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OBIIAA XAPAKTEPUCTUKA PABOTbBI

Krrouessrie coa: HEMPOH, UICKYCCTBEHHASI HEMUPOHHAS CETbh,
OBYUYEHUE C VUUTEJIEM, AJITOPUTM OBPATHOI'O
PACITPOCTPAHEHUS OLLNBKU, VHDL, PACITO3HABAHUE
PVKOITMCHBIX [IU®P, CUHTE3UPYEMOE VHDL OITMCAHUE CETU.

B Marucrepckod aMccepTalldd  U3Yy4arOTCS OCHOBHBIE OCOOEHHOCTH
MCKYCCTBEHHBIX HEMPOHHBIX CETEH, METO/IbI UX O0YUYEHUS U OCTPOCHUSI.

[enpto auccepranuu sIBISETCA pa3padOTKa MPOrpaMMHOM W ammapaTHON
MOJIeTT HEWPOHHOU ceTH C ucroyib3oBaHueM s3bika VHDL st pemienus 3amauu
pacno3HaBaHUs PyKOMUCHBIX HUP.

Jnst [OCTHXKEHUS MOCTaBIEHHOM LIETU UCIIOIb30BAIINCH

— MareMaruJeckas Moziesib HepoHa Makkanoka - [Iutrca,

— MeTOJ] OOYUYEHUS CETU C YUUTENEM,

— aJIrOpUTM OOPATHOTO PACIPOCTPAHEHHUS OLTUOKHU.

B pabore mosrydeHsl Cleyone pe3ynbTaThl:

1) mocTpoeHa mporpaMMHasi MOJENb HEMPOCETH C HCIOJIb30BAHUEM SI3bIKA
VHDL,

2) o0y4eHHEe CETH MPOBEJICHO C MOMOIILI0 MOTUPHUIIMPOBAHHOTO AJITOPHTMA
00paTHOro pacHpoOCTPAHEHUS OMIMOKHU, /ISl MOBBIIMICHNS CKOPOCTH OOy4YEeHMs MpHU
KOPPEKIIMHA CUHANITUYECKUX CBsI3ed OB UCIIOJIb30BaH METO/I TSKEJIOTO IIapuKa,

3) paspaboTan MeTOA Iepexojla OT CETH C BELIECTBEHHBIMU BECOBBIMU
K03 dUIIMEeHTaMU K HEUPOCETH C TIEJIOYHCIICHHBIMU TTapaMeTpaMH,

4) nonyuyeno cunresupyemoe VHDL — onricanue HEMpOHHO CEeTH.

Huccepramnusi HOCUT TeopeTHyeckuii (mpaktudeckuii) xapakrep. Ee
pe3yapTarbl MOrYyT OBITh HCHOJB30BAaHbl B JAJbHEUIIMX HCCIEAOBAHUSIX
VCKYCCTBEHHBIX HEWPOHHBIX CETeH M pelIeHUs] 3aJayd  pPaclo3HABaHUS
M300paKEHUI, HapUMep, NpU NOCTPOCHUH HEOKOTHUTpOHA. Takke moiydeHHas
MOJIENIb UCKYCCTBEHHOTO HEMpPOHA MOXKET OBbITh BKJIFOUEHA B KAUE€CTBE COCTABHOM
YacTU B OINKCAHMS HEHPOHHBIX CETEH APYTUX apXUTEKTyp UIsl pElleHUs 3ajad,
OTJIMYHBIX OT 33J]a4M paclo3HaBaHusi 00pa3oB.

Huccepraisi COCTOMT M3 BBEIEHHUSA, OOIIEH XapaKTEPUCTHKU pPadOThI,
YEThIPEX IJIaB, 3aKIIOYEHHUS, CIUCKA WCIOJb30BAHHOM JUTEpaTypbl M ABYX
npwiokennii. [lonHbIE 00beM MarucTepckon AUCCEpTalMKM  COCTaBisieT 53
CTpaHUll, B TOM 4uciie 17 pucyHkoB Ha 4 cTpaHull, 2 NpUIIOKEHUs Ha 16 cTpaHul,
1 Tabnuia Ha 1 cTpanwuiry, 14 ucnoib30BaHHBIX UCTOYHUKOB.



GENERAL CHARACTERISTICS OF THE WORK

Key words: NEURON, ARTIFICIAL NEURAL NETWORK, SUPERVISED
LEARNING, BACK PROPAGATION ALGORITHM, VHDL, RECOGNITION
OF HANDWRITTEN DIGITS, SYNTHESIZABLE VHDL DESCRIPTION OF
THE NEURAL NETWORK.

This paper examines the main features of artificial neural networks, methods
of learning and construction.

The objective of this work is the development of software and hardware
neural network model using VHDL language to solve the problem of recognition
of handwritten digits.

To achieve this objective, the following methods and models were used

— McCulloch—Pitts model of artificial neuron,

— supervised learning,

— back propagation algorithm.

In the thesis the following results were obtained:

1) software model of neural network using VHDL language,

2) network was trained using modification of the back propagation, to
improve learning heavy ball method was used,

3) method of transition from the network with real weight coefficients to the
neural network with integer parameters was developed,

4) VHDL - description of the neural network that can be used for synthesis.

The master’s thesis is theoretical (practical). Its results can be used in further
research of artificial neural networks to solve the problem of image recognition, for
example, in the construction of neocognitron. The resulting model of artificial
neuron can be included as part of the description of other neural networks
architectures for solving problems that differ from the problem of pattern
recognition.

The thesis consists of an introduction, general characteristics of the work, four
chapters, conclusions, bibliography and two appendices. The total volume of the
master's thesis is 53 pages, including 17 pictures on 4 pages, 2 appendices on 16
pages, 1 chart on 1 page, 14 of sources used.



