Pe3omera — rpyna B

PE3IOMETA HA HAYUHUTE NYBJUKALIUY HA
BBJTAPCKU U AHTJIMIICKH - I'pyna B

Ha nou. [lerss KonpunkoBa-Xpucrosa

C umnaxm ¢haxkmop

Q1.1. Oubbati, M., Kord, B., Koprinkova-Hristova, P., Palm, G., Learning of embodied
interaction dynamics with recurrent neural networks: Some exploratory experiments
(2014) Journal of Neural Engineering, 11 (2), art. no. 026019.

The new tendency of artificial intelligence suggests that intelligence must be seen as a
result of the interaction between brains, bodies and environments. This view implies that
designing sophisticated behaviour requires a primary focus on how agents are functionally
coupled to their environments. Under this perspective, we present early results with the
application of reservoir computing as an efficient tool to understand how behaviour
emerges from interaction. Specifically, we present reservoir computing models, that are
inspired by imitation learning designs, to extract the essential components of behaviour
that results from agent—environment interaction dynamics. Experimental results using a
mobile robot are reported to validate the learning architectures.

Hosama menodenyus 6 uszkycmeenust unmenekm npeonoided, ue UHMeIUueeHmHoCmma
Modice 0a ce pazenedxncoa Kamo pe3yaimam om 83aumooeticmsue Mexicoy Mo3vyu, meia u
okonHa cpeda. Tasu eneona mouka npeononaza, ye cb30a8aHemo HA CIOHCHO NOGeOeHUe
UBUCKBA CNEYUATHO BHUMAHUE 0d O0bOe HACOYEHO KbM U3CAC08AHUS KAK A2eHmume ce
c8vp36amM DYHKYUOHATHO C OKOIHama cpeda. B makasa nepcnexmuea nue npeocmassime
nopeume pe3yimamu  Ha NPULONCEHUEMO HA Pe3epP8OapHume U3YUCIeHUs. Kamo
eghekmusrHo cpedcmeo 3a paszdbupamne Ha 8b3HUKBAHEMO HA NOBeOEHUe 8 cledcmeue Ha
szaumooeticmsue. [lo-cneyuanno, Hue npedcmassime pe3ep8oapHu U3HUCTUMETHU MOOEU,
KOUMO €A UHCRUPUPAHU OM Memooume Ha UMUMAYUOHHOMO 00yYeHue, 3a U3BIULAHEe HA
coujecmeeHume KOMNOHEHMU HA NOBEOCHUEMO, Gb3HUKEAWO Kamo pe3yimam Ha
OUHAMUKamMa Ha 63auMoOelcmeuemo azeHm — OKoJIHA cpedd. JloknadeaHu ca
EKCNepUMEHMATIHU Pe3VIMamu Om U3noi36aHemo Ha MoouieH poobom, Koumo 8aiuoupam
obyuasawama ce apxumekmypa.

Q2.1. Koprinkova-Hristova, P., Oubbati, M., Palm, G., Heuristic dynamic programming
using echo state network as online trainable adaptive critic (2013) International Journal
of Adaptive Control and Signal Processing, 27 (10), pp. 902-914.

The present paper proposes an implementation of a relatively new recurrent neural network
architecture - the echo state network (ESN) - within the frame of heuristic dynamic
programming. The ESN is trained online to estimate the utility function and to adapt the
control policy of an embodied agent. With the advantage of an easy training algorithm, the
ESN architecture offers a simple way to calculate the derivatives required for adapting the
controller. Experimental results are provided to validate the proposed learning approach.

Hacmoswama cmamusi npediaza npuiodceHue Ha eOHa CPABHUMENHO HO8A PEKYPEHMHA
Hesponna mpexca — mun ,,exo” (ESN) — ¢ pamkama na espucmuunomo OunHamuuHo
npoepamupane. ESN e obyuena 6 peanno epeme 0a oyensnsa pynkyusma Ha noae3Hocm u
da aoanmupa cmpame2usima Ha ynpasierue Ha moounen azenm. [lopaou npeoumcmeomo
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Ha necHus cu areopumvm 3a ooyuenue, ESN apxumexmypama npeonaea u necen Hauun 3a
U3YUCTABAHEe HA NPOU3BOOHUMeE, HeoOXo0uUMU 3a adanmayus Ha pecyiamopad.
Ilpeocmasenu ca excnepumeHmaninu pe3yaimamu, 8aruoupauju npedodceHusi R00Xo0 3d
obyueHue.

C SJR pamne

SJR.1. Koprinkova-Hristova, P., Three approaches to train echo state network actors of
adaptive critic design (2016) Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 9886 LNCS,
pp. 494-501.

The paper compares three approaches to train Echo state network (ESN) actors of Adaptive
Critic Design (ACD): the classical gradient-based learning rule and two associative
learning rules. First associative rule exploits the Hebbian learning law of the Adaptive
Search Element from the seminal paper of Barto et al., while the second one uses the
Temporal Difference (TD) error for both critic and actor elements. The proposed learning
approaches were applied to optimization of a complex nonlinear process for bio-polymer
production. The comparison of the obtained results was done with respect to the
convergence speed as well as to the reached local optima.

Cmamusima cpasHssa mpu nooxooa 3a obyuenue na Heponnu mpexcu mun ,,exo (ESN)
6 ponsima Ha akmvop 6 cxema 3a adanmusna kpumuxa (ACD): kracuuecku epaduenmen
aneopumvm u 08a acoyuamusHu ooyyasawu nooxoda. Iepeomo acoyuamusHo NPasuio
usnon3ea 3akoHa Ha XeO 3a o0OyuyeHue HA AOANMUGHUS MbPCEUy eleMeHm Om
ocnosononazawama cmamus Ha Barto et al., dokamo emopus memoo uznonzea memooa
epewxama na epemesama paziuxa (TD) xakmo 3a kpumuxama, maxka u 3a akmvopa.
IIpeonoscenume memoou 3a oOyueHue ca NPUioNCeHU 3a ONMUMUSAYUAMA HA CTONHCEH
HeluHeeH npoyec 3da Npouzsoocmeo Ha oOuo-noaumep. CpasHenuemo Ha NoJydeHume
pesyimamu e no OmHoOuleHue Ha CKpOCMMA HA CXOOUMOCH, KAKMoO U CHopeo
oocmueHamust TI0OKaieH eKCmpemyM.

SJR.2 Koprinkova-Hristova, P., Hebbian versus gradient training of ESN actors in closed-
loop ACD (2015) Lecture Notes in Computer Science (including subseries Lecture Notes
in Artificial Intelligence and Lecture Notes in Bioinformatics), 8962, pp. 95-102.

The present work continues investigations on combination between Adaptive Critic Design
(ACD) approach - a gradient-based optimization technique - and a more biologically
plausible associative or Hebbian learning. Echo state network (ESN) was used as adaptive
critic element that was trained minimizing temporal difference error. While in the previous
work the actor was a time profile of the action variable, here investigations are extended
to the closed loop (feedback) control scheme. The actor is another ESN network and its
inputs are some of the process state variables while its output is the value of the controlled
variable. The only trainable connections of the actor - from its reservoir to the readout -
are trained to minimize (maximize) the critic output. Comparison between
backpropagation of utility approach that is gradient descent algorithm and a Hebbian
learning law is made. These two approaches are tested on a task for optimization of a
complex nonlinear process for bio-polymer production. The obtained results are compared
with respect to the convergence speed as well as to the obtained solution, i.e. reached local
optima.
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Hacmoswama paboma npoovisicasa uzcieosanemo Ha KOMOUHAYUAMA HA MemOOd Ha
adanmusnama xkpumuxa (ACD) — edun epaduenmen onmumuzayuonmen nooxoo — u
Ouon02UYHO 0DOCHOBAHUSL aAcoyuamueeH 3aKOH 3a oOyueHue Ha Xeb. B ponama na
adanmuera Kpumuka e usnon3eana Heeponna mpeosica mun ,exo’ (ESN), xosmo ce
obyuasa Munumusupaxku 2epewkama na epemesama pasiuxka (TD). [oxamo 6
npexooHama paboma axmvopvm beuie 8pemesu npoQuil Ha Ynpasiaeauama NPoOMeHIUsd,
MYK U3CNIe08AHEMO € pA3UUpeHo 00 cXema 3a YNpasieHue CbC 3ameopeHa 00pamHa
epwv3ka. Axkmvopvm e opyea ESN u neiinume 6xodoee ¢ naxou om npomeniugume Ha
CLCMOAHUEMO Ha npoyeca, 00KAmo Hd U3Xooa My e CMOUHOCMmMA HA YNpasiasanama
npomenausa. Eouncmeenume 00y4aganu 8pwv3Ku Om akmvopa — Om He208Us pe3epeoap 00
U3XOOHUSL CNOU — Ce HACMpousam 0d MUHUMUSUPAM (MAKCUMUZUPAM) U3X00d HA
kpumuxkama. Hanpageno e cpasnenue ¢ memooa Ha oOpamuomo pasnpocmpaHerue Ha
yenesama pynKyus, KOUmMo e cpadueHmen aleopumvM CbC 3aKOHA 3a obyuenue Ha Xeo.
Te3u 06a nooxoda ca mecmeanu 6vbpxy 3a0a¥ama 3a ONMUMU3AYUSL HA CTIOINCEH HEIUHEeH
npoyec 3a npoussoocmeo Ha obuo-noaumep. llonyuenume pezyrmamu ca CpaGHeHU NO
OMHOULeHUE HA CKOPOCMMA HA CXOOUMOCH, KAKMO U CROPed NOJYHeHOMO peuleHue, m.e.
00CmucHaAmMUsL TOKALEH eKCMPEMYM.

SJR.3. Koprinkova-Hristova, P., Alexiev, K., ACD with ESN for tuning of MEMS Kalman
filter (2015) Lecture Notes in Computer Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics), 9374, pp. 226-233.

In the present work we designed a neuro-fuzzy approach for on-line optimal tuning of a
Kalman filter of a gyroscope within a Micro Electro Mechanical Sensor (MEMS) device.
It consists of Adaptive Critic Design (ACD) scheme in which the controller (a Fuzzy Rule
Base (FRB) designed to adapt the measurement noise covariance matrix of a Kalman filter)
is tuned using only information about the direction to which the estimation error changes
(increase or decrease). A novel fast training dynamic neural network structure - Echo state
network (ESN) — was used in the role of the critic element. Application to data collected
from real MEMS demonstrated the ability of the proposed approach to tune Kalman filter
and improve the quality of its estimates in changing working conditions of the MEMS in
real time.

B npeocmasena paboma cme npoekmupanu eoun He8po-pasmum nooxoo 3a ONMuMAaiHa
HacmpouKka 8 pedanHo epeme Ha uimvp Ha Kaiman 3a swcupockon 6 mukpo-enekmpo-
mexanuuen (MEMS) censzop. Toii ce cocmou 6 cxema na adoanmusnama kpumuka (ACD),
6 kosamo pezyiamopvm (6aza pasmumu npasuna (FRB), npoexmupan oa adanmupa
KOBAPUAYUOHHAMA MAMPUYa HA WyMbm 8 usmepsanuama Ha guamvpa na Kanman) ce
HAcmpous8a usnoa36atiKu camo UHGOPMAYUAmMa 3a NOCOKama Ha UsMeHeHue Ha 2peuKama
Ha oyenkama (napacmeaHe unu HamansAeawe). Eona moea 6wp3o obyuasawa ce
cmpykmypa Ha HesponHa mpedica — mun ,exo’ (ESN) — e usnonzeana 6 porsma mna
enremenma kpumuxa. Ilpunoscenuemo kvm OawHume, cvopanu om peanen MEMS,
0eMoHCmpuUpa CnOCOOHOCMMA HA NPeoslodCeHUss N00X00 0a HACMPousa uimvpa Ha
Kanman u 0a nooobpsasa xauecmeomo na He2o8ume OYeHKU 8 NPOMEHAUBU PAOOMHU
yvenosusi Ha MEMS 6 peanno epeme.

SJR.4. Koprinkova-Hristova, P., Kostov, G., Popova, S., Intelligent optimization of a
mixed culture cultivation process (2015) International Journal Bioautomation, 19, pp.
S113-S124. ISSN: 13141902.
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In the present paper a neural network approach called “Adaptive Critic Design” (ACD)
was applied to optimal tuning of set point controllers of the three main substrates (sugar,
nitrogen source and dissolved oxygen) for PHB production process. For approximation of
the critic and the controllers a special kind of recurrent neural networks called Echo state
networks (ESN) were used. Their structure allows fast training that will be of crucial
importance in on-line applications. The critic network is trained to minimize the temporal
difference error using Recursive Least Squares method. Two approaches — gradient and
heuristic — were exploited for training of the controllers. The comparison is made with
respect to achieved improvement of the utility function subject of optimization as well as
with known expert strategy for control the PHB production process.

B nacmosawama cmamus eoun nooxo0 ¢ HEBPOHHU MpedCcu, HAPUYaH ,,Memoo Hda
aoanmusnama kpumuka “ (ACD), e npunocen 3a onmumanna Hacmpouka Ha 3a0aHUsIma
Ha pezyramopume HA Mpu OCHO8HU cyocmpama (3axapu, a3omen U3mo4Hu K pasmeopeH
Kucnopoo) 3a npoyeca Ha npouzgoocmeo Ha PHB. 3a anpoxcumayus na xpumuxama u
pezyramopume e U3non36aH eOUH CNeyuaileH 8U0 PeKypeHmHU HeGPOHHU MPeNCU HAPUUAHU
mun ,,exo . Taxnama cmpykmypa nosgonsisa 6vp30 obyuenue, KOemo om CbueCmseeHo
3HAYeHUe 3a NPULodCeHUama 6 peanno epeme. Mpedxcama Kpumuka ce obyuasa oa
MUHUMUBUPA 8PeMeBama pa3iuKka HA SpewKama U3noa36atiku peKypCUusHuUs. Memoo Hd
Hav-mankume keaopamu. /]6a nooxooa — epadueHmet u espUCmuder — ca NPUILONCeHU 3a
obyuenuemo Ha peeyiamopume. Hanpaseno e cpasHenue no OmHOWleHUE Ha
nO00OpeHUemo Ha QYHKYusma Ha NOAE3HOCH, KOSIMO € 00eKm Ha ONMmuMu3ayusma,
KAKMO U € U36ECMHA eKCNEPMHA CIMpame2us 3a YnpasieHue Ha npoyecad 3a noiyuasane Ha

PHB.

SJR.5. Koprinkova-Hristova, P., Adaptive critic design and heuristic search for
optimization (2014) Lecture Notes in Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 8353 LNCS, pp. 248-
255.

The main aim of the present work is to combine Adaptive Critic Design (ACD) approach
that falls with the gradient optimization techniques with the associative learning that is
heuristic search algorithm. The relatively new neural network structure - Echo state
network (ESN) - is used as critic network within ACD scheme. It is trained minimizing
temporal difference error using Recursive Least Squares (RLS) algorithm. The actor in
ACD scheme is trained by associative learning. The proposed approach is tested on
optimization of a complex nonlinear process for biopolymer production. The obtained
previously results using gradient descent algorithm for actor training are compared with
those obtained using heuristic search algorithm and the advantages and shortcomings of
both methods are discussed.

Inasna yen na nacmoawama paboma e 0a ce KOMOUHUPA MemoObm HA A0ANMuUeHama
kpumuxa (ACD), xoumo cnaoa xvm epaduenmuume Memoou 3a ONMUMUZAYUS, C
acoyuamueHomo obyuenue, Koemo e espucmuden mupcews anreopumvm. Eona
CPABHUMETHO HOBA CIMPYKMYPA HA He8poHHA Mpedca — mun ,, exo (ESN) — e uznonseana
3a enemenma kpumuxa 6 ACD cxemama. Axmvopvm 6 ACD cxemama e nacmpotiean
nOCpeodcmeom Memoo 3a acoyuamugo ooyuenue. Ilpednoscenusim nooxoo e mecmeau Ha
3a0ayama 3a ONMUMU3AYUS HA CIONCEH HelUHeeH npoyec 3d NpOU3800CmMe0 Ha
ouononumep. Ilonyuenume npedxoOHu pe3yimamu ¢ U3NOA36AHE HA 2APOUCHMEH
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aneopumvm 3a obyueHue HaA AKMbOPA €A CPABHEHU ¢ Me3U NONYUeHU C eBPUCTUYHUSL
ANCOPUMBM U €A OUCKYMUPAHU NPeOUMCMEAma U Hedocmamvyume Ha 08ama no0xX00d.

SJR.6. Koprinkova-Hristova, P., Palm, G., ESN intrinsic plasticity versus reservoir
stability (2011) Lecture Notes in Computer Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics), 6791 LNCS (PART 1), pp.
69-76.

The work presented in this paper was inspired by similarities between intrinsic plasticity
(IP) pre-training of the ESN reservoir and the common RNN stability conditions derived
from nonlinear control theory. The common theoretical stability conditions were applied
to the ESN structure. It was proven that in fact IP training achieves a balance between
maximization of entropy at the ESN output and the concentration of that output distribution
around the pre-specified mean value. Thus the squeezing of the neuron nonlinearities is
produced not only by nonzero biases and translation of the ESN equilibrium state but also
by the chosen output distribution mean value. The numerical investigations of different
random reservoirs showed that the IP improvement stabilizes even initially unstable
reservoirs.

Ilpeocmasenama 6 masu cmamusi paboma e 60bXHOBEHA OM NPUTUKUME MeAHCOY Memood
na evmpewnama niaacmuunocm (IP) 3a nacmpotieane na pesepsoapa na ESN u
0000WeHume ycio8us 3a YCmMouyu80Cm Ha PeKypPeHmMHU HeGPOHHU MPEICHU, U36e0eHU OMm
HeluHelinama meopus Ha ynpaeneHuemo. Q000OWeHUmMe MmeopemuyHu YClosus 3d
yemotuiuusocm ca  npunodceru kvm  ESN  cmpykmypama. Jloxkazano e, ue |P
Hacmpousanemo nocmuea OAIAHC MeAHCOY MAKCUMUSAYUSMA HA eHMPONUSMA 8 U3X00d HA
ESN u xoumyemmpayusma Ha He2060mMo pasnpeoeieHue OKONO 3a0a0eHd CPeoHd
cmounocm. I[lo mo3u Havyun céusanemo Ha HelUHeUHOCmUme Ha HeePOHUme ce nocmued
He camMo NnocpeoCmeom HeHylesU OMKIOHeHUs U MPAHCAAYUs HA PABHOBECHOMO
cvemosnue na ESN, no cvwyo u nocpedocmeom uzbpanama cpedna cmoiHocm Ha yeaieomo
pasnpedenenue Ha uzxooa. Hucienume uzcie08anus Ha paziuyHu CIy4aiuHo 2eHepupanu
pesepsoapu nokazaxa, ue |P nacmpoiisanemo cmabunusupa 0opu NvPEOHAUAIHO
HeyCMouyusl pe3epeoapu.

SJR.7. Koprinkova-Hristova, P., Palm, G., Adaptive critic design with ESN critic for
bioprocess optimization (2010) Lecture Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), 6353 LNCS
(PART 2), pp. 438-447.

We propose an on-line action-dependent heuristic dynamic programming approach based
on recurrent neural network architecture — Echo state network (ESN) — as critic network
within the frame of adaptive critic design (ACD), to be used for adaptive control. Here it
is applied to the optimization of a complex nonlinear process for production of a
biodegradable polymer, briefly called PHB. The on-line procedure for simultaneous critic
training and process optimization is tested in the absence and presence of measurement
noise. In both cases the optimization procedure succeeded in increasing the productivity
and in proper training of the adaptive critic network at the same time.

Hue npeonazame npunoosicenue 3a yenume Ha a0anmueHOmo ynpaeieHue Ha e8pUcmuyet
Memoo Ha OUHAMUYHOMO NPOSPAMUPAHE 6 pealHO 6peme CbC 3A8UCUMOCH Om
YApagnieHuemo, OCHOBAHO HA peKypenmua HespouHa mpedxca — mun ,exo’ (ESN) — &
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poasma Ha Kpumuxkama 8 pamkume Ha cxemama nHa adanmuenama kpumuxa (ACD). Tyk
MO3U NOOX00 € NPUNONHCEH 3a ONMUMUZAYUAMA HA eOUH CIOJHCeH HeluHee npoyec 3d
npou3800cmeo Ha Ouopaszepaoum noaumep, Hapuwarw Ha kpamxo PHB. Tecmeana e
CUMYIAYUOHHO Npoyedypa 3a obyueHue 8 peaiHo epeme eOHOBPEMEHHO HA KPUMUKama u
OnmMuUMU3aYUs Ha npoyeca Npu IUNca U Haiuuue Ha wym 6 usmepsanuama. M 6 osama
cyuas onmuMu3ayuUOHHAmMa npoyeoypa ycnsaga 0a NoGuU NPOOYKMUBHOCMMA HA
npoyeca, eOHO8PEMEHHO ¢ MO8d 00Y4ABAUKU A0ANMUBHAMA KPUMUKA.

Peghepupanu ¢ Scopus u WoS

R.1. Koprinkova-Hristova, P., Todorov, Y., Paraschiv, N., Olteanu, M., Terziyska, M.,
Adaptive control of distillation column using adaptive critic design (2017) Proceedings of
the 2017 21st International Conference on Process Control, PC 2017, art. no. 7976253, pp.
434-4309.

The paper aims at synthesis of an adaptive controller of the distillate output flow rate of a
binary distillation column. The disturbance of the process is the change of concentration
of the inlet compound. The Adaptive Critic Design (ACD) approach was applied to predict
on time the future effect of disturbance and to adapt the distillate output flow rate in order
to prevent deviations from the desired distillate concentration. The key element of ACD —
the critic — is a fast trainable recurrent neural network named Echo state network (ESN).
The simulation investigations demonstrated that the proposed adaptive control scheme
outperforms a classical nonadaptive controller with respect to the settling time and the
reaction delay.

Llen na cmamusima e cunmesupane Ha A0ANMUEeH Pe2yiamop Ha CKOPOCMMA Ha U3X0OHUS
nOMoK Ha buHapua decmunayuonHa Konona. CMyuwjeHue Ha npoyeca e npoMsaHama Ha
KOHYEeHmpayusima Ha 6xo0nus kKomnorwenm. Memoowvsm na adanmusnama kpumuxa (ACD)
e NpUunodicen 3a npeocKazeame Ha epeme Ha O6vLOewomo GlUsHUE HA CMYWEHUemo U 3d
adanmayus HA CKOPOCMMA HA U3XOOHUS HOMOK C yYel Npedomepamsasamne Ha
OMKIOHEHUemo Om JicelaHama CMOUHOCM HA KOHYEHMpAayusma Ha Oecmuiamad.
Kmouosusm enemenm na ACD — kpumuxama — e 6wp30 obyuasawa ce pekypeHmua
Hesponna mpexca napuwana Echo state network (ESN). Cumyrayuonnume uzcieosanust
O0eMoHCmpupam, ue NpeodlodCeHama a0anmueHa cxema HA YNPAGIeHUe NPe8b3X0nHcod
KAACUYeCcKUsi HeadanmueeH pe2yiamop no OMHOWEHUe HA 8pemMemo 3a 00CmueaHe Hd
3a0anHuemo u 3aKbCHEHUemo Ha peaKyusmad.

R.2. Koprinkova-Hristova, P., Alexiev, K., Neuro-fuzzy tuning of Kalman filter (2016)
2016 IEEE 8th International Conference on Intelligent Systems, IS 2016 - Proceedings,
art. no. 7737497, pp. 651-657.

In the present work we upgrade the designed neuro-fuzzy approach for on-line optimal
tuning of Kalman filter of a gyroscope within a Micro Electro-Mechanical System
(MEMS) device. In addition to the covariance matrix of measurement noise the covariance
matrix of the estimated process was tuned too. Our approach consists of Adaptive Critic
Design (ACD) scheme in which two actors designed as Fuzzy Rule Bases (FRBs) were
tuned to adapt both covariance matrices using only information about the direction to
which the estimation error changes (increase or decrease). A novel fast training dynamic
neural network structure - Echo state network (ESN) - was used in the role of the critic
element. Application to data collected from real MEMS demonstrated the ability of the
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proposed approach to tune Kalman filter and improve the quality of its estimates in
changing working conditions of the MEMS in real time.

B npeocmasenama paboma Haocpadxcoame Cv30a0eHUss He8PO-pa3Mum nooxoo 3da
ONMUMANHA HACMPOUKA 8 pedanHo epeme Ha unmvp Ha Kaiman 3a dcupockon 6 mukpo-
enexmpo-mexanuuno yempoucmso (MEMS). B dobaska kvm kosapuayuonnama mampuya
HA WyMa 8 U3Mep8anusama, KosapuayuoHHama Mampuya Ha OYeHKama Ha npoyeca Cobujo
e obexm Ha nacmpotueane. Hawuam nooxoo ce cbcmou om cxema ¢ a0anmuena KpUumuka
(ACD), 6 kosimo 0sa ,,akmvopa*, moderupanu ¢ pasmumu b6azu om npasuira (FRBS), ce
Hacmpouseam, 3a 0a adanmupam o0eeme KOBAPUAYUOHHU MAMPUYU UZNOA3EAUKU CAMO
uMgopmayuama 3a NOCOKAMA Ha NPOMAHA HA 2PeUKAma Ha oyeHKama (Hapacmeane Uiy
Hamanssane). EOna nosa 6wp3o obyuasawa ce ounamuyuna neeponna mpedica - Echo state
network (ESN) — e usnoazseana 6 porsima na enemenma kpumuxa. Ilpunosicenuemo Kom
oannu, cvopanu om pearen MEMS cenzop oemoncmpupam cnocobnocmma ma
npeonodicerusi n00xXoo oa Hacmpouea gpuimvpa na Kaimau u 0a nooobpsea kavecmeomo
HA He208ama OYeHKA 6 NPOMEHAUBU YCI08US HA paboma HA YCMPOUCMBOMO 8 PeaiHo
epeme.

R.3. lliev, V., Kostov, G., Stoycheva, J., Koprinkova-Hristova, P., Angelov, M., Popova,
S., Bio-ethanol production optimization using ACD with ESN critic (2011) INISTA 2011
- 2011 International Symposium on INnovations in Intelligent SysTems and Applications,
art. no. 5946167, pp. 606-610.

In the present paper on-line action-dependent heuristic neuro-dynamic programming was
applied for optimization of a complex nonlinear production process. The approach is based
on recurrent neural network architecture — Echo state network (ESN) — as critic network
within the frame of adaptive critic design (ACD) scheme. The subject for optimization is
bio-ethanol fermentation. The aim was to increase process productivity defining optimal
dilution rate profile. The obtained by simulations results are good basis for further
experimental investigations.

B nacmoswama cmamus mMemoOovm HA 3A8UCUMOMO OM Oelcmeuemo espucmuiHo
OUHAMUYHO NPOSPAMUPAHE € NPULONCEH 30 ONMUMUZAYUAMA HA CIOHCEH HeNUHeeH
npoyec. [100x00vm ce 0CHO8ABA HA PEKYPEHMHA HEBPOHHA Mpedcd — Mun ,,exo " — Kamo
Kkpumuka 6 pamkume na cxemama Ha adanmusnama xkpumuxa (ACD). Obexkmvm na
onmumusayus epmenmayusma 3a npou3eoo0cmeo Ha oOuo-emawnon. Llenma e da ce
yeenuyu NpoOyKMUBHOCMMA NOCPeOCmeom ONMuMaileH Npouil Ha paspexicoane.
THonyyenume  cumynayuonnu pesyimamu ca 000pa  OCHO8A 34 NOCAEO8AWU
eKCnepuUMeHmMaIHu U3Cc1e08aHusl.

R.4. Koprinkova-Hristova, P., Oubbati, M., Palm, G., Adaptive critic design with echo
state network (2010) Conference Proceedings - IEEE International Conference on
Systems, Man and Cybernetics, art. no. 5641744, pp. 1010-1015.

In the present paper an application of a novel neural network architecture called Echo State
Network (ESN) within the frame of a reinforcement learning scheme named Adaptive
Critic Design (ACD) is proposed. Our aim is to investigate the possibility for on-line
training of adaptive critic using the ESN architecture. In particular the application of this
approach to mobile robot control is presented. Our preliminary results are encouraging and
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demonstrate that ESNs are good candidates for the on-line application of an ACD
optimization approach due to their specific structure and fast training algorithm.

B nacmoawama cmamus e npeonodHceHo NPUulodceHue Ha eoHa HO8d apXumexkmypa Ha
HeB8POHHA Mpedicad, HapeyeHa HesponHa mpexca mun ,,exo (ESN), 6 pamxume na edna
cxema 3a obyuenue no memooa ,noowpenue/naxazanue (reinforcement), napuuana
memoo Ha aodanmusnama kpumuxa (ACD). Hawama wyen e o0a uscnedsane
8b3MOJICHOCMMA 34 00yueHue 6 peaiHo 6peme Ha aoanmusna xpumuxa ¢ ESN
apxumexmypa. I[Ipedocmaseno e npunodcenue Ha mo3u nooxXo0 3a YNpAGIeHUemo Ha
Mobunen pobom. Hawwume npedsapumennu pezyimamu ca OKypaxcasawju u
demoncmpupam, we ESN ca 006vp xanouoam 3a npunoscenue 6 peanno speme na ACD
ONMUMU3AYUOHHUSL NOOX00 NOpaou maAXHAma cneyuguuna cmpykmypa u 6wp3
aneopumvm 3a obyuenue.

R.5. Oubbati, M., Kichele, M., Koprinkova-Hristova, P., Palm, G., Anticipating rewards
in continuous time and space with echo state networks and actor-critic design (2010)
ESANN 2011 proceedings, 19th European Symposium on Artificial Neural Networks,
Computational Intelligence and Machine Learning, pp. 117-122.

In this paper we implement an echo state network within the concept of actor-critic design
to obtain optimal control policy for a mobile robot. The robot is asked to anticipate future
rewards/punishments and react accordingly. Experimental results show that the proposed
approach is simple and effective.

B masu cmamus Hue uznonzeame He8pOHHA Mpedca mun ,,exo "’ 8 pamkume Ha nOOXo0d
AKMbOP-KpUMUKA 3a NOJIy4asaHe Ha ONMUMATHA YAPAGIA8AWA cmpamecus 3a MoOuleH
pobom. Pobomwvm mpsbea 0a ce nayuu oa oyaxkea 6voewo noowpenue/nakazanue u 0a
peazupa aodexseamno. Excnepumenmannume pezyimamu nokazeam, ue npeonazaHusm
n00X00 e npocm u ehexmuseH.

R.6. Koprinkova-Hristova, P., ACD approach to optimal control of mixed culture
cultivation for PHB production process - Sugar's time profile synthesis (2008) 2008 4th
International IEEE Conference Intelligent Systems, IS 2008, 3, art. no. 4670516, pp. 1229-
1232.

In the present paper a neural network approach called “Adaptive Critic Design” (ACD)
was applied to synthesis of sugar’s optimal time profile for PHB production process. The
approach is called also heuristic dynamic programming (HDP) because it is attempt to
approximate the dynamic programming in forward manner in order to be able to apply it
further in on-line control scheme.

B nacmosawama cmamusi n00Xo0, OCHO8AH HA HEBPOHHU MPEXCU U HAPUYAH MemOoO HA
adanmusnama kpumuka (ACD), e npunosicen 3a cunmes Ha onmumanen pemesu npopu
Ha 3axapume 6 npoyeca Ha npouzeoocmeo Ha PHB. [looxoovm ce napuua cwvujo
egpucmuyno ounamuuno npoepamupare (HDP), mvii kamo e onum 3a anpokcumayus Ha
OUHAMUYHOMO NPOSPAMUPAHE 8 NPABA NOCOKA C Yell NPUTLONCEHUE 8 CXeMU 3a YNpasieHue
6 peanuo epeme.
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PE3IOMETA HA HAYUHUTE NYBJUKALIUY HA
BBJTAPCKU U AHTJIMIACKM — Ipyna T

Ha nou. [lerss KonpunkoBa-Xpucrosa

C umnaxm ¢haxkmop

Q1.1. Koprinkova-Hristova, P.D., Bocheva, N., Nedelcheva, S., Stefanova, M., Spike
timing neural model of motion perception and decision making (2019) Frontiers in
Computational Neuroscience, 13, art. no. 20.

The paper presents a hierarchical spike timing neural network model developed in NEST
simulator aimed to reproduce human decision making in simplified simulated visual
navigation tasks. It includes multiple layers starting from retina photoreceptors and retinal
ganglion cells (RGC) via thalamic relay including lateral geniculate nucleus (LGN),
thalamic reticular nucleus (TRN), and interneurons (IN) mediating connections to the
higher brain areas—visual cortex (V1), middle temporal (MT), and medial superior
temporal (MTS) areas, involved in dorsal pathway processing of spatial and dynamic
visual information. The last layer—Iateral intraparietal cortex (LIP)—is responsible for
decision making and organization of the subsequent motor response (saccade generation).
We simulated two possible decision options having LIP layer with two sub-regions with
mutual inhibitory connections whose increased firing rate corresponds to the perceptual
decision about motor response—Ileft or right saccade. Each stage of the model was tested
by appropriately chosen stimuli corresponding to its selectivity to specific stimulus
characteristics (orientation for V1, direction for MT, and expansion/contraction movement
templates for MST, respectively). The overall model performance was tested with stimuli
simulating optic flow patterns of forward self-motion on a linear trajectory to the left or to
the right from straight ahead with a gaze in the direction of heading.

Cmamusima npedcmass tepapxuuer SPike timing uesponen mooen, paspabomen 6
cpedama na NEST cumynamop, yenaw oa 6vsnpouszgede @3emanemo Ha peuienue om
Yy0BeKa Npu CUMYIUPAHU ONPOCMEHU 3pUmenHu 3a0aqu 3a Hasueayus. Toiu exnousa
MHOJICECMBO Cl0€eBe, 3ano46aliKu om Gomopeyenmopume 8 pemuHama u pemuHaIHume
eanenuesu knemku (RGC) npes peremo na manamyca, exnousawo Lateral geniculate
nucleus (LGN), thalamic reticular nucleus (TRN) u unmepnesponu, koumo meduupam
8Pb3KUME KbM NO-20pHUMe Mo3vunu obnacu — spumennama xopa (V1), cpeonama
memnopanna (MT) u mesxcounnama eopna memnoparna (MST) 30ma, yuacmeawu 6
00p3anHus Nbm Ha NpepabomKka HA NPOCMPAHCMBEHAMA U OUHAMUYHA 6U3VATHA
ungopmayus. Ilocreonusm cnoii — nameparnusm napuemanen xopmexc (LIP) — e
0M20BOpeH 3a 63eMAHEMO HA peuleHue U Op2aHu3ayuama Ha Nnocieos8aujus MOmopeH
omeosop (2enepupane Ha cakaoa). Hue cumynupaxme 08e 8b3MONCHU ONYUU 34 PeUeHUe
nocpeocmeom LIP cnoii ¢ 0se 30nu ¢ 83aumHu noomuckawu 8pv3Ku, YUAMO NOSULUEHA
yecmoma Ha 3anaiéaHe HA HeBPOHUMme CbOMBEMCMEd HA peuleHue 6b3 OCHO8A HA
BbLINPUAMUETNO 3a MOMOPEH OM2080P — JIA8A Ul 0ACHA cakaoa. Besaka ¢asza om moodena
e mecmeaHa ¢ NOOX00sAWo U3OPAHa CMUMYIayus, CbOMEEMCmMeauja Ha HeluHama
YYBCMBUMETHOCI KbM CReYUpUUHU Xapakmepucmuku Ha cmumyia (opuenmayus 3a V1,
nocoxa 3a MT u wabnon na paswupseane/ceusane na osudicenuemo 3a MST cbomeemno).
Lanocmnomo noeedenue Ha moodena Oeute MeCMBAHO CbC CMUMYAU, CUMYIUPAUU
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ONMUYHU WAOIOHU HA CAMOOBUIICEHUE HANPeO NO JUHEUHA MPAeKmopusi Ha JisI0 Uil
HAOACHO C NO2Ne0 6 NOCOKA HA OBUNCEHUEMO.

Q1.2. Koprinkova-Hristova, P., Backpropagation through time training of a neuro-fuzzy
controller (2010) International Journal of Neural Systems, 20 (5), pp. 421-428.

The paper considers gradient training of fuzzy logic controller (FLC) presented in the form
of neural network structure. The proposed neuro-fuzzy structure allows keeping linguistic
meaning of fuzzy rule base. Its main adjustable parameters are shape determining
parameters of the linguistic variables fuzzy values as well as that of the used as intersection
operator parameterized T-norm. The backpropagation through time method was applied to
train neuro-FLC for a highly non-linear plant (a biotechnological process). The obtained
results are discussed with respect to adjustable parameters rationality. Conclusions are
made with respect to the appropriate intersection operations too.

Cmamusima paszenedxcoa epaouenmuo odyuenue na pasmum peeyramop (FLC), onucan
Kamo cmpykmypa Ha He8pouHa mpedxca. llpednosicenama espo-pasmuma cmpykmypa
N0360/164 3aNA36aHe HA CMUCHIA HA bazama om pasmumu npasuia. Heiinume o6yuasanu
napamempu ca napamempume, oeurHupawu popmama Ha pazmumume CMOUHOCMU HA
JIUHSBUCMUYHUME NPOMEHIUBU, KAKMo u me3u Ha napamempuzupanama T-nopma,
U3NONI36AHA KAMO Onepamopvm 3a ceyeHue. M3nonzean e memoovm HA 0OPAMHOMO
PA3NpoOCmMpaneHue 6v8 BpeMemo HaA 2pewKkama 3a o00yYeHue Ha He8po-pazmMumu
pezyriamop Ha CUTHO HeluHeeH obekm (buomexuonocuuen npoyec). Illonyuenume
pesyimamu  ca 00CbOeHu Nno OMHOWleHUe PAYUOHATHOCMMA HA HACMPOeHume
napamempu. Hanpasenu ca u 3axnioueHuss OMHOCHO OnpeoeieHume Nnapamempu Ha
onepayusma ceueuue.

Q3.1. Koprinkova-Hristova, P., Patarinska, T., Neural network software sensors design
for lysine fermentation process (2008) Applied Artificial Intelligence, 22 (3), pp. 235-
253.

The main goal of this article is to study the possibility for neural network software sensors
design for Lysine fermentation process on the basis of only one on-line measurable process
variable, in this case - the dissolved oxygen concentration. Software sensors for biomass,
lysine, glucose, and ammonium concentrations were designed. It is shown that past values
of the dissolved oxygen must also be included in order to get successful results, or to
enhance the quality of the estimation. The applicability of the sensors in the framework of
a closed loop control system was also investigated.

OcHognama yen Ha mazu cmamus e 0a ce U3C1e08a 8b3MONCHOCMMA 3d Cb30A6aAHe HA
cogpmyepHu ceH30pu HA (epMEeHMAYUOHHUS Npoyec 3a NPOU3BOOCMBO HA JU3UH,
UBNON36AUU  CAMO USMEPBAHU 8 PEealHO 6peMme NPOMEHAUSU, 6 MOo3U Cayuau —
KOHYEHMpayuama Ha pasmeopeH Kuciopod. Cw30adeHu ca cogpyepuu ceH3opu 3d
KOHYeHmpayuume Ha ouomaca, 1usuH, nokoza u amonuil. Iloxaszano e, ue munaiume
CMOUHOCMU HA PA3MBOPEHUs. KUCIOPOO Cbo mpsaoea 0a 6v0am U3NoA368aHU, 3a 04 ce
ROYYam YChewHy pe3yaimamu U 0a ce no0oopu Kawecmeomo Ha oyenkume. Mzciedsana
€ U NPUIOACUMOCIING HA CEH30pUme 8 pamMKume Ha 3ameopeHa CUucmema 3a YynpagieHue.

Q4.1. Kostov, G., Popova, S., Gochev, V., Koprinkova-Hristova, P., Angelov, M.,
Georgieva, A., Modeling of batch alcohol fermentation with free and immobilized yeasts
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Saccharomyces cerevisiae 46 EVD (2012) Biotechnology and Biotechnological
Equipment, 26 (3), pp. 3021-3030.

Seven of the mathematical structures known by far were applied for modeling of batch
alcoholic fermentation with free and immobilized cells of Saccharomyces cerevisiae strain
46 EVD using experimental data. The obtained models were analyzed and compared with
respect to their quality and applicability for process simulation. Conclusions about the
influence of cell immobilization on the batch process intensification were drawn based on
analysis of the obtained model parameters. It was found that Monod-type model and
logistic equation in combination with Ludeking-Piert model are the most appropriate
structures for description of both free- and immobilized-cell fermentations for the
investigated yeast strain.

Ipunoscenu ca cedem uzgecmuu MamemMamu4ecku 3a8UCUMOCIU 3d MOOEIUPAHEeMO Ha
ankoxonHama ¢hepmenmayusi CcvbC C60O0OHU UMOOUNUSUPAHU KIEMKU HA Wamd
Saccharomyces cerevisiae 46 EVD ¢ peannu  excnepumenmannu — OaHHU.
Hoenmughuyupanume moodenu ca anaiusupanu u CpasHeHu no OMHOUEHUE HA MAXHOMO
Kauecmeo U NpUulodNCUMOCm 3a cumyiayusi Ha npoyeca. Hanpasenu ca uzeoou 3a
BIUSHUEMO HA UMOOUIUZAYUAMA HA KIEeMKUme 6bpXy UHMEH3UpUKayusma Ha npoyeca
6b3 OCHOBA HA AHAIU3 HA NOJyHeHume napamempu mooenume. /JoKazano e, ue Mooeivm
om mun Mono u ieocmuuno ypasnenue 6 kombunayus ¢ mooena na Ludeking-Piert ca naii-
nOOX00AWU 34 ONUCAHUE KAKMO HA Npoyeca Ha (epmeHmayus cbC c60000HU KIemKu,
maka u Ha mo3u ¢ UMOOUNUSUPAHU KIeMKU 3d U3CAE0BAHUSL WAM OPOINCOU.

C SJR pane

SJR.1. Olteanu, M., Paraschiv, N., Koprinkova-Hristova, P., Genetic Algorithms vs.
knowledge-based control of PHB production (2019) Cybernetics and Information
Technologies, 19 (2), pp. 104-116.

The paper proposes an approach using Genetic Algorithm (GA) for development of
optimal time profiles of key control variable of Poly-HydroxyButyrate (PHB) production
process. Previous work on modeling and simulation of PHB process showed that it is a
highly nonlinear process that needs special controllers based on human experience, as such
fuzzy logic controller proved to be a good choice. Fuzzy controllers are not totally
replaced, due to the specific process knowledge that they contain. The achieved results are
compared with previously proposed knowledge-based approach to the same optimal
control task.

Cmamusima npeonaza nooxoo, usnonssauy cenemuuer areopumom (GA) 3a pazpabomesane
Ha ONMUMATHU 8peMesU NPOGUIU Ha KT0Hogume Ynpasiasauil NPOMeHIU 8U Ha npoyecd
3a npouzeodcmeo Ha noau-xuopoxcubymupam (PHB). [Ipeoxoonume uscnedsanus no
MOOeNUparemo u CUMyiayusma Ha npoyeca 3a npouseoocmeo Ha PHB nokaseam, ue moii
€ CUTHO HeluHeeH Npoyec, KOUmMo USUCKEA CNEeYUdIHUu peeylamopu, OCHOB8AHU HA
YoBeWKUSL ONUM, MAKUBA KAO PAZMUMU Pe2yiamopu, 00KA3aaU ce Kamo 000vp u3oop.
Pasmumume pezynamopu He ca HANbIHO 3aMecmenU NOpPadu MAXHOMO CbObPICAHUE HA
cneyuguuHo 3HaHue 3a ynpasienuemo Ha npoyeca. Ilocmucnamume pezyrmamu ca
CPABHUMU C NPEOXOOHUME, OCHOBABAWU Ce HA 3HAHUSL.
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SJR.2. Nedelcheva, S., Koprinkova-Hristova, P., Orientation selectivity tuning of a spike
timing neural network model of the first layer of the human visual cortex (2019) Studies
in Computational Intelligence, 793, pp. 291-303.

The paper deals with the influence of some parameters determining spatial structure of a
spike timing neural network model of the first layer of the human visual cortex on its
orientation selectivity. For this aim the model was implemented in NEST simulator and a
recently proposed approach for spatial structure design of the orientation columns in its
recurrent layer was adopted. The aim was to tune the model to recognize spacial orientation
of moving through the visual field stimuli with different size and orientation. The values
of the parameters defining columns position and thickness as well as the photo-receptors
size and variance of the LGN neurons receptive fields were determined in dependence on
the stimuli characteristics. The obtained results showed that bigger size stimuli were
detected by wider receptive fields while orientation of smaller stimuli was properly
recognized by thicker orientation columns.

Cmamuama  usciedgéa  GIUAHUEMO  HA — HAKOU  Napamempu,  Oonpeoenauu
npocmpancmeenama cmpykmypa na Spike timing nesponen mooen na nvpeus cioi Ha
yogewKama 3pumenna Kopd, 6bpxy He2o8ama OpUeHMayuoOHHA celeKmueHocm. 3a yeima
Mmooenvm e umniemenmupar 8 cpeoama Ha NEST cumynamop, kamo e uznonzsean u edun
HACKOPO NPeonodcer NoOX00 34 2eHepupane Ha OPUEHMAYUOHHUME KOJIOHU 6 He20B8Us.
pexypenmen ciou. Llenma e modenvm oa ce Hacmpou 0a pazno3Haéa NPOCMpPpaHCmeeHama
opueHmayusi Ha OsudNCewu ce Npe3 3PUMEIHOMO CMUMYIU C PA3IUdeH pasmep u
opuenmayus. CmouiHocmume Ha napamempume, onpeoesuu NO3uYuuUme U RIbmMHOCMma
Ha KOJIOHUmMe, Kakmo u Ha pazmepume Ha peyenmopHume noiema Ha pomopeyenmopume
u Hesponume 6 LGN cnos, ca onpedenenu 6 3asucumocm om xapaxmepucmuxume Hd
cmumyna. Ilonyuenume pesyimamu nokasaxa, ye CMUMYIU C HO-20NeMU pA3Mepu ce
OemeKmupam om no-WUpoOKU peyenmopHu noiemd, OOKAmo No-mMdaiKume no pasmep
CMUMYIU ce pa3no3Hasam no-00ope om no-nibmHu OPUEHMAYUOHHU KOTOHU.

SJR.3. Koprinkova-Hristova, P., Popov, A., Simov, K., Osenova, P., Echo state network
for word sense disambiguation (2018) Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics),
11089 LNAI, pp. 73-82.

The current developments in the area report on numerous applications of recurrent neural
networks for Word Sense Disambiguation that allowed the increase of prediction accuracy
even in situation with sparse knowledge due to the available generalization properties.
Since the traditionally used LSTM networks demand enormous computational power and
time to be trained, the aim of the present work is to investigate the possibility of applying
a recently proposed fast trainable RNN, namely Echo state networks. The preliminary
results reported here demonstrate the applicability of ESN to WSD.

Hacmosawume paspabomku 6 obracmma O0KIA08aAM MHONCECMEO NPUNONCEHUS HA
PeKypeHmuume HeBPOHHU Mpedcu 3a pasnosnasanemo Ha cmucvia Ha oymume (WSD),
KOUMO NO380NS6AM YEEIUYABAHe HA MOYHOCMMA HA NPe0cKa3sane 00pu 6 Cumyayuy Ha
MAKoO 3HaHUue nopaou mexuwume 0boowasawu cnocoonocmu. Tvil Kamo mpaouyuoHHo
usnonzeanume LSTM HespoHHu mpescu uzuckeam o0cpomMHa u34UCIumenHa MOWHoOCm u
epeme, 3a O0a Ovoam oOyueHu, yeima Ha Hacmoswama paboma e 0a ce U3Cieosd
BB3MONCHOCMA 34 NPUTIONCEHUE HA HACKOPO NPedsiodceHume Ovp3o obyuasawu ce

4
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DEKYDEHMHU HEBPOHHU MPEXNCU, A UMEHHO He8POHHU Mpedcu mun ,,exo ‘. JJoxnaoeanume
myk npeogapumentu pezyimamu demoncmpupam npunoxcumocmma Ha ESN za WSD.

SJR.4. Kralev, V., Kraleva, R., Sinyagina, N., Koprinkova-Hristova, P., Bocheva, N., An
analysis of a web service based approach for experimental data sharing (2018)
International Journal of Online Engineering, 14 (9), pp. 19-34.

This paper presents the results obtained from a comparative analysis of two methods for
experimental data sharing. Several works related to the topic and some approaches for
processing data have been discussed. Different technologies related to the web services,
ways of using them and the areas of their application are analyzed. For the purposes of the
study, a web service for retrieving specific data from a behavioral experiments database
was developed. The methodology and conditions for conducting the experiments are
described. Two different indicators are analyzed, respectively: time to retrieve the data
from a database and iteration time across all records through one loop. The results show
that when retrieving thousands of records both web service based approach and an
approach based on a remote database server can be used. However, when retrieving
millions of records, the fastest approach was the one that uses remote database server. The
obtained results show that the dynamic arrays (containing strings) iterated much faster
across all data records than the dataset approach.

Cmamuama npeocmags pe3yimamume, NONYYEHU OM CpAGHUMENeH aHAIU3 Ha 08d
Memooa 3a cnoodeisiHe HA ekcnepumenmannu Oanuu. QOCvOeHu ca HAKOIKO pabomu,
CBbP3AHU C meMama U HAKOU NooxXoou 3a obpabomka Ha OanHume. Ananuzupamu ca
PasiudHu mexmono2uu, cévpzanu ¢ Web ycayeu, nauunu 3a msxmomo usnonzeame u
obnacmu na npunodicenue. 3a yerma na uscieosanemo e paspabomena Web yciyea za
usgnuU4aHe Ha cneyuguuHu OaHHu Oom 0a3a OAHHU OM NOBEOeHYEeCKU eKCHEPUMEHM.
Onucana e memooonocusma u YClo8UAMA HA NPOGelcOane HA eKCnepumMeHmad.
Ananuzupanu ca 06a paziuyHu UHOUKAMOPA, CHOMEEMHO: 8PeMemo 34 U36IUYAHe HA
OaHHU om bazama u umepayuume 8bpxy 6CUUKU 3ANUCU 34 eOUH Yukwil. Pezyimamume
nOKA36am, ye Koeamo ce u3giuuam Xuisaou 3anucu, Web 6azupanume yciyeu, Kakmo u
nO0X00bM, U3NOI368AU OMOAIEUeH CbPEBP C 6A3ama OaHHU, MO2am 0a OvbOAmM U3NO36AHU.
Obaue, xocamo ce U3BIUYAM MUTUOHU 3ANUCU, HAU-OBbP3UAM HOOX00 8 MO3U, KOUMmMO
u3non36a omoaneyeH cvpsvp 3a bazama oannu. Ilonyuenume pezyimamu noxkasaxa, ye
OUHAMUYHUME MACUBU (CHOBPIHCAUU CIPUH208E) 00X0HOam MHO20 NO-0bP30 BCUUKU
3anucu om OaHHU, OMKOJKOMO NOOX00bM ¢ HADOp Om OAHHU.

SJR.5. Kraleva, R., Kralev, V., Sinyagina, N., Koprinkova-Hristova, P., Bocheva, N.,
Design and analysis of a relational database for behavioral experiments data processing
(2018) International Journal of Online Engineering, 14 (2), pp. 117-132.

This paper presents the results of a comparative analysis between different approaches to
experimental data storage and processing. Several studies related to the problem and some
methods for solving it have been discussed. Different types of databases, ways of using
them and the areas of their application are analyzed. For the purposes of the study, a
relational database for storing and analyzing specific data from behavioral experiments
was designed. The methodology and conditions for conducting the experiments are
described. Three different indicators are analyzed, respectively: memory required to store
the data, time to load the data from an external file into computer memory and iteration
time across all records through one cycle. The obtained results show that for storing a large

5
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number of records (in the order of tens of millions rows) either dynamic arrays (stored on
external media in binary file format), or an approach based on a local or remote database
management system can be used. Regarding the data loading time, the fastest approach
was the one that uses dynamic arrays. It outperforms significantly the approaches based on
a local or remote database. The obtained results show that the dynamic arrays and the local
data sets approaches iterated much faster across all data records than the remote database
approach.

Tazu cmamus npedcmaes pe3yaimamume Om CpAGHUMENHUS AHAIU3 HA PATUYHU NOOX00U
3a cvxpaneHue u obpabomka Ha excnepumeHmanrnu oauuu. OOCvOeHU ca HAKOIKO
U3CNe08aHUsl, C8bP3AHU C NPOOIeMA, KAKMO U HAKOU MemoOU 3a He2080MO peuiasane.
Ananusupanu ca pasiuunu munose 0a3u OAHHU, HAYUHU 3a MAXHOMO U3NOJ38AHE U
obnacmume um Ha NpuIoOddCceHue. 3a yeiume Ha U3C1E08aHEMO e Cb30A0eHa PelayuoHHA
baza OaHHU 3a CLXPAHEHUe U AaHAIU3 HA Chneyu@uyHu OaHHU OM NOBEOeHUeCKU
excnepumenmu. Onucanu ca MemoooNoUsMAa U YCIOBUSMA HA NPOBEHCOAHe HA
excnepumenmume. AGHIUUPAHU ca MPU PA3TUYHU UHOUKAMOPA, d UMEHHO: HYICHAMA
namem 3a CbXpaHeHue Ha OAHHUMme, 8PeMemo 3d 3apedcOane Ha OAHHUMe Om GbHULEH
Qaiin 6 namemma Ha KOMRIOMBPA U 6PEMEMO 34 NPEMUHABAHE NPe3 6CUUKU 3aNUCU 3d
eoun yuxwvi. Ilonyuenume pezyimamu nokazeam, ye 3a CbXPAHEHUEMO HA 20JAM Opoll
3anucu (om nopsdvka HA Odecem MUAUOHA pedd), buxa moeiu 0a ce U3NON36am Uil
OUHAMUYHU MACUBU (CLXPAHABAHU HA 6bHUIHA Ccpeda 8 08oudeH opmam) uiu nooxoo
OCHOBAH HA cucmema 3a Ynpasjenue Ha JOKAIHA uiu omoaiedena 6Oaza oanuu. Ilo
OMHOWEHUE HA BPEMEMO 3d 3apedcOaHne Ha OaHHume, Hall-0vp3 e N00X00bM ¢ OUHAMUYHU
macueu. Totl npeewv3xodcoa 3HAYUMENTHO HOOX00ume, U3NOA36AWU JOKAIHA UTU
omoaneuena b6aza oannu. Ilonyuenume peyimamu nokazeam, 4e OUHAMUYHUME MACUBU
U nooxo0vm ¢ JOKaIHa 6a3za OAHHU 00X0Hcoam MHO20 NO-0bP30 BCUUKU 3ANUCH,
OMKOJIKOMO nNo0X00vbm ¢ omoanedena 6aza OaHHu.

SJR.6. Kudriashov, V., lvanov, V., Alexiev, K., Koprinkova-Hristova, P., Microphone
array for non-contact monitoring of rolling bearings (2017) Studies in Computational
Intelligence, 681, pp. 103-114.

A non-contact approach for detection of lubrication loss in ball bearings is described in the
paper. An acoustic camera consisting of array of microphones and camera is used for
measuring bearing noise. It is found that the lubrication loss increases the obtained sound
pressure from 3 to 33 dB, in the frequency range 10Hz—20 kHz. Automatic detection of
the lubrication loss may be done by a thresholding technique.

Onucan e HeKOHMakmeH noOXo0 3a OMKpUBAHe HA 3a2ybama HA cMa3Ka npu jazepu.
Hsnonseana e akycmuyHna kamepa, CbCmoaua ce om mMacug om MUKpo@oHu u kamepa, 3a
usmepeane na wiyma om nacepume. Omkpumo e, ue 3a2y6ama HA CMA3KA Y8enuuasd
38yK080mo nansieare om 3 0o 33 dB 6 uecmomnama ooracm 10Hz—20 kHz. Aemomamuuno
demexmupane Ha 3a2ybama Ha cMaska modxce 0a 6v0e HanpageHo NopuU NPEMUHABAHEMO
Ha 3a0a0enus npae.

SJR.7. Bartczuk, L., Lapa, K., Koprinkova-Hristova, P., A new method for generating of
fuzzy rules for the nonlinear modelling based on semantic genetic programming (2016)
Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics), 9693, pp. 262-278.
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In this paper we propose a new approach for nonlinear modelling. It uses capabilities of
the Takagi-Sugeno neuro-fuzzy systems and population based algorithms. The aim of our
method is to ensure that created model achieves appropriate accuracy and is as compact as
possible. In order to obtain this aim we incorporate semantic information about created
fuzzy rules into process of evolution. Our method was tested with the use of well-known
benchmarks from the literature.

B maszu cmamus nl nue npeonracame edun Ho8 noodxod 3a Heaunelno mooerupaue.Toi
uznonzea cnocobocmma Ha  Takaeu-Cyeeno  He8po-pazmumume — cucmemu U
nonyiayuoHHume areopummu. Llenma na nawus memoo e oa ce ygepum, 4e cv30a0eHusim
MoOden nocmuea nooxXo0saua MoYHOCM U € KOMNAKMeH KOJIKOMO e 8b3MOJICHO. 3a yeama
HUe U3N038amMe CEMaAHMUYHA UHDOPMAayUs 3a Cb30a0eHume pazmumu npasuid 8 npoyeca
Ha esonroyus. Hawusam memoo beuwe mecmean ¢ usnonzeame Ha 006pe uzeecmuu emaioHu
om aumepamypamad.

SJR.8. Lapa, K., Cpalka, K., Koprinkova-Hristova, P., New method for fuzzy nonlinear
modelling based on genetic programming (2016) Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 9692, pp. 432-449.

In this paper a new method for fuzzy nonlinear modeling is proposed. This method is a
hybridization of genetic algorithm and genetic programming. The innovations in this
method concern, among others, using weights of aggregation operators, fitness function
criteria and possibilities of automatic creation of fuzzy rules base. The proposed method
was tested with use of typical nonlinear modelling benchmarks.

B ma3zu cmamus e npednosicen eOun Ho8 Memoo 3a pasmumo Heaunelurno mooenupare. Tozu
Memoo e XubpuoeHn Mmexcoy 2eHemuyeH aneopumvM U 2eHeMmUYHO NpocpamMupane.
Hnosayuume na memooa ca ceévp3amu ¢ U3NOA36AHE HA Me2Na 34 azpelupauwjume
onepamopu, Kpumepuu 3a QYHKYusma Ha noaAe3HOC U 8b3MONCHOCH 34 ABMOMAMUYHO
eeHepupane 6aza pazmumu npasua.

SJR.9. Bartczuk, L., Przybyl, A., Koprinkova-Hristova, P., New method for non-linear
correction modelling of dynamic objects with genetic programming (2015) Lecture Notes
in Artificial Intelligence (Subseries of Lecture Notes in Computer Science), 9120, pp. 318-
329.

In the paper a method to adapt the equivalent linearization technique of the non-linear state
equation is proposed. This algorithm uses correction matrices. It also uses arrays
amendments which elements are determined for each new point. These elements are
generated by a formula created automatically using genetic programming.

B maszu cmamus e npeonosicen memoo 3a adanmayus HA JUHeApU3UpPAwy nooxoo 3da
HelUHelHU YPABHEHUs HA CbCMOSHUEmMO. AN2opumvMbm U3Noa38a KOPUSUPAuU Mampuyu.
Covwjo maka ce uznonzeam 000A8eHU MACUBU, YUUMO eleMeHMU ce ONpedeam 3a 6CAKA
Hoea mouxa. Te ca cenepupanu ¢ Gopmynd, c»30a0eHa AGMOMAMUYHO NOCPEOCMBEOM
2eHemu1eHr aneopumvMm.

SJR.10. Bartczuk, L., Przybyl, A., Koprinkova-Hristova, P., New method for nonlinear
fuzzy correction modelling of dynamic objects (2014) Lecture Notes in Computer Science
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(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 8467 LNAI (PART 1), pp. 169-180.

In the paper a method to use the equivalent linearization technique of the nonlinear state
equation with the coefficients generated by the fuzzy rules for current operating point is
proposed. On the basis of the evolutionary strategy and properly defined identification
procedure, the fuzzy rules are automatically designed to maximize the accuracy of the
resulting linear model.

B cmamuama e npednooxcen memoo 3a exkeueaneHmHa JIUHeapu3ayus Ha HeIuHeuHu
VPABHEHUsI HA CLCMOSHUEMO C KoepuyueHmu, 2eHepupaHu om pasmumu npasuid 3a
mexywama pabomua mouxka. Pazmumume npasuna ca cv30a8anu agmomamuyHo ¢ yei
MaxkcumusupaHe HA MOYHOCMMA HA JUHEUHUS MOOel NOCPeOCmEOoM e8OIOYUOHHA
cmpamezus U N0OX00AWa UOeHMUPDUKAYUOHHA NPpoYyedYpa.

SJR.11. Borisova, D., Jelev, G., Atanassov, V., Koprinkova-Hristova, P., Alexiev, K.,
Algorithms for lineaments detection in processing of multispectral images (2014)
Proceedings of SPIE - The International Society for Optical Engineering, 9245, art. no.
92451L.

Satellite remote sensing is a universal tool to investigate the different areas of Earth and
environmental sciences. The advancement of the implementation capabilities of the
optoelectronic devices which are long-term-tested in the laboratory and the field and are
mounted on-board of the remote sensing platforms further improves the capability of
instruments to acquire information about the Earth and its resources in global, regional and
local scales. With the start of new high-spatial and spectral resolution satellite and aircraft
imagery new applications for large-scale mapping and monitoring becomes possible. The
integration with Geographic Information Systems (GIS) allows a synergistic processing of
the multi-source spatial and spectral data. Here we present the results of a joint project
DFNI 101/8 funded by the Bulgarian Science Fund focused on the algorithms of the
preprocessing and the processing spectral data by using the methods of the corrections and
of the visual and automatic interpretation. The objects of this study are lineaments. The
lineaments are basically the line features on the earth's surface which are a sign of the
geological structures. The geological lineaments usually appear on the multispectral
images like lines or edges or linear shapes which is the result of the color variations of the
surface structures. The basic geometry of a line is orientation, length and curve. The
detection of the geological lineaments is an important operation in the exploration for
mineral deposits, in the investigation of active fault patterns, in the prospecting of water
resources, in the protecting people, etc. In this study the integrated approach for the
detecting of the lineaments is applied. It combines together the methods of the visual
interpretation of various geological and geographical indications in the multispectral
satellite images, the application of the spatial analysis in GIS and the automatic processing
of the multispectral images by Canny algorithm, Directional Filter and Neural Network.
Landsat multispectral images of the Eastern Rhodopes in Bulgaria for carrying out the
procedure are used. Canny algorithm for extracting edges represents series of filters
(Gaussian, Sobel, etc.) applied to all bands of the image using the free IDL source.
Directional Filter is applied to sharpen the image in a specific preferred direction. Another
method is the Neural Network algorithm for recognizing lineaments. The lineaments are
effectively extracted using different methods of automatic. The results from the above

8
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mentioned methods are compared to the results derived from the visual interpretation of
satellite images and from the geological map. In conclusion, the rosediagrams of the
distribution of the geological lineaments and the maps of their density are completed.

Hucmanyuonnume uzmepeanus CbC camenum ca YHUBEPCAIHO CPeOCme0 3a U3Cie08ane
Ha  pasiuuHu  0OIacmu  Om  3eMHama  NOBbPXHOCM U OKOJIHAMA  cpeoa.
Ycvevpuwencmeanemo Ha  npunosichume  CnocoOHOCMU  HA  ONMOENeKMPOHHUME
ycmpouicmea, Koumo ca mecmeanu 3a 20Ji5M Nepuoo om epeme 6 1abopamopHu U noiesu
YCnosus U ca MOHMUPAHU HA OMOAIEYeHU CeH30pHU niaam@opmu noooobpsea
8b3MOJCHOCMUME HA UHCMPYMeHmume 0a 0obusam ungopmayus 3a 3emama u HetiHume
pecypcu 6 enobanen, pecuonaneH u nokaier maujad. Coc cv30asanemo Ha HOBU cameaumu
C BUCOKA NPOCMPAHCMBEHA U CNEeKMPAIHA DPe30aI0YUs U camonemu 3a HabaoeHue
BL3HUKBAM HOBU 6b3IMONCHOCMU 34 eopomMawjabHo Kapmozpagupane u Habw0OeHue.
Humezpupanemo ¢ I'eoepagpckume unpopmayuonnu cucmemu (GIS) noszsonsisa
CUHEPeUYHO 0Opabomeare HA NPOCMPAHCMEEHUME U CHeKMPAIHUme OAHHU O MHO2O0
usmoynuyu. Tyk Hue npedcmassame pezyimamume om oowus nu npoexkm JOHU HO1/8,
@unancupan om OHU, ¢pokycupar evpxy arcopummu 3a npepabomeane Ha CNeKmpaiHu
OGHHU C U3NON36AHE HA KOPEeIayuoHeH NooXo0 U AGMOMAMUYHA U BU3YATHA
unmepnpemayusi. Obexkm Ha Hacmoawomo usiedséane ca JuHeamenmume. Te ca
JIUHETHUmMe XaKaKmepucmuky Ha 3eMHAmMa NO8bPXHOCHL, KOUMO €A 3HAYU 30 2€0N02UYHU
cmpykmypu.  l'eonocuunume — 1uneamewmu — ce  nos6a6am — OOUKHOBEHO  HA
MYIMUCREKMPATIHU U300PAICEHUsT KAMO TUHUY UTU PbDOSe, WU TUHEUHU PopMU, KOUMO
ca pesyimam om 6apupanemo Ha Yyeema Ha cmpykmypume Ha nogvpxrocmma. OCHOBHU
2eOMEMPUYHU XAPAKMEPUCTIUKU HA €OHA NUHUSL 3 OPUEHMAYUsmd, ObINCUHAMA U
Kpusunama. J{emekmupanemo Ha 2e0102UdHUMe JTUHeAMeHmU e 8adXdCHA npoyeodypa npu
U3Cc1e08aHemo Ha MUHEPATHUME 3ANeXHCU, AKMUBHUME CENAYUWHIU NPOYeCU, HATUYUEO
Ha 8OOHU pecypcu, 2paxcoanckama 3awuma u m.H. B moea uscnedsane e npunodicen
UHmMe2pupan nooxoo 3a oemeKkmupane Ha Juneamenmume. Tou KomMouHupa memooume 3a
BU3VANIHA UHMEPNpemayus HA pPA3IUYHU 2e0NI02UYHU U 2e02pA)CKU UHOUKAMOpU 8
MYIMUCREKMPATHUMe Camerumuu uzoopascenus:, npocmpancmeenu ananusu Ha GIS u
asmomamuiyHama 0opabomKka Ha MyaImucneKmpaiHume u300padceHus ¢ aleopumsma Ha
Canny, oupexyuonen urmuovp u HegponHu mpedxicu. M3nonzeanu ca ca MyaimucneKmpaitu
uzobpasicenuss om cnvmuuxa Landsat na Uzmounume Pooonu 6 Bvicapus. Arcopumvma
na Canny za uzenuuane Ha pvbose, cocmosw ce om cepusi om gurmpu (I aycosu, Coben
U M.H.), € NPUNOdNCEeH KbM U300PANCEHUSMA NPU PA3TUYHA OBINCUHA HA 6bIHAMA,
usnonzsaiiku ceobooen |DL copmyep. [upexyuonnume guimpu ca uznonssamu 3a
noocunsane Ha cneyuguuHume u3OpaHu NOCOKU 8 u3obpadicenuama. [pye memoo 3a
PAa3nosHasare Ha JUHeAMEHmMume U3N0A36d HeBPOHHU Mpedxcu. Jluneamenmume ca
u36neueHu ¢ U3NON36aHe HA PA3IUYHU ABMOMAMUYHU Memoou. Pezynmamume om
2opeonucanume Memoou ca CpasHerue ¢ BU3YAIHAMa UHMepnpemayus Ha Cameiumuume
usobpaxcenus u ¢ eeozpagckama kapma. B 3axnouenue, ca cv3oadenu ouazpamu Ha
po3zama 3a paznpeoeneHuemo Ha 2e0102UYHUmMe JUHeaMeHmU U ca NONbIAHEHU Kapmume
3a MAXHAMA NILMHOC.

SJR.12. Koprinkova-Hristova, P., Tontchev, N., Popova, S., Two approaches to multi-
criteria optimisation of steel alloys for crankshafts production (2013) International
Journal of Reasoning-based Intelligent Systems, 5 (2), pp. 96-103.
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The paper presents the application of multi-criteria optimization to steel alloy composition
determination aimed at obtaining improved properties material for crankshafts production.
Neural network model of steel mechanical characteristics in dependence on amounts of its
alloying elements was used for simulation purpose. Two optimization approaches were
applied to find optimal alloys composition. In the first one, several Pareto optimal solutions
were found based on those obtained by simulation numerous compositions in the
investigated region of interest. The second one used Taguchi method for robust design.
The obtained optimal solutions were compared and decision about further production
experiments was taken.

Cmamusama npedcmaeﬂ NPUlLOdCeHUe Ha MHOCOKpUumepuaina onmumusayusl Ha cecmasa
HA CmoMaHeHa cniae 3d KOJSIHOBU e6djlose C  yei n0006p}160H€ Ha HelHume
xapakmepucmuku. 3a yeaiume Ha cumyiayuima € u3noji36adH HEeBPOHEH Mooen Ha
MeEXAHUUYHUmME XApAKMEPUCMUKU HA cmomaHama 6 3a6ucumocnt onit Koaudecmeama
Jgecupauful KOMNOHERMU. prloofceﬁu ca 06a onmumu3ayuoOrHHU nooxooa 3a onpedeﬂ}me
onmumaiHomo C'ba’bp.?fCClHl/le Ha Jlecupawiume ejlemenmu. Hocpedcmeom nvpeus nooxoo
ca  HAmMepeHU  HAKOJIKO Hapemo-onmwwaﬂﬂu covcmaed u3meofcdy nonydyeHume
CUMYIIAYUOHHO CbCmdaeu, nonadamu 6 ofcenanama ooaacm. Bmopuﬂm n00X00 U3N0J364
Memooa Ha Taeytm 3a pO661CI’I’lH0 npoekmupanre. HOﬂyquume onmumajlHu peuerHus ca
CPABHEHU U € 63€n0 peuleHue 3a Cﬂedeamu np0u360<)cmgeHu eKcnepumernmu.

SJR.13. Koprinkova-Hristova, P., Tontchev, N., Popova, S., Neural networks approach to
optimization of steel alloys composition (2011) IFIP Advances in Information and
Communication Technology, 363 AICT (PART 1), pp. 315-324.

The paper presents modeling of steels strength characteristics in dependence from their
alloying components quantities using neural networks as nonlinear approximation
functions. Further, for optimization purpose the neural network models are used. The
gradient descent algorithm based on utility function backpropagation through the models
is applied. The approach is aimed at synthesis of steel alloys compositions with improved
strength characteristics by solving multi-criteria optimization task. The obtained optimal
alloying compositions fall into martenzite region of steels. They will be subject of further
experimental testing in order to synthesize new steels with desired characteristics.

Cmamusama npedcmass Mmooenupane HA Xapakmepucmuxume Ha 30pasuHama Ha
CMOMAHU 8 3A8UCUMOCHL OM CHOBPHCAHUEMO HA Ne2upauji KOMNOHEHMU 8 MAX C
U3NON36aHe HA HEBPOHHU MpedXCU Kamo HeIUHeUuHU anpoKCUMUpawju @OyHKYuu.
Ionyuenusam HegopHeH MOOen e U3NOA36AH 34 ONMUMU3AYUOHHU yeau. Ilpunodicen e
epaouenmen aneopumvM 3a 0OpAMHO PanpoOCmMpaneHue Ha QYHKYUama Ha noaie3Hocm
npes mooena. Llenma e cunmes Ha CbObPIAHCAHUE HA Te2UPaALYU KOMNOHEHMU 8 CMOMAHAMA
¢ yen nooobpsaeame HelHume AKOCMHU XAPAKMEPUCUKU NOCPEOCNEOM peuasane Ha
MHO2OKpUMEPUATHA ONMUMU3AYUOHHA 3a0aya. [lonyuenume onmumannu cbCcmasu Ha
Jecupawjy KOMNOHeHmuY nonadam 6 obiacmma Ha mapmeH3umuume cmomauu. Te we
b6voam obexm Ha NO-HAMAMBUHO eKCHEPUMEHMANHO Mecmeane ¢ yel CUHme3 Ha HO8U
CMOMAHU C JHCENAHU XAPAKMEPUCIUKU.

SJR.14. Koprinkova-Hristova, P., Hadjiski, M., Doukovska, L., Beloreshki, S., Recurrent
neural networks for predictive maintenance of mill fan systems (2011) International
Journal of Electronics and Telecommunications, 57 (3), pp. 401-406.
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In the present paper we focus on online monitoring system for predictive maintenance
based on sensor automated inputs. Our subject was a device from Maritsa East 2 power
plant —a mill fan. The main sensor information we have access to is based on the vibration
of the nearest to the mill rotor bearing block. Our aim was to create a (nonlinear) model
able to predict on time possible changes in vibrations tendencies that can be early signal
for system work deterioration. For that purpose, we compared two types of recurrent neural
networks: historical EIman architecture and a recently developed kind of RNN named Echo
stet networks (ESN). The preliminary investigations showed better approximation and
faster training abilities of ESN in comparison to the EIman network. Direction of future
work will be increasing of predications time horizon and inclusion of our predictor at lower
level of a complex predictive maintenance system.

B nacmosuwyama cmamus uxkycom e 8bpxy Habao0eHue 8 peaiHo epeme 3a yeaume Ha
npeocKkazeaujomo nooOwvPIcane Ha 0A3a HA HATUYHAMA CEeH30PHA UHGopmayus om
asmomamuuynama cucmema 3a ynpasienue. Qbekm Ha u3Cied8aHemo e yCmpoucmeo om
enrexkmpoyenmpanrama Mapuya Vzmox 2 — menews senmunamop. OcHosHama ceH30pHa
ungopmayus, 00 KoAMoO umame OOCMbN, € Om eubpayuume HA HAU-OIUSKUSL OO
Mennuyama aazeper 06110k Ha pomopa u. Hawama yen e oa cv3oadem (nenuneern) mooen
Cnocobern 0a NpeocKazéa HaBpeme Gb3MOJICHUME NPOMEHU 6b8 GUOPAYUOHHUME
MEHOEHYUU, KOUMO MO2am 0d CLYAHCAM 3d PAHEH CUCHA 3a 8OWABAHE HA pabomama Ha
cucmemama. 3a masu yen Hue CpasHuxme 08a Muna peKypeHmHU HeBPOHHU MPeHCU:
ucmopuyecku uszgecmumama apxumekmypa Ha Eiman u eona nackopo npeodnogicena
pexkypenmuna Hesponna mpedxca, Hapeyena mun ,,exo” (ESN). Ilpedsapumennume
U3Ce08anUsl NOKazaxa no-000pu anpoKCUMAYUOHHU Kayecmea u no-0vp3o ooyuenue Ha
ESN 6 cpasnenue ¢ mpescama na Enman. bvoewama nu paboma we e HacoueHa KoM
yeenuyasamne Ha XOpU30HMA HA NPeOCKAa38aHe HA HAwUs MOOel U 8KIIOYBAHEMO MY HA
HUCKO HUBO 8 CUCeMAma 3a NOOOPBHCKA HA CbOPHCEHUEMO.

SJR.15. Koprinkova-Hristova, P., Kostov, G., Angelov, M., Pandzharov, P., Intelligent
optimisation of batch fermentations’ initial conditions (2010) International Journal of
Reasoning-based Intelligent Systems, 2 (3-4), pp. 285-292.

The paper considers the problems of initial conditions optimization for a class of
biotechnological processes called batch fermentations. The method called backpropagation
through time of utility function is used as optimization procedure and neural network
model of the process under consideration is used for derivatives’ calculation. The
developed procedure was applied to pre-fermentation process for yogurt starter cultures
cultivation. The simulation results confirm experimental experience and expert’s opinion
on the possible optimal decisions.

Cmamusama pasenedxcoa npobiema 3a ONMUMUAYUSL HA HAYATHUME YCIO08UA HA KIAC
OUOmMexXHON02UYHU NPpOoYecU, HapUYaHu nepuooudna gepmenmayus. Memoowvm, Hapeuen
0bpamuo pasnpocmparenue 6b8 8pemMemo Ha QYHKYUAMA Ha NOJEe3HOCH, e U3NOJ38aH
KAmo onmuMu3ayuoHHa npoyeoypa, Kamo 3a U3HUCTABAHE HA HYICHUME NPOU3BOOHU e
U3NONI36aH HEBPOHEH MOOeN HA paszenedxcoanusi npoyec. Paspabomenuam aneopumom e
NPUNOdCEH KbM npoyeca Ha npe-gepmenmayus 3a n0020mMosKa Ha CMapmephu Kyamypu
3a xkuceno masako. CumyrayuoHHume pe3yimamu HOmebpouxa eKCnepumMeHmantus onum
U MHEeHUemo Ha eKCnepmume 3a 8b3MOICHUME ONMUMATHU PEUEHUS.
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SJR.16. Koprinkova-Hristova, P., Knowledge-based approach to control of mixed culture
cultivation for PHB production process (2008) Biotechnology and Biotechnological
Equipment, 22 (4), pp. 964-967.

The present paper considers the control problems of the mixed culture system where sugars
were converted to lactate by the microorganism Lactobacillus delbrueckii and then the
lactate was converted to poly-B-hydroxybutyrate (PHB) by the microorganism Ralstonia
euthropha. Fuzzy rule base that combines all the experts’ knowledge about the process
control is developed. It is shown that the used intelligent approach outperforms the
classical control strategies applied before.

Hacmoswama cmamusi pasenedxcoa npobiemume npu YAPAGIEHUENO HA CUCMEMA
cMeceHu  KVAmypu, Hpu KOSMO 3axapume ce KOHeepmupam 00 JaKmam  Oom
muxpoopeanusma Lactobacillus delbrueckii, a cieo mosa nakmamvm ce konsepmupa oo
nonu-f-xuopoxcubymupam  (PHB) om  mukpoopeanusma Ralstonia euthropha.
Paspabomena e 6aza om pasmumu npasuida, KOSAmMo KOMOUHUPA YAIOMO eKCRepmHO
3HaHUe 34 ynpasieHuemo Ha npoyeca. JlemoHcmpupano e, ue U3NON36AHUSAM
UHmMenu2enmen no0Xo0 NPeswb3X0HCOd KIACUYECKama cxema Ha YRpasienue, npuildeand
npeou KvM npoyeca.

Pegpepupanu ¢ Scopus u WoS

R.1. K. Simov, P. Koprinkova-Hristova, A. Popov, P. Osenova, Word Embeddings
Improvement via Echo State Networks, 2019 IEEE International Symposium on
INnovations in Intelligent SysTems and Applications (INISTA), Sofia, Bulgaria, 2019, pp.
1-6.

The paper continues investigations on the application of bidirectional echo state networks
(BIESN) to the task of word sense disambiguation (WSD). Motivated by observations that
the quality of the embedding vectors used to train the models influences to a significant
degree their accuracy, here we propose the application of a single ESN reservoir to
generate new potentially better embedding vectors with different dimensions. BIESN
models for WSD of various reservoir sizes were trained using various combinations of new
and original embeddings models for the input and/or output steps; the achieved accuracy
is reported here. The results demonstrate increased WSD accuracy in several cases of
newly derived embedding sets.

Cmamusima npoovidcasa u3cie08aHusma Ha NPULONCEHUENO HA 08YNOCOYHU HEeBPOHHU
mpexcu mun ,,exo’* (BIESN) xom 3a0auama 3a pazepanuuasane na oymume no CMUucsbI
(WSD). Momueupanu om HaOI0O0eHUs, ye Kayecmeomo Ha embeouHzume Ha oymume,
U3NOA36AHU 3a 0OyUeHUuemo Ha Moodenume, Gluse 8 3HAYUMENHA CMeneH HA MAXHAma
MOYHOCM, MYK npediazame npuiazanemo Ha eoun eouncmeen ESN pezepsoap 3a
2eHepupaHe Ha HO8U NOMEHYUAIHO NOo-000pu embedunau ¢ pasiuynu pasmepu. BiESN
mooenume 3a WSD ¢ paznuunu pasmepu Ha pezepsoapume ca 00yYeHU, U3NON38AUKU
PA3TUYHU KOMOUHAYUU OM HOBU U OPUSUHATIHU eMOeOUH2U Ha 8X00a U / Ui u3xood um,
NOKA3aHA e NOCMUSHAMAama mo4HoCm HAa paszepanuyasane Ha oymume. Pesyimamume
nokazeam nosuwiena moyHocm Ha WSD 6 Hakonxko cuywas Ha HOBONONYUeHume
embeouneu.

R.2. Koprinkova-Hristova, P., Bocheva, N., Nedelcheva, S., Investigation of Feedback
Connections Effect of a Spike Timing Neural Network Model of Early Visual System
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(2018) 2018 IEEE (SMC) International Conference on Innovations in Intelligent Systems
and Applications, INISTA 2018, art. no. 8466292.

The paper aims at design of a biologically plausible model of human visual system using
spike timing neuron models. The first two stages of visual information processing include
eye photoreceptors, relay structure called Lateral geniculate nucleus (LGN) and V1 area
of visual cortex. Although most of models consider recurrent connections only within V1
area, there is biological evidence that feedback connections from V1 to LGN also exist.
Here we started with the commonly accepted “push/pull” structure of V1/LGN model and
upgraded it with excitatory feedback from V1 to LGN as well as with a structure of
feedback inhibitory neurons — an interneuron and a Thalamic reticular nucleus (TRN)
neuron. The model was implemented in NEST simulator. Effects of connection strength as
well as the feedback structure (with or without an interneuron and TRN) were investigated
by simulations of the model fed with realistic stimulus as input — patterns of moving dots.

Llen na cmamusima e cv30aéanemo Ha OUOLOCUYHO 0OOCHOBAH MOOE]L HA 3PUMETHAmMA
cucmema npu 4ogeka ¢ uznoiassare na Spike timing mooenu na nesponume. ITvpsume 06a
emana Ha obpabomka HA 3pUMerHama UHGOpMayus KI0U6am Gomopeyenmopume 8
oxomo, cmpykmypa, nooobna na pene u napeuena Lateral geniculate nucleus (LGN) u V1
obnacmma Ha 3pumenHama Kopa 6 mosvka. Makap ue noseuemo uzgecmuu mooenu
pasenescoam peKypeHmuume 6pu3Ku Mmedcoy HespoHume camo 8 ooracmma V1,
cviyecmaygam OUOI02UYHU 00OKA3amelcmea, ye couecmaysam u oopamuu epwv3xu om V1
kvm LGN. Tyk nue 3anousame ¢ wupoxo npuemama “pushlpull” cmpyxmypa na V1/LGN
Mooena u 2o Haoepadxcoame ¢ 8b30yoHu oopamuu 8pwv3ku om V1 kvm LGN, xaxmo u cve
CMpYKmMypa Om UHXubupawju HespoHU Onocpeocmeawyu obpamHume 6pv3KU —
unmepnepeonu u Thalamic reticular nucleus (TRN) nesponu. Moodenvm e umniemenmupan
6 cpeoama na NEST cumynramopa. Bauanuemo ma cunama na obpamuume 8pw3Ku U Ha
cmpyKkmypama, nocpeosawa uUHXubOupawjume oOpamHu  8pwv3KU  (cbc uau  6e3
unmepnesponu u TRN) e uzcrneosano cumynayuonno npu 6xooHa cmumyiayusi Ha Mooena
¢ peanucmuyer U3yaieH 6Xo0 — WabloHU ¢ 08UNCEUU Ce MOUKU.

R.3. Marius, O., Nicolae, P., Koprinkova, P., Yancho, T., Genetic algorithm for system
modelling (2017) Proceedings of the 9th International Conference on Electronics,
Computers and Avrtificial Intelligence, ECAI 2017, 2017-January, pp. 1-4.

The process of modeling of a real system usually implies an iterative approach where an
initial model is incrementally modified in order to increase its accuracy with regard to
available experimental data. Many approaches are discussed in the literature, among which
some are based on Artificial Intelligence techniques. Continuous improvement in the
mathematical model adequacy is very similar with the principal of genetic evolution
applied in computational intelligence methods. The present paper investigates the
application of genetic algorithm technique to optimize the model parameters for an
industrial process.

Ilpoyecvm na modenupame Ha peanHu cucmemu OOUKHOBEHO NPeonoadasd UMepamueeH
nOOX00, NpuU KOUMO HAYANHUS MOOel ce MOOUPUUUPA UHKPEMEHMAYUOHHO C yell
nOGUWIABAHE HA MOYHOCMMA MY CHPAMO HAIUYHUME eKCNEPUMEHMAIHU OaHHU. B
UmMepamypama ca paszenedaHu MHO20 NOOX00U, cped KOUMO HAKOU €A OCHOBAHU HA
Memooume Ha usKycmeenus uwmenekm. IIpoowviowcasawomo nooobdpseamne Ha
A0EK8AMHOCMMA HA MOOelume € MHO20 NOOOOHO HA NPUHYUNA HA 2eHeMUYHAmMA
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€60J1I0YU-l, npuiazan  om Memooume  Ha KomnmomvspHama  UHMeENIUSEHNTHOCM.
Hacmwzu;ama cmamus  u3cneosa NpuilooCceruenio Ha ceHemuden ajicopumovm 3a
onmumusayusl Ha napamempume Ha Mmooen Ha quycmpuaﬂeH npoyec.

R.4. Todorov, Y., Koprinkova-Hristova, P., Terziyska, M., Intuitionistic fuzzy radial basis
functions network for modeling of nonlinear dynamics (2017) Proceedings of the 2017 21st
International Conference on Process Control, PC 2017, art. no. 7976249.

This paper deals with a design methodology for a neural network with improved robust
qualities in notion to handling uncertain input data space variations. The proposed network
topology combines the simplicity of the radial basis functions networks to interpret or
classify data pairs and the abilities of the intuitionistic fuzzy logic to deal with the
vagueness of the data space. A simplified gradient optimization procedure as a learning
approach for the designed hybrid neural network is proposed. To investigate the effects of
the generated structure throughout varying network parameters, the modeling of a two
benchmark chaotic time series — Mackey-Glass and Rossler under uncertain conditions is
investigated. The obtained results prove the flexibility of the approach and its potentials to
cope with data variations.

Cmamuama e noceéemeHna HaA Cb30A8AHEMO HA MeMOOON02Us 34 HEBPOHHU MPEdCU C
nO00OpeHU pobacmuu Xapakmepucmuky ¢ Yeil CHpaesiHe ¢ HesACHU 6apuayuu Ha
NPOCMPAHCMBOMO Ha 6x00Hume oanuu. [Ipednosicenama mononozus Ha HeBPOHHA Mpedicd
komounupa npocmomama Ha RBF nesponnume mpesicu u msxmama cnocobnocm oa
UHmMepnpemupam uiu Kacu@uyupam 08oUKu 6X00HO/U3X0OHU OAHHU U CNOCOOHOCMMA HA
UHMYUYUOHUCIKAMA PASMUMA J102UKA 04 ce CHpassi C HeICHOMAma Ha OaHHume.
Ilpeonooicena e onpocmena epadueHmua ONMUMU3AYUOHHA NPoyedypa 3a obyueHue Ha
cv30adeHama Xubpuowa He8poOHHA Mpedcd. 3a 0a ce u3cneosa 6GIuUsHUemo Ha
NPOMEHIUBUmMe NApaMempu HA HEe8POHHAMA MpedXdcd ¢a MOOeIupaHu 08e penepHu
xaomuunu epemesu cepuu - Mackey-Glass u Rossler ¢ nesicnoma ¢ dannume. Ionyuenume
pesyrmamu 00KaA38am 2b68KABOCMMA HA NOOX00A U He208Usl NOMEHYUAN 3a CNpassiHe C
sapupayuume Ha OaHHume.

R.5. Koprinkova-Hristova, P., Alexiev, K., Fuzzy merging of MEMS accelerometers and
gyroscopes measurements (2016) Proceedings of the 2016 International Symposium on
INnovations in Intelligent SysTems and Applications, INISTA 2016, art. no. 7571829.

The work presents the design of a fuzzy rule base aimed at intelligent merging of
measurements by the two sensor types in a Micro Electro-Mechanical Sensor (MEMS)
device — accelerometers and three gyroscopes placed on the three axes in the 3D space.
The idea aroused from the available expert knowledge how to merge the measurements
from both sensors in order to assess inertial force vectors on three space axes. The proposed
method is tested on the measurement data collected from a MEMS device placed in a
mobile phone. The results demonstrated ability of the proposed fuzzy merging approach
to compensate inaccurate readings from the accelerometer during a rotation around one of
the phone axis.

Pabomama npedcmaes cvzdasanemo Ha 6a3a om pazmumu npasuid 30 UHMeIUSeHmMHo
00e0uHeHUue Ha UBMEPBAHUSMA OM 084 MUNA CEH30PU 8 MUKDO-eleKMpO-MeXaHUYeH
cenzop (MEMS) — axcenepomempu u osrcupockonu nocmagenu no mpume ocu 8
MpUMEPHOMO NPOCMPancmeo. Moesma 6b3HUK8a 0m HATUYHOMO eKCNEPMHO 3HAHUE KAK
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0a ce 00eduHsm uMepeanusma om 08ama MmMuna CeH3opu, 3a 0a ce OYeHIMm
uHepyuaiHume Ccuiu no mpume npocmparncmeenu ocu. Ilpednodicenusm memoo e
mecmean 6vpxy OawHu om uzmepsanusma ¢ MEMS ceuzop 6 mobunen meneghon.
Pezynmamume nokaszeam cnocobnocmma Ha NPeONodNCeHUs pazmMum mMemoo 3d
0beduneHue 0a KOMNEeHCUPa HemouHUme UMepPeanusi Om aKceiepomempume no epeme Ha
pomayus 0KoJI0 eOHa Om ocume Ha meiepona.

R.6. Naydenova, V., lliev, V., Kaneva, M., Kostov, G., Koprinkova-Hristova, P., Popova,
S., Modeling of alcohol fermentation in brewing - Carbonyl compounds synthesis and
reduction (2014) Proceedings - 28th European Conference on Modelling and Simulation,
ECMS 2014, pp. 279-284.

A mathematical model was developed for studying the carbonyl compounds synthesis and
reduction in beer fermentation with alginate-chitosan microcapsules with liquid core. The
model was based on the results for the influence of the fermentation temperature, original
wort gravity and immobilized cells mass on the carbonyl compounds synthesis and
reduction. The obtained model described with high accuracy the vicinal diketones
synthesis and reduction and confirmed the experimental data. However, the model was not
in agreement with the data for aldehydes synthesis and reduction. It did not take into
account the second peak in aldehyde concentration during maturation. It can be assumed
that the peak was related to maltotriose uptake by the used yeast strain. Nevertheless, the
obtained model can be used for the description of carbonyl compounds synthesis and
reduction in beer fermentation with immobilized cells.

Paspabomen e mamemamuyecku mooen 3a uzcied8ane HA CUHmMe3d U peOVYKYusma Ha
KapOOHUIHU CbeOuHeHuss npu oupenama @epmenmayusi ¢  AlUHAM-XUMO3AHOBU
MUKpoKancyau ¢ meyno s0po. Mooervm ce ochosasa Ha pesyimamume 3a 6IUAHUE HA
memnepamypama Ha pepmenmayus, NIbMHOCMMA HA OPUSUHATIHAMA KYJIMYPAIHA CPeda
u mMacama Ha UMOOUIU3PAHUME KIeMKU GbpX) CUHME3Ad U PeOVKYUAMAa HA KapOOHUIHU
komnoneumu. Tlonyyenusim mMooen onucea ¢ 6UCOKA MOYHOCH CUHME3d U PeOyKYusma Ha
BUYUHATHUME OUKEMOHU U NOMBbPHCOABA eKcnepumenmannume oannu. Mooenvm obaue
He e 8 cbomeemcemaue ¢ OaHHUme 3a cunmes u pedykyust Ha ardexuoume. Toi e omuuma
HUKBM C8BbP3AH C U3PA3X00BAHEMO HA MATMOMPUO3AMA OM U3NOJI38AHUSL WAM OPOHCOU.
Heszasucumo om moea, noayuenusm mooen modce 0a OvOe U3NOA36AH 3 ONUCAHUE HA
cunmesa u pedyKyusma Ha KapooHuinume KOMROHEHMU Npu dupenama gpepmenmayusi ¢
UMOOUTUBUPAHU KIIEMKUL.

R.7. Hadjiski, M., Doukovska, L., Koprinkova-Hristova, P., Intelligent diagnostic on mill
fan system (2012) 152012 - 2012 6th IEEE International Conference Intelligent Systems,
Proceedings, art. no. 6335158.

The mill fans (MF) are centrifugal fans of the simplest type with flat radial blades adapted
for simultaneous operation both like fans and also like mills. The key variable that could
be used for diagnostic purposes is vibration amplitude of MF corpse. However its mode
values include a great deal of randomness. Therefore the application of deterministic
dependencies with correcting coefficients is non-effective for MF predictive modeling.
Standard statistical and probabilistic (Bayesian) approaches are also inapplicable to
estimate MF vibration state due to non-stationarity, non-ergodicity and the significant
noise level of the monitored vibrations. Adequate for the case methods of computational
intelligence (fuzzy logic, neural networks and more general Al techniques — the
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precedents’ method or machine learning (ML)) must be used. The present paper describes
promising initial results on applying the Case Based Reasoning (CBR) approach for
intelligent diagnostic of the mill fan working capacity using its vibration state.

Menewume senmunamopu (MF) ca yenmpogyeupawu éenmuiamopu om Hav-npocm mun
€ NIOCKU paOUaIHu OCmpuema a0anmupany 3a NOCMosAHHA paboma KaKmo 6eHMuIamopu,
maka u kamo meanuyu. Knrovosume npomenausu, koumo mozam oa 6v0am u3noN36aHuU 3d
OUASHOCTMUYHU Yeau ca amMnaumyoama Ha subpayuume na kopnyca um. Qbaue mexnume
CmouHoCcmu 8KI04Y6am 2oaiama 0o3a ciayuainocm. Credoeamenno onpeoensiHemo Ha
0emepMUHUCIMUYHU 3A8UCUMOCMU C Kopueupawu Koeuyuenmu e HeepekmusHo 3d
npeockazeaujomo mooeauparve He MF.  Cmanoapmnume cmamucmuuecku u
eéepoamuocmuu  (beticosu) nooxoou ca cvwo HenpuroMNCUMU 3d OYEHKA HA
subpayuonnomo  cvcmosinue Ha MF  nopaou  maxmwama  mecmayuonapmocm,
Heep2oOUYHOCM U 3HAYUMENIHO HUBO HA WM 6 uzmepéanusma Ha eudpayuume. Toea
Hanaza o0a ce U3NON36amM AO0EK8AMHU 3d CAYYAs Memoou HA KOMNIOMBbPHAMA
UHMENUSEHMHOCM  (PA3MUMA  102UKA, HEBPOHHU Mpedcu U No-00uu Memoou Ha
UBKYCMBEHUSI UHMENeKM — MemoObm HA NpeyeoeHmume Uil MAWUHHOMO o0yyeHue).
Hacmosiwama cmamust onucéa obewasawu HA4ainy pe3yimamu Om npuilodCeHuemo Ha
memooa Case Based Reasoning (CBR) sza unmenucenmna ouaznocmuxa na pabommus
Kanayumem Ha Meiew 6eHMUIAmop ¢ U3noJ36ane Ha He2c080Mo 8UOPAYUOHHO CHCMOSHUE.

R.8. Koprinkova-Hristova, P., Tontchev, N., Popova, S., Multi-criteria optimization of
steel alloys for crankshafts production (2012) INISTA 2012 - International Symposium on
INnovations in Intelligent SysTems and Applications, art. no. 6246988.

The paper presents application of multi-criteria optimization to steel alloy composition
determination aimed at obtaining improved properties material for crankshafts production.
Neural network model of steel mechanical characteristics in dependence on amounts of its
alloying elements were used for simulation purpose. Then several Pareto optimal solutions
were found based on obtained by simulation numerous compositions in the investigated
region of interest.

Cmamusma npeécmae}z npulooicerue Ha MHOSOKpumepuaiHa onmumuzayusl 3a
onpedefz}me HA cvcmaea Ha CNMOMAHEHU Cniaeu ¢ yejil nocmucane Ha nodo6peHu ceolicmea
Ha mamepuajia 3a npous’eodcmeomo Ha KoNAHOBU eanose. 3a cumyiayuoHnume yeiau e
U3noJj36adH HEBPOHEH MoO0el Ha MexaHuyHume xapakmepucmuku Ha cmomaHama 6
zasucumocm om KoJjaudecmeama Ha Jjgesupaujume U enemeHmu. HafvzepeHu Ca HAKOJIKO
Hapemo-onmwvzaﬂHu peenusd cpeé nosyyenume MHOHcecmeo CoCmaeu 6 uzcneosanama
obnacm Ha uHmepec.

R.9. Balabanov, T., Hadjiski, M., Koprinkova-Hristova, P., Beloreshki, S., Doukovska, L.,
Neural network model of mill-fan system elements vibration for predictive maintenance
(2011) INISTA 2011 - 2011 International Symposium on INnovations in Intelligent
SysTems and Applications, art. no. 5946102.

In the present paper we focus on online monitoring system for predictive maintenance
based on sensor automated inputs. Our subject was a device from Maritsa East 2 power
plant - a mill fan. The main sensor information we have access to is based on the vibration
of the nearest to the mill rotor bearing block. Our aim was to create a (nonlinear) model
able to predict on time possible changes in vibrations tendencies that can be early signal
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for system work deterioration. For that purpose recently developed kind of Recurrent
Neural Networks named Echo state networks were applied. The preliminary investigations
showed their good approximation ability for our purpose. Direction of future work will be
increasing of predications time horizon.

B nacmoswama cmamus ce (hokycupame vbpxy HabI00A8aAWA CUCMEMA 8 PEAIHO 8peme
3a npeocKkazéawo nooovpicane OCHO8aHa Ha aemomamuunu ceusopu. Qbexm Ha
uzcneogaremo e ycmpoucmeo om eiekmpoyenmparama Mapuya Hszmox 2 — menewy
senmunamop. OcHo8Hama ceH30pHa uHopmayus, 00 KOAMO umame OOCMbBH, e
subpayuama Ha Hati-61u3Kus nazeper 610k 0o merewus eenmunramop. Hawama yen e oa
cv30adem (HenuneeH) Mooen cnocober 0a npPeocKka3ea Hagpeme 8b3MOJICHUME NPOMEHU
6b6 GUOpAYUOHHUME MEeHOeHYUl, KOUmo moeam 0a 0bO0am pameH CUSHAL 34 lOUWEHA
paboma Ha cucmemama. 3a yenma ce U3NOA36d €OUH HACKOPO pa3pabomeH mun
PEKYDEHMHU —~ HEeBPOHHU — MPEdNCU, HAPUYAH  HEBPOHHU  Mpedcu  mun ,,exo".
Ilpeosapumennume u3ciedsanus noxkazaxa msaxHama 006pa 3a Hawume yeuu
anpoxcumayuouna cnocoonocm. Hacoxume 3a 6voewa paboma we 6voam ygenuuasame

HA XOpu3oHma Ha npedcxa%aHe Ha mooena.

R.10. Kostov, G., Angelov, M., Koprinkova-Hristova, P., Ignatova, M., Orsoni, A.,
Modeling of oxygen effect on kinetics of batch fermentation process for yogurt starter
culture formation (2009) Proceedings - 23rd European Conference on Modelling and
Simulation, ECMS 20009, pp. 46-51.

The aim of this work is to describe the kinetics of yogurt starter culture production by S.
Thermophilus 13a and Lb. bulgaricus 2-11 and quantitatively analyze the effect of different
dissolved oxygen concentrations in the milk on the process trend. Five different
mathematical models for description of process kinetics are tested and the best one is
selected. The increase of initial concentration of dissolved oxygen leads to a proportional
decrease in specific growth rate of the population and of the rates of lactose consumption
and lactic acid production. On the basis of this investigations, two zones of initial dissolved
oxygen concentration are defined. In each of these zones, the associate pair of
microorganizms have different behavior.

Llenma na nacmosiwyama paboma e 0a ce onuuie KUHEMUKAMA HA NPOU3BOOCMEOMO HA
cmapmepna KyImypa 3a NPOU3B00CME0 HA KUCENO MISAKO Cbemoswa ce om S.
Thermophilus 13a « Lb. bulgaricus 2-11 u da ce ananrusupa koruvecmeeno 1usHuemo Ha
PA3IUYHU KOHYSHMPAYU HA PA3MEOPEHUs. KUCIOPOO 6 MISIKOMO NO épeme Ha npoyecd.
Ilem paznuunu mamemamuyecku Mooeld 3a ONUCAHUE HA KUHEMUKAma Ha npoyeca ca
mecmeanu u e usbpan Hau-0obpusim. Yeeruuaeanemo Ha HAYAIHAMAa KOHYEHMpayus Ha
Pa3smeopenusi 6 MISKOMO KUCIOPOO 600U 00 NPONOPYUOHATIHO HAMANSA6AHE HA
cneyuudUUHama ckopocm Ha pacmediCc Ha NONYIAYUsma u CKOPOCMume Ha KOHCYMAayust
HA IAKMO34a U HA NPOU3E00CME0 HA MIeYHA KUceluna. Bvz ocnosa na mosa uzciedsane ca
OeuHupanu 06e 30HU HA HAYATHUME YCIOBUS HA KOHYEHMPAYUs HA PA3ME0PeH KUCTIOPOO.
Buv6 6csika 30Ha acoyuupanama 080UKA MUKPOOP2AHUZMU UMA PA3IUYHO NOGEOCHUE.

R.11. Koprinkova-Hristova, P.D., Fuzzy operations' parameters versus membership
functions' parameters influence on fuzzy control systems properties (2004) 2004 2nd
International IEEE Conference 'Intelligent Systems’ - Proceedings, 1, pp. 219-224.
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In the present paper investigation on the fuzzy operations' parameters influence on the
properties of fuzzy control systems is carried out. In addition the influence of these
parameters is compared in the case of different membership functions shapes. The stability
and dynamic properties of the system linear object — fuzzy logic controller with different
parameter sets are investigated. The fuzzy rule base tuning strategy is proposed based on
whether triangular or bell-shaped membership functions are used.

B nacmosawama cmamus e npogedeno uzcieosane Ha GIUAHEMO HA napamempume Ha
pasmumume onepayuu 8bpxXy CE0UCMEama Ha pasmumume cucmemu 3a ynpaeienue. B
OONBIHeHUe GIUAHUEMO HA Me3U napamempu e CpA6HeHO 3a CAyYaume HA pa3iuyHu
Gopmu Ha ¢ynkyuume Ha npunaoiedcHocm. Hszcnedeana e ycmouuusocmma u
OUHAMUYHUME C8OUCMBA HA CUCeMAmA ieHeeH 00eKm — pasmMum pe2yiamop ¢ paziuyHu
napamempu. Ilpeonodcena e cmpamezusi 3a HACMPOUKA HA nApamempume Ha 6a3a om
pamumu npasuia 8 3AsUCUMOCH OM MO8d O4lU Ce U3NON36aM MPUBLSLIHU UILU
KamoOanosuonu yHKkyuu.
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