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. REPRODUCIBILITY OF o

0.1 Research Finance

The research carried out for two years from September 1972 was
financed by the United Kingdom Department of Trade & Industry.
Since October 1973 a further Research Associate has been
working on the material: He is funded by a Research Grant from
the UK Natural Environment Research Council.

0.2 History and concept

In ¢ommon with other investigators, the original proposal was drawn

up well in advance of the launch of ERTS-1, and without access te

. any simulated imagery or computer=compatible material. We were

aware 1) that it would be pointléss to duplicate existing United
States work in the use of ﬂultispéetral imagery and felt 2) that
too much attentioh was being paid to interpretation (by whatever
technique) at the limits of resolution of the system. Conversely

it seemed that there might be room for a United Kingdom contributioen
that touched on two other aspects of satellite imagery, viz: 1) the
considerable data=handling problem; suggésting that a computér=
compatible approach would be of value, and 2) the unigue epportunity
offered to achieve global or near-global coverage on a consistent
basis. We were also aware of the potential f£or monitoring change
provided for cloud-free areas by the 18-day repetition of imagery.
This did not form a major focus of our original proposal, but was

of data requiring detailed interpretation.

The original desigh proposed adoption of rectangular, preferably
square, areas and the extraction of generalized information from
these areas. They were designated UTA's (Unit Target Areas) and
were Seen as the basic building block of a global system for
generalization and the monitoring of major change in successive
images. With little more to guide us than a 'feel' for an
appropriate scale, we proposed that initially the UTA should be

50 x 50 km. It was argued that, Since botanical distributions

British Isles at about 1:5 000 000, continent=wide or global maps

at 1:20 000 000 ¢r smaller could well be based on a UTA of
50 x 50 km. We further argued 1) that the wish to esgcape
recognition of such éenventiénai elements of air photo recodgnitien
as towns, fields, ridges and valleys (as oppoesed to agricultural '

areas, mountain ranges or deserts) required a reasonably large UTA;
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while 2) anticipated problems of precise location of UTA'S suggested
that smaller areas would suffer from more 'noise' due to inaccurate
replication of the area on successive passes; 3) finally, a larger
UTA reduced the size of the data by the largest factor.

An early decision invélved our choice of computer on Which to
develop the sys&ém. The local uhiversity machine is an ICL and had
the particular disadvantage that it required 7-track tapes. Although
these were offered by NASA, it seemed that the 9-track tapes might
be easier to handle. Additionally, it seemed sénsible to establish
a systém on a machine readily available elsewhere, particularly in
‘ the USA. AS we have access to a 'regional' computer - the IBM
370/165 at th: University of Cambridge, and a terminal has been
installed at the University of Bast Anglia during this contract,

it seemed the obvious choice. We have suffered problems of slow
turn round; particularly ia the early stages of the program
development when the terminal was hot installed. WNevertheless, it
was the right choice.

Like other investigators, whether at home or abroad, we made a slow
start due to the late arrival of ERTS-1 products, particularly the
computer tapes. Since nct everything can be pursued at once, we
concentrated on prégram development to extract gray-scalée data for
UTA's from the tapes. Oncé histograms were availablé, We spent part
of our effort examining ways of handling them. All through this
stage (which lasted ever a year) we in general assumed that =

1) the tapes matched the images we had of the same scenes; 2) that
the geographical coordinates on the tapes were accurate within

1=2 km and so were Aot likely to distort our UTA histograms, and

3) that the histograms produced by summation of the number of
occurence of each value across the entire 128 points of the scale

.———"""'"".’?-_.:_‘
As our techniques were developed it became clear that these
assumptions were not wholly justified. One disappointing feature

_of research at this stage was the discovery that the slow speed

digital tapes. We had hoped to be akle to build on results of other,
larger, teams, but this was rarely possible, partly because so few
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seemed concerned with a-nalysi.s, rather than interpretation, of the
digital tapes.

Once it became clear that problems of location and of histogram
characteristice would require investigatien, much of the effort we
were deveting to generalization had to go back to the individual
pixel values. From this we were able to map by line-printer such
features as fields, reservoirs and rivers in our Central Californian
scene. From this we learnt that the phéto images and the tapes did
not coincide in coverage, while we also noted errors in position of
up to 10 km using the latitude, longitude grid as shown round the
edge of the scene and recorded on the computer tape. As these

. @rrors are 1arge cempared with the size of UTA we prapose to use,
eaeh:p&ss so that our UTA's~may be accurately lecat@d. ogg repégté
have also noted progress in smoothing the histogram valued to
provide a satisfactory basis for the comparison of successive scenes
of the same area, or &ifferent parts of the samé image.

In the generalization of informatien from ERTS images, one approach
is to map, by percentage area of other suitable measure,-such

simple variables as water, or snow and ice. An alternative approach
we have been trying uses arbitrary square UTA's. The gray-scale
histograms of these are compiled and they are then clustered using
‘a cluster-analysis program. These are indications that the major
regional groupings seen on ERTS imagery may fall-out from such an
analysis without the need to use a centiguity constraint, If so
{and we are still investigating the effect of varying the areas used
as the building blocks of this process) then this will be a most
satisfactory objective classification technique for mapping at a
small scale. - |

Regionalization at a global or Gontinental scale is at present likely
to be based ratheéexr subjectively on climatgiwyegetatien and relief.

climate as mmdified by relief) the relationships are complex and
the relative weight of the three variables varied from one persen

swm_uxu

to another, and from one area to another. An objective ¢classification

based on statistical analysis of gray-scale values could provide a
welcome alternative approach to geographical problems of global/
continental regionalization.

b R R S A
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In developing this approach wé have been aware that there are other
visual characteristics of the earth's surface that would be relevant
to our classification. Two of the most likely variables are the
presence of rectangular or other checkerboard patterns which are fost
likely to result from agriculture; - and the texture of ridge and
valley patterns in mountainous or upland areas. The first are most
readily derived from edge-detection techniques while the latter

can be more elusive, although where they are well marked, we have
been ablé to detect them by searching for 'edges'. Fourier
transformation may also be of value, although rather slow. Edge
detection will alse be effective in picking up lake and snow edges
in areas where theése occur. However, summation of approximate water
areas by count of very iow gray-scale values is probably more
appropriate for the high degree of generalization we seek.

0.3 Conclusion

In concélusion we are convinced that too little attention is being
paid to the value of ERTS imagery as a consistent data-~base for
global/continental generalization (regionalization and mapping)
If the information can be analysed in an objective manner, the

. combination of consistent data and replicable analysis will be

a notable addition to the information we have on global
distributiens and patterns.

0.4 For

¥ of this eiert

The remainder of this Final Réeport to NASA consists of material drawn »

from earlier Progress Reports, updated where necessary. In this way

'3

the general points made in this General Appraisal and the Introduction i

are developed in more detail. The main publications of the research
team are also included. The delay in submission is regretted. It is
largely the result of repeated delays in cemmissiening a printer/

cheap selutien for graphic eutput that weuld match the camputing
speed of the IBM installation. The delays here have been concerned
with the completison of hardware and have been wholly outside the
‘control of the team. -
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ORIGINAL PAGE IS POOR

1. INTRODUCTION ok

The ain of this project is to devise a system for generalising
rezotely sensed data for areas of the earth's surface at a scale
appropriate to a world data collection system., Successful genaralisatioi
wil) allow the identification of changes in surface cover o er

successive orbits, and may be used for small scale mapping of these
changes.

This systen, if setisfactory, could be used as a first stage
data filter, selecting for further analysis those imnges which show E

used throughout,

AR T

‘Since it is likely that any operational earth obsérvation satellite
Will, like ERTS-1, return the imagery as a digitized picture, there
&re many advantages in devising a system capable of processing thias .

ravw digital data. Among these advantages amthe reduction in slow
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and costly Photographic processing, the potential for developing
& fully automatic system, and the ability to make use of the full

dynanic range of the sensors without the degradation in radiometric

- £delity introduced by photographic procasang-:”“iiso futwre systems

A o SR

will Posaibly have sensors uhich do not yield in:f'ornation au:t.table foxr
photographic fresentation,
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Bach ERTS frame contains 3 x 107 pixels (piehu-o olements) for
the four MSS bands, whereas a rogional map at a scale of, say, 1 :I.'O6
could show 102 - I,I.'.'>3 independent data points in an equivalent area,
It is ﬂmp obvious that some gemeralisation of the ERTS inagery is
:-.qu;m*m regional scale investigations.

This gmeralisation can ve introduced n tw ways. The conveational
- @pproach is to classify the imagery frito surface t¥res, and to use
these swface types as & basis for generalisaticn. One disadvantage
of this approach is e expemse in computing power required to claseify
each pixel quite apart from the difficulty of recognizing 'standard
types' for such classification. An alternative system is to
generalise  the iav data prior to claseification and mapping on & regional
scale. This second approach is adopted for this moject, aince it offers

in the catchnent area of a Teservoir. It is hoped that the system

doseu-:l.bed here could identify this type of change against a bnckground

1.3

i
noise of smaller scale changes o ‘ ‘
1

One of the aims of the pro:ject s to determine the area over .
-__,..4--"“ ‘
vhich the data can be effectively generalised and yet still give a useful

representation of the imags, It is grobable that his sres ¥ill be

& function of the terrain type and the features of ;-gtq:'eét@ ‘ +
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Initially, square Unit Test Areas (UTAs) covering 2.5 = 105
hectares have been used. These UTAs ave defined Dy the geographical
coordinates of their centre points, and have edges parallel to
* 1ines of latitude and longitude. In some cazes it night be desiradble
to use a UTA coinciding with geographical bowmdaries, and to allow
for this UTAs with polygonal outlines may also be used.

1.4 Hathol of Generalis | L
The generalisation method which has been adopted characterizes

each UTA by its gray scale frequency dist¥ibution. The parameters
used for genmeralisation could be quantities derived from those
distributions, such as the mean and the atandard deviation, or they
could be the histogram that represents that distribution. The latter
will be used in this investigation, because the gray scale histogroms
are the simplest way of handling the information contained in the
_ frequency distribution, For moat purposes the fouwr MSS bande will
be ts‘a'ted independently, but greater sensitivity couli be achieved by
using a fregquency distridution in four dimensional -m_eaé&énmt space,
More complex methods of gensralisation such as the power spectrunm
of the at'rucm; in the image could glve parameters related to the
photogranetric use of texture. The use of such alternative means

of generalisation will be investigated at a later at‘age'- of the mroject.

Two test sites have been chosen, although adequate coverage is

only aveilable for cne of these, which is an area in the Central
Valley of California, and includes part of the Sierra Nevada and
the Coastal Range. The a’gm.&'tgst qr-e;___':tp 4n Eastern England,
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The 70mn bulk negatives for each of the scenes including 3
part of the test area have been examined, and CCI's obtained
for several of the scenes. The centre points, scene identifiers
and local tape code names for these tapes are listed in the .
table below.

TABLE I.

Local code NASA scene Centre point Date Area
identifier '

‘Tape B 1038 - 18114 37 27 N, 120 22 W 30 Aug 73 C. valley,

Calif.
Tape C 1031 - 10334 S3N, OW 23 Aug 72 E. England,
' ' The Wash

Tape D 1056 - 18114 37 23N, 12022 W 17 Sep 72 Calif.
C. valley

Tape E 1308 1 18122 37 34 N, 120 37 W 27 May 73 (alif. C.
valley

10295 51 40N, 006 W 8 Mar 73 S.E.England
London area

18120 38 58 N, 120 08 W 27 May 73 Calif. Lake
_ Tahoe area

Tape F 1228

Tape G 1308

‘

18071 3608 N, 119 30W 26 May 73 Calif. S. C.
- valley  °
- (Bakersfield) :

= 18064 37 34 N, 11906 W 26 May 73 Calif. Lake
: Mono & Sierra:
Nevada

4
o
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0f primary importance for aﬁtomﬁ.e generalisation of n-tei:l.ite
imagery, is the ability (i) to align the digital data to geographical
ocoordinates, and (i4) to select those pixels which 1ie within a
specified target atea.

There are several waye in which this alig:tent could be made,

but for an autonatic system operating cn a global scale, the most
bopeful in terms of computing time is %o use the information available
on the gatellite position and attitude. This is the mothod used by |
NASA for meteorological satellites and for ERTS bulk (system coirected)
iZagery. From predicted or measured orbital parameters the IRTS
procossing facility caloulates the lutitule and Jongitude of both

‘the subwsatellite point and the central point of' the image. fThe

latter corresponds %o the intersection of the pRincipal axis of the
RBV cameras with the qaﬂﬁ‘s surface and depends on the attitude of

the satellite. i’l‘hese two points are then used to superimpose a
latitude-longitude grid on the image. The pre-ilaunéh estimates of the
accuracy of this grid were about 500 m, which implies that a 50km Square
UTA could be located with & 1% error. This is sufficiently accurate

- for the sort of changes that eould be datected by. this mathod.

UTAs are dof:’med by the goeographical eoordinatea of the:l:r corner

points, and are compiled from the CCTs in two stages-

i) . The converaion from latitude = longitude ccordirates to scan
ldne, picture element coordinates (tape coordinates) is performed by
linear interpolation between the tape coordinates corresponding to the

A T SR T S o A L
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interssction of the latitude-longitude grid with the edge of the frame
using the grid information conteined in the annotation record at the
starc of the tapo ‘ !

11) The digital date corresponding to a UTA is campiled by
selecting from the CCTs those points which fall between lines connecting
the corner points of the UTA. The UTA data is then stored as a
separate data file consisting of segments of scan 1iné of varying length,
beén tested using easily identified control points fof the Californian
inages (Tapes B, D, and E), The geograrhical coordinates were taken
ort the Usts 4 s 250, OCO maps, aud converted to tape cooFdinates ., 4
section of the image swrrounding the tape coordinate was displayed
using line mrinter gray-=scale plfoit"é.. vhich gave an indication of the
‘positicnal errors. N
ure 1 shows the Pesults obtained for the dam of Hokey Lake

in California. The positions found £¢F the dan on tapes B3 and D3 are
narked by open circles, and show errors in the range of 5 to 10 ku,
Tests for other parts of these images show that the eTror has &

large constant component, and a sraller component which varies across
the image and has a magnitude of éboﬁt 1 ¥m.

2+4 Discussion

The source of the major error is almost emtirely in the latitude-
longitude grid data provided by WASA, and similer errors are foumd

from the grid superimposed on the photographic products. It is
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possible that the minor error is dus to the coordinate conversicn
algorithm. This is particularly likely neaf the corners of the
images whero grid marks are sparse, and lineat imterpolation 4s

less reliable because of geometric distortion.

Thege errors in the positioning of the digital data relative
to the UTAs are too large to allow relisble monitoring for changes

Two solutions are possible for the purposes of this i:linv:éﬁaaﬁog.
Bither the UTAs can be defined purely in terms of tape coordinates
and subsequent images aligned by use of a correction vhich initially
would have to b deternined manuelly, or the geographical
coordinates could be converted to tape coordinates with due allowance
made for the error in the grid. The advantage of the first is that it

removes the need for wnpacking the amnotation record, and so reduces

4n computer usage. The second alterpative sllows geographically

ificant (or at least interesting) avees to be used more easily,

but at the expense of increased computer usage.

an interesting excercise in this context is the use of a
crossscorrelatiog technique to align ¢he image with another. This is
a standard technique in crystallographic and i biologicel image
processing vhere the image consists of well defined 6bjects seen against

a miform background, but it is not immediately obvious that it will be

successful in sligning remotely sensed imagés where there is no clear

distinction between object and background, Demsity slicing is ome

- ~
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This approach is currently beéeing pursued.

Alternatively, the tape coordinates of features recognisable on the
photographs could be taken directly from a coordinate grid superim=
posed on the photograph, provided that the tape and photographic
imagery are coincident. However, it appears that there is an

along~track displacement of tape imagery relative to the photegtaphic

imagery by as much as 8 km, and se there is ne advantage is using
" this method. The relative displacement of the two types of
imagery has been found for all cases for which we have CCTs.

In order to lecate recognisable ground features in terms of tape
coordinates, some form of display of the data on the tapes is
needed. Two forms of pictuve display are available which are to
some extent complementary, andé both will be maintained.

i) Line printer gray scale pictures simulate the photographie
imagery, and thereby provide a rapid display of the data. Hewever,
they suffer from the disadvantages of mapping at too small a scale,
‘and of a limited range of gray tones. For speed, no allowance is
made for the skew on the imagery, or for the distertions imposed
by the use of a standard line printer, although in principle this
could be dome. Therefore, the resulting map i& not geometrically
accurate, and is not comparable, in the overlay sense, with
conventional maps. |

ii) Contour maps of the gray scales drawn by the graph plotter
have c¢usrections for the skew and sampling effects, and have an
easily variable scale. In addition there is a wider range of
gray scale informatiom available. The disadvantages are the time
taken to produce a single display, the dif! ﬁgul-ty in centouring

areas of rapidly changing gray tone and the lack .of an immediate

interpretation of the display.

Figure 1. provides an example of a gray scale printout and Figure 2.

shows a sample contour map.

e L T N P
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3. Gray Scale Samplin nm’RODUGleTY OF THE
= - ORIGINAL PAGE I3 F
3.1 Introduction ; . - p

Radiometric errors in the CCT imagery impose limitations on
the use of the gray scale histograms. It is necessary to
investigate the magnitude of these errors, so that the

-é-iéﬁifiea'néé of particular differences betwcen histograms

£
The soutces of radiometric error to be investigated are:=

1) those related to the conversion from radiance to
gray scale leveéls on the CCTs

11) these caused by the uneven respomse of the sensors.

3.2 The MSS Tra wsfer Function

A detailed descéription of the MSS transfer functien, which
determines the conversion from radiance to gray-scale values
18 given in the section "System Performance" in the ERTS
Data Users' Handbook. A brief swmmary will be given here.

The radiance, R, to tape count (gray scalé values on the CCT),

7, transfer' functién is always linear, but as will be seen, ‘

the aurrieri probability of any pixel having a tape count T is
functien of T itself: that is, the probability distribution

(as opposed to the freguency distribution), is a nem-uniform

function of T. The cause of this non=uniformity is the discrete

nature of the gray scales, and becomes mere apparent when

intermediate transfer functions, fl between R and the sensor

count, S, and f, between § and T, are consideéred,

a range of O to 63. The sec@nd t;ansfe; funct;an 52. wh;Ch is
related to the processing of the raw sensor data by the Special
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range as S. Ameng the eperatiens perfermed by SPS is
radiometrié calibratien of the sensor data and this could
cause f, to differ from a one-to-one mapping of S onto T.
1f, for examplée, two different sensor counts, Si and 82,
are always mapped inte a single value, T;, then the
a_priori probability of obtaining Ty will be twice the
mean probability.

over ad;aeent gxay 1eve;s only and ceuld be gemoved by
smoothing with a simple running mean technique. In practice
the calibration function changes ¢ontinually, and this
smoothing does not appear to be nécéssary. This is shoewn
by Fig.3 which is the unsmoothed band 7 histogram for a

50 km Square area in the central valley in Califermia.

Thé sensors for bands 4, 5 and 6 are usually operated in
the compressed data acquisition mede, in which the sensor
transfer functioen f1 is non=linear, with the sensoer count
§ is again 04 S463. To correct for the non-linearity
of fl' the SPS transfer fiunction f2 i8 alse non-linear

scale compressed for high radiance values. The range of

and ¢an be approximatéd by a quadratic of the form

2 4 0.45 S (1)

T = 0.025 S
This gives a tape count scale which is linear with a range
o{mélz?. or twice the range of S. Beécause of this
aifference in the ranges of S and T, the transfer function
Fl cannot be a @neet@eone.mgpﬁimg, Without the smearing
intr@duéed by the ehangiﬁq calibratien*funetien which

1east half ef the-T values would be zero. Because @ﬁ the

-
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noh-linearity low T values will ¢orrespond to two or more
S values, whereas at the high end of the radiance scale
ehly one in every two of three T values would have a non
zero probability. Thsi is illustrated by Figure 4 which
- shows the mapping of the 64 S values into T on the
assumption that £2 is represented exactly by (1). This
distribution shows that the a pridri nrobability of
obtaining T = 0@ is appreximaﬁély six times greater, on
average, than that of obtaining any particular value

of T greater than 120.

ility oh the

The gray scale histograms derived from the imagery are
the product of this non-uniforf probability distribution

effect on the histograms is illustrated by Figure 5.
Here each line shows the histegram for 12 scan lines

of the band 5 for Tape D3. The tape counts have been
combined in pairs to give a rafige of 64 values. One of
the most prominent features of the histograms are the
columns with anomolously low frequencies which persist .
over several sets of 12 scan lines, and which are
_associated with gray levels for which the a priori
probability is lew or zero. Much of this irregularity
is due to the stretching of the @tiginai 64-scale gray
levels to the 128 gray levels on the tapes as described ;
by Thomas (1973). | L —_—

the lower 1limit of the detail 4m the histograms
which can be accepted as real 15 approximately

T changes from s6an line, and from date to date,
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the range of T which corresponds to a single value of 3. Because

of the non=linearity of 1:'2, this 48 a function of T, 1.6. smaller
changes can be detected in the radiance of dark features than can be
detected in trighter featires.

The irregularity of the histograms can be reduced, end at the
same time the redundancy in the grey scale values due to the
expansicn of the range by f,, can be removed by emoothing the
Mstogrens vith a suitable convoluticn fmotion. The aim of this
convolution is to derive a 64 level scale for which each level has
an equel g jrjord probability. The probability of obteining

value between T and T +AT is related to ihe probability of obtaining
a Vslué between S and S +AS vy

r(T) AT= p(5).05 (2)

1—1

For a uniform distribution in 8, this redujles to
AT
P‘T) AT+ X3 (3)

‘»U- = 0-055+046

uh:lch, on substituting for S givea

‘l T . A —
A ¢ z 0 05' 31+k0 T
I
The width of the 64 intervals in T which have equal a priord

probabilities is fowd from (3) and (4)
AT = 005 sl hoT '

The centre points of these intervels is given by
Ta =0 At ns

Ta =¥ ATA* AT, - (6)
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convolution function which bae a widthst half height given by (5),

outer edges with slopes of +1 and = 1, and an equalweighting for
This convolution functicn has the advantages that it is smoothly

oves the range of T, and allows for the oné-to-two or one=

_ tosthree napping st high T values by weighting equally

nea¥ the centre of the window. Figurée 7 shows a histogram both

all values

unsmoothed and émoothed using tids convolution function, The full 128
% values have been used in plotting the histogram, although at most
64 of them are independent, and a 64 point non-linear scale would

be move approprate.

The multi~spectral scanner that produces the radiometrie data has
6 independent sensors in each band, and thus any wnevenness in the
response of those sensors will producé a banding effact on the image
which would repeat évery 6 lines. In an effcrt to identify the
magnitude of this effect, data from the CCTs were gnb;}eéted o the
tecinique of power spectrun aralyais.

This techinique of analysis takes a given sequence of data and
reduces it to a series of wave forms. Each wave, which is of the form
of a §igé wave, is c_h_é-i_t-'&c'terised. by two parameters, a wavelength (the

s

distance between two successive peaks), and en emplitude (the height

. measure of the contribution of that wavelength to the total signal,

~
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Thus any vavelength corresponding to a pronounced banding effect will

plot as & peak on the graph of pover agiinst wavelength, which will | 4

thus identify strong periodicities present in the data. i
The analysis was impiemented by use of the rrogran published

by Davis (1973). The data input was a string of gray=scale values

" at right angles to the scan lines, paraliel to the flight path of the

satellite, wvith a sampling interval of one smn line, Thus any

periodicities with a wavelength of 6 times the aampung jmtervil s

could be associated with unevenness in the sensors. :

caloulated for geveral images over lengths of 300 scan lines, The

results for en area of the North Sea (Tape C4) and for an avea of the

Sierra Newada of California (Tape D3) are shown as Figures 8 and 9.

Results, not shown heve, were obtained for adjacent scan positions,

Which demonstrated that the spectra were identical or very similar

i a small horizontal shift was applied. The resultant plots have

 window (Davis

been -Si_mo#hﬁd by application of the Hanning triangul
1973), and power is plotted on a logarithmic scale.
re 8), shows that there is a

The vesults for the Vash image (Pigu

distinet peak near the wavelength of 6 scan lines, identifying
""" y low,
reflecting the fact that the image consists of open sea which is

1y defk, Because of the low input values the resultand

sﬁéﬂﬁl are very noisy. However, the peak at wavelepgth 6 is markedly larger ﬁ

*
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than the other pesks, which are sssociated with noise. The hoight :
of this peak decreases as the mean radisnce increases, implying that |

the magnitude of the wmevenness is similsr om all bands, but that its
_ relative importance varies inversely with radiance. 'The graph

suggests that the Variebility attributable to this effect is of the
order of ¥ to 1 gray scale value.

in the presence of a much stronger 8ignal, The parallelisa of the spectra
for e fowr bands shows that, for this image, most of the power 1s
related to surface features, (nce again a peak is visidle at a
vavelength of 6, and suggests an irregularity of about 1 gray scale
valué, that can be atiributed to the scanner,

It has been shown that both the non-uniformity of the radiance
. to gray scale transfer finction, and the use of 6 independent sensors
for each spectral band, cause detectable effects in the imagory.

milerity of the histograms is accounted for by the non=
wiforn distribution of 4 priori probabilities of gray scale values. | ‘
to an uncertainty of sbout 3 in the gray seals,
The banding introduced by the wmequal responses of the 6 sensors
causes an uncertainty of about 1 in the gray scale. This is most

the transfer function are small.



These two effects impose a lower limit of 2 gray scale walues in
the width of the 91353.: which can relisbly be used in preparing and
comparing gray scale. natﬁbuﬁ.on hstograns, An algoritim has
been suggested which divides the full range of T into 64 claseés with
equal a priord probability, but the importance of sensar wmevenness at

low radiance levels implies that 32 classes would be more suitable.
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4. 8
4 Intmoluctien

Initial examination of histogrems f£or several areas showed
that there was a possibility of equating components of the histogram
with surface types. Thus the possibility of splitiing histograms,
and therely deriving estimates of the pex :atage of any image covered
by each surface type was investigated. -

The investigation eonconh'am :ln:l.ti.auy on an area vhich showed

' a simple bimodal histogras, which could be rudﬂy interjpreted.

This area was part of image C4, which covered part of eastern Englend

and the adjacent sea urea. The land in this area consists mainly of

small fields of the same order of magnitude, or amaller, than the

70 m resolution of the acghner, and thus the overall impression given
by the land is of a uniform gray aspeckle. It was thus not expocted that
this technigis would be sble to distinguish botween different areas on -
the land In contrast, the sea on the image showa up as a dark area,
visible on all fowr ba.nda. althoush the greatest contrast is offered

by band 7, in vhich the gray scale values fo the sea are nearly ail
either 0, 1, or 2. However, on bands 4 and 5 the considerable ar,eas.of
mud=£1zt, turbid water and sand bank are readily visibdle. It was

 hoped that for these bands it might be possible to split the histogram

into thrée components, thereby identifying proporticns not only of

land and sea but also of turbid water, However, the -hisfograim
were in fact monomodal showing that the two distribitions that could
be iden‘lzi.fied on bands 6 end 7 were overlapping, and that it waa not

possiole to accurately identify even two components of the histogram.

e
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A large number of techniques have been developed for splitting an
observed frequsnéy distribution into the sum of two or more component
distributions. Clark (pers.comm.) has rer.load these methods, and
r-ecogniseﬁ three main groups; graphical, anslytical, and numerical,

Graphical techniques rely on the ﬁb;écﬁn interpretation ’
of discontinuitiss in the éuwmulative frequency curve, and are thus
subject to a high degree of operator error. Analytical techniques
are exceptionally difficult to caloulate, and do hot on every
occasion yield a solution., Numerical techniques are much more
varied, btut nearly all use iterative meéthods to imiprove upon initial
estinates of p,raneters describing the component populations. They
are thus suitadle for inclusion in an automated data handling system.

-0f the several altemtivm available, it was decided to adopt
that of Jones and James (1972), which uses a maximum likelihoed
method of estimation, The main reeson for this decision were as
follows: |

a) Althoush initia) estimates of the parameters to be estimated
are Fequired, the metliod will converge to a stable solutiom even
Af these are considersbly in error, and it would thus always be
possible to provide a tcomplete null set éf initial estimates.

b) The published work included a memﬂgr;gram, and s0
pade it poseible to examine the capabilities of this approach without

- the invesiment of a large prograuming effort at this exploratory stage.

REPRODUCIBILITY OF THE
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e) It :l.-a- possible to extend the existing program to include types
o7 oauponent distridution other than the Normal, The published work
Includes both the eireuler Nornal distributicn, end the mechantm
for adding other distributions. One majcr disadvantage is
that at jresent the existing frogram will hgndle only two components.
4.3.

The maximum likelihood method relies on the fact that for any
observation set, X, end a statistical model with parameter set 6,
it is possible to calculate the a posteriord probability of X occurring
as the outcoms of the stochastic procees defined by the model,
Thus for any model it is possible to find, in principle, a parameter
set © that will maximise the &)

4 probability, or likelihood,
L, of the observaticn set X,
In the casé of a set of paramatei's. refering to a mirture of

dia‘l:r:l.bution » the model becomes:

et the ,jtéh underlying probability distribution be £5 (1),
vhere J = 1,....., m, and the subscript i, 4 - 1,....., n refers to . :
the observations. Thus for each component distributicn, the
probability of the observation set is: ' ' |

Bex) = 3T il |

If the proportion of each component distributicn 18 Q4 then the | i

probability of the observatiom set is given by

LX) = J=.Zl J

.
L
=

5, () .. ’
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Usually, however, it is easier to tFansfora these probdabilities into
their loga.rithm. and replace the multiplication by an addition, so that
the tunafmed oxpreaaim to be m:l.ni.zed becones

X(X) = Q Zladﬂ(?‘-')

The paremeter set 6 for the model consists of (z-1) values of g,
sid the parameters for each of the Sub populations ;. Netd that
because the Q;'s must sun to unity, (@ = 1) velues fully deternine set.
 In the case to be considered here, the underlying distribdutioms
a6 all éonsidered to be Normal, and tus have the form
Fod = e o (- teew/ 2%

vhere p and ¢ are the mean and standard deviation. Where there
are two such distributions, only a single proportionality parameter
s required, vhich we will call (X«

Thus the total statiatical model to be considered is 2
Ce= 1" L ¥ _‘_'t)_
oy e ot TR ] (0w el TG

And the parapeter set thus consists of the five parameters

5 {'0{: PSS, B, & ]
Because the derivatives are nnn-aliﬁear. ' 'ﬂ' is not -péésﬂiié to réach

to use a numerical tecinique. The Jones & Jamer Program uses the

.she.pés;t aacent method to prov:lde & rapid Cimvergénce towards the maxinmum,
and the‘réé;ﬂéi' eh'ai'gu- to thia Nemn Raphson method which is superior
‘ 'near thut minum,b\rl: -,lso fiore sensitive to pocr initial estimates.

e e i
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In ordo'.'r, to be ablo to use the maximum likelihood method
it 18 nece‘smy_,to'h_ive_;n observation set, fa—thoi- than a grouped
histogram. However, the histograzs of any one area are the result
of the examination of a large number of pizels, and it vae tims
considered convenient to convert the histogrem to a reduced observation
set, purely as a form of data reduction. Because of the :!g-tem
nature of the gray-scale mluea, it was possible to reconstruct an
obdervation set with approximately the same proportion of values at
each gray scale level as in the original data set. The program was
set up to accept a deta set of up to 200 points, which was constructed
from histograms typically derived from 80,000 points. Repeated anslysis
using a larger data set of points yislded almoat identical component

ng that this data reduction does not distort
the results. |

The efficiency of the pfogram was in

proved by the use of integer, -
rather than i-eal.-.. arTays £GF storing the date set. Although this
probability ﬂmct:lon. it permits a more efficient storing of the data.
A histogren dfewing Toutine was provided, which used the 1ine printer
to gzlve a plot of the input histosram, t_hé h,iistograin derived from the
initial estimates, and the histogram fitted by the program.
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Results were obtained from the grograp for histograms derived
from all 4 spectrel bands. The data from band 7 yielded the clearest
results, since the bmodality.-oi that histogram was extreme, with
virtually no overlap between the two components. Initial estimates
of the parameters were chosen visuslly, and & t.:ial of 30 iterations
* weve required to jFoduce stable estimetes. A sample output is

included a8 fimire 10, and & summery of the Fesults foi band 6 and

7 is givéen below:

Proportion of pap% 1 Y | 0.727 | 0.7 | 0.769 |
; 1 | 1.0 | 1.255 3.0 | 2.856
s.d. et " 1 1 1.0 . 0.712 B W -

g
O 4
.
2
[y
3]
Wi
L]
o

| 22829 | 2000 | 20.562

1]
.
=]
H
o
-y
2
N
u,n
.
(=]

T

A8 can be seen from the table, for band 7 population 1, which was

jdentified as the sea component, coves T1.7T% of the area. The corresponding

estimate for band 6 however, was higher, at 76.9%.
The likelihood responsé surface proved to be wvery flat, and thus no
stable solution seemed possible. In particular, the estimates of the

standsrd deviaticus seemed most unstable.




Turthermore the most stable paremeter, the proportion of the
data in population 1 converged towards a value greater then ome. I
a different coptext such a -':'-ééuflt_, and the corresponding pegative
proportiom for population 2 can be interpreted as representing
a single paregt population from which a distinctive sub=population
has been removed. However, in this case the concept of a negative

(subtractive) populetion has no interpretable meaning, and the

Testlts are thus of little value,

This pilot study has éh_om that the sutomated plitting of
gray-geale histograns is possible, and can yleld useful results.

It has also shown that the results yield discrepancies between bands which
in general, In the light of these consideratiens, and the considerabie
‘computatimal tume required to perforn the anslysis, it vas folt that
suitable for routine application to ERTS data.

The alternative histogram splitting techniques that afe available
might produce results more rapidly, and be Zore readily applied. In
particulsr methods that cah handle more than two components need to be
examinéd, However, at this exploratory Stage it 1e necessary to make
congiderable chocks on the input histograms, to. correlate these with
ground truth. L :

tape coordinates with geographical arees, had not peen molved. thus

the identificetion of the spectral respenses of land types necessary
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for thé interpretation of the histograms could not be pursued. This
tochnique was not therefore tested further wntil more background
infornetion becane availables |

It is howevVer pertinemt to consider the question whether other
analyses might not yield similar results as cheéaply. In particuler
| 1_.1‘ it were poscible to map groumd types, it wuld be a simplé matter
| %o estimate their area. The possibility of vaing either cluster a.na.lyeia
to group points (or collections ofimlznts) into hopefully recognizable

groups, or scme form of discriminant function to map points onto

groups might be equally useful. Scme of these techniques

are discussed below.
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As -h'as been emphasised in eaﬂier repofts, cl'us'.tériﬁg
subdlv;smns at.a su-_l.tably _genemli-zed level W1th1_n an E_RIS
'scene.  This approach has produced intéresting results, and
as they have been summarised in the papers included in the
Appendix to this Report, they are not duplicated here. The
three main papers concerned are:
Objective generalization using ERTS images. (to be published

in: Environmental remote sensing practices and probles,

Edward Arnold, 1975 or 1976.
Methodological questions in the digitized analysis of ERTS data,
Journal British Imterplanetary ! y, 1975
The relative performance of some unsupemsed clustering techniques
for the per-field classification of LANDSAT data.

Read to the Purdue Syiﬁpes:.un, June 1975, and to be
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0f the several techniques available for the computer processing
of pictures, one of the most fundamental approaches is to split the
pléture into noh-overlapping zonés by ihe dewection of edges betwesn
apfroximateiy unitorm areas (kosenfeld, 1969). There have thus been a
- considerable number of techniques developed for detecting édges in
victures.

It was decided to apply some of these techniques to the

could be distinguished by their sharp edges, In particular it was
felt that this technique would be useful for identifying areas

on the tepe where readily identifiable features, such as lakes,

lgrge spatisl units occur in & regular rectangulsr pattern.

Gommonly;.eage detection procedures consist of two steps, the
firat an.initiél detection of potentisl edges, and the second a process
designed to ‘clean up’ the resultant image. Such a scheme will be
adopted here, fhough at prégent only thé first step has been implepented,
The standard technigue in finding edges is %E’i;;;¥e the pleces vhere
there is §g abrupt change in the picture function (i.é. in fha'grav
scele values). This is performed by exanining the lecal slope of the
picture function, and where this alope excseds a given threshold value,

an 'édge' i3 detected. Various more sophisticated filiters have been
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proposed (eg. by Rosenfeld 1970), shich examine the differences

between average values either side of the potential edge, or which arply |
matched .4"-’11%8?8_ to each point in turn. However, far the purposes of

this investigation it was felt initially that a fairiy crude definitien

and where the gredient at this point excseded a threshold vazl.-né. to

demark that point as belonging to an edge. Thus an initial progren was

written vhich caleulated the mazimum slope at each point, using the

function: : : Rz =1, 0,1
Dy ¢ Max L \Q;.,_g’ e a :;,l} L- 5",9.‘

Where A, is the gray scale value at point 4. This vaiw

nﬁ is thus the mexinum difference between each point and its

eight adjacent neighbotirs,

6.5 Regvlts

A rrograii was written to caleulate these values of By,

and médfuc'é a binary image of edge points: This has been applied

to & portion of the central valley of California (Tape D3). Fig 4

shows a gray scalé print out of e porticn of the a.ualysed area, and
Fig.15 the edges detected in that avea. —

" 48 czh be geen; this opératioﬁ results in edges which ¢losely
correspond u::Lth the field pattern es 1-evea].a@. in the gray scale printout
but h.:.s the unfm‘tunate rroperty that all edges sre double; becsuse the

progrzrme has identified each edze twiee. This effect czn be explain d




by reference to the one dimensional case. If we scan along a
line, and £ind a large difference between points i and i + 1,
point i will be labelled an edge. However, this same difference
will alse be located when examining peint i + 1, so that both
points 1 and i + 1 are labelled as belénging to an edge.

Te circumvent this proeblem, differences were calculated only
fer ohe guadrant of directions, So that only three adjacent
points were examined. Thus the edge identifying function

becomes . | S
|E -DnJ = Mas {(‘qtﬂ“ = qq\) (\Q' =" ‘J ]) (‘q,_".’ " *QEJ‘)

Twe thresholds were used fer the plotting of Dij. Where 013 was
greater than 6, a dot was plottéd, and where gréater than 12 an
asterisk was plotted. A result of this program, for the same
area as for the other two pictures, 1s given in f1g516-' Note
that a much éleaner image results, and that very few edges are
actually lost.

6 4 Discussien

The program to perform the edge detection has been used as a
standard display technigue. Tt has been found advantageous to
use both a thresholded, compressed, map of edges, and a straight
pseudo-gray scale map of edge intensity, as an aid to dlsplaying
the data.

Experience shews that the value of a thresheld, which filters out

much of the noise, cannot be set ;E,rierl but must be adjusted

to the needs of a particular image. Work with the image of the
Wash area, using band 5, Suggests that a threshold of Dijy 3

shows up many of the boundaries in the water area, but labels
. virtually the entire 1land area as "edge". 2an alternative,
higher value of Dij> 6 results in a totally "edge-less" area,
but a moré satisfactory picture on the land.

The routine has also been used to detect edges of lakes in the
-Sierra Nevada portion of the Californiia image, where it also
detécts stream lines. However, it is net satisfactory for
detecting the ridge lines that we Know are present, largely
because the features change less abruptly than the small 2 x 2

neighbourhcod of cells ¢considéred here.
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A further developmént has been t6 apply a further thresholding
technique to the thresholded image, in an attempt to produce a
"oleaner® picturée. If we set the value at ¢ell Mij equal to 1
if Dij» T where T is same theshold, and equal to O if

DPij DLT, we produce a simple thresholded map of the gradients.
We then "clean" this map by examining the sum of all cells

adjacent to each cell, i.e.  _4 41

S - Z_ Z_-_ Mcapk,J'a-z
, kKe=3 |*-1

If the sum i5 egual to a given thresheld, Ts, we can assume the

"point 1j is part of a continuous edge, but if it is lewer, we

‘assume it is a pseudo-random effeect, due te features in the image

smaller than our field of interest.

Work by Yamada and Farange (1965) suggests a value of Ts = 4.
to be too severe, and that a value of Ts = 3 is better for
enhaneing linea¥ edges. '

However, thése cleaned maps often lost much useful information,
particularly where the image does not comtain strong, clear lines

as was. the case with both the British imagery, and the Californian
imagery away from the Central valley. In contrast, in the central
valley, where the main feature is that of sharp edges between

fields, this "cleaning up" operation was found te be most valuable.
Even here, however, it was not possiblé to generate closed boundaries
round uniform areas, as was the original hope. Nevertheless, these !
edge detection routines have proved exceedingly useful technigues

for displaying the imagery in a way that appears far lesscluttered
than the pseudo-gray scale technigue.
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1. COMPUTER PROGRAMS

This section does not attempt to give a full 1isting of the

programs devéloped for this research: these will be listed and
documented in the Final Report to NER- at the end of December, 1975.
However, it is thought that this detail will enable the range and
Scope of the software to be Judged.

The section is divided into thrée parts; first a record of the
various sub-routines which are used extensively in the progirams
which are described in abstract in the second and ‘third sections.

1. INREAD:= reads and unpacks an annotation record fn the ERTS
CCT format, -

2. ANNRD:= reads and unpacks an annotation recerd inctuding
the latitude-logitude grid data. .

3. ‘HEADS~- produces a 1ine ﬁrinter listing of the relevant

4, BULKI = cGnstructs the mask for comp111ng square UTA's with
sides parallel to latitude and longitude grid.

5. BULK2:= compiles a UTA using the masks generated by either
BULKY eor BULKS.

6. BULKS:- constructs the mask for compillng polygonal UTA's w1th
a maximum 6f eight sides.

7. BULK3:- a self-contained program which will compile histograis
(smoothed and unsmeothed). S

8. BULKA:= win contour on the graph plotter rectangular areas of
the images defined by tape coordinates. :

‘9. Other routines include programs to unpack and pack the digital
data into } words as used on the original CCT's, routines for
converting the €£7's to ICL readable format, and forqprodueing
'grey scale pictures on the Tinme pr1nter. '

7.2 Comgut r_programs a ava11ab1e at Cambr1d997LUK4 fbr the 1BM

system.

These are referred to by DSN's on the Archive tape {KMC 201).




KMC2.CLUS. VELDMAN LABEL = 1
This program uses the clustering method described by Veldman (1967)
to perform an hierachisal cluster analysis of data from the ERTS
tapei. The prgram can handle only 176 data points with up to 128
variables per observation. These points are assumed to 1ie in

a grid 16 across by i1 down, representing the 200 x 200 'fields’
derived from the ERTS CCTs. The program produces a map of the
resultant classification for the line printer for the last 10 stages _
of the clustering. . . 3

A KMC2. CLUS726.ITER ¢ LABEL = 2
' Program uses the Swain iterative clustering algorithm for 726 data ;
points, 1.e. for 100x100 fields, and produces a map of the results. ;
The iterative algorithm prints out the transition matrix for each ' %
iterative step, and a final interdistance matrix for the stable cluster :

means.

4
e KMC2. CLUS2880. ITER LABEL = 3
- Uses the same algorithm as CLUS726.ITER, but takes 50 x 50 fields - s
up to 2880 of them, and maps the output onto the line printer.
since this program will almost certainly fail, due to its time
requirements, it.includes a facility for restarting from an
intermediate solution.

KMC2.CLUS2880.NAGY LABEL = 4
Clusters up to 2880°data points - from the 50 x 50 fields - using the
Nagy update of the Bonner chain algorithm. Options to the mapping "
routine ﬁermﬁt the same program to handle alsoc the 726 data points of
the 100 x 100 fields, and Yhe 176 points of the 200 x 200 fields.

a

KMC2, THOTAPES - | LABEL = 5
Examines an area covered by two differsnt CCT's. The tape

~ coordinates of a common point are required, and the displacement
between the two assumed to be parallel to satellite path and scan
direction. The tape coordinates of the area to be examined on the
first tape are also required. Pseudo-gray=scale print outs of the two
examined areas are produced, and a map; alse differences between
the two ‘maps. A histogram of the differneces is also produced. The

- program has facilities for performing multiple tasks for one entry of

- the program.




[ i

36

KMC2. LINER o g LABEL = 6 ;
Uses a local edge detector to define sharp gradients in the image. :
The local slope can be mapped as a pseudo-grey scale to produce a visual

plot of high gradient areas. The gradient map can also be ‘thresholded’ :
to produce maps of ‘outlinés', which can be variously thresholded, c1eared-j
or compressed.

KMC2 .FGURIER LABEL = 7
Using the program written by Davis, this takes the Fourier transform
of a 1ine of data taken down the scan. The object is to identify the
magnitude of the 6-1ine problem. |

A graph of the power spectrum is produced, and facilities exist for

performing this at multiplé points in the tape, and for a choice of

spectral -bands.

KMC2.CLUS.ERTS.NAGY . LABEL = 8
Performs the Nagy c¢lassification algorithm to individual pixels from an
ERTS scene. These are fapped out on tiie line printer. Facilities
exist for the suppression of the 6-lini-Streak pattern.

KMC2, BAYES.COMPILER LABEL = 9
Compiles a data file of mean and covariance matrices from an ERTS tape
from a set of coordinates which identify training areas for a Bayesian
classifier. The training areas are assumed to be identified a priori.
The output is a set of files to be used as 'training data' for a later
Bayesian ‘¢lassification.

KMC2 ., OLDMAP . WASH , o LABEL = 10
Performs a point-by-point classification of an ERTS image using heuristic
multi-dinensional density slicing. Present version set up to identify
‘water features of the Wash area. The output is to the Tine printer in
the first instance, and then to the graph plotter for final output.
Elementary geometric corrections are inciuded. '

KMC2. BAYES, CLASS | LABEL = T
This program performs a maximum 1ikelihood Bayesian éla.sification on =~
a portion of an ERTS image, using as training data the files produced by
: prﬁgfam-KMCZ.BAYEs;GGMPiLER. Output is a classified map sent to the line
prinier,
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MAPPING: Uses the graph plotter to produce a shaded .map of a classified
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KMC2 . HISTO.GRAMS : LABEL = 12
Compiles the 128-level histograms for regular 50 x 50 fields for a single
ERTS tape. It thus needs to be run four times to compile the histograms
from an entire ERTS image. The data are output to a file which is usually
held on magnetic tape.

KMC2. TAPE . LOOKER ' LABEL = 13
Using the utility routines written by Ian Hill to unpack the header and

annotation blocks from a tape, and to unpick and 1ist the first scan Tine

of that tape.

Produces a gradient image from a given ERTS tape, output onto a second tape.

KMC2.PROFILES , S
Plots single scane 1ines from an ERTS tape to the pine‘printerarﬁﬂas the
option for multiple plots from one pregram entry.

KMC2.COMPFILE : - -
Compiles data files for 100 x 100 and 200 x 200 fields from: the smaller

fields produced by KMC2.HISTO2GRAMS.

7.3 5

grams available at UEA, for use on the ICL system,

¥

ERTS image. The routine allews %or up to 13 shading types, and the boundaries
round all non-identical types are drawn. The fafn program is set up to
handle any of the three formats of data, i.e. 200 x 200, 100 x 100 or

50 x 50 fields, .and any degree of skew. It has been adapted to plot small
amounts pf pixel by pixel data. B

LISTING: A catalogue progiam to fjst, with comments, the current
holdings of ERTS imagery. L

HADCALL: Routines to calaculate the Hadamard transform of a given data
string using the Fast alegorithm. Intended for eventual use as part of a
texture investigation. '
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MAXLIKE: Uses the James and James maximum likelihood program for splitting
one-dimensional (marginal) histograms into two normal components. The
printed program has been amended to take as its input a caleulated
histogram. ' .

SLINK: The Sitson single Tink cluster analysis, adapted to accept the
iheans of 200 x 200 fields. This program s run en the CDC 7600 at
Manchester, and includes an optien to draw a dendegram of the results.

QUICKPLOT: Draws on the ICL graph plotter, a single ERTS scan 1ineé, from
data stored on punch cards.

NLMA: The Saimon non=1inear mapping algorithm. Released to A.C.Armstrong
on a personal basis from Inperial College, London. Used to project

the means of the 200 x 200 fiélds from the original 8-dimensional space
onto a 2-dimensional space. Modified to use the graph plottér as its

main output device, rather than the Tine printer.
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Figure 1. Position errors for the dam wall of Honey lLake.
The open circles show the position of the dam (narked by the hexagon )
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area near the Wash, U.K, gives a good indication of the distribution

of sediment laden water.
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each tape count.
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Tape Count

tach clzss corresponds
to 2 gray levels.

Figure 5., GOray scale histograms for successive groups of twelve : :
gcan lines for an area in the Sierra Nevada mountaing.
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Figwe 8.  The pover spectra for a strip one pirel wide and

parallel t¢ the edge of the frame for the Sea area included in the

U.K. CCT image. The Spectra are plotted as & function of
wavelength in séan lines, and the power 1a plotted as dB relative
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Pigure 14, A computer print out of on area im the Central Valley,

The field pattern is clearly visible in this band 7 image and

an irrigation canal erosses the south-west corner of the area,




Figure 15, Sharp boundaries detected in the area shown in Fig.l4

using the eight nearest neighbours method.

4 double threshold is

used so that sters represent a larger difference in gray scale value,
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Figure 16, Sharp boimderies detected using the three nearest
neighbowrs in the north west guadrant. Nete that the boundaries
are more sharply defined than those in Figure 15, and that no

significant featwres shown in Figure 15 zre not alse showm here,

REPRODUCIBILITY OF THE
ORWGINAL PAGE IS POOR



58
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2.
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A computer based system for reading and generalising remote
sensing data frem ERTS-1. J. R, TARRANT, Proc. Eighth
International Symposium on Remote Sensing of Environment,
2, PppldZ5-1428. S S

Synoptic observations at a global scale. K. M. CLAYTON,
Journal British Interplanetary Society, 27(1), 1974, pp 23-28.

A computerised system for identifying changes in the Earth's
surface cover. I.E.HILL & J.R.TARRANT, Journal British

Interplanetary Society, 27(1), 1974, pp 45-47.

Generalisation of ERTS data for global-scale investigations.
1. HILL, A.C. ARMSTRONG & K.M.CLAYTON, in: :uropean Earth-

Resources Sateilite Experiments, (Proceedings of the Frascati

ad AR

Symposium, 1974), 1974, pp 75-80.

Objective generalisation using ERTS images. A.C.ARMSTRONG &
K.M.CLAYTON, Presented to the Secend Bristol Sympoesium on
Remote Sensing of Man's Environment. to be published in:
Environmental remote sensing practices and problems, ed.
E.C. Barrett & L.F. Curtis, (Ldw. Arnoid, Londom), 1975(7).

A common U.K. format for ERTS digital tapes? A.C. ARMSIRONG
& 1. E.HILL, Journal British Interplanetary Seciety, 28,
1975, pp 473-T76: tish Al clary -0l _

Methodological questions in the digitised amalysis of ERTS data.
A. C. ARMSTRONG, Journal British Interplanetary Seciety,
28 (981G;, 1975, pp 608-612. S -

The relative performance of some umsupervised clustering
techniques for the per-field classification of LANDSAT data.
A. C. ARMSTRONG, presented to the Purdue Sympoesium on Machine
Processing of Remotely Sensed Data, June 3-5, 1975.

. to be submitted to: Pattern Recognition.

Rapid digital mapping of coastal areas from LANDSAT. A.C.
ARMSTRONG & P. BRIMBLECOMBE, forthcoming in Cartographic
Journal, 1975. , = :
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. ABSTRACT

. 'The paper presenls an-oullifie of a reseapch prn;ce{
using data from ERTS-1,. It {nvalves roading the
- eompufer compatible mpeq supplied by NASA for a
Limited number of scenes, Exiracted {rom these .
are data applicable to a nomher of smaller areas
~{tInit Target Areas) of 30 km side wnd for eazch a
: frequency histograin is produced for the response-
. E within the four wave bands of the MSS system and
the three wavebands of the RBV syslem, Tho
histogranig are then coinpared for 'suu.eqsi\'e
orbns lo dete(.t and TS ;‘"v change

1. INTRODUCTION

As remotc sensmg platforma develop and Become miore remole fr:czm the surface of the sarth
that they are sensing, the resoluiien of the sensors hecomes mcrea.s'ngly 1mporta nt, As the-
altitude of oporation of the platforwis has moved higher, from low {lying aitcraft to high aitinrde
recofinaissance planes, rockels and balloone to finally the orbiting satellite, the alility to detect
small obigcts hes for the moment been sacrificed in order to scan lar;,er sections of the carth's
suiface more beEpidiy. As many of the world's. céniers for résearch In remotd gensing statigdin 7
the field of interpretation of aerial phatographs, normally flown at altitudes of less thai 15,000 £,
and with camérg and flm.systems which were fully recoverable, it is hardly sarprising tbat t‘w B
majority ol ‘résearchreffort direct to the use of sénsors momited on orbiting platformse should -
cantinue to ‘be concentrated at-or near the aLsolute resolution of ihe systen, - Indeed some of the

. researth proposals: made to NASA for-co-bperaiion in the- BRTS scheme would. appear to-be beyond

s datd, eoitinies in. mat

thig Limit of resoluticyr.” ‘Becapse an Wninannsd sdatellife miist; at present, use non- ‘recovéralle

méthods of Femote sensing: the resolition of te imagery is determined largely by the fact that it

ig boilt up . from geanning sensors, each sdéan line being broken up into'a large nufnbér-of units.

knowii as instantaneons fields of view, In the ERTS program the instanianeous field of view is of ‘

. the:order.of a sguare 300 feet on.the side. . The respense from such anarces Jnakes up.an average - .
response froin all the smifices wWithin if, A typical reseatel project invdlving thetise of kigh' L

- altitnde airoraft with muluspeetral scarnners might involve sampling & number of small areas in .

the imagery and pr cducing spectral responss signatiires {rom thess’ 5amples and matéhivg them {0

T keniowh szgnaiuves in orderto allocate each sample plot to a known type of land use-ov land suriace,

- Such work, with also visual interpretaiion of the photographic imagery buiit up from the scan line

Totmgwith the: E‘RTS pruject. ~ Thére &re two 1mpux tz:lt copsiderationg in.

" using. 'lhlE dala from lz.R:[‘S»

1.1 It is obvionsly fmporiant to adapt Lhe dﬁﬂ]}’biq of the'rewm ciéiy senred da—fs- to ,ﬂ’re 'sc'.a‘m afthe

datg [_‘dn.[)ﬂ“"‘lu“ system, A saleliite system such as BRTS is perhaps 2 foreruhnetr to a v arld-wide

clatd gatherfagand ribnildring sys: tem. -G this. saale 1001{11";, 'tt mstanttme 3 fi¢IQ$'0f- views would o
seein vather tike ionkmg at ncc.du.s A hay._—.hu_ s, : PO

1.2 fThe poteitial velume oi‘ uata from a sate Hite based sysiem £ very largsl ihe datd
aequisition rate from TRTS-T alome, with tts lirdited rool time and recorpding car‘ahxlnv, is C’Qf:}"’!?li*d'
-atliox FETE I e 6 m[.;. 13;—» 8wk n £y R e Lt_r,mhon-. _?_’lf_.’é._)__._ Repmbuve r_u‘_ [ER I ¥

-1!6:__1."_5: L L '.
nmucmn.m op 'ﬂﬂ!
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asset of n satellite syslem and thercefore an effective aampling structure is difficult to estullish
and {t ig valuable 17 all the avallable data can be scanned to detect change over sucesssive ovbits,

2, THE OBIECTIVE OF THE RESEARCH PROJECT

2.1 With many reseapch establishments having 2 long and @leiinguizhed hiatory in the field of
remote sensing they huve nceomulpled necersury capitul cquipment and sxpertize to continve to
devalop research wiforls alony iradilional lines, The first objective wag toidentily a new direction
for resenrch with satellite data which would not require large investments in capital equipiment and
manupower and yet ai e same iine would not be repeating experiments compleled elsewhere,

2.2, Hemole scnsing data huve Mitie intrinsic value until they are used by someone else to make
deelgions or to facilitule petion which benefits man (Schrampf, 1972}, The second objective was
to devise a'syitem paking remote sensing dols more readlly available for such uses, The dala
needs to be uvailoble in wreal units which have a scale npproprinte to a data gathering system for
the whole world, Ax spred is esscatial, not only-to poatentinl asers hut alae boravae of the 18 dax
EUTS eycle, it may v desirable for e svisnal fuspecidon of e photope aplide ame gery 10 be
eircimvented, and produced ouly fur thuse arcuy which are pleked ou' a5 interesting by an
automated daln scunning systein, The design of such a system beear e the second objective of the
resoatrch,

3, THE DATA SCANNING SYSTEM : T
\,‘ . " .
8.1 THE DATA USED _ _ 5 _ _

The preeision compuier compatille tapes, conlaining data from the four MAS bands and the
three WBY bands, or such of these as are avallalle, ave used as the data foput {fig, 1), The
precisjon data is required beewuse of their greator radiometic uccuracy and becuuse the geens
they represent is anatially registered on the basis of pround informastion lending to a reduciton in -
toarginal errors when fdentiving the same area of ground over successive orbits, On the oiher
hand ihis poes apainst one of the ohjectives of the research, 1o avoid the phatogeephic fmagery, as
the precision computer eompatible tapes are furnied by scanning the 9 inch square plates resulting
from the precision processing,  With ER'TS-1 we hope o use some of the balk dufa but at this early
stage of developsuent accurate seene regiistration is essentlai,  The eight computer compatible tapes,
are available for wvach scene cuvering approsimately an aren 160 nautical miles squure and these
contzin all the MAMS and lhe RBV dnta, These tapes have ta be read and searched to find the data
referring to the gelected areas of the earth's surface,

3.2 THE UNIT TARGET ARFAS

The seanners, by which the precision imagery is searched to create the compiier compnlibsle
tapes, have an inslantuneous ficld of view which is called a picture element, It is the intention of
this project fo combine these picture clements into much larger areas (Unft Target Areas) and to
produce the average spectral responsce within these areas which can then be compured aver
suecessive orbits, The size of this unit targel area will be & matier of experiment bat it needs to

“be an appropriate scale for mapping lairge arsas of the earth. Iniliaily the U'FA has been fixed 5t

50 Jun square and will be so welected that each falls within one ucene examined by FRTS-1. Two
such unit target areas are being nwed in the first instapce, one in the Untted Kringdom and the

- sgcond in Central Californta. This second area was chosen as an area with Iess cloud cover than

in the United Kingdom and s an area where ihere would be lttle difficulty in obtaining and

dnterpreting the ERTS-1 dnta,:

3.3 UNIT TARGRT AREA DATA ANALYSIS

The computer compatibl: tapes are geanned for each unit turget area and the responses {or
each wave band Jor each sensor-are scoumslnted into 13 class inlersvals, The resuliing seven
histograms will be printed using a CHT display unit, These histograms become the buvis of all
later work as they form a type of spectral rasponse signature for the unil target area. Inown
radiometric errors in the seneers and in the preciyion proesssing can now be used to give confidetive
bands to each of the histograms, The computsr compsatible tapes for later orbits will then be
examined and the unit target area data extracted after careful soens matching., This second, and -
all successlve, responsc histograms can be compared o the first 1o tsclate clanges in the spectral
respomse of the unit target ares over Hine,

.4 IDENTIFICATION OF CHANGYS
1f the hisfograms shew change greater than the ronfidesce limits ﬂ%e’p’.mtngruphie products
can be exonined together wilh vround Truth to diucover the nature of the change, The most obicus

chape will be in the amoutil o1 clad cover,  Chaages o dic seven histograms whivh are 8 respuise

1.

- REPRODUCIBILITY OF THE
gﬁ’nﬁ‘%&nrmmm
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< abott by cintd-eover ars pedoinisod fo re analveis Wik boosl

dodustey,

td ehanaed in clond eovervan be teolnted partly by visnal fndpection sl parily by o zeparate’
exsmination ol eloud free sections of the unit tavgei arva. Onee the vatare of chinnges byonght .

_  te indlhdia: catoaiadon of the
pereentipeol dlond cover attomatieslly wiille Tooking for olhr significdnt changes in the” &
responsas.. Should no such ehanges be recognisable then the date tor thal orbit ¢an be rejected,
ihe photographic.evidence not reruested, and the uest brbit eun be roinpared-directly with-the
{irst. : : o

4, APPLICATIONS

No data his been analysed o the resuits are *nose antigipated both in the long asmd the shopt ;
term from sueh 4 system, This rosenrch program is desipned o provide a method of analysis,
not fo produce directly usable resnlts from the data, This is in heeping with the experimental
nature.of the BRTS project; . Inordesrto grovide for as wide an applicnfion as: possihla the. .5
software is heing prodiced fo: an 185 576/163 computer systam asiny the nine track computer

¥
compatible tapes. uture applicaticas lor this research are numercus and include tle
ideutification and monitoring of large scale environmental changes steriming from such things as
seasonal ovop changes and burning, the developaent of irrigation programs, pollution of coastal
waters and many teore, e the unit largat aveas are small and rectangular they lend themsalves
to computer mapplng Ir varloas forms.  For some porposes the size of the wdt terget area may
be chunged and the computer programs will allow for such altepations, ventally an.

" envirenmeninl wateh eould be presvrved over large sections of the globe without having to process.

the photographic products continnousiy, Such long term developments azsume that fdture satellie

systems have bellor scene registration withow! spes lal rracision processing or t:ar this : -5

processing will net involve ihe prepavation of photugraphic products and it-also assumes that large % -
£

scale processing of computer tapes will be possib’e at Fir proster rates than at present.  Such
developmenis do-not seem unlikely aleng with incveasing accuracy of the sensors inuse, :
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" “SYNOPTIC OBSERVATIONS AT A GLOBAL S

L KEITH(‘LAYTON ' - N o
L Seheol of EnqunnwmalScwnces‘ U:_:ivcr,my afL‘astAnglfa, Narw;c-’;, P AT
: -'NOR 88(,‘ I-ngland. . , o
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n
j- f

* . ping global distributions has been: underestimaied.

- “tent this situation has continued longer than we nught Tave: amse:r‘-ntad Wit

- _pise for adding to this class of litefature, but b fes #l that, da,sp:te itsvolume; jthas - . SR RE
) ;e_ft consldc_.mplg ar_eas_ _u_n_uxplorgd_r : oo

.+ jected to 4 suitable modification of conventional air. photo interpretation: Detmls

- perhaps more effectively some form of combined image such as that produced by 5
L Alis approachy while even jiv well-mapped ateas new. divelopments

o biimsmay be mapped, Most of this information is p:oduced by mtezpmtatm at:
" or near the limits of résolution of the
- unpmvmi resolution would add gieatly to the information he could extract,. -
SRR rore novel aspect: of This approatli s the oceasional value of the smalls B
. scale and’ farge.area covered of flic:imagery for reveuling features.of such gsize. . 0
-7 that they are ngt rcath!y appteciated ot conventional aerial phomgmphy. The-
o mnst obvious and cominon cxamp!cs are tln. ncogmt:on of major hnear gcologl-

!uaiuc of its rept.ufn'e covem:,» in mumlormg cha 265 O ' :
. denying the-fact that gven thie 18-day cycle of ERTS i ,ﬂlows the dc\tacnon of

| snow cover: Comparison of suecessive scenes with give

o CAn Nﬁmplb is the i.hmcu atcurenice. of nm_.or savanug tin. i the nortm:m

R R 05T e e i T ol A e A b it

" Journal of the Britf#h‘iiiteryfaﬂéia&'Séeéfy; 1’01.227: pp.2328,1974. e

- !‘aﬂh ohscrv..t:cm samiitee are Lnuwn tu pro\qdc i Lasas for mapp;rg hoth
. pernianent and more ephiomeral features of 1he Earth's swi face. While emphasxs TR
“so far has been on theit potentisl for detcctlng hazaurds such as floods, forest ﬂres, T

etc., it is here suggested that their role in providing a uniform d.ll.i base for map-

e m'monucrmw B L
'OVER THE PAST féw years talk of what rrught e done wuh satclhtc imagery e
of the Larth's surface has greatly ontwaighed practical applications, To some O o e e g

. the'delayed Jaunch of ERTS 1.and the stow arrival of imagery in the UK. apolo- _

3 PHOTOANTERPRETATION .~ e
So- farlwo major areas of applmntmn hnvc bccn cxumined lhe scone bemg sub— o

of Tand use, land form; and in ‘suitable areas such elements as geology or'soil, are
dnterpreted and mapped from the scene, using either a single wave-band 4 Admage or

“an_ Addcol viewer, In little-known arcas new information is readily obtained by
that. post-date e
‘the latest maps will be found, or epliemeral featurcs such as floods or savanna

gery, snd the ‘investigator s aware't

relatively short-ternrelunges such as floods or forest fires as well 45 the surveits
 lance of seasonal changes in vegelation (nutarel or culmatc.d) and such thingsas. -~ - -
Fise oA mprewvc_ht{.m-
ture anid some inig¢resting (and ;mtcntmﬂy uqeful) cmnxples are already ox’ mcord




U This review has

S L5 e g 2z ke Sl e o e

L keinCan

7 part ol South ‘Africa on successive passes of ERTS 1, Since the fire oceurred in

Lo already-have sitellite sceties showing wujor {loods; tnd will soon add valsable

records of ephemeral vegetation growth in desert arcas (poterntial sourcesof: o -
*oonst infestotions}or a record of the extent of tandsiides i some mountaingus -~

-area after a-major earthquake,

every-scene jd rehirning the data to Earth, even this system would produce

B nearly balf 4 million images a yeur, For floods or forest Tires, coverage ofy # ones

_cay, rather thdn an 18-day, basis would really be needed, and this would put up

.. the apndal total of scenes fo ton million, ¥a additior; tiere are-currently four

images for each scene; further incroasing the number of hnages involved in global

- surveillance. The-tine taken 1o reveive and Jook at these imuges must also be
“taken into account, If the returns are worthwhile a systent ean be of course

" developed, even if it cousists of no more than a vast téam of trained photointers

-+ preters. ¥ have not considered the additional complicafions of eToud cover at the -
scale of real-time global monitoring: we cun suppose that new techniques will

come along toallow penétrationof cloud, -~ _
Whether we are considering a monitoring propramme Rer se or are just facing

+ up to using the ve luminouy suipit of an Earth sateltite systeni, there is astiong. L

case for automating our initial reconhaissance of the output, ‘Fhis is the first

objective of work ix progress at the University of East Anglia [1) It testsonithe -

suppositzon that, once gue good quality scene is available for an ared, we are
only likely té want to spend. time looking at other scencs it they are different, if;

- they show seasonal or other more irregulur changes, If we can'monitor the -7 -+
satellite output by machine, ot by michine-aided techniques, we have the chance

.:of identifying duplicate (or cloud-covered) scenes, and ko may greatly reduce
the number of scenes which deserve more detailed work, This is data-reduction

- .py_.-_:h_p:-zec_og_n;t_%m,‘--_a_nd_.5_:_1i_niip’at__ip;x__.-q:t‘. du‘pi_i:_':n:e'd:i'_ta.' T

4 GENERALIZATION OF SATELLITE IMAGERY

: 18 covered whint I'see:as the £

~..seen in the utilization of Bartlyresources satellite’imagery, In each case the data

= - Breduced to a-manigeahle amount, either by Huiting interest to a'restricted
Aarea or by ¢oncentrating on change and discarding those features that are fixed,

. Jt.does not seem:to hava been appreciated that these two approaches donotpro-- -

wvide information that niay Yeadily be liandled at the coittinental or'global scale,
Yet suiely we will be failing to exploit thie most fundamental {eature offered by .

- orbiting satellitesdf we fail to work af 4 eontinental or plobal seale alonnside the =~ 5

massive. amount of more detailed interpretation aiready underway, | shull not be
concernedavith the nselulness of such gereralization but rather with' thie-fechi

‘Tirgiies by which global synthesis might be brought about. T-am quite convinced

that generalized mapplng and interpretation at continental and global scales 54—

o ‘most worthwhile ainy, and Tinve né doubt that the new inforniation which can be

. extracted from satellite inagery will open up new azens of research andallosy: . .
- new approaches to environmental felntionships at i

_ _ _ _ fiear-the plobalscale;
- What we ‘must first ondoerstand is the nzed to generatize amd reclassify the

images we obteln from orbiting satellites if we are to work at the global scale; The

scenies are of sourse generalized to some extent by the seale of the imagery, and
. Hs is reflectod in the limits of vesolution which mukes i diffioult; forexampls,
““~to discern:tity blocksand of course quite impossible to see idividual buildings,
_Yet in suitable arcas, where Helds are largs, individual ficlds cun beseen, s that
- thz Innigery finks to some extent with our grotnd-level (or air phoio) view of our
~bit of the world as a fosaic of fields wnd built-up ageas. Even this suggestion of
. afield.stale suggests that at the - margin.of interpretability. thie ERTS |imeges

e

the area covered by two adjacent seenes, change afterone duyiwas obsorved, We . 07 2050

;. Suel successos must niotblind us 10 the problems of regitar surveillinesiof - i T
- “change by sateilite imagery, Were ERTS 1. technically capable of monitoring: .
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Syﬁapﬁ:: Observations &r a c'.'ia bul Seale

could yicld data mappablc at about 1: 100,000, Thc small fields typical of
‘England are identified on our 1:25,000 maps, but as the prc-war sheets of the

distorted representation of field unifs s mapp~d at o larger (1:10,560) scale. I
am not suizgesting that there are wany jepdscape elenients that m:ght be extrac-
ted from the ERTS ! imagery ata 1:100,000 scale, but this seems a reasonable

- esiimaie of the lfgest'scale at w!uch currént ERTS. 1 imagery might be mapped.

If we turn from the consideration of lul‘gb scales fo the world scale, we move

from 1; 100,000 t6.1:50,000,000, whick is aliot the largest seale on whlch the
entire wurld might be shown on 4 single shieet, This scale shift of 500 tsmcs _
carties Witk it a number of implications. First an individuel ERTS 1 scene is
going 10 occupy an-area 6L no-more than 3-4 millimetres sqiuire; sé that in prncu—
cal terms it will Rardly be possible to divide 4 single scene-into more than gbout
3 categorics, Indeed, even Lhe recording of » vesino sittation (e.g. presence or
absentce of g visible arca of surface water) will produee a-map witlms much

information as a botanist’s distribution map (Fig: 1) based or »resence or absence

: Fig, 1. Distribution for two plants piottcd by 30k prid squares on a pressnt/absent basis,
- ‘ On the feft Asperula cynanchive L, is closely carrelated with limestone outerops, and in
- S T e T -+ particulzr-the cha'k of south castern England. On the right an upland distribution fs fe- -
R Ce jpresented by the distribulion of Yacciniunt vitis-idaea L (Cowbersy), (After 4 s of the
: British Flora ed; F, 1, Perring & S, M, Walters, 1962). .

of a partienlar plant in grid squares with 10km sides, ERTS 1 imapery is far too

feasible with some future satellile systems, We should look ahead to that svstem
. and start thirking about whut sort of disirsbutibns would be worth mapping at
T the global scale, and what data-processing system will extract and map the infor-
T e + . mation from about 20,000 scenes (6600 for land areas only} most efficientiy.

5, GENER-AL!ZATION AT THE GLOBAL SCALE

- A_:_secént_i aspect-of mapping ot the continenta! seale iy the classi{ication of the -

. , ' o we are likely to map, the smali scale of the ERTS imagery will involve the 'map-
: o ping of associations of elsments, and these gssociations will tend 1o become in-

creasingly diverse and hence increasingly gencrahzed as descnpme units at small-

P R L L er scales; Weare fnmlllnr with:this in tepms of therhatic m:rps where genstaliza:
RMOBUGIB ITY UF.' THE
gmamAL PAGE_ IS POOR

" Land Utilization show, land-use may be mapjed at' 1:63,360 on the basis of un- B

“incomplete to allow global mapping even of this simple type, but it will become ™

inforniation porirayed by Eafthi resotirces satellites, For most of theé phenomena’ 3
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tion and a clossification of the data are both involved when map seale is reduced.
We have already referred to Lund Use, portrayed as field units on the 1:63,360
scale, The ‘10-mile’ (1:625,000) Land Use map of Great Britain was able Lo use
the same classification as the 1:63,360 map, but had to agglomerate small parcels
of cach catesory info irregular dots whose arcy was balanced 1o yield the correct
proportion of each land use category across arcas about a centimetre square, The
samie approach cannet be used ta produce a map at any smaller scale, and a land
use map of Western Europe at (say) 115,000,000 must adopt & new classification
based upon Land Use types or complexes, At # still smaller seale, such as a world
map, it would be ditficult to sustain more than two or three subdivisions within
the cultivated land category, and the rest of the subdivisions would necessarily
lean heavily on the major natural ty pus of vegetution, which are alttrzclive units
al this scaic becanse they cover wide areas and yet we can conceive what they
look like. However, many of the distributions we are likely to discern on ERTS 1
imagery do not fall into such cenvenient categories and we shall have to build up
complex units that can be expressed in quauntitative terms,

For some purposes these synthetic maps are effective illustrations of the
distribution of complex natural phenomens — soils, vegelation, landform, for
example, But they are at the same time difficult Lo compile ebjectively and per-
haps even more difficult to analyze. My own preference is for the compilation of
single variable maps, either on a presentfabsent basis as already supgesied for
open water, or on a simple quantitative scule (Fig. 2). While some of the possibili-

Al

e 10-a0% " s asa70k ® 70-100%

Fig. 2. The frequency of pits and ponds in Norfolk plotted in four groups on a semi-quantita-
tive Locls, The percentzges refer to the proportion of sample areas containing pits or pands
(After A. R. Cartwright, unpublished MPhil thesis, University of East Anglia, 1972).

lities sezm rather simple at first sight (such as my open-water example) we may
still have a lot to learn from the assembly of this information in 2 uniform and
consistent way for the whole world, The analagous mayp of biological distribu-
tions [ have already referred to reveal far more than might at first be expected
from data that records no more than the presence or absence of a certain species
aver units of 100km?, Part ot the value will be the consistent nature of the data
base over the whole globe (Fig. 3). Existing world maps depend on a data base
that is unnecessarily commpleyx and Jdetailed in a few places and almost nen-existent
over wide arsus. With the best wall in the world the compiler cannot eradicate
these inconsislencies, It is true thas ERTS 1 data will be most easily used in areas
where “ground truth® is best established, Nevertheless, i provides us with u far
more consislent data bese than we have ever had boocra,
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Fig. 3. Lightning: 2 distribution mup for tropical and aub-tropical arcas. Jhe duta was - a :
derived from computer anatysis of iiht-time records from NIMBUS 11, 1-15 July, 1966,
There is some varlation in the frequency of puss with Twtitude, but for uny onc fatitudinal
beit coverage is uniform, This is the first time that it has been possible o map {ightning i
. withiout distortion iraposed by the varying density of observing stations. (Redrawn fzom
Nature. 232 (5312), 20 August, 1971). : C : ) ) S

Finally an important feature of any global mapping of sateliite-dezived data :
is the epporitnity of repeated mapping to pick up seasonal or annual changes. i
1 disconnt the possibilLy of concerning ourscives with shiorter term chunges,
partly because of Uie daia-handling probiems I have already discussed, bt partly
bhecause it is importaht to mateh scales in time and space. Such geacralized changes
may usefully be reforred {o as synoptie, and represent a potential in wotld-wide
mapping that is entirely pew, The nearest approaches are in the pioneer generali-
) ] ; zed clowd cover maps produced by the repeated superimposition of melebrologi-
e T B i cal satellite images or the mapping of parameters such s atbedo from ;edio-
' ' ' meters on metcoralogical satellites (Fig. 4), There is no doubt thiat they contribu=
ted a new view of the global circulation and a new analytical device, { feel it

-would be a pity if the inevitable Fascination with the margin of interpretability -
of satellite imagery led us to neglect the potential of global synthesis. i
- - \ €
h . ij 7 %
3
. ﬁgo-w% — 30-50%& so-707. 7] 7o-50%

T A K ]':g 4, _:Ait;cc{p'mapped for a laige parcof lhe no_rmcm-hen_!ispl_lere on the basis uf data f1ems
o LR : . the satettite Nimbus 1. The unifoernity of the dingd bass, regurdléss of hand/sed differeaens or
TR L n R ) . 1akitude; should be noted. (Redrawn {rom Journal of Appliod Me{corolugy, g, 1970). -
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A COMPUTERISED SYSTEM FOR IDENTIFYING CHANGES
IN THE EARTH'S SURFACE COVER
L E. HILL and J; R, TARRANT e
School of Environmental Sciences, University of East Anglie, Norwich, NOR 8CC,
England. . o :

The need for and design reqiirements of a rapid data f iltering system for selec-
ting satellite imagery containing gignificant new information on the Earth’s sur-
face cover are discussed. One possible method of performing this filtering is des.
eribed. T ' : ' R

1. INTRODUCTION . : _

THIS PAPER DESCRIBES a computer based system we are developing for the
analysis of imagery from the ERTS-1 project. Our aim is fo {est techniques for
the gutomatic recognition of changes in the Farth's surfuce cover and Lo develop
these tesliniques to a state in which they could be incorporated as a *User Service'
in an operatioaal remote sensing facility. In this context “Users’ can be regarded
as those who would utilize Earth imagery zs an additional source of information
to aid, for example, planning and administrative duties, in much the same way as
meteorologists use NIMBUS satellite date. A water supply authority might com-
bine satellite imagery with in situ measurements {o eslimate the snow cover in
the catchment area of a dam, and use this cstimate to decide whethier water
should be released from the dam,

Alihough the computer system had been designed around ERTS-1 and the
data products made pvailable by NASA, there is no reason why the techniques
should not be extended to any other satellite based remote sensing platform, and
for that reason the discussion in this paper will not be restricted to the ERTS

system.

2. THE NEED FOR A DATA FILTER

The applications of the data from an operalional remote sensing sateftite will be
determined by the advantages of this imagery over that derived from other plat-
forms. This might scem an unnectssary stalement but surprisingly little work is
being done to realise the potential of one of the major advantages of satellite
imagery, namely regular repetitive cover of large areas of the Earth’s surface,
Satellite platforms are well suited (¢ monitoring changes on a regional scale, such
ns, for insiance, crop ripening or the spread of crop disease in a large agricultural
area. Jf information of this kind is to be of practical use to administrators, it
must be available in a compact form snd, most importantly, in near real time,
both of which imply the need for an efficient data reduction system. We are con-
cerned here with only the first stage of this process, an inital filtering stage for
selecting for further analysis only those images which show significant chances
in the Earth's surfiace cover, '

The choice of a computer based tysiem rather than a mpnual one s dictated
by the guantity of dain au overatiopsl satellite platform could produce and by
the format of this data. A saicHite covering the whole of the UK, once a week
with imagery in ten different speciral busds would requrre on analysis rate of 30
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or 40 imaees daily, Mach of tris information will be irrelevant t8 any particular
user not only by virtue of its geopraphic locality or spectal baad, but alsoe be-
cause it is effectively identical 1o enrlier imapery. Rejzction of images with no
new information requires & well defined erilerion Dor deciding what constitutes a
significant change and this criterion must be casily updated to allow for different
fields of intarest of different users and variations in the type of change expected
with, say, season or locality, Provided o fast and simple alzorithm ean be made to
implement this criterion, a conventional computer can easily perform this type
of repetitive analysis on a Ltrge data base. A team of trained pheto-interpreters
would do the selection as well as a computer, if not better, but only at the ex-
pense of many man-hours which could be better employed in detailed analysis of
the imagery.

A more important reason for nusing a computer for the first stage analysis is
the digital nature of the raw data, Most modern sensors are capable of providing
digital data either in place . o alongside, photographic Images and transmission
of data from the satellite to the ground receiving station will almost certainly be
in a digital form. Thete js little sdvantage (1 making hard copy of the image be-
fore deciding whether it will be needed, especially as many of the changes of
tnterest will not be easily detected in a siugle band but will require celour compo-
sites of several bands, In addition digital dala permits a greater sensitivity in the
identification ol change as it allows use of the full dynamic range of the sensors
with none of the compression of the grey scale produced by photographic tech-
niques,

One fina! advantage of using a computer-based [irst stage lies in the gencralisa-
tion of data to a regional scale. The algorithm for identifying changes can be made
more sensitive to small changes in brightness over a large ares than to large changes
in a loculised area, but the eye is particularly sensitive to contrast between adja-
cent areas and cannot easily compare large areas,

3. THE DATA FILTERING ALGORITHM

There is obviously more than one way to perforin this initial filtering for change
but oniy one possible method will be considered here. Initially we will be con-
cerned with recosnising changes of any kind but the system could be modified to
deal with specific types of change of interest to the users.

The region of interest could be a county, a mountain range, an agricultural
area or indeed any other area contained within reasonably smooth boundaries.
For simplicity the Unit Test Areas {(U1) vsad for developing the programme are
50 km x 30 kin squares. The boundary of the UTA is used to generate a mask for
the image which classifies each piciure element as either in or out of the UTA, This
step requires registration of the image with geographic co-ordinates but the
accurzey required for sufficiently large UFA’s can be obtained, for ERTS at
least, if the geographica) position of the image is derived from the estimated posi
tion and attitude of the satellite. In practice with ERTS-] the UTA is located re-
lative to the latitude and longitude grid provided with the image, but no ground
truih is used by NASA in establishing this g so the process is fully automatie.

The picture elements in the UTA are used to derive a grey scale frequency.
distribution for each spectral band sensor on the platform, The histograms of
these frequency distributions can be regarded as brightness “signatures’ associated
with the UTA in the samue way as spectral signutures are commonly used in identi-
fying crops. Changes in the surface cover alier the shape of tie histograms and
thus can be menitored by comparison of sach histogram with those of earlier
passes over the UTA or even with a generalized siznature for the UTA obtained
from scveral carfier passes. 1t Is expected thut with experience specific types of
change will be recognisable by considering Lhe associated changes in several spec-
tral bands, while multi-dimensional gray scale distributions for combinations of
spectral bands, will provide evets greater sensitivity although at greater expense,

The advantages of this method of comparison over the more obvious point for
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“point compuarison e in the huge reduction in the number of decisions to be made

and in the generaiization of the data over a large area. The major disadvantage is
the possibility of significant changes being ohscured by larger but less important

changes. For example, cloud cover over part of the UTA could well make changes

in the unobscured part undetectable by this precess although still readily deteet-
able by other means.

Comparison of the histograms can be done by eye or automatically but in
either cuse Lhe process is cae of lookng for changes in shape or position of the
histogram grealer than the imits imposcd by the system. These are:

{i} the accuracy with which the UTA is pusitioned relative to the
imagery. :
(ii} the radicmetric accuracy of the nagery,

The first of these dépends on how well the position and attitude « 7 the
satellite is known, the geometric accuracy of the sensors and projection effects
and for the ERTS-1 multi-speetral scanner ihese amount to an RMS error of
approximately 4% of ihe areq of a 50 km square UTA, This is prabably sn over-
estimate as il assumes none of the error is systematically repeated with suncess-
ive passes over the UTA and that all elements in the UTA have the same position
error, The radiomelric aceuracy of the imagery depends on the accuracy of sensor

sampling and calibration but also on atmospheric effects, For ERTS-; digital data

the radiometric accuracy of the imagery is 2% of full scale brightness but this
does not include atmospheric effeets, It #s not yet known to what extent atnios
pheric effects will affect the comparison of the prey scale histoprams but it will
probably be recessary to include & correction for the atmosphere in an operation-
al system. These estimates of the limitations on the sysiem sugpest that for a
single band it should be possible to detect either a large change in brightness of
at least 5+ of the area {e.g. by cloud or inundation) or a change in brightness of
& larger fraction of the UTA by 4% of full scale brightness.

4. PRGPOSED TESTS OF THE SYSTEM

‘The computing system is still in the early stages of development and will require
extensive testing before any conclusions can be reached about the usefulness of
this technique, A test area in central California has been chosen which includes
terrain types ranging from agricultural land in the San Joaquin Valley to the
peaks of the Si¢rra Nevada range. Digital dora for pairs of successive passes over
the arca in ench season will be used and should provide both short term and

seasonal changes in agricultural and paturai vegeiation for-testing purposes. Tn

addition it is hoped to use imagery teken over kast African savanna regions
where grass burns will be used as a source of change in the surface cover,

{Presented at the Symposium of the British intevplanetary Society on *Eqrth
Observation Sateliites’ held at University College f.ondon, 10-12 April 1973)
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GENERALISATION OF ERTS DATA FOR GLOBAL-SCALE INVESTIGATIONS

LE. Hill, A.C. Annstrong and K.M. Clayton
University of East Angliz, Norwich, UK

ABSTRACT

Information contained in ERTS imagery is of use
veo mumy spatial scales. To achieve a global scale,
weiahisation to units of the order of 50 ki x 50 kin
. necessary. This involves problems of both data
vt and efficient and meaningful generalisation.

A system for the computer-based processing of ERTS
digital tapes at this scale is discussed. Some results
based on analysis of the grey-scale histograms are pre-
sented and possibilities for future developments are
discussed.

1. INTRODUCTION

Ihis paper describes a computer-based system that
+¢, at the University of East Anplis, are developing
tor the analysis of jmagery from the ERTS project.
Ve starting point for our work is a beliefl that,
hough conventional aiv-photo interpretation tech-
neptes can be, and have been, used to interpret
rmotely sensed data from orbital platforms, the
“ilterences between the data obtnined from aircraft
sl from satellites warrant the development, or at
ka3t the testing, of new methods of analysis. These
-+ methods should be designed to work in paratlel
-oih. rather than in place of, conventional analyses,
=~ the dim of exploiting the additional information
cunlainedin the satellite imagery.

The advartages of satellite platforms over aircraft

-[istforms are thejr ability to pmvlde (i) repetitive
orage al rcuu!arly spaced points in time and (i)
aiml or regional coverage with a uniform data base,
-i tiexs & major disadvantage of satellite platforms is
s fimdited  sputiat resolution obtainable from such

altitudes. Repetitive coverage provides the opportu-
nity for menitering changes in surface reflectance,
due to either transient phenomena such as flooding
and burns, periodic effects due to seasonal changes in,
for example, vegetation, or long-term changes, such as
urban development, forest clearunce, etc. The poor
resolution and the globul coverage together imply
that satelifte imagery would be more usefully used
louking for changes on a large spatial scale than
changes involving areas near the Himits of resolution
of the sensor.

The work described here has * accordingly been
aimed at Jdeveloping a system for nionitoring satellite
imagery for changes that are significant on a regional
scale. Probably one of the most important uses of

such a system. would be a first-stage data filter for an

operational  Earth-observation satellite. There it
would be used 1o select, for further processing, only
those images that differ s:gm{‘ cantly from earlier
imagery of thatarea. . . -

2. TECHNIQUES S

Bec;use it is proposei:. that the system be used asa
Slaee data f'ilter. lt is 1mporhmt that if can m.aiu,

e
i

use of data thai bas undergone the minimum amount

... of presprocessing, 1t js probable that any sutellite plat-

S04




16 LN,

form vor monitoring the Farth's surface on an opera-
tiopal and repetitive hasis will retuen the data to
Farth us a digitised pictore awd, for this renson. a
computer-hased  svstem has heen chosen Othor
reasons cor the use of digitised data are the ability to
nteke use both of the spectral information provided
by multispectral scam.ers without producing colour-
composite photographs, a slow process when com-
pared with the duia-acquisition rate, and of the full
dynamic range of the sensors, without the degrada-
tion in mdiometric fidelity introduced by phnlu-
graphic processing.

For this project large general-purpose compuiers
(an IBM 370/163 and an ICL 1903E) have been used
and the progrnns have been written in Fortran. While
a large computer and a highJevel programming
language are couvenient in the experimental stages of
a project such as this, it seems likely that a smaller

spectal-purpuse machineg, pethaps with sume special

hardware functions, or with some analogue proces-
sing, could be more efficient for an operational
system.

Thie first stage in the analysis of the imugery is
generalisation ol the data to a scale appropriate for a
regional survey. Each ERTS frame contains 3 x 107
picture poinis for the four MSS bands, whereas a
regional map at a scale of, say, 1:10° could show
10* — 107 independent data points in a equivalent
ares. The second stage is the recognition step where
the data is compared with that for previous passes

- over the area. and significant changes are identified.

Note that in most other comppter-based systems for
analysing remotely sensed data. these two steps are
performed in the reverse order. For example, classifi-
cation into surface types is usually done using the
spectral signature for each picture point, and generali-

ARASTRONG & KA CLAYTON

sation to furge areas (individoal Delds) iy only made
wher the clussilicetion osubts are displayed. Tt s
hopad 1that by saitable choiee of the area over which
thia mitizl oo ~ e, it will he pmsihlg o
mask the effecis of larw. changes taking place in &
sadl arcu, ard so oligin oy system that is sensitive
only to changes siymfizant on a larger scale. For
experimental purpuses. Unit Test Aress (UTAs)
30 knn square have been chosen,

The siniplest possible form of generalisation is to

IR

- reduce the data for each UTA Lo a single number for

each spectral band; this number could be the mean
radiance, in which case the generalisation is equiva-
lent to reducing the resolution of the sensor to match
the UTA, or it could be some more complex para-
meter. For most purposes, this would be too drastic a
reduction in the information contert of the data,
although this level of generalisation could possibly be
used to recognise areas with a high degree of cloud
cover,

The form of géneralisation used in this experiment
is to characterise cach UTA by the grey-scale frequen-
cy distribution for all the picture elements within the
UTA. The parameters obtained from this generali-
sation could be cither the grey-scale histogram itself
or quuntities that can be derived from it such as the
mean, halfwidth, skewness or number  of -niodes.
Initiadly the histograms have been used, but one of
the aims of the experiment is to determine which
parameters can most usefully be used to monitor
changes 1o surfiee cover.,

The histograms can be compared visually, or by
means of statistical tests. In the latter case the Chi
squared and Kobmogarov-Smirnov tests have been
used. :

3. PRELIMINARY RESULTS

In the previous sections, the aims znd lines of
investigation of the project have been outlined,
Regreliably, it is suil too early in the experiment to
say how effective this technique will be, but in the
remainder of this paper some early resuln and pro-
blems will be discnussed.

The area that has been chosen as a t2st site is
covered by one ERTS frame, and is shown i
Figure 1. The site covers part of the Central Valley in
Calitornia and extends as far as the coastal ranges in
the southwest. A large area of the Siecra Nevada range
is incliudded on the eastern side of the frame. Digital
data-on computer:compatible tapes have been obtain-
ed for two successive passes over the area in later

summer 1972, and a third sct.of data has been obtain-
ed for spring 1973. In addition, a second test area in
central Englund was selectad, but repetitive coverage
is not yvel available for this anea.

One essential requirement of the technique is that
the grey-scale distribution in unchanged areas is suffi.
ciently repeatable for chunges in other arcas to be
recognised. Figure 2 shows the histograms for ol four

bands for a UTA conraining predominantly Jagricul-

tural tand in Central Valley. The only changes visible
on photograpitic prints of the imagery relate woa few
fietds which together make up 15 or less of the UTA.

. The histogeams have a simitar shape for both scends

1038-13114 and 1053618114, but there is u small
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Figure 1. The test site in ventral California. The Central Vaifley from Stockton in the north to Fresno in the

senth isinciuded in ie frame.

shift to lower grey-scale values tor all bands for the
i pass. This shift can be accounted for by the
decrezse in solar irradiimce  associsted  with  the
Secrease in sotar clevation, Table I shows that the
din of mean ssdiances is comparable with the ratio
of tite sine of the clevation angle. '
Adthough there is very goud agreemenl between
:-?‘zc Irge-seale structure of the histoprams, particutar-
s tor band 7, there are many smaller features wiich

arz not duplicated. The histograms for bands &4, 5 and
6 tend to be tspikey’. and even in the hand-7 histo.
gram there is a4 small spike near the peak of the disted-
bution. These spikes are nod real stpucture in the
grevesvale trequency distribation, but originate yrom
the mappine of the sensor grev wele with s 64
vatues to the {07 grey scale which bas |25 Lavel: tur

bonds 4,5 and 6, and 64 Tevels Tov band 7. Beoguse of

the nonbinear transfer function- and expanded COT
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Table {..
MsS _ -
4 Band  Mesn Radiance for UTA from Scone Ratio
03818114 1056-18114
10% - e .
4 18.7 17.8 1.06
5 18.0 17.0 1.06
6 4.8 2_3.3 T_.OC)
7 26.0 24.8 105
10 MSS5 5 Sun
Lievation 52°.1 47° 4
sine {11} 0.792 0.736 1.07
Figzure 2. Greyscaurle hiviograms for a UTA in the Cen-
10%.k MSS 6 tra” Fallev, The open lustograms ave derived
srom FRTS  sceme 1038-18114, and the
shaded histograms are from 056-18114,
The horizontal scale for all bunds exeept 7
is divided into 64 grey levels, cach of which
0% corresponds to two CCT prev levels,
0 GHEY  SUALE b4 o

ercy scale for bunds 4, 5 and 6, and because of the
radiometric corrections applied to all bands during
the transfer. there is not a one-to-one mapping of
sensor grey levels to OCT grey levels. This is Hustrat-
ed by Fieure 3, which shows the arey-scale {requency
distributions for successive groups of six scan lines
down a strip one quarter of the image in widih. The
features to be noted are ihe blank columns correspon-
ding to two grey-scole levels tur this band-3 data
which continue through ihe distribution for soveral
successive Hnes. The calibeation process changes the
rapping from sensor levels to tape levels as the sensi-
twvity of the sensor changes, and over a sufficiently
lavge nuiiber of lines this tends o smouth the
frequency distribution. Alwernatively, the histograms
may be swoothed, by use of a suitable weighting
function, to give about 32 independent grey levels.
However, the smocthing function for bands 4, 5 and
0 is depemdent on the actual grey level and results ina
nonlinear retationship belween tape grey scule and
radiance. The effect of the nonlinearity is to weight
changes in low-reflectance surfaee cover muore Leavily
than chunges in the upper twlf of the radiance scale.

One part of the computer system which las been
extensively tested is the sepient that atiens the digi-
tal data refative to the U AL Fhe contidence that can
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GUNERALISATION OF EKTS DATA FOR GLOBAL STUDIS
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“be placed in changes insurface rétfectance detected ..

Ly this system dépends on the aceurticy of this align-
me. For exannyie, with 50 km square UTAS an

~rmes positional error-of 1 kinplices 1 Tower liniton -
Tl wlhich cliunjes van be

the fraction of the mieu
reliably detected, of ahove 5% of the total iwea of the

UTA. The proposed computer system uses the fati
tude «nd longitude. gmi inforaption-in the annotation - ;-
record of the CCT to sonvert the co-ordinates of lflc .

~corpers of the UTA to tape co-ordingtes {scan line,

picture clement). The- pre-launch estimate of the

o accurady” of this conversion was ahout 500w, LS,
* for the three scenes. for whicl tests have been made,

the errors are in the range 5-10 km. Figure 4 shows <
the posmnns foum! {or the dam of Hom.y L.;kc, C.tll-
« - fornig; N ] :

‘from. -the _-annotation " data for
(038-183 14 and- 1056-18114, Tlus-ermr 1a_st=ff' cient-

Iy targé to obscute any Llldngbb m\mlvmg less tiian'{‘ e

- toriag technique- from: workmg

L ¥ L, AL ARMETRONG & KM, CLAYTON

<M

Figure 5. G

g .n.em‘ 1038-18114 {uuvliadedf is =prarr.ted

The UTA -could of confre: be pos:tsoned more - i

adv.mmue tlmt for a0 upcx.lhondl aystcn workmg on”. :
a world-wide scale, ‘the number - of control pomh'
would soon becoine unr.mnag'tblc, The 1dcalsolutwn L
‘for an  operational - satclfite platform” woutd  be
improved attitude and position: mformataon and con-
teol, but this might not be technically lcaszlﬂe. One

: _'altenmtwe method, whic.h is- bem“ tested, is to a!n;_,n.:- y
" one image with theé ground” by manua! miethodsand
- then to use this primary fmage a5 a corrc!anon mask -

for successive prsses.
As a-inad emmpie of {le sort of diffi cultm that

need to be overcome before the Lomputer system can

.lccur.xtuly re!_atwe to {hl. thgatal data by use. of soveral .

';clouds :!lld cloud: shadow .on the’ grcyoscnlc du.u'.bu
~tion. The histograms are “for- ‘the - sume “part ‘of - the

Sierra. Nevada - range, but in. one. cose the area-is
“partially cloud covered. T h;s pmducax a sharp peak 4t
~-high radiance, as-expected, biit in addition the cloud-

“shadow, and structare within the cloud, ate sufficient =

-tomake the rémainder of the !usmgmms tutdlly diffe- - -
rent, The unphmtmn of this is tht “changes in the’
cloud-free area can only be detected if some spatial
information is uscd to remove the whele cloud-affect-

-ed area {‘mm bath :mdgcs bcf’ofe preparmg the hlstﬂ~ L
gmms. _ ' :

~ The resulis pn.scmed 1bn\'e tend to emphame lhe
difficultics thit have bieen: me:in deveiopmg the cont-
puterised system, and give a rather negative outleck

on . the unsclulness of the technique. At this stage,
however, much development is still requived; and no

tests. o1 ‘the effeetiveness of the system-will be- Tr88E
ble bciorc dnfﬁculues of thc lype dchUbEd h.we beul :

salved. Other work pft’uceding in para‘llcl with that

“deseribed here does; however, give soma indledtion
. that! wse of ﬂrw-swlc ‘histograms as a method of .~
~genieralising - the data is a satisfactory solution. In
pamcular, it seems pDS'ilblB to use . the hlstugmms__ B
_:-Zﬂunc 5.4 weans of dmdmg the iifinge mLo surt"u.t,-'. R

types by usmg, stancinrd procedures. SR

- wzd: om’y ‘the Iln.!'aﬂd‘mh,d part 0] Ctheimaze =

T
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(BJBCTIVB GENERALISATIN USING ER'!’S IMA(ES

by A. C. Amstrmg & K. M‘ Claycon (forthcoming in. Enir,iromeﬁtal " E'
: ing practices and _ roblems, 1975) IR 2

| 1 1) on.r:.cnma R

R An orhiting batonih ebaervatory. nuch t‘-a E:R'M. Pmducea datn e

7. "',:.:,nhone qus utiea Qifer fron ony maﬂomly :.wauablo. T resoluuon .

| g ot tha scm:..em 13 J.ouer than that of commtiowzl a.'lr-l:orno syatem,

S ool thus 4% 4o G47fLoult 5 apply conventional tachn:leuea 1n tnm- .
L ks “,.",';utarmtaﬁon. co-np:manting fo: th:la J.o-.m.- raaolut:l.on 1s tie
T m ropoﬁ.t.«.va g:.obal coverage that the. mteluta rotantianv offm. , ‘, |

| t#oc::i.m; mrmn, b auch a s.vstem predwas an mcrmaus qumti.w of :_;:;
d,gta; 8 qt.:l.ck ca.lcula‘u't.on ahws . nRT‘wl haa e oapabmty ot oo b

L t‘in:i.sw 10’ rcela of .:.u;na ic iupa a Wﬂl" % figare sugf:aata

thu valz.a of ma; &Fyr‘)&oa which ulJ.ous a reau ti.cn :‘:.n ths volum ct
- -;'i'*f the data- §
-f'becanes ,oduibm % take advmtagej

:__'o:"f'a zeﬁuoui.cn :I.n 'bha wlums of data 13 achmved :l.t 3

or faa comiamt anta baso offexwa," S

o '-for g!.ob_l t.nves'uﬂnticn... R . o

"‘ha o oach ma d.‘.."auas ma!.oa use oi’ comr:u»er clase..ﬁc..ﬂ.on

e -_'techn.,owa ‘bo eehiezro thzls data redmttm. bss.nv the ERT‘! I )

o -hultiupactral canner (:I:;s) an 1t3 data aourco, :I.t attmapts .
' :mpmnn oi‘ 'i.ze c'-r*ch aur*’ace on az:. oug"e*.:iw bﬂsis. . uuch a. o o o
. _,classlf...c.ulon would va uistmat. toth i.n obaac#.‘ity and 1n eoale R

| 'fxum anv‘ﬁh; pos..lhlo 'bafare tlm vent of re:ao\.a aans:lﬁg satalntea.
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o o Ina aun-aynehmnnva orbi.t at'a hei.{,ht of 910 kn BRDS pa;-rorm o
- 14 orbits n diys rotrasing ito path cvery 16 deys to provide ..

o -:_-preainaly-ountroned ropotitive Amnpery. Tho. senotnz systcmgon .

"~ bourd ye o Rotm:: Laam W.d:!.-"on cnncm (‘“‘*Y) i a':' Wilspeotpal

o geonnor (3-;.23). Ho ora. “ooncornel with o Hag: d&&a";:él'blxow,h the

e 'tuchniquaa dwalepcd could bo- appliad equalla to tha R op w
othar _nultispeatral__d.;,dtal datae . T g :

" fne M157 aoons an annla of 2.89° 4n a' d::imcﬁ.on G
_ perpmﬁ.!.cular to ‘t:ho uni:allita pexth hﬂ fam.‘:m! mat:}.on o!‘ tha
i aateauif.a onsuﬂng a Horth to uoui.h sc;zn. “ha s;a*.;cq praduﬂea
. :!.mar;(,s dm::mu &he ; ou'bh' il halx of ench. ozr’n.!." (whi.c‘x
15 4n dar!maaa). Each éca “1ina 4 19;, I 4n lonsth end the
_'con Fiavets a’bre‘_m of data .'15 spli irto saetiong 165 Kn .;ung. :
;_-____c&ncd "e"naa' D Lt e T A et L e e

e 'rm ro aticn of tha arth banafth tha satelli‘aa i'maxta .
e akeu- on the Amago vhich vwies :I.merse!y tith lai..!.tu:?.a. For B
- califurm.an im:t"arv W 36 ..m skew 4s 5° so that suocezsive
RS genn li.:zms ara duvsl:cﬂ:l to- 'Ll:a 1oft by o bm.t 201:-.. ‘For most
prwt.mal a;:pl.xcuuem i% is gunverdont to noglog‘b thin elew,
 agovming a rectanmuhar an-ce,; of points fer. anal'"sis. and eomctin,,
. for the e fn 1.1.: fiml dmpla,y obagess

_ ' ”ha".* 55 gengay: t'la goflected raclﬁ.at.r.eu infour eppctral
regi_'ona. comvensionzlly callod ‘bands 4 to 7 (tablesd)e i

nozdnal fmvtontancous fisld of view 49 793, alifiiough the syatem |
s eipable of Astesting snaller objootn. ~duch scan llm i
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Tho data aro mdo amilablo 65 photo::m hio :Imma or

ddpitiond as coammm' Cnm'mt:lblo Topos (CC2n)s Boccuse of the eepobility

ef numozricul wroconciug o urovi.uo obaoctﬁ.w mmmltua(acn. ﬂu €Clo
vero uucd oo the priniry data BOURCY ;

. Bagh goeno dn CCT form. contninsg 2340 sepn nnea oneli uith
5240 piotura olomenta (izols)s The fouwr cpeciral bands cro
interleaved, so thet tho nultispostral. hx.o:nwion for .:n,,* e
point &3 r»~idablo at ono point &n 4o tme, Scan lines exre
- epldt fatc four oqual portlins, md placed on foar magrotic
{anes, hus dividine ccch sceno 4n%s four Neod th=South atxi, 195 2
48 Xy (Mze 1), R

A Svllcr dosorintion of tho LI%s aystxm ¢ ba i‘m‘ﬂ in

fasA {1

{I972) and of tho CUT formt in Themas (1973).
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nocnure of e alue of the duta sets involved, remobe sensing
apslications Lave used only a linited masbor of the nany clanuification
sheeic den ':-.v:lil;zb.!;o. These prosedures that have uoon ussed ¢ bo
conuidaored iniilailly in towas of two Lunius ental dickobomics, Watwoen
the sugervisal mul uz:s'..tpc::"vi sedy and buotweon .or-,oint wnd cox-fiold -
(;“iifc:’)

The sroatsat eftat o :_?u.:.! has pony iabo sor-point elneoific tiom
FROGoauTQUy tiichh ke eced dada poind in twrn, ond wither cuniim i
to tha ne -1:‘ st eluster, or eluzsify tho coint by ::?r‘ic tion of an
aJrisnd ccelsion funetion, thus & mecin: ¢ sntt.nl sreonconont
intlieds In ovueh romotely sonnad . Sh. L rowifell of oneifle Lion

rooeniuren, o Lo ofher bopdy ok pode o thy smatie) gler sleprinH oy

of i d-tey ol atrenmd to cliasify sel infivicu l -edfaia b Toura

.
"y P - . I T L [ . L) . b
Of ety arnviousus vodnts, @ YUisldzn', oo £3211r oo ho

asgezbled olilir by exmimtion of i & tn, o0 by sewm sedilolry

.
eyt e
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Typloa) emonr those aschemes is the Poyosian clussifice a.donttxl
by LARSYS (Limdenlaub, 1973), which requires tle estimation of tie peen
veetor and va-ﬂ.ama-cova:rdanca matrix for eoch lond uge tyre, Thoso
statiatics oro ealoulated fron o teainine cof. A second saaple for
which ground truth is also avcilabie is deaiguatod tho 'iosting sett
opd the pexformnce of tiw claoeifier on thils test data is tlen
assonsod, ood ids is taken as an estimata of the porformanse of tho
. - oclasgifier aver the vholo dsta set. | :
statistically, this poccdwre is Lrancht with d:n.fficul 1ese |
Tradning sals are ofton compilsd arvitvorily, in violatien ¢f noynal
paapling eooviptions, thareby yiclding insorrect cotinatse of thd
pomulatien pwomoters, nd cuksoquomily poor porforzzace of tio
clnsaificy (Sasu ond G263l 3C74)e luvihor, both fraining ead toating
gota are usunlly eonsiled fronm arens whore land use $ypos oe elorzly
dofined,. hoveas large sections of the dmngs may woll be eonsi fderably
less clocor.
Boeruga of Lthoue stotic'lesl problans, Imay ef ul (1971) arnwd
it is move officioat to elaspily the data 35t ially, aud then to
collect growxd truth for ech ¢f the cloooas prodwel. hig aliermidive
pequdves Tover o omdovd doolnione ond loos cfditioml grovnd-toced
informaticy, thorchy telag far more c;‘i‘:.cic in exploralery
investisticm,.
mis invesiiq-ntieon wses a pev=ficld, unowscrrisald yrocolure,
tha uvso of o mor-fiold copvossh geanad to offer tha swezbant

r, y At JOON T . e 3 B aimya P Jet e -
of ponsralicailon, d porcito o vanpynin: Lol 6O gomiTallnoulod of

‘
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The zlanaification proccdure uscd in this invoatlgat-ién involves

thrco data filos, end throo decision blocks (Pig 3)e . The origined

dnta ca the COT pupplied by NASA 4s recoupilod into a scries of

nabzets, U fcidse Frou tlwse ficldd, sunmdry m2asures are

ecmmuted, producing a foatvre £ile fow ench £21d vhich is input

into the clossificction alzorithn, snd the cad result is o mop

¢f ‘o aven, vith cach £icld azeiznnal W a eatogory.

%) FISLD SElUOTION

Tt is obvivusly wrrealisile, and in terma of this invesidzation '

mnaéessary. %5 clasgify individual pizels, Since our aim is

cemosalisatton, 1% ia couvenieat $o ro2use fao dota ped at thin

steme, by corsidoring grouno of pixals, tha fields which can then

b2 clasaifisd, Fiolds vaw arvitrerily defimod ag o sjusre bleck

of pizels wiing bape cocrdimtas, referring to narallelopgran=nhapad arca
on the grousd. $his arrany:
alge da lino uith schome

It is furthor eazy to &

sclgmamtley 81

Daver:d footora Inily

i Fatd
92 1l

o
2 the o

ent iz comvutationally convenient, and

g used Ly othew workers Lo per=ficld atudies,

craaze the lewwl of .semeralisatica by

s tlthout returning te tho orisiml datn

the oies 0f Ticld int 1o aprrepricto.

The resoluiita ¢ tud reguirsd el ssificoiicn Meiries a paxinun

0

sing of £01d, ol 4o yesolution of the sonciny aysten intoscs a

lover Mimit,  7he sonlo of iho azalyels wilY Affzct the stze tant

. e e vy o ey e
1y anpDeILLATS ACE LI} LLnCRn

o

1
1
)
.
L
I
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This iloods to +ho practiosl ccnaidoration of computer stormpe oragde
thile 4his £oetor is not indcpemdent ¢f tho olisdification algwitia
uasd, thoro 4s in marly every €ane an uvpper 1init on the nuztor of
data neints th;.t gon ba heniled by any ord mwogren, ord oven 1f this
spaco 43 ant a linitlng faocter 44 4s 1iloly that moehime $imd 1)

boocne a liniting factor instend,
. "
u4th thego comsdderndiens in mivd, cod meding G oxizimal purpose
of the investization, three zizes of £i:13 voro vced (teble 2). The
bosie £icld was toon as o size of 100 = 100 pixels, yielding 756
flolls to vie DD zoong, In omoarray 23 Govm auml D2 oCY0od. Wl2s9

5

EIPLIE T O . I P, . 2 e
bosde £inlds were thoa omalioocted o pooduee lovpur fields eonising

200 xz £U0 rixols (26 ccress by 11 dovmj. For mwazmie roasorn

thoce £iclds wors not ozhaustivo of ¢ oxigima) iixgo, Thus 2 8

fiside across e-ch UoT (3/4 imooo) ie0% & nuzrey otnip 10 riools
wade Ging weo mot cenoidercd. Tho dmeverced gpecd of procesdlny

grinad by rostrictias tho ficld eompilaiicn progeonm to a single

pource agnelic topoe was fhe inoortrnt fecbor, Siidlarly endy tha
£izst 2202 & Tie L0000 pecn 1in3s wore veode  Whe clustoring .
elgoritha tius dosdlt with ecuplodo iilcids only,y no oy sealo

problens that % arioe vith ineonplode ields wsea avolleds In
futusa, for oo orationnl drnleronintion; 4% vomld rrobtakly hy trofercblo
%o ndo=t on creoonmorad that nere esnplo 1oTF Tis%2d the fonom, using,

for or-nploy L3c3dn 301 z L1V mizclo &n Citoe




S

‘o oot of 176 flolds could onsily ba hundled by & hisrarciicsl
clustoring pron;tém, but such f.t algwd thn oauld not é&;sil'y hardle tho

largor 6ot of 755 fiolds, for uhich a ¢ifforeat, (iter:tive) clusinrinu*

tsehm.qua wag 5.mleuon'bcd.

Song vesults were aJ.ao obtzined Ls.mg a sraller ﬂ.ald. 50 x. .:O
pixala in alzo, Imoducin.: a total of 2ez0 i‘iel&a 'bo an LRTS poend :Ln
an aryay 64 across and 45 domn. The Bi.ao of ﬁxﬁa daua cot noant ﬁmt
far feuor anelysas could be nevi’oz'mad naing th:!.-: asels lLovever, veing
a1l ilhzea 9ots and o comuon elroediin it was vesaiblo to iavesiigato the
effaots of dlffarent ¢ fiocld slzo on thw ::gzzxigve& genaeralisation,
4) FEATURS SHLESTION | .

£

Any elrgle £i2id cortaias o vast mouns 6f in:‘om:ﬁm, exd 16 is
both impocviblo, and umesesszary % clomcify ficlds using all this
information. -Pedture selection is the 'zocoas uhcr'eby vo suxmzyige
this wast enovat of information ond roivee 3% %o e n:::x..lcr Do
monageable ned, $hus elinivwating as enel of the pedundent inform-4iea
a8 pessﬂ,hl 2y Wolle rotsining as mmh cf tha eusential a3 is réquived,

Obvic v's.._,? frcan any iskge Oield eny neuler of foatures em bo
coarutrd, wnd tz chvdea sy 5o €9 oo ontmt crbitrarye  doveral
techniquoz exdst for dealiny wiih o salsciion of wn cptlown subecet
of featires, dowveloncd lawely Tor nelestins the best co:-ahina‘.:icn oL

e .' .- - - - M ‘-
apeste-l Tonds Dor o vove 2ind elascifiondton of illsneetral date

S davide bl LI LTS

et
Ttemany 4 T Tae LS J.-..‘. o3 e
(i‘_.j',od'..'-.':.:‘l i i.:.‘-.?'} 13--!_})0 AT OBTHN OULSY TR Yoo Gf seeh teclad: AL )

is nnt r‘i“r'f«-’-%* g ddenble, sinze on i3 no eloardy &ofimad ook
Xwom vilen 0 {oms wn epdiinm oub-ged, Lub raior o i Sty of

Tesmibia fortwos v which wo must arniirarily choosg. This echeice
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#PRODUCIBILITY OF THE

%ﬁ&?‘m PAGE IS POOR
Several joseibilitics puggost themsclves s sudtable variables.

It o simplo tc; compute {tho:-meau reflectance in oach apsctral band,
ant thon %o uwe a hnean apscbral s:‘.;.;mtura" ¢i cach field, thus
 reduotng tho data, to a totsl of four variables por fiolds Althoush
: © this get 13 potentially vary efficient, thore is no p pricri reason
o . fPor tmmm that the me.m apactral cignuture for A fiold sh;';ula. bs
" any noxro aueéaaaful than tho point spectral simture, parsic darly
"'over‘ fha large apatié.l gcales fuvolved, .'.;-‘vx-prisingly this feature sat
fms been used relativoly succagafully, bul tho geraralisation ia
wnnocessarily oxtroma, and it &y unlikely that this would provide am
accaptablo basls for routing elassificatlion,
A moré eonpleto fenbure set insluidss not only the nmoan reflectan_ces

but 2lpo the frequency distribution of rsflectance valuss, Rather thon

attonpt o model thome froquensy distribuiions, with the atiesndant yeobloss
_ _of_ findinge a nodel of suifficlent gonoralily and of estimating iis
parzanéters. it was decifed to ozarina the dipivibubicns divesily, For
ezeh £icld the histogrom of raflectores valuss in ench of the srectral
bands was eoapiled, and tho data containzd in those hisioszvomg uscd e

tho foature sote This vap ochleved by splliviin: ihe ranse of roflectiance

. valuas inds 32 conal clagens, and recordipy the number of rixols with
. ' & valua in ench clacse Tho valuos for sl four Bupnds sy rut inte

cne vectory [ 03 minbarg oy vwhich btiozazma tho Toatuwrs veelers Tkl

accdurs Moo eortain pdvantomon,  Dimotly 4b Oo-ls very oimnly widh
[ ] L]

polynindal digtributlcorse Ozcanlly, sinso it dedds with vnifera £iclds,
tha valuzg con o the toin) Trequuncy i ceevrrenes and roouwire no
Lurtbar reroaldinaticn,  This hnsg $ha ozt 4Y S M doeetl

4 - o p . A ~ o o Al PR - ————
avia in the foniure progo s dlrooii polntcd to thy aresk oovonoo

[V

w A v—apmyain - A - deay . m e Teh e AT ,
on the peernd ulihin $had orackval rero ooy nnd o snus oo vl oL oar
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coverages Thirdly this set still rotaim a larpe emount of
. informaticy, such %uat it ia casy o submdt it o further cowprossion
if reguired., ¥or oxauzple, 1t would be easy to caiimto tho man ’

" and varianco of cach spoctrdl tand frea this feature set, Thus o

e

fonture file derived at this otape acis es & oocondary dala gource, s0

that furihcr feoturea czn o extrectod without roforante. to tio

S

origingl CCT data,
This foature set resulis in a great comprsscion of o dates

- For a 100 z 100 fisld soma 40,000 nusters ave sumamrised by 12

This copsidoroblo saving can be reaclised with only a medest _ -
expenditure of comsuber timm, Furilor, thls sot is snall emugh |
4o be inzut into moat clusiorin:g progzans wlihout ¢roating excessive _
domeonds on ccuuter tims or space. ‘ : ;

Several other fenturo sets have been usod by othor dnvestimtors.
Varieus voncforms have beoon wsed as measures Qi‘ tezture, for {

er.mpla by %ovida (1973) vho corpaved the uge of the Lo'u::'in
\
quhtmen-l,oom, talsh and Slant tronsforms for 'L i3 purposs.

Hovovor, hirvida caleulaitod those iraasforzs over anall finldey B2 &

pixels in <---~o. ond thoir extouricn {0 larger fields would meguire

[T

groatly incrcoced con-uintion times, cud the ciorage of a wvery larse

El
s
Kl

nuwabor of {xansfarm cosiiicienis. Ina gimilor way Havalick end hia :
csmzmrkarr. (i=rolick ond Shomousem 15 ‘%)ik*:-::;licit, Shonmuon end j
Pastoln 1575) have zescured o sbee wainT TR gpatial cropeteme }
degendenco noiwris, dedinsd over finlds &4 x 64 pi:nls ia wis3. r

]
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There is thus no ainglo'éatisfactory--aet of features available
for deseribing large ficlds that con be dmplemented in roasonable
crm;:ﬁtin.—; tinca, "he hybrid approaoh disoussed by Gramenopoulos
{1974) presents an inturau'cin.,, alternstive, vsing an optical
. gysten to produco a Pourdor eroi:;éfarﬁ of fislas, which is ‘.'.hen - o
converted e1er.»m-opzteany into o digiual af.gnal aui.table for SEIRT
ingut :Lnto a clu.uaifioro LT
3 5) G!'@ch o* " u.,run:"m mda:m{
A grent vczriet,r of clnaterin, ntratcgiou could (%] i.mnlemunteﬁ
'fcr this aiztdy. and sone oho£~co must be muﬁa bat:.een thom to deoi.de
| wh:zc‘z are oot fov- t:ha p‘ur':O‘;BS 1n }mnd. "ubliahed technj.q_uaa e
vere v.«:ed end nodi.fied only thero neccssary. 80 that tha parfemanee_ .
of 'l;ha olaseificrs eowld bo relutod to previous piudies, and no . -

‘attonpt wes nade to add yet another s‘.:rauagy to i-.he alraady 1ong o i
1iat of straterion avedlatid, o - Do g

Two main proups of elnsmificstion procedurces can be identifieds
Firstly, hierarchical eluvster aﬁﬂyﬂes, auvch 23 have frequenily beon
inplemsated in the social and bieloricsl seicneos, consiitule a body
of siandend ta&lxni:luca. To thego certain nodifleaticng havo bsen
made to eater for the sreeianl elsss of spatially organised data.
Seeond, there iy a diffuse body of other stratugxes, nost of wirich
involve rathor pore g poloi assumptions abous tlm daua. but c=n also -

hanile la:‘\,er dnta seisa. Sy

of 4hn gintesne Tatieon woinds, and badoon olustors, and scm,rﬂ dfrinancs
ponouras mvroovnitablas Por Mgtongns Dotuaon coinda, ard ha{?reen g:o;«.n#.:‘::
ot etustor oonivos the tirudtienel awrlidssn dictnreo

1

~ i B PRI UL S AL P
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distanaeo huoo o cortadn rojularity bacauss of (roator onoo of
conpudation, Tho disiwncos otwcen olustors of peinte 4s a-
conziderably Yoo eomiivz probles, sinso it :t::-.re:!.-van- not oxily tha
abmolube cintrnon batuoon slustor :cnbresp bub 22zo the dloprsion of
tha o’bservm:.i«:m‘ around thoso comtvess 4 woview of theso moasurss
4a slven by iocker & Londgrebe (1672), who uanﬂh:ia that in aenarai

| _' them 48 1o plrouz rouwon for choosing uxzy oo 4n prafarenue to
_ar.y otm:-. ) . |
| Ba) CLASSICNL CLUSZLR ATALYETS

Thiz bedy of techninues wses varietl cm o:. the algoritin

deseribed by Verd (1“‘;), for yrodusing hiewerchical o‘lassiﬁ.op.tiem. |

Thio ms_:ﬁhcd cranines he ot:cerv.rxt:wns in 1.1.: variable 8pacsy and
firdo {the &t obaawa tiong elosent to:;-:-ther. Tooa fiio obse rvatio'r;a
ove ropluced hy theip moan rouztion, and toe vhule 8ot o; rointa.
redméd I),’f om in nunicr, 30 exam .».1:31 azain to find the noxt

omallont ddotwse,  Thus at onch iteration the numbor of points 1.::

dinirished by ono, omd o herarchicul classifieation remlia, (¥ ‘,.4)

"his oW of dothoiquas is av-ilsable dn ueny verslong, and eon
b‘o. copsidered ag the standaxd cl:msif;tca‘«:ien mothod, iousvoyr, thoy
raqui"a tho calealation and continusd resncceszing of a meirix of -

distances b;ai:::ean nll voints in tho varlable spacos Thus $o classily

n poinda, thoy 4ypdenlly oooudve tho use of an 2 ty n dlatanco patyiz

I et . LTy S
\g.-_&.(‘u} Ju L J'.-.... x-'..,u H Le .:-.‘..i..qsl Iﬁ"“l} b_.---a sk Jvo—o CaGs an a })3
. - . _.._~—~-"’" .
WeAs en At wemew ey f.x.“::r‘i.""‘“u‘* £het ennt be hoifleds foet o

eoarvier cratng enan oo Jl.th only of the oxder of 200 woinka,

-

i
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and ovon tha wio of back=up atorasos docs vot par.:ait the -axtensﬁ.-on

R

of tho alzcritiva far beyond this Lizit (Oponshav, 1974), This
toohniqua vnus iuplonanted for the clussifieation of the 176 fiolds
200 by 209" pizels in alze, using the progrm publichod by Volluun

3
3
S
:

(19.67)__.'. Thls frogrom has been used by Owon Jonsa (pars.comsn.) in

the remote scasing field, und 7801y what ean bo conninorad as
' ntmzdard reﬂulta.. I% conld- not. Inwever, be oxtrmded Y eopa with . §
tno. lerger nwaser of fie.‘lc.n 300 by 10O iuxﬂ.‘l.a in cime, _ _ §
S It &s posa:i.bla %o wie the epilal ohavacieristics of €0 data :f
" uczﬁeve a r:.ﬁuuhon in storage mqu:!::z'f' ¥, ena thua handla a8 “"
o Iargmdaba cai. Thus by joininn- only mahuly mn*ig&m na.nts.
it is posaihla to pro:‘mce araally tir}xt cluaters. 'I'hls parn:.lta E q
| tho anor:.nu or on4 tha (.is tmces batueen con*i.guoua roints. _ 3:
 Openatiwr (:lﬂ?,) 1as vaed th_a tecmiius 1o producs a progr.zm tlnt __
- a 'can cluatar 1203 noi.nts m the m:ze spaca tbe ’eldmzm prom-am clus‘bara
: 200. .Th:la aav:.m- ia cm'zJ.ucmble. bt t‘m approwh presca'cs concopm
d:lf{'.}.c.zl £108, is b.,r 19 noana ouv.iou.a that ve uho.x..d ennc'b )
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thors ore .__{,«'.".'_c'«_mﬁs for sshing o plucn spailally non-ccn.ﬁgx_;ous-_
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Cnn sleotomy hat ves adoptod for this Liwvestipgation vas &

fectnd e Wt plarly dnvolved o visund iroycelion of coaibon

di prona,e Jor eoch field the pen valuwe Jor cach bond vwas calouiaved
ond there valuoo fo2 cach padr of bondg plotbed as o tuwo~disensionil
peattor QLocrome  On thzzo diagrins, olwstors of voints ¢on ba
vicually dotersined, md tlennonreds fhin dechadane allows tho

rapid mrotusbliim of o eleesificd rip bassd on g minina anowat &

fnfomantion, which iz potontinlly wscfel,
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L

To ovmmnrico this :?.mca“m ticn has gvailable fowp cluaterin&
tochirdaunn, (he lLLOZ‘:‘-.':?C!li"‘"l. clongienl nei:od, thy i%contive and
chnire mathodae cnd o vicRal dncpeetion o neatier-pletss Ath il
body o:.‘; focladquas, v oo in o rositien o cxomimd oome roculic.
Flraot, housvor, 44 1o nogoncnry 0 ciccuns the doton avallalle
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The indge of ezstern Enzlsnd wrovides a contrasting neenz,
x o much lover guality.. Tho low regolution of the aeasors and
the hezy atnosphsra condributo to :» imngs trich is visu2lly very
pooys Howeover, o ability to use a1l fovr eetrnl bunds
cinuliarcously pernits Lo snalysls o differenti: te features vhich

are not obvicus on any of tho ainzls band innces,

. Te Zogulls.

Soma rosulia of wannlyiny thoge toehnigquas o 4 inapges cre
showm as figo 10~-14, ond tablz 4 codo es 2 guldo W {haco enalysos.
Taey sheuld be covrared €0 tho inu.ts dyon vhich fhey wowe doviwds
figy (=9« .lthovsh ihae plodtsd claogoilicalions have boon goomsixienlly
corrcelad they do net ovrlay e imaes dircetly due 10 a lacx of
correspondoned _b-:txmcn tho GCTn a.nd 0 dmagery,. The Imigery has on
alonp=trach dloplacenoat with the renreet tu dhe CCU3 of oan avorors
of 120 serm lizcs at the norid cad sbout 50 scan linos .on ¢he couth.
Thors is however no crossescan disploscaonts

The {drst major coslvsicn $inb eom Le drown Irem 2ll tho
analyocs du {lat dn gonoral betuoon 4 anl 6 crours conld be profiecd
by those tcehninuos, Whoersvor ;oscible tho gnalysos hove besn
proecentod wilh o stondord nuwslue of B LTORD. Thie stadardisatica
vas losg oocoy B cchiove with Lh itovative tochmisue wiich if
givean 5 Initlnl) elustor conts would rreduce -keos Whan § dlstinetivo
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7a) Inonod

" Tha 200 x 200 £iclds woro clussificd ucing tho Merarchical
toohniouc, vsing tho Merarchical iechnique, taking the data for oli
spectral banla, for cach band goraratoly, and oach combination of Loands,
The reoulie uoing all the data, bond 4 only, and bonds 5 and 7
tozothor avo shoun in £iz. 10,  The clussification wiing 2ll the datn
(4.0, bandz 4,5, 6 & T) cen be considersd tho standard, against vhich
the performance of {ha reduced date cots cun bo conparads |

Tho clocsification waing all the datn shows e reuariesble
spatiol cohision 4o the regulic, amd all tuo fesiures oboerved
can bo inioriveted catisfaeterily. worklay froa Li to i, the
froups vore dientifizd as : 1) the high Sicoma Meveda, ulth its
cover of sasi, bare rock cud high nountoin vopetation; 2) a
gona of heuvily forosted mountainsy 3) a sono of mizad gressland
and woecdland (C],:::l,arrel). vhichh vlso rocwes in tho Cozst Rnnges;
_ 4) as tha veody conroncat of tho yrevicyw clasas beconan more
gearco il is roulnocd Ly e uniforn Drj Granslsnd which blopkets
tho h;n:lsc:.p:e in & unliora layor vhich ocours as a etrip down voth
eides of Lo Cenmsmal Velloy, and cluo in ihs wppor Fealsrey valley
in ihe exirine woullniest of tho image; 5) ihw romairder of the
image is Gnlen up by tho irrigaied ogriculiwrsl.are: of the Contral
Valley, It ds worth roting thai the area of vneudtivatod land in
the Lot cunire of tho ;z.c::'c".f!.tu:.'nl cone 4o esyieotly clizslifled

£8 boloimi +0 0 Loy Gresslinid.
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wowaend faafires Wt ore obwicus ent tho inmasor. ave net ;ichked
out by tha qnelrsze and rogulve futlien coument,

Tar welnoardag of Dranne il Didoenio cvn Sairdy distinetiva
Sontvacnp o suvosnd enlior Wuns oma olcn bo dlsbinsulohed, dilch
ad ot dolngied hy the enmulysen, bodouue 2litioush thoy oro
fontarslly vory diflovent 2o e odd oot arriculiural nonon,
thoy ers rov ansetzally distlnets

cirilaxly the saserwdiry thet ove o very roomireont foatire
off tho Irullills and of tho corut e n*:: not deteodsd, Ter alihou:m
vicually rzordncad, thoewe roascrvoirs and areally swall, ond cover oaly
ey voevlicong of Siealdn 020 :’. SO0 rfiweln dn oloo, Surihor,

Loviny @ sonznad long gnd Ladng Ul Soflueneo e G ooey senlo
Yialommezs do ot n oppood ovon o vornd fAnlilds,
Cl coificaticon uatng ofnde brnds (of wideh £30 100 is en cgun o
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pociouiiwenl zoue, clihough the Forouted arva of the llerra Levada
is econfuncd 1ith the Groacoland oona,
The oo 1‘- ol -~:n1,,r*;.u, dw dicrativo tochudquo to ficlda

ef A3floping clees Sp shown by £ip 13, Althoush tie reglomnldaailo
vodng 200 = 200 £i0ide was uot Mandical 1 Uit produced by e
1,o:.‘.v.:u*rcxl {oninique, 1@ agvoxynt wog poode  Tho dolimitellca

0 o Gr-ecclend ond Chaparrnl zoroo aa tho north enstoru pldd of
e central valloy is sloost ldocatieald, alilongh thors ds o confusica
Latimen tho Tick rlemss ond (o Doy Coasclendn, T womlcudivend
orea io divided inbo (w0 noipw, on lanay o eonclstlng of coallow

£i0lds (vhoving 1ol on tao Tuloe coloue .00 £43 V), ond tho oz

ho::.!.z:"; Lho drnliuoneo of catlen vyaznre, anciiny LIwd on o fnnve
Usi:}.:; Qo sraallon 300 2 200 fiolic (flg 220) o owvsrell natbsua

io 'li:o ARy L OOCITARS tao throceield Clvislon inbo cowiculivre,
) e

edacnloode vl foruct, Bud bath i eozionliwrad ol powntndn

s ] ?

#CHI0 000 ctudviocds 1T 0l Lo puon Tt wilo uso ol orolloy

LIold Gooo not ordnzs 2 cluster non of i swe clnoaes wiih
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An the rine of o fhoid Lo didaliehel 0o ihe canlyads baglas v iz
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the roswlis of both the hlerarehtesl and itorative

tochrianes oprticd. o imasa B ave siullor o theso obtainsd firon

inmags Do Tho on2 nmajor osconion is tlat o nratonlivral sone and

the adjacont

wnaelaods aro not Aifforcntiatod, refleoting o Laot

that in syringrine tho mocoland As mroving visorovsly and lu thus

spoctrally sirilar Yo the 4rripated crops of “ho vulley Llocte

Mia offeet 1o wavtiewlarly nmarked in the infoarod imag? {247400) e

Thea in thin

analyado tho euasonal varda Ltion eonfusos the cluscification

e o+

procodure, domonatrating 1hv noccessity of boil wdiispoetral amd

mtid donperal Jula Lox o eomploto amlyiine  Wiu effect 1o

vigihle in ©
this consisnt

their validd

() 43-

ot ik hicrersidesl ond iiszative o Lonifiesticns, and
oot Boazwiouwr in $ho foaca of & deta chaane deucrsivaies
“‘*' for e au**"w;stion.

1% of applyinso tho ol 41y al-omliie to the 100 = 100

£i01ds for inn-a 1l i chem in fig 100 M rooulis are nore

coniusced th

:n Ter eithor of tho othor annlyoes, clihough ths

-~ 4 & - e - ma
» 4ho thwmocfold divioion dnlo agricy ilhure, creoslod
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g -
C

et movntoin 4o vioiblo, YWals peoult clvna ths punels 3 drpeesnlon

of a more 'neisr? clussificcliou. Tuprdher dhis roeowdt voo ohiainsd

only cfter o corisin amouwny of Yiucgldn t vita the threoiold ond

Siien orlborin, sivich irdic-toe thal g techniauve yould

£ L0 fop woourtvviacd eprlicaticn oo sontine bondn,
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Tho classifications of imge € of eastan England (flg 14)

ere in ;onueal losz élear, end ho cost joroisteod fealuve of

the awoulbs if 2 olwious division Lotocon land ard s2a. ko nimple
hierorchical techninue nppliod to the 200 x 200 ficlds (fiwre 14a)
phove thrca distived groups in the vaterp tho shallow wator of the Vaoh,
the. scdimend plune emanalbine from ithe Jumbory and the clesrer wator of
éhe lerth Seas Jijure 14b wes proparved vsing the panliaor 160 z 100 fielde,
It i3 confusoed on tho wost by the cloud ecovar ard ihe acsovlated eloud
shudows, but over the rost of thz image novoral parts of tho land nroa
are digtivsulshed, The soa a-ain divides Antd the darizor more co6n 208
and the navrower cozsfal water with considornble turbldity, The fields
which compriae‘rcuzfly equal rordlons of land and soa sra so dinilnative
that thoy forn 2 sepamate catoesry whieh iy almoot eoafinéd t0: the..:
coast. Two othor groups of areas fall into *the sane calenory; 4%
inclulas a conbinrtion of elovdn and cloud ghedous bub the othor io not
a ntatictical {':‘,1't:‘..i‘::ct oince it Lo locotol proelicely over the eorif:rous
woodlonds of Cennzelr Chase ond Slisrveod Fercat. Fho root of tho lard area
divides inte two ;nc;u:l partiona; in purncral iho onnller of these la thoe
moot erncle purt of iths lundsenie, notably test Norfolk and the fens edzo

peuth of linceln, bud th: rolsiionzhip betuvsen {ho propertion of nrablo
yr

P

Iend and Ul @0detew ds nod ecousdotont cevuan iho oo oed eeue Duather

unknzam Sobern muat ho dnvrolved,

' ' REPRODUCIBILITY OF THR
ORIGINAL. PAGE 1S POOR

g L



S/

ORIGINAL, pa,
OF POOR QUALTrr

8) BLISSULSION
A
Of the elorsification tecohnisucu uscd po faxy by the for best in

torrm of tho dnterpretarlity of tho reoults 4o tho classienl licrarchicnl
nothod, ‘Thin nethol is, howevar, severcly Mmited by Lt insblllty %o
handle ths 100 » 169 pixel f5clda, vhich reduce 1%n utlility in deuxling
with arall ce~le landsecnec, cveh ps 4t in the MNast of Englands, The
Chain zr.lgbritlm on the otacr honl in by £ur the neat officlent in
torma of the vasze of commuber tine end esucce, but mroduces euanidorably
lower qu-yity reamlise Thy iturative tocimlsus sooms a pood
conyronica, but it e hard to so? how this could bo implerentsd cn
a gpesial rorsose naehim for vouddiny nprlieations {o tho ERETS imgery.
Hoversw, all iucso eluaterins toshninuan #nke consideradly lecs timd %0
axceute then e {i0ld ard 2o -ture cunnilation atages.

fho inability of single bonds to rrcived effeciive claupillcatlons
poiuta out ihs veluz of wiin; thy mudtis gsteed nutire of thou data to
$ho full, end o censonsl effvets retod Gosomslrate thy need fop malii-
tomporal dotae Imravor, the full 12Zw-vorloble featuro set has coul
eorsidorabls vedunieney, and exporinonts invelwing ito reduciion o a

.

64 vorichle oob  woduced nluist fdendicil clasusificn~lionne Vo conelwle

.
1

that roductions in tho eise of ths Loatuwro ot avre Lset rmmdo by

rodrcing the nvmver of vavichlos por sroelral band, ond not by reduedny

.
Tha rander o0 Ty .
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Journal of the British Interplanetary Society, Vol 28, pp. 473476, 1975,

A COMMON U.K. FORMAT FOR ERTS DIGITAL TAPES?

3

A, C, ARMSTRONG and 1. E, HILL®*
School of Environmentai Sciences, University of East Anglia, University Plain,
Norwich, England,

The need for a common UK, reformatting scheme for ERTS digital data is
presented, and the merits of various schemes discussed. Practical details of the
reformatting are discussed in detail, and recommendations for a possible scheme

are made.

i.
1. INTRODUCTION e
RECENT DISCUSSIONS HAVE suggested that 2 common UK. scheme for the
reformatting of ERTS digital tapes would be appropriate. The following is
intended as a basis for discussion of this point.

There are several disadvantages associated with the format used by NASA for
the system corrected MSS data, as is evident from the number of users who have
found it convenient to reformat the data before further use, Some of these users
have taken advantage of such a reformatting step to modify the data, by introduc-
ing, for example, scale and geometric cortections, which may be useful for
specific purposes, but have little vaiue in the general case,

At present there are only a small numt er of groups in the UK, who are using
the ERTS digital data, and thus if a standard reformatting scheme were to be
established now, it is more likely to be adopted by subsequent investigators. This
would permit a considerable saving of computing effort, by allowing the easy
transfer of softwarc between users, If however the wrong decision is made at this
stage, the penalties are severe, 5o care must be taken to ensure that the adopted
scheme does not preclude new uses of the data.

The most awkward features of the NASA format are:

(i) The segmentation of scan lines into quarters, each of which is stored
on a physically separate tape,

(ii) The interleaving of the spectral data using adjacent pairs of pixels.

Of the several possible changes which could be made to the data format the ‘
following seem the most useful;

(i) The reconstitution of the scan lines.

(ii) The reformatting of the interleaved spectral data.

(iii) The repacking and reformatting of the annotation block.
Each of the possibilities will be discussed in turn.

The choice of format is however also dependent to a degree on the char-

acteristics of the magnetic tape systems available, and this is a factor over which
the potential user usually has little or no control, i.e. he must use such facilities

* Now at Experimental Cartography Unit, London.
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as are available to him.

Using 9-track tapes at 1600 b.p.l. it is possible to store a complete image as
4 sequential files, identical to the original NASA tapes, on a single 2400 ft. tape,
and this saving in spac 2 is obviously an advantage, However storing all the data as
separate files on one tape means that if an area covered by two or more quarter
strips needs to be examined,accessing that data becomes difficult, Further, the
availability of 1600 b.p.i. tape drives is limited, and it seems advisable to define
a scheme that will fit any system, and which permits the storing of an image on
more than one tape.

2. THE RECONSTITUTION OF SCAN LINES

The reconstitution of individual scan lines has been the most commonly imple-
mented reformatting scheme, as it permits the examination of any small area of
an image without accessing several tapes. It further makes th - processing of an
entire image as a unit very much easier, since most image processing systems
require an unsegmented raster scan. Lastly such a reformatting restores the data
to the form in which it is collected, which seems a desirable feature. However,
such a scheme raises certain difficulties.

Such a scheme requires a computing power that may well be beyond that
available to many U.K, users. To compile scan lines from four separate source
tapes would require either a multi-pass system with three tape drives, or else a
single-pass system with five simultaneous tape drives. The reformatting can also
be done using a single tape drive, and holding the four tape files on a temporary
disc store. This requires more disc space than is usnally available to most users,
although the image Analysis Group at Harwe!l have indicated that they can
perform such an operation on t eir installation (Carter, 1974, personal comm-
unication).

An alternative way of implementing the reformatting scheme would be to
create a small central special purpose computing facility, dedicated to performing
this task. If no further reformatting were reguired, this system could be imple-
mented with very little direct access core, but with either multiple tape drives, or
a combination of a single tape drive and a disc pack, @ essarylo do the task. It
would be possible to build such a system at an estimated cost of the order of
£30,000. Such a facility would, however, only be justified if there were a greater
use made of ERTS digital data in UK. than is now the case,

If the scan lines are reconstituted, a second proble.n arises as to the format of
those reconstituted lines. At present, the quarter scan hr.es require 3296 8-bit
characters to be stored. 1f the reconstituted scan lines were to occupy one record,
they would then be 135 84 characters long. and would require large buffers which
might be a problem where only small computers are available.

It is suggested that the reconstitution of the scan lines be achieved by writing
the existing four data records sequentially onto the tape, instead of writing one
long record. The reconstituted image could then be stored on as many tapes as
the user requires, by splitting the image at given scan line intervals.

3. REFORMATTING THE SPECTRAL INFORMATION

Within each scan line, the data at present are stored in 8 character grovns, with
the spectral information for two pixels interleaved in the order:

4,4,5,5), 16,6,7,7

thus making it necessary to read 8 characters in order to gain the spectral informa-

_tion relevant to one pixel.

Two reformatting schemes seem possible, either the data can be reformatted
pixel by pixel, or band by band. In the first of these, alt the information relevant
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A Common UK, Format for ERTS Digital Tapes?

to one pixel is stored as successive characters in the order:
4,5,6,7)

and in the second case the four records for each scan line would consist of the
complete scan line for one spectral band,

For most digital applications, multispectral data are required, and a pixel by
pixel repacking seems appropriate. A band by band repacking scheme would
however be more suitable for pictorial processing, but in view of the low cost of
the NASA photographic products, this advantage does not outweigh the increased
difficulty of digital analysis.

A third alternative that has been adopted by some workers is to produce tapes
which cover the image but contain only the data for a single spectral band, Such
a procedure requires the compilation of a reformatted tape from four separate
source tapes, and the problems already noted with reconstituting the scan lines
equally apply. In addition such a scheme effectively precludes multispectral
analysis of the data.

4. ANNOTATION AND IDENTIFICATION RECORDS

The repacking and reformatting of the heading blocks on the tapes would result
in some increased efficiency in the reading and processing of the tapes. However,
these records form such a small part of the total data set that it is felt they are
best left alone.

Once scan lines are reconstituted it is necessary to reprouuce the annotation
block only at the head of each tape used, and to include such information as the
reformatting makes necessary, for example the number of the first scan line on
the tape.

Further if the heading blocks were to be reformatted, it would probably be
advantageous to add to it data not currently present in the header. Data concern-
ing satellite ephemeris is available from NASA, and it wo*id be useful in some
circumstances to have this data available, Thus if this data could he made available
it would be as well to add it to the header block at this stage. Probably the
easiest way to achieve this is to add a further header record at the beginning of
each tape, into which the user can place such information as he cares to add.
This block can, of course, be left empty if the user so requires.

5. DISCUSSION

The major advantage of reformatting the data seems to lie in the reconstitution
of the scan lines. It is felt that unless this can be achieved the best course is to
leave the data as it is supplied by NASA, However, this reformatting can be
achieved, and it seems rcasonable to put forward the following scheme for the
consideration of the remote sensing community in the UK,

1. The annotation and header blocks be left as they are.

2. An additional record block be added after the annotation block to contain
such additional information as the user requires.

3. The scan lines be reconstituted, but left as quarter lengih blocks.

4, The data within each record be réordered so the information for each
pixe! appear as successive characters on the tape,

5, If demand warrants, a small, central, dedicated computer be set up to
perform this reformatting.
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Journal of the British Interplanetary Society, Vol 28, pp. 608-612, 1975,

METHODOLOGICAL QUESTIONS IN THE DIGITISED
ANALYSIS OF ERTS DATA

A. C. ARMSTRONG

School of Environmental Sciences, University of East Anglia, Norwich, England,

Methodological questions that arise when using ERTS digital data to derive
“land types’ over large areas are discussed. Some of the disadvantages of per-point
classifications as usually implemented are outlined, and the advantages of per-
field classifications discussed, The superior performance of an unsupervised
classification scheme in an exploratory situation is outlined. The advantages of
an unsupervised per-field analysis are, however, gainer! only at the expense of
greatly increased computing effort.

1. INTRODUCTION

IT IS TIIE purposc of this paper to examine some of the mcthodological issues
that arise in the digital analysis of ERTS data for regional studics, This paper thus
acts as 2 methodological companion to the results presented by Armstrong and
Clayton [ 1] and the technical discussion of Armstrong (mss, 1975). Although
developed in the context of ERTS-1* data, the discussion is applicable to the
analysis of any remotely sensed multispectral data.

Two major points will be examined, the advantages of analysing groups of
pixels rather than individual pixels, and the choice between supervised and un-
supervised analyses, However, in order to pive some background to the paper, the
ideas behind the investigation ure first outlined,

The potential of ERTS to cover the Easth every 18 days has two main implica-
tions. Firstly, the sheer volume of data introduces a necd for automated data
srocessing (21, and seconuly. tor the [irst Linte, a consistent data base is avajlable
for global scale investigations, offering the possibility of mapping features over
wide areas in a way that wus not previously possible 13].

With these considerations in mind we have been concerned with developing
a scheme that has the potential for classilyirg arcas covered by several ERTS
frames. The classifications would be of the kind to permil comparisons with
those shown, for example, in regional peopraphies and atlas v . ps, 1t is not known
a priori exactly what types of feature can be distinguished i this way, and we
are thus int a learning situation where we hape to produce classifications and then
to e posterinri identify the clisses.

A problem that arises in identifying the clisses is that the landscape is an
integrated system, and thal when one environmental variabie clianges, then others
change in sympathy, It thus becomes difii-alt to know whether we are mapping
sails, geology, topography, or vegetation, since these variables are so interrelated.
We thus cannot state exactly which variubles we are mapping, and call the
resultant classes ‘land types’ without attempting at this stage, to further qualify
them.

* Now called LANDSAT-1.
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2, PER-POINT CLASSIFICATIONS

Although per-point classification has several dizadvantapres, it is the technique
that has been investigated the most thoroupnly, so that it ;v now a refatively
routine procedure, supporied by severa] well-known sollware packages, and cven
some specizl pui pose hardware,

The mein featuze of per-point classification is the tremendous detail it offers.
When remote sensing data were collected only by special tlights of special
purpose gireraft, and was thus available anly ona limited basis, # seented better
to anatyse the data in the most detajled manner possible. However, with the
advent of satellite sensing systems, an abnost averwhehming flow of data his
changed the situation, so that the choice is offered of low 1esolution broad scale
studies, or high resolution detailed study. Fach FRFS frame contuins approx-
imately 7 million pixels, cuch referring to a ground resolution clement of 56 x
79 m. This level of detail means that it is possible to clssily only a small zrea if
we wish to present the results asa map with single pixel resolution. We note,
however, that it is passible to classify any arbilrary larpe sica to produce summ-
ary statistics,

A second major feature of the pixelby-pinel classification is that hecanse it
considers only individual points, it is very sensitive to noise ih the system, Under
nonal circumstances the noise level in the FRTS data is low, but in some canes
it can became quite large. For example, we have been exasiining the imagery of
the Wash areu, in an attenpt to define areis of sediment-Lilen water, For Lhis
purpose, the data in band five containg the most useful information, and we have
found tliat the spectral levels assaciated with tnrbid and nou-turbhin water ditfer
only by about two gray levels, wlich is only just preater than the noise inhioduced
by the variability of the six sensoTs used, The resultant chssificd output ibus
shows a pronounced six-lin¢ streaking. ‘Thus in this context at least a per-point
nnalysis can be very sensitive to noise in the system. The situation is likely Lo be
worse where cxamining data that is inherently more noisy, its for example the
§-192 on hoard SKYLAB.

A further disadvantaye of the pixel by pixela pproach is the very limited
amount of information available to the classitior, which in the case of TR Sis
the values of the gray seale in the four spectral bands, Any clessiftcation sclieme
can thus only use the ‘spectril signature’ of the pixel, which can onty be related
to other *spectral sipnatures’, as a basis for clussification, Because of the dilf-
iculties associated with building up an acceplabic library of spectral signatures
that has any general validity, these pixelby-pixel approiches usually require the
input of further ground truth for the image in question.

By examining each pixel in turn, without reference to olher data peints, the
classifier ipnores one of the most important features of the dota set, that it is
spatially organised. This spit iuf organisation of the dutat is puportant in the way
the eye recognises palterns, For instance, when wu recopnise an agriculintal area
inan ERTS scene of the USA it is by the arrangement of the lickds, and not by
the speciral characteristics of the crops {which we probably cannot identify in
any case),

3. THE PER-FIELD AFPROACH

Because the per-point analysis of remotuly sensed data jgnores the spatial aspects
of the data, a perfield approzch offers mauy advantages, Not only docs it cor-
respond more nearly (o the vy the eve obseryes an e, lsut §t permits 2 far
wider 1anpe of analyses to be implemented. However, the appnach is expensive
in terius of computer time and core requirements, and s loss easy (in geneial) to
implement on special purpose hardware.

The essenind trature ol the perdickd approach s that it coneiders nol yust
individual pixels, but neiphbourhoeods of pixels, Usually the neighbourhood s
defined waa Bt cn s b & B d2e, o ntred ovel thv oot i anesiion,
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I iy warth notin Tt i g oot nee s e to Joose any of the resolition of 1he
system by using such a procedure, Lor we can tocate one of these neighbourhoods
over each pixel it turn, This i3 evontitfy the operatinn parformed by the local
gradient operator, Used 1o fodite boundaries in the data, Jloweser, in many cases
it is useful to vse nen-overtapping neighbourhoods, thereby achicving a generaiisa-
tion of the data,

Onee the per-tield approsch has been adopted, several turther advantages
accrue, Firstly, it is possible to derive many more I'vatures for classificetion than
was available to the per-point elassifier. Indeed, one of the maior problems of
per tietd classifications is the embarrassingly large set of potentual features,

One of the most inportant features that can be derived trom tiekls, is
information concerning image texture, Texture is a propeity of an bnage that
presents a great many problems, for several reasons, Perhaps the most important
is that whereas the eye integrates data over an area to see “texttre’, there is no
adeguat. model of what the eye/brain system does in this operation, and thus no
adequalte statistical model of texture, Various attempts to measure texture in the
literuture include the use of various transforms, such as the Karhunea-Lodve
(principal components), Fourier, Waulsh and Stant transtorms [4]; measures based
on transition matrices for gray scale values at specitied spatial relations (5] ;
optical-anafog techniques [6, 7) ;and the application of two-dimensjonud time
series techniques { 8] as well s o Targe number of simple measures lused on gray
scale distributions, gradient distributions ete, [9]. All these methods, however,
use only statistical models, and do not ttempt to moedel texture ¢ prHorf and
then calibrate the model, Some of the difference between workers s probably
due to the fact that the eye sees many different kinds of things that are put
utider the blankel term “texture’, and the ditferent investivators are anulysing
diflerent aspects of this probiem, However, it is the experience of all the invest-
igators, that the use of texture, however it is measured, yields satistactory class-
ifications,

A second possibility that ariscs from the use of per-ficld classification schemes
is that it iy possible to alter the scale of the investigation simply by changing the
field size. We have found that depending on the kind of feature that is of interest
a pirticular scale of analysis is appropriute, and the ficht size can be ndjusied
accordingly, It is possible to envisage a hierarchy of clussification scales, the
lowest case being that of the degenerate neighbourhoedd containing only one
pixel, and the results of one level of the hiersrchy being input into the next, For
example, some woikers have discossed the possibility of using per-point classifiers
as inputs Lo a per-ticld classifier for the identification of urban areas,

The st of further possibilitics is potentially endless, Certainly the evidence
points Lu the fuct that moviny from a per-point to o per-fisld scheme has the two
nudjor advantages that it is possible 1o use many more aspects of the Jduta, and to
cxantine the duta at any seale required {subject. of course, to the resolution of
the system), However, to pay for this greater flexibibily per-field classifters are
witally expensive in terms of computer time, especially in the time required to
find the information relevant to any one field, Frequently it is necessary to arrive
at a per-field clissitication vig severad stages of computation, it is difficult to see
how, at the present state of the art, a per-field clussifier could be built to handle
the flow ~f daty From o system surlt as ERTS in anything approachirg real time,

4. SUPERYISED VERSUS UNSUPERVISED CLASSIFICATIONS

The second major area of methodoloyieal debate in the analysis of ERTS data is
between the snpeivised and unsupervised classifivaiion techaigues, The popularity
of the supervised chassilier arises lareely for histarict! reasons, in that these tech-
nigues were develoned largely in the USA for the classification of crops, in care-
futly controlled vonditions, for which large amoums ot "ground truth’ was avail-
able, Al an carly si;ein the develepment of Remor2 bensing tecitniques, it was
useful and easy to examine conditions on the gronnd and relate these conditions
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1o the outputs of the sensors, and from this line of approach the idea of spectral
signatures arose. However, the difficullies assocjated with building a Hbrary of
spectral sipnatuies bas lead toa sitwition where an input of ground fruth is
required for cach image analysed. Thus the tradif ional supervised chissifiviation
schieme requires Lhe delimitation of Ytraining sets’ which are used to teach the
classifier, Despite the objections that will be raised, this scheme is known to
work efficiently where suiticient ground truth is available.

Several workers, among them Nagy ef al (1971) {10}, have pointed out
several quite fundamental objections to supervised analysis technique as it is
usually applied.

Firstly, the training set is usually pathered without any reference to the
assumptions of sampling theory, Often the training sct is derived from areas
which are thought to be particularly well defined, mud all boundary cffects are
ignored, Basu & Odell (1974) [11] have shown that the lack of mdependence
between sample members used to *train® the classifier, can seriously affect the
performance of the classifier. Similir considerations also apply to the ‘testing
set’ used to evaluaie the classifiers performance,

Secondly, it is very much more efficient to classify the data, and then a poste-
riodi to identify the classes produved, Nagy & Tolaba (1972) 112§ have shown
that in this way it is possible to clusify karpe arcas with considerably less input
of ground truth than the traditional supervised analysis.

Thirdly, and maost importantly in the context of ERTS, the supervised
approach requires a high depree of prior knowledye of the siuation being sensed.
The Bayesun classifier hormally used requires an estimate of the mean and
covariance matrices of every type o be mapped, and these can only he estimated
from the fraining sets, Fhere is thus no provision tor starting a new class of
objeet, no matter how strong its signal und (he only way the classilier ¢an cope
with it is either to force it into one of the existing classes, or put it into a ‘don’t
know' class.

This last characteristic of the supervised approach renders it highly unsatisfac-
tory for many applications. One of the values of data such as FRTS is that it is
available for arcas where grownd tiuth is notably lacking. and expensive 1o
collect. 1 is thus desirable to develop techniques that are applicable in such
situations, and unsupervised techniques seem to offer the best possibilities,

The use of unsupervised techniques does not, moreover automatically lead to
the rejection of all prior knowledyge of the situztion, rather to Hs use in a rather
less direct fashion. When em! arking on a classification exercise, a greal many
decisions have to be made, affen quile arbitrary, such as what ficld size to use,
what features to extract, the thresholds to be used by whatever clussitier to be
used, ete, and these decisions are in7luenced by such prior knowledpe as is avail
able of the scene being analysed, aned the purpose of the investigation. Further,
where we lave no ‘testing sets’ to evaluate the clissifiers performaiice, this prior
information will be used to assess the progress of the classifier.

5. DISCUSSION

This paper has presented the two fundamental dichotomies in remoty sensing
data analysis, between per-ficld and per-point analyses, and between supervised
and unsupervised classifiers, Witereas Lhe per-point, supervised analysis has been
developed to a point where ats application to well deted problems is virtuelly
routine, the per-ficld analysis offers immensely more possibililies in terins of
seale of result and feaivres available, and the unsupervised techniques oifer
advartacen in applicdtion to now Sibutlions,

However, the preater idexipiiiny and usefulness of tile unsuperyised pee-field
classifier is gained at the expense of mereased computmg time, sa mach so that
it i difficult to see how such = o of ochimigues ot ever heapptiod on
routine basis 1o a continuoizs dala sream such as it poteptally aveluble from
FRTS. Neverd holows, the preat sueceses of the per-point supervisad nnatysis rust
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not be allowed to dominate remote sensing data analysis to the extent that the
alternatives ase overfvoked,
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The relative performance of some wnsupervised clustering
techniques for the per-Field classification of LANMSAT
. data
by A. C. ARMSTRONG

ABSTRACT:

~ Three algorithms for the per-field analysis of LANDIAT
data are described, Methods of generating per-field data sets
are briefly outlined, and the performance of the three algorithms
discusseds At any given spatial scale, the traditional hierarchical
algorithm produces better classifi;utions than a multiepass
iterative technique, which is in turn better than a single’
pass chain s2lgorithmes However, the computation requirements
of these algcrithms is such that for large data sets, the
hierarchical technique is too expensive, and the iterative

techniqie always more expensive than the chain,
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The value of an unsupcrvised approach to the large scale
gencralisation of BRTS data has already been demonstrated by
Armstrong & Clayton (1)« In this paper the comparative
performance of three algorithms for these .perations are
discugsede As in most computing applications, there is a trade-
off between the computing time required to achieve the results,
an& the quality of thosec results; However in this cage the
problem is confounded with that of the scale of the investigation

which affects the sultability of the alpgorithms,

The Algorithms.

The three slgorithris discussed here are by no means an
exhaustive sample of the many clustering techniques available,
but represent three basic types of approache These algorithms
are:

(1) the classical hierarchical technique for maximising
an objective function, derived'initially by Ward (2).

&11) An iterative technique described by Swain (3)
which makes an initial guess at the results, and then improves

upon that initial estimate.
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(iii) .the chain technique degcribed by Donner (4) and
implcomented in the rfemote sensing ficld by Nagy et al (5), .

These three techniques represent three levels of data
manipulation: the first technique takes all the data and from it
produces 2 derived data- set, the interdistance matreix, on which
it performs all subsequent calculations; the sccond examines
each dnta point in turn, and do2s so scveral times; the third
performs a single assignment operatinon to cach point in turn,
thus scanning the data file only once.

Although it is not necessary to describe these algorithms
in detail, since they are well described elsewhere, some of the
problens that arise when implementing these technigques for remote
gensing applications will be diseussed.

(1) The Hicrarchical Technique.

This slgorithm takes the data, and from it calculates a matrix
of distances between each point. All subsequent steps in the
algoritha are based on this interdistance matrix, and thus this
initial stage is critinai te the results obtained. In some
apnlications it is conventicnal to normalise the measurenent
vectors before this step, so0 that all variables are given equal
importance in the apclysie. This procedure has the effect of
reducing variables collected on differing measuring schemes to a
conmon standard, but might equally swaup out any signal present
with noise | or cqualli erfhisnce subtle patterns that zmight be
othicerwisz overlocled. It i1z thus neccssary:ta ﬁévc sone . priori
kncwled, e of the charactezistics of the data vefore tﬁis stap
con be takens Cr2 way of cnsuring that the ingut data Las well

defined characteristics is to perform a principal conpouents
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transformation of the data vefore this step in the =2nalysise.
Although such a transforied duta set would cnaple the use of an
optinally efficlent subset of the data, it requires large unounts
of computing time to be implemented, and it is not suited to renote

sensine a, Jlications which normally involve large data scts.

A second consideration at the stage of calculatiag the
interdistance matrix 1s the choice of an appropriate distance
measure. Usually Ruclidean distance is taken without nuch furtiher
consideration, iHowever other schenzs can scen equally attractive
for specific applications. City-block distance has ofton been
used ns a cheaper alternative to Zuclidean distance, but in view

of the critical nature of this step, and its relatively suall
siving is not

contribution to the total computing effort, the o
a priori reasons
P AR

sufficiently great to argue for its use unless

indicete that it is appropriates
Once the critical step cf defining the interdistance

measure has been calculated, the azlgoritha follows a standard
procedure, of scanning the intardistance natrix for the two

points closest together, then replucing thosa two points by their

weighted mean. Thus te cluster n points this tcchnigue requires

that a matrix of interdistances, which is (n=1)X(n=2) in si=e,
be stored, end scanned (n-1l) tines. There axe thus very rzal

1imits on the size of data set that can be haadlied by this

algorithm. Most conputer sysiems cen hold up to 2C0 points,

but beyoud this limit resources tend to become strained. OCpenshaw

(6) has shown that if, for 2 spatially organiscd datn set, we

jmposc the constraint that only centisuous roints ean be Joined,

<1 Foede . LN -
che Intoerdistoace

it beeconcs umccessary to slore .wost of

suving can then be achievaed,

natrix, and that a considerzble

¢nai up to 1200 points can be easily handled. Howover, imposing

such
2 priori hnow adjecent

au tradata zequices thnt we

; coustradly up
'l s
L\)ﬁ“ £
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points to be similar, and also raises problems when non centiguous
areas are in fact similar.

The hierarchical teclnique was implemented for this study
using the FORTRAN progran published by Velduan (7) and the data
were all treated in an wnnormalised fashion, using the Tuclidean

definition of distanca”throughout.

ii) The iterative technicue

The iterative technique discusscd by swain (3) has éﬁe.
advantage that it ¢oes not requirc lirge amcusts cf conputer store,
cince the data are always accessed sequentially, and can thus be
stored on 2 temporary device such as magnetic tape or disc. This
algoritha takes some initial estinmotes of the cluster centerns to
be derived, the data are then assizned in turn to the nearest of
tuese cluster centers. Each cluster is then replaced by the nean
of the detz points cssigned to it, and the process repented vntil
a stable assignuent of points achieveds This techunique however
does have several disadvantages:

(€

) an a pricri estimate of the nuzbher of clustersg to
be extracted is required. Cften the investigator has no idea
of this nunber, 2nd so usually a velue in excess of that
required is given. Usually it requires severzl atiempts to find
a useful classificotion.

1) initial estirates of the cluster conters nust be

(

1e

made. Unless some prior informatica is availasle, thesc nust

be deternined arbitrarily. Ve have found that these acre bost

detersined by ~rsigning sonc ef the d~ta points, evanly sprced
throu~h the data set, to these cluster centers. The use of zny

ofhor Aasniteney reheme uenslly reonlts in nome of the initial

conters baing outside the ¢loud of dnin points, and reraining

i
mpty througheut, so that thoy invelye additicnal coaputation with

no >ffeet on the rosults.
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(i11) the technique tends to use large amounts of computer

time. To classify n points iunto m clusters requires the (n X m)
distances bé classified every iteration. It was found that in most
circunstances the time token to perform the analysis did not greatly
depend on the number of.clustcr centers, but on the number of data
points considered, and that a limit of 1000 roints was all that could
be routincly used. llowever, some results are presented here for a
larger data set which involved much larger amounts of time than were
routinely'available. It is however possible to reduce the time
requirements of this technigue by stopping the procedure before
convergence, Examining the reclassifications that occur at each
iteration we observed that the matrix of transitions soon becomes very
nearly capty, and that all the reclassifications are beuween two or
three clusterse. We alse observe that these clusters are very close
together in the feature spece. Thus we find that the algorithm
converges to a stable colution for a large proportion of the data set
(over 05%) within 5 or 6 iteraticns, and that it takes another 20 or
so iterations to resolve the residual uncertainties, If we accept
this smell level of uncertzinty in the results, we can achieve a
solution that will probably be as good for our purposes within a much
shortor tine.

{iv) there is no guarantce that the resultant clusters
do not overiap in the measurement space. It thus becomes necessary
to examinre the *separability! of the derived clusters, so that all
clusters that are not truly scparable can be amalganateds In the
original schere discussed by Suain this soparebility was deternined
by the Scein-Tu distonce. lewever this distunse acasvre, wnd

indecd all other arcasures comaonly used, require that ot lenst
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one variance-covariance matrix be inverted for each distance

messure calculated. 'Since this technique was intended for use with

’

data scts measured on many variables (up to 128}, it becones inpractical

to store many of these large matrices, and exceedingly expensive in
investigation an alternctive

*

computing terns to invert thems TFor this
distance measure was devised, which had the form;

Ly
» ‘ x' - x I
. -D-‘- = "‘ﬁ‘ z l ‘R gk
\ Rz ViR — V._-\\q.

where Dij is the distance between clusters i end
xik is the moaon of clucter i1 on the k-th variable
is the standard deviation of the k-th variable in

ik cluster i.
This distance messure has no distribution theory attached to it, and

so it remains egseatially a descriptive, and not an infcrential

statistic. It has a lower bound of zero, but no upper bound. Values
of lesgs than 1.0 indicate that on average two clusters overlap to some
erxlaps.

extent, and values of 0.5 or less indicate considerable ov
In practice, the relative values of this statistic was found to be the
most valuable, and the mean of its value gave an overall iadication of

the clarity of the classification that could be derived from the data

set in question,

(ii1) The Chain Algerithm
This algerithn was first described by Donner, (4) and includes

some of the modifications discussed by Nagy and Tolzbe (3) for use
ue renote sensing contaxt. This technique involves scanning the
ence Lotweon

in
dota in scquence, and for each point calevloting the dist
a .

that point and a list of clustor neans. If ihe point is acarer to ihe

i
y
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nearest cluster thén a given threshold value then it is jeined to that
c¢luster, but ic not,_it is used to initiate a ncw cluster, The only
a_priori information th;t the algorithnm requires is the value of this
threshold, which has the dimensions of distance in the neasurement
space. It was found that in practice the value of this threshold could
ounly be dctermiéed by tfial and error, and further that the performance
of the classifier was scnsitive to this value over guite @ narrow range
which could only be determined by examining the effects on the analysis
of varying the threshold, The sensitivity‘uf the results to this
pararietor which can not he determined 2 priori was the major disadvantaze
of this technique, althougih this was the sole problem of implementation.

Thus, this technique starts with an empty 1ist of clusters,
which is gradually filled as the points are eranined in turn, As the
progrenme proceeds, the number of distances calculated for each point
increascs as the nunber of cluster centers increases. llowever, some
of the new clusters that are foried are only aberrant single points,
and to prevent the programme maintaining these aberront points as
cluster means, after specific numbers of points have been examined all
cluster means are exanined, and those including only a specified small
portiocn of.the data, or vhich have not been used within 2 certain period
. of tine, are deleted froa the cluster list. Altheugh this procedure
involves the estimation of two further paraueters, for which we have
no a priori zuides, the performance of tiie classifier is not sensitive
to their values and the overall efficiency of the projraune is nuch
improved by the inclusion of this deletion routinee

Althouzh neny investipatars have clascified ¥NTS data
pbint Wy opuliut, eoasiderst iy Iecs o0loed ns been nn 10 touards

& ganorally accepiotle seheae ol oparates on growps of pixelr,
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or 'fieldst. In order to achleve generalisstion over large areas,
it is efficiznt to amalgenate the datz into f{islds pefore clasge
ification is attempted. Once such fields have been defined it is
also necessary to extract features fron those fields so that
classification can bz nchicved.

Field definition involves defining the arrays of pixels
that are to be the basic units to be classified. Convenience
dictotes that regpuler arrays of pixels constitute the fields to be used.
In thislsfudy three basic sizes of field were used, all being squere
arrays of pixels which refer to parallelogram shaped areas on the
ground, covering 50 x 50, 100 = 109, =and 200 x 200 pixcls regpectively
(Teble 1)e It was possible to uge this hierarchy of fields to
exanine the effect of warying field sizes on the performance of the
classifiers.

There are few a priori guides as to what nmight be an.
effective set of featurss that might be put into the classifier.
Bxperience to date withi LANDSAT imagery has showm that for most
applicatipns the use of data from 511 four spectral bands is better
than analyscs of single bands. For this study the informeztion
contained in the gray scale histograus for each field was used as
the feature file for input iuto the clagsifier., For each f;eld the
four spectrzl bands were cach split into 32 ecqual classes and the
nunber of pixels with values in exch of thé”tOtal of 128 classes

rocorded,. This vector of 128 nurmers was then used 23 the feature

vector for eoch field. THE
REPRODUCIBILITY OF THE
| ORIGINAL PAGE I8 POOR
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Onc advantage of this feature scheme is that it is
possible to amalgamate the data for groups of fields simply
by adding the feeture vectors. It was thus possitle to
perform analyses at the three scales of fleld from the one
data set,. that using the emallest fields, thereby enabling a
considerable efficiency to be implemented. Such an
efficiency would not be achieved by some alternatlive schemes,
such as the use of various transforms to measure texture,
which would require re-computing for every field size used.

This feature set has the further advantage that, because
it represents the frequency distribution directly, it is not
in eny way influenced by problems that arise in the processing
of polymodal distributions, as are measuses based on moments
of the dictributions. Fur;hcr, for mest purposes the noments
of the distributions could, if required, be estimated from
this data, and thus the feature file compiled for input
for the classifier can act as a valuable sccondary data
sources

Lastly this feature file results in a measurcuent space

that does not requive noxmalisaticn, The velues on each of

¢

the 128 variavles are neasured in the same units, and th

variables are directly scaled by thedr arezl importance.

Results
- )

mrec rets of images were usad to test the performance

of the algorithns, two of Californis, end cae of Easters Ingland.

(tavle 2)« The laages of rentral Californla ghiow a vory

clear rogioncliszoticn Inte nognrice of porcllol U-ER

crondtiag monns, WLACh UL ineluce o zepetition of sune zowls

cithes sice of tie irrigated cees in tho centacl volloye W2
:

two incpes are of the rane aren, separated by a period of

5% %
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9 wonths, ihe first being taken in August '72, and the second
in May *73. The contrast between the imeges highlights
the effects that seasonality may have on the imagery.

The inage of Eastern England is considersbly less clear,
due to tho presence of cloud in the West of the image, and
& very large amount of atmosphoric haze. This image
represents a much more scvere test of .the classifisrse.

‘“The performance of thoe threze algoritims in terns of
théir consumption of computing resources is shown in Tabl? 3.
As can be seen the three algorithns differ greatly in their
requirements of computing time, although it was found that
these time requirements did not vary significantly with the data
sets used. Several points can be made in the ilight of this
table. .

Firstly it is not possible to use the hierarchical technique

for anything other than the largest fields, since the requirements

of core space become prohibitively largee Sccondly the

iterative tcchnique becomes very expensive to operate in
terns of the consumption of time, with large numbers of
points, and that it is not possible to use this algorithn
for ro;tinc application to the small 50 x 50 fields.

Although it was not possible to devise an objective
criterion of the accuracy of the classifications, it was
possible to give a subjoctive avaluatiocn in teras of th2
interpretability and spatial cohcrcncc-éfvthe classcs, which
were in turn relzted to our 2 priori knowladge of the gegsional
geographies of the two aredss 1l 21 c2s8s it was seen that

the 'best' classifier was always tho most expensive,
that is the hierarchical technique aluays produced better
cloeses than the hiecrarchical, waich was in turpn always bhetter

than *hn iterntiva, fousvoer the differences hetween the

CG.
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iterative and chain %echniques when appiiéd to the large
data set of 2800 fields are snall, and indicate that in view
of the computational economy it offers, the chain technique
should'bc used., ‘Thus in defining the size of fields to be
used, the‘investigator in effect detcrmiges the algoritha
that is appropriafé.
The problem of the choice of scale is howcver difficult,
for it is possible to observe that altering the fiald size
is eguivalcnt to reducing the resolution of the classification
schene, and we £ind that in altering the resolution w2 are
not only able to locate the saue feature more accurately
but also to sec smaller fentures. his change is nost markad
1€ we compare the classifications using the large 200 x 200 ficlds
and the small 50 x 50 fields for the images of California. The
classification using the large fiélds for this repreduces
almost exactly the broad zonations that we sce in the inage.
Hoﬁevcr, the low resolution of the systen meéns that
bouadarics of these zones are located only crudely. Moviag
to smaller fields however does not Jjust reproduce the sanme
clagsification with better definition, but produces &
OF.Tﬂﬁﬁffcrent rird of classifications The featuree that fornm
EEE}YSIFO{“}art of the “road classes defined using the large fields
becone individun) classes in their own right, so that a far
pore complex pattera arises. Thus by reducing the scale of
the input, the clnesifiers respond by changing the scale of
the clusses produced. o
Thic prcblc: o€ €ield eize iz net independent of the
jrmas o wrede Tl BoAn thﬂd'thﬁl $h0 270 20D Fields preforntly

clansi®ied using the hierzrchicnd tenhinique, pro‘tuce very

satis€actory classification of eeiifeorni». The saze sclie.e

5¢ - 15
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however when applied‘to the image of Nastern Eagland is
congiderably less successful, and it is possible to interpret
only three groups from the classifier; clear sea, turbid
water, and iand. Moving to a2 smaller ficld size gpeatly,
improves the performance of the clasgificr, which then starts
to produce colcrent and interpretable classes in the land.
However even at this smaller scale the algorithus do not
function very well with this poor quality image.

- 1t is possible to conclude that the choice of an
appropriate scale depends not only upon the required resolution
of the classified map, but 21so upon the nature of the under=~
1ying terrain. Where the scale of the underlying spatial
clements iz small, as with the English Imagery, small fields
ere indicated, Dut where the landscape is made up of larger

wnits, so larger fields can be used.

e an———
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Table 1

t

xS

-

Fields Used for this study

L

Size of-Ficlds
in Pixels

50 x 50
100 = 100

200 x 200

Local code

Imnge D
Image E

© Inage C

Horizontal vertical furver in an

size (Km)

248

547

11.4

Table 2

size (Knm) IRT'S scene

Imagzes discussed

TS frame

1056~18114
1308~18122

1031..10334

3.7 2806
7% 704
14,8 176
Date Arez

17 Sept 1972 Central california

27 May 1973 " "

23 August 1973 Bastern England

£%-11%
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Table 3

Performance of the Algorithms

-

Algorithn Number Points Core CP Tine Tape
; . I/0 time
" Mierarchical 176 190 s 15 s
iterative 176 66 , 60 s 15 s '
704 76 4n 24 8
2806 114 19 n 13 m
Chain 176 60 i5s 10 5
704 . 80 20 s 24 8
2006 . 8 60 s . 30 s
Hote:

Core mensured in Kbytes (i.e. words x 4 x 1000)
sachinz used was IDM 370/165

The times ave total arounts of tiine used, which are considera®ly less
than the totnl real tiue that the obs are In the mackine,
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Abstract

" The value of repeated imagery from oatellitc'platforﬁs can only be
Tealised if coupled to rapid mapping systems. Techniques for producing
rapid, user oriented maps £rom LANDSAT data are discussed, and examples

derived from the mapping of the coastal and off-shore areas of eastern

England. ~ R . S
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1. Introduction: |
Conventional surveying and cartographic tcchniques are Uuually

", considered excessively expensive and far too slow for the nonitortnp f
3;.pflgapidly,chanuing'arcna. It is the niﬁ of thip papcr to show how -
gemotcly sensed data can provide ihe brsis for chenap rapid cartopraphy,
which can be tailored to suit a potential user's necds. Remotely scnscd
data, pnrticulaxly from the LAIDSAT serics of catellites (pteviously>
known as BRTS) has proved its u;ility over large-areas of the world, and
particularly in the United Statcs (for example papers see Predcn, nc:canti
& Becker, 3) flowever its utility in the British context is less
ciea:, eince excellent cartographic covéxage of most environmental féatures
. already exists, and the need for repeated coverage with a spatial resolution
of only 80 m is questionabic. Ve will attemptto show here that some very
hV_éiﬁple'digital techniques are capable of providing rapid, useful cartography

- of éhanginé areas. The example we consider is that of mapping the changing
sand banks and suspended sediment distributions in coastal arcas, providing
A ps tﬁ;t are relevant to navigation, sedimentology, recreational planning
and coastal protection. The majof advantape of this method  f mapping ic
the speed with wh}ch it can produce a specialist map of an area, although
in doing so it may sacrifice some of the absolute cartographic standards
that are normally expécted. The maps can be rroduced at an extremely low
cost and the system will allow regular re-mapping at frequent intervals.
2. Data Characteristics:

The specifications of the LAYSAT data concféon systen has been

described in detail in several sources7so only a brief summary will be given
here.

The tvo satcllites are in near polar, sun-synchronous orbi tsat a hedght

of 950 km, and provides the poteatial for covering the earth every 19 davys,

Sg- e
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" The data is collected by two scnsing systems, the Return Bean Vvidicon camera

(RBV) and the HMulti-Spectral Scanner (MSS). For tecnnical reasons, the data
l

has been restricted to that collected from the MSS in most cases, and that

is the sole data source that will be considered here. .ihe multispectral

ncanner is & device for recording the amount of radiation reflected from’

‘a small area of the earth's surfacc. The optics of the scnsor focus

on an'area about 80 m square and the amount of light returning from this
area is recorded as é voltage in sensors which operafc in four spectral
bands (see Table 1). A mirrox which oscillates over a small angle (:2.80)
alters the position of the Ground Resolution (ng) being sensed by the ‘
element system, sc;nning.a strip across the earth beneath the satellite.

The responses of the sensors are sampled at repular intervals, corresponding

to a value for cvery 56 m of the ground. The forward motion of the sensor

platform moves the scanner forward so that successive scan lines are logated

parallel to onec another, In order to ensure complcte coverage of the surface

the MSS senses six such strips simultancously. These signals are digitized'
to a 64 value scale, and telemetered to a receiving station on the earth,
where this raw data string is computer processed by NASA. The continuous

data stream is split into separate scencs for convenience., The data is

- available in two forms, images and bulk processed digital data on computcr

compatible tapes (CCTS).
Images can be created from the data stream by a procedure which is

essentially the reverse of the scanning. A fine 1ight bezam is moved in 2 -

_regular scanning raster corresponding to the original scan of the sensor and

its intensity is varied in the samc way as the intensity recorded by the
gatellite bascd scensor. This produces an imige in much the same way

e én TV scrern, on! oaopermanent copy can b2 preduced rhivtographically.

o

Such on inege Lis post of the Qualities of an air photograph.
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:fhe'digital ﬁata source is: subject, at this stage, to certain corrections.
There is a slight variation in the spced of the scan as generated by the
mirror, so it becomes-necessary to ajust the number of data points in cach
scan line to keep these constant for a given scqnc (usually 3240 points
pet line), Secondly the variaéions in sensor response are removed by
reference to a constant calibration source. Thirdly the digital values in
bands 4, 5 and 6 are "stretched” from their original 64 unit scale to a
128 unit scgle by a non-lineaé transform which gives a linear relationship
between the recorxded value (grey scale) and the absolute amount of radiation
sensed., .

The major pgeometric distoLtion in the imagery is caused by the
earth's rotation beneath the satellite. Although the kateliitq maintaing

& constant path, the resultant scon lines are displaced to the west as the

- satellite continucs its forward motion. Although a mors complete analysis

. . 5
of the geometry of the data includes several further corrections, to a

. first approximatiion, we can represent the data for a single scene as a

parallelogram, with 3240 pixels (picture clements) across cach scan and
with 2340 Lines to each scan, covering an area 185 x 185 km, (100 x 100
nautical miles). Thérc are more than 7 million pixels in a single image,
each one cocvering an a?ea 79 x 36 m, with the values of the reflectance
in four spectral bands recorded at each of these points. In view of the
size of the data set (cach scenc of 7 million data points is collccted
in 25 geconds) the need for computer handling of thé &ata ig obvious, if even
a small fraction of the information is to be used.
3. Basis of Computer Mapping:

The basis of computer mapping is the ability to characterise the reaponse
of a catugory of surface {catures in spectral tesns. There are scveral

wvays of approaching thig problen, the thrce most inportant being:-
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(i) an ad hoc approach which arbitarily splits the four
~ dimensional response~space into groups,

(ii) Bayesian pattern Iccognition techniques which identify.areas
of each ground type, anJ then use these ag training areas to develop
statigticg which'are used to classify al1 additional pointg,

h (;ii) Unsupervised classifications, which groups a1y Gimilar d;ta

points together so that they can be a=posteriori related to ground

0f these methods the second has been used by the LARSYS package4 and
the third by Nagy and Tolabaé. The first technique is by far thc.simplest,
and has been used by many workerg inclﬁding for €xample David, Deries &

It is our experience fhafAthe‘nd hoc multi-band density glicing
Procedure yields the fastest and most accurate mapping technique for coastal
regions, and furthermore hag the advantage of great flexibility, and minimal
‘requirements on éomputer tfmc and core space. The alternativesg may be more
elepant, and offer the poséibility of transfer to other data sets, but
this advantage is bought at the expense of greater complexity. Where the
'object is to prddqce rapid, cheap cartography, the first of these scems to.
be the obvious cﬁoice.

A convenient starting point is to look at the intensity levels iﬁ the
four spectral bands over the rcgion-of interest, 7n the present study n.
number of scan lines across the Wanh wore cxanized and it 4 - acuible to
idcnfify areas of land, vot darlk cand, dry brisnt s&%d, shallew water, and
clear water, from sonie knovledse of the spectral response of thegae sutfacp-
types and theip position along tha sean lince Tor example Very low valnne
in 5and 7 are avzceiated Vith waics, which has a low reflectance in this

part of the specirya, High values of reflectance in band 4 over the water

S5-92

TN T e, A v . e — e pr—

al

- r————— e ey



4

s i e i e b ol i b Ak e

REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR

acanning scales, and O aisplace ¢very TRCRVICTA Lipt UHRFmsssrs=n == =7/ 77 o
rects for skew. This removes all but 3% of the vertical scale distortion and all but 5%

of the skew, giving a map with a scalegof very nearly 1:22,000 (lo be exact 1:22,047 or

_about 3 inches to 1 mile). Although the resolution of the map is low, objects and bound-

aries can be positioncd relative to each other within about 100 m and every data point
(excluding a very small number of spurious points arising from electronic noise) represents
a “real” piece of information about th¢ location and is not based on interpolation as is

often the case in map production. Reducing the output dimensions by a factor of tenm gives

a scale of nearly 1:230,000 arnd a map of potentinlly great utility.

"4  Results

The resulls prcscﬁt here ale twolmaps showing the Wash, and the Humber Estu;ty. The
data ﬁas derived from LANDSAT image FRTS-1031-10334, taken on 23rd August, 1974 at 9.40 an,
These mapg were originally output into a line printer and hand coloured. Since these
original outputs were some 4 m2 in area, photo-reduction was esscntial,

For the purposes of this paper, the output has also been agreed by a graph plotter,
to produce a black and white map. The graph plotter has the potential of bing able to accept
considerably more sophisticated gcomct;ic corrections, a continuous range of scaling, and
a larger range of synmbols, s0 fof the production of high quality maps production.of high
quality maps such a system would be preferable. David et al.z have in fact implementecd
such a system using a plotter with six different coloured pens. However it is our experience
thaf plotter systems are slow and expensive conpared to the line printer, and that tth are
best used only for production of final maps, and then only if economically justified.

The accuracy of the resulting maps is difficult to assess quantitatively, since they
were collected in the absence of ground truth, and it is possible only to make some qunli-
tative statements. The presence of sea fop off the North Norfolk coast prevents the esten-
gion of the map into that area. This'dcmbnstrates one of the main restrictions of remotely
sensed data, that they are affected storngly by étm0spheric conditions (except for such
asystens as SLAR). Another error has been a relativeiy hipgn ratc of wis-classification
of the land. In particular‘the confusion between urban areas and m;d filats surh that¢ moat
of the urban area of Hul?t has bLeen clraaified as rudflat. This s due tc the low eomaoves
of grcqn_vcgetation in hoth whicht rouult in low IR reflectances in hoth rewripes,  Hesvor
for.thc present tark of mapping coastal arcas thie has not proved troublesai:, for one:
the coaatling has been cetablinned the nisclnrsification of fertures Lehing

4
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Scems to e associated with'areas of turhid.wafcr. Figure 1 shows a typical
gcan line and the surface categories into which varioug spcctfal classes

were assigned. This information was used to construct a decision trcc'

(Fig. 2) and every point in the area could be classificd using thé sequence
of decisions. ‘

Once the decision tree has been cstablished‘it is a simple

matter to read a scan line at a time, and then to classif; cach of the

points along the scan lxnc. If the output of the single lxne is sent
straight to a plott;ng dcv;ce at this stage thexc is no nced to store the
classified image and it is thus possible to use a classifier of this type
‘on a computer with a very small amount of core (less than 20K core words) .,
However, the nature of the output presents a problem., The fnste#t and
easlest technique is to use the computer line printer and this is the devicé
that has been used most frequently in the present work, Alternative plotting
devices such as multicolour plotters 55 used by Dnvidi, or the colour

TV screens used by various American workers appear to offer much better
quality but at an increased cost. |

Using the line printer aélthc maié graphic output device, we wrote

out a symbol that correspond?d to a surface type at cach point along the scan
line. The restriction on the size of a iinc that can be output on . the

line printer méans that it is necessary to reconstruct the image from several
ullce ts of line printer output, Furthermore, the geometries of such
output and that of the scannr area are not identical. The spacing of the
text symbols is ten to the inch in a hori-ontal direction and six to the inch
in a vertical direction, which does not correspond 1o the 79 x 56 m size

of the original pixels and n; allowance at all is nade for gkew. To

correct for these two cffects, it bas been found simplest to omit every

sixth lire of data, vhich aliows for the differcnces in line printer snd

g
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classification is iess easy to esfnﬁlish. The Elassif;catiﬁn that was
originally establishcd'fﬁr the Wash was used without modification on the |
Humber which comes from a quite differcnt part of the same scene. In
particular it is observéd that ﬁcarly all the shallow water in the Humber
is classified as mud, and the clear, but still turbid water in thc.écep
channel is classifiéd as shallow water., This implies that in this area
the water is rcflectipgmorc 1ight in all channels, most gignificantly in
the infra-red, 'miS is probably due to the higher. furbidity of the
Humbcrrcompared with the waters of the Wash. Although the labels on a
particular ciass might be incorrect, their spafial arrangement makes‘good
gense in terms of the known mechanics of the river. It would‘ﬁe a

_ simple matfer to device a modified decision tree for the Humber and
.produce a map vhich classific& %hc areas in a more satisfactory manner.

An inaccuracy induced by the nature of the seanning system itself,

" arises from the‘fact that the six scanncrs which scan across the image_in‘
one_épcctrél.band do not have exactly the same response. This effect has
been partially removed during the production of the computer compatible

" ¢apes by NASA, but some still rcmains.. (rurthcr corrections have bcen
introdu ed by MASA subscquent to the production of the data set used in
this exanmple.) The effect of this is to introduce a streaky pattern of
noise on the map, vhich ha; a tendency to repeat itself every six lines,
and is particularly evident in divisions between shallow, turbid and clear
ﬁater, where the classitication involves the a?bitary‘division of a continu-
ous scale inte three classes. The noise level is often two grey scale units
and where classification boundaries are only three units apart the noisc |
can prove a very notiveable feature. ‘Thic neise can be ronoved by 2 sinple
filtering process which multiplies the values on ench line by o constant
correction factur, s

) ‘
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where Eij is the mean-value of the reflectance in band i and +he J 18 tne

.line pumber modulo 6. However the correction has not been applich'td

the image uscd here.
The detail that can be seen in the map is demonstrated by fig. 4

which shows a detail from & ﬁap of the llunstanton arca. lere we sce a
f&aturc classified 2s a mud bank running at about 45° to the coastline, which
could casilf be considered a random classification. lMowever detailed
examination of air photopgraphs and a ficld _peck revealed that the

feature is a mussel | hed gome 80 m across. In this instance the

feature is very near the resolution 1init of the scanner optics, yet it

has been mapped and classificd., -~ Two types of beach material were also
evident, the darker wet sand near thc sea edge being easily distinguishable
from the 1lipht coloured acolian sand ‘further inland. However thesc features
are so small that it is virtually inpossible to identify them on the photo-
graphic images from the sa;cllite data. Thusto extend LANDSAT data towards

jts resolution limit it is nccessary to use computer compatible tapes rather
than photography. The tapes have a two foild advantage; not only do they
allow examination of ensh individual pixel, but also to quantify information
about the spocctral properties of the pixel, .
§. Discussions .

It is possible to produce rapid and relatively accurate raps of coastal
“areas. It is our belief that now the data handling routines have becen
)

established it would be possible te produce a nap from a given tape of

LAJDSAT ¢ata of specificd classes within about a week (LeCo o total of
six jobs on the compuler). Whereas this technigue is not capsdle of initial
napping ef previously unrapaed areas to within acceptablin standards, it is

quitic capable of produciv- {tepatic raps of spocific surface tvpes vhich

can be controlled in absolute location by refercnce to other rmore conventional

- -——_-—,MM‘P—--,-—?-O-—--...,__,_‘_”___ e
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cnrtogfaph}. The advantage of this technique ia not its locational accuracy
or fine reasolution, but its_hbility to produce a specialist map to
5pccificat10ns desired bf the user. Such maps would be ideally suited
:for'rcsburce inventoricas and the nonitoring of rapidly changing arcas.
Possible the main limitation of .the mcfhod is that the maps are csaentially
maps_of spectral classes and the greatest difficulty arises in assigning
a spectral class unambiguously a surface typc. Thus it is neccssafy for
the user to be aware of the linitations of the classification system, or
where the maps are to be used by non-gpecialists, that spusrious data
points and areas of mis-classification be cleancd up by hand or further
computer routines. With the construction of a receiving station - at Fucino,
Italy, it is potentially possible to obtain coverage of a given area of
the British Isles cvery %8 days and thus wifhin the limitations of cloud
conditions, regular moniéoring by the methods described is eninently
feapible. ' - . oy
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“Table 1.

The bandg of the DANDHAY Multiépoctrn1'Scahﬁor»(HSﬂ)l

Band ~ Wavelength ‘Colour

(micrometers)

5 = .6 . Green
6= T Red
T - .8 Infra~red

N4 v s

8 - 1.1 Infra-red

Fipure Captions
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