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"pMMEHEHMe MEeMPUCTUBHDIX YCTPOﬁCTB B CUCTEMaX Updates
MallUHHOI0 3peHud
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MypoMcKuin MHCTUTYT (dunuan) BnagummpeKoro rocyfapcTBeHHOro yHuBepcuTeTa MMeHn Anekcanapa puropbesuya u Hukonas puropbesuya
CronetoBblx, MypoM, Poccuitckana ®epepauma

AHHOTALMA

PesynbTaTbl cpaBHEHMA BbIYMCIUTENEN Ha a3e MEMPUCTMBHBIX YCTPOWCTB C COBPEMEHHBIMU anmnapaTHbIMU YCKOPUTENIAMM
MCKYCCTBEHHbIX HeMpOHHbIX ceTer (MHC) Ha TpagMUMOHHOM 3neMeHTapHOM 6ase, NpuBedéHHbIe, HanpuMep, B 0b3ope [1],
MOKa3bIBaKOT MX NPEVMYLLLECTBA N0 BCEM KIHOYEBLIM MOKa3aTeIAM — NpOU3BOAMTENBHOCTY, 3HEPro3adPEKTUBHOCTH, TOY-
HOCTW 1 [p. B gaHHOM [oKnafe npeacTaBeH aHanu3 COBPEMEHHOr0 COCTOAHWA MPUMEHEHWUA MEMPUCTUBHbIX YCTPOMCTB
ONA peLueHrA 3afay MallMHHoro 3peHus. Ocoboe BHUMaHMe yoenaeTca KoHuenumu [2] HepoMopdHBbIX CUCTEM MaLLMHHO-
ro 3peHua (CM3) Ha 6a3e MeMpUCTMBHBIX YCTPOMCTB. OTAMYMTENBHAA 0COBEHHOCTb JAaHHOM KOHLENLMM 3aK/I04YaeTCA B TOM,
YTO 3TO MOJSIHOCTbID aHANOroBas CUCTEMa — HayMHaA OT BBOAA MHAOPMaLMKM U 3aKaHuMBan eé BbiBoJoM. OHa cocTouT
13 CEHCOPHOW M HEMPOHHOM YacTer. 3ajaya CEHCOPHOM YacTu — QUKCcaLuMA BM3yanbHOM MHOpPMaLMK U e€ nepefaya
Ha HEMPOHHYI0 YacTb AnA 06paboTKM B COOTBETCTBMM C anropuTMoM pabotsl Mogenu MHC.

B kauectBe yacTHoro cnyyan peanusauum BXOAHOMO KaHana CeHCOPHOW YacTM MOXKHO paccMaTpuBaTb COeAMHEHMe MeM-
puctopa 1 doToamopa B ofHy Lenb. Korpa Takas uenb BKMoYeHa B 06paTHOM CMeLLeHWM U CBET nagaeT Ha doToau-
0fi, TO Yepe3 Hero OT KaToAa K aHogdy Te4YéT GOTOTOK. 3TOT GOTOTOK M3MEHAET CONPOTUBIEHNE MEMPUCTOpPA B 3aBUCUMMO-
CTU OT MHTEHCMBHOCTM CBETA W BPEMEHW 3KCMOHMPOBAHMWA, TakMM 06pa3oM BbINOJHAA npeobpasoBaHue OCBELLEHHOCTU
B cOnpoTuBAeHve. B ciyuae, ecnv BU3yanbHyio MHGOPMaLIMIO He HYKHO KOAMPOBaTb CONPOTUBIEHUAMU MEMPUCTOPOB, MX
MOKHO 3aMEHUTb Ha Harpy304HOe COMPOTMBIIEHWE OAMHAKOBOr0 HOMUHANAa ANA BCeX KaHanos. HesaBMcKMMo OT BapuaHTa
BXOJHOr0 KaHana, CUrHan, KOQMpYyHLLMii BU3yanbHylo HGopMauuio, 6e3 oLuMppoBKM NOJAETCA B HEMPOHHYIO YacTb. B co-
CTaBe HEMPOHHOM YacTX MEMPUCTOPLI BbIMOJHAT Pofib CMHANCOB. [py 3TOM € MX NOMOLLbI0 MOXKHO annapaTHo peanun3o-
BaTb KaK CMHaNChl TpaguLMOHHbIX GopManbHbix apxutekTyp WUHC, B KoTopbIx BXxogHaA MHGOPMaLMA YMHOMaeTCA Ha 3a-
paHee 3anporpaMMMUPOBaHHbIN BEC, TaK M CUHAMChl A1A CNalKoBbIX HEMPOHHBIX CETEM, B KOTOPbIX MEMPUCTOP NPOABNAET
MEXaHM3Mbl CUHaNTUYECKOM NNACcTUYHOCTU NOL06OHO KMUBLIM 6UONOMUYECKUM HEMPOHHBIM ceTaM [3].

Torpaa, ecnu BbIXOA NPeAJIOKEHHBIX BapUaHTOB BX0AHOr0 KaHana CM3 coeguHWThb ¢ yCTpOMCTBOM, paboTaloLMM No NpuH-
umny integrate and fire, To Takoe yCTPOMCTBO MOXKHO paccMaTpvBaTh Ye He MPocTo Kak Bxod anA dopmansHon UHC,
a KaK NpecuHanTUyeckuii HeipoH cnaikosoi MHC. [laHHbIA HEMpOH By#eT reHepupoBaTh CMalku B 3aBUCMMOCTM OT WH-
TEHCMBHOCTM CBETA — YEM fpYe CBET, TeM BbILLIE YACTOTA CMANKOB M HA0HOPOT (HaKoneHWe 3apAfa B KaHanax ¢ HU3KUM
CONPOTMBAEHMEM NpoMCXoauT bbicTpee). Bea cucteMa aHanoroBoro MalwmMHHOro 3peHua byaet npeacTaBnATb coboi cnan-
KOBYIO HeMpoHHyto ceTb 6e3 aHanoroBo-LUudpoBbIX M LMppo-aHanorosbix npeobpasosateneit. Mo cpaBHeHMIO ¢ LMDPOBLIMU
CMCTEMaMM MaLLMHHOIO 3pEHUA TAKOM NOAX0M NO3BOAMT 3HAUUTENBHO CHU3UTL NOTPebIEHWEe IHEPrM U CO3AaTb HOCUMYIO
1 6OPTOBYIO 3NEKTPOHMKY C YHUKANbHBIMU TAKTUKO-TEXHUYECKUMM XapaKTepPUCTUKaMK. [laHHy0 apXMTEKTYpy MOXKHO Mac-
WTabupoBaTb [0 pa3Mepa COBPEMEHHbIX MaTpWL, YCTPOMCTB GOTO- M BUOEOPUKCALMM U UCMONb30BaTb KaK annapaTHbIi
yckopuTenb Mogenei MHC, npuMeHsAeMbIx B HacToALLee BpeMA AnA paboTbl C M306parKeHNAMY, a TaKKe Kak nnatdopmy
LNA JanbHeMLero pa3sBUTUA JaHHOTO HanpaBneHus.

KnioyeBble cnoBa: NCKYCCTBEHHbIE HEMPOHHBIE CETW; MEMPUCTMBHbBIE YCTPOIMCTBA; MALUMHHOE 3peHue; HelpoMopdHble
CUCTEMBI.
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KoH¢nuKT uHTepecoB. ABTOPLI AEKNAPUPYIOT OTCYTCTBIE ABHbIX M MOTEHUMAMbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
NNKaLMEN HACTOALLEN CTaTbU.
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The use of memristive devices in machine vision
systems
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Murom Institute of Vladimir State University, Vladimir State University named after Alexander and Nikolay Stoletovs, Murom, Russian Federation

ABSTRACT

The comparison results of processing units with memristive devices versus modern hardware accelerators of artificial
neural networks (ANNs) based on traditional electronic components, as presented in the review [1], demonstrate numerous
advantages across all major indicators such as throughput, energy efficiency, accuracy, and others. This report analyzes
the current state of memristive devices in addressing machine vision issues. Special attention is paid to the concept
of [2] neuromorphic machine vision systems (MVS) based on memristive devices. This concept'’s distinct feature lies in its
fully analog system, commencing from information input to its output. It encompasses sensory and neural components.
The sensory part is responsible for gathering visual information and transferring it to the neural segment for processing
through the ANN model algorithm.

A specific instance for implementing the input channel of the sensor component involves connecting a photodiode (PD)
and a memristor in a single circuit. When the circuit is flipped in reverse bias and light falls on the PD, a photocurrent
flows through it from the cathode to the anode. Depending on the light intensity and exposure time, this photocurrent
alters the resistance of the memristor, thereby converting illumination into resistance. If visual information doesn't require
encoding with memristor resistances, they can be replaced with a load resistance of the same nominal value for all channels.
Irrespective of the input channel variant, the signal encoding visual information is fed into the neural part without digitization.
Memristors act as synapses as part of the neural part. They can be used to implement synapses in both traditional formal
ANN architectures, where input information is multiplied by a pre-programmed weight, and synapses for spiking neural
networks, where a memristor exhibits synaptic plasticity mechanisms similar to those in biological neural networks [3].

If the output from the suggested MVS input channel variants is connected to a device that operates on the “integrate and fire”
principle, the device can be deemed as not only an input for a structured ANN, but also a presynaptic neuron for a spiking
ANN. The neuron’s frequency of spikes will depend on the light intensity; the brighter the light, the higher the frequency
of spikes and vice versa. Faster charge accumulation occurs in channels with low resistance. The complete analog machine
vision system will function as a spike neural network, without incorporating any analog-to-digital or digital-to-analog
converters. Compared to digital machine vision systems, this approach will significantly decrease energy consumption
while producing wearable and on-board electronics with distinct tactical and technical features. This design can be tailored
to the size of modern matrices of photo and video fixation devices and employed as a hardware accelerator for the ANN
models currently used to process images, and it can serve as a foundation for advancing this area.
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