50 rognHU MuHHO-reonoxku yHmsepcutet “Ce. UBaH Puncku”
MoanwHuk, Tom 46, cBuTbK |, Feonorus u reocmsunka, Cocua, 2003, ctp.375-379

PA3MNO3HABAHE HA NPUPOOHU OBEKTW MO TPACE OT 3EMHATA NMOBBPXHOCT
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PE3IOME

Bb3 ocHOBa Ha [jaHHM OT AUCTaHLMOHHW M3MEepBaHUs Ha OTpaseHaTa OT NpuUpoaHUTE 00pasyBaHNs CITbHYEBa pajmaLys BbB BuaMMaTa u bnuskata uHgpadepeeHa
(4) obnactn Ha enekTPOMAarHUTHUS CNEKTbP M CbITLTCTBALYM MM (HOTOM30BpaXeHNs ca pa3no3HaTh knacoBeTe ODEKTW, Pa3nonoxeHn No Tpace OT 3eMHaTa
MOBBLPXHOCT € AbmkiHa ~ 20 km B CbpHeHa CpepHa ropa. M3mepsanusiTa ca nposeaerm ot 6opaa Ha nunoTMpaHaTa kocMuyecka cTaHums “Mup” ¢ MHorokaHanHara
CcrnekTpomeTpuyHa cuctema “Cnektbp 256", paspabotena B LIJIC3B-BAH. Macnensanute cnektpantn otpaxatenHu xapaktepuctuku (COX) Ha npupogHuTe obekTi
ca nomy4yeHu B cnekTpanHus auanasoH 450 + 830 nm npu pexum Ha paboTa Ha cuctemata “Cnektbp 256" 128 cnekTtpanHu kaHana. COX ca npuebp3aHu KbM
nocTunalyata NoBbLPXHOCT Ype3 CbMbTCTBALLMTE MM 1306pakeHus, HanpaBeHy C BrpafieHns B cuCTemMaTa doToanapart, KakTo U Ype3 AOMbIHUTENHN Tonorpadicku
AaHHK. MpUnoXeHm ca CTaTUCTUYECKN METOAM 33 NOTBbPXAABaHe HA [JOCTOBEPHOCTTA HA Pa3rpaHUyeHUTe NO CMeKTPanHW AaHHW OCHOBHM KIacoBe 06eKTH U TexHN

NOAKIAacoBe.

BbBEAEHME

EgHa OT OCHOBHWTE 3ajauM Ha [OMCTaHLMOHHMTE
ucneaBaHus Ha 3emara oT KocMmoca BbB BuAMMATa M
6nmskata NY obnacTi Ha enekTpoMarHUTHUSE CNEKTLP € Aa ce
YCTAHOBM CLOTBETCTBMETO MEXAy PpasnuyHUTe BUOBE
NpUPoaHM 00pasyBaHWst U TEXHU CLCTOSHUS W OTpa3eHaTa oT
TAX EeNeKTpOMarHuTHa eHepris. TakuBa  M3CredBaHus
NpeLCTaBnsABaT rofsiM Hay4YeH WHTEpeC, Thbil kaTo Te gasat
onuMcaHMe Ha obekTuTe upe3 0OBEKTMBHWM  (OU3UYECKM
XapaKTEPUCTUKN,  KOWTO  OTpassiBaT  W3MEHeHusiTa  Ha
OUBMKOXMMUYHUTE M BUONOTUYHITE UM NapaMeTpu.

Ha w3scnegBanusTa, CBbp3aHW C uM3yyaBaHe Ha
cnekTpanHute oTpaxarenHu xapaktepuctukn  (COX) Ha
npupoaHUTe 06eKkTh 1 fBNeHUs, belle OTAENeHO ChLLECTBEHO
macto B HayyHata nporpama, paspaboTeHa 3a noneta Ha
BTOPWS Obnrapcky KOCMOHABT Ha MUMOTMpaHaTa KoCMUYecka
ctaHums  “Mup”. C  MHOrokaHanHaTa ChEKTPOMETpUYHA
cuctema “‘Cnektbp 256", paspaoTeHa OT y4yeHn U
cneunanuct Ha LUIC3B - BAH u pabotuna noseve oT 12
roovHM Ha 6oppa Ha craHuusiTa “Mup”, 6sxa npoBeaeHu
peguua EeKCMepuUMEHTU 3a [OWCTAHLMOHHM  W3CTeABaHus
(Muwes, 1988). Te Bsixa HaCOYEHW IMABHO KbM M3CriegBaHe
Ha pasnuMyHN BMAOBE MNPUPOAHM OOpasyBaHUs U TEXHU
cocrosHna no  COX, pAuHamukata Ha  LBETOBUTE WM
KOOpAMHATW U BRWSIHUETO Ha YCMOBUSTA Ha MpOBeXAaHe Ha
u3MepBaHusTa (aTMOC(EpPHM YCrIOBWS, 3EHWTEH bIbA Ha
CnbHUETO M ap.) BbpXy OTpaxatenHaTta crnocobHOCT Ha
0beKTUTe, KaKTO M W3yyaBaHe Ha ONTUYHWUTE CBOWCTBA,
CTpyKTypaTa W [uMHamukaTa Ha aTtMoccdepata Ha 3emsTa
(Mishev et al., 1989; Muwes u dp. 1999; Krezhova et al.,
1998).

OBeMbT OT AaHHU, KOTO Ce noryyaBa OT MHOroKaHanHuTe
CNEKTPOMETPU U CKAHEPW, MOHTMPAHW Ha aepo-KOCMUYECKM
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HOCUTENM, HEMPEeKbCHATO pacTe, HO Te3n [JaHHW umaT
NPaKTUYECKO 3HaYeHUe CaMo KoraTo GbP30 U UKOHOMUYHO ce
npeobpasysat B MHOpMaLus, Heobxoauma 3a B3UMaHe Ha
peLleHns Unn 3a u3paboTBaHe Ha CTpaTerus Ha NoBeAEeHWe.
CbBpEeMEHHMAT  Mogxof, 4Ype3 MeToauTe 33  MallMHHA
WHTEpNpeTaUMs  Ha  [aHHWTe,  OCUIYpsiBa  HambiHO
aBTOMaTM3npaHu obpaboTka U aHanua Ha AaHHUTE B pearHo
Bpeme. B npaktukata LUMPOKO PpasBUTME W MPUIIOXEHWE
HamupaT KOnM4ecTBeHUTE MeTogn 3a obpaboTka Ha aepo-
KOCMWYECKM [JaHHW, CPEL KOUTO € M METOLBT 3a pasno3HaBaHe
Ha npupoaHu obektn no COX. CbLUHOCTTa Ha TO3M MeToA ce
CbCTOM B OTHacsHe (kmacudmumpaHe) Ha COX Ha
u3creaBaHnMs O00eKT KbM eguH OT KhnacoBeTe 00OeKTw,
onpeenexn Bb3 OCHOBA Ha CblUecTByBallaTa 6asa aaHHu ot
cnektpanHu  xapaktepuctuku (CeernH u [emsuc, 1983).
Mopagu ToBa € HeobxoauMmO 3ambnboyeHO No3HaBaHe Ha
CNEKTPANHUTE XapaKTEPUCTUKM Ha KNacoBeTe NPUPOLHM
00pasyBaHus 1 Ha (DaKTOpUTe, KOUTO UM BNUSAT, Tbd KATo Te
Ca efHO OT OCHOBHWUTE CPEACTBA B AWCTAHLMOHHUTE METOAM
3a pasnos3HaBaHe Ha nNpupogHuTe o0OeKT Mo 3emHaTa
MOBBPXHOCT.

Mpu uHTepnpeTaLusTa Ha W306paXeHUsi, NomyYeHn OT
KocmMoca, NpocTpaHCTBEHUTE NpKU3HALM YECTO Ca MHOTO BaKHM
3a WAeHTM(MKALUMATA Ha OBEeKTUTe, HO MpW MpunaraHe Ha
anropuTMUTE 3@ pasnosHaBaHe Ha o06pasu, Te He ce
W3nonaear Taka eeKTMBHO, KakTO CMIeKTpasHIUTe NpU3HaLM.

Llenta Ha HacToswata pabota e Aa ce npeacTassr
pesynTaTiTe OT pa3no3HaBaHe Ha NpUPOAHK 00eKTH No Tpace
OT 3eMHaTa NoBbPXHOCT Mo TexHuTe COX u cbbTCTBALLM W
hoToM300paxeHnsl, MOMy4yeHU B KOCMUYECKM YCMOBUS C
MHOroKaHanHaTa CrekTpoMeTpuyHa cuctema “Criektbp 256,
KaTo Ca W3MoN3BaHW HaTpynaHaTa anpuopHa MHdopmauus 3a
OTpaxaTenHata cnoCobHOCT Ha OCHOBHWTE KnacoBe 06eKTH B
Ha3eMHM ycnoBus (Moneem n nabopaTopHu M3MEpPBaHMsl) BbB
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BMaMMaTa M Gnuskata WY obnactm Ha eneKkTpOMarHUTHUS
CMeKTbp W TOMOrpacdhckM [AaHHW, KakTo M Aa Ce Mokae
e(eKTMBHOCTTa Ha W3MOM3BaHUTe anapaTtypa 4 MeToguka 3a
HenpeKbCHaT MOHUTOPMHI Ha MPUPOLHYM 0BpasyBaHus.

EKCNEPUMEHT N JAHHWU

Mpu w3MbNHEHME Ha nporpamaTta 3a AUCTaHLMOHHM
u3crneaBaHus, cbe cuctemata “Cnektbp 256™ Ha Oopaa Ha
cTaHumsTa “Mup”, GeLue nomyveH ronsiM MacuB OT CIEKTPasHu
[aHHM 1 CbMBTCTBALM M (DOTOM300PaKEHNS C BrpafeHus B
cnekTpomMeTpuyHus  Brmok  cpotoanmapat,  paboTtew B
aBTOMAaTW4eH pexuMm. MamepBaHuaTa CbC cucTemata
“Cnektbp 256" Osixa npoBedeHM Mpes MIIOMUHATOPUTE Ha
CTaHumata “Mwup’, KaTo 3aKpernBaHeTO Ce OCblLecTBsBaLLe
ypes cneumanHa KoH3ona (MexaHuyHo YCTPOICTBO C Kpbrosa
KOHCTPYKLMSI M HOHWYCHU CKanu 3a OTYMTaHe Ha brbna Ha
3aBbpTaHe U TMOMOXEHWETO W ChPSMO  MMIOMUHATOPa),
no3BonsiBalla TPUOCHA OPWUEHTALMs Ha HanpaBheHueTo Ha
uaMepBaHe. [locpedcTtBOM BU3bOpa Ha  hpoToanapata
CNEKTPOMETbPBLT Ce HacoyBa KbM M3bpaHMs 0OeKT Ha
Habnoaexve.

3a HawwTe nacnenBaHu1s N3N0N3BaxMe CNEKTPanHW AaHHu,
MNOJTyYeHN NpK NPeMUHaBaHe Ha cTaHumusaTa “Mup” no egHa oT
opbutute Hag Teputopusita Ha bBwnrapus.  CnekTpo-
MeTpUPaHOTO Tpace Ha 3eMHaTa MOBLPXHOCT € C AbMKMHA ~
420 km n npemuHaBa npe3 rpagosete Pasnor, Masapmxuk,
Toprosuwe w Tepsen, C OpueHTauus Korosanaj
ceBepousTok. Cuctemara “Cnektbp 256" e paboTuna B pexum
128 cnekTpanHu kaHana ¢ nonyLMprHA Ha BCEKM eanH OT TAX
3 nm 1 npocTpaHcTBeHa pasaenuTenHa cnocobHoct 70 x 170
m npu BUCOYMHA Ha cTaHuusTa ~ 300 km.

[aHHuTe ca perncTpupaHu B cnekTpanyus ananasoH 450
+ -830 nm B uncpoB BuA (kO4OBE HA aHanoro-Luudposws
npeobpasysaten). OT eawH ceaHC Ha peructpauus (c
NPOLBIMKUTENHOCT OKONIO 2 MUHYTM) NMPU PexuM Ha paboTa Ha
cuctemata 128 cnekTpanHu kaHana ce nonyyaBa mMacvs OT
BaHHW, cbobpkaw, 2048 COX. [Mpu BCekn ceaHc Ha
perucTpauus ce 3anucea v TbBMHUHEH TOK.

Upes cneuuanusvpaH nakeT nporpamMHM NpoayKTH
MnoryyeHUTe  CMeKTpanHuM  [JaHHu  ce  nognaraT  Ha
npeaBaputenHa obpaboTka, KOATO BKMOYBA: W3BMMYaHe OT
MacuBa [aHHW Ha onpegeneH 6poli CnekTpu ¢ Bb3MOXHOCT 3a
pa3nevyaTBaHe M 3anuc Ha OTAeneH bain; ocpeaHsBaHe Ha
pa3nnyeH Opol ChekTpu Mo KaHanu; OcpefHsBaHe U
OTCTpaHsBaHe Ha TBbMHWHHUA TOK W  paguoMeTpuyHa
npuepb3ka. CbLIHOCTTA Ha pafnoMeTpuyHaTa npuepb3ka ce
CbCTOW B OTYMTAHE Ha YyBCTBUTENHOCTTA Ha BCEKW €4uH OT
CNeKTpanHuTE KaHanmn u4pes KannbpoBbYHM KOEULMEHTH,
onpegeneHs npu abconoTHata kanubpoBka Ha cucTemata
“Cnektbp 256". Crieq OTCTpaHsaBaHe Ha TbMHUHHUS TOK U crief
paguoMeTpuyHaTa NpuBpbL3Ka Ce MonyvaBat peanHu AaHHn 3a
CnekTpanHaTa MITbTHOCT Ha €eHepreTuyHata spkocT L Ha
npupogHUTE 06pa3yBaHus B aGComntoTHu enuHuun [uW/em? sr
nm.

CToiHOCTTa Ha CnekTpanHata spKocT L Ha AafeHo npupogHo
obpasyBaHue 3a OMpedeneHa Ab/KMHA HA BbMHaTa, T. €.
NOTOKbBT, KOMTO Ce W3mbyBa B €AVHWYEeH NPOCTPaHCTBEH BbIbll

OT HETOYKOB W3TOYHWK B AAAEHO HanpaBreHue OT eauHuua
MpoeKTMpaHa Mol Ha M3TOYHMKA B TOBA HanpaBneHve,
33BMCM OT NITLTHOCTTA Ha NOTOKa Majalla paguauns Eq (A) n
OT OTpaXaTesNH1Te CBOICTBA Ha 0bekTa r(A) (Muwes, 1985)
L(A, 6 8)=f[Es (A, 6, o)), (1)
KbaeTo: 6, U @, — 3eHUTEH W a3uMyTEH brbi Ha CribHUETO,
ONpedensy YCroBWsiTa Ha OCBETSBaHE Ha  MPUMPOAHOTO

obpasyBaHue; Ai— ObIkMHa Ha BbNHaTa; 6, @ - HanpaBnexue Ha
OTpa3seHaTa paavauys.

PervcTpupaHara oT CrekTpoMeTpuyHMS Griok Ha cucTemata
“CnekTbp 256" cnekTparnHa NTbTHOCT Ha EHepreTyHaTa SpKoCT
L ce onpepens ot

A
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m

kbaeTo: P(H) e koedvUMeHT Ha npepaBaHe Ha aTmocdepara B
nocoka Ha gaTtumka; R(A) e cnektpanHaTta xapakTepuctika Ha
CbOTBETEH KaHar Ha CrekTpoMeTpuYHaTa cucteMa, Eo(A, 6, ¢.) e
CcrekTpanHata MITbTHOCT Ha MOTOKAa CiTbHYEBa pagvaups Ha
ropHaTa rpaHula Ha atmocgepara; Pq(A, H) e koeduueHT Ha
npefaBaHe Ha atmocepata 3a [Ob/MkMHA HA BbiHATA A,
3aByCeLY OT BUCOYMHaTa Ha CrbHUETO h 1 CboTBETCTBALLA W
Bb3AylLHa Maca H.

Ypes cneuuanuavpaH nakeT NpOrpamHi1 MPOLYKTM
nonyyeHnte COX B abCOMIOTHM €AMHMUM Ce MoanaraT Ha
npegBapuTeneH aHanua, BKMIOYBALY  BM3yanusauus Ha
MonyyeHuTe crieg paguomeTpuyHata  kanmbposka COX,
xuctorpameH u 3-D aHamuaw, guarpamum Ha [AaHHUTE Mo
KaHanu 3a LsnoTo CneKTPOMETPUPAHO Tpace WUiu 3a OTAENHM
Y4aCTbLM OT Hero.

METOL W PE3YNTATU

Pa3nosHaBaHeTo Ha npupogHuTe 06pasyBaHWs Bb3 OCHOBA
Ha NONY4YeHNUTE CNEKTPOMETPUYHM AaHHW U CbTbTCTBALYNTE T
thoTonsobpaxeHuns e M3BLPLLEHO Ha HAKOMKO eTana.

lMbpBOHAYanHo Ha oTokaapuTe, M306passBaL yyacTbLy
OT 3eMHaTa NMoBLPXHOCT ¢ pa3mep 25 x 25 km, e onpeaeneHo
MecTononoxeHneTo Ha peka Ctpyma. Kato ca msnonssanu
oTnevaTaHnTe BbPXY BCekM (DOTOKagbp penepu e HaHeceHa
NMHMSIT Ha CMEKTPOMETpupaHoTo Tpace u peka Crpyma e
n3bpaHa 3a penep. Ha kapTa Ha Bbnrapus ¢ mawa6b 1:500000
CblLO € OnpefeneHo CNeKTPOMETPUPAHOTO Tpace C HavanHa
TOYKa C. MUKpPEBO, pasnonoXeHo Ha HKOMKO KUIoMeTpa OT p.
CTpyma, W kpanHa Touka rp. Tepeen. VamepBaHusaTa Cbe
cuctemata “Cnektbp 256 no ToBa Tpace ca NPOBEOEHW B
Ha4yanoTo Ha MecCel IOHM W Ha HAKOM Y4acTbUM Ha
thoTonsobpaxeHusTa ce Habnogaea Hucka obnayHoct. Cnen
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nperneq Ha oToKappuTe 1 OTYMTaHe Ha METEOPONOrMYHUTE
YCIOBUS MO TPACETO € n3bpaH y4acTbK OT HEero, HamMupaLy ce B
paioHa Ha CbpHeHa CpepgHa ropa. Ha kapTeH nnct K-9-
37, 38 ¢ mawwab 1:100000 e HaHeCeH CbOTBETHUAT Y4aCTbK OT
TpaceTo. OT doTomsobpaxeHusTa 1 M3non3BaHaTa npeuusHa
reorpadpcka kapTa € OpefenieHo pa3cTosHUETO Ha HavanHaTa
TOYKa Ha W3bpaHus OT Hac yyacTbk (1 km torosanagHo no
TpaceTo oT ¢. ViBaH Ba3oso 1 Ha 157.5 km ot peka Ctpyma).

Bb3 ocHoBa Ha TomorpadickiTe YCIOBHW 3HaLM Ha KapTHUTe
nuctoee K-9,37,38 - A, B, B, T ¢ mawab 1:50000 ca
onpegeneHu TUNoBeTe 06EKTH, PA3NONOXKEHN MO Ta3mn YacT OT
CMeKTpoMeTpupaHoto Tpace (¢ AbmkuHa 20.8  km):
obpabotBaemMn  3emMu, NMBagW, OBOWHW TPaguHu K
LUMPOKOMMUCTHU TOPH.

Crep nperneq Ha CnekTpanH1Te JaHHM M NPOCTPaHCTBEHaTa
UM npuBpb3ka C poTousobpaxeHusTa e onpegeneHa
CneKTpanHaTa XapakTepucTuka, CbOTBETCTBAWl@ Ha peka
Ctpyma BB3 OCHOBa Ha TunMyHata 3a BogHu obektn COX
(Kpeknen, 1984).

Cregpaly eTan e pasnosHasaHe no COX Ha onpedenexuTe
no Tomorpadpckn  AaHHM  oBeKTM,  pa3nonoXeHu Mo
NPOABIIKEHWE Ha M3CMeABaHNS yyacTbk OT TpaceTo. o Buaa
Ha COX MacuBbT OT CrnekTpanHu AaHHW e pasgeneH Ha
nogmacusu. HanpaseHa e npuBpb3ka Ha OMpedeneHuTe no
Tonorpadbeku gaHHu u no COX Bugose npupogHu obekTu npu
OTYMTaHE Ha MPOCTPaHCTEHaTa pasgenuTenHa CnocobHOCT Ha
cuctemata “Cnektbp 256" 1 Ha ¢oTokagpuTe, T. €. HA BCEKM
170 m no nNWHUATa Ha TpPaceTo M Ha 1.1 mm OT CHUMKUTE
cboTBeTcTBa eaHa COX.
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Queypa 1. OcpedHeHu COX Ha mpume 20pcKU Macusa

Mo cnekTpOMETpUYHUTE [aHHU Ca pasrpaHuyeHn Tpu
obnactm B CpepgHa ropa, 3a€T¥ C LUMPOKOSTUCTHU TOPM.
TAXHOTO pasCTosHME MO OTHOLLEHWE Ha HayanHaTa Touka Ha
yyacTbka, cbotBeTcTBawmTe UM COX M M3MEHEHWeTO Ha
HagMopcKaTa B1COYMHA 3a BCsika 0bracT ¢ ropa ca nokasaHu B
Tabnumua 1. OcpegHenute COX Ha Te3n MacuBM OT JaHHM ca
npeacTtaseHu Ha durypa 1.
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Queypa 2. OcpedrerHu COX Ha yemupume obriacmu ¢
obpabomeaemu 3emu

Mo-cblyecTBeHn pasnuuma mexay Tpute COX ce
Habntogaeat B 6nuskata WY obnact (741 + 818 nm), kbgeTo
oTpaxaTenHaTa crnocobHOCT Ha 3erneHa pacTUTENIHOCT e Hail-
BMCOKA, 1 B 30HaTa OKoro 650 nm (MakcMManHo MmormblyaHe
Ha CMbHYeBaTa paguaums ot xnopodwuna). Te ce AbmkaT Ha
pasHoobpasneTo Ha BIUOOBETE LUMPOKONUCTHU JbpBETa, KOUTO
nonagat B eOuH MUKCEN, Ha Bb3MOXHOCTTA 3a Hanuyue Ha
CMECEH CreKTparneH Knac B edguH NUKCen, Kakto W Ha
pasnuyHaTa HagMopcka BUCOYMHA.

Mo cnekTpoMeTpuyHUTE AaHHU Bsixa pasrpaHUyeHn ChblLo
4eTupK yyacTbka ¢ 0OpaboTBaeMK 3eMM, Pa3NONOXKEHN KaKTO
cnegdsa: MbpBMAT € AbmkuHa 1.5 km e B Havanoto Ha
yyacTbka (B panoHa Ha c. /iBaH Ba3oBo); BTOpUAT ¢ AbmkuUHA
1.2 Km e Ha okono 2.4 km OT HayarnHaTta Touka; TPETUST K
YETBLPTUAT, KOUTO Ca C AbixuHa 2 km u 1.9 km, ca Ha
pasctosHue 4.2 km u 12.3 km cboTBeTHO. ®urypa 2 nokasea
ocpepHeHnte COX Ha Tesun yyacTbuu. Habniogasat ce SiCHO
u3paseHu pasnuuns B ctonHocTuTe Ha COX npeauMMHO BbB
BuguMmata obnact Ha cnektbpa (450 + 700 nm). ToBa ce
ObITKN Ha pasHoobpasneTo Ha  OTrexgaHuTe
CENCKOCTONAHCKN KYNTypW U Ha MPUCLCTBUETO Ha CMECEHM
CMEKTPasHW KNacoBe B rpaHULMTE Ha eauH NUKCen.



Tabnuua 1. PascTosiHue, HaaMopCka BICOuMMHa U MopefeH Homep Ha COX Ha TpuTe ropcki Macvea

Obekt Pascrosauue, km

Hagmopcka BMCOYMHa, m

COX, Ne
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Queypa 3. OcpedHeHu COX Ha nodknacoseme Ha
obpabomeaema 3ems 1

Bb3 OcHOBa Ha CheKTparnHWTe XapaKTepucTuku B Te3u
yyacTbLy Bsixa pasrpaHnyeHn No HAKOMKO Tvna nogobnacty ¢
pa3nnyHu 3eneHn Hacaxaenus. Ha durypa 3 ca npeactaBeHu
ocpepHenute COX Ha nogknacoseTe  0BeKTW,  KOUTO
copmupat  ocpegHeHata COX Ha  mbpBMS  y4acTbK
obpaboTteaemu 3emu. XoabT Ha COX nokassa Hanuuue Ha [ga
CMeCeHM crnekTpanHu knaca (nogkpac 1 1 nogknac 2), Yuuto
COX 3HauMTENHO Ce OTnMYaBaT OT TWUMUYHUTE CMEKTPanHu
XapakTepUCTUKM Ha 3eneHa pacTUTENHOCT B M3creBaHus
CneKTparneH guanasoH.

B npoueca Ha pasnosHaBaHe Ha MpupogHu obpasyBaHus
fewe yCTaHOBEHO HamuuMe Ha Apyrv ABa knaca obekTw.
[TbpBUST OT TAX € OBOLWHM TPaguHM W 3aemMa y4acTbK C
abmkvHa 900 m, pasnonoxeH Ha pasctosHue 1.6 km ot c.
ViBaH Basoso. [pyruat e rmBagn (¢ AbmkuHa 1.5 km no
TpaceTo) Ha pasctosHue 5 km ot cenoto. Ha ®urypa 4 ce
BUXOA, Ye CrnekTpanHata oTpaxaTefiHa CrnocobHOCT Ha
nMBaguTe € Mo-HUCKA B LENUs W3cnefBaH ChekTpaneH
AVanasoH.

3a fga ce MOTBbpAM MpUnMKaTa WNM pasnuunsTa Ha
BMOOBETE M noaknacoBete 06ektu, ompeaenenn no COX, e
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Queypa 5. KnbcmepeH aHanus Ha mpume WUpOKONUCMHU
20PCKU macuea

MPUNOXeH KITbCTEPEH aHanu3 Ha CnekTpanHuTe AaHHW 3a
XapakTepHUTE ObIKMHA Ha BbHUTE Ay = 525 nm n A, = 744

Queypa 4. OcpedHeHu COX Ha ogowHU epaduHu (knac 1)
u nueadu (knac 2)

nm, npu kouto COX pocTuraT MakCUManHu CTOWHOCT
CbOTBETHO BbB BuANMaTa u 6nnskata U4 obnactu. durypa 5
WnKCTpUpa  pesynTatuTe  3a  pasnpefeneHneTo  Ha
oTpaxaTenHata CrnocobHOCT B Ay MO OTHOLEHWE Ha
oTpaxaTenHata CrnocoBHOCT B A, 3a TpUTe LUMPOKOMMUCTHM
ropu. CnekTpanHute [aHHW Ha TpuTe TOPCKM Macuea
OTYETNIMBO Ce rpynupat B TPW ICHO U3paseHu KITbeTepa.

lMpeacTaBenuTe pesynTaTy MokaseaT, Ye MHOTOKaHarnHarta
CnexkTpoMeTpuyHa cuctema “Criektbp 256" M NpUnoXeHWST
MeTOZ 3a pasrno3HaBaHe Ha NpUPOAHU O0BeKTU Mo CrekTpanHu
[aHHW, (hoTOM300paXeHUs M OOMBbIHUTENHW TOMOrpadicku
[aHHM [aBaT Bb3MOXHACT 3a OMepaTMBEH MOHWUTOPUHI Ha
np1poaHu 0BEKTW MO CNEKTPanHW NpU3HaLW.
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ABSTRACT

On the basis of remote sensing data of reflected by natural formations solar radiation in the visible and near infrared (NIR) ranges of the electromagnetic spectrum
and accompanying photographic images, there are recognised the classes of objects, which are located along ~ 20 km long trace of the Earth’s surface passing
through the mountain of Sarnena Sredna Gora. The measurements are made onboard the manned space station ‘MIR’ with the help of the multichannel spectrometric
system ‘Spectrum 256’ developed in STIL-B.A.S. The spectral reflectance characteristics (SRC) of the natural formations are obtained in the spectral range 450 + 830
nm using the spectrometric system in the 128 spectral channel mode of operation. The SRC are linked to the underlie cover by means of accompanying photo images
made with the built in the system photographic camera as well as with additional topographic data. Statistical methods are applied to verify the reliability of the main

classes of objects and their subclasses delimited by the spectral methods.

INTRODUCTION

Among the main objectives of remote sensing of Earth from
Space in the visible and near infrared (NIR) spectral ranges is
to verify the adequacy of the different types of natural
formations and their states with the information based upon the
reflected by them electromagnetic radiation.  Such
investigations are of great scientific interest because of
providing description of the objects through objective physical
characteristics reflecting changes in their physical and
chemical, and biological parameters.

To the research related with studies of spectral reflectance
characteristics (SRC) of natural objects and phenomena it was
assigned a significant part in the Scientific Research Program
developed in connection with the flight of the second Bulgarian
cosmonaut onboard the manned space station ‘MIR. A
number of remote sensing experiments were carried out with
the help of the multichannel spectrometric system ‘Spectrum
256’ developed by scientists and specialists of STIL — BAS and
being operated for more than 12 years onboard the orbital
station ‘MIR’ (Mishev, 1988). They were directed mainly to
investigation of the various types of natural formations and
their states by means of their spectral reflectance
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characteristics, the dynamics of their colour coordinates, the
influence of the conditions in carrying the experiments out
(atmospheric conditions, zenith angle of Sun, and others) on
the reflection power of the objects, the optical properties,
structure and dynamics of Earth’s atmosphere (Mishev et al.,
1989; Mishev et al., 1999; Krezhova et al., 1998).

The amount of information that is obtained by multichannel
spectrometers and scanners mounted on aerospace carriers
is increasing continuously but the data accumulated are of
practical importance only in case of being quickly and
effectively converted into information necessary for decision
making or developing a strategy of behaviour. The modern
methods, through the machine interpretation of data, ensure
completely automated treatment and analysis of data in real
time. In the practice a wide range of application and
development find the qualitative methods for treatment of
aerospace data among which is the method for recognition of
natural formations by their spectral reflectance characteristics.
The essentials of this method are in relating (classification) the
SRC of the studied object to one of the classes of objects
determined on the basis of accumulated databases of SCR
(Swain and Davis, 1983). Therefore, it is necessary to know in
depth the spectral characteristics of the classes of natural
formations and the factors that exert influence upon them
because they are a basic means of the remote sensing

methods for recognition of natural formations on the Earth’s
surface.

In interpreting images obtained from Space the spatial
indications are often very important in identifying the objects
but in applying the algorithms for image recognition they are of
no so effective use as the spectral indications.

The present paper is aimed to report on results from
recognition of natural objects along a land trace of the Earth’s
surface by means of their SRC and accompanying photo
images acquired under space conditions by means of
‘Spectrum 256°. A priori information about the reflection power
of the main classes of objects accumulated under ground
conditions (field and laboratory measurements) in the visible
and NIR ranges of the electromagnetic spectrum, and
topographic data are used. The efficiency of the used
instrumentation and method for carrying out continuous
monitoring of natural formations is also shown.

EXPERIMENT AND DATA

In accomplishing the program for remote sensing utilising the
system ‘Spectrum 256’ onboard the manned station ‘MIR’ there
was obtained a large amount of spectral data and linked to
them accompanying photo images taken with the built in the
system photographic camera operating in automated mode.
The measurements with ‘Spectrum 256° were carried out
through the MIR'’ station illuminators ‘by fixing it by means of a
special console. The latter is a mechanical device of circular
design with graduated scales (nonius) for reading of the angle
of rotation and positioning of the spectrometric system with
respect to the illuminator, which allows for three-dimensional
orientation of the direction of measurements. By means of the
viewfinder of the photo camera the spectrometer is directed to
the object selected for observation.

In our present study we used the spectral data accumulated
during the passage of the ‘MIR’ station in one of its orbits
above the territory of Bulgaria. The trace of the Earth’s surface
subjected to spectrometry is with a length of ~420 km in
Southwest - Northwest orientation and crosses the towns of
Razlog, Pazardzhik, Targovishte, and Tervel. The system
‘Spectrum 256’ has been operated in an operational mode with
128 spectral channels, each of 3nm halfwidth and spatial
resolution 70x170 m at the ‘MIR’ station altitude of ~300 km.

The data are recorded within he spectral range 450 + 830 nm
in digital form (codes of the analogue to digital converter). For
each session of recording (of about of 2 minutes duration) in
the 128 channel operational mode of the system there is
generated a set of data containing 2048 SRCs. In the course of
each one of the registration sessions the corresponding dark
current is recorded as well.

By applying a specialised program package the recorded
spectral data are subjected to a preliminary treatment that
includes the extraction of a given number of spectra with the
possibility for printing and saving of a particular file, averaging
and elimination of the dark current, and radiometric linkage. In
the essence of the radiometric linkage is to account for the
sensitivity of every one of the spectral channels by means of
the calibration factors determined while carrying out the
calibration of the system ‘Spectrum 256" on absolute scale.
After eliminating the dark current followed by performing the
radiometric linkage, the real data for the radiance L of natural
formations is obtained in absolute units [W/cm?sr nm].

The radiance L of a particular natural formation at a given
wavelength A, i.e. the flux emitted into a unit solid angle by a
non point — like source in a given direction from a unit
projected area of this source in the same direction, is dependent of
the flux density of incident radiation E, (A) and the reflection
properties of the object r(A) (Mishev, 1985)

L(A, 6 ¢)=1[Es (A, B §o). r(A)], (1)

where: 6, u ¢, — zenith and azimuth angles of Sun, which
condition the illumination of the natural formation; A;— wavelength;
6 ¢ -direction of the reflected radiation.

The radiance L recorded by means of the spectrometric block of
the system ‘Spectrum 256' is determined by (Mishev, 1985)

L(})= nlsinh rEh (A)B,(, H)P(H)F)RD )L | (2)

An

where: P(H) - atmospheric transfer coefficient in direction to
the sensor; R(A) - spectral characteristic of a given channel of
the spectrometric system, r(A) - reflection power of the object
under study, Eq(A, 6, @) - spectral density of the flux of solar
radiation incident on the upper borders of the atmosphere; Py(A,
H) - transfer coefficient of the atmosphere at a wavelength A,
dependent of the Sun’s height and its corresponding air mass H.

By means of a specialised software package the spectral
reflectance characteristics in absolute units are subjected to a



preliminary analysis. It includes: visualisation of the spectral
reflectance characteristics obtained after the radiometric
calibration; histogram and 3D analyses; diagrams of the data
on channels along the whole measured trace or for particular
sections of it.

METHOD AND RESULTS

The recognition of natural formations on the basis of the
spectral data and accompanying photo images has been
carried out by several steps.

First, on the photo frames representing sectors from earth
surface with a size of 25 x 25 km it was determined the
location of the river Struma. By using the reference marks
printed on each photo frame the line of the spectrally
measured trace was laid, and the Struma River has been taken
as reference. On a map of Bulgaria drawn to a scale of 1: 500
000 the whole trace subjected to spectrometry was also
protracted. On the Bulgarian territory the starting point was
chosen at the village of Mikrevo, which is a few kilometres
Southwest from the Struma River, and the town of Tervel was
taken as the last point. The measurements with the
spectrometric system ‘Spectrum 256’ along this trace have
been carried out in the beginning of June and low clouds are
observed to obscure some sections of the land trace.
Therefore, after reviewing the photo images with taking into
account the meteorological conditions along the particular land
trace it was selected a section of it situated in the Mountain of
Sarnena Sredna Gora. On the topographic map used, the chart
K-9-37, 38 drawn to a scale of 1:100 000, the corresponding
part of the land trace was protracted. From the photo images
and the accurate topographic chart used it was determined the
distance of the chosen section (southest with respect to the
trace, at 1km far from the village of Ivan Vazovo and 157, 5 km
far from the Struma River.

The topographic symbols on charts K-9-37,38 (A, B, C, D)
drawn to a scale of 1:50 000 define the types of objects spread
on this part 20.8 km long of the trace to be pieces of land with
gardens planted with fruit trees, meadows, arable lands
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distance with respect to the starting point of the studied section
(Ivan Vazovo village), the number of corresponding SRC, and
the change in altitude within the boundaries of one region, are
presented in Table 1. The averaged SRC of these sets of data
are shown in Figure 1.

Figure 1. Averaged SRC of the three forest canopies

More substantial differences of the three types of spectral
reflectance characteristics are observed in the NIR spectral
range (741 + 820 nm) wherein the reflection power of green
vegetation is the highest and in the region of about 650 nm
(maximum absorption of solar radiation. They are reasoned by
the diversity of types of broad-leaves trees falling within one
pixel, the possibility of presence of a mixed spectral class in
one pixel, and difference in altitude.

By spectrometric data there were delimited also four sectors
of arable land located as follows. The first one of 1,5 km in
length is in the beginning of the section of the land race, in the
region of Ivan Vazovo. The second sector with a length of 1.2
km is at a distance of about 2.4 km far from the starting point,
and the third and fourth ones are located at a distance of 4,2
km and 12.3 km and are 2 km and 1.9 km long, respectively.
Figure 2 shows the averaged SRC of these sectors of land.
There are observed strongly pronounced differences in the
values of SRC mainly in the visible range of the spectrum (450
+ n and
p ] ies of
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Figure 2. Averaged SRC of the four fields

Based on their spectral reflectance characteristics in these
sectors of land there were delimited by several types of sub-

regions with different green plantations. In Figure 3 are
displayed the averaged spectral reflectance characteristics of
the subclasses of objects, which form the averaged SRC of the
first sector of arable lands. The course of SRC indicates the
presence of two mixed spectral classes (subclass 1 and
subclass 2). The SRC of the latter are significantly different
from the typical spectral characteristics of green vegetation in
the spectral range studied.

In the process of recognition of natural formations it was
established the presence of another two classes of objects.
The first one is orchards and occupies a sector with a length of
900 m, which is located at a distance of 1.6 km far from the
Ivan Vazovo village. The other one is meadows (1.5 km long
along the trace) at a distance of 5 km from the village. Figure 4
shows that the spectral reflectance of meadows is smaller
throughout the whole spectral range studied.

Table 1. Distance, height above sea level, and ordinal number of SRC of the three forest canopies

Object Distance, km Height above sea level, m SRC, Ne
from to from to from to
Forest 1 3.6 4.30 300 320 946 949
Forest 2 7.6 11.3 423.7 4954 970 995
Forest 3 14.3 20.8 466 654 1008 1045
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To confirm the likeness or unlikeness of the types and
subclasses of objects determined by SRC it was applied a
cluster analysis of the spectral data for the characteristic
wavelengths A; = 525 nm and A, = 744 nm at which SRC
reaches its maximum in the visible and near-infrared spectral
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Figure 4. Averaged SRC of the two pieces of land — orchards
(class 1) and meadows (class 2)
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Figure 5. Cluster analysis of the SRC of 3 deciduous forests
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