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Abstract

In the context of a recent research on the performance of vegetation indices we have shown, with
the aid of probability theory, that the shape and width of the histogram of the Transformed Vegeta-
tion Index TVI is controlled by the ratio of the standard deviation of the Red band to that of the NIR
band. Therefore a modification of the mathematical expression of the TVI vegetation index may pro-
duce images with a varying tonality contrast. In the present paper the modified transformed vege-
tation index MTVI is introduced, the value of which is controlled by a positive parameter c. A
theoretical study of the effect of this parameter on the image histogram is first carried out and it is
shown that changing c one can obtain MTVI images with different histograms and standard devia-
tions. Experimentation with a satellite image over western Peloponnese verifies that the parameter
¢ controls the shape of the MTVI histogram and, furthermore, the optical effect of the MTVI image
as well as the spatial variation (semivariogram) of the pixel values. Therefore the proposed modi-
fied transformed vegetation index may help the potential user in broadening his/her choices to map
the vegetation cover of the area under study.
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1. Introduction

The mapping of the land cover is essential for local and regional planning. Furthermore, studying
the role of terrestrial vegetation is crucial in understanding how the earth functions as a system. A
measure of the vegetation cover and green biomass may be obtained by calculating the vegetation
index at each pixel of a multispectral image.

An abundance of vegetation indices have been proposed, in order to map vegetation cover. A com-
prehensive list of these indices is made by Jensen (2000). Most of the vegetation indices have been
introduced and evaluated taking into account empirical criteria of response over land cover types of
interest (Gitelson 2004, Malinis et al. 2004, Kale 2005, Silleos et al. 2006). Mathematical models
which associate the vegetation cover with its reflectance at various spectral bands have also been de-
veloped (Goel 2008, Haboudaine et al. 2004). A probabilistic approach on the problem of the per-
formance of a vegetation index has been proposed by Vaiopoulos et. al. 2004.

The transformed vegetation index TVI has been introduced by Deering et al. 1975. It has a particu-
lar interest, since it produces images with a strong tonality contrast, which may help in detecting
burnt areas and soils with a poor vegetation (Skianis et al. 2007a, b).
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Fig. 1: NDVI, TVI and MTVI variation against x/y.
The TVI is defined by (Deering et al. 1975):
e for x=y
U= X+y (1)
0 for x<y

u is the value of the vegetation index x and y are the tonalities or reflectances of the Near Infrared
and Red bands, respectively. This vegetation index may be alternatively expressed as sqrt[ (x-y)/(x+y)
+0.5] in order to avoid negative values of the quantity under the square root, but in the present paper
the definition of the TVI according to relation (1) is adopted.

Skianis et al. (2007b) have shown that modifying the expression for the TVI may produce images
with a varying optical effect, which may be useful in recognizing targets of interest and mapping the
land cover. The modified transformed vegetation index MTVI is defined by (Skianis et al. 2007b):

cX —

yforcx>y u=0ifcx£y) 2)
CX+y

c is a parameter which takes values between 0.1 and 10 and controls the tonality contrast of the image.

In Fig. 1 the variation of TVI and MTVI against x/y is presented, according to the relations (1) and
(2). The behavior of the frequently used NDVI vegetation index, which has been introduced by
Rouse et al. (1973) and is defined by u = (x-y)/(x+y) is also presented. It can be observed that the
MTVI takes higher values as long as ¢ increases.

In this paper the statistical behaviour as well as the optical effect of the MTVI image is studied.
First a mathematical expression for the MT VI histogram is derived, according to a probabilistic ap-
proach which has been developed by Vaiopoulos et al. (2004). The standard deviation is then cal-
culated for various values of the c, in order to have a quantitative measure of the variation of the
tonality contrast with this parameter. Then, the MT VI is applied on an ASTER image of the area of
Olympia (western Peloponnese) in order to assess the optical effect and study the spatial variation
of the produced MTVI images.
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2.The MTVI histogram, according to the probabilistic approach

In order to study the statistical behaviour of the MTVI vegetation index, the histograms of the NIR
and Red bands, x and y respectively, have to be simulated by a proper distribution. It is reasonable
to assume that this distribution is zero for a null brightness value, presents a peak at a relatively low
value of the tonality range and gets practically nullified at high brightness values. In practice, the his-
togram may be more complicated and present more than one peaks, but it is reasonable to be ap-
proximated by a simple distribution, which may help the mathematical analysis.

Vaiopoulos et al. 2004 have proposed distributions p of the form p(x) (or p(y)) ~ x.exp(-ax?) (or p(y)
~ y.exp(-ay?)), in order to describe the histograms of x and y bands. In the same paper, it has been
derived the expression for the distribution g(u’) of the values u’ of the MNDVI vegetation index,
which is defined by (Vaiopoulos et al. 2004):

_ex=y
W=y 3
cx+y
c is the same parameter which appears in relation (2) for the MTVI vegetation index.
According to Vaiopoulos et al. 2004, g(u’) is given by:
gy = A Uo0) @
[Al+u")y +c (1-u")"]"
A is given by (Skianis et al. 2007a):
stdev(y)\’
g | S (5)
stdev(x)

The u values of the MTVI are is related to the u”’ values of the MNDVI, by u’ = u?, for u’> 0 (or cx
>y). According to Spiegel 1977, the distribution g(u) of the MTVI values is related to g(u’) by:

, du'
gu) = glu' W)} |—| (6)
du
Combining the relations (4) and (6) and taking into account that du’/du gives:
8Ac*(1-—u?)u
g(u) = ( ) 5 foru’=z0(orex=y)
) (1-u”\ @)
(I+u?) | A +c? =
I+u”

Foru’ <0, or cx <y,uis equal to zero, according to relation (2). The percentage g(0) of the null TVI
values, is given by:

2(0) = [ gy ®

Combining relations (4) and (8) gives:
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For convenience in the further statistical treatment, the quantity 4’ is introduced, which is defined by:
A=A (10)

According to relations (7), (9) and (10), the expression for g(u), which describes the histogram of
the MTVI image, is:

2(0) = % forex <y
glu) = il S ~ forex=zy

A+u*)

}L'+(I"”j):]_ (11)
l+u”

There is a remarkable similarity between the expression for the distribution g(u) of the MTVI val-
ues (relation (11)) and that of the TVI values (Skianis et. al. 2007a). The only difference is that in
the former the parameter A’ appears, while in the latter parameter 4 appears instead.

In Fig. 2 the distribution g(u) of the MTVI values for various 1” values is presented. As long as A’
decreases (which means that ¢ increases) the peak of the distribution is shifted to the right. On the
other hand, as it can be seen in Fig. 3, as long as ¢ increases (1’ decreases), the percentage g(0) of
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the null values -in other words the percentage of the image pixels with null tonality- decreases.
Therefore for high ¢ values the MTVI image is expected to be bright. Low ¢ values are expected to
produce dark images.

The standard deviation stdev of g(u), which describes the MTVI image histogram, was numerically
calculated for various A’ values. In Fig. 4, the stdev variation against 1’ is presented. It can be ob-
served that the stdev takes a maximum at 4’= 0.5, which, according to relation (10), gives ¢ = Vi (24).
For this value of ¢ the MTVI image is expected to have a maximum standard deviation, therefore
the strongest tonality contrast.

The probabilistic approach gave a picture of how the parameter ¢ influences the optical effect and
statistical behavior of the MTVI image. Theoretical predictions have to be tested with real data, ob-
tained by satellite images.

3. Experimentation with a satellite image

16100°

LYol SRR 0BTTS

Fig.5: ATVI ASTER image of a part of Western Fig. 6: The histogram of the TVI image.
Peloponnese around Alfios river.

The MTVI vegetation index, for various c values, was applied in a satellite ASTER image of July
2008, around the region of Olympia (western Peloponnese). The ratio A of the satellite image was
found to be equal to 1.006. The MTVI images where produced using ERDAS Imagine software. A
special tool to calculate the MTVI values was developed, using the spatial modeller of this soft-
ware. In Fig.5, the TVI image (c = 1) of the area is presented. Alfios river is expressed with a curved
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line at the middle of the image, with direction East West. At the upper left and upper right part of
the image the tonality is quite dark and expresses burnt areas (the fire took place one year before the
acquisition of the image). Burnt areas with dark tonalities are also present at the middle of the image,
below the river. Areas with dense vegetation and agricultural land are expressed with bright tones.
In Fig. 6, the histogram of the image is presented. A great number of pixels have a null tonality and
the others take values up to 0.885.

In Fig. 7 the MTVI image of the same area, for c =0.5, is presented. It can be observed that the image
has an overall dark tonality, which is also expressed in the image histogram of Fig. 8. The histogram
is apparently blank because most pixels have null or very small tonalities. Therefore a small ¢ value
(less than unity) produces an MTVI image with dark tones and « values accumulated at zero point.

In Fig. 9 the MTVI image for a high ¢ value equal to 4 is presented. The image is considerably
brighter than those of Figs 5 and 7 and the MTVI histogram of Fig. 10 is shifted to the right.

The observation of the TVI and MTVI images shows that there is an accordance, in qualitative terms, be-
tween theoretical predictions and real data. Low ¢ values produce dark images and histograms shifted to
low u values, while high ¢ values produce bright images with histograms shifted towards high u values.
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Fig. 8: The MTVI histogram for ¢ =0.5.
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Fig. 9: The MTVI ASTER image for ¢ = 4. Fig. 10: The MTVI histogram for ¢ = 4.

No histogram stretch was applied on the images of Figs 5,7 and 9. The dark tonality of the MTVI
image for ¢ = 0.5 (Fig. 5) does not favour the different land cover types to be expressed clearly. If a
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Fig. 11: The standard deviation of the MTVI ASTER Fig. 12: Theoretically predicted and actual standard de-
images of part of western Peloponnese against c. viation values of the MTVI ASTER images against 4’.

linear histogram stretch is applied on this image, the vegetation cover, as well as the river zone, are
expressed with very bright tonalities, in contrast to the dark tonality of the other formations.

In the MTVI image for ¢ = 4 (Fig. 9) the eastern part of Alfios river is expressed with a dark tonality
which is considerably lower than that of the other parts of the river. Particularly this tonality contrast
is not so strong in the TVI image (Fig. 5). Actually a high ¢ value (more than unity) produces images
with a diversification in the tonalities of dark areas. Therefore the parameter ¢ controls the contrast of
the MTVI image, as well as the optical effect by which the various land cover types are expressed.

In order to study in quantitative terms the performance of the MTVI vegetation index on the ASTER
image, the standard deviation (stdev) of the MT VI histogram for each ¢ was calculated. In Fig. 11 the
variation of the stdev of the produced MTVI images against ¢ is presented. It can be observed that the
stdev takes its maximum value for ¢ = 0.7. According to the theoretical predictions, the peak should
be at ¢ = V(24) = 1.4 (since the A value of the ASTER image is equal to unity). Actually, in quantita-
tive terms, there are deviations between theoretically predicted and actual stdev values, as it can be
seen in Fig. 12. The differences are smaller for high 1’ (=1/c?) values and bigger for low 1’ values.

The deviations between theory and actual data should be attributed to the assumptions upon which
the probabilistic approach is based. The assumptions are: a) to describe the histograms of the NIR and
Red bands can be described by simple distributions p(x) ~ x.exp(-ax?), b) the reflectances of the NIR
and Red bands are independent each other (Vaiopoulos et al. 2004). Actual histograms are more com-
plicated than the distribution p and a considerable correlation between NIR and Red values exists.

On the other hand there are similarities in the behaviour of the theoretical and actual stdev curves
of Fig. 12. Both curves present a maximum around A’ = 1 and relatively high (low) actual stdev val-
ues correspond to high (low) theoretically predicted ones.

As a general comment, it can be stated that the probabilistic approach and the experimentation with
the ASTER image showed that the parameter c in the expression for the MTVI tunes the optical ef-
fect and the standard deviation (in other words the tonality contrast) of the MTVI image.

Since the standard deviation is only a measure of the width of the contrast and does not provide any
direct information about the spatial variation of the MTVI values, it is important to study this issue
using a proper geostatistical function.
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4. The spatial variation of the MTVI images

The semivariogram of a digital image represents the variance of the tonality differences between pix-
els at various distances each other, therefore it provides information of the spatial variation of the
tonality. The semivariograms of the MTVI images, for different ¢ values were calculated, in order
to see how the MTVI values vary in space. The ILWIS software was used for this purpose.

In Fig. 13 the horizontal semivariograms of MTVI images, for different values of c, are shown. The
vertical semivariograms are not presented, since they have the same behaviour and small differ-
ences in the values of the semivariogram functions. It can be observed that the semivariogram of the
MTVI image with ¢ = 0.7 increases with distance more rapidly than all the others. Comparing Figs
11 and 13, one can see that the MTVI image of this ¢ value has the biggest standard deviation. It can
also be observed that as long as the standard deviation in Fig. 11 decreases, the values of the re-
specting semivariogram function also decrease. The same relation between standard deviation and
spatial variation has also been observed in the case of an other vegetation index which was applied
on a satellite image over a different area (Skianis et al. 2009). This remark indicates, without prov-
ing, that a high standard deviation of the image histogram corresponds to a strong spatial variation
of the tonality of the image. If this is correct, then the probabilistic approach, although it is centered
on the image histogram, may also provide information about the spatial variation of the image tonal-
ity. A further experimentation with satellite images of different areas, possibly combined with the-
oretical considerations, could be the subject of a future paper.

5. Conclusions

According to the mathematical analysis and the experimentation with the satellite image, two main
conclusions can be drawn:

The standard deviation of the MTVI image depends on the ratio A/c>. For a certain value of ¢, which
does not differ much from 4, the standard deviation and spatial variation of the values of the MTVI
image become maximum and the tonality contrast appears strong.

Changing ¢, MTVI images with different a different optical effect are produced. Targets that are not
expressed clearly in an MTVI image with a certain ¢ may appear with a more pronounced tonality
contrast in an image of another ¢ value.
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The results and conclusions of this paper may help in the photointerpretation of the satellite image,
in order to map burnt areas, different land covers and related morphological features. The MTVI may
also serve as a tool to estimate important biophysical parameters such as leaf area index, percent-
age green cover and chlorophyll content, which control the behaviour and the evolution of an ecosys-
tem, as well as the function of the system of the earth as a whole.
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