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established on the basis of measurements by hyperspectral
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Abstract. Due to the lack of readily available imaging remote sensing methods that would determine the vegetation state on a local
scale, an attempt was made to calculate the modified NDVI index on the basis of digital camera photography. To verify the effec-
tiveness of the method, the digital camera and hyperspectral spectrometer results were compared. For the analysis material leaves of
six different tree species from an urban area were selected and picked in four different phases of the vegetative season. The results
prove that there is no significant correlation between the two methods, but they also suggest that further research on the proposed

method is necessary.
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1. Introduction

Among the remote sensing methods that are applied for
both detection and state assessment of vegetation satellite
methods are the leading ones, as they enable to conduct
rapid and repetitive broad-space observations, with a great
degree of generalization (Rouse et al. 1973). Due to the
scale of satellite imaging it is impossible to utilize those
methods for local scale environment research, whose sub-
ject of detailed analysis are the minute fragments of an
ecosystem, undetectable groupings of specimens, or even
singular plants, which are sometimes important indicators
of the environment characteristics. The lower-level plant
groupings, such as those hidden under the tree canopy or
ground-level plants of high-growing crops, are also vir-
tually impenetrable for satellite or airplane observations.
Only the local scale field methods enable the detection of
those objects, their quality, quantity and variability. They
also make it possible to observe many other processes, un-
detectable on a smaller scale (Anderson et al. 2006). The

instruments applied for local ground-level remote sensing
measurements are dominated by spectrometers (Belyaev et
al. 2009), chlorophyll meters (Ruiz-Espinoza et al. 2010)
or LAl-meters (Garrigues et al. 2008). These non-imaging
apparatuses provide the researchers only with punctual and
selective results. Hence, there is a growing need for estab-
lishing a methodology for extracting image compositions
of NDVI (Compton 1979) indicator of environment condi-
tion on the local scale, both directly for research and field
research after adaptation. Due to the lack of such remote
sensing methods, an attempt was made to measure and
represent the local-scale compositions of NDVI indicator
on the basis of a digital camera, adapted for near-infrared
photography (the anti-IR radiation filter was removed). In
the course of the testing procedure a number of analyses
were conducted, including a comparison of the NDVI re-
sults established for the same objects and using both a dig-
ital camera and a specialized hyperspectral spectrometer
(Zagajewski et al. 2007). This article aims to present the re-
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sults of the measurements with the application of these two
methods, and to draw conclusions from this comparison.

2. Material

As the comparative material the leaves of six tree species
were used located in environmentally diversified areas of
Warsaw. The selected species were: Acer platanoides, Acer
pseudoplatanus, Betula pendula, Fagus sylvatica, Quercus
robur, Tilia cordata. In different periods of the vegetative
season (spring, summer, early and late fall), the leaves,
differing in their coloring and expected NDVI indications
were extracted. During the first measurement session, sev-
en leaves were extracted from three specimens of each tree
species; during each of the following sessions seven leaves
were extracted from one specimen of each species. The
material was always extracted from the same trees. Over-
all, 252 samples were used for the analysis, 42 of them for
each species. The location of the specimen providing the
samples is depicted in Figure 1.
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3. Methods

A digital camera with a silicon sensor may be utilized as
a three-channel imaging detector of 400—700 nm electro-
magnetic radiation, or, after removing the hot mirror fil-
ter blocking near-infrared, for 400-950 nm radiation. The
theoretical spectrum of the digital camera spectral channels
over vegetation spectral curve is depicted in Figure 2 (Spi-
vak et al. 2009).

The wavelengths usually applied for establishing the
NDVI indicator correspond to the spectrum of red and
near-infrared (Carter & Knapp 2001). As both of those
two spectra are encompassed by one camera channel, for
the sake of the measurements the near-infrared and 400—
500 nm channel were chosen. Figure 3 presents the chlo-
rophyll absorption of the electromagnetic radiation. This
process is present both in the channel utilized for satellite
NDVI measurements, and in the modified version pro-
posed for establishing the NDVI via digital photography
(Frigaard et al. 1996).
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Figure 1. Location of the specimens providing the samples (Warsaw, Poland)
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Figure 2. Theoretical spectrum of the digital camera spectral channels over vegetation spectral curve
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Figure 3. Spectrum of chlorophyll a and chlorophyll b absorption

The measurements were conducted in laboratory condi-
tions, in artificial light with spectral characteristics similar
to the solar spectrum. The sample was exposed to the light
of two lamps, standing in relation of 180 degree to each
other and in 45-degree relation to the sample. The camera
and the optical fiber of the spectrometer were placed op-
posite each other, and in 90-degree relation to the sample.
The ASD Fieldspec 3 spectrometer used offers informa-

tion from 2151 channels, with spectrum of 350-2500 nm.
Photos and spectrometer measurements were made with
a BG-3 chromatic filter, whose characteristics are present-
ed in Figure 4.

The utilized filter cut off the red spectrum of the infra-
red channel in the digital camera and reduced the spectrum
registered by the spectrometer. Seven photos and seven
spectrometer measurements of each sample were made

1100
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Figure 4. BG-3 filter transmission spectrum over vegetation reflectance spectrum

(the approximation was from twenty readings). The spec-
trometer measurements were integrated for the spectrum
of 400-450 nm and 700-950 nm channels. The main ad-
vantage of using a hyperspectral spectrometer for the fol-
lowing comparison is the possibility to integrate the val-
ues from the range corresponding precisely to that of the
digital camera’s spectral sensitivity. In such an approach,
a spectrometer device with exactly the same two channels
as a digital camera was used. On the basis of the results the
NDVI index was established. Digital photos were cropped
so as to depict only the sample area, and then they were
spatially approximated. In this way, a single value for
each sample was established. From the resulting pixel,
red and blue channel values were applied for establishing
the NDVI index. The pairs of NDVI index values estab-
lished through measurements of the same sample by two
different apparatuses served to establish Spearman’s rank
correlation coefficient (Spearman 1904). Spearman’s rank
correlation coefficient is based on the one most popular
in environmental studies, Pearson’s correlation coefficient
(Cornbleet & Shea 1978), but with ranks instead of real
measurement values. Spearman’s coefficient does not re-
quire any preliminary assumptions, and thus could be used
to analyze data with unknown distribution, and it could
also detect both linear and non-linear monotonic relation-
ships between the variables. Additionally, it has limited
sensitivity for extreme observations. Due to the lack of
theoretical description of the relationship between the data
from a digital camera and a spectrometer, it was decided to
apply the correlation coefficient which has low sensitivity

to dataset parameters. That decision led to the choice of
using Spearman’s rank correlation coefficient. Correlation
coefficients were established for all of the results together,
and for each of the sessions separately.

4. Results and Discussion

Each sample was measured independently seven times,
and, additionally, every measurement consisted of 20 con-
secutive measurements, averaged by the spectrometer and
the image processing unit. In total, there were over 70 thou-
sand measurements, 35 thousand for each device. Results
for the series per sample were consistent, with an estimat-
ed error below 1.5% of the measured value. This suggests
high stability of the measurement setup and sensor. The
results differ significantly in the absolute values of NDVI
calculated from both spectrometer and digital camera. The
NDVI measured with spectrometer was above 0.70 for each
season, which corresponds to the values common for vege-
tation. The digital camera measurements gave significantly
lower NDVI values: around 0.20, which means that the
camera registered little difference in reflectance between
the channels used for NDVI calculation. The detailed re-
sults are presented in table 1 which contains: values of the
NDVI coefficient measured via both of the methods for
each sample, the values of Spearman’s rank correlation co-
efficient for each measurement session, and p-value for the
established correlation values. Figure 5 contains a graphic
presentation of the results for each measurement session.
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Figure 5. Results of NDVI measured with digital camera and spectrometer in each meas-

urement session

The presented results depict minor seasonal variability
of the modified NDVI coefficient (0.14-0.40 for the cam-
era, 0.55-0.89 for the spectrometer) and very low corre-
lation (R -0.37 — -0.60) of the measurements between the
spectrometer and the digital camera. The correlation coef-
ficient was at minus level, which suggests that the increase
of the NDVI value measured with one of the methods cor-
responds to the decrease of present in the measurements
from the application of the other one. The outcome indi-
cates that there is no practical possibility of a comparison
of the results of the proposed NDVI coefficient, when dif-
fering apparatuses are used. The resulting differences be-
tween the two methods may be attributed to the real spec-
trum difference of the digital camera channels as compared
to the spectrum assumed for the experiment. Moreover, at

the current stage of the research no complete sensor spec-
tral characteristics of digital camera are available, which is
caused by the fact that camera producers consider such in-
formation their professional secret. Digital camera photos
require approximation to a single result, in order to enable
their comparison with the spectrometer results. The whole
structure of a leaf (vascular tissue and leaf blade) was vis-
ible in the photos, whose singular elements are charac-
terized by different reflectance values. The approximation
process required the equal participation of all parts of the
leaf. The punctual measurement by the spectrometer might
have been dominated by the high-reflectance parts of the
leaf, which masked the low-reflectance parts, which caused
for the camera-registered values to be lower than the spec-
trometer-registered ones.
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Table 1. Results of the measurements

Species Session Camera NDVI SpecNti‘)o\III;eter Correlation (R) p-value
Acer platanoides spring 0.24 0.80 X X
Dpseu dﬁ;?:tanus spring 0.21 0.59 X X
Betula pendula spring 0.22 0.84 X X
Fagus sylvatica spring 0.17 0.89 X X
Quercus robur spring 0.22 0.78 X X
Tilia cordata spring 0.17 0.89 X X

X spring X X -0.5039 11?)(1139*
Acer platanoides summer 0.19 0.75 X X
pseu dli;j;’mnus summer 0.27 0.58 X X
Betula pendula summer 0.22 0.76 X X
Fagus sylvatica summer 0.14 0.89 X X
Quercus robur summer 0.17 0.74 X X
Tilia cordata summer 0.19 0.80 X X

*

X summer X X -0.6000 21?)?\1_95
Acer platanoides early fall 0.24 0.68 X X
e df);j;anus carly fall 0.29 0.55 x x
Betula pendula early fall 0.21 0.75 X X
Fagus sylvatica carly fall 0.27 0.90 X X
Quercus robur early fall 0.23 0.71 X X
Tilia cordata early fall 0.22 0.84 X X

X early fall X X -0.3714 0.0154
Acer platanoides late fall 0.25 0.79 X X
e di;j;anus late fall 0.23 0.54 x x
Betula pendula late fall 0.20 0.72 X X
Fagus sylvatica late fall 0.20 0.89 X X
Quercus robur late fall 0.21 0.68 X X
Tilia cordata late fall 0.18 0.84 X X

X late fall X X -0.4286 0.046
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Minor seasonal variability indicates that the changes
in the plant state have little impact on the value of the
coefficient utilizing the near-infrared and blue channels.
The proposed NDVI modification does not enable a clear
distinction of the plant environment, but only its detec-
tion. Chlorophyll decay ought to result in the disappear-
ance of the sample absorption processes in the 400-500
nm spectrum, which does not happen in the course of the
experiment. This phenomenon may be caused by radiation
absorption by other pigments, which efficiently mask the
chlorophyll decay (Solovchenko et al. 2011).

5. Conclusion

The experiment enabled the analysis of the applications
and possible limitations of digital camera usage for estab-
lishing local NDVTI indicator, in the future cooperating with
satellite images and low-scale NDVI indicators established
on their basis. The application of a standard camera of un-
known spectrum characteristics for the experiment required
the establishing of modified NDVI indicator on the basis of
the blue and infrared channels. The digital camera and the
hyperspectral spectrometer results of the NDVI indicator
differ considerably, and the low minus correlation between
them proves that there is no desired relation between them.
The proposed modification of the NDVI indicator does not
allow for sufficient differentiation of the plant state, as it
only allows for its detection.

That does not mean, however, that the direction of the
research on simple digital camera sensor application for
NDVI (as far as availability and low cost is concerned) is
invalid. Conversely, the results indicate the need for further
research on the measurement method and for the estab-
lishment of plant state indicators on the basis of the full
images of the digital photographic sensors. Recent years
have brought much new research in the field of the use of
digital cameras for assessment of vegetation state. All pub-
lished papers have in common that their motivation was the
desire to decrease the costs of measurement devices and in-
crease spatial resolution of other remote sensing methods.
The necessity of improvement in the field of choosing the
best vegetation indexes could be found in works on a field
of agricultural embedded systems (Sakamoto et al. 2011;
Dvorak et al. 2013) and forest monitoring (Sonnentag et
al. 2012). Some papers present results of very good cor-
relation between digital camera and spectrometry calcu-
lated NDVI, but when every sample was photographed
twice with and without a filter, which allows researchers
to calculate NDVI from red and NIR channel (Fisher et al.
2011). Further experiments ought to be conducted using
a camera of known spectral characteristics of its sensor, so
as to enable the selection of an appropriate filter that would

make it possible for the NDVI indicator to be established
on the basis of channels similar to those generally applied.
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