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ABSTRACT | >

The effectisof solar and atmospheric corrections,
and the linear confrast stretch, band ratioing 4dnd video
filtering enhancements on Landsat data were/ studied for.
two areas of northern Canada. Studies wer@icarried out
using computer compatible tapes on an image analysis.
system and both numerical and visual evaluations were
made. It was determined that solar and étmospheric
corfections may not be sufficient to standardize Landsat
data between different dates of imagery. In contrast,
however, it was found that the linear contrast stretch
‘and the band ratioing enhancements effectively emph;sizeﬁ
. the ground surface patterns. The video filtering enhance-

ment was insufficient to eqbance the image.
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" CHAPTER I
INTRODUCTION

1.1 Statement of the Problem

Since the first Landsat satellite was launched in
1972, remote sensing specialists have established the
importance of the Landsat monitering system. The first
three Landsat satellités have a ground resolution of %0m
by 80m in the visible and near infrared wavelengths of the
electromagnetic spectrum (Simpson, 1878). These detailed
;pectral data have allowed significant advances in geology,
geomorphology and forestry research, as well as expaﬁaing
our knowledge of the earth's-:planimetry.

)
éﬁ data analysis have been developed, namely classification

(/( In this research, two distinctly different methods
/

—" . -
and enhancement. <Classification in remote sensing is

"computer techniques for mathematical manipulation, statis-

tical sorting...of Landsat digital data using spectral

information" (Simpson, 1978, p. 183). The sorted data- are

displayed as bbld colours on a new image, and each colour ' -2
regresents a different spectral class, as illustrated in

Figure 1.1. Researchers é%teﬁpt to assign a surface cover

class to each colour aé Howarth (1976) has done.

The representation of these surface cover classes

1.




Figure 1.1

Classification of the Hook Peint Landsat data
by the migrating means technique. The bold
colours suggest different vegetation patterns
in contrast to an enhanced image (Figure 5.8
for example).



as colours can be problematic because such classes are not
always significant in the environment. Moreover, it is

often difficult to determine the significance of these colours
unless extensive field investigations are done.

Image enhancement, defined as'the use of computer
techniques designed tc increase image detail and allow more
effective interpretation" (Simpson, 1978, p. 183), has been -
developed to maximize the usefulness df the image. Such
methods enable the researcher, rather than the machine, to
determine different spectral classes, provided of course,

" the different surface cover classes have unique spectral
reflectances. In comparison with classification, image
enhancement is a new field in which the most significant
advances have been achieved during the last five years.

Unfortunately, most research in image enhancement
has been directed to problems in geology and land use studies
without regard to its potential for natural vegetation -
studies. Moreover, the importance of image corrections;
especially solar and atmospheric corrections for both classi-
fication and enhancement have not been evaluated, although
they are necessary for reducing the effects of atmospheric

attenuation and for multi-date comparisons of imagery.

1.2 Aims of the Study

There are two goals in this research project. The
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first goay is to evaluate the effectiveness of the Ahern
solar and atmospheric corrections applied to the Landsat
data. These corrections provide a standard solar illumina-
tion and remove the variations due to atmospheric attenua-
tion. They are necessary so that the intrinsic reflectance
properties of the target, and not the atmosphere, are
enhanced. Moreover, they are necessary for comparisons of
image data for the same area.

| Once these corrections have been evaluated, the
second goal is to investigate the capability of image
enhancements to improve surface cqwer mapping using Landsat
data. The contrast stretch, band raticing and video filter-
ing enhancements will be applied as they are the major ones
described and used in the literature. One study site will
be used to evaluate these corrections and enhancements. The
same corrections and enhancements will then be applied to a
second study site to test the repeatabilify of the proce-

dures.

1.3 Research Sites

It was necessary ‘to select two different study areas
so that the Landsat enhanced imagery could be compared.
Field iﬁvestigations provided data from which ground cover
maps were drawn for Hook Point, Ontario and Churchill,’

Manitoba. These research areas were selected because they



have common cover classes, and Landsat MSS data were avail-
able (see Chapter IV). In this section, a brief description

-of each study site has been presented.

1.3.1 Hook Point, Ontario

The Hook Point study site is located on the southern
coast of Hudson Bay at latitude 54950'N and longitude 82°15"W.
It is situated entirely within the boundaries of Polar
Bear Provﬁncial Park, north of Attawapiskat and east of
Winisk, as illustrated in Figure“l.Z. The study site is

-part of the Hudson Bay Lowlands. The lowlands exhibit a uni-
form low slope exténding 200 km inland over a distance of
1400 km parallel to the Hudson Bay and James Bay coasts
(Cowell, 1968).

Ehfortunately, very little climatic data are awﬂ}mﬂe
for such a large area. The nearest weather station to the
research area is Winisk, for which climatic data for all of
Polar Bear Provincial Park are extrapolated. In summer,
the moderating effects of Hudson Bay and James Bay determine
the variations in local climate., The study area is cloud
covered 75% of the year and low pressure cyclonic activity
causes frequent frontal precipitation. The July mean daily
temperature at Winisk rises to 11.7% (Anon, "1977) bﬁt
temperatures as high as 17°C have been reported {Neal and

Kershaw,.1973). There is a paucity of additional climatic
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data.

In contrast, more information is available about the
geology.l All of the research areé is underlain by early
Precambrian sediments, They have.been intruded. by grano-
diorites and granites to form the Archean basement complex.

The Paleoczoic strata are composed of limestones, dolomites
and sandstones of Silugiiq‘and Devonian ages. Siltstones,
shales?}mudétones and sandstones are found near the study'
,sitel %he only\bedrock exposure i% at Cape Henrietta -

l Maria, about 25 km to the north of the study site. Most
surfiéial geology has been influenced by the Wisconsin
glaciation, which iérbelieved to have reached a maximum
thickness over the area ;f 3000 meters, 20,000 B. P.
(Anon., 1977j. The-ice-mass retreated at approximately
7,500 B.ﬁ, and left a blanket of.glacial debris depoéited
as blue-grey clay and declomite silt {Webber et al., 1970)}.
This has been subsequently reworked by the postglacial
Tyrell sea. .

‘ <Webber et al. (1970) have established a pattern of
coastal emergence for which isostatic rebound has béen
calculated to be 1.2 meters a century., The pattern of
coastal emergence has been linked with the formaticn of
ancient beach ridges, the predominant feature of the
‘Eiregion. Individual beach ridges range from one to several

kilometers in length, a few hundred meters in width and from

*
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one to three meters in height. They extekd inland ffi,;:)

approximately 240 km (Neal and Kershaw, 1973). They hav%ﬁg

been built by strong.onshore winds producing high energy

waves that carry materials onshore. <Ihe beaches at the

study site have been formed within the last 1000 yéars

(Anon., 1977).

Between these beach ridges, areas of lowerlelevation

allow small lakes and drainage channels to form. {he study

9 site retains 75% of the total surface water collected from‘
snow and rain in these small lake systems (Anon., 1977). .
Most lakes occupy shallow areas gouged out‘ Bglacial ice
movement, but others form where beach ridgeé\%lock the west
to east.flow of water. Most of the small lakes are less than
1 km in diameter (Anon., 1977). Streams conform to a parallel
pattern, determined by the beach ridges. Topographical
the research area is a low, gently sloping plain with few
variations in relief. There are no trees and the, coastal
‘zone is characterized by a gently sloping tidal mud flat and
an adjacent salt marsh.

A lichen dominated vegetation system flourishes upon
these'ridges. Most of the flora is characterized as low or
southern arctic vegetation, and the southerly extent of thé
treeline is maintained by cold onshore winds, fog and the
absence of good drainage. Abrasion by blowing snow and the

shallow active layer of the soils allows only a hardy vege-
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tation to survive.

1.3.2 Churchill, Manitoba

thurchill, Manitoba is the second reséar;h area for
this study. It is located 550 km northwest of the Hook
Point site, at latitude 58047'N, and longitude 94°11'W. The
study site is located east of the Churchill River, as shown
in Figure 1.2, within the westerly extent of the Hudson Bay
Lowlands,

An Atmospheric Environment Service weather station
is located at Churchill, and consequently, more weather daté>
are available. Although farther north than Hook Point, both
the average July (17°C) and January (-SOOC) temperatures are
warmer (Ritchie, 1960). The total precipitation is 40 mm
per year (Ritchie, 1957). Hudson Bay acts as a moderating
influence. The study site is cloud covered only about 40%
of the year, so consequently, more Landsat data are available.

. At Churchill, geologic structures similar to Hoék

Point underlie the sediments. The oldest rocks are of
Archean age and are granitic in origin. Volcanic deposits‘
are surrounded by greywacke and shale, which are thick bedded
and dip to the north. Silurian sediments are mostly lime-
stone and dolomite and are exposed at the surface\along the

coast. These outcrops are visible both on Landsat/ imagery

and aerial photographs.
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Beach ridges have formed parallel to the.Hudson Bay -

6§ést. Although not as numerous, they are of similar dimen-
sions to the ones located at Hook Point and have been built

by strong onshore winds combined with coastal emergence.

These beach ridges are probably the same age as the Hook Point
ridges because their vegetatién composition and their distance
from the shoreline are both similar.

Between these beach ridges and rock outcrops, numer-
ous small lakes have formed which vary in size. The larger
lakes occupy alluvial flats between the uplifted coastal
features. South of the coast, tamaréc occur in the poorly
drained areas with spruce on the better drained sites.

Lichen woodland areas are common in the Churchill
area as they are.supported in part by the warmer temperatures.
Lichen heaths are found on the beach ridges close to the
coast,

However, there has been urban settlement at Churchill
whichhas altered the established vegetation patterns. Churchill
was a strategic air base which in the past supported a large
military and civilian population. A large airport, roéds,
buildings and several radio installations dominate the land-
scape along the coast and are visible on both aerial photo-

graphs and Landsat imagery.
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CHAPTER II

REVIEW OF IMAGE CORRECTION AND ENHANCEMENT LITERATURE

2.1 Introduction

Image correction and enhancement literature is both
diverse and recent. It has developed from studies of film
chemistry, geology, land use studies and atmospheric physiTs
in the late 1970's. Indeed, it is impossible as yet to
establish an historical perspective to the literature. Due
to the wide range of topics involved, only literature directly
pertinent to the study under investigation will be described

in this chapter.

2.2 Image Corrections

Radiometric and geometric corrections (deséribed in
Chapter III), are applied to all Landsat image data to form
part of the record of the Combuter Compatible Tape (CCT).
A discussion of the tape format, together with a description
of the radiometric and geametric corrections appears in Strome
et al. (1975). Subsequent to this publication, several modi-
fications to the radiometric corrections have been made which
are described in Ahern and Murphy (1978).

In contrast to these corrections, atmospheric and

solar corrections have not been applied to the CCT.

11.
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Researchers have investigated the use of these corrections
on Landsat data. Turner et al. (1971) first discussed the
problems associated with atmospheric attenuation in Landsat
data and discussed how radiative transfer models could have
been used to solve these problems. A numerical solution to
the radiative transfer problem was derived by Turner and
Spencer (1972). It had the advantage of rapid computation,
although path radiance was underestimated in the model. The
results of these studies and their appliéation to satellite
and aircraft data were discussed in the paper.

The Turner-Spencer equations and three other radia-
tive transfer solutions were compared in O'Neill's (1§77)
publication. He found that an adjustment to the Turner-
Spencer model was best for the estimation of path radiance.

A summary paper By O'Neill et al. (1978) compared the Iurnér-
Sﬁenﬁer and discrete ordinate techniques and suggested a new
method to more accurately estimate atmospheric attenuation.

These results were used by Ahern et al. (1979) to
correct Landsat data for aﬁmosbheric attenuation and also to
change the illumination conditions by recalculating the solar
zenith angle. Ahern et al. (1977) developed an interegting
model for which the necessary input parameters were estimated
by modelling path radiance over cléar water bodies. Unfor-
tunately, the model has not yet been evaluated with tests

from different environments and latitudes.
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2.3 Linear Contrast Stretch Enhancement

Thé linear contrast stretch enhancement changes the
dynamic range of an individual band or a combination of bands
of Landsat data displayed usually on a colour monitor, making
full use‘of the displayl‘ Stretch limits on each band of
data are defined so that data within Ehese limits a;e
enlarged to occupy the full dynamic range of the display
ﬁsiné a linear formula. Data outside these limits are
truncated. This enhancement is the most estabiished in the
literature. :

The linear contrast stretch enhancement was an adap-
tation of the technique used to change the contrast curve
of photographic film. Lockwood (1975) described the use of
this technique with photograﬁhic film. He found that a pérti—
cular range of wavélengthsor a broadband could be emphasized
within the film's total wavelength sensitivity range, by
modifying the contrast curve.. In effect, the data were
stretched over. the total range; Specific features imaged on .
the film were enhanced and hence more visible. |

Moderate success\was achieveq by stretching Landsap
colour composites, but it realized that film grainyﬂess
was also increased. Therefore, digital methods oficontrast
stretching were developed that stretched the Landsat data

before it was written onto film. There are many papers

that discussed the digital contrast stretch methodology.
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For example, Schwartz (1976) described the linear contrast
stretch enhancements developed at the Jet Pfopulsion Labo-
ratpfy. Formulae were presented with examples from Mariner
9 data of Mars. In addition, Soha et al. (1976) Studied
the lipear contrast stretch with examples of Landsat data
imaged.over the Chilean-Bolivian border. The contrast
stretch was inveétigated by Hummel (1977) as well as its
implementation on an image analysis system. He found that
the contrast stretch enhancement was inexpensively computed
and easily programmed. In the paper, the interactive approgch
was discussed whereby the researcher has the ability to con-
trol the contrast stretch so that specific features can be
énhanced.

The control of the contrast stretch was investigated
by Lucas et al. (1977) using Landsat data from the south-
central region of Towa. The authors described the problem of
data truncation, which occurred when Landsat data were not
displayed because they were not within the stretch limits.
Frequency histogfams of the pre- and post-enhanced data were
used to illustrate the problem., Sheffield (1976) further
discussed the data truncation problem, alth;Lgh much of his
work was repetitiﬁe of earlier work.

In contrast to the abundance of articles about the
methodological and problematic aspects of the contrast

stretch enhancement, relatively few have investigated possible
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applications. Most studies have been fdr geological investi-
gations.

GCeological studies were conducted in Nevada, Alaska
and Australia where authors have tried to correlate ground
features with enhanced satellite data. Rowan et al. (1979)
were the principle investigatoré at.thé Nevada study site,
where widéspread Tertiary volcanic and intrusive rocks
covered 95% of the study site. An exposed section of Paleo-
zoic mine tailings was present at ;h? site. It was discovered
that iihear contrast stretch enh&ﬁéed\imagery had more scene
contrast tﬂan the regular colour compé&%;es or non-linear
stretchea images and they provided slightly better discrim-
ination of rock types. For example, 'basalt was &istinguished
from mafic intrusives, as were thg mine tailings. In addi-
tion, Rowan et a1.1(1977) reported 6n de;elopments'at thé
Nevada study site using ground—based spectrél.reflectance
data for different rock types. It was det mined that the
MSS scanner did not record in the wavelengths méSﬁ suitablev
for distinguishing betwéen the rock types in“Nevada. They
concluded that the linear contrast stretch @és not very
effective for exposed rock. As well, Simpson (1978) found
little success in his Australian wqu. He reported that the
linear contrast stretch appeéred fo work best.in research
areas where gedkgit structures wéré expressed asivariea

-

relief or in different vegetation zonations bécause they
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were more easily interpreted. Similarly, a study by Smith
and Baker (1975) in'thé Yuma area of Arizéna, reported little
success with linear contragt stretch enhancements for a 12
km2 study site. Their study site contained faulted block
mountaiﬁs of Mesozoic crystalline and metamorphic intrusives.
Smith and Baker {1975, p. 60) reported that '"no dramatic
" increase in geologic information was ‘achieved" with the linear
contrast stretch enhancement compared to the unenhanced
colour composite, althougﬁ a few features were more visible
on the enhancement.

A study by Myers et al. (19%7) discussed thé success-
ful use of the enhancement in land use studies. They con-

cluded that the enhancement could be used in vegetated areas.

2.4 Band Ratioing Enhancement

Band ratioing emphasizes the unique spectral charac-
tefistics of materialé. Many different variations of band
ratioing exist,- but the most'frequently discussed method in the liter-'
ature is the ratio of a single MSS band to another (see
Chapter III). | |

" Santisteban (1976) has presented formulae used for
many ratioing enhancements. Taranik (1978) has also dis-
cussed the band ratioing formulae t;gether with examples
and illustrations. However, Taranik's (1978) paper failed

to discuss the effect of slopes, an important aspect of
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band ratioing. A diagram of albedo values for slopes was
given together with their ratioed values, but no explana-
tion was provided. In contrast, Rowan et al. (1977) dis-
cussed the ratioing formula and the importance of slopes
(see Chapter III). Moreover, they discussed the necesﬁity
of using the linear contrast stretch with the 'tatioed data
because the dynamic range of the data was very small and
difficult to display on a colour monitor.

Band ratioing has been applied with some success to

geological investigations, particularly for rock identifica-
tion. Rowan et al. (1979) showed that it separated subtle
reflectance differences found in many geologic materials. The resulting
enhancement was therefore, a visual display of differences
between the digital values in different MSS bands.l For
example, playas were identified on the ratioed image,
although discrimination of the mafic rocks was problematic
when the same Band 4 to Band 5 ratios were used. A colour
composite was produced from several single band ratios but
its advantages over the single band rétioed images were
minimal.

As well, experimentation by Rowan et al. (1977)
using reflectance measurements of rock sampleé'in MSS wave-
lengths showed that band ratioing was problematic because
the reflectances were nearly equal in the MSS bands. Suc-

cessful results were probably due to the presence of vegeta-
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-

tion cover over rock. In contrast, Vincent (1977) had more
success with laboratory reflectance studies, using minerals
from several parts of the -world (such as Hawaii, Canada,
Tennesee and Oregon)}. He was able to show that some rocks
could be characterized by their MSS ratios. However, Vincent
overlooked the fact that many geologic formations are vege-
tation covered. |
Smith and Baker (1975) evaluqtéd previous results
of band ratioing for their Arizona study éite. Several
combinations of bands were used but the single band ratios
were best. Band 4 to Band 7 ratios were suited for differ-
efitiating between andesite, sandstone and shale. Merifield
et al. (1976) eiperimented with band ratioing using Skylab
5-192 scanner data obtained for the western Mojave Desert
in California and found that vegetation was readily visible
on ratioed imagery using bands that correspond to MSS Band
4 and Band 7. The near infrared was highly reflected by
the xerophytic vegetation but not by geologic structures,
except for some glder alluvium present in the desert.
Grasses and joshua trees were also enhanced, especially
along the San Andreas fault, where a change in vegetation
~was apparent. Similarly, the Jet Propulsion Laboratory's
(Anon., 1978) primef on image processing in geology con-
tained Landsat imagery of Goldfield Nevada that was ratioed

A_— . .
to show how vépetation was enhanced along linear features,
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a discussion of which, appeared in Simpson's (1978) article.
Some researchers have investigated band ratioing

for land use studies. For example, Chavez et al. (1977)
used colour ratio composites for a land use study of Phoenix
Arizona. They found that ratioing Band 4 to Band 7 or Band
5 to Band 7 was particularly useful for interpreting agri-
cultural land use because different crops had unique ratioed
values. They found that‘any combination of bards was useful
for interpreting changes from urban to rural land use.. In
a similar study, Todd (1977) discussed the use of band ratio-
ing for a land use study of Atlanta, Georgia. Marrs (1975)
used band ratioing for a land use survey of Beaver Creek,
Wyoming. He determined that Band 4 to Band 7 ratios were
best for his study.

| The discovery that band ratioing could illustrate
unique ratioed digital values for vegetation was a signifi-
cant contribution. A study by Tucker (1978) showed how MSS
Band 7 correlated with the chlorophyll content of healthy
green trees. As well, Thomas (1979) discussed plant physio-
logy and the theoretical basis for relating MSS data to
' plant vigor or change in plant cover. He found that the
ratio of MSS Band 4 to Band 7 clearly illustrated the changes
in plant cover in Australia. Turner (1973) studied phreato-
phytes in Tucson, Arizona and showed that desert plant

communities had characteristic. near infrared to visible
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MSS band ratios. These plants could be se;;:iled from grass-
lands because their ralioed coefficientg were different.
Moreover, Rao et al. (1978) discussed how crops conld be
distinguished when no reflectance from bare soil was present.
Vlicek (1974) found that there were great difficulties in
defining characteristic spectral curves for trees from
spectral radiometer work. His results differed from work

by Kalensky and Wilson (1975) who suggested that Landsat

data could be useful in mapping natural vegetation.

2.5 Video Filtering Enhancement

The video filtering enhancement removes anomalies in
an image through an application of spatial statistics, so -
that the interpreter can more easily recognize patterns in
the imagery. As wéil, linear features are enhanced. It can
be applied to corrected‘o} classified Landsat data.

‘Unfortunately, the enhancement has not been well
documented. A few papers have beeﬁ written about the imple-
mentation of the video filtering enhancement. For example,
Wallis (1976) described a filtering formulae with two
exampleé. Taranik (1978) presented a discussion of a pos-
sible method of selecting filtef sizes and sfrengths. |

As well, there have been a few papers that have
.illustratedvthe.uses and effects of video filtering enhance-

ments. For example, Soha et al. (1976) explored the effects
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of video filtering on Landsat data imaged over Chiha and they
showed how linear features were enhanced by the 3 by 3 filter,
Chavez et al. (1977) enhanced linears in southwest Jordan and
discovered that filter size and strength were critical for
the enhancement. They found that the use of a 3 by 3 filter
at a strength of .5 caused a loss of image detail. However,
it permitted linear.features to be enhanced. An unidentified
section of Landsat data waslused by Vanderbrug (1977) to
examine the effect of changang filter size. A larger filter
caused defocusing in the image. Simpson (1978§’used differ-
ent filters tl: enhance the structural detail of the Kombolgie
Formation in Milingimbi, Australia. He discovered that a 3
pixel by 3 pixel size filter was useful for enhancing vege-
tation patterns and drainage features, but several unwanted
artifacts in the enhanced image were produ;ed that could not
be-correlated with known ground features.

Nq\\

2.6 Conclusions

This chapter has presented virtually all of the
relevant literature on the correction and enhancement of
Landsat data. It is apparent from previous studies that
the Ahern atmospheric corrections have not been evaluated.
In contrast, the linear contrast stretch and band ratioing
enhancements have been studied for geology and land use

applications. - Researchers have had limited success with
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these enhancements. A few papers have been written about
video filtering, but not enough work has been done to

assess its merits.



CHAPTER III
LANDSAT DATA CORRECTIONS AND ENHANCEMENT

3.1 Introduction

It is important to understand the methods by which
Landsat data are received, corrected and enhanced. This
aids the analyst in his interpretation of Landsat imagery.
In addition, a knowledge of the various steps in image
processing permits the identification of potential sources of
error that might create anomalies in the imagery.

In this chapter, Landsat daté acquisition will be
briefly discussed, as this topic is frequently presented
in“the Landsat literature. In contrast, image correc-

>
tion and enhancement will be more fully considered, with

specific reference to the algorithms for the image analysis

system used in this study.

3.2 Landsat Data Acquisition

The Landsat 1 and Landsat 2 satellites contained
within their payload two separate sensor systems, the |
Multispectral Scanner and the Return Beam Vidicon. For
this project, only data generated from the Multispectral

Scanner (MSS) were used because data from this system were

23.



most suited to digital analysis and enhancement.

The MSS is a four channel sensor that detects elec-
tromagnetic radiation in the visible and near infrared
reéions of the electromagnetic spectrum. The specific
broadbands are .5 pm to .6 um (Band 4), .6 um to .7 um
(Band 5), .7um to .8 ym (Band 6), .8 uym to 1.1 um (Band 7)
(Vishnuybhatla, 1977). For each sensor channel or band, |
there are six individual optic fibers that receive light
reflected through a telescopic optical chain from a first
surface scanning mirror. Each of these six fibers is con-
nected fo a band-dependant filter. The optic fibers and |
filters radiate onto photomultiplier tube detectors for the
Landsat MSS Bagghﬁﬂ Band 5 ana Band 6. Silicon photodiode
detectors are Eégaifér Band 7.

As the scanning mirror rotates, reflected radiation
from a fixed swath width of the earth is flashed across the
optic fibers, and a continuous voltage stream is generated
from the detectors. The scanning arrangement of the MSS
is illustrated in Figure 3.1. Each swath contains six scan
lines - one scan line for each detector (Figure 3.2).

The continuous voltage output associated with these
ground swéths is sampled by an electronic crystal clock
every 9.95 usec (Simpson, 1978). The signal is, therefore,
broken into discrete compongents, whose length is determined

by the swath width, and whose width is determined by the
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Figure 3.1 The MSS scanning geometry. The row of six

detectors receive reflected radiation from
six scan lines.

(Source: Strome et al., 1975)
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crystal clock sahpling rate. This creates a Tectangular
picture element called a pixel, which is about 60 ﬁ by
80 m on the ground. The scanning mirror rotates through
an arc of 5.08° (Strome et al., 1975). Therefore, from an
altitude of 915 km, the scan lines are about 185 km

long and a single Landsat image or scene is About 185 km
by 185 km,. '

The scan line information is logarithmically com-
pressed for Band -4, Band 5 and Band 6 and combined with the
already compressed Band 7 before transmission to receiving
stations at Prince Albert, Saskatchewan and Shoe Cove,
Newfoundland. At receiving stations, raw data are compiled
onto high density magnetic tapes. These tapes are processed
for radiometric and géometric corrections and reformated
into a Computer Compatible Tape (CCT). The pixel data are
divided into 256 discfete radiance levels or digital values
in the linear mode (used for the comgzter processing in this
project) or 64 digital values used in the compressed mode

(used“for special reproductions).

3.3 Radiometric, Geometric, Solar éﬁd Atmospheric

Corrections

For this project, three sets of corrections were
applied to the raw Landsat data before they were enhanced.

First, radiometric corrections were applied to equalize the
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systematic radiometric errors present in the data. These are
due to changes in sensor response, changes in electronics

and changes in the throughput of the MSS optics that have
occurred since the satellites were launched. SecoHd, geome-
tric corrections were applied to give visual sensiﬁﬁlity to’
the data because the uncorrected MSS bands are offSet, an@
the uncorfected imagery is highly skewed. .Finally, solar

and atmospheric corrections were appliedlso that Landsat
imagefy fr&m different dates could be compared by reducing
the intervening effects of atmospheric attenuation and

changing solar altitude.

3.3.1 Radiometric Corrections

During the retrace cycle of the MSS scanning mirror,
a shutter whéei closes off the view of the earth and a cali-
bration lamp is permitted to radiate onto the optic fibers.
The calibration lamp contains a variable density filter that
changes from 1% to 100% light transmission rapidly and then
to 1% slowly, thereby creating a calibration wedge. The
voltage output from thé detectors is sampled starting from
the midpoint of the on ramp of the calibration wedge. The
wedge data is transmitted togeE&er with the edrth view dfta.

The ground base calibré?ion of the detectors proceeds

in two phases. First, the absolute calibration of one stable

detector is calculated. The method undertaken assumes that
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the yoltage output and scene radiance are linearly related
as demonstrated by pre-launch MSS tests. In addition, it
assumes that a detector can be used that is stable and
reliable. Certain detectqrs are used that are both stable
and ref;able and are listed in Ahern and Murphy (1978).
Finally, it is assumed that the calibration lamp is both
stable and reliéble, which is tested in two ways. First,
lamp radiance is measured against solar radiancé once efery
orbit. Second, a change in lamp current is measured and
transmitted to earth. These methods did not detect changes

in the calibration lamp.

The absolute calibration is

ve . o= X v

ref a - B 3.1

L

ref

where Vi .¢ is the calibrated digital value for the reference
detector on a scale of 0 to 255, Vréf is the calibrated
radiance and a and b are the gain and offset Tespec-
tively (Ahern and Murphy, 1978). IThe gain and offset are

calculated from six samples of each wedge as follows:

at
. 6 . 6 : _
a = Z C Vcal ’ b = Z b Vcal 3.2
B j =1 |

where C and D are coefficients calculated from the prelaunch
data and Veal is the decompressed digital value for the

reference detector from-.six calibration wedge samples (Ahern



and Murphy, 1978).. Six samples from each of ni;§=ﬁg5§es are
used in the calibration procedure.

In the second phase of the callbratlon, the other
detectors are calibrated relative to the reference detector.
This has the effect of removing stripes in the imagery.
Relative.calibration is better than absolute calibration of
all detectors because the callbratlon source uses data from -
w1th1n the scene, rather than the redder spectrum of the
calibration lamp. It can be appreciated that if the broad-
band detectors are equalized for radiance in one spectrum,
they may not be equalized in another. |

Because of the large number of pixels in a scene,
it can be assumed that the statistical distributions of
-scene radiances are normal (Strome et al., 1975). Therefore,
differences between the detectors in any band can be expressed
as differences in the mean and variance. Linear equations can
be solved that relate each'detector to the reference detector
in any band. Once the gain and offset have been calculated
for each detector,‘then scene data can be radiometricglly
corrected. .If necessary, each of these new digital values
can be converted to scene radiance (mW/cm2 - 5T} by a linear

function described in Ahern and Murphy (1978).

3.3.2 Geometric Corrections

The MSS mirror oscillation relative to the detectors

‘-
o



plus the satzllite's motion relative to the surf;ce of the
earth make it necessary to apply geometric corrections to
Landsat data to providé a planimetrically correct image.
There are two geometric corrections applied and they change
the relative positions of existing pixel elements.

The first geometric correction is the scan line
registration transformation. The MSS is sampled sequentially
by an internal crystal clock. As a result, the detectors
within and between each band are not sampled siﬁultaneously
for the same ground field of view. This creates a mis-
registration of the scan lines. The offset effect is corrected
by the addition of null radiance values (zero digital values)
to the left positions of each scan line as illustrated in
Figure 3.3. This correction is applied‘individually within
and between each Landsat image.

In addition, the earth rotation correction is applied
to the Landsat data, for which an understanding of space-
craft travel geometry is necessary. The satellite travels ﬁ\\'“_z,
in a circumpolar orbit and crosses the equatof at the same . _2\
time every day. During its north _to south travel, the
€arth rotates in an easterly direction as shown in Figure
3.4. This results in skewing of. the data. An algorithm
based on the latitude of the earth is used to correct
this effect.

In addition to these corrections, there are optional



MISREGISTRATION OF BAND DATA

MSS 4 MSS 5 MSS 6

MSS7

Figure 3.3

A

Misregistration of the scan lines. The Landsat

data are normally misregistered in the uncor-

rected data. They are corrected by adding null .
digital radiance values to the scan lines within each _

band and by shifting the bands by amounts x, y
and z.



SKEWING OF IMAGE DATA
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-

Spacecraft Direction of
Motion Image Recording
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Figure 3.4 Skewing of the Landsat data. The data are skewed

by an amount y due to the motion of the earth
and the velocity of the spacecraft. An algorithm
shifts the data to remove angle . _



geometric corrections for variations in mirror scan velocity
and scan line length. However, these corrections have not
been applied to the data because they require the addition
of synthetic pixels and the reformatling of pixels which would

reduce the representativeness of the pixel data.

3.3.53 Solar and Atmospheric Corrections

The purpose of these qoirections is to reduce varia-
tions in observed radiance due to changes 1in solar elevation,
and changes in optical thickness and composition of the
atmosphere. In this section, the Ahern ‘solar and atmospheric
corrections are described. They aré’applied to data from the
CCT. These are not part of the s;andard corregtions applied
to the Landsat data.

The radiance observed by a satellite can be expressed

as:

= P :
Lo = Hpgp & TH L 3.3

where Lsat is the radiance observed by the satellite in a

spectral band, H is the total direct and diffuse down-

tot
welling irradiance at the target of interest, p is the
intrinsic reflectance of the target of interest, T is the
transmission of the atmosphere and Lp is the path radiance

observed by the satellite from the atmosphere (Ahern et al.,

1977b). From this equation, it is evident that the measured
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radiance by the satellite is linearly related to the intrinsic

radiance (H %) of the target of interest.

tot
If the intrinsic reflectance of the targef is -needed,
then equation 2.3 can be golved for p. However, the earth's
atmosphere varies in both time and space. Precise atmospheric
data are required to solve for p. A smaller correction is
" required (and hence smaller errors remain) if the observed
radiance is'recalculated to a radiance observed under condi-
tions of standard illumination (Hiot)’ (T} and path radiance
(Lé). Therefore, the corrected radiance can be expressed as:
H; T

tot

Liat = H ¢ 7 (Lgae - Lp) ¥ Lé 3.4

where the primed QUantities refer to standard conditions
(Ahern et al., 1977b).

The solution to the above equation requires a know-
ledge of the unknown quantities. If assumptiaons are made
about the earth's atmosphere, then the Turner and Spencer
(1972) equations‘far Lp, Hior % and T can be used. The
assumptions are that no diffuse radiation enters the earth's
atmosphere from above the satellite, the terrain is Lambertian,

there is no absorption within the region where scattering
occurs, there are no clouds present, and that'the particle
size and distfibution of aerosols are constant. The eqda-

tions have a solution for each unknown quantity-provided

that the following parameters are known:
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(a) average background albedo,
~ (b) solar-satellite geometry,

{(c} atmospheric extinction coefficient.

The average background albedo is derived as a quotient of
the average Landsat scene digital value and the total down-
welling irradiance., The solar-satellite geémetry is obtained
from a CCT record of location, time and date of imagery or
from user selected solar elevations. The extinction coeffi-
cieﬁt can be derived from the Ahern et al. (1977a) clear
lakes method.

Ahern et al. (1977a) have determined the contribution
of atmospheric path radiance to Landsat data using oligotropic
lakes as standard targets, The radiance received by a satel-
lite over these targets is the sum of radiances contributed
by light scattered below the water surface (L§ol)’ by diffuse

light reflected from the water surface (L f), by light

sur
from the surface due to specularly reflected sunlight (L

gldnt)
and by path radiance as illustrated in Figure 3.5. From
radiadce'measurements for nine clear lakes from northern
Quebec, Ahern et al. (1977a) determined the contribution

of lake radiance in each Landsat MSS band for these clear
watér bodies (Figure 3.6). These values can be used to

find the path radiance for any Landsat scene with clear

lakes present. Once path radiance is known, the Turner-

Spencer equation for path radiance can be used to estimate

<



Figure 3.5

Satellite

Schematic diagram of radiation processes over a
lake. Sunlight illuminates the lake (diffusely

(Hsky) or directly (Hsyn)) or the atmosphere
and 1s scattered back to a satellite as path

radiance (L,). The radiance measured by a

satellite (f ) is (Lyg1 *+ Lsurf + L lint) T + L
where T is_tﬁgtatmospher%c transmissign. P
(Source: Ahern et al., 1977a)

bdm. = 7
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the extinction coefficient.

However, the path radiance varies in the Lan&sat
"scene because the atmosphere varies. Therefore, the path
radiance must be modelled for the Landsat image by the follow-
ing method. Digital value histograms are used to display
each band of image data. In Band 7, clear watef has low
digital values because infrared radiation is absorbed. In
Band 4, turbid water has high digital values so that these
must be exciuded. Wider limits are set on Band 5 and Band
6 so that all of the clear water pixels defined in Band 4
and Band 7 are included and possible false data are excluded.
This procedure identifies all of the clear water pixels in
the Landsat image. The image is then partitioned into 2 to
64 eﬁual size rectangles in the horizontal and vertical
dimensions so that clear water pixels are present in eaéﬁ
one. The mean intensity, standard deviation and gedﬁetric
centroid of the clear water pixels in each rectangle is cal-
culated and a constant, linear or quadratic function is
selected to fit a clear water pixel surface on the image.
The lake radiaqce value is subtracted from the surface to
find path radiance.

As mentioned, these data are used in the Turner-Spencer
'equations. Unfortunately, it has been determined by O'Neill
et al. (1978) that the equations overestimate the extinction

coefficient. Therefore, a correction has been introduced
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based on results from the more accurate discrete ordinate
approach to adjust calculated values of the extinction
coefficient. The results are used in the equations for each
Landsat band and new digital values are calculated for each-
pixel. A small correction is included for the view angle
effect in the images due to the MSS viewing geometry.

There are several problems associated with the use
of the equations. First, the equations depend on the cali-
bration accuracy of the detectors, which are subject to system-
atic errors. Secohd, the atmospheric equations cannot correct
for the conditions which invalidate the assumptions. Third,
the method for calculating path radiance is inaccurate, and
can iead to large errors. Foufth, the equations do not

account for variations in shadowed and sunlit slopes.

3.4 Image Enhancements

Corrected Landsat data can be enhanced to display
MSS data in thé best possible way. In this section, three

different enhancements are discussed.

3.4.1 Linear Contrast Stretch

The purpose of the linear contrast stretch is to
enhance particular ground surface features, such as water
bodies or vegetation cover, so that there is greater con-

trast between a few features at the expense of reduced
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contrast in others. To accomplish this task, the range of
available output digital values on the display device must
be increased for these features. For example, vegetation
reflects strongly and water absorbs strongly in the near _
infrared. Therefore, gain and bias values can be selected
so that radiance data for vegetation ip Band 6 and Band 7 are
displayed for an increased range of digital values.

A simple linéar equation defines the linear coﬂtrast
stretch:

g = af + b 3.5

where f is the digital value for a MSS band, a and b are the
gain and offset'respectively, and g is the new digital value.
As illustrated in Figure 3.7, the relationships between the
data are not changed. All Landsat bands are stretched »>
individually, so.that different gain and bias values are
needed for each band, and every pixel in each band is stretched.
There are two problems with this enhancement. First,
the selection of gain and bias values is arbitrary. There-
fore, the analyst cannot specify the best gain and bias
values. Second, some data is truncated. Radiance data whose
stretched quantity is greater than 255th digital vilue is
set to 255th digital value. Similarly, values less than zero.
digital values are set to zero.l These data appear light or
dark in the display but they are not easily identified.

Therefore, line prints of digital data must be consulted in
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conjunétion with the stretched imagery (see Chépter v).
L
A ’

3.4.2 Band Ratioing

The band ratioing enhancement displays diffefences
in the digital value data between bands. Band ratioing is
achieved by displaying 'the quotient of two bands of Landsat
data on a pixel by pixel basis. The display intensity of
each new digital value depends on the caiculated Tatio,

For example, if a feature's reflected spectral curve is
uniformly horizontal across all bands as illustrated in
Figure 3.8, then the ratioed value will equal one, whereas
if the spectral cyrve is not horizontal, a value diffeient
from one will be displayed.

" The band ratioing formula (usually) has gain and
offset factors because the resultant ratios usually produce

an image with little scene contrast. Therefore, -the band-

ratioing formula has the following form:
g = a(x/y) + b 3.6.

where x and y a;e the pixel digital values for MSS band x

and band y, a and b are the gain and offset selected to
display the ratioed values, and g is the output digital value:
On some systems a value of 1 is added to y to prevent the
Zero over zero case, but it is not present in the algorithm
used for this study. -P

As with the linedr contrast stretch, constraints are

A
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imposed on the gain and. offset calculations to set data
greater than 255 digital\values at 255 digital values and
to set data less than zero digital values to zero. The
truncated data cannot)be seen in the dispiqy. Therefore,
line priqts&of digital values must be consulted in conjunc-
tion with the ratioed imagery (see Chapter IV). ‘ -

Band ratioing has two important effects on Landsat’
data. Brightness variatjions, caused by differenées in slope,
are reduced becausé the ratioed digital values are independent
of solar illumination. In addition, atmospheric effects are
reduced because the attenuation in one Ban& is pértially
cancelled by the attenuation in another. The magnitude Of
o attenuation in each band is different so that attenuatiopn

is not removed.

3.4.3 Video Filtering

Video filtering differs from the linear contrast
Stretch aﬁdrband ratioing enhahcemept; because only certain
pixel digital values may be changed. The result is an
image with more pattern uniformity and linear feattires,
such as roads and lineaments have a greater contrast with
their surroundihgs.

Video filtering has many names ﬁsuch as boxca?,
spatial aﬁd frequency filtering), and many formulae.

However, in this application, one filter strength and size
~
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is selected for study that has been described in the litera-
ture. The dimensions of this filter are 3 pixels by 3 pixels
and the strength is .5.

; L
. The video filter for a single MSS band is:
g = aA + b 3.7

The gain and offset are a and b respectively, and they are
selected to compensate for a possible loss in dynamic range.

The filter function (A) for a strength of .5 is:
A = L5(f - (ex/9)) + .5f 3.8

where E is the digital value of the center _pixel in the 3
by .3 pixel matrix and ex is the ‘sum of all nine—pixel values
(Taylor, 1978). From equations 3.7 and 3.8 it follows that:

g = afj- a(ex/18) + b 3.9

- .
The new digital value (g) is set to 2§§/Whenevéf\it~is

greater than 255 digital values avd. it is replaced by zero
whenever it is less than zero digital values. Each pixel
is sampled sequentialls, starting\with the second line and

second pixel. ) 7 N

There are problems with the video filtering enhance-

~

ment. The video filtetr reduced the complexity of spatial
patterns present in the image and as a result, pixels are
created which are not true representations of the ground.

Furthermdre, radiometric errors that may be present in the
»
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‘image are often enhanced.

3.5 Conclusions

In this chapter, Landsat data acquisition, ana the
methodology for correcting and.enhancing that data were
presented. A few problems associated with these methods

“were discussed.
The next two chapters will consider the methods by

which data are displayed, recordedtand analyzed.



CHAPTER IV
FIELD AND SATELLITE DATA USED FOR ANALYSIS

4.1 Introduction

A discussion of how the data have been obtained for
this study is presented in this chapter. The data have been
obtained from two sources: ffom field investigations during
July and August of 1979, and from satellite data recorded

during the summers of 1975, 1976 and 1977.

4.2 Field Data. .
-~  The field data were collected from two study sites,,
the Hook Point site and- the Churchill.site'(see Chapter I
for site 1ocafions and descriptions). - .

The Hook Point study site was used for several reasons.

AThe broad surface cover patterns were discernible on Landsat
1magery. In addition, the low vegetatlon mat facilitated
mapping of the surface cover in the f%eld. The low topo-
graphic relief qf‘the study site minimized the complicated
relationship between shadows and brightness reépohse in the\
imagery. Moreover, a few cloud~freé.images or sceneé of
L;ndsat data.were available for the area.

| At the Hook Point study site, two types of field

data were collected for comparison with the.ﬁatellite data.

48.



™

49.

" First, the surface cover was mapped onto panchromatic enlarge-
ments of air photos. Seéond, radiometer measurements were
taken over some surfaces so that surface cover reflectances
could be derived.

It had been hoped that the author would be in the
field when the Landsat satellite passed overhead so that an
extinction coefficient could be calculated using both satel-

lite and radiometer data. This would have been useful input

data for the atmospheric corrections described in Chapter TII.

However, cloudy weather obscured the earth from the view of
the satellite. Therefore, older cloud-free Aimagery had to
be used. Nevertheless,.the radiometer data provided'gome
information about the ground characteristics.
Radibmetef measurements were not available for the
Churchill study site, glthough a ground cover map was prd-
. duced. This study site was selected because it;had a surface
\cover which differed somewhat from the Hook Point site. It
provided a second study site for'wﬁich to test the procedures

for enhancing imagery that were developed at the Hook Point

site.

4,2.1 . Surface Cover Maps

i . -
‘A surface cover map was necessary as a reference with
which to compare the corrected and enhanced Landsat .imagery.

Unfortunately, a surface cover map was not available for

Joa-
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either 'the Hook Point or Churchill study sites,. Therefore,
it was necessary to produce these maps from field investi-
gations. Suitable surface cover classes were idéntified
and‘mapped onto 1 to 6,000 scale panchromatic air photo
enlargements for the Hook Point study site, (or onto 1 to
7,000 scale panchromatic air photo enlargements for the
Churchill study site). Subsequently,-the surface cover
glasses were transferred onto standard size panchromatic
”Jir photos and labelled.

The surface cover classes represented the apparent
surface patterns visible at the study site. A more &étailed
classification scheme could have been used, but smaller |
features would not have been viewed by the MSS. The entire
.research arﬁé was not mapped in detail becausé only small
areas of the s?te were used for the study, as discussed in
section 4;3.3.-_ : . r -

Iﬁ July 1979, a surface cover map for the Hook Point
study site was produced, as illustrated in Figure 4.1. Five
' major cover classes-cogld be identified:

{(a) Alluvial Thickets (A). This class has many wetland

species such as Carex aquilitus, partially submerged in water,

as illustrated in Figure 4.2a. .
(b) Low Shrub Fen (F). .This class has shrub's such as

Betula glandulosa and Salix spp. The cover clads is located

adjacent to stream banks and within the area between the
‘ f. ‘ . T + ' ' -

—_
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Figure 4.2

4,2a *Alluvial Thicket

»

Ground level views of each surface cover
class for the Hook Point studv site.
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alluvial thickets and lichen heaths (Figure 4.2b).

-{c) Tidal Flats (T) are visible in both the air photos and

th? satellite imagery, altuough their size varles due to

tidal conditions (Figure 4,2¢). : ' ~ . &
(d) Lichen Heaths (L) are located on the crests of beach

ridges and have common arctic plants such as Dryas integrifolia -~

. b
and Hedysarum Mackenzii (Figure 4.2d).

(e) Open Water (W). This class contains'tﬂe clear @ater
\bodies (Figuré 4.2e). Some of the clear water bodies are
used for the solar and atmospheric corrections described in
- the third chapter. \ . ‘ . -
/ In addﬁtion'to'the alluvial thickets (A), lichen
héaths (L).and open water (W) surfaﬁe cover classes, the

Churchill study site has three other major cover classes

that are illustrated in Figure 4.3. The three classes are

described below
3
° (a) ‘Bare Rock Qutcrops (R) occur along the shoreline As
pictured in Figure 4.4a, : ' k

(b) UrbaQ_§¢th€5;nt (U) which is due to the settlement
history of Churchill (Figure 4.4b). ' ‘

(c) Spfuce—Lidhen Woodlands (I). This ,class.is located
in the south portion 6f the stu@y area,'aﬁd black spfuce

and- many heath species are common. They are illusfra;éd

“in Figure 4.4c.
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Figure'4.4 Ground level views of the different cover

’

classes for the Churchill study 'site,

—



4.4b

g

Urban- Settlement

N

/




. 4.4c Spruce -Lichen Woodland



64.

4.2.2 Surface Reflection Measurements

‘ As anqaid to compariﬁg reflectance values from the
different surfages defined in section 4.2.1, an Exotech ER.S’
model 100A radiometer has been used in this study to mea§E§2§
upwelling and doﬁnwelling shortwave radiétion for which
reflectance can ‘be calculated. This radiomete:'is calibrated .
to the four Landsat Més bands. As illustrated in Figure 4.5,
there‘ére four individual senaﬁrslxgnd;}ach one is calibrated
to bné MSSTband. A set of four ;iewi g heads screws into the
sensors, and in the figure, the Zv{iﬁeradians‘vieﬁing heads
are shown; As well, Figure 4.5 illustrates a side view of
the radiometer and the instrument support stand, The radia-
tion flux readings ‘are Tecorded in millivoIts from an indica-
tor or a digital analog recorder. Appendix A gpﬁtains the
instrument specifications‘provided'by the manufacturer.

The millivolt output is calibrated iQ‘units of milli-
watts per sqﬁare centimeter for all viewing hedds. If one
accepts the stability and calibfétion of therradiometer, a
measure of reflectance can be obtainéd by deriving the quo-
tient of reflected (upwelling) to incoming (dbwnyelling)
radiatioﬁ. The-dg;nwelling radiation is measured by the
sum of direct and diffuse solar radiation for each band,
using the 2n steradian viewing heads. For the upwelling

radiation, one must be carefui to exclude_the radiation

reflected from the legs of the ipstrument support stand.

+ -
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Figure 4.5

The ERTS 100A radiometer. The top picture
shows the instrument viewing heads..  The

bottom picture shows the instrument on its
support -stand.
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. ' A .
:j\ Therefore, the fifteen degree field of view viewing heads’
| \_’h\\were used.
4.3 Satellite Data

4.3.1 Selection of Satellite Data

As described in Chapter I, the study sites are cloud
covered moet of the year, creating a paucity of cioud—free
Landsat data. For the Hook Point teet site, fourteen images
are cloud-free foy Landsat 1 and.Landsat 2 but only three
can be selectee fgemlthese that are both snow and ice-free.
These scenes are listed in Table 4.1, Table 4.1 also lists
the Landsat image selected for the Churchlll sgedy site "that -

is without clggds, snow and 1ice.

'4.3.2_- Image Analysis System

The Landsat imagery has been solar and atmospherically

b corrected, and enhanced by the various methods described in

Chapter III on the ieage analysis system at the Canada Centre

for Remote Sensing. It is a dedicated PDP11/70 computer,

connected to a modified General Electric Image 100 which is

used as an image displey mecﬁanism. Landsat CCT's are read

on tape drives and imagg data are written onto quick retrieval

disc packs and displayed on the Image 100 screen. \Enhance—.

ment and correctlon programmes are also stored on disc, All

control functions are performed through a Tekronix - inter-

ebm e e

ke =
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Table 4.1° v

T

Hook Point Test Site Imagery

Date of Recording Frame Number Landsat Number

June 9, 1975 20138-15492 2
July 22, 1977 20912-15265 2
Sept. 10, 1976  11510-15082 1

Churchill Test Site Imagery

Date of Recording Frame Number Landsat Number

Juné 29, 1975  11071-16395 1

e -



63.
actlve display terminal.

Each Landsat image is dlsplayed on the Image 100
colour monitor, shown in Figure 4.6. The monitor has controls,
also shown in Figure 4.6, which adjust the brightﬁess and
" saturation of ' each colour on the display and control a
movable cursored area displayed on the screen. Thée size of
the cursored area can be'specified by the terminal, and the
centre control (illustrated) determines the location of the
cursored area on ‘the. screen. In this project, the cursared
area 1is ﬁsed to select subscene reas from the whole Landsat
image (see seétion 4.3,3). -Extrem ‘care is exercised so that
the colour monitor controls are pot adjusted because the
images are'photographed by a 35 mm famera from the menitor,
and changing these eontrols ietro ces colour variability

that cannot be compensated for when photographic prints are

pfoduqed,
v The colour monltor dlsplays CCT data, or coE;::fed
and enhanced data after programme algorithms act on data.

There are four‘methods to obtain this data from the colour
monitor. First of all, the display can be photographed and the
printe produced can be documented and analyzed. 'Second; the
digitai values producing the display can be written directly
onto colour film by the Electron Beam Image Recorder (EBIR),
but this procedure is yery.costly and was, theref’}e
‘used in this study. Third, 1ihe prigters are Gdgnected to - °

A

s



-~
L

' Figure 4.6

The
The
the
The

L]
image analysis system display monitor.

top picture shows the display screen, and

bottom picture shows the screen controls.

cursored area control 1s indicated.

L
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the analysig"system so that digital values from any MSS band

- of data can-be obtained. Finally, grey .level video plots

(pach grey level representing a range of digital values), can
be printed on a line printer for any band of M35 data at any
desired scale. A more detailed discussion of system hardware

can be found in Goodenougﬁ (1979). 5

4.3.3 Colour Moiitor Display Considerations A

There are several considerations with each détaﬂ
oufput; For examplé; as described in Chapter III, the whole
[¥ndsat scene is 185 km square, but this area is too la;ge
to study in detail. * Therefore, a subscene can be selected
that contains the study site. | . .

For both sites, subscenes were selected that were -

512 pixels by 512'pixels.in size, or about 35 km by 40 km.

These subscenes were not square because the pixels are

necthngﬁlarg This subscene size was selected because it
corfesponﬂed to a 1 to 1 resolution of pixéls.to the display
resolution'on the EBldhr monitbr.- An adﬁantd@e of.this siie
of area 1is that the pixels were small enough to produce an -
1£;ge with spatlal continuity (both on the dlsplay monltor
and .the photographlc reproductions. In all corrected and
enhanced. imagery, MSS Band 4 was reproduced as blue on .the

colour monltor, Band % aS‘g;aa1and¥Band 7 as red. Bdnd 6

was not displayed on the colour mopitorl
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'Several problems were associated with the photograplhic —H\\_L“f“\\
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reproductlon of 1mages displayed by thlS method. Fer/lhls
project, the colour dlsplay was photographed w1th Kodacolour
outdoor emulsion 100 ASA 35 mm film. The outdoor emulsion

_ may not have accurately reproduced the colours displayed on
the monitor. As well, there may not have been any stability
1n the f11m proce551ng, which was done at dlfferent times,

Moreover, it was necessary to perform these enhancements at

different tlmes durlng the analysis perlod, so that colour

1nten51ty contrgls on the display monltor were probably

f ".'
‘\J

»

changed.

« The 512 pixel by 512 pixei area subscene was too large

z -
for output on the line printer. 1Indeed, the large number of
digital values for each band would be difficult to analyze.
Therefore small subscenes were deflned within the large

subscene that were 30 plxels by 50 plxels, or 2.5 km by)4 km

=

in size. These dimensions correspond to a single page output
on a line printer and in addition, corresponded to the areas
seléected for detailed study at the test sites. The locatlons <y
of these smaller subscenes are 111ustrated 1n Flgure 4o,
For each of these small subsceﬁes, the following data
were obtalned - _
‘(a) A 16-tone video plot of each ﬁSS banﬁ et’l to 50,000 scale.
The plots were maps.tnat help locate the digital Value in (b).

Each tone Trepresents 16 digital values.
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Figure 4.7

The smaller subauchs within cach 512 pixel

by 512 pixel aftea arc illustrated. The top,

picture shows the look Point test site and

the bottom picturc shows the Church151 test
site.

o |
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(b) Line prints of digital values for each MSS band.

4.3.4 Geometric Registration of the Hook Point Landsat Data

It was necessary to undertake geometric registration
of the three dates of Hook Point Landsat data. -If not_done,
the coordinates 6f the line prints of the 30 pixel by 50
pixel subscenes could not be matched because each 512 pixel
by.SiZ pixel subscene is from a different section (and hence.
a different viewing géontry) of each qu.

The procedure fo%/géometric fegistration was performed
as follows. First, the two different dates of imagery were
displayed simultaneousl? on the colour monitor as indicatéd
in Figure 4.8. Toordinates for common points were selected
and matched by a surface fitting'function. Following this,
“the pixels for one image wére.then adjusted to fit the other.
This procedure was repeated because there were three images.

The trend'surface.fitting function, used both for atmospheric correc-

tions and geametric registration, had RMS errors less. than 2 digiiai values.

4.3.5 Method Qf Analysis of Satellite Data

It is possible to show the sequence in which the satel-
lite data were obtained. The sequence of steps in data aqui-
sition has been outlined by 2 flmfchart illustrated in Figure
4.9. First of all, the data for one CCT, for examnle, the

July Hook Poinglimage, weTe dasplayed and a 512 plxel by 512 )

L

%

% g



Figure 4.8

A display of the top halves of two 512 pixel
by 512 pixel areas for geometric registration.
Common points are selected and used for the
registration so that the 30 pixel by 50 pixel
areas (Figure 4.7) will match’
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CCT Read on Image 9.

| Analysis System and

Use' of Cursor

Whole Image Displayed
(start with Hook Point)

512 Pixel by 512 Pixel 10.

Subscene Selected by
Use of Cursor :

30 Pixel by 50 Pixel 11.

Subscene Selected by

If Hook Point Data, - 12.

Another CCT Read and

Whole Image Displayed,

if Churchill Data - 3
Step 8

512 Pixel by 512 Pixel 13.-

Subscene Selected by

Use of Cursor ,
\"-\-__._

Both 512 Pixel by 512 14.

" Pixel Subscenes Geometri-

7.

cally Registered

Repeat Step 1 to Step 6 15.

8512 Pixel by 512 Pixel @  u

Figure 4.9

-

Subscene on Colour .

Monitor Photographed 2 16,

and Line Prints and
16-Tone Video Plots

Obtained for 30 Pixel 17.

by 50 Pixel Subscenes

a

for detpiled study.
l »

Flow chart of steps for obtaining Landsat Data

75.

-

Solar and Atmospheric
Corrections on 512 Pixel
by 512 Pixel Subscene

Repeat Step 8 to Obtain
Corrected Landsat Data

Linear Constrast Stretch
on 512 Pixel by 512 Pixel
Subscene

Repeat Step 8 to Obtain
Enhanced ‘Landsat Data

-

Band Ratioing Enhancement

. on 512 Pixel by 512 Pixel

Subscene
Repeat Step 8 to Obtain
Ephan;ed Landsat Dgta

Video_Filtering Enhance-
ment of 512 Pixel by 512
Pixel Subscene

Repeat Step 8 to Obtain

_Enhanced Landsat Data

End of Procedure

A

A1}
-

\

.
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pixel subscene was selected. Smaller 30 pixel by 50 pixel
subscenes were also selected and the coordinates were
recorded. ?ollowing this, the daté from anothér Hook Point
scene were displayed and a 512 pixel by 512 pixel subscene
was geometrically registgred-to the July subscene by the
method described‘{n section 4.3.4,

At this point, the "raw" Landsat data have not been
solar or atmosphérically corre;;ed or enhanced. Data were
then obtained for the raw data: photographs offthe 512 pixel
by 512 pixel areas, and line ﬁrints and 16-tone vid9d/§I;;§“’
of the 30 pixel by 50 pixel subscenes. | ///

‘After the raw data for the subscenes were‘obtained,
solar and atmospheric cor?ections were applied to each of

the Hook Point subscenes in turn, by the methods_ described

in the third chapter.-’This produced corrected subs
which corrected data were obtained for the same pixe

outlined above:

Each of the three enhancements were performed on one
corrected Hook Point 512 pixel by 512 ﬁixel,subscene (see
Chapter V). Photographs were opﬁained for this subscene and"

1ine prints and 16-t6ne'qideo plots‘were obtained for the
5 . 1 . .
30 pixel by 50 pixel size subscenes after each enhancement.
Y Tie same data were created for the Churchill study
- ‘L -

site, but only one date of imaggizrgss used. Thus geometric

registration, described in.section 4.3.4, was not required,

ﬁh’-iiih“‘r'_'-.'._-w: et T AT T e e o



This chapter has described the methods employed for
obtaining ground and satellite data so that the two can be
compared. A flow chart of logical steps in data collection

was presented and discussed.

. The next chapter will present the analysis and dis-.

cussion of the study.

L
L d
? <
' %
» » ﬁh_‘ [ 4
: e

' . , o 77.\
4.4 Conclusions™ . o

rep F . . e e e a4 e
;ﬁ:j;—c"i' L e R



CHAPTER V.~
ANALYSIS AND DISCUSSION

5.1 Introduction

; The results from the analysis of the data will be
presented in tﬁis chapter. First, the solar and atmospheric
corréctions from. the HooR Point study site wilI‘ﬁ%_analyzed;
both numegical and visual assessments will ge presented. A
similar approach will then be used to evaluate the cover
‘classes from Hook Point and the three enhancements will élsd
- be analyzed. .Finally,{solar and atmospheric corrections,
cover classes and the threé énhancements from thé Churchill

‘'site will be assessed, again using both numerical and visual
L

approaches.

5.2 Application of the Solar and Atmospheric Corrections

to the Hook Point Subscenes

5.2.1 Assumptions Necessary for the Evaluation

Before an analysis of the solar and. atmospheric
correctioﬁS'cbuld proceed, it was necessary to select a
staﬁdérd feﬁlector for which MSS data could be compared
between subscenes. Oligotrophic lakes can be used as a
standard reflector because their albedos have been studied and are
similar. At the I-:Iook_ Point site, there are ménf oligotrophic

78, | |
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]

" lakes and they could be‘easiiy'identified in each sebscene.‘

Two impertant assumptions had to be made before these
lakes were_peed. The first assumption was that it was
necessary to assume that th‘e éuspended sediment concentratioh‘
did. ndt change from 1975 te 1979. If the sediment concen-
tration chanéed, S0 Qould the refiectance-of_the.lake, as
Ahern et al. (1977a) have discussed. This assumption was
accepted because the Band 4 and Band 5 open water clase‘
frequency histograms did not have H&gh d1g1ta1 values,
suggesting that no sediments were present Some surface ice
was present in the June subscene, partly obs%urlng the water
beneath.

The second aesumption was that these 1akee did not,
change thelr ;grface dlmen51ons, otherw1se d1g1ta1 data
;ould have been misread on the line prints. Thls assumptlon
was'acceptable'for two reasons. First, ciimatlc data from
the Winisk meteorological station showed that approximately
the eame rainfall occurred eacy year. Therefore, the same
area of water ceuld have been present-on the ground surface
each year. Second, no changee.in lake dimeneione were

detected between the 1976 air photos and the 1979 field : "

inveﬁtigationé.

'5.2.2  Open Water Class Digital Values

Having defined:qgi stendaf@ reflector, thg’subsequent

Vo . . ' .
o> - . ot




80.

.task was to record sufficient digital values for each band

from both the raw and correct d Hook Poiht subscenes. Open
water cla;s pixels from the lakes were easily identified on’
the Band 7 16-tone V1deo plots because they appeared black,
as illustrated in Figure 5.1. The coordinates for each
weter pixel were identified and recorded. Followiné this,
the correspondlngLE}gltal values from the line prints were -
‘obtalned It was possible to record 42 open water class
pixels for each subscene, and they have been listed in

»

Appendix B.1 and B.Z.

C .

5.2.3 Analysis of the Digital Values from the Hook Point

Subscenes for the Open Water Class

The data will be compared between the raw and corrected
subscenes so that the solar and atmoSpHeric correetions can
be investigated. The meah digital values for the water
pixel data appeay in Figure 5.2. Several important details’
about the data can be noted. 'The raw subscenes heve hlgher
mean digital wvalues than Phe corrected Band 4, Band 5 and
Band 6 subscenes. -This isfexpected bec\vse the corrected
solar elevation is 50° , which is smaller than the uncorrected
‘ sohgiﬁifgle. However, the magnltude of the dlfference is
toa large to be explalned by thls alone. The correcﬂions

-

agggsilll in the experimental stage, and the.systematiq,errors

in the calculation of the extinction coefficient have not been
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Figure 5.1 An example of water pixel idéntification.

: .Each water pixel is identified on the 16-
tone video plot (left) and the coordinates
are noted. Following this, the digital
value for the same water pixel is determined
from the line print (right).
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RAW AND CORRECTED DATA — HOOK POINT
- OPEN WATER CLASS
\ Row Subscenes ] Corrected Subscenes
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Figure 5.2

The unweighted mean digital values are plotted
for the raw and .corrected Hook Point Landsat
data. The raw data have higher digital values
than the corrected data and the raw dati have
more variability. '



aa

83.

-

-

" eliminated (Ahern, Canada Centre for Remote Sensing, Ottawa,

pers. comm.).
The systematic errors account for the increased Band

7 digital values after corrections have be

applied. With
corrections tora-lbwer solar elevation, the Band 7 digital
values should be decreased. In comparison to the other MSS‘
bands, the extinction coefficient is consistently underesti-

mated. Therdfore, larger-values for Band 7 may'be produced

~after corrections (Ahern, pers. comm.).

 The importance of these corrections is exemplified
by a consideration of the reduced variation in the mean open
water class plxels w1th1n each band after correctlons. The
differences between the mean digital values in any land are
less after corrections are. applied. \

To determine if differences existed in the digital
values between‘image dates within each band, the open water
class data were tested in pairs for each of three cemglnaq
tngf of image dates. This resulted in twelve ﬂﬂlred tests
for either the raw 0T corrected subscenes. The Kolmogorov-
Smlrnov two sample OQF ‘tailed test was selected because it
has a high power and(iome of the data were not normal,
requlrlng the use of non-parametric statlstlcs. The test

determined if there was a 51gn1f1cant dlfference between

°the distr1but10ns and it is sensitive to differences in

\
¢entral tendancy. The-results have been summarized in

ro. ~-

h
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Appendix B.1. The accepted probability of a Type I error
was .1; because smail sample statistical tables by Conover
(1971) ueed_elsewhere in this study had test statistics

'caltulated at ‘the .1 levei, rather than the conventional

.05 level. | |

.- The results show that for all raw data, the proba-
b111ty that any palr of different subscene date samples

- are drawn from the same population is fless ‘than .001. . This
result is expected because atmospherldﬁZondltlons and solar
.illumination vary greatly”%etween subscene dates. For all
but two. pairs of the &orrgcted data, the probability that
both of open water clas samples are drawn from the -same
pdpulatien is less thaéﬁxibw This result is not expected

because the open water ciaeg mean digital values Yould be ‘equal

" after corrections have been applied.

@ ' . -

_ _ : . e ..
There are several possible explanations for this

i
-

Spencer equations may be incorrect and .as, a result, the .
) radlatlve tradsfer SOlUthHS cannof be“J;edvln real atmos-,
B pheres. Second, the statistical test is sensitive not only
to centgal'tendancy, but to the Whole distribution. Thei’
d1str1but10n can vary in dlsper51on due to variations -
;n the geometrlc correctlons oT geometrlc reglstratlon

Asvmll the use of clear lakes as a, standard reflector may

not be suitable for such accurate‘assessments because- the

1

= prbblem. ¢First, the assumptions for .the use of 'the Turner-"-

£
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!
dispersion in reflectance from water is not constant over time.
Moreover, there are other untested factors, such as the
presence of shadows from scrub vegetation, very high sun

, } :
glint conditions or pixels that-represent the open water 7

t

class and other classes.

Nevertheless, the probability that two samples afe
drawn from the same population of water pixels has increased
by a féctor of 50. As well, the Band S June and July, and

_the Band 7 June and July samples have probabilifies that
exéqed the .1 test sfatistic. Therefore, it may be concluded
‘that the data are more standardized, but that complete s£an-
dérdiiatigp may yet be possible with current techmiques
because there are several,unfested factors. . .-

5.2.4 Analysis of the Visual Display of Corrected Data

As 311 ated in Figure 5.3a, 5.3b aﬁd 5.3c, the

raw subscenes h different colopr tones in contrast to
-'%he-more‘uniform'r d tones and the greater clarity of the
corrected subsceneg, presented in Figures 5.4a, 5.4b and
5.46. 'However, there are two proﬁlems with these'displays.
_Fifst, there are colour v;riations4due_to change in.thQ
colour monitor controls and,instabili;y in thej film préggss—
“ing (as discussed in Chapter IV). Sécondh the.Band 7
qorrécted data 1is ihéccurate, as discussed in Sectign 5.2.3.

‘As a result, there are stronger red tones in the corrected

-1
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June Hook Point raw subscene. The raw sub-
scenes have varying amounts of atmospheric
haze, which contrasts to the clarity of the
corrected subscenes (Figure 5.4)..

t
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Figure 5.3b

July Hook Point raw subscene.

N



Figure 5. 3¢

3

September Hook Point ran;;bscenc.

38.
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Figure 5.45

June Hook Point corrected subscene.
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Figure 5.4b

oG A

July Hook Point corrected subscene. The change
in red tone compared to the other corrected
subscenes is probablv due to changes in the
colour monitor controls., Cloud cover is pre-
sent in the south portion of the image. Changes
in the red tone correspond to chanoes 1n vege-
tation cover. -

e
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subscenes’ o

There is one noteworthy feature.of the cérrected
imagg}y. The July subscene has cloud coﬁer'prpsent in |
' the south quarter of the image (Figure 5.3b). The cloud
cover,femains in the corrected subscene (Figure 5.4b)
obscurring the ground view peneath, because the Turner-
Spencer equations do not correct for cloud cover. However,
the haze in the July raw subscene is reduced by the correc-
tions to standard conditions because variiijons within {as
wefb as Eetween) subscenes are reduced. .

- The corrected subscenes'appegr clearer and are more
standardized. Therefore, they have been used to test the
enhahcements.

i

5.3 Evaluation of the Surface Cover Classe;\Apr the

Corrected Hook Point July Subscene

5.3.1 Assumptions Necessary for the Evaluation

In this section, the cover classes from one corrected
subscene have been analyzed for each band, of "data.. They will
eventually be compared with enhanced data. The July cor-
récted subscene has been selected because it is the most
recent and can be compared to field data.

There i§ anéther reason for selectihg the July cor-
rected subscene. Previously, lakes have been selected as a

standard reflector based on assumptions of constancy in size
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and sediment concentration. Similar assumptions can be )
applied to subartic vegetation covér, although their albedos/
have not been as well studied. For example, over a sﬁort
period of time, the vegetation cover (and hence the albedo)
probably does not change. Field investigations did not
reveal a change in ground cover when present\ﬁround condi-,

tions were compared with the 1976 air photos. However,

legumes such as Hedysarum Mackenzii flower during July and

August colouring the lichen heaths red. This flowering

period may not have extended to June and September, and as
a tesult it cannot be assumed to be present in the June.gr
September Hook Point subscenes. Therefore, satellite and

radiometer data can be more confidently compared with the

July subscene.

5.3.2 Cover Class Digital Values and Reflectqnce Measuré-

ments \

The cover class digital values were selected by the
same method outlined in section 5.2.2. Cover classes were
identified on the Band 7 16-tone videé plots for which a
corrected Landsat subscene photograph and the ground cover
map were used to ﬁelp identify the classes (Figure 5.5).
The coordinates of the pixels were recorded and used to

identify the corresponding digital values. A total of 169

pixels could be identified for all of the cover classes
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(42 pixels wére from the open water elass used previously)
and they have been listed in Appendix B.3. A plot of mean
digital value for each.band of each cover class has been
illustrated in Figure 5.6.

In contrast,‘only si;teen measurements were obtained
from the ground based radiometer dﬁe to i?cfément weath;}
(Appendix B.4). Reflectance (in percent) was calculated by
determining the duotient of upwelling £o_downwelling radia-
tion for each band (see secwion 4.2.2). The measurements
were taken at random points aléng trangects within éach
defined 30 pixel by 50 pixel area described if Chapter IV.
The mean reflectance values have been presented in'Pigure
5.6. A change of 1% reflectance is approximately}equivalent
to 2.5 digital values. Measurements were not obtaineﬁ&fof

the open water class. Measurements were not used for MSS

Band 7 because the radiometer was not functioning for this

band.

5.3.3 Analysis of Digital Values and Reflectance Data for

the July Hook Point Cover Classes

The cover classes héve been tested by the same
method outlined in section 5.2.3. The hypothesis under
study tests if all classes are “from different pixel popu-
lations. If this is true, then the choice of cover clasﬁes

is appropriate. Furtherﬁore, they can be separated through
e )

\,..J -
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It was necessary to test the classes in pairs between

the use og MSS daté.
each class Qithin'each MSS band using the K&lmogorov-Smiinov
two sample one-taileﬁ test. The test was done on each of
ten possible combin;tions of class data for each MSS band
for a total of 40 tests (Appendix B.3). For 38 pairs, the

probability .that sampleslbf two different classes were drawn
from thé same population was less than .05. This attested
to the suitability of thesé classes. The remaining two

pairs were éhe lichen heath and low shrub fen in'éand 4 and
the alluvial thicket and lichen heath in Band 7 for which
the probabilities that the two classes were drawn from the

- “same population were between .2 and .3, and .2 and .3 res-
pectively.

- A probable explanation for this discrepancy was the
loss of some contrast in the data because atmospheric
attenuation wa§ present despite corrections to standard
conditions. The explanation has been verified with a |

"consideration of the ré&iomefer data. _Because only sixteen
measurements were ‘taken f;om the radiometer, the Kolmogorov-
Smirnov test results were determined from the small sample

fables in Conover (1971). ﬁ%ﬂefe were 20 possibie pair
é;mbinations. Each pair of samples'was from significantly

.different populations at the [} probability level. is

included the Band 4 c¢lass samples that were not sigfiificant



;:/;;;\T}uﬁfgg;bility level for the Landsat data. The mesults

 from these
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’

tests have been summarized in Appendix B.3.

is important to compare the mean digital values

plotted graphically in Figure 5.6. Mean values for the

various cover classes are linked with dashed lines to suggest

a possible

the actual

spectral curve for each class. Unfortunately,

spectral curve may look quite differegﬁ because

the plotted data only represent the average of broadband

sensor data.

-

From the graph, the vegetation classes mean digital

values agree with studies of .reflection in green vegetation.
Fd

Vegetation

reflects in the visible green (Ban& 4), absorbs

in the visible red (Band 5) and reflects higﬁi})in‘the near

infrared (Band 6 and Band 7). The same results are observed

with field

/
reflectance data, except that the Band 6 reflec-

tance of the lichen heath class is different.

As

cIass also

0f view of

of view of

more water

well, the Band 6 reflectance of the tidal £%at
differs from satellite measurements. The field

the radiometer is small in comparison tol the field

the satellite. Therefore, it is possible that

was viewed by the radiometer during field measure-

ments of lichen heaths, and that less water was viewed by the

radiometer

.to what was

during field measurements of tidal flats compared

viewed by the Landsat MSS.

' The difference in field of view, as well as possible

differences in ground conditions at the time of measurement,

P N R - [

__\

7
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probably account for differences between the satellite and
radiometer mean data. When the subscene data is changed to
standard solar.4nd atmospheri& conditipns, less contrast in
the .satellite daga will be observed because the atmospheric
effects are not removed; and the class digital values appear
closer togetherﬁf However, the radiometer measurements wefe
obtained during periods of variable cloudiness. As well,
the radiometer may not measure radiance accurately because
the'instrdﬁgnﬁ calibration changes with temperature and
battery current. Therefore, a comparison between satellite

and radiometer data is meaningless.

5.3.4 Analysis of the Visual Display of Cover Classes

The cover classes have different digital values so
that they should be distinguishable on the raw (Figure 5.3b)
and corrected (Figure 5.4b) subséenes. Indeed, the cover
classes appear as different red tones. The corrected sub-
scene appears less hazy. It would probably be better for
mapping these classes because'there is more contrast between
the classes.

It is difficult to estimate the value of these cor-
rectionijfor interpretation of surface cover because there
are several untested variables. As previously mentioned, -

the colour monitor controls and the film prbcessing are

difficult to stabilize. Moreover, it is impossible to

.
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& ~ 100,
quantify the skillf)experience and visual acuity of the |
\ .
} . .
interpreter. Therefore, it Mmust be realized that conclusions
drawn from such visual ésseg;ments may nof apply elsewhere.
: B N Q

5.4 . Evaluation of the Image Enhancements for the Hook

Point July Subscene

5.4.1 Linear Contrast Stretchl’ En cement
7

The vegetation classes were emphasized in this enhance-

ment. Unfortunately, there was no objective method fer select-

" ing the stretch limits.' The limits were selected, therefore,

on the Qiiﬂs of reflectance theory for vegetation. - Band 6
and Band 7 were useful because vegetation reflected highly
in the near iﬁfrared. In contrast, water absorbed strongly
in these bands. This produced a bimodal frequency histogram

for the 512 pixel by 512 pixel subscene. Other bands failed

" to show this pattern. (Asa result, the selection of the
p

gain and bias values were more subjective in Band 4 and Band
5.

The gain was calculated as the quotient of the total
range of 255 digital values of output'and the range of 64
digital values of vegetatioﬁ class data i@entified for Band
7. An offset of 24 was selected to maintain positive digital
values. .The gain_and bias values éelected for the other
bands have beén listed in Figure 5.7 together with graphic

plots of the resulting mean digital value. Line prints were

o~ /
’ .
'
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'l._INEAR CONTRAST STRETCH — HOOK POINT
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Figure 5.7 The plotted mean digital values for the

linear contrast stretch. The gain and
bias values for each band are listed.
These are for the July Hook Point subscene.
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used to record enhanced pixel digital values for the same
class pixels.
Because differen£ gain and bias values were selected

. for each bahd, the mean digital values were all different.
The differences between the digital;ﬁ;ﬁﬁis were emphasized
in each band. The enhanced mean digital values were all
different compared to the pre-enhanced or corrected values
(Figure 5.6). _Therefore, a comparison was meaningless.

- The enhancement changes the appearance of the image.
The tidal flat class was truncated at the 255th digital
value in Band 4 and Band 5, compared to 124th and 60th digital
value respectively for the corrected class. Therefore,

- this class appears bright blue and green (Figure 5.8). In

'/‘4

fontrast the open water class appears dark because all of
the mean digital values are lower in the enhanced data.

The blue tone is due to the relatively higher Band 4.va1ues.
The enhanced vegetation classes appear as mixed shades of
blue, green and red because the digital values are different
compared to the unenhanced digital values. For example,

the low shrub_fen appears bright red in the subscéﬁe.
because its Band Z mean digital value is higher after

enhancement.

The linear contrast stretch enhancement is effective
for the display of natural vegetation because the mean

digital value for each band of each vegetation class is
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Figure 5.8

The linear contrast stretch enhancement
.of the Julv Hook Point subscene. Note the
white tones of the lichen heaths, the blue
tones of the alluvial thickets and the red
tones of the low shrub fens.
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different. This contrasts with the studies of the linear
contrast stretch in geologic applications described in

Chapter II.

. 5.4.2 _ Band Raticing Enhancement

Band ratioing can also be used to emphasiée differ-
' eﬁces in vegetation caver. Previods works by Thomas (1979)
and others have reported that the infrared response in vege-
tation is related to a change in planpbyigor or a change in
plant type. The visible reflection is not as well corre-
lated with vegetation.

The ratio of B;Pd 4 to Band 7 was tested in the
study. The same bixels used in section 5.3.2 were used
after'enhancement to find the mean digitél value (Figure
5.9). They‘have been presented so that they can be compared
with previodsly plotted data. The enhanced subscene has
been presented iﬁ Figure 5.10. Because only one digital
value was produced in this enhancement, only one colour
was needed for the display.

The wide range of mean digital values aktested to
the differences between eac; cover class. The lichen heath
and alluvial thicket cover classes were'clearly displayed
as different tones on the image because their ratioed values
were very different. The low shrub fen was displayed as a

light tone similar to the lichen heaths. The tidal flat
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BAND RATIOING - HOOK POINT
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The mean digital values for the band ratio-
ing enhancement (Hook Point July subscene).
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Figure 5.10 The band ratioing enhancement for the Julv-
Hook Point subscene. The cloud cover is
reduced in the image. =
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cover class data were set to the 255th digital valuye by the
coﬁ%tast.StPEtCh selected for the display. The cloud cover
was feduced because its ef}ect was partially dividéd out,
Radiometric striping has been enhanced becausé the radio-
metric errors have not been eliminated.

Unlike tﬁe linear contrast stretch enhancement, it
was impossible to predict if the digital values would remain
significantly different between classes, because“more than
one variable was included in the equation. Therefore,
another series of Kolmogorov-Smirnav two sample one-tailed
tests was used on six possible paired samples of the four
enhanced vegatation classes‘@xcluding the tidal flat class).
The results showed that forallpairs, the probability that
the two class samples were drawn from the same popu-
lation was less than .001 (Appendix B.5). This includ-
ed the alluvial thicket and open water pair for which the
calcuated probability was less than .001.

There }é one reagon for the lower calculated proba-'
bility (.001) for alt of the six sample pairs‘for the
enhanced compared to the_pre-enhanced classes. The band
ra%ioing enhancement uses more of the spectral informatiop
to calculate a unique number. This number is dependent {
on- the displacement on the digital value scale. It has a
different meaning than a single MSS digital value and

different results would be expected. \\hJ TN
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The alluvial thicket and open water classes have
different ratios because the alluvial thicket has little water
present. The broadband spectral curves are similar.

Again, these results do not agree with the geolo-
gical investigations described in the second chapter. The
ratioed values for Hook Point vegetation cover are unique,
whereas they are similar for different Q}ﬁﬁg'of exposed
rock. Therefore, the band ratioing enhancement can be

used more successfully for this application.

5.4.3  Video Filtering Enhancement

The video filtering enhéncemeq_ was achieved through
the use of equation 3.9. The gain and bijs values were
selected to increase scene contrast when necessary, and
they have been listed'together with the mean digital-values
of the enhanced cover classes in Figﬁre 5.11. The enhanced
512 pixel by 512 pixel subscene has been illustrated in
Figure 5.12.

A series of statis;ical tests were applied to a
possible 10 “paired samples of classes within each band for
a total of 40 tests. The KolmogProv-Smirnov two sample one-
tailed test was used and the results have been summarized
in Appendix B.6. The data for the test were randomly
selected because the enhancement depends on sele;ting adja-

cent pixels. Random number tables were used to select coor-
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video filtering enhancement (Hook Point-July

subscene).

»
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Figure 5.12 The video\filtering enhancement for the July"
Hook Point™gubscene (3 pixel by 3 pixel
filter at .5 3
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dinates fromAwithin the 30 piiel by 50 pixel subscenes and
they have been listed in Appendix B.6. Smallﬁsamﬁies were
selected. wn

Thé results show that for 39 pairs, the preﬁabiiiiy
that the fwo samples were drawn from the same population
was less than .1. The lichen heath and alluvial thicket
Band 7 saﬁples were ﬁgtifrgm'different populations at the

. N

.1 probability level. e

The results were .different from the results for the.
pre-enhanced\Hook Point cover classes. For examgle, both
the lichen .afh and low shrub fen in Band 4, and the
alluvial thicket and lichen heath in Band 7 were from signi-
ficantly different‘popuiations.with tﬂe enhancement. The
results are explained with the enhancement formula. The
enhanced digital values mayﬂbé'more representative of “each
class because the mean of a group of digital values from each class
has been used in calculations of the&new_result-. Conversely, the
lichen heath class is not enhanced. The meén digitai value
is calculated from the alluvial thicket class, because the
lichen heaths are small features surrounded by the alluvial
‘thickets. The lichen heath enhanced values are closer to
the alluvial thicket digital values in all bands, and
especially in Band 7. @ N

There is little difference between the pre-enhanced

(Figure 5.6 top) and enhanced mean digital values., The
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k]

mean digital value was calculated from ran&omly selected
rpixels. The scene contrast was not increased with the gain
and bias values selected because ‘'the available brightness
values were sufficient to display all of the data. There
were two major changes. First, the Band 7 alluvial thicket
and iichen heath mean digital values were nearly equal, F\\\ﬁ,
for'reasons discussed above{_“Secbnd, the enhanced tidal
"flat class mean digital value for Band 4 was ﬁot displayed
because an error in the line print coordinates made it
difficult to locate the tidal flat enhanced pixels.

The results of this investigation concur_with pre-
vious studies. The enhancement has limited use. The
author cannot detect increased contrast between classes or
with 1linear featurés on the enhanced subscene in the visual
display. The MSS radiometric ggifgfgtion errors are not

enhanced. . - %

5.5 Appllcatlon of the Result to the ChUTChlll Subscene

The Church111 study site has several cover classes
in common with the Hook Point site. Therefore, the Churchill
site is a suitable area for which the results of the Hosk
Point investigation can be ftested. The Churchill data will
be ,analyzed using the same tecﬁniques.

‘For the Churchill study 51te Band 7 16-tone video

plots ﬁnd line prints were used to 1dent1fy cover class
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(g
pixels amd their corresponding digital values. Plots of

mean digital value were produced and appear throughout this
section. Where appropriate, Kgimogorov-Smirnov two sample
‘ i

one-tailed tests have been used.

5.5.1 Atmospheric Corrections Applied
i

The raw and corrected subscenes for the Churchill
study site are presented in Figure 5.13. A total of.37
open water class pixels have been identified (Appendix
B.7). Thgy have been uséd to find the mean digital values,
graphically displayed in Figur‘S.M. As can be seen, the
corrected mean digital values are much lower than the uncor-
rected values. The solar elevation has been lowered to'SOO,
but the low digital values are also explained by systematic
errors in estimating the extinction coefficient (Ahern, pers.
cémm.). The sy:tematic errors in Band 7 have Been corrected.
Compared to the Hook Point open water class data (Figure 5.6)
the mean digital value differs slightly‘in.Bdnd 4, Band 5
and Band 7. The water pixels selected from the Churchill
subscene are from small lakes that frequently fluctuate in
water levels. Therefore, reflection from lake bot;oms may
influence the water albedos that may not have been a factor
at the HooK Point study site, _

The‘cofrected subscenes appear more red than the raw

subscenes because the Band 7 digital values are relatively
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The Churchiill study site raw (top) and cor-
rected (bottom) subscenes. The corrected
subscence appears clearer, as scen by the
absence of haze over the delta of the Churchill
River, The bare rock outcrop and urban scttle-
ment ¢lasses cannot be distinguished.

(=33
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higher. As well, the corrected subscene is clearer than the
raw subscene becausﬁ much of the visible haze has been re-

\

moved.

5.5.2 Surface Cover Class Data Analwnsis

The-saﬁe assumptions in the aﬂllysis of the Hook
Point éover classes were applied to the Churchill data with
one exception. The urban gettlement class has recently
changed due to rapid depopulation. Several buildings present
in the 1972 air photographs have been removed. As a result,
it was necessary to select pixels from features that remained
unchanged, such as ;irport TUNwWays.

The pixels were selected by the same method outlined
in section 5.3.2. Cover class data were identified on the
Band 7 16-tone video plot with the aid of field information
and the Landsat corrected subscene. The corresponding
digital value was extracted from the line prints. A total
of 158 pixels were identified for fhe six ciasses (Appeﬂdix
B.7).

‘A graphic plot of mean digzzél values for each cover
class has been presented in fggure 5.15. Once again, there
was gfeatér ihfrared absorption by the open water class in
contrast td.the high infrared reflectance of vegetation.

The rock outcrop and urban settlement classes had nearly

equél meas digital values throughout.
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Figure 5,15 The plotted mean digital/values for the cover
classes of the Churchilllsite.

N



118.

The digital values were tested using the Kolmogorov-
Smirnoy two sample one-tailed test. The tests were performed
on class sample pairs within each band of corrected data.
There were 15 possible paired combinations within each band
for a total of 60 tests. The Tesults show that for 55 pairs,
the probability that each sample was drawn from the same
population was less than .05. The MSS digital data is suit-
able for separating these cover classes.

The same conclusion was not reached for theAZEEk
gutcrop and urban settlement classes. All four MSS bands
had probabilities that class'samples‘ﬁere drawn from £he
same population that exceeded the .1 criterion level. This
was explained by a consideration of the classes themselves.
Much of the exposed rock af Churchill has been quafried for
the runways, roads and other services. Therefore, both
classes were similar. The remalning palr was the open water
and lichen heath Band 4 data for which the probability of
being drawn from the same population also exceeded the .1
criterion level. An examination of the graphic plots
(Figure 5.15) revealed that all Band 4 mean digital values
had a nar;éw dynamic range.. A reduction in contéast, due
to a‘ttgn/uation in the a';mosphere, probably accbunts for the

higher probability.
The alluvial thicket and lichen heath cover classes

have slightly different MSS mean digital values compared to
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the Hook Point mean digital values. Ground conditions were
probably different for theates and locations of Landsat

data so that small differences were produced.

5.5.3 Evaluation of the Image Enhancements for the Churchill

Subscene

/

J

(A) Linear Contrast Stretch Enﬁancement (

The vegetation classes were emphasized in this enhance-
ment. The stretch limits were selected on the basis of reflec-
'fance theory for vegetation. Band 7 was displayed in frequency
histogram form, and the Tange 6f vegetation digital values
noted. The gain was calculated as the total range of 255
digital values to the range of 64 for vegetation, and an off-
set of 8 digital values was used to maintain positive digital
values. The enhancement is illustrated in Figure 5.16.

The same pixels selected for the previous section
were used to calculate the mean digital value that is graphi-
cally displayed as Figure 5.17. As can be seen, different
gain and bias values were selected for each band, and as a
result, the mean digital values were st%etched in each band.
The 1ichen.wood1and.appeared as shades of bright red because
its high infrared reflectance produced high Band 7 digital
values. The lichen heath ridges had lower Band 7, values so
they appeared more blue and green. The open water ass

appéared blue and green because its Band 4 and Band 5 digi-
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o

Figure 5.16

o

The linear contrast stretch enhancement of the

Churchill site. The vegetation classes can be

cleaxly distinguished, in contrast to the urban
settlement and rock outcrop class.
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tal values were high.

Because the rock outcrop and urbﬁn settlement-classes
had nearly equal values, they were poorly separated by this
enhancement. For these classes, both the Band 4 and Band 5§
digital values were truncated at 255.

The enhancement is, therefore, suitable for empha-
sizing vegetation. The saﬁe result has been determined for
the Hook Point investigation. 1In agreement with the previous
studies, the geologic materials which have similar albedos
cannot be differentiated by this enhancement.

(B) Band Ratioing Enhancement

The band ratioing enhancement (Figure 5.18) was
studied for the Band 4 to Band 7 ratio. Once again, thé same
cover class pixels were selected to calculate the mean digital
value (Figure 5.19). The gain and bias were selected to best
display the ratioed subscene dﬁta.

.Fortunately, the gain gnd bias values selected for
énalysis were- similar to the Hook Point enhancement. The
Churchill 512 pixel by 512 pixel subscene had less contrast
and hence, less dynamic range for the whole scene, As a
result, a different gain and offset was needed so that the
colour monitor could display the rétioed subscene.

The 10 possible combinations (without the open water

’//:1ass tuncated at the 255th digital level) of classes were

‘tested using the Kolmogorov-Smirnov two sample one-tailed



Figure 5.18

The band ratioing enhancement of the Churchill
site. The vegetation patterns can be distin-
guished on the image. The open water class
appears white because its stretched value
exceeded 255.
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test (Appendix B.8). For two pairs, ihe probabili%y that
samples ,0f two classes. were drawn from the same population
. exceeded the .1 criterion level.. Qne pair was the rock.
outcrop and urban settlement classes. As ﬁreviQusly des-
cribed, the two classes cannot be separated because their .
MSS values were virtuall} equal, Thé lichen woodland and
alluvial thicket classes also exceeded the critical level.
Unique ratios were not produced for these classes. This
contradicts the results for the Hook Point'study. There-
fore, unique ratios for fegetation, as Thomas (1975) has
found, may not always exist.

\\The enhanced subscene appears clear and most of
the surface cover can be mapped. As found with the Hook
Point invespigation, the radiometric errors are enhanced.

They are displayed as horizontal stripes in the subscene.

v
(C) Video Filtering Enhancement

The video filtering enhancement was tesﬁéd‘fqr the
same size and strength of filter used in the Hook Point
study. Once again, it waslnecessary to -select 60 pixels ///_\S‘
randomly, using random‘number tables to selecF coordinates. .

The coordinates have been listed with the digital values in
A@%endi; B.9.

The mean digital value has betm derived from the
random ﬁixels and is graphically displayeﬁ in Figure 5.20.

The gain and bias values were selected so that the dynamic
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range was not increased. The enhanced mean digitalyglues
are similar to the pre-enhanced digital values (Figure 5.15)
except for two cases. First, the Band 7 open water class
digital value is lower in the enhancement. Second, in all
bands, tﬁe rock outcrop and urban settlement classes are
slightly different in the enhancement.

A series of Kolmogorov-Smirnov tgg/;ample one-tailed
tests were applied to each of the 15 ﬁossible combinations
of classes within each band, for a‘totalbof Gb tests
(Appendix B.9). For 59.tests, the probabilit; that any

air wés drawn from the same population did not exceed the
.1 probability level. Only the Band 4 rock outcrop and
urban settlement classes could havehﬁéen drawn from the same
popuiation.

The results contradict the results of the pre- .
enhanced cover classes. The classes had probabilities of
being drawn from the same population that exceeded the :1
criterion Jlevel. As described in the Hook Point investi-
gation, tgt average of seVerél pixels has been used in the
enhancement. The rock outcrop and urban settlement classes
are small surface cover features. Therefore, the enhance-
"ment averages other cover classes to derive the new value,
_so that the two classes become dissimilar. The enhancement

may not'be considered useful if precise de'tail is necessary.

Indeed, the video filtering enhancement appears,

C ‘\_. o

N

£% TR
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similar to the corrected,{pre-enhanced) subscene (Figure
5.21). Radiometric erris were not enhanced. The cover
classes do not appear clearer and they cannot be easily

mapped.

5.6 LXonclusions

The analysis and results of the appliéation of
corrections and enhancements to the Hook Point and Churchill
subscenes have been presented in this chapter. The study
has shown that afmospheric and solar corrections may not
be enough to standardize Landsat data from different dates,
but several factors have not been examined in this study.
The images appeared clearer after corrections were épplied.'
The cover classes were analyzed before and after enhancement
and the linear contrast stretch and band ratioing enhance-
ments- were suitable for differentiating vegetation cover
classes. Video filtering was not very effective.

Chapter 6 will discuss the implications and recommen-

dations from this study and summarize the most important

points.
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The video filtering enhancement for the
Churchill study site., The level of detaill
is similar to the corrected subscene (Figure
5.13). The orange colour of the subscene

is probably due to changes in colour monitor
controls.
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- atmospheres. Third, the corrections depend on ipput para-

CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The effects of solar and atmospheric corrections, the
linear contrast stretch, band ratioing and video filteriﬁg
enhancemenfs were examined for two study sites in northern
Cénada. For the first test site, the solar and atmespheric
corrections did not standardize digital values between differ-
ent dates of imagery,.but the digital vélueé were closer to
equality after thé corrections were applied; The linear
contrast stretch and band_ratioing enhancements were effec-
tive for emphasizing differences in yegetatiég, but the
video filtering enhancement failed to do so. Similar results
were found for the second test site.

-Several.conclusions may be derived from this study:
(1} There are several limitations to the use of the Ahern
solar and atmospheric corrections which partially account for
the discrepancies with these corrections. First, the correc-
tions assume Lambertian ground reflectance, but many ground
ti&@ets probably reflect'directionally. Second, th grrec-

tions are ineffective for cloud cover and non-homg

meters that are inaccurately calculated.

130.



— _ 131.

L

In addition to the above, there afe several untested
sources of error which have affected the evaluation of these
corrections. The assumptions about the use of clear water
for comparison of digital values may be incorrect. Second,
the clear water pixels may not represent only clear water.

As well, factors sucﬂ as unusually high sun glint may affect
the digital value response. Finally, there is always sampl-
ing error, due to possible variations in the geometric
corrections or geomefric registration. Therefore, ﬁne cannot
conclude that these corrections are ineffective.

(2) Although there are many sources of error, there are

many advantages for the use of thesercorrections. In parti-
cular, they help standardize the data that have atmospheric
effects present® They enhance the appearance of the visual
display. A Moreover, corrections by the Ahern method circum-
vent fhe use of field data. It can be applied to any lLandsat
scene where clear lakes are present.‘ In classification,
corrected data may then be separated-into classes that
-represent ground variations and not ground plus atmospheric
variations in radiance. For enhancements, the intrinsic
radianée of the ground will be enhanced\ //-i./
(3) Although the corrections described are necessary for all
Landsat data, more co}rections are needed for areas of vari-
able relief. 1In these areas, the aﬁplication of digital -

terrain models is a necessity.
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(4) For the Hook Point study site, almost all the cover
classes studied had unique albedos. Not all of the radian;é
values received by the MSS were unique because contrast 1is
lost as a result of intervening effects in the atmosphere.
The mean digital values and the radiometer measurements agree
with. established remote sensing literature about reflectance
of green vegetation. It must be realized that the satellite
and radiometer data have been obtained on different dates,
and that the radiometer may not measure reflectance accurately.
~Furthermore, inclement weather prevented obtaining better

'

méa urments. Therefore, direct comparisons of satellite and
radio%é;er data are‘questionable.

.h‘(S) In this study, the linear contrast stretch was effective
for enhancing differences between vegetation. Sqme othér -
data were stretched to the 255th digital value and, therefore,
were not meaningfully displayed. The results differ.from the
geological studies described in Cﬁapter 11, which reported
1ittle success with this enhancement. |

(6) The band ratioing enhancement emphasized the vegetation
patterns described in this study because unique ratioed values
were prbduced. For the Churchill study site, two classes
with similar MSS digital values were not enhanced. The
results support the geological studies described in the

second chapter because unique ratioed values for exposed rock

were not produced.
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(7) The.specffic video filtering en%ancem%nt did not enhance
the cover classes in this study. In a few cases, the enhance-
ment was detrimental. The enhancement‘has a term which
calculates the average of a number of pixels. However, for
classes thét are small }n size, the average value may not be
representative of the class itself. The results of this

study supports the results of othek studies que%i%;ﬁ“¢33

the second chapter.

6.2 Recommendations

The scarcity of studie®Wapplying image corTrections

and enhancements to Landsat data indicates a need for more

research. From this study, the foYlowing  future research

goals can be suggested:
(1) To investigate the puse of a large and stable reflector
which can be used to properly ébﬁiuate the AHern|solar and
atmospheric corrections.
andsat-

(2) To test other radiative solutigns on

s
data to determine if a more accuraﬁe resutt can be found other
than the solution tested in this study. |
(3) " To determine what is the critical ount of relief for
the use of digital terrain models in addition to the correc-
tions described in this study.
(4) To examine the effects of the linear cgntrast stretch

enhancement when different portions of MS§ t#¥nd data are
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stretched, and to compare the results to this investigation.
(5) To test all of.tpe different band ratios to determihe
their effects on the same cover classes described in this
Study. .Alternatively, the same bandlratio used in this study
can be used to enhance cover classes from different environ-
ments.

(6) To Etudy different video filter strengths and sizes on
the same subscene so that.its effectiveness can be more
cbmpletely evaluated. Alternatively, the same size and
strength of video filter used in this‘study can be used to
enhance cover classes from different environments.

(7) To determine if a method can be developed that quanti-
fies the colour honitor control variations and stabilizes
the film reproduc%ion techniques so that variability between

each image is reduced.
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GLOSSARY

A map of grey tones for any MSS
band. Each grey tone is 16
digital values.

A range of frequencies or wave-
lengths in the electromagnetic
spectrum that a detector is
sensitive to.

A 1600 B.P.I. magnetic tape that
contains a Landsat image and
library information.

A colour pilcture tube that
displays remote sensing data.
It is a part of the image
analysis system.

A range of unitless radiance
levels on a scale of 0 to 256
or 0 to 64.

A document that contains the
digital values for a portion of
one MSS band.

An image element that defines
the apparent ground resolution
of a remote sensing system.

A portion of the scene or image
contained on the CCT.

T

[- ‘
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(from Anon., 1974)
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- Fecur channcls reproducing the ERTS MSS band-
pacces (0.5 to 0.6 microns; 0.6 to 0.7 nicrons;
0.7 to 0.8 microns;‘and 0.8 to ‘1.1 microns).

Glass absorption filters are used to correct the
siliceon detectors to sirulate the ERTS photo-
rualtiplier response curves. Thin film filters

Erpcured to ERTS specifications arc then added
. to/precisely reproduce tlic ERTS bandpasses.

— Three rodes of operation:

(1} 15 degrec circular field of view for near
- terrain measurements;

{2) 1 degree squarec field of view to observe
the 260 feoot squarc resolution element of
ERTS from aircraft altitude

(3} 2~r steradian ficld of view for measuring
downwelling (incident) radiation.

- Calibrzated using precision llght sources arg
relflcctance standards. An absolute accuracy of
plus/minus 5% is maintained over the entire
operationzl environmental range. Recalibration
vill not be required for periods of one yecar or
rore under typical use conditions.

—~ Four independent lsw impedance (1C00 ohm), high
level (5 volts=full scale) outputs. Casc isolation
provided. May be shorted to ground or each other
without damage to instrument. Electrical band-
pass of 0-80 Hz ensures high data rate capability

-with low noisc operation.

~ 1} Six wnosition switch ("OFF",. cach of the Ffour
channels and "Battery Check' for display cn the
instrumsnt meter)

2) Four scporate selector switches - one for each
channel for Gain X1, XS, X25 and X125.

‘Precision 1.5 power, erect image scope. Still and
movie photography of the tarpet arca can be
accomplished through this sight.
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APPENDIX B
SUMMARY OF KOLMOGOROV-SMIRNOV TESTS

o
o

"o -
The results of the Kolmogorov-Smirnov two sample
one-tailed tests are sumﬁ;rize& in this appendix. There
are nine groups of tests fbr each analysis in Chapter V.
Three tables are presented for each group. They are:
I. CCT Pixel Digital Values. The coordinates for each
pixel (n) arg‘listed as columns x and y. Coordinate x
is théﬁhorizontal coordiﬁgte and y 1is ?he vertical coordi-
nate. Coordinates are listed for the Hook Point open water
raw data tablé, the Hook Point and Churchill cover class
tdbles, and the Hook Point and Churchill video filtering
tables. No coordinates are given for the radiometer data.
The corrgsponding digitgl values are listed in columns 4,

5, 6 and 7 for Band 4, Baﬁg 5, Band 6 and\?and 7 MSS data

respectively.

» ‘ . <z

~

II; Digital Value Histograms. The CCT digital_values are
plotted in frequencf histogram form, with frequency on the
vertical axis énd digital Qalue 6n the horizontal axis.
The band that each histogram represents 1s given at the
bottom of each column of histograms and the cover class.or

data date. that each histoggam represenﬁ?iis given at the

L]

143.
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left side of each row of histograms. Each histogram is
labelled with an upper case letter.

ITI.  Kolmogorov-Smirnov Summaries. The paired tests
between the data are listed in a column with each pair
tested "indicated by two frequency histogram labels. The
‘calculated D-MAX value appears in the second column.

the test value (X ) for large samples (from Conover (1971))
or the .1 significance level probablllty for small samples
(from Conover (1971)) is also listed. Thq‘paired tests
results are listed in the final column. Recall that the
null hypothesis is that the two samples under investiga-

- tion are not from different ﬁopulationé, Therefore, the
tabular results afe'expressed as the probability that these
two samples are drawn from the same population.

AN
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Appendix B.1
OPEN WATER RAW DATA-HOOK POINT
June July Sept.

n x y 4 5 6 7 x y 4 5 6 7 x y 4 5 67
1 1895 1415 32 24 13 5 1009 1245 41 27.25 6 1654 2243 2918 81
2 1896 1416 34 25 15 5 1010 1245 42 29 25 6 1655 2243 29 2010 1
3 1896 1416 34 25 17 5 1010 1246 43 31 26 6 1655 2244 2921101
4 1781 1065 35 26 17 5 895 1175 44 31 27 6 1540 2173 31 2110 1
> 1781 1346 35 26 17 5 895 1176 45 32 28 7 1540 7174 35 22 13 1
6 1782 1346 36 26 18 5 896 1176 45 32 28 7 1541 2174 312213 2
7 1782 1348 36 27 18 5 896 1178 45 32 28 7 1541 2176 31 22 13 2
8 1783 1348 36 27 18 5 897 1178 .46 34 26 7 1542 2176 31 22 13 2
9 1784 1347 37 27 19 6 898 1177 46 34 26 8 1543 2175 31 22 13 2
10 1784 1348 37 27 19 6 898 1178 47.35 27 8 1543 2176 31 22 13 2
1785 1349 37 27 19 6 . 899 1179 47 36 27 8 1544 2177 31 23 11 2
1776 1349 38 28 19 6 890 1179 48 36 27 9 1535 2177 3] 23 11 2
131777 1559 39 28 19 6 891 1180 49 35 29 9 1536 2178 31 24 103
14 1777 1351 38 29 20 7 892 1181 49 37 31 10 1537 2179 3] 24 17 3
15 1817 1432 37 29°20 7 931 1262 51 38 30 10 1576 2260 31 24 15 3
16 1818 1432 37 30 21x7 932 1262 48 39 30 10 1577 2260 31 24 15 3
17 1818 1433 39 30 22 7 932 1263 47 35 30 11 1577 2261 33 23 14 3
18 1819 1432 38 30 23 7 933-1263 48 34 29 11 1578 2261 33 23 16 3
19 1819 1434 37 29 23 7 933 1264 46 33 28 9 1578 2262 %é 2316 3

20 1819 1435 37 29 25 7 933 1265 46 33 27 9 1578 2263 2314 3
21 1820 1434 33 25 22°6 934 1264 45 33 26 9. 1579 2262 32 23 14 2
22 1820 1435 33 26 21 6 934 1265 44 33 25 8 1579 2263 32 22 13. 2
23 1821 1435 35 26 21 6 935 1265 44 33 26 8 1580 2263 32 22 13 2
24 1821 1436 35 26 18 6 935 1266 44 33 26 8 1580 2264 32 22 13 2
25 1854 1453 35 26 17 6 968 1283 45 32 25 8 1613 2281 32 71 13 1
20 1855 1454 35 27 16 6 969 1284 43 31 23 .8 1614 2282 34 25 13 3
2%,1856 1454 34 27 15 6 970 1284 42 30 28 7. 1615 2282 34 2513 3
2871856 1455 34 27 14 5 970 1285 41 30 28 7 1615 2283 34 26 14 1
29 1857 1455 35 27 19 7 971 1285 40 30 28 6 1616 2283 28 21 8 3
30 1857-1456 35 27 19 7 971 1286 42 32 26 7 1616 2284 27 21 8 3
51 1857 1457 36 28 19 5 971 1287 43 32 27 7 1616 2285 29 21 9 2
32 1857 1470 36 28 19 6 971 1300 43 32 27 8 1616 2298 28 21 91
33 1858 1457 36 28 19 6 972 1287 43 28 27 8 1617 2285 30 .20 6 1
34 1858.1458 36 28 19 6 972 1288 45 33 29 9 1617 2286 30 20 11 1
35 1858 1470 36 28 24 7  972.1300 45 33 29 . 9 1617 2298 30 19 91
36 1859 1459 36 28 24 7 973 1289 46 33 29 10 1618 2287 30 24 11 2
37 1859 1490 35 27 22 5 973 1290 46 33 30 10 1618 2289 30 2311 2
58 1859 1499 37 27 21-7 973 1299 46 34 24 10 1618 2297 30 20 12 2
39 1878 1473 38 29 20 S 992 1303 44 34 24 8 1637 2301 30 19 7 1
40 1878 1474 36 29 20 5. 992 1304 47 34 24 9 1637 2302 33 22 16 1
41 1879 1474 36 28 18.7 993 1304 48 34 24 9 1638 2302 33 23 15 2
42 1879 1412 37 26 17 6 993 1305 50 24 8 1638 34 26 14 3
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OPEN WATER RAW DATA-HOOK POINT

147,

]

PAIR D-MAX X Pr*
A- B 1 84
B-C .83 58
A-C 1 84
D-E .86 62
E-F .88 65
D-F- 1 84
G-H .90 69
H-1I 1 84
G-1 .83 58
J-K 6o 40
K-L Yl 84
L .1 84

* Probability of both sémples drawn from same population™

- shown .only where Pr > .001.

¢
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Appendix B.2Z

OPEN WATER CORRECTED DATA-HOOK POINT

JUNE JULY

]
'S
(o]

(same coordinates as'Open Water.Raw Data-Hook Poin

o

SEPTEMBER
n 4 5 6 7 4 5 6 7 4 5 6 7
1 2 1 4 9 5 1 1 11 2 2 5 7
2 4 2 5 12 7 1 2 10 3 2 6 6
3 4 3 5 12 8§ 2 2 11 4 3 7 9
4 5 3 5 13 9 2 3 12 4 4 8 9
5 s 4 17 15 3 3 2 13 4 3 9 10
6 6 4 6 15 2 3 3 13 5 4 9 10
i 6 4 8 12 6 .3 3 14 5 4 10 11
8 7 5 8 15 10 4 5 15 5 6. 8 11
9 10 5 12 18 .12 5 7 15 12 9 8 11
10 3 6 9 15 - 11 4 5 19 11 7 11 13
11 4 6 9 16 13 5 7 15 11 5 10 14
12 5 1 2 14 15 7 7 15 9 8 13 14
13 5 1 3 14 16 6 8 18 8 "6 12 15
14 6 2 7 14 15. 7 9 18 8 6 13 16
15 6 2 7 14 14 7 9 18 8 6 13 .17
16 8 7 9 7 13 5 7 19 6 5 12 16
17 9 7 9 17 12 5 9 19 6 S5 100 13
18 3 4 6 14 6 3 4 15 6° 5 10 13
19- 4 6 10 12 6 3 4 15 6 7 12 16
20 5 6 9 17 7 2 5. 17 6 7 12 16
21 7 9 10<38 8 3 5 19 7 6 11 14
22 7 7 7 14 .9 4 8 14 7 6 11 12.
23 8 .8 10 14 9 4 5 21 7 6 11 12
24 3 3 11 13 10 4 6 15 36 13 14
25 5 6 9 16 11 5 6 15 41 6 15
26 9 9 11 19 9 4 "6 .14 5 4 14 17
27 g§ 7 7 13 10 5 7 14 8 9 15 18

‘28 7 8 11 19 11 5 8§ 16 8 .8 14 17
29 7 8 12 20 12 5 8 16 17 18
30 1 2 8 13 13 3 10 14 9 17 13
31 2 -2 7 15 5 4 5 16 10 18 19
32 3 3 7 15§ 12. 6 8 16 9 10| 18 20
33 4 5 8 13 12 8 10 14 "5 6l 16 15
34 4 5 8 16 11 5 6 16 5 4\15 13
35 4 S5 "8 16 14 9 11 16 6 7 15 12
36 4 3 13 20 9 3 & 17 7 7 16 15
37 5 4 6 8 8 3 6 17 7 8 16 14\
38 5 4 6 11 9 6 7 20 6 8 19 13
39 6 4 6 11 10 9 & 17 7 5 15 12
40 6 5 5 11 8 4 4 13 7 5 14 9
41. 5 4 5 10. 7 2 2 .12 6 7 9 8
42 5 3 4 10 g 4 4 13 5 3 7 s

o]
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OPEN WATER CORRECTED DATA-HOOK POINT

E&lﬁl D-MAX
-A'T.B .62
B -C .48
A~ C .26
D‘- E .10
E - F .36
D~ F .26
G - H .26
H-1I 67
G -1 .53
J‘- K 0

K - L .31
J -1 .31

32.
19,

L L]
o (=] oo

.76

Pr=*

150.

* Probability of both samples drawn from same populations:

shown only where Pr > .05.x
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-* Probability of both samples drawn from same population:

.05,

shown only where Pr.>



RADIOMETER DATA-HOOK POINT
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Appendix B.4

A-THICKET -  T-FLATS L-HEATH_ L-S FEN
~ /-
45 6 5 6 4 5 6 4 5 g
5 4 14 55 35 30 910 6 14 10 17
5 4 14 S6 26 30 10 10 7 .16 12 19
4 3 13 10 16 7. 15 11 18
6 5 14 10 10. 7 15 11 18
1 10 s 15 11 18
-
A
f

156.
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RADIOMETER DATA-HOOK POINT

SIGNIFICANCE o - S/

PAIR  D-MAX - LEVEL Qf* 2

A - B 1 .78 7
A-C 1 6 :

A-D - 1 .6 g

B --C 1 .8 e -
B-D _ .8

C-D .510

E-F 75

E-G .6 .
E-H .6

F-.G 8 .

F-H 8 ,
G- H 8 .510

1-7J 1 .75 ’

I-K, 1 N )

I-1L 1 6 - o ' ¢
J-K 1 8

J-L 1 .8 ]
K-L 1 .510

sﬁgyn only where Pr > .1.

.

* Probability of both samples drawn fLmefgag_;;pulation:

158.




Appendix B7S 159. :
C | BAND" RATIOING-HOOK POINT o
= B 2 oz & J | ‘
bt e
. E B F 4 Z
L 4 & 458 & 1
| <\
1 8 148 118 186 ‘ : .
2 84 76 119 189 | T
3° 90 155 120 196 / . - /7
¥ 89 ‘152 125 202 ' -
5 98 162 120 69 N\ S
6 .98 158 120 - 49 ~ \, |
7 97 160 - 116 119 o _ ~ o
8 99 165 128 180 o ' "
9 110 154 123 215
154 121 158 .
155 .. 121 231 , (o
148 121 26€
152 127 230 ‘
148 118 223 - “05
158 122 209 - .
147 127, 185
17 109 143 125 171 f
18 93 155 112 .
81, 153 112 = :
20 93 158 115
21 86 170 118 | L :
22 79 179, S S
23 77 120 : > . S, "
24 73 181 N . : ,
25 70 1 e
26 103 175 : o .
27 98 103 ; ' o P
+  Cont'd. ' B
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110

. g -
g8 -E 2'F & '
< - BAND RATIOING-HOOK POINT
= 8 & o Z | ,
noo<, N TIDAL FLATS > 225
28 96" ' 186 |
29 101 202
30 92 247
3187 90
32 114 202
33 121 220 -
34 106 186. M
35 111 234 - <
T 36 104 145
37 104 130
38 109 125 .
39 95 160 .
40 112 167
41 - 102 150 )
42 ~97 187 | ‘/r)
43 . 95 A
44 115 . _
45 113 (SAME COORDINATES AS COVER-
46 113 CLASSES-HOOK POINT)
47 99 -7 '
48 129
49 122
50 112
51 . 124
\52 137 o
.83 129
54
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BAND RATIOING-HOOK POINT

PAIR D-MAX X2 Pr*
A - B 1 T 59.8
A-C .903 41.7
A-D 1 59.8
B - C 1 37.6
B - 0, 996 55.7
cC-10  ).N4 34.6

\

‘I‘_.

. B .

e ) e

* Probability of both samples drawn from same population:

shown only where Pr > .001.

L]

¢

162.



163.

VI L L 6 LI8 0S6 . 2
LT 8 ¥ 6 LS9 996 ¢z
LTS ¥ ZT 628 €08 2z
L1778 789 LIS, - 12
ST / 9 TT TZ. 885 ) 0Z
9T S v TT ST9 €5 — 6T
9T S ¥ 8 98 vIS 8T
€T ¢ 2 L 0SL €8S LT
LT ¥ €9 898 1ZS ) 91
LT ¥ €9 S89 75§ ST
9T S ¢ ZI 006 95§ 121
9T S € L 7.8 09. TF SZ TIT ST S98 02§ €1
8T 9 ¥ TT L09 90T v T€ ST 9T v¥9 0S ZI
[T 9 ¢ 8 (59 080T Ty 62 ¥T 9T 92T 026 1T
ST v ¥ 0T 1S58 ¥¥OT OF 92 ZT 9T $¥ZT $£6 0T
STV v 6 808 L6 Tv 82 21 9T S.ZT Ot6 6

9T 5 ¥ 6 792 OV6 LS Tt 8T SZ O6TT 00V v£ SE 8S IST|SL8 OLIT Ib 95 0Z 9Z 0SZT 826 Ob ZZ ST 9T 688 8I8 §

9T S ¥ 6 £LZv 00S (S Tb LT 97 08y $£ 9¢ 95 0ET !800T TSIT Tb 95 TZ 9Z +8ZT €06 T 62 v1 LI ¥86 0I9 £

8T ¥ £ 0T 98 00S ..S SV 8T ¥2 £86 S5 L LS OST 8€ZT O6TT Tv 95 17 92 69ZT STL Tk 9Z §T 9T £86 918 9

9T S ¥ 8 TZ6 0S8 -9S OF 9T ¥7 0T6 S% L£ LS 6CT 0SET £90T Tv 9¢ 1Z 9Z 6121 268 Zv 87 €T 9T ¥I6 088 S

ST9 v 6 466 ObL 8S Z¥ LI 92 Obv S LE LS OST LSET OTZY OV 9€ 0Z ST 8TZT.008 €V £Z ZT LT 016 0SL b

ST S ¥ 0T 996 0S8 /S T¥ LT 97 6v8 SE 8¢ LS TST ZSST LY¥ZT Tb 9¢ TZ 9Z S8ZT 066 Zb 0S €T 9T Z¢8 08S €

STS v 0T Zv6 8v6 9S-ZF 9T SZ 6T6.SE £¢ LS 62T ST 6911 2¥ 9€ €7 Lz SOTI 028 TP 8Z ST OT 9571 629 Z

9T 9 v 6 0ve TI6 8S Z¥ LT 97 TI6 9576£ 95 8ZT ZSET 62T Tv 95 22 92 92ZT ZI6 OF 0S vT ST ZTZT 049 T

L 9SSV A X L 9.5 ¢. X L 9§ ¢ X L 9 s ¥ X X L 9 S v A X u

£ )
ULLYM NEdO NA1 S-1 SIVId TVUIL HLVIH-T IDIDIHL-V

INIOd NOOH- Uszm.H.AHm 0ddIA

9'd xtpuaddy



164.

L oNva t aNve
0 s 0y & OF S5 0§ 05  O%  Set Ol GE1 001 g2
X L 1 1 O- [ Il ~ 0 L 1 1 t 1 o
M __‘.A
-6 - =
. o
B
01 - o Ol -0)
4 - H
. B
¢ - o ot ; 51 &
H N H h) f
Lo2 ) o2 -o2 i Loz
55 0% & or s§  Of 6 st o0f 2. o2 Gl $¢ Oy sf Of LT
1 i 'l L l o [t 1 1 1 L O v 1 1 t 1 o
1] _ T
, r
-G S ¢ =
. . I
. . h m
o o1 Lol Lol 2
i H
m
LG 1} LSt L¢1 B
. T
o} 1 9 a
Loz Loz Loz . Loz
0% b Ov & Of Oy SE 0L g2 o2 G 52 oz sl 0 S 0 @ o0z G ol [ [
1 " T i i 0 v i d. m 1 0 v L _— _- 1 [+] L 1 1 1 1 [4]
T i ___ i b
, e
3 23 LS . s c
) ¢ . . 2
4 . =
tor - 01 o) oL
Y —
I
K i -
21 21! s ] s
d ) » ] 4 v 9
M LoZ oz -02Z ~02

INIOd MOOH ONIE3LNI4 OIAAIA

i

\

SIS



u‘ r ..1 _.
. | .
L] N + '
5 ]
a .
—
y . F
. .
L ONve 9 ONvR S anva ' " v gNve
r
4 Q2 <1 [a]] 1+ 5] ce 02 (4] o1 S ] g2 02 <l 1]l 1 [+] c2 ., o2 [1] 8] - -O
L 1 _ -—— 1 1 O i, 1 1 1 -—_-_—— o [ 1 4 1 ——- ﬁ‘ ° [ 1 1 —__ _——- o
: S _ - 2] _ 3+
- 01 Fou 01 . -0t
61 - 6) Y . -G1
1 o . r 3
' -02 - -02 - 02 .02
L Y . -
59 09 g6 -1 ov b1 05 ot 2 02 Sl ! < [+ 8 114 4] 4 Sk ot L T4 oz
[ 1 2 [ o | 1 o —. 2 1 1 [] 0 L [ 1 L L [}
. [l HI T
...n =] G o]
Lo o1 o o1
a1l 211 - 21 Al
—
s N 1 o
Loz * Loz - Loz Loz
LINIOd HOOH 9NIHIL4 O3QIA
L4

MILVM NIGO~ ..

N34 8NYHS MOT

e



oy

wooowmwwzzzrrbmxﬁ

~.

VIDEO FILTERING-HOOK POIN

PAIR D-MAX

LEVEL

SIGNIFICANCE

‘e

T

Pr*

166.

(x%=33.7)

o
~J
T ey

¢

(x*=33.7)

\

MR T OOOMTM M M OO W WS 5
1

~
o

X"=33.7)

4

: =
e e el e e e L

5

| I S | [ I | I | ] t 1

(X?=33.7)

[ |

[ B

AN HNROCO ZoZRLZIr GG HUHIUH T ONNUmMOOmNo AW
y
MgWHHHHHHHHHHHHH

*

t

* Probability of both éamples drawn from same population:

" shown only where Pr >

.458
. 458
458
5.99

.358
.358
.437
.358
437 ¢
.437
.458
.458
.458 -
5.99

. 358

.358
.437
.358
.437
437
.458
.458
.458

5.99 -
.358
.358
437

358
437
437+
.458
.458
.458

5.99
.358
.358
.437

.358
.437
437
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COVER CLASSES - CHURCHILL

XZ Pr*

D-

PAIR

D-M

PAIR

A to .2
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* Probability of both samples drawn from same population:

shown only whexe Pr > .05,

¥



171.

Appendix B 8 -

3 : BAND RATIOING CHURCHILL
. % 5 % B
2 & 2 8 F OPEN. WATER >255
S 5 E 8§ =2
S 7] o = = é °
n o = e - < 3 ?
1 159 162 119. 111 119
2 . 161 168 110 118 124 ’ \\\\
3. 170 170 110 116 123 - ,
4 165 * 172 107 114 121
5 152 '168 114 102 124
6 168 166 120 116 120 -
7 159 176 116 110 115
8 173 162 107 112° 116
9 170 165 107 125 117
10 157- 172 116 116 120
11 172 177 119 116 122 , *
12 154 158 111 117" 12T :
13 153 179 121 112 117
‘14 162 162 112 105 120
15 . 156 156 116 104 119 -
16 159 157 121 101 122
17 154 154 .111 108 119
18 171 - 176 120 122 o
19 169 162 109 119
20 164 164 106 124
21 170 157 106 117
22 157~ 164 106 © 121
23~ 167 173 109 123 '
24 153 170 107 _
25 167 165 :
26 166 165 (SAME CORDINATES AS
27 164 171 'COVER CLASSES - CHURCHILL)
28 . 171 167 ' - ‘
29 161
30 171
v 161

~r
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BAND RATIOING - CHURCHILL

PAIR D-Max X2 pr
A-B  .227 - 2.98 - . .2 to .3
A-C 1 42.3
A-D 1 © 59.7 .
A-E 1 18.0

"B-C 1 43.4
B:D 1 53.3
B - E 1 49.4
c-b .292 339 "1 to .2
C-E .67 16.9 : o
D-E - .732 24.0

,

*

Probability of both samples drawn from same population:
shown only where Pr > .001, ‘ /
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