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Remotesensing: Definition — Scope and Content, Ideal Remote Sensing system,
Growth and development of Remotesensing in India.
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Fig. 7 Components of an ideal remote sensing system
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WsERAWSHeuD QUMM efermGwg. Uelugluifer GG 2 6T6m  6GUETMHISET LOMHMILD
Blevellwey efleurraisEslh F&8 auMilbs Qeearasallar 2 gallwmaih G Blaneaus sl
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Qummieitemgl. FlGeumeumyervmLl - 3 , 200160 efleuoTeovlleV QFNISSLILILLGI. 2014 @6v
RFTTEML auflens Q&FWMHens G ITET GeU6ITTEIoTenN&E LIWTUL® aUBH MSI. &TTGLTerumL
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0. 91176760 emlollL] 2 euEl6y @eiTmy QFWLUMLIQE 2 dTem QUMTSING ST
Lwestuml g mameor [flGm.. QFarFm QawmenssCamerserleor WlsOGiuniw
clilevor LietT 2D, @TI6) 11 QFWeUTL(h QFWMens: S CHTETHET 2 aTemeT. @)enel
D60 60TE S0 SI[He @& lw-62 8 5) 6 & 6umeot Sl ILmenguiley
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G (@eTCHTELLIMT) 1962 Q4D QL6060 NEMFHTSE SiemmuiledT (DAE) &LD
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Gsiflelle @b Lmev BlTeus & Emal.
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LilettenTy @ Tesor(hl TMHG&EL(HGemeT 2 (FeuTHEIWS: SFMhel CFWMens s EHTeT
6T6L & 60 GUITEH ETLD (L9].6T6M0.6T6L.611) QIF IWIMen & & CHTETH 6T SIHel
SHmiiLmemsuiley QI FISHZIISHMDELD, Lellem S MHmILIUMem&SUIlev
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QHTLIL QIFWMemEHHCHITETHMETIL LD Ly Ll & 6U0T S Meuot | L1L]
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22 QSCLITUT 2008 60T FHGEITIWITEH -1 6TeiTm FHEIT & Mo ILITen g emiL
@everT Yelwg, G & FhST Heny Lol augeusSl60 senor(bILg & &1, oM milh
QEFaueumll SHomuumensd Wlaqedr 5 HeulbUT 2013 yedimy GQFeusumil Ers
ShmluTensuiled menpBs 24 QFLILIDUT 2014 6ol @HEIWTeneal (PFHew
Coxrnms rhmlus QFauauTll EIsSHEINHSTEr H&GHT (WH6  (WWmHEFWilew
QeaummlQum, =Cs Cumey Fwmallsy QeFcuaumll Hrs &HHMILUTENS L
e H% (WPHa alleorCleded] mimicuerin. 18 £z@ear 2016 edTmi, @eLETT CT
ATHETSF60 GHLSE CFWMHenSsHEHTTHemneT gaililgl, Guneuin 15 Llligeurfl 2017
aletTml, @euCrm &M JIHQ&HLIgEy  (Uleeu.eareu.ell-& 37) mAmoy BTN

QIF WMenSHHCHTETHem6T JellliFEl 2 605 FTH 6060

@eVCIT HeoTEl HeorlomenT TMHGHEL, DBICWTFHearsCrmearen CFL1gemeul_
6T6Y&H 6D GUMHEOTLO-LOMTE I (23].6Tei.6TeL.al-6TD. G & 1) 22 5 22® 60T 2017 Y601 el
WOHMID 0 HHaI6 CHTLIL CQFWUMeHHEHMET glereu.elg -19
SHOUIUTemSULl6) meuGFIE. @hHS JeuFsLer, @evCTT 4 LeT &HaTlsH
QEFWMen&H&HCHTETHmET £B81.19.60-5E &ILILLD FHmedT Cl&menorTLSl. 22 228emneu 2019
Sieorm, FHSIT uellulwe wohmid FHEET 7 IBCUTHD UGS Iylle
QFIasHEHETE @evCTT HeTdl @ IeTLmels FHET Lieol FHSITWTET -2 £
Nl (L ANNIGY-3 A TRER
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qEiEmL Sl Lmsald eerEamanms Cealeafluil® cunsearsSar
alemrdd, FMlw QeFwumenssHCHmeT Qeuefluil @ sumserd,  Wesor(hLh
ULeTUBSESHFalY I 6TelSHelT  eUTHeTSEHe0T  cuemiaF, wenflgd ellesorGleuerlll
Liwenarl, e ellenorGlauer| mlemeuid, alletorGleuert] BlemeuLmi&eT WmmID &Flw

alllenoT&H eV Li6ooT | QL& Lemel 2L MHIELD.
@6V & (S 56T LM milD GIBITE & IS 6T
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LIW&TUImL e Wb Leu@eum CHFIW Lenll&HEhaEE LW LIRS SIS TS0, @hE W
alletoTGleueflss G LGTeT SHMHSUMTHS SHSLUUGL  elléarih  Frumuler
LIMTFemneulLme @ HSIw afleurGleuerls S L1 @ussLIauGEmE!.

alilevor Qlauerl Qamdliuml LTI W& s Fararlblilsans O meoor g HLLMS
G CHTHEHTHS Q& ITEuoT LY. (H LILIG eV @bEwmalledr  GUTIHETTHITT
(WedTCeTmmD GHetT ellevorCleusile T L Heme CLOeD SHTetii& 19L& TH 6D
QF WY 2 GTeNHMEHAID LHEIU6TaTS. 2008 QLD 2LE0ITIQ6EY, E\HSIWIT eRe0TLISI
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TIHEC&EL g6 UHGS  CFWNHanSHHEEHETeTHemeT el  (DH&Y  [HTH 6T6oTm
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HmIlh amamilsEE Genlulemar CBr HMnsln aral LuGEmE, &m
Qummmerflest @LLD, Geousmsld WHMID FlengFenl BloeEins. CQFweblsy 2 drem
QEaTFmisar LWiblenull ummlu sraisaner Caafleas o 61 srambiSsaEenaTl]
UWeTUR S EIE eTmerT. eT(hSSHESTLLISE, CouFi-Lin flGurl QFarFm Fleul
e CoFeany ywluler Cumurinid S LWbGE s whHmibh CFT SFH6or
QFaTFMmEEE WanmGlh Urglustids ahisEhn Crrsansd  eralb S msl.
TOLTOFTL -2 6eiTUS QFWDHend SemeT CrLmemyll UWeTUBSSID GFwedlsy
2 616l QIFTEFMT &Y, &LD.

2 WFlumm evevgl QFWeVmM QFTETT G5 Tem6u L 600T TS 60

. o NITLILUMmM QOFeTFTISHET GILTIHET EEUE HOHMIWLIETET LG E SeTmey
o 1flpliu@Gin s Urgludissin sEralFams CasiflaEarmeT. GEFWe DM
QEFEaTFETIH6T epeuld  emall_u@min &EFefFFar QuUTSIGTET QLSTTINMS
Uipsluellss @&l eefl 26term. QFwemm FlGOML QFeTEFTTSHereor
TRGHEHETLH&ET6 TenTluL UemsUULLD eh&H6n, HESFFeulll], Fmis-
@emamTaHSUILL L FTHTHISET IMmiln CrigGuImsl L F&HeT g\ amneal &L miEGLD.
QEWmm QFearEFmIHeT GeueflliUm Smaoi(h&HSEEEHEG LS everlsE sirmen.
aiemal Ldlullesr Gumuriilid @amba UrSlusils@in gsueug Glaerlludin
@uhens L MHmemsy LTle QFUERarmear. QFLamm CFaTFTTSHET v
sevorL oLl L s@lgefF@ear dsalln Qumsiamar Qsmrn @ilw seaflemii
Ur&sueblsEimal. CevenoTl &MLl I0MMmID ClFeiTiqemey QFWeumm G FeTFMISHET.
aiemel Wlersmhs mlowmeanauiled Ulrgludiss @rilu geflavwy o aorrha
LIL_MI& a6l 6T(b &5 &) 60T () 60T

i )
o el pib l,'g.'l-
= B, A

/A

-

£ 8gounm  &_soof o _WiinyeTer 2 smor]
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UNIT - 11

Electro Magnetic Radiation, Electro Magnetic Spectrum, Energy Interaction
with atmosphere and Earth Surface.

KeTaMHeH 8 &FH IaisFa

HeTEMHEEe & Feisa: (electromagnetic radiation) eT6dTLIZI LOTHTHS LIGVSHET 2|60I608 66T (S6V6VGI
SUMNIET G6UTETTL LD, VLG RETILEMGHSHDETS) GMIGEH M. @emal THTHSHES &HHfluss
AOHMUTE Qamid Qealuar msll UwenlléEss: Smiquiamal WG,  W0arsThss
&HTeiga amQeaTTedl  2|em6VE6T, H6TTETameVG 6T, AHHFRQILILG SR, (HTeTHamIqll) eperfl, Lim

NG MTH &HHJ, 6T&hF -, HTLOLOT HHTH6T LHLIDISHETTSH @) (HEE6VITLD.

3| 6DV6VE 6T @ HeUem& LILI(bILD: QUIssH 3|66V E 6T (mechanical waves), LOl6TSHTHS
I|MEVGET (electromagnetic waves). B EMEVGHET, FHH IMEVGHET, HUIMEMEVGEET G M GUISS
I|MEVGET. 6l D EMEVFHET, 6161V &HT I MVGHET, LIOTTFST 2606086 GUMTMen6 W6T &HMTHS
IMEVEHET. QUGS MVEEHEHG SIHT6| eneuld (source of disturbance), 26T &I  (medium),
FLLUQUTH6T QSTLITL (physical connection) @& emel. L6THTHS 21601608 655G 26TL_& LD, FLLIGLIMTHET

Q&ML CHemealullevemnesy. 9jemal Gaumild Qederfluilest 2erl_Mss LIuIeool1&H8 GnlqUlemel.

NeTHTHS 360605660 (NHHWSSIGID, QIMEBHET, QLML FnmMiGH6T, &eofls FHuleumer
alufliy oS weimenm GG ImWLILLLG. @efl W6THETHS 66V 6TETMITEY 6T6OT60T 6T60T
QL TTWLILGWD.N6THTHS {emev eneuld WTHMHS F&HS LW l&HR6Tmgl. QLTSNS Wl6TamhHE
FEHW 6T F&HH 6TaTCM Famiall. eiFsH, IHTe| 6TeoT LOTMHMIEISET epeuld Ll6T&HTHS
Q|MEVELNEVID HSH UMD LIFIDMMeVTDd. FMalg HHaley WeaTaMhs emeuullaT 6l al5SH 6V

2 _6T6if(p QF WLl @ uflinmmiu@ib.

QuUMEIaITE emeveml NlUFLILgG CUMTeLCE, LNETHTHS 2{606V6MULILLD &60011& FMTTLI&H6T Q& Mevor(h
alufléseumd. WeTeaThs emeuulledr Gealefl 960608 @ LIBlemey (space or position), &MeVLD (time)

UG WamIlel HHIK @) HEHH BT

O OTSHTHS | 60)6V M6 6U6M&LILI(H &S 6V
NeTHTHS MV BV 6T60ITEMET Q& TevoT(h LI Ceumimd: alemssLILBS ST, 6Uelmml

QMG LILMGSSID LO6TEMTHS 3 em6us 6T GlauelGelml &e60Te0)LN& M6 Q)& MeuoTLY.(H& GLD.

e SITLOIT 6M6VG6T (10 - 10 GHz)

o 201(h) HHT 3eM6VG6ET (108 - 102 GHzZ)
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https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%A8%E0%AF%8D%E0%AE%A4%E0%AE%AA%E0%AF%8D_%E0%AE%AA%E0%AF%81%E0%AE%B2%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF%E0%AE%AF%E0%AE%A3%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%B5%E0%AE%BE%E0%AE%A9%E0%AF%8A%E0%AE%B2%E0%AE%BF_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%B5%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%9A%E0%AF%81-%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%AE%E0%AF%8D%E0%AE%AE%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%AE%E0%AF%8D%E0%AE%AE%E0%AE%BE_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8A%E0%AE%9F%E0%AF%81_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D

o LM 21T HHFSH6T (106 - 108 GHz)

o o6l 9emeuH6T (105 - 10° GHz)

o IEFAGLIL SHTHET (103 - 10* GHz)(

e MECTT Gauel 66L& (3 —300 GHz)
e GUIECWIT 6m6V&6T (535 kHZ - 806 MHz)

SITIDIT 606V 6iT

SMTDIOT  3|eM6VGET (Gamma  Rays) lWehT&MHS  Sjemev auflensulley  1&a D LHmey  aumiliBs
UGHWMGSLWD. emeuBerd &GaD GmSHWE. @ WU LKle 10 19flevedwietley @ LBiens aflL
GMAITET HMVBETEHMS 2 LWL 6T86V-CF HHTHm6T ol HFH UMMEMH 261(H)(H6US
FnlQ UGl 90185856 60T HH LSS SH I, 901585 NemeyLI(GIh GLIM&ILD @8
QaueflliLIID. 6T8:6M-CF LILMIGemeT il HIS&GESHNMNS 2 L0 Fadenm Simlwll LwearU®RSSL

LUOSDS!.

IlevorL Qeuefluiley L asH rmiserfler LmUiL whmib @miiL umdlw BILUFQSFWEREmeT mlbS
Q& TeTeTeh 2 FHaH M.

6T& 61V SBHTSHET (261(h) HH T 6016V 5H6IT)

GV SHISHET (X-rays, X-&HIHET, eH6N &HHFH6T) s & WoHmey amilbs &HHFIsH6T
LG, @@L CUMeTM 2 GeumamiGeTlain 2arpmalld Q&6 alevevemel. @almniler emneuBaTid 10

BTGeTTSL_ LT (N&6V 0.01 BTGeTTLIL_L [T eUemTW MEGLD .

TGN -GHIHT & FEHFH WL WaTEMHEH HHIHETTGWD. @Ml SWeTTHGWD 2,Mmey
Lm-2a15ms SHIH6Tler whmeney el 10s HH&IMGWD. erCal QUITIBHLGENET 3 U6TTHS
@uermwer LlemeoTlIL|&emeT 2 LGS  phmeney  @emel  Q&meoor(h6Temer. @) L1LIGuoTL
SMIeornM&HEGel e1&H6-&HTH6T 2 UlflesEpsE WeHah LSS TaTene6l 66T &(IHSL1LIH S 60TMEoT.
QILOEITENLOLLITEIT 6T&6M-SH G emeT D 2 [l Lnsismifern) BHeooTL SMeulDd 685 WITEsoTL_IT6V L9 6T60T.6f
eLNEVE TR MIGETIET QRUOBIE GeVbHSE LiMmm CHMTUISE 2 6TaTM&HeMD. HE FEHEHU6TeT T8 6n-
& seflermey Limm CBHTUIS S6UMHI&HM6T WeTTHSH IPlHaa)n @uisvin. eeflab @&er CLmg!
UCTTHEEILDTET HVBIEHEHHEG 6T1&HV-HHIHT QFNGFLILGEON SalissLILL Geueor(kD.
DBSSIUSH6V 6T86V-HH T LIWETUGS SISV aUHLD HeTenln SISH6TM6V aU(hHLD 3LGHens el

IH&HIOMS @) BHSTE THHTELD emeu LIuleoTLH &S LI 5 63T meoT.

QUGN EMLOWITEDT  6T&HEV-BHTHETT) QLML ST  2em(Ri(Hed  (LNIGU|D. @ LILesorCL L[S SIS
SlmUIeL 6T&H6M-GH T LILBISG6T eT(h&HeL LT UG SSLILGS 6TmS!. eNlnmer Blemneu higserfley

UMssTULE GFmgemneTwiler GUMsID @&5QsmSnuUmCL LweaTUBGSSILGSTmS!.
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%95%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AF%88%E0%AE%95%E0%AF%8D%E0%AE%B0%E0%AF%8B_%E0%AE%B5%E0%AF%87%E0%AE%B5%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%B0%E0%AF%87%E0%AE%9F%E0%AE%BF%E0%AE%AF%E0%AF%8B_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%A8%E0%AF%8D%E0%AE%A4_%E0%AE%85%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%9F%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%B2%E0%AE%BF%E0%AE%AF%E0%AE%A9%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8A%E0%AE%9F%E0%AF%81%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%A3%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%A3%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B0%E0%AF%81_%E0%AE%AA%E0%AE%BF%E0%AE%B3%E0%AE%B5%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%8A%E0%AE%9F%E0%AF%81%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8A%E0%AE%9F%E0%AF%81_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%87%E0%AE%B0%E0%AF%81%E0%AE%AE%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AF%81_%E0%AE%A8%E0%AF%8B%E0%AE%AF%E0%AF%8D

CT&HEV-BHTHET SHLLVOTTGID 6pelfl, Lm-2e15m86h SHIGamer el &S GemeUTer 3(6m6y
BemnenLenel. eTeorGel 686N -SHTHM6TL LIWLeTLURSSID HIEDIS &HSHTLIG8560T 66l Hisam & Ea

SMLIGHem6T el 58 Q5 6rfley6mLLLI6TEUTE 2_6TermeoT.

LW 21518 &SIy

Um oa5ns  SHF (Ultraviolet  light) 6TETLISI SH600T&HETMTE0 LITTSS  QUIEHLOLITEYID 2 600TJOLLUITS
Hetsmhs eefl siemeusar @, &Il eefluller Blmwmemeuuiley (Spectrum) &5 600TemIS G L1
LeolILQ&eTn Flallll] (NHev 2e1HT QUM SHF&HEN6T RBIR, 261HMTEHSHH 5 EH8 S
SILILML @LUILGSTE @& LM 21585 HHT eTarlILGSTmE. Lm 2a15m6H5H T 10 BT.LS (Lhg6v
400 BIT.LS 6UemFUIVITET & emeVIHETS MBS C8sMeuoT(H 6T

HE00THEHSGLI LJeenTTGD gefl SiemeuseneTd STLIQaIn @S HHEHMEHD 67685 &5 5 606TE
SMTLIID GMMETeTSHTH|D 2 6Tengl. G flwenfledBha e el () QLMss sefluilley 10% sperfl
U 2a5m6as5fleorms) ersm@h. Wer ellmaurm oo ursrs opell elers@GaHe6T, G mev
Ul  elend:@&ser, Hereney Lm2arsm  ellend:@Ga e Gumssrm  Fmliy  efens@GsemerTL]
LWeTUGSHWD LM 261G MEHEH THM6T 2 (HEUTEHEEVTID. 3|eI&HEH6M6T | W6TWTHGID Smmev
@) H60T 6lULIEIGHEHEEG @)6V606V 6TETLISTE) @ JWeallunsEss &HFefdFans L oasneHsS T
SMSLLUGITHme. SLermaln Hememew LM o2ag5m  &HTeids @uamuler  ellenerderfley
LUBIGHEMEAMSI. LI QUTBLEET 6l o6beugl 2 L Qermeflgd QFWISMS. @FH6T 6lleneralrs,
ereifleminwimentr QeuliLl eflememesmenerss STLIgevD Lim 2asmssEfler 2 ulflucy ellemere s e
IH G IOMEOTEMRILITS: 2 6T6T60T. INMHMID @& S&HTTFHT Liew Henl (nemnm LiweTUmH&6T &iflin

LD 6VE T MIGHEBH 60T Q& TevoTL QG TLT LG lef BB S QLML & 6dTmeoT.

Camedledl BIMID HBHH, (PEHEHBHESBIGAT GalallmallgseT Wwmmih CHML  LMHMmIGHTUI
GUmetTMEmE! LM 2a15MHEH T LUTHILL&eTTGW. wWilluler eleflnemLeusHe @uha eU@md Lm
26aTHMHEH T allg&s LU LU mellLme, Gflwesfledr Lmeagm sHrefdame amuwpld 2 ulljermiger
SMHemWTs L UTH & LLGGEeTmer P 121 BrCeaTTSL L (55 G GeMMEUTET S{60)6VIH6TLID G185 MTeooTL
afleflibBlenev LM 215 MEHES T & MM Q&ML SMTEH 2_6T6MEl. @& Lflenll e alsm &
WeTerCy FFGHLILGGRMS © aflgiser 2 L LL QUIBLOLITITET (WEQ&HDLNG6Tlar eTavibL]
QUL AISME SHTTE0TLOMeT 6nell_ LA 1§ 2 (HeUMGaUSME& LM SET&HTHEH(HLD &ITJ6uTL0MELD.

LM 2615 TESHH JHETT6V [HL0& @ HeTemln, Femln G @ revor(h alememeseBLd 6 MLI[H & 6T meoT.

LW oa15MH SHFHET QLBLOLITeVTET eflEisefler &amseEhs@&s LevliLbheau&eveansy. nevfls
F60TS 6160 2_6IT6em QleVETa: QLIMSIAITS 320 (LNS6VL 290 aUem T 3T TR 6U6tr G\ mevor L e6rfl U emeuEs emerm
Qg &L R eTmer. Gaild LWellsseflar Geamseafley Lm oasns &&HFseflar eusomenrGmL
SEHaImLILEGET @6venev . GLHaGHET WHMID @ eneTep&HeTTey Hlev FmLiL BleLhe|serfley
&My 310 BICerm WL emevBer Lm oagmssHIseaner sreornlgSma BP0 alliflafevensy
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https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%A3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BF%E0%AE%B1%E0%AE%AE%E0%AE%BE%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BE%E0%AE%A9%E0%AF%8B%E0%AE%AE%E0%AF%80%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BE%E0%AE%A9%E0%AF%8B%E0%AE%AE%E0%AF%80%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-Kitsinelis-1
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-Kitsinelis-1
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-Booth-3
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-Booth-3
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-5
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-6
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-7
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-LynchLivingston2001-8
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-LynchLivingston2001-8

@eveuns LneflEI&6T 3i6veval mmml efliflelleuensy QLIMBHSSLILIL L 06 lSTSH6TT6 ©)85 85 (5 606T5
SMeooT(PIH M&. 0. Flev LL,EFFSET, LIMeneUss 6T, LIMeL 198660 &600T&HEH& @D LM 26158 &S5\ T8 60T
LjevLILI(H\ ) 6dTm et

eperfl 9jemev 6T

epelfl (light)  eTedTLISI B600T5 @B &G L1 LIGVLILIGILD jemeuBerid Q& meooTL LA6ITHTHS — 3|6M6VSET 6TedT Ml
Q6D T WLMIG & L1LI(H &) 60T M 60T, QUNBIAITS S&HFF aILILE SHIHEHE5GD LM QeTg T
SHTHEHGID @enLLILL L ISemev  HBeTld Q&Meor  LeTHTHSE HHT G &56T 267 eTedrm)l
SMPGE LGB MS!. eD6V-SIG6T G (H60LD HeTenlouiledr STIernng eefl @Gy CHISH 6 606V
OO SIG6T ©)Je0orLq 60Tl LIetorL|Senerld QeueflliLRSEHBMmS. @emeu 380 BTGeTTLL L J&H6T

(PS6L 740 BTGeoTMLSL L& 6T euemTulleL oemevBergemsuemL il LO6TEHMHS 260608 6T MTELD.

QamnilLgH 6L sperflulledt Geussid Fflwimg 2,99,792.458 L5/Q & (6T 6@ &DMT 1,86,282 6MLO6VSET)
G, TOT alemd: aTEMHEHES &HTFHFESHEHL QaunMLEH0 @Qbhs GCalssHCuGW
BSETRMS. ©)& & 6oofl LD Flev GBImIsserfley "ep6rfluSlear Gauss " 6T6OT S
SOILIL LUl Lmeiln, Geuss b eTedTLIg  FlemFuwllemenr 2 emL W Sl &HevoflWh L@,  sperflulledr

Gauss L GeooTL MW BLHS WUMEF & 6rfler HmevsEaHmiH!"!

QUMSIITS LA 6TE TTH S 8 B T 6Td 62| & 60T2] m6LIHeTHH M CGH ML 6UTGI60T eV, HI6ToT600Tem6Y, ASHEFFaLIL,
LM  26TSM,  SHe00T600N60TTeL 2 e00TIHHIlqWl &6, 616:6-&HF IDMHMID STDWT  SHT eTeor

S LILGSSILOB MSI.

IGFFR LI SHT

A&HER eI &R (Infrared rays) 6TaTLIS SIHS SemeB6TID Q&Moo IOOTEHTHS D 6MEVWIMTEGLD.
3jemeuBerTid IH 5D 6T60T LIS IT6V @\ 5HH 56T 560075 @58 &L
LeuliL(auFleveme. sperfliemeussefler ojemeuiberid Gemmey  eTeTLSHTL  66rfl  SHe00THEhE G L
LeveTTRmEl. &FF el &HIGT Fev FHETLLMBIGIL AHFF L @6fl&EHEEHT eermiln
IempE&LILGHeTmer. QausTQermeflwmer @Gl serfl 2ergm, s@pHeud, Bevld, LIFE, DEHFET,
QLTEHS, FlalliL] eTedim W BIMBIGm6TE: Q&marLgl. Geaimmiley 3jeneuBerd FH &I Qo mevoTL
Fally BIDULUGHHSG LLT HeooTenlsHGl LeveTmaTs Flev &HIH6T 2 6rarear. @eaimlne
DGFRLILS SHISHET 6lrm QUWT. eeflleneuser gmsaEmp  400-700 BMLS Iemevberid
Q& TEOOTLemaWMGD. &ERNaILILG HH 56T, SHeoamlsH@GLl Levarm@Gh eflilameuseaneT el &
Fo(HISHEVTET 3{606V HETID Q&ML emel. AHFF QLI &HFsHefler F TG eueor HTErHM WLILS
(430 THz) QLIMQ&TL& SL,@&h M. 700 BT.LS.(nm) &L 100 emn.LS (um) emeviBeTid euemy Q& mevorL,
NeTHTHS AHDVSHET SHOEISHGL  LeVTTHTS  AHEFF LS &HIHET &Gh2. A

LG THemetTs 6T eUNILIME HLOLDTEY HSHFFQULILIG &G FHemeTW LD STeooredlulsviid
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https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-10
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%A3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%A8%E0%AF%8D%E0%AE%A4_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%B5%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D_%E0%AE%B5%E0%AF%80%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88-%E0%AE%A4%E0%AF%81%E0%AE%95%E0%AE%B3%E0%AF%8D_%E0%AE%87%E0%AE%B0%E0%AF%81%E0%AE%AE%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%B5%E0%AF%86%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AE%BF%E0%AE%9F%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF%E0%AE%AF%E0%AE%BF%E0%AE%A9%E0%AF%8D_%E0%AE%B5%E0%AF%87%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AF%80%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%9A%E0%AF%86%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%A9%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%B5%E0%AF%87%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%95%E0%AE%BE%E0%AE%B5%E0%AE%BF%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A3%E0%AE%BF%E0%AE%AF%E0%AE%AE%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF#cite_note-%E0%AE%B5%E0%AE%BF%E0%AE%95%E0%AE%9F%E0%AE%A9%E0%AF%8D-1
https://ta.wikipedia.org/wiki/%E0%AE%B5%E0%AE%BE%E0%AE%A9%E0%AF%8A%E0%AE%B2%E0%AE%BF_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%B5%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AA%E0%AF%81%E0%AE%B1_%E0%AE%8A%E0%AE%A4%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%8E%E0%AE%95%E0%AF%8D%E0%AE%9A%E0%AF%81-%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%95%E0%AE%BE%E0%AE%AE%E0%AF%8D%E0%AE%AE%E0%AE%BE_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%A8%E0%AF%8D%E0%AE%A4_%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%9F%E0%AF%86%E0%AE%B0%E0%AE%BE%E0%AE%95%E0%AF%86%E0%AE%B0%E0%AF%8D%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AF%81_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%B5%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-Sliney1976-1
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%95%E0%AE%9A%E0%AF%8D%E0%AE%9A%E0%AE%BF%E0%AE%B5%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%95%E0%AF%8D_%E0%AE%95%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D#cite_note-2

R QUITIHETey 2 6TaT ePEVGFaMIGET BHHMHL CUMH ALUQUTIHET AHFRULIL SHIHemerT
2 dTaUMBISEGT  Sevevg QaleflllCamr QEWWWb. mMQalLUBlenasE MBH6 2 6TerT
QuU@BLUTMeT QUTBL&T QalefllliGib Qeallilg &HFeiFs AGFRaIILEG &HTHETIMESLD.
TEMHS jemevdHenerl] CLMVEa &HFH LIS &HTHEHID W6THMHS 3MHMEN6V & L8 S 60T M6
@RF eV WMHMID @F eeflluegm &Il @) Jeroriqedr LIGrL&emeTWh ANHFRaILG SHTSH6T
QeueflLiLI(h) & 318 60T 60T

151 600T 6U0T 60) 6V 85 61T

BI6E00TEOTEMEVE6IT (microwaves)  eTaTLIEmE LOGTHTHS  SMVGET Q&GD.  @emal AH&LULFID
1 8Ll mha e Weved LSU LT jemev Hemb aeueny @ &G, G 6lalemeusefler 95 TG 6uevor
6Teool 300 QD& QamiFL ey (300 MHz 8j6ueudl 0.3 GHz) (n&ev 300 R&T QamiLenv (300 GHz) auemy
QG LD. @) 6U6EUENEVE 6T QBB HAS TS QHTENEVCLIF @)6me6uoTLIL|SEh & LD, [HI600T600T6m 6V

S BILILIGH6T eLOEVLD 2_600T6) F6mLN&:&6) D LIUIGOTLI(H G 60TM6OT. LIUI6OTE:6iT

o  adaluillenp 56160 QSTLILIO QFHTmaSTTS H5H6aI60 LIFInmTMmEHMHESLI
LwedT LB 8 8 L1LIH 6 60T m6oT.

o LeaB(B5-6V LWeTLRH M.

o  SLIWeveuT BLIOMTHID 3(56TM 3 emevalflenguiley (Mobile Broadband Wireless Access)
LweTUGSRmS!.

e  QEFWMMSEHE CHTET H5H6I6V QST LwWeaTUGSSILGSRmS!.

e  OMLMT-60 LWeTLGHRMmSI.
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https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%A9%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%A8%E0%AF%8D%E0%AE%A4_%E0%AE%85%E0%AE%B2%E0%AF%88
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AF%80%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%AE%E0%AE%BF%E0%AE%B2%E0%AF%8D%E0%AE%B2%E0%AE%BF_%E0%AE%AE%E0%AF%80%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B0%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88_%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8A%E0%AE%B2%E0%AF%88%E0%AE%AA%E0%AF%87%E0%AE%9A%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AE%B2%E0%AF%88_%E0%AE%85%E0%AE%9F%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AF%81%E0%AE%A3%E0%AF%8D%E0%AE%A3%E0%AE%B2%E0%AF%88_%E0%AE%85%E0%AE%9F%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.wikipedia.org/wiki/%E0%AE%92%E0%AE%B3%E0%AE%BF%E0%AE%AF%E0%AE%BF%E0%AE%B4%E0%AF%88
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Fig. 2. Electromagnetic radiation spectrum

QUTQ6TTEY 66V ST

HLO& S F 60L& GLD UTG6TTed LnMMILD Q& TeMEVESTL T 15 Lh&FF HemerT @h5 eUTQeoTmeldl
SIMEUGEET ST SHMTHE UBHHROTmeT. Geneal IGTHETHS HMVHET WUGWD. ASTUS @bHS
WeTHMTHS M6V 6TelTLSI ([ HTHH6L et CaumUTBHEBL HSDGHF C&FMIGSSHTeor
SMGEH  HMHSLLSHET  GCaumiUT(hsHEbld  emnbgs Qeuallp SemmseEsn  efliflujn
FMFHEDSHGF QFHIGSSTOT HemFuley UJaD ey G, QQUNETHETHS 26060560
BTHMIG&HE0TESTr WL LJ&eT HeTld WwsHev 30 QFearlly WSULF Herld euemy emeviberin
2_6MLLIEmE. a)F:3 QABHHO S TE6V6)] QFaLeVE T 19 ULIEDE. HN&s5
QBT eV VIETET 55 &5 IS 6IT, 2|600TL_MhIG6T Fleva|ld @)6161e0s 3| 6m6u8 66T Glauerflall(H & 6T meor.

IjemauLl LM eumQest medl Q& Memevs: s [Hel eLneVLDME:Cal SIMISGMITLD.

e efFFL @WLMVEEHHEG JHMTICUM MMM gHUMSH HemeuUgliull U@L AM
aITQeTmedl  BlemeuwSFH 6T semevalflend 750 Mega  Hertz  6TedTMM6L SIS D 6MEVSET
40015 LT SjemeuBeTid Q& M6 &M @HEHEGID. @BIG Ijemevalflens 6T6TLSE 35 TC6U60IT 3@ LD.
@@ eTeflll FL6TUMH @hS SIemevbaTSH MG, S TE6UETITEIS G LD )60 CUIWITET QGTLT60LIS
STLOD. SI5Tag, AFH TGl x Jjemeubard = WaTEMHS ISemev LFabh ellenge] < @GLb.
NeT&MHS 3jemneudeT eerfluler ellemgeailey H&HLD. epefluiledt Coussid &My 3x 108 WSLLT. @68 GUImey
100 Mega Hertz giemevaliflend FM BlemeuWDmeTTed @S6eT SemeuBarin 3 WL LJT&H @ (HeELD.

@ HEOTTEV HITET FM BlemeubI&G6T HFH & FoHFIW LT QG eflalns: @IhHSTevln AM Bl606VUIHIG 66T
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https://ta.wikipedia.org/wiki/%E0%AE%B5%E0%AE%BE%E0%AE%A9%E0%AF%8A%E0%AE%B2%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%A4%E0%AF%8A%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%BE%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AE%BF
https://ta.wikipedia.org/wiki/%E0%AE%A8%E0%AE%9F%E0%AF%8D%E0%AE%9A%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AE%99%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D
https://ta.wikipedia.org/w/index.php?title=%E0%AE%85%E0%AE%A3%E0%AF%8D%E0%AE%9F%E0%AE%99%E0%AF%8D%E0%AE%95%E0%AE%B3%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%B5%E0%AE%BE%E0%AE%A9%E0%AF%8A%E0%AE%B2%E0%AE%BF_%E0%AE%A4%E0%AF%8A%E0%AE%B2%E0%AF%88%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B0%E0%AF%81%E0%AE%B5%E0%AE%BF%E0%AF%8D&action=edit&redlink=1
https://ta.wikipedia.org/w/index.php?title=%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%B5%E0%AE%B0%E0%AE%BF%E0%AE%9A%E0%AF%88&action=edit&redlink=1
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%B2%E0%AF%88%E0%AE%A8%E0%AF%80%E0%AE%B3%E0%AE%AE%E0%AF%8D
https://ta.wikipedia.org/wiki/%E0%AE%85%E0%AE%A4%E0%AE%BF%E0%AE%B0%E0%AF%8D%E0%AE%B5%E0%AF%86%E0%AE%A3%E0%AF%8D

Gumev BT STISHMES THILILIFH6V6m6v. FM 6T6dT LIGI 6260 LLI60I6VE 655 & 6 MMTITCLITEV )T Gl6u 6v0T
LOMMILD 6DEVSETTESLD.

LI UL 60T &5 61T

G GWIT & 6M6V G 6T

QbS5 ImevGgEer GUIECWT WMMID QFTMVESETLSF QFUIHS QFHTLILUGGL UwWeaTUGSRmS!.
530 MHz &6V 1710 MHz euemyueitem oyemevdker AM  aufflemguilevid, 54 MHz euemyuwlemer SH\&
B TCQEUT HMVBET GHOMHS Hemev euflenswilann LweTLmh S ermer. QS TeneusssTL R
gjemeuwiledt QBEMHIESWD 54 MHz (&Y 890 MHz euempuflswid FM euflemauiey 88 MHz (Lp&Hev 108 MHz
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Fig. 8. Interactions of the electromagnetic energy with the atmosphere
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UNIT -1

Remote sensing is an art and science of obtaining information about an object or
feature without physically coming in contact with that object or feature. Humans
apply remote sensing in their day-to-day business, through vision, hearing and
sense of smell. The data collected can be of many forms: variations in acoustic
wave distributions (e.g., sonar), variations in force distributions (e.g., gravity

meter), variations in electromagnetic energy distributions (e.g., eye) etc. These
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remotely collected data through various sensors may be analyzed to obtain
information about the objects or features under investigation. In this course we will

deal with remote sensing through electromagnetic energy sensors only.

Thus, remote sensing is the process of inferring surface parameters from
measurements of the electromagnetic radiation (EMR) from the Earth’s surface.
This EMR can either be reflected or emitted from the Earth’s surface. In other
words, remote sensing is detecting and measuring electromagnetic (EM) energy
emanating or reflected from distant objects made of various materials, so that we
can identify and categorize these objects by class or type, substance and spatial

distribution [American Society of Photogrammetry, 1975].

Piatform Sun

.

Emmision Refiection

Fig. 1. Schematic representation of remote sensing technique
(Source: http://geoportal.icimod.org)

Remote sensing provides a means of observing large areas at finer spatial and
temporal frequencies. It finds extensive applications in civil engineering including
watershed studies, hydrological states and fluxes simulation, hydrological
modeling, disaster management services such as flood and drought warning and
monitoring, damage assessment in case of natural calamities, environmental

monitoring, urban planning etc.
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Remote sensing is the acquiring of information from a distance. NASA observes
the Earth and other planetary bodies via remote sensors on satellites and aircraft
that detect and record reflected or emitted energy. Remote sensors, which provide
a global perspective and a wealth of data about Earth systems, enable data-

informed decision making based on the current and future state of our planet.

Remote sensing is a type of geospatial technology that samples emitted and
reflected electromagnetic (EM) radiation from the Earth’s terrestrial, atmospheric,
and aquatic ecosystems in order to detect and monitor the physical characteristics
of an area without making physical contact. This method of data collection

typically involves aircraft-based and satellite-based sensor technologies.

Components of Remote Sensing

In much of remote sensing, the process involves an interaction between incident
radiation and the targets of interest. This is exemplified by the use of imaging

systems where the following seven elements are involved:

Energy Source or lllumination (A): The first requirement for remote sensing is to
have an energy source which illuminates or provides electromagnetic energy to the

target of interest.

. Radiation and the Atmosphere (B): as the energy travels from its source to the
Target, it will come in contact with and interact with the atmosphere it passes
through. This interaction may take place a second time as the energy travels from
the target to the sensor.

. Interaction With the Target (C): once the energy makes its way to the target
through the atmosphere, it interacts with the target depending on the properties of
both the target and the radiation
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. Recording of Energy by the Sensor (D): after the energy has been scattered by,
or emitted from the target; we require a sensor (remote, not in contact with the
target) to collect and record the electromagnetic radiation.

. Transmission, Reception, and Processing (E): the energy recorded by the sensor
has to be transmitted, often in electronic form, to a receiving and processing station
where the data are processed into an image (hardcopy and/or digital).

. Interpretation and Analysis (F): the processed image is interpreted, visually
and/or digitally or electronically, to extract information about the target which was
illuminated.

. Application (G): the final element of the remote sensing process is achieved when
we apply the information we have been able to extract from the imagery about the
target in order to better understand it, reveal some new information, or assist in
solving a particular problem.

HISTORY OF REMOTE SENSING

REMOTE SENSING began in the 1840s as balloonists took pictures of the ground
using the newly invented photo-camera. Perhaps the most novel platform at the end

of the last century is the famed pigeon fleet that operated as a novelty in Europe

History of Remote
Sensing

Balloon photography.
(1858)

Pigeon cameras
(1903)

Kite photography.
(1890)

Aircraft (WWI and
WWIT)

Space (1947)

1910 - International Society for Photogrammetry (ISP)

The first satellites

Space race began with the launch of Sputnik on 4 October 1957- USA and USSR
The first weather satellite, Vanguard 2, was launched on 17 February 1959
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TIROS-1, launched by NASA on 1 April 1960

] TIROS-1 to TIROS-10 (1960-1966)

1 China — launched first communications satellite on 24 April 1970.

1 India built its first satellite, Aryabhata, which was launched in 1975 by the
USSR.

NOAA-5 which was launched in 1976 - 1980 - International Society for
Photogrammetry and Remote Sensing (ISPRS)

Historians of remote sensing cite various examples of the earliest attempts at
obtaining remote sensing images such as using cameras carried by passengers in
the baskets of hot air balloons, pigeons carrying cameras or even by people
carrying cameras up a hillside or up a tower, e.g. the Eiffel Tower in Paris. In 1907
Julius Neubronner developed a light miniature camera that could be fitted to a
pigeon’s breast with a harness. To take an aerial photograph Neubronner carried a
pigeon to a location nearly 100 km away from its home; it was fitted with a camera
and then released and the bird would typically fly home on a direct route at a
height of 50 m to 100 m.

A pneumatic system controlled the time delay before a photograph was taken.
Other platforms were also tried, balloons, kites, rockets and airships but none of
them made much progress. Although there was some initial excitement over
pigeon photography, other forms of aerial photography emerged, causing people to
abandon the idea of the pigeon photographers. In some ways the pigeon camera
was a precursor of the remote sensing UAV (unmanned aerial vehicle) or drone,

which is one of the very latest systems introduced in remote sensing.
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(1903 - pigeons wearing cameras. Image Credit: NASA)

Aerial photography became a valuable reconnaissance tool during the First World
War and came fully into its own during the Second World War. The logical entry
of remote sensors into space began with the inclusion of automated photo-camera
systems on the captured German V-2 rockets launched out of White Sands, NM.
With the advent of Sputnik in 1957, the possibility of putting film cameras on
orbiting spacecraft was realized. The first cosmonauts and astronauts carried
cameras to document selected regions and targets of opportunity as they
circumnavigated the globe. Sensors tuned to obtaining black and white TV-like
Images of the Earth were mounted on meteorological satellites that began to fly in
the 1960s. Other sensors on those satellites could make soundings or

measurements of atmospheric properties over a range of heights.

As an operational system for collecting information about the Earth on a repetitive

42



schedule remote sensing matured in the 1970s when instruments were flown on
Skylab (and later, the Space Shuttle) and on Landsat, the first satellite dedicated
specifically to monitoring land and ocean surfaces to map natural and cultural
resources.

The period from 1960 to 2010 has experienced some major changes in the field of
remote sensing. The background for many of these changes occurred in the 1960s
and 1970s. Some of these changes are outlined below. [ First, the term “remote
sensing” was initially introduced in 1960. Before 1960 the term used was generally
aerial photography.

1 Second, the 1960s and 1970s saw the primary platform used to carry remotely
sensed instruments shift from air planes to satellites. Satellites can cover much
more land space than planes and can monitor areas on a regular basis.

1 Third, imagery became digital in format rather than analog. The digital format
made it possible to display and analyze imagery using computers, a technology that
was also undergoing rapid change during this period.

[J Fourth, sensors were becoming available that recorded the Earth’s surface
simultaneously in several different portions of the electro-magnetic spectrum. One
could now view an area by looking at several different images, some in portions of
the spectrum beyond what the human eye could view.

) Finally, the turbulent social movements of the 1960s and 1970s awakened a new
and continuing concern about the changes in the Earth’s physical environment.
Remotely sensed imagery from satellites made it possible to detect and monitor
these changes.

] Today, many satellites, with various remote sensing instruments, monitor the

Earth’s surface.
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Historical development of remote
sensing systems
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Finally, the turbulent social movements of the 1960s and 1970s awakened a new
and continuing concern about the changes in the Earth’s physical environment.
Remotely sensed imagery from satellites made it possible to detect and monitor

these changes.
1 Today, many satellites, with various remote sensing instruments, monitor the

Earth’s surface.
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LIST OF SATELLITES BY COUNTERIES

First launch by country
hruler oy Date of first Rocket Satellite(s)
launch
1 Soviet Unkon 4 October 1957 Sputnik-PS Sputnik 1
2 United States 1 February 1958 Juno | Explorer 1
3 France 26 November 1965 | Diamant-A Astéri
4 Japan 11 February 1970 Lambda-43 Chsumi
d T 24 Agril 1870 LongMarch |  Dong Fang Hong|
6 United Kingdom 28 October 1971 Black Arrow Prospero
7 India 18 July 1980 aLv Raohini D1
g Istael 19 September 1588 | Shavit Orfeq 1
Russia 21 January 1992 Soyz-U Kosmos 2175
Ukraine 13 July 1882 Tsyklon-3 Strela
9 Iran 2 February 2009 Safir-1 Oimidd
10 Morth Korea 12 December 2012 | Unha-3
11 South Korea STSAT-2C
12 Mew Zealand CubeSat

DEVELOPMENT OF SPACE PROGRAMME IN INDIA
India's remote sensing program was developed with the idea of applying space

technologies for the benefit of human kind and the development of the country.
The program involved the development of three principal capabilities. The first
was to design, build and launch satellites to a sun synchronous orbit. The second

45



was to establish and operate ground stations for spacecraft control, data transfer
along with data processing and archival. The third was to use the data obtained for

various applications on the ground.

India demonstrated the ability of remote sensing for societal application by
detecting coconut root-wilt disease from a helicopter mounted multispectral
camera in 1970. This was followed by flying two experimental satellites,
Bhaskara-1 in 1979 and Bhaskara-2 in 1981.

These satellites carried optical and microwave payloads. India's remote sensing
programme under the Indian Space Research Organization (ISRO) started off in
1988 with the IRS-1A, the first of the series of indigenous state-of-art operating
remote sensing satellites, which was successfully launched into a polar sun-
synchronous orbit on March 17, 1988 from the Soviet Cosmodrome at Baikonur.

It has sensors like LISS-1 which had a spatial resolution of 72.5 meters with a
swath of 148 km on ground. LISS-1I had two separate imaging sensors, LISS-11 A
and LISS-11 B, with spatial resolution of 36.25 meters each and mounted on the
spacecraft in such a way to provide a composite swath of 146.98 km on ground.
These tools quickly enabled India to map, monitor and manage its natural
resources at various spatial resolutions. The operational availability of data
products to the user organizations further strengthened the relevance of remote
sensing

applications and management in the country.

IRS System
Following the successful demonstration flights of Bhaskara -land Bhaskara - 2

satellites launched in 1979 and 1981, respectively, India began to develop the
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indigenous Indian Remote Sensing (IRS) satellite program to support the national
economy in the areas of agriculture, water resources, forestry and ecology,

geology, water sheds, marine fisheries and coastal management.

Towards this end, India had established the National Natural Resources
Management System (NNRMS) for which the Department of Space (DOS) is the
nodal agency, providing operational remote sensing data services. Data from the
IRS satellites is received and disseminated by several countries all over the world.
With the advent of high-resolution satellites new applications in the areas of urban
sprawl infrastructure planning and other large scale applications for mapping have
been initiated.

The IRS system is the largest constellation of remote sensing satellites for civilian
use in operation today in the world, with 11 operational satellites. All these are
placed in polar Sunsynchronous orbit and provide data in a variety of spatial,
spectral and temporal resolutions. Indian Remote Sensing Programme completed

its 25 years of successful operations on March 17, 2013.

IRS data applications

Data from Indian Remote Sensing satellites are used for various applications of
resources survey and management under the National Natural Resources
Management System (NNRMS).

Following is the list of those applications:

e Space Based Inputs for Decentralized Planning (S1S-DP)
¢ National Urban Information System (NUIS)
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e ISRO Disaster Management Support Programme (ISRO-DMSP)

e Biodiversity Characterizations at landscape level

e Preharvest crop area and production estimation of major crops.

e Drought monitoring and assessment based on vegetation condition.

e Flood risk zone mapping and flood damage assessment.

e Hydro-geomorphological maps for locating underground water resources for
drilling

o well.

¢ Irrigation command area status monitoring

e Snow-melt run-off estimates for planning water use in down stream projects

e Land use and land cover mapping

e Urban planning

e Forest survey

e Wetland mapping

e Environmental impact analysis

e Mineral Prospecting

e Coastal studies

e Integrated Mission for Sustainable Development (initiated in 1992) for
generating localespecific

e prescriptions for integrated land and water resources development in 174

e districts.

¢ North Eastern District Resources Plan (NEDRP)

Indian Space Research Organisation (ISRO)
The Indian Space Research Organisation is the space agency of the Government

of India and has its headquarters in the city of Bangalore (Bengaluru). Its vision is
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to "harness space technology for national development while pursuing space
science research & planetary exploration™.The Indian National Committee for
Space Research (INCOSPAR) was established by Jawaharlal Nehru under the
Department of Atomic Energy (DAE) in 1962, with the urging of scientist Vikram
Sarabhai recognising the need in space research. INCOSPAR grew and became
ISRO in 1969, also under the DAE. In 1972, the Government of India had set up a
Space Commission and the Department of Space (DOS), bringing ISRO under the
DOS.

The establishment of ISRO thus institutionalised space research activities in India.
It is managed by the DOS, which reports to the Prime Minister of India. ISRO built
India's first satellite, Aryabhata, which was launched by the Soviet Union on 19
April 1975. It was named after the mathematician Aryabhata. In 1980, Rohini
became the first satellite to be placed in orbit by an Indian-made launch vehicle,
SLV-3. ISRO subsequently developed two other rockets: the Polar Satellite Launch
Vehicle (PSLV) for launching satellites into polar orbits and the Geosynchronous
Satellite Launch Vehicle (GSLV) for placing satellites into geostationary orbits.
These rockets have launched numerous communications satellites and Earth
observation satellites. Satellite navigation systems like GAGAN and IRNSS have
been deployed. In January 2014, ISRO used an indigenous cryogenic engine CE-
7.5 ina GSLV-D5 launch of the GSAT-14.

ISRO sent a lunar orbiter, Chandrayaan-1, on 22 October 2008, which discovered
lunar water in the form of ice, and the Mars Orbiter Mission, on 5 November 2013,
which entered Mars orbit on 24 September 2014, making India the first nation to
succeed on its maiden attempt to Mars, as well as the first space agency in Asia to
reach Mars orbit. On 18 June 2016, ISRO launched twenty satellites in a single

vehicle, and on 15 February 2017, ISRO launched one hundred and four satellites
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in a single rocket (PSLV-C37), a world record. ISRO launched its heaviest rocket,
Geosynchronous Satellite Launch Vehicle-Mark 111 (GSLV-MKk I11), on 5 June

2017 and placed a communications satellite GSAT-19 in orbit. With this launch,
ISRO became capable of launching 4-ton heavy satellites into GTO. On 22 July
2019, ISRO launched its second lunar mission Chandrayaan-2 to study the lunar

geology and the distribution of lunar water.

Future plans include development of the Unified Launch Vehicle, Small Satellite
Launch Vehicle, development of a reusable launch vehicle, human spaceflight, a

space station, interplanetary probes, and a solar spacecraft mission.

TYPES OF REMOTE SENSING

There are two types of remote sensing technology, active and passive remote
sensing.

1 Active sensors emit energy in order to scan objects and areas whereupon a
sensor then detects and measures the radiation that is reflected or backscattered
from the target. RADAR and LiDAR are examples of active remote sensing where
the time delay between emission and return is measured, establishing the location,
speed and direction of an object.Active sensors use internal stimuli to collect data
about Earth. For example, a laser-beam remote sensing system projects a laser onto
the surface of Earth and measures the time that it takes for the laser to reflect back
to its sensor. Radarsat-2 is an active sensor that uses synthetic aperture radar.

] Passive sensors gather radiation that is emitted or reflected by the object or
surrounding areas. Reflected sunlight is the most common source of radiation
measured by passive sensors. Examples of passive remote sensors include film
photography, infrared, charge-coupled devices, and radiometers. Passive sensors
respond to external stimuli. They record natural energy that is reflected or emitted
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from the Earth's surface. The most common source of radiation detected by passive
sensors is reflected sunlight. Landsat and Sentinel are passive sensors. They

capture images by sensing reflected sunlight in the electromagnetic spectrum.
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Electromagnetic Energy

Electromagnetic energy or electromagnetic radiation (EMR) is the energy
propagated in the form of an advancing interaction between electric and magnetic
fields (Sabbins, 1978). It travels with the velocity of light. Visible light, ultraviolet
rays, infrared rays, heat, radio waves, X-rays all are different forms of electro-

magnetic energy.
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Fig. 2. Electromagnetic radiation spectrum

The most important criterion for the location of spectral bands is that they should
be in the atmospheric window and away from the absorption bands of atmospheric
constituents. Field studies have shown that certain spectral bands are best suited for
specific themes. The thematic mapper bands are selected based on such

investigations.

Electromagnetic spectrum: The electromagnetic spectrum ranges from the
shorter wavelengths (including gamma and Xx-rays) to the longer wavelengths
(including microwaves and broadcast radio waves). There are several regions of
the electromagnetic spectrum which are useful for remote sensing. For most
purposes, the ultraviolet or UV portion of the spectrum has the shortest
wavelengths which are practical for remote sensing. This radiation is just beyond
the violet portion of the visible wavelengths, hence its name. Some Earth surface
materials, primarily rocks, and minerals, fluoresce or emit visible light when

illuminated by UV radiation.
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The light which our eyes—our "remote sensors"—can detect is part of the visible
spectrum. It is important to recognize how small the visible portion is relative to
the rest of the spectrum. There is a lot of radiation around us which is "invisible" to
our eyes, but can be detected by other remote sensing instruments and used to our
advantage. The visible wavelengths cover a range from approximately 0.4 to 0.7
um. The longest visible wavelength is red, and the shortest is violet. Common
wavelengths of what we perceive as particular colors from the visible portion of
the spectrum are listed below. It is important to note that this is the only portion of

the spectrum we can associate with the concept of colors.

Violet: 0.4 - 0.446 um

Blue: 0.446 - 0.500 um

Green: 0.500 - 0.578 um

Yellow: 0.578 - 0.592 pm

Orange: 0.592 - 0.620 pum

Red: 0.620 - 0.7 um

The portion of the spectrum of more recent interest to remote sensing is the
microwave region from about 1 mm to 1 m. This covers the longest wavelengths
used for remote sensing. The shorter wavelengths have properties similar to the
thermal infrared Region while the longer wavelengths approach the wavelengths
used for radio broadcasts.

Principles of Remote Sensing

Different objects reflect or emit different amounts of energy in different bands of
the electromagnetic spectrum. The amount of energy reflected or emitted depends
on the properties of both the material and the incident energy (angle of incidence,
intensity and wavelength). Detection and discrimination of objects or surface
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features is done through the uniqueness of the reflected or emitted electromagnetic
radiation from the object.

A device to detect this reflected or emitted electro-magnetic radiation from an
object is called a “sensor” (e.g., cameras and scanners). A vehicle used to carry the

sensor is called a “platform” (e.g., aircrafts and satellites).

The basic principles of remote sensing are listed below:

. Electromagnetic energy has been classified by wavelength and arranged to form
the electromagnetic spectrum.

. As electromagnetic energy interacts with the atmosphere and the surface of the
Earth, the most important concept to remember is the conservation of energy (i.e.,
the total energy is constant).

. As electromagnetic waves travel, they encounter objects (discontinuities in
velocity) that reflect some energy like a mirror and transmit some energy after
changing the travel path.

. The distance (d) an electromagnetic wave travels in a certain time (t) depends on
the velocity of the material (v) through which the wave is traveling; d = vt.

. The velocity (c), frequency (f), and wavelength (I) of an electromagnetic wave are
related by the equation: ¢ = fl.

. The analogy of a rock dropped into a pond can be drawn as an example to define
wave front.

. It is quite appropriate to look at the amplitude of an electromagnetic wave and
think of it as a measure of the energy in that wave.

. Electromagnetic waves lose energy (amplitude) as they travel because of several

phenomena.
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Remote Sensing System

With the general background treatise on remote sensing, we have made so far; it

would now be easier to analyze the different stages in remote sensing. They are:

1. Origin of electromagnetic energy (sun, a transmitter carried by the sensor).

2. Transmission of energy from the source to the surface of the earth and its
interaction with the intervening atmosphere.

3. Interaction of energy with the earth’s surface (reflection/absorption/transmission)
or self-emission.

4. Transmission of the reflected/emitted energy to the remote sensor placed on a
suitable platform, through the intervening atmosphere.

5. Detection of the energy by the sensor, converting it into a photographic image or
electrical output.

6. Transmission/recording of the sensor output.

7. Pre-processing of the data and generation of the data products.

8. Collection of ground truth and other collateral information.

9. Data analysis and interpretation.

10.Integration of interpreted images with other data towards deriving management

strategies for various themes or other applications.

Important stages in remote sensing

Depending on the source of electromagnetic energy, remote sensing can be
classified as passive or active remote sensing.

In the case of passive remote sensing, source of energy is that naturally available
such as the Sun. Most of the remote sensing systems work in passive mode using
solar energy as the source of EMR. Solar energy reflected by the targets at specific
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wavelength bands are recorded using sensors onboard air-borne or space borne
platforms. In order to ensure ample signal strength received at the sensor,
wavelength / energy bands capable of traversing through the atmosphere, without
significant loss through atmospheric interactions, are generally used in remote

sensing
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Important stages in remote sensing

Any object which is at a temperature above 0o K (Kelvin) emits some radiation,
which is approximately proportional to the fourth power of the temperature of the
object. Thus the Earth also emits some radiation since its ambient temperature is
about 3000 K. Passive sensors can also be used to measure the Earth’s radiance but
they are not very popular as the energy content is very low.

In the case of active remote sensing, energy is generated and sent from the remote
sensing platform towards the targets. The energy reflected back from the targets
are recorded using sensors onboard the remote sensing platform. Most of the

microwave remote sensing is done through active remote sensing.
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As a simple analogy, passive remote sensing is similar to taking a picture with an
ordinary camera whereas active remote sensing is analogous to taking a picture

with camera having built-in flash (Fig. 5).

Passive Active
System System

Schematic representation of passive and active remote sensing

Remote Sensors

The instruments used to measure the electromagnetic radiation reflected/emitted by
the target under study are usually referred to as remote sensors. There are two

classes of remote sensor: passive and active.

Passive remote sensor: Sensors which sense natural radiations, either emitted or
reflected from the earth, are called passive sensors — the sun as a source of energy
or radiation. The sun provides a very convenient source of energy for remote
sensing. The sun's energy is either reflected, as it is for visible wavelengths, or
absorbed and then reemitted, as it is for thermal infrared wavelengths. Remote
sensing systems which measure the energy that is naturally available are called

passive sensors. Passive sensors can only be used to detect energy when the
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naturally occurring energy is available. For all reflected energy, this can only take
place during the time when the sun is illuminating the Earth. There is no reflected
energy available from the sun at night. The energy that is naturally emitted (such as
thermal infrared) can be detected day or night, as long as the amount of energy is
large enough to be recorded.

Active remote sensor: Sensors which carry electromagnetic radiation of a specific
wavelength or band of wavelengths to illuminate the earth’s surface are called
active sensors. Active sensors provide their own energy source for illumination.
The sensor emits radiation which is directed toward the target to be investigated.
The radiation reflected from that target is detected and measured by the sensor.
Advantages for active sensors include the ability to obtain measurements anytime,
regardless of the time of day or season. Active sensors can be used for examining
wavelengths that are not sufficiently provided by the sun, such as microwaves, or
to better control the way a target is illuminated. However, active systems require
the generation of a fairly large amount of energy to adequately illuminate targets.
Some examples of active sensors are a laser fluorosensor and a synthetic aperture
radar (SAR).

Ideal Remote Sensing System

The basic components of an ideal remote sensing system include:

I. A Uniform Energy Source which provides energy over all wavelengths, at a
constant, known, high level of output

I. A Non-interfering Atmosphere which will not modify either the energy
transmitted from the source or emitted (or reflected) from the object in any

manner.
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Ii. A Series of Unique Energy/Matter Interactions at the Earth's Surface which
generate reflected and/or emitted signals that are selective with respect to
wavelength and also unique to each object or earth surface feature type.

Iv. A Super Sensor which is highly sensitive to all wavelengths. A super sensor
would be simple, reliable, accurate, economical, and requires no power or space.
This sensor yields data on the absolute brightness (or radiance) from a scene as a
function of wavelength.

v. A Real-Time Data Handling System which generates the instance radiance
versus wavelength response and processes into an interpretable format in real time.
The data derived is unique to a particular terrain and hence provide insight into its
physical-chemical-biological state.

vi. Multiple Data Users having knowledge in their respective disciplines and also
in remote sensing data acquisition and analysis techniques. The information
collected will be available to them faster and at less expense. This information will
aid the wusers in various decision making processes and also further in

implementing these decisions.
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Characteristics of Real Remote Sensing Systems

Real remote sensing systems employed in general operation and utility have many
shortcomings when compared with an ideal system explained above.

I. Energy Source: The energy sources for real systems are usually non-uniform
over various wavelengths and also vary with time and space. This has major effect
on the passive remote sensing systems. The spectral distribution of reflected
sunlight varies both temporally and spatially. Earth surface materials also emit
energy to varying degrees of efficiency. A real remote sensing system needs
calibration for source characteristics.

1. The Atmosphere: The atmosphere modifies the spectral distribution and strength
of the energy received or emitted (Fig. 8). The effect of atmospheric interaction
varies with the wavelength associated, sensor used and the sensing application.

Calibration is required to eliminate or compensate these atmospheric effects
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iii. The Energy/Matter Interactions at the Earth's Surface: Remote sensing is based
on the principle that each and every material reflects or emits energy in a unique,
known way. However, spectral signatures may be similar for different material
types. This makes differentiation difficult. Also, the knowledge of most of the
energy/matter interactions for earth surface features is either at elementary level or
even completely unknown.
Iv. The Sensor: Real sensors have fixed limits of spectral sensitivity i.e., they are
not sensitive to all wavelengths. Also, they have limited spatial resolution
(efficiency in recording spatial details). Selection of a sensor requires a trade-off
between spatial resolution and spectral sensitivity. For example, while
photographic systems have very good spatial resolution and poor spectral
sensitivity, non-photographic systems have poor spatial resolution.
v. The Data Handling System: Human intervention is necessary for processing

sensor data; even though machines are also included in data handling. This makes
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the idea of real time data handling almost impossible. The amount of data
generated by the sensors far exceeds the data handling capacity.

vi. The Multiple Data Users: The success of any remote sensing mission lies on the
user who ultimately transforms the data into information. This is possible only if
the user understands the problem thoroughly and has a wide knowledge in the data
generation. The user should know how to interpret the data generated and should

know how best to use them.

Advantages and Disadvantages of Remote Sensing

Advantages of remote sensing are:

a) Provides data of large areas

b) Provides data of very remote and inaccessible regions

c) Able to obtain imagery of any area over a continuous period of time through
which the any anthropogenic or natural changes in the landscape can be analyzed
d) Relatively inexpensive when compared to employing a team of surveyors

e) Easy and rapid collection of data

f) Rapid production of maps for interpretation

Disadvantages of remote sensing are:

a) The interpretation of imagery requires a certain skill level

b) Needs cross verification with ground (field) survey data

c¢) Data from multiple sources may create confusion

d) Objects can be misclassified or confused

e) Distortions may occur in an image due to the relative motion of sensor and

source
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Remote Sensing Platforms

Remote sensing platforms can be classified as follows, based on the elevation from
the Earth’s surface at which these platforms are placed.

1 Ground level remote sensing

0 Ground level remote sensors are very close to the ground

0 They are basically used to develop and calibrate sensors for different features on
the Earth’s surface.

1 Aerial remote sensing

o Low altitude aerial remote sensing

0 High altitude aerial remote sensing

[1 Space borne remote sensing

0 Space shuttles

o0 Polar orbiting satellites

0 Geo-stationary satellites

From each of these platforms, remote sensing can be done either in passive or
active mode.

Airborne and Space-borne Remote Sensing

In airborne remote sensing, downward or sideward looking sensors mounted on
aircrafts are used to obtain images of the earth's surface. Very high spatial
resolution images (20 cm or less) can be obtained through this. However, it is not
suitable to map a large area. Less coverage area and high cost per unit area of
ground coverage are the major disadvantages of airborne remote sensing. While
airborne remote sensing missions are mainly one-time operations, space-borne

missions offer continuous monitoring of the earth features.
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Remote sensing platforms

LiDAR, analog aerial photography, videography, thermal imagery and digital

photography are commonly used in airborne remote sensing.
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In space-borne remote sensing, sensors mounted on space shuttles or satellites
orbiting the Earth are used. There are several remote sensing satellites
(Geostationary and Polar orbiting) providing imagery for research and operational
applications. While Geostationary or Geosynchronous Satellites are used for
communication and meteorological purposes, polar orbiting or sun-synchronous

satellites are essentially used for remote sensing.

The main advantages of space-borne remote sensing are large area coverage, less
cost per unit area of coverage, continuous or frequent coverage of an area of
interest, automatic/ semiautomatic computerized processing and analysis.
However, when compared to aerial photography, satellite imagery has a lower
resolution.

Landsat satellites, Indian remote sensing (IRS) satellites, IKONOS, SPOT
satellites, AQUA and TERRA of NASA and INSAT satellite series are a few

examples.

Advantages of Remote Sensing

The basic advantages of remote sensing are listed below:

. Arelatively cheap and rapid method of acquiring up-to-date information over a
large geographical area.

. It is the only practical way to obtain data from inaccessible regions, e.g.,
Antarctica, Amazonia.

. At small scales, regional phenomena which are invisible from the ground are
clearly visible (e.g., beyond man's visibility); for example, faults and other

geological structures.

65



. Cheap and rapid method of constructing base maps in the absence of detailed land
surveys.

. Easy to manipulate with the computer and combine with other geographic
coverage’s in the GIS.

Disadvantages of Remote Sensing

The basic disadvantages of remote sensing are given below:

. They are not direct samples of the phenomenon, so they must be calibrated against
reality. This calibration is never exact; a classification error of 10% is excellent.

. They must be corrected geometrically and georeferenced in order to be useful as
maps, not only as pictures.

. Distinct phenomena can be confused if they look the same to the sensor, leading to
classification error — for example, artificial and natural grass in green light.

. Phenomena which were not meant to be measured can interfere with the image and
must be accounted for.

. Resolution of satellite imagery is too coarse for detailed mapping and for

distinguishing small contrasting areas

Geostationary orbit development

The idea of a geostationary orbit has been postulated for many years. One of the
possible originators of the basic idea was a Russian theorist and science fiction
writer, Konstantin Tsiolkovsky. However it was Herman Oberth and Herman
Potocnik who wrote about orbiting stations at an altitude of 35 900 km above the
Earth that had a rotational period of 24 hours making it appear to hover over a
fixed point on the equator.

The next major step forwards occurred when Arthur C Clarke, the science fiction

write, published a serious article in Wireless World, a major UK electronics and
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radio publication, in October 1945. The article was entitled "Extra-Terrestrial

Relays: Can Rocket Stations Give World Coverage?"

Clarke extrapolated what could be done with the German rocket technology of the

day and looked at what might be possible in the future. He postulated that it would

be possible to provide complete global coverage with just three geostationary

satellites.
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Arthur C Clarke's Geostationary Orbiting Satellites Concept
In the article, Clarke determined the orbital characteristics required as well as the

transmitter power levels, the generation of solar power could be used, even

calculating the impact of solar eclipses.

Clarke's article was well ahead of its time. It took until 1963 before NASA was
able to start launching satellites that could test the theory. The first serviceable
satellite able to start testing the theory was Syncom 2 which was launched on 26

July 1963. [Syncom 1 failed as it was unable to reach its correct geostationary

orbit].

Geostationary orbit basics
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As the height of a satellite increases, so the time for the satellite to orbit increases.
At a height of 35790 km, it takes 24 hours for the satellite to orbit. This type of
orbit is known as a geosynchronous orbit, i.e. it is synchronized with the Earth.
One particular form of geosynchronous orbit is known as a geostationary orbit. In
this type of orbit the satellite rotates in the same direction as the rotation of the
Earth and has an approximate 24 hour period. This means that it revolves at the
same angular velocity as the Earth and in the same direction and therefore remains

in the same position relative to the Earth.

In order to ensure that the satellite rotates at exactly the same speed as the Earth, it
Is necessary to clarify exactly what the time is for the rotation of the Earth. For
most timekeeping applications, the Earth's rotation is measured relative to the Sun's
mean position, and the rotation of the earth combined with the rotation around the
Sun provide the length of time for a day. However this is not the exact rotation that
we are interested in to give a geostationary orbit - the time required is just that for
one rotation. This time period is known as a sidereal day and it is 23 hours 56

minutes and 4 seconds long.

Geometry dictates that the only way in which an orbit that rotates once per day can
remain over exactly the same spot on the Earth's surface is that it moves in the
same direction as the earth's rotation. Also it must not move north or south for any

of its orbit. This can only occur if it remains over the equator.
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Different orbits can be seen from the diagram. As all orbital planes need to pass
through the geo-centre of the Earth, the two options available are shown. Even if
both orbits rotate at the same speed as the Earth, the one labelled geosynchronous
will move north of the equator for part of the day, and below for the other half - it

will not be stationary. For a satellite to be stationary, it must be above the Equator.
Geostationary satellite drift

Even when satellites are placed into a geostationary orbit, there are several forces

that can act on it to change its position slowly over time.

Factors including the earth's elliptical shape, the pull of the Sun and Moon and
others act to increase the satellite orbital inclination. In particular the non-circular
shape of the of the Earth around the Equator tends to draw the satellites towards
two stable equilibrium points, one above the Indian Ocean and the other very
roughly around the other side of the World.. This results in what is termed as an

east-west libration or movement back and forth.
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To overcome these movements, fuel is carried by the satellites to enable them to
carry out "station-keeping" where the satellite is returned to its desired position.
The period between station-keeping manoeuvres is determined by the allowable
tolerance on the satellite which is mainly determined by the ground antenna

beamwidth. This will mean that no re-adjustment of the antennas is required.

Often the useful life of a satellite is determined by the time for which fuel will
allow the station-keeping to be undertaken. Often this will be several years. After
this the satellite can drift towards one of the two equilibrium points, and possibly
re-enter the Earth's atmosphere. The preferred option is for the satellites to utilise
some last fuel to lift them into a higher and increasing orbit to prevent them from

interfering with other satellites.

Geostationary orbit coverage

A single geostationary satellite obviously cannot provide complete global
coverage. However, a single geostationary satellite can see approximately 42% of
the Earth's surface with coverage falling off towards the satellite is not able to
"see" the surface. This occurs around the equator and also towards the polar

regions.
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For a constellation of three satellites equally spaced around the globe, it is possible
to provide complete coverage around the equator and up to latitudes of 81° both

north and south.

The lack of polar coverage is not a problem for most users, although where polar

coverage is needed, satellites using other forms of orbit are needed.
Advantages and disadvantages of geostationary orbit satellites

While the geostationary orbit is widely used for many satellite applications it is not
suitable for all situations. There are several advantages and disadvantages to be

taken into consideration:

Geostationary orbit advantages:

. Satellite always in same position relative to earth - antennas do not need re-

orientation
Geostationary orbit disadvantages:
« Long path length, and hence losses when compared to LEO, or MEO.
« Satellites more costly to install in GEO in view of greater altitude.
« Long path length introduces delays.

« Geostationary satellite orbits can only be above the equator and therefore polar

regions cannot be covered.

Despite the disadvantages of using satellites in geostationary orbit, they are still
widely used because of the overriding advantage of the satellite always being in the

same position relative to a given place on the Earth.

71



Geosynchronous

A Sun-synchronous orbit (SSO), also called a heliosynchronous orbit, is a
nearly polar orbit around a planet, in which the satellite passes over any given
point of the planet's surface at the same local mean solar time. More technically, it
IS an orbit arranged so that it precesses through one complete revolution each year,

so it always maintains the same relationship with the Sun.

Geosynchronous (geostationary) satellites orbit 36,000 km over the equator
and remain over a single spot. They always view the same region, and produce
the movie "loops" seen on TV news. They cannot cover the high latitudes. They
are used for weather forecasting, satellite TV, and communications. These
satellites are not really stationary, but appear stationary when viewed from earth

because their orbit at the same rate as the earth's daily rotation.

Polar orbiting satellites fly several hundred km over the earth's surface with a
rotation period of about 110 minutes. They can cover most of the earth's surface
except for regions immediately adjacent to the poles. They have an inclination
which measures the angle at which they cross the equator and which determines
how close they get to passing directly over the poles. They are also called sun
synchronous satellites because they often try to maintain the same angle with
respect to the sun and hence the illumination. The imaging satelliltes want some
shadows, but not too many, so they generally time their orbits for mid morning
collections, which can also minimize cloud formation. These satellites have
characteristic orbital patterns, similar to those of the space shuttle or
international space station (ISS). They will make about a dozen orbits every
day, and at the equator each orbit will be about 3000 km apart. Almost all

satellites used for remoted sensing and GIS work are polar orbiters.
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