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Testing of hyperspectral scanner data for prospecting
of ferro-eclogite in the Fordefjord area, western

Norway.

In1996 a covenant agreement for testing the poten-
tial of the hyperspectral scanner technique in an area
in Sogn og Fjordane was established between the
Sogn og Fjordane county (Department of regional
policy) and the Geological Survey of Norway
(NGU). The studies were related to on-going geolog-
ical investigations in the Engjeboe mountain area in
the Fordefiord district (Korneliussen & Foslie, 1985)
of western Norway (Fig. 1).
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Fig. 1. Location of the hyperspectral scanner stripes, the
Fordefjord district of western Norway. For more details con-
cerning channels, see Table 2.

The Engjeboe eclogite deposit is situated at the
northern side of Fordefjord near the small communi-
ty Vevring in Naustdal kommune, Sogn og Fjordane
county. Geologically the Ferdefjord area belong to
the « Western Gneiss Region», between the Devonian
Kvamshesten basin to the south and the Devonian
Hasteinen basin to the North. The Fordefjord region
consists of a variety of amphibolitic, eclogitic and
gabbroic rocks, together with tonalitic, dioritic and
granitic gneisses.

The Engjeboe eclogite is a 2.5 km long, complexly
deformed, lens-formed body surrounded by alternat-
ing mafic-felsic country-rocks. The protolith to the
eclogite is believed to be a Fe and Ti-rich Proterozoic
gabbroic intrusion. The transformation into eclogite
is related to Caledonian high-pressure metamor-
phism at approx. 400 Ma. In this process ilmenite in
the gabbro protolith was replaced by rutile. The
eclogite is subdivided into a leuco-eclogite and a
ferro-eclogite variety. The ferro-eclogite, which is
distinctly enriched in iron (>14% Fe203) and titani-
um (>3% TiO2, primarily as rutile), has been the tar-
get for rutile exploration at Engjeboe mountain.

The purpose of the present investigation is to investi-
gate if remote sensing data can be used in future
investigations for rutile-rich eclogite similar to the
ferro-eclogite type of Engjeboe.

Background for the use of remote sensing
scanning techniques in an airborne scan-
ning systems

Remote sensing technology applied to Earth resource
monitoring and management have, on a global scale,
gone on since the early in the 1970’s when the first
Earth Resource Satellite (ERS) was launched. This
satellite, later renamed the “Landsat earth resources
satellite”, was the first of a series of five satellites
designed to provide a near-global coverage of the
Earth’s surface on a regular and predictable basis.
Later satellite systems, such as e.g. the SPOT,
utilised the same bands.

The Landsat satellite has a sun-synchronous, near-
polar orbit. Its altitude is 920 km, the orbital period
103 minutes and there are 14 orbits per day. In
Landsat 1, 2 and 3, a multispectral scanner (MSS)
and return beam vidicon (RBV) were the principal
sensors. For Landsat 4 and 5 the Thematic Mapper
(TM) sensor substituted the RBV and improved spec-
tral, spatial and radiometric characteristics. Seven
wavelength bands are used; 3 in the visible, three in
the infrared (IR) and one band in the thermal part of
the spectrum (Landsat 3).

For the construction of the MSS and the TM mechan-
ical scanning instrument and to improve our under-
standing of the scanner data, it was necessary to
devise and operate a similar scanner in the visible
and infrared regions of the spectrum at aircraft alti-
tudes. The best known aircraft scanner is the
Daedalus AADS 1240/1260 multispectral line scan-
ner. Such scanners permit data acquisition in a vari-
ety of waveband configurations. Image scanning is
achieved by means of a rotating mirror from which
reflected light is passed to the sensor via a series of
mirrors and a diachronic lens. For the Daedalus scan-
ner, available channels are in the ultraviolet, visible
and reflective IR parts of the spectrum. Later the air-
borne multispectral line scanners, airborne thematic
mapper (ATM) and thermal infrared multispectral



scanner (TIMS) and the MIDA MEIS-II linear array
aircraft scanners have followed.

These developments in scanner technology, and in
the subsequent processing of collected spectral infor-
mation through data handling, have provided us the
airborne systems and image-software packages used
in this study.

As a basis for evaluating the remote sensing hyper-
spectral airborne scanner data, testing of the reflec-
tiveness of minerals in rock samples has been carried
out in the laboratory and in the field. These tests are
described later.

Remote sensing techniques in the Engjeboe
mountain, Forefjord areas

The potential of hyperspectral scanner data for the
identification of mineralised zones on the surface of
the Earth has long been recognised in many parts of
the world. In Norway, only a few studies have been
carried out in geology, mostly dealing with the map-
ping of lineaments, surficial deposits and the natural
and anthopogenic pollution of soil and vegetation,
e.g., (Bolviken et al. (1977), Ridnstad & Follestad
(1982), Rad ( 1992) and Roberts & Karputz (1995).

In 1996, a flight over a Norwegian test area in the
Ferdefiord district was carried out on 18 July, using
the Geophysical & Environmental Research
Corporation’s 63-channel scanner in a 31-channel
digital mode (GER 63). The site is located in the area
of Engjeboe mountain to the north of Ferdefjord
(Fig. 1) and cover the elongate, eclogitised gabbroic
intrusions containing enrichments in titanium and
iron (Korneliussen & Foslie 1985, Lutro &
Ragnhildstveit 1996).

The tests consisted of three parts :

(1) Laboratory measurement of the reflectivity
curves using the spectrometer at the Defence
Research Laboratory (Forsvarets forsknings institutt
(FFD);

(2) Field measurement using a portable spectral
radiometer (GER 3700);

(3) Spectral data analysis of data collected with the

airborne hyperspectral scanner.
(1; Laboratory measurement
the reflectivity curves
using the spectrometer at the
3:%3nce Research Laboratory

Spectral measurement of rock samples (Table 1) was
carried out at the Defence Research Laboratory (FFI)
using a Perkin-Elmer UV scanner. Each sample was
treated separately and scanned in the waveband range
of 480 microns to 3129 microns. The scanned data
were standardised against Ba2S04.2H20 reference
value and stored in ASCII format.

The results are shown as a mean value (gjsn) of
reflectivity (%) to the spectral band form 500nm= 0.5
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R1a1.96 Engjeboe Jleuco-eciogite 0,5 10|light coloured rock, no moss on surface ¢ :

i g log' }‘g . p of two samples of each main

R1a2.96 Engeboe Ieuco-eclog:te 0,5 10}light coloured rock, no moss on surface rock Sampfes r)fpecrivefy

[R1b1.96 __ |Engjeboe _|leuco-eclogite 06 11,8)light coloured rock, no moss on surface leuco-eclogite (R1a, R1b),

[R1b2.96 _ |Engjeboe _|leuco-eclogite 0,6 11,8|light coloured rock, no moss on surface gneiss (R3a, R6b, R7a) and
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[Rsa1.95 |Engjeboe neiss Jlight coloured rock, no moss on surface

|R532.95 [Engpboe neiss ]light coloured rock, no moss on surface

|R6b1.96 lEngjeboe neiss llight coloured rock, some moss on surface Table 1. Rock samples col-
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microns (1microns = 1/1.000.000m) to 2400nm. As
seen in the 2-D plot (Fig. 2) the percentage of
reflections are up to 15 % higher for rock samples of
leuco-eclogites (Rla-gjsn, R1b-gjsn) and gneiss
(R5agjsn, R6bgjns, R7a-gjns) than in the rock sam-
ples of ferro-eclogite (R3a-gjn, R3b-gjns, R3c-gjsn).

To examine these reflection values more closely, the
samples of leuco-eclogites (Fig.3 and Fig. 4), gneiss
(Fig. 5 and Fig. 6) and ferro-eclogite (Fig 7 and Fig.
8) are shown in more detail. The sample numbers and
the contents of TiO2 and Fe2O3 are related to in
Table 1.
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Fig 3. Reflected energy (%) of two sub-samples of a sam-
ples of leuco-eclogite (Rlal and Rla2) compared to the
mean of the measurement (R1a-gjsn).
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Fig 4. Reflected energy (%) of to sub-samples of leuco-
eclogite (R1bl and R1b2) compared to the mean of the
measurement ( R1b-gjsn).

%
60,00 T

50,00

40,00 + /bfﬂﬁ\\ t R5a-gjsn
30,00 - ——R5a1
20,00 +

10,00 +
0,00

2400nm

ESOOnm

PPV S VY SR U STV S V7 B LY ]

Fig. 5. Reflected energy (%) of two subsamples of a gneiss
compared to the mean of the measurement (R5a-gjsn, R5al
and R5a2).

In the two samples of leuco-eclogites the TiO2 and
Fe203 values are, respectively, 0.5% and 10% and
0.6% and 11.8%. The curves of reflectivity show
almost the same patterns and peaks.
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Fig. 6. Reflected energy (%) of two subsamples of a gneiss
(R 7al and R7a2) compared to the mean of the measurement
(R7a-gjsn ).
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Fig. 7. Reflected energy (%) of two subsamples of a gneiss
(R6al and R6a2) compared to the mean of the measure-
ment (R6a-gjsn). These samples have some moss.

Gneisses (Fig. 3. Fig. 6 and Fig. 7)

The pattern of reflectivity for some typical samples
of gneisses are shown in Fig. 5 and Fig. 6. The curves
R5al and R5a2 are subsamples of the same sample,
are nearly identical. They can, however, hardly be
separated from those of leuco-eclogites (se Fig. 3,
R1a.96 and Fig. 4, R1b.96).

The gneiss samples R7, with subsamples R7al and
R7a2, show the same value for reflectivities in the
visible part of the spectrum as sample R5a. In the
middle part of the infrared spectrum (900nm -
1800nm) the reflected value is somewhat higher
than for the other gneisses.

The two samples of gneisses, R6bl and R6b2 with
and without some moss, are shown in Fig. 8. These
curves clearly demonstrate that the reflectivity of
sample R6b1 (and the mean R6b-gjsn) will be affect-
ed by the present of moss. The marked gradient of the
reflection curves in the near infrared region (900nm)
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Fig. 8. Reflected energy (%) of two subsamples of a samples
of a ferro-eclogite compared to the mean of the measure-
ment (R3a-gjsn, R3al and R3a2).
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Fig. 9. Reflected energy (%) of two subsamples of a sam-
ples of a ferro-eclogite compared to the mean of the mea-
surement (R3b-gjsn, R3b1 and R3b2).

are characteristic for chlorophyll, marked with *x”.
As the R6b2-sample has a lesser rise in the 900nm
band, the measured part of this sample will have to be
without moss (see table 1).

From this it can be concluded that moss on the sur-
face will change the % of reflectivnes dramatically
and give the reflectivity curve for chlorophyll (vegi-
tation).

- . Four subsamples from two sites of
ferro-eclogite R3al/R3a2 and R3bl and R 3b2 have
been tested and the results are shown in Fig. 8 and
Fig. 9. These samples having respectively a
TiO2/Fe203 content of 3,2%/16,9% and
3,4%/189%, show a rather similar spectrum of reflec-

tivity.

The reflectivity curves for the ferro-eclogites are
characterised by a rather low value of reflectivity in
the visible part of the spectrum, ca. 20%. Compared
to the spectrums of leuco-eclogites and gneisses this
is a 10% reduction. The reduction of reflected energy
are seen both in the visible and the infrared parts of
the spectrum.

Conclusion. The laboratory tests appear to indicate
that the rock surface of ferro-elcogite will generally
have a lower reflectivity compared with the surface
of leuco-eclogite and gneiss. However, the presence
of moss on the surface will change these character-
istics.
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(2)Measurements in
the Engjaboe moun-
tains, Fordefiord area

The GER Mark V spectrometer is a
portable instrument for measuring
reflected electromagnetic energy. It
operates in the visible and infrared
parts of the spectrum, from 300 to
2500 nm (or 0.3 to 25 microns). The
spectral resolution is 10 nm with a
sampling interval of 2 nm. A BaSO4
plate is used as a standard for the
instrument, and the BaSO4 values
are given together with the spectral
readings at the measured site. This
BASO4-standard allows for a nor-
malisation of site readings, as we
shall see later. Hopefully these spec-
tral tests will give a possibility for
separating the different rock types in
the area (Hummer-Miller & Watson
1997, Kale & Rown 1980).

Fig. 10. The Engjebe mountain shown in 3-D, with the major rock units and
the location sites for sampling of reflected informations (S1 - 11, for more
information see Table 2). The sentral part of the image shows ferro-eclogite
in violet, leuco-eclogite in yellow, amphibolite in light green and gneiss in
grey. The red line indicates a distance of ca. 1 km. The model is made by use
of the Intergraph Vaxel Analyst with grid resolution 5 m x 5 m, Eyolf
Erichen, NGU 1998.

Table 2. Samples localities for field investigations 11. Aug. 1996

Locality |Rock % Tio2 |% Fe203 |UTM-East | UTM-North |Spectral measurement , Engj mountain 11.aug. 1996

Measure Level (m] §#0 dB Detecto] Time Fil name
S1 Leuco-eclogite 1,23 11,74 310589 6823337 0 0,6 OFF 933 S1MO0.SIG
S1 Leuco-eclogite 1,23 11,74 310589 6823337 1 0,6 OFF 935 S1M1.SIG
S1 Leuco-eclogite 1,23 11,74 310589 6823337 2 0,6 ON 939 S1M2.SIG
Is1 Leuco-eclogite 1,23 11,74 310589 6823337 4 0,6 OFF 949 S1M4.SIG
Is1 Leuco-eclogite 1,23 11,74 310589 6823337 5 0,6 ON 956 S1M5.SIG
S2 Leuco-eclogite 1,17 12,14 310587 6823307 0 0,6 OFF 1015 S2M0.SIG
S2 Leuco-eclogite 1,17 12,14 310587 6823307 1 0,6 OFF 1020 S2M1.8SIG
IS3 Leuco-eclogite 1,16 10,66 310490 6823273 0 0,6 OFF 1039 S3MO0.SIG
Is3 |Leuco-eclogite 1,16 10,66 310490 6823273 1 0,6 OFF 1044 S3M1.SIG
S4 ]Farro-eclogite 4,27 14,28 310350 6823191 0 0,6 OFF 1101 S4M0.SIG
S4 IFerro—ecIDgile 4,27 14,28 310350 6823191 1 0,8 OFF 1105 S4M1.SIG
S5 lFerro-eclugite 4,03 13,95 310350 6823184 0 0,8 OFF 1126 S5M0.SIG
IS5 Ferro-eclogite 4,03 13,95 310350 6823184 1 0,8 OFF 1131 S5M1.SIG
Iss Feno-eciogite 4,36 12,93 310348 6823187 0 0,7 OFF 1114 S6MO0.SIG
S7 Amfibolite 310575 6823470 0 0,6 OFF 1155 S7MO0.SIG
S7 Amfibolite 310575 6823470 1 0.6 OFF 1157 S7TM1.SIG
I1s7 Amfibolite 310575 6823470 2 0,6 OFF 1200 S7TM2.SIG
S8 Amfibolite 310578 6823472 0 0,8 OFF 1206 S8M0.SIG
S8 Amfibolite 310578 6823472 1 0,8 OFF 1208 S8M1.SIG
S8 Amfibolite 310578 6823472 2 0,8 OFF 1212 S8M2.SIG
S8 Amfibolite 310578 6823472 3 0,8 OFF 1215 S8M3.SIG
S9 neiss 310695 6823340 0 0,6 OFF 839 S9MO0.SIG
S9 neiss 310695 6823340 1 0,6 OFF 845 S9M1.SIG
S9 neiss 310695 6823340 2 0,6 OFF 856 SOM2.SIG
S9 neiss 310695 6823340 3 0,6 OFF 900 S9M3.SIG
S9 gneiss 310695 6823340 5 0.6 OFF 902 S9M5.SIG
S9 gneiss 310695 6823340 6 0.6 OFF 905 SOM6.SIG
S9 gneiss 310695 6823340 7 0.6 ON 908 SIM7.SIG
S9 lgmaiss 310695 6823340 8 0,6 ON 911 S9M8.SIG
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The working spectral range of the instrument GER
Mark V is in the same wavelength as the GER 63-
channel imaging spectrometer (operated in 3 1-chan-
nel operating mode) which was flown over the area
in July 1996.

Due to various problems and some delays in customs
clearance, the field work using the GER Mark V
spectrometer was not carried out until 11 August
1996. At this time of the year, however, the varia-
tions in incoming electromagnetic energy are not
considered to have any major influence on spectral
measurements. In our case the time of the day when
the measurements were taken (from 08.40 a.m. to
03.33 p.m.) together with the moisture content of the
air constitute greater sources for deviation. No cor-
rections have been made for potential changes in
measurement due to day and month.

In the following account, some of the measurements
carried out in the field at locality S1, S2, S3, S4, S5
and S6 will be discussed. For the remaining mea-
surements, the readings give very much the same
information, and are therefore left out of this descrip-
tion.
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Fig. 11. Three parallel readings from sample site S1 of leuco-
eclogite. Samples S1ml and SIm2 are normalised to sample
SIm0 by multiplying the observed values with ratio of the
BaS04 for SIm0/Siml and SIm0/S1m2, respectively. The
BaSO04 curve for SImO is given as a reference.

Sample locality SI (leuco-eclogite) Three parallel

readings were taken from 09.33 a.m. to 09.56 a.m. at
site S1. The surface of the rock is described as a mas-
sive leuco-eclogite with TiO2 and Fe203 contents of
1.23 % and 11.74%, respectively. The site is well
exposed, with only very little moss vegetation. The
separate readings of SImO, SIml and SIm2 (the
readings of SIm1 and S1m2 are normalised to SImO
values) and the results are shown in Fig 11.

On the basis of these measurements, normalised with
respect to the readings of BaSO4 sample S1m0, the
curves indicate that a surface of massive leuco-eclog-
ite with little moss, has a rather constant reflectivity

300000 -
250000 +
200000 —BaSO4
¥ —— S2m0
L | ) s2mt
m
00000 1 | U jsn01
1 . ngjsn
| LN | nisn01 |
0
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Fig. 12. Two parallel readings from sample site S2 of leuco-
eclogite. A normalization is carried on sample Smli, to make
it comparable to sample S2m0 (as described abowe in Fig. 11.
The mean is shown as a mean of S2m0 and a normalised
S2ml. The BaSO4 curves for S2m0 are given as a reference.
For scale information on the x-axis, see Fig. 11.

in the visible and infrared parts of the spectrum.

Sample locality S2 (leuco-eclogite). Two parallel
readings were taken at site 2S from 10.15 a.m. to
10.20 a.m. The rock surface there is a massive leuco-
eclogite with TiO2 and Fe2O3 contents of 1.17% and
11.74%. The site is well exposed, with only negli-
gible moss vegetation. The readings of S2mO and
S2m1 (the readings of S2ml are normalised to
S2mO) are shown in Fig. 12. From the curves it can
be seen that S2m1! will have more light moss vegeta-
tion than S2m0, as it is reflecting more in the near
infrared part of the spectrum (700 nm to 1100 nm).
No distinctions were, however, made in the field
descriptions with regard to the small changes in veg-

etation cover.

300000 T
250000 +
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|
200000 1 / ’\
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Fig. 13. Two parallel readings from sample site S3 of leuco-
eclogite. A normalization is carried out on sample S3ml, to
make it comparable to sample S3m0 (as described above in
Fig. 11.) The mean is shown as a mean of S3m( and a nor-
malised S3ml. The BaSO4 curves for S3m0 is given as a ref-
erence. For scale information on the x-axis, see Fig. 11.

Sample locality S3 (leuco-eclogite). Two parallel
readings were taken form 10.39 a.m. to 10.44 a.m.
The rock-type at the site is described as a foliated
leuco-eclogite. No comments were made on the moss

vegetation. As can be seen (Fig. 13), the values are



somewhat higher than those at site S2.
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Fig. 14.. Two parallel readings from sample site 84 of ferro-
clogite. A normalization is carried op on sample S4ml, to
make it comparable to sample S4ml (as described above in
Fig. 11. The mean is shown as a mean of S4mf and a nor-
malised S4ml. The BaSO4 curves for S4m0 is shown as a ref-
erence. For scale information on the x-axis, see Fig. 11.

Sample locality S4 2 jte). Two parallel

readings were taken from 10.39 a.m. to 10.44 a.m. of
a massive ferro-eclogite with TiO2 and Fe203 con-
tents of 4.27% and 14.28%, respectively. There is
some moss on the surface. The separate readings of
S4mO, S4ml (the readings of S4m1l are normalised
to SImO values) and the mean (ngjsn) are shown in
Fig. 14. The yellow curve (nS4m1) peaks in the area
of 550 nm and is also higher in the near infrared than
the red curve (S4n0). This indicates a site richer in
moss. In the middle- and extreeeme infrared part of
the spectrum, the curves with this resolution used in
Fig. 14, give no evidence for separation. This is dis-
cussed later, se Fig. 16 and Fig. 17.

Sample locality S 5 and S 6 (ferro-eclogite). Two

parallel readings were carried out in sample locality

Fig. 15. Two parallel readings from sample site 85 and one
reading from sample S 6 of ferro-eclogite are shown. A nor-
malization was carried out on sample S5m0 and S5ml, to
make them comparable to sample S6m (as described above in
Fig. 11). The mean ngjsn56-curve are the readings for S6m0
and the normalised values for S5m0 and S5ml. The BaSO4
curves for S6ml) is given as a reference. For scale information
on the x-axis, see Fig. 11.

S5 and one reading in locality S6. The measurements
(readings) were taken from 11.46 a.m. to 11.31 a.m.
The sampling localities have some moss vegetation,
which will effect the readings. The content of Tio2
and Fe203 are for S5 and S6 4,03% and 13,95% and
4,36%/12,93%, respectively (see Table 2).

The results shown in Fig. 15, indicate that the sepa-
ration of the rock types will be strongly affected by
the cover of moss vegetation.

The spectrum information bases on the GER Mark
K In Fig. 16 and Fig. 17 a comparison of the nor-
malised measurements is shown for the areas of 1180
nm - 1948 nm and 2000nm - 2497 nm. These
enlarged diagrams of the field measurements indicate
that the rock surface of ferro-eclogite appears to have
the higher reflectivity in the areas of 1180 - 1948 nm
In the wavelength 2000 - 2497 nm the reflectivity
seem to be general lower, see Fig. 17.

These characteristics can, however, not be used as the
possible setting of

160000
140000
120000 +

100000 T

-

L T T T N — e T

the channels do not
cover the 1180 nm
- 1948 nm region
of the spectrum,
see Table 3.

——BaS0O4
—ngjsn0124S1
S$2-n-ngjS1/ngjS2
S$3-n-ngjS1/ngjS3
—— S4-n-ngjS1/ngjS4
— S$56n-ngjS1/ngjS56

- o -

Fig. 16. The normalised value for the sample sites S1, S2, S4, S5 and S6 normalised to the value of

S1. a The reflectivity of -

jte (brown curves) has higher reflectivity than the gneiss and

probably also the [euco-eclogite (S1, S2,S3) in the wavelength region of 1180-1948nm.
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Fig. 17. The nor-
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Conclutions

The reflection values (%) from the different parts of
the spectrum seem to indicate that it is possible to
discriminate between areas characterised by gneiss,
leuco-eclogites and ferro-eclogites by using the spec-
tral properties in the areas of 1180-1948nm.
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(3) Spectral data ana bvszs of data
collected with the airborne hyper-
spectral scanner

The GER 63-channel imaging system is a airborne
spectrometer. Measurements carried out in the ultra-
violet, visible, infrared, and thermal parts of the
spectra. The maximum number of channels for use in
the scanner system is 63.

In the Norwegian tests, 31-channels have
been in operating mode and one channel (32) is used
for gyro. The channels used are shown in Table 3.

Pre-processing of the data. The data have been sub-

malised value for
the sample sites
81, 82, 8, 85 and
86 compared to
the value of sam-
ple site S1. The
sites of ferro-
eclogite (brown
curves) has lower
reflectivity and
the gneiss and
probably also the
leuco-eclogite
(S1, §2,83) in the
wavelength
region of the
spectrum.

2497 nm

—BaSO4

S2-n-ngjS1/ngjS2

$3-n-ngjS1/ngjS3
—— S4-n-ngjS1/ngjS4 |
— 556n-ngjS1/ngjS56

ject to minimal processing. Basic data processing
consists of gyro, baseline correction and panoramic
corrections. Gyro correction is carried out to remove
the effects of the aircraft motion by translating each
scanline horizontally in space by an amount propor-
tional to the number of gyro counts. The gyroscope
encodes the amount of aircraft roll in the last channel.

In the image, straight features within the image (such
as roads) are straight, but the edges of the image may
have irregular boundaries due to aircraft roll. Each
scanline is translated an integral number of pixels to
the right or left; there is no resampling. The spectral
content of the data is unaffected by gyro correction.

Baseline correction

utilises on-board refer- f"’“"e' f:;g (nm)
ence panels to normalise |, 4320
the effects of detector ref- 2 233-6
erence voltages. When [g S
targets with extreme radi- |6 617.7
ance differences are | S
: 16.6
imaged, the GER scanner |o 768.5
utilise a time-varying ref- L ggg;
erence voltage to 2 9419
increase the effective :3 ?33;3
dynamic range. The | 2039.3
image of the baseline [ 2084.0
E ot 17 21125
strip records the digital [i2 Stean
counts of a constant- |ig 2170.0
reflectance panel. In g? gggg?
baseline correction, the [ 2270.7
reference panel images [23 2296.2
* 24 23333
are used to normalise the |5 2358.0
data so that the constant- |26 23886
27 2411.7
reflectance panels have a  [°} pyelad
Table 3. Channels and band ~ [*° Satps
30 10206.5
(Nm_) for the GER 63 scan- 21 10983.1
ner in a 31-channel mode. 32 Gyro




Fig. 18. Test flight line 1. The
Engjeboe test area shown as
an  RGB-colour image,
Channel (ch) 13 red, ch 6
green 4 blue. Engjeboeneset
is marked (E).

constant digital count in
the image. Each line and
each channel are nor-
malised individually.
The 32 baseline pixels
are the removed from
the data set.

Panoramic correction
corrects the geometric
distortions caused by
the different viewing
geometry in different
parts of each scanline.
Pixels are re-mapped
into their correct posi-
tion using nearest-
neighbour resampling
where possible, and lin-
ear interpolation where
new pixels must be cre-
ated. The spectral con-
tent for the nearest
neighbour pixels is
unaffected by panchro-
matic correction.

The data are delivered
on 8 mm (Exabyte) tape
and were written using
the UNIX “tar” com-
mand on a Sun worksta-
tion. The basic flight
strip is a single file with
16-bit unsigned integer
data in bd['ld -sequential (BSQ) format. de.h file is
accompanied by a headerfile (filemane.hdr) that
gives the number of pixels per line, number of lines,
etc. The header files are compatible with ENVI
image processing software. The pre-processing has
been designed to make the data ready for analysis
and interpretation with delivery.

It should, however, be noticed that the chosen possi-
ble channels (Table 1) do not favour detection of
ferro-eclogites in the 1000 nm - 1948 nm of the spec-
trum, as there is only one channel in this range (see
table 3 channel 14).

Spectral processing and analysis

The ENVI software (the Environment for Visualizing
Images, 2.7) is used for the image processing and
classification of multispectral analysis of the aircraft

12

remote sensing data.The image processing system
(ENVI) use a generalised raster data format stored as
binary strem of bytes in band-sequential (BSQ) for-
mat. The basic function starts with an open image file
where the different bands can be presented alone (as
a grey scale image) or combined (as an RGB-colour
image) as shown in Fig. 18.

This gives us the possibilities of combining channel
(ch) 5 (blue), ch 8 (green) and ch 13 (red) and create
a false colour image (RGB). This colour combina-
tions shows us that the area is heavily vegetated as
the reflected infrared ch 13 dominates the image.
Some blue and green colours are chosen for chan-
nels (ch 5 and ch 8) with low reflectivity due to
absorption in chlorophyll, the blue/green colour

show areas with barren rock (the fjord would have

Fig. 19. Barren rock surface (p 1), nearly barren rock sur-
facesurface (p3) and an area dominated by vegitation (p2) are
shown in a spectral plout (Fig. 20).

= &




Fig. 20. RGB-composite of ch 5, ch 8 and ch 13, scanner
Slight 4 (Fig. 1) with location marks for spectral plots shown
in Fig 8.

no chlorophyll in this connection. This indicates that
it is only in the elevated parts of the area that we can
expect a rock-surface, with little or no vegetation.

Flight line 4
A RGB-composite of ch 5, ch 8 and ch 13 is shown
(Fig. 20), based on data from flight line 4 (Fig. 1).

The variance in the spectral reflectivity of all 31
channels, for test sites of nearly barren rock surface
(p 1), barren rock surface (p 2) and an area dominat-
ed by vegetation (p 3) are shown in a spectral plot
(Fig. 20).

Here it is clearly shown that the vegetated site (p2)
has a maximum of reflection in areas of ch 10, equal
to 823 nm. The barren rock surface (pl, p2) shows a
maximum value in the areas of ch 4, equal to 521 nm.

In the areas from 1500 to 2400 nm, the curves of
reflections are quite similar. In the thermal channels
(ch 29, ch 30 and ch 31), however, there seems to be
a higher value of thermal radiation for barren rock
samples. This might be explained as a result of trap-
ping of radiant energy (greenhouse effect) under a
cover of leaves. Thermal radiation might, as we will
see, be one channel of information which permits a
classification.

Classification of the region of interest (ROI), test
flight 4 (Fig.1)

The classification menu in ENVI software gives
access to supervised and unsupervised classification.
Utilities are also provided for: i.e., end-member col-
lection, classifying previous rule images, calculating
class statistics, etc. Supervised techniques use the
endmember collection utility to import training class
13

L —Tl
Pigde
4.t1705.findl

1

Fig. 21. Scatter plott of the minimum noise fraction (MNF)
tranformation used to determine the inherent demensionali-
tyu of ch 5 and ch 30.

spectra or ENVI’s integrated region-of-interest (ROI)
selection utilities to interactively define training
classes. The selection routines allow extraction of
training statistics from polygons, vectors, etc.

The minimum noise fraction (MNF) transformation
can be used if a quick classification is wanted, as in
our case. This transformation is used to determine the
inherent dimension of image data, to segregate noise
in the data, and reduce the computational require-
ments for subsequent processing as shown by
Boardman and Kruse (1994).

[n this work, the channe- information for barren rock
or nearly barren rock surfaces (marked with pl, p3,
Fig. 20) and vegetation (p2, Fig. 20) ) are used for
separation.These properties in ch 5 and in the thermal
ch 30 for the respectively curves, give us a 2-axes
diagram (Fig. 21).

In the algorithms on which this diagram is based, dif-
ferent transformations are carried out. The first
transformation is based on an estimated noise covari-
ance matrix, which decorrelates and rescales the
noise in the data. This results in transformed data in
which the noise has unit variance and no band-to-
band correlation. The second transformation is a
standard principal components transformation of the
noise-whitened data. Thus the data space can be
divided into one part assisted with large egen-values
and coherent eigenimages, and a complementary part
with near-unity eigen-values and noise-dominated
images. Classifying the data set by marking the area
of interest through a “try and failure procedure”
make the best fit possible. In Fig. 21 the selected
data-points are shown (in red) and superimposed



Fig. 22. The region of interests with the superimposed scat-
ter plot, see Fig. 21.

onto the colour image in Fig. 22. Here it is clearly
illustrated that this classification easily picks out the
non-vegetated areas.These areas, such as roads and
barren rock surfaces are readily seen. A comparison
of the areas with gneiss and leuco-eclogite shows,
however, that there is no seperation of the different
rock types.

Conclusions

The reflection values (%) form the different parts of

the spectrum seem to indicate that it is possible to
discriminate between areas of vegetation and barren
rock surface. However, the area is too heavily vege-
tated for a closer separation based on this scanner
resolution 10m x 10m.
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