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ABSIRACT

Pre-field maps showing the distribution of rock
outcrops are an important aid in effective planning and
conducting of geological mapping. These maps are,
traditionally, prepared from aérial photographs using
ghotogeologicai methods. An automatic system ,of producing
rock outcrop maps from standardized Landsat digital data has
bgen developed. This systen employs a hierarchical
classification scheme in identifying rock outcrops and in
discriminating among rock types. The system developed in
this study has been calibrated and tested in tﬁe Coppermine

area of the Northwest Territories of Canada.

Rock outcrop and rock type maps of two intensive study
areas in the Coppermine area have been produced by the
- automatic system. Maps have also been prepared for these

~areas from visual analysis of ‘simulated color infrared

images produced by a simple digital enhancement procedure

devei@ped in this study. The maps and the digitally
eﬁhanced images have been compared with aerial photographs

A

and known geology.

The enhanced images have been found to be superior to
aerial photographs in identifying iarge {about 30 x 30 m)
rock outcrops and in discriminating among these outcrops.
The accuracy of identifying rock outcrops with the automatic
system’was better than 90% compared to the visual aﬁalyéis

. method, taken -as standard, in both the intensive study
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Aareas. The rock type separation accuracies were as high as
8% for dolomites and 57% for basalis with intercalated
sandstones, and 77% for sandstones in Ifypical rock outcrop

areas of the intensive study areas.

Spectral signatures of nine different cover types wuere
derived from standardized Landsat digital data for
establishing threshold values used in discriminating among
the cover types. The differences in,signatures among rock
types were subtle ang susceptible_te misclassification =even
wiih minor contamination due to other rock tvpes or cover

TYDLS»
L4

The cnst'of generating rock outcrop maps from Landsat
data by the cbmputer method is estimated to be less than 20%
of the cost of producing the maps with aerial photographs
using conventional methods. A unique benefit of the method
is in easily providing mensuration data on cover iypes
identified, which are helpful in planning field mapping
programs. Other benefits include the use of digitally
enhanced simulated color infrared images as base maps and‘in
field studies, although these benefits are more directly
afiributable to the Lanﬁsat data characteristics than to the

automatic method.

It is cautioned that the system developed does not
replace conventional geological mapping but rather aids the
field geologist in efficiently carrying out the mapping. It

is recommended that the system be tested in other areas to

~
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further validate the calibraiion procedures and accuracies
obtained- in identifying rtock outcrops as well as in
discriminating rock types. It should be realized that rock
outcrops must be relatively 1large for recognition by the

system as the spatial resolution of the Landsat

Multi~Speciral Scanner data used is 50 m x 50 m.
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Geological mapping is of fundemental idmportance in

sconomic and engineering geology, as uweil as in geological
research,., The purpose of this study is to develop a systenm
to map rock outcrops from Landsat digital data as an aid in
gelogical mapping. To be viable the systen mast,vat ieast,
generate maps comparablie to those obtained frow conventional

sources and be cost effective.

Historically, geological mapping has been done entirely
hased on field evidence or ground~based methods. Houever,
over the past 40 yvears or so, asrial photographs have been
used to supplement information acguired in the field. This
usse of aerial photographs throuch photogeological
interpretation has been proven to aid the geologist in field

mapping and be cost effective.

Hork maés or pre-field maps are prepared using
information obtained through photogeological methods.
Geolpgists spend considerable time in preparing the
pre-fiesld maps. Thess maps usually contain locations of
rock outcrops and sonme structural information. The
pre-field maps are used in planning the field mapping
program and to augument information collectad in the field.
Iin planning the mapping program, the maps are used in
estimating time reguirements in the field, familiarizing the

geologist with the area, and also in directing the geoiogist




10 locations of oulcrops. The gquality and guantity of

information ©present on the maps greatly infliluences the tiame
reguired in the fieldé and how effectively this time is

utilized.

The ayailability of aerial chotographs is a
prereguisite for making the pre~field maps. Lerial
photographic coverage exists for almost all regions of
Canada, although it wmav not be «current, at the scale
required by the agency involved in mapping, and acquired in
a sSeason suitable to extract maximum utility. However,
photographic coverage does not exist for all regions of the
Earth. Flying large areas to acguire aerial photography is
costiy. Unfortunately, in areas where aerial photography

does not exist, geological mapping is generally limited.

Landsat data may now be thought of as an alternative to
aerial photographs in preparing the pre-field maps for
regional mapping. Landsat satellites have been providing
images of almost all regions of the Farth repeatedly since
1972. The data acguired by Landsat satellites have several
advantages over =aerial photographs. Some o0f the more
salient advantages are that they provide synoptic <coverage
under essentially the same illumination conditions, are
acquired in several spectiral regions of the electromagnetic
spectrum thereby providing color imagery, and are in digital

form allowing data manipulation using computers.




The advantages of Landsat satellite data have been

quickly recognized by geologists. The Landsat data have
been used enthusiaStically for geological applications in
general and for geological mapping in particular (Gregory,
1979). Most of the studies reported in the literature have,
however, used visual analysis to extract information on rock:
types as well as structural features. Computer methods have
also been reported in the literature to map rock types and

to Yenhance™ imagery for use with visual analysis.

List and his colleagues {(List et al, 1974) reported
that wvisual evaluation of Landsat imagery of a mountainous
terrain in Chad has provided a very useful additional source
of: geological  information, complementary. to aerial

photographic interpretation and field work..

Landsat images have been found more ‘useful:‘ in
structural = investigations than in wmapping rock types..
Several investigators have reported using the structural
tteﬁds derived from Landsat in nmineral exploration
activities. Stancioff gt al (1973) have wused Landsat-
derived information on structural trends and alteration
zones in pinpointing a number of exploration targets in a’
porphyry. copper province of Mexico. Taranik and Trautwein
(1976) demonstrated the utility of Landsat and other.
remotely sensed data in base metal. and precious metal

exploration activities in southwestern Idaho.




Yisual analysis technigques have also Dbeen wused in

geological mapping with digitally Penhanced® images of
Landsat data. This approach basically retains the inhberent
advantages of the human eye-brain apparatus in recognition

and the powger of the computer in dats manipulation.

3

sifferent manipulation procedures have been developed in the

e

recent past to snhance speciral and textural dinformation
present in Landsat data. These image enhancement technigues
include simple contrast streich, band ratioing, principal

components analysis, canonical analysis, and freguency

fiitering.

Poduwysocki et al (1977) found the enhanced Landsat data
to provide wmore accurate discrimination of rock and soil
iypes than conventional computer classification methods. In
enhancing the Landsat data acguired over arid and semiarid
terrains, thev used band ratioing, principal coumponents
analysis, and canonical analysis. Rowan et al {1873, 1677)
mapped hydrothermally altered zones and regional rock types

using band ratioced images, and contrast siretched images.

Conventional computer classification methods applied to
Landsat data have been found to be of limited value in
geological mapping (Siegel and Aibrams, 1978). Generally,
the computer methods wused are the supervised and the
unsupervised g¢lassification procedurses. These methods
usually ewmploy only the spectiral information from Landsat

data =with no c¢onsideration to textural or spatial
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informations Further, all spectral bands are used
simuliapeousliy, i.e. #1th egqual weighting, in these
methods.

Iin this study, a simpler but a more fundamental
guastion of outcrop ddentification is studied rather than
directly attempting the complex problem of discriminating
among rock types. The sensors on Landsat satellites cannot
#see through®™ ground cover to identify rock types unless the
rocks are exposed at the surface. It appears onlyv logical
t0 separate rock outcrops from all other cover types before
any attempis can be made in mapping rock types. Ii the rock
outcrops can be identified consistently and with acceptable
accuracy, then and only then, can one attempt mapping rock
units directly, Under ideal conditions and in favourable
locations, the mapped units may have conventional
1ithological connotation. However, it seems fair to assuume
that the different units may he grouped into

spectro~iithological units.

The usefulness of automatically producing rock outcrop
maps is well recognized now by the geoscisnce compunity and
was pointed out recently by Or. L. %®. Morley {(1984), the
UDirector ©General of the Canada Centre for Remote Sensing,
Energy, Mines and Resourges {anada. If rock outcrops can be

separated from alil other cover itypes using Landsat, then

o

his wouild be an important contribution to geological

applications of remotely sensed data. further, if maps

i
i
i
1
.
i
i
i



showing locations or rock outcrops can be made aulomatically

from Landsat data, then this may prove to be a cost
effoctive method of preraring pre-field maps in geological
mapping. The structural information for the pre-field maps
can be added on to the automatically produced maps by

conventional methods.

Calibration data are reguired to produce rTock outcrop
wmaps by conventional autozated classification methods.
Obtaining calibration data in remote areas each time to
identify rock outcrops is expensive if not impossible, If,
however, a universal signature set can he deveioped for the
most freguently occurring ground features, the repetitive
calibrations can be avoided in ddentifying rock outcrops.
Landsat data are affected not only by wvariations due to
ground features but also by variations in the atmospheric
and sansor conditions at the time of data acguisition.
Variations in Landsat data due to other than ground features
must be wminimized or eliminated to develop a univeral
signature set, The iandsat data used in this study are

standardized such that repeaied calibrations are sliminated.

In this study, =2 system to automatically wmap rock
putcrops is developed. The system identifies rock outcrops
by succassivel? eliminating a11 other cover 1iypes using =2
hierarchical classification scheme. The scheme, selectively
compares pixel walues in individual bands or band

combinations with standard threshold values established for




each cover type. The rock outcrons are then grouped into

rock types., Rock outcrop and rock type maps are produced
for two intensive study areas in the general study region.
The accuracies optained by the automatic scheme are

caliculated by comparing the maps with known geology.

fuantitative information on the relative distribution
of <cover titypes in the map area would be useful in olanpning
field programss. The guantitative information may consist of
the percentage of area covered by water bodies, vegetation
and rock outcrops. If those broad cover titypes can be
identified using Landsat digital data then the distributions
can esasily be computed. Automatic procedures are developed
in this study to provide guantitative mensuration data on

cover ivpes identified.

Rock outcrops are noty, in general, large enough to be
seen from satellite altitudes. 7There are, however, large
areas of massive outcrops in many parts of the wmorld. The
nominal spatial resoliution of Landsat is about an acre. The
signal received at satellite altitudes is integrated over an
area that may comprise several different cover types. The
signal, thus, depends upon the combination of c¢over types
present in the resolution area. Conseguentliy, signals of
all rock outcrops may be contaminated to a certain extent.
The recrognizability of rock outcrops depends upon the level
of contamination. & part of this study is devoted to

obtaining an understanding of the tolerable level of




contamination for discriainating rock osutcrops.

Tnis study does not attempt to provide a method for
routine geological mapping or geological wmap revision.
Routine geological mapping includes the identification of
rock types and also mapping of structures. The automatic
method developed identifies rock outcrops and provides only
an indication as to the rock type. Attempis have not been
made to include textural, structural or contextural
information in the automatic method. The method of
identifving rock outcrops is tested in one Landsat scene

acguired on tmwo different dates.

The Landsat satellite data and the study area are
described in Chapter 2. The description of Landsat data
includes the sensor and orbital characteristics, data
raception and standard data products. The description of
the study area includes the geology and the environmental
setting of the area. The advantages of selecting this area
for developing and testing the system to map rock outcrops

are also presented.

The meihods used in this study are described in Chapter
3. Yisual analysis of standard and enhanced Landsat images
is considered in the first section. The procedures used in
standardizing the Landsat data are discussed in section 2
#ith the need for standardization. Section 3 describes the
procedures used in obtaining spectral signatures and

threshold values for the proposed scheme. The mechanics of
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the propossed scheme are described in Section 4. Finally,
the procedures used in producing Tock oulcrop maps are given

in Section 5, the final section of this chapter on Methods.

Results obtained in this study along with a discussion
are presented in Chapter 4. Spectral signatures and
threshoid values of cover types are presented in Section 1
along with the expected signatures due to contamination from
other cover types. The results on identifying rock outcrops
are given in Section 2. The resuits on separating rock
tvpes in areas identified previously as rock outcross are
shown 1in Section 3. Finally, section 4 presents the cost
penefits of the automatic wmethod in producing pre~field

MADS

The conclusions reached from the results obtained in
this study are given in chapter 5 along with

recompendations.
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Landsat sateliitie data acguired over an area in the
Sorthwest Terrvitories of Canada were used in developing and
in testing the computer amethod of mapping rock ouicrops.
This <chapter outliines the <characteristics of the Landsat
satellites and the onboard sensors, the data collection, and
the standard data products available. 2 description of the
study area and the advantages of selecting this area are

given in the final section of this chapter.

2.1 LANDSAT SATELLITES

2.1.1 fistorical ispecis

One of the immediate and wmore praciical applications
that has svolved ouil of space research is rempie sensing of
the earth”s resources using sateilites. Although proposed
in the early 607s it was not until July 1972 that a
satellite was launched exciusively for the purpose of high
resolution remote sensing of the searth”s surface. This
sateilite named Landsat~1l, was the first of a series of six
satellitaes proposed by the naltional Aeronautics and Space
Administration (NAS3) of the United States (U.5.)as The
second in the series, Landsat-2, was launched during January
1975; Landsat-3, the third satellite in the series was

iaunched during March 1978.




Prior to the launch of the first satellite in the

seriesy the L.andsat prodran Was designated to be
experimental to evaluate the contribution of the resulting
data to a wide range of earth resources disciplines. The
contributions of Landsat data were found to bHe useful and
cost effective in wvarious disciplines. The data are now
routinely used in some operational applications. EBecause of
the demonstrated success, continued coverage of data is
planpned in spite of the economic restraints. Landsat-D, the
fourth in the series with improved resclution and seansor
capabilities is planned for launch in 1982. HiSi designated
Landsat~D =as an operational program which implies continued

coverages

Z.1.2 Orbital Characteristics

The orbital characteristics of a satellite influence
the use o0i the data collected by the sensors on board. For
maximum utility in wvarious disciplines, the orbit must be
svstematic, providing rvTepetitive global coverage under
nearly uniform observation conditions. The orbital
parameters for Landsatl series of satellites were designed to

achieve this maximum utilitve.

The Landsat satellites operate in a circular,
near-polar orhit at a nominal altitude of 920 km. Selection
of circular orhit minimizes the variations in the altitude

of the spacecrafti. Giobal coverage reguirements impose
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nearly polar orbit i.ez. dinclination of the orbital plane to
the eguatorial plane of about 380 degrees. The nominal

inclination angle for Landsat is 99 degrees.

The Landsat orbhit is sun-synchronous i.e, the orhital
plane will remain nearly constant relative in the earth-sun
direction. &s a result the mean sun time at each individual
point in the orbit will remain fixed and, in fact, ail
points at a given latitude on descending passes #ill have
the same mean sun time. Thus, selecting sun-synchronous
orbits provide similar imaging observation conditions
repetitively. The actual mean sun time at descending node
achieved for the Landsat satellites wmas Dbetween 9330 and

10330 a.m.

The nominal orbital reriod, which 1is essentially the
function of altitude, for Landsat is 103 min. There are
approximately 14 orbits in one earth”s rotation period.
During the 15th orbit, which is the first orbit of the next
day, the satelliite images é swath to the west of the first
orbit (with 10% overlap at tne eguator).  Contiguous
coverage is thus obtained. The pattern of 14 daily orbits
moves westward each day and the track of the first orbit of
the 18th dav coincides with the track of the Ffirst day,

Tesulting in a repetitive coverage.
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Z221+3 Sensor Characteristics

The Landsat sateilite cgontains in its payload two
sensors designed to produce spectral imagery of the earth”s
surface. These two sensors are the Return Beam Vidicon
{EBY) camera, and the Mulii-Spectral Scanner {MSS). Apart
from these insirumenis of direct interest here, the paylioad
includes a data collection subsystem, through which
communications can be received from telemetry platforms

located in inaccessible places.

Data collected by only the MS5 on Landsals 1 and 2 were
used 1in 1this study. The M55 subsystenm is discussed in
detail in this ssction. The data c¢oliection subsystem is
not included in the discussion. However, the
characteristics of the RBY camera subsystem are briefly

presented here for completeness.

Z2e123.1 RBY camera subsystem

The RBEY camera subsystem on Landsats 1 and 2 c¢ontains

three individual television type cameras mounted side by

side and each operating in a different spectral band. Each

camera contains a 1Z2.5 ¢m focal 1ength lens, a mechancial
shutter, the RBY imaging tube, and associated electronics.
Spectral filters din the lens assembliss provide separate
spectiral viewing regions Ifor the caneras. The spectral
intervals sensed are $.475 - $.575 um, 0.585 - 0.680 um, and

J.690 = 0.830 ume Phie three cameras are shuttered
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simultzaneously, imaging the same 18% k¥m sguare area. dhen
the cameras are shutiered (every 25 sec) , the images are
stored on  the RBY photosensitive surfaces, then scanned to

produce video outruts,

The RBY campera subsystem on Landsat 3 is significantly
different from the RBV systems on Landsats 1 and 2. Two
panachromatic cameras produce two side-byv-side images rather
than three overlapping multispectral images of the same
scenes. Each RBY camera sensor 1s designed to cover a 99 X
39 km area. A focal length of 23.6 cm, or nearly twice that
of Landsat 1 and 2 RBY, %ill nearly double the resolution.
The «cameras are shuttered every 12.5 sec thereby providing

four subscenes uhich correspond to 185 km sguare aread.

22123.2 The MSS subsystesn

The MSS subsysten in the payload of Landsats 1 and 2 is
a four-bandg scanner operating 1in the solar-reflected
speciral region. It consists of six detecters for each of
the four bandss. The M3S scans cross track swaths 185 im
wide at nominal altitude, imaging six scan lines a&across in
each of the four bhands simultaneously. This is accomplished
by means of an oscillating flat mirror between the ground
scene and a double-reflector telescope type of optical
chain. The scanning arrangesment of the ¥MSS on Landsat is

shown in Figure 1.
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Fig. 1. Scanning arrangement of the Multi-Spectral Scanner
on Landsat satellites. (adapted from Thomas, 1973)
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The scan airror operates in a scan-and-reirace cycle.

The active portion of the scan is in a8 west-~to-egast
direction. The full scan-and-retrace cycle of the detectors
produces a 185 km sweep of the ground scene beneath the
satellite. The spacecrait’s near polar orbital wmotion
vroduces the along-track spacing between RIirror sEeeps.
This along-track scan pattern, shen combined with the
scan-and~retrace cycle provides the complete coverage of the
full 185 %¥m scene. The video outputs of esach detector are

sampled during the active uest-to-east sweep of the amirror.

The spectiral bands used in the MSS for Landsats 1 and 2
were lidentical. For Landsat~-3 a fifth band containing two
detectors mas added that operates in the thermal infrared
region of the spectrum. The first four spectral bands are
referred to as Band 4, Band 5, Band &, and Band T3 the
fifth band as Band 8. The spectral bands in the MSS
subsystem for Landsats 1,2 and 3 are showsn in Table 1. The
first three Dbands on the ﬁss use photomultiplier tubes as
detectors}; the fourth band uses silicon photodiodes. The
thermal band uses mercury—-cadmium-telliuride, Jlong-wave

infrared deteciors.

For the first four bands 1in the M58 subsystem the
insténtanecus field pf view of each detector is a sguare on
the earth”s surfarce that is 79 m on a side. The detector
signals are sapled at an interval of 1% ns, corresponding

to a ¢ross track distance 9f 57 m between readings. For the
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thermal band on the MSS subsystem the instantaneous field of
view dJdimensions are three times greater than for the first

four bands.

Z21.4 Transmission and Reception of Data

Zels4.1 Data transmission

Data collected by the RBY camera subsystem and the MSS
subsystem aboard the Landsat satellites are telemetered to a
ground receiving statione. The RBY video data are
transmitied in the frequency modulated domain and the MS3S
gatza are transmitted in six bit pulse code modulated domain.
The data are transmifted to the ground station esither in a

direct mode or in a readout mode.

In the direct mods, the data are transwmitted in real
time when the sensors are operating within the reach of the
ground receiving stations. In the resdout mode, the data
are recorded on a magnetic tape by an onboard wideband video
recorder. These recorded data are later transmitted to the
ground station when the satellite is within the field of

view of the station.

Two ®Wideband video tape recorders are included in the
payload of each of the satellites in the Landsat series.
tach of the rtecorders can record, store, and reproduce
either EBY or ¥5S datsa upon command. Fach of the recorders.

nas a recording capacity of 30 minutes.
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2eleds? Uata reception

Data collectied by the RBEV camera subsystenm and the HSS

4

subsysten are received by a suitably eguipped ground

o

receiving station. Some of the U.S. ground stations also
handie communications hetween the spacecraft and the groungd
in addition to receiwving the data. However, the, non-U.S.

stations have oniy receive capability.

when Landsat-1, the first satellite in the series wuas
ilaunched in 1972, oniy four sites in the world mere eguipped
with receive capability. Three of these four sites were
located in the U.S. and the fourth site in Canada at Prince
Albert, Saskatchewan. The number of stations were more than
doubled by 1978, when Landsat-3 was launched. Canada has
acquired a second receiving station located at Shoe Cove,
Newfoundland. Other countries thal now have Landsat data
receiving capability include Australia, 3razil, iran, Italy,
Iindia, Jsapan and Sweden. Several other countries have
reached agreements with the U.5. to receive Landsat data
and are now acguiring receiving stations. These gountries
include Argentina, Chile, China, Peru, Rumania, Upper VYolta,

the USSE and Zaire.

At tﬁe ground station the RBRBY and the MSS data are
receiyed over two 3=Band 1inks operating at center
frtequencies of 2229.5 MHz and 2265.6 Hiz. The data are
monitored as they are received and recorded. Separate

receiving and recording eguipment are reguired for the RBY
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and MSS data (NASA, 1976).

2.2 LANDSAT DATA PRODUCTS

Canadian Landsat data are acquired by. the Canada Centre
for Remote Sensing (CCRS), Energy, Mines and Resources (EMR)
Canada. The data are, however, distribufed by a commercial
organization - 1ISIS Ltd. of Prince Albert, Saskatchewane.
The Landsat data are available to the users as photograpﬁic

products and as digital data products.

2.2.1.Phatographic;Produtts

The standard photo-products are 24 cm paper-prints and

transparencies. Both these standard products are produced

in black and white for the individual spectral bands, and as

color composites. The color composites are produced by’

combining three different spectral bands. Two standard
color composites are now made by CCRS. The first one is
produced by combining Bands 4, 5 and 6; the second

composite is produced by combining Rands 5, 6 and 7.

In the Canadian Landsat. data user”s handbook (CCRS,
1973), it was stated that:

A11 photographic products, with the exception of

Tquick=1o0k"™: products,uwill be geometrically

corrected as fully as possible. the geometric.

corrections wwill conform the imagery to current

UTY maps in the 1:250,000 series. The radionetric
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corrections will allow a direct correlation of
filnm density #ith scene radiancess-.rfully
corrected angd annotated phoiographs will be
distributed within ten dayvs of acguisitione....The
scale of the image will be accuratsly controlled

to 131,000,000 to allow direct comparison to maps.

The geomeiric and radiometric corrections stated above
are not routinely appiied to the standard photographic

products. This somewhat 1limits the wusability of the

photographic products for applications invoiving mappinge.

in addition, conmparison »f colors between images acguired at
different times is difficult on the siandard phoiographic
products. The need for control of color and how it could be

aciiieved using digital data is discussed elseghere {Section

Another photographic product availiable in Capada 1is a
print wsade from a "guick~-look" system located at the Prince
Albert Satellite Station (PASS). The Quick-look system is a
fast method of producing Landsat imagery without applying
the complicated processes of radiomeiric and geometric
corrections. In this method the video data are displayed on
a very high resolution CrRT and the face of the CRT is
photographed wusing an automatic camera (Barrington et al,
1972). The R[uick~look system produces near real-time
imagery which are critical for applications reguiring quick

feed=-hack based on the observed conditions.




2e2+2 Digital Data Products

Digital data from the M35 are available as computer
compatible tapes (CCT). The annotated and corrected 185-km
square ground scene on the CCT is a final product. A scene
is wmade up of parallel scan lines, each containing a large
number of video data points or picture elements (pixels).
There are 2286 of these lines per complisted MSS CCT scene.
Scan lines which are projected on ground are approximately
185 ¥m long and on average provide 3220 pixels. The
variabiliity in the number of pixels per line is due to minor

changes in the nmirror smeep times.

s

Differing 1levels of radiance within a scene are
expressed in a binary form. In order to accommodate the
wide range of radiances resulting from the wide range of
illumination and yreflectance conditions possible on earth,
the outputs of Bands 4, 5 and 6 are normally coméresseé to 1
non-linear relationship Detween signal output and radiance
input. These conpressed values are iransmitted to the esarth
ang recoréeﬁ as six bit integers on high density digital
tapes. The data can be decompressed to a linear mode with
published decompression tables. Band 7 data are normally

transaitted in a linear mode.

The CCRS provides one ground scene on a single CL£T at
1680 bpi angd on two CCY¥7s at 800 bpi densities. These are
the svstem corrected CLT7s and are commonly referred to as

the Johnson Space Center (J5C) format tapes which have been
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available since 197% (Strome gt a3l, 19%75). Prior to 1975,

ot

5SS data were available on what is now called CCRS-DLD

L
i

@

format tapes. The CCRS has stopped producing tapes in the
01d format since 1976. The data on the o0ld format tapes are

not system corrected and are in six bit mode.

The CLT7s used in this study are the CCRS o014 format
tapes. However, thes softuware developed in this study uses a
random access disc file for the data inputs. The disc files
can be created from CCRS old format CCT7s, JSC format CCT's
and ERGOS Data Center (U.S.) format CCT°s. The format

specifications pf the disc file are given in Appendix 4.

Digital data are also available now as geometrically
corrected CLT7s. Data on the geometrically rorrected CCT7s
are registered to the UT# oprojection. The MSs data are
resampled such that each pixel corresponds to a ground area
of 500 m x 50 m. In areal coverage, these CCT’s are
restricted to half a degree in iatitude and one gdegree in
longitude. Becausa of this restriction, tfthe area or
equivalently the amount of data on a geometrically corrected
CCT varies from latitude to latitude. These CLT"s produced
by CCRS are referred to as the DICS €C1"s (Butlin gl. als

19785,

In summaryy, this section dealt with the Landsat data
used 1in this study. L brief introduction to the Landsat
program ®as given and then the <characteristics of the

Landsat orbit ang the primary onboard sSensors mHere
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described. Next, the data transmission from Landsat and how
the data are received by the ground station were presented.
Finally the standard Landsat data products in photographic

and digital form available Ip the users wWere narrated.
2.3 THE STUDY AREA

2.3.1 Location and General Setting

The study area is located approximately 110 km south of
the town of Coppermine 1in the HNorthwest Territories of

Canada (Figure 2). It is a part of an area popularly knoun

o

as the "Big Bend” of the Coppermine River . The Coppermine

River is in the eastern nalf of the study area. The area
under study is bound by north latitudes 65245 degrees i
£7:30 degrees, and west longitudes 115330 degrees to 117230

degrees (Fig. 3).

Most of the study area is barren of trees but there is
a sparse growth of spruce with some birch along the
Coppermine River. Vegetation consisting of various grasses,
lichen and shrub is present throughout the study area but is

predonminant near streams and lakes {Craig, 1980).

Relief in areas underiain by granite or by steeply
inclined Proterozoic sirata is generally not more than 50 to
706 m., Relief in the sputhern part of the study area may,
however, exceed 200 m. Broad uplands, deeply dissected by

streams,; are characteristic of regions underiain by
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2.3.2 General Geology

i

The gelogy of the study area and the wicinity has been

oo

extensively studied (Baragar and bDonaldson, 19717 Hoffman,
1979; Craig, 1%60). & generalized geological wmap o0f the
entire study area {Fig. 3) has been prepared from the
publisned maps. A description of the generalized geology is

presented here based on the above cited references.

Rocks wunderlying the area of study span mainly
Proterozoic time. ¥assive granites and closely associated
feldspar porphyries, presumably related to the Hudsonian
orogenys ars overlain wunconformably by gently folided
gsandstones and dolomites of the Helikian Hornby Bay Group.
These in turn are overlain unconformably by the Neohelikian
dolomites, sandstones and nmudstones of the Dismal Lakes
groups, and by the conformably succeeding basalts and red

sandstones of the Coppermine River SGroup.

Porphyritic felsites of the Echo Bay Group cap several
fiilis in the northuwest part of the study area. Most contain
abundant phenocrysts of feidspar and guartz; lesser aaounts
of biotite, amphibole and pyroxene occur in some varieties.
Fresh surfaces of these rocks range from brick red to pink;
weathered surfaces tend to be 1ight pink, pinkish brouwn or
dull orange. The color variations appear to be due largely

to content =2and oxidation state of finely disseminated iron
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oxides., The porphyritic felsites together with associated,
but in part older, granites (intrusive) form the basement of

the Hornby Bay Grouv.

Hornby Bay Group consists of gently dipping beds of
sandstone and cg¢onglomerate that rest on acidic volcanic
rocks of the Echo Bay Group. The bhasal conglomerates and
associated sandstones are colored deep red, largely dus to
haematite coatings around clasts; sandstones higher in the
sectjion are cream, buff, and pink. {ross bedding is

abundant, as are ripple marks in the sandstones.

-

Dismal Lakes Group consists of Proterozoic strata which
unconformably overlis the Hornby Bay Group, and which are
conformably overlain by Dbhasalts of the Coppermine River
GTOUD. The overlying dolomites are the mosti continuous angd
best exposed strata of the Dismal Lakes Group. Different
members of the dJdolowmites have heen identified and include
iaminated and massive dolomites. The c¢entral member which
is predominant in the study area exhibits massive weathering

and is buff to light gray in color.

The Coppermine River Group comprises a lower volcanic
formation and an upper mainly sedimentary formation. Only
the lower voeolcanic formation (Copper Creek Formation) is
prevalent in the siudy area. It consists of flows which are
plateau basalts. #Host basalts are altered to some degree
and the flows are composed essentially of plagioclase,

pyroxene and magneiite. Thin beds o0f red sandstone are
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intercalated with the lavas of the Copper Creek Formations

Granitic rocks form the Dbasement of the Hornby BRay
GTOUD . These intrusive rtocks outcrop wmainly d4in  the
northwest and south-central corners of the study area.
Although, the granitic rocks range from granite to diorite,
the wmost abundant rock type appears to be granodiorite.
Pink to dull red colours are common, the colouration being
due more to haematite staining than to an abundance of

potash feldspar.

Z+3+3 Economic Geology

In the Copperwmine River area, long known for its native
copper showings, geological exploration was extremely active
during 19686 through 1969. During this »eriod, wmore than
45,000 claims were staked within and in the vicinity {(NTS
Maps 86 H, 0) of the study area (Thorpe, 1970). 3 number of
exploration programs in one season were of enormous size,
#ith exploration budgets of the order of $500,000 or more,
and wWere conducted by consortiums of companies (Thorpe,
1870). Interest in potential uranium wmineralization and
copper mineralization of the area has been rekindled lately

after a decade of relative gquiet {(Hoffman, 1979).

Copper 1is the only metal of economic significance vyet
found within the Coppermine River area. It occurs mainly
within the Coppermine River lavas as sulphides and as native

CODDers The sulphides are predominantly in fractures, but
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native copper is found mainly as a primary constituent of
the lavas (Baragar and Donaldson, 1971). Hickeliferous
sulphides wesre also reported along the margins of an

ultramafic body just east of the study area {(fraig, 1960).

2.3.4 Advantages of Selecting this Area

The advantages of selecting this area are that rock
exposure 1is abundant, the outcrops are relatively free from
tree cover, different rock types are present, and reasonably
detailed gaalogicai maps exist for werification. in

addition field notes exist for obtaining specific detrils on

¢

outcrops and tne area 1is being explored actively for

minerals.

In verifving methods developed to map outcrops, it is
extremely important to know the detailed locations of the
outcrops. It is also important to obtain information on the
nature and condition of the outcrops. However, seven in
relatively well mapped, areas it is not always possible to
get the required field truth on all outcrops. Large scale
aerial photographs would provide the necessary field truth
if it cannot be obtained otherwise. Aerial photographs at a
scale of approximately 1:50,000 are available for the study
area from the HNational Air Photio Library of Canada. In
fact, the published geological maps of the area are partly
pased on aerial photograrhs of the area and mainly on a

helicopter-supported survey {(Baragar and Donaldson, 1971).
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Since the Landsat sensasrs can at besf only see through
the top few millimeters of the surface, at least some of the
rock outcrops in the area shoﬁld be exposed at the surface.
In the Coppermine River area there are numerous outcrops
that are not covered by trees and support only minimal-
amounts of other vegetation. Also, in order to potentially
detect outcrops by Landsat sensors, the size of outcrops
must at. least . be as large as a pixel (80 m). 1In the study:

area large outcrops do prevaile.

The study area should contain different  rock types..
This criterion, although important, is a 1less critical
requisite. It essentially contributes to the generality of
the methods developed for separating rock outcrops. The-
stiudy area contains several different rock types and

surficial materials.

In summary, this section dealt with the study area
used. First, the locatioa and general setting of the area
were given. Next the general and economic geology of the:
area were described. Finally, advantages of selecting this

area for the study were presented.




[ M)
b

3.0 METHODS

3.1 VISUAL ANALYSIS

Yisual analysis forms an integral but limited part of
the conventional photogeological interpretation. ¥Yisual
analysis is wused to elicit geological information from
photographs or images such as those obtained from Landsat
satellites. The images used in visual analysis may be a
standard product or digitally enhanced images. Some
relevant aspects of visual analysis, advantages of using
digitally enhanced images, and methods useful in producing

these images are discussed in this section.

3¢1.1 Visual Analysis Using Standard Images

The phrase visual analysis is used here to refer to the
practice of examining images for the purpose of identifving
ground features. Image interpreters have extensively used
standard images from Landsat for extracting geological
information. The geolpgical information included both
iithological and structural aspects. The analysis methods
used are very similar to those applied in conventional

photogeological interpretation.

fandsat images are suited for conventional
photointerpretation, either in the form of color images or
as black and wmhite images. The images can also be studied

comparatively in each of the four MS5 pands.
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The photointerpretation methods involve the recognition

of geomeiric patterns, color, tone, texture differences, and

contextural information such as ralationships to
surroundings. Geometric pattern recognition is especially

important in structural interpretations.

Landsat images offer a few recognized advantages over
aerial ohotographs:

1. the capability of synoptically viewing a large area,

2. the capability of imaging practically in a vertical view,
under essentially the same illumination and sensor
operation conditions, and

3. the rapability of repetitive coverage of the area at

fixed intervals of time and at the same time of the day.

The synoptic viewing is an imporiant advantage to a
photointepreter who searches for simple geometrical features
in extracting structural information. 2 mesaic of
photographs taken at somewhat different times mould tend to
introduce some spurious features and mask the actual
features. Geology does not change much between repetitive
satellite overpasses; however, landscape cover conditions
can <change with seasons and over a period of years. Many
geological problems require analysis of imagery from several
different seasons {(Cregory and Moore, 1975; ‘Taranik, 1978).
that is, certain seasons are more suitable to extract

information about certain geological feafures.




3.1.2 Advantages of Using Digital Data

Although standard product images offer the above stated
advantages over aerial photographs, digitzl data are more
suitable in producing better image products. Digital dats
offer several specific advantages in visual analysis of
Landsat data. The advantages discussed here are specific to

producing a more suitable display of photographic product to

the photo analyst.

The standard photographic product from Landsat data
normally occupies a limited density range. This narrow
density range resulls in low contrast images. This low
contrast on the images c¢an be improved by enhancing the
digital data. Some of the technigques used in enhancing the

images are described in the next section {3.1.3).

Standardization of colors is an important requirement
to the image analyst in identifving ground features.
Standardization as wused here refers to the process of
representing a ground feature mwith a specific color or shade
whenever or wherever it OCCUrS. Achieving this
standardization of «colors or «ceolor control dis almost
impossible with standard images. The reason for this is
partly due to the adjiustments (e.g. 1o sensor introduced
errors) that need to be made to the data and partly due to
the difficulty in standardizing the photographic process.
It is, however, easier to achieve the standardization of

coiors when digital data are used.

i
I
i
.
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Digital data are better suited to oproduce images at

almost any desired scale. The scale of the standard image

is approximately 1:10600,000. This standard image c¢an,
nouever, be photograghically enlarged 10 a scale of

13250,000. Any further eniargements to produce images at
larger scales would clearly expose the individual scan lines
on the images. Using Landsat digital data, images can be
produced at scales as large as 1:150,000. Digital data
would, thus, be useful to the image analyst in detailed

MADPDPING

One should, however, be careful in referring to scales
on mapped products. Even though Landsat digital data can be
manipulated to produce images or maps at scales larger than
those mentioned above, these may not be significant in terms
of mapping acCcuracy. It must be recognized that the
instantaneous field of wview of the ¥SS subsystem is

approximately an acre.

Some other advantages of using digital data are that
mathematical functions and statistical analysis technigues
can be applied. The data can be @anipulated to produce
images desired by the image analyst using mathematical
functions. Computer classification methods c¢an be used wgith

digital data in asutomatically identifying ground features.
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3.1-3 Computer Enhancements

The general objective of image enhancements is to
optimize display of the data to the analyst. Image
enhancenents can be performed on photographic products using
photo-optical technigues or on digital data using
mathematical functions implemented as computer tfechniquesa.
The advantages of using digital dataz for display were
already described in the érevious section. Some. 0of the
computer enhancement methods that are popularly used are
briefly described and then the technigques used in this study

are presented in detail.

3.1.3.1 Contrast enhancesments

Contrast enhancement is probably the most useful
operation for visual anaivsis of Landsat digital data. This
may be performed using either a 1linear or a nonlinear
function. Linear <contrast enhancement is done more often
than nonlinear c¢onirast enhancement perhaps because the
latter dis restricted tu specific applications. Linear
contrast enhancement is done by assigning new digital values
to each pixel in the scene in a manner eXxpressed by. the

following eguation:

DYI - MIN
DV = =mm=m==== X ¥
HAX - MIN

Where?
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DVD = Enhanced digital value of pixel in output image
DYT = Tnput digital value of pixel

MIN = Minimum digital value parampeter

MAYX = Maximum digital value parameter

] = Maximpum digital wvalue to D2 expected in the output

The minimum and maxinum digital value parameters are
the cut-off valués used in saturating to bhlack and white
respectively. These values are wusually determined by an
analyst and are reassigned to minimum and maximum (¥) values
on the output image. Thus, the range {usually smaller) of
digital wvalues retained are expanded beiween ahG N» The
maximum value, ¥ is usally 255 mhen using cémguter systams

that work in an B-bit mode.

¥hen the expanded range of digital values is recorded
on film, the result is an expanded density range. Thus,
features in the scene are more =sasily distinguished because

scene contrast is higher.

3.123.2 Edge enhancenments

Fdge enhancements are emploved to enhance radiometric
patterns wmhich have =a certain spatial d{reguency in the
image. Landsat data often have subtle brightness variations
which are difficuit to detect. These brightness variations
are often related to differences 1in the illumination of

topographic features such as landforms, drainage, ang

fractures.
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Fdge enhaﬁcement consists of filtering either low
fregquencies or high fregquencies gdepending upon the
application at hand. 4 low frequency filter examines the
average brightness wvalue of a large nuwber of pixels
surrounding the pixel to be enhanced. 4 high fregquency
filter examines the average radiance of a small number of
pixels surrounding the pixel to be enhanced. For example,
when a low frequency filter is used to enhance a2 drainage

network, only major tributaries will be enhanced.

Computer technigues using moving average windows have
often been used Yo perform edge enhancements. Fourier

fransforms have also been used to perform edge enhancements.

351323 Eatio enhancements

A ratio of two Landsat bands is obtained by dividing
the radiance wvalue in one bahd by the radiance value in
another band for each pixel wmithin the scene. The ratioed
values are wusually gmultipliied by a factor so that all
values will lie between zero and ¥, respectively the minimum

and the maximum digital values for displavs.

The ratioed values can be displaved either as a black
and white image or as a color composite by combining the
individual images. 1In generating a <c¢olor composite, the
ratios of Band 4 to Band 5, Rand 5 to Band 6, and Band 6 to
Band 7 are commonly used for the three primary colors. The

assignment of the three primary colors to a specific ratio
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can be changed to accommodate the analyst’s preference.

3+1.3.4 simulated false color infrared images

In this study, Lanésat digital data have been simulated
as false color infrared images for visuail analysis._ The
sinulation has been achieved by assigning Band 24  (wyisible
green) to blue, Rand 5 {visible red) to green, and Band 7
{infrared) to red. These faise color infrared images have

been displayed on & coior monitor for visual analvsis.

The digital data used for the false color displays have
been linearized and standardized using procedures explained
in Section 3.2- In addition to these itwo steps, the rock
outcrops and soils have been enhanhed by intensifying
digital values in Bands 4 and 5. The dIintensification was
achieved by using wnultiplication Ffactors of 2 and 1.5

respectively for Band 4 and Band 5.

On the false color infrared displays, water appears
dark blus to black, vegetation appears in various shades of
rad depending on the vigour, snow and ice cover appears as
white and so do the clouds. Rock outcrops appear 1in various
shades oi blue to bluish green. Thess color representations

for the various cover types are listed in Table 2.

Yisual analvsis technigues can be used in extracting
geological information from the color displays.

Photographic products produced from these color displays can




TABLE 2. (COLOR REPRESENTATION
DIGITALLY ENHANCED STHULATED COLODR INFRARED IMAGES

COYER TYPE

1e=3

Hater
Snow 7/ ice
Yegetation

Rock outcrops

OF COVER TYPES OHN

REPRESENTATION

Dark blue
#hite
Shades of red

Blue to bluish
green
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also be used in visual analysis.

In summary, visual analysis technigques similar to those
of conventional prhotogeological interpretation c¢an be
applied to Landsaﬁ data. For the wvisual analysis, either
standard photographic products or digitally enhanced images

nite

ks

may be used, Landsat Aigital data offer def
advantages, such as consistent color control for visual
analysis, over standard photographic products. An outline
0f procedures commonly used in digitally enhancing Landsat
data were presented. Finally, a procedure used in producing
digitaily enhanced simpulated c¢olor infrared images was
described. These enhanced images were used in identifying
rock outcrops and in separating rock types by visual

analysis.

3»2 STANDARDIZING THE LANDSAT DATA

The Landsat data used in this study were standardized.
The need for standardization, the factors that reguire
standardization, and the procedures used 1in standardizing

the data are presenisd in this section.




3+2.1 Need for Standardization

Landsat data wmust be calibrated against surface data to
produce meaningful classifications or results. Acguiring
surface data for wuse in calibrating Landsat data is
expensive. Repeated calibrations may be eliminated bv using
stanﬁardizeﬁ Landsat data. The standardized calibration
data wused 1in this study were defined for all future

applications of the method during a pre-calibration study.

Calibration procedure involves relating data acquired
in the field to the Landsat data. The calibration procedure

is explicitly done either during the process or after the

Process of ciassification in standard automatic
classification schemesSs The c¢alibration procedure is

2

inherently <carried out in the human brain in the case of

conventional visual interpretaltion.

ag

£}

x

mwiring surfaﬂe data for use 1in the calibration
procedure is expensive. Collecting surface data in remote
areas is very difficult if not impossible. The reguirement
of repeatedly coilecting enough surface data exists whenever
Landsat data are used repeatedly whether it be with data
acquired on different dates or over new areas. Repeated
temporal data are noti reguired for mapping rock outcrops or
rock types. However, the need for calibration exists both
for visual interpretation and for automatic <c¢lassification
SChemes. The need for repeated calibrations may be

eliminated by using standardized data.

i
i
|
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Standardized calibration data used in this study wsere
defined for all future applications of the method during a
pre-calibration study. . In this study threshold values wused
in the classification scheme were defined using standardized

Landsat data.

3.2.2 Factors Requiring Standardization

There are several factors that affect the radiance
values obtained by Landsat. Only factors related to
external sources, that is other than true variations of the
ground features, reguire standardization. These external
factors are related to the SENnsers, the different
satellites, time and place of data acguisition, and
atmospineric conditions at the time of data acguisition. The
most prominent factors reguiring corrections are variations
in detector responses, different satellites, different sun
elevation angles, and different atmospheric conditions. In
the following section, the variations produced by these
factors are explained along with the correction procedures

applised.

3.2.3 Standardization Procedures




32231 Detector responses

The MSS utilizes six detectors to generate an image in
any one band. The detectors are, unfortunately, susceptible
to drift owing to their sensitivities to operating
Temperatiures. Conseguentiy, the radiomelric responses of
the six detectors are usually noi esgual. The net result is
radiometric sitriping din the inmagery. This rTadiomeiric
striping is not only unaesthetic to the eye making visuzl
interpretation of the imagery difficult, but also produces

misclassifications in spite of sophisticated automated

ciassification schemes used (Shlien and Goodenough, 1974).

Another type of striping problem <called sixth 1line
striping is sometimes present in the MS8E8 data. This
striping is characterized by a variation in every sixth scan
iine of six guantum levels or more from the average guantunm
jevel of the other scan lines. This striping problem wmas
caused by an intermittent hardsware problem in the MSS

controller {Thomas, 1973).

L third type of striping problem called intermittent
problews also occur in the M55 data. These problems include
ioss of data due to non-synchronization of signals and
loosing track of the satelliite. This ciass ¢of problens
pccur so intermiftently that it would be difficult to obtain
a generail spolution to ali these prohiems. However,
alternative adjustments can be made to alleviate some of

these probhlems when they are detected.
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One apoproach of performing radiometric corrections or

removing striping is to use information from the scene being
viewed by the S35 to remove the relative differences among
the detectors in a single band. Although the six detectors
in each band view different locations on the ground, the
very large number of pixels in a Landsat scene insures that
the statistical distribution of scene radiances uill have
nearly the same mean and standard deviation for all
detectors in a single band. Any differences in these two
‘parameters calculated from the scene data for all six

detectors will bhe due to differences among the detectors.

In the method used in this study, a reference destector
is selectied for each spectral band. The cumulative
probability distributions of the remaining five detectiors
for each band are adjusted to match that of the reference
detector. Thus, parameters of the detector responses are
estimated and a look-up table to egualize the detector
responses is produced (Tayior, 1978). The look-up tabhle
consists of 64 values for each of the 24 detectors. The MSS

data are transformed using this look-up table.

3.2+3.2 ¥SS on satellites 1, 2 and 3

Landsats 1, 2 and 3 contain identical ¥SS subsystems in
their payioad with the exception of an additional thermal
band for Landsat 3. However, the response in one band on

Landsat 1 is not identical to the response in the same band
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on Landasat 2 {¥ASK, 1976). This unequal response results in
different radiance values for a given scene when imaged by
the different satellites. These variations zust be
compensated for when data from different satellites are

used.

The miniwmum and maximum radiance values eXpected from
each of +the M55 bands were published for each of the
satellites (NASA, 1976). These published values were from
pre-launch calibrations. These pre-launch c¢alibration
values were used in standardizing the 4SS data from Landsat
1 and Landsat 2. In this standardization process Landsat ?
Was taken as the standard and the data from Landsat 1 were
adjusted. The adjustment consists of taking the ratio of
the expected range for [andsat 1 band to the expected range
for Landsat 2 bénﬁ. Data coliected by Landsat 1 were
multipiied with this ratio to adjust the Jdifferences due to

the satellites. This was repeated for all the MSS bands.

3222323 Sun—-elevation angles

Cnanges in solar elevation angle cause variations in
the 1lighting conditions' and conseguently changes in the
average scene radiance. This change in radiance is
influenced by Dboth the change in intrinsic reflectance of
the ground scene and by the change in atmospheric scattera
Changes in solar elevation angle are due primarily to the

nerth/south seasonal motion of the sun.
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Rigorous models have been developed to correct Landsat

data for the effects of sun angle, haze and background

ot

reflectance {Potter, 1977). In this study, & simpler
correction factor was applied. The correction factor
standardizes the M5S data to a3 standard sun elevation angle.

The same correction factor was applied to all the ¥SS bands.

2t small optical +thicknesses the radiant emittance
increases as the solar zZenith angle increases; this
increase is signifircant when the zenith angle 1is greater
than 37 degrees (¥raser, 1975). 1In order to minimize the
seasonal differences in irradiance, the ¥MSS data are
normalized to a sun elevation angie of 37 degrees. The
correction factor used was Cos X / Cos 37 degrees, where X

is the sun elevation angle corresponding to the center of

the scene., The #¥S55 data in each band were pultiplied by

this correction factor.

3e2+3.4 Atmospheric conditions

A{mospheric conditions at the time »f the Landsat
overpass dinfliusnce the scene radiance,. %hen Landsat data
are to be compared from date to date or from area to area
the changes in the atmospheric condiftions must be itaken into
account. Because of the spatial and temporal variability of
the tropospheric haze, atmospheric corrections are more
difficult. 1In order to precisely vperform the atmosphseric

corrections, the state of the atmosphere must be determined.




48

This requires proper eguipment and extra effort such as
viewing the sun with a properly calibrated radiometer at the

time of the Landsat overpass.

In this study, a simpler but reasonably effective
alternative to making measurements was adapted. The
correction involves using radiance values from a clear water
body 1in the study area as a standard. The radiance values
from the clear water body can be compared %o the values
obtained on subsequent dates. The difference from the
standard values for each band were determined. These

differences wuere removed from the scene data on the second

date.

32223.5 Linearizing the 1SS data

ds a part of the standardization procedure, the ¥SS
data have been linearized or decompressed. MSS data from
Landsat are transmitted in a Ysignal compression wmode" for
gands 4, 5 and 63 in a Yilinear mode™ for Band 7 (MNASA,
1976). 1In the compression mode a non-linear relationship

exists between radiance input and signal output.

The signal compression mode is wuszed to match the
detector noise with the quantization noise. That is, the
compression mode is used to accommodate the wide range of
radiances resulting from the wide range of illumination and

reflectance conditions possible on the earthe.
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On a2 typical <cioud-free Landsat scene, the data
occupies a very small range of wvalues resulting in small
dengity range on the film or lo® contrast image. The data

are linearized to improve the contrast in a scene. A

guadratic equation given by Strome gt al (31975) has been

used in linearizing the data.

yideo outputs of the MSS detectors are digitized
onpoard in 6-bit mode or 64 levels. After linearizing, the

data are expanded to a range of 0-255 or 8-bit mode.

In summary, the Landsat MSS data need to be
standardized for optimum use of the data. Standardizing the
data may eliminate the need for repeated calibration with
field data in identifying cover types. Variations in the
data due to diiferent detector responses, satellites, and

sun elevation angles were ninimized. Procedures used in

standardizing the ¥SS data were described. The standardized
data were linearized and presented in B8-bit mode in the

final form.

3.3 SPECTRAL SIGNATURES AND THRESHOLD VALUES

Spectral signatures are useful in classifying cover

types and 1in obtaining a better understanding of the cover

types identified. The spectral signatures or some derived
parameters of these signatures are used in automated or
visual classification of cover {vpes. The {frue spectiral

signatures may be obtained from laboratory measurements or
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crude estimates of these signatures from Landsat digitial
data, Discussion on the spectral signatures and their uses,
how the signatures are obtained, and how threshold values
are determined for cover types using measurements from

Landsat data are presented in this sectione.

3.3.1 Spactral Signatures and Their Uses

A spectral signature may be defined as the unique
reflectance or emission response OVef a wavelength region-
characteristic of -'a particular object or association . of
features.. In an ideal case then, one can think of these
gquantitative measurements as distinctly characteristic of-
the object under consideration.. However, in reality an
object may. or may not have a distinct spectral response in
the wavelength region observed. By comparing the responses
in several different spectral regions, clues which are
unique @may be deduced. For example, the MSS on Landsats-1.
and 2 collects reflectance responses.. in four different:
spectral regions or bands over a small area referred to as a
pixel. One may think of these four measurements as a

spectral signature.

Spectral signatures are quantitative measurements.. The
measurements can be made 1in the laboratory on a specimen
collected in the field representing the true in-situ
conditions, or from the aire. gach of these mathods of

making measurements has certain associated advantages and
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disadvantages. The speciral signatures, irrespective of how
they are collected, have certain uses and contribute to a

etter understanding and identification of cover types.

s

Provably the most direct use 0of spectral signatures is
with automated ciassificatibﬂ procedures., In these
procedures, cover tvpes on the surface of the earth are
grouped or classified wusing their characteristic spectral
signatures. That is, with these methods, the cover types
are labled based on individual spectral characteristics of
the cover types in a given scene. The <classification

procedures may consist of automated or computer methods, or

visual interpretation methods.

The spectral signatures may also be used in deriving a
set of wuniversal characteristics for each cover type. The
universal set can then be used in classifying cover types
using data acguired at any time or in any season. This kind
of use of spectral signatures would be the most ideal one as
it eliminates or at least minimizes training for cover typses

#ith each application of classification proceduress

Finally, the spectral signatures can be analyzed to
determine which bands provide the best discrimination among
cover ivypes. Ainalyses of +this nature wmould help in
selection of spectral regions or bands for consideration on
future airborne or spaceborne sensors c¢ollecting remotely

sensed data.




323.2 Reported Laboratory Spectra of Rocks

Lahoratory specira of rocks and minerals serve a useful
purpose. They define the extent to which intrinsic spectiral
information is optimally available from minerals, rocks and
soils as a conseguence of their compositions and fundamental
crystal structure. The laboratory measurements typically
place an upper 1limit on what can be achieved in the field

and satellite acquired data.

Because rocks are composed of assemblages of minerals,
the basic spectral data are contained in the spectra of
individual minerals. Reflectance of rocks snd wminerals in
the wvisibie and near infrared regions of the specirum are
controliled by electronic transitions in transition metal
ions; by electron transfer beiween ions in the shorter
visible and ultraviolet wavelengths (Hunt and Salisbury,
1978 Iron in its two oxidation states is responsible for
the «color of mpst rocks and @minerals in the field
{Rabchevsky el al, 1979). In the visible and near-infrared
regions, the most commonly observed spectral features in
naturally occurring materials are due to the presence of
iron in some form or other, or to the presence of wmater or

hyvdroxyl groups {(Hunt, 1377).

Hunt, Salisbury and their c¢olleagues have published
iaboratory spectra, in the visible and near infrared
regions, of commonly occurring minerals and rocks. These

specira with a brief description of the samples have
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appeared in a series of articles in the Journal of Hodern
Geology (Hunt et gl, 1973 a, 1973 b, 1974, 1976 a, 19756 b).
In a recent study, Hunt and Salisbhury {1978} assessed the
Landsat #3835 bands for rock type discrimination on the basis
of dntrinsic information in their laboratory Specird.
Speciral characteristics of rocks and the utility of Landsat
bands for broad rock type discrimination are summarized here

pased on the above publications.

Most spectral features in acidic igneous rocks occur as
a conseguence of the presence of iron, hvdroxyl and mater
ana consequentiy are only indirect indicators of
composition. Acidic rocks can be differentiszted from basic
rocks as they reflect more than the basic rocks. 1In Landsat
M55 bands, acidic rocks have greater values in Band 7 than
in Band ©; whereas basic rocks have greater values in Band

6 compared to Band 7.

Spectral features componly found in basic igneous rock
spectra are those due %o iron near 1.0 um. Normally, these
features are weak and broad. The basic rocks have the
smaliest reflectivities of any rocks. This is due to the
large amounts of dark mafic minerals, particularly magnetite
and other opacgue wminerals. The mafic rocks are also
Characterized by their greater range of Landsat M58 band

ratios than for any other rock typese




The overall reflectivities of wultrabasic rocks are
generally greater than for basic rocks, and indeed they
oyerlap the reflectivities of intermediate 2nd acidic rocks.
Ultrabasic rocks typically contain reiativeiy little opaque
material and consegquently their mafic minerals display
promineni spectral features. These rocks produce a very
large value for the ratioc of Mss & to Yss 7 because of the

intensive ferrous iron feature near 1.9 unm.

Well defined speciral features are gquite common in
sedimentary rock specira, except in those cases wmhere they
are masked by the presence of carbonaceous material. The
ferrous 1iron feature occurs principally near 1.0 um, while
the ferric oxide produces a characteristic fall off in
intensity towards the blue bands discernible near .5 um and
0.86 um. However, over the Landsat M55 band pass range,
sedimentary spectra do not differ significantly from those

of the siliciic and intermediate igneous TocCkS.

Metamorphic rock specira tyvpicaily display well
resolved features, and their absence indicates the presence

of considerable gquantities of opaque substances.

Caution must be exercised 1in extirapolating results
based on laboratory spectral wmeasurements to satellite
acquired data. The published laboratory spectra have been
obtained from well characterized homogeneous crushed mineral
and rock samples and measurements are made only a few

centimeters away from the samples. Whereas, the M55 data
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are acquired at satellite altitudes through a variable
atmosphere and with a nominal ground resolution of about 80
m by 80 m. Because of these and other differences, the
guality of the dintrinsic dinformation present 1in the
laboratory spectra will typically be enormously degraded in
satellite acguired data over that obtained in the

laboratorye.

Caré must also be taken in extrapolating laboratory
speciral wmeasurements to in-situ field measurements. Some
of tihe problems involved in extrapolating laboratory spectra
to in-situ field spectra have recently been discussed by

Longshasg (1976).

In spite of the difficulties mentioned, laboratory
specira do serve as a guide to spectral signatures obtained
directly from the MSS digital datae. Also, textural,
geomorphic and vegetational effectis, secondarily related to
rock types that occur in the field, in many cases can
produce effects that may be more useful for discriminating
..IOCk types than is the intrinsic speciral behaviour seen in
the laboratory spectrae. On account of these reasons,
spectral signatures of cover types  have been derived

directly from the M85 digital data.
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34343 Derivation of Signatures from Landsat

In this study, spectral signatures have bheen derived
directly Irom Landsat digital data. The Landsat data used
are standardized before computing spectral signatures for
cover 1Ypes. Thus the signatures derived essentially

Tepresent true conditions as they exist on the ground.

in deriving the spectral signatures, it was assuned
that all pixels in a sample area of a cover type are truly
from the designated cover type» That is, each pixel in the
entire sample area c¢onsists of only one cover types. This
assumption mav not be realistic as sach sample area contains
several pixsls and each pixel represents about 59 x 79 @ on
the ground. However, signatures derived on this basis would
be a true representation of natural conditions on the

grounde.

Speciral signatures have been obtained in four speciral
bands of the MSS. The MSS on Landsats 1 and 2 acguires
reflectance data in Zfour speciral regions or bands.
Comparison of spectral signatures among the four bands may

prove to be useful in identifying cover iypes.

Spectral signatures have been derived for nine
different «cover types in the study area. QOut of these nine
cover types,‘seven cover types are ©0f direct interest in
geological wmapping and the other two are of indirect

interest as these tuwo cover types will have to be eliminated
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before iée%tifying rock outcrops. The'cover types of direct
interest in geological mapping include Aolomite, sandstone,
felsite, granite, basalt, soils and boulders, and sand. The
two cover types which are of indirect 1interest in the

mapping include water, and vegetation.

Several sample areas have been established throughout
the Landsat scene of the area for each of the nine cover
types. The sample areas have been selected based on known
geoclogy and visual identification of cover types on Landsat
images. The number of sample areas and the locations of
sample areas for each cover type are not selected at random
but rather to represent natural conditions in the areas. For
example, samplie areas for different rock types have been
selected in areas of minimal vegetation cover on outcrop

ATYCAS

A large number of samples {(pixels) have been included
for each <cover type to improve the reliability of the
speciral signature estimates. The number of individual
samples in each sample area are not, however, necessarily
egual. Also, the number of sample areas selected to
represent each cover type are not equal. The number of
sample areas and the total number of samples used in
deriving spectral signatures for each cover type in the

study area are given in Table 3.




TABLE 3. NUMBER DF SAMPLE AREAS AND TOTAL NUMBER
UF SAMPLES SELECTED TO DERIVE SPECTRAL SIGNATURES

FOR COVER TYPES 1IN

THE STUDY AREA

Number of

Lfover Iype Sample Areas
Water 2
Yegetation 7
Soils/Boulders 5
Sand 2
Dolomite 6
Sandstone 5
Granite 8
Basalt 6

Felsite

Total Number
of Samples
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Spectral signatures for the cover types are derived
separately using Landsat digital data acguired on tuo
different dates. The two dates of data acquisition are 5
August 1975 and 22 June 1975. On the June date, snow cover
was present in most of the area and some of the lakes were
still frozen. The location of sample areas and the number
of sample areas were deliberately kept identical on both
dates for comparing the signatures. The location of sample

areas for all the cover types are shouwn in Figure 4.

3.3.4 Establishing Threshold ¥alues

Spectral signatures or some derived parameters of these
signatures are used in discriminating among cover itypes.
Cut off values or threshold vaLues must be established for
the speciral signatures or their derived parameters to
represent each cover type 1iIn a computer classification
scheme. If a cover type has unigue threshold walues in a
band or combination of bands, then that cover type <can be
unigquely discriminated from the other cover types. The

procedures used in establishing the threshold values are

discussed here.

Spectral signature values from each sample area are
averaged for each «cover type. The range and the standard
deviations are also computed from the signature wvalues for
each o0f the sample areas.. Preliminary threshold valuss are

established for each cover type in each band based on these
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computationss.

The above calculations are repeated treating each
sample area as one measurement. 1 second set of preliminary
threshold values are then established for the cover types.
If the threshold values in the second set are significantly
different from the previously established thresholids, then
the average of these two sets are used as the final set.
These final threshold values have been used in a hierarchial
classification scheme for discriminating rock outcrops and

rock types.

3.3.5 Contamination of Spectral Signatures

It was assumed that sample areas selected for deriving
spectral signatures from Landsat data were homogeneocus or
upcontaminated. Even though this Was an idealized
assumption, it is reasonable in deriving spectral signatures
for use in «classification of cover types. It is nont,
nowever, very common to find an area as large as a pixel to

contain a homogeneous cover type, especially in rock types.

The natural surface of the earth is composed of a
diversified combination of cover types. The cover types in
a broad sense include water, vegetation, unconsolidated
garth materiaisy, and consolidated rocks. Unweathered, bare
rock materials are, however, infreguently exposed at the

surface.




The area sampled by the Landsat MS5S is about the size

of a footbali f£field, and thus there 1is an excellient
probability that some combination of cover types will
influence the detected spectral characteristics of rock
units in a pixel. As an example, if sandstone and green
vegetation were present in egual amounts within a pixel
area, the resulting spectral signature would not reseible
the signature for the vegetation or the signature for
sandstone. The combined signature 1is an average of the
spectral signatures for the two cover types in the pixel

Areds

When more than one cover type is dncluded within a

pixel area, then it 1is «called a contaminated pixel.
Contamination affects classification of cover types. The
results of a classification bscheme are thus based on the
degree of contamination and the type of contaminant. in
understanding of the effects of contamination on spectral
signatures is important in wutilizing the <classification
results to wutmost benefit. To provide this understandimg,
the derived spectral signatures are combined to produce new
signatures for contaminated pixels in various proportions.
The resulting new speciral responses are assessed relative
to the original spectral signatures in terms of

classification scheme resuyltis.
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In summary, methods used in deriving spectiral
signatures from Landsat digital data and threshold values
from the derived signatures were Jdescribed. Use o0if these
spectiral signatures in classifying cover types by
estaplishing threshold values and in obtaining a better
understanding of cover types identified was discussed. In
deriving the spectral signatures, it was assumed that sample
areas selected truly represent homogeneous cover conditions.
Computing expected spectral signatures from contaminated
pixels was inciuded as it was recognized that the 5ccurrence
of pixels covering homogeneous rock types is infregquent.
The intrinsic capability of the fandsat #¥SS bands in
discriminating among rock types uwas summarized based on

published laboratory spectra of rocks.

3.4 A NEW CLASSIFICATION SCHEME

A new «classifiication scheme has been developed to
discriminate rock outcrops from other cover types. This
classification scheme is based on a hierarchy of cover
tYDeS. It 1is neither a supervised technigue nor an
unsupervised technigue in the conventional sense of
automated Classification methods. In this section,
conventional automated classification ap@rgachesy the need
for a new classification scheme, and the mechanics of the

proposed classification scheme are discussed.
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3.4.1 Automated Classification Approaches

Classification is the process of identifving groups or
categories whose members have <certain characteristics in
common. If this process is carried out with or implemented
on a computer then 1t 1is referred to =zs an automated
classification approach. Ideally, the categories or classes
should be mutually exclusive and exhaustive. That is, there
should be one and only one c¢lass to which a pixel is
assigned, =2and all pixels in the area of interest may be so0
assigned. In practice, these reguirements are difficult to

fulfil and often are not achieved.

Two different approaches to automated classification of
Landsat data are commonly used. The classification can be
supervised, in smhich training areas are esfahzisheé by the
analyst, or unsupervised in which the boundaries are
objectively determined from a computer algorithm to

delineate natural groups or clusters.

In supervised classification, each training area, which
supposedly 1is representative of a specific cover type of
interest, 1is determined from 2 priori knowledge, i.e.
Wfield truth¥. Statistics are computed for each cover class
and are used in various automated technigues to identify
other areas within the Landsat image which have similar
characteristics. The maximum likelihood decision rule
{¥agy, 1872) is one such technigue of supervised

classification approach.
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In unsupervised classification, no a priori knowledge
is assumed, and the <c¢lasses are basad on the actual
relations of a selected similarity measure, smong the
fsatures. In such c¢lassification schemes the nunmber of
classes can be established by the analyst oT , more
objectively, through ‘the use of an algorithm in which the
data themselves are used to suggest the number of natural
categories, that is to find the number of clusters {Miesel,
1972). The four dimensional histogram clustering {Golderg
and Shlien, 1976) 1is one such technigue of unsupervised

classification approachs.

3.4.2 Need for a New Classification Scheme

Classification procedures should interpret or segment
an  image in terms of wmeaningful classes to the analyst.
Perhaps the most important and difficult task in image
classification is not the application of the classification
algorithm, but the selection of data classes that adeguately
delimit the themes of interest to the analyst. This
selection is particularly difficult in mapping of rock types
pecause of the inhomogeneity of geologic units, presence of
gradational boundaries, and confusing influence of both

vegelative cover and soil mantling.

Automated classification procedures should also be

v

simple and efficient. They should be simple so that the

analyst or the geologist can fully appreciate and comprehend
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the <cover type <classes presented to him. The procsdures
must also be efficient so0 that they present a vwviable
alternative to the analyst over conventional analysis

techniques.

The automated c¢lassification procedures have been
successfully applied in the fields of agriculture (Peet,
1975; Goodenough, 1976) and land wuse (Anderson, 19753
Schubert, 13978). In the field of geology, classification
routines, in general, have not been so successful {(Siegel
and Abrams, 1976). This is primarily due to similarity of"
the spectral signatures of different lithologies and
confusing influence o0f vegetative and surficial cover.
These problems are absent or not so pronounced in remote

sensing studies in land use or agriculture,

A study of spectral signatures showed that there are no
unique four-band signatures in the MSS data for rock types
in the study  region (Sec 4.121). Conventional
classification procedures employ all the four bands
simultanepously, that is they assign equal weighting to all
the bands. For example, any significant differences present
among two C¢lasses in a band would be counteracted by any
significant variations among the same two classes present in
a second band. Bercause of this simul taneous use,
conventional procedures wmould not normalily provide useful

results for mapping of rock types.
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It was discovered in this study, that there ware
distinct patterns in some bands or combination of bands for
rock types. A new classification scheme has been developed
to. take advantage of the distinct patterns present. There
are additional and more practical reasons for developing a.

new classification scheme.

It is expensive and cumbersome to collect field truth
for training each time a classification is attempted. It
was. felt that a set of signatures for general cover types
would be useful: for use in classification procedures. If
these signatures are applicable in different areas, they. can’
be treated as a data bank of universal signatures. To
facilitate this universal applicability, the Landsat data:
used in deriving spectral signatures were standardized. Any
new classification scheme development should incorporate or
take advantage  of the signature bank. That is the schame
should consist of comparing signatures from a scene to. those
in the data bank and assign classes on the basis of the:

comparisonse.

Identification of rock outcrops should be carried »ut
prior. to: attempting rock type classification . When rock
outcrops are identified with sufficient accuracy, then one
can subdivide the identified outcrop areas into different
rock type areas. That is a hierarchial approach appears to.

be the most logical for geologic mapping purposese.
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3.4.3 Mechanics of the Propssed Scheme

A hierarchical classification scheme has been developed
to. recognize patterns found for: rock classes. 1In this
scheme, individual bands and arithmetic combination of bands
were gselegtively employed to classify cover types. By this
selective procedure advantage can be taken in discriminating
cover. types even when significant differences are present
only in one band. 1In the hierarchy, rock outcrops are first
discriminated. from all other classes, then the outcrops are-

tentatively separated into rock type classes.

In the first step of the hierarchial separation sch2me
rock outcrops and surficial materials are discriminated from
other cover types. These other cover types included water
bodies, snow and ice, and vegetation. Clouds in the image
were also eliminated in this step. A similar scheme has
been previously used to separate vegetated areas from
non-vegetated areas on Landsat data (Schubert gt al, 1976). .
A pixel under consideration is classified into one of the
classes by successively comparing its value to the threshsld:
values  stored (signature bank) for each of the classes.
When a pixel is assigned to a class, no further coaparisons.

are made for that pixel..

Threshold values in Band 7 were used 1in eliminating
water, as water absorbs strongly in this band. .
Specifically, if Band 7 value for the pixel under

consideration is 1less than the threshold value, then that
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Pixel is classified as water. A ratio of Band 7 and Band 5
was used to séparate vegetation, as green vagetation
reflects strongly in Band 7 and absorbs in Band 5. In
particular, 1if- the ratio 1is greater than the specified
threshold value then that pixel is classified as vegetation.
‘For snow and 1ice, a threshold value in Band 4 was used.
‘When the pixel value in Band 4 is greater than the specified
threshold wvalue, then that pixel is classified as snow and:
ice. Clouds reflect strongly in all the four MSS bands, but
Band 5 appeared to be the most consistent and was used in
eliminating clouds. When tﬁe pixel value in Band 5 is
greater. than the specified threshold value for clouds, then

.the pixel is classified as cloud.

Whea all the above classes are successively.eliminated,
then the remaining pixels belong to rock outcrops and
surficial material. It must be specified that the threshold
values usedv for each of the classes are unique, that is no
overlap is present. For.example, when a pixel value in Band-
7 is 1ess than the threshold value specified for water, no .
other class has. the same threshold value. This firsf step-
of the hierarchial cheme 1is presented schematically in

Figure 5.

In the second step of the hierarchial scheme, rock
outcrops and surficial' materials identified in the first
step are sub-divided. Again, the threshold values for the

best bands and band combinations for separating the rock
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classes have been selected. TIn the present scheme, there
are two classes for surficial materials and four classes for
consolidated rocks. The surficial wmaterials consist of
soils and boulders, and sand. The consolidated rocks are

dgolomite, sandstone, granite, and basalt.

A2 pixel designated as Dpelonging to rock outcrop or
surficial material is subdivided into two groups. If the

product of values in Band 4 and Band 5 is greater than the

threshold value for the group, then the pixel is classified

as belonging to group I; otherwise the pixel belongs to
group Ii. Group I consists of sand and sandstones; group

11 consists of soils and boulders, dolomite, basalt and

granite.
A pixel in group I 1is classified as sand when the 1 4

'f product of band 4 and band 5 is greater than the threshold

value for sand; otherwise it is classified as sandstione.

Pixels in group II are successively classified into one

or the other of the four classes in this group. First, a

pixel is classified as soils and boulders when the ratio of

Band 7 to Band 5 is greater than the threshold wvalue for
soils and boulders. ¥hen the product of Rand 6 and Band 7

of the pixel 1is greater than the +threshold walue for

¥

dolomite, then that pixel is classified as dolomite.
Finally when BRBand 6 value for the pixel is less than the
threshold value for basalt, the pixel is <c¢lassified as

basalt; otherwise it is classified as granite. The scheme
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for subdividing rock outcrops and surficial materials is

shosn in Figure 6.

In summarv, a new classification scheme has been
developed for discriminating rock putcrops from other cover
types and for separating outcrops identified into rock
tvpes. This <classification scheme is based on a hierarchy
of cover types which are identified by comparing pixel
values to standard threshold wvalues. The need for a new
classification scheme and the mechanics of the proposed
scheme were also given in this section followed by an

outline of the automated classification approaches.

To be useful in mapping, results from any
classification scheme must be displayed precisely in a map
form. The conventional wmapping approach is to use a
projection of the earth®s figure such as the Universal
fransverse Mercator (UTM) projection. Data obtained by the
MSS subsystem contain errors in the geometry and, as a
result, cannot directly be displayad in a standard
projection. This section dicusses briefly the distortions
present in the MSS data, procedures used in correcting them,
and various methods of producing thenmatic maps from the

data.
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3+5.1 Geometric Distortions and Corrections

Geomelric distortions are associated with the MSS
subsystem, the spacecraft and its orbit, and the earth”s
surface. The distortions associated with the MSS are aspect
ratio, wmirror scan nonlinearity, perspective geomelry and
panoramic distortion. The distortions related to the
Landsat spacecraft and the orbit are the platform altitude,
attitude and velocity. The scene dependent distortions are

the earth”s curvature and rotation.

The geaﬁetric distortions result in a non-conformal
projection and a different scale in different directions.
The orojection related distortions are corrected by
registering the data to the UI¥ grid system; the scale
reiated errors aras corrected by resampling the data using

cubic convolution.

The approach for making projection related corrections
consists of defining an affine transformation and then
transforming the uncorrected image to the UTM proidection
using this transformation (Shiien, 1979) . The affine
transformation is generated between ground control points
extracted manually from the wuncorrected image and the
corresponding UTM coordinates., The procedural details of

this correction are given in Appendix 4.




The scale distortions are corrected by resampling using

cubic convolution. Cubic convolution is an interpolation
method and has the efferct of providing a smoother looking
image. When the image data are registered to a particular
mwap or grid, a one-for-one match does not occur and it
becoaés necessary to *fill in the blank spacesY. %When this
occurs, it is necessary fo take neighboring points and
interpolate to get a best estimate for the missing valuesa.
Cubic convolution is one of the best techniques for finding
such wvalues. In this study data values are collected at 50
$i spacing.

—

3.5.2 Methods Used in Senerating Maps

To be useful in wmapping or for wuse in the field,
thematic maps generated from a classification scheme must be
displayed on a hard CopYy.s Several different methods of
obtaining bhard copy products are available. The methods
considered in producing waps for this study include maps
from line printers, hard copy computer terminals, continuous
strip film recorder, and photographing a <c¢olor monitor

displaya.
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32D.Z2.1 Line printer mans

Maps <can be produced inexpensively on a computer
print-out at a suitable sCale. in the proposed
classification scheme, pixels are grouped into one of
several classes or c¢ategorises. A1l pixel locations that

were grouped together in one class are assigned a unigue

symbol in producing the computer print-out.

The cém@uter print-out is produced on 3 line oprinter.
The 1line printer prints +ten characters to an inch in the
norizontal direction and six characters to an inch in the
vertical direction. This discrepancy in the aspect ratio
results in an unsqual scale on the maps produced. This
aspsect ratio error <can, houever, -be compensated for by
printing one pixel in every three and one line in every
five., Maps produced on the line printer with this line and
pixel combination will have a scale of 1:60,000 when the

pixel size is 50 m x 50 nm.

The line printers ¢an accommodate a3 maxisum of 132
characters per line. To facilitate covering larger areas in
a single run of the oprogram, provision is wmade in the
software to print up to a maximum of three vertical stripse.
These vertical strips are printed such that they can be

combined after printing to provide a contiguous map.
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3254242 M¥aps from a hard copy terminal

Maps can also be produced on a hard copy terminal using
the technigue described with the line printer. The number
0of characters printed per line varies depending upon the
type of computer terminal., Provision 1is made 4in the
sottuware to vary the number of characters printed across a

strip.

This method of producing maps is particularly suitable
for obtaining maps guickly at a location away from the main
computer facilities. Computer terminals can he copnected to
a main frame computer usually through telephone lines and
the maps generated may be transmitted to the hard Copy

terpinals.

3+5.2.3 Photographing a color monitor display

Results obtained from the oproposed classification
scheme can be displayed on a color monitor and then the
display can be photographed to produce maps. In this method
of producing maps, all pixels belonging to a specific class
are assigned a unigue color on the display. The scale of
thé maps produced by this method can be varied either on the
monitor itself or latter by enlarging the photographic
product. The Hultispectral Analvzer Display (MAD) color
monitor at the CCRS has been used for the display in this

method.
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The MAD system consists of a display wunit with three
parallel image ©processors (one for each color gun) and an
internal refresh disc from which data are continaully reread

to refresh the color monitor {Coodenough 8t a1, 1973)., The

fu

data for each of the processors must be in the range of {4 -
63 (six bit data). The MAD unit is attached to the CCRS
PDP-10 time sharing system. Software wWas developed during
this study to display areas classified on the color monitor.
The software developed for this is versatile and a complete
description of the different options available is given in

dpvpendix A.

The display on the color monitor was photographed using
a 3% mam camera with 100 ASA Kodacolor IT film. The film was
processed by a local commercial processing facilitve.
Photograpghic prints  were obtained at the reguired

enlargement for use as maps.

Unfortunately, this method of rhotographing a color
monitor introduces geometrical distortion on the maps due to
the curved surface of the monitor. Consequently, the maps

produced cannot be used for precise mapping.

These maps are, however, suitable for use in the field
and for evaluating results obtained from classification
schemes. The other disadvantages of this method include
inconsistencies due to different exposure times, and
non-repeatability of colors on photographic products.

Fortunately, there is another method of making hard coples
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from the display on the MAD rmonitor. This method is

described next.

3.5.2+.4 daps from Continuous Strip Film Recorder

Continuous Strip Film Recorder (C5FR) at the CCRS was
also wused 1in this study to produce maps from the MAD
display; The CSFR produces 21 com wide color negative of any
iength. 0On the C5FR, the scanning rate (line repeat factor)
and the film speed can be controlled individually to produce

the desired scale on the negatives.

In producing the negatives, line repeat factor of five
and film speed of 0.42 ¢m was used. Hith this combination,
the negatives are produced at a scale of 1:125,000 when the
pixel size 1is 50 mw by 59 m. Photographic enlargements of
these negatives can be made to produce maps at any scale.
The procedural details of obtaining the CSFR products are

given in Appendix A.

It should be strssed that no geometric distortions are
introduced by the CSFR in producing the MAPS.
Representation of cnlorérgn the CSFR products is, however,
not as good as it is on the MAD color monitor. The cost of
makiﬁg hard copies using the CSFR is not expensive} 50.85
per foot for Qrodgcing negatives and 31.25 per foot for

printing.
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In summary, Landsat data implicitly «contain certain
geometrical distortions. These data are not suitable for
precise thematic mapping unless the data are geometrically
corrected and registered to a standard map projection. The
4SS data used in this study were geometrically corrected and
registered to the UTH grid system. Procedures epployed in
the correction and registration process were d&escribed.
Various hard copy media, such as the Continuous Strip Film
Recorder, may be used for producing thematic maps from the
geometrically corrected data. Methods used for producing

thematic maps were also described in this section.
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4.1 SPECTRAL SIGNATURES

Results from studies of spectral signatures derived
from Landsat data are presented in this section. The
spectral signatures of cover types imaged on 5 August 1975
and 22 June 1975 are presented and then compared. Finally,
the effect of contamination or inhomogensities on rock

spectral signatures due to the presence of other rock types

and vegetation are presented.

4»1.1 Spectral Signatures of Cover Types

Speciral signatures of nine different cover types in
the study scene have been derived from standardized Landsat
data. These spectral signatures have been obtained in all
four ¥SS bands. The cover types in the study scene included
water, vegetation, sand, soils/boulders, dolomite, granite,

felsite, basalt and sandsione.

Several sample areas have been established for each
cover type in the study scene. The number of samples areas
along with the total number of samples (pixels) used in
deriving spectral signatures of cover types is given in
Table 3. The spectral signatures or the intensitiss in
units of digital numbers in all four bands are plotted

separately for each cover type. The sample area number
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{corresponds to locations shown in Fig. 4) and the number
of samples within the sample area are also shown on the
spectral Qlots.v For each sample area, the amean, the
standard deviation, and the range among the samples are

shomn on these plots.

Spectral intensities for sample areas of water imaged
on 5 August 1875 are shown in Figure 7. Two sample areas
containing a total of sixty samples have been used to
represent water bodies din the study scene. The spectral
bands 1in the order of increasing intensities are Band 7,
Band 6, Band 5} and Band 4 respectivelv. *tThe spectral
intensities range from 16 to 23 in Band 4; from 8 to 12 in
Band 53 from 8 to 16 in Band 63 and from ¢ to 12 in Band
7. The sample areas are spectrally similar to one another
in all the four bands as indicated by the uniformity of
intensities. Water has the lowest intensities in all the
bands among the «cover types considered. Figure 7 also

reiterates the fact that water absorbs strongly in Band 7.

Spectral intensities for sample areas of vegetation
imaged on 5 August 1975 are shown in Figure 8. Seven sample
areas containing a total of 131 sampies have been used to
represeni vegetation in the study scene. The spectral bands
in the order of increasing intensities are Band 5, Band 4,
Band 6, and Band 7 respectively. The speciral intensities
range from 23 to 35 in Band 4; from 19 to 31 in Band 52

ifrom 45 to 78 in Band 63 and from 51 to 82 in Band 7. In
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and 5 vegetated areas have the lowest intensities among =all

o)

cover types <considered excluding water bodies. Moreover,
vegetated areas have tihe highest intensities in Band 7 among
all the cover tvpes considered. The variations among sample
areas are larger in Bands 6 and 7 than they are in the other
bands. These observations are <consistent among all the
seven sample areas. Vegetation reflects strongly in Bands 6
and 7 {reflective infrared) and the Iintensity is
proportional %to the wvigor of the vegetation. The larger
variations observed in Bands &6 and 7 are reiated to the
variations in the vigor of the vegetation among the sample
areasas Tt is also seen that vegetation absorbs strongly in

gand % {(visible red).

Spectral intensities for sample areas of sand imaged on
5 lugust 1975 are shown 1in Figure 9. Two sample areas
containing a total of 33 samples have been used to represent
sand in the study scene. The speciral bands in the order of
increasing intensities are RBand 4, Rand 5, Band 7, and Band
& respectively. The spectral dntensities in the sample
areas range from 31 to 47 in Band 47 from 27 to 51 in BRangd

5; from 31 to 70 in Band 63 and from 19 to 58 Band 7. The

eviation among samples within sample area number 1 is large

(%5

and indicates inhomsogeneities within the area. Sand areas
have higher intensities in all four bands than any rock
outcrops or surficial wmaterials examined except those for

dolomites.
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Spectral intensities for sample areas of socils/boulders
imaged on 5 August 1975 are shown in Figure 10. Five sample
areas containing a total of 7¢ samples have been used to
represent soils/boulders in the study scene. The spectral

bands in the order of increasing intensities are Band 5,

ey

pand 4, Band 7, and Rand 6 respectively. The spectral
inftensities in the sample areas range from 26 to 35 in Band

43 from 27 to 31 in Band 5; from 47 to 52 in Band 63 and

v

from 43 to 51 in Band 7. In soils/boulders areas, the range
of intensities observed in each band is remarkably low.
This observation is especiazlly noticeable in Band 5 gwhere a
value of 27 is recorded for more than 50 samples. The five
sample areas are spectrally similar in all four bands as

indicated by the uniformity of the intensities.

Spectral intensities for sample areasz of dolomite
imaged on 5 August 1975 are shown in Figure 11. Six sample
areas containing a total of 132 samples have been used to
represent dolomites in the study scene. The sSpectral
intensities in the sample areas range from 31 to 47 in Band
43 from 27 to 47 in Band 53y from 47 to 66 in Band 6; and
from 47 to 62 in Band 7. The intensities in Band 4 are
approximately egual to the intensities observed in Band 5.
Alsp, the intensities in Band 6 are similar to those
observed in Band 7. This spectiral characteristic is present
only for dolomite areas and is absent for all the other
cover itypes studied. Another unique spectiral characteristic

observed is that the intensities in all four spectral bands
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are hnigher for dolomites than the other cover types, gxcept
for wvegetation in Band 6 and Band 7. ‘The sample areas, in
general, are spectrally similar as indicated by the
uniformity of intensities. Variation in intensities among
samples within sample area number 4 is larger, particularly
in Bands 4 and 5, relative to the other areas. This
suggests inhomogeneities within this sample area, probably

due to the presence of a different cover type within this

Spectral intensities for sample areas of granite imaged
on 5 August 1975 are shomn in Figure 12. Eight sample areas
containing a total of 118 samples have been used 1io
represent granites in the study scene. The spectral bands
in the order of increasing intensities are Band 5, Band 44
Band 7, and Band 6 respectively. The spectral intensities
range Irom 27 to 35 in Band 4; from 23 to 31 in Band 53

o

irom 3% to 62 in Band %3 and from tc 58 in Band 7. The

Al
[#)]

sample areas are spectrally similar in Band 4 and Band 5 as
indicated by the uniformity of the intensities in these tuwo
bands. Large variations among sample arsas are present in
sand 6 and Band 7 which indicate that the sample areas are
not quite uniform in these two bands. Since the differences
occur mainily in Band ) and 7, it suggests the
inhomogeneities may be due to the opresence of different
vegetative <canopies among the sample areas. Another point

to be noted is the large variations in intensities of Band 5§

and 7 within sample areas 4 and 6. This again suggests
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pronounced inhomogeneous conditions in vegetation present

within these tuo sanmple areas.

Spectiral intensities for sample areas of felsite imaged
on 5 August 1575 are shown in Figure 13. Four sample areas
containing =a total of 119 samples have been used to
represent felsites 1in the study scene. The spectral bands
in the order of iécreasing intensities are Band 5, Band 4,
gand 7, and Band 6 respectively. The speciral intensities
range from 27 to 35 in Band 4, from 23 to 35 in Band 5, from
37 to 58 in Band & and from 3% to 51 in Band 7. The
samble areas are spectrally siamilar in all four bhands as
indicated by the uniformity of intensities among the sample
areass The variation in intensities in Band 6 and Band 7
for sample area number 2 is larger relative to the other
areass This indicates the presence of an inhomogeneity
within this sample area. Because this large variation is
present only in Bands 6 and 7, it may suggest the presence

of considerable vegetation within this sample area.

Spectral intensities for sample areas of basalt imaged

s
[N

on 5  August 1975 are shouwn in Figure 14. ix sample areas
containing a total of 82 samples have been used to represent
basalts in the study scene. The spectral bands in the order
of increasing intensities are Band 5, Band 4, 2and 7 and
Band 6 respectively. The spectral intensities range from 27

to 35 in Band 43 from 19 to 231 in RBand 53 from 35 to 58 in

dand 6; and from 27 to 47 in Band 7. The sample areas are

REAMEACAR A A L W
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spectrally similar in all the four bands as indicated by the

uniforaity of intensities among the Sampie areas.

Spectral intensities for sample areas of sandstones
imaged on 5 August 1975 are shown in Figure 15. Five sample
areas containing a total of 164 samples have been used to
Yepresent sandstones in the study scene. ‘The spectral bands
in the order of increasing intensities are Rand 5, Band 4,
Band 7, and Band 6 respectively. The spectral intensities
range from 31 to 43 in BRand 43 from 27 to 39 in Band 53
from 35 +to 54 in Band 63 and from 27 to 47 in Band 7.
Large variations in 8and 6 and Band 7 intensities occur
amony sample areas of sandstones. The sample areas arey,
however, spectrally similar in Bands 4 and 5 as indicated by

the wuniformity of intensities 1in these 10 bands. The

0]

intensities in these two bands are highe for sandstones
than the intensities for the other rock types considered

except for dolomites.

In summary, the spectral intensities are the lowest in
Band 5 and the highest in Bzand 6 for all the cover types
considered. FExeptions to this statement occur with water
and vegetation: intensities in Band 7 are the lowest for
dater bodies and intensities in Band 7 are slightly higher
than the intensities in Band 6 for vegetation. However, the
differences among the bands are different for different

COVERr types.
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The distribution of spectral intensities among bands
for cover types imaged on 5 August 1975 is shoun in Figure
16 to point out the differences among  the bands. The
spectral dntensity din digital numbers is plotted on the
abscissa and applies to all the four bands. The cover iypes
are shown one above the other for esase of comparison. Hater
is hot represented in this figure as intensities for water
bodies are very low relative to the other cover fypes. In
each band, the mean and range of intensities are sho#n. in
computing the mean, and the range, each individual sample
area wWas treated as one measurement. These spectral
intensities are assumed to represent the cover types in the

study scene in the following discussions.

L comparison of spectral intensities in each band amonyg
cover 1iypes shows that certain spectral patterns do exist
for cover types. Spectral intensities of cover types in the
sample areas imaged on 5 August 1975 are shown in Figure 17.
In Band 4, the <cover +types in the order of increasing
intensities are vegetation, basalt, soils/boulders, felsite,
granite, sandstone, dolomite, and sand respectively.
Similar order or vattern exists also for intensities in Band
5 among the cover types. 1In Band 6, the cover types in the
order of increasing intensities are basalt, sandstone,
feisite, granite, soil/boulder, dolomite, sandy, and
vegetation. In Band 7, the <cover types in the order of
increasing dintensities are sandstone, felsite, hasalt,

granite, soils/boulders, dolomite, and vegetation. However,
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when intensity ranges are examined, oyerliapping intensitises
40  oCCUr 2among SO0me  COvVer T¥pes. Again, wmater is not
Tepresented in Figure 17. The spectral intensities observed
for water are very liow in all bands and no overlap exists

with any of the other cover types.

Spectral signatures have 2also been obtained with
Landsat data acguired on 22 June 1975 from the same
locations (Fig. 4) as those used with 5 August 1975 data.
The results and discussions on spectral signatures presented
so far have been based on data obtained on 5 August 1975.
Similar patterns have emerged frowm data collected on 22 June
1975. It wmust be emphasized, at this time, that the data
used were standardized on both dates. For «comparison
purposes, spectral intensities of cover itypes for the sample
areas imaged on 22 June 1375 and 5 August 1975 are shown in
Figure 18. Except for minor differences in Bands 6 and T,
the intensities obtained are very similar on both the dates.
The differences are probably due to the presence of light

snowW cover on the ground on 22 June 1975.

In summary, spectral signatures of nine Aifferent cover
types have been examined on two different dates. Spectral
intensities in aill bpands are not completely unambiguous
among cover types. However, distinct patterns exist for all
cover types, but the distinctions are very subtle among rock

types.
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4.1,2 Threshold Values for Identification

Tnreshold values [ave been established, based on the
spectral signatures (Sec. 4.1.1) determined, for each cover
type Included in tinis study. Threshold values for a cover
type consist of an upper or a lowmer limit, or both in a
given band or a combination of bands. Threshold values have
been established to facilitate the best possible
discrimination among the cover types. The order in which
the wvarious «cover types are separated plays a significant
rele in obtaining accurate separation in the proposed
classification scheue. in this section, the threshold
values established for eachh cover type wmith Teasons for

selecting a band or a combination of bands are presented.

An upper threshold value of 20 in Band 7 intensity was
used 1in discriminating water bodies from all other cover
types. That is, every pixel whose intensity falls below
this threshold value is <classified as water. Only wmater
bodies have such low intensities in Band 7 as shomn in
Figures 7 and 17. This threshold value has also been
successfully used previously for igdentifying water bodies

(Chagarlanudi et al, 1979).

A Jower tnreshold value of 100 in Rang 5 intensity was
used in discriminating <¢louds. #hen the intensity of a
pixel in Band 5 is greater than 100, then that pixel is

classified as cloud. 7Tt was found during this study and in

a previous study (Schubert et al, 1977) that only clouds




will produce such high intensties in Band 5.

L lower threshold value of 55 in Band 4 intensity was

A

fwl

used 1in  discriminating snow/ice from other cover types.

That is

e

v

®
rq

ry pixel whose intensity in Rand 4 falls above
this threshold value is classified as snow/ice. Some clouds
may also satisfy this threshold condition. For this reason
it is necessary to separate clouds prior to separating

snows/ice.

A threshold wvalue of 2.0 for the ratio of the
intensities in Band 7 to Band 5 was used in discriminating
vegetation from the remaining cover types. For vegetation,
the spectral intensities are higher in Band 7 and lower in
Band 5 than the other cover typess consequently a larger
ratio wvalue would be expected for vegetation. When the
ratio value for a pixel is greater than 2.0, then that rixel
is classified as vegetation. Spectral intensities in Bands
5 and 7 for vegetation relative to other cover ivypes are
shown in Figure 19. A4 line representing the ratio value of
2.9 is aiso shown on this plot. Ratios of vegetation sample
areas fall above the line and ratios for the other cover
types fall below the line. Figure 19 shows that vegetation
can be uniguely dJdiscriminated from the other cover types
using a threshold value of 2.0 for the ratio of Band 7 to

Band 5 intensities.
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L threshold value of 1550 for the vproduct of the
intensities in Bands 4 and 5 was used in discriminating sand
from the remaining cover types. & pixel is classified as
sand when the product is greater than this threshold vaiue,

Spectral intensities in Bands 4 and 5 for sanad relative to

other cover types are shomwn in Figure 20. L curve
representing the threshold value of 1550 used in
discriminating sand is also shown on this plot. It is noted

that, all cover types have lower values for the product

compared to that of sand. This shows that sand can be

uniquely discriminated from other cover types using this
threshold value of 1550 for the product of the intensities

in RBands 4 and 5.

A Threshold walue of 2800 for the product of BRands 5]
and 7 intensities was used in discriminating dolomites from
other cover types. A pixel is classified as dolomite when
the product of the intensities in Bands 6 and 7 is greater
than the threshold value. Spectral intensities in Bands 6
and 7 for dolomite rTelative to other cover types are shoun

in Figure 21. A curve representing a value of 28080 for the

product of these two hands is also shown on this plot. The
products for all the cover types axcept doiomites fall below

the «curve. That is dolomites can be discriminated from the

remaining cover types using the threshold of 2800 for the

product of intensities in Bands 6 and 7.
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A threshold wvalue of 1.44 for the ratio of the
intensities in Rand 7 to Rand 5 was used in discriminating
sandstones from the remaining cover tynes. 4 pixel |is
classified as sandstone when the ratio is less than than
this threshold value. Spectral intensities in Pands 5 and 7
for sandstone relative to other cover types are shown in
Figure 22. A line representing the ratioc of 1.44 1is also
shown on this plot. The ratios for all cover types except
for sandstone fall above the line. That is the threshold
value of 1.44 for the ratio of Band 7 to Band 5 intensities
can be used in discriminating sandstones from the other

covVer 1ypes.

A threshold wvalue of 1.77 for the ratico of the
intensities in Band 7 to Band 5 was used in discriminating
soils/boulders from granites and basalts. A pixel is
classified as soils/boulders when the ratio is higher than
this threshold value. Spectral intensities in Rands 5 and 7
for soils/bouiders relative to other cover types are shown
in Figure 23. 3 line representing the ratio value of 1.77
is also shown on this plot. Intensities of basalt and
granite samples f£all above the threshold line. However, it
should be pointed out that there is some confusion bhetmeen
granites and soils/boulders using this threshold wvalue of

—

177 for the ratio of Band 7 to Band 5 intensities.
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A threshold value of 46 in Band & intensitv was used in
uiscriminating basalt from granites. A pixel classified as
basalt when the intensity in Band 6 is less than 463
otnerwise granite. In Band 6, granites have higher
intensities than basalts. It should be pointed out one of
the six sample areas of basalts has similar values to

granite sample areas.

in SURBATrY individual threshold valies were
established for all cover types considered in this study.
Average spectral intensities in a single band or an
arithmetic combination of bands were selected in
establishing the threshoid values. This selection allowed
the best possible discrimination among cover types in sample
areas. These threshold values are stored in a signature
bank and are used as standards by the automated

classification scheme in producing thematic HAPS.

4.1.3 Contamination of Rock Spectral Signatures

Spectral intensity of a cover type from a sample
(prixel) area changes when a portion of the area is occupied
by another cover type. The change or the resulting spectral
intensity depends on the proportion and the type of
contaminant. 1If me know the spectral intensities of both
the original and the contaminant cover types, then the
expected spectral intensity of the sample area can be

computed Ior any given proportion of the contaminant.

A G T




However, the spectral intensities of the original and
contaminant <cover types are usually not known, since the
sample area 1is contaminated. fPurther, since We are
considering the smallest sample areas {pixels) possible with
the Landsat system, the proportion of the contaminant within
the sample area is also unknowne. However, genseralizations
can pe made from average speciral intensities of homogeneosus

{or ¥pureM) cover tvpes.

Contamination of rock spectral signatures due to other
rock types or vegetation is discussed in this section. The
rock types coasiéeied are doiomites, basalts, granites, and
sandstones. Felsites are not included in this discussion as
their spectral signatures resemble closely those of
granites. 1In the following discussion, for simplicity, only
one contaminant is considered. Homever, the ideas Ao extend

to multiple contaminants.

Average spectral intensities of the four different rock

types and vegetation are shown in Figure 24. AsS pointed out

)

in the previous section, the spectral bands in the order of
increasing intensities for these cover types are Bénd 5,
Band 4, Band 6, and Band 7 respectively. Exceptions to this
are that vegetation has higher intensities in Band 7 than in
Band 6, and dolomites have egual intensities in both Band 6
andg Band T a An observation regarding the spectral
intensities of rock types is that dolomites have the highest

intensities of any of the rock tyves considered in all four

ERSEO e
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bands. Another observation to be pointed out 1is that
basalts have the lowest intensities of the rock types
considered in all the four bands. The exception to this
statement is that sandstones have slightly lower intensities

in Randg 7 than basalts.

Changes which would occur in the average spectral
intensities (Fig. 24) of the four rock iypes are calculated
assuming one of the three remaining rock types or vegetation
a8 the contaminant. These changes are computed for the
presence of 103% and 40% of contaminant within the sampie
ares. #hen the change is positive, the spectral intensity
of the rock type wouid be increased as a result of the
contaminationy; the spactral intensity would be reduced when
the change is negative. The spectral intensity of the
contaminated sample (pixel) area can be calculated in any

vand using the following simple formulaz

where,

IC = the spectral intensity of the contaminated sample
area |

IH = the average spectral intensity of the homogeneous
rock type

= the proportion of contamination (0.1 or 0.4)

%
I

C = the change {(positive or negative) in intensity for




proportion N shown on the appropriate plot,.

Changes 1in the average speciral intensities of
doiomites due to contamination from other cover types are
shown in Figure 25. Since dolomites have higher intensities
in all bands than any of the contaminants, all the changes
are negative excepi due to vegetation in Bands € and 7.
That is when a Jolomite sample area contains any of the
other rock types within the sample area, the resulting
speciral dntensities will be lower than for an ptherwise

dolomite area.

Changes in the average spectral intensities of basalts
due to contamination from other cover typeas are shown in
Figure 26. In general, these changes are positivea The
oniy negative changes are due to vegetation in Band 4, Band
5, and due to sandstone in Band 7. For basalt areas larger
changes occur due to the contamination of dolomites or
vegetation. 1In other words, basalts are spectrally quite

different from vegetation and dolonmites.

Changes in the average spectral intensities of granites
due to contamination from other cover types are shown in
Figure 27, In Band 4, spectral intensity of granites
increases due to the presence of dolomites or sandstones and

decreases due to the presence of basalts or vegetation; the

»

same changes occur in the spectral intensity of Band 5. 1In

Bands 6 and 7, the intensities increase due to the presence
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of dolomites and vegetation and decrease dus to the presence

0of basalts and sandsione.

Changes 1in the average spectral intensities of
sandstones due to contamination from other cover types are
shown in Figure 28. In Bands 4 and 5, the spectral
intensities of sandstones increase due to the presence pf
doiomites and decrease due to the presence of basalts,
granites, or vegetation. In Band 6, and intensity decreases
if the contaminant is basalt, otherwise the intensity of the
sample area increases. In Band 7, however, sandstones have
the louwest spectral intensities; conseqguently the presence

of any of the contaminanats increases the intensity.

In summary, changes expected in the average spectral
intensities of rock types due to contamination from =a
different rock type or vegetation were computed. In these
computations, the contaminant was assumed to cover 10%, and
40% of the area of an otherwise homogeneous sa@mple. When
the <contaminant occupies only 10% of the sample area, the
changes are, in general, small enough to maintain rock type

separation. However, with 40% «contamination, rock type

separation is difficult in most cases,
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402 ROCK DUTCRUP IDREETIFICATION

Rock outcrops were identified using visual analysis and
computer classification scheme developed in this study.
Yaps showing the distribution of rock ouULcrops have hbeen
prepared for two intensive study areas (Fig. 3). Landsat
data acquired on 5 August 1975 and 22 June 1975 were used in
the didentification of rock outcrops. Results obtained on
rock outcrop identification are presented and discussed in
this section. Results of visual analysis are discussed
first followed by a discussion of results obtained from the

compbuter methods.

4eZ+1 Visual Analysis

Yisual analysis of digitailly enhanced Landsat images
fnias  been used in the identification of rock outcrops. The
procedure used in producing the enhanced images #HASs
described din detail in Section 3.1.3. The enhanced images
are presented here as simulated color infrared images using
Band 4, Band 5, and Band 7 respectively for the plue, green,
and red colors. The color representation of the various
cover types on the digitally enhanced images was given in
Table 2. Rock outcrops have been identified using the color
and the contextural information present on the enhanced
images. This methodology of visual analvsis has been

outlined earlier in Section 3.1.
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Maps showing the distribution of =rock outcrops have

been prepared wusing visual analysis. These mAaps ®ere
compared with aerial photographs and known geologv. Rock

outcrop wmaps have been prepared for two intensive study

areas = the MHouse River area and the Coppermine River area.

42221+l House River area

The enhanced image of Landsat data acquired on 5 August
1975 over the House River area is shown in Figure 29. An
aerial photograph of this area is shown in Figure 30 for
comparison with the enhanced image. 0On the black and shite
aerial photograph, rock outcrops appear in lighter tones
compared to other cover types. 0On the enhanced image rock
outcrops appear in blue to bluish green colors. Rock
exposure 1is abundant in the area as seen on the aerial
photograph and on the enhanced image. In depicting rock
outcrop areas, the correspondence between the aerial

photograph and the enhanced image is almost one to one.

¥ost of the northern part of this intensive study area
is covered with rock outcrops. These rock outcrops appear
in two distinct spectral units of blue and bluish green in
colors The rock outcrops are spectrally separable from
other cover types such as vegetation and water bodies in the
Arcds The southern portion of tﬁé area is mainly covered
with glacial drift. On the enhanced image, the drift areas

are seen as vegetation which is identified by shades of red
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Aerdal photograph of Mouse River area.
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color. The drift areas thus support vegetation gxcept when

the drift consists mainly of boulders.

Locations of rock outcrops obtained from visual

nalysis agree well with known locations of outcrops. Map

]

showing rock outcrops prepared frowm visual analysis of the
enianced 1iwmage over the Mouse River area is given in Figure
31. Generalized geological map of the Mouse River area
showing known locations of rock outcrops is given in Figure
32. The locations of rock outcrops shown on this geological
map were obtained from published geological maps, field

notes, and aerial photographs.

The enhanced image of Landsat data acquired on 22 June
1975 over the Mouse River area is shown in Figure 33. Most
of the water bodieg in the area were frozen. Snow Was
present on some of the vVegetated and rock outcrop areas
identified previously using the data acguired in August.
snow and ice covered areas appear in white color on the
enhanced image. In the snow free areasy cover tvpes on June
date appear 1in comparable «colors to those on the'August
image., &s a result, rock outcrops in the snox free areas
were identified consistently wusing visual analysis of the

enhanced image acquired in June.

In summary, rock outcrops in the ¥Mouse River area were
identified accurately by visual analysis of the enhanced

images. Rock outcrops and other cover types appear in

comparable colors on the enhanced images acouired in June
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and in Augusts. Glacial 4drift areas shown on the generalized

geological map were covered mainly with vegetation.

4e2a+1s2 Coppermine River area

The enhanced image of Landsat data acguired on 5 August
1975 ower the Copperanine Biver area is shosn in Figure 34.
An aerial photograph of this area is shown in Figure 35 for
comparison u#@ith the enhanced image. On the black and white
aerial photograph, rock outcrops appear in lighter tones
relative to other cover tityvpes, but not as prominently as
they did on the aerial photograph of the Mouse River areas
On the enbhanced image 7rock outcrop areas are distinctly
separable by their spectral characteristics. in  the
Coppermine River area, the enhanced image is superior to the
aerial sphotogragh for identifying rock outcrops. ROoCk
gxposure is abundant in the Coppermine River area as seen on

the aerial photograph and on the enhanced imagea.

The lorations o¢f rock outcrops obtained by visual
analysis agree well with known locations. Hap of rock
outcrops derived from visual analysis of the enhanced image
over the Coppermine River area 1is shown 1in Figure 36.
Generalized geological map showing known lecations of rock
outcrops in Coppermine River area is given in Figure 37.
The locations of rock outcrops shown on the geological map
were obtained from published geclogical maps, field notes,

and aerial phoitographs.
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The enhanced image of Landsat data acquired on 22 June
1975 over the Copperwine River area is shown in Figure 38.
iost of the water bodies in the area were frozen as seen on
the Juns 1image. Snow was present in some of the vegetated
and rock outcrop areas identified previously using the data
acguired in August. On the enhanced image, snow and ice
covered areas were indentified easily pv their white color
and absence of shadouws. Tn the snow free areas, cover types
on the June data appear in comparable colors to those on the
August inmage. Rock outcrops in the snow free areas uere

3

thus identified accurately and consistently wusing visual

analysis of the enhanced image acguired in June.

In summary, rock outcrops in the Coppermine River area
gere identified accurately by visual analysis of the
enhanced Landsat images. Rock outcrops as well as other
cover types appear in comparable colors on the enhanced
images acguired in June and in August. ¢lacial arift areas
in the Coppermine River area were identified mainly as
vegetation on the enhanced Landsat images. The enhanced
Landsat image 1is far superior to the aerial photograph for

identification of rock outcrops in the Coppermine River

areds
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42242 Computer Analysis

Bock outcrops were identified wusing the computer
analysis system developed in this study. Rock outcrops were
discriminated from all other cover types using the
nierarchical <classification scheme of the analysis system.
Maps showing the locations of rock outcrops have been
prepared Irom Landsat data acquired on two different dates.
These maps were compared with the rock outcrop maps prepared
by visual analysis of enhanced imagery, w@ith aerial
photographs, and wmith known 1locations of rock outcrops.
Using the computer analysis system, maps showing rock
outcrops have been produced in the tmo intensive study areas

- the Mouse River area and the Coppermine River area.

4a2a2s1 Mouse River arena

The rock outcrop map produced from computer analysis of
Landsat data acguired on 5 August 1975 over the Mouse River
area is shown in Figure 39. Comparison of this map with the
map  (Fig. 31) produced by visual analysis shows that rock
outcrops are identified accurately by the computer analysis
system {(for <comparison purposes, overlays of the maps uere
prepared). Indeed, the agreement between the two maps is
almost one to one in areas of rock outcrops. fComparison of
this map with the aerial photograph (Fig. 30) shows that,
in general, the lighter tone areas are identified as rocgk

outcrops by the computer analysis svstem. Comparison of the
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map with the enhanced image Treveals that blue to bluish
green areas on the image are identified as rock outcrops.
The computer analysis system has alsce identified water

bodies and vegetated areas accurately.

To provide a measure of gquantitative accuracy of the
classification scheme, two typical areas of rock oufcrops
nave been examined in detail. These ftwo areas are outlined
as A and 8 on the rock outcrop map (Fig. 39). The
proportions of rock outcrops igdentified in these two areas
by visual analysis and the computer ananlysis system wmere
computed. JTn area, i, the proportions are 0.78 and 0.73.
In area 8, the proportions are (.84 and $.78. Assuming that
the results of visual analysis to be the field truth or the
standard, the computer classification is 94% correct in area
4 and 93% in area B. That is, on the average the computer
classification results are better than 93% accurate in
identifying rock outcrops in the HMouse River arese it
should be stated that the commission errors are negligible.
That is, no areas, which have not been identified a5 roclk
outcrops by visual analysis, are committed to rock outcrops

Dy the coaputer classification schenme.

The computer analysis system produces mensuration data
on cover types iddentified. The mensuration data on cover
types identified using 5 August 19275 data in the Mouse River
area is given in Tabie 4. The dimensions of the Mouse River

area are 15 km X 16.5 km. &is shown in Table 4, 19% of this




HFNSURATION DATA DN COVER TYPES
IDENTIPFIED USING 5 AUGUST 1975
DATA Ix THE MDUSE RIVER AREZ.

TABLE 4.

COVER TYPE MENSURATION
DATA M

¥ater a

Snow J Tce &
Yegetation 71
Surficiail

Materials 1

Rock Dutcrops 19

¥ $iven in percentage of total mapped
area, 247 kilometier sguare.
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area was identified as rock outcrops. This percentage
represents only outcrops which are large snough 1o be seen
from satellite altitudes. That is, rocks are well exposed
in the HMouse River area as shown by the relatively high

percentage of outcrops in the area.

Rock outcrop map produced from compuler analysis of
Landsat data acquired on 22 June 1975 over the Mouse River
area is shown in Figure 40. Some of the pixels identified
as rock outcrops on August data were nmis-identified as

surficial deposits, since the area was covered with snow and

ice in  June. dowever, wmost rock outcrop areas wHere
correctly identified. Mensuration data on cover types

identitied =ith June data are given in Table 5. The
parcentage 0of rock ouicrops identified in the area was

reduced to 10 compared to 19 with August dataa.

In sunmmary, maps showing rock ouicrops were prepared
for the Mouse River area from the computer analvsis system
devaloped 1in this studve. The computler classification
accuracy was better than %83% in identifving rock outcrops in
typical aresas of rock ouicropse. In this dntensive study
arsay TOCK outcrops were exposed in 19% of the area. Some
0f these outcrops were not identified with data collected in

June due mainly to contamination of spectral signatures with

the presence of spow and ice.
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DATA On CUOVER TYPES
USING 22 JUNE 1975
MOUSE RIVER AREZ.

COVER TYPE MENSURATIORN
Darta »

——————— -~ -

Water 7
Snow 7/ Ice 2
Vegetation 70

Surficial
Materials T

Rock Outcrops / 14

# Given in percentage of total mapped
area, 247 kiloaeter sqguare.
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402222 Coppermine River area

Rock oulcrop map produced from computer analysis of

Landsat data acguired on 5 August 1975 over the Copperumine

2

J

River area is shown in Figure 41. Comparison of this map
with the map (Fig. 36) produced by visual analysis shous
that the rock outcrops are identified accurateiy in this
area by the computer analysis system. Comparison of the map
with the aerial photograph of the area (Fig. 35) shows that
all the lighter tone areas are identified as rock outcrops.
Areas of rock outcrops identified on the map correspond to
the biue 1to bluish green areas on the enhanced image {Fig.
34) . 2311 these observations are consistent with the
observations made previously in the Mouse River arsa. Rock
outcrops are identified accurately and consistently using

the computer analysis system in the Coppermine River area.

To provide a wmeasure of guantitative accuracy of
classification, again, two typical areas of rock outcrops in
the Copperwine River area are examined in detail. These tuo

A

areas are outlined as 4 and B on the rock outcrop maps

produced by visual analysis {(Fig. 38) and from computer
analysis system (Figa. 41). Proportions of rock outcrops

identified in area 2 and area B were computed on these im0
MADS. In area A, the proportions are £,35 and 0.32
respectively on the maps produced from visual analysis angd
computer analvsis. In area By the corresponding »roportions

are 0.80 and 0.72. Assuming that the results of the visual
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analysis as the field truth, the computer <c¢lassification
accuracy 1is 91% in area A and 90% in area R. That is, on
the average, the computer classification resulis are Dbetter
than 90% accurate in identifying rock outcrops in this areas.
o areas, which have not been identified as rock outcrops by
visual analysis are committed to rock outcrops by the

computer classification scheme,

Mensuration data on cover types identified in the
Coppermine River area from 5 August 1975 data are given in
Table 6. The dimensions of the Coppermine River map area
are 10.8 kw X 16.5 km. As shouwn in Table 6, 17% of the map
area 1s covered with rock outcrops. This relatively high

percentage of outcrops shows that rocks are well exposed in

ihe Coppermine River area. Only 1% of the area is
identified as surficial devosits. Most of the surficial

deposits were covered with vegetation and were identified as

such by the automated classification schenme.

Rock cutcrop wmap produced f{rom computer analysis of

andsat data acguired on 22 June 1975 over Coppermine River

(el

area 1s shown in Figure 42. Some parts of the area wers
covered with snow and ice. A3 a resuit, some of the rock
outcrops identified on August data were wmisclassified as
surficial deposits wusing the June data. However, most of
the rock outcrop areas are identified accurately.
densuration data on cover types identified in the Copperamine

River area using 22 June 1975 data are shown in Table 7. On




TABLE 6. MENSURATION DATA DO COVER TVYPES
IDENTIFIED USIHG 5 AUGUSYT 1975
DATA IN THE COPPERMINE RIVER AREAR.

COYER TYPE MENSURATION
DATA ¥

A - - ——— - e e S T~ - — o

¥ater 5
Snouw / Ice O
Yegetation 77
Surficiail

Materials 1
Rock Qutcrops 17

# Given in percentage of total mapped
area, 178 kilomeler sguare.
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ABLE 7.

AENSURATION DATA OH

IDENTIFIED USING 22

DATA IN

COVER TYPE

¥ater
Snouw /J Ice
Yegetation

Surficiai
Materials

COPPERMINE

MENSURATI

—— v -

%]

&2

o)

Rock Qutcrons

Given in percentage of total mapped
areay, 175 kilometer sguare.
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the June data rock outcrops cover only 8% of the area
compared to 17% with 2August data. Areas identified as
surficial deposits on June data have, however, increased to

5% from 1% obtained with August data.

In summary, maps showing rock outcrops were prepared
for the Coppermine River area from the computer analysis
systems. The compuler <c¢lassification accuracy was petter
than 90% in identifying rock outcrops in +typical rock
outcrop areas of the Coppermine River area. In this
intensive study area rock outcrops were exposed in 17% of
the area. Some of these outcrops mere not identified with
data collected 1in June due wmainly to contamination of

spectral signatures by the presence of snow and ice.

4,3 ROCK TYPE DISCRIMINATIUR

The rock ouicrops identified have been discriminated as
different rock types. This discrimination was carried out
using both the wvisual analysis and the computer
classification scheme developed in this study. Maps have
been prepared showing the different rock types separated in
the two intensive study areas used previously in the rock
outcrop identification. Landsat data acguired on two
different dates - 5 August 1975 and 22 June 1975 - wmwere used
in the discrimination of rock tvpes. Results obtained on
the discrimination of rock tvpe are presented and discussed

in this seaction. RPesulis based on visual analysis are
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<

presented in the first party the rasults based on the
computer methods are presented in the second and the final

part.

G«3+1 ¥isual Anaivsis

¥Yisual analysis of digiially enhanced images has been
used 1in the separation of rock types. The images uere
previousiy used in the identification of rock outcrops. The
methodology of visual analysis used in separating rock types
has been outliined in Section 3.1. ¥aps showing rock types
separated have been produced using this methodology and then
compared with the aerial photographs and the knomn geology.
These maps have been prepared for two intensive study areas

- the douse River area and the Coppermine River area.

423-1»1 Mouse River arean

The enhanced images used in separating rtock types in
the Mouse River area by vwisual analysis is shoun in Figure
29. On this image only two distinctly separable spectral
units are 1identified in the rock outcrop areas. The first
one o0f these spectral wunits appears in  bluish greaen
corresponding to dolomite outcrops in the arez. The other
spectral wunit of rock outcrops appears in blue color
corresponding to outcrops of other rock tvpes in the area.
These other rock types in the area include basalts and

basalts with intercalated sandstones (Fig. 32). Comparison
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of the eﬂhénced imagery with the generalized geological map
of the area shogs that dolomites always appear distinctliy
separable {bluish green in color) from other rock types. Un
the aerial photograph {(Fig. 30) of this area, dolomites are
lighter in tone than outcrops of the other rock types. it
should be emphasized that the distinction hetsmeen dolonmites
and otner rock types is easier on the enhanced ipages than

onn the aerial photographs.

Rock types ddentified by visual analysis of the
enitanced 1image of Landsat data acquired on 5 2ugust 1975
over the Mouse River area are shown in Figure 43. On  this
map, rock unit 1 corresponds to dolomite outcrops and rock
unit 2 corresponds to other rock types in the area. it
should be stressed that the rock type identification is not
possible on  the enhanced image without training in
calibration sites. Even with cslibration, only dolomite
outcrops can separated from outcrops of other rock tvpes.
These comments apply as well to the aerial phntograph of the
study area. Most of the glacial drift areas are covered
with vegetation which appear in shades of red on the

-

enhanced image. However, areas devoid of vwegetation and
rock ouicrops do correspond to bouldery terrain in the study

area {Donaldson, 1978).

3

Thn

11

enhanced image of Landsat data acquired on 22 June
1975 over the -Mouse River area is shown in Figure 33. 1In

the snow free areas, the color representation of outcrops of
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different rock types is the same on the enhanced images
produced irom data acguired 1in June and in August. This
comparability of colors was achieved by standardizing the

Landsat data.

In summary, a map showing rock type was prepared by

]

visual analysis o©f the enhanced image acquired over the

¢

House River area. Dolomites in the area were mapped as a
distinctly separable spectral unit. Rasalts and basalts
@ith intercalated sandstones appear as one spectral wunit,
but different from dolomites, in the area. These findings
Wwere consistent with data acquired on two different dates in

the #ouse River areas

4.3.1.2 Coppernine River area

The enhanced image used 1in separating rock types in the
Coprermine River arsa by visual analysis is shown in Figure
34, On this image, only two distinctly separable spectral
units are ssgen in the rock outcrop areas ididentified
previouslys. The first one of these spectral units is
characteristically bluish green in color corresponding to
dolomite outcrops in the area. The second spectral unit is
blue in <color and corresponds mainly to sandstone outcrops
in the area. In addition to these tuwo wunits, a third
spectral unit corresponding to granitic rocks and basaltic
flows (Fig. 37) in the area is observed. This +third unit

is also blue 1in «c¢olor but appears in a slightly darker
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shade. It should be pointed out that even though subtle-
color differences exist for grantic and basaltic rocks from
sandstones, these'differences are not consistent throughsut

the area..

Comparison of the enhanced image (Fig. 34) with the
generalized geological map shows that dolomites always
appear as a distinctly separable spectral unit from the:
other rock types. On the aerial photograph (Fig. 35) of
this area, dolomites are lighter in tone compared to the
other rock: typés; but most sandstone outcrops are sjmilar:

in appearance to‘surficial deposits or vegetatione.

Rock types identified by: visual analysis of  the
.enhénced image »of Lahdsat, data acquiréd on 5 August 1975
over the Coppermine River area is shown in Figure 44. On
»this map, rock unit 1 corresponds to dolomite outcraps, rock
unit 2 corresponds to sandstones, and unit 3 corresponds to
granites and basalts. Even with training in calibration-
sites, only dolomites and sandstones can be identified Hith
any certainty. Identification.of basalts and granitic rocks
in the area is questionable. Identification of any rock
types other thanv dolomites 1is also.not feasible from the

aerial photograph of this area.

In summary, rock types in the Coppermine River area
were mapped from visual analysis of the enhanced imagese.
Dolomites and sandstones in the area were identified as two

distinctly separable spectral units. Granites and basalts
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in the area appear as one unit but not too. distanct from
sandstonese. These findings uere. consistent with data
acquired on two different dates in the Coppermine River.
area. The various rock units appear in comparable colors on

different dates as the Landsat data used were standardized..

4.3.2 Computer Analysis.

Computer classification scheme developed in this study
has been used in discriminating rock outcrops as different
rock types. This discrimination was based only on spectral
characteristics. Maps showing locations of these
tentatively separated rock types Were produced. Tha2se maps
are computer generated and different cover types identified
are depicted in differenf colors. The maps were compared
with maps produced fronm visual analysis and with known
geology by simple overlaying of the maps. Rock types were
mapped in the Mouse river area and in the Coppermine River

area froa Landsat data acquired on two different dates.

4.3.2.1 Mpuse River area

Rock types discriminated by computer analysis of
Landsat data acquired on 5 August 1975 ovér Mouse River area
are shown in Figure 45. Four different spectral units in
the rock outcrop areas were identified. These spectral’

units are tentatively identified as dolomites, basalts,

sandstones, and granites on the map showing rock types (Fige.
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45). 45 seen on the generalized geological map (Fig. 32},
two major rock wunits occur in this area, These are
dolomites and basalts with intercalated sandstones.
Comparison of the map with the known geology shows that
dolomites werse identified accuratelye. Basalts with

intercalated sandstiones uwere identified mainly as basalts or

4

sandstoness

In the classification scheme no provision was made to
create classes which consist of two separate rock types.
For lack of detailed field tfruth, it was assumed that
classifying either as basalts or sandstones is correct for
the rock unit corresponding to basalis with intercalated
sandstiones. On the rock type map (Fig. 43) produced by
visual analysis, no distinction could bhe made between

basalts and sandstones.

To provide a wmeasure of gquantitative accuracy of
classification, two areas of typical rock types were
examined in detail. These arsas, outlined as 4 and B on the
rock type map s contain dolomites and basalts %th
intercalated sandstones respectively. 1In area A, 86% of the
outcrops were classifisd as dolomites. 1In area B, 57% of
the outcrops were correctly classified; the <classification
“as considered correct when rock types werre idepntified as
either basalts or sandstones. These accuracy figureé on
Tock types are considerably lowmer than these obtained for

identifying rock outcrops {Sec. 4.2.2.1) in this dintensive




study area.

Mensuration data on rock types separated using 5 August
1975 data in the Mouse River area is given in Table 8. This

data are given as a percentage of total rock outcrops

e}

i

identified in the area. As seen from this table, dolomites,
basalts, and sandstones cover most of the rock outcrop area

in agreement with the knouwn geology.

Map of rock types discriminated by computer analvsis of
Landsat data acquired on 22 June 1975 over Mouse River area
is shown in Figure 46. This map when compared with %nown
geoloyy shows that, 1in snow free areas, rock types were
identified fairly consistently. Homever, the classification
accuracies were not as good as those obiained with August
datas. Cliassification accuracies were evaluated in areas A
and B as was done with August data. in area A,
corresponding to dolomites, the accuracy was slightliy
reduced to 84% from B6% obtained with Zugust data. In area
3, corresponding to basalts intercalated with sandstones,
the accuracy was reduced 1o 50% from 57% obtained with

Adugust data.

Mensuyration data on rock tyvpes separated using 22 June
1995 in Mouse River area is given in Table 9. Dolomites,
basalts, and sandstones cover most of the rock outcrop area,
in general agreement with known gSeology of the Mouse River

AT 2A-




TABLE 8, MENSURATION DATA ON ROCK TYPES
SEPARATED USING 5 AUGUST 1975
DATA Ik THE ¥DUSE RIVER AREZ.

ROCK TYPE HEHNSURATION
DATA ™
Basalts in

[eY;
o

Dolomites

Le]

Granites 4

[
(8]

_5 Sandstones

i
i
H
{
!
i

i ¥ Given in percentage of identified rock
; oulcrop area, 446 kilometer sguare.
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LE 9. MENSURATION DATA 0N RDCK TYPES

SEPARATED USING

22 JUNE 1975

DATA TN THE MDBUSE RIVER ARERA.

T

Rasalts
Dolomites
Granites

Sandstones

W Given in percentage
outerop area, 33

MENSURATION
DATA *

- A - -

pf identified rock
kilometer sguare.
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In summary, rock types were nmapped from computer
analysis of Landsat data acguired on 5 August 1975 ang 22
June 1975 over the MYMouse River 2rea. In typical areas of
putcrops, thne computer <classification accuracy wmas better

than 86% for dolomites and better than 57% for basalts with

intercalated sandstones. These accuracles were somewhat
reduced zhen the data acguired in June were used. This

lower accuracy w=as probably due mainly to contamination of
signatures with the presence of snow. In the Mouse River
area, 36% of the rock outcrop area wmas Identified as

gdolomites and 23% as basalts with intercalated sandstones.

4.3.2.2 Coppermine River area

Map of rock types discriminated by computer analysis of
Landsat data acqguired on 5 August 1975 over (oppermine River
area is shown in Figure 47. Four different spectral units
of rock ouicrop areas were identified on this map. These
spectral units are tentatively didentified as dolomites,
sandstones, basalis, and granites on the map. 2AS Seen on
the generalized geological map, most of the area is covered
with 1two rock units. These are the sandstones and the
dolomites. The other rock types in the area are granites

and basaitse.

Again, to provide a measure of guantitative accuracy of
classification, tmo typical areas were axamined in detail.

These areas, outlined as 2 and B on ihe map showing rock
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types, contain dolomites and sandstones respeciivaly. In
area A, 66% was correctly classified as dolomites. In area
B, 77% was correcily classified as sandstones. The
classification accuracies on rock types are considerably;
lower than those obtained in identifying rock outcrops (Sec.

4.2.2.2) in this intensive study area.

Mensuration data on rock types separated using 5 August
1975  data in Coppermine River area are given in Table 10..
The data are given as a percentage of total rock outcrops
identified in the area. Sandstones and granites are the
predominent rock types in the afea folllowed by dolomites..

These results are consistent with the known geologye.

Map of rock types discriminated by computer analysis of
Landsat data acquired on 22 June 1975 over Coppermine River.
area is shown in Figure 48. This map when compared with
known geology shows that, in snouw free areas, rock types
wWwere identified fairly accurately. However, the rock  type
separation accuracies uere considerably lower for sandstones
and higher for dolomites than those obtained with August
data. Classification accuracies in dolomite and sandstone
areas Were evaluated respectively in areas A and B outlined
on the rock type map. The classification accuracy was 100%

for dolomites and 13% for sandstones.

Mensuration data on rock types separated with 22 June
1975 data are given in Table 11. Granite and sandstone

outcrops dominate the area followed by dolomites. These
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jes]

‘ TABLE 10. MENSURATION DATA ON ROCK TYPRES
— SEPARATED USING 5 AUGUST 1975
B DATA IN THE COPPERMINE RIVER AREA.

ROCK TYpE MENSURATION
DATA ¥

s e - - o - -~

Basaltis

&N

Dolomites

o
(Y]

Granites

i3
0]

Sandsiones 40 |

¥ given in percentage of identified rock

outcrop area, 30 kilometer square.




167

DYDY WYY 2uyuyaddo) wono GLel PuUNL 7z U0 payynbov

vyop Yo9puv] Y0 vYhayouv woynduod woyy poompoyd dvu adhiy yo0y gy 914

osy oy 06¢ 09€ 0EE o€ oLT
1 { ] ] 1 i i
SABO
2 0 m m
SALINRD 2 s N ¥ oKNe ._._ .
SHOISINS §  NOLLVIIORA 19 .
+ GeNNG +
SIws 8 DI/ +r +(ORINRNND+
g @ QO 2 /5 . s+ @ NI +3a0+5+20K02 g
NJ K4D ¢+ $Q40QND TAN+AE970 9N °
SENH HONHENS NESN N 8D Q 959Q++ *
ug 8] aa 977171 2§7197T 99859 and :
NKD D09 Ng NSN #0 DO N3 9 29 a°
N+D44K 19 37 "1 87144 L
+IR7T M 191 a s
¥+ 94559 a °
El 1 NNOQSDIIS+S +
an ELESM YT I + " 3
T 7 KIQNIEID | 4]
*K N+J7E7IS D do8885328 + i
qa 8 9 71509 T9DHN+T + 1 1
4 $03959 S a -
49 HeS Sesd 09 D + 3 s - :
q RAN+"UDIDS*+ + * . g
‘4 g 9 ON D INBeN s 4a 9 5S4 . !
11509+ + 1 q 21 ;] a *1 1818 aa .
an 71982¢ Q9+ 21 b [} 1 8 N a
ELELS RIN++IN X 97909 159 a |
K013 S ssg s 71997118 855§ aag
Aaa ] 211 + 3 9 81 X g 17 1788 AN { L]
*+¢0 DINDTINKN 118 Q6NN HaM asegaensglon | a aa
S#4S aqa IRKg 119 GNN+R x 1 [ aag+ Q1.4
a NBNSSS @ a 823 91 88°SSSS L 1: 1 as . |
FR-1 04 14 N 1 ag++8 ' . n 2 .11 a
bEEXT ) 114 1 KN Q L]
S4ee 447 3547 g 999 g aga a !
o a Nesal T 719978 L2y + a
e B £ 9447 a 2 2 1O ReNKHHOR N a
$2954 4445 -] ‘8 8 4Qd++ AR a oN
1 a N Rxg e 40 \ N g1 aa4a N
L] aa KRN a a go9 a
P4 4000 ] 400000049 K23 1 3494303414009 0 ) 444400040 404340000)4444930¢ 0304400044
osy [14] 06€E 09t OEE (13 oLz 144 01Z ogt 0s%
13X1d 311

AXINYIdL0D 21IS

SL ANAC LT 0OVHI ANvdd TEYBIISTOT




TABLE 11, MENSURATION DATA 0N RUCK TVPES
SEPARATED USING 22 JUNE 1975
DATA IN THE COPPERMINE RIVER AREA.

ROCK TYPE MENSURATION
DATA ¥

- = - - - -

Basalts )
Dolomites 25
Granites 3R
Sandstones 16

" Given in percentage of identified rock
ouicrop area, 15 kilometer square.




results are, in general, consistent with the xnomn geology

and the results obtained with August datae.

In summary, Tock types were mappsd dfrom computer
analysis of Landsat data acquired on 5 August 1975 and 22
June 1975 over the Coppermine River area. 1In typical areas
of rock outcrops, the computer classification accuracy was
better than 66% for dolomites and 77% for sandstones., These
accuracies wuwere reduced considerably when data acguired on
22 June 1975 were used. This reduction mwas psrhaps due to
contamination of spectral signatures with the presence of
snow. In the Coppermine River area 40% of the rock outcrop
area wmas identified as sandstones, 42% as granites, and 12%

as dolonmites.

4,4 CDST AWALYSIS AND BENEFITS

In planning t¢ use any new® system, one must ask the
crucial gquestion Yare there sufficent benefits to utilize
the new system?®. 1In order to provide an equitable answer
to this question, one would have to examine the cosis
involved and benefits attainable through an econonic
evaluation or «cost analysis of both the new and the
conventional systems. This task becomes complicated if the
conventional and the new systems are not compatible in terms
of information generated. Also, with any new system, some
benefits may be indirect and may reguire years of gestation

time. The costs and benefits of producing rock outcrop maps
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using the Landsat based automatic method: and the
conventional method using aerial photographs are considered
in this section. The cost analysis and benefits aspects are

presented in Sections 4.4.1 and 4.4.2 respectivelye.

4.4.1 Cost Analysis

Cost analysis is usually carried out to determine if a
ned system is cost effective over the conventional system.
This.analysis involves examining cost aspects of both the
conventional and the new system. In this study, the systems
involved producef maps showing the distribution of rock
outcropse. The conventional system uses aerial photographs
and manual interpretation methods to produce the maps. The
new system uses Landsat digital data and the automatic
method developed to produce the maps. If the new system can’
provide the maps at less cost than the conventional system,
while providing directly comparable information, and, in
addition, other: worthwhile information difficult to:obéain"
by the conventional system, then the new system might truly.

be termed cost-effective.

Three separate componeats are inVOived in producing
rock outcrop maps either by the conventional method or by.
the Landsat-based automatic method. The components are data
acquisition, data interpretation, and map preparation. The
costs 1involved are estimated for each of these three

components with both the systems.



Since a mapping application is under examination, for
comparing costs, the size of the area must be specified.
The size of the area considered is 80 km X 80 km. This size
is chosen for the area because it is approximately the area

contained on a geometrically corrected Landsat CCT as

produced in Canada.

4,4.1.1 Data acquisition costs

The new system developed in this study wuses Landsat
digital data that are geometrically corrected. The
corrected Landsat CCT data covering the area costs 35110 in
Canada. However, 1in the United States the geometrically
corrected CCT's cost 5200, hut these CCT 7= cover
approximately four times the area covered on the Canadian
CCT"s. The geometrically corrected data would directly fit
the UT¥ grid and normally the positional accuracy is better

than 50 .

The conventional system uses aerial photographic data.
The aerial photographic coverage for the area of interest
may or may not be availiable. For comparison purposes, it is
assumed that photos at approximately 1:60,000 scale are
useds. This scale is comparable to the maps produced by the
Landsat based method. fhis 1is also a scale that is most
commonly used in detailed geolowmical wmapping: photographs
at this scale are available for almost all regions of Canada

from the National Air Photo Library (FAPL) of Canada. Fifty
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phiotographs at 1:60,000 scale are regquired to cover the
area. If stereo «coverage 1is reguired the number of
photograghs required would be more than 150 to cover the
sasie area. It is, however, assumed that sterso coverage 1is
not required to simply identify rock outcrops. The cost of
the 50 aerial photographs, when thev are available through
XAPL, would be $5100. However, this cost would be $300 or

more when pholtographs are obtained from provincial sources.

1f photographic «coverage 1is not available (several
regions of the world have poor or no coveragel) for the area
of interest, the area will have to be f{loun separatelye.
This 1is also true if suitable coverage is not available.
The costs involved are in general enormously high, but the
exact costs depend upon the location of the area relative to
the base of operations, the size of the area, and the actual
coverage included. Peters (1969) reports average costs for
aerial coverage of 50.80 - %$3.10 per sguare kilometer for
Areas from 135,000 down to 5,200 sguare Kkilometersa.
Craib(l1972) estimates the cost at $1.40 per square kilometer
for an 80 X 160 kilometer block. However, in Canada the
Present day rates are approximately $6 - 315 for the
northern regions and 3%3 to 57 for the southern regions
{Landreville, 1979). Based upon these figures, it appears
reasonable to estiwmate the cost to be 35.00 per square
Kilometef for 80 km X 80 %@ block. That is the total cost
0f acquiring photographic coverage for the area would be

32,9

L
(o]
<
Lo
*
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4.4.1.2 Data interpretation costs

The Landsat based method uses a computer to identify.
rock outcrops. The experiments described in this study have
been carried out on a PDP-10 computer system at CCRS. The
interpretation costs are relatively fixed even though they
do depend on the percentage of rock outcrops present in the
area and on the computer used. On the PDP-10 computer, the
identification of rock outcrops in a B0 km X 80 km area
takes 1less than 5 minutes of CPU time. The interpretatioen
costs are thus estimated at $30 for the computer time and
$20 for the technician®s time. This brings the cost of

interpretation to 350 for the entire area.

It must be emphasized that this method does not require
a display or any special peripherals for producing the mapse..
The software developed can be implemented on any computer
system and maps can be produced on either a line printer. or.
a computer terminal. 1In facl, the maps can be transmitted
to a remote location through telephone lines for printing on

a hard copy terminal.

With the conventional system the interpretation can be
carried out by a photo analyst but usually is carried out by.
a photogeologist. It is . estimated that it would take
two-person days at $200/day to interpret 50 photographs for
outcrop identification. Thus the interpretation costs are

estimated at 5400 for the area.
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4.4.1.3 Map psreparation costs

With the sutomated method of identifying rock outcrops,
the waps are produced on a computer line printer at 1266,000
scale. The maps are geometrically correct and would fit the
UTM  grid. Since these maps are geometrically accurate,
transfer of information to a base map is not regquired.
Houwever, 1t should be pointed out that these maps can also
be produced in photographic form in colour. If this is
required, maps can be produced at 1:60,000 or smaller
scalesy; these may also be used as base maps. For example

the CSFR can be used to produce the maps in color.

When the data are interpreted using convyentional
methods, the outcrop locations will have to be transferred
to a base map. The annotated aerial photograrhs cannot be
directly wused as either base wmaps or other maps. It is
estimated that it would take two-person days at 5150/3ay  to

transfer the information to a base map. That is the map

transfer costs would be 35360 for the areaa.

4e4+1+4 Comparative Costs with the two methods

The costs involved in the three individusal components
have Dbeen outlined for hoth the methods. These individual
costs are combined to estimate the total cost for each of

the two methods.




The total cost for the Landsat based automatic method

iz $5160.  The total <cost for the conventional method is
5800, when aerial coverage is available. Thus, the cost of

producing outcrop maps wusing the Landsat based automatic
method is one fifth of the cost of producing maps with the

conventional method.

However, when aerial photographic coverage 1is not
available for the area of interest, the c¢ost of the
conventional method shoots up to 532,700. In this case, the
conventional wmethod «costs 210 times as much as the Landsat
pased method. The comparative costs and the cost per square
kilometer for each method are given in Table 12. The
minimum cost benefit ratio is estimated to be 5121, This

ratio would increase as the mapping area is increased.

4.4.2 Henefits

There are several benefits resulting from the Landsat
based automatic method apart from the cost benefits
discussed in section 4.4.1. Some 0I these henefits are
directly attributable to the automatic method and others are
general in nature and stem from inherent characteristics of

Landsat data.
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TABLE 12. COMPARATIVE COSTS OF PRODUCING QUTCROP.
MAPS WITH LANDSAT AND AIRPHOTO BASED METHODS

COST IN DOLLARS

Tasks in With Landsat Kith Airphotos
Producing - OPtion Option
maps 1 2
Data _

Acguisition 110 100 32,000
Interpretation 50 400 400
Map Preparation 0 300 300
Total for

80 x-80 km area 160 800 32,700 .

- A D N A S NS SE R NS SE WD e e P R S A G S D A e R . D A R WA W N D N D S AR W D NS @S e W A

Cost for sguare
kilometer 0.025 0.125 5250

Option-1 - Assumes the availability.of.suitable

aerial coverade. -

Option 2 - Includes the cost of flying to acquire.

photographse.



4s42s1 Usefulness in field studies

The enhanced images and the rock outcrop maps would be
useful in field studies both in planning and in field
wapping activities., Black and white aerial photographs are
conventionaliy used in these activities. However, the
photographs obtained from the HAPL are often out-dated.
Latest available coverage such as the enhanced images of
Landsat data w®would be more useful in the field studies. The
cost of producing the enhanced images is minimal compared to

the cost of acquiring aerial data.

The digitally enhanceﬁ'images can be used in planning
the activities of field personnel. In the field, the images
can be used to mark traverses and field observations. More
recent coverage of the area can be obtained relatively
inexpensively from Landsat. Recent coverage is important in
the field 1for locating geographical and cultural features.
Also since the enhanced images c¢ontain c¢olor information,
they would be more useful in the field compared to the

conventional biack and white photographs.

The maps showing rock outcrops and rock types would
assist field personnel by saving the time reguired in the
field., From the ﬁaps of rock outcrops, the field personnel
would know in advance the locations of large rock outcrops.
This enables the fieild personnel 10 go to the outcrops
directly rather than spending time looking for outcrops.

Since an indication as to the rock type is given on the maps




0f rock types, field personnel need not necessarily spend
time checking all outcrops. These txo aspecis would result

in considerable time saving for the fielg personnel.

4.4.2.2 Usefulness as base maps

The enhanced images can be used as base maps when
mapping 1is done at a scale of 1:50,000 or smaller. Since
the data wused in producing the enhanced images are
geometrically correcied, the images do0 not contain
significant distortion at the scales specified. The

ennhanced images produced would fit the UTH grid.

Aerial photographs acquired routinely would not have
this geometric precision for mapping. Since the enhanced
imagery can be used both in the field and as base maps, no
transfer of information is required to prepare final BADS5
Further, latest available coverage can be acguired at no
additional c¢ost, information on cultural and geographical

features would be current on the base MAPSe

4+4+2+3 Dther benefits

One of the direct benefits of the automatic method is
that it provides mensuration data on cover types in the
area. The aggregate coverage of each cover type identified
in the area 1is automatically produced by the system in
tabular Torm. This kind of data are useful in any field

PTrOgransa. For example, a quantitative estimate of the
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percentage of rock outcrop in the area would be helpful in
planning the . time required for the geological field
investigations. Quantitative mensuration data can neither
easily nor 1inexpensively be obtained with the conventional

methode.

The automatic. method is also useful in engineering
surveys such as pipeline route selectione. Selecting a
pipeline route is a major decision and is based on several
factors. One such factor is costs involved in the
construction. The construction costs are influenced by the
presence  of water bodies and rock outcrops along the
pipeline route. The method dJdeveloped here produces maps
showing the distribution of rock outcrops and water bodizs.
The maps thus aid in selecting an optimal route with minimal

costs.

Color. information which may be useful. for some -
applications can be obtained easily from Landsat. data..
Since the MSS on Landsat images in four different spectral
regions, these can be combined to produce color composites.
For example, a simuiated color infrared image can be
generated from Landsat digital data. These color images can-
be interpreted using conventional photointerpretation
technigues. Color information can be obtained from Landsat
digital data at a nominal cost relative to acquiring color.

photographs.
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In summary, the cost benefits of mapping rock outcrop
maps by a conventional and a new method wmere analysed. The
conventional method is based on visual analysis of aerial
photoygraphs. The new method produces maps of rock outcrop
by computer analysis of Landsat digital &ata. The cost of
producing rock outcrop maps by the new method is estimated
to be 20% of the cost of producing the maps by the
conventional method. The cost effectiveness is improved
further when large areas are mapped; the Iimprovement is
dramatic when no aerial coverage exists for the AT 3.
Several other benefits which are wunique either to the

Landsat data or to the new method were outlined.
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CDNCLUSIGHNS

The foliowing conclusions were reached on the basis of

results obtained in this study:

Rock outcrops in the Coppermine River area can be
uniguely discriminated from all other cover types

using Landsat digital data.

Spectral signatures of rock outcrops are distinctly
different from the signatures of other cover types,
facilitating not only easy but also consistent
identification of rock outcrops.

“daps showing the distribution of rock outcrops can be
produced either by visual analysis of digitally enhanced
Landsat images or automatically by the computer method
using digital data.

The need for repeated calibration in identifying rock
outcrops is eliminated by employing standardized Landsat
digital data. |

The simulated color infrared images produced from
digitally ennanced Landsat data are superior to the
aerial photographs in identifving rock outcrops.

Maps of rock outcrops produced by the computer method
are as good and in some cases better than maps produced
from aerial photographs.

In addition fo providing the spatial distribution of
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rock outcrops, the computer method determines the
aggregate coverage of outcrops and rock tvpes in the
Map area.

Rock outcrops identified by the computer method can be
further separated into different rock types based only
on spectral characteristics.

Differences in spectral signatures among rock types
examined were subtle and susceptible to mis-
classification even with minor contamination from other
Tock types or cover types.

In the Mouse River area, the rock iype separation
accuracies were 86% and 57% respectively for dolomites
and basalts with intercalated sandstones.

In the Coppermine River area, the accuracies obtained in
separating rock types were 66% and 77% respectively for
dolomites and sandstones.

The accuracies obtained in separating rock types were
reduced when snow cover was present in the BAD Al L3
The cost of generating rock outcrop maps from Landsat
data by the computer method is esiimated to be less
than 20% of the cost of generating the maps with aerial
photographs using conventional methods.

There are other benefits of using Landsat data in
addition to the cost effectiveness. These benefits
include the use of digitally enhanced images directly
as base maps and providing more recent coverage of

the area relatively inexpensively.
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5.2 RECOMMENDATIONS

The following recommendations are made based on this

e2)
o+
&
u
G
L X

i» The computer method should be tested in other areas to

further validate the calibration and accuracies obtained
in identifying rock outcrops.

2+ Hock outcrop maps should be produced using the computer
method, prior to launching a field program in any newu

Arcas

3. The computer method should also be used in obtaining
mensuration data on cover types in the map area as an
aid in planning the field mapping prograie.

4., Digitally ennhanced simulated color infrarsd images
should be used in the field for recording data gathered.

5. Use of geometrically corrected images as base maps, when
mapping at scales of 1:50,000 or smaller, should be en-
courageds. This useage as base maps is particularly
ideal in areas such as the VYukon and the Northwest

Territories where maps at scales larger than 1:250,000

40 not =xist.
be Maps 0f rock outcrops produced should be used in field

in directing the personnel to specific rtock outcropss

7+« Spectral signatures of commonly occuring rock tvpes not
examined in this study should be obtained from Landsat
data to determine the feasibility of discriminating

amony other rock types.
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it must be recognized that the rock outcrops must be

very large for identification by the method, as the

spatial resolution of the data used is 50 m X 50 m.

t is emphasized that the computer method developed does

[

not replace conventional geological mapping but aids the

field geologist in effectively carrving out the field

BAPPINng.
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APPENDIX A: COMPUTER PROCESSING METHODS

Al.0 INTRODUCTION

Computer methods for processing the Landsat data were
discussed in Chapter 3. Additional details on
implementation of the various methods on the computer and
details on executing the software are given here. A sample
run and a brief description of the programs developed for
this project are also included. Listings of the software

developed are given in Appendix B.

Two different formats of disc files with which the
software developed can function are described in Section A2.
P;ocedures that must be used in creating these disc files
from CCT s are given in A3. An analysis program to produce
histograms or listings of the MSS data are presented in A4.
Software for mapping rock outcrops and rock types 1is
described in AS5. A Program to generate enhanced images is
presented in A6. Procedures follerd in applying geometric

corrections are discussed in A7.

In showing the interactions with the computer system
(PDP-10), the user inputs are underlined. The symbols used
are ¢ for carriage return, Ac for control C, and § for

altmode.




A2.0 DISC FILE FORMATS

The software written for this project works with two
different disc file formats. The two disc file formaté 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 CCT”s produced byvCCRS until about 1976.
The JSC format disc file is created for use with the CCRS
JSC , DICS, and EROS data tapes. The formats for these two
different disc files are presented here along with a brief

description.

A2.1 OLD FORMAT DISC FILE

OLD format disc filé is a data set created on disc from
‘OLD format Landsat CCT. The OLD format disc file contains a
portion of a Landsat image along ~with pertinent ancillary
information. This disc file 1is created in a pre-defined
format by running program LOADPK in the MICA package on the

CCRS PDP-10 system.

The OLD format disc file consists of one header block,
a number of data blocks, and an end of file mark at the end.
The disc file organization is schematically shown in Figure
A-1. Details on the header block and the data blocks are

presented here.




A2.1.1 Header Block

The header block is located at the beginning of the OLD
format disc file. There is only one such block in a file
and the block size is always 128 words. The header block
contains house keeping data, some of which would be copied
direcly from the tape, and the remaing would be supplied by
the wuser in response to prompts from the LOADPK prograﬁ.
Additional information on the contents of the header block

may be obtained from the source coding of the program.

A2.1.2 Data Block

\
The number of data blocks in the OLD format disc file

is equivalent to the number of scan lines copied from the
CCT. Each data block contains four data segments for the
four wavelength bands ~corresponding to a scan line with a
data block header word in the beginning. The data block
size is always 2432 data words. The organization of all the
data in this block is in 6-bit bytes combined into words 36
bits 1long. Data in this form are accessible only by PDP-10
MACRO. The schematic organization of data block is shown in

Figure A;Z.

The data block header consists of one word at the
beginning of the block. The last two bits of this word
indicate which sensor in the band recorded the data. This

number is needed when the radiometric corrections are made.
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A2.1.3 End of File

An end of file mark, indicating the end of the disc
file, is placed after the last scan line is copied onto the

disc.

A2.2 JSC FORMAT DISC FILE

JSC format disc file is a data set created on disc from
JSC format Landsat CCT. The JSC disc file céntains a
portion of a Landsat image along with pertinent ancillary
information. The disc file is created in a pre-defined
format by running program CCTLOD in the MICA package at

CCRS.

The JSC disc file consists of one header block, a
number of data blocks, and an end of file mark at the end.
The disc file organization is séhematically shoﬁn in Figure
A-3. Details on the header block and the data blocks are

presented here.

A2.2.1 Header Block

The header block is located at the beginning of the JsC
disc file. There is only one such block in a file and the
block size is always 256 words. The header block contains
house keeping data, some of which would be copied directly
from the tape, and the remaining would be supplied by the

user 1in response to prompts from the CCTLOD " program.
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Additional details on the contents of the header block may

be obtained from the source coding of the CCTLOD program.

A2.2.2 Data Block

The number of data blocks in the JSC format disc file
is equivalent to the number of scan lines copied from the
CCT. Each data block contains four data segments for the
four wavelength bands corresponding to a scan line. Each of
the four data segments include its segment number within the
data block and video data for the segment. The segments are
numbered sequentially; the first Segment corresponds to

Band 4, the second to Band § and so on.

The organization of all data in a data block is in
8-bit bytes combined into 36 bits long word. Data in this
form are accessible only by PDP-10 MACRO. The data Qlock
size is always 3712 words. The organization of data block

is schematically shown in Figure A-4.

A2.2.2.1AData segment A

Data segment A, the first segment in a data block,
occupies 945 PDP-10 words. Segment A starts at word 1 and
ends at word 945 of the data block. This segment contains
the segment number, ancillary data, and video data for the
segment. Segment A is a copy of the first data record in
the MSS data set for a scan line on the JSC format CCT. The

organization of segment A is shown in Figure A-~5.
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A2.2.2.2 Data Segment B

Data segment B, the second segment in a data block,
occupies 901 PDP-10 words. The segment starts at word 946
and ends at word 1846 of the data 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 1line on the CCT; the auxiliary data at the end of the
second record are, however, 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 block, 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.

A2.2.2.4 Data Segment D

Data Segment D, the fourth and the final segment in a
data block, has the same length and organizational structure
as segments B and C. Segment D starts at word 2748 and ends

at word 3648 of the data block.




A2.2.3 End of File

An end of file mark, indicating the end of the disc

file, 1is placed after the last scan line is copied onto the

disc file.
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A3.0 CREATING LANDSAT DATA FILES ON DISC

After approximate coordinates of the study area are
obtained, the required portion of the CCT is copied onto a
disc for analysis. Access to the desired data is faster

when the data are located on a disec file.

Two disc files were created for the study area data
acquired on two dates. These two disc files were used in
this project. Both the input Landsat CCT”s are in OLD
format. Program LOADPK from the MICA package was used in
bcreating the OLD format disc files. The execution
procedures for this program are documented clearly in the

HELP files of the MICA package at CCRS. (PDP~10 system).

—_— \

I1f the Landsat CCT’s are in the JSC format or from the
EROS Data Center, program CCTLOD must be used in creating
tﬁe disc files. Docﬁmentation on the execution procedures
for this program are also available in the HELP files of the

MICA package.
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A4.0 PRODUCING HISTOGRAMS'QB LISTINGS OF THE MSS DATA

A software package named CVALUE was written as an aiqd
in the analysis of the Landsat data. This package allows
the analyst to create histograms of the data or examine

digital values from a specified area on the disc files.

The analysis program, CVALUE, can be executed by the
RUN command on the PDP-~10 system. The input data are from a
disc file. The digital data listings generated by the
program are stored on file (maximum of three files) for
later rétrieval. Each of these files can accommodate a
maximum of 25 Qalues. The pre-assigned names of the three
files are STAT1.MAP, STAT2.MAP, and STAT3.MAP. The
histograms generated by CVALUE are written only on one file

- STAT1.MAP.

CVALUE 1is an interactive program. User input is
required to prompts by the program. Provisions were made
throughout the interactive part of the program allowing

corrective actions to any erroneous input.

CVALUE ﬁas several built-in options which makes it more
general and therefore more useful in different stages of the
analysis. Some of the more salient options are listed
5elow:

1. Accept data from either a JSC or an OLD format
disc file,

2. Accept either the CCRS or the EROS data,
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3. Data amy be decimated when not interested
in using every line and pixel,

4. Standardize the data,

5. Produce either histograms or listing of
the digital values, and

6. When the histogram option is chosen, additional
selection of the following options can be made:

(a) number of levels in the histogram (max. 256),

(b) number of levels in the radiance values
(max. 8-bit), and

(c) histogram of any or all of the MSS bands.

A4.1 SAMPLE PROCEDURE

+MOUNT CHAG » i o !
Structure slready mounted L
CHount count = 13

CHAG Mounted

+RUN CVALUE y

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@Q@@@@@@@@@@@@

This rrodgram was writtern b F, Chadarlamudi of
leloitte Haskins & Sells Associztes .
It ma9 not be resroduced in anu form without the written consent
of Deloitte Haskins & Sells Associates,
Use by emrlouees of the Government of Canada 2t the Canada Centre
for Remote Sensing is eurressly rermitted,

aadddaadaeladddddddd el o A e e

MES INFUT FILE NAME 7:U422aL 2

STRUCTURE ON WHICH FILE IS LOCATER PICHAG
LANDSAT FRAME NUMBER 72015118431 )

DATE IMAGED 7?22 JUNE 75,

SITE NAME(2AS5) ?COFFERMINE J

SPECIFY THE AREA OF INTEREST -

1ST LINEsLAST LINESJLEFT FIXs RIGHT PIX -




200 220 400 424 2

FIRST LINE 200
LAST LINE v 22
LEFTHOST FIXEL + 400

¢ 424

RIGHTHMOST PIXEL

) ARE THESE CORRECT (Y/N) 7Y 2

LINE & FIXEL DECIMATION FACTORS

(N FOR 1 OUT OF N)$1 12
LINE & PIXEL DECIM. FACTORS R ¢ 1 1
ARE THESE CORRECT (Y/N)?Y 2
NAME OF RAD CORR LOOK UP TARLE 7DUMMY.DAT
WANT SUN EL CORRECTIONS (Y/N) 7Y 4
SUN EL. ANGLE IN DEGREES 7146,
FORMAT OFTN. (0-JSC CCRS31-J5C EROS;2~0LII CCRS)>2 2
SATELLITE NUMEER (1/2/3) »2 4
4%  3,479226 y -
SELECT OFTN,(1-LIST VALS;2-HISTOGRAMS)>1 2

END OF EXECUTION
CFU TIME: 1.78 FELAFSED TIME!: 2:23,17
EXIT :

0 STAT1.HAP J
Total of 17 blocks in 1 file in LFT reauest

¢+




A5.0 MAPPING ROCK OUTCROPS AND ROCK TYPES

Software was developed to map rock outcrops and rock
types using the methodology described in Chapter 3.
Briefly, the method consists of discriminating rock outcrops
from éll other cover types by comparing computed threshold
values to standard values for cover typgs us ing a
hierarchical classification scheme. The outcrops identified
are then subdivided into rock types. The cover types
identified can be symbol-coded to produce maps on a line
printer or a hard-copy terminal; alternatively, they can be
color-coded to generate maps in hard-copy form using either

the CSFR or the EBIR at CCRs.

A5.1 SOFTWARE PACKAGE FOR LINE PRINTER MAPS

The software developed to map rock outcrops and rock
types <consists of several modules, most of which were coded
in DEC-10 FORTRAN. All the necessary modules are listed in
a file naméd ALLROK.CMD on - the PDP-10 system. The load
module of this package is called ALLROK.EXE which can be
executed by the RUN command on the PDP-10. A sample run of
the program is shown here followed by an explanation of the

more salient features of this package.

The software package can process MSS data from all
currently available Landsat cCCT formats. These formats
include CCRS-0OLD, CCRS~JSC, CCRS~-DICS, EROS-0OLD, and

EROS~NEW. The radiance 1levels present and the system

|
|
I
i
|
|
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corrections performed are different for the different

formats.

The MSS data can be standardized prior to computiné the
threshold value of a pixel area during execution of the
program. The various options available for standardizing
the data include radiometric corrections, sun elevation
corrections, compensating for differences in satellites 1,
2, and 3, and adjusting the video data obtained from any

format CCT to 256 levels in all bands.

In mapping large regions, it may not be necessary to
map or examine all pixels within the region. That is, the
threshold values for comparison may be computed for only 1
in every N pixels and 1 in every M lines within the region.
If this estimation procedure is satisfactory, the CPU time
requirements to map rock outcrops would be reduced
accordingly. This method of decimating the data within the
area of interest was implemented as an option in this

package.

In producing the maps on a line printer, it must be
recognized that 1line printers introduce an aspect ratio
error by printing ten characters to an inch horizontally and
six characters to an inch vertically. For maintaining the
geometric accuracy of the maps, the aspect ratio error
introduced by 1line printers must be compensated. In

addition, it is recalled that the Landsat pixel is
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rectangular, unless it is resampled to a square pixel.

Recognizing the above, the line/pixel combination for
processing must be carefully selected in producing
geometrically correct maps. The line and pixel ratios

suggested for the sample areas are 5 to 3 for geometrically
corrected (square pixels) and 3 to 2 when no geomtric

corrections are applied (rectangular pixels).

Mensuration data on cover types can be obtained
automatically wusing 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.

A5.1.1 Input

The main input to the package is Landsat data that must
be read from a disc file. The disc on which the MSS data
are located must be mounted before executing the program.
Auxiliary parameters such as‘ site 1locations, line/pixel
combinations are input during execution in response to
prompts by the software. Provisions were made throughout
the interactive segment of the program allowing corrective

actions to any erroneous input.




A5.1.2 Output

The output from the software is a symbol-coded‘ map
which may consist of upto three vertical strips. The map is
written on disc files (one for each striP) for lléter
retrieval..‘Each strip or file.accommodates upto 120 symbols
across the page on a line printer. ‘These strips may be
printed eithe; on a line printer or on a hard~copy terminal.
To accommodate printing onlany hard-copy terminal, the width
of the individual strips can be adjusted (max. 120) during
“the execution of the program.In addtion to the idividual
strips, the files contain auxiliary information for

identification of the map.

The pre-assigned namies of the three disc files are
"ROCK1.MAP, ROCK2.MAP, AND ROCK3.MAP. The files may be
printed on a line printer using the Q command with Fortran

switch on the CCRS PDP-~10 system.

When the'mensuration option is selected, a temporary
disc file with extension LPT is created. This file contains
the mensuration data on cover types identified and auxiliary

information for identification. This file may be printed on

the line printer using the Q command.




A5.1.3 Sample Procedure

+RU ALLROK g

MSS INFUT FILE NAME 7ius22aL

STRUCTURE ON WHICH FILE IS LOCATED 73:CHAG)
LANDSAT FRAME NUMEBER 72015118431,

DATE IMAGED 722 JUNE 75

SITE NAME(2AS5) TCOFFERMINE 2

SPECIFY THE AREA OF INTEREST -

18T LINESLAST LINESLEFT FIXy RIGHT FIX -

170 386 150 479

FIRST LINE 170
LAST LINE i 386
LEFTHOST PIXEL - P 130
RIGHTHOST PIXEL P 479

ARE THESE CORRECT (Y/N) 7Y )

LINE & PIXEL DECIMATION FACTORS

(N FOR 1 OUT OF N>iI15 3
LINE & FIXEL DECIM. FACTORS R ¢ 5 3
ARE THESE CORRECT (Y/NITY 2
NAME OF RAD' CORR LOOK UFP TARLE TLINCMS.622 )
WANT SUN EL CORRECTIONS (Y/N) 7Y 2
SUN EL. ANGLE IN DEGREES 7146 »

WANT TO SEE THE CURRENT VALUES (Y/N) ?ﬂ_ﬂ
SATELLITE NUMEBER (1/2/3) »2 ¢ :

4% 3.479226 y

110

43y 110y 330y 1y 110,

1s 15 110y 4%0y

CLASSIFICATION FROC.(1/2/3/74) 1 ¢

iy

END OF EXECUTION
CFU TIME? 1.96 ELAFSED TIME: 1:47.88

EXIT

+Q ROCK1.MAP/FILEIFORTRAN,/
Total of 11 blocks in 1 file in LFT recuest

+




A5.2 SOFTWARE PACKAGE FOR COLOR~CODED MAPS

The software package written for producing color-coded
maps is a modified version of ALLROK package (A5.1). This
modified version is called MADROK. The major difference
between the two packages is that MADROK creates a display
compatible file (A6.1) ¢containing the map. Hard~copy color
products may be generated from this file by employing

procedures similar to those used for enhanced images (A6.2).

MADROK consists of several modules, host of which were
coded in DEC-10 FORTRAN. Some of the modules are, however,
the same as in ALLROK. A1ll the necessary modules to execute
the MADROK package are listed in a file named MADROK.CMD.
The load module of this package is called MADROK.EXE which
can be exécuted by the RUN command on the PDP-10 system. A
sample run of this program is shown followed by an
explanation of the additional features of this package over

ALLROK.

The gssignment of colors to the cover types as well as
the names of the cover types can be changed during
execution. Selection of colors can be made from'any of the
17 possible colors (including black and white) available in
this package. If the user wishes, he.may use the default
parameters. for color assignments and for the names o£ the

cover types.
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A color legend is written at the end of the file. The
color 1legend «consists of rectangles filled with colors
assigned to the cover types. On the color map produced, the
. legend would appear across the width at the bottom of the
map. The sequence in which the colors are written is
identical to the sequence in which the class numbers are

assigned to the cover types.

The map produced using the hierarchical classification
scheme may be enlarged by repeating pixels during execution.
Somewhat comparable enlargements may, however, be made from
negative produced in the photographic process. It is
cautioned that this kind of enlargements are only useful for

display purposes rather than improving the mapping accuracy.

For comparison purposes, the Landsat image of the map
area can be written on the same display compatible file as
the map. The pre-assigned band combination for the blue,
green, and red colors are Band 4, Band S, and Band 7
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.




A5.2.1 Input

The main input to the MADROK package is identical to
that of ALLROK package; some of the auxiliary parameters
required are different. A1ll parametegs are input during

execution in response to prompts by the software.

A5.2.3 Output

The output from this package is a display compatible
file called DSPLAY.MAP. This file is created on the disc

which contains the MSs data.

A5.2.4 Sample Propedurev

g

+RUNZHADROK .

:HSS INFUT FILE NAME T:iU6224L 2 L
.STRUCTURE ON WHICH FILE IS _LOCATED 73CHAG-»
LANISAT FRAME. NUMEER 72015118431

DATE IMAGED 722 JUNE.75,

-SITE NAME(2A5) ?COFFERMINE 2
SPECIFY THE AREA OF INTEREST -

18T LINEsLAST LINESLEFT PIX, RIGHT PIX -

150 65 150 500y

FIRST LINE $ 150
LAST LINE $ 385
LEFTHOST FIXEL ! (150
RIGHTMOST FIXEL 1 1500

ARE THESE CORRECT (Y/N) 7Y )
LINE & PIXEL DECIMATION. FACTORS
(N FOR 1 OUT OF N)$1 1 p .
LINE & PIXEL DECIM. FACTORS R ¢ 1 1
ARE THESE CORRECT (Y/N)ZY,) .- .
NAME OF RAD CORR LOOK UP TABLE ZIUMMY.DAT »
WANT SUN EL CORRECTIONS (Y/N) 7Y ,
-SUN EL. ANGLE IN DEGREES 7)44 ,




_WANT. TO SEE THE CURRENT UALUES AYZNY Ny -

SSATELLITE NUMBER (1/2/3) “2 2

4% 3.479224 @,

110,

CLASSIFICATIGN FROC.(1/2/3/4) 1
1y.

MAGNIFICATIDN OF DISFLAY 1 8
CSPLIT. SCREEN DISPLQY(Y/N) )N}
:COLOR CODES ARE}

. BLACK - 13 BLUE - 2% GREEN - 3% RED - 43
LIGHT BLUE- 5§ FINK PURPL- 67 YELLOW - 7§ GREY - 8j
BROWN - 9% BLUISHGREY-103 ORANGE ~11F DARK BLUE -12;
DARK RED -~13; DARK GREEN-14% TARQUOISE -15; FURFLE -14%
WHITE =175

o

. END OF EXECUTION
CFU TIME! 15.93 ELAFSED TIME! 3118.13
EXIT

L N




A6.0 GENERATING ENHANCED IMAGES

Digitally enhanced Landsat data were used in this study
for wvisual analysis of rock outcrops and rock types.. The
methodology of digital enhancements was described in Chapter
3. Software to perform some of thése enhancements was
developed for_this pProject. Display coméatible disc files
containing the enhanced data were created by the software
developed. These data files may be used in producing hard

copy color products.

A6.1 DISPLAY COMPATIBLE DISC FILES OF ENHANCED DATA

The software package that creates display compatible

disc files of enhanced data is called DSPLAY. Two different
énhancement procedures can be performed by the DSPLAQ
package. The two procedures are the linear contrast stretcﬁ
and the multiplication enhancement which is us ed in
generating the simulated color infrared imagery. The

enhanced data are written on an output file which is

referred to here as the display compatible file.

The data can also be written on the display compatible
files without performing any enhancements. However, in all
the three cases the data are standardized prior to Creating

the output file.
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The format of the display compatible file accommodates
only three bands. Any three of the four bands in the MSS
can be selected during the execution of the program. A 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 interested in using all the original data.
Alternatively, the enhanced data may be digitally enlarged

to provide larger scales by repeating pixels and lines.

The display compatible file (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.

A6, 1. 1 Sample Procedure
+RUN DSFLAY J

H8S INFUT FILE NAME 7iU&22aL ¢

STRUCTURE ON WHICH FILE IS LOCATED TICHAG #
LANDSAT FRAME NUMEER 72015118431 £

DATE IMAGED 722 JUNE 754

SITE NAME(2AS5) TCOPFERMINE 2

SFPECIFY THE AREA OF INTEREST -

18T LINEsLAST LINESLEFT FIX, RIGHT PIX -~

1530 385 150 500,

FIRST LINE v 150
LAST LINE + 385
LEFTHOST FIXEL ¢ 150
RIGHTMOST FIXEL ¢ S00

ARE THESE CORRECT (Y/N) TY J

LINE & FIXEL DECIMATION FACTORS

(N FOR 1 OUT OF N)>$1 1 4
LINE % FIXEL DECIM. FACTORS R ¢ 1 1
ARE THESE CORRECT (Y/N)TY U
NAME OF RAD' CORR LOOK UF TAELE 7OUMMY. DAT 4
WANT SUN EL CORRECTIONS (Y/N) Y »
SUN EL. ANGLE IN DEGREES Ti46 y
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FORHMAT OPTION - (0-JSC/CCRS#1-JSC/EROS 2~-0LD/CCRS) 12 4
SATELLITE NUMBER (1/2/3) »2 4

4%  3.479226 ’ '
SELECT ENHANCEMENT FROC. (1-LIN,STRECH; 2-MULTIFLY3: 0-OTHERWISE)2 &

M88 BANDS(1-4) FOR ELUE,GREEN & RED GUNS >1 2 4 ‘
MULTIFLICATION FACTRORS FOR BL GR RED GUNS >1., .75 .5 ¢
WANT GRID ON DISFLAY (Y/N) 7Y J

GRID SELECTION LINES/FIXELS(ORIGINAL) 100 100 &
MAGNIFICATION OF DISFLAY >1 U : _

NAME OF DISFLAY COMPATIBLE FILE >MULTY.DSP J

ENI OF EXECUTION
CPU TIME: 21.38 ELAFSED TIME: 6138.40

EXIT
A6.2 OBTAINING HARD COPY COLOR PRODUCTS

Hard copy color products of the enhanced data may be
obtained either on the CSFR or the EBIR. An input tape for
the CSFR or the EBIR must be generated from the display |

compatible file containing the enhanced data.

The programs that must be used in creating the input
tapes for the CSFR and the EBIR are DSPCSF and DSPEBR.
respectively. Both these programs are in the MICA package

and documentation is available in the HELP files on the CCRS

PDP-10 system.
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A7.0 GEOMETRIC CORRECTIONS

Geomtrically corrected Landsat data that would fit the
UTM grid are now available routinely from CCRS as a staﬁdard
product called DICS CCT; However, when this project was
initiated, the DICS CCT s were not availble. Consequently,
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 available in the CCRS
MICA system and was developed by bDr.s. Shlienf The

software and the execution procedures are explained here.

The pixel size on the DICS CCT’s is 50 m by 50 m.
However, if one chooses to select a different size, the

procedures explained here would 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) 1locating and digitizing Ground Control
Points (GCP’s), (b) obtaining the image coordinates éf the
digitized GCP’s from a disc file containing the data, (c)
generating a transformation to convert the image coordinates
to the UTM coordinates and to resample the pixels using
cubic convolution, and (d) apply transformation to the input

Landsat data.




A7.1.1 Selection and Digitization of GCP’s

GCP’s for digitization were selected on the basis of

the following criteria:
1. GCP’s should be distributed uniformly throughout the
area of interest to assure that any error is dispersed
evenly throuout the area.

2. GCP’s should be stable geographical or cultural

features (eg. road intersections) to avoid any confusion
in locating it precisely on the input Landsat data.

3. GCP”s should be located in the vicinity of an easily
identifiable feature such as a large or an unique shaped
water body to insure thé£ each GCp isvuniquely

identified.

Over twenty GCP"s were selected on the 1:250,000 NTS
maps (maps at larger scales do not exist for areas north of

60 degrees parallel) using the above criteria.

The selected GCP’s were digitized on a Gradicon
digitizer at CCRS using program GCPAQ. The output from this

program is a file (with user specified name) containing the

identification of the GCP’s and their corresponding UTM

coordinates.
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A7.1.2 Determining the Image Coordinates of GCP’s

The image coordinates (line and pixel numbers) of the
digitized GCP’s were obtained using program GCPMAD. These
coordinates are added to the GCP file created in the
pPrevious step. This file containing the UTM and the image
coordinates is latter wused in generating the necessary

transformation.

Program GCPMAD can compute the line ahd pixel
coordinates of a specified GCP and then display a segment of
the image with the GCP at the center. However, this can
only be done when a transformation is available between the
UTM coordinates and the image coordinates. Coordinates of
atleast five to six GCP’s must be avialble for generating

the transformation.

About six of the digitized GCP’s were 1located on the
image using the Bendig MAD display system. Image
coordinates for these GCP’s were obtained manually using the
cursor option of program GCPMAD. The coordinates of these

GCP"s are used in automatically locating the other GCP’s.

In practice the proéedure followed was iterative. The
line and pixel numbers of the initial six GCP’s were used in
generating an approximate transformation. The automatic
mode of the program was used in computing the coordinates of
the remaining GCP°s. If the GCP location was not computed

accurately, corrections were made to the location using the
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cursor option. The transformation is regenerated after
correctly identifying an additional four to five GCP’s.
This procedure was repeated wuntil all the GCP’s . were

precisely located.

The procedure can be sppeded up if the coordinates of
the initial five to six GCP’s are obtained precisely. Also,
it is desirable to discard a GCP, atleast temporarily, if

there is any doubt regarding it”s true identification.

A7.1.3 Generating the Necessary Transformation

The necessary transformation to map the Landsaf data on
to the UTM grid wWas generated using program GCPTRN. The
number of coefficients used was 5; and MSS mirror scan
velocity correction was always applied when generating the
finalltransformation. The GCP file, containing the UTM and
image coordinates, was the input for generating the

transformation.

The RMS error for the two sites on both the dates was

less than 100 m. 1In our experience, it was found that using

a large number of GCP’s would not necessarily improve ‘the

accuracies achieved.
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A7.1.4 Producing the Corrected Landsat Image

In producing the corrected Landsat image, the
transformation generated in the previous step was appliéd to
the input Landsat data. This is the final step and was
performed by program SAMUTM to create a disc file of the

image.

Pixel size of 50 m by 50 m was selected in this study.
In addtion to being Square pixels, this selection allows
overlaying uniform grid lines on any display to match with
the UTM grid lines. Selection of a8 larger size in meeting
the above condition would sacrifice the available
resolution; selection of smaller size would create data
handling problems and alsg\ would mean striving for a

N

. . }
resolution that is non-existent.

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. In this study, pProgram SAMUTM used
approximately 3 sec per 1000 pixels to apply the

transformation.




APPENDIX B: LISTINGS OF PROGRAMS DEVELOPED

CVALUE, CMD

CVALUE.FOR, VEGTKT .FOR, DISKRY. FOR, PRTNUM. FOR, HIST . FOR,, CAMP .REL , REL : CCRSL.REL/L




22EAIE[A]S
@ CVALUER @
2LQEAVECAEE
CVALUE.FOR, BEC. 1978,
e alsasilalebliiehlaiplelaieialalalalofaialaletaanelalatas lolal ol platol et Tl ot st deiel srapanale o
@ COPYRIGHT NOTICE e

SO0

-
-

This program was writtean by P. Chagarlamudi of The Sibbald @
Group of Haskins & Sells Associates, 639-99 bank St..0ttawa@
It may be used for any purposes of the Department of - Q
Agriculture or of the Govermment of Cznada. @
It may not bz reproduced in any form without the @ -
written consent of The Sibbald Group. @
Use by ewployees of the Sovernment of Canada at the
Canada Centre for Remole Sensing is expressly permitied. e
All reprodunctiowns of this program must inciude this
notice. e
EE2PEACIBAUREHECHAECAVIRERVVCLLLCOOEEELTVERLIGRVLERCLLCRECAER
CODE WRITTEN BY
PAK CHAGAREAMUDI ,PASKINS & SELLS ASSOCIATES.
OlTAWA ONTAREO
CVALUF CAT PHIRT THE DIGITAL VALUES OR PRODUCE A HISTOGRAM
OF A SMALL PORTION OF LAKDSAT DATA. i
THE DATA MUST BE LOCATED ON A DISKX FILE EITHER IN JSC OR OLD FORMAT
THE FOLLOWING OPTIONS EXNIST 1IN THIS PROGRAIM: . ’ f
(A)TO DECIMATE THE DATA WHEN RGT INTERESTED IK UBING ALL THE DATA. . j
(B> TO PRIRT THE DICITAL VALUES IN ALL THE BANDS
{C} CAN PANDLE EITHER J&C Ot OLD FORﬁlT \CCRS on EROU DATA).
THE VALUE OR THE HISTO RAH» ARE WR TTBN OoN FTLF(S)(UPTO 3)
FOR LATLR RMTRIEV&L - ““AT!.MA? SMFT9 MAP 6TAT3 YAP.

BOEAOARRAEOGB

CSOCQAQAOOACOAaNIeeeo06ssansen

RQUTINE PVALUE.fOR I8 THE MA;N PRDLRAK IN CVALUL PACKAGH. ‘ : !
ROUTINEb REQHIRQD BY CVALUF PACKAGE ARE LISTED IN CVALUE.CMD ‘
VARIAPLES ' : i
GLORBAL: : : s
1BANDS, IBUF, ICAL, IDAT, IDATE, IFID, IFILEM,
IFILER, IQSUH, IRTPIX, ISITE, ISTLIK, ISTR
JL,JP,L¥TPIZ,LIRE, LN LSTLIN,LU1, IU ,LU3

M, MBLK WLINE,NB, NBLK,W"”,NL NF, NrORM NP,NPT,
SUNCOR, SUNLLD

aaaaooaoaconans

3

e e Ll e e
, DOUBLE PARGISION FILEN,FILES(3)
REAL BOROGR (50€,2), CORR(%) '
INTEGER ’FILLH(2) IFILER(O) IDATE(2),IFID(2),ISITE(2)
INTEGITR 1BUF(3648) IDAT(559,4), ICAL(4_6 647, IUPAK(2991)
INTEGER ICOUNT(21),IBANBS(é),NBS(é)
EQUIVALENCE (IFILER.FILEN)
COIMION /IONA/T0ONA  KAKA
COMiON #7880 IBUF, IUPAX,CORR
COMION ~CHAN/ IDAT
COMHON ~CAL, 1CAL
COMMON ~LOC,  ISTLIN,LSTLIN,L¥TPIX, IRTPIX,LINE,H o
COMMON ~TDENT/IFILEM, IFILER, IF1D, IRATE,18TR, ISITE ST
COMMON 7QUT/  LUL,LU2,LUS3,FILES :
COMon /JksIBI/IBP NTORM NCOUVT,NPRINT,SUNCOR BORDR, ICOURT,LSAT
COMMON ~DEFF/ N(,Lﬂ wpr,Np,MLINE,JL,JP,NF
COIMION /DEFR-NB, IBANDS IQSUN,SUNELD,NBLK,MBLK,NBS
DATA FILES /"8TAT1.}® &P‘,’STAT2.MAP’,’STATS.HAP‘/

DATA KAKA 72N/ :




C SET UP ROUTINE CAMP & STOP ¥HEN FAILED.
CALL CaMp
IF (IONA .NE. KAKA) STOP1890
C INITIALIZE LOGICAL UNITS
LU1=21
Luz2=22
LU3=23
€ QUERRY THE USER RE. PARAMETERS.
CALL VEGTXT -
SUNCOR=1.
IF (1@SyN .NE. o) SUNCOR=COSD(SUNELD) /COSD(87. )
C GET THEL FORMAT OPTION
105 WRITE (5,110)
119 - FORMAT(1H ,*FORMAT OPTH. (@-~JSC CCRS;1-JSC EROS;2-OLD CCBS)>*,$)
READ (5,5190) HNa ' :
IF ("¢ .LT. @ .OR. N@ .GT. 2) GO TO 1905
NFCRM = NQ .
IF (NFOGRM .NE. 2)60 TO 2490
C READ THE LOOXUP TABLE
OPEN (UNIT=LU1,ACCES ='SEQIN’ ,FILE=FILEN)
READ (LUI,210)(((1QAL(I,J,K),K=1,64),J=1,6).I=1,4)
219 FORMAT(1X,8214) ) :
CLOSE (UNIT=LY1)
C WRITE SUPPORTING INFOHMATION ON A FILE FOR LATER RETRIEVAL.

240 OPEN (UNIT=LU1,QCCESS=’SEQOUT’,FILE=FILES(1))
WRITE {(LU1,270) IFID, [DATE

270 FORMAT (1X,’ FRAME IDENTIFICATION :*,2A5,10X,’ D
*ATA ACQUIRED ON :',3A%5,4:) : :
YRITE (LU1,272) SUNELD , SUNCOR

272 . FORMAT (1X,*SUN ELEVATION :’,F4.0,10¥,’ SUN CORRECTION FACTOR :*
*,F6.4,2%) )

WVRITE (LUL,274) IFILLR Ce
274 FORMAT (1X,'NM5% RADIOMETRIC CORRECTION TABLES FROM FILE *L,2A5)

WRITE (LUL,276)IFiLEY . , - i
276 FORMAT (1X,"MSS DATA INPUT FILE : *,2A5,3%) : . oo

WRITE (LU1,278)IS8ITE : : o

- 278 FORMAT (IX,'SITE : ' ,245)

C IRITIALIZE THE DISK FILE
If (NFORM .EQ. 2) CALL ODSKST
IF (NFOSM .NE. 2) CALL NDSKST
C  WE HAVE TO PROCESS "MLIN:® LIRES AND NP PIXELS FROM EACH LINE
MLINE=(LSTLIN~ISTLIN+1) 7 JL '
ce TYPE® ,MLINE, NP , KPT
€ WRITE PARAMETERS ON FILE FOR LATER RETRIEVAL
WRITE (LU1,813)
WRITE (LiJ1,826) ISTLIN,LSTLIN,LFTPIX, IRTPIX

315 FORMAT ¢1X,'STATS SHOWN WERE DERIVED FROM THE FOLLO
XWING AREsL ¢ )
326 FORMAT (1X, 10X, LINES $',14,° TO *,14," & PIXELS

*¥:2°,14," TO *,14,8%)
¥RITE (LU{L,825)JL,JP ;
325 FORMAT (1X,’DECIM. FACT.- LINES 2TL12,75 PIXHIS :7,12)
. € SELECT OPTION AKD THEN GO TO APPROPRIATE ROUTINE.
WRITE (G,506) .
500 FORMAT (1H ,’SELEGT OPTN. (1-LIST VALS;2-HISTOGRANS) > ,5)

. READ (3,519) N@
518 - FORMAT (1)

IF (NQ .¥@&. 1) CALL PRTNUM
IF (N@ .E@. 2) CALL HIST
RETURK

END

TR RN e v e e m ey e S N b e P e s - 28 e bt A s




c a0

Cc 2 PRTNUM.FOR @

c paicialelaleiaigale oo

C*X***SUBROUTINE PR RUM :

C- - - - - - -

C FPRIRNTS NUWBSRS FOR AAL ”HE BANDS

C PART OF CVALUE PACKAGE

C ALL VARIAELEE ARE PA SED THROUGH COMMON AREAS.

C- - - - - ~ - - -

Cc VARIABLuSz

C GLOBAL : IBAT,LFTPIX,NB,MLINE

C LOCAL : NDUMi,NDUM2

C- -~ - -— ~— -— - - - — - — -
SUBROUTINE PRTNUM

L i L B e R R T T T r B R P e e g e gy
INTEGER IBANDS(4) ,NBS(4), IDAT{5592,4), [COUNT(21) .
INTEGER IFILEM(2), iFILPR( ), IFID(9) IDATE(2) ISITE(2)
REAL BORDRA(504,2)
DOUBLE PREGISION FILES{(3)
COMMON ~CHAN/ IDAT
COMMON ~LOC/ ISTLIN,LSTLIN,LFTPIX, IRTPIX,LINE,M
COMMON/IDENT/IFILEM, IFILER, IFID, IEATE ISTR,ISITE
COMMON . DEFF. HC,LN, NP;,NP,MLINL JL,JP 0¥
COMMON /DEFR~ N8, 1BANDS, IGSUN, QUNELD HRLK MBLK ,NBS
CGHMON ~/DESIR1/ 1BP,NFORM,KXCOUNT, NPRINT SURCOR, BURDR 1COUNT, LSAT
COMMON /QUT/ LUI,LUZ.LUS FILES .

OPEN (UNIT=LU2,ACOESS=' SEQOUT’ ,FILE=FILES(2))
OFEN (UNIT=LUS,ACCE&S=" LODUT’,FILE FILES(3)) -

=1
WRITE(LUL,78)1FID, IDATE,K, ISITE
K=2
WRITE (LU2,76) IFID,IBATE,X,ISITE -
70 FORMAT (1H1,19%,245,° FRAME IMAGED °*,2A5,10X,’ PAGE °,I1
*,5%,"SITE ’,2&5)
X=3

WRITE (LU3,79) IFID, IDQTh,L)ISITE
NDUMI= LY191\+~57J“
NDUM2=LFTY IX+58%JP
WRITE (LU1,89} LFIPIX,JP
WRITE (1LU2,86) NDUML,JP
WRITE (LU3,820) KDUM2,JP ;
860 FORMAT (1H ,/r .’ .START PIXEL NUMBER =’,I14,' PIXEL DEC. F
*ACTOR =*,12,//)
Do 58 I=1,MLINE
C GET TEE REQUIRED PIXELS FROM THE CUBRENT SCAN LINE.
IF (NFORM .E2. 2} CALIL OSETLN
I (NFORM .NE. 2} CALL NSETLYN
YRITE (LU1,98)LINE
WRITE (LU2,96)2LIVE
WRITE (LUS,90)LINE

90 FORMAT (1X,/,* LINE NUMPER =°*,14,/}
DO 1106 J=1,NB
130 . WRITE (LU3,129) J,{IDAT(X,J),K=51,75)
149 WRITE (LU2,12063 J,(IDAT(K,J) ,K=26,50)
150 YRITE (LU1,1%8) J, (IDAT\K,J) X=1 .H))
129 FORMAT (lﬁm ’BAHD=’,II,2X,1QLW,~X I@Ié,MX 1814
110 CONTINTE
59 CONTIRUR
RETUHN

END
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CAZICALEHEOS
ROUTINE HIST.FO8, DEC. 197Y8.
HIST PRODUCES A HISTOGRAM ¥OR DATA FROM A SPECIFIED AREA.
PAIL CHAGARLAMUDI ,HASKINS & SELLS ASSOCIATES,OTTAWA.
MOBIFIED TO ALCLPT UGATA FROM EITHER CCRS JSC .CCHS EROS,CCRS OLD
ORIGINAL CODE WRITTEN #Y M.1{. TAYLOR.
FORMAT DISK FILE DAT. EXTENDED TO ACCEPT 256 LEVELS AND 8 BIT DATA.
COMPATIELLE WITH OTHER RUUTINES OF THE VARICUS ANALYSIS ROUTINES.
HISTOGRANS ARE GENERATED FROM THE DATA OVEIX THE AREA SPECIFIED BY
LINES ISTLIN TO LSTLIN & PIXELS LFTPIX 10 IRTPIX. .
THE VALUES USED MAY BE RADIOMETRICALLY & LINFEARLY CORRECTED BY THE
TABLE. SPECIFIED & MAY BE SUN CORRECTED TO THE STANDARD SUN ANGLE.
VALUES MAY BE 6,7, OR 8 BI" ~USER SPECIFI{ES,
MAX NUMBER OF LF‘VLLb iN THE HISTOGRAM IS 256,
MIN & MAX VALUES FOR EACH BAND ARE GIVEN [F BERUESTED.
- THE 1NCREMENT FOR THE LEVELS IS CALCULATED BY DIVIRING THE
MAX VALUE POSIBLE BY THE # OF LEVELS. THIS MAY BE CHANGED LATER
TG ALLOW THE USER TCG SPECIFY THE LEVELS IN FACH BAND SHOULD THIS
BECOME VALUABLE.
HISTOCRATS ARE MADE FOR ALL 4 BANDS UNLESS YOU SAY OTHERWISE.
QUTPUT I® ON STATI.MAP UNIT '71. .
'.rET bl‘@'[‘l 1*1.31? ON LPT UZZEI"G FILE:FORTRAN SWITCH USING @ .

(vhelvivivisivielviololololelelviviololv ioie e o o)

o
1
[

SUBROUT IKE H] C'oT
Crar s S BB RSP E S A S RRRE B SRR RA LR EE BB BE BB R R LR R L EELLEBBER
IMPLICIT INTECER {A-Z)
DOUBLE PREGISIOH FILES (3)
REAL SUIM, TEMNP, BORDBRIS5660,2)
DIMENSION MULTY{4), ICOUNT (21),IDAT(5350,4)
DIMENSION BIT(4), BAHDS(‘!-) s INC(4) HIST(4,256) ,MIN(4) ,MAX(4)
COMMON ~CHAR/IDAT
GOITION /LOC-ISTLIN,LSTLIN,LFTPIX, IRTPIX,LINE,M
COMMON ~GUT/LUL,LUZ,LU3,F I 1E3
COMION /DEFF/ KC ¢ LN NPT,NP ,MLINE,JL, P, N¥ )
COMMON ~DESIRL/IBP, NWUTL NLOU‘IT NPRI NT,SUNCOR, BORDR, 1COUNT , LSAT
DATA t«:T AR/ kTS

L
C SET UP? DEFAULT VALUES
BAND = ¢
DO 180 I1={,4
MAX(I)= 0
HIK(I)=
BANDS(I J=I+3
MOLTY (I 2=}
109 BIT(I)=8
MINMAX = 1
LEYS = 256
C :
G GIVE COMMAND LiST v
TYPE 116 . :
11¢ FORMAT(1H ,’USE THE FOLLOWING COMMAND LIST TO CHANGE DEFAULTS®/
* 14 ’BIT - # BITS IN RADIOMETRICALLY COBBECTED DATA'/
* IH ,"BAND — WHICH BANDS TO CREATE HISTOGRAMS FOR®~
*® iH " BOMIN - MIN & MAX VALUES FOR THE BANDS WILL NMOT °*,
* 'BE C!}.LCULAT ED s
* tH ,"LEVE - » OF LEVELS IN THX HISTOGRAMS®/
*® 1X ,’OK - DEFAULTS USED:BIT=8,RAND=ALL,MINMAX,LEVS=256"/
* 31} ’GO ~ START EXECUTION’)
112 ORDER =

TYPE 144,5TAR
114 FORMAT(1IH ,A1)




113

115
117

118

119

126
121
122

'l

125
126
127

128

1490

145
144
147

148

150

155
169

Ca
161

ACCEPT 113,0BDER
FORMAT (A5

IF(ORDER.NE. BAND " )Go TO 125

TYPE 117

FGAMAT(1H ,*HISTOCRAMS SHOULD BE MADE FOR ¥WHICH BANDS?* )
DO 118 I=1,4

- BANDS(1)=9
BAND=9
ACCEPT 119, (BANDS(13,1=1,4)

FORMAT(4])
IF{(BARDS(1).ER.03C0 TO 113
DO 126 1=1,4
IF(BAXDS (1) .EQ.8)GO TO 121 | -
IF(BANDS(I).LT.4.0R.BANDS(I).GT.?)CO TO 115

BARD = BAND+1 _

TYPE 122, (BANDS{I), =1 ,BAND}

FORMAT (1H ,’HiSTOGRAMS ARE TO BE MADE FOR BANDS® ,4(2X,12»)
Co TO 112 . .

- IF{ORDER.NE."BIT *)G0 TO 149

TYPE 127, (BAKDS(1),1=1,BAND)

FORMAT(1H > TYPE » OF SIGNIFICANT BITS IN DATA FOR *y
‘ *FACH BAND’ /1H ,’BANDS ' ,e(2¥%,12))
ACCEPT 128, (BIT(IY, I=1,4)

FORMAT(41)
DD 132 1=1,BaND '
IF(BET(I).LT.G.OR.BIT(I).CT.B)GO TO 125
TYPE 129,BANBS(I),BIT(])

FORMAT(1H ,°VALUES IN BAND *,12,* WILL BE ASSUMED TO BE °*,

12,7 BIT")

IF (BIT (1) .mz, 8) MULTY(1)=1 :
IF (BIT (1> .E0. 73 MULTY(I)=2 -
IF (BIT (1) (E. &3 HULTY(1)=4 . .

CONTINUR
GO TQ ii2

IF{ORDFR.,NE. * NOMIN® )GO TO 145
MINMAX=0 MEANS NO MIN/MAX VALUES WANTED
MINMAY = ©
GO TD 112

IF(ORDER.NE.  LEVS *)G0 TQ 150 .
TYPE 147 : ’
FORMAT(id ,*GIVE NEW # OF LEVELS FOR THE HISTOCRAMS (MAX 256)°)
ACCEPY 148,15VS T
FOPMAT(14)
IF(LEVS.ET.!.OR.LEVS.GT.256) GO TO 146
GG TO 112

IT{ORDER.EQ, * OX ') GO TO 155
IF{ORBER.%Q. G0 '} GO TO 155
GO TO 112

READY TO €@ EMPTY BUFFERS
DO 168 1=1,2

DO 166 J=1,256
HIST,0) = 5

DO 161 1=1,BAND

RGO =2%2B1T( [ Y /LEYS

¥ (INC(i) .LE. @) IHC{(I) =1

TYPE *,INC{{)




v

o

180

179
199
260
309

459

480

DO 360 I=1,MLINE
IF (QFORM .EQ. 2) CaLlL OSFTL
IF (NFORM .NE. 2) CALL NSETLN
FOR EVERY PIXEL IN THE LIN]' Do ¢
DO 286 J=1,NpP
FOR LVE:{Y EAND SPECIFIED DO:
DO 199 X=1,BAND
Ki(=BANDS (X) -3
ME8= (I1DLT(J KK} -1 ) /MULTY (K ) +1
CHECK 1F MII\ OR MAX
IF(HINMAK.EQ.B)C0 TO 180
IF{HSS . LT.MIN(K) ) MIN(K)=MSS
IF(B3B8 . CT. MAX(K) ) MAX(K) =SS
PUT INTO RISTOGRAMN
DO 17¢ NN=],LLVS
IF{MSS. GE.T‘{N-"TNC(‘()) G0 TG 170
HIST(K,KN) = HIST, N +1
GO TO 199 '
CONTINUE
CONTINUE
CONTINUR
CONTINUE
NOW READY FCR PRINTING HISTOGRAMS
FOR EACH HISTOGRAM PRINT:
DO 460 I=1,BAND
WRITE(LUY JS{’HBAI‘IDQ(I) yBITCI),INC(I) .
FO"J‘iAT"an “BAND® ,12,° (’.I2 * BIT VALUES IN INCREMENTS °,
1 {}P‘ ’ I‘) kd )’ )
WRITE(LU? ,352) fH[S"‘(I.J) J=1,LEVS)}
FORVAT(16(3H ,1018/))
WRITE(LU!,355)BANBGLL) ,HIN(I ) JMAX(I) . :
FO%M:‘.FUH , PO B TMH) *LI2, MINIMUM =°,14,°, HAXIMUM =’,14)
CORTINUE .

WRITE fLUl 3703
FO‘i;“L’}.’}‘ (1E1,10X, ’FOLLO:‘?ING ARE THE PERCENT BISTRIBUTIONS® ,/)
DO 568 i=i,BAND
EUr=90,
DO 459 J=i,LEVS
SUH= SU’H-—HIC}T‘I oo F)
PO 480 J=1,LEVS
'l‘EI'H’“?"LOAT(B 187(1,J3)
HIST(L,J)=181 X{ TEMP* 109 . /8UK)
WRITE(LUI ,856)BANDS{ 1) ,BIT(1), IHGCI)
WRITE(Li 55’)(H“I"1I J),J 1, LEVE:)
. COHTINUE
RETURN
END
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@ ALLBOX @
: AVLEEAETCA’Q
ALLROK.FOR, JAN. 1979,
CODE WRITTEN BY
PAX CHAGARLAMUDI, UNIV. OF MANITOBA
OTTAWA, ONTARIOC
THIS SUIT OF PROGRAMS RFADS A DISK FILE OF A SMALL .
PORTION OF LAWDSAT DATA AND THEN IDENTIFIES POSSIBLE OUTCROPS.
THE FOLLOWING OPTIONS £XIST IN THIS PROCRANM:
(A)TO DEGIHMATE THX DATA WHEN NOT INTERESTED IN USING ALL THE DATA.
(B) TO CREATE THE LINE PRINTER MAP.
(C) TO COUNT PIXELS IN A SUBSET OF THE MAP FOR ALL THE CLASSES.
(D) CAN HANDLE EITEER JSC (CCRS OR EROS DATA) OR OLD FORMAT.
THE SYMBOLS FOR THE CLASSES ASSIGNED AND OTHER PERTINED
THEMATIC MAPS ARE WRITTEN ON FILES (UPTO 3) FOR LATER RETRIEVAL.

TEESE FILES MAY BZ PRINTED EITHER ON THE LINT PRINTER OR

ON A TERMINAL. ) i

ROUTINE ALLROX.FOR IS THE MAIN PHOGRAM IN ALLROK PACKAGE.
ROUTINES REQUIRES BY ALLNOK PACKAGE AKE LISTED IN ALLROX.CMD
VARIABLES:

GLOBAL: |

AR,FEAT1, IBANDS, IBUF, 1CAL, ICLS, IDAT, IDATE, IFID, IFILEM,
IFILER, IQSUN, IRTPIX, ISITE, ISTLIN, ISTR .
JL,JP,LFTPIX, LIKE, LN, LSTLIN,LU1 ,LU2, LU3
M,MBLK,MI,IHE, N8B, NBLK, ¥8& , NC . NF , NFORM, NP, NPT,
RPS1,RPS2, SUNCOR , SUNELD, SYIRBL

TR BE R R R ekt e e b E Y P ‘

BOUBLE FRECISION ICGL3 (21)
DOUBLE PRECISION FILEN,FILES(8)

REAL BORDR (56¢,2),C0RR(4)

INTEGER IFILEM(2),IFILER(2),IDATE(2),IFID(2),ISITR(2)
INTEGER IBUF(3648), IDAT(550,4),1CAL{4,6,64), IUPAK(2201)

- INTEGER SYMBL(21) ,AR(559),185(21),187421),1SR(21), ICOUNT(21)
INTEGER XF{6),1BANDS4) ,NBS{4),FEATI (21) :
EQUIVALERCE (IFILER,FILEN)

COMMON ~MSSD~ [BUT, IUPAX, CORR
COMISON ~CHAR/ IDAT
COMMON ~CAL/ 1CAL ‘

COMMON ~LOGC/  ISTLIN,LSTLIN,LFTPIX, IRTPIX,LINE.HM
COMMOR ~/IBENT/IFILEN, IFILER, IFID, IDATE, ISTR, ISITE
COMHCN OUT/ LU ,LU2,LU3,FILES
COMMON /DESIR/ ICLS,185,187, ISR, SYMBL,AR
COMMON /DES[R1/15P , NFORM, NCOUNT , NPRINT, SUNCOR , BORDR , ICOURT, LSAT
COMMON ~DEFF- HO,LN,NPT,NP,MLINE,JL,JP,NF
COMMON ~DEFR/NB, I BANDS, [QSUN, SUNELD, NBLK,, MBLX , NBS
COMMCGN ~COUNT/ WMTBL,MBLL .

DATA FILES /'ROCKI.MAP®, ROCK2.MAP’ ,’ROCKS .WAP' ~

INITIALIZE LOGICAL UNITS
1U1=21
Lu&z=22
LU3=23
QUERRY THE USER RE. PARAMETERS.
CALL VEGTXT
SURCOR=1.
IF (IQSUN .NE., 8) SUNCOR=COSB(SUNELD)/COSD(37.)

CHANGE THE DEFAULT PiRAVETERS IF REQUESTED

CALL DSRROK
IF (NFORM .WE. 2380 TO 24¢
READ THE LOOKUFP TABLE o
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OPER (UNiT=LU1,ACCFSS=*SEQIN’ s FILE=FILEN)
READ (LU1,210){{({C8L(] »JL.KY.K=1,64),J=1,6),1=1,4)
210 FORMAT(13,8214) .
CLOSE (UNIT=L{11)
€ WRITE SUFFORTING INFORMATION ON A FILE FOR LATER RETRIEVAL.

249 GPEN (UNIT=LU!,ACCESS=' SEQOTT” SFILE=FILES(1))
WRITE (LUL,270) I¥1D, 1LATE
279 FORMAT (1%,°FRalE IDENTIFICATION :°,245,10X,° D

*ATA ACQUIRED ON :° ,2A35 » 94X
WRITE (LU1,272) SUNELD , SONCGR

272 FORMAT (1X,'8UN ELEVATION :° ¥4.0,10X, * SUN CORRECTION FACTOR :°
*,F6.4,2X) '

WRITE (LU1,274) IFILER

274 FORMAT (13, WSS RADIOMETRIC CORRECTION TABLES FROM FILE :° y2A5)
WRITE (LU1L,276)IFiLEM ' .

276 FPORMAT (X, MSS DATA INPUT FILE : ° s 245 ,3%X) :
WRITE (LU1,278) ISITE

278 FORMAT (1X,'SITE : *,2a5)

C INITIALIZE THE DISK FILE :
IF (HFGRM .EQ. 2) CALL ODSKST
IF (NFORM .NE. 2) CALL NDSKST ,
TYPE %,LN
C VWE BAVE TO PROCESS "NLINE® LINES AND NP PIXULS FROM EACH LINE.
MLIKE= (LSTLIN-ISTLIN+1) ~ JL
NF=NP/LK
IF (MOD(KP,LK) .GT. 0) NF=Nj+1
G ASSIGN APPROPRIATE STATENENTS NUMBERS TO 160 TO WRITE FILE(S) ‘
IF (NF ,EQ. 1) ASSIGN 476 TO 1GO

IF (NF .EQ. 2) ASS1CGH 468 T ICO

IF (NF .ER. 8) ASSIGN 430 TO 16O

: TYPE, MLINE, NP, NPT, KF, LN

- C WRITE PARAMSTERS ON FILE 7OR LATER RETRIEVAL
WRITE (LU1,292) Ko

292 FORMAT (1¥,'# 0OF CLAGSKS:® »12) ’ |
' WRITE (L¥t,294) MLINE,N¢,NC,LN ;
294 FORMAT (1X,20) |
WRITE (LU1,285) Cob
285 FOPMAT (1X,*DETAILS OF CLASSIFICATION’ ) : ' .
WRITE (LU1,299) ' ’ L
29¢ FORMAT (1X,’CLASS #°,4X,’ HAME + 9%, " BAND-5 BAND~7 FACTR SYMBOL') '

DO 300 1=1,N¢ .
WRITE (LU1,310) I,ICLS(I),ISS(I),IS?(I).ISR(I),SYMBL(I) .

319 FORMAT (1X,2X,12,5}{,5’110,3X,316,6X,Al,2X)
399 CONTINUE )
WRITE (LU1,315)
WRITE (LU1,820) ISTLIN, LSTLIN,LFTPIX, IRTPIX
315 FORMAT (1X,’THE ARFA SHOWN ON THE MAP HAS THE FOLLO .
*WING CO-CRDINATES : ')
325 FORMAT (1¥, 10X, LIKES 27,74, TO *,14,° 8 PIXELS

*:7 T4, TR L 14,330)
WRITE (LUI,825)JL,JP
325 FORMAT (1X,’'DRCIM. FACT.- LINES :° » 12,7 PIMNELS :*,12)
C VWRITE OTHER iNFORMATION 93 FI LE FOR LATER RETRIEVAL
CALL WRTHD1
DD 409 1={,NFx2,2
EF(1)=(1,2)3LH+1
KF{1+1)=KF(1)+LN-1
460 . CONTINUR
TYPE # ,K¥ KF
[¥ (NCOUNT .I®. 1) CALL INICNT
IF (NFRINT .EQ. ¢) ASSIGN 419 TO 160
SILECT CLASS FROGC.
499 WRITE (5,560)
560 'FORMAT (1X,’CLASSIFICATION PROC. (1/2/3/4) :°$)

]
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: READ (5,319) Ko
519 - FORMAT (I) .
TYPE %,NG. S
IF (N& .LT. 1) GO TO 496
IF (N& .GT. 4 ) GO TO 496 .
: DO 419 I=1,MLINE
- € GET THE REQUIRED # OF PIXELS FROM THE CURRENT SCAN LINE
‘ IF (NFORM .FQ. 2) CALL OSETLN
IF (NFORM .NE. 2) CALL NSETLN
C DECIDE ON THE CLASS TO WSEICH FACH DATA POINT BELONGS TO
IF (R@ .EQ. 1) CALL CLROKi1
IF (NG .E@. 2) CALL CLROX1
I¥ (N& .EQ. 3) CALL CLROX1 _
IF (N .EQ. 4) CALL CLROK1 ’
- C ASSIGN SYMBOLS FOR ALL CLASSES TO PRINT ON LPT.,
IF (NPRINT .EQ. 1) CALL ALSYMB '
C VRITE THE CLASS SYMBOLS FC’R THIS LINE ON A FILE

GO TO iGo
459 CWRITE (LU3,420) LINE, (AR(K),K=KF(5),KF(6))
460  WRITE (LU2,420) LINE, (AR(K) ,K=KF(3) JKIF(4))
o a4Te - - CWRITE (LU1,426) LINE, (AR(K) K—H(l) SJKF(2))
420 FORMAT (1H>I’ 14,1%, 116&1)
4106 CONTINUE
- € PRINT THE RESULTS FROM COUKTING
IF (NCOUNT .E@. 1) CALL PRICNT
B PUT THE BOTTOM SLT or TIic HABKS
. CALL WRTHD2
RETURN -

ERD
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C 8 DSRROX.FOR e
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C ROUTINE DSRROX.FOR, JAN. 1970,

C~ - - - - - - o= - -

C CODE WRITIEK BY

C PAX CHAGARLAMUDI

C OTTAWA, ONTARIO

C— — - - - -— - - - - -

- € ROUTINE DSERROX.FOR IS a FART OF "ALLROK" PACKAGE.

"C 'THIS ROUTINE DISPLAYS THE CURRENT CLASS NAMES, FACTOR

C VALUES, AND S¥YMBOLS ASSICNED TO CLASSES. :

C ALSO ALLOWS THEZ USER T0O ALTER THE CONTENTS IF SO DESIRED.
. QG- - - - - - - - - it :
- € VARIABLES: :

"€ GLOBAL: FEAT1, I1CLS, LN, KC, SYMBL

.G LocaL : e

B ]
1

. SUBROUTINE DSRROK
_‘:#######################################################
- DOUBLE PRECISION ICLS (21)
- INTEGER 185(21),IS?(zl),ISR(21),ICOUHT(2I)
REAL BITS (2) ,BORDR(500,2) :
' INTEGER SYMBL (21),AR{(550)
C . COMMON AREAS
c .

COMMON /DESIR/ ICLS,IS5,IS?,ISR,SYMBL.AR ' .
COMMON /DESIRI/IBP,NFOHﬁ,NCOUNT,NPRINT,SUNCOR.BORDR,ICOUNT,LSAT
COMMON /DEFF~ .NG,LH,NPT,NP,HLINE,JL,JP,NF' v

U paTA 183 79,100,0,0,0,0,2,1550,0,55,0,0,0,0,0,0,0,0,0,0,0/ ’
L, JDATA IS7 £20,0,0,2890,0,46,0,0,6.9,0,0.0,0,0.6
X,0,0,6,0,0/ -

DATA ISR /0,9,185,145,1?5,0,6,@,@
*,9)9,0’610’@-0;@1@515’1@1@/ ) .

DATA SYMBL /.s.s,aco.! ’,"D’,'L',’B’,’G’.'N’,"S',’+’,’ !,’ L3
*'1 s,) 1,.~ ,_’9 9,9 s’s !’) ’,s ”a V4 )

DATA ICLS /’WATER’,’CLOUD’,’VEGETATION’,’DOLOHITE.',’SOIL/BLDRS’
*,’BASAET’,'GRAN/FELS.’,’SAND’,'SANDSTONES’,’SNOW/I@E’,’ ‘ .
¥ v” LI ) L} * s L I

’ L4 *

r ’ ’ ’ L .
o :“'l 3,1 S"i 5” 9/ ' . )
-G INITIALIZE NUMBER OF CLASSES AND BUFFER SIZE FOR EACH SECTION -
€ AND THE IBP LEVEL,FORMKT,PRINT,CQUNT'OPTIONS. .
: Re=o : '
IBP=1
NC=19
LN=110
NFORM=2
NPRINT=1
NCOUNT=0 :
C  QUERRY THE USER IF HE WANTS TO SEE THE DEFAULT VALUES
C IF THE USER DESIRES, DISPLAY 8 ALTER WHEN REGUESTED

.99 ¥RITE (5,95)
95 FORMAT (/) , _ _
i : WRITE (5,120) ' .
s 100 FORMAT (1X,’WANT TO SEE THE CUBRENT VALUES (Y/N) 2° 8D
! _ LR READ (5,110) ¥o
110 FORMAT (A1)

IF (Y& .NE. °Y') 59 TO 300
: WRITE (5,i14) LN
114 FORMAT (1X,’CURRENT BUFFER SIZE FOR. EACH SECTiON OF MAP :?,1I3)
< IF (NFORM .EQ. @) WRITE (5,510) . . ' R
IF (NFORM .EQ. 1) WRITE (5,520)




IF

(NFORM .EQ. 2) WHITE (5,530)
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519 FORMAT (1X,’ASSUMING JSC FORMAT - CCRS DATA®)
- 529 FORMAT (1X,°’ASSUMING JSC FGRMAT - EROS DATA®)

530 FORMAT (1X,’ASSUMING CLD FORMAT - CCRS DATA®)
IF (NPRINT .FQ. @) WRITE (5,54%9)
IF (NPRINT .EQ. 1) WRITE (5,559)

5490 FORMAT (1X,°WILL KOT CREATE LINE PRINTER MAP’)

559 FORMAT (1X,’WILL BE CREATING LINE PRINTER MAP’)
IF (NCOUNT .EQ. @) WRITE (5,569)
IF (NCOUNT .EQ. 1) WRITE (5,578)

560 FORMAT (1X,’WILL NOT COUNT PIXELS®)

570 FORMAT (1X,’WILL BE COUKTIRG PIXGLS')
WRITE (5,129) ' '

126 FORMAT (1X,°*THE FOLLOWING CLASSES ARE AVAILABLE NOW 2,7,

*1X, ' CLASS #°,4X,*NAME' ,9X,’ BAND-5 BAND-7 FACTR SYMBOL’,/)
DO 126 I=1,NC
WRITE (5,140) I,1CLS(1),IS5(1),I87(1),ISR(I),SYMBL(D)
149 FORMAT (1X,2X,12,5X,A10,3X,16,16,16,6X,A1)
120 COWT { NUE
C IF THE USER DESIRES, CHANGE THE VALUES
WRITE (5,132)
FORMAT (1X,’WANT TG CHANCE
READ (5,110) Ne
IF (N& .NE. 'Y’) €O TC 860 , N
WRITE (5,136) LN
FORMAT (1X,’OLD BUFF SIZE =*,13,’; NEW(MA¥Y-110;0-KEEPS OLD) 22’ ,8)
READ (5,135) NG o L
" IF (K@ .NE. ©) LE=dg
WRITE (5,580) NFOHM
FORMAT (1X,’FORMAT OPTION =’,12,°
%; 2-0LD CCRS):’ ,@)
READ (5,155) NQ : . ’ -
NFORH=NQ : : =
WRITE (5,50@} NPRINT
590 FORMAT (1X,’PRINT OPTION =°
AWISE) 1 , %) :
BEAD (5,155) NPRINT . ,
WRITE (5,600) NCOUKT S
FORMAT (iX,’COUNT OPTION =*,12,NEW(1-TO COUNT; © OTHERWISE):’,$) . .
READ (5,155) NCOUNT - , PR
WRITE (5,159) ' ‘
150 FORUAT (iX,’CLASS # YOU WISH TO CHANGE ("9" FOR NONE) ?7,8)
READ (5,155) K@ ) _ . S -
155 FORMAT (1) : ' :
IF (FQ .EQ. ©) GO TC 99
C CHECK IF CLASS # 1S AVAILABLE IN THE CURRENT BUFFER
: IF (N@ .LT. 6 .0R. NQ .GT. NC) GO TO 3160

132 ARY OF THE VALUES (Y/N) ?°,$)
136
58¢@ NEY(0-JSC CCRS;1-J5€ EROS

. 585 L
,12,° NEW(1-TO CREATE MAP; 0-OTHER

500
145

WRITE (5,160) Ne

166 FORMAT (1X,°CLASS # :*,I2)
WRITE (5,17@) ICLS (KL

179 FORMAT {(1X,’OLD NAME =*,Ai0,’ NEW ?°,8)
READ (5,180) ICLS (K@)

189 FORMAT (A1@)

YRITE (5,199) SYMBL(N®)
196 FORMAT (1X,’OLD» SYMBOL =°,Al,°’
READ (5,116) STMBL(KNQ)
- WRITE (5,206) IS5{EQ),IS7(HQ), ISR(NQ) '
FORMAT (1X,°OLD VALUES =°,815,® KEW 2',%)

NEW 2?7 ,8)

200
READ (5,210} IS5(Q;, IS7(NQ), ISR(NQ)
210 FORIIAT (3I) :
G TO 145
C NORMAL RETURN
300 RETURN

C ERROR MiSSAGE ; 8TOP IF REQUIRED

R i 8 et e s e e e At A e 8 e e e o i o ot e RO
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310 YRITE (5,329) Ng,5wC .

320 FORMAT (1X,*VWANTED TO CHANGE CLASS #» :°,
*1X,"# OF CLASSES ALLOWED AT PRESENT ARE :°,I2,/
*1¥,  WANT TO EXIT (6 OR PROCEED (1) 2*,8)

READ (5.155) Ng

IF (Fa .E8. 1) ¢0 ToO 145
STOP

ERD

O R ey a1 e e e e

kS
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S . @ CLROKI.FOR @ 1
C ' GERORCELOREGTE
G _ROUTINE CLPOKI 708, dAw_ jome. . et e
= = - - - - —— . e e
C CoDpE WRITTEN BY -
C
€ PAX CHAGARLAMUDI,UNIV. CF MANITOBA.
C O1TAWA, ONTARIQ
G
c— — —~ - - -— - R - -
C ROUTINE CLROK1 .FOR IS A PART oOF ALLROK PACKACK
€ THIS ROUTINE DECIDES oN THE CLASS 'To WHICH FACH PIXEL,
€ BELONSS TO AND THEN ASSIGNS THE NUMBER FOR THAT CLASS
C KNOTE: AlLL PARAMETERS ARE, PASSED TRROUGH COMMON AREAS,
€ SEE COMMON AREAS FOR DETAILS.
C . :
C.. - - —-— — -— - — -— -~
€& VARIABLES: .
C GLGBAL: AR,FEATI,IDAT,NFORM,NP,HPSi,BPSZ.SUNCOR.SYHBL
€ LOCAL : ISBT ‘ L
G
c~ - - - - - -

SUBROUTINE CLROK1
C######################################################### .
DOUBLE PRECISION iCLB (21) .
'INTEGER~AR(550),SYHBL’21),IDAT(55®,4),185(21),157(21),183(21)-
INTEGER ICOUNT (21) ' ‘ o .
REAL BORDR(500,2)
C COMMON AREAS .
COMMON ~/CHAN/ IDAT '
- COMMON ~/DESIR/ ECLS,?S&,IS?;ISR,SYMB.,AR -
COMMON /DEFF/ NC,LN,NPT,NP,MLINE,JL,JP.NF )
COMMON /DESIRI/IBP,NFORM,NCOUNT,NPRINT,SUNCOR,BORDR,IGOUNT,LSAT
COMMON /LOC/ISTLIN,LSTLIN,LFTPIX,IRTPIX,LINE,M
COMION ZCOUNT/ITRY, , MELL ,
C

C CHECK Ir COUNTING I8 REQUIRED, IF NoT AVOID COUNTIKG.
. ABSIGN 599 TO KoXo ’ S . ‘
IF (NCOUNT .EQ. o) ABSIGN 990 TO Koxo
IF (LINE .LT. MTRL -OR. LINE .GT. MBLL) ASSIGN 90 TO KOXo
EJ= (LINE~MTRL)/JL +1
NSPXL=IFIX€BORDR(KJ,1)+0.5)
NLPXL=IFIX(BGBBR(KJ,2)+®.5)
Creae . TYPE *,KJ,LINE,NSPXL,NLPXL
C CLASSIFY RACH PIXEL IN THIS LINE
DO %0 I=1,np
C  CHECE FOR WATER '
IF CIDAT(I,4) LT, IS7(1) ) €0 TO 166
C CHECK F6R’ CLOUD , -
IF (IDAT(I,2) .gy. IS5(2) ) ¢o T0 200
C CHECK Fon SHOW/iCE . ,
IF (I8AT (1,1) .¢T. IS5(10) ) 60 To 220
C  CHECK FOR VEGETATION
IS=IDAT(I,4)*1®0/IDAT(I,2)
IF (IS .GT. ISR(2;) GO TO 250

GO TO 260
C MUST BE WATER.
190 NOoW=1
GO TO 36Ga
C  BELONGS TO CLGUD
200 RNOW=2
: GO TO 820
C  BELOGS TO SNoW ICE
229 NOW=10

GG TG 360




~*7C_BELONGS TO VEGETATION
250 NOW:=3
€O O 309

C DNAY BZ OUTCROP. WE WANT TO EXAMINE THIS P1XEL FURTHER.

C  SPLIT THIS IR0 THO GROUPS
260 INﬁlDAT(I,3)*IBAT(I,4)
IF (1K .67. 187(4) 3 GO TO 700
GO TO 283
€ HMAY BE SaRb on DOLOMITE
7¢0 'IM=13AT(I,1)*IDA‘(I,2)
IF (IM .¢T. ISB(8) ) GG T 270
€ MUST BE DOLOMITE .

GO TO 670
C -
265 : IF (IS .GE. ISR(4) ) GO TO 609
C  BELONGS TO GROUP1 (CLASS 8 8 9)
C CHECK IF IT IS SAND
] IF (I .6T. IS5(8&) ) o TO 27e
C MUST BE QLASS 9 - &8T

liow=9
GH TO 399
C MUST BE CLASS 8§ ~ SARD
279 NOwW=8
G0 TO 800

G
C BELONGCS TO GROUP 2
609 IF {IN ,GT. IS7(4) ) GO TO 679
IV (IS .CE. ISR(T) ) GO TD 688
C CHECK IF IT BELONGE T GLASS 6 - BASALT
IF ¢IDAT(1,33 .LE. IST(6) ) GO TG 599
C BELOKGS To CLASS 7 — GRANITES /FELSUTE

ACW=7 B
GO TO 300 .
C BELONGS TO CLASS 4 - DOLOMITES
676 HOW=4
€0 TO 369
C__BELONGE TO CLASS 5 ~ SOIL/BOULDERY
682 HOW=G ‘

CO T 3ep
C BELONGS TU CLASS 6 - BASALT

699 NOW=6
GO TO 305
390 AR( | :=10W
GO TD KoXo o
- 009 KJ=LFTPIR+(I<1)%JpP

IF (XJ .LT. XSPXL .OR. XJ .GT. NLPXL) GO TO %@

_ I1COUNT {HOW) = 1COUNT ( NGW) +1
920 CONTIRUR
RETURN
END

. fOREHSUBROUTING ‘aLsvms

A Rre My st A B e <
2
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Q@ WRTHD.FOR @
. eoeeeeeewene
C CONTAINS WRTHDI WRTHDZ. JULY 1978.
G*******SUBROJTINF WR’ItHDl ' : '
‘C"‘ - -~ —
G- WRITES ANNOTATIOW ON FILES FOR PRINTING.

G- - - . - et -
[+ VARIABLES’

C GLOBAL: FILES, IDATE,IFID, ISITE, JP LFTPIX,LN

s

no'o"‘:':r

e

C  SEE THE COHMOH ABEA&

G—‘ - - _ - - - -

SUBROUTINE WRTHDI
C##############*####n###### it e e R R R R e L

- DOUBLE PRECISION IDUM (11),FILEZS(3)

. COMMON /LOG/ISTLIN LaTLIN LFTPI¥Y, IHTPIX LINE M
- COMMON ~0OUT/LU1,LU2,LU3,FILES

COMMON /IDENT/IFILEH,IFILER IFID, IDATE, ISTR, ISITE
- COMHMON /DEFF/XC, LN, NPT, NP MLINE,JL Je, NF :

. OPEN(UNIT= LU2,ACLLbS"SEQOU"‘,FILE-FILES(Z))
RO OPEN(UNIT LU ,ACCL%S *SEQOUT” ,FILE=FILES(3))
s, " . - K - 0 o .
o LU LUl
K=K+1
WRITE(LU,50@)IFID, IDATE,K, ISITE
- FORMAT(1H1,10X,245,' FBAME IMAGED °,2A5,10X,’ PAGE
*,5X,'SITE * ,2485) . '
' WRITEC(LU,501)
o1 - FORMPT(IY ’LINE’,IIX *PIXEL’)
~IT1 = LN/1©
DO 10 1=1,11: e
. ]DUM( [)y=* !-I-++++++++'
10 IPCL) -= LFTPIX + (I- I)XIOxJP o LN*(K—I)*JP
VRITE(LU,w09)(IPiI) I=1,1D)
902 " . FORMAT (17 ,11{16 %X)) SR
- WRITE(LU, 593)(1DUH(I) I=1,11):
o ’"ORHAT(IX 5X, IIAIO) ' ‘
GO TO (00 39,4@)K

e e A T T R

C LOCAL : Ip INTEGER SI7E 11, CONTAINS PIXEL NUMS. FOR TIC HARKS.

.'INTLGER IP(11),IFILEM{(Z), IFILER(“) IDATE(2),IFID(2), ISITE(Z)

B-17
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C- o - - _ _ _ _ - .

C VARIABLES:
€ GLOBAL : IDATE,IF1DB,ISITE
- € LOCAL : IP
- C PLEASE SEE THE COMMON AREAS.

C.— — - -
SUBROUTINE WRTHD2 o
C##################################w##########################
DOUBLE PRECISION I1DUM (11),FILES{(3)
INTEGER IP(ll),IFILEH(Z),IFILER(2),IFID(2),IDATE(2),ISITE(2)
COMMoN ~QUT/LUL,LU2Z,LUS3,FILES
COMMON /IDENT/lFILEM,IFILER,IFYD,IDATE,ISTR,ISI?E
COMMON /LOC/ISTLIN,LSTLIN,LFTPIX,IRT?IX,LINE,M
COMHON_/DEFF/NC,LN.NPT,HP,MLINE,JL,JP,NF i

K =0
© LU =Lyl .
2 - K=K+1 S s
560 FORMAT (1X, 10X,2A3,* FRAME IMAGED *,2A5,10X,’PAGE °,[1 )
*,5X,*SITE *,245) . o . -
501 FORMAT (1X, ' LINE', 11X, ' PIXEL")
502 FORMAT (1X,11716,4X))
I1=LN/16 _

DO 1¢ 1=1,11
IDUMCI) =" $ bbbttt ?

‘10 IP(1)=LFTPIX+{1~1)%10%JP+LN* (K—1)%JP
: WRITE(LY,503) CIDUH(I), I=1,11)
503 ~ FORMAT(1X,5X,11410)

WRITE (LU,562) (IP(I),I=1,11)
WRITE (LU,5061) '
- WRITE (LU,502)IFID. IDATE,K, ISITE
. 60 TO (20,39,40)K
29 LU = LUz -

: GO TO 2
30 LU = Lu2
GO TO 2
40 ‘ RETURR

END
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LOCAL Ng
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CERALacaecane’
@ VEGTXI.FOR @
GEELRAEEERERAR

ROUTINE YEGTXT.FOR, JULY 1978.
QUERRIES THE USER 8 GETS THE PARHM.

PAK CHAGARLAMUDI ,HASKINS 8 SELLS ASSOCIATES.
OTTAWA, ONTARIO

VARIAPLES: '
GLOBAL:IBANBS,IDATE,iFID,IFILEM,IFILER,IQSUN

“1RTPIX, ISITE, ISTLIN, ISTR
JL,JP
LFTPIX,LINE,LN,LSTLIN

M, MBLI ,MLINE .
NB, NBLX,NBS,NC,NF, NP, NPT
SUNCOR, SUNELD, &YHBL

SUBROUTINE VECTXT : . '
INTEGER IFILEM(Z),IFILER(2),IFID(2), IPATE(2Y, ISITE(2)
INTEGFR IBANGS (4 ,NBB(4)

COHMON /LUC/ 1STLIN,LSTLIN,LFTPIX, IRTPIX,LINE,M
COIMMON ~IDENT/ IFiLEM, IFILER, IFID, IDATE, ISTR, ISITE
COMMON ~/DLFF~ NC,LN,NPT,NP,HMLINE,JL,JP,NF

COMMON ~DEFE~ NB, IBANDS, IQSUK,SUNELD, NBLK, MBLK , NBS

DATA NB /47
DATA 1BANDS /4,5,6,7/

REQUEET MSS FILE NAME 8 THE STRUCTURE

WRITE (5,20)
FORMAT (1X,’¥35 INPUT FILE NAME 2:',S)
READ (5,30) IFILEM
FORMAT (245)
WRITE (3,29)

FORMAT (1X,’STRUCTURE ON WHICH FILE IS LOCATED 2:°,8)

READ (5,36)ISTR

CHECK FOR THE FRESENCE OF THE FILE ON THE STRUCTURE

CALL CHECKE (IFILEM,1ER,9,9,I5TR)
IF (JER .EQ. @) GG T0 68
WRITE (5,59) IFILEM, ISTR
FORMAT (1¥,’FILE *,2A5,* NOT FOUND ON *,A5)
GO TO 19 »

C REQUEST FRAME # AND DATE IMMAGED

110

130

WEITE (5,110) ,

FORMAT (1X,’LANDSAT FRAME NUMBER 2°.8)
READ (5,89) IFID
WRITE(S,138)

FORMAT (1X,°DATE IMAGED ?°,8)
READ (5,30) IDATE

C GET SITE NAME

132

WRITE (8,132) ’
FORMAT (1X,’SITE NAME(2A5) 2°,8)
READ (5,38) ISITE

C GET SPECIFICATIONS OF THE ARTA OF INTEREST

180
140

159

VRITE (5.149)
FORMAT (1IX,'SPECIFY THE ARRA OF INTEREST =/,

*1X,° IS8T LINE,LAST LIRE,LEFT PIX, RIGHT PIX =*,7)

"READ (§,156) ISTLIN,LSTLIN,LFTPIX, JRTPIX
FORMAT (41)

C CHECK COORDINATES WITH THE USER TO MAKE SURE THEY ARE OK -

169

WRITE (5,168) ISTLIN,LSTLIN,LFTPIX, IRTPIX
FORIMATY (1, FIRST LINE ‘ o 3, I15,7,

*1X, ' LAST LINS L, I8,7,

i wnn e e Lk S e e e et o o e 8 e T
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*1X,* LEFTHOST PIXEL 27,13,7,

*IM, RIGHTHOST PIXVL L168,77,
*1X,’ ARY, THESE CORRECT (Y/I¥) ?L,E)
READ (5,174) N@
ivo FORMAT <Al)

IF (NQ .NE. *'Y") GO TO 180 _
€ GQUERRY USER RBY. LINE & PIXEL DECIMATION FACTOR

190 WRITE (5,19%) v
195 FORMAT (IX,'LIRE & PIXEL DECIMATIOR FACTORS®,/,> (N T
iCR 1 OUT OF N):*,@)

READ (5,269) JL,Jp
269 FOBMAT (21)
IF (JLLLT.1) JL=1
IF (JP .LT. 1) Jp=1
WRITE (5,210) JL,JP
210 FORMAT (1X,'LINE 8 PIXEL DECIM. FACTORS R :° »18,2¥%,18,/, A
1RE THESY, CORRECT (¥ K)?’ »8)
READ (5,178) Ne
IF (N@ .NE. *Y’) GO 70 199
C CHECK IF » OF PIMILS ARY < 559.
NPT =IRTPIX-LFTPIX+1
RP=RP1/JpP
IF (NP ,1E. 550@) 69 T0 215
NG=jPx550 .
WRITE (5,175)NPT,JP,Ne ' :
g FORMAT (1X, ' TOTAL # OF PIX:® » 15, MAX. ALLOWED:550:%’ ,I8,%=’ 2 I8)
G0 TG 190 ' _ . o
C QUERRY LOOX UP TABLE NAME (INTEGER 6 BIT)
213 WRITE (5,223) ‘
229 FORMAT (1X,'NAME OF RAD CORR LOOKX UP TABLE ?7,8)
READ (3,30) iFILER .
C QUEBRY USHR BE SUN EL CORRECTIONS )
VRITE (5,23%) : b
230 FORIMAT (iX,’WANT SUN EL CORRECTIONS (Y/F) ?°,8) T
' READ (5,170) NO : : v e |
SBUKEYLD=9
- 1OSUN=9
» IF (X3 .NE. *¥’) RETURK
C REQUEST SUN EL. ANGLE.

1Q8UN=1 .
WRITE (5,249) » :
249 FORMAT (1X,’SUN EL. ANGLE IN DEGREES ?:°,8)
. READ (5,259 SUNELD .
259 FORMAT «(F)

END
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C 2880880080868

¢ @ DISKRD.FOE @

C HRLLLEREECRRAR

C CONTAINS NDSKRD.FOR & OUSYRD.FOR. JULY 1978.

c

€ PAK CHAGARLAMUGI, OTTAWA, ONT.

C CONTAINS ¥DSKST & ENTRY POINT HSETLN. :

G NDSEST OPENS THE DISK FILE & SETS PARAMETERS UP FOR CETTING THE

C DATA LATER BY NSETLN. ‘

C NSETLN HEADS THE DATA STARTING @ BLOCK NBLK AND UNPACKS THE DATA.

€ IN THE BPECINNING INCREMENTS LINE # AND THE BLOCK #.

C .

C THE PIXTL NUMBER WOTATION IN THIS ROUTINE CORRESPONDS TO

C THAT OF THE MiCA PACKAGE. AS A RESULT, THE FIRST N PIXEL LOCATIONS

G CONTAIN ZEROS, WAERE N VARIES WITH THE LATITUDE (EG. N IS APPROX. .

G 169 AT 53 PEC N.). THE ZERO FILL WAS DUE T0 THEE EARTH ROTATION

. CORRECTIONS ON THE CCRS CENERATED JSC FORMAT TAPES.

3 VARIABLES:

C GLOBAL: : :

c IBANDS, IBUF, ICAL, ICLS, IDAT, IDATE, IFID, IFILEM, IFILER

¢ 198UN, iRTPIX, [SITE, ISTLIN, ISTR

c JL,JP

¢ LFTPIX,LIKE,LN,LSTLIN :

c H,MBLK , MLIKE, K3, NBLX, KBS ,NC, ¥F , P, NPT

c SUNCOR , SURKELD , 7268, S

C LOGAL: IBC,IDUH, [£OF, 1 TR

C » : : 1
SUBROUTINE NDSKST E . , _
INTEGER JBUF(3646), IBANDE (4) NBS(4) , IDAT(550,4} R
INTEGER IFILEM(2),IFiLERZ),IFID{(2), IDATE(2) . ISITE(2)
INTEGER IUPAX (2201),ICOUNT(21) : ~
REAL BORDR(300,2),CORR(4) _ o |

COMioy <IBENT/IFILEM, IFILER, IFID, IDATE, ISTR, ISITE
CGOITMON /L0C~ ISTLIN, LSTLIN, LFIPIX, IRTPIX,LINE M
COMMON /DEFF/NC,LN, NFY NP, MLINE,JL,J?,NF

COMMHGN /DEFR/NB,IBAHBS,IQSUN,SUNELB,NBLK,HBLK,NBS
COMISON ~DESIRI1A 15P, NFORM, NCOUNT , NPRINT, SUNKCOR , BORDR, I COUNT, LSAT .
COMMOR ~/MSSD~IBUF, IUPAX, CORR

COMION ~/CHAK, IDAT

€ IRITIALIZE THE MSS DISK FILE

CALL INITT (IFILEHM,1,I1¥R,0,0,ISTR

IF (IER .EQ@. 0) CO TO 20 ’

WRITE (5,19) 1FILEN, ISTR

10 FORMAT (1X,’COULD KOT OPEN FILE *,245,° ON *,A5)
C ERROR RETURN o
STOP
€ SET STARTING BLOCK # FOR READING(1 REC=29 BLOCKS FOR HEADER)
20 NBLK= (1STLIN-JL-1)%29+3 ‘
MBLK= JL¥29
LIRE= ISTLIN~JL

C SET UP THE # OF BYTES TC BE SKXIPPED FOR EACH BAND
NBS(1)=LFTPIX~1+180
HBS{2)=NBS(1)+3786—-178
HBS(3)=KBS{2)+3604
NBS(4)=1BS(3)+2604
C GET THE GORRECTION FACTORS FOR ALL THE BANDS
CALL REDUCE ’
RETURN

ENTRY NSETLKN
C iNCREMENT THE LINE » 8 THE BLOCK #
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LINE=LINE+JL

NELK=NBLX+MBLY

CALL GET (1,W2LK,2648, IBUF, IEOF, [FR)
IF {1X8 .HNE. @) WRiTE (5,50) LINE

59 FCAMAT (1X,’ERROR IN LINE:’ »I5)
I¥ (IEOF .NE. @) WRITE (5,60) LINUE :
69 FORMAT (1X,’ENDI OF FILE OCCURED AT LINE *,14)

C UNPACK DATA & THEN APPLY CORRECTIONS.

DG ?H 1=1,NB
IBG=] :
CALL BYTUPC (8,NPT, IBUF,RBSCIBO) y [UPAK (1), IER)
1¥ (IFR .NE. @) TYPE 50,LINE
Ke=1 :
D3 v@ ¥=1,NPT,JP
1DAT (XK, IBC)=IFIX(FLOAT ( IUPAK(X) }*CONRCIBCI+0.5)
KE=F¥+1 :

70 CONTINUE
RETURN
END
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ODSKRD.F(GR,JULY 1978,

PAX CHAGARLAMUDY, GTTAWA,ONT.

CONTAINS ODSKST & ENTRY POINT COSETLN.

ODSKST OFENS THE RISK FILE & SETS PARAMETERS UP FOR GETTING THE
DATA LATER BY OSETLN. ’

B-23

GBETLN READS THE DATA STARTING @ BLOCK NBLK AND UNPACKS THE DATA.

IN THE BEGINNING INCREMENTS LINE # AND THE BLOCK #.
VARIABLES:

GL.OBAL: ' .
IBANDS,IBUF,ICAL,ICLS,IDAT,IDATE,IFID,IFILEM,IFILER
1GSUN, IRTP1X, IS1TE, ISTLIN, ISTR, 1UPAK
JL,Jp
L¥TPIX,LINE,LV,LSTLIN
M, MBLK, MLINE, NB, NBLK,NBS ,NC,F, NP, NPT
SUNCOR. SUNELD, #VIBL

LOCAL: IBC,IEGF,IER

SUBRGUTINE ODSKST

REAL CORR(4!,BORDR(360,2)

INTEGER IBUF{364ﬁ),ICOUNT(21),IBANDS(Q},NBS(4),IDAT(SSQ,&)
INTEGER 1FILEM(2),IFILER(Z),IFID(Z),IDATE(2),ISITE(Z)
IRTEGER. JUPAK (2201),ICAL (4,6,64) _

COMION /IDENT/IFILEM,IFILER,IFID,IDATE,ISTR,ISITE
COMHMON /LOC/ ISTLIN,LSTLIN,LFTPIX, IRTPIX,LINE,N
COMMON ~QAL/ICAL

COMAON ~DEFF /KRG, LN, NPT, NP, MLINE, JL,JP ,NF

- COMrON /BEFR/NB,IBAHDS,IQSUN,SUNELD,NBLK,MBLK,NBS

COHMGN/HESIRI/IBP.NFORH,NCOUNT,NPRINT.SUNCQR,BORDR,ICOUNT,LSAT

COIMGN ~MS5D/IBUF, IUPAK, COHR
ConMon ~CPEAN/ IDAT

INITIALIZE THE MSS DSV FILE
CALL INITT (IFILEM,:,I1ER,0,8,ISTR)
IF (IER .EQ. €) GO TO 29 -
WRITE (5,19) 1FILEM, ISTR

19 FORMAT (1X,'COULD NOT OPEN FILE *,2A5,° OKF *,A5)
ERROR BETUAN
SToP ‘

SET STARTING BLOCK # FOR READING({ RZC=19 BLOCKS FOR HEADER)

. 20 NBLK= (ISTLIN-JLY®19+}

2]
-

-

HBLE=JL*xt9
LINE=ISTLIN~JL
SET UP THE # OF BYTES TG BE SKiPPED FOR FACH BAND
DG 30 J=1,NB '
NES(J)=(IBANDS{J)“@)*3612+(IBANDS(J)—%)*2+L’TPIX—1+6
39 CONTINUE
CET CORNECTION FACTORS
CALL REDUGE
RETURN

ERTRY OSETLY

INCREMENT THE LINE # § THE BLOCK #
LINE=LINE+JL
NOLK=NBLK+MBLE
CALL GLT (1,NBLK,2432, IBUF, IEOF, IER)
IF (ITR _FE. 0) WVRITE (3,50) LINE

59 FORBAT (1X,’FRROR IN LINE:’,13)
IF {1£0F .HE, €) WRITE (5,606) LINE

61 FORPIAT (1X,’END OF FILE GCCURED AT LINE 'L, 14)
» M=HOD(IBUF(1),64)
DS Y& 1=1,NB

i
1
{
i
i
!
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IBC=]

CALL BYTUPC (5,NPT, 1BUF . NBS(IBC), IUFAK(1?, IER)

IF (1ER .FE. @) TYPE 54,LINE

KK=1 '

DO 79 K=t NPT,JP

IDA'I'(KK,IBC)’uCAL{ZBC.I’I,IUPAK(K)-H) .
ID.-‘&'!'(KK,IBC)=IF1"X{FLOAT(IDAT(KK,IBC))*COBB(IBC)+0.5)

KK=K¥+1 )
CONTINUGE

RETURN

ERD
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SUBROUTINE REDUCE

REAL ERTS1(4},ERTS3(4) ,CORR(4) ,BORDR(560,2)

INTEGER ICOUNT (21),1BUF(3648), IUPAK(2291)
COHﬁON/DESIRi/IBP,NFUHH,HCOUNT,NPRINT,SUNCOR,BORBR,ICOUNT,LSAT
COMIoN /MSSD/ [BUF, 1UPAK, CORR :

DATA ERTS1/1.928,0.8500,9.8255,0.8261/
DATA ERTSS /6.9846,1.1364,0.8163,0.9/
€ GET THE SATELLITE NUMBER

%0 WRITE (3,16¢?

169 FORMAT (1X,°’SATELLITE KUMBER (1-2/3) > ,8)
"~ READ (5,110) L&AT

119 FORMAT (1)

IF (LSAT .LE. 9 .0OR. LSAT .GT. 38) GO TO 99
COMPUTE CORRECTION FACTORS TO STANDARDIZE AMONG SATELLITES
AND DIFYERENT SUNELEVATIONS.
ALSQ CONVERT 6 BIT DATA OF BAND? TO &BIT DATA IN THE
CASE 0OF EROS DATA., B

canao

DO i28 =1 .4
© GORR({)=SUNCOR
i20 CONTIRNUE
IF (LSAT .EQ. 1) GO TO 130
IF (LSAT .EQ. 8) GO TO 14e

GO TO 159
€ LANDSAT 1 DATA . - S
139 DO i35 1=1,4 : ;
CORR(1)=CORR{ [} /ERTST(1) f
135 CONTINUE
-~ GO TO 156 o
C LAWDSAT S DATA = :
149 DO i45 I=1,4 _ . L
CORR(1)=CGRR{T)/ERTS3(1) : S R
145 CONTINUE : - f
150 IF (NFORM .NE. 1) 60 TO 160

C EROS BATA
DO 185 1=-1,3
CORR{1)=CORR{I)I*®2,0
155 CONTINUE
CORR(4)=CORR{4)*4 .0
C
169 IF {NFORM .NE. 2) €0 TO 176
C CCRS OLD FORMAT DATA
PO 155 I=1,4
CORR(I)=CORR(I %4 .9

165 CONTINUE
o
i76 CONTINUE :
: TYFE *,C0O8R ¢
RETURN .

END
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%0
189

119
120

139

C CALCULATE SCAN LINE CRADIENT FOR THE SITE

149
148

159
2 C
o %11

14/

[}

160

163

asNeaseeranae
@ CHNTPIX.FOR @
L0 ELECREOERD

- CORTAINS INICNT 8 ENTRY PHICNT

ROUTINE INICNT.FOR,JULY 1978.

CODE WRITTEN BY ' :

PAK CHAGARLAMUDI ,HASKINS & SELLS ASSOCIATES.
HASKINS & SELLS ASSOCIATES :

INICHNT:

CALCULATES THE STARTING & END PIXEL NUMBERS FOR ALL THE LINES
WITHIN TREF SITE ARD STORES THEM IN ARRAY BORDR(I,J) FOR USE.
ENTRY PRICNT: ' .

PRINTS THE PIXEL COUNTS O THE LPT.

SUBROUTINE INICNT . '
INTEGER AR(SSQ),IS5(21),IS?(Z!),ISK(ZI),ICOUNT(2I),SYHBL(21)
IRTEGER IFILEH(Z),(FILER(2),XBATE(2),IFID(2),ISITE(2)
REAL BOGRADR(509,2)
DGUBLE FRECISION ICLS(21) ' :
COMmMGy ~Lo00/ ISTLIH.LSTLIN,LFTPIX,ERTPIX,LINE,H
COMon /IBENT/IFILEM,IFILER,IFID,IDATE,ISTR,ISITE
COEmMon /DESIR/ICLS,IS5,IS7,ISH,SYMBL,! :
COMMON /DESIRI/IBP,HFORH,NGGU&T,NPRINT,SUNCOR,BORDR,ICOUNT,LSAT‘
COIMMOR /DEFF/NC,LN,NPT,N?,HLINE,JL,JP,NF : :
COIFON /CQOUNT/MTRL, MBLL ’
INTEGER YES . : ' . o
DATA YES 'Y/

WRITE (5,100Q)

FORMAT (1X,’PLEASE FROYIDE ACTUAL SITE COORDINATES (LINE 8 PIXEL

*#7°8) FOR COUNTING PURPQSE ~ SEPARATE #°°'S BY SPACE® ,/,

*9

£

'3
®
%t
%t

ALCULATE PIXEL GRADIENT FOR TR S8ITE

TOP LEFT: LINE & PIXEL ; TOP RIGHT: LIRE 8 PIXEL ; BOTTOM LEFT
LIXE 8 PIXEL ; BOITOM RICHT: LINE & PIXEL ,//) : '
READ (5,110) MTLL  [TLP , MTRL , MIRP , KBL +BLP , MBRL ,MBRP
FORIAT (81D
WRITE (5,129) ﬁTLL,MTLP,ﬂTRL,ETRP,MBLL,ﬂBLP,NBRL.HBRP
FORMAT (I1X,’Li¥E & PIXFL #''8 FOR  TOP LEFT :',216,/
LINE & PIXEL #'°S POBR  ToP . RIGAT :*,2]6,~
LIRE & PIXFL #°'S FOR BOTTOM LEFT 216,/
LIFE 8 PIXEL #'°S FOR BOTTOM RIGHT $ L, 218,77
ARE THESE CORAECT (Y-N)} P, B3
READ (5,139) NOYES :
FORMAT (A1) _
IF (NOYES .NE. YES) GO0 TO 29

IBUK=NTLL~FTRL

IF {IBUK .GT.8) GO TO i40

SKGRDT=9, }

GO TO 145 :
SRCRIT=FLOAT {(MIRP - MTLF) ~/ FLOAT (1DUK)
IDUK=HBLL~MBRL

I¥ (IDUK .GT. 6) £8 TC 159

" BGRD3=9,
- GO TO 155

SNGRDBB=FLCAT (MBRP - NBLP) ~ FLCAT (IDUX)

JDUK=MBLL-MTLL

IF {1DUK .6T. @) €0 TO 169

PXGRDL~0,

GO TO 165
PXGRDL=FLOAT (MBLP - MNILP) ~ FLOAT{IDUK)
IDUI=MPRL-MTRL

IF {1DOK .6T.8) GO TO 17¢

PHCRDR=0,
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: lé70 " PXGRDR=FLOAT(MBRP - MTRP) ~ FLOAT (IDUK)
C CHANGE THE CRADIENTS AS PER LINE & PIXEL IRTERVAL.

175 SNGRDT=SNCRDT*FLOAT (JP)
SRORDB=SNGRDB*FLOAT (JP)
PHEGRDL=PHXGRDL4FLOAT (JL)
PHAGRBA=FYCROR*FLOAT(JL) '

C BUILD UP THE START & END PIXEL NUMBERS FOR ALL SCAN LINES

C IN THE SITE.

C ASSIGN LEFT 8 RIGHT PIXEL TO IST 8 LAST WHEN GRADS ARE ZERO.
IF (SNGRDT. ©T. @. .AND. PXGROL +GT. 9.) €6 TO 195

DG 180 I=1 ,MLINE
BORDR(I, 1 )=FLOAT(LFTPIX)
. BORDR(I,2)=FLOAT( IHTPIX)
189 CONTINUE
. GO TO 218
C STARTING PIXEL '
C INITIALIZE FOR TOP RIGHT LIKE (MIEL)
195 KK=1
BORDRIRK, 1) =FLOAT{MTEP)
€ TOP PORTION
DO 280 I=MIRL+1,MTLL~1,JL

KK=x¥+1
BORDR (IIC, 1)=BORDA (KK ~1 »1) - SHGRDPT
200 CORTINUE .
C IRITIALIZE FOR TOP LEFT LINE (MfTLL)
KK=KX+1

BORDR (XK, 1 )=FLOAT (¥TLP)
DO 203 I=MTLL+{ LIBLL~1,JL

KK=Ki+1 : »
: BORDRAKK, 1) =BORDR(KE-1 , 1 )+PXGRDL
295 CONTINUE -
C INITIALIZE LOWER LEFT LINE {MBLL)
' -EX=KI0+ 1

BORBR(KK, 1) =FLOATI5BLP)
C ERDING PIXELS
C INITIALIZE FOR TOP RIGHT LIRE (MTRL)
- KX=1
: -BORDR (KX, 2) =FLOAT(I{TRP)
€ RIGHET PORTION
DO 210 I=MTRL+1,MBRL~1,JL

KX =KI(+1
BORDH(KK,2) =BORDR{¥X~1,2)+PXCRDR
219 CONTIRUE ’
C INITIALIZE FOR BOTTSM RISHT LINE
- KK=Ki+1

BORDR(KX, 2) =FLOAT{MBRP)
C  DBOTTOM PORTION
DO 215 I=MBRL+1,MBLL,JL
KX=xi{+1
BORDA(KK,2) =BORDR{KK~1,2)-SNCRDS
2135 CONTINUE
C INITIALIZF ALL THE CODNTEZRS (ONLY ONCE)
218 DO 229 J=1,21 . .
ICOURT (J)=9
229 CONTINUE
THIS FINISHES THE 1ST SECTION OF THE PROGRAM
' RETURN

ERTRY PRICNT
ENTRY PRICNT

Q QN6 o

3%6 . CONTINYE

THIS SECTION PRINTS THE RESULTS ON LINE PRINTER (UNIT=3)
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C VWRBITE IDENTIFICATION INFORMATION ON LINE PRINTER

WRITE (3,490) ISITE(D) , ISITE2)
FORMAT (1X,25X,2A5 37 s 28K, T HRERRKERRXT | S/ /)
WRITE (3,419)IFID
FORMAT (1X,10X,°FRAME ID : ' L2A5)
WRITE (3,428)>1DATS
FORMAT (1X,16. DATE IMAGED : ' L2A3)
WRITE (8,422) IF(LFEM,IFILER
FORMAT (1X,10¥,’ HSS DATA FILE : " ,2A5,/,11X,°LOOK UP TABL
: " L,BABY ",
WRITE (3,423) SUNCOR :
FORMAT (1X, 19X, 'SUK EL. CGRR. FACTOR : * ,F7.4)
WRITE (85,423) iBP
FORMAT (1X,16X,’1 B P LEVEL 2 L,I12,7) .
WRITE (8,489) : : : )
FORMAT (1X,19X,’LIHE PRINTER MAP COORDINATES:® ,/)
WRITE (8,440) ISTLIN,LSTLINW
FGRUAT (1X, 12X, 'FIRST LINE +*14,7,1X,12X, LAST LINE :*,14)
WRITE (3,450) LFTPIX, IRTPIX

B-28

FORMAT (1X,12X,'START PIXEL =’,14,/,1X,12X,’LAST PIXEL :°,14,/)

VRITE (3,468)

FORIAT (1%,10X,’'ACTUAL SITE COCRDINATES :°',/)
WRITE (3,470) MTLL,MTLP

FORMAT (1X,12¥,’LINE & PIXEL FOR TOP LEFT :*,14,4X,14}
WRITE (8,489) NTRIL,MTRP

FORMAT (1X,12X,’LINE & PIXEL FOR TOP RIGHT :’,14,4X,1I4)
WRITE (3,496) MBLL,MBLP

FORMAT (1X,132X,’LINE & PIXEL FOR BOTTOM LEFT :',14,4%,14)
WRITE (3,30@) MBRL,MBRF

FORMAT (1¥,12¥,"LINE & PIXEL YOR BOTTGH RIGHT :°,14,4X,14)

WRITE (3.510)

FORMAT (//,iX,10X,*PIXEL COUNTS IK THE SITE :*,.)
WRITE (3,760) :
FORMAT (1X,5X,"CLASS # CLASS ~ NAME PIXELS’,/)
DY 710 I=1,NC .
WRITE (3,7203 1,ICLS(1),ICOUNT(1)
FORMAT (1X,5X,13,2X,A10,4%,16)
CONTINUE
WRITE (3,590)
FORHAT (1X,30X, * kkskrsorkrs’ )
PRINTING RESULTS 1S COMPLETED, RETURN.
RETURN
END
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__MADROK,cMD

MADROK.FOR, VECTXT . FOR, DISKRD . FOR »BSPFL.FOR,CNTPIX.FOR,REL: GCRSL.REL/L
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S MADROK @
DPVEEIECRRE
MADROK.FOR, FEB. 1979,
" CODE WRITTEN BY
PAX CHAGARLAMUDI, UNIV. OF MANITOBA
OTTAWA, ONTARID ’

THIS SUIT OF PROGRANS READS A DISK FILE OF A SMALL

PORTION OF LANDSAT DATA AND THEN IDENTIFIES POSSIBLE OUTCROPS.
THE FOLLOWING GPTIONS EXIST IN THIS PROGRAM:

(A)TO DECIMATE THE DATA WHEN NOT INTERESTED IN USING ALL THE DATA.
(B) TO GENERATE A DISPLAY COMPATIBLE FILE.

(C) TO COUNT PIXELS IN A SUBSET OF THE MAP FOA ALl THE CLASSES.
(D) CAN HARDLE EITHER JSC (GCRS OR EROGS DATA) OR OLD FORMAT.

THE OUTPUT CLASSES ARE REPRESERTED AS DIFFERENT COLORS AND

THEN WAITTEN ON A DISPLAY CONPATIBLE FILE {DSPLAY.MAP).

OTHER PERTINENT INFORMATION 1S WRITTEN ON A FILE (ROCK!.MAP)

FOR LATER RETRIEVAL.

THE DISPLAY COMPATIBLE FILE CAN BE DISPLAYED ON THE MAD USING
PROGRAM DSPCIO; CSYR TAFE CAN BE CREATED USI NG ‘

DSPCSF; EBIR TAPE USING DSPEDR.

GGOQOGC)(‘JOGOOQQGQOCQOOQ

C... - -— — - - —

G ROUTINE MADROX.FCR IS THE MAIN PROGRAM I N HADROX PACKAGE.

C ROUTINES PEQUIRED BY MADHOK PACKAGE ARE LI STED 1IN MADROX.CMD
C..- - - - - -~ -— - -— - -

C  VARIABLES: '

€  GLOBAL: '

C AR,FEAT1, IBARDS, 1BUF, 1CAL, 1CLS, IDAT, IDATE, IFID, IFILEM,

C IFILER, IQBUN, IRTPiX, IQITE, ISTLIN, ISTR
c JL,JP,LFTPIX,LINE, LN, LSTLIN,LUL,LU2,L03
C M, MBLK ,MLINE, ¥8, NALK . K85, NO, NF, HFORM NP,NPT, :
C RPS1 ,HPE2, SUNCOR , SUNELD , SYMBL E
Gt a0 32 00 SIS O A B 5 FE 5 A P S B A g
DOUBLE PRECISION ICLS (21),C0NAVE(21)
- DOUELE PRECISION PILEN,FILES(3)
REAL BORDR (509,2) ,CORR(4)
INTEGER IFILEM(2),IF{LER(2),IPATE(2) »IFID(2) , ISITE(2)
INTEGEE IBUF{3648), IDAT(559,4), ICAL(4 »6,641), TUPAK(2201)
ANTEGER EYMBL(21) ,AT(556), I185(21) , I87(21),ISR(21), ICOUNT(21)
INTEGER KF(6),IBANDS(4) ,NES{4) . ICOLOR(21)
EQUIVALEICE (IFILER,FILEN)
COIRION 285D/ IBUF, IUPAX, CORR
COMON ~CHAN/ IDAT
COIGION /CALs ICAL
COMMON ~LOC/  ISTLIN,LSTLIN,LFTPIX » IRTPIX,LINE M -
COION /IDENT/IFILEM, IFILER, IFID, IDATE +I8TR,.ISITE
COMMON ~GUT, LYU1,L02,LU3,FILES
COMMON /DESIR/ ICLE, 185,157, ISR, SYMBL, AR
COMNON ~DESIR1/I8P, NFORM, NCOUNT , NPRINT + SUNCOR , BORDR, ICOUNT, LSAT
COMMON ~DETFF~ NC,LN,¥PT,NP,MLINE, JL P2, NF :
COMMOIN /DEFR/NB, | BANDS , IQSUN , SUNELD » NBLI ,MBLK, ¥BS
COMION /COUNT/ MTRL,MPLL v
COMUON /COLOR/ ICOLOR,CNAME, LTBLE, LBBLK ~MAG
DATA FILES /'ROCK1.MAP®, ROCK2Z.MAP® s *ROCKS . MAP’ /
€ INITIALIZE LOGICAL UNITS
1311=21
LuZ=22
1.U3=23
C QUERRY THE USER RE. PARAMETERS.
CALYL VEGTYT
SUNCOR=1.
I¥ (1QSUN .KE. @) SUNCOR=COSD(SUNELD). COSD(37.)




B-31

e et e e e e e . R e e e ek e L s e T T e e et A e e e et s g

C CHANGE THE DEFAULT PARAMETERS IF REQUESTED
- CALL DSIROX
IF (NFORM .NE. 2)G0 TO 240
€ RFAD THE LOOKUP TABLE
OPEN (UN1T=LU1,ACCESS="SEQIN" sFILE=FILEN) :
READ (LU{L,216} (((ICAL{I,J,K) »K=1,64),J=1,6),1=1,4)
210 FORMAT (1X,8214) '
' CLOSE (UNIT=LUL) ’
C WRITE SUPPORTING INFORMATION ON A FILE FOR LATER RETRIEVAL.

246 OPEN (UNIT=LU!,3CCESS=’ SEQOUT’ +FILE=FILES(1))>
WRITE (LU1,276) IFID, IDATE
279 FORMAT (1X,’FRAME IDENTIFICATION ;:° +2A5,10X,° D

*ATA ACQUIRED ON :' ,2A5,4X)
WRITE (LU1,272) SUNELD,SUNCOR

272 FORMAT (1X,’SUN ELEVATION :° »F4.0,10X,* SUN CORRECTION FACTOR s’
*,F6.4,2X) : _
WRITE (LU1,274) IFILER
274 FORMAT (1X,'MSS RADIOMETRIC CORRECTION TABLES FROM FILE :°,2A3) - )
WRITE (LUIL,2¥6)IFILFH ) :
276 ) FORMAT (IX,’M38 DATA INPUT FILE : ° »245,3X)
WRITE (LU1,278B) ISITE
278 FORMAT {1X,’SITE : *,2A45)

C INITIALIZE THE BISK FiLE
IF (NFORM .EQ@. 2) CALL ODSKST
IF (NFORM .NE. 2) CALL NBSKST .

_ TYPE *,LE -

€ WE HAVE TO PROCESS "MLINE" LINES AND NP PIXELS FROM FACH LINE
MLINE= (LSTLIN-ISTLIN+1) ~ JL _

C VRITE PARAMETERS ON FILE FOR LATER RETRIEVAL
WRITE (LU1,292) NG

292 FORMAT (1X,’# OF CLABSES:* ,12)
WRITE (LU1,294) MLINE,iF,NC,LN - I
2924 FORWMAT (1X,41) o o
WRITE (LU1,285) ' ' ' .
285 FORMAT (1X,*DETAILS OF CLASSIFICATION') .
WRITE (LU1,299) X
299 FORMAT (1X,’CLAGS #»*,4X,’ NAME’ »9X%,’ BARD-5 BAND-7 FACTR COLOR*)

DD 899 I=1,NC v :
VRITE (LU1,816) I,ICLS(I1),IS5¢I),IS7(1),ISR(I),CNAME(SYMBL(T))

2ie FORMAT (IX,ZX,I2,5X,A1®,3X,316,6X,A1®,2X)
399 CONTINUL
WRITE (LU1,215) '
WRITE (LU1,320) ISTLIN,LSTLIN,LFTPIX, IBTPIX
3815 ) FORMAT (1X,°THE ARFA SHOWN ON 'THE MAP HAS THE FOLLO
' *WING CO~ORDINATES : ) _
320 FORMAT (1X,19X,’ LINES t7,14,° TO *,14,* & PIXELS

*2°,14,* TO ',14,8%)
WRITE (LU1,325)JL,JP '
325 - FOIMAT (1X,’DECIM. FACT.- LINES 7,12, PIXELS :',I2)
IF (NCOUNT .E@. 1> CALL INICNT :
C SELECT CLASS PROC.

420 ¥RITE (5,509) :
596 FORMAT (1X,’CLASSIFICATION PROC.C1/2/83/4) :°@)
: READ (5,510) Ne
519 FORMAT (1)
TYPE %,NQ

JIF (RQ JLT. 1) 6D TO 499
IF (N¢ .GT. 4 ) GO TO 490

WRITE (5,520)
520 FORMAT (1X,'MAGRIFICATION OF DISPLAY >°,8)
READ (5,519) MAG
WRITE (5,530) :
539 FORMAT (1X,°SPLIT SCREEN DISPLAY(Y/N) >°,8)




' READ (5,549) SPLIT
540 FORMAT (A1) '
C OPEN CHANNEL FOR DiSPLAY COMPATIBLE FILE
CALL IRITT2 (°DSPLAY.MAP',Z2,IER,0,@,ISTR)
LTRIX=16
LBBLK=766
CALL COLNAM
DO 419 1=1,MLINE ‘
€ CET THE REQUIRED » OF FPIXZLS FROM THE CURRENT SCAN LINE
IF (NFOBRM .EQ. 2) CALL OSETLN . )
IF (NFORM .KE. 2) CALL NSETLN
C DECIDE ON TEE CLASS TO WHICH EACH DATA POINT BELONGS TO
IF (K@ .E®. 1) CALL CLROX!
IF (K@ .E&. 2) €ALL CLROK1
IF (N& .EG. 3) CALL CLROK!
_ IF (FQ .EQ. 4) CALL CLROXI
( ASSIGN COLORS FOR THE DISPLAY TO EACH OF THE CLASSES.
IF (NPRINT .EQ. @3 GO TD 419 '
IF (SPLIT .FQ. *Y") CALL DSEFLI
: IF (SPLIT .NE. *Y" ) CALL DSPFL2
410 CONTINUE '
¢ PRINT TEE RESYLTS FROM COUNTING
IF (NCOUNT .EQ. 1) CALL PRICFT
¢ WRITE THE COLGR COUE
CALL COLCOD
C CLOSE THE CHAVNEL OF THE DISPLAY COMPATIBLE FILE
CALL CLOSEE (2) v
RETURN
END
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€O0REARRERRED
& DERROK.FOR @
- CeLeEaA8ERA20a
ROVUTIRE DSRROX.FOR, JAR. 1979,
CODE WRITTEN BY
PAK CHACARLAMUDY
OTTAWA, ONTARIO

ROUTINE DSRROK.FOR IS A PART OF "MADROK" PACKAGE.
THIS ROUTINE DISPLAYS THE CURRENT CLASS NAMES, FACTOR
VALUES, ARD COLOSS ABBICHED 10 CLASSES.

ALBO ALLOWS THE USER TO ALTER THE CONTENTS IF S0 DESIRED.

VARIABLES:
GLOBAL: FEAT1,ICLS,LN,NC,SYHBL
LOCAL : Ma

coana

onclaon

[efwie]

[

- -—

QOO0

STUBROUTINE DSRROK
C########################################################
DOUELE PRECISION 1CQLS {21) ,CRAME(21)
INTEGER ISS(21),IST(21),18R(21),ICOUNT(EI)
REAL BITS (2),BCHDR(566,2)
INTEGER SYMBL (213,AR(559), ICOLOR(21)
€ COIMMGN AREAS
c .

COMIMON ~DESIR/ ICLS, 185, IS7, ISR, SYMBL, AR '
COMoy /DESIRl/iBF.NFORH,NCGUNT,NPRINT,EUNCOB,BORDR,ICOUNT;ESAT -
COMMON /DEFF/ NC.LH,NPT,NP,HLINE,JL.JP,NF : o
COMMON /CGLOR/ICOLOR,CNAHE,LTBLK,LBBLK,HAG»

DATA IS5 /@,i@@,@,@,@,@,@,155@,9,55,0,0,@,0,@,0.0,@,0,@,0/
DATA 187 /20,@,0,28@3,0,46,@,@.@,@,0,@,0,0,@,0 -
*,0,0,9,0,6/
DATA ISR 79,0,1953,145,175,8,0,0,0
*,0,@,9,0,0,9,@,@.0,Gg@,@/
DATA SYMBL /12,13,4'3,?r3,3,7,3,17,1,1,1,1,1,1,1,1,1.1,1/
BATA ICLS /’WATER’,‘GLOUD',’VEGET&TION’,’D.L MITES® , * SOYL/BLDRS®
*,° BASALT” ,* GRAN/FELS ., , * SAND® »BANDSTONES’ ,’ SNOW/ICE’ ,*
*.’,’ ’,’ ’,’ ’,! ',’ . "’ .
) - :K' ? L] ,‘ 1 ’1 * ,’ ’.'/
C INITIALIZE NUMBER OF CLASSES AND BUYFFR SIZE FOR EACH SECTION
¢ AND THE IBP LEVEL, FOPMAT , PRINT, COUNT OPTIONS, .
RQ=9 : ’ :
IBP=1
NC=1¢
LN=110
NFORM=2
RPRINT=1
HCOUNT=0

C  QUERRY 'THE USER IF HE WANTS TO SEE THE DEFAULT YALUES
C IF THE USER DESIRES, DISPLAY 8 ALTER WHEN REQUESTED

%0 WRITE (5,95)
95 FORMAT (/)
’ WRITE (5,166) ) )
- 106 : FORMAT (1X,’%ANT TO SEE THE CURRENT VALUES (Y/N) 2°,8)
READ (5,119} ne .
110 FORMAT (A1)

IF (W& .NE. 'Y’) GO TO 590

IF (NFORM .EQ. 0) WRITE (5,510)

IF (NFORM .EQ. 1) WRITE (5,529)

IF (NFORM .EG. 2) WRITE (5,530)
510 FORMAT (1X,’ASSTMING JSC FORMAT - CCRS DATA')
929 FORMAT (1X,'ASSUMING JSC FORMAT ~ EROS DATA®)
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530 FORMAT (1X,°ASSUMING OLD FORMAT - CCRS DATA')
IF (NPRINT .E@. @) WRITE (5,540) :
IF (WPRINT .EQ. 1) WRITE (5,539)

540 FOGRMAT (1X,°WILL NOT CREATE LINE PRINTER MAP')
550 FORMAT (1X,°WILL BE CREATING LINE PRINTER MAP’)

IF (HCOUNT .EQ. 9) WRITE (5,569)
IF (NCOUNT .EQ. 1) WRITE (5,579)

569 FORMAT (1X,’WILL NOT COUNT PIXELS')
5v9 . FORMAT (1X,’WILL BE COSYNTING PIXSLS®)
WRITE (5,120) oo
120 FORMAT (1X,°THE FOLLOWING CLASSES ARE AVAILABLE NOW :° s

*1X, ' CLASS #° 4X¥,’NAME’ ,9¥,’BAND-5 RAND-7 FACTR coLer’ ,/)
' DO 136 1=1,RC
WRITE (3,146) 1,ICLS(I),IS5(1),I87(1),ISRCI)
*, CRATIE(SYHBL(1)) ,8YHBLL 1)

1496 . FORMAT (1X,2X,12,5X,A10,8%,16,16,16,6X,A10,'~* ,12) -
130 CONTINUR v

C IF THE USER DESIRES, CHANGE THE VALUES v
¥RITE (5,132) ’ ’ ’
182 . FORMAT (1X,'WAWT TO CHANGE AWY OF THE VALUES (Y/N) ?° »3)
READ. (5,119) NQ g
IF (NQ@ .AE. 'Y’) GO TO 399
WRITE (5,589) NFOH¥ ) )
589 FORMAT (1X,°®FORMAT OPTION =',I2,*' NEW(@-JSC CCRS;1-JSC EROS
®3; Z-0LD CCRZ):* ,®) : '
READ (5,155) N¢

 NFORM=NQ ) :
585 " WRITE (3.5%98) NPRINT
5290 FORMAT (1¥,’PRINT OPTION =°,I12,'NEW(1-TO CREATE HAP; G-OTHER

*WISE):? ,8)
- READ (5,155) NPRINT
WRITE (8,680) HCOUNT

©00 FORMAT (1iX,'COURT OPTION =’ »12,"NEW(1~TO COUNT; 0 OTHFRWISE):',$)

EEAD (5,1535) NCOUNY
CALL COLNAM

145 VRITE (5,158) :
150 FORMAT (1X,’CLASS » YOU WISH TO CHANGE ("0" FOR KONE) ?°,%)
READ (5,153) NQ - _

155 FORMAT (1)

IF (N .EB. @) G0 TO 9@
¢ CHECK IT CLASS # 15 AVAILABLE IN THF, CURRENT BUFFER
- IF (N@ .LT. © .OR. NQ .GT. NC) GO TO 310
CALL COLNAM
WRITE (§,160) NQ .

160 FORMAT (1¥,'CLASS # :°,I2)
WRITE (5,179 ICLS (NQ)

170 ' FORMAT (1X,°OLD NAME =°,A10,' NEV ?’,8)
READ (5.189) ICLS (NQ) .

189 FORMAT {(419)
WRITE (5,198) SYMBL(HG)

126 FORIAT (1X,’0LDP COLOR =°,I12,° NEW ?’,%) !

READ (5,155) SYMBL(NQ@)
WRITE (4§,200) [S5{HQ),IS7(NQ),ISR(NG)

209 FORMAT (1X,°’OLD VALUES =',315,’ NEW 2°,%)
READ (5,219) I85(N2),I87(NQ), ISR (V)

219 FORIIAT (81
GO TO 145

C NORMAL RETURN
860 RETURN
FRROR MESSAGE ; STOF IF REQUIRED
319 WRITE (5,320) N@,NC
320 FORMAT (1X,'WANTED TO CHANGE CLASS #» :',12,/,

*1X,*# OF CLASSES ALLOWED AT PRESENT ARE :° 12,7
*1X,*WANT TO EXIT €9) OR PROCEED (1) 2°,%)




READ (5,155) Na
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IF (NQ .EQ. 1) €0 TO 145
sTOP
END
C CABeeACEERAR
c & CLROK1.FOR @
C CEER/EERIVLEER
C ROUTINE CLROK!.FOR, JAN. 1579,
C_ - - - - -~ - — - -
C CODE WRITTEN PY
C PAX CHAGARLAMUDI,UNIV. OF MANITORA.
C OTTAVA, ONTARIO
- - - T ~ - - - -
C ROUTINE CLROKI.FOR IS A PART OF MADROK PACKAGE
" THIS ROUTINE DECIDES ON THE CLASS TO WHICH EACH PIXEL
3 BELONGS TO AND THEN ASSICGNS THE NUMPER FOB THAT GLASS
S NOTE: ALL PARAMETERS ARE PASSED THRGUGH COMMON ARFAS .
3 SEE COMMGN AREAS FOR DETAILS,
C VARIABLES:
 CLOBAL: AR,FEAT1,I1DAT,NFORM,NP,RPS1,RPS2,SUNCOR , SYMBL 4
C LOCAL : ISRT A
c- - - - - ~ ~

SUBROUTINE CLROK1

Crna FHET R PTELER D IR P R ERARFRRRARRLRES B TG LEYRTR PR

DOUBLE PRECISION ICLS (21)

INTRGER AR(SS@),SYﬁBL(ZI),IﬁA”(SS@,éJ,IS5(21),IS7(21),ISR(21)

INTEGER ICOUNT (231)
REAL BORDR(509,2)
€  COIRION AREAS )
COMMON ~CHAN/ IDAT
COMMON ~/DESIR/ ICLS, 185, I1S7, ISR, SYMBL, AR
CONMON ~DEFF/ HG,LN,NPT.NP,MLINE,JL,JP,NF

COMMON /DESIRI/IBP,NFGRM,NCOUNT,NPRINT,SUNCOR,BQRDR,ICOUNT,LSET
COMMON /LOC/ISTLIN,LSTLIN,LFTPIX,IRTPIX,LINE,M

COMMON /COUNT/MTRL,HMBLL
C .
C CHECK IF COUNTING IS REQUIRED,
ASSIGN 588 TO XOKO
IF (NCOUNT .EQ. 6) ASSIGN 90 TO KOKG
IF (LINE .LT. MTRL .OR.
KJ= (LINE~-MTBL) /JL +}
NSPXL=IF IX(BORDR{KJ,1)+8.5)
» RLPXL=IFIX(BORDR (KT ,2)+0.5)
C TYPE *,KJ,LINE, NSPXIL , NLPXL
C . CLASSIFY FACH PIXFL IN THIS LINE
" : DO %¢ I=i,KP

€ ! CHECK FOR WATER

‘ : IF (IDAT(1,4)
€ "CBECKX FOR CLOUD

IF (IDAT(I,2)
€ CHECK FOR SNOW/ICE
c

LT. IS7(1) ) €0 TO 100

-GT. 1835{(2) ) 60 TO 200
IFT (IDAT (1,1)

_ LET,
CHECK FOR VEGETATION
IS=IDAT{I,4)*10®/IDAT(I,2)
IF (IS .GT. ISR(33) €O TO 250
GO TO 269
€ MUST BE WATER.

IS5(10) ) GO TO 226

169 HOW=1
GO TO 369

C BELONGS TC CLOUD
- 2069 NOW=2

GO TO 809

LINE .GT. MBLL) ASSIGN 99 TO KOKo

I¥ NOT AVOID COUNTING.




€ BELGGS TO SNOW ICE

220 NOVW=19

GO TO 369
€ DBELOXGS TO VEGETATION
259 NOW=3

G3 TO 369

C DMAY BE OUTCROP. VE WANT TO EXAMINE THIS PIXEL FURTHER.
C  SPLIT THIS INTO TWO GROUPS

269 IN=IDAT(I,3)%1DAT(I,4)
IF (IN .GT. 187(4) } GO TO 700
GG TO 265 :
G MAY BE SARD OR DOLOXITE
7989 IM=IDAT(I,1)*IDAT(I,2)

iF (IM .GT. I°5<8) } GO TO 279
€ MUST BE DOLOMITE
"GO TO 679
C

. 265 ' IF (IS .GE. ISB{(4) ) GO TO 600
¢ BELONGS TO CROUPI (CLASS 8 & 9)
C CHECK IF IT I8 SAND
IF¥ {IM .GT. 185(3) ) €O TO 27¢
C MUST BE CLASS ¢ ~ 55T

NOwW=9
GO TO 368
C DMUST BE CLASS & - SAND
279 NeW=8
GO TO 209
c
C BELORCS TO GROUP 2
60@ IF {IN .GT. I87(4) ) G0 TO 679

I¥ (i .GE. ISR(5)_ ) GO TG 685¢
C CHECK IF IT BELONOS TO €LASS 6 - BASALT
. IF (IDAT(I,3) .LE. IB7{6) ) GO TO 629
€  BELONGS TO LLAQS ¢ - LRAWRT?S/FLLSITE
NOw=?
GO TO 3¢
C BELONGS TO CLAS? ¢ — DOLOMITES

670 NOW=4
60 TO 309
C PBELONGS TO CLASS 5 - S0IL/BOULDERY
686¢ BOW=5
€O TO 300
C BELONGS TO CLiSS 6 - BASALT
699 KOW=6
G0 TO.308
500 AR(1)=HOW
GO TO KOKO
590 KJ=LFTPIX+(Y-13%JP

IF (XJ .LT. HSPYL .OR. KJ .GT. NLPXL) €0 TO %0
: 1COTNT (NOW) = TCOUNT(NOW) +1
o CONTINUE }
RETURH :
ERD
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C¥¥kpxxSUBROUTINE ALSYMB
c- - - -

C  ASSIGNS COLORS FOR THE DISPLAY
c- - = - - - -
C  VARIABLES: .

C GLOBAL: AR,NP,SYMBL

C

- -

: SUBRGUTINE ALSYMB
C#######n"«‘# *;‘##.'$~‘;=‘#######fr‘####################### HRTERER PR
DOUBLE PRECISION ICLS(21)
INTECER SYMBL(21) ,AR(550),185(21),1S7(21), ISR(21)
COMMON ~DESIN/ ICLS, IS5, IS7, ISR, SYMBL, AR
: COITION ~DEFF/NC,LN,NPT, NP, MLINE, JL, JP . N¥
C ASSIGN SYMBOLS
: " DO 19 I=1,NP
AR (I1)=SYMBL{AR(I))
19 CONTINUE
RETURK
END
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C @ COLNAN e

C QDAL

c- - - - - - - - -

CHxx4xSUBROUTINE COLNAM
C  PAK CHAGARLANUDI,OTTAWA,ONT., JUNE 1978.
C—~ - - - - - - -

C - PART IF HADROK PACKAGE, .

G INITIALIZES THE COLOR CODE & DISPLAYS THE NAMES & CODE NUMSERS.
C  THE MIX FOR THE COLORS WAS OBTAINED FROM DR. S. SHLIEN.

C- - - -~ -~ - - - -

SUBHOUTINE COLKAM

ottt RGP e 2 B R ARG N BIE T IAAT LI BRI B AR DG 2 B P BN

DIMENSION ICQLOR(21)

DOUBLE PRECISIGN CNAME (21)

COMRION #COLOR/ ICOLOR,CNAME,LTBLX,LBBLK,MAG :

DATS: CNAME/® BLAGK® , " BLUE’ ,* GREEN® ,*RED’, ’ LIGHT BLUE® ,
®*PINK PURPL’.’YELLOW’,’GREY’,’BROWN','BLUISHGBEY’,
** ORANGE® , " DARK BLUE™ ,’ DARK RED’ ,*DARK GREEN’ , * TARQUOISE’ ,
*'PURPLE® ,*WHITE® ,* *,’ *,2 * ) sy :

O a0 o0 o0 0600 66000 acao

COLOR CODE
BLACK
ICOLOR(1)="0
BLUE :
1COLOR(2) = "550000350000
GREEN
ICOLOR(3)="085360005500
RED
ICOLOR.(4) = " 900255009055
LIGHT BLUE e
ICOLOR(5) = "777700777 790
PINK PURPLE
1COLOR(6)="77007 7770077
YELLOW
ICOLOR(7)="0977T7Y007777
GRAY v
ICOLOR(8) = "404040462040
_ BROWN '
ICOLOR(9)="202020202038
BLUISH GRAY
ICNLOR(10) =" 355500355500
ORANGE '
ICOLOR(11)="004565004565
DARK BLUE : v
: 1COLOR(12) = "250600250000
_DARK RED
: ICOLOR(128)="6Q0923006025 - . o
‘ DARK. GREEN _ . _
: ICOLOR(14) = "002560002560 s :
'C - TARQUOISE :
ICOLOR(15)="252566252500
€ PURPLE -
ICOLOR(16)="250025250425
C WHITE
ICOLOR (17)="555555555555
C DISPLAY THE WAMES 8 NURS.

WRITE (5,58) '
59 FORMAT (1X,’COLOR CODES ARE:*)
WRITE (5,100) (CNANE(I),I,I1=1,17)
160 FORMAT (1X,4(1X,A10,'-',12,7;*))
RETURN
END
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< DSPFL1 @
LETeeaER
REXkERXSUBROUTINEG DSPFLY

CODE WRITYEN BY P. CHAGARLAMUDI
UNIV., OF HMANITOBA, WINNIPEG, MANW.
. FEB. 1979,

CREATFS & dBTTES F:Y DISPLAY CGWPATIBLE FILE OF
A THEMATIC MAP.
SPLIT SCREFN VﬁRSION.

SUBRGUTIRE DQPFL
BOUBLE PRECISION ICLS (21},CNAME (21)

INTEGER SYMBL (21),AR(559),1S5¢21),187(21), ISR(21), IDAT(550,4)

INTEGER IPXL (6), JUMP (279) ILOLOR(91)
- COMMON /DESIR/ ICLS, 185,157, IbR SYMBL,AR
COITON ~DEFF/ NC,LHW,NPT,NP HLIWE,JL JP, NP
COMMON #COLOR/ ICOLOR, CYAME LUTBLK,LBBLK,MAG
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COIMeN ~CHAN/ 1DAT
C
C LOAD THE THEMATIC MAP ON THE TOP HALF
¢
€ CREATE THE BUFFER AS PER MAG. SPECS
I¥RD=0¢
IBIT=385
DO 2@ I=1,NP
DO 20 J=1,MAG
IBIT=1BIT+iS
IF {IBIT .L(. 36) €0 TC 46
IWRD=IWitD+1
IBIT=9
30 CALL OFLD ( IBIT,18, JUMPC(IWRD), ICOLGR(SYPBL(AR(I))))
29 CORTINUE
C TYPE %, ((ARCI) ,SYIBL(AR(I ), ICOLOR(SYMBLC(ARCI) ), JUMP (T
C %)) ,I= 1,M00 75)
(o]
C VRITE THE LINE AS PER MAC. SPECS.
DO 40 1=1,MAG
CALL PUT (9 LTBLK,279,JUMP(1),1ER)
LTBLK= 'IPLK-P‘I
[:34] CORTINUE
Cc
€ . LOAD THE CRIGINAL IMAGE ON THE BOTTOM HALF
C .
€ ¢ CREATE THE BUFFER AS PTR HMAQ
K D=2 ’
1817T=85
. DBC 1069 1=3%1, "TP
IP¥L(1)= lEAT(I 1)/2
IPXL(2)=IDAT(I,2)/2
IPXL(3)=1IBAT(1,4)/2
DG 124 J=1,8
IF (IPXL(J) .GT. 63) IPYL(J)=63
IPELCI+2)Y=IPHL(T)
126 CONTIRUE

CALL BYTPAC (6,6,IPXL(1),IPX, IER)
-DO 150 J=1,MAG

IBIT=IBIT + 18

IF C(IBIT .LT. 386) GO TO 200
WRL=IWRD+1
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IBiT=9 :
290 . CALL OFLD (IBIT.I&,JUHP(IWRD),IPX)
150 CONTINUE
194 CONTINUE

A TYPE *,((AR(I),SYHBL(AR(I)),ICOLOR(SYHBL(AH(I))),JUHP(I
C *)),I=l.25®,75)
C WRITE THE LINE AS PER #AG. SPECS.
DO 256 1=1,MAC
CALL pUT (2.LBBLK,2?9,JUMP(1),IER)
LBRIX=LBBLK+3
259 CONTINUE
RETURN .
END
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C ... 7" . Oeaecaeees
! _ @ BSPFLZ @
N LREIEBRERE

c- - - = -
- CH¥x%3%xSUBROUTINE DSPFL2
C_ WRITES A DISPLAY COMPATIBLE FILE OF THE THEMATIC MAP.

SUBROUTINE DSPFL2
Gt ah s 0 0 TR BRI B AT AT T TS 1 B B0 B

INTEGER IPXL(3),JUMP(279), ICOLOR(21)

DOUBLE PRECISION ICLS(21),CNAMNE(21)

INTEGER SYMBL(21) ,AR(558),185(21),187(21) » ISPR(21),IDAT(559,4)

Cc
COMMCN /DESIR/ ICLS,IS5,187, ISR, SYMBEL AR
COMMON /DEFF/NC,LN,NPT,NP,MLINE, JL +JP,NF
COMITOH ~COLOR/ICOLOR, CNAME, LTBLY » LEBLK ,MAG
COMMON /CHAN/IDAT
C .
. € LOAD THE THEMATIC MAP.
C
C CREATE TEE BUFFER AS PER MAG. SPECS.
IWRD=3
IBIT=385
DO 189 I=1,NP
DD 1689 J=1,MAG
IBIT=1BIT+18
IF (1BIT .LT. 86 GO TC 150
IWRD= I WRD+1
IBIT=0 ’ )
150 CALL OFLD (IBIT.18,JUMP(IWED), ICOLOR(SYMBLI(AR(1))))
190 CONTINUR
TYPE %, ({4R(1),SYHBL(AR(I)), 1COLOR(SYMBL(AR(I) )) , JUMP (]
*)),1=1,250,75) :

SO0 -

WRITE THE LINE AS PER MAG. SPECS.
- DO 289 I=1,MAC
CALL PUT(2,LTELK,279,JUMP(1), IER)
LTBIX=LTBLE+3
200 CONTINUE
RETURN
END
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' €EneeRease
C @ COLCOD @
C CReGE0eaee
C.. -— - -— - - — -

Gk k*SUBROUTINE COLCOD
C_ - —

C ROUTINE COLCODE WRITES COLOR CODE AT THE BOTTON OF THE SCREEN.

C THE COLOR CODE IS WRITTER ONLY FOR THE CLASSES(COLORS) IN USE AND
C VWILL BE IN SEQUENTIAL ORDER, -

c- - -

C PAK CEAGARLAMUDI , APRIL, 1979,
c-~ Lo D - - - -
SUBROUTINE COLCOD

C#######################################################
INTEGER ICOLOR (2]} X

DOUBLE PRECISION 1CLS(21),CNAME(21) _
INTEGER SYMBL(ZI).AR(559),IS§(2I),IS?(21),ISR(21)

COMMON /DESIR/ ICLS,Iss,IST,ISR,SYMBL,AR
COMMON ~DEFF/ NC,LN,NPT,NP,HLINE,JL,JP,NF
COWMON ~CoLnR/ ICOLOB,GNAME,LTBLK,LBBLK,MAG

THE WIDTH OF TEE CODE IS SAWME AS THE TOT = OF PIXEL WIDTH,
THIS IS SPLIT BETWEEN GHE NG CLASSES

E=KP/NC
DO 199 I=1,Ng
K1=I0k (I~1)+1
K2=K1+K
DC 169 J=Ki,K2
. AR{I)=] )
100 CONTINUE =

THE COLOR CODE 1S WRITTEN ON S*MAG LINES
WRITE THE COLOR CODE
NEW=LTBLK
IF (LBBLK .GT. NEW ) NEW=LBBLEK
IF (NEW .GT. 1483) NEW=1483
LTBLE=NEW ‘
DG 150 T=1,5%MAG
CALL DSPFL2
150 CONT I NUE
RETURN
END

Qooon

aon -
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e DSPLAY, CMD

DSPLAY.FOR,VEGTXT .FOR, DISKRD.FOR »REL:CCRSL.REL/L
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2 DSPLAY @
EoRe8ALAERE
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C DSPLAY.FOR, JAN. 1980.
C VERSION 86.1.1

G- - - -~ -
C CODE WRITTEN BY
C  PAK CHACARLAVIDI
C  OTTAWA, CGNTARIO

THIS SUIT OF PROGRAMS READS A DISK FILE OF A SMALL

PORTION OF LANDSAT DATA ANV THEN CEEATES A DISPLAY COMPATIBLE FILE.
THE FOLLOWING OPTICHS EXIST IN THIS PROCRAM:

(A)TO DECIMATE THE DATA WHEN NGT INTFRESTED IN USING ALL THE DATA.
(B} TO GENERATE THE DISPLAY FILE AT ANY MAGNIF ICATION.

(C) CAN HANDLE EITHER JSC (CCRS OR EROS DATA) GR OLD FORMAT.

THE DISPLAY COMPATIBLE FILE CAN BE DISPLAYED ON THE MAD USING
PROGRAM DSPCIC ; A CSFR TAPE CAN BE CREATED USING DSPGSY

3 OR AN EBIR TAPE USING DSPEBR IN THE MICA PACKAGE. .

Gooaooaanad

¢ ROUTINE DSPLAY.FOR IS THE MAIN PROGRAM IN DSPLAY PACKAGE.

- ROUTINES REQUIRED BY DSPLAY PACKAGE ABE LISTED 1 N DSPLAY.CMD
€ VARIABLER:

¢ CLOBAL: . :
G AR,FEATL, IBANDS, IBUF, ICAL, ICLS, IDAT, IDATE , IFID, IFILEHY,
< ITILER, IQSUN, IRTPIX, ISITE, ISTLIN. ISTR

G JL,JP,LFTPIX,LINE,LN, LSTLIN, LU ,LU2 »LU3

" C M,MBLK.MLINE,NB,NBLE, NBS, NQ, NF » NFORM, NP, NPT,

RPS{,RPE2, SUNCOR , SUNELY , SYHEL

il b S R EF R L Y R N
DOUBLE PRECISION FILEN
REAL BORDE (560,2),C0HR(4)
INTEGER NAME(2),KBGR(3) .
INTEGER IFTLEM(2), IFILER(2) , IDATE(2), IFID(2), ISITE(2)
IRTEGER IBUP<8648), IDAT(556 +4),10AL(4,6,64), IUPAK(2201) , ICOUNT(21)
INTEGER KF(6), IBANDS(4) 2yHWBS(4) :
EQUIVALENCE <IFILYR ,FILEM)
COMMON ~HMSSD/ 1BUF, IUPAX »CORR
COMMON ~CHAN. IDAT
COMMON ~CAL/ ICAL ,
COMMON ~LOGC/ ISTLIN,LSTLIN,LFTPIX, IRTPIX,LINE,H
COMMOR ZIDENT/I¥ILEM, IFILER, IFID, IDATE, 5TR, ISITE :
QOMHMON /DESIﬁl/IBP,NFORH,NGDUNT,N?RINT,SUNCOR,BORDR,ICOUNT,LSAT
CGIDION /DEFF/ NC,LN s NPT ,KP ,MLINE,JL,JP,NF
COIHMON /DEFR/NB,IBANDS,IQSUN,SUNELB.NBLK,HBLK,NBS-
COION ~COUNT/ MiTRL,MDLL :
COMMON ~COLOR- NBGR, ONAME ,LTBLX , LBBLK ,MAG
COMHNOR /GRID/ GRIL,ELCRID ,NPGRID

c
€ QUERRY THE USER RE. PATANETERS.
CALL VEGIXT
SUKCHMM=1. ’
IF (IG@3UN .NE. @) SUNCOR=COSD(SUNELD).COSD(37.)
609 VRITE (5,61(0) ’
610 FORMAT (1X,’FORMAT OPTION ~ (8-J8C/CC
1RS ; 1-JSC/E0GS ; 2-0LD-CCRS) 17, $) :
READ (3,520 NFOR
629 FOUMAT (1)
IF¥ (NFORM .GT. 2 .OR. NFORM .LT. 0) GO TO 660
IF (NFORM .NE. 2)G0 TO 249
C  READ THE LOGIUP TARBLE
LU1=21 '
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OPEN (UNIT=LU1,ACCESS=’SEQ!W’,FILE=FILEN)
’ READ (LU1,210)(((IGAL(I,J,K),K=I,6%),J=1,6),I=l,4)
219 FORMAT(1X,3214)
CLOSE (UNIT=LU1)
C WRITE SUPPOATING INFORMATIOR ON AN LPT FILE

Lu1=3
249 WRITE (L111,27¢) IFID, IDATE
270 FORHAT (1%, FRAME IDENTIFICATION *?,2A5,18X,* D

*ATA ACQUIRED ON 27, 2A5,4X0
WRITE (LU1,272) SUNELD , SUNCOR

272 - FOBMAT (1X,’8UnN ELEVATION 7 ,F4.0,10X, " SUN CORRECTIOGE FACTOR :°

*,F6.4,2%)
WRITE (LU1,274) ITILER
274 - FORMAT (iX,'NSS RADIOMETRIC CORRECTION TABLES FROM FILE :°,2A5)
WRITE (LUL,276) IFILEM, ISTR _ :
276 FORMAT (1X,>MS® DATA INPUT FILE : ’ »2A5,3X, * STRUCTRE:> ,A5)
WRITE (LUL,278) ISITE i ]
278 FORIMAT (1X,’SITE : ’,245?

- € INITIALIZE THE DISK FiliLE

IFT (NFORM .FQ. 2) CaALL ODSKST
IF (NFORM .NE. .2) CALL NDSKST -

C VWE HAVE TO PROCESS "MLINEY LINES AND NP PIXELS FROM EACH LINE
MLINE= (LSTLIN-1STLIN+1) » JL

C  ¥RITE PARAMETERS 6N FI1LE FOR LATER RETRIEVAL
VRITE (LU1,815)
WRITE (L11,320) ISTLIN,LSTLINﬁLFTPIX,IRTPIX

315 FOREMAT (IX, TIE AREA SHOWN ON THE DISPLAY FILE HAS THE FOLLO
*WING CO-QRDINATES ') '
32¢ _ FORMAT (1X,10X,’LINES 2,14, TO *,i4,' 8 PIXELS

*:7,14,° TG *, 14,3
WRITE (LU!,3235)JL,JP

32 - FORMAT (IX,’DEQ}H. FACT .- LINES :’;12,’; PIXELS :*,12»

i

WRITE (5,595)
505 FORMAT (1X,°
1; 9-OTHERWISE). ,%)
READ (5,620). Ne _
C  SET THE THHEE COLOR GUNS RESPECTIVELY TO BAND 4,5 & 7.
.NBGR{1)={
NBOER(2) =8
HBGR(3) =4
IF (NQ .EQ. 1) caLL KHAN1
IF (8@ .EQ. 2) CALL Nianz
WRITE (5,511)

SELECT ENHANCEMEWT PROC. (I—LiN.STRECH; 2-MULTIPLY

511 FORMAT (1X,’VWANT GRID ON DISPLAY (Y/N) ?:°,8)
READ (5,512) GHID _ :
512 B FORMAT (Al)

IF (GRID .HE. 'Y’) GO TO 516
WRITE (5,513)

518 FORMAT (IX,’GRID SELECTION LIRES/PIXFLS(ORICINAL) 2 ,3)
READ (5,514) NLGRID,NPGRID :
Si4 FORHAT (21)
WRITE (LUI,5i5) NLGBID,NPCRID '
515 FORMAT (1IX,’GRID PLACED AT EVERY LINES - PIXELS 2,215
516 WEITE (5,520) ’
920 - FORMAT (IX,'MACKIFICATION OF DISPLAY > ,®) '

READ (5,620) MAG
WRITE €¢5,539)

530 FOWMAT (IX,’ NAME OF DISPLAY COMPATIBLE FILE >,
READ (5,549) NAME

549 FOCRMAT (245)
WRITE (L i, 558 NAME, MAC

53¢ FORMAT (iX,'BISPLAY FILE MAaME :*,245,5X%, MAG :7,12)

WVRITE (3,568) N3ck
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562 FORMAT (1¥,°NSS BANDS SELECTED FOR BLUE,GREEN & RED :’,312)

C OPEN CHANNEL FOR DISPLAY COMPATIBLE FILE
CALL INIiTT2 (NAME,2,1ER,0,0,ISTR)
LBELK=1 ‘
DO 410 I=1,MLINE

C CGET THE PEQUIRED # OF PIXELS FROH THE CURRENT SCAN LINE

IF (R¥ORM .EQ. 2) CALL OSETLN
IF (NFORM .NE. 2) CALL NSETLHN
C PERFORM THE EWHANGEMENTS IF REQUIRED
IF (NG .E&@. 1) CALL NHAN1i
: IF (HG .EQ. 2) CALL NHAN21
C WRITE THE LINE OF DATA UN DISPLAY COMPATIBLE FILE
CALL LSPFL3
410 CONTINUE : . ’
C CLOSE THE CHANNEL OF THE DISPLAY COMPATIBLE FILE
CALL CLOSEE (2) . -
RETURH :
END

v
¥
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G4 SUBRCUTINE DSPFL3
- - - - - - -

€  CODE WRITTEN BY P. CHACARLAMUDI
C JAN. 1986. '
C- - - - - .
C PART OF DSPLAY PACXAGE
€ WRITES & LINE OF DATA ON DISPLAY COMPATIBLE FILE

€ AL30 PUTS THE SELECTED GRID ON THE FILE.

&~ - - - - - - - - -

C - ROUTINES REQUIRED BYTPAC,OFLD, PUT - ALL FROM CCRSL
‘C VARIABLUS PASSED THEROUGE COMMON AREAS ’

c~- - - -
SUBROUTINE DSPFL3 _ :
G A s Bt Y Bt it B Mt G L T TR e PN
INTEGER IPXL (6), HBCR(8), JUMP (279) + IDAT (550 ,4)
COMMON /DEFF/ NG LN, NPT, NP, MLINE,JL s JP,HF
COMNON ~COLOR/, NBGR »CNATE , LTBLY, LBRLIC, MAG
COMMON ~CHAN. 1DAT
COMMON /L.0C/ JETLIN »LSTLIN,LFTPIX, IRTPIX s LINE, M
COYMOR ~CRID/ CRID »NLGRID,NPCKID
G PLACE THE ¢RID IF HEQUIRED
: I¥ {(GRID .NE. 'Y') o TO 245
€ PLACE THE GRID AS PLZR STECS
C CBHECK IF THE LINE IS A GRID LINE
REM=MOD{LINE,NLORID)
' AF (2EM .NE. $) 45 TO 220
C TYPE ,LINE,LIBE.LINE -
DO 216 ¥=1,550
PO 210 ¥K=1.3
IDAT (X, BBGR(XE) 3 =0

caan

- — - —_— -

21¢ CONTINIR
GO TD 243
220 REH-FOD{LFTPIX~1 s KPGRID)

REM= (NPCRID~REM) /JP
U0 236 K=REN, 550, NPCRI BrJIP
DO 230 ¥xK=1,3
IDAT(K, NBGR(XK) ) =0 .
23¢ CONTINUE

LOAD THE ORIGINAL IMAGE,
CREATLE THE BUFFER AS PR MAG
245 IWRD=0

- IBIT=35

B> 166 I=1,NP
IPXL(1)=IDAT(I,NBOR(L))
IPKL(2)=IDAT{I ,NBCR(2))
IPEL(3)=1DAT(1,NBOR(S))
Do 120 J=1.3
I¥ (IPEL(Y) .GT. 53) IPXL(J)=63
IPXLAI+8) = IPXRL(J)

120 - CONTINUE
CALL BYTPAGC (6,6, 1PXL(1) » IPX, IER)
DO 136 J=1 ,MAQ
IBIT=1BIT + g8
IF (ISIT .LT. 25) ¢0 TO 209
{WAD= IWRD+1
IBiT=¢
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200 CALL OFLD (IBIT,18,JUMP (IWRD), IPX)
156 CONTINUER
1606 CONTINUE

€ VWRITE THE LINE AS PER MAG. SPECS.
BO 258 I=1,Mad
CALL PUT (2,LBBLK,279,JUMP(1) » IER)
LEBLX=1{BBLE+3
250 CORTINUR
RETURK
END
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C : CELeELassEe
C : @ ENBANCG
CHExxxSUBROUTINE NIANI

C THIS ROUTINE PERFORNS LINFAR CONTRAST STRETCH
C— ~ - -— — - - - - -
C  PAK CHAGARLAMUDI, JAN. 1986,
C-— - - - - -

C PART OF DSPLAY PACKAGE
C ROUTINES REQUIRED - NONE
C  ALL VARIABLES ARE PASSED THROUGH COMMON ARFAS

c- -
SUBROUTINE NHAN1
C#########a&‘#rﬁ‘########‘####;?######################
INTEGER MIN(2),MAN(3) »NBCR(3), IDAT(550,4)

DIMENSION FACTR(Z) :

. COMAON ~CHAK. 1DAT .
COUMON ~DEFF~ KGC,LN,NPT y NP MLINE,JL,J P, NF
COIMON /COLOR/ NBOR » CNAME, LTBLK, LBBLX , MAG

WRITE (3,5)
5 FORMAT (1X,’%=¥ LIKEAR STRETCH ENHANWCEMENT k%’ )
WRITE (5,10)
1¢ FOWMAT (1X,°*MS5 BANDS( 1-4) FOR BLUE,CREEN 8 RED GUNS >* 1 8
READ (5,20) KBCGR '
29 FORMAT (31)
Ccc WRITE (3,39)I586R i '
39 FORMAT (1X,’ MTE DANDS FOR BLUE,GREEN & RED GUNS WERE, :*,312)

NMAK=255 _
DO 46 I1=1,8
WRITE (5,50) RBGR(I)
50 PORMAT (1X,'HIN. & MAX. FOR BAND *,I1,’ >*.)
READ (5,66) MiN{I;, MAN(I) :
6@ FORMAT (21)
FACTR(I) = NMAX/ (MAXC D) -KIN (1))
VRITE (3,79) NBOR{1),MINCI),HAR(D)
70 TORMAT {1¥,°HIN. & HAX. FOR BAKD *,11,° WERE :',214)
49 CONT} NUE
RETURN
C-. — —_
Cxxxx*xENTRY NHAN
. C~ - -

1

[ |

ENTEY NHAN11
c######‘#########“#########;’-‘######################
C PERFORM LINEAR CONTRAST STRFTCH

DG 168 1=1,3

K=FHCR(I)

DO 189 J=1,NP

IDAT(J,K)=CIDAT(I, XY ~MINCI ) ) %FAGTR(I)

109 CORTINTR

RETURN

EXD




B-50

C**x*&*@‘UBROUT H NE NHA‘Q

C- -

¢ THIS B.OUTI RE PEB.:* ORMS STANDABD ENHA“ICEI"EE"T IE. MULTIPLICATION OF
C EARD VALU S,

c- -— - - - -

c PA_.{ CHAG‘XRIAHUDI

C.. — - - - -

C PART OF DSFL!;Y PACKAG;‘,

C ROUTIRE REQUIHED NONB

C ALL VARIABLES PA:»:»‘"D THB.OUC}I CO;MON .hPLEAS

C- - - : -
SU‘:‘{OUTI n‘IE Nh«\"l

g L S LT R R T L LT S Re P s AP
DIMENSION FACTR(3)
INTEGER NBGR(8), IDAT(559,4)
COMMON /CHAN/ T -..T i
COMMON ~/DEFF~ NC,LN,NPT,NP,MLINE,JL,JP,NF
COMoN 7COLOR NBGB., CRANE, LTBLK,LBBLK ,MAG

WRITE (3,5)
5 ' FORMAT (1X,*%¥x MULTIPLICATION ENBANCEMENT s%x’) .
WRITE (5,190)
10 OT{I’IAT (iX,’HSS BANDS(1-4) FOR BLUE, GREEN 8 RED. GCUNS »’ ,8)
. READ (5,26) NL*‘H
20 ’v‘{h{ﬂA’I' (31)
cec WRITE (3,80) NBGR
30 FORMAT (1X,'HS%3 BANDS FOR BLUE,GREEN & RED GUNS WERE = »312)
WRITE (8,40)
40 FORMAT (1X,’MULTIPLICATION FACTRORS FOR BL CGR RED CUNS 3° ' 8)
- PEAD (5,59)FACTR : .
58 ' FORMAT (38 =
WRITE (3,69) FAC’I‘R
6@ FORMAT (1X,’MULTIPLICATION FACTORS FOR BLUE,GREEN & EED GUNS WERE :
1 ,3(}7’6.._. L0 ' :
RETUE .
CxxrpxENTRY NI*{ANZI
ERTRY NHAHZ21
Gl o BB F R BB E RN LB LRBRE R R RERRL LR PRBRRBRRELR LR
C PERFOIM STANDARD ENHANCEMENT FOR A LINE
DO 169 1-1,3
K=8BGR(1)
50 169 J=1,KP
ADAT (J,¥)=IDAT(JI ,KI#FACTR(I)
109 CONTINUE .
BETURN
END

——=000~-~—




