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I ~ INTRODUCTION

The oxiginal objectives of the investigation, as specifigd in the attachement A

of the provisiens, including:
- i

f‘the study of geological'struétuxe of Sicily ond the analysis 6f anomalous

thermal areas '
. “-the analysis of coastal watexs around Sicgly"énﬁ_NW Adriatic Sea.
- Subseguently, in order’to have more chances to recelve useful] and complete data
*to fulfii the ekperiméntal goals of the investigatioﬂ, it was decided by mutual-
'agreemeﬂt between NASR and the_P,i: to extend the testarea to other parts of thé

Ttalian territory; the primary goal of the experiment being to ascertain the potential

of thermal inertia mapping as additional tool to discriminate the geolithological

inits, .

Up to date (see paragraph VI) we are still waiting for a complete pass .tvisible1+
night/day I.R.). Howevef, priority passes have Been requestéd according to“NASA.
instructions and three successful oxbits over the Italian territory have besn announced
by HWASA (2,8 and 13 April 1978). Bs. soon as the quality of the imagés will be cheked,
we shall ask for the tapes. )

Then we shall-proceed to a complete evaluation, using the computer programs thah
have been already prepared fsee paragraph IT).

Meanwhile,!we used incomplete data to test the equipment and part of the software.

In particular, we received onz tape (A.A.HHP 783¢068111-Scene identification B@E3801L50%)
referring té a night I.E: pass (3 June,1978). The scene is centereé on the'Tyrfepian
sea (coordinates of central points N 41© 45! 11",—uE 07° 56' 23"). While the two
original test.a;eas (Sicily and NW Adriatic Sea) are out of the scéne, the island

.of Sardinia appears not too cloudy and its image is of particularlf,good quality
{Fig.l). On the other hand, Sardinia could be considered as an excelient alte;natihe
térget for the experiﬁent._ Its slructural geology is well known and several geo—
litheological units are distinguishable. The vegetation cover is generally very
pooxr, in paxticulaxr in June, on some of the outcropping foxmations (see paragraph III).

Therefore, we decided to use Sardinia as a first training test area,



¥TI - TECHNIQUES

IT.1 - Employed computers

For the analysis of the firgt digital HCMM data weused two quite different
computers:
a) IBM 370}138 with 700 K byte memory, disks,tape.units, line printer for the '
éévelopment of the algorithms,
b} PDP 11+ @3 ﬁith 20 kwords memory, disks, tape unit, TTY, color monitor, three. re-
"freshmemories for thedisPla§cf the results in a fast, visible way. B
The software of this computer, coriginally designed for Landsat tapes, has peeﬁ{

nodified and improved for the TCMM tapes.

Prébgbly in next months we shall link the two computers in oxrder to have a more

poverful system.

-1I.2 - Radiometric calibration

Regarding the measurements of radiant power and the atmospheric - eorrections,
so far we didn't apply any modification to the data. . In fact,gﬁch a correction
doesn't appear necessary while morking on a single pass.

For the thrse surveys of April (if cloud free) we will take into consideration
the grcund mgpeo—data at'the moment pf the survey as well as the Meteonsal: data.

We will contrel if during the 12 hours interval relevant changes occurrad, mainly

those in water vapour content of the athmosphere.

IT1.3 - Data handling and software

v

Our analysis of the available data from HCMM mission of the Explorexr-a .
satellite'hés suggested to us to produce a suitable software in order to éccomplish
éhe mission objectives. We preferred to write our own software instead of trying
to adapt the software supplied by NASA. The scoftware production concerned the fol-

lowing items:

A) modification of an existing system software, on mini-computer PDP11-#3 provided

with a colour monitor, already used to studv other kinds of problems, in order to

-

read HCMM tapes (complete)

B) realization cf a software paékage which allows the comparison of imaées produced

by different seasons and/ox acguired oﬁ différent orbits. In order to solve the



registration ' problems we have written soms algorithm to correct rotations, tran—

slations, deformations and to minimize the residual differences {(complete)

C) developﬁent of new programs to calculate température values from data indexes,
to determine thermal irertia by day-nigth passes comparison, in order to obtain’

information about the thermal bhehaviour of the surface {developing)

‘D) differential analysis by means of mathematical operators to study -spatial

and temporal evolution of- surface thermal parameters (complete)

E)_Development of methodologies to merge the data contained on the HCMM tapes with

other data (Landsatjtopographiéal and gecphysical) (developing).

IXI - - ACCOMPLISEMENTS

L4 -

- IIT.1 - Description of selected test areas: the island of Sardinia

(training test area)

By analysing the frame of Fig.l for the best understanding cof the capability

of this kind of information, we havée looked for a test area which, should have

been fit for that.

In particular, Sardinia Island seéms to be offering some peculiar characteristics,
not'f%ndable} else where, in the surrounding areas.

Ceography: the location of the Isla.ndr in the central part of the westexn
Mediterranean Sea, warrants a lower cloud coverage than in other sites.
7?prthermore, the presence of the coast liﬁe- allows an easier geographic locétion

‘and the surrounding sea is a natural temperature reference,
:%or the images calibration. - -
Orography is noé exceedingly rough but a élearly differentiated morphology exists.
fhe ﬁoo&ed areas are confined to some well defined sites. Moreover, in the waim ‘
season, the vegetation influence is very low, owing to the dryness’ of &He‘région (Fig.3).

Geology-Lithostratigrachy (Fig.2):. a complete cronostratigraphic sequence

océurs, from the Cambrian Lo the present period. Outcropping of s;ngle formation
is clearly definable, with Ffrequent plateaux within different age limestones (Cam—
brian, Giurassic and Cretaceous ,Bocene and Miocesne).

In the Worth-Eastern part of Sardinia a ﬁefciniaﬂ batholith outcrops, as well as

somevwhere else in the southern area.



&eo—Tectonic framework:stfuctural features of the area are not influenced
and troubled by recent plications and folding. In general, tectonic assessment shows

a stretching féult style (graben of Campiéano.and-normal faults and wrenches).

- Geomorphology: the region shows different areas with peculiar aspects

1and characteristics:
— alluvial Belt (NW-SE) corresponding to the rift valley of Campidance (South
of the island)

~ Permo-triassic pensplain with the subsequent mesozolic transgressicn which

e )

presently occurs under the form of isolated tableaux (Central-Eastern part of

the Island)
=~ Plateau basait with wide lavaflows to be connected to the recent volcanic

activily (Pliocene-Quaternary). -

Other kind of data: we have the opportunity of corxrelating the results of

‘the investigation with other available kind §f data and information from space  plat—
_forms and aircrafts.

~Skylab imagery

~Landsat ﬁasses

~local thermal. infrared aerial surveys

-panéromat;c aerial photography of the whole territory,in different

scales and already interpreted

—éeromagnetic maps (both detailed and regional).

Potential applications: besides the mainchkjectives of the research, one of

the most interesting application should be, the possibility of detecting and control-
ling the higﬁ‘moisture content areas, becauss of the water supply problems that

exist in the region.

IIZ.2 - Preliﬁinary enhancemants and resulls .

Only to indicate the aspect of éhe display from the available CCT, we
enclose:
1) A B/W level sliecing obtéined with a ncrmal stretching of the original histcgram
‘ (Fig.4). Thitz type of processing is not.suffiéient ; of course, for any kind of

soil clasesification.



chéver, it is a good guide to discriminate:severéi areas of possible #nterest{
In any case the level slicinngill be necessary to quantify the differences '
between aayyhight images.
Eécluding the areas yhere the 1éck of information prevents any useful corxelation
(rough orography and high elevgtién sites) some remarks can\already made (see
fig.S): |
- the largest alluvial -deposit’ is the 'qiabeﬂ of Campidanc, oriented SE-NW
in tﬁe Southern part of Sardinia. The‘vallef is flat aAd the forest comple-
-tely abgsent. The slicinévshows an Elon§éted thermal negative feature in‘the
center of the valley, separating tﬁofpositive strips. There is a good mat-
_Fhiﬁg between the state of’veg;tation and the thermal-levels, the dérker_
ones-{éolder) corresponding to‘thescloseétq;bare.soil areas. But this

feature could also be corrglated to the known faults along and across'the bottom of
-%he grgben.;The imagé aiso shows -that the thermal behaviou? of shallow waterslof the
bays of Cagliari and Oristano (at both ends of Campidano) can be another
_good target of the inéestigation. -
- In.éentral Sai@inia (NE of Orfstano) a linear, very narrow, keature is
cleérly vigikble at the boundary betwéen the Qranites'of the NE plateau and
the basalts of NW. N )
— In NE Sardinia some elcngated, but broader, features correspond to known mor-
pholegic-tectonic alignements, eépeci;lly to those with SW-UE diréction
éﬁercyﬁidn tectonics) .
- In %t'least one cass a perfeét geomét?ical correspondence was found between
& basalt :putcrop (mesa) (10x5 km) surrounded by Micocenic marls.
Neverthéless, the level is the same éorresponding in other cases, to diffe-

- rent realities (for example, to forest). Thermal inertid will be the necessary

clue for the digerimination. . . ‘

2) Fig.6 xrepresents the gradient of thermal image'ébtained by the following formula :

- i+l R - T J“'L . 'j':'i; - 2
Z Pk F4L e Z PK,J <.§- }d E‘lﬂ-’l K o Pi"{iik‘
{h=-1 k=j-~1

Ie=1-1 . k=i-l

where x and y axe the coordinates of the pixel.



The gradient function being applied to the full information image, it shows very.
detailgd patterns which are useful for a large scale investigation. However,
for- this first regional approach, this form of presentation seems to be too

detailed.

In the near future we shall apply the function not to the original.data, but

to préperly sﬁoéthed data, in order to describe the boundaries of the small
phenomena, which will appear contoured like the coastal line in Fig.6.

ITT.3 - Wew data provided by HCMM

* Kt this time, . - owing £o the lack of dayynight passes,it is impossiblsa
to prove the usefulness of the new toecl, i.e.thermal inértia. However,. it can
be-considered-gs a new datum the thermal imaging of large areas with a geometrical
resolution ﬁigher than that obtained by meteorological satellites. The merging of this
type of data with Landsat multispectral imagery and with stereophotogxaphy'from the

space seems already feasible and useful.

IV - DATA QUALITY AND DELIVERY
A} Digital data

Up to date we received two digital tapes: the first concerning an U.S.A.

i -
& area (California) (only Day Visible/Day I.R.);the second on Italy (only
2% :
© 3 Night I.R.).
'%%E% Therefore it was impossible any evaluation of thermal inertia. The quality
@2?% iz good and the format is proper.
el

WL B) Analog data

We received many images always incomplete for the tasks of the investigation

(see attached list), even on European and noh European areas extra Ttaly
{often cloudy); The photographic guality of playback is good, but only in few
éases we received both positive and negative transparencies.

We would like to receive more information regarding the relationship hetween
the gray-scale’ ) -the gray-content of the imaée, and the histo-
_gfam of the relative tape. )

Regérding the delivéry, because ©f .the custom expenses, we shall prefef

. a lower nuiber of shippings containing more images.



V ~ FUTURE WORK

As soon as the three announced complete passes of 2,8 and 13 April, 1979 will

' become available, wé shall selectron the base of the QHality'of data, the final

- test_ area(s). for the experiment.

- Produéts:

The software will be improved by the end of September. Besides the standaxd

product {ATI)_we intend to develop some other thematic maps, namely:

the gradient function applied to the smoothing of’the oxiginal data - {day
visible/I.R,—niéht I.R.)

the compariéoﬁ betweean the‘boundaries of the coﬁtours of the three frames
abéve'_

the compariscn between the gradient functions in different passes in order

_.to'detect the shape changes with the time

the overlay of the gradient function on the level slicing—of ATT

the gradient function applied to ATI function.

. For investigations in small areas_ we shall try to apply the Laplacian cperator:

to

.

L‘(x;iyl) = Bzz + '322_
ST "__ 2 -f'sz_' ..S)xz

i
P
%- 3
. i ‘

the configurations described above.

- The investigation will be then developéd by the merging of thermal data with

Landsat,'meteoxologicgl geological and geophysical data.



FIGURE CAPTIONS

Fig. 1 - Orxiginal Erame -
Fig. 2 - Geolithological ﬁap of Bardinia island (scale 1:1.000.000)
LEGENDA

1 - Recent and present alluvial deposits (Pliocene-Quatsrnaxy)-
2 - Marls and calcarenites (Miocene;Eocene)
é - Limestones {Giurassic—Cretaceous)

— Evaporites (Triassic)

1

- Slaty arenaceous complex‘(Silurian~0rdovicién)

4

5

"6 - skarn and hornfels
7 - Siaty clays with carbonatic lenses (Cémbriqn)
8 ~ Volcanites

9 -~ Hercynian Batholyth

10~ Faults.

)

Pig. 3 - Sketch of the vegetatiopn  distribution in Sardinia {Summertime) from
Landsat "images.

- black areas : forest

= white areas : grass or cultivated
Al

- dotted areas : dry, bare soils

- framed areas : test-site under investigation

Fig. 4 - B[W slicing. Contrast stretching of the original I.R.HCMM images.

3

8 levels (warm=white, cold=black).

Fig.S—The main featuresextracted from the .comparison of Fig.4, Fig.2 and Fig.3.

Fig.6 "~ Gradient of the original scene (3 levels}
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B e s S TS L e i ..

o TMMAGINT HCMM . '
pafa’ | HOCODICE 4 DAY VIS DAY IR |NIGHT IR AREA TMMAGINY
: ’ T : :
28-5~7¢ | 20032-12340-1 . © . 1 _ -] ITALYA OR. CENTRO SETTENTRIONALE
! ) : : :
38578 | R0034-2120-3 _ . . - | EUROPA OCC. (ING.FRANCIA,BELGIO,P,BAS
? - .
} 2-6-78 | A0037-01310-3{ _ T . EUROPA ORIENTALE
| ‘ -
2-6-78 | A0037-01320-3} s o ITALIA CENTRO MERIDIONALE
_ ot
3-6-78 | ACO38~142260~1 . _ 3 ITALIA (escluse CALABRIA e isole)-
1 3~6-78 AQO38 ~12460-34 e L. . ITALIA (escluse CALABRIA e isole)
- : _ ,
3-6-78- | A0D38-12440-1 S _ | SICILIA e AFRICA SETT.
3-6-78 | AGO38-01490-3} - . | EUROPA OCCINENTALE
P ¥*6-78 | ROO38~01500-3| _ . ITALIA CENTR. SARDEGNA CORSICA
i &-6~18 | AODA3~12380-1 . - : ITALIA CENTRO MERID. e SICILIA
) . . N - . - - P
3 g-6-78 | A0043-12380-2{ . | ITALIA CENTRO MERID. e SICILIA
=4 R R S B . N .
5
. B~6-78 | AODA3-12370-1 . " _ SICILIA MERID, TUNISIA
12°6%78 | A0047-12140-1 . . NON INTERDRETATA
13-6-78 | A00A7-12140-2| _ NON INTERPRETATA
{ Noet IR T ‘ -
E :
118-6-78" | ACDS3-12260~1 . - B ITALIA CENTRO SETT.ed BUROPA OR.
|18-6-78 | a0053-12260-2] .} - _ . | ITALIA CENTRO SETT.ed EURDPA OR,
l18-6-78 | AOD53-12220-1 . ) - -1 APRICA (LIBIA)
| e, s - - -
{1B-6-78 | ROO53~12220-2| . _ . N BFRICA {LIBIA)
| sm-6-78 | A0085-02070-3] - R . BALEARI e COSTA "SPAGNCLA




DATA -

w° copreE

RIS SO P S S 3 Y R L UY=L NP P Y ooy

DAY

/0

'™

IMMAGINI HCMM

VIS DAY IR NIGHT IR

L o N, PV S S

)
LF
A

O —

AREA IMMAGINWI

-20~6-~78

AQD55-02050~3

EURCPA OCCIDENTALE

| 24-6-78

AOO56-12370~1

ITALIA (escl.CALABRIA,SICILIA)

!
{

24-6-78

AO058-12370~2

ITALIA {escl.CALABRIA,SICILIA)

24-6-=78

AQ0539-12350-1

CALABRIA ,STCILIA ,TUNISIA

PocH

24-6-78

AOO59-12350-2

CALABRIA, STCILIA,TUNISIA

30-6-78

AQOB5-01530-3

SARDEGHNA, CORSICA

HRV P

30-6-78

AC065-01550-3

NON IDENTIFICATA

+130~-6-~-78

AQ065-01510~3

EUROPA OCCIDEMTALE °

-

5-7-178

BCO70-12410-1

ITALIA (éscl. CALABRIA e isole)

5~7-78

ACOT70-12470-2

ITALIA (esel. CALABRIA e isole)

AC070-12400-1

STICILIA,AFRICA {(NAPOLI,SARDEGHA)

AQO70-12400-2

\ SICTLIA,ATRICA (WAPOLL,SARDEGHNA}

ACCT6-01550-3

OCLANDA

ACOT76-01570~3

COSTA TRANCESE & SPAGHOLA OR.

AQCB 7020003

BUROPA COCCIDENMTALE

AOC87-02020-3

. COSTA FRANCESE e SPAGHOLA OR.-

AC117~01120-3

ITALTA MERID.con ISOLE e TUNI

STA

~

.t

AO120-13080-1

COSTA FRANCESE OCCIDENTALE

A0120~13080-2

COSTA FRANCESE CCCTDENTALE
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e A R st T U DRSNS - RS AP : PO
- . -
| IMMAGINI HOMM )
DATA  N® CODICE DAY VIS DAY IR NIGHT IR, AREA IMMAGINI
l24-8-78 | no120~13060~1 . . o COSTA FRANCESE e SPAGNOLA OR,
: .
i24-8-78 | AO120-13060-2| - _ . _ .. | coSTA FRANCESE e SPAGNOLA OR.
{ 1-3-78 | n0ot128-12190-1 . T _ TTALIA CENTRO SETT. e JUGOSLAVIA
1-%-78 . A0128~12190-2 - . _ “1 ITALIA CENTRO SETY. e JUGOSLAVIA
] 1-8-73 | BO128-12170-1 . _ _ ITALIA MERIDIONALE
-1-9-78 | pO128-12170-2 _ - i ITALIA MERIDIONALE
1 6-3-78 |a0133-12130-1] . _ | _ .| reanza centro sETT.
| 6-9-78 |RO133-12130-2| - _ .| _ . | zara cenzro sETr.
€-9-78- 1 A0133-12110~1 . - -7 ITALIA t-iERIDIOiQALE
Pt . e e - - - - .- .
-§-3-78 {a0133-12110~-2] | .. B ITALTA MERIDIONALR
7-9-78 | n0134-12300~1| _, . c NON IDENTIFICATA
e LT - - . . . PR,
7-9-78 |A0134-12300-2| - _ |- . _ NON IDENTIFICATA
; -
; 7-9-78 |[mo134-12290~1| . - C SICILIA e TUNISIA
7-4-78 AD134~12290~2 - . ' __. . SICILIA e TUNISIA
[ 5-10-78 |A0162-12530~1 . N EUROPA CENTRO OCCIDENTALE -
T _
| 3-to-78 |A0162-12530-2| . _ EURCPA CENTRO OCCIDENTALE
i \ . A .. hatae L
! _ _ :
| 5-10-78 [R0162-12520~1 . - _ SARDEGNA e COSTA FRANCESE,SPAGNOLA
I 5~10-78 |RO162~12520-2 .- - - SARDEGNA e COSTA TRANCESE ,SPAGNOLA
| 5-10-78 |A0162-12500-1| . " |- [ cosTa OR, dell'AFRICA SETT.




DATA

®° CODICE

IMMAGINI HCMM |

;
? DAY VIS DAY IR |NIGHT IR AREA TMMAGINE
i : e : : -
| 5-10-76 {A0162-12500-2] . _ COSTA OR. dell'AFRICA SETT.
| 18-10-78 | 20175-01000-3 B ~ . MARE -
!
§
127-10-78 |AO184-12590-3] _ . SPAGNA COSTA ORIENTALE -
129-10-78 {20186-11580-1| . _ . TTALIA CENTRO MERID. JUGOSLAVIA
4 29~10-78 A0186~11580:2 _ .- . ITALTA CENTRC MERID. JUGOSLAVIA
$16-11-78 |a0204~01340~3] _ _ . FRANCIA
16~11-78 |A0204-01360-3] L . COSTA ITALO-FRANCO-SPAGNOLA
116-11-78 {a0204-01380-3 _ - .. APRICA SETTENTRIONALE :
5~12-78 {A0223-11500-1 . L _ . JUGOSLAVIA ' .
1 5-12-78 {A0223-11500-7 * _ . _ JUGOSLAVIA
; ' -
| 6-12-78 |a0224-12090-4) _ _ NON IDENTIFICATA
5?12“78: AG224-12090-2 _ . v NON IDENTIFICATA
6-12~78 |n0O224-12070-% . - - ITALIA ,JUGOSLAYVIA CEﬁTRO SETT.
6-12-78 |A0224-12070~2 _ . N ITALIA,JUGOSLAVIA CENTRO SETT.
| 6-12-78 |A0224-12050-1 _ _ ITALTIA MERID, e SICILIA
L RN : . .
5 6-12-78, |A0224~12050-2 . |’ ITALIA MERID. e SICILIA
i .
;] 7-12-78 |A0225-12260-1 . ITALTA SETTENTRIONALE
l L - ~ - - DU . . » L N L Y
© 7-12-78 |n0225-12260~2] . . TTALIA SETTENTRIONALE

R0225-12250-1

- ITALIA CENTRO SETT,




PPt b I S AL D e R BT '~....r. s mmm wn e el [ — ~
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IMMAGINT HCHM

pata O CODICE, . \BAY VIS|DAY IR NIGHT IR | AREA IMMAGINE
7-12-78[20225-12250-7 . _ ITALIA CRENTRO SETT.
7-12-78|R0225-12230~1 . | _ — ;| TONISTA e sIcITia occ.

| 7-12-78|80225-12230-3  _ . - | vumzsia e szcinia occ.

1" -13-78{n0226-124104 . N - AFRICA SETTENTRICNALE

1.8-12-78{20226-12410-3 ol ;. AFRICA SEFIENTRIONALE

129-12-78|A0247-12360-4 a . NOW IDENTIFICATA

| 3-6-78 |AC033-01480~3 . _ . GERMANIA e AUSTRIA

1 3-6-78 |n0038-01450-3 _ _ y SARDEGHA,CORSICA e COSIA ITAL,FRANC,
3~6-78 |A0O038-01510-3 . . AFRICA SETTEHTﬂIéﬁ;LER '''''
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