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The development of avthophotogeaphy and the culisequent production
ot orthophatorape by Tard the avoundwort tor the ama lgama ] ion of photo %

Ve and v b ) '”W“T e to the yoherent diaracter o ten of

aer b b phe o anhiv s or thothototan D bng o e o Uy bieen under takon

al lorage woale [hee cons tderallb e Con oo produc tno an arthophota vegge
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ment ot ate T e oo remate sensors aliesd ot the car th's surface
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o o bded thewe sial Lo lm'\llll]&»,'.ullt-\ carth dmages,  Data recebved
T !

froc She TANDSAT oo ray il reproduced Ao photageanhic fore ot ter {he

Cattopraphcoe and vay user s new dimens ton In photo maoping, Jtooe

nove posctb e o une Tow cont satel e fmaaeyy i the production of wmal |

Lo mediu scale photo maps. One use of wueh photo mans fncorporates

thee satel b e bnaae e u’hAny For themat e manutng,

B

s R budy Unoan apjaatsal of e LA AT Wy sl and an evaluatton of

| . ) v
produg e produced by thie system b Tight wt convent Tonal 0 thophota ‘
materialy, Thema U TANDSAT maps prosuced by Lo qovernmenta agenc iy
are veviewed and evaluated,  AdditongINthanatic LANDSAT maps ;o

bncorporating the other standard cartogrdphic Loshinfgues are cons tie el
# ) ) i .
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feotvc e arage ana o toarapt rca b by redaced Lo approatoLtely
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IMAGEEY AS A THEMATTC MARP THG BAS

Pl Introduc tron

e Taunch ot the farth's tirat man made “.n!t'l vte over twenty
years ago was Jus Uothe beatnning an the development of satel ] ites and
Saltellhrte senvor yatems . Advancements proceeded and more sophisticated,
orbrting space plattomms equlpped with sensors afmed at Lhe lgr"‘l‘h.
began collecting mew data tor all carth related decipltnes.  The more
recently laum hed FARDSAT satedTite system (now two catellites) iy
one such development, Al thouah the tntended une of LAMDSAT data 1y
focused on QA(rn(tiun and Interpretation af earth datu, the natural
eatenston of this carth intormat lon wA(FGQQYOH'lJHﬁ P the direct and
hwned bate functron of LANDSAT data Lo Enrtndrnpﬁy. Just as the
dovelopment of urthnﬁhﬂtuuru%hn fn 1964 Taild the frameworh for Lhe
orthophotomap, the devalopment of LANDSAT Hadery lays the Tramework
For the divect utilization of satellite imauuvy ahoa mapping basve,
LANDSAT photo mapplnq ha adﬂptvd Lhu duﬂlqn and form of Lhe

ey fous by n(!vphadi unnntaLun lehuph(tnmnp, primartly a Lopagraphic

Oor Q hqlnncnd“'ﬁypﬂ of s

! The yne ovaAHUhAF 1mhuury an a” themat Lo mapping base is rolatively
uutriud. Thas N%Iiunuf Aurunnu;iuh atd Shace Administration (NASA) in
the United Statas and the Canada Centra fop lumntv Sensing (GCRﬂ) i
‘;gnudn hnyu wach’ produced q FE260,000 LANDSAT mao with nlnhihw@i(ﬁ
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conplea, oo eoono 1o thierae S Tew e taps ot thy type
have boecn |»uf)l|-fuw| Ui L b s e vy ta (1) evaluate existing
theralre TALDGAT care that e vepresentative of cattographic techniquen
meorous by eonloved, (0 conctiac b oand evaluate theratic TANDSAT rape
e tng cartopranhic techngaes that have not been previtboasty enployed,
(4) detercane ot cach o raps are teasatble uvml develop quideliney to
Che conn trac bron ot tatare theeatic TANDSAT ape, (4) and Lo detine
Che bie b e bron toe the tutace development of theeat 1o TANDSAL
o

Evaluat tan ot thematto TARDSAT dmaqge maps will tollow (I‘ml(}l(lufml
methods with o camparbaon of conventional orthophotography and
ovthophotonaps ta TANDSAT dmaqery and TANDSAT tmaae maps . The LANDSAT
Image magi, in turn, will he «nnPldvrvd with rewpect to conventional

\

or thaphoto mapp g problems and Lt tattons,  Constderation must be

1

(Hiven Lo photo thaae content and map symbology content as well as

1 . ! )
the design of these bao ul«;,nunt.n. ‘;\x;irlce and gueneral ivation fn

relatiom g to map symbology and Tmage depiction must also be taben
fto account, (
Fo determine the teas bty ot thematic LANDSAT mapping and

dvvulup qulduliﬁu&kfnr l&“htf“sllun of future TANDSAT maps, vﬁpnlimuqtnl

Lnumnll< [ANDSAT mape wi D be conttructed at two difterent fmage formatsy,
Ui yheh thu‘LANHHAI Hinaqes s prﬂdunﬂd in a polychrome utilizing

thqﬁﬁifﬂttnd of dit terent MY bandy o diftepent LUIUUVW\MH“ S0Qndly

ih% 1Y ﬁ% 0 munn(hsump lANDEAI fuage 'as o Lhemalbe mapping base .

l :
/Mhlilinunlly twor Scales of fnagesmaps will be constructed and evaluatod:

J hee 1250,000.5cale wirieh can also b comparced Lo other LANDSAT Mape

é 3 : ! ; 3
produced by NASA and CURS, and the 1:750,000 which could concalvably

. \ . \
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/> (HAPTEE

" THE TANDSAT SYSTEM

¥ f

o Tntrodas Hion

Phe tora b ef o cavth rpvom oo techno ooy catel Ltes (1 ANDY AT l)]
R N AT TR R SA TR T RN B L T ate brte pow ol s the bar th
thoa e pobary o synchvonous orbe b at an al titude ot approximately
A N I R R Chor e ol o ot b bone, 4o an anae of
PhE i bie phore ovan ves, tonly with Thes weasan ol the year . Sinee Lhe

-

Py by DAREAT T B comgebe tend over tom teen thousand brb ey, Lach

orh b tabe s an averaoe ot 1O mnates Yo corplete ot a (()P_.xl ol 14

orteets per e (U, by with B day o Coocomplete tall earth COVE e

catd sbar b aih ot e ew ey e The st cvie be bas g e ound Trad e

overtapptng the previous cycle, The amount of overtap 1w dopendent

on Ta U Etude and satel brte pass with Tner can ing overbap as the satellte

appoaches the pobee, Arcas within nine degroes of oadch pﬂ[u are ot
ek, CANBSAT e 0D fanc ERonina beyohd e tat o and e
secotd carth vesour cen tachinn logy S e b bes LARDSAT TL By hean
Faunched on 2 January 19726, | APHlﬁlcm (L ;IILQIN|U(‘ to replace LANDSAT

by bu At Ay ot yet fully operational,  Howevuer, MS% fmagery 15 being
b ' A
recalved from both satel Ptes, A third LANDSAT satellite {s being

| e oo -
planned for the move distant future (CCRS, 1974, 1975), |

Lo Farthe Resources Techinotoay Satel 1 te (CRTS) sys Lo s of Cictally \\\
des Tgnated "EANDSATY fn May ol 1975, v |
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the observation cystem of the spacecraft iy divided into three

sub-systens /

1) Data Collection 4
ad ) Return Beam Vidicon Camera and

1) Multispectral Scanner y

iy -

OLher systems et on the spacecraf tofor attitude control, Lv}nmvtry

l

and-matntenance of the satellite, however, these are the threg syster

with whioh records of earth data are made.. Presently the Mu]ilnpn(trul
\ ,
Scanner (MSS) 1o of prime fmportance to thy cartographer.  The Data

Collection Systeh (DCS) does not produce tmaae products and the Return
' ?

¢

Boam -V idtcon Camera Uyutum (RBY) was switched of f carly in the v

i f
misstan by NASA control and not rdindroduced fn LANDSAT 11, Consequently,
-
no- tmaqery as belng recelved from thés REX system at the prosent ime,
Phe MUt Capectral Scanner (M5S) 1y the only Upurntihnal imay fng

b

_ . ; U |
system vemaining. Tt By a Tine scanning apparatus collocting carth

Hata tn Four spectral bands with wavelengths as follows: . {
i
SEN40) Spectral Band No, ﬁQYﬁﬁ“ﬂﬂﬁh Ju'HnnmmuLpnﬁ (](f9 M Lras)
ey . : : R LT PO S AR IR S SRR S A
o A
f A o
"RIY bt RYATLYAY ‘
: & his0-= 640
t 3 oall bands solar 690-830
}AwA Coretlected wavelengthy
5% A 500-600  visible green Lo orange <
‘ ) 600-700  visible orange Lo rad
o { 700-800 daep red to near infraved
/ 800-1000 near "infraned ~
“thurnﬁhvnm‘Y1qunu Capera bands 1neluded for reference, , o
iU

[he sizg and welght of hdpdware have inhibited the fnelusion of a

full intrared channel, ' ' ‘

A the satel )i te progresses along 1ty arbital path the MSS system |

\

Seans sontinuously in n]? four bands,  The across track scan 1%
o | T ~ . ; , o o
i : R ok

i\ s i
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a new recelving stalion tn Fastern Canada,

acconplivhed by g flat"mivror oucillatine ot + 2,89 dearees from
nominal with o rate of 13,62 Wz (NASA, 1972). The along track scan
Is produced by the forward motion of the spacecratt. The result. is
data collected in a continuous swath along the ground track at a width
of 8% bilometres (Fig. 3).  The inutantancous field of each detector
covers a square carth area /9 metres on o s tde (thearatical ultimate
resolution?).  This arca, termed a nlxbl. actually overlaps adjacent
phrels fn the same scan Tine (Malid, Nalepkay 19/4). After the data
is digitized on board the satellite, 1t s telometred back to an
carth sateldite rv(ﬁlvinq statfon,  Four statfons nowqﬂx1ﬁt in

Nuvih America (Fig, 1) and soveral have boeen cnnnTvuukud or are being

constructed Tu Jocalities throughout the world.  CCRS s also planning

]

C203 Data Products

Data Trom LANDSAT T and 18 are available from two qoyernment

i

sources T Nopth America:

The FROS Data fontar The National Air Photo | 1Drary
Unitoed Statoes DupgrtmeuL ot Interior Departient of Enarqy, Mg and
Geotpgical Suryay! Resoupces .
Stous Fallw ' 618 Booth 4t

South bDakota, H7198 Mtawa .

U.5.0A, : ‘ Ganada .

Hwo privata agoncies, Goneval Electrta Corpy i the Undted States and

i v A
bonald Fischer Asuoelates o' Canada, also provide ipagery to the

Cpublic,  The government agensivs prnyidq'LANDSAT data. in two- basic -

formats, 7 and 9 Lrack computer compatable tapes (CCTY ar photon
' ' R

| |

the satel [ite 1a digital ‘and can be used to produce inages usigy a

graphia p7pﬂr'nnd film products,  All of the MSS datpfrécqi&éd from

i

Lo : , _ , . \ '
ling printer divectly op wiLh‘th@,gid of an f]echron‘ﬁaam»lmagé,
: : ' , b oo T ‘

i 1 i

Recorder (EBIRY or a Laser Bean Image Recérden|(LﬁlR)fcad,be oy

] N
i i ‘L IR : ' \

i
* N . '

o
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. [ IGURE 4

LANDSAT IMAGE OF TORONTO 21 AUGUST 1977

1029 - 15345

| \ Reproduced by EBIR TR
! Clockwise from top Teft M3S Bands 4, 8, 7, and 6, |






cofiver ted to photoqraphic amaqges . Both Tine printer and falm writer
ultivately offer a recolution down to one pixel. The Umited States
and Canadian systems produce photographic imagery at two basic
sCales, I:PhKL0,0UU on 0 e film and 101,000,000 printed on 9.5 inch
film .or |)q' . More recently CORS hay undertaken the production of
Larger FA0n and paper prdnts up to 40 inches square.  These

/‘d
|ﬂnﬂ(nu3ﬂﬁlu' products have system corred tions programned into the

! :
fraqgery }(Lntu where the computer tapey may or may not be corrected,

Any of the four MSS handy can be purchased in computer tape or plact
l_l
and whi'te photographic form.  Colour composites of bands 4, 5 and 6

i
’

and A, 4, and /oare also avallable to colour photographtc form.

Examples of fmagery from both tormats are seen in flgure 4 and figure

N
i .
horeawper tively.

fhe first year of operation produced more Lhan‘hixly thausand

3

seeney collected by LANDSAT Lo ALY of the United States and Lanada

and more than 374 of all continents have been tmaged ot loasl once,

I - .
As ot December 1974 there were ovar 11,500 scenes Tn black and white

[

pd aver 4,200 in colour avallable for Canada,  An dodex map of

LANUﬂAW I data Tor Canada Tocale HANUﬁAl fpadngd by pinturé Contre

T ‘ » ] ) . ,
pumber (see map inseet = back flap), A cloud covar map (Fig. 6) I

n!ﬁylmbuilnhlu(trum CORS, These two Index maps in conjunction with
an lANU AT fmagery catalogue greatly factlitate the ordering ‘and

do]]u@(1nn.nf waable Canadian fmagery, The Unitid Sratos also has
A kufnlnuuu and 1ndax map scheme as woll as an npgn browse file of?
mnu0‘iﬂn microf ., MQPQ recnnL]} CCRY has developed o similar |

browse t1le o Otlawa,



Soene corrected or oprecison prmrff".TN\iumq(‘ry ¢ Ot l,«_-(‘;/d for the
N

Parth's rotation and adjusted to it g U.'I.M.\?IT“MJI"{ available only
for o few select soenes. bor the Canadian system "production ot
precision corrected amagery has been diccontinued pending a Ilml_i(n
upqrading tn the wtability ot the fmage recorder” (CCRs, 1974) .
MASA docy maintarn o tacility for precision processing but at
com iderably qreater cont than Hm‘ ~.t.1|u1/‘u‘(l product . Several private
companion alvo noduce proecision tmagery by spec tie request (Ritman,

g %

1974) and atcons e able cont,
.

A Geonetrie Tidelity

Spacecratt attttude and the systematic ¢rror of Ahe sensor combine
to produce the majorfty of the planfmetric dvfi(‘hm fes within the
!nwu‘ry Other error sources ardse trom the conf iguration of
salel Lite orhift and carth rotation.  Algo*ithms tor this Jaterservor
chi b applhad to the lymmw-y data on computer compatible tapa to
produce preciston inagery . However, the Canadfan and United States
sy tems are only producing Hmmm'; Ol a regular basts which s
('nfrrm ted T thy former fnternal systoematic Grrors ‘.inc;nl Lhee MG
does nof Dave @ resiau and |a‘s’;«‘~f]"1th. calibratton data are unavallable,
Lhe plwimitinif of prochsion procesad iumqwi*y can by costly and Cime
cunsuiing,  Lertainly the most ;Jteﬁimkz'lu fiaqge f‘mt:’f,,nrtnqmphi(.
purposes would beoong with o mihi mum of plnnium ;i& distortion, '
if‘\m«pinq fnmind economy gl the nvnilthtit.y pt syston (;c‘:r‘rm:Lml.‘
imayury the questton arfues) what cap t(mmptm usen, will le " standard
forial anqmy il Inwf |

Hachofor ?3/ in his fxl.'m'jly‘a'in of several LANDSAT scenes
produced '[;y the llnlé‘rst Alates systan places fnage, centre contral” to



4
\-'l”ll”"'."'!|"|f".|"" SR L A E N T B R B NI
de v e s ety Pl b et e o o e
Dt b to thae o e e vt T ! o boraes v e Vm/ll'.l
Shten ot llIHv;“\mM Patrtudes a0 veoe Canadan ey o the poc Tl on
crronr han heen placed at ten brlometres . He cond rnge b, tnvestrgationy,
with abeolute 1o atron, band to band veodstoat ron aned oo o
Pegiatealyon Fhieece accaunta tor the Mo aperal lon S RURRAVITTINEI AT
ot aqee o/ P bt '-,Iil.ul(" Phe o batrve oy STRETIRNTIN a
oo the nean e ot how wel | patnty I( a0 Tmage can be tacatod with

i b |
oot o attis oty o hal e Yhat e Pl of
Pove e T the el da ton £ o VT the bane are Con cee Ley”
al L2 metres, MY, This v]uluv vas detovetoed by «onpa fog REV and My
Twane ot the care area where 18 wany ot hn‘.:,linl'c' oo weperalo ey o
contributed by cach wyatem, The componito coror vaty TAO et pes pMe

DU v b by s \((Hlx'fl(lnll“.'n'“,. M| Jtlll 1977%) fl”ﬂl\":“','.
aoes o grommd contval voints and HI'(HHIMI ditortians an Lavge e
FOOO e tbres with the bost R[4 posttion crvor of 233 motiey . Thiy,
appears tocorvelate with the variation of e o Pecorded Dy Hn(hﬂfuy‘M
! J 5 .

Penrbians the bt way Lo envivage Hhe diatortion in MY vy ton corred ted

Hiaery e tooplot ooy inoa port fop of anc PAMDSAT Teagee agadnd

i
i

o LM map of the sane area an i flqure i,

Zh Resolulion
N . | e o
lhnorut.lmllyi the smal Test resolulion o) ement dvturtnh%@%hy thies
’ ¢ , » Wﬁ
MY, 1y 79 metres square, the area Coverad by the Tnstantancous, {1old
ol view of vach dototor, Pragmatically, with contrast values ks T

goneral by Tow thossmal lest pesol vied obJeat has been approxinate)y
i N L} A .

1
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FIGURE 9

CPHREEMETHODS OF PREGLSION PROCESSING GOMPARED 10
©BULK IMALkaY |
(alter Rifman, 1973) C
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FOU e tren Square with dmagery prograreed for maxarun contrast
O

(photographie prodacte ot 1 1,000,000) . Without custom prograrming
the resolution values come closer to 2000 260 |n('trc3$ (Welch, 1973).
Resolutton s not necessarily the most adeguate concept 1o use when

.

interpreting reqional information Rosenberg (1971) in-discussing

detectability and recoanizability states that signel (l’nmqé) Can

be dgtv(tvd cven though 1t e smaller than the resolultion ;f the sy tem,
AnomoTies wuch oy this exist with the MSS ccanner when it 1 capable

of productng o “stgnal™ tor highways which are not as wide as 79 metres.
Phia s evident even In conventional processing as in figure 10 with

some of the minor county roads,  The LANDSAT system is nol o conventional
photographic optration, with data in a digital form and the disciminatfon |
of tour freguency bands conventional tnterpretive techniques may not

beo cnough, For some cartoqraphic purposes the deqgree of self-

general tza Cign provided by LANDSAT dmagery can be most useful at this
regilonal scale,

)

i ()

20 Cartographi Aupects of TANDSAT Linagery

Some of the advantages and Dmitations of LANDSAT dmayery should
nove hecome apparent. Map accuracy standards for United Statos
topographic and relatod maps dictate that 90 per cent of well dof fned
destall be plotled to within 0.6 m of its coprect position,  Converting
this Lo ground “i&tﬂﬂ(ﬁﬁ; planimetric detail must be Tocated within
600 metres (300 matres RMS) at o scale of 111,000,000, 260 matres at
11.500,000 amd 124 muﬂpus at 1:1260,000 (160 0 RMS and 76 RM5

respectively)y . Keeping in mind the mapping accuracy ‘of LANDSAT fmagepy,

topoyraphic and similar maps could only he'undertaken at scale of jess
A.'| : ' | o

i R
i
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S U FIGURE IO e

A SECTION-OF A LANDSAT. IMAGE. ENLARGED TO 1:500,000, -
No te the smaller ,c’o'u,n'hy roads SR
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Phon bt Coprrar e eyt ANICAT o gl
como e b e et bt o e e at e e ot the 240 retre
Cavmv bl (0ol o v e e Y v o e ) Tt the Fap g
capabarbitie even fur ther ok vould be compatable only at scaloy Tes
Phan 1:500,0000 Lt can, however, be applicd to mapy other fhan
standavd topogqeanhic prodi t*,,?'

FELANDSAT dmagery does not comply with topoavaphic manpping
Shadcds s coala 1t be wved o oo thera b tontcs? Thet i
mapp g at scales of 1:h00,000 and 121,000,000 i quitgjnommon.

AVUhe el atye daty clattod on g photoorardiic bane are ot

(R R |

. !\'Il' photoonrachic data have not eafated ot these woales
betares Tor the Chest thme cartogranhers have Uhe Capabitity of
vievine Targe reotonal aveay on g s ingle vhotographi p}nfu. [ ANDSAT
data arve reqlonal soale data pravided in o time sertey and al low
dytea b aes e LD as static tondes tp be viewed and putnrdvd (Faltoner,
F978) 0 Colvacoreuse, (1978) 1 Aincusstog the "Unbgue Characteristicy
of LRISY uusnt‘lnnu the naar orthogonality of an [RTY (LANDSAT) g

oos The fleld o view of e ERTS MSS crtends onty 5,677

From the nomfnal vertical,  The near orthooonality of

ERTS dmagery precTudes comnt Tat ton of “tonographie (contour)

Mgt but o Ees smalBoca e plan b el mapping and
vty iston",

Thene, theee charsetertstics (1) the near nrthgunu1it} nf the
imnguryg'(?) thee Targe aveal extent of sipgle imﬁ@nﬁ with a relativaly,
hnmngununu§ duhﬁiky gradient, and (3) the ﬁvni1ab1lity ina tine
oy 4l ' i

5eri?ﬁ‘uhmuld providn(ah uxnulluhﬁ hase TQF correlating qbﬁtﬁacp
: ‘ | A\ s

[
¥ \

;,M,wfﬁffm‘ S \ Cﬁﬁ ' T ? S

U SN
‘10 Shoud be vemenibored that these' are the requlan LANDSAT product s,
MU custom process g Lo hrofections such as U.T.M, the locational
o mar i ervor of plantimekple dotall s poduced o' 100 m,  The
rosolubion goos down to the theoretical maxinun of 79 metros

(Ritwap, o6y, L R
¥ ‘ : ) h [ ! . | e



thematrc map data to actual vadiometric earth data, producing a

thermatic lANUﬁAI map (Adare, Falconer, 1973),



(HAPTIR 3

PHOTO MAPPTNG

%

3.1 Conventional Ovthophoto Mapping

In 1964 the tirst or thophotograpa s vere doveloped amd
(dl“l(:ql«l[v'l!‘!" beaan to cvaluate and velime these into new map
products. The dnvention of planimeteically coreect aoria)
|vhu!w|f'u|vh‘. vade orthorhiota v ping a meacttcal oropos i Cion, Althougl®
phato mwaps ol this type are most usetul they have npt yel roglaced

conventtonal maps but rather have hocome supplemental maps,  The
\\ v
Ul Uhma b bunbouse of these “Supplomental” maps s still in dlspute,

Mhatever the outcome of wuch o dispute, orthonhoto tmaoey offar the

Car Lographer soneanpealing charae terdstion as wall oy disquict e

3
1

Ol

The mujur dispute is about the value of dmaue content, mor
prv«]nuly photo dmage content and 1Us countur-part, map Image content,,
he abs teact svmboloay traddtfona L1y found on maps 1o s lpply

Pateledpuiatee T some s tances (Fiac 11 b other mapping s tuat fons

the photagraphlc detail oty up o “HOiﬁU“J.which sevarely tnhibits

the tnterprstation of perttoent map symbology (Mg, 12). Beek
I oy ' !

(196G and 1967) suwmiarizes photd map content into Lnrob piCLMPQ
categaries: (1) planinetry, (2) lettering and convont1onn1 >ymbo]

and (1) the 11lustrative pictupe, 1“0 quﬁstlon of how much qoofnqphl&

Y o . .

e PR ot P T S T
f ! : [ ! ' ! ‘

. notse ...'uny slgnal, nanifested 1n qny form: or ﬂnvrqy, Lhat OLCUPS

1rvﬁqulu||y with respect to the. A1qnnl of 1ntaro*t and tends . to h
ohsxupo Lhat ¢ iqnu1 ((orn%weot ]9/])
; i ; ) - , b "‘ ro B
Co Hﬁ o 24 R R



FLIGURE M

MAP SYMBOUTZATION AND PHOTOGRAPHIC DETAL
(after Fleming, 1971)

R

N & i ¥ v : ’v.." ] ;‘:-
(ta-; e }?!‘ ¢ B b

(a) Marsh and samp (wooded ) areas a4 portrayed by both a Tine map and o
photo detail at 1:50,000, Only the Takes an “A® have not boon *
recorded on the map, : »

(b) The same marsh symbol as in (a) Now means multitude of small Takes,

The phatographic fmage is able to convey far mope informatish about

-+ thae terpain, g AR r”}ﬂ

o) Two quite. diffepent symbals, the string.bog symbol at "A" and the

marsh symbol at "B" on this 1:250,000 map-distingdish between two

terratn Lypes that do not differ from each other by.as much as those

iTlustrated 4n (a) and (b), L - g

i

L F
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antobatien S hoadd Leoadbb b o phoates ranes bewor et tcalt vhen the
cortorrar b a0 cer s boa s e i Gl b e oy
the wame area of photo e content has hoen lost or covered up.
Therve in essentially, "no tree space avallable (contrary to a map),

So o that cach supplementation dimtnrshes the content ot the picture”
(Forstner, 1968) 0 What 1y an adequate but gJust reprecentation of

phirto map yrbolooy Cachoa ouestron can ondy beoanevered wn bl e et
to the antended woe and the coonomte tactors sworounding the map
peadoc bron,

STnce o thophocdoarante, depenid on convent l(vuml atnd .wi(lu angle,
m'l;lul photography another ditttculty with orthophoto mepiing arfoey:
the denaity gradient ot the tmage. The varfatiton in density s
atbtedbuted to the altitude/Zaz tmath of the wun amd the tall ottt in
IIlluuU‘mHnH Yhe cogh Chee comera Tens (Fla, 180 Sevtous brob Tens,
develop vhen ?)rmlnlnlrul ditteent fmages ta torm a photo motafe o
i this case an n;thummtu plan, Jonal mismatohes on adjacent
FLEght ey and m“lntn cane be veducod hut not always ol finfnataed
(thmihni FaZ1) e This becomes of particular interest when photo
wdpp o i undertaben ot seales smal Ter than those achiovable thieaugh
Stngle aeplal photography. In fact, Boeok (1966 and 1967) foeels that,
Lhe problem ot orthaphoto mappil at scales of 101,000,000 and less
Lannot b uu1vud'nnli&5u;tnrily aid thal, "The orthophoto of med b

' A

atid amal bar seales (without transformation of (s plcture) in genaral

has 0o chaneo (() act direct ]Y a5 i mﬂd”l(‘( nap (“P“‘t“’)n W

Although aceial photographs takon trnm ar lficlal papth satellites are
I i

already used for ugvurnl Hnportant purpunuhx (Forstner, IQGH);

y
)
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: FIGURE 14
‘ il‘u‘ LS TREBOTLON O AN ALRIAL PHOTO REGATTVE

(abter Fleming, 1970) U




FIGURE 14

PHOTO MOSATCS OF MONTREAL UNDODGED AND AUTODODGED PRINTS,
(atter [ leming, 19/70)

14
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In any respect af orthophoto mape wre to become tunc tional ot ol
Coalen more nteretation of the photo rage will be needed by the
Pldp U el o vy qut greater strews apon an educational systerm .
that teaches tnoto anterpretation technigues as well as ap inten
pretotion technioaes (Hardy, kolland, Tavantk, 1978), but the long
term benctarty Should beovewarding, When the uuer hecores able Lo
dectpher the wealthe ot detarl an the photo and corvelate that
intormation to the vore symbobre map intormatiton o positive step
tovar s more objective mappioa wi bl be omade, Maybe this oy eas fer
than it soundy

"Tortunately, interpretation of the photoaraphic tmage does not

present sevtous dECttcul Ches, and FU 1y our eaperience that

persons, such ays tarmers, not accustomed to using maby, have

Fews dittfeulty Inoreading the photographic imaoe of the
carth," (Blachut, 1968),

b2 LANDSAT Orthophoto Mapping

With the dinftiation of the TANDSAT progran some of the Pimitat fons
of rnﬁCuntlunnl orthophoto mapping should now be veviewed,  TANDUAI o
inagery, ul'l,hnmlh hot undversally sulted to mapping at bales greater
than Lro50,000, provides an adequale bawa dmage for a1 g the "aimallep”

SCaleso (e, T01,000,000) mentionsd by Beek,  The fmagery sys tem of

FARDSAT Beding a scanndng apparatus s more able Lo produce o relatively

wnd o duﬂnlly aradicut, Radiometete intidelitiey eaist but at
comparatively Tower Tovets than those eiperienced by conventiongl
aerial photouvaphy.  The necesstly of combining several photographic
imagee, of ditferent tonal valuws, s reduced 1f not aliminated {n
soime canves, Faleoner (1978), when discussing lANUSAT'jmagnryé

has whated that "the tone o the print is such that for many inter-
: ' \

1

)
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pbene Ao faed ron iy o thapho t o e abitatned byoveraly ol by bde
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dlroratl Fyawe T Tun bate Hu“v.?i‘l.lt fole of dens by gradient
VR e e e cemman cd e an aato fod e aaa e o

d b bron ot the Manteeal shoet . The Hontcal Sheed produc Ulon e
FOE e wlvt’!‘ ahig o, A|l1‘| Fal photographe ol an average photo s le of
Lolud, 00, The final photo g wealy v Tadh, 000, Thyae Separale
FEvghte e bl 'um,!m tabon o collect waltal e nhotoaraptiy,

Phe e EEETeawtvn ad oo be Come along Loy (huyiw.mw. wis\n= ;Ali|l'|mmirm(vl','
S howes (FTemitna, 197000 10 was cone Tuded that a st bab photomap

could beproduced but that opyror in fnterprelation by the user could
+ Al

Y

il

resul Ut e torgets that the tndividual fmages ww{? clml«[énj Loy

i

produce a unttorm appearance of the (inal M fy,

‘ PR The same arcea werg Lo bo covered by TANDSAT | bmagery 14 would

vegqubre 5o tmaney o3 opathn . Ty would b needed o obitatn ¢ lowd

Pree coyerages Unly 4 out of 84 orbits produced usaful dmagery i
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thi venven " th o the bas of obtainang clowd tree coverage of

a Apeca e e PRI b o quarcher than aeriol survey 0" (Stevar
Fleming, 19/0) Flove pabbers Shaald be further educed with the
tntroduc tron ot PANDS ST T vmagery . Ac with any manping project the

b breate dec i ton aboort dmanery will be based on factors such ay scale,

430

o
gained by having to dodae only 5% ety 1F any, and Since (overaoe

Specr e pupane, timng, et However, ot crable advantage s

nbve enrste tor mont of Canada Che production of photo mapy al wmall to
medium soales should cost very Titthe, In both Ume and money . An
LANDUAL pront oas o tigure Iy, at o scale of 1:15,0005000 400 a single

band costyanly 2 dollar,

B4 Ratron's CapPtal Avoa FRES (LANDSAT) Map

Phee Geotoglheal Survey of the Undted States Department of Intarior
wlth s tance from the National Aveonauticy and Space Admintsteat fon
pubtl babied the Crest man ysving o FANDSATL Hage ay o mapping base carly
19780 The map covers the Baltimore, Washington D, areas and
ine Ludos, portions of the Potomac River and Chesapeake Bay,  This
TANDSA] Map was produced ot a scale ot 10250,000 With an lmays size
ol 20 dnchey by a imlmu,’&ﬂﬁm map wat printed on 100 pound cnamel
conled wtock wiph nw{m!t\l f lirinmmcl dimensions of A3 dnches by 31 3/4
hchas o The watellite dmage b raproduced to s fmalate colow infrared
photogiaphy (ﬁt;ll‘l'u:\nrtlldIlisl to A landard colouwr componite pm)cf(:mlnu by
NASA. The map was printed ab the 1:260,000 mxn‘l'ﬁ with 150 Tines per
ENCh screens widng process L;)Imn*, Positive Imagos of MS% bands
4, ha‘ and 7, were utilized when band 4 was p:*‘\'nt‘wl tnoyel fow, band b
invnmuw:ta, T JOT0 cyan with blaek vosgpved for cartographic
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S are a].o indicated with o Vine symbol, In soge cases these 11ne

Sycbotey ot tvees The tap and point ot the TANDSAT 1iaae wi thout
Gterceo ot et th e sane scale var disterluted ol the Seord! Syrpeshaeoon
shgmbrcant Resal by Ohtatned frop the Carth Resource . Techno loay
Satellite-1, March 5-9, 19738, Soctions of Che map and the accompanying
LANDSAT deage print are i) lusteated In tiqures 16 and 17 respectively,

The car tograrh e amnotation uses apen symboly for both point and
Fine vepresentat ion vheneyver nu'.-.ih'llt*. T other caney (}'u'y e held
toomindnue wbee Apar U fram the symbol used for mud and Sand, no areal

»ptl * )
‘nYI'l[.)DI(H]V AR R (_uth(-r than delincation by « surrounding border Tine
and whatcan be fntermreted oo the manery - Yu:“f'.lt*(l areat, bullt
upurban areas, otos The anly roliet representat fon (;f#fln'ml by the
annotation is the use of :,|rI()t tlevattons on Tand and aeneraldzed 30
font mntom““. tor hvdoroavaphic reliet The boundary ot Tantl and water
th'lilumh‘ff only by the fnage but the names of waJor mountatog are
i)

e tuded anadd i tional locators,  Polnt r.y'utmlf.‘ are used to fndicate
PO pl&ntc;, storage tanks o Cinrches, schools, mines, (uw:‘n‘,‘n heacon
Frghts, smal b communttios, small airports, and seaplane basas; In
ennenge Lhoy are the ntuudnrd syinbi s wed o conventionak, T2ho,000
topoaraphile waps The liub ufmhnlwuy matntaing the Same Lopograntiic
sl of Symbols showing hiighwayy, multiple to njnuln Lane with highway
nuhers on open ah!mldn{'vallwny llnnn§ multipln ar stifale Hpnﬁkg
state, district, vilyi and pes ey huundarlnu; povigar Lransmission 1nes

syiibols gra 1n(omplntn ‘ucn as q]onq river channels and in seots

]

thnt would bhe delineated by qdditlonal Dllntﬂ( colQups on atandqrd .

Lupnqruphiv maps of this scmlu %uch 1n(onJ1uL0n<iﬂa jnc]rqto that

()

the hlack Aynboloqy for the U.gaﬁ,ﬁ. 14 KBO 000 Lonournnhlc mqp series

pas overprintad nnfan lAND AT fmage bqax Perhnpr (h1a uﬁe of

. B : L P [ i
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A SECTION OF THE WASHINGTON D.C." ERTS (
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Standard topouraphic symboly ig enough justification for the conupicuous
Vack of degend and explanatory information. A representative fraction
with miles and bilometres bar wcales are included, however. R;&Prnu1
grid reference indicators qiffvr from those used on the topoqgraphic
map series while the internal tichk marks remain the same.  The only
external qgrid markings are two lTongitudes and one latitude similar
Lo those tound on the LANDSAT fmage. A novth arrow dov&”nxist in tﬂo
lower right corner. Type tor the Mmap 15 also the same as that used
on thf~t)lqck pronting plate of topographic series: principally
variations of Roman and Gothic styles with serit and sanserif,
upright and italtc, ustng both upper andllowuv Casas,
The map 1 bastcally o general veference map relying heavily

on Lype wreitten tnformation and the fundamental wylibg map4 represento-
tion.  The compilation time was held to a minipum by combining the
LANDSAT dmage with a standanrd topographic overprint,  The cartographic
infurmqtiuﬂ in olhar Al ma%ily read and the fmade intormation of feps
the map user _an abundance of data not available in cbnvunLiohal LT
of Lthis type. A prime exaiple of such user interpreled tnformation ‘
is the aastly seen areal axtent of concentrated gmdimunt‘]naﬂ fn the
Potomac Rivnn Tuu only real drawhnsh Lo 1hq fmpge s a @ﬁrlain

3 juziihv S8 1nd1<qtlvU of {mage processinguat the time ﬂf'puhl1catinn.

- Sinee that, time C1lms have beon dﬂvulapﬁd which w111 PEproduce A% Tines
p@r I (F ]aonor ]9/4) nnd ﬁhox]d helA to rﬁduce Lh . prohlem in thﬂ

!

Future; Jn any case, l b0, 000 daes soen’ to be Lhe max1mum ﬂn]qnqvmﬁnk

\ v
premeesd g e e mes sa, ms ipeeniaaie (.

4 A]Lhnuqh nll 14 ps hnvn‘ﬂyubol‘ hv ”xymhol mqp“ refapred, to here:is a |
qualitative xorxe sentation wnm[n "data dre presented in the form of ,
a-specific symbol which can beot g pictorial, uc«omemca]a evogaLiym
or alphanumorlval dGSTQH»" (hlawo‘ lO/J, Rﬂta Sklg 953) BRI

<.‘ ; ¥ /.}\ '\ | “.,s“ . e .



permitted by the standard LALDSAT dmage product. Althouah this
deticiency exists, the corbination of user interpreted LANDSAT jmaqe
and conventional map symboloay has produced a distinctive and

effective map product.

3.5 The National Capital Realon - txperimental Photo Map

Another LANDSAT map has been produced by the Canada Centre for
Remote Sensing,  Ihis map s centred on the Ottawa-Hull region and
includes 10,000 square Kilometres of surrounding area, It is printed
al a’anlﬁ of 1:250,000 and  covers portions of the NTS series maps
Jli'and S1G. The map 18 printed on 100 b, enamel coated stock with
L fmed dimunﬁﬁnnn:Of 31 inches by 23 inches and a pfintﬁd map imaqe
siee of 16 3/4 by 17 1/2 tnches. A short kaplanation of the satellite
sensors ingluding the colours in which the spectral bands are printed
and a rudimwntnry interpretation guide ‘are printed baside the map
lmage 1 both Fnglish and French,  The Ottawa LANDSAT map was
distributed after the Second Canadian Symposium'on Remote Sensing
e mid 1924 and may be obtalned through CPRS} O, Lawa,

CThe O Lawa lANDﬁAF Map ihn the Hthinqlun (LA hap was priand
to stmulate o sn]nur intra~red aerial phetotraph. Slmu1nted colnur
infra~red prncmuainq T also a Mtnndnrd mediun fop P(R% vo]our

_compo;i.mljmagury; The LANDSAT lmng i printgd wg&h 150 1ine

. ! ‘
Cosereens and again uses process colour printing, Unl lkﬁ the o

Hashington map bacﬁ'of the spectral bands used, 15\ print ed in Lo (@yj

,l“

'Q01our‘* hnud 4 ;Uprasﬁnrpd by blueon _tha pap 15 printed in mdqenta

and fyqn, ;qnd h use% cyxn and yel10w LO plnducn qrevn qnd band 7 X{

(1‘;

Yhalandee

(EX prlntﬁd in yellow and mqqontq L@ prnduce a ;ed co1our on Lhe map

1mqg@.,‘lhu o;[@gL 9n;nin@d ds n &Lrlk]nglyrsharp an(~clear~1ma9€3ﬂ
. : , ’ oo - |
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ol b o LT e e o] snten o ted b the vap aaer .

The v Cor ot e hie b toan abeolute enaeaa . inly
four Dot sebad . an Cotunc Uron o wrth tybe dare used o represent all
features on the map. They designate towny, Myhways, airports and

L

quarvies. AT syabols e open o symbols and ol low the umh-r“ﬂll(m(' to

be e Aype oppears in Loth Blach and o cando o white form,

the tatter being unved on some hvdrographic features such as the Ot Lawa
River AT Uype o wanser it and oo style similar to Univers .‘ Upper s
and Tower case as well asgan Tlalic are used. Type 15 used fomany
Canes to delbineate Tinear and areal f(‘uldﬂl‘t“s Such as power |IIH.".,’

vad way Thies and oy aveas Tike Ottavwa,  Seale ta 11 Tus Cra Led by

a representative traction and by ;;?’glu and kHTometre graphic seales, Only a
section of the ordginal IANUHAI lmduv has been utilized, howaver, it hay
beon tetmmed and orlentod with Morth at the top. This gl lows the
sbandard HES bovders and g td systems Lo be enpiloyed,  They Anc Tude

i

n,t«wu(tunpruykmhﬂuﬂ Uifversa b Transyerse Mercator gedd and o Tong i tude/

N
y

fntltqﬂu qﬁT%‘wiLh CHCLopn minute markings.  Legend, titles, and scalos
ave also weitten fn fnal vl and French, Ho indication of relief s
representod, lxnmnwuu of et lonn of tho 08 tawa TANDSAT map and the
corvespanding Wb map avo glven fn fiquee 18,

Pdvhnpn Lhe druntnnt ditterence betwesn the Ottawa and Hnﬁhingtﬁn"
e EANDSAT maps 1y in the cdndeiLual das qn, The OLLawa iap raiius‘~
almost untlruly 01 lnLnrpvaq ion of the lANDSAI 1mq&e ta convey
lnfn;mq(iunA Map nymbnlnqy I vvry Sparse, ronunqunntly it prndu¢0a

"

the fmprassion of néénnnbatﬂd photogranh rathﬂr thn 4 map or photo‘

Al

mapa Ay undilinnul Inru|mqt1un needs, 10 ba dur)vod from Lhe ;orrvspom

lnq N, ,A.,r1,2b0 GO0, map phuutu, 3F and 3]0, hownvmr' Lh@‘ﬂ sheet »!
f '

f



numbers are well noted on the map. The map was disteibuted alone, <o
one wonders ot at s to stand alone. The Vachinaton D.C0 map, on the

other hand uaes mon symbology Tiberally, compared to the Ottawa map

ted with an LARKDSAT dmane print coroletely lacking

%

‘ﬂgge quality of the Ottawa LANDSAT map is

“'u

:h the "fuzzy” Washington fmage but the Tack ot

P an untinished Took.  The problem arfses once
#ép fntormation whould be added to o photo map?

;’tion. "What Information should be added to o photo map?"

Sconsidered. Both agencies, CCRY and NASA, seem reluctant

.
* ! i .
L f
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(HAPTI R A

FHE TORONTO CENTRED REGTON MAP

A1 Introdyet ton
The II\'F,\\(I ARDSAT) map of the Toronto Contred Reaton vasy concedved,

[ i

' )
Provtrated, ool derancd an an caper haenta l Mot byt mag authors.,

Phe natunve of the vaper hmental mapr was Intended to capttalize on the
/Hn"]'lull‘l‘.l". v e adue Erans to cvaluate the porin ary Ohijectives -
aned pubibesh the venul by at the Second Canad fan Sympos Tury on Reno e

Sens gy i Guelph, on May Ly 19240 The pre oy b jectives were:

LY tomproducu s EARDSAT mapy basocal by neneral ceterence, hut devaeloping

a more thema e content (e an "areal eatent” coppontmt) emphas 12 ing
wsu b babe cord ot oo cbtTogs and e synho Togy
\
N 3
S) ot mandpudate the hae amgl waturnt Tons ot the M54 spectial SLgna et
\
A}

b reproduc tron to help develop a more natural avpearing Tanduwcape with

%

chementcaporoatmat oo hypaome i ity | L

3) to evaluate the ave of a0 CARDSAT Tmaae g o themat b cartographfe
{

bt ‘ A

; g A -
A) and to sUhlate potential and 1“‘“b< fnvestiaationys of LANDSAI ‘

. . kY '
mapplng o vliich the TANDSAT Tmage 14 uahq\diruptlx as oo mapning bas,
The authory also felt an additional h@nponaihilimy Lo cons bpuet.
A |
the LANDSAT map at 1t mag i adlowable scale, 112605000 and axandne
' A

Wby scale of dwagery for mapping,  This not only fachitated a greater

b ;";J{’f’*:"a , N
the desian and product fon ntw.ﬁ1ﬁnnan was coordinated by pr, Allan
Falconer and Pred Adaps I assoctatlon with the Department ot
Googeaphy, University of Guelph, . fw\ Q .

i

e SR



N L e T T T A I TR (O N S SR X PEOS B SO P S B
cvalualioacar ey a0 1 Ve ol i al thn Poavar gy oale
Covpar reon betoeon thiy van heel ated the Washinaton DC and O Lawa
FARDSAT maps woudd be tact by tated 1t all vere troduced ot the Sane
seales A thouoh vapp g ot lhi".ﬂlﬁiigrq,wr seale vay oty consader ed
:'\‘\LP“”\“

. .‘ 1,‘

an - asset, divadvantaaes came to Wght vihen further constraimnts wer e

il

prlaced an the jraoer v,

A Mapping Constraints

Frvo o b e T et hene ocded fo e e tab e naN
any e hadnar o caoptan endeavor s could boo o, Map ,~¢'(||H|'t'|mvn(‘l.
dhetated the Toronto Contred Regqion as the area Lo be mapped,  This
Wa (1lll“])l‘ii'h|| Phy Lo the need ol the map (o be corpelatod with an
exlting oneqoing prodect Tt Groat Labon sl Clher
Cactors Tending |lill|i‘ Llonal oot to th dec iy fan vaere, e
ava thab PEEy ot crtensbve data doe the reaton, the divers ity ot
coal tural and physdeal characterlabics of the arta, and Lhoe llllzi‘l{u(
potential within the u*w]l’un it the lnn]“n waso to ul Uimately hecame g
commeria)l Mrhv.n*ur (e tated by tunding spueces ), e mang ing
cantbratnts divectly control bed U '.UM:H*l(."nLiUn*. Fo ‘I‘ uuithIvl
frina ey, qultl e cons fdoved s bl Lancous Ty with Amagery coquirements, s
Ihe 'f’illw,wl*‘y necded Lo haye beon '{un:t‘ryd on Metropalitan "'I'nm\nlm and
cloud fres,  or nearly so, .“;fe‘k&;ml‘ly.t‘tm ill)mun“@lm{dl’dv lmvd”lu.«w; of
highos ! det tnd t;inn pernd G ing enlaracmont Lo I‘Jnf{l« ;,‘ seale,
f!m raly l;h.&; ‘hiumqt,xr*y, should have hoen precision pl‘(u,u:.:md‘% i ntadn

T

Map aceuracy requirements, N .
: fﬁ%
. ! 0



‘ L)
S U PIUR AT R - T A A O T S A N AP to Lo nade P
decyaa ’ J s v oot he [N PR S PR e
wag oo oo o 0t var the ol e be e age avat babide Mot e et
CORY eorqery whoche o better o vesolution quality es o ted, however
thie TANDESAT paccs wae ol into two Tiages by wtandard CORS pooces s ing
o
amd cguopeent fo I('[»IU\!'.‘.\lll]ﬁ\l.l‘. not avatlable  Conuequently,
Phe e I e b o e cdubton b ey paan batning Metropol tan
- . 1
Foovocba ol o tear The contrc ol the venae vae e tab b s heed At Lhie
L
[ (RS y e |l||||"||‘l L N T A O T o o f’ll“(ﬂ“wll"l
||l‘ ! v.‘lll‘|‘|l' i , [N |’||'[|' (it l‘n/\‘\\ KR I |H’,l 111A
Phoor prabber s Cane b overcore tonr Tyture CASISAT Carptnng but could not
LY
Boocoptoabhed by et auther o, et ice thie v tmary oo Eives ol
Phe ot e o dee o oeve b edy coaamye o e e pade
)
Froaovt too the thoeorotreel Do bteiioe s U I‘l"‘\\’\.ll Soec ade Iy b
Evve ones dbeec by gonoctated v th Do tat o proequtpment and
SCocoperating agenctes s The end vesult wan a map physteally produt ed
] . *
| ) : .
al Chree orgqant@at lons s the Undvers ity ot Gueldph tor compl tat fon,
Fochugod ey Coppavat fon tar orthibnay and Graphic Titho Plate
"\ (
Cotor al b photoe ety rea s beatidne e plateomak fna o Time constyalnty
b
were sever e cons derindg the admtnistrative intircacion ot the thieo
argantzationy plus those of York Litho Company, the preinters,  The
compiat ton Started Tnomid-December of 1973 and e map was to be
oft the prosaes o mld Apedl, l‘)'/‘)g Just betore ‘the 2nd Canadian
| - » :
Remo Lo Sens Ing Sympos b, . )
i 1 R
&, )



A4 tonpr lation and Deaaagn

Phe preodactron ot the Tovanto RIS (TANDSATY map taally began
sometiee betoce vt oo latvon, waith the construction of two shetoh
e wing phioto prante of g l/\"‘l)‘./\l colour composite ay oo base,
SThee 0 e !f\flll‘..»’\l Papsoeaasted ot that Dine o grealer insiaht of
Che TARDRAT g deign war necded CThewe prebwanay ey helped to
dehieve thyy They veere complbed ot the tandard TANDSAT Tormat
eale ot E T 000,000 on a svmulated intar ed tage usng bands 5 andd
ot the 1 Aot 1972 HASA Scene One preliminary map had monochn one
lack symbology while the other utilfzed ved, yellow, blue, and black.
Apraat o the Tatter shetch map appears b bigure 19, The most
SO gt thal impression was that the syribology covered too much
of the fmage detall,

Concurrently, investigation proceceded on the tmage taelt, Due
Lo the Joherent characteristios of the MY, any himage produced from
the sy tem By eoventially o talue colour fage . Ihis dmage «imld hava
s lated a more natural Iii:nlmnpu asoeantly av 1L could have s imulated
al Intraved photogeaph, AU Uiy Clae NASA and CCRY alao s Lar Lo
productng an al ternative fmage to the simulated LR fmage which
apiproached the desived colows combrination for the map,  However, the

i

i authonys believed that more ernpertientation was needod,  Through
theemedta ot diazo colour composttes the di fferent LANDSAL handy worea,
man ) ated ‘T}‘rmhuiirui combinations that o e '&;.'Ia‘mmly Sl ated q
haLuval Tanducape, k,mwufluu of g NASA uiuluja‘t.!un ad a Diazo colour
compos bte dappearr as prints o Fiqupe 24, rt’,xn;n*hnmi.ntzinn with both
posttive nnlu mw(;,iw colour diazo roproduc Llons of the four MSS banls
otonstruetisd acconbination similar to that which was Ul imately used,

k)



EIGURE 19

A PRELIMINARY LANDSAT MAP HOR THE TORONTO CEMIRED REGLON

Approsimate Seale 1 to 2 Million
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Havoon o cor deted the pee i inaey tnvestrat fons, of reage and map

Phe conrte ol b dee v oo Ut Fearnmmna vith the
v
maginagl caoncent, the l/\NH‘,/\l“‘m.mo was intended to be equally important
as the map ~.ylnll;<»|n"'v. To accomplish this the maximum LANDSAT irage
scale (1:2%0,000) was used as well as a level of symbol generallzation
greater than that found on traditional maps of thiv scale,  This
combination intended to grant as much map area as possible tor the
AN AL age epresentation. the Tevel ot symbolizatton way comparable
Lo that found tn mapy of 1:500,000, A factor of Tmage qenerallzat ton
y
crdete e al b feeaer vy w0y i vvery recpec U the Toaoe el was alvo
m'[l'k.‘l‘ull,'ml. A combination ymaqe of threee bands 4, 5, and 7 roduced
this general im(iun‘. Onee tha theoretical Tevel of generalfeation was
Pinaltzed, compilation bugan, velying on avallable topographic maps at a
Sedle ol 150,000 and 1:2450,0005 but relying more hHNVH)’f()II
Inlr*rww:l&( Lo ot the actual TANDSAT rage and supplemental high
alUtude acrfal photoyraphy,  Whenever poss ible U finage Ttaelt
detertbned the amount ot stmp M leatton (1o, the coastal boundary
o the extent of wrbanizatfon),
Ach Map feaduc on
the conversion of the map design to q‘tinnl brinkud Format
developedgthrough soveral shages,  After the tnitial compilation ot
the final hoale Lhet compllad sheets went to Lockwood Survey Copporatjon
where they wape convented to 5cr!bq shaet, Supahqi1on5ﬁ Since soﬁ@ |
Lype and symbols appear in ditferent coﬂourﬁlﬁﬂch as blue and Qrﬂ&n;

_— ' , , o
Lhey pertinent Tine work was saribed on white soribecaat which latar
) A Ll . . ‘ ! ! . 3 v 5
served anoa base for stick up lTettering,  These were then photographed

: i
} i i) 4. t L}
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pfodU(inw a neaative of both type and 1ine work. Type such as

highway designations and qraticule markinos were produced directly

on scribe sheets using a Leroy scoriber. When the soribe sheets were

completed, they returned o Gu@lph for paste up and the production of

the urbanized arca mask.  These sheets then went to Graphic Litho Plate
O

Ltd, where working negatives, masks, and master neqgatives were

consteacted, A summary of the scribe sheets, masks, and warking

negatives appear as follows: o

1. Graticule and Deqgreea Marhtngs were scribed on amber scribe coat

Lo be used divectly as a working negative,

2o A type to be produced in black was stuck up on stable base

cronaflex and converted to a working negative,

3. Type for the blue lake and Pinn’/kﬂ)hHhxtiUQh was stuck up on the

while scribed sheet of hydeography and photographed for a working

negative, )

A, Wighways were also sertbed on white seribecoat, alrport annotation

qddédi and then phutngrqphgd to‘pﬁodugu a working negative, |

bo Counly boundaries were done by the same nathod on whité scpibecoat

with Lype stuck up dirﬁctly on - the serdboed sheat and pholographaed to

produce a work fng negative,

G A closed window mask of urbanized area was produced by nqﬁq'nn

nknhyu baso cronaflex, o R

7o A closed window water mask was njao produced us{ng q negative of

MSS Band 7, B

8, Hurhinnﬁnﬂgntivua of MSS Bands 4, Sﬁ‘andj7 airnady axisted at this

Limg i a hnlftdpé férm, . ! |
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[hee o b v Lo e pyocess

printdn tolloned trao o need
.

Lo voonony re

colour

i tead ot 1at

[ voht

colour

colom s would necd

Lo hﬁ‘prln!wd o that tolowr printing were to be used and that wWould

require an extra run through a

tour

colour preys.

Ultimately a five

colour press would be used combining process colour wilth an extra

blue colour printed,

printing hlack,

bands vore poimted i magenta,

Lyan,

. x o
screeit ot efahty-five percent,

all coluw .,

together to mroduce the (ol Towing printing design:

Black Printing Plate
' ((mll)lm'd o) ene nt' :
(tgr master negative -

vqpnﬁnrv)

Avoduced manter nega U ve ot

Printing:

Blue, Printing Plate
Aol T ned n]«wunt.A

(Iuv master neqat fye - nydzuu:upny place names

VINTINY

Broduded mas ter neaative of s hydrography and Lyne

Priutlnu

Magenta Printing Plate
comb fedd alnuuntn:
(for mastor nega Ll ve
QApPOsHNG)

I

&

[T

[ wort Fnn neqatives,

blue, maoenta, cyan, and yellow,

Consequently the final design way planned for

The LANDSAT fmaqe

and yed Tow uning 150 Tine/ineh

Map annotation used combinations of

all type place namey black ..,

Y

graticule and,

tepe dn

bypeand graticule ...

grattcule and arld annotation. .

o U ves, and manks vere brought

oS T Live
v pos it fve

o iegatiye

LOO" black (sve figure ¥2)

Chydvauraphy oo e GOl pedd nn
y .

hydrageraphy and:

tepe in 1007

1650 1/in halftone of MSS Band

A-86% sqroen’

hithqu and highway place

names

plaae names

Producud nagtop noqqllva of~ ~ half tone of MSS™

Band A

“ropen window highways and

i

s place pames;

‘ } ~ closed window mask fop county R
‘ﬂﬂlhAl\An!An'aAa‘lA!‘Ah!;n'Epos\liitin'vl

boundarles‘

!

v

vy

!

T EEEEEE .lclih“(ﬂﬂt

v

Vi nuqativW

blug (see 1lyuee 27) i

AAAAAlaAAannAAalA(A&nInQ’q“L‘iYQ

AAIAAAQA!!!AAIA}ARAAARAIAA! [)K)S'it:,iye
= gounty hounfnrlne and county ‘
AnAAnnannngnﬂAnnAAnn'_AAanQ‘FjVQ

\
'

nAAAAAAlqnanAAAlAAAALAlnAA POSiLiY(?

\

fIA'IAAAnnnnn»r“nunnAAnnn‘.qga.’tiVQA



Printina: - an 8% halftone imaqe of MSS Band
4 in a neqgative form
highways and hiohway place names in 1007
maaenta
- county boundaries and place names in 0%
magenta or white, later to be printed
in cyan and yellow (see fiqure 23)

Cyan Printing Plate

combined elewents:  ~ 150 1/in halftone of MSS Band
(for master lHWHlt]VO H-85" screen o, e
exposure) - highways and hiohway place
NAMES Lo v i e
- county boundarfes and county
place names ... e
- open window for urbanized
APCA e e

Produced master neaative of: - halftone of MLS

Band b i i e

closed window mask of highways

and place names ..o i iin. ..

' .~ open window county boundaries

and place names ... .. . 0.,

- c]nsﬂl window mask of urbanizvd

-ar‘“ﬂ...A.nnn».-nnnn.;.nnnnnanA-

Printing: < an 855 halftone image of MSS Band h in a
negative form
" - highways n 07 blue to be printed by

magenta

- county houndaries and place names
Tn 1009 cyan

= urhanfzed area in 0% cyan to be printed
by magenta and yellow (see figure 24)

Yellow Printing Plate |

qombined dlementsy - 50 1/1n halftone of MSS Band
(fOP master negatlve FY 1 T A Y S T ] | E U B
. aRPOSUre) - highways and highway place
. ‘ ’ lkqlleb\ AAA‘!AHlﬁﬂﬂAlll'\'\llﬂhﬁﬁal\l

~ county boundaries and county
Placie NAIMES vusurrrnansnsnnnnes
t e, ~ open window for watep I

Produced nn,Lur neqatlvu of 1 - hqlftane of M55 hqnd
+, I\AHAI\H!AAI\*‘!"!’\!AAAAnhnl\!\l\!\l\
o * o soelesed window mask of hiahwa S
: C T and places panes gy s
, . ~.open window of county boundques

‘ and. place NAMES v oaurn ey sy annns

v Co ) 10506 window mask for wqtep
! i i ﬂrea A.nnnnn»A1ﬁnpAAAnnnnAnAnAa

, ! !

‘ , ‘ A

.L.negative
LLohegative
cLLpositive

Loonegative

copositive
Cpositive
Jegatlye

pesitive

A

o hegat v
) gn“qd iy“

A pﬁﬁi’ti ye
hegatiye

i
,nkp051t1va

[ 1
i

crapositive

,Ahnegntive*

AAApos]lea.

t
'



)”!'Hltm' an B hal ftone proe ot MY Band o
‘ necattve form

Poabvave 0 00 e b e e arinted by
Fatnt g

county bownda e and county pluce names
in o0 yel g,

0 yellow printed on water arvag printed Dy Cyan
and magenta (see figure 24)

The inal Toronto [RTS (LANDSAT) map desian yielded o map not
greatly discivdlar from o coffyentional thematic map of the same umtmu(
and area. - Yo low rr(lnn Band 7 haw been masked autl of the valer area
teaving o vore comvent 1ona Doblue with maoenta hiohl iahCine sediment
foad » Negatives of the M5S imaacy were vl to l”dil}tdw{l as much of the
ilw,‘“" ttoroa tion au posaible Lt i mash out the uvvw.n(m.:lwl birown n
developed in the profiminary, Image colowr balance (soe flgure 20).

CRUTes asvual by shown In wone combinatton of pink or red or yellow on
conventtonal mapy are hepre displayed with a combined printing ():I
Macenta and el Tow, the Cyan bedng vasked e the urbantsed areas.  The
colow batan o .uhlvvml croaated o yeltow-qreen (ulmn‘ toR woodland
alill dense v uuututluu. A darker groen wuul) be more appropriste for
dnﬁlnnntinq wobded wampyy apd liYU y;1\uyn; hnwuyﬁt, tow Tylng qrun.
would with convent funa) hyu.umu,ri<it1n A be delineated by a lightep,
mores yellow qreen,  This TALLer Gonventlon wan utillzed here ay 1

providus aroater conteant with the blue 1 e delakl overlain fop

hydvoegraphy and hy(h(unmphy place numm. | S ‘

1
¥

AN Tha lnrunkn Ceint e Reealon FRTS (AANU&AI) Map - (Tltiqun and Compardson

lha Torunto mnp l!kﬂl he Nﬂ%hln(ton D G, and Ottawa maps nq& heen:

puhl1*ho< Iat g hPm]ﬂ of l~zh0 OOO r0ku111nq 1n an imae miZﬁ OF'

e ln«hunehy /9 172 Tnehes pr]ntod on 200 ]b. Onamﬁl contod pap&n WILh

trimmvd dlMPn“lnn af 42 1n0hea hy 38 mchosa kxplanatory 1nformat10n

conc«rnnng thc Mato]llta 5 Lvmm prantiqg, and mqp des;qn is pr1ntud

' "'v1 ' lu‘ ! s S St

'

i i . 1 P ;
P [ s i , v s . . ) oy
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ol B E R I T I R B B L L L B L R ot rondas

Lo o late colawm antrared ohoto aph Fhe neaatave poantod voaoe:

, -
ol MSS Band . D S ol are wasd b develap a colom balane e

)

anprosteal e o b o l‘mf‘:(..w- with wome ot the eleoenty of

i

Shypecame by bt g Thie oy, bt nabbrohed tor the Remote Cone

T N YRR Y ”Ir, R L TR I T R N P RO TUE Y PR SN IS 0 (PR B TURNRT

Do b Fy ber andd seccaciate L0 0 Lo T, Monee Al ! .
b 0 , ‘| o ‘ i . o TR St the
Vel Foot b G U bk Lo an Ban 18
Cartaarhre svebobryation has been held Ao o oonemm on lthi'.

FALDSAT vy 1t e oo U o bao Shon oty and quant ity Goly b

t
]

Fands ot vt oot e [ ustrated.on the Behy one cr ool e

Syt b e e sy OF Pador atrean b oand g o all e

Lo e dop ot the o touny, and vl Taoee . Anar U trom the e id,
Sha Pine syvabols e usedy a uu;wn( tona b bone dashy, doub e dot
Fnternattonal bomndar . cvobol e tween U A and Canada e Intod i
Dlack, a shando b ol contam Tine Tor Lalr Ontar o sachybeor e

contou s petnted v blves abvo petnted T blue 1y a0 e symbiol

Fepreasenting vivers and costal boandarreny o snale pagenta e
Wit open nomber synbo ly des bgnates mafor hilalways, o groen i
ded {neates county and veaional municipal bounday ey and fipally o

stinp ey, stogle black Thae pepresoemts the Magara Eacappiment,” The

i

pramary arcal symbol portirays the extent of wbduized area, however,
. X |

s Wi a b D FARDSAT e a0 qroal deal ot area symbel ] zation T4 undor
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Laken by the dmane, Seales of both miles and Klometres exist with
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TORONTO-CENTRED REGION

FROMTHEEARTH RESOURCESTECHNOLOGY SATELLIT

" FIGURE 26 |
A PHOTOPRINT OF A SECTION @ THE TORONTO
LRTS (LANDSAT) MAP "

L




A oafdy ey T e N A N ITS s !

o foros o oo T

cenlbre, e ! v o oo
arrd oo b g e Dbacb s radaated g N g arte ol

. » )

Pntervals ot thioty vanate, tor Loty Fonartade and Tatr Linte . An
coplanatory note heside the nmage s trecced that the arid should
alvo beoviewed with reteronce Lo the bosation coror . Type taces uned
o the map e Conventional and roly heavi by an s bmnle sanuert oty e

Y ; v
e Mgy o vl S e Lo th e and Toveey e e use of 1 tal
~

Cyvpe v e tercted to hivieom aphic teatun oo vl Lhe Bodont apper and Towey
L)
coate oo e e o e By Hed | |||<H'.L ol e e o g "o
rtoe babee o e o ot ey Lyt Paces ane the only tao facoy havin
serrbe b taudine it e type s tres on the map ranae from o 1x poind
(o rI\-u nhy o ot The wse o Uype sz clans ey Toea L oy
crdinahy e woubd a topographic map at iy ocale, A though wtl
I TR S T PR TR TR Fegemn ox et o L I iy
[ho |«|nm|tu FROS (LARDSAT) wap, l””l.‘l“.‘ln“l'ﬂlll he tvo poev ioue
ANDSAT aps by having a major avral 7:‘/\‘tunt component devo Lled Lo
portray tng webanized arua,  ALthough od o Llveowhen cons bdep g the
umh.\*.l‘ values ot the arange wrban grig ane survound g Mareen”
Landscanea Toes ot dutat) T arban aroas Foantapent Ihin
brought about by Che mask ing of MY Band (orintad i cyan) from the
urbat areas,  Anarpogure threough an open whndow mask of the urhan
area delall from Band b could have been made with Lhe rasumlt of
printing both M55 Band 4 and M5S Band b ip Magenta,  This would have
providoed more detail allowing a dreater fnage interpretation potmnglnl&
/\(ldittmna},w the quality of the finagepy ii.ml iy Im:kiud, ;ilmt .

Pugetness found I the Washinaton DG, ERTS (LANDSAT) map 15 also



cvident here A certain arount of this s due to a bandyto band
|'v1<,r(-m-.rr“.lt b which could only have been solved by precision )
processinag. However, the technigue used in the 0 tawa [ ANDSAT map of
printing each spectral bant in two colours might have ioproved the
Charpness . Much teage information is still usuable despite this Tack
of vesolution.  The general appearance of the fmage-map s more natural
than ity simulated tntrared counterparts and the contrast between Tight
green wooded valleys and their corvesponding rivers is adequate and
providvn’ﬁ (Ivnr‘ruprvﬁuntntinn. The P1Tuston of hypsomelric tints,

on thwﬁathur hand, fs decefving since the wpectral ruapdnnnu gre based
more on veactaltfon regfmes than actual elevations.

Cartographic symboloay may be overdeneralized but 11 the qualily
of the Tmage could have been fnproved this level of general fzatton
would be aceeptable and In review of the map objectives even better,
the symbology can castly be visually classified in order of domtnaniu
or lmportance with the arcal aatent of urbanlsed qrea ranking fivst,
Niagapa bucarpment Hﬁxund; major highways thivd, and country boundartes
of lTeast dmportance.  This Jatten symbol blends with the image and §s
fneonsplaeuous hu(;lu vastly read with close tnapé&tinn. The lack
ol o legend Ty disturbing even though the méjnriiy of features are
Glearly Tabelled,  The uyhhnln themsedves are vary siimpla and cover
an it of the fmage a5 iy necessary,  The syibol misreatstration
can only be gttetbuted Lo fnproper or dncomplete proofing and‘ﬂditlﬂg.

The Taronto FRTS (LANDSAT) map t; the nost th%mqtiq of the throe

Jnaph discussed, The Hashington D;C.iERTS,{LANDSAT) map relies heavily
»n“ a topographic symbol rupnnaunxaﬂion wniiﬁ the Toronto ERTS (LANDSAT)
map relfes on the areal nx@nnt techniqua,  The Ottawa‘LANDSAT map Fmp]oy&

l : S
| ,



virtaally o t"“\\l‘( ot reny e teava y cpen Lhe o i 1 L CUNEY
Phes v ooy Thae ey o :-l ool coep et g .Unl‘ et ion of
Phe D908 Ao a1 Celpeds T echon sy e bracted tar the rage
and ] toned to Hovth pooducing "neat™ agratioules parallel to the
Dap boundarices unlllh- the other TARDSAT mans; which maintain the
graticule at an anale but cover the entire |ANDSAI image area.  The
Toronto [R1Y (LANDSAT) map aqaln difters-from the other fmaae-maps in
the produc b ron ot o falsge ((Ylg‘m‘ Tatural™ Tandscone and by o it
the negative M55 Bandy instead of pos ftives.

f‘1.|iv“|l.xlnin'| Pt ban v ties, thee dit e ot dappr oo hes Lo
FARDSAT mavpna o vather the ose o the | ANDSAT thage as a mapning
base, have been (lr'v«'lupmnl. e ddeal approach apbears to be a combination
OF all threes Lach vap hay dovedoped Lo hndques which should fmprove
the overal b status of LALSA] Lmps Thg PANDSAT map at this scalo ll,‘.
capabile ot mupponting Laryge amount ot Con Lo an g Chaneene A o
v idoned M,, Chee Hashiington DG, map, v thouph tn some canes 1L
appears conges beds A Tevel of general feation less than that ol
conventional maps 15 s U needad, howaeyer, lopogranhic map m'afurum (s
5A Hn' comparative TARDSAT diage araa shauld be subplied an vach
lANU\AI NTER Ihu Foranto ERTS (CANDBAL) map hay dovitoped o unalul
appraach Lo colour balapee ot Lhe Image, Al though the dntrared
shilatfon T dntormative to a tratned {mage Interpreter, a more natural
appearing fmage would be Of qreater use to a largop Mq; audfence,  Other
coloup &Umhlnnllnna Could by n(h1uvvd for pnrt1cu]ar'Lh5qu1c PUrposES
prnv1d1nq sufticient eaplanat Lory informntinn regarding tho MSS Bands
s atven on the TANDSAT map, lmaun nnhuncﬁment nnd (Iurlty can be
cnn.idurahly lmprnvvd by pstntlnq one M55 band ' more, Lnau olie oo1oun

I I

n

[
oo



as with the Ottawa LANDSAT l'ﬁp. One drawback rerains, if the LANDSAT
map 19 to becore successful, hetter processing techniques in imige
resolution and q;OmCLri( fidelity need to become more accessable .
Although fruge enhancement and precision processing techniques

oxist, the cout of such techniques still remain beyond thé budaets of
most potential woers.  This s not to way that the LANDSAT dmage in ity

present Tow cont, standard torrat could not be used as a mapping base

al smaller scales with arcater thematic content,



CHAPTLR &

THEMATIC LANDSAT MAPS

b1 Introduction

As mapsand map products have evolved with tff development of
new cnrtbqrnphic techniques and methodologies a need to establish a
terminology Lo communicate thoste tmchhiquﬁs arises, The first
definitions must come with the maps themselves Maps may be

‘
Classified by many methods or approaches such as, map scale, or map

L

data classitication, or map purpose and audience,  Although some Systems
are more generally accepted and same Tess, a usefyl and straight forward

approach basad primarily on map purposte and technique will be adopted

here,  Professor Jal, Klawe in 1973 developed an apptoach based on two

genaral map cateqgories, *balanced" and "walghtod" maps, Balanced maps
are maps bnowhich all nap elements are of @quéT 1mp0PLancu, No map
umpnnvnt whether human or phyhlﬁnl s stressed op emphasized Lo the

dert rimunt ut Lhee pther map ﬂlvmanmﬂ lﬁpogrnnnic maps are classtfied

in Lhi‘ gategony . Wedghted maps, on the othep hand, “do gmphaﬁ12ﬂ
pqnmiculur aspectys ap tdpies fn maps,  These maps Afg more commonly

Gallad thematle maps and depiot selected socio-aconomia op physical

themes (1,0, p@pulaklnn“denmiLy or mean:annual ﬁtr@am fiow) Klawe

aomb i nes lhln P]MﬁﬁlfiFd(iOﬂ'MChPmﬁ wath a pIHVIously qhaepted N

dutin]Llun of cnrtoqrqph1c uoLhad (RaLa;skx, 963) and produce& 8.
/
<worh1nq clnfﬁificntlon hystom for Lhcmatic or “we]qhtod“ mqppn The

eight gq;LDngph]F Lechh]quoa ana gummar1zed by qua]ltatlve and R
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‘t0day he gmntlnug1ly snarchlnq fnr new data . aourcosa teghn]qqeuA‘ a

Quantitative cethady gy foltoes;

Ngiuhtpd or Theratic Nape

Nominal Interval’
Data ) Data
\\\\\\\\ Qualitatijve Quantitative 2///(/

Ordinal e Maps, Maps —_ Ratio
Data Data
1. Arcal txtent 4. Dot
2. Symbo 5. Cartodiayram
3. Charochromatic 6. Choropleti,

7. Dasynetrie
U, Tuuling

hese nine basto capping techiigues or methods ot represont ing
data on maps are roprosantative of all thematic mapping., A the
. o ,
discipline advances new techniques may be discovered but for the proesent
all two dimensional, printed thematic maps use one or combinations of

the above methods. | Soectal methods have beln doveloped tor rel e

[

representation some of which have pot been fncluded heres such as reliet.

!

shading,  Theso techntgues are more comionly used on balanced maps.,  Fop

1

this ﬁtudy mapping technigues will be conffnad o mth1&tncnl data
tvpruu«ulntlnu and sinee the pravious chapter employéd on LANNSAT

mnppinq at the 120,000 deale, smallop hﬁﬁlﬁﬁ wil hu dlscushed L,

b, ¢ EnncupLunl Aspeets of the LANDSAT Thcmqhic Mdp~ | :

The vyuv Inareasing dvm<nd tor moxe CQFKOQannlé”

™

bat L qua1ity, and ln lv 5 L1Me requirc> thh thﬁ aartoqraphar of

,twahnoloul(u ndvancuu, vuumn 1al1 anylhinn wh1&h will q11ow h1m a
X

i e

Jbettvr uoumunirntlﬂn fnr ln s m0neyﬁi Many auch ﬂdvanCGS‘have been

: ' :
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adopted vea ] to the ultuate Lenetat ot hotth o loaranher amd map
veador The ,\'lrv'n::i(‘!'lt) af the TARDSA '.y\.rr,; Pvoone of the more 1ecent
, : : /

devarees nov avar lable o tie cartogr o oo

he TARDSAT rage for many parposes provides not unly «n excellent
data bave but alwo an ercellent data base-map. ()()nmilu.t,i(m of an |
adequate base map for thematic objectives consumes constderable time,
energy and tunds. That exercive entails the selection of a sultable
projection and the Tocation and nenevalization of topoaraphic foeatu e
to be included tor veference on the map . The LANDSAT dmaqge can be
Proavamecd to 1 several progections, Cthe most coron bhetna he
Unlvm*.ul Transverse Moycator, This profection tu already befng uned
(ngtvnﬂ%fl yoon toboaraphic maps from which base maps for themat ¢
Loples often”corptled. Wit selection of the most recent quality
tmagery the lTocat fonal teatures supplied by the LANDSAT dmaae are the
mos Loup Lo date pousible and arg llw'uuw)n!,‘ly more exacting fn both
tocation and content,  Generalization of the LANDSAT mappine haso
Qeeurs bna undquely LLH(wp(HM] area apart Frnmmthak of conyentional
map generallzation,  Instead of declding the dagres of Tine (iln«l.xﬁylulml
genaral fzatton Such as the atep it icatton of a coastal houndagy (thn
dwoalveady achioved by (e fmaacrey) the LANDSAT Beoe vagu o,
gunara l i';’.nl.iun nlung; bwo | Enes s tha hn]ucﬂf‘ion n} Lhee suttable MSY
spestial band o bands, und Lhae (UHLIUI and munipulntlnn of aniliVU
UU<q Ty and/op xumpn~4Lu lmquvs of thoun hnndu.‘ Compitation and
Hﬁnﬂrdllaaklnn of the fidden information (vnuntv b@undnﬁlﬁs, pquO N

[

nanes " oLr ) and tno hﬁmaLS« t0p1 procecds as wlth eonvent10nq]
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Logical Ty, the offoctiven ol the I/\FI[)",A\I ae s a mapnnn
base would be qreatest when'or b celationahing Letveen the ther 1(‘1;
Content and Che DA AT e ¢ be e by deopbered boe Dhe b uecer
This vould require o deo e of interpretative <bille on the pat of
the map user.  IThe complexity of I.h("(u(l[)hi( image in vome ways would
be increased and the map gser would e required to o turn tnat
comi)“h'xit)' Into o usetul cormunicalion. CMhis does not aaply t"hn( the
ot wher coubd ot devvve avetul Pntoreation from the 1aor conprbes
EARDSAT s S0 tew LANDSAL Maps exist that the opportunity for
evaluation of the TA0AT Bege Ty U Lop unor 1 virtua Iy oo s ton
A great deal of pevchological and (rl'mh‘l(al‘;teht,iw: v needed belore
an answer could surtace,  Such an Invc»::.HcmH‘(,m iy beyond the hCope
of this study, however, prefiminary vesearch has been undertaken,
Unlike convantional pethods, no quidel fne, enfut for the destgn angd
product Hm OF theratic LAIDSAT mans . Thiough the produdt fon of themat |
[ AND? x/\F nm[n. WLEETZina e han o cartogranh . methods e firstos Lopy
Lowards developument ot those quldal fney 8 un(h‘el‘t,uhu"sut
bod Destan and Mroduction of Seledbad Hu\umtﬂﬁT’f\NIh/ Moy
| P chaplors tuo and uhruu Lunuidupuh]u dincussion way uhﬂvrtnkun
conserntng the wa of Auunl stont and Kymhnl Alphantumerfe mathods
i xnnjun&1lnn viith the LANDY Al*lmaqua nnd will nat be vvpﬂatvd here,
The UGmeULlfh tochnique will al50 not be cons [dered due to the
nmensxvv knnwlvquu of lhn mappnd areq lnhPPunLly ruquirﬁd by the
‘tﬁchm1quo : ln oulward upp@nranco Lhe des an, of the dqﬂymetrlc mqp is

Jf1m11nr 10 rHUAn mnlhodn vh1ch (]n &ify 1ho nn IFU qrﬂa of tho mdp*

vnorochuumalic '(hnsopln I qnd 15an1LMn|c.' lronom1c rﬁaeona q]so
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dvctatod o e e e e oo ol car o hrag o

Were b e e ey o oo vagentd abdb tronl

PANDS AT e vere reede ot b s ng the ol lovineg can Lo aphae method:

Chorochromatic, Dot, Cartoaiegra s, sy Tlovs, bar Crapls, g fo

sector symbolsand graduated Creelee Chorapleths and Toarithmic
(Figqures 27-34)

Compitation for cach of the thematic TANDSA] Mapt was o under tal on
al o wcale of T250,0000  Standard 9 inch by U anch TANDSAT ||nmu'”
Film positives were enlarged to this seale and converted (o negat bves,
lﬁlm:h of The decoes e e then ha Ctomed s g o THO T nes per ineh o
sereen. The oy thochromaf re tiim sheots of the halftone fmages wer e
used to produce Diavo Yolour tmaaes,  Many difforent fmaae colow
combinattons vere combined ath o thema overlay and evaluatod,

Fhe Tmaage was, however, in . |»|ur|0(,.h|‘nﬂ| ot one or several bagnds, A
monochrome tostead ot 0 talae colour cogpon o v used for threo
Feanonn L) AL iy carly state in the develupmant ot Lht; CANDSAT man
FC seemed best th ant i bpate possible dosign probloms developtng in
thee contrast betwaen VANDSAT fnage and Lm-mnH(,A|~u|nw~:,.f.~nt,nt,iml.
Lansequent Ty the LANDSAT Amaae Ty held Lo a wto o 'Iugu]f af ap
contant Teaving the mas g tloatb ity o communloate Lhe themat i
element, which, ot (:'mn“mi By tha primary pm*pm.si; ol the map,  The

: - o
o fntenance of Lhis wdnimum Tayael ifé also added by using the negative
fmager }’All"int,. pn the maps ‘ ‘ ] ,
?) Constdeping printing costs Loday, the most eonomical uw of" tho
.}_L/\N )SM unmw fn: thunnl ¢ map [Hn‘fl is SHni‘lqr to the appr‘omzn usml f‘m*'
ahdd(‘d mlim plalm, uw waky of o single c“ul()m‘ hase lnmqo dc«m« Mnu‘
the natupal 1 nd nmpu with 4 map annnmtlon nvor\pr‘lnt The LANDSAT

e,
' ] .
| i ' [
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vecovd the o Ly o R TP R S FR TR ey

The LAo” Py et bacea by bt vl o BAA wlien Cor by e
With the theeate o bays was uned Lo stulate o pranted wap using

a flal ((Jl(llll‘. Processs The thematic overlays ver produced woing a
combination of lv'!va‘!(mtf chading f‘lilm, coloured inb and < tich up type
produced by both impreanion and photographic type machines . The taps
are esoentoadl e o con e ar gl n.l»n.U Vorans, Lo L e I;II v lua by o
bethre I('[IHHIl.I( Flron, A certain mn(gﬁn( ot Tmage dearadation 1y apparent
P the photo oo ot e e e e o T T T Y S v N I PRI IATN N TH A
verston thie can oo by tven oo o Lo Frguw es 7 84y The fhevie,
Hu'in‘.t"lvw_., vere choen Lo e veperenentative of carlom anh i l'l‘\”l(lt,‘,.
Athauah corgled tor the entire TARDOAL Seeney Lhe oo mapy, wer g
sguared o mainlon g e ‘(lmww.t tonal tarmat,

m(new,nmmm FCTILDSAL MAR

Phystooraphy Toranto Contred koo

12 ementa Thorat o ()v:'l‘lny

S Black Tl tone e, Sl B9

“'l‘;m Large b of clhass it fcatlons on the Ph,v'.'imn;al'lw EARDSAY

I (Iwmlulh:! notanly o nonocheome fovm ot FADYAT finage but a
umnnghz*nmm' ot o ntral shade or cqlowm. A h‘nl(tm&gb@;wuwy
LANDSAT Jnage provides the base tor this map, A (,u'l;ﬂflﬂ sthoction of
“huos for the elaystfications v mandatory s inee thedp M:pummnl.m will
caltar with uul\)i\mxﬁy'ing;" mn'cmnt.‘:'of blach added by the jmage, Addi tional 1y
if huas n‘ﬁt,cm st lar thepossthility of category confusion arfses
| kbuo THU Phatis - diun ol zed - and Shate Platis, T iqupe 1) Care
st aluo beotaken to preserve the 1) Tus fon 0T rankparencys i the
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. CFIGURE 27
AN RPERIMENTAL CHOROGHRONATIC | ANDSAT MAP .



LAHDUAT Srwge v o tar taen U ount Lo oen A balance hetween 10 o
ahd map elecent | tu-h;u hove oo Pt the codour averlay s too
cadutated the cortanation of that category colour and araae detarl
could produce g dark unrceadolbile area, as in the “Shale Plains /710
Platns” an biqure ¢/, even though the aveal estent of Hu-'.(/' Cateagor e,
b st b corswmcated the antoreation supplied by the LANHDSAT dmage
1y Tt Phe andicrdual categorres in the degend are produced trem
sedqment oot amage eatracted trocs o dup b icate dmane and ceproduced here
with the Therattc cotour overpant . The dmage segments are ealag [l
from arcas that are tndicative of the actual map Clasositication
o,
(Vo the tmage for o sectton of "Sand Platns” was extracted from a
Sand Platn wrea on (he dmage) . The cateqorles o the legend should be
ot Indbcative of the actual arca on the LANDYSAT ﬁ%p ot s physically
posstbhle, a point contirmed by other LANDAAT m.x’;n.. The hifgh number ot
Categories mabe e destgn ot thg TANDSAT map ditticalt tor complute
commun beation M comp et «,Inf.--,ifi?g’égt,inn of the Tmage arvea fungion.,
“\'l(,‘ll provided the Ibnmfm‘ Ttaelt has sufticlent tontrast, |
LANDSAT IMAGE DOT MAD
Population Disteibual ton Winnipeg Arﬂr 1971
dETement Thomatic Overlay
Grown Half toned Tnage of Band o “ %@

The LANDSAT Dot Map, as o Figura ?8; Bas only two Chemat i

1

clements to é%annmmuniratﬂd Hconjuncbion with the KARDSAT imagu, d
Fine elemnent reprosenting Cerlinus divinion boundaries and the dol
representation of pnpulmtluul e dotomap, although velatively simplo
In-disban does take on some of Lhe trafts of the previogs chorochromatic

tapy al ot the map avpa 1o classified by the fmage,  Gross, nomina

+
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Catequrre et T Baoare cach v el wrea s tarsaned areas, and urbanion

Aateas are el detecte b ooy the ey e In the IAW)_'.A[ Dot Man the

\r

dictinctyoc wmhooosed area patternn oroaduced by the inacery are virtually

\m\)hll(lw‘llvl oy thee coade o dote I¢$w. can hardly be avoided ainee
the coales cnoe e needed ton the dot communication on any dot man
not gust the PAKDUAT dot ran The two rematning arcan de provide o
visual correlation relating o vhry aeneralized Tand uve to Tocation of
population, Iln":ih-rnutlvv provided by conventronal symbolfzation
would have hlank or white areas providing Vittle intormation to the
Map s e Careful comideration must be given to contrast leyels
between dmage and dot. 1 the dot fsn' t promtnent, 1L could be
enthrely Tost within the FANDSAT dmaae.  Consequently, the selection
of hue Tor both fnage and dot iy most tmportant.,

LANDLAT LYW MAP

Mean Annual Stevam Flow Toronto Centrad Kegion
oThemat ic b Lemente

- Magenta Halt tone Tmage, Band b

]

Untortanately the LANDSAT dmage does not record some foatures at

a sultable conteant Tuvael for mapping purposes . Somie elements or oo

suche as hydvographyy appeariog a4 o black overpeinl on flgure 29, are

& : o |
for the wost part Interpeetable on the EANDSAT anuﬂignd can nearly
‘ ! oA
alvtays be detected by a pixel printout mapys but conventlonal fmaqe

provesstng doean' t develop a Tevel off contrast suitable for themat|e
prepresentat fon, Cunﬁuquuntly thir need arises for the cartographic

cnhancament of the maﬂqr IIVDP;an straam natwork,  Consifdering the

H!'{,O i

ot

..nﬂ.

the Taka shore, houndar fes e vaIx Anbthﬂrnnﬁéﬁnd of nl]ﬁviqt1nt this

*

A

. A
A i

Lomtrast )uvul of the 4nmra thp ﬁﬁhmnuvmunt noeds to be COHL]HUﬁd for

prab o would be to print an inage oomh1n1nc two MSS Bands, Bang b for

4
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topographine and cultural Peatures and ftand 7 to delineate coastitee
boundaries,

The theralic component i once again occupying the dominant dravhie
role.  The graduated strean o rvprbnvntdtinn v transparent,
allowing the tmage to be viewed v hut at the same time the contrast iy
great enough terbe easily read,  Due tu the simplicity of the s tream
graduation symbol the Tegend iy casily decoded aven though the symbol
in the legend does not utilize o LARDSAT Tmage print extracted from
the stream arca on the imaﬁ& as In Pigure 27,

~
CHOROPLL L1 LANDSAT MAP

g :

ResTdential Antermitiment Hydro Customers Lake Simeoe Region 1970

~ 0 Themat 1o Llements . \

~ Green Halftone lmage, Combined Bands 4, b, 6, .

[his LANUhAl Map strg&nun the tact that the categorfes in the o

legend mus b appear Q}th the appropriate area of the LANDSAT fmage an

an underprint, - the alteration of colour by the LANDSAT image 1

cons fderable and st e Laken tnto‘nccuunt. e legend 15 completely

unulunhln undess 10 van retate the legend classitication Lo auLUQ!

ap ared. e choroplethie ¢lassdy are casily digtlnquihhnllv within //

the sia category serfes but there remalins a cons fderable varfation

of brightness within th cutuuarlﬁa an Lhe lnndscnpé racorded by the

imae chnngeh. Although this vardation in brightnest cannot be
Celiminated, to tanilitaty map intevpretation by the u‘s , sii‘:dp; |

af the LANDSAT lmqu& must be lncludad i the approprqqtﬂ ma ':egéhd

[r——.

cqtugo‘1qu,‘fﬂ paption of this gnange 1n brightnasa also develéps as«

[
"

- 1gnctlon ut Lho gqrtogxqph1c mathO( { and themqtlc Lop1c.‘ iha

t

or1q1na1 maP U8 €k q}quck/qrey fmage, howavar, this hug has been""
) Cq VoA Lo R S
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recroduction.  Unlike the

physical

chorochromatic nar "

features the choropleth ran

uses census boundaries which quite often do not correspond® to variations
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in the physical lardscane.

Howeyer, the shield arca and accessability

. . 1 - Y v
to Jake shore boundaries can be visually corré@ggaﬂ Lo %ﬁnh densTty
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areas of intermfttent hydro customers,

T

I%v resolution of this image exceedd that Qfﬁ%hn previous

LANDSAT maps tor

WO reasons.,

and a image qualitty from CCRS processing

particular scene,

gyeater dominance than the themat

cARTOD L AGT M LANDSAT MAPS

The image iy a comhinat1nn of M55 Hdndn

fs also superfor for this

The image in this map appears,of equa’l if not

Gomponent., .

Buildina Permity Tasued Lake Simcow Region 1973
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symbole bat b der b unpbed Ly the TANDSNAT by 6 needs ty he

increar ed Por tioec e trcaloe by fon the depo tron of the ala v

Or oo oveBed oo (0 Ghyed by the b e Cvan an Lhe lage)

positive deoet vould Tave heen tore sunted. The ran audience doce
however, recelve g tmpression of the water <hed areas upstream from
the hydro clectric plants and should alwo be capable of caorrelating
the Targe steam gqenevating outpul with the Greater Vancouver Arca
(vee fiom e v

Phe araduated civcle TARDSAT map of pobulation distribution in

’

the Toronto Contyod Hon onteear s here,ar the most et et jve
(drtndiuqluu LNV e esenlat fon, vlt combines townuhip
boundartes graduated civeles (in pinl) and the LANDSAT fmaae th a blue
llnHl(ulth'). Ihe darber blue areas oreated by Uhee e “(3] CESPONS e
of the wrbanized arseas 10 the fmage combiped with }hn pink uraduu(ud
checles tendy to vephasbee the urban area boundarica, the factlity
Lo evp luate and capporao 1 ugwwuxl Gy nl_luihlnffod nlwwn\vith Lhe
stzu (H=|u”n4]utinn i rw&nlily avallable (5mm"quuru 33).
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LI - aner ftoam mage Reaordery o device wolny o Laser fean toocecond
MO Ty on ;.Iml(n)lilt fAfms
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HASA  HatJonal Aevonautics and Space Adinin s tratdon.,

Nadir - the dntorsectton with the sarth's sueface of 4 Tine fron the
spacecraf b perpepdtoular Lo Lhi ndnnu‘ toplane tangent to the carth
TR RV )Hl : :

Hoa tvee - g phiotographle dmage o 141, plate, or paper, in which
the tones are vovepsd, ,
Meqative colowr - o phnt(num»hlx fage on 4 i, plntu paper, fnowh i«h
the colpars n|.\;n.~m*'m the cmnpluvwnt'. of ”lf&‘\“‘.-a in nature, 4
' i -
Nodsg o« any -.imml, wantfested dn aby form of wnerdy, l|m1 oacyrs,
frragulorly with rm[mt Lo the aimml of intmw.lA and tends 4o
phhaupe' § that' sianal, I
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Obecrvatron/ wore < the colloction of the perae data of one et )
Pran e arven o dhe oo thh st the m/]ulm. Al it oo e o

spechal b ot eaoh et o f

Urthopie Le ragn d phiotograph ot the varth showing ages of obgjeots
o thed Uruc orihom cpb 1e o by, Srthophotos are produced Troo
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NN NRE By Choe e o v b the cartn ™ e ta s o) e
whoeh g e e e ad the oo bl s o) an b e, 25' veoeint
i ecs feor et lult centur by e horectaht dnale erron Dodie
nomcbial al banment *
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A

A :
tad o wh*i( concorned wlth the u;mhlm-«l elecbronde and optical
lum"hi" fon ot data, ’

KUY Tt ot B VId T coh Catig o by Lo,

Resde ot ion Mo by Locattont an the tiin odane auts fde The™ fnaon

v Tt e areo o Btk Peoces s b l‘lunu abe todr marke, Tone oty fde
cach corner of thie webUing weeay Txod T posttion such, that their
dlagunals Tntery et ot the tarmat condor, op :(*n(m* of the LGk mark
&(Nzh“lml(‘ ooy, .

Reseay Hw ”rm tangular aqrid pattern Inseribad on Li ¢ RBY faxoplote
tn fqiliitaln*q&uuldnhﬂ( ldunlitiiu tioh, . W ' )
mtlmxt'lnn 'Hm‘ as prmt of the pmwptum ol o mm“h of Tght ll'mtx
varles as Mn:u nnd frope thlb lFuhL 15 added 1o a nunnvhlomutij liuht
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Soncor/toned Tdertitycaty thoe BBV gpecteal baneds ave adentitaed o
o 1y 2y ae bt the Mo g Sand 10 2y 4, A4 amd

Sheve - drage dictortion cauwoed by scanping the scene an g dired e
non - oaral el ta the plane tapoed by the cpacecratt and the
fnstantancons paund track veloo ity vector,

Special Procegains Cubroyatess (SPO)Y - the SPS recoives diaftized e
data trae Pulb and Precicion Fvocesying and produces dvgrtal beoas
data n g cocter=cag amatibleo tornat,

Subiva el Dy te ot - the anter e tion with the=earth's surtace ot q
[ine tro The oy voeoraltl to LAl Center of the carth,

Sun Acdmuth Anede o angle o degress measured in the hevizon plane
: A
from trae north to o veetical civcle passing thraugh the sun,

.

San Llevatton Angle - anale of the sun above the hoeizon measured n
doegree.

Kath - the direnston on the ground sden as transverse to spacicratt
veloatty, within the senwor fleld of view (FOV), - .

Temporal = that which exlats oo the physical world nﬂ it relates Lo time
but Iw not spattal, such as telemetry information., .
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TPk Marks = posttional marks placed on fmagery to enable o tocational
greld cooedtnate system Lo b ponstru Led, !

fone  oach distingutahable shade varfatton from blgok to white,
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