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VIIK 621.391

OIEHKA KAYECTBA C/KATUA JUHAMUNYECKOI'O JUATTA30HA
WH®PAKPACHBIX U30BPAKEHUI

C.M. PYIUKOBY, B.IO. LIBETKOBZ, A.I1. IIIKAJTAPEBUY*

1 — Hayuno-mexuuueckuii yenmp «JIOMTy», Pecnybonuxa benapyce
2 — Benopycckuil 20Cy0apcmeennblil yHusepcumem ungopmamuxu u paouosiekmponuku, Pecnybnuka benapyce

Hocmynuna 6 peoakyuro 20 mapma 2023

AnHoTanus. [IpuBeneHs! pe3ynbTaThl aHATHM3a YyBCTBUTEIBLHOCTH MOKa3aTeel KauyecTBa TOHOBOTO
OTOOpa)KeHHsI K BBIOOPY aJTOPUTMOB CXKATHsl TMHAMHYECKOTO AWAIA30HA, UX IApaMeTpOB U THIIOB
MHpPaKpacHbIX M300pakeHni. [loka3aHO, dYTO WHTEPBAIBbHBIE MOKA3aTENH HMEIOT OOJBIIYIO
YyBCTBUTEJIBHOCTH K YCJIOBHSIM TOHOBOTO OTOOpa)KEHHS! B CPABHEHHH C TI00TbHBIMH ITOKA3aTEISAMH.

Kniouesvie  cnosa: CXKatTue JAJWMHAMHYCCKOI'0  auariasoHa H30 6an(eHHﬁ, HH(I)paKpaCHLIe
H30 6pa)KCHI/I$I, BbIpaBHHBAHUC T'MICTOIPAMMBI.

BBenenue

[ oToOpakeHus! ¥ TIOBBILICHUS KaueCTBa BOCIPOM3BEACHHU MHOTOPA3PsIIHBIX HHPPAKPACHBIX
nzobpaxennii (MK-n3o0pakennii) Ha MOHUTOPE C MEHBIIIEH Pa3psTHOCTHIO MMUKCENeH (KaK MpaBuilo,
8 OMT) MHMPOKO HCHONB3YIOTCS AITOPUTMBI NMPEoOpPa3oBaHKsl AMHAMHYECKOTO JHAlla30Ha Ha OCHOBE
BoIpaBHHBaHKs rucTorpammbl (Histogram Equalization, HE) [1] u ocHoBaHHBIE Ha HHX OJOYHBIC
QJITOPUTMBI aIAlITHBHOTO BhIpaBHUBaHUs rucrorpammbl (Adaptive Histogram Equalization, AHE) [2].
Anroputm AHE o0ecrieunBaeT 1OCTaTOUHO BHICOKOE KAY€CTBO U300pakeHUil rmocie npeodpa3oBaHmsl,
HO HE MO3BOJIIET YNPaBIATH (OPMOI WHTErpalbHOW (QYHKIUH paclpeiesieHusi, YTO MPHBOAUT K
Ype3MepHOW KOHTPACTHOCTHU JIJIsl HEKOTOPBIX TUIIOB U300pasKEHHH.

B anroputMe aganTMBHOTO BBIPABHUBAHMS THUCTOIPAaMMBI C OTpaHHYEHHEM KOHTPACTHOCTHU
(Contrast Limited Adaptive Histogram Equalization, CLAHE) [3] nanHast 0COGEHHOCTh YUHUTHIBAETCS
3a CYET PeryIupyeMOro OrpaHHYEHHs TUCTOTPAMMBI. DTO MO3BOJISIET YIPABISTh KOHTPACTHOCTBIO B
CTOpOHY ee yMeHblIeHus 1o cpaBHeHH0o ¢ AHE. Ho mpu cHMXeHHUM KOHTPAacTHOCTH B ajrOPUTME
CLAHE yxyamaroTcs U JIpyrue mokasaTeld KadecTBa M300pakeHHs (CpeiHee 3HAa4YeHUE, CPeTHHI
IPaJUeHT, SHTPOIUS, YUCIIO JaeTaneil). JlaHHBIH HEIOCTATOK CBOWCTBEHEH MHOTHUM MOIU(PHUKAIUSM
anmroputMa AHE [4-6]. IlpuumHa 3aximrouaeTcss B BBIPaBHUBAaHWU THCTOTPAMMEI, CYIIECTBEHHO
OCIIA0JIAIONIEM pe3yNbTaThl JIO0OW Mpeakoppekiuu u3o0paxenus. [losromy sddexkTuBHOE
yIpaBlieHHE XapaKTePUCTHKAMH HW300paXeHUs MpH NpeoOpa3oBaHUM JAWHAMHYECKOTO IUara3oHa
BO3MOXXHO TOJIBKO TIOCJIE€ BBIPAaBHHBAaHHUSI TMCTOrpaMMbl. llpum 3ToM ans Koppekuuu HEoO0XOIUMO
00ecneynTh 10CTaTOYHO IIMPOKUN TMHAMUYECKUN nana3oH n300paKeHHs.

B [7] mpemmoxen amropurm HECS (Histogram Equalization, Compression and Stretching,
HECS), xotopsiii mpeBocxoaut amroput™ AHE mo koHTpacTy 3a cueT 3a cuer OOpe3KH Kpaes,
pacTshKEeHUs LEHTPAIbHON YacTH, pacTshKEeHUs (CKaTHsl) U HaJIOKEHUs! 0Ope3aHHBIX KpaeB IN100aIbHON
ructorpammbl. Hemoctatkom amroputma HECS  sBnsercs yxymmeHue KOHTpacTa IO KpasM
JUHAMUYECKOTO JMalla30Ha, YTO TMPHBOJUT K 3aMETHBIM apredakTaM Ha NpeoOpa3oBaHHOM
UK-n300pakeHnH 1 JOTOJIHUTEIBHON HEPAaBHOMEPHOCTH €ro II100anbHOM THCTOIPaMMBI.

B [8] mnpemnoxen wmomuduimpoanusii amroput™m HECSM amanTuBHONM SKBaNM3aIlim,
pacTsDKEHUS] U C)KaTUsl TUCTOTPaMMBI, OCHOBAHHBIM Ha WHBEpCcHH ee oOpe3aHHBIX KpaeB. MHBepcus
KpacB IMO3BOJISIET COXPAHWUTh KOPPEISILIUIO 3HAYEHUH M KOHTpacT AJsl OOJbIIEH YacTH CMEXKHBIX
nukcene wm3oOpaxenus. [lpu  yMeHpIIEHMHM OUHAMWUYECKOTO JAMana3oHa  JaHJagTHBIX
NK-u300pakeHnii mpeayioKeHHBIH alTOPUTM TOBBIIIAeT OJOYHBIA KOHTPACT 1O CPaBHEHHUIO C
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AITOPUTMOM  aJIaITUBHON SKBATU3allMd THUCTOTpaMMbl. (OCOOECHHOCTHIO aTOPUTMA  SIBJISICTCS
BO3MOKHOCTh PACTSDKEHHsI OJHOW 4acTh (JIEBOI WM MPaBOM) 3a CUET CKATHSA APYTrod B Ipeaesax
JTUHAMHYECKOTO JHMAaIa3oHa. JTO MO3BOJISIET MMOBBICUTH Pa3pelleHre B COOTBETCTBYIOIINX WHTEpBaIax
TUCTOTPAMMBI U JIOKaJIbHBI KOHTPACT B TEMHBIX MJM CBETJIBIX OO0JacTsaX wu3o0paxkenus. s
VIpaBIICHHUS PACTSDKCHHEM W C)KaTHeM KpaeB rucrorpammbl B anroputMe HECSmM mpemycmotpen
napameTp A aCHMMETPHUU THCTOTPAMMBI, BEIYMCISIEMBIN KaK OTHOIICHHWE IIMPUHBI JIECBOTO MHTEPBAJA
TUCTOTPAaMMBI TIOCJIE MPEOOPa30BaHus K IIUPUHE JUHAMUYESCKOTO JUANa30Ha H300paKCHHUS.

Ilenpto paboOTHI SBNISETCA OMpEACICHUE II0Ka3aTeieii KavyecTBa TOHOBOTO OTOOpaKeHUs,
MMEIOIIX HAHOOIBIIYIO YYBCTBUTEIFHOCTD K ITOPUTMAaM MIPe0Opa3oBaHus, X MapaMeTpaM u THIIaM
HK-u300paxkeHni.

IMoka3aTesin KauecTBa TOHOBOTO OTOOPaKEHUS

KauecTBo airoprTMOB TOHOBOTO OTOOpaKEHHSI OMPECNseTCsl KaueCTBOM MPeoOpa3oBaHHBIX C HX
TIOMOIIIBI0  M300pakeHMH (O€33TAIOHHBIC TIOKA3aTeId KadecTBA) M CXOXKECTHIO 3THUX H300paKCHHH ¢
WCXOJTHBIMU N300pKEHUSAMH (3TAJIOHHBIC TIOKA3aTeNn KadyecTBa). braronaps mpocToTe BEIMUCIICHUS ITPOKO
UCIIONB3YIOTCSl 0€33TANIOHHBIC MOKA3aTeNH, MO3BOJLSIOIIME OLCHUTh KOHTpAcT (CTaHIApPTHOE OTKJIOHECHHE

Dsr M cpennuii rpammeHT G,), OSHTPOIMIO E;, KOIMYECTBO JIOKAIBHBIX 3KcTpeMyMoB N g,
cratucTideckylo ecrectBeHHOCTE Ng [9]. [t orjeHKH KadecTBa TOHOBOIO OTOOPaKEHNUST Ha OCHOBE ITAJIOHA

B ciydae VK-u300paKeHHil ¢ IIMPOKMM JIWHAMHYECKHM [HANa30HOM YacTO HCIOB3YETCS MOKa3aTeiu
ctpyktypHoit TounocTH Fg [10] 1 kauecTsa ToHATbHOM KapThl |1y [11]. OTH nokasatenm He yunThIBarOT

Pl XapaKTEPUCTUK CKaTWs JUHAMHYECKOrO JUala3oHa, CBS3aHHBIX, HANPUMEpP, C JMHEUHOCTHIO U
TIOCTIE/IOBATETIFHOCTRIO TIEPEavy TOHOB, TIOTEPEH pasiimIeH s COCEIHNX MTUKCENer MOoclie IPeoOpa3oBaHus U
PaBHOMEPHOCTHIO HCTIONB30BaHMS JMHAMHYECKOTO JFAlla30Ha, POCTOM HEOTHO3HAYHOCTH TOHOBOTO
OTOOpKEHHMS N3-3a PA3TUUHIA MEPEAATOUHBIX XapaKTSPUCTHK OJIOKOB M300PaXKEHHUS IPU UCTIOIL30BAHUH IS
npeoOpa3oBaHusl OJIOYHBIX aNropuTMOB. Kpome Toro, GONBIIMHCTBO N3BECTHBIX TIOKAa3aTeN e BEIYHCIISTIOTCS
JUTSL BCETO JMHAMHUYECKOTO Anana3oHa. OmHAKo, B pse CIydaeB HEOOXOMUMBI MHTEPBAIBHBIC TTOKA3aTEIH,
TMO3BOJISIIOIINE OICHUTh KAa4eCTBO TOHOBOI'O OTOOPAKCHHS B ONPEACIEHHON 4YacTH JHUHAMHUYECKOIO
JmarnasoHa npeoodpaszoBanHoro MK-n3o0paxkenus. JlaHHbIe HETOCTATKM NMPHUBOIAT K HU3KONH TOYHOCTH H
HEOJTHO3HAYHOCTH OIICHKM KauyecTBa CKaTWsl JUHaMuueckoro auanasoHa WK-m3obpaxkenunit. B [12]
MpeIOKEHbl MHTEPBATIHHBIC TIOKA3aTENI KauyeCcTBa CKATHA JUHAMUYecKoro muanaszona MK-m3obpakenui,
ITO3BOJISIOIIHE OLICHUTD:

— MOTEHIAFHYIO PA3UYAIOINIY0 CIOCOOHOCTh P, Ha BEIOpaHHOM WHTEpBaje JUHAMUYECKOTO

JMana3oHa IpeoOpa3oBaHHOTO N300PaKEHNS;

—mnoTepu Ep pasnuueHHs coceqHHX TNHKCeJeld Ha BhIOpaHHOM HWHTEpBaje JTUHAMHUYECKOTO
JMana3oHa nIpeoOpa3oBaHHOTO N300pakeHMs1, 00YCIIOBICHHBIE TOHOBBIM OTOOpaKEHHEM;

— BeNM4MHY Eyg HENMMHEWHBIX MCKQKEHHH CKATHUs AMHAMHUYECKOTO JHAala30Ha Ha BHIOPAHHOM
UHTEpBaJIe JMHAMHYECKOTO [Hara30Ha NpeoOpa30BaHHOTO H300paK€HHUS OTHOCHTEIBHO JIMHEHHO
peoOpa3oBaHHOTO U300paKEHNS,

— paBHOMepHOCTh Uy, HCIIOJB30BaHKUs HMHAMHYECKOIO [Hara3oHa Ha BHIOPAHHOM HHTEpBaJie
JIMHaMHYECKOTr'0 JIara3oHa npeo0pa3oBaHHOTO H300paKeHUsI OTHOCUTENBHO 0a30BOr0 HHTEPBAa;

— HEOJIHO3HAYHOCTh Ly, TOHOBOTO OTOOp@KEHHS, OOYCIIOBJICHHYIO Pa3THYMAMH IIepeIaTOuHbIX
XapakTepUCTUK OJIOKOB B HHTEpBAIE JUHAMHYECKOrO JAMana3oHa IpeoOpa3oBaHHOTO M300paKeHus,
COOTBETCTBYIOIIIETO MHTEPBATY MPOPEKEHHOTO JMHAMHYECKOT'O JMANa30Ha HCXOIHOTO H300pKEHNST,

— BeNUUMHY Lp, HEJTMHEHHBIX HMCKAXCHUH, CBSA3aHHBIX C HEOJAHO3HAYHOCTHIO TOHOBOTO
oToOpakeHHsl, B HHTEpBaJE JUHAMHUYECKOTO [HMara3oHa NpeoOpa30BaHHOIO M300pasKeHHS,
COOTBETCTBYIOIIETO HHTEPBATY IIPOPEKESHHOTO JUHAMHYESCKOTO JTUANAa30Ha UCXOJHOTO H300pasKeHMSI.

Yem MenblIe 3HaueHUs] P, ¥ Ep , TeM Bl pa3iuyaroimiasi CiOCOOHOCTh M MEHbIIE MOTEPH
pa3IMYeHUs] COCENHUX MUKCeeld mpeoOdpa3oBaHHOTO M300paxeHus. UeM MeHblle 3HaueHue E,,g, Tem
OJKe TiepeJaTOYHbIe XapaKTePUCTUKU OJIOKOB (MJIM BCEro M300pakeHHs) K JTMHEHHBIM. Yem Ommke K
eauHuLe 3HaueHue U, , TeM Oojiee paBHOMEPHBIM SIBIISIETCS pacrpezielieHHe SIpKOCTeil Ha BHIOPaHHOM

HUHTEPBAJIC OTHOCUTCIIBHOT'O 06a3o0Boro HWHTCPBaJia U TCM OJIMKEe TOHOBOE 0T06pa)K€HI/I€ K HHHeﬁHOMy Inpu
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PaBHOBEPOATHBIX 3HAYeHWSX muKcened. YUem Ombke K eOuHMIE 3HAa4YeHHE Ly, TeM MEHbLIE
HEOJHO3HAYHOCTh TOHOBOIO OTOOpakeHusi. Yem MeHblIe 3Ha4YeHuE Ly , TeM MeHble HeTuHEHHbIE
WCKa)KEHHsI N3-32 HEOJHO3HAYHOCTH TOHOBOT'O OTOOPaKEHHUSI.

OneHKa Ka4eCTBA TOHOBOI'0 0TOOPasKeHH s

Ha puc. 1 mpuBenensl mpumepbl NK-n3zo0paxkeHuid TpeX THIIOB, OTIMYAONHMXCS (QopMamMu
THCTOIPaMM SIPKOCTH TIOCIIE aJIaTUBHON 3KBATU3AIMH. [IJ1s1 H300pakKeH A 3THX TpeX THIOB B Tabi. 1 — 6
TIPUBE/ICHBI CPEHUE 3HAUCHHMSI OTHOILCHUI U Pa3HOCTEH TMoKazaTenei kadectsa Aist anropurMa HECSm
NpH pa3NMYHBIX 3HaueHUsX acumMmerpurt A u anroputmoB HE, AHE, HECS. Xupubim mpudgrom B
TabNHIaX OTMEYEHBI MaKCUMaJIbHBIE 3HAUEHHS OTHOIICHUI 1 pazHocTel. Tabm. 1, 3, 5 conepkat 3HaueHUS
II00AIBHBIX TTapaMeTPOB, OMPEACISEMBIX B MPEAENax BCEro AMHAMHYECKOTO THana3oHa M300pakeHusI.
Tabn. 2, 4, 6 comepkaT 3HAUCHUS] MHTEPBAJILHBIX MMOKa3aTelNield, BBIYMCIIEMBIX Ul TEPEKPHIBAIOILIXCS
nesoro (L), nenarpansaoro (C), mpasoro (R) HHTepBaJIOB THCTOIPAMMBI M BCETO IMHAMUYECKOTO JIUANa30Ha
n3o0pakenus (matepBai T ). B anropurmax AHE, HECS u HECSm ucnions3oBanb! 0510ku 32X 32 MUKCES.

[ 50 100 150 200 250 300 o 50 100 150 200 250 300 o 50 100 150 200 250 300

Puc. 1. IIpumepsr UK-n300paskeHnii Tpex THIIOB U UX FHCTOTPaMM I10CJIEe aIallTUBHOM SKBaJIM3alnu. a — TUI |
6 —Tnn 2, 6 — T 3

Tabn. 1. 3HayeHUsT OTHOWMIEHMIT IJ100aNbHBIX MOKAa3aTedeil kayecTBa AJsA U300pakeHuii Tuma 1

IToxa- | 3HaueHus OTHOLIEHMH mokasarenedt 11s anropurMa HECSm npu pasnnuneix A u anroputmos HE, AHE, HECS
3aTenu HE AHE HECS

A=1/5| A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5
Ns 7,813| 7,348 | 6,844 | 6,542 | 6,235 1,037 | 0,975 | 0,909 | 0,868 | 0,828 | 0,934 | 0,879 | 0,819 | 0,783 | 0,746
Fs 0,933| 0,961] 0,964 0,960| 0,942| 0,963 | 0,992 | 0,996 | 0,991 | 0,973 | 1,001 | 1,031 | 1,035 | 1,030 | 1,012
ltve | 1,123) 1,123| 1,115| 1,109| 1,098| 0,994 | 0,995 | 0,988 | 0,982 | 0,972 | 0,991 | 0,992 | 0,985 | 0,979 | 0,970
Dst 11,890 1,882 1,860| 1,871| 1,906| 0,961 | 0,957 | 0,946 | 0,952 | 0,970 | 0,908 | 0,904 | 0,893 | 0,899 | 0,916
Ca 3,151 3,082| 3,023| 3,036 3,092| 0,994 | 0,972 |0,954 | 0,957 | 0,975 | 0,874 | 0,855 | 0,838 | 0,842 | 0,857
E 1,209] 1,216] 1,215| 1,212] 1,203] 0,983 | 0,989 | 0,988 | 0,986 | 0,978 | 0,980 | 0,986 | 0,985 | 0,983 | 0,976
Nie |1,169] 1,151] 1,145 1,150| 1,166| 1,047 | 1,031 | 1,026 | 1,031 | 1,045 | 0,955 | 0,941 | 0,936 | 0,940 | 0,953

Ucnonk3oBanue kimaccupukanuu M300pakeHU HAa TUOBI MO (OpMe THUCTOrpamMMbl TOCTE
aJalITUBHOM ~ DKBaNHM3alMd  OOYCJIOBIEHO  OCOOCHHOCTSMH  (DOPMHUpPOBAHMS  €CTECTBEHHBIX



UK-n300paxkenuii, UMEIONMX MIUPOKUN TUHAMUYECKUi Auana3zoH. MHpopmanus o pacnpenencHuN
SPKOCTH Ha THUCTOTpaMMaX TaKHX H300pakeHWH KOHIICHTPHPYETCS B OJHOM OTHOCHTEIHHO Y3KOM
WHTEpBaJje, 4TO He MO3BOJISIET Pa3INdaTh OCOOEHHOCTH JOKAIFHOTO PaCIpeIeIeH!s] B 9TOM HHTEpBAJIe.
ITocne sKBaIM3aIi THCTOTPAMMBI 3TOT HHTEPBAJI PACTATMBAETCS PAKTUYECKU HA BECh TUHAMUYECKHUI
muana3on. [Ipuuem, ecnu anroputm HE, He yuuThIBaromuii JoKaqsHBIE OCOOCHHOCTH M300paKeHHS,
obecrieunBaeT OJIM3KOE K PAaBHOMEPHOMY pacIpelielieHHe BEpOSTHOCTEH 3HAYeHWH MHUKCeJed B
npefenax —JIWHAMHUYECKOro AWamna3oHa, To amroput™ AHE  amanTuBHOM  »KBaNM3anuu,
oOpabaThiBatonii N300paKeHNe MEePEKPHIBAIOIIMMUCS OJOKaMH, YaCTHYHO COXPaHSET OCOOCHHOCTH
pacrpeneseHusT BEPOSTHOCTEH MCXOAHBIX 3HAUCHHH IMUKCENEH oCIIe MpeoOpa3oBaHusl.

Tabn. 2. 3HadeHnuss pa3HoOCTell MHTEePBAJBHBIX MOKa3aTeJeil KayecTBa AJA H300pakenuii Tuma 1

IToxa- 3HaueHus pasHocTel nokasarenei i anropurMa HECSm npu pazmmansix A u anroputmos HE, AHE, HECS
3aTeIH HE AHE HECS
A=1/5] A=1/3 [ A=1/2 [ A=2/3 | A=4/5 | A=1/5 [ A=1/3 [ A=1/2| A=2/3 | A=4/5 | A=1/5 | A=1/3| A=1/2 | A=2/3 | A=4/5
Wntepran L

Po -789| 125 | 606 | 92,2 | 1238 |-124,1| -32,7 | 153 | 47,0 | 78,6 |[-109,5| -181 | 29,9 | 61,6 | 93,2
Ep -22 | 27 4,6 57 6,7 | -45 | 03 2,3 3,3 44 |-305| 1,77 | 3,70 | 478 | 5,83
Ems | 56 | -14 2,0 43 64 | -52 | 09 | 25 4,7 6,9 |-7,75]-349(-0,09 | 215 | 4,30
Uy -0,06 | -0,30 | -0,44 | -0,51 | -0,55 | -0,08 | -0,04 | -0,05 | -0,06 | -0,06 | 0,05 | -0,19 | -0,33 | -0,40 | -0,45
Loy |-86,7|-107,7|-108,8|-105,1| -984 | 215 | 05 | -05 | 31 98 [1431|-6,71 | -7,77 | -412 | 2,63

Lo. |-0,31] -0,56 | -0,69 | -0,78 | -0,86 | 0,26 | 0,01 |-0,12 | -0,21 | -0,29 | 0,19 | -0,06 | -0,19 | -0,29 | -0,36
Wutepran C

Po -7139| -808 | -87,1|-863|-695| -1,7 | -87 |-150|-141 | 2,7 |-189|-258|-32,1 | -313 | -145
Ep -219| -228 | -233|-226 |-205| -01 | -10 | -15 | 08 | 1,3 |-2,06|-3,01|-3,44|-2,76 | -0,65
Ems | -33| -03 13 2,3 32 | -24 | 07 2,2 3.2 41 [-439]-132] 022 | 1,22 | 2,13
Uy -0,32| -066 | -0,74 | -0,57 | -0,20 | 0,02 | -0,33 | -0,40 | -0,24 | 0,13 | -0,16 | -0,50 | -0,58 | -0,41 | -0,04
Low |-896| -837 | -730 | 642 | -525| -1,3 | 46 | 153 | 241 | 358 |-23,11|-17,19| -6,51 | 2,34 | 14,04

Lo. |-0,38] -0,33 | -0,29 | -0,26 | -0,24 | 0,00 | 0,05 | 0,09 | 0,12 | 0,14 | -0,05 | -0,01 | 0,04 | 0,06 | 0,09
Wnrepsan R

Py 129,01 84,6| 33,7 -325/-134,5/107,0| 62,6 | 11,7 | -54,4 |-156,5|125,9 | 815 | 30,6 | -35,6 |-137,6
Ep 25,3 | 239 | 220 | 184 | 124 | 47 3,4 14 | -21 | -81 | 7,26 | 591 | 397 | 0,39 | -5,59
Ems | -04 | 02 0,2 00 | -03]-05 ]| 0,0 00 | 02 ) -051|-022]|030] 032|017 |-018
Uy -0,55| -048 | -0,39 | -0,20 | -0,22 | -0,33 | -0,25 | -0,16 | 0,03 | 0,01 | -0,43 | -0,36 | -0,27 | -0,08 | -0,10
Low |-283| -254 | -236 | -216 | -184 | -27 | 0,2 2,0 4,0 7,1 |-005] 2,79 | 457 | 657 | 9,77
Lo.  |-0,37| -0,27 | -0,20 | -0,14 | -0,07 | -0,17 | -0,08 | -0,01 | 0,06 | 0,12 | -0,14 | -0,04 | 0,02 | 0,09 | 0,13
Wnrepan T
Ems | -39 | 01 24 3.9 50 | 49 | -09 | 14 29 40 |-440)-0,46] 1,87 | 3,36 | 4,50
Low |-67,1| -68,0 | -67,8 | 67,3 | -662 | 2,2 1,2 15 19 3,1 | 500 | 403|429 | 473 | 585
Lo. |-0,35|-0,35 | -0,35 | -0,35 | -0,34 | 0,01 | 0,01 | 0,01 | 0,01 | 0,02 | 0,10 | 0,10 | 0,11 | 0,11 | 0,12

Ta6n. 3. 3HaYeHNsT OTHOMIEHMIT IJ106aTbHBIX MOKa3aTeNdeil KadyecTBa AJs H300pakeHuil Tuma 2

IToka- | 3HaveHus oTHOUIEHHH mokasaTeneil as anropurmMa HECSm npu pasnuunsix A u anroputmoB HE, AHE, HECS
3aTenn HE AHE HECS
A=1/5| A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5

Ns 16,82 | 15,99 | 14,84 | 13,97 | 13,151,097 | 1,042 | 0,967 | 0,910 | 0,858 | 0,931 | 0,884 | 0,821 | 0,773 | 0,728
Fs 0,866 | 0,904 | 0,909 | 0,904 | 0,883 | 0,945 | 0,986 | 0,992 | 0,986 | 0,963 | 0,985 | 1,027 | 1,034 | 1,028 | 1,003
Itmo 1,120| 1,125 | 1,118 | 1,109 | 1,095 | 0,996 | 1,001 | 0,994 | 0,986 | 0,974 | 0,988 | 0,992 | 0,986 | 0,978 | 0,966
Dst  [2,433] 2,443 | 2,419 | 2,431 | 2,469 | 0,993 | 0,996 | 0,987 | 0,992 | 1,007 | 0,903 | 0,906 | 0,897 | 0,902 | 0,916
Ga 4,221| 4,131 | 4,041 4,042 4,101 1,038 | 1,014 | 0,992 | 0,993 | 1,007 | 0,878 | 0,858 | 0,839 | 0,840 | 0,852
E 1,260 1,269 | 1,267 | 1,263 | 1,251 | 0,985 | 0,992 | 0,990 | 0,987 | 0,978 | 0,975 | 0,982 | 0,981 | 0,977 | 0,968
Nee 11,195| 1,177 [ 1,170 [ 1,175 1,188 | 1,050 | 1,034 | 1,029 | 1,032 | 1,044 | 0,955 | 0,941 | 0,936 | 0,940 | 0,950
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Ta6n. 4. 3HaYeHUs pa3HocTeli MHTEePBAJIBHBIX NMOKa3aTeJeil KayecTBa 1/ U300pakeHHil Tuma 2

Tloka- | 3mauyenus pazHocTei nokasareneit s anropurMa HECSM npu pasnuunbix A u anroputmos HE, AHE, HECS
3aTenu HE AHE HECS
A=1/5] A=1/3 [A=1/2 [ A=2/3 | A=4/5 | A=1/5 [ A=1/3 [ A=1/2| A=2/3 | A=4/5 | A=1/5 ] A=1/3| A=1/2 [ A=2/3 | A=4/5
Wnrepsan L

Po -107,5| 140 | 772 | 1199 | 1855 |-169,3| 47,8 | 154 | 581 | 1237 |-1316] -10,1 | 531 | 958 | 1614
Ep -23,05| -17,05 | -14,87 |-13,37|-11,72| -6,50 | -0,49 | 168 | 3,18 | 483 | -478 | 1,22 | 339 | 489 | 654
Ems |-367| 025 | 359 | 6,05 | 375 | 6,16 | -224 | 1,10 | 355 | 1,26 | 9,09 | 517 | -1,83 | 0,63 | -167
Uy -0,08| -0,22 | -040 | -049 | -053 | 0,21 | 0,06 | -0,11 | -0,20 | -0,24 | 0,00 | -0,14 | -0,31 | -0,40 | -0,44
Lon  |-82,84| -92,64 |-98,84 |-96,60 | -87,45| 11,28 | 149 | -471 | 248 | 6,68 | 1560 | 581 | -0,39 | 1,84 | 11,00
Lo. | -029| -052 | -0,73|-088 | -1,11 | 031 | 008 | 013 | -028 | -051 | 0,24 | 0,00 | -0,20 | -0,35 | 0,58
Wutepsan C
Po -100,0{ -106,7 |-1151|-1123| -218 | 7,0 04 | 80 | 52 | 852 | 404 | 470 | -554 | -52,6 | 378
Ep -25,08| -26,60 | -26,95|-26,45|-21,37| 041 | -112 | -146 | -096 | 445 | -143 | -296 | -3,30 | -2,80 | 2,28
Ems |-270| 048 | 211 | 316 | 264 | 324 | -006 | 157 | 262 | 210 | 520 | 2,02 | -0.39 | 067 | 015
Uy -0,28| -064 | -0,75|-057]-013| 019 | 017|028 | -010 | 0,34 | -0,11 | -047 | -0,58 | -040 | 0,04
Low  |-76,05| -74,17 | -67,09|-59,02 | -57,61| 2,13 | -0.25 | 6,83 | 1491 | 16,31 |-18,91|-17,03| -9,95 | -1,88 | -0,47
Lo. |-016| -014 | -0,13 | -0,11 | -0,15 | 0,02 | -0,01 | 0,01 | 0,02 | -0,04 | 003 | 0,04 | 0,07 | 0,08 | -0,02
Unrepsan R
Po 179,2| 1222 | 52,6 | -52,7 |-2154] 1366 | 796 | 9,9 | -953 |-258,1| 164,1 | 1071 | 375 | -67,8 |-230,5
Ep 38,40 | 36,48 | 34,45 | 29,64 | 1942 | 531 | 3,38 | 1,36 | -345 |-1367| 7,97 | 6,04 | 402 | -0,79 |-11,01
Ems |-033| 001 |-013|-043 | -065| 048 |-014 | 028 | 058 | 080 | 022 | 056 | 042 | 012 | 0,10
Uy -054| -046 | -0,36 | -0,24 | -0,50 | -0,28 | 0,20 | 0,10 | 0,12 | 0,24 | -0,41 | -0,33 | -0,24 | -0,01 | -0,38
Lo |-23,22| -17,80 |-13,83|-11,91 |-12,01| 2,97 | 245 | 643 | 834 | 824 |-10,22| -4,80 | -0,83 | 1,08 | 098
Lo. | -029| -021 | -0,13 | -0,07 | -0,04 | 0,13 | -0,04 | 0,02 | 0,06 | 0,07 | 018 | -0,10 | -0,02 | 0,03 | 0,07
Wntepsan T
Ems |-444| 064 | 1,77 | 334 | 430 | 547 | -168 | 0,73 | 231 | 327 | 480 | -1,01 | 1,40 | 2,98 | 394
Lo |-61,21| -61,84 |-61,46 |-60,86 | -59,46| 091 | 027 | 0,65 | 125 | 265 | 453 | 390 | 4,28 | 488 | 628
Lo. |-037| -037 | -0,37 | -036 | -0,36 | 0,01 | 0,00 | 0,00 | 0,01 | 002 | 003 | 002 | 002 | 003 | 0,04

Tabn. 5. 3HaYeHUs OTHOMEHHUH r100aJdBLHBIX MOKa3aTeJieii KauecTBa AJs H300pakeHuii Tuma 3

Tloka- | 3HaveHHs OTHOUICHWI Mmoka3zarenei ans anropurMa HECSM mpu pasnuansix A n anroputmo HE, AHE, HECS
3aTenu HE AHE HECS
A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5 | A=1/5 | A=1/3 | A=1/2 | A=2/3 | A=4/5

Ng 18,406|17,478|16,284|15,344|15,167| 1,081 | 1,026 | 0,953 | 0,900 | 0,847 | 0,928 | 0,881 | 0,819 | 0,773 | 0,727
Fs 0,964 | 0,993 | 0,994 | 0,985 | 0,964 | 0,959 | 0,990 | 0,993 | 0,986 | 0,960 | 0,999 | 1,032 | 1,035 | 1,027 | 1,001
Itmo 1,154 11,155|1,147 1,137 1,127 |1 0,998 | 1,000 | 0,993 | 0,985 | 0,972 | 0,990 | 0,993 | 0,985 | 0,977 | 0,964
Dst | 2,221 (2,206 | 2,178 | 2,184 | 2,209 | 0,992 | 0,986 | 0,971 | 0,973 | 0,985 | 0,902 | 0,896 | 0,883 | 0,884 | 0,895
Ga 4,341 14,230 | 4,140 | 4,144 | 4,213 11,031 | 1,003 | 0,979 | 0,978 | 0,992 | 0,867 | 0,843 | 0,823 | 0,823 | 0,834
E, 1,27511,281 1,278 | 1,272 | 1,264 | 0,986 | 0,991 | 0,989 | 0,985 | 0,977 | 0,976 | 0,981 | 0,979 | 0,976 | 0,967
Niee |1,209]1,191 1,186 | 1,191 | 1,205 | 1,047 | 1,031 | 1,025 | 1,029 | 1,041 | 0,960 | 0,945 | 0,940 | 0,943 | 0,954

W3 Tadn. 1, 3, 5 ciemyer, 4To CTaTUCTUYECKAs €CTECTBEHHOCTh Ng JI0CTaTOUHO YyBCTBHTEIbHA
K M3MeHeHuro acummerpun anropurma HECSm u BeiGopy anropurma mexay HE u AHE (HECS,
HECSm), Ho cnabo 3aBHCHT OT THIIa M300pa)keHUst W BbIOOpa anroputma mexny AHE, HECS u
HECSm. CrpykrypHas TOYHOCT Fg IOCTaTOYHO 4yBCTBUTENbHA K M3MEHEHUIO ACHMMETPUH
anropurmMa HECSm, BriG6opy anropurma mexay HE u AHE (HECS, HECSm) mi1st HeKOTOpBIX THIIOB
u300pakenui n Beibopy anroputma mexay AHE, HECS u HECSm. KauectBo TonanbHo¥ kapTet l1yq

JOCTaTOYHO YyBCTBHTEIBHO K M3MEHEHMIO acummerpuu airoputmMa HECSM u BeiGOpy anropurma
mexay HE u AHE (HECS, HECSm).
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Ta6n. 6. 3HaYeHUs pa3HocTeli MHTEePBAJIBHBIX NMOKa3aTeJdeil KayecTBa 1 H300pakeHnil Tuma 3

Tloka- | 3HaueHus pasHocTeil nokasareneit 1 anropurMa HECSmM npu pasnuunbix A u anropurmos HE, AHE, HECS
3aTeH HE AHE HECS
A=1/5] A=1/3 [A=1/2 [ A=2/3 | A=4/5 | A=1/5 [ A=1/3 [ A=1/2| A=2/3 | A=4/5 | A=1/5 ] A=1/3| A=1/2 [ A=2/3 | A=4/5
Wnrepsan L
Po -85,46| 48,79 |119,41|164,37|202,28|-203,12| -63,82 | 22,75 | 52,61 |123,42|-152,06| -12,60 | 66,31 |103,79|174,61
Ep -20,03| -10,61 | -5,83 | -4,17 | -5,04 | -5,08 | 4,53 | 11,76 | 11,75 | 12,76 | -252 | 7,12 | 13,99 | 14,30 | 15,14
Ems |-430| -016 | 323 | 550 | 344 | 644 | -221 | -150 | 375 | 256 | 993 | -570 | -444 | 027 | 094
Uy -012| -0,29 | -045 | -053 | -052 | 0,23 | 0,05 | -0,12 | -0,20 | -0,24 | 0,02 | -0,16 | -0,33 | -0,41 | -0,45
Low  |-73,67| -70,46 | -70,61|-72,24 | -7543 | 2,65 | 1,23 | 1,08 | -1,91 | -6,35 | 14,69 | 20,52 | 20,30 | 15,89 | 9,54
Lo. | -039| -054 | -0,68 | -0.83 | -1,07 | 0,22 | 0,08 | 0,12 | 020 | -054 | 0,22 | 0,08 | -0,13 | -0,20 | -054
Wutepsan C
Po -124,7|-131,48 |-138,70|-130,10| -42,68 | -0,12 | -6,80 |-31,71|-11,10 | 86,48 | -54,78 | -61,17 | -79,35 | -65,45 | 32,49
Ep -21,84| -25,97 | -26,10 | -25,68 | -19,67 | -3,46 | -5,89 | -7,88 | -580 | 3,11 | -7,38 | -9,80 |-11,37| -9,79 | -1,02
Ems |-251| 081 | 2,56 | 3,65 | 2,97 | -354 | -0,06 | 094 | 2,88 | 2,84 | -6,17 | -2,69 | -1,30 | 0,25 | 0,20
Uy -034| -067 | 0,74 |-052)-017 | 011 | -015|-023 | -0,09 | 0,23 | -0,14 | -0,50 | -0,60 | 042 | 0,01
Lon  |-73,94| -70,71 | -65,63 | -6341 | -64,05| 2,38 | 0,37 | 546 | 815 | 856 | -7,96 | 525 | -0,14 | 254 | 294
Lo. | -043| -0,38 | -0,34 | -0.33 | -041 | 0,03 | 0,02 | 0,00 | 007 | -0,01 | 002 | 0,03 | 0,01 | 009 | 0,01
Unrepsan R
Py 176,19| 115,87 | 34,81 | -85,38 |-217,58|170,19|110,63| 36,73 | -74,86 |-264,25|193,43|134,15| 55,65 | -51,42 |-241,27
Ep 41,94 | 40,20 | 35,98 | 2393 | 12,74 | 9,86 | 8,24 | 564 | -3,08 |-25,07| 17,66 | 16,06 | 12,32 | 490 |-16,85
Ems |-058| -003 | 001 | -0,17 | -0,30 | 0,69 | -0,10 | 0,12 | 0,20 | 0,31 | 043 | 0,16 | 0,09 | 0,05 | -0,06
Uy -057| -050 | -0,38 | -0,22 | -0,51 | -0,30 | 0,23 | 0,13 | 0,09 | -0,21 | -0,43 | -0,35 | -0,25 | -0,04 | -0,34
Lo |-38,22| -25,32 | -21,58 | -20,46 | -24,11 | -1452 | -0,66 | 3,19 | 4,60 | 1,26 |-1856| -4,73 | -0,70 | 0,66 | 2,84
Lo. | -053| -0,30 | -0,19 | -0,13 | -0,13 | 0,34 | -0,10 | 0,01 | 0,08 | 0,10 | -0,39 | 0,15 | -0,05 | 0,03 | 0,05
Wntepsan T
Ems |-422| -027 | 226 | 393 | 401 | 590 | -1,78 | 0,38 | 249 | 368 | 535 | -1,23 | 0,09 | 304 | 422
Lo |-59,53| -59,89 |-59,55 |-58,96 | -57,87 | 0,67 | 025 | 059 | 1,09 | 227 | 409 | 367 | 401 | 451 | 570
Lo. |-042| 042 | -042 | -042 | -041 | 0,01 | 0,00 | -005| 001 | 002 | 003 | 0,03 | -0,03 | 003 | 0,04

CTaHZ[apTHO@ OTKJIOHCHHEC DST y CpeI[HI/Iﬁ TpaducCHT G A M KOJIMYCCTBO JIOKAJIbHBIX SKCTPEMYMOB

N g Z0CTaTOYHO YyBCTBHUTENIBHBI K U3MEHEHHIO acuMMeTpuu anroputMa HECSm, BeiGopy anropurma

SKBaJIM3allUM U BBIOOPY TUNA M300pa’keHHs NpH HcHoib3oBaHuM anroputma HE. Onrpomms E,

JOCTaTOYHO YyBCTBUTENIbHA K BeIOOpY anroputma mexxay HE u AHE (HECS, HECSm), BeiGopy
anmroputma Mexny AHE, HECS u HECSM ans HeKoTOphIX THIOB W300pa)keHWil, BHIOOPY THIIA
n300paXkeHusl P UCToNb30BaHuu anroputMa HE. Pesynbrarhl aHanmmza riioOabHBIX TMOKa3aTenei
NpUBEAEHBI B Ta0I. 7.

Tabun. 7. quCTBHTeJIl)HOCTI) rjio0ajbHBIX MOKa3aTejdell B Pa3JUYHBIX YCJIOBHUAX

IMoka3zarenu Beicokast (+) nin Hu3Kast (—) 4yBCTBHTEIBHOCTB INI00AIBHBIX MI0Ka3aTeael B 3aBUCHMOCTH OT YCIOBHI
V3meHeHue 3HaYCHHS Hcnonp3oBanue Hcnonp3oBanue Hcnonb3oBanue
acuMMmeTpuHr anroput™a |anroputMo HE nimm AHE | anroputmo AHE, HECS (n300paskennit pa3nudaHoTro

HECSm (HECS, HECSm) wm HECSm THUIA

Ng + + - -

Fs + +/— + -

ITMQ + + + —

Dsr + + + +—

Ga + + + +/—

E, - + +/— +/-

N e + + + +/—
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U3 Tabn. 2, 4, 6 cnexyeT, 4YTO MOTEHUHMAJbHAS pa3IHyaroImias crnocoOHOCTh Py, motepu Ep
pasIn4yeHus] COCEAHUX IHKCETeH, BeInunHa Eyg HEIMHEHHBIX MCKaXECHUH CXKATUS JUHAMHYECKOIO
Juana3oHa paBHOMEpPHOCTh U, HCIONb30BaHUSA AMHAMUYECKOI'O JHana3oHa, HEOAHO3HAYHOCTH Lpy
TOHOBOTO OTOOpa&)KEHMS, BEIMYMHY Lp, HETMHEHHBIX HCKaXCHWH JOCTATOYHO UYYBCTBHTEIBHBI K

WU3MEHEHUI0 acumMmeTpun ainroputMa HECSm, BEIOOpY anroputMa SKBaIM3ainu, THIA H300paKEHUS U
WHTEpBaja oleHKH (Tabi. §).

Ta6ma. 8. quCTBHTeJ’leOCTL HHTEPBAJbHBIX nokasareJjeil B Pa3JUYHBIX YCJIO0BUAX

[Toxa3za- Bricokas (+) nnu Hu3Kas (—) YyBCTBUTEIBHOCTD IT00aJIbHBIX ITOKa3aTeNneil B 3aBUCHMOCTH OT YCIOBHUH
Tenud | Mi3sMeHeHMe 3HaYCHUS Hcnons3oBanue HcnonszoBanue Hcnonp3oBanne Bri6op unTepBana
aCUMMETpUH asropurMoB HE mm anroputMoB AHE, n300paskeHUH OLICHKH
anropurma HECSm | AHE (HECS, HECSm) | HECS wiin HECSm Pa3IMYHOTO TUIIA

Po + + + + +

Ep + + + + +

Ems + + + + +

Uy + + + + +

Loy + + + + +

Lpo + + + + +

N3 Ttabm. 7, 8 ciemyer, 4TO WMHTEPBAJIBHBIC ITOKA3aTENM IMPEBOCXOAAT INIOOAIbHBIE IIO
YYBCTBUTEIBHOCTH M MOTYT 3((EeKTHBHO HCHOIB30BAaThCS [UIS OLEHKM KayecTBa TOHOBOTO
otoOpakeHnsa. M3 Tio0ampHBIX TOKa3aTelleli KadecTBa TOHOBOTO OTOOpakeHHWs HamOolee
3} (deKTHBHBIMY ABIAIOTCA CTaHAApTHOE OTKIOHeHHe Dgy , cpennuii rpaguent G, M KOIMYECTBO

JIOKaJIbHBIX 3KCTPEMYMOB N LE » HMMCIOIIME BBICOKYIO UYBCTBUTCIBHOCTD IIPU OTHOCUTCIIBHO 6OHBHIOM
pa3Hoo0pas3uu ycIoBHiA TpeoOpa3OBaHMS.

3aKkiIouyeHne

IIpousBeneHa oleHKa YyBCTBUTEIBHOCTH TIIOKa3aTeled KayecTBa CKaTUA JAMHAMUYECKOTO
muanazona UK-m300pakeHnid K anropuTtMaM MpeoOpa3oBaHMs, UX MapamMeTpaM U OCOOCHHOCTSIM
THUCTOTPaMM SIPKOCTH MUKceJied. PaccMoTpeHsl ri100anbHble U HHTEPBAJIbHBIE TOKA3aTeNN KayecTna.
IloxazaHo, 4TO HHTEpBaJIbHBIE TOKA3aTENN MPEBOCXOIAT III00ATBHBIE [0 YYBCTBUTEIHHOCTH.

QUALITY EVALUATION OF DYNAMIC RANGE COMPRESSION
OF INFRARED IMAGES

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

Abstract. The results of sensitivity analysis of tone mapping quality indicators to the choice of
dynamic range compression algorithms, their parameters and types of infrared images were
presented. It was shown that interval indicators are more sensitive to tone mapping conditions in
comparison with global indicators.

Keywords: image dynamic range compression, infrared images, histogram equalization.
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X.H. REN, Y.M. CHEN, V.K. KANAPELKA

Belarusian State University of Informatics and Radioelectronics, Republic of Belarus

Received March 13, 2023

Abstract. Product codes are well known to have very promising correction potential and the ability
to deal with burst errors and can correct random errors in which the number of errors is above half
the minimum distance. Two-dimensional single-error correcting and double-error detecting (2D
SEC-DED) codes are types of product codes. Decoding methods for product codes can roughly be
divided into hard-decision decoding and soft-decision decoding. The hard-decision decoding
method, also called the iterative decoding method, which is easy to implement and has low
computational complexity. However, the error correcting capability of the existing hard-decision
iterative decoding methods for 2D SEC-DED is much less than half the minimum distance of the
code. In this paper, we propose an improved hard-decision iterative decoding method for 2D SEC-
DED codes to overcome this defect.

Keywords: hard-decision, 2D SEC-DED codes, iterative decoding.

Introduction

A 2D SEC-DED code based on two extended Hamming codes C,(n,,k,,4) and C,(n,,k,,4) can

be constructed by performing the following two steps. Suppose that k bits of the message can be resized
to a rectangular array with k;, rows and k, columns. We first encode the message in the row direction

by using the encoding rule of extended Hamming code C, and obtain a k;, row and n, column code
C..q- Then, we encode C_, in the column direction by using the encoding rule of the extended
Hamming code C, and obtain the final two-dimensional code C,, with parameters (nn,,kk,,4). We

know that the maximum correction capability of a 2D SEC-DED code based on extended Hamming
codes is seven. Therefore, a proper iterative hard-decision decoding method for 2D SEC-DED codes
should satisfy the following two requirements. First, it should be able to correct all error patterns in
which the number of error bits is less than or equal to seven. Second, the iterative hard-decision decoding
method should correct as many error patterns as possible in which the number of error bits is greater
than seven [1-5].

Decoding methods for 2D SEC-DED codes

The former decoding methods usually adopt an iterative approach, as first introduced by Elias [1].
There are two major types of decoding methods for product codes: hard-decision decoding and soft-
decision decoding. Iterative decoding methods are easy to implement and have low computational
complexity [2-5]. In the past decade, many efforts have been made and many improved methods have
been proposed to improve the performance of hard-decision iterative decoding [6-12]. In comparison,
decoding methods based on the soft-decision approach perform better in terms of correctness capability
than hard-decision decoding, but they also have high complexity and require extra information to
indicate the reliability of each piece of input data. The maximum correction capability of iterative
decoding methods is up to half the minimum distance of the code. However, the limitation of iterative
decoding is that it is unable to correct certain special error patterns, named stall patterns, for which the
weight is within half the minimum distance [11].
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Two-dimensional single-error correcting and double-error detecting (2D SEC-DED) codes are
types of product codes, which are widely adopted in many applications, and the corresponding encoding
and decoding procedures are relatively simple. One SEC-DED code is the extended Hamming code,
which can be obtained by adding one extra parity bit to the original Hamming code. Many distinct
methods have been proposed in the past. However, the error correction capabilities of most of them are
insufficient to correct error patterns with the number of errors up to half the minimum distance of the
code. In our previous work [13], we designed an iterative decoding method for standard Hamming
product codes that can correct all stall patterns with four errors and thus can correct all errors up to half
the minimum distance. However, this method is not suitable for 2D SEC-DED codes because the
component codes are different, and the minimum distance correspondingly increases from the original
value of four to seven. To overcome this challenge, in this paper, we follow the idea of our previous
work and design an improved hard-decision iterative decoding method for 2D SEC-DED codes based
on extended Hamming codes; this approach can be used to correct errors up to half the minimum distance
of the code.

The simplest iterative hard-decision decoding method is the two-step row-column method [3]. In
the first step, the syndromes of all columns of the received code are computed in accordance with the
decoding method corresponding to the encoding method, based on which the decoder locates all possible
positions of single errors (correctable errors) and rectifies them in place. The decoder will not attempt
to fix any double errors (uncorrectable errors). Then, the decoding result of the first step is passed to the
second step. In the second step, a similar decoding operation is performed again but in the other direction.
The two-step decoding method is very efficient and can correct many error patterns with the number of
errors above half the minimum distance of the code. However, it fails to correct some stall patterns, such
as 2-by-2 error patterns, since the decoder takes no action for double errors.

The proposed decoding method

The proposed method consists of two procedures: a preprocessing procedure and a decoding
procedure.

1. Preprocessing procedure.

In the preprocessing procedure, in addition to the registers for the received code, four additional
registers are required to record the error status: the row existing-error register (REER), the row double-
error register (RDER), the column existing-error register (CEER) and the column double-error register
(CDER). The i-th bit of the REER/CEER will be set to one when errors are detected in the i-th
row/column based on the syndrome. Otherwise, this bit should be set to 0. Similarly, the i-th bit of the
RDER/CDER will be set to one only when a double error is detected in the i-th row/column according
to the syndrome. Otherwise, this bit should be set to 0.

The preprocessing procedure has two functions: determining the initial decoding direction and
applying a pre-erasure process to reduce the number of errors when necessary. The initial direction of
decoding is determined by comparing the estimated numbers of errors from rows (RN, ) with the

estimated numbers of errors from columns (CN,,, ), which can be computed according to formulas (1)
and (2), respectively. If RN, is greater than CN then the initial decoding direction remains the
row direction (the default direction); in contrast, if RN___is less than CN then the initial decoding

error error !
direction is changed to the column direction by transposing the received code (a flag will be set to
indicate whether transposition is conducted; if the flag is true, then at the end of the decoding procedure,
another transposition is conducted after the whole decoding process is complete). The reason for this is
that we contend that decoding from the side from which more errors are estimated initially will introduce
fewer errors during the decoding procedure.

error !

error

RN, =3 REER, + 3 RDER, (1)
i=1 i=1
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N M
CN, = 2 CEER; + > CDER, (2)
i=1 i=1

The pre-erasure process is implemented when the following three conditions are satisfied: RN,
isequalto CN,,,; the numbers of instances of 1 in both the REER and CEER are equal; and the product
of the numbers of instances of 1 in the REER and CEER is less than the sum of RN, and CN,,,. The
positions for erasure are determined by the values of 1 in the REER and in CEER. The idea behind this
is intuitive: performing the erasure process on a small region in which the number of error bits is greater

than the number of correct bits can reduce the number of error bits. The flow chart of the preprocessing
procedure is presented in Figure 1.

| Fla%: 0 | < Return New_C, Flag >
Receive 2d SEC-DED 1
code C

v

Calculate Row syndromes - S

for each row and compute || \ .\~ _ <7 Flip the region in C that

REER and RDER Flan o 1 indicated by Reer and New C=C
¥ 9= Ceer and Obtain New_C
Rn = A A

sum(REER)+sum(RDER)

¥ Yes

| Rerror = sum(REER) |

Rerror X Cerror < Cn+Rn

Calculate Column
syndromes for each row
and compute CEER and

CDER
v Rerror < Cerror Rerror == Cerror Rerror > Cerror
Cn= And Cn ==Rn
sum(CEER)+sum(CDER)
v

‘ Cerror = sum(CEER) }

Figure 1. Flow chart of the preprocessing procedure

2. Decoding procedure.

The four registers introduced in the previous procedure are also used in this procedure. However,
since the proposed decoding procedure is a modified version of Bao’s three-step iterative decoding
method [5], the usage of the CDER and REER is changed to that of the row status vector and column
status vector used in Bao’s method.

The proposed iterative decoding procedure is a three-step decoding method.

In the first step, the row syndromes for each row are calculated, and on this basis, the REER and
RCDR are updated; then, row decoding is conducted. All the correctable single errors are flipped in
accordance with the syndromes.

In the second step, the column syndromes for each column are calculated, and the CEER and
CDER are updated. If the number of 1 value in the RDER is equal to 3 and the number of 1 value in the
CEER is equal to 2, then erasure is conducted at the coordinates indicated by the RDER and CEER.
Otherwise, column decoding is conducted based on the column syndromes, followed by row decoding,
in which the syndromes for each row are recalculated. Then, single errors are corrected based on these
updated row syndromes, and double errors are flipped based on the CDER.

In the last step, the column decoding process is repeated to correct the remaining single errors.
Then, the corrected code may be transposed in accordance with the flag generated in the previous
procedure. The flow chart of the decoding procedure is presented in Figure 2.
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Figure 2. Flow chart of the decoding procedure

To explore the potential of all implemented decoding methods, experiments based on error
patterns were conducted. The number of error bits was manually set, but the error positions among the
error patterns were randomly generated. It is noted that the size of the error patterns was kept the same
as the size of the original (64, 16, 16) code obtained by encoding a random 16-bit binary message. The
number of error bits in the error patterns was gradually increased from one error to twelve errors. For
the error patterns with no more than 5 errors, we generated all possible error patterns and then added
them to the codeword separately and attempted to correct these errors using each implemented decoding
method. For the error patterns with more than 5 errors, since generating all the error patterns would be
very difficult and time consuming, we randomly selected one million samples from all error patterns
with a given number of errors for the decoding experiments. Table 1 shows the numbers of error patterns
used in the current experiments for different given numbers of error bits.




Table 1. Numbers of error patterns and error bits

Number of Error Bits

Number of Error Patterns

1

64

2016

41664

635376

7624512

(OB~ |w|IN

1000000

7~9

1000000

Table 2 and Table 3 summarize the numbers of word errors and bit errors made with the different
decoding methods under various numbers of error bits. Table 4 and Table 5 were obtained by
normalizing the data shown in Table 2 and Table 3, respectively. Figure 3 and Figure 4 are visualizations
of Table 4 and Table 5, respectively.

Table 2. Numbers of word decoding errors under a given number of error bits

Decoding Method

Given Number of Error Bits Two-Step Method Kreshchuk’s Bao’s Proposed
[5] Method [10] Method [8] Method
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 10192 0 0 0
5 58208 18816 0 0
6 191112 24974 383 0
7 369766 63753 5569 0
8 578553 138496 32585 3229
9 770939 254869 116425 25084

Table 3. Numbers

of bit decoding errors under a given number of error bits

Decoding Method

Given Number of Error Bits Two-Step Method Kreshchuk’s Bao’s Proposed
[5] Method [10] Method [8] Method
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 21952 0 0 0
5 1229312 75264 0 0
6 445510 159180 1655 0
7 949792 745824 23714 0
8 1714958 2171274 140275 17828
9 2765042 5035850 524295 141308

Table 4. Normalization of the word errors produced by the decoding methods
under a given number of errors bits

Decoding Method

Given Number of Error Bits Two-Step Method Kreshchuk’s Bao’s Proposed
[5] Method [10] Method [8] Method
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0,01604 0 0 0
5 0,00763 0,00246 0 0
6 0,19111 0,02497 0,00038 0
7 0,36976 0,06375 0,00556 0
8 0,57855 0,13849 0,03258 0,00322
9 0,77093 0,25486 0,11642 0,02508
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Table 5. Normalization of the bit errors produced by a decoding method
under a given number of errors bits

Decoding Method
Given Number of Error Bits Two-Step Method Kreshchuk’s Bao’s Proposed
[5] Method [10] Method [8] Method
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0,00053 0 0 0
5 0,00251 0,00015 0 0
6 0,00696 0,00248 0,00002 0
7 0,01484 0,01165 0,00037 0
8 0,02679 0,03392 0,00219 0,00027
9 0,04320 0,07868 0,00819 0,00221
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Figure 3. Histogram of the normalized word errors produced by the different decoding methods
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Figure 4. Histogram of the normalized bit errors produced by the different decoding methods

From the above tables, the proposed method displays the best performance in terms of the error
correction capability within the range of half the minimum distance of the code, and it can properly
correct more error patterns than the other three decoding methods. Exhaustive experiments have proven
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that the proposed method can correct all error patterns with the number of errors below 5. For error
patterns with 6 or 7 errors, the proposed method properly decodes all sampled error patterns and corrects
all the error bits; therefore, there is a high probability that the proposed method also can correct all error
patterns in which the number of errors is not above seven, i.e., half the minimum distance of the current
code. In contrast, the two-step method, Kreshchuk’s method, and Bao’s method begin to produce
decoding errors when the given number of errors is four, five and six, respectively.

Moreover, when the given number of errors is greater than half the minimum distance of the code,
the proposed method still provides more powerful rectification ability than the other methods. For
example, when the given number of errors is 9, the proposed method produces errors for only
approximately 2,5 % of words and 0,02 % of bits. In contrast, the two-step method generates a 77 %
word error and a 4,3 % bit error, Kreshchuk’s method generates a 25 % word error and a 7,8 % bit error,
and Bao’s method generates an 11 % word error and a 0,8 % bit error.

Conclusion

In this paper, we have proposed an improved hard-decision iterative decoding method for 2D
SEC-DED codes. The error correction capability of the proposed method is very close to half the
minimum distance of the code. The decoding experiment based on a given number of errors indicated
that the proposed method achieves better performance than the other decoding methods in the sense that
it can correct more error patterns.
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Abstract. In order to meet the new communication requirements and achieve low latency, high
speed and high reliability connections between mobile devices, the Fifth-Generation (5G) mobile
communication system. The fifth-generation (5G) mobile communication system introduces new
error correction coding techniques in the data channel and control channel. Low-Density Parity-
Check (LDPC) codes have been identified as the standard for 5G due to their excellent
performance.has been identified as the data channel coding scheme in the 5G standard due to its
excellent performance. In this paper, we introduce the construction method of LDPC code in 5G
standard and simulate its decoding performance.

Keywords: 5G mobile communication, LDPC code, confidence propagation decoding.

Introduction

So far, four generations of mobile communication systems have been developed. System has a
peak downlink rate of 1 Gb/s and a peak uplink rate of 500 Mb/s. The first four generations of mobile
communication systems have met most of the needs of human-to-human communication. However, with
the rapid development of mobile Internet, IoT and Telematics, in addition to the demand for high data
rate, the demand for low latency, low power consumption and high reliability has become a new
challenge for 5G mobile communication systems. The International Telecommunication Union
Radiocommunications Standardization Sector has identified three major application scenarios for future
5G networks: Enhanced Mobile Broadband (eMBB), Ultra-Reliable LowLatency Communications
(URLLC), and Massive Machine Communication (MMC). Machine Type Communications (mMTC).

Machine Type Communications (MMTC) [1-3]. Compared to 4G LTE (Long Term Evolution)
network, the transmission rate of 5G network is 10~100 times higher; the user experience rate is 0,1~0,1.
The user experience rate reaches 0,1~1 Gb/s; the latency is reduced by 5~10 times; the connected device
density is increased by 10~100 times. Equipment density to improve 10 to 100 times, reaching millions
per square Kilometer; traffic density to improve 10 to 1000 times, to reach every square kilometer
10 ~ 1000 times, to reach tens of terabits per second per square kilometer; mobility The mobility should
reach more than 500 km/h to achieve a good user experience in the high-speed railway environment.

Advantages of LDPC codes in 5G

In order to meet the needs of 5G communication, 5G New Radio (NR) adopts many new
transmission technologies such as non-orthogonal multiple access, large-scale array antennas, and new
channel coding techniques. Compared with 4G mobile communication system, 5G mobile
communication system adopts a new pair of data channel and control channel respectively. The 5G
mobile communication system adopts a pair of new channel coding techniques for the data channel and
control channel, respectively. Specifically, low-density parity Low-Density Parity-Check (LDPC) code
replaces the Turbo code for the data channel and the Polarization code.

Turbo codes for the data channel and polarization codes for the control channel instead of the
bite-tailed convolutional codes. LDPC codes were originally proposed by Dr. Gallager, but did not
receive much attention at that time due to hardware constraints. The LDPC code was originally proposed
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by Dr. Gallager, but did not receive much attention at that time due to hardware limitations. It was not
until the mid-1990s, with the rapid development of hardware technology, that LDPC codes were again
introduced. The LDPC code was originally proposed by Dr. Gallager, but did not receive much attention
at that time due to hardware limitations. Currently, the LDPC codes have been adopted by several IEEE
standards, such as IEEE 802.16e, IEEE 802.11n, IEEE 802.11ac, etc. Compared with Turbo codes in
4G LTE networks, 5G NR LDPC codes have the following advantages:

1. Better area throughput efficiency and higher peak throughput.

2. Short decoding delay due to low decoding complexity and highly parallelized implementation.
The advantage is more obvious at high code rates.

3. Better decoding performance for all code lengths and rates, with an error

The Frame Error Rate (FER) [4-5] is close to or below 10-5 for all code lengths and rates.

These advantages of NR LDPC codes are particularly suitable for the ultra-high throughput of 5G
networks (20 Gb/s peak downlink rate and 10 Gh/s peak uplink rate) and URLLC requirements.

NR LDPC code structure in 5G

The NR LDPC coding process in 5G is shown in Figure 1. The whole NR LDPC coding chain
includes code block partitioning, Cyclic Redundancy Check (CRC), LDPC coding, number-rate
matching and system bit-first interleaver. First, the CRC), LDPC coding, number rate matching and
system bit-first interleaver are performed. First, the large transmission block is sliced and divided into
several small data blocks suitable for processing by the LDPC coder. The CRC checksum combined
with the inherent error detection capability of the Parity Check Matrix (PCM) of the LDPC code can
achieve a very low probability of error miss. The CRC checksum combined with the inherent error
detection capability of the LDPC Parity Check Matrix (PCM) can achieve a very low probability of error
misses. Again, the data block is encoded with LDPC. Then, in order to match the carrying capacity of
the channel and achieve the required bit rate, a rate matching process is performed; including punching
and finally, the data block is retransmitted after a system bit that enables more reliable transmission of
the system bits than the checksum bits. Finally, the final encoded bits are obtained by a system bit-first
interleaver that enables more reliable transmission of system bits than check bits.

Un-coded bits - ] CRC LDPC systematic bits first | Encoded bits
[t —— -
l:l Encode Encode interleaver
Split Digital Matching
—

Figure 1. 5G NR LDPC encoding flow chart

NR LDPC code is a quasi-cyclic LDPC code, whose PCM is constructed by a small basic matrix.
Z denotes the sub-block size and each element of the basic matrix represents a square matrix of size
ZxZ. Z denotes the sub-block size and each element of the basic matrix represents a square matrix of
size Z xZ. This square matrix can be an all-zero matrix of ZxZ, or a unitary matrix of Z xZ. This
matrix can be a ZxZ all-zero matrix or a ZxZ unitary matrix cyclically shifted to the right by a
number of bits. The number of cyclic right shifts is determined by the corresponding shift factor in the
basic matrix.

Two basic matrices of NR LDPC codes

In 5G networks, the data channel can support two basic matrices, and to ensure In order to ensure
good performance and low decoding delay, the standard gives the range of message block length
and code rate for the two basic matrices. In order to ensure good performance and low decoding delay,
the standard gives the range of message block length and code rate for the two basic matrices,
and the specific parameters are shown in Table 1. Basic matrix 1 is mainly for large message blocks and
high code rate, as can be seen from Table 1, the maximum message block length of basic matrix 1 can
reach 8448, and the highest code rate can be 8448. Basic matrix 2 is designed for small message blocks
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and low code rates. The minimum block length is only 308 and the minimum code rate is only the
minimum block length is only 308 and the minimum code rate is only 1/5, which is much lower than
the Turbo code in LTE. Because NR LDPC codes can use very low code rate to obtain additional coding
gain, NR LDPC codes can be used in scenarios requiring high reliability. in scenarios that require high
reliability.

Table 1. Basic matrix parameters of NR LDPC codes

Matrix parameters Basic Matrix 1 Basic Matrix 2
Range of design code rates 1/3~8/9 1/5~2/3
Number of rows of the basic matrix 46 42
The number of columns of the basic matrix 68 52
Range of design code lengths 308 ~ 8448 40~ 3840
Number of non-zero elements 316 197

From Table 1, it can be seen that there is a clear overlap in the information block size and code
rate of both basic matrices, which means that both basic matrices can be used in this range matrices.
However, the two basic matrices have different performance for the same block size and code rate. We
generally use the best fundamental matrix with different performance.

From the decoding complexity point of view, for a given block size of information, using the
basic matrix2 works better for a given block size because it is more compact. Usually, the decoding
delay is proportional to the number of non-zero elements in the base the number of non-zero elements
in the matrix is usually proportional to the number of non-zero elements in the matrix. As can be seen
from Table 1, for a given code rate, the number of non-zero elements in the basic matrix 2 is much
smaller than that of the basic matrix 1, e.g. at code rate 1/3, the number of non-zero elements of basic
matrix 2 is about 0,38 of that of basic matrix 1. This means that the decoding delay of basic matrix 2
has a significant decrease compared to basic matrix 1.

Table 1 shows the regional ranges of code rates and message block sizes corresponding to the two
basic matrices. Typically, basic matrix 2 is used for low code rates and basic matrix 1 for high code
rates. The information block size is represented by the parameter K and the code rate is represented by
the parameter R. When K <308, only the basic matrix 2 can be used because in this information block
size range, the basic matrix 2 has better decoding performance at all code rates compared to the basic
matrix 1. When 308 < K <3840, since the code rate range of basic matrix 2 is, basic matrix 2 can reach
2/3 in this information block range. for basic matrix 2, code rates higher than 2/3 can be achieved by
punching, but at code rates, basic matrix 1 has better decoding performance. When K >3840 and, the

decoding performance of basic matrix 2 is better. basic matrix 1 needs to be combined with repetitive
coding to achieve the code rate, so basic matrix 2 is chosen.

5G NR LDPC code performance simulation

In order to compare the performance of NR LDPC codes composed of two basic matrices, we
have performed extensive simulations for different code lengths and code rates. The decoding algorithm
used in this paper is a soft-judgment decoding algorithm in a binary additive Gaussian white noise
channel, Belief Propagation (BP) algorithm. The Belief Propagation algorithm updates the state
information of each node by passing information from node to node, and this algorithm is an iterative
approach. After several iterations, the information of all nodes no longer changes, and then the final
result is obtained by judgment.

Assume that the original message symbol isS ={s,,s,,...,S,}, After the LDPC encoder produces

n LDPC coded symbols are generated and the coded symbols are modulated with BPSK
(0—>1,1—>—1), Get the symbol to be sent X ={x,x,...,x,}, then after the Gaussian channel is
transmitted, and the final symbol received at the receiver is:

Yi=X+0h. (1)
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The X is the symbol after modulation x, e{-11}, n, is a Gaussian random variable,

n, ~N(0,6%) and o2 =N,/2, N,/2 is the bilateral power spectral density of Gaussian white noise.

The transmitted information is measured by the Log Likelihood Ratio (LLR). The encoding process of
LDPC code is to continuously establish a linear relationship between the information symbols and the
encoding symbols. This linear relationship can be expressed in terms of the encoding matrix, which is

also known as the basic matrix. Suppose that after | iterations, L denotes the information passed

v —C;

from check node j to variable node i, L' denotes the variable node i to the check j node. The

v —>C;
specific steps of the decoding process are as follows: First, the LLR value from the channel is calculated
and the LLR value of the channel is used as the initial value of the iteration of the variable node:

P(Xi :+1| Yi) _i
P(Xi :—1| y.)] - c? Yi- (2)

The external messages are continuously exchanged between the variable node and the check node,
and the message update rule from the check node to the variable node is shown in equation (3). The
message update rule from the check node to the variable node is shown in equation (3), where denotes
the set of all denotes the set of all variable nodes connected to the check node j; the message update rule
from the variable node to the check node is shown in Eq. The message update rule from the check node
to the variable node is shown in equation (4), where similarly denotes the set of all check nodes
connected to the variable node i. denotes the set of all check nodes connected to variable node i.

L(xi [yi)=In[

U, =2tanh{ ] tanh[% LD 3)

i'eN(J)\]

le —C :L(Xi |yi)+ Z Llc -V " (4)
i SN iV

The soft information output of all variable nodes is calculated and adjudicated according to
equation (5). If g >0, thenv, =0; otherwisev, =1. The decoding ends when the maximum number of
iterations is reached or the checksum constraint is satisfied in advance.
q =L y)+ Z Llcj—wi- ®)

jeN ()

Comparing the two decoding algorithms, we give some simulations as in Figure 2 and 3.
Assuming the channel is a Gaussian white noise channel, using BPSK modulation, with a maximum
number of 50 iterations and the energy is fully normalized and the signal-to-noise ratio is defined as in

dB. It can be seen from the figure that the decoding performance of the BP algorithm is better than that
of the MS algorithm.
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Figure 2. Simulation diagram of basic matrix 1
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Figure 3. Simulation diagram of basic matrix 2

For example, gain for FER =10°, the dB of the BP algorithm is greater than that of the MS algorithm,
which can withstand stronger noise interference, so the BP algorithm performs better than the MS algorithm.

Conclusion

In this paper, we introduce a new channel coding scheme, namely NR LDPC code in 5G. First,
we give the whole flow of NR LDPC coding, and describe the uses and related operations of the key
steps in the whole flow. Then, we compare the various parameters of the two basic matrices in 5G data
channels. Then, we compare the various parameters of the two basic matrices in the 5G data channel,;
finally, we introduce in detail the decoding algorithms of the two LDPC codes, BP and MS. Finally, two
decoding algorithms for LDPC codes, BP and MS, are introduced in detail.
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AHHoTanusi. PaccMaTpuBaeTcsi 3ajada B3BEIICHHOTO CIIOKCHHS KOMIIOHCHTHBIX HM300paKeHUH
aTOMHOTO CHJIOBOT0 MuKpockorna (ACM). [TomydeHbl 3aBHCHMOCTH JIOKaJIbHON KOPPEIAIHOHHON
METPHKHA OT pa3Mepa OKHa KOPPEIIMOHHOTO aHalW3a W BKJIAAa KOMIIOHEHTHBIX ACM-
n300pakeHuid B pe3ynbTHpyromee komOuHmpoBanHoe ACM-n3o0paxkenuii. [Ipennoxena cxema
a/IalITUBHOT'O B3BELICHHOTO CIIOKEHUSI KOMIIOHEHTHBIX ACM-n300pakeHui.

Kniouegvie cnosa: atomHas CuiIoBas MHKPOCKOIMS, OIEHKAa KayecTBa KOMOMHHPOBAaHUS
H300paKeHUA, KOPPEIANHUA H300PAKCHUH, B3BEIIICHHOE CIIOKCHHE H300paKeHHUH.

BBeaenne

AToMHO-cunioBasi Mukpockomuss (ACM) TNOBEpXHOCTH MaTepuana HCIOIb3yeT HECKOJIBKO
napayieIbHBIX CHHXPOHU3UPOBAHHBIX H3MEPHUTENBHBIX KaHAJIOB TSI pAa3IHYHBIX ((U3MYECKUX BEININH
(BBICOTBI, BSI3KOCTH M KECTKOCTH TOBEPXHOCTH, Ae(OpMAaIlK 30HAAa M PACCEHUBAHHUS SHEPTHH).
dopmupyeMble B 3TUX U3MEPHUTEIbHBIX KaHaJaX 3HAYCHUS KOMIIOHYIOTCS B HECKOIJBKO JBYXMEPHBIX
MaTpHIl YHCEJ, MPEJICTABISIEMbIX MHOTOKaHANbHBIMH ACM-H300paXeHUsIMH, B KOTOPBIX SIPKOCTH
MUKCeNeH KaXJIOro KaHalla OTPaKaloT 3HAYSHWs U3MepAeMOl (U3HYECKOW BEIUYHMHBI B
COOTBETCTBYIOIIUX TOYKAX MOBEPXHOCTH. It 3 (PeKTHBHOTO BU3YAIILHOTO aHAIM3a MHOTOKaHAIbHBIX
ACM-u3o0pakeHUil HEOOXOJUMO OOBEIUHATH WX KaHAIbl I OTOOPaKEHWs Ha CTaHIapTHBIX
MOHHMTOpAX, HMEIOIIUX OTHOCUTEIbHO VY3KMHA JWHAMHYECKUH JMama3oH, C MHHUMaJbHBIMU
UCKXEHUSIMA W TIOTepsMHU JeTaneld. B nmaHHOW pabore paccMaTpuBaroTCs KOMOWHUpPOBaHHBIE
noryToHOBbIe ACM-n300pakeHns Ha OCHOBE JIBYX U3MEPUTEIBHBIX KaHAJIOB.

Jns oObenuHeHnsT M300paKCHUH WCIONB3YIOTCS IOJXO/bI, OCHOBAaHHBIE HAa B3BEHICHHOM
CJIOKEHHU, METO/JIE TJIABHBIX KOMIIOHEHT [1], AMCKpEeTHOM BeWBIIeT-TIpe0oOpa3oBaHny [2], OJHAKO OHU
CTIEIMAILHO HE OPUEHTHPOBAHBI HA OOBEAMHEHHE M300paKeHHd, POPMHUPYEMBIX B W3MEPHUTEIHHBIX
KaHaJax aTOMHOT'O CHJIOBOIO MUKpocKomna. OTCYTCTBYIOT PEeKOMEHIAIMK IO BbIOOPY ajroputMma Juis
a¢dexkruBHOrO (opmMHpoBaHus KoMOWHHpOBaHHBIX ACM-u300paxenuit. s wux paspaboTku
HEoOXOIMMa OIlEHKa KayeCTBa KOMOMHHMPOBAHHBIX M300pakeHWi. VI3BECTHBIE MOKa3aTeNd KadyecTBa
n300pakeHUI OCHOBaHBI Ha aHaju3e KpaeB [3, 4], B3auMHoi uHOpManuuU [5], OllEHKE KOJIUYECTRBA
uHpOpMaIUK B H300paKeHWH [6], OIIEHKE TOYHOCTH BH3YallbHOW WH(GOpPMAIMK B Pa3IMIHBIX
MaciTabax npecTaBIeHNs H300pakeHust [ 7], 0JHaKO OHM CIIEHUATbLHO HE OPUEHTHPOBAHBI HA OLICHKY
KagecTBa KOMOMHUpPOBaHHBIX ACM-m300pakeHuil. OTHOCHUTENBHONW TPOCTOTOW  BBIYMCIICHUH
otianyaercss Ko3pUIMEHT KOppeIsIK, WCTONB3YIOINN CpeJlHHE 3HAa4YeHUs W300paKeHWH, HO He
YUUTHIBAIOIIMI JIOKaJbHbIE OCOOEHHOCTH pacrpeneneHust sApkocTH. Jas OIeHKH KadecTsa
ACM-n300pakeHi,  OTJIMYAIOIIMXCA  CYLIECTBEHHBIMH  JIOKAJbHBIMH  HEOAHOPOIHOCTSIMHU
pacnpeneneHus SpKOCTH, TIPEACTABISAET MHTEPEC METPUKA KadecTBa KOMOMHUPOBAHUS KOMIIOHEHTHBIX
ACM-u300pakeHnii Ha OCHOBE KOI(PQHUIMEHTOB JIOKAIBHONH KOPPEJSAIUM, YYHUTHIBAIOIIAS BKJIa]l
KaX1oro u3 KOMIOHEHTHbIX ACM-u300pakeHuii B  pe3yibTHUpylOllee KOMOWHUPOBaHHOE
ACM-m300pakeHne W KOPPEIAIUI0 MexXAy KoMIMOHEHTHRIMH ACM-uzobpaxeHusmu. JlokaibHAs
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KOppensnus oOecreunBaeT 0ojee BBICOKYI0 TOYHOCTh OIICHKH KadecTBa KOMOWHUPOBaHUS
ACM-u300paxkeHut I0 CpaBHEHHIO C TIIOOABHON KOppeTAIieii, HO €€ 3HaUSHHUS 3aBUCAT OT pa3zMepa
OKHa aHaJu3a.

Ilenpto pa®OTHI SBJISETCA OMNpPEICIICHUE BKJIAJOB 3HAUCHUN MUKCEICH KOMITOHCHTHBIX
ACM-u300paxkennit, odbecnednBaomux nepeaady B komonanposannoe ACM-u3o0pakenne Hanboiee
MTOJTHOH MH(pOpManuu 00 00BbEKTaX OMPENeICHHOTO pa3Mepa.

®opmMupoBanne KOMOMHUPOBaHHBIX ACM-u3o00paxeHuit

Hcxonss W3 TpennoyioKeHWss O HE3aBHUCUMOCTH 3(PQPEKTUBHOCTH METOJOB OOBCIUHCHHS
M300paKEHWH W TOYHOCTH TIIOKa3aTeled KadecTBa KOMOWHHMPOBAHHBIX HM300paKECHWUH IS
dhopmupoBaHrss KOMOMHUPOBAHHBEIX ACM-H300pakeHU BBHIOpPAH MPOCTEUIITHN METOJ B3BEIICHHOTO

cioxenus (puc. 1). CormacHO JaHHOMY METONY 3HAYCHMS MUKCENIeH Mg (y,x) KOMOMHHPOBAHHOTO

ACM-uzo0paxenus Mc = ||mc (y, X)" (y-0¥ix-0%d) BBIUHCIITIOTCS. HAa OCHOBE 3HAYCHHWM ITHKCEJICH
ACM-uzobpaxennii M = ||m1 ( Y, X)”(y:m,x:m) nepsoro u M, = ||m2 (v X)”(y:m,x:o,T—l) BTOPOTO
HN3MCPUTCIIbHBIX KaHAJIOB aTOMHOI'O0 CUJIOBOI'O MHUKPOCKOIIA C ITIOMOIIIBIO BRIPAXKCHUA
mc(y,x)=[km1(y,x)+(1—k)ml(y,x)] M

mpu Yy=0,Y -1, x=0,X -1,

rae K — xoadduiment, ompeaensAromuii BKIaa 3HAYSHHH MHKCEIeH KaXI0ro KOMIIOHEHTHOI'O
ACM-uzobpaxenus M; u M, B 3HaueHus nukceneii komOuHupoBaHHOro ACM-u3o0paxkenus M,
0<k<1;Y, X— pa3mepsl (B IHKCEIIX) KOMIIOHEHTHBIX U KOMOMHUpOBaHHOTO ACM-1300paxkeHuit 1o
BEPTHUKAIIA ¥ TOPU30OHTAIIH; [ ] — orepanus OKpYTICHIS 3HAYSHH TUKCEeNer 10 OIKanIero meioro.

JInHeHH:
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k ———p
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Puc. 1. Cxema popmupoBanus koMOnHIpoBaHHOTO ACM-I300pakeHHsT HA OCHOBE
B3BEIIICHHOTO CIIOKEHHST KOMIOHEHTHBIX A CM-H300pakeHui

Memnbiue 3Ha4deHust KodhduimenTa K Ha puc. 1 COOTBETCTBYIOT MEHbIIICH OTHOCUTEIBHON 0K
3HaYCHHMI KOMIOHEHTHOTO0 ACM-u3o0paxenuss M; B koMOuHMpoBaHHOM ACM-u300pakernn M ¢ 1o
CpaBHEHHIO ¢ KOMITOHEHTHbIM ACM-n3o0pakeniem M ;.

Ouenka kayecTBa KoMOuHNpoBanusa ACM-u3o0paxeHuii
HA OCHOBE KO3 GULHEHTA JOKATBHOH KOPpe/Isiuu

[loBbllIeHME  TOYHOCTH  KOPPESIIMOHHOW ~ OLEHKHM  KayecTBa  KOMOMHHMPOBAHHSA
ACM-n300pakeHHid JOCTUraeTCs 3a CUET y4eTa JIOKATbHBIX 0COOCHHOCTEH pacipeieNieHni 3HaueHUH
MUKCEIed B KOMIIOHEHTHBIX M KomMOumHMpoBaHHOM ACM-u3obpaxenusx. s aToro wmcmomb3yercs

ko3bdunment r, (A, B) nokanbHoi koppensimu 1Byx ACM-u3o0paxennit A= ||a(y, X)” (=07 i

x=0,X-1)
uB =||b(y,x)||(

y:m,XZO,T—l) , BBIYHUCJIICEMBIN C ITIOMOLIBIO BBIPAXKCHUA
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raea, (Y, X, p), b (Y,x, p) — cpennue 3Ha4ueHus APKOCTEH MHUKCENEH 1/1306pa>1<eH1/H71 A u B B okpecTHOCTH

nuKcens ¢ KoopAuHatamu (Y,X) pasmepoM px p mukcened, a, (Y,X, p)=— ZZa(er J,X+1),
j=0 i=0

b (y,x,p)=— o Zzb(yﬂ X+1i).

j=0i=0
Hns oneHkn kadectBa koMOmHMpoBaHHI ACM-N300paXeHUN C y4eTOM KOPPEISIIAHA MEXITy
KOMOMHHUPOBaHHBIM ACM-H300paKeHHEeM M KaXKbIM U3 ABYX KOMIOHEHTHBIX ACM-nu300paxeHuid, a
TaKKe MeX 1y KoMrmoHeHTHbIME A CM-u300pakenusmu B [8] npeaioikeHa JoKaibHas KOpPeIHOHHAsT

METpPUK , BBIYUCIISIEMasi C IIOMOIIBIO BBIPKEHHS (4eM OOJIBIIT Ha4yeHUE, TEM Iyl
e a D_(k crsieMasi ¢ TIOMOIIBIO ake eM OoJIbIle ee 3HaUeHHe, Te e

(k)= r.(M¢,M,K)+1 (M, M,,k) |
- (M, My, K) =1 (M¢,M,,K)|r_(M,,M,,0,5)

(3)

JlokanpHast KOppENSAIMOHHAS METpUKa DL(k) MO3BOJISIET ~ ONpPENCIuTh 3HaueHue K,

obOecrieunBaromiee Jydlllee COOTHONIEHHE BKIAJAOB KOMIOHEHTHHIX ACM-uzobpaxkenuii B
koMOmHIpOoBaHHOE ACM-n300pakeHne IO CPaBHEHHIO C TII00ATFHON KOPPENSITUOHHON METPHKOH.

3aBHCHMOCTH METPUKH Ka4YeCTBA KOMOMHUPOBAHUSA KOMIIOHEHTHBIX
ACM-u300pazkeHuii OT pa3Mepa 0KHA KOPPEJISIIHOHHOT0 aHAJIN3A

Ha puc. 2 mnpuBemeHsl 3aBHCHMMOCTH 3HaueHuit Mmerpuku D, (K) or pasmepa OKHa

L
KOPPESAIMOHHOr0 aHanmu3a U kodpurmenta K mis 10 komouuupoBandeix ACM-nzo0pakenwuii. 13
puc. 2 cueayer, uto s HEKOTOpPbIX ACM-H300paXkeHUH JIOKAIbHbIE MaKCHUMAJIbHbIC 3HAYCHUS
METPUKHU DL(k) 3aBHCAT OT 3HA4YeHHUs P. Pasmep P OKHA KOPPESIIIMOHHOTO aHAIN3a OMPENeNseT

pasMep 3HAUYUMBIX OOBEKTOB Ha KOMIMOHEHTHBIX ACM-u300pakeHus X, KOTOpbIE JOJKHBI BHOCHTH
OCHOBHOI1 BKJ1a/1 B KoMOnHNpoBanHoe ACM-n3o0paxenne M .

U3 puc. 2 cnenyer, uro mis ACM-n3zobpakenuid 5 — 8 mpu Jr00bIX P HauOOJbIINE 3HAYCHUS
JIOKAJIbHOM KOppeNnsuoHHoil MmeTpuku D, (k) obecrieunBatotcst npu K = 0,7. Ha puc. 3 npuBemeHs
KoMioHeHTHbIe ACM-u3o0paxkenuss 5 — 8, mojy4eHHble NMpH pa3inuuHbiX 3HaueHusix K. Juss ACM-
nzobpaxenuit 1 —4,9, 10 HanboJbIINE 3HAYCHUS JIOKATLHON KOPPENSIIMOHHON MeTpuku D, (k) npu
Pa3IMYHBIX 3HAUCHUSIX P JOCTUTAKOTCS ISl PA3JIMYHbIX 3HAYCHHH K.

[Tpu HeoOxoauMocTH niepeadn B komOuHupoBanHbie ACM-uzobpaxenus 1, 3, 9, 10 nanbonee
MIOJTHOM MHpOpMaIuK 0 MelKuX 00bekTax (P = 3) kommoHeHTHBIX ACM-u300pakeHnii HeoOX0IMMO
UCIIOJIb30BaTh 3HaueHus K, pasusie 0,7, 0,5, 0,7, 0,5, coorBercTBeHHO. [Ipy HEOOXOMMOCTH TIEpeIadH
B KoMOuHUpoBaHHbIe ACM-n3obpaxenus 1, 3, 9, 10 Hanbosnee nonHoi nHpopManuK o 0oJiee KPYITHBIX
obbekTax (P > 5) HeoOXoaMMO HMCITOAB30BaTh 3HaueHus K, pasusre 0,5, 0,3, 0,5 (0,3 mpu p > 40), 0,3,
cooTBeTcTBeHHO. Ha puc. 4 npuBenensl komnoneHTHble ACM-u3obpaxenus 1, 3, 9, 10, noxydeHHbIe
IPY PA3IMYHbIX 3HAYCHHSX K.

Hdis ACM-u3zo6pakenust 2 nipu p < 40 HanOoJjplIMe 3HAUYCHUS JIOKATBHONH KOPPEISIMOHHOM
METPUKHU DL(k) obecneunBatorcs npu K = 0,7. Ilpu p > 40 HamOosplive 3HAYCHHS JIOKAIBHOM
KOppENAIMOHHON MeTpuku D (k) obecnieunBatotcs mpu K = 0,5. {inst ACM-u3o0paxkenus 4 mpu p <
110 HanbonpLIMe 3HAYECHHS JIOKATBHON KOPPEIAMOHHOW MeTpuku D, (k) obecrnieunBaroTcs npu K =
0,5. Ilpu p > 110 nHauOonplIMe 3HAYCHUS JIOKAIBHON KOppelnsuuoHHOW wmerpuku D (k)
obecnieunBatorcst mpu K = 0,3. Ha puc. 5 npueneHbl komrnoHeHTHbie ACM-u300paxenus 2 u 4,
HOJTyYSHHBIC ITPU Pa3INYHBIX 3HAYCHUSIX K.
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Puc. 2. 3aBHCHMMOCTH 3HAUCHHI JIOKAILHON KOPPEIIIIMOHHON METPHUKH OT pa3Mepa OKHA KOPPEIBIIIHOHHOTO aHaTH3a
Ut KOMIOHEHTHBIX ACM-u3obpaxenuii: a — ACM-1; 6 — ACM-2; ¢ — ACM-3; 2— ACM-4; 0 — ACM-5; e —
ACM-6; orc — ACM-7; 3— ACM-8; u — ACM-9; k — ACM-10
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= - . =
Puc. 3. Kombunanposanasie ACM-m300pakenus rnpu 3HaueHus1X k=0,7 (Bepxuuii psn), k=0,5 (cpemumii psin),
k=0,3 (amwxuwmii psin): a — ACM-5; 6 — ACM-6; B8 — ACM-7; r — ACM-8

Q. . .
Qj\. . .
<k. . .
N. . .

Puc. 4. KomOouauposauusie ACM-u3obpaxenus npu 3HaueHusx k=0,7 (Bepxuuii psin), k=0,5 (cpenuuii psn),
k=0,3 (mmwxuuii psan): a — ACM-1; 6 — ACM-3; 6 — ACM-9; 2— ACM-10

U3 puc.2 crenyer, uto MO MIOOATEHOMY MAaKCHMAIbHOMY 3HAYCHUIO JIOKAJIbHOM
KOPPENSAIHOHHON METPHKHU DL(k) BO BCEM /Maria3oHe M3MEHEHHs 3HA4YeHHS P MOXKHO OIpeNeIHTh
sHaueHune K, obecneumBaroiiee JIydlllde YCIOBHS Ui Tepeaadyd B KoMmOuHupoBanHoe ACM-
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n3o0paxenue nHGopMauu 06 00bekTaXx KOMIOHEHTHBIX ACM-n300pakeHuid, IMEIONX Hanboee
yacTo BcTpevarommecs pasmepbl. C ydeToM JaHHOTO CBOMCTBA IpeAaraercs cxema aJalTHBHOIO
B3BEIIEHHOTO CIIOKEHHUSI KOMIOHEHTHBIX ACM-n3o0paxennii (puc. 6) ¢ aBTOMaTHYECKUM BBEIOOPOM
3HaueHMs1 K, ONpEeAeNsIoNMM BKJIAJ 3HAYCHUI NHKceNned KOMIOHeHTHhIX ACM-uzo0pakeHHid B
koMOmHIpOoBaHHOe ACM-n300pakeHue.

a 6
Puc. 5. Kombunnposanusie ACM-n3o0paxxenus npu 3HaueHuAX k=0,7 (Bepxuuii psan), k=0,5 (cpennuii pan),

k=0,3 (awxuuni psan): a — ACM-2; 6 — ACM-4

Mi Hopniaiz;{:;m T g
T N OxpyrieHHs 10 Mc
o —
+ OMUKANIIETo HeToro
e JluneHHas LA A X |
HOPMATH3AIHA
Brrauciesne 10KaTbHOH T
KOPPe/ILHOHHOH MeTPHKH
> 1k
L DL(p.k)

v

IMoncK MaKCHMATBHOTO
3HAYCHHA

DL(pK)

v

OnpefeneHue 3HATSHAT
k omg MAaKCHMATBHOTO
sHageHnd DL(p k)

Puc. 6. Cxema amantiBHOTO (hOpMHUpOBaHKS KOMOMHUPOBaHHOTO ACM-1300pakeHHsI HA OCHOBE B3BEILICHHOIO
CITOXKEHHST KOMITOHSHTHBIX ACM-1300pakeHr ¢ aBTOMAaTHYECKUM OIIPE/ICIICHUE BKIIAIa 3HAUCHHUN ITUKCETeH
KOMHOHEHTHBIX ACM-n300pakennii B komOnHnpoBanHoe ACM-u3o0paskeHne

Cxema Ha puc.6 TmonydeHAa W3 CXEMbl, INPHBEJCHHOW Ha puc. 1, 3a cyeT BBeJCHUS
JIOTIOJTHUTENBHBIX OJIOKOB, 00ECIIEUMBAIOIINX BHIYMCICHUE 3HAYEHUH JIOKATbHONH KOPPEIAIMOHHON
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MCTPUKH DL (k) AJId pa3JIAYHbIX 3HAYCHUI pu kc nmocjaeayronmMm NOMCKOM MaKCUMAJIbHOI'O 3HAUCHUA

DL(k) U OIpeiejeHHEeM COOTBETCTBYIOIIET0 eMy 3HadeHus K. AmanTuBHOE (HOpMHUPOBAaHHE

KOM6I/IHI/Ip0BaHH01"O ACM-I/I306pa)KCHI/I$I HMCCT CYLICCTBCHHO Ooiee BBICOKYIO BBIYMCIIMTCIBHYIO
CJIOKHOCTh IIO CPAaBHCHHUIO C OOBIYHEIM (l)OpMI/IpOBaHI/IeM. 3HaveHUs JIOKAJILHOM KOppeJ’IﬂHHOHHOﬁ

METpPUKH DL(k) 3aMCHIBAIOTCS B MATPHUIy pa3MepoM Px K , 4TO MPUBOIUT K COOTBETCTBYIOIIEMY

POCTY TPOCTPAHCTBEHHOW CIOXHOCTH. BpeMeHHas CI0KHOCTh yBelnWuuBaeTcs Ha 2 pK omeparuii,

HeO6XOHI/IMI)IX JIIS BBIYMCIICHUS 3HAYCHHH JIOKAJIHbHOM KOppeHHHHOHHOP'I MCTPUKU U TIIOUCKaA €€
MaKCHUMaJIbHOI'O 3HAYCHUSI.

3akiaouenue

[Tony4yeHsl 3aBUCMMOCTH 3HAYEHUH JIOKAIBHON KOPPEISIIMOHHOM METPUKU OT pa3Mepa OKHa
KOPPENAINMOHHOTO aHaln3a W BKIaga KOMIOHEHTHBIX ACM-m300pakeHNI B KOMOWHHpPOBAaHHOE
ACM-uzobpaxkenne. [lo maHHBIM 3aBHCHMOCTSM YCTAHOBJICHBI BKIAABl 3HAYCHWH THKCENIen
KOMIOHEHTHBIX ACM-n300paXkeHuii, 00eCIeUHBAONUX Mepenadyy B KoMmOuHHpoBaHHOe ACM-
n300pakeHue HanboJjee MOoaHOH MH(popMaluu 00 00BEKTax OmpeseiieHHOro pasmepa. [IpemnoxkeHa
CXeMa aJalTHBHOTO B3BEIIEHHOTO CIOKEHHUS KOMITOHEHTHBIX ACM-1300pakeHuii ¢ aBTOMaTHYECKUM
omnpeze/icHUEeM BKJIaa 3HaUCHUH MuKcesieil KoMmoHeHTHbIX ACM-1300pakeHui B KOMOMHUPOBAaHHOE
ACM-u3o0b6paxeHue.

FORMATION OF COMBINED AFM IMAGES BASED
ON WEIGHTED ADDITION OF TWO COMPONENTS

M.Yu. LAVETSKI, V.Yu. TSVIATKOU, A A. BORISKEVICH, I.I. LIAVONENKA,
V.A. LAPITSKAYA, S.A. CHIZHIK

Abstract. The problem of weighted addition of component images of an atomic force microscope
(AFM) is considered. The dependences of the local correlation metric on the size of the correlation
analysis window and the contribution of component AFM images to the resulting combined AFM
images were obtained. A scheme for adaptive weighted summation of component AFM images was
proposed.

Keywords: atomic force microscopy, image combination quality assessment, image correlation,
weighted image summation.
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HUMAN HEART RATE MONITORING BASED ON FACIAL VIDEO PROCESSING
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Abstract. Heart rate (HR) is one of the most important physiological parameters and a vital indicator
of people’s physiological state, making it important to monitor. Over the last decade, research has
focused on non-contact systems, which are simple, low-cost, and comfortable to use. This paper
analyses the complexity of each step in the development of a human heart rate monitoring algorithm
based on facial video processing. Specifically, the research focuses on the pulse signal extraction
step. The proposed algorithm based on the transform of 2D signal to 1D signal, its detrending and
window discrete transform are used to improve the accuracy of HR estimation. The experimental
results show that the accuracy of human heart rate estimation in terms of MAE and RMSE is equal
around 2 bpm.

Keywords: heart rate, facial video processing, remote photoplethysmography, window discrete
transform.

Introduction

The human pulse is a rhythmic oscillation of the vessels that correspond to the contractions of the
heart and it is one of the most important indicators that helps to track whether everything is good with
the heart. Traditional heart rate detection mainly includes two ways: electrocardiograph (ECG) and
contact photoplethysmography (cPPG) based on sensors. Due to the limitations of cPPG methods, it is
particularly important to study a non-contact HR detection method. The rPPG (remote
photoplethysmography) has been proven to be superior because it is non-intrusive. It may be suitable
for continuous measurement of heart rate (HR) in many cases, such as neonatal ICU (intensive care unit)
monitoring [1], burn victims, driver status assessment [2], online learning [3], provide low-cost solutions
for health monitoring applications, another application of rPPG in health monitoring include blood
perfusion mapping [4] and monitoring regional anesthesia effectiveness [5]. Although this kind of
methods may not be as accurate as an electrocardiogram (ECG) device, they can provide a long-term
HR monitoring without being uncomfortable for patients. These technologies can be very helpful in
increasing fields like telemedicine, where usability is a key factor.

The choice of a facial ROI (region of interest) acts as the first key step of the system. First, the
pulsatile signal strength varies at different locations on the face due to the distribution of capillaries
beneath the skin surface. The location of an ROI has a direct impact on the quality of the raw rPPG
measurement. Second, the shape of an ROI always leads to unnecessary inclusion of undesired pixels
like eyes, mouth, hair, or background pixels, thus, introducing rigid/non-rigid motion artifacts. It is
crucial to choose a good ROI to guarantee a higher measurement accuracy. While most rPPG approaches
extract pulsed signals by averaging over all skin pixels on ROIs, we propose an algorithm that allows
extracting pulse signals from ROIs for increasing HR estimation accuracy.

Our contributions can be summarized as follows:

— we present a human heart rate monitoring algorithm based on facial video processing;

— we propose an algorithm to remove outliers from signal based on Z-score method.

34



Human heart rate monitoring based on facial video processing algorithm

Proposed method uses video as an input and returns pulse rate as an output. Sequence of steps of
the proposed algorithm can be represented as follows:

— detection of person’s face on color image;

— extraction region of interest (ROI);

—transform 2D ROI to 1D ROl signal;

— processing of 1D ROI signal;

— computation of power spectrum of 1D ROI signal,

— band pass filtering;

— estimation of person heart rate.

Block diagram of the proposed algorithm to determine HR from a facial video can be represented
by the graphical form.

.
——
-

(1) Mean
Tranzform 2D
EOIto 1D A
> ROI signal ™
Bemoving
- A,
[ @ outliers F> Mea
. Detection of person's face
Fare video Extraction regicn of interest (ROT)
(3) Detrending +

Filtering
< - K [ @ No dewendimz= | |/~

'l Filtering

L Band paze filtarmz .

Estimation of person heart rate (48 < heart rate <180) Powar spectrum Pre-processing

Figure 1.The sequence of steps of the proposed algorithm for estimating heart rate using facial video

Face detection is a crucial preprocessing step for the traditional rPPG methods to measure HR.
Its accuracy has a direct impact on the accuracy of HR detection. At present, three mainstream methods
Viola—Jones (VJ), histogram of oriented gradients (HOG) and multi-task cascaded convolutional
networks (MTCNN) are often used for face detection. Dlib (an open-source library) face detector model
is based on HOG feature descriptor and linear SVM (support vector machine)) classification. Dlib’s
HOG + linear SVM face detector is fast and efficient. Dlib HOG is the fastest method on the CPU
(central processing unit) [6]. In this application we use the HOG method to locate a person face.

Extraction region of interest. The ROI in the cheeks was determined through the location of the
human mouth and nose. The human eyes, mouth and nose were detected with Dlib HOG method.

Transform 2D ROls to a 1D signal

For each frame of the video sequence, we obtain ROIs of facial skin pixels. The amplitude of the
PPG-signal in light reflected from the skin varies as a function of the wavelength, showing a strong peak
around 550 nm and a dip around 650 nm. Because that we use only wavelength 550 nm (green channel)
to estimate HR [7].

To transform 2D ROlIs to a 1D signal most rPPG approaches extract pulsed signals by averaging
over all skin pixels value on ROIs. We propose algorithm to remove outliers from video frame ROI
histogram based on Z-score method before extract pulsed signals.
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Removal of outliers from ROI histogram based on Z-score method

The Z-score is one of the most commonly used tools in determining outliers. Z-score (Z,, ) is
just the number of standard deviations away from the mean that a certain data point is.
lpo —14
Zscore = L’ (1)
c
x<M,y<N )
x<M,y<N | (X y) (I ROI (X1 y) - H)
where Irol — matrix of ROI pixels values, p= > —F9°"=2 and g =4[ <2 — the

x=0,y=0 a-b a-b
mean value and the standard deviation of the ROl image values respectively, (a, b)— the width and height
of video frame ROI.

To improve HR estimation accuracy expression (2) is used to detect and remove outliers from
matrix of ROI pixels Iro::

IROIOUT > “’ + Zscre G If Zscore < 2
{ )

lrorour <H=Zyp -0 if Z g >-2

score

The 1D ROI signal Detrending

Detrending is an important signal processing concept, which is used to remove unwanted trend
from the 1D ROI signal that represents as a sequence s(n) of discrete mean values of video frame ROls.
We eliminate the signal deviation trend using the adaptive iteratively re-weighted penalized least squares
(Airpls) [8].

The window discrete Fourier transform

Before applying discrete Fourier transform (DFT), the PPG-signal that represents as a sequence
of discrete values of mean value of video frame ROl is filtered by Hamming window

w(n) :0,54—0,46cos(§Lnl), 0 <n< N-1, N —the window length, n — index of discrete time

samples.
The time signal of the pulse wave window is transformed into a sequence of discrete frequency
samples by DFT, which is defined by:

N-1 . 2mkn

S :ZSFlL(n)'e i ' (3)

>

where S, —k-th the DFT coefficients, s., (n) — n-th filtered value of 1D ROI signal s(n), N — the number
of the DFT coefficients, k (k = 0,1,...,N-1) — frequency index.

The DFT power spectrum of 1D signal is defined as

Ls [, k=0
" Q
W|Sk|2, k=1,...,N/2,

An DFT was applied to the filtered pulse signal, and the heart rate was taken as the frequency
where the spectral power was maximal. Then we apply band pass filter with F; = 0.8 Hz and Fr = 3 Hz,
which are 48 and 180 bpm respectively to remove unwanted frequency.
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Human heart rate estimation

Human heart rate is calculated per window. The window length is set to 10s and the time distance
between the two consecutive frames is equal to 0.04s.

There are usually several peaks in a same frequency domain of power spectrum. Heart rate value
in the PPG signal is the position of frequency sample with the highest energy.

Experimental result

We use dataset from https://github.com/vladostan/Dataset-for-video-based-pulse-detection. Open
dataset for video-based pulse detection. Includes 30 .mp4 video files and ground truth ECG signals.

Mean absolute error (MAE) and root mean square error (RMSE) [9] is selected to evaluate HR
estimation accuracy by the proposed algorithm. When calculating the average error, outliers are
discarded. The HR estimation accuracy based on the algorithms depicted in Figure 1, are presented in
the table below.

Table 1. Average heart rate prediction: comparison among different algorithm on different
conditions with detrending (3)

Normal condition Physical activity
Algorithm ME ME RMSE
(bpm) MAE (bpm) RMSE (bpm) (bpm) MAE (bpm) (bpm)
(1) Mean 0.21 1.83 2.16 0.75 2.04 2.61
(2) Removing
outlier + 0.27 1.74 2.01 0.56 1.76 2.21
mean

Table 2. Average heart rate prediction: comparison among different algorithm on different
conditions without detrending (4)

Normal condition Physical activity
Algorithm ME ME RMSE
(bpm) MAE (bpm) RMSE (bpm) (bpm) MAE (bpm) (bpm)
(1) Mean 0.1 1.82 2.2 0.64 2.01 2.55
(2) Removing
outlier + 0.14 1.75 211 0.43 1.87 2.45
mean

It can be concluded from Tables 1 and 2 that the variant of algorithm (2), which removes outliers
and applies averaging of 1D signal under different conditions with detrending, provides lower MAE and
RMSE value upon estimating HR. The experimental results show that the accuracy of human heart rate
estimation in terms of MAE and RMSE is equal around 2bpm due to the proposed algorithms uses
outlier removing procedure.

Conclusion

The proposed algorithm is based on transform 2D signal to 1D signal, removing outliers,
detrending and window discrete Fourier transform. It allows us to increase the human heart rate
estimation accuracy due to removing outliers from video frame ROI based on Z-score method is used.
The experimental results show that the accuracy of human heart rate estimation in terms of MAE and
RMSE is equal around 2bpm.
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Abstract. The article presents video object detection program design under two different client-server
organizations based on YOLOX model. It introduces the N-tier architecture and shows how to design programs
through sequence diagrams based on client-server organization cases. And the processing process of the target
detection part of the program is given. The test results show that the program design can be applied to Android
system and Web scene, and analyze the actual application conditions.

Keywords: software design, object detection, image preprocessing, model inference.

Introduction

Obiject detection is a classic task in the field of computer vision, and it is the basic premise for
advanced vision tasks such as scene content analysis and understanding. The target detection task in the
video is closer to the needs of real life. In real life, intelligent video surveillance, robot navigation and
other application scenarios need to process the video and detect the target in the video. The target
detection in the video needs to deal with the various changes of the target due to the movement on the
basis of the static image target detection, which is the difficulty. With the development of deep learning,
deep convolutional neural networks are rapidly applied to every field of computer vision, and have made
relatively great progress compared with traditional methods. In the context of deep convolutional
networks, YOLO is an advanced single-stage target detection algorithm. It has undergone the evolution
of version 1 ~ version 4, and has developed to YOLOX that does not rely on anchor boxes. The proposal
of YOLO aims to improve the detection efficiency of target detection, trying to make target detection
reach the level of real-time detection. This article proposes two implementations of video object
detection based on the YOLOX model under different client-server organizations, uses UML diagrams
to describe the functions of the modules, and explains how to infer with the model. In order to verify the
effectiveness, the program is implemented according to the design and tested in a real network
environment.

N-tier architecture understanding

In the client-server model, a client is a piece of computer hardware or software that accesses
services provided by a server as part of a computer network client-server model. The server is usually
(but not always) on another computer system, in which case the client accesses the service over the
network. A client can be any device — computer, tablet or mobile phone. Thus, client-server represents
the relationship between collaborating programs in an application, consisting of a client that initiates a
request for a service and a server that provides that function or service. There are three main categories
of client-server:

1. One-tier architecture. It is the simplest one as it is equivalent to running the application on the
personal computer. All of the required components for an application to run are on a single application
or server.

2. Two-tier architecture. It consists of a client, a server, and a protocol that connects the two
layers. The GUI code resides on the client host, and the domain logic resides on the server host. Domain
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logic or business logic is the part of a program that encodes real-world business rules that determine
how data is created, stored, and changed. Business logic should be distinguished from business rules.
Business logic is the part of an enterprise system that determines how data is transformed or calculated,
and how it is routed to people or software. Business rules are the formal expression of business policy.
Anything that is a process or a procedure is business logic, and anything that is neither a process nor a
procedure is a business rule. For example, welcoming a new visitor is a process consisting of steps to
be taken, while saying that every new visitor must be welcomed is a business rule. In addition, business
logic is procedural while business rules are declarative.

3. Multitier architecture (often referred to as an N-tier architecture) is a client-server architecture
in which presentation, application processing, and data management functions are physically separated.
The most widely used multi-tier architecture is the three-tier architecture. Three-tier architecture is a
client-server software architectural pattern in which the user interface (presentation layer), application
(functional process logic), computer data storage and data access (data layer) are developed and
maintained as independent modules, usually on a different platform.

For multi-tier architecture, it offers the possibility to physically distribute client-server
applications across multiple machines. For client-server organization, there is the simplest organization:
a client machine containing only the programs implementing the user-interface level; a server machine
containing the rest, that is the programs implementing the processing and data level. In addition, there
are alternative client-server organizations, shown in Figure 1.

Client machine

User interface User interface User interface User interface User interface
7 I 77 Application Application Application
1 ............................... I ______________________ = I Database
- R I ................................ 1
Application Application 7 Agélication 1 .............
Database Database Database Database [ -Da&abase

Server machine

Case (a) Case (b) Case (c) Case (d) Case (e)

Figure 1. Alternative client-server organizations

Video object detection program design under different client-server organizations

Based on alternative client-server organization, video object detection program will be design
under Case (b) and Case (c) respectively (shown in Figure 1). For Case (b), since the client only provides
the user interface, the main function of the user interface is to upload videos, and the processing logic
related to video processing and object detection is completely handed over to the server. For Case (c),
since the client not only provides the user interface, but also provides some application processing logic,
the client is mainly responsible for uploading video and video processing logic, and the processing
related to object detection is handed over to the server.

1. Video object detection program design under Case (b)

Based on client-server organization Case (b), all processing logic is placed on the server side, and
the client only provides interfaces for uploading and playing videos. The video object detection program
under Case (b) is designed in the scenario where the user accesses the browser. Figure 2 shows the
interactive process of realizing the video object detection function through a sequence diagram. In
Figure 2, Browser represents User interface that provides the function of uploading video and playing
video. Server and Live Video Server represent Application that provides all processing logic for video
object detection, including video segmentation, object detection of frames, real-time transmission of
frames by streaming. Database mainly records the processed video information, such as processing time,
frame size, frame rate, etc.
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Figufe 2. Sequence diagfam of Case (b)

2. Video object detection program design under Case (c)

Based on client-server organization Case (c), the client side mainly includes interfaces for
uploading and playing videos, video processing logic and frame processing logic, while the server side
mainly handles frame object detection. The video object detection program under Case (c) is designed
for mobile devices. Users can access the server through mobile devices to request image object
detection, and cooperate with the processing logic on the mobile device to complete video object
detection. Figure 3 shows the interactive process of realizing the video object detection function through
a sequence diagram. In Figure 3, APP represents User interface and Application of client side that
provides the functions of local video selection, video segmentation, key frame selection, image
processing, composite video and video playback. Server represent Application of server side that
provides image object detection. Database mainly records the processed image information, such as
processing time, image size, etc.

X

APP

selectLocalVideo()

v

<.._

Server

Database

splitVideo()

Loop / :‘ selectFrame()
sendFrame(Multipart file) o
objectDetect(Mat frame)
¢ [etumResull(Siring base64)
:llransformResu\t()
recardFreamelnfo()
:l mergeVideo() iy
playVideo()

Figure 3. Sequence diagram of Case (c)
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3. The process of image object detection

In the process of video object detection program design, it involves object detection of images
(object detection of frames). The image object detection method based on YOLOX mainly involves
image preprocessing, output decoding and the strategy for choosing prediction boxes. The process of
image object detection mainly includes the following steps:

Step 1. Image transformation and normalization.

The purpose of transforming and normalizing the images is to obtain images that satisfies the
input format of the YOLOX model. The YOLOX model requires the size of the input image to be
640x640 pixels. According to the affine transformation theory, image transformation can be done with
the help of transformation matrix M. For image normalization, using the mean and std of ImageNet is a
common practice. All models expect input images normalized in the same way, mini-batches of
3-channel RGB images of shape (3xHxW), where H and W are expected to be at least 224. The images
have to be loaded in to a range of [0, 1] and then normalized using mean with [0,485; 0,456;0,406] and
std with [0,229; 0,224; 0,225].

Step 2. Decode outputs, generate proposals.

The output of the model is the tensor of 8400x85 elements, meaning that the model predicts 8400
prediction boxes and every prediction box has 85 properties. Among the 85 properties, the first five
properties represent the horizontal and vertical coordinates of the center point of the prediction box, the
length and width of the prediction box, and the probability of objects in the prediction box. The
remaining 80 attributes represent the object category probability (the model can judge 80 object
categories, and each object category will correspond to a probability).

For an image, there are often only a few objects that need to be identified. However, there are
8400 boxes based on the output data. Obviously, the prediction boxes need to be further selected. In this
step, it is necessary to manually set threshold to generate proposals with more accurate prediction boxes.

Before manually setting the threshold, it is necessary to know that the output 8400 prediction
boxes are merged from three different sizes of anchors. Because in the decoding process, the coordinates
of the prediction boxes are related to the corresponding anchor. Among the 8400 prediction boxes, the
anchor size corresponding to 6400 prediction boxes is 8x8. This means that the original image of size
640%640 is divided into 80%80 anchors with stride of 8. Similarly, the anchor size corresponding to 1600
prediction boxes is 16x16, and the anchor size corresponding to 400 prediction boxes is 32x32.

Through the anchor, the coordinates of the prediction box can be obtained, and the probability
threshold is further set manually. Here the probability threshold is set to 0,6. Then the confidence C that
each prediction box has the corresponding category of objects can be given

C = p-max(class probability) (5)

where p represents the probability that there is an object in the predicted box. Class probability

represents the probability of being that class. Then if the confidence C is greater than 0,6, save the
proposal (the coordinates of the prediction box) and the corresponding the confidence C . After
generating the proposals, the possibly correct prediction boxes will be saved.

Step 3. Perform non-maximum suppression.

The purpose of performing the non-maximum suppression algorithm is to eliminate redundant
overlapping boxes with lower confidences.

Step 4. Accomplish object detection.

According to the affine transformation theory, based on the transformation matrix M " from
Image transformation, the coordinates of the final boxes can be converted to the coordinates in the
original image. It accomplishes the object detection on the original image.

Test Result

The developed method of image object detection is implemented in C++ using library of
OpenCV 4.5.4 and the part of splitting video is implemented using library of FFmpeg. For the program
designed based on Case (b), the front-end program is developed based on Vue3 and deployed on Amazon
Elastic Compute Cloud (EC2) together with the back-end server. For the program designed based on
Case (c), the front-end application is developed on the Android system, and the back-end server is
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deployed on EC2. EC2 is physically located in Frankfurt. The EC2 has the following specifications:
vCPU: 1 core; Memory: 1GB; for bandwidth, the available network bandwidth of an instance depends
on the number of vCPUs it has.

Examples of test result are shown in Figure 4 and Figure 5.

C a2 112798114 & w 300 o & 3112798114 s * ®00Q C A T 1127.98.114 % % »00

Figure 4. Test Result of Case (b)

Figure 5. Test Result of Case (c)

In Figure 4, video object detection program is designed based on client-server organization Case
(b). The user can open the browser to upload the video, wait for the buffering of the live stream, and
after some data is processed in the background, the user can watch the result of video object detection.
In Figure 5, video object detection program is designed based on client-server organization Case (c).
Through the application on the mobile phone, the user can select a local video, or input the path of the
video, and then clicks the button. The application starts to process the video and interacts with the
background server to complete object detection, and finally synthesizes the video and plays it.

For Case (b), two sets of tests are carried out. The test object metadata is given in Table 1 and the

test data are shown in the Table 2.
Table 1. Metadata

Video ID | Resolution, pixel Frame Rate, FPS BPS, kb/s Size, Mb
1 1280x720 30 9818 39
2 1280x720 30 4321 17
Table 2. The test data
Video ID Upload Time, s Wait Response Time, s Steam Content, Mb Transmission Time, s
1 30,56 1,63 10,1 174
2 7,46 1,43 11,4 168

In table 2, Upload Time represents the upload time from client to server. Wait Response Time
represents the time from when the server returns the message of receiving the uploaded video to when
it starts to receive streaming data. Steam Content represents the size of the stream data received.
Transmission Time represents the time to receive streaming data. For Upload Time, it depends on the
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local upstream bandwidth. If the upstream bandwidth is smaller, the upload time will be longer. For
Wait Response Time, during this period, the server needs to pre-process the first few frames, and then
start streaming. For Steam Content and Transmission Time, they not only depend on the local
bandwidth, but also depend on the upstream bandwidth of the server. Because the local bandwidth is
10M, the general network speed is 1,25 Mb/s. However, the test data does not meet expectations.
The main reason is that the actual uplink speed of the server is too low. The part of real-time monitoring
data of the server network speed is shown in the Figure 6.

etho

KB/s in KB/s out KB/s in KB/s out :MM: KB/s in KB/s out
0.00 0.00 105.46 204.65 HeEH 0.00 0.00
0.00 0.00 24.72 - £03: 0.00 0.00
0.00 0.00 86.74 . HOEH 0.00 0.00
0.00 0.00 56.77 5 :03: 5 0.00
0.00 0.00 28.02 . :03: : 0.00
0.00 0.00 61.47 : <93 5 0.00
0.00 0.00 65.35 5 183 g 0.00
0.00 0.00 52.00 . =037 : 0.00
0.00 0.00 50.13 5 263 : 0.00
0.00 0.00 81.20 . 103: . 0.00
0.00 0.00 7.95 . :03: A 0.00
0.00 0.00 57.97 . 2035 ’ 0.00
0.00 0.00 97.50 . 2034 L 0.00
0.00 (17552 . 203 8 0.00

0.00 99.33
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0.00 64.28
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Figure 6. Server real-time network speed monitoring data

In Figure 6, ethO represents the network card of the server, and "in" and "out" represents download
speed and uplink speed respectively. It can be seen from the Figure 6 that the uplink speed of the service
is too low and unstable, which directly causes the client to freeze or drop frames when playing video.
This degrades the experience of watching live.

For Case (b), the upload network speed of the client and the download network speed of the server
determine the start time of the user waiting for the live broadcast. The download speed of the client and
the upload speed of the server determine the user experience of watching the object detection video. For
users, 10M bandwidth is enough to upload video and watch live broadcast. However, if the upstream
bandwidth of the server is not large enough, it will directly cause the live video to freeze or drop frames.
In this case, Case (b) is not recommended. For Case (c), the network transmission part only involves the
transmission of images. The requirement for server bandwidth is not as high as Case (b). Therefore,
when the bandwidth of the client and the bandwidth of the server cannot be guaranteed, Case () can be
selected. In this case, the waiting time may be too long, but this case is more general with less material
hardware and bandwidth requirements.

Conclusion

Under two client-server organization cases, two designs of video object detection programs are
proposed. One is to put all the processing logic of video object detection on the server side, and the
client only provides the interface; the other is to put only the function of object detection on the server
side, and other video processing logic on the client side. Then two designs are implemented and tested
by building a cloud server. The result is that the proposed program design can complete video object
detection. In addition, the use conditions of the two designs are analyzed through the test data.
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Annoranus. [IpencraBnena koHmemmus ymHoro ropoma (YI'). Paccmorpensr monmcuctemsr YIT
SHEPTeTUKH, TPAHCTIOPTA, JOTHCTUKH, DIICKTPOHHOTO MPaBUTENbCTBA. OOCYKICHBI UX CTPYKTYPHI U
¢yaknun. OtipenerieHsl HalpaBIICHUS 1O pa3padOTKe JaHHBIX IMMOJICHCTEM Ha 0a3e miaThopMEI
Wurepuer Bewiei.

Kniouesvie cnosa: yMHBIfI ropod, OSHCPIreThKa, TPAHCIIOPT, JIOTUCTHKA, DJJCKTPOHHOC
MMpaBUTCIIBCTBO.

BBeaenne

beictpo  pa3BuBaroImiuecs ~— WHTEJUIEKTyalbHble  MH()OPMAIMOHHO-KOMMYHHKALOHHBIE
texnonornu (UKT) Tpanchopmupyror Bce cdepbl, B TOM YHCIE TPaIWIUOHHBIE METOIBI PabOTHI
OpraHoB BIAacTH. [ paknane 0)XHIAlOT OT TOCyAapcTBa 0oJiee COBEPIICHHBIX AJIEKTPOHHBIX (POpMaTOB
NPEIOCTABICHUS TOCYIaPCTBEHHBIX YCIYT, C OAHOW CTOPOHBI, M yIydlIeHHs GOpM KOMMYHHUKALUH C
LENBI0 Pa3BUTHA TPSMOH NEMOKPAaTHUH, C JPYrold CTOPOHBL. DTO obOecreyrBaeT cucTeMa YMHOTO
ropoja.

Ilonstne  «Ymubld  ropom»  (YI)  MOXHO  ompeienuTh  Kak  «...IIPUMEHEHHE
MHQOPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX ~TEXHOJOTMH C UX BO3JACHCTBUEM Ha 4YeJIOBEYECKUH
KaIruTajn/o0pa3oBaHue, COIMAIBHBIM M PENAIMOHHBIA KalmuTadl W OKOJOTHYECKHE MPOOIEMBI».
IlpuBeneM u apyrue omnpeneneHus MoHATUS Y1, KOHIENIUS KOTOPOro OOoJblIe HE OrpaHUYMBACTCS
UKT, a paccMmarpuBaeT moTpeOHOCTH IoAei u cooOmnecTBa. «['opod, KOTOPBIH KOHTPOIUPYET U
UHTETpUpPYET paboOTy BCEX CBOMX KPUTHUECKUX MH(PACTPYKTYp, BKIIOUYAsi JIOPOTH, MOCTHI, TYHHEIH,
PENBChI, METPO, a’3pPONOPThI, MOPCKUE TOPTHI, KOMMYHHKAIIMH, BOAO- M 3JEKTPOCHAOKEHHE, JaxKe
KPYIHBIE 37JaHNs, KOTOPBIH yMEET ONTUMHU3UPOBATh CBOM PECYPCHI, INIAHUPOBATh NPO(HUIAKTUIECKHE
MEpPONPUATUS U KOHTPOJIHUPOBATH 0€30MacCHOCTb, MPHU 3TOM MAaKCHUMH3UPYS MOJE3HOCTb YCIYT IS
CBOUWX rpakman» [1].

C TOYKHM 3peHHus] TEXHOJOTHYECKOTO Moaxoaa [2] YMHBIH TOpPOJ — 3TO TOpOJ C OONBIINM
npucyrcrBueM HKT HOBOro mnokosneHus, NpUMEHSEMBIX K KPUTHUYECKH BaKHBIM KOMIIOHEHTaM
TOPOJICKOM HMH(PACTPYKTYphl M yCIyram: HaJlW4he YMHBIX CHCTEM YIPaBJICHHUS JIOPOKHBIM
JIBIDKCHUEM; YMHBIN MOAXO0/ K YIIMYHOMY OCBEIICHHUIO; BHEIPEHUE OOIIETOPOCKON U TOCTYITHOM CeTH
Wi-Fi; ucronp3oBaHMe yMHBIX CETEil M albTEPHATHBHBIX MCTOYHHMKOB JHEPTHH; HAINYUE CHUCTEMBI
OTIOBENICHUA TPaKAaH O UPE3BBIYANHBIX CUTYAINIX; MUHUMAJIbHOE UCTIOIh30BaHNE HAJTMYHBIX CPEJCTB
JUTSI OTUTAaThl TOBAPOB U YCIIYT; aKTHBHOE TPUBJIEUEHHE TPAKIaH K BOIIPOCAM TOPOICKOTO YIIPABICHHUS.
B cocraB cucremer YI' BxomsaT Oojee jgecsAiTKa IMOJCHCTEM, PAacCMOTPUM YETBIpe M3 HUX,
COOTBETCTBYIOLIUE KPUTUIECKH BaXKHBIM KOMIIOHEHTAM.

Hoacucrema VI sneprernka

VYMHas JHepreTuka Hy)KHa Kak TrOCylapcTBy, TaK U MHMHHCTEPCTBY JHEPIETHKH, B IEPBYIO
ouepe]ib OHa TOMOKET BBIMTH Ha HOBBIM YPOBEHb aBTOMATU3aIMH, & TAKKE MPOU3BOJUTH MOHUTOPHHT
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Y aHAJIM3UPOBaTh AaHHBIE. ['0cyAapcTBO MO pe3ybTaTaM MOHUTOPHHTA MOYKET BHOCUTh U3MEHEHUS Ha
3aKOHOAATEIHPHOM YPOBHE B cepe SHEPreTHKH W JaBaTh CTpaTeTHYecKHe TOCBUIBI IS Pa3BUTHS
oTpacid. OHEpPreTuka OTHOCHTCA K CTPaTerHYecKMM O0OJacTsM, W TOCYJapCTBO HANPSMYIO
3aWHTEPECOBAHHO B €€ YHH()HMKAUK U ONTUMH3aLWH. [[OMIMO MOHUTOPHHTA MOACUCTEMA MTO3BOJIUT:
YBEJIMYUTHh POCT JOXOJOB, 32 CUET ONTHMH3AINU DJIEKTPOCHAOXeHWs; CHM3UTh motepu Ha JIOII;
SKOHOMHUTH PECYPCHI; YCKOPHTh CPOKH IUIAHUPOBAHUS HAarpy30K CETeH; YMEHBIIHTH BpPEMs 3aMEHBI
BBIIIEIIICTO U3 CTPOsi 000pyI0BaHUS, 32 CUET AATINKOB, OTCICKHUBAIOLINX KU3HEHHBIH UK JAHHOTO
o0opynoBanust (BoBpeMs (JOPMHPOBATH 3asBKY Ha MOCTAaBKY 3aIyacTeild, HOBOro 000pyIOBaHuS).

OTH TEXHOJOTHH aKTyajdbHBI B Pecrrybmmke bemapyce m Poccun, koTopbie 00iamaeT orpoMHOM
[EHTPATM30BaHHOW CHUCTeMOH JHeprocHadkeHns. Ha ypoBHe ympaBieHws! cucteMoi, OamaHcamMud U
peKMMaMU B DJIEKTPOIHEPreTHKE, MHTEPHET BeUlel MO3BOJMUT Ooyiee palUoOHAIbHO IUIAHHMPOBATH
3arpy3Ky reHepUpYIONMX MOIIHOCTEH 1 MX 00beM [3]. UTo KacaeTcst AeKTPOCETEBOTO X03HCTBA, TO
WHAYCTPUANBHBIN WHTEpHET Bemed mno3Bommi Obl (c ydeTtoM mpotskeHHOocTH JIOII) moBbIcHT
Ha/Ie)KHOCTh M CHU3UTH OTlepallMOHHBIE pacxopl. [1osBisieTcss BO3MOXKHOCTh IPOU3BOIUTH PEMOHTHBIE
pabOThI CETH «TI0 COCTOSIHUIO» HJIEKTPOCETH, a HE 10 PeriIaMeHTy 00CITy >KUBaHU, YTO rOPa3i0 CHU3UT
3aTpaThl Ha pPEMOHTHBIE paboThl. MOXHO CcaenaTh CIEQYIIIHe BBIBOABI IO HCIOJIB30BAHUIO
IMOACHUCTEMBI DHECPTCTUKU

1. UnTepner Bemed (IoT) MO3BONIMT ONTHMHU3UPOBATh SHEPrOCHAOKEHHE, YMEHBIIUTD TOTEPH
AIIEKTPOIHEPTUH, TPOU3BOAUTH MOHUTOPHUHTH U MOJEPHU3ZNPOBATEH CHCTEMY DJIEKTPOCHA0KEHUS.

2. B PecnyOmmke benmapych eCTh OrpOMHBIE TEPCIIEKTHUBEI TSI Pa3BUTHS HWHAYCTPHAIHHOTO
HWHTCPHETA B QHCPI'CTUKE, TaK KaK MHOTHEC ITPOCKTHI YK€ 3allyIICHBI B ITMJIOTHOM PCIKUME.

3. Cmo)kHOCTh ~ TIepexoia 3akKiovYaeTcs B JOPOTOW  CTOMMOCTH  OOOpyAOBaHUS, U
TJIaBHBIM 00pa3oM, B KOHCEPBATHBHOCTH C(EpHl YHEPreTUKH, KOTOopas 00ecrevnBaeT MpekIe BCETO
0e30MacHOCTh ¥ Ha/IC)KHOCTb.

KonnentyansHo IoT Moxer mpuMeHsSTbCsS (M TpUMEHsieTCs) B cdepe DHEPreTHKH B JIBYX
IO0ANBHBIX HAIPABIICHUSX — CHIKEHHE MOTPEOJICHHUS PECYpCOB M OTCICKHBAHHE TEXHUIECKOTO
COCTOSIHUSI 000pYIOBaHUS C IENBIO MPOBEACHUS CBOCBPEMEHHOTO TEXHHUYECKOTO OOCITY)KHMBaHMUS, a
TaKXe NPeIyNnpeKICHUS aBapUIHBIX CUTYyalluil. B 3HepreTuke ceHCophl U JaTYUKU, OJKIOUYEHHbIE K
WuTepHeTy, MCTONB3YIOTCA JUIA MOCTPOCHHUS «YMHBIX» JIIeKTpoceTedl M HMH(pacTpyKTypsl (Smart
Grids).

IMoacucrema YI' Tpancnopt

Ilogcucrema TpaHcmOpTa «YMHOrO TOpOJa» OCHOBBIBACTCA HAa  HMHTEIUICKTyaJbHON
tpancnoptHoit cucteme (MTC). ®ynkumm HUTC oOecneunBai0T HMHTETPALUIO OINEPATUBHOIO
YIIPABJICHHUS] BCEMH BUIaMHU TOPOJICKOTO TPAHCTIOPTA U BO3MOXKHOCTh PEAKIIMK Ha COOBITHS B PEKUME
peasnibHOrO BpeMeHH [4]. ['maBHas MHHOBAIMS «YMHOTO ropoja» B OTHOIIEHWH TPaHCIOPTa — 3TO
CO3JIaHUE TOpojJa, OPUECHTUPOBAHHOIO HA MELIEX0Ja U CTPEMIIEHHE CBECTHU HCIIOJIb30BAHUE YAaCTHOTO
TpaHcnopTa K MUHUMYMY. [lo3TOMy cepbe3HO€ BHHMAHHE B TPAHCIOPTHOW CHUCTEME YAENAETCA
OOIIIECTBEHHOMY TPAHCIIOPTY, €r0 JIOCTYITHOCTH, MH()OPMHUPOBAHHOCTH O PACIIMCAHUH, JICKTPOHHAS
oruiaTa u T.J.

Kputnunsie nis ycrmenrHoro (yHKIMOHHPOBAHHUA CHCTEMBI Y3IIbI — 3TO B TEPBYIO OUYEpellb
TPAHCIIOPTHO-TIEPECATOUHBIE MyHKTHI, KyJa BXOJIT TakKe NEpeXBaThIBAIONINE MAPKUHTH. JJis1 TOTO
yTOOBI 00ECHeUnTh HX (PYHKIIMOHMPOBAHHME, HEOOXOJMMa HHTErpalus HHOOPMAIMOHHBIX U
HABUTAIMOHHBIX CUCTEM B paMKaX €IMHOH 1muaTgopmbl «YMHOTO Topoja». bombiioe 3nauenue 8 UTC
MMeeT HAIMYHE €TMHOTO TPAHCIOPTHOTO MHTEpdelica, OpUEHTUPOBAHHOTO HA TMTOTPEOHOCTH JKUTEIEH
VT u rocreld, BHyTpU KOTOPOT'O MOKHO HANTH U UCMOJIB30BaTh MHOYKECTBO CEPBUCOB — OT IOJICKA3KH,
Ha KaKyIO MMapKOBKY BECTH MAIHMHY, JI0 OMOBEIIECHHUS O CPOKE MPHUOBITHAS MECTHOTO OOIIECTBEHHOTO
TpaHcmnoprta [4].

B ropoze momxeH ObITH cO37aH eauHBIN 1eHTp yrpasienus UTC, kyma OyayT B OHJIalH-pEeKAME
nepeIaBaThCsl JaHHBIE C JETEKTOPOB MOHUTOPUHTA TPAHCIIOPTHBIX TIOTOKOB U IOPOKHAs OOCTAHOBKA C
¢dotro- m Bumeokamep. CucremMa TaKkKe JODKHA (DUKCHPOBATH CKOPOCTh TIOTOKA, KOJUYECTBO
aBTOMOOMIIEH M OOIECTBEHHOTO TPAHCIIOPTA, METEOYCIIOBUA W COCTOsIHUE Tpacchl. B cmywae JITII
cHCTeMa JIOJDKHA TPEeIyIpekaaTh O 3aTPYOHEHHUSX HA JIOPOTe M TOJCKAa3bIBaTh OOBE3THBIC ITYTH.
CurHaibsl cBeTO(OPOB JJODKHBI MEHATHCS B 3aBUCUMOCTH OT 3arpy>KEHHOCTH COCETHHUX IEPEKPECTKOB.
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Ilpu »TOM MOSBUTCA BO3MOXKHOCTH KOOPAMHHMPOBATH IOTOKM B Cly4ae 3aTOPOB, OTMEHSTH
HEIMOMYJISIpHbIE MapIIPYThl U HA3HAYaTh HOBBIE.

YMHBIM TIPUHITO Ha3bIBaTh CBETO(POP, KOTOPHIM YHOPABISET CIEHMUANbHAs Mporpamma,
MO3BOJISIONIAA  YCTPOMCTBY CaMOCTOSTENbHO MPUHHUMATh PEMIEHUSA, B TOM 4YHCIE HAa OCHOBE
MoCTymarmeld HHPOopMaIuy 0 JOPOKHOM ABIKEHUH C APYTUX aHAJIOTHYHBIX IPHUOOPOB.

HopoxxHble KaMepbl BBICTYHAIOT «IJ1a3aMH» COBPEMEHHBIX MHTEJUICKTYaJIbHBIX TPAHCIOPTHBIX
CUCTEM. DTO KaMephbl BEICOKOTO Pa3pelICHUs, KOTOPBIE MOBCEMECTHO HCIIOJIB3YIOTCS Pa3padoTYHKaMU
NUTC u xommuiekcoB Buaeodurcanuu napymenuii [1J]/1. MapopManmonHble Tabl0 — 3TO OCHOBHOE
cpencTBo MH(OPMHUPOBAaHUS BOAWTENEW O CHTyanmu Ha joporax. Ha TaGiao MOXKET BBIBOJUTHCS
pasnwgHas WHpOpMAIHs: 3arpy3ka ydacTkoB moporu; Hammuwe J[TII ma mapmipyre; KOIW9ecTBO
OOIIECTBEHHOTO TPAHCIIOPTA; COCTOSIHUE OPOT U T.J.

IMoacucrema YI' jJorucruxka

OCHOBHBIM U3 aCIEKTOB TOJCUCTEMBI «YMHBIN TOPOI» SABISETCS pealn3aliyd JOTUCTHYECKUX
IIENIOYCK B YCIIOBUSX CTAHOBJICHUS COBPEMEHHOTO 0OmiecTBa. s peanm3anuu JaHHOW KOHIICTIIUH
JIOTUCTHKA TOJCUCTEMBI « Y MHBIIH FOPOJ» TPeOyeTcsi coueTaHue B ce0e OpraHM3allMOHHBIX NHHOBAIIHIA
¢ MHPOKOMMYHHKAIIMOHHBIMU TEXHOJIOTHUSIMHU JIJISl BBIITOJIHEHUS IU(PpOBU3aIUN roponoB [5]. Mmes
MPUMEHEHUST JTaHHOW TMOJCHCTEMbl B TOM, 4YTO BBICOKas 3(P(EKTUBHOCTH peau3allii IPOSKTOB
JIOTUCTHKH TPUBOJIUT K POCTY YPOBHS JKM3HH TOpojioB. Ha OCHOBaHWHU OTEUECTBEHHOIO OIBITA TaK U
OTIBITa PA3JIMYHBIX TOPOJIOB B CTPaHAX MHPA, MPOBEJICH aHAIHN3 PEeATH3aliY 337a9 YMHOHW JIOTUCTHKHL.

B Poccwiickoii heaeparuu mpeoOiagaroT aBTOMOOMIEHBIE TIEPEBO3KH. J{J11 COBPEMEHHOTO MHpa
KIIFOYCBBIMU ITapaMeTpaMK B JIOTUCTHUECKOM OTpaciiv SIBJIICTCS OBICTPOTA JOCTABKU TOBapa, a TaKXKe
CTOMMOCTh JIOCTaBKH. JlJI1 pBIHKA TPy30MEepeBO30K TPEOYIOTCS WHHOBAIMM, KOTOPBIE OyayT
ONTHMHU3UPOBAaTh WMEHHO BHIIEyKa3aHHbIe MapaMeTpbl. OnTuMuzanus JOCTaBKA TOBApOB
MOJIOKUTEIIBHO CKa)KETCS Ha BCEM OOIIECTBE, MO3BOJHUB PAa3TPY3UTh TPAHCIOPTHBIC MAarvucTpaid U
CHU3UTh TpapUK B TOM 4YHCIE M BHYTPH TOpojoB Poccuu, Takke MOBCEMECTHOE HCIIOJB30BAaHUEC
KOHIIETIIIMHA CMAPT JOTHUCTUKH TIO3BOJUT CHU3UTHh KaK BPeMsl, TAK U CTOUMOCTh JIOCTABKH TPYy30B, UTO
TOKE HEMAJTOBAXKHBIH IMOKa3aTeNlb B COBPEMEHHBIX SKOHOMHUYECKHUX OTHOIICHUSX [6].

st 3 deKTUBHOM peanu3aiuy MOJACUCTEMbI JIOTHCTUKA Y] He00X0AMMO COBEPIICHCTBOBAHUE
MeXaHn3Ma HH()OPMAIIMOHHOTO O0ECTICUSHUSI, PECTPYKTYPH3AIHS ¥ MOJEPHU3AIUS TOCYIapCTBEHHBIX
oprasoB. [loacucremMbl TpaHCTIOPTA U JIOTUCTHKH HE MOXET PadOoTaTh OTAEIHHO M TPeOyeTcs TOITHOE
COTPYJIHUYECTBO CO CHEIMATUCTAMHU TEJIEKOMMYHHUKAIIMOHHBIX, HABUTAIIMOHHBIX U UHPOPMAIIMOHHBIX
TEXHOJIOTHM.

IHoacucrema YT 3JIeKTPOHHOE PABUTEJIbLCTBO

Tepmua «Smart Government» IOBOJBHO YacTO YHOTPEONsieTCSs B HAYYHBIX JIUCKYCCHSIX H
UCCIICJIOBAHUSAX  MacIiTa0HOro (eHoMeHa «Smart  Society», OOBSCHSIONIETO  COLMAIBHO-
HKOHOMUYECKYIO, TOJUTHYECKYIO M KYyJIbTYPHYIO CTPATEr IO Pa3BUTHS OOIIECTBA HA OCHOBE OOIIUPHON
nudpoBu3anuu Beex chep Ku3HU. B Oojee y3KOM CMBICIIE MEXKTUCIUTUIMHAPHBIX YUYCHUS SBICHUS
«Smart City» Takke BCTpedaeTcs UCIOJIb30BaHue TepMuHa «Smart Government». Bmecte ¢ TeM B 3T0i
00acTH TEPMUH «CMAapT-TIPABUTEIBCTBO» 3a4aCTYIO0 SIBJSIETCS TMPOCTO CHHOHMMOM CXOJHBIX
OTIPENICIICHUI: <«BIICKTPOHHOE MPaBUTENLCTBO» (e-GOvernment) M «3JEKTPOHHOE YIPABICHHE)
(e-Governance).

CMapT-npaBUTENBCTBO — 3TO Pa3BUTOE IJIEKTPOHHOE IMPAaBUTEIBCTBO, CHOPMHUPOBAHHOE Ha
OTKpPBITOM YIIPaBJICHHH, KOTOPOE HCIOJIb3YyeT NpeumyliecTBa, npenocrasisiembie KT, cobupas u
0000111251 HU3HUECKYIO, IUPPOBYIO, TOCYAAPCTBEHHYIO M YACTHYIO CPEbI ISl [TACCHBHOTO U aKTHBHOI'O
B3aPIMOZIeI71CTBPIS[ " COTPYAHNYCCTBA C I'paKJaHaMU C HEJIBIO YIYUIICHUA ITIOHUMAaHUA UX HOTpe6HOCTeI>'I
U TBOPYECKOTO, Y(P(PEKTUBHOTO M TUOKOTO OKa3aHMs yCIYT B JIIOOOM MecTe M B Jr000€ BpeMsi, B TOM
YHCIIe TPEMKATHBHO [7].
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IInardopma UHTEpHET Bewieil 1Js1 peann3anuu nogcucrem YI'

IlepBas ouepenp tumatdopmel YI' obecrmedmBaeT: MPHIOKEHUS IS AESTETHHOCTH MECTHBIX
OpPraHOB BIACTH W TOIACPKKH MPUHSATHS UMH YIPaBICHUECKHX PENICHWH (KOHTPOJb BBITOTHEHFS
MOPYYEHUH, OTCIIC)KUBAHHUE KITIOUCBBIX TIOKA3aTelIeH ycrexa, HOpMaTUBHO-CITpaBOYHas MHQOpPMAIIHs);
CEPBUCHI DJIEKTPOHHOTO yYacTHs (3asABKH, PaOOTHUKH, OOIIECTBEHHOE MHEHUE); TOPOJICKAE CEPBUCHI
(ropoxckast mHbOpMAIHs, BAKAHCHUH, TOPTOBBIE TUIOIMAAKH ), TYPUCTUIECKHIE CEPBUCH (HCTOPUIECKIE
00BEKTHI, IKCKYPCUU, HABUTAIINSA); JICIIOBBIC CEPBUCHL.

Cucrema CitySys mnpeacTaBiseT co0Oi OTKDBHITYIO ILIATPOpPMy, OOBEAMHSIONIYI0 B cebe
MHOJKECTBO TIPIJIOKEHUH [UIsI opraHu3aluu yMHOTo ropoma. COop MaHHBIX, mepeiada W OIeHKa
BBITIONHSIOTCSI KOMIUIEKCHOM cucteMoil ympaBienus CitySys, peann3oBaHHOW Ha 1wiaTdopme
ThingsBoard IoT B pamkax cranmapta oTkpsiToro ucxoasoro kozga (OPC) [8].

NudopmannorHoe B3anMOnEHCTBHE TUTAT(HOPMBI C OTKPBITHIM HCXOJHBIM KOJOM — 3TO CEpHs
crierUKaIi OT MOCTaBIIMKOB W Pa3pabOTINKOB MPOTPAMMHOTO OOECTICUEHHS, OIPENSIISIOIINX
uHTepdelic MeXay KIMEHTAaMH W CEepPBEpaMH, BKIJIIOYAs JIOCTYN K JaHHBIM B PEaIbHOM BPEMCHH,
MOHHMTOPUHT aBapUIHBIX CUTHAJIOB M COOBITHIA, TOCTYI K HCTOPUYCCKUM JaHHBIM H JPYrUe 00JIACTH
npuMeHeHus. Ero ammapaTHele KOMIIOHEHTBI O0ECIEYMBAIOT TPSIMYIO CBSI3b 4Yepe3 CTaHAapTHEIC
uHTepdeiicel U MpoToKoIbl, HanpuMmep: Powerline, Bluetooth, KNX, Z-Wawe, ModBus RTU/TCP,
BACnet IP, EnOcean, DMX, M-Bus, GSM, 1-wire u DALI. Kpome Toro, mpeanaraercsi BblIaya
cragnaptu3oBanHoro API, B wactHoctu REST API, d. Jlns cBsa3u mexny ¢doHapsMu Hamu
WCTIONB3yeTCs Tiepeaada Mo JUHHUSAM JJIEKTPOCETH. JTO O3HAYAET, 9YTO KOMMYHUKAIIMOHHBINA CHTHAI
MepeaaeTes Mo CTaHAAPTHOM 3JEKTpHuUecKoi cetn HampstkeHueM 230 B. YuuTeiBas moaxirodeHue K
CTOPOHHHUM CHCTEMaM H TO, YTO B TOPOJAE YK€ YCTaHOBJIEHBI CylIecTBymomue cucteMbl, Citysys
OTKpBITa Il KOMMYHUKALMOHHBIX npoTokojgoB MQTT, JSON, XML, XMPP, SMTP u RSS.
HaxormieHHble TaHHbIE XpaHATCS Ha oOmaynoM ceprepe [8].

0T mnardopma YMmustit ropos CitySys siBisieTcss TOPU30HTANIBHO MACIITAOUPYEMOM U CTPOUTCS
C UCTIONH30BAHUEM TEXHOJIOTHH C OTKPHITHIM HUCXOIHBIM KOIOM. biaromaps WIEHTHYHOCTH KaXKI0TO
y3ja KJacTepa, IatdopMa CTAaHOBUTCS IOJHOCTBIO OTKa30ycTOWUMBOM. Hane:kHOCTH W BBICOKas
3((HEKTUBHOCTH MO3BOJIAIOT OAHOMY Y3Jy YIPABIATH JACCATHIO WM JIAXKE COTHSAMH ThICSY YCTPOMCTB.
[Tnardopma [oT ymHOTO TOpPOAA CONEPIKUT HACTPAUBAEMbIE BUKETHI, MEXaHN3M 00paOOTKH MPaBUI U
CUCTEMY TOJIKITIOYaeMBIX MOMYJIEH, KOTOpble (haKTHYEeCKH JenaroT 1uatdopmy pacimmpsemon. Coop
JIAHHBIX B YMHOM TOpoOJie¢ OOCSCIIEUUBACTCS MHOXKECTBOM JIATUMKOB, OTCJCKUBAIOUIUX Pa3IMYHBIC
nmapaMeTpel: JATYNKH JBIDKEHUS, JAaTYUKW JOPOXKHOTO JIBIDKEHHS, JETEKTOPHI 3aIlOIHEHUS
MAapKOBOYHBIX MECT, IIOTOJHBIE CTAaHIWW, JaTYNKA YOPaBICHHWs OTXOJaMH, JAaTYNKH [IyMa,
obHapyxeHus ctpesbobl, kamepbl CCTV U KHOIIKK 9KCTPEHHOTO Bbi3oBa [8].

3akiIouyenne

OO0cyx/ieHa KOHIIEMIUS W CTPYKTypa YMHOro roponaa. OmucaHbl 0CCOOEHHOCTH YeThIpEX
nmoncucteM YI': 3JeKTpPO3HEPTeTWKH, TPAHCIOPTa JIOTUCTHKH H 3JEKTPOHHOTO MPAaBHTEIHCTBA.
Paccmotpenst ocodennoctH [oT mardopma Ymusiii ropon CitySys ISl peaiu3ainui H0JCUCTEM.

AN APPROACH TO THE CONSTRUCTION OF
SMART CITY SUBSYSTEMS

U.A. VISHNYAKOU, V.A. GROMQV, S.V. KUCHEROV,
S.A. SIDORENKO, A.V. USEVICH

Abstract. The concept of a smart city (SC) is presented. The subsystems of the SC of energy,
transport, logistics, and e-government are considered. Their structures and functions are discussed.
The directions for the development of these subsystems based on the Internet of Things platform are
defined.

Keywords: smart city, energy, transport, logistics, e-government.
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Abstract. In wireless communication systems, the noise and electromagnetic interference in the
channel can have a significant impact on the transmitted signal. The introduction of channel coding
techniques is a very effective way to reduce the bit-error-rate (BER). As mobile communication has
entered the 5G era, the data traffic has increased significantly compared to 4G, and as the modulation
steps increase, the BER will increase, which makes the importance of channel coding even more
significant. In China Mobile's 5G technology, channel coding is usually performed by LDPC (Low
Density Parity Check Code), and the application of channel coding technology in China Mobile's
5G technology and how to improve the coding rate will be discussed.

Keywords: 5G channel coding, BER, LDPC.

Introduction

5G is a new generation of wireless mobile communication network that is currently being
vigorously studied by China Mobile, and the 100-megabit data transmission will bring unprecedented
pressure to the entire network. The reason why channel coding technology is introduced in the digital
communication system is that the noise in the channel interferes with the transmission signal and the
error code often appears in the received signal. In an environment of extremely high growth of
transmitted data, how to ensure a very low bit error rate will be a new challenge for 5G networks.
Channel coding is a way to effectively control the BER using forward error correction by adding
redundancy to the transmit signal while eliminating these redundant codes in the signal receiver using a
decoder. These redundant codes enhance the confidence level of the signal and minimize other effects
on the signal such as noise, thus reducing the BER. In the 1960s, LDPC codes, low-density parity-check
codes, were first proposed by Dr. Gallager, but limited by the technical conditions at that time, there
was a lack of feasible decoding algorithms until the 1990s, when a breakthrough was made based on
Turbo codes.

LDPC code, which borrows the circular iteration mechanism from Turbo code, is a linear code
generated from a recursive convolutional encoder that uses an iterative decoding process to decode the
received information. The recursive convolutional encoder is a group code that converts bits of
information into 1 group length, and each group code containing transmitted information can be decoded
into the original information. In an iterative receiver, the decoder usually shows the probability of
receiving a digital signal "1" or "0", and the probability of receiving a signal can increase with the
number of iterations. The iterative receiver is composed of two identical decoders, each of which can
also use the result of the other to produce a more accurate signal probability, which is the whole process
of iterative decoding. In the channel coding parallel system, the transmitter side usually consists of two
encoders and mixers, while the receiver side consists of two decoders and interleavers, and the two
structures complement each other B In the encoder part, China Mobile 5G [1-5] system uses
convolutional codes for coding, and this paper will also explore LDPC recursive system convolution.
This convolutional code can correct transmission errors by adding redundant codes to the transmit
information, while helping the decoder to improve the trustworthiness of the received signal. Therefore,
adding convolutional codes in communication systems is to convert the transmitted bits into a longer set
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of strings, and the reason why longer information is used to transmit is to correct the effect of channel
noise on the transmitted information. Finally, the final received signal is obtained through the signal
"trustworthiness" after several iterations, and when the number of iterations increases, the false bit rate
decreases, thus completing the whole channel coding process.

Introduction of LDPC coding technology

LDPC codes, which are mapped from message sequences into sending sequences, code word
sequences, by passing a generation matrix G. For the generation matrix G , there exists a fully
equivalent parity check matrix ugly, and all the code word sequences V constitute the zero space of H,

the number of non-zero elements in each row and column of the H -V =0 check matrix twins is very
small, which is the reason why LDPC codes are called low density codes. The message to be sent is
mapped into a transmit sequence by a specific checksum matrix and decoded in the decoder using the
circular iteration principle, and the log-likelihood ratio of the channel output y with respect to the

transmitted bits a is calculated as equation (1) below, where L, — channel confidence.

_gPla=0 6
A@)=lg L=l = Ly ©

Figure 1 shows the channel coding schematic, which is widely utilized in existing communication
systems. In order to show the channel coding system more systematically and concretely, this paper
proposes to use QPSK debugging as the debugging signal, the encoder will utilize LDPC convolutional
codes, the interleaver is the most common hybrid coding; the receiver is the corresponding QPSK
demodulator, and the de-interleaver. The interleaver and the deinterleaver have opposite functions, in
order to disrupt the order of the transmitted bits and thus reduce the adjacent bit interference to a lower
level. The channel noise is the most common Gaussian white noise.

Signal Input
a b d e

—————  >»| LDPC Encoder > T > QPSK Modem

aa~ &La| x PL: o PR R P

ap~ o
LDPC Decoder QPSK =
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be~y | ~ ~
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Figure 2. Schematic diagram of LDPC recursive convolutional coding system

LDPC-Conv codes can be regarded as a generalization of LDPC codes in the time domain, which
can provide a certain degree of coding gain. The decoding algorithm of LDPC-Conv codes is also based
on a probabilistic transfer algorithm. Specifically, the decoding algorithm of LDPC-Conv codes can be
regarded as a convolutional version of LDPC codes, and its decoding algorithm is similar to that of
LDPC codes, which is also an iterative algorithm based on message passing.

The iterative algorithm is a computational method that approximates the solution to a problem
systematically through a series of repeated computations. It is an algorithm that decomposes a problem
into small subproblems, solves each subproblem individually, and combines the solutions of the
subproblems to obtain a solution to the original problem. Iterative algorithms are particularly suitable
for situations where the problem is too complex to be solved by analytical methods, or where an exact
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solution is not available. In such cases, iterative algorithms provide a useful approximation to the
solution.

The transmitted bits pass through the convolutional encoder and the interleaver in the transmitter,
respectively, and then modulated into the channel, this time the transmitted information is a coded QPSK
signal with Gaussian white noise; at the receiver side, the demodulator will generate a possibility of
receiving the information (as "1" or "0"), and the received signal will be iterated between the interleaver
and the decoder demodulator. Through the iterative algorithm, each demodulation signal C, is based on

the received signal e as well as the previous received signal C,. When several iterations are completed,
the system can judge by itself whether the current ap ~ is the best output and the output result is not
after optimization, then ap ~ is the last received signal, so the final received signal will be the result

after several iterations of error correction. In the LDPC channel coding system, iterative decoding will
be used for both decoder and demodulator. In each iterative decoding process, the accuracy of output
bits will increase with the end of each iteration process, and after several iterations, the system can
output the best result. The number of iterations can be determined by the parameters of the system noise
and the signal-to-noise ratio (SNR). The channel coding system with iterative decoding can approach
the theoretical limit of the Shannon capability, which is the main reason for introducing the channel
coding technique.

The top line shows the theoretical bit error rate plot for the QPSK system, i.e., the system without
channel coding, and the middle and bottom lines show the bit error rate plots for the LDPC channel
coding technique after 1 iteration and 8 iterations, respectively.

Simulation of cyclic iterative coding

In the above discussion, the LDPC decoder is a buffered decoder, and only one data can be
processed in each iteration, because the decoder or demodulator cannot work at the same time, and the
demodulator or decoder needs to wait for the data from the other side during the loop iteration, so there
is always an "idle" part in the whole system. The purpose of bufferless decoder is to eliminate this idle
state, so that the decoder and demodulator can work at the same time and get the received signal faster.

The decoder can work at any time as long as the receiver is working. The use of cacheless
decoders will greatly improve the decoding efficiency, and it has been found through extensive
experiments that cacheless decoders can use fewer iterations to complete demodulation than
conventional demodulators for the same channel, due to the fact that the decoding process and
demodulation process are carried out simultaneously, so that the best results can be achieved earlier.

The comparison of the simulation results in Figure 2 shows that the cacheless decoder stops
working after two iterations, while the regular decoder performs eight iterations and obtains essentially
the same results.

100

1014

1072 5

1073

BER

1074 5

1075 4

1076

SNR(in dB)

Figure 3. Comparison of the simulation results of LDP C cacheless decoders and cacheless decoders:
Red — cacheless decoders; Blue — cacheless decoders
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Conclusion

The introduction of channel coding is effective in reducing the false bit rate in the context of the
increasingly aggressive electromagnetic environment and the large capacity transmission of 5G by
China Mobile. LDPC's loop iterative coding can be effectively applied to 5G communication networks.
According to the BER graphs obtained for different number of iterations, the lower iteration system
requires higher SNR for the same FER, while the higher iteration system has lower BER for the same
SNR. However, when the number of iterations is increased to a certain number, the BER of the system
does not decrease indefinitely, because the system is already close to the Shannon Limit Theory. In the
decoder part, the conventional decoder can be optimized to a cacheless decoder, which can obtain almost
the same result faster under the same conditions, greatly improving the efficiency of channel coding,
and will have a profound impact on the future development of 5G channel coding.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VK 004.932+004.258

CKEJIETUPOBAHUE HU3KOKOHTPACTHBIX
3AIIYMHBIX CEPBIX U30BPAKEHU

1. MA, A.A. BOPUCKEBUY

Benopycckuii cocyoapcmeennblii ynusepcumem ungopmamuxu u paouodiekmponuku, Pecnybnuxa Benapyce

Hocmynuna ¢ peoaxyuro 13 Mapma 2023

AnHOTanusi. /{1 TOBBIIEHUS] YCTOWYMBOCTH CKEJIETOB MOJYTOHOBBIX HW300paXEHHH C
JIByXMOJIOBOM T'MCTOIpaMMOH SIPKOCTH K IIYMy B CTaThe IIPE/UIO’KEHa MOJIENb CKeJeTH3allty,
YUHUTHIBAIOIIAS HAJTMYHE MYJIbTUIUIMKATHBHON M aAJUTUBHOM COCTaBIIIOMNX IIIyMa Ha OMHApHOM
ckeneTnzupyeMoM u3odpaxenun. C yd4eToM TaHHOW MOJAENHN pa3paboTaH aJITOPUTM CKEIETH3ALNH,
OTIIMYAIOIINIICS yIETOM HCKaXeHUH (hopM 00sIacTell CKeNeTH3NPYEeMOro OMHAPHOTO N300paKEeHHS
B pe3yibTaTé HHU3KOYACTOTHOW (PMIBTPAIlMM HMCXOAHOTO IIOJyTOHOBOTO M300paKeHUS W
MO3BOJISIOIINH YMEHBIINTH OIIHOKH CKEIETH3ALNH MOTYTOHOBBIX H300payKeHNUH.

Knioueevie cnosa: CKeJICTHU3alusA TOJYTOHOBBIX I/I306pa)l(eHPIfl, MyJ'IBTI/IHJ'II/IKaTI/IBHHﬁ Iym,
aZ[I[I/ITI/IBHHﬁ 1IyM, HYBCTBUTCIIBHOCTDH CKCJICTA K IIIYMY.

BBeaenne

ANTOPUTMBI CKENETU3AIMU TIOTYTOHOBBIX H300pakeHUil (GopMupyroT Oonee YCTOHYMBBIE K
urymy ckenetbl. OHM OCHOBaHBI Ha TPEIBAPUTEIBHON HU3KOYACTOTHOW (HIBTPAIMM HMCXOJHBIX
MOJYTOHOBBIX H300paKEHUH C WCIONB30BaHHEM HEOPUEHTHPOBAHHBIX W OPHUEHTUPOBAHHBIX B
npoctpancTBe ['aycc-QuUabTpOB B COUCTAHUU C TIOMCKOM B PAa3HOMACIITAOHBIX BEPCHUSX HCXOTHOTO
n300paKeHUsl 3HAYMMBIX TOYEK WIJIM OJHOPOJTHBIX TO SIPKOCTH ObOiacTed, moJgOopoM mHapameTpoB
¢ubTpa, 00ECNEUYNBAIOIIMX HAUMEHBIIYI0 YYyBCTBUTENLHOCTH CKenera K myMmy. Cpemu 3THX
aNropuTMOB Hauboliee 3PQPEKTHUBEH alTOPUTM, B KOTOPOM BBIOOp MapaMeTpOB HU3KOYACTOTHOTO
(GuIbTpa OCHOBAH HA BBIYMCICHUH MUHHUMAJIBHOTO 3HAYCHUS METPUKH YYBCTBHUTEJIILHOCTH CKeJeTa K
urymy [1-4].

Ckener MOXeT (OPMHPOBATBHCS C MOMOIIBIO JIFOOOrO anropurMa OWHAPHON CKeJeTHU3aIUH.
Henocratku anroputMa [2] COCTOST B TOM, UTO: &) UCTIOJIb3yeMasi METPUKA UyBCTBUTEIBHOCTH CKEIeTa
K IIyMy HE YYHTHIBACT MCKaKEeHUs (HopM o0NacTeil CKeneTH3npyeMoro OMHAPHOTO M300paKEeHUs B
pe3yibTaTe HU3KOYacTOTHON (DMIIBTPAlUK CXOJHOTO TIOJTYTOHOBOTO H300pakeH sI; 0) HEe Ompe/iesIeHb
3HAYCHUS] OTHOIIEHHS «CUTHAI/IIYM» JUIS HCXOJHOTO MOJYTOHOBOTO H300paXKEHUsS MPH KOTOPBIX
MOJYTOHOBAsI CKEJETU3AIIMS MTO3BOJIICT YMEHBITUTD OMTUOKH (DOPMHUPOBAHUS CKEJICTOB 110 CPABHEHHUIO
¢ OMHaApHOH CKeJeTh3aIreH.

[enbro paboTHI SIBISIOTCS YMEHBIICHHUE OIMIMOOK CKEIETH3AIUH MOJYTOHOBBIX H300paKEHUH ¢
JIBYXMOJIOBBIM pacrpe/ielicHHeM SIPKOCTH B YCIOBHUSIX IIyMa WM OMpEJCICHUE 3HAYCHUI OTHOIICHUS
«curHA/mym» aisi 3()(QEeKTHBHOTO WCIONB30BaHUSl CKENETH3alMM Ha OCHOBE TPEIBAPUTEILHON
HU3KOYAaCTOTHOU (DHUITHTPAIIHH.

AJITOPHUTM CKeJIeTH3AMH MOJYyTOHOBBIX N300paskeHu i
HA OCHOBE aIallTUBHOM HU3K0YACTOTHOM (PUIbTPaLUH

CkeneTsl 4acTO WCHONB3YIOTCA B paclo3HaBaHWM 00Opa3oB W, IMOATOMY, IOJDKHBI OBITH
CTaOWJIBHBIMU TP M3MEHEHHM KOHTpacTa M JACUCTBHS LIyMa. DTH CBOWCTBA CKEJETOB HANpsIMYIO
3aBHUCAT OT KaueCTBa aJITOPUTMOB CKEJIETH3aLUH. B ycIOBUAX BBICOKOTO KOHTpAcTa U cJ1aboro mymMa Ha
MCXOZHOM TIOJlyTOHOBOM H300PayKEHUH IITUPOKO HCIIONIB3YIOTCS alTOPUTMBI OMHAPHON CKETIEeTH3AIHH.
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OHU OTHOCHTEIBFHO TIPOCTBI U MOTYT OBITh YCTOWYMBBI K MYJBTUIUIMKATUBHOMY IIIyMY,
MPOSIBIIIONIEMYCSI Ha TpaHuIax obiacteit mocne ounapuzarmu. OIHAKO, TPH CHIXKEHUH KOHTpPAcTa U
YCUJICHUU 3alIyMIICHHUS HCXOJHOTO IOJNYTOHOBOTO W300pa)KCHHUsI CKENeThl, (OPMHUpPYEMbIC TaKUMH
ITOPUTMaMH, Pa3pylIarOTCs MOJ JNSHCTBHEM QIIUTHBHOTO IyMa, MPOSBIISIONIETOCS B TIyOWHE
obracteli CKeIeTH3NPyeMOro OMHAPHOTO N300paKEHNSI.

JI1s CKeNeTH3aIMy TTOTyTOHOBBIX H300pakeHni | ¢ JBYXMOOBOIl THCTOrPAMMON SIPKOCTH B
YCIOBUSAX aTUTUBHOTO IITyMa MpeJiaracTcs alrOpUTM, OCHOBAaHHBIH HA aJJallTUBHBIX HU3KOYACTOTHOU
dunpTparin U OuHapu3anuu IS (GOPMUPOBAHMS  CKEJICTU3UPOBAHHOTO  HM300paKCHHS

S= ||§(y, X)”(y:o,T-l,x:o,T-l) C HCIOIB30BAHUEM CIIAKEHHOTO | = ||T(y, X)”(

3=Jo(y.0),

o nucnepcuu [aycc-¢punbrpa, OOeCIEUMBAIONIMM MHUHUMAIBHOE 3HA4eHHWE MOIU(DUIIMPOBAHHON
METPUKH TyBCTBUTEIHFHOCTH CKEJIeTa K IIyMY, YIUTHIBAIOIIEH NCKaXeHn GopM OMHAPHBIX oOnacTeit
CKEJIETU3UPYEeMOTO HM300paKeHHsT B pe3ysbTare HHU3KOYACTOTHOW (QUIBTpAllMd HCXOTHOTO
MOJTyTOHOBOTO M300PayKEHHSI U BEIUMCIISIEMOM C MTOMOIIIBIO BBIPAKEHUS

Y0¥ x0T u OuHapHOTO

OVLx0x) n3o6paxkennii . CyIIHOCTh JAHHOTO allrOpUTMa COCTOHT B BEIOOpE 3HAYCHHUS
y=0Y-1,x=0,X -

Y-1X-1

MS(B,B,S)=®zzms(a,5,y,x), )

y=0 x=
rac NS(MB) — q)yHKHI/ISI, Oornpeacidronas KOJIM4eCTBO CIUHUYHBIX 3JICMCHTOB B 6I/IHapHOI71 MaTpuie

Y-1X-1
Mg = ||mB (v, X)”(y:m,x:o,T—l) . Ng(Mgp)= ZZ mg(Y,X);  ms(Y,X) — HyBCTBHTENBHOCTB K

y=0 x=0
JIOKQJIbHBIM UCKaXXCHUAM CKEJIETaA, ONIPpEACIA€Mast C ITIOMOIIBIO BBIPAXKCHUA

Lmpu (Nes(y.%) > 2) v (5(y, x)@5(y.x)=1),

5 npu lezl:f)(er i x+1)=0|A(Ng(y,x) >1),

NS(B)—NS(B)‘

N (8)

0 B mpyrux ciyyasix;

mS(B’B’y’X): (2)

10, npu

>0,02 V(R(S);ﬁ R(s))

1 1
e R(B) H R(B) — KOJIMYECTBO 00JIacTeii Ha n300pakenusix B u B; NES(y,X)=9—ZZ§(y+ jox+i) -

j=1li=—1
KOJIMYECTBO IPAHUYHBIX IMUKCENEH 151 KKIOro MUKCENs CKEJIeTa.

ANTOPUTM COCTOUT U3 CIEAYIONIHX II1aroB.
1) Naunuanu3aiys 3HAYCHHN TMEPEMEHHBIX ajiropuTMa: aucrepcuu ( o=1 ); KoaudyecTBa

urepanuii (N =0); MaTpHIBl OMHAPHOTO M300paxeHus: B (B =fg (i))

2) Hauao 1MKJIa BBIYMCIICHHMS METPUKH YyBCTBHTENLHOCTH. DOPMHUPOBAHHE CIIIAKEHHOTO
uzo0pakenust | B  pe3yibTaTe CBEPTKH  HWCXOMHOTO  Hm300paxeHus | C  AIpoM
G(o) =||g(y,x,c5)|| _______ raycc-puabTpa, 3JI€MEHTBI KOTOPOTO ONPEIEISIOTCS ¢ TIOMOIIBIO

(y=-Ye Yo . x=—Xg,Xs)

BBIPA’XCHUA
- Y232

1 2
e 20 , 3
2nc° @)

npu Yy = —l—ZG—H—ZG—I, X= —|_26_|,’_26—|.

g(x,y,0)=

55



3) ®opMupoBaHKe THCTOTPAMMBI SIPKOCTH CTIIaKEHHOTO H300paKeHUSI I u oTpeJiesICHHE 10 Hel
nopora OuHapmszauun T, . PopmupoBanne OGHHapHOro H300paxeHHs B ¢ momompio amropurma
aJIalITHBHOM moporoBoii 06padoTku Otsu [4].

4) ®opMupOBaHUE N-TO CKEICTH3UPOBAHHOTO H300paXKEHUSI S(n) C TOMOIIBIO AIrOPUTMA
OounapHoii ckenernzauuu (Hanpumep OPTA [5] u ap.).

5) Boruncnenue n-ro 3nadeHus merpuku Mg(B,B,S,n) uyBcTBUTENBHOCTH CKeleTa K IIyMY C

UCIOJb30BaHUeM Bhipaxenus (1).

6) [Ipupaiienue 3HaYCHHUS AUCTIEPCUH: G =G +1.

7) [pupamienne cyeTynKa KOJIMYSCTBA UTepatuii: n=n+1.

8) IIpoBepka cueTurKa KOJIMYECTBA UTEPALMil Ha JOCTHKCHIE MAKCUMAITBHOTO 3HAYCHUSI, HATPUMED,
20 (3aBHUCHT OT JOCTYTHBIX BBIYUCIUTENBHBIX pecypcoB). Ecimm n < 20 nepexox Ha mar 2.

9) Ilonck MUHMMAIBHOTO 3HaueHUs M MCTPUKH YYBCTBUTCIBHOCTH CKEJICTA K IOyMy H

SMin

HOMEPA N

SMin UTEpaINH ans TaKOH METPHKH: Mgyin = MiIN ( M4(B,B,S, n)) ;

(Msyin =M (B.B.S.n)) = (N, =n) mp n=05.

10) 3aBepuienre anropurmMa 1 GOpMHPOBAHKE Pe3yiIbTaTa: S ( Nawin )

OIIeHKa 3(1)(l)eKTI/IBHOCTI/I AJITOPUTMOB CKEJIETU3AIMHA MMOJYTOHOBBIX nsoﬁpameﬂm‘i

st oueHky 3 PEeKTHBHOCTH aJIrOPUTMOB CKEJIETH3AaLUH HCIIOIb30BAHbI TECTOBBIE IIOJTYTOHOBBIE
n300paXeHNs1 C KOHTPOJMPYEMBIM KOHTPACTOM M YPOBHEM AaAJUTHBHOIO IIyMmMa, (hOpMHpyeMble
COIJIACHO CXeMe, IPUBEJECHHOH Ha puc. 1.

233 255

Bt It | Kackag |Ig / Ic m Ien /

Iayce-
(punbTpor

T

c +
Uusepcus 1 ‘De

OnpeneneHue
MaTtpuma Y xX MAKCHMAJIBHOTO
CITYUAiTHBIX UHCE] B SHATE HIS
Juanasone [0,50]

KpanroBanue

OnpejeneHue
MaKCHMAITBHOTO
3HAUCHH

Matpumna Y x X
CIIVUAIHBIX THCET B
auanasone [0.50]

Ch

Puc. 1. Cxema reHepaiiiil TECTOBBIX MTOJIyTOHOBBIX H300pakeHHUH! ¢ 3aJaHHBIM KOHTPACTOM U IITYMOM C
HCTIONb30BaHNEM OMHAPHBIX H300paKeHU

Ha Bxoj cxeMsbl mojaercsi TecToBoe OMHapHOe n3obpaxenue B :”bT(y’X)”(y-m %) Ha

OCHOBE KOTOPOro (hpOPMHpYETCSi TECTOBOE IOJIYyTOHOBOE M300paxkenue . :”iT(y’X)”(nyYi—l «051) c

IMOMOMLIBIO BBIPAKCHUSA

ir (v, x)=255b; (y,x)+Rand(0,50)b, (y,x), (4)

mpu Y=0,Y -1, x=0,X -1,

rae Rand (n, m) — ¢yHkuus, popmupyrommas cirydaifHoe 3HaueHHE B 33laHHOM JMala3oHe [n, m] .

W3o6paxenue |; mpoxomut wepes tpu [aycc-dunbrpa, B pesyiabrate uero (Gopmupyercs

I AT
pa3MbITOE TTOIYTOHOBOE n3o0paxenue lg =|lg (y, ) (y-07Lx-0%d) C IIOMOILIBIO BBIPayKEHUS
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is = fo (o (fo (i (v,%).0),0),0), (5)

rae fg ( Iy, G) — (hyHKIMSA cBepTKHU n300paxenus |, ¢ saapom ["aycc-GpunbTpa ¢ mapamMeTpoM G.
C nomomplo npeoOpa3oBaHUs THCTOrPAMMBbl SIPKOCTU CIJIAKEHHOIo u300paxkeHus |g ¢

K0>() PHIMEHTOM C, €(0;1) opmupyercst HHM3KOKOHTPACTHOE n300pakeHne

IR - :
c c (y, ) (y:O,Y —1,x:0,><—1) , SHAYCHUA MMUKCCIJICH KOTOPOT'O BHIYHCIIAIOTCA C IOMOIIBIO BBIPAKCHUS

ic(y,x):%+cH max (1), (6)

npu Yy=0,Y -1, x=0,X -1

B wuso0paxenue |. [00aBnsieTcss aiiUTHBHBIA TayCCOBCKHIl LIyM, B pe3yJbTaTte Yero
bopmupyercs 3alyMJIEHHOE HM3KOKOHTPACTHOE MOJyTOHOBOE N300paXkeHne
, 3HAYEHHS TUKCENIEH KOTOPOro BEIYUCISIOTCS C TIOMOIIBIO BHIPAKEHUS

ICN = "iCN (y’ X)"(y:O,Yi—l,x:o,xfl)
iCN(yyX)=ic(y,X)+AﬂRand(—l,l), )

mpu Y =0,Y -1, x=0,X -1,
rae A, — aMIUIMTY/a Iyma.

Ha ocnoBe wnzoOpaxenus |, (GopMupyeTcs HOPMHPOBAHHOE M KBAHTOBAHHOE TECTOBOE

n300paxeHue |, 3HaUeHHs MUKCENeH KOTOPOTro BHIYUCIIAIOTCS C IOMOIIBIO BHIPAKECHHUSI

. 255icy (Y, X)
(Y, X)=| —— (8
max (1)
ompu Y=0,Y -1, x=0,X -1,
rae [ | — cumBos omepauuu okpyrieHHs 10 GNMKaIIero LENoro.
Aroput™ C,=01 C,=0,2 C, =025 C, =0,35 0,45
OPTA '
ATF

W WS TN

ATFM

Puc. 2. CkenerusupoBanHble n300paxenus, nonydennsie npu 6 =1,0, A, =10
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Ha pric. 2 npuBeeHs KOMOMHHPOBAHHBIE M300pakenns (B+S ), chopmupoBanHbie B pesyisTare

CIIOXKEHHUsI OMHApHBIX M300pakeHWid B , mMoyydeHHBIX Mocie aJanTHBHOW MOPOroBOil 00pabOTKH, H

OUHAPHBIX CKENCTH3MPOBAHHEIX M300PAKEHHH S, MOTYdeHHBIX ¢ moMoIbio atropurmo OPTA, ATF
u npegnokenHoro ATFM. U3 puc. 1 cienyer, uro anroputm ATFM no3Bossier GopMUpPOBATh CKEIIETHI
OoJiee yCTOWYMBBIC K MIYMY (MMEIOT MEHBIIIE CTPYKTYPHBIX HCKakeHui) o cpaBHeHnIo ¢ OPTAu ATF.

Jns  TOMYTOHOBBIX M300pakeHMil ¢ pasnuyHbiMH  Kodpduimentom C,, MoaudHkanuu

TUCTOIPAMMBI, TIAPAMETPOM PA3MBITHEM G W aMIUIATYIOH A, IIyMa M pa3iIHdHbIX AIrOPUTMOB B TaOII.
1 mpuBeIeHBI 3HAUCHNS OTKIOHEHHS Eg OT 3TallOHHOTO CKeneTa MpH OTCYTCTBHH IIyMa, BEIYHCIISIEMBbIC
C TMOMOIIBIO Pa3HOCTH U300pAKEHHUI CKEIETOB S U S1 MPU OTCYTCTBHU M HAJTMYUH aJUTMTHBHOTO IyMa (
S=S wm S=S B3aBUCUMOCTH OT AITOPUTMA) B YCIIOBHUSIX 3a/IaHHOTO KOHTpACTa:

Y-1X-1 ~ Y-1X-1

E=Y s—s‘ 33s, 9)

y=0 x=0 y=0 x=0

mpu y=0,Y -1, x=0,X -1

B Tabn. 1 npuBeneHs! Takxke 3HaueHUs KoHTpacTa C,, Bapuanuu V,, aganTHBHOro nopora Tg,
OnpeseNnseMoro ¢ nomompko anropurma Otsu, munumansnoe |y, ¥ MakcumanbHoe |, 3HaueHus
NHKceNnel NoIyTOHOBOro H300paxkeHHs Oe3 IyMa U BpeMsl T, CKeJleTH3aluu. 3HaueHus Kourpacra C,

" Bapuanuu VI BBIYUCIIAIOTCA € IIOMOLIBIO BBIPAXKCHUS

C :J&Y_lx_l(i‘(y,x)—u(i)f, (10)

y=0 x=0
( 2
V, = 11
1 Y-1X-1
rac M( | ) — CPEAHCC 3HAYCHUC APKOCTH IMUKCeIen I H306pa)I(€HI/I$I |, ].l( | ) = szl (y, X),
y=0 x=0

D) (I ) — IUcrepcys 3HaUeHUH NUKcesen a1t n3oopaxenus .

Tab6n. 1. Ouenka nmoka3arteneid 3ppeKTUBHOCTH aJTOPUTMOB CKeJIeTH3ALUU

Cu Es C v, T, |1 | T, ©
OPTA | ATF | ATFM ' ' Bl ML YN TOPTA | ATF | ATEM
0,1 | 0,005 | 0,631 | 0,151 | 0,326 | 0,799 | 125 | 230 | 30 | 0,225 | 3,089 | 2,855
A, =10 0,2 | 0,010 | 0,613 | 0,154 | 0,244 | 0,566 | 141 | 204 | 55 | 0,211 | 2,903 | 2,827
T 0,25 | 0,106 | 0,695 | 0,318 | 0,203 | 0,459 | 151 | 191 | 68 | 0,212 | 2,962 | 2,870
=05 0,35 | 1,121 | 0,681 | 0,431 | 0,122 | 0,262 | 164 | 166 | 91 | 0,384 | 2,923 | 2,847

045 | 11,773 | 0,766 | 0,631 | 0,040 | 0,082 | 180 | 140 | 115 | 1,066 | 4,048 | 4,058
0,1 0,246 | 0,582 | 0,574 | 0,326 | 0,798 | 119 | 230 | 32 | 0,289 | 3,765 | 3,669

A, =20 0,2 0,968 0,713 | 0,441 | 0,244 | 0567 | 119 | 204 | 55 | 0,443 | 3,848 | 3,741
T 0,25 | 1,648 0,812 | 0,554 | 0,203 | 0,459 | 128 | 191 | 67 | 0,426 | 3,880 | 3,893
c=05 0,35 | 5,249 0,649 | 0,585 | 0,122 | 0,263 | 134 | 166 | 91 | 0,972 | 5119 | 5,061

045 | 15727 | 0,645 | 0,413 | 0,040 | 0,082 | 156 | 140 | 116 | 0,493 | 3,502 | 3,821
0,1 1,074 0,635 | 0,35 | 0,313 | 0,766 | 128 | 230 | 38 | 0,373 | 3,861 | 3,767
0,2 1,017 0,713 | 0,151 | 0,234 | 0,543 | 143 | 204 | 61 | 0,395 | 3,898 | 3,790
An =10 025 | 1,342 0,663 | 0,156 | 0,195 | 0,441 | 146 | 191 | 72 | 0,389 | 3,866 | 3,785

c=1 0,35 | 2,207 0,617 | 0,597 | 0,117 | 0,252 | 164 | 166 | 94 | 0,501 | 3,967 | 4,036
0,45 | 12,663 | 0,713 | 0,587 | 0,039 | 0,079 | 182 | 140 | 116 | 0,995 | 4,497 | 4,812
0,1 1,756 0,699 | 0,654 | 0,313 | 0,767 | 109 | 230 | 38 | 0,489 | 4,008 | 4,063
A, =20 0,2 2,305 0,064 | 0,515 | 0,234 | 0,543 | 115 | 204 | 58 | 0,538 | 3,962 | 4,142

i 0,25 | 2,833 0,663 | 0,679 | 0,195 | 0,441 | 123 | 191 | 71 | 0,583 | 4,111 | 4,254

o=1 0,35 | 6,049 0,667 | 0,649 | 0,117 | 0,251 | 141 | 166 | 94 | 0,971 | 5893 | 6,347
0,45 | 15372 | 0,738 | 0,859 | 0,039 | 0,079 | 148 | 140 | 116 | 0,406 | 3,745 | 4,103
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JUist HOJTyTOHOBBIX M300pakeHHil ¢ pe3kuMmu nepenagamu sipkoctu (mpu A =20) anroputm
ATFM mno3BossieT: a) MOBBICUTh YCTOWYHMBOCTD CKENIETOB K IyMy B cpaBHeHHH ¢ anroputMoM OPTA,;
0) npu Hu3koM yposae nryma ( A, =10) 1 HI3KOM KOHTpacTe MOBBICUTh YCTOWYMBOCTB CKEJIETOB K IIIyMy
B cpaBHeHnH ¢ anroputmMoM ATF; B) npu BeicokoM ypose tuyma ( A, = 20) coxpaHuth ycTOHYHBOCTH

CKENIETOB K IIymMy B cpaBHeHuu c anroputMoM ATF. Ilpeanoxenssii anroputMm ATFM wumeer
OJIMHAKOBYIO CKOPOCTH CKeJeTH3aryu ¢ anroputMom ATF.
Jns anropurmoB OPTA [5] u ZS [6] mpoaHanu3upoBaHbl 3aBHCHMOCTU OTKJIOHEHHsA Eg oT

OTHOIICHHA RSN «curHan/ OIrym», BBIYUCIIAEMOI'0 C ITIOMOIBIO BBIPAXKCHU

AN

1 Y-1X-

22 (i)~ )
Ron = i = XE)ST(NHT) (12)

Ilpu 6=0,5, 0,17 >V, >0,16 anropurm ATFM 1103B0JI€T YMEHBIIUTh OTKIOHEHHS CKEIIETAa OT

sTanoHa npu Ry, =2 npumeprHo B 3,6 paza B cpaBHeHun ¢ anroputMom OPTA (mpu mpourpsiie
anmroputmy ATF ma ocHoBe OPTA B 1,2 pasza) m B 2,1 paza B cpaBHEeHHH C anTroOpuTMoM ZS (Tipu
BBIMI'PBILIE IO CpaBHEHUIO ¢ anroputMoM ATF Ha ocHoBe ZS B 1,03 pasa) u npu Ry, =1 npumepHo B
19,4 B cpaBuennu ¢ anroputMom OPTA (Tipu BeIATpHIIIE 11O cpaBHEHUIO ¢ anroputMoM ATF Ha ocHOBe
OPTA B 1,2 pa3a) u B 12,5 pa3a B cpaBHEHUH C alrOpUTMOM ZS.

IIpu 6=10, V, 0,65, Ry, =5 anmropurm ATFM 1no3BoseT yMEHBIINTh OTKIOHCHHE CKeJleTa

OT 3TaJIoHa puMepHo B 5,2, 2,8, 1,6 u 1,03 pa3 B cpaBaenun ¢ anroputmamu OPTA, ATF Ha ocHoBe
OPTA, ZS u ATF na ocHoBe ZS cootserctBerHo. [Ipu 6=1,0, V, =0,164 anroputm ATFM no3somser

YMEHBLINTL OTKJIOHEHHE CKeJeTa OT sTanoHa mpu Ry, =2 mpumepno B 4,8, 1,0, 2,7 n 1,1 pa3s B

cpaBHeHuu ¢ anroputmamu OPTA, ATF Ha ocHoBe OPTA, ZS u ATF Ha ocHOBe ZS COOTBETCTBEHHO U
npu Ry, =1 npumepno B 16,7, 1,0, 11,3 n 1,06 pa3 B cpaBaennu ¢ anroputmamu OPTA, ATF na ocHoBe

OPTA, ZS u ATF Ha ocHoBe ZS COOTBETCTBEHHO.

3akiIouyenne

[Ipemnoxena MOJIENb CKEIETU3AIINH ITOJTyTOHOBBIX N300pakeHNH, OCHOBaHHAs Ha JIBYXMOJIOBOM
TUCTOTpaMME  SpPKOCTH W YUYUTHIBAIOIIAS  BIUSIHUE  SPKOCTHO-KOHTPACTHBIX  MapaMEeTpOB,
MYJIbTUIJIMKATUBHOW W aJJIMTUBHON COCTABJISIIOIIMX IIyMa Ha KayeCTBO CKEJIETU3WPOBAHHOIO
n300pakeHnii. Mozens TO3BOJISET ONPENENUTh YCI0BUS 3 (EKTUBHON CKEIEeTU3AINH IOy TOHOBBIX
M300paKeHUH TPH KOTOPBIX HCKaXEHHs] OOYCIOBIIEHBI BIHMSHAEM TOJIBKO MYJBTHUIUTMKATHBHOMN
COCTABJISIIONICH WM KOMOWHAIMEH MyNIbTUIUIMKATHBHOM W AQJJWTHBHONW COCTABJISIIONINX IIyMa.
Pa3zpaboTaH anroputm CKeIETHU3alUU TOJYTOHOBBIX W300pakKeHWH OCHOBAHHBIM HA IMPEIJIOKESHHON
MOJIETIM ¥ aJaliTUBHOW HWU3KOYACTOTHOW (DMIBTpAIVH, OTIWYAIOIIMNCS OT HM3BECTHBIX alTOPHUTMOB
y4eTOM HCKaKEeHHH (opMm o0jacTedl CKEeIeTHU3UPYeMOro OWHAPHOTO H300paKEHUS B YCIOBHSIX
anauTHBHOTO ImymMa. OmpeneneHsl YCIOBHS BIUSHUS KOHTPACTHO-IPKOCTHBIX IapaMeTpoB
M300pakeHN Ha Ka4eCTBO CKEJIETH3AIINY.

SKELETING OF LOW-CONTRAST NOISY HALFTONE IMAGES

JMA, A.A. BORISKEVICH

Abstract. To increase the stability of the skeletons of halftone images with a two-mode brightness
histogram to noise, the article proposes a skeletonization model that considers the presence of
multiplicative and additive noise components in a binary skeletonized image. Considering this
model, a skeletonization algorithm has been developed, which considers the distortions in the shapes
of the areas of the skeletonized binary image as a result low frequency filtering of the original
halftone image and allows reducing errors in the skeletonization of halftone images.
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Keywords: skeletonization of halftone images, multiplicative noise, additive noise, sensitivity of the
skeleton to noise.
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Abstract. Internet of Medical Things (IoMT) technologies increase the operational productivity and
efficiency of healthcare organizations by optimizing clinical, information and operational processes.
An overview of the use of IT development directions in remote diagnostics is given. For the
development of 10T diagnostics (IoTD), an analysis was carried out in three directions: the iris,
changes in voice characteristics, indicators of smart gadgets. The use of artificial intelligence
technology and machine learning for IT diagnostics is considered. The structure of the 1oTD patient
diagnostic network is discussed.

Keywords: 10TD network concept, IT patient diagnostics iris, voice, smart gadget.

Introduction

The Internet of Medical Things (IloMT) is an Internet of Things network that includes medical
devices (sensors), communicators, a server, software applications, and healthcare services. The
interaction between sensors (devices) and the server allows healthcare organizations to optimize their
clinical operations and workflow management, as well as improve patient care from remote locations
[1, 2]. The main advantages of loMT [1, 3]:

—rapid diagnosis: monitoring devices with intravenous infusion support constantly monitor the
condition of patients, help diagnose diseases or health problems at an early stage;

— cost reduction: with the help of loMT, the patient can receive high-quality medical consultations
in real time without visiting doctors and hospitalization;

— improving access to health care in remote areas: villages and cities in some countries do not
have sufficient access to modern medical services;

— reducing the number of manual errors: the data collected by connected medical devices does
not allow errors, which improves the overall quality of diagnostics.

— improvement of medical care: since doctors can constantly monitor patients with medical
devices based on intravenous infusion, there are more opportunities for specialized and individual
treatment;

— effective management of medical equipment and medicines;

— detection of side effects of drugs in the early stages;

—medical insurance companies can use the data collected using connected medical devices to
process claims, which ensures full transparency of their consideration.

The use of the Internet of Things (10T) in healthcare makes it possible to move to a new level of
disease diagnosis, treatment accuracy and monitoring of patients' health using micro- and nanodetectors
and other «smart devices». Remote monitoring reduces the risks of unscheduled hospitalization and
reduces the burden on hospitals, and the interaction between doctors and patients online is simplified.

Next, we will consider individual areas of medical diagnostics for building 10T diagnostics
(loTD).
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IT gadget diagnostics

In 2008, a storm of «smart medical care» was set off around the world, and smart devices such as
smart bracelets and smart robots began to emerge in public medical places such as hospitals [4].
Nowadays, medium-sized and large-scale hospitals and other public medical places have begun to
upgrade and transform their medical systems intelligently, and apply advanced medical equipment [5]
to the medical field of helping patients, which greatly improves the work efficiency of medical staff,
saving a lot of manpower and material resources. Therefore, under the background that hospitals and
other public medical places have been in the traditional working mode for a long time, and wearable
devices are developing rapidly in the medical industry, this project researches and designs a patient data
collection platform based on smart bracelets. The research value of this topic lies in that the smart
bracelet can collect a variety of vital sign signals and apply them to patients in hospitals and other public
health medical places. Its main significance and value are as follows:

1. The smart bracelet terminal hardware performs long-term, 2-hour uninterrupted real-time
tracking and medical monitoring of vital sign signals of patients, and collects comprehensive and
specific medical data of patients, so as to quickly find the cause, realize disease prevention and early
medical treatment Favorable convenience is provided.

2. Integrate patients' data in the cloud, build medical servers and improve telemedicine-related
hardware equipment, and carry out telemedicine treatment-related activities with tertiary hospitals and
their medical experts and attending physicians. Realize the function from manual early warning to
automatic early warning when the patient has an emergency. At this time, the system immediately feeds
back the current status information of the patient to the medical experts and attending physicians, so as
to realize the prevention of the disease and the high efficiency of medical treatment. The life, health and
safety of seriously ill patients opens a green and intelligent acceleration channel to prolong the life cycle
of patients.

3. When the patient is admitted to the hospital, the smart bracelet is distributed to the patient.
When the patient is discharged, it is recycled, cleaned, disinfected and reused. It can be reused many
times, reducing medical costs and avoiding the waste of medical resources. Therefore, it is very
meaningful to research and design a patient data collection platform based on smart bracelets.

IT iris diagnostics

Modern iris medicine began at the end of the 18th century, and was first developed in Europe and
North America. In modern iris medicine, the accuracy of the atlas is high, and it is widely used in the
world. It has been recognized by iris doctors all over the world. The International Iridologist
Practitioners Association, or IPA for short, is the largest international iris medicine organization in the
world, which takes promoting and continuously improving the research and development of iris
medicine as its mission. The development and application of iris medicine in developed countries have
been widely recognized in recent years. Iris diagnostics is an effective means of preventive medicine.
Through the detection of 800000 patients in Russia, it was found that the detection rate of iris medicine
for diseases was as high as 85 % [6].

In recent years, iris medicine and iris diagnosis and treatment have been developing in various
countries. Iris medicine (iris medicine, iridology, iris diagnostics, etc.), based on morphology, observes,
predicts and infers the overall physique of the human body, the reality of the overall health, the
occurrence and recovery of diseases by studying the morphological changes of the iris of the human
eye, such as changes in color, color spots, structure, and pupil. It is a scientific and practical technology
that reflects the genetic constitution of the human body and the defects of various organ systems, it is
also a complete medical system including examination (detection), diagnosis (judgment and evaluation)
and treatment (conditioning). The 10T for human health diagnosis based on iris data can provide more
detailed and accurate diagnosis for iris medicine.

The purpose of first step is to detect the features corresponding to the established features in the
reference image in the image to be registered. To this end, we will use various descriptors and similarity
measures in the spatial domain composed of these features. Our second task is to find the correspondence
of some feature points between two images. Since the transformation of iris texture is non rigid and
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extremely irregular, which increases the difficulty of finding corresponding point pairs, here we use the
method of Local jet model plus LBPs (local invariant binary patterns).

IT voice diagnostics

One application of 10T in healthcare is the use of speech analytics to diagnose human lung
diseases. The Internet of Things (loT) network for diagnosing human lung disease through speech
analytics is an innovative approach to healthcare that uses I0T technology to collect and analyze patient
data remotely. Once voice data is collected, machine learning algorithms can be used to analyze voice
patterns and identify potential indicators of lung disease. For example, changes in pitch, tone and
frequency can be used to detect the presence of lung diseases such as asthma, chronic obstructive
pulmonary disease (COPD) and pneumonia. This approach works by using loT-enabled devices, such
as smartphones or wearables, where patients can record their voices and transmit the data to a central
database for analysis. Machine learning algorithms can then be used to analyze voice patterns and
identify potential indicators of lung disease. This approach enables remote monitoring of patients and
eliminates the need for frequent in-person visits by healthcare providers. In addition to improving patient
outcomes, an 10T network for diagnosing lung disease through speech analytics can reduce healthcare
costs by minimizing the need for costly diagnostic tests and reducing hospital readmission rates.

However, there are some challenges with this approach. Including data accuracy, privacy and
security issues, one issue is the potential for inaccurate or incomplete data. For example, if a patient
does not speak clearly or has background noise, this may affect the accuracy of the diagnosis. Another
issue is privacy and security. The collection of patient voice data raises concerns about data privacy and
security. It is important to ensure the confidentiality and security of patient data and to take appropriate
measures to prevent data leakage.

The proposed system is designed to make classifications and detect cough sounds [7]. There are
four main stages after selecting the sound classification dataset. The first stage is extracting the features
from audio files such as the MFFCs, chromagram, Mel-spectrogram, spectral contrast, and tonal centroid
features. The second stage is labeling, it categorized the sound samples into cough and non-cough, then
fed the inputs into a neural network. It reached the training stage and record the results until reached the
optimal parameters according to the best results (changing epochs number, learning rate, etc.). The final
stage, after generating the model, several tests were being applied on recorded sounds from volunteers.

Machine learning in IT patient diagnostics

The application of machine learning techniques in medical diagnostic analysis is becoming
increasingly important. It works by building a model based on known information, and then using the
model and related data to detect whether a patient has a specific condition or disease.

Machine learning techniques in diagnostic medical imaging hold great promise for detecting
pathologies in images and identifying diseases present in images. It can effectively detect cancer brain
damage, heart disease and other conditions, which require high-quality medical images to provide
effective reference. In addition, it can detect earlier conditions, thereby helping to judge clinically earlier
disease [8].

Functional imaging can help doctors accurately understand the pathological changes of patients
and better judge the patient's condition. Machine learning technology can identify the characteristics of
each patient and can provide effective tips for doctors, so that they can better judge the patient's disease.

The use of machine learning technology for medical diagnosis and analysis will bring more
convenience to doctors, enabling faster and more accurate diagnosis of diseases, optimizing medical
treatment experience, reducing possible diagnostic errors of doctors, thereby improving the efficiency
and level of medical treatment, and better Ensure the health and safety of patients.

Structure of 1oTD network

The structure of 10T diagnostics of patient (IoTD) network consists of the following components:
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1. 10T devices are the physical devices that collect and transmit data. In the 10T diagnostics (10TD)
network, 10T devices can include smart phone, wearable devices, or other devices that can capture and
transmit data.

2. Sensors are used to collect data about the patient's environment, such as temperature, humidity,
and air quality. This information can be used to provide context for the data and improve the accuracy
of the diagnosis.

3. Cloud or edge computing is used to process and analyze the data collected by the 10T devices.
In the process of disease diagnosis, machine learning algorithms can be used to analyze disease
characteristics and identify potential indicators of disease.

4. Data storage is used to store the disease data and other relevant information about the patient,
such as medical history and demographic information. This information can be used to provide
personalized care and improve the accuracy of the diagnosis.

5. User interface is used to provide healthcare providers with access to the patient data and
diagnostic results. This can be a web-based interface or a mobile application.

6. Security and privacy measures are used to protect patient data and ensure that it is kept
confidential and secure. This can include encryption, access controls, and other measures to prevent data
breaches.

Overall, the Internet of Things Diagnostic (IoTD) network is structured to collect and analyze
data from multiple sources to provide accurate diagnosis and personalized care to patients. In the loT
structure proposed by the author for the diagnosis of patients, data will be collected from patients'
smartphones or from smart gadgets. These will be photos of the iris, the results of voice tests, parameters
from gadgets (pulse rate, blood pressure, body temperature, etc.). The collected data will be transmitted
to the 10T server for recording in the database, preliminary analysis, making decisions about the health
of patients. The server will include deep neural networks trained on data sets of patients with certain
diseases (by iris, voice markers, etc.). The results of the analysis will be sent to the smartphones of the
attending doctors.

The application of machine learning techniques in medical diagnostic analysis is becoming
increasingly important. It works by building a model based on known information, and then using the
model and related data to detect whether a patient has a specific condition or disease.

Conclusion

The concept is given and the advantages of using loT technologies in medicine are described, as
well as the directions of loT diagnostics development. To develop of IoT diagnostics approaches, an
analysis of three directions was carried out: on the iris, indicators of smart gadgets, changes in voice
characteristics. The use of artificial intelligence and machine learning technologies for the diagnosis of
patients is discussed. The author's structure the lIoT network for patient distance diagnostics is
considered.
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Abstract. This article introduces the basic component of Automatic Distress Bracelet, as well as its
functions, application scenarios. This device implements that when the user parameters are
abnormal, the user address will be automatically sent to the user's home through SMS.

Keywords: microcomputer, 0T, automatic system.

Introduction

Every family has elderly people. Due to the decline of the body's physiological functions, elderly
people prone to accidents and even life-threatening. It is conducive to better to build an elderly-friendly
society that inform their families and ask passers-by for help in time, when the elderly is in danger.

This year, the concept of ensuring the safety of the elderly has become a social consensus. But
products that can help to ensure the safety of the elderly have not gained popularity. Single-chip
microcomputer can use to processing complex human body signals and has the advantages of low energy
consumption and small size. Therefore, this is very suitable for achieving goals. What's more, different
people have different physical indicators. It is the reason why it will always send the wrong distress
signal if using the same value to define normal. Use the server and database to define the normal
parameters of different users by process the parameters in the bracelet is one of the solutions.

This subject based in STC89C52 as processor and supplemented by several modules for example
SKB360, GSM and Thermometer. When user's parameters are abnormal, it will get location information
via satellite and send the location to the user's family.

Positioning system section

In this section, it is necessary to obtain the location information and send the obtained data to the
specified mobile phone number.
The main parts of this system are shown in Figure 1.

Power module

Switch module
89C52 » GSM
Positioning
module

Figure 1. Block diagram of positioning system

The reason of why STC89C52 microcontroller is used, as the core is STC89S52 is a low-power,
high-performance CMOSB8-bit microcontroller with 8K in-system programmable Flash memory.

65



The microcontroller has low power consumption, rich interfaces, and low cost, which can fully meet the
requirements of this design.

First of all, the normal operation of the STC89C52 is inseparable from the SCM minimum system,
which consists of an STC89C52 and three parts: reset circuit, clocking circuit and power supply circuit.
We can easily find the relevant circuit online. Figure 2 shows one of these.

power supply circuit
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circuit
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ol
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28
27
‘5|26
(25
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22
21

—2HP3.6/WR P2.4
P3.7/RD P2.3
XTAL2 P2.2
XTAL1 P2.1
GND P2.0

clocking circuit GRD
Figure 2. Example of a SCM minimum system

Then, a positioning device should be used to determine the location. NEO-6M GPS is a very
popular, cost-effective and high-performance GPS module with a ceramic SMD antenna, an on-board
memory chip, and a backup battery, which can be easily integrated with various microcontrollers [1].

When using this module, we do not need to have a clear understanding of the internals. The
diagram of the equivalent interface of NEO-6M GPS is shown in Figure 3.

vCC
GPS NEO 6M MODULE

vee]
GND
TXD
RXD

PPS

ko b

P3.0

GPS
NEO6M

=+
GRD

Figure 3. Diagram of the equivalent interface

After the navigation system is encapsulated as shown in the Figure 3, only consider five pins. By
connecting TXD to the RXD of the microcontroller, positioning information can be obtained by using
command like $GPRMC.

The sending function of information is implemented by the GSM module. The GSM module has
all the basic functions for communication based on GSM network. In other words, simply put the GSM
module plus the keyboard, display and battery is a mobile phone.

SIMB800A is a GSM/GPRS module from SIMCOM, which size is 24x24x3mm and can be applied
to various compact product design needs. The module's high sensitivity, low power consumption and
lightweight size make it suitable for automotive, handheld devices such as PDAs, vehicle surveillance,
mobile phones, cameras and other mobile positioning system applications. Therefore, it is fully meet the
requirements of this design [2—4].

Similarly, the SIM800A module has is encapsulated by using SMT. It can simply be thought of
as a module with only four pins. The diagram of the equivalent interface of SIMB0OA is shown in
Figure 4.

VCC
GSM Module

2

1
14
TXDr2 P3.1

—
GND
Figure 4. Diagram of the GSM Module
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Of course, after successfully connecting the SIM8B00A module and the microcontroller, a SIM
card is also required to use the network provided by the operator to operate.

Switching system section

This section is used to decide whether to send user's address via SMS. In other words, it is the
Switching module of Positioning system. Here will use a thermometer as an example to illustrate the
composition of this system.

First of all, it is necessary to discuss the usefulness of uploading data to the cloud. The data is
saved to better monitor the state of the body, which is very helpful in predicting and preventing certain
diseases. Moreover, the system should have a certain learning ability that adjust the standards according
to the user’s situation.

The size of the bracelet determines that it cannot store a lot of data. And, the bracelet is not a good
user-friendly interface. Therefore, it is necessary to use the cloud. The main parts of Switching system
are shown in Figure 5.

Power module

|

Thermometer —» 89C52 € Transmlssmnﬁ »  cloud
module

Figure 5. Block diagram of switching system

There are two main ways to transmit and save the data collected by smart bracelets.

The first is to connect the bracelet to the network by WIFI. The ESP8266 module can be used to
achieve this effect. This method requires additional steps to identify the user of these bracelets. However,
it no additional action is required after successful identification.

The second is to connect with bracelet and phone by Bluetooth. This method requires Occasional
manual manipulation. However, this design is simpler and the supporting mobile phone software can
provide users with a more beautiful interface. It is a convenient method to logotype user that user only
need to log in to the client and connect the bracelet via Bluetooth on his phone.

Finally, learning is the process of grasping patterns in data and improving oneself or making
predictions. By identifying a large number of parameters and summarizing the characteristics through
algorithms, the system can achieve the purpose of parameter adjustment. [5] Of course, there may be an
alarm when the parameters are normal in the early stage. Therefore, there must be a design to cancel the
alarm.

Conclusion

The complete bracelet system consists of a hardware system and a software system. This report
focuses on the design of hardware systems. Because the whole program is more complex, and the
amount of calculation is large, and more floating-point number calculations are used, it is recommended
to use C language for the writing of the program for easy reading.
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IMPOT'PAMMHAS MOJIEJIb JIBUKEHUSA Y3J10B CAMOOPTAHU3YIOIIENCS
CETHU B TPEXMEPHOM ITPOCTPAHCTBE

T.B. IIOJIVH, C.H. KACAHUH

Benopycckuii cocyoapcmeennblii ynusepcumem ungopmamuxu u paouodiekmponuku, Pecnybnuxa Benapyce

Hocmynuna 6 peoaxyuro 20 mapma 2023

Annoranus. BecrpoBomubie MoOMIbHBIE camoopranusywpommecs cetd (MCOC) cocrositr w3
JUHAMUYECKHUX Y3JIOB, MMEIOIIHUX BBICOKYIO CKOPOCTh IBIKeHHA. Ilo cpaBHeHHS ¢ ApyruMu
cymecTByromuMH Bugamu cetell cBs3u, B MCOC Bo3HHKaeT OOIbIIe BCErO0 MPOOIEM IpH
OpTaHM3aIK MapHIPYTH3AINH, TaK KaK BBUAY BBICOKOH CKOPOCTH IBHXKEHUS y3JIOB 3HAUNUTEIHHO
YCIOXKHSETCS 3a/1a4a Ka4eCTBEHHOH OCTaBKH NepeIaBacMbIX ITAKETHBIX AaHHBIX. [lo KauecTBOM
MOApa3yMeBaeTCs IIEJIOCTHOCTh JOCTaBJICHHBIX ITAKETOB M MHUHHMMH3ALUS 3ajepkek. B crarbe
ONMUCHIBAaETCA pPa3pabOTaHHAs MPOTpaMMHas MOJENb IBIDKCHUS Y3JIOB, yUHTBHIBAIOIIAS OICHKY
BPEMEHHU OOCITY>KUBAHMUS KaHAJIOB 10 PACCTOSHHIO, OTHOCUTEIBHYIO CKOPOCTh M YCKOPEHNE MEXIY
y3JlaMH, HEOOXOJUMBIC Ul ONTHMH3ALUK MOCTPOSHHS TPAHCIOPTHBIX TAOJIHMI M TOBBIIICHHUS
Ka4yecTBa CBS3H.

Kniouegvie cnosa: MOOUNBHBIE CAMOOPraHU3YIOIIUECS CETH, MapIIpyTH3alHs, IPOrpaMMHas
MO/I€JIb, CKOPOCTb, KAUECTBO CBSI3HU, TAKETHBIC JTaHHBIE.

BBeaenne

B cBs3u ¢ TeHmeHIMeN K pa3BUTHIO TEXHOJOTHI HEMWIOTHPYEMBIX JIETAaTENIbHBIX amlapaToB
YBEITMUMBACTCS KOJIMYECTBO OCCIWIOTHOM TEXHUKH KaK TPaXJAHCKOTO, TaK W CIHENUAILHOTO
Ha3zHaueHHs. OObIYHO Ha3eMHbIE CTAHLUH, JIETAIOIINE y3JIbl M CITyTHUKH COCTOST U3 TPEXCIOWHOMN CETH.
Jletaromue y3Ibl CeTH 3aHMMAIOT CPEIHUI CIIOW TaKOH CEeTH, CBA3b C TJIO00AIBHOW MayTHHOMN
OCYIIIECTBIISIETCS Yepe3 KaHabl CBS3M C Ha3eMHBIMH cTaHIsAMH. OJHAaKo, B Cllyyae BBIXOJa y3ja U3
30HBI JCWCTBHMS HAa3eMHOM CTaHIMHM, Iepelavya MaKeTHBIX AaHHBIX OyJeT OCYILECTBISTHCA dYepe3
CIIyTHUK, 4TO TpeOyeT OOJNBIIMX 3aTpaT U BBICOKOH 3amepkku (okomo 250 Mc). AnbTepHaTHBOMR
JAHHOMY CII0CO0Y CBSI3M SIBJISIETCS] HCTIOIB30BaHME B KAYECTBE OTIPABUTEINS U MOTy4aTelsi COOOIIESHHIH
CaMHX CETEBBIX Y3JI0B, TAKUM 00pa3oM, y3IIbl OYIIyT SIBISATHCS U pETPAHCISITOpaMH 115t GopMupoBaHus
CaMOOPTAaHU3YIOIIEHCS CEeTH EPECHUIKM JaHHBIX C HECKOJIBKUMU IlepexoamMu. Takum 00pa3oM, aHaIU3
MapIIpyTU3alud B MOOWIBHBIX camoopranusyrommxcs cetax (MCOC) sBisiercss akTyalbHOH |
HE0OXOAMMON TEMATHKON COBPEMEHHBIX MCCIICIOBAHIA.

MHorue wuccnenoBaHusi OBbIIM TOCBSIIEHBI MPOTOKOJIAM M aJITOPHUTMaM MapIIpyTH3ALUH
BbicokoanHaMuuHbIX MCOC. B [1] npencraBieH METOI OUEHKU HaJIeKHOCTH KaHajla, yUYUThIBAIOLIUN
BO3MOJKHOE BpeMsI 00CTyKMBaHHA KaHalla M HEMpPeACcKa3yeMoCTh Tononorndecknx nsmenennii MCOC.
PeakTuBHBII POTOKON MapIIpyTH3aLMK Ha ocHOBe MecTonooxkeHuss MUDOR, npezasnosxeHHslit B [2],
UCIIOJIB3YET JIOIUICPOBCKHI CIBUT, KOTOPBIM IpeACTaBiIsieT coOOM OTHOCHUTEIbHYIO CKOPOCTH,
YKa3bIBAIOMIYI0, HACKOJIBKO OBICTPO Y3IBI MEpEeMEeNaoTcs OJIM3KO WM JalleKo ApYr OT Apyra, st
OIIeHKW cTabWIIbHOCTH KaHana. B [3] mogenupyercs cuctema ¢ reorpaduueckoll MapipyTu3ainiei B
paMKax HECKOJBbKMX MoOJiesied MOOMIBHOCTH M TPEACTaBICHBI [BE CXEMBI MPOTHO3UPOBAHUS
MobOmibHOCTH (IIM), yuYWTHIBAIONmIWE aHANW3 BIMSHUS OIMMOOK OIMPEICIICHUS MECTOIIOIOKEHHS,
BBI3BAaHHBIX JBM)KCHHEM y3ia. EIe onnH M3 paccMaTprUBaeMbIX MOAXOJO0B [4] OMHCHIBAET CXEMBI
MOOHJIBHOCTH C YYETOM HOTEPh MHOTOY3JIOBBIX peTpaHciaTopoB (MYP) u mapmpyTuzanuu B ciydae
BBICOKOM JAMHaMUKH y310B. IIpn nporHo3npoBaHny BBIXOAA 3a MpeAeNsl Auana3oHa nepegadn MYP
WJIN CIICIYIOIIETO TIepexo/ia y3el mepecunThiBaeT Habop MY P wim tabnuiry MapiipyTos.
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Bce ynoMsiHyTEIE BBIIIE MPOTOKOJIBI MAPIIPYTU3AIUH YIIYYIIAIOT pou3BoautebHocts MCOC,
BBIOMpas B Ka4ueCTBEe MapIIPyTOB OoJiee CTa0MIIbHBIE KaHATBI CBsI3U. OTHAKO OCHOBHOE MPEATION0KEHNE
ATHUX YIYYIICHUHA 3aKII0YAETCS B TOM, YTO CKOPOCTH y3JIOB ITOCTOSTHHA, XOTSI OHa OBICTPO MEHSETCS B
BBICOKOJMHAMUYHBIX CLIEHAPHUSX.

Lenpio paboThI sBisIETCS OmpeaenieHre TpeOOBaHMA K CTPYKTYpPE W OCHOBHBIX JJIEMEHTOB
MIPOTPaMMHON MOJIENH ABMKEHHUS Y3II0B MOOMIIEHOM CaMOOPTaHU3YIOIIEH CEeTH.

CereBast MOJI€JID

CereBast MOJIeNb SIBISAETCS OCHOBOW AJIST pa3paOOTKX MPOTPAMMHOM MOJICNIN JABHKCHUS Y3JIOB.
PaccmarpuBaercst (pm3nueckuii ypoBeHb CETEBOW MOETH, Ha KOTOPOM padOTalOT MOOWIIBHBIE Y3IIBL
CeTb comepXuT N y310B, 0003Ha4YeHHbIe Kak MHOKecTBO N. J[Ba y31a cetn 0003Ha4eHbI Kak @ u b.
Korga nBa y3na HaXoAATCs B YCIOBHAX PaAHOBHIMMOCTH, CYHIECTBYIOT JIMHHS CBS3M MEXIY STHMH

yanamu | . Ha6op noctynueix munuii cBsisu B cetn o603naqaet kak L. Ecnu cymectsyer muans |,
npuHauIeKamas K L, yzen b siBisiercss coceJHUM ¢ y37I0M &, MHOXKECTBO 0003Hauyaercs kak N ; Tax
XKe, eCu cymiecTByet nunus |y, mpunagiexamas k L, B To Bpems kak |, we mpumagmexur k N;,

MOJXKHO CKa3aTh, 4To 0 sSBISETCS OAHUM M3 IBYX COCE/ICH y3ia @, KOTOPbIi 0003Ha4YeH KaK Naz.

JanpHelimas pa3paboTka IPOBOAUTCS, OCHOBBIBASICh HA CIEAYIOIIUX IIPEATIONIOKCHHUAX:
1. Kaxnplit y3€JI UMEET OJIMHAKOBYIO MOILIHOCTD MEPEIauu U paanycC ICUCTBUA.

2. Bce kaHaJIBI CBSI3U B MOJIEJIN CETH OAHOPOIHBI.

3. Bce y311b1 B ceT ceayoT OJHON M TOH YK€ MOJIETN IBHKEHIISL.

4. Y37Bl ABKYTCS HE3aBUCUMO JPYT OT JpyTa.

Mopeanb ABHKEeHHUA

Ha TouHOCTH MTPOTHO3UPOBaHUS BPEMEHH OOCTYKUBAHMSI KaHAIIa BIUSET MOZEIb TTOJBUKHOCTH
y37I0B, B TO BpeMsI KaK JBIDKEHHE Y3JIOB IPEAINOaraeTcs paBHOMEpPHO-TIEpEeMEHHBIM. Jlnama3on
CKOPOCTH ¥ KOOPJMHAT Y3JIOB OTPAaHUYCH B OMNPEACICHHONW 00JacTH, HaYalbHBIC KOODIUHATHI
pacToyOKeHHs Y3JI0B 3a/laHbl, 2 CKOPOCTh W HAIpaBIICHWUE IBWKEHHUS (DOPMHUPYIOTCS CIydailHBIM
00pa3oM BO BpeMst Hadasa JABIKEHUS JUIS BCEX Y3JI0B. ¥Y3IIbI ABMKYTCS C yUETOM CIEAYIONINX YCIOBUI:

1. JIBmkeHNe KQXIO0TO y3iIa SBISICTCS] pPABHOMEPHO-TIEPEMEHHBIM.

2. CKOpOCTL HU3MCHACTCA B JUAIla30HC [U L

min? max]'

3. HampaBneHus nBmKeHUsI HAXOAUTCS B JHAIIa30He [O, 2n).

4. HampaBneHnue BEKTOpa YCKOPEHHUs COBIAJAET C HAMPABIEHWEM BEKTOpPAa CKOPOCTH, KOTIA
CKOPOCTb JOCTUTAET MPEICIbHOTO 3HAUECHHUSI, YCKOPEHHUE IPUHUMAET HYJIEBOE 3HAUCHUE.

5. Ha kaxmoM BpeMEHHOM HHTEpBaJie Y3/l OMPENCISIOT YCKOPEHHE TEKYIIEro JBIKEHUS.
BeposTHOCT, paBHOMEPHOr0, YCKOPEHHOIO WJIM 3aMEJIEHHOTO JIBM)KEHUS Y3JIOB COCTaBIIAET
P Pys Py, mpudeM, Py, Py P 6[0,1] up+p,+p, =1

6. [lepemenienre y3710B OTrpaHUYEHO TpeXMepHOW ob0macTeio X XY xZ, 3a HCKIIOYEHHEM
OTPUIIATEILHBIX 3HAUCHUI KOOPIMHATHOM OCH Z, 0003HAYaroIIel BRICOTY IPOCTPAHCTBA.

Moaesnb B3auMoieiicTBUS y3J10B

Paccrosauns MCXKAY Yy3J1aMHu CETU pPaCCUYUTBIBACTCA aHAJIOIMYHO, KAaK W MCEXAY ABYMA
OIIMCAaHHBLIMU BBIIIC y3JIlaMH a U b, MOACIb BBaHMOﬂeﬁCTBHH KOTOPBIX MPEACTABJICHA Ha pPHC. 1.

Paccrosnne mexnay ysnamu o0o3HavaeTcs Kak al, m I, BEKTop paccTosiHus — I, . Takum o0Opazom,

MOAyJb I, BBIYHUCIACTCA KaK

|rab|:\/(xa_xb)2+(ya_yb)2+(Za_zb)2 ) (1)
rne X, X, Yar Yor Zss Z, SIBIISIIOTCSI KOOPAMHATAMU Y3JIOB.
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BeKTopa CKOpPOCTHU U YCKOpPCHHA [ABYX Y3JIOB 0003HaYEHEI Kak V,, &, Uy, . AmnajgorugHo
BCKTOpa OTHOCHTEILHOM CKOpPOCTHU U YCKOPCHUA MCKAY Yy3JIaMU 0003HayaeTcs Kak Vps aab. MOI[}/J'H:

|Uab | BBIYHCIIACTCA KaK

@ :\/(be ~ U )2 +(Uby _Uay)z + (0, — Vg )2 ' (2)

TIE Vg, Vgys Vpys Vyyy Vyyyy Uy, — TIPOEKIMHU BEKTOPOB Ha ocu X, Y, Z.

A

)le\ -
UL ar >

Puc. 1. Monenb B3auMOoICHCTBUS y3JI0B

IIporpamMmmHuas Moaeab IBUKEHHUS

[IporpammHast MoJenb pa3padoTaHa C YIETOM BBIMIEH3I0KECHHBIX MOJIOKEHUI CETEBOM MOeIH,
MOJIeJIeH JBMXKCHHUS M B3aMMOCUCTBHUS Y3JIOB. AJITOPUTM pabOThI IPOTPAMMHOMN MOJICITH CJICTYIOIIHIA.

1. HauanpHOE TTONIOKEHUE CETEBBIX Y3JIOB 33/IaHO M0 YMOYAHHIO B OJTHOW TOYKE, JalbHeiIee
pacroyioxXeHre BbIOUpaeTcs PaHAOMHO B IpeAeiax 3aJaHHONW TPEXMEPHON MIOCKOCTH OTHOCHUTEIHHO
HWCXOJJHOM TOYKH.

2.1lo TmoNy4YeHHBIM KOOpPJMHATAM PACCUUTHIBAIOTCS PACCTOSHHUS MEXKIY Y31aMH CETH.
I'enepupyercs MaTpuLa pacCTOSHUM B 3a/JaHHBIE MOMEHTBI BPEMEHU.

Ha puc. 2 npuBemena UML-guarpamma KiaaccoB HPOTrpaMMHON MOAENH, MOKAa3bIBArOILIast
COOTBETCTBHE TNPHHIUIAM OOBEKTHO-OPUEHTHPOBAHHOTO MNPOTPaMMHUPOBAHUSI W TPeOOBaHMSIM K
pa3paboTKe MPOrpaMMHOT0 00eCIICUeHHS.

Main_walk
date input : struct
timeStep

create drone = ()

> . [
i way_motion = ()
way animation = ()
I §
New_Drone Generate_Motion Motion_Animation
create drone = (date input) way motion = (date input, way7a§1matlon = (crgateidrone,
- - create_drone) date_input, way motion,
time_ step)

Puc. 2. UML-nuarpaMmma KiaccoB MpOrpaMMHON MOJIeNH

TpexmepHass MoOIenh TOCTPOCHA TakUM oOpa3oM, dYTOOBI TPH pa3pabdOTKe anropuTMa
MapIIPyTH3AIUK U IOCTPOCHUS MapIIPYTHBIX Ta0IHII MOXKHO OBLIO YUeCTh BCE apaMeTPhl U3MEHEHUS
pacmoiOKeHHs y3JI0B, TaKhe KaK KOODAWHATHI y3Jla B MOMEHT BpEMEHH (B TOM YHCIE BBHICOTY),
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paccTosiHue MEX Ay OJVbKaHIIMK COCEISIMH U BCEMH y3JIaMH B KaHAJIE TIepeIauu, pacCUuTaTh CKOPOCTh
Y HallpaBIlIeHHUE JABIDKEHUS y3II0B U yckopeHue. [lepednciennbie 6a30Bbie TapaMeTphl HEOOXOIUMBI IS
MIPOTHO3UPOBAHMUS N3MEHEHHS CETEBON TOMOJIOTHH, YTO HEMAJIOBAXXHO JIJISl IIOCTPOCHUS OITUMAIBHOTO
MaplIpyTa nepeiadu JaHHbIX.

Ha puc. 3 npuBes! pe3yapTaThl MOAETHPOBAHIS C YIETOM PATUOBHINMOCTH CETEBBIX y3IIOB.

a 9] 8
Puc. 3. TIpuMep pacroioxKeHHst CETEBBIX y3JI0B B TPEXMEPHOM POCTPAHCTBE:
a — 3D mnockocTh; 6 — BUJ CBEPXY; 6 — BUJ COOKY

3aKkiIouyeHne

Pa3paborana nporpaMMHasi MOZIENb JABIM)KEHMSI CETEBBIX Y3/10B, BKJIIOUAIOIIas B ceOs CETEBYIO
MO/1€J1b, MOZIEIb IBM)KEHUS U MOJIEITh B3aUMOICUCTBUSA y3710B. [1oyueHb! MaTpHILIbl PACCTOSIHUNA MEXIY
y3J1aMH C 33JaHHBIM HHTEPBAJIOM BPEMEHH C YYETOM OTHOCUTEIBHON CKOPOCTH U YCKOPEHUS JIBHKCHHS
y3710B. bmarogapsi ruOKOCTM M HU3MEHSIEMOCTH, pa3pabOTaHHAs MPOTpaMMHAas MOZETb MOXKET
MPUMEHSTHCS ISl OLUEHKH KauecTBa CBS3M B BBICOKOJWHAMUYHBIX MOOMIBHBIX CETSIX, pa3pabOTKu
METO/I0B YBEJIMUEHUS CKOPOCTH Mepeauyl MaKeTOB AaHHBIX U MUHUMU3ALUH [TOTEPb HHPOPMALHUH.

MOTION SOFTWARE MODEL OF SELF-ORGANIZING NETWORK
NODES IN THREE-DIMENSIONAL SPACE

T.V.POLUYAN, S.N. KASANIN

Abstract. Wireless mobile self-organizing networks (MSOS) consist of dynamic nodes with a high
speed of movement. Compared with other existing types of communication networks, in MSQOS the
most problems arise when organizing routing, since due to the high speed of movement of nodes,
the task of high-quality delivery of transmitted packet data becomes much more complicated.
Quality refers to the integrity of delivered packets and the minimization of delays. The article
describes the developed software model of the nodes movement, which takes into account the
estimation of the service time of channels by distance, the relative speed and acceleration between
nodes, necessary to optimize the construction of transport tables and improve the quality of
communication.

Keywords: mobile self-organizing networks, routing, software model, speed, communication
quality, packet data.
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Abstract. With a widespread of various sensors embedded in mobile devices, the analysis of human daily
activities becomes more common and straightforward. Human activity recognition (HAR) is a prominent
application of advanced Machine Learning (ML) and Artificial Intelligence (Al) techniques that utilizes
computer vision to understand the semantic meanings of heterogeneous human actions. This paper describes a
supervised learning method that can distinguish human actions based on data collected from practical human
movements. The primary challenge while working with HAR is to overcome the difficulties that come with the
cyclostationary nature of the activity signals. This study proposes a HAR classification model based on a
Convolutional Neural Network (CNN) and uses the collected human action signals. The model was tested on
the WISDM dataset, which resulted in a 92 % classification accuracy. This approach will help to conduct further
researches on the recognition of human activities based on their biomedical signals.

Keywords: human activity recognition, machine learning, convolutional neural network.

Introduction

Humans possess an amazing skill to comprehend information that others pass on through their
movements like the gesture of a certain body part or the motion of the entire body. We can differentiate
among human postures, track complex human motions, and evaluate human-object interactions to
realize what they are doing, and even deduce what they intend to do. Even though these are advanced
recognition functionalities performed by the brain based on the images of the surroundings captured by
the eyes, the process occurs almost autonomously to us. Machines, on the other hand, are still learning
how to apprehend various human activities, and we are teaching them based on our knowledge and
understandings of the task. Considering the fact that machines (or computers) were nothing but simple
calculators to solve arithmetic problems just sixty years ago, their understanding of complex concepts
has come a long way. ML as a part of the Al, has given machines the capacity to interpret various
situations in their surroundings and respond accordingly like humans. HAR is being researched since
the early 1980s because of its promise in many applied areas. However, the significant breakthroughs
in this field have come within the last two decades [1]. The recent developments in microelectronics,
sensor technology, and computer systems have made it possible to collect information that is more
fundamental from human movements, and the advanced ML techniques have made that information
more comprehensible to the machines.

There are several approaches to collect HAR data from the participating subjects; broadly, they
fall into one of the two categories - namely camera-based recording or sensor-based recording [2]. In
the former approach, one or more video cameras are set up to record the activities of a subject for a
certain amount of time, and then the recognition is performed using video analysis and processing
techniques. The later one utilizes various types of sensors to track the movements of the subject. This
approach can be further classified based on the type of sensors used, whether they involve wearable
body sensors or the external ones [1]. External sensors are placed in predetermined points of interest on
the subjects’ body, whereas wearable sensors require to be attached to the subject while collecting
data. Each of these techniques has its advantages, shortcomings, and apposite applications. Some
recognition techniques even combine multiple recording techniques to collect data that are more relevant
and make the corresponding actions more interpretable to the machines. The applications of HAR
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include intelligent surveillance, haptics, human-computer interaction, motion or gesture-controlled
devices, automatic health-care monitoring systems, prosthetics, and robotics. Despite many
advancements, HAR is still a challenging task because of the articulated nature of human activities, the
involvement of external objects in human interactions, and complicated spatiotemporal structures of the
action signals [3]. Success in recognizing these activities requires advanced signal and image processing
techniques, as well as sophisticated ML algorithms. Since the absolute performance is yet to be achieved,
HAR remains a tending field to the researchers.

Datasets

The WISDM dataset contains mobility information that was collected from 30 people of different
ages (ranging from 19 to 48 years), genders, heights and weights using a wrist-mounted smartphone.
The smartphone has integrated accelerometer and gyroscope. Action data was recorded using these
sensors while each of the subjects was performing six predefined tasks, which according to the jargon
of ML, represent six different classes. Three-axial linear acceleration and three-axial angular velocity
data were acquired at a steady rate of 20 Hz. The collected samples were labeled manually afterward.
Before putting in the dataset, the samples were pre-processed using a median filter for noise cancellation
and a thirdorder low-pass Butterworth filter having a 20 Hz cutoff frequency.

The proposed physical activity recognition algorithm

This study aims to classify the HAR signals of the WISDM dataset employing a CNN model, as
shown in Figure 1. The training stage requires a set of data samples containing various attributes
measured from subjects while performing various predefined activities. The supervised learning
technique then try to make some "sense" out of the data, find out how the samples that belong to the
same class are similar to each other while samples from different classes are diverse, then builds one or
more internal models focusing on the crucial attributes that can highlight those contrasting properties to
carry out the classification [1]. In the training stage, a preordained portion of the dataset is used to train
the machine and build a feasible model, which is then evaluated over the remaining samples.

Fully
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Input ‘

e Max Connected
CNN Layer ~ : 4 )
Sensor 1 and %EI -»  Pooling LNN ];layel Ayeragg o D[i0|,:0ul » Layer With
Dista Tayer 3and 4 Pooling Layer ayer Softmax

Activation
- J

Figure 1. Block diagram of the proposed CNN-based HAR algorithm

The data has been preprocessed in such a way that each data record contains 80 time slices (data
was recorded at 20 Hz sampling rate, therefore each time interval covers four seconds of accelerometer
reading). Within each time interval, the three accelerometer values for the x axis, y axis and z axis are
stored. This results in an 80x3 matrix. The data must be passed into the neural network as a flat vector
of length 240. The first layer in the network must reshape it to the original shape, which was 80x3. The
model is tested on the human behavior pose dataset WISDM. We selected 80 % of the data in the
WISDM dataset for model training and 20 % for model testing. Using Adam as optimizer, batch size
equals to 400, epochs equal to 50 (training for 50 rounds).

CNN Layer 1

The first layer defines 100 filters of height 10. This allows us to train 100 different features on
the first layer of the network. The output of the first neural network layer is a 71x100 neuron matrix.
Each column of the output matrix holds the weights of one single filter. With the defined kernel size
and considering the length of the input matrix, each filter will contain 71 weights. The structure and
parameters are shown in Table 1.
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Table 1. The input, condition and output of CNN layer 1

Modules Value
Input Two order tensor (1086393,6)
dtype: float32
Weight matrix size [10,100]
Condition Bias vector [10]
activation function: Relu
Two order tensor (100,71)
Output dtype: float32

CNN Layer 2

The result from the first CNN layer will be fed into the second CNN layer. We will again define
100 different filters to be trained on this level. Following the same logic as the first layer, the output
matrix will be of size 62x100. The structure and parameters are shown in Table 2.

Table 2. The input, condition and output of CNN layer 2

Modules Value
Two order tensor (100,71)
Input :
dtype: float32
Weight matrix size [10,100]
Condition Bias vector [10]
activation function: Relu
Two order tensor (100,62)
Output dtype: float32

Max pooling layer

A pooling layer is often used after a CNN layer in order to reduce the complexity of the output
and prevent overfitting of the data. We chose a size of 3, which means that the size of the output matrix
of this layer is only a third of the input matrix. The structure and parameters are shown in Table 3.

Table 3. The input, condition and output of max pooling layer

Modules Value
Two order tensor (100,62)
Input -
dtype: float32
. Weight matrix size [3,64]
Condition Bias vector [64]
Two order tensor (100,20)
Output dtype: float32

CNN Layer 3and 4

Another sequence of 1D CNN layers follows in order to learn higher level features. The output
matrix after those two layers is a 2x160 matrix. The structure and parameters are shown in Table 4.

Table 4. The input, condition and output of CNN layer 3, 4

Modules Value
Two order tensor (100,20)
Input -
dtype: float32
Weight matrix size [10,100]
Condition Bias vector [10]
activation function: Relu
Two order tensor (160,2)
Output dtype: float32

74



Average pooling layer

One more pooling layer to further avoid overfitting. This time not the maximum value is taken
but instead the average value of two weights within the neural network. The output matrix has a size of
1x160 neurons. Per feature detector there is only one weight remaining in the neural network on this
layer. The structure and parameters are shown in Table 5.

Table 5. The input, condition and output of average pooling layer

Modules Value
Inout Two order tensor (160,2)
P dtype: float32
Condition Weight matrix size [2,1]
Two order tensor (160,1)
Output dtype: float32

Dropout layer

The dropout layer will randomly assign 0 weights to the neurons in the network. Since we chose
a rate of 0,5, 50 % of the neurons would receive a 0 weight. With this operation, the network becomes
less sensitive to react to smaller variations in the data. It should further increase our accuracy on unseen
data. The output of this layer is still a 1x160 matrix of neurons. The structure and parameters are shown
in Table 6.

Table 6. The input, condition and output of dropout layer

Modules Value

Two order tensor (160,1)
dtype: float32
Rate = 0.5
Bias vector [64]
Two order tensor (160,1)
dtype: float32

Input

Condition

Output

Fully connected layer with Softmax activation

The final layer will reduce the vector of height 160 to a vector of 6 since we have six classes that
we want to predict (Jogging, Sitting, Walking, Standing, Upstairs, Downstairs). This reduction is done
by another matrix multiplication. Softmax is used as the activation function. It forces all six outputs of
the neural network to sum up to one. The output value will therefore represent the probability for each
of the six classes. The structure and parameters are shown in Table 7.

Table 7. The input, condition and output of fully connected layer

Modules Value
Inout Two order tensor (160,1)
P dtype: float32
Condition Weight _matrlx size [160,6]
Bias vector [6]
Two order tensor (6,1)
Output dtype: float32

Results

Our approach to classifying the samples of six different classes contained in it, as well as the
techniques and methods that we have employed in the proposed methodology. We set a classification
model where the provided training samples were used to train the two-channel CNN model, and the rest
of the samples were used to test it. The result yields a classification accuracy of 92 % on the test samples.
Figure 2. presents the classification accuracies on both the training and testing samples at each epoch.
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As seen in the figure, the training accuracy gradually increased with each epoch. The performance of
the model was slightly unstable throughout the first 20 epochs, but it became pretty stable afterward.
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Figure 2. Train and test classification accuracies at each epoch

The confusion matrix provides more details on the output of the classification process. Figure 3.
provides the confusion matrix of the epoch of our model for HAR classification. It is apparent that the
model works very well while distinguishing six classes (Walking, Upstairs, Downstairs, Sitting,
Standing and Jogging) registering over 95 % individual classification accuracies for each class.
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Figure 3. Confusion matrix of the HAR classification

Accuracy: For a given test dataset, the ratio of the number of samples correctly classified by the
classifier to the total number of samples is the correct rate for the identified samples:
TP+TN
TP+TN+FP+FN '’
where TP means True Positives, FP means False Positives, FN means False Negatives, and TN

means True Negatives.
The model learns well with accuracy reaching above 92 % and loss hovering at around 0,39.

Accuracy =

(7)

Conclusion

A CNN-based HAR classification model is proposed in the paper. It is tested on the WISDM
dataset. The obtained results yield a 92 % classification accuracy. However, the model can be further
modified by tuning specific parameters of CNN and adding more nodes and layers in the CNN
architecture. A new set of features can also be extracted and fed in an additional channel of CNN to
improve the model” s performance, which is subjected to future studies.
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TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

VIIK 621.391

YCHJIEHUE ONNTUYECKOMN HECYIIEN
JIJISI HOBBIINEHUS DY@ PEKTUBHOCTHU ITIPUEMA
B BOJIOKOHHO-OITMYECKHNX CUCTEMAX HEPEJIAUH

A.B. POIIYIIKNH

benopyccxuii cocyoapcmeennvlii ynusepcumem ungopmamuxu u paouosnekmponuxu, Pecnybnuxa Benapyce

Hocmynuna 6 pedaxyuro 20 mapma 2023

AnnHoTtanus. B paboTe nmpon3BeneHO MOAECTHPOBAHNE BOJIOKOHHO-ONTHICCKOH CHCTEMEBI ITepeadn
C TOBBIIEHHOW 3((EeKTUBHOCTHI0O NPHUEMHOTO MOIYIS 3a CYET H30MPATEIHFHOTO YCHIICHHS
ONTHYECKOTO0 HECYIIero KoyiebaHus M TpaHchOpMalMy CIEKTpa IepeJaBaeMoro CHUrHajia.
O6ocHOBaHa U OlLIEHEHA CTPYKTYpa MPUEMHOTO ONTUYECKOT0 Moy isi. OnpeieieHbl ONTUMabHbBIE
napaMeTpbl BOJIOKOHHO-ONTUYECKOTO YCHIIUTENS U CXEM TIOCIIeIETEKTOPHOM 00pabOTKN cUTHAIA.

Kniouegvie crosa: BOITOKOHHO-ONTHYECKAsl CHCTEMa Iepefadyd, NPUEMHBIN ONTHYECKUH MOJIYIb,
BBIHY)KJICHHOE pacceuBaHue MaHzenpinrama-bpuiiirossHa, ONTHYECKUH YCUITUTENb.

BBeaenne

Hns nosbimenus ortHomeHus curHai-myM (OCIL) u kak ciencTBue JalbHOCTH CBSI3U B
BOJIOKOHHO-ONTUYECKUX CHCTEMaXx MepeJadyd MOKHO HCIOJIb30BaTh METOJl M30MPATENbHOTO YCUICHUS
ONTUYECKOW HECyIeHd C MpenBapUTeNbHONH TpaHchopMalueil CHeKTpa IepelaBaeMoro CHTHAla,
KOTOpBIil MOpoOHO paccMaTpuBaeTcs B pabore [1]. OCHOBOI TaHHOTO MeTOna SIBISICTCSl YCHIICHHUE
HecyIero KonebaHusi MPUHAMAEMOTO ONTHYECKOTO CHT'HAJIA TMPH TTOMOIIA ONTHYECKOTO YCHUIHTEIS,
KOTOPBIM J0JDKEH 00ecreunBaTh YCUIEHUE TOJIBKO y3KOW MOJIOCHI CIIEKTPa B OKPECTHOCTH HECYILIEH.
BoJIBIIMHCTBO CYIECTBYIOIIMX BOJIOKOHHO-ONTHYECKUX YCHJIMTENEH, B TOM YHCIE M ILIMPOKO
pacnpoctpanenHbie EDFA, nMeroT o4eHp MUPOKYIO MOJIOCY YCHUIIEHHS, IOCTUTAIOIIYI0 HECKOJIBKHUX
Teparepl, YTO HePUEMIIEMO sl U30upaTesbHOro ycunenus. Hanmydmmm oOpa3om Ai1s AaHHBIX Leer
NOOXOAUT PACHpPEACICHHBI ONTHYECKUH ycunuTenb Ha 3(QQeKTe BBIHYXAECHHOIO pPacCEeUBaHUS
Mamngenbintama-bpuiiiosHa, KOTOpbIHM oOnamaeT y3koW mosocoi ycuieHus (mecsatku M),
3HAYUTENBHBIM Kodpduumentom ycuienus (6onee 30 nb) u rae B xauecTBe YCHIIMTENBHOU Cpesibl
BBICTYIIAET CaMa ONTUYECKas JMHHUS CBs3H [2].

Ha mnepenatomeii cropone TpeOyeTcs OCYIIECTBHTh MEPEHOC CHEeKTpa HH(GOPMAIMOHHOTO
CHTHaJIa U3 00JIaCTH HU3KHX YacTOT B 00JacTh 00jee BBICOKUX, C T€M YTOOBI B IIPOLIECCE ONTHYECKON
MOIYJISIIMM  CO3/1aTh HEKOTOPBIM 3allUTHBIA HWHTEpBAaJl MEXIY HECYIIed U CIeKTpalbHBIMU
COCTaBILSIFOIIMMU  MH(POPMAIMOHHOT0 curHana [3]. DToro MOXHO JOCTHYD MPEIBAPHTEIBHBIM
NepeHocoM HMH(GOPMAIMOHHOTO CHUTHAIA Ha TOJHECYIIYI0 YacTOTy WM HPUMEHEHHEM JIMHEHHOTro
KoaupoBaHus. [lepenaua Ha MOHECYIIEH HE SBISETCS ONTUMAIBHBIM BEIOOpOM, ockosbky OCII st
MIPUEMHOT0 yCTpoWcTBa ¢ moaHecymel B 4 pasa Mensiie OCI, koTopoe momaydaercs ¢ NOMOIIBIO
NPUEMHHUKA TMPSIMOTO JICTEKTUPOBAHUS M MPSIMOM Momynsimu Hecyileil. Hanbonee mpuemiiembiM
NPEJICTABIISIETCSl WCIOJNB30BaHUE JIMHEHHOTO KOJWUPOBAaHUS WH(OOPMAIIMOHHOTO CHUTHAlla Tepe
OINITHYECKOW MOIYJISIIUEH, B YACTHOCTH IPUMEHEHHUE JTMHEWHBIX K0A0B Bua 1B2B 1 mBnB [1]. Taxke
MOJKeT OBITh HCHIONIB30BaH Kol RZ, KOTOpEIi siBisieTcs ne-(paKkTo CTaHAapTOM JIMHEHHOTO KOJUPOBAHUS
B MarucTpajbHBIX BOJIOKOHHO-ONITHYECKUX CHCTeMax mepefadd. HeoOXoaMMoO OTMETHThH, YTO NPHU
ucnonb3oBannu koga RZ (kak m 1B2B) mmpuHa cnekrpa nepepaBaeMoro curhana OyneT paBHa
YIIBOCHHOW OUTOBOM CKOPOCTH MepeaayH.
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NmutanuonHasi MoJeJib BOJIOKOHHO-ONITUYECKOH CHCTEMBI Neperaun

MoaenupoBaHue MPOU3BOIMIOCH C MOMOIIBIO TporpaMmuoro makera OptiSystem xommnanuu
OptiWave Inc. OptiSystem — 3T0 makeT MOAEIUPOBAHHS ONTUYECCKUX CHCTEM TEJIEKOMMYHHKAIUH,
pa3paboTaHHBIN 1JIsl IPOEKTHPOBAHMSI, TECTUPOBAHUS U ONTUMHU3AIMY KAHAIOB MPAKTHYECKH JII000TO
Tina Ha (¢u3ndeckoM ypoBHe. CHUMYISATOpP CHCTEMHOTO YPOBHS, OCHOBAaHHBIH Ha pPEaTUCTUIHOM
MOJICJIUPOBAHUH BOJIOKOHHO-ONITHYECKUX CHCTEM TelleKoMMyHHuKaruid, OptiSystem oGiagaet MOIIHO#
CpeZoi MOJIENMPOBAaHHS U HEPAPXUUECKUM OIpeIeIeHHEeM KOMIIOHEHTOB U cHcTeM. ETo BO3MOXKHOCTH
MOXKHO JIETKO pAaCIIUpPUTh 3a CyeT J00aBJICHUS MOJIb30BATENILCKUX KOMIIOHEHTOB. OptiSystem
MOJXOMUT JJIS IIMPOKOTO CIIEKTpa MpHIoKeHHH, oT mpoektupoBanus cereii CATV/WDM u konelr
SONET/SDH 10 mpoeKkTHpOBaHHsI ONTHYSCKUX MEPEIATYMKOB, KAaHAIOB, YCHINTEICH U IPHEMHHUKOB.
OH nmMeeT OonblIyI0 0a3y aKTHBHBIX U MACCUBHBIX KOMIIOHEHTOB, OT MPOCTHIX Ja3epHBIX TUOAOB U
(hoTOAMOIOB, BOJIOKOH, pPa3BETBUTEINEH, AaTTEHIOATOPOB, MOAYIISITOPOB IO KOMIDIEKCHBIX TIEPEIAIOIINX
Y TMIPUEMHBIX ONITUYECKIX MOMYJEH, BOJOKOHHBIX yCHIIUTENEH, pereHepaTopoB u T.A. Takike MIHpOKO
NPEACTaBICHBl U3MEPUTENBHBIE YCTPOWCTBA ONTHYECKOTO M 3IEKTPUYECKOr0 JHAara3oHOB. boibmioi
Ha0Op HACTpaMBaeMbIX MapaMETPOB MO3BOJISIOT MOJNB30BATEII0 MOHHTOPHUTH M ONTUMH3HPOBATH
KOHKPETHbIE TEXHHYECKHE XapaKTePUCTUKH YCTPOWCTB JJISi TIOBBIMICHUS TPOU3BOJUTEIHLHOCTH
CHCTEMBI B 11esioM [4].

HNmuTanmoHHasi MOJENIb BOJIOKOHHO-ONTHYECKONH CHCTEMBI Tiepefadd ¢ TpaHchopMaIuei
CIIEKTpa U NpUMEHEHHEM ycuiauTens ManbaeHmTama-bpuitosna npuBeneHa Ha puc. 1. Cucrema
COCTOMT W3 TPEX YaCTe: mepenaTanka, IpUeMHUKa U CPEIbI IIepeIadm.
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Puc. 1. Mozaenbs BOJIOKOHHO-ONITHYECKON CUCTEMBI IIEpejaun

B kadecTBe HCTOYHMKA OINTHYECKOIO W3IYYEHMS BBICTYIMAET MOJIYNMPOBOJHMKOBBIN Jazep,
paboTaromuii B HenmpepeIBHOM pexume ¢ dactotor 193,1 TI' (nnuHa BomHBI 1,55 MKM) B BBIXOTHON
momHoctbto 0 nbm. IlepenaBaemble JaHHBIE (OPMHUPYIOTCSI TEHEPATOPOM ICEBIOCTYYalHON
MOCJIeI0BAaTEIFHOCTH, Jiajiee IOCTYNA0T Ha (POPMHUPOBATEh HMITYJIbCOB, I/Ie KOAUPYIOTCS KojgoM RZ.
buroBas ckopocTh MOTOKa JaHHBIX BeIOpaHa paBHOU 2,5 ['0ut/c. D10 00YCIOBIEHO TEM, YTO YacTOTa
Ja3epa HaKayky paclpelesieHHoro ycunutens Manpgensimrama-bpummossa 1omkHa OTIMYAThCA OT
YacTOThl HECYIIEro KojeOaHWs Ha (PUKCHPOBAaHHYIO BEJIMYMHY, PAaBHYI) 4YacTOT€ CMEUICHUS
Bpuirosna, kotopasi cocraBisier npumepro 11 I'Tin asisi COBpeMeHHBIX OJTHOMOJIOBBIX BOJIOKOH [5].
Ecnn mmpuHa criekTpa mepefaBaeMoro CHrHajla IMPEBBIAET YKA3aHHYIO BEIMUYWHY, TO H3IIydeHHUE
Ja3zepa Hakadku OyJeT Momnajarh B MOJIOCY CUTHAJA, YTO MPHUBEAET K CYIIECTBEHHBIM HCKaKEHUSAM
nocneanero. HecMoTpst Ha TO, 4TO M3Ty4eHHE HAKAaYKH W IOJIE3HOTO CHTHAA PacpOCTPAHSIOTCS B
MIPOTHBOIIOJIOKHBIX HAIPABJICHUSX, BIUsHAE OyleT CyLIECTBEHHBIM 3a cueT PaneeBckoro obpatHoro
paccessHUS 1 HeMMHEHHBIX 3 dekToB B BosokHe. s popMupoBanus TMHEHHOTO CUTHANIA TPUMEHEH
BHEIIHUN MoayisTop Maxa-Ilanzepa, KOTOPbI IPOU3BOIUT MOAYJISILIUIO ONTUYECKOTO U3IyUEHUs 110
nHTeHCUBHOCTH. Cpeiol mepesadn SBISETCS OJHOMOJOBOE ONTHYECKOE BOJIOKHO ¢ 3aryxaHuem (,2
nb/kM. Ha mpuemHO# cTOpOHE YCTaHOBJIEH ONTHMYECKWH ycuiurenb Mannensiitama-bpuuiosHa,
MIPEJICTaBISIONNI co60# nazep Hakauku ¢ yactoroi 193,111 TI'm, uzmydernne KOTOPOro BBOAUTCS B
ONTHUYECKOE BOJOKHO HAaBCTpPEYy INE€pPEJaBa€MOMY CHUTHaly. YCUIIUTEIbHONM Cpelod sBIsSeTCs
ONITUYECKAs JIMHUS CBS3U, MOCKOJBKY 3 ¢ekT BprinirosHa BOZHUKAET B CTAaHAAPTHOM BOJIOKHE M HE
TpeOyeT crennallbHBIX BOJIOKOH B OTaMuHe OT ycunureneit EDFA. Ontuyeckoe nzydeHue ¢ yCuiIeHHON
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Hecyliel JeTeKTHpYeTcsl P-i-N-pOTOAETEKTOPOM. ODIEKTPHYECKUIl CHTHANI C BBIXOJA JETEKTOpa
MIPOXOJNUT depe3 MoJocoBoH (mibTp. [IpuMeHeHne WMEHHO mojocoBoro ¢uibrpa BMecto OHU
00yCIIOBIIEHO HEOOXOJUMOCTHIO TIOJABICHNS HU3KOYACTOTHBIX KOMIIOHEHTOB, KOTOPHIE ITOJABEPTIINCH
CYLIECTBEHHOMY YCHJICHUIO BMECTE C HEeCyIlei BCIEICTBHE XOTh U KpaliHe Y3KOi, OHaKO HEHYJIeBOH
MOJIOCHl yCWJICHWS, W BBI3BIBAIOT HENWHEHHbIE HCKaKEHWs MpuHATOTO curHama. C menbio Ooree
CYIIIECTBEHHOTO TIOJIABJICHUS HEIMHEWHBIX WCKAXEHHH BOCCTAHOBJICHHOTO IM(POBOTO CHTHAJA
NPUMEHEH YCHIUTEIb-OTPaHUuunTeNb. JIs BH3YaJIbHOIO KOHTPOJII M HW3MEpPEHHS MapamMeTpoB
nepeaaBaeMoro W IMPUMEHSEMOro CHrHajla HCIOJb30BAJIHCh ONTHYECKHH M AIIEKTPUYECKHA
aHaJN3aToOPhl CIEKTpa, OCIuIorpad, N3MEpUTENh ONTHICCKON MomHOCTH. OneHka 3P GEeKTHBHOCTH
CHUCTEMBI B IIEJIOM TPUMEHSJICS aHAIM3aTop OWTOBBIX OMIMOOK KaHaja, MO3BOJISIOMIMNA BBIYHCIISATH
k03¢ ¢unmenT ouroBbix ommbok (BER), a Tarke cTpouTth rinas-guarpaMmy NpUHATOTO CUTHAJIA.

Pe3yﬂbTaTbl MOACIUPOBAHUA

W3buparenpHOE YCHIIEHHE ONTHYECKONW Hecylied MOXHO HaOJIIoAaTh BHU3YAJIBHO B CIIEKTpE
ONITUYECKOTO CHTHajla Ha BXoJle (POTOAETEKTOPa, KOTOPBIM MONyUeH MPU MOLIHOCTH Jia3epa HaKauyku
0,91 MBT u Benmuunne cmemenus: bpummosna 11,0 I'T (puc. 2).
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Puc. 2. OnTryeckuii CIEKTp CUrHaja 1ociie H30UPATEIbHOTO YCUIICHHS

Kak MOXHO 3aMeTuTh ypOBEHb Hecymleid Ooiee uem Ha 45 nb TpeBOCXOAWUT oOCTallbHBIE
KOMITIOHEHTHI CIIeKTpa. Takke yCuiIeHne MOXeT OBbITh OLEHEHO M0 U3MEPEHUIO ONTUYECKOW MOLTHOCTH
Ha BBIX0/I€ BOJIOKHA. 3aBUCHMOCTh ONITUYECKONW MOIIHOCTH Ha BBIXOJIE BOJIOKHA OT MOIIIHOCTH Jia3epa
HAaKayKW, IOJIydeHHasi NMpH BenuuunHe cMmemenus bpwumosna 11 I'Tn m momHocTH onTHyecKoro
curnana 6e3 ycunenus —40,3 nbM, npuBeieHa Ha puc. 3.
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Puc. 3. 3aBUCHMOCTE ONTHYECKOM MOIIHOCTH Ha BbIXOAC BOJIOKHA OT MOIIHOCTH JIa3€pa HAKa4YKHN

Kak BugHO M3 rpaduka, MOIIHOCTh CHTHAJIA JIMHEHHO BO3pAacTaeT ¢ POCTOM MOIIHOCTH Jla3epa
Hakauku. OpHako, BER ymenbIiaercst ¢ pocToM yCHJI€HHS TOJIBKO 10 ONpPEAEICHHOW MOIIHOCTH, a
3aTeM HAYMHAET YBEITUYHUBATHCS, YTO MOXKET OBITh OOBSCHEHO YBEIMYCHUEM HETMHEHHBIX MCKAKEHUIH
CUTHaJIa TIoclie JieTeKTupoBaHus. 3aBucumoctd BER u Q-dakTopa oT MomiHOCTH ja3epa HaKadkw,
MOJTy4EHHBIE TIPU TEX K€ MapaMmeTpax, INpUBEACHBI Ha pUCyHKe 4. MOYKHO 3aMETUTh, YTO JaHHBIE
3aBHCUMOCTH HMMEIOT BBIPaKEHHBIH 3KCTpeMyM, Koraa Q-¢akTop NPUHMMAET CBOE MaKCHMAJIbHOE
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3HaueHue, a BER — mmHmMmanpHOoe. Takum 00pa3oM MOKHO TPOU3BECTH ONTHUMAIBHBIA BHIOOP
MOIITHOCTH JTa3epa HaKavKH, 3HaUeHHe KoTopoi coctaBuT 0,91 MBT.
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Puc. 4. 3aBucumocts BER u Q-dakropa oT MOIIHOCTH Jla3epa HaKauKu

JnMHAa ONTHYECKOTO0 BOJOKHA W COOTBETCTBEHHO 3aTyXaHWE B JIMHHHA CBS3W BBIOPAHBI
MaKCHMaJIbHO BO3MOKHBIMH JUIsl obecniedeHus ko3 duimenta 6utosbix ommbok Ha 6osee 10°. Ipu
TaKOW JUIMHE BOJIOKHA ObUIa M3MEpeHa OITHYECKash MOIIHOCTh Ha BXOJAE MPHEMHOTO MOIyns 6e3
ycuiieHus1, kotopas coctaBuia —40,3 n1bm. Ota BenuunHa ABIsSETCS YyBCTBUTEIBHOCTBIO MPHEMHHUKA,
YTO MOKA3BIBAET BHIMTPHIII MO YyBCTBUTEIBHOCTH UCCIIEyEMOTO IIPUEMHOTO MOJIYJISl TIO CPAaBHEHUIO C
OPUEMHHUKOM 0e3 ycunurenst 6osee yem Ha 10 1bwm [6].

Taxoke ObIIIO MPON3BEACHO MCCIICIOBAHUE 3aBUCMOCTH KO PUIMEHTa YCUIICHHST YCHITUTENSI OT
BEJIMUYMHBI cMelieHus bpuwmosHa. ['padmk JaHHOW 3aBUCMMOCTH TIPU MOIIHOCTH Jia3epa HaKaYKh
0,91 MBT, nniune ontruueckoro BonokHa 170 KM 1 MOILIHOCTH ONTUYECKOTO CUTHAJIA Ha BBIXOJI€ BOJIOKHA
—40,3 nbm puBeeHa Ha pucyHke 5. Hanbonbiiee ycuineHne ObII0 TOTYyYEHO IIPY BETHUYUHE CMEIIICHUS
bpummiossa 11 I'Tu, uro coorBerctByer [5]. MakcuManbHblii KO3(D(OHUIMEHT YCHICHUS TPH
nonyctumom BER (<107°) cocrasun 32,7 ab.

35

N N w
o (%] o

Koaddumment ycunenus, nb
=
wv

10
10,960 10,970 10,980 10,990 11,000 11,010 11,020 11,030 11,040 11,050

Cwmemenue bpunmosna, [T

Puc. 5. 3aBucuMocTs K03 HUIHEHTa YCHICHHUS YCHIUTENS OT BEIWIUHBI cMeIeHust bpunmrosna

CylIecTBEHHYIO POJIb B BOCCTAHOBIICHUH 3JIEKTPUYECKOTO CHUTHAJNIA U TOJMYyYSHHH TPeOyemMoro
BER wurpaer mnosocoBas ¢uibTpanus. beiiu ucciaemoBanbl 3aBucumocTd BER u  Q-¢akropa
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BOCCTaHOBJICHHOT'O CHTHaja OT IIUPUHBI TOJOCH MPOIyCKaHUSI TOJOCOBOro (huibTpa, KOTOpas
MpHBeJIcHa Ha puc. 6. BuaHo, 4T0 MakcumainbHoe 3HaueHue Q-pakTopa u MUHUMaNbHOE 3HaueHne BER
JIOCTUTaeTCs TP MUPHHE TIOJIOCHI PonycKaHus GuibTpa paBHow 2,4 T
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Puc. 6. 3aBucumocts BER 1 Q-dakTopa OT MHPHUHBI IOJIOCHI POIYCKAHHS TOJOCOBOTO (BHIBTPa

Ha puc. 7 npuBemeHa rnaz-guarpaMma >JEKTPUYECKOTO0 CHTHajla Ha BBIXOAE IPHUEMHOTO
OTITUYECKOTO MOIYJIS ¥ pe3ynbrar uzmepenus BER npu momuocTy nazepa nakauku 0,91 MBT, nnmune
ONTHUYECKOro BOJOKHA 170 KM, MOIIMHOCTH ONTHYECKOTO CHTHAja Ha BhIXoAe BojokHa —40,3 nbwm,
BennunHe cMetnenus bpwntrosna 11 [T, kosddunmente ycunenus 32,7 ab.
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Puc. 7. Fna3-z[p1arpaMMa SJICKTPUYCCKOI'0 CUI'HaJla Ha BbIXOJAC ITPUEMHOI'0 OIITUYECKOT'0O

3akiaouenue

B pesynbraTe MomenupoBaHHUsS BOJIOKOHHO-ONTHYECKOH CHCTEMBI Mepefadd ¢ n30MpaTeIbHbIM
YCUJICHHEM ONTHYECKOro HECyLIero KoyiebaHusi W TpaHchopMmanued CIeKTpa JUHEHHOro CUTHaia
HOJTy4YeHBI CIIEAYIONMe pe3ysbTaTsl. OnpesnesieH ONTHMAIbHBIH YPOBEHb MOIIHOCTH Jla3epa HAKAYKH
BOJIOKOHHO-ONTHYECKOTO ycuiauTesss Manznensmrama-bprntosna s obecrniedeHnss MUHIMAJIBHOTO
BER, xotopsiii coctasuin 0,91 MBT. [TokazaHo, 4to k03¢ HUIHeHT ycuineHus npu 3To coctasui 32,7 b,
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YTO COOTBETCTBYET Teopud [2]. [TonydueHa uyBCTBUTEIBHOCTD UCCIICIYEMOTO IIPUEMHOTO ONITHYECKOTO
MoyJist, paBHast —40,3 1bM, UTO COOTBETCTBYET TeOpeTHUeCKIM pacueTam [1]. Paspaborana cTpykrypa
MOCJIEIETEKTOPHOM YacTHU MPUEMHOTO MOJYJIS, KOTOpas OTJIMYACTCS HCIONB30BAHHUEM IOJIOCOBOTO
¢UIBTpa U yCUITUTENA-OTPAaHNINTEIIS.

OPTICAL CARRIER AMPLIFICATION TO IMPROVE THE RECEIVER
EFFICIENCY IN FIBER-OPTIC COMMUNICATION SYSTEMS

Y.V. ROSHCHUPKIN

Abstract. A simulation of the fiber-optic communication system with increased efficiency of the
optical receiver due to selective amplification of the optical carrier and the transmit signal spectrum
transformation was carried out. The structure of the optical receiver module was substantiated and
evaluated. The optimal parameters of the fiber-optic amplifier and post-detection processing circuits
were determined.

Keywords: fiber-optic communication systems, optical receiver module, stimulated Brillouin
scattering, optical amplifier.
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Abstract. This paper describes the implementation of a Hamming product codes encoder and
decoder on a FPGA. The encoder and decoder design, including hardware structure and logic design.

Keywords: hardware design, Hamming product codes, FPGA, logic design.

Introduction

Based on Hamming product codes theory and using FPGA as the hardware platform, this project
aims to provide a reliable and efficient data transmission solution. The main application area is on-chip
interconnection or on-board interconnection, which can realize fast and reliable data transmission, thus
improving the efficiency and reliability of data transmission. The main functions of the project include
coding, error detection, error correction and hybrid re-request, which can effectively reduce the risk of
transmission errors and lost data and ensure data integrity and reliability.

In this project, encoding, error detection and error correction are the key basic functions. Encoding
converts the original data into Hamming product codes to improve the reliability of transmitted data,
while error checking and error correction are performed at the receiving end to ensure the integrity of
the data. This project also has a hybrid re-request function, which automatically requests data
retransmission when an error occurs in data transmission, thus reducing transmission loss and improving
data transmission reliability.

This project also implements the following functional features: low latency transmission through
segmented transmission, which divides data into smaller parts, thereby increasing transmission speed
and reducing transmission latency. The efficiency of data transmission can be further improved by
increasing the clock frequency of the transmission module through clock partitioning. By utilizing the
parallel computing capability of FPGAs, lower coding latency and better error detection and correction
rates are achieved. These features allow the project to adapt to different application scenarios and
provide an efficient and reliable solution for various data transmission needs.

In the fields of on-chip interconnect and on-board interconnect; the efficiency and reliability of
data transmission are critical. The implementation of this project can provide reliable and efficient data
transmission guarantee, thus contributing to the development and progress of these fields. In addition,
the project can be widely used in communication, data storage, intelligent manufacturing, etc., providing
efficient and reliable data transmission solutions for these fields and promoting the development and
innovation in these fields.

Product codes

Product codes are serially concatenated codes, which were presented by Elias in 1954 [1]. The
construction method of product codes allows us to construct long, powerful codes from short assembly
codes. As shown in Figure 4, it is a schematic diagram of the code word structure of a two-dimensional
Hamming product codes. The coding method uses a binary linear code C(n,k) , where the code word

length is n, the message length is k, and the code distance is d. The product codes C, of this coding
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method can be expressed as C(n,k)xC(n,k) = Cp(nz,kz), where the code word length of the product
codes is n?, the message length is k*, and the code distance is d* [2].

n bits
S >
k bits
€ >
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] 1
.
' 1
Message Row parity-check bits 'g :
. = '
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Figure 4. Codeword structure diagram

Specifically, the k messages of length k are first arranged into a matrix of k rows and k columns
in a row-first order. Then each row in the matrix is encoded using binary linear coding C to generate k
row parity bits of length n—k, and these parity bits are appended to the end of the message matrix to
obtain a matrix of k rows and n columns. Next, consider this matrix as a new message matrix and encode
each column in it, again using C for encoding, to generate n columns of column parity bits of length
n—k . Finally, these column parity bits are appended to the end of the matrix to obtain a code word of

lengthn®.

System design overview

As shown in Figure 5 below, the design is mainly based on the message transmission direction
and is divided into two main functional parts: transmitting and receiving. Implementing the code for the
part of the virtual line is the main goal of this project [3,4].

Data
(Encoded)

CTL Module ARQ Signal
{Buffer, HARQ) ‘

State
SIG

TX
RX

Data Chénnel

[eubis Waly % B1eq

Y

e ' M ge
Destination

Figure 5. System overall structure diagram

Among them, the high-speed 10 port is a general-purpose component for sending and receiving
messages. The components unique to the sender include the message source, the encoder, and the control
module. The source is responsible for generating the message to be sent, the encoder will encode the
message for errors caused by the transmission, and the control module is responsible for managing the
process of sending the message. In contrast, the only components that are unique to the receiver are the
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message destination and the decoder. The message destination is the final point of reception of the
message, and the decoder will verify the received message and correct errors if feasible. With this design,
the sender can send the message to the receiver in a reliable and efficient manner. In addition, since the
high-speed 10 port is a very flexible and versatile component, it can be easily adapted to different clock
frequencies and bit widths, increasing the scalability and flexibility of the system.

The control module of the sender is an important part of the whole system, which is not only
responsible for managing the message sending process, but also enables the function of hybrid re-
request. Specifically, it can cache the encoded messages and wait for the acknowledgement signal from
the receiver. If the receiver fails to acknowledge in time or returns an error code, the control module
sends supplementary bits or retransmits the message according to the set logic until the receiver
acknowledges. This hybrid re-request mechanism can ensure transmission reliability while minimizing
the number of retransmissions and improving the efficiency of the system.

The high-speed 10 port serves as a clock demarcation in the system, and it can adapt higher
frequency clock sources to achieve high-speed transmission. When the high-speed 10 port receives a
message from the sender, it transmits the message to the receiver at a high bit rate. To ensure the
accuracy and reliability of the transmission, the high-speed 10 port must be synchronized. By using this
10 port, the whole system can achieve high-speed transmission to meet the high-bandwidth and low-
latency transmission requirements.

Encoder design and implementation

The structure diagram of the encoder is shown in Figure 6, which includes four main parts: 10,
control, storage (independent input-output buffer), and calculation units. The main logic control of the
encoder is implemented by FSM. The calculation unit is composed of multiple parallel calculation units,
whose working state is controlled by FSM state and feedback to the control unit.

10 Ports

Input
Buffer

Output Buffer Controller(FSM)

Computing Unit
(Parallel workers)

Figure 6. Encoder structure block diagram

The output of the encoder is directly transmitted to the output buffer. The control unit in this
design also includes a module for implementing array transpose, which is used to transpose the data in
the input buffer. By doing so, the encoder can achieve two-step encoding, thereby improving encoding
efficiency.

e o
_ / | | \1
L IDLE L WAIT_WORKER L TRANSPOSE L PARTIAL_READY L Move_ResuLT 2 L. MOVE_RESULT_1 L FULL_READY
—{ ) « D C ) ) € ) ( ) P
- - - - — S

Figure 7. State transfer diagram of encoder FSM
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The core of the encoder is its control unit, whose main functional logic is controlled by its internal
finite state machine, as shown in Figure 7, which has the following seven states: IDLE, READY,
PARTIAL_READY, WAITING_WORKER, transpose for second encoding stage (TRANSPOSE), and
two states for internal data transfer (MOVE_RESULT_1 and MOVE_RESULT _2).

The operating states of the parallel computing unit are managed by its internal controller, which
communicates with the encoder control unit in the form of a signal. In order to reduce the delay caused
by the two-step encoding, the encoder enters the "partially completed™ state after completing the row
parity bit operation and can provide a code word without column parity bits for transmission.

Decoder design

The block diagram of the decoder is shown in Figure 8 below. The decoder of this project contains
HDL implementations of several algorithms, so it also contains an additional logic module or set of logic
modules that are responsible for adapting different algorithmic logic, depending on the construction
parameters, compared to the encoder.

10 Ports

. ' Output Buffer
Input Buffer _____________________

Controller (FSM)

Calculation Unit
(Parallel workers)

Additional Decoder Logic

Figure 8. Decoder core structure block diagram

Similar as the encoder, the control of the decoder is controlled by a finite state machine, but its
logic is more complex due to the addition of the auto-request logic. As shown in the Figure 9 below,
this finite state machine includes: standby (IDLE), waiting for complete codeword
(WAIT_FULL_CODE), two ongoing checks (CHK_PARTIAL, CHK_FULL) and two ready states
(RDY_OK, RDY_FAIL). The first state of this finite state machine is the standby state (IDLE), where
the decoder is idle and waiting for input. If all the row parity checks bits available, the decoder transitions
to the check for partial codewords state (CHK_PARTIAL). If the check for partial codewords fails, the
decoder transitions to a waiting state (WAIT_FULL_CODE) and waits for the missing data (column
parity check bits) to arrive. Once a whole codeword available, the decoder transitions to the check for
complete codewords state (CHK_FULL), the check is running in a sepreate process, which is achived
by an entity installation controlled by generic mapping and generate. When the any of the tow check is
successful, the decoder enters the ready state (RDY_OK), indicating that the data is not corrupted and
can output it. If the checks fail, the decoder enters the ready failure state (RDY_FAIL), indicating that
the data is corrupted, and the decoder cannot correct it and must wait for input again.

“f Y/ ] ) Y ."\
i CHK_FULL A CHK_PARTIAL . RDY_OK ~=, RDY_FAIL ~ WAIT_FULL_CODE
(= (] t ) (c_ ) C D

"L ;"' : R 4 l.\. o M -
l‘. s ‘ .'.‘

Figure 9. State transition diagram of the decoder FSM
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Build and test system

The goal of this project is to implement a small communication system on FPGA in HDL that
includes a transmitter, receiver, message source, message destination, and transmission channel. In order
to achieve the above functionality, the project required a complete and easy-to-use tool chain for
building and testing.

In the spirit of open source first, VSCode is used as the code editor, Gradle as the build
environment, GHDL as the syntax checking, elaborate and emulate tool, and TypeScript, Python and
GNU Octave as the auxiliary code generation tools. The project also provides a pre-built development
environment in a Docker image, and a "devcontainer" configuration file to optimize development
efficiency. To simplify the workflow of writing, compiling, and testing, a dedicated build script and a
Gradle command wrapper were written.

Conclusion

In conclusion, this paper provides a brief description of the implementation of a Hamming product
code encoder and decoder based on FPGA. Firstly, the basic principles of the algorithm are introduced,
followed by a detailed discussion on the design of the encoder and decoder, including hardware structure
and logic design. Then, the paper describes the building and testing system framework of the project.
Through testing, the implemented encoder and decoder on FPGA demonstrate excellent performance,
meeting the requirements of high-speed data transmission and low power consumption. This
implementation provides a feasible solution for the design of FPGA-based encoder and decoder, with
high practicality and reliability.
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AnHoTtanus. [IpuBeneHs! pe3ynbTaThl CpaBHEHHS Y3PPEKTHBHOCTH OHOIMOTEK PACcIIO3HABAHMS JIHI]
Face-Recognition, Dlib, DeepFace na uzobpaxenusix 6a3sl Labeled Faces in the Wild (LFW).
[Toka3aHo, uto 6ubnuoTeka Face-Recognition sisisetcs myunim BeiOopoM B cpaBHeruu ¢ Dlib u
DeepFace.

Kniouesvie cnosa:  pacno3HaBaHHE JIMI[, CBEpTOYHBIE HEHpOHHBIE ceTH, OuoOMeTpus,
Face-Recognition, Dlib, DeepFace.

BBeaenne

PacriozHaBaHue JIHIL, 3TO TEXHOJIOTHSI, KOTOpast MO3BOJSIET aBTOMATHYECKH MACHTU(DUIIMPOBAT
WIH BepuUIMPOBATh JMYHOCTH YETOBEKAa MO €ro HM300paxkeHH0. Pacro3HaBaHHMe YeTOBEKa IO
U300paKCHHUIO JIHLA UMEET PsiJI IPEUMYIIECTB [0 CPABHEHHIO C IPYTUMHU METOaMH, a UMEHHO [ 1], He
TpeOyeT CrenHantbHOro JOPOroCTOSIIIEro 000PYA0BAHUS VTS PEaTn3alii U SBISICTCS. OCCKOHTAKTHBIM.
Jlist  GONBIIMHCTBA TMPUIOKEHHUN TOCTATOYHO BHACOKAMEPBI JUIS MONYYCHHS H300paXKCHUS |
KOMIBIOTEpAa s ero  o0OpaboTku.  Pe3ymbTaThl ~ MHOTHX  HCCICIOBaHHH  IOKa3aln
[2, 3], 4uTO CBEepTOUHBIEC HEUPOHHBIE CETH SIBISAIOTCS Y3)(HEKTUBHBIM CPEACTBOM ISl PACHIO3HABAHUSI JIHILI.
COOTBETCTBEHHO, TIOSBUJIOCH MHOXKECTBO (DPEHMBOpPKOB M OMOJIMOTEK ISl CO3JaHUsI U TPCHUPOBKH
HEHPOHHBIX CETeH MO pas3iuyHble 3amayd. B paboTe MpPOBOJAMTCS CPAaBHUTENBHBIA aHAIN3
s dexTHBHOCTH TOMYJIAPHBIX OMOIHOTEK pacro3HaBanus Jui Face-Recognition, Dlib, DeepFace.

bubaunorexn pacnmo3HaBaHUuA JINI{

bubnuoreka Face-Recognition, ocHoBaHHas Ha 6ubnmoreke Dlib, mo3BosisieT pacrio3HaBath U1
Ha U300paXEHUIX U B OTOKE BHAE0. OCHOBHAs OCOOEHHOCTh 3TOH OMOIMOTEKH — 3TO €€ CKOPOCTh U
ToyHOCTh. Face-Recognition Wcmoibp3yeT MHOXECTBO METOJOB Uil 0OpabOTKM HM300paXeHHH H
BBIJICJICHUSI JIMI], BKJIFOYasl IOMCK JIUII 110 MIPU3HAKAM, JETEKTHPOBAaHUE KITFOUEBBIX TOUCK Ha JIMIAx, a
TaKKe WCIIOJIBb30BaHUE TITyOOKMX HEHPOHHBIX ceTed s KiaccuuKanuu Jun. bnaromaps stum
meronaM, Face-Recognition oOecriednBaeT BBICOKYIO TOYHOCTH PAaCHO3HABAHUS, a TAKXKE BBICOKYIO
MPOU3BOJUTENBHOCTb.

bubnmuoreka DIlib Takke MIMPOKO HCIONB3YyeTCs Ui PAclO3HABAHUS JIMI W WUMEET Pl
npeumymiecTB. OHa HCHONB3YeT COBPEMEHHbIE METOJbl MAIIMHHOTO OOYYEHHUs, BKIIOYas
SVM-knaccugukaropsl U riy0OKHe HEHpoHHbIe ceTh. Kpome TOoro, oHa MMeeT CBOW COOCTBEHHBIM
dopmar aiina st XxpaHeHUs] 00yUSHHBIX MOJICTIEH, YTO JeaeT ee 6oiiee yo0HO# IS UCTIONB30BaHUSI.

Bbubmmoreka DeepFace siBnsiercs erie 60ojiee HOBOHM U UCIIONIB3YET ITyOOKHE HEHPOHHBIE CETH IS
pacrio3HaBanus i, OHa npenocTaBisgeT Ha0op MpeaoOydeHHBIX MoJenel i KiaccuQuKauy JIUIL,
KOTOpbIE MOXHO HCTIOJIB30BaTh JJIsi OBICTPOTO U TOYHOTO pacro3HaBanus. OIHAKO, M3-3a CIIO)KHOCTH U
00BEMHOCTH IITYOOKMX HEMPOHHBIX ceTel, Npou3BoaAnTeNbHOCTh DeepFace MoxkeT ObITh 3HAUNTENTEHO
HIKE, 4YeM y OoJiee JISTKOBECHBIX OMOIHOTEK.

PaccMmoTpuM mosipoOHee METOIBI, UCTIONIb3YEeMbIE B OMOTMOTEKAX JIJIsl pacIio3HABAHUSI JIHII.
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B OnoImoTeKe Dlib IS pacrno3HaBaHus JIUIT HCIIONIBb3YETCS MOJENb
Dlib_face_recognition_resnet model v1. Dta Mozmens UCHOAB3yeT TIIyOOKHE HEHPOHHBIC CETH IS
M3BJICUYCHHS BEICOKOYPOBHEBBIX IPU3HAKOB JIMI, TAKUX KaK PacHoNOKeHUE I71a3, Hoca U pTa. 3aTem, Ha
OCHOBE OTHX NPU3HAKOB, MOJIENIb TCHEPUPYET YHHKAJIbHBIH BEKTOpP, HAa3bIBAEMBIH «BEKTOPOM
IPU3HAKOB», KOTOPBIH MpENCTaBIIeT cOo00H KOMIIAKTHOE YHCIOBOE NpeJcTaBieHHe juma. s
cpaBHeHus jui B Dlib ncronp3yercss eBKINIOBO PAcCTOSHHWE MEXIY BEKTOpaMH IPH3HAKOB. Yem
MEHBIIIE PACCTOSIHUE MEXKAY IBYMS BEKTOpaMH, T€M OOJIbIlle BEPOSTHOCTb, YTO OHH COOTBETCTBYIOT
OJTHOMY U TOMY K€ JIUILY.

B 6ubnmoteke Face-Recognition mist cpaBHEHHSI JIHII UCTIOIB3yeTCs MeTo compare _faces. OToT
METO]] TAK)Ke MCIIOIb3YyeT BEKTOPA NMPHU3HAKOB, CTCHEPUPOBAHHBIE C TIOMOIIBIO TITyOOKHX HEHPOHHBIX
cereii. OH MpPUHUMACET J1Ba BEKTOpa B KauecTBE BXOTHBIX JAaHHBIX M BO3BpallaeT 3HayeHue True wiu
False, B 3aBUCHMOCTH OT TOTO, COOTBETCTBYIOT JIM OHU OJTHOMY M TOMY K€ JIUIy. J[Jsl cpaBHEHHMS JIHI B
MeTroje compare faces TakKe HCIIONB3YeTCsl €BKIIMIOBO PACCTOSHUE MEX/y BEKTOpaMH IPH3HAKOB.

B 6ubmuorexe DeepFace nnst Bepudumkanum Ul UCmonb3yeTcss MeTof verify. DToT MeTox
NPUHUMAET JBa MU300paKEHUSI U ONpPEJeNsieT, COOTBETCTBYIOT JIM OHU OJHOMY W TOMY ke juiy. Jlis
3TOTO OH HCIIONB3YEeT CBEPTOYHBIC HEHPOHHBIE CETH, MpenoO0ydYeHHbIe Ha 0OJBIIOM HAOOpe NaHHBIX
nvn. OH TeHepupyeT BEKTOPHI IPU3HAKOB IJIS1 KAKIO0T0 H300payKEeHHS U 3aTeM BBIYHCIISICT PACCTOSHHE
MeXay HUMH. Ecim paccTosiHre MeHblle 3aIaHHOTo TIopora, Mmeto verify BepHeT 3HaueHue True, 4yto
03HAYaeT, YTO N300paKEHHSI COOTBETCTBYIOT OJHOMY M TOMY JK€ JIHITLY.

Takum 00pa3oM, eBKIMIOBO PACCTOSHUE MEXIY BEKTOPAMH IPH3HAKOB SIBISETCS KIIOYEBBIM
3JIEMEHTOM JUIsl CPaBHEHMS W BepH(UKAIMKM JUI] B OMOJMOTEeKax i pacro3HaBaHus Jjuill. OHO
H03BOJISIET OBICTPO M TOYHO ONPENENsTh, COOTBETCTBYIOT JIM JIBA M300paKCHUSI OJHOMY U TOMY K€
JIMITY, OCHOBBIBASICH HA BBIYMCIICHUN PACCTOSHUS MEXIy BeKTOpamu. biaromaps aToMy moaxomy, ST
OMONIMOTEKN TTOKA3bIBAIOT BHICOKYIO TOUHOCTH PAcIiO3HABAHUS JIHII.

st uccnenopanus 3G (HEKTUBHOCTH yKa3aHHBIX OMOJIMOTEK ObLa MCIIOJIB30BaHA 0a3a aHHBIX
thotorpadwuii mury Labeled Faces in the Wild (LFW) [4]. OTa 6a3a cogepxur 13233 uzobpakenus 5749
YeJoBeK, KoTopble OblTn coOpanbl B MHTepHere. Kaxmoe mzobOpaxenune mmeer pasmep 250%250
MUKcenel B hopMmate jpg.

Pe3yabTaThl ncciegopanus 3ppekTUHBHOCTH OMOINOTEK

Kon, HarmmcanHslif Ha si3pike Python 1 peanmsarum Kax10ro u3 METOI0B, IPOJIEMOHCTPHPOBAH
Ha puc. 1-3.

.listdir("C:/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-deepfunneled")

Listdir(
sers/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-deepfunneled/{fold

(

/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-
deepfunneled/{folder e}/{file_names[0]}")

e_encodings(pic1)[0]

4_ima e(
harmProjects/pythonProject3/reco_test/1fw
deepfunneled/{ ile me 1)

r =
print(N)

T +=

print(T / N)

Puc. 1. Kox a5 TecTupoBaHus MeTO/Ia paclio3HaBaHus JIHI[ Ha OCHOBe OubnuoTeku Face-Recognition
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tdir("C:/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-deepfunneled")

= os.listd
Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-deepfunneled/{fold
¥ e
R % :
print(T / N)
print(str(R) + "_
f len( mes) >=

. imread(
sers/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw
ame}/{ [01}")

deepfunneled/{f
2 = .imread(
f"C:/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw
deepfunneled/{folde me}/{file [11}*)
try:

print(N)
f results['distance'] <
[ +=
print(T / N)

or()
ctor_5_face_landmarks.dat")
vl("dlib_face_recognition_resnet_model_v1.dat")

Llistdin(
s/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-deepfunneled/{f

print(T /
print(str(
(f

! yad_rgb, €
C:/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-
A f ames[0]}")
k age(
/Users/fluffyll/PycharmProjects/pythonProject3/reco_test/1fw-
deepfunneled/{folder AT

print(N)

+=
print(T / N)

Puc. 3. Koa a5 TecTUpoBaHUs METOa paclio3HaBaHus JIML Ha ocHoBe 6ubmuorexu Dlib

Pesynbrar TecTrpoBaHus OHOJIMOTEK paclio3HABAHMS JIHII PEJICTaBlIeH B Ta0i. 1., paccunraHa
MeTpHUKa «TouHOCThY (Accuracy).

Tabn. 1. PesyabTaTsl cpaBHeHNsI 2P (PeKTHBHOCTH GUOINMOTEK pacO3HABAHUS JHIT

Haspanune 6101MoTeKH Accuracy
Face-Recognition 96,13%
DeepFace 93,63%
Dlib 96,07%
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Kak BugHO 13 Tabmuipl, oubmuoteka Face-Recognition mokassiBaeT OONBIIYI0 TOYHOCTE CPEIH
paccMoTpeHHBIX Onbnnorek. Peanmszanmsa Ha Dlib Takke mokaszana BRICOKYIO TOYHOCTB, HO MIPH ATOM
IIPOrpaMMHBIN KOJ /I PacliO3HABAHMS OKa3ajcs 00Jiee MaCCUBHBIM.

3akioueHne

CornacHo pe3ynbTaTaM HCCIEIOBaHWS METOJOB pACIO3HABAHUS JIMI, OTMETHM, YTO
Face-Recognition sinsiercst sydium Bbibopom B cpaBHenuu ¢ Dlib u DeepFace. Ilpuunna stomy
3aKiIo4aeTcs B ToM, 4to Face-Recognition mcrmonb3yeT ONTUMH3MPOBAHHBIC AITOPUTMBI, KOTOPHIC
MO3BOJIAIOT el paboraTh ObicTpee u 3ddexThBHEE, YeM Apyrue Oubmmoreku. Kpome Toro,
Face-Recognition momnep:kuBaeT He TOJBKO pPACIIO3HABAHWE JIMI, HO W OOHAPYKEHHE, & TaKKe
BhIPABHUBaHUE JIMII, YTO JICJIAET €€ MOJHOIECHHBIM HHCTPYMEHTOM JUJIsl PA0OTHI C N300paKSHUSMU JIHII.

B nenowm, ucnonszoBanne OMOIMOTEK IS paclio3HaBaHUSI JIUI] SIBISACTCS BXKHBIM HHCTPYMEHTOM
JUIS aBTOMAaTHYeCKON WIEeHTU(UKAIIMK JIOJIell Ha M300paXKeHUSX W B BUACONOTOKaxX. brmaromaps
BBICOKOH TOYHOCTH U OBICTPOAEHCTBHUIO, 3TH OMOIMOTEKH MOTYT OBITh MCIOIH30BAHBI B PA3TMIHBIX
o0macTsx, TakuxX Kak 0e30MacHOCTh, MEAULIUHA, COLIMATBHBIE CETH U T.JI.

STUDY OF THE EFFECTIVENESS OF FACE RECOGNITION LIBRARIES

S.N. PETRQOV, A.D. MATSIUSHENKA, D.A. RUDENYA

Abstract. The results of comparing the effectiveness of face recognition libraries
Face-Recognition, Dlib, Deep Face on the images of the Labelled Faces in the Wild (LFW) database
are presented. It is shown that the Face-Recognition library is the best choice in comparison with
Dlib and DeepFace.

Keywords: face recognition, convolutional neural networks, biometrics, Face-Recognition, Dlib,
DeepFace.

Cnucok JiuTepaTrypsl

1. Aatonunk, A.B. // Joki. BIYUP. 2009. Ne 2 (40). C. 67-72.

2. MumenkoBa E.C. // BectHuk Bonrorpanckoro rocymapcteenHoro yHuBepcutera. Cepust 9. McciemoBaHus
MonoasIX yueHbIX. 2016. Ne 11. C. 74-76.

3. Hapmmn C.E. // Coopruk HayuHsx TpynoB HI'TY. 2019. Ne 1 (94). C. 55-70.

4. Labelled Faces in the Wwild (LFW) Dataset [DnexTponHbIi pecypc]. URL:
https://www.kaggle.com/datasets/jessicali9530/Ifw-dataset.

92



TEXHOJIOI'dHd NEPEJAYU U OBPABOTKH HWHPOPMALUU

UDC [004.732+004.432+004.738.5]-027.31

LAN INSTANT MESSAGE COMMUNICATION APPLICATION
DESIGN BASED ON TCP

ZHANG BOWEN, ZHANG RONGLIANG, N.V. KHAJYNAVA

Belarusian State University of Informatics and Radioelectronics, Republic of Belarus

Received March 19, 2023

Abstract. The use of LAN Message Communication through TCP/IP provides a reliable, secure,
and cost-effective means of communication among company or organizational staff members. This
study includes the added functionality of file and picture transfers, which addresses issues related to
time, cost, and information safety. The protocol offers a range of communication options, facilitating
information exchange among individuals. Developed as a standalone application using C++
programming language and QT platform, the proposed protocol has been tested in the LANSs of our
institute.

Keywords: LAN, communication, TCP, UDP, IP.

Introduction

The evolution of communication technology has revolutionized the way we interact with each
other. From the traditional modes of communication such as mail, telephone, and telegraph to the
internet and digital convergence, communication has come a long way. The introduction of the internet
has given rise to various means of communication, including instant messaging. In this context, the
focus of this essay is on the necessity and design of a LAN instant message application based on TCP
and C++. The need for such an application arises from the growing concern of data and message safety
during transmission.

While conventional means of communication are still prevalent in many organizations, the
advances in electronic messaging services and their synchronous nature can bring about different
advantages, including improving organization activities, saving costs, energy, and safety of information.
In this paper, we will explore the development of a LAN instant message application based on TCP and
C++, discussing its features, advantages, and implementation. We will also examine the risks of
information leakage and the necessity of such an application in today's digital age. The paper will be
structured as follows: Section 1 will provide an introduction of the topic, discussing the need for secure
communication tools. Section 2 of this research about the structure design of the client and server.
Section 3 describes how the client connected to server. Section 4 is the project’s protocol. Section 5
gives the output of project’s implantation. Finally, it is the conclusion of the research or the project [1].

The reason —In today's interconnected world, communication is essential for the smooth
functioning of any organization. However, with the increasing amount of data and messages being
transmitted, the risk of information leakage has also grown exponentially. In recent times, we have
witnessed several high-profile cases of data breaches, where sensitive information has been
compromised, resulting in significant losses for companies and individuals.

For instance, in 2017, Equifax, one of the largest credit reporting agencies in the US, suffered a
data breach that exposed the personal information of 147 million people. This breach was caused by a
vulnerability in the company's web application, which hackers exploited to gain unauthorized access to
sensitive data. The breach resulted in the loss of sensitive personal and financial information, including
names, social security numbers, and credit card numbers. Similarly, in 2020, the video conferencing
app, Zoom, faced severe backlash over privacy and security concerns. The app's popularity skyrocketed
due to the COVID-19 pandemic, but it soon became evident that the app was not adequately secured,
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and data breaches were rampant. Zoom's user data was sold on the dark web, and users' personal
information was leaked, leading to severe consequences for individuals and companies alike. In such a
scenario, the need for secure communication tools cannot be overemphasized. This is where a LAN
instant message application based on TCP using C++ comes into play. Such an application can help
organizations communicate securely within their internal network, minimizing the risk of data breaches
and information leakage.

In the wake of this, it is an urge to use a safer communication way to transmit information. That
is the reason why we design this LAN instant message communication application.

Server-Client Structure Design

To realize the program, Client/Server model is adapted. In the client/server programming model,
a server program awaits and fulfills requests from client programs, which might be running in the same
or other computers.

In this structure (Figure 1), server must be running first and waiting (listening) for a connection,
server listening at specific port number and create thread for each client connection. Each client has the
same port number that the server listening at it and hostname of server (or IP).

Server
DBMS

A

data
request

Y A 4

Client

Figure 1. Structure of C/S

However, technically in the Client/Server model, a client cannot reach other clients directly. In
other words, a client cannot send data to other clients directly. As Figurel shown, a client can send data
to another client or clients by send the request to server and then server send the data to the destination
or target clients. How this information transmission works between server and client is based on TCP
socket. Once the connection is established, data can be transmitted.

Another question arise — how do server and clients know what kind of information or action
should server to respond to clients. That is the key point of this structure. Every Clients connected to the
server have a matched socket to server and every operation made by clients will send an encode to
server. Then server will get the request and give a corresponding response.

For instance, a client sends a message to server. The client sends an encode pattern like
“@sendPersonalMesssage#ToFriendOne#content to server”. Then the server will according the prefix
of the encode “@sendPersonalMessage” to store the message in the database and simultaneously send
an encode pattern like “@sendPersonalMessage#From#FriendTwo#content” to the target client. With
the help of this encode pattern, TCP and Signal-emit from C++, communication is accomplished
perfectly.

Database Design

As shown at the Figure 2, “many to many” relation is between entity user and group, which means
a user can in many groups while a group can have many users.
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<>
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Group

Figure 2. User and group

As shown at the Figure 3, “one to many” relation is between entity user and friend, which means
a user, can have many friends. Each user has a friend table for its own and it has all friends contact.

USER

Freind

SE DS

Figure 3. User and friend

As shown at the Figure 4, “one to many” relation is between entity user and message, which
means a user, can have many messages from friends or groups. Each user has a messagebox table for its
own, it has all messages from friends, and groups send to the user.

oo
(=
<o

n

Meassge

Figure 4. User and message
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Comparative analysis of TCP and UDP

Two Internet Protocols can be chosen: TCP and UDP. After the comparative analysis, the TCP is
used to implement data transmission.

TCP is connection-oriented while UDP is connectionless. For TCP, the client sends a
synchronization request, the server sends back an acknowledgment, and the client returns a
synchronization acknowledgment in response. Comparatively, for UDP, the message is sent out, without
as much regard for the recipient, without considering the destination. Connectionless transport protocols
can lose a minimal number of packets.

TCP sends data in a particular sequence, whereas there is no fixed order for UDP protocol. TCP
send and receive data with sequence numbers. This allows the system to track the specific order in which
data is transmitted, maintaining the desired sequence. On the contrary, UDP does not follow a
sequencing mechanism. The protocol has no way of telling which data packets should come first, and if
they are received in the wrong order. UDP also drops any data packet that it is unable to process.
However, UDP is faster and more efficient than TCP User datagram protocol does not need an
established connection to start sending packets. Therefore, it saves the time typically required to turn on
the server and place it in a “passive open,” listening state. It allows data transmission to begin faster
immediately or extended latency time. There is also no need to put the packets in sequence or send and
receive acknowledgments, saving time. UDP is also more efficient in terms of bandwidth. Once the data
is in motion from the server to the client, TCP engages in many error check mechanisms,
acknowledgment processes, and sequencing measures, which occupy a lot of bandwidth. In contrast,
UDP quickly gets the data stream from one computing location to another without a lot of checks and
balances. UDP is suitable for live and real-time data transmission, which TCP cannot support.

Despite its inherently unreliable nature, UDP continues to be a staple for online operations. This
is because it is ideal for real-time data transmissions, where the loss of a few packets does not matter.

TCP is best for use cases where data integrity matters more than transmission speed. It will ensure
that files and web pages arrive intact and can even be helpful for real-time analytics and content delivery
networks, where dropped packets would fudge the outcomes. In comparison, UDP is suitable for media
transmissions, such as video calling and online gaming [2].

Through what has been mentioned above, TCP is more reliable but less efficient and slower in
transmitting. For Lan Instant Message Communication application, files and chat messages are the
content that being transmitted. The transmission is not strictly real-time. Data integrity should come
first. Therefore, it considers more reliability than efficiency. In this paper, TCP is used for the Internet
Protocol of the application.

Conclusion

The proposed TCP protocol solved the instant communication problems among staff members
and reduces time of communication at low cost. Simultaneously the LAN instant message
communication application can guarantee the safety of the data transmission since it is not connected to
the network. However, data leakage is still at risk, since Information leakage channels exist in any
information space. A leakage channel in the most general sense is understood as an uncontrolled way of
transmitting information. As a result, an attacker can gain unauthorized access to the confidential
company data he needs. However, physical access by plugging unknown external devices still may cause
a leakage. Therefore, organization application regulations should be combined with the application to
reduce the risk of leakage.
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ITIOTOKOBAS MOJEJIb VPN C YYHETOM 3AIEPKKU IIEPEJJAYM ITAKETA B
CETH JJIEKTPOCBA3U CHHEHUAJIBHOI'O HASHAYEHUA
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AnHoTanus. B crathe npejcraBieHa morokopas moaeab VPN, yunTeiBaromas 3a1epkKy nepeaadn
nakera, npu rianupoanur VPN-TyHHese#l B ceTH 3JIEKTPOCBSI3U CIEIMaIbHOTO Ha3HAYCHUSI.

Kniouesvie cnosa: cethb OJICKTPOCBA3U CIICHUAJIBHOIO Ha3HAa4YCHUA, NOTOKOBasA MOICIb VPN,
3aJCpIKKa Mepeaavu makera, Ka4eCTBoO 06CJ'Iy)KI/IBaHI/I$I II0JI30BaTEIICH.

BBenenue

CoBpeMeHHasi TEXHOJIOTHYECKash PEBOJIONMS B 00JacTH MH()POKOMMYHHKAIUMA, CBSI3aHHAS C
KoHIenmuen ceteit cnemyromero mokoneHus: (Next Generation Networks, NGN) u BHenpeHHs
mwiatdopmer IMS (IP Multimedia Subsystem), okasbiBaeT cymectBernoe Biusiaue Ha passurue COCH,
(GYHKUIMOHUPYIOIIUX B HMHTEpEcax OpPraHoB: TOCYAapCTBEHHOH BIACTH, OOOpPOHBI CTpaHbl |
0e301macHOCTH TOCYJapCTBa.

B COCH akTuBHO BHEAPSIOTCS COBpEMEHHBIE YCIYTH: BHACOKOH(epeHICB3b, [P-Tenedonus,
9JIEKTPOHHAA IMOYTa, Iepenava (ailios, BeO-CEpBUCH U IpyTUe, CIeI0BATEIIbHO, CTAHOBHUTCS 3a/1a4a
obecrieueHUs KadecTBa 00CTy)KuBaHus nojib3oBareneit — Quality of Service (QoS) [1].

IlpenocTaBnenrne COBpeMEHHBIX HH()OKOMMYHHUKAIMOHHBIX yciayr B COCH mnpennonaraer
HIMPOKOE HCIONb30BaHus [P-mm¢paTopoB U KpUNTOMAPIIPYTU3aTOPOB COBMECTHO C TEXHOJIOTHEH
BUPTYyalbHbIX YacTHBIX ceteid (Virtual Private Network, VPN).

Hcnons3oBanue IP-rexnHonoruii nenaer COCH BO MHOTOM CXOXHMH C CETBIO 3JIEKTPOCBS3H
obmero moss3zoBanus (COOII), onqHAKO MOKHO BBIIEIUTH OTIMUYUTEIBHYI0 OCOOEHHOCTB: B CETH
noctyna B COCH ecTh BEICOKOCKOPOCTHBIE YYACTKH B JIECATKU U COTHM MOUT/C, a Ha TPAaHCTIOPTHOM
YPOBHE NPOIyCKHAs CIOCOOHOCTh MOKET CYLIECTBEHHO CHMXKAThCs (O NMPOIYCKHOW CIOCOOHOCTH
sKkBHUBaJeHTHOH mmppoBomy moroky E1 — 2048 x6ut/c), uto cozmaer 3dekT «OyTBUIOYHOTO
TOPJBIIIKAa», TEM CaMblM YXyALlas T[OKa3aTedd KauecTBa OOCIY)XHMBaHHSA TIOJIb30BATENCH.
CrnenoBaresibHO, HEOOXOJAWMO TIPUMEHSTH JOMOJNHHUTEIBLHBIE METOJbl, YUYWTHIBAIOIINE HAIWYHE
HU3KOCKOPOCTHRIX y4yacTkoB B COCH u mo3Boisiionde MakCHUMaJbHO M CcOaJIaHCUPOBAaHHO
UCIIOJIb30BaTh BECh PECYPC CETH, a HE TOJILKO PECYPC OT/ACIBHBIX KAHAIOB CBSI3H.

B Tteopun moctpoeHuss MH)OKOMMYHHUKAIIMOHHBIX CETeH MAHHBIA KJIacC METOJIOB TONTYYHI
HaszBanue Traffic Engineering (TE — nmkuanpuar tpaduka). Ha cerogHsmHui 1eHb HE CYIIECTBYET
YHHUBEPCAIBHOTO M CTaHJAPTH3MPOBAHHOTO IOAXOAa NMPUMEHEHHS JaHHBIX METOJIOB HE TOJBKO B
COCH, 1o u B COOII.

Mertoapl TE m0o3BONSIOT HE TOABKO ONPEACTUTh ONTUMAJIbHBIN MapIIpyT JJIs MOTOKa Tpaduka,
HO W PE3EPBUPYIOT U HETO NPOIYCKHYIO CIIOCOOHOCTH PECYpPCOB CETH, HAXOISIIUXCA B ITOM
Mapupyte [2].

Ha ocnoge co3mannoit ananmutiaeckoit Monenn VPN B COCH npoBeneH cpaBHUTENBHBIN aHATHN3
ucnonb3yembix B COCH mpotokonos mapmpytusauuu (RIP, OSPF) u nepcnextusnoit ans COCH
TexHoyoruu TE.

CpaBHUTENBHBIN aHATU3 MMO3BOJIII IT0Ka3aTh, YTO MCIOJIB30BAHUE TPAJUIIMOHHBIX MIPOTOKOJIOB
mapmpytuzauu (RIP, OSPF) mo3Bonsier ucnons3oBars 10 40 % pecypca COCH, uto 00ycioBieHO
BBIOOPOM €AMHCTBEHHOro Mapupyta. CieactBueM ogHoMapuipyTHocTH nporokonoB RIP u OSPF
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SBJISIETCSL HETIPOIIOPLIMOHAJbHAS 3arpy3ka MapupyrtusatopoB. Ha umuranmonnoit mogenu COCH [3]
OBLJT TPOBH/IEH SKCIIEPUMEHT (CM. pHC. 1), KOTOPBIH MMOKa3al, 9To Hauboee 3arpy>KeHHBIMHU SBIISIOTCS
MapmpyTtuzaTops 2,4, 5,8, 11,12, 20,21, 22,23, 9to 00yCIOBICHO TOIOIOTHIECKUME 0COOEHHOCTIMHU
COCH wu ckopocTHIMH TapamerpaMu ucnonbdyeMbix B COCH 1mdpoBeIX cucTeM mepenayu.
[Ipumenenne B Tex xe ycnosusax TE nmo3sonser 1o0OUTHCS paBHOMEPHOI'O paclpeiesIeH s Harpy3Ky Ha
ceThb (cMm. puc. 1).
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Puc. 1. 3arpy3ka mapuipytuzatopos COCH

Takum oOpa3zoMm, pa3paboTka HaydHO OOOCHOBAaHHBIX METOJOB HWHKHHUpPWHTA Tpaduka s
COCH mpu mmanupoBanun VPN-TyHHenmed, M WX peajm3amusi COBMECTHO C COBPEMEHHBIMH
koHnenmusMu QOS SBIISETCS CIOKHOM U aKTyalbHOW HAYYHOH 3a1a4eii.

IMoToxoBasi Momens VPN 6e3 yuera 3a1ep:KKH nepeaavyu nakera

Hns peanuzaunn Mmexanu3moB TE B COCH, kak u B COOII 0CHOBHBIM MapaMETpOM SIBISIETCS
MPOIYCKHAS CTIOCOOHOCTh KAHAJIOB CBS3M MEX1y KOMMYTAIIMOHHBIMHU YCTPONUCTBAMH — PECYPC CETH.

Onpeaenenue pecypca ceTd ais mianupoBanus VPN-tyHHeneil B TpancnopTHod cetu COOII
OCYIIECTBIISIETCS TTOCPEICTBOM TMPUMEHEHUs MOTOKoBo Monmenn VPN [4], roe B xadecTBe pecypca
paccMaTpUBaeTCs MPOIYCKHAs CIIOCOOHOCTH,

A=Quyy ~A=[q, 1, ], ¥i.], (1)

.
rae Q;  — MHHHMMAanbHas TPOIYCKHAs CIIOCOOHOCTb ONTHMAIBHOIO MapuipyTa piQT MEXIY

MapuIpyTU3aTOpaMu | U J; A, — MHTEHCHBHOCTb TpahuKa Meky MapIIpyTH3aTOPaMH i U J.
Cornacho BeipaxxeHH:o (1), pecypc ceTu o npoIycKHO# CIOCOOHOCTH paBeH Pa3HOCTH MAaTPHUIIBI

MHUHHUMAJIBHBIX IIPOIYCKHBIX CIocoOHOCTEH JJId KaXXZI0Iro OINTUMAJIBHOTO IYyTH QOl'lT U MaTpuIllbl

MHTEHCUBHOCTH TpaHKa MEXIy MapmpyTu3atopamu A.

IMoToxoBast Mogens VPN ¢ yueTom 3a/iep:KKu nepeaayvn maKera

Opnako, ¢ yueToM TpeOOBaHUI 0 3a/Iep>KKH Nepeauu nakera, BeipakeHue (1) npuHuMaeT BUA:

A = an‘r - A|W<'i>

1,
W = w e w - w

<W VK=

A<Wk> —

)

. .. )
+ W
rae W, — moporoBoe 3HaueHHE 33JCPXKKHU Tepefadyd MaKeTa sl ONpENeNICHHOTO Kiacca Tpaduka
k =1,7, onpeneneHHoro B cooTBETCTBHU C [5]; wi CyMMapHasi 3aJiep)KKa repeadn makeTa Mexmy
MapLipyTu3aTopamMu i u  |; W§2> — 3aJep)KKa BHEY3JIOBON 00paboTKH, KOTOpas 3a7aeTcsi B

3aBUCUMOCTH OT KOJCKa pa6OTLI OKOHCYHOI'O YCTPOﬁCTBa; WI<,IJ> — 3aACPIKKa paCIpOCTPAHCHHUA ITaKCTa,
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ij . ij
Wf)ﬁf) — 3ajepiKKa 0GpaGOTKH TAKeTa MApIIPYTH3aTOpoM; W, — 3a/lepKa OXKIIaHus 1aKkeTa B Oydepe
MapipyTisaTopa; W\ — 3aepkKa Cepuali3alui NaKeTa.
CorniacHo Mpe/yIokKEHHON MOJIENH 3aMac MO MPOMYCKHON CIIOCOOHOCTH PaBEH PA3HOCTH MATPHIL

fi)

W, , 3TO NO3BOJIET HE YUUTBIBATH «HECYLIECTBYIOIHUI» PECypc CETH IO MPOMYCKHON CIIOCOOHOCTH,

QOrlT u A, ecnm 3amepkka Iepenadd Imakera W' He JOCTHTHET IOPOTOBOTO 3HAYEHHS

BBUJIy HEBBLINOJIHEHHS TpeOOBaHWN KadecTBa OOCIyXWBaHHsI. B CBOI ouepenb, HcHolb3yeMas B
HACTOsIIee BpeMsi TOTOKOBast Mozielb (1) moKa3bIBaeT, 4TO PECYPC CETH IO MPOITYCKHOW CITOCOOHOCTH
eCTh (Ha pHUC. 2 MPEICTABIICH 3aKPAIIEHHON 00JIACTHIO) U MOXKET OBITh UCIIOJIB30BaH IS TUTAHUPYEMBIX
VPN-TyHHenen.

~

VaenbHBIH 3am1ac
T10 TIPOTIYCKHO M CIIOCOOHOCTH
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Puc. 2. 3aBucUMOCTH y/I€JIBHOTO 3a11aca 110 MPOITyCKHOM CIIOCOOHOCTH U
3aJIep>KKH Nepe/Iauy TTaKkeTa OT YAEIbHONH HHTEHCHUBHOCTH

Ha puc. 2 mpencraBieHsl CleAyIONIME 3aBHCUMOCTH, PACIOJIOKEHHBIE COOCHO: 3aBUCHMOCTh
YIENBHOTO 3amaca M0 MPOIMYCKHOW CIIOCOOHOCTH Qinzﬂ OT yIeNbHON MHTeHCHBHOCTH Tpaduka A

yaen !

3aBHCHMOCTD 33JIEp’KKU TIepeiau aKeTa W or yZebHOI MHTeHCUBHOCTH Tpaduka A Y

yaen*
B COCH «kaxnmomy opraausyeMoMy VPN-TyHHen0  mOpenbsBISIOTCS — TpeOOBaHUS
[0 TIPOIYCKHOW CHOCOOHOCTH M IO 3aJepXKH Iepenaun nakera. CienoBaTeslbHO, HCIIOJIB30BaHUE
Mozenu (1) npu anupoBanuu VPN-TyHHEnel 0e3 ydeTa 3alepKKy Mepefadn MakeTa MPUBOIUT K
MOSIBIIGHUIO OIMMOKH OTpeZeNieHus] 3amaca MO0 TMPOIMYCKHON CIIOCOOHOCTH Ui TUTAHHPYEMBIX
VPN-rynueneit K, (nanee — ommokm).

Ucxons w3 3aBUCHMMOCTH YJENBHOTO 3amaca IO TPOMYCKHON CIOCOOHOCTH OT YAEIbHOW
MHTEHCUBHOCTHU TpaduKa, IpeACTaBIeHHON Ha puc. 2, olMOKa paBHa OTHOLICHUIO
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rie S = e QYW (AY YA~ mmomams Beeit ¢uryper mox  KpuBoif QU (AW

yzen ymen

J0  OOCTHMIXKCHHA [LOHYCTI/IMOFO IMOpOroBoro 3HAa4YCHHUA  3aJCPKKKU ICp€aadd Ha  OTPC3KE

)’ﬂc.'l2
(Ayﬂeﬂ1 , yﬂeﬂwk ); S, j ym yﬂeﬂ)dAyﬂen — TUTOMIA/Ih (PUTYPHI IO KPUBOH Qym (Ay}m ocJie

yAmx W

JOCTHIKCHUA JOITYCTUMOI'O ITOPOTrOBOTO 3HAYCHUS 3aACPIKKHU IEPCAaYn Ha OTPE3KE (Ayaen W, ? A<ylil>eﬂ2

Jlns mpennaraeMoil MOJIENM TPOBEJCHO HWCCIICAOBAaHHWE BIMSHUS HA ONIMOKY CICAYIOINX
(hakTOpOB:

— U3MEHEHHE TPOMYCKHOHN CITOCOOHOCTH KaHAIOB CBSA3U MEXKAY MapuipyTuzaTopaMu (puc. 3);

— U3MEHEHHE JOMYCTHMOW 3aJIepXKKH TIepeliavn TakeTa Ui ONpeJeieHHOTo Kiacca Tpaduka
(puc. 4);

— M3MEHEHHE CpeIHeH UTHHBI epeaaBaeMbix |P-maketoB (puc. 5).
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Puc. 5. 3aBucumocts ommoku ot cpenueit umnbl |P-nakera

Ananus SaBI/ICI/IMOCTeﬁ, MpEeACTaBJICHHBIX Ha pPHC. 3, IIOKa3bIBA€T, YTO IIPHU 3HAYHUTCIHHOM
YBCINYCHUN TPOITYCKHBIX CIIOCOOHOCTEI KAHAJIOB CBS3H MCXKAY MapuipyTrU3aTopaMm 3HAYUYCHUC
OIINOKH MOJKET OBITh paBHO HYJIIO, YTO IMPUBEACT K paBCHCTBY BCJIMYMUHBI 3ariaca I10 HpOHYCKHOﬁ
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CIIOCOOHOCTH 0¢3 yuc€Ta 3aJICPKKU MCpCAavn ITaKeTa An 3araca I10 HpOHYCKHOﬁ CIIOCOOHOCTH C

(wi)

YUETOM 3aIEpPKKH nepeaaun makera A — MoTokoBas MOJIEIb ¢ y4ETOM 3a[E€PKKH BBIPOKIACTCS B
KJIACCHYECKYI0 MOTOKOBYIO MoJiesib VPN.

JunamnazoH n3MeHeHus JOMyCTUMOM 3aiep kK nepeaaun nakera ot 0 — 1o 400 MC COOTBETCTBYET
tpeboBanusaM K QOS, mpeacrasieHHsM B [5] s naTepakTHBHOrO Tpaduka. M3 aHann3a 3aBHCUMOCTEH
CJIEJyeT, YTO M3MCHEHHE JIOMyCTUMOW 3HAUCHHWH 3aJIepiKKH Tepe/iadd MakeTa B PacCMaTPHBAEMOM
JMaria30He HE BHOCUT 3HAYUTENBHBIX HW3MEHEHHH B OMIMOKY, YTO MOXHO OOBSICHUTH
IKCTIOHEHIIMATLHON 3aBHCUMOCTBIO 33/ICPIKKH MEpeaur MaKkeTa OT YAeIbHON HHTEHCHBHOCTH Tpaduka
(cm. puc. 4) BciencTBUE JIABUHOOOPA3HOTO BO3pPACTaHHA 3aEPKKH OKHIAHHS IMakeToB B Oydepe
MapmpyTu3aTopoB npu neperpy3kax 8 COCH. JIyis HOMUHAILHOTO 3HAYCHHS JOMYCTHUMOMN 3a/IePIKKH
nepeaayn makera (150 Mc), COOTBETCTBYIOILETO HYJIEBOMY KJlacCy Tpaduka, OIuOKa MpH OJHOIYTEBOM
mapmipytupoanuu (RIP, OSPF) cocrasusier ot 11 mo 25 %, a npu mHoromyteBoMm — 60 %. Takum
oOpa3om, Juisi OCHOBHOTO TmipoTokoina Mmapmpytuzanuu (OSPF), wucmone3dyemoro B COCH,
cymecTBytomas morokosas mojesb VPN BHocuT 10 25 % ommbku npu mianupoanuu VPN-TyHHeneH,
a I TTepCleKTUBHON TexHooruu |E ommobka coctaBmsger 60 %, 9To MPUBOANT K HEpAITMOHAITBHON
OIIEHKE pecypca CeTH Ha 3Tare e¢ MITaHUPOBAHUS.

3aBUCUMOCTH, TIPE/ICTaBIICHHBIC HA PUC.5, TOIyUYeHbI, IPH U3MEHEeHUH JIuHbI |P-akera ot 500
mo 1500 OaiiT, 9TO COOTBETCTBYeT MHHHMAIBHOH W MAaKCHMAaIbHOW JJTMHE TaKeTa. AHamm3
3aBHCUMOCTEH TIOKa3bIBACT, YTO YBEJIMYCHUE JUIMHBI TAKeTa HECYIIECTBEHHO BIIMSACT HAa OIIUOKY
(M3MeHeHue OMMOKH cocTaBisieT ot 2 10 4 %).

3akiIoueHne

[Tpumenenune meromos TE B COCH npu nmnanupoBanuu VPN-TyHHeneH mo3BoNHAT 00eCTIeYnTh
cOamaHcupoBaHHyI0 3arpy3ky cetu (mo 100 % pecypca ceTu) B CpaBHEHWH C TPaAWIIMOHHBIMHU
omHOMapuipyTHeIME nipoTokonamu RIP u OSPF (obecneunBaror mcnonb3oBanue a0 40 % pecypca
CeTH).

IIpn HeoOxommmocTu mepenaun B riaHupyemoM VPN-TyHHene wHTepakTuBHOTO Tpaduka
BO3HUKAeT 3aJaya OMNpeJeNICHHs 3amaca IO IPOIMYyCKHOH CIIOCOOHOCTM C y4eToM TpeOoBaHUil
obecrieyeHus kauecTBa obcmyxuBanus nons3osareneid COCH. [Ipu 3ToM, HConb30BaHNE TOTOKOBOH
mozenu VPN mpuBoauT K CyIIeCTBEHHON OIIMOKE OIpeesieHHs 3amaca Mo MpoIyCKHOH CIIOCOOHOCTH
(mpy HOMUHAJIILHOM TIOPOTOBOM 3HAu€HUM 3ajepKku 150 MC s OTHOMAapIIPYTHBIX MPOTOKOJIOB
ommoka cocrasisier ot 11 10 25%, a 1uist MHOromMappyTHbeIx — 60 %).

HOSE MODEL OF VPN WITH DELAY IN A COMMUNICATION
NETWORKS OF SPECIAL PURPOSE

S.S. VRUBLEVSKY, A.A. BYSOV

Abstract. The article presents a hose model of VPN that takes into delay when planning VPN
tunnels in communication networks of special purpose.

Keywords: communication networks of special purpose, hose model of VPN, delay, quality of
service.
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Abstract. A deep learning framework for activity recognition based on smartphone acceleration
sensor data, convolutional neural network (CNN) and long short-term memory (LSTM) is proposed
in the paper. The proposed framework aims to improve the accuracy of human activity recognition
(HAR) by combining the strengths of CNN and LSTM. The CNN is used to extract features from
the acceleration data and the LSTM is used to model the temporal dependencies of the data. The
proposed framework is evaluated on the publicly available dataset, it includes 6 different actions:
walking, walking upstairs, walking downstairs, sitting, standing, and laying. The recognition
accuracy has reached 94 %.

Keywords: HAR, CNN, LSTM, acceleration sensor.

Introduction

With the rapid popularity of smartphones and the rapid development of micro sensors, various
MEMS sensor devices are embedded in people’s smartphone. The main advantages of MEMS sensors
are small size, light weight, low power consumption, high reliability, high sensitivity, easy integration,
etc. In addition, the research on human behavior recognition based on sensor-based intelligent devices
has become an emerging research topic in recent years, traditional machine learning algorithms extract
feature vectors from data to distinguish between classes of activities, and researchers have done a lot of
research work in this area. FGD Silva [1] used two methods, FDR and PCA, to extract 19 features from
the data and used SVM method to classify the activities, VNT Sang [2] applied KNN, ANN and SVM
algorithms for classification and recognition of human behavior, R Singh [3] et al. proposed an algorithm
for human state recognition activity using decision tree C4,5 by data mining algorithm. Since traditional
machine learning algorithms require manual extraction of features in the data, and it is difficult for non-
professionals to extract effective feature sets, manual extraction is also subject to human error and time-
consuming, all of these methods which will reduce the accuracy of classification and recognition, but
neural networks greatly compensate for the lack of manual feature extraction in traditional machine
learning by building a multi-level automatic feature extraction architecture.

Data acquisition for human behavior recognition is basically divided into two categories, video
image-based data acquisition and wearable sensor-based data acquisition. In this paper, we focus on
human activity recognition based on wearable sensing data. This paper uses the built-in acceleration
sensor of a smartphone for data collection.

The network model consists of three convolutional layer and LSTM network layers, fully
connected layer, and one Softmax layer, and predicts the corresponding human actions from the data set.
The proposed algorithm’s accuracy achieved 94 % and the loss is about 0,02 at the test set.

Dataset

We selected the data set from the UCI Human Activity Recognition Using Smartphones Data Set.
The experiments have been carried out with a group of 30 volunteers within an age bracket of
19-48 years. Each person performed six activities wearing a smartphone on the waist. Using its
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embedded accelerometer, they captured 3-axial linear acceleration at a constant rate of 50 Hz. The
experiments have been video-recorded to label the data manually. The obtained dataset has been
randomly partitioned into two sets.

The sensor signals (accelerometer) were pre-processed by applying noise filters and then sampled
in fixed width sliding windows of 2,56 sec and 50 % overlap (128 readings/window). The sensor
acceleration signal, which has gravitational and body motion components, was separated using a
Butterworth low-pass filter into body acceleration and gravity. The gravitational force is assumed to
have only low frequency components, therefore a filter with 0,3 Hz cutoff frequency was used. From
each window, a vector of features was obtained by calculating variables from the time and frequency
domain.

After the data set is obtained, the maximum and minimum values of the data are normalized using
Formula (1). The data in the training set is 7352x561, and 7350x560 data are selected as the data set
required for the experiment. It was found that many data with the same output in the data set were
connected, which did not meet the assumption that the training data were independent and identically
distributed. randon.seed = 314 was selected to generate a random sequence of length 7350, which was
used as the index of the data:

X=X,
— min (1)

scale '
X max Xmin

where X . — denotes the maximum value in the feature, X, — denotes the minimum value in the
feature.

Framework of CNN and LSTM algorithm

The structure diagram of the algorithm is shown in Figure 1. Based on the cell phone tri-axis
acceleration data collected from the public dataset, the algorithm predicts six different human behaviors
through convolutional layer and LSTM, fully connected layer, and Softmax layer, and finally outputs
the behavior type with the highest probability as the output result.

Three 1D
Convolutional
Layers

o| Fully Connected

Input Sensor
Layer

Data

Y

LSTM Layer

.

Predicted
Activity From |« Softmax Layer
6 Class Labels

Performance
Estimation

Figure 1. The network structure of CNN-LSTM

1D convolutional layer 1

For the convolutional 1, we got the input tensor is (100,1,560), the batch size is 100, and input
channel is 1, length of signal sequence is 560, the hyperparameter of the convolutional layer is shown
as Table 1.

In the 1D convolutional layer, it has two kinds of parameters: weights and biases. The total
number of parameters is just the sum of all weights and biases:

W =KxCxN, (2)

where the W, — is the number of weights of the convolutional layer, C — is the number of channels of

the input, N — is the number of kernels, K — is the size of kernels used in the convolutional layer, so
we can get the weight of the convolutional layer is 320:

P=W +B_, (3

where P — is the number of parameters of the convolutional layer, B, — is the number of biases of the

convolutional layer, W_ —is the number of weights of the convolutional layer, so we can get the number
of parameters of the convolution layer 1 is 384.
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The calculation method of size (O) of the output is shown in formula (4):

O:I—K+2P+1, (4)
S
where the | — is the size (width) of input, K — is the size (width) of kernels used in the convolutional

layer, S — is the stride of the convolution operation, P — is padding value. Moreover, we can get the
size of the output is 278.

Table 1. The hyperparameter of the 1D convolution layer 1

Hyperparameter Value
Input channel 1
Output channel 64
Kernel size 5
Stride 2
Padding 0

1D convolutional layer 2

For the convolutional 2, we got the input tensor is (100,64,278), the batch size is 100, and input
channel is 64, length of signal sequence is 278, the size of the output is 137. The parameter and
hyperparameter of the convolutional layer are shown as Table 2 and Table 3.

Table 2. The parameter value of the 1D convolution layer 2

Parameter Value

Weight 20480
Bias 64

Total 20544

Table 3. The hyperparameter of the 1D convolution layer 2

Hyperparameter Value
Input channel 64
Output channel 64
Kernel size 5
Stride 2
Padding 0

1D convolutional layer 3

For the convolutional 3, we got the input tensor is (100,64,137), the batch size is 100, and input
channel is 64, length of signal sequence is 137, the size of the output is 67. The parameter and
hyperparameter of the convolutional layer are shown as Table 4 and Table 5.

Table 4. The parameter value of the 1D convolution layer 3

Parameter Value

Weight 20480
Bias 64

Total 20544

Table 5. The hyperparameter of the 1D convolution layer 3

Hyperparameter Value
Input channel 64
Output channel 64
Kernel size 5
Stride 2
Padding 0
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LSTM layer

In the LSTM layer, input size is taken as 64 because the feature used is the 3rd convolutional
output feature, which is the dimension 64, using convolutional features for temporal recognition, and
the number of hidden unit size is 128. For the input tensor shape (100,64), after processing through the
LSTM layer, the output shape become (100,128). The parameters are shown in Table 6. The
hyperparameter of the layer are shown in Table 7, each LSTM has 128 hidden units, and that is, the
number of neurons in the LSTM unit is 128.

Table 6. The parameter value of the LSTM layer

Parameter Value
Input tensor shape (100,64)
LSTM units 128
Output tensor shape (100,128)

Table 7. The hyperparameter of the LSTM layer

Hyperparameter Value
Hidden layer 3
Hidden unit size 128
Learning rate 0.001
Dropout 0.9
Batch size 100
Epoch 50

Fully connected layer

In the fully connected layer, we get the input tensor derived from the output of the last hidden
layer state of the LSTM layer, the input shape is (100,128).

After we got the input, we can multiply the input by the weight matrix [128,6] and add a bias [6],
then we get the output of the fully connected layer (100,6), the relevant parameters are shown in Table 8
and the calculation process is shown in formula (5):

y=xA+Db, (5)
where x —isthe input, A — is the weight matrix, b — is the bias.

Table 8. The input, condition, and output of fully connected layer

Input shape (100,128)
Weight matrix [128,6]
Bias [6]
Output shape (100,6)

Softmax layer

After getting the output from the fully connected layer, we use the activation function Softmax to
map the output of the neuron to the (0,1) interval, which allowed us to perform multiple classification:

z
Softmax(Zi)zi—z, 3)
e C
c=1

where Z, —is the output value of the i class, C — is the number of output nodes, which also represents

the number of categories in the classification. In this dataset, because there are 6 feature actions in this
dataset, we set the C value to 6.
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Evaluation indicators and results

Evaluation refers to the stage where the results of model testing are measured and evaluated. We
measure the performance of the model using a confusion matrix, which is also used to determine
accuracy. The confusion matrix which we used is shown in Table 9.

Table 9. Confusion matrix of the six classifications tasks

Six-class label - - Eredlcted label - — - Total
Laying Walking Upstairs Downstairs Sitting Standing

Laying AL Aww ALy ALp Aist ALsp TL

Walking AwL Aww Awu Awp Awst Awsp Tw

True Upstairs AuL Auw Auu Aup Aust Ausp Tu
label Downstairs AbL Apw Apu Abp Apst Apsp To
Sitting AstL Astw Astu Astp Astst Astsp Tst

Standing AspL Aspw Aspu Aspp Aspst Aspsp Tsp

Each sample in the classification task has only one defined category, and a prediction of that
category is a correct classification, and a failure to predict it is a classification error, so the most intuitive
metric is Accuracy. The formula is as follows:

AL+AIVW+AJU+'%TST+'%DSD,

T +T, +T, +T, +T, +Tg,

Accurancy = (@))
where the A, — denotes the accuracy of correct prediction of laying, A, — denotes the accuracy of
correct prediction of walking, A,, — denotes the accuracy of correct prediction of upstairs, A, —
denotes the accuracy of correct prediction of downstairs, A, denotes the accuracy of correct
prediction of sitting, A, — denotes the accuracy of correct prediction of laying.

Our model is training and testing on the UCI HAR dataset, and 70 % of the volunteers was
selected for generating the training data and the remaining 30 % is used to test the data. We set the
training set to 100 and train on the training set for 50 epochs. The loss value and the accuracy values are
shown in Figure 2.

".‘ o o I EE— iy
\ . : W

\
\ VJ\\ ,

WA\ An

\ ‘J"v /M\flv\jl\‘"\_ A A

Accuracy_rate %

N W

Epoch Epoch

a b
Figure 2. Loss and accuracy rate of the CNN-LSTM model: a — loss rate during the training;
b — accuracy rate during the training

Next, we will apply the trained model to the test set to see how well the model performs on the
test set. Figure 3 visualizes the accuracy and loss rate of the model on the test set.

STNANSN T

loss_values

accuracy_values

" baten " ‘ ' : ) “ batch
a b
Figure 3. Loss and accuracy rate of the CNN-LSTM model: a — loss rate during the testing;
b — accuracy rate during the testing
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It can be seen from the test set that there is some fluctuation in the loss rate of the model, since
the batch size is only 100, it does not look smooth on the test set, but it still has smaller loss rate and
higher accuracy on average. Our proposed model achieves an average recognition accuracy of 94 % on
the training set, while the average value of loss is about 0,25.

Table 10. Confusion matrix of the six-class dataset scheme on the test dataset

Predicted label

Six-class label Laying Walking Upstairs Downstairs Sitting Standing
Laying 1 0 0 0 0 0
Walking 0 0,970 0,0061 0,022 0 0
True Upstairs 0 0,067 0,900 0,037 0 0
label Downstairs 0 0,044 0,093 0,860 0 0
Sitting 0 0 0 0 0,940 0
Standing 0 0 0 0 0,086 0,910

The confusion matrix in Table 10 is used to determine the performance of the trained model on
the six human action categories. It displayed the accuracy of each class where laying is 100 %, Walking
is 97 %, Walking upstairs is 90 %, Walking downstairs is 86 %, sitting is 94 %, and standing is 91 %.
Next, normalize the confusion matrix in Figure 4.

walking
walking_upstairs
walking_downstairs

sitting

Figure 4. Normalized confusion matrix of six class dataset schemes

Conclusion

This paper is based on the UCI HAR dataset, the dataset was collected by using a smartphone
placed around the waist of the tested volunteers, it includes six different human behavioral states:
walking, walking upstairs, walking downstairs, sitting, standing, and laying. The proposed model
includes three 1D convolutional layers, LSTM network layer, fully connected layer, and Softmax layer.
The algorithm extracts data features from the input signal sequence using the three-layer convolutional
neural network, and then uses the features as the input of the LSTM neural network. After obtaining the
final output of the LSTM neural network, it is mapped to the fully connected layer. Finally, the output
is transformed into the probability corresponding to the state through the Softmax layer. With the
training of this neural network, our algorithm achieves an average accuracy of 94 % for the six feature
activities.
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AJITOPUTM KOAUPOBAHMUS IMTPOIECCA TPAHCJIAIINU BEJIKOB B KIIETKE

M.A. ITPOTBKO, O.®. BOPUCEHKO

benopyccxuii cocyoapcmeennvlii ynusepcumem ungopmamuxu u paouosnekmponuru, Pecnybnuxa Benapyce

Hocmynuna 6 peoakyuro 19 mapma 2023

AnHoTauus. llenblo JaHHOW cCTaTbU SIBISIETCA PACCMOTPEHUE a30TUCTBIX OCHOBaHUM B
COOTHOIICHWH C KOAWUPYEMBIMH HMH aMHHOKHCIOTAMH, C JalbHEHIINMH MOWCKaMH HX
B3aMOCBSI3H.

Knrouesvie cnosa: yeTBepUIHBINA KO, TEHETUYECKUN KO, TPAHCIISALMSL.

BBeaenne

Ecnn moctaBuTh LENbI0 CO3JaHME AMHAMHYECKH Pa3BUBAIOLICHCA CHCTEMBl (CHUCTEMBI,
CIOCOOHOM pearupoBarh Ha YCJIOBHSI, M3HAYAIBHO HE PEAYCMOTPEHHEIE MPH €€ POCKTUPOBAHHUHU, HO
MOTEHIMANEHO BO3MOXHEIE [1]), HEOOXOAMMO YETKO pasrpaHUYUTh BCE €€ MapameTpbl, WIH IKe,
MIOCTaBUTh CTPOT0 CTPYKTYPUPOBAHHYIO (JOPMAIBHYIO 3aauy.

Jns  noctuxeHHs TOCTaBI€HHOW LENM paccMOTPUM CTPYKTYpy T€HETHYEecKoro Koja,
cBorictBennoro JIHK u PHK, myist BeIsSIBICHMSI HEKUX 3aKOHOMEPHOCTEI.

B nanHoii paboTe MCHONB3YIOTCA ONpeNeseHUs KaKk U3 TEOPUH KOAWPOBAHMSA, TaK U U3 oOLIen
reHeTHKU. B Havaje crnemyeT ompezesieHHE U3 TEOPUM KOAMPOBAHMSA, 3aT€M, B CKOOKax, U3 oOuiel
TeHETHKH.

Omnpenesienne 00beKkTa

PaccmoTpum mpenametHyro 001acTh. ['@HETHYECKMM KOJOM HAa3BIBAETCS ITOCIEIOBATEIHHOCTD
YeThIpeXx a30TUCTBIX ocHoBaHWH (ageHuH (A), TumuH (T) / ypammn (Y), ryanun (I) n nurtosun (L))
KOTOPBIM B COOTBETCTBUE CTaBUTHCS 20 aMHUHOKHUCIIOT (CM. TaouI. 1).

OnpeenuM TeHeTHIeCKUIA KOJI CIIeTYFOINM 00pa3oM, BOCIIOBE30BABIINCH [2]:

[lomoxxuM, dYTO CyIIECTByeT HEKWH WCTOYHUK, BBIJAIONIMK JHUCKPETHOE COOOIIeHne a
(monmumenTtuapl wW/uaM  OelKHW), KOTOPOE MOXKHO paccMaTpuBaTh KakK IOCIE0BATEIHHOCTD
9JIEMEHTAPHBIX COOOIIEHUH 8, (AMUHOKMCIOTHI). DTU 3JIEMEHTApHBIE COOOIEHUS — CUMBOJIBI, M HX

COBOKYNHOCTb {a } — andasur.

HyCTL IOCICA0BATCIPHOCTE CHMBOJIOB HMCTOYHHKA a 3aMCHACTCA IIOCJIIEA0BATCIIbHOCTBIO
KOIOBEBEIX CUMBOJIOB (TpI/IHJ'IeTOM, WA KE KOZ[OHOM).

aﬂeMeHTapHI)IMI/I CHUMBOJIaMH KO):[OBOI‘/'I KOMGI/IHaHI/II/I B JJaHHOM ClIy4da€ CJIy’KaT a30TUCTBIC
OCHOBaHWUA.

OGlee YMCIO CHMBOJIOB, COCTAaBIISIOIIMX KOJOBYK0 KOMOMHALMIO (JUIMHA Koma) "= 3,
KOJINYECTBO 3HAUYEHHH KOJIOBBIX IPU3HAKOB (OCHOBaHME KoJa) M =4,
Emkocts kona N, =64,

KomnuectBo coobmenuit N, = 20.

Konosoe paccrosaue d, =1.

OrnocurensHas ckopocts koxa R, =109, N, /log, N, =2,996/ 4,159 =0,720.
Us6wirounocts ¢, =1-R, =0,280.
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Tab6n. 1. CooTBeTcTBHSI AaMHUHOKHUCJI0TA — TPUILJIET
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ITA
TTT

Bamun Val

6,73

vy
VI
YA
ryr

I'moTaMuHOBas KHCIIOTa

Glu

6,32

| LVLN
AT

AprunuH Arg

5,78

ary
I
LA
urr
ATA
AT

Tpeonun Thr

5,53

ALY
AL
ALIA
AT

AcnmnaparuHosast
kucynora Asp

5,49

TAY
TALL

U3zonetinun lle

5,49

AVY
AVI]
AVA

Jlmsun Lys

5,19

AAA
AAT

IMposuH Pro

5,02

oy
L
HOA
aor

Acmaparua Asn

3,93

AAY
AAI

I'moramun Gln

3,90

LAA
LIAT

®Denunananus Phe

3,87

%%
VVII

Tuposun Tyr

2,91

YAY
VAIL

MeTuonun Met

2,32

AYT

I'mctuaun His

2,26

AY
HAIL

Hucrenn: Cys

1,38

Iy
VIII

Tpunrodan Trp

1,25

YIT
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l'enernueckuii kon (nanee T.K.) ABISETCS PaBHOMEPHBIM (N =CONSt ) © MHOTOMO3WIIOHHBIM
(XpOMOCOMHBIH T.K.), OJJHAKO, CYLIECTBYET U HEPAaBHOMEPHBIH I'.K. (MUTOXOHIPUATBHBIH I.K.).

ITo popme mpeacraBieHus] B KaHale mepenayn (IpOLEcC KOTUPOBAHUS, MU K€ TPAHCISIUH,
nepexon PHK — 6enok) — r.x. mMeeT napamienbayio hopmy.

ITo ocHOBHBIM 3aKOHaM KOZ000pa30BaHUsA, T.K. — KOMOMHATOPHBIA KOJ.

PaccmoTpum Ta0m. 1, sBisronnytocs o0beIMHEHHEM HH(GOPMAITUK U3 UCTOYHUKOB [3] u [4].

B 1abn. 1 B cronOie «Ha3BaHWE» HAXOMUTCS AMHHOKHCIOTA C €€ PYCCKMM Ha3BaHUEM W
aHTJIMACKUM COKpAaIlleHUEeM, 9acTOTa BCTPEUYAeMOCTH OCHOBaHa Ha BBIOOpKe m3 7 555 843 062
aAMUHOKHCIIOT. JlaHHBIE YaCTOTHI SBIAIOTCA YCPEAHEHHBIMU MIOKAa3aTEIsIMU T10 BCEM LIapCTBAM.

IlomoxxuM 3a KOJIOBOE pacCTOSHUE KOJWYECTBO Pa3IMYAIOIIMXCS 3JIEMEHTApHBIX CUMBOJIOB B
KOJIOHE.

MunuManbHoe KoJj0Boe paccTosiaie (MHUH. K.p.) — pasHHLA MEXY 3J€MEHTaPHBIMA CHMBOJIAMH
napbl KOJJOHOB, pacCMaTpuBaeMbIX Mo ux 4actoTe Bcrpeyaemoctu (Leu — Ala, Ala — Ser u T.1.). B
CiTyJae, eClii aMHHOKHCIIOTa IMeeT KOIOHBI, KOJIOBOE PaCCTOSHNE MEXIy KOTOpHIMU Ooiee 1, manHbIe
KOJOHBI pa3leistoTcs Ha rpymmbl. K Kakaod Takod rpyIIe 3alucaHO CBOE KOJIOBOE PACCTOSHUE,
paccunuTaHHOE 110 aHAJIOTUYHOMY IPUHIIUITY.

Kak BuaHO 13 Tabmn. 1, KoJM4ecTBO KOAOBBIX Ipymil (KOAOHOB) HUKAK HE 3aBUCHT OT YacCTOTHI
BCTPEYAEMOCTH, KOJUPYEMOH HIMH aMUHOKHCIIOTHL.

KonoBoe paccTosiHue Mexay KOAOHaMH, KOJUPYIOIIUMHU OJTHO U TO YK€ OCHOBaHME, Yallle BCEro,
He npesbimaeT 1. MckimoyeHns: apruHuH, CEpUH U JIEHIMH (6 KOAOBBIX MOCIEeI0BaTENIbHOCTEN).

KomoBoe paccrosiHue Mex 1y pa3HBIMA OCHOBAHUSIMH Yallle BCEro — 2.

Huxkakoil Apko BBIp@KEHHOH 3aKOHOMEPHOCTH MEXIYy YaCTOTOM BCTPEYAEMOCTH M KOIOBBIM
paccTosiHUEeM He HaOJIro1aeTcsl.

W3 BBIIEOTCAHHOTO MOXHO CHEJaTh BBIBOJ, YTO T'.K. HE SBISIETCS ONTHUMAIBHBIM (OHO U3
CBOWCTB BBIPOXKIEHHOCTH).

k. sBIseTcS TIOMEXOYCTOMYMBBIM KOJOM, ITOCKOJIbKY IIO3BOJSIET TpH OOHApyKEeHHU
omrO0YHON MOCIEN0BATEIEHOCTH 3aBEPIIaTh TPAHCISIIHUIO (TAKUX MOCIEN0BATEIbHOCTEH BCETO TPH,
3TO «CTOID» KOJOHBEI).

I'.k. o4eHb OJIU30K K MOJTHOMY KOAY, COTJIACHO ONMPeACICHHIO U3 [S].

Ecnu monoxuthk, 4T0 «OECCMBICTICHHBIC» TOCIEI0BATEILHOCTH («CTOM» KOAOHBI) SIBISIOTCS
pa3penieHHBIMY, TO T.K. — TIOJTHBIN KO/,

Paccmotpum npumep yactu nocnenoBaTenbHOCTU 11 XxpoMocoMel uenoBeka [6]:

AYI'TYO UYL ITY ITL AYT TAT VI YVI HALL YL YAT' T ...

Met Val Leu Gly Gly Tyr Glu Leu Leu His Leu Cron

Ecnu npeamnonoxuth, 4To Takas MocleI0BaTeIbHOCTh IEHCTBUTENFHO KOAUPYET HEKHid OEJIOK,
MOJKHO CJIeNaTh CIEIYIOIUI BBIBOJ: OJUH M TOT K€ KOJOH B CIIyyae, €CJIM OH OTHOCHUTCS K TpyIIe
M30BITOYHBIX, HE OYET MOBTOPSTHCS.

PaccMoTpuM mocienoBaTenbHOCTh, MPEO0O0PA30BAHHYIO TUKITMIECKAM CIBUTOM:

OYYTUYITYTAA LY

Leu Ala Gly Glu Arg

YYIOVI YT AALL TV

Leu Leu Val Thr Val

MOHO 3aMeTHTb, YTO TIOTyYEHHAsI TAKKMM 00pa3oM KOMOWHAIINS BCE €Ille HIMEET CMBICIL.

Ecnu onpenenuTh omepanyy Haj MHOXECTBOM 3JIEMEHTApHBIX CHUTHAJIOB, & TaKXe MaTpHILy
CTPOK, SIBJISIOLIYIOCS] aHAJIOTHEH MaTPHUIIBI TOJTHOTO KOAA, C TMHEHHON He3aBUCHMOCTBIO CTPOK, MOYKHO
CKa3arh, 4TO T.K. — [IUKINYECKUI KOJI.

Ecin xe omnpenenuTs omepanyy HaJ MHOXXECTBOM JJIEMEHTAPHBIX CHUTHAJIOB COTJIACHO
CBOMCTBaM, OMHUCAHHBIM B [7] U C y4e€TOM OIHCAHHBIX aJTOPUTMOB B [6], MOIy4YUM, YTO T.K. —
YETBEPUYHBIHN KOJI.

IIpu onpenenennn onepaui HajJ MHOKECTBOM JIEMEHTAPHBIX CHTHAJIIOB CTOUT OTTAJIKHUBATHCS
OT CMbICIIa N3HAYAIBHOTO ali(aBUTa (AMUHOKHCIIOTHL U «TEKCTa» OEJIKOB), MOCKOJIbKY OT HEero OyneT
3aBHCETHh 00pa3yrolas CTPOKa MaTPULIBI Pa3PEILICHHBIX [TOCIIEI0BATEIEHOCTEH UKINIECKOro KOJIa.

Ecnmn mpeamonoxuth, 4TO B Hamed cucteme, Tae OyJIeT HCIONb30BaThCs alTOPUTM T.K.,
CYIIIECTBYET TMPOLECC, MOMOOHBI MyTallMl W KPOCCHHIOBEpPY, TO KOJHYECTBO 3aIlperieHHBIX
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MOCIIEIOBATEIILHOCTEH XapaKTepU3yeT BRIPAKEHHOCTh JAHHOTO Mpoliecca. YeM MEHBIIIE YUCIIO «CTOIDY
KOJOHOB, T€EM OO0JIbIlIE U30BITOYHOCTD, WJIH JKE, TEM MEHBIIIE CTAOMIBHOCTb.

IIpumep Ha ocHoBaHuu ajaroputma lllenona-Poune

PaccmoTtpuM crmoco0 3aMeHBI TIOCTIEA0BATEIFHOCTH CUMBOJIOB HCTOYHMKA a (20 aMHHOKHCIIOT)
KOZOBBIMH CUMBOJIaMU ¢ N=3 U M = 4. Bocnone3yemcs anropurmoM lllenona-Pore. Ilonoxum, 9ro
YacTOTa BCTPEYAEMOCTH CHMBOJIOB, KaK M CAMH CHMBOJIBI ICTOYHHKA, AHAJIOTHYHBI TTPEICTABICHHBIM B
Tabm. 1.

PesynbTathl nmpeacTaBieHs! B Ta0. 2.

Tabu. 2. CooTrBercTBHS mpu N=3

HazBanue Kopmonst Koun-Bo xon10HOB MuH. K.p.
Jlewinun Leu - 4 1
Amannn Ala ar- 4 1

Cepun Ser oy- 4 2
T'muue Gly I'a- 4 1

Banwuu Val IT- 4 1

I'moramunoBas xkucnora Glu ry- 4 1
AprusuH Arg rA- 4 2
Tpeonun Thr VII- 4 1

AcrmaparnHoBas Kuciora Asp YI'- 4 1
W3oneiitu lle Vy- 4 1

Jlmsun Lys YAIL 1 1

TIpomun Pro VAT 1 2
Acmnaparua Asn All- 4 1
I'moramun Gln AT- 4 1

Oenunanannn Phe AVYI] 1 1
Tuposzun Tyr AVT 1 2
Merunonun Met AALL 1 1
Tuctugun His AAT 1 1
Hucrenn: Cys AAY 1 1
Tpunrodan Trp AAA 1 -

ITomyuaem oz U3 56 3HAYAIIMX MOCIEAOBATENBHOCTEH U § 3anpeneHHbIX. CTOUT YYUTHIBATH TO,
YTO MUHMMAaJIbHOE KOJIOBOE PACCTOSHUE B JAHHOM Cllydae Y OOJbIIMHCTBA CUMBOJIOB MCTOYHMKA — 1
(TocuMTaHHOE TI0 TOMY K€ MPUHIIMITY, YTO 1 B TaOMI. 1).

HpHMep HAa OCHOBAaHHUH KOAOBOI'0 PacCTOAHUSA

PaccMoTpuM ¢ioco6 3aMeHBI IOCIIEI0BATEILHOCTH CHMBOJIOB HCTOYHHMKA KOJIOBBIMU CHMBOJIAMH
C YYETOM KOJOBOTO PACCTOSHUSL.

ITycts MMeeTcs mocIeoBaTelibHOCTh cuMBOJIOB HcTounnka a (Leu, Ala, Ser, Gly, Val).

CoxpaHsiss COOTHOIICHHUS, MEKIY EMKOCThIO KOJa W KOJWYECTBOM CHMBOJIOB HMCTOYHHKA,
HoJIy4uM eMKocTh koga N, =16.

Takum oOpa3om, TrHA Koa N=2 ¢ OCHOBaHHEM M =4,
[TosHBINM KO/ TPU TaHHBIX YCIOBUSX:
2 AAAATT T ryyyyaqniil
4 ANY I ATY LAY AT'Y [
Br16op mocienoBaTeIbHOCTH KOIOBBIX CHMBOJIOB M3 IMOJHOIO KOJa JUIsi CHMBOJIOB HCTOYHHMKA
OyzeM coBeplIaTh TaKUM 00pa3oM, YTOOBI KOJIOBOE PACCTOSIHUE MEXIY ABYMS COCEACTBYIOUIUMH IO

4acToTe BCTPEUACMOCTH CUMBOJIAMU UCTOYHHMKA OBLIIO MAKCUMAJTHHBIM.
Taxum 00pa3oM, IOIy4UM COOTHOIIEHUS, [IpecTaBIeHHbIe B Ta0I. 3.
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Ta6n. 3. CoorBeTcTBHS NMpu N=2

Leu Ala Ser Gly Val
ALl L[ AA IT vy
AY A AT ry yr
jaun| vy A ar YA

B 1abm. 3 MMpEeaACTAaBJICH OAWH U3 BAPUAHTOB KOJ4, MOJIy4acMoro 13 IMOJIHOM ITOCIIEJOBATSIBHOCTH.
B mannoMm Cliy4dac€, CaMbI€ OTJIMYAIOIIUECA MO XapaKTECPUCTHUKAM BAapUaHThI — T€, Y KOTOPBIX pa3HOEC
YHCJIO 3alIpCHICHHBIX HOCHCI{OBaTCHbHOCTGﬁ, (‘-II/ICJ'IO «CTOID» KOJIOHOB — OT 1 a0 6)

3akiIoueHne

KitoueBoe cBOWCTBO, IPUBOAAIIEE OJHOBPEMEHHO U K CTAOUIFHOCTH, 1 K HK3MEHUYUBOCTH CHCTEM
Ha OCHOBE TeHETHYECKOTO KOJIa — 3TO €r0 M30BITOYHOCTB. [ [prdeM H30BITOYHOCTE TAKOTO PO, YTO IIPH
BO3HMKHOBEHHH OIIMOKH (MyTallM) BEPOSTHOCTh KPUTHYECKHX W3MEHEHHH CMBICNIAa COOOIICHUS
OCTaeTcsl IOCTaTOYHO Mayoil (KOZOH 10O TEepexXOAWT B CBOW DJKBHUBAJIEHT, JHOO B WHYIO
CYIIECTBYIOIYI0 aMUHOKHCIIOTY). T.€., I7Isl IOCTPOEHHUS CHCTEMBI C TIOJTOOHBIM CBOWCTBOM JOCTATOYHO
BHIOOpa MOAXOMSIIET0 Beca, paccMaTpUBasi OIIMOKK Kak Oxaro. Pa3psagHOCTh Koja He UrpaeT CTOIb
CYLIECTBEHHOM POJIM B JOCTH>KEHUHU 3TOTO CBOMCTBA.

JanpHelmmid aHaTW3 TONYYSHHBIX KOAOBBIX MOCJENIOBAaTENHLHOCTEH 3aKirodaeTcsi B cOope
CTaTUCTHUKU TIIPpU HCIIOJIB30BAHUMU OAaHHBIX KOJOBBIX HOCJIGI[OBEITCJII)HOCTCﬁ B T CHECTHUYCCKHUX
AJIropuTMax, 1o TakuM ImnapamMeTpaM KakK KOJIMYCCTBO HOHYHSIHI/II\/'I Ha aJITOPUTM KOJUPOBAHHA (OTC‘-ICT
TIOITYJIANIMY 3aKaHYMBACTCS MTPH HAXO0XKICHUH PEIICHUS WITH BBIPOXKIACHUN ).

ALGORITHM FOR ENCODING THE PROCESS OF PROTEIN
TRANSLATION IN A CELL

M.A. PROTSKO, O.F. BORISENKO

Abstract. The aim of this article is to find correlation between nitrogenous bases in relation to the
amino acids they encode.

Keywords: quaternary code, genetic code, translation.
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Abstract. With the rapid development of communication technology and the improvement of
people's requirements for communication, wireless AD hoc network has become an important
research content of today's network. Wireless AD hoc network (WLAN) is a multi-hop, flexible,
non-center network formed by several mobile wireless nodes self-organization. These characteristics
provide a favorable guarantee for the military and civilian communication field. This paper first
introduces the characteristics and applications of wireless AD hoc network. Secondly, the problems
of existing routing protocols are studied. Finally, according to the problems of energy consumption,
multipath and multicast in wireless AD hoc network, six methods are summarized to optimize the
system and improve the transmission performance of wireless AD hoc network.

Keywords: wireless AD hoc network; routing protocol; rerformance optimization.

Introduction

Wireless AD hoc network is a multi hop, no center, temporary system. Each node in the network
can be configured for fast networking, short networking time, and low system cost. It can work
independently or with other networks in the form of subnets. The management of AD hoc network is
relatively simple, without the control of the central base station, so it has good robustness and flexibility.
In the military field, civil aviation technology has been widely used and has become a feasible or even
the only feasible communication solution for temporary situations. Its characteristics are as follows:

1. No center: Without the support of base station and other control centers, each node in the
network is equal.

2. Self-organization: After a node is powered on, it can automatically discover neighbor nodes for
fast networking.

3. Multi-hop: When two communication nodes are not within the transmission range, the
intermediate node can be forwarded.

4. Dynamic topology: Nodes can be moved randomly. Nodes in the network can join or leave at
any time, resulting in changes in the topology structure.

5. Limited energy: AD hoc networks are often used in temporary situations. Most nodes are
powered by batteries, playing the dual identity of terminal nodes and relay nodes. The exhaustion of
energy will not only make a single node fail, but also may change the whole network topology.

6. Security: Without the help of a trusted third party, it is vulnerable to link layer attacks,
eavesdropping and damage.

According to the above characteristics, it can be found that the wireless AD hoc network has great
advantages compared with other networks, but there are some shortcomings in network security and
energy saving. In order to make the wireless AD hoc network more reliable and bring greater benefits
to our life, routing protocol is the core and lifeblood of the network and efficient and reliable routing
protocol is the guarantee of the normal operation of the system.

113



Protocols for wireless AD hoc networks

According to the route discovery policy, routing protocols are divided into three types:
table-driven routing protocols, on-demand routing protocols, and hybrid routing protocols, as shown in
Figure 1.

AD Hoe Routing
Protocol

Table-driven (a On-Demand (a
Priori) Routing Posteriori) Routing
[ [

| | | 1 | |

DSDV WRP HSR AODV DSR LMR AER

Hybrid Routing

TORA SSR

CGSR EHSR ZRP

Figure 1. Common routing protocols for AD Hoc networks

On-demand Routing Protocol. This protocol includes route discovery and route maintenance.
Nodes do not need to exchange information at any time, but maintain routing messages. When a node
sends data packets, the route discovery function is enabled and the packets are forwarded in the form of
flooding. Disadvantages: Latency of the initial route is a problem because the routing node looks up the
route on demand without storing the route information beforehand. In some emergencies, the message
delay may be delayed to the event because great influence. Advantages: Since there is no need to
periodically broadcast, the network overhead is reduced.

Table Driven Routing. ProtocolEach node needs to maintain a routing table to transmit data
according to the routing table, update the routing table in real time, and establish routes from the source
node to the destination node. Each node in the network maintains a routing message table to the other
nodes, so each node must have a high storage capacity. Disadvantages: Nodes need to master the
topology of the whole network, so it is only suitable for small-scale networks. Nodes are always in
working state, which will increase the network control cost and reduce the network life time.
Advantages: The protocol always establishes routing links, and the delay between nodes is small. It can
quickly adapt to network topology changes, and the packet loss rate to the system is small.

Hybrid Routing. Based on the analysis of the above performance and their respective advantages,
a hybrid routing protocol is developed which is more excellent than each other. To improve the
transmission efficiency of wireless AD hoc network system, the research results of literature [1] show
that hybrid routing protocol (DSR+ FSR) has the characteristics of fast convergence, strong adaptability
of network environment, stable and reliable routing information, and is more suitable for complex
network environment.

Method of routing protocol optimization

Wireless AD hoc network is a mobile network. The topology changes constantly, which degrades
the network performance. Therefore, it is crucial to select the appropriate routing protocol for different
environments. The routing protocol is improved from the perspectives of service quality, energy saving,
security, multipath, multicast, topology and so on. Aiming at these shortcomings in the system, six
technologies are summarized to optimize wireless AD hoc networks, including packet aggregation
technology, local repair, local spanning tree, network coding technology, cross-layer routing, and self-
adaptation.

Packet aggregation technology, the technology is to reduce the number of nodes to send packets.
Instead of immediately forwarding data every time, nodes wait for the maximum aggregation time.
During the aggregation time, new data packets are added to the queue, waiting for the data to be sent.
Especially in areas with dense nodes, this data transmission mode will reduce the probability of collision.
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In addition, several data packets are aggregated into one UDP broadcast packet to reduce the
transmission times of data. The new routing protocol BATMAN adv uses packet aggregation technology
to reduce the system overhead and improve the system utilization.

In the local repair technology, when the link between nodes changes, it should inform other nodes
of the change as soon as possible, readjust and calculate the shortest path. The faster the link status
changes, the more overhead is incurred. The local repair technology can reduce the network delay. Local
link repair technology pays more attention to route connectivity, reduces route cost and shorens route
recovery time. Literature [2] proposes a new multi-metric wireless routing protocol based on AODV,
which comprehensively considers four factors, including minimum hops, residual energy, and energy
loss rate and network node density. Most importantly, a low-cost and efficient repair strategy is
introduced to optimize AODV and improve the performance of routing protocols in network systems.

For broadcasting based on local spanning tree, routing protocols all adopt flooding technology to
improve the efficiency of flooding and reduce the cost of flooding. The optimal method of flooding
technology is minimum spanning tree for broadcasting, but minimum spanning tree must master the
topology of the whole network, so it is not advisable before the establishment of routes. Therefore, it is
possible to broadcast through local spanning tree, and broadcast in the form of packet, which can reduce
the cost of the network and increase the service life of the network compared with the simple use of
flooding. OLSR routing protocols flood broadcast link information using a local spanning tree approach.

Network coding technology, which can improve system throughput. Aiming at the broadcast
characteristics of the physical layer of wireless AD hoc networking, scholars have proposed a network
coding routing protocol [3-5]. The protocol changes the previous channel mode, fuses a large number
of packets encoded by each target node, and then sends the packets to each target node, improving the
throughput of the network. Peng Yongxiangzai [6] proposed a code-aware unicast routing protocol for
multi-hop wireless networks. This protocol effectively describes network programming in a special way

The routing measures of code and unicast session characteristics, and the routing protocol is
improved. In order to ensure that this routing metric can be effectively combined with widely used
routing algorithms, a unique mapping procedure is used to ensure that common routes can obtain the
path with the most coding opportunities. Simulation results show that the proposed routing protocol can
improve network throughput. The application of network coding technology has greatly improved the
performance of routing protocol.

The idea of cross-layer can realize the interaction parameters between various protocol layers of
wireless Ad hoc network or integrate some network layers, to improve the overall performance of
wireless AD hoc network. The cross — layer idea points out a new way for the research of network
congestion control algorithm in the future. Xiao Ping's master's thesis [7] proposed an energy-efficient
cross-layer energy-saving protocol, which was optimized based on MBCR protocol and considered the
retransmission of data packets generated by node use of energy and power. The route consumption is
taken as the measurement criterion for route selection, and the cross-layer method is adopted to collect
the information such as residual energy and transmitting power of nodes at the physical layer. The
transmission power is dynamically adjusted at the link layer according to the requirements of the
network layer, and the route is selected according to the total energy consumption from the source node
to the destination node at the network layer, thus reducing the consumption of routing protocols. The
AODYV routing algorithm is optimized. The improved algorithm (CLC-AODV) no longer uses periodic
message sending for routing maintenance, but carries out periodic interaction through the grouping of
RTS and RSP in the improved cross-layer MAC layer algorithm, obtains the topological relationship
between the two hop ranges of nodes, and establishes local response routing. Moreover, efficient routing
and fast repair mechanism are implemented to improve the performance of AODV.

Adaptive technology. For multi-hop mobile networks, topology changes degrade network
performance. Adaptive technology can automatically select appropriate routing protocols and adjust
routing parameters according to network changes to achieve the best results. Adaptive technology is
described in this paper. For OLSR active routing protocol, an adaptive adjustment mechanism of
protocol parameters and an adaptive multipath routing algorithm are proposed, and an adaptive
multipath routing algorithm is proposed based on Linux platform. Moreover, the adaptive adjustment
mechanism of OLSR protocol parameters, according to the local node link changes, to adjust the
message sending interval. Wang Yanbin [8] studied the on-demand routing protocol AODV and
proposed an adaptive routing protocol AODv-AOW combined with clustering algorithm. In the study
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of MANET and DTN network architecture in [9], an adaptive routing protocol is proposed, which
utilizes the characteristics of different network environments to achieve optimal routing performance.
Based on adaptive technology, the routing protocol SEHR improves the transmission performance of
wireless AD hoc networks.

Conclusion

Aiming at service quality, energy consumption, security and other problems, a variety of
technologies are proposed to optimize the routing protocol, which greatly improves the transmission
efficiency of routing protocol in the system. Finding out the way to solve the existing routing problems
is a key problem that many scholars have been studying. In this paper, six main technologies are
summarized to optimize the routing protocol of wireless AD hoc network. These technologies have
significantly improved the performance of routing protocols. With the continuous improvement of
people's requirements on network technology, more problems will appear. Therefore, it is necessary to
continuously improve wireless AD hoc networks, especially to explore and study the changes of wireless
AD hoc networks topology.
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IKCINEPUMEHTAJIBHBINA TIPOTOTHUII pTKPLIToﬂ CHUCTEMBI IOBTOPHOM
UIEHTUO®UKALMHA JIIOJEA TPU MHOI'OKAMEPHOM
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Tonoykuii eocyoapcmeennuiii ynugepcumem umenu Eepocunuu Ionoyxou, Pecnybnuxa benapyco

Hocmynuna 6 peoakyuro 20 mapma 2023

AHHOTanusi. PaccMoTpeH anroput™ peugeHTH()UKAIMK OIS B pacrlpelesicHHONH CHUCTEeMe
BU/ICOHAOMIONICHUST €  HUCIOJIb30BAaHMEM  CBEPTOYHBIX  HEHPOHHBIX  cereir. Paspaboran
9KCIIEPUMEHTAJIBHBIH IIPOTOTHUII CUCTEMbI PeUACHTH(UKAIINY, [TO3BOJIIOIIMI Ha Kaapax ¢ Kamep
BU/ICOHAOIIONICHUS. BBINIOJHATh TOBTOPHYIO HAeHTH(UKalMIO Jroneil, ¢opmupoBats Habop
M300paKEHUH, YNOPSJOYEHHBIX B COOTBETCTBUM C HWJICHTU(QHKATOPAMHU JJIS  KaKAOTO
oOHapyxeHHOTro uenoBeka. Jlist oOHapyxeHus Jroneit mcmosib3oBadace CHC YOLOVS, mis
peunentudukaiun npumensercs DenseNet-121. BrimosHeHa OI[CHKA TOYHOCTH PaOOTHI CUCTEMBI
peuneHTH(HUKAINN B METPUKax Precision (tounocts) u recall (mosxoTta).

Knouesuie crosa: peueHTUGHUKALNSA, CBEPTOUYHbIC HEHPOHHBIE CeTU, HHHOPMAUOHHAs CUCTEMA.

BBenenue

OnHOI U3 aKTyaNbHBIX 33/1a4 KOMIBIOTEPHOI'O 3PEHHUsI SIBJISIETCS MMOBTOPHASI WACHTH(QHUKALIUS
moneit (peuaeHTH(UKAIWS), TPEanoiaraomnas MOUCK 33aJaHHOTO YelOBeKa 10 H300paKeHHI0 Ha
KaJpax ¢ MPOCTPAHCTBEHHO-PA3HECEHHBIX KaMep BUICOHAOMIOACHUS. B 3aBHCHMOCTH OT BXOIHBIX
JaHHBIX BbLIEISIOT 3aKpbiThie (Close-world) u otkpeiteie (Open-world) cuctembr. JIiast OTKPBHITBIX
CHCTEM PEUACHTH(UKALUN B KaUeCTBE BXOJHBIX JAHHBIX HCIIOJIB3YIOTCS HEpa3MEUeHHbIC BUIIEO, HA
KOTOPBIX HE00X0AUMO OOHAPYKUBATh JIIOJIEH M JTUHAMUUECKH (JOPMHUPOBATH rajiepero N300paskeHUH,
CpeIi KOTOPBIX OCYIIECTBIISIETCS TMOKCK 110 3anpocy. [loaromy nporecc penieHTHGUKAIIHN B OTKPBITOMN
cucteme OyJIeT COCTOSITh U3 JIBYX dTaroB. Ha mepBom 3Tarne BBITONHSETCS JETEKTUPOBAHUE JIIOJIEH Ha
n300paXeHUsAX ¢ NpuMeHeHneM cBepTouHbIX HelpoHHbIX cereil (CHC). Ilocne Toro, kak uenoBek Ha
KaJpe BUAEONOCIIEA0BATEIbHOCTH C OJHOW M3 Kamep oOHapyxeH, apyras CHC neoOxommma mis
W3BJICUCHUS] OTIIMYMTEIBHBIX MPU3HAKOB YeNOBEKa, HA OCHOBE KOTOPBIX OCYIIECTBISIETCS TIOMCK B
ranepee. [Ipn Hamuuuy B HeHl qpyrux U300pakeHU 3TOro YenoBeka, 00HapyKEHHOMY [TPHCBAUBAETCS
cootBercTBYIomKi uaeHTudukatop (ID). B mpoTuBHOM ciiydae mpearnoaraeTcs, 4To YeJIOBeK BIEPBbIE
TIOTIAJT B TIOJIC 3PEHUS KaMEephl, U ero N300pakeHuIo prcBanBaetcs HOBbIN |D. Ha atom atamne BaxxHOe
3HaveHue Oyzaer mMeTh kadecTBo o0yuenuss CHC u 3ppekTHBHOCTh M3BIEKaEMBIX €10 NPU3HAKOB. B
3aBHCUMOCTH OT IIOCTaBJICHHOM 3ajauu, pPe3yJbTaTOM pEUACHTH(UKALUM JIOAeH MOXeT OBITh
otoOpakeHre BceX N300paKeHNH MCKOMOTO YeJIOBEKa C YKa3aHHEM JIaThl U MECTa UX MOJMYUYCHHUS WIN
¢dopmupoBaHre Habopa JaHHBIX JUIS BCeX OOHAPYKEHHBIX HA BHJEO IICNIEXOJIOB, KOTOpbIE
YIOPSAOYEHBI COTTIACHO MX UACHTU(PHUKATOPAM.

AJITOPUTM NMOBTOPHOH WACHTH(PUKALNH JIIOIeH

PaspabotaHn anroput™ s peuIeHTUDUKAIMH JIFOJIel, KOTOPBIH COCTOHUT W3 OCHOBHBIX ATAIOB:
— pa3ziereHne BXOAHBIX BUIECOJaHHbBIX Ha KaJIphl;

— oOHapy)KeHue Jro/Iei;

— IIPOBEPKa KOPPEKTHOCTH OOHAPYKEHUH;

— (hopMUpOBaHUE BEKTOPA MPU3HAKOB JIISI U300paKEHNS KaXK/I0TO YEJI0BEKa;
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— YCTAQHOBJIEHUE  COOTBETCTBUS  MEXAY  HM300paXCHHWsAMU  JIIOACH  Ha  Kajapax
BHJIEOIIOCIIEI0BATENIEHOCTEN C 33/IaHHOTO Habopa BHIEOKaMep;

— IPUCBOEHHE WACHTHU(UKATOPA YEI0BEKY Ha N300paKEeHUH;

— ¢opMupoBaHue HaOOpa H300paKEHUN OOHAPYKCHHBIX WM WICHTU(QUIIUPOBAHHBIX JIFOJICH
(coxpanenwue B (haiii, pacronararoIIruics B Marke ¢ COOTBETCTBYOMmUM 1D).

Ha xaxmom xampe, ¢ wucnonb3oBanueM CHC BBITONHSICTCS NETEKTHPOBAHUE JIFOICH.
JIeHCTBUTEIBHBIMU CUUTAIOTCA T W300pakeHUs JIOJICH, I KOTOPBIX IOPOroBas CTEICHb
yBepenHoctu CHC cocrasiser 60 % ¥ COOTHOIICHUE BBICOTHI OTPAHUYUTEIILHOTO MPSIMOYTOIBHHUKA K
[IFpPUHE MEHbIIE 2,5, 9TO MO3BOJISIET HE YYUTHIBATh OOHAPYKEHUS, Ha KOTOPBIX (Urypa dejaoBeKa B
KaJIpe MOTHOCTHIO0 HE OTOOpaXKaeTCsl.

Jlnst kaxxmoro oOHapyskeHus ¢ ucnoib3oBanueM apyroii CHC BeIMUCISETCS BEKTOP MPU3HAKOB,
OTOOpaXKAOIINK OTIMYUTENbHBIE OCOOCHHOCTH dYelOBeKa Ha wm300paxeHuw. [[ms ycTraHOBIEHUS
COOTBETCTBUSI IIPH PEUACHTU(DUKAIINHN BEIYHCISIETCS PACCTOSHIE DBKIHA!

n

d,, ZZ( P +qi)2’

i=1
rze 0i — AECKPUITOP 3a1rpoca, Pi — AECKPUITOPBI H300pakeHH paHee 00HAPY KEHHBIX JIIOJICH.

Bce m300pakeHns TPYyNITUPYIOTCS M COXPAHSIOTCS B IAIllKaX, HMEHA KOTOPBIX ONpPEACIIOTCS
COOTBETCTBYIOIIMMHU  HJCHTUPHUKATOpamMu. [l KaXZOro HOBOTO HM300paKeHHsS  4YeJOoBeKa
OCYIIECTBIISIETCS IIOUCK B TAJIEpPee TAKOTO M300pasKeHHsI, C KOTOPBIM PACCTOSHUE MEXY MPH3HAKaMHU
MHHUMAJIBHO, TTOCJIE Yero MpearnoiaraeTes, YTo X MAeHTH(GUKATOpsl OArHAKOBBl. Ecim paccrosHue
MEX/1y TMPH3HAKaMU OOJIbIIIE YCTAHOBJICHHOTO Topora Thr, ToO CUMTAeTCs, YTO ATOT YEJOBEK paHee He
MPUCYTCTBOBAJI HAa KaJpax C KaMephl BUIICOHAOIIONCHHS U €My MPUCBANBACTCS HOBBIA YHUKAIbHBIN
UACHTH(UKATOP.

IIporpamMmmHas peajim3anus NPOTOTUIIA CUCTEMbI PeHIeHTH(PUKALUH

[MporpaMMHast peanu3zanus pa3padoTaHa Ha OCHOBE MPEJICTABICHHOTO aJrOPUTMA U COCTOUT U3
IBYX MOAYyJEH: MOAYyNb, OCYIIECTBIISIOIIMKA O0OpabOTKy BHAEO, OOHApyXEHHE IJIoJe U HX
penneHTUUKAINIO, pearTn30BaHHbIi Ha Python; monp3oBaTenbekuii rpadudecknii maTepdeiic na C++.
B kauecTBe BXOJHBIX JaHHBIX UCHOJIB3YIOTCS BUIEO, MOJyUYE€HHBIE M3 Pa3INYHBIX UCTOUYHUKOB (IP-
KaMmepbl, Web-kamepsl, Bujco u3 (aiiia), KOTOpble pa30MBAIOTCSA Ha OTACIbHBIC KaJpbl C 3aJaHHBIM
MHTEPBAJIOM W NPHUBOIATCA K €AMHOMY pasmepy. st pacnpenesneHust BBIYUCIUTEIBHBIX PECYPCOB
NPUMEHSIETCSl MHOTOMOTOYHas 00paboTka MaHHbIX. (Cxema opraHM3allii MOTOKOB MPEJICTaBIICHA Ha
pucyske 1: motok Ul (ronp3oBaTenbckoro nHTEpQeiica) M BBIMUCIUTEILHBIN MOTOK, OCYIIECTBIISIONIHIA
BCE PECYPCOEMKHE BBIYMCIICHUS, Takue Kak oOpaOoTka (3axBaT BHICOKaIpOB, U3MEHEHHE pasMepa
KaJpa), NETCKTHPOBaHHE JIOAEH Ha H300paKeHMAX, BBIACICHUE IPHU3HAKOB M HENOCPEACTBEHHO
peunentudukanms. O6a MOTOKa CBA3aHBI C XPAHUIUILEM, KOTOPOE BKIIIOYAET JIBa TOJIEPKHBAIOIIIX
MHOTOIIOTOYHOCTh KOHTEIHepa, peain30BaHHbIe B Kilaccax AtomicList u AtomicCell.

Ilepsoiit 3 HUX, AtomicList coBMmemaeT CBOWCTBa CIHFCKa M MacCHBAa M HCIIONB3YETCS IS
XpaHeHus1 MH(opMaIMK O KaXJOM OOHApY)KEHHOM YEJIOBEKE: €ro M300pakeHNe, BEKTOp MPU3HAKOB,
uaeHTrudukaTop, HPOpPMaIUs 0 HOMEpe Kamepsl (BHICO) U BpeMeHH MoiydeHus kajapa. [lo3onser
HECKOJIBKHM ITOTOKAaM YHUTaTh U3 HETO W 100aBIATH HOBBIE IaHHBIC OJHOBPEMEHHO, TPEOys IPH ATOM
MEHBIIET0 YHCIIa MEePexXoJoB IO YKaszaTessiM Ul AOCTyNa K HY)KHOMY 3JIEMEHTY II0 CPaBHEHHIO C
OOBIYHBIM CITHCKOM.

Bropoii knace AtomicCell ucronp3yercst 1sl mepeJadu TeKyIIero Kajpa BUIEo Ui BEIBOJA Ha
9KpaH M MO3BOJISIET 3alIMCHIBATh MM CYMTHIBATH TOJIBKO OJMH HOBBIM KaJp ¢ 0OHapyXKEHHBIMU Ha HEM
moapMu. AtomicCell coepkUT cUeTUHK, TAPAHTUPYIOIHIA YTO KaJp He OyIET MPOYUTAH, €CITH MEXITY
HAYaJOM M OKOHYaHHWEM YTEHHS MPOM30ILIA 3amucCh. I ATOTO mepen W TOCiE 3alkCH CYETUHK
yBesnuuBaeTcd Ha 1. Ecnum B MOMEHT Hauyana 4TEHHUs 3HAUEHHE CUETYMKa HEYeTHOe, T.€. 3aIllCh
Havajach, HO HE 3aBEPIIMIACh, WJIM HE COBNAJAeT C TOKa3aTeJeM CYeT4YHKa A0 Hadala W Tocie
OKOHYAHUS YTEHHS, TO KaJp MPOIMyCKaeTCs.
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MoTok UI Bbl4nCAMTENLHbIA NOTOK

OcHOBHOM IKpaH

Bupneonotoku
(camerata.Camera,
cv2.VideoCapture,

moviepy.VideoFileClip)

O6nacTe ana oTobpaxkeHua
81aeo
(VideoDisplay)

Xpauunuwe (StorageCtx)

Orobpaxerue rpynn WHchopmauma o Tekywmx Mowck nioaen Ha
(GroupDisplay) Kagpax u3obpaxeHnn
(AtomicCell<FrameData>) (YOLO v5)

OToGpaxeHne COAEPXUMOro)
rpynnbl < > MNapameTpst y
(ContentDisplay)

Beinenexune npusHaxos

XpaHenne uicdopmaumm o
rpynnax
(InfoStorage)

AtomicList<Personinfo, 128>

Okpan HacTpoek

Pacnpegenenwe no
rpynnam

Puc. 1. Cxema opraHu3anyuy MHOTOIIOTOYHON 00pabOTKH

OcHOBHOH (pyHKIMEH CHUCTEMBI SIBJISIETCS TIOBTOPHAS MICHTU(UKALMS JIIOJCH M3 HECKOJIBKUX
BUJICO U (OpMHUpPOBaHKE HAOOpa N300paKeHUH, pa3/ie/iCHHBIX Ha TpyMIbl o uaeHTudukaropam (ID).
B kauecTBe HCTOYHMKA JJAHHBIX MOTYT BBICTYIATh BH/CO, Tony4eHHbIe ¢ Web- umu IP-kamep, a Taxoke
BUEOMATEPUAIIbl, IOJTYUYECHHbIC paHee C JIIOObIX OPYTHX CPEACTB BUACO(PHKCALMM U COXPaHEHHBIE B
HaunboJee pacnpocTpaneHHbIX popmartax: OGV, MP4, MPEG, AVI, MOV, MKV u GIF. bubanoteka,
UCTIONIb3yeMasl JUIsl 3aXBaTa BUACOIOTOKA, OMPEeIseTcss B 3aBUCUMOCTH OT MCTOYHHKA BHIEO. [Ipn
00paboTke BuIeo u3 (haiiaa st U3BJICUCHUS KaIPOB MCIONIb3yeTcss moviepy ms Python [1]. TIposepka
Hanmuuust noakmoyeHHbix WEB-kamep m 3axBaT BHIEONMOTOKAa C HHUX BBINOJNHSETCS C MOMOIIBIO
camerata [2] mas Python. Kamper ¢ IP-kamep wu3BjiekalOTCs ¢ TpPUMEHEHHEM OHMOIMOTEKH
KoMmmbloTepHOTO 3peHus OpenCV [3]. Jlng mepemaum Bupeomnotroka ¢ IP-xkamep wucmonb3yercs
mpoToKo I'tsSp (real time streaming protocol, MOTOKOBBIH MPOTOKOJ PeaTbHOTO BPEMEHN ).

st oboHapyxenus mozaei ucnonbszyercs CHC Bepcun YOLOVS5X6 [4], apxuTekTypa KOTOPOit
omnucana Ha s3bike Python n npeanoxena komnanueit Ultralytics [5]. ns noBropHO# naeHTUGUKAINN
ucnonbdyercss CHC DenseNet-121 [6] B peanmzauun pyTorch u ¢aitn BecoBbx Ko3(hHUINEHTOB
net_last.pth [7].

Jiist yBenmu4eHus] CKOpOCTH 00pabOTKH M300pa)KeHUI MPUMEHSIETCsl TPOTrpaMMHO-aIapaTHast
apXUTEKTypa MapajuleNbHBIX BblYMcIeHud g omepaunid ¢ CHC, mno3Bossiiomias IOBBICHTH
MIPOM3BOJMUTENBHOCTE 3a cueT Bo3MokHOcTel GPU Nvidia ¢ texnonmorueit CUDA. Jlns yckopeHus
pabotel Ha GPU ucnons3yercs 6MbnnoTeka MPUMHUTUBOB JUTsE HeHpOHHBIX ceTeil cuDNN, moctymHas
3aperucTprUpoBaHHEBIM Ha caiite Nvidia [8] pazpaboTunkam.

Jns  pa3paboTKu IOJIB30BATENbCKOr0 HHTEepdeiica ucnonb3yercs KpoccmiaTdopMeHHas
oubamoreka SFML [9]. [lomaepxkuBaer pacnpocTpaHEHHbIE orneparuoHHble cuctembl (Windows,
Linux, MacOS) u Oonpimoe uucio s3blkoB mnporpammupoBanusi (C m .Net momoOHBIE S3BIKH
nporpaMMmupoBanus, Java, Python, Ruby, Go u ap.). SFML Bxitogaet 5 ocHOBHBIX MoayJieil: System
(mst ynpaBiieHus: BpeMeHeM U iotokamu), Window (ai1s1 yripaBiieHHs OKHaMU M oTokamu), Graphics
(oToOpakeHue rpadUUecKUX NPUMHUTHBOB M HM300pakeHwid), Audio (uHTepdeiic ans ynpaBieHUs
3BykoM) U Network (amst cereBbIX NpuiioxkeHuil). B mpouecce pa3paboTKu MPOTOTHIIA CHCTEMBI
peUIeHTU(HKAIIMN HCITOJIb30BAIMCH TIepBhIe TpU MoayJist: System, Window u Graphics.

UnTepdeiic npunoxkeHns pa30ouT Ha JIBa DKpaHa: OCHOBHOM, HA KOTOPOM 0TOOPa)aroTCsl BUJIEO C
0OHapyXKEHHBIMU JIIOABMH, U OKHO C HAaCTPOMKAaMH, BBI3BIBAEMOE HAKaTHEM KIABHILHU «IIPOOei».
OCHOBHO# 3KpaH COJAEPKUT HeCKOJIbKO obnacteil. Ha pucynke 2 (1) oTmedena o61acTb U3 IBYyX YHCEI
B (hopmare n/m, rae M — KOJHMYECTBO MOAKIIOYECHHBIX MCTOYHUKOB BHJICO, N — MOPSAKOBBIA HOMEp
ucroynnka. CTpeNKu MO3BOJISIOT BRIOUPATh KAaKOe U3 BHICO OTOOpa)kaeTcs Ha SKpaH B obsactu (2) Ha
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pucynke 2. Ha kaap HakmaabpIBarOTCS MPSIMOYTOJIEHBIC PAMKH, B KaXIIOM W3 KOTOPBIX HAXOIUTCS
0oOHapyKCHHBIH YeNoBeK. Bce oM WACHTUQUIMPYIOTCS MO BHEIIHEMY BUJIY W COPTHPYIOTCS TI0
rpymmam, coriaacHo ux ID. T'pymnmsl uaeHTHOUIIMPOBAHHBIX JIFOCH pacmonaraiorcst B obnactu (4) Ha
pucyHke 2. 3yduTh COACpKUMOE HHTEPECYIOIICH TPYIIIBI MOKHO HAXKaTHEM JICBOH KHOIIKHM MBIIITU Ha
1eab B 00sacT 2 B COACPKMMOE OTPaHMYHMTEIILHOTO MPSIMOYToJbHUKA WK B obnactu (4) BeIOpaB
MHTepecyuryto rpymmny. Ha pucynke 2 (5) oroOpaskeHa BeIOpaHHas TpyIIa, a ee COIEePKUMOe MOKHO
u3yunth B (3). HaBeneHne kypcopa Ha MHTEpeCyrollee N300pakeHUE YEIOBEKa BHIBOAWT B HIDKHEM
JICBOM YTy 3KkpaHa (puc.2 (6)) HOMep HCTOYHUKA BUACO M BpEeMs MOIYUYCHUS Kapa.

tauep;l 3 flara: 17.03.2023 22.07.51 |\

6

Puc. 2. UnTepdeiic mpoToTHITa CHCTEMBI IOBTOPHOH HAeHTH(UKAITNH YeToBeka. OCHOBHOM kpaH. | — 00macTh
YIpaBieHUS 0TOOpaXEHUEM KapoOB ¢ HHTEPECYIOLIEH KaMephl; 2 — 0TOOpaXeHUE BUEO; 3 — COAEpKIMOe
TpyIIBI N300pakKeHHH ICKOMOTO YeIoBeKa; 4 — 0ToOpakeHHe BceX MACHTU(PUIMPOBAHHBIX JIIOACH
YHOPSAOYEHHBIX corfiacHo ux ID; 5 — moacBeTka BEIOpaHHON TPYIIBI HHTEPECYIOMIETO YEOBEKA;

6 — oToOpakeHne HOMepa KaMephbl ¥ BpeMEHH TIOJTyYeHHUs Kapa JUls H300pa)KeHusl, Ha KOTOPBIN HaBeJIeH
KypCOp MBIIIH B 00yacTy 3

Bce nonmyueHHBIE M WACHTUGUITMPOBAHHBIE M300paXKESHHSI IO COXPAHSIOTCS B OTIEIHHBIE
Mankyd, MMEHaMH KOTOPBIM CIIY)KUT 3HA4YCHHE COOTBETCTBYIOIIETO wuicHTH(UKaTtopa. B kaxmoi
COOTBETCTBYIOIICH MarKe pPAacIoyiaraloTcs BCe H300paKEHUS JIIO/CH, KOTOPbIE MPENOJ0KUTEILHO
MIPUHAJUICKAT OJTHOMY W TOMY K€ YelOBeKy. Pazmep m300parkeHUil BHIOMpAeTCs MOJIb30BaTENeM M3
3HaueHu [32%64], [64x128] nnm [128%256] B okHe HacTpoek. KpoMe BEIOOpa pazmepa COXpaHIEMbIX
M300paKCHUH BO3MOXKHO TaK K€ M3MEHHTBH IOpPOT, MPH KOTOPOM YEJIOBEKY OYyIeT MpPUCBAUBATHCS
3HaueHue HoBoro |D; 100aBUTh UCTOYHHK BHJIEO, IUUIS YETO HEOOXOJMMO YKa3aTh €ro PacliooKeHHe
(s 1P-kameps! win Buaeo u3 ¢aiina). Bumeo ¢ Web-kamepbl gobasisiercs K 00pabaTbiBacMbIM B
MOMEHT HOIKITIOYEHHUS.

Pe3y.]'[l)TaTI)I IKCIIEPUMEHTOB

Just  onpenenexusi HambOosiee dddekTHBHOro 3Ha4YeHHs mopora Thr, TO3BOJSIOLIErO
KITacCU(UIMPOBATh H300paXKEHUs JIFOJISH 10 UICHTU(UKATOPAM MPOBOMIOCH TPH dKCIEpUMEHTa. B
MEPBOM HCIIOJIb30BATIOCh TPH JBA/IATHCEKYHIHBIX BHIICO POJIHMKA, HA KOTOPBIX MPUCYTCTBOBAIO 5
4eJoBeK. Bo BTOpoM — Tpu BHJIE0, Ha KaXKJIOM U3 KOTOPBIX 7 YeNIOBEK, JIUTeNbHOCThIO 10 cexyna. B
TPEThEM IKCIIEPUMEHTE 00padaThIBAIIOCh TPU BUACO IS 9 Y4eNOBEK, NPOJOIDKUTEIBHOCTBIO 20 CEKYH/I.
ITpumepbl KaapoB IS KaXKIOT0 SKCIIEPUMEHTA MPE/CTaBICHBI HAa pUCYHKE 3. Pe3ynbTaThl MpUBeICHBI
B Tabmuie 1. TOYHOCTH PabOThI AITOPUTMA PEUICHTU(DHUKAIINK OIICHUBAIACH 110 METPUKaM Precision
(rounocts) u recall (moxnoTa):

precision =T— :
TP+FP
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L
TP+FN '

rie TP — BepHomonoxwutenbHble Tmpenckazanus, FP — moxHomonoxwurensuele, FN —
JIOXKHOOTpPHIATEIbHBIE. Precision orpakaer om0 00BeKTOB (JII0Mei), Ha3BaHHBIX KIACCH(PUKATOPOM
MOJIOXKHUTENLHBIMU, M TIPH 3TOM JI€HCTBUTENBHO ABIIAIOIINXCS TAKOBBIME, recall — orpakaer kakast moist
00BEKTOB MOJIOKUTEIBHOTO KJIacCa U3 BCEX BEPHBIX OTBETOB HalJICHA aJlTOPUTMOM.

recall =

Puc. 3. Kanpsr u3 Buz€0, NCIIOIb30BaHHBIE IPH IPOBEACHUH KCIIEPUMEHTOB

[Ipu pacuere METPHK HE YUHTHIBAIMCH OIIMOKH JETEKTOpa. TecTHpoBaHWE BBITOJIHIIOCH HA
MePCOHAILHOM KoMIbloTepe ¢ xapakTtepuctukamu: Intel Core i5 3.11 GHz, 16 Gb RAM, Nvidia
GeForce RTX-3060 6 Gb.

Tab6n. 1. Ouenka 3¢ peKTUBHOCTH PadOTHl NPOTOTUIA CUCTEMBbI PEHIHTUPUK ANUHU

OcobeHHOCTH Metpuka 3nauenue Thr
OKCIIEPUMEHTA 0,98 | 0,96 | 094 | 0,92 | 0,9 0,8 0,7 0,6 0,5 0,4
3 Buzeo mo 20 cexkyHI, Precision | 0,94 | 0,94 | 0,94 | 0,94 | 0,94 | 0,94 1 1 1 1
5 4enoBeK Recall 092 | 092|077 | 0,77 | 0,74 | 0,64 | 0,47 | 0,46 | 0,44 | 0,39
3 Buzeo o 10 cexyH, Precision | 0,98 | 0,99 1 1 1 1 1 1 1 1
7 4enoBex Recall 0,94 | 0,95 | 0,96 | 0,96 | 0,96 | 0,93 | 0,93 | 0,77 | 0,67 | 0,61
3 Buzeo mo 20 cexkyHI, Precision | 0,67 | 0,78 | 0,85 | 0,98 | 0,98 | 0,99 | 0,99 1 1 1
9 yenoBeK Recall 0,69 | 0,77 | 0,80 | 0,90 | 0,82 | 0,79 | 0,78 | 0,71 | 0,65 | 0,59

Anamm3 TaOmumpl 1 TOKa3bIBaeT, YTO YBEJIMYCHHWE ITIOPOTOBOTO 3HAYCHUS TNPHBOIUT K
YMEHBIICHUIO TOYHOCTH B METpHUKe Precision. 9to cBs3aHO ¢ TeM, YTO pa3HbIC JIFO/IU, UMes KaKUe-In0o
CXO0XHE YePThl, 00BEIUHAIOTCS MO OAHUM HICHTH(PHKATOPOM. YUeM 00JIbIIe KOJIUYECTBO YEJIOBEK Ha
Bujeo, TeM Hipke Precision u Recall mpu Beicokux 3uauenusx Thr. Ilpu sTom, eciam Ha Kaapax
HeOOITBIIIOE YHCIIO JIFOJICH, TO yBenudeHue Thr mo3BossieT moBeicHTh 3Hauenue Recall, T.x. oqun u TOT
JKE YENIOBEK C Pa3HBbIX PaKypCOB PEXe OKa3bIBaeTCs pasjelieH Ha pasHbie Tpynisl 1o |ID. YMenbinenue
Thr mpUBOAMT K MOHIKEHHIO MOKa3aTededl TOYHOCTH W IMOJHOTBL. DTO CBSA3aHO C TEM, YTO
U300paKEHUSIM JIIOJICH, TTOMYYeHHBIX C Pa3sHBIX KaMep C OTJIMYAIOIIMMUCS XapaKTePHUCTHKAMH, TPH
Pa3IMYHBIX YCIOBHUSX OCBEIIEHHOCTH, paKypcax 4YelloBeKa, OYIyT TPUCBaWBaThCS HOBBIC
UICHTU(HUKATOPBI. DKCIIEPUMEHTAIbHO YCTAaHOBICHO, 4TO HambOosiee 3ddextrBeH BbIOOp Thr B
muanazone ot 0,92 no 0,94.

3akiIoyenne

Pa3zpaboTaHHBIl 3KCIEPUMEHTANBHBIM MPOTOTHII OTKPBITOM CHCTEMBI peuieHTH()UKAIUH
No3BOJIIeT 00pabaThiBaTh BUIEO C TPEX Kamep BHUICOHAOIOACHUS, NMPHU TNPHUCYTCTBHUM Ha Kaape
OIHOBpEMEHHO J0 9 wuemoBek. CrneqyeT OTMETHTb, 4YTO KOJMYECTBO MMOJKIIOYAEMBIX Kamep
OTPaHMYMBAETCS TOCTYIHBIMU BBIUHCIHTEIBHBIMU pecypcamu. llpuioxenne oToOpaXkaeT pe3ynbTar
MOBTOPHOM MAECHTHU(PHKALMK Ha SKpaH C yKa3aHWEM JaThl U MECTa, ONPEAEISIEMOro 10 HOMEPY KaMephl,
MOJYYEHHUS] Ka)XIOro H300pakeHUsi OOHapYKEHHOI'o 4YeloBeka, (opmupyer HabOp HOaHHBIX C
WICHTH(QHUIIMPOBAHHBIMY JFOIbMU. [IporpamMmmMHOe obecrieueHrue MoXKeT ObITh HCIIOIB30BAHO TAKKE IS
TECTUPOBAHHS AJITOPUTMOB PeUICHTHHUKAIHH.
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EXPERIMENTAL PROTOTYPE OF OPEN-WORLD PERSON
RE-IDENTIFICATION SYSTEM IN MULTICAMERA VIDEO SURVEILLANCE

S.A. IHNATSYEVA, N.A. TOMASHEVICH, A.A. HALUBIONAK, R.P. BOHUSH

Abstract. An algorithm for person re-identification in a distributed video surveillance system using
convolutional neural networks is considered. Experimental prototype of re-identification system has
been developed that allows people to be detected and re-identification on frames from video
surveillance cameras, to form images set sorted according to identifiers for each detected person.
CNN YOLOvV5 was used for people detection, DenseNet-121 for re-identification. The
re-identification system accuracy in precision and recall metrics was assessed.

Keywords: re-identification, convolutional neural networks, information system.
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Abstract. The utilization of wearable devices to monitor human physiological parameters has been
popularized, and due to their low cost, the most common method of monitoring human information
in such devices is the use of photoplethysmography (PPG) signals. However, accurate estimation of
the PPG signal recorded from the subject's wrist during various physical exercises is often a
challenging problem, as the original PPG signal is heavily corrupted by motion artefacts. The article
starts with an introduction to how PPG and Accelerometer (ACC) work, and then moves on to the
programming, which is then used to provide data processing support for subsequent deep learning
by importing data and calculating operations. Long short time memory (LSTM) is built for the paper
to recognize activities. The experimental results showed that over 95 % accuracy was achieved in
the classification of the test data.

Keywords: Photoplethysmography, Accelerometer, LSTM.

Introduction

The domain of Human Activity Recognition (HAR) has emerged as one of the most popular
research topics since the availability, low cost and low energy consumption of sensors and
accelerometers, real-time streaming of data, and advances in computer vision, machine learning,
artificial intelligence, and the Internet of Things. In HAR, a variety of human activities, such as sitting,
standing, walking, running, squatting, and resting, etc., are recognized. Data can be collected from
wearable sensors, accelerometers, or images.

PPG is an electro-optical technique, in which the sensor is positioned above the skin and
illuminates the skin surface by emitting green light, the sensor receives intensity changes of the reflected
light, and the body state is gained through the periodic detection and analysis of the PPG signal. Such
non-invasive method of real-time detection on human parameters assumes great practical importance.
Numerous studies on the clinical application of photoelectric volumetric pulse waves have shown that
the PPG signal contains many human physiological parameters and is an important tool for real-time
monitoring of heart rate, blood oxygen saturation, blood pressure, vascular elasticity, etc. The
acquisition of PPG signals requires only a special light source and a corresponding sensor, which can
be easily integrated into everyday wearable devices to enable continuous monitoring of normal activities
without causing discomfort, making PPG signals the preferred choice for health monitoring in everyday
life.

However, accurate estimation of the PPG signal recorded on the wrist is often a challenging
problem when people wear the wearable device for physical exercise, as the original PPG signal is
heavily corrupted by motion artefacts (MASs), mainly due to the relative motion between the PPG source
and the wrist skin [1-5]. In order to reduce MAs, a number of signal processing techniques based on
data from different sensor types, particularly ACC data, have proven to be very useful [6].

ACC delivers information on the acceleration of the human body during movement. In
smartphones and smartwatches, the built-in tri-axial ACC is probably the most common sensor for
activity monitoring [7-8]. A combined approach for obtaining PPG and acceleration data is directly
available on smartphones and smartwatches devices.
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HAR can be regarded as a pattern recognition problem in which machine learning techniques
have been proved particularly successful. Various machine learning methods models have been
developed for HAR. The primary goal of this paper is to maintain good performance of RNN framework
in terms of recognition accuracy, and a RNN was designed for detecting human activities using ACC
and PPG four-dimensional data.

Dataset pre-processing

A recent publicly available dataset [9] was used which was from seven different subjects
consisting of 105 PPG signals (15 per subject) and a corresponding 105 tri-axial ACC signals sampled
at 400 Hz. The seven adult subjects included three males and four females, aged between 20 and 52
years, performing five series of resting, squatting, and stepping activities. The signals were acquired
simultaneously and the dataset contained 210 audio clips with a total duration of 17,201 seconds. We
use python language for our work.

PPG signals are continually captured during activities from the wrist using Maxim Integrated
MAXREFDES100 device. To guarantee a perfect fit of the sensor unit to the skin surface, a specific
weightlifting cuff, adjustable by tear-open closure, is used to hold the sensor in place by fully tightening
the strap with a cable protruding from the back end of the strap. The PPG signal value is equivalent to
the output of an ADC (Analog to Digital Converters) photodetector with a pulse width of 118 ps, a
resolution of 16 bits and a full scale of 8192 nA, illuminated by a green LED (Light-Emitting Diode).
The ACC signal values on the three axes correspond to MEMS (Micro-ElectroMechanical System)
outputs with 10-bit resolution, left-aligned, and a scale of +2 g.

The primary signal data collected is mixed, ideally regular and stable, and undesirable data is
messy and unstable, but has some sort of regular trend, and can be made slightly more regular by filtering
the undesirable data to suppress noise. The signal data are sampled according to time and traced to form
the time domain data, which is a time referenced regional data.

In a preliminary cleaning step, the following cleaning steps were done on the raw data. If there
are occasional spikes or NaN (Not a Number) points in the integrated four-dimensional data, the data
from the former five different subjects are used for model training, and the data from the latter two
groups of subjects for validation of the model, so only the data from the former five groups are
processed.

The PPG signal values for the same subject are highly variable across series and vary considerably
over short periods of time within the same series. Normalization allows for better separation of the PPG
signal from the motion artefacts, with the following equations:

PPG —
PPG,, =——Here 8)
(e}
1 N
Hppg = WZPPGi ' (9)
i=1

c= \/%Z(PPGi — Uppg )2 , (10)

i=1

where PPG_,, is the calculated PPG data, PPG; means PPG value of the i-th data, p,pg and o are the average
value and standard deviations of the original PPG data, respectively.

The accelerometer is affected by low level noise, the gravitational acceleration is in the three
spatial axes of projection, so the data usually has some offset, we remove it by subtracting the average
value from the data, the method gives a fine filtering of the signal with the following equation:

ACC_, = ACC — e (11)
1 N
Macc ZWZACCi ' 12)

i=1
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where ACC,, is the calculated ACC data, ACC; means ACC value of the i-th data, p,.. is the

average value of the original ACC data.

The sampling rate of 400 Hz for data can place a significant burden on hardware devices. For the
purpose of efficiently downsampling the data, a resampling algorithm that requires a digital filter was
not chosen because it would add significant computational cost to the final embedded system
implementation. Accordingly, a simple extraction process is implemented in which 1 of the R samples
is retained and the rest discarded.

A limited combination of parameters was examined in the vicinity of those already tested, and
with a downsampling factor of 10, the best accuracy was achieved when the sample window (before
downsampling) was 1200, corresponding 3 seconds with 50 % overlap, and a total of 100 training
epochs.

The number of inputs for resting, squatting, and walking activities for the five subjects used for
training varies greatly, and the network may end up being biased toward a particular class due to the
large difference in numbers. A simple technigue to solve this problem is oversampling, a form of data
augmentation in which data from less frequent classes are repeated as needed so that the data used for
training is more evenly distributed across classes. Oversample only for the first five objects, then the
oversampled data are used to train the final network.

Long Short Time Memory Framework

The network model employed in the paper is depicted in Figure 1. It is based on a commonly used
architecture for time-based sensor data and is composed of a combination of fully connected layers and
LSTM units. The input data consisted of three acceleration axes and PPG, forming a four-dimensional
time sequence. The data are then fed into the network in a window of wx 4 , with the parameter w being
the size of the time point of a single data window.

.| Fully Connected Batch o o
Input Sensor Data > Layer I Normalization > LSTM 1 > Dropout I
A4
R .| Fully Connected Predicted Performance
LSIMII " Dropout I Layer IT | Physical Activity Estimation

Figure 1. The network model for training dataset

The first layer is fully connected layer and aims to identify the relevant features in the input data.
In this layer, the general neuron produces an output value y:

y=f([wl,wz,...,wn][xl,xz,...,xn]T+b), (13)

where the x, inputs to the layer and the w, neuron weights in association with each input, f is the

activation function and b is the bias value.

The batch normalization layer, which normalizes the mean and standard deviation of the global
data, operates on individual batches of data with training. Then, the recurrent neural network is
represented at its core by two cascaded LSTM layers, with the LSTM followed by a dropout layer that
randomly discards some of the inputs to reduce overfitting.

In the end, there is a fully connected layer of size 3 which, together with the sparse class cross-
entropy loss function assigned to the network, classifies one of these three classes of layers. The loss
function represents the error that must be minimized by the training process. The representation of the
error varies upon the given function of the network allotted to it. For a categorical cross-entropy function

J(w), the error function is as follows:
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3 (W)= DIy l0gy, + - y)loglt- ). (14)

where w is the set of model parameters, N is the number of input test features, y, and y,; are the true

and predicted classes respectively, expressed numerically.
Table 1 shows the details of the individual layers. The RNN, as built in this configuration, has
25,283 trainable parameters.

Table 1. The parameters of LSTM neural network based on ACC and PGG

Layer Input Size Output Size Parameters
Fully connected layer | [W, 4] [w, 32] 128
Batch Normalization [w,32] [w,32] 128
LSTM | [w, 32] [w, 32] 8320
Dropout | [wW, 32] [w, 32] 0
LSTM 11 [w, 32] [1, 32] 8320
Dropout Il [1, 32] [1, 32] 0
Fully connected layer 11 [1, 32] [1, 3] 99

Result and Analysis

It is demonstrated the matrix of confusion that arises when classifying the test data in the same
setup in the Figure 2. It is evident that the squat and step activities are the activities with greater error
rates, while the rest activity is correctly identified in 99 % of the cases. This may be partly due to the
much smaller amount of raw input data for the squat and step activities. Accuracy is the ratio of the sum
of true positives (TP) and true negatives (TN) to the total number of records (Num). Figure 3 shows the
progress of accuracy (estimated on the training material itself) and loss with respect to the training
epochs for the network with no downsampling (original data at 400 Hz). About 100 epochs, the values
reach convergence. The accuracy is the evaluation ratio metric to all true assessment results of
summarize the total grouping achievement for resting, squatting and stepping activities:

TP, +TP + TP +TN +TN +TN

resting squatting stepping resting squatting
Num

stepping . (15)

Accuracy =

In the current setup, a maximum accuracy of 95,36 % was achieved in the test phase for the
decimation factor 40. Although dividing the dataset into five training subjects and two test subjects is a
natural choice, the limited size of the dataset can lead to biased results depending on the partition chosen.

walking
o
(=]
Q
o= ]
(=]
=

0.08 0.72 0.21

Validation Lable

squatting

resting

resting squatting walking

Prediction Lable

Figure 2. The matrix of confusion for classification
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ACCURACY LOSS
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Figure 3. Accuracy and loss progress with respect to training epochs

Conclusion

For recognition, human activity a network model based on LSTM is proposed in the paper. The
virgin PPG signal has been severely corrupted by MAs, mainly due to the relative motion between the
PPG source and the wrist skin. In order to reduce MAs, the ACC data and PPG were integrated into
four-dimensional data, which were processed and analyzed. In an investigation of Python based data
analysis of PPG and ACC signals, the LSTM was used for recognizing physical activity. The results
revealed that 95,36 % accuracy in classification of the test data was achieved.
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OBMEH HH®OPMAIIMEN MEXIY MOBUWJIbHBIM NPUJIOKEHUEM
N MUKPOKOHTPOJUIEPOM YEPE3 ITPOTOKOJI MQTT

A.B. XAPYEHKO, B.C. TABPUJIEHKO

Benopyccxuii 2ocyoapcmeennviii ynugepcumem un@opmamuxy u paouodneKmponuxy, gunuan « Muncxuii
paouomexnudeckuii koaneodxcy, Pecnyoauxa benapyce

Hocmynuna 6 peoakyuro 18 mapma 2023

AnHoTanus. PaccMoTpeH npoTokod nepeaayn nHGopMauu Mex1y MOOHIbHBIMU YCTPOHCTBAMH
MQTT anst nepenaun aHHBIX KaK MEKAY HECKOJIBKUMH YCTPOHCTBAMHM Ha MHKPOKOHTpOJUIEpaXx,
TaK 1 JUIA TIOAKIIOYCHNS MOOMIIBHBIX YCTPOICTB Ha MUKPOKOHTpOJIIepax K cMaprdony. [Tokaszana,
cxemMa obOMeHa mH(popMmareld Mexay kimueHToM u cepBepoM MQTT mpotokoma. PaccmoTrpeHsr
THIIBI U CTPOEHHUE COOOIICHHUH [Tl pabOTHI C IPOTOKOIOM.

Knioueswvie crnosa: nporokon MQTT, 10T, MQTT coo0Ommernne, MUKpOKOHTpOIIIEP, OpOKEp, KIIMEHT,
cepaep.

BBenenue

HoBble MHTEpHET TEXHOJIOTHH CTPEMHUTEIHHO Pa3BUBAIOTCS B coBpeMeHHOM Mupe. IIIupokyio
MOMYJIAPHOCTh, @, CJICJOBATEIBHO, M BOCTPCOOBAHHOCTh IIPHOOPETAIOT pa3paboTKW Ha Oase
MHUKPOKOHTPOJUIEPOB C BOZMOXXHOCTBIO YIIPABICHUSI MOOMIIBHBIM MPUIIOKEHUEM Yepe3 OecIipoBOTHYIO
cBs3b. Ha ceromusimHuil JeHb CyIIECTBYeT MHOXECTBO PA3IUYHBIX MPOTOKOJIOB, IMO3BOJISFOIIUX
MOJIKITIOYaTh MOOWJIbHBIC YCTPOWCTBA (B TOM YHClie Ha 0a3ze MHUKPOKOHTPOIUIEPOB) K UHTEPHETY, U
COCIIUHATh MX MEXKIY coOoil. OQHMM W3 TaKuUX MPOTOKOJOB siBiissercs: nmpotokosn MQTT, koTtopsrit
ucnonb3yrotes B Internet of Things (IoT).

MQTT (Message Queuing Telemetry Transport) — 3To MpOTOKOJ, ClEIAaHHBIA KOHKPETHO
s 10T. Ol npeanasHaveH At oOMeHa HHpOpMaIlUe MeXly pa3HbIMU YCTPOMCTBAMH U MOJIYJISIMH.
OtBeuaer 3a 0€30MACHOCTh COCIUHEHUS, CKOPOCTh Tepeliaud JAaHHBIX M TMPaKTHYECKOe
(GYHKIIMOHUPOBAHUE CUCTEM M ITPOTPAMM.

Onucanue NpUHOMIIA padoThI

Cucrema cBsi3u, nocrpoeHHas Ha MQTT, coctouT u3 cepBepa-uznareis, cepBepa-Opokepa u
OJTHOTO MJIM HECKOJIKHX KIHMeHTOB. M3xarens He TpeOyeT Kakux-1u00 HACTPOEK MO KOJIMYECTBY MU
PAacIoNOKEHNIO MOAMUCYUKOB, MMOJTydaroImux coodmenus. Kpome Toro, moanucunkam He Tpedyercs
HACTpOMKa Ha KOHKPETHOro wuzjarens. B cucteMe MOXET OBITh HECKOIBKO OpOKEpOB,
pacnpoctpassitomux coodbmenust [1]. Cxema oOMena mH(OpMalME MEXAY KIMCHTOM U CEPBEPOM
npezcTaBieHa Ha puc. 1.

1. noARMCHEHH e—e| 1. NOAKMGHEHHE

2. NoATBepHASHHE

2. NoATBEPH/IEH1E NOAKAHEHNA

NoAgRMKYeHWA

Uzpaten, >
3. noanucka

3. NyBanKauA—- 4. nyGanKauua

Puc. 1. Cxema oOMeHa nHpOpMAIHA MEXKIY KIMEHTOM U CEPBEPOM
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EcTb MHOeECTBO CIOCOO0OB HACTPOUKH KIMEHTA I MOoAKIoueHus uepe3 Opokepa MQTT. Ogun
W3 HUX NIPEJCTABIIECH HIDKE B BUAE KOJA.
var options = {
keepalive: 60,
username: 'FIRST_HALF_OF_API_KEY",
password: 'SECOND_HALF_OF API_KEY',
port: 8883
k

var client = mqtt.connect('mqgtts:mqtt.ably.io’, options);

Bce nannple omyOnmkoBaHHBIE WM TMOJyYeHHBIE OpokepomM MQTT, OymyT 3akoaupoBaHBI B
nBonuHOM (hopMmate, mockoibky MQTT sBisieTcss OMHAPHBIM MPOTOKOJIOM. DTO O3HAYaeT, YTO JIIs
TIOJYYEHUSI MCXOJHOTO COJCPKUMOTO HYXKHO HHTEPIPETHPOBaTh cooduieHue. Huxke mpepcrarieH
croco6 monyvenue uapopmarmu ¢ momoinsio Ably u JavaScript [2].

var ably = new Ably.Realtime('REPLACE_WITH_YOUR_API_KEY");
var decoder = new TextDecoder();
var channel = ably.channels.get(‘input");
channel.subscribe(function(message) {

var command = decoder.decode(message.data);

b;

CrtpykTypa coo01eHni

Bcero B mpotokoie MQTT cymiectByer 15 THIOB COOOIICHMI, KOTOPHIC IMPEICTABICHBI B
tabi. 1, roe «K» — kimeHT, a «C» — cepBep.

Tabun. 1. Tunsl coobmennii B pUKCHPOBAHHOM 3aroJoBKe

Tun cooOmenus 3HaveHne Hanpasnenne nepenauu Onwucanne
Reserved 0000 (0) HET 3apesepBUpOBaH
CONNECT 0001 (1) K- C 3anpoc KIHEeHTa Ha MOJIKIIF0YCHUE K CEPBEPY
CONNACK 0010 (2) K« C IMoaTBeprkAeHNHE YCIENTHOTO IO KIIIOUSHHUS
PUBLISH 0011 (3) K« CK—>C IMTyGnuKanus cooOIeHUs
PUBACK 0100 (04) K« CK—>C TMoaTBepKaeHre MyOIuKaIn
PUBREC 0101 (5) K« C,K—>C [TyGauKamums nojayyeHa
PUBREL 0110 (6) K« CK->C Paszpemenne Ha yfaJeHue COOOICHHS
PUBCOMP 0111 (7) K« CK->C [Ty6nmkanus 3aBepiieHa
SUBSCRIBE 1000 (8) K-> C 3anpoc Ha MOANHICKY
SUBACK 1001 (9) K« C 3anpoc Ha MOJNUCKY HIPUHST
UNSUBSCRIBE 1010 (10) K-> C 3ampoc Ha OTIIHCKY
UNSUBACK 1011 (11) K« C 3ampoc Ha OTIHCKY PHHST
PINGREQ 1100 (12) K-> C PING 3ampoc
PINGRESP 1101 (13) K« C PING otBer
DISCONNECT 1110 (14) K-> C Coobmenne 00 OTKIIIOUEHHUH OT cepBepa
Reserved 1111 (15) HET 3ape3epBUpOBaH

MQTT coo0uieHre COCTOUT U3 HECKOIBKUX YacTell: (GUKCHPOBAaHHBIIN 3ar0JIOBOK, IEPEMEHHBIN

3aroJIOBOK M JIaHHbIE [3].

DUKCUPOBAHHBIN 3ar0J0BOK MPUCYTCTBYET BO BCEX COOOIICHHSX. B TO BPeMs, Kak IIEPEeMEHHBIN
3aroJIOBOK ¥ JIaHHbIE — TPUCYTCTBYIOT TOJBKO B OMPENCNICHHBIX coolmeHusx. CrpoeHue
(MKCHPOBAHHOTO 3aroJIOBKA MPEJCTaBICHO HA PHC. 2.

ElEAERENER R ENEE TN
Byte 1 Message Type Flags specific to each MQTT packet
Byte 2 Remaining Length

Puc. 2. Crpoenne (puKCHpOBaHHOTO 3aroJjIOBKa
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«Message Type» — ato tun coobmenusi. «Flags specific to each MQTT packet» — atu 4 Outa
OTBEJICHBI T10T BCIIOMOTaTeIbHbIE (DJIary, HATUYUE M COCTOSHIE KOTOPBIX 3aBHCHUT OT THITA COOOIICHUSI.
«Remaining Length» — mpezacrasisieT mIMHY TEKYIIETO COOOIIEHHS, MOXKET 3aHMMATh OT 1 10 4 OGaiiTa.

YeThipe CTapIInx OUTa MepBoro 6aiiTa GUKCHPOBAHHOTO 3ar0JIOBKA OTBEACHBI MO/ CIICIIHATbHBIC

Bit 7 6 5 4

(daarn, oHN H300paKEeHBI Ha pHC. 3.
Message type

Remaining Length

Byte 1

Byte 2

Puc. 3. Pacnonosxenuii crpammx OUToB

«DUPy» — ¢nar aybnukara ycranaBnuBaeTcs, koraa kiaueHT wian MQTT Opokep coBepmiaert
MIOBTOPHYIO OTIIPaBKY nakeTa. [Ipu ycraHoBIeHHOM (priare nepeMeHHBIN 3ar0JI0BOK I0JIKEH COAEPKATh
Message ID. «QoS»— xkauectBo oOcmyxuBanus. «RETAIN»— mpu mnyOonukanuy JaHHBIX C
YCTaHOBJICHHBIM (hjiarom retain, Opokep coxpaHut ero. [Ipu ciienyromieli MoArnMcKke Ha 3TOT TOMHK
OpoKep He3aMeIITUTEILHO OTIPABHUT COOOIICHUE ¢ 3TUM (iaroM. Mcrosb3yeTcs TOIbKO B COOOIICHHUSIX
¢ Tarom «PUBLISH».

ITepeMeHHBIH 3ar0JIOBOK COJEPIHUTCS HE BO BCEX 3arojioBKax. B HeM MOMeEIaroTes cieyronme
nannble. «Packet identifier» — uaenTudukarop nakera, NPUCYTCTBYIOLIMIA BO BCEX THUIAX COOOIICHHI,
kpome: «CONNECT», «CONNACKY, «PUBLISH», «PINGREQ», «<PINGRESP», «DISCONNECT».
«Protocol name» — nHasBanme mportokosa (Toipko B coobmenusix tuma «CONNECTY). «Protocol
version» — Bepcus nporokona (Tosnbko B coobmenusix tina «CONNECT»). «Connect flags» — ¢uarwu,
yKa3plBaIOUIMEe Ha TIOBEACHHE KIWEHTAa NpU NOAKIIOYeHWH. CTpOCHHE IMEepPEeMEHHOTO 3arojioBKa
MPEACTABICHO Ha puc. 4.

Bit

7 6 5 4 3 2 1 0
u will . . a
Byte 8 *¢" | password " will QoS Wwill Flag €N | Reserved
name Retain Session

Puc. 4. CtpoeHne nepeMeHHOTO 3aroJI0BKa

«User name» — mpu HamWMuuM 3Toro (jara B «HArpy3ke» JOJDKHO OBITh YKa3aHO HMs
nosb3oBarens. «Password» — npu HauuuK 3TOro ¢uiara B «Harpy3ke» I0JDKeH ObITh YKa3aH Mapolib.
«Will Retainy» — npu ycranoske B 1, 6pokep xpanut y ceost «Will Message». «Will QoS» — kauectBo
obcnyxuBanus 1t «Will Messagey», npu ycranosiennom ¢utare «Will Flagy», «Will QoS» u «Will
retainy siestrorest ooszatenbHbiME. «Will Flag» — npu ycranoBiieHHOM (hitare, mociie Toro, Kak KIHeHT
otkirounTcs 0T Opokepa 0e3 ornpaBku komaHabl «DISCONNECT» (B cnywasx HempenckazyeMoro
00pBIBa CBSI3H, HAIIPUMEp), OPOKEP OIMOBECTHT 00 3TOM BCEX IOJIKIIOYCHHBIX K HEMY KIMEHTOB Yepes3
«Will Message».

«Clean Sessiony — HeoOxoauM 1st ourcTKH ceccru. [Ipu ycranoBieHHOM «0» OpoKep COXpaHUT
CECCHIO, BCE MOAINMCKH KIIMEHTA, a TaKKe Iepeaact eMmy Bce coobmierns ¢ «Q0S1» n «Q0S2y, koTopele
ObUTM TIOJy4eHBI OPOKEPOM BO BpeMsl OTKIIOUEHHS KIMEHTa, MPH €ro CIEAYIOMEM IOIKIIOUYCHHH.
COOTBETCTBEHHO TP YCTAHOBIIEHHOH « 1%, TPH MOBTOPHOM IMOKITFOUSHHUN KIIMEHTY OyAeT He0OX0JUMO
3aHOBO MOAIHUCHIBATHCH.

Copepxxanne u (opmar ngaHHbiX, nepenaBaeMblx B MQTT cooOmeHusx, ompeaensorcs B
NpUIOKEHUH. Pa3Mep MaHHBIX MOXKET ObITh BBIYMCICH IyTeM BbluuTaHus u3 «Remaining Lengthy
JUIMHBI TIEPEMEHHOTO 3aroJIOBKa.

3akiIoueHne

MQTT npenocTaBiseT cioco0 CO3IaHus HepaAPXUU KaHAJIOB CBSI3M — TaK HA3bIBAEMYIO «BETBB C
JINCTBAMIY. Beskmii pas, Kkorjga 'y usaaTeiid €CTb HOBBIC JaHHBIC JJI1 paCIIpOCTPAHCHHUA CPEAU KIIMECHTOB,
co00LIeHNE COMPOBOXKAAETCS IPUMEYaHUEM KOHTPOJIS AOCTaBKH. KineHThI Oojiee BHICOKOTO YPOBHS
MOTYT IIOJIy4aTh KaXXJ10€ COO6H.ICHI/I€, B TO BPEMA KaK KIIMCHTBI 0oJiee HU3KOrO YPOBHS MOT'YT IIOJIy4aThb
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COOOIIEHUS, OTHOCAIINECS TOJBKO K OJHOMY HJIM JIBYM 0a30BBIM KaHallaM, «OTBETBISIONINMCS» B
HIDKHEW 4YacTH HWepapxuu. JTo obierdaer obMeH wmH(pOpMaueil pasmepoM OT AByX OalT mo 256
Mera0anT. JIaHHBIA TPOTOKOJ 3alUIacT OT PA3IUYHBIX cOOEB M HEMOJAIOK MPH Mepeaadr JaHHBIX
MO3BOJIsIs OOMEHUBATHLCS MHPOPMAIHECH MEXKIY YCTPOWCTBAMU, a TAKKE BBHITIOIHATH CUCTEMATU3AIUIO
JIOKAJIbHBIX CEeTeil B MHTEPHETE.

EXCHANGE OF INFORMATION BETWEEN THE MOBILE APP
AND THE MCU VIA MQTT PROTOCOL

A.V. HARCHENKO, V.S. GAVRILENKO

Abstract. The protocol for transferring information between mobile devices MQTT is considered
for data transfer both between several devices on microcontrollers and for connecting mobile devices
on microcontrollers to a smartphone. The scheme of information exchange between the client and
the server of the MQTT protocol is shown. The types and structure of messages for working with
the protocol are considered.

Keywords: MQTT protocol, 10T, MQTT message, microcontroller, broker, client, server.
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Abstract. Attention mechanism is to let the machine pay attention to more key information and
ignore the secondary information in complex tasks, that is, to assign different weights to different
information to represent different degrees of attention so as to reduce the amount of calculation. The
common end-to-end speech recognition model structure is to directly model speech and text, which
not only simplifies the speech recognition model but also improves the recognition performance. In
order to study the function of attention mechanism in the end-to-end speech recognition system, this
paper will take wenet as the basic network framework, and study the conformer part of the encoder
and the transformer structure of the decoder in the end-to-end basic framework. These two structures
make full use of the attention mechanism.

Keywords: speech recognition, attention mechanism, wenet network, transformer structure,
conformer structure.

Introduction

This design will use part of the data in aishell as the data set to train the speech data. By constantly
modifying the network framework and changing the attention model, we can get a better recognition
rate, so as to get the most appropriate network parameters and achieve a good speech recognition
function. In addition, we compare the attention mechanism with other networks, such as CNN, CTC,
etc. Through this comparative experiment, we get the shortcomings of attention mechanism itself and
its compensation method, such as the combination of attention mechanism and DNN, which makes up
for its inability to focus on local features, and the combination of CTC can be used for streaming speech
recognition [1].

The main algorithm

Attention mechanism: The attention mechanism is divided into three categories: the first category
is the soft attention mechanism, which assigns weight to each input item. The weight is between 0 and
1, because it will be considered, so the amount of calculation is relatively large. The second category is
the hard attention mechanism. The weight distribution of each input item is either 0 or 1, so some of
them will not pay attention. The advantage is the amount of calculation small, with the disadvantage of
possible loss of information. The third type is the self-attention mechanism, and its weight distribution
is mainly the input item. We mainly use the self-attention mechanism.

Conformers and Transformers: In the Wenet used in this design, we mainly use two kinds of
networks, Transformer and Conformer network [2]. These two networks are typical applications of the
attention mechanism, in the part of the encoder network, both can be used. You can choose according
to the specific situation, and in the decoder network. For the network part, only the Transformer network
can be used. Transformer is composed of multiple Transformer Block groups. As a result, self-attention,
res, relu, Feed-Forward layers will be used in each block, as shown in Figure 1. Conformer is composed
of multiple Conformer Block composition, each block will use convolutional layer, self-attention layer,
residual res, activation relu, Feed-Forward layers [3].
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Figure 1. Transformer

Wenet network structure

In order to perform both non-streaming scene recognition and streaming scene speech recognition,
Wenet using the U2 model, which is a joint model of CTC and AED. It is composed of Shared Encoder,
CTC decoder and Attention decoder [4]. A Shared Encoder can select Transformer or Conformer, the
attention decoder is composed of transformer layers, CTC decoder is composed of a Fully Connected
Layer and a Softmax Layer. While training at this time, by using the dynamic chunk training method,
the Shared Encoder can handle different lengths voice clips. When recognizing, the first step is to go
through the CTC decoder to get multiple backups with the highest score. Use the results, and then use
the Attention decoder to re-score the candidate results, and choose the highest score final result. When
the selected voice segment is infinitely long, it is suitable for non-streaming scenarios that is to get
decoding after a complete speech segment, it is also suitable for streaming languages when the selected
speech segment is of finite size sound recognition scene [5]. The shared Encoder implements
incremental forward operation, and the result of the CTC decoder is also displayed as intermediate
results. During decoding, the CTC decoder operates in steaming mode in the first pass, while the
attention decoder is used in the second pass to give more accurate results as shown in Figure 2.

rescoring

CTC Attention
= I S
’I Decoder Text message
T allention T

Figure 2. Structure of U2
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Comparison of the effects of different decoding methods

This experiment explores two different decoder methods in the non-streaming model, focusing
on comparing the real-time rate (RTF) between attention decoder and attention resoring, and the results
of the four decoding methods. The full context is used in the model, and the conformer is used for
training with a standard convolution kernel size of 15. In AED decoder, beam =10 is used for decoding;
CTC uses prefix beam search to form top n_best hypotheses as reference information for final re-scoring.
"/" is used to represent that means it’s not important in the process.

Table 1. Comparison results of different decoding methods

Decoding method CTC weight RTF CER

Attention decoder / 0,297 6,02

CTC prefix beam search / 0,0 6,05

Attention rescoring 0,0 / 5,73

Attention rescoring 0,5 0,182 5,52
Conclusion

The first set of experiments: attention decoder, as shown in Tablel. Although the Attention model
works well, it still has its own problems. Questions are as follows: 1. Suitable for phrase recognition,
poor for long sentence recognition; 2. Training is unstable when noisy data. The second group of
experiments: CTC prefix beam search, where the real-time rate of CTC is not the focus of this
experiment, so "/" is used to represent it. The third and fourth sets of experiments: attention rescoring,
after CTC prefix beam search and attention rescoring, it is found that CTC prefix beam search produces
many errors, which can be corrected by the attention rescoring strategy. However, some CTC decoding
correct results will also be corrected into errors after attention rescoring, which means that CTC plays
an important role in some cases. Therefore, a CTC weight score needs to be added. In addition, tested
different CTC weight scores from 0,1 to 0,9, and found that when A =0,5, it is the most stable.
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Abstract. With the development of smart phones, more and more functions rely on short messages
to achieve and Global System for Mobile communication (GSM) is always embedded into a certain
system as a tool. The article gives a short introduction about GSM services, and then to realize the
SMS sending platform used by Attention command (AT). When correctly connected to the GSM
hardware services, it can greatly improve the efficiency of sending messages.

Keywords: GSM, AT command, SMS sending, hardware services.

Introduction

Short Message Service, commonly abbreviated as SMS, is a text messaging service component
of most telephone, Internet and mobile device systems. With the popularization of mobile phones and
smart phones, mobile phone networks have also become increasingly mature. If the mobile phone and
the computer network can be combined, it will greatly facilitate people's daily life [1]. However, it is
inconvenient to edit short messages on mobile phones, and the input and display are limited, so it is not
suitable for industrial applications. Enterprises need an efficient, safe and cost-effective platform.
Therefore, the information platform of SMS modem came into being, and the GSM Modem is one of
the communication products.

GSM (Global System for Mobile communication) is widely use in the world. Therefore, it is
necessary to design a mobile phone short message sending platform based on GSM Modem. With the
development of mobile communication technology, GSM network technology is mature and has the
characteristics of wide coverage, but the establishment of dedicated data faces many problems such as
high cost of transmission network, short communication distance, poor communication effect, etc [2].
Using reasonable and effective GSM network resources, these problems will be solved by using wireless
GSM modem.

Over View of development at home and abroad

This is a method that is more suitable for small project development at present. It can be realized
only by proficient use of AT commands and serial port programming knowledge, but it needs the support
of hardware GSM MODEM. In general, developers will choose to use VC platform and GSM Modem
to develop SMS platform [3]. Many technical functions have been completed by using GSM technology
at home and abroad:

The GSM remote temperature detection system design of STM32 [4], the remote transmission of
data is completed in the form of short messages through the GSM network, and the remote wireless
transmission of data is realized through the serial communication RS-232 interface combined with the
existing single-chip microcomputer system;

Using the global system of industrial mobile communication (GSM) monitoring of arduino
uno [5], after the sensor detects fire and gas leakage, it immediately sends a message through the short
message service (SMS) to notify the house owner, firefighter, etc. departments and authorities.
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Realize automatic monitoring and short message service system through GSM Modem [6]. It
detects unexpected events in the environment, generates alerts with detailed messages, and sends them
to users to prevent dangerous situations from happening.

Judging from the functions realized in the above references, GSM is embedded into a certain
system as a tool, and when a certain value set in the system is reached, GSM can be used as a sending
platform to send warning information to the user’s mobile phone conveniently and quickly. In fact, the
design completed in this topic is the part of these systems that use GSM to send short messages.

Overview of SMS sending platform

In order to realize the SMS sending platform based on the GSM module, VS2015 is used as the
development environment, and C++ is used as the programming language to establish an object-oriented
software development platform. The computer uses a serial port or USB interface to connect to the SMS
modem through a dedicated connection line, and realizes data communication with the SMS modem
through a series of instructions. Through the research of AT command, short message encoding and
decoding process, a software program based on dialog box is designed to realize the function of sending
short message. Realize the hardware connection between SMS modem and computer by installing the
driver. After the computer is successfully connected to the GSM Modem, you can send text messages
to the mobile phone conveniently and quickly.

First, use the APl communication function to open the serial port, and use the AT command to
check whether the CSM module is connected successfully. If the connection fails, the running of the
program will end directly, and it needs to be restarted to repeat the above steps until the GSM module
is connected normally. If the connection is successful, the content of the short message input by the user
is encoded using the above coding method and the PDU format data is generated according to the number
of the short message center, the number of the destination user for receiving the short message, the
coding method and the validity period of the short message. Analyze the PDU data format of the short
message by analyzing the message to be sent stored in the mobile phone [2]. The actual flow chart of
the entire sending short message system platform is shown in Figure 1.

| Open the port |

Check GSM Modem

Encoding the input data

Use AT command to
send data

N

| Close port |

Figure 1. The overall flow of the SMS sending platform

SMS modem hardware interface

First of all, the SMS modem development interface refers to a series of functions or controls
provided by the manufacturer of SMS Modem for programmers when programmers program and
communicate with SMS Modem. The manufacturer of SMS modem provides 4 kinds of development
interface modes for programmers. These four development interface modes are using AT command,
SMS modem secondary development kit, SMS modem communication middleware and SMS gateway
provided by a third party [3].
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Secondly, when users need to obtain relevant information in SMS modem, they need to use AT
commands to achieve it. The API function of the SMS modem secondary development kit encapsulates
AT commands. The specific hardware connection of SMS Modem is shown in Figure 2. Beginning of
the cycle of searching for local single-pixel extrema.

Wireless
Communication

PC GSM
Port | » Port SIM Card

Figure 2. Hardware connection of SMS modem

The hardware interface of SMS modem mainly has two forms: USB and COM serial port. If the
serial port mode is used, the hardware connection process is as follows: first, use the serial port connector
SMS modem and PC; secondly, insert the SIM card into the communication card slot of the SMS
modem, and then connect the external power supply of the SMS modem. If you use the USB connection
mode, you only need to insert the SMS modem into the USB port of the computer to realize data
communication.

The GSM is a USB serial port single-port industrial type, which supports development Kits of
multiple programming languages including C++. Its data terminal is always online, and can adapt to low
and high temperature working environments. The 2G/3G/4G card of this card does not support other
network operators for the time being. Figure 3 shows the SMS modem used in this design.

Main part of GSM

(include communication Chip )\ Antenna
—
USB | b

SIM Card

Figure 3. A kind of industrial-grade USB interface GMS modem

AT command

AT is the abbreviation of the "Attention". The AT command set is an industry standard for the
modem communication interface, and it is a command that the modem can recognize and execute. The
AT command set is sent from the data terminal equipment (computer) to the terminal adapter (SMS
modem). Nokia, Ericsson, Motorola and Hewlett-Packard jointly developed a set of AT command sets
for GSM, forming GSMO7.05 and GSMO7.07 technical specifications. These include controls over
SMS. The PDU mode is based on the AT instruction set.

Usually, the command of the GSM module starts with the prefix AT, which means "attention".
This prefix must be set at the beginning of each command, and at the same time, the end of each
command must be terminated with "<CR>" or "<nr>", that is, carriage return. Note that these terminating
characters can also be provided by their ASCII values in equivalent hexadecimal, octal, or decimal form.
A list of these important commands is given in Table 1 [6].

Table 1. Command list of AT commands

Command Purposes
AT Check response
AT + COPS? Read cell operator
ATD "telephone number;" Dial number
ATH Hang up command
AT + CMGF = < mode > < CR > Set messaging mode
AT + CMGS =" telephone number " Set the target number of calls
< messages > < CR >n032 Send messages
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Conclusion

This article introduces the method of using GSM Modem mobile phone text messages, learns AT
commands, and finally realizes the sending and group sending of text messages. There are also many
functions that need to be perfected. The following features are what are lacking in this design:

First, increase the length of text messages sent by mobile phones. This design supports the sending
of text messages with a maximum of 128 characters. If more than 128 characters are used, they need to
be sent in batches.

Second, learn the receiving rules of SMS modem and add the function of receiving SMS. In this
way, the functions of the software will be further improved, and the receiving and sending modules can
be integrated to make it fully functional.

The above problems can be further solved, so that the SMS platform has a certain degree of
advancement and universality, and becomes a software product with social value.
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AnHoranus. B pabore paccmarpuBaercs npobiema o0ydeHHs HEeHpOHHBIX cereil. [IpemmoxeHsl
AITOPUTMBI 00y4YeHHs Ha OCHOBE METOIa OT)KHI'a M IeHeTHYeckoro anropurma. IlokasaHo, 4yTo
pa3paboTaHHBIE aNTOPUTMBI 00NamaroT Oonpmied APPEKTUBHOCTRIO, HYEM CYIICCTBYIOIINE
rpaJeHTHbIC METOIbI.

Kniouegvie cnoéa: MeTOJ OTKHUra, IEHETHYECKUH alrOpUTM, METOJ| TPaJUCHTHOrO CIIycKa,
oOyueHue, HeHpOHHAs CeTh.

BBeaenne

B HacTosiiee BpeMsl IPOUCXOIUT CTPEMUTETbHOE pa3BUTHE HMU(PPOBBIX TexHONOTHH. O0bEeMbI
MOJy4aeMbIX JaHHBIX W3 Pa3IMYHBIX UCTOYHHKOB CTPEMHUTENbHO pacTyT [1]. BozHukaer mpoGiema
aBTOMAaTH3anuHu YPPEKTUBHOTO U3BICUCHUS T0JIe3HON HHPOPMAIHH U3 OOIBIINX JaHHBIX.

Hns pemenust maHHON mpoOiembl ObT pazpaboTaH HeipocereBolt moaxon. I[Ipoexktupyercs
apXUTEKTypa HEHPOHHON CETH, HACTPAMBAETCS TOJ KOHKPETHYIO MPEAMETHYIO 00JacTh M 3a1ady U
NpUMEHseTCsl Ul pelieHus 3agadu. JlaHHbeld moaxox sBJsieTCsl Hamboyiee MEpCHeKTHBHBIM H3-3a
YHHUBEPCAIbHOCTH IPUMEHEHU HEHPOHHBIX ceTell. Ha npakTruke oHM cI10COOHBI aAanTHPOBATHCS MO
JIIO0YI0 MPUKITAIHYIO 3a/1a4y, 4TO JIeJacT UX YHUBEpCaIbHbIMU. [Iporiecc HaCTpOMKK HEUPOHHOM CETH
0] TPUKJIAIHYIO 33/1a4y Ha3bIBaeTCs 00ydeHneM. DPPEKTHBHOCTD MOJYYEHHOTO PEHICHUS HAMPSIMYIO
3aBHCHT OT pe3yJibTara oOydeHus [2].

N3-3a mocTossHHOTO pocTa oO0beMa 00pabaThIBaeMbBIX JAHHBIX (KOJMYECTBA W Pa3MEPHOCTH)
MMOCTOSTHHO PAacTeT pa3Mep HEHUPOHHOUW ceTH. DTO jenaeT oO0ydueHue Hanboyiee TPYAOSMKUM 3TarioM
HelpoceTeBoi 00paboTKH.

HecmoTpss Ha noCTUrHYTHIE B JaHHOM HAIPaBICHUH PE3YJbTaThl, Ipoliema OO0y4deHus Io-
IIPEXKHEMY SIBJISIETCS AKTYaJIbHOM.

CylecTBYIOT JiBa OCHOBHBIX IOJX0/a K OOy4YCHHIO HEeHpOHHBIX ceTeil. OnuH Oasupyercs Ha
HaIpaBJICHHOM MOHCKE (TIepeMeIeHIe 10 MHOXKECTBY PELICHHUH IO CTPOTr0 ONpPEeAEICHHOMY MIPaBUILY),
a npyrod — Ha ciydailHoM moucke. HauOomnee MOMyIsIpHBIMH SIBISIFOTCSI TPAJMEHTHBIE METOMbI
(HampaBJIeHHBIN MMOMCK), KOTOPBIE HA MpaKTHKe 00ydaloT HEHPOHHBIE CETH 3a MPUEMIIEMOE BpeMsl.
IIpeacraBuTenn Opyroro Mmoaxojna — METOIbl OTXKHIA U I'C€HETHYECKHE AITOPUTMBI, 00ECIIEUHBAIOT
XOpollIee KaueCcTBO, HO pabOTalOT CYIIECTBEHHO ME/JICHHEE.

B pabGote cpaBuHuBaeTcs 3()(PEKTHBHOCTH METOAA OTKWIA, TCHETHYECKOrO aJroOpuT™Ma Hu
TPaAMEHTHOrO CITycKa il 00y4eHHUs] HeHPOHHOM CEeTH Ha MpUMepe peleHHs 3aJauy CKaTHs BETHBIX
n300paKeHNH.

AHaIU3 NpodaemMbl

OO0yueHne HEHPOHHOM CEeTH MOXHO C(hOpMYyITHPOBATH B BUJIE CIEAYIOMICH 3a/1a4u.

IlycTs 3amana HekoTopas HelipoHHas cetb N 1 0OydJarorias BEIOOPKA, OIUCHIBAIONIAS] BXOTHBIC
nmannble 3amaun X. IlycTh 3amaH HEKOTOPHIH (DYHKIMOHA] KadecTBa f OMMCHIBAIOMIMIA Kav4eCTBO
MOJTy4YEHHOT'O pellieHus. B kadecTBe apryMeHTOB JaHHas (DYHKIUS IPUHUMAET HEMPOHHYIO ceTh N U
BbIOOpDKY X. JlaHHBIA (YHKIMOHAJ, Kak M O0ydYarolias BbIOOPKa, OIPEACNISIOTCS pelraeMoit
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npuKIagHoH 3agadeii. HeoOxoauMo HacTpOUTh 3HaUEHHS TapaMeTpoB CeTH X TakUM 00pazoMm, YTOOBI
JOCTHYb MUHHUMYMa (QyHKIHOHana f.

Takum o6pa3om, oOydeHHe HEHPOHHOW CETH SIBISIETCS ONTHMHU3AIMOHHON 3a1avell U s Hee
pEIIEHUsT MOYXHO UCIOIb30BATh BCE ONITUMU3AIIMOHHBIE METO/IBI.

Hawnbomnpieit nepcrnekTnBoi 001agaroT MpUOIMKEHHBIE HTEPAIIMOHHBIE METOBI OTITUMHU3AIIH.
OHu yHUBEpCaIbHBI, TIO3BOJISIOT PEryIMPOBATh TOYHOCTH MOMYYEHHOTO PEUICHHUS B 3aBHCHMOCTH OT
OTpaHMYEHUI Ha BBIYUCIUTEIbHBIE PECYPCHI.

Bce urepannonHble METOABI ONTHUMH3AIMM pa3lesAlOTCA Ha JBa Kjacca: HalpaBleHHBIE U
HEHaIIPaBJICHHBIE METOIBI.

HampaBneHnHple MeTONbl XapakTepU3YIOTCS HAJIWYMEM CTPOroro MpaBWia Iepexojia W3
paccMaTpuBaeMoro pemeHus B HoBoe. K HampaBieHHBIM MeTOJ]aM OTHOCSITCSL BCE METOJIbl Ha OCHOBE
BBIUMCIICHHS TPAJANEHTA: METO/I TPOCTOT0 TPAJANEHTA, METOJ MOMEHTOB (TsDKEJIOro IIapuKa), TPaAUeHT
HecrepoBa, meton aganTuBHOro MOMeHTa U T.. Ha paHHUX 3Tamax pa3BUTUS HEHUPOHHBIX CETEH
BBIYMCIIUTEIbHBIC MOIITHOCTH KOMITBIOTEPOB OBbLIH KpaiiHe Maibl. J{j1st 00yueHus ceteit Obu1 He00X0 UM
aJTOPUTM C OBICTPOH CXOTUMOCTHIO M MAJTBIM 00BEMOM BEIYHCIICHU Ha OTICIbHOMN uTepanuu. JIroooi
HaIpaBJICHHBIA METOJ 32 CUET HAJIMYUS [IPaBUjIa NEPEXOJ0B CYLIECTBEHHO OTPAHUYMBAET MHOKECTBO
paccMaTpUBaeMbIX pPeUICHUI U 00agaeT BEICOKOW CKOPOCTBIO CXOAMMOCTH, OJJHAKO, 3TO MPUBOIUT K
TOMY, YTO MOXCT 6I)ITI> YIOymceHO ONTUMAJIBHOC PCIICHUC. rpaIH/ICHTHI)Ie METOAbI ITIOMHUMO BBICOKOM
CKOPOCTH CXOJWMOCTH, Ha MPAKTHKE CIIOCOOHBI MONyYaTh MPHUEMIIEMOE 0 KadeCTBY pelieHHe, 9To
00yCIIOBHJIO MX HIMPOKOE PACIpPOCTPAHCHUE HA HAYAIILHOW CTaj MM Pa3BUTHSA HEHPOHHBIX CeTel U
IIaBHBIMM  METOJaMU O6y‘ICHI/I$1 mo ceit geHb. OnpHAKO, TPATUCHTHBIE METOJBI Tpe6y}0T
nmud hepeHIIpyeMOCTH TeNeBOi (YYHKIIMM U MOTYT OCTaHABIIMBATHCS B PEIICHUSX C OKOJIO HYJIEBBIM
3HauYeHUEM TPaTUEHTa, YTO MPUBOJIUT K HEOOXOAMMOCTH HAIOKCHHUS OTPAHWUYCHHNA HA apXUTEKTYPHI
HEHpPOHHBIX CeTell U He Bceraa OJIM3KOMY K ONTUMAIbHOMY PEIISHUIO.

AJbTepHAaTUBHBIM MTOAXO0/IOM SIBIIIOTCS] HEHANIPaBJICHHbIE METO/Ibl. B HEHANpaBIEHHBIX METOJAX
Ha KaXJOW HWTEepaliyi HOBOE peEIIeHHE BBHIOMpAETCS CIy4YallHBIM 00pa3oM Ha OCHOBE TEKYIIEeTo
peuiCHUs. K aJIroputTMamM cnyqaﬁHoro MOMCKa OTHOCSATCS TE€HETHYECKUM AJITOPUTM U AJITOPUTMbI
oTxura. B nmepBom ciydae Ha KakJI0¥ UTepanyy paccMaTpUBaeTCs] KOHEUHOE MHOXKECTBO PELICHUN U
W3 HEro CIy4alHbIM 00pa3oM TeHepupyeTcsi HOBOE MHOXKECTBO pemlleHuid. Bo BTOpoM ciydae Ha
KaXXIIOW MTEpalliyl PacCMaTPUBACTCS OJHO PEUICHHWE W M3 HEro CIy4dailHbIM o0pa3oM (opMupyercs
HOBOE pelleHre. AJTOPUTMBI CIy4YailHOro TMoWcKa (HEHaIlpaBJIEHHBIE METObI) HE OTPAHUYHBAIOT
MHOXXECTBO PAacCCMaTPUBAEMbBIX PELIECHUH, UYTO TEOPETHUECKHU IO3BOJISET AOCTUYL ONTHUMAJIBLHOTO
pelIeHus, OJHAKO H3-3a TOTO, YTO MHOXECTBO paccMaTpHUBAEMbIX PEUICHUN Ha NpPAKTHUKE BeChMa
BENMKO, TpeOyercss OONbIIOE KOJMYECTBO HTEpallMil Ui TONydeHHs pemeHus. Jlonroe Bpems
CUNTAJIOCh, YTO AJI'OPHUTMbI cnyqaﬁHoro IOMCKa HE€ NMPUMCHHMBI Ha IMPAKTUKE H3-3a HECIIPUEMIIEMO
BBICOKOH BBIYHCIUTEIHHONH CIOXHOCTH, OJIHAKO Onarogapss OBICTPOMY POCTY BBIYHCIUTEIHHBIX
MOIIIHOCTEN OHU CTIOCOOHBI 33 IPUEMIIEMOE BpeMs MOJIYUIHUTh pPelIeHHe.

21.1'[5[ CpaBHCHUA ABYX NPUHOUIIAAJIBHO PA3JIMYHBIX IMOJAXOAOB K PCHICHUIO ONTUMH3AIITMOHHBIX
3a/1a4, pacCMOTPUM HamOojiee CHIIBHBIX MPEACTaBUTENeH W3 KaKIOro Kiacca. M3 HampaBIeHHBIX
METOJOB — METOJ| aJalTUBHOTO MOMEHTA, U3 HEHANpPAaBIECHHBIX — METOJ OTKMra U TeHETUYECKUU
aITOPUTM.

AJroputm 00y4eHusi HA OCHOBE MeTO/4a OTKUIra

ITycTh Ha KOHEYHOM MHOYKECTBE JIOMYCTUMbIX pelieHuit Q ornpeeneHa mesiesas Gyukims F, u

U1 KaXIO0ro JJIEMEHTa X MHOXXECTBa 3aJJaHO MHOKECTBO COCEIHUX DIJIEMEHTOB N(X) 33118‘{}/

yCJ'IOBHOﬁ ONITUMH3allMU B JAHHOM CJIyda¢ MOXHO 3a4aTb B BUJC TpOﬁKH (Q, F, N) PaCCMOTpI/IM

BO3MOKHOCTH €€ PEIICHHS C MTOMOIIBI0 METO/Ia OTXKUTA. AJITOPUTM BKITIOYAET CIIEAYIOIINE OCHOBHBIE
Iary.
War 1. Ilpeosapumenvhvii aman. VHUDManU3anus Ha4aabHOTO COCTOSIHUS HEMPOHHOW CETH

Net, = Net(XlO, ) S Xmo) U 1ocjenoBarensHocTH - Temneparyp T, T, ..., T, CBA3aHHBIX

T

COOTHOHICHI/ICMITk ZW
n(K +

, k>0, rne T, —3apanee 3a1aHHOE 3HaYEHHE.

140



Iar 2. O6bwas k-1 umepayus.

2.1. I'enepayusa cnyuaiinvix @enuuun. 'eHepupyeTca M paBHOMEPHO paclpelesieHHbIX Ha
OTpe3Ke OT HyJIsl 0 KOJIMYECTBA TapaMeTPOB B HA0OPE TUCKPETHBIX CIIy4alHbIX BEIMYHH 8, &,, ..., 4.
I'enmepupyercs M cioydailHBIX TEPECTAHOBOK JIMHOW, PaBHON KOJMYECTBY B HaOOpe IMapaMeTpoB.
IlepBric @, &, ..., &, DIEMEHTOB KaKJ0H IEPECTaAHOBKY 3a/1a10T MHAEKCHI H3MEHAEMBIX [1apaAMETPOB B
Ka)K7I0oM Habope mapaMeTpoB COOTBETCTBEHHO.

2.2. l'enepayus nosoeo pewenus. JIns KaxIOro H3MEHSAEMOTO IapaMeTpa TeHepUupyercs
paBHOMEPHO paclpesefieHHas Ha OTpe3Ke JIWHBI | ¢ meHTpoM B Hylle ciydaifHas Belu4HHA D,
Benmuumaa | 3aBucCHT OT TOTO, KaKOMy HaOOpy MPHHAICKUT H3MEHSEMBIH IapamMeTp W paBHA

I,1,,...,] coorBercTBeHHO. 3HaueHus | a1 Kaxa0ro Habopa 3a1arOTCS KaK MapaMeTpsl aarOpUTMA.

IlycTh X, — M3MEHSIEMBIii [IapaMeTp, a ero HOBoe 3HadeHue X/, Torma: X, = X;+b.

11

2.3. IIpunyun nepexooa. Ilyctb X Tekyliee pelleHue, Y — HOBOE, CTCHEPUPOBAHHOE Ha Iare 2
pemenne. Torma pernenne X' Ha CIEAyIONEH HTEpalMU OMPEICISICTCS CIEAYIOMUM 00pa3oM:
F()—-F(y)

k

P(X'=y|Xx)=min{1,exp

2.4. Kpumepuii ocmanoga. Ecnu BpeMs Ha o0y4eHHE HEHPOHHOW CETH HCTEKIIO, TO alTOPUTM
3aBepmaeTcs. B mpoTHBHOM cilyyae MPOU3BOJUTCS IIEPEX0/] Ha CIEIYIOINIYI0 UTEPALIUIO.

Kak 0bu10 1MOKa3aHo paHee, YTO MPeNI0KEeHHBIH anropuT™M 00Y4YeHHUs] Ha OCHOBE METO/Ia OT)KUTA
CXOAUTCSI IO BEPOSITHOCTU K ONTHUMAJIBHOMY PELICHHIO, NpHYeM H3 Jr000ro HadyaJbHOIO
npubmmwkenus [3]. OaHako, Kak 1 OONBITMHCTBO AITOPUTMOB CITYYaiHOTO TIOMCKA, OH 00J1a1aeT HU3KOM
CKOPOCTBIO CXOIUMOCTH. B akcmepuMeHTax OynmeT mpoBepeHa 3(PQeKTUBHOCTh NPEIIOKEHHOTO
IrOpUTMA.

AJiroput™ 00y4eHHUsl HA OCHOBE reHeTHYeCKOr0 aJIrOpuTMa

['eHeTnueckuii AIrOPUTM SIBISIETCA SBPUCTUKOM, PEaTM3yIONIEH HIEO )KaJHOTO NMorcKa. /[aHHbIN
AITOPUTM B 3aBUCUMOCTH OT PEaTM3aIiN MOXKET ObITh, KaK OECTIONEe3HBIM, TaK U KpaliHe 3(h(heKTHBHBIM
NpY peIeHUH NPHUKIAAHBIX 3a1ad. OJHAKO ero IJIaBHBIH HEAOCTATOK — KpalHe MEAJICHHas! CKOPOCTh
CXOAMMOCTH. bosee Toro, TaHHBIN adrOpUTM HE FapaHTHPYET CXOTUMOCTH K ONITUMAIIBHOMY PEIIECHHIO.

[ mpoBefieHUsT SKCHEPUMEHTOB ObLT pa3paboTaH CcIEMyIONMid BapUaHT TeHETUYECKOTO
anroputMma. [Ipeanonaraercs, uyTo 1eneByro GyHKIUIO HEOOXOIMMO MUHUMHU3UPOBATS.

llar 1. IIpeosapumenvuoiii sman. I'eHepanusi HECKOIBKHMX CIy9alHBIX pemieHuid. Kaxmoe
OTJEJILHOE PELIEHUE SIBISAETCA MOJHOLIEHHON HEUPOHHOM CEThI0, ApXUTEKTYpa KOTOPOH 3aJ1a€TCsl IEPES]
3allyCKOM ajJroputMa oOydeHus W He uaMmensercs. KomudecTBo pemenunii N — mapaMeTp airopurtma.
JJ1s KaXK0T0 pelieH st BRIYUCISETCsl 3HaUSHHE 11eIeBOi QyHKIHM.

Iar 2. O6bwas k-1 umepayus.

2.1. «Mymayusa». V3 TeKylero MHOXECTBa PELICHUH BBIOMpAeTCsl PELIeHHE C HAUOOJBIINM
3HAYEeHUEM IelieBo QyHKIUH. J{J1s1 BEIOPaHHOTO pelleHus MPOM3BOAMTCS "MyTanmsa" — reHepanus
HOBOTO PELICHMsI M3 TEKYLIEro MO TOH e CXeMe, YTO W Uil pa3pabOoTaHHOIO ajiropuTMa OTXKHUIa.
EnuHCTBEHHOE OTIMYME — 3HAYEHHS [APaMETPOB OTXKUIA MOTYT OTJIMYATHCSI OT T'€HETHYECKOTO
anropuTMa.

2.2. «Cenexyusy. JIyis OMy4eHHOTO PELIeHHUs BBIYUCIIACTCS 3HaUeHHe TenieBol ¢yHkiuu. Eciu
3HAa4YCHUE LeNeBOM (YHKUIMHU Ui HOBOTO PEUICHUS MEHBIIE YeM Ul TEKYIIEro, TO MPOM3BOAMTCS
3aMeHa TEKYIEero PeLIeHus] Ha HOBOE, B IPOTHBHOM CiIyyae HOBOE pelleHHe OTOpachIBaeTCsl.

2.3. «Cxpewusanuey. CiiydaitHbIM 00pa3oM U3 MHOXKECTBA TEKYIIUX PEIICHUI BEIOUpAeTCs JiBa
petrenus — a, b. Jlnst Bcex 3HaYeHUil MTapaMeTpOB pelieHnit @, b mpou3BOAATCS CleAYIONIHE PaCUEThL:

d, =b —4a
c,=a+d -a ,
ael[0;¢],0<p<1

IJIe oL — PaBHOMEPHO paclpe/ieieHHas ClydaiiHasi BeIMYMHA Ha OTPE3Ke, IIe (p — HapaMeTp aJIrOPUTMA.
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2.4. «Ombopy. JIns TONYYEHHOTO PEIICHUS BBIYHMCISCTCS 3HA4YCHHWE IeneBod (yHkiuu. Bo
MHOJKECTBE PEIIeHUI BHIOMpAeTCsl pelIeHrne ¢ HanOOJBIIMM 3HaueHHeM IeneBoil (yHkmun. Ecmu
3HaYeHHe [eJIeBON (PYHKIIMK y HOBOTO PEUICHHS] MEHBIIE, TO CTaApOe PEIIeHHe 3aMEHSETCs] Ha HOBOE
pellieHre, B MPOTUBHOM CITy4ae HOBOE PEIICHHE 0TOPAChIBACTCS.

2.5. Kpumepuii ocmanosa. Eciaum BpeMs, OTBEACHHOE Ha OOYYCHHME, HCTEKIIO, allOPHTM
3aBepIIaeT CBOI0 paboTy, B IPOTHBHOM CITydae MPOU3BOJUTCS MIEPEXO]T Ha CIETYIOIIYIO HTEPAITHIO.

W3 HemocTaTKOB aHHOTO aJTOPUTMA TAKXKE CTOMT OTMETHTh, YTO, KaK W Jito0as pean3aius
TEHETHYECKOTO aJrOpUTMa TPeOYeTCsl «XOpoIlias» B HEKOTOPOM CMBICIC TCHEpalus CIy4aiHbIX
pelIeHnit Ha TpeIBapUTEIbHOM Iare. B MpOTHBHOM cilydae CKpeIlMBaHWE YTPAa4WBaeT CMBICI, U
AITOPUTM BBIPOXKIAETCS B JKaTHBIN OUCK — U3 OJJHOTO €IMHCTBEHHOTO PEIICHHUS TeHEPUPYETCS HOBOE
CIIy4aifHOE PEIICHUE IMMyTeM «MYTAIUI» U MIPOU3BOIUTCS BEIOOP JTYUIIErO PEIICHHS.

MeTtox rpagueHTHOIO CIyCKa

Merton TpaAMEeHTHOTO CIyCKa 3aKJIFOYAeTCs B BBIYHCICHHH HAa KaXKIOW WTEpalny TpagreHTa
neneBoil (YHKIMM HM HW3MEHEHWS 3HAUCHWH ONTUMH3MPYEMBIX MapaMeTpoB B HalpaBlICHHH,
MPOTHUBOIIOJIOKHOM TpajueHTy. MeTonbl TPaHEeHTHOTO CITycKa OOJaJaroT BBICOKOW CKOPOCTBIO
CXOIMMOCTH (HE HIDKE JMHEHHOW). Hampumep, MeTox ceKymmx MMeeT CKOPOCTh CXOTUMOCTH BBIIIE
JIMHEVHOM, HO HWXKE KBaIpaTU4ecKoil, MeToa HbroTOHa UMEET KBaIpaTUYECKYIO CKOPOCTh CXOAUMOCTH.
OpnHako, 000 TpaJMeHTHBIH METOJ] UMEET MPOOJeMy OCTAHOBKH B PEUICHUSX C OKOJIOHYJIEBBIMU
3HAYEHUSAMH TPAJAUEHTA. ITO MOTYT OBITH OKPECTHOCTH TOYEK ITepernda, TOKAIbHBIX MUHUMYMOB, HE
COBMAAIONINX C TI00ATBHBIM U T.I1.

Jlnst perieHus qaHHOM TTPOOJIeMbI ObLTH pa3paboTaHbl MOIU(UKALMN METOIA: METO MOMEHTOB
(TspKenoro mapuka), rpaaueHT HectepoBa MeTOn aganTHBHOTO MOMEHTA [4], METOH CleqoBaHUS 3a
IBIOKYIIIMCS uaepoM [5]. Bee Moaudukanmu rpagneHTa 3aKII09al0TCsS B CIEUPUISCKOM MTPABHIIE
nepecucTta ONTUMHU3HNPYEMBIX IMapaMETPOB HAa OCHOBE BBIYHCIICHHBLIX T'PAAWCHTOB Ha Pas3IMYHBIX
uTepanuiax. OI[HaKO, TpaACHT HaAKJIaAbIBACT OIrpaHUYCHUA HA APXUTCKTYPY HeﬁpOHHBIX ceren JJIsL
pelreHus: mpoOIeMbl 3aTyXalIero W B3PBIBHOTO TPagUeHTa M HE TapaHTUPYIOT CXOJIUMOCTh K
ONITUMAJILHOMY PELICHUIO.

B OKCIICPpUMEHTAX JJIsA O6y‘-ICHI/I$I HCﬁpOHHBIX ceTelt or HampaBJICHHBIX METOJ0B OIITUMH3AIINN
OyJIeT HCIIOIb30BaH METOJI alaTUBHOTO MOMeHTa. OH SIBIIIETCSl OTHUM U3 Hanboiee 3pPEeKTUBHBIX U
obOnamaer cTabMIBPHOCTHIO B KAUECTBE MONYYEHHOTO PEIIeHUS B OTJIMYME OT METOJa CIICOBAHUS 3a
JBIKYIIAMCS JTUJIEPOM.

IKCIePUMEHTBI

Hns cpaBHeHUsT S(QQPEKTHBHOCTH AITOPUTMOB OOYYEHHUS HEHpPOHHBIX CETell Ha OCHOBE
Pa3IMYHBIX METOOB Oy/IeM peliaTh 3a/1a4y cxkaTus n300paxenuii Ha Boioopke CIFAR-10 [6].

Jnst sKkcriepuMeHTOB ObUTM BBIOpaHbl 8-KpaTHoe, 16-kpaTHOe W 32-KpaTHoe cxkatusi. bornee
HHU3KHUE CTENEeHH CKaTusl 3 GeKTUBHEE TPOU3BOIATCS C MOMOIIBIO KIIACCHYECKUX AJITOPUTMOB CXKATHS,
a OoJiee BHICOKHE HE UMEIOT CMBICIIA M3-3a CIIMIIKOM OOJIBIINX MOTEPH.

Jns Bcex cTemeHed ckaTusi M300pakeHUs! ObLIM pa3OoWUTHl HA (GparMeHTHl MO 4X4 MHKCes.
Pa30Ouenne Ha MeHbIME (HParMEHTHl NPUBOAMUT K CHIDKEHHIO Ka4eCTBa CHKATHs, YBEJIUYCHHUE, B CBOIO
ouepenb, NPUBOAMT K CIMIIKOM OOJNBIION apXWTEKType HEWPOHHOH ceTH M TpeOyeT CIMIIKOM
0omnbIIOoro 0O0beMa MAaHHBIX W BBIUMCIHUTENBHBIX PECypcoB Uil o0yueHus. Kaxiplii OTIeNbHBIHN
(dbparMeHT CKMMaeT OTJAeIbHas OrpaHMuYeHHas MaiiuHa bBonbsiivana tuna [aycc-bepuysumn. s
8-KpaTHOrO C)KaTUsl KOJIMYECTBO HEHPOHOB B CKPBITOM CJIO€ KaKAOH MammMHbBl Obuto 48, ams
16-kpaTHoro — 24, mis 32-kpaTHOro — 24, HO JUIsl TOCTHXKCHHUS HEOOXOIMMOMN CTEIEHU CHKATHs ObLI
Jno0aBlieH elie OJWH CJIOW W3 OrpaHWuYeHHbIX MamuH bonbimana tuna bepuymmu-Beprymmn c
48 HellpoHaMH BO BXOJHOM CJI0€ U 24 — B CKPBITOM.

Hns  oOydeHus OrpaHMYCHHBIX MallMH bojbIMaHa TpagUEHTHBIM METOAOM Oyner
ucnonb3oBatbess anroputM CD-1. Anropurm PCD Ha HeOosblIOM uYuclie WTepanuii  Ooiee
3¢ GeKTUBHBIH [7], 0AHAKO, OH CTPOUTCS HA MIPEAIOIOKEHIH, YTO HA OTAEIBHON UTEPALlUK TapaMeTPhl
00yyaeMoil ceT U3MEHSIOTCSl HE CYLIECTBEHHO, YTO HE COOTBETCTBYET pelIaeMoi 3a1aue. AITOPUTM
CD-k tpebyer B k pa3 Oosnblero o0beMa BEIYUCICHUN Ha OTAENIbHOM ntepaunu, uem CD-1 u npu 3Tom
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JOCTHUraeT Jy4Ilero KkayecTsa [8], 0MHAKO B pemiaeMoil 3a1aue 3HaueHHs TPaAueHTOB OYCHb BEJIMKH U
ncmonp3oBanue anropurMa CD-k He menmecoobpas3Ho.

Hns obydernns mepseie 8000 m300pakeHWI OBUIM WCHOJIB30BaHBI B KadecTBE OOydaromiei
BbIOOpKH, mocneayrone 7000 u3o0paxeHuid Ui BATMAANMOHHOMN, ocTabHbie 45000 u300pakeHuit
c(hopMHPOBaIH TECTOBYIO BBIOOPKY.

Jns  omenkm 3G(EKTUBHOCTH CXKaTHUSA ObUIM BBIOpaHBI HamOoOJiee paclpocTpaHCHHBIC
¢ynkumonansl  kauectBa MSE  (cpennexBagpatmueckas —ommubOka), PSNR  (coorHomenue
MaKkCUMabHOTO curHaia k nomexe), PSNR-HVS (PSNR ¢ monpaBkoii Ha 0cOOEHHOCTH YEJIOBEYECKOTO
3penusi), SSIM (CTpyKTypHas CX0KECTh H300paKeHHIA).

DKCIepUMEHTHI TIPOBOAMINCH Ha omeparmoHHol cucteme Lubuntu 20.04 ¢ mpomeccopom
intel i7-4770k, 16 GB 1600MHz oneparuBHoO#i mamsThio W BHIeokapToil nvidia rtx 3070. Bce
aJTOPUTMBI OBLTH PeaJIM30BaHbI B paMKax dpeitMmBopka ¢ momotisio onbdamnorek OpenCL n OpenMP Ha
s3pike C++. @peiiMBOpK OBLT HACTPOSH Ha MCIIOIF30BAaHIE BHACOKAPTHI AT O0yUESHHISL.

Bpemst oOyueHuss HEHpOHHBIX CeTEd BBIOMpAOCH WHIUBHIYaJbHO JJs1 oOecreueHHs
HAWTYYIIEr0 COOTHOIIECHHS Ka4eCTBO O0YUCHHUS K 3aTpaueHHOMY BpeMeHH (Tabd. 1).

Ta6u. 1. Pe3yabTaT 06yyeHNs orpaHNuYeHHbIX MamuH Boasnmana

AnroputMm MeTon aganTUBHOIO MOMEHTA I'enernueckuii anropuTm MeTton oTxKHTa
o0y4eHus
Crenens oxatus, 3 15 075 3 15 075 3 15 0,75
OUT/TIUKCEIh
MSE 270 435 917 349 466 798 253 420 670
PSNR 23,9 21,9 18,6 22,8 21,6 19,2 24,2 22,0 20,0
PSNR_HVS 24,2 22,1 18,8 23,0 21,8 19,3 24,3 22,2 20,1
SSIM 0,834 0,765 0,600 0,794 0,747 0,629 0,837 0,762 0,674
Bpewmst 00y4eHus, 4 1.4 0,52 0,78 2 2 3 4 3 3

W3 pe3ynbTaToB S3KCIEPUMEHTOB BHIHO, UTO METO OTXKHTa MIPEBOCXOAUT OCTAIBHBIC AITOPHTMBI
M0 KayecTBY IIOJYYEHHOIO pEIIeHHs, OJHAKO OH IPHUMEpPHO BTPOE MeEJJIEHHEe TPaJHeHTHOrO
anroputMa. O0ydeHne HEWPOHHBIX CeTel MPH PEeIICHUH MPUKIATHBIX 3a/1a4 OCYIIECTBISCTCS JHUIIb
OJTHAXKIBI, CJIEI0BATENbHO, TPEXKPATHOE OTCTABAHME OT)KUTA OT TPajUeHTa M0 BpeMEHU 00yUYeHHUs HEe
SBIISIETCS] KPUTUYECKUM U SBJISIETCSA TPUEMIIEMBIM.

I'eHeTuveckuii anropuT™M XOTh W MPEBOCXOIUT MO Ka4decTBY TPAJWEHT B CIOKHOM CiIydae
(oOyuenue orpannyeHHoi MammHbel bonpumana tuna beprymmu-bepHymnu), HO ycTymaer MeTomy
omkura. OH JOCTUraeT MPUMEPHO PABHOTO KadyecTBA C OTKUIOM 32 CYET YBEJIWYECHHS BPEMEHHU
00y4JeHus B IeCATh pa3 — HO 3TO HEMPUEMIIEMO MHOTO.

st 6pIcTpOro 00yueHHS JYYILIEero BCEro MOIXOAUT IPaIUeHTHBIN aITOPUTM, OJHAKO Ka4eCTBO
MOJIy4YEHHOT'O PEIIEHUs] B TAKOM CIy4yae HE rapaHtupyerca. bosee Toro, mo mepe pocta BpeMEHH
00y4eHus TeHETUYECKUM allTOPUTM U METOJI OT’KUTa MPOIOJKAIOT TOBBIIIATH KAYECTBO MOIYYEHHOTO
pelieHus, B TO BpeMs Kak IpaJHeHT He U3MEHsIeT Ka4eCTBO IMOTYYEHHOTO PEeIIeHusI.

3akiIouyeHue

OKCIEpUMEHTANBHO OBUIO MOKa3aHO, YTO METOJ TPAJIMEHTHOTO CIyCKa YCTYMAaeT 10 KadyeCTBY
IIOJIYYEHHOI'O PEUIEHUs] T€HETHUYECKOMY QJITOPUTMY M METOLY OTXKHUIa IIPU PELIEHUU CIOXHBIX
ONTUMM3ALMOHHBIX 3a/1a4. TaKke SKCIEPUMEHTAIILHO ObLIO MOKAa3aHO, YTO MPEJIOKEHHbIH alrOpUTM
Ha OCHOBE METOJIa OT)KUTa sIBIIsIeTCs Haubosnee 3 GEKTUBHBIM aIrOPUTMOM O0YUYEHHS, B TO BPEMsI KaKk
3((heKTUBHOCTh TEHETUYECKOTO ANTOPUTMA 3aBUCHUT OT KOHKPETHOM €ro peaTn3alny.

Ilo mepe pocTa BBIYMCIUTENBHBIX MOIIHOCTEH KOMIBIOTEPOB, METOJ OT)KUTA U F€HETHUYECKUI
ITOPUTM COBEPILAIOT OOJIbLIEE YNCIIO UTEepaLnii 3a PUKCHPOBAaHHOE BPEeMSsl, OTBEACHHOE Ha 00yUeHHE,
Y TEM CaMbIM IOBBIIIAETCS] KAYECTBO MOJYUYEHHOTO penleHus. s rpalueHTHhIX METOIOB PU POCTE
MOIIIHOCTEN CHIYKAETCS JIUIIb BpeMsI 00y4eHHs1, HO KaYeCTBO OCTAeTCS HEM3MEHHBIM.

W3 3TOr0 MOKHO caieNaTh BBIBOI, UTO aJITOPUTMBI CIIy4aifHOT0 IIOMCKa 00J1a1al0T OIIpeesICHHBIM
MOTEHIIHAJIOM B PEIICHNH 33/1a4l 00Y4IeHNST HEHPOHHBIX CETEH.
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RANDOM SEARCH ALGORITHMS IN NEURAL NETWORKS TRAINING

V.V. MATSKEVICH

Abstract.The paper deals with a neural network training problem. Training algorithms based on the
annealing method and the genetic algorithm are proposed. It is shown that the developed algorithms
are more efficient than the existing gradient methods.

Keywords: annealing method, genetic algorithm, gradient descent method, training, neural network.
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Abstract. In recent years, microservice architecture has become the mainstream approach to modern
information system design, and the central idea of this architecture is to improve the scalability,
reliability and maintainability of the system by splitting it into small, independent service units. This
paper introduces the main ideas and practices of information system design based on microservice
architecture, including service splitting, service communication, service governance and service
deployment. In addition, this paper analyzes the advantages and disadvantages of the current
microservice architecture, and illustrates how to design and implement information systems based
on microservice architecture in practical applications with real cases.

Keywords: microservices, architecture design, service communication, service governance, service
deployment.

Introduction

As the internet technology advances, information systems have become a vital part of various
industries. However, traditional monolithic applications are no longer sufficient for modern
applications. This has led to the emergence of microservice architecture as a new approach to software
architecture, which is gaining increasing attention. Microservice architecture splits a system into small,
independent service units, which enhances system scalability, reliability, and maintainability [1]. This
paper aims to introduce the main ideas and practices of designing information systems based on
microservice architecture. We will also analyze the advantages and disadvantages of microservice
architecture and provide real-life examples of how to design and implement information systems based
on microservice architecture in practical applications.

Service Splitting

In microservice architecture, splitting the entire system into multiple small, independent service
units is a very critical step. The purpose of service unbundling is to break down a large, complex system
into multiple, small, easily managed and maintained parts. The principle of unbundling is usually to
divide parts with clear responsibilities and functions into separate service units [2]. For example, an
online shopping system can be split into multiple services, such as catalog service, cart service, order
service, payment service, etc.; the division is show in the Figure 1.

Catalog
Service
Cart
ONLINE Service

SHOPPING

SERVICE Order
Servica

MORILE DEVICE

Figure 1. Service Splitting
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Service Communication

In a microservice architecture, communication between services is achieved through the network.
There are usually two ways of communication between services: synchronous and asynchronous. In
synchronous communication, services need to wait for each other to respond, while in asynchronous
communication, services do not need to wait for each other to respond. The differences between these
two ways are shown in the Figure 2. The advantage of synchronous communication is that it is simple
and straightforward, easy to understand and debug, but it can cause performance bottlenecks in large-
scale systems. Therefore, asynchronous communication is usually used in large-scale systems, such as
message queues, event-driven, etc. With asynchronous communication methods, services can hand over
requests to other services for processing and respond when they get the results after the processing is
completed. Service communication also needs to consider the protocol, format, interface and security
aspects between services, so it is necessary to know about network communication, API design, security
and data format.

Figure 2. The difference between synchronous and asynchronous

Service Governance

Services in microservice architectures are often decentralized, so the governance and management
of services is a very important issue. Service governance includes aspects such as service registration,
service discovery, load balancing, failover and monitoring [3].

Service registration and discovery refers to registering services to service centers so that other
services can discover them and communicate, there are some common SpringBoot combined with
microservice architecture service discovery tools such as Eureka, Consul, Zookeeper, etc. These service
discovery tools and frameworks provide APIs and Ul to manage service registration and discovery,
making it easy for developers to use them to build microservice architecture.

Load balancing is the balanced distribution of requests to multiple service instances to improve
system performance and availability, there are some common SpringBoot combined with microservice
architecture load balancing are Ribbon, Eureka, Feign, Zuul, etc. Failover is the ability to automatically
switch to another available instance when a service instance fails. Monitoring is the ability to improve
service availability and performance by monitoring the operational status and performance metrics of
the service. The implementation of service governance requires learning about service registration and
discovery, load balancing, failover, and monitoring.

Service Deployment

Services in a microservice architecture are usually deployed independently, so the deployment
and management of services is also an important issue. The deployment of services needs to consider
several aspects, such as runtime environment, configuration management, containerization, etc. Among
them, containerization is a common deployment method that packages services and their dependencies
into container images for deployment in different environments. Containerization can also improve the
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portability, scalability and reliability of services. Service deployment requires knowing about
containerization techniques, automated deployment and configuration management.

Advantages and disadvantages analysis

A complete microservice application development and deployment is divided into the process of
technical framework building, basic function development, business function development, multi-
system integration, production environment deployment and upgrade, production environment problem
solving, problem handling, etc. [4]. The development scenarios of directly using the original technology
for microservice application development and using the microservice application development platform
are different.

Microservices architecture has many advantages, for example, it can improve the scalability,
reliability and maintainability of the system, the development scenario of using microservice application
development platform shields the underlying complex technology, simplifies the development process,
avoids a lot of repetitive development work, and reduces the development difficulty, improves efficiency
and quality, increases the productivity of the team. However, microservice architecture also has some
disadvantages, for example, it increases the complexity of the system, requires higher technical level
and management cost, and may have communication problems between services. Therefore, you need
to weigh the advantages and disadvantages when choosing a microservice architecture, and make a
choice based on specific business needs and technical strengths.

Practical Case Analysis

Uber is a leading global mobility service platform that provides a wide range of mobility services
such as online cars, cabs, carpooling, bike sharing and flying cars. To support the efficient and rapid
growth of these services, Uber has adopted a microservices architecture to build its information system.
Uber’s microservices architecture consists of thousands of microservices that can be deployed, extended
and upgraded independently.

Each microservice has its own specific responsibilities and functions, such as passenger
information management, driver routing, payment services, and more. This architecture allows Uber's
information systems to be more flexible, scalable and maintainable. In Uber's microservice architecture,
each microservice has its own database and API, and the microservices communicate with each other
through RESTful APIs, which allows for loose coupling and distributed deployment. In addition, Uber
employs distributed message queues to support asynchronous communication between
microservices [5]. These technologies allow Uber's microservices to scale horizontally to meet massive
concurrency and high load requirements. To support the microservice architecture, Uber also employs
containerization technologies and automated deployment tools. Uber uses Docker as the
containerization technology to make the deployment and management of microservices easier and more
efficient. Also, Uber has developed its own automated deployment tools, such as DeployBot and
Cherami, to automate the deployment and management of microservices. Uber also uses a variety of
monitoring and troubleshooting tools to ensure high availability and performance of microservices [5].
For example, Uber uses Zipkin to track calls and response times between microservices, Hystrix for
circuit breaker patterns and failover, and Prometheus to collect and analyze system metrics. These tools
help Uber quickly diagnose and resolve microservice failures and performance issues.

Overall, Uber's microservices architecture is a highly scalable, loosely coupled and distributed
architecture that can support rapid iteration and innovation across multiple travel services. At the same
time, Uber uses a variety of technologies and tools to ensure high availability and performance of
microservices. This architecture has proven to be very effective in practice and can provide useful
references and lessons for other enterprises.

Conclusion

Microservice architecture has emerged as a new approach to software architecture that enhances
the scalability, reliability, and maintainability of information systems. The splitting of services,
communication, governance, and deployment are all critical aspects of designing information systems
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based on microservice architecture. Microservices architecture offers many advantages, such as
scalability, reliability, and maintainability, but it also has some disadvantages, such as increased
complexity and higher management costs. Therefore, the choice to adopt microservice architecture
should be based on specific business needs and technical strengths. As exemplified by Uber,
microservices architecture has been implemented successfully in practical applications, enabling
efficient and rapid growth of services, and improving flexibility, scalability, and maintainability of
information systems.
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Abstract. In this paper, we give several classical feature extraction methods, including grayscale
co-generation matrix, Gabor and wavelet transform features, and local binary pattern series features.
We introduce the basic principles of these feature extraction algorithms and some derivative
methods respectively. Finally, we analyze the advantages and disadvantages of the existing feature
extraction methods: grayscale covariance matrix can analyze the arrangement rules of image texture
and extract local spatial features of the image, filtering methods and local feature extraction methods
are widely used, but the extracted features do not provide a good description of the image structure;
and the multi-feature fusion operation brings huge computational effort. Therefore, the future
developable directions are proposed based on the existing problems and difficulties in processing
texture images.

Keywords: texture image segmentation, feature extraction, image processing.

Introduction

Image, as a visual description of things, has many attributes. Such as chromaticity, brightness,
saturation, etc., where texture is an important property of an image. Texture mainly represents the
structural features of physical surfaces, which are complex and have many properties. Texture has a
basic unit called texture primitive, and texture is a structure composed of a large number of texture
primitives arranged according to a given law. Because each texture is arranged differently, the texture
of each image is different and has variability. Textures are mainly classified into natural and artificial
textures, and almost all images have different texture information.

And the image texture feature extraction is a very important part in image texture
classification [1], texture segmentation, texture synthesis, etc. A good texture feature should have the
advantages of small computational effort, small feature dimension and strong differentiation ability. In
this paper, we introduce several existing feature extraction methods for texture images and analyze the
problems and improvement aspects of each method.

Gray Level Co-occurrence Matrix

The texture of an image is formed by the recurrence of gray level distribution in spatial locations,
so there is spatial correlation between different pixel gray levels. The Gray Level Co-occurrence Matrix
(GLCM) is a classical texture feature matrix, which is computed in the spatial domain based on the
following assumptions: The texture information in image | is contained in the overall or average spatial
relationship between the gray levels in the image and each other.

The grayscale co-generation matrix is a calculation of four closely related joint and conditional
probability density functions, and these four calculated values represent the texture features of the image.
Among them, the second-order joint conditional probability density function P(i, j, d, 0) represents the
number of occurrences of the combination of gray levels i and j in an image for two pixels with gray
levels i and j, under the condition that the distance is d and the directional angles differ by 6. For an
image with one gray level, GLCM is a G X G matrix. For an image of size 4 X4 with four gray levels
(0 to 3), as shown in Figure 1, a. The general form of the image grayscale covariance matrix is given in
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figure 1. According to Figure 1, b, it can be seen that for an image with four gray levels, its grayscale
covariance matrix is a 4 X4 matrix, and the grayscale covariance matrix varies at different angles. In the
calculation of the grayscale covariance matrix, the distance d and the angle 0 are two important
parameters, and in general, the value of d is taken as 1. The four plots in figure 2 represent the values of
probability density functions under the conditions of distancedas 1 and 0 as0° ,45° ,90° ,135° ,
respectively.
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Figure 1. 4X4 image with four gray-level values and general form of any GLCM
for image with value 0-3: a — 4 gray level images; b — General form of GLCM
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3 1 0 2 0 2 4 1
0 0 2 0 0 0 1 0

Figure 2. Four coeval matrices with distance 1

When the gray level G is relatively large, the size of the gray co-occurrence matrix will be very
large, which makes the subsequent computation increase dramatically. Therefore, we can analyze the
histogram of the texture image, perform appropriate grayscale transformation to achieve the purpose of
compressing the gray level without affecting the texture quality as much as possible, and then calculate
the grayscale co-occurrence matrix.

Image filtering method

Tuceryan and Jain summarized five major categories of texture features [2], which are: statistical-
based, geometric-based, structure-based, model-based, and signal processing-based features. Image
filtering methods mainly extract signal processing-based features, mainly including Laws texture
template, ring, wedge filter, binary Gabor filter, wavelet transform, discrete cosine transform, optimized
Gabor filter, optimized finite impulse response filter, etc. These methods extract the local energy of filter
response as features. It has been proved by previous experiments that these methods are more effective
than statistical and model-based methods for segmentation. The basic assumption of most filtering
methods is that the distribution of energy in the frequency domain identifies textures, so that the spectral
energy features of different textures are different if the frequency domain of a texture image is
decomposed into a sufficient number of subbands. We present two common methods in the following:

1. Gabor Filters.

Jain and Farrokhnia proposed a set of Gabor filters (also known as Gaussian-shaped bandpass
filters) for binary coverage of the radial spatial frequency range and multiple directions, and the designed
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binary filter bank captures image texture information well due to the joint optimal resolution of the
filters in time and frequency. The basic even-symmetric Gabor filter is a band-pass filter with unit
impulse response in the 0° direction:

{54
h(k,1)=e"" "cos(2nfk) L)

In equation (1), fo is the radial center frequency, (k, 1) is the reference coordinate system, the filter
response in other directions can be obtained by rotating the reference coordinate system (k, ). The filter
has an infinite unit impulse response, but in practical experiments it is approximated as a finite length
filter. Jain et al. used five radial frequencies and four directions for an image of size 256 x 256, where

J6 V6 V6 V6 VB

the discrete radial center frequencies are — >~ 51 angles of 0°,45°,90°, 135°.
2° 2 2° 2

2. Wavelet transforms.

Wavelet transforms include discrete wavelet transforms, orthogonal wavelet transforms, two-
dimensional wavelet transforms, and wavelet packet transforms. Transforms like discrete wavelet
correspond to critical sampling filter banks with specific filter parameters and sub-band decomposition;
therefore, wavelet transform methods are filter bank methods. The application of wavelet transforms
and its derivatives to texture image recognition has received extensive attention in the related literature,
where Mallat applies the standard discrete wavelet transform to feature extraction, i.e., critical extraction
with a binary subband structure. All wavelet transforms are obtained by stretching and translating the
wavelet basis function. The difference between wavelet and Fourier transform is that: the
wavelet transform replaces the infinitely long trigonometric basis with a finite length wavelet basis that
decays. The wavelet formula is:

WT (a,7) = % [t (t)p{tﬂdt 2)

There are two variables in equation (2): scale an and translation t. Scale a controls the scaling of
the wavelet function and translation t controls the translation of the wavelet function. Each wavelet
transform has a mother wavelet and a father wavelet, and the basis function of the wavelet transform is
formed by the scaling and translation of the mother wavelet and the father wavelet. In general, the scaling
multiplier is of the order of 2, and the size of the translation is related to the degree of scaling. The basic
functions derived from different mother and father wavelets are also different. In digital image
processing, the discrete wavelet transform and discrete wavelet packet transform are strictly sampled
multirate filter banks that decompose the signal at different scales, for which the choice of scale is
determined according to different situations, to obtain low-frequency information and high-frequency
information. Among them, the low-frequency information is important and contains the signal
characteristics, while the high-frequency information contains the details and differences of the signal.
However, strictly sampled filter banks usually imply inaccurate texture edge localization. Later, related
researchers have used a complete wavelet representation, i.e., wavelet frames, to alleviate this problem
and improve the final results.

Local Binary Patterns

Local Binary Patterns (LBP) was first proposed as an efficient texture description operator, and
it has been widely used due to its excellent ability to depict local texture features in images. They are
invariant to monotonic grayscale variations. The image is scanned line by line, and for each pixel point
in the image, the grayscale of the point is used as a threshold to binarize its surrounding 3 X 3 8-
neighborhoods, and the result of the binarization is formed into an 8-bit binary number in a certain order,
and the value of this binary number (0 to 255) is used as the response of the point. Based on the
traditional LBP, many variants of the method have been proposed, among which the more famous ones
are the grayscale and rotation invariant binary patterns proposed by Ojala et al. in 2002 [3, 4].
Subsequently, the local ternary mode LTP was also used to describe the texture structure by encoding
the differences between pixels into three classes. Liao et al. then suggested to use the most frequently
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occurring mode [5], called the principal local binary mode DLBP, as texture features, however, only the
principal mode frequencies were considered in DLBP, while the types of information modes were
discarded. The features obtained by the LBP family of methods are a local descriptor, which cannot
capture the larger scale texture structure features. Therefore, patch sampling and geometric sampling
structures have been proposed again to encode the structural information. To address the noise
sensitivity of LBP, many approaches have been tried, including the use of local averaging, frequency or
transform domain components, or error correction mechanisms to mitigate this problem. In addition,
alternative coding rules have been designed for specific applications, such as the complete local binary
counting method CLBC for texture classification and the local directional digit LDN for facial
recognition. Combining information from different aspects of an image to generate a histogram can lead
to a feature representation with strong discriminative power, for example, Guo et al. proposed the
complete local binary pattern CLBP by encoding three complementary components, i.e., the central
pixel as well as the sign and size of the local differences [6, 7]. This method adds the central pixel and
the size value of the local differences compared with the traditional LBP method, and the information
from the three aspects form a more complete feature histogram that contains more local information of
the texture. Compared with LBP, the ability to recognize images is much better. In addition, there is also
the use of locally enhanced binary code LEBC to enhance the binary code LBP for texture representation
and good results were obtained. Other works include applying the idea of LBP to encode the
neighborhood information of Gabor features and single gene signal features to enhance face recognition.
These algorithms also enhance the discriminative power of the algorithm by expanding the LBP codes.

Conclusion and Outlook

From the introduction of the methods above, it is clear that there are many methods for feature
extraction. Grayscale co-occurrence matrix can analyze the arrangement rules of image texture and
extract local spatial features of the image. In addition, there are filtering methods as well as local feature
extraction methods. In fact, most of the texture segmentation methods extract features from local image
patches and then provide them to general clustering or segmentation model algorithms. Various
descriptors have been devised by various researchers to characterize texture appearance, and widely
used filtering operations are based on filters and statistical models, where filters are used to decompose
an image into a set of sub-bands using filter banks, and the model attributes texture to some underlying
probability distribution. Although these features can describe the image well, a single texture descriptor
alone does not describe the structure of the image well enough and tends to ignore the important
information of the image. The simple multi-feature fusion operation, in turn, leads to high feature
dimensionality, which causes high computational complexity and expensive costs.

Recent work in texture analysis has shown that texture descriptors constructed by convolving an
image with a bunch of filters, based on the local distribution of filter responses, show promising texture
recognition performance. Such descriptors can then be combined with well-established segmentation
methods to segment texture images. However, there are two main problems with this processing: The
first problem stems from the high feature dimensionality of multiple filter responses and their
distributional representations. Many widely used segmentation methods, such as graph segmentation
methods, curve evolution, and mean shift, rely heavily on measuring the distance between local features,
and thus applying them to the distance calculation operation of texture descriptors requires high
computational cost. Moreover, choosing the appropriate distance metric for a high-dimensional space is
always a tricky problem. Although dimensionality reduction techniques can be used, the suitability of
the technique for features usually lacks theoretical justification support. Contending with the above
problems, possible improvement aspects are: optimizing and proposing some image segmentation
algorithms based on feature extraction for alleviating the current dilemma faced; proposing new
segmentation models and algorithms that filter out redundant information in the ensemble of signs and
extract a CMI set of features that better describes the image.
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Abstract. The Recurrent neural network (RNN) has been the main implementation of neural
network sequence model, which is the standard processing tool for machine translation, machine
question answering, and sequence video analysis, as well as the mainstream modeling tool for
problems such as automatic handwriting synthesis, speech processing, and image generation. In the
paper, the traditional RNN and the improved Long short-term memory (LSTM) are described in
detail.
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Introduction

Artificial neural networks (ANNSs) are algorithms inspired by the neuroscience of the brain, and
their basic building blocks are neurons [1]. The nervous system of the brain is the most complex
organism in the human body. It consists of nearly 86 billion neurons, each with thousands of synapses
connected to other neurons, and together these countless neurons form the brain's complex nervous
system. Artificial neurons are abstractly constructed by simulating the functions of biological neurons
in the brain, receiving a series of signal inputs and activating them to produce corresponding outputs,
and establishing connections between them according to a specific topological network structure.

In the traditional neural network model, it is fully connected from the input layer to the implicit
layer to the output layer, and the nodes between each layer are connectionless. However, there is a class
of problems that traditional neural networks cannot solve, that is, the training sample input is a
continuous sequence, and the length of the sequence varies, such as time-based sequences: a continuous
segment of speech, a continuous segment of handwritten text. These sequences are long and of different
lengths, so it is difficult to split them into individual samples for training by traditional neural network
models. Therefore, a new neural network structure is needed, and thus a recurrent neural network is
proposed.

Recurrent neural network is a kind of network model that can accurately model the temporal data.
Similar to convolutional neural networks which are good at processing and learning from gridded data,
convolutional neural networks are able to process gridded data of variable size, most recurrent neural
networks are also able to process sequential data of uncertain length [2-4]. Currently recurrent neural
networks have been applied to several fields, especially when there is temporal correlation in the data.
The specific structure of recurrent neural networks is that the recurrent neural network will store the
memory of previous information in the hidden layer and then input to the currently computed hidden
layer unit, the internal nodes of the hidden layer are no longer independent of each other, but have
messages to each other.

However, RNN networks still have some shortcomings, such as gradient disappearance and
gradient explosion problems. These two situations are usually caused by the backpropagation algorithm.
If the gradient disappears, the network layer weights cannot be updated and the training is terminated
early, while the gradient explosion causes the network layer parameters to change too much at one-time
step and the learning process is unstable. The most intuitive impact of these two problems is that RNNs
cannot effectively utilize historical information and are difficult to achieve long-term dependence. The
LSTM solves this problem by introducing a gating mechanism to better control the speed of information
propagation and thus change the backpropagation structure.
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Feedforward neural network

Feedforward neural network (FNN), is a forward-structured neural network. Each neuron is
arranged in layers, and each neuron is connected to the neuron of the previous layer only. The output of
the previous layer is received and output to the next layer, and there is no feedback between the layers,
which is one-way propagation. In this neural network, each neuron can receive signals from the neurons
in the previous layer and produce outputs to the next layer. Layer zero is known as the input layer, the
last layer is referred to as the output layer, and the other intermediate layers are called hidden layers.
The hidden layer can be one layer or multiple layers. Figure 1 shows the structure of FNN. Each node

except the input node is a neuron with a nonlinear activation function, which definesa f (x, e) mapping

that enables the network to achieve the best approximation of the function by learning the value of the
parameter 6.

X —> — 0
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Figure 1. The structure of FNN

A neural network is a nonlinear combination of weighted inputs through an activation function
that forms a nonlinear decision boundary, and if the inputs are relevant to the neural network, they are
selected for activation, stored, and passed backward. If they are not important, they are suppressed and
the inputs do not continue to be passed backwards. The activation functions for neural networks are
Tanh, Sigmoid and Relu activation functions, as shown in Table 1.

Table 1. Three common expressions for activation functions in neural networks

Activation functions Function expressions Derivative expressions
Tanh £(x) zl‘e_zx F(x) =1 f (x)?
1+e¥
1 e

Sigmoid f(x)= f'(X)=——
g ¥=1o= )=y
0,x<0 0,x<0

Relu f(x)={" f'(x)=<"
W=l eae -lms

Recurrent neural network

RNN are extensions of traditional feedforward neural networks, capable of handling variable-
length sequential inputs, which learn the hidden representation of variable-length input sequences by
means of internal recurrent hidden variables, the output of the activation function of the hidden variable
at each moment depends on the output of the activation function of the recurrent hidden variable at the
previous moment [5]. Fig. 2 shows the structure of RNN, X is the input of the model, t-1, t, t+1is
the time series, s; is the memory at time t after input x,, which represents the value of the hidden layer;

U is the weight matrix from the input layer to the hidden layer; o is the value of the output layer; V is
the weight matrix from the hidden layer to the output layer. The weight matrix W is the value of the
hidden layer last time as the weight of this input. f and g are both activation functions:

s = f(Ux +Ws_,), (16)
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Figure 2. The structure of RNN

The recurrent neural network model is trained by Back Propagation Through Time (BPTT)
algorithm, the main use of this algorithm is to process time series, so to be based on time back
propagation. The core idea of BPTT algorithm is the same as BP algorithm, is to update the three weight
values of W, U and V by gradient descent, so that the error is minimized. The core idea of the BPTT
algorithm is the same as that of the BP algorithm. However, RNN can lose gradient after several training
sessions, and in some cases, the gradient can be exploded. In response to the difficulty of training
recurrent neural networks, various variants of recurrent neural networks have been proposed, such as
LSTM, Gated Recurrent Unit (GRU), Bi-LSTM, etc.

Long short-term memory

The main idea of LSTM is to introduce a gate mechanism, so that each LSTM unit can control
the degree of historical information retained and remember the current input information, thus capturing
potential large-scale sequence dependencies and discarding unimportant features, which are widely used
in speech recognition, natural language processing, text compression and handwritten text
recognition [6]. A typical LSTM unit is shown in Figure 3.
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Figure 3. The structure of LSTM

A LSTM unit contains three gates with different functions: an input gate, a forgetting gate and an
output gate, which give the LSTM unit the ability to remember information. The input gate determines
the proportion of the current state flowing into the current memory cell, the forgetting gate controls the
proportion of information in the previous memory cell that is forgotten, and the output gate determines
the degree of influence of the current memory cell on the current output.

The information that determines the state of the unit that can be passed. The forgetting gate
consists of a sigmoid function that determines the extent to which the unit state can pass based on the
output of the previous moment and the input of the current moment. The forgetting gate indicates how
much of the state information from the previous time point should be forgotten, which determines how
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much of the cell state c,_, from the previous time point is saved to the current cell state c, . The hidden
state ht.1 from the previous time point is connected with the input x, from the current time point to form
a new feature quantity, which is then multiplied with the weight parameter W, , and input to the sigmoid

activation function, whose output vector ft is multiplied by the corresponding element of ¢, ,, f,c,; to
determine how much of the previous cell state c,_; has been added to the current cell state c,_,. The
closer the element of f, is to 0, the more information in c,; has been forgotten, and the closer the
element of f, is to 1, the more information in c,; has been retained. The calculation is shown in
equation (3), where W, and b; denote the weight parameter and bias term of the sigmoid activation
function in the forgetting gate, respectively:

f = o(W; [h[—l’xt]"'bf)' (18)

Generate new information that needs to be updated. It consists of two parts, the first step is the
input gate to decide which values are used to update, and the second is the tanh function used to generate
new candidate values. The input gate indicates how much input information should be remembered at
the current point in time, and it determines how much of the input x, of the cell at the current moment
is saved to the cell state c, . The candidate information ¢, at the current moment, determined by the tanh
activation function, is determined by multiplying the decision vector it with the corresponding element

of the candidate information c, is c,i,, to determine how much of c, is added to the calculation of the

unit state c, . i, and ¢, are shown in equations (4) and (5), respectively. W, and W, denote the weight
parameters corresponding to sigmoid and tanh in the input gate, respectively, and b, and b, denote the
corresponding bias terms:

i, =o(W, [h[—l’xt]+b|)’ (19)
Ct = tanh(\Nc [ht—l’ Xt]+ bc) ' (20)

Multiply the previous state value by the coefficient obtained in step 1 to obtain the forgotten part
of this unit, and then add the obtained value to the result obtained by multiplying to obtain the new
candidate value, which determines the degree of update of each state value:

¢ = f,Cy +iC, . (21)

Get the output. An initial output is first obtained by output gating, and then ¢, is scaled to between

(-1, 1) and then multiply it pairwise with the initial output to obtain the output of the model. The output
gate indicates how much of the cell state information should be output at the current point in time, which
determines how much of the cell state c, , at the current moment, is output to the hidden state h, of the

cell. The decision vector o, of the cell state ¢, and the hidden state h, of the cell, are shown in equations
(7) and (8), respectively. W, and b, denote the weight parameter and bias term of the sigmoid activation
function in the output gate, respectively:

o =oWy[h 4, x]+b,), (22)

h =o,tanh(c,). (23)

Both the forgetting gate, the input gate and the output gate can be seen to be determined by a
value between 0 and 1, which are h_, and x, are calculated by the sigmoid function, and although they
are in different positions, they measure the necessity of passing the current data backwards: in the
forgetting gate, it determines whether c, , is to be forgotten or not; in the input gate, it determines
whether to join or not to join ¢, , to update the memory. In the output gate, it determines whether or how
important this updated memory is to be input to the next hidden layer.
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Conclusion

The development of recurrent neural networks is reviewed and their application background and
model characteristics are described in the paper. With the development and fusion of various types of
networks, many complex sequence, speech and image problems can be solved, and the variety of
recurrent neural networks is quite rich and developing rapidly. With the further deepening of theoretical
research and further expansion of application fields, recurrent neural networks will play an increasingly
important role.
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Abstract. A hybrid model based on SVM, ANN, KNN is proposed, which improves the accuracy
compared to the traditional gesture recognition algorithm by combining it with the traditional gesture
recognition algorithm.
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Introduction

Human-computer interaction (HCI) technology has developed rapidly in recent years. There are
many kinds of interaction methods, among which, camera-based gesture recognition is mostly used with
natural interaction methods. Gesture recognition is used in a wide range of fields, including games,
medical care, human-computer interaction, etc. Gesture recognition is a research area of dynamic PC,
machine level learning. Gesture recognition, as a typical method of human PC communication, is an
area where many experts in academia and industry are working to develop various applications to make
association easier and beneficial without wearing any additional devices.

With the development of modern technology and more intelligent lifestyles, people are
increasingly longing for a more natural way of interaction. Therefore, it is of great significance to
research a natural and comfortable human-computer interaction mode for this phenomenon. At present,
several commonly used ways of human-computer interaction are keyboard-based input, mouse-based
input, voice, facial expression and gesture recognition technology. The characteristics of natural,
intuitive, concise, humanized and flexible gestures can fully stimulate the potential of the hand, without
the hand attached to the mouse, keyboard and other external devices, to avoid limitations. And gestures
can be reflected in the process of human-computer interaction in a natural and simple way. Gestures
have nothing to do with language, and their meanings are common even in different cultures and
customs. In addition, there will be communication barriers in both graphic interaction and natural
language interaction. Gesture[1] can play a bridging role to solve this problem well. For example, the
user does not know the specific use process when using the computer keyboard and mouse, but for how
to use and express gestures, it can quickly grasp. Human gestures have diversity and variability, and the
efficiency of human-computer interaction can be significantly improved by endowing gestures with
specific connotations and inputting them into the computer. Therefore, through the research of gesture
recognition, we can better develop a natural and efficient human-computer interaction mode[2], which
is in line with the current background needs.

This paper combines the advantages of SVM, ANN and KNN to propose a combination of the
three classification algorithms. The small training samples of SVM can overcome the optimization of
KNN K-values, ANN improves the running speed by forward propagation, and in addition ANN has a
higher accuracy rate. The dataset formed by extracting the eigenvalues of the gesture images is put
through a hybrid model, and the respective predictions of SVM, KNN and neural network are voted on
before the result is derived.
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Gesture segmentation and feature extraction

As images are disturbed and affected by conditions such as light intensity, external environment,
differences in equipment performance and various noises (e.g., thermal noise, pretzel noise, etc.) during
generation and transmission, the quality of the captured images can be seriously affected, thus affecting
the accuracy of gesture recognition. Therefore, before the images are analyzed and processed, they must
be pre-processed to improve the quality of the images, enhance the valid information in the images and
reduce the useless information in the images to ensure that the results of subsequent image processing
are accurate and reliable.

Figure 1. Comparison chart of image smoothing

Before performing gesture recognition, the gesture in the image is segmented and the feature
vector of the gesture is extracted. However, due to the influence of external environment and equipment
during image acquisition, the input image needs to be processed appropriately before performing gesture
segmentation to improve the accuracy of the results. This chapter introduces the common methods about
image pre-processing[3-4], such as median filtering and mathematical morphology processing, and
gives the results after median filtering and morphology processing.

Theoretical research on traditional classification algorithms

The traditional image recognition process is to first acquire the input image, then detect and
segment the desired part of the image (pre-processing), then analyze the features, and finally recognize
the image. The content of image pre-processing and image segmentation [5-6] as well as feature
extraction have been described earlier. The very important step in the gesture recognition process is the
selection of a suitable classification model, and several different classification recognition methods will
be presented next.

The KNN algorithm is a traditional machine learning method and a frequently used classical
algorithm. It is statistically based, selecting the largest number of samples among the k nearest neighbors
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in the experimental sample set and classifying them according to their characteristics. The basic
algorithm flow is as follows:
Assume that all sample sets are defined on an N-dimensional space, and usually each sample x

can be classified by the feature vector {a,(x),a,,(x)...a,(x)} to represent, where a (x) denotes the
itch eigenvalue of sample x. Then the similarity between two samples x and X; is generally calculated
by using the Euclidean distance, and the formula is shown below:

d0x,%) = |2 (a, (%) —a, (X)) (24)

The Euclidean distance formula is used to calculate the distance between two samples, and if the
distance value is smaller, it means that the degree of similarity is high and the probability of belonging
to the near neighbor between two samples is high, and vice versa, it means that the degree of similarity
is low.

Artificial Neural Network (ANN), a mathematical tool abstracted after the brain, is generally
simulated as a system consisting of many processing units (i.e., neurons) interconnected with each other.
Each of these neurons contains a specific output function, called the excitation function. The connection
between each two neurons represents the coefficient weighted value of the signal as it passes through
that connection, called the weight. The output of the network is determined by the way the network is
connected, the weights and the excitation function. Artificial neural networks are widely used in image
classification and recognition systems because of their powerful learning ability. The learning and
recognition process of neural networks is the process of updating and adjusting the weights of each
neuron.

Support vector machines (SVM) are derived from the theory of statistical methods, which is
understood to be based on the exploration of small samples. Therefore, to understand the principles of
support vector machines one must be familiar with the theory of statistical methods. SVM has a very
intuitive mathematical expression and a clear and explicit mathematical model, and has gained
popularity among researchers as soon as it was proposed. This section will focus on the theory,
mathematical model and the advantages of the algorithm present in support vector machines.

SVM-ANN-KNN based model for gesture recognition

The previous sections have pre-processed the acquired images, segmented them and extracted the
corresponding feature values. The next most important part is to import the extracted feature values into
different algorithm models for training and testing to obtain the average accuracy of the final gesture
recognition.

Firstly, SVM is used as a classifier for experiments, and the so obtained feature values are loaded
into the model, then 10-fold cross validation [7-9] is performed, and the data are divided into 10 parts,
one of which is used as the test set and the remaining nine as the training set. The most important part
of the SVM model is the selection of parameters, which need to be set as C (penalty factor), the kernel
function and the coefficients of the kernel function. The parameter C affects the distance between the
support vector and the decision plane, the larger the C, the stricter the classification, there can be no
error, the smaller the C, it means that there is greater error tolerance, after many experiments to compare
the C set to 350.0, the Gaussian radial basis function is a local strong kernel function, which can map a
sample to a higher dimensional space, the kernel function is the most widely used one, whether large
The kernel function is one of the most widely used and has better performance for both large and small
samples, and it has fewer parameters compared to the polynomial kernel function [10-11], so in most
cases when you do not know what kernel function to use, the Gaussian kernel function is used in
preference. Finally, the dataset and training set are imported into the SVM model for training and testing,
and the accuracy of each round and the final average accuracy are obtained as shown in Table 1.
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Table 1. Comparison of 10-fold cross-validation recognition accuracy of four algorithms

Accuracy Test set (%) Training set (%)
Model
SVM 98,8% 98,3%
ANN 97,3% 97,4%
KNN 96,9% 98,3%
SVM-ANN-KNN 99,3% 99,2%
Conclusion

The algorithm proposed in this paper is verified. First, experiments on gesture segmentation and
feature extraction are conducted, and then the extracted feature values are applied to SVM, ANN, KNN
and the SVM-ANN-KNN model proposed in this paper. Finally, the four models are compared and
tested to compare the gesture recognition accuracy of the four models, and the results show that the
accuracy of the SVM-ANN-KNN model proposed in this paper is 99.3%, which is higher than the other
three classifiers.
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Abstract. High dynamic range images can be used to capture real environments through digital
equipment, and images with high dynamic range are synthesized through specific algorithms in the
obtained image information. In the process of image capture, due to the performance of digital
equipment, there will be noise in the captured image, which will affect the quality of the image
during synthesis. It is necessary to reduce the noise in the image and then synthesize a high dynamic
range image. Due to the low dynamic range of traditional display devices, high dynamic range
images cannot be directly displayed on traditional devices, and the high dynamic range images are
mapped to the dynamic range of the display for display by a method of color scale mapping.
Therefore, this paper mainly studies the methods of high dynamic range image synthesis and color
scale mapping.

Keywords: high dynamic range image synthesis, multi-exposure image, linear transformation, color
scale mapping.

Introduction

The synthesis and display process of high dynamic images involves the principle of camera
grayscale image generation and the theory of color scale mapping. This paper briefly analyzes the
process of the camera to generate grayscale images and the high dynamic range image synthesis
algorithm, and finally introduces the basic theory of color scale mapping.

Digital Image Imaging Process

The imaging process of a digital image can be summarized as that the light passes through the
aperture, the shutter, the image sensor, the ADC conversion, and the camera's own color scale mapping
curve to generate a displayable grayscale image. In this process, aperture and shutter can be equivalent
to a linear response function. Subsequent processing steps: image sensor, ADC conversion, and color
scale mapping curve can be equivalent to a camera response function with nonlinear function
characteristics.

The most important thing in the synthesis of high dynamic range images is to obtain the nonlinear
response function, which describes the brightness values corresponding to different gray scales, so as to
restore the original high dynamic dynamic range through the input gray scale image. Among the many
solving methods, an effective solution for calibrating the camera response function is to obtain a set of
multi-exposure images by shooting the same scene under different exposure time intervals, and then
process the grayscale data of each exposure image. Finally, a luminance image that restores the dynamic
range in the original scene is synthesized. The core idea of this method is to obtain brightness
information of pixels with higher brightness in grayscale images with low exposure, and obtain
brightness information of pixels with low brightness in grayscale images with higher exposure. The
brightness information is integrated, and the camera response function is fitted according to the
properties of the nonlinear response function.
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Synthesis of High Dynamic Range Images

The real image in the natural environment has a large dynamic range. From noon to late night,
the dynamic range is about 109, while the display device image range of the image is only 102, which
is far away. Therefore, the high dynamic range image cannot be completely saved and displayed. In the
process of digital image processing, the brightness level is usually divided by 8 bits, and the maximum
level range displayed is 0~255. Synthesizing high dynamic range images can not only increase people's
perception of real natural scenes and improve the description of image details, but also has very
important research significance for subsequent processing processes such as image segmentation and
edge detection [1-2].

Usually, images are acquired by converting photon signals into image pixel information through
the CCD (charged couple device) sensor in the camera [3]. Developers develop the latest CCD
components to improve the dynamic range of image sensor components. Mitsunaga proposed to design
an image sensor to change the exposure by changing the spatial position, and then, by placing an optical
mask in front of the photosensitive array of the image sensor, because the transmittance of the incident
light corresponding to each position is different, the image array Different exposures can be obtained at
different positions, and finally the image sensor will form a frame of high dynamic range image. Others
have proposed similar design schemes. For example, Tublin proposed to design a camera that uses the
principle of the photosensitive unit of the camera to first detect the difference in incident light between
adjacent pixels, then quantify the size of the incident light, and finally make the camera generate a high
dynamic range image [3]. The above two design ideas are basically to improve and design the lighting
of the camera image sensor, and the ultimate goal is to improve the adaptability of the camera to the
dynamic range, but this will increase the development cost of the camera to a certain extent The effect
of a large dynamic range is not very good, and the cost of the hardware itself is relatively high, which
limits the further development and application of the camera, resulting in the development of a high
dynamic camera that cannot be widely used by mass consumers.

The basic principle of the software synthesis algorithm is to use ordinary camera equipment to
obtain image sequences under different exposure conditions in the same scene for the same scene, and
then use various algorithms to synthesize a high dynamic range algorithm. The details in the image are
composited into one image to expect greater dynamic range. The software algorithm has a certain effect
on images in static scenes, but if the object is displaced during the image sequence synthesis process, it
will cause ghosting, that is, object ghosting may occur. This will result in poor quality of the generated
high dynamic image, and even affect the visual effect.

According to the above, the key to synthesizing high dynamic range images is to find the nonlinear
response function g, that is, to find the brightness values corresponding to different gray scales, so as to
restore the dynamic range of the input image. An effective way to calibrate the camera response function
is to capture a set of multi-exposure images by shooting the same scene under a set of different exposure
time conditions, and then extract, organize, and analyze the grayscale data of each exposure image to
synthesize A luminance image that represents the light distribution of the original scene. The core idea
of this method is to extract the brightness information of pixels with higher brightness in the grayscale
image with lower exposure, and extract the brightness information of pixels with lower brightness from
the grayscale image with higher exposure. The brightness information is integrated, and the camera
response function is fitted according to the properties of the nonlinear response function. Debevec's
algorithm and Mitsunaga's algorithm are representative of the methods for finding the fitted nonlinear
response function.

Color Scale Mapping

Level mapping is a general term for a method that "converts” a high dynamic range image into a
viewable image. The purpose is to solve a common problem that plagues people when viewing high
dynamic range images, that is, CRT, LCD, printers and other images. The displayed dynamic range is
limited.

In image transformation, how to maintain image details, colors, and other important information
for expressing the original scene requires a large contrast attenuation to transform the scene brightness
to a displayable range. Tone mapping is essentially to solve this kind of problem. Tone mapping is a
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computer graphics technique for approximating high dynamic range images on limited dynamic range
media [4]. CRT, LCD monitors or printouts, projectors, etc. all have limited dynamic range. Tone
mapping is inherently expressive and its goals vary from application to application. Different occasions
have different requirements for images. In some occasions, some require high-quality images, some
require more details in the image, and some require the maximization of image contrast. In practical
applications, the integrity of the display device in the display brightness range may not be complete, but
people require that the real scene and the display image match.

The values of all pixels in the HDR image are directly related to the measured luminosity values
of the actual environment, and the stored pixel values are linear. This property is called scene correlation.
The color space of the current LDR image is for a specific output device, and their output is related. The
data displayed in this way is low dynamic range data, which meets the range of the output device, but
there will be recorded scenes that do not correspond to the color space. Therefore, the color values
contained in the LDR image are limited, and the information describing the real scene can be as close
as possible to the original data of the scene. HDR images can only be displayed on high dynamic range
devices. A specific method is required to map the pixel values of high dynamic range images to the color
space of the device. This mapping method is called tone mapping. The general model of color scale
mapping is shown in Figure 1.

Color Scale
Monitor Mapping
Operator

Scenes

Low Dynamic
Range
Demonstrator

Visual Match

Y

Real Scene Audience

Figure 1. General model for color scale mapping

The tone mapping algorithm has been diversified in recent years. The tone mapping filter is its
typical representative, L=Y /Y +1, the filter is the radianc value, and the mapping of Y in the [0, o]
domain, to the range [0, 10] show the output. Algorithms based on the gradient domain are more
complex. This type of algorithm is concerned with maintaining contrast without considering the
mapping of brightness. The contrast or the brightness ratio of different brightness regions is the most
attractive source of inspiration for this type of method. This tone mapping preserves better contrast detail
and typically produces very sharp images, but this tone mapping results in a flattened overall image
contrast. The most typical examples of tone mapping methods are: high dynamic range image perception
framework and gradient domain high dynamic range compression. The implementation method of high
dynamic range image tone mapping is an idea obtained from anchoring theory of lightness perception.
Lightness constancy and its spectacular failures in the human visual system can be fully understood in
this theory. The central theory of this tone mapping method is to map high dynamic range images into
illuminated uniform structures or regions and to compute local luminance values. Merge according to
the luminance ratio of all unused areas, so as to calculate the pure luminance value of the image. The
key is to correspond the constant brightness value to the brightness of the brightness positioning lighting,
or which brightness value is perceived as white in the scene. This kind of tone mapping retains the
natural color of high dynamic images, because its implementation method does not affect the local
contrast. The tone mapping algorithm can be roughly divided into two categories according to the spatial
correlation: local tone algorithm (spatial correlation) and Global tone algorithm (space independent).
Because most tone mapping algorithms are designed for the visual reproduction of tone levels of
grayscale high dynamic range images, they do not take the brightness range of the image into
account [4]. After compression, the color gamut of the image is compressed at the same time. Will cause
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the image color to shift visually. The research on the tone mapping algorithm in the field of image
processing is a hot spot. The tone mapping algorithm can map the brightness range of the real world
scene to the range that the output device can output. The characteristics of the human visual system and
the compressed luminance range are also considered while preserving the perceptual quality of the
image. So far we have not been able to create an objective quality criterion from quantitative data. All
tone mapping algorithms will lose information in the process of compressing the brightness range, such
as contrast, brightness, image details, etc., and this information are only retained in the image in a
targeted manner.

Conclusion

This paper mainly introduces the relevant theoretical basis of high dynamic range processing
technology, and provides theoretical background knowledge for future algorithms. First, the digital
image imaging process is introduced, and the response process of digital equipment is explained;
secondly, the theory of high dynamic range image synthesis is introduced, and the synthesis method of
high dynamic range images is explained in two ways: software and hardware. Finally, the color scale
mapping of high dynamic range images is introduced, and the global color scale mapping algorithm and
the local color scale mapping algorithm are briefly introduced.
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AnHoTanua. Paccmorpern kommyrtatop mnpousBoicTtBa koMmanuu CEHCOP-M. Ocsemen
OCHOBHOHM (DYHKIIOHAJ JIaHHOTO KOMMYTaTOpPa, BBISBJIEHBI OCOOECHHOCTH B padoTe anroputma
aHaIM3a ¥ TIPUHATHA PEIICHNS O COCTOSHHUY JTMHUH CBsI3H. [IpuBeeHbI pe3ynbTaThl HCCICAOBAHUH,
OTIpEeZIeTICHbl KPUTEPUH BIMSIOMINE Ha BO3MOXKHOCTH PacUIMpeHUs (QyHKIHOHANA (yBEINYCHHS
KOJIMYECTBa JIMHUH cBA3M). OmpeneneHsl METOAbI, IMO3BOJISIONINE, He IpHberas K riodanbHOMY
PacIIMpPEeHHIO aNmapaTHOW COCTaBIIAIOMICH yBEIMYNTh KOJMYECTBO KOMMYTHPYEMBIX KaHAIOB, HE
yXyZmasi CKOPOCTHBIX XapaKTEPUCTUK pabOThI KaHATIOB.

Kniouegvie cnosa: cuctema ONoOBEIIEHHS, OJIOK KOMMYTAallMM M KOHTPOJS, ONTHUMMU3AIMS, JTHHHS
cBs3u, APM omnepatopa, craTyc TMHUMN, KUBYYECTb KOMILJIEKCA.

BBeaenne

CoBpeMEHHBIE CHCTEMBI OIOBEIICHUS HCIOJB3YIOT CETEBYIO AapXUTEKTypa IPOTPaMMHO-
KOH(QHUT'YpHPYEMBIX CEeTell Ha OCHOBE KOHTpoJiepa M KoMMyTaropoB. K cucremam omoBemieHHs B
HacToslIee BpeMs IPUMEHSIOTCS JKecTKHEe TpeOOBaHuUs Kak K UX (YHKIIMOHATY, TaK ¥ K KHBYYECTH.

Jns MCKITIOYEHHs CITydaeB HECBOCBPEMEHHOI'O OIOBEIIEHHMS IepcoHalia MO0 HAceJIeHUs B
nM000# cucTeMe OMOBEIIECHHs TIPETYCMOTPEHBI MEpPHI, o0ecreunBarome ee decrepedoitHyro padory,
TaKue Kak pe3epBHUPOBAaHUE OOOPYIOBAaHWS, pPE3CpPBHPOBAHME JMHUK CBSI3U U T.1. OOuH W3 myTel
HOBBIIEHUS J(PPEKTUBHOCTH pabOThl TaKMX CHCTEM CBS3aH C ONTHMHU3alMeld paboThl OJOKOB
kommyTanuu u kKoHTpouss (bKK).

Llenbio MaHHBIX HMCCIeOBaHMM siBIsieTcss ontuMu3anust padotsl BKK B wactu ompenenenuns
cTaTyca KOMMYTHUPYEMBIX TUHUHN Ha mpuMepe cuctembl komnannu CEHCOP-M.

[lpenmeroM wmccnenoBaHus ompenenuM BpemeHHble 3arpathl bKK, B wactHocTH ero
WHTEJUIEKTYAIBHOTO MOJYJSI Ha TOJyYeHHE CTaTyca OJHON JTMHHU CBs3U. s 3TOro HEoO0X0IuMO
PELIUTD CIIEAYIOIINE 3a/1a9u:

— MOJYYUTh 00IIIee BpeMsi IOTyYEeHUs CTaTyca;

— MOJIYYUTh JaHHbIE O Ka)KIOH COCTABIIIOIICH MAITMHHOTO BpeMEHN MUKpOKOHTposutepa u I1K;

— MPOBECTH aHAJIN3 MOJyYSHHBIX JIAHHBIX, BESICHUTH MAKCUMAaJIbHBIC BPEMEHHBIE 3aTPATHI;

— MPeJIOKUTH BApUAHTHl YMEHBILICHNS! BDEMEHHBIX 3aTpar.

baoxk KOMMYTAallUM U KOHTPOJIsA

Jlokameno BKK B cmcreme omoBemeHuss Ha 0a3e KOMIUIEKCA IPOM3BOACTBEHHOM
TPOMKOTOBOPSIIIEH KOMaHJHO-TIONCKOBOM CBSI3M, OTIOBEUIEHHS M YIIPABJICHNS 3BaKyaIlueil pacronokeH
B CTOMKE, PSJIOM C KOMITbIOTEpoM [1].

Ha puc. 1 n306paxena cxema CHCTEMBI OTIOBEIICHHUS, €€ cocTaBHBIC YacTh 1 MecTo BKK B 06miei
cTpyKType cucrteMbl. YcrpoiictBo BKK Bo Bpems ceaHca ONOBEIICHHS BBIMONHIECT (YHKIUH
KOMMYTaTOpa BBIXOJOB PATUOTPAHCISLMOHHBIX YCHUJIUTEIEH MOLIHOCTH, C KOHTPOJEM Harpy3ku B
JUHUW TpaHCsinuu (paguoduaepe) W JOKaIM3alued KPUTHYECKHX OMMOOK B HUX (KOPOTKOE
3aMbIKaHUE, OOPBIB).
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OcHoBHbIM aneMeHToM BKK sBnsercss «HTemIeKTyanpbHpli MOAYNE» OH IPUHUMAET KOMAHbI
ot IIK u ynpapnsieT BceMH BHYTPEHHHUMH MOIYJISIMHA yCTpoicTBa. I1o 3ampocy MoIysib KOMMYTaluu
nepeaaeT MHQGOPMAIMIO OT U3MEPHUTEIBHBIX MOIYJIEH B MHTEIUIEKTyalbHbIM MOXYJb IJIS aHAIU3a U
(dopmupoBaHus cTaTyca JHMHUIM CBs3U. Bce craTycwsl mepeparorTcsi Ha uHTepdelic KommbloTepa
OIIEPAaTHBHOTO AEXKYPHOTO JUIsl KOHTPOJIS COCTOSIHUSI YCTPOWCTB M JuHME cBsizu [2]. CTpykTypHas

cxema BKK npezacrapnena Ha puc. 2.
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Oobecnevyenne :KNBy4eCcTH

OpHOM M3 BaXHBIX 3alad YCTPOWCTBA SBIAETCS IOAJEPXKAHUE KHUBYYECTH KOMIUIEKCA
omnoBeweHus. 1 onepaTUBHOTO PearnpoBaHMs Ha Pa3iuuHbIC POAA aBAPUIHBIE CUTYalluy U OBICTPOTO
MPUHATUS PEIIEHUS MO0 HMX YCTPAaHEHHMIO B KaHajaX OIOBEUICHHs NPOU3BOJUTHCS MOCTOSIHHBIN
MOHHTOPHUHT COCTOSTHUH Kak camoro ycrpoiictBa BKK, Tak n muauit cs3u. Ha npaktuke 3amady coopa
JAHHBIX O COCTOSIHUM YCTPOMCTB M JIMHUH OIOBEILEHMS BBIIOJIHIECT MHTEIIEKTYaJbHBI MOIYIb,
Bxogammii B coctaB bKK. Oror Monyns ¢ 3amaHHOW NEpHOJUYHOCTBIO MPOBOJUT MOHUTOPHHT
COCTOSIHUSI KaHAJIOB CBS3M U ONPEAETSET UX COCTOSHUS:

— HOpMa;

— 0OpBIB KaHajIa OMTOBEIICHIS;

— KOPOTKO€ 3aMbIKaHHE KaHaja OMOBELICHMUS.

Wudopmanuio o COCTOSHUN JIMHUH CBSA3M NPEAOCTABIAIOT AATYUKU HHTEIPUPOBAHHbBIC B JIMHUIO
cBs13u. OOpabOTKy MOJYyYEHHBIX OT AATYUKOB JNAHHBIX, IPUHIATHE PEIICHUS O COCTOSHUU JIMHUU CBSI3U
OCYIIECTBIISIET KOHTPOJUIEP CO BCTPOCHHBIM MPOrPaMMHBIM OOEclieueHHEeM BXOISIIMHA B COCTaB
MHTEJUIEKTYanbHOro Monyiis. MHdopmanus o coctosianu nmuaum noctynaet oT BKK mo kananmy Ethernet
Ha APM omneparopa, coxpaHsieTcs  0ToOpakeHus1 B HHTEp(eiice onepaTHBHOTO AeKypHOTo [3].

Anroputm paboThl KOHTPOJIJIEPA YYUTHIBAET MHOXKECTBO NAPAMETPOB U X 3HAUCHHUSI 1)1 OLICHKU
COCTOSIHUSI KaHAJIOB CBs3W. Ha ompoc cOCTOSIHWH NUHHUH CBSI3M TPAaTHUTHCSA TOCTATOYHO OOJBINON
MaIlMHHBIA pecypc. KoHTposuiep mOCTOSIHHO OTClEKUBaeT BpeMs CKAaHMPOBAHMS, AKTUBHPYET
BHYTpEHHHE NepudepruiiHple YCTPOUCTBA, EPEKII0YACT KaHaAbl TEJIEMETPUH, IPOU3BOIUT 00paboTKy
MOCTYMUBIIEH HHPOPMAIIUH, YCTaHABIMBACT CTATyC IMHUU CBS3H M IIepeiaBaTh My cTaTycoB Ha APM
omepaTtopa. BpemeHHbIe 3aTpaThl alropuT™Ma MoKa3aHsl B Ta0. 1.

Tabu. 1. BpemeHHBIE 3aTpPaThl AJTOPUTMA

O6mee Bpems padotst MK Oo6ee Bpemst pabots! [TK
Bpewms Bpewms Bpewms ananuza Bpewms Bpewms npuema u Bpewms
aKTHBALUI CUUTBHIBAHUS MOKa3aHUH JaTIYNKOB nepegadn COXpaHEHHS 0TOOpaKeHHs
nepudepun MOKa3aHUH C (IpUHATHE PEUICHUS O craryca Ha [IK naHHbIX B b1, Ha APM O
(tl)’ HC JIaTYUKOB COCTOSIHUH JIMHUH CBSI3H) (t4). HC (tS)' HC (te ), HC
(t,), He (t,), ne
10 60 1000 300 150 100

BpeMeHHas Harpyska Ha KOHTPOJUIEpP IIPUBOJUT K OTPAHUYECHUSM II0 YUCIYy JIMHUM CBSI3U, HE
BO3MOXXHOCTHU PaCIIMPEHHS JIMHUN ONOBEIIEHHUS 03 yCTaHOBKHU JIOTIOJIHUTEIBHOTO 000PYAOBaHHS, YTO
B CBOIO 04epeb IPUBOJIUT K YBEIIMUEHUIO CTOUMOCTH CUCTEMBI.

YuureiBas Bce 3T0 cQOpMUpPYEM KPUTEPUH ONITUMH3AIMHI CUCTEMBI (KOMIUIEKCa) OITOBEIICHNS:

— CKOPOCTB IIPUHATUS PELLICHNUS;

— YHCJIO JIMHUH CBSI3W;

— CTOMMOCTBH 000pY/IOBaHUA KOMMYTaIHH.

AHaJu3 BpeMeHHBIX 3aTpaT
OOm1ee BpeMsi Ha IPUHSTHE pelieHNs] OyAeT paBHO CyMMe BceX BpeMeH u3 Talu. 1:

toom =1 +1, + ...+t =1620.

Obuiee BpeMst Ha 00paOOTKY OJJHOTO KaHaia CBSI3U MPUMEPHO OYAET COCTABIATh:

t,. ~t+t, +t +t, =10+60+1000 +300=1370 Hc.

Kak BuaHo m3 1abn. 1 t; — aHanM3 nokasaHMi JAaTYMKOB 3aHUMAET OOJIbIIE BCEro BpeMeHu. B

OCHOBHOM 3TO 3aBUCHUT OT XapaKTEPUCTHK KOHTPOJLIEpA U OCOOEHHOCTEH alropurma paboThl.

B ycnoBusix 3aaHHBIX OrpaHUYEHMI Ha OBICTPOAEHCTBUE U MaMSTh, OJHO M3 HAlpPaBICHUM
ONTHMHU3ALlMM TPOLECCA TPUHATHA PpEHICHHs O HEUCIPAaBHOCTH JIMHUM CBSI3H, CBSI3aHO C
yMeHbleHuem t .
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OnHuM W3 BapWaHTOB pEUICHHS JaHHOW 3aladll MOXeT OBbITh MepPeHOC OOS3aHHOCTEH ¢
KOHTpoJlepa Ha Ooyiee MPOU3BOAMUTENBHBIE Y3IBI CHCTEMBI OIOBEIICHHS, TaKHe KaK KOMITBIOTEp
OTIEPaTHBHOTO yIIPABJICHUS.

B Tabn. 2 mpuBeneHbl JaHHBIE TOCIEC MEPEHOCA YacTH (PYHKIMOHANIA C KOHTPOJUIEpa Ha
KOMIIBIOTED yIPABICHHUS.

Taby. 2. BpemeHHBIE 3aTpaThl AJTOPUTMA MOCJe NepeHoca YacTH pyHKOHOHAIA

O6mee Bpemst pabotst MK O6mee Bpems padots [IK
Bpewms Bpewms Bpewms nepenauun Bpewms ananusa nokazanui Bpewms Bpewms
aKTUBALUU CUMTBIBAHMSL | craTyca Ha [TK (t4), JATYUKOB (MPHHATHE PEIICHUS npuemMa u 0TOOpaKeHHs
nepudepun MOKa3aHui e 0 COCTOSIHUM JIMHUH CBSI3H) COXpaHEHUs Ha APM O[]
(tl)’ HC C 1aTYMKOB (ts)' HC naHHbIX B b1, (te ), HC
(t,), He (t,), He
10 60 300 60 150 100

W3 tabn. 2 BuaHO, 4TO 0OlIee BpeMsi KOHTpoJulepa yMeHbIIIock. Obmiee Bpems Ha PUHSTHE
pelIeHNs TaK)Ke YMEHBIIMIOCH OoJiee 4eM B 2 pasa:

t, ~t +t,+t, +t, =10+ 60+300=370 Hc,
toow =1t +t, +...+1, =680.

OTo pelieHHE MO3BOJSIET Pa3TPy3UTh KOHTPOJUIEP, BO3JIOXKHMB HA HETO JIOMOJHHUTEIbHBIH
(YHKIMOHAI yBENWYMB KOJMYECTBO KAaHAJOB OINOBEIICHHS, HE Impuleras K MPUMECHCHUIO
JIOTIOJTHUTEEHOTO KOMMYTAIIMOHHOTO O00OpY/AOBaHMs, YTO MOBbIMAeT 3()()EeKTUBHOCTL PadOTHI
CUCTEMBI.

BriBox

bbutn mpoBeneHbl MCCIEAOBaHMS, HalpaBliCHHbIE HA BBIABICHHE CJIA0BIX MECT B ajrOpUTME
00pabOTKM JaHHBIX M MPUHSATHMA PEUICHHS O CcTaTyce JMHUH CBSI3M B CHCTEMax OIOBELICHHUS
ucnonb3ytomux BKK. Beisisneno, uro Bpemst Ha 0oO0paOOTKy NaHHBIX HapaMeTpOB JIMHUN CBA3M Ha
BCTPOCHHOM B MHTEIJUIEKTYaJIbHBIN MOIyJ1b KoHTposuiepa BKK HepannoHaibHO T.K. XapaKTEpUCTHKH U
Harpy3o4Hast crnocoOHocTe MK orpaHumdeHbl B TEKyLIeM HCIOIHEHHHM MOJIYJs, YTO BUIHO U3
NIPUBEICHHBIX BhIIIE TaOJHMYHBIX JaHHBIX. JTH OTPaHUYCHUs HE MO3BOJISIOT PACHIMPUTH KOIUYECTBO
KaHAJIOB KOMMYTallUM, HE Hpuleras K pa3pacTaHUIO apXUTEKTYpbl CHUCTEMBI, YTO MPHUBOIUT K
YBEITUUEHHIO €€ CTOMMOCTH. TakuM 00pa3oM ONTUMHU3AIHS Ipoliecca MOTYUYEeHUs CTaTyca JIMHAN CBS3U
OyIeT akTyajgbHa NpPHU TEpeHOCe aJropUTMa aHAIMW3a JAaHHBIX Ha BEPXHMHA YPOBEHb apXUTEKTYPHI
CHCTEMBI. DTO YMEHbIIAET BpeMs 00paObOTKH U NMPUHSTHS PELICHHS, BHICBOOOANB TEM CaMbIM Pecypc
KOHTpOJIIepa Ul yBEIUUCHHS KOJTMUECTBA KaHAJIOB CBSI3H.

OPTIMIZATION OF THE PROCESS OF FAULT MONITORING
IN THE SWITCHES OF WARNING SYSTEMS

A.P. TURLAI

Abstract. The switchboard manufactured by SENSOR-M is considered. The main functionality of
this switch is highlighted, the features of the algorithm of analysis and decision-making on the state
of communication lines are revealed. The results of the research are presented, the criteria affecting
the possibility of expanding the functionality (increasing the number of communication lines) are
determined. Methods have been identified that allow, without resorting to a global expansion of the
hardware component, to increase the number of switched channels without compromising the speed
characteristics of the channels.
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— K.T.H., JIOIEHT., IOIEHT Kadeapbl
UH(OKOMMYHUKAIIMOHHBIX TEXHOJIOTUN
BI'YUP

— MarucTpaHT Kadenpsl
UH(HOKOMMYHUKAIIMOHHBIX

texHonoruit bI'YUP

— CTyJIeHT (haKyIbTeTa MHPOPMAITMOHHBIX
TexHoJIoruil u ynpasienuss bI'YUP

— CTYJIEHT CIEeIUATbHOCTH
«BrruncnuTensHbIE MaIHHEL, CHCTEMBI K
cetu» [lomo1Koro rocy1apcTBEHHOTO
yHHUBepcuTeTa nMeHu EBdpocunun
TTononxoi



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

o4.

95.

56.

S7.

58.

Typnaii Auapeii IletpoBuy

VY XaoxaHb

VYcesuu Anjnpeit Biagumuposuy

Oy L[3sHbCAH

Xamxnaosa Hatanbs
BrnagumupoBHa

XapueHko Ajekcanap

Brnagumuposuu

Xe Tao

X3 Kynbxai

[[BeTkoB BukTtop FOpbeBuu

331 II3H

Yrxad boBoHL

Uxan JKyHisH

Wxan XoHXKyH

Yxao Uaup

Uxoy Lroanpxya

UxyH ¥V

— acIUpaHT Kadeapbl
MH(POKOMMYHHUKAILIMOHHBIX
texHosioruii bI'YP

— MarucTpanT Kageapsl
MH(POKOMMYHHUKAILIHOHHBIX
texHosioruii bI'YHP

— MarucTpanT Kageapsl
MH(POKOMMYHHUKAILIHOHHBIX
texHosioruii bI'YHP

— MarucTpant Kageapsl
MH(POKOMMYHHUKAILIMOHHBIX
texHosioruii bI'YHP

— CTapIIMii pernoaBaTelb Kadenpsl
MH()OPMAIIMOHHBIX TEXHOJIOTHI
aBTOMAaTU3upoBaHHbIX cucteM bl YHP
— yvamuiica YO BI'YUP ¢punuan MPK

— MarucTpaHt Kageapsl
UH(POKOMMYHHUKAITTOHHBIX

texHosoruit BI'YH1P

— cTylleHT (hakynbTeTa HHOOPMAILIMOHHBIX
TeXHOoJIoOruil 1 ynpasienus bI'YUP

— JI.T.H., ipoeccop, 3aBeayromuil kadenpoi
WH(HOKOMMYHUKAIIMOHHBIX

texHosoruit BI'YH1P

— MarucTpaHT Kadeapbl
MH(POKOMMYHHUKAITMOHHBIX

texHonoruit bI'YUP

— CTyZIeHT (haKynbTeTa HHPOPMAIIMOHHBIX
TeXHoJIoruil u ynpasnenus bI'YUP

— CTyZIeHT (haKynbTeTa HHPOPMAIIMOHHBIX
TeXHoJIoruil u ynpasnenus bI'YHUP

— CTyJIeHT (haKyJIbTeTa MHPOPMAIIMOHHBIX
TeXHoJIoruil u ynpasnenus bI'YHUP

— MarucTpaHT Kadenpsl
MH(POKOMMYHUKAIIMOHHBIX

texHosiornii BI'YP

— CTyJIeHT (haKyJIbTeTa MHPOPMAITMOHHBIX
TexHoJIoruil u ynpasnenuss bI'YUP

— CTyJIeHT (haKyJIbTeTa MHPOPMAITMOHHBIX
TexHoJIoruil u ynpasnenuss bI'YUP
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60.
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62.

63.

64.

65.
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Yuxuk Cepreit AHTOHOBUY

Ysur UMun

Usnsb 13uKk>

Ysurp YxouH

[lTeBuyk Oxcana ['enHaabeBHA

[IIxamapeBny Anekceit IletpoBuy

Su L3bICs10

no

— II.T.H., ipogeccop, akagemuk HAH
benapycu, rinaBHbIi HAy4YHBIA COTPYAHUK
n1abopaTopun HAHOMPOIIECCOB M TEXHOJIOTUH
HNucTtuTyTa Temno- u MaccooOMeHa UMEHU
A.B. JIsikoBa HAH benapycu

— MarucTpant Kadenpsl
MH()OKOMMYHUKAIIMOHHBIX

texHosioruii BI'YH1P

— MarucTpant Kadenpsl
MH()OKOMMYHUKAIIMOHHBIX

texHosioruii BI'Y1P

— MarucTpant Kadenpsl
MH()OKOMMYHUKAIIMOHHBIX
texHosioruii BI'YP

— KaHJUJaT TEXHUYECKUX HayK, TOIICHT
Kadeapbl THHOKOMMYHUKAITMOHHBIX
texHosoruit BI'YH1P

— 1.¢-m.H., ipodeccop, akanemuk HAH PB,
JupekTop YHurapHoro npeanpusatus «HTL
JIDMT» benOMO»

— MarucTpaHt Kadenpsl
UH(HOKOMMYHUKAIIMOHHBIX

texHonoruit bI'YUP



