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ABSTRACT
The purpose of the authors was to develop a simple algorithm for a combined application for
TERRA ASTER and ENVISAT MERIS data. The spectral and spatial system parameters of
both sensors are highly different. ASTER has with 15 m a comparatively high spatial resolution. But the spectral resolution is relative low. In the opposite of these facts the size of one
MERIS Pixel is by the factor 20 higher. The bandwidth is given with 0.02 µm. That means 15
MERIS bands only cover the first 3 ASTER bands (VNIR). It is obvious that a joint use of data
from both sensors would promise a great advantage for analyses of land use and land cover,
presuppose this combination uses the advantages of both sensors data.
The consideration is based on the different bandposition and bandwidths of ASTER and
MERIS. Therefore it is possible to simulate an ASTER band by means of those MERIS bands
which fall in the same spectral range, covered by its bandwidth. One has to take into account
that an individual MERIS band contributes to the simulated ASTER value according to the
spectral sensitivity of the original ASTER band at the position of that MERIS band. These
weighting factors were supplemented by an additional parameter. The parameter v is necessary to describe the discontinuous coverage of the ASTER bands in the range of the MERIS
bands. Furthermore v includes any system-specific differences in data registration by the two
sensors. In a first step the parameters were calculated over spectrally homogeneous surfaces. It can be shown that the values are independent from the used surface. In a next step
we abolished the constraint of using homogeneous surfaces and found that parameters are
as far as possible independent from the homogeneity of the used surface.
INTRODUCTION
In the recent years a growing number of remote sensing satellites are available. Thereby user
communities were enabling to analyse a multitude of environmental questions. In the future
the task of remote sensing will be the joint use of two or more satellite systems.
With the Sensors ASTER and MERIS two platforms are available whose system parameters
primarily differ in their spatial and spectral resolution. The American ASTER instrument on
board of the TERRA satellite has with a ground resolution of 15 m in the visual and near infrared. The European MERIS instrument on ENVISAT can only offer 300 m in the same spectral
region. But the spectral resolution of MERIS with a spectral bandwidth of 0.0075 µm to 0.04
µm is significant higher compared with ASTER. The objective of this study is to join both positive attributes of the high spatial resolution of ASTER and the high spectral resolution of
MERIS in a new data set.
If this is possible the field of application of the MERIS sensor could be realised with a higher
spatial resolution of 15 m.
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The following theoretical considerations describe a simple algorithm to realise the matter.
METHODS
Theoretical Considerations
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With focus at the position of the ASTER and MERIS bands represented in figure 1 (left) it is
recognizable that some bands cover the same range in the solar spectrum. A part of the information of an ASTER band is also available in one or more MERIS bands.
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Figure 1: left: normalised sensitivity of the first three ASTER bands and position of the MERIS
bands 1-13; right: normalised sensitivity of the first ASTER band and position of the MERIS
bands 3, 4, 5 and 6
With this cognition it should be possible to find a relation to describe the alternating dependence of the information in the respective bands by means of the overlapping bands. The normalised sensitivity is considered as a weighting parameter in the process.
The procedure is described for the first ASTER channel as well as the MERIS channels 3, 4,
5 and 6. In figure 1 (right) this part of the spectrum with the normalised sensitivity and the
band width of the four MERIS bands are shown again. It is already recognisable that there is
an eminent different influence of the MERIS bands within the band width of the first ASTER
channel.
In a first step it seems reasonable that an ASTER pixel can be simulated by calculation of the
mean of the MERIS bands which fall in the band width of the ASTER channel.
imax

G ' ASTER =

∑G
imin

iMERIS

N

with

N = i max − i min + 1

G ' ASTER = simulated gray value of ASTER pixel
i = number of the MERIS band
N = number of involved MERIS bands
GiMERIS = gray value of the current MERIS pixel
Figure 1 (right) shows that this kind of the grey value determination can not be used without
additional information. The reason is the different influence of the respective MERIS channels
in the range of the ASTER band. To consider this case it is necessary to expand the equation
above. By means of the normalised sensitivity of the ASTER band it is possible to fix weights
which describe the problem in a quantitative way. The result of this consideration is a
weighted mean of the simulated ASTER band.
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g i = weight of the current MERIS channel
Due to the discontinue coverage of the ASTER band it is essential to expand the equation
again. In this form the equation includes only a part of the depended information. To consider
these circumstances the equation has to be extended by the parameter v. Furthermore the
correction v includes any system-specific differences in the data registration by both sensors.

G ' ASTER + v = G ASTER
imax

G ' ASTER −v =

∑g
imin

⋅ GiMERIS

i

∑

imax
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gi

G ASTER = real value in the respective ASTER band
v = correction on the strength of the insufficient covering
the ASTER band through the MERIS bands
The determination of the weights gi plays a decisive role in the developed method. There are
at least two possibilities parameter calculation. On the one hand it could be assumed that the
normalised sensitivity of the ASTER channel at the centre of every MERIS band describes
the influence of them in an adequate way. The decisive disadvantage is the different variability of the normalised sensitivity in the range of the respective MERIS band. To take into account this variability, it is necessary to determine the area Fi below the curve of sensitivity in
the range of the MERIS bands - the needed parameters gi.

g i = Fi =

λi max

S (λ ) dλ
∫
λ

with

S (λ ) = function of ASTER sensitivity

i min

The equation indicates that in the chosen limits of the integral it is not possible to calculate a
regression function for the complete curve of sensitivity whose accuracy satisfies the demanded claims. Figure 2 (left) shows that fact.

Figure 2: left: regression polynomial for the normalised sensitivity of the first ASTER band;
right: regression polynomial for the normalised sensitivity of the first ASTER band in the range
of the fourth MERIS channel
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With the programme Curve Expert 1.3 a compensating polynomial (6th degree) was calculated. The standard deviation of the normalised sensitivity was nevertheless more than 0.11.
Since this already means a standard deviation of more than 10% sensitivity on average, another, more exact method has to be used.
The sought-after integral Fi is needed only in the limits of the respective MERIS band. Therefore it should also suffice to know the function S(λ) with an adequate precision within the appropriate range. For this purpose only the values of sensitivity which lay in the range of the
MERIS band are involved in the calculation of the regression function. It turned out that a
polynomial does not provide the best results in every case. Figure 2 (right) shows that the
functions of sensitivity adapt considerably better to the characteristics of the discretely given
values. The standard deviations of the functions are without exception below the before calculated value of 0.11. The parameters gi in table 1 describe the results.
Table 1: weights gi of the MERIS bands

MERIS – 3
MERIS – 4
MERIS – 5
MERIS – 6
MERIS – 7
MERIS – 8
MERIS – 9
MERIS – 10
MERIS – 11
MERIS – 12
MERIS – 13
MERIS – 14
MERIS – 15

ASTER – 1
0.681 %
28.892 %
67.520 %
2.907 %
-

ASTER – 2
8.461 %
51.913 %
32.122 %
7.504 %
-

ASTER – 3
13.181 %
11.451 %
48. 428 %
25. 870 %
0.871 %
0.182 %

The differences of ASTER and MERIS are not only to find in the spectral features. Another
important fact is the different spatial resolution of 15 m of the ASTER sensor and 300 m of the
MERIS sensor respectively. These differences may not remain unconsidered because there
are 400 ASTER information available and only one MERIS pixel. That means the term GASTER
has to be understand as a representative value for 400 in one MERIS pixel falling ASTER
pixel. To take into account these facts, the GASTER terms are enlarged by an index M. The
index M describes the mean of all in one MERIS pixel falling ASTER pixel.

G ' ASTER +v = G ASTER _ M
imax

G ' ASTER _ M −v =

∑g

⋅ GiMERIS

i

imin

∑

imax
imin

gi

G ASTER _ M = mean of all in one MERIS pixel falling ASTER pixel
Through the generation of the mean of 400 ASTER pixel inside the geometry of one MERIS
pixel the radiation, which is received at the MERIS instrument will interpreted as a ‘mixed radiation’ of smaller subareas. The ASTER pixels represent these smaller subareas.
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Comparison of the systems at the example of the Bandiagara area – determination of the differences of reflectance vi

For the following calculations three ASTER data sets of 20.11.2002 were chosen as well as
one MERIS data set of 20.12.2002. Both data sets were subjected to extensive geometric
and radiometric corrections. Due to the bad availability of data of both sensor systems a temporal difference of one month had to be accepted. The data were recorded in the cold dry
season (November/ December) in the Bandiagara area in West Africa. Therefore the gradient
of change of land use and land cover can be neglected.
In a first step areas with a homogeneous use in the ASTER scene have to be found. The advantage of this constraint is that the resulting values of GASTER_M are solid and the effect of the
variability of the factor can be neglected in the further analyse. It can be said an area is more
homogeneous if the standard deviation of the mean of his describing subareas is lower. So
the detection of homogeneous areas in the ASTER scenes is realisable by calculation of the
standard deviation for surfaces with more than one pixel. All used ASTER data were researched in this manner. Thereby the calculation of the standard deviation was occurred
separately in every ASTER layer. Only if the standard deviation does not exceeds a specific
threshold in every layer the respective pixel is considered as a homogeneous pixel. Taking
into account the geometric resolution of the MERIS sensor the differences of reflectance vi
can be calculated according to the respectively accepted inhomogeneity. All calculations
were carried out with Model Maker Tool in ERDAS Imagine.
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The parameters are calculated up to 2 % reflectance in intervals of a tenth % reflectance. The
results are displayed in the diagrams of figure 3. The differences of reflectance vi were averaged on every step of inhomogeneity at every applicable position in the available data (solid
line). Additionally the standard deviations of the differences of reflectance were calculated
(dashed line).
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Figure 3: left: results of v using differently homogeneities and standard deviation of v in the
range of the first ASTER band; right: results of v using differently homogeneities and standard
deviation of v in the range of the second ASTER band
Figure 3 (left) shows that the differences of reflectance between the real ASTER band and
the calculated band range approximately 0.6 % if the accepted inhomogeneity 2 % does not
exceed. In comparison with the others scenes Arfrica-29 has a slightly different developing.
With a view on the standard deviation of the scenes Africa-02 and Africa-24 the developing of
the parameter v1 for the scene Africa-29 is necessarily comprehensible. In consideration of all
three scenes the difference of reflectance v1 for the first ASTER band was assumed to 0.7 %
(mean). Also in the case of the second ASTER band it is recognizable that the parameter v2
for all scenes is in the same range (figure 3 right). With the increasing inhomogeneity of the
respective land use and land cover the developing of parameter v2 is nearly consistent. In
consideration of all three scenes the difference of reflectance v2 for the second ASTER band
was assumed to -4.4 % (mean). For the third ASTER band the parameter v2 was assumed to
-6.1 %.

29

Proceedings of the 2nd Workshop of the EARSeL SIG on Land Use and Land Cover

To check a dependence of the differences of reflectance concerning to the respective land
use and land cover a simplified method was conducted. Using an unsupervised classification
with a different number of classes it could be verified that up to 90 % of the available land use
and land cover classes participate in the calculation of the parameter vi. So it can be said that
the differences of reflectance are largely independent from the respective kind of land use
and land cover.
In a further step the restriction for calculating the parameters vi only using homogeneous surfaces should now be abolished. Therefore the full MERIS scene was transformed by means
of the weights gi and the differences of reflectance vj. The comparison with the real ASTER
scene shows that the median of the difference between this both kinds of ASTER data is under 0.8 %. Taking into account all three ASTER scenes a correction k1 = 0.34 %, k2 = 0.16 %
and k3 = 0.16 % has to be considered. By means of this correction ki the differences of reflectance vi were adjusted. The final results for the differences of reflectance vi are displayed in
the following table 2.
Table 2: final results of the determination of vi
ASTER
band
1
2
3

vi

ki

vi = vi + ki

+ 0.7 %
- 4.4 %
- 6.1 %

+ 0.34 %
+ 0.16 %
+ 0.16 %

+ 1.0 %
- 4.2 %
- 5.9 %

There is a further demand on research at the current point of the analysis. The results show
that the means of vi in consideration of the full ASTER scene are differ only a little in comparison to the determination of vi using the established criteria of homogeneity. But the straggling
around these values rises and is very high with 4.9 %.
Possibility of splinting the ASTER channel at the example of the Bandiagara area

The aim of this study was to develop a simplified method of spectral splinting TERRA-ASTER
data by means of ENVISAT MERIS with the objective of joint using the advantages of both
systems. In spite of the high straggling of the differences of reflectance the following part shall
describe a possibility of realising this task. In the comments above it was assert that the differences of reflectance are largely independent from the homogeneity of the subareas of a
respective MERIS pixel. Assuming now the thesis is applicable for the ASTER pixel too, it can
be said that in consideration of the differences of reflectance as well as the weights gi of the
MERIS bands in relation to the ASTER bands a transformation or splinting of every ASTER
pixel in his MERIS elements seems to be possible. Thereby a problem exists which can be
found in the already known equation.
imax

G ' ASTER _ M −v =

∑g

⋅ GiMERIS

i

imin

∑

imax
imin

gi

For every ASTER pixel only one value of reflectance is available. For solving the equation at
least 4 values for the first and second ASTER band and 6 values for the third ASTER band
are strictly required. The displayed mathematical formula shows that the characteristically
development of the spectral signature inside the band width of an ASTER band can not be
described. Possible variations in the reflection behaviour of a respective land use or land
cover are not considered. For understanding this problem in terms of the MERIS bands, it can
be said that relations of the reflectances of an ASTER band covering MERIS bands are unknown. The aim of the actual research is to obtain this relations Ri. One method of resolution
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is for example the use of extensive spectral libraries. In this case the authors tried to apply a
simple method of determine the relations. Using the available MERIS data the relations Ri
were gathered. This method is not based on the use of the MERIS values but on the relations
between them. For this purpose it is necessary to conduct the simplification G’i_MERIS =
Gi_MERIS.

G ASTER − v =
R1 =
R2 =
R3 =

g 3 ⋅ G '3MERIS + g 4 ⋅ G '4 MERIS + g 5 ⋅ G '5MERIS + g 6 ⋅ G '6 MERIS
g3 + g4 + g5 + g6

G '3MERIS
G '4 MERIS
G '4 MERIS
G '5MERIS
G '5MERIS
G '6 MERIS

G 'iMERIS = calculated MERIS value with the resolution of the ASTER Sensor
Keep this assumption in mind it is possible to calculate the relations Ri gradual and as per
description to accomplish the task of creation a new dataset with a spatial resolution of 15 m
and a radiometric resolution like them of the MERIS Sensor. A validation of this analyse is
difficult but the 6th MERIS channel covers the first and the second ASTER band. So it is possible to simulate this band with a spatial resolution of 15 m two times. The comparison of the
results shows that the differences of these bands are less than 1 % of reflectance.
The following figure 4 displays the first ASTER band and the simulated MERIS bands 3, 4
and 6 as a RGB image with a spatial resolution of 15 m.

Figure 4: process of splinting the first ASTER band into a RGB image using the bands 3, 4
and 6 with a spatial resolution of 15 m
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RESULTS & DISCUSSION
As detailed illustrated the spectral segmentation or splinting of TERRA-ASTER data by
means of ENVISAT-MERIS data under certain conditions and hypotheses should be possible.
Using the weights gi extracted from the normalised sensitivities of the first three ASTER
bands as well as the three ASTER datasets from the Bandiagara area in West Africa it was
possible to determine the differences of reflectance between both satellite systems. The results show a constant mean with respect to the homogeneity of the respective land use and
land cover, but the straggling around the means arises. At this point of research there is a
further need for action. That comprises:
•

More accurate determination of the differences of reflectance vi on the strength of the
high straggling.

•

Research about other kinds of dependence of the parameter vi. Temporary this value
is constant, but perhaps it differs for varied land use and land cover although it could
be verified that the parameter is independent concerning this matter.

•

Currently only the normalised sensitivities of the ASTER sensor were used for determining the weights gi, but not for the MERIS sensor.

•

Other possibilities of determining the relations Ri for example by means of spectral libraries. With the method explained before it was considered that the reflectances differ from ASTER to ASTER pixel but the relations of the spectral signature within a
MERIS pixel do not change.

The possible field of applications of the resulting simulated channels is manifold. Basically
they are the same like them of the MERIS sensor but with a higher spatial resolution of 15m.
The authors are aware that the considerations of this paper are only fundamentals for further
research in a new field of a joint usage of different remotely sensed data.
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