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INTRODUCTION
The part of the AGRESTE Project's investigation concerning

~-the Italian-test-sites is-beinpg-conducted-in a two-phase - -

_approach 1) pre-launch, 2) post-launch and ¢ontinuing inve

stigation.

The activity herein reported(bosb&éunch has to be conside-
rated the continuation of thé preceediﬁg one {pre-launch )
which was carried out sinece 1973 by the Joint Research Cen
ter-Ispra in collaboration with the Biology Group of the

Directorate-General for Science and Iducation and the Ita-

lian Institutes and Organizations.

" A condensed description of the pre-launch phase is also

herewith enclosed, as a necessary premise for a correct un

derstanding of the following post-launch activity.

Shonld a more detailed information be requested on some

1

specific sectors of the pre-launch investigmtion, it can

be obtained looking up in tbevcorresponding AGRESTE PROJECT

reports (see annexed list).

\

PRE-LAUNCH INVESTIGATION>

Investigated Fields

During this preparétory:phase the research’was_carried out
aimed at providing the different co-investigating  staffs

with the necessary background needed for correctly solving

the pfobléms connected with the future LANDSAT-2— aircraft

combined R.S. progranmme. ‘
Depending on the principal ohjectives of investigation,

some specific items were considered, taking into  account

", their importance and the possibiiity of tackling them  on

the hasis of the available technical means.

The principal effort was devoted to determine the methodo—
‘logies in gfound observation, airborne survey and data pro

“gessing.
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'232.1.1.

Awmong the four fields of investigation (rice, poplars,
heeches and conifers) the following were considered for:

the AGHLSTE'S pre-launch effort'

— Irrigated crops ¢ rice

- Artificial forest: poplars

This priority was suggested by reasons of relative im -
portance and considering the limited amount of resour -~
ces allocated for this phase of research. Rice and pop-
lars are, in fact, two significant "food-and-wood" sub-
jects for Southern-Lurope. They co-exist in a same ar -
tificial eco-system on test-site N°1, the most suitable
for a JOlnt effort to be ‘produnced by the JRC-fspra and
the Italian Institutes. .

Rpsearch carrled out and results alned at JRC- Ispra

it i - o - e . e . 2 e, e i o .t 2 0 e S0 s it S

and on test-site NY1

RICH INVLDTVGAWION

——

Correlntlnv rice blo—mass and yleld with reflectance in

o " ot o - ——— e

the LANDSAT channels

i s s e

Thekfirst campaign aiming to ascertain the possibility
of establishing a correlation between standihg rice big
mass and some radiometric functions was carried ount on
the J.R.C, lysimeters at Ispra, A limited number of.
cellq were cultivated with rice tfoafed with different
amount of a fertilizer (nltrogen) havxng a strong in -
fluence on the plant growth, k
The analysis of the collected data: (wpxght of overgroand
'blo—mass and reflectances in the four LANDSAT channels,

‘measured by means of an EXOTECH mod. 100 radiometer)

" showed that there should be a linear correlation hetween

| total ovprground blo—mass (1nclud1n panicles) and ‘the

rdtlo P A?, between reflectances in Channels 7 and 5 .



2,2.1.1.1,

These results, though encouraging, did not allow to state

that- the ratio.f7[fg is a direct indicator of the stan-

ding biomass, because in the lysimeter cells the varia -

ti0is 'in hiomass were obtained only by variations of ni =

trogen. It is possible,ﬁeven probable that in these condi
tions the radiometer may see the "quality" of the biomass
(i.e. the amount of clorophyll depending of the amount of

nitrogen)rrather than the "quantity" of biomass. In order

‘to solve the problem it seemed convenient to devote the

campaign of ground tests of 1974 mainly to trying to se-

parate the effects of actual biomass and nitrogen on ra -

- diometric measurements,

For this, two different sets of experimental fields have

been considered: fields in which the same variety of rice

has been cultivated starting from the same density of

plants, but treated with different amounfs of nitrogenv ;
fields in which the same ﬁarieﬁy of rice has been culti -
vated with the same amount of nitrogeh, but starting from

a different density of plants. The collection of data on

- such experimental fields has been carried out mainly from

July to October 1974, Here, only the flnal synthesis  is

reported, in the followlng sectlons.

Bffects of nitrogen on rice biomass

“The tests have heen performed on seven experimental fields,

at Vercelll, prepared and controlled bv ISP, The> results

.can be summar17ed as follows~
,'The,dlfferences in amounts of nitrogen have been cons -
‘tantlyfdetected‘in thé four LANDSAT channéls; It is pos

sible to state thatkreflectance in chahne1'7,and 6 kinf 

creases, while reflectance in channel 5 and 4 decreases

with thé,nitrogen~content$.
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~ The growth of rice plants produces significant varia-
. ] . '
tions in the reflectance values, which can be considered ?

as useful indicators of the vegetation development.

.= The final total ahove-ground biomass is_a linear function_

of nitrogen given as fertilizer.

- The ratio 97/95 is a function of the total ahove-ground

e . e Ponctd i oh-oan 14 4t ~ :
; biomass. ﬂhgy.un(tlon which can link the ratio 97/95 ob |
served in different periods of the vegetative cycle tothe -

- final total overground biomass can always be assumed to

be linear. But the coefficient of correlation is very

close to 1 in a stage near to flowering time, whilst it
continuously decreases towards harvesting time. This sug~:f
gests to consider the period just after flowering as a

good one for yield prediction.

- The’rice.yield’depends on nitrogen fertilization, The "ef

ficiency" of production (ratio hetween grain and total bio

mass) caunot, at this stage of research, be determined by

radiometric means;

i . )

2.2.1.1.2, Experimentsbon variable density rice plants

The tests have been performed at Valeggio on ten éxperimen- :
tal fields prepared and controlled by the ENR. The results .

can be summarized as follows:

- Reflectances‘94vand §y are generally insensitive to bio -

mass variations. Reflectances P and p. show saturation

already,stﬂrting,during the tillering stage. This should
wean that in cliannel 7 and 6 the'radiometer;SeeSQO§ly the
,horizonfal green surface and not the total bioﬁaSé;.the i
_inner hiomass is shiélded by the exteruél‘layeré'of vege%
tation. o | i

 the~period in which the growing of the biomass can be

.dé&,’ , the reflectance p, is more sensiﬁivg'fhan the
ratio p;/py.

o AGNAUPAGES
S OF POOR QUALITY
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The ratio 97/95 is a good indicator of the plant develop-~
ment, during the vegetative life, with a particular sensi

_tivity at full flowering time,

o — i o o et e N B

The common open field rice cultivation shows a wide varia
bility both in halums density (about 200 ) .and in rice pro-
duction (about 30%),

The yield prediction probably cannot he made by evaluating

the total biomass performing only vertical wmeasurement on

vegetation with the radiometer.

It might he possible to find a differential time~dependent
model based on the sensitivity of ?74?, to the growth of
the plant.

‘Discussion of results

The main purpose of the research was to ascertain - whether

v théitotal rice standing biomass could be evaluated by means

of radiometric measurements in the four LANDSAT channels .

This in.fact is the first problem to be solved on the = way

towards the realiSatioh of yield prediction models.

The quest1on can be summarlzed as follows does the radio -

meter see the quantlty or the quallty of the standlng blo—

mass? At this stage of the research it seems that the  se-

chnd hypoﬂhesis is the right one. In fact it is true . that

in Vercelli a linear correlation'has been found between re-
flectanoe and biomass [in part1cu1ar the ratio’ ?7/?,), but,
probably, only because a similar correlatlon exists. bhetween
reflectances and nltroyen content That is to say, the

welght of total blomass is proportlonal to the amount of ni

: trogen, the amount of nitrogen is proportlonal to a reflec-

ta nce functlon The radlomater sees only the amount of ni 5

trogen, and 1n this case it would be an 1nstrument only use

'ful for an 1nd1rect measureﬂ9nt of the blomass.
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Unfortunately the common rice cunltivations are not charac-
terized by different amounts of nitropen. Hence, the re -

sults obtained in Vercelll, although very useful for pro -

duction optlmlsatlon, ?>em to nlve only a pﬂrtxal cuntrlbu

tion to yield prediction.

- ‘ In conclnsion, it seems possible to state that a direct
evaluation of standing biomass is not possible on common
 n rice fields by means of only vertical radiometric measure-
ments, In this situation, once rejected the way of the di-
rect "easy" evaluation of biomass, it seems convenient to
devote any care to the fact that the ratio hetween reflec-
‘tances in channels 7 and 5, plotted against time, is in -
any case a good indicator of the plants development through
out their life. This means that there is a basic possibili
ty of describing tha plants grbwth hy means of radiometric
functions and , hence, of prédiction of biomass amount and

vield by'a differential time-~dependent model.

?f The problem is to individuate significant parameters linked
to the plant development and to tray to correlate them to
some radiometric function@throughout.thg vegetative life of

rice.

The model should be conceived in such a way that the wide
variability both in plants density and in rice production
(observed in‘opén'fields)7might he taken into account. At

- , ' this purpose a serious statistical description of an open

rice field should he done.

@‘%IGINAL PAGE IS
OF POOR QUALITY
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Thermal behaviour of rice fields affected by a yeliowing-di- |

sease ,

‘This research has been_performed by BNR and IGL _with the as-
sistance of the JRC in the Trecate area. The interest of in-
vestigating the potentiality of R.S. in this domain depends
on the strong loss in yield to a rice disease called "Gial -
lume" which causes yellowing of leaves and growth stunting

in rice plants,

~The apnroach to the research consisted in using both an on-
ground thermo—camera and an airborne I.R.-dual channel scan-
ner facility. Most of the ground observations were performed
by mounting the thermo-camera on a special 23~meterihigh

cherry-picker in order to look at the diseased fieldg from
‘different altitudes and inclination angles. '
‘kat has been found that an anomalous thermal behaviour exists

in diseased biomass compared to healthy one.

The thermo~-camera was also operated for some days from pre-
dawn to sﬁnset continuotisly, in order to find the time of day
at which the max. thermal contrast occurs between healthy
and diseased areas. The strongest contrast, corresponding to
some XKelvin degrees of'black—hody temperatﬁre, was detécted
around one o'clock in the afternocon. On the bhasis of the
ahove results, sone aerial pbotogfaphic-and—I.R. scanner sur

veys over the test area were performed at the same time on

. different days.

The aerialhfﬁermogiaphé confirm and extend the results gained
with the thermo-camera. A lot of ground controlfcarried outon
the 87 ha.s test-area during the observations helped in inter- -
pretating the thermal maps of the diseased ZOnes, Thg research
‘QOnfirﬁed that a real timez synoptic monitoring“of;the disease

is possible by means of repetitive aerial surveys.

keterences (3) (4) (6) (1) (8) (17



-8

POPLAR Imgg};m TION
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Three items of investigation were considered and studied

by ISP in collaboration with J.R.C.

-~ identification of poplar afforestations from the land-
scape, with a particular reference to discrimination be -
tween the sorrounding cultivated forest species such as

willows,

- inventory of poplars in different plantation prodnctivity

classes,
— phenoiogic identification.

Some aircraft survéys were considered indispensabhle as a
preliminary stage of investipgation. An experimental area of
10 km® was chosen on the test-site N°1 (Frassineto Po) and
some N and IR/cOlour photographic flights were performed-dt
different dates in order to take advantage of the corres -
ponding aeésonal plhenologic characterization (dimension, co
lour and precocity in fall of leaves). This imagery (scale
up to 1:100,000,), correlated with a suitable amount of
ground ohservations, led to the conclusion that the regular
row arrangeument together with the linear plantation outlines
enahle the recognition of poplars in almost two classes of

various apes even from high altitude. LBach class corresponds -

to a different range of crown dimension, often strongly con

trasting in colour with the pround underneath. Values of ra

tio of crown area'(red)‘to the open ground (blue) have becn

evaluated for different cloasses.

It was also found that IR-false-colour allows far better

than N-colour the discrimination of poplars from willows and

~ the recognition of certain types of poplars with characte -

ristic fbliatibn_qr early leaf fall’pétterns. It cane out

¢

B
RIGINAL PAGE
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from these results that a probability exists that LANDSAT would he

sucressful in poplar identification hy suitable rationing of MSS

e i e~ o e 5 i i e . e . R e - et o e h = T s mmide b es L sk s 4 st s e s e s - 5 s —— dppn e

’channols. : .

; ‘ A Vllght over the same test-site was performed using the LXUTLCH

mod, 100 radiometer. The aim of this e!perlment was to obtain in - -
formations on spectral response 'in the 4 MSS bands from two diffe-
rent altitndes (2,500 m and 4,500 m). From an altitude of 4,500 m
the patch view by means of 1° FOV corresponds to the best ground ’
resolution glement of ‘the LANDSAT satellites.| ‘ 7 %

[

. BN AU s L Lt d e TR s e

i  The EXOTECH mod. 100 radiometer and the following instrumentation.
were mounted on an aircraft:a N-colour Sﬁper—8mm film camera, 2 sets
i of N and IR-colour photographic cameras, a magnetic recorder for

the simultaneous 4-tracks—radiometric signal recording.

The ratlo ?7/94 was chosen hecause 1t is expected to be a good in-
dicator for standlny blomass. Comparing the elaborated results with
ground observatlonslt came out that different types of forestry ve
getvation give different values of the ratio§’74?4.;1n particular ,

increasing values of the above ratio correspond to increasing age

(and timber voiume) of poplars.

It could be concluded that a correlation is p0551b1e hetween age

classes of poplars and radlometrlc data; poplar plantations can be

5
i

distinguished from the willow-tree afforestations.

:' - 1‘: Refergncésv<é) (4);(5)(9)




2.2, Laboratory spectrwl 31gnature dﬂflnltlou e
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Spectral signature definition of poplar leaf surfaces was
.made for defining peculiar features which_allow remote sen.
sing-of different varieties of planits and for bheing even -
tually used as input data in mathematical wmodels describing
the relationships hetween the weasured spectral reflec -
tance of the ensemble ?nd the specific spectrdradiometric
character and the geometric location of every individual
canop? component. ' |

With such a goal in mlnd some laboratory measurements of

‘reflectance versus A in- the range from 370nu to - 800nm hﬂve

been made by ISP and JRC for leaves of different varie-

tles of poplars,. (populus aiha 58-57, populuq deltoides

69/n5 ropulus euroanexric ama I 21d4), "aplix alha" and
"robinia® which prown in the same habitot on the noplar
test-area controlled hy © 1.5, aon test-site N°1.

The measurements have been perzormed at JRC's 1nborato -

‘ries usxng a Cary 1& spectrophotompte; equlpped WLih the

cell space total dlffuse reflectance attachment.

Tt was Tound that the "salix alba" leaf can he distin -
ouished from poplar-leaves. It appeared also that some dif

ficulties will arise for what concerns différentiation be

: tween poplar and "robinia" leafs for Whlch an ext?nsion

of the qnectrdl sipnature study to the near 1nxrarud re -

“gion might be of resolutive interest,

Heferemce (5) . -
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2.2;3. SATELLITE DATA PROCESSING DTVELOPMﬁNT

e catm e v a e e e e s

‘ Thewﬁfﬁbl6m'ﬁf”r6frectrnﬁ'JAVE”XT' “satelTitve and high- -
: Y v altltude atrcraft MSS data for the wasking eifects . of
atmosphere has been considered at ‘the J.IL.C, since 1973,

An experlmental approach was adOpted, which allows to
~obtain the atmospherlc pﬂrameters by means of some di -~ -

rect mencurements on ground.

Referring to the four LANDSAT opu1cal bands 'i the con-
versxon of CCT _radiance data Lp1 from the satelllte in-
to reilectance data f . 1s obtalned measur1ng several
=sky 1rrdd1ance, H =

sky sun
sun 1rrad1ance, doi-sun irradiance outside the earth at

| ; 'atmospher1c parameters, (i.e. i

»mdsphere, Ti=atmdspheric transmittance, m=air mass tra-
"versed hy the sun radiation at different sun angles Gz).

S : “An EXOTECH mod. 100 radlometer was used,

L | "vfMeasurements of H,  were performed at - an altxtude of
about 2670 m on the Swiss Alpes. ‘The most part of the
other measurements were made at Isprd.

1 The datn correcting methodology has heen completely set~

up. Thlq procedure has twofold advantage.,

1) satelllte data are expressed in the same scale as

- ground reflectance measurements;

"~ 2) signature of ground objects hecome independent  from.

atmospheric conditions and sun position.

~An error evaluatlon has also been per;ormed ‘This estim1
‘tion reveals that Jhe accuracy of the reflectance values
alculated from satell1te data on the basis of ground
measurements of atmoepherlc worklng paraneters is of>the,
esame order of the accuracy of ground reflectance measure

mente.

‘uef’erégces_i_(a‘)__(4;») (5) (10) (11)‘(1]2')_ (13)
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2.2.3.2, Software preparatlon for p1000591ng LANDSAT data

- Using some LANDSAT-1 .magnetic tapes the software in-
. dispensable for the forthcoming LANDSAT-2 investiga-
~tion has béen ptepared. A certain awount of applica-
tion work has alsokbeen perforned,

SR - - .The following results have heen obtained.

2,2,3.2.1, Work on the (PSU) software

a) P%U—nackagu preparation
<At the end of 1973 we obtained a copy of the soft
"ware developed by the Remote Sens1nn Group of ‘the
.% Cun RS ‘Pennsylvanla State University (PbU) for the same.
o » ‘ computer and the same system as that in use at
Ispra (IBM J70/165) This software is made by

four types of programs:

1) Data Management and. Retrieval Routines, which
‘ re-eclaborate the data from‘the orlglnal NASA
tapes in a form suitable for inﬁerpretation énd
‘ : SucceSSivé.elaboration~(i.é.kvisualisation by
‘ | | grey-map print out): Programs TPINFO, SUBSET ,
MERGE, NMAP, UMAP, MAPCOMP | o

2) Routines, computlnn the multlvarlate; statisti.

cal parpmeters to be used in 3 and 4: progran

STATS.

PR : o E 43) Feﬁture ﬁplectlon/Data Ieductlon Progrems,

s 1 o P S ey S e s o e o e e o e o e, S s o e

which minimise and/or optimise the flow -and di
mension of LANDSAT'S four channel data ‘to be

”used in 2.,1.2.4,

4) Automatlc Claqqlflcaulon ]rowrams, which cover

- L : - et e

the range of u1a531cal discriminant apalysis:

algorithms (supervised and unsnpervised classi -

,;flcrs)

ORIGINAL PAGE
OF PooR QUAIJTIYS
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-~ NMAPW:

The work for implementing the PSU software a]iBWed the
J.R,C, to first process LAXDSAT-1 tapes in Febr uary
1974, usinpg the retrieval routines TPINbO, SUBSET ,NMAP,

tomatic cléssification problen,

Some programs of extensive use have completely heen re
written in order to improve their efficiency and flexi
hility: NMAP, UMAP, RATIO. | |

PSU derived programs ; :
On the basis of NMAPX (a version of the PSU-NMAP Rou -
tine"rewr1tten qnd inproved by the J.R.C., two programs -

for exgerimental purpose have been written:

an extension .of NMAPX which allows images to
be transformed freely within the colour spdce.
Moreover, NMAPW produces optionally stétistical data
for chosen test areas, histograms for every channel
and/or cluster images in a logarithmic scale for all
pairs of channéls. These featureé have heen used for:
experiments on finding atmospheric correction parame

‘terss and for reducing shadows in mountaineous areas,

- CLASSV: arclassifier derived from NMAPX, which ‘uses
the input'cldstertlimitskgiven for pairs of channels
to assign the”poihts’into‘classesron‘a booleén-type

~decision rule. In connection with NMAPYW 1t has been

used for a flrst clas51fxcat10n of poplars nsing a

 tost area thh questlonable statlstlcs.

evCLAPlY' as a maxlmum 11k011hood cla551f1er, 15 optl-;
mal for normally dlstrlbuted data w1th dlagonal CO -
variance matrix. It may be seen as an 1mproved CLASS
or a s1mp11f1ed PAIGAM algorithm, thus £illing a = gap 7

in the set of c1ass1f1ers in the program package of

. PSU.

UMAP- and “then topain progressive experience im the au — -- -~
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. 2.2.3.2.2, 0Dther programs
N | — RHOMAP

_This program was written by J.R.C. in order to trams- |

- form radiance data, given in form of count ratss on

the NASA tapes, into ground object reflectance. The

. e : - -objects signature becomes less dependent from tempo -~

- B - : ral illumination conditions as defined by sun posi -~
tion and optical transmittance of the atmosphere.
- S Input of RHOMAP are NASA-LANDSAT (or MSS aircraft) da
ta and a number of atwospheric parameters (total ir -
pe e radiance on the ground, -transmittance, path—radiadé&)
~for each considered band. The atmospheric parameters

can. be obtained either from ground measurements or

from atmosphere-model calculations (RADTMO).

— IADTMO
This code package was made available to the J.R.C. by
the courtesy of the NABA's Goddard Space Flight Centre.
The code calculates spectral radiation propeities in

a one-dimensional layered atmosphere, irradiated at

,thh top by a constant flux with given incidence angle.
g‘ k The atmosphere is bounded by ﬂ'lamberﬁiah reflecting
e around. f .
R A modification has bren introduced by J.I.C. into the

program, which allows the evaluation of the aerosol

density in.the lower_ part ofithektroposphefe ( beloi.

5 Km) from visual range.

T L “= PATRAM, ATRAM | |
: k ' These codes were written hy the J.R.C. for the evmlui ' .
’ e . : . tion of the measured atmospheric parameteré. PATHAM '

calculates the path radiance from alumukantar measure-

ments:ofisky;raaiance; ATRAM calculates the transmit-

tance of the atmosphere from the measurements of sun

' irradiance at different sun zenith distances.




~ Image Processing Using Sp#tinl information

~For experimenting image manipulation, using spatial as

“well ‘as" spectral infordation, “the program-IMAN-hasg been— -
written and is poing to he extended IMAN allows level-
slicing, mask generatlon and masking, arithmetic and
logic Qperatlons on images, line-printer display, memg
ry allocation and disc-memory communication, image pa-
rameter calculation and setting, Fourier-transform and

general arithmetic and control commends.

- CLAPIX :
A classifier has been written which assumes independent
data in a max., likelihood decision rule, The classifier
has been used to verify the spatial separation between

the rice classes mentioned ahove,

2.2, 3.u. Applxcatlons for LANDbAT—l 1mauery

e i 4 o g 10 it O R PR g g S SO0 s

Investigations were undertaken on “rice and poplars along
the Po\and‘Ticino valleys and on the ricekzone between
fhese two rivers. For the whole year 1974 only two LAND-
SAT-1 Sateilite scenes were available: one of Octobe; Tth
1972 and the other of May 10th 1973, Both of them cover
a relevant ?art of the test-sites n°l, mainly on the Fa-
stern-side. Most of the 1974 work was performed: on- the
Hay scene, _
- Parallel work has been undertaken for the October scene
~with a higher level of difficnlty hecause the’ general
contrast of this scene is rather weak. Some preliminary
and encouraging resnlts have heen obtained forkficefclég
sification. PoplarTreéognition (cloéed fields) leads. to o
the same success as for the May scene. '
- Some of these resultsfhavé been visualized hy means of a

‘OPTRONICSnyHOTOMATION‘“apparatus which converts digital
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tape information into photographic slides. Each satellite
resolution element (pixel) is represented in this visuall
zation by .means of a rectanpgle whose dimensions.-have been. .
selected in order to minimize the geographic deformation

of the piéture.

Test of classification performance‘applied to the Province
of Varese.
In order to test.the performance of the PSU package, a

supervised classification was performed using the codes

NMAP, UMAP, STATS and PARAM. From NMAP and UMAP (basedvon

~a texture scheme, able to map the uniformities zones and

the contrast zones of a scene) seven categories were iden

tified (town, two types of water (Lake Maggiore, Lake Va-

rese), swamp, high and low vegetation and highly reflee -

ting ‘ebjects). o v
With the results of STATS a regidn of about 27 x 27 Km&‘

around Lake Varese was classified. The data were taken

from the BRTS-1 passage of October 7th.

The results were:

- Water surfaces of lakes of even small dimensions (lake

* Ganna) were correctly classified. Water quality was clear

ly distingnished: i.e, lake Comabbio was recognized as wa -

~ter type "lake Varese", whereas lake Monate was classified

of type "lake Méggiore". Small areas of high vegetation
(poplar planﬁaéions at the horder of lake‘VarQse)  were
correctly distinguished from1surrqunding low Vegetatiop

(meadows).

ORIGINAL PagE 15
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Comparison of classification wethods applied to artificdial

eco-systems starting from digitised reference maps.

constructed and digitised starting from the data given by
the Institutes., Rice fields cut out of 1:6000 photo-reduced’
cadastral maps have heen assembled. These maps refer to some

broad rice-cultivated areas, controlled by ENR.and peplar -

- afforestated areas”controlled by ISP. On this basis a: quanti

tative study on the efficiency of the various classification

methods was ' then be possible (percentage of correct classi-

fied pixel for each class).

a) Rice fields
" The LANDSAT data investigated concern a rectangular zone
taken from the scene of May 10th, 1973. Number of pixels

rinvestidated (4»channpls): i1, 160. The reference map gives

a rice coverage of 40 7% with a max, exrror estimated = at

17;

We report somé results kS : N
- Level 511c1ng on chaﬂnel 7 (near-lnfrdrcd), (program MM

APX)

Rice:coverage, ' Calculation time’(CPU)

39.6% 5 see

~ Classification using Enclidian distance and various an-

gular thresholds for the classes (program D-CLASS):

Threshold .- Rice ééveragé Calculation time (CPU)
180 3% L 5 sec.
210 _T."..'138%‘ B seé E
240 435 ‘ : 5 sec

_ 1assification usind~1inear discriminaut functions . for’

.the classes, adgusted by iteration over the training.

sets (non paramptrlc 11near cla531f1uat10n program NPAR)

“. Rlce,coverage "  ~,alculat10n tlme (CPU)
B - AR R 7 sec

~Two-reference-maps; -for rice-and-poplars—respectively; ~were - -

¥
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~ Clustering of the zone (dnsupervised classification):
Five classes of water were recognized in the rice fields, with

‘a plobal result as follows-

TomTmreT h T "Rice coverape o Calculnt1on tlme (CfU)
: : | 34.8% 11 sec
.7 ... . In the case of "water inventory" a simple level slicing on chan

. : - nel seven gave , as expected, the better result. The water inve
stigvated was, however, very inhomogeneous and’the unsupervised
clustering results are very interesting in this respect. The pro
grams NPAR and CLASS give acceptable results, the:threshold va-

lue for_water in D-CLASS has to be rather large in order to in-

" clude all the water subclasses and a more accurate investiga -

,tioh'will be done to determine it , using LANDSAT-2 data.

b) Poplar plantations
A rectangular zone of the same LANDSAT scene of May 10th, 1973
has been inveStigéted (4 channels). Nuwber of pixels investi -

gated: 6,248,

The reference map gives for poplar fields with crown coverage
above 25% (age 3 years) a cultivated area of 8.3%, referred to
the total area of the zone (estimated error on the last'figufe:

some %).

The results are the following:

~'Classification using maxinnm likclihood with normal distribu-’
tion for the classes (program PARAH),
Poplar coverage ‘ . alculatlon time

PR ‘ ‘ . 7,5% : 18 seec

- Using DCLASS (Euclidian distance):

¥ " Threshold ~Poplar coverage ~ Calculation time

9o o 8% SR , 5 sec

- USan CLUS (unsupervised classification)} E
Poplar coverage Lalculdtlon tlme

13% L 7 sec

' DRIGINAL PAGE IS
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In an actual recognition problem on vegetation, the PARAM algo-~

rithm gives the more reliable results. The clustering approach

- gives-poor - -results,-mainly becanse the Tandom sampling of points

is not sufficient for a small zone; an integral clustering of
all the points would be necessary in this case,

It is heing developed with already encouraging results.,

Reféfencesi,(ij,(5) (14) (15) (16)‘

s bl
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POST LAUNCH INVESTIGATION

Research objectives_and_task distribution in the con -

o s 1 st S B s . o

sidered period.
Special enphasis haswbeenfputAin“the~iﬁvcstigﬁtion con
cerning the main sectors of the.AGRESTE's research :
rice and poplars. In this framework the research has -
been carried out towards the following specific objec~

tives: o
1) Rice investigation
-~ measurements for correlating reflectance with big
mass and yield;
- radiance behaviour of diseased plants;

~ ground-truth acquisition.

2) Forest investigation
-~ ground-truth acquisition
3) Airecraft and satellite data processing
~. atmospheric correction data acquisition;
‘~ development of some new ntility and data proces. -

sing programs,

The distribution of tasks is summarized in Table 1.

RICE INVESTIGATION

Rice reflectance measnrementsin greenhouse conditions

2 o A g o 908 o o1, ot S T s O s

Aim of the experiment ; Expeiimenta1 seb-up

Reflectance measurements on rice plants have been per—
forM@ﬁ ih coliahoration,with IS8SC in a greenhouse at
Vercelli, whare rice has been,growﬁ in 40x40‘cm2 pots.
The aim of the experiment was to obtain spectroareflegk
tancé data related to phenological stages of rice, 8o
as to pinpoint the most significaﬁtfradidmetric fea ~

tures of rice. This has bheen performed also in prepara

“tion of a MSS aircraft flight and for acquiring more
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1 /’*‘“'_4:12.14 18.12.74)-3.4.75 | 10:1.78 ] 20.1.75] 5.2.78 | 14,2,75/6.3.75 | 6.2.795 [14,8.75 |27.3.76 | 18.4.75 [10.5.75
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. L1393 187 | L1646 | L1782 | L0434 | 2361 | ,2605 | .2708 L3450 | ,2375
L1652 L1084 | L1007 | omast | 3131 | L3200 | L3385 | .8642 L3015 | 2048
0,0658 L0703 LOT3H | L0708 | L0441 | L0647 | ,0043 | L0806 |,0747 0653 | .1070
Y. /40 0.,0083 L0888 L0840 1 L0584 [ ,0348 | L0605 | L0877 | QGO | ,0B50 L0594 L1114
- 4 0,09%0 1405 455 (,.1792 | L1480 [ Lomoe | Le200 | Jdgor | ,0464 | 2022 | .2416:
10,1000 2774 L1844 | L0052 | 80 | LuTus | L3017 | (2471 | 3133 L2572 | L3137
: /// 0.0625 | .0014 | .0730 G868 | .062¢ | L0480 | ,u705 | 0783 | .o4po |.0826 | .omst | .1208
R/40 0.0843 | .os22 | .ose3. | .0786 | .0408 | .0s81 | L0755 | .oBEO | 0877 |.1011 L0882 | ,1301
) 0.1026 | 1616 | ,1%95 L1853 | o192 | L1830 | o.asot | oLe400 | 1400 | L2170 2112 | 2573
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! ot : R - . v ¢ 1 .
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o /140 0850 .1238 L1003 L1501 | ,1368 L1271 Jda ] 1248 88 | L1677 L1951 | ,2102
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: = : {
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c .0656 | ,0935 | 0598 oun1 | L0402 | -.0366 | L0278 | L0277 | L0808 | L0402 0468 | 1401
e A/140 L0881 | 1486 | .1148 1051 | L1160 | .1s28 | .1331 | L1842 | 1379 | .2072 L2490 | ,2332
L0830 | L1565 | 1285 1809 | L1318 | 1674 | 1709 | 1608 | 1807 | ,2885 .3206 | ,3033
‘ A % i
L0058° | ,08%4 | ,0004 | .Om02 | L0419 ) .0421 | 0324 | .0488 0523 1 ,0ks57
9 0588 00391 0541 | ,0303 | 0338 | ,0338 | .0323 | .0428 0462 { .0646
A/a0 . 1030 AAB47 | 1261 | L1678 | 1558 | 1568 | ,0073 | ,2050 | .2150 | .2071
v 1079 L1098 | 1424 | L1895 | L2016 | 32008 | 1208 | 2775 .2804 | L2705
: 9.0849 L0829 .0823 | o833 | .0408 | ,03a% 0343 | .0s06 | .0401 0540 :
9 . 0,0087 | * - L0545 | 0800 | .0403 | cowvo [ .un7d ) oLousy | Loads | o044l ‘:oszo :323%
R/140 { c.to02t P2 L Laas0 | LS | 1282 | Laied | oeneee |oo00as | 1619 | 1972 | (2373
0.0887 1232 (1630 | L1280 | L1804 | L1397 | 1408 | L1208 | (3181 2500 | 3202
L0842 | ,0n01 | 0080 L0088 | ,0544 | 0821 | .0s53 | .o0a6s | .uvaoz | .o617 L0649 | .0890
.j{) A/40 LOB43% | L0046 | L0837 L0050 [ 478 L0449 Lu24 L0812 ] 0540 | 0468 .oqgg .0871
L0885 | s13587 ] L1482 L1443 | L1084 | L12ep | L1167 | L1000} L1280 | L2010 3385 R
L0852 - | L1281 | Y563 [ L1B21) L1233 | L1483 | 0060 | L4381 L1048 2060 #2754 i L2808
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confidence in measurement techniques with the Optronics
Model 740 spectro-radiometer over the 300 to 1050 nm wave—~
length region with 2 bandpass of 5 nu and an accuracy of

+ 5%, | LT T
The physical arrangement of the experimental apparatus is
shown in Fig. 1; the spectro-radiometer is plﬂéed on a
tripod and views the rice from directly above by means of
a mirror placed at 45°' 50 cn above the rice pot A Philips
1 kW fotoilux 1amp was used to increase the incident radia

:\ tion. ' C

Fach radiance newsnrément R (ﬂ\) from a rice pot waé re . -
ferred to the measured radlance R (K) of a referenve grey
"panel, the ref‘actance 2, (A) of whlch was previously mea -
sured in the J, h.C lﬂhoratorles by means of a spectro- pho
tometer Cary 14. It was possible in this way to obtain the

-reflectance of the rice pots as a function of - :

RL(4) Sy

B ; /‘ o
= ,“’Rmﬂ)

which is independent of the spectrum of the lamp as well
as of the absorptlon of sun radiation by the glass of the

';rreenhouse. R

3.2.1.2. Measurement campalan cbaract»rlstlcs

e i i o 0 P ok 2 i % o i 5 et

Two rice varletles, Arborlo and Roma, which are the most'
widely cultivated- ones in test- site n°1 have. been cansL -
dered in. connectlon with two EPrtlllsdtlon conditions ~df
dlffereqt contents of N2’ respect1ve1y 40 or 140 Xg of N
‘per hectare, whilst the contents of P and K was malnta;ned
~constant at 90'kg per heétgxe. | |
’Rad1ance spe cﬁra from samnle“ahd phnpl were reéorded With'
an X-Y plotter connpcted to the radlometer's ampllfler out

put and to a synchronous motor attached to “the monochroma—



li

for automatic wavelength scanning, The recorded curves were

e

digitised at JRC and the resnlting punched paper-tapes were

fed into 2 computer program which éompleted'the data prbcqg

AT § - DU S

The hehaviour of rice reflectance was followed during the
greenhouse growing cycle-of the plaﬁts and an attempt to
find a?corrélatign between Ng—fe;tilization contents and o=
ther biological parameters (e.g. vegetative stage, leaf area,
water content, mean dry weight of leaves and rice produc -

tion) is in progress,

A first data evaluation has been performed'b} integratihg
'thq‘meaéured radianées over‘the four MSSvLANﬁSAT'Sichannélé
~ and calculéting the corresponding péflectanée values. Thesé-

"déta are presented in Table 2‘.. The first column gives the

sample No' the second the type of rice (A=Arborio, R=Roma )

and the fertilisation index (40 = 2.8 g calcium cyanidg,

140 = 8.05 g calcium cyanide per pot). Values of reflectancé
in the four LANDSAT channels (in the order'4, 5, 6, 7 from

Aabove) are given as a fungtion-of date of meaéérement. e~

low the date the number of days is given after germination

of rice.

3.2.2, Measurement campaions bn”xigg;ﬁ;fgiL_-axdv1V‘i ters for ¢o

" relating reflectance with hiomass and yie
The conclusions deduced after the 1974 campaign  suggested
to carry on the research for rice plant development model in

two: different areas:

-~ on lysimeter cells,~where~data'can,be collected during
_time at short intervals (few days), on exaétly the  same

wéllfcontrollgh clusters of plants;

- ORIGINAL PAG
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- on a real open field, where data concernlng blomass di~
.- stribution can he collected weekly on a significant num
hers. of points, in order to ohtain a statistical des -

-criptfdn“bf‘thé”fiéld“ﬁhfiﬁbility;“ -

‘Measurement campaigns description

-The cémpéigns.have been runned from July to October 1975,

The data collected by BGI on the JRC lysimeters (2 x 2 m)

concern: L

- phenolovlc stave, weight of wet and drled biomass (mdln

. stem and tiller: leaves and panxcles),x
- weight of dried dead leaves,

~ halms density,

- leaves surface: from the insertion level,

- nitrogen content in leaves and panicles,

- reflectances in the,four LANDSAT channels.

An EXOTECH mod. 100 radiometer vertically attached at -a

speciall crane-rail mobile tower has heen used. Radiometric
measurements in continuous hand have also been performed

during a certain interval of vegetative cycle. The instru
ment emplovéd”was ‘the OPTRONICS mod. 740 spectro-radiome-
ter (300 - 1050 nm range). ' R

‘The datx Cdllected by ISC and JRC on open field at Verdql

1i concern:

- halw _density,
- weight: of wet and dried hiomassy

- reflectances in the four LARDSAT channels.

The measurements have'been ﬁerformed on 51xty points each

~ time., In, thls case both the” L\OTLCH mod 100 and the ra -

dlometer developed at the JRC (see 5.2.5.) have heen used.

7‘The 1nstruments were helna carried through the fields by

mean= of an ereclallV equlpped tracked farm truck°



_formed in the next months.
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This measurement campaign produced a total amount of about

50.000 data. Processing and analysis of data will be per -

Thermal behav1our of a diseased rice lysimeter

- 5 e i o R LR S T e S A D e e S P 108

Description of the experiment

The resnlts obtained by BNR and IGL during the pre-launch'

.phase showed a close correlation hetween total radiating

power and zones of rice fields affected by “"vellowing": a

‘significant increase in radiated energy corresponding  to

some -degrees centigrade of black-hody radiation was de -

tected with respect to heaIthy‘zones.

To obtain more complete information on the radiation beha-
viour of healthy rice and rice affected by disease, an ex-
periment has been carried out by the same Institutes'statf

in June and July 1975 on the JRC's lysimeters at Ispra.

A 1Xtheter with five cells, each of 2 x 2 m with a cen -
tral separated area of 1‘x 1 m was used. The celis wére
filled with earth from the rice fields §nd into them were
transplanted 25 day old rice plants 6f‘thé Balilla variety,
previously cultivated in a ENR greeﬁhduse. 10 days after

the transplanting, a plant carrying infected aphids~ was

planted in the -centre-of eaéh of £hree cells . and the central

square metre of each cell was covered with a fine-mesh ‘
gauze. After 3 days the gauze was removed and all the cells

were treated with insecticide.

The measurements started on'the fifth day after the inféc-
tlon, one series at 13,00 h and one at 24,00 h (soldr the)
and were- contluued w1thout 1nterrupt10n untll the 19th day
aiter the infection, A cherry—nlcker was used carrvlnv on’
hoard an FXOTLPH mod. 100 radiometer (doy measurements)and
an AGA - thernov191on mod. 750 heat-camera (dav-and—nlﬂht

measuremants) A photographic camera w1th Nncolor fllms

S R
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and IR-color films was also used.

.Discussion-of resuldsg— - o m e R e

The experiment confirmed that "vellowing" of rice is detect-

able in. the (J~ /um) wavelenght region. No apprec1ab1e con-—

tribution seems to be g1ven by the pure reflectlve part  of
the spectrun,

The first symptoms of’the disease in the thermal infrared
were noticéd on the 13th day after the infection; there were

no symptoms in the cells which were not infected. A slight

‘difference was already detected in the thermal behaviour of

the central’zoﬁé'df cell n°3 and of the‘peripheral zone of

Cell‘N°1'(both‘artificiélly infected) by the 7th day afterin

fection,
On the 9th day this difference was such as fto show at least
20C thermal difference between the central "suspect" zone of

cell n°3 and the saurrounding plants: Tlie possible influence

-of the presence of water can he excluded in that the signi-

ficant measur@ments were made at the tlme of maximum thermal

 contrast (15,00 h solar time).

On the other hand the measurements at night- tlme did not

seen to havp such a significant thermal difference compared

to the .ones at dayutlme.

-Thus the re sul+a of the pr9v10u= experiments seem to be’ con~ 

firmed, with the addition of the possibility of “"fore-war -

ning" of the progress of the disease. Again, the contribution

of the measurements at night time seems to be of little use,

o Gweioe T e T
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"mpde from hpllcopter

Por what concerns the 1rr1gated crops (rice) the control on

- ground for purpose of automatlc clﬁ551ﬁlcnt10n has been nade.

i

by TNR
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Jach rice field has been located on 1/6000 scale maps, de-
riied from cadastral maps. These maps bave heen photopgraphed
and a nosaic of the concerned zonevis being built up by
JRC. For instance, for the province of Pavia (to which spe
cial attention was paid in view of LANDSAT flights) a.véry
carefplksur#ey has been carried out on a surface of 57,298
hectares out, of a global agricultural surrface of 218,646
hectafes. i | ‘ Lk o
Supplementary iﬁquiries have been carried out hy questioning
the farmers (examination of the farm registers, determina-
tion of the successive cultivations)kiﬁ order to ascertain,
as far as possibie, the actnal on-ground situation at the
time of the LANDSAT passing, | | | '

Reflectance signature measurement ‘from helicopter

In correspondance with the- atmosphprlc parameter measure -

'ments also ref]ectnnco of rice fields on the Chiappona test-

area was measured from a helicopter at the dates ‘listed in
Table 2. The instrumentation used was the EXOTECH 100 £il-
ter radiometer together with a TRAC-4 track portable Yecor
der and a Nikon camera w1th panchromatic film mountvo on

the v1ew—f1nder of the radlomptpr. Before the start of the

‘helicopter the radldnce from a ‘grey reference panel was re

gistered by the recorder. During each flight (helght. 1000
ft) rad1ance measurements from a fixed sequence of p01nts
in the flelds.were registered and photog raphs were taken
through the-vierfindef. The field of view used was 15°

corresnonding to a pground patch of ca. 80 m in diameter
s

The reflectance of the various rice field pabcges will " bhe

évaluatéd'by‘reférring to the.}eference panel and the va-
lues will be compared with the reflectance calculated from

the dlvlt numbers on the NAS& tﬁpes by use of the measured

,atmospherlc parameters.

'ORIGINAL PAGE IS
‘OF POOR QUALITY]
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Thé ordered NASA tapes corresponding to the ground and he-
licopter measurements are listed in Table 2.
Contemporary with the atmospheric parameter and the reflec ,
tance signature measurements the ENR took conventional . ;
agronomic ground truth on the fields, The'following paranme "
ters %e?e determined: ' ’ - 'f L. i :
- - ;ater‘xevel énd_énrfade tehpe;ature  'fv R : | ” j g
24 - fémperaﬁure inside the canopy ;v e 1 -'~"' B f
- biomass (forest and dry weight) ' ;
F; - phenological stage h é
J ~ size of halms and panicles f
-~ no of halms/m2 v | RN g
;5 ' = chromatic‘appearanée ' %
fA . ' -~ presence of alghae %
x -~ final production ;
- meteoroldgica} data (radiation, precipitation, wind dik—
rection, windvdirection and velocity, humidity, tempe -
‘rature). ' ‘,é
1
f -
. " .
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Realisation of a LANDSAT 4-channel field radiometer
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The technique of radiometric weasurement of landscape

*
features, either from fixed points or seen as strips

of ground from low altitude aireratt, over the agri -
cultural-forest areas of the Italian test-sites had in
;VQIVed np till wow a-single type of radiometer, -the
: EXOTECﬁ modelleU,_consisting eséentially_ofﬂi,inde -

" pendent filter optics, aligned with a common centering

view~finder. T

Due to- mlsallynment of the 4 channels of the EXOTFCH
mod, 100 nad1ometer and dne to the nec9551ty to moni-
tor incoming sun radiation durlng field work, the ne-
cessity to develop a radiometer which obviates the
difficultiés met in the : pre-launch measurement pro -

gram with the EXOTECH model 100 emerged,

Technical description of the JRC radiometer

The 4~way optical wavepguide is the basic‘compdnent
which characterisethhe performance of this radiome. -
ter, The principal optical 1ayoutkis'shown in Pig. 2,.
The main body of the guide subdivides into 4 seconda-
ry branches, each of which carries a quarter of the
incident raﬂiétion to the sensofs A

The entrance sectlon of the gulde 1s accurately po -

sitioned W1th ‘respect to the focal plane of the- obJec

tive passing through a hole made in the mirror of the

view-finder.‘Thus, the incident radiation passes di -
rectly from the target to the entrance of the optlcali
guide which transmlﬁs it to the sensors.

To allow the operator a view .of the scene heing exa —b

m*ned the rad1ometnr is equ1vﬂed with a reflex view—

~finder, with shutter.>The operator seps; in the field

of the v1ew—f1nder, a dark circular area in the centre

SRt



3.2.5.2,

—29.

of the scene, corresponding to the part analysed by the
sensorse It 1s in thls way possible to aim the radlome—

ter exactly the zone being 1nvest1gated

The view-finder is also equipped with a manually con -

trolled shutter with the function to eliminate as muéh“

as pnssible the entrance of 1ighf through the area of

the view-finder during the measurewent, in. conditions

of strong surrounding light,

The sensors used are df'fheltype "Silicon photédiodes "
with integrated low-noise operational amplifiers.

e ) i ’ ’ ~
Use of the instrument _
The radiometer has been mainly used for the production
of radiometric signal profiles in the four LANDSAT chan
nels; the instrument is also particularly suitable for
surveys of targmets of small size, Aiming in this case

is madé easier by the design of a view-finder which, as

previously described, displays the area heing measared;

- In Table 3 the values are reported of the nomlnal FOV's

as a Eunctlon of thp used lens, .

‘Lens o -Nom. FOV
590 mm T, 1.8 - 10
300 mm ¥, 4 0.29°
Plane about 50°
¢+ Table 3

o

‘The use of an - opal glass 1nstead of a lens for measure-

nents of the 2 steradian radlatlon is foreseen.

‘A diaphragm w1th,whlch the objective is provided allows

"a continuous attenuation in the incident radiation. .
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Wheq the instrument is being used in conjunction with a se-
cond radiometer, so as to have a continuous monitoring of a
reference panel during the measurements, the use of the op-
tical attenuator facilitates standardisation between the

outputs of the 2 radiometers.

The avallable outputs for- the recordlng on the muitxple con
’nector have a level of 0.1 V. equlvaleut to the full scaleoﬁivv
the ihstrument's ranpge. In cases of measurements at hlgh le
vels, above the r#nge of the internal instrument, the recor
ding outputs supply a potential which iskélways linear with
the incident radiation up to -a maximum value of 10 V., ~ In
such operating conditions it is necessary at the start to

by-pass the internal instrument by means of the channel

switch.

1

'Referéﬁces; {9 ) (18) (19)
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FOREST INVESTIGATION

Ground-truth aconisition

Poplars plantations (test—site No 1)

The following activity has been carried out dnuring the

first six months of 1975 by ISP:

i) A series of'surQeys related to a testvarea of about
90,000 hectareg'suitably chosen in the Po valley
zone.between the towns of Chivasso and Pavié, which
has been designated as land to he permanently un -

der poplar culture;

2) Following the specific request to JRC, a series of
investigations on two forest regions of particular
interest fog the interpretation of the LANDSAT data .

were begun,

As regards the first se£§es of surveys, ahout 35,000
hectares bave been examined, for which the real distri
bution was provided of plantations divided into the

last 3 of the 4 classes of ground coverage - indicated

~in the density scale drawn up by the Institute, speci-

fically:

- 1st class of ground coverage 0 % 5%
_ 2nd. wo.oow u‘ = " : 5 % a5
- 3rd - " oo " 25 Y/ 805
_ 4th . ." " ‘ " .n . )80/‘0

The surveys were made by internretatibn of the. aerial

photographs made with infrared filw on scale!i 34, 000

~in June, 1973, The results were supplled as aerophoto—

generated maps on qcale 1:50,000 on which the exact

- areas of poplar plantatlons,'d1v1ded 1nto the 3 pro -

posed c!dsses, were marked in colour. In the same zone an

area of "supertest” was selected and suarveyed photogra

~phically on scale 1:18,000. The whole region was’ . di-

vided solely by 1nsp°ct10n of the photoEraphq into the

vfollow1ng classes
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1) Non-forest area,

2) Forest area divided into:

3

a) natural forest,
b) man-made forest, consisting entirely of poplars, di-
stributed over the above-mentioned . classes of’.‘

_ground coverage,

3) Water-divided into rivers and rice paddies.
—n

The collected data have been presented as a percentaue of

the total land area.

The specific surveys requostpd by ISP~ to JRC, - which were the

subgects of the second series of 1nvest1gnt10nsw'weré‘car—

ried out exclusively by means of ground surveys. Thev were

directed towards finding the topographical etteat o scale 1

a) a number of poplar plantations in the Torre d'Isola (Pg
via) region, comprising 25 hectares which were the ob-
ject of specific radiometric surveys yith EXOTHCH rad, in
1973, | L

b) the whole area'tormed”woodpd in the Participanzﬁ di

Trino, which const1tutes one of the largest forested a-

reas of the Po plaln(ahout 500 hectares). .

In this last region poplar‘plantatlonsla;e distributed a-
mong the natural forest, the natural compesition of which

was also indicated }on the final maps.

Beech Forests (test-slte N° d)

_Slnce 1973 INPL is c;rryxng on a 51stemat1c forest 1nvento

ry on a 150.000 ha.s zone of the test-slbe N°3., The inveg-

tigated zone is situated between 600 and 2.000 meters alti

tude, Beech-wonods are the most diffuse forestal cléss;
A"point" inventory technique, particularly suited for unm -
even ground areas, has been set-uo bv INPL.'The method con

51st5~1n.f1x1np on 1/a0 000 scale map a- set of sampling

25 000
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points corresponding to a square-meshed prid, whose expanse
depends on the requested inventory accuracy. A 25 ha.s (500x
500 m) pgrid element was chosen by INPL. The grid points are
also transferred on some other geologic and/or vegetation
maps and aerophoto—generated mosaics. The characte -

. 4 . . . . .
ristics of each projected point (i.e. its environmental con-

ditions) are interpreted and codified by means of Hollerit
pnnchéd cards.' ' - -

The following informations are considered: altitude, topo -
graphic charactegistics, exposure, slope, geologic and vege
tation characteristics,together with the typical forestry
parameters (type, age, density etc, of different forestal

classes).

- The 1975 work is ;p progregs following the above ipvestiga«

tion lines. The entire test-area has Leen by now aero-photo
ocraphed (pancromatic and IR-color) and is heing systemati -

cally investigated by stereoscope.

Conifer afforestations (tesi-site No 2)

A complete gro@nd-truth aerial photographic svrvey has bheen
made by JRC in October on the conifef‘éffbréstation of Dor-
melletto close by the Lake Magriore (tést—site Nog2), This

-area(19 km in lenght) was flown over by the MSS flight  of

Aupust 7th. A set of two llasselblad (IR-Color and N-color )

‘has been mounted on a helicopter flying at an altitude of a

.,fOOO m,

¢

SATELLITE DATA PROCESSING AND INTERPRETATION

On the basis of the imagery (transparencies) so far received
from NASA, some digital tapes have heen ordered (see 3.2.4.1.,
Table 2); In the meantime the activity on satellitevdata pro
cessing and interpretation is in progress as far as acquisi
tion and processing of atmospheric correction data, develop

ment of new utility programs and of an interactive video

- system are concerned.

* SINAL PAGH Ig
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and sky irradiance by means of the EXOTHCH Mod. 100 radiome-
ter was developed by the JRC for determining fhe transmit -
tance and the path radiance of‘the'atmosphére; These measu:g _ .
ments provide experimental data which allow the elimination “
of the haskigg effect of the atmosphere ffom digitél LANDSA?  : vv o

data prior to data interpretation. - Tl .

. The sketch in Fig, 3 - shows the distribution scene ofiétmqg
pheric‘parameters as well as the most important algorithms

vhich are being used. —

A systehatic on-ground measurement evampaign of atmospherie

parametenslfor several sufficiently cloud-free LANDSAT-2 pas

i : : ' sages over test-site N°1 (rice, poplarg) is therefore being o RERE
carried out during 1975 (see 3.2.1., Table 2). ; »
The measurements were performed at the farm "La Chiappona" ,
near Mortara, where are some super-controlled fields by the

staff of the ENR. - o A )

Results of these measurements are shown in Table 4,
These values indicate that the masking effect of the atmos -
phere varies considerably from one day to another and is

‘not negligible.

*
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= 3.4.2. Implementation of an interactive software packag
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From the beginning of JRC's activity in the field of data
proéeséing_of satellite data, we felt that some sort of
R non—computef interacbioh shonld be considered as alterqﬁ .
| tive to the bhench processing. ‘ . o
In fact, after évperioé of practiée with the»ORSER-softAé

ware, comprising a set of propgraws for data processing ,

~mapping and several sophisticated élassifiCation‘prbcé -
dures, the mo st important drawback of ORSER éppéared'm be
the consumption of much machine——and analysts time. Conse
nuently the decision was taken to develop an interactive-
system, compatible with the structure of the existing
batch programs, which should pernmit a mucﬁ faster and more

flexible analysis of teledetection détn.

The interactive system to be developed should take in ac- o ’ z
count some limitations imposed by the teleprobessing ac ~ ,
tually operative at JRC. These restfictions nlus the re -~
" quested flexibility towards*future installation of more
: sophisticated terminals made modular programming impera -
tivé; This should be considered an advantapge but fequires
a weil disciplined organisation. | ,
Thé firstiprbgrams‘developed can be compared with  ORSER
‘programs like TPINFO, SUBSET, SUBTRAN ﬁtc. They take care~
of the construction of subsets on disk-units, the mainte-
nance of libhrary files, the display of éonﬁents'of disks

and other book-keeping tasks.

o

A second group‘of brograms developed, consists of sefvice
‘routines commohly used by all interactive programs, |
They execute tasks like: program flow between modules, in
put—output.operations, time interrupt circait, fofmatting
connection with specific terminals, etc.v“ ' |
‘A’thifd,group of programs is'charécﬁerized’by the fact

that they are independent of»terminal‘input/output. The

functions are: mathematical operations, data-checking,
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GRAY -LEVELS
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2 sorting, etc., These routines serve hatch programs as well

interactive program workinu in teleprocessinv mode.

The last vroup of routlnes are the conversntlonal progmms

SR S themselves. Thev con51st of a 1og1cal serles of questlons,
they accept the respouses of the user, test thelr validi-~

‘ ty and distribute the requlred actions, . e o

-kThe oneratlonal programs doveloped nntil now can pprform° ' -

-constructlon of nlbtograms, calculatlon of 51mple sbath-

ties, group-maps, ratio-maps, antomatic generat1on of le-~

vel slicing schemes and some organizational operations .
The introduction of real statistical dota extraction,clus
~ter analysis, simple and sophisticated classification pro

grams can bhe expected in brief time.

P d

3.4.3. . . Development of new utility and ddta processing programs

L e D ey W . o P o W M O ) % i v peastyndriat - I ol 3 Iy msteol

3.4.3.1, Geometrical corrections of computer-generated maps.

f - Work on a pregram (MAPEDIT) for linear geometricicérrec -
\ tions of a digital map is in progress. The'progrém will
have the following characteristics. The input mab may be
in any of the map outpuf formats in use at the JRC (implg
mented for oue of‘the three formats currently in use), The
transformation matrlx may be given dLrectly or may be cal-
culated given the coerdinates of three non-collinear
points in scanner relative position units as well as  in
length units referred to a given map; the output w111have
pA the scale of thaf map (both options are already implemen-—

ted). ‘Several reierence triangles might be given; the pro

« : B gram cdlculates the transformatlon matrix for each of them

R .. 'and then uses the mean watrix; the standard deviation ma-

trix iskprinted‘(implemented). The program does not per -
form rotations on the input datﬂ but the rotation angles
between output map and reference map are calculated and

prlntpd (1mplemented) ¥or 901nts given on the reference
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'map, the scanner relative coordlnates are calculated (1mple-

: nented) .and cross warks are ontput on_the corrnspondlnn

'~p01nts {not vet 1mp19mented) The output mav be on . prlnter'
(1mp1emented) or on a tape used as 1nput to an 0ptr6n1cs Pho

\;tomatlon device.. o :‘ ) : e

1An appllcatlon has been made to typlcal sceno along the'{’Po'

'ifrlver (supor controlled test-area by ISP)

3.4.4. P*rst aualv31s of LANDbAT~u _images and comparlson “1Eh the =

e i e s v e v o e

4t a0 o e e 0o, s

same_ gnes taken_by RIS 1

This comparison 'has been made by IGL, who Waé formerly 7PI
for ERTS-1 applications. The following preliminary remarks

1

.can be given:

1) Spatial resolution. LANDSAT-2 satellite images scem 4o
have an higher géometrical~résolﬁtion compared with the

" same ERTS-1 frames..In particular we observed that nor—~
mally 50-meter sized objects are detectable even with

“"Yow radiometric contrast.

2) Spectral resolution. Because of the‘higher hand's sepa-
ration we noticed an improvement in the spectral resolu

——
tion too.

3) Photogtaphicalii the 70 mm images show a variable film-

fog, yanerally hlgher tnan in ERTS 1 1mapes.

The reported Table 5 sHow some relatlve valaes of density

of the 15 gray steps. The f1rst three examples refer to:f
ERTS-1 images, ~h119 the other three ones refer to LANE&&T &
" images. As one can sece er phﬂinthphlc quallty of ERTS-

gray scale seems to- be het er than ﬁhe ‘same of LANDSAE- RS
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