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I A. /IZKOMAPTOBAY, H. T. KAPBIMCAKOBA', H. T. HCHMOB?,
I' 3. SHATBEKOBA®, A. T. MA3AKOBA’

TKasaxckutl HayuoHanwHolil YHusepcumem um. ans-dapadu
*HHemumym uH@OPMAayOHHBIX U 6LIYUCTUMETbHBIX MEeXHON02UTl

ITPOI'PAMMA IIEPEBOJIA OFBEMHBIX N30BPAKEHII
N3 PLY-@POPMATA B PEI'VVIAPHYIO MATPHUILY BbICOT

Cinanies noceauena pazpabomee npocpamssl nepecoda obwvevirozo soopaxcenus ¢ PLY-gpopywame
¢ peaviApHYio Mampuyy evicon. Ha ocnoee peuienis Modenvroil sadauu noxkazana sghghexnienocnto cos-
dannoll npozpavmet. llpoeparinia exntouena ¢ cocnas komniexca obpaboniki nipexmepHvix uzobpaice-
Hutll.

Knarouessie cnosa: obvemroe 1nzobpasxceriie, peaviapHas Mampiijd eeicom, UHIMEpHoaaylis.

byn maxara PLY niwinvindeci yut emuenmodi xeckinOi Ouixniixmepdiy HIYpaximul MAnpuiyacsi-
Ha ayoapyea Oo1amuvid o6a0apiamansl azipievee apHaizaw. Yazi peminoe MaceneHi uwiewly HeliziHoe
azipnencer bazoapiaviansiy nuiMoitici kepceminedi. bazoaprama yui enwenmdi beitmerepdi endeyoiy
KeeHol KYpamviHa Kipeoi.

Kinmmik ce3oep: yu enuenoi beiine, Guikmixmepoiy mypaxnst Mampuyacst, WHMepnonayia.

The work is devoted to the development of a program for translating a 3D image in a PLY format
into a regular height matrix. Based on the solution of the model problem, the efficiency of the developed
program is shown. The program is included in the complex processing of three-dimensional images.

Keywords: three-dimensional image, regular matrix of heights, interpolation.

IIpoGema 3ammuTel MH(GOPMAIIIH H THOOPMAITHOHHOI 0€30IIacHOCTH ABIAETCA OIHIM
113 BJKHEIIIIIX acMIeKTOB Pa3BUTIA COBPEMEHHOTO odmecTBa. B HacTosmee BpeMs pemte-
HIle 3Toil mpodiaeMbl B 001acTH pa3padoOTKI M HKCILTyaTalnl HH(QOPMAIIIOHHBIX CICTEM
PA3MIMIHOTO HA3HAUCHNA (BOSHHEBIX, TeXHIUECKNX, YKOHOMITIECKIX, MeIUIIIHCKIX, COI-
aTBHBIX 1 Jp.) CBA3AHO C Pa3padOTKoll BCEBO3MOKHBIX TPEeOOBAHIII K OOECIHEUeHHI0 X
0€30IIacHOCTH I CO3JaHHeM IPOrPaMMHO-AMIAPATHEIX CPEICTB OT HECAHKIINIOHIPOBAHHO-
TO JI0CTYTIA.

B ITocnannu IIpe3nnenTa ctpanel Hapoay Kazaxcrana ot 10 okTaopsa 1997 rona «Ka-
3axcraH - 2030. [IpouBeranue, 0e30MaCHOCTh U VIVUIICHHE OJIArOCOCTOAHIA BCEX Ka3zax-
CTaHIIEB» B KAUeCTBE JOITOCPOYHOTO MPHOpPHUTETa OIpeAeleHa HaIlllOHAIbHas Oe3omac-
HOCTB, OJJHOI 13 COCTABIIAIONIIX KOTOPOIT ABIsAeTCS HHPOPMAIIOHHAsA O€30MacHOCTb.

B Vkaze IIpesugenta Peciydomukn Kazaxeran ot 10 oktsaopsa 2006 roma, Nel99 «O Kon-
renuun mHGpopMaImoHHoil 6e3omacHocTn Pecnyonmkn Kazaxcran» oTMedeHO: «AHATI3
COBPEMEHHOTO COCTOSHIIS HH(opMaIoHHoii 0e3omacHocTH B KazaxcTaHe IOKa3BIBaerT,
YTO €€ YPOBEHB B HACTOSINEE BPEMS HE COOTBETCTBYET ITOTPEOHOCTSIM YelIOBEKa, 00IIecTBa
I TocyaapcTBa». B kauecTBe ocHOBHOIT e odecrnedeHs THGOPMAIIIOHHOI Oe30macHo-
¢t ykazaHo: «Co3zaaHne 1 YKpeIleHe HAMOHATBHOI CHCTEMEBI 3alUTRl HHQOPMAITIH, B
TOM YIICTIe B TOCYIapCTBEHHBIX HH(OPMAIIIOHHEIX pecypcax.

HecmoTtps Ha To, UTO NCHONB30BaHHE OIOMETPHUYESCKIX METOJ0B B CHCTEMAX 3al[UTHI
nH(QOpMaINN B HACTOAIIee BpeMs IpHoOpeTaeT Bce OOMBINYIO MOMYIIPHOCTD, HeOOXO -
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MBI HOBBIE QITOPHTMEI, KPHTEPUI I CPEACTBA MASHTH(IKAIIII TIYHOCTH, OBEIIIAIOINE
Ka4eCTBO PACIIO3HABAHIIA.

B cBa3u ¢ pazpuTHeM anmapaTHO-MPOTPAMMHOTO 00ecleueHNs B TOCIeTHIE TOAR MHO-
rie pa3padoTUNKH Mepenuin OT HCCIeIOBAHNIS IBYXMEPHBIX M300paKeHnil mirma K Tpex-
MEpHEIM, YTO MO3BOMILIO MepeiiT oT 00padoTKN XapaKTepHBIX TOUeK JHIa K 00beMHBIM
XapakTeprctukam [1, 2].

Jl14 ckaHnpoBaHnA U co3gaHna 3D-o0paza mina yelnoBeka MpuMeHATCA 3D-CckaHepshl.
brnarogaps mamruiio gatanka rmyonHsl ¢ noMomeio HoyToOyka HP Envy 17 Moxuo ckann-
poBartk u co3gaBarh 3D o0vekTHI [3].

Jl1 nipezicTaBiIeHI TeOMETPUIL O0IIAKA TOYEK CYIICCTBYET MOAEIb OTOOPAKCHILA JAHHBIX
B (hopmare PLY. PLY — ¢opmar aiinor omcanns reoMeTpIiL, I3BeCTHRII Takke kKak Polygon
File Format u Stanford Triangle Format. On 6511 pa3paboTtaH, IITaBHEIM 00pa30M, 1151 XpaHESHIIS
TPEXMepHBIX JaHHBIX 3D-ckanepos. @opMaT noAaep KIBaeT OTHOCHTEILHO IIPOCTOE OIMICaHIIe
O00BEKTA KaK CIIICKA IUTOCKIX MOMUTOHOB. PLY MOXKET XpaHITE MHOKECTBO CBOIICTB OOBEKTA,
BKITIOUALOITIEE TTBET 1 MIPO3PAYHOCTh, HOPMATH K TOBEPXHOCTIH, TEKCTYPHEIE KOOP/IMHATHI 1 T.1T.
@dopMar 1o3BOIAET IMETE PazIIIuHEIe CBOIICTBA MepeaHell 1 3aaHeil rpann nommroHa. Cyie-
cTByHOT jiBe Bepcri (popmara PLY: ASCII u B Buzie OuHapHOTO (aiina.

@DailiIbl YCTPOEHHI B BIJIE 3ar0JI0BKA, B KOTOPOM OMPEAETAKTCA 3JIEMEHTHI MTOIICETOK
1 UX THIIBL, 1 CIEAYIOMIETO 3a HIIM CIIHCKA CaMHX 3JIEMEHTOB. DIEMEHTEl — 3TO OOBIYHO
BepIIIHEI 1 TPAaHH, HO MOTYT BKIIOUATCs APYTHE CYIIHOCTI, TaKIe, Kak pédpa I HOT0CH
TPEeYTOIBHIKOB (friangle strips).

B ASCII Bepcun opMaTra Kaxkaas BEpIIHMHA I TpaHb OMNICBHIBAIOTCSA OIHOII CTpOKOit
qicen, pa3enéHHbIX MPodeTaMIL.

ANTOpUTM HOCTPOEHISI MaTPHIIEI BEICOT OazHupyeTcs Ha HHTEPIOISAIIH TOBEPXHOCTIL.
B HeM HepaBHOMepHO paclipefie/IeHHbIE TOUKH B TPEXMEPHOM IIPOCTPAaHCTBE HHTEPIIONI-
PYIOTCS HelIpephIBHOI (hyHKIIEHT ABYX He3aBICHMBIX MepeMeHHBIX. {14 mocTpoeHna Ma-
TPUITEI BEICOT BBITIOTHSAIOTCSA CIIEAVIONINE 3Tankl: GOpPMIIPOBAHIE OMOPHEIX V3TI0B, OIpe-
JeneHne OMIDKAIMNIX K HIM TOYeK, BEIYIICICHHE HHTEPIOIAIIIOHHOIO 3HaUeHIs B y3IIe,
COXpaHEeHIe BBIYICIEHHOI'O 3HAaY€HUA B COOTBETCTBYIOLIEM 3/IEMEHTE MaTPUILIbL BBICOT.

BBuay toro, uto 1aHHBIE B popmare PLY npencTaBieHB IOTOYEYHO KOOPAIMHATAMIH (X,
y,Z), pazpaboTaHa mporpaMMa THHETHOI HHTEePIOAIIII, KOTOPast CTPOUT PETYISPHVIO Ma-
TpuIy BeIcOT. IIpn paboTte mporpaMMEl 3ampamuBaeTcs KOJIHIecTBO CTPOK I CTOIOIOB pe-
3yIBTATHBHOI MAaTPULEI, ONPEIeIsAeTCs JHAla30H IPeCTaBIeHNIA JaHHBIX (Xmin, Xmax),
(Ymin, Ymax) 1 (Zmin, Zmax). B pe3yIsTaTUBHBIIT TeKCTOBEIIT (haill B CIIpaBOUYHEIN OTOK
3aMICKIBAIOCS JIAHHBIE O KOMIMUECTBE CTPOK 1 CTOIOIOB MAaTPHITHI U THAMA30H Mpe/icTaBie-
HIIS JAaHHEBIX.

3HaueHNsA AIeMEHTOB MaTPHUIIBI BEIYIICIIIFOTCS ¢ TIOMOIIBIO OIUIIHeitHO GyHKIm [4]:

f(x, y) = F(x, y) =ax + by + ¢ , Haxomd K03 PUIHCHTHI a, b, ¢ 113 YCIOBHIT:

axA+byA+c = fA,

ax, + by, tc=1,

axy +by, +c=1,
e {X,, v,, £}, {x,, v, 1, }, {X, v, f, } —koopanuater gepmun A, B, D mexotoporo
TpeyTrolbHIIKA Ha TPEYTOILHOI pacueTHoll ceTke. [Torpemnocts Takoil HHTePIOIII 715
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¢yukmmn (X, y) ¢ HempepbIBHEIMI BTOpeIMII ITpom3BoaueMu OyaeT O(h?), rae h — aomHa
HanOopIIeil CTOPOHEI TpeyroabHIka ABD.

[Ipmuem TpeyronpHukn A, B, D BEIOUparoTcs HCX0A I3 YCIOBH MIHIMYMa PaccTos-
HIIST MKy BepIIIHAMHI U TOYKOIl {X, V}, B KOTOPOIl HYy’KHO BBIUIICIUTH HHTEPHOIAIIIOH-
HOE 3HaueHNe.

B pe3yasratuBHEII (aiin 3anIcHBaIOTCSA MOCTPOYHO 3TEMEHTH BEIUIICTIEHHOIT MaTpl-
ITBI BEICOT.

B ci1ydyae He1oCTaTOYHOrO KOMHMYECTBA CTPOK M CTOIOIOB MIH HEITAJKOCTH IOBEPX-
HOCTH pa3zpaboTaHa MporpaMMa KyOnueckoil MHTepIIOIALNN, KOTopas 13 NCXOAHOII pery-
JIIPHOIT MaTPULIBI BEICOT PACCUNTHIBAET HOBYIO PETYIAPHYIO MAaTPHUITY BBICOT € OOJBIIIMIT
pa3Mepami MaTpHis! [S].

PaboTocrocoOHOCTE yKa3aHHOTO alropHTMa JAeMOHCTPHpPYeTCA Ha CleAyromeil Mo-
JeIpHOIT 3a1ade.

B Havane cayualiHBIM 00pa30M 3a1at0Tcsl KOOPANHATH X 1y 0T -1 710 1. CoOoTBeTCTBYIO-
Imee 3HaYeHUe Z BRIUHCIAeTCs o GopMye z = X*X + y*y, T.e. 3To monymapue. 3ateM 1o
cIy4ailHO BEIOpaHHBIM TOUKAM CTPOUTCS PEryIsIpHas MOJENb I €€ Pe3yIIbTaThl COXPAHAIOT-
ca B (paiine.

Pesynsrar padots! nporpaMMsel MRelOsw

[ToyueHHple JaHHBIE ¢ TTOMOIIEEO TporpaMMbl MRelOsw oToOpaskaroTcst Ha prCYHKe [5].

3axarouenne. [[na 3D-m3o00pakeHns mHma d4eloBeKa, IpeAcTaBileHHoro B PLY-
(opmare, pazpaboTaHa IporpaMMa TIHEITHO HHTePIIOISIIIII, T03BOIIIOMast OpPMIIPOBATh
PETYAApHYIO MaTpULly BBEICOT. B ciayuae HeoOxomnMocTn Oosee IMaJKoro MpeacTaBIeHIs]
JHIIa 9eI0oBeKa MOTyUYeHHas peryIsipHas MaTpHIla BEICOT MOXKeT OBITh IepepadoTaHa IIpo-
rpamMMoil KyOmdeckoil HHTEPIIOAINNI, BXOAAMmell B cOcTaB KOMILIEKCa 00padOTKI Tpex-
MEepHBIX 1300paxeHuit [S].

Paborta BEIOTHEHA 3a CUET CPEJCTB TPAHTOBOTO (DITHAHCHPOBAHMISA HAYUHBIX HCCIIEIO0-
BaHuii Ha 2018-2020 roaer mo mpoekty AP05131027 «Pa3padoTka OnoMeTpIiecKIX MeTo-
JIOB I CPEJICTB 3AIINITHI HH(OPMAIIHIID».
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