced advantage of
the "linear" compared to the "tangent-sigmoid" output activation function when minimizing the
"Mean-Squared Error" was achieved.

B.4.8: Cpasnumenen ananusz meoscoy memoou na Mawunno odbyyenue 3a kiacuguxayus Ha moHoge

JlokyagbT mpencTaBsi CPAaBHHUTEICH aHAJIN3 MO OTHOIIEHHE Ha MPOIEAYpPH IO CHHTE3 Ha MOJEIH,
0a3upaH Ha TEXHUYECKH MOAX01u Ha MamuHHO oOydeHue 3a pa3nozHaBane RMS HuBa Ha mrymoBe
OTHOCHO TECTOBH TOHOBE C pa3jMYHU YECTOTHHU METpHKH. lIpemioxena e MeTouka, MHTETprpaIia
JIuneen u Keampatuuen J{MCKpUMHUHAHTEH aHann3, AnropuTbM Ha beiic, Meton K — Haii-Omusku
ChCeIy ¢ BapHalys Ha MeTpuuHHuTe eauHuny 3a pascrosaue (Euclidean, Cityblock, Minkowski u
Chebychev) u meron [IppBo Ha pemenusta. [IpunoxkeHuTe MareMaTHUecKW amapatd Osixa
n3cnenBanu B mporpamua cpena MATLAB. B mepBa (asza ot m3cnenBanusita Oemie celnekTHpaH
[IceBno-kBagpaTnyeH JUCKPUMUHAHTEH MOJIEN C Ha-BUCOKA MOIy4eHa TOUHOCT 84.65 %. BHenpen
e anroputsM Ha Naive Bayes ¢ I'aycoBo u Kepnen pasnpeneneHue Ha BXOAHUTE HAOOpHU OT JaHHU B
KJacH()UKAIMOHHUS TIPOIIEC KAaTO MO-I00pH pe3yiTaTy Osixa IMOIyYeHH! CIIPSIMO BTOPUS TEXHUYECKU
nonxon. llpm m300op Ha HaW-IOAXOAAIIA METPHYHA EAMHMIA 33 PA3CTOSIHWE IPH CTHIKOBO




HapacTBaHe Ha mapamerbpa K mo metox K-NN 0sixa HabnronaBanu Tounocty B rpanunute 89.800 %
- 91.050 %. Haii-Bucoko mokasanue Ha TounoctTa pu K-NN Geriie qocTUrHaTO IIpH U3IOI3BAHE HA
EBkimmaoBo pascrosiaue. [lo oTHOomeHue Ha Meron AbpBo Ha pemeHusra, peanusupad no CART
KOHIICTIIHsI, € TeHeprpaH 0a30B MOJEN C MpHeTa MPHOIN3UTENTHA TOYHOCT MPH Kilacu(uKaus Ha
HoBH naHHH 93.60 %. M30pana e onTUMaHa CTPyKTypa 32 MHOTOBapHaHTEH U300 Ha PEIIeHUE MPH
11 HUBO Ha OTCHYaHE Ha BB3JIOBH Pa3KIOHEHHs ¢ TouHOCT 91.825 %.

B.4.8: Comparative Analysis Between Machine Learning Methods in Tones Classification

This paper presents an analysis between in connection with synthesis procedures about models based
on machine learning techniques for RMS noise levels recognition about tones with different
frequency metrics. A methodology integrating Linear and Quadratic Discriminant Analysis, Naive
Bayes Algorithm, k-Nearest Neighbors (k-NN) with different metric distances (Euclidean, Cityblock,
Minkowski and Chebychev) and Decision Tree methods is proposed. The applied mathematical
apparatuses were investigated in the MATLAB programming environment. The pseudo-quadratic
model with the highest accuracy of 84.650% was selected at the first stage of the research. Naive
Bayes algorithm with Gaussian and Kernel distributions about input datasets is implemented in the
classification process as the better results were obtained in the second approach. In selection of the
most appropriate distance metric unit for stepwise increments of the k-value by the k-NN method,
accuracies in the range of 89.800% - 91.050% were observed. The highest accuracy reading for k-
NN method was achieved using Euclidean metric distance. With regard to the Decision Tree method,
implemented according to the CART concept, a base model was generated with an assumed
approximate accuracy of 93.60% in the classification of new data. An optimal structure was selected
for multivariate decision selection at 11 pruning level of nodes with an accuracy of 91.825 %.

B.4.9: Inacoe konmpon u ynpasnenue 6 cucmema Ymen oom upes M3kycmeen unmenexm

B noxnana e usrorsen 3D apxurektypen monen Ha YMeH oM. CHeTH ca HH)OPMAaIMOHHN HA0OpH
OT TIapaMeTPH MPHU U3BBPIIICH 3BYKOB aHAIN3 HA TECTOBHU TJIaCOBU KOMaHM. BKITtoueHn ca ciemHuTe
aHanm3upaHu uHAuKatopu - LZE, LZeq, LZF, LZS, LZI, LAE, LAeq, LAF, LAS, LAI, LCE, LCeq,
LCF, LCS, LCI u LEX8h. CunTe3upanu ca MOZEIU HAa OCHOBaTa Ha M3KYCTBEH MHTEJICKT, O0YUYCH
TI0 ATOPUTHEMa Ha 00paTHO pa3NpOCTpaHEeHUE Ha rpelikaTa. HeBpoHHHUTE apXUTEKTYpH 32 BHEAPEHH
B MHTEJIMUTEHTA CHCTEMA 33 aBTOMATHU3HUPaH TJ1aCOBO YIIPABJICHUE 32 KOHTPOJI Ha JIOCTHIIA; BKIIOYBAHE
Ha eJICKPO3axpaHBaHe, OCBETICHHUE, KIIMMATUYHN CUCTEMH U JJOMAaKMHCKHU €JIEKTpoypean. B mporeca
Ha CHHTE3 Ca MPUJIOKEHHU Pa3JIUYHU KPUTEPUHU 33 MPEKOBATa MPOU3BOIUTEIHOCT MPH aHAJIU3 Ha
JIMHEEH, TAHTEC-CUTMOUIANIEH W JIOTAPUTMUYCH-CUTHOUIAJICH aKTUBAIMOHEH THUIl B MEXIHHHUTE
cnoeBe Ha Mpexute. CHpsMO BCHYKH Pa3rjielaHd TJIACOBM KATErOpuu 3a (PYHKIIMOHAIHO
ynpasjienue ¢ ycranopena Tounoct 100.0 %. [IpoBenena e moTBbpiKIaBala KOPEeKTHA Bepudukarius
OTHOCHO JIOCTOBEPHOCTTA Ha TIOCTUTHATUTE PE3YITATH.

B.4.9: Voice Control and Management in Smart Home System by Artificial Intelligence

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 Atrtificial
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.




B.4.10: [lpocroszupane na menempaguunama npou3800UMENHOCI U3NON38AUKU DPecPeCUOHEH
ananuz, FFNN, GRNN and CFNN

CraTusiTa mpeacTaBs IMOAX0/T 32 TPOTHO3EH aHAIN3 Ha MHIEKCH Ha TeleTpaduHa MPON3BOIUTEITHOCT
MOCPEJICTBOM aHAJUTUYHH U PETPECHOHHHM CTPYKTYpHM Ha OCHOBaTa Ha L3KycTBEH HWHTENEKT.
[IpoBenena e cucremaTH3alusl HA CHHTE3UPALIUTE, TECTOBUTE U BEPUPHUKALMOHHUTE MPOLEAYPU
OTHOCHO cuMmynannoHHo wmozenupana WMKT wuH)pacTpykTypa ¢ omamkoBa oOpraHH3alus Ha
MOCTHIIBaHE M 00paboOTKa Ha 3asiBKHUTE. bsixa MONy4eHW NMPOTHO3HU MOJENH CIPSIMO M30paHWTE
WHJEKCH Ha TeneTpaduuHa MPOM3BOAUTENHOCT ,IIpomyckaTenHa cmocobHocT U ,,KomrmiekcHo
BpeMe 3a IIPECTON Ha 3asBKHUTE B OIAIIKaTa M CHCTEMa 00paboTKa‘ CIIpsIMO CTIETM(PUICH KOMIUIEKCEH
WHIUKATOP OTHOCHO ,MaHWIyJIal[MuTe C TMakeTHH gaHHn Service Demand“. Mseeaenu ca
NOJIMHOMMAJIHH PErPECHOHHN MOJIEN N, Oa3upaHy Ha olleHKa Ha ,,KoepuuuenT Ha onpenenenoct R,
B xonma Ha mpoueaypHo TenerpaduuHO mporHosupane Osixa mHrerpupanu Feed-Forward Neural
Networks (FFNNs), Generalized Regression Neural Networks (GRNNSs) u Cascade-Forward Neural
Networks. Cenekuusita Ha HSBpOHHUTE MOJICIIH € M3BBPIIICHA Upe3 (yHKIIMOHATHA MUHUMH3AIHs Ha
Kpurepuurte ,,CpeTHOKBapaTHyHa rpemka’ u ,,Cpeana abcoIr0THA rpenka’.

B.4.10: Forecasting of Teletraffic Performance Using Regression Analysis, FFNN, GRNN and CFNN

The article presents an approach for predictive analysis of teletraffic performance indices through
derived analytical and regression structures based on Artificial Intelligence. Systematization of
synthesis, testing and verification procedures for simulation modelled teletraffic ICT infrastructure
with queue service organization was carried out. The forecast models for selected System Throughput
and System Response Time teletraffic performance indices against a specific complex indicator
Service Demand have been obtained. Polynomial regression models based on evaluation of the
Coefficient of determination R? are achieved. In the course of procedural teletraffic forecasting were
integrated Feed-Forward Neural Networks (FFNNs), Generalized Regression Neural Networks
(GRNNSs) and Cascade-Forward Neural Networks (CFNN). The selection of neural models has been
performed in a functional minimization of the Mean-Squared Error (MSE) and Mean Absolute Error
(MAE) criteria.

II. HAYYHU NNYBJIUKALIIUA B U3JAHUA, KOUTO CA PE®EPUPAHU U
NHAEKCHPAHHU B CBETOBHOM3BECTHHU BA3U JAHHHM C HAYYHA
HHPOPMALIUA

I'.7.1: Cunmesupane na modenu 3a udenmugpuxayus na menempaguynu Mapkoscku eepucu upes
H3xycmeenu Hesponnu mpescu u memod [Jopeo na peweHusma

B craTtusTa ¢ npuiiokeH MHOBAaTHBEH OJXO07 332 WICHTU(UKAIMSA Ha Bepurd Ha Mapko M/M/c u
M/M/c/k B MATLAB Ha 6a3a Ha MaTeMaTHYeCKHUTE anapaTH Ha U3KyCTBEHUTE HEBPOHHU MPEKU
(ANN) ot Tun ¢ oOpaTHO pa3mpoCTpaHEHHE Ha TpelIkaTa W MeToja AbpBO Ha pemeHusta (DT).
UzBbpmieno e oOydeHune Ha CTPYKTYPHM MIACHTU(GUKALMOHHM MOJENIM 3a OIpEAeiIsHE Ha
MPUHAIICKHOCTTA HA TONYYSHHTE TapaMmeTpu Mpu TeleTpaduuHa cuMmyianus kbM M/M/c umu
M/M/c/k Bepuru, 6a3upaHo Ha ykazaHuTe anapaTi. [IpeacraBeHu ca pe3yaTaTuTe OT MPOBEICHOTO
obOyuenue u cuate3 Ha ANN u DT monenn. [locturHatu ca 1ocTaTh4HO BUCOKH PE3YNTATH TPH
TenerpaduiHa UACHTHU(QHUKALUS, TOTBBHPKIABAIIM YCIEITHOTO TPUIOKEHHE HA IPEJI0KEHUTE
CHUHTE3UPaHU KIaCH(UKAIIMOHHU MOJIENH, ChOTBeTHO MpuOim3nTenHo 91.00 % mpu DT u 99.20 %
pu ANN.

I'.7.1: Synthesizing of Models for Identification of Teletraffic Markov Chains by Artificial Neural
Networks and Decision Tree Method

An innovative approach to identifying Markov’s teletraffic chains by means of multilayer
backpropagation Artificial Neural Networks (ANNSs) and Decision Tree (DT) structure is proposed
in this paper. The synthesis processes of the identification models are performed on the basis of a
step quantitative analysis of accepted parametric criteria - Mean Squared Error and Accuracy for
ANN, and accuracies at re-substitution and cross-validation techniques for DT. The obtained best
results - accuracies 91.00 % in DT and 99.20 % in ANN, give optimistic grounds and a prerequisite




for deepening the research as search and combining of other methods, algorithms and apparatuses in
the Markov chain type identification as well as improve the predictive processes of the teletraffic
system identification.

I.7.2: Uoenmugpuxayus na Hnumepuem mpaghuunu 30HU uUpe3 HeBPOHHU Mpedicu C 00pamuo
PAa3npoOCmpanerue Ha 2peuKama u 6eposimHOCIHU HEGDOHHU MPeiCU

B crartusta ce mpennara moAXo[ HAa OCHOBaTa Ha KOHLENIMATa VI3KYCTBEH HHTENIEKT 3a
KaTeropusalvsg Ha ypOaHW3MpaHH 30HH Ha moTpeOieHue Ha WHTEpHET CBHIBpKAHUE OT
KOPIIOPaTHBHU KIMEHTH. bellle aHamu3upaHa NpuiIoKUMOCTTa Ha Pa3IMuHU HEBPOHHU aniapaTH KaTo
0s1xa M30paHM KaTo HAN-ITOAXOIAIIHN TPUCIOWHN HEBPOHHN MPEXKHU C 00paTHO pa3pOCTpaHCHHUE HA
rpemkara (BPNs) u yerupucnoiinun BepositHocTHH HeBpoHHH Mpexu (PNNs). Cunte3st Ha BPN
apXUTEKTYpH 3a uaeHtuukanus Ha MaTepHeT Tpaduk Oerre u3BbPIICH MPU pa3iudeH GUKCUPAHO
KOJINYECTBO M3YMCIINTEIIHHU €IUHULU B CKPUTHUTE CJIOEBE C TAHI'€HC-CUTMOMJAIIHA, JIOTapUTMHUYHA-
CUTMOUJalHAa W JIMHeWHa (YHKUWS Ha akTuBauus. bfxa oleHeHWM Bapwanuute Ha HabOp OT
cneunpuaHu Kputepun kato Tounoct, CpeqHokBaapaTndHa rpemika, CpegHa abCcoOTHA Tpelika,
Kopenammonnu koedunmentyu u T.H. Ceneknusata Ha PNNs Oeme 6a3npana Ha CTRIIKOBO HapacTBaHe
Ha mupounHata Ha KepHen yHkumuTe B paguaaHo-0a3uCcHUS CTPYKTYPEH CIIOW HpH 1moxoOHa Ha
npwiokeHata anajorus npu BPNs. Bucokn HuMBa Ha HMHIMKATOpUTE 3a pa3lo3HaBaHe Osxa
YCTAaHOBEHH B XOJa HAa MPOLEAYpUTE IO H3CJIEABAHE OTHOCHO TECTOBM BXOISINM MOTOLU OT
WuTepHeT makeTH! gaHHU npu TogHocT Hax 90.0 %.

I'.7.2: Internet Traffic Zone ldentification by Backpropagation and Probabilistic Neural Networks

The article proposes an approach based on the concept of Artificial Intelligence for the categorization
of urban areas of Internet content by corporate customers. The applicability of different neural
apparatus was analyzed as well as three-layer Backpropagation Neural Networks (BPN) and four-
layer Probabilistic Neural Networks (PNN) as the most suitable for the purpose of the study were
selected. The synthesis of BPN architectures for Internet traffic identification was carried out
according to a different number of computing units in the hidden layers with hyperbolic tangent
sigmoid, log-sigmoid and linear transfer functions. The variations of a set of specific criteria were
examined as Accuracy, Mean-Squared Error, Mean Absolute Error, Correlation coefficients, etc. The
selection of PNNs against the defined quality indicators was based on a stepwise increase of the
spread indicator of the Kernel functions in a Radial-Basis (RB) structural layer by analogy similar to
that applied to BPNSs. In the research processes, high levels of neural recognition indicators were
established in processing with the Incoming flows of Internet Packages in over 90.00%.

I'.7.3: IIpoenosupane na mpaguunomo Hamosapsaue 6v6 gepucu Ha Mapkog uznonzeaiku nooxoou
¢ Uzkycmeen unmenexm

JoknaneT npeznara moaxoi, 6asupana Ha M3KyCTBEH WHTEJIEKT 3a OIICHSBAaHE W CHHTE3MpaHe Ha
MOJIETT 3a TIPOTHO3CH aHalli3 Ha ,,KOMIDIEKCHOTO KOJIMYECTBO IOTPEOWTENH, W3YaKBAIUd B
ofamikata, U OOCIY)XEHHUTE CHCTEMHH IMOTpeOWTeNH MpH MoOJeivpaHe Ha Bepura Ha Mapkos
M/M/25/k nipu niporieiypHa ceekius Ha ,,yupasiasiemute Gakropu’. [IpoBeneHu ca npoueaypu mno
perpecroHHo MojenupaHe npu 3anaraHe Ha Generalized Regression Neural Networks (GRNNs) u
Cascaded-Forward Neural Networks (CFNNs). O0001enu ca pe3yiraTtuTe OTHOCHO U3CIIeIBAaHUTE
HEBPOHHM MOJIENI B CHOTBETCTBHE C OIeHKa Ha Kpurepusi CpeHOKBaJpaTH4Ha Tpelika Nph
(uKcUpaHH BapUAIlIOHHU THATIa30HH HA ,,IIUPOYHHATA Ha (DYHKIIHMATA B PAIATHO-0a3UCHUS CIION
3a GRNNSs u Opoii Ha ckputuTe HeBpoHH Ipu cenekuus Ha CFNNs. M3cnenBanusra 6s1xa npoBeaeHn
3a CilydauTe Ha clelU(UYHU NPUIOKEHH KOMOMHALMKM OT HAOOpu OT Ha3HAYEHH ,,TeneTpaduuHu
yrpaBisieMd (QakTtopu — ,,CpeHa CKOPOCT Ha IOCTHIIBAHE HA 3asBKH', ,,CPETHO OOCITYKBAIIIO
BpeMe* U ,,KalmaluTeT Ha onaikara“. beie nocturuara 3HaunTenHa MuHuMu3anus Ha MSE HuBata
B nocnenosatenen pex 10%, 10°, mokassamo MOJOXKHUTENHUTE KadecTBa Ha CHHTE3UPAHUTE
MIPOTHO3HHU HEBPOHHU MOJIEITH.




I'.7.3: Traffic Load Prediction in Markov Chains Using Artificial Intelligence Techniques

The paper suggests an approach based on Artificial Intelligence (Al) for the evaluation and synthesis
of models for predictive analysis of the complex amount of users in the queue and serviced system
users in modelling Markov chain M/M/25/k in procedural selection of controllable factors.
Regression modelling procedures have been carried out by Generalized Regression Neural Networks
(GRNNSs) and Cascaded-Forward Neural Networks (CFNNSs). The results of study about the
investigated neural models are sumarized according to an assessment of the Mean-Squared Error
criterion at fixed variation ranges of the spread indicator for GRNNs and the hidden neurons in
CFNNs selection procedures. The studies carried out cover the cases of specified sets of teletraffic
predictors combinations applied - average request rate, service time and queue capacity. Sufficient
minimization levels of MSE of the order of 10, 10 are achieved, determining the positive qualities
of synthesized predictive neural models.

I'.7.4: Pecpecuonen aumanusz u onmumuzayus HA MOOelU 3d NPOSHO3UPAHe HA merempaduyHu
napamempu

EnauH OoT OCHOBHMTE acleKTH NMPH OCHUTYpsBaHE HAa KAYeCTBO Ha OOCIy)KBaHE B TeleTpapUUHUTE
CHUCTCMU 3a NPOTHO3HMPAHEC HAa TCKYHIUTC MOMCHTHU HaA MOJy4YaBaHC U O6CHy)I(BaHC Ha INOBUKBaHUA
MIPH ONITUMAJTHU BXOJHH ITapaMeTpH. 3a Tas3d [ed B AOKJaaa Oelre MpeyIokKeH MOAX0/ 32 CHHTE3 1
ONTHMH3AIMSI HA MaTeMaTHYeCKH IPOTHO3HM MOJEIM OTHOCHO Bepura Ha Mapko M/M/1.
Mopnenute Osixa Oa3upaHu Ha mnpoueaypu 1o ,llnanupane Ha excnepuMeHTa™ ,,PerpecroHeH
ananmus®, ,Interior point” u ,,I'enernunn anropurmu™. Cenexktupanu ca HecumerpuueH kBasu-D-
ONTHMAJICH TUIAH 3a TIOJMHOMH OT BTOpa cTeneH WM CumerpudeH kBasu-D-onrnmaneH mmaH 3a
JMHENHHM TPOTHO3HM MOJIEIM Ha OCHOBaTa Ha OlLEHKa Ha ,,Koeduuuenrta Ha onpeneneHoct R
AHanu3upaHo € BIUSHHETO Ha ,,CpeldHara CKOpOCT Ha mocThiBaHe™ u ,,CpeaHOTO BpeMe 3a
oOciykBaHe Ha TMPOTHO3HUS BXOMSI W M3Xomsmus Tpaduk. [IpumoxxeHN ca ONTHMHU3allMOHHA
mnmpoucaypu 1o ,,KOHCTaHTHa HeJIMHeHHa MI/IHI/IMI/I33HI/I$1“ IIPpU THPCCHE HAa NIOTCHIIMAJICH MUHUMYM Ha
,CpeaHara CKOpOCT Ha MOCTHIIBaHE Ha MOBUKBAHHUS B CHCTeMara™ IOCPEACTBOM ,,Interior point™ u
»] CHETHUHU QJITOPUTMHU". YCTAHOBEHHUTE ONTHUMAJIHU PELICHUSI CE XapaKTEpPHU3UPAT C U3BECTHA
CTETeH Ha CXOJICTBO KaToO MO-A00pW pe3yNTaTH ca MOCTHTHATH MHTEIWTEHTHHUS ONTHMH3AIMOHEH
nonxoxn GA.

I'.7.4: Regression Analysis and Optimization of Teletraffic Models for Parameters Forecasting

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 paper an approach for synthesis and optimization of mathematical forecasting models about
Markov M/M/1 systems was proposed. The models were based on design of experiment, regression
analysis, Interior point and Genetic Algorithms (GA). Non-symmetric quasi-D-optimal plan for
second-order polynomials and the Symmetric Quasi-D-optimal plan for linear prognostic models
based on the R?coefficient assessment 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 constant non-linear minimization are applied in searching for potential minimum of
the average arrival rate of calls in the system through Interior point and Genetic algorithms. The
established optimal solutions have a certain degree of similarity. The better results are achieved with
the intelligent optimization approach GA.

I'.7.5: Cmamucmuuecka obpabomxa u KOHMPON HA KAYECMBOMO 3a 8X005UWUsL MPAdUK 6b6 epucu
Ha Mapkos

N3BbpiiieHo € CUMYJIAlIMOHHO MOJICIMpaHe Ha TejeTpaduuna cuctemMa M/M/1 nipu 3amaneHu cpeaHa
CKOPOCT Ha TIOCThITBAaHE Ha TOBUKBAHUS U CPEIHO BpeMe Ha 00CITyKBaHe KaTo Ca MOJTyYeHH H3XOIHU
JTAHHU 3@ BPEMETO 3a MOCThIIBAHE HA MOTPEOUTEIICKH 3asBKH B cucTeMarta. JlajeHu ca quarpaMu Ha
MPEXOANTE U ChCTOsTHMATA. DopMupany ca HHPOPMAITMOHHN MACHBH OTHOCHO TEKYIIUTE MOMEHTH
Ha TIOCTHITBAHE HA TTOBUKBAHMUSA 32 MTOTpeOuTeNn ¢ uaearudukanrnonau Homepa 100, 200, 300 u 400.
Pasrnekna ce 3ajavyara 3a CTaTHCTHYECKa 00pabOTKa M ONTHMHU3AIUS HA BXOAAIIUS Tpaduk,
0a3upaHy Ha MOAXO]] M0 KOHTPOJI HA KAYeCTBOTO BHPXY MPEACTABEHHTE M3BaJKHU. B pesynrar ot




o0OpaboTkaTa ca onpeAeieH! TCOPSTUIHN HOMUHATHY U TOTYCTUMH T'PAHUYHHA HUBA HA BPEMETO 32
MIOCTHITBAaHE, HAIPAaBEHU Ca IMPOBEPKH IO KaKBa CTENEH ONHTHUTE HAONIOACHHUA ¥ IOIydeHUTE
pe3yATaTHU €TaJOHH KaTO CPEJIHHU CTOMHOCTH MEXAY TSAX MPHUTEKABAT HOPMATHO pa3lpeleiicHuE,
KaKTO U TOMaJaT B paMKUTE Ha CHOTBETHUTE I'paHUlld. [10 OTHOIIEHHE HA BCEKU OT M3CJICIBAHUTE
HaOOpH OT JJAHHHM Ca KAJIKyJIMpaHU OCHOBHU TOKa3aTeN Ha Ka4eCTBO, OHATJIEIEHH Ype3 MHOKECTBO
X-Bar u R quarpaMu v BeposITHOCTHH XACTOTpaMu. Pe3ynraruTe oT aHATN3 HA KAY€CTBOTO IMTOKa3BaT
Hal-BHCOKa CTCICH Ha KauyeCTBO OTHOCHO WH(OpPMAalMOHHATA W3BajJKa 3a KIWUEHT B pell Ha
noctheiBaHe Ha 3asBku ¢ HoMep 400. [IpencTaBeHUAT MOAXO/ 32 CTATUCTHYECKU aHAIIN3 B KOHTPOJI
Ha Ka4eCTBOTO BKJIIOYBA OIE CTHIKHU IO YCTAaHOBSBaHE Ha HAOIMIOACHHWA M3BHH YCTAHOBEHUTE
TCPAHMIIM 32 ONTUMAJHOCT U TSIXHO U3KJIIOYBAHE OT ChCTaBa HA BXOAHUTE JAHHHU.

I'.7.5: Statistical Processing and Quality of Service for Incoming Traffic in Markov Chains

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 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.

I'.7.6: [Ipoenosupane na amnaumyOHu HUBA HA WLYM KbM CUCHATU C ULYMOBE NOCPEOCMEOM NOOX00U
c uzenuuane na cmamucmuyecku xapakmepucmuxu u CFNN

[IporHo3upaneTo Ha aMIUTUTYIHUTE HUBA HAa ITyMOBETE BHPXY (popMaTa Ha Mpe/IaBaHUTE CUTHAIN B
KOMYHHUKAIIUUTE M €JIEKTPOHMKATa € BaXkJa 3ajiada 3a peaylnupaHe Ha epeKTa OT BIMSHUETO UM
BbpXy (opMaTa Ha TpeJaBaHUTE CUTHAIH. B JoKiana € NpeiiokeH IOX0J, KOMOWHHpAII
npouenypu 1o Descriptive Analysis Ha peruCTprpaHy CUTHAIM C HAJIOXKEHH IIIyMOBE, N3BJINYaHE Ha
MoI0OpaHy CTATUCTUYECKH MHJIEKCH U CUHTE3 Ha MOJISIU 32 MPOTHO3UpaHe Ha BapUalMUTE Ha IIyMa
ype3 koHuenuusTa Artificial Intelligence. Obextu 3a m3cneaBane ca Sine, Square, Triangle u
Sawtooth curnanu ¢ Biusiane Ha [ToctosiHeH Osi1 rym u [lepuoanden ciaydaeH myMm. B kagectBoTO
Ha HEBPOHEH MHCTPYMEHT 3a MPOTHO3€H aHanu3 Oelle m3cieaBaHa npuiokumoctta Ha Cascade-
Forward Neural Networks (CFNNs) npu Levenberg-Marquardt oOyuasari anropursM. B nporiecute
Ha momoop Ha CFNNs 3a mporHozeH aHanu3 Osixa OIGHEHM Oa3MCHM KPUTEPHU KaTo
CpenHokBajpaTHyHa Tpemrka, MpexoBa NpPOM3BOAUTENHOCT, KoedummeHTH Ha Kopenamus,
Bapwuanun Ha OcTarblTe MKy TEOPETUYHUTE U MPOTHO3ZHUTE AMIUIUTYAHUA CTOMHOCTH Ha IIIYM.

I'.7.6: Amplitude Noise Level Prediction in Signals with Noises by Statistics Extraction and CFNN
Techniques

Predicting the amplitude levels of noise on the form of transmitted signals in communications and
electronics is a task to reduce the effect of their influence on the form of transmitted signals. The
report proposes an approach combining procedures under Descriptive Analysis of registered noise
signals with imposed noise, extraction of selected statistical indices and synthesis of models for
prediction of noise variations through the concept of Artificial Intelligence. Research objects are Sine,
Square, Triangle and Sawtooth waveforms with influence of Uniform White Noise (UWN) and
Periodic Random Noise (PRN). As a neural analysis for predictive analysis, the applicability of
Cascade-Forward Neural Networks (CFNNs) in Levenberg-Marquardt learning algorithm was
investigated. Baseline criteria such as Mean-Squared Error, Network Performance, Correlation




Coefficients, Variations of Residuals between Observed and Predicted Noise values were assessed in
the selection processes of CFNNs for predictive analysis.

I'.7.7: Paznosznasane ha wymoee u pedesu CucHalu C Haiudue Ha uiymoee C nomowma HdA
H3Kycmeeﬂu HEBPOHHU MPEINCU

Cnopex HaydHHUTE M3CICIBAHUS HAH-4eCTO M3MIOJN3BAaHUTE amapaTd B 3aJadd 33 pPa3llO3HABaHE Ha
curnamu ca Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs) u Deep
Neural Networks (DNNS). PasriexnaHusT ROKIan NpPEACTaBs WHOBAaTHUBEH IMOIXOJ, CBBP3aH C
BB3MOXKHOCTTA 32 HICHTH(UKAIMSA Ha CIyYailHM IIYMOBH BB3JICHCTBHS W PEUYEBH CHUTHAIU C
HACJIOKEHO TMPHUCHCTBHE Ha IryMoBe ¢ momoiira Ha Backpropagation Neural Networks (BNNS) npu
pasnuyHy (QYHKIMK Ha HeBpoHHa akTuBanus. TectBanu ca BPNS ¢ ¢pukcupana nuneitna “purelin”,
TaHTeHC-CUTMOWIATHA ,,tansig”’, JIOrapuTMUYHA-CUTMONAanHa “logsig” akTHBaIoHHa (YHKIHS B
M3XOIHHUTE cioeBe. bemre cenekTpana HEBPOHHA apXWUTEKTypa 3a pas3loO3HABaHE Ha IIYMOBE C
BKJTIOYBAHE Ha 6 CKPUTH HEBPOHA B MEXKIMHHUS CIION MPH ,,tansig’” U3X0IHA aKTUBALMS M TIOCTUTHATA
Tounoct 98.3 %. I1o oTHOIIEHHe Ha 0OpabOTKaTa HA YOBEINIKa ped Oenre HaOIro1aBaHa UICHTUYHA
edexTuBHOCT 93.7 % NpH HEBPOHHU CTPYKTYPH € 4, 3 U 4 CKPUTH U3UMCIUTETHN €IMHULIU 32 BCHUKU
THITOBE aKTUBAIMOHHH (DYHKIIHH.

I'.7.7: Recognition of Noises and Noise Speech Signals by Artificial Neural Networks

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 (DNNSs). 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 (“purelin”), 3 (“tansig”) and 4 (“logsig”) hidden neurons for all types of output transfer functions
was observed.

I.7.8: Ilpunoscenue na Juckpumunanmen aHaiu3 3a UOeHMUUKAYUS HA CUSHAIU 8
KOMYHUKAYUOHHUME CUCEeMU

JoknaabT mpeacTaBsi MpoLeIypuTe N0 UASHTH(UKAIMS HA BIMSHUETO HAa IIYM KbM aHAJIOTOBU U
nu(pPOBH CUTHAIM BHB BpeMeBaTa M YeCTOTHATa 00JacT Ha OCHOBaTa Ha J[MCKpUMUHAHTEH aHAIHU3.
OOekT Ha M3cnenBaHe 3a CUHYCOWAAIHH, NPABOBI'BIHU, TPUBI'BIHA U TPUOHOOOPA3HU CUTHAIH C
IMocrosiren 651 ym (UWN) u Tepuonuuen ciaydaen mym (PRN). TToctpoenu ca xucrorpamu Ha
HopmanHo pasnpenenenue Ha TectoBuTe curHaiu. OOOOIIEHHM W CpaBHEHH ca IapaMeTpuTe,
XapaxkTepusupally GyHKUUMUTE Ha TUIBTHOCT Ha BEPOATHOCTTA 32 HE0OpaboTeHnuTe U 00padoTeHuTe
¢ FFT curHanu, pecnekTHBHO ,,CpeiHAa CTOMHOCT™ W ,,CTAHJAPTHO OTKIOHEHHe . O0oOIIeHH ca
pe3ynTaTUTe OT NMPOBENEHHUS aHalW3 Ha KauyecTBOTO Ha ch3faaeHute Jluneitnn n Ksagpatuunu
JUCKPUMHHAHTHU MOJIENH, [IPEICTaBEHN B oOcera Ha TEXHUUYECKHUTE MOAXO0AH ,,PecyOcTurynus u
»Kpoc-Banmuaupane®. KBagparnden u [IceBno-kBagpaTiHueH AUCKPUMUHAHTHH KITaCU(PHUKATOPH Osixa
YCHEIIHO CHHTE3UpaHu 3a uiacHTH(uiupaHe Ha HeoOpaborenu curHamum ¢ UWN um PRN BbB
BpeMeBaTa 00J1acT ¢ HACHTUYHH KJIACU(PHUKALMOHHN TOUHOCTH 98.8 %. 3aHmKeHN HIUBa Ha TOYHOCTTA
B obOxBata okonmo 50.0 % ca peructpupanu npu Jluneitnure cmpamo Ksaagpatuunute
knacudukatopu. [To oTHOmEeHHe Ha WaeHTHUITMpaHe HA MToNydeHnuTe criekTpaiaau FFT curnamm c
UWN u PRN 6sxa nabmogaBanu tounoctd 98.24 % 3a Ksampatwaen u 98.17 % 3a IlceBmo-
KBagpaTHueH Mozed. M3cienBaHo e Bw3aelicTBHEeTO Ha mnpuiokeHute FFT  manmmynanum.
[MonoxuTenHN MHAMKALMU ca IMOJNYYCHHU, W3pa3siBallyl ce€ B HapacTBaMe Ha KJIACH(UKAIMOHHATA
TOYHOCT 3a JInHeWHNTe TMCKPIMHHAHTHU MOJIENH B o6xBaTa Ha 7, 8 %.

I'.7.8: Application of Discriminant Analysis for Signals Identification in Communication Systems

The paper presents noise impact identification procedures 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 sawtooth 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, respectively “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 summarized. Quadratic and pseudo-quadratic classifiers
have been successfully synthesized to identify untreated signals with UWN and PRN in time domain
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 qualitative indices
are achieved with regard to the identification of FFT signals with UWN and PRN, 98.24% for the
guadratic and 98.17% for pseudo-quadratic models were observed. The effect of FFT manipulations
are investigated. Positive indications have been obtained for increasing classifier accuracy in linear
discriminant models within seven, eight percent.

I'.7.9: Obpabomka u ananu3s Ha CUSHATYU C HACLOJNCEHU WYyMOGe Ype3 H3KycmeeHu He8pOHHU MpedicU

B cumynammonna cpema LabVIEW ca wm3cienBaHu CHHYCOHWIANEH, MPaBOBIBIEH W TPUBI'BICH
curHaim ¢ mobaseHo Bp3aeicTBre Ha [locTosHeH Osu1 irym (UWN) 1 Po3oB mrym (IFN). Tlomydenn
ca CIEKTPalHW XapaKTePUCTHKH Ha CUTHAIUTE C NPWIOKEHHE Ha alropuThMa Ha OBP30TO
npeoOpa3oBanne Ha Dypue. Pasrnenana e noreHuumanHa 3ajada 3a MOCHTU(QHUKALMS Ha THIA
CMYIIABAIlX BB3JIEHCTBUS C INPWIOKEHHE Ha M3KYCTBEH HMHTEIEKT, 00ydeH mocpeactBoM Scaled
Conjugate Gradient TeXHHYECKH ITOIXO IPH YaCTHYHHN HH()OPMAIIMOHHN U3BAJIKH 33 CUTHAINTE BHB
BpeMeBaTa M yecroTHara oOmactu. JlehuHHpaHW ca LEJCBH BEPOSTHOCTH HAa TMPHHAIJIC)KHOCT
otHocHo curHainu ¢ UWN u curnamu ¢ IFN ¢ u 6e3 FFT o6pabotka. V3pbpiieHu ca mporeaypu 1o
cuare3 Ha feed-forward HEBpOHHM apXWTEKTYpH C THUI aKTUBAlMOHHA (yHKOMsA “sigmoid” B
MEXIUHHUS U “‘softmax” B M3XOAHUS CIOH MPH pa3InyHHU KOJTUYECTBA CKPUTH HEBPOHHU €AMHUIIN B
CpaHuTe OT 5 10 25. AHANU3UpaHU Ca NaHHU 332 OCHOBHU KPUTEPHUM IPH CUHTE3 Cross-entropy u
TOYHOCT Ha knacudukanuu. CelekTupanu ca HeBpoHHN Mpexu mpu 20 u 11 MexxTuHHE HEBpOHA C
Haii-106pu nokasarenu 3a TouHocT 73.40 % u 98.00 % 3a naeHTHUKALMS HA CIEKTPATHU CUTHAIIN
¥ CUTHaNM c HacjoxeHw mymoBe 0e3 FFT. YcranoBeH e ¢akra, e BIUSHHETO Ha OBP30TO
npeoOpasyBanue Ha Pypue npu 00paboTKa Ha CUTHAIM HsIMa ThpceHHs eeKT oT mopoOpsiBaHe Ha
KJIacH()UKAMOHHNUTE MapaMeTpH. AHAIOTUYEH ITOJXO0JI € MPUIIOKEH MPU ONHT 32 WACHTH(UKAIIUSL
Ha CMHYCOWJIAJTHU U MPAaBOBI'BIHU CHT'HANM 0€3 MmpenBapuTeliHa 00paboTKa KaTo MPUCHCTBUETO HA
UWN e 3ameHeHo ¢ ToBa Ha ['aycoB 051 mym (GWN), KbJeTO IOCTUIHATATa HAH-BHCOKA TOYHOCT
npu uaeHTudukanys ce papasea Ha 94.20 %.

I'.7.9: Processing and Analysis of Signals with Superposed Noises by Artificial Neural Networks

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
neuronal units within the limits of 5 to 25 were performed. The data on 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 pre-
treatment, were the presence of UWN are replaced by Gaussian White Noise (GWN), and where the
highest achieved identifiable accuracy is 94.20 %.




I'.7.10: WEB npoexmupane na yugpposu gurmpu ¢ LabVIEW u usepasxcoane na cevpsanocm c
MSSQL u MySQL 6asu oannu

B noxmaga ca mpeacraBenu pa3pab0TeHN BUPTYalTHU HHCTPYMEHTH 332 KOMITIOTHPHO MOJIENTMpaHe Ha
uudposu IIR u FIR B rpaduuna cpega LabVIEW ¢ BB3MOXKHOCT 32 OTAaI€YEeH JOCTHII A0 TAX Mpe3
WEB. HampaBenure nNOTPEOUTEIICKH TPHIOKEHHUS JaBaT BBH3MOXKHOCT 3a CIHOBPEMEHHO
reHepupane Ha GUITHPHUTE KOSPUITNEHTH U Pa3IMYHI THITIOBU XapaKTEPUCTUKH, C KOETO CE TTOCTUTA
Io-IrbjTHa WHQOPMHUPAHOCT 3a crienudukaTa Ha TaxHaTa padora. JleMOHCTpHpaH € HWHOBAaTHBCH
MOJIXOJT 32 peanu3alus Ha Bpb3ku Mexny LaBVIEW u penaiimonHu cuctemu 3a ynpasieHHe Ha 0a3u
ot manam Microsoft SQL and MySQL. IlpencraBena e apxuTekTypa Ha BHEJPEHO HHOBATHBHO
pemenne Ha WEB-based cucrema 3a npoektupane, n3cieiBaHe U aHAJIN3 Ha MU(POBHA PEKyPCUBHU
U HepekypcuBHU (uiaTpu. Pa3paboreHara cucrema € MPHIOKKMMA 332 U3ydaBaHE Ha (DUITPUpAIIH
mpolecu B cepara Ha eJICKPTOHUKATa M TEeJICKOMYHUKauuTe. HeHHOTO OCHOBHO MPEIUMCTBO €
CITOCOOHOCTTA 32 OTHAICUYSHO MOICTUPaHe Ha IMTU(POBH (GYUITPH OT M3CIICIOBATEIH, Pa3padoTIHIIH
u oOyuaemu npe3 MHTEpHET Ccpena.

I'.7.10: WEB Design of Digital Filters in LabVIEW and Connection With MSSQL and MySQL
Databases

The paper presents developed virtual tools for modeling of digital IR and FIR in LabVIEW 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 achieves more complete information
about the specifics of their work were made. An innovative approach for linking of LabVIEW with
Microsoft SQL and MySQL databases has been demonstrated. Architecture of an innovative solution
of a WEB-based system for design, investigation and analysis of Digital Recursive and Non-recursive
filters is presented. The developed system is applicable to the study of filtering processes in the fields
of electronics and telecommunications. Its main advantage is the convenience of remote modeling of
digital filters by researchers, developers and students through the Internet.

I'.7.11: Kameeopuzayus na éepucu na Mapxos M/M/c/k upes Feed-Forward nesponnu mpesrcu

B noxnana e pasrienana Bp3MOKHOCTTa 3a npuioxenue Ha Artificial Intelligence npu ananus nHa
M/M/c/k Tpadudnu naHHU C 1€ TepUHUpPaAHE HA TAXHATA KATErOpHUs CIIPSIMO OOCITYKBaHU BEPHUTH
NP pasinyeH Opoi ChbpBBPHH CTaHIuH, choTBeTHO C = 10, ¢ = 15 u ¢ = 20. Usnon3sanu ca feed-
forward ueBponnu momenu ¢ obydenue mo Scaled Conjugate Gradient anropuTsM mpu 3aaaeHu
aKTHUBAIMOHHU THUITOBE ,,5igMOid* B ckpuTHTe 1 ,,50ftMax* B usxoauu MpexoBu cioese. 3BbpiieHa
€ CeJIeKUus B TpaHUIKTE OT 3 10 25 MEXIUHHU HEBPOHA IIPH OLIEHKA HA MH()OPMATHBHOCTTA Ha MET
BXOJHHU MPHU3HAKA — ,,KIIMEHTCKH WACHTH(HKAIIMOHEH HOMEP®, ,,BpeMe Ha MOCTBIIBAHE HA 3asBKH‘,
»BpEME Ha cTapTHpaHe Ha OOCIyXBaHe", ,MICHTU(HUKAINOHEH CHPBBPEH HOMEP™ U ,.BpeMe Ha
ocBoOOKAaBaHe Ha 3asiBKH ‘. CHHTE3UpaH € MOJIeJI [TPU YeTUPU BXOAHU TPOMEHIIMBY 0e3 TapaMeTbpa
,»BPEME Ha CTapTHpaHe Ha 00CiIy)XBaHe ¢ moiy4eHa TouHocT 87.7%. Cien KOeTo 3a yCTaHOBEHUS
MOJIEJI, EKCTIEPUMEHTA € PAa3IIUPeH 10 39 HEBPOHHU €IWHUIIM J0 JOCTHTaHE Ha MOTECHIMAIHO HHBO
Ha TouHocT Haja 90.0%. B u3crmenBaHus ONMMTEH AMANA30H € KOHCTATHpaHa Hal-BHCOKA TOYHOCT
90.7% mipu 33 HEBpOHa.

I'.7.11: Categorization of Markov Chains M/M/c/k by Feed-Forward Neural Networks

The paper 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 ID", "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.




I'.7.12: Ananuz u kamezopuzayus Ha mpaguunu nomoyu nocpedcmeom Hzkycmeen unmenexm

B noxazia e HarnpaBeHa OLCHKA M0 OTHONICHHE HA U3YHUCIUTEIHATa ¢PEKTUBHOCT HA M3KYCTBEHHUTE
HEBPOHHH MPEXH MMPH aHAIM3 Ha MpeaaBaHd HHOOPMAIIMOHHH ITOTOIHM 32 ONPE/IC/IsTHE Ha THIA Ha
nebuHUpanu TpahUUHNA KaTETOPHHU C MOMOINTA HA U3KYCTBeH MHTENEKT. OOEKT Ha M3ClieIBaHE Cca
Bepuru Ha MapkoB M/M/C nipy HETUMUTHPAHO KOJMYECTBO YaKaIll{ TMOBUKBAHHS B OMAIIKaTa H
(bUKCHpaHU ChPBHPHHU CTAHIIMK B CHOTBETCTBHE C JKEJIAHU TECTOBH KaTETOPHH, KaKTO clie/iBa C = 5,
¢ = 10 u ¢ = 15. TlpwiokeHn ca TPUCIOWHH APXUTEKTypU TPU Pa3IMYCH THI aKTHBAIUS Ha
HEeBpOHHHUTE n3xo1u ¢ Levenberg-Marquardt o0y4eHre, ChbOTBETHO JIMHECH, TAHI€C-CUTMOH/IAJICH 1
JIOTapUTMUYEH-CUTMOHIANICH. EKCIepUMEHTAIHO Ca YCTAHOBEHHM HAW-HUCKH CTOHHOCTH Ha
CpemnokBanpaTtrunara rpemka (MSE) 0.0080, 0.0041 u 0.1923 mpu 7, 3 u 25 CKpUTH HEBPOHA B
MOCJIC/IOBATENICH Pell 32 yKa3aHuTe (yHKIMU Ha akThBaius. COpsMo HHBaTa Ha MOKa3aTels MpH
UACHTHYEH Opoil HeBpOHU ca moiydeHn TouHocT 94.4 %, 100.0 % u 70.6%.

I'.7.12: Analysis and Categorization of Traffic Streams by Artificial Intelligence

This paper 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 ¢ = 5, ¢ = 10 and ¢ = 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.

I'.7.13: Peoyyupane u uoenmuguyupare na wiymose u3noI36atiKu UsKyCmeeHu HeGPOHHU MPEHCU C
PA3IUYHU DYHKYUU HA aKMUBAYUS

JloKknanpT OeHsABa Bb3MOXKHOCTHUTE 3a PedylLpaHe Ha HMBaTa M UACHTU(UKAIUS Ha CUTHAIU C
MPUCHCTBUE HA IITYMOBE, N3IOJI3BANKN N3KYCTBEHH HEBPOHHH MpeKU. CTPYKTYpH Ha HHAMBHYTHU
JTUHEHHN HEBPOHM OsXa NMPWIOKEHH BbPXY CUHYCOUIAHH CHTHANU ¢ jo0aBeHu ['aycoB Osu1 mrym
(GWN) wu Ilepuoguuen ciayuacH mym (PRN) oTHOCHO penynupaHe Ha HHBaTta Ha IIyMOBH
Bb3/1eiicTBUsE. OOEKT Ha MOHUTOPUHT ca H3MEHEHHsATa Ha ,,.Sum Squared Errors (SSES)“ ¢ ornen Ha
o100 Ha TEXHUTE MUHUMAITHU CTOHHOCTH, ITPH KOUTO CE MOJTy4aBaT Hali-HUCKW aMIUINTYHN HUBA
Ha IIyM. bsixa cb31aeHn U3KYCTBEHH HEBPOHHHU CTPYKTYpH 3a uaeHTudukanus Ha [loctosiHeH 051
myMm u llepmoguuen cimyuyaeH myMm 3a WACHTH(UKAUS Ha TAXHOTO BIMSHHE KbM CHTHAIH C
npaBobrbiHa (opma. bsixa TecTBaHM pa3M4HM THIOBE (QYHKIMHM HA aKTHBALUS U KOJIUYECTBO
W3YHCIIUTEIHN HEBPOHHM EIWHWUIM B CKPUTUS CJIOW Ha HeBpoHHUTe Mojenu. OrneHka Ha
cneunpuunun  Metpuku (,,Tounoct u ,,CpeaHokBazpaTWyHa Tpemka’) Osixa MOJy4YeHH U
aHaJIM3MpaHHU BbB BPh3Ka C IeeBUTEe HEBPOHHU Mozenu. [lomyuena Haii-Bucoka TounocTt 94.00 %
Oenie HaOJIrOIaBaHA IPU MOJIEN C TAHTEHC-CUTMOMJANTHA AKTUBAIIMOHHA (DYHKITHSL.

I'.7.13: Reduction and Identification of Noise Signals Using Artificial Neural Networks With Various
Activation Functions

The paper examines the options for reducing the levels of noisy signals and their identification using
artificial neural networks. Single linear neuron structures were applied to sinusoidal signals with
added Gaussian White Noise and Periodic Random noise for noise level reduction. The changes of
the Sum Squared Errors are monitored by selecting their minimum values, which achieve the lowest
amplitude noise levels. Artificial neural structures were created to identify square waveforms with
superimposed Uniform Gaussian Noise and Periodic Random Noise. Various types of activation
functions and computation neuronal units were tested in the hidden layer of neural models. The
specific metrics assessment (Accuracy and Mean Squared Error) were obtained and analyzed about
target neuron models. The highest accuracy of 94.00% achieved was observed at model with
hyperbolic tangent sigmoid activation function.




I'.7.14: Cmamucmuuecku nooxoou 3a onpeoeisine Ha ONMUMATIHU U OONYCIMUMU HUBA HA WYM

B nmoknana e mpezictaBeH moaxo 3a npriarade Ha QO0S mporenypu BbpXy ITIYMOBH Bh3JICHCTBUS B
KomyHuKamuure, crotsetHo Uniform White Noise (UWN), Gaussian White Noise (GWN), Bernoulli
Noise (BN) wu Poisson Noise (PN). ITogxoasT ce cbhcTOM B OINMTHO YCTaHOBSBaHE Ha
MPEMOPHUUTETHN ONTUMATHHA U IPUEMITMBY TPAHWYHN HUBA Ha MOKa3aTelns Ha mymoBe Root Mean
Square Bb3 ocHOBa Ha 00pabOTKa Ha PErUCTPUPAaHU MH(OPMAIIMOHHN HaOOPH 338 BCEKH KOHKPETEH
myMm. [IpumoxkeHa € CBBKYIHOCT OT METOJAMYHHM CTAaTHCTHYECKH TPOLEAYPU  BBPXY
eKCIIepUMEHTATHITE JaHHH 110 OTHOILICHHE Ha ISUIOCTHHS ¥ HHAUBUIYATHUTE BXOIHH Habopu (RMS
HUBATa MPU BCEKH OTJIENEH IIyM). HanpaBeHu ca aHaim3 u OIIEHKa Ha CIICTHUTE BUJIOBE CeMecTRa
OT XapaKTEPUCTHKN OTHOCHO Pa3INIHH HHANKATOpH 3a kadecTBo “Mean Plot of multiple variables®,
“Normal Probability Plots”, “Individual Plots”, “X-Bar and R char variable”, “Capability Plots” u
“Capability Histograms”. ITogxoabT ce CBBbp3Ba oliie ¢ kKoHcTaTHpaHe Ha RMS samples ¢ oTknonenust
W3BbH PAaMKHTE Ha ONPEICICHUTEC CTATUCTUYECKH HHBA, KAKTO W TAXHO H3KIIOYBAHE C 11T
noj00psIBaHe HA Ka4eCTBOTO Ha 00paboTBaHaTa HHPOPMAIIMOHHA N3BAJKA.

I'.7.14: Statistical Techniques to Determine of Optimal and Acceptable Noise Levels

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 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.

III. HAYYHU NYBJIUKAIUU B HEPE®@EPUPAHU CIIMCAHUSA C HAYYHO
PELHEH3UPAHE UJIN B PEJAKTUPAHU KOJIEKTHUBHU TOMOBE

I'.8.1: Cuenanen ananus c npunodicenue Ha memood K — nai-6nusku coceou

B noknana ca 000011eH pe3ynTaTuTe OT CHHTE3 Ha MOJIEJIM Ha OCHOBaTa Ha MeTo] Ha MammHHO
oOydenune k — Haii-OJM3KU ChCEM MO OTHOIIEHHE Ha CHTHANIM ChC CHHYCOWJAlIHA, MPaBObI'bIIHA U
TpUBI'bIHA (OpMa C HEXenaHo MpHUckcTBHE Ha ['aycoB Osi1 m IlepmonmueH ciydaeH mym. [lo
OTHOIIeHHE Ha ch3naneHnTe k-NN xiacudukannoHHu Mosenu 0sixa BbBEICHN Pa3inyHi METPUIHH
SIMHMIM 32 PA3CTOSIHUE MEXIy €TaJOHHTE OT BXOIHHS HH(POPMAIMOHEH HAa0Op, PECIEKTUBHO
Euclidean, Minkowski, Cityblock u Chebychev. KauectBoTo Ha reHepmpanure KiacuhukaToOpH
Oemre aHaIM3MPaHO Ype3 MpPOLEAYpPH, BKIIOYBAINM HoAxoauTe ,PecyOorurymmsa u ,,Kpoc-
BaJIMIMPaHE", OTHOCHO OLIEHKA HA ChOTHOIIEHHETO MKy KOPEKTHH M HEKOPEKTHH KIaCHU(PHKAIHH.
JIeHHOCTUTE N0 KOJMYECTBEH aHaiu3 Osixa MPOBEICHU NP MPUETO CTHIKOBO M3MeHHME Ha K —
parameter B muamaszona ot 5 mo 100, maentuuno 3a Bcuuku K-NN momenu. B pesynrar ot
u3BbpiIeHnss cuHTe3 Oeme cenektupan K-NN  momen ¢ pascrosnus  Minkowski B
KJIaCU(PHUKAIIMOHHOTO METPHYHO MPOCTPAHCTBO MPH ONTHMAHAa CcTOWHOCT K = 5 ¢ mocturHara
kiacubukaimonsa TogsocT 97.375%.

I'.8.1: Signal Analysis with Application of k-Nearest Neighbors Method

The paper summarizes the results of a synthesis of models based on the k-Nearest Neighbor Machine
Learning method with respect to signals with sinusoidal, square and triangular shapes with unwanted
presence of Gaussian white and Periodic random noises. Regarding to the created k-NN classification
models, different distance metric units were introduced between benchmarks from the input data set,
respectively Euclidean Minkowski, Cityblock and Chebychev. The quality of the generated classifiers
was analyzed by procedures including the "Resubstitution” and "Cross-Validation" approaches




regarding the estimation of the ratio between correct and incorrect classifications. Quantitative
analysis activities were performed with a neat step change of the k parameter in the range of 5 to 100,
identical for all k-NN models. As a result of the performed synthesis, the Minkowski k-NN distance
model was the classification metric metric space at an optimal value of k= 5 with an achieved
classification accuracy 97.375 %.

I'.8.2: Cmamucmuuecku moodenu 3a npocHosupaume Ha meiempapuunu napamempu Ha 8epucu Hd
Mapkos

B myOnukanumsita e m3cnensaHa MapkoBcka Bepura tun M/M/25/k. Tlpuer e [Iwnen ¢axtopeH
eKCIEpUMEHT TIPH ympasisieMu (pakTopa Ha 00ekTa — ,,CpellHa CKOPOCT Ha MOCThIIBaHE HA 3asiBKU";
,»CpemHo BpeMe Ha 00cmyBaHe U ,,MaKkcuMalleH KalaruTeT Ha Omalikara’, 1 TP HABa Ha TSIXHO
Bapupane. M3BbpiieHo e MonmenupaHe Ha ykazaHaTa cuctema. CuUMynanusTa € MpoBeieHa NpU
MIPUETH CTOMHOCTH Ha (paKTOpUTe, MPUPABHEHU KbM KoaupaiuTe HuBa. [loaydeHu ca OMUTHY JaHHU
3a mapamerputre Ha oOekta - Arrival Time w Exit System. M3BbpineH € HHTEIEKTyaleH
nH(pOpMaIMOHEH aHanu3. Bb3 OCHOBa Ha ONMUTHHUTE NAaHHUTE € (HOPMHUPAHO CHABPKAHUETO HA
IUTaHOBE Ha eKcliepuMeHTa. [IpriiosKeHn ca perpecoHHH MPOLEAYPH 3a aHAIW3 U TMOA00p Ha Haii-
MOAXOJAMI TUIAaH 32 HAMUpPaHE Ha CTATHCTUYECKH MOJENH 3a TMPOTHO3WpaHe H3MEHEHHETO Ha
tenerpaguuHuTe Mapamerpu. llpencraBenn ca MoApoOHM pe3yNTaTH OT aHANHM3a 32 HaMEpPEHUTE
MPOTHO3HH MOJICTIH.

I'.8.2: Statistical Models for Predicting of Teletraphic Parameters of Markov Chains

In this paper the object of the study is the Markov chain of type M/M/25/k. A complete factorial
experiment is accepted with managed object factors — Avg. Arrival Rate; Avg. Service Time and Max
Station Capacity, and three levels of their variation. Modeling of the specified system was performed.
The simulation was conducted under accepted numerical values of the factor aligned with parametric
coding levels. Experimental data for the parameters of the object — Arrival Time and Exit System,
was obtained. An intellectual information analysis has been performed. Based on the experimental
data, the content of the experiment plans is formed. Regression procedures have been applied to
analyze and select the most appropriate plan to find statistical models for predicting the change in
teletraffic parameters. Detailed information from the analysis of the predicted models are presented.

I'.8.3: Monumopune na WEB mpagurxa upesz [eckpunmuena cmamucmuka u Muozocaotnu
HeB8POHHU MPediCU

JloKIIagbT OIEHsBa €IUH OT OCHOBHHTE ACIEKTH Ha aJMUHHCTPHPAHETO HAa MPEXOBUA TPadUK,
CBBp3aH ¢ TpaQIHOTO HATOBAapBaHE U I'bBKABOCTTA Ha cucTeMute pecypeu B ICT uHbpacTpykTypH.
[pennoxken e moaxoy 3a aHanu3 W kareropu3anus Ha WEB Tpaduk, 1ocThlleH OT KOpIIOpaTHBHU
KIIMEHTH B ypOaHm3WpaHa Tpajacka cpeaa. llomxompr e ©OasmpaH Ha TPUIOKESHHETO Ha
»»Jl€CKpUTITHBHA CTATUCTUKA U ,,MHOTOCIOWHN HEBPOHHU MPEXHU C 00OpaTHO pas3MpoCTpaHEeHHE Ha
rpemikata“. BpBeneH € MeTooyorusi Ha CHHTE3WpaHe Ha MHOTOCIONHH HEBPOHHU CTPYKTYPH
MIOCPEACTBOM EKCIIEPHUMEHTUPAHE C PA3IMYHA CHOTHOIICHUS MEXAY W3UMCIUTEIHUTE HEBPOHU B
CKpPHUTHTE clloeBe. BbB Bpb3Ka ¢ MHOTOCIIOWHUTE HEBPOHHH MOJEIH Oelre mpuiiokeH | 'panueHTeH
anroputbM Ha Levenberg-Marquardt. Cenexiiusita Ha MHOTOCIIOWHN MPEXH 3a WACHTH(GHUKAIINSA Ha
30HU Ha otpebnenne Ha WEB cpabpikanue Oerre mpoBeeHa TP MPUETH KPUTEPHH, PECTIEKTHBHO
,»TouHoct, ,,CpeqHokBaapaTnyHa Tpemka” u ,,CpenHa aOconroTHa rpemka’. bsxa mocturHatu
BHCOKHM HHBA Ha TOYHOCTTA IIPU MUHUMU3AIMS HA MOCOUYEHUTE TPEIIKU COPAMO PA3IUYHU BXOIHU
nH($OpMaIMOHHU Ha0OpH.

I'.8.3: WEB Traffic Monitoring by Descriptive Statistics and Multilayer Neural Networks

The paper examines one of the main aspects of network traffic management related to traffic load and
flexibility of system resources in ICT infrastructures. An approach for the analysis and categorization
of WEB traffic accessed by corporate clients in an urban environment, according to registered
guantitative indicators of packet transmission is proposed. The approach is based on the application
of Descriptive Statistics and Multilayer Feed-Forward Neural Networks. The methodology of
synthesizing multilayer neural structures by experimenting with variations of different ratios between




computational neurons in the hidden layers has been introduced. Backpropagation Gradient algorithm
training was applied by Levenberg-Marquardt algorithm. The selection of multilayer networks for
the identification of areas of consumption of WEB content was conducted at accepted criteria,
respectively Accuracy, Mean-Squared Error and Mean Absolute Error. High levels of accuracy in
minimizing of the target errors for various data sets used have been achieved.

I'.8.4: Ananuz na Unmepnem mpaghuxa nocpeocmseom nooxoo ¢ ANFIS, K — nati-6nusku cvcedou u
Jvpso na pewenusima

JloKnagpT OLEHABAa NPUIOKHMOCTTA Ha HEBPOHHUTE MPEXKH C IPSIKO paslpoOCTpaHEHHE Ha
CUTHAJINTE U 00paTHO pa3NpOCTpaHeHHE Ha TPelIkaTa, KakTo U MeToanTe Ha MammHHo obydenue k
— Hail-Onmu3ku chcenu W bpBO Ha pelieHHWATA MPU pa3lo3HaBaHE HAa 30HM HA CTPUUMHHT Ha
WHTepHeT chabpikaHHE OTHOCHO KOPIOPAaTHBHU KIMEHTH. lIpeanmoxeHusT KOMOMHUpPAH MOAXO[
MIO3BOJISIBA IPOLIEC HA CHHTE3 HAa Pa3jIMYHU TUIOBE KJIACU(PUKATOPU U CEIEKLIMS Hal-TIOAXOISI
aHaJMTUYeH WHCTPYMEHT 3a HIeHTH(UKanus Ha TpapuuHU 30HU Ha VHTepHET moTpebicHue.
HanpaBena e omeHka Ha HEBPOHHHS KiIacH(UKAaTOp BHB BpPb3Ka C HMHIUKATOPUTE ,, TOYHOCT™ M
,»KpbCTOCaHa EHTPOMUS TIPH PA3NUIHO (PUKCHPAHO KOJIMYECTBO HAa CKPUTUTE HEBPOHU Ipu Scaled
Conjugate Gradient anropurbM. CHHTE3bT Ha KJIaCU(UKAIMOHHUA MOJIeNid Ha ocHoBaTa Ha kK-NN u
JbpBo Ha pemieHusTa Oellle MPOBEACH, M3MOJI3BaHKK TEXHHYECKUTE MOAXoAu Pecybcrutynms u
Kpoc-Banumupane OTHOCHO ,,TOYHOCTTA“ W ,,KOJHMYECTBOTO HEKOPEKTHH KiIacH(UKaum'.
VYcraHOBEHU ca 3aI0BOJIMTENIHU MIOKA3aTeNd B X042 Ha NPOLEAYPUTE 3a 00ydaBalliTe U TECTOBUTE
npoueaypu 3a uzcieaBanute FFNN, k-NN u DT aHanuTUYHM MHCTPYMEHTH, NPOBEACHU CHC
codryeprute npoxyktdt MATLAB u STATISTICA.

I'.8.4: Internet Traffic Analysis by ANFIS, k-Nearest Neighbors and Decision Tree Approach

The paper examines the applicability of Feed-Forward Neural Networks and k-Nearest Neighbors
and Decision Tree Machine Learning methods in recognizing of areas of streaming Internet traffic
from enterprise customers. The combined approach enables a process synthesis of different types of
classifiers and selection of the most suitable analytical tool for Internet traffic zone identification. An
assessment of the Accuracy and Cross-Entropy indicators for different number of hidden neurons at
Scaled Conjugate Gradient algorithm were evaluated about the neural classifier. Synthesis of k-NN
and Decision tree classification models using resubstitution and cross validation techniques about
accuracy and loss indicators was performed. Satisfactory performance indices have been established
in the course of training and testing procedures about FFNN, k-NN and DT analytical tools.
conducted with MATLAB and STATISTICA software products.

I'.8.5: IIpoenosen ananuz na mpaguunomo namoseapsane 8 MeNeKOMYHUKAYUOHHA CUCeMd
nocpeocmeom ANFIS, FFNN u GRNN

B noxnana e BpBeneH KaTo 00EKT HA U3CJIEIBAHE ,,IPOTHO3MpaHE HAa TpaQUUHOTO HATOBAapBaHE Ha
MOTpeOUTEICKUTE 00CTYXKBAIM cTaHIIMKA B MapkoBcka Bepura M/M/c*. BbB Bpb3Ka ¢ IPOTHO3HUS
aHanu3 Oelle peaqM3WpaH MOJXOJ 332 PErPEeCHOHHO MOJENHpaHe Ha OCHOBaTa Ha AJIanTOBHH
HEBPOHHO-Pa3MUTH HHTepdelichn cuctemu, HeBpoHHM Mpexu ¢ oOpaTHO pasnpocTpaHeHHE Ha
rpemkara U O600IIEHN perpecHOHHN HEBPOHHH Mpeku. OTHOCHO 00pa30oBaTEIHU U WHKEHEPHHU
1eJIM Ha 00y4aeMH B pa3paboTUHUIM € 3aJI0’KeHA B3MOKHOCT 3a Pa3jInYHU CIICHAPUU BBB BPB3Ka C
anpOKCHMUPAIINTE 33/1a4d MPH Pa3IMyHU BapHauud Ha oOydaBamure anroputmu “Hybrid” 3a
ANFIS, “Backpropagation” npu FFNN u “enunna ¢aza Ha cp3naBaHe u oOydenue” 3a GRNN
OTHOCHO TpadUYHUTE MHIUKATOPH ,,CpelHa CKOpOCT Ha MOCTHIIBAaHE Ha MOBUKBaHUA U ,,CpeHO
oOciry>kBaino Bpeme . [IpoBeieHuTe Npoueaypy oka3BaT BUCOKa CTENEH Ha alIPOKCUMHUPAHE MEXKITY
3aJI0KEHUTE PH 00yUEHHE U ITOJTyYSHUTE MPOrHO3HU HUBA Ha LIEJIEBUTE TeNeTpaduuHU HHINKATOPU
MIPY CHHTE3 HAa NPOTHO3HUTE HEBPOHHU MOJICIIH.

I'.8.5: Forecast Analysis of Traffic Load in Telecommunication System by ANFIS, FFNN and GRNN

In this paper the research objective is the traffic load forecasting of the stations (customer service
queries) in Markov chain M/M/c. In connection with the predictive analysis, an approach for
regression modeling based on Adaptive Neuro-fuzzy Interface Systems (ANFIS), Feed-Forward




Neural Networks (FFNN) and Generalized Regression Neural Networks (GRNN) was performed.
About the educational and engineering purposes, students and developers have the opportunity to
solve scenarios of approximation tasks for different variations of the traffic indicators Average
Arrival Rate and Service Time with application of Hybrid (ANFIS), Backpropagation (FFNN) and
general creation and learning phase about training algorithms applied. The procedures showed a high
degree of approximation between observed and predicted levels of target teletraffic indicators in the
synthesis of predictive neural models.

I'.8.6: Knacuguxayus na enac upes uzkycmeenu neeponnu mpeosicu ¢ LM u SCG ancopummu

B noxnana e n3cnensana npuiIoKUMOCTTa Ha H3KYCTBEHUTE HEBPOHHH MPEXHU IIPH KOMOMHHUPAHE Ha
Levenberg-Marquardt (LM) u Scaled Conjugate Gradient (SCG) o0yuaBaiiy airoputMu 3a
WACHTU(UKALUSA Ha peueBH Npodmid Ha mecT ydacTHHKAa. KinacudukanmoHHWTE mpoLecH Ha
riacoBute mnpodunn ca 6asupaHd Ha oOyBallM NPOLENYypH Ha PErUCTPUPAHM HHIUBUIYAIHU
3BYKOBH XapaKTEpPHCTHKH Ha peyeBa akTHUBHOCT. B cboTBeTcTBHE C AeUHHpaHHTE 0OydyaBalld
aNTrOpUTMHU 0s51Xa OLIEHEHU BbBEJCHH I'PYNH OT KPUTEpUH ,, T ouHocT 1 CpeHOKBaIpaTHYHA Iperika‘
3a LM u ,,Tounoct u Kpbcrocana enrpormus™ npu SCG anropurbeM. OO00OIIEHHTE pe3yNiTaTH B
W3CIIEIBAHETO ChABPXKAT ,,aHaJIH3 HAa MPEKOBaTa MPOU3BOAUTENHOCT, ,,aHAIN3 HA KOPEKTHUTE /
HEKOPEKTHUTE KiacH(UKAlMd  Ha 3BYKOBHTE CETAJIOHH, ,,aHaJM3 Ha crenuu4HOCTTa U
YyBCTBUTEIIHOCTTA", ,,HBA HA MPOTHO3HHUTE U 3AJI0)KEHNUTE CTOMHOCTH ITPH HEBPOHHO 00y4eHne .

I'.8.6: Voice Classification by Artificial Neural Networks With LM and SCG Algorithms

In this paper the applicability of artificial neural networks with combination of Levenberg-Marquardt
(LM) and Scaled Conjugate Gradient (SCG) training algorithms for identification of 6 speakers by
speech analysis have been studied. The voice classification process of participants is based on neural
learning procedures by individual sound characteristics registered in speech activity. According to
the training algorithms defined, the criteria groups included “Accuracy and Mean Squared Error
(MSE)” for LM algorithm and “Accuracy and Cross-Entropy” in SCG algorithm were evaluated. The
presented results consists of performance analysis, correct classifications/ misclassifications of sound
patterns, ROC analysis, error levels between predicted and observed values.

I'.8.7: Ilpunooicenue na pecpecuoner ananus npu NPOSHO3Upane Ha meiempaguunu napamempu

JlokmagbT TpeacTaBs CHMYJAIMOHHO MOJeNupaHe Ha Bepura Ha MapkoB M/M/1/k.
CumynalMoHHUTE TpoUeAypu Ofxa MpOBEIEeHH B ChOTBETCTBHE ¢ IIbJeH (akTOpeH eKCIepHUMEHT
MpU TPU BapUAIlMOHHU HMBA Ha yrpapisemute gakropu — CpeqHa CKOpOCT Ha MOCTHIIBAaHE Ha
3asBkH, CpenHo BpeMme 3a oOciyxBaHe M MakcuMasieH KamaluTeT Ha onamkaTa. B pesynrar ot
WMHUTAMOHHOTO MOJIEIHpPaHe 0sXa MMOJyYeHN €KCIIEPUMEHTAIHN JaHHU OTHOCHO IIEJIEBH M3XOIHHU
napamerpu — Bpeme Ha moctbnBane u OcBoOoOXnaBaHe Ha 00pa0OTEeHU MOTPEOUTEIICKH 3asBKU.
W3cnensanu ca MaTeMaTUUECKU MOJENIU 3a PETPECUOHHM IIPOLEAYPU OTHOCHO IIPOTHO3HMPAHE HA
W3MEHEHUETO Ha TeJeTpaduuyHuTe BpeMeHa dupe3 npoxaykT Statistica 10. IlpeacraBenu ca
pe3yiTaTUTe OT PErPEeCHOHHHUS aHaM3 MPH OICHKA Ha aJIeKBATHOCTTA Ha 0a3MCHUTE aHAUTUYHU
Mmozenu. [loaydenn ca MaTeMaTUIeCKU PErPECHOHHH MOJIENH 33 IIPOTHO3UPAHE Ha TeleTpadHuHNuTe
napaMeTpH ¢ BUCOKU HuBa 0KoJ10 0.99 1o oTHONIEHHE Ha KOSQUIMEHTHTE Ha ONPEIENeHoCT R2,

I'.8.7: Application of Regression Analysis at Prection of Teleletraffic Paremeters

The paper presents simulation modeling of Markov's M/M/1/k chain. The procedures were performed
at Full Factorial Design of Experiment at three levels of variability of the factors - Average Arrival
Rate, Average Service Time and Max Station Capacity. Experimental data with target traffic
parameters — Arrival Time and Exit system, were obtained from the simulation. Regression
procedures for mathematical models were used to predict the change of the teletraffic times by
product Statistica 10. The results of the regression analysis at examination the adequacy of basic
analytical models are presented. Mathematical regression models have been obtained for prediction
of traffic parameters with high levels of the regression coefficient R2 around 0.99.




I'.8.8: Uscnedsane na ouckpumunanmuu mooenu 3a UOeHMUGUKAYUSL HA CUSHATU

B Hacrosmus mokiam e peanm3mpaHa BB3MOXKHOCTTa 3a TMPIJIOKEHHE Ha amnapara Ha
JMCKpUMUHAHTHHS aHAK3 32 WASHTH(HUIMpaHe Ha aHAJOTOBH M NU(POBH CUTHAIN C AOOABEHH
IIYMOBH BB3jelicTBUsA. OTHOCHO IieNiTa Ha H3CIeABaHETO Osxa cumynupaHu CHHYCOUIAIIHHU,
[IpaBobreanu, Tpubrbinu W TpuoOHOOPa3HW CUTHAIM C TPUCHCTBHE Ha [aycoB Osn miym u
[lepuogmuen cmydaen mym B LabVIEW cpema. Bbpxy momydeHHTe CHUTHaIM € TPUIOXKEHA
o0Opabotka mocpencTBoM bbp3oTo mpeoOpasyBanme Ha @Dypue kato Osxa QGopMHpaHU aBa
nH(pOPMAIMOHHN Habopa, pecniekTuBHO curHam ¢ ¥ 0e3 FFT manumynanuu. bsxa cb3maneHu
Jluaetinn w KBagpaTwuHu AWCKpUMHUHAHTHH Kilacuukaropu 3a UACHTUUIMpaHE Ha
HeoOpaborenute u FFT o6pabdorennte curnanu cbe copryep MATLAB. B xona Ha n3cnenBanusta
C BBBEXKJAHE Ha OIlCHKA upe3 PecyOctutynus u Kpoc-Banumupane 0sixa yCTaHOBEHU 3HAYMTCITHH
npenumctBa Ha KBagpatuunure (Tounoct okono 100.0 %) cipsimo Jluneitnute (Tounoct okono 50.0
%) xiacupuKaMOHHN MOJEITH He3aBICHMO OT BHJa Ha BXOIHUTE CUTHAIHU Tpynu (0e3 mm ¢ FFT).
KoHncTatupano € W3BECTHO NPEAMMCTBO II0 OTHOIIEHWE HAa MUHUMAIHO ITOBHINABAaHE Ha
KJIacU(pUKAIMOHHATA TOYHOCT npu npwiarade Ha FFT Bxomuu BB3AelicTBUS OTHOCHO JIMHEHHUTE
JTUCKPUMHHAHTHH KIIAaCU(UKATOPH.

I'.8.8: Investigation of Discriminant Models for Signal Identification

In this paper, the possibility of using the apparatus of the discriminant analysis for identification of
analogue and digital signals with superposed noises is presented. For the purpose of the study, Sine,
Square, Triangle and Sawtooth waveforms with Gaussian White Noise and Periodic Random Noise
were simulated in LabVIEW environment. The signals are processed by Fast Fourier transformation.
Based on the simulation, two data sets were created, respectively waveforms with noises without and
with FFT manipulations. Linear and Quadratic Discriminant classifiers have been created to identify
the untreated and FFT processed signals by MATLAB software. In the course of the research with
the introduction of evaluation by Resubstitution and Cross-validation, significant advantages of the
Quadratic (Accuracy about 100.0 %) over the Linear (Accuracy about 50.0 %) classification models
were established, regardless of the type of input signal groups (without or with FFT). Some advantage
in terms of minimal increase in the classification accuracy when applying FFT input effects over
Linear Discriminant Classifiers was observed.

I'.8.9: Kracupuxayus na wymose u npoeHosupane Ha mpaguunu napavempu 6 HUKT
UHppacmpyKmypu ¢ U3KyCmeeHu He6POHHU MpPedcU

B nokmana ce mpeayiara KOMOMHHpPAH TOAXO/ 33 MOHHTOPHHT Ha mpenaBaHeTo Ha naHHu BUKT-
0asupanu HMHPPACTPYKTypH C HMHTErpHpaHe Ha M3KycTBeH HMHTEJEeKT. B ToBa u3cieqBaHe ca
BBBE/ICHU [[BC HAPaBJICHHs, ChOTBETHO ,,MICHTU(UIMPAHE HA LIyM, HACIOKEH BbPXY MpelaBaHu
CUTHANHK™ ¥ ,,lIPOTHO3MPaHE Ha TEKYIIOTO BpeMe Ha MOCThIIBAHE Ha 3asBKHU 3a oOciyxkBaHe. I1o
OTHOLICHUE HAa IIbPBOTO HANIPaBJICHHUE, OCHOBHUTEC O6eKTI/I Ha U3CJICABAaHE Ca FaYCOBI/IHT Os1 mym u
[lepuoanvHuaT ciaydaeH wryM. JIOKato BTOPUAT BKIIIOYBA MApaMETPUYHM H3CIICABAHUS HA
TEJICKOMYHHKAIIMOHHUTE CHCTEMH 32 MacoBO o0cyxBane. [101X01bT U3cieaBa MPUI0KUMOCTTA Ha
TPHUCJIONHH HEBPOHHU MPEXKHU ¢ 00paTHO pasmpocTtpaHeHue Ha rpemkara npu Scaled Conjugate
Gradient u Levenberg-Marquardt anroputMu 3a oOydeHHe MO OTHOIICHHWE Ha MOJEIH 3a
KJIacu(UKaIys 1 NPOTrHO3eH aHanu3. berre u3BbpliIeHa yCrenHa noTBbpkaaBaiia BepupuKanus Ha
Ka4ecTBaTa U MIPOU3BOJUTEIHOCTTA HA KPAHHUTE CEJICKTUPAHU HEBPOHHM CTPYKTYPH.

I'.8.9: Noise Classification and Traffic Parameter Prediction in ICT Infrastructures With Artificial
Neural Networks

The paper proposes a combined approach for monitoring the transmission media ICT-based
infrastructures with the integration of Artificial Intelligence. In this study two directions have been
introduced, respectively "identification of noise superimposed on transmitted signals™ and "prediction
of the current arrival time of service requests”. With regard to the first direction, the main objects of
research are Gaussian White Noise and Periodic Random Noise. While the second involves
parametric studies in the telecommunication queuing systems. The approach examines the
applicability of three-layer Backpropagation neural networks at Scaled Conjugate Gradient and




Levenberg-Marquardt training algorithms on models for classification and predictive analysis. A
successful confirmatory verification of the final selected neural structures was performed.

I'.8.10: Ilpoenosupane na amniumyonu nuea Ha wymoee upes Feed-Forward u Generalized
Regression nesponnu mpeoicu

B noknana e npemyoskeHa MeToAuKa 3a JleCKpUNTUBEH aHAIM3 Ha CUTHANIM C HACJIOKEHH LITYMOBE U
oOydJeHne Ha MOJIEJIH 3a POTHO3MpaHe Ha aMIUTMTYIHUTE BapHalliy Ha IyMoBeTe Upe3 3kycTBeHn
HeBpOoHHU Mpexxku. OCHOBEH eTall e penBapuTenHara oopadorka Ha CuHyconnanau, [I[paBosreiHwy,
Tpubrenau u TpuoHooOpasznu curHanu ¢ go6aBenn Uniform White Noise (UWN) u Periodic
Random Noise (PRN). Upe3 mocodyeHuTe mporenypy ce mpuaoOuBaT CTAaTHCTUYECKH TTOKA3aTeIH
Min u Max 3a UWN, RMS (Root Mean Square) u SD (Standard Deviation) pu o6padorka Ha PRN
B KQUECTBOTO Ha HE3aBUCHMHU TMPEJICKa3BaIlIy MpoMeHInBH. ChUIMHCKUSAT €Tall HA CHHTE3 Ce CBBP3Ba
¢ ¢popMupaHe Ha BXOIHU HH()OpMAIIMOHHU HaOopH, 00yueHne, BAIANPaHe U TecTBaHe Ha HeBpoHHU
MpPEXH C TPSAKO Pa3MpOoCTpaHEHHE Ha CHUTHAINTE W OOpaTHO paslpOoCTpaHEHHEe Ha Tperrkata u
O06001eHN perpeCHOHHN HEBPOHHU MPEXKH.

I'.8.10: Noise Amplitude Levels Predictions by Feed-Forward and Generalized Regression Neural
Networks

The paper proposes a methodology for Descriptive analysis of signals with superimposed noises and
training of models for predicting amplitude variations of noises using Artificial Neural Networks.
The main stage is the pre-processing of Sinusoidal, Square, Triangular and Sawtooth waveforms with
added Uniform White Noise (UWN) and Periodic Random Noise (PRN). Through the specified
procedures, Min and Max statistics for UWN, RMS (Root Mean Square) and SD (Standard Deviation)
statistical indicators are acquired in PRN processing as independent predictor variables. The actual
synthesis stage is associated with formation of input data sets, training, validation and testing of Feed-
Forward Neural Networks and Generalized Regression Neural Networks.

I'.8.11: Jjuacnocmuxa u Naive Bayes kiacugpurayus va wymose 6 KOMYHUKAYUOHHU KAHAIU 3d
8Pb3KA

B nmokmama ce mpesara MoJyfieH MOAXOJ 3a CTaTUCTHUYECKa JMArHOCTHKAa W pa3lo3HaBaHE Ha
HEXXEeJIaHU CMYILEHHs B KaHaJIM 3a Bpb3Ka B KOMyHHKauuuTe. OOEKT Ha u3cienBaHeTo ca ['aycoB u
[Nepuoauuen cinyvaeH myM. [IpuiokeHn ca aHAIUTHYHHA CIIOCOOM BBPXY IryMoBeTe upe3 Normal u
Kernel ¢pyHkum Ha mrbTHOCT Ha BeposiTHOCTUTE. [IpoBeieHo e 00yueHue, oleHKa 1 Bepr(HKaIus
Ha MOJIEJH 32 UACHTH(HKALMS Ha TUIIA HA CMYLIIABALUTE Bh3ACHCTBHS YPE3 aJITOPUTHM 32 MAIIMHHO
oO0yuyenue Naive Bayes. Ilpunarat ce nse xonuenuuu ¢ Hopmanno u Kepnen pasnpeznenenue Ha
BXOJIHUTE JaHHU TIpU u3ciieaBaHe Ha Naive Bayes kinacudukanmnonau mojienu. Besika koHIenms 3a
reHepyupaHe Ha Kiacu(UKAIMOHHU MOJENU ce OLeHsBa upe3 moxaxoxaute Resubstitution n Cross-
Validation 1o ycraHOoBsiIBaHe Ha Hali-aJileKBaTeH KIacH()HUKATOP.

I'.8.11: Diagnostics and Noise Naive Bayes Classification in Connection Communication Channels

The paper proposes a modular approach for the statistical diagnosis and recognition of unwanted
interference in communication link channels. The object of the study is Gaussian and Periodic random
noise. Analytical methods to the noises through Normal and Kernel probability density functions are
applied. Models were trained, evaluated and verified to identify the type of confounding effects using
a Naive Bayes machine learning algorithm. Two concepts with Normal and Kernel distribution of
input data in exploring Naive Bayes classification models are applied. Each concept for generating
classification models is evaluated by the Resubstitution and Cross-Validation approaches until the
most adequate classifier is established.

I'.8.12: Cnexmpanen ananuz u uoenmugurayus Ha wymoge ype3 Memoo Ha ONOPHUmMe GeKMopu u
HEe8POHHO-PASMUMU K1ACUDUKAmopu

B noxnana ce peanusupat XuOpUAHN U3CIEIBAHUS 3a H3BINYAHE HA CIIEKTPAIHN XapaKTEPUCTHKHU U
CHHTE3 Ha MOJIeTM 3a pasno3HaBaHe Ha ['aycoB u [lepuoguueH myM KbM aHaJIOTOBH W MU(POBU
CUTHAJIM B KOMYHHMKAIIMOHHU KaHAIM 32 Bpb3Ka. YecTOTHHAT aHan3 ce ocHoBaBa Ha Fast Fourier




Transform npu 3anaBane Ha Hamming n Hanning npo3opeunu ¢pyHkumu. [IpoBexxaat ce npoueaypu
1o oOydJeHne U OleHKa Ha e(h)eKTHBHOCTTA HA MOJAEIH CIPSAMO YKa3aHUTE CIICKTPAJIHU KaTeTOPHH,
ch3manenu Ha 6azara Ha Support Vector Machine (SVM) u Adaptive Neuro-Fuzzy Interface Systems
(ANFIS). IIpu SVM meToauTe ce aHalM3upa TOYHOCTTA Ha Kiacudukanus npu noadpanu Kernel
¢yaxmun Linear, Polynomial, Radial Basis u Sigmoid. Uscneasa ce mpurogroctra Ha ANFIS
KIacU(HUKAIIMOHHN MOJIEIH 110 JIBE HAIPaBJICHNS — KOMOMHHUPaH 1moaxo ¢ MeTo/ Ha Hali-MaJKuTe
KBaJpaTH 1 MeToj Ha 00paTHO Pa3NpOCTpaHEHUE Ha TPEUIKaTa.

I'.8.12: Noise Spectral Analysis and Identification by Support Vector Machine and Neuro-Fuzzy
Classifiers

The paper implements hybrid studies on spectral feature extraction and synthesis of Gaussian and
Periodic noise recognition models to analog and digital signals in communication link channels.
Frequency analysis is based on Fast Fourier Transform in setting Hamming and Hanning window
functions. Procedures for training and evaluating the effectiveness of models against the specified
spectral categories, created on the basis of Support Vector Machine (SVM) and Adaptive Neuro-
Fuzzy Interface Systems (ANFIS), are carried out. In SVM methods, classification accuracy is
analyzed for selected Kernel Linear, Polynomial, Radial Basis and Sigmoid functions. ANFIS
classification models in two directions are investigated, respectively a combined approach with Least
Squares Method and Backpropagation Method.

IvVv. M3JAJAEHM YYEBHUIIU U YYEBHU 1IOCOBUSA

E.23.1: Myamunnexcuu onmudnu cucmemu U Mpexicu

ChcraBeHMIT y4eOHMK pasriiexJa Bb3HHUKBAHETO, OCHOBHHUTE €Talld B Pa3BUTHETO, CTPYKTypara,
(YHKIMOHATHOCTTA, MPUIOKEHUETO, MYJATUIUIEKCUPAHETO ¥ MYJITHIDIEKCHUTE cucTeMu. OOBpHATO
¢ BHUMaHKE Ha MapaMeTpu3alusITa Ha MPEHOCHUTE CPeIU B KOMyHUKAIIUUTE — BB3/YIIHN KaOeTHH,
KaOemHH  EJIEKTPONPOBOAHM W BIAKHECTO-ONTHYHU  CHOOLIUTENHU JIMHUM, CIITBTHUKOBU
PaINOKOMYHUKAIIMOHHH CHUCTEMH. BbBeleHH ca KOHUENIWH, HPUHIMIHN, XapaKTePUCTHKH,
usrpaxaane, QyHKINHU, CTPYKTYpa U TEXHHUECKH cpeacTBa npu CHHXpOHHATa U poBa iiepapxus,
[Ine3noxponnara undposa Hepapxusi, METOAU U CUCTEMHU 32 MOHUTOPHHI B TEJIEKOMYHHKALIUUTE.
OCHOBEH aKLIEHT € TIOCTaBeH BbPXY NPUHLUIINTE, XaAPAKTEPUCTHUKUTE, NPOECKTUPAHETO U
W3rPaXJAHETO Ha ONTHYHM CUCTEMH Ha OCHOBaTa Ha MyNTHIUIEKCHPAHE ¢ pa3JielisiHe 10 JIbJDKAHA
Ha BBJIHATa U 0COOCHO Ha chBpeMeHHUTe Enactuunu ontuunu mpexu (EON), kakrto u CodryepHo
nebunupanu mpexu (SDN) u CodryepHo nedunupanu enactuuru ontuyad Mpesku (SD-EON).

E.23.1: Multiplexed Optical Systems and Networks

The drawn up textbook examines the origin, the main steps in the development, the structure, the
functionality, application, multiplexing and multiplex systems. Attention is paid to the
parameterization of transmission media in communications - air cables, cable power and fiber-optic
communications lines, satellites monitoring in optical radio communication systems. Concepts,
principles, characteristics, construction, functions, structure and technical means of the Synhronous
Digital Hierarchy, Plesiochronous Digital Hierarchy, methods and systems telecommunications are
introduced. A major emphasis is placed on the principles, characteristics, design and construction of
systems based on Wavelength Division Multiplexing and especially on modern Elastic Optical
Networks (EON) as well as Software Defined Networks (SDN) and Software Defined Elastic Optical
Networks ( SD-EON).

E.24.1: Mooenupane u ananusz na menempaguunu npoyecu 8 KOMyHuxayuume

CbCTaBeHOTO pPBHKOBOACTBO o0e3reyaBa MPOIEIypuUTe IO WMHTHpPAaHE Ha IOBEACHHUETO,
napamMeTpiuyHa JAWAarHOCTHKAa W aHaJM3 Ha IPOLECUTe B YHU(HUIMPAHU TEIEKOMYHHKAIOHHU
CHCTEMH C MOMOINTA Ha CIEUUAIN3UPAaHN CUMYJIALIMOHHN WHCTPYMEHTH. Pasrnexxnat ce 0OCHOBHHU
00€eKTH, CBbP3aHH C MEXaHI3MHUTE Ha TeJIeTpaUIHOTO MPOEKTUPAHE; ITIAHUPAHETO MIPH H3TPaKIaHe
M eKCIUIoaTalis Ha KOMYHHKAllMOHHM TpaceTa, ChOOpa3sHO HW3HUCKBAaHHWA 3a ONTHMAJHOCT Ha
MHACKCUTE Ha IPOU3BOAMTEIHOCT Ha ImpeHocHaTa cpend. OCHOBEH aKLIEHT ce IOCTaBsl Ha




BBBEK/IAHETO HA AQHAJIUTHYHU anapaTd U WHCTPYMEHTH — METOAM M aIrOPUTMU Ha MaImHHOTO
oOyuenne; [lpunokHara crtatucTika; KOHBEHIMOHATHWTE M HEKOHBEHIIMOHAIHUTE METOAU H
ITOPUTMH 33 ONITUMH3ALNS, pa3mupsBaly (yHKIMOHAIHOCTTA Ha yciyraTa QO0S u eeKkMBHOCTTA
npu 00CIy)XBaHEe KpaiHUTE MPEXKOBH MOTpeOuTenu. BHenpeHu ca MHTEpakTUBHH codTyepHH
nponyktu karo Java Modeling Tool, xmrousain cymynatopure JSIMgraph u jMCH, STATISTICA
10; MATLAB, LabVIEW u STATISTICA. IlocodeHutre NpoOAyKTH AaBall IIMPOK HAaOOp OT
BB3MOXKHOCTH 3a TIpeoektupane Ha KoHuentyanau WKT wuHppacTpyKTypH, MOHHUTOPUHT,
JMAaTHOCTHKA M ONTHMH3ALMS Ha BXOISIIUS W M3XOAAMNSA TpadUK B CHOTBECTBHE C KOHKPETHHU
M3UCKBAHMS U CHEIU(HUKAIHH.

E.24.1: Modeling and Analysis of Teletraffic Processes in Communications

The drawn up guidance provides the procedures for mimicking the behavior, parametric diagnostics
and process analysis in unified telecommunication systems using specialized simulation tools. Basic
objects related to the mechanisms of telegraph design are considered; the planning during the
construction and operation of communication routes, according to requirements for the optimality of
the performance indices of the transmission media. The main emphasis is placed on the introduction
of analytical apparatus and tools - methods and algorithms of Machine Learning, Applied Statistics,
Conventional and Non-conventional Optimization Methods and Algorithms, expanding the
functionality of the QoS service and the efficiency in serving the end network users. Interactive
software products such as Java Modeling Tool, including JSIMgraph and jJMCH simulators,
STATISTICA 10, have been implemented as well as MATLAB, LabVIEW and STATISTICA. The
specified products provide a wide range of possibilities for redesigning conceptual ICT
infrastructures, monitoring, diagnostics and optimization of incoming and outgoing traffic in
accordance with specific requirements and specifications.

E.24.2: Pvkosoocmeo no MeNeKOMYHUKAYUOHRU NPEHOCHU JTUHUU U ONMUYHU KOMYHUKAYUU

CbCTaBeHOTO PBHKOBOACTBO HMHTErpHpa TNPUHIMIIMTE HA CHBPEMEHHUTE BIIAKHECTO-ONTUYHU
KOMyHHKanuu. Pa3zpabotenu ca mabopaTopHH yrpakHeHus, bazupanu Ha matdopmara NI ELVIS ¢
BKJIIOYBaHe Ha MHorogyHkunoHaneH monyn Emona FOTEx. Cucremarusupanute nabopaTopHU
yIpasKHEHHUsI [TO3BOJISIBAT HA 00y4aeMuUTe Jia peali3upar clieHapuH Ha eKCIIEPUMEHTATHN yCTaHOBKU
¢ pyHKIMOHATHH OJIOKOBE 3a NpeAaBaHe M MaHWIYJIMPaHE HAa ONTHYHH CUTHAIM, JUTUTAIH3AIINS,
KOAMpaHe, MYJTHIUIEKCHUpaHe, yCWiIBaHe, (QuirpupaHe Ha cboOwmenus u ap. l[locpernctBom
cnennanuzupand LabVIEW BupTyamHu TNpHIOXKEHHUS W BBHBEJCHH METOAUKH, CTYACHTHTE
W3BBPIIBAT HACTPOHKA HA KOMYHUKAIUITa; KOHPUTYpHPaHE Ha XaplyepPHUTE PECYPCH; MOHUTOPHUHT,
perucTpanys, aHaJau3 M OLIEHKA Ha M3XOJHUTE XapaKeTPUCTUKH U MapaMeTpu Ha MOJICIUPAHUTE
€KCIIEpHMEHTAJIHY BAPHAHTH Ha ONITUYHA ITPEHOCHA Cpefa.

E.24.2: Guidance on Telecommunication Transmission Lines and Optic Communications

The drawn up guidance integrates the principles of modern fiber optic communications. Laboratory
exercises have been developed based on the NI ELVIS platform with the inclusion of the Emona
FOTEXx multifunctional module. Systematized laboratory exercises allow students to realize scenarios
of experimental installations with functional blocks for transmission and manipulation of optical
signals, digitalization, encoding, multiplexing, amplification, message filtering, etc. By means of
specialized LabVIEW virtual applications and introduced methodologies, students perform
communication setup; configuring hardware resources; monitoring, registration, analysis and
evaluation of the output characteristics and parameters of the modeled experimental variants of the
optical transmission medium.




