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SUMMARY OF SIGNIFICANT RESULTS.

The main problem associated with pre-processing involves the correct
selection of the technique and the most convenient scale., The scope of the
pre-processing techniques used 1n this investigation was restricted to the
standard material from the ER0S Data Center accompanmied by some enlarging

procedures and the use of the diazo process. After careful examination, the
land use classification system outlinad 1n U.S. Geological circular 671 has been
accepted as the general framework for Tand use mapping 1n this 1nvestigation.
Investigation has shown that the most appropriate sampling strategy for this
study 1s the stratified random technique. A viable sampling procedure,

together with a method for determining minimum number of sample points 1n order
to test the results of any interpretation are presented 1n the report.
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4. TECHNIQUES APPLICARLE TO TUAL LAND 1983 1ATPIHNG URING
LANDSAT MSS IMAGERY

4.1, INTRODUCTION

As mentioned in the previous chapter a detailed appraisal of the
main stages of the productlon of small scale rural land use maps from
LANDSAT MSS imagery is required before an adequate methodology czan be
devised. This is necessary as very few attempts have been made to bring
together details of all the relevant stages needed in the overall produca-
‘tion using inexpensive and unsophisticated techniques. The generzl aim
of this section is to provide a revieuv of techniques thalL have been
uzed in relevant studies in order to select a range of appropriate
techniques that can be evaluated an the field before formulating an
overall methodologys The division into pre-processing, interpretation,
classification and ground truth have not been intended to be arbitrary
as certain topics are common to several of them, e.g. scale and resolu-
tion. 3But it is thought that the divisions provide the most satisfactory
format wvhich permits an adequate consideration of all aspects of this
type of mappiné? The problem of overlapping topics has been alleviated
by eross-referencing.

4.7, PREPROGESSING

L,2.1. General

One of the first problems confronting the Investigator involved
in small scale 12nd use mapping from orbital imagery is the selection
of the most appropriate visual output of the digital ddta that has been
obtained from the LANDSAT multi-spectral scanner. This means that he
should be aware of the range of standard pre-processed products vhich
are available to ham as well as the pre-processing technigues vhich he
mrght be able to utilise in order to provide the best macerlals for

the application of wvisual interpretation techniques. .
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Pre-~precessing has been defined by Hempenius (1975) as "the
processing or data handling wmth the purpose of re-arrangling compres-
sing, simplifying, enhancing, etc. the darz prior to interpretationn
and the broad scope of this definition has been accepted for the purpose
of this resedrch. But, 3s one of the main aims of this research is
to consider relatively ineupensive and unsophisticated pre«processiag
and interpretatron techniques, computer-based pre-processing technigues
utilising LANDSAT MSS digital data will not be assessed. Detailed
swmaries of these may be foumd in articles by Simoneti (1974) and
Steiner and Salerno (1975). Further rpecific examples of computer based
pre~processing techniques may be obtained from Allem (1975); Anuta and
HcDonald (1971); Hall, Baver and Malile (1974); Haralick and Shanmugan
(1974); Langrebe (1972); Leamer, Ueber and Wiegand (1975); lcDonald, Baver,
Allen (1972); Ueber et al (1972)s; Ratti and Capozrma (1974); Bressanin et
al (1973).

Pre-processed LAWDSAT MSS data can be purchased From EROS Data
Centre in a-number of different formats (see Table ) vhich may be
interpreted in standard form or may be used as the basis for further
pre-processing by researchers. The scope of pre-processing techniques
that have baen employed by investigators is quite wide and ranges from
simple photographic enlargements to more sophisticated image enhancenent
processes. However, the extent to which these techniques can be
utilised in operational land use mapping depends upon the objectives
of the survey, the finance and time available as well as the resolution
and scale limits ijmposed by the mature of the investigation.

tiost of the techmlques that have been used in this type of research
may be considered under the term image enhancement as most of the other

aspects stated in Hempenius' definition, viz re-arranging, compressing
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LANDSAT 1158 TRODUSTS AVATILABLE FRON ERQOS DATA/GENTRE
Aug. 1, 1975

Image Size Scale Format
2.2 inch 123,369,000 Tilm Positive for each spectral band
?«2 inch 1:3,369,000 Film Negative for each spectral band
7.3 inch 121,000,000 Tilm Positive for each spectral band¥
7.3 inch 1:1,000,000 Tilm Negative for each spectral band
+7e3 inch 1:1,000,000 Paper Print four each spectral band~
1446 inch i: 500,000 Paper Print  for each spectral band¥
29.7 inch 1: 250,000 Paper Print for each spectral band®

% indicates that colour composites may be available
in that format

Computer Compatible Tapes (GCTs) are also awvailable for purchase
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and siwplifying are norwmilly carried out by applying computer based
techniques to the i85 digital data. TImage enhancement has been

defined in a variety of ways but for this research it can be considered
as "the varlous processes and techniques desisned teo render optical
densities on the imagery more susceptible to interpretation" (Estes and
Senger, 1974). Essentially, the image enhancement techniques that can
be usged to produce hard copies from LANDSAT IMSS imagery may be
classified into two broad gr-ups, viz. photographic and eleetronic.
Relevent visual optieal enhancement methods (c.f, photographic enhonca-
ment fechniques) wall be discussed in the gection dealing with
interpretation technigues (see Scetion 4,3) o5 they are generally

used by researchers to enlarge or combine imagery vasually rather than
to produce hard copilez. Detailed discussions on image enhancement
procedures may be found in Simonett (1974}, van Genderen {1975) and
Steiner and Salernc (1975).

4e2.2. Photographic Enhancement

‘fF- ?n 2.1. Enlargeﬁleﬂt

The most commonly used image enhancement technique involves the
photographic onlargement of one or more of the four spectral bands of
the basic imagery acquired from Eros Data Contre (see Table ). These
enlargements may be produced in the form of positive or negative black
and wvhite or colour £ilm or paper prints at various scales and they
have been used in a variety of iays to assist in land use interpretation
including wosaics, overlays, etcs. Also there has been an increasing
tendency to use transparencies in iInterpretation due Lo the level of
graininess vhich permits greazter magnification than twould be possible

with paper prints (Estes and Simonett, 197535 van Genderem, 1973).
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The selection of the most appropriate scale that should be used
in interpreting LANDSAT 1158 imagery has coused & preat deal of concern
and various viewpoints have been discussed in a separate section (see
Section 4.7.4.).

4e7.2.2, Colour

The production of colour composites in hard copy for specaific
purpeses 1s relatisely expensive and investigators have tended to accept
the EROS Data Centre f£alse colour composites derived f£rom bands 4, 5
and 7 and presented in f£ilm positive or paper print form (Joyce, 1974)
(see Chapter 4.3 - Selection of spectr.l bands - for more details).
However, one viable and economic alternative has been the use of the
Diazo process which, although not a photograshic process in the strict
sense, has the capability of producing single colour {ilm transparencies
from black and vhite positave images of selected spectral bands. The
base 1s an optically clear, thin polyester material wvith high stability
tvhich is sensitigsed with a diavo coating. Developmeat is achieved by
passing the £ilm through a dyeline machine. BDetails of the exposure
procedure, etc., are described by Keates (1973). Diazo films are
availablie commercrally in a range of colours, eg. red, magenta, vellow,
oranze, preen, violet, blue, cyan, browm. Oace the colour transparencies
are developed they can then be super-imposed im any desired combinations
to form a variety of false colour composites. Varilous researchers have
acclaimed this technique. Hardy, Skaley and Fhallips (1974} maintain
that they have applied it success{ully to produce high Ealse colour
images at scales up to 1:150,000 from LANDSAT imagery after balancing
the deasity of the imagery through a& step enlargement procedure from
the initial 1:3,369,000 chip. Other aspects of their researth has been

considered in detail in Section 3.2.3.. Little and Scotney {1974) also
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believe that the Diaro process has great potential but Viljoen and
Viljoen (1975) assert that the image definition is poorer than photo~
graphic composites (see Scetion 3.3.3.). fter ewperimenting with
the process, the author agrees with the general conclusions of Hardy
et al and Little and Scotneys The main attraction of the Diazo pro-
cess is that it is cheap and that both the materlals and the equip-
ment are used in drawing offices throughout the world and, after
experimentation researchers may find that it could be used to produce
satisfactory imagery that is comparable to the more expensive colour
composites available from DROS Data GCentre, The use of colour
additive viewers has been considered under opticel enhancement techw-
niques (see Section *.3.4.2.).

£,2,2.3. Densaty slicing

In this process special developing technlques are used to extraci
and reproduce single grey levels (or slices) which could be used for
further investigation of the spectral responses from various types of
land use but the procedure is time~consuming and difficult (Simonett,
1974). However, special density slicing film has been made available
by several commercial firms and various reseavchers have investigated
their potentialities, ¢.g. Ranr and Schneider (1971) have considered
Agfa-contour film with normal photographs and have experimented with
it in assoclation with Diazo f£ilm colour composites of the different
density slices. Dragg (1974) claims that LANDSAT MSS imagery "because
of the uniformity of the data and small look-angle lends itself to
thig relatively simple technique particularly in level areas" but did
not elaborate on its application.

4e2.2e4, Comtrast printing

This is a comonly used pre-processing technique thht may be usged
to make slight grey scale differences more detectable in visual inter-

pretation and has been applied to LANDSAT 1SS imagery {Simonett, 1974},



Hardy, Skaley and Thiliips (1374) have used this technique in their
attemots to develop a lowr cost manual method of enhancing LANDSAT 158
imagery that could be wsed in land use mapping.

£42:7.5. Edpe enhancement

In this procedure 1 positive ond negative are superimposed,
glightly digplaced :nd re~photographed. Edn2s at right angles to the
direction of displacemont will appear as whate lines on the forirard
edge and black lines on the trailing edge but other edges will not be
enhanceds Simonett (197() discussed methods of overcoaing the problem
of directional enh-ncement by placing Ehe positive end negitive on a
rotating disc with an exposuce light mounted off-~axis above the disc.
This technique has bicen used in atkbempts to detect boundary chajdges in
Land usa.

(07,2.06., Image addition

One advantage of ihis gyatem dis its ability to assist interpieters
in detecting landscape ck;:mges. This conn be achieved photographically
by combining a positive transparency of r photograph takea at a
particular time with a negative of a photograph of the same scene
token at another rtime and printing a new photograph through both.

Areas of change are indicated by light or dark tones whereas arear of

no chenge will be medium grey.

£,2%2,3. Electronic Image Enhancement Techniques

These techniques vhich include micro-densitonetry, isco-densitometry,
electronic dodging and image quanti~ing will noft be considered as the cost
of equipment prohibits their use in this type of investigatlons Detailed
discussions of the technigques may be fownd in articles by Simonett

(1974), van Genderen (1973, 1975}, Steiner and Ralermo (1975).
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The problem of sclecting the optimum imige scale is an important
nspect in the overall mopping procedure ¢s it interacts with the resolu-
tion of the sensing cysiem and consequently effects the level of inter-
pretation. A comprordise rust be reached betueea the dmage resolution,
the oper.tional mapping scile and the objectivos of the study. lost
insescigators using consentional visual techniques have tended to
utilire the standard pre-processed LAWDSAT 35 imagery +vhich has a2
paximum scole of 1:770,000 available only as on opague primt but the
inage resolution is mari:edly inferior 1o ihe prints and transparencies
avoilable at 1:71,000,030, TFurther photonraphi enlargement leads to
po7er image resolution although various researchers have cloimed to have
successfully used enlargowents at nuch Lovger scales (Justice et al,
19743 lardy et al, 197').

Very little puidance sbout the most appropriate scales that should
be considered uvith the virious types of LARAT 155 imagery formais that
can be used in land uce mapping. Nunnally (197%) commented that "few
stndies have been undertaken vhich have attempted to evaluate the effects
of scale and rasolution on an interpreter's ability to ddentify different
types of land use. He aleo claims that the results of those studles
that have been attempted have been inconclusive. Joyce {1974) noted that
although the scale of enlargement of LANDSAT 138 imagery can usually be
determined by Lhe scale of the available m1ps, it is alsc dependent upon
the quality of the particular amager; that has been sclected and the
nature of the enhanccment egurpment available to the investigator.

Hovard {1974) claimed that there was increasing evidence to sho - that
wvith adequate ground checking a range of discipline oriented themntic
maps could be prepared at 1:250,000. tiost subsequent veports have been

in the form of general statements rather ihan critical appraisals and
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little concrete assistance cn be obtained {rom them. In this investiga-
tion the main image scales will be controlled by the available standard
formats of the LANDSAT 19" fmdgery, if.c. 1:3,339,000; 1:1,000,000;
1:500,009 and 1:250,000 although some evalu~tion at alightly larger
ceales will be attempted minly by wisual optical enlarpeasnt processes
(c.f. photographic enlargement).

4.7.5., Resolution

In the interpretation of all wemote sensor imagery the resolution
of the imaging system puts sractic:l constraints on the 'cturacy levels
that miy be obtained. Unfortunately, th. term has been given o wide
wariety of conmotitions by different resenrcherxs in 2 number of different
contezts {see Tablec ). %omz writers have clearly defined their use
of the t{mﬁtuhere?é others have either noc stated the intended medsuring
or have adopted a very loose defimition rhich occasionally misleads the
reoder. Olason (1974 - article vritren in 1959) has stated that “wnfortunately
resolution is one of the most misunderstood and misused qualities of the
photographic system - at least by photographic interpreters'. The
situation has become even more uncert~in since the advent of ccher more
sophisticited remote senging systems including multi-spectral scammers,
and radar. It has caused Estes and Sirometnt (1975) to comment that
"regolution is & complex subject and the various methods used to measure
resolution may not aluays properly characterise the information conkent
of the image'.

It is apparent that there are a number of different types of
resolution that should be considered vhen using and dascribing the
capabilities of orbital M55 imagecry. Their relative importance depends
on the scale of the imagery and the nature of the survey in vhich the
iragery is employed. The dominent aim of each type of resolution, however,

is to mavimise the contrast betwzen objcets and their background. If
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If very little controst e:ists then the objects become diffiicult to

identify.

The follouing types of resolution harse the most cffect on

the contrast leveols of LAOJAT 13S imagery, Tholr definitions defini-

tions have been adapted Lyom those provided in Table .

D

3)

)

Spectral resolution - the nuuber aznd width of spectral
bands trithin ~hich datn is collected. Hence, the
spectral resolution of LAIDSAT 1138 data is four broad
bands. These band tr%dths and theiyr relotive ponition
along the electromagnetic spectrun “re shom in Figure
and Table .

Spatlal resolucion (or ground resolution) - the gmallest
are1 on the ground, i.es. piel froa vhich the nulti-
spectral scannor cm mersure radiant energy. ‘the cpatlal
regolution of LANDSAT 135 is 79 m by 79 m.

Tmage vesolution - the abilily of the eatire U35 system

to render a sharply defined iaage. This meang the

ability to record wvicually cach pi-iel on the recording
base. Hovever, 1f photographlc ccpying or enlargement
occurs, then photographic imige resolution should also
be consgidered and this is usually erpressed in terms of
lines per mm for 2 given photographic emulsion under
given conditions. The combined effect is shom in Table
Temporal resolution - the tims period (usually expressed
in days) betwoen successise orbits over the same area,
i.e. the time period between e-ch guccessiro data
acquisition of the same area. Temporal resolution is
mainly affectad bs cloud cover ~nd the operating schedule

of the recording status.
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Other types of resolation, e.g. thermil resolution and intensicy
resolution, although relevant in other studies have relatively little
importance in this type of investigation ond, therefore, have not been
included in the list of delinitions,

The rdder range of spectral rescolution available with LANDSAT 158
imagery has certain acvintages and disadvantcges vhen compared wich con-
ventional black and vhite and colour aerial photographs and these
aspects have been discucsed in Scction 4.7.3.. Besides the probleas
of image and spatial resclution inwvolved in the visual wnterpretation
of the LANDSAT U35 imagery (see Jection .3.) they also affect the
gelection of the most appropriate gize of the suapling Ypolnt® in
field surveys vhen trying to establish the accuracy level of interpreta-
tion. This problem has been considered in Section 4.3.2.4+. The high
frequency temporal resolution of the LMADSAT systen provides a major
advantage in studies involving vegetatlon corser and further details of

its use in khis investigation have been pravided in Section £+3.0..

4e?.6. Summary

The main problem sssociated with pre-processing involves the correct
selection of the teclnicue and the most convenient scale and resolution
for the interpretation procedure that is comsidered to be the most
appropriate for the tosk in hand. This is particularly important when
using LANDSAT 1SS imagery becsause the speetral recponses digplaved on
the black and vhite and colour transparencies and opaque prints are
relatively unfamiliar to interpreters and a great deal of uncertainty
still erists over vhich combination of scale and spectrsl bands give
optimm visuwal interpretttion conditions. Therefore, until more con-
clusive evaluations and descriptions of techniques have been published,

the use of more refined pre-processing techniques may tend to cause more
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TABLD

GONL DEFIITIONS 0OF TYroS OF RISCLUTICH USSD IN RELICIC SDHOING

HRempenius (1975) p.8
(coufining his definitions
to multispectral remote
sensing)

Manual of TRemotr Sensing
Glossary (1073)
p. 2102

Estes and Senger
Glossary {1D74)

Thaman {1974) p.197

Olson (1974) p.102

Estes and Simonett (1975)
99977

Spectral resolution -~ the number of bands. 1In
addicion one should know the exact location of
tha various bands snd their ddth

Intensity resolution - the number of levels in vhich
the radiant energy i: gampled

Spatial resolution -~ he area on the grouad, .2,
pizel, from rhich the radiant energy is integrally
e isured during the very short time that the
instantaneous field of view Is directed to that
area

Temnoral resolution - the number of days betyreen
successive flights over the same area, if carried
out continuously

The gbilaty of an entire remote censor system,
including lens, wmitsan-e, display, exposuro,
procassing and ocher [ clors, to reander a sharply
defined image. It uwy be espressed zs "linc
pairs per millinetre! or metres, or in many other
mnnars. In radar, resolution usually applies
to the effective "besm width™ and "range' msasure-
mant width, olcen defined as the half-poror points.
For infra-red line scammers the resolution may be
expressed as the Vinstantaneous field of wierr'.
Resolution also may be expressed in terms of
Yremperature't or other physical property being
wedagured

Thz ability of = remotz censing system to distinguish
sipnals that are close to each other spatially,
temporally, or spectrally

Ground resolution - the minimun distance bebrreen two
or more adjacent rcatures or the minimum size of a
feature vhich can be detected; usuzlly measured in
conventional distance units, e.g. feet or znches

Tmrge resolution - rasolution expressed in terms of
lines per millimetre for a given photographic
emulsion under given situations

Thermal resolutbion - image resolution expressed as a
function of the minimum temperature difference
between two objects or phenomena

The smallest ground resolvable distance (GeR.D.); that
is, the sire, leasth or area of the smollest object
discernable on an image, taking into account the
difference in contrast ratio across an image

The ability of a photographic system (includingz leas,
Filter, emulsion, arposure and processing, as vell
as other fackors) to record fine detail in a
digtingurshable mannex

The ability of a human observer to detect a changing
pattern consisting of parallel bars of alternating
sdiance (see T bie )
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LAMOTAT 175 SYSTTH "MSOLUTTON

{1in metres/bar for Band &)

Based on standard U.%. Alr Force tri-bazr resolution target

{{rom Lstes and Simonett, 1975)

MS3 Output
Input to HABA Data Processing Faclilaty
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70 131 archival £film
70 1a positive {3rd genoration)
9,5 ineh positive (3rd generacion)
oo
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9.5 inch positive (3th peneration)
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Gonrrast
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4
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97

123
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134
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problems vwith interpretation instead of aidin~ the adentification of
objects. Arnold (1974) has baen particulorly critical of the tvay in
vhich image enhsncemsnt procedures have been used and he hes stated that
"it does appear that these techniques have bzen employed on occasions in
cases vhere they can offer little advantaze nand have apparently only been
used becruse they are currcatly fashionable. This is, of course, o
critacirm of the evperimenters and not the techn.logy. COonsequently

the scope of the pre-processing technigues used in this investigation
will be restricted to standawd pre-procesied m-tewial from EROS Dita
Qentre accomp2med by some enlarging preoz:duves as well as som2 inves-
tigatory uses of the din~o process. There ig no doubt that more
emperimontal work needs\to ba carried out to develop a methodolozy on
the role and usefulness of image emhinccmoant technmiques in rural lond
USE SULVAYEg.

4,3, INTERPRELATION

4.3.,1. Introduction
Visual image interpretation has been defined as the act of
wmining photographs and/for imasges for the purpose of identifying

objecks and phenomena snd judging theiy sipnificance (Estes and Simonatt,
17753 fm. Soc. of Photogrommetry, 1990). Horever, the level of
interpretstion of most remote sensor imagery, including LANDSAT 1183
imagery, depends on the quality and natuwe of the imagery itself, the
type of interpretation techniques utilised, the enhoncement facilities
available, the interpreter's specific and local knovledge and his accees
to other relevant information, s.g. aerial photograghs, publications,
statistical data, etc.. In addition, the purpose of the investigation
places constraints on the extent and nature of the interpretation

procedure.


http:pre-proces.ed

- 12 -

Gomrantional photographic inLorpretation techmiguas have been used
succassfully with blac: wmd wshita LANDTAT 77 dimavery of individu<l spectral
bds and with colowr ecoposices produzed Cron combinations of woricus
spectral bonds. Thus, the identification of objects from LANDSAT 105
inagery has involved the use of one or more of Lhe eleuents of imaze
interpretition, vir< shipe, size, cone and colour, texture, patiern,
shadorr, site, associntion and resolucion. These aspects have boia wall-
docuacnted in articles on the interpret tica of black znd vhite and colour
aerial photography, c.ge Olson (1273), JMvery (1970), Scrandberg (1573,
Allun (19232), A.0.2. (190D, 136%3). Pouh LI the most velevant and vecent
ariticle derling with interpretation techuwiruar -nd their opplication to a
wide ranga of wcmot ~ensor imagery has bion presented by Dstes rnd
Senger (1975).

In land use studies ansolvimg LAIDRAL 115) imagery there hc\ss been a
wide divergence of fdeis about vhich coubin rion of imagery, scale,
enhancement techniques md other Lactors would be best to 2dopt as the
bisyis for catisfactory vasual interpret.ition. As a uvide variety of
approaches have beenr uwsol it is inportanc thaot miny of the ideas il
opinions should be brousht together in order to establish a satisfactory
basa from vhich a framevork com be forrmlaterd as part of the deselogmont
of an overall methodology. The aspects 1ll be considered under the
folloving topicss the visual interpretation prozess, visual interpretition
alds, selection of spectrl hands, seasonalily or the use of multi-dnte
fmagery and the intecpretcels knorledse of tho region being consideved
as well as his expertise in particular dircciplines and his understanding
of the welewvant remote gensing system. Alrhouch they are not necessarily
independent, the separation into various topics should permit a wader
vicy of the problems associated with the establishment of a satisfactory
intexpretation gystem hich could be adopted for use in land use mapping

with LANDSAT 18§ imazery.
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4.3.27, ‘the Visual Intorpretation Drocens

The process of visual imnge intarpretation 15 a compler multi-stage
operation vhich varicus researchers hove attompted ko evplain by means of
a series of stages or phases. Host of the enplanations have originated
from the study of the inkterpretation of bl-ct ind white aerial photographs
but the overall approcches have applicarion in the visual interpreration
of other types of rcmpte sensing im=igsry.

Cnec commonly nccepted explanatlon offers cecope for incorporating
inté the description = mathodology for producing =mnll ceole land use
n2ps from LANDSAT M38 imagery. The initiul stage has been described by
virious terms including the "observationnl® singe (Jpurr, 1973 ~ originilly
vritten 1957) and th: "phoro~reading” stame (Vink, 19543 Strandberg, 13073
Benneman and Gelens, 1209), Tt wnvelves the detection or discovery of n
object on the imagery from its backgrouad. This is very closely associated
with the recognition in vhich the object's shape, sire and other properties
permift: it teo be recognised, “discovered" or “"m2asured™ in the physicnal
or psychological sense. As mentioned pr .viously, detailed discussions of
thase properties (or glenents) may be found in most textbools oun
photo-interpretation. The most copmprchensi sz, recent statement oppears
in A.5.P, {1275). Then, itc identification by its coamon nfme or sciencific
terminology. But, the level of detection, recognition and identification
depends on many factors including the physicsl characteristics of the
obiect itself;, the resolution of the imazery (see fection %442.5.), the
scale of the imagery (scc Section /.?44.) nd the background Inowledge
of the interpreter (somctimes called the Yselewence level"). Various
aids, including image interpretation kcys have been developed to assist
the interpreter during this stage (see Scction §.3.4.3.) but with the

interpretation of LANDSAT 1185 imagery rnd the jmagery produced by other

comparatively recent remote seansing technicuzs a much more detniled
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S iy of cha houad wiess IEo aay o0 o Lo Jollo ad b, o clusoaiion-
Lion o2.xdy an vhich thy poaleexas ox uwaled o 5, D2 deseribad ud cwyoaged
Lato s pious Lypos o el Lcoaddeation mpuel o b their induvidn
w2lwds o0 ¢ Legortianioa al codific _loa. 24l probloss ascesi wel
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sehoni2 for use =ikl LU Y U3 dnagor; o0 obiomzied in Seekion T. ..
the proces: ac virwtl incorprecacics I basically o dedustire
process in vhich che fec eerater proge .Ut wieouLh che dbove stane
by «wiciously or unevacziou.ly uscing wwicn combin tions of the sleamnts
@f Lge incovrpretaidoun.  he JLility o in ornorate these wlossac s
dapends to a lawge c:ileat on the specific  ad vagional Lnovledge ol the
inicopreter (sec Sectiom '+% %) ~hach 11y b. -woplemecated by verious
types of collateril w teri.l (sec Sectioun ‘«%ef)e Horewer, iith
LoZ03AN L5 dnnagery coaz of the elemtnes Jezline in impoctonce duc Lo
solution and wcale Toccors and colonr ox woas bocons the nost domnmt
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cluazats (see Section '.”.%.). Also, tha & - of inteseacing rho
inforeation fron the four <pectral bamds is c:ilvcamaly dilfficult by
vi-nil wzans (van Gonderca, 1975). folour on o ites produced ro.

threo of the four spectyel bwds tend to 1lwriat: tha problen but



further incerpretation problans are introdyced by the false colour
nature of the iuagery (see Scerton 4.7.7.2.).

Although che various piages of consentional photographic intor-
pretation may be £ +llo—ed in the interpretation of LANDBAT 1115 imagery,
the nature of the physical und psychological processes 17411l differ.
GConscquently, care should be exercised at cach staze in orxder to doter-
minc vhether accurate interpretation is, in Tact, being carried out.

8.3.3. Selection of Spectral Bands

Unlike consentionil black and vhite .serwnil photography, the pro-
blem of selecting the rppropriate data biz2 from a range of speckral
bands of pre-processad LANDSAT L35 imupery poses difficulties. The
major tash is to chooss tha best spectral band or coubination of baads
for a particular taslk as cortain bands arc @irz appropriate for incerw
proting features then oth.rs ond this ha. lcd o 2 certain amount of
disagrecment amongst investigators.

The official E03 Data Gentre brochure lists some details about
the main uses of cach spectral band:-

Band 4  The green boand 0.5 to 0.v rmdercastres, cmphasises

movem2nt of sediment laden vaker and delineates
areas of shallowr water, such . g shoals, reefs, etc.

Band 5 The rad band 0.6 to 0.7 wmicromatres, euwphasises
cultural fLeatures. This baud gaves the best
general purpose vies of the earth's surface

Bond 6§  The neny infrared band 0.7 to 0.3 micromeires,
eaphasises wvegetation, th.: boundory betvween land
and water and land forms

Band 7 The second near infrared bond 0.3 to 1.1 micro-
metres provides the best peonetration of
atwospheric hare and also cuphasises vegeta-
tion, the boundary betweea lrind cnd water, and
landforms

Howvard (1974) had diagrammatically shoim hots the spectral reflectance

curves of several nabural surfaces associ ted =rith land use studies
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railoet aces in the choricr rmave loagls 2. v bue Fhea diserpge in vhe
lonrsze =twe length povuion o the bwds ° ald 7, on the.othzr h.ad, shous
Lliat ¢ho sin suefeczr dundic ced dn the dL 2 il ~ddor ecparveadeoa in
13 lect nre mnd, chorados, showld chs - _riuse griyecc:le vard cloa oa
Lhy blacs od Rdte Loz xy. Y ceecont, 13 11,4 diseussion of ol
refleotmee chrr-.cicrinlic of cwopr .ud +oil hses Le:zn peescated Ly

Iraes wi ol (1273).

Yamy imvostipncovs as ociated ok Lonld use studie: belazve tht
bt 5 md 7 ore the o3k uwseful bmd: (dr smredo end Zalinns, 1973%;
.l o oot al, 1374, Ziny _nd 3ladir wiad, 13773 la Gronge, 1973}, Ju..di.e
us b (197.) consider thal the most uzemml b md for erosioa and L nd use
studics was band 5 follo ¢i by O, 7 and ‘. il rover, Dotercon (1W75) states
thit bund & vas recorsoaded to hin by ropre.cntitive of BROS DLt
Contro 5 the bast fow Lund use nipping il  Jcor Investigation h2 concurs.
An increasing number of investigators maintain thao colouc zaiosites
offer srecater scope for intorpreticion thw shiz blachk .l white inory.
The colour composites are normally produced by esxposing three of the four

blnc': (ol sihite bands (u.aally 4, 5 cod 7) of che smiz ares throwst ¥ -

fereat filters onto colowr Cilme Howaver, «ua wo cha £lse colour nature
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o7 the procorr, aolaur o7 obg o npecw ALEF ront md this ponues opecific
fncorproticion reobl » ond inca~iig oo . vo reguivced Lo sduse wo viewing
eh c.ts in co plotely no v wulouwe th o Lo, ould eacouatcr inm mwewsnl
enlong vic dns.  Tor ernople, heolthy sececa s2uot .Luon ppesrs as Lyight
rady ele r *ater appew. . o black ad odr zae Lodea water appaawr, 13 o4
ii-rue Llu- colowv.
diarpite the liwit wion, icposed by e 7 1sz colour n turo of tha

colour eoozites,  my inw tigacors hur2 Juual then oasier to use than
bL 2lr ad »ldee LW "2 17 4oy zery due Lonl nLl taudiise  (Giinbesr ; nd
vin dia doocty, 1Y ™ oery, 137%; 1l T, 17 hdez, 177%) Alse

see (1074) an haso owel oy of dnterpr.. o ilmaigues dapted ia land
voaaargrany rrch LU AT 4. mary stteed Ly hr o3 saciilaniony
redis have baen ol Aot by wtcrpurcing o' colour eeppositess loard
(1374) asvertod tLos Yeh o - a0 Jdonbr b o Jie 1777 colour dny tny b

v oe lo of 121,000,007 =2 gulcher ‘nd losa codious thw Llach ~ndl Dice

Ligzory b khr --03 52 1o 2al he alsy balier:zd thiak vore daka could be

ovlsdnzd froa colour e j3n i:tac. i anbi. i state.ont hne baoa pavtly

r

sub «opciated by tasis ¢ rraed out on clie wel-tisze interpretubility os

A3 Arezh Yasomwrear T operaazat:l P o2 ¢ ole oceavhis Lrazesy ol
IUM30NY 1558 fmngery indicoce that lthonsh 0 T 130-A colour infy xod

pliotopraphic amigery » aled highest in oaa LT wntoepretibility, TS0 AT
calonr composite fmaser - vem'ted sccoad ho d ol SN 7 130 B coluis,
£ 170 4 blaet nd radte dafzored ad 10770 W L ad 7 dwrqery (Nste: ud
ficonact, 1975).

The projeciion of Jhraz bl & rad -0ic: bands throush threa dif-
Lovent Tiltevs omto colour £ilm to fora 1 colour compo.ite produsai a much
bra-der ¥ aje of wimuzl ~tirmli in Lhe Cors of enlour difforences. This

per.uts a more detailed wmlysis than ~llo ~1 by the L5 steps of the grey
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scale on each of the stand2rd black and vhite images of each spectral
band. Varwious resezrchers have used an Intermediate stage betwreen the
use of black and white imoges and colour composites by considering two
bands uszing an additive colour viever or magnifying stereoscopes with
varying results (GCarlson, 1374; Bale and Bourden, 1973; van Genderen,
1974). Further cotbinations have been achisved in additive colour
viewers by increasing the number of bands and the colours of the
filters (other detzils of this process are provided in Section 4.3.4.2.).
Another type of colour composite has been produced using the Dia~o pro-
cesg writh black and vhite ISS imagery. rhis techmique has been in more
detail in Section 4.7,2.2, and further enhancemont could be achieved

by using equi-density £1lm (Nielson, 1977).

Golour is a property of an arvea and it is this characteristic in
association with the areal recording nature of the multi-spectral scanner
vhich gives the LANDSAT M33 colour composites certain advantages in the
identification of land use patterns (Hempenius, 1975). As the scale
of the imagery decreases, the relative importance of the normal range of
interpretation elements changes and colour becomes more important.
Tharman (1974) states that Vas resolution bocomes progressively poorer,
the information content of an image decreases. As resolution decreases,
size, shape and pattern, shadou and texture d2crease in importance as
interpretative tools until a point is reached vhere resolution (spatial)
is so poor that only tone and hue can be used as interpretative tools'.
Therefore, changes in colour between areas due to different levels of
spectral reflectance tend to provide the main element for identifying
lend use types on LANDSAT 1SS imagery. But, aif the colour difference
between two different categories is only slight, then interpretation

becomes more difficult. Gonsequently, the interpreter may seek alternative
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0f the Ealee colour pr cess snd olthzr mahwm-od ineerys. Very creeiul
interpratition of tha won«tueal colours cveti-d by the enbi‘nocana:
tochnicucs 1s reguired -nd thic diffrculty ¢ a be partly overcoms £ the
interpreter has a ngh reference level il 37 :rd to tha vegets .ioa
and “gricultural proctices of the regron +s well as an understanding of
the enlizncement techunicques (sece Ssction "«Y o). Tinally, if the
differences in colow bntizwn the lend 17 ¢ wonories connot be

dencifiod satisfactoeraly then che el 33l 71, cion systcmiwmct be

s

modifa 1,

haBelta  Visnl Toeovproebicion Ads

e 3eheds Introduciion

dasides the vavious phovopraphic .ml cloistvonic pre-processins
teslmigqu ss Lhae wrece drocussed in deccion .l ceveain other methols can
L: usel vo aseiot fu the intosprecicioa of s angory aud those e n bz
cogzidered uader Jhe wolloccive terw M i wal lazorpretacion aidss  Lhey
inclule ogvic d enetn.zo.ac cuchnicues, ... inkerprelsdion Lieys wad
collzleral inforn.tion.

vI0be?e Visu:il optical eaban.. .:abt c._:hoigues

thase techniques include the voe of noaw ular wagaifiersz (Gala,
1)7%; Joyee, 10743 Iloig 2. al, 1979, i L. n.bles, braoculan wi: dax
o fvaza of w0 speccr 1 L nll uring o 5. xaolsope wo produce (a x.o.ge
1d i rffect {son Gendaren; 19743 Hil--ir oo a1y 197°) sLirooscop -
w.ilising the luadled ccopo for ol weonsupy bi. oo Ll.aaes {zan Coaderen,
7% Hewpenius, 1974). Ucher investigulors have used overhead- pro-
jeciors, roear-vier projoceors (Trrzee oi 41, LUT4), -dero-filo voodses
{vad s, 1971), wdero-fichs rouders {Iluedy ol Juoc, 1979 35 mma ~1lide
projectors (Howard, 1774) but problems of distortion when projected

onto scresns has led to limdtations im.their uses.
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Fron gz difficnlt o wld vz A0 Lfue b o i Leprizwrdos 4 lnaenin xe

1 ynio2d (seea o -ed Swontii, L979). L. che valadsely hish cesi,
rpzeial incerpret tioa -:xlls aad the w1 econ witne aspect of op.ioal
adilitirae vierer: contrrant che basic a0 o. vhis insestieation, t.o. Lo
coniider inewponsiv: and wnsophistic. orl Lochaigues for producias .ell
ncale rural lmd ws2 wcaps from LAY U0 an mexy, they +All nos ba

¢ ainad dn depthe Juech o dacails of bach nplienl and elzctromic
L4149 e colowr vie tarzs cma be obrainzl Troy Titas and Sawonotk {1)77).
1ore dot 11% of thear use in pho .omraulhae iacirprekation ¢an be Lowmd
in 4.%.T., 190; 12 43 Bigelor, 13363 neol -1, 177,

Hunnally (1977) h2as b:ea conceracd rditlt o he problew of twawmin:
Intwrprezar: &9 use LD INT inagery ia 1 ol use studizs zod hr las
runyaaied that Yono -ray of uwinimising she «702te of epariecaze i. o
estz tblash interprat-tion hkeys™. But, w "% I e¢m b ascertain~d no
Ieys hinye bean developed to nssist tho vienal interpret. tion of T,”INTAT
nngeny. Probably Lhe ridsc cowmuwon toclmacur Lht has bean adoptod has
bewn the process of miliing the interpreter (roiliac vith the various
vicual cipnakures on tha imagery by corwiring thew by m2imns of trm-parant

overlaiys (Alexander, 1373).
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fhe level of dncorpw tation of LUT» '2 ™71 dicy also dependn on
the weference level of cha interpretor nd v wious investigatéra Liire
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(7 Gendeven, 9753 Th nom, 1974) as 171l 135 nonoral rogional knorladega

(=ste3 et al, 1974¢ Littla and Scotney, 1J77). "ith the interpretacion
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4.3.6. lulti-dace Tmagery (or Seaconality Tffect)

Another imporbant technique that aids the interpretation of LANDSAT
11S% imapery involwves the utilisaktion of the relatively high tempor-l
rezolution of the system (sce Section 4.7.5.). Theoretically, it is
poscgable with LAWDSAT I wmnd I{ to produce imagery of the samsz part of
the earth's surface ever; 7 doys but, in practice, the weather conditions
and operating procedures cm extend this quite considerably. Iorever,
if imagery can be acquired so that the major seasonal effects of rhe
vagatation are recorded, tho ;ask of interpreting rural land use cam be
cimplified. TIdeally, the imigery acquisition should be Mcoupled! with
the vegetation cycles of Lhe vegetction of the avea being studied (Istes
and Simonett, 1975) but phis 1s very difficult to achieve. Iiost

regearchers claim that colour NSS imagery from al least two porrdt

1

mzzitam potential for fidoatifis ta m (Dstes oo al, 19745 Place, 177
Yeterson, 19755 Justile et ol 1974).  Also the dynawic natura ol the
vogetation permits scope [or other types of photographic enhanccaent
techniques, e.g. odge cohoneonsat to detest Lsundrry changes ond dogsity

annlyses to detect chimzzy in crop patteras (ses Scekion /7.7.7%.).

el LAMD USE GLATSITISALICH SY3IDNMD

A< discussed priviously (sece Seciion ), the problen of
developing s satisfactor; L ad use elasgificicion uchimez his chuszed con-
saderable concern to _onid insistigators u-ing ionapgery obtained from
orbital sensors (Amndersoan, 1471; lunnally, 197743 HASA, 1974) vhercas
others have been content to develop ad hoc systems for particular nreas
being investigated (Rudd, L)7L; Parry, 1J74). liost researchers agree
that no single classific tion system can be devised that vould be suitable
as a basis for all types ol land use mapping. This is mainly due to a

combination of factors including the purpose of the map, the {inal mapping

scale, the resolution and ruality of the im~sery, reglonal charactaristics,

adequate descriptions of categories and the mhjor land use factors that

should be included.



The need for a broad fromerork in order to brimg some forn of _ Qv?/
standardisgation between the wnapping prograrmes by different organisa-
tions has been recognised in the United States and various attemptx
hinve been made to produce systems sultible for use with orbiral
imagery. Anderson (1971} outlined his idens hy proP;Jsing t170 svstems
for coansideration by incorested organisavioas. HWowever, his
approach, based on fired » priori classif{icitions has not beea accepted
by all researchers as a saticfactory solution. TFor excmole, Nunnally
(1)74) and UHower (1977) preisr che induclLi -e ~pproach to land use clas-
siiication recommznded by Glawson and Stemrt (1905) and Hunnally
ond Uitmer (1970) in vhich the interpreter should interpret land wuiz
in as much detail as posaible within tho limications irposed by the
zele and resolution of che iragery and thea avoup the used info
caterories most appropriate co his owm inrescigation. HNunnally believes
that ™£ basic closser wore properly defined :md,adequntely desrribad,
the original data could then be used efifectively by others since ~il
deot~il rrouid have becn praserved?. Ander on (1971) sgreed <oich tho
criticisn vh:.‘ch was alse prescated by Huanally and Uicmer (41970) that
was quite probable thac 3ps would nol be properly falled by usine 2
pre~concelved classificacica, But, he wsserted that ca hisc cliesl
trrangement appropriate t o particular need for a land classificrtion
rvystem seened to be neceirary in order to gpuide the interpretation of
romete sensor imagery. o used the srgunmonk that the inductive -“pproach
could lead to a misdiracted cnd possibly e.pinsive effort which may not
be needed for a particular purposc. Conscouently, in his initial
abtempts to produce sati«factory guidelines for the preparation of
land use maps from orbatal imagery at scclec ransing from 1:250,000
to 1:£2,500,000, he oullined two schemes for congideration (see Tables
and J« The first scheme was an attemnt o devise a more activity

oriented or functional categprization ~ihich vrould be compatible vith

some of the classification systems that were in widespread use. This
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sl e ~as intended [or use -rdch orbital iw-pory in conjunction with
infoymation obtained {vcn wcher sources. The other schew -ras Andersonts
idan for a elasaifie tina ~ystem that could bn nsed over the vhole of
the Tnited Atites. T wris dosigned o thiot little or no suppls -~ wy
information Tron other -~ources 118 necepeary but it assumed that
vimatol cory ~urrozncs~ nonld be offezhi »ily nred o ddineify
Fefa rdty-orient.d usoi.  Zoth schem:: rave de~ienad o meec Lhe roquives
nznts of a ret off epltrri. ~hich fndercen dowveloped an ovder to # in a
better undersc-mdine o cnvranl problens ralnezd o producing eifective
cl-ssification schaae or uee writh rewoke wonvor imagery -t acnlen
vongine from 13750,000 ke 1:1,000,030,

The background 1.. +<ch by Snder na oroid d pt of the fron.-
vorls Trowm vibwch the Tno.c=Srncy SLeorins tormdtios on Lmd Wa-
Tnior ation md Glasgific {iva ottoiphed to dzvalop Ya natucl cl -
~ifiction zystem th - :would ba recephdi w ko fgputs of d-tw T boo
con rentionnl sources -nd v:ie sensorn on hizh-alritude sircrafe ad
cvtellite platCoras, and 1hai -pould at +h» =-a1 tame form the Jr-ooork
ins o rhich the cateaocliue: o 1ore detpilxd 1 md-use studies by wovional,
ot ite, and loccl . geaciu. wopld be ficcesdt ad  sovcgaced gpred ow
1re peacrslirad c_a1ltores, 1o use at bz wtionil Lewellt. & v ditte:
-rin congposed of verre--a i res froa th: HBeoalomioal Tucvey of thiz
Taited Stater Departe- ot ol fab rior, the ieisgq]l leren-uire: -md
apres Administration, fho ' oil Gomscrvabtion "~ivice of the Tnifl »d ‘cates
Dzp rtment of Agricultie =, the Ass.cicion of famsrlesn Geogr mher ., and
rhe Internitionil Gooer mhienl Union. Ttn wrorlt —as supported Ly T\ Se.A.
"l the Department of Tnrarior =sud vis co-nrdinitad by the 1,7, Gooleogical
Survey. The “teerdns twonirtne acaepted ihis bisle premdse that @ flexible
land use classifiertioa ~ch.m2 was hicrhTy d-sirabla in the Uniled States

vhere for many vears dity hod been colleciel indapendently and rrith little
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SCHOIE I of Land U.e Nlassificatioa Srstwa Troposed by
J.R. Andergon, Pliotogrammetrric Ingineering, 37,
‘s 379-337, {1J71)

A Tentatntive Glassification {chenr for Use rdth Grbatal Tmogery -nd with Some
1

fupplc o atyry Taformatioa “ov i ".inz Lond Urz 17 . Tor the Uaiicd 3eal o Caagiag
in 3eale fyrom 1:250,000 ro 1:2, 103,000

(This schens assumes availibilluy of some supplcaca. iy information rreaa othex
Louscar,  Yegetdl cover Lemdnolozy in paranthenic  hoaro cpplicablol)

1 Tegource Troduction nnd Uit ction
i Cmricultural
(1) gwep Predu-tina ( i-037 1nd)
(Uroplaad-h w 7us .1 ancept for orchads, groves, «nd vin_yardss
croplend u- 1oaly Pox postuwey -wd vwopland not hrwrz- « w1 and
not piscurel)
(1) Trrag-tcd “wo Trodustion
(b) Hon-lrrig, .,r_‘; xop Produckion
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Tast)
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TI1 Urban Activities
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fapla (eonc)

Torms and Other Burlt-~Th Li rslihood Aveis (Tovm and Built-Up Land).
(vith & loyrer areal ligie -dichk is ideacicy ble through
interpr - tarion.)

Recroitional Actiwvitios

A, lonal 1o vicacsd Oz ins)

Bs Trater Oricated (Tater Redies)

S e (rdeated (Dueres)
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A. TwowWdctisity W rchlzal Crreat:d (e hirad)
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Ca Fweltenisdty Barron ¥ onl Twlend ol (3 aeca T, wd) dncluding lim
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Tocor Usins Aecivicies (Tfabtue Jodies)
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classification levels vere developad on the assumption that different
sensors could provide information for different levels of classifica=
tion (see Table )+ The committee proposed that, due to the
relatively small scale of the imagery, Level I could only provide a
general classification based major differences in land cover, vhereas
Level 1II, based on larger scale imapery and supplementary informa.
tron permitted the complexity of the system to be increased (see Table

)e In addition, the commttee accepted the criteria suggested by
Anderson (1971) {see Table ) and the system was designed to meet
these requirements. '

The definitions for each of the categories in Level I and 11

were subrected to testing and evaluation by the U.S. Geolegical Survey
in three regional projects, viz, the CGentral Atlontic Reélonal Beological
Site (GARETS), the Phoenixz Pilot Project, and Land Use lapping for the
Ozarks Regional Commission. Initial tested mainly involved imagery
obtained from high altitude flights but the system was later found to
work satisfactorily vhen used Ufth satellite imagery. Other organisa-
tions have used the system (Garlsom et al, 1974; Dormback and licKain,
1974; Hardy et al, 1975) and according to Lietzke and Stevenson {197%)
investigators have found that all Level I and IT categories with the
axception of Level II. Institutional could be delineated. They also
stated that investipators have differed in the number of categories that
they have been able to detect ranging from v Level L cakegories to 34
categories including 7 Level I, it Lewel II and 131 Level ITI. They also
listed a number of land use categories which have been detected on
LANDSAT imagery which were not included in U.S, Gecloglical Survey
Gircular 671 (see Table ). Some of these categories have been

included in the amended wversion of the classification {Anderson, 1574)
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TABLE

LAND USE CLASSIFICATION LEVELS
(from Anderson et al, (1971), U.S, Geological Survey Circular o7l)

Glassification Level Source of Information
I Batellite imagery, with very little supplcmental

information. Concerned with imagery obtained
at scales of 1:250,000 or smaller

1T High altitude and satellite imagery combined
trith topographic maps. Concerned with imagery
obtained at scales of 1:100,000 or smaller

IIT Hedium altitude remote sensing combined with
detailed topographic maps and substantial
amounts of supplemental information. Concerned
viith imagery obtained at scales at 1:40,000
to 1:15,000

iy Loy altitude imagery r7ith most of the information
devived from supplemental sources. Concerned
wvith large scale imagery
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LAND USE CATEGORIES DETEGTED O] LANDSAT-1 TMAGERY

THIGH ARE NOT IN LIVELS T AND I 0F CLASSIFICATIONS

IN THE U.S. GEOLOGICAL SURVEY CIRCULAR 671

{from Lietzike, K.R. and Stavenson, P.h. {1074))

tlobile Homes

Parking Lots

Unimproved Open Space (bare)
Improved Open Space (irrigated)

Unimproved Open Space (inth trees)

Low Density Residential
High Density Residential
Developer Open Space {urban)
Rural Open Land
Right-of-Vays in Forest
Rural Settlem2ats

Tlooded Rangeland

Soy beons

Gorn

Ixzposed soil

Vlinter Iyeprass

Stubble

High Density Single Family
Low Density Single Pamily
tiived lultiple nnd Single ¥amily

Agricultural (ploed)
Agricultural (non-plowed)
Dxtr-ctzve (mines)
Extractive (tailing pipes)
Bxtr ctive (basinsg)
Extractive (gravel pits)
Sopitary Land Fil1

ater (natural basin)

“ater (eucavated basin)
Tetlands (Northern Bogs)
lietlands (Southern Feremmizl)
Tletlands (Southern Szasonal)
Lor Tncome Residential
Goagtal Strand

Coastal 8alt Warsh

Goastal Sage

Toodl wnd Savannah

Riporian Vegetation
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(sce Table ) but, as stated in the cireulor, the system vas designed
to be L{lexible wathin certain liwmits and, Lherefore, a particulax
organisation could modify it providing the recommended crikteria vere
mst.

After careful examination of its development and structure cnd on
the basis that it i1s the only nalionzlly accepted land uwse classifica-
tion system for use with remote sensor imagery as twell as the fact that
it has been successfully tested, evaluated and implema»nted by many
1.8, orpanisations, the system has been —ceepted as the general {rame~
work for land use cl ssification in thiy insestigation. Additionally,
the system outlined in the U.S. Geologicoal Gircular 571 would probably
be more acceptable to overseas organisations in an overall mathodology
for the production of land use maps rather than the inclusion of a
completely nesr and virtually untried system., The ﬁ.S. system is qurte
flerible and should meer the nceds of most countries an prorsiding a
general vorbing frame orls from vhich a standavdized land use clussifica-
tion system could be developed for the particular situation.

‘.5, GROUND TRUTH DROSEDURES

4&,5.1. Introduction

The uce of the term "ground truth! in renote sensing has caused
a certain amount of coptrovergy. Some investiqators including Estes
(1974), Savigear et al (1975) have stated or inferred that it is quite
adequate and they have mot been concerned vith interpretations of its
literal meaning. On the other hand, other investigakors, c.g. Lee
et al (1975) have amphatically rejected the term in favour of "grouad
investigation" or "ground dara"., They believe that "ground truth" is
Jargonistic and that it is a vague and misleading term vhich suggests
that "the truth may be found on the groun'". TFor the purpose of this
investigation ground truth has been accepted as a commonly adoptaed and

generally understood term vhich has been used to describe the fieldwork
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associated rrith the establisluznt of a detailed record of the
fton-the-ground” situation in orzder to validate the interpretation

of rcmote sensor imagerys This aspect has often been criticised by
researchers as the most neglected aspect of remote sensing investiga-
tions (Bensoa et al, 1971 p

The amount and type of ground truth data sequired usually depend
upon the nature of the project being underteken, the quality scale and
resolution of the Imspery, the range of interpretation techniques, the
availability of supplcuentwry information including topographic
maps, reports and statistieal data., Thurclore, careful selection of
the variables that rhould be investigated .md the cxtenk of their
measurement and/or description should be a major comsjdecotion in any
mrpping programme based on rcuobte sensor imagery. In this investiga-
tion the emphasis is placed on the collection of data ain the operational
sense rather than the more strictly controlled basic research approach
in vhich very deisiled measuremints of suriace and sub/surflace
variables m y be talen at various stag:s bofore, during and after the
acquisition of the imngery in order to estiblich environmmental
parsrmeters vhich signaficantly affect the insge characteristics, e
“urkis et al, 1974; lchDonald et al, 1973,

The data till be used initially to ascercain vhether the
prelimnary interpretation was correct (il.e. vhether the required
accurcey levels are attained) ond additionsl information cellected at
the sample sites will be used ro determine reasons for possible
mis-interpretations and vhether the classiflication system is satisfactory.
Accordingly, the mnterpretation of image pattcrns covering comparatively
large land surface areas on small scale imagery is the dominant problem
instead of trying to establish the possible ¢ usal relationships between
the various image responses and environmental factors as attempted in

the wmore intensive ground truth studies.
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As thclmajot aim of this research is to present a methodolopy
for the rapid production of mmall scale lznd use maps using unsophis-
ticated techniques, the natuve of the variables to be obgerved and
the development of an ovserall sampling procedure that yould permit
quiclk colleckion znd evaluation of data theresfore forms an impoztant
stage in the investigation. But, in addition, the extent of the
ground truth datn collection is closely tied to the gtructure of the
clasgification system vhich, if correctiy pstabliched, has certain
controlling requiremonts or criteria that tend to regulate the scope
of the inquiry (see Table Y. These Lri%eria usually determine
tho accuracy levels to vhich imagery should be interpreted, the
minimum sire of areal wunlts and othyr aspects which con affect the
naturae of the overall ground truth procedure. Also, the mzjority of
gromad truth information in this type of investigation vwill normally
be collected after the LAWDSAT 1155 data has been recorded at the ground
recelving station. This situation arises due to a conbination of
factors including the operating schedule of the receiving statiocn, the
data procesging time, evaluntion of the imigery for cloud cover and
spectral qualities, and delf rery time. Congsequently, the dynemic
nature of the landscape, especially vegetation patterns must be taken
into consideration when eollecting ground truth data in this kind of
study. tlost investigators recommend that iwagery from different
seasons should be used 1f possible so that a rensonable representation
of the spectral responges can be obsexved (see Section 4.3.6.). This
neans that, as well as the careful sélection of variables and the
most appropriate sampling procedure, the most suitable time orx times
for field checking should bo selected in order te avoid expensive and
time-consuming field surveys. A more dec rled discussion of seasonalaty
and its effects on interpretation is presented in the section on

Interpretation Techniques (see Sectiom 4.3.).
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/7,547, Bampline Icocedures

4.5.7.1. Gensral

Due to time and co.t factors it would be virtually impossible,
in tLhe practical sease, to chaeck completely cach land use poreel
throuchout any regioa, therefore, a valid sompling procedure is
required, TUnfortunately, different viewpoints and o certain cmount
of uncertointy exists about vhich approach is most appropriate and
vorious researchers have attempted to provide satisfactory compromises
betyveen theocetical and practical demsnds. Tampling techniques in
land use surveys have renged From siopl @ Hurth=Couth and Zast-"Test
traverses and the identification of doubtful points {¥riesman,

1969) to nmulti-stage strategies (Aldrick, 19713 Rehder, 197%).

During recent years {insmncial and terpor il limitations combined
with the problem of adequakely repregentin important manor classziiica~
tions an the areal sample have tended to focus the ntcentrion of
regearchers involved in land use surveys torracds some form of
stratified sampling tochmique rather than a strictly random somple.
The maxjor difference betrreen the two is that the areal sample space
ig divided into strata .nd each strata it treated as a sepavate sub~universe
in vhich sitmle random sampling is employed. {Kelly, 1970). However,
ne complete description of appropriate siratified randem ssmpling
procedures applaicable to this investization can be locateds llost
researchers have stated that they have adopted a paxticular str tegy
without fully describing the techniques cdopted for selecting sample
gires, random sites, sire of sampie sites and the criteria adopted
for accepting or rejecting the sitec.

Zomnmevald {1972) has strongly emphasised that randox sampling
in land evaluation surveys tends to give noo .uch prominence to the

larger areas to the detriment of smaller arveas vhich may be equally as
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important as the larger aredas. He believes that the selection of points
within a fully homogencous area as indicoted by interpreted patterns on
the imagery should be rand:m rather thon using an overall rendom sszmple.
In a later article he states that "pure roendom sampling is only
appropriate in pure scientific surveys of small areas, vhere nobody

is wvaiting for the results, except the scieatist, who 15 anusing himself
and can afford to gpend much time". (Zonn3veld, 1974). Horrever, he
does not present an in-depth account of his technique and he does not
give ony indication of the number of sampyle points required tith each
category other than "the total nuwmber of swaples to be taken is then
divided betyeen these preliminary cormumiiies'.

In an attempt co evaluate land classificuation procedures using
sirulated space photographs, Rudd (1971) cons:dered that stratified
rondon sampling was the mast apprepriate. Aftcr interpreteotion, Lhe
area of each category +ras measured and the smallest category (in area)
1/as allocated five sample points and the other categories yere allotted
sample points in proportion to their respectire areas. No reason vas
given for adopting Eive sample points for the smallest area.

Dudt and van der Zee (1974) have da-cussed the importance of ground
checlis in the identification of xural land uge by photo-interpretation
in order to verify all non-adentifiasble and ambiguous objects as well
as sanpling each category to check to accurscy of interpretation. Ho
indication of sampling method or suggestions aboul the apprepriate
nurbker of sampling sites wvas glven bub they did include some criteria
for establishing interpretation accuracy including the 55-95% limits
suggested by Andersomn (1271).

Stobbs (19G3) his described how he used a random sampling technique
to meisure lond use in Ualavis In effece, ik is a stratified random

sampling method because he actually stratified his region by using



prescribed ovease om individual aerial photographs and caleul ted the 4&15’,
number of points to be sampled on each photograph by using a pre-
determined f{ormuls (see Tchle Y+ Althoush 1t is one of the few
published reports vhere the mathematical basis for determiming the
number of sampling points s adequately detailed, the design paramsters
do not permit it to be used in this investigation. A similar sampling
approach utilising the same formula has boaen carried out in Nigeria
by Alford et al (1974).

liulti~stage sampling procedures have becen used 1o studies
associated vith the production of land use maps from LANDSAT imagery.
Usually, the inrterpretation of the land use patkerns on the orbital
inagery becomes the first stratfificntion inm n multi-stage designe This
is theq accompanied by several stages ol sub-zempling using low
and/or high altitude photography and/or ground data acquisitiom to
quickly and efficiently checlk fand use interpretaticnsz. Unfortunately,
the nroblem of insufficient publizhed details about this type of sampling
design applied to visual techniques stzll erists. Poulton et al (1975)
in a revies of synoptic resource inventorias claimed that "methods nnd
sampling theories developed primarily im forestry (Langley, 19569) are
beginning to be applied successfully &p vaorious rangeland problems
(Driscoll and Francis, 1970; Jchnson, 19733 Langley, 1974)". No further
details were provided and, unfortunately twvo of the last three
references quoted by Poulton were perscnal communications and the other
conld not be located. Theresfore, specific details of their approaches
would not be investigated. However, Aldrick {1971) has utilised Langley's
extension of the theory of probability sampling to develop multi-stage
sampling designs for timber mortality surveys and Natural Forest m;nageu
ment plan inventories in attempts to deterinne gross volumes of timber
from small scale imagery. 3But, the procedure is not directly applicable

in this investigation as it involved larger scale imagery and was

primarily designed to estimate timber volumes.



33a

TASLG

DETEQIINATION OF THE TOTAL HIRIBIR OF PIEINES REGUIZLD
T SAMPLE THE COMPLATE DPHOTO CHOVER 77 AN EGOLOGICAL,
OR ADMINISIRATIVE, UNIT IN O3DCR TQ PROVIDE
AREA ESTIVATES OF VARIOUS LAND USE CATEGORIES,
TLFHEN SELDOTAD EROX L ISLES

fyom Stobbs, Alle, 13:3
The Cartographic Journal, 5, 2, 107-110

38,400

P X E2

0 = {100.T) .

W = the total nuvber of sampling points

P = the percentage of the total irea of the escological or
administrative unit occupied by the mo<t critical land
use category (in the farst inscance, P is usually an
estimate) mzde on the safe side

3,400 = a constant based on 3Student's 'Y, tJaten at the
95 per cent level of probability

2 = the percentrge evror vrithin which results can be
expected to fall im 95 per cent cases

Thus, if the most critical land use category covers some 5
per cent of rtha total area of the wnit, and the sampling
error 1s to be no greatar th n 3 per cent then subgtituting
in the above formula, e get

N = (100-5) x 22299 _

5% (5)

i

it

79,134

Thug, in this esanwnle, 1f 1000 photos are invelved the
central poriion of each photograph should be sampled by a
templace having 29 randomly distributed pointsg
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In suwmnary, stratyfied reondom Lechniques have been greatly
accepled as the most appropriaie method of sampling in land use studies
using xemole sensor imagery so thal smaller meas can be satisfactorily
represented. But the problem remains abeut ho - to select the best
sample for each category. Several alteinatire methods have been
used, e.ge.

(1) strakxrly Lhe region geometrically and then randomly select

pownts wvithin each or rectangle (Berry and Baker, 1963).
The number of polnts may be determined by utilising
Eormulae {e.g. SLobbs, 19,3, Alford et al, 1974),

(2) stratafy tre region by interpreted land use categories
and then estimate the total nurber of sample points that
could be visited duz to Lhe coastraints imposed by time
and money and then distribute them proportionally by
area (e.g. Zonneveld, 1974}, -

(3) stratafy the region by interpreted land use and Lhen

allocate a cercain number of sample points to the
category with the smallest area and then distribuLe
sample points to the other cdlegories in proportion to
their areas {e.g. Rudd, 1971).

It is considered that the above methods do not provide suflicient
statistlcai justifaication for the allocation of sample points in each
category of rural land use utilizing LANDSAT HSS imagery. Conseguently,
2 more detailed and more relisble method for determining the wost
appropriate (1.c. minimvm) sample si-e should be ascertained.

The method proposed by the author is c.plained and ju tified in
the neat session on Sample Sives It 25 this method which was adopLad
for use in the ground truth phase of the project as deserived in
chapLers and . The writer gratefully ackmowledges the assistance and
guldance of Dr. A. ilay, Semior Lecturer in the Department of Geography,

University of Shoffield, in the formulation of the statistical sampling

methodelogy vhich the author has adapted for use in remote sensing studies.



4e5.%.7, SQTEEIQ si 2

As one of the bagic objectives of tho present study is te nohe a2

classification of rural lomd usc on the busis of LANDSAL IS imagery,
the function of the ground kruth survey in such an operational system
ig to utilire a sound siatzstical sampling design wvhich will test the
correcktness of the attribution by interprast-tion of specific sites to

classes in the closzification. That is, for any sample point, it

should be shorm ~hether the remote sensing attribution to a class within

the clasgsification is correct or in error. '
fome of the main aspects that necsd va be coasidored in such a
remote sensing sampling design aves-

(i) the frequency thit any on2 l.und use type (on the

ground) 1s erroneously attributed to another cluss by the intecproter.

For erample in Table 3’&5 of A is erroncoucly attributed to the
oither clasgagy

(1i) the frequenzy thot the vrong land use {as observed on
the ground) is erronecously included in sny one c¢lass by the remcta
seniing interpreters For eirample in Table 5/17 of A attributions
are orroaeously interpreted;

(ii1) the proportion of all land (as determined in the f{ield)
thot 1s mistakenly attributed by the interpret r. For example, in
Table 3751 of all attributions are incorreckt; #nd

(iv) the determination of vhether the mistakes are raandom
{so that overall proportions on approximately correcl), or subject to
a persistent bias. For exauple, in Table is there a significant
tendency to mis-attribute land use O (on the pround) to category A,

i-@- 4[1 '?

Thus the objecclse Ls to design a soupling and statistical besting

£

procedure vhich will allow an spproximate ansirer to each of these

aghects.

q;ﬁif;



TABLE

MATRIY SHOTING HYPOTHETICAL NUMBERS
OF SITES I ACTUAL AND THTERPRETED
LAND BSS CATDGORITS

LAMD USE (on tha ground)

A B = Sum
LAND USE A i2 i} 4 17
{interpreted
(rom 5 2 19 0 21
inrgory) )
Q 1 0 12 13
Sum 15 20 13 51

35a



Tn order to determinc the optimua siople sire’ for a stratified 3¢ -
<

random smuple of a resion wvhich has been mapped by remote sensing
techniques, 2t is necessary o consider, first of all, ome land use
type or category {stratum) vhich has been identified from the LANDSAT
inrgery. A sam}‘ple of = points in that land use type can then be
selected, and the mmbor of errors (£} cliecked in the field.

Tf such a procedure adopts a very emai'l sample {e.g. x = 10),
the nwher of errors would mormally also be szall (e.ge £ =0, 15 2, 35 ses Jo
Hotraver, Lhe achievemont of perfect results (f.e. £ =0) in such a small
sanple does not iuply thac che method is ecrror fresz, as such a result may
occur by chanee in o sivuation vhere a subsiantinl proportion of the
1md use eclnssification vas in fact, orroncous. This point has scldom
been appreciatad by mny imige intewpretors =hinn checlanz the aceurscy
of their ramote sensing land use survey. This proportion of tho
interpretation vhich is in error, would, howrraver, be identiiied in &
rory long run study, and iz normsally called ¥Z (ox p as a decamsl
fraction). The probabilicy of making no intarpretation errors when
taling @ sample of  {rowm a remote sensing based classification with
raetl ervors having a probability -~ p 15 girsan by the banomi.al expansion
(p + q)z in vhich q = 1 -~ p. 1In the tase of ne errors in the inter-
pretation, the last torm of the expansion is the only one of interest
(.20 g )

Table shotrs the probability of scoring no interpretation errors
in samples of varying sizes taken £rom a population with a range of real
error proportions g« Hramination of this table shows that no error

sarple results can quite eosily arise in small samples even vhen the true

¢ by “optimum' sample si-e is meant the ndniiara number of points
that need to be checked in the field in order to meet a specifica-
tion requirement of 7% accuracys Especially for lou cost, cpera—
tional surveys, it is critical that a methed of sampling 1s usad
vhich i1s both reliable and fast {i.e. the method should enable the
executing body to meet the accuracy levels required in the
shortest possible time).


http:chec&.ed
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error rate is high. Taking the consentionil probability level of
95%/5%, it is clear Lhat the table con be dirsided into two parts by a
Ystepped! linz. Above and to the left of the line, the probabilities
of obtaining error [rece somple results ace lows, even vhen true errors
miy be present in apprezitble mmbers. Oa th2 other haond, below and

to the right of the Iline, it ig pozsible to identify the high probability
that these error free results could have beon obrained except from a
method vhich wvas rot truly error free. This shows thoi, if the
permissible ervor rate in amate interpretatica is predetermined, for
exrmple, 35-20% as suppested by tha U.7. doelopical Survey Cirecular 71
(Anderson et al, 1977} or as required in mn operational job specifica-
tion, the sample si~e for each land usc sebrvatwr necessary fox 05%
intexrpretation at.urcey should be at least ™0, and for a 90% accuracy,
1t should be at least 30. Thus, by ueing thioc table, the minimwi
szuple sire required for checking ony intecpiacition dccuracy level can
be determined. It is a manimum becausz fox any smiller sample sire
even a "perfect” (i.e. error free ground checlt) result signifies ver;
little. Tables and provide more derailed caleulations of the
probabilities of scoring errors in samplez of varying sizes with
rpecifzed inkferpretatioa levels of {51 :nd 90X wespectively.

Althaugh strictly spenking a sammle of che caleculated sire should
be selected Ffor each land uce classification type (or stratum), it is
recognized that sowe land use categories 11ill deccupy such a small propor-
tion of the total area (e.ge reservoirs, salt lakes, small forests), that
such 2 sample size vould be drfficult te obtain. In such cases it is
normally feasible to visit each of these sites during the field check in
order te verify the accuracy of interpretation.

465,203, Sampling stratEEZ

It has been demonstrated above that a mfnimuwn sample gize of 30 is

necessary for each land use type in order to meet the U.S. Geological
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- TABLE

PROBABILITY OF SCORING NO TRRORS T SAMDPLES OF VARYTNG 3IZES FROM A
POPULATION #ITH A NANGT OF “LEAL ERROR TMOPONTIONS OF

SAMPLE SIZE

x i
q 5 | 10 15 20 25 30 35 s 1oas 50 50
.99 . 0.5477
]
.95 0.714. | 0.1.61 | 0.1205 | 0,0994 | 0.07.9 | 0.0/.1
.90 0.205" | o.121. | 9.071% | 0.972% | 0,0750 | 0.0143 | 0.0037 | 0.9057
specified
interpretation -G53 0.037% 1 0.0223 | 0.0172
accuracy .80 0.1074 | 0.035° i
.70 9.1081 | 0.0282
.60 0.0778
50 | 0.0313 |

m—e—— gtepped lince indicates appromimate <05 lavel of probubulity
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TABLE

PROBABILITY OF SCORING ERRORS IN SAUPLES OF VARYING SIZES Qi
A POPULATICH Y7ITH REAL ERROR FROPORTION OF 835%
1.e. THE SPECITILD ¢ [TCRPRETATION ACCURACY LEVEL IS 33%

number of -
2errors
0 1 2 3 4 5
sample
size
: 15 L0374
20 0333 | L1358
25 L0172 | 0759 | L1007 i
30 L0075 | L0404 | L1034
35 L003% | L0209 | 0.7 | L1218
9 i L0365 | 03153
68 ! 0900 1 0570 | L0203
50 i 00 | L0.61 1 L1072
55 i L0139 | .0/34 | 0731
L'O- -0275 CGS"{l’i{
‘ 05 ] . 0362

stepped line indicates approdnaLe
05 lavel of probaniliry



TABLE

PROBABILITY OF SCORING ERRORS IN SAMPLES OF
VARYTNG SIZES FROU A POPULATION fTITH REAL ERROR
PROPORYLICGT v 90%,; i.e. THD SPECI IED

INTERFRETATTCH AGGURACY LEVLDL 8 90%

E

numbar of
errors
sample \\\\\\\\\ 0 1 2 3
sire .
i5 » 7059
20 1216
25 L0713 | 1024
30 L0474 1 L1713
35 07250 | L0372
an 057 '
45 043 . | L1067
50 LO2:. 1 L0779 #
55 #0533 | L1005
oo L0333 | L0344
Wi 06306
70 0170
sLoppoel line indic ites appro-dimata
0% level of probabilicy

37¢
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furvey Gircular 671 critcrion of 90% interpretation accuracy in land
use surveys using vemote sensor imagery. To locate these 30 points,
random point sampling within land use type (or strata) cam then be
performed by sampling using random spatizl coordinates. By this m2thod,
each random point is attributed te the interpreted land use type in
which it f£alls wntil a sufficient number of points (30) has been
cchieved in all categories. Once one land use type has heen sufficiently
sampled, further points that fall in that type may be ignored, whilst
the random sampling continues until all types have 30 points within
them. Normally, howszver, the lond use types in vhich such discounted
random points have fallen should be noted together with their location,
in order to provide a larger sample size for each land use type. [his
allowus guffigient reserva points to be collected in order to emaure
adequate coweroge due to inability to rorel 2 porticular site, as to
other unforeseen problius.

This type of remoce sonsing sampling strategy has tha advaentoge
that it could be easily adapced for use with niogt other forms ol remote
sensing imagery 6s well as orbital. Thus the proposed sampling scrategy
developed above and tested in the field (us described ia chipters
and ) provides a veliable {rameyoric for testing the accur-~cy of any
raadie sensing image inrerpretation-based l.und use clogsificction using
the winimum nuwher of poinec necessary, thereby saving time and money
if employed in operatioca~l swrveys vhere tight accuracy levels have to
be guaranteed.

4e5.2.%0  8i.e of sample point

Obviously the term sawple "point™ in this type of stuéy is a
misnomer because, even though the theoretical location of the sample site
may be determined by the grid intersection, tha practicalities of field
work make it virtually ifmpossible to locute and classify. Therefore, a

selected area around the point nust be considered znd its actual size



will depend on the scale and resolution of the inagery, the map scale ’\56?’
and the purpose of study. Again, there appears to be little guidnace

in the published litex-ture but it is generally accepted that the

quadrat should not be smaller than the ground vesolution of the

system used. GComsequently, In the case of LANDSAT 1SS imagery the size

of the objects in land use surveys should be greater than plxel sire,

i.e. greater than 79 m by 79 m.

Lietzke and Stevenson (1974) have reported that the "threshold of
resolution is 10 acres {4.03 hettares) for comprehensive land use mapping .
and ? to 5 acres (0.7 to 2.03 hectares) for come specific categories',
o mention of mapping of imagory scale was given hut, on the basis of
this information, the mininmuam resolution, i.2. the smallest identifiable
land use pattern rould ba zn area equivalent to 200 m by 200 n or
approximately £ times tha area of a pixel.

Joyce (1974) stated that "che minimun-si-ed unit avea deline-tion
of £0 zeres {1, hectares) or larger ig mogt coamon™ and refers bo
rosearch by Alexander (1973), ¥urer and 3ron (1973) and Hardy,

Slkaley and Phillips (1973). Consequently, it appears that the si-e of
the sarple "point" should fall between the re olution thresh 1d ("00 n
by 200 m) and the minfmun i "e area thal ¢ n be delineated, i.e. ‘00 m
by 400 m (L& hectares). Joyee did not state the scale but Hardy ot al
nentioned that "direct trmsier may be made at ratios of 1:750,000 and
1¢150,000 with map units of sbout 25 hectrres (500 m by 500 m) and 10
hectares (100 m by 100 11) respectavely for the purpose of this
investigation a square of 7530 m by 250 m has been adopted as the size
of the sample point. 1ifore detalls on scale and resolution have Leen
presented in Sections 4.2.4. and 4.2.5. respectively.

44503, Ground Data Acguisition

As mentloned previoucly the correct selection of the varisbles vwhich
should be investigated in the fie d forms an important part of the overall

ground truth procedure. The variables should represent the dominant



factors that have affected the spectral nature of the imsge ond the ,j%ZD"
extent to vhich they should be recorded in the field is mainly a function

of the scale and resolution of the imagery, the classification system

and the purpose of the study.

The main variables that have besen considered in <mall scale land
use surveys have included soil, bedrock, vegetation, surface morphology,
urban centres, water surfaces, slope and aspect. But, the appropriate
level of measurement and/or description has not been adequately described
and most guidance can be obtained by examining the data acquisition
sheets devised for land use mapping from aerial photographs, e.g. Benson
et al, 1971, terrain analysis studies, e.g. tidtchell, 1973, othoer
closely related studies, c.g. Henderson'!s (1375) investigation of the
role of radar in land use wapping or the more b-sic research oricated
studies winvestigating LANORAT 1SS imagery (e.g. Curtis and Hooper,

1974). Thesa sheets (sce aAppendix ), at least, give some idea of the
level of description ot the particular scale th;t the researchers have
decided to w1nvestagate.

Small scale land us2 Surwveys have had the constraints of the
classification system super-imposed over the data collection bechniques
and this has controlled the extent to %hich data has been collected.
Therefore, if the broad outlines provided by the T.S. Geological Jurvey
Cireular (71 are adopted then the wariables should be neasured or
described in a hierachial momner to coincide with the various levels of
the classification schanz, e.g. Levels 1 to 40 This means that a
satisfactory ground data sheet should be designed so that the informa-
tion can be collected at different levels of sophistication but with an
operational rather than a research bias. The extent and type of daka
collection in the field are largely influenced by time and cost factors
and rigidly controlled observations vhich aid the very detalled ~nalyses

of spectral responses are not required,



The major factors to consider at Levels 1 and ? ara those vbich ,(//r
lead to the spectral responses on the imagery associated with broad
categories of vegetation. These mainly include the distribution
patterns of the vagetation and the colour of vegetation and soil
assoclated trith those patterns. Data may also be collected which
coincides with the U.S. chlogical Survey Gircular 671, Levels 3 and
%y This petmits the more specific identification of vegetation types
at the sample point and thelr use may mnot be obvious during inter-
pretation but the data miy be helpfel when trying to isolate re.isoas
for mis~interpretation. TFor example, the seasonal variation in some
types of vegetation may sitally affect the response racorded on the
1TaGeLY .

Other factors vhich rffect the spectx~l respomses should be
recordedy e.g. slope, vemel-trion spacin, and height, coelour of suxrface.
Provision should be made for recording possible seasonal changes in
vegetation characteristics at different levels as well as possiblia
nair developasnt projecis in the region vhich could csuse diserepzncies
betrreen the imagery and the data collection. Ground Level photographs
of the sites have been found useful in 1ss:ssing mig-interprotation.

In addition, wvertical neri 1 photographs have been used by virious
researchers as an alternti ro method of establishing the accuracy of
their int;rpretation ol orbital imagery {van Genderen, 1773; Sreet at
al, 1974).

The stages in the preparation for data collection and rhe associated
field procedure will be described in detsil in the nevt chapter,

4e5.4, Summary

The ecollection of information about selected variables at zn
appropriate level requires the development of an appropriate sampling
design and ground datz collection procedure =thich will enable the rapid

collection of data to check the accuracy of imterpretation and to help

isolate possible reasons for mis-interpretation. Basically, this
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nacessitates the selection of =zn adequate sampling strategy, optimum
sample size, area of sample Ypolnts™ and the development of an adequate
ground data collection form and traversing procedure.

Investigation has showm thet the most appropriate sawpling
<trategy for this study is the stratified random techniques. H wzver,
no established metheod for determining the ideal number of sample
points could be discovered and a cpecial method has been developed to
overcome this problenm (see Section #.5.7.%.). The gize of the gample
Ypoink! w s established after considering the mininum mapping unit and
image resolution (o2 Section %4.5.2.4.). Detailed explanations of the
application of these aspects in the operational senmse and the devolop~
niznt tnd nse of a ground dita acquisition thaet ond field traversing
routine are presented in Chopter 5.

fa0.  GENENAL SINLI'DY

The overall sam of Lhis chopter h-s bezn to consider the mun
factors that affect the level of accuracy of the produccion of amnil
scle land use naps froa LANDSAL 1135 data in rder to asseas the
relevont approaches that have been utilised wauhin 2 broad range of
remote sensing technicucss In -ddition, it ha, brought togather the
results of many research projects vhich kare focussed on specafice
problems that ave applic-ble ip the production of small scale land use
wmaps. Consequently, the sumpary of technigques has permittad the
evaluation and elimination of some methods and it has alseo alloscd some
procedures to be adapted and new ones ke bo developed so that the basis
for a feasible methodolosy can be established.

It appears that the major problems to be investigatad revolwve
around the selection of the most appropriate imagery format and scala,
visual interpretation procedures, the development of a satisfactory

classificarion scheme snd the establishacnt of 1 vieble sampling procedure
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for tesring the results of rhe interpretation as well as locating
possible reasons for mis-interpretation. The next logical step, there-
fore, 1s to test the mont relevant techniques involved in each stage
in the operational sense and lurccia province, ‘ouch Tast Spain was
chosen as the most suirable location. The results of these investiga-

tions are described in the ne-t chapter.






