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This final report gives results on Landsat - 2 data received and evaluated 5
scenes have been received in CCT Format and 65 scenes in film Format. These have been
chosen to complete or extend time-series covering significant test areas.

Data processing was mostly digital and different classitication techniques were
developped and comparatively evalusted with other available techniques.

Output was in the form of colour or B/W maps using one or more Scenes concur-
rently. . .
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Significant results were obtained in the following areas of investigation :. |

- coastal geomorphology, with possible applications in shullfish aguaculture or
recreation deviopment ;

- sedimentary transport, with identification of numerous sedimentary plumes
(Loirve estuary, Gironde estuary, Gulf of St-Malo, ete...)
- methodological aspects of classitisation technigues.
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1 - INTRODUCTION

This report covers the whole of the FRALIT-B investigation period.

A number of data processing technigues wers developed and applied
to LANDSAT-2 CCTS. .

" On arrival, magnetic tapes were reformatted to our data bank standards
{4 strips reassemblad as a single scens filel] and stored on direct access
units.

Classification of pixels in various spectral categories was Tollowed by
mapping and interpretation using ground truth. Spectal signatures were
gathered on site using an EXOTECH radiometer and used in ths training phass
of the classifivation process. Emphasis was put on the mapping of coastal
areas, extending seaward out to the limit of coastal sedimsnt transports,
and landward into salt marshes, dunes and polder environments.

Comparisons were conducted in various test areas between LANOSAT data and
pther remotely sensed information (sirplanes or other satellites). Ground
resolution as well as speciral band variations were assessed.

Applications of remote sensing in coastal geomorphology were identified
with particular reference to shell fish aguaculture and renreatlon
development.



Z2 - TECHNIQUES

2. 1 - COMPARATIVE ASSESSMENT OF DIGITAL TECHNIQUES

The different classification methods used in the FRALIT program were

applied to date

from a test site on the Firench Atlantic ceoast. For

critical evaluation of performancse, this data was also processsd by
non-FRALIT methods (LARSYS, LARS JSC, IMAGE-100]. Before describing
some of the results from this comparison, and the test site itself,
we will define some terms we ghall use to characterize different

techniquses.

2. 1.1 - Befinitions

Many different data processing techniques have been used in
order to classify the spectral signasture of remotely sensed
data, into e given numher of categories showing different
terrsin units or taxons [categories).

In a classificetion process. operavor participation (in the
broadest senss) can occur at different phases and in various

fields

ot compstence. Therefore, we propose to use the follo-

wing terminology :

.assistance : participation of the coperator in data

processing. This can take place at different phases.

pre—assistance : assistance occuring before the actual

classitication process. -

post-assistance : assistance cccuring after classification.

co-assistance : assistance carried out during the

classification process. Pratice shows that the level
of co-assistance is likely tc inerease with the spesd
and efficiesncy oF man-machine interaction.

The experience required for operator assistance can be drawn
from different figlds of competence. Therefore operator
assistapce can be termed spectral, taxonomic or geographical.

spactral assistance 1s based on the knowledge of the

statistical characteristics of spectral signatures.
The decision to subdivide a class having a bimodal
spectral signature histeogram is a case of spectral
assistance,

taxonomic assistance requires prier knowledge of the

physiographic units or taxons in a scens. An example
is the decision to subdivide a foraest class into

. conifercus and deciducus.



2. 1.2 -

- geographical assistance uses prior knowledge of the area
covered by a given type of landscape cr of the limit

" between two Yorrain units. Geographical assistance, for
example, is the decision to group into one class all the
pixels helonging to a given ground area.

Taxonomic aznd geographical assistence are linked when they are
based on the Unambigucoug assceiation of a taxon and a clearly
defined gecgraphical area. N

Assistance is internal when it is based on the knowledge of the
intrinsic characteristics of the data. The operator then partici-
pates by assessing these characteristics in order to make dscisiorn

Eonversely. assistance is external when datsz from other séurces
are used. This is the case when ground truth data is available
and tazken into acocount.

The Fmiluwing table identifies the different processing technigusc
tried by FRALIT using the types of assistance as a classification
criterion.

Test zone deseription ~

All the processing technicues used wers tried out on the
Fromentine test zone for the following reasons (Fig 2.1.A) :

1/ This area was imaged a number of times both by LANDSAT 1 and
LANDSAT 2. Indeed, it had the lowest cloud cover of all the
area studied in the FRALIT program.

2/ It has a variety of coastal terrain units whose study is the
subject the FRALIT program. cach of these units is largs
enctugh to be compatible with the spatial resolution of the
remote sensors used,

3/ It had been extsnsively studied by the FRALIT team.

The Fromentine test site lies in the Vendée area and is detined
by the following guadrangle 1

Lzt 4B° 47' N to 46° 57°' N
and Long 2° 0' Wto 2° 20" W

It includes the following terrain-types : (Fig. 2.1.8)

- Landward : Southern part of the island of Neirmoutier

: Breton Marsh

- = Seaward : Southern part of the bay of Bourgneuf

: Atlantic Ocean (Bay of Biscay)
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a ~ Land

environments

a-1-

Southern part of the Island of Noirmoutier

This is basically a sand spit hullt against tertiary'

- limestons out-srops. This spit includes coastal dunes wit

psammophyte cover locally mixed with maritime pine or
Lambert 5§ CYDIEsSSs, -

East of dunes, a sandy marsh is d1v1ded up into small,
variously cultivated stips. This marsh zone wss extenrad
by reclamation from the middie ages to the 19th century.
The latest dyke lies north of the Gois ford : the Barb&tre
polder holds nearly 300 acres and Was., followed nut by the
flood. The dyke was patchzad round tpe %ustlde DF thﬂs dip
50 that & stagnant pond remeins : the “Frou*de Sebastopo¢
By

Breton Marsh

" The Breton Marsh is & marine alluvial accumulation

(mostly clay), protected by the dune covered bar of

La Cdte de Monts. The dungs are mostly built up along ths
sand bar to the West. Castward, they lie across the bar
and loeally reach 20 metres height. They were planted
with trees, mostly maritime pine, in tha ninetzenth
century.

Housing is mostly developed whera the dunes mest the marsh.
Villages such as Fromentine and Notre Dame de Monts have
Tanned inland from the coast, with well-spaced heuses and
numarous gardens. X
Lapd use in the marsh itself is very diversified : pastures
in the east, with salt marshes {active or abandoned), sand
or clay cultivated areas (Barre de Monts and La Crosnierel’
and occasional oyster beds (Bouin). Ancisnt polders have
been invaded by the sea and partly reclaimed on the bay

of Bourgneuf coast. :

The are a is abundantly drained by narrow and winding

canals, often linked to drainage ditches.

Winding roads also run through the msrsh. A Four-lane
highway crossee the south of the island of Noirmoutier,

in line with the bridge linking the island to the continent
near the narrowest point of the straits.

b - Marine environment

" The marine parts of the test site are under the influence of a

semi-

diurnal tide.The tide drives a complex system of coastsl

currents which can reach 5 knots in the Goulet de Fromentine.
Tidal variations lead to the drying out of parts of the
foreshcre both in the southern bay of Bourgneuf and on the
Atlantic coast. The Noirmoutier bridge marks the limit betwsen
these two environments.



bh-1- Southern Bay of Bourgneuf

bh-2-

From high to low tide marks, the foreshore can be
subdivided into :

. A polder, flooded by the sea in 1940 and never reclaim
since : the Grende Prise de Fromsntine. It has been
largely silted up and the highesit parts are covered by
halophiles, mostly Suaeda Fruticosa. It is partly used
as submersible oyster-bada,

The Pointe aux Herbes de la Crosniere tidal marsh
includes the following species from top to bottom
Suaeda Fruticosa on and near the dyke ; Puccinella
maritima and Salicornia radicans, Obione portulacoides
Suadea maritimz and Aster Tripolium ; Salicornia
herbacea and Spartina Stricta.

» Flooded polders- with little or no helophile vegetatior
Beauvoir polder reclaimed in 1B62 then enlarged in 18E
and abandonasd in the twentieth century.

. Sandy mudflats behind the nineteesnth century dykes.
Bezomorphologically active sand bars such as the Pisu L

. Mixed sand and mud areas on either side of the Gois-
sedimentary ridge and its causeway. North of the: GDlS
these areas include oyster beds.

« Tidal channels of varying depths above L.A.T. levels, .
running towards the straits in the sauthern part of
the bay. To the Nerth, the test-zone reaches the’ deep
Fain French.

Atlantic Ocean

An the shores of the Atlantic Ocean, the following t1da
areas can be distinguished :

. Sand beaches on the Island of Noirmoutier, on the, Mon
coast and the shoress of the strait. =

. Caleareo-siliceous limestone outcroﬁs-: the 1a Fosse
rocks.,

» Sand banks (submarine delta at Fromentine] for up %o
two miles seaward. These banks often include low
freguency crosswise ridges with a changing morphology

The water itself changes considerably with the tide and
also with the weather. Three main types can be observea
muddy waters in rough weather on a lowering tide in the
Goulet de Fromentine : sand-laden waters- aver the sub-
marine delta on a rising tide ; clear water off-shore o
ngar the Céte de Monts beaches.

Sea state is varisble : waves and swell sre freguent in
the Atlantic acean, whereas the formation of foam takes
place in the south part of the Bay of Bourgneuf where
wWaves are weak.




2. 2 - CLASSIFICATION BY TAXONOMIC PRE-ASSISTANCE (FRACARTE]

2. 2.1 -

2. 2.2 -

2. 2.3 -

Introduction

The results presented here were obtained at the Ecole Normel=
Superieure (Montrougel using the batch system FRACARTE  tailored
to the needs of the FRALIT team,

Computation is done in batch processing en an IBM 370/168. The
test area is the Fromentine ares as survsyed by LANDSATZ on
July 18758

Computing time can be ssparated into two parts :

- 12 seconds of CPU for legend construction during the
pre-assistence phase which was conducted by selection
of training samples drawn from the entlre populatiaon
of 40 800 pixels.

- 9.6 seconds of CPU for the actusl plotting tife
generation of a category map covering the 16 800 pixsls
test area. O0ff-line plotting was done in 45 minutes on
a BENSON 122 ink-plotter.

Software organization

The system includes in two programs : .FRALISIM and FRACARTE.

FRALISIM is used to identify the spectral signatures of the
know taxons located in the area of interest. This category
determination is drawn from the selectiocn of sufficiently
homogeneous training areas in the image to be processed.
When the geogrephical area to be catagorized is too small,
it is necessary to select training samples outsids it in
order to draw conclusions from homogeneous taxons covering

a statistically significant number of pixels. The spectral
signature determination is done on gray scale prints or plain
listing outputs. These listings help in the determination in
each spectral band of the rediance intervals - which bound the
multispectral signaturss of sach taxon.

Once this determination is complete the spectral characteristics

of each category are input on punched cards to the FRACARTE
program. This module generates a magnetic tape plotting file

which is used to drive the off-lins BENSON plotter. Any projectic
and scales can be selected. In the example presented the Dporata
selected a Lembert? projection and 1:50 000 scale.

Theoretical backgroung

All the philosophy of this system relies on a high level of
pre-assistance used for the determination of radisnce intervals
bounding the spectral cheracteristics of each recognized
category (taxon]. .



This determination can be guided using two types of approaches :

a = Assuming the taxons belong to spectrally well defined and
homogeneous categories. Their geographical boundaries as
well as thedir spectral limits are clearly detined because
the spectral gradients at their boundaries are strong. In
LANDSAT data this type of signature is more frequent on
land than at sea and is very oftgn associated with man-mace
environments rather than natural ones. However it is possibl
to find moderate gradients at sea (Figs 2.2.A} especially
in estuarine or coastal areas.

In this case, the taxonomic pre-assistance will produce
unambiguous speetral bounds for each category. It is seldom
necessary with LANOSAT to use the entire set of speciral
bands, Z spectral bands are sufficient in most cases.

b - The ftaxons cover continuously varying environments which

are really obtained by mixing in wvarious proportions a
limited number of categories. The limits are in this case -
rather fuzzy and variations of signatures do not generate
significant gradients.

We -propose to call them spectral continuums. They can be fou

=~ 1in coastal waters, especially in the inside of bays

- in the iptertidal environments

In this case, the taxonomic pre-assistance can usefully be
followed by a spectral pre-assistance working on the statis-
tics of data. For example, types of waters defined by
spectral intervals can be mappsd by increasing turbidity as
this paremeter is correlated with spectral bands NSS4 and
M5S5.

The weak points of this approach are :

~ its dependance on careful choice of training areas
in which categories are known for their homogeneity
by collecting appropriate ground truth. -

- its reliance on the "a priori” knowledge and skills
of the operator.

" But, it is also very useful because of

=~ its simplicity of use
- its emall computing times

- and its results in the case of spectral continuums
classification because the produced maps are equivale
to photographic isodensity slicing.
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2. 2.4 - An éxample of processing

1

The first step of the processing of the Fromentine area leads tc
the determination of class spectral intervals drawn from
‘homogeneous training samples. The listing output of FRASILIM
gives a list of values for the four MSS specipal

bands. Each individual symbol is assigned to a specific radiance
value (Fig. 2.2.B). .
From this listing the spectral signatures of 6 categories were
identified : ’

- water

tidal flats

t

- sand and built-up areas
—~ dense forest
- cultures, meadows, vegetated sand dunes and open forest

- diSperse& cultures and settlements with gardens

* These definitionsare assigned to each signature by taxonomic
assistance. Twe categorles from this set can be interpreted as
spectral continuume : the water and tidal flat environments.
Theoreticzl considerations on spectral signatures or ground-
truth radiometric measuremsnis done with an EXOTECH radiometer
lead to the subdivision of the first environment into 5 sub-
categories of water ranked by their radiance values in spectral.

band M355 :
- M3S5 i .23 - class:i
- MSSE ¢ 24-27 - class 2
- M385 ¢ 28-31 - class 3
- MSS5° @ 32-35 - class 4
- M385 38 - class &5

These waters are ranked by increasing turbidity level. The tidz]
flat category extends its signature in M557 from radiance value
6 to 12. It is divided into two sub-classes using the intervals
[B,HI and [ﬁU,12]. This gives us a separation between humid
slikkes and tidal flats with lower water content.

The previous taxonomlc pre-assistance- has been refined by
spectral interpretation of the spectral continua., The subsequen:
intervals are input to FRACARTE which outputs a 1:50 000 scala -
map- {Fig. 2.2.B). Thé legend of thie decument can be described
as follows. ) ’
1 = Clear marine waters. They extend off the Monts coast
{lower left part of map).

2 = Blighly turbid marine waters in Bourgneuf bay and Nort
of the Gois ford {upper left part af map) as well as o
the outer edge of the Fromentine submarine deilta.




_11..

3 = Average turbid marine waters.
4 = Highly turbid marine waters.

5 = Marine waters with veryhigh sediment content in
suspension often mixea with slightly covered tidal flsts.

6 = Very humid slikkes.
7 = Tidal flats with low water content.

8 = Maritime pine forest and salt marshes (Monts forest
and salt marshes on the rim of the Bourcgnsuf-bay coastl:

8 = Cultures, open forest, meadow and vegetated sand dunes.
10 = Dispersed cultures and gerden settlements.

11 = Sand and bullt-up ereas.

Cbjects of different natures such &s the maritime pine forsst of
Monts and the salt marshes .of the abandoned Grande Prise polders
may have the same spectral signature. In fact, three pixels
belonging to these aress display identical guadruplet signatures :
23, 24, 37 and 16 respectively in spectral bands M554, 5, 6 and 7
(ef. quadruplets NM=G in Fig. 2.2.C}. Resolving such ambiguities
may involve Lthe use of time varying signatures (diachronic) or
spatial signatures (texture].

Results can be further refined on land but misclassification
may increase dug the complexity of the agricultural pattern of
the Marails de Monts and Nodirmoutier island. We decided to keep
this level of category division because it is well correlated
with physiographic units and broad categories of land use.
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MOZH mFLJ MPBL LLIJ MO+1 SKAJ S+BK SXBJ SVBK Sigh,
LK=H L=l OPZH 0834 OSZ] RTZI NPZH NO=H NPoH 0S3y ”
RWBJ UM=2G JK oG JJo] JJZO JLZG JKZG JLZG OQIK RWaN-
MLoG KJ=G MK=G MLYF ME=G MEK=G MK~F MKeb MKoH NRZM
CJJFG MLYG Mbe=H JULHH ML=G JL=G JJ+H dML+G ML=H MlsH
JK2G JK=06 LL=G Ll=G LM=H LL=H JK=H LK=H LL=G LLIG
LLIT JK+H JKeH JK=H LL=G LM+H LL+l LI=I LK=I LbL+H
CNMAK LIl LLYH LL®F LL=G LL=H NL=G JK=G LKsH LKYG
PWEO RTBN Om3k MKZF JLZG NL=I wlel JHZF Wi=G ey
U250 XOUY SWEW MK~G KLYF NL=G MKeH KJ=G KJ=G KJoH
Q?ﬁJ PYER OPAL JorH JLYG MEeh JMFS MOSH MORH MMrH
NPFH LL+1 NL~H LKZH LM=H Nk=1 NP=H JMZG LLZG LL+H
L+l Lotd LbZT LutH wwed JL=H LM+ LI weel bl
LKoH Lbed LM=H LL=G LK=H LKX=G kLol Q2L LOZI LL=G
VKol JKmd Milsl tiial JMZG RM=I MLad MMPR JLXJ Jhe]
MdoH ME=G KNoG his=H KLoH MKsJ NEKsJd Mok NNeG MLoF!
ML=G JLFH OO+H QUFH MJ+H MJ+] MLel WML+H ML=G JJZT ..
t;zﬁ tﬁ=e LL=G NM=H LL=H LK=H JM=H LLZG LL=G JK=17
MG LL=w LieH LL#T LL+1 MW+ LMEH JM=G LKXH JK=H
EECIEYEGILL G LK=G LMeH LMaH LM=06 JIYG JIoG moz

Fig. 2.2,C - Part .of a FRALISIM putput listing for the

) Fromentine area (29 Juillet 1875). Each quadruplet
gives the value taken by one pixel in the four
spectral bands M354 to MSS7.
The coding of individual values is hexadecimsl.
The determination of category (taxon)} signature
is taken from such a document during taxonomic
pre-assistance. The guadruplets NM=G {values 23, 24,
37, 158) have been circled out. They are associated
to the Monts forest [last line of displeay) or the
Grande prise salt marshes (first line of display)
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2. 3 - CLASSIFICATION BY SPECTRAL FRE-ASSISTANCE [AGREG)

2.:3.1 -

Introduction

Data processing results discussed here, were obtainsd using

" the AGREG program which is part of the CLAMS classificaticn

system. This system was developpes by Ecole des Mines under
contract with the Centre National d’Etudes Spatiales (CNES].
It is implemented in batch processing et the CNES computing
center in Toulouse, using a UDC 7600. Overall CPU compubting
time for treastement of the Fromentine area was about 1 minute

- and 20 seconds.

2. 3.2 -

Graphic output related to the classification results is
generated as printed lists and graphs drawon black and White
microfilm using a CALCOMP 1870 COM system.

Software organization

The use of the AGREG algorithm causes the execution of several
modules integrated in ihe CLAMS system. They perform the
following actions

- supervised clustering per se [AGREG)
- image display of classification results

- spectral. statistics

"A priori” knowledge by the operastor of the number of classes
and of their spectral statistics (averege and RMS) is needed in
order to run AGREG. Theser characteristics can be scquired using
varicus means of information : ’

- a spectral data bank built by caollecting typical specira
signatures. In this case the statistics are estimated by
the variability expected from natural environments.

-~ a previous classification applied to a sample of the
original image using a limited number of pixels. The
reduction in the number of objects to be classified
would in this case bs linksd to the use of more
sophisticated methods than AGREG thus more costly in
computing time.

- @ previous classification carried out on a different are:
or even on data acquired For the arsa of interest but at
a differsnt date. The philosophy is in this last case to
extend"in time and in space the resulis obtained on an
intensive test site where ground thruth was thoroughly
collected.

Once clustering has been performed around cluster centers
initialized by spectral pre-assistance, category display and
spectral statistics help in assessing the quality of the
subsedquent mapping.
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2. 3.3 - Theoretical background

The supervised c¢lustering performed by AGREG belongs to the
general family of algorithms in which speetral radiances ere
assigned t5 classes which are "e priori” defined by their
statistical characteristics.

Several practical approaches are found in order to solve this
type of problem. They are generally of three types

- assignment by computation of the conditional probabiliiy
that a spectral signature belongs to a specific class

- assignment by reference to a decision table

-~ assignment by computation of the distance sepereting a
spectral signature and a specific class.

a - Assignment by cenditional probability

The first {ype of approach relies on the theory of
probability. The basic information used in this case is the
Joint radiance histogram computed for' the entire set of
spectral bands..’

This basic set of data can be informstion compressed at veriows
degrees depending on the available ccomputing time and core
memory space. This compression usually involves the use of
prcbability distribution modelling of the spectral radiance
values repartition of pixels known to belong to specitic
. classes. This training is done by "a priori” gathering of
ground truth.

The model may use & limited number of parameters. This is
for example the case of Gaussian hypothesis used in the
LARSYS system. Illustration of this type of perametric
approach can be found in Fig 2.3.A in the case where two
spectral bands are used. A more precise but more complex
solution can be found by the use of general types of

distributions as in the general class of non parametric

B - Aésignment using a decision table

The basic information qsed is the same as in the preceesding
method, namely the joint radiance: histogram.

But in this case no effort is done to model this distribution.:
Data compression is only performed in the storing phase in
order to builtamultidimensicnal decision table (Fig 2.3.AJ}.

The assignment’ is in this case very auick but cors memory
used is often in the order of saveral tens of thousands of
bytes. Memory reduction is in this case enterily depencent
pn computing skills developed by trained personel.



MSS7

MSS4

1

MODELISATION :
GAUSSIENNE .

;!
g i ] T
=
8 MSS4
6 1
231
4 1352
1241
A 1
o \ T T
10 12 14 16 18
: 0
D0O0OOO0O0O0OO0|™
) 00000100
. 00011100
bECISION 001111.00
D0111100
00100000
00000000
Alo0ooo0o000C0
W
[4)]
=
MSS4
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¢ - Assignement using a distance criterion

The degree of similarity betwe=en a spectrum snd a class is
computed in this case in place cof the conditional praobabi-
lity of a spectrum to belong to a3 class. The solution usad

.in general is toc compute thz Mahalanobis distance which usss

for each class C,, its average signature m, and the aszsocia~
ted variance-covariance matrix Li'

e yen Tt
DM[z,CiJ (z miJ Zi (z mil
where : Zi = inverse of matrix Ei
This formula defines a quadratic form associated to the
Mahalanobis metric.

The AGREG progrem designers prefer a distance which uses
the average signsture m, and the vector o_ ' which set of
components G'K are the épectral Uarianceslclass £, for the
spectral band" k. It is defined as follows : 1

n
B(z,€;) = § ]xk mik] /o
k=1
The use of this distance gives classification resuits which
are equivalent in quality to the use of D,. Howsver it is
more simple to compute than the last distance, leading to
a saving in computer time.

A reject class (unclassified points) is built using & crite-
ricn equivalent to the mean divergence.

Methods of assignement using similarity indexes do save the
computing time used in fitting specific models to the
radiance joint distribution histogram but this saving is
often lost when the assignment phase involves a large
number of pixels. ]

Z. 3.4 - Oata processing example

a -

"Apriori"” class statistics

Decision was made to categorize the Fromentine area into

six "a priori” classes (Fig 2.3.B) whose statistical charac-

-teristics were drawn from a detailed classificetion computed

on a regular sampling of the studied area.

The six c%asses are related to land use themes and do not
cover sea water or tidal flats.

Classification performance svaluation

A solution to the "a posteriori” evalustion of the
supervised clustering performance may be Tound in the

_comparaison of the position of means and variences of

Ya priori” classes in relation to the "e posteriori”
spectral signature histograms computed in each spectrel band.
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This test was performed on Fig 2.3.C comparing the M554
histograms of groups 1 and 2. The hatched part in each
histogram is related to thse radiance interval {m—d, m+0]
computed from the "a priori” spectral characteristics
of the associlated class.

A pood Tit is noticeable for group 2 between "a posteriori”
histogram and “a priori” spectral characteristics.

This is not tne case for group 4 for which the histogram has
a trend toward bimodality. This property was not taken into
account in the similarity distence formula used in AGREG
because it is only computed from spectral mean and variznce.
A probability assignment method, using a non-parametriec
approach, might have given a better result To the expense
of more computing time.

Results display

The cartography presented on Fig 2.3.D is an enlargement
of a display generated on microfilm.

The reject class is represented in white. It contains the
pixels which spectral radiances were . found to be too diffe-
rent from those of the "a priori"” clasazes.

The taxonomic significance of the classes was found to be
in good relationship with existing land use patierns.
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2. 4 - CLASSIFICATION BY SPECTRAL COASSISTANCE AND TAXONOMIC
POSTASSISTANCE (FRACAM)

2. 4.1 -

2. 4.2 -

Introduction

o
The data analysis results presented here are taken from the
Fromentine area, overpassed by LANDSATY on July 11, 1973

{Ref. number: 1353-10244). The eguiment used is a CIT IRIS-80
computer linked in the time-sharing mode to a Tektronix graphic
display terminal. The graphs and maps produced on this interac-
tive censcle can be hard-copied on paper using a Versatec
printer-plaotter.

The overall computing time for a classification involving
40 000 pixels is about 20 minutes.

Software organization

‘The FRACAM system has been developped at the Ecole des Mines

{Paris). It is organized in four separate modules, whose
functions are : )

- data display‘and spectral statistics {FRAC13].
- cnrrespbndence-analysis ‘(FRACZ21,

- ascending hiererchical classification (FRAC3),
- adaptative clustering (FRAC4).

The FRAC1 program has various display capabilities whereby

images can be presented as :

- black and white binary maps related to a specific interv%
of radiance values in a given spectral band or to a
spectral class produced by a previcus analysis.

~ pgray-scale images, with a limited number of gray scales
(4 levels at meximum), by modulating the intensity of thg
electron beam impinging on the storage tube.

"~ as an infographic map using the same logic as the FRACART]
program. .

This program produces graphs related to the Tollowing statis-
tical results :

- radiance values histogram, in a specific spectral band,
computed on the entire imsge or restricted te a speciral
class produced by a previous analysis.

- average and RMS signatures of pixels associated to &
spectral class or teo an interval of radiance values Iin
a given spectral band.

- bidimensional histograms obtained by the comparison of
two spectral bands (M334 and MSS7, for examplel). These ot
be computed for & complete image or can be restricted to
spectral class.
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- a display of. spectral clags signatures in the plane of
two speciral bands.

The maps produced by FRACY1 are geometrically corrected using
LANDSAT orbit parameters and scanning geometry specifications,
The hard-copies generated on the prirter-plotter match the
Lambert 2 projection system af any scale between 1:1000 000G
and 4:10 000. ' :

Y

Another function of the FRAC1 program is to,bnapare the coding
of data, either by slicing the histograms in. isopopulation
intervals, or by adapting these intervals to the speciral
contrasts the operator is able to assess in the image before

any classification (opposition between water and soil, for
example]. The first step in any pattern recognition preoblam

is to select an appropriate feature space by data coding end
also, in most cases data compression. This is done in the FRACZ
Program. Feature space seglection uses a two step procedurs whare
data coding is followed by data compression. A binary coding of
. the radiance values using the previously determined histogram
intervels is followed by correspondence analysis. This multidi-
mensional statistical method similar to facteor analysis snablss
the operator o select a sub-space of limited dimensions (5 typi-
cally} in which hierarchical classification and clustering will
be pertormed. This analysis can be carried out ﬁuqfﬁhg;entire
image or can be restricted to a spectral class producediby &

= . a
. previous analysis, e

L
The FRAC3 program helps in initiating the clustering of ré%iéﬁdg
spectra in groups of similar shapes. The number of groups that
one would expect Lo find in the data set is objectively determinsc
as a result of an ascending hierarchical classification of the
spectral intervals used in the data coding performed in FRACZ.

Dialogue between the computer and the operstor is required in -this
phase, because the.determination of the expected number of groups
involves the interactive “pruning” of a dendogram resulting from
tha hierarchical classification., Along with the number of groups
the position of their centers of mass in the feature space is
estimated as well.

FRAC3 output is used in order to initialize the adaptative
clustering performed by FRAC4. It uses an iterative procedure
of the same principle as the ISDDATA clustering algorithm.
Within each iteratiori every rediance spectrum is assigned tc

a specific group whose center of mass is updated at the end of
the assignment phase. Various canvergence criteria are used
such as an upper bound on overall center displacements or total
number of class assignmente changes between each iteration.
Operator action is limited to the choice of the maximum numbsr
of iterations in the case where convergence does not occour
using built in criteria.

The FRACAM system is organized se as to ensble the operator to
© perform a layered classification by sequentially refining the
spectral groups {specipal co-assistancel in relation to their
taxonomic signi$ipan6§*&taxonomic post-assistancel.
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2. 4.3 - Theoretical background

a - Methodology

The relationship sxisting bstween an object located on the
surface of the earth and the shape of its radiance spectrum as
mzsursd by LANDSAT is the basic principle of remote sensing.
It lends itself to automatic cartography through the use of
numzrical procedurss which by mathematical naturs belong to .
pattern recognition technigues.

The recognition of spectral shapes is solved by two types of
methods. Segmentation of the sat of spectral radiances is
bassd, in the supervised approach, on the "a priori” knowledge
of the nature and location of typical objects existing in =
given tsst area. In the unsupervised approach, clustering using
objective critseria.

Thz nlassification method usad in FRACAM belongs to the latter
type. It is built around an adaptative clustering algorithm
similar to the ISODATA method.

As the number of objects to be recognized can be rather large
(8 x 108 Ffor a complete LANDSAT image). special care has been
taken to reduce computing time. For an ISBDATA type algorithm
this mainly requires the minimization of the number of iteratic
necessary to reach convergence. This problem is equivalent in
some respects to the search for initial centers of mass as clos
as possible to their final positions after convergence.

Correspondence analysis of J.P. BENZECRI as a multidimensional
method for data structure analysis provides an answer to the
search for reliable centers of mass. It results in the selectic
of a sub-space of limited dimensionality (feature spacel) in
which it is possible to undertake a detailed study of the
similarities existing between the spectral bands or their codec
equivalents. The groupings thus determined are used in the
dnitialization phase of the clustering algorithm. Initial
centers of mass are computed using the simultanecus represe%tati
formula of correspondence analysis which builds a straightforws

link between the Tactor space of the sDectral bands and tHe Fac
space of the spectral signatures.

Using this general framework., the FRACAM system is luglcally
organized in three steps :

-~ use of correspondence analysis inan objective study of
the data set structure followed by the selecticn of a
factor sub~space which is rstained as feature space.

This data compression very often filters instrument noise

- determination on the filtered data of an ascending hierar
chical classification of the spectral bands or their code
equivalents. This similarity study leads to the recogniti
of associations between spectral bands and spectral shaps

- construction of spectrally homogeneous groups by adaptati
clustering where the initial positions of the centers of
mass in the feature space are calculated from the results
of the previous phase.
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b - BData coding

c -

In order to have more Flexibi]ity in the determination of
speciral bafd groups, it is preferable to transform the
originally measUred spectral radiances. This trensformation
is called complete disjunctive coding or isopopulation coding.

Such a code is generated by the following steps : computation
of the radiance histogram of sach spectszal band j For the
area of study..determination of n, isopopulation radisnce
intervals for each spectral band ﬂ and replacement in the
original data set of each measured radiance speclrum by its
complete disjunctive code.

Each n dimensional spectrum {n = 4 -for LANDSAT) is thus -
replaced by a K-dimensional vector, with : )

K =}:{nd j = 1;1’1}

Each component of this vector associsted to a given radiance
interval takes a binary value 1 or 0 depending wether the
corresponding spectrum radiance value in the spectral band j
belongs to the given radianse interwval or not.

The principle of this coding is illusirated in Fig 2.4.A

-when the four spectral bands of LANUSAT are split into four

isopopulation intervals.

The use of this procedure was justified by en increase in
overall classification performance. specifically regarding
the mumber and spectral definition-of classes.

Correspondence analysis

After transforming the data set, it is interesting to study
its structure with particular reference to the similarity
existing betwesen the K coded equivelents to the n initial
spectral bands. g

We will call transformad band e, , the binary instrument
whose output is 1 or 0O, watherj%he observed object radiance
in band j falls or not in the isopopulation radiance interval-
of rank d.

In the example of Fig. 2.4.B the transformed band C,.. is a
very simple incremental instrument whith am output of 1 when
+the measured radiance in band 2 (MSS7) falis betwseen intensi-
ties 4 and 168 or O for any radiance value outside This interv:

The total number of transformed bands is K {K=18 in Fig. 2.4.7
they will be indexed by k in our formulas as long as the
explicit identification of the relationship beiween spectral
bands and iransformed bands is not required.
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The study of the similarity between two transformed bands k
and k' in done by using the following algebmic structiure.
The transformed bands are considered as points of ap I
dimensional vector space E., in which I is the number of
pixels to be classified. T%e origin of this vecior space

is the average radiance computed in each spectral bend

for the entire set of pixels.

Fig. 2.4.B gives an example of the data table assccisted
to the situation shown in Fig. 2.4.A. If one seeks &
mechanical equivalent to this data set, it can be thought
of as a "cloud® of K transformed bands scattered in the
vector space EI'

Each point k belonging to this "cloud” in E_ is given a
weight p, which is the global energy received by the
.incremen%al band k. The metric of E_ is defined by a
similarity distance called y? distafce (Chi square distance!
defined as follows :

2

Sk

1/m % i[pi - pi,]zl i= 1,14

1

with :
) .
T PR T Py/Py

- n = number of actual spectral bands [n=4 for
LANDSAT)

This distance is equal to zero when the binary images
associated with k and k' are identical. Thearatically the
.computation of the distance existing between sach couple
{k,k’) is sufficient for the study of their similarity.

Unfortunately the computation of d2 ,: in E. is long and
tedious because of the very large number of dimensicns
of this vector space. Typically several billions for a
LANDSAT image. . .

Fortunately., correspondence analysis enables us to select

a feature space [ of limited dimensionality (m=5 fur examp:
F is’a sub—spacemof E, which is cheoosen so that in F_ the
dfstance betwsen the projections of the transfTormed bBnds k
and k' is a good approximation of the true distance d _,
between the two points E_. The base vectors of F arek§he
eigenvectors of thes "cloud" Ng built with the K Transformed
bands weighted by the p, . The associated eigenvslues A
are ranked by decreasing order : o

11 > k2 e0a > lm

Each of them can be interpreted as representing the percen-
tage of information (or inertia} born by the associated
eigenvector ® . Thesa eigsnvectors are the coordinste axes
of F_ which i¥ often called ‘actor space. It is in F_ that
- the Other staps of FRACAM take place. m
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d - Typology of transformed bands

In order to find reliable initisl conditions for the

adaptative clustering of spectra in F_, it is necessary to
have an estimation both of the number of groups they form
and of the positions of the corresponding centers of mass.

Our philosophy is tno consider thet groups of similar
transformed bands are most likely' to characterize specific
types of spestral shapes (or signatures): This is why
groupings of transformed bands are soughﬁ for in Fm.

" Using the simultaneous representation formula of correspon-
dence analysis we will then be able to associate to the
center of masé of esach group of transformed bands a point
in the spectral space which is a good approximation of the
“"true" center of mass of the corresponding group of similar
spectra.

Before performing this spectral band to spectral signature
transition, a detailed study of the geometriec siructurs of
the "cloud"” built by the projectiens of the transformad
bands 1s undertaken. This is done by using an ascending
hierarchical classification algorithm in Fm.

The construction of a hierarchy on the sst on K projections
is donz by gradually building a series of mutually inclusive
classes fitted one into anether. A dendogram representation
i1s given to this series (Fig. 2.4.C} in which each node is
indexed by a number proportional to the dismeter in F_ of
the corresponding class. The ascending character of the
selected algorithm comes from upward constructien of the
dendogram (tree), the classes being formed by sequencially
grouping points or groups of points which are close to one
another.

The determination of the characteristic groupings between
similar bands is done by "cutting” the dendocgram at a given
diemeter by the operator thus defining an upper bound to
the diameter of the classes being constructed.

In the caese of Fig. 2.4.C three groups of similar transformed
bands are selected as’: -

- group 1 E44, 642, 814. Céh’

- group 2 : 911, CSS'
- group 3 C_,]a_- 022: CBZJ 821: Cs,l: C41:
Ciz* C34- Cgur Cog

A center of mass f[center of gravity} is associated to each
of those groups as a points in F_. The spatial distribution
of the groups of transformed band *points” corresponding o

- the previous determination is presented in Fig. 2.4.0. We
have limited ourvelves to a plane representation restricted
to the first and second factors (m=2}.
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dotted line defines three groups of coded bands
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e - Clustering of spectra

‘number of iterations, cluster centers and cluster cardinals

One ef the more important properties of correspondence
analysis is to solve at the same time the twin problem

of structure analysis of similarities both between spectral
bands and between spectral signatures. In fact, the set of
sigenvalues {K | & = 4,m! which is used in order to built
£ can also be®used to built a festure space B_ of the
measured spectra with tne same number of dimension as Fm
This sub-space 5 is constructed from F_ by simple multipii-
cation of the base vectors components by the squere roois
of the associated eigenvalues la;

Clustering takes place in Gm using an adaptative centers
of mass algorithm which borrows some of its properties from
tha K-means and the ISODATA algorithms. Initializstion takes

"place by specification of the humber of groups and initial

positions of the cluster centers.

In the present case the number of spectral groups is equsl
to the number of groups of similar bands as determined by
the previous phase. The initial cluster centers are the
projections in 6 of the centers of mass of the groups of
similar bends determined ~ in F . Projection is easily done
by multiplying each of the m components of the centers of
mass by the corresponding eigenvalue Aa.

The clustering algorithm is steped. and radisnce spectra

are assigned to a class by using a minimal distance criteriﬁ
in G_. Namely each spectra is assigned to the closest cluste
centlr. After each itgration, the cluster centers are update
with regard to the effective population of each class. i

The philosophy of this approach is that after a certain

are sufficiently stable to give a reliable classification.
Various sgtability criteria are computed at the end of each
iteration in order to assess the quality of the classificati
The criteria are ! the ratio between intra-class variances an
inter-class + variance, the overall displacement of cluster
centers between their previous and updated positions and the
number of class assignment changes from one iteration to
the next.

At the end of previous algorithm, various results are avails
First, & cartography in which each pixel is given & symbol

- ‘uniquely associated to the class to which the associated

radiance specirum belongs. Statistical results are also
produced for each class in the form of averages and R.M.S.
radiance values for each spectral band. -

Experience hes shown that the initial cluster centers, as
determinated from the {ransformed bands typology are very
reliable. This has enabled us to reduce the number of iters-
tions to 2 our 3 thus obtaining & considerable saving in
overall computing time.
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f - An adaptative descending classificatien

In the pratical use of unsupervised clustering algorithms,
two approaches are possible.

In the first case, a-large number of clusters is determined,
with the risk of having to follow up the clustering phase

by a similarity study of the groups in order to reduce their
number. In the second case, ihe clustering algorithm procse=ds
by successive dichotomy until the desired number of classes
is reached.

The first type of heuristics is used in the LARSYS system,
in which the first step leads to the determination of a
-large number of.potential classes taken from the training
area. The study, of the similarities existing between those
© groups of limited cardinals, enables to regroup them follo-
wing a typical phase of taxonomic pre-assistance. This method
uses an ascending approach whereby the complexity of a wesk
data compression (large number of groups) is reduced by the
relative simplicity of a taxonomy often guided by tTypical
applicetion themes (oceanography, agriculture, geology .«.).

The algorithm used in ISOCLS beslongs to the second type of
approach, it proceeds by successive dichotomy between each
iteration. This is a descending approach going from the
general to the particular.

The structure of the FRACAM system looks well suited to the
second type of heuristics. The "cutting” phase of the
hierarchical dendogram enables the operator tao control the
number of groups while performing a polytomy which is more

complex than ISOCLS. This descending classification proeess
is also made adaptative because at éach downward mave,
correspondence analysis and hieprarchiecal classification are
computed again in order to adapt their resuits to the statis-
tiecal properties of the group which the operator wants to
refine. : -

Several criteria for assessing the need to pursue the subdivi-
sion of a group can be used. We propose to rely on the shap=
of the radiance histogram in MSS7. The subdivision is pursued
if the group histogram is multimodal or does not fit a simple
probability distribution model (Gauss, uniform cr lognormal
distributions): For example, we have reproduced in Fig. 2.4.E
the spectral distributions of the class of pixels obtained
aftter a first classification of the Fromentine area on July 11,
1973. Six groups were determined, the use of above criterion
leads us to the Fdﬁgowing cenclusians

%

- groups 4, 5 and E do not need to be subdivided
--groups 1, 2 and 3 are on the contrary eligible for
futher processing

Going from divisions to subdivisions, the FRACAM system is
able to perform an adeptative descending classification guided
by & spectral coassistance taylored to the group spectral
statistics. :
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Fig. 2.4.E - MS57 spectral band histograms for the
six groups obtained after the first phase
of treatment preceeding spectral co-assistance
The unnumbered plain line is ths MSS7 histogram

for the entire image.
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2. 4.4 - An sxample of processing

The processing of the Fromentine area surveyed on July <41, 1873
was done in two steps. In the first step. complete disjunctive
coding of MSS4 to MSSE in eight intervals and MS557 in seven
intervals led to the determination of six groups. Speciral
coassistance was performed on the band MS$7- histograms (Fig.2.4.E]
thus resulting in the further subdivision of groups 1, 2 and 3.
The adaptative descending classification was pursed for these
groups, by first generating a new completes disjunctive code

with four intervals in each spectral band. This code was adeptatesc
to each group's statistics seperately. Finally, eleven groups
were determined by the classification and submitted to intserpre-
tation in the taxonomic post-assistance phase.

a - The results of the first phase

Regarding correspondence analysis we present on Fig. 2.4.F

the projections of the transfaormed bands in the plane of the
first and second factors. In this representation. each spec-
tral band [(M554 to MSS7) was ascigned a letter (A to D) and

a number corresponding to a complete disjunctive interval.

For example B7 is the the transformed band related.fo the
seventh_spectral interval determinated from the M335. histogram.

Each factor cen be interpreted as follows :

- on the first axis, the general structure corresponds
to a transition from low radiance values to high radiancs
i values in spectral bands M3S5, MS55B and MSS7.
- on the second axis, spesctral.band MS54 is organised
from low to high values except for the near center
position of A1 (radiances from 256 to 32 in MSS4).

The two dimensional plane representation enzbles us to

refine this interpretation. A strong correletion is observed
between MSS6 and MSS7. The parallel structures drawn by these
spectral bande are organised in two arcs of opposite curvaturs:

~ a first arc spreads over factor 1 goipg from Cq, D1 to
Cy» D3 ’

- g second arc spreads cver factor 2 going from BS’ D

to CB’ D7

4

This general organization is due to a broad dichotomy in the
data set between two types of spectral signatures correspan-
ding, in the surveyed area, to the opposition between water
themes (sea, channels, tidal flats) and land themes (cultures,
forest, marshesl].

The ascending hierarchical classification has ted to ihe
determination of six groups of transformed bands which are
oultined in Fig. 2.4.F. The resulting. spectral clusters were
displayed one groupe at a2 time as binary maps. One can find
an examnple of a such a meg in Fig. 2.4.G.
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Fig. 2.4.F - Display of Tirst phase results in factor
pilans 1-2. .
Groupsr of coded equivalent spectral bands
were determined by hierarchical ascending
classificetion.
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100

Fig. 2.4.G - Display of pixels belonging to group G
as determined in the first treatment phase.
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This display of group 6 was obtained as a Versatec printer-
plotter hardcopy of a Tektronix graphic display.

The spectral coassistance phase involves the active partici
pation of the operator in assessing the spectral individual
of each group. This is done using spectral signature statis
for each graup : radiance values histogram, average spectra
signature or even bidimensional histogram crossing two spec
bands. An MSS4/MSS?7 bidimensional histogram is shown on
Fig. 2.4.H in which each pair of radiance values is assigne
to a group when a one to one relationship exists. A bispect
representation being unable to take into account the divers
of spectral signatures (in four spectral bands) there are
some pairs of radiance values which are assigned to several
groups at the same time. Sueh ambiguities are pin-pointed o
the display by a vertical bar symbol.

Taking account of these results, it, was decided to pursus t
subdivision of groups 1, 2 and 3.

Results of the subdivision phase

The histograms of class 1, 2 and 3 were divided intoc 5
equipopulation intervals. The entire process was started ag
seperately for each group. Hereafter, we restrict our repre:
sentation to the subdivision of group 3.

‘Correspondence analysis of the spectral signature of the pi:

of group 3 was followed by an ascending hierarchical classis
cation whose dendogram is presented in Fig. 2.4.I. The simi-
larities between transformed bands lead to the determinatior
of three spectral sub-groups.

After clustering, the individuality of each sub-group can be
assess=2d by the unimcdality of its spectral histogram in MSE
(Fig 2.4.J). Separability between sub-groups _is however bei
understeod using the whole set of spectral bands. The averag
spectral signatures (Fig. 2.4.K) can be used for this purpos
One could note that for these objeis. separability 1s maximu
in MSS4 and MSS5 but very low in MSS7. This can be noticed t
the overlapping of MSS?7 histograms (Fig 2.4.J}.

In the display generation (FRAC1) composite maps can be
produced in which pixels assigned to sasch sub-group are
represented by different symbols. Those maps were interacti-
vely generated on the display console of the FRACAM system.
Fig.Z2.4.L to Fig.2.4.N are illustration to the subdivision

of groups 1, 2 and 3.

Interpretation phase

Each class now remains to be interpreted by taxonomic post-
assistance and the objects it represents must be identified.
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Fig. 2.4.K - Averasge spectral signatures of subdivided
groups from group 3
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shows areas of clear water a indicated both by its
spectral signature and its location. These waters
are found to the North of thas studied srea
gatellite overpass took place at mid-floWw. The sou-
thward tidal current through the Fosse du Fain car:
relatively clear water across the Gois ford. Clear
water also occurs

- gxtensively :

. in the South part of Bourgneuf Bay where pools
betwsen emerged banks hold relatively calm water
which is low in sediment content. |

. in the open sea off the Fromentine channel where
waters are clear at mid-flow.

- locally : {as isolated pixels)

. in the Trou de Sebastopol (line 94, column 139),
a pool in a dip formed by marine erosion during
a storn which breached the main dyke. The breach
was repaired by rebuilding the dyke round this
dip, outside the polder.

. on the continent, in the pond of the new polder
at Bouin {(line 57, column 133). This pond formedi
in the lower part of this polder hetween the old
seadyke which was destroyed by a storm in 13940 ‘
and the new dyke rebuilt in 1365.

14

in these last two cases, the pools are sc small tha

only one pixel was correctly identified as clear,

stagnant water. Surroundings pixels were only partl
covered in water and the classification process
misplaced them in another class.

is sediment laden sea-water

is assoglated toc very turbid or shallow water.
In this case, the refletance spectrum is influencec
by the sea-bottcocm : this occurs, along Notre-Dame
de Monts point, in the outer tidal delta at
Fromentine. This class also outlines the border
between two environments. Thus, the bridge linking
the island of Noirmoutier to ths continent at
Fromentine shows up as a row of class 22 and is
mixed with pixels of intermediate spectral signatur
overlaying two different environments.

maps the emerged tidal flats at the time of overpas
These tidal flats line the western coast of the
island of Noirmoutier as well as the continent. The
also cover the top of sandbanks in the South of
Bourgneuf BHay. Class 21 is alse found in ploughed
land or salt marsh areas physipgraphically similar
to tidal flats although they fall into a different
iland use catsgory. Finally, this class marks the
border between classes 22 and 11 with pixels of

intermediate spectral signature overlaying two
different environments.




Class 11

Class 31

Class 32
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shows dry area of a dominantly minsral nature :

dry sandy beaches of Noirmoutier and the Monts

coast ; sand or shell panks in resses parts of the
Bourgneuf Bay coasst ; sandy soils in the marsh and
the island of Moirmoutier ; sand and stonz embankmenT
of the Bec de 1'Epoids pit ; and several slighiy
urhan areas : Fromentine, parts of La Barre de Monzs.
1'Epoids, la Fosse eic ...

identifies vegetated arsas such as the western part
of Monts forsst (maritime pines), marsh channel
flats etc ...

is similar in content and located nearby class 317 :
Monts forest (maritims pines, holm caks) etc ...

Classes 12 and 13

N

Class G

show cultivated fields, but the crops in class 13
are partly bare (sandy plots on Neirmoutier Island)
whereas the crops in clsss 12 have more coverage :
on the Monts coast (near La Barre de Monts) or at
Crosnigra.

Shows grassy sreas : pastures in marshes, coastal
dunes with psammophyte cover.

Class 33 shows marshes and damp border areas.

Its by combining a specific ground truth experience with
a general knowledge of spectral signatures that the eperator

can give

a meaning to the classes previously defined. For this

final step, which takes place efter classification, we shaill
use the term of taxonomic posk-assistance.
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Fig. 2.4.L - Cartography of subgroups 11, 42 and 13
obtained by subdivision of group 1.
Taxonomic interpretation follows :

11 - Built up areas, heach. dry sand

12 - Farming on calcareous, sandy soil
(Noirmoutier island, Crosnisre)

13 - Farming along the Barre de Monts
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Fig. 2.4.M - Cartography of subgroups 21. 22 obtained by )
subdivision of group Z. Taxonomic interpretation is 3

21 - Tidal flats
22 - Very turbid water
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Fig. 2.4:N - Cartography of subgroups 31, 32 and 33

obtained by subdivision of group 3.
Taxonomic interpretation is :

31 - Fallow marshes. west of the Barre de Monts forest

32 - Damp border areas

33 - East of Barre de Monts forest
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2. 5 - AUTOMATIC CARTOGRAPHY

The results from all the classification technigues developped in the
FRALIT experience can be output as coleour maps on an ink plotter, by using
the programs described hesre.

2. 5.1 - The FRACARYO program {(Fig. 2.5.A)

This program basically maps & pre-assisted classification

of multispectral dala using spectral paramcters selected and
input by the user. It rsplaces the FRACARTE program with -
increased possibilities. Tt can also be used to map classifica-
tions resulting from other programs such & FRACAM (c.f. 2.47.

The main possibilities offered are ;

~ Simultaneous processing of data from two (or more) different
images using =11 8 {or more} spectral bands For LANDSAT.

- Raw or smoothed data output, using a majority vote type
decision in the metrix surrounding each pixel. ; :this process
can be iterated, and/or uvsed copnditionally.

- Naﬁping;o? each pixel by & given colour and symbol or
contouring of areas with identical taxdnomic content.

- Attainement of the best possible drafting speed according
to the type of output, with automatic and permanesnt control
of ink levels in each pen.

The user first selects the digital image, or images, tc be
processed, and defines the scale and boundaries of his area
of interest. -

IF the proposed map exceeds the dimensiong of the pletter, a
. sampling procedure is providsed, enabling cne’in n lines (and
one in n columns} to be mapped. )

This possibility can also be used to avold the sixth-line
banding often found in LANDSAT data. The map border is
annctated with line and column tick-marks. In order to save
time and lower costs, it is possible to leave blank an area
of little interest within the map boundaries by specifying
the appropriate lines and columns.

This program is currently implemented on the CNRS 1BM 370/178,
© computer using a three-pen BENSON plotter in the offline mode.
_ Pen selection is programmable and maps use up to 8§ colours.

For offset printing purposes., an option in the program enables
a separation to be made of each colour overlay. Thass are drawn
in black on a stable base (Mylar] to conserve maximum accuracy
in the preparation o the offset plate.
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Map parameter input

Taxanomic legend or classification
input

%

Assignment of each pixel

b/
e |
I ¥ ] |
v ¥ I v i
I
Majority-vote Conditional |
Smoothing ) Smoothing .A
|
17 ) '
———
+ Y %
Colour plotting
Contour Alphanumeric FRAMOT

Fig. 2.5.A - Main functions of the FRACARTO

program,

Dotted paths indicate -possibleiterations
of the smocthing process.
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When used for a pre-assisted classification, FRACARTO annotates
the map with a key giving spsciral characieristics of each class
and the corresponding symbol. In every case, each symhol,is
followed by the number of pixels, the area covered in km , ang
two parsllel caption lines (which can be bilinguall.

Raw data mapping often shows up striping, wrong data values or
immediate pixels with spectral signatures mixing the values o7
contrasted terrain units. The latter is a major cause of mis-
classification, but all three effects can be avoided to soms
extent by smaothing the data befors map edition.

As the bad pixels can be differentiated from the surrounding ones,
smoothing requires a form of neighbourheod analysis. Optionnally,
two types of smoothing are available

~ majority-veote : here a pixel is replaced by the most
frequent one in the surrounding neigbourhood matrix. The
user selects the size of the nelghbourhood matrix (3x3 or
5x5) and, if required, the number of iterations. This
technigues is Tairly efficient, but eliminates much of
the fine detail in an image (Fig. 2.5.8 and 2.5.C).

- conditional : this was developed Lo eiiminate intermediate
values. M3S7 spectral signastures are compared for the eight
pixegls surounding the one being smoothed. Striping is
detected by comparing the current line with the ones
immediately before and after it. If these ars identical -
and the current pixsl slightly different, its value is
replaced by majority vote. The resulting map is more
accurate than simple majority vote (Fig. 2.5.0]

The results of classification smoothing can be compared to the
correspending unprocessed classification (Fig. 2.5.E).

After the optimal smoothing phase, mapping is carried out colour
by colour, in one of three modes X

Alphenumeric : each pixel is individually identified by an
alphanumeric symbol. This is costly in plotting
time as each symbol reguires one or more pen
up-down calls.

FRAMOT : a set of symbols has been selected to give veried
tonal values and speed of sxecution (Fig. 2.5.F).
This has been found most useful both for variety
and efficiency of uso.

Contour + identically classifisd pixels are oulined in groups.
This gives the guickest resulis but the maps are
only satisfdctory if the classification is
previously smoothed to eliminate isolated pixels.



I8 Fig. 2.5.8B - kExample of majority vote smoothing with one iteration.
| ) Map of Fromentine area at a 1/50 000 scale generated from
LANDSAT2 data acquired on 28 July 1975 (E2188-10181)
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Fig. 2.5.C - Example of majority vote smoothing with two iteretions
Map of Fromentine aree at e 1/50 000 scale genzrated from
LANDSATZ data acquired on 29 July 1975 (E2188-106181)
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Fig. 2.5.E - Example of classification résults before smoothing




Fig. 2.5.F - FRAMOT symbol sst
Some symbols are height parameterized
with simple (1), double (2) and triple (3)
height. All symbols are bounded by the same

rectangular grid.
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2. 5.2 - The FRATHERM program

FRATHERM is & version of FRACARTD adapted for mapping visible
and infra red data from the NOAA VHRR. Two versions are presently
in use

The first one is a FRACARTO adapted to the output from the TSS
(Sea Surface Temperature) programme. The two channels available
can be combined and the graphic options available with FRACARTG
are available.

The second one has beeri perfected to make the best possible choic
of colouror B/W scales for single-channel mapping. I/0 transfers
and computer time are reduced to a minimum (Fig. 2.5.G).

Well designed, legible map output is the standard format for FRALIT
results. Experience shows that other types of output (line printer

" cartography, tebular data, etc ...) are basically unattractive to potenti:
«users. On the contrary, a properly designed map, scaled for compatibility
with standard topographic map overlays has high user value both for resear
(geography, biology, sedimentology. oceanography) and applications (urban
or country planning). For these reasons a great deal of effort has been
put into the development of sophisticated automatic mapping procedures.



ORIGINAL PAGE IS
OF POOR QUALITY

FRATHERM — UERSION 2.2
LIGNES 21 A 200 /1
COLONNES 51 A 320 /1
ECHELLE: 1.1000000
JANUIER 1977
FELEEANTURE BN DESs LELSILD Fig. 2.5.6 - NOAA thermography generated by the fratherm program
Satellite overpass was on 06/08/75 at 9H 30 MN TU.
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2. & - GROUND TRUTH RADIOMETRIC MEASUREMENTS

Object rEflzctances measured by gach of the four spectral bands of the
M3S system bulld the LANDSAT spectral signature of this object.

The use of an EXOTECH radiometer (mcdel 4100-A) helps in undertaking
ground truth operations as well asthe necsssary measurement of o
atmospheric paremeters. It can be ussd for :

- tne prediction of object LANUSAT signakuras by "in situ”
measurementcs

- the transformation of measured radiance by the MSS. system
of the LANDSAT satellite into a pround albedo which is

independent of sun angle as well as atmosphere parameters.

2. 6.1 - Tha EXOTECH radiometer and its control equipment

The EXDTECH radiometer, model 100-A, acguired by Ecole Normale
Superieure (contrat CNES 222/75) is a multichannel ground truih
radiometer suitable for point by point measurement. It its
prosent configuration the EXOTECH radiometer is made of a
measurement optical head made by EXOTECH and a power source

as well as a monitoring console bulilt by Ecole Normale Superieure.

a - The EXOTECH radiometer

It'is a four channel radiometer with seperate sensor optics,
filter, detector and analog amplifier for each channel. It is
cepable of piving four simultaneocus measurements is & non-
seguential fashion. Simultaneous measurement in the four
channels is a compulsory feature when sensing is to be done
from a plane or from & ship. ‘

The spectral characteristics of each of the four channgls
matech the MSS spectral bands of the LANDSAT satellites

channel 1 = band NDPF4 = 0.5 to 0.6 uym,
ghannel 2 = band NDPF5 = 0;8 to 0.7 um,
channel 3 = hand NDPFE = 0.7 to 0.8 pm,
channel 4 = band MDPF7 = 0.8 to 1.1 um.

The eguipment is sold with 3 switchable types of sensor
apties with the fellowing fields of view :

-Field of visw

Aperture shape

Sensor optics

1° square lens
15° circular diaphragm
2% steradian hemispheric diffuse surface
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The hemiepheric sensor with a 27 steradian aperturs snables
the measurement of half-space illumination (in watts/cm?)
and iz suiltable for the measurement of down-welling solar
illuminastion. The 15° cireular aperture sensor enables the
measurement of ecbject radiance (in watts/cm®.sr) and is
suitable for ground truth collection. The 1° square aperture
sensor measures the radiance of a target 260 feet wide -

{260 ft = 79.2 m) when mounted in a plane flying at an
altitude ol 2300 metsrs. This target is identical in
geometry to a LANDSAT pixel.

The output signel of each of the four channels is & centinuous
voltage bounded by 0 and 5 volis. For sach channel, four
different gain factors can be selected. They are respectively
of : 1, 5, 25 and 125, )

The transformation of output volts dnto radiometric unitis

is done by the use of a calibration factor which can take

cne of twelve values corresponding to a specific association
between a channel and a type of sensor. Let us point out that
the calibration of this type of radiometer sensing in the
visible part of the electromagnetic spectrum is a difficulz
task. It is highly dependent on the precision of the reterence
source used during the calibration phase.

Consequently the precision uncertainty of the radiometer is
no better than + 5 %. The long term variations in detector
characteristics must a2lso be taken care of by frequent
recalibration.

b - Power source and monitoring console

This console is made of a separate equipment box which helds :
‘four micro-voltmebters allowing the simultaneous display of
the Four chamnels oputput, a Cadmium. Nickel accumulater powsr
source and a built-in charger. A fifth commutator on the
monitoring pangl can be used in order to check on the
accumulator charge. )

2., B.2 - Atmospheric parameters measurement

The EXOTECH radiometer {model 100 A) is suitable for the
measurement of atmocspheric parameters such as : atmospheric )
turbidity, water concentration as well ags ofther absorbant materials,
These measurements are-necessary in order to transform the satellizc:
measured radiances into ground =lbedo independent of sclar angle
and atmospheric parameters. This method has been intreduced by
R.H.Rogers and K. Peacock : A Machine Processing of ERTS and Groong,
Truth Data ; Conferencs proceedings of Machine Processing of
Remotely Sensed data (LARS). October 16-18th 1973 at Purdus
University - TEEE Catalog n® 73 CHO 834-2GF, pp 4A14-4AZ7.


http:watts/cm2.sr
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If ground reflection is perfectly diffuse. setellite measured radiance
at padir angle can be =xpressed as

R
L = -I-_E‘-'- E TA + L.P\ (']
where
L. = messured satellite radiance
R- = ground albedo

= irradiance of a perfectly horizontal ground target

TA = agtmospheric transmittance from the target to the
sensor per unit of alir mass

LA atmospherdic path radiancs

The radiance can be decomposed into two terms

_ m
E = ED TA tos ID + ED (2}
where. !
ED = gplar irradiance cvutside atmosphere
ED = diffuse sky irradiance
ID = sun zenith angle
m = A is the air mass along I direction
€os I0 0 -
Thug, the relationship between L and RT is expressed by the Tollowing
formula : ’
(L -L,)7
A
RT = M (3
‘ +
TA fED TA cos IU ED]

The different terms of relation (3) can bhe estimated by radiometric
measurements at the time of satellite overpass. Seolar angle ID and air mass
m are easy to determine. Diffuse irradiance E_ from the sky is measured by
solar occultation. As E and £. are measured and F_ is known from standard
models, TA can bz de determined by equation £2].

The diffuse air radiance L, is estimated from the measurement of sky
radiance L, so that the angle between viewing direction and solar path
HSR is equal to the angle beiween the viewing of sun and satellite HSS'

Diffusions towards radioheter and satellite are proportionzl in such a
system geometry, the corresponding ratio being a function o7 the difference
in optical path for the two directions (Fig. 2.6.A) !
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This method is only applicable for zenith angles I0 smaller than 45°.
When the sun zenithal angle is larger than 45°, viewing of the sun has
to be done for I0 smaller than 45° and subsequently correctsd.

The main interest in such an approach is to reduce all satellite
measurements to physical albedo values. But it is alsc a facl that
in such radiomeiric schemes, good calibration is a critical factor.

~

Ground truth measurements

The EXOTECH radiometer is also suitahle to ground-truth measurements
which aim at comparing satellite measured radiances and ground measured
albedo.

This method has been introduced by H.W. Smedes, R.L. Hulstrom and

K.J. Ranson : The mixture problem in computer mapping of terrain
improved technique for gstablishing spectral signatures, atmospheric
path radiance and transmittance. Houston, NASA Earth Resources Survey
Syposium, June 1975.First comprahensive symposium on pratical epplicatior
of earth resources survey data, volume 1-B, pp 1098-11583.

If ground reflection is perfectly diffuse, a satellite viewing at nedir
angle would mesasure tie following radiance (equation 2] :

=1
L"',n, .E.TA+LA

and the target reflectance is expressed as

m

H % TA

KT = (L - LA] X (5}

If reflectance of a set of targets is measured at ground level or at
a small altitude, the compariscen of the values of RT and L shows a
linear relationship -

L=axR. +b (6} °
The intercept is equal tc the atmospheriec ditfusion : b = L, and the
slepe of this line is related to the downwelling irradiance 'and the
atmospheric transmittance a = E . Tp are presented on Fig. 2.6.B.
(i
Consequently the spectral signature of an object in albedo related
to the four spectral bands of the LANDSAT MSS system can be determined

as follows

= - w s
Ry = (L, - L,.)x AT " ] 161%

where I 1is the set of the four MSS sensors
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This method has several positive aspects :

- the value .cf the measured atmospheric radiance is a

direct contribution to the signel sensed by the
satellite radiometer,

- measurement of atmospheric effects is done in a global

way (downwelling soler irradiance and atmospheric transmiss
effects are integrated in the same term),

- nospecific ground equipment set-up is necessary.

However two type of constraints are present :

position of ground targets has to be known with a
high degree of geometric precision,

measurements usefulness is related to the gquality of
ground measured reflectances which implies a good
krowledge of temporal variations of object signatures.

2. 6.4 - Typical ground messurements

Several Yin =itu” radiometric measurements were conducted in
various-environments :

These
these

on the tidal flats and marine marshes of the Mont 3t-
Michel bay.

in harbour waters, on beaches and coastsl ponds along
the coast of Golfe du Lion,

in the Fromentine test area,

on the lawn of the Scientific campus of University of
Villeneuve d'Ascg ., near Lille.

on snow coverat the Ecole Normale Superievre in Montrouge,
on several samples taken from the beaches and littoral
sand dunes of the ccasts of France (meesurements were

made in natural sun light).

measurements were performed in spectral bands matching
of the LANDSAT MSS system, using two types of radiometers

820 - 10 A ERTS radiometer head manufactured by Gamma
Scientific,

EXDTECH 100 - A ERTS radiometer manufactured by EXOTECH
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Each measurement seguence is made of :
- reflectance Ri
- 1 [ i o
3Ri (L, + By) x 100/ (L, « G ) 1 e1

- normalized reflectance R

Ni '
{RN1=R1/R11;£@;I S
with @
LC = valtmeter output when measuring the target radiance
Gc = gain set when viewing the target
LV = VOiﬁEﬁer output when measuring the downwelling
i;radiance
BV = gain set when viewing the sky
i = ghannel index

Measurements ére presented on the following tahles (Tab. Z2.6.C)
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- Exemples of spectral signatures

= Laboratory sample studied in daylight

e

d = depth of Secchi disk (in meters)
‘E = EXOTECH radiometer, mocdel 100-A
G

= Bamma Scientific radiometer, model B20-10 A

Sample

Material

" 8ite

refleckance (in %) .

MSS4 MSSH MSSE MSS7

01 E beach sand Mont St-Michel 31 34 42 41
Bay 1 1.10 1.35 1.32

gz € beach sand | Mont St-Michel| 52 55 65 66
with shells Bay 1 1.08 1.25 1.31

03 E shell bar Mont St-Michel 67 B9 64 a2
"~ Bay 1 1.03| 1.25] 1.22

o4 E very dry Mont St-Michel} 32 30 37 36
' . tidal clay Bay 4 0.94f 1.18| 1.13

05 E dry tidal Mont St-Michel| 28 29 34 30
clay Bay 1 1.4 121 1.07

06 E humid tidal{ Mont St-Michel| 24 22 .27 26
' clay Bay 1 0.2 1.13| 1.08

07 E Salicorne Mont St-Michel| 11 " 10 53 89
) - field- Bay 1 0.91 4.82 | 8.27

08 E Obione Mont St-Michel| 412 10 63 86
field . Bay- 1 0.83| 5.25| 7.47




Tab. 2.5.C (Suite)

Reflectance (in %)

Sample Material Site MeS4 MSS5 MSSE M3 7

08 E Heach sand Saint 63 BS 78 &1
with shells Enogat 1. 1.03 .25 1.28

10 eE beach sand Deauduc 42 42 54 54
poeint 2 1 1.29 1.23

11 eE beach sand Soulac 64 70 a8 68
1 1.09 1.38 1.38

12 eE- damped Soulac 38 38 50 50
beach sand 1 1 1.32 1.32

i3 eE dune sand Arcay spit li] 67 88 82
1 1.18 1.53 1.53

14 eE beach sand Arcay spit 49 56 76 77
1 1.14 1.55 1.57

15 eF dry™ Dbl marsh 14 15 39 50
pasture- 1 1.07 2.78 3.57

16 eE’ dune sand Kersidan 69 76 33 a3
1 1.40 1.35 1.35.

17 ek dune sand Trevignon 49 61 80 93
1 1:24 1.084 1.80

18 eE dune sand Rospico 45 54 B2 89
1 1.206 1.82 1.88

19 eE dune sand Kerbaven 53 61 30 98
1 1.15 1.70 1.61




Tab. 2. 6.C {Suite)
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reflectance [(in %)

« 4 .
Sample Material Site MSS4 M3S5 MSSE | MeS7
20 eE beach sand Guimorais 55 535] a2 81
1 1.20 1.49 1.47
21 eE beach sand Kelopidan 66 65 81 81
4 “1 1.23 1.23
22 G snow Montrouge 70 78 68 62
1 1.11 0.97 0.8%
23 G snow Montrouge 58 B6 64 60
1 1.14 1.10 1.03
24 G sNOW Montrouge 60 70 68 65
1 1.17 1.13 1.08
25 G _ thawed Lille 22 23 68 g
lawn 1 1.05 3.09 4.09
26 G lawn Lille 2| 10 42 57
1 1.-14 4 .67 6.33
27 G beach : Collioure 4 17 25 21
pebbles 1 1424 1.78 1.53
28 G beach Sete 18 15 32 36
pebbles 4 0.83 1.75 1.98
29 G dry beach Collioure 18 21 20 20
sand 1 1.18 1.14 1.13
30 G dry beach Port 1la 22 28 - 30 33
sand Nouvelle 1 1.30 1.37 1.52




Tab.

2. B.C (Guite)
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reflectance (in %)

[=] . .
Sample Material Site sS4 MSS5  § 1MSSE Mss7
31 G dry beach Fontignan 15 23 24 26
sand 4 1.56 F.58 171
32 G dry beach Fontignan 10 13 14 1B
- sand i 1.32 1.41 1.58
33 G rippled dry Port la 24 31 29 36
beach sand Nouvelle 1 1.32 | 1321 1.50
34 G beach sand Port 1a .8 11 11 17
undexr Film
of water Nouvelle 1 1.40 1.44 2.13
35 G beach sand Sete 16 24 26 27
under film
of water 1 1.51 1.62 1.87
36 G beach sand Sete 17 25 28 31
under +ilm
PF water i 1.46 1.B1 1.78
37 G rippled damp| Port la 11 12 18 26
beach sand Nouvslle 1 1.05 1.38 2.2%
38 G damp beach Port la 16 21 21 25
sand Nouvelle 1 1.33. 1.38 1.63
39 G damp beach Sete 25 34 37 38
sand 1 1.32 1.46 1.50
40 G damp beach Frontignan 19 25 25 30
sand 1 1.33 1.33 1.861
41 G shell sand Sete 27 37 47 50
‘ 1 1.39 1.57 1.87
42 G shells and Sete 36 45 47 66
pebbles 4 1.28 1.32 1.85
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Tab. 2. 5.C (Suite)

. . reflectance (in %}
Sample Material Site NSS4 MSS5 MSSB nsS7
43 G shells Sete 24 39 45 52
' 1 "1.84 5.89| 2.48
4 G " shells Frontignan 14 20 24 27
1 1.40 1.87 1.88
45 G muddy Sete 10 14 17 21
gand 1 1.34 1.67 1.39
46 G, muddy Sete 12 18 19 21
sand 1 1.43 1.57 1.73
47 G muddy Sete 13 18 - 19 24
sand 1 1.39 1.48 1.63
48 6 muddy Sete 15 21 2 24
' sand 1| 1.4 1.45| 1.58
43 & muddy sand Sete 18 23 26 31
b .
with #ilm 1 1.27 1.47) 1.72
of water ]
50 G red soil Frontignan 10 30 .| 43 47
1 2.94 4,18 4,60
51 6 muddy sand Sete 7 10 14 10
with film ;
of water 1 1.38 1.94F  1.45
52 G " muddy sand Sete 7 10 14 10
. with film .
of water 1 1.25 1.86] 1.35
53 G muddy sand Sete 8 10 15 12
with film -
of water 1 1.38 2.01 1.54




Tab. 2. 8.C (Suite)
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reflectance (in %)

Sample Material Site MS34 MSSE MSSE MSS7
54 G cbionhe -fisld Sate 8 12 &1 59
il 1.50 5.31 7.53
55 G obiona field Sete 7 12 47 G0
1 1372 5.84 8.38
56 G salicorne Sete 4 5 i2 20
field 1.1B6 2.86 4.93
57 2} acean Port Vendres 1.88 g.81 0.44 0.27
d=3.0m 1 0.44 0.22 0.15
58 G pcean Port Vendres 1.80 1.04 0.45 0.30
d=3.0m 1 0.55 0.24 0.16
59 G ocean Port Vendres 1.70 0.81 3.30 0.21
' d=3.5m 1 0.48 9,18 | 0.12
80 G gcean Port Vendres 2.15 1.13 -0.45 G.65
d=3.5m 1 0.53 D0.21 0.30
B1 G ocean Port Vendres 1.88 0.90 0.38 0.21
d=4.0m 1 0.45 0.499 0.11
62 G gcean Port Vendres 1.92 0.98 0.44 0.22
d=4.5m 1 0.52 0.23 0.11
B3 G ocean Port Vendres Z2.13 1.25 .75 .85
d=4.5m 1 0.59 0.35 0.40
64 G ocean Port Vendres 41.87 0.77 0.28 0.18
d=3.5m 1 0.41 . 0.15 0.10
B5 G ocean Port Vendres 2.00 1.28 1.0% 1.14
d=4.5m 1 0.85 0.55 0.56
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2. 7 - DETERMINATION OF TIDAL CURRENTS AND TIDAL HEIGHTS

Since @ large part of the works of the FRALIT team are related to the
tidal coast of France, it was necessary to compuie the tidal heights

as well as the speed and heading of the tidal currents at satellite
overpass. Those determinations were drawn from cata collected by the
Service Hydrographigque and Oceanographigue de le Marine and sometimes 1
other data sources (E.D.F., direct ohservations, ...).

Figures 2.7.1 through 2.7.18 provide this‘tyne of information for
15 images of the French Atlantic littoral which were computer processed

‘processed by the FRALIT team ; those images are ordered by geographical
area and for each geographical area by chronologieal order.

Latitude Orbit Date ., Tidal
axes axes . coefficient
2B 217 -~ September 27, 1872 Sé
" " March B8, 1973 4100
" 218 June B, 1975 55
" " July 30, 1875 56
" . » October 28, 1875 47
27 217 September 27, 1972 92
» " March B8, 1973 100
» " July 23, 1875 65
" " March 28, 1876 70
" " June 8, 1978 ‘ B85
! . - June 26, 1976 68
" 218 October 28, 11975 - 47

) 28 21B July 11, 1973 44
" " Jure 4, 1875 B 45
" " December 449, 1975 84
b 217 March &, 1873 100
" ‘ " July 29, 1975 " B5
28 216 June 4, 1975 64

Note :-Tidal coefficients one locally determined for satellite -
overpass with high water in Brest.
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3 - SIGNIFICANT RESULTS AND ACCOMPLISHMENTS

3. 1 - AN AUTOMATIC CLASSIFICATION OF LANDSAT-2 DIACHRONIC DATA ON THE

FORESHORE OF THE ISLAND OF JERSCY

3. 1.1 - Data description

2

Landsat-2 data from June 5th 1875 and July 30th 1875 were used
to draw up a diachronic (multitemporal) map of the island of .
Jersey. These two dates were chosen for the differences in tide
levels between them. In the first case, satelliie overpass toock
place 20 minutes afier low water at 5t-Helier, and twenty
minutes after high water in the second case.

Data processing

Diachronic prosessing reguires the overlayging of the two
digital images, using significant landwarks identified on

single channel imegery as tiepoints. At the end of this step,

a single date file is availeble, where each pixel is characterisz-
zed by eight different spectral bands (4 bands for each datel.

Preliminary to dat analysis, radiance histograms in each ot

the B spectral bands are divided into radiance intervals. This
subdivision is used in order to genegrate a binary coding of ths
original data. Whan the radiance histogram of a spectral band is
unimodal it is divided in isopopulation intervals. However i<

,this‘distributicn in bi or multimodal; a rapid interpretation

of the main spectral contrasts allows to interactively adapt the
radiance intervels to this situation. This second situation was
the case for the MSS7 bancds at the two differents dates snalysed
here. The emphasis was put on the contrast existing between sea
and land signatures.

After correspondence analysis of coded data using the FRACAM
system, a hisrarchical classification reveals the similaritiss
existing between spectral bands. The groups of spectral bands
thus determined are displayed as nodes of a hierarchical tree
structure {dendogram) in Fig. 3.1.A,

The lenght of each branch of this tree is proportional to the
distance between the groups it links. Dperator interaction is
required for the determination of the maximum group diameter

as well as the number of desired groups. This step is followed
by an adaptative elustering of radlance spectra leading toc a
spectral classification.

It is possible to control the resulis of this classification by
displaying the class spectral histograms and spectral statiszics.
The analysis can then be refined in a layered fashion by reprocss:
sing each clags for further subdivision. The present study being
mainly related to the tidal flats dynamics, classes 3 and 7 wsre
subdivided in 3 subgroups each.
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1 ik sandy beach, scattered.:houses

2 2 town, dense-suburh
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5 = | vegetation L s B sgatfered surbub
' .-— '
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s L] sea—at both dates 72 ## damp tidak flats

73 == bare rocks

Fig. 3.1.A - Spectral similarity trees between mapped categories
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1.3 - Interpretation of classification resulis

The map lsgend (Fig. 3.1.B] shows esach taxon in its relative

*position within the hierarchy defined by the classification.

For interpretation purposes, two types of taxons have been defined
according to their variability in time. On the whole, taxons with
a similar spectral signature at both dates can be opposed to thossz
with strongly varying spectral signature.

& - Categories with low diachronic veriation

. Class 1 shows the upper part of beaches {South and south-east
coast) which was not covered by the neap tide of July 30 th.
It alse borders class 2 and oceurs inland, generally, where
it shows low-density buili-up areas.

. Class 2 covers the town of St-Helier and the disconiinuous
urban areas aleong the Scuth and East coasts.

. Class 31 occurs along the North cosst in moorland. This subsst
of the vegetation class was individualized during the second
stage of classification.

Class 33 shows low density built-up areas.

. Class 4, 5 and B are different types of vegetation. The same
symbol has been used toc map them because of the lack of
approriate ground-truth data for accurete interpretation.

. Class 71 represents bare rock, in the cliffs to the North East
of the island, and in the new harbour area under construction
sotthward of St-Helier.

. Finally class 8§ is an exampls of "false stability” in time
since it shows areas which were covered by the sea at both
dates.

b - Categories with strong diachronic variation

These are mostly foreshaore areas, with a land-type spectral
signature at low tide and a sea-type signature at high tide.
At the first level of classification, the Toreshore was
defined by class 3 and 7, but some of their subclasses are
in fact land area as mentioned abova.

Cless 31 and 72 show different moisturs levels ideally
illustrated in St-Aubin's bay where class 1, 31 and 72 ccour
in segquence between the high and low tide marks.

Cless 71 covers thz emerged parts of the rocky shoals south-
east of the island.
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3. 1.4 - Critics

The diachronic classification used Ffor this study has both the
simplicity and rapidity of implementation of post assisted
automatic classification, and the good identification ebtaired
by diachronic teehniques. For observation of rapidly changing
terrain tvpes such as the foreshore, diachronic technigques make
the best possible use of the respetitivity and fairly good
geometric repeatibility of satellite remotely sensed data.

~



_gs_

3. 2 - INTERPRETATION OF LANDSAT DATA ON THE LANDWARD PART OF THE
FROMENTINE TEST AREA

3. 2.1 - Data description

Data analysed on the Fromentine test area- are related to the
following dates of overpass :

27 September 1872 - LANDSAT 1 -

i1 July 1973 - LANDSAT 1 -
29 July 4975 - LANDSAT 2 -

3. 2.2 - Data processing

The Fromentine test area has been analysed using varicus
analysis techniques described in part 2 (Cf 2-2 to 2-5).
The results presented were respectively related to the
following dates : 27 September 1872 (of. 2-3), 11° July 18973
(cf 2-4) and 29 July 1875 {cf 2-2 and 2-5).

3. 2.3 - Interpretation of results before classification smoocthing

The interpretation is restricted to the landward part of the
Fromentine area including the sand beaches which are ofien
difficuli to specirally sepsrate from the barren cocastel dunes
in the southern part of Noirmoutier island as well as along
the Breton marsh.

Comparisons are made between results more then between processi
methods because they usually depend upon the guality of operato
assistance., This parameter has obviously improved in time with
the knowledge acquired by the FRALIT team on the test area.

A certain number of conclusions can be drawn :
a - All methods of classification easily separate water from
land categories

b - All methods of classification map relativély abondant sand
formations which present high radiances for the whole set
of MSS spectral bands. Their spectral separation is usually
the best {cf. 2-3, AGREG). This catepgory is associated te
barren sands, sandy bars and various open spaces with varyi
proportion of buildings and sands.

c - The varicus classification technigues are usually successfu
in the separation of the maritime pine forest (Monts forest

_<$bv . The FRACARTE classification (Fig. 2.2.C, 28 July 1975} maps
€§>‘S§ in category 8 the well cutlined forest area as well as
Cé&* . polders which were taken over by the sea.

. The AGREG classification (Fig. 2.3.D, 27 September 1972)
displays a restricted and homogeneous forested area (categor
Certain parts of the ferest under peculiar stress condition
have been omitted but on the sversge the recognition of the
Monts forest by this classiTicetion is excellent.
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» The FRACAM classification €Fig. 2.4.N, 11 July 1875) splits
the forest into two parts ;
31 to which are associsted the low parts of the old
‘Grande Prise poldezr and a part of the Monis forest ;

and 33 where an other part of the Monts forest is displayed

A FRACAM classification of another date (28 July 1875] is
presentad in Fig. 3.2.A. It also pointe out & division of the
Monte forest into two perts. The first symbol is related to

a dense stand of maritime pines which comprises numerous young
trees along the Monts coastline or older patches of wealthy irees
It is this defser part of the forest which is associated to

the old Grande Prise polder taken over by the sea. This confu-
sion is due to the fact that the spectral signatures of those
two types of objects are quasi identical (of. 2.2.8).

Could it be that the use of a multitewmcoral approach would
eliminate this ambiguity whick is presant for the LANDSAT
scenes of 11 July 1973 and 28 July 1375 ? This similarity
between spectral signatures of otherwise distinct types of
objects makes their possible separation a difficult task, in
partieular whern this confusion .can be repeated in the data of
distinct dates (11 July 1973 and 25 July 1978). The use of
diachronic data could save this problem if for instance one
of the survey dates would correspond to the flood of a very
high tide (which is impossible due to the time periodicity

of LANDSAT coverage) or the period following the uncovering
of old pclder by the sea. In this sacond type of situation the
presence of water in one of the envirommerdts (old polder)
assoclated to its absence in the other one' (forest) would
help in order to perform a successful separation.

The other types of lafd use are mapped with a varying amount

of success by the various classifications. We will only compare
the results cobtained for the 28 July 4875: Aby FRACARTE (ef 2.2.C)
and FRACAM (Fig 3.2.A). ARy

Dneremark has to be done befnre any 1nterpretétinn - The mapping
of agriculture areas was not undertaken in Ffull”’ eetall during
preassistance of FRACARTE. Motivations of the operator were
biased by a coastal mapplng appro%ch sp that more details were
sought in tidal fiats or ocean waters than in the vegetated
marshes. On the contrary the operator while performing the
FRACAM coassistance phase is teking .into ‘account the spectrsl

- statistics of the data more than, the "a prieri” nature of the

E

environments to be mapped.-
For the FRACARTE'016551$1ca110n two symbols only are assoc-ated
to the marsh land use type.

- symbol 9 is related to psammophyte dune cover, most
of the marsh pastures as well as some of the cultivated
firlds of Noirmoutier island and the Breton marsh ;

- symbol 10 represents essentially cultlvated afeas as well
a5 come grass pastures,



Or the contrary, the FRACAM classification results propose
gix different categories on the marsh !

1

symbol 3 : cultivated areas (mostly on the rim of the
Monts forest)

- symbol 4 : partially built open spaces (Fromentine, th
Batre de Monts pier, La Fossel ;

- symbol 6 : psammophyte covered dunes, marsh pastures ;

- symbol 7 : cultures with small plant canopy cover most
on sandy soils ;

- symbol B8 : vegetation along drainage ditches and canzl

symbol @ : lower parts of polders taken over by the se

3. 2.4 ~ Interpretation of results after classification smoothing

We will compare the mapping results of the raw and smoothed
FRACAM classification of the 29 July 1875 data set. Cartograph
improvements due to classification smoothing will be assassed
(Table - 3.2.B). .

a - Common properties to the two types of smoothing

It is noticeable that conditional and majority vote smooth
algorithms have the common property to suppress artificial
categories generated by the classification procssses at th
boundary between two types of well contrasted objscts.
Symbol 5, for example, is mostly representative of muddy
tidal Tlats but it has been introduced as an artefact alon
the seaward part of the Monts forest sandy soast (Fig 3.2.
This misclassification can be sliminated by each of the
smoothing algorithms working on "clean" categories such as
the sandy beach (12) and the turbid part of the sea water

In the Noirmoutier island, the Trou de Ssbastopol (lines
24 to 25, columns 5 to 6 in Fig 3.2.A} is partially stable
under a two fterations conditional smoothing. The pixels o
this water pool take very low values in M337 which are ver
different from those taken by the surrounding pixels. This
spectral discontinuity insures the stability of the Trou d
Sebastopol pixels through conditional smoothing because th
process is more influenced by spectral contrasts than by t
relative geographic position of the pixels (Fig 2.2.E). Th
pool can still be outlined after a simple majority vote
smoothing (Fig 2.2.C) but if this type of algorithm 1s
iterated, the Trou de Sebastopol can no longer be identifi
because it is merged with the nearbv ocean surface (Fig 2.
This confusion is due to the suppression of the polder dit

. which separates the pool from the Bourgneuf Bay.Msjority v
rule does in fact drastically alter linear shaped objscts
like ditches, canals, piers, bridges ...



Cultivated plois represented by two symbol 3 (ligne 99 and
columns 111 to 112, for example) are surrounded by symbol 4
pixels in Fig 3.2.A (unsmoothed classification].

Those plots are left untouched by a two iterztions conditional
smoothing due to the fact that their spectral individuaslity

is good and their shspe is not too similar to horizontal
striping artefacts (Fig 2.2.El. On the contrary, the presence
of category € an the lines 98 and 100 causes the removal of.
those isolated plots at the first iteration of the majority
vote smoothing process (Fig 2.2.CJ.

Cifferences between properties of the two smoothing algorithms

Ceonditional smoothing resulis are usually different from thoss
of the majority-vote algorithm, even if both of them succeed
in suppressing most of the "artificlal” category assignments.

The numerous isolated singularities which are present in our
landscapss, often influenced by human activities, are usually
unaltered by conditional smoothing. This is the case cof small
entities such as : the Trou de Sebastopol pool, the small
clear cuts of the Monts forest, the cultivated plots scattered
in the pastured marsh and assoeciated to farm buildings,
pastures intermixed with the fields along the' rim of the

Monts forest, small pools of the active or abandoned salt
mills. -

The majority vote smoothing, on the contrary, has a trend
towards strong gencrelizations. It is more suited to the
enhancement of global contrast such as the one which separatsz
the forest into two parts. The specific land use pattern aleong
the forest rim, mixing cultivated field ans houses, is also
well outlined by majority vote (Fig 2.2.0).

Each of the two smoothing algorithms has particular sdvantagss
and drawbscks, they should be selected in relation %o the
type of geographical theme to be studied.
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FRACAM classification {28 July 1975)

1o Smoothing With FRACARTO smoothing
FRACARTOD Majority vote Conditional
symbol mapping
e program simple itérated
Fig. 3.2.A Fig. 2.2.C Fig. 2.2.D Fig. 2.2.E
1 1 095 1 236 | 1 303 1 124
2 433 23938 258 380
3 614 472 448 541
4 472 205 . 148 330 -;‘,
3 1 251 1 260 1 264 1 247
B 3 928 4 B1Z 4 864 4 058
7 ag7 733 565 B79
8 1 038 651 50 B75
3 238 163 145 465
10 3 330_ 3 180 3 200 .3 170
11 Z 938 Z 920 2 923 2 841
12 497 554 569 554
TOFal 16 800 16 284 16 284 16 284

Table 3:2.8 - Number of pixels pertaining to =sach category

When smoothing data, a rim of pixels is lost
along each sides of the processed area
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3.-3 - INTERPRETATICON OF LANDSAT DATA COVERING THE LOIRE ESTUARY

An accurate knowledge of the position of sandbanks in the Loire estuary
(Fig. 3.3.A) is essential for navigation up to the major harbour at
Nantes - St Nazaire and the new docks at Donges (10 km upriver). Navigable
channels are frequently dredged to wmaintain a constand depth. Outside the:
channels the shallows silt up comtinuously. This is most apparent off
Paimhoeuf where low tides uncover numerous sandbanks. visible on charts
and survey maps. Extension and location of these banks varies considerabl:
according to map type and date. There are three main causes for these
variations

- The banks have very weak slopes and a& 10 cm error in soundings or
levelling can lead to tens of meters in planimetric error.

-~ The nature of these banks (mud or sand)] makes accurate bathymetrit
or teopographic measurement practically impossible.

- The combined action of currents. waves and estuaire sediment
transport is constantly modifying the size and shape of each bank
These actions can be very rapid, especially during a storm.

Thz long and costly depth-sounding missions are not very frequent. Survey
were carriec out by the Port of Nantes - S5t Nezaire harbour authority in
1868 (resulting in a 1/25 000 scale map) and in 1976-77.

Aerial surveys are also falrly infreguent, and are mérely used for
updating terrestrial topographical maps.

Knowledge of sandbank movements is thus wvery inaccurate and is mostly
based on word-of-mouth reports from loczl fishermen who describe the
difficulties encountered in their navigation and the new channels they
oceasionnaly find.

3. 3.1 - Lendsat imagery useq in this study

Technical conditions seemed. to be ideally suited for an
application of satellite imagery to see if thig was adeptated to
sandbank monitoring. ’

The following table shows the images used and the corresponding
tidal height. :

Figure number Date Source Ti?gezzig?t Cycle
Fig. 3.3.D Sept. 27 1872 NASA 2.37 . £nB
E March 8 1973 " - 1.44 EBB
F July 239 1975 " 3.18 EBBE
G March 78 13976 [felespa- 1.48 FLOW
Ho |oune 25 1978 | v 1.55 FLOW

Two other images were available covering this area but were not
© used because of their high tide level (over 4 meters).
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3. 3.2 - Data processing in relation to local conditlons of interpretatic

Interpretation of the maps shown here is not straightforward

$
S
x‘%fb
$55°
PP
A N

Three of the images show an ebb tide. This situation is
characterized by powerful seaward currents with a heavy
sediment load which is largely carried out to ssa. These
currents sweep Lthe shallows and raise most of their fine
sediment cover. It is therefore fairly difficult to distingud
ths actual sandbanks From_turbid water.

The flow tide which predominates on the remaining two image:
brings clear oceanic water into the estuary and the banks ai
then clearly distinguishable.

Four transects (Fig. 3.3.B and 3.3.C) have bsen drawn up
near the Banc de Bilho : two show ebb tides with Nasa-type
digital values (5 to 8 in MS57 for emerged banksl and two
flow tides with Telespazio digital values [20 to 40 M357 for
emerged banks). In both situations, the distinction between
banks and waler is easiest when the river outflow is lowest.
During the low discharge periods, the estuarins turbidity
area does not extend this far down channel whersas in flood
periods this turbid area extends further seaward. '

The part of the river betwesn the port of St Nazaire and thi
new docks at Donges is heavily industrialised. Aerial pellu;
is gccasionally blown eover the study area (ef Fig. 3.3.F) .
has a similar spectral signature to sandbanks. This can lea
to eertain misclassification. Urban areas are alsp misclass:
fied but their known position does not hinder interpretatio!

Finally, the most difficult element of misclassification is
the quasi-identical signature of turbid water and sandbanks
Fig. 3.3.E shows a long turbidity plume near Mindin PRoint,
developped in the same direction as the current. This is
probably connected with the drilling opsrations in progress
then for the construction of a bridge across the estuary at:
St Nazaire. There is a second, lighter, plume to the north,
where drilling was less advanced. The muddy waters move
alternately up and downstream with the tides.

3. 3.3 - Significant results on the esvolution of the sandbanks

Observed variations cannot be accurately measured due to the |

differences in ssa level betwsen satellite overpass (1.74 to 0.!
meters] : pixel size is not compatible with this type of scene
variation. i

a -

|

Overall evolution from 1872 to 1976 : Throughout this peric
at similar tide levels, the banks reduce in area. The two
high river discharge images (3.3.E and 3.3.G) show over a
two year period an identical outline for the Bilho bank te
seaward whereas upstream the bank has receeded in same tim
to a line joining Paimboeuf to Montoir. The Brillantes bank
has receeded at both ends, partly because of dredging
operations in the sccesschannel to Donges harbour.




i1

Coded- M537 "Val

Coded_MS57 values

>

-

e

PR

40 ]
30 ;
20,

10

-.405 -

NV

chenal de navigation
’ " banc de Bilho

R

_SE

- 8 Mapch- 1973 - F‘:LDVJ:.“: .

MW

. chenal de navigation o
l - . banc de Bifho

- . "

- SE

27 September-= 1972 -~ - CH

’

Flg. 3 3. B - Rad10Metr1c trhnsects cuttlng through

the Banc de BllhD-
... -Trom NASA .

LANDSAT 1 data racelved



- 106 -

nw o ST SE

- *

chenal de navigation

. - L - “ N banc de Bilho

T b

Coded‘MSS7;;alue§

30 4

20 4

10 ]

- 28 Hlarch 19767 = FLOW

i rwo SE

70 ] chenal da nawgat:on

a—t

valles

1 _ :.-,"- banc de Ritho

60
50 |
40

§o.

- Coded MSS7 -

20

" . 26 Jurte 1976 ~ 2EBB=. .

Flg 3 3 .C - Radioietric transects eutting through’

. - 77 the Bant de Bilho<-LANDSAT-1 data™ received ~
_from_TELgSng;D



- 107 -

The Mindin bank, clearly visible in 1873, has almost
disppesred in 1875 where it is chscured by smeke from the

St Nazaire area. The St Brevin bank, extensive and separate
from the coast in 1873, is not apparent in -1976. Finally ths
Pointeau bank with its typical y-shape is considerably reducsc
in 1976. Thus the overall picture is an erosiocn of all the
banks between 1973 and 19786.

The three low river discharge images confirm this interpreta-
tion gspecially. since the waier level is lowest at the time
of the most recent image : Biiho and Briliantes banks are
truncated to the north, Pointeasu bank is thinned out and

St Brevin bank has disappeared.

b - Seasonal variations

A seasonal cycle can be distinguished between the March
images on one hand and the June and July cnes on the other.

. The Bilho bank is seasonally stable, with little or no
variation in its outlins but the highest. points of this
bank (darkest tore on the maps) movefairly regularly upstres
from March to September. Remarkably, one of the culminating
points in the March imagery (Fig 3.3.E and 3.3.G}, located
farthest downstream, dissppears completely in the otherimag:

<&§% \ The St Brevin bank is well separated from the coast in 1872
,gkgzssfb (Fig 3.3.D), and enly linked to the coast at Mindin Point.
§3J<ﬁ§ During the winter, the whole bank moves nearer the shors

and increases in height at both ends (Fig. 3.3.£). In March
1875 (Fig. 3.3.G) the rewmsining vart of the bank is up
against the coastline for most of its length. In June 1376
(Fig. 3.3.H)} the bank is praStically indistinguishabls . from
the coastline. It appears, thus,.that this bank is gensrally
further offshore in the springtime than in thes summer.

. The Pointeau bank forks into branchess in the spring (3 in
1973 : Fig 3.3.E, 2 in 1876 : Fig 3.3.6) beginning at the
Pointeau point and apparently modelled by currents. In June
these branches are assembled into & triangular shape and
in September a single curved ridge remains, probably reworke:
by the swells which strike it head-on.

¢ ~- Possible causes for these variations. For the three banks
which show & seasonal evolution (Bilho, St Brevin. Pointeau)
the'spring state is conditionnad by the geomornhological
aciion of ebb-tide currents. The banks are streiched downstres:
into divergent branches in the outer estuary. In the inner
estuary, the banks move downstream where they are built up to
& peak. Conversely in the summertime, when river discharge is
reduced, wave influence is predominant and the banks are mavac
inshore and their outline is simplified, occasienally concavs
seaward. The banks of The inner estuary move back upstream
and their situation is stabilised until the next spring floods

3. 3.4 - Conclusion

-

Llong term svolution of the Loire river sandbanks has been evidences
despile the scarcity of available imagery. Possible sxplaneations
have been proposed for the evolution but they can only be confirms:

by use of more frequent data covering other pericds than spring or
summertime. -



] (el S5-4 nss- nse- =
o otk TAXONS n 3 55-6 ns5-3

128 1-128 1128  S5-8

1128 1129 1-128 =i

E

1-128 1128 1129 « 3-3

N
»

o 1 2 Kkm

Fig; 3.3.D ~ Cartography. of Sandbanks from LANDSAT
(Sept 27 1y77)



- 1688~ -

e i 2

“Fig. 3.3.E < Cartography of sandbanks from LANDSAT
(March 8 1973}



- 110 -

TAYONS [pi nss-3 11555 nSs=7F

Ereiid
FICMMRCN.

i-128  1-128  14-23 1-9

2 N

3 x

&
ko

Pl

£

0
} ﬁ Km

Fig. 3.3.F.- Cartography of sandbahks from LANDSAT
(July 29 1875) ’



111

1-128 38-43

nss-6 rss-1
1.128 32-33

1428

1128

.
hss-5

1-128

1-128

sS4

AP ARNAA
AANAIANN
SAAMAA N,
AAPAARAS,

3.3.6 - Cartography of sandbanks from LANDSAT

Fig.

{March 18 1878]



112 -

o o a )
I S S
[y =] L)

(] ™
g g <
¥ § =
™ [v)
1 dt. i)
for] jar)
n mm & 5]
4 - % 5 T
B o ht R
8 8 2
5 % D
o Lo (1)

——
pem———

y a:,;

ﬂwwwww

mmmwwmgw |

_szd
X

1

AN

i\
\

\

/‘—;/f
W

¢
A

i
_:Ww‘. mew

et Al
. ﬁwﬁ%‘%@%%%

[RAN]

1AM

o UANDSAT

g fr

dbank

an

y of 5

Cartograph

3.3.H.

Fig.

(June 268 1978)



- 413 -

2. 4 - INTERPRETATION OF GDTA SURVERYING OF MONT SAINT-MICHEL BAY

3. 4.1 - DATA SET SPECIFICATICNS

The aerial survey was carried out by the GOTA {Groupement pour le
Développement de la Téléd2tection Agorspatiale) on 26 June 18975 using
a plane of Intilul BGeograchique National.

a - Description of radiometers

Two DAEDALUS multispectral scanners were used in the visible and the

"thermal infra-red part of ithe slectromagnetic spectrum.

These electro optical sensors are equiped with a mirror rotating at
80 r:q.s. and the entire optical system has an instantaneous fisld
of view of 2.5 milliradians.

In the visible spectrum the DABDALUS radiometer is equipped with a

set of ten detectors whose wavelenghth characteristics are listed in.
Tab. 3.4.A. In the thermal infra-red a second DAEDALUS radiometer was
used with two spectral bands whose sensing windows are

- 3 to 5 micrometers

‘H_B to 14 micrometers

The analog output signals were recorded on a SANGAMO SABRE IIIX
14-channel recorder along with & digital time bas2 and continucus

. flight parameters such as : heading, roll and pitch.

Calibration schemes

The DAEDALUS radiometers ares equipped with twoe internal calibration
sources which are viewed at sach mirror rotation before and after earth
scan, they are called positive end negative reference values, respecii-
vely R" and R. .

Transformation from output voltages to calibrated values is done on

the basis of a running average of the R" and R™ time serios with a tima
lag of 9 scans. Finally each of the 512 sample points o & scan line
are transformed into calibrated values, using the following formula :

v .
el

(C.x V.. ~-R.) /IR, -R.)
i al al

bi ai

where :

<
1}

calibrated radiometric values of spectral band i
Vb = ouﬁpu% voltage of spectral band i before transformetion

C. = amplitude coefficient of spectral band i used in
order to generate an B bits (256 level) coding of V_
L=

R__= running average of negative reference values Tor
speciral band i

ai= running average of positive reference velues for
. spectral band i



114 ~

Channel Spectral band (in um) Ne De .[I)
1 0,38 - 0.42 3.0 %
i 0,42 - 0,45 1,3 %
.3 0,45 - 0,50 G,4 %
4 - 8,560 - 6,55 0.3 %
5 0,55 - 0,80 0,2 %
[§] 0,GG - 0,65 0.2 %
7 0,65 - 0,70 0.2 %
8 0,70 - 0,80 - 0,2 %
9 0,80 - 0,89 0,2 %
10 0,92 - 1,10 0.3 %

Table -3.4.A - Spectral bands of the visible

()

DAEDALUS radiometer

: Ne De is the minimum detectable

reflectance incrsment
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-

The amplitude coef¥icient Di is determined for =ach visible speciral

band 1 as
Ci = Li X Ki {visible and near infra-red)
with
L, = calibration coefficient egual tc the equivalent
1 . , . Lt
radiance of the built-in refersnce source
Ki = conversion coefficient ensuring an 8 bit ocutput cods

It is worth noting that K, is different from one spectral band to the
next but is also dependen% on the surveyed scene.

In the thermal infra-red, deteriminatiocn of Ei is slightly different ¢

c. = (T., - T..) »-K, [(thermal infra-red)
i 12 i1 i
with
T'1 = pquivalent black body temperature of the negative
* refersnce source
TiZ = equivalent black body temperature of the positive

reference source

¢ - Survey. planning

The surveyed ares (Fig.3.4.B] is orgenized as a meridian transect going
" from the Dol marsh in the south to the Chausey islands in the north.

It displays transitions between various environments such-as : a precem-

briasn formation, a cultivated marsh, some semidentary and rocky tidal

Tlats and various gradations of water turbidity.

Data gethered on 26 Juns 1975 are organized in five different overpasses
labeled o to e(Tab.3.4.C). Results presented here are related to
overpass ¢ bescause it was the only one for which phetographic documents,
DAEDALUS analog displays and corresponding digital data were available.
Furthermore at time of survey {15h 20 mn) hydraulic conditions were good
because tidal flats were uncoversd by a low tide of coefficient D.78.

During the days precesding the survey ncvrain precipitation was noticed
and winds were measured at the Pointe du Grouin semaphore as N.W with
a 3 to 4 m/s spesd.

Data processing

Computer compatible tapes were generated by GOTA Tor overpass 1 and 3 which
are labeled & and £ in our nomenclature. Data analysis was limited to &
subset of overpass o which regrouped a representative sample of objects

to be mapped.

Different data processing methods have been used regarding the thermal intra
red temperaturs imagery and the measured radiances in the visible and near

T infra-red.
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Overpass Site Heading Altitude | Photography | DBEADALUS DAEDALUS
(1) analog digital
imagery date
o Cancale 10° 2510 m Yes Yes Yes
B (4} Cancale 210° 4875 m _— S— —
Mont
Y ) | si-micher| 350 5060 m S — -
) Cancale 40° 2510 m Yes Yes No
€ Cancale 190° 2510 m No Yes Yes

Table 3.4.C - Missions characteristics of
Mont Saint-Michel GOTA survey

(1) :

(2]
(3] :
(4]

(5] :

Infra-red photography taksn with a WILD RC8 camera
of 152 mm Tocal length and 74° aperture

: channels 3, 4,

5, 10 and thermal I.R.

channels 1 to 5,7, 9, 10 and thermal I.R.

: documénts not aveilable

.documents available at I.G.N.
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a - Thermal infra-red proecessing

Data recorded for the 8-14 um band are transformed into surface tempere
tures using calibration parameters stored in the first records of the
mzgnetic tepe. Output of this preprocessing phase in a Tile of pixel
values in Celsius degrees uncorrected from atmospheric absorption.
irormat of this file has been made compatible with the input fTormat

of the NOAA VHRR thermography processing progeem (TSS system).

Following treatment done by TSS is in two phases

- removing of striping effect noise‘by resetting the sequence of
lirne histograms

- smoothing using & 7 x 7 boxcar filter corditioned to contrast
‘enhance significent boundaries. .

Results can be displayed on various peripheral eguipments : line prirte
electrostatic printer-ploiter (VERSATEC) for intermediate maps and
incremental color pen plotter (BENSON) for finsl edition.

b - Visible and near infra-red processing

Measurements recorded in the eight chennels (C4 to C5, C7, CS and C10)
are preprocessed in order to estimate end subsequently correct for
along seanlines systematic bias trend. This trend is due to the veristi
along the scan of the relative geometry of viewing angle versus solar
angle. -

After bias correction, the different typesof ground cbjects ere cete-
gorized using the FRACAM interactive classification system (cf 2.4.)
Some groups can be subdivided after the initial classificetion phase
‘using the adaptative descending classification approach.

Fipal results are displayed as color maps using the FRACARTC program
f£6f  2.5).

3. 4.3 - Bignificant results

a - Test area presentation

The, test area presented here includes most of the infra-tidal and
continental categories which can be characterized=in the west part of
Mont Saint-Michel bay.

Category and terrain deseription are drawn from observations which
were made at airplans overpass time or a few hours after it.

a - 1 - Infra-tidal zone

The infra-tidal zone is characterized by flat expanses always
carbonate rich with a N.W oriented slope ranging from 2.5 o/oo

to 3 o/o0 along tidal channels.

a - 2 - Infra-tidal zone

In front of Vildé - la - Marine village where ground- trutﬁ Was
collected, the tidal flats are wide (of the order of 3 km in
width) and dip to the sea with & gentle slope {of the order of
3 o/o0). Sediments are made of "tangue” which is granulometry
and minerally defined as follows
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Fig 3.4.0 - Localisation of categories (taxons)
present on the infra and inter-tidal zones
A to F : diatomee samples ; 1 to B : sediment

samples :

d. : turbid to non turbid water ;

3. : Tlooded mussel nurseries

III : dry mussel nurseries :

Iv : mussel nurseries on diatomee covered "tangue” ;
V : diatomee covered "tangue” ;

VI : bare "tangue”

MII = fish traps

VIII : channel ;
IX calcareous sand bar ;
X tidal flat (schorre)

e wn
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- particle size median between 6 and 103U m ;

- percentage of the 2 to 200U m fraction ranging betwsen
51 % and 84 %

©, o,

- percentage in carbonates ranging from 28 % to B5 %

Thee is a trend to larger particle sizes and coarser sediments
near the coast line (Fig.3.4.0 and Tab3.4.E, samples 1 and 3).

During the survey, concentration in organic matter was found to
constant over the whole tidal flat surface with values ranging
from 5 % to 7 %. On the contrary sediment water content was
decreasing landward from the low tide line (36.5 %) to the salt
marshes (18.5 %).

Finally, large expanses of the low flats were covered with a fir
layer of diatomees (Tab 3.4.F).

In the upper part of the inter-tidal zone the monotony of "tangu
flats is disrupted by sandy levees. The shell-rich material of
these levees is quite different from "tangue” granulometry as
well as their concentrations in water, carbonates and organic
matter (Teb3.4.E, samples 4 and 5).

The only main tidal channel is the Canal des Allemands. It is
deeply cut into the upper part of the flat resolving to a modest
opening near the sea line.

It is also noticeable that the "tangue” flat bears a large numbe
of human artefacts ; fish traps which are one to two meter high
wooden constructions, mussel shells poles scattered seaward of
the traps.

Near the upper part of the flat, the salt marsh (schorre) is
gradually taking over the "tangue”. The salt marsh is limited ir
the test area to a narrow triangular surface on the east bank oi
the Canal des Allemands. Its gramelometry and mineralogy are sin
to those of the "tangue” (Tah3.4.E, sample 6). It is, however,
different from the barren flat in its morphology and bears salt
tolerant plant grouth mostly composed of Puccinella maritima,

Aster tripolium and a thin strip of Obione portulacoides along 1
channel banks.

Continental zone

‘very close from "tangue”.

b - Results interpretation

Behind the Duchesse Anne Lyke, the test area extends over the
Dol marsh. This cultivated area has soil properties which are

b - 1 Thermal infra-red

Interpretation of results obtained in the 8-14 um wavelengths
has helped in outlining several interesting phenomena (Fig. 3.4,
Going landward from coastal waters to the Dol marsh :



http:Tab3.4.Et

: 20-2 mm r 2-0,2 mm : 200-20 m ; 20-2 m :inf. 2 m : Orgenic :Carbonate : Water :
Samples @ | o cn o - ; PR

in % : in % : in % : in % : in % : matter : in % i content

LSO SO JOUROROSUPOUEy VOSSP SU: U SUUYUOUOUS SO SUNUIOE 1 05 USRS RO S inx ___:

1 - 0,2 ; 27,8 : 29,8 , 42,8 f 7.0 ; 27,8 : 38,5 :

; Z ; S ; 0,6 ; 42,5 ; 25,4 : 31,5 ; 8.0 : 38,2 : 31,0 :
I 3 B,4 ; 31,4 , 45,6 E 5,7 : 8,9 ; 5.5 : 59,8 E 18,5 .

4 t 8,8 ; 38,0 : 51,5 : - : - : 1,5 : B4,8 : 12,0 :

; 5 ; 10,7‘ ; 85,86 ; 3,7 ; - : .- : 0,5 .: 83,9 : 1,0 :

8 ; - ; 1,2 ; 60,5 : 23,2 : 15,1 :: 5,8 : 42,5 : 28,0 :

Table - 3.4.E - Grénulometry, organic matier content, carbonate and water contents for
the various ground truth stations (ef. Fig. 3.4.D)

- 2L -
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Samples Stations

{A) (B) (G) (o (E} ‘(F)
Coscinodiscus lineatus + + + "4 - -
Navicula cancellata + + + + + +
Cyrosigma fasciola + + + - + -
Amphiprora sp. + + + + + -
Coseinodiscus nitidus + + + - + -
Pleurosigma angulatum + + + -~ + -
Biddulphia regia - - + - - -
Melosira duhia - - v o= + + -

Table 3.4.F - Distribution of most abundant (+) diatomes species at
various stations (1) (cf. Fig 3.4.D)

(1} Measuremsnts were made by Mr RICARD at the Laboratoire de
Cryptogamie of Museum Naticnal d’Histoire Naturelle.
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Fig. 3.4.3. - Thermal infra-red mapping of the inter-tidel
T zone off the Dol marsh {Fig. 3.4.0.]
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- arrival at the beginning of Tlow tide of cold and clear
waters in turbulent mixing with warmer bay waters which are
heavily loadea with sediments. This contact takes place
around the Chatslier and Rimains islands.

- digitations of warm water coming from the tidal flat are
abundant at the limit between infra and inter-tidal zones.
This flow ftakes its origin in the fish trap which is near
the east bank of the Canal des Allemands channel. Orientation
of this flow is easily explained by ths fact that tidal
currents were running N.W during the experience.

~ a temperature difference between warm diatomee covered
"tangue” and colder barren flat.

- a specific thermal signature for the mussel shells nurseries
(bouchots) which are higher in tewperature than the distomee
covered "tangue” on which they sere settled

- a thermal assymmetry between each side of the "V" shaped
fish traps : the westward side being warmer than the east ward

= Tinally sand levess and barren fields of the Dol marsh are
similar in surface temperature which- is much higher than
for the other targets.

b - 2 Visible and vear infra-red

The analysis of spectral signatures present in a test area of
350 secan lines of 180 semple points has led to the study of a
complete disjunctive coded data set K., (cf. 2.4) with I = 63000
sample points and J = 54 spectral codgd equivalents. This matrix
was analysed by the FRACAM automatic classification system.

Interpretation of a classification in nine categories lead us to
the following conclusions

- category limits are correct bwtscme misclassifications
subsist in detailad category assignments

- "tangue” is well discriminated by classification and
subdivided in several classes depending on its water content

- sandy levees as well as locally sand rich "tangue" masses
are correctly outlined

- diatomee covered areas are separated from barren ones but
some misclsssification occurs with cultivated fields of the
Dol marsh .

~ finally s&lt marshes and other parts of cultivaied fields
fall into the some category. ’
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4 - Criticism
In conclusion, two points must be emphasized :

- gorrection for systematic blas in the visible and near infra-red
was estimated an the tidal flat zone. Unfortunately it appeared
that forward scatterirg of spnlar light was function of target
albedo and surface texture so that trend correction was not
complete for sea water and continental zcones. It is this phenomencn
which is responsible for most of the misclassifications

- however results were sufficiently good to assess the feasibility
of mapping tidal coasts by automatic classification of remotely
sensed data. In the present study thermal infra-red was found
to be best feor knowledge of water movement and mixing in the west
part of the Mont Saint-Michel bay while visible and near infra-red
Wwas better used for mapping tidal flats and associated orgenic
Tilms.
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3. 5 - INVESTIGATION OF A COASTAL UPWELLING USING NOAA DATA

3!

5.1 -

Data description

Since 1872 NASA has regularly launched on a yearly basis a
series of meteorological satellites which are run under the
supervision of the National Oceanic and Atmospheric Administrati
The NOAA satellites (currently NOAAS) are equipped with various
electro optical systems. Among them the two Very High Resolution
Radiometers (VHRR) ars of interest for oceanographlc epplication

Satellite orbit is sun synchronous with an inciination of 101°
over the equator : this allows any point on earth to be surveyed
twice a day. Time of overpass is approximately 9 AM and 8 P M
Universal Time for the coast of France. The geometry of this
quasi-polar orbit tends to simplify the problem of geometiric
correction.

The tworadiometeré wperate in different spectral bands :
~ in the infra-red (IR} domain, from 10.54 to 12y for the VH

- in the visible domain, from 0.8y to 0.7u for the VHRRZ thei
identical systems consistsof a 12.7 com aperture €lliptical
mirror with a surface of 100.4 cm2. Rotation speed af the
mirror is stabilized at 1 revolutiocn per 150 milliseconds.

The relative fiux is reflected by the mirror and focused on &
detector thus leading to a 0.6 str instantaneous field of view
(IFOV). With the satellite cruising at an altitude of about

‘1460 kms, the ground resclution is 0:88 km. Rotation speed of

the mirror and trajectory velocity are synchronised so that no
overlapping occurs in the relative geometry of consecutive scan
lines. ’

The herizon to horizon scanning is done through a 70° rotation
angle, and during the remaining part of the 3860° complets
revolution, the mirrors scan various internal calibration
equipement such as two black bodies maintained at a fixed
temperature and a point in space opposite the sun. About twenty
different calibration signals are acquired during one revolutior
this information is used to convert the voltage output of the
system into black body radiance.

The signals transmitted by the satellite are acquired at the
Meteorologie Nationale station (CEMS) in Lannion [Bretagnel.
It is then digitized and preprocessed for data cleaning and
compression of the calibraticn information. The data is availabl
in & bit coded digital form on magnetis tapes which are sent
upon request to various users outside the metecrological communiz

At Ecole dz2s Mines the main point of interest is deriving ssa-
surface temperestures maps at scales ranging from 1/100 DOQ to
1/250 000 for various areas along the Atlantic and Mediteranean
coasts of France.
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A data file corresponding to am acquired image of the Earth
includes one record for each scen line. Each record in physically
built as follows ;

- 20 calibratisn values (16 bits)
- 2068 pixel values (B8 bits) for the IR channel

- 2068 pixel values (8 bits} for the visible channel
Processing is currently dons on 800 to 2400 scan lines files.
The number of lines for a complete coverage of France is

approximately 4z00.

Data preccessing

In the production of surface temperature mazps, the first step

is to convert the 8 bit digital counts into black body radiances.
This is done using a locally linear approximation of the Beltzann
formula based on the calibration information. From this step
onwards, the data of interest, usually a subset of the -entire
scene, is handled in degree Clesius stored in binary-floating
points form, . . ,

The maps are produced as false-color displays or contour plots.
The direct interpretation of these results has been very difficul
due to the presence of spurious disturbances in the data. These
problems were not experienced in other oceanographic applications
such as the mapping and tracking of Gulf Stream meanders done by
various NOAA experimenti teams.

This is due to the Tact that in Europe our scientific interests
are more localized geographycally and that we are looking at
temperature pradients of a few degrees uwsing the VHRR scanner
which has a nomipal performance between 1° C and 0.5° C.

Due to thesz differsnces in scientific approach,- the oceanocgraphi
community in France is much mere demanding on the refinement of
the data processing necessary to bring out useful detalls in the
sea-surface temperature structure.

Two types of disturbances have been identifield

- a background noise caused by transmission or analog to
digital conversion

- a striping effect due to sensor gain losses affecting the
calibration signals.

The striping effect is similar in nsture to the one currently
experienced in LANDSAT imagery. However, in this case, one does
not observe the six band repetitivity which is particular to the
LANDSAT scanner technology. The jitter in average value from one
ling to the next displays on the contrary a random structure witr
characteristics varying in time during data acguisition. The
variability cen be as wide as it can be a purely random noise or
a rather smooth modulation expanding over 10 to 20 scan lines.
The lack of a typical frequency in this Jjitter led us %to discaerd
frequency domain filtering as used in various oceanographic
applications of LANDSAT imagary.
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Other methods were used such as smonthing averages or modss of
the scan line histogram time-series. These approaches did not
prove sufficient to eliminate the scan line noise in NOAA data.
This is why a new method was developed which takes into account
the complete structure of the merginal distribution of each scer
line instead of only using a condensed informaticn extracted fro
this distribution such as an average or a mode veluee

The so called hackground noise is essentially isctropic in natur
and evenly-distributed in the image plane. It is responsible Tor
the "salt and pepper" aspect of the display. Its elimination
involves a straightforward two-dimensional weighted smoothing -
algorithm.

fhe cleaning effect is satisfactory espécially when the algorith

is iterated several times, leading to a contouring effect in the
display which is rather useful for oceanographic applications.
The drawback of this approach is that the contrast at the hounde
between the sarth and the sea is smeared at each iteration with
a consequent degradation of the geographic location of the
coastline.

" This annoying effect is of particular importance for coastal

3. 5.3 -

applications where one would like to retain the original spatial
definition of the coastline as produced by the ground resolutior
of the NOAA scannrer data (approximately 1 km). In order ip meet
this goal the smoothing was conditionned to the loeal gradlent
relation with average RMS of the background noiss.

The unstriping and the iterative conditionned smocthing are
sequentially applied to the date set of sea-surface temperature:
the final product is & smooth isocontour temperature field whick
can be casily interpreted by the oceanographers and have been
found of great value when stnred and compared for different .
satellite overpass dates.

Significant results

A - Interpretaion of imagery

The data we have used for our interpretation is NOAA4 image:
acquired on 30 July 1875 at Sh 17 mn TU. The generated maps
(Fig: 3.5.A and B) cover the oceanic waters surrounding the
Finistére shoreline. In the visible band the gray scales ar
related to various radiance levels expressed in FT.L. In th:
thermal infra-red band the gray scales are associated to
radiometric temperaturses measured in Celsius degrees (°C).

The land features are characterized by radiances greater
than 10 FT.L and temperatures greater than 24°C, they appea
respectively in white (VIS) ancd black (IR} on the imagery:
In the visible band. some confusion 1s pessible between lan
and clouds and the coastline is rather fuzzy arcund the
Crozon Cape.
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Fig. 3.5.1 - Display of the NDAA-VHRR visible band
Finistére coastal area.

LANREATx 00

LN F




= 51 e

ORIGINAL PAGE IS.
OF POOR QUALITY

TEAPERATURES €V DEG. CELSIUS

Fig. 3.5.B - Display of NDAA-VHRR infra-red band
Finistére coastal area.
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The clouds with high radisnce ere =zasily ouilined in the
visible band North of Finistére. organized in North-West
strips. The corresponding features in the infra-red have
temperatures under 13°C. However they are generally broader
masses than in the visible, this is due to the inertia of the
infra-red sensor whis is less capable of following instant
contrasts. The resulting contamination has lead us to
eliminate from our cceanographic interprecation most of the
English channel, North of Fini§tére.

Coastal fog is frequent along these coasts in summer, and
their detection is more complex than that of the preceeding
features. For example, in the Saint-Brieuc bay they could

be interpreted in the visible as patches of turbid water
whith rather high rediances. This confusion is easily avoided
when using the I.R because their apparent temperaturs is much
lower than the averesge seasonal temperature of the .coastal
waters of Briiteny (typically 416°C). Probable presence of a
small cloud of fog can be suspected North-West of QOuessant.

A cold surface front expands in ‘the ocean waters West of
Finistére. Organized in a crescent like shape from the Rez
point to the North of Ouessant it is charauter1zedty surface
temperatures between 13°C and 1B6°C. They are egasily separated
from the waters of the mouth of the English channel ;

(> 16°C) and also from the coastal weters of Scuth Brittany
which are even warmer (above 17.5°C). Warm water pools are
also locally trapped along the Finistére coast, South of the
Raz point, in the Douarnensz bay and in the Brest sound.

b - Ground truth checking

Simultaneously with satellite overpass, a team of English
oceanographers (1) was performing a detailed study of this

cold front using classical surveying methods. The situation of
the thermal gradients drawn from their maps is in excellent
agreement with the NOAA4 observations. As far as the numerical
values are concerned, the diff{erence between in-situ measurements
and satellite ebservations are no greater than 1°C. The radioc-
metric temperatures are always lower than sea-truth which could
be due to atmospheric losses.

Absolute temperature errors in the mapping of uceans thermal
gradients using VHRR data are mainly due to the water content
of the lower levels of the atmosphere and they can be corrected
by the use cf atmospheric models based for example on radio-
sounding results. Large clouds are seldom an interpretation
problem due to their straightforward separation in the visibie

(1} R.D. Pingree, P.R. Pugh, P.M. Holligan snd G.R. Forster

Summer phytoplancton blooms and red tides along tidal fronts in the
approaches to the English Channel.

Nature - Vol 258 - PP 672-677
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and in the infra-red but this is not the case for coastal
fogs and scatters of smell low clouds. The detection of
these features is dene by low clouds. The detection of these
features is done by careful comperison between measured
radiometric temperatures and ssasonal average surface
temperatures available fur the surveyed area through
classical physical opceanography observations.

In ths strong thermal gradient ares of the coast of Finistérs,
measuraments had also detected a fair increase in 'chlerophyll
A concentration due to phytoplancton activity. These concen-
trations should have mocdified the colour of the ocean by it
is disgppointing that the visible VHRR display does nol show
such a feacture.

Several reasons can be conjectured :

- the visible VHRR band; identical to thz LANDSAT MSSH,
is not suited to chlorophyll mapping in water ;

= light penetration {= 2 m} ecould blurr the precise
definition of the colour gradients :

- the resalution (1 km) is too coarse regarding the
degtection of phytoplancton patches which follow the
edge of the thermal front and are thersfore of a width
comparable in size with the VHRR resolution.

The results presented here show the utility of infra-red
thermal imagery for oeceanographic applications but they also
suggest caution in the interpretation of rather coarse
resolution future satellites such as NINBUS-G.

3. 5.4 Conclusion

Although the processing techniques outlined in this work appear

. satisfactory for the available data some remarks can be made

regarding the suitability of the resulting output for the user
community’s needs. '

The accuracy of sea surface temperatures obtained from NOAA data,
although useful, is not up to the standards currently applied by
oceanographers who are able to measure sea temperature to 1/400th
of a degree Celsius. using thermistors. The 1/10th of & degrees
Celsius forecasted for future satellites will be closer to
ogeanographyc needs. )

Nonetheless thermal infra-red applications in general are more
adaptated to oseancgraphic applications than, for instance. Landse
data which provide ocean colour measurement at the surfaces or at &
depth which is not always easily identified.

On the other hand, the spatial (1 km sguare) resclution of the NGA
ViMRR is adequate for oceanographic applications, whilst Landsat da
has the minimal resolution for coastel geomorphology applications.
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The density of observations is almost excessive in oceanography
and provides a great deal of redundant information.

Finally, repetivity of coverage (twice daily for NOAA]) provides
time series wich can be used for pratical menitoring of ¥Fast-
changing situations. A% the present time we have mostly processed
day-time coverage (2 a.mn.) but we are planning to use both day-time
and evening (9 p.m.) data in conjunction with HCMM data (12 a.m. -
12 p.m.) for an evaluation of high frequency coverage which should
enable us to moniter fost of the tidal cycle over a short period.
In this last case., the low frequency of Landsat coverage makes it
practically impossibls to obtain a ccmplete series since some tidal
situations have not occured concurrenty with a Landsat overpass
since w2 began to receive Landsat data.
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