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CTPYKTYPA CUCTEMHU BAT'ATOIIAPOBOTI'O NEPHENTPOHY JIJISI MOBLJIbHUX
MPUCTPOIB

Boprauk K.SI. CTpykTypa cHcTemMu 0araTomapoBoro mepuentTpoHy s MOOIIbHHUX NpucTpoiB. PosrmsHyro
CTpyKTypy cucremu Ha uimi (SOC) GaraTomapoBoro IMepuenTpoHy i MOOLIbHEHX mpucTpoiB. CHcTeMa NpHIATHA ISt
MPUCTPOiB, $IKI MarOTh MOTpedy y peamizamii (yHKmii po3mi3HaBaHHA 00pa3iB 1 SKi MAarOTh OOMEKEeHI OOYHCITIOBAJIBbHI
MOXIHBOCTI. [IpoBeneHO MpPOEKTYBaHHS CHUCTEMH, a TaKoX ii Bepudikamis Ha creniami3oBaHii MakeTHiN mmartdopmi. Js
PO3pOOIICHHST TIPOTPaMHOTO 3a0e3MeUeHHs] BUKOPUCTAHO MOBY MOJISIIOBAHHS Ta CHHTE3y HporpamHoro 3abesmeuenHs VHDL.
JloBeneHo, IO NEpEHECEeHHS HEHPOHHWX OOYHCIEHb 3 LEHTPAIBPHHX IIPOIECOpIB 3arajJbHOrO IPH3HAYEHHS Ha amapaTHi
mwiathopMu Ha 0a3i mporpaMoBaHUX JOTiYHMX iHTErpambHux cxem (FPGA) 3HauHO OPHCKOPIOE POGOTY alTOPHTMIB
pO3Mi3HAaBaHHS.

KirouoBi cioBa: mporpamoBada oriuna interpanbHa cxema (FPGA), cucrema ma wuimi (SoC), 6araromaposmit
nepuentpon (MLP), mrryuna ueiiporna mepexa (ANN).

Boprauk K.fI. CTpykTypa cHcTeMbl MHOIOCJIOIHOr0 mepcenTpoHa JJs MOOMJILHBIX ycTpoiicTB. PaccMorpena
cTpykTypa cucreMbl Ha unme (SOC) MHOTOCIONHOTO MepCenTpoHa Uisi MOOWIIBHBIX ycTpoiicTB. CHcTeMa MPHTOOHA ISt
YCTPOHCTB, KOTOpBIE HYKHAIOTCSI B peanu3anud (QYHKOMH pAcIOo3HaBaHUS o00pa3oB U HMEIONMX OTrPaHUYCHHEBIE
BBIYHCIIUTENBHBIE BO3MOXKHOCTH. [IpOBEIEHO MPOEKTHPOBAHUE CHCTEMBI, a TAakKe ¢ BepH(HKamus Ha CIICIHAIN3HPOBAHHON
MakeTHOH Muiatdopme. [lnst pa3paboTKM IPOrpaMMHOrO OOECTICUCHUS] HCIIONB30BAH SI3BIK MOJCIHPOBAHMSI W CHHTE3a
nporpammMHoro obecnedenns VHDL. Jloka3ano, 94To mepeHOC HEHPOHHBIX BBIYUCICHHI OT LEHTPAIBHBIX IIPOIECCOPOB OOIIETO
Ha3HAuCHWs HA arapaTHble WAThopMbl Ha 0a3e MPOrpaMMUPYEMBIX JIOTHIECKUX HHTErpatbHeix cxeM (FPGA) 3naunTensHo
ycKopsieT paboTy alnropuTMOB pPacliO3HABAHHS.

KioueBble caoBa: mporpaMmupyemasi Jormdeckass uHrerpansHas cxema (FPGA), cucrema na umme (SoC),
mHuorocioinbri epcentpor (MLP), nckyccrBennas neiiponnast cets (ANN).

Bortnyk Ka. Structure of the system based on Multi-Layer Perceptron for Smart Devices. The structure of the
system on chip (SoC) multilayer perceptron for mobile devices was observed. The system is suitable for devices that need to
implement the function of pattern recognition and which have limited computing power. A system design and its verification
made on a specialized prototyping platform. For software development language used simulation and synthesis software suite
VHDL. It is considered that the transfer of neural computation from the CPU of general purposes to hardware platform based on
field-programmable gate array (FPGA) significantly speeds up recognition algorithms.

Keywords: field-programmable gate array (FPGA), system on chip (SoC), Multilayer Perceptron (MLP), artificial neural
network (ANN).

AxTyajpHicTh mpodaemu. [Tonmut Ha «PO3yMHI» MPUCTPOI CIIOKUBYOI ENEKTPOHIKU 3pocTae. Lle
MOTHUBYETbCS ~ IIMPOKAM  BUKOPHCTaHHSIM  HEJOPOrMX BOYJOBaHUX  EIEKTPOHHHUX  IMPHCTPOIB
pi3HOMaHiTHOro mnpu3HaueHHs. OKpiM Toro, OakaHO, MO0 EIEKTPOHHI NMPUCTPOi MaiHM 3AATHICTH
BiIUyBaTH 1 pO3YMITH iX OTOUEHHS Ta aJanTyBaTH iXHI CEPBICH BIiAMOBIAHO JO KOHTEKCTY.

HlItyyni Heiiponni Mepexxi (ANN) MoxyTh OyTn 00OpaHi [uis i€l MeTH y mepury 4epry, y 3B's3Ky 3
X IIMPOKUM CIIEKTPOM 3aCTOCOBHOCTI.

bararomaposuii nepuentpon (MLP) € oxniero 3 HaitOunbm yacto BukoprcroByBanux ANN gepes
HOro 3MaTHICTh MOJETIOBATH HEJIHIHI CHCTEMU 1 BCTAHOBJIIOBATH MEXi HENMIHIHUX pillleHb B 3a7adax
Kiacudikamii, Takux sk onTuyHe posmizHaBaHHSA cumBoniB (OCR), iHTeneKkTyaldbHUH aHali3 AaHHUX 1
00po0Ku/ po3mi3HABAHHS 300paXKCHb.

Opnak, ockimeku MLP BuMarae Hajq3BUYaifHO BHCOKOI TPOIYCKHOI 3JaTHOCTI, #Oro
o0uncioBajdbHa CKIAAHICTH BKpall HeOakaHa Uil BUKOHAHHS OIEpaliii B PEeKHMi peasbHOro yacy,
0co0nMMBO A1 BOYZOBAaHUX MPUCTPOIB, SKI MAIOTh OOMEXKEHHS Y CBOIX MOXIUBOCTSIX OOpPOOKH NaHHX.
[IpuBaGmuBe BHUpILICHHS ILOrO MOJSAra€ B PO3POOLI CHeliali3oBaHUX amapaTHUX 3aco0iB Ui
npuckoperns MLP.

Anapatha peanizamisst MLP Oyna HaraapHOIO TEMOIO MPOTATOM 0araThOX POKiB, B OCHOBHOMY Y
MUTAHHSIX TOYHOCTI, HEOOXIJHOTO MPOCTOPY 1 MIBHIAKOCTI 00poOku. Pi3Hi peamizawmii oOnamHanHsa ams
MLP Oynu ycmimrHIMH, HAPUKIAA, METOJ MIPOSKTYBAHHSI CIIELialli30BaHUX IHTErpaJbHUX cXeM. THM He
MEHII, MTOBHA amapaTHa peanizalisi He € eeKTHBHOI 3 TOYKH 30pYy BapTOCTI MPHUCTPOIO Ta CKIaIHOCTI
foro peanizarmii.

OcCTaHHIM YacoM akKTHBHO JOCTIIKYETbCS IEpEeHACTPOIOBaHa OOYHCIIOBANbHA TapajurMa, B
paMKax sKoi po3poOJICHO psJ MPOrpaMOBaHMX JIOTIYHUX iHTerpanbHux cxeM (FPGA). Ane xoda Kiibka
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amapaTHUX peali3aliil 3 BukopuctanasM FPGA Bike Oynin 3amporioHOBaHi, anapartHa peanizanis B MLP,
K 1 paHillle, 3aJUIIAETHCS CKIQAHIM 3aBIaHHSAM sl BOYZOBaHHUX TOAATKIB.

Ockinbky, pi3Hi MeToan MpeoOpoOKH i mocToOpoOku MOXyTh OyTH cymimieHi 3 MLP B peansHuX
JOJaTKax, CHCTeMa MOBHHHA HACTPOIOBATUCH BIAMOBIZHO 10 AoAaTKiB. Kpim Toro, icHye BaxxinBa
BHMOra J0 MPOEKTYBaHHS amapaTHOro 3a0e3MEeYeHHs TaKUM YWHOM, 1100 BHECEHHS 3MiH B CTPYKTYpPY
Mepexi He MPUBOJIIIIO 1O HEOOX1THOCTI anmapaTHOl MOJICpHi3aIlii.

i mpobnemn MOXYTh OyTH TIOJ07aHI 32 JOMOMOTOK KOMOIHOBAaHOTO MPOrPaMHOTr0/armapaTHOTO
Meroay mpoektyBaHHs. Lleli MeTox 3IiMCHIOETbCS NUIIXOM aHami3y pPi3HUX YacTHH ajroOpuTMy Ta
peanizamii Horo HaHOUIBII BUMOIJIMBHX JIAHOK Ha IIBUAKHUX amnapaTHUX MPUCTPosiX. CIyKHTH LbOMY
MOXe Tak 3BaHa cucreMa Ha uimi (SOC), mo CKIaJaeThess 3 MIKpOMIpolecopa Ta amapaTHHX
npucKopioBauiB Ha 0a3i FPGA, mo Moke 3HAYHO MPHUCKOPUTH PoOOTY, 30epiraiour 3HaAYHOIO MipOIo
THYYKICTb CyTO IMPOrpaMHUX MOZAETEH.

V wiii cratTi onucano apxitekrypy MLP-S0C cmapt-nonartkis i BOynoBaHux npuctpois. Y SoC
MOXXHa BHOCHTH 3MIHHU B CTPYKTYpY Mepexi i JonaTkiB 6e3 Moaudikamii anapaTHUX 3aco0iB.

3aBaannsa 3 peanizanii MLP-SoC. Hamorwo meroro € pospooka MLP-SoC, ska moxke Oytu
BUKOpUCTaHa JUig BOyOOBaHMX mdojatkiB. Y xomi peamizaumii MLP-SoC na wMakerHii miatdopmi
MPEACTaBICHHS JaHUX, TOYHICTH 1 amapaTHi KOMIIOHEHTH BiJirpaloTh BaXKJIMBY POJIb Y BUOOPI MPOEKTHUX
pillIeHb.

Maxkerna maargopma. s po3poOku Ta mepeBipkn SOC HaWOIMBII JOLITFHO BUKOPUCTATH
ocHoBany Ha FPGA makerny mnatdopmy XILINX X2CV8000, sxa cramna momyjspHOIO came 4epes
MOXJIUBICTh HIBHJIKOT'O MaKETyBaHHS 1 IepeBipKH BOYIOBaHUX JOAATKIB.

MakeryBaHHA BCbhOro mnpoekty uimboBoi SOC B FPGA pae TouHe 1 IIBMAKE YSBICHHS MPO
MaiOyTHill mpUCTpiid.

3BHUaiiHO, JesKi OCHOBHI KOMIOHEHTH, BKJIIOYAIOUM LEHTPaJbHUH NpOLECcOp, CUCTEMH LIHMH i
BHYTpPILIHIX KOMYTOBaHUX OJIOKiB, BHOHMparOTbcs [UIA MPOEKTYBAaHHS peanbHOi mIaTopMu Ha
BUpoOHMITBI. OpHade, I poO3poOKM i TECTyBaHHS ANTOPUTMIB NOJATKY AOCTaTHHO BOYIOBAaHUX Yy
MmakeTHy miardopmy. Hampuknan, mikpornpomecop LEON 2 BOynoBanmii B FPGA, mmna AHB/APB
AMBA, npusHaueHa I 3B'13Ky MK BHYTPILIHIMA KOMIIOHEHTaMH, TAKOXK Bxke BOyznoBaHa B FPGA.

Ha nonarok no mikpocxemu FPGA, MakerHa matdopma npornonye nam'ate Ha ocHoBi SDRAM
qiniB po3mipoM 128 Mb i ¢nem-nam'site posmipom 8 M6. biiok nam'siti SDRAM BUKOpPHCTOBYETHCS SIK
OIlEepaTUBHUM 3amaM’ATOBYYUH MPUCTPiH, y TOW yac, K Ha 6a3i ¢uem-mam'sati opranizoBano [13I1 mus
30epiranHs nporpamHoro 3abesnedenns. Ha pucynky 1 300paxeno MakeTHy miatdopmy, o Ma€e JOCUTh
KOMIIaKTHUH po3mip 112 Ha 129mm.

g

Pﬁc. 1. Maxkerna miardopma XILINX X2CV8000

MLP nast o6po6xu/po3nisHaBanHs 300paxkenb. MLP s o6poOku/po3ni3HaBaHHs 300paskeHHS
CKJIaJIA€ThCs 3 BY3/IiB 00pOOKH AaHUX, PO3TALIOBAHHUX LIAPAMH.

Sk mpaBuiio, BiH BHMarae TphOX abo Oinbplie miapiB By3JiB 0OpOOKW: BXigHHHA mIiap, oauH abo
JIeKiIbka BHYTPIIIHIX LIapiB Ta BUXiOHHHA mpomapok. KoxkeH By301 0oOpoOKH B OMHOMY KOHKPETHOMY
mapi MOBHICTIO 200 YaCTKOBO MOB'SI3aHO 3 KOKHUM BY3JIOM IIApy, IO PO3TAIIOBAaHHUN BHILE i HHXKYE 32
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HBOT0. 3BaKCeHI 3'€/IHAHHS BU3HAYAIOTh MMOBEMIHKY B MEPEXi 1 HAJAIITOBYIOTHCS IiJ 4ac TPEHYBaHHS
MEpexi 3a JOMOMOT OO CITEIiaTbHOTO aJITOPUTMY 3BOPOTHOTO MOIITHUPEHHS.

[Tix yac po3mizHaBaHHS, BXIMHUI BEKTOP MOAAETHCSA HA BXiTHOrO Iiap. Jis HaCTyIMHUX IapiB, BXif
B KOXKEH BY30II € CYMOO CKJIIPHUX JOOYTKIB €IEMEHTIB BXiIHOTO BEKTOpPA 3 BIAMOBIJHUMH iM BarOBUMHU
KoeillieHTaMu .

sum; = w; eout;,

Ie W;j - Bara MiJKIOUeHHs By3i1a 10 By3na Jl, a outj - Buxin 3 By3na J.

Buxin By3na |, ne out; = F(Sum;), sikuii moTiM po3cHIIa€ThCs BCIM By3lIaM B HacTynmHoMy miapi. Ll
oreparlisi MOBTOPIOETHCS JIJIS BCIX MIApiB MEPeXi JOTH, MOKW BUXITHUM mIap He Oyne MOCATHYTO, A€ i
00YHNCITIOETHCS BUXITHUH BekTOp. F — e (yHKIisg akTUBalil KOXKHOrO By3sa. Y AKOcTi QyHKIIT akTUBaLil
Haifuacrilie BUKOPUCTOBYETHCS CHTMOBUAHA (QYHKLISA a00 QyHKIis rinepOonivHOro TanreHca. ¥ tadnuii
1 nokazani anapaTHi oOMexeHHs A HiaboBoi SOC.

Tabmuus 1.
AmnapaTHi KOHCTaHTH 1[iTE0BOT SOC
Ha3zpa mapametpy 3HaueHHS

MakcuManbHe YHCIIO BXiTHUX BY3JIiB 1000
MaxkcuMaiabHe YUCIIO BHYTPILIHIX BY3IiB Ta IIapiB 128/2
TounicTh BaroBoro KoedimieHra 12 6it (3HaKOBMIA)
TounicTs BUX0Ay QyHKIIT akTHBAIi] 9 6iT (3HAKOBWMIA)
Jliarma3oH BXiJHHUX JaHUX 0...255
Jliarma3oH BUXIJHHUX JAHUX -255 ... 255

BukopucranHs THIy JaHMX 3 IUIABAlOYOK DPO3PSIHICTIO (Bard, BXOAM, BUXOIM) B HEHpPOHHIH
MepeKi Moxe OyTH HEMpaKTUYHUM il BOyJOBaHUX allapaTHUX 3ac00iB, TOMY BapTO BUKOPUCTATH THII
JaHUX 3 (DIKCOBAHOIO PO3PSAHICTIO JUISI 3HAYEHB BAr, BXOJIIB 1 BUXOJIIB.

He3nakoBi 8 OiTHI BHKOPHCTOBYIOTHCS JUIS TPEACTaBICHHS BXiJHMX 3HAUeHb, Y TOM 4ac, sK
3HaKkoBi 9 OITHI BUKOPUCTOBYIOTHCS AJISl BUXIOHMX 3HauYeHb (QYHKUIl akTHBamii, 00 BOHU MOXYTh OyTH
Bin’emHuMu. KoedimieHTn Bar 30epiraioThCsi B TaOMWIi Bar 3a JOMOMOrOI0 3HAKOBHX 12 OiTHHX 3
(iKCOBaHOIO PO3PAIHICTIO.

Besnocepenns anapatHa peani3alis meBHOT (YHKIIIT akTHBAIlil HE BiAMOBIA€ 3aBIaHHIO, OCKUTEKU
NPHUCTPId TMOBHMHEH MaTH MOXIIUBICTh 3MiHM KOH(pirypamii. ToMy cii BHKOpUCTaTH TaOJHUIIO
BiAMOBiAHOCTI 30€piraHHs BUXiIHUX 3Ha4YeHb Ui BU3HaueHHA (QyHKUiH akTuBauii. Ilpm BHKOpucTaHHI
BOr0 METOJY, KiJIbKa PI3HUX (QYHKIIH aKTHBALil MOXXYTh OyTH peati3oBaHi arapaTHO.

Crpykrypa MLP-SoC. Puc. 2. nmokasye 3aransny ctpykrypy MJIII-SoC. Bona Bkmiouae B cebe
LEON 2 (ocuoBHmii mpouecop), MLP chiBnporecop (HEHpOHHHX OOYHCIICHB), KOHTpOJIEP Mam'sTi
SDRAM, intepdeiic kamepu i mmuy AHB/APB AMBA. Bci mi kommoHeHTH 00'emHani B FPGA
MakeTHOI mIaTdopMHu.

LEON 2 sBaste coboro 32-po3psanuit RISC-npouecop cymichuii 3 apxitekryporo SPARC V8. Bin
JIETKO TPOTPAMYEThCA 1, TAKAM YHHOM, AyXKe MiaxomuTh 1 SoC.

OxpiM Toro, mporpaMHe 3a0e3nedeHHs1, Hanmcane MoBoro C, Moke OyTu 6e3nocepeTHb0 BUKOHAHE
Ha siipi LEON 2 3 BukopucTtanHsam 3aco0y Kpoc-TpaHCIISILIi.

[TporpamyBanus sapa LEON 2 (puc. 3.) Moxe OyTH 3AifiCHEHO 3 BHKOPHCTaHHSM BiIKPUTOrO
tpanciaropa MmoBu VHDL B xon FPGA makerHoi mnatdopmu. Kontponep inTepdeiicy kamepu i cxema
BBOny/BuBOAY 12C 371aTHI 00pOOIATH AEKiNbKa NAaTYUKIB 300pa’keHHS] 3 BUKOPUCTAHHAM iX (hikcoBaHOI
JIOTIKH.
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Puc. 3. biok-cxema npouecopa LEON 2

MLP crmiBonpounecop Ha puc. 4 mokazana apxitektypa BOymoBaHoro MLP cmiBnpomecopa,
OCHOBHHMM TIPH3HAYCHHSAM SKOTO € OOYMCIEeHHS HEHpOHIB. Sk BHIHO Ha MAaJIOHKY, CHIBIpPOLIECOD
CKJIaJaeThCcs 3 ABOX OCHOBHHX YAacTHH - OJIOK XocT-iHTepdelcy s AocTymy A0 mam'arti Ta iHTepdeiic
ey 1 MLP 6ok 11 HeHpOHHHUX OOYHCIIEHB.
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Puc. 4. Ornsp apxitekrypu MLP criBnponecopa
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Bbrok  xocT-iHTepdeiicy Hece BimNmoBimanbHICTH 3a oOciayroByBaHHs mmwmHH Mk MLP
CIIBIPOLIECOPOM Ta 1HITMMH KOHTPOJIEPAMH.

Bin ckiamaerbes 3 1BOX 0JI0KIB mpsiMoro goctymy ao nmam'sati (DMA), Bxiqaoro DMA i BuxigHoro
DMA. Bxigauit DMA npuiimMae 670K TaHUX i3 30BHIIIHBOI mam'sTi i 30epirae iioro y Bximaux Oydepax
(2K x 8 bitiB). [IBa Oydepu 3aBxk ¥ rOTOBI s MPUHAOMY TAHHX, @ iHII 30€piratoTh AaHi IS OJAJIBIINX
obuucnens. [licnsa npuiioMy naHux 0510k xocT-iHTepdeiicy mocunae curaai 1o 6moky MLP, mob nmouatu
o0uHncIIeHHs 3ajadi Uil MOTOYHOro BXigHOro curHany. Komm oOuucrieHHsS 3aBepUIyeThCS, BHXITHUI
DMA 6ok mepenae 3reHepoBaHi O0joku ganux 3 MJIII Gioky B 30BHIIIHIO Mam'aTh. BUKopHCTaHHS
DMA noToky AaHuX € KOPUCHUM, KOJIH PO3MIp 1 KiTbKiCTh BXIAHUX/BUXITHUX JaHUX JOCHUTH 3HAYHI.

Jlnst Toro, mo6 BpaxyBaTH oOMexeHHs, onucaHi B Tabmumi 1, 6mok MLP ckmamaeTsest 31 cxoBHIIY
JaHUX 1 OOYMCIIOBaNbHOrO MOAyJs. € TpU pI3HUX MOCTIHHUX OJIOKIB mam’ATi: Tadmuus QyHKIiH
aKTUBawii , paiin pericTpy BHyTPIIHIX BY3JiB 1 TAOMUI Bar.

OyHKIiA aKTUBalii, HAMPUKIaA, CATMOBHUHA a00 TiMepTaHreHLialbHa, MOXYTh OyTH pealizoBaHi
B TaOnuui GyHKIIH akTBalii 6e3 3MiHU anapaTHUX 3ac00iB.

Tabnuus Bar mictute 128K * 19 6it, 12 GiT BUKOPUCTOBYIOTBCS ISl 30€pEKEHHSI 3HAUSHHS Bary i
7 0iT BUKOPUCTOBYIOTBCS I 30€peKeHHs 1HIeKCY BHYTPIIIHBOIO By3JIa.

daiin pericTpy BHYTpIIIHIX By3JiB MicTUTh 128 * 24 OiT ans 30epiraHHs MepexifHUX pe3yabTaTiB
BHYTPILIHIX BY3JiB.

Puc. 5. nokazye cxemy o04nCIIOBaIBHOrO MOAYJsl. Momynb o04YMCIeHHs! OTpUMY€ BXiTHI CUTHAIU
3 BXimHOrO Oydepa i 0OUMCIIIOE 3HAYEHHS AKTUBAIlii BCIX BY3JIB INApiB MOCTIIOBHO 0 OOYMCICHHS
3Ha4YeHHb BUXiOHMX BY31iB. [loTiM BiH BiAmpaBiise BUXiIHI 3HAUEHHS U OJIOKY XOCT-iHTepdency s
30epexxeHHs ix B mam'sti SRAM. Puc. 5 Takox JeMOHCTpYy€e TOUHICTh BOYJOBaHOI JIOTIKH.

[Iporpamua peamizarmis MJII1-S0C mMoxe OyTH MOBHICTIO cuHTe30BaHa Ha ocHoBI VHDL Momeni i
nepenani B FPGA (XILINX X2CV8000) makernoi miardopmu.

s apxitektypa MIJIII-SOC 3a0e3neuye mBHAKY 0OpoOKYy HEHpOHHUX 3B'S3KIB 1 TpaHC(EPHHX
¢dyHKIH, 1 700pe miaxoauTh st HelipoHHuX Moxaeneid MLP-tumy. TakroBa yacrora FPGA 30 MI. Leit
TAKTOBUH CHI'HAJ MOJAETHCS B yCi KOMIIOHEHTH MaKeTHOI IIaT(hOPMH.

Hdennodes r’1arrhe E' ‘
Y
Fraqroesser =aga Dala B
From inpue Butfer

SAT: Saturation, TRN: Truncation, Act. Table : Activation function tabls

Puc. 5. Cxema obunciroBaiasaoro moayiss MLP crmiBnponiecopa

Mpuxnan nogatky: Cucrema posmisHaBanusi cumBoJiB (OCR). OCR mporiec, 3a 10mMoMoroo
SKOTO KOMIT'IOTEp MEePEeBOANUTH OLM(POBaHi 300paskeHHs CUMBOIMIB Y TeKCT. Ll cuctema € oCHOBOIO ayist
0araThoX Pi3HHUX THUIIIB BOYIOBaHUX JOJATKIB, TAKUX SIK MOPTATUBHI MEPEKIIaaadi, NEKTPOHHI CIOBHUKH
1 HIOACHHUKH. AJTOPUTM LITBOBOI CUCTEMH PO3Mi3HABAHHS CKIAJA€ThCS 3 TPHOX OCHOBHHUX €TalliB, SIK
MOKa3aHo Ha puc. 6.

[o-nepue, orpumanHs 300paxenHs 3i ckanepa MKM MT9V112, niaknrouenoro o iHTepdeiicy
KaMepH.

[o-npyre, monepenHboi 00POOKH, SIKa BUKOHYETHCS JIJIS TOTO, 100 CETMEHTYBATH 300paXCHHS Ha
OKpeMi CHMBOJH, BUKOPHCTOBYIOUM METOJ TicTorpaMm. BupiieHi cHMBONHM MEpeTBOPIOIOTHCS B OiHApHI
marpuii 300paxenb (0 abo 255). Toxmi mpoBOIUTHCS HOPMYBaHHS MOXMIMX 1 MiATOHKA pPO3MIpYy 110
OTpUMaHHS BXigHOro 300paxkeHHss MLP po3mipom 30X24 (B mikcemsix).

OCKUTBKH CTPYKTypa HEHpOHHOI Mepexi (4ucio By3miB, (QyHKLIi akTHBALIl) MOXE 3MIHIOBATHCS
JUTsI KOHKPETHOTO JI0JIaTKa 3 METOI0 IMiJBUIIICHHS TpoayKTUBHOCTI, a SOC s MLP noBunHa npuitHsTH
ui 3MiHM 0e3 3MiHM KoH(]irypauii amapatHoi miuatdopmu, To, mo0 mokazaTu 3xatHicte MLP_SoC mo
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NepeHanalTyBanHs, ciain noOyayBatm nBa MLP wHa Tiii ke apxitektypi. Tabmunst 2 mokasye
KoH(pirypauii peanizoBanux MLP.
Recognition step

(MLP SoCh

A captured image (320 X 240)

iching and dama collection. The imuge
s beem shown b0 have good preciice
Mementation wo use Is a modified versio
& performed, the sorver gets user rating
Amaron Web Services APL and pasrsor—ip
Lihe review excerpts, lnks o fall versk
m. Since the input Image s small, thy
wer Is on average 0OKD, and most of
@ from ot database that the server ser
match

Preprocessing step ~Q

I A1 collecton, The

Post-processing

Make decision using
Values of output nodes

Qutputs
«—

Puc. 6. [Totik 06poOku peamnizoBanoi cucremu OCR

OCKITBKH CTPYKTYpa HEHPOHHOT Mepexi, YMCIIO By3JiB, QPyHKIIl akTHBamii, MOXKe 3MiHIOBATUCS
JUTsl KOHKPETHOTO J0JaTKa 3 METOI0 MifBHIeHHS npoaykTuBHOCTI, A SOC mis MLP moBunHI npuitHsTH
ui 3MiHM 0e3 3MiHM amapaTHoi Twiatdpopmu. To mo6 mnokasarn 3aatHicT MLP_SoC  no
NepeHanalTyBanHs, ciin noOyayBatm nBa MLP Ha Tiii ke apxitektypi. Tabmunst 2 mnokasye
koH(irypauii peamizoBanux MLP. Kinpkicte BHyTpimmHiX By3miB KokHoro MLP  BuGupaerscs
BUTIAKOBUM YMHOM (3 ~ 5% Bix 4ynciia BXiJHHUX BY3I1iB) Ta (IKCYETHCS il 4ac TPEHYBAaHHS 1 TECTOBOTO
po3Mi3HaBaHHS.

Tabmug 2
Kondirypauii MLP mepex
Ha3zBa mapametpy Bepcisn 1 Bepcis 2

Bys3niB BXiTHUX/BHYTPILIHIX/BUXITHUX 720/24/26 720/32/26

lNnep6omiuno- Curmoinza
Tun GyHKUiT akTHBALil .
Tun komyTauii By3miB [ToBHMI YacTkoBuit
Tum anroput™My HaBYaHHS 3BOPOTHE MOIIUPEHHS 3BOPOTHE MOIIUPEHHS
Bincorok po3nizHaBaHHS 94% 98%

Inme BaxknuBe murtanHs ans ouinku MLP-SOC e mBuuakicts posmizHaBaHHs. Clnin mepeBipuTH
HEeoOXiIHUH Yac poOOTH KOKHOTO MOAYNA cucTeMu posmizHaBaHHS Ha MLP. ¥V sxocti TecToBoro 3paska
OyB B3sTHIA JoKyMeHT po3mipom 320X240 (mikceniB), mo Mictuth 260 CHMBOIIIB.

VY Tabnuii 3 HaBeeHI Yyac BCIX MOJIYJIB, 3aTPauyeHU JJ1s1 BUKOHAHHS [[LOTO 3aBJAHHS.

TakuMm 4MHOM, cHUCTeMa pO3Mi3HaBaHHS 3[4aTHa O0OpoONATH Maike 43 cuMBonu B cekyHay. MLP
obunciieHHs 3aliMae Bcroro 3.9 cex, B TOH 4ac sk mporpamua peajizaiist ninsoBoi MLP 3aiimae axx 869
CeKyHJ Ii yac BUKOHaHH: Ha npouecopi LEON 2.

Taonuus 3
IIBUAKICTE KOXKHOTO MO/l OOPOOKH TS CHCTEMHU ONITHYHOIO PO3ITi3HABAHHS CHMBOJIIB
Crapnia anropurmy Mopnynb Yac
CerMeHTyBaHHS CHMBOJTIB ITporpama na LEON 2 690 mcek
[liaroroBka i HOpMaTi3aIlist IIporpama na LEON 2 1240 mcex
Heiiponna mepexa AnapaTtHi 3acobu 3980 mcex
Pimenns i 3amuc pe3ynprarty [Iporpama ma LEON 2 120 mcex
Bcroro 6030 mcek
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Leit pe3ynbTaT B OCHOBHOMY JOCSTHYTHMH 3a paxyHOK OOUYHMCIEHHA HelpoHHOi Mmepexxi MLP
CIIBIIPOLIECOPOM, II0 MPUCKOPHUIIO Iporec y 223 pa3iB NOPIBHAHO A0 MPOrpaMHOI peatizarii.

Komepuiiini cucremn mnporpamHoro 3abesmedenHss OCR, peamizoBani s cepBepiB abo
HACTUIBHUX KOMITIOTEPIB, fAKi 3a3BUYail MalOTh OUIBII BHCOKi amapaTHi MOXIMBOCTI, Taki SIK MOTYXHI
mpolecopy, He 3aiiMaloTh Oarato dacy ais posmisHaBaHHS. OJHaK, MOOUIBHI MPHUCTPOI YacTO MAlOTh
OOMEXEHHS Yy CBOIX amapaTHUX MOXJIHMBOCTAX 4Yepe3 BUMOIH OO0 OOMEKEHHsS CHOKHBAaHHS
eNeKTPOEHeprii.

Takum 4YMHOM, amapaTHE TPUCKOPEHHS € KpalluM pilleHHAM Ui peamizamii  QyHKIiH
posmizHaBaHHs 00pa3iB y MPUCTPOAX 3 0OMEKEHUMH 00UNCIIIOBaIbHUMHU MOYKIUBOCTSIMH.

BucnoBku. Y wmiii cratri Oyna 3ampomoHoBaHa apxitektypa MLP-SoC npupmatHa s
MajorabapuTHUX IHTENEKTyalbHUX MPUCTPOiB. ApXiTekTypa Oyma BumpoOyBaHa 1 TmepeBipeHa 3a
nonoMororo MakerHoi matpopmu FPGA. Ilnardopma mae MoxnuBicTs 0€3 3MiHM ICHYIOYOTO
obyiagHaHHs MOOyayBaTH pi3HI BapiaHTH NMPHUKIAAHUX CHCTeM HUIsixoM pekoHdirypamii SOC. Otxe,
MLP-SoC pmouiapHO BUKOpPHCTATH Uil MOOUTBHUX MPUCTPOIB, SIKI NOTPEOYIOTh (QYHKLIT po3mi3HaBaHHS
o0pa3is.
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