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Abstract: We describe the degradation states of vegetation using a CMOS camera with NIR narrow
band filters. Infrared bands provide vegetation parameters through reflectance, such as the water
content and the cell order inside the leaf. Therefore, we can observe cellulose decomposition. We
observe these parameters by measuring the differential reflectance between 766 nm and 1064 nm. We
conclude that the NIR narrow bands add essential information to distinguish the water content and
the decomposition of vegetation.
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1. Introduction

The spectral analysis of vegetation is a suitable topic in forest preservation. Moreover,
the spectral analysis of vegetation is relevant to monitoring the growth and health of crops,
and their use as biofuels. A common technique used for establishing the vegetation indexes
is through reflectance measurement [1]. The disadvantage of this method is computing the
indexes via the relationship of two bands using other relative values [2]. We are interested
in measuring the radiometric spectral reflectance to quantify the state of the vegetation in
energetic terms.

In Figure 1a, we see the spectral signature of the widely known dry and healthy vege-
tation in remote sensing. A significant change occurs in the visible range (450 nm–680 nm)
due to the photosynthetic pigments, but this is not our focus. In the near-infrared band
(680 nm–1500 nm), we see changes in the reflectance but they retain the main features of
the cell structure via the cellulose and lignin, as shown in Figure 1b.

Figure 1. (a) Typical reflectance of healthy (solid line) and dry (dash line) vegetation; (b) reflectance
of cellulose (solid line) and lignin (dash line). Data acquired from USGS Spectral Library Version 7:
U.S. Geological Survey Data Series.
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2. Materials and Methods

We consider that the leaf cellular structure remains unaltered because it is dried since
cellulose dehydrates with its internal order intact. However, some changes take place in the
spectrum reflectance due to water loss, the deterioration of the cuticle and the degradation
of the photosynthetic components [3].

In this work, we determine the differences between images captured with a CMOS
sensor employing three narrow band filters to identify the leaf degradation. The vegetation
samples are leaves of an unidentified leafy tree from a university campus, apparently
healthy. We collect some leaves with different degrees of decomposition, considering their
color and stiffness. In Figure 2, the first sample (left) is dry, so it is completely rigid and
fragile; the second and third leaves (left to right) have some degree of senescence with
dehydration but are not completely dry; and the last sample (right) is a healthy leaf.

Figure 2. Leaves used: (a) the tree of the sampled leaves was located at the university campus; (b) the
senescent leaves were collected under the tree and the healthy leaf was cut along with a small branch
to maintain freshness.

Experiment

The image sensor used is the AR0130CS model from the manufacturer ON Semi-
conductor, a 1/3 inch CMOS digital sensor with an active-pixel array of 1280 H × 960 V
installed over an electronic board to send the signal by a USB port to the PC. The filters are
a narrow band pass with a central wavelength at 766 nm, 830 nm and 1064 nm. All filters
have a linewidth (∆λ) of 10 nm. The optics include a manual-focus lens system without
an IR-CUT filter and an adjustable aperture ring of about 5 mm. The sun irradiance was
measure with a spectroradiometer SpectriLight model ILT950, on the surface where the
samples are placed. This surface is a 20 × 20 cm high-absorbance velvet-coated sheet.

As a calibration step, we register the irradiance and then adjust the exposure time of
the CMOS camera with a calibrated reflectance panel. After the calibration process, we
capture the images of leaves. We repeated the calibration and capture processes three times,
as the IR filters were placed between the lens and the sensor, as shown in Figure 3. Once
we adjusted the camera exposure time to get the reflectance reference, we set up the leaf
samples to take the images. We captured the pictures with the same solar irradiance and
adjusted the exposure time for each filter.
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Figure 3. (a) Calibration equipment in the experimental site; the green background labels are the
components of the spectroradiometer. On the right side is the head of the detector, connected by
fiber optics to the spectroradiometer, which communicates with the computer with a USB connector.
The white background labels are the components of the camera adjustment; the camera views the
reflectance panel that is located where the samples are placed. (b) Camera optics; the filter position is
between the sensor and lens and is replaced by the three narrow band filters one by one.

3. Results

Figure 4b presents the measured spectral solar irradiance from 300 nm to 1049 nm.
This is the radiometric reference value to probe the responsivity of the CMOS detector
(Figure 4a) to explain the results of the images of the leaves. The entire irradiance of the
narrow band is E(∆λ)766 = 48.82 [µW cm−2] and E(∆λ)830 = 52.16 [µW cm−2].

Figure 4. (a) Responsivity of CMOS sensor and narrow band of filters; (b) irradiance measured over
visible and near-infrared range. Capture parameters; integration time 10 ms, scan averages 32.

In Figure 5, we compare the images obtained with the three filters. In each frame, we
show the four leaves in different states of decomposition (S1, S2, S3, S4). The color image is
a reference used to identify visible features, but it is necessary to detail other characteristics
to explain the results. Table 1 summarizes the sample characteristics and the information
on the intensity levels of the images related to the reflectivity of the leaves.
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Figure 5. Images captured with the three different filters together with the reference image in the
visible range. In the images taken with infrared filters (grayscale), a lighter color represents greater
reflectivity, and a darker tone represents less reflectivity. In the case of a black background, it is
understood that there is no reflected radiation.

Table 1. Characteristics of the leaves and the descriptions of the intensity images. The grayscale of
the intensity pixels has values from 0 to 255 (dark to white).

Sample Physical Characteristics
Intensity
766 nm

Intensity
830 nm

Intensity
1064 nm

Mode Max. Mode Max. Mode Max.

S1 Brown, completely dry, rigid. 148 178 178 207 141 160
S2 Green, dry, brown spots, semi-rigid. 123 162 128 185 123 136
S3 Yellow, slightly green, semi-dry, flexible. 107 147 109 151 104 114
S4 Green, fresh, highly flexible. 128 146 98 162 101 115

4. Conclusions

The differences between the images of these wavelengths appear the same, but the
intensity of pixels indicates greater reflectance with the 830 nm filter, especially in sample S1.
This makes sense because the sample is completely dry, meaning that there is no absorption
of water molecules, and although the sensor has less sensitivity at 830 nm compared to 766
nm, it obtains a better response because the total solar irradiance of the narrow band is
more prominent and the reflectivity of the cellulose is higher in this region (Figure 1).

The image obtained with the filter CW 1064 nm is blurry because it is above the
detection limit of the sensor. Moreover, although we do not know the irradiance at this
wavelength because the spectroradiometer does not cover this area, we know from black
body theory that the power emitted by the sun at this wavelength is lower than at other
wavelengths. Therefore, as a result, we obtain an image with a low signal-to-noise ratio
(SNR), which, although calibrated, does not present adequate conditions to determine its
use for vegetation analysis.
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Abbreviations
The following abbreviations are used in this manuscript:

CMOS Complementary Metal Oxide Semiconductor
NIR Near-Infrared
IR Infrared
CW Central Wavelength
SNR Signal-to-Noise Ratio
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