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AnHOTanUA

B Hacrosmee BpeMs Ipu UccieloBaHUU (PU3NUeCKUX 1oJiel 3eMIy, TAKUX KaK IPaBUTa-
IIMOHHOE WJIM TeOMarHuTHOe I0Jie, HauboJjiee IMIMPOKO HCIIOJIb3yeTcs Mpe/CTaBIeHNe KaK-
JIOU OT/AEJIbHO B3ATON KOMIIOHEHTHI BEKTOpA KaK HEe3aBHUCHMOIO CKaJIApHOro moJsisA. Kpome
TOTO, /IJI1 KapTorpapupoBaHUsA CKUIAPHBIX (PU3NUECKUX I0JIEN B IIOCJIe/IHEE BPEMA aKTUBHO
npussiekaTcsa ['MC-rexHosoruu. B UX OCHOBe JIEKUT IpeficTaBIeHue 1MoJisA I[UdpPOBOU MoO-
nenbio Ha peryssipHou cetke (GRID-mozens) win B Buzie Tpuanryssuun (TIN-mozens). Ue-
X0l U3 aHaJNu3a CyLIEeCTBYIOIINX METO/O0B KapTorpadrpoBaHusa reodpusnyecKux Iojeu, B
CTaThe MPUBOAUTCA KOHIIEMIMS HOBOTO METO/a OTOOpa*KeHUsI BEKTOPHBIX (PU3UUECKUX IIO0-
Jiell 3eMuId, MO3BOJIAIONIEro eAUHOBPEMEHHO BU3YyaJIM3UPOBATh BCe KOMIIOHEHTHI TPEXMeEp-
HOT'O BEKTOpa Ha IUIOCKOCTU. OTIMYUTETFHON 0COOEHHOCTHIO TAHHOTO METO/A SIBJISETCS HC-
II0JIb30BaHUeE JIJI MIpe/iCTaBIeHUsA U 0TOOpa)keHUs UCCileZlyeMOTr0 BEeKTOPHOTI'O 1I0JIsl MaTeMa-
TUYECKOT'0 alllapaTa KBaTePHUOHOB, MO3BOJIAIIIET0 3¢ ¢deKTUBHO peliaTh 33/lauul mpeodpa-
30BaHUA CUCTEMBI KOODPJIMHAT, HAXOXKJEHUS IO0JII PABHOJENCTBYIOIIUX CUJI U UHTEPHOJIA-
nuu. ONuChIBalOTCA IMpaBmiia IlepeBoZila KOMIIOHEHT KBaTEpPHUOHA B I[BETOBblE KOOPAWHATHI
pe3yJIbTUPYIONIETO M300pakeHNs, a TaK:Ke IMPUBOJUTCA SKCIEPUMEHT, WJLTIOCTPUPYIONTUI
IPEAJIOXKEHHBIN METO/] U IPUMED PelleHrs] OOPAaTHOU 33/1a4U 10 HAXOXKAEHUIO TapaMeTPOB
BEKTOpA U3 I[BETHOTO n3o0pakeHusA. OnucaHHbIN MeTo, MOoKeT ObITh npuMeHEH B I'IC g
60s1ee mostHOTO OTOOpakeHus nHpopmanuu. Kpome Toro, mpeacraBieHre BEKTOPHBIX MOJIEN
B BU/IEe KBATEDHUOHOB MOXKET HANTU CBOE IIPUMEHEeHUEe B HAaBUTAIIUU 110 re0pU3UUEeCKUM TO-
M. Pabota BeImostHeHA pu oAzep kke Poccuiickoro ®ouyia ®ynmameHTanbHbIX Mccememo-
BaHui (PODPU, rpanT 16-05-00720).

KiaroueBbie ciaoBa: reopusnyeckue 1oss, rpaButanuonHoe nose, I'MC, Busyanusa-
1, MHOTOMEPHBIE BEKTOPHBIE IT0JIA.

(puc. 1). B HacTosmee Bpems JJisl KapToO-
1. BBeageHnue rpadupoBanusa ckaIApHbIX PII3 akTUBHO
npusiekawTca ['MC-texnonoruu. B ux oc-
HOBE JIEJKUT IIPeJCTaBIeHUEe Mo IUPPo-
BOM MOJIeJIbI0 Ha PETYJISIDHOU CeTKe
(GRID-Mozenpb) WiIu B BUie TPUAHTYJIAIIAN
(TIN-mozesnb), TMOAJIEPKUBAEMOE MHOTH-
Mu pacnpocrpadnesHeiMu I'MIC, B TOM yuc-
sae ArcGIS (ESRI) u «I'MIC Kapra» (Kb
[Tanopama) [2]. BmecTe ¢ aTHM, B mIOCIIET-
HHUE TOJIbl B CBSI3U C Pa3BUTHEM HCCJIEIO-
BaHUH B 00J1acTH aBTOHOMHOU HaBUTaIlUU
Bce 0O0JIbIlle BHUMAHUS Y/EJISIETCSI BEKTOP-
HBIM IpexacrasaeHuam PII3, nmpumepamu

B HacrosIee BpeMs IIpU UCCIIeIOBAHUHI
rPaBUTAIIIOHHOTO U JIPYTUX (DU3UUECKUX
noner 3emsu  (@II3) mo-mipexxHEMY
HanboJiee IIUPOKO UCIIOJIb3yeTCs Ipes-
CTaBJIEHUE TaKUX MOJIEN B BUJIE CKAJISIPHBIX
BEJIMYUH (AHOMAJIUS CUJIBI TAKECTH, BHICO-
Ta reoujia, MarHUTHOE CKJIOHEHUE, BhICOTA
3eMHOU TOBEPXHOCTH M T.M.) [1]. 3amauwm
OTOOpakeHHsI U BUBYAJIU3ALUU CKaJAp-
HBIX TOJIel TPAJUIMOHHO PpelIaloTcs IIy-
TeM UX KapTorpadupoBaHUs HA TIJIOCKOCTH
C WCIIOJIb30BAaHHEM CIIOCO0A W30JIUHUU
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KOTOPBIX MOTYT CJIY>KUTb HAIPSIKEHHOCTh
rPaBUTAIIMOHHOTO WJIM MAarHUTHOTO II0JIeH
3ewuu [1]. TpagumoHHbIE METO/IBI KAPTO-
rpaduposanua OII3 He Bcerza npuemsie-
MBI JUIS OTOOpaKe€HUSI BEKTOPHBIX IOJIEN
[4]. Pemrenme Takux 3amau TpebyeT mpu-
MeHEeHUs OCOOBIX IMOAXOA0B, UTO MOTUBH-
pOBaJI0 JIaHHYIO paboTy, IOCBAIIEHHYIO
pa3paboTKe HOBOTO MeTO/Ia OTOOpaKEeHUs
BEKTOPHBIX MOJIeH 3eMJIM Ha IJIOCKOCTU U
HCCJIEIOBAHUIO €r0 PpabOoTOCIIOCOOHOCTH.
OTIMYIuTETLHON 0COOEHHOCTHIO IIpEe/IIara-
eMOro MeTo/a fABJsAeTcs rpaduueckoe
IIpe/ICTaBJIeHNE BEKTOPHBIX IOJIEH ¢ HC-
MI0JIb30BAaHUEM KBAaTEPHUOHOB.

2. PaszpaboTka
MeTOoAa

OIHUM U3 PpACIPOCTPAHEHHBIX CIIOCO-
060B OTOOpa)KEHUS BEKTOPHBIX IIOJIEH SB-
JisieTcst  croco® TpeACTaBIeHUs KaXKIou
OTZIeJIbHO B3ATOW KOMIIOHEHTHI BEKTOpA

HOBOI'o

KaK HEe3aBHCHUMOTO CKaJIAPHOTO IojsA. B
pe3yJibTaTe 3a7aua OTOOpPaKEHUS BEKTOP-
HOTO TOJISI CBOJAUTCS K COBOKYITHOCTH 3a-
Jlad OTOOpakeHUsl CKAIAPHBIX IOJIEH, Of-
HAKO IIPU 3TOM, C OJTHOU CTOPOHBI, TepsIeT-
cA IEeJIOCTHOCTh KapTHUHBI IMOJISA, C APYTOH
CTOPOHBI, BO3pAcCTalOT 00beMbl MHPOpPMA-
nuu, Gopmupympoiei nszobpaxkenue. Ipy-
TOM M3BECTHBIN CITIOCOO COCTOUT B OTOOpa-
JKEHUH TI0JIs IPH IOMOIIM CTPEJIOK, KaXK-
Jlasi U3 KOTOPBIX MIOKA3bIBAET HAIIPABJIEHUE
M WHTEHCHBHOCTH II0JII B 3aJaHHBIX TOY-
kax. Tako#l crmoco6 HaXOAUT NMPUMEHEHHE,
B YaCTHOCTH, IPU OTOOpasKEHHWU TOJIS TO-
PUBOHTAJIbHBIX JIBUKEHUH 3€MHON KOPBI
[5]. OmHako cTpeslouHOE IIpejiCTaBIIEHUE
IOJIST 3aBEJOMO SIBJISIETCS JUCKPETHBIM.
Kpome 3Toro, mpoeKIuu CTpeIoK Ha ILIoc-
KOCTb, B YaCTHOCTH, Ha KpaH, MOTYT IPH-
BOJUTh K HENPaBUJIbHON WHTEPIIPETAIUU
pe3yJIbTaTOB MOJETUPOBaHUA [6].
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Puc. 1. F'paduueckoe npezacrasiaeHue nudpoBoil MO/IETN BHICOT KBAa3UTEOU/IA.



[IpennaraemMplii MeTOJT IIpEJICTABJIEHUS
BEKTOPHBIX MOJIEW, HATTPUMED, TOJIS CHJIbI
Ts’KEeCTH, OasupyeTcs Ha IIpeACTaBJIEHUHN
BEKTOPHOM BEJIMUMHBI B KaXK/IOU TOUKe Ha
IIOBEPXHOCTH 3€MJIU KBaTEPHUOHOM:

Q= a+bi+cj+dk, (D

rge a,b,c,d — BellecTBeHHbIE UMCIa, a
i,j, k — mEUMBIe euHULEBL. [Ipu 3TOM UmC-
JI0O a Ha3bIBAIOT CKAJISIPHOM YacThiO0 KBa-
TepHUOHA, a bi+ cj+ dk — BEKTOpPHOW,
i,j,k MOXKHO paccMaTpuBaTb Kak OPTHI B
MIPSIMOYTOJIBHOU CHCTEME KOOPAUHAT [7].

Takum 0O6pa3oM, BEKTOPHOE II0JIE€ B HC-
cyexyeMor 006JIacTH 3€eMHON IOBEPXHOCTH
OIIMCHIBAETCA MHOKECTBOM K KBaTepPHHO-
HOB BH/a (1). biarogaps u3aBeCTHBIM CBOY-
CTBAaM KBAaTEPHMOHOB, TAKUM KaK HaJIUYHUeE
OIIPEJIEJIEHHBIX OIEepaluid CJI0KEHUs U
YMHOKE€HUsI Ha JIEMCTBUTEJILHOE YHCIIO,
MHOKeCTBO K MOKHO CYUTaTh YETBHIPEX-
MEPHBIM JIMHEUHBIM ITpOCTPaHCTBOM. KBa-
TEPHUOHBI ABJIAIOTCA JINHEHHBIM OIlepaTo-
POM B yKazaHHOM npocTtpaHcTBe K. Cymma
KBaJ[pATOB KOMIIOHEHT KBaTE€PHHUOHA PaB-
Ha €ro MOJAYJI0, KaK U JJ1 KOMILJIEKCHOTO
quca.

OTMedyeHHBbIE CBOMCTBA ITO3BOJISIOT HC-
M10JIb30BaTh KBAaTEPHUOHBI NPU pPelIeHUHN
3a/1au JIMHEWHBIX U OPTOTOHAJIBHBIX IIpe-
obpaszoBaHUI, Olepamnyuil MOBOpPOTa W pac-
TSDKEHHUS BEKTOPOB B TPEXMEPHOM MIPO-
CTPAHCTBE, KOTOPbIE, B UACTHOCTH, AAIOT
BO3MOKHOCTb OCYILIECTBJIATh II€PEXOJ; OT
MECTHOM CUCTEMBI KOOPJIUHAT K HIPUHATON
€/INHOUN TEeOIeHTPUYECKOU cHucTeMe KOOop-
AUHAT npu kKaprorpaduposanuu OII3.

3a cuéT 3¢pPeKTUBHOrO pelieHus 3a7au
Ha CJIOKEHUE TIOBOPOTOB U OIpe/AeJIeHUs
KOHEYHOTO  IOBOpPOTa, KBAaTEPHUOHBI
MIPEZIOCTABIISIOT O0JIee OTHOE ¥ KOMITaKT-
HOe OIHMCaHVe OpUEeHTAlluU, OCTaroleecs
[IPY 5TOM IIOHATHBIM U He BBIPOXKAAI0IIee-
csA HU MPU KaKUX OOCTOSATENHCTBAX, B OT-
JITYUe OT, HAI[pUMeD, yTJioB Jduiepa. B ot-
JINYMe OT MaTPUIl IOBOPOTA, KBATEPHUOHBI
TpeOyIOT MeHbIllee KOJUYECTBO IIaMSTH
JUIA XpaHeHUs U BBIYUCIUTEJIBHBIX MOIII-

HOCTE! /i TPOBEJEHUs PACYETOB, UTO
caenyer u3 6ojiee mpocToil GopMBbI OIHca-
HUS HalpaBJIeHUs KBaTepHUOHAMU [8, 9].

CBa3aB BEKTOpDHbIe KOMIIOHEHTBHI KBa-
TEepHUOHA C IIPOCTPAHCTBEHHBIMU JJAHHBI-
MU, MOKHO HepedTH K 3amade 06 oTobpa-
JKEHHUU BEKTOPA, 3aJIaHHOTO B TPEXMEPHOM
IIPOCTPAHCTBE, Ha IIJIOCKOCTU, IPUYEM 5TO
oTOOpakeHUe JOJKHO OBITh B3aWMHO-
O/IHO3HAYHBIM U HarIsaAaHbIM. Crenys [10,
11], 7719 e€ pelleHus MpeAJaraercs WHC-
II0JIb30BaTh I[BETOBOE IIPEJCTaBJIeHUE, OC-
HOBOUM KOTOPOTO CJIYKUT UYeThIpEXMepHast
MO/IeJIb B BUJIe KBaTepHUOHA (1), TIe KOOp-
JIVHATBl IIpU MHUMBIX eJUHHNAX ],k
HEIOCPEJCTBEHHO OIpEeesAI0T I[BET B 3a-
JIAHHOU cucTeMe KOOpAWHAT, a KOOpAUHA-
Ta a CBsI3aHA C BRIOOPOM Hayasia OTCYETA.
JlaHHBI MeTO/ TO3BOJIAET OTOOpaXKATh
MIPOCTPAHCTBEHHbIE BEKTOPHBbIE IIOJIS HA
IUIOCKOCTHU IpU noMoInu 1Beta. [Ipu aTom
BBIOOp MAaTEMAaTUYECKOro ammapara KBa-
TEPHUOHOB J]JaéT BO3MOXKHOCTh yCTaHOBJIE-
HUA B3aUMHO-OJJHO3HAYHOTO  COOTBET-
CTBUSA MeK/Iy IPOCTPAHCTBEHHBIM pacIipe-
JleJIeHUeM BEKTOPHOTO IIOJISl M €Tr0 I[BETO-
BBIM IIPE/ICTaBJIEHUEM Ha IJIOCKOCTH.

C mpakTuyeckKOod TOYKU 3PEHUs Cylle-
CTBEHHBIM SIBJISETCS BBIOOD CHUCTEMBI KO-
OpAWHAT LBETOBBIX H3MepeHUH, B KOTO-
poli, dakTuuecku, U OYyAyT BBHIUUCIIATHCS
3HaueHus b, c,d B popmysne (1). OgHuM U3
BO3MOXKHBIX BADUAHTOB ABJIAETCA HCIIOJIb-
30BaHHE CHCTEMBbl I|BETOKOJUPOBAHUA
RGB, pekomengoBanHOU MeKyHApPOHOMU
KOMHCCUEN II0 OCBEIIeHHI0 U MINPOKO
IIpUMeHsAeMON B KOMIBIOTEPHOI Tpaduke
u teseBuzieHUn. CyllleCTBYIOT U JIpyTHe CU-
CTEMBl 33/JaHUA I1[BE€TA, B KOTOPBIX IIBET
OIUCBHIBAETCA B BUJIE YETHIPEX KOMIIOHEHT,
B uvactHoctd, CMYK, Hameznmasa mpume-
HeHue B nosurpaduu. B otimuue ot RGB,
3aganHbii B CMYK 1mBer mosiyuaerca 3a
CUET BBIYMTAHUA KOMIIOHEHT I[BeTa u3 Oe-
Jioro 1Bera [12]. OgHaKo JaHHAs CHCTEMA
He BIIUCBIBAETCA B MO/JIEJIb IIPE/ICTABIIEHUA
BeTa B BUJIE KBaTEPHUOHA.



3. HccaemoBaHue paGoTOCIIOCOOHOCTH IIPEAJIaraeMoro Me-
TOXA OTOOpaKEeHU

PaboTocrmocoOHOCTh OMMCAHHOTO METOjIa IIPE/CTaBJIEHHs BEKTOPOB B BHJE IIBETOBOTO
pacrpeieJieHus Ha IUJIOCKOCTH MPOBEPSAIACHh PACUYETHO-IKCIEPUMEHTAJBHBIM IIyTEM C HC-
M0JIb30BAHUEM BEKTOPHOTO 110Jis1, chGOPMHUPOBAHHOIO IO Pe3yJibTaTaM BhIUMCIEHUUN YKIIOHE-
Hui otBecHBIX JIHUH (YOJI) o mozestn EGM2008 110 2190-# cTeneHu pas3JioKeHus Ieoro-
TeHI[hasIa o chepuueckuM GYHKIUAM 11 paiiona Mocksbl u [TlogmMockoBbs (puc. 2) u 3a-
MHUCAHHOTO B BU/E MacCHUBa KOMILIEKCHBIX unices (TabJI. 1).

Tab6s1. 1. Cocrasiisroniue YOJI, 3anrcadHble B BUEe MaTPUIbI KOMIIEKCHBIX YHCEJT

1.7+1.21 1.4 0.8-0.6i | 1.5-0.9i 4.2-1i 6.5-0.91 | 6.9-0.6i | 6.9+0.8i
3.8+1.4i | 5.3-1.61 | 7.6-3.2i 9-3.91 8.6-2.4i | 6.840.6i | 4.9+1.6i | 4.2+1.2i
5.0-1.1i | 6.9-4.51 | 6.7-4.1i | 5.2-2.61 | 3.7+0.4i | 3.1+3i 2+2.8i 0.7+3i
5.8-2.81 | 4.8-3.3i | 3.2-1.1i | 2.6+0.5i | 1.8+1.4i | 1.0+3.6i | 1.2+3.51 | 0.8+3.3i
1.8-2.71 | 0.7-1.51 | -1.1+0.71 | -3+2.51 | -5.1+3.2i | -5.6+4.4i | -6.3+5.51 | -6.9+5.91
-3.7+1.21 | -5.5+1.91 | 5.6+3.2i | -4.5+3.31 | -3.1+2.71 | -1.8+3.2i | -0.2+5.2i | 0.8+4.9i
0.7+2.41 | 1.5+1.11 | 2.4+1.61 | 2.2+0.91 | 2.5+1.11 | 2.3+2.31 | 1.7+4.1i 0.9+51
2.6+0.81 | 2.3+1.51 | 1.3+2.1i | 1.1+1.71 | 0.841.4i | 0.5+3.71 | 0.1+5.2i 1+5.11
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Puc. 2. Paition MockBbl 1 [TogMOCKOBBsI (BBIIEIEH TTPSIMOYTOJILHIUKOM ), HA KOTOPBIH 110
Mozeii EGM2008 6b11H BRIUHC/IEHBI U 3aTEM BU3YAIM3UPOBAHbI YKJIOHEHUS OTBECHBIX JIN-
Huii. Web-kapTa B paBHOIIPOMEKYTOUHOU IIPOEKINH, COCTAaBJIEHHAS IIPH IIOMOIIH 6HbIIHO-

teku Cesium

Hcenenyemasi o61acTh OrpaHUYeHa KBaJIpaTOM C KOOPAWHATAMU KPaWHUX TOYeK 55.125° C.
1. 36.125° B. 1. ¥ 56.875° ¢. u1. 37.875° B. &1. I ynobOcTBa OIeHKH Pe3yJIbTaTOB JaHHbBIE 00
YOJI Takske ObUTH OTOOpPAKEHBI IPSIMBIM METO/IOM C IIOMOIIBIO CTPEJIOK (pHC. 3a).

W3 nedcTBUTEIPHON M MHHUMOM YacTell KOMILIEKCHBIX YHcesT ObLIHM COCTABJIEHBI MaTPUIIBI
IIBETOB B cucTeMe KoopAauHaT RGB, mpuuém JelicTBUTEIbHBIE YACTH COOTBETCTBOBAJIA Kpac-
HOMY I[BETy, MHUMbIE — CUHEMY, a 3€JEHBIA B JIIOO0U TOYKe M300paskeHUs ObLI paBeH O.
Kpome Toro, aeficTBUTEIbHbIE 1 MHUMBIE COCTABJIAIONINE ObLIA «PACTSHYTHI» 10 TUHAMUYE-
CKOMY JHaIa30Hy OT O JI0 255 pacTpoBbIX n3obpakeHuil B ¢opmare BMP. Tak kak koopiu-



HAaThI IIBETA B RGB MOTYT IIPUHHUMATDb TOJIBKO ITOJIOXKHUTEJIbHBIE 3HAYEHUA, TO BCE KOMIIOHEH-
THI BEKTOPOB OBLIIU B3ATHI 110 MOJYJIIO, UTO MIPUBEJIO K Pe3YJIbTaTy, U300paKEHHOMY Ha PUC.
30.

CTOUT OTMETHUTD, YTO IOJIyYEHHOE TAKUM 00pa30M H300pa’keHHe HeceT NH(pOPMAIIHIO He
TOJIBKO O HaAIIpaBJIEHHNHU BEKTOPOB, HO U UX MOAYJIE. TaK, yeM OOoJIbIIe MOAYJIb BEKTOpa, TEM
OoJiee HACBIIIIEHHBIH I[BET EMY COOTBETCTBYET 1 HA0OOPOT, HAUMEHBIIINE 10 MOAYJII0 BEKTOPa
onmke K uépHoMmy. OTHaKO Ha IPUBEIEHHOM M300paKeHUM HEBO3MOKHO OTJIMYUTH /IBA BEK-
TOpPa C IIPOTHUBOIIOJIOXKHBIMH I10 3HAKY KOMIIOHEHTaMHU.

. =

a 0

Puc. 3. [Ipumep oToOpakeHUs1 BEKTOPOB IIBeTOM Hemnocpe/icTBeHHO B RGB (a - ucxosHoe
TI0JIE BEKTOPOB; O - I[BETOBOE IIPE/ICTaBJIEHIE BEKTOPOB B cucteMe RGB)

ITo aTO¥ MpuUYMHEe OBLIO PEIIEHO 33/]aTh CBOIO CHCTEMY IIBETOBBIX KOOPAWHAT. B Hel Kaxk-
JIOMY ITPOTHBOIIOJIOKHOMY HAIIPABJIEHUI0 KOOP/IMHATHBIX OCEH ITPHUCBOEH CBOMU I[BET, IPUYEM
TaK, YTOOBI MEXKAy BEKTOpAMHU M WX IIBETOBBIM IIp€JICTaBJIeHHEM OBLIO B3aUMHO-
O/IHO3HAYHOE COOTBETCTBUE, T.€. HH OJIHA I1apa KOOPJAWHAT B IIBETOBOM IIPOCTPAHCTBE HE
rMesia Obl OUHAKOBBIN I[BET. B MPOBEEHHOM 3KCIIEPUMEHTE OTPUIATEIbHOMY HallpaBJie-
HUIO OCH X COIIOCTAaBJIEH KPaCHBIU I[BET, OTPUIIATEIbHOMY HAIIPpABJIEHUIO OCU )y - 3€JIEHBIH, a
IIOJIO’KUTEJIBHBIM — TOJIyOOH M CHHUM COOTBETCTBEHHO. I[IpUHATOE pacipesiejieHue IBETOB
Oepércst U3 nmepBoi MoJIoBUHBI criekTpa Hue (ToH) nBeroBoii cucrembl HSL (Hue, Saturation,
Lightness — 11BeTOBO# TOH, HACHIIIEHHOCTh, CBETJIOTA).

IIpu mepexozie OT KOMIIOHEHT KOMILJIEKCHBIX UHCEJ K IIBETY BBIUHCIIAJICA apTyMEHT KaK-
JIOTO YHCJIa, OIIPEIE/IAIONINA COOTBETCTBYIOIUU IIBET B cicTreMe HSL, KOTOpBI 3aTeM mepe-
Bojiwics B RGB 14 ero Busyanusamnuu.

JlaHHBIN METOJT UMeeT BO3MOKHOCTh OTOOpayKEHMs HE TOJILKO HaITpaBJeHUs BEKTOPA, HO
¥ €r0 MOJTYJIS 32 CYET U3MEHEHUs CBETJIOTHI M300Pa’KEHUsA — YEM MEHbBIIIE MOAYJIb, TEM CBET-
Jiee oTOOpaXkaeTcss BEKTOP U TeM OJirske OH K Oesiomy (puc. 40). [Ipu 5ToM 3HaueHHUS CBETJIO-
TBI KOJIEOJIIOTCS OT 0.5 710 1, UTO MCKJIFOYAET IMOIMENIMBaHEe YEPHOTO IIBETA.
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Puc. 4. OToOpaskeHre BEKTOPOB C MMOMOIIbI0 cucTeMbl HSL (a - ncxoaHOE 110J1e BEKTOPOB;
0 - I[BETOBOE IIpe/IcTaBIeHNe BEKTOPOB B cucteme HSL)

W3 1osIydeHHOTO I[BETHOTO H300paske-
HHS MOYXHO BOCCTAaHOBHUTBH OTOOpakaeMble
KOMILJIEKCHbBIE YHCJIa, a, CIe0BAaTEIbHO, U
COOTBETCTBYIOIIlEE BEKTOPHOE IIOJIE Ha
IUIOCKOCTH. J[JIsT 3TOrO0 HEOOXOAUMO 3HATh
I[BETOBBIE KOOPJWHATHI B BOCCTAHABJIMBA-
€MBIX TOYKaX W MAaKCHUMAaJIbHBIH MOJIYJIh
KOMILJIEKCHOTO YHUCJIa sl 0TOOpaskaeMoro
MHO’KECTBa YHCes. B KauecTBe IpuMepa,
B3AT UETBEPTHIN MHUKCEJIb CIIPpaBa U3 HUXK-
Hero psAzma (B cuy OCOOEHHOCTEH IIpe-
craBieHus AaHHbIX B Mathcad, sTomy muk-
CEeJII0 COOTBETCTBYET KOMILJIEKCHOE YHCJIO
IIEPBOTO CTOJIOIA YETBEPTOTO PsAa MaTPH-
el B Tabsaune 1, T.e. 5.816+2.83i). Ero
I[BETOBBIE KOOpJAHWHATHI — (57, 255, 118) B
cucreme RGB unu (138, 100, 77) B cucreMme
HSV (Hue, Saturation, Value — 1BeToBoii
TOH, HACBIIIIEHHOCTh, APKOCTh). B0o3bMéEM
koopauHaTy Hue u nepeBefieMm e€ B UHTEP-
BaJs [0,1], TOCJIE YETO IEPECUYUTAEM BTy KO-
OpPAWHATY € YYETOM BBIOPAHHOTO JAUAIa30-
HA.

Mopysib KOMILIEKCHOTO YHCJIa BBIYHC-
asietcsi U3 kKoopauHat RGB, wucrosbsys

dbopMy1y U1 CBETJIOTHI:
[ = max(R,G,B)/255+min(R,G,B)/255

2
! 2)
HonyquHoe SHAYEHUE HY>KHO BbIYECTb

W3 €IUHUIBI 1 YMHOKUTh Ha MaKCHMaJlb-
HBI MOAyJb. HalileHHBIN MOMAYJIb PaBEH

6.483. IlepeBensd KOMIUJIEKCHOE YHCIIO B
asrebpandeckyro ¢GopMy, ©UMeeM JJisi HEero
5,814 — 2.868i, 4YTO COOTBETCTBYET HCKO-
MOMY BEKTOPY C YYETOM OITUOKH OKpYTJIe-
HUA.

4. 3akJI0ueHue

Ha ocHoBe aHasin3a U3BECTHBIX METO/10B
CO3/IaHUS HJIEKTPOHHBIX KapT reodusmye-
CKUX Tojed c¢ wucnosb3zoBanuem I'MC-
TEXHOJIOTUN TIPENJIOKEH HOBBIA METOJ
npejictaBieHus u orobpaxkenus [TI3.
KitroueBOolt 0COOEHHOCTHIO HOBOTO METO/A
SIBJISIETCSI MPUMEHEHNE MaTeMaTUYEeCKOTO
anmnapara KBaTepHUOHOB.

IIpenyio>keHHBIM ~ MeTOZ,  IIO3BOJISET
HAIJIAZTHO OTOOpakaTh Ha ILJIOCKOCTU WUH-
dopmanuio 0 MPOCTPAaHCTBEHHON OpHEH-
Tallid BEKTOPOB, a TaKyKe BOCCTAHABJIH-
BaThb MPOCTPAHCTBEHHOE IIOJIOXKEHUE BeK-
TOPOB II0 CO37JaHHOMY IIBETHOMY HU300pa-
’)keHU0. Vcnosb3yeMblil MaTeMaTUYeCKUi
anmapar KBAaTEPHUOHOB IIO3BOJIAET 3(-
dbexTHBHO pemmarh 3a7aud MpeoOpasoBa-
HHUS CHCTEMBbl KOODAWHAT, HaXOXK/EHUS
TI0JISl PABHOAEUCTBYIOIINX CUJI U UHTEPIIO-
asanuu. Meton ObLT anmpoOMpOBaH MpU
OTOOpa)KeHUM YKJIOHEHUU OTBECHBIX JIH-
HUU Ha parioH MockBbl u IlogMocCKOBbA,
BbIYHCJIEHHOTO 1o Mozean EGM2008.



OTMeueHHEBIE BHIIIE CBOMCTBA MO3BOJIA-

0T TOBOPUTH O BO3MOKHOCTY IPUMEHEHUN
JlaHHOTO MeToyia oroOpaxkenuss I'®II B
I'MC pns Gojiee MOJTHOTO OTOOpaKEHUS
nHpoOpMalli UM HPOBEAEHHA HeOoOXOmu-
MbBIX BbIUHCJIeHUH. Kpome Toro, mpejicras-
JIeHWEe BEKTOPHBIX IIOJIEH B BHUJE KBaTep-
HHUOHOB MOKET HalTU CBOE IIPUMEHEHNE B
HaBuranuu mno I'OII.
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Abstract

Currently in the study of Earth’s physical fields vector field components are represented
as separate scalar fields. Moreover, application of GIS-technologies within a framework of
physical scalar fields' mapping has increased recently. Digital representation of those fields is
based on either regular grids or TIN-networks. Based on the analysis of existing geophysical
field representation methods, a new method of Earth physical vector fields’ visualization that
allows for simultaneous visualization for all components of a three dimensional vector on a
plane map is presented. Application of quaternions for representation and visualization of
vector fields is a distinctive feature of this method, which allows for an effective way for coor-
dinate system transformations, finding of a resultant field and interpolation. A ruleset for
converting quaternions’ components into color system coordinates is described as well as an
example of vector components restoration from color image. Also, an illustrating experiment
is presented. Described visualization method can be used in GIS for more complete and de-
tailed representation of Earth’s physical fields. Moreover, quaternion representation may find
its uses in navigation. The research was supported by Russian Foundation for Basic Research
(RFBR, grant 16-05-00720).

Keywords: geophysical fields, gravity field, GIS, visualization, multidimensional vector
fields.

References

1. Boyarchuk M.A., Zhurkin I1.G.,, Nepoklonov V.B., Analiz metodov vizualizatsii
geofizicheskikh polei v geoinformatsionnykh sistemakh (Analysis of geophysical field
visualization methods in GIS), Izvestiya vuzov «Geodeziya i aerofotosyemka». Izvestia
vuzov «Geodesy and Aerophotosurveying», 2017, No. 1, pp. 108—113. [In Russian].

2. Loginov D.S., Primenenie geoinformatsionnykh tekhnologii v geofizicheskom kartografi-
rovanii (The using of geoinformation technologies in the geophysical mapping), Slavyan-
skiy forum. Slavic forum, 2015, No. 4 (10), pp. 192—201. [In Russian].

3. Bolotin Ju.V., Vjaz'min V.S., Golovan A.A. Vektornaja ajerogravimetrija na osnove bes-
kardannyh inercial'nyh navigacionnyh sistem: nekotorye podhody k opredeleniju anomalii
sily tjazhesti (Vector aerogravimetry based on no-cardan inertial navigation systems:
some approaches to gravity anomaly measurement), Materialy 9-j Rossijskoj mul'tikon-
ferencii po problemam upravlenija. Koncern "CNII "Jelektropribor" Sankt-Peterburg,
Proceedings of the 9-th Russian multiconference on problems of management, 2016, pp.
354-365. [In Russian].

4. Moritz, H., Sovremennaya fizicheskaya geodeziya (Advanced physical geodesy), Moscow:
Nedra, 1983, 392 p. [In Russian].

5. Bogusz, J., Brzezinski, A., Kosek, W., Nastula, J. Earth rotation and geodynamics, Geode-
sy and Cartography, 2015, Vol. 64, No. 2, pp. 201—242.


https://doi.org/10.26583/sv.11.1.06
mailto:stan931@rambler.ru
mailto:zhurkin@miigaik.ru
mailto:vbnep@miigaik.ru

6.

10.

11.

12.

Echkina E.Yu., Inovenkov I.N., Pavlova O.A., Vizualizatsiya dvumernykh i trekhmernykh
vektornykh polei (Visualization of 2D and 3D vector fields), Trudy 8-oi mezhdunarodnoi
konferentsii po komp'yuternoi grafike i vizualizatsii, Grafikon’98. Proceedings of the 8-th
International Conference on Computer Graphics and Visualization, GraphiCon'g8.
Moscow. Russia. 7—11 September 1998. pp. 59—60. [In Russian].

Krylov V., Yashkin S., Kvaterniony i ikh ispol'zovanie v teorii vrashchenii prostranstv
(Quaternions and their usage in space rotation theory), Izvestiya vuzov «Geodeziya i aero-
fotosyemka». Izvestia vuzov «Geodesy and Aerophotosurveying», 2016, No 6, pp. 3-6. [In
Russian].

. Korolev V., Novoselov V., Prostranstvo, vremya i kvaterniony (Space, time and quaterni-

ons), Nauka vchera, segodnya, zavtra. Science yesterday, today, tomorrow, 2016, No 2-1,
pp. 28-41. [In Russian].

Pobegailo A.P., Primenenie kvaternionov v komp'yuternoi geometrii i grafike (The appli-
cation of quaternions in computer geometry and graphics), Minsk: Izd-vo BGU, 2010, 216
p. — ISBN 978-985-518-281-9. [In Russian].

Zhurkin I.G., O postroenii matematicheskoi modeli opoznavaniya identichnykh izobra-
zhenii na pare snimkov (On the construction of a mathematical model for identifying
identical images on an imagery pair), Izvestiya vuzov «Geodeziya i aerofotosyemka».
Izvestia vuzov «Geodesy and Aerophotosurveying», 1982, No. 1, pp. C. 111-119. [In Rus-
sian].

Malashkevich V. B., Holodkov M. 1. Operacii s matricami v algebre bikompleksnyh chisel
(Matrix operations in algebra of bicomplex numbers), Vestnik Mezhregional'nogo ot-
krytogo social'nogo instituta, Bulletin of International Open Institute, 2015, No 2, pp. 58-
63. [In Russian].

John A. 2-D Quaternion Discrete Fourier Transform in Color Image Enhancement (Ph.D.
thesis) — The University of Texas at San Antonio, 2017.



