YK 004.93.1
E.B. BOJIYEHKO, xaun. texd. Hayk, nou. I'YUulMU (r. Jonenk)

PACHIMPEHUME METOJA T'PYHNIIOBOI'O YYETA API'YMEHTOB
HA B3BEIIIEHHBIE OBYYAIOIIUE BBIBOPKH W-OBBEKTOB

B pabore paccMmaTpuBaercs 3ajada IIOCTPOCHUS pEMIAIONIMX @paBWi KIacCHGHUKAIUH B
aJaNTUBHBIX CHUCTEMax paclo3HaBaHUs. PaccMOTpeHa BO3MOXKHOCTH NOCTPOCHMS PELIAIONIMX IPaBUII
METOJIOM TPYIIIOBOrO y4eTa apryMEHTOB 10 B3BCIICHHOH BbIOOpKE W-00beKTOB. [Ipeanoxensl criocoobt
HCIIONB30BAHMS Beca W-OOBEKTOB B alFOPUTMAX METOJA TPYIIIOBOrO ydeTa apryMeHTOB. IIpuBeneHb
Pe3yJIbTaThl IKCIIEPHMEHTANBHBIX HCCIICIOBAHNMN, MOATBEPXKIAIOIINE BBHICOKOE KAauyecTBO IOTYy4aeMBIX
peuratromux npasui. Tab6m.: 2. bubauorp.: 13 Ha3B.

KiioueBnle ci10Ba: pemaoiiee MPaBUIO, METOJ IPYHIIOBOIO ydeTa apryMEHTOB, B3BEHICHHAS
BbIOOpKa W-O00BEKTOB.

ITocranoBka npod/eMbl U aHAIN3 JUTepaTypbl. VcciaenoBanus B obnactu
IIOCTPOEHUSI CUCTEM aBTOMaTHYECKOTO PacliO3HABAHUS B IOCIEAHUE TOJIbI CBSI3aHBI,
B [IEPBYIO OYepe/lb, C PACIIUPEHUEM 00JACTH MX MPAKTHYECKOTO MCIONIb30BaHus |1,
2]. D10 cBsA3aHO ¢ pa3pabOTKOM OONBIIOTO KOJIHYECTBA Pa3HOOOPA3HBIX YCTPOWMCTB
(poboTOB, CHCTEM TEXHMYECKOM M MEIULUUHCKOW IMAarHOCTUKH, MEPCOHAIBHBIX,
MOOHMIBHBIX M KapMaHHBIX KOMIIBIOTEPOB), aBTOMAaTH4ecKas paboTa KOTOPBIX
HEBO3MOXKHA 0e3 pAacro3HaBaHUsl TEKYIIEr0 COCTOSHHS OOBEKTOB, IPOIECCOB,
SIBIICHM W COCTOSIHAH, C KOTOPBIMH 3TH YCTpO#CTBa paboTaror. He MeHbIee
BIMSIHUE Ha Pa3BUTHE CHCTEM PACIO3HABAHUS OKa3bIBAIOT HOBBIE MH()OPMAITOHHBIE
TEXHOJIOTHH, B TOM 4Huclie W TexHosiormn HHTepHer. B 3TOM HamnpaBieHuu Ha
OCHOBE IMOCTPOEHHS CHCTEM pAacHO3HaBaHUS PEIIAlOTCs 3aJaddl IOCTPOCHHS
HOBOCTHBIX MOPTAJIOB U 3JEKTPOHHBIX OMONMOTEK ¢ aBTOMAaTH4eCKOH pyOpuKanueit
JOKYMEHTOB, TMOYTOBBIX CEPBEPOB C BO3MOXKHOCTBIO '"crmam'"-puibTpamun
AIIEKTPOHHON KOPPECHIOH/ICHIINH.

BoNBIIMHCTBO ~ COBPEMEHHBIX MPHUKIAAHBIX  3aJad, pEIIacMbIX IIyTeM
MIOCTPOCHUSI CHCTEM paclO3HABaHWS, XapaKTepu3yercs OOoJIbIIMM 00BEMOM
HCXOJHBIX JaHHBIX ¥ BO3MOYKHOCTBIO JOOABJICHHsI HOBBIX JIAHHBIX YXK€ B Ipolecce
pabots! cucteM. VIMEHHO TO3TOMY OCHOBHBIMHU TPEOOBAHHUSIMH, ITPEABSIBIIEMBIMA K
COBpPEMEHHBIM CHCTEMaM PacIio3HaBaHMUs, SIBIISTIOTCS:

— aaNTUBHOCTbH, COCTOSIIIAsi B BO3MOXXHOCTH CHCTEMBI B ITpOIIECCE€ PaOOTHI
U3MEHATh CBOM XapakTEPUCTHKU (I OOy4aroIIMXCsi CHCTEM DAacIlO3HaBaHUS —
KOPPEKTHUPOBAaTh  pEIIAIONINE MpaBWia KIacCH()UKAUWU) TPH H3MEHEHUH
OKpYKaromien cpeabl (100aBICHUN HOBBIX 00BEKTOB 00yYaIOIIeH BEIOOPKH);

— paboTa B peaJlbHOM BpPEMEHH, IPEANOJIAraromias Haludhe BO3MOKHOCTU
(hopMHpOBaHUS PELICHUH O KIaCCH(UKAINHU 32 OTPAaHUIEHHOE BpEMS;

— BbIcOKasgs 3((EeKTUBHOCTh KiIacCH(UKALMU JUIsl JIMHEWHO pa3/ieIuMbIX W
[epECEKAIOIIMNXCS B IPU3HAKOBOM IIPOCTPAHCTBE Ki1accoB [3].

Cucrembl pacrio3HaBaHHs, OTBEYAIONIME TaKUM TpeOOBaHUs, IPUHSATO
Ha3bIBaTh aIalITUBHBIMH CHCTEMaMH PaclIO3HABAHMS.
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JloGaBiieHue HOBBIX OOBEKTOB, SIBJIAIONIEECS sl OOJIBIIMHCTBA MPUKIAIHBIX
3a7a4 JOCTATOYHO HWHTCHCHBHBIM, NPHBOAUT K CYIIECTBEHHOMY YBEIHMUYCHHUIO
pa3mepa o0ydaroleil BEIOOPKH, 4TO, B CBOIO OYEPE.b, IPUBOIMT K:

1) yBeNMYEHHIO BpeMEHHM KOPPEKTUPOBKU pEIIAIOIUX INpaBWl (0COOSHHO,
€CIIM HCIOJB3YeMBIH MeToJl 00ydeHHs1 TpeOyeT MOCTPOEHHsS HOBOTO PELIAOIIEro
MpaBuIia, a HE €ro YaCTUYHOH KOPPEKTUPOBKH);

2) yXy[IICHAIO  Ka4yecTBa  IIOJy4aeMBIX  PELICHHH H3-32  TIPOOJIEMBI
nepeoOyueHns Ha BBIOOpKax Ooubiioro oosema [4, 5].

OTH 0cOOEHHOCTH aJaNTUBHBIX 00YUYAIOMIUXCS CHCTEM PACcIlO3HABAHUS JENAI0T
Heo0XoauMOM TpenoOpaboTKy 0O0y4arolmUuX BBIOOPOK IIYTEM COKpAlICHHS HX
pa3mepa. V3BecTHBIE anropuUTMEI coKpatieHus pazmepa Beioopox STOLP, JIPOT [6]
FRiS-STOLP [7], NNDE (Nearest Neighbor Density Estimate) u MDCA
(Multiscale Data Condensation Algorithm) [3] ocHOBaHBI Ha BbIOOpE HEKOTOPOTO
MIOJIMHOKECTBA O0OBEKTOB 0Oywaromiell BHIOOPKH M yAAJI€HHHM OCTAJIBHBIX. Takon
nmoaxoJ, Ha Hall B3IJIAJ, HE MO3BOJACT YUYWUTHIBATH IJIOTHOCTH PpacCHIpEACICHUA
00BEKTOB BBIOOPKH B MPOCTPAHCTBE NMPU3HAKOB M JUHAMHKY H3MCHEHHS 3HAUCHUIT
MIPU3HAKOB 100aBiIgeMbIX 00beKkTOB. B pabore [8] Hamm ObULT MpeluIoKeH METOx
COKpamieHns1 oOyJaromeil BBHIOOPKH ITyTeM IIOCTPOCHHS B3BEIICHHON BEIOOPKU
W-00BEKTOB, MTO3BOJISIIOIINI BBIIOIHATH COKpAILlEHnEe 00yJaromei BEIOOpKU IIpu He
YXYIILCHUH KadecTBa KIacCU(UKAIUU M PEelIMTh NpodieMy mo0aBiIeHHs HOBBIX
00BEKTOB B BHIOOPKY IIPH MUHUMAIIFHOM YBEIWYEHUH €€ pa3Mepa.

Jnst obecnieyeHus: pabOThl CUCTEMBI B PEATLHOM BPEMEHH MPEIIOYTHTEIBHBIM
SBJIACTCA  HCHOJB30BAaHWE  METONOB  TOCTPOCHHS  PCIIAIONIMX  HPaBHIL,
npeanojararomux uxX KOppEeKTUPOBKY, HAIIPUMEDP, IMTYTEM IlOGaBJ'leHI/ISI OJHOI'O0 HJIN
HECKONBKUX ciaraeMbix. OmHUM U3 Hanbosee 3G GEKTUBHBIX METOIOB TAKOTO THIIA
SIBIISIETCS] METO/1 TpymIioBoro y4era aprymertos (MI'VA) [9, 10]. B ocaoBe naHHOTO
MEeToJa JICKar HE TOJIBKO ITPUHITUIIBI o6yqumI C YUYHUTEIIEM, HO u
CaMOOpraHu3alys, XapakTepHas Ui caMOOOYYalOIIUXCSl CHCTEM, YTO MO3BOJISET
BBIITOJIHATH HaHpaBJ’ICHHLIﬁ aI[aHTI/IBHI:Jﬁ IIOHUCK OIITUMAJIbBHBIX pemeHHﬁ.
Oco0OeHHOCTBIO JJAHHOTO METOoJIa SIBJISETCS HMCIOJIb30BaHHE MAJbIX BBHIOOPOK M3-32a
HaKJI/IbIBAEMBIX OTPAaHUYEHHH Ha CJIOKHOCTH HCIOJB3YEMBIX MOJMHOMOB, 4YTO
MOXET TPHUBOAWTh K YXYOIICHHIO KadecTBa IIONydaeMbIX pemeHmid [11].
HcnonpzoBanue B JaHHOM METOJE B3BELICHHBIX 00yJalOMNX BHIOOPOK W-0OBEKTOB
MIO3BOJIMT, Ha HAll B3IVIAA, YBEIMYUTH 3(P(EKTHBHOCTH IOJIy4aeMBIX PEIIAIOLINX
IIPaBWJI ¥ PACIIMPUTh JAHHBIH METO]] Ha BEIOOPKH OOJIBIIOro 0Obema.

Leab craTbu — pacliMpeHHe METoJa TIPYIIIOBOrO y4eTa apryMeHTOB ISt
MMOCTPOCHUS PEIIAONIMX MPaBWI KIacCUBHUKAIMK B OOYJArOIIUXCA CHCTEMax
pacrmo3HaBaHus 0 B3BEIICHHBIM 00YJaroIUM BEIOOPKaM W-00BEKTOB.

B kayecTBe MCXOIHBIX JaHHBIX JaHO HEKOTOPOE MHOXKECTBO OOBEKTOB M,

Ha3bplBaeMoe oOyuaromieil BbiOOpkod. Kaxknpiii o0bexkTr X, m3 M omnuceiBaercs

CHCTEMOM M3 1 TIPU3HAKOB, T.€. X; ={X;, X;3,..., X;, } , ¥ IPEACTABISAETC TOUKOMI
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19 n
B JIMHEHHOM IIPOCTPaHCTBE IIPU3HAKOB, T.e. X; € R . Jlna kaxmoro o0bexra X

u3BeCTHA ero kinaccudukanus y; €[1, /], rae | — 4uCIo KIACCOB CUCTEMBL.

Janee omumeM MeTOA TIOCTPOCHHS B3BEIMIEHHOW BBIOOPKH W-0O0BEKTOB,
ITOPUTM TOCTPOCHMS PEIIAIONINX TNpaBHil Kiaccudukanuu Ha ocHoBe MI'YA n
0COOEHHOCTH €ro peajn3alii 10 B3BELICHHOH BEIOOPKE W-O0BEKTOB.

MeTton mocTpoeHHsI BBIGOPKH W-00beKTOB. B pabGore [8] Hamm ObLI
MPEUI0KEH METO I TOCTPOCHHS B3BEIICHHON 00y4aromieil BBIOOPKH W-00BEKTOB IS
COKpAIICHUs BEIOOPOK OOJIBIIOr0 00beMa B aJalTUBHBIX CHCTEMAaX PacliO3HABAHHSL.
OCHOBOM JaHHOTO METOJa SBJSAETCA BBHIOOP MHOXECTB OIM3KOPACIOIONKCHHBIX
00BEKTOB MCXOJHOM BRIOOPKH M WX 3aMEHAa OJHHM B3BEIICHHBIM OOBEKTOM HOBOM
BbIOOpKH. 3HaueHHs IPU3HAKOB KaJOro OOBEKTa HOBOI BBHIOOPKH SIBIISIOTCS
LEHTpaMH Macc 3HauYeHWH MPU3HAKOB OOBEKTOB MCXOJHOW BBIOOPKH, KOTOpPHIE OH
3aMeHseT. BBeJEHHBIH JOMONHHUTENBHBIN IapaMeTp — BEC OINpeessieTcss Kak
KOJIMYECTBO OOBEKTOB HCXOAHOW BBIOOPKH, KOTOpHIE OBLTA 3aMEHEHBI OJHUM
o0bekToM HOBOW BbIOOpKHM. [Ilpemmaraemblii MeTOJ OpHEHTHPOBaH Kak Ha
COKpAIIICHAE HCXOTHON 0OydJarolieil BHIOOPKH, TaK M Ha aHAIN3 HEOOXOIMMOCTH
KOPPEKTHPOBKH BBHIOOPKH W OBICTpOE BHITOJHEHWE TAaKOH KOPPEKTUPOBKHA TpPHU
TIOTIOJTHEHNH BBIOOPKH B IpoLiecce pabOThl CHCTEMBI.

IMocTpoenne w-00beKTa COCTOUT U3 TPEX MOCIICIOBATEIBHBIX 3TAIIOB:

1) mocrpoenue obpasyromero MHoxectBa W, cojepxalliee HEKOTOPOE

KoM4ecTBO d OOBEKTOB MCXOJHON BRIOOPKH, PUHALICKAIUX OTHOMY KIaccy;
2) c¢opmupoBanue BekTopa X ,W ={x;;, Xj3, ..., Xj,} 3HAYECHUH IPU3HAKOB

w-00bekTa X IW U pacyer €ro Beca p; ;
3) KOpPPEeKTUPOBKAa HMCXOIHON OOyuaromieil BBHIOOPDKH — ydaJeHHE OOBEKTOB,
BKJIIOYEHHBIX B 00pasyrouiee MHOKeCTBO X = X \ W, .

[loctpoenne oOpasyromero MHoxectBa W,  COCTONT B HAXOKACHHH
Ha4albHOM TOUKH X ;| (POPMHUPOBAHHA W-O0BEKTA, ONPEACICHIH KOHKYPHPYIOLIEH
TO4KH X ;, ¥ BbIOOpe B oOpasyromiee MHOXKECTBO W, Takux OOBEKTOB HCXOHOM

BI>I60pKI/I, PACCTOSIHUC N0 KaXXIOT'0 U3 KOTOPBIX OT HaYaJIbHOM TOYKH MCHBIIC, YEM
pacCTosAHUC OT HUX 10 KOHKprIpyIOH.[GfI TOYKHU. B KauecTBe Ha9aIbHOM TOUKHU Xfl

(dbopMuUpoOBaHUsS W-00BEKTa HCIIOJIB3YETCSI 0OBEKT HCXOAHOM 00yJaromeii BEIOOPKH,
HauboJiee ylaJleHHbIH OT BceX 0OBEKTOB JApYrux KiaccoB. KoHKypupymomas Touka
X, BblOnpaercs mnyreM HaxoxieHus Omwkaimero kX, oObekra, He

TNIPUHAJUIEKAIIETO TOMY K€ KIaccy, 4To U caM X ;1 , T.€. Yy # Vo -
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Jia cimydast AByX KiaccoB BeIOOp 00BekTOB {X 115 X r2s ...,X 4} oOpazyromero
MHOXKeCTBA W,  OCYLICCTBISCTCS IO CICAYIOIEMY MpaBuiy: o0BexT X
BKJIFOYACTCS B Wf , €CJIU:

1) OH IpUHAINIEKAT TOMY JKE KIAacCy, YTO U HadyanbHas Touka X ,;;

2) paccrosiHMe OT PacCMaTpHBAeMOro OObEeKTa A0 HAYAIBHOH TOUKH X
MEHBIIIC, YEM 110 KOHKYPUPYIOIIEH TOUKH X /)

3) pacctosune R;; OT paccMaTpuBacMOro OOBEKTa 0 HA4aIbHOM TOUKH
MEHBIIE PAcCTOAHUS R;, OT paccMaTpuBaeMoro oObEKTa 0 KOHKYPUPYHOUIEH

TOYKH M MEHBILE PACCTOSIHUS R, , MeXIy HadyalbHOI U KOHKypUpYIOLIel TOUKaMU

(s ciydasi, KOTJa KIAcChl COCTOSIT M3 HECKOJBKHUX OTHENbHBIX 00nacTei
MIPU3HAKOBOTO MPOCTPAHCTBA).
Taxum oOpasom, oGpasyromee MuoxkecTBo W (hopmupyeTcst o npasuiy:

Wf=Xf1qu2u{XiIR,"1<R[-’2<RL2}, (1)
d
rae f; =argmax » R(X;, X;),
i=1,...d j=1
P =argj§11i_nd R(X;, X)),
ViEV

n
R,y =R(X,. X,)=> (x,—x,)° .

1=1
3HaueHHs  TPU3HAKOB  {Xjj, Xjp,..., Xj,]  HOBOrO  W-00BEKTa X,»W
dopmupytorcst mo  obpasyromemy MHOKeCTBY W, M pacCUMTHIBAIOTCS Kak
KOOP/JMHATBI LIEHTPA MAacC CHCTEMbL U3 p, = |Wf| MaTepHAaIbHBIX TOYEK (IIPUMEM,
4T0 OOBEKTH MCXOJHOU oOywaromeidl BbIOOPKHU, SBIAIOIIUECS B IPU3HAKOBOM
IIPOCTPAHCTBE MaTepUATIbHBIMU TOUKAMH, UMEIOT Maccy, paBHyIO 1), rie |Wf| -

MOIIIHOCTh MHOKECTBA Wf , T.€.

Xy =— D.Xj. 2)

[oce popmupoBaHHs OUEPEIHOTO W-00BEKTa, BCe 0OBEKTHI 00PA3YIOIIETo ero
MHOXKECTBA YIQISIOTCA M3 HMCXOIHOW oOywaromei BpiOOpKH, T.e. X =X \W,.

AJITOPUTM 3aKaHUMBAET CBOIO paboTy, KOrJa B MCXOHOW 0Oydaromiell BhIOOpKE He
ocraHercs HA oqHoro oonekra X = J.
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[MocTpoenne pemammMX NPaBUI KIACCHPUKANMH € WCHOJb30BaHHEM
MeT0Ja I'pPYNMoBOro y4eTa aprymMeHToB. MeToa TpyNIIOBOTO y4eTa apryMEHTOB
OCHOBaH Ha IPUHIMINAX TEOPUU OOy4YeHHsS M CaMOOpraHW3alMd, B YAaCTHOCTH, Ha
MPUHIIUIIE MAacCOBOHM '"celmekuuu" WM CaMOOPTaHHW3YIOIIEMCS HalpaBIeHHOM
nepebope  BCEBO3MOXKHBIX ~ BAPMAHTOB  IIOCTPOCHUSI  PEIIAIONIETO  IIpaBHIIa
Kkiaccuukanuu ¢ orcedeHuaMu [12]. 3agaga moCTpoeHus PEIaoniero npaBuia B
MI'YA npencraBisercs Kak 3aJada HMHIYKTHBHOTO TOCTPOEHHS MOJCIIH,
YCIIOXKHSIOIEHCs B Tpoliecce padoThl AITOPUTMA.

Uckomoit ¢ momompio MIYA  Mozenpio  (pemIaromyM — MPaBHIOM
Kiaccudukanum) Ui paccMaTpuBaeMoil B JaHHOM paboTe 3aqaun OyzeT peunratoriee
MpaBWwIO Kiaccu(UKanuu, IpeAcTaBilsieMoe B Buae mnoauHoMa Kommoroposa-
I'ab6opa

g(x) = a0+2a x+22a XX +ZZZa XXX,

i=1 j=1 i=1 j=ly=1

e a={ay,a;, a;, Qs ...\, j,y =1,n} — kKoddUIHEHTHL.

ij> Fijyo e
s ompeneneHuss BeKTOpa KOA(PPHUIIMEHTOB MATEMAaTHUYCCKOW MOJIEIU IO
BBIOOPKE JAHHBIX MPUMEHSIOT METO I HauMeHbIHX KBaapaToB (MHK).
3ajaya TOCTPOSHMS pELIAIOUIero IpaBMiia KiIacCH(UKAUU periaercs B
HecKoJpKo 3TanoB [11]. BHagane u3 Bcex HE3aBUCUMBIX IIEPEMEHHBIX (apTyMEHTOB)
00pa3yroTCs BCEBO3MOXKHBIC TPYIIBI KOMOWHAIMNA. TpamuliMOHHO Kakaas Takas
KOMOUMHAIMSI COJEPKUT TOJIBKO JIBA apryMeHTa W o0pa3yeT MHpOCTOW MOJMHOM
MaJIOTO TOpsAaKa (SIIEMEHTApHOE pelnaromiee mpaBmiio kinaccupukarum). Jamee
BBITIOJIHSAETCS Kaccu(uKkanus 00beKTOB KOHTPOJILHOM BBIOOPKH S p MOJIYYEHHBIMU

MTOJIMHOMAaMH M KaXX/IbI 13 HUX OIIEHUBAETCS 110 BEIOPAaHHOMY KPUTEPHIO CEJICKIIHH.
Cpean Bcex MONMHOMOB OTOMpaeTcs R; JydIINX MOJIMHOMOB, KOTOPBIE SIBIISIFOTCS

apryMEHTaMH HOBBIX YaCTHBIX MOJHMHOMOB CJIEIYIOIIEr0 YpOBHA 00OOLICHHS H
IpoLecC MOBTOPAETCS.

O6mas >¢ppexTrBHOCTE MI'Y A 00ecieunBaeTcst CaeIyOnMMA TPHHITAIIAMH:

1) IPUHIMIT HEOKOHYATEIbHOCTH  NPOMEXKYTOYHBIX pEIICHUH, KOTOPBIH
COCTOMT B TOM, YTO HHM OJHO M3 IIOJYYCHHBIX Ha IIEPBOM YPOBHE DCIICHUH He
IIPUHUMAETCs 3a MWCTHHY, W TOJBKO 4YacThb PEIICHWH MpOIyCKaeTcs s
JaNbHEHIIero YCI0)KHEHNUS PEIIaloIiero IpaBmia;

2) TPHUHLMII BHEIIHETO JOIOJIHEHHUS, COTJACHO KOTOPOMY JUIsl OLIEHKH
KadyeCcTBa MOJMHOMOB HUCTIOJIL3YETCA KOHTPOJIbHAA BI)I60pKa, HE ydJaCTBOBaBllIas B
ompeaeNieHn Ko3()(HHIHEHTOB MOJIMHOMA;

3) mpuHIMI caMo0TOOpa, COIJIACHO KOTOPOMY Ha CHEAYIONIIMH YpOBEHb
00001IeHH S TPOITYCKAIOTCS TOJIBKO JIYIIUE IOJIMHOMBI IPEABIAYLIETO YPOBHS;

4) IpUHLUII eIMHCTBEHHOCTH OKOHYATEIIFHOTO PEIIEHHs], COTJIACHO KOTOPOMY
YCIIOKHEHHE IIOJJMHOMOB IPOMCXOAUT IO TeX II0p, II0Ka He IPEeKPaTHTCS
yIydIIeHrne KadecTBa MOJIy9aeMbIX PeIIaronInX MPaBuil.
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CornacHO TPHUHIMITY OOpPabOTKM HOBBIX OOBEKTOB O0Oyuaromieil BhIOOPKH,
MOCTYMAIOMINX B MpOIecce pabOThl CHCTEMbI PACIIO3HABAHMS, M3JI0KEeHHOTO B [13],
JlaHHas cXeMa MOXKET OBbITb yCHJICHA 33 CYET IOIOJHEHHsI KOHTPOJIBHOW BBIOOPKU
HOBBIMH OOBEKTaMH W BBIIIOJHEHHS HOBBIX ypOBHEH 0000IIeHHS NpH HEBEpHOU
Knaccuukanuu 100aBISIEMBIX OOBEKTOB, UYTO MOATBEPXkIacT 3(PPEKTHBHOCTD
ncnonp3oBaHnsd MI'YA B afanTHBHBIX CHCTeMax pacro3HaBaHus. s perneHus
mpoOieMbl 00pabOTKH BBHIOOPOK OOJNBIIOTO pa3zMepa Jajiee MPEATIOKUM CHOCOOBI
y4deTa Beca W-00bEKTOB MPHU MOCTPOSHUH TOJMHOMOB B MI Y A.

Cnoco0b! UCIOIB30BAHUS BECA W-00bEKTOB IIPH MOCTPOCHHH PElIAIOIIEro
NpaBWJIa MeTOIOM TPYNNOBOIO Yy4yeTa aprymeHToB. Jlius moctpoeHus
ONTUMAJBHOTO 10 BEIOpaHHBIM IapamerpaMm anroputMa MI'YA ¢ ucnosnszoBanuem
B3BELICHHOI BBIOOPKH W-OOBEKTOB INPEJIOKHMM BO3MOXKHBIE CIOCOOBI yueTa Beca
W-00BEKTOB.

1. Ucnonb3oBanue Beca W-00BEKTOB IIPH pacyeTe BECOBBIX KOI(D(GHUINEHTOB
YaCTHBIX ITOJIMHOMOB JFO00OTO YpOBHS 0000meHns. [lpy HCroms30BaHUM TaKOTO
crnoco0a 4YacTHBIM IIOJIMHOM, CO3[aBaeMbli, HampuMmep, Ha IIEpPBOM YpPOBHE
aNropuT™Ma, OyZIeT UMETh BUI!

g(x) =y +onk;x; + ayk i x; +oskik jxx;
rae k; u k; —Bec i -rou j-ro w-00bEKTOB COOTBETCTBEHHO.

JaHHBIA crmoco0 BKIFOYCHHS Beca W-OOBEKTOB B YACTHBIC ITOJMHOMBI
MO3BOJISIET OKAa3bIBaTh CYIIECTBEHHOE BJHMSHUE Ha TNPHUHUMAEMblE PELICHUS O
KIaccu (KA 00bEKTOB, MMEIOIINX OOJIBIION BeC.

2. BxiroyeHue Beca W-0OBCKTOB B BBHIOPAHHBIN KpUTepHii cenekiuu. Torma,
HampuMep, KpUTepuil "MUHIMYM CMETEHHSI IDTI0C PETYISIPHOCTE" OyaeT HMETh BHJ

a-n np
D ki (D =YD Dok V(S maga— Y(SDw)}
o= = + =1 — min.

n I’I.B
a-Zki 'y(S)%el zki 'y(Si)rznaﬁﬂ

i=1 i=1

OTMeTHM, 4YTO JaHHBIA crnoco® ydera Beca W-OOBEKTOB IO3BOJISET
CYIIECTBEHHO YBEIMYUTH TOYHOCTH MOJTYJaeMbIX KJIACCH(PHUKATOPOB.

3. Hcnonb3oBaHue Beca W-OOBEKTOB JUIS COKPAIIEHHS KOJIMYECTBA YaCTHBIX
MTOJIMHOMOB, CO3/IaBa€MBIX Ha KOKIOM YpoBHE anroputMa. Ilpu peanusamnuu Takoro
Ry Ry =1

2
HEKOTOpask UX 4acTh, UMEIOIIAasi MAKCUMAIIbHOE 3HAUCHNE BECa 0OBEKTOB, BXOIAIINX
B [IOJIUHOM.

4. Hcnonp3oBaHHe Beca W-OOBEKTOB B QITOPHUTMax C Oa3HCHBIMH
nepeMeHHbIMHA. Ha 11000M ypoBHE anroputMa B YacTHBIC TTOJMHOMBI HPOUCXOIUT
BKJIFOYCHHE OOBEKTOB MCXOAHOHM BbIOOpKH. Ilpu wHCIONB30BaHMM B3BEIICHHON

Hojaxona U3 BceX Z, :C,%,Nf1 = TIOJITMHOMOB  CO3JIAETCSI TOJIEKO
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oOyuaroiieil BEIOOPKU OTIpe/ieicHHe 00BEKTOB, BKIIFOUACMBIX B ITOJIMHOMBI, MOXKET
OCYILECTBIATHCS C YIETOM HX Beca.

Pe3yabTaThl 3KCIIEpUMEHTANBHBIX Mcc/Iel0BaHMil. [ oleHKH kadecTBa
PEIIAIOKX IPaBUII, TOTYIaeMBIX ¢ ToMomsio MI'Y A 1o B3BeIIeHHOH 00yJarommeit
BBIOOpKE, OBUT MPOBENEH Psll AKCIIEPUMEHTANBHBIX HccieaoBaHui. OLeHnBaeMbIMU
mapaMeTpamMu 6a30BOT0 M MOIUGHUIIMPOBAHHOTO anroput™MoB MI'Y A ABISUITHCE:

— KayecTBO Kiaccu(UKaIi O0OBEKTOB KOHTPOJHHON BHIOOPKH (KOJIUYECTBO
HEBEPHBIX KiIacCUpUKanuii OOBEKTOB KOHTPOIBHOH BBIOOPKH TOCTPOCHHBIM
pelaronyM npaBuiaoM — N(S,) );

— KOJHMYECTBO WICHOB IIOJIMHOMAa mk, OT KOTOPOTO 3aBHCHT CKOPOCTh
BBINOJTHEHUS KJIACCHU(DHUKAIIMN PACTIO3HABAEMBIX 00BEKTOB.

Jns npoBeaeHHs UCCIENOBAaHMN HCHOJB30BAJIMCh HCXOJAHBIE BBIOOPKH,
CO3ZaHHBIC 10 HOPMAJbHOMY 3aKOHY pacupenencHus, pazmepom 1500 oObexToB
NIPpY Pa3IMYHON IUIONIAJM TepecedeHHs IBYX KJIacCOB, M KOHTPOJIbHBIC BHIOOPKH
pasmepom 100 0ObekTOB. Pe3ynbTaThl MCCIeAOBaHWN 1O BBIOOPY ONTHUMAILHOTO
crnocoba ydera Beca W-OOBEKTOB, OIMCAaHHbIE BBINIE, YyCpeAHEHHble mo 50
SKCIIEPUMEHTaM, TIPUBEJICHBI B Ta0I. 1.

Tabmmma 1
3aBHCUMOCTD JUIAHBI PEIIAOLIEro MMpaBujia U KOJIMIECTBAa HEBEPHO KHaCCI/lq)PILU/lpOBaHHbIX

00BEKTOB KOHTPOJILHOH BEIOOPKHU OT cII0c00a BKITFOUEHHS BeCa W-O0BEKTOB B MCKOMBII
HOJIMHOM TIPH M3MEHSIOIIEMCs pa3Mepe NCXOHOH o0ydaromel BEIOOpKU

Peanuzarus
a . X P Brutouenue B Cokparienue
g5 °. acyeT BECOBBIX N anropuTMa
< O o KpHUTEepHii KOJI-Ba YaCTHBIX
583 ko3 PuIIEeHTOB 6a3UCHBIX
s 28 CENIeKIIUT TIOJINHOMOB o
E g g GbyHKImit
| mk NG| mk |[NGS)| mk |NGS)| mk N(Sp)
2O ~
O o A
S 25 7,3 0 6,4 0 8,5 0 10,4 0
5S¢ =
X
0 12,6 0,02 8,1 0,06 14,7 0,04 15,5 0,02
10 14,1 0,16 10,6 0,4 21,1 0,30 23,7 0,21
20 16,5 0,34 11,9 0,7 33,0 0,56 34,2 0,45
30 18,8 0,52 134 1,2 38,9 0,84 47,1 0,68
40 25,8 0,72 19,4 3,7 46,3 1,16 56,3 0,94

AHaIu3 pe3ysbTaToOB SKCIEPUMEHTAIBHBIX HCCIEA0BaHUMI 110 BEIOOPY criocoba
BKJIIOUCHHUS Beca W-OOBEKTOB B pelIaloliee MPaBIIO KIAacCH(HUKALUK TOKa3all, 4To
Hanbonee HS(QPEKTHBHBIM SBIACTCS CHOCO0 HCIONBb30BaHHA Beca OOBEKTOB
B3BEUICHHOI 00y4alorieii BRIOOPKH IpH pacyere Ko3(h(HUINEHTOB MOIHMHOMOB.

Jnst oueHkn 3((GEKTUBHOCTH HCIOJIB30BAHUSI B3BELICHHOI'O MHOTOPSIIHOTO
aNTOpPUTMa METO/A TPYIIOBOTO y4deTa apryMEHTOB IO CPaBHEHHIO C 0a30BBIM
MHOTOPSIHBIM ~ anropuTMoM MI'VA, HUCIONB3YIOINM HCXOAHYIO 00yJarolyro
BBIOOPKY, Talke IIPOBEICHA CEpUs HCIBITAHUHA, B KOTOPBIX BBIIOJIHSIIOCH
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MMOCTPOCHHE PEUIAIOIINX MPABHJI KJIACCH(PHUKAIIMKA TI0 KMCXOIHBIM BBIOOpKaM
pa3nmyHOTO pasMepa. llmomane mepecedeHus: KIIacCOB UL 3TUX BHIOOPOK B
MPOCTpaHCTBE MpU3HAKOB cocTaBisieT 20%. Pe3ynbTaThl UCHIBITAHUH, TPUBEACHHBIE
B Ta0JI. 2, ABIAIOTCS CpeaHUMH 110 50 SKCIepuMeHTaM.

Tabnuma 2

KonnuecTBo HeBepHO KiIaccu(UIMPOBAHHBIX 00BEKTOB KOHTPOIBHBIX BEIOOPOK IS
AQHAIM3UPYEMBIX AITOPUTMOB METO/Ia IPYIIIOBOTO yueTa apryMEHTOB

Pasmep ofyuarome BEGopKH N(S}) 6asoBev anropurMom N(S,) B3BemennsM
MI'YA anroputMoM MI'VA
200 0,6 04
400 1,4 1.0
600 28 1.6
800 46 24
1000 6,8 3.0

AHanmu3 pe3ylbTaTOB HCCIEJOBaHMN IOKa3al, YTO HE3aBHCUMO OT pasMmepa
oOyuaromieii  BeIOOpKH 3((PEKTUBHOCTH TPEAIOKCHHOTO B JaHHON paboTe
B3BEUICHHOTO MHoOTopsinHoro amroputMa MIYA mpeBbimiaer 3¢ QeKTHBHOCT
6a3zoBoro aixroputMa MI'Y A, HOCTpOEHHOTO 1O HCXOJHOI BBIOOpKE.

Taxke OTMETHM, HYTO KOJHMYECTBO YPOBHEH IIOCTPOCHHUS MOJIMHOMOB BO
B3BeleHHoM anroputMe MI'YA B cpennem Ha 20% MeHblIe KOIUYECTBA YPOBHEI],
BBINOJTHIEMBIX 0230BBIM AJITOPUTMOM.

BeiBoanl. B pabote mpemiokeH moaxoj K MOCTPOCHHIO PEIIAOIIMX [TPABHII
Kinaccu(UKalMy aJanTUBHBIX CUCTEM PACIIO3HABAHHS METOJOM IPYIIIOBOTO ydera
apryMEHTOB IO B3BEIICHHOW BBIOOpKE W-00BekTOB. [lo pesynbTaram anamm3a
0COOCHHOCTEH aJrOPUTMOB MTOCTPOCHHS PEHIAOIINX MPABUI METOIOM TIPYIIIIOBOTO
ydeTa apryMEHTOB MPEIUIOKEHBI CIOCOOBI BKJIFOUCHHSI Beca W-OOBEKTOB B
pelaroIre NpaBuia U JaHa OIICHKA CTEIICHU WX BIIMSHHS HA [MOJTy4aeMbIe PCIICHHS.
[IpoBeneHHOE IKCIEPHUMEHTANIBHOE HCCiiea0Banne 3PPEKTUBHOCTH UCIOIB30BAHUS
B3BCIICHHO!N 00yJaroIIei BHIOOPKH W-00BEKTOB B KQUECTBE MCXOIHBIX JAHHBIX PU
MOCTPOCHUH PEIIAIOIINX MPABHI KIacCH(PUKAIMY MOKA3aJl0 YMEHBIICHUE BPEeMEHH
MTOCTPOCHUS PEIIAIOIIETO NpaBuiIa Kiaccupukamu B cpeaaeM Ha 20%, yBenmuyeHue
CKOPOCTH KJIAacCH(HUKAIMA pPACIO3HaBaeMbIX OOBEKTOB cpemHeM Ha 16,5%,
yBenudeHue 3 GEKTUBHOCTH KiIacCH(DUKAIIUH 00BEKTOB KOHTPOIBHBIX BBIOOPOK.

Takum 00pa3oM, Ha OCHOBE IPEIaraeéMoOro aBTOPOM IOIXOJa K PEIICHHIO
33]a4d MOCTPOCHHUS PEIIAIOIUX NPaBHI KIaCCH(UKAIIMA METOJOM TPYIIOBOrO
yd4eTa apryMEHTOB IO B3BCIICHHBIM OOYYaIONIMM BBHIOOPKaM W-OOBEKTOB, ObLIa
peliieHa OnM3Kask K PaCCMOTPEHHBIM paHee 3a/ada, YTO IMO3BOJIIET TOBOPUTH 00
YHHUBEPCATBHOCTH U 3(P(PEKTUBHOCTH KCIOJH30BAHUS B3BEHICHHBIX OO0YYAIOIIMX
BBIOOPOK W-OOBEKTOB JUIA PEIICHUS 3a1ad IMOCTPOCHHsI OOYJalOmUXCS CHUCTEM
pacro3HaBaHUsL.
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VJIK 004.93'1

Po3miupeHHs1 MeTOly IPYIIOBOI0 BPaXyBaHHsI apr'yMEHTIB Ha 3BaKeHi HaB4aw4i BUOIpKu w-
00'exTiB / Boauenxo O.B. // Bicaux HTY "XTII". Tematnunumii Bumyck: IHpopMaTuka i MOETIOBaHHS.
— Xapkis: HTY "XTII". — 2010. — Ne 31. — C. 49 — 57.

Y poboti po3misHyTO 3amady MoOyZOBH BHPINIYOYMX TNpaBwil Kiacudikauii B alanTHBHUX
CHCTeMaX PO3Ii3HaBaHHs. PO3IIISHYTO MOXKIIMBICT TOOYIOBH BUPIIIYIOYHX IPABIII METOJOM IPYIIOBOTO
BpaxyBaHHs apryMEHTIB MO 3BaXKeHil BUOipLi W-00'€KTIiB. 3aIPOMOHOBAHO CIIOCOOU BUKOPUCTAHHS Bark
W-00'€KTIB B alropuTMax METOAY TPYIOBOrO BpaxyBaHHS apryMeHTiB. HaBeneHo pe3ynbTaTi
eKCIePUMEHTAIbHUX JOCTI/DKEHb, IO IMiATBEP/PKYIOTh BHCOKY SKICTh OTPHMYBAHHX BHUPINTYIOUHX
npasui. Ta6mn.: 2. bibmiorp.: 12 Ha3B.

Kiro4oBi ciioBa: Bupimryroue HpaBWiIO, METOJ TPYIIOBOTO BpaxyBaHHS apryMEHTIB, 3BajKeHA
BUOiIpKa W-00'€KTIB.

UDC 004/93°1

Expansion of the group method of data handling on the weighted training sample of w-
objects / Volchenko E.V. // Herald of the National Technical University "KhPI". Subject issue:
Information Science and Modelling. — Kharkov: NTU "KhPI". —2010. — Ne. 31. — P. 49 — 57.

The problem of decision rules construction for classification in adaptive recognition systems is
considered. The possibility of decision rules construction on weighted training samples of w-objects with
the help of the group method of data handling is considered. The ways of using w-objects weights in the
algorithms of the group method of data handling are offered. The effectiveness of the proposed method is
shown on the test data. Tables: 2. Refs: 12 titles.

Key words: decision rule, group method of data handling, weighted sample of w-objects.

Iocmynuna 6 pedaxyuro 13.05.2010

57



