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C pa3BUTHEM U TTOBCEMECTHBIM PACIPOCTPAHEHWEM TEXHOJIOTHIl TPEXMEPHOTO CKAHHPOBAHUS ITPOMCXOIUT IKC-
MIOHEHIINAJIbHBIA POCT 00beMa MOJydaeMbIX B Pe3yJIbTaTe CKAHUPOBAHUSA JAHHBIX — [VIABHBIM 00pa30M, TpPeX-
MEPHBIX CETOK, XPAHSIIUX PeOMETPUIECKHE JaHHbIE CHUMABINErocst 00bekTa. CTAHOBUTCS aKTyaJIbHON TpobsiemMa
3 PEKTUBHOTO XPAHEHUS ITUX JAHHBIX C MUHUMAJIBHBIMU MOTEPsIMU Wiin 6€3 ToTeph uX ToYHOCTH. lIpemraraer-
CA aJITOPUTM CXKATHUSA C MOTEePAMHU JJId TPEeXMEPHbBIX ITOJUT'OHAJIbHBIX CETOK, IMOJYyYeHHBIX MeTOJ0M TPeXMepHOIro
ckarupoBanus. ONMUCHIBAIOTCS XapaKTEPUCTUKK 3TOrO ajropurMma. [IpuBoaurcs cpaBHeHne oO6beMa JTaHHBIX, TI0-
JIy9aeMbIX B pe3y/IbTaTe MPUMEHEHUs MPEJIOKEHHOTO AJITOPUTMA, C MOMYISPHBIMA (pOpMATAMU JJIsT XPAHEHUS
TPEeXMEPHBIX CETOK.

KuroueBsbie cioBa: Cxkarne ¢ IoTepdaMu, TpexMepHasd MOJeJIb, TPEeXMEpPHas CeTKa, KBaHTOBaHUE

Lossy compression method for polygonal meshes-

A.A.Zachesov
Keldysh Institute of Applied Mathematics, Moscow, Russia

Development and spreading of three-dimensional scanning technologies result in exponential growth of scanned
data volumes — mainly three-dimensional grids that store geometry information. It becomes an actual problem
to efficiently store this data with minimal or without precision loss. We propose a lossy compression algorithm
for three-dimensional polygon meshes obtained by three-dimensional scanning. We describe algorithms’ charac-
teristics and show the comparison of the compression ratio for the proposed algorithm and popular file formats

for storing three-dimensional meshes.
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Bce crtocobbl mostyueHust TpeXMepHBIX MOJIeIel MOXK-
HO pa3/eJIuTh Ha JIBe TPYIIBI: MOJEJIMPOBaHUE, KO-
Ia Co3/MaHne TeOMETPUN MOJETN IPOUCXOAUT B IIO-
JIyABTOMATHIECKOM PEXKMME, U PEKOHCTPYKITHsT, KOTIA,
[TIOCTPOEHUE MEOMETPHUH OCYIIECTBIISIETCS aBTOMAaTHIe-
CKH. DTO MOXKET OBbITh PEKOHCTPYKIMSI TPEXMEPHOI
MOJIeJI U3 MHOTOPAKYPCHOI'O BHJIE0, PEKOHCTPYKITUSI
[0 CTPYKTYPUPOBAHHON TOJCBETKE WJIM PEKOHCTPYK-
s U3 BUIEOPAIA C OTHON Kamepsnl. JI100oit m3 3Tmx
METOJOB OCYIIECTBJISET IIOCTPOEHNE TPEXMEPHOI CeT-
KI C HEKOTOPOH IIOIPEITHOCTBIO OTHOCUTEJIBHO PeaJib-
HBIX PA3MEPOB UCXOJIHBIX 00bEKTOB.

JlaHHble, OJIydaeMble B PE3Y/IbTATe TPEXMEPHO-
ro CKAHUPOBAHWdA, KAK IPABUJIO, SBJSIOTCA IIPOME-
JKYyTOYHBIME TEePEe JAJIbHEHIIM 3TaroM o6paboTKH.
OTO 0O3HAYAeT, YTO TOYHOCTH ITPOMEXKYTOUHBIX JAH-
HBIX BJIMSIET Ha KA4eCTBO 9TOM JajbHelileil obpadbor-
KU, U3-38 49ero JJjid XpaHeHUs JAHHBLIX, KaK IIPABUIIO,
HCIOJIB3YIOTCA (POPMATHI, IIPEIIOIAraIOIIe XPAHEHNE
JIAHHBIX 0€3 MOTePb. JTO HPHUBOAUT K 3HAYUTEIHHO-
My 00beMY XPaHUMBIX IPOMEXKYTOYHBIX JaHHbIX. [Ipn
3TOM, KaK TOBOPUJIOCEH BLIIIIE, JIAHHLIC M3HAYAILHO CO-
JIepKaT IIOIPEIIHOCTb, KOTOPOH MOXKHO IpeHeOpedb.
OTO IO3BOJILET CO3JATh AJIPOPUTM CXKATUS JAHHBIX
C MTOTEPAMU, MO3BOJIAIONINH CYIIECTBEHHO yMEHBIIUTD
00beM XPAHUMBIX JAHHDIX.

Pabora onybnaukoBana mnpu dpunanCcoBo# mnomaep:kke PODU,
rpanTt 15-07-20347

0O630p cyuiecTByOLNX METOAOB

Cy1iecTByeT 3HAYUTE/IbHOE KOJIUIECTBO METOIOB, OCY-
IIECTBJIATONX CXKATHE MPOU3BOJBHBIX ITOJUTOHAb-
HBIX CETOK ¢ norepsiMiu |2, 3]. VIx MOXKHO pa3ieuTs Ha
JiBe 6OJIBIINE MPYIIIBI: METO/IbI, UCIIOJIL3YIOIIIE YIIPO-
LIEHUE NCXOIHON CEeTKM — yMEHbIIEHNE KOJIMIECTBa 110~
JINTOHOB — ¥ METO/IbI, COXPAHSIOIINE UCXOMHYIO0 CTPYK-
Typy CeTku (KOJIMIECTBO BEDIINH W TPEyTOJbHUKOB
6e3 n3Menenuit). MeTobl 13 nepBoii IPYIIIbI MO3BOJIsI-
IOT JOCTUYD HU3KUX KOI(MDPUIIMEHTOB CxKaTusl, 0TOpa-
ChIBasl 4acTbio HHMOPMAIUU 00 NCXOMHBIX IOJIUTIOHAX.
B [2] ymenbIaeTcs KOJIMYECTBO HOJUIOHOB TPEXMep-
HOM CeTKU IyTeM OObeMHEeHHs HECKOJIbKUX ITOJIUIO-
HOB B 0JiuH. TakzKe OMUCHIBACTCS TIOX0J], OCHOBAHHBIH
Ha TePECTPAuBAHUU M€OMETPUIECKON CTPYKTYPhI MO-
JIeJIN C TIEJIBIO TOJIyYeHUs] PABHOMEPHON CeTKU.

IIpu BTOpOM mnoOAXOAE CTPYKTypa (KOJUYECTBO
BEPIIVH U TPEYrOJbHUKOB) TPEXMEPHONH CEeTKHM OCTa-
ercss HemaMeHHOH. B [5] mcnosb3yercs kBaHTOBaHHE
KOOD/IMHAT, & TaKyKe 3aMeHa 3HAYEHUH KOOPIUHAT UX
pasnocTbio. s KBAHTOBAHUST KOOPJUHAT UCIIOJIB3Y-
ercst dbukcupoBanHoe unciao 6ut. B [1] mus xkomupo-
BaHWs 3HAYEHUIT PA3HOCTH KOOPJWHAT UCIOJb3YIOTCS
kozbl Xadbdmana. s npeacraBienns nadOpMAIAT
O TPEYTOJIbHUKAX MUCXOJHON TPEXMEPHOU CETKH Yallle
BCETO UCTIOJIb3yeTcst nHGOopMaIyst 06 ux cBs3HOCTH [4].
IIpu ucrob30BaAHIM TAKOTO TIOIXO/IA JJIsl COXPAHEHUST
uHbOpMAaIIK 06 OJHOM TPEYTOJBHUKE JOCTATOYHO 2
our.

FO6unetinas 25-a Mexxaynapoanas kougepennus (GraphiCon2015), Poccus, Ilporsuno (Ilapk Jpakuno), 22-25 cenrsibps 2015 r.
25th Anniversary International Conference (GraphiCon2015), Russia, Protvino (Park Drakino), September 22-25, 2015
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MNpeanoxxeHHblA anropmTm

IIpemraraercst ajaropuT™M CxKaTusl ¢ IMOTEPSIMU  JIJIsT
TPEeXMEPHOI MOJUTOHAJIHLHON CeTKH, OIUCHIBAEMOIT CO-
BOKYIIHOCTBIO MaCCHBa BEPIINH U OO0beIUHSIOMMUX UX
TpeyroJbHUKOB. KaxKaast BepInHa OIMCHIBAETCS TPe-
Msl BEIIECTBEHHBIMU KOOP/MHATAMU, & KasKJbIil Tpe-
YTOJIBHUK — TPeMs IEJIOYNCIEHHBIMU WHJIEKCAMU Bep-
MIMH. BBIXOAHBIMYA JAHHBIME aJCOPUTMA,  SIBJISIETCS
CcyKaToe TPEICTAaBICHNE NCXOTHOM CETKH, KOTOPOe Ia-
Jiee TakyKe OyIeT MMEHOBATHCS BBIXOTHBIM ITOTOKOM.
VcxonHble JaHHBIE MOXKHO TaKyKe IIPEJICTABUTH KakK
[10CJIE/IOBATEILHOCTD BEPIIUH U II0C/I€0BATEIBHOCTh
TPEYroJIbHUKOB, KOTOPbIE O0beINHSIIOT 3TU BEPIIUHBI.
Pacemorpum 06paboTky STMX HAOOPOB JIAHHBIX OT-
JIeTHHO.

O6paboTka nocnepoBaTeIbLHOCTU KOOP-
ANHAT BeEpPLIUH

Pacemorpum oy m3 BeprmH 1oc/ie10BATEIHHOCTH,
Hamnpumep, nepyo. Koopauaarsl 9TOl BEPIIUHBI 110
KaXKJI0il 13 0Ceit MOT'yT 3HAYUTEIBHO OTJINYATHCS IPYT
OT JIpyra 0 abCOJIFOTHBIM 3HAaUYeHUsIM. B TO ke BpeMsi
3HAYEHUsI KOOPJAWHAT 10 KayK10# u3 oceil OymayT 6sims-
KM K 3HAYEHUSM KOODIUHAT COCEIHEIl BEPIIUHBI I10
TOI »Ke och. Bymem 0b6pabaThIiBaTh MOCIEI0BATETHHO-
CTH KOOPJMHAT I10 KaxKJI0U U3 Oceil He3aBUCUMO, & JIJIs
OIIPeJIeJIEHHOCTH B JIajIbHEMIIEM pacCMaTpUBATh CyKa-
THe I0CJIeI0BATEIbHOCTH KOOpAMHAT 1m0 ocu . Jljist
[IOCJIEIOBATETLHOCTE KOOPAMHAT IO OCTAIBHBIM OCSIM
00paboTKa aHAJIOTHIHA.

OcHOBHOI wmpeeii ajJiropuTMa CXKaTus [IOCJIEJ0-
BaTEJIHLHOCTU KOOPJMHAT, KAK U B METO/IE, OIICAHHOM
B [5], siBsieTcs 3aMeHa 3HAYEHWH KOODAMHAT 3Hade-
HASIMH PA3HUIBI MEXKJy COCEJIHUMH KOODIUHATAMA.
CakaTue JJOCTUTaeTcs 3a CYeT KBAHTOBAHUS 3HAYCHUN
PA3HUIILI U UCIIOJIB30BAHUS JIJIsI HUX MEHBIIEr0 KOJIU-
4gecTBa OUT, YeM JIJIsI 3HAYEHUST UCXOTHOI KOOPMHATHI.
Jly1s KaxK 101 BEPIIUHBI B BBIXOIHON ITOTOK 3aIACHIBA~
ercs 3HadeHne A = x, — Tp_1 C 38JAHHOH TOYHO-
cThio. B omyimdme oT cxKaTws m300parKeHuWit W BU-
J1e0, IMara30H 3HaYeHuil A He OrpaHuveH, MOCKOJIbKY
abCOTIOTHBIE 3HAYEHUST UCXO/IHOM CETKHU HE OTpaHUYe-
HBI, KDOME TOI'0, CaMa, MCXOJ/IHAs CeTKa MOXKET COJEp-
2KaTh B cebe pa3pbiBbl. Jljist orpaHnYeHns nuana3oHa
U3MEHEHNs] 3HAYEHUI PAa3HUIIBI KOODIMHAT BBOIUTCS
napaMeTp MaKCUMaJIbHONH KOAUPYEMOU Pa3HUIIbl, UJIN
[IOpora KBAHTOBAHUSI, 33/[aBAEMbIfl OJTHOKPATHO JIJIsI
Bceil 11oCJIeI0BaTeIbHOCTH KOOP/IMHAT 110 0/iHOM ocu. B
paMKax 9TOro JUalla30Ha JJIsd 3HAYEHUN DPA3HUIIBI UC-
[IOJIb3YETCsI ONEPAIls KBAHTOBAHUS 10 YPOBHIO C 3a-
JAHHBIM KosimdecTBOM OnT. [lyis KaxK1oit KoopaunHATHI
ee 3HaYeHHE B BBIXOJHOM IOTOKE AIIPOKCUMUPYETCS,
KaK:

T, Xl =+ A. (1)

rJie ), _, — 3HAYEHWe KOOPJMHATHI JIsl IIPebLLy el

BEPIINHBI II0CJIC IPUMEHEHNA K Hell aHAJOTUYHOU all-

[IpOKCHMAIn. JIjIst IepBoit KOOPJIMHATEL Tg = X(), 1 €€
3HAYCHUE MTOMEINACTCA B BHIXOJTHOM TOTOK «KAK €CTh.
Suadenne A eCTh AIMPOKCUMAIUS UCXOIHON Pa3HUIIbI
MeskLy £(n — 1)) 1 2, BhlYmCIfeMoe Kak:

/ /
X, — T
—1
A=|— Q — 2 (2)
rme () — mopor KBAHTOBAHUS, P — KOJUIECTBO yPOB-
Hel KBaHTOBaHHA, KOTOPbIC ABJIAIOTCA ITapaMeTpaMMn

METO/IA.

Vicniosib30BaHME KOOPAWHAT IIOCTE UX ANIPOKCH-
MaIlii B KadecTBe 0A30BBIX JJIsI KOAUPOBAHUSI CJIEJLY-
FOIUX KOOPJUHAT B IOCJIEI0BATEIBHOCTH HEOOXOIUMO
JIJIsE KOPPEKTHOH pacnakoBKu. Kcim pasania Tekymeit
paccMaTrpuBaeMoil KOOPAUHATEL ¢ IIPEJAbLIYyIIeil KOop-
JUHATOH O0JIbIIe 33JAHHOIO [T0POra KBAHTOBAHUS, Te-
KyIasi KOOp/JuHaTa IIOMeIIaeTcsl B BBIXOJHOU ITOTOK
«KaK eCTb». Takne BepIIUHBI HA30BEM KJIIOUYEBBIMU.
Bcro mocsiemoBaTeIbHOCTD NCXOMHBIX KOOPIUHAT MOYK-
HO pas3dbuTh Ha HAOOP HE3ABUCHUMBIX ITOCJIEIOBATEb-
HOCTEH, COCTOAIIMX M3 KJIIOYEBOH BEpIIMHLI U IIPO-
U3BOJILHOT'O KOJINYeCTBa KOOPAWHAT, 3aKOUPOBAHHBIX
pa3HuUIei.

OueHka k03U MeHTOB CKaTUAa 4ns no-
cneoBaTeNIbHOCTU KOOpPAUHAT

st ontenkn KO3 MUIMEHTOB C2KATUS OyIeEM CIUTATD,
9TO NI COXPAHEHUS BEIECTBEHHOTO 3HATEHUS KOOP-
mauHaThl HeobxomuMmo 4 Oatita. Kosddumumentsr cxa-
TUst OyIeM paccMaTpUBATh TOJBKO JJIsl [IOCJIEI0Ba-
TEJLHOCTU KOOPJUHAT TI0 OJTHOM u3 oceit. JIydmmit Ko-
3 PUIIEHT CXKATHSA JOCTUTAECTCS JIJIS TOCTIETOBATE -
HOCTH KOODP/JUHAT, B KOTOPOIl BCE PACCTOSHUST MEXKITY
COCETHUMU BEPIINHAMY MEHbIIEe, YeM BLIOPAHHBIH IT0-
POT KBAHTOBaHMsI (TO €CTh KJIIOUYeBast KOOPANHATA OJI-
HA), & JJis KBAHTOBAHWS KCIIOJb3YeTCd JiBa yPOBHI,
TO €CTb JJisi COXPAHEHWs 3HAYEHUsI PASHUIBI JTOCTA-
TOYHO OFHOTO O6mTa. IlycTh pa3Mep UCXOIHBIX JAHHBIX
cocTaBJisieT 32-n O6uT, rje n — KOJIUIECTBO KOOPIMHAT B
ocseoBaTebHOCTU. Torma 06beM CKATHIX JTaHHBIX,
npenebperasi 00beMOM, HEODXOIUMBIM JIJIsl COXPaHe-
HUS KJIIOYEBOM BEPIUHBI, COCTABUT 2-1 OUT, KO3 pu-
nmenT cxkarug — 6,25%

Xyamnii K03 UIMUEHT CXKATUA  JOCTUTAETCS
JUUTST TIOCJIEIOBATEJIBHOCTH KOOPJIMHAT, BCE PACCTOSTHUS
MEKJIy COCEJTHIME BEPINUHAMU KOTOPOU OOJIbIIe, TeM
BBIODAHHBII [TOPOT KBAHTOBAHUS (TO €CTh BCE KOOD/IH-
HATBI ABJISIIOTCS KJIIOYEBLIME). B 3TOM ciiydae obbem
YBEJIMYUTCS HA, OJIUH OUT JIJIsT KAXK /10 KJIIOIEBOI Bep-
IIIUHBI, TO €CTh CTAHEeT PaBHBIM 33-n OuT, Ko3bduIN-
ent cxxarus — 103,125%.

Anroputm BbiOOpa ONTUMAasbHbLIX Napa-
METpPOB CKaTus

Crenenb c:KaTus 3aBUCUT OT BbI60pa IIapaMeTpoB
CXKaTud: IOpora KBaHTOBaHUA MW KOJIUYIECTBa YPOB-
Hel KBaHTOBaHHA, IIpUYEeM MaKCHMaJibHasd CTEIICHb
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CXKATWsA JOCTUTAETCS, €CJIU MMOPOr KBAHTOBAHUS BbI-
OpaTh HEOIPAHUIEHHO OOBINNM, 8 KOJUIECTBO YPOB-
Hell KBAHTOBaHUs OUPAHUYIUTH nByMs. OJHAKO 3TO
[IPUBEJIET K 3HAYUTE/IBHBIM IIOTEPSIM TOYHOCTHU HUCXO/I-
HBIX JIAHHBIX, YTO CBOJAUT HA HET IOJIE3HOCTh CXKa-
THS B 1eJIOM. BBIOOD HEKOTOPBIX YHUBEPCAJIBHBIX T1a-
paMeTpPOB HEBO3MOXKEH, ITOCKOJIBKY XapaKTep HCXO/I-
HBIX JIAHHBIX MOXKET CHJIbHO BapbupoBaThesd. [l1s KoH-
TPOJIsl CTEIEHN CXKATUS MIPEJJIaraeTCsi METO/l aBTOMa~
TUYIECKOrO MOA00pa ONTUMAJBHBIX MapaMerpoB (Ipu
KOTOPBIX pa3Mep CXKATOTO IMPEICTABICHUS UCXOIHBIX
JAHHBIX MUHUMHU3UPYETCs) ¢ OIPAHUIEHHEM IIOrDelll-
HOCTU 3HAYEHUI BEPIIUH [IOCJIE C2KATUSI OTHOCUTEIHHO
UCXOJIHBIX 3HAYEHUI.

Paszmep /1aHHBIX MTOCJIE CXKATUS BCETJIA OlIPEIeisi-
€TCsl KOJIMYECTBOM KJIFOUEBBIX BEPIIUH U KOJMIECTBOM
YPOBHE KBAHTOBAHUSI, UCIIOJIb3YEMbIX JIJIsl KOJIUPOBa-
HUs 3HAYEHUs pa3HUIbl BepinH. OnTuMaibHbIMY T8~
paMeTpaMu CXKATUS SBJSIOTCS Takue () U p, Ipu KO-
TOpBIX paszmep daira S munnmased. OyHKIWA s
MUHUMA3AIUAN BBITJISIAT CJIETYIONUM 00pa30M:

S =keys-33+ (n—keys) - (p+1). (3)

31ech keys — KOJMIECTBO KIIIOUYEBBIX KOODJIMHAT, 1 —
o011iee KOJIMIECTBO KOOP/IUHAT, P — HCIOJb3yeMoe KO-
JINYEeCTBO yPOBHEN KBaHTOBaHWs. |lpubapieHue eau-
HUTBL B p + 1 TO3BOJIIET yuecTh BiusiHue Oura-diiara
Ha obbem daitna. [lo To#t ke TpUINHE UCIOIBIYETCS
MHOKUTEND 33 = 32+ 1. KonmdecTBO KIII04YEBBIX Bep-
muH keys MOXKeT ObITh BBIYUCJIEHO JIst JII0O0ro (puk-
CHPOBAHHOI'O 3HAYEHUsI Opora KBanToBaHus (. [lpu
[00aB/IEHNN OTPAHUYIEHUS HA JOMYyCTUMYIO OIIHOKY
OTHOCUTEIbHO UCXOTHBIX 3HAYCHUI MTOSABIISETCS CBI3b
MEKJ[y TOPOrOM KBAHTOBAHWSI M KOJUIECTBOM HEOO-
XOJIMMBIX yPOBHEH KBaHTOBAHUS

p = llogs(9)). (@

TJIe e — 3HAYeHHe TOIyCTUMOit orperntnocTu. /lecTBu-
TEJBbHO, YTOOBI YJIOBJETBOPUTL TpebOBaHUE O JIOIY-
CTHMOI TIOTPEITHOCTH HEOOXOIMMO U JOCTATOYHO, 9TO-
OBbI UHTEPBAJI, TIOJIyIAEMBIi ITOCIe KBAHTOBAHUS UMEJT
JyHy MenbIie e. OTcioma cjielyer, 9To Mpu yBeImde-
Huu () pacter p, 1 HA0OOPOT, & TAKIKE UTO JIJIsT MUHU-
Mu3aIun QYHKIINHA JOCTATOYHO OCYIIECTBUTH TIEPEOOD

mo Q.

O6GpaboTka nocnegoBaTeNbLHOCTUM UHAOEK-
COB TPeyroJibHUKOB

Kpome koopmHaT BepiuH 11t BOCCTAHOBJIEHUS TPEX-
MEpHOM CeTKN HeoOXOAMMa TaK:Ke MHPOPMAIIASI O CO-
eJIMHAIONNX WX TPeyroJabHuKaxX. Kak MmpaBuiio, s
KayKJIOTO0 TPEYTOJHHUKA COXPAHSIIOTCA TP WHJIEKCA
BEPIIUH, KOTOPbIE COCTABJIAIOT 3TOT TPEYTOJBHUK, TO
€CTh MCXOHBIMY JIAHHBIMU SIBJISIETCS [TOCJIEI0BATE b
HOCTb TPOEK IEJIOUNC/IEHHBIX HUHIEKCOB. JTa, MOCJIe-

0BaTEJbHOCTD OCTPOEHA TAKUM 00pPAa30M, ITOOBI CO-
ceJiHAe TPOUKHU B TOCJIEIOBATEIBHOCTH COOTBETCTBO-
BaJI COCEJIHUM B IIPOCTPAHCTBE TPEYTrOJIbHUKAM U
uMeJin obIIue WHIEKChl BepInnH. Takasi 04epeHOCTb
[I03BOJISIET ITOCTPOUTH AJTOPUTM I'€HEPAIUH [TOCJIE0-
BATEJIBHOCTH HA OCHOBE PEKYPPEHTHBIX (DOPMYJI, MC-
MOJIB3YIOMIMM 3aBUCUMOCTH MEXKJIy 3HAYEHUSIMU WH-
JIEKCOB.

B cuity Hasmmuusi pa3pbIBOB B UCXOTHON TpexXMep-
HOII ceTKe HeBO3MOXKHO 3aKOAUPOBATH BCIO ITOCJIEI0BA~
TEJIbHOCTb TPEYTOJIbHUKOB, UCIIOJIb3Yys €TMHCTBEHHYIO
pekyppenTtayio dopmyry. Bug 3aBucumocreit nHmex-
COB TaKKe MOXKeT OT/ImJaThed. st 6ophOBI ¢ 3TUM
aJICOPUTM MCIOJb3yeT HECKOJIbKO NPeJI3aJaHHbIX pe-
KyPPEHTHBIX (DOPMYJI BMECTO OJTHOM, & TaK>Ke BBOIUT-
Cd IOHATUE «KJ/IOYeBOI TPOUKU MHIIEKCOB» — TPOMKWU,
KOTOpast He MOXKeT OBbITh IPeJCKa3aHa M3 MPEeIbIIy-
el Tpyu MCIOJIHL30BAHUH JII000M PeKypPpPeHTHOH (hop-
Myabl. s KaxKmaoi KJII09eBOil TPOHKM CyINecTBYET
IIO/IIIOCJIEJOBATEIPHOCTDh TPOEK, BBIBOJAMMBIX U3 Hee
IPUMEHEHWEM OJHON M TOW XK€ PEeKyPPEeHTHOU (op-
MyJIbl (JjIdHA ITOH [OCJIEI0BATEIHLHOCTH MOXKET ObIThH
Hysesoii). Kaxkmas 110/110c/1e/10BaTeIbHOCTD COXPAHS-
€TCsl B BLIXO/IHOMN IIOTOK CJIELYIONUM 00Pa30M: KJIIOde-
Basl TPOIKa WH/IEKCOB, KOJIMYECTBO BBIBOJIMMBIX U3 Hee
JIPYTUX TPOEK U KO/l UCHOJIb3yeMOU IJIsI BOCCTaHOBJIE-
HUS PEKYPPEHTHOI (DOPMyIIBI.

IIpumep pekyppeHTHON (POPMYIIBI, OTPAKAIOIIEH 3a-
BUCUMOCTHU M€Ky WHJIEKCAMU BEPIIUH COCEHUX TPe-
YTOJILHUKOB

in = fn—1;Jn = Jn—1 — 1Lk, = Jn—1;1 = 2m

in = lp—1+1;jn = jn—1+2§kn =ip-1+2n=2m+1

rie i,j,k — WHIEKChl BEPIIMH TPEyroJbHUKOB. [laH-
Hasl peKyppeHTHast (DOpMYyJia BBIBEJIEHA 3SMIMPUYIE-
CKUM ITyTeM IIPU AHAJU3E MCXOJHBIX TPEXMEPHBIX Ce-
ToK. Beero mcmonn3yercs 4 peKyppeHTHBIE (hOpMyThbl
AHAJIOTMYHOTO BUJIA.

Ouenka kK03(pdbuLMeHTOB CxaTusa a5 no-
c/lefoBaTeIbHOCTU WHAEKCOB TPeyrosb-
HUKOB

Pacemorpum srydmuit u Xyamuit KoadhbUImenThb cxKa-
TS JIJIsl [TOCJIEJOBATEIBHOCTH TPOEK WHJIEKCOB. bBy-
IeM CUMTaTh, YTO KarKJas TPOIKa UHIEKCOB Tpedyer
12 Gaiir (Tpu 1enoUnCIIeHHBIX 3HaYeHus). Jlumy 1mo-
CJIEJTOBATEILHOCTU OyJIeM KOIUPOBATL JAByMs Oaiita-
Mu. JJist momIepyKKi BO3MOYKHOIO YBEJIMUEHUST KOJIU-
YeCTBA UCIOJIB3YEMbIX PEKYPPEHTHBIX (POPMYJI, Oyem
CYUTATDH, YTO JIJIsi COXPAHEHUsT THUIa (HOPMYJIBI HEOO-
xoguMm 1 Gaitt. Jlyammuit kosddurment mocturaercs,
€CJIN BCe TPEyTrOJIbHUKKM MCXOJHOM II0CJIEI0BATEIHHO-
CTU IIPEJCKA3BIBAIOTCS C KCIIOJIb30BAHUEM OJHOW U3
pekyppeHTHBIX dopmysi. B arom cirydae ogHa momo-
caes1oBaTeIbHOCTD U3 216 Tpoek nHekcos — 768 k6aiir



126 SatgecoB A.A.
Tabmuna 1: Cpasnenue obbeMa JaHHBIX PACCUYNTAHHBI TEM K€ CIOCOOOM, KOTOPBINA HCIIOIb-
o6 30BaJICS I OTEHKHU JIYUIIero W Xy/mero Koahdpu-
bEM AHHBIX o
HCHOJILSyeMLIfI A ITUEHTOB CXKaTHHA. ()6’]:>6M7 3aHUMaeMbId KOOpAuHaTa-
OTHOCHTEJIHHO
dopMaT TaHHBIX MU BEPINUH M UHJIEKCAMHU TPEYTOJBHUKOB, CyMMUDY-
HCXOJTHOT
Obiect cxonoro ercst. 3HaUeHUsI B TADJIUIE SBJISIOTCS YCPETHEHHBIMUI
ject file dopmar 240% 110 HECKOJIBKMM COTHSIM TPEXMEPHBIX CETOK, HCIIOJIb-
;TleKCTOBHH) 30BaHHBIX JJIsI TECTHPOBAHMS aJropuT™a. B Tabsu-
opMaT
6y dop ° 102% Ile NPUBEIEHBI PE3YIbTATHI JJIs CXKATUSA C HECKOJIb-
(Oumapubrii) KUMU DPa3/MYHBIME 3HAYEHUSAME IIOIPEITHOCTH (3Ha-
Ply dopmar LZMA[ ] 485% YEeHUs KOOPJUHAT 33J(@Hbl B MIJIJIUMETPAX ).
Meron, onucanublii B |1 17%
9
= 11 TaBJIEHHBIN aJIrOPUTM HCIIOJIb3yeTCsI o
IIpemyioxkennpiit  aaropurm peJcraBJe ajrop CHIOJIBE3yeTcst /I
(nonycrimas  morpemmocts | 13,7% XpaHeHUs] U [TePeJIavdn [0 CeTH JIAHHBIX, ITOJIyYeHHBIX
0.1 nu) TPEXMEPHBIM CKaHUpOBaHWEM. Vcmosb3yercs cxraTue
= ¢ momyctuMoil motepeit Tounoctu 0,1 MM mpm TOU-
IIpemyioxkennbiit  aaropurm
(momycrumas morpemzocTs 2 | 8,9% HOCTH HCXOJHBIX OTCKAHUPOBAHHBIX JAHHBIX 2 MM. B
) .o
M) COOTBETCTBHUM C TAOJIUIEN 3TO MO3BOJISIET YMEHBIIUTH
= 00beM XpaHUMBIX JIaHHBIX B 7-8 pa3. HoBusHa u orin-
IIpemioxkennbIii ajroput™ +
qre TPejIoKEHHOTO METO/Ia OTHOCUTEILHO CYIIECTBY-
LZMA (monycrmmas morpent- | 3,4% pell 5 YHIECTBY
HOCTH 2 M) IOIIUX METO/IOB COCTOUT B MCIIOJIb30BAHUN PEKYPPEHT-

— MOXKET OBbITh IpeJCTaBleHa Kak 15 GaiiT (nexomHast
KJIFOU€eBasi TPOiiKa MHIEKCOB, JJINHA ITOCJIEI0BATE b
HOCTHM M THI pekyppeHTHOI dbopmysnl). Koaddumm-
enT ckarus cocrapasger 0,002%. Xymmmuit kosddunn-
€HT JIOCTUTAETCS B CJIydae, eCJIM UCXOJHAs TPEXMep-
Hasl CeTKa IPEJCTABSIET COOOit HADOP HECBSI3AHHBIX
JIPYT € JPYTOM TPEYTrOJbHUKOB. B 9TOM cilydae KaxK-
Jiasi TPOMKA IOTAJIAeT B BBIXOJHOM IMOTOK KAK €CTh, U
koaddunuent cxkarust pased 125% (kaxkgas Tpoiika
zanuMaer 15 Gaiir Bmecro ucxonubix 12). Cpennee Ko-
JITIECTBO TPEJICKA3AHHBIX HWHJIEKCOB TPEYTOJHHUKOB
JJId HECKOJIBKUX COTEH MCXO/JHBIX CETOK, HUCIIOJIB30-
BAHHBIX JIJIs TECTUPOBAHUSI AJITOPUTMa, COCTABJISIET
98% ot 0b1mero 4ncia, TO €CTh CpeaHnil KO3 UIIeHT
CXKATUS TTOCJIEIOBATETbHOCTH WHIEKCOB TPEYTOJIbHU-
KOB cocTasiigeT 2,5%.

Ll,aaneﬁLuee yBesinHeHne crteneHn oOxXa-
TNnA

Pazmep 6sioka JaHHBIX, MOJIYyYAEMbI B PE3Y/IbTaTe
CXKATUS TIPEJJIOXKEHHBIM aJITOPUTMOM, MOXKET OBITh
JIOIIOJTHUTETHHO YMEHBIIIEH IPUMEHEHUEM K HEMY AaJl-
ropuTMa ckarusi 0e3 MOTepb, HAIPUMED, AJTOPUTMA
LZMA. [eiictBUTeIbHO, IPHU CXKATUU KOODAUHAT B
cIIydae, ecsii 3HAYeHUsT COCEIHUX KOOPJMHAT OTINYa-
I0TCsl IPYT OT JIpyra MeHee 4eM Ha 5, IJie € — JIOIy-
CTHMasi MOTPEITHOCTh KOOPJMHAT, WHJIEKC KBAHTOBA-
HUsI, UCIIOJIb3YEeMbIN JIJIs UX COXPaHEeHUs, OyaeT ou-
HakoB. Hajmdme B BBIXOJIHOM IMOTOKE MOMOOHBIX TIO-
BTOPOB TIO3BOJISIET YMEHBIUTL 00beM daiia.

BuiBogpbl

B Tabaure 1 mpuBeneno cpaBHeHUE 00beMa JTAHHBIX,
[IOJIy9aeMbIX IIPU COXPAHEHUH TPEXMEPHON CEeTKH B
IIIPOKO PACIPOCTPAHEHHBIE (POPMATHI C IIPEJII0XKEH-
HpiM ajgropurmoM. 3a 100% npunsar ofbem JaHHBIX,

HO# (DOPMYJIBI [JIs BOCCTAHOBJIEHUS ITOCJIEIOBATE b
HOCTHU TPEYTOJIbHUKOB, & TaK2Ke UCII0JIb30BaHUE aBTO-
MaTHYECKOT0 BIOOPA MTapaMeTPOB IIPU CXKATUU TTOCTIe-
JIOBATEJIbHOCTU BEPIIUH.

OnucaHHbIl aJITOPUTM CXKATHUS TPEXMEPHBIX Ce-
TOK He MOJJIepKUBAeT 00pabOTKY CETOK, KOTOPbIE
UMEIOT MPUBA3AHHYIO K HUM TEKCTYPY, & UMEHHO CO-
xpaHerre WHMOPMAIUN O TEKCTYPHBIX KOOPIUHATAX.
HanbHeiiee pa3BuTHE aJITOPUTMa COCTOUT B J100aB-
JIEBHUU TIOJJIEP>KKU TEKCTYPHBIX KoopauHar. OHM MO-
r'yT ObITh C2KAThl AHAJIOTMYHO M€OMETPUIECKUM KOOD-
auHaTaM. B KadecTBe JOIyCTUMOI MOTPEITHOCTH MO-
2K€T WCIIOJIb30BATHCH TOYHOCTH 3HAYEHUS KOODIMHA-
TBI, U3MepsieMasi B MUKCEJISX MCXOMHOro daiira Tek-
CTYPBL.
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