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Summary:,

Based on LANDSAT-1 data (photographic products and CCTs) methodological
and application oriented investigationswre carried out. The geological
interpretation on data exhibiting the Italian peninsula (linsament eva-
luation) led to the recognition of tectonic features which are explained
by a clockwise rotation of various blocks along lefit-handed transform
faults. These faults can be interpreted as resulting from shear due to
main stress directed north-eastwards.

A landuse map of the mountainuous regions of Italy was produced on a
scale of 1:250.000. Several levels, Y,IT and ¥I1 categories could be
mapped.

For the digital itreatment of MSS-CCTs an image processing software was
written in FORTRAN IV. The software package includes descriptive
statistics and also classification algorithms. Statistical investigations
on redundancy and user-oriented aponlication of LANDSAT-data led to inves-—
tigations concerning data reduction and to analogue-digital data pro-
cessing techniques. At least laser-optical processing techniques (Fourier]
analysis) applied on LANDSAT-data were considered.
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|
INTRODUCTION

This final report on LANDSAT-1 investigations is the re-
. sult of activities conducted during the years 1973 - 1975.
' With respect to our research activities in the LANDSAT
program and in the field of remote sensing in general,
i this report must be considered an intermediate work state-
ment of progress to date,

It is necessary to continue and to intensify future werk
on the following aspects: methological investigations
concerning the spplicability of LANDSAT data for various
sarth sclentific disciplines; develoovment of data handling
techniques, such as digital evaluation of LANDSAT data;
and the analog electronic treatment of images. From a pure
scientific point of viw, LANDSAT data have delivered a

great deal of new information.

With regard to LANDSAT-Z, we are optimistic that further
scientific results can be derived by evaluation data
acquired over a longer period of time.

Pure scientific investigations-lead automatically to
practical applications and the practical use especially
of LANDSAT data. In order to define and to identify poten-
tial agpplications of spaceborne remcte sensing technigues,
a first-order task i1s to bring to the attention of poten-
tial users the importance of such data.

The Zentralstelle fiir Geo-Photogrammetrie und Fernerkundung
has been founded and is funded by the German Research Council
in order to promote remote sensing activities in Germany and
to help establish this new technology for various potential
applications, The enclosed book on ERTS and partly on SKYLAB
(" Die dritte Ent eckung der Erde ") must be considered as

a step toward achieving this goal. The distribution of this

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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book has already resulted in Increased interest by potentizl
users, such as minisiries and other agencies involved in

environmental planning and surveillance.
r L

The LANDSAT-1 data provides us, for the first time, with

very high resolution sequential multispectral satellite

data. Our first approach in the evaluation of this dsta

has been carried out under earth scientific aspects using

more or less conventional interpretatién techniques. These -
1, activities consist of structure-tectonical investigations
and also the evaluztion of LANDSAT data for land-use
planning purposes.

:Investigations into the more methodological aspects con-
cerning the digital treatment of LANDSAT data has been

intensified after receiving the first tapes near the end
~of 1973

Within fﬁe scbﬁe of the above—mentioned.investigations,
+the following activities were conducted: software develop—-
ment for the treatment of MSS-data, the applioa?ion of
analog digital and optical Techniques.

According to our various activities, the following report
is subdivided into two main parts entitled: Part I,
scientific and application—oriented investigations and
Part IIL, methodological investigations:
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4) GEOLOCIC EVALUATTON OF CENTRAI TTALY

l

The geological investigations described are based on
conventional phote interpretation techniques applied to
LANDSAT imagery. For some demonstration purposes also

ﬁ?EP data were applied,

Tne methods described were used to investigate the tectonic
's%ghificancg of identifiable linear features by utilising
multistage imagery and the results of fieldwork (Fig. 1).
The geological field investigations are restricted to some
areas near Volterra and Siena in the Central Tuscany.

AREA
|
: SATELLITE IMAGERY ALPS,
[N l I APENNINES
Photogegl.} {Lineamenti_|Diagrams
Map Map
; t i |
AERIAL PHOTOGRAPHS -~ TUSCAN~UMBR| AN
i T APENNINE
Photogect.| | Phototect. Dia-
Map Map [ |zrams
o e .- TUSCANY
. ' FLELD WORK —— N of Volterra
. 3 . T T T SE of Siena
Geol, |Tect.] [0fa~
Map Map grams
CONTROL
COMPARISON
SYNOQPSIS

REGIONAL,OVERREGIONAL
RESULTS

STRUCTURAL MAPS
TECTONIC MODELS

Fig. 1 Scheme for the geologic-tectonic research in the
Ape7ines
no

REPRODUCIBILITY OF T~
- ORIGINAL PAGE IS POOR
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:"1 _41

Methodological Aspects of Space~Imagery Interpretation

Nultltlme Iimage lnternretatlon

The ability to recognise and interpret linear features
within mountain regions strongly depends on shadow effects
provided by the distinct relief. As shadow effects are
also a function of Sun angle. ERTS images offer optimum
possibilities for the statistical comparison of lineament
maps with respect to seasonal illumination conditions.

Figure 2 shows a statistical representation of lineament
directions derived from three sequential ERTS images of

the Molise, northwest of the Gargano Peninsula, Italy
(ERTS-1, 8.8.72, 27.8.72, 5.2.73). Comparison of the three
‘histograms shows that all possible linear-features directions
a?% present in each ERTS frame., The distributions of the
maxima, however, have shifted to a certain degree. Depending
on the azimuth and elevation of the Sun, this effect has to
be taken into consideration, especially when performing
tectonic interpretations on the basis of statistical linea-~
ment distributions.

.In order to minimise the above effects, it is necessary to

superimpose the resulits of as many multitime lineament

* ‘evaluations as possible as in the following table.

b
The significance of the distribution maxima obtained by
combining seguential data is discussed in Chapter 4.

i
i

~30° ~L4o° ~56° -60° ~70° -80° -20° sector

-

3,9 1}'1',6 9)5 15,5 114',2 23;4 12,5 297 2 2 I‘elaulve
value

]

~100° =110% =120°% -1%0° -140° -150° -160° -170° -180° sector

3,0 8,6 1,4 4,5 3,7 9,1 5,0 7,1 .9,7 relatve
ralue
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ERTS-4-RUFNAHHEN, MOLISE/ITRLIEN

RICHTUNGEN  DER
LINERTIONEN

SU Az,

' . 9 AUG. 1972
3 SUN EL 54 AZ 413D

-

L7 RUG. 4972
SUN EL 50 HZ 436

SUK Az
P e

5.FEB. 1973
SUN EL 26 RZ 148 .

Fig. 2 Histograms of lineament distiributions derived from

' sequential images

The need for multitime evaluations is also apparent from
Figure 3. Many linear features could be identified and
traced over large areas by using images from different
seasons. The reason for this is that, in Central Europe.
at least the detecticn of lineaments depends on morpho-
logv and vegetation. When using multitime 1magery,
ﬁeglonal patterns become more obvious.

REPRODUCRILITY opF TiHR
ORIGINAL PAGE IS POOR
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Fig.3 Composed lineament map of temporal - imagery
LANDSAT-1 imazes
HMOLISE/ITALY

Lineations (MSS 7)

9.Aug.1972
mm-==- 27 Auz.1972

wecsees 5 Feb,1073%
overlapping lineations
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ted by a zone which cuts the Apennines east of the'well-

»..-..-..-.u-....-..-...-........................-_.___.___.._........_.__._........__...--..-.-.a......\—_...._._..__-...-.-.-.-..--.-.-—---—

By using morphological features for the evaluation of
synoptic satellite imagery , it is possible to obtain
information on tectonic movementé along fracture systems.
Regions comperable in terms of petrogravhy and tectonic

] . L) :
ldtress fields are characterised by a similar morphclogical

ﬂaﬂtern if the same climatologbal conditions can be assumed.
If a displacement of such comparative units is detectable
along & linear feature in a first approach, it can be des-
cribved as a fault. A more detailed description of the fault
is only feasible if the dipping direction of the strata

can be detected, because vertical displacement of tilted
strata results in a pseudo-horizontal displacement at the
surface. Vertical movements can be determined only for

i
fold structures, basin or graben fringes. Sigmoidal
orlented valleys and mountain ridges can mask younger

horlzontal movements. Furthermore, it can be observed
that fold structures cut by faults ofiten show displace-
ﬁents with respect to the movement of- the fault.

Examples of the above phenomena are shown in Figure 4,

which represents part of a Skylab image (8 1904, Sepfem-
ber 1973) showing the Umbrian Apennines between the

Lago di Trasimenc and the Adriatic coast.

e5 clearly shows the feasibility of thematic mapping
o geologic tectonic phenomena. This map, which covers the
the Latium volcanic region and the northeastern area bet-
ween the Umbrian Apennines and the Abruzzi, shows the
advantages that synoptic satellite imagery cffers in this
fisld. Besides different volcanic phenomena and the strike
and dip of strata, regional relationships between distict,
identifiable linezar features are also evident.

Two types of faults in particuler can be differentiated:
transform or shear faults and vertical fractures.

In this area, the shear faults from a narrow-angle system.
The first, approximately north-south oriented, is represen-

= Serrmamrmna
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known Rieti line. Along this fault, horizontal movenment

can be detected, with a relative dislocation of the western
owards the south. Forming an angle of about h5°. this
system is cut by southwest-northeast directed shear faults.

For the north-west oriented faul systen,

tion of the western

part €

clockwise rota-
rn and eastern blocks is assumed.

] i\ .

Fig. 4 Umbrian Arc, Skylab S 190 A; Examples for de-
tecting faults by morphological features

» THR
REPRODUCIBILITY OF T
ORIGINAL PAGE IS POOR
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Further detectable northwest-southeast striking vertical

fault systems are correlated with the chain of Tuscan-

Latium volcanoes. These vertical faults, together wit

the above northeast-southwest oriented transform fanlts,

form a system of bc and ac joints that were originated

by a southwest-northeast directed stress field.

To\emE

SolRrE

E1aloe

fianlozic tectonic map of LATIUM, [TALY

LANDSAT-1, 6.Feb,1973, MSS 7

cenlogic mornholozical
limit

valsann area ;
lavn

volcano commnlex

small votlceano

caldera

lincament

=—— horizont.faul
b vertical faul

‘sedim. beddin
€ -
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2. Lineament Patterns of the North and Central Apennines

Owving to the synoptic nature of satellite data, the exten-
sive major fault systems could be identified 'and explained
in relation to stress directions and fold svstems.

£ o1-00 g
— e lineaments

-ios o . verricel fractures

- L
"

. £ overthrusis
\u\

transform faults

i b L eimiae it
8 50 400 %
SLRLt

& 4590 ¢

-Fig. 6 Main faultis in Italy revealed by ERTS-1
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Regional Linesments Eval ated from_ 1 aANDSAT.-Data

A Al g el e iy iy W ekt R e e T RS by e gt ——

Figure g shows a view of the main lineations in the
northern and central Apennines. The arrows indicate the
senses of the horizontal displacements (see Chavnter 7).

The statistical distribution of the transform and vertical
FTaults corresponds with the results derived by aerial
photo~interpretation and fieldwork (Fig.7 ). Of importance
for the further interﬁretation are the distribution peaks
at 40°%, 70°, 136° and 160° (see Chapter 4).

Intensive ground studies have proved that these directions
can be correlated directly with an older tectonic system,
vith a-axis 70° and b-axis 1600, hich was rotaved clock~
wise from a primery system (b  140°), and with a vounger
system again in the primary stress with a = 406 and b =-
140°,

The excellent correlations between the resulis derived
Ifrom satellite images, aerial photographs and ground truth
serve to demonstrate the feasibility of the evaluation
methods applied.

RERLAL PROTOGRRPHS ERTS5-4-0ATH

¥ig, 7 Rose~diagram of fault
directions revealed by

aerial photographs and
I HASSIFES VERTICRL g HORLZOWTAL ERTS~1 data
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2.2 Lineament Tectonic Evaluation of the Tuscan-Umbrian

M g et e ik il e oy b g T e T A e Sl Bl A A e M B Bt M -t . i e e e e M e et VS S VR S B W Sad WA R M W

Apennines

The complex tectonics of the Umbrian arc are demonstrated
by Fig. 9 which shows the main lineaments and accompanying
minor lineations. Taking into account also the information
derived from ERTS data (Fig. 7), the same tectonic systems
as above (a,I = 70°, by = 160°; a, = 40°, b, = 140°) could
be derived, In addition to these main lineations, shear

raults at 10° and 110° can be observéd.

!

!

12/
/

7‘ | '\\ ; /
-Gl hew
7o

KRS NG A=/
- XR A4S \\‘ VAR
SCALE ‘ / ’Y&\ /{\\\ J\\ s\
<

B 40 20 30 %) spiH

s

nan st Jipeaments C C\ ., partly volcanic, partly undefined circular structures I
. - - J B i
L3

N . fan =L P -
man———sn [fineations

Fig, 8 Photo-tectonic interpretation, Tuscan-Umbrian
Apenines

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Some information could also be derived concerning the age

»0f the various systems. A sequential description could be

drown up for the yatest movements., A model for a VYtectonie
schedule is illustrated in Figure 10 and can be described
as follows:

1) Beginning of the folding phase, which is characterised
by northwest~southeast oriented fold axis and a2 per-
pendicular striking ac-system (primary 140° b and bz).

2) With respect to the further compression, displacement
of the various blozks occurs along the ac-systen.
This results in a relative displecement towards the
northeast of the northwestern part.

Fig. 9 Fracture development in the Tuscan Uwbrian Apenine
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3) Besides north-south oriented <ransform faults, a con-
tinuation of the shearing process czuses a north east
directed displgcement of the southezstern part. The
repeated displacements of the folds and overthrusts
from the "Umbrian Arct,

4) In a last phase, vertical movements occur especially
along‘Too, 110° and 160° striking planes. Along these
fractures, the region of the Latium and Tuscan vol-
canoes was depressed.

3. General Tectonic Model for the Northern and Central
3,1 Apennnines

ool S iubopin/fpralip i yeiug gty *ufphn/y gy qaingltpint

As is clearly shown in Figure 7, the directions of the
main lineations of the region between the Arno River and
the Abruzzi Mountains differ from those in the northern

and southern areas. The Tectonic unit of the Tuscan-Umbrian
Apemmines is-bordered by the following fracture zones:

-~ In the north, a transform fault‘striking about 806° and
following the Arno Valley. Along this fault, the
Tuscan-Umbrian block was displaced to the east.

« In the east, a north-socuth striking transform fault,
beginming east of the city of Latina and ending at
the Adriatic coast northwest of Ancona. The relative

fmovement of the Tuscan-Umbrian unit was directed to
the south.

A clockwise rotation of the Tuscan-Umbrian Apermines

results from the combination of movements described.

Diagram§ obtained from fieldwork show two rectangular

Jjoint systems: and older (bq = 160%) and a younger

,(bz = 140°) system. In his theory of the orogenesis of
ithe Apennnines, Wunderlich (1966) postulates an anti-
clockwise rotation of the main stress from west to
southwest. Such a rotation could have caused the diffe-
rence between the older and younger b-axes. As regards

%
see next chapter
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tectonic movenents revealed by satellite éafé, it must,
nowever, be pointed out that such studies mainly high-
light features of relative movements.

Assuming the Tuscan-Umbrian region to be a static block,
the forming stress would have shifted from west to south-
Iwest However, taking the direction of stress as a stable
lament, the Tuscan-Umbrian block must be rotated clock-~
wige (Fig. 1%). This second possibility is confirmed by:

~ the movements along the bordering main trans:o%m Taults,

- the 1nternal fault pattern of the block,

fthe overthrusts in tpe Abruzzi Mountainsg,

- the reduction in overthrusting intensity from north to
l.south along the bordér between the Umbrlan Apennnines
[ 34

| @nd the Abruzzi, 2

| .= l'.a /\

) ‘$ame stress direction
: ' Clockwise rotation by movements

Stress direction SW - NE alang the great transform faults

Primary fracture system by~ 1606 , b, = 1400

b = 140° ) e nen
g vertlecal movements parallel to by

averthrusts in the parth

Fig. lo Tectonic model of wthe :-Tuscan - Umbrian Apennines
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i;Phe tectonic concept. described for the Tuscan-Umbrian

Apeﬁnines based on the relztive movement observable in
=ERTS and Skylab data has to be seen in connection with
the neighbowring areas north and south.

Based on the tectonic map (Fig. 7), a movement of the
Central Apermines, the Abruzzi Mountains, similar to

that of the Tuscan-Umbrian block can ezsily be derived.
But the Abruzzi are further southwest than the Tuscan-
Unbrian Apennines. This could be caused by a combination
of clockwise rotation and northeastwerd drift tendency of
the Tuscan-Umbrian Apennines, whereas the Abruzzi block
was a relatively stable element.

2,3 Northern Apennines

- ——— — oy St v Yy | o - ————
r

In the west, the Northern Apennines are cut off by a2 NNE
striking transform fault begimming in the Gulf of Genoa
and forming the eastern border of the Monferrato. The
gsouthern 1limit is the Arno Valley fault, which borders
the Tuscan~-Umbrian Apennines.

According to the relative movements along the two bordering
transform faults, the Northern Apenanines must also have
been rotated clockwise. In this case too, the rotation

¢ould be combined with drift in a northeastern direction.
co

Th@se movements may explain the triangular shape of the Po
Vélley, the northwestern part of the Northern Apennines
bYeing moved further northeast than their southwestern peart.

A sketch of above tectonic model, evaluated from ERTS and
Skylab data, is shown in Figure 12. The "block-bordering®
‘fﬁansform faults can be interpreted as a shearing systenm
with a main stress lying SW-NE. This stress caused a general
drifting of the Apennines to the northeast. The drift
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intensity decreased from northwest to southeast and caused
clockwise rotation of the three blocks of the Northern
Apennines, the Tuscan-Umbrian Apennines, and the Abruzzi

Mougtains.
| .
-
s 5 - C
g \.%"7{ E 10b " venice
; : ~ /
‘ : %
% NORTHERN

/ 4 7\ APEMNINE
777
7 ?
£ 13-00

-\\\ [ AT
.‘1"\ TLSCAN - MERIAN
e \\\ APERNINE

7 /3 / ABRUZZ|
MOUNTAING

CENTRAL ITALY
MAIN FAULTSYSTEMS
REVEALED FROM ERIS-1-DATA

LINEAMENTS
HORIZONTAL FAULTS

wmees  VERTICAL FALLTS

~—A.  OVERTHRUSTS
0 g 100 KM

SCALE

Fig. 11 Main fault systems in Central Italy

{EPRODUCIBILITY OF THE
\PIRTNAT, PAGE 18 POOR



ZENTRALSTELLE FUR GEO - PHOTOGRAMMETRIE UND -FERNERKUNDUNG BLATT111 g’

. pme

4, Re lationship between Northern Apennines Po Vallev and

fthe Southern Alps ’

! |

It is understood that the extensive tectonic fractures must
have their origin in the deeper crystalline basement. These
large scale movements result in a system of fractures re-
vealed only by a subtitle lineament pattern in thes sedimen-
tary cover, interpretable on the basis of space and aerisl
inmages.

.However, the exact location of the fracture planes, revealed
by the lineaments, is difficult to detect.

" But for the geologist, the knowledge of the relative position
of the fracture planes, obtainable through evaluation of

ﬁﬂotolineaments is, especially, of great importance.

, £ .

In the area of the northern Apennines, SW-NE and NW-SE

" striking parallel fractures are known and can be traced as
. lineations through the bordering Po Valley. Some of these
ilineations even extend into the southern Alpine body.

%FTom geological investigations, it is known that swales

" and ridges existed during Triassic time. These features

resul?ed from NNE-SSW striking fractures in the crystalline
' basement (Auboin, 1967; De Jong, 1967; Nithecl, 1968},
:Furﬁhérmore, it is proven that there is a stepwise downward
| p%ogression from the southern Alps to the Po Valley, crested
' by WNW-ESE stepwise faults.

£ g% can be expected that the above-mentioned prevalent verti-
K cal, movements within the orystalline basement are present
glso in the basement of the Po Valley area.

I This conclusion is reached on the basis of the lineament
Eevaluation (Figure 13') and the morphology of the Quatérnary
ﬁgpasiﬁ, described bv the " . map of Figure12 (Beder ke
. & Wunderlich, 1968). ,

ﬁ The characteristic morphology of the Quaternary basin in
the region of the L Valley suggests that the large scale

lineaments exist throughout the Apemnine-Po Valley and

I
t
§
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'% southern Alps and that they are an expression of actual

' 'F,aul"ts.

LI .

Based on thig conclusion, a schematic block diagram could
bé constructed for the above-mentioned area(Fig.1.4).
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Commarison of Lineament Pattern with Tectonic.

CGround Truth Heasurement T

Satellite imagery can be regarded as an optimum base for

a large scale linecament and structure analysis. By
utilizing the unigue synoptic view bveéuiarge areas, the
interpreter is able to delineate linear Features and to
ﬁecoénize subtle structural elements on the earth sur-
faé?} detectable by aircrafts or by ground investigations.
Becéuse of the sbove-mentioned advantages of space imagery,
it is not sﬁrprising that many scientists, andespecially
Ipdlogis%s, have concentrated their efforts on preparin
detailed lineament maps. This kind of evaluation is of
great scieﬂtific importance, especially with respect to

the understanding of inter-regional structural relation-
ships. In addition to the above-mentioned aspects, a
further evaluation procedure is to verify the interpreted
structural elements from space imagery by intensive feld
work. Within this approach a first order task is to assess
the influence of interregiocnal structures on the meso-
tectonic fabric.

The mesotectonic fabric of rocks is the result of certain
tectonic stress conditions. During geological time, stress
patterns have changed their orientation and intensities
several times. The sbove-mentioned chenged stress conditions
often are reflected by typical symmetrical configurations
of joints. A careful interpretation of the fabric enables
the geologist to draw conclusions on former stress condi-
tions. That is not only of scientific, but also of great
economic importance. Quite often a close relationship
exists between a specific tectonic situation and the occurrence
of ore deposits. In order to investigate the possible iniluence
of lineament features to be seen on LANDSAT datpto the
meso-fabric, a test site in the southern part of the

TUSCANY near SIENA was chosen.

REPRODUCIBILITY OF 4HE
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Fig. 15:

Geological Map of the test area and its
surroundings

Signatures in darker grey: Mesozoic rocks

Oligocene rocks

Miocene/pliocene rocks

- -

Faults
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The ground truth area is part of a very important
orogenetic structure with Apenninic strike direction,
whose nature is still open to discussion. This struc-
ture is known as Cetona - Orsaro - line ( the most
suitable name without genetic significance ).
Morphologlcally, the Cetona-Orsaro-line forms a 26c km
long ridge of variable altitude and extension. In the
Noerth of the Arno River, it represents the main crest
of the Apennines. With respect to geology, the ridge is
Ibuilt up in its southern part by Mesozoic limestones,
dolosgtones and alternating cherty-.calecareous-marly strata
and in its central and northern parts mainly by the
Macigno sandstones of Oligocene age. ( Fig.15 ) In
general, the structure in the mapping area could be ex-
plained as a sequence of two overturned anticlines being
_replaced by thrust faults. The original fold-structures
appear now to bhe disturbéd by synkinematic shearing and
postkinematic block -faulting. Such block-faulting revived
tﬁe old fracture pattern and created the horst-~like up-
lifting of the ridge as a whole. The ridege is divided by
several horizontal faults transverse to the strike of the
folds ( Fig.16 ). The largest displacements have taken
place on ac-direction, as revealed by satellite images
and aerial photographs ( 'Fig.16,17). On the contrary,
. shear directions are less important with respect to large
fscale displacements.
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Fig. 17:

TECTONIC MAP OF
TCSCANY/ITALY

LANDSAT-~1 image
12.Aug 1972, MSS 5
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5,2 Evalustion of a LANDSAT-1 Image of the Tuscany, with
Special Regard to the Ground Truth Area

The following Figure 17 is based on a LANDSAT-1 image of
the Tuscany taken on August 12, 1972 { Fig.18 ). The

'ground truth area is demarcated by dotted lines. The
interpretation map ( Fig. 17 ) shows all the large
lineaments touching the calcareous ridge situsted between
Rapolano and Montepulciano. The important ESE-WNW-striking
horizontal faults can be followed almost to the Thyrrenian
coast. In the same way, the be-fault-traces ( representing
reverse faults) reach far to the North and South. In aerial
photographs ( Pig. 16 ), a third important fault direction
striking 110° can be recognized which does not appear on
the LANDSAT image. This is probably explained by the fact
that scan-lines run nearly parallel to this direction. For

. this reason tThe recognition of those linears is impossible.

' In eddition, the LANDSAT image indicates some lineaments,
unrecognizable by ground truth or by evaluation of aerial
photographs. Examples are the lineament W of the ridge, the
resttlt of the uplifiting of the ridge, and the other one N of
Trehugnda, the result of the displacement of the ridge by
about Loo m transverse to its strike direction. Another one,
only in part recognizable on serial photographs, but well-
identified in the satellite image, marks the boundary of the
western part of the horst structure. All the large horizontal

- faults in the ac-direction ( "antiapenninic" ), seen in the

aerial photos, are more difficult to recognize on the
LANDSAT image. ‘

- The existence of two different b-axes { see chapter:"Examples
‘of Characteristic Pole Diagrams out of the Test Site") indi-
caFes two deformation stages, the first of which, at least, is
active still in the upper Triassic, but no longer is active
in the Oligocene. A multistage deformation is postulated by
Feveral scientists investigating the Geology of the Apennines
i(Baldacel, et al., 1967, Bortolotti, 1966, Giannini, 1962,
Sestini, 1970, Reutter, 1958). A possible explanation for the
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Photolineations derived from aerial photographs
Faults mapped by field work
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: d%iference of the two b-directions ié given by Bocealetti,
'Gﬁe{zz_one ( 1968, 1970 ). They postulate an anti-clockwise
roﬂaﬁion of the Italian Peninsula, which brought the axes
to their present directions. The structural data reported
by these authors ( e.g. the E-W stress direction in the
Tuscany, corresponding to N-S fold axes ) cannot be con-
Firmed in our mapping area. Wunderlich's (1966) opinion
that the stress direction rotated counter-clockwise to the

' WNW-ESE trend on the mergin of the Po plain is better
gu?tedjto the structural facts. A new concept was proposed
‘by our research team: based on the interpretation of LANDSAT-

w1 imﬁges we contend that a clockwise rotation of 'a block

_foémed Tusecany and part of Umbria., Such a rotation results
from a lefthanded horizontal fault following The Arno valley

;rand another N=-S strikinglleft handed horizogtal fault between

rthe towns Ancona and Latina ( see previous part of this

. report).
! .
I

e S Gt e e S O S I R U Siat ks A U 7 TS b At T g e AN AL S ey S e g S g A AP A S A i et S i gy it B e s g W et sy S

'1 ,.(-}f' Aerial Photogranhs
¥ i iuielatiniheiiieiaiabnte i

The relations between field work and asrial photointerpreta-
‘tion are démonstrated in figure1g and g2o.Figure 1y shows the
main lineaments touching the Mesozoic ridge in the area
around Trequanda, as seen on aerial photographs.

Recognizable displacements are marked as well. Figurego is a
structure map of the stuc'iy area S of Trequanda. This map was
prepared from dats supplied by intensive field investigations
which paid special attention to large lineaments visible on
aerial and satellite images, Such combined work applied to a
small ground area has provided a so0lid base for the inter-re-
gional interpretation of;LANDSAT images ( as performed in the
previous chapter). The combination of field measurement and
lineament analysis indicated the existence of two. fabric
systems with different orientation and suggested the concept
of clockwise rotation of Tuscany-Umbria. .
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The Photo Lineaments

The lineament map (Figure 18 ) has been statistically
evaluated in three separate zones:

zone 1: formed of Pliccene sznds
zone 2: formed of Mesozoic limestones and cherty-
calcareous-marly alternating strata

!\ »
e

zone 3: formed of Macigno sandstones and Lrgille
Scagliose

The rose~diagrams show the percentage of all the linezments
for 10%-classes. Looking at the four rose-diagrams (Fig.21) f{ouve
for each specific zone zand one for the whole region } the

v —

most striking feature is the similarity of the diagrams
for the whole region and for the Pliccene. This is caused

by the fact that Pliocene in this region covers by far

the largest sreas. So it has great influence on the percen-
tage of lineaments of the whole region, The evaluation of
the three zones agrees with the conclusions reached by the
interpretation of equal area projection disgrams of Joint
poles.

In the Mesozoic limestones the early deformation stage 1is
reflected by lineaments in ac1—direction accompanied by

hko1 shear directions. The stratification was neariy hori-
zontal during this early deformation stage. The younger
stage (during upfolding) is represented by ac, and be,.

Very inportant are E-W-striking hkozmlineaments reaching
the absolute maximum in this zone. Zone 2 (Agrille Scagliose
and Macigno)} show especially,acz, bc2 and hk02 formed by
the vounger deformation stage. The scattering of the maxima
can be explained by the different competences of arenaceous
and argillaceous beds. 4 last stage with 125° striking be-
traces seers to have been important in late orogenic
block-faulting. In zone % (transgressive Pliocene sediments)
the fracture traces are not statistically distributed, but
the directions of the underlying Mesozoic rocks seem to
penetrate through the younger sedimentary covering. -
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T;Aproximately 1500 Joints and 500 bedding planes were
Imeasured in the field. These measurements were plotted

in pole-~diagrams (equal area projections). Interpre-
‘tation of the diagrams is based on theoretical principles
developed by R. Adler et al. through intensive research

in the -¢coal,district of the Ruhr Région, Western Germany.
Adler found; by ‘the measurement of several hundred points,
“that two deformation systems, corresponding. to two defor-
nation stages, always .existed., In the younger 'stage, the
older Joints and faults are only revived, forming suitable
angie;éto the new main stress direction. In the other cise,
htotally new parting planes have originated. In addition to
f”hese two systems in most cases a third system is reccogniz-~
Jbﬁé, caused by a special stress field in the surroundings
of’large scale faults. One aspect of the field work was-

. to verify the influence of such large lineaments on the
tectonic deformation s&stem, as can be seen in LANDSAT-
images. ' -

?igure'éz shows an ideal stress—-cube with the corresvond-

ing positions of the dividing surfaces. Figure 23 illustrates

ﬁ?w ? surface appears as a great cirecle in the equal area

projection diagram (Schmidt'Net). For statistical evalu-
.fétﬂoﬁs the use of the projection poles of the surfaces is
"more suitable since numercus great circles on a single

éiagram are-disturbing to the interpreterl
I

' The following symbols are used in the pole-diagrams:
S

Q = ac é == hko
> = e : ¢} =nol
[

0 = ab (] = ohl

R S S T S
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Fig. 24 .
Pigzza di Siena, 166 Jjoint poles
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Fig.25

fault poles

8. Pietro a.M., 44
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The following pole-diagrams { Fig. 24 ~ 26 ) are only 3
characteristic examples for the tectoniec data, which were
taken directly or photogrammatrically,

The joint-pole diagrams ( Fig. 24,25)clearly show

the .existence of two deformation systems, characterized
by typical configuration of parting planes;, as follows:

System 1 is characterized by well-develovped ac-fractures,
whereas be and hko are less important. Furthermore, hol

and okl can be seen. The b-axes of the various disgrams
have a strike between 166° and 170°. This fabric can
surely be attributed to the stratification (ab great-circle
representing bedding planes) and for this reason it must
heve been formed before folding.

On the con%rary, the second fabriec system is composad

rainly of ab-Jointing. Ac and hko are reprasented less

or are totally lacking. On the other hand, hol and ab

(in the massive Liassic limestones) are well-developed.

The b2~axes show strike directions of 142-158°. They are
identinal with the ﬁ —~axes of the bedding-pole diagrams, Big.oeg )
Trhe apove-mentionad characteristics of the bé~axes ang .

tne significant assembling of Joints indicate the origin

of the second fabric in a later deformation stage, during
upfolding of the strata.

In addition to those two baslc deformation systems, a
special fabric can be related to important fault structures
{thrust faults and horizontal faults}. Such svstems are
defined by secondary shear Jointing, =s described in the
introductory chapter.
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Fig.9s
Piazza di Siena, 160 bedding poles



ZENTRALSTELLE FUR GEGC - PHOTOGRAMMETRIE UND FERNERKUNDUNG , BLATT 39

The evaluation of the tectonics of the Northern and
Central Apennines as described in the previous
chapters is based on field work, interpretation of
serial photographs and satellite imagery. Aerial
photographs and especially field work cover small
areas. Therefore only, the synoptic view of the
satellite imsges allowed to gain the results, which
partly lead to new ideas on the tectonic systems of
the Apennines.

The methods applied during this work are not only of
scientific value but also give a basis for the ex-
ploration of tectonic controlled mineral derosits by
satellite imagery.
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B) GEQ-TECTONIC STUDIES IN EASTERN ALPS

INTRODUCTION AND METHOD

A scection mscross the eastern Alps has been analysed
uging the imagery from the LANDSAT-1 and 2, It has been

shown, as a result of the present studies, thai a gre

23
'-+

potential of these satellite images lies in deiiﬁeatinp
active movement zones of today. Presence of such move-

ment zones along with their sense of movement caan be
deciphered, on the satellite images, by very accurais

and detailed mapping of lineations and study of deformsiion

of landform structures and river courses.

Conventional methods of photo-interpretation utiliziag
texture,tone and morphology, have been app11ed to these imagezy

2
for delineating faults and 11neamen%s =5 géiai attention wau
; P

paid to the trends and their deformation, if any, of the lawiicom
structures and river courses which has helped in decipharing
direction of movements along the faults. For exampls, study
of the courses of tributaries of the Adige river in the Rolzano-
Merano region has indicated presence of an active favli { sinis-
tral sense of movement ) along the river valley, The wmain Adige
river flows NW-SE in this tracit. Tributaries on the eastern side of
- the Adige river turn southwards while approaching the main river,
whereas those on the western side iturn northwards, thus simula-
ting.a typical drag-effect ( F;g.zg),The southwards turn of the
tributaries on the eastern side may be accounted for also due
to general loss of elevation southwards. However, the fact that
the tributaries on the western side turn anomalously northwards -
towards the region of general higher elevation and against the
direction of flow of the main river - brings clearly out the

presence of active movements along the Adige viver valley in

- e

* This work has been carried out by Dr.R.T Gupta, guest

scientist from the Department of Geology and Gebphysics,
University of Roorkee, India.



A
ZENTRALSTELLE FUR GEO - PHOTOGRAMMETRIE UND FERNERKUNDUNG-DFG BLATT 3
t
" r
13
¥
;
i

Py

RECRODUCIRIL Y O H
ORIGINATL, PAGE I0 LO0U)

tenews .

5 i

bt '

o ey ama BeteinglKehunranity 4

1 ¥ LITH L
[ 99 tanmarvane rens e Y Y TLIT] lel|

T8 4 Crtteal w5anu and gatiney = ::‘:::‘:L::vl-.-nu ,!

188 Crpnentons saresy

{877 adsmarine
{7] rercte wntiwmmae

P Sectadie movenary L_q_ T 1 T 1 T 1 T ] T K

R, K &aPta
LT 1 LAY 1 ERIAYYY

| U is st ———— Frannr sl

Fiz.27;Lineation map of the eastern Alps as inter-
preted from the LANDSAT-1 and 2 imaces



ZENTRALSTELLE FUR GED - PHOTOGRAMMETRIE UND FERNERKUNDUNG - DFG BLATT

1 ey LY [AILT™ T J

LCST A

(13 1.3

1
B
l
3
L] b
: £
i
e
]
’) .
@Hkn
- ——mmes LINEAUENT b
i
I-H—HH UREauENY Tone £
1 i
. noN € %] 10 " i o
e FAOBABLE CORIINUA
- [ | 1 )Km
— BRNAS OF mEm iz OmTAL
—— PIErRACLM N
kRiFAuETA

L e I EYE in Al

Fig.2F Major tectonic zones and lineaments in the eastern Alps

=8



ZEMNTHEALSTELLE FUR GES -FHOTOGRAMMETRIE UND FERNERKUNOUN LG BLATT4

Fig.29:Turning of the tributaries indicating active sinist 1
faulting 2long the Adige river valley in +h ] BR) -
Merano (M) region.

LANDSAT-1, dated 31.8.72, channel 7

this area, the sense of movement being sinistral. The liine=zment

can be traced and extended in the mountainous tract on either

\ side, on the imagery, where also movements with sinistral

sense along the lineament are confirmed. It may be added here
that as the satellite images provide vertical views, only hori-
zontal movements can be deciphered on the images. However, the
Swampy areas occurring in the south-western part of the river
valley in consideration indicate that the possibility of con-
currant vertical movements with western block as downthrow side,
is also not ruled out, Similarly, accurate detail mapping

of photo-lineations representing geomorphological features
A

has shown the presence of drag-effects pertaining to dextral
; movements along the Insubric-Tonale Line ( Fig, 3¢).

REPRODUCIBILITY OF THR

| ORIGINAL PAGE IS POOR




ig. 30: Drag eifects along the Insubric-Tonale Line siggestin
movements with dextral sense.

LANDSAT-1, dated 7.10.1972, = 0,8 . 1,1
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Interprétations have been made by suberimgosing observa.
tions on multi-time imagery. Images obtained on 13.8.72, 31.8.72
and 7.10.72 by LANDSAT-1 and those on 7.8.75 by LANDSAT-2 ’
have been made use of. This,on the one hand, has helped in
renoving errors due to illumination conditiong, 3uch as
positicn and angle of sun leading to shadows .( ... ‘Bodechiel
and Nithack, 1974 ), and on the othex hand, has strengthened
validity of the observations and interpretations therefrom.

RESULTS AND DISCUSSION '

It is apparent ( Fig27) that nearly all lineaments are
characterized by several long o small en-echelen minor linea-
tions constituting a zone. So, basically we have to visualize
zones rather than planes such that each zomne is comprised of
nuntearcus smail fo large parallely arranged en-echelon minor zones
end “urfaces, Fig. 28 shows 3 generalized wmap with major tectonie
Zones apd lineaments. A few of the lineaments are seen i bhe
very extensive, being traceble from one and fo other end of the
investigated area and running across the entire section of the
Alps. Some of the lineaments have been off-set by others, Besideg,
as wentioned earlier, several lineaments have been found to be
active(Fig. 29,30 ,2)Results obtained in the present invegtigatioug
render it necessary to make a special mention, among many others,

x L] » c
onf the Insubric-Tonale L.ine and Pustertal Line--~ the itwo rngnized
major geotectopic boundaries in the eastern &1lps ( Fig.ﬁjﬁ

Insubric-Tonale Line :0n the satellite images, this lineament

appears to consist of a number of minor overlapping lineatiouns

and shows displacements along other intersecting presumzbly later
lineaments (Fig..27,2¢)The present investigations, as shown {(Fig. 3o,
indicate < movements (dextral) zlong this Line,

It is worthwhile to recall that Gansser(1968,p.139Yon the basis

o? field investifations in this region wrote about tomptations

to postulate lateral displaéements and Laubscher(if971) based on

palinspastic restorations iunvolving the Dinaride Alps and the
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Apennines inferred 300 km. of post-Oligocene slip, both suggesting

similar sense of displacement as deduced above ( also ¢.f, Laubscher,
1673; Bronst 197%@ .Further, the Insubric-Tonale Line is commonly shown
to be abruptly terminated on the east by the Giudicaria Line (wlgglj

However, the present investigations indicate continuatign of this
trend in the acidic extrusives lving on the eastern side of the
Giudicaria Line and the Adige river(Fig. 27) Though the intensity
of development of this lineament in the acidic sxtrusives

is not g0 pronounced, the mere presence isg striking. In the
geological past, the Insubric-Tonale Line,of course, seems

to have been cut-short (or displaced) by the Giudiecaria Liue,
However, later movements along the Insubric-Tonazleg wmust he
postulated to ewplain its eastward continuation in the acidic
extrusives. Further, though the seismic investigations have

failed to record movemants zlong this Line ( in Gansser, 1968},
the results of the present investigations that all along this
line the geomorphological feafures are aligned simuiating drag
effecty, strongly suggest that this geotectonic boundary ig still
active or at least has been active in the recent past.

Pugtértal Line: Similar to the Insubric-Tonale Line, the Pustertal
Line is a major gecotectonic feature(Fig.31) The geological

field mapping shows no indication of continuation of this Line
into the area of present study and therefore it has been,by and
large, considered to bm abruptly terminated by the Giudicariaz Line

on the west. Continuation of this Line westwards across the
Giudicaria Line was first detected on the ERTS~-1 imagery by
Bodechtel and Lammerer(1973). In the present study it has been
further established that this Line constitutes a zone of active
movementis as accurate mapping of the geomorphological features
adjoining this lineament on the imagery

has revealed drag-effects with dextral sense of movement, ¥Its
westward continuation across the Giudieariz Line and presence of
arag—effects iﬁhicate its later rejuvénati@n and still active
nature {(dextral). It may be of interest here to mention that

cn the basis of repetitive precise 1evelling measuraments over
time, active vertical movements along this zone at the rate of
nearly 1 mn./vear have been found by Senftle and Exner {(1873),

3


http:feature(Fig.31

ZENTRALSTELLE FUR GEO - PHOTOGRAMMETRIE UND FERNERKUNDUNG -DFG . Brarr 48

System of Post-Alpine Faults -~ Relation to the Present Day
Stress Field

An interesting feature is the presence of several W-E to

NW-SE trending lineaments some of which have been neither

mapped so far, nor could be visualized earliier (Fig. é?,ﬁRZ}

On the satellite imagery, they appear as rather unprominent fine
.lineaments which failed to make an impression ~during the first
hand study for major lineaments. It was only during detailed
analysis that their presence became clear and thenceforth has
been confirmed on separate observations on both LANDSAT-1 and 2
images. It is important to note that it is not the case of an
isolatory occurrence; on the contrary they appear to form a set
and hence certainly demand attention.These lineamenis are fine
but extensive and cut across all earlier trends and boundaries
thus indicating that they are post-Alpine in age. Often along
their length they are marked with geomorphological evidences,

in the form of drag-effects, indicating movements of evidently
recent nature, Some of these lineaments partly follow the old
major tectonic zomes, like the Insubric-Tenale Line and the
Pustertal Line, apparently extending and rejuvenating them.
-Further: 2 relation between these lineaments and the stress field
leading to folding and uplift of the Alps (maxiwum principal
stress at N 15-20, in this area , see pageéi_sé)is difficult to
arrive at. On the other hand, it is easy to link these lineaments
to the . stregss field of the present times, Orn the basis
of in-situ stress measurements and fault plane studies of earth-
quakes, maximum principal stress of the present day stress field
in central .Europe has been found to be W-E to WNW-ESE (Ritsema,
1969; Yllies, 1974,1975; Ranalli and Chandler, 1975), which
taking the intermediate principal stress to be vertical, would
fairly well explain the development of these post;Alpine seeningly
active zones qf\movements (Fig.32),

PRODUCIBILITY OF THE
R RIGINAL PAGE 18 POOR
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Predominant Lineation Trends - Relation to Stress Field

A trend diagram depicting relative predominance of various
lineation trends observed on the sAtellxte images of the ares, is
shown in Figiyu Clearly three major ‘directions stand out: (i)

N 45-225, (5,); (ii) N 15-195, (T ); and (iii) N 345-165, {sg).

Out of these thgee lineat{?n groups, %he two Sland 82

oriented at N 45 and N 345, respectively are considered

to be of shear origin and the third, T, trending N 15: to

be of tensile origin (all the three being of cogenetic

nature) on the basis of following arguments:

(i) A number of movements planes are observed, oriented

at nearly N 45 (fig.27 and hence the 1lineation group 8,

is of shear origin,.

(11) The lineation groups S1 and 82 appear to form a conjugate -
set. Here a few addifional remarks seem warranted. The pile of
rocks involved here range from rather incompetent sedimentary
deposits with surficial l1oose moraines to low to high grade meta-
morphics and crystallines(Fig. 97) Regional geology afier Carte
tectonique internationale de 1" Europe, 1:2,5300,000). Evidently,
they have wide diversity in their failure characteristics.
Héwever, a corollary to the Coulomb-Navier criterion for

shear failure widely applied to rocks (e¢.f. Anderson,1951;
Farmer, 1968; Price,-1959,1986) states that under normal
stress conditions the dihedral angle of the shear fractures

{ 26) is related to the coefficient of internal friction 9&)
as follows:

V4

]

A
{b(,

-

o

=
i-l-N

i @
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i ~1
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For most natural rock substances the angle of coefficient
of internal friction ($) being around 30-45 , the dihedral
angle ( 2@ ) ranges around 45-&0 , which is in conformity
to the angle between S; ard S, ( taking intermediate
principal stress to be vertical )., Further, the above
relation between the dihedral angle and the cosificient

of internal friction implies that ihe dihedral angle
increases with decreasing frictional resistance. This fea-
ture seems to be corroborated in the pressnt study as the
S1 and 8, lineations seem to widen out towards the northern
tract from the central parts of the Alps (fig.27).This
"refraction” observed in this area, is attributable to the

decreasing competency of the medium, as the northern tract
ig underlain by largely molasse and surfﬁ?l moraine deposits
and the central mountainous range is underlain by competent
sedimentary and crystallines rocks.

(iii) A third set of lineament (T) is oriented at N 15. Few
displacements are noted parallel to this set, On the cother
hand, many of the larger lakes are observed to lie along this
set of lineament, for example, Starnberger Lake and Ammer

Lake in the North and Garda Lake (?) and Como Lake in the‘South
(fig.ﬁ7).Further, this trend (W 15:) coincides with the di-
rection of maximum principal stresé as derived from the
orientation of S1 and S, conjugate shear sets , Thereifore,

it seems logical to conclude that the lineament set T has

cogenetically developed as a result of tensile failure,

Hence, the above interpretaticns that the Si’ 82 and T
groups of lineaments have ecogenatically developed and that
81 and 32 are of shear origin and T of tensile origin, are well-
interknit and appear to be logical, It is interesting to find
how the direcffon of wmoximun:  oprincipal stress deduced
ag above from the lineament analysis of Alpine section
compares with that independently inferred for the adioi-
ning are2s by cother workers. A major -geotectonic
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feature adjoining the Alps is the Rhinegraben system, con-
sidered to be more or less contemporaneous with the Alpine
orogeny. The Rhinegraben trending NNE-SSW, evidences crustal
dijation normal to the graben axis; of about 4.8 km. and an

average direction of maximum principal stress of abaﬁ*‘N 90 { N¥E)
must be concluded for the beginning of rifeing in Hid&*a Eccene
times (Illies, 1974, 1975 ). Thls is in striking couformity to
the direction deduced as N 15 from the above lineament analysis
for the Alpine section.Further, the above inferences regardéing averags
direction of maximum principal stress in late Masoczoic - €arTliy
Tertiary times from the macrotectonic observations are corrsors sed
by the results of statistical evaluation of field measursmentg

on horizontal stylolites in unfolded Mesozoic platform sedipents,
made 211 over Central Europe ( Beiersdorf, Wagner, wWunderlich

and Plessmann,in Illies, op.cit. )}

The presently‘concluded situation that the then prevalent
maximum principal stress sesems to have been not perpendiculazr
{and hence the minimum principal stress not parellel) to the
general trend of the rocks in this Alpine section needs
explanation,.It seems that this'abnormali¥§$ been caused by the
presence of a hindering block on the south..east. Thgﬁlternative
possibility is by postulating two different phases of defcocrmation
the first phase(with average maximum principal stress trending
N 350) bringing about the regional folding and uplift of the
Alps, followed by a second phase{with average maximum principal
stress oriented at N 15-20) causing largely translational
movements, shearing and faulting but retaining the pre-existing
strike trends. The author tends to favour the first possibility
as scparate phases of felding and faulting are difficult o
visualize. Often the two phenomena are found to be concurrant ang
closely associﬁted wi%h each«other; If the main phase
of deformation had waximum principal stress at N 350 , the
related tectonic impressions which would have been of the same
degree of magnitude and intensity, should have been visible
and thus borne evidence to that. Further, uplift of the Alps
associated with northwards movemant of the Adriatiec block


http:explanation.It
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has been long postulated ( for example, Aubouin, 1284) and the
same block, which lies to the south-east of the area, could
have also provided the hindering resistance referred to

above. Besides, the presence of such 2 bhlock would be furiher
in conformity °~ to the observed vredominance of NE-SW (8.5
lineations with sinistral seanse of horizontal displacenment,
described below. . s

81 Lineations and the Giudicaria Line

A striking feature is the large number of NE-SW ilendlnvl

lineations { Sl) with predominantly sinistral_sense of movement,
observed throughout the region of study (Fig.27).They are
developed with varyving intensity in the area and are mors
prominently developed in the vicinity of Giudicaria Line,

From field investigations Trevisan { in LaubsbherJ 1973%

reported the large system of NE-SW trending sinistral faults

in Giudicaria. Evidently , intense development of S1 set of

shear planes and zones seems to have controlled the development

of Giudicaria Line,

The reasons why moveme?ts have taken place « largely on the Slwset
of shear surfaces and not on the Sz—set and that too with
predominantly s1nlstral senge are also”clear. The general strike
of rocks is N 75*80 (Fig. 27) The max1mum principal stress has |
been concluded ﬁo be directed at N 15, giving the conjugate set

of shear surfaces at N 45 (S ) and N 345 (s ) Thus, the shear
surfaces S trend mnearly perpendlcular td the general Strlke

1--s;e’v; make acute angle (30—35) with
the latter(Fig.34).In such a state, movements on the S - group

of rocks whereas those of 8

of surfaces witqsinistral sense, would be evidently preferred
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CONCLUSTIONS

On the basis of above studies on LANDSAT-1 and 2 images of
eastern Alps, the following broad conclusions may be drawn :

(a} A number of W-E to NW-SE trending post-Alpine active
lineaments are present, These lineaments can be logically
related to the present-day stress field,

(b) There are three dominant lineation-sets in the eastern
Alps. They have co-genetically develcped as a resuli of
shear and tensile failures, due to stresses with maximum

A principal stress averagely trending N 15.

(c) The Giudicaria Line seems to have been controlled by the
NE-SW trending lineaments over which.movemenis with sinistral
sense have been preferred.

It goes without saying that as the satellite images provide very
accurate map of ground features, a great potential of these
images lies in their detailed and accurate mapping. This can
unearth valuable information of local and regional importance,
unobtainable from any other source. '

Y
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¢ APPLICATION OF LANDSAT DATA FOR LAND USE MAPPING BY
CONVENTIONAL INTERPRETATION TECHNIQUES

For many earth scientific activities, land use maps Zorm
the basgis for further planning and inventory preparzzion.
Very often the existing land use maps are more than Zc to
Lo years 0ld and do not correspond anyv longer to the
existing situation.

In order to prepars a land use map on a conventional baszis,
many man-years are necessary te conduct intensive field
work and supporting zerisl phcotointerpretation. The Italian
authorities are feced with tThe problem of producing new
land use maps of the mountainous regicns on a scale of
1 ¢ 500'0c00. Especially in mountainous regions, the cost
factor has always been a severe constraint, hampering
completion of this project. Preliminary svaluations of
LANDSAT~-data, has indicated the high potential of multi-
spectral satellite data and its suitability for land use
mapping. On the basgs of our background experience in
~aerial photointerpretation and satellite data evaluation

.- ‘technicues, we approached this problem by determining the
feasibility of vegetation mapping through appylication of
conventional interpretation'techniques to LANDSAY-~data.The
tasks seem to be solvable with respect to the small scale
and the few main or level one categories that have to be
determined. The different categories of interest are:

1. barrén land (rocks, gravel)

2. permanent snow cover, glaciers

3. urban areas (including industrial areas and larger
" transportation pattsrnz - streets)

4. pastureland (areas cuvered by grass)

- 5. zgricultural areas (including plantations)
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6. forested areas

7. water bodies, rivers and lakes

1. Data Source

LALDSAT-1 MSS images taken during '72 and '73 weighused
as the data source. The nine inch negatives (sca@ég
1,000.000) were photographically enlarged on 2 scé}
7:250.000, For most of the areas the informstion loss .
acguired through repeated pvhotographic processing of the
images did not interfere with the detection of lesvel 1
categories. For some key-areas a direct production of
images from tape were carried out by PRAKLA-Company.
These images, showing maxipum infermation of the MSS'
data, were generated on za gcale of 1:200.000. Furthermore
for some middle Italizn and Sicilian areas Skylab vhoto-
graphic data ia panchromatic and false colour were pro-
duced. By this means a total cloud-free-coverage of the
areas of Iinterest was obtained.

2. Zvaluation Technigues

The basis of any photointerpretation is not only the
experience of the interpreter, but also detasiled background
information, The background information for our vroject
consisted ofs

a) existing land use maps on a scale of 4:200.000,
produced 20 - 4o years before

b) existing field data obtained through intensive
field investigations of the last ten years

c) detailed vegetation profiles.

Information gained throvgh field work proved to ‘be the
most actual information and could be utilized with high
confidence.

: REPRODUCIBILITY OF TEE
ORIGINAL PAGE IS5 POOR
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2.2, Interpretation Kev

S v oty St v By T A Bl A et W B R A s

.%12'1 LANDSAT-1 multispectral scanner data

For conventional photointerpretation fhere are ne sig-
nificant differences of information between MSS 4 and 5
and between MSS 6 and 7.

On the other hand MSS 5 and 7 show the best contrast of

grey tones in vegetated and non-vegetated areas. There-

fore images of these two bands were chosen for the land-
use mapping.

From an earth scientific point of view, the utilization of
data representing different vegetation cycles would be the
optimum.

This regquirement could not be fulfilled over all arsas

hecause of insufficient continuous data. It turned out that fo;;

the production of a preliminary base map, chamnel 5 was op-
timally suited. Band 7 was utilized in order to obtain
additional information for discriminating various types

of surface features. So, for example, the use of band 7
allows for the separation of coniferous forest from mixed
forest, the better delineation of agricultural areas and
the clear identification of barren land. For the level 1
classification the sensitivity of band 7 fTo soil moisture
has been somewhat disadvantageous.

The disgramg of figurel5 represent a qualitative comparison
of grey tone classes obtained from band 7 and 5. In the co~
ordinate-system the land use categories were plotted as a
function of their grev tone #n both channels. It is evident,
that such schematic representations only gives a very rough

" idea about the principles of evaluation. Of course such
diagrams do not reflect the experience -of the interpreter,
his ability to differentiate subtle grey tones or his
analytic ability under various environmental conditions.
Furthermore both diagrams do not express important criterisa
such as texture and morphology and also the synoptic know-
ledge of the geological conditions. An interpretative
decision can be made bv a combined analysis of =211 criteria,
as shown for grass in figure 3g . '
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2.2.2 BSkylab data {colour and false colour iﬁéges)

Colour pnotographs of Skylab (for example 190 a, taken in
September 1973), were projected on a scale of 250.000. Due
to the outstanding colour gquality of these images, the
following surface features could be clearly identified:
forested areas, egriculturallwy used zreas, grassﬁénd znd
barren land, False colour composits of Skylab dataand alsec -
of LANDSAT-4 MSS data served as basic information for - -
differentiation areas with grassland from agricultural
use regions. The determination of borders between thoge
two features has been very difficult with black and whitsa
images taken during late zutumm, summer or winter. During
these seasons, the fields are not planted or are alresady
narvested. In relatively dry areas grassiand and agri-
cultural areas appear in relatively unidentifiszble grev
tones when the field vatterns are far below the resolution
capabilities of tThe sensor system. The oniy reliable cri-
terion for differentiation is a distincet red colour re-
presented in false colour images.

Grav Tone and Colour Tone

In respect to the physical properties, various surface
Features reflect incoming radiation in different inten-
sity levels. The reflection intensity is transilated on
hotographic data into a gray or coloured tone. Therefore

the vhotographic density is one of the most important inter-
pretative criterion. In addition, the density is very

sengitive to uncontrollable factors, caused by natural
phenonena or by photographic processing technigues,
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In general pictorial representations of our earth surface
are a combination of all possible factors of whick the
image density only plays one part. Problems arise,con-
cerning the identification or surface features, zggardeé
to be homogeneous from anyv earth scientific point of view.
This is due to the fact that such a homogenity does not
necesserily correspond to a homogeneous distribution of
gray tones. Therefore in order to decide whether to deal
with category a or b, further decision-making criteria
have to be introduced. So for example, a well cultivated
fertilized medium humid meadow may have a darker grey tons
than an uncultivated grassland under the same environmental
conditions. Gressland in an Alpine valley, for example,
has a different grey value from grassland in a south
Italian Apennine valley, Grass growing on clay has 2
different dark grey tone than grass on limegtone. Ths grey
tone, the intensity of reflections, is mainly dependent

on natural fachtors such as soil moisture, seil type, cli-
matic zone and local climate. The image, figures37, re~
presents some of the basic relationships between environ-
mental parameters and grey values. Another important
factor, not taken into account, is the exposure of the
surface to an illumination souree - the Sun. In areas
with great relief the identification of surface features
is extremely difficult, not only due to the shadows

themselves, but elso to the change of the relative sunangle.
Another important factor is the changing state of vege-

tation during the year, i.e. the change of reflectance
depending on the seasons. Therefore multitinme imagery
allows better identification and further differentiation
of land-use categories, L.

— v s S S AL A s —— . o

The main technical factors influencing the density of
images are related to the image generation itself.
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COARSE-
GRAINED

LIHESTONE

FINE ~GRAINED

CLAY

| S/ciLy
g
g 7USCANY

+ £— 30i.. MOISTURE

¥ig. 37 Grey-tone levels of grass
Schematic representation for the factors soil,
soil-moisture and climatic zone

Concerning the generation of images from a digital tape,
restrictions result from the dynamic range of the output
devise. The equipment used for data generation has an

overall dynamic range of 16 grey levels. In comparison

with the theoretical performance of the MSS scanner, with

a dynamic range of 128 (MSS 5) and 64 (MSS 7) grey levels,
the applied generated images represent reduced informa-

tion. In order to minimize this effect +he available inter-
val of 16 grey tones was adapted to the actual sensitivity
range of the scenes. In order to obtain meximum gErey reso-
lution for the areas of‘iﬂterestj*the adaption was carried
cut on scenes that did not show maximum reflective contrasts,
such as snow and water, im infrared images. A second important
parameter which influences the quality of the film material —
i1s the degradation effect resulting from photolab processings
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{Legend: GT ¥ grey tone,; L.= 1light, LL = very Yight,
M = medium, D 5 dark, DD = very dark)
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such as enlerging etec. During these processes the grey

tones are influenced by thes various film emulsions; by
various sxposure times and by the stats of the chemical
ingredients.

masses., The extreme dark water areas interfsre in. s,
.“"“' .

way that the coastal areas always appear in da:kax‘ﬁ?gﬁg.

tones. The ebove-mentioned photographic factors may 28—
vecially degrade the possibilities and the acouracy of
conventional photointerpretation techniques, In other words
the Iinterpreter has to revise his interpretation results
not only from image to image but also within the evaluation
of one scene. .

3. Possibilities and Limitations of the Conventional

Classification

Tre possibilities of identifying surface features is
extremnely dependant on the resolution capabilities of the
" sensor and on the target size. Figure 38 demonstrates to
what degree under optimum conditions, the differentiation
"of trees can be made. With regard to trees or tres-cones,
two points have to be taken into considerztion. With
raspect to the resolving power to the multispectral
scanner, larger areas with a dense tree population cen
be identified as uniform reflecting areas. It is under-
stocd that with a dense population of trees there is no
interfering reflection from the ground. Furthermore be-
" cause of the poor resclution of the satellite data, the
differentiation betwee« bushes and forests, can not be

made.

Furthermore conventional definition based on the percen-
tage of trees within a certain area can not be made.

Te a certéin degree, grey tone and background informaticn
enable the interpreter to map areas with different densi-
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ties of wood. But the geomeiric resolution of LANDIATSY
images does noit allow to map woods by duaptitative measare-
ments of percentage of trees per area, Thevefore areas

with for example 1o % trees, which are conventionally de-

fined as wood do not appear onr the evaluated land-use map.

Purther difficulties arise when comparing forsts and

¥ v

¢

Lpe

plantations. Densely planted hazels agrumenplantagas

o

H
and vineyards have the same reflection charscteristic us

deciduous forest, at least for the eye. A basic local
knowledge and the experience in examing textud¥al infor-
mation may sometimes help to overcome above-menticned ‘
difficulties.

Plantations, for example, are very often charzcterized
by geometric borders, and in contrast, vineyards often
show a kind of chaotic texiure.

Cultivations with clearly sepa;ated rows of planis =uch
as oliveyards are characferized by a uniform medium grey
value., These grey values are originated by intensities
reflected from the ground coverage and the foliage of

the trees. The’ 'following images demonstrate aress with
plant units which have characteristic signatures. Figura 39
shows coniferous and deciduous forest near Pratomagno,
mountaing south s2ast of Florence, figure 4o mediterranean
oaks in the Apennine west of Rieti, figure 41 oliveyards
of the Tuscany, figure 42 an area with bush and grassland
near Valle Taleggio (Begamasc Alps).

Especially the last example (fig. 39) indicates the diffi-
culties which resuit from the poor geometric and spectral
resolution of LANDSAT-l-images,.

Areas with mixed reflsctions are very difficult €to classify
without knowledge of the local conditions. Noxmally in sueh
cases textureg can not be deteclted any more and the surfaces
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appear rather uniform. The limitations bf“&ifferentiating
between various surface features becomes evident 1f we

are looking at interface regions between meadows and

areas with dried-out grass and barren rocks. Barren rocks
are clearly detectable but a distinet tracing of the
border between the grass land and areas without vegetation
is impossible. .
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c)

Pratomagno Mountains (detail from LANDSAT-1 image of 12. Aug. 1972)
a) MSS 5 (dark = wooded areas)

deciduous wood ( L = in general, K = chestnut )

b) MSS 7: light
dork = coniferous ( N )

c) Ground truth photogr=ph, showing coniferous (dark) surrounded

by deciduous wood

*ﬂ
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a)

e

Flg.

Mountain ranges west of Rieti (detail from LANDSAT-1 image
of 6.Feb. 1972)

a) MSS 5 (dark = mediterranean oaks)

b) Ground truth photograph taken in June 1973 near Amelia.

Dark = mediterranean oaks
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i*’-.'{. 41:

Lower valley of the Cornia
River, east of Piombino
(detail from LANDSAT=1 image

of 12 Aug, 1972)

MSS 5: dark = woods

Fig. 42;

Valle Taleggio (Bergamasc
Alps)

LANDSAT-1, MSS 5, 7.0ct.1972
(2) does not show the distin
vegetation pattern as the
ground truth photograph (b)

middle grey = olive vard
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Discussion of the Results

The possibilities of conventional interpretation mentlioned
above base on extreme situations. With respect to the 7
level I categories the results are good.

Mapping of Land-Use Categories

e Tl e s o oy — - — . S Oy —— o v — .

The land-use classification followed the USGES-system which
ANDERSON, HARDY & ROACH (1972)%* egtablished for the inter-
pretation of remote sensing data.

For our special proéblems there was introduced the level I
category '"grasland", which in the USGS-system belongs to
Tggricultural land", if it is pasture, and to “rénge l1angn
if it is uncultivated.

The following table (Fig. 43) shows to which degree LANDSAT
and SKYLAB images can be used for mapping land-use categories
of level I and II, The table is based on our experiences
during this work and therefore is valuable for Europsan
mountainous regions. )

| Good satellite dataand good background information enable
the interprete to subdived the level I categories no. 2, 4,
5 and 6 in level ITI and IV categories. The following
scﬁemes show these subdivisions, which are not included in
the above USGS~systen. _'“

% J,R., ANDER3SON, E.E. HARDY & J. T. ROACH: A Land-Use Classi=-
fication Systemfor Use with Remote Sensing Data., - Geol.
_Surv. Cireular, £71, 1-16, Washington 1972
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LEVEL I LEVEL I LANDSAT SKYLAB
MULTISPECTRAL IMAGERY
1)BUILT UP LAND e O ++ T T
Residential + +
?ommercial + +
Industrial + +
Communications + +
2) AGRICULTURAL LAND ot O +++ '
Fields +++ o CIR +i+ HP/A
Plantations ++ 0 CIR +++ HE/A
3) GERASSLAND +++ 0 CIR +++ CN/CIR/A
Pasture + o CIR ++ HP/CN/CIR/A
Uncultivated + o CIR ++ HEBE/TN/CIR/A
4) WOODS ++t+ S +++ S/4&
Deciduous it 3 +++ CIR
Coniferous +++ O ++4 CIR
5) WATER +++ +44-
Streams,Waterways | +++ (o) ot
Lakes R 4
Regervoirs +4k e
6) BAREENLAND gt -+t
. Bgach +++ +++
Sand + +
Rocks + +
7) PERMANENT |SNOW/GLACIERS ok +++

Fig, 43: Quality of Landsat- and Skylab-imagery for land-use mapping if
level I and I categories are wanted (Legend see fig. 22 a)
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Fig..43 a

LEGEND for fig. 438

e Identification > 90% 2

T+ Identification & 90% :
+ Ground truth knowliédge

+ Identification only . :

HP

CIR

in speciai casgses ‘ . -
sequential imagery
Images taken in Bummer

Tmages taken in Auntumn
High Precision Photograph

Natural Colcocurs

False Colours
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LEVEL I : LEVEL II - LEVELIIII LEVEL IV
2. agricultural =cres w——e grain — Wheat
land . ' '
rice
—— truck crop
plantations —— vineyards . h
orchards - . \
oliveyards ; b
citrous
nut-plantations
L,woods deciduous —— deciduous deciduous
evergreen —— mediterranean-
deciduous oak
. Macchia
. coniferous — spruce
pines, stone
pines
‘ larches
5. water lakes ) natural —— shallow
artificial deep
+ suspension
rivers
channels
6. barren land barren rock -——volcanic
’ —— sedimentary w—— limestone
sandstone
marles,
shales

Many categories, however, are not sharply bordered because

of a gradual change of grey toneg i.e. a zone of mixed vege~
tation. Even if the categories can be identified, such cases
produce a great uncertainly and mistske in bordering dlfferuni
land~use categories, especially if the scale is large.
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Besides methodological problems and their solution it is. ..,
important to calculate the cartographic accuracy. :

If the geometric accuracy in the scale of 1:1'000'0?0 there
is regarded mostly no important differences between LANDSAT-
1 images and topographic maps. During mapping the enlarge- *
ments squares of 1o cm x 1o cm weére rectified by using exapt%i
topographic features. identical in the images and in the N
topographic maps. '

Finally the geometric accuracy wgé a good as it is reguired

for maps of & scale of 1! 250'000. Areas of 1 mm x 1 mm, ie.;n
250 m x 250 m, were mapped, so that the geometric res~intinn!’
of topographic maps, too was obtgined.

4, 3. Comparison with other Methods of Mapping ’ ‘

————————————————————————————————————— i 1
2 i

The quality of new methods are generally compared witk the ',

results of former, "conventional' Techniques. !

|
Especially with respec t to wdodg the borders tzken from
satellite images were more accurdte than those of existing
land-use maps. This can be explained by this reasons:
Those areas which were mapped from aerial photographs lost
their initial accuracy by the generalization necessary for
a scale of 1:250'c00. If the map is based on field work
the borders can only be drwan roughly.

4, 4, Comparison with_Automatic Digital Classification

ey ey e W i G W e S e SO S PO A R D M GEE M R AT TR A G S i VL ST Y S e U AP U S My R AR e S s awe e dmm

Because of the difficulties described in the ahove chapters
and because of the digital original MSS-data there must be
asked whether an automatic digital classification would not
be preferred to the conventional methods of photointerpre-
tation. Only a time-cost-calculation can answer this question.

At first, there are two important facts:

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POGR
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i
~ A European mountainous region of ca 200'000 km2 Wasg
mapped. This area would be covered by 6 LANDSAT-frames.

- "Level T categories were mapred, They include a great
. lot of sub categories which had te be combined. The
subcategories result from differences of vegetation
and soils.

Next we must have a laok at the time needed for the con~
ventional interpretation.

2 nmonths mapping 5 rhotogeologists
1 month photographic
} , laboratory work 1 photographer

1" month ground truth 2 geologists

Because of the overlapping of processes the whole map was
done in 3,5 months.,

Furthermore, at the recent state of automatic digital clas-
sification there mugt be done gome premises:

~ All necesgary comﬁuter programs must be established - i.e.
programs for the statistics and programg for the correc-
tion of grey tones, vhich is very important especially

| in mountainous areas with an intensiv relief and with a

Fmall scale pattern of different-soils.
|

-~ The computer must be capable to combine the level I cate-
gories from the very great number of subcategories often-
vary similar to one another.

‘Although automatic digital classification is already done

for small European zreas.and just because of the intensive
exper}ments on this field, it is obvious without an exact
calculation: '

o
1. The computer will probably classify much quickew than
' than a interpreter.

\
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2. The c¢lassification pixel by pixel will be much more exact
_than a conventional interpretation.

BJ*The costs for computer time will be much higher than the
costs for interpretefs, materials and field work.

Furthermore the high degree of resolution is not necessary
because areas of 8o m x 8o m can not be figured out in a
scale of 1:250'oco or less. '

In spite of the possibilities offered by statistics and by
computers the automatic digital classification must solve
The same problems ‘as the conventional photointerpretation.

A computer needs background information as well as the human
interpreter.But it is very difficult to code all important
background informations 1in a way that a computer can work
Qith themn,

This short discussion shows that, at least for large moun-
tainous areas in Europe, The conventional photointerpretation

, is and, for the near future, will be the only operational
method .for land-use mapping.
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. LAND~USE MAP OF ITALY
¥Moptaimous reglons
Pagition of the map sectlons i

A
1) Mount Etna (black and white) 52
{ 2) Enstern Sardinia (black and white).

2) Sardinia (colour photograph)

Vat

Westermanns mpriiker/en
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METHODOLOGICAL INVESTIGATIONS
( DIGITAL ANALOG INVESTIGATIONS )
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Methodological investigations concerning the various
techniques of processing multispectral data have been
emphasized during the last two years,

Within the scepe of this activities the following
methods have been applied:

1) Digital treatment of MSS data including
» the development of software programs

2) Combined digitel analog treatment of
multispectral data

3) Analog electronic data processing

4) Fourier enalytical evaluation of LANDSAT
data by an optical computer

A Digital Image Data Processing

Due to the relativeiy late delievery of LANDSAT CCT!s we
: went into the field of digital data processing only to-
‘ wards the end of1973.
|

The digital treatment of multispectral data involved not
only data processing in terms of automatic classification
but also mll data handling and preprocessing techniques
for a more quantitative evaluation of spectral information.

The required soft-ware development for above mentioned
approach has been carried out at our institution without
adapting existing programs.

Today the ZGF is in a position not only to have a reliable
program package for data pre-processing but also classifi-
. cation algorithms are implemented.

The flow-diagram for data processing and the applied systems
is shown in Fig. 44 .
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1.1 Preparation of data for digital evaluation

At the beginning of the evaluation activities no computer
programs and arithmetic models were available to the ZGF.
For these reasons, it was necessary to create data files
on types which could easily be handled by computers of
different producers. The tapes could have been read in
the original format, but this would have required the
creation of ASSEMBLER-Routines for each type of computer
used, On the other hand evaluation programs in ASSEMBLER
seemed useless for this user-oriented application. There-
fore a conversion routine for the data conversion from
the original 8-bit-format to a universal FORTRANexecutable
13-Format was implemented.

During the whole activities of digital data evaluation the
following computer types have been used:

- Siemens Lool4/151
- CDC 6400

- CDC 1700 (for type conversion from 9 to 7 track
and vice versa)

- IBM 360/9%0
- TR 440 (which will be used in the future)

Although the utilisation of different computers for the
evaluation activity was anything but economical, it had
the advantage that all programs have been tested and were
executed on either one of these., Therefore program caused
discreparcies between different systems and compilers are
very unlikely. In fact, discrepancies never did occur once
the programming work terminated.

The advantages of the FORTRAN programming, although in
execution a little slower than ASSEMBLER routines, became
evident once the programs are given to users, or are
integrated to different data service system.
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1 Tape Conv Control
gAty g 9=7 Track | Data 1700

Parity - Error-

Assembler Corréction Siemens 40047151
Assembler C?EEETSFé?mE?RT' Siemens 4004/151

Quick Look Area :
FORTRAN ldent.& Extraction Siemens 4004 /151

» L)

} Ratio / Channel Siemens 4004 /151 |
| FORTRAN Clustering CDC 6500
\
Area Mapping i
FORTRAN Feature Extract. SISk AR
Statistics of Siemens 40047151
FORTRAN intensities CDC 6500
(»)
FORTRAN s IBM 370
FORTRAN F%‘f&g[e}iﬁ;"s‘ Siemens 4004 /151
FORTRAN gbéi‘;:uc‘ﬁgg‘- Siemens 4004 /151

Fig. 44 Flow diagram of data processing
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1.3

Check of Data Quality

LANDSAT CCT'S have been the only multispectral information
in digital form. Therefore until now, all activities to-
wards the development of a data processing software have
necessarily been based on this data.

At the beginning we had to face problems concerning the
data quality.

One principal failure which eventually occured were parity
errors on the original data tapes. The maximum number of
events that occured were about 1200 parity disturbed re-
cords in the 2340 records of tape data file. In order to
correct these data, a parity correction routine was
created. All parity errors up to now proved correctable.

An analog display of either one of the multispectral bands
showed a systematically increased intensity value for each

sixth scan line. This effect became particular evident

for low level intensities as for example for water bodies.

For analog processing such as density slicing, the sixth
scan line effect was very disturbing.

For the automatic clasgification it did not result in the
expected reduction of quality because of its high corre-
lation to all spectral bands.

Therefore no special processes for eliminating the sixth
scen line effect were applied.

Description of IMAGIN Routines (see Apendix 1)

The software routines developed can be separated into 4
groups representing

descriptive statistics

data manipulation

classification periodicity analysis
support routines.

BLATT 83
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The full program check is listed in Apendix 1.

The programs involved are:

1. Category:

1.1 HDAR
1.2 KORR
1.3 REGR

2. Category:

2.1 WIFU

2.2 HAKAN

2.3 FAKTIR
FAZEN
VARMX

3. Category:

3.1 DISK

3.2 AUKLA

Descriptive statistics

Calculation of mean, standard deviation, and
variance for a set of multispectral data
including graphic display

Calculation of correlation, covariance natrix

Determination of the regression function for
one or several sets of data in linear, gquadra-
ic or cubic dependance and greaphical display

of the clusters and the regression function

Data Manipulation

Weighting of spectral intensities for contrast
enhancement and illumination (for graphical
presentation)

Principal Component Analysis for the selection
of those axes with the high variance and the
controlled illumination of those containing
with the highest degree of systematic errors
Factor analysis -Principal components

Factor analysis -Centroid method

Varimax rotation

Classification

Discriminant analyvsis for the supervised
classification of multispectral signatures

Clustering for the unsupervised classification
of multispectral signatures

REPRODUCIBILITY OF THE
ORIGINAL PAGE 1S POOR
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4, Category: Periodicity analysis

4,1 FORAN Fourier analysis for the determination of one
or two dimensional pericdicities within an image
(of only one spectral region)

5. Category: Support routines

Supporting subroutines for matrix inversion,
the generation of gray scale maps, matrix
multiplication etc.

On the basis of above described softwarevackage, LANDSAT
data were processed under the following aspects.

1) Statistical evaluation with respect to the
information content of MSS bands

2) Data Reduction

3) Automatic classification
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2.

Selection of Data Material and Tes

ctk
107 ]
e
ck
(]
n

Concerning our activities on digital data processing
during the last year, we were mainly involved in learnin
about the significance of the spectral information gathered
by the MSS scanner and in developing and updating software
programs. For this basic research and software development
the selection of test sites has not been carried out

with special regard to our LANDSAT test area in Italy, but
more under the following requirements.

- they should all be very close to the location of ZGF
(not more than 150 km). Thus it would be possible to
visit them regularly.Then only a short time would be
needed for comparison of results obtained by the
computer evaluation to the real situation;

;= they should show significant features for the central
European user;

- +to obtain results concerning the resolution to be
obtained by a pixel-by-pixel selection, areas were
chosen which contain featuresof high neighouring
contrast.

All test areas were chosen of the same size and the sane
geometry: 98 lines end 120 pixels per line = 11760 pixels
per test area. This geometry of the frame has been selecte
simply for particular reasons of computer display, not
for any other purpose.

4]
£

The areas in particular are as follows (fig.45,46 )

Scene

Nr. Name of area Data taken

1e Ostersee Area

2, Ammersee-North

S Hofolding Forest ERTS 1021-09380
kL, Landsberg Fields Date: 13 Aug. 72
5. Valli 41 Comacchio ERTS 41218-09341
6. Marina di Carrara Date:’ 26 Feb. 73
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Table 1.
Scene Number of |  Channel 6 _ Channel 7 —‘ Linear equation
pixels Is Se Iy S, Ay Ay S
ALP 11 974400 35.75 10.83 18.79 638 0.28 1.84 1035
ALP 31 324800 3698 13.64 2044 872 03 1.75
ALP 4] 97080 4423 13.70 25.19 7.907 3.40 35 Uy R T 3|
ALP22 950040 38.210 7 16.55 2003 9.22 0.3 1.85 26.55
ALP32 950040 40.73 21.08 20.62.,.9:89 0.12 1.95 26.55
ALP 42 946533 3771 16,57 20.26 9.54 3.54 1.11 10.18
ITAL21 936767 22.96516:58 12.18 395 0.13 1.84 12.1
ITAL 31 943467 2412 3.86 11.82 245 0.11 20 [ST
ITAL32 943879 2541 416 13.08 2.88 0.14 191 16.19
MED 12 40000 5.01 0.0678 5.5
- T I » TH “
REPRODUCIBILITY OF THE
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Table 2.

Scene Identification

ALP11 Northern half of strips 1, 3 and 4
ALP 31  of ERTS 1021-09380, 13 August 1973
ALP 41

ALP22  Southern half of strips 2,3 and 4,
ALP32  ERTS 1021-09380, 13 August 1973
ALP 42

ITAL21 Northem half of strip 2 | ERTS
ITAL31 Northern half of strip3 } 1218-09341
ITAL32 Southern half of strip3 | 26 February
1973
MED 21  Mediterranean water surface of southern
strip of ERTS 1218-09341,
26 February 1973

-

Linearity alone, however, is not a sufficient identity
riterion. Much mor important is the average deviation
criterion. Much more _Ajjo_ tant is the average de tion

etween th

il

viation for

tral European summer scene,
winter scene. The additive =z
for the linear equation show

r

valent scenes only in thos

b |

considered largely contains

1]

was the case for scene ALP 41

see Lake), scene ALP 42 (mostly cloud covered), and MED 12
(uniform water surface of the Mediterranean). Applying

these results to a scene of the same type, but

several different features, results in a very wide deviation

-
From these resmlts, it can mpparently be concluded thatl =
strong correlation, and therefore redundancy, occurs bet-
~ - ~ i St PR, 7
ween the intensity values of channels & and 7 for each

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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-

The quantized grey step image of fig,.54 represents a trans-
formation due to the first principal component of. the
agricultural training set.
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This transformation shows very detailed information on
field patterns; whereas, 1t is not possible to define
the homogenity of the coniferous forest.

A transformation of the same original data with the
'loadings of the first factor representing coniferous samp-
les (fig. ©5) wasg also carried out, =‘ )

This time the forest cover appears verg well defined and
the lack of information on agricultural areas is eviden@.
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By means of corresponding transformationé of the originel
data through available suvervised factors, the new set of
data can be regarded as compressed input data with optimum
information content for specific applications.

Furthermore, by applying the remaining set of data (com-
ponents), a reduction of computer time in the ratio of
9:16 could be maintained with no reduction in c¢lassifi-
cation accuracy as the processing time regquired iz s
quadratic function of the number of spectral bands.

Another type of data reduction can be obtained through
application of factor analysis (FAKTR), in order %o select
those spectral channels with the highest degree of
significance Dr the identification of certain surface
features. Using this method for LANDSAT-data, it was found,
that only three out of the 4 bands showed sufficient and
linear independent information. The high degree of linear
dependence, as pointed out already: above, between MSS 5
and MSS 7 should be restated.
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5.

5.1

REPRCDUCIBILITY OF THE
Automatic Classification . ORIGINAL PAGE IS POOR
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- Multispectral data réquire by its nature of representing

multivariate information advanced processing technigues.

Furthermore thig data can be regarded as an optimum pré-
mise to apply fully automated evaluation and classificetion
algorithms. .

Qn:.the basis of data representing Italilan and South German
scenes, both supervised and unsupervised algorithms were
pregrammed and applied.

Supervised classification

In order to test and evaluate the supervised classification
programs (Apendix 1) a test site near Munich (Fig.45

Scene 1) was selected. The classification was started with
objects easgily identifiable by their areal extension and
spectral characteristics such as water bodies, coniferous
forest, urban areas, and pastures. The resuit of sguch =
supervised classification is demonstrated by fig._SG

In order to prove the reliability of above classification
intensive ground checks and comparative studies based on
aerial_photographs were carried out.

~ From this it turned out, that some classes which are uniform

from an earth scientific point of view could not be Ffully
recognized by the automatic classifier. Marsh land for
example, which is composed by different vegetated and non
vegetated surface : features could not be seperated. Training
the computer with data,'representing the unhonogensous category
marsh" interference with other surface features such as
coniferous forest occured.

Dividing the cluster of ' mashland into more subclusters it
has not been possible to map the true areal extension of

the marsh itself in spite of a high setatistical accuracy in
terms of separability. Such difficulties in defining special
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surface features are not caused by the algorithms used.
Rather the reason for classification errors is the signi-
ficance of the available spectral information for solving
a particular lash:

Further difficulfies arise especially with respect to the
resolution capabilities of the MS-scanner and the typical
pattern of agricultural used areas in Europe.

in contrasst to the extensive land use, characteristic of
HNorth Awerica, we are faced with an intéﬂsive management of
our agricultural areas. This has resulted in very small

and ¥mhomogeneous Field pattern, )

Due to this situation, it is necessary to make a very careful
selection of the picture elements for training the computer
with certain test features. A further problem is, that the
test site very often is much smaller then the dimension of
a resolution element leading to a mixture of different
spectral significences for one cluster, Furthermore this
results in a very poor separability c¢rucial for automatic
classification purposes,

The same problem of gathering unhomogeneous spectral information
occurs at the borders - of two significant surface features.

The degree of misclassification for this case can be mini-
mized by comparing neighbouring picture elements.

Due to above mentioned problem in classifying phenomena
"helow the resolution' other approaches of automatic in-
formation extraction technigues should be taken into con-
sideration. ‘

To carry out a spectral-statistical inventory of agricultursl
used areas over one vegetation cycle in combination with
detailed ground truth reporfs may result in correlation which
allow a further use of Landsat data in terms of a pure
numerical evaluation. A premise for this approach has to

be a maximum repetitive LANDSAT coverage.
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5.2 Non supervised Classification

For carrying out a non supervised clasgsification two routines
were implemented.

The first routine stores all data necesszary for an avtonmatic
classification in core. As the numbers of storage slements
necessary for the classification depend on the ng@bef of
picture elements by n (g - 1)/2, its execution reﬁuires;much
storage, but, on the o?her hand, is very fast.

The second routine has in core onrly the information of tThe
clusters found, and the information of the actual data-points.
¥t is a5 fast as the first routine, but does not need as

much storage,

With these routines a separation of “those clusters with

a very high degree of agreement has been obtained. It soon
becane evident, however, that it was not meaningful To use
a.l data elements'for the clasgsification, because of the.
great computer time unecessary for these procedures., Therefore
the decision was made to use only a very small number of
preselected pixels of a specific significance or to select
the data points from a certain land-scape type by randow
number access.

For classification purposes the Laguna die Comachio
south .of the Po-delta was chsesen (Fig. .46 Scene 1)

The area covers water bodies, large agricultural fielids
with uniform plant soil assoclation characterized by ex-
treme chenges in scil moisture and shallow water in
irrigated rice cultures.

By applving AUELA and AUKLB it waﬁ'possible to seperate
four typical c.iegories. The computer print out of the
gvaluzted area {(Fig. 57 ) shows the following categories:
deep water, shallow water, channels, watsr covered fields
or areas with extremely high soil mecisture, fields with
fresh vegetation, dry area with vegetaﬁion.

 THE
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With respect to the computer time consuming classification
operations the possible information gain has to be care-
fully examined. Even .Jor a pure scientific data hendling
computer time often becones a critical factor which calls
for operating may be less complex processing software or
analog equipment. N

A very easy.and still effectiul possibility of digital
evaluation of multispectral data is, taking into account
the refliection properties of some dominant surface featu-~

res within the spectral range covered by the ERTS-MSS
scanner. )

Sone basic spectral properties are the reflection capabi-
tities of plants and water in the near region of the infra-
red spectrum. In general, reflection characteristics depend
on the spectral range or wavelength of the surface considered.

For the particular case of the LANDSAT-datsa-the slope has been
defined as ’

Lo e

. a=f (contribution of visible — contribution of ’
infrared part of the spectrum)

I, +1c7 g+ s

=R -

- - -+ . R

This technique is not based on a statistical approach. Each
picture point, revresented by 4 Variables - the 4 spectral
neasurerents - is classified with respect to say an certain

angle intervalls, and assigned with & corresponding symbol

and printed into tie waps., This simple decision making

program, does not require large amounts of computer time, and storag
and can be regarded &8s a kind of digital guick look operation

(fig. 58 ). '

The idea of the slope technigue is not to imitate density
slicing techniques but to have the possibility to perform
a certain kind of preselection of surface features.
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- Fig. 58 Spectral slope method

spect, it is possible to get a distribution

a
display of different water bodies but no idea about its

reiative degree of pollution.

Fig. 59 Color composite re-
2 presenting 3 classes

of turbid water
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In Fig. 59 the Versilian cosst iz evaluated using this
method., Three different classes of fturbid water bodies are
digtinguished. Main pollution surces SE of the harbour
basin of Marina di Carrara, the distribution, transporta-
tion and degree of poilution in Thyrrenian Sea can be re-
corded in relation to different slope angles. Decreasing
slope is a function of the reflection and absorption pro-
perties within the visible and near infrared por%tion of

-

the spectrum. . )
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B Analog/Digical Treatment of iitisvectral Data

The results of fully automated classification procedurss .
are data in maplike form which consists of averaged infor-
mation witn respect to the information content of the ori-
ginal data. By this the user is confronted with a final

data product which does not ﬁermit anymore any further inter-
pretations.

Taking iuto account, The interference and complexity-of
gearch~scientific phenomena and the difficulties described
above for many applications the researchers know how is
indisvensible. |

Fspecially in an experimental phase it is of utmost iapori-
ence of being able to evaluate multispectral data by comrbining
the edvantages of statistical techniques and- the intersreters
¥now how.

From an earth scisntific point of view a possible solution
to take advantage of both can be achieved via the following
steps.

.

a) statistical enhancement of class separability
b} combination oif transformed data by operating in «olor snace

c) interpretation

By this technigque decision meking algorithms which acitually
result in an averaging of doa is left to the interpirreters
interaction.

>

1. @a) Fnhancement of class_seperabili

i S o AR LM R PO Wt Ry P o rr et ol

Ty

T

Ep

This preprocessing tschunique represents a nesgssary first
evaluation step for both the fully automated classification
and the combined digital and analog treatment of muitispectral
data.: . '
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( MSS 5 )

b
( NSS 6 )

Fig. 61
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Fig.c4 Color transformation on the basis of statistically
preprocessed data

Tue to the momentaneous experimental status, it would be
desirseble to guantify and standardize color coding of opti-
mized information on the basis of 3 dimensional color space.
The term standardization means a transformetion into per-
ceptable color differences.

Quantification means a reproducable relationship between a
distinct phenomena &and color., Such relationships are for
exanple red color tones indicating vegetation if false color

sraa - v

. 3y Ay

eted

Such M"quantified data" can he obtained if the input

data are derived from statistically optimized preprocesses.
For demonstraiion the data of test area 2 (Figs2 )

were selected.

The following color transformations show enhanced infor-
mation due to different surface phenomena (Fig. 55,545,567 )
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Fig_ 65

Fig. 66
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Fig.68 Aerial photograph exhibiting the same scene
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PR e an = P S

On the basis of above processed information the user would be
provided with optimum data. In comparison to the computerized
classification technigue, the transformation into the color
space procedure, results in data still tuntouched™ by decision
making errors or averaging effects.

RN+ s

" The decision making aspect still left to the interpreter
could be carried ocut via isochrome mapping techniques or
even by an interpretation based on the earth scientific
know how.

B
'REPROD[KEBHJTY'OF'IH
OBKHfHﬂ;%UHEEISIKHBi.

3. Analog Flectronic Data Bvaluation

The increased interest of scientists in Landsat data and
thelr requirements towards easy to operate znd interactive
data processging possibilities led to the implementation of
an analog data processing system {Phase I, completét July
1975), which will be interfaced to =a minicomputer (Phase
IT, completed beginning of 1976). .
By means of the interface combination, the system oifers
hybrid capabilities. For quick look data evaluation based
on photographic LANDSAT-data-products it is possible te
operate the analog electronic circuits seperately. The
Systenm has the following standard evalustion functions:

I Analog Electronics

point-wise density reading
- density slicing
- line by line intensity level analysis of the
whole image including selection of particular
features
- combination of multispectral and sequentiel data
with respect to following algorithms
ratios; products, sums, differences
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- color space operstions with original or preprocessed
data

- electronic revresentation of scatter disgrams of
any two data sets.

The digitel operating circuits will be supporied by probiem
oriented software routines covering the following function.

CCT input capabilities
seometric correction of LANDSAT dats

{

classification statistics
basic image enhancenment.

The results obtained by a pure digital treatment of data can
be displayed on a line printer or via the analog electronic

circuits.
Vidicon '
Yz~
Comerg

Analogue Mot or . E’
wr
Light | Image Analyzer Z Leght =
- {abtg™ .- 7 deo | _ ~pen @
- i—>  Electronics Color- - &
Disc Monifor E
- <L
[«
. 3
Analogue/dgital ) s
fonverter ' : =
i " Digital Computer ”Yﬁ;ge{?‘[')”m e
Controller Memory DOperalions =
&
/ \ ‘ Operator console =
Digital Digitad ' é”

sloroge Tape
Disc Pack Units

- Fig. 69 Scheme of an analog/@igital data processing
systenm
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c Fourier analvtical evaluation of LAWDSAT data by

an optical computer

During the last year coherent optical processing tech-
niques were applied on LANDSAT-data under various aspects.
The optical bench used is available at the Institut fir
Nachrichtentechnik at the Technical University of Munich.

Optical processing was carried out for the following
purposes: '

~ image manipulation

-~ gquantitative measurement of specira

i S B S L L L

Tmage manipulations were done with an experimental system$
exnibited by Fig, 7o

aflnyl L a'te'yl)

- e kg

*—I (\

ok

§ Laget
: A= 23280m

plane plane plane

o)
5
d
e
ct

|
. i |
v _ input . } frequency
|
]

Fig.70  Schematic representation of optical bench
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Using a coherent light source and a corresponding lens -
system, the two~dimensional pattern (Image) of the input
plane is transformed into the Foprier transform (fre-
gquency plane). Now it is possible to remove spatial fre-
quencies from The Fourier spectrum by applying optical
filters.

Afterwards the filtered imzge can be optically rebuilt
(output plane) which again requires a corresponding lens.

By applying high- or low pass filters image enhancement in
termg of contrast manipulations can be carried out.

More intersting for geological applications is the so called
directioneal filtering.

For This purposes a 10° wedge filterwas used to remove
those directions which are easily detectable by the eve
and which may camouflage minor directions,

By using an S 190 A enlargement rebpresenting the Apenine
foreland between Pascara and Ancona (Fig. 71 a), an
attenpt was made to remove especially those directions
that are not necessarily of tectonic origin in terms of
fracture control. The orientation indicated is due pri-%
marily to the drainage system direeted perpendicular to
the Adristic coast (Fig.7ia). The reconstruction (Figz.7ip)
shows very distinctly the prolongations of the main line-
ations which cut the Apenines in an ENE and zna®ESE direc-
tion (Fig.71i¢) .Furthermore, a gsecondary system acompany-
ing the main structures can be detected, especially in the
northern part of the area selected.
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Ancona
Eastern Apennins foreland
between Ancona and
Pescara -
SKYLAB S 130 A, Sept. 73
{Detail)

Adriatic Reconstruction from an

sea optical Fourier trans-
form

(a)
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Quantitative measurements

£ special interest for ftectonical apnlications is to ob-
tain a gquantitative measure of the directional distri-
bution of linear features. )

The conventiongl way of cobtaining such information re-
guires time consuming evaluations and measurements of length
and direction of each single lineament.The results are
then statistically plotted in form of rose diagrans.

In order to evaluate the two-dimensional spectrum in a
quantitative way, the relative brightness of the spectrum
has to be measured.

The information of brightness -~ distribution was obtained
by using a photo multiplier which was connected to the
frequency plane. By a step wise rotation of a narrow wedge
filter the intensities can be easily recorded with respect
to the direction,

In order to obtain information on the accuracy of this tech-
nigue a lineament(Fig., 72) was optically evaluated.
The result was compared with a conventional evaluation.

N\
YA
— %\/..__\’ \\“\

s

Fig.72 Example of a lineament map
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The comparison is exhibited by Fig.73 and shows a far-
reaching agreement especially in the dlrectlonal distri-
brtion of main lineaments.

“Optical evaluation
‘ﬁ
30
20 ﬁ\\\ §§§§ .§§;;;; .
10 §§\\ \\\\\\ §§§§\\\\\m§_ Qé:;&
N

\ N
O~§&Q&\ -Sﬁ& \\\\Qﬁbf\ﬂ\k\%*¢§}£$u

100 180° >
A -
convaentional evaluation

50
L0
30
20
10

&

e

ffg 3 Comparison optical/hand evaluation of 2 li-
R neament map
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conventional
evaluation

/ optical
j evaluation

Fig. .75 Comparison optical/hand evaluation of testisite

This figure demonstrates again, that it is possible to
obtain information at least on the distribution of domi-
nant linear features by applying optical processing tech~
nigues.,

Ahove described good possibilities led to a more detailed
evaluation taking into account the frequency distributions
which cen be derived from different spectral bands.

Fig. 76 demonstrates the frequency distributions of the
same test area (Fig.74)with respect to MSS bands 4,5,5 a.7.
A good comparisons af above readings is given by the
characteristic peaks originated from the scan-lines. An
effect which is distinctly expressed on MSS 4.
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rel Intens./10° Sektor

»

w

0 40 80 120 160 200 240 280 320 360
Drehwinket

T rig. 78 Freguendy distribution derived from
MSS bands 4, 5, 6 and 7

A comparative evaluation between MSS 7 and MSS &4 (Fig. 73)
shows that two directions can be identified with respect to
relative brightness differences.

Category I : Intensity MSS 7 ¥SS 4

Category II : Intensity M3S 7 M33 4
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v
4 MSS 7
%
¢
A
1 GRAD
3\
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gi MSS 4
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-

Fig, 77 Comparison Tntensities band 7 versus bend &

These two characterigtic intervals could be relatsd to the
dominant fracture system in the vicinity of the Rhine Graben.
Category I corresponds to the Rhine Graben-paralleifracture
system and Category II to the lineations which are + per-
pendicular to the parallel strucures.

This exaﬁple has tc be regarded as an attempt to com-
bine multispectral- with spatial- information on a more
guantitative way.
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