.xng\g Opnena JlenuHa
U“ oy HUHCTUTYT HPI/IKJIAI[HOﬁ MATEMATHUKHA

umenn M.B. Keaapima

Poccuiickoii akageMuud HayK

B.P. BacuneeB, A.I'. Bomo6oii,
H.A. BrrokoBa, B.A. I'amakTnoHoB

KonTekcTHas BHU3YyaJIM3alHsg
IPOCTPAHCTBCHHLIX JAHHbIX

[Ipenpunt Ne 56

Mocksa, 2004



B.P. Bacunees, A.l'. Bonobon, H.N. BelokoBa, B.A. lanaktnoHoB

KoHTeKkcTHasn Buidyanniauma npoCcTpaHCTBEHHbIX AAaHHbIX

AHHOTauuA

PaccmarpuBaercs KOHIENIMST KOHTEKCTHOM BHM3yalM3allMy MPOCTPAHCTBEHHBIX
JAHHBIX W ee¢ peanusamuss B cucteMe Visualizer. Visualizer momnep)kuBaer
OTOOPaKEHHUE TPEXMEPHBIX CKAISPHBIX U BEKTOPHBIX IMOJEH BMECTE C OOBEKTaAMU,
COCTaBIITIOIIMMH  (PU3UYECKOE OKPYKCHHE BH3yaIM3UPYEMOTO TMpoIecca WU
saieHus. lIpocTtoil mpumep — pEATUCTUYHOE M300paKEHWE MOJEIH HKHIOTO
MOMEIICHHS W pachpeesieHUus TeMIIepaTyphl BO3AyXa B HEM B BHUJC M30JMHUN Ha
OJTHOM WJIM HECKOJBKHUX TUIOCKOCTSAX. [logmepkuBaroTcs Takxke Ooyiee CIOKHBIE
MPE3EHTAllMd ¢ BU3yalHM3alMeldl OJHOBPEMEHHO HECKOJbKHX XapaKTEPUCTHK, a
TaKK€  aHWMAaIllMHM,  T[O3BOJSIONIME  TPEACTaBUTh  M3MCHCHHE  3a/IaHHOU
XapaKTePUCTUKH B TIPOCTPAHCTBE WM BpeMeHHW. Takoil moaxon oOecreuynuBaeT
TeHEpaIMi0  BBICOKOMH(POPMATHBHBIX M300paKEHUH, TPEACTABISIIONINX CPEAy
obutanusi 4venoBeka. OOmacTH mMpUMEHEHUs] CUCTeMbl Visualizer - apXuTeKTypa,
MPOEKTUPOBAHUE CHUCTEM KIMMAT-KOHTPOJS, TPaJoOCTPOUTENBCTBO, JaHIIIAQTHBIN
JN3aiiH, aBTOMOOMIIbHAS MPOMBIIIJIEHHOCTD, MPOSKTUPOBAHUE CUCTEM OXJIAXKICHHS B
KOMITBIOTEPHOU WHYyCTPUU, TPUOOPOCTPOCHUH U JIP.

V.R. Vassiliev, A.G. Voloboy, N.I. Vyukova, V.A. Galaktionov

Context-Aided Visualization of Volumetric Data

Abstract

The paper discusses the concept of context-aided visualization and its
implementation in the Visualizer system. Visualizer supports presentation of 3D
distributions of physical characteristics (e.g. temperature or air velocity) along with
the surrounding objects. This approach provides highly informative visual
presentation of environments of human inhabitation. Visualizer application areas are
architecture, air conditioning and heating systems, urban planning, landscape design,
design of cooling systems in technical devices, computers, etc.
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1. BBegeHue

Busyanu3zanuss mpoCTpaHCTBEHHBIX JAHHBIX HCIIOJNB3YETCS B OCHOBHOM B
3a7ayax Hay4yHOM Bu3yanu3auumu. Hayunas Bu3yanmuszanuss — 3TO CO3/IaHUE
rpaduueckux 00pa3oB, B MAaKCUMaJIbHO MH(GOPMATUBHON (popMe BOCITPOU3BOASIIMX
3HAQYMMBIE ACIEKThl HMCCIEAYEeMOro mpoiiecca uiau spieHus. [Ipu sToM OonbIIOif
00BeM pe3yJbTaTOB MOJCIHUPOBAHUS TMPEACTABISACTCS B KOMIIAKTHOW H JIETKO
BocnpuHumaeMoi ¢gopme. [Ipecrapnenue B Bujae rpadpuueckux oOpa3oB MO3BOJSET
HCCIIEIOBATENIO0 YBUACTh U3YyYaEMYI0 CUCTEMY WIIM MPOLECC U3HYTPU, YTO ObLIO OBI
HEBO3MOXHO 03 BHM3yaJlu3allid JaHHbIX. W, WHOrma, MMEHHO BHU3YyalU3allus
MIPUBOAUT K MOJITHOMY TOHUMAHUIO SIBJICHUA.

Hampumep, B cucteme FlowVision [1], npeqHazHaueHHON 111 BU3yaIH3allun
CJIOXKHBIX TPEXMEPHBIX TEUEHUN KUJAKOCTH WM Ta3a, MpeIcTaBlieHHEe OObEMHBIX
XapaKTEPUCTUK HCCIEAYEMBIX  PaCIpeIeICeHUd OCHOBAaHO Ha IPUMEHEHUU
WHTEpaKTUBHOU aHUMaIuu. Kaap aHuMaInmoHHOM MOCIIeI0OBAaTEIbHOCTA U300pakaeT
pacripenieneHue  (U3NYECKOM BEIMYMHBI B HEKOTOPOW TIJIOCKOCTH  CEUYEHUS
MOCPEJICTBOM JINHUW YPOBHS, TOHOBOM 3aJIMBKH, BEKTOPOB HA IIJIOCKOCTHU WJIA B BUJE
n301oBepxHOCTU. [loap30BaTeNh UMEET BOZMOKHOCTh IPOCMATPUBATh B PEATBLHOM
peXUME BpPEMEHM JBWKYIIEECs H300paKeHUE, COOTBETCTBYIOIIEE JIBUIKEHUIO
IJIOCKOCTU CEeYEeHUss Wiu (I HM30MOBEPXHOCTEH) HM3MEHEHHUIO BEIWYUHBI, H
YIPaBJIATh MPOCMOTPOM IIPU MOMOIIM MAHHUIYJISITOPA, YTO MO3BOJIIET €MY BHUIECTH
00BEMHBIE XapaKTEPUCTUKH UCCIIETYEMOTO TCUCHUSI.

B [2] Takxe ucciemyercs npoOiieMa BH3yalld3allid TPEXMEPHBIX TEUEHUH
KUJIKOCTH, OJTHAKO 3JE€Ch MPEAMETOM HW3YUEHUS SIBIISIOTCS TEUCHUS B MPUPOIHBIX
o0OBeKkTax (pe3ynabTaThl MaTEMaTUYECKOTO0  MOJCIHUPOBAHUS  THIPOJIUHAMHUKHU
A3zoBckoro mops). Ilpaktuyecku mnonHas wHGOpMALMS O JIBYMEPHBIX TEUECHUSIX
MOXET OBITh TepelaHa TMpU TIOMOIIM TEKCTYp, OPHEHTHPOBAHHBIX BIOJb
HaIpaBJICHUS TEUCHHMs COBMECTHO C WX aHMMaruen. J[ms oTroOpakeHHs TpeTbeu

KOMITIOHCHTBLI BEKTOpa CKOPOCTH IMPUMCHACTCA OBCT, BCAYTCA TAKIKC SKCIICPUMCHTDLI



[0 BU3YyaJIM3alUU TPEXMEPHBIX TEYEHUH NpPHU MOMOIIM TPEXMEPHBIX TEKCTYyp U
o0BeMHOTO peHaepuHra cpeactsamu oudmmnoreku OpenGL.

Kak u npenpiaymue na mpumepa, pabora [3] cBsizaHa ¢ BHU3yalIu3aluil
XapaKTEPUCTHUK TEUEHUS KUJIKOCTH B TPEXMEPHOM IPOCTpaHCTBE. B 1aHHOM ciydae
OPEAMETOM  HCCIEIOBAHUM  SIBIAETCS TOMOJIOTHS PEUUPKYJISLMOHHOW  30HBI,
BO3ZHHKAIOLIEH [TPU CTAL[MOHAPHOM JJaMUHAPHOM JIBUKEHUHU JKUJKOCTU B KOHTEHHEpe
C JIOKAJbHBIM TEIJIOOOMEHOM Ha TOPU3OHTAIbHBIX MOBEPXHOCTAX. YacTulibl,
HAXOJSALIMECS BHYTPU PEUUPKYISILUOHHONW 30HBI, MEPEMELIAIOTCA MO TPACKTOPUSIM,
JeXalllUM Ha MOBEPXHOCTU TOPA; BHE 3TOM 30HBI JIBUKEHUE YACTHI] XaOTHUYHO. J{is
BBISIBIICHUS TOIOJIOTHM PELUUPKYJSLMOHHOW 30HBI CTPOATCS TPACKTOPHH JIBHKECHUS
HEKOTOPOI'0 YUCJIA MAPKEPOB, a 3aTEM BBITIOJIHSIETCS] TPUAHTYJIALIHSL.

B paGote [4] npennararoTcss METOAbI M3YUYEHUS! THAPOJAMHAMUKUA C TIOMOIIBIO
BU3YaJIU3alMK TYpOYyJIEHTHOCTH TOTOKOB.

Ha caiite [5] MOXHO HalTH NPEICTABUTEIBHYIO TaJIEpEi0 METOJ0B HAay4YHOU
BU3yaJIM3allMM B MPUMEHEHUU K PsIy 3aad HCCIEI0BAaTEIbCKOIO M MPUKIIATHOTO
xapaktepa. OgHa W3 3a1ay, OTHOCSIIAsCS K MIpoOiemMaM 3KOJIOTMH, IMOCBSIIEHA
BU3yaJIM3allMM  PaCIpPOCTPAHEHUs 3arpsA3HAIOIIMX BELIECTB HA MECTHOCTH CO
CIOXHBIM penbedom. [ mpencraBieHuss AMHAMHUKKA (POHTA pacHpoOCTpaHEHUs
3arpsi3HEHHUI 10 3eMJIe CHadalla CTPOATCS HM30JIMHUM KOHLIEHTpAalUMW BELIECTB Ha
HYJIEBOI BBICOTE; 3aTEM BBIYMCIISIOTCS MIPOEKIIMU U30JIMHUNA Ha peibed NOBEPXHOCTH
3EMJIH.

B paccmoTpeHHBIX puMepax yCHIHs pa3paOOTUMKOB HANpPaBJIEHBl HAa MOUCK
BBIPA3UTENbHBIX CPEACTB IpadUKU W aHMMAIMH, MO3BOJSIONIMX B MaKCHUMAaJIbHO
HarAaHoM ¢Gopme OTOOpa3uTh CYUIECTBEHHBIE [IJIsi HCCIENOBaTesl acHeKThl
U3y4aeMoro Ipoliecca Wid siBIeHUA. YTO B KOHEYHOM HUTOre MPHUBOJIUT K Ooiee
rIIyOOKOMY OCMBICIICHUIO (PU3UYECKOTO MpoIiecca.

Heckonpko MHaye CTaBUTCA 3a/ada BU3yaJIM3allMH, COCTABIAIOIIAs MPEIMET
HacToswmell crarbu. Ee 1enp MOXHO cOpMyaupoBaTh Kak OTOOpaskeHue
TPEXMEPHBIX CKaJSPHBIX W BEKTOPHBIX TOJEH B KOHTEKCTE Cpelbl OOWTaHUs

YCJIOBCKA - HAIIPHUMCP, BU3YyAJIU3alWA IO TEMIICPATYPbI UJINM CKOPOCTHU JABHKCHUA



BO3JlyXa B JKUJIOM MOMeLIeHnU. bornee TouHO, CyTh 3aJJa4l MOYKHO OXapaKTEPU30BaTh
KaK OTOOpa)keHUE Cpejibl OOUTAHUS YEJIOBEKa C y4eTOM (DaKTOpOB, OMpPENEISIOIIUX
CTENEHb €€ MPUBJIEKATEIbHOCTU ISl YelloBeKa, KOM(OPTHOCTU WIIM MPUTOJIHOCTH
Ui TOTO WJIM MHOTO (PYHKIMOHAIBbHOTrO npumeHeHus. K uuciay Takux ¢akTopoB
MOTYT OTHOCHUTBCS DSCTETHMYHOCTH Cpeabl (€€ BHEIIHUW BHJ), XapaKTEPUCTHKHU
MUKpOKJIMMAaTa (TeMIIepaTypa, CKOPOCTh JIBHIKEHHSI BO3/lyXa, BIAXKHOCTB), 3KOJIOTUU
(KOHLIEHTpaUMsT  3arpsA3HSIOLIUX BELIECTB, LIYMOU30JI511s), aKyCTHKa,
OCBEIIEHHOCTh W JAp. B JaHHOM ciyyae BaXHbl HE CTOJBKO HIOAHCHI
BU3YaJIM3UPYEMBIX PacIpeesieH!l, CKOJIbKO co3/jaHrue 0000IIeHHOTrO 00pa3a cpesl,
BKJIIOYAIOIIETO  pPEAJUCTUYHOE  HM300pakeHHWe €€  BHEUIHero BuUJIa U
MPOCTPAHCTBEHHBIE paCHpeieNieHUs] TeX WM UHBIX XapakTepucTuk. [loatomy BbIOOp
BU3yaJlbHON KOHLEMIIMU JOJKEH OCHOBBIBATHCS HA MHBIX KPUTEPHSIX, HEXKEIU
MPUHATHIE B KIIACCHUECKOW HayYHOU BU3yallU3aluH,

CooTBeTcTBYIOIIUI MOAXOI, HAa3bIBACMBIN nanee KOHMEKCMHOU
suzyanuzayueli. NpoCmMpaHCmeeHHblX OAHHbIX, pealn30oBaH B cucTeme Visualizer.
Visualizer moanepXuBaeT BU3YAIU3ALMIO TPEXMEPHBIX CKAISPHBIX M BEKTOPHBIX
NoJIEH (pacrpenesieHne TEMIEPATYPbl, CKOPOCTH JIBHKEHHUS BO31yXa, BIAKHOCTH U
T.II.) BMECTE C BU3Yyalu3alue Gu3nueckux 00ObeKTOB, MPEICTABISIOMINUX OKPYKEHHE
W3y4aeMOro paclpesesieHuss — HHTEPbep IOMEUIEHUs, TOPOACKON MHUKpPOpPailoH,
CaJIOH TPAHCHOPTHOIO CPEJICTBA WK "BHYTPEHHOCTh'" MOPTATUBHOTO KOMIIBIOTEPA.

JlanpHenmee coepkaHue CTaTby IOCTPOCHO 1O CIEAYIoIEeMyY IulaHy. B riiase
2 MpUBENIEHBI MPUMEPHI, WJUTFOCTPUPYIONTUE BO3MOXKHBIC TIpHiioxkeHus: Visualizer. B
rjiaBe 3 OIWCaHbl peaJM30BaHHBIE B Hacrosimiee Bpemsi B Visualizer cpeacTtsa
KOHTEKCTHOW BU3yaju3aluuu. ['maBa 4 mocBsiieHa Borpocam peanusanuu. B riase 5

PacCMOTPEHBI BO3MOKHBIC HAIIPABICHUS pa3BUTHs QyHKIIMOHAIBHOCTH Visualizer.



2. NMpumMepbl KOHTEKCTHOM BM3yanunsauum

IIpuMepbl, TpeACTaBIEHHBIE B 3TOM IJIaBe, WJUIOCTPUPYIOT BO3MOXKHOCTH
cuctembl  Visualizer. PacnpeneneHusi CKaJdspHBIX U BEKTOPHBIX BEIIMYHH,
MOKa3aHHbIE HA PHUCYHKAX, BBIYMCIEHBI MPU TOMOILIM CHUCTEMbl MOACIUPOBAHUS
MPOIIECCOB TEIUIOOOMEHA M JBMXKEHUSI BO3AYIIHBIX MOoTOkoB Flow, co3manHoi 10
3akazy ¢gupmbl Integra [6]. M3o0paxeHus: moiaydeHbl CpeicTBaMu pa3pabOoTaHHOU
CUCTEMBI (PM3MYECKU aKKypaTHOTO MOJEIHMPOBAHUS OCBEIICHHOCTH W TIOCTPOCHHS
dboTopeanucTUUHBIX M300pakeHuit [7], xkoTopas BkmoudaeT Visualizer m Flow B
KauecTBE CBOMX MOJyJied (MoApoOHee O CTPYKType U B3aUMOJCUCTBUU KOMIIOHEHT

ATOM CUCTEMBI CM. TIL. 3 U 4).

Ilpumep 1. Tlpu MIaHUPOBAHUU TOPOACKUX MHUKPOPAMOHOB U MOCTPOCHHUH
HOBBIX OKWJIBIX JIOMOB YYHUTBIBAIOTCSI MHOTHE (DaKTOpbl, B TOM YHCIIE

JTOMHHHPYIOIIME HampaBieHus Berpa. Ha puc. 1 n3o00pakeHo BEKTOpHOE MOJe

RS
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Puc. 1. BGKTOpHOG IOJIC CKOPOCTH ABUKCHUSA BO3lyXa B OKPCCTHOCTHU 3JJaHUSA



CKOPOCTH [JBHKEHHs BO3JyXa B OKPECTHOCTH 31aHus. HampaBieHue IBHKCHUS
BO3yXa OTOOpaXEHO HAmNpaBICHUSIMH CTPEJIOK, a aOCONIOTHAs BeJIMYMHA
IpeJICTaBICHa BETOM CTpesioK. [Ipe3eHTanuu Takoro pojga MOTYT OBITh IOJIE3HBI,
HaIpUMeEp, sl TOro YTOObI BEIOpATh MAaKCUMAJIBHO 3aIUMIIEHHOE OT BETpa MECTO.
Ilpumep 2. KomdopTHbie YCIOBHS UIsI BOAUTENS M MACCaXUPOB B CaJIOHE
aBTOMOOWJII JJaBHO CTajO0 HEOTHEMJIEMOM 4YacThlO CO3JaHMsI HOBBIX MOJEIEH.
KonpunmonupoBanue Bo3ayxa JOJDKHO ObITh  23(G(EKTUBHBIM IS JIIOJICH,
HaXOJSIIMXCS B CAJIOHE, U B TO K€ BpPEMS OHO JTOJKHO OBITh SKOHOMHYHBIM IIOTOMY,
47O padoTa KOHJUIMOHEpA CHMYKAET Pa3TOHHbIE XAPAKTEPUCTUKH aBTOMOOWIS U

MMOBBINIACT pacxoda TOILIMBA.

(el

Puc. 2. Pacnipenenenue TemmnepaTypbl BO3lyXa B CAJIOHE aBTOMOOMIIS

llens mnpeseHTanmMu Ha pucC. 2 — MPOAEMOHCTPUPOBATH SHPEKTUBHOCTH
CUCTEMbl KOHIUIIMOHHUPOBAHMS BO3AyXa B calloHe aBTomoOwis. Pacnpenenenue
TEMIIEpaTypbl BO3JlyXa MPEACTABICHO IIOJYIPO3PAYHOM TOHOBOM 3aJMBKOW B
BEPTUKAJIBbHOM IJIOCKOCTH CEYEHHUS, YTO IO3BOJISIET BHUIETh HMHTEPHEP CaJOHA.
ITomecTB MOJI€NIb YENOBEKAa HA CUJCHBE BOJMUTENS, MOXHO YBHJETh HACKOJIBKO

MCITI0JIb30BAaHUE KOHIUITMOHEPA SABIACTCS Y)PEKTUBHBIM TSI HETO.



Ilpumep 3. llpy [JIaHUPOBAaHUU HMHTEPHEPOB  BAXKHO HE  TOJIBKO
(GyHKIIMOHAJIBHOE pa3MelleHre MeOeIt, HO U IIPABUIIBHOE OCBELLIEHUE TOMELEHUS U

CO3JJaHHUC OIITUMAJIbBHOI'O MHUKPOKJIMMATaA.

Puc. 3. Pacnpenenenue temrepaTypbl BO3yXa B dKUJIOM IMOMELIEHUU

Ha puc. 3 mnokazaHo pacnpelieieHue TeMIepaTypbl BO3AyXa B KUJIOM
nomMemieHu. Pacnpenenenue 0oToOpa)keHO B BUJAE M30JMHUNM Ha  JIBYX
FOPU30OHTAIBHBIX IIOCKOCTSIX, YTO I[O3BOJISIET JIy4llle MPEJACTABUTh H3MEHEHUE
TEeMIIepaTypbl BO BCEM IMIPOCTPAHCTBE IMOMelleHus. B pesynbTate BO3MOXKHO
MPEJCTAaBUTh HE TOJIHLKO BHEIIHUN BUJ Oyyllell KOMHATHI, HO U BBIOpATh CIIOCOOBI
KOHTpPOJSI BHYTPEHHET0 MHUKpPOKIMMAaTa, TaKhe€ Kak KOHAUIMOHEDP  WIH
HarpeBaTelibHbI  35ieMeHT. (COBMECTHOE U300pakeHHue NpelIMEeTOB Mebenu u
pacupeneneHuss TeMIlepaTyp MO3BOJISIET MNPaBWIBHO CIUIAHUPOBATh pa3MEILIECHUE
Takux ycTpoilcTB. Hampumep, TemriepaTypHblil pexXuM 71l 4eI0BEKa, CUJIAILIETO 3a

CTOJIOM, IMPCACTABJICH MAKCUMAJIbHO HAl'JIIAHO.



Ilpumep 4. Puc. 4 unnrocTpupyeT IpUMeHEHNE cucTeMbl Visualizer B o0mactu
TEXHHYECKOTO MPOCKTHUPOBAHUS, B JAHHOM Ciy4yae — I TMPOSKTUPOBAHUS CHCTEM
OXJXJICHUS KOMIbIOTEpoB. OMHONM H3 BaXHBIX TPOOJIEM MPOCKTUPOBAHUS
MOPTATUBHBIX  KOMITBIOTEPOB  SIBJISIETCS  co3faHue d()QPEKTUBHONW  CHCTEMBI
oxnaxaeHus. [lo cpaBHEHHIO ¢ OOBIYHBIMH IEPCOHATBHBIMU KOMITBIOTEPAMHU
npo0iemMa OXJIAXIACHUS Il MOPTATHBHBIX KOMITBIOTEPOB OCJIOXHSCTCS TAKUMU
dakTopamMu, KaKk OYEHb IUIOTHOE pa3MENICHUE COCTABIISIIONIMX KOMIIOHEHT B
KOMITAKTHOM  KOpIyC€ M  HEOOXOJMMOCTBIO  YCTAaHABIMBAaTh MHHHMAJIBHO
DHEPrOEMKHIA BEHTWJISATOP, TaK KakK BCE MPOM3BOAUTEIIA CTAPAIOTCS JOOUTHCS

MaKCHUMaJIbHOI'O BPEMCHHU pa60T1>1 OT aBTOHOMHOTI'O ITUTaHHA.

Puc. 4. PaCHpeIICJICHI/IC TEMIICPATYPhI B KOPITYCC MOPTATUBHOI'O KOMIIBKOTCPA

B nannHoM npuMepe npeseHTanys 10Ka3bIBaeT pacIpelelICHUE TEMIIEPATyPhl B
TOPU30HTANIBHOM IJIOCKOCTM BHYTPH KOpIyca IOPTaTUBHOrO Kommbiorepa. [lpu

reHepany M300paKeHUs BEPXHSS IMOBEPXHOCTh KopIyca Obula yaaneHa (XOTs
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MOJICTMPOBAHUE TMPOBOJUIIOCH JJISI 3aKphITOr0 Kopmyca). [loTeHnuansHO omacHbIe
30HBI MIEpErpeBa BbIJICICHBI KPACHBIM IIBETOM.

Kak BUAHO W3 TIPUBEIEHHBIX MPUMEPOB, KOHTEKCTHAs BHU3yaH3aIus
MIPOCTPAHCTBEHHBIX JIAHHBIX OKA3bIBACTCS BEChMa MOJIC3HOM MPH PEIICHUH 3aJ]1a4 110
IUTAHUPOBAHUIO M IPOCKTUPOBAHHMIO PA3JIMUYHBIX OOBEKTOB, CBS3aHHBIX C
KU3HENIEATETLHOCThIO 4ejoBeKa. KOHTEKCTHash BH3yaim3aiiusi aeT BO3MOKHOCTh
OBICTPO YBUJIETH MPOOIEMHBIE 00JIaCTH B TOM WJIM MHOM 3a/1aue U CKOHIIEHTPHUPOBATH

YCUJIUS HAa UX YCTPAHEHUE.

3. O630p BO3MOXHOCTEU cuctemsl Visualizer

3.1. CDOprI BU3yaryibHOro npeactaB/ieHUA MNPOCTPAHCTBEHHbIX
AaHHbIX

Visualizer noaiep>kKMBaeT BU3yaIU3alUI0 CKAISIPHBIX MOJEH, a Takxke TpexX U
YETBIPEXMEPHBIX ~ BEKTOPHBIX  IIOJIEW, 3aJaHHBIX HAa  PAaBHOMEPHOW WU
HEPAaBHOMEPHOW CETKE B TPEXMEPHOM IMpOCTpaHCTBE. IIpocTpaHCTBEHHBIE JaHHbIE
MOTYT OBITh TNpEACTaBIEHBI pa3auuHbIMH crnocoOamu. Ilpu BwIOOpe cmocoOoB
IIPEACTABICHUS.  YYMTHIBAJACh TJIABHAas L€Jdb KOHTEKCTHOM  BU3yaJIM3aLUu:
MPEACTABICHUE Ha OJHOM M300pak€eHUW HMHPOPMALUU O MPOCTPAHCTBEHHBIX
JAHHBIX, COXPAHSS MPH 3TOM OOLIMIl BHI Cpebl, A KOTOPOW 3THU JAaHHbBIE OBLIU
pacCUUTaHBbI.

JInst  CKansApHBIX TIOJIEM MOAAEPKUBAIOTCS TMPEACTABICHUS HW30JUHUSIMM,
TOHOBOM 3aJIMBKOM, MU30JIMHUSIMA C TOHOBOWM 3aJIMBKOW. DTHU MPEACTABICHUS MOTYT
ObITh M300paKeHbl Ha OJHOW 3aJaHHOW TJIOCKOCTH, HAa HECKOJIbKUX MapalIelbHBIX
IUIOCKOCTSX (CM. puc. 3) WIM Ha TPEX OPTOrOHAJBHBIX IUIOCKOCTAX. Ilocnennuii
croco0 MoOXeT OBbITh TMO0JIe3€H, HampumMep, IS OTOOpaKeHUs paclpeaeIeHUs
TeMIlepaTypbl Bo3ayxa BOmM3uM yria komHaTel. lloggep:kuBaercst — Takxke
MPEICTABJICHUE CKAJAPHBIX MOJIEM B BUJIE€ U30MOBEPXHOCTEU. JIJIsi TOHOBOM 3aJIMBKHU
U U30IMOBEPXHOCTEN MMEETCs OMIMA MOIYNPO3pavHOro u3o0paxeHus (cM. puc. 2 u

puc. 4), 4TO MO3BOJSET BUIETh U BBICOKOKAYECTBEHHOE HW300pAKEHHE Cpelbl, U
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pacmpezieieHue CKaJsipHON BEJIMYMHBI B MpOCTpaHcTBe. M300pakeHHe CKaISPHBIX
HoJeil UMeeT, MoXanyH, HanboJiee IMUPOKUM CIIEKTP BO3MOKHOCTEN MPEICTAaBICHMUSL.
JI1st TpEXMEPHBIX BEKTOPHBIX NOJIEW NOAJIEPKUBAKOTCA IPEACTABIEHUS B BUIE
OJIHOLIBETHBIX CTPEJIOK NEPEMEHHOM [UIMHBI WIM B BHUJEC DPA3HOLBETHBIX CTPEIIOK
OJIMHAaKOBOW JUIMHBL. [Ipy npencraBieHnN OAHOLBETHBIMU CTPEJIKAMU HAIIPaBJICHUE
U JUIMHA BEKTOpa COOTBETCTBYIOT TPEXMEPHBIM JaHHbIM. IIpum npencraBieHnn
CTPEJIKAMH OJIMHAKOBOMW JUIMHBI HAIIPABJICHUE CTPEJIKU COOTBETCTBYET HAIIPABIICHUIO
BEKTOPA, & LBET CIYXUT JUIsl MPEICTABICHUS €ro JUIMHBL. Takoe mpencTraBieHUE
ABIIsIETCS MHPOPMATUBHBIM, KaK 3TO MPOWLTIOCTPUPOBAHO Ha puc. 1.
YerblpexmMepHble MO (HAaIpUMEp, CKOPOCTb JBMJKEHUS BO3QyXa U €ro
TeMIlepaTypa) MNPEACTABISIOTCA CTPEIKaMH NEPEeMEHHOW JIMHBI, HaIlpaBieHUE U
JUIMHA KOTOPBIX COOTBETCTBYIOT TPEM IEPBBIM KOMIIOHEHTAaM, a LBET CIIYKUT I

OTO6pa}K€HI/IH YCTBCPTOrO KOMIIOHCHTA.

3.2. Npe3eHTaUNOHHbIE HAOOPbI AAHHbIX

Cucrema TOJIEpKUBACT OJHOBPEMEHHOE OTOOpa)XCHHE IPOHU3BOJIbHBIX
HAOOpOB JTaHHBIX, TMOJYYCHHBIX B pe3yJbTaTe MOJICIUPOBAHUS WA H3MEPEHUS
KaKUX-TMOO TPOCTPAHCTBEHHBIX XapaKTEPUCTUK. VCXOMHBIMM JaHHBIMU IS
BU3YQIM3AIMH CIyXaT (palibl ¢ MACCHBaMM YHCIIOBBIX JAaHHBIX, MPEACTABICHHBIX B
TEKCTOBOM BHJIe. BXOIHBIE MacCHBBI MOTYT COJEPKATh MPOU3BOJIHBHOEC MHOXKECTBO
KOMITOHEHTOB JIaHHBIX [UJISl Ka)XJOW TOYKH MPOCTpaHCTBa. Visualizer mo3BoisieT
3arpy’katb OJHOBPEMEHHO HECKOJIbKO BXOJHBIX MACCHBOB, KOTOpBIC, BOOOIIE
TOBOPS, MOTJIM OBITh MOJYYEHBI U3 PA3HBIX MCTOYHUKOB (HAIpUMEp, TPHU MTOMOIIN
pasHBIX TporpamMm MozenupoBanus). [lomp3oBaTens Ha OCHOBE 3arpyKCHHBIX B
JTaHHBIA MOMEHT BXOJHBIX (DAiJIOB OompeensieT HaOOPhI, COCTOSIINUE U3 OJTHOTO, TPEX
WM YeThIPEX KOMITOHEHTOB, JJI1 BU3YaJU3allMi UX KaK CKAJSIPHBIX MOJEH, TpeX Win
YETBIPEXMEPHBIX BEKTOPHBIX TOJieH. BXOaHBIE MPOCTpaHCTBEHHBIC TAaHHBIE MOTYT
OBITH PACTIONIOKEHBI HA PA3JIMYHBIX MPOCTPAHCTBEHHBIX CETKAX.

Ha puc. 5 mokazan npumMep omnpeziesieHus: TpeX MPe3eHTAIMOHHBIX HA0OpOB U3
JIBYX MacCCHBOB UCXOJHBIX JAHHBIX: OJJHOKOMIIOHCHTHBI Ha0Op JaHHBIX temperature
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(TemmepaTypa), TPEeXKOMIIOHEHTHBIN Ha0op AaHHBIX air speed (CKOPOCTh IBHKEHUS
BO3/lyXa) U OJITHOKOMITOHEHTHBIM HAOOp pressure (gaBieHue). Bece npe3eHTalmoOHHbIE

Ha0OpBbI TaHHBIX OYAYT B JajbHeilIeM 00padaThIBaThCs HE3aBUCUMO.

McxogHble MaccuBbl [Mpe3eHTaunoHHbIE

JaHHbIX: Habopbl AaHHbIX:

temperature (C)
humidity.h (%)
air speed.x (m/s)

— temperature (C)

air speed.x (m/s)
air speed.y (m/s) —

air speed.z (m/s)

air speed.y (m/s)

air speed.z (m/s)

pressure (Pa) pressure (Pa)

Puc. 5. Onpenenenre nmpe3eHTalIMOHHBIX HAOOPOB JAHHBIX

Bo3moxxHOCTB 3arpy’KaTb HC3aBUCHUMBIC Ha60p51 MMPOCTPAHCTBCHHBIX JAHHBIX
MMO3BOJIAIOT, HAIIPUMEP, BU3YAJIbHO CpPaBHHBATb PE3YJIbTAaTbl KOMIILIOTCPHOI'O
MOACIHUPOBAHHA C PCAJIBbHO HU3MCPCHHBIMHU [JaHHBIMH. Takue JaHHBIC MOXHO
pacCMaTpuBaTh KaK ABC PA3JIMYHBIC IIPC3CHTALIMH, OAHOBPEMCHHO I/I306pa}KeHHI>IC B

cpene.

3.3. dnemeHTbI Npe3eHTaLun

JUis KaKJ10T0 IPEe3eHTAMOHHOTO Ha0opa JaHHBIX MOJb30BaTElNb 33J1a€T OJIUH
U3 JOMYCTUMBIX crioco0oB mpenctaBieHus (cm. m. 3.1). Ilapa (mpe3eHTalMOHHBIM
HA0Op J@HHBIX, CHOCOO MPEACTABICHMS) HA3BIBAETCA JIIEMEHTOM IIPE3CHTAIUU.
MoxHO 3a7aTh HECKOJIBKO AJIEMEHTOB IMPE3EHTAIlMU, KOTOphle OYyIyT OTOOpaKeHBI

OJIHOBPEMEHHO B OKPY>KEHUU KOHTEKCTHOMW CLIEHBI, IPEJCTABIIAIONIEN CPEy.
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Visualizer mpenocraBiseT pa3BUTHIA rpaduueckuid  uHTEpdEHC  IIs
OIIpeNIeJIeHUs] DJEMEHTOB TMpE3CHTAlUi, BKIIOYas 3a/JaHue IPEe3CHTAMOHHBIX
HAOOPOB JTaHHBIX, BHIOOP BU3YAIbHBIX (POPM MPEACTABICHUS U OIMIUN, TAKUX Kak
[[BETOBasl NAJIWTpa, CTENEHb MPO3PavyHOCTH JUIs TOHOBOW  3aJIUBKU U
M30MOBEPXHOCTe U Jp. MMeroTcs Takke cpeacTtBa Ui BHU3YAIBHOTO 3a/aHUS
MHOJKECTBa IUIOCKOCTEH, Ha KOTOpPBhIX TpeOyercs oToOpa3uTh AaHHble. Onpenenun
AJIEMEHTHI MPEe3EHTAIMH, TI0JIb30BaTEb MOKET COXPAHUTh UX I UCIOJIb30BaHUS B
HOCJEYIOIUX CEaHCax.

Cucrema noaaepKUBaeT TakKe HHTEPAKTUBHBIC 3aIIPOCH] YHCIOBBIX 3HAUCHUN
U BU3YAIM3MPYEMBIX B JaHHBIH MOMEHT HAOOpOB JaHHBIX — IOJIb30BATEIIO
JOCTATOYHO YKa3aTh MBIIMIBIO TOYKY B KaKOM-JTHOO DJIEMEHTE MPE3eHTAIH, YTOObBI

MOJIYYUTHh HHGOPMAIIMIO O 3HAYEHUH CKAJISIPHOTO MJIM BEKTOPHOTO TMOJIS B HEH.

3.4. CpeacrtBa aHMMauum

Jliist Gonee HArmsAHOTO M3YYCHUS JaHHBIX Visualizer Mo3BOJISIET ONPEnesiTh U
BOCHPOMU3BOAUTh aHUMAIIMOHHBIE TTOCIIEI0BAaTEILHOCTH, TOKA3bIBAIOIINE U3MEHEHHUE
HCCIIETyEMOTO pacipeieieHus: JaHHBIX B IPOCTPAHCTBE UM BPEMEHH.

[Ipu mpocTpaHCTBEHHON aHMMAIIMU IJIOCKOCTh C U300pa)KEHUEM 3JIEMEHTa
aHUMAIIMH JIBMXKETCS BIOJIb 3aJIaHHOM TOJIb30BATENIEM TPACKTOPUHU; IIPU ITOM TaKKe
MOTYT BBINOJHATHCS BpalleHUs IUIOCKOCTH BOKPYT KOOpAMHATHBIX oceid. B
MPOCTEHIIIEM cllydae INIOCKOCTh (HampuMmep, ¢ H300paKeHHUEM CKaJSIPHOTO TIOJIS
TOHOBOM 3aJIMBKOM WJIM U30JIMHUSMU) TIPOCTO JABMIKETCS MOCTYIATEIBHO O MPSIMOM
JUHAH. B 3TOM OTHOIIEHWH BO3MOXXHOCTH aHMManuu B Visualizer CXO0XH CO
cpeacTBaMu, onucaHHbIMU B [1]. Takol moaxo MO3BOJISIET MPOAHATU3UPOBATH BCE
MPOCTPAHCTBO JAHHBIX. XOTA HAO0Op MAHHBIX 371eCh CTATUYECKHM, HO aHUMAaIUS
MOKaXXET €ro M3MEHEHHUE B0JIb OMPEACIICHHOTO HAMPABJICHUS MU HaIPABJICHU.

AHMMaIMS 110 BpeMEHH BO3MOJKHA JIJII HAOOPOB JTAHHBIX, KOTOPBIE COJEpKaT
uH(popmaruio 00 WM3MEHEHUU TIOJIS JaHHBIX C TEUEHHWEM BpeMeHU. B aTom ciydae

Visualizer =~ MOXeT  CreHEpuUpoBaTh W  BOCIPOU3BECTH  AHUMAIMOHHYIO
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IIOCJICA0BAaTCIBHOCTD H306pa)KeHHﬁ, IMOKa3bIBAOMIUX HN3MCHCHHUC PACIIPCACICHHA B
TCUCHUC 3aJaHHOT'O IIOJB30BATCIICM IIPOMCIKYTKA BPCMCHU. 910 YK€ II03BOJINT

BHU3YaJIbHO aHAJIM3UPOBATb TMHAMHUYCCKHEC ITPOLUCCCHI.

3.5. BcTpoeHHasa cuctema mogenupoBaHusa Flow

Kak yxke ormeuanoce B . 2, B paMkKax pabOT HO MOJEIHMPOBAHUIO U
OTOOpPAXKEHUIO CpeJibl OOMTAHMS YeoBeKa OblIa Takxke paspaborana cucrema Flow
(I".B.Kupeiiko, B.A.I'nyxos, B.B.Bunskun), Mmojienupyomas ABUKEHUE BO3TYIIHBIX
MacC M paclpelesecHUe TeMIIepaTyphl ¢ Y4ETOM IPOLECCOB TEILUIOBOM paaualuu, a
TaK)K€ €CTeCTBEHHOM U TMPUHYIUTENbHON KoHBekiuu. Flow mnoanepxxuBaer
MOJICIMPOBAaHUE AaTMOC(EPHBIX MPOLECCOB Kak C JIAMUHapHbIM, TaKk U C
TypOyJIEHTHBIM PEXUMOM JBMXXKEHHS BO3Jyxa. CUcTeMa NMpPenoCTaBisieT Pa3BUTHIN
rpaduueckuit  wHTepdec IS 3amaHUS  TPAHWYHBIX YCIOBUH, TMapaMeTpoB
MOJEIMPOBAHUS W AaHalIM3a pe3ynbTaToB. B KadecTBe MCXOAHBIX JaHHBIX
UCIIOJIB3YETCSl CLIEHA, i1 OOBEKTOB KOTOPOW 3aJlaHbl TEPMOJAMHAMUYECKHE
cBoiicTBa. B crieHe Takyke MOryT OBITh 3aJaHbl IOTOJHBIE YCJIOBHS, BKIIIOUAIOIIUE
CKOpPOCTh U HallpaBJI€HUE BETpa, TEMIEPATypy U JPYrHe CBOICTBA HAPY>KHOTO

BO3/1yXa, BpeMs roia, BpeMs CyTOK U IpoH.

3.6. WUHCTpyMeHT peaakTMpoBaHMA CLEH U MoAenupoBaHUA

OCBeLWeHHOCTH

Visualizer u Flow peann3oBaHbl Kak JOMOJHHUTEIbHBIE MOJYJIH CHCTEMbI
MOCTPOEHUST (POTOPEAUTUCTUYHBIX W300paxkeHud [7-8], mTpemHa3HAYCHHOW IS
NPWIOKEHU B OOJACTH apXUTEKTYphl U CBETOTEXHUKU. JTa CHUCTEMa COACPKUT
cpeacTBa (U3MYECKH aKKYpaTHOTO MOJIEIUPOBAHUS TIJIO0ATbHONM OCBEIIEHHOCTH
CUEHBbI C MCIOJIb30BaHUEM MeToja MonTe-Kapno win MeTola M3iIy4yaTeabHOCTU U
MO3BOJISIET MOJTY4YaTh KAYECTBEHHBIE BHICOKOPEAIUCTUYHBIE U300paKeHUS CIIEH. DTO
SBJISIETCA Ba)XHOM MPEINOCHUIKON [JIsl MOJYy4YEeHUs] YOEIUTEIbHBIX U JIOCTOBEPHBIX
npeseHTanui B Visualizer.
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Cucrema noctpoeHus: (HPOTOpeaIuCTUIHBIX H300paKEHUH MIPENICTABISIET COO0H
MHTETPUPOBAHHYIO CPey, U3 KOTOPOM MOJIb30BATENb MOXKET BbI3bIBATH IPaPUUEeCcKue
WHCTPYMEHTBl U1  BU3YaJIbHOTO PENAKTUPOBAHHMS CIEH M MOJACIUPOBAHUS
OCBEIIIEHHOCTH, a TaK)Xe BCIIOMOTaTelIbHbIe MOysH, Takue kak Flow u Visualizer.
[Ipeanonaraercs, 4To MEPBOHAYAIBLHO T'€OMETPUYECKAsE MOJIENIb CIIEHBI CO3/1aeTCs B
KakoW-mu00 W3 BHEUIHUX CHUCTeM TpexmepHoro wmojaemupoBanus (3D Studio,
AutoCad u T1.11.) U 3areM uUMHOOpTUpYyeTCs B GopMar rpa@uveckorl cUCTeMbl. Tam
MOJIb30BaTElh MOXXET JOIMOJIHUTH MOJENb ONpEACICHUSIMU HCTOYHHKOB CBETa B
(¢U3NYeCKUX BETWYMHAX, MapaMeTpaMH E€CTECTBEHHOTO OCBEIICHHS, aTprOyTamwu,
3aalOIUMH  ONTHUYECKHUE W TEPMOJIMHAMHYECKHE  CBOMCTBA  OOBEKTOB.
[TogmepkuBarOTCSI TakKe TMPOCTHIE OMEPAMH  PEIAKTHUPOBAHUS TECOMETPHH,
TEKCTYPUPOBAaHUE, YCTAHOBKA KaMEPhI U PAJT APYTUX BO3MOKHOCTEH.

[locne Toro Kkak cleHa, NPEICTaBIAIONIAS OKpPYXEHUE (KOHTEKCT) s
BU3YyaJIM3aIlMN TPOCTPAHCTBEHHBIX XapaKTEPUCTHUK, TOJATOTOBJICHA, TMOJIH30BATEIb
MOXXET Mpu Tomoiy Moayis Flow BBIMOTHUTHE MOAEIMPOBAHUE TEMIEPATyphl U
IBW)KCHUS BO3AyXa. Pe3ynpTaThl MOAETUPOBAHUS COXPAHSIOTCS B BHUAE (ailioB ¢
MacCHMBaMH JIaHHBIX, KOTOPbIE MOTYT OBITH MCIIOJNB30BaHbl B Visualizer. OTMeTum,
YTO JAaHHBIC I BU3YaJIU3alMM B MPUHIUIIE MOTYT OBITh MOJIYYEHBI U JIPYTUMU
CpeICcTBaMH, HAmpuUMep, B peE3yibTaTe H3MEPEHUH WM TPH TOMOIIM APYTHUX
IpOrpaMM MOJIEIMPOBaHUA. B 3TOM ciydae OHM JOJDKHBI OBITH MPEABAPUTEIILHO
npeobpazoBaHbl B (popMar, nojaep:xxkuBaeMbiii Visualizer.

Janee npu noMonu Visualizer monap30BaTeNb ONPEACISIET MPE3CHTAIMOHHBIE
HAOOpHl JAHHBIX U CHOCOOBI HUX OTOOPaXKEHWs, TOCIE YEro BBIMOIHIETCS
KOHTEKCTHAsI BU3YyaIN3allns JaHHBIX.

[Tpu HEOOXOAUMOCTH MOKHO «yTIPSITHIBATHY OT/ACIbHBIC DIIEMEHTHl T€OMETPUU
cuenbl. Takum oOpa3zoM, Mpu OoTOOpakeHUM JaHHBIX B Visualizer MOHO yOupaTh
AJIEMEHTHI CIIEHBI, MEIIAIOIINE BUACTh MpECTaBICHUE NaHHBIX. Hampumep, Ha puc.
4 mpu BU3yalM3alluU pacIpeielieHus TeMIlepaTyphl Oblla yOpaHa BEpXHsS 4acTh
KOpIyca TIOPTaTUBHOTO  KOMIIbIOTEpPa, XOTSA OHA MPHUCYTCTBOBAJIA  TpHU

MOACIUPOBAHNH TCIINIO-MAaCCOIICPCHOCA.
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MOXKHO TaK)K€ MEHSTh MOJOKEHHE KaMEPBI, 111 TOr0 YTOObI PACCMOTPETH BCE
UHTEpECYIole O0JacTH BHU3yAIM3UPOBAHHBIX JaHHBIX. Ilpuuem Onaromaps
KOHTEKCTHOW BHU3yaJM3allUd IOJb30BaTeNlb JIETKO OIpeAesieT Takue O00JacTH,
UCXOJsl Cpa3y U3 HECKOJIbKUX KputepueB. Hampumep, npu DpoOeKTUPOBAHUH
NOPTAaTUBHBIX KOMIIBIOTEPOB HMHXKEHEPY MOXKET ObITh HWHTEpEeCHa 00J1acTh ¢
3amnpeaenbHOM TEMIEpAaTypoid, a TakKe IMPOCTPAHCTBO HEMOCPEACTBEHHO OKOJIO

TJIABHOTO TIpoIieccopa.

4. Bonpocbl peanusauum

Cxema peanu3aluu KOHTEKCTHOW BU3yaJlM3allUM MPOCTPAHCTBEHHBIX JAHHBIX
n300pakeHa Ha puc. 6.

Kak yxe ynommnHanocs Visualizer paboraer ¢  TIPOU3BOJILHBIMU
MPOCTPAHCTBEHHBIMU JaHHBbIMU. [103TOMYy MOArOTOBKA MPE3EHTALIMOHHBIX HAOOPOB
JaHHBIX pPEAM30BAHA KaK OTAEJbHbI KOMIOHEHT — aJanTep HpOCTPAaHCTBEHHBIX
nanabix (VDA — Volumetric Data Adapter). HMcxomublii MaccuB JdaHHBIX
MPE/ACTAaBICH B BHJIE€ TEKCTOBBIX (PAiJIOB, TaK Kak TEKCTOBOW ¢opmar sBiseTcs
Hanbosiee YHUBEPCAIBHBIM MPU MEPEHOCE MEXKIY Pa3TUUYHBIMU BBIUMCIUTEIbHBIMU,
a TakKe ONEpalMOHHBIMU cHucTeMaMu. JlaHHBIE COCTOAT M3 3arojioBKa U
HEMOCPEACTBEHHO Teja. 3arojioBOK COACPKHUT HWH(POPMALKMI0O O KOJIHYECTBE
KOMIIOHEHTOB, WX HMEHAax, €IUHULIAX W3MEPEHHs, a TaKKe CBEICHUSI O
IIPOCTPAHCTBEHHON CETKE, Ha KOTOPOW OINPEAEJIEHbl KOMIIOHEHTBI JaHHBIX. Teio
COJICP’KUT COOCTBEHHO JaHHBIE B BHJE IOCIEAOBATEIBHOCTU YHCET, KOTOpPbIE
MHTEPIIPETUPYIOTCS] B COOTBETCTBUHU C 3aI0JIOBKOM.

VDA mnpenocTaBisieT WHTEPAKTUBHBIA MHTEephENc A 3arpy3kd HCXOIHBIX
MacCHBOB M BbIOOpa KOMIIOHEHTOB JUIsl MPE3€HTAMOHHBIX Ha00opoB. OH MO3BOJIsET
U3BJIEKaTh M3 MACCHBOB TpeOyeMble KOMIIOHEHTHI U JENAeT UX JOCTYNHBIMU IS
MOJYJISl BU3YaJIU3aLHH.

BoinenenHble npe3eHTalMOHHBIE HAOOpPbl JIaHHBIX IEpPEAArOTCsl 3aTeM B

re”Heparop npeseHtanuonHon reometpun (PGG — Presentation Geometry Generator).
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PGG renepupyer npezenmayuonnyro eeomempuio B GOpME TIIOCKOCTEH ¢
W30JMHUSIMU WJIM C TOHOBOW 3aJMBKOM, HW30MOBEPXHOCTEH WM CTPEJIOK, B
3aBUCUMOCTH OT ()OPMBI MPEACTABICHUS, BEIOpAHHOW MoJib3oBaTeneM. s kaxmaoi
dbopmbl nipeactaBiaeHus umeercsa crnenuainbHbii PGG. PGG mis m3onoBepxHocTe

OCHOBAaH Ha ajroputMe us [9].

Cuena JJIeMEHT Npe3eHTaAlMH:
Ha0op naHHbIX+Ppopma
v
GL PGG
N300pakenne

Puc. 6. Peanuzanysi KOHTEKCTHOM BU3yallM3alliy IPOCTPAHCTBEHHBIX JAHHBIX

CdopmupoBanHasi Mpe3eHTAIMOHHAsA TEOMETpHsl O00aBISETCS K T€OMETpUU
TEKyIIeH CIEHbl M OTOOpaxkaeTcs cpeicTBamMu rpaduueckoit 6mbmuorexn (GL —
Graphics Library) rpaduueckoit cucrembl. Takum oOpa3om, cama ClieHa, KOTopas
4acTO COCTOMT W3 OOJBIIOTO KOJMYECTBA OOBEKTOB, TPEOYIOUIMX CIEHUANTbHON
npeaABapuTeIbHON  00paboTku i A(QPEKTUBHON  BU3yaldu3aluu,  HE
BugousMensiercs.  JloGaBieHHas  Mpe3eHTAIlMOHHAs  T€OMETPUsS  COJEPIKUT
OTHOCUTEJIBHO HEOOJBIIIOE YHUCIO OOBEKTOB, M OHA MPAKTUYECKH HE BIIMSET Ha
o01ryr0 3(pPEeKTUBHOCTh BHU3yalIU3allMU. DJTO IMO3BOJAT BKIOYATh M BBIKIIOYATH

BU3YyaAJIN3alIWI0 ITPOCTPAHCTBCHHBIX AJAHHBIX B HHTCPAKTUBHOM PCIKHUMC.
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Ecoiu ompenenena anHuMmanusi, TO TE€HEPUPYETCS  COOTBETCTBYIOIIAS
MOCJIEIOBATEILHOCTD MPE3EHTAMOHHBIX T€OMETPU, KOTOpasi BOCIPOU3BOIUTCS T10
3anpocy mnonb3oBarens. Ciaeayer OTMETHTb, UYTO TE€OMETPHsSl KaXJoro >3JeMEHTa
Mpe3eHTallud  OTOOpaXkaeTcsi TMOCPEACTBOM  HMHAMBUAYaTbHOTO KaHala, dTO
MO3BOJISIET BKJIIOYATh W BBIKJIIOYATh BHU3yAIM3AIUMI0 OTACJBHBIX 3JIEMEHTOB

HE3aBHUCHUMO.

5. BoamoxHble HanpaBneHua passutus Visualizer

ApXWUTEKTypHBIE  pEIIEHHUs, NpUHATBIE B  peanu3zauuud  Visualizer,
00ecreurBaOT MUPOKUE BO3MOKHOCTH JUIsl HApallluBaHUs ero (GyHKIMOHAJIbHOCTH.
OueBuaHbINA cr1OcO0 pa3BUTHS CPEJCTB BHU3yalM3allMu - J00aBlIEHHE HOBBIX (popm
IIPE/ICTABIICHNS JAHHBIX, HAOpUMEpP, B BUAE ABWXKYILMUXCS 4YacTHUL, TPAECKTOpPUM
MapKepoB WM 4YacTuil. JUIsi 3TOro JOCTaTOYHO PEaNU30BATh COOTBETCTBYIOLIUE
PGG.

WNuTepecHo mpencTaBisieTCss TakKe UJes BBEACHHS B HW300pakeHUe
CEHCOPHBIX 3JIEMEHTOB (CKaxeM, B (opme uenoBedecKod (Urypbl), BO3MOXKHO,
aHUMHUPOBaHHBIX. [IpuMep mpuUMeHEeHUs 3TON WIEH - U300paKeHHE ABIKYILEHCS B
IOMELIECHUH (PUTYpPBI YETIOBEKA C OTOOpaKEHUEM Ha €€ MOBEPXHOCTHU paclpeaeeHus
TeMIiepaTypbl (TOHOBOM 3amuBKOM wid B Buae u3oiauHui). IlomoOHbIi crnoco0
BU3yaIM3alMK MO3BOJISET B MAaKCUMAJIbHO HaIJIAIHOW (hopMe MOKa3aTh, HACKOJIBKO
KOM(OpTHO Oyner ceds 4yyBCTBOBATh B JAHHOM IOMEUIEHUHM B3POCIHBIA YETOBEK,
peOeHOK, MK, BO3MOKHO, JOMAaITHEe )KHBOTHOE.

Ha puc. 7 npeacrasiena cxema peaan3ally HIed KOHTEKCTHOW BU3yalu3alun
TIPOCTPAHCTBEHHBIX JAHHBIX HA MOBEPXHOCTH CEHCOPHOro 0ObekTa . J{is KaxIoit
dbopMbI TpencTaBiICHUs] JAaHHBIX (M30JMHUM, TOHOBAs 3aJlUBKa, CTPETIKU) JIOJKEH
npucyrcrsoBatb PGG, Ha BXoX KOTOpPOro IIOJAETCs, C OJHOM CTOPOHBI,

MPE3CHTALIMOHHBIA HAOOP TaHHBIX, C JPYrOi — FTEOMETPHsI CEHCOPHOTO OOBEKTA,

! ITogxon He npeamnogaracT rnmepeBbIMUCICHUC PACIIPCACICHUA TEMIICPATYPLBI C YUCTOM TCIlJIA,
BBIJACIIACMOIO Y€JIOBCKOM.

19



IIpe3eHTaMOHHBIH HA0OP

Cuena JAHHBIX

GL [ PGG

! 1

KaraJior ceHCOpHBIX 00bEKTOB

¥ &4

HN300paxenne

Puc. 7. KoHTekcTHas BU3yanm3alys MPOCTPAHCTBCHHBIX JTaHHBIX HA TIOBEPXHOCTH CEHCOPHOTO
00BEKTA

BBIOpaHHOTO TMoJk30BaTeneM. Ha ocHoBe »tux ganHbix PGG  renepupyer
MPE3CHTAIMOHHYIO TEOMETPHI0. B OCTaIbHOM BH3yaiu3aiusi BBIMOJHSIETCS TaK Ke,
KakK OIIMCAaHO B Il 4.

Jlpyroe BO3MOXHOE HAaIpaBJCHUE Pa3BUTHUS — peaau3arus JOMOJHUTEIbHBIX
MporpaMM  MOJICIUPOBAHMS, a TaKKe TMOJJEpKKAa BHEIIHUX  IporpaMm
MOJICJIUPOBAHUS, KOTOpasi CBOAUTCS K peaIM3allii COOTBETCTBYIOIIUX KOHBEPTEPOB

JTAHHEBIX.

6. 3akn4yeHue

Visualizer Obl1 peanu3zoBaH B oTheie MamMHHOM rpadukun HMHcTtuTyTa
npukiagnoi marematuku uM. M.B. Kenapiiia PAH kak onuH U3 TOMOJIHUTENBHBIX
MOJIyJIeH ISl CUCTEMBI (PU3MUECKH aKKypaTHOIO0 MOJETUPOBAHUS OCBEUIEHHOCTH U
MOCTPOEHUS (POTOPEATUCTUIHBIX N300PKECHUA JIsi aPXUTEKTYPHBIX MPUIIOKESHUN.
Visualizer mpencraBnser coO0H MHCTPYMEHT JIJIsl BU3yaIH3alliU TPOCTPAHCTBEHHBIX

JaHHBIX (pacupenesieHusi TeMIEPaTypbl, CKOPOCTH JBHXKEHHUS BO3JyXa M T.I.) B
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KOHTEKCTE Cpelbl OOMTaHMs YeJIOBEKa — B )KMJIOM TTOMEIICHUH, CaJIOHE aBTOMOOMJIS,
ropojckoM Mukpopaiione. KoHTekcTHas Bu3yanu3alus [O3BOJSET MOJydYaTh
M300paKeHUsl, MPECTaBIAoIIMe 0000UIEHHBIM 00pa3 cpeAbl ¢ y4eToM (akTopoB,
OTIPE/CTSIONMX €€ NPUBICKATENIbHOCTh ISl 4eloBeKa (B TOM 4MCIe, BHEIIHEH
PUBJIEKATEIIHHOCTH), KOM(pOPTHOCTH (MUKpOKJIUMAT, DKOJIOTHS) WIn
(GYHKIIMOHATIBHYIO TMPUTOAHOCTH JJI KAaKOTo-TMOO IIEJIEBOTO  HMCIOJIb30BaHUS.
Co3naHHble METOABl MOTYT NPEACTABIATh HWHTEPEC /I HCHOJIb30BaHUS B
apXUTEKType, NPOCKTUPOBAHUM CHUCTEM OTOIUICHHS ¥ KOHAMIIMOHUPOBAHUS,
rpajoCTPOUTENBCTBE, JaHIIAPTHOM AU3aiiHE.

BricokonnpopMmaTiBHBIE — MpE3EHTAIlMM, TeHEpPUpyeMble TMpU  MOMOIIU
Visualizer, MOTYT CIy>KUTb MHCTPYMEHTOM MPHUHSTHS PEIICHUA B Pa3HOOOPA3HBIX
o0nacTax yesnoBedeckon aearerabHoCcTU. CyIIeCTBEHHOE JOCTOMHCTBO KOHTEKCTHOM
BU3YalU3allMM — «IOHSATHOCTBHY» M300paKeHUN JUIsl JIMIl, HE SIBISIOLIUXCS
npo(hecCHOHANBPHBIMUA CIIEHUATNCTAMU B KaKOH-TMOO W3 MEpPEUYHCICHHBIX BBIIIE
oOnacteil — YMHOBHUKOB, OM3HECMEHOB, NMOTEHUHUAIbHBIX IMOKYIaTele KBapTUPbI
WIA 3aropoJHOr0 JoMa. MOXKHO TMpEeANoiOXKUTh, UYTO POCT TpeOOBaHUH,
NPEIbABISEMBIX YEJIOBEKOM K Cpelleé CBOEro OOMTaHMs, MPUBEAET K pacTyIIeMy
CIIPOCY Ha CPEeJICTBA BU3yalIU3allii TAaKOTO POJa.

[lonobHass HampaBICHHOCTh CHUCTEMBl HE YMalseT €€ LEeHHOCTH Kak
WHCTPYMEHTA BU3yaJIW3allud JJs NPOPECCHOHAIBHOTO NpuMeHeHus. Visualizer
MPEIOCTABIISET JOCTATOYHO OOraThliii Habop (GOpM BHU3YaTbHOTO MPEACTABICHUS
JAHHBIX, PAa3BUTHIE BO3MOKHOCTH YIIPABJICHUS MapaMeTpamMu H300paKeHuss u
PEKUMOM MPOCMOTPA, CPEJICTBA AHUMAIIUH.

B 3akmouenume xotenmoch OBl OTMETUTh, YTO TPUMEHUMOCTH HICH
KOHTEKCTHOW BH3yallM3alldd HE OTPaHMYMBAETCS YKa3aHHBIMM BBILIE OOJIACTAMHU.
Visualizer ¢ ycnexom HCHOJIB30BANCSA, HampUMep, A NPOEKTHPOBAHUS CUCTEM
OXJIAKICHHS B KOMIIBIOTEPAX, B CTPOUTEIHHOM MPOCKTUPOBAHUU IS MIPEACKa3aHUs
JECTPYKTUBHOTO BO3JEHCTBUS NOTOJIHBIX (DaKTOPOB Ha 3JIEMEHTbl KOHCTPYKLIUU

3AaHusl, B IIPOCKTUPOBAHHUU OCBCTHTCIIbHBIX YCTPOfICTB. M1 nmojgaracM, 4To HMACA
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KOHTEKCTHOM BU3YAJIM3allMA MOYKET HAWTH NPUMEHEHHS W B JPYTHUX OTPaCisX

YeJIOBEUECKOM JeSTENbHOCTH, HAITPUMED, B cpepe 0Opa3oBaHUsl.

Bepcuro crartbm ¢ BETHBIMH PHUCYHKAMM MOXHO HaWTH MO aJapecy

http://www keldysh.ru/pages/cgraph/publications/cgd publ.htm
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