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MNEPINHWH Awaktopikig Awxtpfig: H mpwtn yevid tng TteEXVNTAG vonpoouvng (Al)
Baolotnke og KaVOVEG KAl OTOXEVE OTNV ULUNTIKA TNG KAXGIKAG AOYLIKAG yla va e§aydyel
OULTIOAOYNMEVA CUUTIEPACHOTO HECO OE EVOV OUYKEKPLPEVO, OTEVA KOOOPLOUEVO TOMEX
TPOPANUATWVY. o TTOHPASELY U NTAV KATAAANAN YL TNV TIAPAKOAOUONoN SLadLlkaolwy Kot T
BeAtiwon NG amoteAeopaTikOTNTAG H SeUTepn, TPEXOLOA YEVI, OOXOAEiTaL O pEYAAO
BaBuod pe TNV aioBnon kat tnv avtiAnwn, éntwg n xpnon Siktowv Pabdg pabnong ya Tnv
QVOALON TOU TIEPLEXOMEVOU €VOG Kapé Pivteo. H emdpevn yevid Al oTtoxeVeEl O TOMELG TTOV
QVTLOTOLXOVV OTNV avOpwTILlVN Yyvwaon, 0w N EPUNVEL KOL N QUTOVOUN TIPOCAPHOYr). AUTO
glval kplowo ywx TNV vumepviknon TnNg Aegyopevng «guBpouototntag» Avcswv Al Tou
Baoiovtal oTnv ekmaidevon Kol T OUUTEPAOUATA VEUPWVIKWY OSIKTUWYV, Ol OTIolEg
e€apTWVTAL ATO TIPOKAOOPIOUEVEG, VTETEPUIVIOTIKEG ATIOYELS YEYOVOTWY TIOU OTEPOUVTAL
VONUOTIKOU TAQLCiou Kol AOYlkNAG kKoatovonong H texvnt vonpoouvn €mOHEVNS YEVLAG
TIPETIEL VOl UTTOPEL VO VTIUETWTTIOEL VEEG KATAOTAOELG UE LOLAITEPD APALPETIKEG TIPOTEYYIOELG

TIPOKELHEVOU VO OUTOATOTIOLNTEL TIG OLVHBELG avBpwWTILVEG SPTTNPLOTNTEG
Kupiopxo poAo otnv vAomoinon Twv oToxwv TNG emopevng yevidg Al dtadpapatilel n
VEUPOHOPPLKH) UTIOAOYLOTLKN, N oTtola Snutoupyndnke amo €va cuVOVAOUO TIOAAWVY ETILOTN-
MWV, OTIWG N ETILOTAMN UTTOAOYLOTWV , N PloAoyia KOl Ol VEUPOETILOTAUEG. ZKOTIOG Elval N K-
TAVONON TWV TIANPOPOPLWY TIOU XELPIETAL O EYKEPAAOG, HE OTOXO TNV QVATIOPAYWYH TWV
SLOSLKACLWY TOL EYKEPAAOU O€ EVQ ETEEEPYAOTH UG UTIOAOYLOTIKNG PnXavnG. H TipoomdBeia
TNG TIPOCOUOIWONG TWV VEUPWVWY TOU EYKEPAAOL YIVETOL cUVNBWCG PE XPHON UTIEPUTIOAO-
YIOTWV TIOU €XEL WG ATOTEAECUN TNV TEPAOCTIO KATAVAAWGN LOXVOG. Ta TEAsUTAIO XPOVIAL €-
TUOTHHOVEG OXeSIOOAV OAOKANPWHEVO KUKAWUATA VEUPWVWY HE OTIOTEAETUO VO TIETUXOLV
TaXUTATEG eMEEEPYyaOieq PEYGAOU OyKOU SESOUEVWV UE EAGXLOTN KATAVAAWON EVEPYELOG. T
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VEUPOHOPPIKA UTIOAOYLOTIKA CUOTAUOTA €KOPACOUV VEUPWVEG EYKEPAAOL O NAEKTPOVIKA
KUKAWMOTO PE QTIOTEAECUO TNV ypryopn emnegepyaoia SESOPEVWVY KAl TNV XOMNAN KOTOVA-
Awaon LloXVOG TIOU E{val KOL TO AVOUEVOREVO OPEAOG.

Ta Nevpwvika Siktua axpung (SNN) eivat éva véo HOVTEAO yla TNV LAOTIOINON TWV
TEXVNTWY VEUPWVWY WOTE VA UIHOUVTAL QPUOLKA VEUPWVIKE SiKTua TIou UTIAPXOUV OTOUG
BloAoyikoug eyke@aAoug. KdBe «vevpwvag» oto SNN pmopel va TupodoTnoel Kol va
mupodotnBel aveEdpTNTa amd TOUG GAAOUC, KOl HE OUTOV TOV TPOTIO, OTEAVEL TIOAMLIKA
ONMOTA 0 GAAOUG VEUPWVEG OTO SIKTUO IOV 0AAALOVV AUECA TG NAEKTPIKEG KATOAOTAOELG
QUTWV TWV Veupwvwv. Ot veupopop@ikol emefepyaatég avaiouv aAAnAovxieg kat petafo-
AEC yeyovoTwy. O VELPOUOPPLKOG ETEEEPYAOTAG AVTIAAUPBAVETAL TNV €KPNEN EVEPYELOG TOV
MLO TLUR TIOU UTTOSNAWVEL GUUTIEPLPOPA TOV YEYOVOTOG. H QPXLTEKTOVIKI) TOU VEUPOUOPPLKOV
ene€epyaotr) (NSOC) Baoiletal oTiq OEPEAWSELG APXEC TWV BLOAOYLKWY VEUPWVIKWY SIKTV-
wv atxpng (Biological Spiking Neural Networks, bSNN). Znpavtikd Kpttiplo otnv emAoyn Tov
NSOC givat n vmapén oto avamtuélakd cVOTNHA TNG SVVATOTNTOG OTASLAKNAG HABNoNg Ttou
Ba eTutpePel o€ OGN VTIAPXOVTA cLOTHHATA BaBLag padnong va cuvexiCouv Tnv ekmaidevuon,
ekmatdevovtag véoug Taglvounteg xwplg va amatteital Sadikaoia emaveknaidevong. Eva
Wlaitepo xapaktnplotikd Twv NSOC givat n SuvatotnTNTa Va EKTEAOVV ameuBeiog aAyoplo-
MOUG VEUPWVIKWY SIKTUWV HE ATIOTEAECUO VAl NV €XOUV TNV avaykn pvAung DRAM kot e§w-
Tepikng CPU.

AVTIKEIPEVO TNG TTPOTELVOUEVNG SLATPLPNG elvat N avATTUEN CUTOVOUWY GUOTNUATWVY
EyKaLPNG TIPOELSOTOINONG KIVOUVOU UE TNV XPNON VEUPOUOPPLIKWY OAOKANPWHEVWY KUKAW-
patwv (neuromorphic ICs). Ztox0g eivat n cuAAoyr SeSOUEVWY ETEPOYEVWV TINyWV (xoOnth-
PEG, ETILKOUPLIKA OLOTNHATA TIPOYVWOEWY, dedopeva TANBOTIOPIOHOV Katl TAnBavixvevong,
LOTOPLKA oToLKela) Kat n a&loAdynaon TOug ATO TO VEUPOUOPPLIKO CUCTNHA TIPOKELUEVOU VO
ekS00el pia gykatpn Kot €ykupn €ldomoinon emepXOUeEVOL KvdUvou. OAa T AVWTEPW AVALE-
VETOL Vo LAOTIOINBOVV pE KUpLla eTISIWEN TNV ETTEVEN EVEPYELOKWY OMALTHOEWVY SLaiTEP
XOUNAWV (TOVAGXLoTOV Suo TAEELG HEYEDOUG), TOXVUTEPO XPOVO €KTEAEONG KAl SuUVATOTNTA
ETUTAEOV EKUAONONG (0€ ox€on pe AVoelg Ttou vAoTolovvTal oe CPUs/GPUs). H avamtugn twv
MOVTEAWV VEUPWVIKWY SIKTUWV Ba Tpaypatonolndel o yA\wooa Tpoypappatiopnov Python
oTo mePLPAAov Tov urtootnpilel o NSOC. H kUpLa Stapopd pe AANO HOVTEAD NXOVIKAG HA-
Bnong sivat 6tL Tar dedopéva avtaAAdooovTal PETA&D eTIMESWY KAl OXL € TIOAUSLACTATOUG
Ttiivokeg. [Saitepn €ugaon Ba §00¢gtl aTnV vVAoTIOINON ETILXELPNOLOKA ETOUWY cuoTNUaTWVY (EU
TRL > 7).

MEAH Tppedovg ZupBouleuTtiknig Emitponig:

Fewpylog XAoumng, KaBnyntng tov tunpatog Mnxavikwy Tomoypoagiog kot FewmAnpogopt-
KNG kat EK tng AA tou MAAA

diAmog BoAAtavatog KaBnyntig tou tunpoatog MewAoyiog & Mewmeptpaiiovtog touv EKMA
Zwng HAlag Emtikoupog KaBnyntng tou Tunpatog HAektpoAdywv kat HAekTpovikwy Mnxavt-
Kwv Tou MAAA
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TITLE OF DOCTORAL THESIS: Development of autonomous early warning systems using
neuromorphic integrated circuits

SUMMARY OF DOCTORAL THESIS:

The first generation of artificial intelligence (Al) was based on rules and aimed on mimicry of
classical logic in order to produce justified conclusions through a specific, defined problem ar-
ea. For example, it was suitable for monitoring procedures and for improving its efficiency. The
second, current generation, deals extensively with sense and perception, such as the use of
deep learning networks for its analysis content of a video frame. The next generation focuses
on sectors corresponding in human knowledge, such as interpretation and autonomous adap-
tation. This is crucial to overcome the so-called "fragility" of solutions Al based on training and
the conclusions of neural networks, which depend on predetermined, deterministic views of
facts lacking semantics framework and logical understanding. The next generation Al must be
able to deal with new situations with highly abstract approaches in order to automate normal
human activities.

Neuromorphic computing plays a dominant role in achieving the goals of next Al generation
which was created by a combination of many sciences, such as computer science biology and
neuroscience. Its purpose is understanding the information handled by the brain, in order to
reproduce the processes of the brain into a processor of a computer machine. The attempt to
stimulate brain neurons is usually done with the assist of supercomputers resulting in huge
amounts of power consumption. The last few years, scientists have designed integrated neu-
ron circuits and have achieved fast processing of large volumes of data with minimal consump-
tion energy. Neuromorphic computer systems convey express brain neurons into electronic
circuits, resulting in fast data processing and low power consumption which is the expected
benefit.

Spikes neural network (SNN) is a new model for the implementation of artificial neurons to
mimic natural neural networks present in biological brains. Every SNN "neuron” can trigger and
be triggered independently of others, and in this way, sends pulses signals to other neurons in
the network that directly change electrical states of these neurons. Neuromorphic processors
analyze sequences and changes in events. The neuromorphic processor senses the energy ex-
plosion as a value that indicates behavior of the event. H neuromorphic processor architecture
(NSOCQ) is based on the fundamental principles of bSNN (Biological Spiking Neural Networks).
Important criterion in the choice of the NSOC is the existence in the developing system of the
possibility of gradual learning that will allow existing deep learning systems to continue train-
ing, teaching new classifiers without being required retraining process. A special feature of
NSOC is the ability of instant execution of neural network algorithms resulting in no need to
use DRAM memory and external CPU.

The object of the proposed dissertation is the development of autonomous early warning sys-
tems using neuromorphic integrated circuits. The goal is to collect data from heterogeneous
sources (sensors, auxiliary forecasting systems, data and population tracking, historical data)
and their evaluation by the neuromorphic system in order to issue a timely and valid notice of
impending danger. All of the above are expected to be implemented with the main aim to
achieve particularly low energy requirements (at least two classes size), faster execution time
and possibility of additional learning (compared with solutions implemented by CPUs / GPUs).
The development of neural network models will be performed in a programming language Py-
thon in the environment that supports NSOC. The main difference with other machine learning



models is that data is exchanged between levels and not in multidimensional tables. Particular
emphasis will be placed on the implementation of operational ready systems (EU TRL >7).
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