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Pre-fiel.d {ilaps s}ioæing tåre dist'ribution of, rock

outcroi¡s are an i.*lportant a,i*{ in ef fectir¡e p,lanninE aad

conduct,ins of geoloÐicaL map¡ring. These rnap s ãE Ð1

tradit j.onally¿ prepared f royn aer ial photographs using

photo.üeoS.ogicaL methods, A,n automat,ic syste.:u of produci,ng

rock outcroB maps from standardizerl tandsat digi-tal data has

t¡een rleveloped" Tliis syste¡n enrpS-oys .ã l'¡ierarchical

cLassification scheme in identifying rock CIutcrÐps and i.n

discrj.urinating Hong rock tyË¡es" The slrst,em devel-oped i.n

tfiis study has been calibrated anf, tested in the Coppermine

area of the Sorth¡&cest Territories of Canada.

Rock outcrotr and roclc type ìüaÐs of tçso ínt'ensive study

ärëas in thþ Coppermlne årea have been prodllced bf the

aut.omatic s5rstera. f{aps have aLso been prepared f or Èlrese

areas fror¡ cti.sual analysis of simu}ated col-or infrared

i¡:¡ages produced by â simpLe digitaS. enhancer*ent Brocedure

devef oped in this studt¡. Tï¡e maPs ar¡* the digitally

enhar¡ced images have lseen cornpared xsi.th äeriâ^L phot.ographs

an,å knosn geology,

The enhanced images hacre been found to åre superior to

aeria?- Fhotographs in iderÀtifyÍng l-arge {about 30 x 30 rü)

rock outcrops- and i.n discriminating ie$rong these outclops.

The accuracy of identifyinE rocåe outcrops r+ith tire auto¿natic

systera rllas better tfian 9t* compared ts the visual- analysis

method" taicen 'äs stantlardr in both the intensive study
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areas " ?he rock tg,pe separa't ion accl.lracies å#ere as fiiEh as

86vø for <lolourites and 572 Ëor basalts *,uith i.ntercaLated

sandstones,r and ??å f or sandstones in. typical- rock outcrop

areas of Èire i.ßtensi-vÐ stlldS¡ äfÊElË.

Spectral signatures ot nine different couer types Here

derived frorn standardized Landsat di.gítal data fat

estabLishi.nç¡ threshoi.d vaLues ¡.rserl in di-scri¡nÍ.natånÐ aflong

the cÐver tyXres, The diff etrences in signatr¡res aüCInE roçk

ty¡res Ðêre subtle and sr"lsceptibLe to miscl-assif,ication even
\

with mi-r¡or contau¡iriation rlue to other rocå< types or colrer

types.
c

the cost of øenenat.ing rack outcrop mar)s f,rom Landsat

$at,a by the conputer uletrÈiloü is esti¡¡lated to be less than 2A*

of, tire cost of producinq the maps with aeri-aï piro tographs

using cor¡ventional v¡lethorf,s, A uni-que benefit of the ffethod

is in easilXr providing measuration riata ûri cÐuer types

identi.Ëiedy çuhich ,äre fiel-pfuL in gLanning field rnappi.ng

proçrrams, üt3¡er benefits include the use of digi.tally

enhanced simulated color i.nf,rared images as base .rüaps and in

field studies" althor¡gh these benefits are $rore rfirect.!.y

attributabÏ-e to the ta¡ritrsat data charactenistics than to the

ar¡to¡natic method,

It i.s caut..ione*l that. the system rleveloped oes not

neBlace conrentÍona-l geological Ðappir¡g b{¡t rather aids the

f ietd geoLÐgisü i-n efficierrtly carrying ouù the â¡apping, It

is reco¡r¡mended fhat Èire s}¡ste¡n t¡e tested in otårer ãreas to
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f,ur ther validate the cal- ibration Þ roceilures and accuracies

obtainerl in identif.ying tock outcroÀ:s as ¡seLl- ås i.n

di.scri.minating rock types" It s|¡or¡ld be realized that rock

outcroÀrs tllust bp reì-at5.yeåy tr"arge for trecognÍtion hy the

systef$ as the spatial resoLutÍon of, tire. Landsat

þ1u.l"ti-Spectral Scanner data used is 50 íB x 5ü {1.

,,.1
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.
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#eoLo Eicai. iaap ing is o.t- f.unða;ne¡rtaT importance in

econo:nic an{Ì en,?i-Ðeering'lenlsËY¡ as l,¡e}l- as in'geo3-ogical

research, The purptse of this study ås to rlevel-op a system

La r¡ìatr rock outcrops :fro¡n Lan,.çat *iqital. data as än aíd i.n

gei-ogica.l mapping" ifo he ¡ríable the syste*l must, at 3.east,

generate {rìap-s con}parahle to those obtaine.d f rom co¡:lventi-onal-

sÐ¡'irses and ire cost effecti.ve,

Histor ! caL3 y, geolotical rflapÞing ì:ras been frone entirellr

l¡as ed on f ieLrl ev i.r$ence or gro{rnü-baseci arethof,s ' HoårevÐtry

over t.he past 4* year"s ûr sÐr a*rial- photographs have been

r¡sed to slåp$)3.eÐìenL j.nf,orulatj.on acquireoå in tire f.ieLtÁ" This

usÐ of aerj..aå pttotogna¿ths th.¡ol.tgil påro tn geoXo gical

interp,retation has heeri Ëroven to aid the Ee¿l-ogj.st in field

nüapping and be cost ef,f,ectåve.

idork ilìãÐs .or pre-fi.el,d ffiâps are Ërepared using

ànforæration <¡btained through Þhotogeolotj-caL methods'

üeoLogi*cts spenti consideraÌ-¡l"e tj-me in I:reparing the

Ðre-f,i-eLd maps. These luaps usualX.g contai.n åocations of

rock r:utcroI¡s and sonÊ structr¡ra3 informatitn. Tfie

pre-fieLC r¡;âps nre used in påannins the f,ieltl mapping

[]rograff anr] to augument inf ormati-on colåecte*i in the f iel-d.

In p]-anninü the mapping plûgraãìr the mat-rs äre useC in

estimating tisre requireæenls i-n tire fiei-dy fa*itrÍ-ari-zing ti'le

geologÍst r,¡ith tire â[êôy an.d a]-so in tlirecting tire EeoS.oEist



to lscati-or¿s

Ín-{ormation

require* ín

uti- lize'Í.

of. outtrops" Ti¡e

present on the iaaps

th"e fÍelri a¡rtl how

'2

çua-l--i- ty a¡:ld quanti ty o f
qreatly infl-r¡enses tþe Iiiue

ef fecti uely th.is tinle i-s

?he auailabili.ty cf, aeri

Ërerequisite for rllaking the

¡ihotoqrairhir cÐveraçe exi-sts for

Cana<ia¿ aLt,Lrough it l;ra!' not t¡e

reguired by tfie aiJency í¡rvolverl in

al- Bhotographs ís a

Þ.re-fie3-d Ìûagls. Aeriai-

aJ a¡ost aiL reEions of.

ci.¿rrent¿ at t.he scaLe

n¿aFpi-r¡E¿ and acquir,e* in

a season suita$¡.!.e to extract füaxíÐìurïr utiåity. lSowevert

photoEra¡ri:í.c cûverâi]e rloes not exist for aLå reçíons of the

Eanthr, Fl-Víng l-arçe areas to acqelire aeriaL pirotograph:¡ is

costLy. iJniortunateï]¡r i-p areas t¡here aerial- photngraphy

does ¡rot exístr geolcË:ical- mappinç is genera3-3-y linited.

T-ar¡dsat 'data tnali now Þe thouqht of äs Ðn a3^ternative to

aerial pårotographs i-n preparing the pre-f,iel"d ffia$)s for

regi.onal mâpping. Lan<isat sa'Le11ítes h.ave beer¡ provid!-ng

in:ages nf alstost aLl, Iegions of t]'le Ëjartfr repeate$i.]r since

l"-tl?2. Tha data acquiredl by Laa*sat satell-ites have sel¡eral

a-$vantaçes tver aeri. al photograpirs ' Sofi¿e of t.he ¿rtore

saS.ient a,*vantaEes are tiiat thev FrÐifi-de syn.ol¡tic cÐYerage

under essenti-al.ty -t,ï.le sã$e iLlu¡sj.nation conEiitiollsT aIe

acquired in severaL spectraL reE:ions oÉ the elestroraagnetic

spectrulx thsrel¡:¡ Ðrovidd-n{t color i.lnagery¡ anti are in dåçitaL

f oru a-l- l-oryin,rJ oata rnan.ípu3-ation using coãlã)t¡ters.
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the advantages of Lanclsat satellfte data have been

qulckly recognized by geologlsts. The Landsat clata have

been used enthusfastically for geological appllcations in
general ancl for geological mapplng in particular (GregorYr

1979). Most of the sturlfes reporteil in the literature haver

holeverT useil visual analysis to extract information on rock

types as nell as structural features. Connputer methods have

also been reportecl in the llterature to nap rock types anrl

to |tenhancetr lnagery for use vith vlsual analysis.

List ancl his colleagues (tist el êlr L974t reported

that visual evaluatlon of Lanilsat imagery of a mountafncus

terrain in Chad has proyided a uery useful aililitional source

of, geologlcal infornationr conPlementary- to aerlal
photographic interpretation and fleld sork.

Lanilsat images have been f ounrl more usef ul in

structural lnvestlgations than in Rapping rock types.

Seueral investigators have reported using the sÈructural
itrends derfverl fro¡n Landsat in rulneral exPloratlon

activities. stancioff e! al (19?3) have used Landsat

derived information oa structural trends and alteration
zones in pinpointing a number of exploration targets in a

porphyry. copper province of Hexico. îaranlk and lrautrein
(1976) ilenonstratecl the utility of Lanilsat anil other

renotely senseil data in base netal. and precious metal

exploration actlvities ln scuthwestern ldaho.
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'dj.s¡.¡al nna,'?-ys is tecTrni{ii-tès haue al so i:een useC in
,t'eo-1o,tica1 iua.eprng l'iitìr drgi TalLy "er-rhanceL¿r¡ i-r,"r.ages of

Lai¡dsat,lata. Tf¡i-s apsroacïr "æcsical.l-y retains tl"ee inherent

advantaç¡es of t.be huuan eye-bnain apparatus in recognition

anrC ti're LloÐer of the coirtr)uter in rjata manípu),atiorr,

iliff,erent ¡¡lanipr-tlaticn procecures have !:een developed in tåre

recent past to enhn¿rce spectral- an¡i texturaL ånforniation

present in Landsat Cata" These image enha¡rceæent techni.i¡ues

include simpl-e contrast stretch, band ratioiirqy principal

c{)lnponÐn ts

fíiterj.nrJ"
ana.l-ysi.s ¡ Ëanonic aL analysi sn and f re,guencf

Fodxysocki e! êå {L97"1) .found the en}ranced tranctrsat $ata

trr provide morÊ accurate *isc'r.i-*rination of;. rocK anri soi tr

tyË¡es ttran csnyentionai. conpi.lter classif i-cation xtethods. In

enfienci-ng tåre Lan¡.lsat. rlata ac¡¡ui-red ûver ari¡J an-d seralarid

terrai.ns,, t}'rey used band ratioinEy princiÞal- conponents

anatr ys.i.sy and cano¡iicatr anal-ysis. íìoman €! Ð¿ {i9?3r i-9??}

iaai¡Ëreü hydrother;aaT.ny aJ-tere*l zones an,il reüionel- rock types

usi-ng {¡and ratioed i:*aEes7 and contrast stretched i$ages.

{lonventic¡ral coerlputer cl-assÍf.ication ¡nethsds ap¡¡lied to

Landsat Cata har¡e been fou¡rfl t,ô i:e of iimited sa].ue in

{¡eo}ogi-cal" ¡*appi.nE {siegel ÐfiS },hrams¿ l.9Tó), Gene¡al-Iyo

the computer methods used arË ttre su¡rerviseri and the

uns{lperwised c}.assific"ation procedures. ?hese methods

usuaål"y empl.¿y or¡11¡ the spectral- i.n{orpation from Lanrlsat

:,ir1..-.-l
:r-: l.:l

üata æitår nÐ consiCeratiori to textural Õr spatial
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i.nformat,ion.

SåEUlÈaneous3g,
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Ëurther¡ al- I

i-. Ð. z¿,i-th,

spectral å.¡ands are used

equaì. øeigÈtti:rü, in these
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In thj.s stucyo a sì-;*pler but ï'ì0 r e f un ¿iarrre nt al,

queslion of outcrop idetitificatior¡ is studied rather tharr

directly aLteffiilting t,tle coølptre.x probleär of riiscrililinating
a¡sonç rocii L_y¡:es. 'Ihe sensors Õn Landsat sateLl-ites cannot
ItsÊe thrnughri ground rover to i.#entify rpck types r¡nless t.he

rocks ere exposed at the s¡¡rface" lt âpå)Êars onLi¡ trogical

to se¡iarate rock outcroprs from al"I ot.her cûvÉr tyçres before

any attei*pts caa be nlade i.¡r ffiapllinû rocJ< t1¡FÈs. Tf the rock

outcrnBs can be identiËi.ed consÍstentLy anrå a¿i Lh acceptable

ar{{.!.râcy¡ then an$ only then¡ can tne atlesrpt map;:inç rock

units directly, rJnder i-<leal conrii.tÍons end in Éar¡ounab.i.e

locat ions ¡ ti¡e iTìapped units rr¡ay irave conventional

I it,iro tr.ogical- coÐn$taÈion. ilouevere i t seèffis f a.ir to ässu{fie

t3"¡a t the difterent units ftiay be grouÐed i-nto

sf gctro-i- itholoçical- units.

Tire usefuLne*cs of autoruaticalã-y producing rock outcrop

r¡laps is suel-l- recognj-u eC npu by the Ueoscience coynfiunity and

tdas Bointed out recently hlr llr. 1,. W, l.f orSey { 198û)r thre

iii-rectcr üenera] of the ilanada Çentre f,or ûenotc 5es¡sing,,

Energyy i'¿jines an,3 Resources tanada" If rnck outrrops can be

se-ûarated f rorn a1,1 other çov€ r t)¡Ires Llsi"nq Landsat¿ t,hBn

this uould be an isiporfa¡:rt conLri-buti.r¡n to EerlûgicaL

,t .¡

:ì;li

app-lications o.f relrÐteJ-3r serised da.t,a" Ê-urther¡ it uraps
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sho+.:ing l-ocat icns or rôck outcror¡s can be macie auto:¡ratícaLly

frorn iand.sat ,iatat then t,his ,'üåy prÐIrë to be a cost

effective ¡netårod oÍ irre-naring pre-fÍel-çi ?¡tâps ilt çeologicaL

mapping. ?l¡e strucÈuraå informa+"ir:n for the *üre-fieli niaps

cân be aildecl on to tÌre auto,nat.icaLly f.¡rod"uceC maps bV

c orrr¡entional- ele t,¡locs.

Calj-hration data åre requireil to produce roc.Ìr o¿¿tcro,p

ilTaps by coilventional- automaterl clLassi-ficati.on aietho*ls"

iJI:t,aininE calil¡rat ion ¿3ata in re.*ote nreas eacl¿ ti¡ne tÐ

idenÈify roc)< ontcrops i-s expensiïe if not i.mårossible, If¡

l¡oäever¿ ä uníver-sa-l si$nature set can he cleveiopec Èor tfie

most frequenti-y occurrinü Eround.f,eaturesy the repetitir¡e

cai ii:rations can he avoideS in identif ying roclc outcrops"

LaniSsat rSata âre aftected not o¡ltry by variations rtrue to

grountl features but aJ"so by vari-ations 1n t?re atalospheri.c

an,å sensÐr conditions at the tirce of rlata acquisi.tion.

iJar:iations in Lan'lsat uata due to other than ground f eatures

aiust þe miiri-i*izeC or eliminated to ,les¡eloF a unj-veral-

siünature set. The Landsat data used in this study äre

standarrli-zeri sr¡ch fhat repeated cali.brations are e1i.¡ninated.

In ttris study¡ ã systel* to automatical-1y i?ìaB rock

outcrops is deveS-oped. Ti"le systers¡ i-dentiti-es rock or.ttcroË>s

by sucressiveSy etr-iminating ¡1å otÍrer csvÊr ti¡pes using a

iri-erarcliical classiflcatj,nn scher*e. The sc?rener selectit¡ely

coriìparÐs iiixe]- qralues j.n i.ndi-t¡i,ciual bands or band

comhinatiotrs uith sta¡ldar'3 thr eshrold val-¡-res established f or
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Ðaci? cover type" Tåle rocår outcro.ps arê the¡l Eroupeil i-nto

rock types. Rocir outcroi-,¡ ar¡d rock type $'räps are ¡rrortruced

ror tnta interrsiye str¿dy atrÊas in tt¿e genera-ã. study region.
'i'?ze accurac ies oårtaÍned hy the auto¿¡latic scher¡e arÊ

caiculated by cônì,paring the maps r*Ítl-r kno.*¿n geology.

{-J¿^lantitati-ve i¡läormati-on on the relative riisf-ribution
of cÐver tStpes in the üiaÃi ärea *-ou1d be ¡.rse.fr.¡1" i.n pl-anning

iield prürlrållrs. ?he guantÈtatiye inf sr#ati-ou uay consist of

the percentage of ärea coyered by r.iat,er bo*iies.¿ vëgetatisn

and rock o¡.rtcrol:s. T.f t.hose b road cûErÐr tyäres can be

ídentí-fi.ed usi.n f-anrisat rllgita.l data t,h.en the distrib¡.itions

cen easily be co;*puted, .&utomatic prÐcedl-tres äre deveS.oped

i¡l this stlrdy to ¡:rovide lluarrtitatåve Íi{ens'uratian data on

cover t.ypes íSentifi,ed.

¡lock outcrops are not,, j-n" çenera.3.¡ .large enol-lgle to f¡e

seen f,rout satelîite altitudes, ?trere ãrêy hoæeve-r, Iarge

âreas of massive autcrops i-n manSr parts r¡f the u¡crLd. The

notuina.l- spat:iaI resoåution of, La¡rdsat i.s about an acre. ?he

siEnaï rec€iver.i at satel-l-ite altit¡.rrles is inteE.ratçd oyer an

area that may ËCIürprÍse several *i-fferent cowetr tytr¡es. The

siçnal-¡ thus¡ depoends uÐon the cosbination of cotier types

present in tiee resoli¡tion ãrea. üonse¡år¿entl-:¡¡ signa3"s o:f

aÏl rock outcrops may bÊ cûntaminated to ä ce.rtain extent.

Tl¡e trecognizabi.Li t:¡ of rock or¡tcroÐs iÌepen,:1s upûn tl¡e tr evel_

of cpntairri nati-on. S. part of this str.idy i-s tlei¡oted t.o

ot¡tai-ning an unrierstanding of tTle toi,erabLe leirel of,



cÐrìta¿-ïination for cÌiscrirainatinçJ taúç- out.crops,

?iris study Coes not attempt to provide a æetllod for
rsuline geonogicaI mapË¡inE or geo).oq:icaì. $ìap re¡Ji-sion,.

Routine üetLoEica3 arnppinc incl-udes ti"¡e í¿ient.ification of,-

rock types an'å a-Tso fiìäppinç of stnuct¡.¡res, The automatic

i¡tet.h.od deyeloped identíf ies rock outcreps and provides on.Ll¡

an indåcatio¡r as ts the rocic type. .ê.tteu¡.pts ha'ye not been

¡narJe to include textura]-, structuraL or contexturai

inforr*atíon É-n tåre aertoniatic æetirorl" file ¡*ethod of

i'lentifying rock outcrops i.s tested in Ðne l-andsat scene

acquired oÐ ta*o rjifferent dates.

The La¡r*sat çat.elåite data and the study areã ere

described in Cånapter 2. ?lie Cescription of Landsat data

insLu;3es the sensor and r¡rbital characterist.i.csy ¡lata

reception and stangard data prod¿lc.ts. tftre descríption of

the study area i"ncl¡rries the geoloUy and the enyj.ron¡ue¿rtaI

sÐtting of t,he är€â, The advantaçes o:f sel-ectinç this area

f or der¡eLopi.ng anrS te;sti.ng t.t¡e system Èo mflp rock out.cro6¡s

a,r e a]-so presenterl"

?ire ¿setiln*ts useri in t*¡is stu{y are ¿iescri.bed in Cirapter

3. 3i-sual anal3rsis of standard ansl enl'lancaS Landsat images

is consi*ere*i .in tiee first sectisn, T¿1e çrocedures used in

stanrtrar¿lizing the Lan-isat data âre,Siscusseu in section 2

"*-ith the need f,or stanrlardi-Eatinn. Sectioir 3 describes ti:le

procedures use¡l -i-n obteininË spectra"!. siçnatures and

thrashol¿l values f,or tire proposed schem.e. ?he mechar:ícs of
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t?re pro¿-rosed scà:lene are descril¡erl in Section 4, irirrallyn

t'í',e pro.ceüures use$ in protlucing tocx outcrÐp i{iaps .are Eiven

in Sert.ion 5t the f i¡lai- section of this c{-l¿pter on l'Íetlioils,

Resu].ts oÌ¡tai.ne* in this stutly along l*i.th a <iiscussion

äI.e ¡]Iesenteil in Chapter 4" Spectral- -signatures ançj

thresho l-n-å vatrr¡es of covÐr types are presente,l ín Sect ion 1

alonü ¿Eitl'l tlle expecterì siü-natures dqe to conta¡n.ination f,roul

otþer cover types. lhe results on identif,yinç rock outcrops

are Eiven in Secti.on 2. Tå:e resuLts on separating rock

types in areas icierrtified Breviouslv ns rock outcrpps are

shoi'"rn ín Section 3" Finaìly, sect:i.or"l 4 presents the cost

bene f j.ts oI the eutc¡*atåc method in producing pr+-f ie tr,Ì

t¡ãne

Tire concLusions reacheC fro¡u the resul.ts obtaine<1 in

this stucly are çiven in chaÐle r 5 al-ong øi t.È¡

r ec oåari¡enda tions.
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2.-!. t åËüsÄT å"åT{r.LrrE gÃrÀ À5a r,üE sÏuìlg "&gãÀ

Lan<lsat satel.riie Cata ac'¡r"rired oyer an are.r in the

iíortiruesÈ Territories of CanarSe r¡i€[€ use,3 in 'leveloping ar¡d

.in testing tl¡e'çom?uter aiethod of maFpinE rock outcrops.

this chapter outl-ines ti:e characterj.stics of, the Landsat

sa beÌ-l-ites and tt¡e o.nhoard sensÐrsy tke dâtä coll-ectionT and

the stan,jarri rlata proråucts avaitrab le. å råescrii¡ti-on sf the

stuily arsa and tùe advaataÍdes o:f selectÍng thís area are

Eiven in the fi-na} sectíon of this *haËte.

?,3, LAi\tÐ5AT 5A'IEtI.ITilS

?,1".1 {'listorical, f,.spucts

[]ne of the inrnedi.ate anel r$ûre :practicaå appl- ications

that has evslved out oË;spârÉ relsearcfr is reÍ|lote sensing of

the eartíl's resourües using sate-Ll,ites. .'\åtleough proposed

in th¿e earS-y 6t "s j-t ilas not r¡nti} "Iuly t97 2 that a

satelL ite Ìh'as îaunche<i excåusively f or the Ðu:rpose of, å'lish

resoS-uti"on .re¡uote sensing of the earth¡'s surf ace. This

s¿teålite nameci Landsat-lr ?ras the first of a series of si--x

sa'LelSites pro'?ûsed bl' the {raLionaL A eronauti cs and Spaee

åd¡ainistratio¡r {}lÀ5,e") of tfie L}nited States (tj" 5. ). T{¡e

secotrd Èn the series¿ i,andsat-2t ç"ras launchecl durånE *Ianr-lnry

19?5; Lanråsat-3¡ the tlaircl sateli-it,e in t.tre series das

l-aunshe$ during Mar*ir L9?8.
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PrÈor to the i-aunch øf the fis'st satelLi-te Ín the

;sêri€.e¿ the l-a¡:dsat prÐl3ra$ i4¡as üesiüneted to be

Êxperi.:¡:ental tr¡ evaJ. uat.e tlle contrihutior¡ of the resuSting

ciata to a ui*1e rânge sf eårth resoîlrceÍi,.4isciulines. T,he

contr iÞut ions of i. an*sat data êì¡er e :f ound tr¡ þe useful and

cost ef,f,ective in varåous rliscipli.;res. The råata are now

routinel"y usenl in sor¡ìe ûpÈrational- a{.,p}ications. *eceuse of,

t?¡e dei¡isnstratee sücc€ss¿ conti¡rue* coveîÃgã of, data is
planned in spite of the econos¿ic res traints " i"andsat-Ð" the

fourli:l in t,he serÍes b,i.th itnproved resolutio::t and sensor

capab:ili-ties is påanlred for "ì-auncTt in 1982. liïÅ5å designated

Larrdsat-Ð as än Ðperaticna.tr prograr¡ *¡i¡ici-r åi*¡:3-i.es conti-nued.

coTletrage,

2.L,2 lirl'.¡ ita3. Ctraracteristics

Tåre orhi.taL characTeristics of, a saLelfite influence

the låse of ttre riata collected by the sensürs sn board. For

r*axifin¡a utility i-n vario¡.rs discipLines¿ Lþe orbit, ¡nr¡st be

sys ternaticn prorri-riinü repeTitirve sIobal f overägÊ under

nearly uni or*t observation c on*i- tions, Tåre orbi tal
parãå$eters f,or tanrisat series of satelLites àüere desiryrred t.o

achiev¿: th.is lxaximun utiåíty"

?i:le Landsat sateli. ites ope rate in a c ircularr
near-polar nrbj-t at e noxlinaS. anËitl-rde of 92S i(m. Selectì.on

of circ¡:åar *rhit mi¡li-mizes th.e ¡rariations.in the aåtítude

of the spacecraf,l. Çloi¡aL coveräFe requ!.rnments iræpose
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rreârIy pûl-är ùÐbit i.€. íncLj.nati.on rrt lhe orbitiìL Ëtrane to

t,he Ê'.luatÐr.iaì- plarie of ab¡rut, Ðû deareefi.

inclinat.ion anËtre fDr Landsat ís 9E de'Jr€ês.

The no${Ínal

T¡re Lanelsat Ðr,bit is sun-synchronous i.. e" the orbåtal
plane þJ:íLL remain neärtry constant relative T.ç the earth-sun

airectron. .û,s â resul-t. tìre äìeân sun tine at each .individual

point i-n the orbit *.+ili. remai-n fixed andy in facty alL

points aÈ a given lati-tude on descênding passes s*iIl haye

ttle saffie äìean s¡.tn ti$e. Thusn selecti¡ig sun-slinchrronous

orþit^s provide simil.ar j.maging o'bservatio¡r conf,itions

repetitiueå1r. The asti¡a} $eân sr"¡n time at descençling node

achieved f or the Lancisat satelLi-tes Þias bet+¡een 9: 3Ð and

I{i;JU å¡lì1,

The nominaS. or,bital ÞeniodT wl¡icår i"ç essentially the

f unct íon of alti t¡.åde¿ f,or A,andsat ís 1,ü3 cnin" Tirere arÐ

approxislateSy 14 orL¡its in Ð¡Ì€ eartlr's roÈation period.

Ilr¡r inl¡ tiie 15th *rhit¿ r¡hj.ch is tïre f irst orb j.t of the next

.lair" the satellite i¡nages a swath tn tåre *¡est of tfre f,irst
orhit {wítir 1tB over}-ap at f,he equator). Contigr.rous

cÐveraEe'i-s t?"lus obt¡ined. 'Ihe pattern of 14 dai.Ly orhits
¡usvÊs ¡o¡estsiard each day and the t.racic of tl'le fi.¡st orbit, of

t?re tÈith day coincj-*fes ççÍti"r the track of- the Sirst dayr

resu"ì.tin'ü in ñ rep,etitj.ye cÐve.rfriJÐ.
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2,L.3 iienso¡ Ci:¡aracteràstics

The Lanrisat sate lLLte contaíns ir¡ j.t-s payì oad t*co

sensors ,lesigiled to produce sElectraL inager.l'of tþ,e earth's
sur f,ace" T.hese t$'¡o seilsorÉ are Èhe Ret¡.¡rn Ðearil Vidicon

{RBlr) cafi}erar and the ;\ulti-SpecÈraå Scanner {¡4SS). åpart

fro*t these instrumeats øl dírect i-nterest here¡ lhe payLoad

i.ncì-udes ,a data coålecti.on sui:syste*i¡ througir ahich

coftmunications can he receiq¡e¡L from telen:etry platf,orffis

l-ocated in inaccessíbLe places.

Ilata coïìected .i;y onXy the iriSS on Lancsals l- anrl 2 *ee¡e

userl in this study. Tlie þJSS sr.lbsystem. is discussed in
detail-:ir: thj.s s*ction. The ð,aLa col-åectio.n subsystem is
not incl-l¿cìeú in the discussåor:" Howevery t|¡e

characleristi-cs o.f tÈre ItEV €;lr,lÊra suhs:ystem ärÊ briefly
presentÈo ìrere for cûÌìrË!ïeteness"

2.å"3,1 iìBiJ caäìera subsystear

The RÍiiJ carnera subsyst.efi on f.,anrisats tr an$ 2 cnntains

three i¡l*iw:iduaI tetrevision type rärneras mounted side by

si.¿le nnd eacl¡ r-uerating in a di^fËerent spectratr baild. Eacfi

camera contaíns a l- 2.5 cìrì f ocaL ler¡Etì: trensr â *iechanci al
shutter¡ tï¡e P-l¡V imaginE tubeo and associated electro¡rirs,
S"nectrsI fi]-ters in tire Lens assembliEs prûvide separate

spectral- uieuing ne_qíor'ls l-or the caiììerâs" The spectral

int.ervatrs sense<i are ü"4?5 S"575 ultrr Ð.58Ð û.68û u$1, and

i). ô9ü - ü " 8-3û u$. Ti¡e three cämstras äre sfir,rttered
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sÍmuLtaneousåy7 ina*ing the same l.ü5 kr¿ square areã. å$fien

the ca¡rieras are sÌlutÈered {every ?5 sec) o Line i.æaçes arÊ

storeil ûn tile iiB'd ¡:hotosensitive sr¡rfaces¡ then scanned to

prc duce v j-f.eo outnuts,

The RÐV c,rmera subsyste¿u on Landsat 3 is significarrt,l-y

dif ferent fro¡s Èl¡e tÐH s}¡stems on Land.sats 1 ar¡d 2. Ts*o

panachromatic ËBËier,âs produce tno sirie-b:¡-sj-de iiuages rather

than three svarl appi-irq arult.isp,sctral ímages of tïre same

scene, Ëach RBV camera sensor is riesi.çlnerl to cover a 99 x

99 kâl area. î" focal l-enüti¡ sf 23"{r cnin rr nearly t+¡ice that.

of l-a¡rdsat tr and 2lìfiV¿ ¡r;j.,å,1. near.l-y iiouble the resoSution.

The cãmÈträs åre shuttered every L?.5 set tiierebtr, proiri"ding

f,our suhscenes ¡¡I¡ich conresponil to 1"85 kni sttruer'e atrea.

2.i.3"2 Tlìe ìoiSS sr¡i.rs.ysteal

The l{SS sr;bsystem in the payl-oad of, l,andsats 3- ar¡rl 2 is

fnur-hand Erâr¡iler oË)erat.inç i.n the sol.ar-reflecteû

spectraï regÌ"on. ït consi-sts of six detec'Ëors for each of

the four hancis" Tä'le i4SS scans crÐss tracìk swaths 185 km

*¡iSe at non¡inal altàtt-lile, imagi.nE six s{;arì -1.ines äcrÐss ir:¡

each of the four hanûs si.multaneous.l-y. Thj.s is accon¡rS.isiaed-

by neans of an oscil" Iat!-nç f lat ruirror hetween the ground

scsne and â rlouble-ref,trector teLescote type of opticaS-

chai"n" 'Iå"le scanni-nq arrangerxent of the i4SS Ðrr Lencisat :is

sho¡'¡n in Figr¡re i"
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24 TOTAL,
+2 FOR BAND 8
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Tåre s'can iuirror oå¡erates in a scon-and-retrace cytLe.

"Nhe active port.i.on of" the scan is in a v¡est-to-east

iirection. 'Iåre fu.11 scan-and-retrace cvcle af. the detectors

årroduces a

satellite.

185 krä si.:daep nf the Eround scÐnê beneattr tìre

Tþe spãceûraft's nÐËrtr í¡ol-ar nrbitai- s¡otion

i¡roiluces tile al-on'?-track spacin,J betr',ieen *¿årrpr siteeps.

TT'¡Ís alonE-track snan Þatternr when com,bined øi-th the

scan-and-retrace cl-cLo provides the co¡tiplete coïerage of tire

{ul- t, l-E5 }çul srene" Ttle virieo outputs of each detector äre

sampleci dr.lring tlie ast.i.ve aest-to-east sfieep of the ¡*i-Ðror.

Tire s#ectraL bands ¡.lsed in t!'re iÌ{SS for Landsats I anf, 2

í,¡ere identi.ca]." Fûr f.aniisat-3 a fif tl'r band conta:ininq tç¡o

detectors år¡Ðs adiled that operates in the tiaermal in.f:rared

reqion oi the spÊctrup.l. The.first four suectra]. bands arÐ

¡:ef,err,ed to â,s Band 4t Pand 5r Eand öt am¡i^ Band "Îp the

tåf th ?¡and äs Fan,:tr B " The spec tra l- hands :in the t{SS

subsystem for ta¡rvisats LtZ and 3 are si¡own ín Tabl"e 1.. The

f Ì-rst three baerrls rn tire t'XSS use photoinuìl ti-pl"ier tubes äs

rietectors¡ the fourt?r iian'C uses sj-i.i-con p?rotodi.o#es. ?l¡e

therRaì band uses 18€ rcury-cadp.tiuñì-teLh¡ri rtrey 3.ong-æave

inårared i1etectors,

For the f irs t f our ban

instantaneüils f ielrÌ of vi.ew

the eart,'ì-s surface that i-s

signa?.s atre sa*t"uIed at an

tn ä cross track iåistance of,

ds in the !!SS sufisy*s te¡* the

of, each detector ís a square on

Vg ìTi Ðr1 a si.de. T¡'trÊ detector

interua]. of 1'; jrs¡ crrrÐspon'3inE

57 ¡ri betæeen readings. Ftr tlie
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th¿e r*al b anrl

v iew ,iime nsi

iour haneis.

0i1 the ÌúSS sut¡sysf,e:n

0üs are tl-rre¿ tiules

1U

the ins tantalreúi^{s f ieS-d of.

grÐaLÐr than for tl¡e first

2"!.4 lrans*issian and Recention oi Ðata

'¿.t "4.l- Ðata trans;nissåon

Ilata co.LLected hy tåre fiEV caTrietra subsystem and the ¡,lSS

subsyster* aå:sard the l,andsat satellites äre te]-enretered to ã

grounrl receS.ving st,ation. Th¡e ftEV video da ta atre

iransnlitteil i-¡r the f recJuenca¡ wocuJ-ateri do¡¡ain an<l t|re i45S

rìata are transi*itterJ irr six bi.t pulse code s¡orlu3"ated 'fomai.n.

TTre Cata ase transmitted to tire ground stat!-on either i.n a

dinect mode ür in a rea#or"lt iTiode.

In l.he ¡liract nic'3e¡ tire data are transutitted i-n real

Li.;ne ed¿ìen tire sensors ãre operati¡rg ç+itl:.in the reacl¡ of the

ãround recei sing s ta låons. ïn tlae readout uiode¿ tlre data

are recorded on a iuaünetic tat¡e by an onboar* ¿qiriB,t¡and video

recorder. These recorded <iata ar€ Iaten transmi.ttetl to the

Eroun'.:l station rshen ti-re satel)"ite is witi:¡Ín the fie]"*i of

våe'oir of the station.

Tiao tsidebanrì viileo tape recotr¿le¡s are included in the

paylc,ad oÈ eacfi of ttre sateLLites in the tandsat series.

f,ach o!.'Lhe rectrûers cän record¡ store¿ and reproduce

either ¡¿BÐ or ,{5S rl¿ta upon cora¡fland" Ðach of the rerorders

has a recording caFaci-t}¡ ot 3# n:in"utes.
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2."!. Ì1.2 úa ta r ecep t iûrr

ûata coLlect¿ti i;'y tire RËV cairera s¡-r,bsyst¡:n and the i4SS

subsysteni are Ðecei-veri hy â suitahly equipped groun¡1

rece ivinç station" Soiae of tt¡e ü, S, Erouir'-l stations al-so

årand.le co¡nmunicaLions hetaeen the spacecraf,t an¿i t ¡e ground

in additi,on to receívir¡g the data" l{oÞrever/ the, non-U.5.

stations å'lave only recei.ue capabil"ity.

hih¿n Lpndsat-iy tire f irst satel-l ite irr tt¡e series Eüas

]aunched in 1972¡ oni.y four sites ín the ¿sorSrl s¡ere equiliped

u.¡ith receive capabi..T.ity" Three of tfiese four sites güere

Located in th,e u.S. .anr;l the fourth sit.e in Canatia at Frince

ATbertT Sas3<atchÈïdi3n" The number of, stations r,s'ërÊ nìùre than

doubLeci hy 19?E¡ ruhen T,ancisat-S uas l-a¡-rirche¡*. tanarla has

acc¡uired å seconri rereiving station lncated at 5l¡oe Cove,

itleufoundi-and. tther cor¡r¡tr.ies that nolÊt Tr¿r¡e Landsat <iata

receivíng cai¡ai:iLity i¡ùclurie A.ustraliao ìlraail-y Iran, Ttai.yy

Intlian Ja.uan anü Sweden. Seueral other countnies i¡ave

reached aEr eements +.¡ith the lI. S. to receive tandsat data

antì atre nos acquj-rin$ receivinE stati.ons. lirese countri.es

i-ncl¡.i*e årEentina¡ ûhi1e, ühina, Peru, Rurilani-a" Up^*er VoIta¡

th.e USSfi anrl Zaíre,

åt the ground stati-on ti:re fitlnr anr.i the ì'1SS ,3ata are

receive<tr over tín'r S-Èa.nd trinks operating at center

f requencies o f ?229.5 MLIz and ?265.6 l4ä2, fh.e tlata âre

monitr¡red as they äre rece ive,S and reçarded. Separate

receivinç and recrrrling e.q{^ti.snient are requ.ired for t}re RtsV

':.-i,: .
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ancl MSS clata (NASÀr 19?6).

2.2 LÀT{DSAT ÐÀ1A PRBDUCTS

Canadian Lantlsat data are acguired by. the Canatla Centre

for Remot,e Sensing (CCRS)r Energyr l,!lnes ancl Resources (EUR)

Canada. the data âr€.l horever¡ distrlbutecl by a conmerclal

organization ISIS Ltd. of Prince Àlbertr Saskatchêuirnr

The Landsat data'are avallable to the users as photographic

pro¿lucts and as iligitat data products.

2.2.1 Phctographic. Proilucts

îhe standaril photo-proilucts are 24 cm paper-prints antl

transpareûcies. Both these stanilarrl proilucts are proiluced

in black and Hhfte for the indir¡idual spectral bandsT and as

color conposites. The color composites are produced by

co¡nbinÍng three ilifferent spectral bands. Íuo stanflard

color composites are nor made by CCRS. The flrst one is
proiluced by combi-nlng Bands 4t 5 anil 6¡ the seccntl

composite is prorluced by combining Banils 5t 6 and 7.

In the Canarlian Landsat

1973) t ít cas stated that:

data user -s hanclbook ( CCRST

All photograÞhlc prorlucts, uith the exception of

productsTuill be geometrfcallytqui ck-l ookrl

coErected as

corr ections

UfU maps in

fully as possible. the geometrlc

Hlll conform the inagery to current

the 1:250r000 series. îhe radio¡uetric
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#rrrect.io¡rs uíl-L a}}ol; a rj.irect correl-ation of,

fil n density t¡ith srene ra¿1iance. ".. Ful3-y

co:rrecteri and annotated Ë¡ÏrotograpN¡s t+il å be

ðs,st ¡:il:uted r¡ithír¡ ten days of acquisition. . .. ?hÈ

scale of, Lhe i;rage wilI l¡e accutrateS-y contrcl leu

to iiLtt0ürûûti ta al]-oa¡ direct corfiparison to rlìaE)s.

Tne .rye{rifietric and raüiomet.ric correctÍon*c stateri above

äre noÈ routinely aps,iie;3 to the stan*arri phoTographic

prÐ{iucts" TLris soruev¿hat åi"a¡its t?te ¡isability of the

photoEr"aph:íc prad.ucts f or applications inuai-ving mapp inE,

In at'idit.ion¿ cÐsrþ\Êrj-'son o:f coS.ors betçeerr i*a.ges acquired at

rTifferent tines i-s çlifficuSt ÐÞ the standa,rd pfiotographic

prorlucts. ?he neecl for contro)- of col*rr and lrocü it coul-f, *re

acårieve...i l¡sinS digitaÅ Elata is cliscussed eì-sewå"rere dsection

Joi,fr

.4rrother pìrotograf¡hic pro*iuct avail-able in f,anaCa is a

i¡rint æa.Le f,rpm a t'**uick-i.oolçtt systen lccate,-? at the Prånce

¿1þert SateISite Sfation (FÀ5S). 'f he üuick-åook syste¡u is a

f as t method of, ¡iroduci¡^rg Lan*sat imagery çi.thout âFpl-yinE

tTre roT-nplicateC È)rosesses cf raclioi¡letric and geoüetric

c*rrect,i-ons. trn tàris method the victreo rlata are <fisp3-aged on

a very hiuh resolt-*t,i.on CRT and the face of tåre CRT i.s

E¡hotog¡apheS usi-ng an automatic cãïTìe[ã {l}arrington et a1¡

1,97 2). The ì:ìuici{-.¡.ook s}¡ster* produces neÉìr reaÂ-t.ime

iæager¡. æhj-ch ârÐ criti.ca]- for apBlicatinns requíri.Irg quick

f,eeC-back baseel on t.f¡e oi:served con" iti.ons"
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2.2,2 Ðigital ijata Proriucts

Ðigitâå data fron tire ¡,'.{5S ãre availabi.e as co*puten

coå*patible tapes {CüT)" î?re arrnotated aad corrected 185-kr,l

square trounrl scene o,n tire CüT is a f inaj- i:ro'J,r.tct" å scene

is ;na,-1e r.åT) of paraå-1-e) scån Iines¡ each coe'ltaini,ng a l_arge

nu¡r¡her oi video data points or picture el-ements {pixel-s).
Ihere are 2286 of tlrese l-ines per cÐstpLeted piSS tCT scene.

Scan l ines uhicir äre prÐjecte* on Eror¡nrl are approxiinately

i- 95 ]csr lot'lg and on avsr ¿lge provi_de 32å# pixeås. The

variabiåity in ttre number of pixe}s Ber i.ine is due to mi-nor

changes in the ruirrnr srseeë) ti.¡*es.

Ðifferinç l-eueås of radiance 'øÍthín â scene ärÐ

ex¡:r.ressed in a bårrary f,orm" Tn or¿ier to ãccofir¡riûdate the

s¿ide rìrnüe of, ra<iiänres resuLtinü from tiee ruide ranEe o,f

.i lLuuinati-on and ref lectance conrÌit ions possibl-e on earth,

the ot¿tputs of Rands 41 5 and 6 ãtrÈ nornal-l-y rorflpresseo to a

no¡r-Linear relationshi-¡r bets¿een signal outl¡ut and radiänË¿

inFut. These crrt$pressed val.ues arÐ transmátteci to the earth

aniÌ rÐcor{iad as six bi.t Íntegers on high tiensÍty rligital
tapes. The iiata can be <lecom¡rresseri to â l-.inear ¡norie a¡it,h

puþlisheei decoçrËression tab"l-es.

transmittec{.i.n a }in*ar firr#Ð.

ila¡id ? data are ¡rormall-?

Tlie CCRS irrûryi'Jes one qround srene Ðn ä single CCT at

L5,3û bBi and on Lçl.o ¡lfT's at 80,.] i:pi Seyrsit-ies" Tå'lese are

the systexr cÐrrecteçi {{?'s a¡-ld âre con¡¡only referred to as

the Jolinson Space Cente¡: {JSC) forr".,rat tapes w}¡ich. have been
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al/ailattle sincÐ i.9T5 {Strolne eå êi ¡ L9?5) " Prior tû tg?5r

the ,{5S 'Cata T¡rere availahSe on what is noi", calLe<i CûRS-ntÐ

iorrit¿t tapes. ?i:e CCRS åras stopperJ pro<lucin$ taires i-n ti'¡e

clii f'rrryat since 19?6. The data on t.he oLd format tapes arÐ

not sgstem crrrectef, a¡ril are in six bit íriode.

Tlie tCT's used in this sturly are the CüRS old format

ta¡res. iìomever¡ tåre sof tlç-are deve.Ioped in this study uses a

randouì aücess disc f il- tor '[fie data input, The €isc f i]-es

can he created f,ror¿ ÛCRS ol-d forr*at. tCT"s¿ JSC forr'tat CCT's

anrl ERüS Ðata üenter {U" S. ) f or*at tCT "s. T.tie f ormat

specifÍcations nf, the riisc f åLe ârÊ gi.ven in Ag¡f¡enråix À.

iligi-ta"È data are also avaiLable noå"i as geoittetrícall.y

correcteû tüT-s. Ðata cn t.ire ge*metricaï1y corrected ttT-s

are registere* to the fiTí,4 Tlroject ion. ?*re r145S Sata are

resauptreü such that each $ixel- corresponds to a ground dtrea

of, 5ü iìi x 5$ iã" ãn areal. royer -ge, tlrese CCT-s are

restri-cted to hal-f a deçree i-¡r Lati,tude a*¡1 one rìegree in

l-o¡rgitude. lJeçâ{.!.sÐ of, th.i-s ¡eslrictiorr, the areå or

equi"valentS-y tire amount of Cata on a qeorrletrical-Iy corrected

CCT varies from Latitude to.l.atj"tudÈ. These Cü?-s produced

by üCiìS äre ref erre.d to äs the ÐTtS üf ll's (Bllt3-in el. Êå.

i97B).

Tn sun#åryr ti:is section dealt '¿EitTr tl'le Landsat data

used rn this study" À 1:rie:f intro'.luction tc the tanüsat

prÐEra$ iir'as given anri tiren the characteristics of the

tan''lsat orbit an'S the pris¡ary onþoard s€T?srrs 'iüerÐ
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clescrii;er.ì. Iìext, ttie dota transi¡rissio¡r fro* taneåsat anel hoen¡

the ¡lata are rÊceiued à¡y the çrounitr statíon r¡iêr,ê presented"

Fiaal-1y the stan¡.iard Landsat data pro'<Iucts in påeotographic

anii tligi t,al- f,orin avaåtreb1e to the users ¡iiere narrated.

2,3 TT-lä ST{JDV .¡,RiÎÀ

2.3.i Location and General Settinq

The sturÌy area is Ïocated approxi¡*atel-y LLû kn¡ south of

lhe to*un of floppermi-ne iu the ]io.rtirs¿est Territories o:f

tanada {¡'içure ?)" ft ís a part of ån ã"t-ea poÞularLy known

äs the rrEiE ii-lend¡il of th,e Copperr:ine River. The üoppermine

Rir¡er is in the eastern haLf of the stutl¡r ãreâr The are¿l

under study is þoun¡j by nortr"r latítudes {i6¡ 45 degrees to

{i?t 3fi i-let¡rÊÐiiy en,,l Érêst 3-onEitutles Ll5;3ú *eçrees tÐ LL?:3ü

deürees {F iE" 3).

ÞÍost o:f tl¡p sturå. area j-s t:arren of tnees 'but there is

a sÈ)ar;se groÈdth of spruce ¿"¡itir soËìe birchr al"ong tire

Copperrnine üiver" ïeçetation consisting' of, i¡arious grâssês¡

åicher¡ and shrulr is presenl throuqhout ti:e study area but i.s

lrre'lo,ninant Rear s trea¡ns anrl laices (traig, l"9tlË) "

Heli-ef in areas underåai.n by üranite ûr by s[eep3-y

íncl-ined Froterozoic strata is üÐnera.l-}y not Ðotre than 5S to

7ü ÍTìr P-e1ief in the southern part of tl're str¡dy arsa $Tay¡

hoiç+ever¿ exceed 2t)il åiìr ì3road uplan<1s¡ eepl-y di.ssecteri,by

streåms/ are ciiaract*rÍstic t¡f reg:i.ons underlain hy
:r::;.:.1 : : :

'::ì:;';:: ;:;l
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PaLaenzoic and enLï.y incl-j.ned Proterazoiu strata"

2.3.2 Generai. GeolcEy

1ïi:¡e Êe1og.y sf, tÌ¡e -ctt¡i1y areâ and the vici-ni"ty h.as been

exùensively studi.ed {*ara"lan anci tlona3-dson¡ L97L} }Íoffmant

3,979i ilraiS¡ 1960) " ri qerìÊralizr+d geological- ¡¡lÊi) oi- the

entire study areã {}'iE. 3) ?ras been prepared frol¡l the

publ.is¡\ed i$aps, ,{ cìescr.iptior¡ of, the general-i-zeii çeoloçy is

t¡resente*1 here base<1 on tãre ahove ci.ted ref,erencÈs.

RÕctrs unrierlying the atreä of sturiy sÈ)an il¡ainåY

Proterozoi.c tís:e" i4assive ç¡anites anil cÏ aseS-y assosiated

feX'fspar porphyriesy presumahly rel-ater to the !ìt¡dsonian

ÐrotÈr?Y¿ arÐ overLaj.n unconforæabl-:¿ by geritì-y fo3-def,

san'Jstones aild doLomites oS the Í:{e}i.3<ian T{ornby Bay üroup.

These i-il turn arÊ overlain uncÐnfor¡nab3.y å:y the Ì''Teohelikian

doLon¡ites¿ sandstones and Eludstûnes o f the Ðis¡naL Lakes

ßtûnÐt and i,.y the conforniab].y succee,Sinq hasatrts and red

sanilstones of Lhe Coppersiine fiiver Çro{¿rr"

Porphl¡ri.tíc f elsiles rrf the Ðcho .$ay Ëroup cap seweral

åriLl"s in tire northæest part of, ti:le st,erdy areâ. Þlost contai,n

ab¡.¿n$ant phenocrysts nf f eldspar an* r¡uartz.' lesser allaounts

¡:f, i:iotite"' a:np.hiboåe and pyrox€ne oc{:ur i.n so¡pe varieties.

Fresh se¡rf âces of these rocks ran$e frr¡m b¡ick red. to pinki

Heat¡\ereíi surf nces tenr3 to be 1i-Eltt pirrks i¡inkisli brown or

aull- ûrânÇÊ. the col-or T/âriatj.ons appear to .be ¡iue largely

to content a¡rd oxi¡.3ation st¡rte of, finely di.ssefiìinated.íron



oxidÈs. liie porpiryritic fels
huL in part cLder" granites (

the i:iornl¡ f Fay Gro l-rp.

ites together **ith

intrusi've) form the

,]0

associate d¡

basement of

',;; i

:,ì.i
:1..1

ITornby Say Group consÍsts of trently .4ippin be¡js ot

saüdstone an'f conglo¡lierate tLlat rest Ðn acidic volcani.c

rocks of, the Echn Ëa3¡ Grcu¿:. Tl":e lbasatr- cùngl_oarerates and

ilssociatsd sar¡,Ìstones arÈ solored deeir redo tarEels¡ rtue to

åraenatite coatÌ-ngs aro¡.rnr¡ c?-astsi sanrlstones higher in the

section ,âre crÐ rs, buf,fr and pink. üross beduing is
ebunr.la¡rt¡ âs are rip¡¡l-¿ ¡nerks in tå:e santistones"

Ilisinatr Laires Srsup,tonsists of Proterozo.ic strate which

uncnnforurably overl.ie the T{ornby üa.y troulr¿ ai:.d **hich a¡e

conforiïìably overi-ai.n by hasaLts of tå'le {:ûppermine River

ürrlup. The overl-yir:q .flolsmítes ars ti"le most cCIËìtj.nuol¿s a¡ld

best exposed strata of t.he Ðissrai. l-alees {Jro+lp, I}if,ferent

nembers o:f the doi"oti.íÈes have hee:r i,lentifi-ed anC incl-ude

-l-a¡äinate$ and snassive doTor¡¡Ítes. 'lhe central ¡*emL¡er *Ehi.cï'l

is Fredoniinar¡t in the study atrea exhi.bits *assj-ve u=eathering

and is f:uff, to ÏiqtrL gray in colotr.

t'he CopBermine i{it¡er ürûup coffipri_ses â Lo¡r:er volcan.ic

formation and an upper lnainly sedirneiltary formatlon. ûn.tr-y

the 1c$er voi.cani-c f oruation {ûoppe¡ Creeåc F onmation) is
prer¡alent in the sÈuciy areäi It consists of f loros *¡t¡ich arë

plateau basalts. ¡iiost basalts are altere'l to ssrue deüree

anri tfie f,ïows are ccnlposed essentiaLLlr o.f plagioclase¡

¡;Ì1r.rojËene anC maqinetife. Ti¡in berls of red sandstone are
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intercalated rsith the.ì-ar¡as of t-tre cÐpper treelc Fornati.on"

üraniti.c rocks f,orn tj:¡e i:aseixent of the i{ornby Eal¡

Ërou¡:, ?hese i-ntlt¡sir¡e rocj<s or.et,cl'op rnainåy in tåre

rror tårxest and south-centraï corners o i the stuñy ârÊâ.

¡ilthougl"¡¿ the granitic rocks range f rorn 4ranite to díorite¿
the ¡uost a'Ðun'*ant roclc Èype afrpears to be granodiorite,

Píl-lk tn cul-l r*d c¡¡Lsr¡rs are com$iûn, ti¡e col-ourati-on being

due i$ore to Tiae¿aatite stainínü than to an abr¡nsance of

¡iotash f,eÌ-ris,oar.

2 " 3.3 Econo,,nic Geoå o gy

Ïn tire Copperxtine River areä/ long kr¡own for i-ts nati¡¡e

cÐpper shorginss¡ georoEicaL exp rorat.i.on ¿rias e:xtr*meì-y act.ive

du¡inü 1965 throuEh Lgr19. [Juri.ng this perio*ì¡ ;i¡ore tl¡an

45y tù* clai*rs rdere stakerl ¡¿itf¡in anrÌ j-n the vicinity {$f ?S

irf nÐ-c 8S Íiì¡ 0) of. tile stutiy ärea (TirorÞe" j-9?ü). A nu&iter of,

ex5,3-oration prÐgraRs in o.Tle seäson ådÊre of enormous si.ze¿

+¡j-tfr expl-oration *:udçets of the orcier of g5û{}rljûS or :Bìûrê¡

and Tdere conqiucte¿l by cn¡rsortiunis o.f con:panies { Ti¡srpe,

l-9?t). interest j,n .t¡stenti_a1 uraniun¡ niner¿lizat-:ion and

Ëûã)per ¡üineral.ization of, the area þ^as T¡een .rej<insled l-ateIy

after ã, secade of reLative quiet {lio.ff;tan, X_$?y).

üopÊer i*s the only ¡netal- of econo¡:iic siçni.fi_cance yet

found ecithin tl.ee üopper*irre River atrea. rt ccrurs ørainLy

ulithj-n tile Coç'perruine Ri:rer lavas äs sulpiri'*les anrl as natj-r¡e

cüÀrPÈr. lite suLpl^lides åre predoninantiy in f rac t{rrês¿ i¡r¿t

:

)

in

Ì,'1
a,j I
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i:;
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native copper is f rund inäin3-9" ås a Ërrimary çrnstituent of

llle l-avas ( Ðara,Ear and Donal, rison¡ L 9?1), f'lickelif erous

su1¡-:i'iide,s ir'Êre aLso reÞorte{1 along the marEins Ðf an

u,l tra,*:af ic body just east Ðf tlie stur.ln¡ ãre,a {Ðraign 3.96û}.

2.3 " 4 Àriyantages r¡ f Select.inÐ thris Â.rea

Ti¡e arlvantages o.f seìecti.nq tiri-s areä are tfiat rork

€x"sg5ç¡'¿ is ai:un"^l¿nty tire outcrof¡s are .reLaticrely f ree frou'l

tree ttv€rr tli-ffenent rrlck t]¿pes are present, anr: reasonabs.I¡

deteil-ed geologica.l füai¡"s exist for yerification" fn

arlllition fie3-$ notes ejci.st .fon obtain!.ng sÈecific detaiLs on

outcrops and the area i-s ì:eing explored acti.veÏy f,or

ui.ne r al-s,

Tn ueri-fying methorJs de'veì.oped to map or.rtcrops, it is
ext remeì-y i;lipr:rtant- to knoxu the detaiåed 3-ocations of, the

outcrops" It is aiso irxportant to oþtaír¡ inf*r¡*ation on the

nature and condi.tisn of the outcrops. liolreyerrz €r¡en in
rela'Li:¡eIy se?.å ierapped¿ ãreãs it is not a3-wa3rs possihl-e to
get tire reqr"lired fiei-d truth Ðn alL Ðutcrûps" Large scale

aerian. photcgraphs #oìrLd provi<3e tlae necessary fiel"d trutfi
if it cannot ìl¡e obtaínerl otherwise, Åerial Fhotographs at a

scaåe of a!¡proxil¡¡ately 3.i 5ü, Stü .åre ar,'ailabIe f,or the str¡dy

arêa frorn Êhe lJationai- Lir Phots t.ibra y of fanada. fn

Sacto the Bublished seoioüicaI ffiaps of the ärea are partLy

baseil Ðn aeri.al pho tograpils o f the areä and alaínLå' on a

lleS- icopter-s{tÐporteçl surveår { Earagar a¡rd ÐonaLrtson¡ L9?1. ).

l.::f :ir') :r)r'.+f, :;ì-:<-:l^:, /..:lf v,::{,:':rj1:3:}v.+:r'-+I?Ì: j

'> t\

i.,



31

Since the Landsat senscrs can at best only see through

the top fer nilllmeters of the surfacer at least sone of the

rock outcrops in Ehe area shoulrt be exposed at the surface.

In the Coppermine Riuer area there are numerous outcrops

that are not covered by trees and support only minirnal

anounts of other vegetatlon. Llso,, ln orrler to potentlally

detect outcrops by Landsat sensors¡, the size of outcrops

nust at least be as large as a pLxel (80 m). In the stuily

area large outcrops do prevail.

the stuily area should contain dlfferent rock types.

this criterlonr although importantr is a less critical
requisite. It essentfally contrlbutes to the generality of

the methods developed for separating rock outcrops- the

stircly ar ea contains several dif f erent rock tyPes and

surficial materials.

fn suaunaryr this secticn dealt uith the stucly area

used. Firstr the locatlor ancl general settlng of the area

¡rere given. Next the general and econonic Seology of the

area Here describeil. Finally¿ arlvantages of selecting thi.s

area for the stuclf Here presented.
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3 . l- V f 5U¡1L È,iri &tY 5I S

lIisuaI analys:i-s fÐrsis an inteqraL but ï j-mited part of

the çCInventioâêI pi"lotoçerri ogical interpretati.on" visual
anaì-ysis is use*l to eIi_cit ãeÐlDgj.caI infor¡¡iation .f,rom

;¿¡iroto$râpÏìs ûr irnates suc.h as those r:btainec from Lanråsat

satel""li.tes. The j.mages used j.n r¡ísua1 anaåysis fi¡ay be ä

standard prÐdüct or diçitaÌly enhanced i.maqes. Some

relevant âspec Ls Ð.f r¡.isuatr analysÍ;s" advantages of using

tli,Jitnlly enhanceri i-niaEes, and rËethoitrs usef,ul in Ërroducing

these iÐaües are díscussecÌ in this sectÍon.

3.1-.L Vi-sual ,ilnaiSrs;[s Using Standard Images

Tire phr;lse ¡¡isuaJ- anal-ysis j-s liseitr i¡ere ts refer to tlee

practice of examininç i¡na$es f or the ÐurpÐs€ of ioer¡tifying
grounoi featlrres. Iræage ínt,erprêters hawe e:xt,ensively used

stan<iard i*raEes from tan#sat for extraüti.ng EeoloElcaL

in-tormatio¡1" Tire üeûl-$Sicä1" iniormatit¡¡"1 incj.u<led hoti"l

-i-itì"lol ogi-cal and struct.ura.l- â.spects. The anallrsis rnetho*is

u;sed are very si-niil-ar to those appliers in conventional
photogeologica3- i-nterpretaLíon.

T-ancisat i-ruages äre suited f,or conventionaL

ptrotointer*luretüti-on¿ ei-ther i-n the form sf color inrages or

as hl-ac$: and l+å-lite i-mages" The inages can aiso be studj_ed

compareti.veS.y in each of the four i'..iSS band.s.
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1tåre photainte rpretation nethods involue the r.ecognition

of çeometr j.c Batterilsy crtlar ¡ tone¡ texture cif f erenrssT and

contextural inf o r¿uatÍon such ãs relat j-snsl.ii.p-c to

surroundÍnçs. Ges¡petric pattern recogni-tion is especi.aTly

important in structuraS- intenirretations.

tanrlsat i¡aages offer a fet'¡ recognize,:l

aerial photovraptis i

1. the capâbility of synopti.cally vÍeuinE a

2, the capability o:f i*iaEing FracticaLLy i.n

unrler essentiaS-1y lhe same j. ].luarÍnat.i.on

arlvantages llver

large ãr€ä¡

ã vertical" vier*¡

and sensnr

.. :.]

operation conditions," and

3. tire caBäbi lity rf, reF€titive Ëoverâge of tlie ãreâ at

fi-xed interyaLs of tiue anrj at the sê;tìË t.irxe af the day"

?Ère synoptÌ.r vi-er*ånç i.s an iurpo.rLant advantage to a

photointepreter *¿ho searcLres for sinipl-e geomeÈricaj- features

ili extractinç structura.l- ínformatã.ûn. A yros aic o f
photograpl':s taJren at somewfrat 4,lifferent ti't:les æouLd ten'å to

introiluce some sg>uri'cus features and mask tlae actt¡.al-

.features. Çierf,logy oes not change inuch i:etç¿een repetitive
sateÏlite rverË)assesi hoæever¡ 3-andscape covÊr conditíons

cär1 change +i,itåi seasons and over a period ot i/ears. þtany

geol"oEj-cal tr-'rÐblems require ana.l-ysis oi ,i.æaq.rery f rcn several.

different seäsons {GreEory and l4oore" L9?5; Taranilc, L9?B).

Tha t i-sr certai¡l sêasrrìs are sìore suitab.l e to extract
inf or*at:i.on abo¡-rt certÐin Ëeolo$ical fÈatules"
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3. L. ? A*vantaüe.s of Usin..J Ðigítal Ðata

åLthougil staad;ârd pro'Juct ir,la'Jes of,fer the abawe stated

aCvantaEes oyer ae¡i_a1 plaotograËhsy digÍta.I Cata are ¡$ore

suÍtabLe in producing better inage produrts, ÐiAÍtal ijata

offer several- si¡ecÍfíc a<truantaçies .in v.isual analysis of,

[.andsat ciata" The advantages discussed here are -specific to

pro*ucing a ãjore suita.b]-e di.spå-ay of photoqraphic product to

tt"le Bhoto ana3,yst.

The standard photograÞhic product from Landsat data

noratal ly occup ies a l- imited rlensÍty ranüe " Tiri.s narro{d

density range resuj-ts in i-o¡: contrãst i:reages" Tllås l_ssi

contrast on the i¡nages cän be :improved by enhancinE tfue

dÍEital rÌata. Sop.re of, the techniques userl in enirancinE the

ir*ages are Cescrif¡ed in tire next section { 3.1.3),

to

Sfendarclization ¿f coJ-ors is an imBortanÈ re<ãuire$eîtt

t-he iuaEe anaåtrrst in ident,åf yi ng E¡'oun.C f,eatures.

Stansiardization as userl here re.f,ers to tile ì?rocÊss of

rÊ[irêsent.ing a groun<å fe¿¡ture mith a speci..f ic co]-or ùr sha¡ie

r.¡hene wer or ¡*he re:¡er i" t occ{¡rs " Âcìríeving this
standardiuat.ion of col-ors or coLor control- is almost

i.mpossibS"e with standar* inâSes. Tì:le re,ason f,or tTris is
partl-:¡ due to the adji¿stments {e.8. to sÊnso.r introfluced

errû,rs) t'teat neer,-l to he ;*ade to the data and pärtly dl¡e to

t;Xe díffict-t)-ty in standarrfi¿ing the photoEraphic [)rscess,

It isn howeuer¡ easier to achie¡re the sÈandardization of,

coåors $iìen dig*ítal data arÐ used"

ì;.¡
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Ðigital $ata are better suiteci to produce åmages at

a1¿¡tost äny desi.re,C scâl-e. The scale of tþ¡e stanuard image

iE apl¡roximatel-y l- ¡ Ltltürüüü. Tiris s tar¡rJar,rì image cãttr7

hol¡everr he Ëhotograårhícally enj.erged to a scal_e of
L ¡ ?5ü/riÐt. Any f urtì"¡er enlarge:nents to produce images at
lar{Ier scales ?'tío¡.tld clearly eJ{I}ose the i.ntliyj.¡1ua} scan lines
ûn tå:¡e inaçe, U:sinq Larldsat diqital. riata, i¡:iages can be

produced at scales äs -Larçe as L:5{.lrûü{i. üigital data

i'rouldo thusr $re useful- to the image a,nalyst in detailed
inaB ping.

8ne sl¡oul.d¡ houevery i:e care f ul in ref e rr ing to scaL es

ti-r mapçred ¡rroducts, Even though Landsat .:ligi.tal data can be

*aniprel-ated to proxåuce i.mages or $raps at scaÅes larger tfean

throse rnentio¡-led ahove¡ these râä5r nÐt be signj-f i.cant in terras

o f nrapFinü ãcÇur acy" T t ¡sllst be recognÍzed that the

instantaneous fíelri of yie;s o-{ the MSS s¡¿bsystem .is

approxirnatel-y íìn âûre.

Sorlle other advantages of using d"igital data are that
mathe¡naticaL functisns and stati.sÈical analys.is techniques

cân þs appl ie'i. The data cãn i:e alanipulate{i to produce

i*ages iesired by ti¡e i-mags anatryst using slatlael*atical

fu.ncti"ons. f,ofitputer cl-assification ¡*ethoils can be ulsed sith
rlitiitaJ- riata in autot¡¡atical-3 y i*entífyi¡lE Eror¡nd f,eatures.



3.1-,3 üoelputer EntrancexiÐnts

The rjenerâl- objecti¡re of

optiraize dispS.ay af. the dat.a

enhancelttents can be Ferforl¡¡ed on

JO

i s:aq Ê enåranc enen ts is to

to tå-¡e anaLyst. -Tmage

photographi.c products nsLng

r:ij

i.] i
i'!

pho to-o p t ic aL tech¡:iLlues oÐ 0n diqital" Cata usi.nU

i¡lathematical f unct i.oris imple"uented as cnmputer techniques "

'Ihe a¿ivantages of, using disitaå ctrata Èor riisplay $dere

already $escri.bed in the previous sectiûn. Some, of the

co$ìputer en'fiancenent s¡e tï¡ods th at are p o¿:uJ. arl-y used are

bri-efl"y described an<Ì then t.he tecir*i.ques user.Ì ín this study

are presented Ín rletail.

3" L.3 " L Contrast enhance*leilts

Çontrast. enhancement is f:robab ly Ll'le *';os t us e f uL

operãtion for vist¡aL anaiysis of; Landsât'*içitnl data. This

may i:e performeil usång either â li.rrear or a no¿rl-inear

function. Linear çontrast enhanceraent is done ffiore often

than r:oi:l-inear çoJl trast enhancement perhaps because the

i-atter is resÈricted to specific åppi.ications" Linear

contrast enhancement i"s done by assi-Uning neå,r $igi.taL va1ues

tt¡ each pixeå in the sc€ne in a rä;Ìnner exËressed hy the

tollor*ing eqlia Lior¡ I

.rvhe re I
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Inhanced ciigitai- vaSue of pixe] in or-Etput iurage

Inp¡:t *i,EitaI r¡alue of pixel

i,iin.i-n.ura diçitaL value parameter

4aximum rliEital- vaTue ¡raraineter

i-laxåni¡n iii-qi.te1 value to ,be expected in the outpalt

Ti¡e mini*lu* and maxi.*urn di.gÍtal uaÌue pararueters are

the cut-off values used in saturatånç to Ì:lack and süfìite

respective]-y. T¡:ese vaLues are usualS-y rteter¡¡.lined T¡y an

ana]"yst and .are r¿assiËned to ntj.nimum and $a.xiti¡uiu {i{) val"r¡es

on the outgrut ilrlage" Thus¿ the range {usua?.1-y srnatr-Ier) of,

¡.ligiIa]- yaLcics retaiae<Í are expanr'led tret**een 0 and !{, Tire

iuaxii¡¡un¡ value¡ ,V is u.sa,1I.y 255 u,çhen usång courputer systê¡$.s

that uorlc in an ii-bit iråoúe,

l¡,1nen lhe expnrrdeü range of digital val-ues is recor,.leil

on film¿ the result i-s an expan*ed density range. Thust

featr.lres in the scÊnÈ åre {ftore ea*si3-y distinE¡lished because

scÊne contrast is åeigher"

3 " "i- , 3. : f; <ige enhanr ements

ÈdEe enhailcÐnents ilre empS-oye$ to e¡:ltra¡¡ce radíoraetric

Batterns aghícl¡ haue a certäin spatial freqïr¡enc¡r in the

iæa$e" Landsat data of ten have suhtle hråghtness variat:ions

+¡hicÍ-l are ttrifficu,l-t to rletect. These brightn€ss uariatíons

are often rel"ate$ to dif ferences in the i-llumination of

tûpÕürephic features such as landforx¡sr drai,nagey and

f ractr-lres .

1..'i¡ ,.::,;
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tcÅge e¡rhancement {ûnsisÈs of filtering eíther n_oæ

tr*quencåes ûr ?i.içlr frequencies cepending uprrr the

applicatiori at T"lanxi. å l-oç f reeuency f il te¡' exas:ines the

âlrurage brightness r¡al-ue af, a lsr'ge nilu¡i:er of pixej-s

surrounding the pixel to be e¡rhanced. .å r:igh frequency

fí.lter ùxarnines the au-erate radi.anüË $f ã small- nl¡raber of,

pixeLs surro¡¡ndínq tire p.ixeì. to be er-lhiancerå. For example,

athen a lon f requency f ílter ís used to enhance e tirai.nage

netuork, onì.y major trib¡.ltaries wil-? he enhanced,

tomputer t.echniquÈs using moving aver;egÐ cdi$dolnrs irave

ofien L;een useri to perforru edge enìrarices¡ents" Fourier

transforms hrave also been used to perforrn edge enhance¿uents,

3,I.3,3 åatio eniiaficement,s

å. ratia of .trso tandsat bands is obtaineii by dividinq
'bhe ratiiance va]-ue in rn€ hand bv tire rariiance va,tr-ue in
another band for eactri pixel- ¿¿ithin the scenÐ, x'he ratioed
values are usual,iy multipliied *¡:¡ a Í.actsr so that aLl

v¡lues will- lie betli¡een zero an¿l hl,' respecti-ve.N-y the ruinimuu¿

and the laaximL"un digital vall¡es for,-'1.i.spl"ã?s,

The raticed r¡aL¿.¡es can be $isBl.a:¡ectr either as â b j_ack

and ;-¡hite i¡ua,le or as a col-or cÐirìpÐs j-te bS. combinång the

i-nlåividual i*laüies. In.qeneratinE a coj.or co*positey the

ratios of San,i 4 Èo Ðand 5, PanC 5 to SanrÌ lt and Santl 6 to
Sand ? are cÐ'nÌfiìonåy used for the three prirrary rol,ors. The

assi.gnüìent of the three prima.rlr coLors ts a specific ratio
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can be changeìl to acsÐì¡l)TtÐrlate the analSrs t "s pref,erence.

3.1-.3,4 5i*ul-ated faLse col-or infrared ill;ages

In lhis stuctyr Lan,4sat di-gital data have been sil¡zuIated

as ialse color Ínfraref, images for r¡isua-Í- analysis" The

simulät,iün has been achieyefl by assigning Eand 4 (visible
qreen) f o i.rlue¡ Eanci 5 {visihl-e rer13 to Ereen, and Ðand j

{infrared) to red" These faLse col-or inf,rared images have

been rlispLayed orl a coj-or aronitor for visual, ana-tr-1'sis.

Tire rli.gital. ilata used for tlie false col-or frisp3.ays have

ireen linearízed anil stantJardized using procedures explaineñ

i.n Section 3.2, Tn ad¡Jiti.on to these t¡¿o step;s., the rock

outcrops and soi ås i-lave been eni'¡ancer-l .by intensi f-,ling

dj.,;itatr $a3-¡¿es j-n tsands 4 an* 5. ?ire j.ntensif icetio¡l åùâs

achieved by using iaultipì-icati*n f ac tors sf 2 arld X.5

respecti,veJ-y for Tlanr{ 4 an$ $and 5.

{,ln the fntse co3-ar infrarer¡ riisK¡!-ays¡ water apfiears

*.lark bTue to l¡lack¡ veqetation appears in various shades of,

red. depending on tfre vÍgourr s-rrÐ*J and i"ce coser aglpeârs as

¿.¡hi-te and so tïo Èhe çIottds" Rock outcrnps aÐ,Ðear in var.iol¡s

shades of i¡lue to bl-i¡isl'¡ ûrÐetr{. These co}or rÊpresÐntati.ons

for tiie vari-ous cover t1¡pes ôre l-istesi in Table 2"

Vi.sual- anaL]¡sis techni.ques can lie useif in extractinE
geologicaL informatj.cn f;rom the cn!or dispLays"

Pl¡otographic ç,rotìncts produced from these color ilispLays cän
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tarlc hlue

l¡ihi te

Shades of, red

illl¡e to bluish
üreen
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al-so be use,{ i-n visual anaLysi.s.

In suTs*Ìãrií¡ vj-sua3. analysis techni-qTies simiåar to those

of consentianaå Ë1lotoEeoloEical" j-nterÐretatj_an can he

aäpl ied to l,anCsat data" F or the vi-suatr analysis¡ either
starida.rrl pfrotographic pro<iucts or digÍt.alLy enhanced images

,ray be r¡sed , Landsat ,4igi tal data of f er def ini te
advantaçes¡ such ãs consistent coåor controi for visual
anaSysi.sr ou€r starrdard photographic ptrotll.-{cts, Àn or¡t3.ine

of procerf erres common-Ltr¡ used i-n di.gitat ly enhancinq Lan$sat

data sJere presente*. Fi-nal-lyr a nrncedu.re used j-rr produc:ing

digitaLly- e.nhanced simt¡lateil coåor i.nfrarecl ímaËes wås

rÌescri.i:eC. These enharics'l i"xlages üere ussd in i.dentifying
rock outcrops anrì in separatin:J roc.k types þf visr¡al

anaì-ysis.

3'2 STå,äDJtrF.ÐIZIr\¡G 'I{{[ LÀi{Ð5AT ÐåTA

Tåre Landsat data used in tÌris sturiy ?were sLanda::riize$.

Ihe neeii for standardization, the f,actors t3rat req*rire

stan',larCizat5.onn and the procedures used in stan$ardi-zing

the data are presented ín this sectiqrn.

.,:l

.-:.iil

.ì'l:l
]:.1
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3.2.1 iüeerl fsr Standariii-zation

taruur:at data rsust be calib¡ated agaj_nst surËace data to
produce arearringf,uï classif j,catio¡-¡s or rss¡.ll. ts. ^gcquiring

s¡¿rface data for use in cal"ibratinË Lan<lsat data is
exilen$ivê. lìe¡reate'S, calihrati-ons ¡*ay L¡e eli¡*i.nated f-¡y using

stanriartiized Landsat ".iata" TN'ee standardi¿ei1 cal if:ration
<jata usef, in this stl-ldy werÈ ilefine-d for all_ future
ap¡¡licati-o¡rs of, tlre method during â ilre-cäÏii¡ration st¡"¡dlr.

talii¡ration proce¡lure ínsolves relating ilata acqui-red

in tåre fiej"d tr¡ tì-le ["anrÌsat ¡ieta. The ca]ibration procedune

ís expl-ic i. t 3"y done e j- tN¡er ¡-iuri¡-lg the pro{Ðss otr a,f ter the
p roceSs of, classificati-cn in standard autsmatic

cl,assi.f.-i{:ati ûn srhÐr*es." 'f Í¡e ca.l:ib¡at ion Ðrocexl¡¡re is
inl¡erentLy carr-i.en or"¿t .in the human l.¡rai.n i.n tiie case of,

con¡¡ent,j-onal" vísua.l_ interpretati_on.

Àc*¡uiring s¡¡rf,ace data ror ï!s€ .i.n the cal"iLrratåon

procedure is expensive" col"ì.ecti.ng surf,ace data in rel¡:ote

år,eâs i.s r¡erlr di.fËi-cult, Íf not j.¡llpsssibl.e, The reqtlireffient

of repeatedLy col-lectlng enough strrface oata exists whenever

La¡ldsat da[a are useil reEieatedly r+hether ;i.t l¡e uith iata
äcËll"ii.red on different ¿3ates or ov€r ne&ì äreâs. ReSreated

teniporal sata äre not reEuS.rer] for r*apårin6 rock outcroBs or

rock types. I{Ð{devÐr7 ttle need f or cal ibration exists botfi

Èor ryisual i;rterpretatj-o{r¡ and for auto¡oatic c3-assificati.on

schelües, The r¡eed for repeateû calibrations may be

e1isinaterl by u.sing standar4 i.zed data¡

-,roF ,¿ANnotA
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. SLandar¡:ìizeci calibration iiata used i-n thi,f, stutiy ffietre

defi.neri for a-l-L tuture âÞp.I.icati-ons of the qretì:orå rÍuring a

pre-cal-ibration study" Tn this stucy threshold values used

j-n the cLassif icatinn scnesie 'dere cief íneu us i.ng standardize¿l

La*dsat data.

3. ?.2 Factors :ìeguS.rinE Stansarrlization

T|rere are serrenal- :fastors that atfect t.tie radiance

values obtai.ned b1r l,anxisat. {Jnltrr .factors re3-ated to
extennaÏ sourr€s¡ that is other than true variations of thre

grouncl f,eatutresn require stanCardization. These external
factors are rei-ated to the sÊ¡rsor,s¿ tire diff,erent
satelXitesn t.i-g¡e anEl place of, datn FcÇuisitíon¡ and

;¡tt¡iospieeråç conditions at the ti-rrre of data acEr.risåtion. The

¡¿¡ost prominent f,actons nequiring corre*"Li-ons are rar!_ati-ons

in rietecIor trespotìsesr dif f erent sateltr ites¡ r.ii.ff erent suvl

ei-evation angles" anlt different atìTiûsBheric *onrjitiÐns. Tn

'Lhe fol-Ior',ri-nËr secti.oi¡¿ t,he variations procr-tced hy these

f ac tors atr.e exË¡laineii alonq çith the correction procedures

a5¡Er tri- ed.

3, 2. 3 S tan<Ìa¡'Cizat i.on Frocedr¡res
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3" 2.3. L üetector resÐÐn-cs*q

Ti:e i4SS tttilizes si-x ,.letectors to çenerate ân iarage in

ûRlv'{r:r1ê band, The $etectors arer unfsrtunateS.y¿ ^susceptibl-e

io dri f i o;'¡.ín{} to the i.r sensit.ivities t,o oLrerating

tefirp€ratures. ilonsequentLyy the radiometric responses of

the six 'letectors arË usualXy nnt equal. The reet resul-t is
ra$iornetris striping in the i*laEery" Tåai.s radiosiletric

stripi-na is not only unaestheti.c to the eye makin visual-

interpretation of tlze il:taqerlr difficult¿ ]rut al-so produces

uiscl-assifications ín s¡rite of sopr'riståcateeS automatef,

cl.assi,ficaÈion schemes ¡-¡sed {5h3,ie¡r and Goo<lenoughy L914).

Ànother type of st,ri.pår¡ç probLe:n calå*xi sixthr Line

str ip ing is so¡ilet i-¿xes Erresent in the þí5S data. 1llå'ris

strÍLring is characterÍ-ue$ by a varíation in everlr sixth stan

L.ine of six qr¡antum l-evel-s Ðr ffiÐre f,ro:n the âverage quantum

level of tile other scarf Lines. This str.ipi-nq i¡rob-3-e& àJãs

causerf by aÐ intermittent hard;*are probLe¡ü in ti:le î'4SS

cor¡trol-1er {lhomasT 19?3) "

Jà tliird type of st,ripinE prrbl,e$r caåIe,å intermitt,ent
proble¡ns al-so oct{"tr .in the }"'TSS r}ata. These prohleurs incl-ude

loss of data rlue to nûn-syrlcÌlronization of siçnaIs and

.LoosinE trac.k of tTre sateL.S-ite" 'fhis class cf Í¡robi.ems

Ðcûr"rr so i¡rter¡¡littentl.y thut. it woul-d be dÍff i-cult to ohtain

general- solution to al-l these prohlems. fio*ever¿

al-ternati-ve a*justments can Ì.¡e sra'le to alleviate so$e of

these prohlems uhen ihey âre ¡lBtected.
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tlne a¡rprcach CIf Ðerf,ornning radi"o¡aetric rorrections or

reaiioyi_nfi stripinç i.s to use information fror¡l the scene treing

vie:*¡ed by the i'{SS to re$ùve tl-ie rei-ati-ye cii-fferences aiírong

the detectors in a sinEle band. .àl-tl-lough tá'le six detectors

.in eacn band rrie¡* ciiËferent ïocati.ons ûrr the ütourtút Èhe

lrrefp lanqe.r¡u*þer of, L-ixe]-s in a Landsat scenÈ insr¡res that

Èhe statisti-caI cii-stribut.ion of scer¡è radiaûces wirl årave

nearl-'y the sa$e *ìeän anrl stan<iarcì devintion for al-l

cletectors j.n- a sinËle i:ar¡tl" Anl¡ dif,f erences in these t*¡o

paraareters cal-culatertr from tfre srenp data for al-l_ six
tleteetor*q **i1.1 be due to dif f,erence"s .ai$ÕÐg thre cetec tors.

rn the uiethod ¡¿sed in -tÏ¡is studyr a reference detector
is se?ecteú fnr eactr s{¡ectraT band" ïhe cumulative
prpbahilitl¡ cjistrÍ.iruti.ons sf, the reaaj.ning five detectors

.Éor eacir ban'd arÊ a$justed tn ¡*atch tirat sf the ref erence

detector, Thus, parameters of tåre detector respDnses are

estinated anrl â look-up table to eqelal-ize lhe detector

responses is produced {Tayj-or¡ L9?B) " The åook-up tabl.e

consists of ú4 values for eas-h nf the :4 *etect,ors. The MSS

¿lata üre transf,orn:e* using this J-ook-r.lp table.

3.2.3" 2 i"iSS o:r satell-i.tes tt 2 and 3

I

:i;liil

''- 1

Lan¡:lsats Ly 2

the ir pay1oarl ¡,¡i

L:anC fgr Landsat 3

Landsat" 3. is not

and 3 cuntain .identi.caL ¡{SS suhsystems j.n

th the exceBti.on of a¡r a,,*ditionaL tller¡*aL

. I{owevÊr¡ the rÐsÐonse in rne band on

identical- to ti-le respoüse in the sarne ihand
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on L,andsat 2 {l{:lSL¡ L976} " This unÊilua} response resuj_ts in
riif f erent raclia¡lce val-ues tor ä given srenÊ æh.en :i maEed by

tbe tåff erent satel--l i.tes. ?he;se variations :*r¡st be

co¡ìltrensated f or +;hen clata r-ro$ '.ìi f f erent satei-]. ites are
'.^^:Ll'.Þ ìJ it ¡

TÈre .qj-nitnun and :*aximt¡m radi¡nce vaLues expected frorir

eacl"l of the i{ss uands $ffere nu3:}.ished for each of the

saËe-!-T.ites {l\ÅsA" i.ç?6). llhese p¡-i:båisiletl ualues ãr"-e'rê frorn

pre-launcl"r calj.bratioirs. 'Ihese -sre-J.a¡jrich caL ibration
valt¡es åderÈ userl in stairdard:ieing the ll,,fss data f;rorn l.andsat

1 end" Lan¡lsat ?, I¡-l this .çtan. ar¡lizali,on Ðrocess Lan<isat 2

i¡ias take¡r âs the stanrtrar$ and the ¡iata frou tr-andsat I were

ar.lJr:sted" lhe arljustment consf-sts of, tak.ing üre ratio of
the expect.e* rânüe for [,en*lsat 1 Í:and to the expected range

for {-an,isat 2 {iand. llata col-i-ected þy Lanâsat L a.iere

niultislies e+i.th this ratio to adjust tÊle rìi:fferences f,ue to

the satelxites. This *as repeated .fpr al-j- the t4ss L,ands"

3, 2,3.3 Sun-ele'yation an$tres

{3'iranges in soIa.r elevatio¡r anüLe caüse varíations in
the Li girtir¡g coniiitions and cÐnseq¡.¡entåy changes i-n the

ävÊ ra ùe scene ra ri i rtBC ê. TÌr is c,ha ng e in rad iance is
insluences by both tåre clnaxrge in i.ntrínsi-c reftectance of
the groun¡:'l süene en* hy the chan$e :in atmosÐheríc scatter.
Changes in so3-ar eSeyation angÌ-e atrÐ $ue Ë:rin:arill¡ tç the

nsrth/south seasonaL ¡*otiorr of, the sun.
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l?iEo rous ¿nnse Ls have l¡een deue) o¡:er1 to conrect, Landsat

úata for ti-ie ef-iects o:f sun ang.].e, haze an,å't¡ackground

ref trectance {Ëotter" 11)77) " In this stu*yn å sirnpXer

correcti,on factor r,¡âs atlplied. TTre correcti-on factor
standar d,ízes tire !15S tlata Èo a standard suit e 3-evation angle.

Th"e säftie correction factor rdãs apaLied to aL} the þiSS bands,

è-t s¡ralJ" opticaT thicknesses the radiant emittance

increases äs the sol-ar zeni-t?l änül"e increases; this
increase is s.ignificanl when the eenith angle is greater

tfian 3? degrees {Fraserr 3.9?5). In or*er to minisrize the

seasonal rtrífferencÐs in :i.rradia¡rce¡ the :i;{5S data ârÐ

norma.Ii.zed to ã sun eLevation angle of 3? deçrees. Tl¡e

cnrrectj-on factor userl r{as Cos X / Cos 3? cleür€es¡ wTeere X

is ttrae ,suïì elevation ansle Ëorrespond.i,nü tÐ tï¡e centec of,

the scenê. TÏ¡e Í"i5S data i.n each band i-ie.re multipLied bir

this cÐrrecti-on fertor.

3. 2.3.4 $tn¡ospireric con^4j-tions

S,t rospheri-c con-Sitions at the ti¡¡re p,f, the Landsat

ûverElass in:fltlence the scenê ra'iiance, 
"{l¡en 

Landsat riata

ãre to be corirpareil fro*¡ $ate to date Ðr iron atrÊa to atrea

t,Tie changes in tìre at*ospheri.c conditions must be taken into
account" Becausë of t.fie sBatÍal and temporai. variah:ility of

the tropospheric haee¿ atnospheríc correctio¡rs ar€ iìrore

sii-fficu-Lt. In or'ler ts Freciselir 5:erforni tTre atmosph*ric

correctíons¡ the state of tfie a'trsosphere must þe deterrr¡i.ned,
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This.requi.res prûper e'qui.prËent an'i extra eff,ort such as

vieuing tire sun lxith a properLy catibrated radioriater at the

tj.*e of, t.he La:r,åsat. üverilassr

fn lhis stu,*1r, ã sir*pler but reasonab?,y effective
a1ternative to ma?<i¡rg mÐasl{re:*ents {å}as ada.sted. The

correction invoJ.ves using rarlianre lraLues fronn a c.ì-ear #ãter
Þo*Ìy in the st.u.,sjr area es a star¿darc. The radiance yal-ues

fnos¡ the clear *ater bof,y can lre coflrÀ)areij to the yaLues

obtaj.neä ûn sE¡bser¡uent ¿Jates. The ,li-fference f,roel the

st.andard vatrues for eacår ban'd ÞJere detern¡rineC. T3:rese

di{ferences î,{ere renoved, f rom t!'re srÊne rlata n¡r the secon'j

date.

3. 2, 3 " 5 l, inearizJ-nE the IçiSS data

.As ia part oi the stan*larulieation procef,ur*¡ the ?,{ss

<jata have treen L inearized. or decompressed, uss rlata :f ro*r

tandsat are trans.ritte',l in a r¡signaS cunpression ¡uodet' f,or

Bands 4t 5 an'3 6¡ in a tf Linear mo,let{ for Bancl 7 (iTÀSÀ,'

1976). In the compression msde a rro¡'l-linear relati.onshir¡

exists hetveen rarii_ance input anri signal_ outpnt.

The siç'na1 compress ion ruorle is used to match the

detector noise rçith tire quant.izatíor-l noise. That is¡ tire

Ëolììpresslon mode is used to äccÐnìEìodate the raide rânge of
nadianües resuLti n-q f,roru the uide ran.Je of -i.11-uniinati.on an*

reflecÈan.ce condiÈions posriiå¡1e on the earth,

t:,,
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Cn â typ ica I cåouil-f,r ee l- andsat sc €nê¿ ttae da ta

occr"lpies a 1/erlr ssial-l- rânge of val_ues tesuåti.nE in sÊìaj.ã

density range on tåre f ilr¡r ür l-ot¡ contras t j-naãe" The ,lata

are l-inearizel to i;¡iorcve the contrast i¡r â scene. 11

r¡uadratic equa'bion given by St,rollre et Aå (19?5) lias been

c,rsef, in 3-ineari,zing the data.

Siileo outputs ct tire MSS detectors arÊ digitÍzed
oni¡oard i-n ó-ìrit urorie or bq leveLs. Àf ter tr"inear5-z1ng, tire

riata arÈ expancied to â ranÐie of Ð-255 rr 8-bit mode.

ïn si.rfi*?êrf¿ tÍ¡.e Landsat 1.{SS data neef, to be

standardized. {or nptimun use of tïre data. standardizing tiee

data iuay el iininate the need .f,or repeated cai_ihnation uitll
fi.eld råata ín identiflri-nç cûïrÊr tårpes. -Yariations Í-n the

data due to di f fere¡rt iìeiector ¡resprnses"' satei.Tites¡ and

surr ei-evation ang3 es N-Êre r¿inimízed. Procedures used in
standar,lizing tfåÈ r\iSS data R¡ère Sescribed, The standar<iízed

iJata i$Êrs åj.nearized and rlresente,S .in S-,bÍt mo.de in tåre

f i.na-L f or#.

3"3 spEct'iì;tt 5TtN,{?uRËs À,ut} t'HREsHCIt Ð vÂLUES

-{pectraå siçnatures âre Lisef'ul- j-n cl.assrËying cÐver

types and in oJ¡ta.irii¡rfJ a better i.rnriersta¡r'"1ing of the covËr

types identifi,ef,. The sr¡ectral si.Enatures ûr some deri¿red

parasìelers of t,hese signntures are use'C irr autûffated or

visuall- classi. f icat isn o f couer tgpes. The true spec tnal
signatures may þ¡e obtaine$ f,rom labosatorv Tñea;sTirements Ðr
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crude esti¡nates of. these signatures fros¡ Landsat dLgitial

data. Discussion on the spectral siEnatures ancl theiF üses¡z

hor the slgnatures are ¡btainedT and hor thresholrl values

are determined for cover types using measurements fron

Landsat rlata are presentecl in this section.

3.3.1 Spectral Signatures and Thelr Uses

À spectral signature nay be deffned as the unique

reflectance or enission response over a ¡avelength reglon

characteristic of-a particular object or associatl-on of

features. In án icleal case thenT one can think of these

quantitative areasurenents as distinctly characteristic of,

the object uniler consiileration. Honeverr ln reality an

object s¡ay. or Eray not haye a distinct spectral response 1n

the ¡¡avelength regfon observed. By conparÍng the responses

In seueral different spectral regions¡ clues ghlch are

unique eay be deduced. For exanpler the MSS on Landsats'1

and 2 collects reflectance responses, in four ilifferent
spectral regions or bancls over a small area referrerl to as a
pixel. 0ne may think of these four aleasurements as a

spectral signature- '

Spectral signatures are quantitative neäsurenents., the

üìeasurenents can be nade in the lab'oratory on a speciuen

collecteil ln the field representing the true in-situ

conditionsr or fron the air. Each of these methofls of

naking neasurenents has certain associatecl advantages antl

,1..::: ,.

:::.. i1.:l
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disadvantagÊs. 'f*ie sBectral signatu¡es¡ i.rrespective of hou

they are coll-ectetly å¡ase centai.n uães and contrihute to a

iretter un*erstaniiing at¡f¡ i<jentification of crver tlri:es"

Probably the n¡ost r!.irect *lse of spectrai s ignatures is
¡¡ith autourated cTassif,icatåon procedures. ãn these

çzrocedures, cÐver t^ypes on tire surface or the earth äre

ürou.iled rrr classifies usinç thei.r characteristi-c spectrar

s.ígnatures" TÌrar isr hrith tliese nethoss" ?iie üover tlrpes

arÊ l"abi-eû base'l oÍr indivi.duaì. spectraå characteri,sti_cs of,

the cover tli"oes in â given srÊne. TTre cj-assi:fi.cation

trirr:ced.ures iüåy üoüsist of autonated ûr couipi.rter methods¡ rr
v isuaS- i.nterpretat.i.on lxethods.

The spectral- sigr.ratures nay aLso be ¡:sed irr derì.ving a

set nf universal c.Traracterislics for eacÍr sûver tyÞe. The

universaS- set rarl then be usecl in cJ.assifyinE colrÐr types

¡.rsj.nE data ac*luireri at any ti.lne sr in äny seE¡son" Tåri.s kind

of use og spsctral si-çnatures *soulrì be tire nost ictrea3- Ðne as

it eli.lninates nr at. -l-easÈ nlini$lizes train.i¡lg for crver types

ui.th eacir appl-ication of c].assification procedure:s,

Finalllr¡ th¡e spectral signatures can be anal-y.ued to

determi.ne s'riiich banss Ðror¡ide t!^re trest discrin:ination a$tong

cov€r LyÍ)es" Ànaly-ses of this nature ¡'¡ou}d helË, in
selectj.on oï s$)Êctral- regions or bnnds for consisleration on

f uture aí rborne ûr s¡:aceborne sensÐrs coì-ì-ectinç ren¡otel"y

ser¡sed ¿lat,a "
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3"3.2 Reported Laboratory Spectra a Rocks

Lahoratory' spectra of rocírs and mineral-s serye a Ì.¡.sef ul
purF)Ð5e' Tirey ilefine the extent tû u?tich intrÍnsic spectraL

:ínforn¡tion i-s opti.q!aliy arraiLahle f,ron ninera3.s¿ rocks an.€

soil,s âs a conseguÊnce of, thei-r üo$positions atrri flrndamentaS-

crystal structilre. The l-a!:oratory Ðìeasutre*ents typicarly
g:åace aÍì uFFÐr å-i¡¡rj-t sn x¡irat can .be ac!'lieved in the field
and satellite acquiresl data,

fJÐcat"ise rocks ôre c$rqllosed of assetablages of minerals,"

the Lrasi-c spectraS rinta äre contained in tlte spectra of
i-ndiv.ldual" urineraì.s. Ref,Sectance of rr¡cÀ^s anc mi.nerals in
the rtisi.hle an*l near inf rar€d regÍons of, the sper trum are

ccritrol-3.eci hg electronic transj.tions in transitj.on raetal

ionsi by e-!-ecfron transfer i¡etweesr icns i.n tåte sirorter
vis iL¡ le and ultraviolet *+avelengths { är¡nt ând saJ-ishury,

5.9?8) " "Iron in j.ts tu* nxidatíor¡ states is responsibtr"e f or

the c¡¡l-or o.f mnst rocks and ruinerals in the fiel_d

{F'"a,bcfrevs}ry et q3¿ i9??}. f n the visi.ble and near-inf,rared
regioirs¡ tå-le ¡ilost cowmonly ohserved spectral- f,eâtures in
¡lat,uraLly cscurring materíals atrÊ <jue to the,Ðresence of
Èron ån sor*e f orxr ûr other" Ðr to the presence of çsater or

l¡yriroxyì- groups (Uunt, 19??).

I{unt" sarisbury and t}reir colre,âgues ha've pub.lished

la.bnratory spectfa¡ in tjre visii:Le anC iìeâr inf,rared
regions¡ of conrncnS.y orcr¡lrring minerals and rocks" T,hrese

sL'ectra *¡ith a å;ri.ef, description of t,he samË¡l"es have
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ãppeare{l in a series or art'i.cåes in ti:e Jo¡¡rnal. of f4odern

rJeo3o,qy (iir¡rit e! elr 19?3 ây tç?3 h, 1g?4/ L9?6 ãt ig7S h).
In a recent stuS}¡'o í{¡"¡nt anc Saåishury {lg?B} assesserì the

Landsat t15S h;¡nds fcr ¡ock type d.i.scríruinatíon Ðn tlie basis

of intrinsic informati-on i-n tlieir lat¡orä'Lory spectra.

SpectraS- characteristics r¡f rocks ans the util_.ity of tanosat

banrls t-or broaui rock type discrisllt?ati-on,3re suminariaeci here

based on tire abo¡¡e publ-ications.

l4ost spect,ra]. features in aciriic igneous rnclis oûcur äs

e conseql¡ence of the pres ençe of i-r{)ny irydroxyl arrd water

and csnsequentrr are on]y indirect indÍcators of,

cor*pssitíon' Àcidic rpcks ca¡r he differenti.ate<l .fnom hasic

rocks ils they ref TecT mûre tåran the fuasic rocks. In Larrdsat

i'i5s ban;ls¡ aciriic :rÐc3{s har¡e Ereater uaLues in Band ? than

il¡- Eanri 6; irrhareas basi.c rocks have çreater values in [ìand

i' co*paretl to iianrl 7.

spectraS f eatures cornmonì.y f ound .in basic isneous rock

sE¡ectra are tirose rSue t iron neatr:-.ü ilfß" l.lornallys tirese

features a¡e ç,¡eai* an* hroad' ïÏ"re hasÍc rocks have the

sgtalIest refl.ecti.vÍties of âny rocJçs" llhis is rjue to t.he

3arqe,¡mousrts of Sark rsalic illinerals" Bartj_cL¡LarI_y "qagnetite
anû other rÐaquÐ s¡ineraLs. The *raf,ic roclcs are aLso

characteri¿ed blr tirelr sreater ränüe ef, {,andsat ¡.4ss bar¿d

ratios than f,or âny other rocls types.
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?ile overaLl. retlectivities of, ultrabasic roclcs are

üeneral"!.y greater than for basic .rorksn and in,rteed t.hey

overJ-ap the refS.ecti-¡¡ities of intern:er"liat.e a,n* acirlic roçks,
Ultraha;sic rocks typi-caily sol-ltain relativeifo I j.ttI e opaí.f r.¡e

ilateriaS anil coxìse{uen t,l.y their maf ic nineral s dis- l-ay

proninent spectra-i. features. ?hese rocks produce a uery

.i-arge ¡¡al-ue for t e rat,io of Èrlss 4 to ir'lss 7 becar¡se af. th¿

intensil¡e f errÐus iron f eature nêar L, i) uì-?"

r,{e}r definefl spectraL reatures ärÊ quite {ofirfürn i-n

sediq¡entarSr rock spectra¡ Ðxrept in fllose câsÐs rsleere they

ä[e nasked hy tåre BresÐnce of caråron ceous arateri_a].. The

ferrous i-ron feature o{curs princi.pall-y near l-,t {rfi}¿ ¡¿i¿iLe

the ferrj-c oxÍde prsduces a characterisÈ-i.c f,a3,1_ of'f in
íntensj-t-y tor"*ards the bl.ue bands disc*rnible nean û.5 um an*l

t.iiú ritiì. lioæelrer, ÐvÐr the i,andsat trTSS band È)ass ta.nge,

serSir*entary spectra *o not dj_f,f er sign j_f i_cantn y f ro¡n ti:ose

uf the siIåciic anci Ínternreüi_ate iEneoi-ts rocj{s.

Þ+etamorpl"lic rnck sBec tra ¡SrpicallV displ_a:f øel_1"

resolved f,eat¡¡resy ånd their aï.¡sence i-n¿lica,tes the presence

of consiiierab],e quanti'Lies of rfraqile substances.

ilaution inust be Ðxerüised in extrapo).ating rÊsul" ts
i¡ased on J-aboratory sBect¡al $å€asurements to satelX.ite

acquire'l sata. Tfre pubLisi¡ed laboratory spectra l¿ave been

ai:tained :f rorn i"¡el1 ci¡a.racterized ho¡.rotJenÈrus crusherl mi.ne¡al

and roclc san:p]-es and rneasure*tents åËe *¡ade onJ.y a f,elø

cerrtiu¡eters âHa}¡ f roni. the sampl-es. {'ilålereasy the SISS dala
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âtre ac{¡uired at sâ tef-,?.åte altir-udes tÈrrnuç.h a varÍabl"e

atruospfiere an,c *:ith a noarinal Erourrrtr rescluticr. of abor¿t g0

itt y 8ü nì. Lrecause of these and otlier'lifrerÊnrês, the
qual j.ty of, tà¡e intri,nsíc infor¡¡¡ati cn Breser¿t in the

3-ai;oratory s[]eçtra wj-LI typicaj-l-li ire enolnous.Ly <iegraded i.n
sateL? ite ac*¡ui-reß data o'ver that obtaine{¿ in tire
lab or ato ry.

üare must aLso be taken in ext-nat:o_l"atir¡Ë laboratory
spectraS. *easureiììents to in-sitll f iei d sxeâsur€sìents" Some

of the probT.ems invo.i,ved :in extrapoLat.í.nç l_aboratory spectra
to in-sitl.i fiei.tl spect,ra !:ave recentLy been di.scr¿ssed ¡y
Lor:rçshaæ {l_9?$).

In spi te of the clif f icul ti.es rï¡entione{å¿ lafooratory

spectra do sÐrve äs ä guide to spectral signatures obtai_ned

ilirectåg from the Ì.Tss diçital data. ÀLso¡ ÈexturaÏ_r

çeomorph:ic and r.regetatÍonal ef f,ects7 seconsaril y re.l_ated to

roclc t]¡pes that orclJr j.n the f ietr_dy in $ìany üases cân

produce ef fects ttiat may be &ore u.sef uL f o.r <iiscrimÍ_naf.i-nE

rock types tha¡r ls the intrinsic spectraL Ì:eÌ¡auíour seen in
tha }ahoratory spectra. ün account of these rÐasons."

spectr a] signatur es of coËer type.s have been deriye¿J

ciirect.l-y fro*'r the þiSs 'ji-git.al_ data.
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:i"3.3 Ðerivation of Si.ynatures fro*r Lan¿lsat

Tn tleis st¡-ldl¡ spectral- siçnatures have ?:een derived

directåy fro:n i.anrlsat digit.al data, The T,andsat Cata used

ärÐ stan,larclizeel before rÐffiputing spÐctra3. siçnatures for
cover Èyäes, Tirus the signatures deri.ved essentially
ïepresent true conditions as they exÍst on the grounrã"

in ileriving the spec träi- si-gnatures¿ i t uä$ assulaed

Lhat al-L pixe].s in â s.â{nple area of ä cÐr¡Ðr type are truLy

from t.he desi.gnated cotrer type, That is, each pixe!- in the

entire sa$ple ätrea consj-sts of only onÈ coïer ty'pe" This

ässuñtFltion rflay not be reaì,istic äs each sarTìplÊ area contai-ns

severaL Ði"uel-s anri each påxel- represents ahout 59 x 79 {¡ì Ðrì

th.e grou¡:C. fioøeuer" si-gnaturÈs deri-vefr on tåaj-s basis l*oui.d

be a true representation nf naturel co¡r*itions on tl¡e

Eround"

Spectra]. si.gnatures Ìral.e ï¡een of:tained in four spectral-

l¡ands oÉ the þÌSS. The MSS on tr"andsats i. and 2 acquires

ref,]ectance data i.n :f,our spectral r egions or .bands.

tompari-son of spectraT signatur,Ðs asìong t3re four f:ands may

ElrÐve to be usefuS" j.n i-dentifyinE covÈr types.

Spectra-tr signatures have Jreen derived for nine

dif ferenl cûver types in the stud¡r ârea. ûut o:f these nine

cover t]¡pes¿ seven cover t]¡pes are of, direct interest in
geo3ogical. ¡llapping and tlre other two a.re of, indi¡ect
interest as fhese ta¡o cûver types wi.i.l har¡e to be etri*ri.nated

ii:1



i¡eÍ:*re åuentifyinç rock outcrops. The cover ty.oes

interest in geologicãl_ mapping include dolomite¡
tels ite¡ granite¡ basalty soits and i¡n¡,l1ders, an*l

tr;o col/er tgpes çirich are of indi.rect interes
¡napping incl_ude ça ter¿ ar¡d veqetation.

5?

of direct
sanrlstone¡

sand" The

t .in the

Ser¡erai, saruple áreas have heen establ-:i.shed throughout

the Landsat scene ot the area for each of, the nine cover

types, 'Ihe saarp-le areas trarre been sel"ected baseij rn kno*En

geol-oøY anil ryisuai- identification of couer types Ðn n anrlsat

images' ?he nurober of saruple areas and the l-ocntions of
saqiË)1e atreas for eacÍr rûver type atre not seåectetl at randosl

i¡ut rat,her to represent natural conditions i.n the ãseä" FÐr

examplen sampJ-e areas for diff erenl rock ty,ces l¿ave been

sel-ected in areas of minirnal uegetation cou€r oll outcroÐ

ëlf €â'5.

þ, trarge nusber of samp].es {pixels) have been inctu¿red

f or each cover type to impror¡e the reåi-abiL i-t¡¡ oî. the
spectraj" signat,ure est,i_r*ates" The nu¡nber of indiyíduaL
sa¡npl-es in eactr sample area are not, honever" necessaril.F

equar. ÀLso¡ the nueþer of sample arÐas seLected to
represent each covÊr tyÐe are not equaå. Tiae nl,¡mber of
sampLe areas and th¡e totaL number oÉ- samÈ¡1es usetl in
deriving spectraL signatures for each cover type in the

study area are giuen isr fabte 3.
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?ÀÐLÐ 3. I.IUMâilR OF 5}^'{PLE ÀRÐAS AND Ti]TAL Þ]T'}ifEERüt' sÀMPLils sELf,ûTÐÐ Tt ÐERrv¡l sPÐcTRÅL srGrri"ATURES
f.ÛR CD1¡ER TYPES IN T}íE STUÐY A,REÀ

Cover ?vne
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Ve etation

Soi 1s/BouIders

Sand

Ðolorsite

Sandstnne

6ranite

tsas alt
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ås$p,Åe À.e.eas

2

J

5

?

6

5

ö

6

1t

To tal I{umber
eË äaspåes

fr. f)

I "{.t

ÐA
I ì_'

AJ rJ

L5 /

l_64

118
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SBectral- signatures f,or the cover t3¡pes äre d.eri.ved

separate-ã-y using Landsat diEital data acqui.red on two

diff,erent dates" 'lä'le tr,.¡o aates of dat.a acqa.l.isÍÈíon are 5

Àr.rEust 1975 and 22 June 19?5. ûn the June riate¡ snoq* cover

i*as present in most sf the area and sorae oË the lalces $ere

stilL f.Tozen. The l-ocation of sä,ïrpLe afeas anil the number

pf saatpì"e areäs &iere.deliberate.ly keBt identical on both

dates for conit¡arinq the signatures. The Location of .sampLe

areas for a1l the cover types are s.houn i-n Figure 4.

3.3.4 ÐstablisTtinq Tl¡resiroLd Val.ues

SpectraJ- siEnatures or sofi¡e derived pararneters of tl'¡ese

si-gnatures are used Ín discriminating ãr.*orìg cûver types.

tut off values or th¡estroLrl t¡a[,ues r¿u¡st be establ.ishertr for
the s[iertra]. sågnatures or Èh¡ei-r derii¡ed parar'leters to

represent each cover tyÞÈ in a com[¡uter c]-assif,icat,ion

scheme. If ã cotrrer type has unique thresåroLd va3lles in a

banü or combination of bands¡ then that cover type cän þe

uni-quely discrj.minated f,rom the other rÐwer types, The

procedures r¡.sed in estabi-ishi.ng the threshoLd uaLues are

discussed here"

Spectral signature val.ues froiu eactr sample area af,e

averaEed for each cover type. The räû$e anrl the standa¡'S

d,eviatj-ons are also cotrtputed fro¡¡t the signature valr¡es for
each of ttre sample äf,€âs. Freliminany threshol.d vaLues are

estahåished:for each cower type in each hand }:ased on t.hese

i;ì

I
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üoi¡ipu ta tions "

The abor¡e calculations are repeäted treati.n-q each

sa¡l¡ple ãrea âs oüe tÌeasürement" Ê, second set of prel.iminary

threshotr<l val"ues are tfien estab,l"ishe,l fo¡ the cover t3lgres"

rf thre thireshold r¡a.!.ues i¡'l the second set are signi_.ticantj.y

dilferent from the prêvåousLy establi.sired tL¡reshoj.ds¡ then

the ayerâEe of illese t+¡o sets are used as the finai. set.
Tl:rese final t?rreshoLd va3-u.es hau¿ been used in a hierarcf¡ial
classificatisn scher¡ie for di-scriminating rocå* outcrops anri.

rsck types.

3.3" 5 Contamirration sf SË¡ectral Si:Snatures

It Has assumed that sam6r3.e areas selecte* for rleriring
spectral- s,ignatures frosr Lanrl-sat dat.a {derÊ iroueogeneous or
uncontaninated. Eryen tl"lough t.tris $*r.as an ideal_ized

assr"lmEltionr it is reasonahle in deriwiÐg spectraS si_gnatures

f,or use in cl-assirication of sÐvÐr tlrpes. trt is not¿

iroareverv \/êry corrj¡$on ta find an arÈa ;âs l-arge as a pixeå to
contai.n a homogeneous cgver type¡ especially in rock types.

the natural sur.f ace ot_ the earth i.s co:mBoserl of ¡t

<iiversified ccmbi¡ration of cÐrrer tyÐes. The crryer types ira
a.broad sense incl-ude !ùater, vegetati.on¡ uncoflsolidated

earth ¡nateriaìs¡ anrj consolidated rocks, llnw€atheredy bare

¡ock ü¡aterials are, ho"";ievern infrequelltty exÞosed at the

sil.r f ace,
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The areå samtrleçi by the tandsat $5S is a]:ol¡t. the size
o'Ë a footbalå f,ie"i-c¡ and tå'zr¡s there is an excei-lent

i¡roliabítrÍty tiral srne cûÌrtÐinat,tÐn sf cover types **LLI

inf truence the cetected spectral cl¡ar acleristi-cs of rock

i¿nits in ã F'i-xeL. Ås ân examp3-e, it sandstor¡e an¿ Ereen

vegetation $ere pl'esenf irr equal amÐunts uitlzin a pixel_

ärea, the resuS-tång sÍ?eiltrâI signature wouïd not rese¿uþle

the siqnature fo¡ the vegetation orthe siEnature for
sa¡ldstone. 'Tire combine si.gnature is an åvêra.qÐ af. the

spectra]. signatures for tåre twr coüer tì¡pes in the pi.xel

äfË ä.

?¡ihen rfiorÊ tiran one #ûli¿re.r type i.s .inci_udert øiThi¿l

pixel area, then it is cal_-l_ed ã contamj_nated pixel_.

cor¡ta¡*ination af.fects classíficati.pn of coïêr t,ypes" Tàre

¿'es¡,tl-ts o:f a ctassi.fication sche¡ne are tl¡us based on the

degree of, contarni.natinn an,.r the type of co¡rta¿uinar¿t" Àn

un<iersÈanding of tf¡e ef,f ests cf conta¡*ination on spectnaL

si.gnatures is important in utilizing the classification
resu.lts to uLinos È bene.f Ít' To ÐrÐvide this understanding"

t,he deri.sed spectral- signaÈ.ures are cowbinef, to produce neÉü

siÐnatr"lres for conta¡lii-nated g.rixel-s i_n r¡arious proçrortioßs,

Tåre resulting nekr spectraL rësÈlo{-rses ara assessed relat!. ve

to Tire ori.ginaL s,Ðectral_ såEnatures in ter*s of,

c3 assifi.cation sc.herae res¡;lts"
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trn suntåuary, mettrods erseil in derívinE speçtraL

signatures f,rom La¡rcsat disitaL'¿lata and threshold vaLues

from the rìeri-ve'l:;iqnatures xere described, Use of these

spectral signatL¿res in cåassifyinV co?er types l¡y

establ-ishinq thresilold r¡alues an.d j.n ol:taininE a better
i¡nderstanCing of cÐver tyf,es ideirtif,iecl kias $iscr¿ssed. In
deriiri-ng the spectral signatures¿ it .¡sas assumed that sample

ãreâs seÀected t.ruJ.y represent homogenËous cover conditåons"

tnr¡¡F,utinE exã¡ecte"å spectratr signatures from contamj.aate¿t

pixel-s wes incÀr¡ded üs it *¿as recognized that tþ¡e o".*rr.nru
of Fix*Ls coveri.ng homoçen-eous rock types ås infrequent,
'Ihe intrinsic capaÞiÀÍty of the tr,andsat t4SS !rands in

'li-scri¡sina ti.ng ãrnonçj rscj( types LJas sunçnariced based on

pubi-i-sìrerl l aboratory spec tra of rocks.

3,4 å NEtú CLfì55It-It.qTrtN StHfl¡{g

fi. nesd classi f icalion sche¡ae iras heen der¡eloped to
diË cr i¿ni-na t e rock rlitçrÐps :f,ron o ther cover types. This

classifícati-on schelne ås l¡ased Ðn a hierarch¡r of rover

Lypes" ït is nei-tf¡er a supervised tecirniq¡¿e nor an

n¡nsuperwísed techni.¿äue in the conventj_onal sense of,

auLo¡*ateri c].assiËication metåends" In this section¡
csni/enlioaal- al"¡top:ate¿l cLassification aFF,roaches¡ tt¡e neeC

for å neiøi cåassification sche¡ne,, .anil ti're mechanics of the

prol-rosed cLassification schei¡ie are fiscussed.
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3.4.L åutauiated CLassi.fiçât,ion Àpprcaches

tlassj_ficetion is t|¡e process Ðf j_dentiry!_ng gro,rp.s or

cate,i]or.ie, ¿tþ.ose ¡*e¡nlrers i¡ave certain alzaracteristics in
co;il¡$ÐrÌ. rf this p.rocess is carried out wit*r or is:pl_eaiented

ûn a computer tf¡en i.t is referrerÈ to as an a¿¡toxiated

classi.f,ication ãil'proach, rrieal-1y, tire c-ategories ûr cl_asses

sh<¡ulci be sìtjtualLy exclusive and exllausti_ve. That isn tÍiere
sh.ouLd be rne and onJ.y Ðne class to sirich a gixel_ is
assisned¡ anc aLl pi,xers in the area of int*rest may be so

assiEne,*" ln Þracti-ce, these re1¡ui.re,ments arÊ ciffi-cutt. to
fuåfåL and of ten are not ach:ieved,

Two difterent approacÌres tn auto¡*atp* cLassification of
Landsat data are commonLy used. The c.3-assificati.on can.be

st;pervise<l¡ in -whicla traininE areas are establislied bv the

anaì-yst¡ or urìs{-tpÊrvåsed in uåìrch the }:oun,laries âfe

oþjectir¡ely deterx¡i-ne* fso¿* ä col*puter algorithar to
ilelineate natr.lraj- groups or cSust,ers.

Tn supervised c")-assification¡ eacf¡ traini.ng ârâã¡ wr¿ich

suppose,rlly .is reFlre"sentative of, a specific couer type of
Ínterestv is üeteru¡ine¡i. f ro¡¡¡ e gEÀaü¿ kllor*l-esge¿ i. e.
rsfj-eLd trr¡th{r. Statistics are csãrpu.ted for eact¡ cÐrÍsr class
anil are used in various autopated techniquss to i*entify
sth+r areas u¡ithi-n the tantlsat iruate u¡hj-çh iraye simi1ar
ci:aracteri-sti,cs. ?he i*axirriu$i Sikel ihooii rlecisi-nn rr¡åe

{Nagyr 19?:) i.s one such technique of srrE}ervised

sl ass j.f ication approaci"l"
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ln ¡.lnsuperuised cïassification¡ nû a rlråorå knotuðledge

is assilned" anci tå-ie c J-asses ar& base<i ori the actual
¡el-ations or a seåected siiniåer ity i$eäsúre/ ãÐûng the
leatures. I n such c,Iassif,icnti on scåee¡*es ti¿e number a.f,

classes can be establi-sÉrert by the analyst or7 ,{ro[Ð

objectivËÏlI¡ tþrou{iT¡ the use of an aLgoritîrrn .j.n n¡hi.cia tfie
ciata tfuemseLves are used to sugsest ttr.e number on natural
cate,3oriese tirat is to f ind the nu¡über af clr-lsters { Miesel_r

3-9] 2.). 'rlee f our rliffiensional histoErar* clusterinq { Gol<trerg

anrt SåeÌ_ien,, L976) is orie such tecårn.ique of, unsu{jeryiseri

cLassif icaTi.un a{:p¡oacìr.

3,4"2 i,¡eud for a $te*¡ Ci.assif icatinn Scheme

ciassificatåon procedures silou)-ci inter¡:ret ûr seg¡nent

ån iiriage in terms of *rean.ingf u3. cL asses to ttee anal-yst.
ire.rhaps tlre *¡ost ír*gcrtant and ¡li f f icul t tasi< i.n i-raarye

classi.f i-cati"on is not the applicatíon of the cSassif ication
algorårhra¡ årut tire selectian of <iata çl_asses that adeguatety

tieå i¡ui.t tåre the¡iles of interest to t{"le ana,Ll"st " This

selecti-or¡ is partic¡rLarly {ii.ff,icul-t i.n nappång of rock t¡rpes

because ar t.he inåro*oçeneity ûf, ,qeolo$ic unitso prÐsÊnce of
graçlatiÐnaL þ,ouncrari.es¿ and confusing i.nf3uence of, both

uegetatiue cover and soij. xiantSån{ã"

I¡.¡t<¡xtated c ï assj" fic aLion Ë)rocÊ ¿lures shoulrl al-so be

si*rple and eÍficient. Tl¡ey s{rou.I d be sirnr¡.1-e so th.at the

anaLyst or the geoloçist Çan :f¡råly aÞ.pre¡:iate and compreleend
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lhe crr/e!: type cåosses pres€nted to him" lhe proceclures

nust arso be eff,ic.i.enl so that lhey present. a iriaírLe

alternatis¡e to the aneåyst ÐvÐr conrrentional anaLysis

techniques.

Tire automated cla-ssification ¡rroceriures l:lave i:een

successfu,ì-I5r ap¡-rTieif i¡'l the fi-elds of agricr.rlt¡.ire (peetr

19T5¡ Goodenoul3n" 79'l{}) ar¡,$ land Lise {.{ncierson, LgTúy

ScÈ¡nbert¿ 19?8) " In the f íeld of Eeo3Ðgy,, ctrassif icatíon
routines o in generaì.,' ïlave not heen so sÀiccessfui. {siegel
anrl Abra$s, L 9?6 ) . This i.s primariS-y rjue to si"m j.l_aritl¡ of
the spectraå signatilres o.f ,3Ífferent l"i,tholoSies and

corifusi.ng inf i.nence of vegetative anrtr surf icial couer.

Tìr.ese.oroil.Ie*is are aþsent rr not s{J -oronounced in rernote

sensing studi-es in l-and usê sr agricutturÐ.

,{ stu*1r of sPectral- síSnãtur

unique .Ëou¡-hanC signatures in
:in tire st¡¡ciy re¡lion ( Sec

es shr¡areC tÀ'lat there ðre n0

tl¡e ,)iSS data .for rock types

4.L"3-). to¡¡r¡entÍonal

classif:i-cation proceriures e¡çp1o.f a L ll, the f our hands

Sig$ÅÍ,anÊo_Usåt¡ that is tl¡sy assi-qn equaï weiqhting to aål

the bands. For exaxrpley any siqni-ficar'¡t,fifferences present

äìno{rg- two cl,asses in a band x¡ouåd he counteractes hy any

significant variations aüoügt tl"le sa.¡*e tï,ro c3-asses present in
â secon<i band. Eecause of this siarul. taneous lr5€¿

conventionaL proceilures ruouLcî not norrnally Brcyide usefu.l

resuLts f or ,ffiappi"clg of rack Èypes.
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It'das rilscovered in this studyT that thare rcf,e

ðistlnct patterns ln some bands oE coøbinatlon of bands for
rock types. A nec classification scherûe has been rleueloped

to take aclvantage of the dlstinct patterns present. There

are aitrliÈional anil more practlcal reasons for deuelopLng a

neH classification scheme.

It 1s expensive and cumbersone to collect fteld truth
for traíning each tine a classification is attenpted, rt
sas felt that a set of signatures for general corer types

could be useful for use in classificatlon procedures. If
these signatures are applicable tn different areas, they. cãn

be treated as a data bank of universal signatures. To

facllitate thfs universal applicabilityr the Landsat data

used in ileriving spectral signatures ¡åece standardized. Àny

ner classification- schene developmgnt should fncorporate or

take adyantage of.' the signature bank. that ls the schgne

shoulcl consist of conparing signatures fro¡n a scene ts thsse

in the ilata bank and, assign classes on the basis of the

conparis o lts r

IdenÈification of rock,outcrops should be carriecl cut
prlor to. attenpting rock type classification . llhen rock

outcrops are identified rytth suff iclent;âccllrãtc1r; then rne

can subrlivide the identified outcrop areas into rllfferent
rock type ârêitsr That ls a hlerarchial approach appears to

be thè nost logical for geologÍc mapplng purposes.
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3.4.3 llechanlcs of the propcseC Schene

À hierarchical classffication scheme has been ileveloped

to recognize patterns founil for' rock classes. rn thfs
schener lndividuaI bands anil arithnetic. combination of bands

Eere Êeleçglgglg,enployed to classify cover types. By thts
selectlve proceclure advantage can be taken in dLscrininatlng
cover tÍpes even chen significant úlÍfferences are present

onllr.fn one bancl. In the hierarchyr rock outcrops are first
discriminateil fron all other classes, then the outcrops are
tentaEively separated lnto Fock type classes.

ïn the first step of the hierarchial separation' schsne

rock outcrops and surficial naterials are discrininated fcou
other cover types. these other cover types includeal ¡rater
bodiesT snos anil ice, and vegetation. clouds in the image

rere also elininaÈed in this step. À similar schene has

been previously used to separate vegetated areas fron
non-vegetated areas on Landsat ûata (schubert g! LLt 1976).
À pixel under consideratÍon is classlfieit into one of Èhe

classes by successirely,coaparfng its value to the thresholcl:
values, stored (signature bank) fo_r each of the classes.
lChen a pixeL is assLgned to a classr no further conparisons

are nade for that pÍxel.

lhresholil values in Band 7 Here used in elininatÍng
raterT as rater absorbs strongly in this band.

spe cif i callyT if Band 7 var ue f or the pixel unrler

consideration is less than the threshold yaluer then that
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pixel is classlfiecl as sater. À ratlo of Band ? anrl Band 5

uas usecl to separate vegetatfon¡ as green vcgetation

reflects strongly in Band 7 and absorbs in Band 5. fn

particularr if t.he ratio is greater than the speclfied

thresholrl value then that pixel is classified as vegetation.

For snor and Lcet a thresholcl value in Band 4 tas used.

Ílhen the pixel value in Band 4 is greater than the specifiecl

thresholfl valuer then that. pixel is classlf lerl . as snoc anrl

ice. Clouds reflect strongly in all the four t4SS bandsr but

Bancl 5 appeared to be the nost,conslstent ancl gas used ln

eliminating clouds. Shen the pfxel value in Band 5 ls
greater. than the specifierl threshold value for cloudsT then

the pixel is classified as cloud.

Þihea all the above classes are successively, elimlnated,

then the resainlng pixels belong to rock outctops antl

surficial ¡uaterial. It ¡nust be specified that the thresholrl

values used for each of the classes are uniquer that is no

oYerlap is present. FoE. exâEple, nhen a pixel value in Banrl

7 is less than the thresholcl value specified for tatett no

other class has the sane threshold value. this ffrst step

of the hlerarchlal schene is presented schematically in
Figure 5.

In the seconcl step of the hierarchial schene¡ rock

outcrops and surficial saterials fdentified in the first
step are sub-iliviãerl. Againz the threshold yalues for the

best bands and band combinations for separating the rock
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clãsses hai¡e been se l-ected. rn Èhe present sclleme, there

are tr'¡û cl asses f,or surf icia]- materials ar:ri f,our cl-asses for
co¡rsolidated roc¡rs, The surficiat il¡aterial,s ccnsist of
soi l-s a¡1,3 bou]-de rsy and sânuJ. TfrE ron_$o xå*ated rocå<s are

aoloarite" sandstone¡ grarríte, an,l basaåt.

å pixe3_ Cesit¡naterj as l¡e3"onEinü to rock outcrop or
surfic:Lal ;¡laterial i_s s¡¡bilivided into t*:^o Eroüps. If Èhe

product cf val.¡-ies in Ëand 4 ar¡d ¡Janrl s Ís greater than the
thresho_Lri r¡alue f,or the grouÐ, then tire pixel" is classif ied
as be3 ongi.ng to groårF ri other*qise the pixeJ- belongs to
group lï. Group T consists of sanri anrå sandstonesy grouÞ

rr rÐrrsists of soÈ3,-q an<i boulçìers, rlolonrit*7 basa.rt and

grani t e "

A r¡i-xe} i.¡r grÕup r is ci-assífiertr äs sand when the
prortruct o.f hans,i ,1 anrl ba¡1fl 5 is çireater than the thres.L¡otd

value f,or sand) othsruisB. it is ctassified as san*istÐrue.

Pi.xels i.n ïJrÐup rr arÉ successiuely cåassiË.ier! i_nt,o one

or the other of the f our c3-asses in t:hi.s sroup. First, a

pixer is cLass.i.:fied as soi].s and boul*ers s'¡*ien the r.atio of
äla¡-rd ? to Band s :i-s Ereater than tÀae tiueshol_d yalue _for

soil.s and bcuiders" . hen t,he pro¡lr.lct of, Banri 6 anri Ðanxì 7

of the ?i"xei- is iireater tåran []¡e thresho]d va].ue for
cioloaiite¡ tl¡e¡:l that pixel" is classj_fied as dol.orn.i.te.

Fina].3y alhen Banrj 6 va.I_¡,¡e Ìor the pixet is less than tl¡e
tirreslrold vaLr-re for basatrt,o the pixel_ is classified as

l¡asa.l-ti otjrerçEise it ås classi_f'j_e* as üranite. The sche¡ae
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f or sut¡r1ívi.di.nE rocl{ outcrÐps and surf iciai_ materiaås is
shtr'tåi i-n Figure 6.

Tn sufi?.aâr!'¿ a lreåü cl assif i-cati sn scheme has been

iieveiopetl .f,or uiiscr.ineinating rock or¡tcrops Ër.om ottrer cover
tytles anrÌ for separatinG outcro[¡s ide nti fi.eil j.nto sock
tgpes" Tilis cl-assi-fícation scireil¡e is base'l on a hierarchy
of ctver tYpes ;*rhi.cii are irlentified by cû*ìparinE grixetr

va"l-¡-res to standard thresho?¡j val"ues. The need f or a neb¡

cLassif.ication sshep;le anrì the ¡*echanács ot the proposed

scheme å-ier e al-so giuen in tåris section f,oLLo*ed by an

o¡."lt1ine of tJ:e autor¡ated c-!-assification a_opron{:hes.

3 " 5 tfii'J1îüå'i IÍ,It lTÃFS å'Rilt{ Ti:tE i"{SS ÐilTÀ

To be use.{uï ín ma.ç¡;inç¿ resuåTs f,rom any

cl-assification scire¡'r¡e ¡uust be ri.isptayed precj.seì.y in a ãîap

.fÐtrr*. the cons¡enüi.onal inappiieg apùroach is to use a

I:rûjectíon rf t.he earth's fíEure s¡:c.ïr äs tire $niyersaS
Transverse È"{ersator {iJfM} prûjectj.ol"r. Ðata obtained blr the
¡'iss subsysteer sontai¡r errors j.n tire geÐ$ìstrlr and, äs a

resuLt, canr:ot directì.y hoe dåsplaved in a star¡dard

i¡rojecti.on. TTris secLi.on dicusses briefLy tfie distortíons
Ërresent ivr tire ì'iSS i.lata¡ procedures used !.n çorr€rti-ng tt¿e:¡¡¿

a¡rr.'i varåor¡s xretho*s of, pror3uci.nç rhlexrati.c w.aps f non thie

data,

( ,..:,....,r-
l ,::: ,:i-.ti::i:

i.. '.:
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3"5"1 lieorÌìetric Ði.stort,ions anci tCIrrections

Geometric dislortions are ässociate# 'r,¡ith the ¡4SS

suirsyster:ly the sl:acecraft anf, its cri:j-ty arrrS the earth-s
surface. 'Ihe <åistortions assocÍated',ê7ittrì the t*isS är€ aspect

natiov inirror scan nonrinearityy FexsI¡Ðctive çeometry and

panûra'nic d.istortion. Tåre tìistortions related to the
La¡ldsat spacecraft and the or.t¡i.t are the pl.at.f,orÌr¡ altitude¿
attituçåe and veXscity. The scene depenrlent distortions are

tl:le ea¡th-s curvature ançl rotaÈiÐn.

The geometric distortions resui-t in a non-conforaratr

pro jecti.on anú a 'lif f,erent scaì e in rlif,f erent 'lirect.ions"
The prÐjection related úi.storti.ons års correcteri by

.r.egistering tire data to the TJ'rÌ.i gri;i systeal; t.l.le sca.tre

reiate<i errotrs ärÐ correcteil f¡y resatiiË)3ång t,he ilata i¡sÍng

cuiric rÐnvol-uti.sn.

The approach f or ruakinç proJec t.j.on related crrrections
consists of råef ining an a f f ine transf,orEnation an<l then
t.ransf ormíirg tt¡e uncorrected image to the îJT;q4 prclection
using this trans for*¡a-ti.on (shl.ien¡ L g?g ) . lhe af.f ine
transfor¡uation is Een€rätec betr,*een ground control_ points
e.xtnacterl manuaÀ]-y froxt the uncorrecte,J iffiage and the
corresponiling uTFl coordinates. rhe proceduraL details of,

this cotrrection are çiven in å..opendíx A,

-.ì.:: : ti

!,,1'.
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Tfue scale rirstortj.r:¡ls are csrrecte¡l V resar¡:rpling usi¡¡g

ct.ti-¡ic convol¡-ttior¡, Cilbíc convol¿¡tion is ôn interpolation
atetlrod anrl- has the etf,ect of proviuing a snl*other 'Iooking

ir¡age. þlhen the i*¡age daTe âre reçi.sterec tù â particuLar

i¡ìaii ür grir¡¡ a one-f,or-o¡re match rloes not rccur and it
f:ecoates neressary to r{f i-?r i-n ttre bLank spaüesrt, l¡lhen this
ocsLrrsrr it i,s nÊcessary Lo take neighi:oring points and

interpolate to get a hest estia¿ate for ti¡e *rissing values.

cubic convotrution is $ne oÈ t.he trrest techn-{.gues for fåndi-ns

such v'arues" rn thi-s stuciy data val-ues ðre coåI-ected at Fü

m spacing.

3.5"t M.ethods üser,Ì ir¡ üenerating l{aps

'To be useful in e¡aË ånE ûr for usÊ i,n the f i_eld,

thematic lfiaps generated froar a classificatio¡r schene æust be

,Cispl-ayed tn a hard rûpy" Severaå rìiffenent ¡nethods of
obtaininç har$ üop.!' products are availa,bre. Tf¡e ¡aetSlorls

sonsj-qlered in pro';luc.ing rÌiaps for thj-s study irecL¡¡de maps

f rom Iine printersr hars cÐpy coarçruter terxri.nals, continuous

str ip f ilm recorrlerT and ¡:hotograÂ:hj_ng a coLor monj.tor

,"1i s pJ- ay "

i:i,1.:

iri'i
::l'..iì

ii .ir:-:..:. i'+
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3,5"2"1- t ine pririter $äps

l,1aprs cân be prorluced inexpensivel.y ûn a co*rputer

prirrt-out at a suítabl-e scal_e. In t,he l¡roposed

ctrassificatisn scÍzene, i;ixels âre grgupes i,nto one of
seyera]. cLasses ûr cate'Jori_es. å11- pixel- locati.ons that
ådùre 13roLåpecl toçietårer in orìÊ cåass are assj.qneri a unique

sy*boì- iñ Broducin.ü the coiuputer prínt-üut.

T¡\e computer print-out.

'i'he ? i.ne printer prj"nts

iror i-e<lutaL Cirecti-on an.d six
uertical" rrirectir¡n. Thi.s

results i.n an un*c¡uaì. scale

{:sp Êc t r a tio er rÐ r câ}"r¿

printing one pixel in eyery

five, tiapg prorSuced on the

pixei. courblnation ¿*ii3- !:ave

pixel- size i-s 5CI E.r x 5S Á!r

is ¿rrodr-lce* rn a line {¡rinter.
ten characters to än ir¡ch in the

characters t.o an inch i.n ttre

discrepancy i-n t.ee asBect ratio
0n the $ìaps produced, This

hoio¡eyer, ' 'ae coffFensated for by

thEee "a*d one ?. ine in every

3"ine printer wi.tia this l-ine anrå

.å scaLe of, 1:613" ijtü uhen the

Tire L ine printers üan accor¿r*orlate a n¡axi.mun¿ o.Ë 132

cä"laracters Fer l-ine. TÐ faciLi.tate co¿reri-nE.Larger ätreas in
a singLe run of the Ilroçrafiì, provJ,sron ås made i.n the

so.f tr¡are lo pnint u,p to â maximum of three ¡i*ertj.e aI st¡ips.
tfhese vertical st.rips are Brintec¡ sucìr that ti¡ey can be

co;¡thi$ed a.f ter ç,ri¡rtíng to prov.içe a contiçuous ísâpr



3. 5. 2., 2 l.Ìa¡¡s f rotal a j:ard copy terl¡ii na l

I'ia s ran a3_so he pro<luced

tire tecÞni-que *escribed rxith

af ciraracters printed per.line
typ€ o f computer ter.'.:t.j_nal "

sof t**are to \Íaty tire nr¿mber of
str ip "
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orr a ha¡d ctÞy teræinaL usi.ng

the line pri.nte.r. The r¡ur¿ber

varies depenliing ¿rpon the

Provision is a¡ade i.n ttre

characters ¿:rinted arrÐss ã

This method of, prorlucing maps is parti.cr¡l-arIy su.itat¡Ie
for obtai.ning $aps quii.r,i{ly at å location âer;Ìy from the unain

coirputÐr faciTíties" üoüt.puter ter*rinals can be connected to
â mâån f;rali¡e cûr*Pr¡ter usual l-y through teI epf¡one L ines and

the ri¡Êps ì?êneratect rnay N¡e transinitteri to ttre harrl ûoÐy

tÐirninals "

3.5,2.3 PhotoEraFI¡inç d coLor nonj-tor <ii_snÏ_av

Results o,bt.ained from the proi.ioser.i c-lassificatíon
sche¡ae can he disBla5'ed on a colsr *onitor end then the
disp-Lay can he pÏ¡otograpl¡etå to ¡rroduce rääps. Tn this rnethod

s:f producing raêps¡ alL pixels helon$ing to a spec.i.f.íc crass

atre assiEned a unir;ue co-Lor ûÐ tire clis6ilay. The scaLe of
the inaps Produce{å by this l¡iethod can be uarie{: either on the
¡ltoniÈcr ítspIf otr Iatter .by enl_ar in$ th,e photogräBhic

Broduct. The Ì"{u}tis{¡ectraL Ana}yzer Ði_splay {å"iÀÐ) color
a¡onit*r at tl¡e ctlìs has been used f or t!:e ijisBlay in this
me t h.od.
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The ,l,iÄÐ system crïìsists of a clispåay unit witl¡ thrree

¡:araI1e3- imaqe ûrocessors {orre tor each color Eiln) anr-l an

internaå refresl'l ,lisc fro,m which data are continauLty reread
tCI refresh the coror æonitor {Goorìenou'gh eÈ a}_¡ 1gT3). îire
data for each of the processors.fiust L¡e in tåre range of.'å -
6;1 (six bit data) " The ¡.j.ûÐ unÍt is attached to the ct{¿s

irllP-1fi time sh.arinE systeríì. Soft*Eare Has develo.oed during
thís stuily to el!-sptag ärëas classi.fj,etl orì t,he color monítor.
The soft*are deve.Ioped for this i.s versatiLe and a ûolap.¡.ete

desc:ri-pti-on of the iiif.fenent opti.ons availa,bLe is Eiven ín
Åpp endix il .

The display on the coj_on moni.tor rd;as L.:hotograç¡hed usinq
rr 35 srm camera s¡ith i"ü$ Àsrt ¡TodacoxCIr rr fi.l*¡. the film was

processed by ä -l_oca} co¡nu¡ercial processi.nç Ëaci.tÍty.
Fhotograpiiic prints rdere obtainexl at Èire reqr.låred

enl-arqe*ent for use ãs $åpsr

Tjnfortunatellrr Lirj_s p¿etirc¿1 of pirotograFhing a col"or

¡-uonitor lntroduces geouletricaL di.storti-on on thre maps due to
the curved surf ace of t,he monito.r, coilsequentJ.yy ti¡e ñìaps

prpduced cannot be userj for preci.se $ìapping,

These æâps arÊr ho**every suitab.le f,or e¡se in tire fieLd
and f,or evalilating results obtained froar classification
sche¡nes. Íhe sther disadvantaEes o-f this method inc,Lude

inconsistencies due tn Sif,f,erent exposure tiines, and

ilon-reFeataf:ility ot co3_srs rn ÐhotoçraÞhic products,

å.ortunaTeLy¡ there is another aiethod of niakÍnÇ harri co,pies



froar the dåsgrlay

.lescribec Ðext.

the ¡i AD rsorri tor .
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Th is me tho<l is

ons are

Ífiäps.

houevery

cost of,

$0. g5

foo.t for

()n

3.5,2.4 ùiêÞs f,ro¡* üontin¡.¡ous Str j-p Fi.l-w ilecorder

tonti.nuÐïr.s StrÍp þ-iå*r Recor¿ier tCSFn) at t?re CCRS Ídäs

also ¡¡serl i.n thi-s study to produce riìaË)s frorn the ¡dAÐ

di.splat¡. The csFR prodl¡ces 2t cär :uside color negatirre cf any

åeng'th' iln tt"le CSFR"' t.h¡e scanning rate ( line reBeat Ëactor)
an,:l tl:e filn speed can be controil-es1 Í¡rdi¡¡iduati_y to produce

the desired scalÐ ûil the negatives.

rn protluci.ng the neuativsEy r.ine:repeat factor of fiye
and f-i.?,m speeC of, t '4? ctit ,uãs usËcå. i+li th this cosi|¡|nation¿

the neEatiues ilre prsduced at a scal-e of l- ¡ L2Sn tû0 ç¡'å¡e¡r the
pixeå size Í-s 5ü rn by 5l] ütr pì:otographic enl_arge*ents af.

tl-rese nÐü'3tj.ves can l:e rnace to proiiucÊ ãrã:ps at arày scal-e.

The å)rocecåurat details of obtainin._g the fsFR proclucts are

üiven i¡r Appendix A.

ft shoul_d he strssed that no ,Jeoi{ìetric distorti
introduced b5. tfue CSI+ft .i¡i prortrucing tlee

Represent.ation of col-or*'' nn t.f:le tSF prÐdurts isr
not as good as it is on tì-re $TÂÐ coì-or .qonitor. Tl¡e

niaking hard copies using the f SF¡i is not Éxflensívei

Ber foot for i.:roduc,ing nesratíves anil Sl",2E per
pri ¡iti"nç.
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ï.¡l sum.:liary/ Lanrlsat rtata imi;Lici.tåy conlain certain
Eer¡ine r-rícal- cÌ.stortion.s. These *iata are not suitabSe f.sr
precise theteatic t?appiiìç un3. ess the ciaÈa are çeouretrical j_y

cûr recte* anc reqi stereri to a standarrl i8ap Frû jectisn. TÌre

l"iSS ¿tata useri in ti¡.is stu*try Í{è[e g*ouetrica]-1y correctetl and

re"Jistered lo the UTì4 #rid systera. llrûcedures effipl-o3¡ed i.n

tÌre cr)rtrection anr! re-Ëistration ÞrÐcess îsere tlescribed.
various har¡.i cÐpy Lue<ii.a¡ such âs the cont_inuo¡-¡s strip F.i_ tæ

Reso¡der¡ rìalr be used for Ë¡roducing tÏ-lematic $äps f rors ttle
geoxl€trical3-r¡ cprrecteil tlata. ivlethocs used f or F-¡roducing

theIgatic nÌ;eps {dere al-so ¿iesc¡ibeil in this sectior}.

ii:l
;;l ì
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4 " i SPEC'TRÀ[, STç#,qTUiÎES

llesults froi:r studáes of spectra]_ si.qnatures derived
frr:¡n Lan*sat rlata ãre presented in tjþis section" Tire

stt*ctral siçnatures of cover types ima,ged on 5 fiugr-lst LgTE

and ?2 .june L9?5 arÊ presente<å and t?aen compare<f , F.inaåLyr

ti:le eff,ect of contaminatio¡'¡. or inhonoEeneities rn rock

s¡:ectral sign.atures dr¡e to tì"le presenre of stl¡er rock types
an+l veE+tation ãri? presented.

4,L.1- Spectral_ Sigr-latures of Cover Types

Spectra.L sígnatures oË nine {Ìnffere¡¡t rotrer types ia
the studÎ scelàe have been derived froru slanrlarf,ized f.andsat

Elata. ?ìrese spectraå signatures have Ìreen obtaine* in aLl
four rySS banifs. fhe rovÐr tlrpes ã_n the study scene incl_udefl

rwatery vegetation¡ sanci¡ so.j-.1-s/-bouL"derso riolomite" graniter
felsi,te.' basaSt and sa¡rljstone..

sever aL sam{¡L e ar eas have been es tah l ished f or eac}:l

so'uer tyr¡e in th* study srene. The nu*¡ber af sampì.es areas

al-on$ l'¡ith tÌ'le totaL r¡unber of sa:ng> ïes {pixets) r¡sed .in

der ivi.ng spec'tral. siEnatures of cÐ{rer types is given i-n

TabSe 3. The spÊrtral si.Enatures otr the íntensities in
uníts of di.ç'ital_ nu¡xf¡ers j.n a3l- .fs¡.år bands are pLotted

seÞaratel-y fo r eacr¡ ¿:over ty.pe. The sar*ple atreÐ nu¿nber

IirIrl'..,..
I :'... "

'rr.. :.;:
ir',.. 

"..,.i.'.,:: . ,,t' ,
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{ corr*sponds Èn jocations shot*rr izl Fig. 4} and the nu¡uber

af. samples *iritiiir-l tl'le sanpl-e a.rea are arso sho;xn on tiae

sÐef tral, trl-ots. Í'or easll saarnl_e area/ the $ean, the

stan*ard. deuiationr and the ranüe afiiûng ti"¡e samptr_es are

shsiuu¡r on these æ1ots"

spectrar intensiti.es for sainple areas of lçater åsaaged

Ðn 5 Àugu.st L9?5 äre st¡owr¡ in r-i-qure 7. rr*ro saniple arêas

cnntaininç a tc ta]. of si.xty sar:*p les have been r¿sed to
rei!resent water bodies ån the s turiy scene, f he spectral
lrands in tire orcler of, increasi-ng i.ntenså tåes are Band 7 r
Ða¡rd s, &aild 5r aniå Êand 4 respectively. tïhe spertrat
.intensities ranqÉ Ëron 1þ to ?J -j.n Eand qþ fro:n g tp j-Z j_n

ilanc 5i f,rom I to L5 in Ean*l bl an'iå froer s to 12 in frand

7 . ?*re sarrip re areås are spectra"l-:ì.y så*ii l-ar Èo ûne anottrer

in al-I the four *:ands as indicateri b¡" Èhe u¡riforn¡íty of
i.¡rtensi-ties. ¡iâter has the i-owest i.ntensit.ies in alå tå¡e

bands a*long the rÐIretr types cÐnsiriereri, Figr¡re 7 also

reiterate;s tåre fact tt"laü æater aå¡sorjrs strongly in Ðan,l '1-.

spectrar intenslti-es for sa*lp].e ãreâs of vegetation
ineage*l on 5 ,tugr-lst L9?5 ãre strown in Figure B. seven sa*p3_e

areas containj-ng a tota.L of l-33. sa¿.ìrpLes llave been use'.i to
represent l¡eEetation l¡r the studjr scÈrie. The sÐectral_ hands

in ti¡re orrler of increasing intensities are pand S, Ean.d 4,

Ba¡i's 6, an¡l Ban'l "l respectir¡e?-y. The spectra,tr intensit.ies
railg€ froæ 23 Lo 35 in tland 4l {rom l"g to 31 in Ðar¡cl b;

f,rom 45 to ?8 in üand sF and Ërom SL to si in Band 7. rn

l:..:.:,
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NUlvlBER OF SAI4PLES

2

SAI4PLE AREA NU|TBER

FIG. 7. Spectral intensíties fot
areas of waËer ímaged on 5 AugusË
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areas of vegeËatíon imaged on 5 August' 1975'
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Santl S treçietateri ar€as }lavo tlie l-oa:est Í¡rtensåÈies arúonE atI
ürJver types tonsidereil e>tcl-udin{j }t,3ter irodies" !{orÊovÐr,r

¡te'Jetat*¡ú areâs irave tne hiEhest i.¡rtens-i ties ån Eandr 'î amÐng

aïl- tì-¡e coyer l_rr¡;es {onsidereC. Tire yariaLions arlong s.aiupl_e

$reas are .larger i.¡r sar¡ds 6 anr.¡ ? than they are in the other
bands" Tj'lese ohserr¡ations are consistent ,affiÐnç a"LL the

s€vÊn saixçrtre aIeaß. veríetation ¡:ef trects stronü].1¿ in Bands 6

anxl ? {refLect.ir¡e in:frared) anri t}re intensity is
Ë¡rÐportional to the wiçor of the veget*tion. The larger
uariations o!¡serr¡ed in i¡an$s 6 and ? are reiaÌecl to the

variatiorus in Èhe r¡i'gor of tire verSetatioiì ìrmong the sampì-e

areas. f t is al-so seen tl¡at ueget.ati on aþsorbs strongly in

iJand 5 {visj.i:l-e red),

Spectral intensities for sanipS_e areas of, sand íma¡JerJ on

5 åuçu,st L9?5 ârB shor*n 5-n ìi'igure g" Tç:o sampLe areäs

cpntaining a t*¡taï of 33 sä¡ltil¡Les årave been t¡seú t,a repl'esent

sanc_l in the study scêne. T'he spectral trands in ttie orrie.r of

increasinü intensities;lrÊ Band 4¡ Ban¡j 5t Tìan<i ?.r and Band

ó respettiTJeLy. Tåre spefrtral_ j-ntesrsities in the sample

areas ra:nge fron SL to 4? j.n Band 4t f rof.Il 27 to 5t in llan*

5i from 31 to ?ù in Ban¡l bi and fro¡¡r 19 to 58 Êa¡:id 7" The

devi.ation aritong sa*rples within sainptre årea nus,ber 1 is I arEe

and iniiicates j.niron;oEerleities ç.rithil the atea. sanc areâs

have hi$lìer intens-i.ties in all four i¡an*s ti:an any rock

outcrops or surficial materials exarsined ÐHceÞt those for
ilo l- o¡u i Les .
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FIG. 9. Spectral intensÍties for sample areas
of sand ímaged on SAugust 1975.
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S¿:ectral intensiti-es for sâ{ni}1È ¡reas a.t spils,/bo¡.¡åders

itiaged on 5 Åu,Just 19?5 arë shoç¿n i,n FÍEure LÐ. F"ive sairipi.e

ãreas containing a total oÍ 7 {: saqìples irava i:ee n used to

r€iirÊsent ;îoii-sy'houåders i¡: the study scËne. The spectraS.

bands j.n tfie ûrder of increasínç intensíties äre ilar¡.J S¡

iland 4t ìlanrJ 7 r anti Ban¿i 6 resÐectiveSy" The spectral
intensities in tlie sawple areas Eançe from 2ro to 3g in Sand

4i fro¡¡r 27 to 31- in Sand 5i f,rom 47 to 59 ín ijand 6i anit

f ro¡* 43 to 5i- i¡l Bând T. Trl so.iïs/boerlders ârêâs¿ the rãnge

sf i.nte¡rsitåes oÈrserueri in eacår ban*i j-s:reraari<ably ]-oH.

This observatir.rn i.s espÐ€ialty noticeabS-e in santi 5 r,*h¡ere a

uaåere oË 2'1 is recortle<i fcr $orr than 50 saspl-es, The five
sa¡uple areås atre spectrai-}y siurilar in all- fou.r þanrfs as

inriicated by tiee unif orr*iÈy of the íntensitiÊs.

Spectrel- intensitie-c f,or ;sômÞ3.e areas of ,Soj_oxi:ite

í¡¿aqed on 5 AuEu,st 19?5 a.re sho**n ln Fi.gure X1. Síx sa;u¡rle

.â,rÊas coataining â totaT Ðf 132 sa¡npåes have heen *¡sed to
represent doLc¡*ites j.n the study sceÐe. The spectral

intensities in ttrre sar*p3-e äreas ranfJÊ from 31 to 4T j_n Ðand

4¡ fnoirl 2-l to 47 in .Ðand 5J frCIlr¡ 4? to bñ :in üarul 6ç an*n

f :ro.m 41 to 62 in lland "l " The intensities ir¡ lSar¡ri 4 are

aÐproxi*ately equa3. to the intensities observed in Ban,3 5.

Al-soy the intensÍtj-es in ,Band 6 ere si.mi.lar t.o ttlose

ol¡serse'å in tlanri ?. TÌris spectraì- charasteri.stic ls present

oÐXy for Coåomíte a¡reas anri j_s a,hsent for ai_,1_ the other

cÐver types stuCíe<i. Ånc tirer unique spectrai charac ter j_stic

obse¡veil is thnt the intensities in a.T.I for¡r spectraì. banils
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äre þigher for ¿lolonites tiran the other co'rrer tlrp*s¡ except

f or veçetãtiûÌr in ßanrÌ 6, and Band 7. 'fþ-e sareple ãrêâs¡ in
general¡ are spectrall.y siæi].ar ês iadi-cateri by the

u.niforarity at inte¡¡sities. ilariatj_on in intensities a¿¡tonq

sam;:les a*j.thin sainple area nu¡nber 4 is larger, particularLy
ín üa¡lds 4 an*¡ 5t nelative to the oth*r ãreâs" ThÍs

silg{üests i.nhovuogeneiti.es *Eithin this sa:n¡:Ie area, probabl_y

*iue to tf¡e pres€nce of iã c{ifferent coyer type tçitirin thj.s

â.1 êâ.

;Spectral intensities for saæpLe areäs of granite ímaged

ûn 5.åuç¡r.lst l-9?5 are shortn in F"igure 12" ilicht saarpl.e areas

containiniT ;ä tota? of i1ü sam¡:åes haye heen used to

represent qranites i-n the stu#y srene" 'fi'le spectral þands

in the order of Íncreasi.ng intensi.ties are $and 5¿ Ëanrtr 4y

;Sand 7, and jjan# rr respectiyeLl¡, Tl-le spec tra!. intensities
ränge f¡:op.l 2'.1 Èo 35 in Banrå 4i f,1o 23 tn 51 in Band Si

fro;i: 3ç to rr2 in Ëand ûì anrl fro¡a 35 to rB in Ðand 'l . The

saatple äreas årÐ sg:ectraål_¡r si.u¡ilar in Banrtr 4 and tsand 5 as

ín$icatecl hy the uniforniity of the intensj-tj-es in ttrese tç¡o

bands. târge aariatåons affiong sam¡ii-e arÊas ãr€ present i.n

;iand $ and Ëand ? ¡ohicil inrlicate that tire sa¡ilple areas are

not qa¡ite unj-forlir in these t¡*o t¡and.s. S-i-nce t.he 'liff-erefires
occur ma in-Lg in tand 6 and 7, it suggests t,he

iniroulognneíties,Hay be due to ttre Fresence or- Elifte.rent

vegetati.ve canopies amonql the sawple areas, Another point
to be rioteil "i.s the large vari.ations i-li intensitj-es o{ ÍÌand 6

an;l 7 Þ{it.hin sanp}.e Éìreas 4 and 6. Ttris again sirggilsts

ì: .''
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prtnÐ!-lncÊ'3 inhorrogen€ûus conditions
,*dithin these tl*o sampåe arËas.

lrÊqetation present

5,oêütraå intei'rsities for sall¡pl-e areas ùt fetsite.i*reged
û$ 5 Âtrgus L tE'15 ãrë shoç'¡n in Fi?ure 13, F-our sasrpl_e areas

containinq a total of Ll.9 safirl:].ss Ìiave been used to

represent felsites j.¡r the study scene. ?tre spec lral hands

in the order of. increasínq intensitåes ai'e Lrantl 5, Ðand 4,

ilancl 7t anii ßan'å 6 resi¡ecti¡rely. TT¡e spectral i.ntensities
ranqe from 27 to 35 in flanrl 4t fron 23 to 35 ín ancl s, f,rom

3''Ì to 5g in ßanql 6þ and fEom 35 to Ul" in äand V. ?{-¡e

sa*lpLe,äreas are sFectraS.Iy si,¡lli_Lar in a3,l f,o¡¿r .bands as

i nni.sate¡-J hy the uni.f orrui ty of i.ntensi. ti. es ailìong the sattp le
årêäs' The v'ar iatiorr in intensi-ties ín Eand Lr anrl Ðanrl 7

.f or sampl.e arÈa. rrumi¡er ? is larger relatixe tn the other

areâs, l'Tlis .iri* j.cates the :presenr€ of an i_nhoruoçeneity

i+ithin this sain¡rLe õrëâ, flecause tåiis larqe -r¡*ariatiorr ås

present on3-y in tanils ú anri ?, it ìTÂay sutrJÊst t.ire presence

r¡f cÐnsiuerabtre \¡'eËiëtatísn siÈirin this samgrle area.

Spectral" intensåties ror sa¡nple areas o.f basa.i.t iruaqed

Ðn 5 ,Au'ãust l-975 are silo*;¡n in f i.gule :-4" six sampl-e areðs

containi.nç å tota.l of fi2 sampl.es have l¡een userl to reÞresent

basalts j"n ti¡e stuüy scerìe" The sÐÊctral ban,Ìs in t.he or.der

of increesinE Íntensities are Ðand 5¡ Ðand 4/ Ðand ? and

Sanri 6 res¿¡ectinely. 'fhe spÊctral intensj.ties ränqe f,rom 27

Èo 35 in Band 4¡ fron i.9 ro 3i. in Ëìan* 5; rro.n 35 to 5g in
ðan* 6i anc fron 2'? to 47 in $anfl T, TTre sarypì,e areas are

t¡¡
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sL)Êctrâ1.i-y sírailar irl a.Ii. Èhe four han*s äs inaíicate*1 bir the
uniforalÍ-ty o.f .intensitie.: arnonü the sa¿uple äreas.

Speutral" intensi,ties ior sarrple areas of, sa¡rclstones

icìaEed on 5 åugl,lst L9?5 are shor¿¡r in Figure 15" liive sa¡nn.l,e

arËas coiltaini¡rr{ a total of 3.64 saril¡}_es åraye b*en userl to
represent, sanrSstone;s in the stardy scene. The spectraå bands

.in the order of Íncreasi.nE i¡rtensities are fiand S, Ëanri. 4,
tlantì 'l , and Ban* 6 respectiveLy" ?'he s5lectral- intensities
range fror¡ -31 to 43 lin Band 4, from ?7 to 39 in tsan¿l s¡
from 35 to 54 in Ðand b' and f :roin 27 to 4? in ßand r.
tar',le uari-ations in.sand 6 an,Í Ban$ ? interisiti_es Ðc{:ür

afiDng sap,lÐLe ôreas o f sanr:J.stone:;. Tl¡e sar,lple âreas âtÊ¡

iroxever¡ spe*tra)--],y s.i.i*i-å.ar in Ðantis 4 an'.* E as åndicated by

the unif ornity ni intensi Li.es in these tå,iro bands, Tîle

inten;sitÍes in these twn hands arÊ hi_qher for sandstones

than the intensi ties f,o.r tire other roeje types consicened

except f,o r Co 1r¡*ites.

r¡r su¡¡¡ri:aryy tþe _çilectraj_ intensities ärÈ the loç.¡est j.n

lian.l 5 anç1 the higirest in Band 6 f,er a.J-1" tire cry€r types

consídered " .{xeFtions to thi.s statersent occxår .rsitår txater

ar¡.d veçÈtationí intensj.ties in Banu T a e tÍre Losest for
çater þocies an* intensíties i.n Banri ? are slightly higher
than the intensities in iiand 6 for vegetation, Hoæever, the
rìifferÊnres a$Ðnü the hands arÐ rfiffere¡¡t for *ifferent
c0ver types.

j_r.:1,!f,1.L1¿r:i-:J.,jit::.:r:"i!ti:tt_i,.1ú::.¿Ly,'.,i:ii ::¡:;t:,{.Lj.:¡,1\:ì
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The distri.bution çf spectral intensities äfiìsng ban<is

for cover t,lrpes iæagerl on 5;åugust l-g?5 i,s shoa;n in Figure
16 to point out the r"ìiffeÐences a{fiÐnE tå.ie banils. ?he

spectral intensity j.n diqital n¡.rm_bers j.s plotterl on ttre
aÏ:sci.ssa and apptíes to alr th.e for¡r.b;lnds. The coîrer types
are sh.o{".;i-¡ one above tfie otÌ:er for eBse o:f coãìÐerison. ¡yJater

,is not repf,Ðsented i¡ this f iqure as intensi t j,es f or ,,.dater

bodies are verlr -l-o* rel-atiye to the oti¡er cover Lypes. In
ench banrl¡ tTre :ü€an and range of Íntensiti-es arÐ shos¡n, If,i

c0¡nputing tÈre rfrêan,r a¡rrj. tl¡e range¡, eacl-r indivi_duaL samp-tr-e

arsä h¡as treatec as one ¡$eâsurÐfrì€trìt. ?hese spectral
intei-rsi-ties are nssu*ie,i tn reprssent ttxe coyÐr types in the
stu-{y scene i_n the fo3 j-o¡,,¡ing discussions"

A. comparison of, spÐctrai- intensj.ties ifl eaciì band a¡ïÐng

correr tTpes shoro:s that ce¡:tain spectral- Þatterns ,Jo exist
fo.r cover types. S¡:ectnal:inteasåties of cÐüer types in tiie
sample areas iiuager.i on 5 Alrçl-lst ig75 ãre shoun in Fi.gure j_?"

trn tsanti 4s the couer types i_n tl-le order of increasing
intensitíes ãre veüet,ation¿ basaltr soits,lboulders, ËeIsite,
granite, sandstone¡ $oro;nite, and sand respectively"
Silt¡i"lar oriÌer Ðr pattern exísts al.so for intensiti.es in Sar¡d

5 amonE the coi/er types" rn anrÍ 6i t¡re ûover types in tÏ¡e

orcer of increasinç intensities ärè basalt, sandstone"

f elsi t.en Eranite,¡ soi.1/boe.iJ.rÍer¡ dotr omite¿ santl, and

t'eçetation. xn ìla¡r¡l 7, the cÐver types i¡r the oriler of
i.nsreasíng intensities are sandstone¡ feI-siteu basa}ty

Eranite, soiLs/hou3..*ers7 clolr¡rnite¡ äfld uegetati_on. Fiouleuer,
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'uh,en intensity ranEÊs ãrÊ exan:inec t ovellapping intensities
elo ûrçur affiong sûiÞe cotrêt types. Ågain¿ *;ater is not
rÐilresented in Figure i?" llhe spectral- intensi.ties observed

for aater are ver]¡ J.aa tn ai-L ban.is and no overåap exists
¡"¡ith ãny of the other coi/er types.

spectral si-griatures have also i:een oå:taÍnecå *+ith

Landsat clata acEuire,S on 22 *lune 1g?s f,roltl tlte sarne

iosations {Fi, 4) as t}"rose usetl ,,sittr 5 Àugust Lg?S data"
Tire resul-ts and discussíons on spectrn.l signatures presented

so far hane þeen based nn ,åata obtaineri on r Aug¡¡st Lg75.

similar Þatturns Trave er.'lerged fros¡ #ata cottecteri on zz Ju.ne

L9?5" lt ¿¡¡r-tst åre em¡;hasized, ar- tìii.s times that the data
used wetrê st¿ndardized on boilr date;s, Fûr coi¡iparison
pttrp0sê;sr sçrectra!_ intensities of cÐïÊr typ.es for tl¿e saeu6rle

arêLìs i-maçec.i Ðn 22 Ju*e I7TS anci 5 Àuçiust l"g?5 are shoun in
iri.gure I,d" fixceËt f CIr *linor råiff erencËs ín åiands 6 and .1,

tlie j-¡rte¡rsi-ties obtained ar-ê very si.¡¡lí].ar Ðn þoth the dates.
'fhe di.ff,ereilces ûre Ðrohably due to t,äle presÐücË of lisirt,
sriûÞJ {:oì,'er on the gfound on ?2 Ja¡ne l_g?S"

rïl surumary¿ spectraì- sirgnatures o:i nine dif f,erent coyer
types have heen examined on tç¡s'lifËerent dates. Spectral
intensities i-n atl_ i:a¡rds âre not çon¡silete?y unarrrbigì.rolls

afiìong cover types. Íioerever¡ rxistinct patterns exist for aLL

ctvêr Èypesy but the rii-st!,nctions ars t'ery;subtle amonq rock
Èyp es,
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!f:2

4"1"2 Ilireslìc3-{1 lia3-r-les f,or Tderitifi_cation

Tiirestrolri rralues íïave heen establisi-rec¿ t-¡asec¿ o¡l ti:e
s'pectca,l síçnatures (sec. 4.1.1) deter.*lined, ior each cover

type incl,uderj in t&i.s stu*l¡r. Thresliolrf values f,or a cover

t.ype consist of âr¡ upErer or ä loøer }_inity or both in a

g.iven band or a cort¡bination of i:anris. TilresiroLd yatrues Írave

been estahlished ts facil_i.tate t|re l¡est irossj_bLe

{ii.scriilínation a:àrong tfre cry€r types. T}¡e order in wl¡i.ctl

the vanj-ous cÐj¡er type"s are separated piays a sJ.gn:íficant

roL e i-n oht.aining accurate separa tion ín tìre pro[¡osed

cLassification schesie. rn this sectioll, the thresho!.d

va-l-ues estal:rj.she,å -for eacii #sver type i,¡ith reasons for
se-l-ecti-ng ¿ iran"4 or a ccrubinat j_on of banrìs äre pîese nted.

Àn upper thresl'¡old valup of ?{) in Lìand ? intensÍty ãsr;rs

used in di-scríminating r¿ater b,sdies from aIl otller cÐver
'Lypes, 'lhat is.n eyÐry píxe1 l¡)rose intensi ty taL j_s helosr

tåris threshol'l vatr*.le i-s ctassi{jed as l,¡ater. finLy r*ater

bo<tries have such 3-or.o; inten-cities in Ëanrr 7 ã,s sho*n in
F iüures ? ans 3.7. ?his thresåiolrl var.ue has aåso been

successfr¿l_j,y use$ Ðrevious.ly fon identj_fying water bo¿åíes

( flhagaråaruu*li el aå¡ L9?g).

å J oæer threskro Lrl cral_ìle of 1ü0

¿¡seql in rlj.scri¡ninati.nE cLcuds.

pi.xel- j.n i?and 5 Ís çreater tteair j.û

classifi.ed ås cLoud. It ßãs found

a p revious stur.Èy { Scl'¡¡¿t¡ert et a}n

in Fand 5 intensi-ty was

ådhen thre intensity of a

*, tiien that f,nixeL j-s

durínç t-T'ris study anci in
L9TT) that onnv clouds



kri-¡-3. tlrÐduce si.ich l'r:igh intensties in Fanf, 5,

å lcq'ser tiiresiroLd val-ue of.5E in iland 4 intensity äsas

u*;ed in discri*iinati-¡lE sno*¡/ ice f rom o tiier cover types.
Th.at is every pixeJ- *,^hose intensj-ty in Ðanii .? f al_l s above

tliis threshotrd ctalue is classified as sno¡*,/ice. Soine cl.ouds

:*ay also satisfv ti¡ís thres{:o.}ci con*trition. For tTri_s reäson

i.t i.s necessarlr to separate clouds prior to separat.írrg

snsw/ ice .

À tårleshola value of z,ü for the ratio of the
intensities in Ðand ''l to $and 5 MBs r¡ses in <tri.scrirninating

Ìr'egetation .frcm tire .re¿xaining Ëover types" I'or vegetation¡
thre spêctra3- i-nt ensi ties are higiier in í]anij ? and .Lo*¿er j.n

Ðard 5 tìran t.l¡e otfier cover typesi cûnsequ€ntly a J.arger

¡:atio value çouLd be expected fo¡ veçetati,on. Þjä-len the
raf io vaåue ior ä pixeS j-s greater tha¡r 2.çr then fhat påxeï

is cl-assi f ied as t/eget.ation" SÞeËtra"l_ inten_si_ties in Bands

5 and ? f,or veEetatíon rel"ati:re to oti.rer ,r:Ðver types are

sho:"ln in Fig¡.rre Lg. Jì, Line representing tl-te ratj.o value of
2. {} ís a.ì-so slr.oçsri on tiris p}ot. Ratios of veEetation saæ¡rre

åreäs faLL a*rove the }.ine ans ratios :for Lhe other cÐver

ti¡L:es f aå-I bel o¡,rr tire l?.ine. Fiüure Lg shor,ss that u*EetatJ_on

can Ìre u¡rjquel.y d.iscrimj.nated fro$ tÈ-le other co¡¡er t]¡pes

using à threshol,d val,ue of 2.s for tåre ratio of Ðans ,l to

i:and 5 intensities"

;::::.- ",1,.;li-:::t+::;:.ì.:,:;:-.:';,:1.;...,'..;.iil.,.::'j:i:.:i.,.,j:)1i,

1n?
LI¿ 'J

ir:i: .fli.l..l
l::,
l:ii' ::
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I lt!.

p, ti-lreshold ¡val-ue of 1E5t for ilre prûdlrct of the
intensities in Ðands 4 and 5 btâ,ß useri in ,iiscriminating sand

.f,roru the l'ep¿aj.ni.ng ro\re¡: types. "à pixel_ is classif,ied as

sa¡¡d lThen ti-re prnduct is üreäter then tjiis thres?aolïcj vaj.ue.
Sfectra] irrtensitåes i¡r ijand.s 4 anC 5 for sanrl relatiye to
other rovetr tÞ'pes ar€ shown in F"içur e zü. fi curye
r eü)rÈsentínç t?"le threslioåd value of i,s7û ¡.rsed i¡r
iiiscriminating "sanli is aj.ss shoarn ûn this pì,ot" ff is noted
tfrat," aLå rûver types have loruerrea.3.u*s f.ot the prÐduct

comparerl to ti:at of sarrd, This s$loss tfrat sand car¡ be

¡.inique"x.y císcriminated froai sther cÐrsr ty$es usi.n.g firis
thresholo value of; l55ti f or the l¡ro*uct o.f the intensÍties
iyr ßands 4 ant! E.

A Thres¡\oi.fl va3-ue o-f, zgûü f,or the pro¡ìr¡ct of tsands {)

anti T interasiÈÈes !Ètas usei:i i-n discriminati-n,"'; doi.omi-tes f,ro¡n

other Ëûver types. A pixe)- is cLassif;iec{ ãs rio.l-oslite ¿¿hell

ti'le Þrod¡-rct of, tire i¡rtensiLies in iian#s b ena ? is çrreater
than the threshoi.El qa3ue. SBec tra]- j.ntensj.tåes in Ëanrìs 6

a*d 7 f,or riol,oaiite relative to otå-ler colrer types arê shorun

in Figure 2t. A curr¡e re[]resenti.ng a value of ls*t for the
p.roduct of these t+-ro f:ands is also sho*¡r¡ on this pi_ot. ?he

Broclucts for ai,ï the cûver types except dnlotnites faLtr beLo**

the curue. TÐat is cìolomites can i;e ¡lisc¡i¡l¡i-¡rsteci froul the
reuaining cÐver types using the thresholrt of zgcrÐ for tiie
Eroduct of iirtensi ti_es in Ban,Cs ô an*i T.

li';r:'
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A threshold valuË Ðn !"44 for the rntio of tåre

intensities in Sanrl ? to tsand 5 i.j;rs r¿sed irr ciiscrimii:atinE
sai:l'Cstçnes frors the re,mainielg rover tynes" À pixel is
class i.f i-eql as san'lstone uehe¡-l tire ratio is åess than tf¡an

l!rj-s threshold r¡alue. spectraJ. íntensities in Ðands s an 7

for sanri.stone re-l-atiire Ëo other cove¡ types äre shorsn ín

"G'igure 2i. À Tirre representinE t?re ratic of j_.44 is also
sho*.¡n on tliis i;}ot " l'he ratios f nr atL cÐyer types except

-f,or sandstone faLl ahose tlae Line. That is the threshoLd

val-ue of L .44 for the rðtio of Ba¡rd ? to Ðand 5 i_ntensiti es

can be used i-n discn:í¡riinating sandstones froar the other
cÐver tyË¡es.

å tþresholc v.alue of t.'17 for the ratio of ttre

intens.iti.es i¡r Band ? to Fan<l 5 rras use,,l i-n iåiscri¡*inatinE
soi l.s/boulr.¡ers f ro¡rr i¡ranites and *rasalts. "A pixel- is
c 3 assif, ied äs so il sy'þoutr,3e rs wtien the rat io is higher than

this t'i:lreshol"cl value. spectraÅ inte¡is.itj-es in ßanús 5 and 7

Es.r ;5ûåLs,/hoUåders rej.ative Lo other rovêr types are sho¡*rn

Ín !-i qure ?3. A ine r*presenting the ra.tio walue of, L.77

is a}so sho*¿n on tiris prot. lntensities of basal t an¿l

granite sar:rples fa3]. above the tirreså:loj_rl l.ine, iioweri.er¡ it
sho¡.rl-d l:e pointett out that there is soile conf¡*lsisn bet*¿een

granites and soiLs,/boulrì*rs ilsi-nE tï"ri.s th.resliol d valr-re of
i,?T fsr tire ratio of ãand 7 to Ean,j 5 j_ntensities. ilir
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À tt¡resìroId c¡aåue of 4{s

r¿iscr ii¡¡inating þa.salt froi¿l

i¡asaLt p:f¡en the inteasi-tv
otìrerMj-se Eranite, T*L tl

intensi-ties than þasal- ts, T

the si,v saffip Le ar eas of

Eränitè sajìTp1Ð âreås.

3,1t

i¡r Ëan<i 6 inte,nsity atas used in
granites. A píxel classified as

in ;3and o is 3ess tilan 4b;

Ban* 5t üranites rïaue tr.igher

t sboulrl be pointeri out üne of
b asal. ts å:ias s iä¡i tar val ues to

saxepie

occr"rpied

spec tr aL

tþpe of,

of botfl

the¡r tl¡e

çån be

ar¡¡inan t.

ï¡a :Jurìrffiarg¡ inlliui#.uat threshol.d yalues 'dere

estabtrished for aLi. tÐvetr tlrpes consi.¿lered i¡r tÅrís sturSy.

AveraEe sÐectral intensities in s sinE]-e band or an

aritlinetic cornbi¡ration of, *-¡ands ri,¡etre sel-ecterå in
estaf:"Lishi¡¡$ the threshor.c ualues, Tliis selection a1],owe13

the best prssiirS-e discrífiination affiong cower t3rçres in sa*pl-e

¿ìreas" These thresïrsld vaålles arÐ storeil in ä signature
bank anc'l âre used üs stan*ards by thre autonaated

cl,assif,åcat'ion scheme i-n prorlucing the¡rrati-c ì$aps.

4.1-,3 üontaninatic¡r sf fi.ocír Spectra.! Sifnaiures

SpectraS. intensj_ty of a coyer tylle fron a

(pixel) a¡ea cha*ges urhen a portisn of, the ,a:rÐia is
l¡y ançtller cÐvÐr type. The change or the res¿¡trtinü

inLerrsity d*penrls oru tå:¡e pronortion ancl tF¿e

co¡rtaminãnt. rf; we knofi trie sgrectrar intensit.ies
t,he original an,å the f,üntaåïinant covÐE tt¡Fes¿

expected spectrai intensity of Lhe saæl¡l_e area

co¡riFuted Ëor any given proE)Ðrtion of the sont



üoae've r the spectraå intensities of the or$_çi_naI- and

conta:*inant rûr/ër types arÊ usual}y not knor*n¡ since t¡\e
sainí:ì.e arÊa is conta*i ated. Flrrther y .since b¿e are
consi¿lerinü the smallest sample äreâs {pixeLs) pcssibS.e r,¡itþ.

th.e Lanilsat systeu:" li:e pIoportiol.r at the contarninant within
tl¡e sample area is also unknor¿n. lloidever, üen€raT.izations
can be n¡ade from avÐraUe spectral inte¿rsi-ties of homogeneous

t or tsÐure!') cover types.

fonta*ination oå rock spectral siqnatr¡res ilue to other
rock tyg¡es or v€getation is CiscussetÈ i¡l this section. The

rock types cons iil ered are doromites¡ å:as al ts¡ granitesy an,å

sandston€5. Fel.sites are not inclu*led in this,Ciscussi.on as

thej.r "qpectraå sígnaÈl,¿¡es resembl_e close'ty tîlose of
çranJ.te;s. rn the foLlouinE discl¡ssioi:1,, for s.i¡nrr]_ici-ty¡ onl-y

onÊ coiltaminant is cûnsidered" íio#euer¡ the ideas do extesd
to nal-l.tipl. e cr¡ntar¡ i_r¡an t,s.

Àve.raçe spectraS. inte¡rsi_ties of, the f*:ur dj.fferent rock
l1t¡:es an,j veËeÈatlon are si¿oun in Figure ?4" As pointertr out
in the ¡rreirious sÊrtion,¡ tlre sÐeçtral bar¡ds j.n ilre prder o.f

increasinü' intens ities f,or tårese crver types as.e Bancl S,

Ðand 4, ìland 6, anii Ðand ? respectively, fixceirtions to thi_s

are that rre'rle tati-oi-¡ i:as irio;her intens i_ties in Band ? than in
iiand 6¡ and ciolos¡Ítes l¡ave eçua} intensÍties in both Ðand 6

anri iì an'-l ? . An observation reüardinE ttee spectral_

interisities of rocJ< ty¡res Ís that dols:*ites iiave the hiEårest

i¡rtensities of any of tire rock types consirtered in ai,_l_ f,our
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.bar¡ds, Anotl:er oþservation tn be "rroltrterr out is t,hat

besaåts have tire i-oues t intensi- ties az. the rock types

cc¡nsi¿Ìered ín atr Lhe f our bands. 'tT¡e er;cepticn t.o tFrj-s

stateãàênt is that sandstones þ.ave sl.i-ghtly Ioa,¿er intensities
i¡t Eanri ? ttian basal ts.

{,-fianges çi¡i¡ic}r ¡r¡ou}it ocrur j_n t.tre avefaçe spectraL
Íntensitj-es (Frq. 24) of the four rock tSrpes are caJ"culate¡_t

assuniinç orìe of the three .re*ai_ning ¡ock tyFes ûr vegetatisn
ãts the contaminant. These changes ärÐ cor*puterl f,or the
presence at i.0* ared 4ût of ccntaminant uíthin the samp.J_e

a.trea. irhen t?re change is positivey the spectraT intensity
of tire rsck tyBe wo¿rT'c be increased ês a res¡¡rt o:È the
cnntami¡rati-on; tl-le spÈctra3. intensitlr x+oerlrl he reducer] when

the cleange i.s rìeg.âtive" Tlae snectr¿L intens:i_ty o.f tåre

contar,linated sampåe (pixe.l_) area can b* ca.lculated in anl¡

*and using tþe fol-to*eing simpLe fora.¡¡.rla:

fc = Iä {l_ T.j) + t

g,¡hef eI

Ti'r the spÊctral intensi.ty oË tire contamj.nated sainple

aï eö

the âreräEe spectraj" intens.ity of t,.he irol*oEeneous

rock type

tåre rlroportion or cont.amiriaÈi_o¡r {CI,:" or ü.q)
the change {ruositil¡e rtr negatj-ve) in intensity.for

Ili=

t .l'.:..:

i,r,,i',,,:1:¡!.

Èf



t1Fl-l.J

prûÞortion iÌ sllo¡¿n on the ilpprûÞriate plot.

cha¡lËes i-n tke average spectraS. intensities of,

rloi-o¿i¡ites due tn contatzrinati.on f roæ o lher cûver types âr€
sho+in in Ðigure 25. Since *olomítes Traue higt¡er intensit.i-es
in a31 bands tiran äny of- the conlaniinants¿ al-l tlle changes

are neüõtive except due to veEetati.on in tsands ô and 7.
That .ís ¿shen a rlCIlo,nzire sample area contains any of the
othen rock types x¿i t]:ín th.e sampLe âr-êÊ7 the resuL ti.ng
spectral- intensitj.es a.rj.Lt

dol-oiriite arêa.

be l-o'*er tirän for an otherruÈ.se

changes in Lhe averäÐë spectral. intensitåes of basatrts

riue to contauination f,ron¡ other cover typos á.re shou¡n in
îàs-ure 2s- rn ûenera-T, lhese crlançes år€ positíve. T,he

onlir neçativ€ changes are due to yegetation in tand 4, Ba,n€

5r and due to sandstone in Ðand ?" b or t¡asa.l_t areas Larger
changes Ðscur riue to the containination +f dal-o¡nites or
ves*e'Latåon. ln otîier xords" hasalts arÐ sBectralTy quite
11í f ferent f ro*l vegetation and riolamites,

changes ir¡ the average spect:ral intensÍties of Eranites
uue to conta¡aínation f non other co'rer types arË sho sn in
FiEure 27 " I¡r gan$ 4t spectraL intensi ty of Era¡.lites
increases nue to tTre Ðtresenre of doto¡nites or sandstones and

¡iecreases cìue to the Ðresence of T,"asa.l-ts rr veEetaÌion; the
satììe changes ocrur in the spectraå j_ntensj.ty of gand 5. Xn

üat¡ds 4r anc ?" t.he intensi-ties increase due to the presence
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tf <1ol-o;nites arìd yegÊtaticn and #ecf,€õse ,-ì,ue to tfl€ presence

øf. basants arl'3 sandstone.

chanûes i¡l tåre auerage spÐrtraL i¡¡tensities of
sanf,stone-s riue tu contaæinatio¡r fro* other {over types are
sÌ"¡o*ln in iriç¡¡re 28. rn ijands 4 snc 5r ilre spect,ral.

intensi'ties of san{¡stcries increäse due to the,presencÐ of
¡loio¡ai.tes an*j decrease ¿lue to ti¡e iJresence of, basalts¡
granj.tesz oF vegetation. rn Ðancl ro, and irrtensi-ty decreases

if tire contn¡ni.nant is basaltr otÈrerç¿ise the inlensity ûf the

saruple ãrea inctreases. rn ãand ?, ito,rrevern sandstones have

the Toa¡est sirectral intensit iesî corisequÈntlv the presÊnce

of ETìy of the contamin¡nats increases the interisitli.

rn sr-rmmary¿ ciranges expecterl in the ayerage spectral-
intensiti.es o"l r c.í< types rìue to contenli"nation froll¡ a

*ii{ferenL rt¡ck type rr veÐ'etation ådere computed. rn these
coiìiputñti_orrs" the contami-nant h¡as assumed to co!rer Lü8, and

4*+' of tùie area r¡f an othera¡ise honogeneous sampåe. à¡lhen

the conta",¡¡Ínant. occirpies onl_.y Lü% of the sanrple area, tÍ:re

changes ðr€¡ in generaå¿ sv:aIl enough lo maintain rock tyFe

separaticn" iio**evern *¡it?:. 4D* contaniinationy rock tyÐe

se¡:¿¡atisn i.s iiifficult,in p,.lost casÈsi
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4.2 ¡ìBL^å{ üUTCrùP I üäi;TT IC.fiTIß},í

I?ock outctop;s Þrere ic?enti.fieil using vísuai- anal_ysis and

cütåiputer classificati.on sche¡xe rleveloped :jn tå.lis,str-rdy,

riaps shor"¡ing the rlj.stribution of rock or¿tcrÐps harre been

prepare'3 tor t*uo i¡ltensir¡e stud.y arÊ.ås {f i-q.. 3). Landsat

date äcitrrriretl on 5 :Ir¡gust ¿g?s and 22 .lune i.g?s ådere used in
the irtranti f ic¿tion ol- rock rutcro¡>s" Rss¡.¡tr ts o'i:tained on

roclc outcrop irier¡tification äre presenteü änd discusserj in
this section, Resr¡lts of yj_sual_ anaLS,sís âre discussed

f irst fo1Tol*erg b3r a $iscussion of, results ohtnined f,rom ilre
co¡¡touter netiro$s.

4,'¿.l- tfisual .ånalSnsis

I/isuaå anaï}¿sis of diEitall,y e¡rhance,c Landsat ímages

iias been used in tt'le identi.f.i.cation of rock outcroÈ¡s, ?he

proteriure ¡.rsed irr Xrrodl-rcinç the e¡rhanced irnages lqtäs

describe$ in rletaiì in Section 3,i-.3, The enhanceú inrages

are presenteü årere as sit¡¡ula teii coi-ç¡ infrare'3 i-*iages using
Ðarrd 4t 3la¡'ld 5v and [iand 7 respective].y :for tl¿e i:l-ue¿ f,r€êr{¿

and reci colors" Tr¡e color representatj.on of the vario¡¡s
coïÐ.r types Ðn the ,li"gitall-y eniranced ímages *râs Eiven in
Tal¡3e ?- Rock outcrops l-lave þeen icentif,ied usinE t.tre coJ_or

a¡rd tliç contextura]- i.nformation pre^sent rlri the enåranced

j-maçes. This inethodoluEy of visual- anaåvsis has ï:een

outl-ine,l earlier i.¡r Secticr¡ i.l_.
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i'la¡rs shoxíng the distr:.bution o f ¿ocJ": outcroê¡s have

heen Ðreparec usinç visual analysis. ?i¡ese ¡ãaps idere

coi¡¡pared *.;itå-¡ aeråa.l- photoçrapirs and knor,;n geoJ_oüy. Rock

orrtcrop i$aps har¡e heen prepare,J for tNo intensive st.u"Jy

âreãs the l'4,ouse kiver arÐa anrl tÌie ûoppermine Èìir¡er ârêâ¡

4.2,1"L í,1Ðrise üit'er .area

Ti¡e err.Ê:anceo inage çf. Lancisal data aci¡uired orr S .¡l¡.rl¿ust

L975 over the Ì4ouse River areà is shoun in Fi.gure zg. Àn

aeriaï pl:otagrap.ti of tiii.s ärea is sþro¿*n ín FiEure gü f,or

çûurpêrison ¡¿i.th the erehranced iæ.lage" ün t'þ¿e htack an, ¡¡hite
;¡eriaL Ðhotograph¡ rock outcrops àppe,år .ín l_iEhter tones

compared to other couer types. [Jn the en]rancetl i_lr¡a,ge rock

orttcro¡rs appeär in ìri-ue to l¡lui,sh ürêen colnr*s, iìocIç

expûsu.re is ahundant in the nrea âs sÊerì o¡ì t.ire aerial
,pirotoErã[]]:Ì an,3 on the enhapce'3 i¡nage. Tn <ieBictinç rock

outcrup âxêäs.r tfie corresp''ondence ?reÈr¿eeil ttre aeriaL
phctoüraph ancl tire enhanced inrage i-s aLmost Ðne to ûfte.

l"Tost o.f tl¡e nortÌ'lern part of this i¡ltensir¡e sturllr area

is covered w.i- th roclr outc:ro¡rs " rf¡ese f,ock ¿rutcrops appear

in tv¡o 'Sistinct spec [ra]" uili-ts of, blue ancì htrui*ï¡ green in
coi.or. The roclç outcrops a.re sl:ectraïl]¡ separab_le f,ro¡n

other cÐvÈr tyBes such as ue'3et.ation and +¡ater hodies in the

ârBâ' llì-le souther* i:ortion af. the ârea i-s rilai-nIy covered

¡,¡ íth glecial drirt. ,ln lhe enirar¡ced i*agey the ririf t areàs

,erÐ se€n as v.egetation *s.nich is i-dentif ied by shades of res
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co10r " Ti'le r.irÍf,t ãrsas thus

the drifl consists r¡ainly of

slrp¡)ort vegetation +xcÐËtL *,¡hen

boui. C ers.

Locations of rock outcrops obtai-ne,l f,ro¿n visual
anaåysis agree r¿ell- uith krror*;n l.ocation--e at outcrops. f,lap

sTrs¡¡ing roc$r sr-¡tcrops ÐreFàred fro¿¡l visual annSysis of ilre
eniranced i*aãe Ð\/er the Hou_se .Riiretr area is -qiven in nigure
31" ' 'Ëeneraliae.4 Eeoåogicaï ¡iiêp of tire þiouse F'=i.ver area

sh.o¡*íng knor¡n locations çf. rock outcrops is qiven i_n FÍ.gure

32' The Locati-ons of rock or;tcrops sho*,¡n on ttris geological

nûap ?Jere obtained fto¡Tr pr¡bl-j.s*red geclogical råìäpÉ¡r f,.ietcl

nllteso and aer i.al photor¡railhs 
"

Tfie enhanae¿i im¿.qe of Lanci"sat data ecquirerl ûn ZZ June

1??5 orër tåee l4ouse N?.iver area is shorun in .tigure 3J, &lost

of, tire l¡later hodies in the areä ¿dêre :fro.z en" sno¡¡ tras

present Ðn sornÐ of the vegetated and rock Ðutcr:op areas

identif¿e.4 pre.u*j.Ðusl-y usinç the ,{ata acr¡uirecl ín August,

snur¿ and ise coueretl areås ;jppÊâr iir *shite caåor on the

enhance,l ímaçe' -'Tn t.he snrår free ãr€c1s¡ covÐr types nn June

¡.iate apËieår in ror*Barahie col-ors to tfiose Ðn the Àugust

image, irs a resul-t¡ ruclt outcrnps Ín the s$Ðlii fsee areas

krerÊ irient,i.f,ied consistentiy using yisuaS anaj.-vsi s of the
enhance '{ i¡ilaüe acql.¡ ir e,j j_n 

"lune .

ïir s!1ftfiìarlr./ rocjr outcroBs in
i<lentifierl accrlråtely þI. vÍsual

iiuaçies" ftack outcroÉs an$ other

co$¡parable colnrs on the eilhanced

ttre ii{ouse Riven ãrea à?ere

anal-ysis oå the enhanced

coYer t:¡Fes åppear in
i.*raqes acqüired .in .]¡¡ne
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:

1?A

änd in .[u.qust" t].acial- <irif t ãreas sh.os¡n on ttrc çeneralized
gesloEical" :aäp r,rere covere* nraj-nly u.it¡:¡ r¡eEetation.

4.?,i,2 Copper¡r:ine aiver area

'l'lre eniiancerf i¡neqe of Landsat Cata âcquired on 5 AuçJust

1975 over tlie Coppe raline Fir¡er ared :i.s shoøn ín Fi qrire 34.

Jin aerÍä.i- pårotograph of th.is areä .i-s siioun j,n Fig¡.¿re 35 for
coiuparison ¡cith tù¡e enhancei: i-rcage, iltrì the hl-ack an*Ì tshåte

aeriaJ. phìrtDüraphy roc.k otrtcrÐps aLlpeär in l-iEhter tones

neLative to ot*er çrvêx ty6res¡ hut not as proaninently as

ti"ley dirl Ðn the aerial" phot,ogrôph of ti-le,llouse RÍver är€ä,

ün the enhance<l i.¡¡iage rock outcrop arËås are distinctly
separaL¡l-e by tîie ir spectra L characteris t ics. In the

Cox¡perr*ine RivÈr å¡:€B¡ ti;e enhar¡se¿i i-liraqe is ;superior to the

aBriaI photoçraph -{or identif,l¡ing rocl.ç oa-¡tcrnÐs. Iloc}r

Èxpsgç¡¿ is ahunela¡rt i.n the Co{:perurine RIver arÈä as seen on

tl-le aeríal ,uhotoçrapii and on the entrance<tr ímage.

Tire J.ocations af rock out,crops obtained jll¡ visual-

analysis ägree r,veT-å mitå: kno¡sn Locations" ltJãF of rock

outcrops derived f ra¡p" visual anai,l¡sis of the enìlanced image

ûver Lhe toirper¡r:ine iliver a,rea is shor"*n i¡:l Fi$ure 36.

Ëeneral-ized geolor;ical ffia,p sho,rsing knoun locations of rock

rutcro.irs Í.n üopper¡*ine ììiger areã is giyen in ilÍgure 3?,

The locations of, rock outcnops shtldn ûÐ tlee .qeo.l-ogicaS- mä.p

åder Ê o.btained f rom pi..tblisheel EeÐL ogica-i. iltã.Þ*¡ f ieLd no tes¡

and nerial piratngraphs,
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The enhancêd image of Landsat data arquired on zz June

L975 ol'ei tå'le topperuiine R-i.ver flrea is EìloÞ.in in f.igure 38.

i'los t of ti:e r-rater l,;ociies in th^e area å¡ere f rozen as seen on

the Jur¡e i.tiaçe. Sllo'd i' as Ðresent in s¡Ji*e af ti¿e vegetated

and rock rrutcrop arêðs i'Seatified prerri_ously using ttre <jata

acç¡uired in August" ün t?re enha¡rced i*age¡ snrrrü an¡1 ice
coi,oereri areãs r¡rerÊ indeniiÍi-ec easil-y by their white color
¿rnri absence of siiado*,¡s, Tn th"e snÐI'J free åraBST conÈr tlrpes

on the "T¡.rne data rspt)ëär in comparabl-e col-ors to Those on ti-te

.Àugtlst åxlaqe, Rock outcro¡:s in Èhe snù&J f,ree areas treEê

thus identifieri accurate3"y anri consistently usi-nç visuaT

anaì,ysis of the enÀ¡anced imaüe acquireei in JL¡ÍìÈ,

ln susìürarlr/ rock outcrops in the coppersni-ne lÍver area

åÂretre irientifieci a#ruratel-y by visual analysis ot the

enl¡allced Land*qat i¡i¡açes. ¡iock oüLcrops as ',øell as other
cÐ¡Ier types 3tr¡pear in coetparable colors on tåee enita¡¡ced

imaçes acquire¡l in June anrl ín Àugllst. ülac 1al drif t areâs

in ttee üûF,Ërermine Ríver ärea i,i,ere idÐntified mai_n1y as

veüetetion orå th.e enhanced l-andsat images, Tlie enl¡anced

LanCsat i.:ltaçe .is f ar sup.erÍ_or to the aeråaï" Ë:hotoûraph for
irlen'lificaTinn or rocle outcno5rs in t.þe fopFernine lìiver
aI'ea.
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124

*å" 2.2 toi*pr-*ter Analysis

Focic orltcrops lqrêrê Ídentifi_e¿l using the comperter

a:"ralysis sysÈem deve 3-o2>ea in this stu*y, RocTç outcroÐs uere

discriminate'lì flrm ail oIher cover types usinE tå:e

híerarchicar classificatå<¡n scherne oÍ th.e analysis system.

i'iaps silol,:i¡iE th.e Xocatians of rocfu o¡_stcrÐps haye been

Prepare from tanclsat rlata acqr-lire* oir talo çli.fferent dates.

lhese ffiaps ffere cÐ,npared ¡,¡ith the .lnck o¡¡tcrop nåÞs prepared

by visual. analysis of enhanced in:a+ery, r,çi th aeri.aL

ÞhotoEraphs" and r*it.h icno'*;n loca,Lions of rcck or.r,tcrops,

UsinE tl¡e comnuter analysås systeny iî:r¿ìps s?roçiing rock

outcrops haye ì:.'¡een prodr.rcecì Ín thie tr*o intensive study areas

the i"iouse F.iver ärea and the CÐ:ppermine Riuer area.

ii.2.2"L þlouse liiver ärea

The rock outcrog) ffiaË.) prçduce<l from corapr¡ter anaJ.ysis of
Landsat *ata acr¡uirerl on 5 åugust :.9?5 over The l,louse River

area is sho+:n in Irigure 39, #onparison af t.l:iis map *rai.ilr t.he

ffiaP (Fie. 31) protlr-lced by visuaL anal-.ysis shoa'¡s that rock

outcrops are i.dentif,j-ed accurateLy bi¿ the coruputer ana]_ysis

systeiu ifor coßpari-son purä¡oses, Ðverlays of tåre rÌ:aÐs ldere

prepared) ' rnrÌee<l¡ the agreeß?ent .bet**ee¡r t.fre two Jnaps is
al-uost one to oÞe i¡l i¡reas af rock outcrops. coarparísnn of
this rnäp lsitir ihe aeriaL photogra,nh (Fíq. 3t) sãto*¡s firatr
i-n generaJ-¡ the ].i.Eìrter tone arÈas iare identifiecj as rock

outcrops .by the coaiputer anatr5rsis s1¡ste$., Comparison of th¡e
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ftra!) åúith the enhanced åmage reveaås that bãue to b!.t¡ish

Ereen âreas ûn the i;aage are identifie¡f âs roclc outcrops.

rhe com'i:uter ana?-ysis sysT-en has also irlentified uaTer

hodies anri vegetat-e,J areas accurateì"y,

Tr proviiie a iìteäsltre of quantitati_r¡s accuracy of the

s.l-assi-{ication sche¡lley trn¡o typiral åreas oE roÐj{ outcrops

have l¡een exa¡xinerl i"n ',ietail. These tru¡o areas are outl"ined

rrs À and il ûn tå:¡e rock outcrop Tìtâ,ll {Fj.E. 39). Tl¡e

proportions of rorle outcrops ident.if,ieil in ti¡ese tu¡o arêãs

f¡y visr"lal- analysis and tfie conputer ananLgsis syst,eul tu?erÐ

conip¡.¡ted, I¡? åreã t Èt tile propûrtions are 0"TB and 0.?3.

r:'¡ area 'rì, tåre proi)Ðrtions are û" B4 an'¡ ü,?8. Àssuaring that
the nesu:l-ts of, l'isuaL annlysís to i¡e the f i-eld tr',lth or t'he

stanilard, the coitiputer cl_assi.f.i.catåon is g4t correct i.n ârea

À and 93tt in area i]. Thet is, on ttie average tjre co¡ilputer

classification resui"ts firÊ å¡etter th¿an g3'* accurate in
i.dentifying roclr outcr'cps i¡:l tire ir4ouse Ðir¡er ;rrea. T't

should be sÈaäe<å tilat Tire comrsission eFroË;s ãre negLigible.
fhat j.sr no åreas, çi¡irich harre not been identifierJ as roc?t

outcrops b\t yisuaL anatrysisT are co¡rimitted to rock outcroË¡s

t'-y the cûåìputÊr cTassifi-cation sche¡*e"

The coFlpiltër ana3ysis syst.er,: produces Ììt€Ì?suration data

Ðn tovetr tyFes identified, The ffr.ensuraLion ¡3ata on cover

ll¡yes identif ied using 5 Àuqus L L]15 clata ín the l{ouse River

;ftrea i-s gi-ven j.n Tabie 4, The dinensions of tire ii,'louse F.iuer

iàrea are 15 lçæ K 3.ó,5 kin. As sllo*¡n in Tal_:3_e 4t ig:& o.î. this
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areã #as identif,ied å.s rocit outcrùË)s. This percÊntagÐ

rerjresents ÐnLy ÐutÐrÐ?s ¿+årÍch nre trarge Ëilouçíi.t to be seen

f ro*¡ setelliie aLtitudes. lf hat is, rocks åre çrel I exposed

.¡-n ti.re ,i4ouse River area as sholo¡n'py ti'ie reìatively high

åiercên-t3tJe of outcr0el i-n the åIÐâ,

P.ocle outcrogi sìai) 1;rouåuced frsm co¿l-T-r¡.tter ana_lysis of

Landsat Cata acquired on 22 J¿¿ne 19?5 dlrer the l{ouse ,?iver

atrea is sho*sn in Figure 40, Soïcìe of the pixels ir.lentified
äs rock outcrot¡s ûn Äugust 'iata Hetre ¡r¡.is-identifietl as

surficial- deÐo.sÍtsy si.nce the areä +das covererJ aj.th snoæ and

ice in
cor rectSy

i¡JentitierS

percÈn tage

reduced to

Jl¡ne" r'iÐ'deyerr fiost rocSç or.¡Ècrop ãrÊas Èdere

i$enti-Èie¿i. rlensuration rÌata orì rover types

'-*ittt June data atre çij.ven in faÈ:,-1e 5. ?üre

of roc;r outcrops iilentifieEi in tLre areã Éilas

f.ii cÐffiparËi1 to xg a¡itïr A.ug¡¡s t çlåta.

Tn suaeráry/ filaps showing rocã* o{rtcrÐ.ils s,íer€ preparertr

Ior the l.f ouse ki¡¡er ärea f rom the corieputer anaJ-3rsis systeler

deveåope<i in tåri-s study. ltre co:Êrputer classir-ication
acËuracy r¡as better than 9'3?. i.n i-*entif yi.nE rocir outcro¡:s in
typ icaL arÈãs o f roci* outcrops. In thi.s inte¡lsive sturly

âîÐ ¿ roci< orrtcrops üere exposed ån L9& of Èire ärÊã. So¡ne

of these outcro s a;ere not irlentifieC ç.¡ittr data collected.i-n

June due ¡i¡aín3.y to cont,awination of stlectraL signatures ruitfi

t.he ûrÐsence of snory a¡rd icÐ.
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4"'¿,2.2 Copper¿*ine lliyer aEE,a

RncK auttto,;i aia,ii produ*eC f,.Tay,: col'*puter anal_ysis of
LanrÌs¡t data ac¿ìuiretr on 5 Äugust igTs ûver ti-¡.e toppertiline

iìiver âreã Ls sl-roisn in Fig\rre 43-, üouÐarj-so¡r of ti¡Ís jfiap

wi.th the $rãp {îiä, 3ó} pro"Jucexl J:y u.l,sr¿aj-.ana}ysi.s sircus

that the rock outcrops .a¿-e ident ii.ieð" accur aLeLT¡ in this
area b¡r tire co;*puter anaS.ysis systela. Coi:rparison of tiee nãp

a¡i-Èia the aeriaL;ohotograBh of t,l¿e atrea (fiE. 35) shoæs that

alï tf¡e l.i hter tone areas ðtrÈ identifi.ed as roc)* outcroÐs.

Ä,reas of rocfu outcrolis i-dentified on the trtätrr corresl¡orrd to
t,be blue t.u btru:i"sh qreÈn areas ßn the enliÊnce¿ i¡r¡age { Fi. E.

34). Å11- these oå:seruatj"ons are üûiìrsiste¡lt ;¡¡i_t?r tl¡e

observati-ons #ìa#.e preuiousS"y in thie l.4orise Riryer area. tloci<

outcrops are identi-fåeu accurately an¡i ¿:onsi_stentã.y usinE

the corttpr;ter analysís systeiâ i-n tå:e Coí¡per¡'.li¡:e Rir¡er areär

To prol,¡ide a rneãsilre of ,:lr¿antitatir¡e accurâcy sf.

c-lassiti-ca'tion7 aqairit tua typical a"reäs ol rocïç outcro¡:s in
tÌ:e co[¡verlCIi.ne River a]teå ;ìre exanined i¡r det;ri.].. These t¿ço

äîeâs are outline* as ",à anil Ë on the ri:ck outcro¡r füaps

produceü by visual anaLysis {Fig. 36) an# from co;uputer

analysis systea (FÍç" 41 ), FroÐortions af. rock or¿tcrops

i-qlentifie'l in êreÐ A an,ri area'ii T#ere compl"eletl on tþrese tæo

firaps, ,trn äreâ Jr¡ the proportions are {i.35 anC û.32

respectiualir on the ffia¿)s producecì Ëroæ visuaå analysis and

coxiç:uter anaì-ysàs" It'l a¡:Ða ü¡ the rorrespÐndi.nE ÐrûElortio¡ls

arû û.B anC ü.?2" A.ssumi.ng thaÈ the results of thle visual
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ânalysís as the fi-e-1d truth¡ the co¡*pr"tter classi:fication
êccuracy i-s 93-HJ ån atea À and q#?" in area Ê, That is¿ on

Lhe âverâiJÊ, tlr¿e coí,lputer cS.assii j_catíon resul ts are i¡etter
than 304 accurate in i'dentif yins rsck Ðut{:rrps in ilris åEêâ¡

tio erêas,/ whicir have not heevr Ídentified as rocjç outcrops by

visual. analysis arÊ com¡sitted to ror,k outcro¡:s bl¡ the

conput,er classificatåorr scï¡.eìüe.

ì'{ensuratÍon'3ata on rover tå¡l¡es i<ientif,i_ecl in ttte

üap!'er;uine friver ärea frosr 5 Àu{¡e.tst i.9?5 rlata äTE gíven in
TabL e ó" The dimensions of the topper¡¿line fti¡¡en ïlãp ârea

arê Lü,8 k;u X 1ö.5 J{xr" ås shor,¡¡l ín'fahl_e 6, l_?* of the ¿Ìrd}?

arëñ Í.s covered ui.th ror:lc outcrtü?S" This re"!-atively iligir

iltercentaüe of outcrùps shoøs that rocks are æe1.")" exposed !-n

th¿ Coppermine Råver area, ûntv lq of the areå is
iilentified as surficj-a.l- *eposits" I4ost of tå:re surficial
deposit"ç rn'êÐÈ cÐ\rered *ith ¡regetat.ion anri were identi.fie¡.i as

ench i-;y the auton;:ted cLassi"fication Ëcheale.

Rocir autcrop r*ap pror.lr¡ced f,r<¡n con:puter analysis of

Landsat ,lata,acqlrì-red oÍÌ 22 June i-9?s Ðver coppermine River

area is shrorun in FiEure 42. Sor¡ie .?arts û.f. tlle area "Ð,erÐ

co¡¡ered .xith snûþJ and íce" ¿1s a resuit,, sÐ.$e of t!'re rock

outcrops i. rtrent.i. f-i-ed on Â¡¿q¡.lst data sdÐrB n:isclassi.Éi"eil as

su.r ficial- deposits r-lsi-nE tlie *june *ata. ilo*¡ever, rnost of

the rcck out.crop are¿ìs are i$entified accurateTlr.

þier¡s*¡¡ation riaLa on cover t3'Bes identiÈiec in the cÐpperiuine

River ärÊa usÍng 22 Jr.l¡le i975 rlata are sfinur¡ :in TabLe ?. ún

i:".']
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?A8LE 'l " i4EliSüRÁTIilir,r ir"4Tå 0ï,J ttrJER Ty.DäS
Íi]EÍJTTFTgÐ USIiTG 2? JUiiÐ 19J5
D å.,lÀ Ili THt CSPpEF.¡4ItiE iìIITER iRfl¡..

CO9gII TTPÐ i,:E¡;5UF- ÀT f ü¡,;
t\ÀrfrÀ llUåIA

!*ater

5n0s¿ / Ice

ïegetati.on

Sur f,ici.aI
i.{aterÍals

Roalc {Jutcrsps

?

Ê't

É

Ê

tr Give¡r i-n Ðercêntage of total_ uaÐl¡ed
ar eã.s 3.7I ¡ii tr"o¡neter sqtJaf ê.



L.49

the Jr;.rle {ata roclç ç¡.rtcrops cÐyer Ðnly f}:arj nf, the areã

coirlpared to L7't r..,ith 4'¡gust ilata" ðrea"s iclentified as

surf,ici-al deposits on June'data have¡ ho;*ever¿ !-ncraasec to

s?¿ f ro¡i 72 o*ta j-ned *çi th i.uçust råata..

Tn sunìwary.o :Tlails shsHin.ü rocic otttcrùüs jaJere prepared

.tor tjre co¡:per;iline î:{j-ver reá fror"r the coär¡:uter analysis

s1"stem. ?ire coapnter classification äcruracv $ras hetter
tåian 9üt¿ j.n inentrfyÍnç rnc?c outcrops ån ty¿¡ical_ rock

outcrop arsãE pf the topper,E;ine River atrea. trn th.is

i.nte¡"¡si.ve study .area rnck outcrops äËre er*poserl i.n L?.Ê of
trL¡e arÊar sor.qe of these outcro¡:s #etre not i,.jenti-fj-ed wit*i
ciata cortrecter¿ in June d"ue lria.irt.try ta contamínation of,

spectral signatures n"¡ tiae presenüe of snrr{ and ire"

4,3 iltüK TfPI i]ÌS{:kI,UIiït\TTùîri

The rûüK o¡-ttcrÐps ider¡ti.f,ie* à¡al¡e b¡ee¡r riíscr.ilulnnted as

dif f erent rock t yF,¡es. Thi-s disc¡i:aina tiçn ld;rs carried out

using bstli the uisua ! anaì_ysis anci the courputer

classification schelire developed in thj-;ç studXr, t'í,a,Ðs l-lar¡e

been Ðre¡rarerl shor+in$ tlae cliff,.erent- rock typÈs separate¡3 in
the ta;o intensise sturìy ãrÐãs useçj previol¡slg in the rock

outcroB Í¡ientifj.':ation. Lan'.Xsat <ìata acquire¿i ûã1 txo

rÌi.f feren[ iiates - 5 Augr"tst 19?5 ar¡<i 22 June I9?5 - '#etrÐ used

in tire rji-scrimirrat.j.on of rocii types. Resul ts obtained rn

the ,ij-scrimination of, rock type a.re presented and dÍscussed

in thi;s sect-i.on" P,*sults base<¡ on r¡i.sual ana-!.ysis âre



..-..1 --. --------.i

.LJv

ilrÈsenteil if"i tne f i. rst Ð arLi t-he res'¿lts hased on the

coiliputer taethoiis are presenterl in th,e secon¡J anil tl'le final
- -*+!'<11 L r

4.3.i Visual,àna.iysis

,lisuai_ analgsi_s of, digital-Lv enhance,l ir*ages has been

usetl in t.he separation of, rock types" The images ÍdÈre

.irreviÐus¿y use,: in the irlentificati-on of rock outrroÃ)s. 'Ihe

r*elhodoloEy of visua.l_ analysis usêd in sÊx)ärating roc?< types

hres been outlined Ín section l.l-. .¡.{ap,s s}roming rock t}rÞes

separate'3 have been produced usinq this nethrcdol_oqy arrd Lhen

coslnared +¡j.th¡ tl,le aeri_a1 photograp.hs and the lçno+¡n geoSogy.

?irese nâps lear¡e breri prepat'ed for t'r,¿o i-ntensiye stutdy âreas

the rr'lousÊ äiver ðrÊa an tl¡e üop.per.mine iìi-ver area.

/¿,3.l-"L iilouse Ri_çer årÈa

Tbe enhanceu .i*açies used in separating rock ty.pes in
the F{ouse Ri-ve¡ area i:y visr¡al anaLjrsis is sl'roun in Figure

29 " tn this i.naç¿ on\y tç;,s disti.nctly se,¡rarabåe spec'LraT

r¡¡ri- ts are identif ied in the rock ou tcrop areas, Tl-re f,i-rst
ûriÊ nf t?¡ese sÐec trar units appeärs in .b3 uisl'r green

cÐrresponrling to ilotroøite oiltcrÐps ii': the atrea, Tire otiler
spectraL unj.t of roch outcrops appears ii-¡ blue cûlor
corresilon-4ing to outcrops <¡f other rock lyì_:es in ti:e ãrea.

These other roclç types i-n tire areå incLude basalts and

basaåts l*itir intercal"ated sanrÌstone,-c {Fig" 32). coslparison



i;i i

i.sL

of tire en,l'¡ance+i ímagery uit,h tire goneralízed.qëûj.oüisal ffiåp

of the âreä si¿o+,rs that ¿ioåoarites a-li""ays ¿;-rpeat cistinct ly
separable th,j-uisf¡ Ereen ir¡ colsr) irom other rock types. ün

tiie aerial pitotoürapi.r {Fia. 3{:) of thj-s area4 rloloz¡lites are

Ì-igtrrter in torre than outcrÐps of the olher rock ttrpes. _f.t

should be e*ipi-rasi.zed that the rlistinclion betHeen.dolomites

anu otiler rock types is easier on the enå-lailced images than

Ðn the ar¡r j-al photoEraËårs,

Rock tynes j.,Ìenti-fi.eC by visuaL anaSl¡sis of the

enhanced i¡nage of tr-anusat data acEuired on 5 å¡¡çust 19?5

Ðver the l,lsuse Rii¡er areð are sirot¡n in Figure 43. iln this
ìrìâp¿ roclq unit l carres,oonrls to.;loloinite nutcrops and rocle

¡.init 2 rarresponrls tç other rock tl/pes in tire area. It
shouid he stressed that Liie rock tyl,e ident-Ífication is not.

possifi l-e on the e¡rhanceri irnaEe i¿itårnut trair¡ ing in
caåi-i:ration sites. ilyen r,,¡åtl'l cali,þrat.ion" only <iolorsÍte

outcrops can sepårate,l from ûutcroouË of otf¡er rÐck tyi:es.

lfhese cornments ,apptr"y as ç:e.!.1 to t.l-le aerial piintoEraph of Èt¡e

study ärêâ. Most <¡f tire Eåasial drif,È äreas are covered

i';ith vegetation whicl¡ apË]ear in siracies nf red on tire

enhartceS i-*rage, LJoÞJever, iâreas devoid a'[- veget;ation an'3

rock outcrops do corre"sponi.i tn bouLdery terrai.n in ti¡e stur*l¡

âf,ea. {Ðonai.<1son" X9?g).

Tr're ennanced ima#e of ï-anrlset ,:!ata ilcquired Ðn 22 June

L9?5 Ðwer the l{ouse Pir¡er ärea is si:loin¡n in ¡''igure 33. In

the snÐ# free âr€ås¿ f-he col-or repres*ntation of outcrops of
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d.iff,erent rock types is tï.re s-áne rn the en?ea¡'icel'!. inages
prorluceil lroæ: data acquirei'J in June ar¿l ir¿ Ar"lgust" This
l:ûrììÐtsrahiIity of coLors ndas achieveñ by sLandardizÍnE the
Lan.dsat rlata"

In suiTt*låLy¡ a ruâp siro¡,¡ing rock t:¡pe å¡ies prepared by

uÍsuaJ analysis r¡f the entranceil iiriaç¡e acquirerl over ùhe

þíouse fr:iver årea" Ðo-ì.or*ites i-¡r the.area 'deFe map¡;ed as a

tìistinctly separaÐl-e spectral ar¡åt. BasaLts and l¡asatrts

rårith intercalateri sar¡¿lstones appear äs ûns spectral unitr
i;ut di.fferent .f,roi:r doS,omites" j-n the area. 'lhese fíndínEs

i,¡oêrê consistenl '¡å t.h *ata ¿cquire'J on tuo ciif f;erent riates in
the itiouse Eiyer â[€â"

4,3".1.2 CoÐpe.rruine ûÍ-r¡er area

Thre en..ance<j ina,ere used in separat.i.ng roch types .in t.he

Co¡rperluine Pi.ver ârÊa b}r wisua-I anaS-ysis is siioç¡n iil il"iËure

34. flr"l i.t:lis.irnaçey anly ti,iro dj.stinctly separahS-e spectraÏ
i¡n.its are seÐn ilr tÍre rocSt outcrop ârÈas j-rlentified

previously" TN¿e fi.rst, one of these spectraå units is
characteristic¡rlLy blui.sh Ereen in co3.or correspünding to
doi-nnite outcrops in the areã. TÌie second spectraJ. uni-t is
bSue in coLor anrS üorresponrls urainl-y to sanrJstone outcro¡:s

i.n tÍ¡e area. rn adtli.lion t.o these t¿¡o unitso a third
sPectrai. unit ctrrespondÍr¡E to granitic roclcs anri basattic
f.l-ol¡s {Fi.q. 3?) ir, tfie arêa is obserueil, ?h.Í.s thirrf unit
ís al-so l¡lue ín coLor L¡r¡t appea.rs in a stightly rÌarker
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shade. rt should be pointerl out that even though subtle

color differences exLst for grantlc ancl basaltic rocks froa
sandstonesr these differences are not conslstent throughcut

the area. _

Comparison of the enhanced lmage (Ffg. 34) sith the

generalized geological map shor¡s that {lolomites alrays
appear as a itistinctly separable spectral unft from the

other rock types, Bn the aerial photograph (Fig. 35) of
thls ãrêâ¡ ilolo¡rftes are lighter ln tone conpared to the

other rock' typesi but urost sandstone outcrops are similar
in appearance to surflclal deposits or vegetatlon.

Rock typ€s identlffecl by: visual analysis of the

enhanced image of Landsat daEa acguired on 5 Àugust L9?5

over the Coppermine Rieer area is sho¡n in Figure 44. On

this nâpr rock unit 1 corresponds to dolonite outcrûpsr rock

unit 2 corresponds to sanüstonesT and unit 3 corresgonds to
granites and basalts. Euen uith training in calibratlon
sitesr onl:r dolomites and sandstones can be identifierl c¡.th

any certainty. Iclentification of basalts and granitic'rocks

in the area is questionable. fdentificàtion of any rock

types other than dolonites is also. not feasible fron the

aerial photograph of thls area.

fn sunmary, rock types in the

Here mapped fron vlsual analysis

Ðolonites and sanilstones in the area

distinctly separable spectral units.

Coppernine Rlver area

of the enhanceil lmages.

¡¡ere iilentifieil as tuo

Granites and basaLts
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in the area appear as one unit but not too dl-stanct fron

sandstones. these finrlings sere conslstent cith clata

acquireil on tro ilifferent rlates ln the Coppernlne River

ârêâo the varfous rock units appear in conparable colors on

rtlfferent dates as the Landsat clata useil sere standartlizerl.

4.3.2 Conputer Ànalysis

Conputer classificatioa schene developed in this stucly

has been used in discrininating rock outcrops as different
rock types. This discrinination uas based only on specËral

characteristics. Maps shor*ing I ocations of these

tentatively separated rock t,ypes Here proilucetl. îhese naps

are conputer generated and different cover types iclentifled

are depicted in clifferent colors. the üaps sere co¡Bpareil

uith maps proiluced fron visual analysis and rith knorn

geology by. simple ouerlaying of the tuaps. Rock types tsre

mapped in the Mouse river area and in the Coppermine Rlver

area froa Lanclsat data acqulred on t¡Jo ttiff erent dates.

4.3.2.1, llouse River area

Rock types cliscrlminated by conputer analysis of

Landsat data acquired on 5 Àugust 19?5 over l{ouse River area

are shonn in Figure 45. Four different spectral units in

the rock outcrop areas i¿ere identified. these spectral

units are tentatively ictentified as dolonites¡ basaltsT

sandstonesr and granites on the map shoning rock types (Fig.



'i 
'.:

l.:
l

E
W

A
T

E
R

E
V

E
G

E
T

nT
Io

N
20

24

- 

IB
A

S
A

LT
K

IL
O

M
E

T
E

R
S

F
IG

. 
45

. 
R

oc
lz

 tq
pe

 m
ap

ae
c¡

w
í-

ze
-d

 o
n 

5

LE
G

 E
 N

 D

IS
O

IL
S

/B
O

U
LD

E
R

S
tu

#å
i;f

tù
 S

A
N

D

lj.
.

:.l
i

pn
od

uc
ed

 d
no

m
 e

om
pu

fe
n 

an
aL

q,
si

s 
o{

¡

A
ug

tu
t 1

97
5 

ov
en

 M
ou

,s
e 

R
iv

ø
tt 

a)
LQ

Ã
-.

T
S

A
N

D
S

T
O

N
E

h.
;fi

H
 D

O
LO

M
IT

E

I 
G

R
A

N
IT

E

La
nd

's
a.

t 
da

.tn

iì I' iì it ii ti if Ll ii j i:; I I L. i; : jj:

L¡ \¡



.¡ :.:'-i

L5E

45), ås s€er¿ on the general ize.4 geÐLÐgica]_ nap {Fj.q. 32),
tt¡o aajôr rÐck unj-ts occur in il-iis are,a" T,hese arê

tioloaites and hasalt-s a¡i-th intercaxated sandstones.

comparison of the ñìap ¡sit.l"l the knoæ¡¡ r.Jeoloçy sho+,¡s that
dolol¡lites rrÊre identifiefl âcç'Jrãtei-y. Basalts øith
interca.Iated sandstnnes ç{Ðre j-derrtifiea raai-n.Ly âs basalts ûr
s an ds tones ,

In the ctr;:ssi.f icatíon scheæe rìÐ "r_¡rovisisn was made to
creale c1ässes +.rhich consist of tæo separate roclc typês.
þ-nr Tack of rletaile¿l f:{.eÀd Lrutir¡ :,.t rdas assumeû that
c-lassif yin eiti¡er as i:asa.ïts or sand-s [.ones is correct f or

t.he rocic r¡nit cÐrresponrJing to besal_ts *i th intercalated
sarr*stûnes. iln the rock. t.ypÊ äiap { F Ì-ç. 43} proür:cec by

våsua3 analysj-s¿ no dislinction coul¿i b,e *a¡Je betn;¡een

basaLts anrl sanrìst.ones"

To çrrovisn â i¡sasure o f quanti lat i- iie êccnracy of
cLassification¿ te'¡o ;rreäs af. typicaL rock types 'dere
exar¡i.ned in deta:iå. Thesa atrÐas, outlined as Â antÌ íi rn tf¡e

.rnck t!'pe füâÐv contain dcl-o*ri.tes and. basarts r"¡ttl

intercalated santls Iones respect:iuely. rn area A, gái; of tl¡e
outcrops i'Jere sxassiËÌ-ed âs do j orgrites. Tr¡ areâ Ð¡ 5?1È of
the outcro[)s äåere cÐrreçtry c]a*csifiedi t]¡e c.Lassification
Häs consi.tlere*i conrect vJilen rocir types;]¡"erre ide¡ltified as

either hasalts or sancstones. Tår.ese arcutraüy fiEures on

rcciç tyÀ,es aîe considerabJ-y }.oner than tl¡e;se obtaÍned for
identÍ-f,yiilg rock olrtcrops { sec . 4nz.). L) in ttris intensi.ye
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stu-dy ãtrea.

t:4ensuration'lat-a s¡"r taclt types sep¿¡¿¡ud usi-ng 5.s.ugust

1qT5 ,3ata j-n tile ilouse fì iver area Ls çiveri in ?ab-I- e 8. Th j.s

.,.lata âre given a$ ã percêntage of total ¿'ock outcrops

i,Jentif ied in the atrea. ûs seen f rr:m this tabl,e¡ cio ïoæites¿

i:asalts, and sanels to¡res co\rer alost of the rock outcrop area

in aEreÐäÊnt l,¿iti¡ tT:le ,tno¡,lli geol-o-ç¡¡ "

Ì4ap of roclr t.ypes äiscrimi.nated by cÕffiputer anal_ysi_s of

Lat:¡iåsat da La acql.ri,ref, on '¿2 June L9'15 Ðver ¡rior¡se Rir¡er area

i-s s¡loÞsrì in Figure 4b. rhis map to¡hen compared ruitli kno*¡n

,.leo-LoEí si¡ov¿s th.att i.l¡ sno?É free arens/ rock types ù¡ere

irjentifiecl :fairli¡ consistently, llo;*ewer¡ the cl-assification
arüilr ac-i-es #ere na t, âs qnod- as those ohta j.netl *ritår Jir¡gust

iia{-a. Cinssi.f,ication accuracies srJere evaår¿aterl in areäs A

aail B as rÉras itrone ¡oi th ,åugus t data. Tfi ãrea .4,,

ËùrrÐsprndinE to doLoiriites¡ the ar{:urâcy à,räs slightj.y
.red¡.rced to 84ã lron 8a."¿ oirtain+i uith åuâust data" Ia areã

frr r:orrêsirlÐnding to i:asaåts intercalated ¡æittr sandstones¡

the äccürâcy tras reduse¿l to 5üP¿ fro,¡¡ 5?? oi¡tai.ne,C ui.th

¡lugl-¡st data.

i4ensr:ration 4ata on rûc

L 9T5 in floi"¿se River areä

oasalts, and sandstones coue

in genera-!. agreerrrent ui ti¡

.âI€ â '

k types separated rrsing ?2 June

is qiven ín Taå¡3,e 9. lloloinåtesy

r n¡ost of the rocns outcrop area,

l(not.rn geolog:¡ of the ÞlolrsÊ Råver
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Tn sufiirüary/ rock typss àåt€re raappe,-a, f,ro ccarpltter

anaJ.ysis of Larrdsaf rlata acqrri-re¡1 orr 5 .åuçust ":-975 and 2 2

Jnne i975 o'ler t¡ze l4oì.rse äir¡er Ðrêâ. In tviiical areas of,

outcrops¿ the ccn¡¡ruter classification afcllr,àcir uas iletter
t,han 8óe+ f or dolop"i les arerl better tiran 5'Ier" f or basal ts i;ti th

intercalated sand"stones, These ascur aci-es #er€ so¡¡ieruhat

re*¡uced í¡fien tne daLa acquired i-n June ?¡.er.e used. lhis
Lor*er actur,ãfrT¿ ,ñas frol:abIy due æai-nly to cÐntarqination o.f

signatures rcit* the prÊsenre of snoæ. In the l"douse River

area, 36f; of the rrck outcroþ atrea *ias icåentif,ied as

ciol-o;tites anil 23P6 as ì:asalts r*ith intercalated sanistones.

4"3,?"2 CoBpernine Piyer areâ

i4aÐ o{ rock t}¡pes qlÍscri;*inateñ Lty coüiputer analysis of

Lanclsat data acquirec on 5 " r¡gr¿st i9?5 Ðver to¡iperitii.lle Riyer

area is sho*+n in Piqr¡re 47. F^our ditf,erent spectra j- ur.lit,s

of rocit outcro'p areÍìs r{er e irlentif,ierj nn tå"¡is inâp r Th¿se

spectral {rnits atre tentatiyel-'¡ j.dentified äs dolomites¿

sandstones¿ basalÈs7 and granites Ðn the rriap" I"s seÈrâ on

the general-izect geo logical map¡ ruos t oi. t|ie Êrea ås covered

wittr tlJo rocii units. Tliese are the sandstones and tire

dr¡Lo$.ites, The ot.l'ier rock types in tire area atre grani.tes

and à:asa.Its.

Å.üain, to prouide a m'ÐÐsure of 'luan'bitative accLÁrâcy

c lass if ication¡ tlço ty¡:icaå äreas LJers exa¡ilirred .in .deta j-

Tl'iese ârêâs¡ outtined as 3, an*,3 on the rBaS) shorying rock

r1:!',.jr,ar.i.

of

l.
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typesr contain clolomites ancl sandstones respectivsly. In

area 
^, 

66t rras correctly classified as dolomites. In area

Bt 77t^ sas correctly classifled as sandstones. the

classificatlon ac.curacies on rock types are consirlerably

lorer than those obtained'ln identifying rock outcrcps (Sec.

4.2.2.2) in this fntensive study âr€â.

Hensuration clata on rock types separated using 5 À,ugust

19?5 data in Coppernine River area are given in lable 10.

Thê data are given as a percentage of total rock outcrops

identified in the ârBâ. Sanclstones and granites are the

predourinent rock types in the area follloced by dclomites.

These results are consistent rith the kno¡gn geology.

Map of rock,types iliscriminatetl by conputer analysis of

Landsat rlata acquired on 22 June L975 orer Copperxûine River

area is shoxn in Figure 48. fhis Ðap r¿hen compareil øith
knoun geology shous that¡ in snos free ârêils¿r rock types

Here iilentified fairly accurately. HoHeuer, the rock tyÞe

separatlon accurasi.es sere consÍderably lorer for sandstones

and higher for dolonites than those obtaineil rith Àugust

data. Classification accuracies in doLonite and sandstcne

areas rdere evaluatecl respectively in areas A and I outllned

on the rock type nap. the classifLcatlon accuracy Has 100*

for dolonites and 138 for sandstones.

f{ensuration data on rock types separated rith 22 June

19?5 data are giuen in Table 11. Granite and sandstone

outcrops dominate the acea folloued by dolosites. these
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resu¿ts.ãfa¡

änd lhe resul
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ts

gene raI,, cÐns.istent uit?-l the

obt;rined w:l-th iiugr"¡st data.

LOv

i<no+¡¡: ge o.3.o üy

In sufffiiary/ rack types íiere reaË)pÐd fro¿.¡ computer

analysis of, L a¡r,Jsat data acquÍred on 5 A.u gwst Lg1S anoJ Z?

Jun* 1,9']5 rver tire Ç,oppernine Riz¡er ar€8. In typicaX âreås

of rocJ< outcrûÞs¡ tire tor*pl"{ter c-?"assification accurâcy,!tÊs

iretter than 66? f o r iÌoåo*rites and 7v,a f or san,lstones " These

¡cü,-traci-es viere reiruced coÍrsirlerahly ç.lhen data acquired orì

'¿2 June L9?5 Here user3" Tåris retlu.ction tuBâs Ferhails due to

contal¡linatj-on of så)ectrai. siEnat¡¡res '*¿ittt the presenre of
srlÐ'tå. Il.l the iiopptrn¡íne RÈver areiì 4*¡; qf. ths roclc outcrop

{rrea rs¿as identif i etì as san'Sstonesn 42,É ås grani tes, and LZZ

.ls rlol-omites.

4"4 CNST -å,iliALVSTS .À$Ð B:[fi8äTTS

Xn plannin.ç to å.¿se anlr I'!€# spstemT Ðrìë mt¿st asj< tire
cruciai- euestian {?ârÈ there suffícei:lt benefits to uliåize
the neu sirsten¡?rt. TI-ì orrJer to provide an equit-abl-e ãnsiler

La this qr¡est iont Ðrre uoi:iLd have to examine the cos is
invol-ved and benef.it.s attaÍnabl-e throilEh .an econonic

evatruation or cost anal,vs is of bottr the në+,r and the

conventíonal systeæ^s. Thís task ?:eco¿*es comÞlicated if the

conventj-onal- anrl the r"let¡ slrstems ,ere nÐt compatibl.e in terns
of infornation Eenerate,l. -4.l-sor.riith any $eer syste$T, sofie

Þe¡ref its may be i-nslirect and may rer¡uir€ years of qestation

Lj-ne. Tìle cost-s and henef,its o{ producing ¡ocj,e û{.åtcrrp maps
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using Èhe Lanrlsat based autonatic method and Ihe

conventlonal method using aerlal photographs are conslclered

in thls section. the cost analysis and benefits aspects are

presented in Secttons 4.4.1 and 4.4.2 respectively.

4.4.1 Cost Ànalysis

Cost analysis ls usually carried out to cletermine lf a

ner system is cost effective over the conventlonal system.

Thfs analysls involues examining cost aspects of both the

conventlonal ancl the ner systen. In this stuily¡ the systems

lnvolveil produce maps shoaing the illstributlon of rock

outcrops. the conventional systen uses aerial photographs

and nanual interpretation methoils to produce the ßâps. the

neä system uses Landsat digital data and the autonatic

¡¡ethod rlevelopecl to proiluce the tnapso If the nefl systen can

provlde the maps at less cost than the conventlonal systenT

rhile provirling clirectly ccmparable lnformation, andr, in
aclilitionr other: rorthahile inforrnation dif f icul t to obtain

by the conventional systemr then the nec systen ¡ri.ght truly
be terneil cost-effectlye¿

three separate conponents are lnvolved in producing

rock outcrop maps either by the conuentional methorl or by

the Lanclsat-based automatlc nethod. lhe components are drta.

acguisitionT data intecpretationr anil nap preparatlon; The

costs involved are estimated for each of these three

coüponents ryith both the systems.
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since a i.nappÍnE application ís uncler exnminaTione for
con,çari-nç casts¡ Ll*e siee of the êrerì ulust be specif.ied.

The size o.i- the årea considere,l is Sû idin :l- 8û i{gJ. Tilis síze
j-s cirosen for ti¡e erea because iT_ is apilJ:oxinateLy the area

corrtai.ne¿i oTl a. lieo&çtritaily correcteij La¡"ldsat t,cr as

vrod¡-lcerì i.n Cãna,¡a.

4,4"i..L Datæ acquisiti.pn costs

Tire ner,.r "systeüi deveLopeo in this studjr uses Í,anr{sat

digitaå data tÈrat. ,åre geoffietrí cal3,y cÐrtrÐcte<1, Tire

ctr recte<r {"andsat ctT dala coverinç the area cnsts $110 í¡-l

Üana*:ia. ütbieuerr in the Uniterl States the qeÐHìet,r.icaltg

correcie* cüT-s cost $2tsr br.rt ti¡ese ccT.s covÊr

üpl,*roxi.,$etel-y four li,-,r-res the arêa [Õl/srect o¡r the ûanadian

CtT -s, 'åi-re Eeomet.ri.caLl"y corrected data ç¡ouLd di.rectly f it
the itTlf griii. ancl normalJ.y tlie lrositi*rrial accuracy i-s l¡etter
than 5{} ü!,

The conventio¡:ai systen uses aeriaL pho'toçraphic cjata.

?he aeriaj. pirotogra'phic coverage for the atrÐa o:[ interest
;äay or nay not ?:e ava:i.lab3.e. flor ûoflpariso¡:. ptårposÐs" it is
assumeil that phntos at aprlrÐxiìnateLy j.; ijûl {}tt scaj-e arÐ

u;sed, Tl¿is scaj.e is conperable to ti-le 
'teaps 

pro.$ucetl by the

Lan'lsat based nethsd. rbis is aLso a scall,e that is most

cor¡rnionl-y useiJ in detaiåed ùeoLoEj_cal. rnaprinü: photograpies

at ti'ris scale a¡:ë avail-ab?.e fn.r aJeiost alL regions of ca*ada

froci the iTationa.l- Air Photo f.ihrary (trApt) of canaca. Fif,ty
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Ð>{tÐtÐüT a¡;,hs at 1:60¿ûtl'ú scal-e ãre requireú to crvetr the

âÐ€â. ."rf stereo rÐvrlr ä,äe is requirec th.e nuulber of
ph*Loer ai¡?:s requi. red r+<¡u1'J I¡e tfiûre ti¡an LEç to coïer the
saine arÐð. rt is, hoa;evetr, assulued that ster¿o cÐverage is
not rer¡uireti to sim{¡l-y iclentify rock oni,crnps. The cost of,

the 50 aeriaj- photo,qraphs.r s.{her¡ theS¡ are auaiSaþåe tf¡rsuEh

iua^FLt .ffourd be $1tJ*' iÌoweïe r¿ this cost uould be $3ùì] rr
ffiore wåien photogr¿tpiìs are ohtaineC from grrovincial sourcÐsr

ff Ðl"lotographic coveÐagÐ is not ar¡ai3abåe {sÊveräl
regj.ons sf. the arorld have poor or no coverage!) :far the ãrÈa

of interesty tire atrerl ç¿i j_1 .harye to be tl oun separately.
lhis j-s aSso trl¡e if suttab?.e cnverage is srot avai.).able.

Tl¿e costs i.n:¡ol-vec are i.r¡ general- e{ìor#ÐwsLy h.¡ gh,, br¡t the

exâct costs depend upon t?re Iocatior"l o.f tl:e areã relative to
ti"le base oÍ operatior:s, th,e si.ee af. th.e atrear' and the actuaS.

coveräge incTuderl. Peters tLq69) repÐrts auer,açe costs for
aeri.al cr¡l¡eraüe of gû"Bij çJ,3.# per sq{.¿are kilometer fsr
åreâs from 1"35' üt'rs rio¡*¡¿'l to sr7*tJ square kj.lometers.,

rlra:ib t1,972) est j.metes the cost at S1_. clü per square kÍLometer

f or ,an 8t x 16ü ki Io*le ter t¡ lock" HoÞjeyery in tanada tire
pre.sent day rates ä.tre approxi.lãtate3-y Sç si.b for tfue

northern reüions a¡¡d $3 to 5l f,or t|re southern negions

{Lanclrevil?.eo i97?). iiaseil ¿rpon tårese figures, it appears

reasonable to est,iarate the cost to be 55" 0t p€ r square

¡*i,!.o¡ueter for 6Ð i<a .ii tiû k¿a þl_ock. That is tå-le total_ cost
of, acu¡uÍring phntogrephi.c cÐverage f,or the area wcuLd be

53?rû{)il.
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4.4.L.2 Data interpretation costs

The Landsat based nethod uses a computer to identify
rock outcrops. the experiments descrlbed in thls stucly haye

been carrled out oa a PDP-10 computer system at ccRs. rhe

Ínterpretation costs are relatively flxed €uen though they

do clepenil on the Þercentage of rock outcrops present in the

area anrl on the conputer used. 0n the PDp-10 conputerr the

lclentification of rock outcrops in a B0 km x B0 kn area

täkes less than 5 ruinutes of, cPU tfme. The interpretatisn
costs are thus estinateil at S30 for the conputer tiue and

520 for the technician-s tine. This brings the cost of

interpretation to 550 for the entire area.

It aust be enphasized that this method does not require
a display or any special peripherals for producing the Bâpsr

the softgare cleveloged can be inplemented on any computer

systern and maps can be ¡rroiluced on either a line printer or

a cbnputer ternÍnal. rn facL, the naps cãn be transmitÈed

to a Ee$¡ote location through telephone lines for printing on

a hard copy terurinaL.

¡{ith the conventi.onal system the interpretation can be

carried cut by a photo analyst but usually is carried out by

a photogeologist. rt is estinated that it soulrl take

tuo-person days at S200/day to interpret 50 Fhotographs for
outcrop iilentification. thus the Ínterpretation costs are

estimated at S400 for the area.

i '1rÌa'1:i.:: 
¡
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4"4.L.3 ¡;rtãþ prepäratiorr costs

Vit.'n the Euto'ÃaLer] n¡ethoð. oÍ identi fyíaç rrck oîrtcrops,
the ffaps are äroducetu on a conput,er l_åi-le ptíretet at rz6trûta
scal-e. The rrìairs atre qeanetticalLy correct and çsould fit the
lJÎ'ri g:r ici' sirrge Èhese ffäF¡Ë Éìre .¡¡eoffietricaLLv accurate¡
transfer oi. tnf.st¡sation to a hase ìÐap is not reguÍred.
ilo¡*ever¡ it shouL ñ N:e po"i.nte*t out that láresE ãräps can al.so

å:e p¡oduced i-n photoiJra??iic f orx¡ i¡l ca],aut, Tf this is
requireð, þTäps câ,n be produced at l"iócttÇt ûr snaLler
scalesi tNrese nlav also l¡e used as ha;çe firâps. FÐr exarupre

the tSf't can þe use¿l to i?ro*uce the maps j.n coj_or.,

..i.:: :ii:

.í.dhen tire

irie t h.o rÌsz tl.:'e

to a base iäap,

<1irectly u;çed

es t i¡¡late<l th.at

transf,er the

transfer cost,s

tata arÊ isterFreteå usillE

ot¡tcrcp Xocations '¿i3-1, have to be

The anr¡otater"i[ ae¡Ía]- pho toçräFrl"ls

¡ìs either base rlaps Ðr otf:er

i.t NÐil1"41 taÌ<e tri,Ð-Ðerson days at

,'i,nf,oræaLîçn to a l¡asê $tâp. Tha

rollventionaL

transf errerl

tärrnÐ t &¡e

mailis. I t is

51sfi/dâv to
t i.s the rnalr

',+ould he S3,J{) for ilre areaÐ

4"4".L.4 üoniparatire ilosts rxitli the taro fi¡ethodjs

Tiae costs i.nlroTvetl in the t¡-lree in,3íviduaS- coruponents

*¡av¡l þeen outLined for þotþ- ti'¡e r:letho,Cs. These i-ndivi.dr¡al

costs are co*¡T-:ined to estimate t¡ie tot.ax cost for eacla of
the t*o met,hods.

ìr.,r..rr": ::.¡,:,:ìa
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T.l¡e taTaI ûôst for t.?'re tasdsat ]¡ase* autoa¡atic ¡¡:ethod

is $1.ó'1. The total cost for the conrenti-ona] r¿etho<å i.s

$8ÛÐr ,¡l¡*l'l aerial- coïeIage -i.s avai]air1e. "lltus¡ the cost of
i;roducin,,j outcrop t+aps using t¡le Lantisat ?:aser3 automatic

i¡ietþo"l is rne fif.tit cf the cost of N:ro¿uci¡¡ü æaps with tÈre

conventional- *ethoc"

Ho',¿ev€t¿ øhen aeriaL pl¡otoEraphic coltÈraqe i-s not

av¡ilai¡le f,or Lhe areã o f i¡¡te rest t trt-e cost o.f. tÌ.le

conventiollal mettrou shoots up to #37rj{st). Ilr this cãsê¿ the

conventionaL ¡uetira.d costs 23.û tir*es ås nuch as the tandsat

ÐasÊd ruethorJ. The com¿:arative costs and tåre cost per sqîrare

kílometer for e;rch *lethpd ðre giyen in TabIe 3-2. The

ieini-mui¡r rDst benef,i.t rat:io 1s esti.mate¿I tr be s l l_. this
ratis l'¡or¡l-,1 incne¿se äs th.e mappínü areä is i-ncreãsed"

4.4.2 Ëenefits

Tllere ätrÊ sevÈ ral- benef

i:as ed auto¡llatic ¿te thorl

riiscussed in section 4.4.1 .

rli..rect]-y attributa¿]Ie to the

generaL i-¡r natl¡re anü sten f-

Lantls¡t riata.

its resul-t.j.nç f,rosr t.he tanrlsat

apart f,roffi the cost benefi.ts

So¡ile ot these hen ef its are

automatic ruethocl anrtr others are

rû# inherent cliaracteristics of
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1ÀBLE T2. COMPARÀTTYE COSlS OF PRODI'CIilG OUÎCROP
i{ÀPS HIlH L ÀITDSAT AilÐ ÀIRPHOTO B ASED ilEÎHOD5

Ct]ST IN DOLLARS
-------.:

Tasks in l.lith Landsat ir¡ith Airphotos
Prc rlucing
maps

0Ption Bptlon
12

Dat a
Acguisition 110

Interpretation 5t
HaÞ Preparation 0

100 321000

400

300

400

300

-J----¡- -;------------_:._¡_;

lotal for
80 x"80 kn area 160 800 321709

Cost for square
kiloneter 0.025 0.125 5.250

;;;;;' ;-]-u""u"". the avaitabtttty or suitable
aerial coverage.

Optlon 2 Inclucles the cost of flying to acquire
phc tographs.
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4"4.2.L Usefr:åness in fieLti studÍes

The enhan^ced i*ages and t?re rocl< outcrop ilìaps '*¡ouåd be

usef,u"ì. in fLeLd studies both. ir¡ plannil'lg anri in field
*laFping actiiri"ties. Ðlack and xirite a¿ri-al- Bhotographs are

conventior¡ali.ï usec in these activities. våÐweasTt the
plrotoEraphs o?:taine,å frop¡ tl¡e tif1,p1" are often put-dated.

Latest avail_ai¡l-e coverage sucir as tåre eniranced images of
{"andsat dat.a rr¡ouLÐ, ire more usefuS in tåre f i-eåql st.udies. 'rhe

cost oË Ðroducing the en?ranced imaEes is rai-ni.mal corapared to

tT¡"e cost of acquiring aerial. f,ata.

Tþre'Ji-gitally e¡rhanced imaçes cñn be used in t¡Janningr

the activities of f ie.3-d {¡ersÐnnel. In the f,iej_d¿ the images

can be used to mar¡+ trauerses and f íeì-d obser¡rations. More

.recÐnt coverage of the area can i¡e øbtained reLatirely
i-nex¡rensíveì-y ,f rom Lanrisat. R.ecent coveraEê is j_m¡,ortant in
th¿e field Ëor locating geoEraphical and c¡.rl-tural f eatr¡res.

Also since tire enhanced i¡nages contaj.n cotror information¿

they wouLd be mûre use-ful i-n the fietd compared to the

conventionaL black anrl rahite photographs"

?he mäps sho*øing rock outcrops and roc$c tyë¡es uouLd

assist f ieLa personnetr þy sawj.ng the ti.¡ne requi.red in the

f ielri" irno¡n tne maps of roci< outcrops " the f ielc personneî

s¡ouìd know i-n adqrance the locations o{ Large rocJr outcrsps.

This enal¡Ies tl¡e fÍ-eåd personneS. to gt to the outcrops

rlÍrectl-y rather tl'lan spending time l-ooki_ng f.or nutcrops.

since an indÍcation as to the rock type i-s Eiven or¡ the naps
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o.f- rock typesr f ield pe:rsonne3. need nst necessariLy spe¡rrl

t,i-ri¡e checking ail_ outcrops. These truo aspects ¡,lould resuLt
in consicierabÌ.e iinre saving f,or the f.iel-d arersonnel.

4.4.2"2 Usef;ulness as årase naps

?he enhanced iffiages can be used as base ,fiaps ¡rfien

rnapping is done at a scal e of 1¡ 5t ,t)t{J Ðr sæaller. since
the data use*i in proriucinE tþre e¡rhance¡l inages are

Eeoatetricaltr-y corrected¡ the i¡nages *io not contaÍn
significant distortion at tå¡e scales specifieû. The

enhanced ialages produc€{å wo¡.rld fit tå¡e llTþå grid.

Àeria3. Ë¡hotogra{¡hs acquired routi.r¡ely ¿¿ou1d not l¡ave

this Eeometrir: precisåon .for mapE,ing. Since the enhanced

irnagery can be used both i.n 'the fieLd anrå as noase ¿r,äÞs, no

transfer af infornation j.s requi.red to prÐFarê f,inal äìaps.

Fur therr la test avaiåabLe coverage can be ac,qe¡ired ât no

aCditisnal- xost¡ i.n.forrnatio¡r on cultl¡raå and EeograptricaL
f,eatures *uouLd be current rn the þase Ínaps.

4.4.2.3 ûther beaef,i_ts

üne oT the direct benef,i.ts of the automatic mettrod is
that it ¡rrovi-fles $ensuration data on cover types in the
area- The ãEgregate coverage of each coìÍer type i,ienti.tied
in tfre area is autosìaticaliy prod¡.lced by the syster,e in
tabul-ar forfti" This kind o-f tlata are usefl¡i_ in äny fã.ei.d

proErâ{ss' $or e¡(agì*oj.e, iì quantitati_ve esti*¡ate of the
il{¡ì
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percentage of rock outcrop in the area sourd be hetpful in
planning the tlme requlred for the geological field
investlgatiollse Quantitatine mensuration data can neither
easily nor lnexpensl,vely be obtained rith the conyenLional

method.

fhe autonatic, nethod is also useful in englneering
survelrs such as pipeline route selection. selecting a

plpellne route is a naJor declslon anil ls based on several

factors. one such factor is costs involved in the
constructioa. the construction costs are influencecl by the
presence of tai,er bodies and rock outcrops along the
pipeline route. fhe methocl cleyeloped here produces ¡raps

shoning the distribution of rock'òutcrops and tater boclies.

the maPs thus aid in selecting an optinal route sith nininal
c osts.

Coloc. inf oruatlon ¡¡hich Bay be useful for sone

applicatlons can be obtained easlly fron Landsat. ilata.
since the l,fss on Landsat images in four different spectral
regionsr these can be cogìbined to produce color conposites.
For exampler a sinnulatecl color inf rarecl image can be

generateil fron Landsat iligital data. These color Íaages cän

be interpretecl using conventional photointerpretation
techni{u3s. tolor inforuatfon can be obtained fron Lanilsat

dtgital ilata at a nomlnal cost relatlue to acquiring color
pho to graphs.
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In su*mary, the cost benefits o:f rflapping rock o{ltcrÐp

irìaps by a corlrentional and ã ne# metl¿od !Èiete anal-ysed, Tire

conventionaL net.hsú, is based on visuatr anatr_ysis of, aerial
Fhotoüraphs. ?he ne;u¡ method produces fiìaps oË rock outcrop
'ay cow.puter analysis of, Landsat diEita.I üata. Ti:e cost of,

producÍnE rock outcrop Íqäps by the new method ís estÍ.alated

to be 2ßZ of, the cost of producing tåre {näps hy the
conventional, rsethoc. The cost effectiveness is improved

f¡.rrtirer s¡hen Larüe arêäs are nappedi the in¡provement is
dramatic rol-len nD aerial cÐvÐragê exåsts for tfie âr€â.
Severar other bereefits s+hich a.re uniçue either to the

Latidsat data or to ttre ne*¿ method ftere out.Lined"
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1'ne f oi-1ou; inq concå¡¡si.ons #ere reachreri on tåre hasås of

the resu.l-ts obtaineil in this stu¿iy;

l-. l{ock o¡¡tcrtps in the toppermíne Ri.ver areä can he

: ,ì uniquei.y r-liscrimi-nated .f roæ aTl other cove:r types
:,.4¡.¡

-::.': usinE La¿lrãsab diEit.al dat.a.

2. Spectral siEr¡atures of rock Ðutcfrps ârÈ distincttry
diff,erent from ti¡e siçnatures of, other rÐ'uer t.Vpes,

fasil-itating not onLy easy but also consåstent

ident.ification ot rock outcrops.

3, i4aä:s sho¡o¡inç tl-ie distribution of TÐc,'{ Ðutcrops can be

produce$ either fuy i¡isual anaLysis af. di,gitai-l-y ent¡ar¡ced

Landsat j-l*ages or auto¡oatical_1y by tite ccmputer ¡nethod

¡¡si¡rE di gi. tal- cia ta.

4" Ttrre neerl for nepeaÈed calibration .in itlentifl¡Íilg rock

outcroç,s is elir$inated by erilä¡loyin,J standardized tandsat

diqit.al data.

5 " The si¡n¡;lated caLor inf rarerl iiuaÐes proüuced f ro*r

rli-gi-taLl-y enhanced Landsat data are superisr tn ttre

aenÍal Bi'iotographs i.n identifyi¡rO rock outcrops"

ô, piâps çÍ. rock outsrops BrÐduc€d h3r the computer fiethod

are as gooil and j.n sor*e câses better than {naps prouuced

from aerial- i¡hotogra¿:fis.

? " 1n aúdj.ti-on to ÞrÐvidiriç tl'le spatiaL di;strihut j_on of
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ror?4 Ðut{ropst l"he comþuter ¡netf¡od deter#in¿s the
arJgrerÅ¿¡te couerade of. outcrops an# rock types ir-l täee

ltÍAp arÈa.

8. Rock outcrops identi.iie'l lsy the coraputer neilrod can Þe

further separated intn ,lif.ierent rock t¡Ðes .based onåy

Õt1, spec tral, claa¡acteristics.
Ü ' jjitf erences in spectral signatures a¡ilonç rock typ¿s

exaplined "plere subt-l"e end susceptiþåe to n¡is-

classif icati.on êïen ui.th mi-nor conta¡¡ri-nation f ros¿ other
rock types or coyer types.

l-û" In tl¿e l4olrse Rj,vet êtÐã7 the rock Lype seFar¿t.i.on

âccuracies laere g6-i; and s7r4 respectivei_y f,or doLomites

and írasalts zuith irrtercaSated sandstones.

Ll.. In the topperæir¡e iliver ãr€dy Lhe ãrcuracjes ohtained in
sef)âratinE rock types Èdere 6ð8 an,? 'l7va resËect!.vely for
$oi.omites and sa.rr¿gst{¡nes.

L2. The ãccllracies oþtaånec in seÐarating rocle types Here

reduceil i*t¡er¿ snoËd cÐl¡' r ia*^as pre*rent in the æap area,
L3. Tlae cost oí üênër'at.in,q rock outcrop r$¡rps :f,rom Lanclsat

data by the conrputer nethccå is estimated to 'be 
.l_ess

thaa 20* of, tf'le cost oi senerating ttre maps "ssitir aerÍ_al
pårotograpl-rs r¡sing conlrentional s¡etårnss"

l-4' There are other å:enefits of usi-ng l-ancsat data Ín
additi.on to tfie cost effecti-ve{iess" t'hese benefits
j-nclude tire üsË of, riigitally enb.ancertr iallaç*s rlj.rectly
ãs irase maps and provigi¡rg more recent coverage of
the area rel at i.ve3.y inexpensiveå5¡ .
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The folioi¿inrJ ret;,Ðr]',r,en;lations â.re fia.i,4"Ð lrase,l on thi_s

s tudy:

1. Tfre comnuter xietlioci shoul d lse tested i_n other areas to

f ¡ir tÈrer va.i.itåa te li¡e calåbration arici aËcur aci.es obtai.ned

in irlentifyinü rocj{ outcroBs,
'J" Rock outcrop ßìâps shoul-{ã i¡e {¡roduced usi-n.ã the computer

rxethodz pri-or to launcirinry a f ieLd proüraffi irt än.y nen

3fÊ â'

3. The cn¡rlputer r¿rethod shouLd a-3-so å¡e used Ln ol¡taini_nE

¡aeå-lsutration data oTì üover tyt:es in tire ?Ãap area ås an

aid ín ç,-Lailninù Lhe f,j.eTd xrapping p.f,oüra¡*"

4. ÐiiÅila3-ly en,i:¡a¡lce¿l simuLate¿1 color infra¡e<å ixlaqe.s

shouL,,j be ased i¿r tåre fi-elci:fnr recor¿trinç data _qathered.

5' Use Ðt qeo¡ttetrical-Iy correcte¡l images as 'base iììåps/ +¡hen

mapping at scales cf 3. ¡ 5ü r1*t) o r sraaåler, shoul_d be en-

ûûura'ãed. f hås useôgÊ rts base åT¿älrs is part.icuter ly
i-deal in a:Ðeas sucir as the ?uleoyì and the i¡torth¡cest

Territoríes øhere åÐaps at scales Larüer ttran L;?50r0t0

do not exi-st.

ó. 14aps of roci< outcrops pro*l¿çed shouãei i:e r.lsec in f i.el_rj

in ilirectiog tNre pÐrsonnel to sF'ecif,ic rock Ðtjtcrops"

7, Spectral siflnatures of cor.:mnnIy occurj-ng rock types not

exa¡rrined in this sturil' shoulC be tlT¡tai_¡red .fros.l Lan<isat

riaEa to {letenmine tire feasit¡i.?.ity of, discr.i.r'rinating

aìr?ont othe:r rork ty¡:es "

l.ì i

tl: ,:.:'¡:'::
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E. I t q¿ust i)ê rerogniz ed that tlre rock outcro¡;s r¿ust be . : :

vety large f,or ider¡tificati.on'u5z tne æethoij¡ âs the

spatiaS. reso-l-ution of t.j-le data useci is E',, r! x 50 r{,r.

9, It is enphasized that the coiaputer rrrethod 'Jevel-oped does

nat replace conyentionatr geoL o{.Jiç,"rL r&e,prring l¡ut aids the , 
,,,,,fåelc geû].oEist irr effectively rârrying out t?re field ' ::.

:napping.

.:: r_::.-::
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APPEND_I_I À: COMpUTER -PROCESSINc METHODS

AI. O INTRODUCTION

computer methods for processing the Landsat data were
discussed in chapter 3. Additional detairs on
implementation of the various methodB on the computer and
details on executing the softwaçe are given here. A sampre
run and a brief description of the programs deveroped for
this project are also included. Listings of the software
deveLoped are given in Appendix B.

Trso different formats of disc fires rvÍth which the
software devel-oped ean function are described in section À2.
P¡ocedures that must be used in creating these dise files
from ccr's are given in A3. An anarysis program to produce
histograms or listings of the MSS data are presented in A4.
software for mapping rock outcrops and rock types is
descrlbed in À5' A program to generate enhanced images is
Presented in À6. procedures forrowed in apprying geometrie
corrections are discussed in A7.

rn showing the interactions rvith the computer system
(PDP-10)' the user inputs are underrined. The symbols used
are ù for carri.age returnr ^c for control e, and g for
a I tmode .



A-2

A2.O DISC FILE FORMATS

The software written for this project works with two

different disc file formats. The two disc fire formats are
referred to here as the ccRS oLD format and the ccRS JSc.

The oLD format disc file is created for use with Landsat
data on oLD format ccr's produced by ccRS untir about 1976.

The JSc format, disc fite is created for use with the ccRS

JSc r Drcsr and ERos data tapes. The formats for these two

dífferent disc files are presented here arong with a brief
description.

À2.1 OLD FORMAT DISC FILE

oLD format disc fire is a data set created on disc from

oLD format Landsat ccr. The oLD format disc f ile contai.ns a

portion of a Landsat image along with pertinent ancirlary
information. This d isc f i l-e is created in a pre-def ined
format by running program LoADpK in the MrcA package on the
CCRS PDP-10 system.

The oLD format disc fiLe consists of one header blockr
a number of data blocksr âDd an end of file mark at the end.

The disc file organization is schematically shown in Figure
A-r. Details on the header block and the data blocks are
presented here.

l.: . .. a'l::..:,...:

i .1::. '.. 1 .:
l:. .i.':

l_'i....:
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42.I.1 Header Block

The header brock is rocated at the beginning of the oLD

format disc fÍte- There is onry one such brock in a fire
and the block size is always l2g words. The header block
contains house keeping data¿ sort€ of which would be copied
direcly from the taper and the remaing wourd be supplied by
the user in response to prompts from the LoADpK program.
Additionar information on the contents of the header btock
may be obtained from the source coding of the program.

42.1.2 Data Block

The number of data blocks in the oLD format disc file
is equivalent to the number of scan lines copied from the
ccr. Each data brock contains four data segments for the
four $/avelength bands corresponding to a scan rine with a

data block header word in the beginning. The data block
si.ze is aJ-ways 2432 data words. The organization of arl the
data in this brock is in 6-bit bytes co¡nbined into words 36

bits long- Data in this form are accessibre onry by pÐp-10

MAcRo- The schematic organization of data block is shown in
Figure A-2.

The data brock header consists of one word at the
beginning of the block. The rast two bits of this r.rord

indicate which sensor in the band recorded the data. This
number is needed when the radiometric corrections are ¡nade.
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Data Block

2 604 I206

15 words

24 09 Þtords

2409 9{ords
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¡

__L_
t 

- - - -;; ;;-;;;;-;- -- -t

L- ---J ::::-:t::_:l-__ J

F.-----[- ::¡-:¡-¡¡i:--:--]
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24 09

Fig. A-I. Schematic representation of the
OLD format dÍsc file

n t¡¡-F¡:¡-¡-[¡¡¡¡-:-l-!¡¡¡-:-l-:¡¡¡-¡-_]

Fig. À-2. Organization of a data block in the
OLD format disc file

i I :i:r rr.rì.,



A2.2 irSC FORMÀT DISC FILE

Jsc format disc fire is a data set created on disc from
JSc forrnat Landsat ccr. The JSc disc fire contains a

portion of a Landsat image arong with pertinent ancirrary
inforrnation. The disc fire is created in a pre-defined
format by runnÍng program ccrloD in the MrcA package at
CCRS.

42.1.3 End of Fite

An end of file markr indicating
file, is placed after the last scan

disc.

The JSC disc fite
number of data blocks

The disc file organizat

A-3, Details on the
presented here.

42.2.I Header Block

The header block is located
disc fite. There is only one

block size is always 256 words.

house keeping datar som€ of wh

from the taper ând the remaining

user Ln response to prompts

the end of the disc

line is copied onto the

eonsists of one header bLockr a

r åDd an end of file mark at the end.

ion is schematically shown in Figure
header block and the data blocks are
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'r::r-:

'ì:.-:- :.:;

t:r': :': l- ,r l

at the beginning of the JSC

such block in a file and the
The header block contains

ich woul.d be copied directly

would be supplied by the
from the CCTLOD program.

i:.:.'r-',
|.t'.:

i::.ì
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be obtained from the source coding

of the header

of the CCTLOD
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block may

Program.

A2-2.2 Data Block

The number of data brocks in the JSc format disc fire
is equi,valent to the number of scan rines copied frorn the
ccr. Each data brock contai.ns four data segments for the
four wavelength bands corresponding to a scan rine. Each of
the four data segments include its segment number within the
data block and video data for the segment. The segments are
numbered sequentialry; the first segment corresponds to
Band 4, the second to Band 5 and so on.

The organization of arr data in a data brock is in
8-bit bytes combined into 36 bits long word. Data in this
form are accesslbre onry by pDp-r0 È1AcRo. The data iro"r
size is always 3712 words. The organizatÍon of data brock
is schematically shown in Figure A-4.

A2. 2. 2 . .1 Da ta segment À

Data segment À¿ the first segment in a data brockr
occupies 945 pDp-10 words. segment À starts at word r and
ends at word 945 of the data block. This segment contains
the segment numberr âncLrrary datar and video data for the
segment. segment A is a copy of the first data record in
the lfss data set for a scan rine on the JSc format ccr. The
organization of segment A is shown in Figure À-5.

:!ar:r
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. Header Block -

(House Keeping Data)

Data Block I
(Scan Line l)

256 words

3 64I !{ords

l- 
--- --;;;;-;;;;-; ---l

I tscan Line 2l I ¡648 r{ordsL- ---- --- --f---- ---- -J

i- -__ __L__
I oata Btock n I

I tscan Line n) I ¡648 wordsL___ ___J

| ""u or Fire IL___-_:___ -___--l

Fig. A-3. Schematic representation of the
JSC forrnat disc file

Word I 604 1206 I s 0B Z4Og

Dara Block " [____-_-1_-___-___t-________t___________1
DataSegment A B C D

Fig. A-4. Organization of a data bLock in the
JSC format disc file

l::.i;:.Ìtii:::,; 
.
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A2.2.2.2 Data Segment B

Data segment B, the second segment in a data blockr

occupies 901 PDP-10 words. The segment starts at word 946

and ends at word 1846 of the datã block. It contains the

data segment number and the video data for the segment. It

is a copy of the second record in the MSS data set for a

scan line on the ccr; the auxiliary data at the end of the

second record ârêr horvever¡ not copied. The organization of

segment B is shown in Figure A-6.

A2.2.2.3 Data Segment C

Data segment C¡ the third segment in a data blockr has

the same length and organizational structure as segment B.

Segment B starts at word 1847 and ends at word 2747 of the

data block.
i. .;.:,
t::. '. : a: :

i' :).a:::

: .... ..':..
A2. 2.2.4 Data Segment D .,i,,'.; ,;','"...-:'..':':

Data Segment Dr the fourth and the final segment in a

data block, has the same length and organizational structure 
r:..
I :.:: I :j ,, : lir:ias segments B and C. Segment D starts at word 2748 and ends [.-:i:¡.:i']

at word 3648 of the data btock.

i::":.]
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A2.2.3 End of rile

Àn end of file markr indicating the end of the disc
filer is placed after the last scan line ls copied onto the
disc file.



A-10

Fig. À-5. Organization of data in segment À

Fig. A-6. Organization of data in segment B

l,r, , rr

l.¡,:,.,1



43.0 cREATING LANDSAT DATA FILES ON DISC

After approximate coordinates of the
obtainedr the required portion of the CCT

disc for analysis. Access to the desired
when the data are located on a disc file.

A-tl

study area. are

is copied onto a

data is fas ter

or from the

in creating

procedures

files of the

Two disc files h¡ere created. for the study area data
acquired on two dates. These two disc fires were used in
this project. Both the input Landsat ccT,s are in oLD
format- program LoADpK from the MrcA package was used fn
creating the OLD format disc fiIes. The execution
procedures for this program are documenÈed crearry in the
HELP files of the MICA package at CCRS (pDp_10 system).

If the Landsat CCT,s are in the JSC format
EROS Data Centerr program CCTLOD must be used
the disc files. Documentation on the execution
for this program are also availabLe in the HELP

MICÀ package.

i. I ri::: i

t'
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A4.g PRODUCING HISTOGRAMS OR LISTINGS 9g THE MSS DATA

A software package named cvÀLUE was written as an aid
in the anarv"i" of the Landsat data. This package arrows
the analyst to create histograms of the data or examine
digital values from a specified area on the disc fires.

The analysis program, CVALUET cân bê executed by the
RUN command on the pDp-lo system. The input data are from a

disc file- The digitar data ristings generated by the
program are stored on file (maximum of three files) for
later retrieval. Each of these files can accommodaté a

maximum of 25 values. The pre-asslgned names of the three
f i les are STATI .MAp, STAT2.MÀpr ârld STAT3.I\tAp. The

histograms generated by cvALUE are written onry on one file
STATI.MAP.

cvALUE is an interactive progfËrrl. user input is
required to prornpts by the program. provisions ¡{ere made

throughout the interactive part of the program ar.rowing
corrective actions to any erroneous input.

cvÀLUE has severar built-in options which makes it-more
general and therefore more useful in different stages of the
anarysis. some of the more sarient options are risted
below:

t - Accept data from either a Jsc or an oLD format
disc fi le

2. Àccept either the CCRS or the EROS datar

i.'::.:.i I :.-.,.t: .::. 
_:

i:,] :



3. Ðata amy be decimated when not interested
in using every line and pixelr

Standard j. ze the data,

or listing of

is chosen, additional

options can be made:

histogram (max. 25G] ,

radiance values

of the MSS bands.

A-t 3

tten cotrsêF¡t

Canada Centre

4.

5. Produce either histograms

the di gi ta I val ues r ârìd

6 . !{hen the h is togram opt ion

selection of the following
(a) number of levels in the
(b) number of 1evels in the

(max. 8-bit), and

(c) histogram of any or all

l).,.

A4.I SÀMPLE PROCEDURE

'HOUNT CHAG¿
Structure al.
I Hor.lnt eount

CHAG I'founted

nead!, rrounted
= 1l

.RUN CVALUEy'

EEEEßÊEEE@EEËÊEÊEE@GEE@EGEEG@GGBEEEEGEGEEGEE

ThiE 
''roErtsr¡ r,.¡ðs r.rritten hs F, chaserlan¡¡-ldilteloitte HaskinE & SeLIs AsEocÍates oIt rrec not be reproduced in êr¡s f ornr uit hor¡tof Feloitte Haskins å SellE Associatei,

Use bs enrploseeE of the GoverFrtrreF¡t of tanadafor Renrote Sensir¡s is e>lrresslB perrritted.
ËEEEOEEGEEEEßE€EGEE@ßEEEE@EGßEE@GE@EEEEGßEBE

i.:.

i,.: ,
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the uri
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i :.i

I'ISS INFUT FILE NAHE ?I U622.äL ¿
STRUCTURE ON I,JHICH FILE-IË LOCATETT
LAN['SAT FRAI\,IE NUHBER ?20151 1glgJ ¿NATE TÈIAcEr¡ ?22 JUNE 75I-
5ÏTE NA|I'IE(2A3) ?COF.PERMINE/
SPECIFY THE AREA_OT_TFTTIEST -
1ST LINEILAST LINEILEFT F,IXI RIGHT

?ICHAGI

PIX



À- I4

?00 ?.2a 400 424 ù
FIRST LINE
LAST LINE
LEFT},fOST FTXEL
RIGHTI-IOST FIXEL

i 200
I ?20
I 400
i 424

. AIIE THESE TORRECT ( Y,/N ) ?Y ¿
LINE & F.IXEL TIECTHATTI]N FAcTORs(N FoR I 0UT ftF N)t1 1t
LINE & FIXEL IECTI'I. TECTORS R ! 1 1
ARE THESE CORRECT (Y./N)?Y ¿
NAIIE OF RAIr CORR L00N UF-TABLE ?trUHHy.IIAT I
IdANT SUN EL ËORRECTIONS ( Y,/N ) ?Y I 

-
SUN EL. ANGLE IN TIEGREES ?I1]åI.
F0Rt'tAT 0FTN. (0-J5C CCRS;1-,ï5C ER0St?-0Ltr ccRS):rz¿
SATELLITE NUI'lItER (t/?ltt i:.!¿
4* 3,47??l,t ,
SELETT OFTN, ( 1-LT5T VALS; ?_HI5TOËRAM5 ) }.1 I
ENN OF EXECUTION
CFU TIl,lEi 1.78 ELAFSEIT TI¡'4Et 3i?9.17
EXÏT

. Q 5TêT1 ,l,f AP /
TõT;T-FT-hlocks in t file in LFT recruest
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À5.9 MAPPING ROCK OUTCROPS AND ROCK TYPES

software h¡as deveroped to map rock outcrops and roek
types using the methodorogy described in chapter 3.
Briefly, the method consists of discriminating rock outcrops
from atl 0ther eover types by comparing computed threshold
values to standard varues for cover types using a
hierarchicar crassification scheme. The outcrops identifiect
are then subdivided ínto rock types. The cover types
identified can be symbor-coded to produce maps on a rine
prÍnter or a hard-copy terminali alternatlvely, they can be
color-coded to generate maps in hard-copy form using either
the CSFR or the EBIR at CCRS.

Ã'5. I SOFTWARE PACKAGE FOR LTNE PRINTER MAPS

The software deveroped to map rock outcrops and rock
types consists of several modulesr most of which were coded
in DEC-10 F.RTRAN. Art the necessary modures are tisted in
a file named ALLR'K.cMD on the pDp-10 system. The road
module of this package is calred ALLR'K.EXE whlch can be
executed by the RUN command on the pDp-r0. A sampre run of
the program is shown here forrowed by an expranation of the
more salient features of this package.

The software package can process MSS

currently available Landsat CCT formats.
include CCRS-OLD, CCRS-JSC, CCRS_DICS,

EROS-I{EVü. The radiance levels present

data from aIl

These formats

EROS-OLD, and

and the system
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corrections performed are different for the different
formats.

The MSS data can be standardized prior to computing the
threshoLd varue of a pixer area during execution of the
program. The various options avairabre for standardizing
the data include radiometric correctionse sun elevation
correctionsr cornpensating for differences in satellites L,
2' and 3' and adjusting the video data obtained frorn any
format CCT to 256 levels ln all bands.

In mapping large regionsr it may not be necessary to
map or examine arl pixels within the region. That isr the
threshold values for comparison rnay be computed for only I 

lin every N pixers and I in every M rines within the region. 
,

lrf this estimation procedure is satrsfactory, the cpu time j ,

requirements to map rock outcrops wouLd be reduced 
r:.,:,t..,,accordingly. This method of decimating the data within the :r.,;::',

li:''t' 'ärea of interest was impremented as an option in this i,,.,,,,,¡',
i: .-: ::.

package

In producing the maps on a line prÍnter, it must be
recognized that line printers introduce an aspect ratio
error by printing ten characters to an inch horizontally and
six characters to an inch verticarry. For maintaining the
geometric accuracy of the maps, the aspect ratio error
introduced by rine printers must be compensated. rn
addition, it is recarred that the' Landsat pixer is
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rectangular, unless it is resampred to a square pixer.
Recogni zíng the abover the Iine /píxeL combination for
processing must be carefully selected in producing ,.,t,.
geometricarly correct maps. The r ine and pixer ratios
suggested for the sample areas ar_e 5 to 3 for geometrica ì.ry
corrected (square pixers) and 3 to 2 when no geomtric ¡,.:r:.:....-- :: '-...'
corrections are applied (rectangular pixels ) . ,, ":.1'.;'

Mensuration data on cover types can be obtained
automaticalry using this package. The counting process can
be performed for the entire region or a subset of the
mapping area- The shape of the subregion for counting can
be any four-sided figure.

i 45. t. I Input

The main input to the package is Landsat data that must

, ot read from a disc f ile. The disc on which the trfss data
are rocated must be mounted before executing the program.
Àuxiliary parameters such as site locations , Líne/pixel
combinations are input during execution in response to
prompts by the software. Provisions were made throughout

ìI the interactive segment of the program allowing corrective
actions to any erroneous input.

i:.a.:i:ì.:l
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45.1.2 Output

The output fro¡n the software is a symbol-coded map

which may consist of upto three vertical strips. The map is
r+rÍtten on disc files (one for each strip) for later
retrieval.- Each strip or file accommodates upto 120 symbols
across the page on a rine printer. These strips may be
printed either on a line printer or on a hard-copy terminal.
To accommodate printing on any hard-copy terminalr the width
of the individual strips can be adjusted (max. 120) during
the execution of the program.rn addtion to the idividual
stripsr the fires contain auxiliary information for
identification of the map.

The pre-assigned names of the three disc fires are
RocKl.MAPr RocK2-MAp, AND RocK3.MAp. The f ir.es may be
printed on a line printer using the e command with Fortran
switch on the CCRS pDp-I0 system. 

:

When the mensuration option is selected t à temporary
disc f ile with extension Lpr is created. This f ite 

"orrtuirr"
the mensuration data on cover types identified and auxiriary
information for identification. This file may be printed on

the line printer using the e command.
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45. 1.3 Sample procedure

.RU ALLR0K /
},ÍSS INFUT FTLE NAI.f E ? I Uó??AL ,
STRUCTURE ON t,IHTCH FILE_ ISTOCATETI
LANI'SAT FRAI'lE NUI'ltrER ??0tE1l.B4Jt¿
NATE IHAGETI ?2? JUNE 7E ¿
SÏTE NAi',IE(?A5) ?CTF.F.ERiI'ITNE ¿
SPECIFY THE NNER-TF_IN TREST
lST LINETLAST LINETLEFT F IXr FIGHT FIX

170 3Eó 150 47?

?iCHAGI

i:'::ì- i

FIRST LINE
LAST LINE
LEFT}'IÛST F I XEL
RIGHTI-IOST FTXEL

i 17Q
i 386
i 150
t 47'l

LINE
(N

LINE
ARE
NAI.IE
I'JANT
SUN

ARE THESE CORRECT ( Y./N ) ?Y ),g PTXEL TIECII'IATTON FATTORS
FoR 1 oUT 0F N)i5 3 t)-& F.IXEL NECIM, FACTORS R I 5 3
THESE ËTRRECT ( Y,/N ) ?Y ¡t
OF RATI COFR LOOK UF' TÉ¡E LE ?LINCH5.622
SUN EL CTRRECTIONS (Y/N) ?Y¿

EL, ANGLE IN T¡EGREES ? i 4â ¿

I,IANT TO SEE THE CURRENT VALUES (Y,/N) ïI
SATELL I TE NUI{ EIER ( T /?/3 ) :"3 Ù¿

4* 3,479?2& r -
1.10r
43r 110r 33Or 1r 110r
1r 1r 110r 4lc0r
CLASSIFICATION F.ROC , (T/?/3/4) I1 ¡¿

1r

ENTI ÛF EXECUTION
CFU TIllEl 1,9á ELAFSEtT TIt'fEl 1t47,BB
EXIT

. Q ROCKl .HAP,/FTLE I FORTRAN/
Ite in LFT reçuest

a

'..:

l¡,:
il
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A5-2 SOFTWARE pAcKAGE FoR coLoR-coDED r,fÀps

The software package written for producing coror-coded
maps is a modified. version of ÀLLROK package (A5.I). This
modified version is called MADRoK. The major difference
between the two packages is that MADR.K creates a display
compatible fire (A6.r) containing the map. Hard-copy coror
products may be generated from this file by emproying
procedures similar to those used for enhanced. images (A6.2).

MADROK cons is ts of severa r modur.es r ¡nos t of whi ch were
coded in DEC-I0 FORTRÀN. Some of the modules àr€r howeverr
the same as in ÀLLROK. Arr the necessary modures to execute
the MADROK package are risted in a fire named MADROK.cMD.

The road module of this package is calred MADROK.ExE which
can be executed by the RUN command on the pDp-rO system, A

sampre run of this program is shown forrowed by an
explanation of the additionar features of this package over
ALLROK.

The assignment of corors to the cover types as werr as
the names of the cover types can be changed during
execution- selection of colors can be made from any of the
L7 possible cor.ors (incruding brack and white) avaitabre in
this package. If the user wishes, he may use the default
parameters. for col0r assignments and for the names of the
cover types.

.. '! l: ., . .i.:.. ..:.f -1 r".,. ,..,..i,::.,... ,ir_:.-::t:. :r.. :,t,i¡

i-:'.4:j
lr'.11i.:

ij:.":11:.' --r:
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A coÌor regend is written at the end of the fire. The
coror legend consists of rectangles filled with colors
assigned to the cover types. On the color map producedr the
legend would appear across the width at the bottom of the
map. The sequence in which the corors are written is
identical to the sequence in which the class numbers are
assigned to the cover types.

The map produced using the hierarchiear crassification
scheme may be enrarged by repeating pixers during execution.
Somewhat comparable enlargements mâ1re however, be made from
negative produced in the photographic process. rt is
cautioned that this kind of enrargements are onry useful for
display purposes rather than improving the mapping accuracy.

For cornparison purposes, the Landsat image of the map

area can be written on the same dispray compatible fire as 
j:r,;.,the map- The pre-assigned band combination for the bluer ;,;,,,,.,

greenr ând red colors qre Band 4, Band 5, and Band , :',::::,
:

respectively- The original image is written on the top half
of the file and the map is written on the bottom half of the
file.

l; 
.t;,.i :ì'

il. : :.: :'.. : :

l::i. -, .t:

ì lil). l'
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45. 2. I Input

The main input to the MADR'K package i.s identicar to
that of ÀLLR.K packagei some of the auxiliary parameters
required are different- A1t parameters are input during
execution in response to prompts by the software.

!,1 '. :.: '. : ..:

r'.:. ..:: : ;

45,2.3 Output

The output from this package is
file called DSpLAy.MAp. This file
which contains the IÍSS data_

A5. 2.4 S3mple procedure

display cornpatible

created on the disc

ct

].S

. RUN i.llAIrR0t{
..--_.-
ifiss INF'UT FILE NAl.tE tlu¿pùr-f
STRUCTURE ON I,IHTCH FILE-ETÍ}ËATEN
LANnSAT FRAl.fE Nur{BER 1?0rs;*,ipãsiJqATE IltAGEn .?,?t. JUNE , ZS-; -
!,IIE_ NAl,tE ( ?A5 ) Sc0FfERr,ti¡lE,¿
llçc¡Fy rHE AREÀ -õF-îTEFrÉsr
lST LINEILAST LINE¡LEFT FTXI RIGHT

?ICHA E-',.¿

PIX

I 1s0
i 38s| írso3 ì50O

LAST LINE
LEFTI'IOST F'IXEL
RIGHT} OST FIXEL

ARE THESE CCIRRECT (Y./N) ?! ILINE T F.TxEL rtEcII,'ATION FAcTORs(N FOR 1 OUT CIF N)i1 1.,¿
lIryE e FrxEL rrEcrlt+ ffiré'ns n 3 1 IARE THESE C0RRECT ( Y/N r ?:Y l. .:,.NAIIE 0F RArr EoRR L0oK up-íeE,LE ?.rrU.XHïrnAT./I,'ANT SUN EL CORRECTTCINS ( Y./Ni-8ffi
SUN EL. AN6LE IN IIEGREES ?146 ;: 

*



tt'ANT TO SEE THE
;.SATELLITE NUHBER
4* 3,479??6
.11Or

CURRENT UALUES.. ( Y/N )(I/2/3) >2 .ù :;*.
t-
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3t REIr 4ì- 7ì GREY - 8i
-11i nARK [{LUE -1?i
- 15 

' 
F'URFLE - 1ó 

'

':.:
?n'-¿

CLASSIFICATIf]N FROC , (1/?/3/4'
1r,
MAGNIFICATI0N 0F nrSFLAy ltir

, sFLIT ScREEN !'rsFLAy(y./Nl,Èñ';¡
¡ÇOLOR CCItrES AREt. - 

^FLACK li FLUE ?;LIGHT BLUE- 5' FINK FURPL. 6ïBR0t.rN 9; tTLUISHCFEy-1õ;
nARN RED - 13 ; [rARt$ cnrE¡l- i q itilHITE -17ì: I

ç¡rn 0F EXECUTT0N
CFU TIi',IE3 15.93 ELAF.SET, TI},TE3
EXTT

tt þ2

GREEN
YELLCII.J
ORANGE
TARAUO I S E

I ....::
f'..rltr:::i
l'i ; ": -'r:

3i19.13
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A6.O GENERATING ENHANCED IMAGES

Digitalry enhanced Landsat data s¡ere used in this study
for visuar anarysis of rock outcrops and rock types. The
methodology of digital enhancements was described in chapter
3' softe¡are to perform some of these enhancements $/as

developed for this project. Display compatibre disc fires
containing the enhanced data were created by the software
developed. These data files may be used in producing hard
copy coLor products.

A6.I DISPLAY CO}îPATIBLE DISC FILES OF ENHANCED DATA

The softrvare package that creates display compatible
disc fires of enhanced data is car.red DSpLAy. Two different

ienhancement procedures can be performed by the DSplÀy
package- The two procedures are the linear contrast stretch
and the mur tipr ication enhancement which is us ed in
generating the simurated cor.or infrared imagery. The
enhanced data are written on an output fire which is
referred to here as the display compatibLe file.

l,',
i'.

The data can also be

files without performing

the three cases the clata a

the output file.

written on the display compatible
any enhancements. Howeverr in atI
re s tandardi zed prior to creati.ng
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The format of the display compatibre fir.e accommodates

only three bands. Any three of the four bands in the MSS

can be serected during the execution of the program. ¡ grid
(black lines) may be super-imposed on the enhanced image for
ease of referencing. The grid size¿ in terms of lines and
pixels, may be selected during the execution.

The input Landsat data may consist of the oLD format or
the JSc format disc file. The data may be decimated when

not i-nteres ted in using alt the originar data.
Alternatively, the enhanced data may be digitally enlarged
to provide larger scares by repeating pixels and lines.

The display compatible fire (output) is created on the
same disc as the input. The disc which contains the input
Landsat data must be mounted prior to running the program.

46. 1.1 Sample procedure
. RUN .T'SFLAY /
}'I5S INF.UT FTLE NAI'f E ? I Uå?2AL y'
STÊUCTURE I]N hIHTCH FTLF-IFTDATETT ?ICHAG I
LANTISAT FRAI'îE NUHBER ?I0151 18431 ¿nATE Ir{AGEn ?!2 JUNE 75 4
STTE NAl',fE(3A5) ?COPF,ER},1INE ¿
SFECIFY THE AREATTT¡ITTNËST
1ST LINEILAST LINEILEFT FIXI RIGHT F'IX

15! 385 150 500 Èffi
LAST LINE

i 150
î 385

LEFTI{OST FIXEL I 150
RIËHT}'ÍOST FIXEL I 5OO

ARE THESE CORRECT (Y,/N' TLI
LINE & F,IXEL IIECTHATTON FACTORS -(N FOR 1 OUT OF N)i1 1,7
LINE t FIXEL ITECIt't. FACTORS R 3 1 1
ARE THESE CORRECT (Y./N)?Y ¡I
NA},ÍE OF RATI COIrR LOOI{ UF_TAFLE ?[tUHI,IY.[tAT ¿
I,JANT SUN EL CORRECTIONS (Y./N' 

'L7-SUN EL. ANGLE IN TIEGREES ?i46¿_
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F0Rl'lAT 0FTI0N (0-JSC,/CCRStt-JSC,/ER0S;Z-0LI',/CCRS) t? ¿
SATELLITE NUI,ÍBER (L/?./3) :.,2ù
4X 3,479226 ,
SELECT ENHANCET,IENT FROC. (1_LIN.STRECH; 2_},fULTIPLYi O-OTHERI.IISE)? ¿
i'l5S ItANttS(L-4) F0R FLUETGREEN & REIt ËUNS ?-I ? 4-L
MULTIF'LICATION FACTRORS FOR BL ËR RET' çUI.IS IT. .JS ,5 I
üJANT GRIT' ON TIISF'LAY (Y /N' ? iY /
ËRTT' SELECTTON LINE5,/F.IXEL5(OnIGINAL) I loO 1OO ¿
¡-IAGNIFICATION T]F TIISF'LAY >T ¿
NAME OF NISF'LAY COI'IF.ATIBLE FILE }I,IULTY,T|SF /
ENTI OF EXECUTICIN
CFU TIHES ?'1 ,38 ELAF,SETI TII'fEI óI3B.4O
EXTT

A6.2 OBTAINTNG HARD COPY COLOR PRODUCTS

Hard copy color products of the enhanced data
obtained either on the csFR or the EBrR. An input
the csFR or the EBrR must be generated from the
compatible file containing the enhanced data.

t.-. -',.

may be

tape for

di splay

The programs that must be used in creating the input
tapes for the csFR and the EBrR are DSpcsF and DSPEBR,

respectivery. Both these programs are in the MrcA package

and documentation is available in the HELP files on the ccRS

PDP-I0 system.
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è7.9 GEoMETRIC CORRECTIONS

Geomtricarry corrected Landsat data that wourd fit the
UTM grid are now avairable routinely from ccRS as a standard
product called DICS CCT. Howeverr when this project was

initiated.' the Drcs ccr's were not avairbre. consequentryr
geometric corrections and resampling of pixels was carried
out for this project as mentioned in Section 3.5.1.
software used for these corrections is avairabre in the ccRS
MrcA system and was deveroped by Dr. s. shrien. The
software and the execution procedures are explained here.

'::'

l:.r'ril :
.: : :-: a.:'

The pixel size on the DICS

Howeverr if one chooses to
procedures explained here would

CCT's is 50 m by 5 0 m.

select a different sizer the
be useful.

A7. 1 CORRECTION PROCEDURES

The geometric correction procedures are carried out in
four different steps by four independent programs. The four
steps are: (a) locating and digitizing Ground control
Points (ccp's), (b) obtaining the image coordinates of the
digitized GCp's from a disc fire containing the datar (c)
generating a transformation to convert the image coordinates
to the UTM coordinates and to resample the pixers using
cubic convolution¿ ênd (d) apply transformation to the input
Landsat data.
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47.1.1 Selection and Digitization of GCp,s

GCp's for digitization were serected on the basis of
I :r::.:the fo llowing cri teria 3 :::.: .,:

1- GCp's shourd be distributed uniformly throughout the
area of interest to assure that any error is dispersed
evenlY throuout the area. ;:: ;:':,

l:.t',".i,',t.,'

2 - GCp',s shourd be stabre geographicar or cultura, 
,,,,,,.,.,,features (eg. road intersections) ts.avoid any confusion ;.;:::':':-

in locating it precisely on the input Landsat data.
3.GCP,sshouldbe1ocatedinthevicinityofaneasily

identifiabre feature such as a rarge or an unique shaped 
'
I

water body to insure thai each ccp is uniquely l

..identi fied.
i

I

Over twenty GCP's h¡ere selected on the l:2501000 NTS i

:

maps (maps at Ìarger scales do not exist for areas north of
60 degrees paraltel) using the above criteria. : : :,

_ .- '.::_.;. .: .:'The selected GCP's h¡ere digitized on a cradicon r...:..:'..

digitizer at ccRS using program GcpAe. The output from this
program is a file (with user specified narne) containing the

^A !L^identification of the GCp's and their corresponding urM ii:i.,:5,
coordinates .

i:.:r.-::: :r_:r': ;.:



A7.L.2 Determining the Image Coordinates of GCp,s

The image coordi.na

digitized GCp's were

coordinates are added

previous s tep. This

coordinates is latter

transformation.
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tes (line and pixel numbers) of the
obtained using program GCPI,IÀD. These

to the cCp file created in the
file containing the UTM and the image

used in generating the necessary

Program GcpMAD can compute the rine and pixel
coordinates of a specified GCp and then display a segment of
the image with the GCp at the center. Howevêr¿ this can
only be done when a transforrnation is avairable between the
urM coordinates and the irnage coordinates. coordinates of
atleast five to six GCp's must be aviaLbre for generating
the transformation.

About six of the digitized ccp's hrere rocated on the
image using the Bendix I'AD dispray system. rmage
coordinates for these GCp's were obtained manuarly using the
cursor option of program Gcpr'tÀD. The coordinates of these
GCP's are used in automaticarly r.ocating the other GCp-s.

In practi-ce the procedure followed lras iterative. The
rine and pixer numbers of the initiar six GCp-s were used in
generating an approximate transformation. The automatie
mode of the program was used ín computing the coordinates of
the remaining GCp's. rf the GCp location was not computed
accufatertr corrections were made to the location using the
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cursor option- The transformation is regenerated after
correctly identifying an additionar four to five GCp.s.
This procedure was repeated untir a1r the GCp, s were .;.::;.
precisely located.

The procedure can be sppeded up if the coordinates of
l''., ,'. ., :the initial f ive to six GCp's are obtained precisery. Arsor l,r;,.1

it is desirable to discard a GCpr atleast temporarily, i f r,,..i: :

i,,.;:...'there is any doubt regarding it's true identification.

47. l. 3 Generating the Necessary Transformation

The necessary transformation to map the Landsat data on
to the UTM grid was generated using program ccprRN. The
number of coefficients used was 5; and MSS mirror scan
velocity correction was arways appì.ied when generàting the
final transformation. The cCp filer containing the UTM and
image coord inates r h¡ôrs the input for genera ting the
trans formation.

The RMS error for the te/o sites on both the dates vras

less than 100 m. rn our experiencer it was found that using
a large number of GCp's wour.d not necessariry improve the
accuracies achieved.

iir .,.:, 'irt
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47.1.4 producing the Corrected Landsat Image

rn producing the corrected Landsat imager the
transformation generated in the previous step was applied to
the input Landsat data. This is the final step and was
performed by program SAMUTM to create a disc fire of the
image.

pixer size of 50 m by 50 m rdas ser-ected in this study.
In addtion to being square pixels¿ this selectÍon allows
overlaying uniform grid rines on any disptay to match with
the url'l grid rines. serection of a rarger si ze in meetj.ng
the above condition wourd sacrifice the avairabre
resolution; selection of smaller size wouLd create data
handling probrems and arsq wourd mean striving for a

resolution that is non-exi=t"rìt.

Producing the corrected image by applying the
transformation was the most expensive step in terms of the
CPU time. The actual time used depends upon the the size of
the output image and the number of coeffcients in the
transformation' rn this studyr program 

'AMUTM used
approximately 3 sec per l0OO pixels to apply the
t rans format ion.
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APPENDIX B: LISTINGS OF PROGRAMS DEVELOPED

CVALUE. FOR'Vli€îkT. FùR,IlISRlìÐ. FOÊ,PRTNUIÍ . t'OR,eIS*T.FOB,CAHP.H-EL,REL:CCRSL.REI"/L
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c €@@@@ee@@e
C @ CVALUE @

O QQ€e6t@@@@61
c CVALUÐ-FOR, ÐEC. tg?g.
c @€€¿f-l€@e@@@ee@(0@@er?@@@(¡@€@@@€@@ðA€e@@€ee@e€@@@e€@O@@8e€eoe€@O@
(, @ coPYIr-IGiIT NOTICE @
c'.
r, @ Thls Þrogratn rr'âs wrltfen by P. Chagarlanrudi of TI:e Sibbald @

r> @ Grou.p of Ha;ekins I Selts,llssoclates, 630-99 bank St.,Ottawa@
.i @ I t may be usod f or any purposles of the De¡rartmeut of
c @ /rgriculture or of tb.e êovernrnerrt of Canada. @
c @ It nray not be reproduced lir aay f'orrn r+ith.out th.e @
c @ rvritferr conseùt of 'Iire Sl,bbald Group. @

c @ Use lty e¡Bployees of the Oowern¡ne¿t of Canada at th.e
c @ Canada Centre for Re¡note Sensing ls expressly penlitted, @
c € Al I r.eprodr¡.ctIor¡s of thls prograu ¡¡ust ír.ciude thls
c @ notlce. @

c @@€€@@€í:se@O@€€@e@O€@'Af)Ð.3@@O€@@O@íùeg@@€€e@@€@e@e€@@e@@ee€@€€@@@
c coDE tiF.l'l'Tii'J[ BY
c PAK CIIA{}_4RLAÌIüDI,HÀSKiliS ü SfiLLS åSSOCIATES.c ol"fAï'À, olrr/utloc-
C CVALUE CA]'T PFÌIT¡T TTIE Ð1GITAL V¡ILUES OR PÊOT}UCE A BISI'OGTI.AI{
C Of A Sil5,¡tLL POR'fIOÌ{ ûF !,i+i'ÌDS^AT DATÂ.
C TTTN DåT/i }fUSl- EE LOCAîEÐ OI{ A DI$K FÍLE ETTT{ER iN JSf] OR OLD FORTT¡lT
C TI.IE IITL'I-,C1{ING OPTTÙIIS Ë{II'T IN 1'HiS PÌIOGRAI'I:
O (A)TO ÐIiCIIIATE 'IEE DATf,. I,¡IIÞìN l'{t1' INTERESTED IN USII{G ALL 1TIE Ð¡lT¿1.
C (D) TO PRIIiT TTIE IlIcIll\L VÀ],UES IN ALL TIIE B;LIÐS
C (C) Crti{ IIAI{Dì-E EIllÌlER .}¡iC r,}It OLI} FOR}LIT {CCF-$ On EA.CTS DATå.).c-
C ?ïIE V.{LIIÊiF| OIì 'fHE lïIÐ1'e',1ïtålfÉl ÀRE -w?.1'fi'EItI ON FILE(S)(UPTO 3)
C FOIì. LÀTIIit RBiITIIEVAL - S'fÀTt .t4ÀP,S'i.åTå.lfÀP,STAT3.l6AP.c-
C ROUTIHÐ CVALUE.FOR IS TITE }X-AIN PITOCRA}I ÍT{ CVÀLUÐ PACT(AGÐ.
C TìOUTINES REfJUIRED BY CVALT'¡] PACKà.GE AN.E LISTED iN CV-!\LUE.C}ÍDc-
C VÀRlfilll,it$ !
C GL0B¡\L !

C IBANDS, IBUF, ICAL, IDTIT, IÐA'fE, IFIÐ, IFILEI,Í,

E ilLli.i"¡'FiTii:äilË:irliåiiii'iil;li¿'13i".C ff , il$I.K, TF,I NE, NT], NBI.K, I.{Bf', NC, NF, J{FER.U, NP, NPT,
C SUNCOTI,SUNELÐc.
C#*#*,+##*##+######## r'r##át#;t##.#tÊ##tt###it#'t#)t##ít#iÉ####t#tti###tf #f *

IIOLTBI.E IIIIECISiON Ì:'iLBt¡,FILEti (3 )
R&4L BOI{ri}t t50@,2},COn$(4)
I NTEeEn I F I LET{( 2 ), }. F I LIIì( 2 ), I DÂTE { 2 ), ] F I D ( 2 ), I S jT"E ( 2 }
IIfTEOÐR IBUF(364A), IÐrlT(5ãO,4), ICAL(4,6,64j, IUPAK(22O1 )
IN"IESER ICOU¡rT(2I }, I BAI{DS (<1), Ntsgi4 )
EAUIVALEI\TCE ( I F I LTqlT. i¡II-EI{)
OOIl,rI{rN ,/ I ONA,/ I 0l{¡1, . }iAKA
Cr-jt'fif0iï ¡'lfSSI)/ IEUI¡, IüPAK,CQRR
COì'll{ON ¿'CH¡lN,z IDAT
colfÍ{oH /Ð,ÃÍ_/ 1t¡.1.
COIC}ION ./I-ÐîJ/ I fðTL T N, LSTL I N, LFTP iX, trRTP IX, LIFS, I{
C0l'lrii{r$,, I lrEífl'/ I I¡ I LËÌ'f , I t¡ I LEIì., I F I D, I t}AT'iû. l STn, I C I TE
C¡)ìfi.rrûli /*TiT/ LUI , L{rZ, Lü3 , FILES
cûmtol{ /b\-,ßIÍt.t/t}JI},Nroiì.¡r,Nct}uiyf,l{pÈI}n"siINcoft,E0RDR,Icoult'T,LSAT
cû¡!¡1ÛÌ{ /l}Eþ'r¡,/ Nr,., l:,Ì{, lI}''I, Np,t4_tNE,.JL, Jp, NF
culcÌIoN /llÐr'n,NB, I B]llIDfg, I 85UN, SUNELD, NBLK, iEBLK, Nts
D-¡\Tl:|, FILES /' STAT1,¡l,tP',' S'IA'L'2.Ì{L{P',' S-f.flT3.IIL4P',/
DÀ1'A KAICA /'TI'/

c

e

@

i.':
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-.-..
C SEiT UP ROiffII{E CfuTP S ÐTOP ]irTEIT ]IAILED.C4T.L CAJ{P
, ¡F {toiÏrl .NE, }iAKA) STOP1øOOc TNITIALTZE LrlcIcAL uuüs

LUl =el
Llt?=ZZ
LU3=23

C OUERR'í'fIIE USER n-8. plLRlri{ETAnS.
CALL VEGÐ{T
SUI{COR= I .IF ( IGSIU9 :Ml:,0) $UNCO^.ì=COSÐ(SUÌ{EL}),/COSD(S?. )c eEÍ' TEÍI r,oFtfaT o¡,rioñ-

lø5 Ì{H.i1'E rs,iløllto 
READ Tgr,täläitfi;;il'orurnr oprr{. (ø_rsc ccRS;1_rsc ERos;2_orr csn^ç)),,$)
IF (Ne .Llf. o .oR. Ne .GT. 2) GO TO 10õlíFcRlf = Ng ve ¡v ¡vs

- IF (NFOruT .I.TE. S)GO TO 24øC REAÐ TIIÐ LOOKUP T:'ETE-
OPEI¡ ( UitI T:!q I, ACCE6S=, SEOI N,, F I I-Ð=F I LER )REr{B ( LU r j-l I _o_ 

) i t u,;,rri < r ; J;Ki,È= |iäq t, ;:'i, 6 ) . r = t, 4 )2tø FûRlra.¡tlx,8?rãt'-'.
_ cLf]$B fliNIT:I-Ul )c I{nlTE Sr-IPpoR'fII{_(;__iwFO¡i¡Urr¡oN oit A FILE ¡'OR L4tm ngrRIEV¡lL.24ø opEtv _,(UjTÍ'i;iìri;Ccldsg=, sÐ&oUT, ,FILE_Frr-.Eg( r ) )}ÍRITD (LrJl,â?o) lFiÐ, inÃrø27ø FOnIIÀT Í 1-X, , rn¡"uË'TnttsTf FIChTIOI{ ¡ . ,2A5, 19X,' DlcarA .,rcoulrrnD ûI{ i, ,:+{el+ii_i ¡v¡a¡ ¡v¿, . '.

},N.ITE ILIJT,z'12' SIJ¡ÍBíó }UNCCIR272 
*,'.,..*,ägTuot (lx"sui'Ì-il* Ãiiöä ,' ,F4.Ø,rox,;suv con*Ecrro* FACTon :'

fíRiTE (LUl,2ÌI.!) IF¡iLIlR

::- ,,*rrËotffiT,áåä;'n4È'-ñãbromu'rn'c con*.Ðsrrorr raELEs u.Ror{ FrLE :',aA'}
276 FORr,iåT 11X,;ln:s-u.gr¿ üi¡:uT FILE : 

"2A5,ÍtX)
r,yT'ITE (!Ul ,A?A) I.SìT,E 

y- ¿ ¡sq ' ,i
_zzq FoRltrtr-(rx,;si,tg: ,,zrrs)c rnrrrAI,rug TrrE nrsK'rriú" '

iP (ItFOtUf .Eft. 2) CJ\I-L ODS-Í(ST

- Ir (Nr.ûP.}Í .I{8. 2) {,-AT.L NI}SIG]T() r{E B}rvE I'O PROCESg Ïnri{e;-Liirus ÀrrÐ lrr pr}(al-s F,RO}Í E4CB LrNE- ffLINE= (LSTLII{-I$1.LI$*TI-) n
!:@ _____ TY¡JE.*,r,il,rr{8,ñi;lipr -' '
C ïNITE PJTR4ffSTFÀA-Oú ¡.i¡-N'g.O]I. LITETT RETEIEVAL!.InITJt (LUl ,31S) -s¡r-¡s'õL

I{RI 1'E ( Lr].l, g?,_t_ ) I iST.L r N, Ls,fL I N, LFTP I X, I RTp rx315 Fû[U.4å'r Í1x,'s.]'À'fs-r;ão.r¡n w¡iae-DEriivi;ó-FR0¡r rïrE FoLr,O:kHII{t -qÏìfJli : t ) '|rsr.g s¡4r¡ 'Ùs slll,r'r r¡rÌ, .FI}LLU
'J2ø FùItl{AT ÍlX:t6ìf,'LII{ES :.,14,, TO,,14,, I FI}trLSx:t rI4rt T$ t rI.4,BX) '^¡' 'r=t o rl¿ltt.Ð

^Bs:-. -^ÏllËn.tTrif,xliü¿Ëi'.-r^g1:--!r{E8,, .|2,, ; pr)irìr.s 2, .rztc sEr-trcr cprroir nno.iúeli-co ïo'är,p¡ropiì.r^T' ROUTTNE.If¡tI'I'E (s,õ{t€}l

:" *"ot?ffiT*Í tfio" sELIl{ïr oPrl'' ( 
'-LISr 

vil,*;2-Hïs'roe*ÆÍs})',s)
5rø FOru,få.I (I)

IF (NTJ ,EG. .I) CALI- FTTTNUMrF (rya .Eo. e) cal¡, ursi---
RETUF.i{
EI.{D

. :t _:

t- ):.:'

i':.: -.-::

r::,: .;-',;:'.:

i-''..ii,
':i:iì\-:
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c
c
c

@ea€@@ec'Geee@@
E PETHIII¡.FOR ,e
11@E@@OEe@@€e@.e

c**x*'ËstlBiìouT I NE PRTXUU
c-
C PRIIfTB NI'Ï{NSRS FOR. ALL THE BAI[Ð5C PAITT OF C!'ALUE På.TK-4.GE
c Â,LL l"{ntÄtsL¡tË À}18 p._AS$E]l THÊÐUGI{ COtflÍON AREAS.c-
C V¡1RIABLES:
C GLOBAL ! II}AT,LFTPIX,NB,}TLIITE
C LûCAL , l{Ðiil{l ,I{L''[,j]ifzc-

SI¡BROIITIIçO PNTIWü
C####)-"## $#¡þ¡,è#*títy'. *;FÌt###;r#d,#ÌF+*irþ##¿¿$rt#áÈ####ttát###t######f ####

i NTEçER I Brti,{ilS (.* ), NtsS (.¡ ), I ÞåT( 560, 4 ), ICOUI{T( Zl }
I l¡lt'EçEIt I ¡- I LE$ ( í¿ ), I F I L¡tR.{ 2 ), I F I Ð ( Z ), I ÐATg { A ), I S ITE ( A )
RE;\L BtRon(,Fit/ð,2)
DOlTtsLE PRECT,çIÐN FILTS{3)
COI{MOT{,/CTI.AIY/ IUA'I'
COT'IMON /LQC/ I STi I H, LSTLI }I, LFTF T:d, IRTP IX, Li TIE, ¡f
COrT.{lûl{./ I Dll}IT,/ i F tr L}ry{, I F I LEn, I F I D, I DATE, I STR, I S ITE
t-'0¡'f]'¿Oli ¡'Ill![Þ-,, ife ,;,$, Npî, Np, i{LI iqÈ, JL, .ip ,lIF
cûtûlt)Ìí /ÐEFR / 1y8, IBÀND$, IG,SUN,SI'NE)-D" I'IRLK,I,Ítsü<, NgS
c{t:IÛION /Ðll-qIRl/ I¡JP,l{FOÍi}Í,¡ÍtouN"l"NpRtrj{r,,\iulTùûtì,ut¡Rna,Icogil?,r^slrT
coi,fiitroN /o1IT,/ LUl,Lr-t2,LU3,FILU$

c
OPETI i IIN I T= LUâ, rlCû jùlËj$ =, SEOTIJT', F I L[,= F.i LE.S ( Z ) ]
úFEi{ (UI.tr I'f =LUS, ÅC(:jia":Èj;' S¡ìGùìJ1", F I LE:Ë I t EÌ,¡ ( B ) } .

I{= I
lrf.I TE ( i,lI L, 7Ð ) I.!' I lì, I lJÞJlI, K, I fl I TE
K=i.l
Ifl.ÈtTE (LUZ,ZO) IFîI), ID.li'TE,K, ISITIt7ø FOIII'.{AT {lul ,1.rj1{.,2h6,' fILr}-}fE lfl¡.icEÐ*,5;{,'$I'l'E ',2115)
K=3
I{RiTE (LU3,?O) IT'ID, ID,ITTIÌ,K, ISITE
NDUTÍ T =LFTPIX+,?5*JP
NOUI{Z = LFl'y I X+ä@s Jp
hïiITE (LUl,8Ði LFI|FIX,JP
ïÏ.ITE (LU2,B0) NIIUÞfL,JP
h?.I'fÐ fi,u3,8,0) I'íDlttfÈ,JP

A0 FûruIJtT (7H ,/,,,' .S'l'À&T PIXEL IIIIMEÐR
*ACTOR =' ,IZr//l

DO 50 I=l,}ILIiYE
C GT."I TãE RDEUIRED T1I7;EI-5 rF,OH TgE CTiF¡E}IT $CA]Itil {}IF0H}I .8(}. 2} C,í}.LL OSETLN

IF (l{FO}ì}f .N!J; 2i C¡1LL NSETI-N
'|.¡Itf TE (LU1 , gSILINìl
hr.ITts <I-1J2,90 )t,I ltË
IIRITE (I-U3,9{})t IN0

9ø FOìU,íA1' <LN,/,' LINE NUIæEP* =' ,I4,/lD0 IIO J=l,NÐ

"?ìA5,lOX,' 
På.GE.,I1

=' ,14,' PIXEL DEc. F

LI JYE.

130
L4ø
150
t2ø
ttø

6Ø

ï'RI1tE (LU3, iSO) J, {II}ÅT(K,J},K=5I,?5)
ly'lßI'fE (L1I2t t2Ð) J, ( f ÐA:l'iK,J),K=?6,õO)
Í¿ItITE {Lltl , l!il, ) J, ( IIiÀT{K,.t} ,K= I ,:l¡ )
I'ùRtr!,åT ( lH;:, ',ilAliÐ=' , f I ,2;{, !.ø.i.+,9X, tOI4, gX, leI4)
coi{IIuiiE
Cf-!H:f t tìirll

RET[Ï.¡TI{
¡]N¡}



{¡'eee@f}@A@@ee
. € ilIsT.FoR e

. _ €"de.3Et!@@@6€e

RCUTINI' RIíST.FOR, DEC. 197S.
HIST Frl'oDUCEs A Hls'roc¡Lrll FoR DåTA FRoü A spEcIFIÐD ltP.r,À.PAll CFLr¡-çAlLi"AI'IUllI,IIÁ,LìKI ;tS I SSLT S _¿ISSù.IIATES, OTT_åh-A.
MODIFIEI)'ro AücllFT ]i¡\?¡t FROII EI'fHffi. ccRg Jsc.cclts Ep.os,ccRs oLDORIçIITAL CODII IflII.i"fEN j}r itl,l{. TAYL0R.
FOIITíå'I' ¡}ISK T|TLE Ð.l1" :ÈITTTI{ÐED TO ACCÐPT 2õ6 I-EÏELS AITD A BIT DATII.
COI'ÍP-{TIIìLE }II'IE OT}IER Ir.ùIJ'f¡IfES OI¡ 'fHE V-ARITfIJS Aä-,ILYS]S ROIIITNES.
HISl'oÐILâiY,$ ;lP.E GEI{EIIATIÐ }'RüI,I TIIE l}I,'fÂ ovErr TEE ¿¡ga sprcl}'IEÐ ByLII,IES ISTLiIï TO Li+I'LIti I PI)(E'LS LFTPTX 1'O IRTpiX.
THÈ VALUES UgEÐ ¡t4'Y ßE Ik\ÐIûIIEIBIC¡ILLY ¿ LIUEAPJ.Y CORRECTÐD Dy TEE11IBLE. SP¡iCIFIED ¿¡ UÀ'¿ B]J SJ.IN COIIRECTT'D TO 1]18 SrArO¿ItO SUT{ A}ICLE.
VJILUES TIÁY BE 6,?, Û}ì 8 AI? -USEIì. SPECIFIÍ ES.
l[C,Ï NI]HEER O]i LEVIILõ II{ "IIIE IÍISTÛGILôI{ IS 256Ìll¡Ì I lilx v?¡LrJEs ¡t$R E;rcH BAÌ{D AJIL GIVEN rF p.rÆLrEs?EÐ.
TllE lNcltEllENT FoR TIIE LEvÐL-q Is C.4LCULATED By DIvItlII,Ie TEE
T{fuY V.ALIJE POÍ$TBLE BY T31Ë,./ OF LEI.IELS. THIS É{Y BE CIIÀNGEÐ LATERTO ALLOI{ TTIE USTJIi T{i II¡PEf.ÌTFÎ 'TïE LE?ELS ii{ LE.CIì T'AND SÌüOULD T}¡IS
EECOI,ÍE 1.,'AI,UABLE.
ItIiìTocIì'{rYS -a¡tÐ fIAùB FoR -4,i..L 4 B¡ilüs tt{LEss you $Ay orrlErfittsE.OIIfPIN' TS GN STAT1.}nIP ü1\IT 21.
GET S1'.4TI.T-úTIJ OI J.,I,T-uiìx]gG FII,E:F.0RTII.ITN S-I{iTcB uIsING o .

Iiï!lÍ-ICI'f IffiltgEit í.¡L-Z)
IiÐliBLÐ ltR¡:qlt-{itrfi ì¡ti,E$ (3)
ItE,iL. SUI{,'P},1}tP , tsûRì,ìIi{ 5r}ft , ? )
Dil'ütI{SI{iìt PíUL'fy i,* } , iCOUisI (21 ) , IDÀT( íi¡O,4)
D I IülN$ I oN BI T I 4 ), i}JlilDlj { 4 }, I I(C ( 4 ) . H I sT i 4,256),I'f I I[( 4 ), t{AK(4 )
Cûi{}fON ,/CIlAIf/ i D¡l".f
COIS'¡O$,/LOC¡ l I;TL i j\r, LfiTL I N, Lll'i'p I X, I RTp IX, L I I{8, lÍctlflÌíoÌy,,üvl/Í,u1, Llt2, tr u3, I' I LE3
cû¡Ã.ÍoN /ÐEít F. / iìic, J,li . NI¡T, lip, l{L I ì{E } JL, .tp, ¡{T'' COIfl{OÌi ,'DEtî'I ilt '/ I ¿ìil , NFOntt, NCOUI{I,IrFRI ÌfI ,,SIINCOR, BORDR, I COUI{T, LSATIlÀ:lÀ $TJáII./' *' i/
SIIT UP DEF/ITJÍjÎ !ìI}-ITES

!]Jrlllt = .l
DO le€, I=7,4
Ìf¡1!"( I ) =O
flII{( I } =f,ã6
BåI{DS(I¡=ì+t}
Ì.ÍJì-TY(I)-I

løø IJITÍI)=S

iåryT;;i

c

il
c-
c
c
t
c
c
c
C
c
c
c
c
c
C
c
c
C
r.)

c
c
c
c
(:,-

C
c

c
c CIVË COru'TANÐ

TY¡¡iI 1 1('tLØ ¡'oru&r'f ( 1H*
:k

*
ll2 ORJ)Ð¡ì = 'TypE I I.tr,STAß
I t4 FOIt¡¡¡Yf ( lII

LiST

,'ITSE TTTE FOLLO?iII{G COIîÍAND LIST 'TO CTTANçÐ DEFAIILTS'/IH ,'BT'I _ # ÐITS IN R4,DIOHETRICAI-I-Y COF8'ECTED LIÀTA'/lH ,'EÀIÌÐ - \rl{ICH B_4.ì{SS TO CITE.AI'E IliS'IüçftUfS FOR',/Ifl ,'IíOI,IIN _ ]tli{ 8 }IÀX VALUES FOR TIIE EANÐS }IILL T{ÐT 
"'BE CAI.CULN''EIJ' /

lll ,'LEUG - # OF LEVELS IH .¡¡g EtISTOGp.qñ5'/t¡t,' OK - DEFÀULTS USED rBlT=fJ,BANì)=i\LL.l.llifrlffrx, LEVS=2]o6' /IH ,'GO _ S'TÀI1T E,\OCTJTION')

,AL )



ITCCEFT I 13,OFÐÍA

C 
l rg F()$l,fût r_,1õ) 

-
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BITS IN DATA FOR ',4í2Nt12l. )

115
tt7
11A

lr9

IF{ôRÌ}HI.$E.'BA¡r{D ')60 TO l?5TrPE 11?

Ðo ,låo?s,IálE ,'EfsrocIlJ$rs sEorJf-Ð BE ¡taÐE FOR lffircs BÀsDs?,)
ÞAT.IÐ,9 ( I );Ø

B.illfÐ=0
ACCEPT_i tr9, (&t]tÐS( tr ),I .1,4)

FOILÞIq,T(4I )
I.f iLvrtÌÐt¡( r ).EfJ.@){;r} TO t r5[¡O lÊO I=l ,¿¡l¡ {EAÌ{DS{ I ) .80.. Ð)GÐ TO 12IIF ( tsa¡{Dc, ( i ) . t t- . +. on. ùÁr¡¡s i r i . cr,. r )co To I 1 5DAND = BåI,Ti}.t.l

TI]lÐ râ4, (P,AttÐS{ I ), I =I,BÂI{D}
co TorTrtyl'{ 

t.H,'rrisrocrlrr,rs'ãäË"óo BE rfAÐE FeR BAND-q,,4(2x, rz) )

120
L21
l2?,

lîg rFi$RDq$.¡r.s..ÐrT ')co To l4olfg Ti,t:_u ra?_,i¡Àr¡sir ) , íï,BAt{r),r, * roPr{.tTa iú-l; riaÈ'í'ör'.qlcrvrrì,rcAnT
AccEFr 128, (;]r;ffÎT,3'l|.i,rrlr ,'eaÑÐô- i

tzg Forilså..i(4it'-'^ L,-r,

c

C

I)Ð rAt I-I,F¿t{D
rr¡{tsiT(t ).ll_,:!,oF..BìTr r ) .st.a)co TÐ t'j6'rY!,E r2,), BA¡rrls( t ¡,sirìi î ;' "-t"n* FoRÍfÂT(rH-;;"'/t-firiÈri'rx n¿uo ,,r2,, ï{IT-r- BE Assu¡ÍED To BE ,,
rF (Brr (r) ,u,1?'u,ufrl"-l-"(r r=rrF (8r1. (r ) .E{r.. ?,r in uivii.r=¿rr (.tsrr (i) 

-.Erì. s:r üu¡,,iyiir=+L.?li rjOt{TIMJjÌ
GÐ 

"o-ii'å^'"-"14ø IF{0RÐIJ?-NE.'Ig0I.IIN' )co TO 145lfliyffÂx=o r{ù1I{S NO- }f}N/}raË"t¡lr,uns IfAI{TEÐMIICTf,4.-Ï.=@ '!\tJvt'e il8rrrJÛl'
GO TÐ 1r2

t4õ IF({}RpaR.fiE.,LE1'S , )to ?o I5ø146 TLP¿ t4,?t4'7 
AÐcpp1{o1Y-ËTirlr"GrvÐ rmr'¡ # oF LEirELs FoR TEE ErsrocnÀlrs(}.rax 266r,,t4a IOI'.¡I,,IT{ I+t
IF(LEVS.L.I'. !,oR.LL-.ljs.cT.2{16) GO TO t46G0 TO 112 uv ¡rJ rT(,

c
lão IF{OnDER.EQ..0K , ) GO TO 155IFiûRÐEtì_.80.,G0 ;ï c0 TO 15õGt TO trâ

c
R^rùlDy TO-ç.tì EnpTy ¡StTFrFfisiI55 I)O t6O l=t,T

DO I6t) ,l=! ,2.1t.ç16ø UIS1 ( i,.Ij = øtt0 lót I=I,8AND
I ff ll{ I ) =2xrrill,l.( f },/LÐTSIt' (INC{I.} .LE. øJ ¡¡iCtt¡=rC? _ -ft?E x, tirci f .ì

_16l CrlfiTÍi{ûflC Fr)Iì. ]IVJIII? L¡]¡E IJY T:iÊ ÀIIE DOX
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C

c

c

DO 36ø I=1,üI,INE
IF (I{FOII}T .EA. 2) &ilJ, OSE,TLÌÍIT (NFO}Iü .NE. 2} CÀ!.}- T{SETLI\I
FOR ÐVJIP.Y I)IXBL iN 1-fi8 LIN}] DO 3

D{} 2ø6 J=I,Ifp
FOR EVE¡TY EJNND SPECIFIED DO:

DC ,.99 Ii= I , tr!-..NÐ
HK=ÐåI{DS(K}-:J
I{$-q= ( ID¡.'l (J,ru(}-I ),/HîILff (K}+l

ciIE:üK tF HIN oß l,t¿.,¡]<
IF {t{Itfttui¡r. EQ. f} )t{r't o 1Bø
IF {$tib'. t-T.¡Ii Ìt(K) } IriIiV(}ii =}IGSIF (l{SS . GI'.Itlr;{(K) ) pI¡à}í(K) =ttrSSFUT II{TO fiIFTO{.ÏìAJf18O ÐO l?0 NI{=I,LEVS
IF{I'ISS. r}E.I'{N:k-II{C(B:) ) CO TO t?ø
HIST(K, I{}tr) = II tri.i.{ä, t{t[) +l
GÐ TO 19O

t7ø
t9ø
î¿Øçt
SOul

'r:-::'l

i . -ì,:

c
c

coì{¡'ilvuE
CTINTIìl-LrE
COI{T'T¡Ti'E
côt{-f IlÌuE

NOif RE/rSY F{-iB *t*t}Ic flISTOGRA]{S
rÐR E¡I.íIH HIfJTOGfLi\If PRIITf 3

Dtl ¿1øø I=!,B:\llt)
wRITE(LTJI ,85trtB.alili)*q( I ) ,BIT( I ) ,INC( I )

?,82 l¡û]tf.¡I'I'(16(ti{,t{il¡t./)i
3ãÐ FO:iI1{T( 1H ,':FOlt B-,!.NÐ ' ,I2,: ¡1¡¡¡r*4øO cùjïFi Nrilt

v_.lI,trfis It{ IÏ{üRE¡{EIÌTS ' ,

=',14,', ttAXIl{tIE =},!41
c

tRIiE r.Lrll ,3'lO)3?o Foìri'!l'1' (]ryI,:iøx, 'FoLLo'¡{INc ARE T}íE pEF.cEIyr DI$TRIBUTISN5, ,./}nt EûçJ .í=l,EÀl[Ð
SUIÍ=O.
DO /¡5O .7=I,LDVS46Ð suÌ{;suH.ÊnlsT( I ,J)
ÐO 48r) .i= I , LIIVS
I'F.IÍP=l¡LOrtT(Ë.tSlt( I ,Ji )4BO ÌII$1'(I,.I)=tï.t){('¡-EltpxtOO./SIIIf}
ltBtTE(LUt ,t¡_q{à)I},iItit}.Si I ) ,BIT( I ),It{t( I )IfRITE(L{r1, 3S¿) (IIl¡$I'i I, J ), J= 1,íEVS }løø col{TiNUE
rl:Ð'fuRI'{
ENI}



ALL'rloK'FoR,vEgfxr.FÐR'DISKRJ]-FoR,HnrlÐ.FoR,ci\rrpIx.F0R,REL¡ccRsl.REL,,L
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c €€@@e€@@e@€@c (Ð åLLR-ûK @c aee@ee€@{r.€¡oßC ALLIIÛK.FOR, JAT. 1979.C COI}E }í]R.ITTEN BYC PAK CELÀcARLAltUllI, U¡ÍIV. OF, frÀt{ITOB/rC OrfA'TIA, OITTAIìIO
c-
C lrIS SUIT O¡' PROGR¡IÌ{S REA}S A DIriK FILE oF A S¡ÍALLC POR'fIOI{ OF LAI{Ðf!AT l}ÀTA ¡tl{D THEN IÐÐIfTIFIES PTJSSIBLE OLì"TCROpS.C TTIE FOLLOVIIIG OP'flOIiS riXIST. IN TI.IIA pitc¡ÐÌìrtì,I:
C (¡T)TO I}EI]TI,ÍATE 'I'EÐ DATÀ l¡fTE}¡ NO'T' IN?FjREsl'EÐ IN UstNG ALL THE DATÀ.C (B) TO ùrî,EATll 'IIIE LIITE PftINTER I'fAp.C (C} TO COUNT PI;{EJ.S IIY A SUI]SET OF TEE }IAP FOR ALL THE CI.A.gSES.c (D) caN TIANDLE EI.fI1ER Jsc (ccRs oR ERrs ÐÂTrt) oR oLD FoF¡L{.f.c 'IEE sYl'fBol.s tr'tR TIIE cl.4.ssEs Á,stlIG¡TED ¡tNÐ (rfEEF- pEdltTINEi{T
L: TI{E}IATIC ltfAPs ÀRE }IßI'i*fElI Oi{ FILES (TJrT$ B r }ion LATBn nETRIEvÀL.
') 'fTIIISS FII,ES I{AY BÐ PRIIrfEÐ EITEEII OI{ TtsE LINE PITI¡ITER ORÐ ON A 'TERTEINAL.
c-
C ROUTIT{E AI.LROK.FON fS THE ¡(4.IN P;OGRAff iN O"''.* rAC"¡<iCE.c ROUTIäES ILÐoUlnEf¡ BY À]-IJ!oK PACKÂ.OE ,âjLE LIIiTED II{ ALÌ,BoK.ctfDc-
C V,IìRIABLES3
C GLOI]¡IL:
C All,!'E¡tTl , iBÀNDG, IBIIF, IC.ê.L, ICLS, IÐÀ-f , IÐÂTE, IFID, IFILBIII,q l!'rI]ER, IeSUN, Ir{rpIX, ISITE, lõTLiIl, Í$'ÍTtq :I,L rJp ì l,F1.p IX, LI t{;1, LN, J,51'LI t{, LU1, LUz, .t-U$

g 4:ryBLK,¡rLIl¡IJ, lTÐ, ifuLl(, ìî$9, NC. lt¡" lrFoR¡â, Np,¡{pT,
! npsI,RpSe,ñuNcrliL,*lìiII{üì_Ð"s:i.IBL
C,rt#########,t###.:'rrj!rF;,,ír,tá,* * ##F^*##i:!:r:r## h #####t"#tF#î*####$#ê#iÉtttf

DÛUBLE F}1!-,C1$IOT{ ICLS (21)
DOTÌBI,E TRÐCI I''I ON IrI r.,AN, }' I I-E$ (3 )
ßllå.L $OnÐR (5@rì,9),ûtrRli(4 )
t N'fEçIÌTt I F I Llri4 ( * ), i l- I Lr,t¿ ( 2 ), I DATE ( 2 ), I F I D ( 2 ), I S IT'10 ( 2 )IIffEGER IBUF{3,64ü} , ÍDAÎ( -õ5Ð ,4} , ICrlL,i¿ ,6,641, IUI'itK(22O1 )IlrrEcEP. 'qYlrBL(tìr ) ,itÊ(55ø) ,I55(21) ,Is?izí ) ,IéE(zl ) ,IcûrläT(al ). IN?EGÐR i.-r,i{i) , lËAlt.u$(4t , NRSt¿l) ,trlúTl (21 )
E€UI!'ALDIìCE, { IF TT,IÌR, ir I I,EJÌ)
COIü'!O$ /llù,SF./ IBIJli, IUFÁX, CORR
COf.fi/rON /O5ÀI{/ IÐ¡ltt
cotlÏtrN /t:At,/ ICþ.L
COI{['IÛN /LÐC/ I Ë1'LI Nb LÍITL I N, LFTP I X, I RTp I X, L I NE. Irtcolll{oÏ¡,/ I I}EtfI/ I F I Lìü{, I ¡r I LBR, I F I D, f I},.ITI¿, I S'ilì, I $ I TE
CO¡fffOIf ;AIfi/ LU 1,1-\J2,LU3,F.ILES
coHltûN ,¿Í)È, IR/ 1f,.,'.,.q, Isõ, IS?, tSIl ,$ylL3L,ÂRcotfiÏti{ /DES I il t ,/ I llf¡ , ;fìrolLÏ , I\ tOUivI' . itpR f j\iT , tJUNc0R , BoilBR , I COUSr , LSAT
CI)TfTh]N,/DÐFI.',/ Iiü, ].,fi , NPT, NP,I,ILI¡íÍ, JL, JP ; T{F
COÉ,IÛN,,DEFII/I{B, I Ð,1 :{:.]S, I Gl]ü]f , SUN]ÌLÐ ; NT}II(, ¡IBLK, NBS
COI&ÍGII .zûr,]tJÛÍ1'/ lfffil.,llBl,l-
DA'I-4, FILEíì /, i¿ocp,:i .li3^p 

"' 
ROCKz.Ilàp"' ROCK3,yL\p, .i

IT{ITIALTZE LOGiCAi, UIYITS

B-9

I

c
c

LrJt=21.
Lllil=22
LU3=È3

C OUERRT* THE USrn n-S. P,,Uì.A¡íËTURS.
CAI,L VE(J']TT
SUI{CfiR= I .
IF ( Iíì.SUN .NE. ø) STJI{COR=COSÐ(SUHELIT)/CCrS.Ð(g?. )C CHÅ¡IGE THE DEFâULT P.|I+\ï'ßT'SFS II. ft.ÈAU.0riTED
CÂI-L ÐSITROF:
II¡ (NFOIìM .r{ttr. 2ifJ$ To 24ArJ RE/I,D 'I'ÍIE LOOKUP TÀBLE



B-10

OFEtt (UN iT:lgl rUa"UuU=, SEeIt{,, F ILE=F I LEN)Rrvro (LUt, s I o ) { ( ( r i:At.r r, j, Èt.È-= ilã,¡ t, i_: r, 6 ), r = t, 4)ztø r.oR¡(ÀT ( 1¡; , 3p i+ .;.. 
" '

CLOSE (UIVIT]=LITI ,c ïRITE suF'PrlRT¡$_c.. INrttFr¡Á'tIcN_oN A FII-E FoR LarER RErrtIEvAL.24f,- c¡pEN _(UI{Ir=iuilÀôcirss='gEo-orr.r,, ,FILE=r.ri,Es( t ) )r{RlrB ç-trJt,z?ø, t¡ii¡}, ilrATEzzø F.i+!gI _(lx,,n¡l¡"iiË'iu¡:ñrrrrc¿.r¡ox :,,zAtÍ,lox,, D:r,åTA Àc(¿uIÌì!-:D Lïi ,"rÁl+k¡
}¡p.It'Et _(LUr,???, sviyaúD,$unccn

"' *,rr.,ägf*t'(7r,'s¡tirÏI¡rvailói¡ ,, ,t4.Ø,røx,,sug c(r**\Ðcrron Facro* ;,
ITRITE (LUl ,gi'.t) IFII_ER

:* ,or"äoffii,áåä;'l'*ìs-ilabloirc'Rlc crR*Eorrori r.iLBLEs Fnolr FILE : ,,z^5,
276 rolq'$_T-(l)f,i¡f,"s-l¡ira lrcrur rrr-E :,,zrrs,gx)llRrrE ttut ,grai l:¡¡rc-- 

--- Tattú ¡ùt\t
_zzg rron¡fal' r rx, .sîiÊ.-, , ,z-45)c rlrrrl¿.LrzE TrrE nrsr'rril;- -

I¡' (ltFCr-i.tir{ ..80. 2) {ìALL OÐSICSTIF (NFoIuvf .N¡t, Él c¿¡,i-¡v¡slgr
TYPÐ *,LNC I{E EAVO T{' IIY-ç$gQ ''ltLiHgU LINAS ,&i{Ð NF FI}GLS FP.OM EAOE LiI{ElF-ItíE= ( L$TLIIt_I Sr:.t l¡+t i z ¡r.
NF= Nts,,L$*

_ IF (lItD{J{p,LIT, .cT. O) NF=NII+I I
C ASSIT]Ì APPTTOPSIÁT'E STII'îEI'ËT,¡"¡S IiTJ],ft,iIRS TO IGT TO IIRITD FILE(S)IF (nr .Eq. t) AfliìIL:t{ .¡?û T0 rco -

IF' (I{E .FC. :¡) ¿t$tîlGIi .t6¿r ,fO icÐIF {NF _.!,Ð. i}) årir;IGt{ .trø f,O ¡COl"kTE:r., lñ- ! ¡lE, I{p, I,ii¡:i, ti.¡-, ¡,ttc hr.lTE Fiìreii\igï'EF,.s 'Orr'lir 
i-É- i'óii' r"rrun RETff.rE-sÀL'r-{Ri'I'E (].rJt ,gDA} I{ü Ä.-¡'!¡sÍ¡r!

2"92 ]lo&.¡c!I.I' (j.X,,ii tlF cL,\FslIs:,,12)I,JIìITE (1.iIt,294 ) IIL¡¡yE, itr,, ¡tC,LNzg4 Fonj,tsr.<rx,+li-- ^'s'!¡!
I{RIT'E (I.U1 ,28õ}2A5 F.OE¡IAT (IX,,Ji:I,Tå.ILS OF CLASSIFICÀTION, }

- IIRITE (LUI ,Z9r?) ¡, ,
29@ F'Hì'IAT {lx,'cL'{ss ¡r' , x,'riÁ}Irq' ,9x,'EolIyD-5 BAI{D-" FAcrp. syrIBoL, }D0 3OO I =1 ,Nl,' ' 

¿¿" uttt'u-u Déiltl'+l f AU¡
ÍfRI'rD (i,-gL, q19_) t, rils { I ), IÉts ( I ), IS?( I ), rsR( I },syHBL( I }Bto !:opJ.L{T -(ix,zx.',iãlãÈirrrø,3x,gI6,6J(,¡\1,2){)gøø CON:['IFT'E ' '---: v'vJ¡'r'¡u''rÄ'åi
Ì,T¿ITÐ (I-U1 ,¡Ji5)
T{RITÐ ( I.IJI, 32ø ) I STI,I ü, LÙTLT T{, LFTP IX, I Rl?IXBr5 ¡'on{tT_,fl5,'ir{E_;iiËÃ s'o'''r{--ón-'i{¡É-üaþ rr^s rHE FoLLo*ÍÍII¡G CC_GIIIIINAT'Eé ;--,t*-- "'^""¿r v¡i ¡au) r'ÉIr Ir+Ls ¡.il$ IULLU

Bzt roFJ,lrT'(r,{,-tÉrI{,'íil¡øc ;,,14,, To 0,r4,. I pIXELs:k:trr.l ,, .t{l , rI.1,r3N) 
,'\, tL-.

, hlrlTE (LUI ,3í¿5)JL,JPgz5 roirr,\? 
_( lxr,¡l¡icri,i. Ff-!T_::_tINEg ,. ,12,, ; pI){ELs :, ,r2rc TùRITE O'fTlitrt ¡ul'oHra'irõä -.lr,r'r.ir_g 

r¡oB lrtr!:F. IuqrflrEvÂrcAl.-L. T.ïì'ruÐl
D,l "¡OO I=f ,NI¡*g,g
I.*F { t ) = ( I/2 )r:},1{+l
Kt¡(I+1 )"I{F(I )+LN-1, 4ØØ . COII| { NUE
'rYPU * ,l{?',lit¡
IÞ- o{cûtJivT .t10.. ¡ ) CALL IHI(,_IfTIr (Niltil{1-_.ite. Oi .,I¡lg.tcN 4..f {, ?O ICOC SÐLEC'I' CI-A[{S pR{rC.

,:;:,1

::"::..,

. , 
_..:.: .

l,ì:: :ì a: r

49Ø
5Øø

I{Rl'.t-E i 5,5o9 )
t'OlìÌLì1' ( IX,'CLÂSSIt¡ICATION pnf,C. (1,/Z/g/4, ,,S)
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IF (NQ .LT. 1) GO TO 49øIF (IIê .GT. 4 ) GÐ TO .I9ø' Dù qtø I=I,I;LINE
C GEtr TEE REÊUIiì.EÐ # OF PTXELS FROIÍ THE CT}NN.EITT $CA]T L]NEI}' (I{FOR.DT .EO. 2} CALL OSST,LNIT (NFOR}Í .NE. 2) C4.LL }ISETLNC DECIDE OÌ{ TEE CLASS 'fO rfrTCH E,ACII ÐATA POINT' BELO$GS TOIF (ITO .EA. 1) CALL ÐL¡TOK1

Ir (t{0 ,80. i¿) C.ALL Cr_ROKrIF (N& .E&. 3) C/ILL CLttoKl
IT.' {Nê .EG. 4) CALL CI.ROKIC ASSIEN õYIÍBÛLS FOIì ALL CLå,SSÐS TO PRINT ON LPT.IF (I¡PRITM ..8O. 1) CALL .A.LSruBC TiRITE THB CLASS S:YflBOLS FOR TITiS_ITTTU OT A FILE
c-o To IGA

4lø I,JRÍ 'IE (LU3,42fl) LINE, (Àtì(K) ,K=I(F(5) ,KFi6) )' 46ø 'f{itrT,E tLtJà,4?,ø:, LIìrE, (An(K) ,¡<=Krist,¡lr.r+l )4zø ÍrìrrE (LUl,4.?rr) LtIiE; (AII(K);K=Kr.ai i "¡o,tal I42q, FûRIfAT (lH*,1,q,1N,1 lo.q,l) -
4rø cor{T¡truE

C PRIIIT THE RESI'L'IE FROÌ4 COUFTINGIF (NI]OUNT .Eê. 1) CAI-L PRICI{Îc pur TÍIE EOT?O¡Í *qE?l 0F TIC I,t4Rtr_ScåLL HR.fflÐÈ
RETURN
ENÐ

j.i
t:: " l:- :++: :.!.;-

1. ; ', 1::,..:

r-4..'.¡....ú.G..
' .!.
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g @oo@@€eeeø8o@€
U
c a D$RF-oK.FOR @

g Rorrrrr{E DsRRoK.FoR, rnfi:*ffF€@@@ee@@

g coDE T{RIT.l,Ð¡r BY : .q PAK CH.r.cAnL$fuDIg ofi.AlfA, OITIARIõc-g Ro-urrNE o*nnolr1r*.3^3.q s_panr oF ;ÀLuìoK; 
"n*rã".c '.TIIS R''J.tn$._orsptais -rnirîuryorr .L^SS NAÌ{ES, FACTOR

^c vaI,urs, AND qÏUslor,s-ÃssïõNËü ro cr-assrs.
3- 

n*9 o*o:* n¡¿_usrn r'õ^ÀLîñn rn'ïõ¡n"lxffs rF so DEsrRÐÐ.
C V¡âRIÂÐLES: - :

I ${-OIfAL: n¡:,rft, ICLS,LIT,!ÌC,SïÌ{BLC LOCAL ¡ }r@.c-
¡1!4" '. SUBROUTIiTE ÐSFR.OK
1ì##tt##rt##*tt *Í*¿,#*##*#$tcír#tr*####t,4####ê######â.#### 

#/r#.##.#t*I}OUBLE PIIECISIOI{ ITLS (31}
INTEçEn _tsn( jrr ) , ts?(21 illsntal ) , Icoulrr(zl )RF-qL Brrs t¿¡,eónDniariri.¿l
IIü,EcER syrgil. c¿r r,ÀnisËolC COHUÐir AREAS

c

iic

col{ûfott r'DES IR/ 
- 
I CLS_, I S5, I S?, I SR, SyilBL, aRcoræf0]Ì./ÐESIftl/rep,Irrõiu,r,ncóunr,¡rpirîffi',Ëïr*colr,BORDR,ICOU¡rr,LSA,T

co¡rÞron /ÐÍr"î./ rsc,r,ú, ñp,r, äÈ,¡nrrïolli;jr1;tyi:""
DåTfå, I gõ,,{à,, t O@, 0., 0, O,t,Ð,1 qS?, g, gS, O, O, O, O,0, ø, ø tø,ø,ø,ø/DATê, r s? /ztò, ø, o, á¡ióø ; o ; 4å ;¿, : ø ; e', ø,ói à-, ôi ö",å,, ø*rø,0 rørøro/
DÀ'lli IsR /û,ø | 195, 14õ, t?5,ø ,ø,Ø,&x'@-19-ro,$, o,o.0,0,o,i1,ø,i¿)' -' -'

*,, u'lTî 
9,tTß1,,1' ; 

t 
; 

t gt ; 
t,' 

;' ?- l' l' .,' F,.,, o, ., F',,s.,, *,,,,,,,
n'ia ¡ ór.s, 

: gei:in: l, 
"r,iuo 

i : : yig*.ú1 9-{l,, Doloif rr'.,,, soiL,Br.DEs,*,' BASALT', I tlRar{,/Fpu¡.,, ;-s_Ãno;, . gAlil}sroligsi,, sNo¡{/IcE,,,*.trt rrt ,'r--'--'- t-ortrLillufl/flrT':

:i3,, , rr'_ ,rit ,rlrt ,r"' 
'' 

rí.. t
INITIALIZE rurbUA Or CIJSS¿S AÌiÐ 

-qIJJTER SIZE FOR EACH SEgfTOIf¡rND TIE rjlp LEivfri,r,on¡rfilpñlnriõquNT opTroi{s.I{Q=O
I BI'= 1
$û= lO
Llt= I 1g
NFOR}I=2
NPn.IÑT;1
NCOUNT=O

c
c

c auEaRY'rHE I,¡'*IE-II-ËE l{Arrrs rg sEE TEE ÐEFA'LT våLu'sc rF TflE us¡n Dgsrnssl Di'dËiãy'à ar.r¿n ïE¡lr{ REoTTESTET}9ø_ I'RITB tç,qij95 rorurnt izzl
ÞIRITE (Ii,IøO)

''çç!.oo **o lg=,Tlå'r 
rrlrll,'t{A}rT ro sEE rEE crrRRE*r VÂLUES (y/\1, ?,,s)

11@ FotìItAI (:11 )lF (ì{È .NE. ,yi) ,Jr) To Bøø.-,- iün¡?.E (5,rr4) Lr{ -- -- ¡'rv
ll'1 r'omuÁr lixl;cuensirr Bg'rg$ sIzE Fop. EA'E s'crro* oF ¡'ip :,,IO)IF (NFo!ì¡r .8a..ø¡ ¡rnrir is,r¡tø¡rr. (Nronrï .Eo. rl vnii,ri io.r¿ør
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IF (il¡.on-u .EA. 2) !,1iITE (5,530)
5lø rop.I'fAT (1N,'ASSLTIMG JSC rORItlT _ CüRS DATA')õ2ø þ.0RÌL\T (1X,'A$SUI{II{G JSC fonj¿tl. _ ERõS DflTAr }53O fORftAT (1X,'ÀSSUMII{G OLD FOp.ï,iA.f - CCIìS DAT.â., )IF (NPR.iNT .ErJ. O) lfprITE (5,54rJ)

IF (NPA,INT .EO. 1) I{ÍIITE (5,S¡øI
õ4ø Fo¡'ei'IÉlÎ' (lx"wILL Nor cRlr'l[E LI$E pRI¡ruER må,p.')s50 FOzu'råT (1X,'ì'*ILL BÐ CR&trlrre irn¡: ÞRïNTEì. Irtrp')IF (NÛOIINT .liù. 0) I{RITE (5,56ø)

IF (NCOUI¿T .!tr}. t) I4RI'fIt rr,SZOtõ6ø roalIAT (lX,'i.iJLL lrOT ciluN.r PIXELS')ö7ø ¡-oRtd*\T (lX,'IIIIJ_ BE COUI.ffII{e PIXELS')I{iì.ITE (õ, 12Ð)12ø Fo¡ìn'lT (lx,'TãE FOLLOHING cl.+s$Es AIE AVAILABLE NoIf !,,/,*1X,' CLASS ;¡r',4X,' I{A¡!E', 9X,' B¡al{D-5 BAI{Ð-? FAC-TR SfißõL'-,7tDO l?ø I=l,ITC

t4ø
180

CIF
132

ITIRITE_ (_õ-, I 40 ) I, l!,t$ f I ), IS5 ( I ), I g? ( I ), ISR( I ),Sil{BL ( I }
{g¡uqT- ( LN,ZN, I.A, 5X 

" 
å,1 O, 3X, I 6, I 6', I 6, 6X., Al r---f.:o¡.I1'tNUII

TÏE USER DESINUS, CE,IIÌGE THE YAtrU"ÐfJI{RITE (5,132¡
FORHÀT (1X,'WAi{1' TO CHANGE AITI.

nEAÐ (5,110) NGt
OF THÐ VALUES (Y/N) ?"S)

IF (N{l .1Ì8. 'T') c,o To 80ø
IiRITE (5,13ri) LN136 F(}RIIL{T (tN,'oï,D BüFF SIZE =',Is,'e NEW(rIfAX-1to;Ø-KxEps OLD) ??',6,
ff?*åt låf;T'"To"n=o,o
HRITE (5,{íAø) NFÐ}ITJ5so Foarr,tr (1x,'FûÏì-¡lr\T oFTIoN =',r2,' NEII(O-JSC ccRS;r-Jsc æ.os:r¡ 2-0LIl Cf,n^q) : r,E)
RE{Ð (5,155) N0
NS0RI'Í=NO_

5A5 ï¡RI1'Þl (5,s9@i ITPIIIIm 
ì1 '

69ø r¡Onï'IÀT (.1X,'PRIN1' opTIOIÍ =, .IZ,,NEW(I_TO CREATE I{Ap¡ O_O[.EER*l{ItlE) :' ,s}
$EAD (õ,'.õ5) NPRIIIT
},Î.ITE (õ,600) NCOUI{T600 FûruifA'f {IX,'COUI{T OFTIOIï =t ,!2,'NEîrr(1-TO COUI{T; O OTEERIÍISE}:',S)RÊfiÐ (5,15õ) Hcout.l:l145 IiRiTE (s, t5ú)i .

15o Foru'la'f {lx,'cl.4,ss #'fou r.rlsH To cs,{NGE (ro,' FoR I{0NE) ?,,û)Iì&aÐ (5,tõ5) NO155 Fuu'raT iI)
IF (iSO ,E&. O¡ co To 90c cEEcK IF cf,aos # Is AvatrLAÞLE IirI TEE ctrRREIir BrJF'Fm :IF (NA .LT. O .OB. N(} .GT. NC) çO fO-Slø :

'16ø ffiþiHf;i'ä;stx,"),',,2t
l7Ø Fttì¡t+T ilx,'Oi-Ð NAIIE =.,/Iiø,' NEI{ ?',E)

REAÐ (5,I8O) ICLS {NA)IAO FOltr:{AT (ÀtO ) 1

Ì,tR.lTE ($, l9ø) sYlfi¡L(NA)
FORILIT {1X,'OLD SìffBOL =',Al ,' NE?Í ?' ,g)(5,11€1 ) ¡j-¡TßL(Ne)

(õ, gÐo) I55{lT0), IS? (IÌ8.), IgR(fiQ)
F'OitI{å.T (lX"'rJI-Ð VÀLUES =i,BI5,' NEII ?r,S)(5,¿J O) IS5fl'Te) . Is? fi{o}, I$R{I{Q)

.I
:'

t9ø
REA][¡
I{RITE

2øø
RTùTD

c

c

2tø ¡'ORltÍri (AI )
GÐ ?O 1,15

NORII/IL ITET-T.tNff
3øO IIETTIffJi

UIIIIOR IGISSAGE ; $Tr)p IF P.EOUIRED

I
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llg rfErTd (ã,:J2ø' No,¡icazø Fon¡ftr'¡-¡iil;"*.si#Ëii"ro cngncr cLASs s 3, rtz,/,*tx,',! oÌ. r..¡tulssjg Álioræn-aô"npqE¡i-r ARE z,,rz,/:Ë1x,'l{1r,rfr. 1'ù TTrT_aøt- õR "pni¡ceu¡ (r) ?.,s)a^E{Ð (5.r55) NAIF ilTO ,EJ. 1) GO TO 145
STOP
EI,TD

|::.:-:

l.r

l . i:

i;i:,-'r::'r:-::
{':. :; .'; : - l

::: ::.. -:
_- : t. : _ :.. _

¡ Ì i:i':, :::: i::r.t::..:
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g coDE Þ,r.ITTsir BY --:
c

Ë ähitri"tr*rgl 'urlv' or' Ìra*tro'A,

c-
3 trffi'ilå,,ç
C BELOfi€S TOC fiOÏE¡ ÂLJ. ]

E stu corûro,v ,rirffi'Ët¡i tuioä
c-c vARTADLìrs; -
c cr,õr¡i,lîïi
E to'äËt"; Ërî{*tt, IDAT, lÌFoRIYI,Np,Rpsi,Rpsz,su$con,s-t'1dol

c-
^ SUDITOUTINE CLNOKIcâë#tFlt¡t##'r#rË##;r###'r çoorr*:;ì,.+###.#####tþ#ìr",#.#r,.###tr##########t 

t#IlouBLrl^PREçlqioH lciÁ" izr I #####âè##átrÌ#

iü,t8ffi lt**tll:roÏ¡fr'àîi, to,rtteaø,4r) , rsõ(ar ), rs?(2r ),rs*(zr )
c .o*ol-o.lå,rÐoRrlR( ãoo,ài-'

CO;fiOt{ uCUAWz t¡rrr.
33iffi3il 

tiåå;äJft g'pjdfiã;*Ëî¡,iffiriil$"o*_, B'RDR, r e,ÌÌ,ivr, Lsâ r
colüüûti
cotfl{ot{

c coìüfi]r .rcounrzffiri;,Ëi;^" r,.J rrrr{¡ rr¿'I'PIX'

C CE¡ICK IÞ' COUIfIINT: ïfl r¿Þ-¿rr¡¡on.
a*;s¡orvriläå*8orf,o*ä*rRED, rr $or avorD coutÍrrNc.

iË [il?ffH-'.'i'T;*¡ï.i3fr:"il,iff î8"Tffg"") ASsrsN eo ro KoKo
. ru=(LINl_3ffF.t-l)jï-+iv¡r¡ !¡¡tr! .t'I', .üijLL)

Í:4* ïäf,Ë:lili]'.,,ËsiHffl¡:i;llg:ålc## IYPE ;--r¡.í-;îil'i,;fi;".'.91--c cr.¿ss: ry' A;gi:f$;l' i,T' åi", å*¿il,Ë*c r"r".,.o$o,i].1riroi

c cEEcK 
I[R(Ioar(I"!) 'LT' Is?(r) ) co ro r@o

c 
"*.ot$rft3fi"Tij;fri, 

.*'. rsã(s) ) co ro ?oø

c 
"o,r.nr$"Ár$ådråi+lå,r."r: 

rsr(10) ) co ro 2aø
I$= rDerií:äìii¿:",'.^r'¿, ñ

åå .iå%¿å+i, iåff?íÌi.åá' +9,,,,,
c. _Irusr ¡u r¡a,rmi.ÍArO $OW=l

GO TO sf¡ø
czo B trl.on G'ì 

"rî"$l'3-"
cO T0 S,)0caa;j'totri tõ*3il3i" t to
GÐ TO 3OO

j':,;.;
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-'1 c^_Bglo¡rcs çó u¡s¿TATroN26ø NOW=B
_ co TO 3{r0C I{Á'Y iIÐ OÐ''CRÛP,. T{E V.J[T TO EIT{¡ÍIHS TEIS PI;GL FIIP.TflER.c_ -SPLI1. THIS rtfr,0 rço -C$ouË

26ø rN=r¡iui ileiriil¡p^.i ír ,4)IF (lr{ .cr. rsz<+i-î-rË,ro røøco Tû nbh
c-^I"¡¡1y BE SÀ$Þ 

-ó¡ì. 
¡o¡.oUtt¡;7@t _ lIt=ItAT(i,f ixrn¿rt.1 ,r,rF (ru .cI. isgie:;-T'c$'io rzoC IÍUST tsE ÐOLOI{ITE

cü TO 6?û

26s rF Ílg_:cE. rsÌì(4) ) co.Tû 600q Ð_ElOilGS To cir{ìupl -îcmìs.õ' I' s!C CEECK IF IT IS SAI{ÐI¡. (Itf .GT. IS5{$} ) co T0 3?øc irusr !E uLls$ s _-õsi-.. ' . sv
l¡tJlf=9
ct T0 30ø

C^_lfJ.qI BE CL-dSS e - S.,Lti327íù $OII=B
co TO 30øt

C-^BELÛ}ICS TO GITOUP ?b$Ð IF {i}í .G-I. Iiì?(4) ) co To 6?0rF, (rs .c¡:. _r$i{sj- j 
-éo-ro 

oaoc criECK rr, r? uglo¡cri-t+ c¡.a# o _ nasa¡.i,rF (rDA1,(r-,_B,l .r.u.'is-iToì r eo ra 6eøc rlEr_oÌírgs 'fo cr¡_À$ú ,t :-i,*ulrsiå¡ìörruslru- ìtOI{=z
co f.o 3G{r ::

C-_EELOI{G5 TO fjL-tss ¿( - t}oi,oEI:tES679 I{O-d=¿t
æ TO 300

c,^EEI.r.)¡ìfis Ti) ct*â,ss 5 _ S0IL/EOULÐE¡ìY6A'A Þlgf,'= Í¡
co ?Ð 00f,

C,^BELONüS T0 ÐIr.r.SS 6 - BÅSrtLT699 NÐì{={i
G0 TO 3r)Ø;JøO AR( .i _¡ =lTOt{
GO TÐ F-frt{OõøØ KJ=LlTpI;t+tl-t ¡-r*¡prF (KJ ,L1'_.,.Ngtfo-.on. r¡ .GT. NLp-nL) co ro eor coìtr{T (fio]r} 

= I Cotr¡¡ii-¡¡õrlîr9ø CoN,.TIITTJE
RÐTUÈN
Et{Ð

I

I
I

l

L-::

I . - t.:.
. tì.. i

..f "*..!lþ*#'
J4f'x
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. tL.i-,.j..1, ! !i.i:,.

lc o@o€@(e€@@€@@@!c CoITTAINS htsTIIDt,TtRTgÐz. JItLy rc79.
i trcx*rcxrl(*suBno'i.,:Il NE lrRlHDr
ic-
iç ITRITES Aryn'ûTAl'roN oN FILES FOR prtrlYflt{c.
ic-
íc vAtìIAtsLES! - -'

[ç glgpgr-t T¡LES, TDATE, rFrÐ, rsrTE,Jp,LFTPIX,LN
19 I9gA!_: IP IryIECER SIZG=IT, COTITAiNS PI}ßL NI'I{S, FOR TIC T,TAru(s.ic sEE TEE COü¡{OI{ ÁREAS.
ic-i- suenourrvs l¡RirrÐr
! ç####r¡####tl#É¡ ##i¡ê¿##tên.###t##+#####ttût#it/.###*###têrtât*##f########átg.#
i . DoutsLE pnnclslotl IDUrf (ll),Ì.tlcs(g)
í ' ,'i rNTÐcEn' lE!11),Itr'lLEI'I{2),IrrLER(2),IDATE(z),IFID(z),IsITE,ta}i...99l{19lI/\-a.9/IgrLln,lgrlttl'lr."rrlr-,rltiF]dunÉ,u
¡ :: CqfIIMON /ûUT./LûI ,LUA,LU.3,FILE$
i . . , : ç99'lgi! ,/IpEr{T,/rrrLr}f , rFrLER, rFrD, TDATE, rsTÈ, rsrÏEi,: -', COH{Oï /DEFF./I[C,LI{,}¡PT,I¡p,lIl,III.t,JL,Jp,NF.
lc, , ii
I , OPEII(UNIT=LU2,,ìûrJESS='SEOOI¡-I.,FILE=FILES(Z)) ;

I, _O_PEU(UNIT=LU3,ACCEFiS='SìEGOUT',FILE=FILES(g) )

È LU =LUl,, 
"," 

f=f+t .. - .'i

I _ ,j" tiùiuil,u,soolrr¡'ID,Ip¡trg,!(,IslTg ', :j;., . -
I ug" r'õnnarrínr,rox,ãÁsl; nn¡,rc rH¡rGED ',z¿E,tox,,p¿cg i,îir'-i *'õK"STT'E n 

'2AS)Hil tr'¡Rr'l-E(LU,5øl)rrt@l r.oBl.lfp^T( lx, 'LINE_I , 1lx, 'pIìßL' )II = LN/IO
Do lo I=I,II .i ..,.

HEITE(LU,5g3){IDU}l(I ),I=I,II ) .,jì
F0Rì'åT(ill,5x,lIAIO) : ,, ,. .'õø3 '.

, ..r:':
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c-
C VART,â,BI.ES¡
ç GLORÂL ¡ IDATE,IFID,ISITE
C LOCAL : IPq PLEASE SEE TIIE COI{}{OIi ÁRFr'lS,c-

SUBRoITIINE T{:BI3IÞ2
C####f #####ìf t####+sry#i¿#rt#4 f #.Ë##.#####û9i'.#+#*##,uê################

DOU$LE PRECISTO$ ]DUTI { I 1 },FILEST3)
rr{T'EcER lï!ll-, ru,r.el¡r¿i, ¡¡rr-untei, rrrnr¿l , rÐATE(z), rsrr'{z}co¡fi'fûN tottttl-u i, luC, iuc, n r lrs
coI{Ir4.}II / I DEIt'r/ ¡ r r ln¡t, t r, i Lun, I F I D, T DATE, I grrt, t s Il'E.r qqi!'igl! /\gc/rsrrLln,;_érr,rñ,lrrÞix, iFrpix,r,ina,¡c,,., _c_oltr{ûN /DEFF./NC,LIr-.NpT,try,ru,tneJt,lÞ;i{ï-'. K=@
LU =LUl2 K=K+l

5øO FORI'IAT(1I:,lox,2Aõ,' FRAI,$ IIIAGED,,2r15,1@X,,PACE 
"II

*,5.Xr'sI'fE 
"2åã)5O1 I,ORI&IT( 1:t, 'LIN¡:. , 1lX, , PIXEL' )5Ð2 FORI,ÍåT ( 1X,1l { t6;.!xti

I I =LNi,l O
DO lO I=1,II
IDUII( I ) =' t *******.t.*'le IP(I)=LF-I?IX+{I-t)x1O*Jp+Lil*(K-t),.rJp
l{RiTE(LIJ, 5Og) ( IÐiJì,t( I }, I = I . I I )Ðrrö FORI{AT( lX,5X, 1 lfrl0 )Írnirn (LU,soat iip;ï;li=r ,l r ¡Ì¡IìITE (LU,5Ð1'
ï+iIg (LU, Ìroâ ) rFIr). IÐaTE,K, rsrTE_ co 1'o (:¿o,3ø,4O)K

2ø LU = LUg' :;'

GOTO2
30 LU = LUg

GOTO2
4ø RETIIRÌ{

END



B-19

c
c
C
c
c
c
c
(l
()
c
C
c
c
c
c
U
c't
U

@@@@@@@@@e{Ðe@@

E VÐSTXT.FOR @

RourrNE r/Ecrãrr. FoR, ruif,.Ï39@@@@€'e@@
o{.fitiutlEs TI{E UõFF. I GB.rS 't}Jt¡ pê&il.

PAK C&1çARI.A-ùI[IÐI,ILISKINS I SELLS å.SSOCIATES.
ûTTÄr*.1\, ONTÀIIIO

VAITi.ABLES:
GLOBAL : I B:TI{I}S, I Ð.4'TE, T F' T D, I F I LEI{, I F I LER., I GSUN

llìTP IX, I SIT¡1, I1ì'l'Ll H, I $TR
JI-, JP
LFTP ]H, LI I'IE, }-T , L$TLI I,T
¡l, ¡ÍBLIC,IÍLI NE
ItB, NIJLq, Nl3S ,I{C ,IÌF , t{P , NPT
$Ul'tCOR, SUI{ELIi, S-¡'iritsL

LOCAL JYI}

SUBìì.I}{ITINE VNCï(T
I t{lluGE}t I F i i,Ð{( 2 i, j F, I L1IR ( 2 }, I F I Ð { A }, I DATE ( 2 }, I S ITE ( 2 )liruÐc!ìlì. IÊÀÌ.üis (4, j,NItüi.1)
Ctlifl0N,/LùCz- 

_ 
I ti'fl. I N, LSTL I N, LFTP I X, t RTI:) I X. L I ITE, UCOIffON / I ÐÐN.'I / I F :' LETÍ , I F I LE}ì., I r I D ; I D,TTIT ;i SîR; I S ] TEcol,flfol{,,ÐEF}.,' nü, LN, NpT, Np, HL I i{E . í, jplrir- - --'

. coltltc$ /I)ETF./ NÐ, I,EANÐ$, toÉux,sulisl.i¡,irBiK,mBI-I(,tiPs
DA.TA HB ,,/*,/
ô,tTå I RTINDS: /4 ,õ , (, ,T /c RII&UE¡:I' ftso FI].E n*.Aì'[it ¿i tnn .qmiucnr¡ne10 ïa.ITE (5,2O)

2A I'OnffAT (tli,'lÍ:t5 INP{IT F.ILE N.{IïE f :',$)
RR¿,D (õ,3ø) IFILE}I8ø Fúzu{AT {A.{{t)
I{RITE (5,4iì)

4rè Folr'lfar (lx"srF-ucruRE ol{ wtiICH FILE IS LOCATED 2.',rD)
ITEAD (õ,3¿¡ÌISTT1

C C}IECK FOR .THE F}[EIijENcE or 1TTE FILE oi{ TEE I}TBTJCTT]RE
cA¡_L CIlECti ( Il,'ILElt, lEn,o,ø, IGT.Iì)IF (IEF. .ttû. 0) eo I'o 60
I{F.I1'E (5, SO) I}'ILIÞf , IS'In'õØ FOR¡I¡IT {I)(,'FILE ',gAõ,. NOT FOUNÐ ON ,,AE)
c0 T0 t0

C REOUESI Ffi.IIIÐ * /lND Då.fE- II,I¡ïAGED6ø t{P.f.fE (5, I 1@)Itø FûRI,IÀT (lX,'LÀr{Ðñ-¡rT FRA-I4E IUI{BER ?.,S)
REtlD (5,3O) IriD -'--*--' - 'r
r¿¡RI'I'n,(.5, t jì6)

13O f't)iÌ,f$..f ( tN,'DTXTE II{ê-çÐD ?' ,Êr)RqâD (S,íJO) I¡)¡1-T8C GET SITE ì{AIÏIT
i,JllÏ't'E {s,13?)

192 FOPII4,IT (IX,'SIT.E NAIYIE(AA5) ?r,g)
RE/IÐ (ri,f-¿o) IsI'rEC cET SPECIFIC,,TTTONS OF Tittr ÂRrA Or II{TIIRESTrBø }FITE (S.l,iO)

14ø f0ru{frT (tX,'SpICIfy THA Â,ÈEÀ OF II,ITæ.EST _. ,/,:kIX,'iS'I LIiiÌE,L¡IST LItìE,.LI{F'r pIX, A.IçIm t,if--. ,Z)itE¡It) ( 5, I 50 ) ¡ STLI N, LfS:fLI I{, t_Fie t x, lnrÞ¡xr5ø FOF.Ï{Àï' (.¡I )C üHIICK CÚORÐII{/ITEIT T41'¡'6 TfrE US}IR 'TO MÁKE gu]ìg THEY ARE OKrr?1Tg ( s, I 60 ) I s.r] IN, LSTLT N, LriÞ Ly, lnlFlxt6ø ¡'o¡U{á.T' ( lX, 'Fltìsi r,ilrg -- 1,1 ,Ts,t ,* lx, 'LlSiT [,ifiÍ, ;, ,lõ,/ ,
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*lX,'LEFTTû€_$T pLEl ?,,Iii,/,*1X, 'RIGII'I?fOST llIXÐL t, ,lli,// t:rrlx,' l:lE TÌÈnsE coFJ.Eci ii,zilj ?, ,s)RErÐ (5,1?6, I[etTcI FOru.trT.' (Âl t
_ lF fi{Q, ,i{8. "Y') Ëo TO 1Aøc oUERRy usER :t¡. LrNE á pírËi i,Ecrrur,ron FAcroRi?g þrI'rE t.5, isÈ ]

r 95 F¡]RIÍåT--f iX, ;¡,INN E PT}GI, NECITÍATIOIi FACTOR.S' ,,2, ' (II Ficf.\- I OiIl {-}F Nl t, ,S)
READ (ã ,2øØ) JL,JPeoø FOFJft\T (2t,
IF (J¡- .L?.1) JL=1IF (Jp .1,T. 1) Jp=l

^ VRITE (5;,21OI JL,JP
"'u r* 

=-*Ë$-ËHt!¿ä;låi*r""g.ãío" 
ÐEcIIr. FÂcroRs R i',rs,zI(, rs,/,' A

REAÐ (ö,I?I}) NÈIF {NQ. .I{8. ,Y,) go îo r90c cg¿rr( rF ø sp Fr¡mis-.d.Ë i"såélfip? = InTp IX-L¡-f,rIX.it. NP;Ilp'tZJp
IF ($P ,LE. 650) {,r.cr .I,o 21SI{û=.jp:r.S5O - -
I{n ITE (õ, 175)NIjT,Jl,,ÌÌG,l?5 
*" ,6"l$iiixl;irli:ài"l o. pIX:' ,I5,'ÌrÀx. Ar.LowÏ:D:ssø;¡, , rs,, =, , r5)

C^.í¡UERÞ.Y LOOK Up Tr_mlE N.,ìiÍE (ilITEe¡ãt 6 BI?)?l? rp.ITE ts,ã:zøi'--*' 
r¡¡i¿¡Jurzr v Ðr'

2:2ç' FGN.I4}.T. IíX,;U'UÍN OF RåÐ CONR LOOK üP TåBLE ?',S)REÁÐ {õ,S@) i¡,ILEITc GUEÍìRy ¡Jslin ¡ì.ü suri-pr,îj.on_taûTloxs
ÌiRtTE (S,ng.îit

?3ø nO¡i,:.f¿f_{ j,!:,',Ír1i.i{T Stlt{ EL CORRECTIOwS (,17}î} ?,,s)Rj&/rÐ (5,I?o) n{l ¡vrrp r

Süli-]lLD=O
iadiii;:e'
IF (i'i{¿ .t{8, ,y, ) IIËTURFC REOUEST SUN EL. ANGLiI
IQ€Uiri= I
IfIIITC (r,îl,kÐ)

24Ø FOIU,T+'I^(rI:-,,su.lI ÐL, ANGLE IN BEG?EES ?¡"$)REA.Ð (õ,2,tiø) su¡lEl,]) ¡¡¡ llsr*r¡È ¡

2ãO rb¡¡,t¿r rrl
RI'TIIfìi\
ElTI}

l.:::ri.:.: -:r.. ;
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i.::ì i.:.:

c
c
c
c
c
c
t
C
c
c
c
c
c
c
c
tl
1)

lr'
rl
c
c

a
C
c
c
c
c

E DISIRD.F'Oft €
coNrarrvs r{ss¡cqÐ.Fon r 3i3-9rifi:F38:trtìi"" ts?s.
PAK CILâL-¡\¡ILA}II-IIII, OT.I¿,|{Â,. ONT.
coNTAIIi$i äÐistGsr I E$rR1 I'Oil,iT I{SIÌTLN,
NDÍIKfJT T}TÐI{S ?iTE ÐISf- I'ILU ¿¿ SCib F,ERA"''ß'fERS UP FON GEÏ"TIT{C TflEDA'fA LrtT.8ì1 AY NSEI'LI{. ----
rySH.LI{ RF'ÂÐS TIIE IL\I¡T trT/.i¡i:fING @ BLOCK I{ELK A¡ID Ui[PÂci(s T}IE DÀTA.III TIIE LìF:CII{NII{C II{üP.}]IÍEË{TS LItrE # ÀNI} 'fHE BLOCK #.
TTIE PI)GL ITU}ÍBER ì{OTATIOì'{ IN TKIS ROtrfINE CORREfJPONDS TOTflAT oF lEf: l{icå' PacI¡raGE. as ¡, mlsul-T, 1ïÐ FtRs:t t{ PI;{EL LoûATIoifs
99ry1'-gN zga.os, wriERE N r¡¿nius-¡grit fütiN LrrIl'trDE (FjG. ¡t Is âpl¡Rox.l@0 rrT 5r DE{} ¡T.). rFfE zuao rrii was-fiunîô-iEE ùEnr."l nÐTÀ.fro¡rcorrå.EûTroNs ofl lrE r{rls GEN¡rR.iifErr Jsc Fotuìr^rJ+-r-fÃpeä1"

VAITIÁIBI-ltS:
GLOIIé.L:

I BANDS, I 
!YT_,_ I gi_11_, f CLS, I ÐAT, I D¡I,TE, I F I D, I F I LEtrt I I F I LERIetìUN, lFffFIX, ISIt]I, I STLII{, ISTÌl

JL "IPl-rTI, I X, LI IYE,.r-t{, L$TI.IN
I'f 

? 
MSIJ(, I't: i_ryt, Nll . $ÐilI, M¡r', IÌC, l{Ir, }ip, NpT

SUNC0Iì, ÍJuNEI.D . t;'/ÏGL
LOÇAL: IÐC, IÐUì{, IE{}F, IA,R

SUBALìUTITIE ITÐSI(57. II¡II'4CF,F: LUU¡¿so+fr, . Is,lNÐg{r1} .NBS(4), IDAT(55O,,¡}
I tyj Erì.ffi r ¡' r r,ltr4 ( 2 ) ",!, Ir i Lìtrr r. 2 ), r F I r) { 2 ) i i n¡rrù i i l, r s rrs ( 2 )ItyTEGliR ÌUI'AK (s20Ë i , icru¡n.iâl )Ittit\I- tsfJIlÐR( 59ø,2 ) , ûOi),ri{ 4 )

ç?¡4'!OH,/ I $EIm./ J FJ i-Eî-{, t F I LER, I F I I}, r ï}ATE, I SlB-; I A I TEcotf¡trìt{ /L$c,,. 
I_ç T! iil I LSTL r t{, ¡-r¡r ¡, ¡É, I nrFÍ x, i r úE;M 

- -
collJ{ÐlÌ,'ÐEI'¡'/NC, L.r{, III,T', Hp, ifl_ I $8,.É, Jl;, uir' - " -c(¡]'ü{ûN,,DErR,iïF,, I 3,{ì-r¡)S,, I eÉux, suut-:t ú, i¡Éilç, lærx, nBscoJ.flfoiT,/DESritl,/_-Il3p-,N¡'on¡I,wcóu¡rr,ñtflrrlÉi.¡ïcoR,sonÐR,Icoufl,r,i,sâ,T
COIú'I,JIï .41ËSÞ/I BI_TF, I UplU{, CóRn
cotty.0x /cHaN/ IÐr\T

INITIALIZE T}IE }fSS ÐISTC FTLE
CALL II{ITT ( IFILII}I, ¡-. I!-,R, ø,o, ISTTT)I¡' (riER "EO-. @) Ë1i'TO i,!ò' 'I{ItI'fÐ (5,lo) tFtL}.:}Í, L$'fn10 ¡'oIu{Ëü' (lX,'CoUl.D ItûT OpEII FILft , ,a-A5,. òN ,,AF)

C ERRON REruF*'V
s'toP

sråIlrlt{c Bl.ocií # Fûft P.&!DING(1 REC=29 BLoci(S F,on EEAÐER)
NBLI(= ( tsTLIIT--TL-1 )x29+3

¡6¡¡;=¡¿*p9
LIiTE= I$T;IN-JL

C SET
2t¡

C

c

C

SET UP 'I.fiE # oF BI¿TES TG BE $KTPPEIi FoR EAcs BAND. NES( I ) =l-FTpIï-t +tBû
I{lÌStA) =NtiS( I }+ûZBt}-t?û
i{fJS ( 3 ) =l{ü$ ( 3 ) +36Ø.$
l{f}S t.¡ ) =t{ilS ( B ) +góO.t

GE:f Ttifl C0lJJtliC'i'fûi{ FACTORS ÍOR rìI-L THE BA}IDS("IT],T. REDÜCE
ITIT|IUFJY

ENTRY I\ïI]ETLN
INCIìEITËNT T¡IE LINE # 8 'I}IE BLOCK #

l1!:



LITTE,=LTSE+JL
NB¡.It=t{Bl-K+}!ËiÃ
CALL GET 

-( 
I,i{?LK,3648, IBUF, IEOF, iER)IF {IER.I{8. o} ltB.r1.!l'(5,50) LII.ÌE50 ¡'CrtllIåT !lX,'Ui¡'"Cl^;. ifr'¡,iltei;li¡tIt¡ (ÎEOF _.1{8. cl) hTtlTE (5,6{}} Lii,{E6ø FûtìtfAT (tX,'ENt O¡i nilU OtCrJiìEi¡ AT LiNu ,,I4)c UNpAcï< DA'&l {¡ TirËN ÁpFL? córurË,:r,rorss.

ÐO Zfì I=l,Nü
I fJC= I
íIALL BTiruIg (g: N_F:r, IitrJ]¡,ÌtÐs{ IBC), IITPAK( I ), fER)If, (I¡:F- .I{8. O) 'l'1r.ÞE öO:t IHE
[íÍ_= I
DÐ ?O K=l,NPT,JP
-r 

D_Â'¡ ( ¡3C, I üC ) = I rì I y; ( trLo4î' ( I UpåK ( K ) ) *COLR ( I tsc ) +o . õ )klÇ=Íï+t
7ø colfllNttE

RETUITN
END

ß-22

,j':
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c
c
c
c
c
c
c
c
c
c
c
c
(l

c
c
c
c
c

ODSMD.FOR,JULY 19?A.

PilK CSAG¡1RLAfiûDI . GTTAr{A,ONT.
COI{TAII{S ODsìüST S E¡{TRY POII{'r OSETLI{.
OIDSKS'T OFENS 'ITIE DÍSK FILE A SUTS PÂF.ÁüETEAS UP FOR GET'TTI{C TEED-,ì,TÀ IÁTER IJll OSETLTT . . I ¡¡rv r,*
OSIIX'LJq RE:-A'}A THE ÐJTTA 6TARTINC @ BLOCK NBLT( AND ITT{PACT($ TI{E ÐÀTA.TIT TTiE ÛEfJiNì,fII{C II\:CREIIIIÀ"TS LiNE # ANT' r¡rE gl-óTir 

".
VARI¡TBLES:
G¿OB3l,L:

I BAI{IìS, 
IpgT_,_ I gê!. I cLS, I DirT, I ÐATE, I }. I D, I F I UEI{, I F I LER

i&suN, InTFtx, IstTE, I S'fLIr{, i Snt, iú¡,Àr' - -
. JL,JP

LF.TPTX, LI NE, L$, LSTI.IN
ql, l:tBIJC, ryi I NE, l{l¡, I{BLK, ilBg, I{C, ln¡, NP, NFT
SUTCOR. SUIÛÌLD, g'flfBl,

LOCAL: I tsC , IDO¡., IETt

SUBRÛÜTTI{E OÐ$KST
RF.1L conß(4,,, Br_ìß$]1( 5,9ø, 2 )
I I\-IEGI¡Eì I BUn i c¿4Ë ¡, i COúr¡i t e 1 ), I EìÂIÌÞS (.1 ), NBS (.4 ), I DÅ,T( 55Ð, 4 )I TMðGER ¡ }- I LET{( 2 ), I FI LITR( 2 }, TFI Ð ( 2 }, I rI¿iÊ iã I, I S TTE( 2 )IIÍ]-ÐGER IIIfÆi (i¿gOI ) ,ICAL (4i6,64)
coifiloN /ID{$fl!!,r!-I'}1, IFILER, IFIÐ, rÐÀTE, ISTlt, ISIIIIE
COI,fiION r'LOC/. 

. I S1'L I N, LSTL I N, úFT1P I X, I Rii; i XI ii rtÐ, rr
r.:úÌftfc}Ìl /Itf:FÌ./Nfi , Lt{, }lp'f , Np ,Ìfl_I IIF:, JL , JF , NFcû.i'ftjr)lr /'IlEl'It1i{!r tr E!âlT}t , t e.Éult , st¡t'iulo , ùui¡i , rnLK , IrBscütr,rrlr{./r}Es r.Il lIË . I{Fopd{, t{cou¡rr , ripni ñf;su-¡ioõà, ÉonÐR , r coüNr , LsÂTcûì.D10N,/tlssÐ..,I ÊrJF, IlrpÂ.I( ; CtT.Utcolffol{,,tÉÂN,/ ID,.l..iIilITIiiLiZÐ TÌIE I¡Ðs ÐIS¡C FILE
Cirl,L I if lT'f { I F I LI;H, I, I IiR, ø, {f , I gTTt)
IF (IER .I!e. O) GO 1'O :tf:)
1.tÌìITE (õ, l0) lFtrLj-lf , IS'.tRlø Foai{¡lT (IX,'CÐULI\ I{oT OJ:EI{ rrLE ' ,aA.õ,' oN ',A5)ERROR E:ITUR-I{
s1'{}P

sET srÂP;Tii{c BLQCK # FíJR i}reiDl}Tcil REC=19 BLocKs Foa. EEA_ÐER}2ø tfBlJ(= ( IS'i'LIN-.tL))r;19+l
l.fBll:=JLlkl g
L I I{Ë= I STLI ì{-JL

SET UP 'fffE # $? B1'fES TO BE SKIPI.'EÐ FOR F.ACH tsÁ.NÐD0 3ø J=l,NË
NEfì t J ) = ( I B¡LIVÐS i J, - 4 i x'B. (, I Z+ ( I llAI{DS ( J ) _.t } *2+Lt¡.1.F I :<_ I +6gø tl0liltlitîJr:

GET CORITECTIü]¡, FA/i;ToR6
cÅL,L H-tit:lüí:E
RE-,'rJ.tunt

I¿I{T&Y OSETi,t{
ÍNCIIEITEI{T Tlfì LINÐ # 8 TEE BLOCK #

L I l{t=LI t{E.r-Jif.
liÐ)-K=NIr]-K¡tïBila
g:iLL gff ( I ,]{p,LK,2.4í1,2 , IBUF, IDOF, IER)II' (Mrr. .¡ís. o) ,[i3tx-Tlt {5,50) LINE5rì rsIì.!..,JlT {tx,'E}tÌt{)È IN'iiNg:,,T5)IF i IlirlF .T{u. e ) vili'rE (s,60) LiNE60 FOH.¡LAT (1X,'ENÐ OF FIúE OCCU¡ìEÐ r-1T LINE ' ,14,¡ï=lf(-tÐ( IIJUF ( I t,64)
DO 7ù l=l,lyts

c

c

c

c
L

c

(:
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7ø

IEC= I
9*I¿- B"flîr"tFc ( 6, ¡{pT, I BlrF . 1{BS ( I RC ), I UFAJ{( I }, IER)
_IF rtElt .NE. O) T'ffE 5i',l,iuÈ----'
I(K= I
DO 70 K= t ,-äpT,Jp
¡ prI]'(ic(, IIJC ) : iCltl, { IBC.}I, IUPAK(K) +1 )
-I 

D-åT' ( KK, r BC ) = I I' i ¡( i FLO-A,T; i i oÃ1-t xË, r sc l ) :Ëcoan { I Bc ) +O . 5 )Iff-KtI+l
COì[f IÌ,IUE

P.I',TURII
EIi¡}

j.:::.. 
.

li: .-::.'r ;:'



it::
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c

SUBROUTITE REDUCE

+$!_ISTqr (4) ,Elrrs3r.4) ,CORR{4} ,BOFJ)n tãøø,2,IIfTEGER ICOUI{T (21) 
" IBUF(364At , iUpArCA¿Oí Icor'f,ïoN./DErsIRi./IgT,,lT!{l!,{çolj¡rr jñrnrnr,suñcoR,BORÐA,TCOUNT,LSAT

COTI}IOT{,,I,ÍSSÐ,/ I BUE, I TrF.,1K ; CORR

D-qTA ERI'S t/t ,ø28,þ.8õOO ,Ø .8,îà?3,ø .ø261/
Då'IA DTtTSg /ø.9.?,76, t . 11164,ø.8163,ø.1)

TÏfE S,{TEI.,LITE NUI'l3HN
hTtITE (õ, 10$)

__ _FÛIÈI4AT (1:(,'SITTELLITE IRJ}ÍBER, (I/2/g) ),,S)REAÐ (5,11O) l.u^rìT'
I 1@ FORlfriT ( I )IF (LSÀ'I .t,8. Ø .oR, LSAT .cT. 3) CO TO 9øcoIÍPul'E ctRR^Ec'r'rolr FAcirrlÏr8 To sr¿N¡-'rnoIZE ¡rifor{Ç SATELLITESÂND DIFI¡¡ÛREI'I'I' SUIíÈLEV¡! itrOäS.

AIÆo cÐln'Ðrur 6 Blr ÐATÀ oF BANÐ? To aBIT D¡I?a IIr rEECÄSE OF Eïtûri !ili'L\,

c cgl
90

løØ

c
c
c
c

ri-.: ::.,:.1
i:t.r r, :-.. : .._ :.,

ÐO Ifû I=1,4
CORR( f )=SiJI{COB

12Ø cOtn'IItìrE
IF (]_.5AT .TtO. 1) co To 130It (LSAT .EO. 3) Crl To 14ø
GO TO I5OC LANÐSAT 1 DATÀ

1Bø DO ig5 I=1,4
CORP.( i ) =f.;OFJ{( I ),,SS.TSt ( I )135 cûI{'tii.rIiE
tltt 'i'o 150

C L.4.1{D5:1T 3 DA'lÀ. ;
l¿¡í) Ilo .1 45 I = t ,4
t45

c
15ø

C EROS

IÐÐ

Cûrut( I ) =C.3RR{ I }/EI1TS3 ( i )
coffîIttuE

IF (TT}-ORÌÍ .I{8, 1) GO TO 16ø
ÐATA
DO 15.5 I=1,8
COP.II( I ) =CûPriìt I )xg.ø

coiYf I luliE
COF&(4)=COIiB(4)*4.@

c

c
t6ø IF {NFOn¡t .NE. e) @ TO t?8

CCRS ûLÐ IIOPJ{.IT D-{TA
D0 1'55 I=1,.1
CûRR(I)=CORR(tig'-4.ø

r 65 C:O¡{'I'I}¡UE

i7ø coNIuiuE
TYPE, ri., CûËJrt
ßE.rúRI'¡
Iltri¡)

c



c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

e@e@€e@@e@o@e@. (¡ CIü'PIX.¡'OR @

ggIl4lrs rNrcr,ir s ElrrnffFfi@€@@@@(Ð@@@
lgglr{E rrircirr. FrR,rutt iõ?8:'
CODE T{RITTSTI $Y
ralc cn1,-csRr.a¡riiÐr,Hasi(n.ls s sELLs assocl/\Tgs.HAsKrns a snr¿s ¿ssoorirr.¿õ ----"
INICTIT:
Í-i-+-Lggl.arEË T?rE sr¡lRTrryç & E¡vÐ pr;.q! r{ur4RERs FoR ALL THE LrNEsIÍI'I"TIIN 'Iìfr¡:E SITE A,NN_SiONES..IHi:¡T^IU A:ìRAY ]}OIIDR(I,J} FOR USE.EHTIIY PRI{:|äT:
PIIIIN'S lrE PIXOL COl'ifTs ÛH TflE LI,r.

9-u.Il:glT¡I{e rNrüNr
II{TEìGER AR(55ø) - ISgl?-rl_: rs?,(2f ) , r8q(2I ),ICOUI{T(2I ),Sy¡fBL(2I }IIffEcBR rrrr,nnrá¡ , rrlrur{.iãi ,îpÁiÍ:ra¡ r rFrD(z), rstrE(2}RE-AL BGRT}E{5øú',2)
?gutsrE frìtccrsroN rcl,s(i¿| )colålfGìr / Lor,/ I sl'Ll H-._Lsiii u, lFrr IN, I RTp IN, r-r NE, ¡t
çgry. 9lI ./ r DÐ$T/ I F r lBil, i ¡. r iÐñ;i F;il r Ðar¡t, r srR, r s rrE
ç9¡-{i1{i! /ÐEs r }Ì./ r ü.1r9, r sr . i rr? ;i Lii: ; Ëü,¿el, ¡rRcomEfJI{ /DEsInr./rr}p,¡¡1gtrrylñcolriËllrrnl¡rr-,$unton,BoaÐR,Icou$r,rÆar
g9¡g9g ./üEF¡'/,Nc , LI ; LF.r! N,i;¡li. i iie I .i¡, , .rp , nngglrygir zco¡¡vr.z¡riru.,rmr_ú'!'g's¡'¡'!r
I¡ffEGEF. ?ES
-T}å,T¿. YES /'Y'/

h?'I'r'lrl (5,1øO)

il1**Èl,,sr.T+j.*tF*p#-l*gv i Ðp_*çT-ug! I r rE cooRD r NATES ( Lr NE I p r )æLiÍ' ;Hì I i*-!"yf*-åú'j *jg_*ôdÍ: :"..ãEiäiffi ; i I ä ;i'äËåËË-r Ï,i, ff1""*u3:*jn! g^f1g,_i^ig,, filii.Dî";r¡vu Ë ili>aìi i*"ðí"io* rru,*, 
å,111-* g*P:Hf 

"'*.ro'r-rb-E-nicuõi tiNË'à iüäyY ,))iREÈrB ( 5, I tøi rfi:I,L,rr¡:i.¿,urrü,urrrËlrõli,Ëir luír¿,mnrF'GRTû'r (ßf )

9ø
lø,¿

lro
}¡R] TE ( 5, I zø ) }ìIILL, }TTLP . ¡,ffR]-, I{IRP, IÍBLI., TmLP, }IERL, }IBP.PtzØ FoRr{AT t,x,,iiirn ã-Ëìrci't;l.s'Fõñ-"'îoe LEr¡r ,, ,2t6,/rk' LINE I plru¡. *t,s p,L¡p* -Top 

n¡cür- 11-,ztà,t:r' LINE o PJ4EL #',S FtìR eûlTg¡r i¡:þ:i ,,iãîá,,x' LI¡*E: B pliml ,rÊr,$ l¡ûlt uorroin nlC¡¡i ,, iãiá,r,r(' ARE 'r'IfE$E-coRn-EfjIl, <vtt¡i -"2' 
,S)R&rD t5,1BO) NOYES1SÐ FOIì¡I¿l1' (At )

_ IF (NOYETì .t{8. yEry) .îtO TO 90c C¡ILCUÍ-êJE SCAN LINE Cn-qurrur-Èoa ,¡xB slreIÐijK=tffLf.-fiTiìL
IF' TIÐUK .GT,O) GO TO I4O
SI{G!ìDT=O.
GO TO I4S14ø SI.'IUIT:FLÐ¡.T {}î:l?.F _ 

'ÍTLF) 
/ FLÐAA (IÐ.IK)llhs IDUI(=I{BLL_ilIIRL --- \ ¡' 

iIF tIIlUt( .cT. o) ü{, TO 150
SI{G}.ÌÐB=O.
CO TCI I551õø SI{GRI}Ð=FLßAT i¡E*tp _ }ìBt-p) ./ F,LOAT (IDUK)q cALcûI_l,TE PL.CIL Cnautenr ¡un rïu sirs155 I.¡JUI(=IGILL-I1TLL
IF {IDUI( .GT. @) r;4 TO t6O
PXGRDÍ..:{:¡.
GO TO 1rr5

ll'ø P}iÇRÐL=FL0AT(I'ItsLP - urlp) ,/ FLoAT(IIltrK)165 iDUji=ïIBRL-Ift-¡1L
IF illiuK .eT.@) c0 1,o t"ø
PXÇÌUIR:O.



i GO TO l?õL7ø pXçtìÐÌ.=FLO¿ITÛtBRp _ IIÎnp) ./ FLOAT(IÐUK)C CEÀIYCE TÍIE GiI.¡lDIEIiiS-Àõ*i}R LINE S PIi@L II{TERV'AL.t7õ SNcrì.IlT=sNcnurrxPl[ja1.¡p¡
. S$CIIDts=SIÍGRÐBXFLO.{T(JP'

p.'tGR"ÐL 
= I'XGRÛL* PLOTIT ( J L )

PXGRBB: p>ItRÐA*Í' LOri-{, ( i i ;C BUILD UP'fNE filÂRT 8 Ei-I-Ð'rI¡rrX. NLÞTBER-S FOR ALL SCAN LIIESC IN 1]IE SITÍ.
C ÀÐSICIY L.!;FT S- RIGET PIXBL TO lST- S I,AST IT'EEN GrÂÐS A.RE ZÐRO.IF (Bt{Gp.ÐT._flT. ø. .ÀND. PXçRÐL ,er. o.) Go TO t9õDO IeO I=f ,I4Li¡¡T

B0R¡)R( I, I ) =FLGrtT{i-FTpIX)
BOJIITR( I ,Z) =FLO_å1ü,( IItTpiX)1Aø ctl¡Tïliuu
GO TO 21Ê

ç STARTTN8 Pr)GL
C, 

- 
INII'IALIZE FOF. TOP RIçTT-f LINE (][IFIL)f95 KK=t

c t* 
"iË+?ä,iKI(' 

I ) =FL$¡\rirIrRP)
DO gøø I=lgfRL+l,lF.tLL_t ,JL. KK=Tg(+l
BOIlliR(KK,-t_, =B,IRÐB{tff_I, I ) _ Sl{çFJIf2øø cGI{'l'IIilÆC INITI¿,LTZÐ rOR 'fOP I,EFT I-INE (IfTI.L) ì
KK=KK+I
DOltllR t tBç_, 1 ) =FLO+IT {.'.Ítl,p)
DO eOS I=HTLL+I,I,fÐf_L._i,;L
KK*IC(+l

2øõ co$rrÌ{uEC INITIåLIZE LOITER LìÈ,T LIfiO (TIBLL,
liK=Iüí+l
BOILSR(KI(, I ) :I¡Lr.tl? i IiELp )C ENÐI$C I'TXELS

C INITIALIZE FON TOF RICITf LIIÌE (T4TRT)
trG(- l

- 
. SORÐR(IC(,Z ) =FLC¡ÂT(IITRP )C RIGTIT FÛR'TIOI{
DO gl€' I=IfTitL+I,I[tsf].i,_I,JL 

.

I{IC=Ifü+ I
BûRI,¡I( trG(, Z ) =BOR.ÐIì {IäI_ t, A ) +Pì<GRDR.21ø cûIffiNUE --' ----- - '-

C INITI/TLTZE FOR tsOT:TÐH ITICHT LITTEIG(=KI(+I -- -
BORÐR (KK, 2 ) =FLûâT {I,LBR.p )C BOfrIOI.f P0RTIOTT
ÐO 2I5 I =l¡tsRI.+l ,l8ll.L, Jf-
tr3(=KIC+l

_ BORDff.(KKr¿)=EßRÐB{KK_I ,2}_SNORDÐ I218 tOHTTIruE
C^.IT{ITIAL]?E ALL TTIJI COT]ifruF.S (ONLY ONÐE)zla Do 2aÐ J=t,zi --- .'

ICtUiST {.I) =O2?.ø colfrrNûEC TEIS FINIS¡IES lEU IST SÐCTION oF THE pR0Gnrr}f
a¡l.fuRN

c
C EI{?ßY PRTCIIT
c

EI{TRY PRICNTC THIS sEc?ION Tl-l$ri rErc RESüLTS oN LINE pRrr{rEn (UNIT:B)39ø COtrIItrUE -- ---"-
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....-''.-..-..--.--'.-..''...
C TBITE II}ET{TIFTI]ATT0I{ TTt¡'¿rP¡raTlOIÌ ON LIIïE PÊI]Yfm.$srfg (ÍÌ,40ø) lstr¡:ti i, isrrntzl.4oo roru,raT-115.isx,-.ai',)izøx,,rj**),r******,,///,

I{RITE (3.4Iø,IFID
4tø ¡.oI,.¡tÂT^ l lT: røx, , FRAI{E il) : , ,2A5)I,IRITE (i1 ,.12O)II).4TJ1 - 

',d'tv¿42ø FORI'ÍA'I' ttX,f øX.'BATE Ilf¿icED , ,,ZAS)Ìinrrp (g,4zz) r¡,rlm, iiirartqza F.l*¡fl\'i' (tx, I@Ì{,' l{ss L+Ta nr'-g : .,2A5,/,''N,,LOOK lrp TAAL*E : . ,?å5)
ltRiTE (3,429) SU¡ICÐR

-_-_FOAU{T (tX, lÐ,.(,.gUN EL. COAR, r,ACTOB ? , ,F2.4,WRITtr (iì , ¿¡?$) Itsp
FTIRITIA? (1X- lrs.'{,' I B p LEVEL z, ,l},/lïIRITE (tt,43ø)
FORT''AT ( lX. T,ø-:{,'-LrI{E PRIIÍTER }LàP CoORI}I}ÌATES 3,,./)T{RII'E ( 8, 44o ) Í srri N, r.sir,l n 

- -' - *"-=' vvv¡u'rrt'r r rJÐ'

FC,RI.L*T ( 
'x. 

121(, 'FII.ST irr*n , , 14,/, 
'X, 

IzX, ' L¿-ST LIIVE s. , 14)wnrrq_ ({r,+sø) Lrl'pix, iüiÉrx
ot"Ëo|fTuál*' Iåx' 

' 
srÂItr Fl¡ør' :',14./,tì{,12x,'LAsr pIxEL z',14,/)

FOrul^A,T (tX.tø)1,'ÂCTÜÀL SITE COORDI¡ífITES ., ,/)lIä.ITq (i,r¡79¡ drry,t ,¡,¡¡¡¡;
FORJ'f,.îT (IX"t¿¡y^,,LII,IE I PIXÐL FOR ?Op LiIF,T :, ,Iq,4N,Í.q\I{RITE (3,.¡GO) ¡A'Ini,fffnÈ
FORI{A1' (1N.I2Y,,,LINE S PII@L FOT! TOP RJCHT I' ,!4;4X,I4I$'RI1'E (3,49ø) lmLL,ttqli'
¡'OñT{AT (lX.räX.'LINE 8 PI}ËCL FOR BOTTO}Í LEFiT :, ,!414N,T4'TIRIT¡-I (9.õøø) ¡inär,,¡isFF v¡s Ðurrvrr Lr/¡r

,*r"Ë"u,o,flrÁl*, rz:{"' LINE I pr}rEl, F,oR BoTT,or{ RrcHT :, ; 14,4K, r4}
---..FORT''AT (,/,/,!N,lOX,NPI,AIEL COUNTS I]{ TMS SITE :,,/)I.IRITt'l (3,?oø)

-^ _FÐRÞIrrT (1X,5X,.CLÀSS # CLASS _ NA:{E ptXELS,,./) '::

Do ?io I=I,NC ¡ rÂ!!e "I'IRITE-{3,?2O} I,ICL$( I ) ,ICOUITT( I }
I?ït.l+:{__! iX, Ex, rß,s;.(, ar ø, +x, i ot
COI{TII{UE

ÌinITE (it,59O)
:

__ _FORIIAT ( lX, gO¡(, ' r¡.******:È*x*' )

-PH.IITTIÌ{E 
P.gf¡TJLl'S TS CO}IPLETAP, rtUrUNN.

REl'TiRN
Ei{r¡

42,.3

425

,*îø

44Ø

4öø

,46ø

.1?D

daû

49ø

õøÐ

õ1ø

7øø

72ròTtf'

õ9ø
c

i:",-

-.---,--- -. --- r.- . -- ----l' ::



MADROK, CMD..'-
}TADF,OK.FOR,VEETXT.F'O3.,DISÁ3D.FOÊ,DsP¡'L.FOR,CNTPIX.FOR,REL:qCRSL.AEI,/L

.,!_._ \,f 1.!:,ir¡;.r:i:-!:]!1r-¡!1jtrj¡:t:1:i]j¿:&_":+í:.,:.i,;¿i-:!r,-1:i:,:;í,!,:4,:;eíj;:!¡i:i:.i:,...:a11.;¡.j¡.:_:í:!:iÍli
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l.t.Jl z=81

Lriî=22
1,Ui3=23

C OUIIRRY 'IIil: USEIì RE. pAItår,,IETEnr,_-t.
CAI,L VE{YT!{T
SUI{CÐit= 1 .
IF ( IûSUN .Nlt. @) $IJ$ÛOR=COSD(SUNÐLD),/COFD(3?. )

c €@€@@e@e@€e@
cc 3,.Hå'å3å:..,3C I{AÐBOK.FOR, FEB. 1979.û CODE T{RT'ITEN tsYq P/tL CIllç-.'rRI*iItUÐt, Uì{IV. OF jLANITOtsâ-
O OITA}ÍA, OT{T¡JIIO
(r'-
C ITIIS SIIIT O¡' PROELA-}ÍS IIEADS .d DIC¡( FILE OF A S-I,IALLc PoItrIoiT oF LrNÐsAT ÐAT¡L rttND Tnex lourrri¡'iËs--rõssrBt-E ourcRops.q TEE rot,l.olfrnc C,pTr$rïs tr.c?si ir{-Ttris-iinoh-riü,' "
c (a)To DBCII'far.Ð 'rffi nÀr':i hHutr-l¡or INTEnEsrEri It{ uslwe ALt ruo DÁTÂ.C (B} TO G.ÞT{}IT'*\TE A D¡SPT,AY COUr¿r,rBLE I,'iiE:_ --
c (c) To couffr PI)(ELS If¡ À suBstr-r on rnn:¡nÈ ros. êr,L THE CL.ISSES,C (D) C,trN HJTNI}T.E }:I'IÏEA, JSTj (CCRS OR EROS ¡Ir'rÀI_OR OLÐ FOIIHAT.q rEE olrrP{n' crÁssEs ARE rrEplìEsutrrup as DIFrEr..cÌrï' col,ohÞ* ÂryDC TDN T'TRI'I-I'EIi oN Â ÐIsPT.¡rT CÛ}frPATTBLE FILD (DSI}LÀY.IfAP).c orrrER FliRr-iNEl¡'I' rr¡-oRin¿\Troli is rinrl-r.EN oñ ¿-rir,n (RocKr.r[åp)C FOIì I.A1[ER .TIE'Í?IIEVALC TflE DISFLAY Col'iP'l,"rIllLE FILE c-4N BE DIspr.Aï-gD oì{ 1T{E I{AD uslNcc PROGRAIÍ DSITCI_O; C-qìrft 'rl\pE cau no cneArilt usit{cç ÐlSPCsF; ElliR I10.pE üSINæ osrp¡n.c-
{,. Rturl}¡Ð IfilÐR$Ii.FOR rS 1'¡fE }r{IN pnoGH-Aif rN I,[åDRO; pACcCs.c IUJIITII{E$ Frile,-ulRsl} BY I'f¡rÐi}.oK i¿cicien **iu-r,lsrtrii ttr }rA,nrror.ct.foc-
C VAIIIA,BL¡'F !
C GLOBAL:
ç +I:58ÉiC1 , IBAI{¡'S,liiUF, ICAL, ICLS! II}AT, IÐ.{TE, IFID, IFILE}I,y^ I rI LS:R, IQ$UIY, lpJT¡' i x, i g lr¡¡, t si}.rH, isTnC JL, Jp, t.l:"fp IX, !I N¡l ; l-H, istiÍ¡,f , l,uf ,LUE,LTJ3C I{,I'IBLll,î'lLI}il!ì.,-l,fB,l{Fl.,ILiit',r:-,¡tC,ñI¡,¡,tf.ORitlñf,¡U,f,
I Ri,st,RIr$å,sulicrlP.,Ðünn.-_¡l,st:.æL
C'#### )Í#tþ"^'ì¡rFtr##;frr'+ir¿ #4 tr;r*J.iÈt::*ottr* Ñ,"r**lr#r,r###.f ttit,tï-ÌitÍr###,ê##t

lltuÊLtt prìEcifjt rlt{ .f cls {?t ) ,cNÀÎg'i2l )
DOUELE iTRtrCISI ON ]III.;,':I{,.F.ILE$ (3 )
RCAL BOPJIR (g0Ð,e),C0tìlt(.!) :

I l{1'l0GitR I Fl Llü'I ( :l }, t l- I L.tÌtt i z ), I DATE ( z ), I F I Ð { a ), I s I TE ( 2 )
I N'r's¡l!iR. IJ¡IIF ( 36.49 ), I Ðrl'.f ( ãsÐ, + l, i r.,+ r.i, è, ã+ ¡, rupAK{ zpo 1 )
JMfE$Ðß sy¡fÐr,(2r ) ,AiÈiõ5ú) , ri;otái l ,isiiãi i, ¡sRqzr ) , rcoûNr(2r )I l{'fEcÐp. Ís ( 6 ), I ts.r!.ttDs ( 4 ), NÉS {,.t ) . ¡ cé¡-oft < ã i i',EAUMI_!ìjIÐE ( IFILËR, ¡.I LElt)
CO¡IÌ¡ûI{,tHÐ1dn,/ IRUr, IUF,¿ÌK,CORIt
CCIlfi/iC¡I,,i:IL\N./ IDå'I
COIflIû'N /?.itL/ T.tlt^l-,qol'lì{ol{ / LtÞÇ,_ I qTl- I tr, L$TL I N, LFTP i X, I nTp I X, L I NE, !Icoi'ËrrJr{ / t i}Elrr / t F r L!r}f , r r¡ r r.EÈ ; r F r D, r óÃilE; i 

-sin. 
i s r reCOI&E(}N,,f.jïJ,I.,/ LTJ1,LTIz,T-u3,FÍLEÍì

co¡lyiû¡ri ,,tlEsIR./ ICt_S, I$:_i, Ir¡? , ISR,S-¡T1B¡,g¡1coi{{o}y,'DE'sI.RllIBl-,_I,{19¡r$,Ncól¡rr,ntlil,¡'i,suncon,Boa.ÐR,IcouÌfr,LSAT
coltli.olT,/F.oFF,,--Nc, î_li, i,Ipr', ñp, I{L t NE, JL, ;t,, N¡ - --
coltl{ifi ./DEFIL/Nts_, I iJSI{Ðs, I G,súN, guillit t i tcBLJe, ilBLK, Hss
COI.íITûN / Cq\JIyI / I{tftl., i{pt,L
coifdoÌI / ü(JLA& / -I {lo]-oR, Ct{atIE, LTBI.K, LBBilc. tIAc
Ilar'_q FILÐS ./'nocKl .llt.p. ,, Ro¿Kz.ÙIAÉ";llOtrC.ymp, z

T N ITIJî.T-iZE LCSI CAI. UNITS
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C CHANCE ?IIE D-}ìFAUL,T PARA¡ETEIìS IF RSGÍJESTED, cê,Lf, DLrrtRoK ^r rer='JsLa¡&s

IF (NTTOKT .I{8. z)CT Tø 24øC REAÐ THE L0ÛKUP T¡IBLE
OPEN (U_lÍt'f=LUl ,ACCEÊS=. EIIfàIN. ,Ff Í.E=FI [JEN)R&tD ( Lul,zt ø t ( ( ( T rll,rl. { I, J, i(t,í<= tlãq'1, Ë r, o ¡, I = I,4 )2tø roru,fÀT ( 1X, A2I + f-- ' '

CLCISE (UfiIT=LúI )C '¡TNITE STJFPf-'RTII.IT IfiI.o}ì].[i\?IoN-oN A FILE FoR LATER RETRIEVAL.24ø opE¡r _(uNrr=rul Jcriüss='$Eû.orrr, , FILE=I.ILlls( I ) )HRTTE (¡_u¡ ,.?ì,ø) Il,ÍD, rnar,e27ø ronÍIÀT { tx,'rTl1]lf5-insifrrnrc¿Tlo¡ ¡, ,2a5,lox,, Ð*.¡1TÂ ACûUUÌÐD Ot{ ;,,:¡å5;4K)
I{RI't'E (LU!.,2r2) stricEt.D,suNcoR272 FOtul!!.T- (tK,,suiqï[úvatión r,,F4.O, IøX,'SUjï CO¡RECTION BACTOR ¡'x,F6.,å,2X)
.¡TRITE (LUl,2"4) TFTLER274 FoIu\f¡iT flx''lrBs-nAbIolIEfRIC connrgrlon rÂBLEs FRçII FILE :,,à45]HRITE (LI] 1,2?6JIFJI,EI.I276 FoRÌ:f¡l-T ttx,;l'tss-n}:ra Iugur FILE : ,,za5,gx)
Ìlr¿ITn f LIIt,2?B) Ifr(TE

'2'78 fORI,nX' tiX,'Si'fE ¡ ,,2å,5)
C TIYITIÄLIZE 1'}IB DIfrK'II'i¡i_ '-=V¿

IF (ivFo!ìtf .I{0. 2) raLL 0DSICSTIF (N¡.Onu .NIt. 2) Crlxi ¡t¡s¡<sr
- - 

,I]rPE 
'(,LIJc IrT EavE To Plìotss-q rlF-INEtr LINES aND l.Ip PIXELE FR0}I EACH LrIvEI'ILTNE=(LsTLil[-Is'tLiII+t ) / -rl:. 

¡L' ¡.rw¡¡ m'Jr Llnre
r-- ERIT!ì p,$LålfETrxìs oiv ¡iru-r¿n rgürn RHTRIEV.¿ILI.¡iTlTE (LLII ,PgE) NC: 292 FelRt'lfi' 11x, '* cP c¡.agsEs: , , re)I{RITE $_1J I ,2g.r4i r'nilìE' ,;v¡, , NC . LIf2'ì4 FOP.T.a,T'ttx,+ii---

I'¡IiITE ii_Ut,US5)z8:t FOItì{r\T (1}r:,'Ð]ITÀILA OF CIÁSSIFICATION, )T{RITE (LUl,29Ði
29ø ¡'ûru'fulT -(:tX, 'C¡-Abr-q *, ,4X,, Ì{AllE, ,9X, , BÅ^I'fÐ_s B,,,fiD_? FACTîi coLOR, )D{J gÇ)ø I=I,I{C ,¿¿', u

HÌli1'E (l--vl'q1g-) t,ICLs(I ),I$5-(I ),IS?( I ), rsn(I ),cIfAltE{syÌfgr,(r})AIO FOiìi{AT {1ï,ZX',tZ,Sli.itrIO,BX,BI6,6X,AZ€à,AX)3øø colffIlruE ' 
v¡'!' v¡ v I vr¡ 'å¡

I{R.ITE (LUt,:11ti)
IfRITE ( I,IJT, 8:ìø ) T fìTL T N, Í,STLI N, LFTP IX, I F.TP i Xsr5 FonÌr{T_ {-ix,'r.¡rÈ-¡rn¡i,i suoini-o¡i-äiú-iär H¿s rrrE FoLLo*TÍING CC-On¡tiV*fiUS ;---'î'-"" r ria¡t 'rruc -FULL{}

3eO FORlll? f lXl-!ÐX,'iflfES :.,Í4,. TO ,,I¿!t,, g PIIGLB*:'r.I4r' TO.''I.1 r3H) 'L-
_ I{RtI'g (ï-ür ,325 )JL,JP325 FOIì¡fa-i' (1}í,'¡Éc¡u. F9ST:___LINES :.,I2,'; pI){ELS :,,12tIF (I{COUlff .Ðe. r } cåLL INICh_rC SELECT CI.ÁSS' PROC.
!?ø Tn.I'fE (5,5Oø)50o FûlügT f iX, 'cL,trs$IFIcATIoti pRoC. (.r/z/g/q, ,. s)Rqrl¡ (ã,51ø) ty@51ø ¡'ÐRt¡rAT (I)

TYPE *,fio
IF tNo .LT. r) Go TO 490

_ Il¡ (NA .çT. ,Ê ) CO'[O ,^tgg j

c
_ MìITE (5,ã?,ø)
52ø l'O8f{+'t' (tX,'¡f.¡_rçi.iIFlCATIOif OF ÐISpLAy >,,Ð}READ (5,5T@) ITAG

vßITÐ (ã.í59,Ø)
5'.iø Fû&:tA'f (1X,'$PLIT scREEN Dlspl,lty(y/t{) },,s)
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REA!) (5,54fA) SPLIT54ø F0ft:4{1'{rt1)
C OPEN C&T¡{NEL FÛR I}¡SPíÁY CO¡IFATIBLE FILE

cALL I NI'rl'Ê (' Ðspl.Ày. IEi.p 

" 
2, I 5jR, fJ, @, I sTR)

LTÈII(= t 6
LtsIJIJ(=266
CALL CtLìrJtIt
DO 419 1=l,ltLIl{EC GET TEE RE¡}UIÍTÐÐ 'ü oF FT}(E,L$ Fno}f iEE CURRÐIïT scAI{ LINEIIf (NFOF]"{ .Ee. Z) ti'¡_LL OSE;TLIYIF (NF,û]1lf .Ic¡!:. 2) (:_4.LL NSATLNC I}EÐIDE ON 'fHC CLASS TO h'glü}f EÀCIT DATA POII{T BELO¡TGS TOIF (ITO. .EO. 1) CALL CIJTOKIIF (NO .Ei}. 2, C/\LL CLROKI
I}. .(NS .Ee. 3) C¡ILL CLIùùKIIl¡' (NO .Ee. 4) CÂLf- cIJr.oKtC ASSIGIÍ COLORS Ff}R'IEE I}ISPLAY'TO NA.CE OF THE CLASSES.IF {NPRItft .80. o} gJ Tr} ítO .

IT (SPLTT .EO. 'Y" ) CALL DSIIFL1, IF (SPLIT .Il.8. 'Y' ) CALL DSP}'I¿.úlø COIff¡$UE(.¡ PRTI{f TTIE }¡E$TJLTS IIRO}I qOUIYTINE
IF (i.{COUll't .EA. t} CIILL t¡tì.ICIïT(: Þ]RITE T}IE COI,TB CC,¡}E
CJILL COLCOD

C CLOSE 'flig CIùTÌII{NL OF TIIE
CAÍ,L CLÐSEE (2}
ItET'i,IRff
END

I}IÍ'PLAY COJÍPATIBLE FI LE

liìiiiììt'r.:lA;r:1]



B-33

i..c i-. ¡, e@@@@€@@@ee€@g

ð, 6rrs.RRoK.FoR@

ç Rouril{E DsRRoK.FoR, rofi:*î3åe@@eo@@@C CODE ?¡RI'ruÐIT ÐYC PAK CflÀG¡ìRLAII{¡ÐI
ç o'frÂr,fA, ONT-ARi0-c-c RoUTrt{E Ds^lRoK.igi1^l-ç rr pÀnT of ,,vinRoK. io*ri.c THIS nour¡*r..Drs_pr-Ais 'risi'-cìmrc1n' cLrss I.AMES, F-'CTORç vlr.ucs, AND c_Ðt.]Èiè- ãssiäñ¡:ñ"iio cr¿ssrs.c_ Ar.sù A::J,oïs_'fjrs ùsnü-i'o"AtõEn rnï cõ¡lrsrTrs rF so DEsjREÐ.
C VARiABLES:
q plQU:lt: FE4T1, ICLS,LN,tyC,SyI,fBLC LOCAL : tF,Qc-
- SUBROIITINE DSNAÐK
crttË###iè;fât,rt7##'##tF#;Í###;r#,:ì#¡r it¡F/-#¿F;-.st#tt¡.,##t+#.rF###rt#átrc#t"##r}r.###

DOUBI.E ts+pglglgti :{rìLs {zt ),cN¡tFrE(ât )r Nn.ncER 
lÈ,?1 zr l, r r¡? (t 1 j li snral fli õõúrm r er IIr&tL BITs (z),BclnÐnrrrie,å¡

rr[fEç,ER S]ArBL r¿r; ,¡¡iiú¡ãl¡, rcoLonrar ¡c co¡floli ÄRaxs
c

c

';C

5rø
520

colfifrlN /i¡. ;qly 
-IcLs, I85, IS?, ISR,syîtrÊL,ARcoltryo¡r /ÐES I Rr / r sF,, i¡FõRIrl Ícóuni;, rrerr r ffi',ï'inrcon, BoFu)R, r co{nyr, ÐsATco:,jÌ{c'I{ /DÌ:FF/ I,tc,¡.it,¡rp,¡,äÈ,Ui,i¡lä;}î;jË;Nil"-

Co}ffiù$ /f.:ûLûn / r{j.o;,o¿ i ôx¡u,¡il r,tet,K , i,nBLK , IfÀG
IIATA Ig5 /ø, lt ø,ø, ø, ø, {å, O, l T5g, ?, ?5: 6,ø,cl,Qt,8,ø,ø,ø,*,ø tø/D-A.T.lt IS? /2ø ,Ø ,rò ,i.rsøt+iøiãä ,i¡ ,ø ,ø',Ø:ø:ôiàiììiô,ø*rø,ø,Ð,Ø,Þ/ 

^ .^- --_'-_. 
-"

D¡-l|Ít I$R /ø,O, 19.5, 145,.i?õ,g,O,O,O*,o:?,o,o, o,0,ø,ø, o, ¿i.ó :ø)' -' "D¡lr¡r sYì'rBL (],?!.? 4,g,'t,s,s,!:2:-i._zt ! r 1, r, r, t,r., 1, r, r, r, r/Dar¡r rcls ./'¡railin; -''cr',óü;;* jy4çp:+r!é*;,;nór-orurrns, 
,,sor,./B,,rl*s,

];Infsl.r'r",'cRAIi./irELs:',;salrn;,'s¿rr¡lsrotiäsí,îðñor¡zlcu, i,-''-- --)
!kr' ,.. , -r'' , I tt . .'r' 

t.i t

INrrrâLrze nr¡ro¡nn g{--qúsgrs ârr' Êlr..oil* uril uoo EÂcH sucrronANI) TrrE rnp Lnvel,ro¡,+lrn,ññTrnlõoun:, op?ror.¡.,.NQ=O vt ¡ ¡ v¡ro '
IBIt= I
NO= lt
LN=1tO
NI'(¡Rlt=Z
NPF¡I IyT= 1
Ì,ICOUNT=O

!j ggERRr THE U$ER rF EE rfÂtrrsC^^Ir TIiE UGÐR }}ESIROC, DÏiii;LiV9ø HRITE <s,cgí95 ¡lgru4tT 4,,,/)fiIIITE (5,1O,f))
tøø

RAqDllo

Tq Sr.E TEE DÐFArt¿T V/{LrJESI ALTElt. TrfIÐI{ REftUEiS.fEt}

iStHår(rx,'h'arfr To sEE T6E CURRE¡IT vALUEs (y/N, ?"s)
FOTì]'IâI' (AT )

IF
I¡'
It'
T¡'

!r'f0 ,N¡f . 'y') Grì TO :jOø
f${g¡.q! .Ðt}. o) -eïr.rrE rs,¡rø¡
f]l¡gl.rrJ .Eo. r) iülrr¡r rs,;iâoi(I1-gly_.8{ù. a) dirrlD ¿5;¿;ãõi
Ig.sl:r1 (1X,'¡ls$fJtrrr{c jsð-Fón¡rar _ ccns DATA'}Fom,rÀT (1X,'A$suffl¡rc jsc i,õiüää _ ERoõ DATÀ')
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54ø
55ø

53ø

F¿en

ö'¿ø

t2ø

REITD
2tø

PJ'AD
wRi'tE

28Ø

.Igs4I (1X,'A.qSUI4INC OLD roft:1,àT _ CGRS DAT,à,. )IF (llPIliNi' .Etù. @¡ ïrTtIT"û (õ,5,S4)IF (fiPRtNT .EA. l) T,.:RITE (5,;¡Ol
Igru{ÀT (tx,'I{ILL NOT CzuIATE LINE PRIIf,IER I{Ap')
I9B!!ar (lx,,'rfrl,I, Bir cltrtATrI{o LINE Pnlrn¿n-J,$p; IIF (I{COUNT .EO. rr} wa,ITE (5,ã60)IF (Î{i:OUNT "EO. l} l{Ri.tE (5;5i'O)
FORIiIÀT (II(,'WIIrL NOT COUtgf pIxELS')

-_ _-FORI,IAT ( TX,'}TIf¿ EIT COUNTI}I(; PI)T[l-g, }}IRITÐ f.5,1?'ØI
FoiìI{A'¡' { lX, 'TELÛ*IX, 'CL4fis *' ,47(, 'IìIAIIE'

DO 13ø I=l,N(l
FOLLO-IIII{G CLASSES ÂRE AI'AILABLE I{O'TÍ ¡',./,

,9,\:,' Et¡{i}-5 RåND-? FACTTì COLOR',/)
IÍRITE (õ-:_11!rl I,ICLS(I ),IS5{I ),IS?(I ),IgR(I)x,c¡',-AÌ.fEisylfB]-{ I ) ) ,gyt{Bl,{ I )14ø FOIùlIAT 

_-{ 
lX,2:{, I2,5X,.å,1O ,gN,T6, I6,I6,6X,fil0,' _' ,!2)rBø coNl't$trE

C IF TfE USËR IIESIRES, CFé,¡{GE TIÍE V¡1LUEStiRITE (5, tíì2)132 }:olu'r¡rT (Ix,'If¿*trtr To CIIANGE /ri[y oF TR]I vALuEs (y/fi) ?,.,91Rq{D (:t, I IÐ) ¡IQ.
IF (NA ,lü1. 'Y') cr) To gØØ
I\TfiTE (5,õ{tO) t{}.OIrJ{5SO I'OAI{AT (1X,'}.ûF,ú1+T OpTIO¡i =, ,12,' ITEIf({ì_JSC CCR^S;I_JSC EROS*; Z-OLÐ CCRS):',.$ì úY'-./'r sv\
ltE-4D (S,15Í¡) NO
llFÐ¡tH=$O

585 HIII'I'E (S,{i90) it}'RII{T62Ø Fûzu'f,l? (1]{,'P$-'IIü' c,prlolr =',r2,,ivEw(r-To SREATE }fâp; @-g¡¡HER*ntf;Ëì;'iËl,u' 
Np**il 

¡!z^ ' s

IynITE (ii, 6@€i) i{Cç.}riH'f(,øø FoPJ'fÀ? (1s,'c{ruitr op"Troj{ =,,!2,'NE-d(r-To couNT¡ o orflg¡l{tsg)3't$)R.ËAD {5,1Í5) NCOU]{T
CÂI.L COLNAM

145 ?IIiT'I'E {5,l¡j@}1'5o Foru'LAit {lx,'cl-¿lss # You rllsrr ro cEANcÐ (xotr FoR tïoNE) ?',81ÈEÂD (5,1õã) iYo155 I'QtìtfirT (I)
IF (N& .Þf1.. e) 00 To 90c cflEsK Ir cLAltÉJ ;r I$ .à.vr.r,rLåBI-E IrI Tra tuRRst{T BurFEttI¡. (N6¿ .LT'. O .OR. UO .(Jf . $c) e{} To 31é----
CALL COI,NAI{
WRITE (¡í.16ø) Ito16ø FOP..lûI'l ( lX, , í)LASS # :' ,Ig)I{B-ITE ({i,170} ICL$ {Nr})17ø ¡'ORI,IAT {lX,'ûLÐ I{AllE =n ,A1O,r NEït' ?',$)

,Bø *" f8'täi$',ålåT "**'ÍTRITE (5, 19Ð) sitT[]L(I{G)
I Ð0 r'oiìliaT ( lx, 'ùLt) û{}LOR =' ,I2r' NE'i{ ?t ,S) r(5,t5õ) sïtf,?I.il'to)

: t:. ;::-!

.'-:,--:;-":

(:i,200) ts5{i{e), ts?(}io), IsR(Ir8)
FOIIJIAT (lX,'qlLÐ I¡ALUES =',gl5r' Ifgr,f ?',S)
( 5 ,2lr*) ) I85 (Il¿è) , IS? û\Ig) , I$It{NQ'}
rolulê.T (0I )

C

c

co To 145
NORTTAL RENTRI{

s00 ItElTtRtl
¡'ùiROP. UlrSSAOIl ; STûF tF AEßUIREDglØ IfnITE (E,gâ@) ¡tt&,NCg2ø FOIUÍÉ\T (tX,"t{AttîED f'O C¡IAI.ÍGE OLASS t 3, ,IZ,/,*IX,'# OF CI.È^SS¡IS ÂLLÍJT.TT|D AT PIìESITN1' A.R.E 3' ,I2,/*tx,'H-4l{r To F-YIT {ø} olì. PR0QEIID (l) ?.,si

..nt:;
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¡;. . RE ,D (õ,155) IIQ,:: ' IF (N0 .I18.. 1) co TO 145.. STGFi ENÐ

c
F @@@@e(Ð@@@@€e@e

Õ ê ûLP¿oKl . FûIt @Vr

g Rorrrr$E CLROKI.FOR, JAft:e@o(}€@€aêe@È

C C']ÐE I{II.ITTEN I]Y(ì PAIC CHAclr.Tìls_lgDr,uNrv. GF rìfanrToBÀ.c tmAF¡A, OÌi1'AIìtoc-
'c Rorrrrr{E cLROrCr.r!¡& IS /r 

'ART 
OF UApnor picKacu-r] '[ETS EOUTII\ÏE--DECII}US-Oiû i.äi: CLASS TO .fSICU EACE PI)GL'2 BELONGS 'f,r*+]l?_ I¡lerr ¡rssìla.r*_lryu FLìlffiErr FoR TrrA'f CL4SS :'i NorrE: ê.LL pArl+Iígtnns AnE*iiÀSSUO ïin{J,uctl cordI{orv AREÂsr sEE colfircì{ Arì!:{s rcñ ¡sraiis.s-

C V¡IItIABLES:
c GLOB-AL: 'ltì, FE¡IT1 , IDAT,I{FûR}I, itp,Rpsl ,Rpsz , sû¡{co¡, s_flgI-C LOCI\L : ISnT
C-
. SUBTìOTITIi\IE CÍ-ÌOKI '
c'##*####+Ê;r###ritt##**¡'#*tic,* i:âtttEfl;;.ât#it¡.,####;r,,##rt###r¿tî ##rt#têDOUBL{_PP.^ECISIO$ .ttl,s {Êl )i liliË8Ë* Ìå,ifii,+, 

,sy.Tr'ri-rar i,lts'r.tõ5@,4) , rri^Frzr ), rs?(zr ), rs:R(er )
REAL BûIUDR ( 5OO,2 )c colltfolf ,rRÐÀs
COIúïOI{ .zCH¿tI{.2 IÐ¡lT
coi{Í,tûrf /.!ygyv rcls, Ig5, IS?, JgR,sy}fBl-,ARcoHHrN..DEîF/ uc,¡.¡r.ñp,i,np,lq-iñ8,]-lljF,n.r -:
corfI4ûì\i.'trtî.ErF.r/rnt,,ivrnat.s.N,cgtttyi,,rrÈRîIrî,,surlcon,BoRIlR,ICO¡¡¡¡T,LSAT
coÌ,ifirri /.\g 

_c-(Jri'T Lr ¡r, ¡,s,¡t- r lv, r,rl"i,Þ i x, i iùii i i, u rve, lr_ Coìdrfil$ ,/CDIJIfT¡IffÍB_.¡Cil,
c
C CEECK iF COUITTII{ç.IS A.EC}UI'.*,D, IF NgT AVOID COUNTING.ASL¡Iê¡{ 5øO TO KOKÙ ¿f Vrg

IF (I,¡COI.INT_ .D&. @) frSSIçI{ 9Ð ,IO KOKOIF (LINE .LT. I'TR.I, .Oñ. L¡US .GrI_iõo"I ASSTGN 9ø TO KOKOKJ=(I_INltr_ltTFIJ/.rL +t 'vL' LNþu,
I{Sp)fl .= If iX(tsOR¡}R{KJ,.l ) +@. 5 I_ I{Lp)ü.=IrIi.:fito}ìtiRtf.r,ãl+o.gl

,, g"f^- . __ Tr.ÞE-_tc,Ki,LrnÈ,îËi;¡c,,NL':{L: c cr.Assrr-r EAc¡r prrûtt-î$'iuïäi-i,rrs
I - : __ DO 9ø I=I,$p --' -.*^v !¡¡rù
, c i CEDÐK ron watER
: ^ t_____, I¡' (IÐr\T(I,.¡) .LT. IS?(t) ) GO TO IOOì ,c cgEcK FoR cLOuD . ' ev ru rr^t
: IF (IDÀI'(I,2) .GT. ISõiZ) ) CO TO Z@ør C CFECK Ftllt i3N¡flI/ÍCU -- -

Ir (IDr1,.{__11:!) .GT. rsö(rø} ) Go To zaøc cIIEcKFoRvEçEx.a,iion---- ' . w Lvé¿'w
IS= IÐ¡I'I'{ I ,4)>kløØ/ ISå,T( I ,2}IF ( IS .{yf . ISR(Sr l cô-r,o erø

- co .to 260.c tiïsT BE, ¡tA'f¡Ït.løø l{Otf= I
co Tû 300C BEI.ONCS TO CLOUD3çrg NO?r_2
co 1'0 ÍJ00
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C BELÙSS TO SNO'¡f ICE
22ø NOII= lO

co îo goo
C BELO¡IGS TO V¡TGSTATIOI{
23ø F.û}¡€g

co To 300
C }t[Y AE OUTCROP. VE IfAI{T TO ÐíI\IIIII{E TEIS PI}(EL T'IIRTEER.c $PLIT THIS In'tro Tvo Glì0ü3sZ{}cJ IN=IDfrT(I,fl)*iDAT(I,"¡)

IF (IN ,e-I'. tg-t(4, ) eÐ To ?{àocri To 26ã
C HAY BE SAi{Ð Ù1I DOLOIfITE7øø II{= IDAT( I , I )xf Ð¡!T( I ,Z)IF (ItI .çT. Ig5(A) ) c_o To a7øC lfttljT BE DC.LOI{I'r$

GO TO 6?0
c
265 tF (IS .cE. IfìR.(4) ) cO TO 60øC BELOÏfCS TO CROTIP1 (CT,.A{JS S B 9)C CãECK IF IT iS SANI}

IF {I}t .G1'. IiìS(A) ) tÐ Tt 2?OC }¡UST BE CLriSu g - ðST
NOW=Ð
co To 30ø

C I,IUST BE CLASi] 8 - a¡tiiÐ
27ø ¡íOTf=fi

co T,c soo
c
C BELONGS TO GROÛP 26Ø0 IF {[N .CT. IS7(¿1] ) €O TO 6røIF (I$ .GE. ISR{5) } GO TG r-rEOc CEECK tF I.r ¡3Er.Oîil$ 'ro b;-¿sÈ à _ ¡cs*rr_rIF (IIrA'f(t,3) .L[:. Itt?i6) ] GG'l'O 690C BELONCS 'fO üL-4.S9 ? - (;r:Ldr{IT!tS,/Fþ,LStTE

NÐH=7gJ TO 3ÐO
C BELOITGS TO CLÀSÍì 4 - DOT.O?TITES67ø l{O}i=,tr

c.0 IfJ 309
C DELO}TC.ç TO CLASS õ - SOTL/BOULDEIìY6eØ Nrlït-=5

GO TO 30ø
c BELOT{GS 10 CtuisÐ 6 - BÀSALT69O HOIf=_6

GO TO 300
Sû8 AR(I)=HOIf

GO TO IIOKO
õeO KJ=L!'TpL.(+( I_1 )),kJpIF (KJ .LT. I{SP)ff., .C'R. KJ

9¡rJ
I CO.tJÌil' { NO}y-) = I COUI{T(IiOl{} +1

CONTII{TIE
REÏJÂTI
JIN]}

.GT. TT!,P)&) GO TO 90

I



CX*X*XXSUBP.OUT I Ì{E ÂLSYIßc-
C ASSIGHS CÐLOIIS F'OR THE ÐISPL;Yc- r.

C VÂRI-.IBLEIì:
ç GLOISAL: ¿:t,lVp,SytíBL
c
c-
^ sulF.olrfÌND a"uro*- i -
cl¡'''t##tFtlf#-*Ë#'#ii^;f#r* *ír#-';rtir¿*#####,f $tJr*.tÊ,.tr,.t#át#tf t+*âÞtttF-'r¡,,#át,.¡*#Ðûua:,n PRECISl0¡{ Ir_rr,s(rìi IIlirEGER çIg+lrer );¡Jrîõäò;,Isq-!el ). rs?(zl), rsn(2r )corûrùì¡ /?*Ellry r c¡,-s ,-i _;51 í s? , r sR. _<srlrgi, . ÂRc o*u, 

"fi 

ogf,Ëo.4ÌEFr.,rvc, r.ü, nÈil ¡ip ; tri.i ñË ; ;i., ;Ë : üi:
Do To I=1,NP
ÂR. { I ) =s'fflâLiAït{ I } }Itt cotf.rtNuE
ÏLgTT-'Rif
ENJ}

B*37

lì-::ì'. :i:.,; t:,lj
i::'-. : .,,::ii,
ii.i:.:ij; i;',s
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c e@@@eeee@@c @ coLItAI.t OC eoo(e@ô@@@@c-
cxx**:FsuBRoUiT' I NE COLNAIÍC P¡lK CBAG,IIILAI'IUÐI,tlI-f¡tWÀ,O¡[T., J{IIÍE l9"Ac-
C P¡:rPJf II,' IlqllRrlK PACIiAçE.
c INITI/rL:z.ts 'fHE col.tìft coÐÐ I DIsl,LAys rffE t{AtfEs a coÐE NUupERs.C TIII; }IIX FOÂ'IrE COI,i]P..S Ifì\ÍJ ÛBTiA.I¡IEÐ rROIá DR. S. SELIEIT.c- _ -_- -'

SUBTTOUTINE COLNA}T
Cât*r# # ##* t * ât #.ft *# tt * # * t+ *s * g* * # :. ir # tÌ # # # #,# ât# ### át# ## + !### ât # # ## âttttþ#

Ðr:tENoI o.tÌ ICùLOtl(:¿ t )
DOUBLE PRECTSIOTV CN¡ll4E (2X )
CO]II,íÛT[ /CÍJL$TV I CTLOR , CNAIIE , LTBTJ(, LBBIJC, ¡IAG
DA',r¡I CNATIE/:F_ISIK" r 'BLIIE. , 'Gp,tìtjN, , , RED' i '¡.rcgt BL-[IE' ,*' PINI( PURPL',' YELL0I.r',' GIIEy;, " Bp.úIüti,' ¡iUisScREy',*'oRll{GE' ¡'Ð;IRK tsLUE' . 'Ð,¡!}ìK A.ED' ,'DARII GREEñ;; "fARóUOISE' ,_-x:puit¡)LE"*I{FIITA"I .o,' 

"' 
,,. ;/t

COLOR COÐE

BIÁCK
ICOLOR(1)=n@

BLUE
I COLrlil(2 ) = " 5íOOOÐã$OÐ0O

GREEN
I COLOR( 3 ) = 

n 0eSiiOOO¿à5500
RED

I COLOA ( -& ) = " OßOOSõOøìI3øã5
LIGIfTDLUE:::-.

I CqLOR ( 5 ) --' 7?77 &øT???r¡O
PIiYK PUIì^PLE

I CüLOR( 6 ) = " ZTÐØ,7ZTZØ,øTT
YEt-Lotf

I CGLOfl ( 7 ) =, ø&TT?y I¿)øZ,ZT?
GTIAY

I CO}-OR ( A ) =' 4{t,*@4O.S€t+Ð.4O
EROIfN

I CùLOå.( 9 ) = 
trAO2øA@?{ì.?O:}O

BLUISH {}R4,Y ;

I C0t.rf,R( 1O ) = "äESgg0ggã50@
ORTNGE

ICûLOR( 1 I ) = "O0.tr565Ðe4565
D¡JiK I}I.IJE

ICtLoR( 12) = 
r'250ø8|i}ÊãfJøttØ

. DUìK RE]}
I COLOR( 1 g ) = 

t' titøø.¿äøÐûOp5
I D¡\IìK cRiIEli
I ICûL.OIì( 14) = "00Ê5@ûtôZJtO r

'¡'AIIOU{)ISE
I COLOR( 1õ ) = "215250frÈri25(rÐ

PTIÊPLE
ICOLOIT( i6) = "ZSOOÊttî,.Tø42'shÏITE
I COLGR I 17't =,' 555.õ5555¡iliE5

DISPLÀY TlM ]lrtifilS ,g NII¡IS.
IfRITE (ti, õo)

50 I,'ORI{A'I { I}t,'coLoF. coÐEs IIRÐ:. }liF.ITE (5, lOÐ) (CNril{Í',( I ) . I, I=I, l?)t09 FOIÌ},IÀT (1.1t,4(lx,Ato,' -"I:!,i ¡. ))
RETURì{
Ð!'1,9

c
c
C

c

c

C

C

c

c

c

c

e

c

c

c

c

c

c

c

c

| '::



c ., ' 
€€?@@@€@@e@.c a ÐsPFLl @c ø@a@@{9@@@O

.: c-
CX***X**SUBROUT I flE I}SPFLIC CODE TfH.ITÌI'EN By p, CILA.G+ìRLAÌÍUDIc UNIV. OI' !'LlNI1'OBA, lif I{l{IpEü, }fa¡r.C ¡çEB. i979 .
c-
C CREATES 8 ?.IRITES A DISPL-{YC A THE}LIITIC ¡f]\P.
C SPLIT SCRBEN VERSION.
c-

SUBROUIIIìE DSPFT.I

CÛIæATTBLE FILE OF

LOITD TIIE TETDfåTIC }TAP oIf THE ToP trALF

CREATE TIÍE ÐUFFER AS PER }r4ç. õ]'ÐCS.
IIIID=O
IBIT=35
DO Aø I=l,llp
DO 20 J=l,[t4_G
IBl.fl= IBITT.TS
In (IBIT .L.f . 36) G.O TO fto
IllRÐ= I'Í,ütÐ+i
I B I'f'=g

30 cåLL OFLD ( IBIT,l8,JItì[P{I-r,ÛìÐ),Icol,oB{sytfBl,(rtn(I})))2Ø coh-f IIqUE
'TYPE :I;, ( (.IiTì{I ),SY¡ft]L(AR(I }),ICOLOA($'üßL(.{II(I ) ) },JI¡}IP(Ix) ) , I=l,gíO,?5)

}TBIIE TTIE LINÐ AS PER I,TAG. SFECS.
DO 40 l=l ,I{â,Ç
CAÍ-L PI T (9, LTBLK,2?9,JrIfiP( 1 ), IEP.)
UJ'-¡3J,K=Li'IiIj,i+:Ì

4ø cot.l'rll{rJE

LOÀD TEE C¡I{TGINAL iIf,,lCE OIr{ TI{C BOTl'O¡f EALF
lc¡tuarp :rEE Bur-¡.ER Ag pn¡r rfac, IlfIlD=4

I BI'.1"=S5

ì D0 t@o I=l,NP
' IPI;L{ I ) =l]}A1.{ Í ,tr/2

IPXL(:l ) = IÐ¡\T( l,Zr,¿z
Ip)ü.(t ) = IDå.'i,{ t, 4, /z

. DO 1?$ J-t,g
Ir' ( IPXL(.t) .GT. ti$) IP)tL(J)=63,
IPX.L(J+AÌ=Ipl{L(J)tzo colû'Itiul:
c_{LL Bn'irAc (0,6, IIKL( 1 ), Ip)(, IER)úû t 5ø J= I ,Lf.rlc
TBIT=IBJT + 18
IF ( IBII' .LT. 36) GO TO 200
I'hT{!i: IÏillÐ+l

B-39

Cit#âtit###;* #tt########*.f ##############jttt#jl.Êt*.*.###rr#######t*ât:*
I)OUBLE PREûISIOI{ IC.T-rr- iZl },CN-A}!Ë, (21 )
I IffEcER SYIÍBL (2 t i,tllr( 5õo ), ISs (91 ), Is? (zt ), isR(2!. ), IDAT(85g,4)II,{TÊçEIì IPXL (6), JUtIp (279r,ICOLOR(àI}
coifi'f.{iN ./ÐESIIì,/ ICì,S, IS5, IS?, iSR, ¡t-fl,[Bl.,AR
COil]'fON,/TEFF/ NO, Lfi . NPl', NF, I,TLT NE,.JL, JP, NF
COIffTO!{ /CßLOR / I CûLOR, CiTiüvÍE , LTBLJC , LBBIJ( , }tlcCOI,ÊÍ.ON,/CIIAIÍ/ IÐP^'f

lj

I

c
c
c
c

c
c
c
c

c
t
c
C

ii:'.:' , ' "
i'!.1<:1i!ii:-il
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IBIT=O
2øø CALL oF r.D r r tr 'n r o ,,--, ---- -lqq co¡mLr$ilËD 

( IBIT' lB'rIurP( rwRD) 
' IPX)

^ 1q'¿, cot{I'INt Eu rFE * - (l4n{ I ) 
' 
$lttBL(ÂR( I ) ) , IcoLoR(syHBL(An( I ) ) ) ,JuÞfp( r3 -,¿¿:i;i-í?ffËifi ;;. .;i;,,.

Dtr 2õo ¡=I,rulc
CALL I,UT (2.t-RET.r. +?õ nffi,{
LBSHC:LRB 

(2'LRBLK' Ê?9 
"rurP 

( 1 )' IER)
2õØ cot{TItiUE

RÐT'I'RIi
ENI}
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c ,..,,5 @@fr@e@@@@@c
c @ ÐSPFLâ @

c-
c*****xsuBROUTItîE IlSpFLz 

@o(¡ee@@@@@

q TRITES A DISTJLqY CO}ÍPATIBLE FILE OF THE TEEITATIC }ÎA-P.c-
SIJBP.0I.TTI}TE D$FFLz

E## * # # * * # tt #,1,+,r ê # # # # tî * # # # i rrt # * ;t # # tt rt # # #,+¡rtt # # ¿t # tF,"| # # # rr # # il 4r # # # r&I¡rrEcElì. ipxl,(3) ,JLEn¡(2?9) , ICOLOR(21 )DùìjBLE pRllcI$ION ItLS(21 I ,CWalætei i
c INTEcnR S1TIBL{2r ) ,AIt(55O) , tSStZr i; iSZtei ),ISR(21),IDAT(55O,4)

cGtûtoi{ /pgplv 
_ I cL.S, I S5, I S?, I 6R, SytrEL, }ìRcorfifr)N /qqiFllNq lrji{, NPT' Np, ¡s. r ñt, }i JF i iÌ¡;corfráoF / eÐLan/¡ coLC,R, CNÀtm, iruLK, LÈnrxll¡¿cc0tûEoli /cÌLtt{/IÐÄT

c
c
c
c

c
c
c

LOAD ftIE T'IIEtfå?'i{,' IriAp.

CR&TTE lrEE BTJF'FEH. á.S PETT
I lvltÞ= O
IBiT=S5
DO løO I=1,Np
DO løO -r=I,lï/r0
IBIT= IIiIT+Ia
IF (I3iT .LT. 36) G{t
I hlll) = I \ltD+ t
IBIT=O

IIAC. SFECS.

TO 150

15o caLL oll-Ð (IÐIT. IB,JU¡ÍP(IïRJ)),rcoLoR{sy}IBL(AR(I ) )))1øO cot.{-f iFÍuit
- Tl.pE x, ( {åR( I ),sfi.IÌr.L(lt}ì( I ) },IcoLaR(syHBL{^,tR(I ), ),JU}tp(I:È) ) , I = I ,25O,75 ì

!.IRITE TIIB LII{E itS pÐR ILltç. SpEC_q.
DO 2øO I-l,lilù.r]
CALL i¡Iry(2, LTÐ¡.K, :¡79, J,J[tÍj'' (1 ), IER)
LTtsLK=L'IÐIJI+1}

2Aø ûofiTlifitË
R.ETURII
ENI}



c
c @€e@@@@ee€

c @ col-coD @

c_ @@@6@Oe@@@

c*******strBROImINE COLCOÐ
c_ _ 

_ _:_ -Á!g vvsvu¿,

0 Rourrr{E 
"oicoon-,*.rrio ggion go*n^u'=u-"-g*to" õ" ,*"ìr*r*.

Ë trf""gl%"ggå"åfiriii$fü"ffy" FoR ''rE cL,{ssES(coLoRs) i¡r isd-A*Ð
C- !'¡igut.

i PArc crrrc-4nr-ÀHuoi, *,ñri, , 1u"".c-
.***,'**.:ygÎ3yï.l#i¡i*ïL*oiooo,**l**noio*oì*lo**o*loo*o-

rr{:fEGÈìR ltol*ft(¿I ] trF*FF#¡-'
rloutsLu eilqc¡_s1gx- ic¡,s<er ) ,cr{Â_}rc(ar )c INTileFJt snm¿tai ¡ l,rnTÈãoí , rsã{sr ) , rs?ial ) , rsn(zr )
co:trEoil,,DESrn/ rc:,s, I_gg, Is?, f sR,s:lfBI.,Atì.
33#Bfli:p,Eiti;.itll¿f i,,'H'tigfolü,ilÏA"

gg_rflpr.,r oF TflE coDE .rsTErs rs spl,rr usnr¡:Eñ i.r:s
K=ITpl¡{C
qO l{tø I=t,FC
Kt=I{:ß(I_1 )+l
liz=Kt+K
{r_O IOO J=Kt,K2
AR{J} = I

f eO COHTïI¡UE ;;

sêl-fs_4,S THE Tûr # oF pr)æL t{rÐ¡rE,fic ci¿ssEs

THE COI_OR CODE lg^Ì,¡Ryr.fE-[ìI o]v 5x]ftIe LINESTfRiTE TITE COLOR CODE
NË,tf=LTBLK
IF (LBBLK .CT. NS$ ) NEW=LBBLK¡{ ttyÐT¡¡ .cr. rasãr ¡reï;i4ã;
LTBLit=NEr.f, Dr-l 15Ð I=1,5*1.!lcl
CfìLL DSP}TI,2l5Ð corfrl I{ltE
P.JTÛ-N¡T
ENÐ

c
c
c
c

B-42

c
c
c
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DSPLAY, CMD

DSPIÁ'I . FOR, VETT?ff . F.oR, Ð I sKRÐ . F.oR, REL : CcRsL . RE:I,/L
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c €@fjee€erse@e€C g DCPLAY @c e@ooee@G@@@@C DSPLAY.FOR, J¡Lt{. 19Aø.c vExìsioï 60, 1 . Ic-
c corlE l¡a.I'mEN BYC PAK CIlfr{}åRL.qlIfJIlI
C OTl'Al¡11, tlN'l'ÁlìIOc-c rgls sllir or PP.ocRAlfs RËÂ,Ðs -4 ÐIsK FILE oF a 9M-{LLC PO}l1'ION OF I.ANDSÂT DATA Ar.iIT TEE$ C]P*EATES A OIõrr.AV CO¡ÍPÀTIBI.E FILE.C lfIE FÙLLÙT{INÍ]. OPTIGÌJS Ð{ILqT iir ,MIS PNOCNAU]--c (a)To IlEcISl¿tTE TlfE DaTA I'lTrEn-NoT lNTra.Es;rE It{ uSIItG Aui, TEE DÅTA.c (Bi ro G¡ÌI{ERTIXA ?r{E r}rsprÁv rl¡,n ac ¿lw m¿c.irii:rcarron.c (c) cÂtÌ ÍLAlrÍ)t-E EI.r.fiEÊ Jgc accRs tR Ea.os D¡trÀ) on.ór,n- Èonrr.rr..('- 'filE DISPLAI" ColIIrAl'IBLE !'Ii,E c-A,N ¡tE IIISPIÀYEÐ oN THE I,[aIi UgiHeC T}ROGRJ3J{ I}SPCIO ; A CSFR TAPE Cfllf BE CRâ'TùD_USINE ÐSPI]SÌ,c ¡ oR alr EBin'tÞ-I'E USir{ç ÐiÈpEBn li.I igs iti.cÃ,rÃõ¡co,celc-
{) ROUTI}IE Ð6PI,ÀT.FGR I$ T¡.[E I$AIN PÍI.OGrLEi{ IN DSPLAY PÀCKAOE.ü ROurrryES REoUrBtrr) BT D$pLày p¿cr¡ce Æn-ilsiÈo ¡n ¡¡sl,¡,ay.cHD()-
{] VAIII/¡BI,E$:
c cLogAL:(: /$t,FL4T'1 . IEliIiÐS, IBU-F: IISL, ICÏ,S,IÞAT, ]DIITE, IFtÐ, IFILEII,() Il'¡LETì., IQ.S{II{, IRTFIN, igr'¡¿, rsi¡-lu, ts,Ínt,^ JL, JP, ¡.FTPII{, LI NE, LN, J.$'XLÍ JV, LU I, LUz, tr-U3q ÌI,m¡ÌI.K,t[LIt{E,rTÐrNBL,K; ¡{BS, ¡rc,ñr,¡r-ronu¡F,NpT,C RPSI,RPSZ,,SUT\TOR,SUnEj_I),SI?fIi¿
c
c###-t';s#.É# ##*:i';"####*-5.¡,a,¡;;o;r¡'ç ####it*####4t###t####rîât##¡y###

DÍJUBLE PP.ECISTON Ii TLEN
R[Ì.4.L BOtiÐF¿ ( íi@€!,2),CO]tl,(4)
Ifl'IEeER t{À}fEt3 }, IüjCR(3 )ItlrrlcË¡l I¡'I.LIIlf (Ê) , tF¡ LIIR(2) ,IDATE(z),IFIÐ(2),IsITE(z)Ii{]'EúfJr- IBrJr''i9648} , II}AT( 55ø;4) , I&rL(á,ã ,ø+j ,iur¿rczãor ) ,Itonffr(21 )INTg€ER ru (6.), IBÀ].íÐft(.tr), I{BS{4 )
EßUi t'ÂLEt{t'lÐ,Í I F ILtiFi, FI Liùfi )
COI{I}'.ON .,ÏIESD/ IEíJF, IUPAK,CORIT
coi{¡ftN,/i:}IÀN/ IDÁ,:[
coI'fÞIoN /a,AL/ t{;ùL,
COI{I{ON'LOIJ/- I SJTL I N, LSTL tr I{, LFTP I X, I RTP I X, L T NE, }I
COIdt"filI{,/ I DENT/ I Þ'I l{jr{, I l¡ I LEIì, I F I D, t ú.rf g, I $lift ; I S I TEc'Ïü4oN /DE$_I Rl / I BP , I¡}'¿ru'1 , t'tcó¡r¡t , ¡tiúN-f ; rsÚÑL,Dn , BoRIR , I courT, LSATcoIflIûN /DEî'tr / NC, "r_5, ¡p1" Itp,H,LI $ú, Ji. ; Jp , ñr- 

- -
coitlo$ /Ð5FIt /N.8, , I ¡}AN¡ÌS , I fisúi{ , suNIiLñ : ñBi¡i_ mix , ties
COI{.r'lt}I{ /Q{ïJIW/ If¡'IlL, },fiil-L
COI,ITûN /CeLtJlW NIJr]It., üI{¡LI.IE, I.TB!,I(, LBBIJ<, I,fitG
cûI,rr-foN /EF..I[)/ cnl li, $LfiÌi D ; NPGRI D

eUEnRY Ti{!Ì USER Rtr. f¡.1F.¡trì.lETEnS.
CALL VEGTXT
SUIiCiíill= 1 .
IF ( I{itr¡I.lN .NE. ø) SUNCOR=COSD(STJNELD)./COSÐ(3?. )t{$I'¡'E (5,6!ø)

FCr:ìl'_rÀT ( lX, '5'ÐRlfaT OFTIOI{ _ (ø_Jt c,/cc
1RS_; 

-l -JSC/'jlFiOS ;ÍI-OLD¡ùüIìS ) !',S)
R¡tåÐ ( 3,62fri) l'¡,ir0ft't

c
c

l l.l)..j:. -.'

l;ì.r :::.. :;]'- ì:,
i':.t:::ì.!.-: ìl:6øø

6IO

62q,

C ND/ID

t'olilil,A,'I { I )IF {l{FCrEff .gt. A ,OR. NFOtuï .L?. O) Gs TO 60øTF (NFORM .T{8. 2}çÖ TA 24A
THE LOOIruP 'i}1,trìi,E
LIJ i =31



B-45

OPOI{ ( U-t{I T=LUI, ACIIESS= . SEOI I{,, F I LD=F I LEìy )ztø ÏiáíúT,ir?l$]#lil"It r 'J'riï'ii=i;ã'*i 'iir ,6), r=1 ,4¡
C HRITE SUrrONr.IÑC îWrólrlr.'IUON ON ATT LTIT FILELTtl =g 

v¡r nrr ef r .E IL¡g
24ø ï¡*.lTg <J-rrt,?j7ø' iFrD,rrlATEa7ø 

xarL+-qö$äS'ï álfi íî*irf:;ióä'l'iäliô"*rloit :',,¡ts, Iøx,' D
hËìi-rg Ílul,z?s) su:fËùóisuucon272 

*,F6..r,å'$yt*i'îix;'õüiì'ËíËi'a',o' :, ,F4.ø,lox,.suir cÐn*acrr$ã FACï'R ¡,t{Rrlr lllt,2?4} TFìLER

::,*,t[ffi,i+ii;;lTl*#rugå**Ic coR*Ecrro* r/r'Lrls FRo¡r Frr¡E :,,aA')

:: r^,"$"?ffii, i+*i 
tf-¡lîü+; -ì 

n*r¡r F'LE : 
" 

sas, sx,'! sr*rcrn'; ",.A,5 )zra raryi¡i_-i!x,,si',iu-, , ,sar)c ruïTr^al,rze ruc nisü'nTin', ' '4Ã,'tIr (Nropùr .no. ei--c-¡¿L oDs¡c$Tri,. (NFopJ{__._NÐ. ãi c¿iï"¡vls¡rrllc r¡E EAVA ro rriocxss-"fürñffi"ri*es-Ãxo Np pr,r*Ls FRO' EåffI LIryEIÍLI I{D= r WrUrn_r griì u*rT.,, .ll_c r,-i*TTE r¡r¡r_r,¡r':t.E*s-ö,v-iliíÈ.'¡lôl,t urnn RETB.IEv¡rLTiIll'¡'f: (¡.,u1 ,315) 
- -¿¡! ,.,.¡rrr ru'f ¡rrIlY'{tL

WF.I'I.E ( Lr.ì 1., 3:16 ) I STLI ¡I, LSTI. T N, Í-FTF IX, I ñ.TF IXttu 
*o*ro" 

"ägË,#i,*1+i";"i"Ë,1irrüi 
suE¡1ñ-¡,ñ-,iüï'oispi-r^v FILE Eås rm FoLLo*" 

*,,;_r*,T'of[*1,;liJ*1",'í¡nes !",14,' ro .,r.{,. I p])ilEls
r{RITE (LUr, g:J; ¡ii..rp

Oo='t FOILE¡lT (lX,'DË-qJlI. lrACT.- LINÐÊ :,,I2,,; pI)@LS :,,I€!
ITRITE (ti,õ0¡jí)

, ,*rr, 
"_o*Ë$ifr?rrl:r;',$ELEcr 

DMrat{cE}iEt{r, pRoc. (1_LrN.srRECE; *_rfrrl,rrpl.y
Il.E¡rÐ (5,r.;.?ø) iloc sEr r-rdEc'rffRÐlrdór_oä*euns nnspncrrvni.Ì: Tq BAìro q,6 I ?.
IIEGR(p) =ä
I{EGR(3 ) =4lF ilrA .80. t) C¡lLL tiE¿NlrF (rre .E{r. e¡ c.iii.r, üilailår.{nlTE ( 5, 51 1 )

::: **o l$Hl,iårt;olr'' *RID oN DI'PLAY (Y/N' ?:',s)
ot;t FOI{,idT (¡1I )tF iGRII) .l.fE. 'y, ) GO TO SltrïRII'E (s,'t') -- ¿v Ðrrr

::: **o ll',lfi, i,ll¿;l*:*p,s'L'crron LTNES./'rx*Ls(o*rerry^r-) :,,s)õt4 rolut+T r.zt..) u 
iïÍR.ITE (LUi, 5l 5) NLGIIID,¡IÌ'cRïÐ

_åiå _$gi,Ht,ilil;ru ¡iäc¡¡ a' E''ERï LrNEs - pr).,ls :,n2r5)Ð:ru 
*ool}f,?lã(iX, ïq_AçnrFicÀTrc,N oF Drftpr.ay >,,s)
I{RIîE ( 5, üt}ø)

"::^ 
"t.n""?H,tå,i'ftt.i;dt"* 

or¡ DIsirrÂY coI{PATIBLE FILE >".$)
Ðrr.¿ Ì.oiìÌL¿:T { Í¿Jr5 )

¡'.:RITE (J.U t, F5{r)}tå.¡ffl ,lßGõso 
*rrr,.,oi,1lgåuli#äjåËüir FILE rïArtl :,,2.â5,5x,.y¿\c,,,:la,

| "'',;::'
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õ61ù FOIIMATC OPEI{ CE,I]{TIEL FOF,
C.{LL INiTTz
LBBIJ(= 1

4TO Cf}IYTI NUEC CLOSE TïE CII4.NNi'L Or TEE
CALL ÐLI}SEE {¿)
REl'UiìrT
EtÌÐ

!'iY"' rï5S BÀÌ{ÐS SEI.E.-CTEÐ FOn BLUE,GFJEI{ ¿¡ RED r',?IZ)DTSPLâï CO!.ÍPATIBLE FILE
cYAlLL, 2, I gR, ø,@, trsTll)

_ DO ¿llø I=I,ELII{EC CET Î}]fi },.EEUII1ED-" OIf PI}æLS rRO]f TEE CURÌ.EIÌT SC.l.¡í LIISEIF (I{}'Olì$ .Ef¿. 2) CALL OSETLI{
- IF {NFOIL{ .NE. 2) C.ALL NSETLNc pEItFOrìfI'rHE iräfl,1,N{iEr,rE,tllË--lF i¿iournrpIF (NO .8G.. 1) CALL TÌHAI1IIfIr (i¡a ,Ëo-. 2) CALL NuÀlfctC I'?,TTE 1]IE LIIÌ.Û_ OF I}/¿'i:I t¡X_ OIÈIÞI,rV COI'IPATI8LE FILEC,{LL ÐSI,FLB

DIË.PLIY COüPâ"IBLD FILE .i

1i.:¡-,. ii.:: ,
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c
c

c

€@@@@€@@@e
rå frsPl¡l.3 e
o@@@@@@@@(ù

CXX**SUBRGTIT I NE DSPFI,Sc-c coDE Tr*irrÐi By p. c"^o,r.r*oic,ror 
..

c JA¡v. tg8Ð. 
Y*!'¡u@ar

c-g _pÁnr oF o"urni ro"ã"" -c rfirrl'Es a Lrflrr gq_-qÀî,i"orÌ Ðrspl,Ày co!ÍpATTBLE FILEc_ AL$o purs THìi ss¿ECi'dp-änili"än rlrg.FrLE.
ç *ourr'es ouo,¿1",oo*"¡r¡-ag,ou"J,uo.-_ *i u*on ì",æ"r l'Ârìragr,ns r¿.usÐÐ-TBF.Ðüi;Ë'ööffi*N AREAsC-
-- SUDR.SUTINS DEPFLS
c#*##i#tË'd4!;tt;I##*:ì.t##_-*****,irn* ####,*########)x#tl#i¡rr####+#

II{TEoI,:R Ipxr (6), ¡{Bctì(s ) -:_.{ür{p (??9), ilÁr,t ssø,çlcûÌrrox /yyyl( nc, ilñ,äri, np,ru-r usl;í:jË:ä,c¡jn¡aioN /,9!:l 
_a:,. 

/ rúr*r i öñ-ôdrc ; ¿,rÐrrc;¿äñíK:,{r,iöC{rl,flì{ON ,rCEAlÌ,, l ilfr,i;^'' "..."-
COI,fi"iO¡i / T:{JC, / ¡ gri i i,I, LSTL 1 N. LTryP I X, I RTP I X, L I I{E, I{coÞ.H,lir /ge_!p/ 

';er n, ñiép,lb, Npt;r¿rÐ(: PI,IICE TJIE {:RrÐ ¡r ¡üruUiåË'vrt¡rIF tcnît)_.NÐ. ,y;i-cõ To a¿¡5! l!å.cr THri eRrD Ãs r,¿n óräðs'v 
<'{i.,

c cnìrcr.- rF r.l{E q¡üa ìs'a^'cäiË LrnnÍåEI{ãI,IOIi { i_ I I,iE, i[i,-.it,; li- - "'
IF (?slÏ .lle.'o¡i -çJ"ro 

zzøc 
-ïrTE *,Lrrir,r,in¡jliiíe--"
Ðtì gIú it=l,5Ét
fi0 Èt0 I,Jf=t .g
I ÐA'l'(K, ltjjilRi¡]?.) ) =o2tø có¡:,¡¡¡vi;l¡
cO TÐ A.!ã22.ø - REtf-i.îOD{Lf,TFIK_t,HPCRILI)
REId- (¡Í,DÊRt*_nAmtTJp - "'' -"
I,ù 23ø I(=F,JJ.i, gso 

, fiÞcR¡tì.r.r¡
DO 2Ar] lt(= I ,3
IlllÌ.'f (K,IlilGR{}J(} ) =tl23ø ct¡¡irlm¡f 

..'

lgåD_TEE Onrcr}Ìal" nraGir.
^ctìJiarc 

-ilIE Brr!-FEH. Ào Ëun. ¡¡ae243 II¡ûLD=O
IBIT=85
DO IûO I=l,Np
IpXL( 1 ) = lI)dT{ I,ITBÈR( t ) )IF)fl_f c) = rDÁ.T{ I ,lisffriåi í
_Ip¡{I_(g);.r.tilrT{ t,Neûif isi iDO IAO J-l,9
Ili' -{ IpXL{J l_ .-çT. í¡Ð) IpXL(J)=68Ii')(L(Jr.3) = IpXL(J)1?ø CùtITII{rjE
c/rLL Drfl,rfi--!9.,6, j.pw-(l ) , Ipx, LAR)IiO t,õ0,.f=!,ElC '¡''¡¿'
Iß.I'I'=IÊIT + IB¡tr (I5tT .Iï, t57 tr) T$ 2OOtiüìIr= lli?J)_rt
I IJ I'l:0

c
c
c
c

*-.q-._.--.''_'-.,.:
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2øø CALL_oJ'LÐ ( IBI?, lS,JUup( Iltzu)) ,Ipx)15ø cûlffIlYUE
Løø CONl'II'¡l-¡¡tC T]RITE THE LINÐ AS pER Ir¿4Ç. SPECA,

IIO Aõt I=t,jytà6:
c-qLL pu1' 

-,iq. LBBLK, 2?9, J{Irp ( I ), IER)LÉItu(=LÉBuC*3
2õø CgIil'IÌru¡I

RETUñI{
E¡iI}
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ç
f G@Ce@fr€@@e

t € IlìüL1¡¡ùf¿

cxår¡r,ËxstrBROU-I'INE l{FANr 
r.lo'zcefre€r€@

c-
c_ lHrS F-OIn'INE 

lEnF,oìws Lri.¡EÌalt crr*r=*", ãr*r*
: P-qK üt{cÂRl.,tnuu, JaN. in*r.
ç f.4ry! oF Dõpl.¡ty pAoKqcE
ç RO¡ffr¡rEs REGUiirEr, _ ñõrsT ALL VÀRIÀBI,EÛ AIìE rAS--i;õ TF¡.OUGE CO}ÍMON AIì.EASc-
^ SU]]ROUTII{E M{A}il
Q,#u # # # ## #;p¡r#rr##;s;+_#o* J*"j** 

"* # #.# # * ï # â tî # * # # nt # # tt # ## *. I I{'TEGER {r I f :* }, i..r¡r_x( 3 ), rvsòR t s l, l nai t äsé, ä ¡Dlt{EnÐf oI.I rAfl'¡!(3 t
colcdol{,,clt4¡i,, Jfr:r,¡
cotltíÐN /gII{l ¡{c, ì_1.r, NpT, Np, }ÍLI I,tE, J_L, Jp . IÌ¡.

c colrìff,I\{ ./coi-ùIì/ risct{,öirj¡til,r,.r¡ijc,LBBrjr,¡f,å.e

FGI¡U'I.!¡?' { IX- 'tiI.g.__S I!AX. FOR BAND , , I l ,RLrIÐ _({r, 
rJø) fliNi I ; .i.rs.y¡ I f -^' ' "-'

I{ii.t¡ttT (¿I )
I+!!$( I ) -N1Liì-IÇ, (If¡i.::I( I ) -lî.I I{ ( I ) )I{itiTE_ (l}, ?rr ) r{:8+Èìr ¡ i ,¡rJñì'i i ,rlry< I I

{glurlr {r)t,,ifrn: ¿ u,Lxl--Ë,¡¡i ràìr{D ,,t!,coiîTìl{ulr
RETTIRN

C-
c**xxxENïlY NIl4t[lrc-
- ENTI¿Y MI¡.Nr 1

C # tì #,t # t, # # # # # # # ìr í., # # # # ;t # #,t # ix # ít # # )ê,+ të # # # ;r # f # # # # # # Í: ;1 #c pEñFúRr{ r,INs-,r-Èt coirlyrrrfiT sielliäuDO lørJ l=1,3
K=I{S,Í.}lt ( I )
Dtì ttø .I=I,Np
I DJ|T. ( J . i( l,=i I Ð--4T { J, K i _}II N ( r ) ) *FACTR ( I )løø coirllln';t

RETUTIN
Ei\D

Ð

to

2ø
cc

3ø
c

50

6{,

7ø
4ø

IfRITE (3,5)
rORI}í,àT (1X.':ßr:,* LI]ïLAR $TA]ITCE EMIé,ITCEIfE¡rT ***, )tiRTTA (5,10)

tùs¿,Dr?Y;råä,ti.-f;å***o BAI{Ðs(t*4) FoR BLrrE,GRltEN a a.EÐ crffs
rOITI{AT {BI )

h?.I'fE (3,3tt)III}6R
Ì'olìir¡LT {tx";Tss ÐåNÐs .¡on BLUE,'}.EEI{ I RÐD ctT*s ?IE*-E

Ur*-rm¡'="i=25F
Dt ð¡r,j I=i,B -..
t{itI1I'E (5,õO) ITBG.P{I }

)t rS)

r' ., 121

' )t rS)

' l{ÐilìE t, ,Zl4)

t'...' t,,t::-.l
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Ctxx:ÈxSUBBOU1'i NE NEANac-
C T.}I]S ROUI'ITIE PER.FO}II{S STAITDAND ENSAIYCEHETÍT IE. IfJLTIPLICATIOI{ ffC EANÐ VåLTM$.
c-
C PAK {lt&t€.-^tRLAM-iJÐr
c-
C PÂRT OF IISPLTTY PACÌ.-ÂçE,
c RorffIi{E RiioulitEl} ìYt¡ti}:C /tLL Vi\ÊIABLES P.âõSEO TIfrgU€.H COFTMGNc-

su¡iRouTl i{E lÍ}i_,ri'¡p
c,## # # te ## # # # # *ë # ít# # # rÌ -, r # * # *f ### Êi # ## # # # ## # # # # # # ##

DIHET{SIO$ FÄCTR(3}
LNTI:G!ß. IfÐcrl{3 }, ID¿\1'( 5.F¡0,,t,
Cûifi,fON /iltr¡Alf/ I f)åT
COIO{ON,,gqFF,, Nü, LìÌ, NFT, NP, I{I.I I{8, JL, JF, NF
COIÐ{ÛìÍ .,COLTJIV NB,çR , CN.å}TO, , LTßII(, LBBíX , TíICc
ïRITE (3,5)

5 FOIUII-"I?' (1X,':tAtX HULTIPLICATIùI{ ENE/rNCE¡'TEI\-T Ir**' }
T,¡BITE (5,IO)

19 FOIüI&'I (ix,'I,IffS RÀNDS(l_.l) FOR BLù-C,GRgÐN I IÌED clr.$s >,,.s)Rltrtt, (ã,9û) i{ïçit
2ø å'rJlli'L¡r't' (gI )cc tlRlTE (3,3O) l{BG]rI3ø FôPJIå'I (t.-{,'Ï'trSiì BAI{D$ FOR BLUÐ,,cFJEtl I REÐ GrjItS WERE ;',8I2)ïR,ÌTE (5,+O)

4ø r0ìU{sl1' (I}:,'IÍI.TÍ.TIPLIC.{TI0I{ Frlcî-fl$ns FoR. BL eR RED CUIË >',G)
P.ErtD ( õ,.5q) )ï¿_CTTI

!,. 50 FOR¡IåT i3F ) ':hf.lTÐ {:},6Ð) F¡lC'jTì
60 FOll¡irlT (1X,'¡I{JLTIPLICATIOiT !-å,C'IûRS FOR BLIJE,cRDEII I nEÐ çUlrS1"3(F6.S, 

"' 
) )

RE-.rrnÌi
cx*x**Elf ITt:' ltitj,ì.I{z I

EIffRY I.flüIì{Sl
Q* e * * ;r* + *;rc;.^f #+#;s;i#,f # # # ## #;Ê,+-*# # rF # f r $ t# í!# á, r# ¿F # # tt # #C PEftFORU ST-.1ND¡1RÐ EIftLaNüEI{ÐItT }.On Â, LII{E

DO lOO I=I,B
}(=ÌiBCrF.( I )
Dft 19¿ .¡=l,Np
l D¡r-i' I J, li) = I IDAT( J, K)*FACTR( I )r00 cütfftruÐ
F-ETURT.I
ENIJ

*1REÀS

IIEBE :

---000---


