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COMPARING COMMERCIAL OPTICAL SENSORS FOR CROP
MONITORING TASKS IN PRECISION VITICULTURE

Fabrizio Mazzetto, Aldo Calcante, Aira Mena

1. Introduction

Precision Viticulture (PV) may be defined as the
methodologies that allow site-specific vineyard moni-
toring and management. It considers aspects of the
monitoring and management of the spatial variations
in productivity, in terms of quantity and quality, with-
in the single vineyards [Lamb 2001a]. Unlike Preci-
sion Agriculture (PA), PV emphasises the need to
monitor the activity performed compared to the need
to use automation of the latter. Therefore in a PV sys-
tem it is essential to make use of data gathering and
automated recording, so that it may be used again in a
decisional system supported by a Farm Information
System (FIS). Thus the farms can develop three fun-
damental functions:

— monitoring, i.e. the gathering of field items data
and parameters concerning production in its differ-
ent contexts which are also useful in sustaining the
decisions to control the operational activities (Dif-
ferent types of on-the farm monitoring proposed
are those shown in Table 1 [Mazzetto 2006]);

— documentation, i.e. making information available
even in variable conditions to meet any requests by
the decision-making level of the farm, and anyone
else working with certifications and control;

— operational control, i.e. providing procedures and
giving predefined and controlled information to
technicians, with little error margin, reaching the
automated or semi automated execution of individ-
ual field items.

2. State of the art

Currently crop monitoring is the most studied ap-
plication in PV systems. For this purpose, literature
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proposes much work which is being done assessing
aerial or satellite remote sensing.

Generally, multispectral acquisition systems collect
images in few visible wavebands (green: 555-580 nm;
red: 665-700 nm) and the near InfraRed (NIR: 740-
900nm), significant to measure crop growth [Lamb
2000]. As it is known, it includes the elaboration of
reflectance data, coming from multispectral optical
surveys, in order to obtain virtual maps of vegetation
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indices which are correlated in different ways to plant
phytosanitary status. NDVI (Normalised Difference
Vegetation Index) is one of the most known vegeta-
tion indices, often obtained from aerial RS data. It is
used to identify different vegetative vigour level — es-
pecially in cover crops — on which production de-
pends [Lamb 2001b]. It is also proven that in vine
there is a significant correlation (R?=0.74) between
NDVI values and LAI (m? of leaf surface x m? of soil
surface) and between NDVI and LAv (m? of leaf sur-
face x plant) [Jhonson 2001]. LAv maps obtained
from high resolution multispectral images, generated
from IKONOS satellite, may be used to measure vine
growth patterns or as a support for canopy manage-
ment and irrigation scheduling [Jhonson 2003].

Remote sensing has also been employed success-
fully to identify vineyards subject to phylloxera (Dak-
tulosphaira vitifoliae) infestations [Jhonson 1996].
Multispectral images has been used to obtain numer-
ous vegetation indices to assess the relationship be-
tween their values and a and b chlorophyll content of
Vitis vinifera L. at leaf and canopy level, to the aim of
identifying chlorosis and monitoring crop physiologi-
cal conditions [Zarco-Tejada 2005].

In spite of the many applications of remote sensing,
data gathering strongly depends on climatic condi-
tions, and using them is a complex matter. This is
more evident in viticulture because of canopy architec-
ture, presence of soil or grass in the inter-row space,
and the shadowing caused by the rows [Stamatiadis
2007]. In fact, together with remote sensing, research
has been carried out to develop crop monitoring tools
using so called “ground sensing” technologies. These
rather complex systems, were developed for use in a
controlled environment to study the plant-environment
interaction [Kacira 2001]. In order to be used on the
field, studies were carried out to develop NIR sensors
for use in herbicide applications capable of differenti-
ating between live vegetation materials and other sub-
layers (soil, crop residues) [Shearer 1996]. Tools of
this type are very useful as they can be used on a trac-
tor, to monitor and diagnose, in real time, the state of
the plants to permit agrochemicals and fertilizer vari-
able rate application (VRA). The use of optical sensors
for fertilizer VRA was introduced in the United States
by Stone et al. [Stone 1996; Stone 1995] and in Ger-
many by Heege and Reusch [Heege 1996]. Currently
there are several devices commercially available that
determine NDVI in real time. As an example, the
GreenSeeker RT100 (NTech Industries) and the Crop
Circle (Holland Scientific) are optical sensors usually
employed in nitrogen fertilization management in corn
crops [Shaver 2007].In particular the GreenSeeker
RT100 is the result of studies carried out by Oklahoma
State University (OSU) with the collaboration of
NTech Industries, Inc. (Ukiah, California). A first pro-
totype was realized in 1996. It was made up of a pas-
sive sunlight illuminated optical sensor, and a VRT ap-
plicator [Crummet 1996; Kimberlin 1996]. This device
can check the crop and apply in real time the correct
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amount of nitrogenous liquid fertilizer based on a grid
of 0,75 x 0,75m. In 1997, OSU came up with a com-
puterized active optical sensor, in order to develop a
system for VRA of nitrogen, according to specific fer-
tilization strategies. This device led to the develop-
ment of the GreenSeeker which is capable of deliver-
ing in real time vegetation indices NDVI and
Red/NIR, and it is also being used in farms to manage
cover crops fertilization such as wheat, corn and sugar
beet. Recently, its application in viticulture is being
studied , to characterized vine vegetation vigour spa-
tial distribution [Goutouly 2006; Mazzetto 2007].

This work is studying the feasibility of integrating
remote sensing information with that coming from
ground sensing technologies that can be used in vine-
yard directly. This should overcome the various tech-
nical, economic and managerial problems, which limit
the use of remote sensing technologies in Italian vine-
yards made up mostly of small/medium size farms. To
this aim, GreenSeeker was tested in a greenhouse on
Cabernet Sauvignon vines characterized by different
phases of plant health. The objective was to assess the
amount of data recorded by said tool, usually used on
cover crops (corn) for mobile observations from the
tractor, and compare them to the images acquired
from a multispectral digital camera, the Tetracam
ADC, used in remote sensing in agriculture, too
[Haitao 2007; Thomson 2007].

3. Vegetation indices

As it is well known, vegetation indices obtained
from multispectral optical relieves are the result of the
algebraic combination of the reflectance (R;) of the
vegetation in the different i-esimal wavebands of the
spectrum. In NDVI and Red/NIR indices, both de-
scribing photosynthetic potential, red and Near In-
frared (NIR) wavebands are always included. The two
indices derive from the well known algebraic expres-
sion [Chen 1996; Jordan 1969; Rouse 1974]:

Red | NIR = 2w (1)
R'ill.l
npvr = Boin = Bury) o
I:E‘“-'# + R ]

Both the two indices are correlated to the amount
of plant biomass per unit of leaf surface (LAI), there-
fore to the vigour of the crop. They allow a link be-
tween chlorophyll absorption in the red and the reflec-
tion in the near IR where it is largely influenced by
leaf structure. Red/NIR is more often used to classify
vegetation against the soil, but it seems to be also
linked to the physiological status of plant. It always
shows positive values, increases indicate a worsening
of vegetation conditions. This index presents some
problems due to shaded areas, and to the difficulty to
establish a threshold value discriminating between
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soil and vegetation and even more so between healthy
and unhealthy vegetation [Zarco-Tejada 2005]. NDVI
value is between —1 and +1, so it is easier to under-
stand and use than Red/NIR. When used in agricul-
ture, NDVI values vary from a minimum of 0.1 to 0.3
for a bare soil or with little grass, reaching an asymp-
totic saturation value around 0.8-0.9 for vegetation
with LAI superior to 5. NDVI can be considered an
improvement of Red/NIR index because through the
normalisation it eliminates disturbance effects of re-
flectance that occur in the broad band between red
and NIR [Zarco-Tejada 2005]. For the manner in
which the two indices are defined, NDVI (y) and
Red/NIR (x) are univocally linked by the following
algebraic relation (Figure 1):

_{l-x) 3)
(1+x)

Therefore simultaneous use of the two indices may
be redundant, as they describe the same situation using
different values, though they are univocally related.
The optical results carried out on the same crop, give
for both indices, a typical bimodal frequency distribu-
tion as in the example described in Figure 2. In the case
of canopy analysis, the population observed with the
highest frequency is classified as ‘“vegetation tissue”
(normally with NDVI>0.30). All the rest is classified as
“background”. So, the automatic identification of vege-
tation tissue requires the calculation of the NDVI value
which discriminates between the two data populations.

..r

4. Materials and methods

The aim of this work is to verify GreenSeeker per-
formance when it is used in situations different from
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Fig. 1 - Theoretical curve obtained through the application of the
mathematic relation (3) between Red/NIR and NDVI values..
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those it was designed for. In this case, it is used in
monitoring vegetation no longer used as cover crop,
but planted in vertical rows with a background differ-
ent from soil.

The tools observed are:

1. “GreenSeeker RT100” (Ntech Industries, Inc., Uki-
ah, California);
2. “Tetracam ADC” multispectral digital camera

(Tetracam, Inc., USA).

The first one is a mobile system with an active
lighting optical sensor made up of an electrolumines-
cent diode, LED, which emits a high intensity light
660+/-10 nm in red and 770+/-15 nm NIR wave-
bands. LED pulses at 100 Hz frequency with an aver-
age reading of 10 Hz. The light is reflected by the
leaves and it is captured by a silicon photodiode posi-
tioned in the front of the sensor. Electronic filters re-
move all background illumination. In this way,
GreenSeeker gives back the index values NDVI and
Red/NIR in real time, directly. The GreenSeeker cal-
culates Red/NIR values of -0.9 in correspondence of
no-vegetative elements. This fact, which is not
marked by the producer, can be considered as a
threshold between Red/NIR values referred to vege-
tate and no-vegetate zones. In the present work, this
characteristic is not considered because tests were
carried out in a greenhouse on single plants.

Tetracam is designed for remote sensing applica-
tion and it has been used to detect vegetation canopy
reflectance. The ADC is a single CMOS sensor digital
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Fig. 2 - Bimodal frequency distribution of NDVI (A) and Red/NIR
(B) values collected on vines located in the greenhouse.
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camera specifically designed for light wavelengths in

green (520 - 570 nm), red (635 - 667 nm) and NIR

(835 - 870 nm) bands. A longpass filter was applied

for selecting near-infrared radiation and excluding

blue light. The camera provides false-colour images
suitable for later derivation of several vegetation in-

dices. The image size is 2048 x 1536 pixels (3.2

Mpixel) 1/2” optical format. Images are stored to

CompactFlash in Tetracam DCM lossless format.

Time exposure was set to 0.5 ms during tests.

The camera was preliminary calibrated taking an
image of a teflon white tag under the same test condi-
tions. The image was then used to teach the applica-
tion software about the sunlight spectrum. The ratio
of red/NIR or green/NIR is then applied as an offset
to the calculation of the various vegetation indices.
Because of its optimal characteristics Tetracam was
used as a tester in this study.

Tests were carried out in a greenhouse where a row
was made up of Cabernet Sauvignon vines, grown in
pots, positioned at 0.28 m one from the other; in this
way conditions of a canopy vertical development typ-
ical of rows in vineyard have been created. A black
sheet normally used for mulching was used as back-
ground. Plants were divided into three parcels and
went through different phytosanitary treatment:

— parcel 1: plants inoculated with Plasmopara viticola;

— parcel 2: stress-free plants; _

— parcel 3: plants that did not go through any phy-
tosanitary treatment, which spontaneously devel-
oped oidium.

A metallic rail gauge (6 m long) was placed in
front of the plants on which a mobile carrier runs.
This allows a longitudinal and a transversal move-
ment (both manual) of the GreenSeeker, respectively
along the row and along the vegetation wall. The mo-
bile carrier guarantees the repetition of the measure-
ments in the same position during the time; so the ob-
servation of vegetation indices values evolution on
the same canopy portion is possible. During these
tests GreenSeeker was made to stop in front of each
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plant for 5 seconds. The tool is placed about 0.60 m

from the plants; at this distance it projects a beam of

light of about 0.7 and 0.01 m in length and width re-
spectively (Figure 3). Each plant was tested at three
different heights: 0.55 m, 0.90 m and 1.25 m. Tests

were carried out every day from May, 17 to June, 30

2006 for a total of 19 day-trials. Tests were always

carried out about at the same time in order to maintain

greenhouse climatic conditions the most stable as pos-
sible. GreenSeeker measurements were not repeated
during the same day.

GreenSeeker observations were then compared to
the data obtained with the multispectral camera, in or-
der to compare information coming from GreenSeek-
er with the evaluation of vegetation indices coming
from conventional approaches of RS. Close up pic-
tures of the individual GreenSeeker analysis were tak-
en according to perpendicular view of the vegetation
wall (focused on the stem of the plant in an area of
0.7 X 0.01 m). The portion of the picture correspon-
dent to the leaf area investigated by the GreenSeeker
was manually selected. These images were then
processed using a specific software developed in the
research: LSODA ver. 1.0-06 by which the average
NDVI value was calculated, taking into account all
the single pixel values included in the analysed area.
In particular, LSODA allows a step-by-step virtual
analysis of canopy damage through the application of
software filters to NIR images. Filters allow vegeta-
tion identification and suffering area detection.
Through an iterative algorithm pixels referred to
background are removed, then NDVI is calculated on
each pixels referred to vegetation and its mean value
is computed for each picture. Thus we were able to
determine:

— NDVI comparison given by the two tools used on
the same portions of vegetation with different veg-
etation vigour due to different phytosanitary treat-
ments;

— analysis over a period of time of NDVI values re-
ferred to the various parcels.
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Fig. 3 - Plants disposition in the greenhouse during the tests (A) and GreenSeeker positioning regarding vegetation wall (B).
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5. Results and discussion

Data used in the comparison between GreenSeeker
and Tetracam were taken from greenhouse tests re-
sults, so they refer to both different plants and days.
The graph in Figure 4 shows that the two tools are
very closely linked (R? = 0.97, RMSE = 0.061), and
from the graphic analysis we notice how the linear re-
gression is overlapped to the bisecting line in the first
and third quadrant of the Cartesian graph (the expect-
ed result).

The significance of the result is confirmed by the
application of Student’s two-tailed t-test for the mean
of two coupled population (significance a = 0.05; t = -
0.89; critical t = 1.99), and by the verification of the in-
tervals confidence of the regression angular coefficient
®B) B =097; t = 49.9). Therefore, it can be asserted
that the error occurred is accidental and it is due to:

— the different behaviour of the two tasks (the
GreenSeeker doesn’t need any setting, whereas
Tetracam needs a manual setting);

— measurement errors;

— imprecisions in the manual selection of images ac-
quired with the multispectral camera, regarding the
real area investigated by the GreenSeeker.

Data analysis carried out within single parcels
shows a high correlation between NDVI obtained
through the two different tools, too (Table 2). In this
case an averaged NDVI value was computed for each
parcel and each day of test at 0.90 m in height.

Figure 5 demonstrates the graph which shows one
single Cabernet Sauvignon plant affected by oidium
during the tests. The infection was rather serious and
caused the plant withering; so it was possible to moni-
tor NDVI over a period of time starting from an ex-
cellent vegetation vigour up to the death of the plant.
The graph in Figure 5 shows the NDVI over a period
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Fig. 4 - Correlation between NDVI values obtained by GreenSeek-
er and those derived from multispectral image analysis acquired by
Tetracam.
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of time obtained respectively by GreenSeeker and
multispectral images. In both cases we can see a de-
crease of NDVI due to the worsening health of the
plant. Results obtained confirm the validity of the
GreenSeeker vegetation indices, which can also be
applied in vine monitoring. As a result, ordinary krig-
ing was applied to NDVI values, measured by
GreenSeeker, in order to represent them for the
canopy vertically development. Images in Figure 6 il-
lustrate NDVI data for two days of tests in which the
vegetation wall shows very different vigour condi-
tions. The scale used is within a minimum of -0.3 and
a maximum of 0.9 divided in classes of size 0.05; the
threshold value applied is 0.4. Visual analysis of veg-
etation vigour maps compared with RGB photos con-
firm a superior qualitative link between GreenSeeker
observations and the real situation of the plant.

R? RMSE Mean St. Dev.
Parcel 1 0.99 0.044 0.645 0.140
Parcel 2 0.99 0.039 0.750 0.071
Parcel 3 0.98 0.055 0.389 0.073

TABLE 2 - R-squared coefficients, Root Mean Squared Er-
ror, Mean and Standard Deviation of NDVI values obtained by
GreenSeeker and those derived from multispectral image
analysis acquired by Tetracam in each parcel.

6. Conclusions

The objective of this work was to test an optical
technology, normally used on cover crop, to assess its
validity and its possible use within ground sensing
crop monitoring in viticulture. Results obtained from
GreenSeeker were more than acceptable, in spite of the
fact that it was used in conditions different from those
it was normally used. A comparison between NDVI
data obtained by GreenSeeker and those derived from
a multispectral image analysis, used as a reference,
was positive; this was confirmed by the excellent cor-
relation obtained (R2 = 0.97). In addition, GreenSeeker
performed very well with regards to artificially created
and spontaneous pathological stress in plants, demon-
strating a quick adjustment of NDVI to phytosanitary
conditions and to vine vigour. Vigour vegetation maps
obtained through kriging show, though on a small
scale, how useful GreenSeeker is in viticulture crop
monitoring. In fact, if tests in vineyard will confirm the
satisfying results obtained in greenhouse, these maps
produced at scale of field could be an effective mana-
gerial tool to detect vineyard areas featured by differ-
ent vigour levels, thus addressing scouting tasks to
these critical areas. Finally, GreenSeeker is more flexi-
ble than remote sensing because:

— it seems not influenced by climatic conditions

(cloud cover) and sunlight because it implements

its own light source;
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Fig. 5 - NDVI temporal course referred to a single vine infected by oidium.
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Fig. 6 - Kriging representation of NDVI values compared to RGB photo. Pictures referred to data collected at the beginning (A) and at the end (B)
of the test.
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— it gives more detailed information;

— it can be used at any time;

— it delivers indices vegetation values in real time;

— if used simultaneously with the usual mechanized
operations (as tractor-mounted tool), it saves farm
workers’ time which would otherwise be used to
monitor the crop;

— it is a commercial available sensor requiring not
prohibitive investments.

All considered, this tools is highly suitable to be
applied in Precision Viticulture as “ground sensing”
device for crop monitoring. However further tests will
be necessary to evaluate GreenSeeker use in vine-
yards and its actual independence of light condition.
To this aim a mobile laboratory is at the research
stage, which implements a couple of GreenSeeker in
order to monitoring both sides of the rows. In this
case, even if an economic analysis is still necessary,
considering the cost of the two sensors and of an ap-
propriate data-logger comprehensive of high accuracy
GPS, the mobile lab final cost will be realistically
supported by PA service companies.
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SUMMARY

The emergence of precision agriculture technolo-
gies and an increasing demand for higher quality
grape products has led to a growing interest in Preci-
sion Viticulture. Actually, cultural monitoring is the
most important application in PV systems: it requires
specific technologies able to investigate the cultural
conditions. To this aim, typically remote sensing sur-
veys are adopted. These, anyhow, involve technical,
economical and organisational barriers hampering a
wide diffusion of their application. In order to over-
come these problems, it would be necessary to substi-
tute and/or integrate remote sensing information with
alternative ground sensing technologies, to be em-
ployed directly inside the vineyard. This paper con-
siders a commercial optical sensor, the GreenSeeker,
useful in ground sensing surveys, and it compares its
performances in monitoring vine with results obtained
by a multispectral digital camera used as a tester.

The experimentation was carried out in a green-
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house, on an artificial row including 15 grapevines
(Cabernet Sauvignon variety). In front of the row, it
was fixed a metallic rail gauge in order to permit a
longitudinal movement of the Greenseeker sensor.
Each plant was investigated at three different heights
with a 5 s data time acquisition. Simultaneously, pho-
tos of the same grapevine were took by a multispec-
tral digital camera, in order to obtain NDVI values
through image analysis. The multispectral digital
camera, normally used for remote sensing survey in
agriculture, was considered as a test.

Results demonstrate a strength correlation (R? =
0.97) between the NDVI values measured through the
two methods. This shows the same behaviour of the
two tools, according to crop vigour and stress condi-
tions induced into the plants. Consequently the
GreenSeeker can be considered as a suitable solution
for cultural monitoring in viticulture.

Keywords: ground sensing, optical sensor, preci-
sion viticulture.



