NAEHTUOUNKALUMA OBMXKYLETOCA YENOBEKA B CUCTEMAX BUOAEOHABNIOOEHNA

VIK 004.932
UIEHTUOHUKALMS JIBUKYIIETOCS YEJIOBEKA

B CUCTEMAX BUJIEOHABJIIOJIEHUSA
A.JO. Conomarun®, A.C. JTwoepr®, U.A. 3ukparos”

* 000 Cwmaprar, Canxkr-ITetep6ypr, Poccus
b Vuusepcuter U'TMO, Canxr-IlerepOypr, Poccus, zikratov@cit.ifmo.ru

AnHoTtamms. [IpeyioxkeH moaxox uis perieHns 3a1a4l HICHTH(QHUKAIIMY JBYIKYIIET0Cs YeIOBeKa B CHCTEMax BHIECOHAOIIO-
JeHus. 3aaua pelaeTcs B J1Ba I0CIeI0BaTeNbHBIX 3Tana. Ha nepBoM 3Tane B BUIECONOTOKE BBIICIACTCS ABHKEHHUE YEJIOBEKa
Ha (oHe IBMKEeHHs ApYrux oObekToB. Ha BTOpoM 3Tame NmpoBOXMTCS HWACHTH(MKALMSA YENOBEKa MO M300PKCHUIO JIHIIA.
OOHapyKeHHe JIBHKCHHUS 4elI0BeKa OCYIIECTBIACTCS IIyTeM IIPEICTaBICHUS MCXOAHOTO BHIEONOTOKA B BHJE BPEMEHHOIO
psana. J{ns 9Toil Lesin MPUMEHEH MaTeMaTH4eCKUil anmapar HCCIeA0BaHus CHHTYISIPHOTO criekTpa. Hainuue JBHOKCHHS OIl-
pezenseTcs MyTeM aHajln3a MePHOANYECKUX COCTABIIAIONIMX BPEMEHHOIO Psifia, IOCTPOCHHOTO Ha OCHOBE JaHHBIX O IBETO-
BBIX U SIPKOCTHBIX KOMIIOHEHTAX BHJECOKAJPOB HCXOIHOTO BHJEONOTOKA. MneHTH(HKanus yenoBeka o H300pakeHHIO JIHAIA
peanm3yercst MyTeM NpeacTaBIeH:s] N300paXXeHHs JINIAa B BUIE IBYMEPHOH MaTpPHUIBI ¢ MOCIEAYIOIUM IPUMEHEHHEM MaTe-
MaTH4YeCKOro arnmapara UMMYHOKOMIbIOTHHTA. J{J11 MIeHTH(UKALMK YelloBeKa M0 M300paKeHHUIO JIMIa BBIYUCISIETCS YHEP-
THS CBSI3M MEXIy OObeKTaMM. JTa BEIMYMHA XapaKTepHU3yeT CTENCHb OJM30CTH BXOIHOTO M300paXKeHUs JIMLA K JHIaM, Ha-
xonamumes B oOyyvaromieid Beibopke. IlpencraBinenHoe B padoTe pemeHue 3a1a4y HACHTU(PHUKALUY ABHXKYIIEr0oCs YeIoBeKa
JIaeT BO3MOJKHOCTb PabOThI C BHIEONOTOKOM HH3KOTO KayeCTBa, MMEIOLIUM BBICOKHH ypOBEHb LIyMa JIMO0 apTedakThl CHka-
THS TIPU KOAMPOBaHUM. JIOCTOMHCTBOM METOJa SBIISIETCS MPOCTOTa pealu3aliy. B OTIHYHME OT TPaIMLMOHHBIX METOIOB
KOMIBIOTEPHOTO 3pEHUS, NMPEUIOKEHHBIIT METO He TpeOyeT 3HAuMTENbHBIX BBIYMCIUTEIBHBIX 3aTpart, Onaronaps CBEICHHIO
TIPOLeyPhI aHAJIN3a K BBIMOJHEHHIO IIPOCTHIX YUCIOBBIX orepanuii. Mertox Tarke He TpeOyeT NpeaBapUTeNIbHON (GriibTpa-
UM 1300paKCHUH BUICOKAPOB, YTO MO3BOJISET 3HAYUTEIIFHO YBEIUIUTE CKOPOCTH PaOOTEL.

KnroueBble cioBa: BHJICOHAONIONCHNUE, ONpE/eICHHE JBIDKCHNS, aHAIM3 BPEMEHHBIX PSJIOB, aHAIU3 MEPUOTHYSCKUX KOM-
MOHEHT, Kaccudukanusi 00beKTOB, HASHTUGHKAINS GUIMIESCKUX JIUL, UMMYHOKOMITBIOTHHT.
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Abstract. The paper deals with an approach for a moving person identifying in video surveillance systems. The proposed
solution consists of two successive stages. Selecting of a moving human from all other moving objects in a video stream
takes place at the first stage. Human identification based on facial image takes place at the second stage. Detection of a
human’s movement is performed via representation of the original video stream in a form of time series. Mathematical
apparatus of a singular spectrum is applied for that purpose. The presence of motion is determined by analyzing the periodic
components of time series constructed from color and brightness data of the original components of initial video stream.
Identification of a person based on his facial image is done through representation of a facial image via two-dimensional
matrix with the subsequent application of immune computing mathematical apparatus. Then the binding energy is calculated
which shows similarity between the input facial image and faces stored in the training set. The proposed solution for a
problem of a moving person’s identifying gives the opportunity to work with low quality video stream having a high level of
noise or compression artifacts after encoding. The advantage of the method is implementation simplicity. Unlike traditional
methods of computer vision, the proposed method does not require significant computational burden due to simple numerical
operations. This method does not require pre-filtering of video images, therefore its performance speed is significantly
increased.

Keywords: video surveillance, motion detection, time series analysis, periodic components analysis, object classification,
face identification, immune computing

BBenenue

B Hacrosimiee BpeMst TIOCTOSIHHO YBEJIUYHUBACTCS YHCIIO CHCTEM M Kamep BHICOHAOIIOICHHS, PEIIArOINX
orpezeseHHbI Habop 3a1au MHMopManoHHOW Oe3omacHocTH. OnHOI M3 Hanbosee akTyalbHBIX, OCOOEHHO B
KOMMCPUYCCKOM HMCIIOJIb30BAHWU, 3a4a4 ABJISACTCA I/I[leHTI/l(l)l/IKa]_II/Iﬂ JABMXKYIICTOCA Y€JIOBCKA NIPpU BI/II[COHaGHIOIle-
HUH. ABTOMATH3allMs PELICHHS 3TOi 3a/1a4M TIO3BOJISIET CYLISCTBEHHO CHUXKaTh BPEMEHHBIC U TPYIOBBIE 3aTpaThl
B MOMEHT OCYILECTBIICHUs] BUICOCHEMKH, a TaKXKe MPH aHAIU3e OTCHATOro Buaeomarepuana [1]. Kpome Toro,
HOSIBJISICTCS BO3MOXKHOCTh CHH)KATh BIIMSHUE YeJIOBEYeCKoro (akropa B TEUCHHE BCErO BPEMEHH BHICOHAOIIO-
JCHUSA 32 OXPaHIEMbIM IIEPUMETPOM.

3aaqy MaeHTH()UKAIMY IBIKYIETOCs YeJloBeKa B HaCTosIIel paboTe npeasiaraeTcs pelarh B JABa dTamna:
1. ompeneneHue IBIKCHHS YEJIOBEKa B BUACOIOTOKE;

2. wuaeHTH(DUKAIMS YeToBeKa 1Mo N300paKeHHUIO JUIIA.

Otan BBIABICHHUS JBWKEHUS YelIOBEeKa B CHCTEMaX BHIECOHAOIIONEHHS OCHOBAaH Ha aHAIM3€ IepUOIUYe-
CKHUX KOIeOaHUM IBETOBBIX U APKOCTHBIX KOMIIOHCHT BHACOIIOTOKA, BO3ZHUKAIOUINX BCJICACTBHUC NPHUCYTCTBUAL
XapakTepHbIX (a3 ABiKeHus 00bekTa. B kadecTBe OCHOBHOTO MaTeMaTHYECKOTO arfapara MeTo/ia UCTOIb3yeTCs
OBICTPO Pa3BHBAIOLIMICS METOJ aHAIN3a BPEMEHHBIX PS/IOB [2—5], MPUMEHSIIOUIMICS B Pa3IM4YHbIX 00JacTsX,
TaKUX KaK KJIMMAaToJOTHsl, Teo(pU3nKa, TeXHUKA, 00paboTKa U300pakeHUH, SKOHOMETPHKA U T.IL.; JUISl PELICHHUS
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3aja4 OOIEero Ha3HAYCHUS], TAKMX KAK BBIJICICHUE TPEH/a, OOHAPYKEHUE MMEPUOANTHOCTEH, KOPPEKTUPOBKA Ha
CE30HHOCTb, CIIIAXKMBAHHUE U MIO/IABICHHE IIyMa.

Oran uaeHTH(PHUKALNY YeJI0BEKa [0 M300PAKEHHIO JINIIA, TIONAJA0IIero B IMOJIe 3pSHHS BHICOKaMeED, OC-
HOBBIBAeTCsl Ha criocobe GopmupoBaHus 00ydaroiell BHIOOPKH M MaTEeMaTHYECKOM arapare MMMYHOKOMITBIO-
TUHTa. BRIOOP HAyYHO-METOMNYECKOTO anmapara IMMYHOKOMITBIOTUHTA HE CITydacH U 0a3upyeTCsl Ha pa3IMYHbIX
JIUTEPATyPHBIX UCTOYHHKAX, B KOTOPBIX MMOKA3aHO, YTO B PCAbHBIX 3a/lauaX Paclo3HaBaHUs 00pa30B UMMYHO-
KOMIIBIOTHHT MTPEBOCXOAUT KOHKYPEHTOB IO MPOCTOTE peaju3aiuu, ObICTPOACHCTBHIO U 0e30MIHO0YHOCTH pac-
ro3HaBaHus [6—9].

B pamkax pernieHus 4aCTHBIX 3a]1a4 UCCIICIOBAHUS Pa3pa0d0TaHO HECKOJBKO MPOTPAMMHBIX PEIICHHA, Ha-
DJSITHO JIEMOHCTPHUPYIONIUX pa00TOCIOCOOHOCTD MpEIaracMbIX METOMIOB JUTS 33a494 HICHTH()UKAIIUK JBIKY-
LIETOCS YEJ0BEKA B CHCTEMAaX BHICOHAOIIOICHN.

Oo0Hapy:KeHuUe IBUKEHHS YeJT0BEKA

OcHOBHasi M€ METO/Ia 3aKJII0YaeTCsl B MPeo0pa3oBaHUK MCXOIAHOTO BHICOIOTOKA B YMCIOBOW BPEMEH-
HOM PsiJl C TIOCIIEAYIOLIMM Pa3JIOKEHUEM Ha COCTABIISIIOIINE KOMIIOHEHTBI — TPEH]I, IEPUOANYECKUE KOJIeOaHus 1
ryM. Bo3MOXHOCTB orpeesieHust Halu4us B KaJipe JBIKCHUSI YeJIOBEKa MIIH MOJOOHOro 00beKkTa 00yciioBieHa
NPUCYTCTBUEM B €ro JBIXEHHH MOBTOpsomMXcs (a3 (crubanue/pasrnbaHre KOHEUHOCTEH, N3MEHEHUE OCBe-
IICHHOCTHU OTICIbHBIX obnacteii o0bekra) [10]. B OonbIIMHCTBE CiIy4aeB yacTOTa M3MEHCHHS NaHHBIX (a3 COB-
HasiaeT ¢ YacTOTOM KoyebaHui yacTel Tena cyObeKTa, YTO MO3BOJIIET KIAaCCU(PHUIMPOBATh €r0 MO JIAaHHBIM IpH-
3HaKaM.

» i

Puc. 1. ®a3bl aBukeHus YenoBeka

Ha puc. 1 noka3aHa packaZpoBKa TECTOBOTO BHJIEO ¢ N300paxKeHUEM JABIDKYILETOCS YeJOoBeKa Ha OeoM
¢oHe co ckopocThio nBkeHus mopsaka 130 maros B cekynay. Ha nanHom Buneogpparmente Haubosee 4eTKo
BBIP&XKEHBI NepuoAnYecKue (asbl IBHKEHHS, YTO B COBOKYITHOCTH C OTCYTCTBHEM 3a/IHETO (DOHA CIICHBI ITO3BO-
JISIET UCCIIeIOBATh XapaKTEPUCTUKH JABHKEHHS TOCPEACTBOM aHAIN3a BPEMEHHOTO psijia, COCTaBIEHHOIO Ha Oc-
HOBE JIaHHBIX BHUJIEONOTOKA. B KauecTBe NCXOMHBIX CTAaTUCTUUECKUX NaHHBIX BHIECOKaApa ISl HOCTPOCHUS Bpe-
MEHHOTO psiia He0OX0MMO BEIOpaTh BEIMUYHMHY, HAMITYUIINM 00pa30M XapaKTepU3YIOIIyI0 COAEPKUMOE JaHHOTO
BU/ICOKaIPa, a TAK)Ke ITO3BOJIAIONIYIO MTOTYYNTh JAHHOE 3HAYEHHE C HAaMMEHBIIEH IoTepeil MPON3BOIUTEIEHOCTH
[11, 12]. B marHOM citydae ObDIa BEIOpaHa BETMYMHA, PaBHAS CYMME BCEX TOUEK BUACOKAAPA, MPEACTABICHHBIX B
OTTEHKaX CEporo:
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Puc. 2. 3aBUCMOCTb CyMMbI LIBETOBbLIX KOMMNOHEHT BMAEOKaapa Npu ABMKEHUN: NEPNEHANKYNSPHO Hanpasre-
HUtO0 0030pa Kamephl (a); Mo HanpaBneHnto 063opa kamepsl (0)
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Ha puc. 2 noka3ansl rpadyKu BpeMEHHOTO PsAZa, HOCTPOSHHOTO HA OCHOBE BHIIICYKa3aHHBIX BHICO(par-
MeHTOB. Ha ompeneneHHBIX HHTEpBajax BPEMEHHOIO psiAa Mepuon KoseOaHWH COBHIAZaeT ¢ MepHonoM (asbl
JBIKEHUS O00BEKTa, YTO TOKA3hIBAaeT BO3MOXKHOCTb aHAlM3a KOPOTKHX ()parMeHTOB BHAEONOTOKA HA HaJIH4Ue
JBIDKEHUS ITyTEM Pa3JIOKEHNSI HICXOAHOTO BPEMEHHOTO Psifia Ha EPHOINYECKIE KOMIIOHEHTBI U OTACTICHUSI UX OT
JPYTHX COCTaBISIOMIMX psina. [Ipu aHanu3e peasbHbIX BUICOIIOTOKOB C KaMep BHICOHAOIIONCHUS KPOME Mepuo-
JMYECKUX KOJIEeOaHWH, ONpeIeNsIouX JIBIKEHNE, HEOOXOIMMO TaKKe YUUTHIBATh NEPHOJMUYECKHE COCTABIISIO-
1IMe, BO3HHUKAIOIIME B MOMEHT M3MEHEHHs ydacTka ()oHa 1o3aau JABMXKYyIerocs oobekra. KoMmeHcanus 3Tux
Koje0aHuil HeoOXoaMMa IJIsl MPAaBWIIBHOTO OIPEAETICHUs] MEPUOINYECKUX COCTABISIONINX, HMPUHAIIISKAIIX
KOHKpeTHOMY 00bekTy. Takum oOpa3om, 6a30Boe pa3iioxKeHHe UCXOAHOTO BPEMEHHOTO psijia MOXKET OBITh Mpes-
CTaBJICHO B BHJE CJIAYIOMIEH (OPMYIIBI:

F(t)=B—-%;G; (&) +X;M; () + N,
r1e B — KOMIIOHEHTa BEIWYHHBI SIPKOCTH 3a1Hero (oHa; G; — meproaudeckas KOMIOHEHTa U3MECHEHHUS 3aTHETO
(oHa 3a i-M 00beKTOM; M; — HeproauecKas KOMIIOHEHTA JIBI)KCHNUS i-T0 00beKTa; /N — KOMIIOHEHTA IITyMa.

OnuceiBaeMbIi B paboTe METOM Pa3iioKEHHsT HCXOHOTO psijia O0a3upyeTcsl Ha aHaJIn3e BPEMEHHBIX PSJIOB
SSA («I'ycenuuay). Ilocnennuit MOXKeT OBITH MCIIOJIB30BaH O€3 MPENBAPUTENILHOIO 33JaHHs MOJENHU psija, a
TaKXKe MO3BOJISIET PA3JIOKHUTH PSJI B CYMMY MHTEPIIPETUPYEMBIX KOMIIOHEHT, TaKUX KakK TPEHJ, MepHOANYECKHE
KOMITOHEHTHI U IIyM, 0€3 3HaHMs NapaMeTpUuecKoi (POpMbI 3THX KOMIIOHEHT, YTO HOJIHOCTBIO YIOBJICTBOPSET
TpeOOBaHUAM 3a1a4 Pa3JIoKEHHUs BPEMEHHOTO psiJia BUIEOIIOTOKA.

B 6a3z0Bom merone SSA ompezesnens! nBa napamerpa. [lepBeiii — nenoe uncio L — JuiMHa OKHA; BTOPOM
napaMeTp SIBISIETCS] CTPYKTYPHBIM — 3TO CIOCOO IPYNIHPOBKH COOCTBEHHBIX TPOEK (KOMIIOHEHT CHHTYISIPHOTO
pa3IOKeHHS TPaeKTOPHOM MaTpHIlBl psifa). ba3oserit anroputm SSA coctouT u3 4 maros:

1. BIIOXEHHE;

2. CHHTYIApHOE pa3ioXKeHUE;
3. TpyNIHpOBKa;

4. nuaroHaIBHOE YCpETHEHUE.

Ha nepBom miare mpouenypa BIOXKEHHS MEPEBOAUT UCXOAHBIM BPEMEHHOH psii B MOCJIEAOBATEIbHOCTD
MHOTOMEPHBIX BEKTOPOB. CTPOMTCS TpaeKTOpHasi MaTpuia X UCXOIHOTrO psiia pasmepoM L XK Takum oOpazom,
4yTO MaTpula X sIBJISIETCS TaHKENIEBOH, T.e. X UMEET OJMHAKOBBIE IEMEHThI HA AHTUAUATOHATIAX.

PesyneraroM BTOpOTrO IIara SBJISETCS CHHTYISIpHOE pasnoxeHue marpuusl (SVD, Singular Value
Decomposition) TpackTopHOH MaTpulpl psaa. CHHTYIIPHOE pa3iioKeHHE TPAGKTOPHOM MaTpHIbl X MOXET OBITh
3aIMCaHO KaK

X= Z?:l X; = Z?:m/)b_iUiViT,
rae MaTpuisl X; UIMEIOT paHT | ¥ Ha3bIBAIOTCS AIIeMEHTapHBIMU MaTpuuamu. Habop (\/Z, U;, Vi) Ha3bIBaeTCs I-U
COOCTBEHHOW TPOHKOI CHHTYIsIpHOTO pasiokeHns. Marpunpsl U; u V; Ha3pIBaloTCS JIEBBIMHU U TIPaBbIMU CHHTY-
JSIPHBIMH BEKTOPaMHU MaTPHIBI X COOTBETCTBEHHO, \/k_l — CHHTYJISIpHBIE YHCIIA.

Ha TpeTbem m1are Ha OCHOBE Pa3JIOKEHHs IPOLEAypa IPYNIHPOBKU JEIUT BCE MHOXECTBO MHIEKCOB Ha
HerepeceKaromuecs: noaMHoxecTBa. IIpouenypa BeIOOpa AaHHBIX MOJMHOMKECTB HA3bIBAETCS TPYMIHPOBKON
COOCTBEHHBIX TPOEK.

Ha nocnennem mare 6a30Boro aaropuTMa Kakaas MaTpHlia CrpyNIIMPOBAHHOTO Pa3IOKEHHUs TAHKEIH3Y-
ercs (ycpenHsieTcs 110 aHTHIMAaroHaIsIM), a 3aTeM ITOJly4eHHas TaHKeJIeBa MaTpula TpaHc(hOpMHUPYeTCsl B HOBBIH
BPEMEHHOMU psii JUIMHBL N Ha OCHOBE B3aUMHO-OJHO3HAYHOIO COOTBETCTBUS MEXy TaHKEIEBBIMU MaTPULIAMU U
BPEMEHHBIMU paJaMy. [[MaroHaJbHOE yCPEIHEHHE, IPUMEHEHHOE K KaKON Pe3yabTUPYIOIEH MaTpULE, IPOU3-
BOZMT BOCCTAHOBJICHHBIE psAAbL. TaknuM 00pa3oM, MCXOMHBIM P PACKIAIBIBACTCS B CyMMY BOCCTaHOBJICHHBIX
PsIIOB:

Xy = Ny 2. (1

PaBenctBo (1) siBisieTcsl TMIaBHBIM pe3yJbTaTOM alropurMa SSA Juis aHaJM3a BPEMEHHOTO psija. JTo
pas3loKeHne UMEET CMBICH, €CIIM KaX/asi U3 €ro KOMIIOHEHT MOKET OBITh MHTEpIIpEeTHpyeMa Kak JIMOO TpeHn,
60 KosiebaHus (MepHoAMKH), MO0 wyM. Beibop mapamerpoB anropurMa SSA sBIsieTCsl OJJHOM M3 BaXKHBIX
3aja4 JuIsl TOBBIIICHNS KauyecTBa aHAM3a BUICOMOTOKA M JOJDKEH ITPOM3BOANTHCS B 3aBUCHMOCTH OT YCIIOBHH
pacIoIoKeHHusT YCTPONUCTB 3amuch (pacCTOsHUE 10 OOBEKTOB, XapaKTep M3MEHEHHMs 3aaHero (hOHA, YpOBEHb
IITYMOB).

Pe3ynbraTel TECTHpPOBaHUS METOAA MPEACTABICHBI HAa puC. 3, a. B Buaeonoroke npucyTCcTByeT OAMH MeJ-
JICHHO JIBMOXKYLIMHCS 0OBeKT (4yenoBek) Ha crarndHoM (one. Ha puc. 3, 0, npeacrasieH rpadyk BPEeMEHHOTO
psizna, MOCTPOSHHOTO Ha OCHOBE BHeonoToka. Ha puc. 4, a, npezncTasieH rpaduk nepBeIX TPEX KOMIIOHEHT pas-
JIOKEHUsI BPEMEHHOTO psija MeTonoM SSA, B KOTOPOM NEpBbIE JIBE KOMIIOHEHTHI MPEICTABISIOT co0ol cinabo
MEHSIIOIINICS TPEH, a TPEThsl OTpaXkaeT MEePUOAMYECKoe KojeOaHue, COOTBETCTBYIOIIEE ABMKEHHIO OOBEKTa.
Pa3noxuB naHHyl0 KOMIOHEHTY B psia Pypbe, MOXKHO OINpEAEINTh YacToTy ABMXeHHs oObekra. Ha puc. 4, 0,
Npe/CTaBIeH IpaMK IMOCIEIHUX KOMIIOHEHT Pa3lIoKEHUsI, COOTBETCTBYIOIINX YacTH HMEPHOIMUYECKHX Koseba-
HHH 33/1HeTO ()OHA ¥ ITYMOBBIX COCTABIISIOLIHX.
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Puc. 4. Mepuoamyeckme KOMMOHEHTbI PasNOXeHWs (a); LyMOBbIE KOMIMOHEHTbI pasnoxeHus (6)

HO}_'[O6HLIM 06pa30M Ipyu NpaBUIBHOM Pa3JIOKEHUHU BPEMCEHHOI'O psi/ia Ha HE3aBUCUMBIC NIEPUOJUICCKUC
COCTAaBJIAOIIUC MOXKCT ONPEACIATHCA HAJIMINEC OJHOBPEMEHHOTI'O ABUIKCHUSA HECKOJIBKUX O0OBEKTOB. I[J'IH BBIIIOJI-
HCHHA HOHOGHOFO PA3I0KCHUA MOKET HOTpC6OBaTI)CH 0oJiee TOHKUIH H0ﬂ60p napaMeTpoB METOa SSA.

HNnenTndukanms yejioBexa Mo H300pakeHnIo JUna

VIMMyHOKOMIBIOTHHT M3y4aeT NPUHIUIIBI 00pabOTKH HECTPYKTYPHUPOBAHHON MHGOPMANH JUTS PELICHHS
CIIOKHBIX IPAKTHYECKUX 3a/lad U MO3BOJISET ¢ O0JbIION 3(h(EKTUBHOCTHIO pelliaTh TaKue 3a1a4l, Kak oOydeHue
C JKCIIEPTOM, caMooOyUdeHue, TPYIIIUPOBKa U KIacCu(HUKanus, NpeJcTaBIeHHe Pe3yIbTaToB BEIYHUCICHUH B IIPO-
cTpaHcTBe 00pa3oB [6, 13, 14].

Maremarnueckuii 6a3uc, NIPUMEHSIEMbIH B paMKax BBIYHCIUTEIbHBIX MPOLEAYP WMMYHOKOMITBIOTHHTIA,
OCHOBaH Ha CBOMCTBaX CHHTYJISIPHOTO pa3iiokeHHsi MaTpui. CHHTYISIPHOE Pa3JIoKEHUE SIBISIETCS YOOHBIM Me-
TOZOM NpU paboTe ¢ MaTpULAMH, MOCKOJIBKY MOKa3bIBaeT F€OMETPUUECKYIO CTPYKTYPY MAaTpPHLBI U TO3BOJISET
HaIISIHO TIPEACTaBUTh MMetomyecs naHuele. JIrobas marpuna A nopsaka M XN, 371eMeHTBl KOTOPOH — BeIecT-
BEHHBIE YHCIa, MOKET OBITh NMPECTaBIEHA B CIEAYIOIIEM BH/IE, HA3bIBAEMOM CHHIYJSIPHBIM Pa3JIoXKEeHHEM Mar-
PpHILIBL:

A=USVT, 2)

B pesynbrare pa3noxeHHs MOMYHatoTCsl TPU MaTpHLbl. J(MaroHaabHBIE 3JIEMEHTHI MATPULBI S SBISFOTCS
CHHTY/IIPHBIMU YMCJIaMHU MaTpuIbl A, a ctonbusl Marpunl U u VTcosepkar neBble u npasbie CHHIY/ISIPHBIE BEK-
TOPBI JUIS1 COOTBETCTBYIOLIMX UM CHHTYJISIPHBIX 3HAYEHUH HA ANAroHaJIN MaTPHIIB S.

OpnHa u3 HanboJee 4acTo peraeMbIX 3a1ad ¢ MOMOIIBI0 UMMYHOKOMIBIOTHHIA — 3TO 33ja4a Paclio3HaBa-
HUsL 0OBEKTOB. B MaHHBIX 3a7auax IUIsl ONIPEAEIICHUS CBA3M MEXIY 00bekTaMu A U M BBOIWTCS OHITHE 3HEP-
THH CBSI3U, KOTOPOE HUCIOJIb3YETCS B KAaUECTBE aHAJOTa PACCTOSHUS MEXAy oObekTaMu. OHO MO3BOIAET MpUMeE-
HHUTb Hay4YHO-METOAMYECKHH almapaT MMMYHOKOMIIBIOTHHIA B 3aJadaX MACHTU(GUKALUK GU3MYECKHX JIHI, IO-
CKOJIBKY COOTBETCTBYET OOLIEMY MOAXONY K IIOCTPOEHHIO CHCTEM MACHTU(GHKALUH, ONMCAaHHOMY B MH(pOpPMAIH-
OHHOM Teopuu uieHTU(uKanuyu. COrIacHO 3TOM TEopuH, OOIIMI MOAXO/ K MOCTPOSHUIO CHCTEM HJIICHTU(HKa-
KA OOBEKTOB OCYLIECTBIISIETCS MPU NOMOIIY HACTPAaUBaeMOil MOJENIH TOW WJIM MHOW CTPYKTYPBI, IapaMeTphl
KOTOPO# MOTYT MEeHAThCA. Pa3HOCTH BeMUYMH 00bEKTa M HaCTpauBaeMO Mojenn oOpasyeT HeBs3Ky [0, 15], ko-
TOpast ONIPEAEIAET CTEIEeHb OIM30CTH 0OBEKTOB APYT K APYTy. B MMMyHOKOMIIBIOTHHT€ aHAJIOT'OM HEBSI3KH SIBJISI-
€TCsl JHEpIus CBS3U.
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DHeprus CBI3H MEXIY ABYMsI 00BEKTaMH IIPENCTABIETCS CISAYIONIIM 00pa3oM:

o =-UTMV, 3)
rae U u VT — jieBble u npaBble CHHTY/IApHBIE BEKTOPbI MATPHIIBI A COOTBETCTBEHHO. Kitacc, K KOTOPOMY TIpH-
HaJUISKHUT BXOJIHOU 00pa3 M, onpeznenseTcss MUHUMAJIBHBIM 3HAYSHHEM SHEPI UM CBSI3HU:

¢ = min(). )]

ITockonbKy METOX MMMYHOKOMITBEIOTHHIA 0a3UpyeTCsl Ha CBOWCTBAX CHHIYJISPHOTO PAa3JIONKEHMsS HPOU3-
BOJIBHBIX MaTpul, a TaKO€ pa3I0KCHUEC I[eﬁCTBHTe.HLHO JIA MaTpull nmopsaaka MXN, CJICA0BATCIIbHO, BXOJHBIC
JAaHHBIC HOJIXKHBI 6])ITI) MMpCACTaBJICHBI B BUJAC ABYMEPHOI'O MacCHBa JAaHHBIX. Taxxe crout OTMCTHUTH, YTO Ha
Ka4eCTBO BHUACOM300PAKEHHUS BIHAET MHOXKECTBO Pa3HOOOPa3HbIX (HAKTOPOB, a 3TO O3HAYAET, YTO BXOJHBIC MaH-
HBIE JOJDKHBI OBITh IPHBEACHBI K 00IIEeMy BHIY. 3aJada MPEACTABICHUS BXOAHBIX JaHHBIX B BHUAC JByMEPHOTO
MaccHBa U MPUBEICHHUS M300paKCHUI K 00IIeMy BHIY MOXET BBIIOIHATHCSA C PUMEHEHHEM Pa3HBIX METOJOB
MpeIBapyUTEIbHON 00paboTKU M300paXkeHHH. B pamkax JaHHOTO HCCIEOBaHHS MpeABapHTeNibHAs 00paboTKa
CBOIMJIACH K NPEOOPA30OBAHUIO BUICOM300paKEHUH B MOHOXPOMATHYHBIH (JOpMaT M KOPPEKTUPOBKE KOHTPACT-
HocTH. Ha puc. 5 mntrocTpupyercs KOppeKTUPOBKa KOHTPACTHOCTH BXOIAHOTO M300paXkeHUs, U3 KOTOPOTO BHA-
HO, YTO CHEKTpP 3HA4YCHMIl rpajaliii ceporo 3HAYUTENBHO PACIIMPHIICS HOCHEe MPUMEHEHHs MeTona KOPPEKTH-
POBKH KOHTPAaCTHOCTH.

Jns ocymiecTBiIeHHs MPOLEAYphl HASHTU(GUKALMH (PU3NYECKHUX ML HEOOXOOMMO NPEABAPUTENIBHO CO3-
Jiath 00yJarollyto BeIOOpKyY. B obmiem cityyae oOyuaroiiasi BHIOOpKa MPEACTaBIsIET CO00i MHOXKXECTBO 0OBEKTOB,
3aJaHHBIX 3HAYCHUSIMH NPH3HAKOB. B paMkax JaHHOTO MCCiiemoBaHus ObLT pa3paboTaH cnocod MpeACTaBICHHUS
00yyJaromieil BBIOOPKH, KOTOPBINA OMMCHIBACT MPUHAIJICKHOCT BXOIHOTO M300paXKEHHUsI JIUIA K TOMY HJIH UHOMY
3apaHee U3BECTHOMY JIHIly. BxomHoe n300paxkeHHe 1Ia 6bUI0 MPEJCTABICHO B BI/EC MAaTPHULBI A Pa3sMEPHOCTHIO
M XN, 3neMeHTbl KOTOPOi — BeLIeCTBEHHbIe Yncia. 13 dopmyssl (2) cneayert, uTo Jirodasi MaTpUIa TAKOTo THIA
MOXKET OBITh IPEJICTABICHA C TOMOLIBIO CHHTYJSIPHOTO Pa3jiokeHHs. B pe3ysbTare pasnokeHus HOMyqarTcs TPU
matpubl. Cton6ust Matpuisl U u VT conepixar neBble M MpaBble CHHTYIAPHbIE BEKTOPBI, KOTOPBIE 3aMUCHIBA-
I0TCS B KauecTBe 00y4Jaroneld BIOOPKH.

OpurnHajgbHOE H300pakeHUE I'mcTorpaMmma OpUrHHANBHOTO H300pasKEeHU

4000
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3000
2500
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Yacrora

0 50 100 150 200 250 300
VYpoBeHb HHTEHCHBHOCTH
6
I'ucTorpamma n300paskeHusI mociic 00paboOTKH
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0 50 100 150 200 250 300

YpoBeHb HHTEHCUBHOCTH
B r

Puc. 5. OkBanusaums rmuctorpaMmMbl BXOGHOTO M306paxeHus: opurmHansHoe n3obpaxeHuve (a)
n ero ructorpamma (6); nsobpaxeHue nocne obpaboTkm (B) u ero rucrorpamma (r)
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B npouecce naeHTHGUKANKE HA BXOI MOCTYNaeT U300pakeHNEe HEU3BECTHOTO (HPM3UYECKOTO JIMIA, KOTO-
poe mpexcTaBisercs B Bue Marpuubl M. Beruuciisercst sHeprus cBA3U MEXIy BXOAHBIM H300paKeHHEM JIHIa U
aJIeMEeHTaMu B oOyuarouieil BoiOopke mo ¢opmyine (3). [lpouece uaeHTUPHUKALMU JIHLA ONPEIEseTcss MUHH-
MaJIbHBIM 3Ha4€HUEM SHEPIuy CBsA3M 1o dopmyse (4). Ha ocHoBe MoIy4eHHOro 3Ha4eHUs SHEPTUH CBSI3H Jelia-
eTcs NPEIoJIOKEHHE O MPUHAJIS)KHOCTH BXOIHOTO JIMIA K OJHOMY W3 paHee W3BECTHBIX JIML, HAXOSIIUXCS B

o0yyaroreii BEIOOpKE.

YuciieHHbI IKCIIEPUMEHT

Bxonnble naHHble B (hopMare IBETHBIX M300payKEHUH KOAMPOBAIMCH TPEXMEPHOW Marpuield A pa3mep-
Hocthio 100x100x%3. IpeaBapuTenpHas 00paboTKa MO3BOJIMIIA MPEACTABUTH JaHHBIE B BU/E JBYMEPHOW MarpH-

bl pazmepHocThio 100x100. [Ipumep MaTpHITbL:

238 228 208 .., 33 28 307
229 220 189 .., 31 28 34
227 216 134 .., 32 35 66
105 102 106 .., 6 5 8
100 102 99 .., 7 6 7
L97 100 102 .., 7 6 6.

B mporiecce CHHTYISIPHOTO Pa3lIOKECHUS MaTpHIa A JeKOMIO3UpoBannch Ha Tpu Matpuisl — U, Su V.
3uradenus Marpur U (JI€BBIX CHHTYSPHBIX BEKTOPOB) M V (IPaBBIX CHHTYISPHBIX BEKTOPOB) HUCIIOIB30BAINCH B

KayecTBe 00ydJarolei BRIOOPKH B MaTEMaTHYECKHUX MIPOLeypax pacueTa SHEpIHH CBS3H.

ITpumep marpuis U:
—0.12361204 .., —0.14145273
—0.12486692 ..., 0.18439500
U=
—0.07879292 .., 0.02843619
—0.07667419 .., 0.01900366

B npornecce naeHTH(UKALNN pacCUUTHIBAIACH SHEPIHS CBA3H BXOTHOTO AJIEMEHTA C Ka)KIBIM 3JIEMEHTOM,
HaxoAsIIUMcs B 00yJaromield Bbioopke. B pesysbrare (opMUpOBaIICS BEKTOP 3HAYCHUI, COCTOSIIUI U3 SHEPrUit
cBsi3i. MUHNMaJbHOE 3HaUCHHE B MAaCCUBE DHEPIUil CBSI3M XapaKTepU30Bal0 MAKCUMABHYIO OJIM30CTh BXOIHO-
ro 00beKTa K OJJHOMY U3 00BEKTOB B 00y4arolieil BeiOopke. [IprmMep BekTopa co 3HaYeHUSIMU SHEPTUH CBSI3U:

@ =[—-12916.46191993 .., —13252.14918307].

HporpaMMHoe peuIcHucC 1o I/I,Z[eHTI/I(i)I/IKaLII/II/I (bPISPI‘IeCKI/IX JiM B BUACOIIOTOKE BU3YAJIM3UPOBAJIO PE3YIIb-

Tar I/IZ[eHTI/I(l)I/IKaI_[I/II/I B IIpoLecce BOCIIPONU3BEACHUS BUICO. HpHMep BuU3yajn3alluy MPUBEACH Ha pUC. 6.

‘no.n Dulput window

Pwuc. 6. Busyanusaums pesynsrata ngeHtudumkaumm Yenoseka no n3obpaxeHuto nuua B BuAe0

TecTupoBaHne IPOBOAMIIOCH C HCIIOIB30BaHHEM CIIEIYIOLIETO alapaTHOro 00eCIIeUeHNUs:
— HoyTOyk Lenovo ThinkPad X220;
— mporeccop — Intel Core 15 2520M 2,5 I'T';
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— o0Obem onepatuBHOM namsatu — 4 ['B;
— Buzgeokapra — Intel HD3000.

JlaHHas KOHUTYpaLys OJIHOCTBIO YIOBIETBOPSAET TPEOOBAHUAM NIPEATIOKEHHOro MeToaa. OTCYyTCTBYIOT
3aepKKH, BEI3BAaHHBIE NIPOLIETYpaMH PA3I0KEHHsI BpDEMEHHOTO psijia U HASHTU(HKaLMel UL B BUIEOKaape.

3akjroueHnne

Paccmorpena 3a1a4a naeHTH(UKAINK IBHKYIIETOCS YeI0BEKa, KOTopas IPEACTaBIseT HayYHbIH U Mpak-
THUYECKUH MHTEpEeC B IUIaHE aBTOMATH3aLMHK Iponecca o0paboTky Buaeon3oopaxenuii. HoBusHa 3akioyaercs B
MPUMEHCHUN METO/Ia aHaIM3a BPEMEHHBIX PAIOB, a TAKKE MAaTEMAaTHYECKOTO anmnapara MMMYHOKOMITBFOTHHTA
JUTSl PEILICHNUS! IOCTABJICHHOM 3a/1auu.

Pemienne 3aaun uaeHTHOUKALNT IBUKYIIETOCS YEIOBEKA 3aKIIFOYACTCSl B TIOCIIEA0BATEIBHOM BBITOJIHE-
HHUH J[ByX JTallOB aHAJIW3a — JTala ONpPE/CICHUs JABMKCHHS YellOBEKa M JTana WACHTH()UKAIMU YElI0BeKa I10
M300paXSHHIO JIUTIA.

B pamkax peleHus epBoit moa3anadu, CBI3aHHOM ¢ OIIpeeieHHeM JIBUKEHHUs YelIOBeKa, B paboTe ObLIO
MPE/JIOKEHO MPEICTABUTh UCXOMHBII BUACONOTOK B BHJIE BPEMEHHOTO Psijia C MOCICAYIOIUM MPUMEHEHUEM K
HEMy MaTeMaTH4ECKOI0 anmnapara aHalau3a BPEMEHHBIX pAA0B. B TekcTe NpUBOLATCS NIPUMEPHI Pa3I0KEHUs -
Ja Ha H8.60p HUHTEPIPETUPYEMBIX KOMIIOHCHT, IMMOKA3bIBAIOIINX BO3MOXXHOCTH HMCHOJB30BaHUA PaCCMOTPEHHOI'O
METO/Zla Ha pCAJIbHBIX JAHHBIX C LCJIbIO BBIACICHUA I/IH(i)OpMaL[I/lI/I O HAJIMYMUHU IBHWKCHHUS YCJIOBCKA Ha q)OHe JABU-
JKEHUSI OCTAIBHBIX 00BEKTOB B BU/ICOTIOTOKE.

B pamkax pemieHust BTOpoi 1moj3aiads, CBSI3aHHOHM ¢ WAEHTU(HKALEH YeloBeKa 10 H300paKeHHIO JIHLa,
B paboTe mpeiaraeTcs IpecTaBIsATh U300pakeHUs JIMI B BHJIE ABYMEPHBIX MaTpHIl C IPUMEHEHUEM METO/IOB
npenoOpaboTkn m3o0pakeHmid. MneHTHdUKamus dYernoBeka MO M300PaKEHHIO JIAIA OCYIISCTBISETCS ITyTEM
MPUMEHEHUS] MATEMaTHYECKOT0 alapara UMMYHOKOMITBFOTUHTA, KOTOPBIH MO3BOJISET BBIYUCIISATH SHEPTUIO CBS-
3M MEXIy JBYMsI 00beKTaMu. [IpUMEHHUTENLHO K TIOCTABICHHOM MO/13a/1a4e SHEePrusl CBsI3M XapakTepusyeT Oiu-
30CTH BXOHOTO M300PaXCHHUS JINIA K JINIIaM, HaXOIAIIUMCS B 00yJaromeii BRIOOpPKe.

[pencraBneHHoOe pellieHre 3a0a49K M0 UASHTU(DHUKAMK ABMKYILETOCS YelIOBeKa UMEET PsJ SIPKO BbIpa-
JKEHHBIX JOCTOMHCTB. OHO M3 IIABHBIX JIOCTOMHCTB — IPOCTOTA PEaIM3alliH, KOTopasi TpeOyeT HU3KUX BhIYKC-
JIMTCJIBHBIX 3aTpar 6nar0,uap51 HaJIMYUIO MNPOCTBIX MATCMAaTHYCCKUX onepauylf/i, OTCYTCTBUIO HeO6XOLll/IMOCTI/I
Npe/BapUTENbHON (QUIIBTPALMKA M300paKEHUH BUAEOKAIAPOB, a TAKKE BO3MOXKHOCTH PabOTHI IPU BBICOKOM
YPOBHE ITYMOB M HU3KOM Ka4€CTBE UCXOHOTO BHIEOIIOTOKA.

[TporpammHasi peann3anysi, MOJyYeHHass B paMKax PEIICHHs YaCTHBIX 3ajad MCCIIEIOBaHUS, IMO3BOJISET
UCIIOJIb30BaTh NPEUIOKEHHOE PElIeHHE KaK MpY aHajIu3e 3alliMcanHoro BUeodaiiia, Tak 1 Py aHaJIM3e BHJIEO-
MOTOKA B PEXKUME PEalbHOTO BPEMEHU C HEOOJBIION 3aepiKKOM, CBI3aHHON ¢ HEOOXOAMMOCTBIO 3aIlOIHEHHUS
MacCHBa UCXOJHBIX JAHHBIX OIMPEACICHHO JUTUTENbHOCTH JJIsl IOCTPOCHHUS BPEMEHHOTO Psifa.

B pabore He 3aTpOHYThI TAKUE TEMbI, KaK BBIOOP ONTUMAJIBHBIX TAPAMETPOB aHAIIU3a BPEMEHHBIX PSIIOB
B 3aBHCUMOCTHU OT YCJIOBHH PACIOJIOKECHUSI KaMepbl BUACOHAOIIONEHHS JUIsl JIOCTH)KEHUSI HAUITYUIlel pa3/ienu-
MOCTH Psijia, BOSMOYKHOCTh aHaJIM3a JByX WM OoJiee IBIKYLIMXCS OOBEKTOB, a TAK)KE BO3MOXHOCTD Kiaccupu-
Kallui OOBEKTOB 110 XapaKTepUCTHKaM JBIkeHHs. Takke B paMKax AajbHEHIINX HAY4YHBIX MCCIIENOBAHUN Npe/i-
MoJIaraeTcs U3y4uTh paboTy MPEIOKEHHBIX METOIOB Ha OOJIBIIOI BHIOOPKE N300PaKCHUH JIMIl M CPABHUTH Ka-
YE€CTBO H}leHTI/Iq)I/IKaI_ll/II/I C U3BE€CTHBIMU METOAaMU.
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