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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

V/IK 004.932

C/)KATHE JMHAMHAYECKOT'O TUAITA30OHA HHOPAKPACHBIX
N30BbPA’KEHUU C AJAIITUBHBIM BLIPABHUBAHUEM U HHBEPCHUEH
KPAEB T'NCTOI'PAMMBbI

C.U. PYIUKOB?, B.IO. IBETKOB?, A.I1. IIIKATAPEBUY*

Y Vuumapnoe npeonpusmue «HTL «/IDMT» BenOMOy, Pecny6auxa Beaapycow
2 Benopycckuii 20cy0apcmeennvitl ynusepcumem unopmamuxu u paouodnekmponuxu, Pecnybnuxa benapyce

Hocmynuna 6 peoakyuro 28 gpespans 2022

AnHotanus. [IpeanoxeHa MoaupuKanus anropuTMa agalTHBHON SKBAIN3AINH, PACTKECHUS H
C)KaTHUs THCTOIpaMMBbI, OCHOBAaHHAasI HA HTHBEPCHUHU ee 00pe3aHHBIX Kpaes. [Ipu cxkaTuu rHCTOrpaMMBI
MHBEPCHUs KpaeB MO3BOJIAET COXPAHUTh KOPPENALMIO 3HAYeHUI M KOHTpAcT M Oojblieil yacTu
CMEXHBIX MHUKceed n3oopaxeHus. [loka3aHo, 4YTO NpU yMEHBUICHUH AUHAMUYECKOTO JHaIa3oHa
nanamadTHeix MK-n3o0pakeHnid MpeioKeHHBIH aJrOpUTM IMOBBIIIAET OJOYHBIN KOHTPACT IO
CPAaBHEHUIO C aJITOPUTMOM aJalTUBHOM 3KBAJIU3aLMUA TUCTOIPAMMBI.

Knouegvie  cnosa: cxaTue JAUHAMHYECKOTO JMala3oHa M300paxKeHUH, HHQpaxpacHble
N300paKeHMs1, BRIPaBHUBAHNUE TUCTOIPAMMBbI, HHBEPCHS TUCTOTPAMMBI.

BBenenue

s cxaTHS AMHAMUYECKOTO TUara3oHa U YIydlIeHUs KauecTBa JIaHAAaQTHHIX HHPPAKPaCHBIX
(UK) n300paxeHnii NCIIONB3YIOTCS OJIOYHBIE allTOPUTMEIL, TIO3BOJISIONIHNE IallITHPOBATHCS K CTPYKTYpe
n300paxeHus. biiouHbIil anropuT™ ananTHBHOTO BRIpaBHHMBAHMS rucrorpammsl (Adaptive Histogram
Equalization, AHE) [1] Ha ocHOBe MHTEerpaibHON (YHKIMH PACTIpECICHUs IPKOCTH o0ecreunBaeT
JIOCTaTOYHO BBICOKOE KaueCTBO M300paKeHUH mocie MmpeoOpa3oBaHMs, HO HE MO3BOJISIET YNPaBIISATh
¢dopMOil TTI00ANBHOM THUCTOrPaMMBbl SIPKOCTH. OJTO MOXKET HPUBOIUTH K HEIOCTATOYHOMY HIIH
Ype3MEpHOMY JIOKAIbHOMY U TJI0OOAIBHOMY KOHTPAcTy NpeoOpa3oBaHHOr0 u300pakeHus. [laHHBIN
HEJIOCTATOK CBOWCTBEHEH MHOTMM Mojudukanusm anroputMa AHE [2-5]. [Ipuunna 3akmouaercs B
0JIOYHOM BBIPAaBHMBAaHMM T'MCTOIPaMMBbI, CYLIECTBEHHO OCTAOJISIOLIEM pPE3YJbTaThl NPEeIKOPPEKLUU
nzobpaxkenus. Ilostomy sddexTuBHOe ympaBienue (opMoil rnodanpHONW THCTOrpamMmbl WK-
n300paXkeHUsl IPU TPeoOpa30BaHNU JIWHAMHYECKOTO JIMalia30Ha BO3MOXKHO TOJBKO TMOCIE OJIOYHOTO
BBIPABHUBAHUSI TUCTOTPaMMBbI. DTO PEaIi30BaHO B AITOPUTME aJallTUBHON 3KBaJIM3alM1, PACTSKCHUS
u cxatus rucrorpammbl (Histogram Equalization, Compression and Stretching, HECS) [6], kotopsbrit
npeBocxoaut anroputM AHE mo koHTpacty 3a cueT 3a cueT 00pe3Ku KpaeB, pacTsHKEHHUS IEHTPATLHON
YacTH, pacTsHKeHHs (CKaThsl) M HaJIOXKEHHUS OOpe3aHHBIX KpaeB TIII00ANbHOH THCTOrPaMMBEI.
Henocratkom anroputma HECS sBnsercs yXynmieHne KOHTpacTa IO KpasM JAMHAMHYECKOTO
JManazoHa, 4YTo MPUBOJIUT K 3aMETHBIM apredakram Ha mnpeoOpazoBanHoM WK-nzobpaxkennn wu
JIOTIOJTHUTENEHOW HEPABHOMEPHOCTH €r0 II00ATbHON TUCTOTPAMMBI.

Lenbto paboThl siBIsieTCS MOBBILIEHHWE KadecTBa BocmpousBenenus MK-nzoOpaxkenuit mnpu
C)KaTUM UX AMHAMHYECKOTO JTUana3oHa.

ITocTanoBKa 3agaun

Ha puc. 1, a npuseneno MK-uzo0paxenue ¢ IIMPOKMM JUHAMHUYECKHMM AWANA30HOM M €TO
rucrorpamma. OxBanmzanus (Histogram Equalization, HE) [7] BeipaBHuMBaeT ructorpammy HK-
n300paxkeHus: M 1mo3BoisieT nonyunth MK-m3o00paxkeHne ¢ y3KUM JIMHAMHUYECKHAM JIMANa30HOM, HO
HHU3KHM JIOKaJIbHBIM KOHTpAcToM (puc. 1, 6). JIisi HOBBIIICHHS JIOKATbHOTO KOHTPACTa MCIOJb3yeTCs



anroput™ AHE [1], koropsiii genut ucxomanoe MK-uzobpakeHrne Ha OJNOKH MUKCENEH, B Mpeenax
KOTOPBIX OCYIIIECTBISIETCS] BEIpAaBHUBAaHUE TUCTOTpamMM. biouHsrit ah(hekT yMeHbIIaeTcss ¢ MOMOIIBIO
uHaTepnoysmy. Pasmenenne MK-m3oOpaxenus Ha Omokm B AHE mo3Bomser amantupoBaThCs K
CTPYKType HW300pakeHUs, HO HE OOECIeurMBacT PAaBHOMEPHOCTh TJO0AJLHOW THUCTOTPAMMEI M
BO3MOYKHOCTH yIpaBiicHus ee popmoii (puc. 1, 6).

T

Esbomonsmnmn &
A
——
= ‘r’
L

Puc. 1. UK-n300pakeHust 1 UX TUCTOTPAMMEI: @ — HCXOJIHOE; 6 — MpeoOpa3oBanHoOe ¢ momorisio HE;
6 — mpeoOpazoBanHOE ¢ moMoInbio AHE

Jns moBBIIIEHWST KadecTBa W PACIIMPEHHS WHTEpBaja YIpPaBIEHUS XapaKTePUCTHKAMHU
BocripousBeyieHusi MK-uzo0paxeHnit mpu cxkaTuu MX JTUHAMUYECKOro auarna3zoHa anroputm HECS
aJaNTHBHOM 3KBaJIM3aLlMU, PAaCTSHKEHUS M CKATUS THMCTOTPaMMBl PEATU3yeT JBOWHOE YMEHBIIECHUE
JuHaMuueckoro nuamazoHa MK-nzoOpaxkeHHs ¢ NPOMEXYTOUHBIM yhpaBiieHHeM (opMoii ero
THCTOIPAMMBI 33 CUET €€ YaCTUYHOTO PACTSDKEHUS U CKaTus [6]. AIropuT™ peannsyercs B TPH JTara:



1. IlpenBapuTtenbHOe yMEHBIIEHHE JUHAMUYECKOIO JAMaria3oHa [0, Lok —1] HCXOJHOTO

VK-mso6panenms |y, =|iyon (y,x)”( 10 [0, Lo —1], Lyog <Lior (oTam 1) Ha ocHose

y=0,Y-1,x=0,X-1)
a/lanTHBHOM IKBAJTH3ALUH THCTOIPaMMBI - dopmupyercs HK-u300paxenne
lore (Liore ) = ||i|_DRl (v, X)"(y=m, %) ¢ nHamudeckuM auanasonom [0, Lype, —1].

2. Yrpasnenue HopMoit rTuCTOrpaMMBI (3Tar 2):

2.1. CxaTue TUCTOrpaMMbl Ha OCHOBE JBYX ramma-QyHkuui ¢ kodpdunuenrtamu G, u G,
NPUMEHAEMBIX K JBYM 4YacTsIM JIWHAMHYECKOTO [IUala3oHa [O,TG —1] u [TG +1, L ors —1],
paszensiembim Ha ypoBHe Tg = Kg (L p —1) 10 k03 dummenty K.

2.2. JInHeiHOe pacTshKeHUE LeHTPATbHON 4acTH TUCTOIPaMMBI, OTPAaHHYEHHONW JMHAMHYECKHM
mnanasonoM [T,L e —1-T] mo mopory T, ¢ xosdduumentom (L e —1)/(Lipg, —1-2T) u
JUHEHHOE pacTshKeHHe (cKaThe) OOKOBBIX dacTed THCTOrPaMMbl, OTPaHMYEHHBIX AUANA30HAMH
[0,T —1] u [Lipp —T,Lipr —1] mo mopory T ¢ xospduumentamu T, /T u T,/T, rme T, T,
HOPOTH.

L R

3. OKOHUATeNIbHOE YMEHBIICHHE IWHAMHYECKOTO JAHara3oHa J0 [0, L or2 —1] Ha OCHOBE

JIMHEHHOTO CXKaTHs TUCTOrPaMMBbI ¢ Koddduimentom L, o, /L, o, (3Tam 3).

IIpeodpazosanHoe ¢ momomipio anroputMa HECS MK-n3zo0paxkeHue ¢ y3kuM JUHAMHYECKUM
JIMana3oHoOM U €ro THCTOrpaMMa MpeICTaBIeHbl Ha pUC. 2, d.

I H‘M“Wﬁf“v[ h }H’ M'Nwﬂ‘h\"" 7
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Puc. 2. TIpeobpasoBannbic MK-1300pakeHns 1 MX rECTOrpaMMsl: a — ¢ iomoribsio HECS; 6 — ¢ momoreio HECSm

B Tabn. 1 u 2 npusenens! Bemrpoimn anropurMa HECS B cpaBaenun ¢ ainroputmom AHE B
IPOLEHTAX [0 KOHTPACTHOCTH (CTaHaapTHOMY OTKIOHeHHI0) Dy, , cpenremy rpamuenty G, , sHTpONHN

E, u xommuectBy nokaneHbIX dkcTpemymoB N, o, ycpemeHHeie 1o 94 UK-m3o6pakeHHsM,

Pa3aCIICHHBIM Ha 6 THUIOB B 3aBHCHUMOCTHU OT (bOpMBI TUCTOI'paMMBbI IIOCJIC aI[aHTHBHOﬁ OKBaAJIM3aIlINH
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(puc. 3): 11 UK-u300paxennii Tuna 1; 17 — tuna 2; 31 — tuna 3; 27 — tuna 4; 5 — tuna 5; 3 — tuma 6.
XapaKTepUCTUKU DST , G A EI SIBIISTIOTCSL CPeHUMH 110 OjokaM 64x64 mukceneit. U3 tabn. 1 u 2
caenyer, uto anroput™ HECS npeBocxoaut anroputm AHE o xapakrepuctuxam Dg; G,, E un N.

OpmHako, Kak BHOHO Ha puc. 1,6 W puc. 2,a riobampHas rucrorpamma HK-m3obpaskeHus mocie
npeobpazoBanus ¢ momollpio aaropurMa HECS BeIpaBHUBAaeTCS HE3HAYMTEIBHO B CPAaBHCHHU C

anroputMoM AHE. Takum 00pa3zoM, akTyansHOH ABJsieTcs 3aaa4a moaudukanu arropurma HECS st
HOBBIIICHUS PABHOMEPHOCTH TII00ATBHOIN THCTOTPAMMBEL.

Ta6u. 1. Beiurpeimu aaroputma HECS B cpaBuenuu ¢ aaroputmom AHE npu pa3smepe 6;10ka 32%x32

CT— Bemrpeim anroputma HECS B cpaBrennn ¢ AHE no tunam UK-uzo6paxenmuii
P P Tyn 1 Tum 2 Tum 3 Tum 4 Tumn 5 Tum 6
D 6,06 9,95 10,04 9,72 7,59 6,95
G, 13,78 18,23 18,92 20,58 9,42 11,28
E, 13,38 36,25 34,84 24,41 39,16 20,10
N e 13,38 9,97 9,17 17,22 4,26 12,97
Ta6n. 2. Beiurpeimu anropurma HECS B cpaBHenuu ¢ aaroputmom AHE npu pa3zmepe 60ka 64x64
CT—. Bourpeinm anroputma HECS B cpaBrennn ¢ AHE o tunam MK-u3o6paxenmuit
P P Tun 1 Tun 2 Tun 3 Tun 4 Tun 5 Tun 6
Dy 12,25 11,33 8,89 7,03 0,11 2,33
G, 35,39 47,91 49,97 50,54 13,39 48,73
E, 31,41 50,54 51,54 38,39 55,92 41,77
N.e 14,68 14,89 14,11 25,94 6,88 18,11
M |,"Urv‘.n
_'f,"-f‘v“l‘ i Uﬂ“\"ﬁ”ﬁ \ v/'v“"“\ .
M(‘“‘ w’; -, " / ‘M'.
M A [ W N LN
.vﬁ""J'l ! " Mh\, S N ,"‘ \
!:"V' .\'W ) IV-("“}\” H'ha"”‘-\,-\,]\r_w ' W ¥ N»"ul
d 4
a o 8
[ 4‘\ ."f“u\(wlm‘
| ' h\'\w ""“" ! v\"' l m‘q , " ) ‘\"‘"\L"w‘hplnf‘ W
."F “11 -‘; "-‘ﬁ f L— "'Jvl"\‘M .\‘\“‘"n L A
f ‘*\-" .‘" “"\\"ﬂ. ( ffl I"‘-‘ ;”\"""-Ju;fwwI ““m Jlfnﬂd].lt't"m‘.n
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! \ \
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i \
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2 0

e
Puc. 3. I'ncrorpammer UK-n300pakenuii ocie aganTHBHOTO BRIPAaBHUBAHMS: @ — TUN 1; 6 — THII 2;

6—THIl 3; 2 —TUN 4, 0 — THI 5, e — THIL 6

AnanTHBHAas IKBAJIM3AIUsl, PACTSKEHUE U CKATHE TUCTOrPAMMBbI
¢ HHBepcHeil 1 HaJloskeHHeM 00pe3aHHbIX KpaeB
Jnst  moBpimieHuss  riobanmpHOTO  KOHTpacta WMK-u3o0OpakeHuil mpw  yMEHBIIEHHHM WX
JIMHAMHYECKOTO Jrara3oHa rnpeaiaraetcs Mmoaudukanus anropurma HECS agantusHo# 3KBanM3aiym,
PaCTSDKEHHUSI M CXKaTHsl THCTOIpaMMbl, OCHOBaHHas Ha HHBEPCHUU OOpPE3aHHBIX KpaeB II00aIbHON
8



TUCTOTpaMMBI. CYI]_IHOCTB MO}_II/I(l)I/IKaI_II/II/I COCTOUT B Hp606p330BaHI/II/I (J'IPIHGﬁHOM PaCTAXKCHUUN

(cxarun) ¢ koapduumentamu T, /T, T, /T v uHBepCHM) 3HAYEHUH UKCEINEH U3 IUATIA30HOB [O,T —1]

u [LLDRl -T,Lors —1] C IOMOIIIBIO BBIPAKEHUSI

T . .
?LILDRl(y’X)_TL npu 'LDRl(an)<Ta

iLDRl(y,X) = @

—

(LLDRl _1) _(TR +?(iLDRl(y1 X) _(LLDRl _1))J npu iLDRl(yax) > Lipp —1-T

npu y=0,Y -1, x=0,X -1.

Ha puc. 4 mokazan npouecc npeodpazoBanus rucrorpammbl MK-n3o0paxenns B COOTBETCTBHU €
npeanoxeHHo Momudukanueit anropurtma HECS. CHauana, ¢ momompio mopora T riobanbHas
rucrorpamma MK-m3o0paskennst paszmensercss Ha TpHU YacTH: HEHTPAIBHYIO W JIBE KPAaeBBIX. 3aTeM,
[EHTPAJIbHAS YaCTh PacTATUBACTCS HA BECh TMHAMHUYECKUI JMANa3oH, a KpaeBble — B COOTBETCTBUH C
koo uimentamu  pactsokennst (cxarus) T, /T wu T,/T. Kpome toro, KkpaeBbie (parMeHTsl

THCTOTPaMMBbl MHBEPTHPYIOTCS. PacTaHyTass LeHTpanbHas dacTb, CXaTble (pacTIHyTble) U
WHBEPTHPOBAaHHBIC  KpaeBble (parMeHTHl TUCTOrpaMMbl  CKJIaAbIBAIOTCS.  Pe3ynpTupyromas
TUCTOTpaMMa BBIPABHUBACTCA 3a CUHCT YBCIMYCHUSA BepOHTHOCTCﬁ TEMHBIX M CBETNBIX Iukceneil. Ee
(GopMoii MOKHO yIpaBIIATh ¢ OMOIIBIO oporoB T, T, Ty.

WHBepcust KpaeB THCTOrPaMMBbI [TO3BOJISIET COXPAHUTHh KOPPEJSLMIO 3HAYEHUH U KOHTPAacT AJIs
OonplIeld YacTH CMEXKHBIX NHKceled wu3oOpaxkenus. Ha puc. 5 mpuBenmeH ¢parMeHT HCXOTHOH
THCTOTPaMMBbl, pa3/ieIeHHbIN Ha 4 uana3oHa, U3 KOTOpoi (hopMUpyroTcs 1Ba (hparMeHTa B pe3yabTare
00pe3KH KpaeB, pacTsDKEHHS LEHTPAIbHONW YacTH THCTOrpaMMbl M HaJIOXKEHUSI 0Ope3aHHBIX KpaeB 0e3
MHBEPCHUHU U C HHBepcuel. M3 puc. 5 cnemyet, 4To Mpu HaJIOKEHUU KPaeB TUCTOrPaMMbl Oe3 HHBEPCHU
KOHTpAacTHbIE nuamna3oHsl 1-3 U 2—4 MCXOJHOW THCTOTpaMMBbI CTAHOBSTCS HEKOHTPACTHBIMH IOCTE
npeoOpazoBanus. [Ipu HaNOXKeHNN KpaeB THCTOTPAMMEI C MHBEpCHEH KOHTPACTHEIE AUanazoHbl 1-3 u
2—4 UCXOAHON THCTOTPaMMBI COXPAHSIOT OTHOCHUTENBHBIA KOHTpacT. [loTepst KOHTpacTa Auama3oHOB
2-3 u 1-4 mMeHee 3Ha4YMMa, MTOCKOJIBKY JHMAINAa30HbI 2—3 COCENIHHUE, a JUAMa30H | ABISCTCS KpalHUM B
WCXOJTHOW THCTOIpaMM€ M BKJIIOYAE€T OTHOCHUTENBHO HEeOOIbIIOEe KOJMYeCTBO NHKcenel. JlaHHoe
CBOWCTBO MPEIUIOKEHHOI0 MNpeoOpa3oBaHMsl IMOATBEPXKIACT pPUC. 2, 6, HA KOTOPOM IPUBEIEHBI
npeoOpa3oBaHHOE C TIOMOMIBIO IPETIOKEHHOTO MouduitmpoBanHoro anroputma MK-u3o6paxkenue u
€ro THUCTOTpaMMa.

; /T
O LT
VI N
T @ 7 T T T, @ T,
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Puc. 4. IIporecc pacTsKeHUS B CKAaTHSI THCTOTPAMMBI € 3€PKaIbHBIM
oToOpakeHreM 00pe3aHHBIX KpaeB III00aTbHON THCTOTPaMMBI
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I T T T 7,
Hanoxenune kpaes ®parmeHT Hanoxeuue kpaen
rHCTOrpaMMbl 6e3 UCXOIHOMI TUCTOrPaMMbI €

UHBEPCHUH TUCTOTPAMMBI HHBEpCHUEH

Puc. 5. O6pe3ka kpaeB, pacTsHKEHUE IICHTPATLHOU YaCTH THCTOTPAMMBI U
HAJIOXKEHUE 00PE3aHHBIX KpaeB 0€3 MHBEPCUU U C MHBEpCUCH

Ounenka 3)(peKTHBHOCTH AJTTOPUTMOB CKATHS THCTOTPAMMBI
B Ta6:x1. 3 u 4 npuBeseHbI BHIMTPHIIIHA MoguduuupoBanHoro anroputMa HECSm B cpaBHeHMH ¢
anroputMoM AHE B mponuenTax no kontpactHoctu D, cpennemy rpaauenty G,, sHtponuu E, u

KOJMYECTBY JIOKAIbHBIX SKcTpeMyMoB N ., ycpeaHeHHble Omokam 64x64 mukceneit n 94

HK-u300pakeHusIM, pa3ieleHHbIM Ha 6 THUIOB B 3aBHCUMOCTH OT ()OPMBI THCTOTpaMMBI TIOCIE
aJalTHBHOM SKBaNM3aIuu (CM. puc. 3).

Ta6n. 3. Beiurpeimu aaroputma HECSm B cpaBuenun ¢ aaroputmom AHE npu pasmepe 610ka 32x32

XapaxTeprcTika Bourpeinm anroputma HECS B cpaBrennu ¢ AHE o tunam MK-u3o6paxenmuii
Ty 1 Tym 2 Tum 3 Tum 4 Tum 5 Tum 6
Dy 13,45 16,95 13,32 15,48 13,88 8,33
G, 19,01 36,61 23,22 22,69 13,76 11,53
| 31,12 59,73 46,67 27,96 44,16 21,15
N 7,65 10,60 7,98 12,99 3,05 10,04

Ta6n. 4. Beiurpeimu aaroputma HECSm B cpaBuenuu ¢ aaroputmom AHE npu pa3smepe 610ka 64x64

Bomrpeimmm anroputma HECS B cpasaennn ¢ AHE no Tumam MK-u300paskennit

XapakrepucThKa T 1 Tum 2 Turm 3 Tun 4 Tun 5 Tun 6
D, 23,12 24,02 19,86 16,62 13,21 12,57
G, 41,71 46,22 46,01 42,52 19,03 35,80
E, 41,35 57,97 59,24 41,06 59,23 40,91
N e 11,31 9,35 9,64 17,79 4,85 20,00

W3 Tabn. 1-4 cnenyert, uro ans MK-uzo0paxkeHnii Bcex THIIOB MPH JOOBIX Pa3MepoB OJIOKOB
anroputm HECSm npeBocxonut anroputm AHE no xapakrepuctukam Dg; (#a 13,6 % npu pasmepe

Onoka 32x32 nukceneid, Ha 18,2 % mpu pasmepe Gioka 64x64 mukceneit), G, (1a 21,1 % npu pasmepe
Omnoxa 32x32 nukcenei, Ha 38,6 % npu pazmepe O610ka 64x64 nukceneii), E, (na 38,5 % mpu pasmepe
Omnoka 32x32 nukceneit, Ha 50,0 % mpu pa3mepe Onoka 64x64 mukceneit) u N . (Ha 8,7 % npu pazmepe

Omoka 32x32 nukceneld, Ha 12,2 % npu pasmepe Ooka 64x64 nuxceneit). [Ipu sTom anropurm HECSm
npeBocxout anropurMm-nipororunt HECS no xontpacty ans UK-u3o0pakeHuit Bcex THUIIOB MPH BCEX
pa3mepax 011okoB (B 1,6 paza npu pazmepax 010koB 32%32 nukcenel, B 2,6 pa3a npu pazmepax 0J0KOB
64x64 nukceneit); no xapakrepuctukam G, (8 1,4pasa)u E, (8 1,4 pa3a) npu pazmepax 6;10koB 32x32

nMKcenei; no xapakrepucruke G, mpu pasmepax 0J0koB 64x64 nukcenel s n3oopakeHnii THIoB 1

u 5; 1o xapakTepuctuke E, mpu pasmepax 610xoB 64x64 nukcenei 1 n3o0paxeHuii Tunos 1-5.
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3akiIoueHne

[pennoxxeH MoANGUIMPOBAHHBIA aITOPUTM aJalTUBHON SKBAIM3AINH, PACTSHKCHHS U CKATHS
THCTOTPaMMBbI, OCHOBaHHBIM Ha HHBEPCHHU ¢ 00pe3aHHBIX KpaeB. [Ipy cokaTuy THCTOTrpaMMbI HHBEPCHS
ee KpaeB TO3BOJISIET COXPAHUTh KOPPEISILHUIO 3HAUYEHHH M KOHTPACT AJsl OOJbIIEH YacTH CMEKHBIX
nukceneil n3o0paxenus. [Ipy yMeHbIIEHHH AWHAMHYECKOTO JHAaNa3oHa MPEUIOKCHHBIN aITrOpUTM
noBbIMaeT 6Jo4YHbIN KoHTpacT nanamadTaeix UK-u3o6paxenuit Ha 13,6 % — 18,2 % npu paszmepax
05okoB OT 32%32 mo 64x64 mmKceneld MO CPaBHEHUIO C AITOPUTMOM aJalTUBHOW SKBaJIH3aluU
THCTOTPAMMBI.

DYNAMIC RANGE COMPRESSION OF INFRARED IMAGES WITH
ADAPTIVE EQUALIZATION AND HISTOGRAM EDGE INVERSION

S.I. RUDIKQV, V.Yu. TSVIATKOU, A.P. SHKADAREVICH

Abstract. A modification of the algorithm of adaptive equalization, stretching and compression
of the histogram, based on the inversion of its clipped edges, is proposed. In histogram compression,
edge inversion preserves value correlation and contrast for most adjacent pixels in an image. It is
shown that with a decrease in the dynamic range of landscape IR images, the proposed algorithm
increases the block contrast in comparison with the adaptive histogram equalization algorithm.

Keywords: image dynamic range compression, infrared images, histogram equalization, histogram
inversion.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VIIK 621.391.26

AJII'OPUTMBI NPEABAPUTEJIBHOI'O KOJAUPOBAHUA C YYETOM
COCTOsIHUS KAHAJIA CBA3U AJ151 BECITPOBOJAHbBIX CUCTEM MIMO

X.A. ©AM, C.b. CAJIOMATHH

Benopycckuii cocydapcmeennblii ynusepcumem uHgpopmamuxu u paouodnekmponuxu, Pecnyonuxa benapyco

Hocmynuna 6 peoakyuro 28 pespans 2022

AHHoTanus. B craThe paccMaTpuBaeTcs arOpUTMBI TMHEHHOTO IPEABAPUTENBHOTO KOAUPOBAHUS
C MCIOJIb30BaHNEM WH(OpPMAIIMU O COCTOSIHUM KaHasa Ha nepenatomnieil cropone cuctemsl MIMO.
PaccmatpuBaercs cuHTE3 M 3(P(PEKTHBHOCTH aITOPUTMOB IIPEIBAPHTEIHLHOTO KOAWPOBAHUS,
OCHOBaHHBIC HAa HCIIOJb30BAHWU CIEAYIOIINX KPUTCPHEB: B3aMMHOW HWH(OpMAINH, MHUHUMYMa
BEPOSITHOCTH ITOTIAPHON OMNOKH, MUHIMYMa CPEIHEKBAAPATHUCCKOHN OIIHOKH.

Knioueswie cnosa: cucrema MIMO, nrdopMmarus o cocrosann karaiaa — CSI, mpocTpaHCTBEHHO-
BpemeHHoe koaupoBanue (STC), uneansnas CSI, koppemsuus 3amupanuit CSI, nnaammaeckas CSI.

BBenenue

B coBpemenHy10 310Xy 06€CIpOBOIHON CBA3M HEYKIOHHBIM POCT YHCIIA ITOIh30BATENEH COTOBOM
CBSI3U M MX OI'POMHBIE MOTPEOHOCTH B CKOPOCTH Iepelauyd JaHHBIX TPeOyIOT HOBBIX AOCTHXECHUH B
CYIIECTBYIONIEH COTOBOM HWHQppacTpyKType. SIBISSACh KIFOUEBOM TEXHOJOTHEH Il  CHCTEM
OecripoBoHON CBsi3u S5-ro mokoneHus (5G), TeXHONOTHS MaccoBOro BBoja-BeiBoga (MIMO) B
HACTOsIIIEe BpeMsI SBISIETCS] OJHOM M3 MPUBJIEKATENbHBIX TEXHOJIOTUH A1 OyayIiero 6ecripoBOJHOTO
nocryma. [Ipeanockuikoi yis UeIoib3oBanust MaccuBHoro MIMO siBiisietcst TO, 4TO 0a30Basi CTAHIIMS
JIOJKHA MoJTydaTh MH(pOpMaIuio o coctosiuu kanaina (CSI) kaHalia HUCXOISAIICH JTMHUN CBA3H.

YroObl yIOBIETBOPUTEL TPEOOBaHMUS OIB30BATENEH COTOBON CBSI3M, MHOTHE METOJIBI IIEpEAayH,
TaKkue Kak OUTOBas 3arpy3ka, KOAMPOBAaHHE, METOJbI MPEIBAPUTEIHLHOTO KOJAUPOBAHMUS, aAallTHBHAS
MOJYJISIIKS, TUTAHUPOBAHWE C YYETOM KaHama ¥ T.J., JOJDKHBI MMETh TOYHYI HH(POPMAIHUIO O
cocrosHun kaHana (CSI) Ha cTopoHe mepemaTdmka, 4TOOBI JHOOMTHCA 3HAYUTEIHHOTO BBIMTPHILIA.
Kpome Toro, Tounas CSI 3Ha4MTeNBbHO YIydIIaeT HPOM3BOAMUTEIBHOCTH MHOTHMX OECHpPOBOIHBIX
TEXHOJIOTHH, HampuMep, MHOXXECTBEHHBIX BXOJIOB M MHOXECTBEHHbIX BbIX0Z0B (MIMO),
CBEPXHAJICKHBIX TIepeIay, PETPAHCIIAINK U 3alTUThI (hU3ndecKoro yposHs [1-7].

B pexxume gymiekca ¢ BpeMeHHbIM pazaeneHueM (TDD) 6azoBas cranuus MoxkeT noiydars CSI
HUCXO/ISIIEH JTMHUN CBSI3M U3 KaHajla BOCXOAIIEH JIMHNH CBSI3M HAa OCHOBE B3aMHOCTH KaHaJoB [2]. B
peKuMe JymieKca C YacTOTHBIM pasfeneHueM kaHaioB (FDD) B3aumHOoCTh Oomnblie  He
nogaepxkuBaercsi, 1 CSI HucXoasIeld JTMHUM CBA3M HEOOXOIUMO OLEHHBATH B ITOJIB30BATEIILCKOM
000pYyZOBaHMH Ha OCHOBE MMUJIOT-CUI'HAJIA U BO3BpamaTh o0patHo B BS.

bonee Toro, Tounas CSI mo3BoisieT ympocTUTh NPUEMHUK 3a CYET MPeNBapUTEIHLHOrO
koaupoBanua MIMO Ha mnepenaTtumke, MOBBICUTH HAJEKHOCTh M 0oOJiee BBICOKYIO MHPOITYCKHYIO
CHOCOOHOCTP KaHana u T.4. g nonyuenus 3tux npeumyinects 6e3 CSI Ha nepenaryrke He 0OOUTHUCE.
Anropurmsl Tounoi CSI, sBIIstOTCS anb(oi ¥ OMEroi COBpeMEHHOM HHPPACTPYKTYPhI OSCIIPOBOHON
CBSI3H.

Ha nepenatoeii cropone, AByMsi OCHOBHBIMU KOMIIOHeHTaMK 00paboTk MIMO nepenaBaemoit
WHQOpPMAIUK  SBISIOTCS — MPOCTPAHCTBEHHO-BPEMEHHOE  KOJIUPOBAaHWE ¥ MPElBapUTEIHLHOE
KOAWpOBaHWE (WM  «IIpeKkoaupoBaHuey). IIpexomupoBanue TmpeacTaBisgeT coboOi  MeTo[,
WCIIOJIB3YIOIIME HHPOPMAIHMIO O KaHalle, IOCTYIHYIO B IepeaaTyrke. Mcnoap3oBaHue Ha Iepeatomeit
CTOpoHe HH(OpMAIMU O COCTOSHUM KaHaja CBS3M IO3BOJIIET YBEJIMYUTH CKOPOCTHb Iepeladu
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UH(OPMAIIUH, YIYYIIMTh 30HY MOKPBITHSA W YMEHBIIHTH CJIOKHOCTh peaiu3allid MPHEMHHUKA B
6ecrpoBoHbIX crctemax MIMO [1, 2].

B mHactostmeit paboTe pacCMaTPMBAIOTCS AITOPUTMBI  HPEIBAPUTEIHLHOTO KOIMPOBAHHMS,
OCHOBaHHBIE HA HCIOJB30BAHUU CJIEAYIOIINX KPUTEPUEB: B3aUMHOM HH(MOpPMAIMH, MHHAMYyMa
BEPOSATHOCTH TIOMAPHOW OIMIMOKH, MHHHUMyMa CpPEIHEKBAJpATHYECKOl ommoOku. OieHnBaeTcs
5} (HEKTUBHOCTD TIPUMEHEHUSI TIPEIAraeMbIX AJITOPHTMOB.

Mopean npeaBapuTeIbHOT0 KOAMPOBAaHUSA B 0ecnpoBOAHBIX cucTemax MIMO

CymecTByeT MHOXECTBO (hopM mpencTtaBieHUsT WHPOPMALUM O COCTOSHUM KaHana Ha
nepeaolle CTopoHe:

—TouHas MHGOPMALUS O COCTOSIHUM KaHala B KaKAbIM MOMEHT BPEMEHHM WJIM HICaIbHbIH
MHQOpPMAIUs O COCTOSIHUY KaHana (uaeanbHas CSI);

—4acTo ObIBa€T TPYAHO IMOJNYYUTh B KaHAJE C 3aMUPAHMSIMU — HHGOPMALUS O KOPPEIALUU
3aMUpaHui B KaHaie (koppemsiuonHas CSI);

—uHbopMalMg O KOppEesUUH 3aMHpPaHMd M O CpeJHeM 3HAaueHWH MaTpUIbl KaHal
(mmaamuyeckas CSI).

Pazpaborka mpexoampoBaHus s OecmpoBogHOW cBsizm MIMO B mocnennwe Toabl Oblia
AKTUBHOM 00JIACTBIO HCCIIECA0BAHHI B HACTOSIIEE BPEMsI HAXOAUT IPUMEHEHUE B HOBBIX OECIIPOBOIHBIX
CTaHJapTax.

CrpykrypHasa cxeMa cucteMbl MIMO cBsi3u ¢ mpekoaupoBaHUEM, IpuBeacHa Ha puc. 1. Ha
nepeAaroLIel CTOpPOHeE Mocje KOAepa, CUrHaN HOABEPracTcs JIMHEMHOMY TPe00pa30BaHMIO C TIOMOILBIO
Matpullel F 1 3aTem nocrymnaer B kaHai csizu MIMO ¢ marpurieit kanana H. Marpuna F nuneitHoro
npeoOpa3oBaHus ONPEeNseT AITOPUTM JIMHEHHOTO IPEKOJUPOBAHUS.

M

_— Komep Mpexomep F Kanax H | JHexonep —>

Puc. 1. Crpykrypnas cxema cucteMbl MIMO cBsi3u ¢ npekogupoBaHUEM

Kozmep coaepxuT OJNOK KaHAJIbHOTO KOAWPOBAHHS M OTOOPaKEHHsT CHMBOJIOB, KOTOPBIH
JIOCTaBIISIET BEKTOPHBIE CHUMBOJIBI B TpeKojep. Mojenb MPUHAMAeMOro CHUTHAala B CHUCTEME CBSI3U
MIMO c nuHeWHBIM IpeKOANpOBaHUEM (IIPHBEICHHAs Ha pUC. 1) MOXeT OBITh 3alucaHa B CIIeTYIOIIHM
BeIpaXKeHueM [3-7]:

Y = /E.HFC +n,
s n (1)

riae E,— MoIIHOCTh IepesaBaeMoro CUrHamia, 1 — aJAuTHBHbINA Oelblii TayCCOBCKHIA LTy M.

PaccMaTpuBaeTcss CHHTE3 CIEAYIOIIUX aJITOPUTMOB IPEKOAMPOBAHHSA, OCHOBaHHBIA Ha
WCIIOJIb30BaHUN HM3BECTHBIX KPUTEPHUEB: KPUTEpUil B3aMHOM HMH(OpMalUWHU, KPUTEPUH MHHUMYMa
BEPOSTHOCTH MONIAPHOHN OIUOKH, KPUTEPUIl MUHIMYMa CPETHEKBaAPATHICCKOM OITUOKH.

1. CunrynapHoe pasjiO)K€HHE NPEKOJUPYIOLe MaTpullbl F  OmMchIBaeTCs — ClIEAYIOIIEM
BeIpakeHun [3—7]:

F=U_DV/. 2)

2. [lpexkoaupoBaHue [yIs CiIy4as, KOIria Ha rmepeaaronieii cropoe umeercs uiaeanbhas CSl. [pu
uneanbHom CSI kanan MIMO wucnonb3yer cuHryssipHOE pasiokeHue MaTpuisl H [3-7]:

H=U, ZVHH ' 3)

ONTUMAaJIbHBIE HANpPABJICHUs Jyded — mpenactasieHue kaHana cBsisu MIMO B Buae coBokymHocTH
napajyieNbHBIX KaHaloB, IyTeM JIEBBIE CHHTYJSIPHBIE BEKTOPHI NpeKoaupyromeid maTtpuubsl F,
OTIPEJICIISIONINE HANPABJICHUS JTydel, JOJDKHBI COOTBETCTBOBATh NPABBIM CHHTYJISIPHBIM BEKTOpaM
matpuiel H, To ects U =V,,.

13



3. llpexomupoBanue Jyis Cioydas, KOTJIa Ha Tepeaaroleil CTOPOHE HMEETCS KOppesius
samupanuii CSl. [Ipeanonaraem, uro B kanaie MIMO umeer koppesius Ha Iepeaarolieii CTOpoHe, a
KOppeIAIHs Ha preMe oTCyTcTByeT. Matpuiia H B 3ToM city4yae onuchiBaeTcs Kak [3—7]:

_ V2

H=H,R", (4)
ONTUMAJIbHBIC HAIPaBICHUS Jydel, Ol BCEX KPUTEPUEB CHUHTE3a AJITOPUTMOB MPEKOIUPOBAHUSA,
COBIIAJIAIOT C COOCTBEHHBIMHM BEKTOpaMH KOPpEIANMOHHOM MaTtpuubsl R :U. =U,, rae marpuna U,

BXOJIUT B CHHTYJISIPHOE PA3okKeHne KOPPESIUMOHHON MaTpupl R 1R =U,A U,

4. IlpekopupoBanue Uisl caydasi, KOTJa Ha Imepearonieii cropone uMmeercs quHammdeckas CSI.
Marpuna kaHana H JaHHOTrO city4asi OIHCBIBACTCS CIIEIYIOIIEM BbIpaxkeHHeM [3—7]:

H=H+H_R", (5)

rae H = E[H] — cpennee 3nauenne marpuust H.
Pelrasi KBa3HONTUMAIBHBIX HAMpaBJieHuii yyeii nomyuaem: U, =U,, rae marpuna U, BXOmuT

B CHHTYJIIpHOE pasnoxkenue Matpuisl H™"H + MR :
H"H + MR =U_A U (6)

MogenupoBaHue NPUBEICHHBIX BBIIIE aJTOPUTMOB MO3BOJIMIIO TIOIYYUTh CIEAYIOIHUe rpaduku
3aBUCHMOCTEH BeposTHOCTH omOky Ha 6uT (BER) oT oTHOmEHus curHan/mrym (SNR).

Pe3yabTaThl MOEJIHPOBAHUSA

Ha puc. 2 nmponemoncTprpoBanbl 3()()EKTHBHOCTH BEPOSTHOCTH MOSABICHUNA OMIMOKH, KOTJa Ha
nepeparonield cropone umeercss wuaeanbHas CSIl. AJIropuTMBI MPEKOAWPOBAHHS OOECIICUHBAIOT
3HAYNTEJILHBIN BBIMI'PBIII, I/I3MepeHHI)II\/'I KaK B HECKOAWPOBAHHOM, TaK U B KOAWUPOBAHHOM PCIKUME. B

HEKOJMPOBAHHOM pEXHMe, TIpu BeposTHOocTH 107° Bpmrphim 4 1B; B KOAMPOBAHHOM pEXHME, MpH
BeposTHOocTH 10™° BHIMrpHII 2 15.

MIMO system 4Tx 4Rx with perfect CSI MIMO system 4Tx 4Rx with perfect CSI

O No Precoder ©  No Precoder
O  Optimal beam directions O  Optimal beam directions

BER
BER

-4 -2 o 2 4 6 8 10

SNR (dB) SNR (dB)
a 0

Puc. 2. DddekTHBHOCT MPEKOMPOBAHKS B CIydae Ha Mepeaarolieii ctopoHe nMeet uneanbayro CSl:
a — 6e3 KOMPOBaHUSL; O — C IPOCTPAHCTBEHHO-BPEMEHHBIM KOJAMPOBaHNEM

Ha puc. 3 nponemoncTpupoBanbl 3Q(HEKTUBHOCTH BEPOATHOCTH MOSABICHUN ONIMOKH, KOTJa Ha
nepenaromieid cropoHe wumeercs koppemsiuoHHas ~CSl. IlpekomupoBaHust oOecleuuBaIOT
3HAYUTENLHBIA BBIMTPHINI, U3MEPEHHBIH KaK B HEKOJUPOBAHHOM, TaK M B KOJAMPOBAHHOM pexume. B

HEKOJMPOBAHHOM pEXKHUMe, Tpu BeposaTHOocTH 10™° Bpmrpbim 4 1B; B KOAMPOBAHHOM pEXHME, HPH
BepositHOCTH 10™° BhIMTpHIII 2 AB.
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MIMO system 4Tx 4Rx with correlation CSI ) MIMO system 4Tx 4Rx with correlation CSI

@ No Precoder © Mo Precoder
g O  Optimal beam directions o Optimal beam directions
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Puc. 3. DppexTHBHOCTS IPEKOANPOBAHIS B CIIydae Ha Iepealonield CTOpoHe nMeeT Koppesuonayio CSI:
a — 6e3 KOIUPOBaHUSL; O — C IPOCTPAHCTBEHHO-BPEMEHHBIM KOJIMPOBAHUEM

Ha puc. 4 npoaeMoHCTprupoBaHbl 3(()EKTUBHOCTH BEPOSTHOCTH IMOSBJIICHUH OIMIMOKH, KOT/Ia Ha
nepenaromeld cropone mmeercs amHamudeckas CSI. IlpexkoampoBanus o0ecriednBarOT BBIUTPHIII,
U3MEPEHHBIH KaK B HEKOAWPOBAHHOM, TaK U B KOAWPOBAHHOM pEKUME. B HEKOAMPOBaHHOM pexuMe,

-5 -5
npu BepositHocTH 107 BhIUrphIn 4 AB; B KOAUPOBAHHOM pekuMe, TIpU BeposaTHOCTH 107 BBIMTPHIIT
2 nb.
o MIMO system 4Tx 4Rx with mean and correlation CSI 100 MIMO system 4Tx 4Rx with mean and correlation CSI
10% ¢ 3

' No Precoder ' No Precoder
O  Optimal beam directions

O  Optimal beam directions
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108 L L L L L L L ] 106 L . L L . . " .
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SNR (dB) SNR (dB)
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Puc. 4. DpdekTUBHOCTH MPEKOIUPOBAHUS B ClIydae Ha MEepeaarolieii CTopoHe uMeeT nuHamudeckyro CSI:
a — 0e3 KoaupoBaHus;, O — ¢ MPOCTPAHCTBEHHO-BPEMEHHBIM KOIMPOBAHUEM

3akiIoueHne

B paborte paccMOTpeHBI aNropuTMbl MpPEABapUTEIBHOrO KoxupoBaHus B cucreme MIMO c
UCIIOJIBb30BaHUEM B CXeMe 00paTHOM cBsi3u MH(OpMaIuu o coctossHun kanana (CSI) kaHana.

AHanu3 MOJIETMPOBAHHS aJITOPUTMOB MTPEKOUPOBAHUS st pa3nudHbix hopm CSI| mpuBomut k
CIeNyroIUM pe3ynbrataM. [IpuMeHeHue anropuTMOB MPEKOJWPOBAHUS TIO3BOJISIET TOIYYHUTH
JIOCTATOYHO OOJIBINIOH BhHMrphIm. CyliecTByeT 3aBUCUMOCTb Kak oT CSl, Tak 1 OT KonuuecTBa aHTEHH,
KOHQHTI'Ypallu CHCTEMbl M OTHOIICHHS CUTHAI/IIYM. BBIMTPHIN MPEKOIUPOBaHUS OOBIMHO
yBEeNIMUMBaeTCs C yBenndeHueM konuuyectBa aHTeHH. Korma CS| wmpaeanbHa, mpexonepsl Takke
00ecnevnBaroT JOMOTHUTENBHBIA BEIUTPHIII OT Pa3HECEHNSI.

BreIurphI OT MpexoanpOBaHUS 3HAUMTENIEH KaK B HEKOJMPOBAHHOHM, TaK M B KOJAMPOBAHHOM
oOmactsx. Bemrpeim 3aBucut ot CSI, koiauyecTBa aHTEHH, KOHQUTYpALlMH CUCTEMbl M OTHOLICHHUS
CUTHAJI/IIyM. BBIMIPBHII NpeKoAupoBaHMsS OOBIMHO YBEIWYHMBACTCS C YBEIMYEHHUEM KOJIMYECTBA
antend. Korga CSI uneansHa, mpekoaephl 00ECIIEYNBAIOT JOITOJTHUTEIBHBIN BRIUTPHIIT OT PA3HECCHUS.

[Ipexkoaupyromme MaTpUIbl, ONITUMAIbHBIE 10 KPUTEPUSM B3aUMHON HH(POPMALIMU U MUHUMYyMa
CPEIHEKBaPATHUECKON OIMOKM, MMEIOT OJHU U T€ K€ MPaBble CUHTYJISAPHBIE BEKTOPBL. DTH BEKTOPHI
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ONPENENAIOT HaMpaBiICHUs MPOCTPAHCTBEHHBIX Jy4eil, KOTOphIC 3aBUCAT OT HMEIOLICHCS Ha
nepenaroreit cropone CSI.

[Ipexonupytomyie  MaTpwIbl, ONTHMadbHBIE TIO BCEM ONHCAHHBIM KPUTEPUSIM W
MpeTHA3HAYCHHBIC JIJISl HCITOJIb30BAHUS B YCIOBUSX Pa3IMYHOrO 00beMa MH(POPMAIIUY Ha IepeAaroneit
CTOpOHE 0 CBOMCTBaxX KaHaia cBs3u MIMO, IMerOT OHH U Te K€ TPaBble CHHTYJISPHBIE BEKTOPHL. 13
3THX BEKTOPOB COCTABIIACTCS ONTHUMAalbHAS NPEKOAMPYIOMIAs MaTpHulla, KOTOpas COTJlacoBaHa C
KOPPESLUOHHOM MaTpulieil Q mpoCTpaHCTBEHHO-BPEMEHHOTO KO/1a.

PRE-CODING ALGORITHMS CONSIDERING COMMUNICATION CHANNEL
STATE FOR WIRELESS MIMO SYSTEMS

H.A. FAM, S.B. SALOMATIN

Abstract. The article deals with linear precoding algorithms using channel state information on the
transmitting side of a MIMO system. The synthesis and efficiency of precoding algorithms based on
the use of the following criteria are considered: mutual information, minimum pairwise error
probability, minimum mean square error.

Keywords: MIMO system, channel state information — CSl, space-time coding (STC), ideal CSI,
CSlI fading correlation, dynamic CSI.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VK 621.391.84

BJIUSAHUE BUBPAIIMIA HA ®A30BBIE IITYMbI KBAPIIEBBIX TEHEPATOPOB

B.H. KHIMKO, HM. HAYMOBHY, M.B. JIABBIJIOB, B.1. )KYPABJIEB

benopyccxuii cocyoapcmeennvlii ynusepcumem ungopmamuru u paouosnekmponuru, Pecnybnuxa Benapyce

Hocmynuna 6 peoakyuro 18 gpespans 2022

AHHoTanus. Papaborana cxema cTeHma Uil U3MEpeHHs (a30BBIX IIYMOB KBapLEBBIX
resepaTopoB. IIpuBeneHs! pe3yabTaThl U3MEPEHUH (a30BBIX IIYMOB IIPU OTCYTCTBHH M HAJUYUH
BUOpauuii KBapueBbIX reHepaTopoB Mopuon u Wenzel.

Kniouegvie crnosa: GpazoBbie ITyMbl, BUOPAIHH.

BBeaenne

Bricokoctabunbnabie  kBapueBble  rerepatopsl  (KI')  sBISIOTCS  pasno3neKTPOHHBIMU
YCTPOMCTBaMH, BhIpA0ATHIBAIOIIMMU CHUTHAJl MOCTOSHHON YacTOTHI C BBICOKOH TeMIIepaTypHOH u
BPEMEHHOH YCTONYMBOCTBIO, HU3KUM YpoBHEM (a3oBbIX HIyMOB. OIHAKO HpH JKCILTyaTallid Ha
noIBKHBIX 00bekTax KI' moaBepraercs BO3AECTBHIO MEXaHUIECKOW BUOpAITNeid, KOTOpast BIUSET Ha
4acTOTy U (pa3y reHepupyeMoro CUrHaa.

CrabunbpHOCTB 4acTOTHI U (azoBblie nrymbl KT sBisitoTcst Hanbosee BayKHOM XapaKTePUCTHKOM.

AHaan3 1ecTaduIn3upPYIIINX BUOPAIIMOHHBIX BO3/IeiiCTBHIl PAa3INYHBIX 00bEKTOB

CoBpeMeHHbIE PaInO3IEKTPOHHBIE KOMIDIEKCH OCHAIIEHBI PaINO3JICKTPOHHOH aImapaTrypoi u
CUCTEMaMHM, KOTOpPbIC BBINOJHAIOT (YHKIMM YIPABICHMs, KOHTpPOJIA, OOHApy)XEHHWs, HaBEICHUS,
KOOpJMHAIINH, CBSI3U U Apyrue PyHKIuu [1]. DTH cucTeMBI pa3MeNIaloTcs Ha TIOJIBMKHBIX 00bEKTax —
camoJieTax, BepToyieTaX, KOpaOisiX, OECHHJIOTHBIX JIETAIBHBIX armaparax, aBTOMOOWIBHON U
I'YCEHUYHOW TEXHHUKE, paKeTaX, CIyTHHKaX — W MpU padoTe MOJBEPralTCs BO3JACHCTBHIO LIEIOTr0
KOMIUIEKCa JIeCTaOMIM3UpyImuX ¢pakTopoB. OpUESHTUPOBOYHbBIC 3HAYCHHUS MapaMeTPOB BHOpAIIWH,
MOJyYEHHBIX TIPU CTATHCTUYECKOM OOOOIIEHWH OMBITHBIX JIAaHHBIX JIJII HEKOTOPHIX BHJIOB
MEXaHUYECKUX BO3CHCTBUMN, MPUBEACHBI B Ta0JI. 1.

Tab6n. 1. XapakTepucTuku BUOpauuid, AedicTBYIOIKUX HA annmapaTypy,
YCTAHOBJIEHHYI0O HA MOABUKHBIX 00beKTaX

Hcrounuk Bubpanuu XapaxkTepuCTHKN BUOpaIin
HacToTsl BO30YKIArOIMX KoJdeOanuii moaseckn Mamuabl 2+10 I,
TpaHcriopTHBIE CpeicTBa KOJIECHOTO THIIA Ky3oBa 8-15 I', yckopenue 1 g, 4acTOTHI BO3OY)KACHHMS IBUIaTeIs
20-60 I'y

YV napHoB030Yy>K1aeMble BuOpanuu B ananasone yactot 400—700 I'n,
aMIUIMTya KosiebaHui Ha HU3KUX 4yacToTax +0,25 MM
YacToTsl BO30YKAAOIKX KOJICOAHUH M YCKOPEHHs: KOpMOBas 4acThb

TpaHCHOpTHBIe cpeacTtBa ryCEHMYHOTO TUIIA

Kopatu» 2-35 T, 0,05-0,5 g
YacroTsl Bo30yxaenus 3—500 ', ammnTyna konebanuii £3,8 MM Ha
HHM3KHX 9aCTOTaX

Camouter

Axycrnueckre BuOpanun ¢ yactoroit 1o 130 Kriy Ha yposae 150 nb
BBIIIIE 3BYKOBOTO MIOPOTOBOTO YPOBHSI

YactoTsl Bo30yxaatomux konebanuit 30-5000 I'u, yckopenus 5-30 g.
Ha y4acTke pe3oHaHca BO3MOXHBI yckopeHus 1o 40 g.

Axyctnueckue BuOpaiuu ¢ yactotoi 1o 10 Kriy va yposue 130 b
BBIIIIC 3ByKOBOFO HOpOFOBOFO ypOBHf[

YHpaBHﬂeMBIe CHaps bl
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BozaeiicTBue BHOpanuy Ha KBapueBble reHepaTopbl

Jns wccnenoBanmsa xapaktepuctuk KI' HEoOXommMo BO3mEHWCTBHE Ha HETO KaKOTO-THO00
BHemHero (aktopa. s HaHHON menmu BBIOpaH aiIUTUBHBIA OENbI TayCCOBCKHH ITyM - 3TO BHJ
MEIIIAIOIIEro BO3ICHCTBUS B KaHaie nepenadn uHdopmanuu. /[uana3zon BuOparuii, KOTOPEIMU OyIeT
npousBoanThes BozneiicTere Ha KI', Beroepem ot 10 ['m mo 2 x['m. AnauTrBHBIN Oenblii TayCCOBCKUI
IIyM B JaHHOM [Wamna3oHe OyJeT HWMEeTh XapakTepUCTHKH, HanOojee NpHOIKEHHBIE K TEM
BO3JICHCTBUSAM, KOTOPBIE OYAyT UMETh MECTO B PEaJbHBIX YCJIOBUSAX. B KadecTBe BO3MYIIAIOLIETO
BO3JICHCTBUS TpH aHanu3e ciydaiiHpix BuOpammii Ha KI' 3amaHa 3aBUCUMOCTBH IIMPOKOIOJIOCHOM
ciyqaiinot Buopanuu (ILICB) ot gacToT konebannii B Buze, 0ToOpakeHHOM Ha puc. 1.

4 PSD(g/Hz)

004 F———————

| »
>

10 Hz 350 Hz 1000 Hz 2000 Hz f,Hz

Puc. 1. I'paduk 3aBucumoctr LIICB ot gacToT KoneOaHM BO3MYIIAIONIETO BO3ICHCTBUSL

B mnanazone wactot BuOparuit 300-1000 ['m, ciekTpanbHas IUIOTHOCTH BUOpAIHid TOCTOSTHHA U
2 (93
paBHa 0,04 g°/I'm. Ha gactorax mernee 300 ' u 6omee 1000 ' cnexTpanbHast TUIOTHOCTH BHOpammid
YMEHBIIAETCs M0 3aKOH 3 1b/OKTaBy.
CxeMa yCTaHOBKH, ¢ TIOMOIIBI0 KOTopol n3Mepstorcst (hazoBbie mrymel KI' (Oe3 BozaeiicTBus u
TP HATMYUH BHOpanuii), MpuBeIeHa Ha pucC. 2.

HamepHTEns
hazoBEIX
LHIYMORB

YerpoiicTBo
KperuIeHHa KBapueBoro
reHepaTopa Ha
BHOPOCTEHIE

[TyaeT
YIIpaBIeHHS Keap1ieBsli reHepaTop TTnatdopma
£ A
-
BHOpoCcTERIOM BHOpOCTeHIa
Herounuk
THTAHHA

Puc. 2. Cxema ycTaHOBKH Juis u3MepeHusi (pa3oBbIX IIyMOB

Jns wusMepenus: ypoBHs (ha30BBIX IIYMOB HCIOJb3yeTcss aHanuzatop FSWP26  dupmer
Rohde&Schwarz. B xaduecTBe HCTOYHHKA UMHUTAIMH BO3ICHCTBHS BHEIIHUX MEXaHHUECKUX (PaKTOPOB
NpUMEHSIETCS AeKTpoAnHaMudeckuii crena TV 5220/LS-120.

Bosneiicteue 1LICB Ha kBaprueBbie renepatopsl ¢pupm Mopuon u Wenzel ocymiecTBisuiocs 1o
ocu z. O6a tectupyembix KI' TepMmoctaTupoBansl u padortaroT Ha yactore 100 MIm.

Ha puc. 3 mpuBeneHbl pe3ynabTaThl SKCIEPUMEHTAIBHBIX HccienoBaHuil reHeparopa ['K-213
¢upmbr Mopuon. [IpsaMast HakJIOHHAS JIMHUSI TTIOKa3bIBACT JIOMyCTUMBIN ypoBeHb (pa3oBbix mymoB KI'.
HwxHss KpuBasg mOKa3biBa€T ypoBEeHb (Ha30BOTO IIyMa MpW OTCYTCTBUM BHOpammii. Bepxwss
SKCIIEPMMEHTAIIbHAS 3aBMCHMOCTh NPHMBENEHA NP Hamuuuu Bubpanmii 0,04 g%/T'n. Buano, uto npu
HaJIM4YMU BUOpaLuii ypoBeHb (Pa3oBbIX MIyMoB yBennuuBaercs oT 30 go 50 ab.
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Phase Noise Measurement = =] x
File Device Plot

Frequency
Legend Start, Hz: [10
— Curent = wopmon wce 10-2Kr-K-Fu 04 nokodi  — ez nosseca bes komn ocs 2004 == Trap_Gen_Spec
Stop, Hz: |3000

Amplitude
Top, dBc/Hz: |-20
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AutoFit
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X correlation factor: |5
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Puc. 3. 3aBucumocts (a3oBeIxX mrymoB reHepaTopa ['K-213 MopuoH oT 9acToTHl BHOpannit

Ha puc. 4 npuBenena 3aBucuMocThb (ha3oBbix myMmoB reHeparopa Wenzel 100 MHz-SC Citrine
OT YacTOTHI BUOpAITHIA.

@ Phase Noise Measurement - o x
File Device Plot
Frequency
Legend Start, Hz (10

Current = noxod Z_10-2KIu = Venzel 6es komn 004 == Trap_Gen_Spec
Stop, Hz: (3000

Amplitude
Top, dB¢/Hz: |-20
40 - Bottom, dBc/Hz [-180

AutoFit

Measurement Parameters

Resolutior

X correlation tactor: | S

Carrier frequency: 0

1204

140

-160

Puc. 4. 3aBucumocts ¢azoBeix mrymoB reHepatopa Wenzel 100 MHz-SC Citrine oT 9acToTBI BUOpanuii

Bupno, uto reneparop Wenzel uMeeT 3HaUMTEIBHO MEHbIIIEE KOJMYECTBO PE30HAHCHBIX YacTOT
Kopryca reHeparopa. [Ipu 3TOM ypoBeHb MOBBINICHHS (A30BBIX IIYMOB, TAKXKE, KaK W TeHepaTtope
T'’K-213, cocraBiser 30-50 nb.

3akiIo4yenne

ITapaMeTpbl COBpEMEHHBIX PaIUO3JIEKTPOHHBIX CHUCTEM B 3HAYUTEIBHOW MEpe OMpeneisoTcs
CIIEKTPAJILHON IIJIOTHOCTHIO MOIIMHOCTH (Pa30BBIX ITyMOB (popMmupyeMbix curHaiioB. Kak BHIHO u3
JIAaHHBIX, MOJYUYCHHBIX B Pe3yJbTaTe JKCIIEPHMMEHTa, BHOpAIMs CYIIECTBEHHO IMOBBIIIAECT YPOBEHb
(dazoBeix mymoB KI'. D10 yxymairaer QyHKIUH BCEH 3JCKTPOHHOW CHUCTEMBI, KOTOpPas 3aBUCHT OT
HU3KOro (pasoBoro myma reHeparopa. J[ins oOecrieueHuss HEOOXOAMMOHN 3alIUTHI AIEKTPOHHBIX
YCTPOMCTB OT MHTSHCHBHBIX BHOpAIMil MpeljiaracTcss MCIOIb30BAHUE IMACCUBHBIX CIIOCOO0OB
BHUOPO3AIIMThI, K KOTOPBIM OTHOCATCS BUOPOU30IISIIIHS (IeMII(UPOBAHUE), TAK U JICKTPOHHBIC METOIbI
KoMIieHcanuu (a3oBoro 1yma.
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INFLUENCE OF VIBRATIONS ON PHASE NOISES OF QUARTZ GENERATORS

V.N. KIYKO, N.M. NAUMOVITCH, M.V. DAVYDOV, V.I. ZHURAVLEV

Abstract. A scheme of a stand for measuring the phase noise of quartz oscillators has been
developed. The results of phase noise measurements in the absence and presence of vibrations of
Morion and Wenzel quartz oscillators are presented.

Keywords: phase noise, vibration.
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DEVELOPMENT OF IOT NETWORK FOR PRODUCTION QUALITY CONTROL
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Abstract. The network structure for achieving quality control of production based on the Internet of
Things (lIoT) technology is constructed. 10T network elements as analyzers, cloud platform,
application port is described. Five criteria for selecting an loT cloud platform are proposed. The
mobile application for quality production is developed.

Keywords: 10T network, production quality control, 10T cloud platform.

Introduction

The Internet of Things is a collection of multiple technologies, which includes a variety of
technologies such as sensors, network communication, device information security, device compatibility
and data processing. Thus, for the multiple, large amount of data generated in the production process,
loT technology an effective technical means of quality control of production.

Currently, relevant researchers have used IoT technologies for quality control of production. For
example, an loT-based water quality monitoring system was developed in the reference [1]. An air
quality monitoring platform based on loT was created in the reference [2]. The reference [3] proposed
a smart manufacturing system engineering (SMSE) approach to design a smart product quality
monitoring system (SmartPQMS) with a practical application in steel production process as an example.
In the paper [4], an loT-based coffee quality monitoring and processing system was proposed.

However, in order to achieve quality control of production using IoT technology, a variety of
loT-based network elements need to be developed.

10T structure network for milk quality control

For the specific production quality control, for instance, the production quality control of milk, a
specific 10T network structure model needs to be constructed. The 10T network structure based on
quality control of milk production was constructed. Figure 1 shows the basic structure of this network
model. The model is composed of multiple milk analyzers, sensors, microcontrollers, gateway, 10T
cloud platform and mobile applications. The data measured by the milk analyzer is transmitted through
sensors and microcontrollers. By using the MQTT protocol to transfer the data to the gateway and then
from the gateway to the cloud platform. Pre-processing and analysis of data in cloud platform by using
the rule engine. In the cloud platform, the processing of data can be generally divided into two types,
one is to directly send the data in the cloud platform to mobile devices for processing, and the other is
to send the results of processing data in the cloud platform directly to mobile devices, so that the users
of mobile devices can directly obtain the processing results. Which way to transfer data depends on
different requirements.

Thus, an 10T network model based on quality control of milk production was constructed, but in
order to better apply and implement the model, the details of the elements in the model need to be
analyzed. The next part is the analysis of the elements in the model.
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Figure 1. The 10T network structure for milk monitoring

Milk quality monitoring

The milk quality analyzer is a device for determining the quality characteristics of milk and
products based on some indexes (fat content, density, sample acidity, lactose, sample temperature, etc.).
A complete milk analyzer usually consists of hardware and software. For the hardware part, there are
mainly included a multispectral sensor, a light source module, a quartz sample cell, a light-shielding
cover, a collimator, a Raspberry Pi, a touch displays, a booster module, a battery management module,
a Cooling fan, a Lithium battery, a power switch and so on.

For the software part, there are mainly two subsections, first subsection is data acquisition
software, another is milk compositions analysis software. The first part is to collect data (the index of
protein, fat, and density, etc.) from the milk, another part is for the analysis of milk compositions.

Port structure

With the development of sensing technology, communication technology and Internet of Things
technology, the way to analyze milk quality using loT technology corresponds to Automation 4.0.

In order to archive the Automation 4.0 on the milk quality assessment in dairy farms in different
regions. In addition to communication technology, different communication ports are also required.
However, different farms may use different type milk analyzers, the information from different milk
analyzers can be received via parallel or serial ports. That means the milk analyzers can use the different
ports and protocols. To make sure the received information to interact with the hardware of the cloud
platform, it is necessary to provide the gateways-converters. A port structure known as MOXA has
developed a solution that can make the connecting diverse devices and COM port simple [5].

Cloud environment platform

The 10T cloud platform is the central system of the entire 10T system and plays a vital role in the
entire system. The loT cloud platform is the technology fusion of the IoT platform and cloud computing.
Accordingly, the 10T cloud platform can serve as a reliable gateway between the milk quality analyzer
and the network, it can also provide cloud computing, data storage, data processing, etc., and can support
the huge amount of data generated by the devices, as well as allow bilateral communication between
devices. Of necessity, in addition to these capabilities, the 10T cloud platform needs to provide reliable
and secure data transfer capabilities. In view of the 10T cloud platform has such powerful capabilities,
there are many loT platforms emerged, such as Microsoft Azure 10T cloud platform, Google Cloud's
loT Platform, IBM Watson loT platform, AWS loT platform, Ali cloud loT cloud form, Cisco loT Cloud
Connect platform and Huawei 10T Cloud Platform, etc. However, every 10T cloud platform has its own
pros and cons, how to choose the most suitable loT cloud platform according to our requirements needs
to be evaluated based on suitable assessment metrics. Here, some appropriate evaluation metrics are
proposed for the selection of 10T cloud platforms.
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1. Scalability. A reliable 10T cloud platform must support millions of devices connecting and
communicating at the same time, and be capable of stable and normal operation, as well as supporting
the scaling of device performance and number.

2. Equipment Control Capabilities. To reliably control end devices remotely through the 10T
cloud platform, the 10T cloud platform can provide device management capabilities such as cloud
application programming interfaces(APIs), developer tools, event logs, device command and control,
diagnosis and prevention of device faults. In particular, the cloud API allows users to connect to and
access back-end services such as databases, cloud services and cloud computing, the developer tools
can be used to reprogram and manage loT devices. The event logs provide access to the most relevant
and valuable data to improve device management and operation by providing event recall capabilities.
The function of diagnosis and prevention of equipment failure can provide the latest status of equipment
operation, so that devices that are likely to fail can be detected and repaired, thus reducing property
damage and safety accidents.

3. Over-the-Air Firmware Updates capability. This capability provides the solution to send new
functionality to the device remotely and enables developers to optimize and enhance device functionality
readily and reliably. However, it is worth noting that the implementation of this function requires the
coordination of 10T hardware, device firmware, network connectivity and 10T cloud devices. The
implementation of this function is an important indicator to examine the 10T cloud platform.

4. Security. The security performance of the 10T cloud platform is also an important evaluation
indicator. Security does not only mean information and data security, but also hardware access security.
The security features of 10T cloud platforms usually include information encryption, role access control,
authentication, port control, etc.

5. Data Management. Device data can be seamlessly interfaced with the services provided by
existing 10T cloud platforms, which will reduce the commissioning and access costs for devices to
connect to the cloud platform.

These five metrics will provide a reliable evaluation system for selecting the right loT cloud
platform. Although some other indicators such as supported application protocols and cloud platform
prices are also worth considering, users can make a reasonable choice of new indicators based on their
own conditions relative to the five evaluation indicators mentioned above. According to the above five
indicators, Aliyun loT cloud platform will be a rational choice that can provide corresponding
capabilities.

Application

The smartphone is simulated in android studio, which is a powerful tool for developing Android
apps. As a result, the Milk Analyzer App was created in android studio. Figure 2 shows the structure of
the system for collecting and analyzing milk quality indicators.

ToT end device
(smartphone)

Ali cloud platform

IoT platform

Rules Engine

Figure 2. General structure of emulation of the 10T network on the Ali platform

On a mobile device, the application is divided into two sections: the login screen and the data
processing screen (Figure 3). The user's work begins with login and registration (Figure 3, a), users enter
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their username and password to access the data processing screen. In the data processing interface
(Figure 3, b), four indicators are included in this interface: lactose, fat, chloride, and protein. Users can
get data from the 10T cloud and test that data, for example, to distinguish whether it is normal quality or
mastitis milk.

MNeo0d

My Application4
B2 © 8 O 6

i ity A r
iy Aosiboatiod Milk quality Analyze

Lactose
Fat
Chlorides

Protein

YN Y Y

Milk Analyzer

DETECT

Figure 3. The section of application: « — The interface of login and registration;
b — The interface of data processing

At that some elements of the 10T network based on quality control of milk production have been
developed.

Conclusion

This paper considers some basic elements of 10T networks for milk production quality control,
such as milk analyzers, port structures, 10T cloud platforms and applications on mobile devices. First,
an loT network structure for milk analysis is constructed, then the details of 10T network elements are
described.
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Abstract. Human activity recognition (HAR) has been widely applied in the field and has good
application prospects. Various classifiers in machine learning have shown excellent performance in
their own fields. In this paper, AdaBoost ensemble classifier for human activity recognition is
proposed to improve the performance of human activity recognition technology by using a weighted
combination of multiple classifiers. The experimental results of HAR data were evaluated, and the
total classification accuracy and receiver operating characteristic (ROC) area were calculated. The
results show that the AdaBoost ensemble classifier framework proposed in this paper can accurately
identify six kinds of human activities, and the AdaBoost ensemble classifier algorithm can
significantly improve the HAR recognition accuracy.

Keywords: human activity recognition, AdaBoost, ensemble classifier.

Introduction

Human activity recognition (HAR) refers to the automatic detection of various physical activities
that people perform in their daily lives. The system helps identify the activities that people perform and
provides information feedback for intervention. Human activity recognition technology aims to perceive
the external performance of human behavior and identify its categories according to the perception
results. As a key technology that enables computers to provide services to people in a more active and
natural way, human activity recognition has attracted the interest of researchers for its wide range of
potential applications in recent years. Human activity recognition is widely used in surveillance [1],
security [2], education [3], sports [4], medical [5] and other fields.

In recent years, with the intelligent mobile devices (such as smart phones and wearable devices)
and related sensors (such as motion sensor, and skin conductance sensor) such as the rapid development
of technology, user activity recognition technology research focus is from the method based on computer
vision to the user to carry the intelligent recognition method based on other sensors on a mobile device
[6]. These emerging user activity recognition technologies based on intelligent mobile devices do not
rely on external devices and are more in line with the requirements of contemporary people for portable
activity recognition. Machine learning classifiers are often used to evaluate the prediction accuracy of
human activity recognition.

This research aims to introduce the basic process of human activity recognition and evaluate the
performance of different classifiers. The smart phone-based accelerometer has a sampling frequency of
50 Hz and collects daily life data of human activities, including walking, walking upstairs, walking
downstairs, siting, standing, and lying. Use k-nearest neighbor (kNN) [7], Naive Bayes (NB) [8], support
vector machine (SVM) [9] and random forest (RF) [10] to evaluate the data set. The research results
show that RF has the highest accuracy for human activity recognition.

This paper uses AdaBoost ensemble classifier to identify human activity data collected by human
body sensor. The traditional classification method is to find a classifier closest to the actual classification
function in a space composed of various possible functions, and the classification accuracy is often not
ideal [11]. Ensemble classifier builds a group of base classifiers from training data (base classifiers
mainly include RF, NB, SVM, KNN, etc.) and then classifies by voting the prediction of each base
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classifier. By aggregating the prediction results of multiple classifiers, the classification accuracy of the
classifier can be improved, and the weighted combination of multiple classifier models can achieve
better performance, which has been well promoted and applied in practice.

In this paper, the AdaBoost ensemble classifier framework for human activity recognition is
proposed, it shows in Figure 1.

5 Data .
Raw data H preprocessing H Segmentation
AdaBoost Feature seleciton Feature extraction
ensemble classifier |

N
E Walking downstairs
> Walking Lving
4
Siting Sanding

Walking upstairs

Figure 1. Human activity recognition based on AdaBoost ensemble classifier

Different base classifiers (RF, NB, SVM, and kNN) are compared to study the performance
evaluation of base classifier and AdaBoost ensemble classifier. Experimental results show that the
ensemble classifier based on AdaBoost algorithm is feasible in practical problems. Significantly
improved automatic HAR performance. The search for local extrema is a basic operation for many image
processing tasks.

Classification methods

AdaBoost algorithm can be applied to a variety of base classifiers to form a variety of combined
classifiers. This paper mainly selects RF, NB, SVM, KNN and decision tree C4.5 as base classifiers for
research.

Random forest is an ensemble classifier based on multiple base classifiers [10]. The construction
process of the random forest is as follows: Firstly, bootstrap sampling is used to extract K samples from
the original training set, and the sample size of each sample is required to be consistent with the original
training set. Secondly, a decision tree model is constructed for each sub-sample, and K decision trees
are trained. The last K decision trees are voted for the final classification. The random forest algorithm
constructs a decision tree for each training subset and generates N decision trees. Node splitting is the
core of the algorithm. Only through node splitting can a complete decision tree be generated. Each tree
selects attributes based on the Gini index.

Naive Bayes classifier is based on the assumption that each attribute of the sample is independent
from each other, requiring fewer parameters to be estimated and smaller error rate than other
classifiers [8]. When the correlation between attributes is small, NB classifier can achieve better
performance.

Support vector machine (SVM) is a classifier for linear and nonlinear data, which is characterized
by simultaneously minimizing empirical error and maximizing geometric edge regions [9]. It uses
nonlinear mapping to transform original training data into high dimensional data. In this new dimension,
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the linear optimal separation hyperplane is studied. By appropriately nonlinear mapping to an efficient
high-dimensional hyperplane, the maximum spacing hyperplane is established, which is discovered by
support vector machines using support vectors and boundaries. It is assumed that the larger the distance
or gap between parallel hyperplanes, the smaller the total error of the classifier. Then the covering
theorem can be used to achieve linear separation in the result feature space.

k-Nearest-Neighbor (KNN), as one of the classical classification methods, is a non-parametric
classification method based on comparison learning, which has the characteristics of simple
implementation and high robustness [7]. It is used to store all available cases into multiple categories
and predict the classification of new cases based on the nearest k-nearest neighbor. KNN algorithm uses
distance measure functions (such as Euclidean distance) to find k-nearest neighbors. Most of k nearest
texts belong to a certain category, so the samples also belong to this category.

C4.5is an extension of 1D3 [8] and classifies samples by generating decision trees. Decision tree
is an inductive learning algorithm, which extrapolates classifiers in the form of decision tree from
training sample sets and uses top-down recursive method. C4.5 uses the information gain rate function
as the classification standard, and uses the value of “classification information” to standardize the
information gain, avoiding the disadvantage of using the information gain to select attributes with more
values. Compared with ID3, it can discretize continuous attributes, process incomplete data, and prune
trees in the process of tree construction.

AdaBoost is an iterative algorithm [11]. Firstly, different training subsets are sampled from the
same training sample set, and then different base classifiers are trained with these different training
subsets. Finally, these base classifiers are combined to form a strong classifier. In AdaBoost algorithm,
each sample in the training sample set is assigned a weight, which represents the probability that this
sample is selected into the training subset by a base classifier. The AdaBoost process is shown in
Figure 2 and Figure 3.

Training sample set AdaBoost algorithm
1.Update sample
Classification algorithm Base classifier > weight
2.Get the weight of
Sample weight classifier

Figure 2. AdaBoost iterative training process

Base classifier

AdaBoost algorithm . . .
. - Final combinatorial
weighted majority [ o
. classifier
. voting
Base classifier

evaluation factor

Figure 3. The block diagram of the generation of combined classifier (AdaBoost with single algorithms)

In each iteration, the weight of the sample is updated according to whether the classification of
the sample is correct or not and the classification accuracy of the whole training sample set last time.
Then, according to these weights, sample points are selected to obtain a new training subset and train
the next base classifier. If a sample is correctly classified, its weight will increase and its probability of
being selected into the next training subset will increase, while if a sample is incorrectly classified, its
probability of being selected into the next training subset will decrease, thus making the AdaBoost
method focus on those relatively difficult samples.

In the concrete implementation process, first of all, the weight of all samples in the initial seasonal
training sample set is equal. Secondly, in the t iteration, sample points are selected according to the
sample weight to form a training subset, and the training base classifier H, is trained. All samples are

classified to improve the weight of incorrectly classified samples and reduce the weight of correctly
classified samples; the updated weighted sample set is used to generate the next training subset and train
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the next base classifier H,,, . Finally, multiple base classifiers generated by iteration are used to classify

the samples, and weighted majority voting is carried out on the classification results to obtain the final
result.
Final classifier: As shown in Figure 3, a set of base classifier h,h,,...,h, generated by iteration is

used first sample X is classified to get the classification result h (x),h,(x),...,h.(X), and then they are
voted with weight o, a,,...,0, to get the classification result.

Experimental results

Through accelerometer and gyroscope embedded in smart phone to collect speed and gyroscope
sensor data, sensor data collection of mobile phone data collection application matlab@mobile is
opened, and placed in the pants pocket of the activity, when the activity is completed, take out the mobile
phone to close the application. In the process of data collection, the scene mode of normal life was
simulated. Six basic physical activities were completed: 1. Walking, 2. Walking upstairs, 3. Walking
downstairs, 4. Siting, 5. Standing and 6. Lying. The 66 time features extracted from ACC data and
related to 6 physical activities are used in the analyzed HAR system.

Figure 4 shows the original ACC data distribution point diagram based on two features in the time
domain (TotalAccYMean and TotalAccXMean). It follows from the figure recognizing 6 classes of
activities requires design of a new feature space by mean of the classifier proposed in the paper.

TotalAccYMean

| | I | I | L
-3 -25 2 -15 -1 -0.5 0 0.5 1
TotalAccXMean

Figure 4. Distribution of ACC data activity classes in two dimensional feature space

Performance evaluation measures

In this paper, experiments are set up to evaluate the classifier to achieve consistency evaluation
of model quality and quantitative study of prediction performance of the model. Accuracy measures are
often used to evaluate the performance of classifiers. In fact, this metric measures the percentage of
correctly classified examples. In the case of binary classification, the classification accuracy can be
expressed as:

T, +Tp
Fo+Fy +T +T,

(1)

Accuracy =

where T, (True negatives) represents the correct classifications of negative examples, T, (True
positives) represents the correct classifications of positive examples, F, (False negatives) and
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F. (False positives) represent, respectively the positive examples incorrectly classified into the negative

classes and the negative examples incorrectly classified into the positive classes.

In the process of training, the training model can match the training data, but cannot match the
test set well. In order to better deal with the evaluation method of bias and variance tradeoff, this study
adopts the 10-fold cross-validation method to randomly divide the data set into 10 parts, ensuring that
each part takes turns as a test set, and the remaining 9 parts as a training set, so as to select more
appropriate parameters for the model.

Area under curve (AUC) is the area under the ROC curve. We often use AUC value as the
evaluation standard of the model, because in many cases, the ROC curve cannot clearly explain which
classifier has a better effect. As a value, the classifier with a larger AUC has a better effect. Due to the
complexity of human movement and the changeable environment, there are still many problems in
human movement pattern recognition. For example, detailed classification of different motion modes
requires more effective feature extraction and more efficient classification algorithms. In this study, we
focus on how to obtain a more efficient classification algorithm, and propose the ensemble classifier
AdaBoost algorithm. In order to suggest the feasibility of the algorithm, different base classifiers (RF,
NB, SVM, kNN, C4.5) were adopted, with the same parameters for each classifier.

The experiment divided the data set into training set and test set, and adopted the method of
10-fold cross-validation to prevent over-fitting. The tables 1 and 2 show the Classification results of
single classifier and AdaBoost ensemble classifier on activities. The total accuracy of single classifier
and AdaBoost classifier was compared.

Table 1. Multiclass classification accuracy estimation of single classifier
and AdaBoost ensemble classifier

Accuracy (%) Roc Area
Algorithm Walking ‘L’J‘I’Das't';'{r‘g qvalking | sitting | Standing | Laying AUC
RF (single) 93,4 93,5 92,9 91,3 93,8 96,8 0,99
RF (AdaBoost) 96,6 97,0 93,0 93,7 90,0 99,9 1,00
NB (single) 90,2 72,1 82,7 42,6 66,1 89,9 0,92
NB (AdaBoost) 91,7 72,9 82,5 80,0 71,6 97,2 0,96
SVM (single) 94,7 93,4 91,2 83,2 88,5 100,0 0,95
SVM (AdaBoost) 96,1 95,5 96,8 85,7 83,6 99,9 1,00
KNN (single) 84,9 86,8 93,9 82,5 65,9 96,7 0,99
KNN (AdaBoost) 93,8 94,1 94,9 66,4 68,9 98,4 0,98
C4.5(single) 91,3 88,3 87,8 91,6 89,9 99,7 0,97
C4.5 (AdaBoost) 91,8 91,1 89,8 91,2 92,5 100,0 0,97

Table 2. The total accuracy of single classifier and AdaBoost classifier

Classification Method Single accuracy (%) AdaBoost accuracy (%)
RF 93,60 95,03
NB 73,90 82,65
SVM 91,80 92,90
kNN 85,10 86,08
C4.5 91,40 92,07

Table 1 shows the classification results of single classifier and AdaBoost ensemble classifier, and
Table 2 shows the total accuracy of single classifier and AdaBoost ensemble classifier. According to the
analysis in Table 1 and Table 2, among the single classifiers, the random forest classifier performed
best, with the accuracy rate of all six kinds of activities higher than 90 % and the total classification
accuracy rate of 93,6 %. SVM and C4.5 also performed well, and the total classification accuracy of
single classifier reached 91,8 % and 91,4. However, their shortcoming lies in the uneven prediction
accuracy and the large difference of recognition effect among different activities. NB is the worst
performer overall.

As can be seen from the tables, the AdaBoost ensemble classifier has improved the recognition
of each activity and the whole model to a certain extent. After the AdaBoost integrated classifier, RF,
NB, SVM, KNN and C4.5 were increased by 1,7 %, 8,75 %, 1,1 %, 0,98 % and 1,3 % respectively. The
data show that all the classifiers mentioned in this paper have improved the classification accuracy,
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especially the accuracy of weak classifiers has been significantly improved. After using the AdaBoost
ensemble learning method, the area under the ROC curve of RF and SVM was increased to 1.

Conclusion

Human activity recognition has developed rapidly in recent years. The main steps include data
preprocessing and feature extraction, feature selection, training of classifier and implementation of
classification algorithm. Starting from classifier training and classification algorithm, this paper
proposes AdaBoost ensemble classifier for human activity recognition. In HAR, AdaBoost ensemble
classifier is combined with k-nearest neighbor, naive Bayes network, C4.5, SVM and random forest.
This class uses a weighted combination of multiple classifiers to improve the performance of human
activity recognition technology. The experimental results show that the proposed AdaBoost ensemble
classifier framework can enough accurately (95 % total accuracy) identify simple human activities,
including walking, walking upstairs, walking downstairs, and site selection, standing and lying down.
The AdaBoost ensemble classifier algorithm significantly improves HAR recognition accuracy.
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Annoranusi. PaccmatpuBaercs GopMmupoBaHne OuOIMOTEK 00pa3oB OIIMOOK NPU IBYMEPHOM
KOJIMPOBaHUM HH(GOPMAIMK Ha OCHOBE aHaJM3a U3BECTHHIX OMOIMOTEK 00pa3oB omnodok. B craThe
MOKa3aHo, YTO 00pa3bl OIIMOOK MOXKHO pa3lelisATh Ha TPH IOJIMHOXKECTBA: HETPAHCIIOHUPOBaHHBIC,
TPAHCIIOHUPOBAHHBIC U TPAHCIIOHUPOBAHHBIC CAMH B Ce04.

Kniouegvie  cnoséa:  ¢opmmpoBanue 00pa3oB  OmHMOOK, TPaHCIOHMPOBaHHBIE  0Opas3bl,
HETPaHCIIOHNPOBAaHHBIE 00Pa3bl, TPAHCIIOHUPOBAHHBIC 00Pa3kbl caMy B ceOsl.

BBenenue

JBymepHOe (WTEepaTWBHOE) KOAWPOBAaHWE TpPHUMEHseTCs s OopbOBl C  OmUOKamH,
BO3HHUKAIONIMMHU IIPH TIepeaade, 00paboTKe M XpaHeHHH HHPOPMAINH B PAANOTEXHUIECKUX CHCTEMAX,
UHOOKOMMYHUKAIIMOHHBIX ceTsix [1,2]. Tlpu JByMEpHOM KOIUPOBAaHMH KOJOBOE  CJIOBO
MMPEACTaBIIACTCA B BUIC Ta6JII/I]_[I)I 1 KOAUPYETCA IO CTPOKaM U CTOH6HaM COOTBCTCTBYIOIIMMHU KOJJaMH
C,(n,k,d;) u C,(n,,k,,d,) , rme N — ngmuHa Kozma, K — 4mcio MHOOPMALHOHHBIX CHMBOJOB,
d=d,-d,>2t+1 — xomoBOe paccTOsIHHE KOja MPOU3BEACHUS, TAe I — KPaTHOCTh KOPPEKTHUPYEMbIX

ommbok B Tabnuie AaHHbIX [3]. MecromonoxeHue ommOOK B KOJOBOW MAaTpHIE MPEICTaBISETCS
oOpa3oM OmMOOK — OWHApHON MaTpHleld, B KOTOPOH €JMHUYHBIC JJIEMEHTHI COOTBETCTBYIOT
ouIMOO4HBIM cUMBOJIaM [4].

Jnst hopmupoBanusi GUOIHOTEKH 00pa30B OUIMOOK JIEKOAMPOBAHUH UTEPATHBHBIX KOJOB B [5]
NPE/UIOKEH PAHTOBBIA METOJl, OCHOBAHHBIN HAa CHHTE3€ HCXOJIHOTO MHOXECTBAa BCEX BO3MOXKHBIX
MaTpul] C 3aJaHHBIM YHCIOM €IMHHII, ONPEICINISIONUM KpPAaTHOCTh OMIMOOK, M IMPOPSIKHUBAHHH
HCXOJIHOTO MHO)KECTBA C IMOMOIIBIO YETHIPEX MapaMeTPOB MHUHHUMH3ALMH, YYUTHIBAIOIINX PAHT H
pacnpenelieHie €IMHMIl B CTPOKaxX M CTOJOIAX WCXOAHOW Marpuusl. M3-3a Oonbimoro obdbema
MCXOJHOTO MHOKECTBA M YMCIIa ONEPALfid 0 er0o MHHUMHU3AIMN PAaHTOBBI METOJ UMEET BBICOKYIO
BPEMEHHYIO M IPOCTPAHCTBEHHYIO CII0KHOCTb. [103UIIMOHHBIN TOAX0 K POPMUPOBAHUIO OUOIHOTEKH
00pa3oB ommOoK [6], MCTIONB3YIOMMI MEHBIIMH pa3Mep MCXOIHOTO MHOXKECTBA W YIPOIICHHBIC
YCJIOBHS. MUHUMU3AIIMH, HE TIO3BOJISIET CYIIECTBEHHO CHU3UTH BBIYUCIHTEILHYIO CII0KHOCTB.

Hwmxe paccmarpuBaercst ¢opmupoBaHue OMOTHOTEK 00pa3oB OMHMOOK Ha OCHOBE aHaIH3a
M3BECTHBIX OMOJINOTEK.

AHaJIU3 U3BECTHBHIX 0MOIHOTEK 00pa30B OIUOOK

B [5, 6] nuccrnenoBanbl MeToasl HopMHUpOBaHUS OMOIHMOTEK 00pa30B OMIMOOK, OCHOBaHHBIE Ha
o0paboTke Tabmui pasmepHoctd (xi, mpeoOpa3oBaHHBIX B OJHOMEPHBIE BEKTOPHI JUIMHBI,
pacripenefneHHe 3TUX BEKTOPOB IO TpyIiaM, Kilaccam, THIHYHBIM M HETUIUYHBIM oOpa3aMm. OTo
TI03BOJISIET IPOBOIMTE TTOUCK 00Pa30B OMHOOK, YCTPAHATH U30BITOUHBIE, (POPMHUPOBATH OTIINIAIOIIHECS
Jpyr oT japyra o0Opasbl. brmaromaps 3TOMy CYIIECTBEHHO COKpAaIaeTcss BpeMs HEOOXOaMMoe Ha
MIPOBEICHUE COOTBETCTBYIOMIETO aHanm3a. OmHako yxke misi t>4-+8 Bpems BBIUUCICHHH 00pa3oB
COCTABJISIET JIECSITKM MUHYT M YaCOB M CTPEMUTEIILHO PACTET C JNANbHEHITUM YBEIIMYEHUEM KPATHOCTH
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omun6Ook. [Ipu MprMeHeHNN O3UIIMOHHOTO ¥ PAHTOBOTO METOJI0B HAOIIOAA0OTCS BRICOKUE BPEMEHHBIC
3aTpaTsl A1 HaXOKICHHS ONOIHOTEK OmmOoK (Tabdm. 1).

Ta6un. 1. IpeoGpa3oBannas Guéanorexka o6pasos gas t=4 u3 [5]

HerpancnonupopanHnas (A) <> TparcrnoruposarHas (A')

1]1]1]1 1 1111 111
AN 1 1 PN 1
1 1
1
T4-01 T4-12 T4-03 T4-07
1 111 111]1 1
1 o 1 1 AN 1
1 1
1
T4-04 T4-08 T4-05 T4-13
111 1 1)1
111 AN 1 1 AN
1 1 1
1 1
T4-06 T4-14 T4-11 T4-12
TpancronuposanHas cama B cebst (A=A")
111 111 111 1
1[1 1 1 1
1 1 1
1
T4-02 T4-09 T4-10 T4-16

B Tab:1. 2 mpuBezeH aHanu3 6ubaroTek 06pa3oB ommbok st t =4 [6].

Ta6n. 2. Ilpeodpa3oBannas 6ubanorexa oopaszos aias t=4 u3 [6]

Herpauncnonupoannas (A) €> Tpancrnonnpopannas (A')

1]1]1]1 1 111]1 111
1 1 1
g 1 S wd 1
1
T4-01 T4-03 T4-04 T4-08
1]11]1 1 111 1]1
1 o 1 1 1 AN 1
1 1
1
T4-05 T4-11 T4-06 T4-10
111 1 1|1
111 AN 1 1 PAN
1 1 1
1 1
T4-07 T4-12 T4-14 T4-15
TparcrormpoBaHHas cama B cebs (A=A")
1(1 111 1 1 1
111 1 1 1
1 1 1
1
T4-02 T4-09 T4-13 T4-16
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Ananmuz Ooubnuorex [5, 6] 00pa3oB omMOOK KpaTHOCTHIO 1> 2 mokasai, 4yTo Bce 3T 00pasbl
MOKHO  pa3lIeNuTh HAa  TPU  COOTBETCTBYIOIIME  MOJAMHOXKECTBA:  TPAHCIOHHPOBAHHOE,
HETPaHCIIOHUPOBAHHOE ¥ TPAHCIIOHUPOBAHHOE caMU B ce0s1. B Tabin. 1 u 2 mpeacTaBieHbl OMOIHOTEKH
00pa3oB 1t t =4 pa3dutTkic HA TPU MOAMHOXKECTBA.

Y CcTaHOBIICHO, YTO MPH CO3aHUH OHOIMOTEK 00Pa30B OIIMOOK HE TPeOyeTCsl MPOU3BOIUTH TTOMCK
TPAHCIIOHUPOBAHHOTO  TOJMHOXECTBa  (JOCTATOYHO  TPOTPAHCIOHUPOBATH  BBIYMCICHHOE
HETPaHCIIOHUPOBAHHOE TOJJMHOXKECTBO). DTO TO3BOJIUT CHU3UTH BBIYMCIHMTEIbHBIC 3aTpaThl Ha
(hopMupoBaHue OUOIMOTEK 00Pa30B ONIMOOK B /1Ba pa3a. biaromaps UCIOIBb30BaHUIO 00Pa30B, KOTOPKIC
HEePEeXOAAT caMH B ce0sl MPU TPAHCIIOHUPOBAHHMHU ISl OIIMOOK KPaTHOCTH t =2 B KauecTBe 0A30BOTO

11 10
o0pa3za JOCTaTOYHO MCHOIb30BaTh TOJIBKO MAaTPHILIb "

00 01|

Jl1st yMEHBIICHHS BEIYUCIIUTEIBHOM CI0XKHOCTH (DOPMUPOBaHUS 00pa30B OIIMOOK MpeIiaracTcs
METO/1, OCHOBAaHHBIN Ha UTEPAITMOHHOM PaCcIIMPESHUN MaTpHIl 0a30BbIX 00pa3zoB ommOok [7]. Ha puc. 1
NpUBE/ICHA CTPYKTYpa CHHTE3MPOBAHHOTO IeHepaTropa, B KOTOpOW (OpPMHUpOBaHHE MOJAMHOMKECTBA
00pa3oB omKMOOK MPOU3BOAWTCS IS KaKAOTO Mpenpiayniero obpasza t myTeM MocienoBaTeIbHOTO
YBEITUUCHHS pa3Mepa MaTpHIlbl 00pa3a W KpaTHOCTH OmmOOK a0 t+1, MCKIIOUEHHS COCTABISIIOT
coBmajarorye Marpuisl 11 t+1. B kauecTBe 6a30BOI MAaTPHUIEI, HE HCKIIOUEHHON U3 PACCMOTPEHH,
MOJXKHO BBIOMpATH JIFOOYIO W3 IOJAMHOXKECTBA, KOTOpas M OyaeT MOCISAYIONIMM 00pa3oM OIIUOOK.
Takum o00pa3oM, BbIOpaHHOE MOJMHOKECTBO o00pa3oB Oyaer ©0a30BbIM i (opMupoBaHus
HoCIeIyonmx 00pa3oB ommbok kparnoctu t+1 [7].

BazoBble
To6asnenue Muanmu3aIs BoccranoBuTs Brixon
MaTpHIIbL 5| Mux 2>| Pacumpenne uqn —> umcna —>{ Bydep MaTpHITy
M, M, obpa3os TPaHCIOHUPOBAHUS

Brok
yIpaBlieHus.

Puc. 1. CtpykrypHas cxema reHepaTropa o0pa3oB OMMOOK AL HTEPAllHOHHOTO METO/a

U3 sTOro 6a3oBoro oopasa MO>KHO BBIUUCIIATE 00pa3bl A7isl t =3 KOTOpHIE B CBOIO O4epeb OyayT
0a30BBIMU IPH CHHTE3€¢ 00pa3oB OMMUOOK KpaTHOCTH t=4 u T.J. DTO MOXHO NPEICTABHTH B BHJE

rpada (puc. 2).

T2-01

T

T3-01 T3-02 T3-03

[ 3
-

¥ d

T4-01 T4-02 T4-03 T4-04 T4-03 T4-06 T4-07 T4-08 T4-09

Puc. 2. I'pad BoIUKCIIEHHS HETPAHCIIOHUPOBAHHBIX I0JMHOKECTB 6HOIMOTEK 06pa3oB omubok s t =2...4

[IpetoskeHHBI METOJ] OTIIMYAeTCS OT HM3BECTHBIX PAHTOBOTO W IO3WUIIMOHHOTO METOJIOB
UTEPaALMOHHBIM (POPMHPOBAHHEM OMOIIMOTEKH 00pa30B OMIMOOK B pe3ysIbTaTe YBEINUYCHUS Ha KaXKION
UTEpalny pa3Mepa MpeasbIayIeii MaTpuLibl 00pa3a oMOO0K Ha ANHUILY U pasesieHus 00pa3oB OMNO0K
Ha TOAMHOXecTBa. B Tabn. 3 mnpuBenensl Oubmmorexkn o0pa3oB ommboKk it t=4 u ux
TPaHCHOHMPOBAHHBIE MHOYKECTBA MPH MCIOIB30BAHUU NPEAIaraeMoro pelieHusl.
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Ta6n. 3. Pe3yasTat dopMupoBaHus 6udauoTexk o6pa3oB omnodok npu t=4

Herpancnionuposansast (A ) TpancrionupoBaHHast ( AT )
1111 111 1 1
1 1
1 1
1 1
T4-01 T4-02 T4-01" T4-02"
1011 11 1 1
1 1 1 1
1(1 1
1
T4-03 T4-04 T4-037 T4-047
111 111
1 1 1
1 1
1
T4-05 T4-06 T4-05" T4-06"
TpancnonnpoBanHas cama B ceds1 (A=A")
1|1 1)1 1)1 1
1 1 1]1 1
1 1 1
T4-07 T4-08 T4-09 T4-10
3aKkiIouyeHne

AHanu3 OubIMoTek 00pa3oB MOKa3ajl, YTO BCe 00pa3bl OMIMOOK M3BECTHBIX OMOJIMOTEK MOXKHO

paznenuTh  Ha

TpH  TOJAMHOXKECTBA!

HETPAHCIIOHUPOBAHHbIE,

TPAHCIIOHUPOBAHHBIE

n

TPAHCTIOHUPOBAHHBIE caMH B ceOs. DTO IMO3BOJIACT TMPH CO3JaHUM OHONMMOTEK 00pa3oB OMIMOOK
YMEHBIINTH YHCIIO aHATH3UPYEMBIX 00pa3oB B 2 pasa.

CLASSIFY ERROR PATTERNS FOR DECODING PRODUCT CODES

conclude two subsets: untransposed and transposed patterns.

Keywords: classification of error patterns, symmetric patterns, asymmetric patterns, untransposed

patterns, transposed patterns.

1. Elias P. // In Transactions of the IRE Professional Group on Information Theory. 1954. Vol. 4. P. 29-37.

Cnucok JuTepaTypsl

X.H. REN, Y.M. CHEN, V.K. KONOPELKO, V.Yu. TSVIATKOU

Abstract. The formation of libraries of error patterns in two-dimensional encoding of information
based on the analysis of known libraries of error patterns is considered. The article shows that error
patterns can be divided into asymmetric and symmetric, meanwhile the asymmetric patterns

2. Kononensko B.K. [u np.]. Teopus npuknagHoro kogupoanus. Musnck, BI'YUP, 2004.
3. Lin. S., Costello D.J. Error Control Coding, 2nd edition. USA, 2004.

4. Cmomskosa O.I'., Kononensko B.K. // Tokn. BI'YUP. 2008. C. 19-28.
5. Cmomskosa O.I'., Kononensko B.K., Anb-Anem Axmen Caunn. // Martepuasst Hayd.-TexH. KOHQ. « TC31-2009.

2009. C. 71-72.

6. Kononensko B.K., Jlunanukuii B.A., Comuexosa H.B. // lokin. BIYHP. 2010. Ne6. C. 127-131.
7. Ren X H., Konopelko.V.K. // Marepuansl Hay4.-TexH. KoH}. «Komuposanue u riudposast 06paboTKa CHTHATIOB
B nH(pokoMMyHHKanuax». Munck: BI'VUP. 2020. C. 12-14.

34



TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VIK 654.16

TEXHOJIOT'HUSA 1AB JIJISI TETEPOTEHHOM PAJIMOCETH 5G NR

B.A. AKCEHOB, E.M. THEJABKO

benopycckuii cocyoapcmeennvlii ynusepcumem ungpopmamuxu u paouosiekmponuxu, Pecnybnuxa benapyco

Hocmynuna 6 peoakyuro 28 gpespans 2022

Aunoramusi. IlpexcraBmen o630p Ttexmomorum Integrated Access and Backhaul (IAB),
HpeIHa3HAYEHHON U1 COENMHEHMs OOJIBIIOrO KOJHMYECTBA IHMKOCOTOBBIX OA30BBIX CTAHIIMM,
palboTaroIIMX B paMKax reTeporeHHoit paguoceru 5G. Ilpeacrasien KpaTKuil aHaIM3 3aBUCUMOCTH
MMPOU3BOAUTCILHOCTH MUKOCOTOBOM CETHU IIpU UCIIOJIb30BAHNHU yKaSaHHOi/II TCXHOJIOTHUHU.

Kmioueswie cnosa: 5G NR, auanaszon FR2, dhopmuposanue nyueit JIH, reteporeHHas Tomosorus
CeTH, CETh JIOCTYIa, TpaHcnopTHas ceTb, OFDM, pecypcHbiii O110K.

BBeaenne

OcBoenne uacrtotHoro auamnazona FR2 (24,250-52,600 I'T'1), mpemyCMOTPEHHOTO B paMKax
texHonorun S5G, KpallHE TPHUBJICKATEIBHO BO3MOXHOCTBIO HCIIOJIB30BAaHUS  JCHCTBUTEIBHO
LIIMPOKOMONIOCHBIX KaHaioB 10 400 MI'i W, COOTBETCTBEHHO, AOCTHXEHUEM paHEe HEBUJAHHBIX
CKOpocTel mepenauu B paguonHrepgdeiice. OmHAKO, HA CTONb BBICOKUX YAcTOTaX TSDKEIO MOIYYHUTh
OoJblIKe pa3Mepsl COT B PaIUONIOKPBITHH. [JIs pemieHns 3Toi npoOieMbl pa3paboTYMKH CTaHAAPTOB
5G npeaycmoTpenu, 1o CyTH, TOIBKO 1Ba TEXHUYECKUX PELICHHUS:

— HCIIONIb30BAHUE AHTEHHBIX PEIIeTOK, (OPMHUPYIOUIMX Y3KHH JIENECTOK JAUarpamMMel
HaNpaBJICHHOCTH, IEPHONYECKN CKAHUPYIOIINI CEKTOPHYIO cOTy (TexHoJorus beamforming);

— UCTIOJb30BaHNE KOHIENIHUU rereporeHHoi cetu, HetNet, ¢ opranmzanueil paanonoKphITHS
TEPPUTOPUH TIOCPEICTBOM MHOXKECTBA «OBICTPBIX» MHKO- M (EMTOCOT, pPadOTAIOLIMX BHYTPHU
«MEIJICHHBIX» MaKpO- W MHKPOCOT, HMCHOJB3YIONIMX KIACCUYECKUE HU3KOYACTOTHBIC HAMa30HbBI
(mmanazon FR1 410-7125 MI'm).

Nmerorcst onenku [1], 9TO HA TUIOMIATU COBPEMEHHOW TOPOJCKOW MHUKPOCOTHI (pamuyc 10
1000 meTtpoB), o0CITy)KHBaeMO 0JJTHOM 0a30BOM CTaHIMEH, TOTPedyeTcs pa3BepHyTh 0KOJI0 S0 MUKOCOT
outdoor (Bue 3xanwmit, paauyc 50—150 meTpoB) u etie 6ombiie pemrocoT iNAOOr (BHyTpH 3aaHHi). CTOJb
CYIIECTBEHHOE TMOBBIIIEHHE IUIOTHOCTH 0a30BBIX CTAHIMA Ha TEPPUTOPUM HEBO3MOXKHO 0e3
MOIU(UIIMPOBAHHS TPAHCIIOPTHOM ceTH (Ha3biBaeMoil B MupoBoii npaktuke Backhaul), mocpenctBom
KOTOPO# Bce 0a3bl COGANHSIIIOTCS C MOJICHCTEMON KOMMYyTaIMU (Ha3biBaeMoi Core network).

Integrated Access and Backhaul

B Hacrositiiee BpeMst TpaHcroptHas ceth Backhaul ¢usndecku peanusyercs ¢ HCHOIb30BaHUE
ONTOBOJIOKOHHBIX JIMHUH, MPOKJIAABIBAEMBIX B TOPOICKON KAHAIM3ALMH CBSI3U, UK C UCTIOJIb30BAHUEM
PaguoIUHKOB (pamuopenelHbIX JuHUH). TombKO BTOpOW BapuaHT 0€3 OrpaHWYEHUH TOIXOIUT IS
OBICTPOTO U THOKOTO pa3BepPTHIBAHMUS OOJIBIIIOTO KOJHMYECTBA MHKOCOTOBBIX 0a30BbIX cTaHIi. OIHAKO,
KIJIACCHYECKasl apXUTEKTypa COTOBOTO CaliTa C TPAHCIIOPTHBIM PAUOIMHKOM, TTOKa3aHHast Ha puc. 1, a,
HEIpUeMIIeMa M3-3a BBICOKOH IIEHBI Ha TPAHCIIOPTHOE 000pYyIOBaHUE M HEOOXOMIUMOCTH IIIATHTH 3a
JIOTIOTHUTENHHBINA PAAHOCTIEKTP, KOTOPBIM 3TOT PaIHOJIMHK UCTIONB3YyeT. KaXkeTcsi, BITOJIHE TIOTUYHBIM,
YTO MPU UCTIONB30BaHUH B SG U(POBBIX aHTEHHBIX PENIETOK C CHHTE3UPYEMBIME y3KuMU JTydamu JIH,
MPEIOKIIIN BBIICIUTE OJWH TAKOU JIy4 I TPAHCIIOPTHOI'O OOMEHA B TO BpEMsI, KaK OCTaJIbHBIC JIy4YH
OynyT mo-mpekHeMy oOecnednBaTh OECHpPOBOIHOW HOCTyn (ACCESS) TepMUHAIOB B coTe. Takoe
pellieHre TIONYyYWIIO Ha3BaHME WHTEIPUPOBAHHOIO JOCTyNa W TpaHcmoprta — Integrated Access and

35



Backhaul, 1AB [2]. Bonee TouHO, B Cliydae MCIIOIB30BAHUS OJHOU M TOH e aHTCHHOM PEIICTKU s
JOCTyla W TpaHcmopra, rosopst o «virtual IAB Mobile Termination» (VIAB-MT). Bapuant
apxuTeKTypsl caiita mpu VIAB-MT moxkazan Ha puc. 1, 6. Ha puc. 1 coxpamenno o6o3Hauensr: RRU —
remote radio unit; BBU — baseband unit; IDU/ODU - indoor/outdoor unit; CPRI — common public
interface; IF — intermediate frequency; DU — distributed unit.

HanpasenHas LIudpoBas aHTeHHas
TpascropTHsLt aHicHE TpaHCIOPTHBIH pemeTka
JHHK e e JIHHK
(backhaul) (backhaul)

aHTEHHa ¢

\ JIMHK J0CTyna /
\ aGOHEHTOB /
(access)

JIMHK nocTyna
a00OHEHTOB
(access)

a 6
Puc. 1. Apxurekrypa caiiToB ¢ 0€CIIPOBOJHEIM TPAHCIOPTHBIM JTHHKOM:
a — cait s craagapToB 3G—4G; 6 — caiit 5G NR ¢ texnonmorueii IAB

CrnetyeT OTMETHTB, 4TO B OOIIEM ClTydae JijIsl TPAHCIIOPTHOTO JIMHKA B paMKax TexHojoruu |1AB
MOJKET WCIIONIb30BAaThCS W OTHENbHAs HampaBlIeHHAas aHTEeHHa, Tak Kak TpaHcuBepsl RRU
MpelyCMaTPUBAIOT TIOJKIIOYEHNE K HUM HECKOJNBKMX aHTeHH. Takoe pelleHre caiita Ha3bIBaeTCS
IAB-MT. Ilpu 3ToM coxpaHsieTcs IIaBHOE MpHHLIMIHUANbHOE oTiauune |AB: TpaHCTOPTHBIN NHHK U
JUHK JIOCTyIa KCIMOIB3YIOT OJAMHAKOBYIO TEXHOJOTHIO repenadn Ha ocHoBe OFDMA u onnHaKoBBIH
JTMaTia30H 4acToT.

Tomnomnorus coeJUHEHUs] TMKOCOTOBBIX 0a30BBIX CTaHIMK 1o TexHosoruu |AB ecTecTBeHHBIM
0o0pa3oM pacrajaeTcsi Ha JBa OCHOBHBIX THma [3, 4]. Bo-mepBhIX, 3TO 1EMOYEYHOE COeqUHEHHE 0a3,
PacToJIOKEeHHBIX BAOJb MPOCHEKTOB, YJWI, HWHBIX Marucrpaineii. B 3Tom ciydae ycraHoBKa
o0opymoBaHusl OyAeT OCYIIECTBIISATHCS Ha OCBETHTENBbHBIC CTOJIOBL. Takoi CHMOMO3 TOJYYHIT
cnenuanbHoe HasBanwe Pole Station (amrm. «Crammms Ha crtonbe»). Pole Station momyuaer
AJIEKTPONIUTAHNE OT KOMMYHAIbHOW OCBETHUTENBHOW OJJIEKTPOCETH U OOCITy)KHWBaeT TpapuKk C
3aITOTHEHHBIX MyOIHMKOW MPOCHeKTOB. VIMEHHO M0 3TOMY CIIEHapHUIO YK€ Pa3BEepHYTHI MHKOCOTOBBIE
Kiactepsl B psae ropoaos CIIA [5].

Bo-BTOpBIX, 3TO apeBomnoo0HAas BETBAIIASACS TOIOJIOTHSA, KOTOpas Ooliee XapaKTepHa IS
COEJIMHEHWSI TMKOCOTOBBIX 0a3, pa3BepHYTHIX B 30HAX PAJAMOTEHH OT 3JIaHUH, WHBIX «TEMHBIX TOUKaX).
Wnm B «ropsiaux TOYKax», CIydailHBIM 00pa3oM pa30pOcaHHBIX Ha YIHIE W/WUIM BHYTPH 3IaHUH U
coopykeHui. [IOHSATHO, YTO B peabHOM CETH MCIIOIB3YIOTCS 00a 13 ONMUCAHHBIX BAPHAHTOB TOTIOJIOTHH.

CucrteMa Ha3BaHHH, BBEJCHHAS A1 0003HAYEHHUS DJIEMEHTOB TOINOJOIMH TPAaHCIIOPTHOM CEeTH
IAB [2-4], npencraBnena Ha puc. 2. [lepas 0a30Basi cTaHIUS B LEMOYKE MM KOPHEBasi CTAHLUS B
«JIepeBey TMOAKIFYA0TCS 110 BBICOKOTIPOM3BOINTEIBHOMY ONTHYecKOoMY KaHairy k Core Network.
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hop2 child (‘I I))
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parent hop 1 child parent i ode
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IAB Donor IAB Node IAB Node

Puc. 2. Cucrema Ha3BaHUH U1 0003HAYCHHUS 3JIEMEHTOB TOTIOJIOTHH TPAHCHIOPTHOM cetn |1AB

Takue 6a3pl urparot ponb goHopa — |AB Donor — Bceii BbllIecTosIeH TPAHCIIOPTHON CETH.
OcranpHble 0a30Bble CTAaHIMM B CETH HMeEHywTcs mnpocto ysnamu — |AB Node. Ilepenaua
TPaHCTIOPTHOW WH(OPMAIIUK OT JOHOpPaA K ONpKalineMy y3iy (y3Iam) M OT Hero jajee Ha3blBaeTcs
nepexoaoM (anrit. hop — mepeckok). COOTBETCTBEHHO, MOSIBIACTCS MOHATHE HOMEpPA WIIH TOPSIKA
nepexoza. Bee y3iibl B Lienouke, HaYnHas OT JJOHOPA U Jlaiee, BCTYMAIT MEXy CO00i B HepapXuIecKue
OTHOIIIEHHMS TI0 cxeme «parent — childy, wu «poauTenbekuil y3en — oYepHuit y3emm».

Bausinue IAB Ha npou3BOANTENIbHOCTH COTOBOI ceTH

[lepenaua nnpopmaruu B paguounrepdeiice SG NR, kak u B LTE, HocuT rpaHynupoBaHHBIM
xapakrtep [6]. B kauecTBe MUHUMAJIBHOW IpaHyJibl BRICTYIIAeT pecypcHsiii 6ok Resours Block (RB),
cocrosmuid w3 12 mogHecymwux. i dacrotHOoro amamazoHa FR2 mpemycMOTpeHBI HyMepOJIOTHH,
paBubie 3 1 4. KonnuecTBo nepenapaeMbix RB 11s 3THX HymMeposiorui penctarieHsl B Tau. 1. Okoso
10 % TpOIEHTOB pPECYpCHBIX OJIOKOB MCIONB3YIOTCA IO CIY)KeOHbIE Ienu (CHHXPOHHU3AIHS,
yIpaBJIeHHe aHTEHHAMH M JIydaMH, ONOpPHBIE CHTHAIIBI, W3MEpeHUs M moxoOHoe). Tak ke BaKHO
OTMETHTS, uTO 1J1st FR2 cTanmapTH3MpOBaH TONBKO BpeMeHHoM aymiekc TDD.

Tabn. 1. KonuvyectBo pecypcHbiX 6Ji0koB RB B paguountepdeiice 5G NR ans nuanmaszona FR2

Hywmepomnorus Pasnoc MunumansHoe | MakcumanbHOe MunumansHast MaxkcumanbHas
nogHecymux, KI'y KOJINYECTBO KOJINYECTBO HIMpUHA KaHaJa, HIMpUHA KaHaJa,
RB RB MI'n MI'ng
3 120 24 275 34,56 396
4 240 24 138 69,12 397,44

B mepBoM mpuOIMKEHUH MOXHO CUHTaTh, YTO MO TpaHcmopTHou cetu backhaul Oymyt
nocraBisThest RB, HeoOxoauMele amsi 00cIy>)KMBaHUs HAarpy3KH B COTax, B JIMHKax gocryna. Ho kak
TpancnoptHele RB, Tak 1 RB noctyna 6yayT yepnarbcst u3 01HOTO M TOTO k€ pecypcea. [lomoxum, uto
UCIIOJIB3yeTCad HyMmeposiorus 3 M MUHHMMaibHas mupuHa KaHana 34,56 MI'n ¢ 20-t0 pecypcHBIMHU
omokamu Juis Tpaduka. Hanpumep, eciiu AByM OKOHEUHBIM 0a3aM Ha puc. 2 motpedyercs o 10 RB s
o0cITy>KuBaHMS HAarpy3KH, TO JOHOpPCcKas 0a3za u 06a3a HmepBOro mepexoja OCTaHyTCs COBEPILEHHO Oe3
BO3MOKHOCTHU O0CITY>KMBATh CBOIO COOCTBEHHYIO HATPY3KY B JJAaHHBIN KBaHT BPEMEHH.

Ouenb omacHb! 1 |AB cetn mpobiemMsl B paiiOKaHaiax TPaHCIIOPTHBIX JIMHKOB, IIOCKOJIBKY BO
Bcex cucreMax ¢ OFDMA B 3ToM citydae BBITTONHSETCS MEPEXo K MOAYIISIUY ToHecymux B RB ot
oonee s3¢ddexTrBHOrO BHAa MOAYJSANMM Ha MeHee OJ(PQPEKTHUBHBIA IO CKOPOCTH, HO OoJjee
nomexoycTtoiumBbIii. [IpencTaBum cede, 4TO B HaIIeM MpUMepe [Tt CETH Ha PUC. 2 KpaitHue 0a3bl KIyT
pecypcHble OJIOKH ¢ OUTHOM €MKOCTBIO, COOTBETCTBYIOIIEH Moy siunu 16QAM, a Ha yuacTke epBoro
nepexo/a u3-3a nHTepdepeHny, HanpuMep, BO3MOXKHA Iiepenava Juib ¢ Mmoayisauein QPSK, koTopas
B 4YeThlpe pa3a «MeIJIcHHee». B OKOHEUHBIX cOTax TMPOW30WJIeT OJIOKMPOBKA B peali3aiud
BOCTpPeOOBaHHBIX AOOHEHTAMHU CEPBHCOB.

OpHako HanboJiee HHTEPECHOE U HE CTOJIb OYEBUHOE BIMSAHUE HA TPOU3BOJUTEILHOCTH PA0OTHI
coToBoii cetu ¢ TexHosoruei |AB okasbiBaeT Tomonorus camoii 3Toii cetu. boee TOUHO, TOT KpUTEPHIA,
KOTOPBIM PYKOBOJICTBYIOTCS TIPH COE€IWHEHWH NoHOpa u y3ioB |IAB nmpyr ¢ apyrom. B [7] Obuto
BBINIOJTHEHO MOJEITUPOBAHUE POU3BOAUTEIBHOCTH CETH, COCTOALIEH U3 TPeX JOHOPOB U 54 MUKOCOT,
pacrpeneneHHbIX Ha HEKOTOPOW TeppUTOpUH. B mepBoM citydae JOHOPOB M JIpyTue y3JIbl COSAMHUIN
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[0 KPUTEPHIO BBHICOKOTO KayecTBa TPAHCIIOPTHOTO pajnoKaHada (MakcHMM3alMu B JMHKax RSRP —
Reference Signal Received Power). TToayuniack TOMOJNOTHSI, TTOKa3aHHas Ha puc. 2, a. Bo BTopom
Cllydae MCIIOJIb30BaIM KPUTEPUH «HE 00Jiece TpeX IOYEPHUX Y3JI0B OT KaKIOTO POIUTEIBCKOT0», W
uHave, He OoJjiee TpPeX MPSMBIX COCIUHEHHs JUIS KaXI0ro ysiaa. TOMOJOTrHs MO 3TOT KPHUTEPHIA
HoKa3aHa Ha puc. 2, 6. Kaxmast 1iBeTHas! JIMHASA HA PUCYHKAX YKa3bIBAaET MIEPEXOJ CBOETO MOPSIKA.

TIopAIOK NMePeXoa0B TIOpAIOK Mepexoa0oB
4r 7 x

IS
T

w
T

2r 200X X

1+
n n n Oé 1 1 1 1 L )

45 50 55 0 10 20 30 40 50 60

KoaugecTtBo y3710B KoamndecTBo y370B
a 6
Puc. 2. Bapuants! Tonosioruu [AB cetu 1u1s pa3HbIX KPUTEPUEB COCTUHEHUS Y3JIOB: @ — KpUTEPUI
Makcumuzanuu RSRP; 6 — kputepwuii «He Oosee Tpex JOUEpHUX Y3JI0B OT KaXKIOTO POAUTEIHCKOTOY»

Kakx BumHO U3 puc. 2, 3TH JBa METOAAa CO3MaIOT OYEHb PA3HBIC TOMOJOTHU C TOUKH 3PEHUS
nopsiaka nepexonoB. Kpurtepuit makcumuzarun RSRP naet MeHpIMi MOPSIOK MEPEX0I0B B EIOM
(mo 4-x), HO IPUBOIUT K MHOXKECTBEHHBIM TIEPEX0/IaM OT OIHOTO poAuTeIhckoro y3ma IAB. B cioyuae
OTpaHUYEHHsSI KOJINYECTBA MPSAMBIX COSTUHEHUH 10 3-X HAOII0IaeTCsl pOCT MOPSAIKA MEPEXO0A0B JI0 7.

Pesynpratel MoaeIMpoBaHUs OKa3aHbl B Ta0M. 2. XOTA CpeJHEe YHCIIO0 NePEX0I0B YBEINUYEHO,
TOTIOJIOTHSI C JOYEPHUM OTpaHMuYeHHeM B 3 y31a ummeeT B 10 pa3 jydillyl0o BOCHPHHHMAEMYIO
MOJIB30BATENIEM MPOIYCKHYI0 criocoOHOCTH (User perceived throughput, UPT) 5 %-ro npouenTuis. Ou
TaK)Ke UMeeT Ha 75 % JyUInyio CpeaHio mpomyckuyio crocodnocts DL (50 %-bIit MpOIEHTHITR) 10
cpaBHEHMIO ¢ MeTonoM MakcuMmuzaiuu RSRP. B [7] monaraercsi, 4To CTOJIb CyIIECTBEHHAs! pa3HHULA
CBsI3aHA C MEHBUIEH INEeperpy3koil HayalbHBIX TPAH3UTHBIX IEPEXONOB OT TPEX Y3JIO0B-IOHOPOB, a
Harpys3ka Jiydiie cOajlaHCUpOBaHa U pacipejienena no Tomnojoruu cetu |AB.

Ta6n. 2. CpaBHeHHe BOCIIPHHUAMAEMOW MOJAB30BaTEIEM
MPONYCKHOW COCOOHOCTH N5 Pa3janvYHbIX Tomoaoruii [AB

Mertox ¢hopMHPOBaHHUS TOTIOJIOTHH TPAHCIIOPTHOM CETH 5 %-writ mponenTie UPT 50 %-srit mpouerTIIE UPT
Maxcumuszanust RSRP 8 Mb/c 160 M6/c
Tpu IpsIMBIX coeMHEHNUs U1 y3ua 4 80 M6/c 280 Mb/c
3akioueHne

[IpuBenennsii 0030p TexHomorun |AB mokaspiBaeT, 4TO OHAa OINpPENETICHHO NaeT OoJbIINe
NPEUMYIIECTBA ONlepaTopaM COTOBOW CBSI3U B OBICTPOM M HEJIOPOTOM Pa3BEPTHIBAHWHU ITHKOCOTOBBIX
reTeporeHHbIX ceTel, 00eCHeynBarOIMX CBEPXCKOPOCTHOW AOCTYN MOOWJIBHBIX IIOJIB30BAaTENEH B
muanaszone FR2. Oxgnako nmoreHIManbHbIe BO3MOKHOCTH ITMKOCOTOBOTO MOKPBITHS MOTYT OKa3aTbCsl HE
JOCTUTHYTBIMH H3-32 HIOQHCOB pACIpENEIICHUs] YaCTOTHO-BPEMEHHOTO pecypca U KOHKPETHOU
TOIIOJIOTHH TpaHCTIOpTHOH ceTH |AB. TpeOyroTcs nabHeIe TeOpeTHIECKUE U IKCIIEPUMEHTATBHBIC
MCCIIEIOBAHUS [yl BBIPAOOTKH ONTUMAIIBHBIX PELICHUN IPU MPOSKTUPOBAHMH M PEANN3alUK CETeH ¢
texaonoruert |AB.
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IAB TECHNOLOGY FOR 5G NR HETNET

V.A. AKSYONOQV, E.M. GNEDZKO

Abstract. An overview of the Integrated Access and Backhaul (IAB) technology is presented,
designed to connect a large number of pico-cell base stations operating within a heterogeneous 5G
radio network. A brief analysis of the dependence of the performance of a picocellular network using
this technology is presented.

Keywords: 5G NR, FR2 frequency range, beamforming, HetNet, access network, backhaul network,
OFDM, resource block.
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NHTEJUIEKTYAJIBHASLI CUCTEMA ABTOMATHU3ALIUN
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T'ocyoapcmeennviii ynusepcumem « Ooecckas noaumexnukay, Ykpauna

Hocmynuna 6 pedakyuro 25 gpespans 2022

AHHoTanus. B pabote mpuBeneHsI pe3ysbTaThl pa3pabOTKN U HCCIEIOBAHUS HHTEIUICKTYaIbHOM
CHCTEMBl aBTOMATH3allMM OLIEHWBAaHMA TEMAaTHK TEKCTOBOTO KOHTEGHTa Ha 0a3e NpHMEHEHUS
QITOPUTMOB MaIIMHHOTO 0OyuyeHus. IlpoBemeH aHamm3 mpoOneMaTHKH B 3ajadax o0OpabOTKH
€CTECTBEHHOTO f3bIKa, OOOCHOBaHAa aKTyaJbHOCTh pAacCMaTpUBacMBIX 3axad. PaspaboraHa
KOHLETIIUST pPabOThI CHCTEMBI, ONHCAaH €¢ KOMIIOHEHTHBIH COCTaB, NPHBEACHA XapaKTEPHCTHKA
COOpaHHBIX JAHHBIX JJIsI aHaIW3a, IPOBEACHBl YHCICHHBIE OSKCIEPUMEHTHl 10 OO0Y4YEHHIO
TECTUPOBAHHUIO CO3AaHHBIX MOJIENIe MalIMHHOTO O0ydeHHs, NoATBepxkaatonme 3hHeKTHBHOCTD
HCIIOJIb30BaHMUs OYCTHHIA M OIIOPHBIX BEKTOPOB IS PEeLlICHU IIOCTaBIeHHOM 3ana4n. [IpenioxkeHsl
MYTH AaJbHEHIIEro COBEpPIICHCTBOBAHUS Pa3padOTaHHOI CUCTEMBI.

Knouesvie crosa: o0pabOTKa €CTECTBEHHOIO S3bIKa, MAIIMHHOE OOYy4eHUE, MHTEJIEKTyalbHbIE
MH(OpPMALMOHHBIE CHCTEMBL.

BBeaenne

B cBsI3M ¢ MOCTOSIHHBIM POCTOM HH(OPMAIMOHHBIX MCTOYHHKOB M TEXHHYECKHX YCTPOWCTB
MOJ/IEP’KKU TPOLIECCOB O3HAKOMJICHHS YEIOBEKa C MHTEPECYIOLIMMH AaHHBIM 3a1ada 3¢dekTuBHOrO
aHalM3a Pa3HOPOAHBIX TEKCTOB OOJNBLIOrO o0beMa SIBJISIETCS BAXKHOW MNPaKTHYECKH B JIIOOOH
COBpPEMEHHON 00J1aCTH YEJIOBEYECKOM e TENbHOCTH, TI€ €r0 SKCIEPTH3a, OIBIT U 3HAHUS MOTYT OBITH
U3JI0’KEeHBI B TeKCcTOBOM BHJIE [1]. [TosiBieHue mmpokoro goctyna k ceti IHTepHeT mpuBesio kK OypHOMY
pocTy 00BEMOB JOCTYHNHOH TEKCTOBOW HH(OpMAIMU, HAXOAALIEH B OTKPBITOM JOCTYIIE, YTO
3HAYUTENFHO YCKOPHJIO pa3BUTHE HAYYHBIX HANPaBJICHUH B 001acTH 00paOOTKH TEKCTa, U3BECTHOM Kak
obpabotka ecrectBeHHoro s3eika (OES) [2]. Crenmbukoit manHoi chepbl HaydHOH AEATETBHOCTH
SBJISIETCS] AaBTOMATHU3aLMs] IPOLIECCOB 0OPadOTKU M aHaJIM3a TEKCTOBBIX JAaHHBIX Ha 0a3e NCIIOJIb30BaHMs
METOJIOB M MOAXO0/I0B HCKycCcTBeHHOTO MuTewiekTa (M) u marmuaOoro 00yuenus (MO) [3-5].

Baxubimu 3amavamu B cepe OES saBnsroTcs aHanw3 TOHAIBHOCTH TEKCTOBOTO KOHTEHTA,
COOTHECEHHMSI €ro K 3aJaHHBIM KaTerOpHsM, OIICHKAa YHUKaJIbHOCTH KOHLENIMHA M WAEH KOHTEHTA,
YPOBHS COTJIACOBAaHHOCTH U ITOJTHOTHI TEKCTA, CTATUCTUYECKUX ITOKa3aTeIeH 1 XapaKTEPUCTHK, a TAKKe
cKaTHs O0OBEMOB TEKCTa C MHHHMH3AIMEH IOTepu cojaepxkarenbHoit vactu [6]. OtcyrcTBue
YHHUBEPCAIBHOTO M CHUCTEMHOTO MOJXO0JIa B METOJIMKAX PEIICHHs IOCTAaBICHHBIX 3a/1a4 MPUBOJIUT K
TOMY, YTO JJIsl CYLIECTBYIOIIMX MPOTPAMMHBIX PEIICHUH XapaKTEPHBIM SIBISIETCS HHU3KUI YpOBEHb
3¢ (GEKTHBHOCTH M THOKOCTH TIPH pellieHrr 0003HaYeHHBIX 3a1a4 [/]. DTO CBA3aHO B TOM YHCIIE C TEM,
YTO YTO TOJHOIICHHAS aBTOMATH3allMs BCEX MPOIECCOB OOpaOOTKM M aHalu3a TEKCTOBBIX JIaHHBIX
BO3MOKHa TOJBKO HPU peaM3aliM JOTMKH MOHMMAaHHUS CHCTEMOH TEKCTa Ha YPOBHE YEJIOBEKa, C
YUETOM OIpPEJeNICHHUs CI0KHO (POPMaNN3yeMbIX WIIM HEYETKHX METaJaHHBIX, YTO TpeOyeT CO3JaHMs
nonHotieHHoro NN, He siBNsitonierocs oka BO3MOXHBIM M OCYIIECTBUMBIM TEXHHYECKH H3-32 HEXBATKU
3HaHUH 0 cennuKe npoLecca BOCIPHUIATHS HHPopMauy (B YaCTHOCTH, B TEKCTOBOM BH/IE) UETIOBEKOM
[8-13].

B cBsi3uM ¢ 3TUM BO3HHMKAaeT HEOOXOJMMOCTh Pa3pabOTKH W BHEIPEHHs B MPOIECCHl aHAJM3a
TEKCTOBBIX JIAHHBIX THOKHX, ()YHKIMOHANBHBIX W yNOOHBIX WHTemekTyansHbIX cuctem (MC) n
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MoOJIeJIeH, O0ECIICYNBAIOIINX KaK BO3MOXKHOCTH PEIICHUS OW3HEC-TPOIECCOB, TaK W TMPOBEICHUS
AKCIIEPUMEHTABHBIX AHAJUTHYECKUX HCCIIEOBaHWH, B YAaCTHOCTH, MOHHUTOPHHTA 3(PPEeKTHBHOCTH
KOKIOTO M3 HMMIDIEMEHTHPOBAHHBIX ITOIXOJOB C BO3MOXKHOCTHIO BHECEHHUS KOPPEKTHPOBOK B €T0
paborty, pacimupenue GyHKIIMOHANa 6jaroaapss MOAy IbHOMY coctaBy [14—16].

Ilens maHHOW pabOTHI SBISAETCS HCCICIOBAHWE BO3MOXHOCTEH pEIICHMS 3aJadd OIEHKH H
COOTHECEHHS TEKCTOBOTO KOHTEHTa K C(HOPMHUPOBAHHOMY MHOXKECTBY TEMAaTHYECKHX KaTETOPHH C
IEJTBI0 aBTOMATHU3AI[UN 00pa0OTKK M CErMEHTAIUU UHPOPMAIIMOHHBIX MaTEPHAJIOB, pa3MeIlaeMbIX Ha
Pa3IUYHBIX pecypcax ceTH VIHTepHEeT U B cCUCTeMaX 3JIEKTPOHHOTO JOKYMEHTA.

KoHuenuusi MHTEJIEKTYAJIbHON CHCTEMBI

Konnenryansao, UC cocrout u3 3 OTAENbHBIX MOAYJIEH: UMIOPTa U MPenoOpaboTKH TaHHBIX,
WMHTEUICKTYalbHOTO  aHallM3a  JaHHBIX, BH3YAIM3alMM W  HMHTEPIpPETallMd  PE3yJIbTaToB
BBIYMCIIUTEIBHBIX SKCIIEPUMEHTOB.

BriOpannpiMu anroputMamu MO a7l IpOBEAEHUsS] CPABHUTENBHOI'O MCCIEAOBAaHHUA PaOOTHI
CHCTEMBI SIBIISIIOTCS: JIOTUCTHYECKasi perpeccusi, HauBHbBIN Kiaccudukarop baiieca, MeTon OMOPHBIX
BEKTOPOB, METO] OIKalIIero cocenia, CIydaiHbli Jec 1 MeTo OyCTHHTA.

KnroueBsiM pynkimonanom MC sBusercs: 3arpy3ka «cblporo» Habopa JaHHBIX B BHIE Habopa
TEKCTOBBIX (PaiiiIoB, comepKamux B cede TEKCT CTaThbd M Ha3BaHUE pa3jiena, K KOTOpOMY OHa OyzaeT
NpUHAIekKaTh; NpeoOpa3oBaHUsl COCTABICHHOTO Habopa MAaHHBIX B CTPYKTypHPOBaHHBIA BHI,
UMEIOIIHIA TaOIMYHBIA BU, OoJiee yIOOHBIH T qanbHEeHIIero anamu3a u paboTel; TEPBUYHBIN aHATH3
JaHHBIX, KOTOpasl BKJIIOYAeT B ce0s MOACYET M ONpelesIeHNEe METaJaHHbIX, B TOM YHCJIE KOJIMYECTBA
TEKCTOBBIX CTaTel B KaXKJIOW U3 KaTETOPHii, a TAKKe pacueT MPOIEHTa TEKCTOB 10 KaTETOPHSIM, pa3Mep
cTaThu B (hopMaTe txt; coxpaHeHHe Habopa NaHHBIX, TPOIIEIINX IePBUYHBIN aHanu3 B popmare *.csv
JUTSL €r0 yIOoOHOW 00pabOTKH MPOTPaAaMMHBIM 00eCTIeYeHHEeM; OYUCTKA TEKCTOB, BKITFOUYAIOIIHA B ce0s
yIaleHue CIeUUaTbHBIX CUMBOJIOB U 3HAKOB IPENWHAHUS, KOTOphIE HE HYXKHBI IJIsl JalbHEeWIen
KJIACCU(UKAIIMH TEKCTOB, 00bEIMHEHHUE CII0B, HAIMMCAHHBIX ¢ OOJIBIION U MaJICHBKOM OYKBBI, HECYIIIUX
OJIMHAKOBBIM CMBICH; JeMMmaTu3auud U ctemMmuHr; pacuer TF-IDF Bektopa; co3nanue cioBapeit
HaunboJiee 3HAYMMBIX CIJIOB JUIS MPOBEACHUS OLEHKH TEKCTOB; MHUIIMUPOBAHUE TIpoliecca 0OyueHHs Ha
0aze BeIOpaHHBIX anropuTMoB MO. OOyuyeHHble MOAenH coxpaHstorcs B ¢opmare *.pickle; BeIOOp
JyqIIed MOAEIN CO3AaHHBIX KIACCHU(PHUKATOPOB IyTeM CPAaBHEHHS MX TOYHOCTH U 3P PEKTUBHOCTH MO
METPHKaM; IPEACTaBICHUE PE3YIbTATOB B BUJIE I'PAQHKOB C HCIOIB30BAHUEM JIBYX METOI0B CHHKCHUS
pasmepaoct: PCA u t-SNE rpaduk; Busyamusaius pe3ysIbTaTOB KIACCH(PHUKAIMM TEKCTOB C
yKazaHWeM TOYHOCTH paboThl Kax o Mmoaenn MO.

Ilocne 3amycka WC mosnp3oBaTens OCYLIECTBISIET 3arpy3Ky JaHHBIX, KOTOpble OyayT
o0OpabatbeiBaThcsi. BoIOOp HAOOPOB AaHHBIX Jisi OOyUeHHS BO3MOXKEH IyTEM IOJKIIOUYEHHs Pa3HBIX
UCTOYHUKOB (PopMaThl csv, txt, doc, He 3amumennsii pdf, ainer 6a3 qaHHBIX) WK U3 ceTn MHTEpHET
(ccpikn Ha BeO-pecypchl WM Ha MpsiMble TeKCTOBble (hailnel). Bce naHHble XpaHsTcs B
POMEXYTOYHOM (popMate txt A1 yOpoLIeHHs npoluecca AajdbHel el oopadoTKu.

Janee Momynb mporpamMmbl, OTBEUAlOIIMK 3a 00pabOTKy JaHHBIX THojdy4aerT dataset,
3arpy>Ke€HHbIM B cucTeMy, GOpMHUpYsS Ha BBIXOJIE M3 BCEX 3arpyKCHHBIX HAOOpOB TEKCTa CBOIHYIO
TabHIy, CoAeprKalleil KOJIOHKM ¢ Ha3BaHMEeM (aiina, ero cogepykaHueM, KaTeropuen (TeMaTukoi), K
KOTOpO# oTHOcUTCs TekcT. [locmennuii cronber siBIsSETCsS BBIXOJHOW MEPEMEPEHHOM, MOXKET OBITh
pasMeueH Bpy4HYIO B paMKax JaHHOTO MOJYJIS, B cly4ae HaJH4Yus dTOro Habopa B IaTaceTe OH MOXKET
OBITH OTMEUEH C MOMOIBIO 3JIEMEHTOB HHTep(eiica.

Ha cnenmyromem srame JaHHBIE, NMPEICTABICHHbIE B BUJE TAaOJHIBI, MPOXOJST TMEPBUYHBINA
aHau3, YTOOBI BBISICHUTh, HACKOIIBKO TaKasi BBIOOPKA SIBJISIETCS TIOJTHOM J7ist 00y4eHust mozaeneid ML u
HACKOJIBKO TOYHO HA0Op IaHHBIX OMMCHIBAET NPEAMETHYIO 00J1acThb.

Bo Bpems mepBUYHOTO aHAIM3a PACCUMTHIBAIOTCS TaKHE MOKa3aTeNlM Kak MOACYET KOJMYEeCTBa
TEKCTOB B KaXKJI0M M3 BHIOPAHHBIX KaTETOPWH, MPOIEHT, KOTOPBIA COCTABISIOT TEKCTHI C KaXIOH
PYOPHKH B COOTHOIIEHHH K OOIEMY KOJMYECTBY TEKCTOB M CPEOHHMH OOBEM TEKCTa B KaXIOW M3
BBIOpaHHBIX TEeMaTHK. B pesynpTare UIMHHBIE TEKCTHl YAASIOTCS W3 BBIOOPKH, YTO MO3BOJIAET
cOaaHCUpOBAaTh IAHHBIE UCXOJIS N3 YKa3aHHBIX TOJIb30BaTelel TapaMeTpoB H OrpaHHYCHUH.

Janee npoBOIUTCS ATAIl OYUCTKH JAHHBIX JUIS IEPEeX0/1a K JabHEHIIeMy aHaIU3y ero COCTaBa.
B 53T0 Bpems mnpoBOAMTCS YMEHBIIEHHE OO0beMa TEKCTOB, BBIICIAIOTCS Haubojee 3HaYMMBbIC
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CEMaHTHUYECKHE 3JIeMEHTBI. OUUCTKA TEKCTOB BBIMOJIHAIOTCS MTyTEM U3BSITUS CIICIMATBHBIX CHMBOJIOB
U 3HAaKOB NPENMHAHMS, YAAIOTCS 4acTO IMOBTOPSIOLIMECS CJIOBA, HE HECYLIME CYLIECTBEHHOI'O
CMBICJIOBOTO  cozepXaHus (COIO3bl, Hapedyus) M NPUTSDKATENbHbIE MECTOMMEHUs, (OpMbl
€MHCTBEHHOT'O U MHOKECTBEHHOT'O YMCJIa B OJMHAKOBBIX CIOBaX OOBEIUHSIOTCS B OJHY, IPOBOAMUTCS
NPUBEACHUE CJIOB K €IMHOMY perucrpy. OTHENbHO BBINOJHAIOTCS IPOLECCH JIEMMAaTU3ALUU U
CTEeMMUHTA.

CrenyonyM 3TaroM SIBJISIETCS CO3[aHue MaKeTa cJI0Bapei, COCTOSIINX U3 CJIOB, KOTOPBIE Yalle
BCETO BCTPEUAIOTCA B TEKCTAaX OTAEIBHBIX PYOPHK, YTO MO3BOJISET 00ECIIEYNTh CEMAaHTHIECKYIO CBSI3b
MeXIy KOHTeKCTOM crateil. OOpaboTaHHbIe JaHHBIE U CJIOBapH COXPAHAIOTCSA OTACIHHBIMU (aiiamMu
IUIS AajbHEHINETro UCIO0Ib30BaHNs B O0YUEeHUH.

[Tonp3oBaTens 3aJaeT TEMAaTHUKH, MO KOTOPHIM HEOOXOJMMO TPOBECTH MPOLECC OLECHKU
NPUHAJIEXHOCTH TEKCTOB. Jlajiee MHHUIMUPYIOTCS BBIYMCIUTEIbHbIE IPOLIECCHI 10 Pa30MTHIO BBIOOPOK
TEKCTOBBIX JAaHHBIX Ha OOYYaroIlMe U TECTOBBIC, CO3AAIOTCSI OOBEKTHI KIACCOB IO KaXIOMy M3 6
UCIOJIb3yeMbIX MeTo10B ML. [l mpoBeeH s BBIYUCIUTENLHBIX IPOLIECCOB B MApaJlIeIbHOM PEKIME
Ha HECKOJIBKMX BBIYHCIUTENBHBIX Y3JlaX MpEeAyCMOTpPEeHa OIIMs MOAKIoueHus Apache Mesos u
oubmmorexn Numba asist 3a1eiicTBOBaHMS PECYPCOB Ipad)MIECKUX alllapaTHBIX yCKOPHUTEIeH.

Ha 6336 IMOJIY4YCHHLBIX PE3YJILTAaTOB BBIUMCIJIEHUHN IMPOU3BOJUTCA paCd€T MCTPUK OILICHKU Ka4CCTBa
KHaCCI/I(I)I/IKaHI/II/I, TJIaBHOM U3 KOTOPBIX ABJISACTCA TOYHOCTH (OTHOHICHI/IC IMMPpaBUJIbHBIX OTBCTOB K
o0111eMy 4HCITy 9K3eMIULIPOB TeKCTOB). Erie ogHOM METpUKOH SIBIsSCTCS MONMHOTA KJIACCH(PHUKALINH, KaK
COOTHOILICHHE IPAaBUJILHO HOJIOKUTEIBHBIX OTBETOB KO BCEM ITOJIOKHUTEIBHBIM OTBETAM.

[Tocne »TOrO mTONydYEHHBIC [AHHBIE OIIGHKM METPHK COXPAaHSAIOTCS B TEKCTOBBIM (aiin,
arperupyrorcs M IEpefatoTcss Ha BXOA TIpaHUyueckoro MOAyJs, Ha KOTOPOM OCYIIECTBIISIETCS
BU3yaln3anus TpaduKOB aHammM3a TOYHOCTH  kimaccubukanmuu. s  Oonpimedt  crerneHH
HHTCPHOPETUPYEMOCTH PE3YJILTATOB HCO6XOI{I/IMBIM ABIISICTCA HCIIOJIB30BaHUEC METOJOB CHUKCHHA
pPa3MEPHOCTU JaHHBIX. Hcnonp3oBaHbl ABC MCTOAWKHU: aHAJIU3 OCHOBHBIX KOMIIOHCHTOB, CYHIHOCTbH
KOTOPOH 3aKIIF04aeTcs B pacueTe COOCTBEHHBIX 3HAYEHNUH M COOCTBEHHBIX BEKTOPOB MAaTPHILIbI JaHHBIX
JJIsA Q)OpMHpOBaHI/IH MHUHHUMAJIBHOT'O KOJIMYCCTBA IICPEMCHHBIX, KOTOPLIC O6CCH€‘-II/IB3IOT MAaKCHUMAJIbHOC
3HAYEHUE AUCTICPCHH B JaHHBIX. Micnonb3yercs B cityyae, Korja o0beMbl TekcTa He TipeBsiirator 10 000
3HakoB; I-SNE, B cBoelf OCHOBE COIEPKHUT BEPOSTHOCTHBINA ITOAXOJ], YTO YAOOHO MpH BU3YaIIN3alluN
MaHHBIX Oombmmx pasmepoB (Oomee 10 000 3makoB). Ilo3BomsieT MUHUMHU3HUPOBATH PACXOXKICHUE
MEXY pacnpesielieHreM, N3MEPSIONINM MOTIAPHO CXOACTBO BXOJISIINX OOBEKTOB, M paclpe/iclieHHEM,
M3MEPSIOLIMM HOMApPHO CXOJCTBO COOTBETCTBYIOIINX HU3KOMEPHBIX TOUEK BCTPAUBAHMUSL.

KoMnoHeHTHBII COCTaB MHTEJIEKTYAJIbHOM CHCTEMBI

[MporpamMmuas ummementanuss VC BbIoNHEHa Ha OCHOBE HCIIOJIL30BAHUS  SI3BIKA
nporpammupoBanus Python 3.8, cpeznst paspabotku PyCharm u psina GpyHKIIMOHATBHBIX OUOIHOTEK 110
00paboTKe W aHANM3Y NaHHBIX, co3faannto Moneieir MO. KomnonenTHsiii coctaB MIC B Bume Habopa
NaKeToB IpuBeaeH Ha puc. 1. I'maBHbI KOoMmoHeHT mporpaMmbl (MainApp) BbimodHsEeT (QYyHKUUH
BbI30Ba Apyrux komroHeHToB WC st 00paOOTKH 3ampocoB MPHIOKEHUS M0 00pabOTKe JAaHHBIX,
BBITIOJIHEHHUIO BBIYMCIUTEIBHBIX MPOLECCOB MO cOo3AaHuio Mojneneil ML, moctpoenust rpadgukoB u
0011e#t OM3HEC-TIOTHKU pabOThI CHCTEMBI.

s ynobcrBa mpoektr MC, mnpexacraBistommii co00il MOIYJIbHYIO CTPYKTYpY, B Cpeie
pa3paboOTKH pasfefieH Ha OTJeNbHble MaKeThl, B KAXKJIOM H3 KOTOPBIX COJEPKATCS KIIACCHI,
peanusyronme HeoOXOAUMBIA (YHKIMOHAI HCXOAS M3 HX JIOIMYECKOM CBSI3HOCTH MEXAY COOOI.
Kaxxap1it 13 KOTOPBIX COEPKUT CBOM HAOOp MIPOTPaMMHBIX KOMITOHEHTOB.

«Raw dataset» Bkirtouaet B ce0st HeOOpaboTaHHbIE JJaHHBIC B BUjIE (PAliJIOB M JIOTHUKY pealu3aliin
UMIIOpTA.

«Dataset Creation» obecnieyrBaeT JOTUKY CO3aHHs CTPYKTYPHPOBAHHOTO HAOOpa TaHHBIX.

«ExploratoryDataAnalysis» COAEpKHT KJIaCChl, OTBEYAIOIIUE 3a IEPBUYHBIN aHAIN3 JaHHBIX.

«Feature Engineering» o0ecreunBaeT OYMCTKY MAaHHBIX Ui JalbHeHIIed oOpaboTKu
BBIJICJICHIE TIPU3HAKOB.

«Model Training» COIEPKUT COOTBETCTBYIOLIME KJIACCHI, PEAIM3YIOIIME BbI30B W CO3JaHHE
00BEKTOB MOjIeNiell KIacCU(PHUKATOPOB, a TaKKe MX CEPUANM30BaHHBIC CTPYKTYPHI, 3arpyaeMbie B
npoliecce aHajan3a AaHHbIX Yyepe3 uHTepdeiic nonp3oBarens. Takxke B JaHHOM aKeTe pa3MelIeH Kiacc,
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coJep Kaluii METOIBI AJIsl CPABHEHHS BceX KilacCU(UKATOPOB U BbIOOpa Hanbosee 3PPeKTUBHOTO A
MOCTABJICHHOH 3aJa4¥ C YY€TOM pacueTa MEeTPHK.

«ScrapingData» umIuieMeHTHpYyeT JOTHKY cO0pa TEeKCTOBBIX JAHHBIX C YKa3aHHBIX UCTOYHHKOB
I JajJlbHEHIIIero aHaanus3a.

«Ul» peamm3yer ¢yHkimonan rpadudyeckoro wuHTepdeiica TMONB30BaTENI W BBIBOAA
BH3yaJIN3alWi C 3JIeMEHTaMH YIIPaBICHUSI.

% Matplotlib iﬁmak

Seabom MainApp
o __% ChartModule .
- ——
PN
-

- / \
MLModule / A
-
- Data module WebModule
— ]

Flask

Server

Puc. 1. IlnarpamMma oCHOBHBIX KOMIOHEHTOB C

HUccaenoBanme PE3YyIbTATOB IKCIEPUMEHTOB

B kavecTBe MCXOMHBIX JaHHBIX B3sThI HAOOPHI cTareit U3 BeO-caiitoB (z, theguardian, Feedly.
DranaMu HCClIEZoBaHusS cTanu cOop W mpenoOpaboTka JaHHBIX, OTOOp cTareil mo Hamboiee
MOMYJIAPHBIM pyOpuKaM jijisi o0ydeHust Mojaeiaeit MO U OleHKH MX TOYHOCTH ¢ MOJ00poM Hauboliee
MOXOJAIINX 3HAUCHUI TUIIepIIapaMeTPOB JIJIs JIYUIIEro U3 BBIBICHHBIX KJIacCH()UKATOPOB.

Ha 0a3e ananu3a coOpaHHOW MeTanH(POPMALMH MO CTAThAM OBLIO MOAOOPAHO MATH OCHOBHBIX
KaTeropuii craTeit: OusHec, paspieueHus, noiuruka, |IT u 3moposwse. [lo pesynbpraram mojcuera
KOJIMYECTBO TEKCTOB B KAXKIOH M3 KaTErOPHiA MOCTPOEHA qrarpamma (prc. 2), Mo3BOIISIONas HarisaaHee
NPE/ICTaBUTh JaHHbIe (MPOIEHT KAKION M3 KaTeropuit B BeIOOpKe). COrnacHo JAaHHOW BU3yamH3aiuu
HauOOoJbIlIee YUCIO TEKCTOB B Kateropuu IT, a MeHbIIle BCEro B pa3BlICUCHHSIX, HO HECMOTPSI Ha 3TO
JIAHHBIE SBJISFOTCS COAJIAaHCHPOBAHHBIMH, 00II[asi BHIOOPKA PEIPe3eHTATUBHA, YTO MO3BOJISIET N30€KAaTh
JIOTIOJTHUTENIBHBIX MaHUITYJIALNN 10 X 00paboTKe.

B mpornecce npoBeeHus ucciaenoBaHus BEIOPaHO Cy4aiftHOe pa3OueHne Habopa JaHHBIX: /5%
HAOJIIO/ICHHIA, COCTABJISIFOIINX TPSHUPOBOYHBIN HA00p U 25 % HaOI0IeHUH, COCTABIISIONIMX TECTOBBIN
Haoop. [Iporiecc HacCTpoOiiKK runeprapaMeTpoOB MoJIe/ICH ObLIT BBITIOJIHEH C IEPEKPECTHON BauIaIlUuei
TPEHUPOBOYHOTO HabOpa, 9TOORI Kaxkaast Mojeiah MO crana Oonee 0000IIaromei.

Crnenyromym 3tanom ObLI mpoBesieH pacyet T F-IDF meTpuk 1 onpeneneHnst HaCKOJIBKO BaKHO
KaXI0€ CJI0BO B Tekcre. Dopmanuzaiis Mpolecca 3aKiIiouaeTcss B CICAYIONIEM: €CJIH CIIOBO
BCTPEUAETCs B JTFOOOM JIOKYMEHTE YacTo, TIPH 3TOM BCTPEUYAsCh PEIKO BO BCEX APYTUX JOKYMEHTAX, TO
3TO CJIOBO MUMeeT OOJBIIYI0 3HAYUMOCThH IS TOTO K€ JokyMeHTa. ClielyeT OTMETUTh, YTO BCETO
BbIeeHO 0k010 500 C10B 1151 KaX10H U3 TeMaTHK.

®dopMupoBaHUE CIOBAapeil M3 OTACIBHBIX CIOB JJIS KaXI0H TEMaTHKH TEKCTOB IT03BOJIMJIA
obecrieunth nydmue (4eM TpPH OOBIYHBIX CIIOBOCOYETAHUS) COOTBETCTBUE OTJENBHBIX CIIOB
CEMaHTHYECKOMY CMBICITY B paMKax Ka)kKJI0W KaTerOpHHU.
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Busnec Paspneuenns Ionuruka 3n0poBEe

Puc. 2. }:[MarpaMMa pacnpeacicHusa JaHHbIX IO KjlacCaM BBIGOpKI/I

Pesynpratsl onenku cozganusix Moneneit MO B pamkax MC npuBenens! B a0 1.

Tab6n. 1. Pe3yabTaThl OEHKH CO3JaHHBIX Mojaeeil MO

OOyuaromas BEIOOpKa TecroBas BeIOOpKa
- Hassanne oz Tounocts | IlonHoTa %E:g:ﬁf’f Tounocts | IlosmHOTa ]ig f;{:i?’Bie
1 Byctunr 0,991 0,908 150 0,912 0,813 40
2 OmnopHble BEKTOpa 0,956 0,888 112 0,893 0,811 31
3 Hawugngii 6aiiec 0,713 0,663 43 0,65 0,558 12
4 Bmmxaiimmii cocen 0,739 0,552 48 0,701 0,615 1
5 City9aiiHbiit 1ec 0,885 0,782 140 0,798 0,745 33
6 Jloructiueckast perpeccus 0,771 0,699 38 0,743 0,703 9

CornacHo Tabn. 1 cieayer OTMETHTh, YTO MOJIENIb OYCTHHTa SIBIsieTCS HanOoJiee TOYHOM.
HauBnblii OaifecoBckuil KiacCM(pUKATOp M METOA ONMKalIIMX coceAel IOKa3bIBalOT MEHee
3HAYUTEJIbHBIC PE3yIbTAThl, OJHAKO UX CKOPOCTh pabOThI JOCTATOUHO BBICOKA.

Bricokne mokazaTenyd TOYHOCTH W ITOJTHOTBI XapakKTepbl s MOICIN OIIOPHBIX BEKTOPOB,
CKOpOCTh e 00y4YeHHUs U TECTUPOBAHUS TAKKE BBILIE MOJIesIU OycTHHTa o4ty Ha 30 %, MUHUMaJIbHBIN
pa3bpoc 3HaYeHUI MEXIy TECTOBOW M TPEHHPOBOYHOM BHIOOpKAMH TaKke HAOMIOAAETCs AJsl JaHHOU
MOJIENIN U JUISI JIOTUCTUYECKOH perpeccuu, sBISoNIeiicss Hanboee OBICTPOi, HO CYIIECTBEHHO MEHee
TOYHOU.

BriBoabl

B pesynbraTe mpoBeneHHs TAHHOTO WCCIIEOBaHWs ObUTa pa3paboTaHa HMHTEIEKTyallbHAs
cUCTeMa aBTOMATH3al[MH Ipollecca OICHKW TEMAaTHK TEKCTOBOTO KOHTEHTa 0a3e HCIIONb30BaHUS
MPEUIOKEHHON KOHIENIMK TPenoOpaboTKN NaHHBIX M CO3JaHHUSA Pa3HBIX MOJENeH MaITuHHOTO
o0ydeHus ¢ YCIENIHOM arnpoOaIueil ee NCIoIb30BaHus Ha pealbHBIX Ha0opaxX aHHBIX. Y CTAHOBIIEHO,
yTo Haubonee A(PQPEKTUBHBIMH MOJENSMH JIJIsl COOTHECEHHs TEKCTOBOTO KOHTEHTA K 3aJaHHBIM
TEMaTHKaM SIBISIOTCS MOJIeN OyCcTHHra M OMOPHBIX BEKTOpPOB. B nanmpHeiimel pabore B JaHHOM
HAIPaBJICHUH TIPEJIaraeMbIMU MYTSAMH PACIIUPSHHUS BO3MOXKHOCTEH CHUCTEMBI SIBIISIOTCS: BHEIAPEHUS
BO3MOXHOCTEH WTEPaTUBHOTO IPOroHa MoJieliell B BBHIOPAHHOM JIMalla30HE BO MHOTOMOTOYHOM
pEeKUME, YTO MOXKET OO0ECHEYHT CYIIECTBEHHOE CHIKCHHE BpPEMEHHBIX 3aTpar Ha TPOBEJCHHE
BBIYMCITMTEIBHBIX 3KCIIEPUMEHTOB; PACIIUPEHUE METOUKH ITPe100pabOTKH JaHHBIX ITyTEM BBIJCICHUS
JIOTIOJTHUTENBHON MeTauH(POPMAIIMK 10 CTATHCTUYECKHM U CEMaHTUIECKHUM TapaMeTpaM TEKCTOB.
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INTELLECTUAL SYSTEM OF TEXTUAL CONTENT
SUBJECT ESTIMATION AUTOMATIZATION

N.D. RUDNICHENKO, V.V. VYCHUZHANIN, A.A. EGOSHINA,
S.M. VORONOY, N.O. SHIBAEVA

Abstract. This article presents the results of the development and research of an intellectual system
of textual content subject estimation automatization based on the application of machine learning
algorithms. The analysis of problems in the tasks of natural language processing is carried out, the
relevance of the tasks under consideration is substantiated. The concept of system was developed,
its component structure was described, the characteristics of the data collected for analysis were
described and numerical experiments on training and testing of created models of machine learning
were conducted. These experiments confirmed the effectiveness of using boosting and support
vectors for solving the task. Ways to further improve the developed system are proposed.

Keywords: natural language processing, machine learning, intelligent information systems.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VIIK 621.391.26

BEPOSTHOCTHOE JEKOJUPOBAHUE KOJOB C BBICOKOH INIOTHOCTHIO
ITPOBEPOK HA YETHOCTD C UCITOJIb30BAHUEM AJII'OPUTMA
PACITPOCTPAHEHMUSA JOBEPUSA

M.A. AJIMCUEHKO, A.Il. TYPJIAH, C.5. CATTOMATHH

benopycckuii cocyoapcmeennulii ynusepcumem ungpopmamuxu u paouosiekmponuxu, Pecnybnuxa benapyco

Ilocmynuna 6 pedaxyuro 18 gpespans 2022

AHHOTAIMS. PaCCMOTpeHBI IoAXO0Abl BCPOATHOCTHOIO ACKOAHMPOBAHUA KOAOB C BBICOKOH
INIOTHOCTBIO KOHTPOJIA Y€THOCTHU Ha OCHOBE AJITOPUTMA PACIIPOCTPAHCHUA NOBEPUSA C )KCCTKUMU U
AIalnTUBHBIMU  MATKUMH PCIICHUAMMU. PaCCMOTpeHbI OpuMEpPbl CXEM  JACKOAWPOBAHUA C
HCIIOJIB30BAHUCM HeﬁpOHHOﬁ CCTH. HpeﬂﬂomeHa METOAMKA OLCHKHU CJIOKHOCTU ACKOAUPOBAHMA.

Kniouesvie cnosa: anropuT™ pacrpoCTpaHEHHs JTOBEPHs, KOJBI C BBICOKOH IUNIOTHOCTBIO IPOBEPOK
Ha YE€THOCTb, TPOBEPOUHAS MAaTPHUIA, HEUPOHHAS CETh, aJaITUBHBINA aTOPUTM JEKOIUPOBAHUSI.

BBeaenne

CoBpeMeHHbIe KOIBI, TaKHe Kak TypOoko kL, koabl LDPC u monsipabie K01, 00BIYHO JOCTUTAIOT
XOpOIlel MPOU3BOAUTENLHOCTH TOJIBKO PU OTHOCUTENBHO OOJBIINX JUIMHAX OM0KOB. [Ipn KOpoTKHX
U CPEeIHUX JIMHAX OJIOKOB KOJBI C BBICOKOW TUIOTHOCTHIO TpoBepok Ha yeTHocTh (HDPC), Takue kak
koasl BCH u xomer Puga-ConoMoHa, MOTYT OBITH JyYIIMM BBIOOPOM H3-32 UX CBOMCTBA BBICOKOM
KoppekTupytomiei crocoonoctu [1-3]. XoTs Uisi TaKUX KOJOB CYIIECTBYIOT aJITOPUTMBI JKECTKOTO
pelIeHUs HHU3KOH CIIOKHOCTH, 3TH aJIrOPUTMBI HE JOCTUTAIOT IIOJHONW MOIIHOCTH HCIIPABICHHUS
omnOoK, KoTopyto uMeroT kopotkue koiael HDPC mpu ontumansHoM nexogupoBanuu. C apyroit
CTOPOHBI, 110 CBOEH MPHUPOJE KIACCHUECKHEe KOJIbl MMEIOT OY€Hb IUIOTHYIO MPOBEPOUHYIO MATPHILY C
HeOONBIINM 00XBAaTOM W OOJILIIMM KOJIMYECTBOM KOPOTKUX IHKIIOB. [109TOMY BBHINMONHEHHE HA HHUX
CTaHJAPTHOTO UTEPATUBHOIO ACKOAMPOBAHHS OOBIYHO MPUBOAUT K INIOXUM PE3yJIbTaTaM.

B nanHoii paboTe paccMaTpuBAaIOTCS alTOPUTMBI MOCTPOCHUS IPQPEKTUBHBIX HUTEPATHBHBIX
JIEKO/IEPOB KOJOB C BBICOKOW TNIOTHOCTHIO KOHTPOJISI YETHOCTH.

BeposiTHOCTHBIN AJITOPUTM pacIpOCTPAHEHUsI 10Bepusi

AJTOPUTM pactpOCTPaHEHHs JIOBEPUS BBHINOJHAETCS HAa OCHOBE BEKTOPOB, COCTOSIIUX H3
BEIICCTBEHHBIX BEJIMYMH, TOJYYEHHBIX Ha BBIXOJIe KaHalla MyTeM Iepecuera BEpOsSITHOCTEH depe3
anroputM pacnpoctpanenus noepus (belief propagation decoding). Ha ocHoBe nmpuHsTOTO N3 KaHana

BekTopa C GopMupyIOTCS Ba BEKTOpA, Ui ABOMYHOIO ClIy4asi, BEPOSITHOCTEH TOr0, UTO B IPUHSITOM
BEKTOpE Ha JAHHOM MMO3MIIMK HAXOIWIICS 33aHHbIiH cuMBOI [3-5].

Kaxaomy HeHyeBOMY 3JEMEHTY MPOBEPOYHON MAaTpHUIllbl KOJa MPHUCBAUBAIOT JIBE BEIWYUHBI:

X

Qi; u I . Benuunua ; sABIsSETCA BEPOATHOCTHIO TOTO, YTO j-blii CHMBOI IIPHHATOTO BEKTOPA MMEET

3HauEHME X 10 MH(pOPMAIMH, OTYYEHHON M3 BCEX IPOBEPOK, KpoMe i-oil. Bennuuna I smisercs

BCPOATHOCTHIO TOT'O, UTO IMPOBCPKA i BBITTIOJIHACTCA, €CIIN j-LIﬁ CHUMBOIJI IIPUHATOTO BEKTOpa PaBEH X, a
BC€ OCTaJIbHBIC CHMBOJIbI IPOBEPOK HMCHOT paCHpPCIACIICHUC BGpOHTHOCTeﬁ, 3aIaHHOC BCIMYHMHAMH

{qif y o eN(i)\ J} rae N (i) — MHOKECTBO CHMBOJIOB, BXOASLIMX B i-I0 IPOBEPKY.
Ilepen HayanoMm pabOTHI aNrOpUTMy TpeOyeTcs HMHHIMANU3alis, aajnee paboTa HIET 110
NPHUHIMIY TepecueTa BEPOSTHOCTEH CHMBOJIOB MPHUHATOTO BEKTOPA, HCIONB3YSA Ui IepecueTa
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BeposiTHOCTel npaBuiio baiieca 1 anocTepuopHoil BeposaTHOCTH coObIThs. OfHA UTEpaALHs allTOPUTMA
MIPEJICTABISIET COOOM CIEAYIONIYIO MTOCIE0BATENHHOCTD IEHCTBHIA:

1. I[.HH BCEX HpOBepOK BBIUYUCIAKOTCA BSJIMYNHBI AI’IJ n HepeC‘II/ITLIBaIOTCH BepOHTHOCTI/I I’ixj JJIsL
x={0,1}.
2. I[.HH BCEX CUMBOJIOB HpI/IHﬂTOFO BCKTOpa HepeC'-II/ITI)IBaIOTCﬂ BepOHTHOCTI/I qixj .

o 1
3. ®opMUPYIOTCS BEKTOPHI IICEBI0ANOCTEPUOPHON BEPOSTHOCTH q? uq;.

4. ®opmupyetcs BekTop pemenns C' 1o crienyromeMy npaBuily: SJIEMEHT BeKTopa C; =1, ecom
1
Q; Gouble 3a1aHHOTO OPOrOBOIO 3Ha4eHus, nHaye C; =0.

5. Ecniu Bektop C' sBIsieTCSI KOJIOBBIM CIIOBOM, JCKOJUPOBAHKME 3aKaHUMBACTCS, B IPOTUBHOM
CITy4ae BBIOTHSIETCS CIIEAYIONas HTepaIus aropuTMa.

Cy1iecTByeT HECKOJBKO aJITOPUTMOB MSTKOTO jAekonupoBaHust ans kogoB HDPC c Beicokoit
MIPOU3BOAUTEILHOCTRIO ONHUM M3 KOTOPBIX SBIIICTCS AQNalTHBHBIA aJTOPUTM BEPOSTHOCTHOTO
JIEKOTUPOBAHUSI.

CIOXXHOCTh «MSTKHUX» QITOPUTMOB BBIIIE, YEM CIOXHOCTh aJTOPUTMa <GKECTKOTO)
I[GKOI[I/IpOBaHI/Iﬂ HYTGM I/IHBCpTI/IpOBaHI/IH 6I/ITOB, HO Ka4Y€CTBO ILCKOILI/IpOBaHI/ISI ITIOBBIIIACTCA 3a CUCT
WCTIONB30BaHMsI JIOTIOTHATENbHON wWH(OpMannu Ha BbIXoAe KaHama. OJHAKO, TOYHOCTH PaOOTHI
«MAT'KOTO» aJIFOpI/ITMa 3aBUCUT OT MHUIIUAJIU3AlIUN. qu TOYHEC MHUIINAJIU3alluA HpOPI?;BCILCHa, TEM
TOYHEee OyJeT KOHCUHBINH pe3yibTar. JlJis kaHajla ¢ rayCCOBCKUM IIIYMOM WHHUIHATH3AIUSI MOXKET OBITh
MPOM3Be/IeHa TIPY MTOMOIIH HHPOPMAIMH O AWCIIEPCHHU IIyMa B KaHane. J[ns Ipyrux pacupeaeneHuit
IIyMa B KaHaJe WM MPH HEU3BECTHBIX XapaKTEPHCTUKAX IIyMa TOYHAs WHULUAIH3AINS aJTOpUTMa
MOXKET OKa3aThCs CIIOKHOM 3a7auei.

AanTUBHBIH AITOPUTM «KMATKOT0» BEPOATHOCTHOTO ACKOAUPOBAHUA

W3BeCTHO HECKOJIBKO allfOPUTMOB MATKOro nexkogupoBanus ans konoB HDPC c¢ Bwicokoit
MPOM3BOAUTEIBHOCTBIO, OJAHUM M3 KOTOPHIX SBJISETCS AJANTHUBHBIM aJlrOpPUTM BEpPOSITHOCTHOTO
nexonuposanus BP [1, 4].

Momunduxkauus anroputma BP myrem ncnonb3oBanus HEHPOHHOM CETH, 3HAYUTENBHO yIyUIIaeT
€ro Mpou3BOANTENBHOCTH s Kos1oB HDPC. B HeliponHOM anroputme BP, cooOrienns BEIMHUCISIOTCS
Tak ke, Kak W B TpamguimonHoM BP Ha ochHoBe LLR, a 3artem ymHOXaroTcs Ha Habop
MYJIBTHUIUINKaTUBHBIX BECOB. Beca yHHMKaJIbHBI Ul KaXAOW UTEpALMU; CIECIOBATENBHO, B KAUECTBE
KoMmro3unuu apGUHHBIX TpeoOpa3oBaHWii W HENMHEHHOCTeH HeHpoHHBIH nexoaep BP MoxHO
paccMaTpuBaTh Kak CBOETO poJa HE MOJTHOCTHIO CBSI3aHHYIO HEHMPOHHYIO CETh C MPSIMOM CBS3BIO, Kak
Noka3aHo Ha puc. 1. Kaxplili ypoBeHb CETH COCTOMT M3 00ydaeMoil orepalny nepeadn COOOIeHHH.

1 1 ? T

BbixogHoOM BbixogHoit BbIxogHoM BbixogHoM
cnoii 1 cnoit 2 cnoii 3 cnon 4

Iy L h A

Cnoi Cnon Cnon Cnoi
YyeTHocTu 1 YeTHoCcTK 2 YeTHocTh 3 yeTHocTK 4
BxoaHoii BxogHoit BxogHoii BxoaHOwM

cnoi cnon cnoi cnoit
nepemeHHbIX nep biX >{ nep bIX nepemeHHbIX
AaHHbIX 1 AaHHbIX 2 AaHHbBIX 3 AaHHbIX 4

) ) 1 !

BeKTOop AaHHbIX BexTop AaHHbIX BeKTop AaHHbIX BeKTop AaHHbIX
KaHana LLR KaHana LLR KaHana LLR kaHana LLR

Puc. 1. Jlexonep Ha OCHOBE HE TOJIHOCTBIO CBSI3aHHON HEHPOHHOH CETH C IIPSIMOHN CBS3BIO
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Heiiponnsii anroputm BP  sBisercs mnpuMepoM «riyOoOKoro pa3BepThiBaHUs» [6-8].
MeToooTHYeCKH HTEPAMOHHBIN aITOPUTM (KOTOPBHIA MOXKET OBITh WM HE OBITH aITOPUTMOM
oOydeHus1) pa3BOpauMBaETCH, M KaXKIOW HTepalry Ha3HA4YaIOTCS OOydaeMble MapaMeTpbl, YTOOBI
MOJYYUTH TITYOOKYIO0 apXUTEKTYPY.

Jnst oOyueHust HEHpOHHBIX AeKoaepoB BP MokeT OBITH HCIIONB30BaH aNTOPUTM MUHUMHU3AITUN
cpemHel epeKpecTHON SHTPOIHA MEXKAY KaKIbIM IIPOTPaMMHBIM BBIXOJIOM JieKozepa (IIpOIyIeHHBIM
Yyepe3 CHUTMOBHAHYIO (YHKIHMIO IUIsl TONy4YeHHs 3HaueHuid B auamasone [0, 1]) u Kaxagsim
COOTBETCTBYIOIIMM OUTOM MEPEJaHHOTO KOJIOBOT'O CJIOBA.

Bo3moxnaa Momudukanus anroputMa JeKOAUPOBaHus «cyMMa-tipousBenerne» (SP). B ocHoBe
MOIMU(DHUKALIAHN JISKUT AITOPUTM aJlalTAllMA MAaTPHII MPOBEPKH YETHOCTH OT UTEPAINH K UTEpaIllii Ha
OCHOBe Jiorapudmuyeckoro otHomenus: npasgononodus (LLR) Bxopsmero curnama. AnmapaTHas
peanmzanys qexonepa TpedyeT MPUMEHEHHUs alropuTMa HCKITIoUeH s [ 'aycca, KOTOPBIi UCTIONh3yeTcs
B Kak1moit urepanuu SP.

Jlexoep Ha OCHOBe JIMHEHHOT0 MPOrPaMMHUPOBaHNS

MeTo . MHTEPIPETUPYET MPOBEPOUYHYIO MATPHUIly KaK HAO0Op OTpaHUYCHHNA U HCIOJIb30BAJIU
METO/IbI JINHEHHOTO MPOrPaMMHUPOBAHUS IS ACKOAUPOBAHUSI OIYIEHHOTO KOI0BOTO cioBa [9].

Hexonep numueitHoro mnporpammupoBanus (JJIII) neiictByer Ha  QyHAaMEHTaIbHOM
MHOT'OI'paHHUKE, CO3JaHHOM OI'paHUYCHUAMUH MaTpUIlbl IIPOBECPKU YETHOCTH. MHOI‘OFpaHHI/IK UMEET
BEPLIMHBI, KOTOPbIE ABJSIFOTCS AOIMYCTHUMBIMU KOIOBBIMH CJIOBAaMH, U BEPIIMHBI, KOTOPBIE SIBISIOTCS
HEIOIyCTUMBIMHU KOJOBBIMH CIIOBaMU. J[ekoaupoBaHue TUHEHHBIM IPOrPaMMHUPOBAHUEM B KOHEUHOM
UTOre OCTaHaBJIMBAC€TCsA Ha OI[HOI\/'I U3 BCPHIMH, KOTOPOC HA3BIBAIOT IICEBAOKOAOBBIM CJIOBOM
(TIKC) [10]. CxoacTBO B MPOM3BOAUTEIBHOCTH M aHAIOTHYHOE TOBeneHue aexomuposanus JJIIT u
pacnpoctpanenus gosepus (BP) nmpuBenu k ricrionp3oBanuio Beca u pacnpeaeneans PCW mins oneHkn
1 yJIydlICHHA NPOU3BOAUTCIbHOCTH ACKOAUPOBAHUA.

Oo6oraiieHue CTPYKTYPbl MaTPHUIIbI KOHTPOJISI YeTHOCTHU MyTeM J00aBICHUS U30BITOYHBIX CTPOK
yiyuamaer ¢yHkuo pacnpeaenerns Beca [IKC w mpou3BoAWTENBHOCTh JEKOIUPOBAaHUS. 311€Ch
HEOOXOUMO YYHTHIBATh, YTO J10OABICHUE OOJBIETO KOJMYECTBA CTPOK B MaTpHUIy NPOBEPKH Ha
YCTHOCTb MOXKCET YBCIIMUUTH KOJIMYCCTBO KOPOTKUX ITUKIIOB B rpa(be Y CHU3UT MMPOU3BOJUTCIIBHOCTD €I'0
JEKOJUPOBAHUSI.

ANTOpUTMBI AEKOAMPOBAHHS UCTIONB3YIOT U30BITOYHBIE MATPHULIBI IPOBEPKH HA YeTHOCTh. OUH

U3 BApUAHTOB MACKOAUPOBAHUA OHNPCACIIICT MATPUIbl IMPOBCPKU Ha YCETHOCTb (an), IIyTeM

MOJyYEeHUS] WX W3 KOMOBBIX CIIOB MHHHMMAJIBHOTO Beca aBoiicTBeHHOro koma [1]. BosmoxHo
HCIIOJIb30BaHNUE «BPEMEHHON» H30BITOYHOM MATPHIBI MPOBEPKH HA YETHOCTh IMYTEM H3MCHEHHS
6a30B0ii MaTpuIla MPOBEPKH HA YETHOCTH Ha MPOTSHKEHUH BCETO MPOIiecca JAeKOMpoBaHus. PasnuuHas
CTPYKTYypa I/I36BITO‘IHI)IX MaTpul ACKOACPOB BIUACT HAa BEIYHUCIIUTCIIbBHYIO CJIIOKHOCTh ACKOJUPOBAHUA
[11, 12].

«BpeMmenHas» H30BITOYHOCTD, JOCTHTAETCS 3a CUET HCIIOJB30BAHHS TIPYIIIBI H30MOP(HU3MOB
nepectanoBok Per(C), koTopas onpezensiercs kak Habop MepecTaHOBOK KOOPAMHATHBIX MECT, KOTOPhIE
nepeBoAsT koji C B ce0s1. CiydaitHbIM 00pa3oM BeiOupast anemeHThI u3 Per(C), nexonep u3meHseT Habop
OTPaHUYCHUH, KOTOPBIC UCIIOJIB3YIOTCS BO BPEMEHH. JTOT MPOIECC TAKIKE MOXKHO pACCMAaTPUBATh Kak
CMEHY MHOTOTPaHHHKA MPH OYEPETHOM MOMBITKE MPHOIU3UTHCS K PEIICHUIO HIIH KaK JCKOAUPOBAHHE
C IEPECTAaBJICHHBIM MATKUM BXOJHBIM BEKTOPOM, YTO 3KBHUBAJICHTHO JACKOAWPOBAHWIO C IMOMOLIBIO
HepeCTaBHeHHOfI MaTpUIlbl KOHTPOJIA YETHOCTH.

MeToauKa OIeHKH CJI0KHOCTH AC€KOAUPOBAaHUA

Bce BeIpakeHHS anropuTMa 3amaroTcs Kak (QyHKuM gucia pedep IBYAOIRHOTO Tpada,
WHIyIIHPOBAHHOTO KOJI0M. TakuM 00pa3om, cpaBHEHHUE JIBYX PA3HBIX JEKOJIEPOB, KOTOPbIE HCIOIb3YIOT
pa3HbIe MaTPHIIBI MPOBEPKUA HA YETHOCTb, JOCTUTAETCS IyTeM HOPMAaIU3aIlMi KOJUYeCcTBa pedep hx
rpagos.

Ecnu anropuTMbl UCTIONB3YIOT OJHY M Ty K€ MATPHUIy IMIPOBEPKH HAa YETHOCTh, TO CJIOKHOCThH
JIeKo/iepa  OLIGHWBACTCS IIyTeM YCPEIHEHUS KOJHMYECTBA WTEpAlMid  CyMMBI-TIPOU3BEACHUS,
BBITIOJTHSIEMBIX JI0 TE€X TIOp, MOKa He OyAeT JOCTUTHYTO AOMYCTHMOE KOJOBOE CJIOBO WJIM TIOKa
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KOJIMYECTBO UTEPALlUi HE JOCTUTHET ONMPEJCICHHOrO Mpeelia B Cliydae, €clid JSKOAep HE CXOAUTCA K
KozoBoMy cioBy. OjHa WTepanys ONpeneNsseTcsl Kak JAEWCTBHE MO OTIPABKE COOOIEHUH U3 y3II0B-
MIEPEMEHHBIX B Y3IbI-TIepeMeHHbIE, 00paboTKa STHX COOOIIEHNH B y3TIaX-TIPOBEPKaxX M OTIIPABKa HOBBIX
COOOIIEHUH U3 Y3JI0B-TIPOBEPOK B y3JIBI-IEPEMECHHEIC.

Marpuia nposepku dernoctd H s mekoroporo koza C(n,k) nmeer pasmep (nxn).

Hopmupysi OTHOCHTENBHYIO CIIOKHOCTh, MOKHO YCTAaHOBUTH BCE JCKOAEPHl B OJHOM Macmitade.
KonmgectBo pebep B rpade pasHo Nd .. . OTHOCHTENbHAS CIOXHOCTh — 3TO OTHOLICHHE KOJIHYECTBA

pebep B rpadax. CI0KHOCTh AITOPUTMOB MOYKHO CPaBHHUTh, YMHOXKUB CPEIIHEE KOJTUYCCTBO HTEPAIIUI
CYMMBI-TIPOU3BEICHUS Ha MTOKA3aTeNIb OTHOCUTEIBHON CII0KHOCTH.

Tax, st koga ['omest (24, 12, 8) OTHOCHUTENBHYIO CJIOXKHOCTh MOYKHO OIIEHHTD, Kak 1,7. [l koaa
BUX (31, 16, 7) otHOcuTelbHAs CIOXKHOCTH paBHa 1,5; mis xoma (63, 45, 7) — OTHOCHUTEIIbHAsS
CJIOXHOCTh paBHa 3,2. 3/1eCh OTHOCUTEIIbHAS CJIOKHOCTD MPOMOPIIHOHAIBHA JJIHMHE KO/,

3akiaouenue

PaccMmoTpeHs! paznuyHBIE aNrOPUTMBI MTEPATHBHOIO JIEKOJUPOBAHUS KOIOB C BBICOKOW
TUIOTHOCTBIO TMPOBEPOK Ha 4eTHOCTh. I[lokazaHo, 4TO WTEpallMOHHOE AJaNTUBHOE EKOAWPOBAHUE
TI03BOJIACT MOBBICUTH 3 (PEKTUBHOCTD «MATKOTO» ACKOAMPOBAHMS TAKUX KOJOB. [IprBeeHa MeToIuKa
U pe3yJIbTaThl OLIEHKH CI0KHOCTH IEKOJUPOBAHUSI HEKOTOPHIX KOAOB.

PROBABILISTIC DECODING OF CODES WITH A HIGH DENSITY OF PARITY
CHECKS USING THE BELIEF PROPAGATION ALGORITHM

M.A. ALISIENKO, A.P. TURLAY, S.B. SALOMATIN

Abstract. Approaches for probabilistic decoding of high-density parity codes based on a belief
propagation algorithm with hard and adaptive soft decisions are considered. Examples of decoding
schemes using a neural network are considered. A technique for estimating the complexity of
decoding is proposed algorithm for searching for single-pixel extremes of halftone images based
on centrally symmetric scanning is proposed. It is shown that the algorithm works much faster
than the best known algorithms for detecting key points of images.

Keywords: belief propagation algorithm, high-density parity-check codes, parity check matrix,
neural network, adaptive decoding algorithm.

Cnucok JuTepaTypsbl

1. Richardson T., Urbanke R. Modern Coding Theory. Cambridge, UK: Cambridge University Press, 2008.

2. Koetter R., Vardy A. // IEEE Transaction on Information Theory. 2003. Vol. 49. P. 2809-2825.

3. Doan N. [et al.] // arXiv preprint arXiv: 1811. 00124. 2018.

4. Luo F. Machine learning for future wireless communication. Wiley TEEE Press, 2020

5. Tseng H., Wu J. // The International Journal of Electronics.1993. Vol. 75, No. 4. P. 589-594.

6. Liva G. [et al.] // arXiv preprint arXiv: 1610.00873. 2016.

7. O’Shea T., Hoydis J. / IEEE Transactions on Cognitive Communications and Networking. 2017. Vol. 3, No. 4.
P. 563-575.

8. Hershey J.R., Le Roux J., Weninger F. // Mitsubishi Electric Research Laboratories. Tech. Rep. 2014.
TR2014-117.

9. Feldman J. Decoding Error-Correcting Codes via Linear Programming. PhD dissertation. Massachusetts
Institute of Technology. 2003.

10. Kelley C.A,, Sridhara D. // IEEE Trans. Inform. Theory. 2007. Vol. 53, No. 11, P. 4013-4038.

11. Fossorier M. P. C., Mihaljevi’c M., Imai H. // IEEE Trans. Commun. 1999. Vol. 47. P. 673-680.

12. Halford T.R. The Extraction and Complexity Limits of Graphical Models for Linear Codes. PhD dissertation.
University of Southern California, 2007.

49



TEXHOJIOI'dd NEPEJAYU U OBPABOTKH HWHPOPMALUU

V/IK 004.932

YPOBHEBBIE MOJEJIN 1 BOTHOBBIE AJI'OPUTMBbI
CEI'MEHTAIIUU ACM-U30BbPA’KEHUHN

B.B. PABIIEBIY, B.1O. [IBETKOB

Benopycckuii cocyoapcmeennblii ynusepcumem ungopmamuxu u paouodiekmponuku, Pecnybnuxa Benapyce

Hocmynuna 6 peoakyuro 28 pespans 2022

AnHoTanusa. IIpennokeHsl YpOBHEBBIC MOJEIUM U aJITOPUTMBI BOJHOBOI CcerMeHTanuu
MOJIyTOHOBBIX HM300pa)KCHUI MOBEPXHOCTEH MAaTepHajioB, MOJIYYaeMBIX C MOMOIIbIO aTOMHOTO
CHJIOBOTO MHKpOcKoma. Iloka3aHo, 4TO KOMOWHAIMA pE3yNbTaTOB HECKOJBKHX alrOPHUTMOB
MO3BOJISIET TIOBBICHTh TOYHOCTh CETMEHTAlMM U OINpPEICIHTh COOTBETCTBHE (DParMeHTOB
N300paKeHUH MPEIOKESHHBIM MOJIEIISIM.

Kniouesvle cnosa: cerMeHTamus H306pa)KeHPII>'I, MOACIN H306pa)KeHPII>i, aTOMHasA CHJIOBas
MUKPOCKOIHS.

BBenenue

s uccrnepoBaHusl MOBEPXHOCTEM MaTepUaoB INUPOKO HCIHOJIB3YETCS aTOMHAs CHIIOBAs
mukpockomnust (ACM) [1-3]. Ona ocHOBaHa Ha OIIEHKE WHTEHCHBHOCTH CHJIOBOT'O BO3JICHCTBHUS CO
CTOPOHBI TMOBEPXHOCTH Ha MHUKPO30H] W TMO3BOJIAET NpeoOpazoBaTh HMHPOPMALUIO O TOMOJIOTUH
MOBEPXHOCTH B TonyToHOBoe ACM-m3zobpaxkenne. OmHa W3 3amay, penraeMbIX MPH aHaJH3e
ACM-u300pakeHni, 3aKIF09aeTCsl B aBTOMAaTHIECKOH (0e3 ydacTus omepaTopa) OIEHKe KOJHMIeCcTBa
CTPYKTYPHBIX COCTaBISIOIIMX ("acTuil, (a3, 3epeH) Ha MOBEPXHOCTSAX MarepuanoB. st pemieHus
JIAHHOW 3a/1a4d HCIIOJIb3YEeTCsS CerMEHTAIMs, BhIICIstonas oosactu nukcened ACM-nu300paxeHHid,
COOTBETCTBYIOIINE JaHHBIM O0BEKTaM.

Hns cermentaimn  ACM-n300pakeHHH MIMPOKO HCIONB3YIOTCS TPaJMEHTHBIE W MapKepHBIC
ATOPUTMBI  MOP(OJIOTMYECKOTO  BoJopasiena [4—6]. OTu  anropuTMbl BBLIENSIOT oOnacti  0e3
npeaBapuTenbHO MHGOpMauu 00 M300paKeHHH, HO MMEIOT 3HAYMTENbHbIE OIIMOKM CETMEHTALMH U
BBICOKYIO BBIYHCIIUTENIBHYIO CJIOKHOCTh. MEHBIIYIO BBIYMCIUTENBHYIO CIOKHOCTh MMEIOT AJITOPUTMBL,
OCHOBaHHBIE Ha BOJIHOBOM BBIpAIlMBaHUM obnacteil [7-9], HO oHM TpeGyYIOT omnpeeneHusT HayaabHBIX
TOYEK pocTa. DTO OCYILECTBIAETCA MO KOHTPOJIEM OIIepaTopa T.K. aBTOMAaTHUYECKOE BbIJIEICHNE HaYaIbHBIX
touek [10—11] mprBOIUT K HETOCTATOYHOM WM M3OBITOYHOM CETMEHTAIMH. AJITOPUTMBI BBIPAIIMBAHMS
obyacteit 0e3 mpeaBapUTEIBHOIO BBHIOOpA HAYAIBHBIX TOYEK pocTa [12] MMEIT HAaWMEHBIIIYIO
BBIYMCIIMTEIBHYIO CIIOKHOCTD, HO CerMeHTUPYIOT ACM-u300paxkeHus ¢ OOJIBIION OITHOKOH.

Llenbro paboTHI SIBASETCS HOBBILIEHNE TOUHOCTH cerMeHTanun ACM-nu3o00paxeHui.

Mopean ACM-u3o6paskeHuit

IIpennaratorcss Tpu momenun ACM-n300paxxeHuid, MPEACTABISIONNX PA3IUYHBIE BapUaHTHI
pacrooxeHns: 00bEKTOB OTHOCUTENBHO IPYT APYyra Ha MOBEPXHOCTH MaTepHaa.

OnHoypoBHEBasl  MOJACTH {MP, Mg, M, Fl} ACM-m300pakeHUsT  TIPEACTaBISIET  IUIOTHO

pacroNoKeHHBIE ~ OOBEKTBI  MpocToil  Qopmbl  (puc.1l,¢) B Bujae  MaTpuibl  MHUKCENEH
M, :||mF,(y,x)||(y:W71 wox) PasMepoM Y x X  mHKcened MO BEPTHKAIA W TOPU3OHTAIH

(m, (y,x)e[O,ZB —1] , Tne B — paspsmHOCTh THKCEJEH, Ompeelsoniasl MUPUHY JUHAMHYECKOTO
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— ., JIOKaJIbHBIX MaKCHMYMOB

JMana3oHa [0,2B —1] ), pasnerenroii Ha Ny obmacteii S =||s(ng) =

E=||e(ns)

Mg = ms (y. )|

( W) C MOHOTOHHBIM YMECHBIICHHUEM SPKOCTH; TIC MS — MaTpula CErMEeHTaluu,
Ns=1,Ng

M ¢ — MarpHIa JOKaIbHBIX MAKCUMYMOB, M = ||mE (y, X)"

(y=0Y-1x=0,X-1)’ (y=0¥-1,x=0,x-1)"

F, — cnenuduunsle U1 0THOYPOBHEBON MOJENN OrpaHUYEHUS HA paclpesieNieHUe sIpKocTeil mikceneil B

00J1acTsIX JIOKATBHBIX MakCUMyMOB. [loxoskast Monens npemioxkena B [13, 14], HO U1 IOMCKa JIOKAJTBHBIX
MaKCHMyMOB 1 MHHHMYMOB Ha HOJTyTOHOBBIX N300payKeHHSIX C MIMPOKHM JMHAMUYECKIM JIHAIIa30HOM.

[} \\H‘I\h N g
‘wm é‘ih‘:l\‘lﬁ

il & ﬁlum“‘&
{

[

Puc. 1. BapuaHTsl pacnosiokeHuss 00beKTOB Ha TIOBEPXHOCTH MaTepHaa: a — I OJHOYPOBHEBOW MOJICIH;
6 — U1 IBYXYPOBHEBOM MOJICITH; 6 — JJI1 MHOTOYPOBHEBOW MOJICITH

3HaueHus DJIEMEHTOB Mg (y, X) MaTpunbl Mg CcerMeHTanuu yKaselBalOT Ha HOMEpa Ng
obmacreii s(ns) , KOTOpPBIM OHHM TpHHAIJIeKAT (ms (y, X) =Nng , Nge [1, NS]) (puc. 2). 3HayeHus
anemeHToB M (Y, X) MaTpuubl M ¢ JIOKaIbHBIX MAKCHMyMOB YKa3bIBAIOT Ha COOTBETCTBHE IMKCEIEH
U300paxkeHust Ng -My JIOKaJbHOMY MaKCHUMyMy (mE (y.x)= ns) WM HECOOTBETCTBUE JIOKAJIbHBIM
MaKCHMyMaM (mE (y.x) =0). JlokanpHbIi MakCUMyM e(ns) MOKET COCTOATh M3 OJHOro My Oonee
3JICMCHTOB: Vny(mE (y, X) = nS) = (mE (y, X) € e(ns)) . KosndecTBO 5OKaJBHBIX MaKCUMYyMOB
e(ng) coemamaer ¢ xommuectBom obmacteit S(Ng) M30GpakeHus U KaKOH OONACTH HZOOPAKEHHS

COOTBETCTBYeT OJIHH JIOKaIbHBIH Makcumym: VNV, (s(n,) «>e(n,))=(n, =n,).

’nT’(y’x)

m S(ysx)
S(ns)
my(y,x)

Puc. 2. Ces3p Mexxay MaTpuiiaMu B Moesisix ACM-u3o00paxeHuit

Jns xaxmon obnactu S(ns) ACM-u306pa)keHusi, OMUCHIBAEMOTI0 OJHOYPOBHEBOH MOJIEIbIO,
CYIIECTBYET TOJIBKO OJWH JIOKAJbHBIH MaKCUMyM e( ) CrenoBaTeslbHO, MEXKIY KaX/IbIM HMHKCEJIEM
o (Yg.Xy) obmactn s(ns) (ms(yB,XB)zns) U COOTBETCTBYIOLIMM JIOKAJIbHBIM MaKCUMyMOM
ms (yE , XE) (mg (yE, XE) =Ng, Mg (yE’ Xe) =Ny ) obmactu (ecau MakCUMyM MHOTOIHKCEJbHBIA, TO
T00BIM  €r0 THKCEJIeM) CYIIECTBYeT MHOXECTBO R(yB, XB) MOCJIEIOBATENILHOCTEH  MTUKCeNei
(MapmpyTOB) r(yB, xB,nR) , B KOTOPBIX 3HAYCHUS MHKCEIeH MOHOTOHHO YOBIBAIOT, HA4YMHAS C

noxanbHoro Mmakenmyma M (Ye, X ), R(Yg.X3) = {r (Vg i )}(n vy TRe Ny —HoMep mMapuipyTa; N, —
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KOJIMYECTBO MAapHIpyTOB. Mapuipyt r(yB,xB,nR) MOHOTOHHOI'O H3MEHEHHUSI SIPKOCTH MEXIY

mukcemsMu M, (Vg X)) # my(ye,Xe) 0Bpasyercs mocmenoBarensHOCTBIO 13 N, (nR ) HHKcenen
F(Yeo XM ) = (M (Vi (Vo X0 M s ) X (Vi X0 Mg o ))}(npzw) TaKMX,  YTO  BBINOJIHSCTCS
Mg (Ve (Vo Xa: M Mp ) Xe (Ve Xga N oMy )) =N, Tie N, — NOPSIKOBEIH HOMEp MUKCeNs B MapipyTe Ny ;
HaNMEHBIINAN HOMEP n, =1 COOTBETCTBYET MHAKCEITI0 c KOOpAMHaTaMHu ( Y51 Xg ) :
my (yR (Vo Xa Neo L), Xe (V0 Xg Mg ,1)) =M, (Yg,X;) » @ Hanbombumii HoMep N, = N, (nR ) COOTBETCTBYET
TIHKCEIO C KOOPIMHATAMH (Vg , X ) © My (yR (yB,XB,nR, N, (nR )), X (yB, Xg:Ng s Np (nR ))) =m, (Y, X ).
s omHOYpOBHEBOH MOAEIH {M oMo, M F } paciipeniefieHue IPKOCTel MUKcenel B 001acTu
S (nS) JIOKAIBHOTO Makcumyma M (Y, X¢ ) ONPEeNseTcs CyIEeCcTBOBAHNEM JUIsl KaXIO0ro IHKCENs
m, (yB, XB) u3 00J1acTH S(ns) XOTs1 OBl OJTHOTO MapiIpyTa r(yB, Xgs nR) , Bce N, (nR) DJIEMEHTOB
KOTOPOTO yJOBJICTBOPSIIOT OTPAHUUCHUIO F, , OmpenenseMoMy ¢ IIOMOIIBIO BBIPAXKEHUS
ElnR (mP (YR (yB7XB’nR’nP)’ Xg (yB’XB’nR’nP))S
< mP(yR (yB’XB’nR’nP +1)1 Xg (yB’XB’nR’nP +1)))/\
A (Ve (Y0 XM +2), X (Vi XNy +1)) =g ) =

= (Mg (Vg X5 ) 1)

)

mpu N, =1,N, (ng )—1.
[Mpumep npoduns spkocti ACM-1300paskeHus Uit OJHOYPOBHEBOM MOJIEIH IIPUBE/ICH Ha puC. 3, a.
JIByxypoBHEBas MOJEINb { M., M, M, F, } ACM-u300paskeHusl TIPENCTaBIsIeT OTAEIHHO

pacIonokeHHble 00BEKTHI IpocToi opmsel (puc. 1, 6), rne F, — crenupudnble NI IBYXYPOBHEBOH
MOJIENIM OTpAaHWYECHHUsSI Ha paclpe/iesieHUe SPKOCTeH MUKCceslel B 00JIACTSX JIOKATBHBIX MaKCUMYMOB.

JUtst 3Toli MOJENTM pacnipeesieHne SpKocTel mukceseir B obmactu S(Ng) JMOKaTbHOrO MakcHMyma
mP(yE, XE) ONpPENENAETCs CYNIECTBOBAHMEM ISl KAXKJIOrO MHUKCENs M, (yB, XB) U3 00JaCTH s(ns)
xotst Gbr omsoro mapmpyta (Y, X5,Ng) , Bce N, (nR ) 3JIEMEHTOB KOTOPOTO yIOBJIETBOPSIOT
OTrpaHUYCHUIO FZ , oNpeaAcIIEMOMY C IMOMOIIBIO BBIPpAXXCHUA
In, ((dP (ne +1,n, +2)<d, (np,n, +1)) v

v(dp (M +1,1, +2) > dy (0,1, +1)) Ad, (N0, +1) ZTP)/\ o
2
/\(ms(yR (Vo Xg: Mo My +1) X (Vg0 X5 N Ny +1)) = ns):>

= (Mg (V5. %, ) < 1)
mpu N, =1,N, (ng ) -1,
rne dP(j1i):mP(yR(yB’XB’nR7i)’XR(yB’XB’nR7i))_mP(yR(yB’XB7nR’j)’XR(yB7XB’nR’j)); T, -

MUHUMAJIbHOE 3HaUY€HHE Pa3HOCTH 3HAYEHHWH CMEXXHBIX MUKCENIEH, ONpenessionee MpUHAIIEKHOCTD
HHKCeNs 00BEKTY, a He MOJJIOKKE.

Hynesble anemMeHTBl MaTpHLIBI CETMEHTALMK MOJIENT COOTBETCTBYIOT Mosioxkke. [Ipumep npodus
apkoct ACM-u300pakeHus 1711 AByXYpOBHEBOH MOZEHN NMPUBEAEH Ha pHC. 3, 6.
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a 0 8
Puc. 3. TIpumepst npoduieit sspkocta ACM-u300pakeHui: a — U1 0JJHOYPOBHEBOM MO/ICIIH;
6 — U1 IBYXYPOBHEBOM MOJICITH; 6 — JJI1 MHOTOYPOBHEBOW MOJICITH

MpuoroypoBHeBas MOJENb {M pr Mg, M, M | F } ACM-u300paxeHuss MpeACTaBIseT IUIOTHO

WJIM OTJENBHO PAcHONIOKCHHBIC OOBEKTHI CIOXKHOH (GopMsl (puc. 1, 6), rne F, — cnenududnsie mis
MHOTOYPOBHEBOM MOJISII OTpaHUUCHUS Ha PacIIpeIe]ICHUE SPKOCTEH MUKCENCeH B 001aCTsIX JOKAIbHBIX
MakcumymoB; M — matpuua aexommnosuuun ACM-msobpaxenus, M =|m_(y, x)||(y=m’xzm) ;
m_(y,X) — omement wmatpuust yposmedt, m (Y, X)€[0,Ls]; L - xommuecto ypoBHeii
JIEKOMTO3UIUH. JlJIs1 3TOM MOZeNn pacipeeNeHne IpKOCTe MIKCceNel B 00IacTu S(ns) JIOKaIbHOTO
makcumyMa M, (Yg, X;) OmIpenensercs CyleCTBOBAaHMEM Ul KaXZOro mukcemst My (Yy, X;) u3
obnactu S(ns) XOTsI ObI OJHOTO MapIIpyTa r(yB,xB,nR ), Bce N, (nR) 3JIEMEHTOB KOTOPOTO

YIOBJIETBOPAIOT OrPAHHUEHISM F, , OIIEMIEIEMBIM C TOMOILIBEO BHIPAKEHHiT
In, ((dP (ne +1,1, +2)<d, (np,n, +1)) v

v(d (M +10, +2) > d, (05,0, +1)) Ad, (N1, +1)2TP)/\ -
/\(ms(yR (Vi X e N 1), X (Vs X0 Ny My +1))=ns):>

= (Mg (Vg X5 ) € N5 )My (V. %, ) < s

ng (d, (N1, +1) <T, ) A

A(Me (Ve (Vo X Mo ) X (Vi X o)) <

<M (Ve (Vo Xa Mo +2) X (Vi X5, Mg o1y +1)))/\ (4)
A(ms(yR (Y51 X5, g Mo +1) X (Y5 X5, N s Ny +1))=ns):

= (Mg (Ve X5 ) € Ng )My (V. %, ) g

rae | — Homep ypoBHs nexomnosuumn, ls €[1, L].

Ycnosust (3) u (4) onuceBaror obmactu ACM-u300pakeHHd COOTBETCTBEHHO C BBICOKOUW H
HU3KOW CKOPOCTHIO YMEHBIIIEHHS SIPKOCTU TIMKCeNlel B HAlpaBJICHUH OT JIOKAJBLHOTO MakcuMyMma. B
ciydae CIIOKHOU (popMbI 00BEKTOB HEOOXOAMMO YUHTHIBATH HECKOIBKO YPOBHEH JEKOMIO3HIIUH JIJIS
TOr0, 4TOOBI BBLACIUTH Bce OO0BEKTHI MO ycinoBusM (3) u (4). Kaxaplii ypoBeHb NEKOMIIO3HLINU
paccMaTpuBaeTcsi He3aBHUCUMO OT JpyruX. CerMeHTbl, COOTBETCTBYIOIIME OJHOMY YPOBHIO
JEKOMIIO3HLIUY HMMEIOT OJUHAKOBble HOMepa B MaTpuue M, nexomnosuuuu. IIpumep npoduis

sprkocT ACM-u300paskeHus1, COOTBETCTBYIONIEIO MHOIOYPOBHEBOW MO/ICNIN IIPUBEJICH HA pPHC. 3, 6.
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AJTropuTMBI BhIieseHusl 00beKTOB HAa ACM-n300paieHHsIX

Ha ocnoBe mogemneit (1)—(4) pa3paOoTaHBI COOTBETCTBYIOIIME aJITOPUTMBI BBIFCIEHUS Ha
ACM-m300pakeHUAX OOBEKTOB pPA3IWYHBIX THIIOB. AJNTOPHUTMBI OCHOBAaHBI Ha BOJHOBOM
BBIpAIIUBAHUN 00JIaCTeH JTIOKAIBHBIX MAKCHMYMOB C X BRIOOPOM B TIOPSIIKE YObIBaHMS 3HaYeHHU [15],
CYIIHOCTH KOTOPOTO COCTOWT B MCIOJIB30BAaHUH M3MEHSIIOMIETOCS OT MAKCUMyMa K MUHAUMYMY MTOpora

B o o
g ApKOCTH (q =2 —1,0) JUTsT BBIOOpa THKcened pocta obiacTeil (JIOKANbHBIX MaKCHMYMOB) HITH

MUKCEIeH, MPUCOCTUHIEMBIX K MUKCENSIM CMEXHBIX CYIIECTBYIOIIUX 00JacTel, SIPKOCTh KOTOPBIX
yIOBJIE€TBOpsAET orpanudenusm F , F, i F .

Anroput™ L1 cermenrammun ACM-u300pakeHHii, OMUCHIBAEMBIX OJHOYPOBHEBOW MOJIEIBIO,
COCTOMT M3 CJISIYIOUIMX maros [15].

1. 3arpyska uzobpaxenuss M, ; popmuposanue matpuy Mg, M ; q< 2% -1,

2. Iuxot o opory q (moka g # 0 1 CyImecTBYIOT IHKCENH, YIOBIETBOPSIOIIHE YCIOBHIO F ).

2.1. Ilouck nOKaJbHBIX MAKCUMYMOB, COOTBETCTBYIOIIMX MOPOTY (.
2.2. [IpucoennHeHne K CYMIECTBYIOMIUM OOJIACTSAM IMHKCEJIEeH, COOTBETCTBYIOMINX IMOPOTY ( U

YJOBJIIETBOPSAIOIINX yCIOBHIO F, .

2.3. YMeHbllIeHHE TIopora spKkocTu: g <— g —1.

2.4. OkOHYaHWE IMKJIA TI0 TIOPOTY ( APKOCTH.

3. BeiBoa Matpuiel cermenTanun M.

Anroputm L2 cermentanuun ACM-H300paxeHHiA, ONMUCHIBAEMBIX JBYXYPOBHEBOW MOJIEIbIO,
oTnu4aeTcss OT anroputma cerMeHTanmun ACM-n300pakeHHd, ONHCHIBAEMBIX OJIHOYPOBHEBOM
MOZENBIO, TOJBKO YyCIOBUEM F, IpUCOeIMHEHMs IHUKCEIeH, COOTBETCTBYIOIIUX IIOPOry, K

CYIIECTBYIOLIUM O0JIACTSIM.
Anroputm LM cermenramn ACM-u300pakeHni, OMMChIBA@MbIX MHOTOYPOBHEBOW MOJIENbIO,

COCTOUT M3 CIEAYIOIINX 1aroB.
1. 3arpyska uzobpaxenus M, ; popmuposanue matpul Mg, M, M ; g < 1.
2. Huxi o ypoBHsM | nexommosuimu (moka CyImecTBYIOT HECerMEHTHPOBAHHbIE ITHKCETIH).
3. Unnnmanusanys nopora spkoctu: ¢ < 2° —1.
4. 1Tk o mopory ¢ (roka ¢ # 0 1 CyIecTBYIOT IMKCENH, yAOBICTBOPSIONINE YCIOBHAM ).

4.1. TTouck JIOKaNbHBIX MAaKCUMYMOB, COOTBETCTBYIOIIMX MOPOTY (.
4.2. [lpucoearHeHne K CyLIECTBYIOIIUM OOJIACTSIM IHKCEIEeH, COOTBETCTBYIOIIMX MOPOTY ( U

YIOBIIETBOPSAIOIINX YCIOBHIO F .
4.3. YMeHblIeHue nopora sipkoctu: ¢ <— g —1.
4.4. OxoHYaHUE [UKIIA MO TOPOTY ( APKOCTH.
5. O0HyeHre BCeX CErMEHTHUPOBAHHBIX MUKCEIICH: VyVX(mS ( y,x) > 0) = (mp (y, X) <« O) pu

y=0Y -1, x=0,X -1
6. Iy« I +1.

7.d«d+1.
8. OKkoHYaHWe IHKIIA TI0 YPOBHSIM IS JECKOMITO3UIIMH.

9. BeiBo Matpul cermeHTauu Mg 1 gexomnosunuu M, .

Omnucanue TONMOJIOIMii MOBEPXHOCTEH MaTepHaJIOB
HA 0CHOBe KoMOMHanui Moaeneii ACM-u3zo0paskenuii
®parmeHTsl pearbHOTO ACM-H300pakeHUsI MOTYT COOTBETCTBOBATH PA3IMYHBIM MOJICTISIM:
{MP, M., M., F } : {MP, M., M, F, } , {MP, M, M, M, FL} . IlpuMeHeHnE HECOOTBETCTBYIOLIETO
anroputMa (L1, L2, LM) ans cerMeHTaIu MOXKeT IPUBECTHU K omuOKam. B 3Toii cBs3u npeiaraercs

KOMIUIEKCHBIH 1101X0/1 K cerMenTarnn ACM-n300pakeHuii, OCHOBaHHbBIN Ha ()OPMUPOBAHUH ¥ aHATIU3E
PE3yIbTAaTOB PA3IMYHBIX KOMOMHAIINN TPEX MPEIOKESHHBIX aJTOPUTMOB.
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B tabun. 1 npuBeneHo onrcaHne pe3ybTaTOB MPUMEHEHHS aJTOPUTMOB CETMEHTAI[UN Ha OCHOBE
MPEeTOKEHABIX Mojenielh kK ACM-H300pakKCHHUSAM Pa3IUIHBIX THIOB. CHMBOJIOM «+» OTMEUYCHBI
pe3ynbTaThl cerMeHTanuud 6e3 ommOok. CHUMBOJIOM «—» OTMEUEHBI PEe3yNbTaThl HEIOCTATOYHOU
CErMCHTAIUH.

Tabn. 1. PesyasTarsel npuMenenus: aaroputmos L1, L2, LM cermentanun k ACM-u3obpaxennsm,
ONMUCBLIBAEMBIM 0JHO-, IBYX- H MHOTOYPOBHEeBO# MoaensiMu

Anroputm Pesynbrate! cermenTanun ACM-n300paxeHnii, COOTBETCTBYIOLUINX MOJEIIAM
CEerMCHTAallMH OnHOYypOBHEBAs] MOJIENb JByXypoBHEBasi MOAEIb MHoroypoBHeBasi MOJEIb
L1 + - _
L2 + + _
LM + + +
L1-L2 0(L1=L2) CermeHTaIMs IPOCTOM MOJTIOKKI Henmocrarounast cerMeHTaIMs
CHOXHOM MOJUI0KKH
L1NLM + CooTHeceHne 00nacTel u CooTHeceHHe GpparMeHTOB
Mprjieralonmx GparMeHToB 00BEKTOB CIIONKHOU (POPMBI
MIPOCTON MOJJIOKKH
L2ALM 0(L2=0) CerMeHTaIus IPOCTOM MO JIO0KKI CerMeHTaIys CI0XKHOM
TI0JUTOKKH

W3 tabn. 1 cienyet, uto Tonbko anroput™m LM cermentupyer ACM-u3o0paxenus 11000T0 THIIA
0e3 ommbOok. OpHAKO OH WMEET BBICOKYIO BBIYHCIHUTEIBHYIO CIOXKHOCTh, OOYCIOBICHHYIO
MHOTOKpAaTHBIM ITOBTOPOM CKaHHPOBAHUS H300paKeHWS B TOMCKAX HAdYaJbHBIX TOYEK pOCTa H
NPUCOCTMHACMBIX K CYIICCTBYIOUIMM OOJACTSIM THKCENIeH, ¥ HE MO3BOJSET KIACCH(PHUIUPOBATH
¢parmentel  ACM-m3o0pakenuit. M3 Tabm. 1 cinemyer Takke, 4TO KOMOWMHAIIMM PE3yJbTaTOB
HECKOJIBKUX aITOPUTMOB MO3BOJISIIOT TOJYYHUTH OOJbIe WHPOPMAMH O CTPYKType MOBEPXHOCTH
Marepuaia, 9YeM pe3ylbTaThl OTAEIBHBIX ANIrOpUTMOB. KOMOMHAINMK pPe3yabTaTOB IO3BOJISIOT TAKXKe
OTIPEJICIIUTH TUI MOJIENN T Kaxkoro ¢pparmenTa ACM-nu3o00paeHusl.

3aKkiIouyeHne

Jns moBeimeHuss TOYHOCTH cerMeHTannu ACM-m300pakeHU MMOBEPXHOCTEH MaTepHalioB
MMPpEAJIOKEHBI OAHO-, JIBYX- WU MHOI'OYPOBHE€BAA MOJC/IH, ONPCACIAIONINE YCJIOBUA NPUCOCIUHCHUA
MUKCeNe K CYIIECTBYIOIIMM cerMeHTaM. Ha ocHOBe NaHHBIX Mojelneil pa3padoTaHbl TPU BOTHOBBIX
anroputMma cerMmeHTanun ACM-n300paskeHui, IMEIOIINX Pa3InYHYIO0 BBIYUCIUTEIBHYIO CIOXKHOCTD U
TOYHOCTH BhIAENeHHs obnacteil Ha ACM-u300pakeHUsIX, ONMCHIBAEMBIX Pa3IMYHBIMUA YPOBHEBBIMU
Monesimu. [lokasaHo, 4To KOMOWHHPOBAHHE PE3YNbTATOB 3TUX AJTOPUTMOB MO3BOJSET MOIYYHUTH
Oospiie nHpOPMALIUH O CTPYKTYPE MOBEPXHOCTH MaTepraa, Y4eM pe3ylbTaThl OTAEIbHBIX aITOPUTMOB.

LEVEL MODELS AND WAVE ALGORITHMS
FOR SEGMENTATION OF AFM IMAGES

V.V.RABTSEVICH, V.Yu. TSVIATKOU
Abstract. Level models and algorithms for wave segmentation of halftone images of material
surfaces obtained with an atomic force microscope are proposed. It is shown that the combination
of the results of several algorithms can improve the accuracy of segmentation and determine the
correspondence of image fragments to the proposed models.

Keywords: image segmentation, image models, atomic force microscopy.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

V/IK 519.686

PACIIO3HABAHUE MATOJIOI'MM I'PYJTHOU KJIETKH
C IOMOILbIO NPEABAPUTEJIBHOI'O OBYUYEHUS
HA OBIIEJOCTYIHBIX HABOPAX JIAHHBIX

A M. HAYMOBIY

benopycckuii cocyoapcmeennviii ynusepcumem, Pecnybnuxa benapyco

Hocmynuna 6 pedakyuro 28 gpespansa 2022

AHHoTanusi. PaccMoTpena mpobiema pacno3HaBaHUs MATOJNIOTHH TPYIHON KIETKH B YCIOBHSX
MalbIX 00peM0OB 00yJaroniel BEIOOpKH. [IpeioskeH moaxo K penieHuIo 3a/1aqi, OCHOBAHHbIH Ha
HelipoceTeBoil TexHoiormu. PaspaboTaHa apxuTekTypa M cHOco0 OOy4eHUs] CeTH, a TaKke
AITOPUTM TIpeoOpa3oBaHust HAOOPa JAHHBIX [T O0YUCHHS.

Kniouesvie cnosa: cBepTOYHas HEWpOHHas CeTh, paclo3HaBaHWe o00pa3oB, 00paboTKa
pEeHTreHOrpahUICCKUX H300paKEHHUI.

BBeaenne

B yciioBusix maHzemMun BaXKHEHIICH 3aauell Bpauel SBJISCTCS BBIABICHHE 3a00JICBAHU JIETKUX
Ha paHHEW cTaguu ux nposeiaeHus [1-3]. B HacTosimee Bpems s MOMydYeHUsT JAaHHBIX O COCTOSTHUU
MAIMeHTOB C 3a00JIEBaHWH JIETKUX HCIIONB3YIOT HIMPOKUH CHEKTP Pa3lUYHBIX CTal[MOHAPHBIX H
MOOWIBHBIX (pImrooporpaduuecknx ammapartoB. V3-3a pe3koro yBeNWYeHHWsS 4YHCIIa MAIeHTOB
BO3pacTaeT Harpys3ka Ha Bpadei-CreragucToB, IO3TOMY aKkTyaJbHON B TaKOM CHUTyallid CTaHOBUTCS
mpo0IieMa aBTOMAaTH3AINH TTpoliecca 00pabOTKU reTepOTreHHBIX JaHHBIX.

s >dexTuBHOrO  pemieHuss 0003HAYeHHON  mpoOiieMbl  TpedyeTcss  pa3paboTaTh
COOTBETCTBYIOIIMH HAa0Op alropuTMOB W Ha WX OCHOBE MPOTpaMMHOE oOeclieueHue,
ABTOMAaTH3HPYIOIIEE TPYAOSMKHUE TAIbl 00padOTKH JaHHBIX [4-5].

(I)OpMaJII/ISaI.II/Iﬂ H MOCTAHOBKA 3a/1a4YM

[Ipexxae, yeMm meperTH K MOCTaHOBKE 3a/layd, PACCMOTPUM IMPOIIECC MPUHATHUS PEUICHUS TPU
TPAAUIIMOHHOM IIOAXO0/I€ K MPOBEACHUIO CKpUHUHTA. Kak oTMeuanaoch BBIIE, OH TIPOBOIUTCS CPEIH
IIMPOKUX CJIOEB HACENCHHS C MCIOIB30BAHUEM PAa3IUYHOTO POJia CTAIMOHAPHOTO W TMOPTATUBHOTO
MEIWIIMHCKOTO oOopynoBanus. [lomydeHHBIE B pe3ynbTaTe pa3HOPOIHBIE PEHTTeHOTrpadudecKue
CHUMKHM B KpaTyailliue CpPOKH JIOJDKHBI ObITh 00pa0oTaHbl Bpadamu peHTreHojoramu. I[loaromy
aKTyaJIbHOU SIBJISETCS 33a]]a4a aBTOMATH3AINH ITPOIlecca aHAIN3a Pa3HOPOIHBIX PEHTTeHOTPadUIeCKIX
n3obpaxennii. Heodxommumo pa3paboraTs U pean30BaTh HA MPAKTUKE ATOPUTMBI, KOTOPBIE TTO3BOJIST
CIIEIUATTUCTY-PEHTTEHOJIOTY YIEIUTh MAKCUMATHFHOEC BHIMAaHNUE HEOTHO3HAYHBIM (CJI0KHBIM) CITy4asMm
TeueHus 00ie3HN. Takue anropuTMBI TOJDKHEI TApaHTHPOBATH YBEpEHHOE (TIPEIBAPUTEIIEHOE) PEIICHUE
B MaKCUMAaJIbHOM KOJM4ecTBe cirydyaeB. Koraa ske cTeneHb «yBepeHHOCTHY aJITOPUTMA B TOCTABICHHOM
JIMarHO3¢ Majia, HEOOXOAMMO MPEJIOCTABUTE €My HHTEPIIpETaIni0 paboTel anropurma. MHTepripetanus
JIOJDKHA JIaTh BO3MOXXKHOCTH CIICIHAIMCTY OBICTPO OMPENSIUTh CIPABEMIUBOCTh WM JIO)KHOCTH
MOCTABJICHHOTO QJTOPUTMOM TIPEIBAPUTENBHOTO auarno3a. Hakonen, pa3pabaTbiBaeMbIil TOIXOd K
PEIICHUIO 3a/1a4Ml JOJDKEH OBITH JOCTATOYHO MPOW3BOJUTENBHBEIM MPUMEHEHO K OOJIBIIOMY 00BEMY
TeTEPOTCHHBIX JTAHHBIX.

Jns pemenns 00603HaUYCHHOH MPOOIEMBI MIMPOKO HCIIONB3YETCS] HEHPOCETEBBIE TEXHOJIOTHH
00paboTKy JaHHBIX. BayKHBIM TarioM NPUMEHEHUS TAKUX TEXHOJIOTH SBISeTCS 00yUeHre HEHPOHHOM
cetu. [Iporiecc, Kak MpaBUiIo, peayin3ylOT Ha 00IIEIOCTYITHOM HabOpe MaHHBIX. 3aT€M BBITOHSIOT TaK
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Ha3bpIBaEMYIO KaJMOPOBKY HEHPOHHOW ceTH Ha IesieBoM Habope. Hamuune pasmedeHHOTro (LeeBOro)
HaOopa JNaHHBIX SBJISETCS B HEKOTOPOM CMBICIIE HEJOCTATKaM paccMarprBaeMoro nojaxoja. [Toromy
YTO Ha MPAKTHUKE cOOp W IMOATOTOBKA Pa3MEYCHHBIX MAHHBIX (TSI KaXIOTO THIAa OO0OPYIOBAHHS)
ABJISIETCS] JOCTATOYHO JOPOTOCTOSIIUM mporeccoM. [ToaToMy akTyanbpHOM siBIsieTes 3aqa4a pa3paboTKu
ANTOPUTMOB, TPEOYIOIIMX MHHUMAIBHBI 00bEM JaHHBIX M3 IMENEBOr0 JOMEHa ISl OOYy4eHUs
HEUPOHHOM CETH.

[TpoBenem popMannzanuio U TOCTAHOBKY 3a/1a4H.

[Ton pentreHorpadguueckuM H300paskeHHEeM (MM TPOCTO H300paskeHHeM) OyleM MOHUMATh
tensop X €[0,1]""°, rme [0,1] — nmomycTHMBI AManas’oH SPKOCTH IMKCENEH W300pakeHus, W —

HIMpYHA U300paxkeHust, h — BbicoTa M300paXkeHHs, a C — KOJUYECTBO KAHAJIOB H300paKCHHSL.
Iycts X ={X} — HEKOTOpOE MHOXECTBO peHTreHorpaduyecknx n3odpaxeHuit. [lycts Takxke

P={p,.p,,.... P} — MHOXKECTBO NATOJOTIMIl, KOTOpHIE MOKHO OOHAapyXHUTb Ha CHMMKax H3 X
(BKiIOUAs TakKe OTCYTCTBUE MATONOTUM Ha cHUMKe). ITycTh 3amaHo MHOXecTBO X, — X, Takoe, 4To
s VXe X, X—yeP, T.e. KaKaoMy 0OBEKTY MHOXKECTBAa X, CTaBUTCS B COOTBETCTBHE METKA

MaTOJIOTHH U3 MHOXKecTBa P .
Heobxogumo  moctpouts  amroputm  A: X, xX —P,  KOTOpbli 10  BXOZHOMY

peHTreHorpaduuIecKoMy n300paKeHHIO PacO3HaANI ObI HA HEM MaTOJIOTHIO U3 MHOXKECTBa P .

Cnemyer 3aMeTHTh, YTO IIOCTAHOBKA 3aJayd HE IPEAINOJaraeT HAJINYue LEeJIEBOro JIOMEHa
JaHHBIX.

ITycte X, © X — MHOKECTBO M300pa)KEHUI W3 1ieneBoro jomMeHa. Hannune MeTok maTtonoruit

P, mns srtoro Habopa H300pakeHUil He yToyHsercsa. B Takom ciydyae HEOOXOAMMO IMOCTPOMThH
amroput™M Az X x X, x X = P.

[To pe3synmpraTaM TEOPETHYECKUX HCCICAOBAHUI HEOOXOIMMO pa3padoTaTh apXHUTEKTypy M
COCTaB MPOrPaMMHOIO KOMIUIEKCA [0 PACMO3HABAHHIO TMATOJOTHH TPYAHOH KIETKH TIO
peHTreHorpadUIecKUM H300PaKEHISIM.

ANropuTMHYECKOe pelieHne 3a1a4u

Ha mpakTuke paclpoCTpaHEHBI CUTYyalluH, KOT/Ia MHOXKECTBO X, JIOCTaTO4HO Mano. B nannoi
cTaThe paccMaTpUBaeTCs 3ajada, B Kotopoi | X, |=12, Y ={rybepkyne3, maeBMoHus} . Paccmorpum

pelIeHus IPaKTHIEeCKON 3aJaud, KOTJja B peajbHBIX YCIOBHSAX 33/1aHbl TPU CHUMKA C TyOepKyJIe30M,
TpU CHUMKA C HHeBMOHHeﬁ, a Ha OCTaJbHBIX CHUMKaX MaTOJIOTHi He BBISIBIIEHO.

C yuerom crienipuKky KOHKPETHOM MPUKIIAIHON 3a1auH, TIPeIaraeTcs MOAX0, OCHOBAHHBIH Ha
UCIIOJIb30BaHUU HEHPOCETEBOH TEXHOJIOrMU 00paboTkM NaHHBIX [6]. OH COCTOMT W3 CIIEIYIOUIHX
OCHOBHBIX IIaroB:

1. IlpenBaputenbHas 00pabOTKa CHUMKA.

2. Pacrio3HaBaHue HanMU4us OO0 NMATOJIOTHU HA CHUMKE X.

3. ABTOMaTI/ISI/IpOBaHHOC YTOUHCHHUE JUario3a ajisi CHUMKOB, UMCIOIIUX ITaTOJIOTHUIO.

4. OueHKa CTENIeHH YBEPEHHOCTH AITOPUTMA B MTOCTABICHHOM ITPEBAPUTEIHLHOM JHarHo3e.

5. PydHol1 aHamM3 HEOTHO3HAYHBIX CHTYAIMi CHEIUATICTOM-PEHTTEHOIOTOM.

B cuity orpaHmdYeHHOCTH OOBEMa CTaThU NpeIaraeTcsi MmoapoOHee OCTAaHOBHTHCS Ha JTarax
pacro3HaBaHUsl HalM4YUsl TMATOJOTHMH W YTOYHEHHWs AWarHosa. l[Ipeiaraercst MCHOJb30BaTh JIBE
pas3In4Hble HEMPOHHBIE CETH CBEPTOYHOTO TUIA CTAHAAPTHON apXUTEKTYPHI.

Haubonpinii mHTEpEC NpeACTaBIAET MOAXO0A K 00YUEHHUIO 3TUX HEHPOHHBIX ceTel. [lockoabKy
BbIOOpKa X, He mo3BoiAeT oOyunTh ux 3(dexTuBHO (M3-32 Majgoro oObema), Ipearaercs

WCIIONB30BaTh OOIIENOCTYIHBIE HA0OphI PEHTreHOTPApUUECKUX H300paKeHU i  OOydYeHWUs
HeHpoHHBIX ceTell. CTaTHCTUYECKHE CBONCTBA OOINEJOCTYIHBIX IaHHBIX (CpeaHss SPKOCTh U
JIUCTIepCHs TUKCENIeH) OTIIMYaroTCs OT 1iesieBbIX. [Ipeanaraercs npoueaypa o0yueHHs U apXUTEKTypa
HEHPOHHOMN CETH, TIO3BOJISIOIINE PELIUTH 3Ty IPo0dIIEMy.

IIpouenypa oOyueHHsI HEMPOHHOUM CETH IMPEACTaBIsIET COOON MpOIECcC, COCTOSIIMNA U3 JBYX
OCHOBHBIX 3TaIloB.
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Ha nepBoM stamne k o0IenocTymHOMY HaOOp JaHHBIX MpHUMeHseTcs npeoOpazoBanue G(x) . B

pe3yibTaTe MoNyvaeTcsl HOBas oOydJaromas BBIOOpKA, XapaKTEPUCTUKH KOTOPON COOTBETCTBYIOT
1eNeBOMYy HabOpy JaHHBIX.

Ha BTOpOM a3Tane, Ha MONTy4YeHHOM Ha0Ope JaHHBIX BBIMOJHSETCS O0y4YeHUEe HEHPOHHOW CeTH
METO/IOM TPaJMEHTHOTO CIYCKa.

Ha mpakTike OCHOBHas CIIOKHOCTh 3akKjIr04aeTcsi B BbiOOpe mpeoOpaszoBanust G(x) . Ha

OCHOBAaHWHU aHAM3a JAHHBIX M BU3YaJbHOTO CPaBHEHHS H300paXEHUH MpeTaracTcst aaropuTM
moctpoenus G(X).

Ilycte xe€ X,,y € Xp. Ilycts mpeoOpazoBanne G sABISETCA KOMIIO3MIMEH MPeoOpa3oBaHMM
casura spkoct g,(X,8) =X+8& u m3MeHeHust kontpacra g,(X,y)=(X—-X)-y+X, rme X — cpenmss
SIPKOCTh M300pakeHus, y,0 — mapaMmeTpsl mpeoOpaszoBanuii. HeoOxomumMo mogoOparh B HEKOTOPOM
CMBICTIE ONTHMAJbHBIE 3HAYEHHUS Y M & MapaMeTpoB Y,8, 4TOOBI CTATHCTHUECKHE XapaKTEPUCTHKH

0001X BBIOOPOK OBLITH CXOXKH.
B pabote paccmatpuBarotcs 2 cratucTuku. CpeiHel IPKOCThIO BBIOOPKH X HA30BEM BEIUYHHY

w,h
X = t z X Hducnepcueit BEIOOpKH X Oynem Ha3bIBAThH BEJIMYNHY
Nwh 4= i
1 w,h _
DX =—— (% — X)?. TomobpaTh mapamerpel  y,8  HEOOXOMMMO  TaK,  YTOOHI
NWh xeX i=l,j=1

|X —=Xp|>min u |DX-DXy|->min. TlockomkKy 3aiaua MHOTOKDHTEDHANbHAS, BBEIEM
JgononHuTenbHbI  mapamerp  o,0<a <l wu 3anumem neneBY0  QYHKIMIO B BHIC
o| X =X, |[+(1—a)| DX — DX |-> min .

[IpeanaraeTcs alropuT™M HaXOXKICHUS 3HAUYCHHWH Y,0 , OCHOBaHHBIH Ha mepedope IOIyCTUMBIX
3HaueHHit apryMeHToB 110 cetke. Ilycts {(V;,0;)} — MHOKECTBO 1OIyCTHMBIX 3HAYCHHUI TAPAMETPOB, a
runeprapametp o 3adpukcuposad. [Tycte G(X) ={y|y=G(x), Vxe X}.

[lar 0. [nst MEHOXecTBa X, BBIYHCINTH cpefHee X c aucnepcuro DX .

[lar 1. Jlns xaxaoro Habopa (y;,d;) BBIIOIHUTH Iaru 2—4.
lar 2. IToctpouts Bei0OpKY G(X). BbIUHCIHTE €¢ XapaKTePUCTUKH X_G u DXg.

[lar 3. Beraucnuts 3Hauenue Gynkuu o | Xg — Xy [+(1-a) | DXg —DXp |.

lar 4. Eciiu 3HaveHue (QyHKIMH — HAaUMEHbBIIEE CPEAM PACCMOTPEHHBIX, TO MOMETHTH Mapy
(7;,0;) kak Hammydmryl0 Ha TEKyLUii MOMeHT. Ecim Bce mapamerpbl pacCMOTPEHBI, TO 3aKOHYHTh
BBINOJIHEHHE. Have nepeiiTy K mary 1, HCIonb30BaB CIIeAYIONIyIO Iapy mapameTpoB (y;,;,0;.)-

OCHOBHOH HEIOCTATOK aJIrOpUTMa 3aKJIFOYAeTCs B €ro TPYAOSMKOCTH. B Xone BBHITIOIHEHUS
HeoOXoauMoO TipoBecTH Tmepedop 7,0. Kpome Toro, m3-3a HEOOXOAUMOCTH IUCKPETHU3AIIUU

MIPOCTPAHCTBA JOMYCTUMBIX 3HAUEHHUI apryMEHTOB BO3HHKAaET BO3MOXKHOCTh MPOMYCKa 3HAYEHHI
MapaMeTpoB, NAIOIINX XOpolllee Ka4eCTBO MpeoOpa3oBaHusl.

st mpeononenns 0003HAUEHHBIX IMPOOJIEM HCIOIB30BAH IOJXOJ, OCHOBAaHHBIA HAa METOJE
CTOXAaCTHYECKOTO TPaJMEeHTHOTO CIycka 10 mapameTrpam v,0. Jlis TpocTOThl BBIYHUCICHUS
TIPOM3BOHBIX (PYHKIHH MOTeph mpeobpasyem ee k Buny L(8,7) = a(X —¥)? + (1— a)(Dx — Dy)?.

ITocne YIPOLIEHUS GbyHKIHS MOTEPh MIPEACTABISIETCS B BHJIE
L(3,7) = ad® + (1—a)(1—y*)?*(Dx)?.

PaccmoTpuM miaru anroputMa rpaJueHTHOTO CITyCKa.

[ar 0. s HavaJibHOE MHUITHATTU3AIUH TTOJIOKUTh yo =0, 8 =0.

ar 1. 3a¢ukcupoBath 00beKT X € X, t=t+1.

[lar 2. [IpumeHuTh TpeoOpa3oBaHme K n300paxeHuo: Yy =7(X—X)+X +3.
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oL
[ar 3. Berauciaute YacTHbIE MNPOM3BOJHBIC (YHKIUK TOTEph MO (opMmyliam 5=2a8,

%=—4y(1—a)(1—y2)(ox)2.

t+1 t aL
[ar 4. BLIIONHATE IIar anropuT™Ma TPaJAMEHTHOro CIycka mo ¢opmyniam: Y =y —B— ,

oy

St =gt — B% , T1e B — mar o0yJeHus.

Ilar 5. Ecim [y =" |< & u |8 8" |< &, TO mpekpaTuTh BBIMOTHEHHE ¥ IPHHATH 7' 1 &' Kak
HCKOMBIE 3HaueHus. Muade nepeiitu k lary 1.

TakuMm 00pa3oM, NPEIOKEH AJrOpPUTM IOCTPOeHHs IpeolOpa3oBaHuss G Kak KOMIIO3ULMH
npeoOpa3oBaHUi W3MEHEHUsS! SIPKOCTH W KOHTpacTa. PaccMOTpuM Temepb H3MEHEHHs, KOTOphIe
HEOOXOUMO BHECTH B CTAHAAPTHYIO apXUTEKTYpYy HEHPOHHOH CETH.

[Tycte X — 00bekT oOyuaromeit Beioopku, F: X — R" — cBeprounas HeiiponHas cetb. [1ycTh
X =G(X) — npeoOpa3oBaHHBIN CHUMOK 00y4aromeil BHIOOpKH. [IpuMeHUM HEHPOHHYIO CETh K 000MM
canMikam: Y = F(X), ¥ = F(X) . s 10CTKeHNsT HHBAPHAHTHOCTH K YCIOBUSAM CHEMKH U TIapaMeTpam

MEIHULMHCKOro 000pynoBaHus, Heobxomumo, utodsl Ly =|| Y —y|l—>min. Ilycts L, — cranmgaprHas

(GyHKIMS TOTeph MPH PEIICHUH 3a1aud Kiaccupukauu Haa BekropoM X . Torma st oOydeHHs
HEHPOHHOM ceTH HeoOX0IMMO MUHUMHU3UPOBATh GyHKIMIO noteps L=ol, + (1—-a)L,,a>0.

Pe3ysibTaThl 3KCIIEPUMEHTOB H 00CY:K1eHHe

PaboTocnocoOHOCTh MpeIoKEHHOTo MoaX01a Oblia MpPOBEpeHa B XOJIe AKCIEPHUMEHTAIbHBIX
uccienoBannii. B kadecTBe 0OIIEAOCTYMHBIX HAOOpoB maHHBIX wcmoias3oBansl NIH [7], RSNA [8],
VinBigData [9], Shenzhen Tuberculosis Dataset [10]. [nst mpoBepku KauecTBa 00yYEHHBIX MOJIEIICH
apxutektypsl DenseNet ucrnonb3oBanioch 12 CHUMKOB, TMOJYYEHHBIX C TOMOIIBIO TOPTATUBHOTO
MEMIIMHCKOTO 000PYI0BaHUsI.

Pe3ysbraThl TECTHPOBAHUS OMHAPHON MOJEIM Ha OOIIEAOCTYIHBIX JAHHBIX MPEICTABICHBI B
Taom. 1.

Ta6n. 1. Pe3yabTaThl TeCTUPOBAHHUS OGUHAPHOWH Moaeaun

Pathology Label F1 Score
Sick 0,7312
No finding 0,8392

Pe3ynbraThl TECTUPOBAHUS YTOUHSIONICH JMArHO3 MOJEIU Ha OOIICJOCTYIHBIX JaHHBIX
MIPEJICTaBJICHBI B TA0M. 2.

Ta6n. 2. Pe3yabTaThl TECTHPOBAHMUS YTOYHSAIONIEH TUATHO3 MOJeJTH

Pathology label F1 Score
Tuberculosis 0,9652
Pneumonia 0,9712
Other 0,9808

Martpuua om0k MoJIeNu I BRIOOPKH Xy IpesicTaBiIeHa B TadI. 3.

Ta6n. 3. MaTpuua omu60K A5 HeJdeBOii BHIOOPKH

Pathology label No Finding Tuberculosis Pneumonia
No Finding 5 1 0
Tuberculosis 0 3 0
Pneumonia 1 0 2

60



3akiIoueHne

B pabote npemioxeH MOAXox K paclio3HABAHHIO TATOJIOTHH JIETKUX, KOTOPHIH IPEICTaBicH B
BUJIE TIOCJIEIOBATEIFHOCTH IIArOB IpeIBapUTENbHON 00paOOTKM CHHMKA, PACIIO3HABAHUS HAITWUHS
MATOJIOTHM ¥ YTOYHCHMS nuarnos3a. IlpemiokeH momxoa K 00ydeHU0 HEHpOHHOH ceTH (IIPH MaJbIX
o0beMax IeNIeBOH BBEIOOPKH), OCHOBAaHHBINM Ha MMOAOOpE MapaMeTpPOB KOMITO3HMIIMH TPeoOpa3oBaHU
N300paKCHHM.

Ha ocHOBe TpEIOKEHHBIX TOIXOJ0B M aJlrOpPUTMOB pa3pabOTaH COOTBETCTBYIOIIHIA
MPOrpaMMHBIA  KOMIUIEKC TI0 PAclO3HABaHUIO OOJE3HEH Jerkux. Pe3ynbTaThl NPOBENCHHBIX
SKCIIEPUMEHTOB CBHIETEIBCTBYIOT O pabOTOCIIOCOOHOCTH MPEIIOKEHHOTO ITOAXO0/1A.

CHEST PATHOLOGIES RECOGNITION USING
PRE-TRAINING ON PUBLIC DATASETS

A.l. NAUMOVICH

Abstract. The problem of chest pathologies recognition in then conditions of insufficient size of the
training dataset is considered. An approach to solving the problem based on neural network
technology is proposed. The architecture and method of network training have been developed, as
well as an algorithm for converting the dataset for training purposes.

Keywords: convolutional neural network, pattern recognition, X-Ray image processing.
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CREATING DATABASE 10T FOR PRODUCT QUALITY CONTROL
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Abstract. The structure of the 10T network for product quality control is presented. In the process
of comparing database servers, the implementation of the SQL was selected to represent product
quality indicators. The process of configuring the SQL server for use in such I0T network on a cloud
platform is shown.

Keywords: product quality control, database, MySQL, cloud server.

Introduction

Product quality database programming, taking milk quality control as an example, mainly
analyzes the advantages and disadvantages of several commonly used relational databases, such as
MySQL, SQL Server, Oracle database [1], respectively, ease of use, flexibility, openness, security, and
the use performance and other aspects are analyzed.

After the comparative analysis, the MySQL database is used to implement database programming.
Next, it is introduced how to install the MySQL database on the server and how to use SQL statement
to create a database, create data tables.

Comparative analysis of commonly used relational databases

1. MySQL.

The advantages of MySQL.:

—small size, fast speed, low total cost of ownership, open source;

— support multiple operating systems;

— it is an open source database, and the provided interface supports connection operations in
multiple languages.

The disadvantages of MySQL.:

— does not support hot backup;

— the biggest disadvantage of MySQL is its security system, which is mainly complex rather than
standard, and changes only when MySQL admin is called to reread user permissions;

—there is no Stored Procedure language, which is the biggest limitation for programmers
accustomed to enterprise-level databases;

—the price of MySQL varies by platform and installation method. MySQL for Linux is free if
installed by the user or a system administrator rather than a third party, and third-party options require
a license fee. Unix or Linux self-installation is free; Unix or Linux third-party installation is charged.

2. SQL Server.

The advantages of SQL Server:

—ease of use, scalability suitable for distributed organizations, data warehouse functions for
decision support, integration with many other server software, good price-performance ratio, etc.;

— brings flexibility to data management and analysis, allowing units to respond calmly in a rapidly
changing environment to gain a competitive advantage.

The disadvantages of SQL Server:
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— SQL Server can only run on Windows without any openness. Operating system stability is very
important to databases. Windows9X series products are more focused on desktop applications. NT
server is only suitable for small enterprises and Windows platform reliability, security and scalability
are very limited. Unix-like is tried and tested especially for handling large databases;

— the parallel implementation and coexistence model of SQL server is immature, and it is difficult
to deal with the increasing number of users and the limited scalability of data volumes;

— no security certificate obtained;

— performance: SQL Server performs well with multiple users;

— client support and application mode. Only C/S mode is supported, and the SQL Server C/S
structure only supports ADO, DAO, OLEDB, and ODBC connections for Windows clients;

— SQL Server's complete rewrite of the code has undergone long-term testing, constant delays,
and many features take time to prove not fully compatible with earlier products. Use requires certain
risks.

3. Oracle.

The advantages of Oracle:

— Oracle can run on all mainstream platforms (including Windows), fully supports all industry
standards, adopts a completely open strategy to enable customers to choose suitable solutions, and fully
supports developers;

— Oracle's parallel server extends the capabilities of Windows NT by allowing a group of nodes
to share work in the same cluster, providing a high-availability and high-scalability cluster solution. If
Windows NT cannot meet the needs, users can move the database to UNIX. Oracle's parallel server has
a high degree of integration for the clustering mechanisms of various UNIX platforms;

— Oracle is certified to the ISO standard at the highest level of certification. It provides multiple
layers of security, including controls for assessing risk, preventing unauthorized data breaches,
detecting, and reporting database activity, and implementing data access control in databases through
data-driven security;

— Oracle is almost the highest performance relational database, maintaining the world record of
TPC-D and TPC-C under the open platform;

— Oracle's multi-level network computing supports a variety of industrial standard network client
connections such as ODBC, JDBC, and OClI;

— Oracle has a long development experience and is fully backward compatible. It has been widely
recognized and applied, and the use risk is low.

The disadvantages of Oracle:

— high requirements for hardware;

— the price is relatively expensive;

— it is more troublesome to manage and maintain;

— the operation is more complicated and requires higher technical content.

Through the above analysis, MySQL is widely used in small and medium websites on the Internet.
Because of its small size, high speed, low total cost of ownership, and especially open source, many
companies use MySQL databases to reduce costs. The MySQL database can be regarded as one of the
fastest running SQL language databases. In addition to having many features that other databases do not
have, MySQL database is a completely free product, and users can download MySQL databases directly
from the Internet without paying anything. In this paper, MySQL database is used for the management
of milk quality database.

Database implementation

This project is aimed at the implementation of the Internet of Things product quality control
database. The loT architecture of this project is shown in Figure 1. This database is built on a cloud
server. The implementation of the database can be performed through the command window of the cloud
server through the creation of the database and the design of the corresponding table through SQL
statements [2]. The process includes some steps.

Step 1. We configure the MySQL server on the cloud platform. Before connecting to the MySQL
server remotely, we need to configure the MySQL server to listen on its internal IP address. Then, we
create a non-root user account for the MySQL client to connect to the server [3].
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Figure 1. Product quality control 10T structure

Step 2. In Cloud Shell, we use SSH to connect to the my-server instance (see Figure 2).

icmp_seq=10 ttl=64 time=0.353 ms
icmp seq=ll ttl=64 time=0.

ping 34.125.192.234
:~§ sudo - i

04.1 (Ubuntu)
and/or its affiliates.
d trademark of Oracle Corp:

er names may be trademarks of their re:

;' or "\h' for help. Type *\c' to clear the current input statement.

Figure 2. Connect to database on server

Step 3. We update the /etc/mysgl/mysqgl.conf.d/mysgld.cnf configuration file with the following
information:

LOCAL_IP=3(curl http://metadata.google.internal/computeMetadata/v1/instance/network-
interfaces/O/ip \ -H "Metadata-Flavor: Google™) sudo sed -i "s|bind-address.*|bind-address =
SLOCAL_IP|" /etc/mysgl/mysql.conf.d/mysgld.cnf

Step 4. We restart the MySQL service to apply the changes to the running server:

sudo mysqgl --user=root -p[ROOT_PASSWORD] -e "show databases"

Step 5. We verify that the server is running locally. As shown in Figure 2 (connection to DataBase
on Server) and Figure 3 (show databases) connect to the database and view the instance.

nysgl> show dateabses;

[ERROR 1064 (42000): You have an error in your SQL syntax; check the manual that corresponds to your MySQL Server ve
rsion for the right syntax to use near 'dateabses' at line 1

jmy datab H

| information schema |
| milkquality I
I

Figure 3. Show Database

Step 6. Create a database instance.

Step 7. Create product_information table.

Through the creation statement of the data table (see Figure 4) the milk quality indicates the
database to which the table belongs, "milk_information™ is the table name, the data type of MID (Milk
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ID) is int, the data length is 255, NOT NULL is not empty, AUTO_INCREMENT is incremented by 1,
the data type of CID (Cow ID) is int, "Fat", "Protein”, "Lactose", "MUN" (Milk Urea Nitrogen), "SCC"
(Somatic Cell Content), "BC" (Bacteria Content) data types are decimal, where the first value in
parentheses indicates the total number of digits of the data, the second value indicates the number of
digits after the decimal point, "GettingDate" is a date time type in the format (yyyy-MM-dd HH:mm:ss),
PRIMARY KEY('MID", indicating that "MID" is the primary key in the milk_information table [4].

mysgl> use milkquality:

[Empty set (0.00 sec)

mysql> CREATE TABLE ‘milkquality.‘milk information® (

“MID® int(255) ZEROFILL NOT NULL AUTO INCREMENT,
“CID® int(255) NOT NULL,
“Fat® decimal(3, 2) NULL,
“Protein® decimal (3, 2) NULL,
“Lactose® decimal (3, 2) NULL,
"MUN~ decimal(3, 1) NULL,
*scc* decimal (3, 1) NULL,
“BC* decimal (3, 1) NULL,

“GettingDate' datetime NULL,
PRIMARY KEY (‘'MID")

Query OK, 0 rows affected (0.02 sec)

Figure 4. Create table milk_information

Conclusion

By comparing the advantages and disadvantages of MySQL, Oracle, and SQL server databases,
we concluded that MySQL, due to its small size, fast speed, low total cost of ownership, especially open
source, makes the using MySQL databases to reduce costs. In addition to having many features those
other databases do not have, MySQL database is a completely free product, and users can download
MySQL databases directly from the Internet without paying anything. So, we chose MySQL database
as our target database.

We introduce how to create our MySQL database on the server through the development
documentation provided by the Google Cloud Platform. We create a database instance and related data
tables by connecting to the database and using SQL statements.
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Abstract. Frequency domain features are important for human activity recognition. However, the
raw signal needs to be converted to frequency domain features using a fast Fourier transform. In the
frequency domain, the time series data of each component is converted by using the Fast Fourier
Transform (FFT) algorithm.
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Introduction

In a human activity recognition (HAR) system, to build a good performance recognition system,
feature extraction is an important aspect. Some studies suggest that the use of efficient feature extraction
methods may improve the final performance better than using an effective classifier [1]. Frequency
domain analysis can observe the characteristics of the signal based on the frequency. Generally speaking,
the frequency domain analysis is more concise, and observing the signal on the frequency domain makes
the analysis of the problem more profound and convenient. The frequency domain feature extraction
algorithm adopted in this article is a fast Fourier algorithm, which can transform the sample signal to
the frequency domain and extract the frequency domain features of the sample signal to facilitate the
frequency domain analysis.

The frequency domain characteristic parameters

Spectrum analysis includes amplitude spectrum and phase spectrum, and amplitude spectrum is
the most commonly used. When the health state of the key components of the reducer changes, the
frequency component in the signal spectrum of the sample data changes accordingly [2]. Therefore, we
can first accurately characterize the signal spectrum information by analyzing the frequency domain
characteristics of the signal, and then obtain the human behavior state under different situations. The
frequency domain characteristic parameters used in this thesis include center of gravity frequency, mean
frequency, root mean square frequency and frequency standard deviation.

1. Center of gravity frequency.

The center of gravity frequency (FC) can describe the frequency of large signal components in
the spectrum, reflecting the distribution of the signal power spectrum. In other words, for a given band
range, the energy contained below the center of gravity frequency is half the total energy of the signal.
In other words, the center of gravity frequency is a weighted average of the amplitude of the power
spectrum as the weights, so the center of gravity frequency moves to locations where the power spectrum
amplitude is larger. The parameters defined by using the expression:

Tt p(f)df
S LG

[ p(f)df

where f is frequency of the power spectrum p( f) of the signal, p(f) is the power spectrum of the
signal.

)
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2. Mean square frequency.

The mean square frequency is the square of the RMS frequency. Unlike the center of gravity
frequency, the mean square frequency is the weighted average of the square of the signal frequency,
weighted by the amplitude of the power spectrum. The mean square frequency (MSF) is describing the
change in the position of the main band of the power spectrum. The parameters defined by using the
expression:

T f2p(f)df
MSF:—L p(f) , )

jo” p(f)df

where f is frequency of the power spectrum p( f) of the signal, p(f) is the power spectrum of the

signal.

3. Center of gravity frequency.

The root mean square frequency is the calculated square root of the mean square frequency. It
also describes the position changes of the main frequency band of the power spectrum. The parameters
defined by using the expression:

RMSF =/MSF. ?3)

4. Frequency variance.

The frequency variance is the square of the frequency standard deviation, another metric
measure of the energy dispersion of the power spectrum. Frequency standard deviations Frequency
standard deviation is the radius of inertia centered on the center of gravity frequency. If the amplitude
of the spectrum near the center of gravity is large, the frequency standard deviation is small; if the
spectrum near the center of gravity is small. The frequency standard deviation describes the degree of
dispersion of the power spectrum energy distribution. The parameters defined by using the expression:

“(f —FC) p(f)df
VF:L( FC) p(f) | @

j p(f)df

where f is frequency of the power spectrum p( f) of the signal, p(f) is the power spectrum of the

signal.
In order to quickly calculate the above parameters quickly the following formula based on the
discrete Fourier transform properties is used:

2. P(F)p(f)

FFC = N 2 ! (5)
2y p(f)
Fro =20, R(1). (6)
_ [ZpU) -
RMSF A p( f )2 J

- Jz:l(—ecf (1) -

p(f)-p(f-1)

frequency sample points.

where _p(f)z , A is the frequency resolution interval, and N is the number of
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Pros and cons of frequency feature extraction

1. Pros of frequency feature extraction:

— frequency domain analysis can observe the signal features according to the frequency, and the
frequency domain representation is more concise;

— the physical significance of frequency domain analysis is clear and it can provide more intuitive
feature information than the time domain.

2. Cons of frequency feature extraction:

— frequency feature extraction can only be conducted in the effective interval;

— because the time domain truncation causes energy leakage, the amplitude of the discrete
spectrum, phase and frequency can produce large errors.

Program code implementation

In Matlab, firstly we need to fast Fourier transform the signal, and then use the four features of
the center of gravity frequency, the mean square frequency, root mean square frequency and the
Frequency variance to calculate the eigenvalue of the frequency domain. The program code
implementation of the article in Figure 1.

function [ frequencystruct ] frequencyDomainFeatures(src ,fs)X sr

=l

FSefs;
N=length(src);n=0:N-1;
freq=n*fs/N;
f=abs(fft(src,N)*2/N);

x=F(1:N/2); d
freq=freq(1:N/2)";

-RVF=sqrt(sum([(freq-frequencystruc

Figure 1. Program code implementation

Conclusion

Frequency domain analysis can observe the signal characteristics according to the frequency.
Generally, the time domain analysis is more intuitive, but the frequency domain analysis is more concise,
and observing the signals in the frequency domain makes the analysis of the problem more profound
and convenient. At present, frequency domain analysis has become a trend of signal analysis. Through
feature extraction, we can extract the center of gravity frequency, mean frequency, root mean square
frequency and frequency standard deviation in three directions of x, y, and z, a total of twelve feature
vectors, we can carry out the next step of data analysis work through these twelve feature vectors, that
will become convenient and concise.
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AnHoranusi. B pabore paccmarpuBaercst npobiema oOy4yeHus HeHpoHHBIX cereil. [Ipemnoxen
AITOPUTM OOYyuYeHHs] HAa OCHOBE MeToJa oTkura. IlokazaHo, 4TO pa3paOOTaHHBIH aaroOpUTM
obnazmaet ropas3no OosnbIei 3(h(EeKTHBHOCTHIO, YEM CYIIECTBYIONINE TPATUECHTHBIC METOMBI.

Kniouesvie cnosa: MCTOA OTXKHUI'a, MCTOJ I'PAJUCHTHOTO CITyCKa, 06y‘{€HI/I€, HeﬁpOHHaﬂ CCTh.

BBenenue

B HacTosiiee BpeMsl POUCXOIUT CTPEMUTENbHOE pa3BUTHE HHU(PPOBBIX TexHONOruil. O0beMbI
nmomydyaeMod WHGOPMAIMK W3 Pa3IMYHBIX HCTOYHHKOB CTpeMHUTEIhbHO pacTyT [1]. BozHukaer
MHO>KECTBO MPOOIIEM, CBSI3aHHBIX ¢ OOJBIIMMHU O0hEMaMH JaHHBIX: Tiepeada, XpaHeHne 1 00paboTKa.
st penieHus JaHHBIX IPOOJIeM ObUTH pa3paOOTaHbl Pa3InYHbIC ATOPUTMBI.

N3-3a mmpokoro pazHooOpasus o6padaTeiBaeMOi HHPOPMAIH HanOOJIbIIIEe PACIPOCTPaHEHUE
NOJYYMIH YHHUBEpCAJbHbIE HEHpOCETEBbIE aIrOPpUTMbI 00paboTku. B oTnmume oT Kimaccuueckoin
KOHIICTIIIMH, T7e Kiacc 00pabaThiBaeMbIX JaHHBIX 3a(MKCUPOBAH, HEHPOCETEBOM MOIXO/ MpeaIaracT
aJlanTUPYeMOCTh K oOpabarbiBacMol nHpopMaruu [2]. IIpoiiecc HaCTPOWKHK TaKOrO ajaropuTMa Mo
KOHKDPETHBIM KJlacC JaHHBIX Ha3bIBaeTcsi oO0yueHHeM. O((PEeKTUBHOCTb MOJIYYEHHOI'O pELICHUs
HAINpsIMYIO 3aBHCHUT OT pe3yJibTata o0y4eHus [3].

HecMoTpsi Ha JOCTHTHYTBIE B JaHHOM HAalpaBICHUHM PE3yJbTaThl, MpodiieMa OO0Yy4eHUs Io-
NPEXHEMY SIBISETCS aKTyaIbHOM.

CyIIecTBYIOT Ba OCHOBHBIX MOJX0Ja K 0Oy4YEHHIO HEHpOHHBIX ceTeld. OauH Oaszupyercss Ha
METOIOJIOTHH TPAAUCHTHOTO CITyCKa, a JPYrol — Ha cilydailHoM mowucke. Hamboiiee momymsspHBIMU
SBJSIFOTCS TPAJAMEHTHBIE METObI, KOTOPbIE HA MPAaKTUKE 00y4ar0T HEHPOHHBIE CETH 3a MPUEMIIEMOE
Bpems. llpencraBurenu Apyroro moaxoia — METOIbI OTKHIa, 0OECIIEYNBAIOT XOpOLIee KaueCcTBO, HO
paboTaroT cymecTBEHHO MeJICHHEE.

B pabote cpaBamBaeTcs 3PEKTUBHOCTh METO/Ia OTXKHUra U IPAUCHTHOTO CITyCKa JIJIsl 00y4YCeHUS
HEHPOHHOHN CEeTH Ha IPUMEPE PELICHUS 3a/1a41 CXKaTHS BETHBIX M300pasKeHHH.

AHanu3 npodaemMsl

OOyueHre HEHPOHHBIX CeTel PEICTABISET U3 ce0sl MPOIecC HACTPOUKHU OTACIBHBIX TApaMETPOB
CEeTH U1 JOCTIDKEHHS HAWITy4lIero peumeHus. 9GpGeKTHBHOCT pe3yibTaTa OLUEHUBACTCS C MIOMOIIBIO
3aJaHHOTO ISl pelacMoil 3aJaun QyHKIMOHaJa Ka4yecTBa.

Takum o0pa3zom, oOyueHHWE HEHPOHHOW CETH SBISIETCS ONTHMH3AI[MOHHOW 3ajauei, Ije
pEIlICHHEM SIBJISIFOTCS KOHKPETHBIC 3HAYCHUS MTapaMeTPOB HEHPOHHOW CeTH, a IeJIeBON (yHKIUeH —
(YHKLIMOHAJI Ka4eCTBa, ONMCHIBAIOIINH pelaeMyIo 3a1a4y.

Jns pemenuss onTMMHM3alMOHHBIX 337a4 HCIIOJIB3YHOTCS UTEPALlMOHHBIE METOABI, KOTOPBIE, B
CBOIO 04epe/ib, OAPA3ACIAIOTCS Ha JIBA KJIacCa — HAIPABJICHHBIE U HEHAIIPABJICHHbIE.

[Ipu HampaBIeHHOM MOHMCKE KaXKJO€ MOocienyoliee NPUOIMKEHUE BBIUYUCISETCA MO CTPOTO
OTpEJIcICHHOMY TIpaBWJIy Ha OCHOBE TEKYLIEro NpUOMIKEHHOTo pemenusa. K HampaBiIeHHBIM
OTHOCATCS. BCE METOJBI, OCHOBAHHBIE HA BBIYMCIIEHHH I'PaJUEHTOB: METOJ IPOCTOrO I'PAJIUEHTHOTO
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CITyCKa, METOJ[ CeKymuX, MeTo] HeioToHa u T.n. HenampaBiieHHbIE METOIBI (METOABI CIIy4allHOTO
MOWCKA) XapaKTePU3YIOTCS CIIYyYaliHOCTBIO BBIOOpa mociemnyromero npudmmkenns. K HUM MOXHO
OTHECTH METOJ Au(PepeHIIaTFHON YBOTIONN, METOJT OTKHTA H T.JI.

Mertoapl cnydyaifHOTO MOUCKA UMEIOT MIPAKTUUYECKU HEOTPAaHUUYCHHOE MPOCTPAHCTBO JJIS TIOMCKA
pemieHusi, B TO BpeMsi KaK HampaBlI€HHBIE METOJBI OTPAHWYCHBI CTPOTHMH TpaBUJIaMH BhIOOpa
MOCIIEAYIOMIETO PEIIEHUS, YTO CYIIECTBEHHO CYKaeT MPOCTPAHCTBO MOKUCKA pemIeHus. DTOT (akT IaeT
WHTYUTUBHOE TMPEUMYIIECTBO CIIYYaHOTO T[IOMCKAa B KauyecTBE IOJYYCHHOTO pEIICHUS HaJ
HaNpaBJICHHBIMU MeTO1aMU. TakuM 00pa3oM, HCHAIIPABJICHHBIE METOJIbI TAKXKE UMEIOT OINPEICICHHYIO
MIEPCIIEKTUBY.

st cpaBHEHUS 3THX BYX MPUHIMIAAIHHO PA3HBIX MOIXO0JO0B K PEMICHUI0 ONTHMHU3AIMOHHBIX
3a/lady pacCMOTPUM JBa CHJIBHEMIIUX NPEACTaBUTENSI M3 KaXAOro kiacca. M3 HeHampaBlIEHHBIX
METOJIOB — METO/I OT)KUTA, M3 HAIPABJICHHBIX METOJOB — METO/I 3IalITUBHOTO TPAJAMEHTHOTO CITyCKa.

AJIFOpl/ITM Oﬁy‘lel{l/lﬂ Ha OCHOBC M€TO/Ja OT)KUTIa

Jlrobas HeiipoHHas ceTh MpeAcTaBUMa B BUAE HaOOpa mapaMeTpoB — KOMIoOHeHT. Hampumep,
MHOTOCJIOWHBIN MTEPCENTPOH 334aeTCsl ABYMsI HA0OpaMH apaMeTpoB: MHOkecTBOM BecoB W 1 Habopom
cMemeHnid HeilipoHoB B. Takoe mpencraBieHne ceTH HEOOXOMUMO [UISI TOYHOTO OIHCAHUS
pa3pabOTaHHOIO MOJX0/a K 00yUeHHUI0. AJIITOPUTM peaan3yeTcs B Ba OCHOBHBIX JTaIa.

Ilpeosapumenvuotit sman. Ha panHOM JdTane NPOM3BOAMTCS WHHLMANU3AIMs (3afaHue
HavaJbHbIX 3HAYEHUI) IapaMETPOB CETH M HAYaJIbHON TeMIepaTypsl T .

Ocnognoii sman. Ha nanHoM 3Tane oOydeHHs pealu3yeTcs Mpoleaypa MOCIeI0BaTeIbHOIO
OOHOBIICHUS 3HAYEHHUH TapaMeTPOB C UCIOJIb30BAHHEM HEKOTOPOro (yHKIMOHA/IA KayecTBa.

OrnumreM 6oJ1ee oIPoOHO MpoIieTypy OOHOBICHUS TapaMeTPOB.

IIpouedypa obnoenenusn. J{ns NpocTOTHl U3NOKEHUS PACCMOTPUM €€ Ha IPUMEPE MHOXKECTBA
napameTpoB W. [l Apyrux MHOXECTB 3Ta MPOILeypa MOJTHOCTEIO COBIAIACT.

MmuoxectBy napamerpoB W mocraBuM B cooTBeTcTBHE OTpe3ok L, mmmmsr |. ITocnme storo

KaXIpld 37eMeHT MHoxecTBa W mociemoBaTelbHO NOMEIIAEM B LEHTP 3aJaHHOTO oTpeska. s
onpeziesieHNs] HalpaBJICHUs] U3MEHEHHUs 3HAUYEeHUM MapamMeTpoB IeHepupyeMm ciydaiiHoe yucio oT 0
no 1. Ecmu nmonmy4yennas peanmszanus gucia Oomneine 0,5, To 3HAaYCHHE MapaMeTpa YBEITHYHUBAeTCs, B
IPOTHBHOM CJIy4ae — YMEHBIIAETCs.

HoBoe 3Hauenme mapameTpa oOmpefenseTcss B pe3yiabTaTe peaju3alid pPaBHOMEPHO
pacrpeIeIEHHON CITy4ailHOM BETMYMHBI HA OTPE3KE, KOHIIAMU KOTOPOTO SIBJIAIOTCA TEKYIIEE 3HAaUCHUE
napameTpa, 1 KOHell OTpe3Ka, B CTOPOHY KOTOPOT'O OCYILECTBIISIETCSI H3MEHEHHE.

AHaJOTHYHO JeMCTBUA MOCTIEI0BATENHHO BBITIOIHIIOTCS U JPYTHUX TapaMeTPOB CETH.

J1J1s BHOBB TMOJTyYEHHBIX 3HAUEHHI TApaMeTPOB BBIUUCIIsIETCS (DYHKIIMOHA Ka4eCTBa.

[anee npruHUMaeTCs peLIeHnE O MEPEX0/ie B HOBOE COCTOSHUE:

—ecnu 3HaueHHe (yHKIMOHajIa OOJIbIIEe TEKYLIEro, TO NEPEXOIUM B HOBOE COCTOSIHHE C
BEPOSATHOCTHIO:

P(y|x)=exp FY-FK) , (1)

Ti
rJie X — TEKYyIllee COCTOSIHUE, ¥ — BEIOpaHHOE JIJIsl Iepexo/ia COCTOsIHNEe, F — MUHUMH3HpYyeMas 1iesieBast
¢ynkmus, T, — Temneparypa i-oif HTepanun.

— B TIPOTHBHOM CITy4ae MPOUCXOJUT Oe3yCIOBHEII Mepexo/l B HOBOE COCTOSHUE.

— B CITy4ae CMEHBI COCTOSHUS TPOUCXOIUT OXJIAXK IEHHE 10 MPaBUITY:

Tk+l = T—O'
In(k +1)
rie K — KonndgecTBO COBEPIIEHHBIX UTEPAITHH.
— B IIPOTUBHOM CJIy4ac TeMIICpaTypa HC U3BMCHACTCA.
TTocne OXJIAKACHHUSA IPOU3BOAUTCA MMPOBCPKA MOJYYCHHOTO PCIICHUSA Ha OIITUMAJIbHOCTh!:
pellleHre SBJISICTCS ONTHMAJIbHBIM, €CJIM B TCUCHHE MOCICIHUX S UTEpallMil HE MPOBOIMIICS
IEPEXO0/ B HOBOC COCTOAHUE, 00 BpEMsA, OTBECICHHOC Ha 06yquI/Ie, HNCTCKIIO.
Ecmn MOJIY4YCHHOC PCHICHUEC ONITUMAJIBHO, TO:

(2)
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— OCTaHOB aJITOPUTMA,

— B TIPOTHBHOM CITydae Iepexo/1 Ha CIEAYIONIYI0 UTEPAITHIO.

Koney anzopumma. 1'maBHBIM TOCTOMHCTBOM [aHHOTO METOJA SBISIETCS TapaHTHPOBAaHHAS
CXOJMMOCTbh K TOUKE TNT00aTBHOIO0 MUHUMYMA, T.€. K ONTHMAaIbHOMY pemieHuo. K HeocTaTkaM MOXXHO
OTHECTH JIOTapU(PMHUIECKYIO CKOPOCTh CXOJIUMOCTH METO/IA.

MeTtox rpagueHTHOIO CIyCKa

Ha kaxnoif uTepanuu TpaJAWEHTHOIO CITycKa IPOW3BOJUTCS BBIYMCIEHHE MPOM3BOJHOM OT
HeNeBO QYHKIMH MO K&KAOMY M3 HACTPanBaeMbIX ITapaMeTPOB HEHPOHHOM CETH, C MOCIETYIOUIMM UX
OOHOBJICHHEM B MPOTHUBOMOIOKHOM TPAIUEHTY HAPABJICHHM.

JlaHHBII NOIXO UMEET CYIIECTBEHHBIM HENOCTATOK: pacCMaTpHUBAEMbId METOM, KaK IPaBUIIO,
3aBepIIaeTcs B TOYKaX, TJ€ TPAJUEHT paBeH HYJ0. DTO MPUBOJUT K MOJYUYEHHUIO PELICHUS PaBHOMY
JIOKAIbHOMY MHHHMYMY 3Ha4deHHs (pyHKIHMOHajma KadecTBa. Kak mpaBmiio, 3Ha4eHHE JOKAaJIHHOTO
MHUHHUMYMa 3HAYATEIHHO OOJBIIE 3HAYEHHUS TI100aTbHOTO MUHUMYMA.

Paznuunble MoauduKamuum MeToJa TPaJUeHTHOTO CIyCKa OTJIWYAIOTCS JIUIIb HPaBUIIOM
nepecyeTa KOPPEKTHPOBOK IIapaMeTPOB Ha OCHOBE CTATUCTHUKM H3MEHEHUH Ha MpeablayIinx
UTepanusx.

B mpoBomuMBIX HaMH  OKCHEPUMEHTaX HCIOJNB30BAJIaCh  CIEAYIOIAs  MOJUQHKALIUSI
IPaJEeHTHOr0 METOAa — METOJ aJanTUBHOTrO rpamveHTa [4]. B murepaTypHBIX HCTOYHHKAX OHA
CUHTAETCs Hammydlned MoauduKanuei TpaiueHTHOrO MeToa O0yUCHHS, TPAUMEHSETCS ISl 00yUeHUs
rIIyOOKUX HEHPOHHBIX CETEH CII0KHON apXuTeKTyphI [4, 5].

OcHoBHast wujaess MOAM(UKAMH 3aKIIOYacTcs B «CTaOWIM3alMW» TPaJueHToB. Meron
OCYIIECTBIISIET BEIYMCICHUE KOPPEKTUPOBOK C MOMOIIBIO CHEUAIBHBIX CTATUCTHK KOPPEKTUPOBOK U3
MPENBIIyIUX HUTepanuii. OTo o0ecreymBaeT CHIDKEHHE pa3HOCTH 10 MOAYII0  MEeXIy
KOPPEKTUPOBKAMHU COCEIHUX HTepanuid. JlaHHOe CBOWCTBO YaCTHUYHO pellaeT MPOoOJIeMy JIOKAIbHBIX
MUHUMYMOB. A ¢ JApYyroil CTOpPOHBI IYyTEM CIVIAXHUBAHHUS MPEJOTBPAILAIOTCA PE3KHEe H3MEHEHUS
MapaMeTpoB, YTO MPUBOJUT K OOJiee «TOHKOI» HACTPOWKE IMapaMeTpOB.

K mpeumyiiecTBaM JaHHOTO MOJIX0a MOKHO OTHECTH JIMHEHHYIO CKOPOCTH CXOUMOCTH.

IKCNePUMEHTHI

s cpaBHeHUs 3 heKTUBHOCTH anropuTMOB 00yUYeHNsI HEHPOHHBIX CeTell Ha OCHOBE METOJIOB
TPaJUEHTHOTO CITyCKa M OTXKUTa OyIeM pelmaTh 3a/1ady cyKaTus n3o0paxenwuii Ha Beioopkax CIFAR-10
[6] u STL-10 [7].

s Bcex cremeHed cxxkaTHs MOCTpOeHa HEHPOHHAs CeThb M3 Ha0Opa OrpaHMYEHHBIX MAIlUH
Bonsumana tuna I'aycc-bepnymnu.

IIpu 32-kpaTHOM C)KaTUM BXOJHOM CJION OTNEIbHON MAaIIMHBI COCTOMT U3 48 HEHpOHOB, a
BeIXOHOU n3 12. [Ipu 3TOM Kakiash MalivHa MPUHUMAET B KAa4eCTBE BXOAHBIX JaHHBIX (pparMeHT
n300paxkeHus1 pasMepoM 4 Ha 4 mMuKcens, HO TaK y LBETHBIX M300pa’keHUH 3 IIBETOBBIX KaHaja TO
¢dparmMeHT n300pakeHus 3anaercs 48 3HaUCHUAMHU.

IIpu 64-kpaTHOM C)KaTUM BXOJHOM CJION OTNENbHON MAaIIMHBI COCTOMT U3 96 HEHpOHOB, a
BBIXOAHOH u3 12. IIpu 3TOM Kaxzash MalidHa MPUHUMAeT B KaueCTBE BXOAHBIX IAAHHBIX (PparMeHT
n300paxkeHus1 pa3MepoM 4 Ha § MUKceseld, HO TaKk y LBETHBIX H300paXeHUH 3 IIBETOBBIX KaHaJla TO
(dparMeHT U300paxkeHus 3aaeTcs 96 3HAUCHUSIMU.

IIpn 128-kpaTHOM C)KaTHM BXOJHOW CIIOM OTIENBbHON MAIIMHBI COCTOMT U3 192 HelpoHOB, a
BBIXOAHOH u3 12. [Ipu 3TOM Kaxnas MalivHa MPUHUMAaeT B KaueCTBE BXOJAHBIX AAHHBIX ()parMeHT
M300paKeHHs pa3MepoM 8 Ha 8 MUKCeNel, HO TaK y I[BETHBIX M300paKEHHUHA 3 I[BETOBBIX KaHAJIa TO
(bparMeHT n300pakeHus 3anaercs 192 3HauYCHUSIMH.

Cremyer OTMETHTD, YTO IpH OoJiee HU3KUX CTETEHAX CXKATHS KIIAaCCHUECKHE allTOPUTMBbI CHKATHS,
KaK MPaBUJIO, HE YCTYNAIOT HEHPOCETEBOMY IOAXOY, IIOITOMY MCIIOJIb30BaTh 0oJjiee HU3KHE CTEIEHU
CKaTUsl B OKCIIEPUMEHTaX JIJIs HEWPOHHBIX ceTell HelenecooOpasHo. C npyroi CTOPOHEI, MpH Ooee
BBICOKMX CTENEHSX CXKATUSl MPOHUCXOAUT MPAKTHUECKH IOJIHAS MOTEeps UCXOTHBIX HM300pakeHHH U
C)KaTHe B TAKOM cllydae He UMEET CMbICTIA.
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OKCIIEpUMEHTANBHO OBUIO 3aMEYEHO, YTO MEHBIINE pa3Mepbl HEMPOHHBIX CETeH MPHUBOAAT K
Oonee turoxuM pesynbrataMm. [loTomy, 9TO TpW BBICOKHX CTEMEHSX CXKaTUs (CBBINIE 8§ KPaTHOTO)
HeoOXoauMo 0000maTs Oonpire (GparMeHThl BXOAHBIX JAHHBIX, YTOOBI OOCCICUYNTh KaueCTBEHHOE
C)KaTHe BBICOKOW CTEMEHH. APXHUTEKTYpBl ¢ OOJIBIIMM KOJIMYECTBOM HEWPOHOB TpeOyloT ropasio
OonplIero BpeMeHH Ha 00y4yeHHE, YTO YCIOXKHSET MPOBEIEHHE SKCIEPHUMEHTOB, a Takke TpeOyercs
001p110M 00BEM BXOAHBIX JAHHBIX AJISI HACTPOHKHU OOJBIIOTO KOJMYECTBA IapaMeTpoB, YTO CO3AAET
npo0JeMy HeXBaTKU JaHHBIX sl 00y4YeHHSI.

CymiecTByeT MHOXECTBO TPaJUCHTHBIX aITOPUTMOB OOy4YeHHsT OrPAaHHMYCHHBIX MAalIuH
Boabimana: CD-K, PCD, N-PTx. OHu oTiaM4aroTCst Ipyr OT Apyra CrocoOOM OIEHKH TIpaJHdceHTA
(GYHKITHH TTPaBIOTIO00HS.

PCD - OsicTpblii u nmoctaTouHo 3¢dexkTuBHBIH Meron oOyueHus. OpHako, MpH OOJBIIOM
KOJIMYECTBE UTEpaInii 00yueHus ero 3pHeKTHBHOCT CHIXKAETCS, M OH ycrymaet aaxe CD-1 [8]. B o
ke BpeMst anroput™ ooydenust CD-10 mo addextrBHOCTH ipuMepHO paBeH 10-PT5, ognako tpedyer
ropaszuo MeHsluero oobema Beruncienuit [9]. [lpu stom anroputm CD-100 6onee 3¢ dexkTHBHBIH, yeM
CD-10 [10].

ITostomy nns cpaBHeHUS 3(QQPEKTHBHOCTH OOy4YeHHS HEHPOHHBIX CET€H B JKCIIEPUMEHTaX
HCIIOIb30BaH OIMMCAHHBIM BBIIIE AJITOPHUTM Ha OCHOBC METOAA OTKUI'a U CPABHUTCIIBHOI'O PACXOKACHUA
(CD-100).

Hdns  peanmzammm mpomecca oOydeHust ucnoibzoBasioch 10000 wm3o0paxkenuit (3000
HerocpencTBeHHO il oOydenuss w 7000 mnst Bammpmanuu) Al TECTHPOBAHHS KadecTBa CHKATHS
ucnonb3oBauch octanbHbeie 50000 1 90000 n300paskeHni BBIOOPKH COOTBETCTBEHHO.

Bpewms1, otBonumoe Ha 00y4yeHHe, ONPeAEIsIIOCh HHANBUAYAIBHO I KaXXI0I0 aIrOpUTMa. JTO
OBLIO cHeNmaHo I TOTO, YTOOBI OOECIeYUTh CXOJUMOCTH ANTOpHUTMa OOyYeHHWS W HaIllpacHO He
pacxoaoBaTh BEIYUCIUTCIBHBIC PECYPCHI.

DKCHepuMeHTBHl NPOoBOAMINChE Ha cucteme Lubuntu 20.04 ¢ mpomeccopom intel 17-4770K,
Bueokaproi nvidia 1070 ti.

Kak mokazanu pe3ynabpTaThl 3KCIIEPUMEHTOB (CM. Tadm. 1, 2) TeopeTnieckasi CXOJUMOCTh METO/Ia
OTXKHra Ha MPaKTHUKE oOecreyunsia OrpOMHOE NMPEBOCXOACTBO B KayecTBE CXKaTHs MO CPAaBHEHHIO C
TpagueHTHBIM MeTo/IoM (Ooee yem B 2,7 paza).

Tab6n. 1. Pe3yabTaThl 00y4YeHHs MeTOJ0M IPAaAMEHTHOI0 CIIyCKa
Bri6opka CIFAR-10 STL-10
Crenens cxatus, OUT/IIUKCEID 0,75 0,375 0,1875 0,75 0,375 0,1875
MSE 1898 2385 3230 1728 2220 2949
PSNR 15,5 14,6 13,3 15,9 14,8 13,6
PSNR-HVS 15,6 14,7 13,4 16 14,9 13,8
SSIM 0,383 0,27 0,16 0,307 0,255 0,225
Bpewms o0yuenus, 4 0,142 0,08 0,064 1,27 0,714 0,554
Tab6n. 2. Pe3yabTaThsl 00y4YeHHs MEeTOAOM OTHKHUIA
Bri6opka CIFAR-10 STL-10
Crenens cxatus, OUT/IIUKCEID 0,75 0,375 0,1875 0,75 0,375 0,1875
MSE 649 855 1104 626 835 1061
PSNR 20,1 18,9 17,8 20,3 19 18
PSNR-HVS 20,3 19,1 18 20,5 19,2 18,1
SSIM 0,684 0,602 0,498 0,562 0,469 0,38
Bpewms oOydenus, 4 1 1 1 8 8 8

B To ke Bpemst TeopeTrueckas iorapuMUIecKas CKOPOCTh CXOAMMOCTH OTXKUTA Ha TIPAKTHKE
OKa3ajach CYIIECTBEHHO MEJUICHHEee JTUHEWHOH rpaguenTta. OOydeHHue METOIOM OTXKUTA OKa3aioch B
cpenHeM TpuMepHO B 12 pa3 MejieHHee TIpaJMEHTHOro Meroja. [lo KOJNIMYEeCTBY HTepaluii
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HEOOXOUMBIX JJII CXOJAUMOCTH aJITOPUTMA Pa3HUIA eie Oosee 3aMeTHas. [ CXOMUMOCTH OTKHTa
noHagoounock nopsiaka 108 urepaunii B To BpeMs Kak 1714 TpaJueHTHOr0 MeToa nopsaaka 103,

3akiaouenue

OKCIIEpUMEHTANBHO OBUIO MOKa3aHo, YTO METOJ IPaJWEHTHOTO CITyCKa 3acTpeBaeT B TOYKaX
JIOKAJIbHOTO MMHHAMYMA H IOJIy4EHHOE PEIIEHUE CYIIECTBEHHO XYXE ONTHUMAIBHOro. B Toke Bpems
pa3paboTaHHBIN, HA OCHOBE METOJA OTXKUIa, AITOPUTM Ha IPAKTUKE II0Ka3ajl BBICOKOE KadyecCTBO
0o0y4eHus, 4TO MOATBEPKAAET TEOPETHUECKHE PE3YIbTAaThl O CXOJUMOCTH METO/a K ONTHMAaTbHOMY
pemennto. Pa3paboTaHHBIE HaMU alropuTM ObLI OTpaHHYeH TOJNBKO BPEMEHEM, OTBEIEHHBIM Ha
o0yyeHue. DTO 03HaYaeT, YTO IPU POCTE BHIYUCIUTEIBHON MOITHOCTH KOMIIBIOTEPA BO3PACTAET YHUCIIO
COBEPILEHHBIX UTEPALUi OTXKHTa 33 OTBEACHHOE BPEMSI M TEM CaMbIM IIOBBILIAETCS KAUECTBO 00yUEHHUS.
B TO BpeMst kak y IpaJJU€HTHOIO JIrOPUTMA YUCJIO UTEPALMHA C POCTOM MOIIHOCTU KOMIIBIOTEPA HE
YBEJIMUUBACTCS, a JIUIIb YMEHBIIACTCA BPEMs 00y4EHHUSL.

W3 nony4eHHBIX pe3yabTaTOB MOKHO CIENATh BBIBOJ, YTO METOJ OT)KHIa UMEET B IIEPCIIEKTUBE
OTIpeJIeICHHBII MOTEHIMAM B PEIICHUH 3aa4i 00y4eHUs] HeHPOHHBIX ceTeld. OH MOKET CyIIECTBEHHO
MOBBICHTB KAQU4€CTBO OOY4EHUsI HEHPOHHBIX CETEH.

ANNEALING METHOD OPPORTUNITIES IN NEURAL
NETWORKS TRAINING PROBLEM

V.V. MATSKEVICH

Abstract. The paper deals with a neural network training problem. Training algorithm based on
annealing method is proposed. It is shown that constructed algorithm has significantly higher
efficiency that existed gradient decay methods.

Keywords: annealing method, gradient decay method, training, neural network.
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Abstract. In computer vision, representing graphics with important information can reduce the
workload of recognition. As an important research content of computer graphics representation,
skeleton features are simple in structure, so images can be matched effectively and quickly. Skeleton
provides an effective and compact representation of an image object by reducing its dimensionality
to a skeleton while preserving the topologic and geometric properties of the object, so using the
skeleton to identify the shape has certain advantages. In this paper, we present the key processes of
the object recognition based on the skeleton.

Keywords: skeleton, object recognition.

Introduction

With the development of modern technology, the image resources that can be obtained and
utilized are increasing rapidly. Using the theory and method of image analysis to quickly recognize the
object in the image has an urgent demand in various fields applications. Because the skeleton of object
has the characteristics of hierarchy, multi-scale, consistent with the original target topology and adapting
to large changes, people begin to pay attention to the object recognition based on skeleton [1].

Assuming that there is a grayscale image and a library containing different skeletons, object
recognition based on skeleton is to extract the skeleton from the input image through a series of
processes, and then compare the skeleton with the library to realize object recognition.

In this paper, we present the key processes of the object recognition based on skeleton. The whole
process can be summarized as follows: image segmentation, skeletonization, skeleton pruning, model
transformation and skeleton matching.

Image segmentation

The function of image segmentation is to separate the object from the background. The most
commonly used method of gray image binarization is the threshold method. It uses the difference
between the object and the background in the image to set the image to two different levels, and selects
an appropriate threshold to determine whether a pixel is the object or the background, Mark all pixels
in the sub image whose gray value is greater than or equal to the optimal threshold as the object image,
and mark all pixels in the sub image whose gray value is less than the optimal threshold as the
background image, so as to obtain the binarized image.

Skeletonization

The next step is to conduct skeletonization algorithm. The purpose of skeletonization is to reduce
redundant information and leave enough useful information for topology analysis and shape analysis.
The foundation of skeletonization was originally introduced by Blum [2] through an analogy with
grassfires. Skeletonization methods can be divided into three major approaches, geometric, curve
propagation and digital approaches [3]. The quality of skeleton is affected by many factors, including
the noise of the image, the thickness of lines, the determination of endpoints and the selection of line
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intersections. An excellent skeletonization algorithm should have the following characteristics: ensure
the connectivity of the skeleton after skeletonization, maintain the detailed features of the original image
well, the result of skeletonization is the center line of the original line, the endpoints of the line are intact,
the intersection of the line can't be distorted and the skeletonization time can't be too long. An example
of skeletonization is shown in Figure 1.

L — [

Figure 1. Skeletonization example of a letter of the alphabet

Skeleton pruning

Skeleton pruning is an essential part of the processing and analysis of skeletons. The purpose of
this step is to filter out the unnecessary branches caused by boundary noise, which is the preprocessing
before skeleton recognition. It is still quite a challenging problem because of the lack of standard
measurements for the importance or significance of a branch. The relative significance of the same
branches will be different if we see them from different perspectives with different objectives [4]. In the
past decade, there are many approaches based on different perspectives have emerged for trying to tackle
this problem. Pruning methods based on DCE [5] and pruning based with bending potential ratio [6] are
recommended for use. A pruned example is present in Figure 2.

a b c d
Figure 2. Example to illustrate the function of the skeleton pruning: « — the input object;
b — binary object mask; ¢ — the initial skeleton; d — pruned skeleton

Skeleton recognition

Skeleton recognition is the last step of object recognition. Comparing the processed skeleton with
the skeleton in the library, it can retrieve the graphics corresponding to the graphics library by the
matching degree of object skeleton. Therefore, the key step of shape retrieval is to perform effective
bone matching [7]. At present, there are several common skeleton matching methods, such as skeleton
graph matching based on path similarity, skeleton matching based on clustering and affine invariant of
image feature matching algorithm.

Conclusion
This paper briefly introduces each key step of object recognition based on skeleton. Skeleton

provides an effective and compact representation of an image object by reducing its dimensionality to a
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skeleton while preserving the topologic and geometric properties of the object. Therefore, the skeleton
based object recognition algorithm has important application significance in image processing.
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Abstract. With the improvement of pattern recognition algorithm, human activity recognition
(HAR) based on smart phone sensor data has become a highly concerned and rapidly developing
research field. According to the basic principle of HAR, this paper proposes an activity recognition
system based on random forest classifier. Data collection, data preprocessing and feature extraction
are specified. The random forest classifier is summarized. The accuracy rate, TPR, FNR, PPV and
FNR were used to evaluate HAR system proposed in this paper. Experimental results show that this
study can accurately distinguish six basic activities, and the average accuracy of the random forest
algorithm is 94,6 %.

Keywords: human activity recognition, classifier, random forest algorithm.

Introduction

Human Activity Recognition (HAR) has become a very active research topic in the field of
machine learning [1-2]. The purpose of this work is to use sensor data and machine learning methods to
detect human movement. Advanced mobile devices, such as smart phones, are usually integrated by
multiple sensors. Accelerometers, gyroscopes, and magnetometers are commonly embedded. Mobile
devices can obtain a large amount of user-related information by monitoring and tracking the user's
movement. Classic pattern recognition steps include data preprocessing, feature extraction/selection,
classifier training, and sample recognition. The research is mainly as follows:

1 Bagging algorithm [3] was proposed in 1996. The new training dataset generated by random
sampling contains the same number of data instances as the original training dataset D, , and the data is

repeated due to uneven selection. In literature [4], the D, (i=12,...,T) the model building method of

decision tree CART [5] algorithm is used for improvement. There are T decision trees in the decision
forest to provide information for their decisions.

2 AdaBoost algorithm is a classical algorithm among Boost algorithms [6]. In this kind of
algorithm, the base classifier is derived from the training data set D with weight factors added.

3 Random Subspace algorithm [7] re-selects data attribute subset and randomly selects attribute
subset f from all feature space m in the process of each iteration to form m. The decision tree is

trained from the new training data set. The accuracy of Random Subspace algorithm is between Bagging
algorithm and AdaBoost algorithm, but the diversity is not as high as the above two algorithms.

This paper puts forward a kind of human activity recognition based on random forest algorithm,
the target is to adopt mobile phone embedded sensor data through human activity recognition
technology, achieved the identification of common 6 class activities. The experimental results show that
the human activity recognition based on random forest algorithm has very high accuracy.

The processing procedures of accelerometer data

According to the classical pattern recognition process, we introduce in detail the data processing
process as the pre-part of activity recognition method, including: data acquisition, data pretreatment,
data segmentation, feature extraction and selection.
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The user activity data is collected to analyze and verify the activity identification method
proposed in this paper. The quality of data will directly affect the final result of activity
identification. The difficulty of data collection can be greatly reduced by using sensors embedded
in portable intelligent devices to collect data. Simple activities are characterized by high
monotonicity and repeatability and obvious feature distribution.

Therefore, based on the experience of previous studies and the basic characteristics of simple
human activities, we selected the sensors built into smart phones to obtain the original signals,
Acceleration sensor, Gravity sensor, Gyroscope, Magnetic sensor

During the data acquisition process, due to interference from factors such as external
environment and human error, the original sensor data usually contains noise (missing values,
incorrect values, or abnormal values, etc.). Therefore, the original data needs to be preprocessed.
The commonly used data preprocessing methods are mainly data filtering and windowing
segmentation.

In data processing, the function of a filter is to remove unwanted parts of the signal, such as
random noise, or to extract useful parts of the signal, such as the components lying within a certain
frequency range. In this paper, Chebyshev Type Il sensor is used to remove the influence of gravity.
Chebyshev Type Il filters have flat passbands (no ripple), making them a good choice for DC and
low frequency measurement applications.

The Chebyshev high-pass filter shown in Figure 1 is used to separate the components of bulk
acceleration (BA) and gravitational acceleration (GA).

Amplitude response (dB) and Phase response
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-80 1 I | 1 I | | | I 1-1.137
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Mormalized frequency(x = radfsample)

Figure 1. The amplitude and phase response of 9th-order high-pass Chebyshev Type Il filter

Due to the data from the sensor is time domain data points in a row, high dimension, not suitable
for directly used for feature extraction, otherwise it will affect the accuracy of the system and efficiency.
In this paper, a 50 % overlap slider Window is selected to windotize the data.

Feature extracting. Extracting key features to represent human activities is the key to activity
analysis and behavior analysis. Feature selection has a very important impact on the recognition effect.
Features with significant discriminative power can greatly improve recognition accuracy or reduce
model complexity. Active features usually include time domain features, frequency domain features and
some other domain features. In this paper, we extracted 66 temporal features from the ACC data of 6
sports activities, as shown in Figure 2.

It can be seen from Figure 2, a that walking and lying down can be easily distinguished by
using the feature vector consisting of histogram values of ACC signal. It can be seen that walking
and standing can be easily distinguished by using the standard deviation, as shown in Figure 2, b
shown.
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Figure 2. Histograms of ACC data for 3 classes of human physical activities:
a — Walking and Lying; b — Walking and Standing

Random forest (RF) is a supervised machine learning algorithm that has become one of the most
commonly used algorithms due to its accuracy, simplicity and flexibility. It has nonlinear properties that
enable it to be used for classification and regression tasks and is highly adaptable to a range of data and
situations. RF use Bagging (picking one observation sample instead of all) and random subspace
methods (picking one feature sample instead of all features, in other words — attribute bagging) to grow
a tree. RF has simplicity, diversity, robustness and reliability, and can greatly improve model accuracy
by adjusting hyperparameters and selecting key features.

RF learning algorithm is composed of three parts like any other machine learning algorithm.
Training, validation and testing. RF learning provides us with several Spaces (optimal combination of
features) in which we can perform optimal domain partitioning and achieve high classification accuracy.

The base classifier of RF is decision tree, which belongs to a single classifier. A decision tree can
provide a set of rules to distinguish between different characteristics of data. The basic idea of decision
tree algorithm is to use the training set of known categories to train classifiers and generate rules. These
rules are used to classify and mine unknown data sets.

The decision tree model is a tree structure, including three types of nodes (Figure 3).

Root node

A 4 A 4

Decision node Decision node

¢ ¢ 4 \ 4

‘ Leaf node ‘ Leaf node Leaf node Leaf node

Figure 3. Decision tree structure used in RF classifier

The nodes include root decision node, intermediate decision node and leaf node. Among them,
the decision child node represents the determination of feature attributes, and the leaf node represents
the determination of feature attributes. The child node represents a category, and the path of the
connected node represents the output of the characteristic attribute within a certain range of values. The
decision-making process of decision tree is the process of testing the characteristic attributes of the data
to be classified, selecting the output branches, and arriving from the root node to the leaf node.

The most critical step in constructing decision tree is to determine split attribute. Split attribute
refers to dividing and constructing different branches according to a certain characteristic attribute at
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non-leaf nodes. The key lies in attribute selection metric, which is a criterion for selecting split attribute.
There are many node splitting algorithms, which generally adopt the top-down recursive divide and
conquer method and the greedy strategy without backtracking.

This paper adopts CART algorithm, which adopts the splitting rule Gini index minimum
principle when nodes are split. Gini coefficient calculation formula is as follows:

Gini(P):l—Z(pi)z, (2)

where P=(p,p,.Pp,); P is the probability of an object being classified to a particular class;

C is the number of physical activities and i is an index of the class.

The Gini index is applied to categorize the target variables as "success" or "failure”. Since it only
performs binary splitting, a higher Gini index means greater inequality and heterogeneity.

The construction process of random forest mainly includes three steps. First, sample the data set
and generate a training set for each decision tree; then use each training set to build a decision tree. The
process of generating a decision tree does not require pruning processing; and finally generate a random
forest and perform a classification algorithm.

The growth of each decision tree is as follows:

1. Random record selection: each tree training accounts for roughly two-thirds of the total training
data was (63,2 %). Cases were randomly selected and replaced from the original data. The sample will
be used as a training set for growing trees.

2. Random variable selection: randomly selected from all the predictor variable m, for example,

some predict variables, and use these m the best segmentation to segment nodes.
The combination of multiple decision trees established through the above two steps will become a
random forest. The decision tree uses voting to participate in decision-making, and the category with
the most votes will be the final output of the random forest algorithm. The random forest pseudocode
used for classification application.

Activity recognition performance evaluation

The random forest algorithm is used to verify the existing model using a verified subset of the
research data set. The 10-fold cross-verification method is used for the training subsets to verify the
cross-verification model. The experiment used different random seeds for multiple experiments. Use the
obfuscation matrix to verify the performance of the model. The results are shown in Table 1.

Table 1. Confusion matrix of recognized activities

Hténgsggﬁi(‘itilc:/r:ty Walking Walking upstairs Walking downstairs Sitting Standing Laying
Walking 1668 15 39 0 0 0
Walking upstairs 21 1502 21 0 0 0
Walking downstairs 44 54 1308 0 0 0
Sitting 0 0 0 1624 152 1
Standing 0 0 0 206 1699 1

Laying 0 0 0 0 0 1944

The confusion matrix represents the dispositions of the set of instances, on which a classifier is
tested. The example is given in Table 2.

Table 2. The estimations of activity recognition performance

Human Activity Recognition TPR (%) FNR (%) PPV (%) FDR (%) Precision (%)
Walking 96,9 3,1 96,2 3,8 96,9
Walking upstairs 97,3 2,7 95,6 4.4 97,3
Walking downstairs 93,0 7,0 95,6 4.4 93,0
Sitting 91,4 8,6 88,7 11,3 91,4
Standing 89,1 10,9 91,8 8,2 89,1
Laying 100 0 99,9 0,1 100
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The highest values in the result percentage of the confusion matrix indicate a higher success in
recognition performance i.e. The error percentage is minimal. It can be seen from the confusion matrix
that the recognition of human activities based on random forests can accurately identify basic human
activities: walking, walking upstairs, walking downstairs, Sitting, Standing, and Laying.

TPR (true positive rate), FNR (false negative rate), PPV (positive predictive value) and FDR
(false discovery rate) were used to demonstrate the identification performance of using random forest,
the experimental results show that this study can accurately distinguish the six basic activities, and
clearly shows that the random forest algorithm in the activity recognition experiment of higher accuracy,
the average accuracy is 94,6 %.

Conclusion

With the development of wearable devices, human activity recognition through sensor data has
become an important research field. All kinds of classifiers in machine learning show excellent
performance in their own fields. This paper reviews and summarizes human activity recognition based
on random forest classifier. Firstly, the set of embedded sensors for data acquisition and their functions,
Chebyshev Type II high-pass filter for data processing and feature extraction using time domain features
are introduced. Secondly, the random forest classifier, its base classifier, and the decision tree node
splitting algorithm are described and analyzed. Finally, with TPR, FNR, PPV, FDR and accuracy as
evaluation indexes, the human activity recognition system is evaluated through experiments. Research
shows that the recognition of human activities based on random forest has high average accuracy
(94,6 %) for 6 classes of physical activities using time features.
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Abstract. Hamming code are a family of linear error-correcting codes, which can detect one-bit and
two-bit errors, or correct one-bit errors without detection of uncorrected errors. Hamming product
codes are an improved variety of Hamming codes. This paper briefly describes Hamming product
codes and compares the different implementations.

Keywords: Hamming codes, product codes, Multi bit error, Extended hamming product code.

Introduction

Hamming Product Code, or Product Code in brief, is a serially concatenated linear block code
with two or more component codes. It is a "long" code made by a simple combination of "short™ codes,
and it can be decoded by a simple component-wise decoding [1].

bits (n,,)xn,

g
@
‘ H Column parity-check

Figure 1. Construction of two-dimensional product codes [2]

As shown in Figure 1, a block of product codes contains a data matrix of size k; xk,, row parity

bits of size (n, —k;)xk,, and column parity bits of size (n, —k,)xn,. The row parity bit consists of the
parity value of the data bits in the row, and the column parity bit consists of the parity value of the
column (either the data bits or the row parity bit). If the rows and columns and their corresponding parity
checks have minimum Hamming distances d, and d,, respectively, then in theory, the minimum

Hamming distance of this two-dimensional product code is d, xd, .

A product codes constructed in this way can achieve a better effect, also in the meantime, can
have an acceptable performance overhead. Years of research have led to a variety of implementations,
including hardware and software.

Among the many implementations, the hardware-based implementations appear to be more useful
and attractive. Because the hardware-based implementation has a stable and superior performance.
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These hardware-based implementations go beyond simply implementing the algorithm and go on to
incorporate other techniques to improve overall performance.

Applications

The simplicity of Hamming code makes it suitable for applications with a higher sensitivity to
performance overhead and latency. The ability to correct multiple random and burst errors makes the
product code a good choice for a lightweight on-chip interconnect error correction solution.

Mixing multiple technologies can lead to more gains than just improved algorithms. The product
code is often used in conjunction with other error control techniques to improve its overall performance
and reliability. Common technology portfolios include automatic repeat requests (ARQ), forward error
correction (FEC), and hybrid ARQ (HARQ).

At the same time, the product code can also be applied to scenarios requiring high-speed coding
and decoding, such as flash memory error correction. The experiments show that the coding efficiency
is 11 % and the actual coding efficiency is 12,6 % when the effective data two-dimensional structure in
flash memory system is 1024x128 with two-dimensional Hamming code structure. The encoding speed
and decoding speed reached 102 Gbps, which is suitable for high-speed storage system [3].

Codec Design

Common application scenarios where encoders and decoders use different designs. In addition,
the codec also integrates other error correction mechanism. Most designs will use semaphores to
communicate between the encoder and decoder. Due to the design of the product code, the coding and
decoding process includes repetitive operations, so it is also a common design to add cache and logic
control modules while reusing a single codec unit.

A design with multiplexed row or column codecs applying types-Il of HARQ is illustrated in
Figure 2. In this design, rows and columns are processed separately and the results are finally merged
by a MUX and sent. The design also builds the communication structure between the encoder and the
decoder. With this communication structure, the decoder can control the encoder to perform actions in
case of unrecoverable errors. Because the communication between the codecs of this design includes at
least two signal quantities (ACK/NACK), the design uses a triple redundant communication line design
in order to avoid communication failures between the encoder and decoder.
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Figure 1. Encoder and decoder by Bo Fu [4]
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Conclusion

The Hamming product codes are based on the Hamming code and uses the idea of cross-checking
to improve the existing algorithm, which theoretically has a superior performance and effect than the
existing algorithm. On-chip interconnect error correction mechanisms using such algorithms can
effectively reduce link power consumption and improve stability. This algorithm is also effective in
improving compiler efficiency when applied to flash compilers.
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Abstract. Support Vector Machine (SVM) was first proposed by Cortes and Vapnik in 1995. It is
developed from the linear separable classification problem. The basic principle of SVM is to use a
hyperplane to divide data into two categories, but in many classification problems, the sample is not
linear, and the classification problem is multi-classification. We need to solve the multi-
classification problem on a dichotomy basis.

Keywords: Support Vector Machine (SVM), multi-classification.

Introduction

Multi-class classification SVM has been applied in many fields, and there are two main categories
of SVM ideas. One is to calculate all the classification decision functions simultaneously to solve the
multi-classification problem at a time. However, the optimization problem solving process of this
method is very complex, very computational and difficult to achieve, so it has not been widely used.
The other is the decomposition of multi-classification problems into multiple binary classification
problems, which are also divided into three categories: one-vs-one (OVO), one-vs-rest (OVR) and so
on [1].

OVO multi-class classification SVM algorithm

The OVO multi-class classification SVM algorithm designs an SVM between any two classes of
samples. When the unknown sample is classified, and classified by the voting method, the category with
the most votes is the category of the unknown sample. Suppose samples have k categories, then we need
to design binary SVM. When each sample was tested, each classifier judged it and output the category,
and recorded the number of times judged as each category, and the category with the largest number of
discriminants is the final category of the sample, the flowchart of this classification method shown as
Figure 1.
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Figure 1. The flowchart of One-vs-One (OVO) multi-class classification SVM method
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Pros of One-vs-One (OVO) multi-class classification SVM method:

— relative speed is faster when training individual models;

—when new samples are added without retraining all SVM, only retraining and increasing the
sample-related classifier.

Cons of One-vs-One (OVO) multi-class classification SVM method:

— he number of binary classifiers required to construct and test regarding k into quadratic functions
grows, and the total training time and test time are relatively slow.

Directed Acyclic Graph(DAG) multi-class classification SVM algorithm

From the OVO method, the Directed Acyclic Graph multi-class classification appears [2]. The
training process is similar as OVO method, but the specific test process is shown in Figure 2.

SVM(ABCD)

Figure 2. The flowchart of DAG multi-class classification SVM method

Pros of DAG multi-class classification SVM method:

— without having to traverse through all the dichotomized SVM, the decision speed is faster than
the OVO voting method;

— it optimizes the training and decision time, is easier to calculate, learning effect is better;

— there is no inseparable region, and the sample number asymmetry problem is solved.

Cons of DAG multi-class classification SVM method:

— this method needs to construct more dichotomy SVM and slower training for classification
problems with more samples.

OVR multi-class classification SVM algorithm

OVR multi-class classification is a strategy to compare the original and simple combined multi-
classified SVM. Assuming a k classification problem, when training the classifier, the sample space is
divided into categories and non, and the sample space is constructed into k SVM classifiers. In the test
stage, the test samples were input into k SVM classifiers to compare the classification results of each
classifier, and the classifier corresponding to the maximum classification function value was selected to
determine the category of the sample, the flowchart of this classification method shown as Figure 3.

others

training samples

Class Class Class Class
A B C D

Figure 3. The flowchart of One-vs-Rest (OVR) multi-class classification SVM method

Pros and cons of OVR multi-class classification SVM method:
— this method just need k classifiers and its classification speed is relatively fast.
Cons of OVR multi-class classification SVM method:
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— the training of each classifier takes all the samples as the training samples, so that when solving
the quadratic planning problem, the training speed will slow down sharply as the number of training
samples increases;

— because the data of negative sample is much greater than that of positive sample, sample
asymmetry will appear, and this situation tends to be serious with the increase of training data;

— retraining of all models is required when new samples are added.

Decision Tree (DT) multi-class classification SVM algorithm

Following the OVR method, we derived decision tree multi-class classification SVM algorithm
[2]. This method first divides all categories into two categories and further divides the subclasses into
two secondary subclasses so that all nodes contain only a single category, which are also leaves of the
binary tree species. This classification also decomposes the original classification problem into a series
of two-class classification problems, where the classification function between the two subclasses adopts
SVM. As shown in Figure 4.

Figure 4. The flowchart of DT multi-class classification SVM method

Pros and cons of DT multi-class classification SVM method:

— the decision tree is easy to understand and interpret, visually analyze and extract rules;

— both nominal and numerical data;

— more suitable for samples with missing attributes;

—itis able to handle irrelevant features;

— faster operation for testing data sets;

— feasible and effective results for large data sources in a relatively short time.

Cons of OVR multi-class classification SVM method:

— easy to overfitting;

— easy to ignore the correlation of attributes in the dataset;

— different judgment criteria will bring different attribute selection tendencies in the decision tree.
Retraining of all models is required when new samples are added.

Conclusion

For multi-classification problems, we can combine multiple binary classifiers into multi-
classifiers to handle the multi-classification problem. The basic methods include OVO method and OVR
method, which have different advantages. In our application, we should choose our own methods
according to the characteristics of the data.
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Abstract. This article describes an assessment of the ways in which the international digital data
backbone is serviced, which is determining the development of the economy. The focus of the article
is on the west coast of Africa and direct interregional data delivery channels. The concept of
informational linear capacity was introduced and substantiated.
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Introduction

The organization of information flows and access to them for the modern economy is as relevant
as access to waterways and energy resources in the 19th and 20th centuries, respectively. In modern
conditions, fiber-optic backbones are used as large elements of the infrastructure for organizing and
supporting information flows. Laying fiber-optic lines on land is costly, but a fairly straightforward task.
The advantage of such a solution is the ability to organize data logistics and start a return on investment
in stages until the completion of the entire project, since the communication and intermediate routing
strongholds through which the fiber-optic backbone passes provide access to the user audience that is
geographically located around it.

The essential complexity of this solution lies in the need to lay the bandwidth of the backbone,
taking into account the potential rapid growth of information growth in the load on the network both at
each of the endpoints of the backbone and at its intermediate nodes.

Relevance of laying fiber-optic lines along the sea and ocean bottom

It can be argued that laying fiber-optic backbones over land solves local regional problems and
cannot always provide targeted traffic to regions that are geographically distant from routing centers.
An additional limitation on the choice of such a solution may be unfavorable geological conditions,
environmental restrictions, natural disasters and the risk of military conflicts, which can damage the
infrastructure of the backbone networks and complicate its operation or maintenance.

Subsea fiber-optic trunklines have similar risks: extraterritorial deployment, fixed cable structure
configuration (from laying to decommissioning), potential damage from vessel traffic (commercial
fishing, use of anchors), potential intentional damage (Figure 1) [1] and even harm from the local fauna
(for example, aggressive behavior of sharks).

Based on these risks, all types of fiber-optic trunk cables must be protected, and the degree of
protection depends on the topography of the ocean or seabed and the depth of their placement. The
decision to place fiber-optic lines at the bottom in the coastal zone in some cases turns out to be the only
alternative and the most economical way.

For example, in 1989, a Scotland-Northern Ireland 1 cable connection between Donaghadee and
Portpatrick, UK, across the North Strait Between the Atlantic Ocean and the Irish Sea, was
commissioned. The length of the highway is about 35 km. The data transfer rate at the time of

88



commissioning was 3,36 Gbps (0,00336 Thps). It was supposed to complete the operation of this
highway by 2014, but its use continues in 2021.

60084
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Figure 1. Precedent for damage to submarine cables at the Lofoten-Vesterédlen
Marine Observatory of the coast of Northern Norway

In the same 1989, three more fiber-optic trunk lines were created between Belgium and Great
Britain, between Denmark and Sweden and two Danish islands in the Baltic Sea. The main task of the
sea lanes of that period was the organization of traffic transit between separated networks.

The disadvantage of organizing work of this type of highways is the technical complexity of
maintenance and the need to introduce redundancy in the number of optical fibers to ensure reliability,
maintain the bandwidth and the possibility of its expansion with increasing load in the future. The
confirmed possibility of extending the service life of highways in relation to copper solutions, as well
as the potential to increase the speed characteristics of the fiber used by upgrading the terminal
interfaces, has led to a rapid increase in investments in these technologies.

Another convenience that was quickly mastered on the market was the guaranteed quality of
communication over long distances. Since the number of bends between the point of immersion of the
mainline and its withdrawal to the shore was strictly regulated, therefore, the "intermediate analysis of
traffic" characteristic of fiber-optic mains on land did not interfere with the solution of the target
problem.

Already in 1998, the Atlantic Crossing-1 (AC-1) transatlantic project was completed. He
connected communication nodes Sylt (Germany), Beverwijk (Netherlands), Whitesands Bay (Great
Britain), Brookhaven, NY (USA) into a ring structure. The length of the highway is about 13,168 km.
The data transfer rate at the time of commissioning is 40 Gbps (0,04 Thps). For 2014, the data transfer
rate was increased to 2,35 Thps (2.35 Thps). Its operation is expected to be completed by 2023. At the
moment, about 20 fiber-optic lines cross the Atlantic Ocean, most of which were put into operation after
2008. Their resource for modernization, that is, increasing information capacity, is very large.

From this point on, it makes sense to introduce a classification of submarine fiber-optic highways
based on the principle of geographic coverage and nationality of communication nodes that are
connected to the backbone directly, or as a "tap-off point from the backbone".

1. National fiber-optic backbone — connects communication nodes on the territory of one state.

2. Regional fiber-optic backbone — connects communication nodes on the territory of neighboring
states of the same region.

3. Interregional fiber-optic backbone — connects communication nodes on the territory of different
states located far from each other.

4. Intercontinental fiber-optic backbone — connects communication centers on the territory of
states located on different continents.

Atlantic Crossing-1 (AC-1) is an example of an intercontinental fiber backbone, Scotland-
Northern Ireland 1 is an example of a national fiber backbone.
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Backbone of the west coast of Africa

The most developed communication center is the port of Lagos (Nigeria) in the Gulf of Guinea
(Table 1). Of the six operating fiber-optic highways with access to Lagos (Nigeria), five can be classified
as intercontinental. In 2022 and 2023, two more intercontinental fiber-optic highways are expected to
be commissioned with access to Lagos (Nigeria). Traffic processing is done on the coast. At the moment,
technical sites of six data centers are involved in this work. Most often, cities in the geographical
environment of Lisbon (Portugal) are the extreme European points of contact for this direction.

Table 1. List of underwater fiber-optic communication lines with access to Lagos [2]

Name Trunk type Length, Commissioning Baud rate,
km year Thps
g(;gtlz gf?fgﬁvl\g;g)“"ca Subm. intercontinental 14400 2002 0,8
Glo-1 intercontinental 9800 2010 2,5
MainOne intercontinental 7000 2010 10
Africa Coast to Europe (ACE) intercontinental 17000 2012 12,8
West Africa Cable System (WACS) intercontinental 14500 2012 14,5
Nigeria Cameroon Subm. Cable System (NCSCS) regional 1100 2015 12,8
Equiano intercontinental 12000 2022 200
2Africa intercontinental 45000 2023 180

The cost of designing and installing communication systems of this scale is many times higher
than the economic capabilities of the countries of the region and their construction is carried out at the
expense of foreign investments. In particular, the owners of the investment packages of the 2Africa
highway are China Mobile, Facebook, MTN Group, Orange, Saudi Telecom, Telecom Egypt, Vodafone,
WIOCC.

Countries neighboring Nigeria have more modest opportunities for technical connection to
fiber-optic backbones.

In the Republic of the Congo, for operational use, there are only two inputs of submarine
fiber-optic lines:

— West Africa Cable System (WACS) intercontinental fiber backbone (Pointe-Noire, Congo,
Rep.) launched in 2012. The total length of the highway is 14,530 km. Terminal nodes Portugal-South
Africa. The data transfer rate at the time of commissioning was 14,5 Thit/s (14,5 Tbps).

— Intercontinental fiber optic backbone 2Africa (hub at Pointe-Noire, Congo, Rep.) with an
official commissioning date of 2023. The total length of the highway is 45,000 km. End nodes
UK-India, UK-Djibouti-Spain (Figure 2). The estimated speed of information transfer at the time of
commissioning is 180 Thps (180 Thps).

It is extremely difficult to forecast the analysis of the information traffic of this highway by
country. In information flows, tense areas are likely to be highlighted. Probably in the future this
highway will be divided into independent projects.

Figure 2. 2Africa cable map (Source: 2Africa Consortium)
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The local terrestrial optical operator in the Republic of Congo Congo Telecom has been operating
since 1999 and has at its disposal a section of local fiber-optic backbones of 1,529 km. Processing of
information traffic between terrestrial and submarine fiber-optic lines is carried out by means of the
Congo Telecom Carrier Facility PNR1 data center.

In Guinea, a solution was applied to distribute network traffic between north and south. Two
information highways have created independent technical sites and infrastructure in coastal cities that
are quite remote from each other.

In the north, in the Kamsar region, and in the south, in the Conakry region, the connection is
provided by the Africa Coast to Europe (ACE) intercontinental fiber backbone (Pointe-Noire, Congo,
Rep.), Which was commissioned in 2012. The total length of the highway is 17,184 km. Terminals
France-South Africa. The data transfer rate at the time of commissioning was 12,8 Thit/s (12,8 Tbps).

Two independent inputs allow simultaneously and without delays in the implementation of local
provider projects to develop the country's economy much faster.

Informational linear capacity of the fiber-optic backbone
and the possibility of its expansion

Within the framework of the study, the term informational linear capacity of a fiber-optic
backbone is used. This is a numerical characteristic equal to the ratio of the data transmission rate in
terms of the total number of light guides involved in the physical backbone to the maximum distance of
the information signal delivery.

The error in assessing intercontinental fiber-optic backbones, which is incorporated during
integration into the topology of optical fibers for organizing national and regional communication
sections, will have to be neglected. In conditions when standard cable types with unified requirements
for suppliers are used within the framework of one project, the total number of optical fibers (used and
unused, that is, in reserve) along the entire length of the trunk is considered the same.

For example, according to the official technical specifications, the 2Africa backbone uses 16 fiber
pairs for the entire operating distance (45,000 km), while the WACS backbone uses only 4 fiber pairs
(14,530 km).

The information capacity of the assessment of these highways is:

2Africa =80 Thps/45,000 km =4 Gbps / km,
WACS =14,5 Tbps/14,530 km =1 Gbps / km.
The practice of long-term operation under modernization conditions has shown the following
values of changes in the information capacity of the Atlantic Crossing-1 (AC-1) optical highway:
1999 = 0,04 Thps/14,301 km =0,0003 Gbps / km,
2002 =0,12 Tbps/14,301 km = 0,008 Gbps / km,
2007 =0,635 Thps/14,301 km = 0,044 Gbps / km,
2008 =0,815 Thps/14,301 km = 0,057 Gbps / km,
2009 =1,165 Thps/14,301 km = 0,081 Gbps / km,
2010=1,455 Tbps/14,301 km = 0,1 Gbps / km,
2012=1,76 Thps/14,301 km = 0,12 Gbps / km,
2013=2,1 Thps/14,301 km = 0,14 Gbps / km,
2014 =2,35 Thbps/14,301 km = 0,16 Gbps/ km.
Later speed indicators for AC-1 are not given in open sources.
The backbone is built according to the specifications of the Synchronous Digital Hierarchy (SDH)
standard and includes 8 DWDM (Dense Wavelength Division Multiplexing) channels in two fiber-optic
airs [3].
P [T]he distance between the carrier frequencies in DWDM systems can be from 25 to 200 GHz; in
modern networks, a grid of channels with a step of 50 GHz is used. Depending on the type of cable used,
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the spectral ranges C (1530...1565 nm), S (1460...1530 nm) and L (1565...1625 nm) can be used for
transmission. An example of the channel filling density is shown in Figure 3.

Insertion Loss [dB]

[ 0] pl
= 12
1525 1530 1535 1540 1545 1550 1555 1560 1565
Wavelength [nm]

Figure 3. Channel allocation with a step of 50 GHz for a 12-port WSS fabric

To assess the growth of information linear capacity on the west coast of Africa, let us consider
the most promising of the region's intercontinental fiber-optic backbones. 2Africa will use PROADM
Wavelength Selective Switching (WSS) technology for the first time in Africa, allowing for more
flexible bandwidth management.

The WSS consists of one common optical port on one side and X split multi-wavelength ports on
the other side, where each DWDM wavelength input from the common port can be switched (routed) to
any of the X multi-wavelength ports regardless of how all the remaining X wavelength channels are
routed.

The first industrial WSS systems were based on movable mirrors using microelectromechanical
systems (MEMS), now technology development using liquid crystal elements based on silicon (LCoS)
is relevant. The existing samples propose the implementation of 1 WSSx4 DWDM channel
multiplexing, the transition to 1 WSSx20 DWDM solutions is predicted. The technical implementation
of this forecast will give a fivefold increase in the informational linear capacity of optical lines.

Unfortunately, a method for producing submillisecond SLM LCoS crystals is currently not
commercially available.

Conclusion

Intercontinental fiber-optic backbones made it possible to organize information flows from end-
use networks or the generation of targeted traffic in African countries to large routing nodes and data
processing centers in Europe and America. This provides the conditions for the future leveling of
commercial activity, the development of the education system, modern production and living standards
in these countries.

Planning the growth of the information capacity of the involved fiber-optic backbones should take
into account the technical limitations of the cable systems and communication devices used that provide
signal retransmission.
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Abstract. Skeleton matching plays a very important role in image retrieval, which can retrieve the
graphics corresponding to the graphics library by the matching degree of object skeleton. Therefore,
the key step of shape retrieval is to perform effective bone matching. The skeleton can also be used
for surface segmentation, especially when the two deformation models are divided into the same
number of surface slices, the difference between the surface slices of the two models needs to be
used to build a continuous map, which is the case. In this paper, the skeleton matching methods are
summarized, and the advantages and disadvantages of each algorithm are described, which provides
theoretical basis for target recognition, shape retrieval, medical image analysis and processing,
augmented reality and other fields.

Keywords: skeleton, skeleton matching, target recognition.

Introduction

The rapid development of information technology has made it easier to obtain image resources,
and the amount of data has also increased dramatically. Using image analysis and processing methods
to process a large number of image data can greatly reduce the workload and improve the efficiency of
image data processing. For example, the use of image processing technology can quickly detect image
features, this work can be further used in the field of image recognition, greatly improving the work
efficiency of industry, medical industry, aerospace industry, and achieve multiplier effect [1].

In computer vision, representing graphics with important information can reduce the workload of
recognition [2]. As an important research content of computer graphics representation, skeleton features
are simple in structure, so images can be matched effectively and quickly. The skeleton, also known as
the central axis, is a simple shape representation, which contains the distance information to the
boundary, according to which the boundary of the original shape can be reconstructed, so using the
central axis to identify the shape has certain advantages. But the skeleton is greatly affected by the
boundary disturbance, so the skeleton matching belongs to a kind of rough matching.

This paper proposes several skeleton matching algorithms, and expounds the theory of each
algorithm to achieve skeleton matching from different perspectives. These algorithms have laid a
theoretical foundation in areas such as image retrieval, robot navigation, medical image analysis, path
planning, and text recognition.

Skeleton graph matching based on path similarity

The main idea is to compare the paths of the endpoints between different skeleton diagrams [3],
and do not consider the different stonewall structures between different diagrams, and match the
endpoints by passing the path between the comparison endpoints.

The main method is to first extract the skeleton of the calibration type, and then prune and branch
to get the skeleton path, and dust the path distance dissimilarity matrix to complete the matching of the
end point values.

The biggest advantage of this algorithm is that it avoids the structural changes caused by the
instability of the skeleton joints because only the shortest path between the endpoints is considered.
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This method only matches endpoints, not intersections. What we want is that both the endpoint
and the intersection node participate in the matching, and we hope that more points participate in the
matching, not limited to the case where one point corresponds to one point. In the two skeleton diagrams,
one point may correspond to multiple points, or multiple points may correspond to multiple points. The
matching example is shown in Figure 1.

Figure 1. Matching example by using method based on path similarity

Skeleton matching based on clustering

For continuous sampling of moving objects [4], our goal is to divide the skeleton of the object in
two adjacent frames into corresponding small parts, and the number of divisions should be the same.
The specific method is to extract the key points of the skeleton, and these key points are divided into the
intersection and the end of the skeleton, and the matching of the intersection and the end of the skeleton
is carried out separately. The end points of the skeleton are first clustered, and the clusters of the end
points are matched according to the skeleton paths between the clusters [5], and then a similar method
is used to determine the matching relationship of the intersections.

Affine invariant of image feature matching algorithm

The improved method extracts feature points with affine invariance and handle images with
repetitive regions well under noise and lighting conditions [6]. We have improved it from the following
three angles. First, based on the principle of eight affine simulations, find the most similar affine
transformed image to the image to be matched and match the best affine simulated image with the
original image to ensure a high matching rate. Secondly, the idea is matched in two directions, and the
coincident matching pair of the two-way matching is taken as the stable matching pair. Through
bidirectional matching, the stable feature points are guaranteed to be matched first and used as the basis
for the matching of other feature points. Then use the stable matching pair to calculate the affine
invariant (triangle area ratio invariant) and then improve the accuracy of the remaining point matching.
The feature point matching pair has affine invariance.

Conclusion

Shape matching has gone through many years of research. Although there are many mechanisms
by which the human brain recognizes shapes is still unclear, the analysis of shapes has become
increasingly mature and widely used in many aspects. In this paper, several problems that need to be
solved in shape matching are studied, namely, extracting multi-scale skeleton representation that
satisfies human visual laws, improving the accuracy and speed of skeleton map matching, improving
the similarity measure after shape matching, and using natural images in natural images. Improve the
efficiency of learning and modeling in the matching and detection of target shapes. This paper review
classification of skeleton matching algorithms skeleton graph matching based on path similarity,
skeleton matching based on clustering, affine invariant of image feature matching algorithm, and
expounds the theory of each algorithm to achieve skeleton matching from different perspectives. These
algorithms have laid a theoretical foundation in areas such as image retrieval, robot navigation, medical
image analysis, path planning, and text recognition.
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Abstract. The article analyzes four protocols of the Internet of Things smart home network with
corresponding characteristics. The process of choosing the best protocol depending on the expert
requirements for the 10T SH network is considered. An example of choosing a protocol based on
four indicators based on the hierarchy analysis method is given.
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Introduction

The Internet of things (10T) is a set of embedded systems, networks of wireless sensors, control
systems and automation tools for processing information received from sensors. An important point in
the development of 10T is the analysis of the types of protocols for collecting information from sensors
used to transmit data between components of 10T network on short distance [1]. However, finding the
best match between the protocol and the 10T network is an optimization task, since it is difficult to
understand the influence of parameters when choosing a protocol. In this paper, we consider the choice
of the appropriate protocol of the loT smart home (SH) network using the hierarchy analysis method
(HAM).

Algorithm of hierarchy analysis method

The hierarchy analysis method was developed in the early 1970s by T.L. Saati, an operations
researcher at the University of Pittsburgh, USA [2]. It is based on a deep analysis of the nature,
influencing factors and internal relationships of complex decision-making problems, using less
quantitative information to algorithmize the decision-making process. The HAM algorithm includes
steps [3].

Step 1. Identification of the problem and formulation of the goal.

Step 2. Definition of the main criteria and alternatives.

Step 3. Building a hierarchy: from goals through criteria to alternatives.

Step 4. Construction of a matrix of pairwise comparisons of criteria in order to select alternatives
by criteria.

Step 5. Application of the method of analysis of the obtained matrices.

Step 6. Determination of alternative weights according to the hierarchy system.

The importance of different system options and different quality indicators are compared in pairs.
The results of paired comparisons of elements are reduced to a matrix form:

A<l ®

where a; =w, /w; are estimates of paired comparisons of w; and w; selection elements. The diagonal

of this matrix is filled with single values, and the matrix elements lying below the diagonal are filled
with inverse values, for example, for the value 2 will be 1/2, for the value 3 — 1/3, etc.
The expert matrix formed by the pairwise comparison results is called the judgment matrix.
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The scaling method of the judgment matrix element a; is based on comparison from Table 1.
Experts form matrices of paired comparisons in relation to all quality indicators.

Table 1. Element scale table

Factor i is better than factor j Value
Two elements of comparison are equally important 1
Moderate advantage of one element over another
Significant advantages of one element over another
The greater advantage of one element over another
The very strong superiority of one element over another
Intermediate decision between two decisions 2,4,6,8

o|N|O|Ww

Next, the generated matrices of pairwise comparisons of the elements of quality indicators are
processed. From a mathematical point of view, this processing problem is reduced to the calculation of
the main eigenvector corresponding to the maximum eigenvalue of the matrix. As a result of processing
the obtained matrixes, the components of the eigenvector V, of the global priority vector P, are

obtained

V= /Za jewn), 2

Vv, n

where n is the number of variants of self-organization algorithms, is compared.
Using the obtained data, the values of the components of the vector of global priorities C; are

calculated according to formula

Cj zinQij’ ie(ln), Qij :\/i/zvi' (4)

Data transmission standards

Currently, there are several standards for data transmission in the 10T networks. Let's consider
some of them [4].

1. The Wireless USB standard is a wireless data transmission standard developed by the Wireless
USB Promoter Group. During the development, much attention was paid to improving energy efficiency.
Devices manufactured in accordance with Specification 1.1 consume less power in idle mode. Wireless
USB 1.1 supports NFC technology, which simplifies the setup and operation of wireless USB devices.

2. The Narrowband Internet of Things (NB-10T) standard is a mobile communication standard for
telemetry devices with low data exchange volumes. It was developed by the 3GPP consortium as part
of the work on new generation mobile network standards. It was intended to connect a wide range of
autonomous devices to the digital communication network, for example, medical sensors, resource
consumption meters, smart home devices, etc. NB-10T is one of three I0T standards developed by 3GPP
for mobile communications: eMTC (enhanced machine-type communication), NB-loT and
EC-GSM-IoT [2]. The standard eMTC has the highest bandwidth and is built on the basis of LTE
standard equipment. The EC-GSM-IoT standard provides the lowest bandwidth and goes beyond the
GSM network.

There are many different communication protocols in the 10T SH network [4]. Taking a smart
home as an example, a suitable communication protocol can optimize the network environment and
reduce the energy consumption of the entire system.
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Optimization the selection of the 1oT network protocol

We optimize the smart home network by using the HAM to choose data transmission protocols.
The first is the choice of data transmission standards with parameters [4] (Table 2).

Table 2. Comparative analysis of the data transmission
standard LTE Cat 0, eMTC, NB-10T, EC-GSM-I0Ts

LTE Cat0 eMTC NB-loT EC-GSM-loT
Downlink speed 1 Mbit/s 1 Mbit/s 250 kbit/s 474 kbit/s or 2 Mbit/s
Delay 5 ms 10 ms—15 ms 16s5-10s 700 ms—2 s
Device bandwidth 1,4-20 MHz 1,4 MHz 180 kHz 200 kHz
Device transmission power 23dBm 20/23 dBm 20/23 dBm 23/33 dBm

We build the relevant hierarchy according to the Table 3. We create the structural model based
on the four characteristics of download speed, delay, device bandwidth, and device transmission power
consumption for the four protocols of LTE Cat 0, eMTC, NB-10T, EC-GSM-10T. The first level in this
structure is the target of the preferred choice, the second level is the quality criteria, and the third level
is the alternatives (Figure 1).

Select Communication
arget layer
= - Protocol

quality criteria ) Dusics Device
— Downlink speed Delay bandwiith transmission
ayer power

—

[ eMTC ] [ NB-IeT } [ EC-GSM-ToT }

Figure 1. Decomposition of the choice problem

A pairwise comparison matrix was established by experts for this group of quality indicators
according with HAM. In Table 3 experts, a pairwise comparison of the importance of selected quality
metrics, in particular downlink speed, delay, device bandwidth and device transmission power builds.
The diagonal of this matrix is filled with the value "1", and the matrix elements below the diagonal are
filled with the inverse value.

Table 3. Computational estimation of matrix and vector components
for pairwise comparison of communication protocols

Downlink Delay Device Device Eigenvector Components of the
speed bandwidth | transmission components V, priority vector P,
power

Downlink 1 1/5 1/4 1 0,47 0,09
speed

Delay 5 1 2 5 2,65 0,52
Device

bandwidth 4 1/2 1 2 1,41 0,27
Device

transmission 1 1/5 1/2 1 0,56 0,11
power

Next, pairwise comparisons are made at step 3 in the form of the relative complexity of the
alternatives in relation to each quality indicator. As a result of processing the obtained matrices,
according to formula (2) and (3), the eigenvectors (V, ) and priority vectors (Q,) are calculated, which

are given in Tables 4-7.
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Table 4. Pairwise comparison matrix of download speed

LTE Cat 0 eMTC NB-loT EC-GSM-loT v, Q,
LTE Cat0 1 1 4 2 1,68 0,36
eMTC 1 1 4 2 1,68 0,36
NB-loT 1/4 1/4 1 12 0,42 0,09
EC-GSM-loT 12 12 2 1 084 0,18

Table 5. Pairwise comparison matrix of delay

LTE Cat0 eMTC NB-lIoT EC-GSM-loT v, Q,
LTE Cat0 1 3 9 7 3,70 0,58
eMTC 13 1 7 5 1,84 0,29
NB-loT 119 17 1 12 0,29 0,04
EC-GSM-IoT 17 1/5 2 1 0,48 0,07

Table 6. Pairwise comparison matrix of device bandwidth

LTE Cat 0 eMTC NB-loT EC-GSM-loT v, Q.

LTE Cat0 1 3 9 7 3,70 0,59
eMTC 13 1 6 5 1,77 0,28
NB-loT 1/9 1/6 1 2 0,43 0,06
EC-GSM-loT 17 15 12 1 0,34 0,05

Table 7. Pairwise comparison matrix of device transmission power

LTE Cat 0 eMTC NB-loT EC-GSM-loT v, Q.

LTE Cat0 1 2 2 3 1,86 0,42
eMTC 12 1 1 2 1 0,22
NB-loT 12 1 1 2 1 0.22
EC-GSM-loT 13 12 12 1 0,53 0,12

Table 8 summarizes the component estimates of download speed, latency, bandwidth, and
communication power consumption construct-related quality indicator priority vectors. Using these
priority vectors, the values of each sub-vector of the global priority vector are calculated according to
the formula 4 and are given in the last column of Table 8.

Table 8. The results of calculating the values of the components of the global vector of priorities

NO' Standard Qll le le QiA CI
1 LTE Cat0 0,36 0,58 0,59 0,42 0,5395
2 eMTC 0,36 0,29 0,28 0,22 0,283
3 NB-loT 0,09 0,04 0,06 0,22 0,0693
4 EC-GSM-loT 0,18 0,07 0,05 0,12 0,0793
P, 0,09 0,52 0,27 0,11 -

According to the maximum value of the vector components of the global priority C,, considering

the introduction of the quality index, the better information transmission standards selected should be
LTE Cat 0.

Conclusion

The algorithm of the hierarchy analysis method related to expert methods is given. Four protocol
standards for creating and modeling networks and in a smart home are described. An example of
choosing the best IV protocol using MAI is given. According to the maximum value of the vector
components of the global priority the better information transmission standards selected should be
LTE Cat 0.
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Abstract. Database management system structure and function, providing data definition language
DDL and data manipulation language DML, and some other user functions. Product quality control
database structure design, including logical structure design and physical structure design.
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Introduction

A database management system is a software for managing databases. It provides functions such
as database definition, data manipulation and database operation management. This article introduces
the organization and functions of the database management system. The structure design of the product
quality control database, taking the milk quality control database as an example, we introduced its
logical structure through the database model diagram, and introduced its physical structure, fields, data
types, whether it is empty by taking the milk information table as an example.

Database Management System Structure and Function

DBMS is a large-scale software for manipulating and managing databases, used to establish, use
and maintain databases. It manages and controls the database uniformly to ensure the security and
integrity of the database. Users access the data in the database through the DBMS, and the database
administrator also maintains the database through the DBMS. It can support multiple applications and
users in different ways to create, modify and query the database at the same time or at different times.

Most DBMSs provide data definition language DDL (Data Definition Language) and data
manipulation language DML (Data Manipulation Language) for users to define the schema structure
and permission constraints of the database and implement operations such as adding and deleting data.
The database management system (DBMS) structure is shown in Figure 1 [1].

#| __ Stored Data Manager

Data Complied Data
File DML Dictionary

Figure 1. DBMS structure
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Structure Design of Product Quality Control Database

Taking the milk quality control database as an example (Figure 2). Model diagram of milk quality
control database shows the milk quality control database model, which introduces the associations
between the various tables. For example, in the milk information table, MID (Milk ID) is used as the
primary key in the table, and CID (Cow ID) is used as a foreign key, and CID is the primary key in the
milk information table, so that the cow can be queried in the milk information table through CID, and
MID is also used as the foreign key of the fat content table and other tables, so that it can be know which
cow the fat content record came from, so as to manage and control milk quality [2].

adminstrators

d
BC decimal(3.1)

FID int Pk FID int pk LD int Pk MUNID int pk sio int pk BCID int pk

nt nt MID int Mip int MID int MiD int
Fat decimal{3,2) Protein  decimal(2.2) decimali3,2) MUN decimal(3,2) decimal{3,2) dedmal(3,2)
datetime

¥ Lactose Ui SCC <i B
GettingDate datetime GettingDate datetime GettingDate datetime GettingDate  datetime GettingDate datetime GettingDate

Figure 2. Model diagram of milk quality control database

The MID (Milk ID) field is an int data type. This field is used as the primary key of the table to
uniquely identify each record. Whenever a new record is inserted into the table, the field will increment
by 1, so the field is Unique.

The CID (Cow ID) field is of type int. It is the primary key in the cow information table. It
uniquely identifies each cow. It is used as a foreign key in the milk information table. Through this field,
you can know which cow the milk record comes from.

The Fat field is a decimal (3,2) type, similar to floating-point numbers in the C language. The first
parameter 3 means that the total number of digits of the data is 3, and the second parameter is 2,
indicating that the data is after the decimal point. There are two bits, indicating that the accuracy is 0,01.

The Protein field is of decimal (3,2) type, similar to floating-point numbers in C language. The
first parameter 3 indicates that the total number of digits of the data is 3, and the second parameter is 2,
indicating that the data is after the decimal point. There are two bits, indicating that the accuracy is 0,01.

The Lactose field is a decimal (3,2) type, which represents a floating-point number. The first
parameter 3 indicates that the total number of digits of the data is 3 digits, and the second parameter is
2, indicating that there are two digits after the decimal point of the data, indicating the accuracy is 0,01.

The field of urea nitrogen in milk (MUN) is a decimal (3,1) type, which represents a floating-
point number. The first parameter 3 means that the total number of digits of the data is 3 digits, and the
second parameter is 1, indicating that the data has one digit after the decimal point. Indicating that the
accuracy is 0,1.

The somatic cell (SCC) number field is of decimal (3,1) type, which represents a floating-point
number. The first parameter 3 means that the total number of digits of the data is 3 digits, and the second
parameter is 1, indicating that the data has one digit after the decimal point. Indicates that the accuracy
is0,1.
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Bacteria content (BC) field decimal (3,1) type, which means floating point number, the first
parameter 3 means that the total number of digits of the data is 3, the second parameter is 1, indicating
that there is one digit after the decimal point of the data, indicating the precision is 0,1.

Table 1. Milk information table structure

Milk Information
Field name Data type Is it empty? Is it a primary key?
MID int No Yes
CID int No No
Fat decimal (3,2) No No
Protein decimal (3,2) No No
Lactose decimal (3,2) No No
MUN decimal (3,1) No No
SCC decimal (3,1) No No
BC decimal (3,1) No No

Conclusion

We first introduced the structure and function of the database management system. It provides
the data definition language DDL (Data Definition Language) and the data manipulation language DML
(Data Manipulation Language) for users to define the schema structure and permission constraints of
the database to realize the addition of data, delete, etc.

Next, we introduce the logical structure of the milk quality control database through the database
model diagram, and introduce the physical structure of the single table, field names, attributes, whether
it is the primary key, whether it is the primary key, whether it is null or not by taking the milk information
table as an example.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

CBEJEHUSA Ob ABTOPAX

1 AxceHoB BsueciiaB AHAaTOIbeBUY — CTapIIUH MpenoaaBaTeNb Kadeapsl
MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

2. Anuceenko Maprapura — acnupaHT Kadeapbl

AnekcanipoBHa MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN

BI'YUP

3. bopuckesuu Nibst AHatonpeBUY — K.T.H., JIOLEHT, TOLIEHT Kadeapbl
MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN
BI'YUP

4. BumnskoB Bnaaumup AHatonseBud  — J1.T.H., ipodeccop Kadeapbl
WH(HOKOMMYHUKAIIMOHHBIX TEXHOJIOTUN
BI'YUP

S. Boponoii Cepreit MuxaitioBuu — K.T.H., JOUEHT Kadeapbl HHPOPMAITHOHHBIX
texuosoruii ['YOII

6. Brrayxanun Bragumup BuktopoBud  — 1.T.H., 3aBeayronuii kadeapoit
nHpopmarmoHHbIX TexHoaorui ['YOIT

7. I'nenbko Enena MuxainosHa — HHXXeHep KadeIpbl
MH(OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN
BI'YUP, marucrpant bI'YP

8. I'y ®3Hioy — n.7.1., [Ipodeccop LlenTpa moBbIIeHUs
3¢ (EKTUBHOCTH U IPOU3BOIUTEHLHOCTH,
YHuusepcuret Xannepchunia

9. JaBb11oB Makcum Bukroposuu — K.T.H., IepBbIi npopextop bI'YHUP

10.  JIm Yxao — MarucTpaHT Kadenpsl
UH(POKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'VYUP

11, Oy l3yHnm — MarucTpanT Kaeapsl
UH(POKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'VYUP

12 ErommHa AHHa AHaTOJbEBHA — K.T.H., IOUEHT Kadeapbl HHHOPMAIIHOHHBIX

texuonorui [ YOIT

13. Kypasnes Bamgum Uropesnu — K.T.H., 3aBeJyouuii kadenpoit
TEOPETHUYECKUX OCHOB AIEKTPOTEXHUKH
BI'VUP

14. Koub Cronp XyaHb — acIUpaHT Kadeapbl

MH()OKOMMYHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kwuiixo Bagum HuxomaeBuu

Kononensko Banepuit

KoncTanTnHOBHY

Koya Jleonens HUrnac

Kypyma Moxammen

JIs0 YxyHMHUHB

Mapuenko JImutpuit Biagumuposuy

Marnkesny Bagum Brnagumuposuy

MO6yitn Mumens Mynym6a

HaymoBuu Anapeii UrnatoBuy

Haymosuy Hukomnait Muxaitiosuu

Pabuesny Buonerra BukropoBHa

Pynuxos Cranucnas Uropesuu

Pynunuenko Hukomai JimutpreBud

Canomarun Cepreit bopucosuu

Typnait Auapei [lerpoBuy.

dam X0 AHb

— acIUpaHT Kadeapbl
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— JI.T.H., mo4eTHbIN npodeccop BI'YUP

— MarucTpanT Kageapsl
aBTOMAaTU3UPOBAHHBIX CUCTEM 00pabOTKU
unpopmarmu I'TY umenn ®.CxopuHbl

— MarucTpant Kageapsl
aBTOMAaTU3MPOBAHHBIX CUCTEM 00pabOTKU
unpopmarmu I'TY umenn @.CropuHbI

— MarucTpanT Kageapsl
MH(POKOMMYHHUKAIL[MOHHBIX TEXHOJIOTUI
BI'YUP

— MarucTpaHt Kageapsl
aBTOMATH3MPOBAHHBIX CHCTEM 00pabOTKH
unpopmanuu I'TY nmenu ®.CxopuHbl

— acnupaHT Kadeapbl HTHPOPMAIMOHHBIX
cucreM ynpasienuss ®IIMU bI'Y

— MarucTpant kKadenpsl
ABTOMATHU3MPOBAHHBIX CHCTEM 00paboTKH
unpopmanuu I'TY nmenu ®.CxopuHbl

— maructpant kadenpst UCY, OIIMU, BI'Y

— K.T.H., 3aBenyromuii HUJI 1.6 BI'YP

— accHUCTEHT Kadeapbl
MH(POKOMMYHHUKAITMOHHBIX TEXHOJIOTUMA
BI'YUP

— MarucTp TEXHUYECKUX HAYK, 3aMECTUTEIh
JTUPEKTOpa 1Mo HHPOPMAITMOHHBIM
TEXHOJIOTHSIM Y HUTAPHOTO MPEITPUSITHUS
«HTL «JISMT» bentOMO»

— K.T.H., JOLUEHT Kadeapbl UHPOPMAIIMOHHBIX
texHosoruil I'YOII

— K.T.H., JOUEHT Kadeapbl
MH(POKOMMYHUKAIIMOHHBIX TEXHOJIOTUN
BI'YUP

— couckarenb Kadeapbl
MH(POKOMMYHUKAITUOHHBIX TEXHOJIOTUI
BI'YUP

— MarucTpaHT Kadenpsl
MH(POKOMMYHUKAITMOHHBIX TEXHOJIOTUI
BI'YUP
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31.

32.

33.

34.

35.

36.

37.

38.

39.
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Xy Yxudsu

[IBeTkoB Buktop IOpbeBuu

L3roa Ma

o FOsmaiigann

WYxonxya Jlro

Ysap UMun

[IInbaesa Haranesa Onerosua

[IxagapeBuy Anekceii [lerpoBuu

S Crooun

— MarucTpant Kageapsl
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— I.T.H., ipodeccop, 3aBeayromuil kadenpoi
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— acmupaHT Kadenpbl
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— MarucTpant Kageapsl
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— MarucTpanT Kageapsl
MH()OKOMMYHHUKAIIMOHHBIX TEXHOJIOTUI
BI'YUP

— MarucTpant Kageapsl
UH(POKOMMYHHUKAITHOHHBIX TEXHOJIOTUH
BI'YUP

— K.T.H., JIOUEHT KadeIpbl ”HPOPMAITHOHHBIX
texHosoruii I'YOII

— 1.¢-M.H., ipodeccop, akanemuk HAH PB,
JupekTop YHutapHoro npeanpusatus « HTL]
«JIDMT» benOMO»

— MarucTpaHTKa Kadeapsl

UH(POKOMMYHUKAITIOHHBIX TEXHOJIOTUH
BI'YUP
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