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(57) Abstract: The invention relates to a method for measuring vegetation cover in which by means of an image sensor, translated at
least in a direction above said land to be analysed, several images of a portion of said land are acquired. Each image is in turn sub-
divided into several sectors for which a vegetation cover index is calculated based on the chromatic components of the pixels. Mon -
itoring the position of the sensor by means of a GPS system and knowing the geometrical parameters of the image, the position on
the land of the various areas to which the sectors of each image correspond is calculated. For a given number of sectors whose areas
on the ground are sufficiently overlapped, the cover indices previously calculated are compared and a correct cover index of the cor -
responding area on the land is determined. The invention also relates to a device configured to implement the aforesaid method.
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TITLE
“METHOD AND DEVICE FOR MEASURING VEGETATION COVER ON
FARMLAND”
DESCRIPTION

The invention relates to a method for measuring or estimating vegetation cover on
land, in particular on farmland, and the related device for performing this measurement.

Currently there are known in agriculture systems for monitoring and promoting the
development of plants during the growing season.

In this field, two of the most important factors that can be monitored and managed
directly by the farmer, both in time and in spéce, are the availability of nutrients and the
availability of water.

In fact, detailed knowledge of the spatial and temporal variability of these factors
allows optimisation of the quality and/or quantity of agricultural production, in many cases
with very limited or practically no costs.

This is achieved using indices representative of the state of health of the plant (or of a |
group of plants in a given area) and based on which it is possible to decide, for example,
when to fertilise and how much fertiliser to supply in a given area of farmland or to
establish if the water supply in that area is sufficient, too little or too much.

With this type of control, on the one hand it is possible to obtain maximum benefits
for the plant and, on the other, to avoid excessive and unnecessary pollution of the ground
caused by the use of excessive doses of fertiliser or other products for the treatment of
plants.

Known systems for obtaining these indices are based mainly on the measurement of
light reflected by the leaves of the plants.

These measurements are performed using electromagnetic sensors in a given range of

wavelengths. Based on precise readings of the light reflected in these wavelengths, it is
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possible to obtain useful information on the physiological and physiopathological state of
the plants being monitored.

The wavelengths useful for this purpose are typically those in the red (spectral range
around 690 nm) and near infrared (spectral range from around 780 nm to around 1000 nm)
spectrum.

The most well-known and consolidated of the various indices is the NDVI
(Normalised Difference Vegetation Index).

The NDVI is based on variations in the optical reflectivity of plants and ground at
different wavelengths. The NDVI is calculated as:

NDVI = ((NIR)-(RED))/((NIR+RED))

The ground reflects more light in the red spectrum (RED) than in the near infrared
spectrum (NIR), while plants reflect more NIR than RED, as the chlorophyll in plants
absorbs a great deal of visible red light.

NDVI measurements can be obtained with specific sensors using various methods.

For example, by processing aerial or satellite images, it is possible to rapidly generate
NDVI maps that cover vast areas.

In recent years the use of sensors has also become widespread for NDVI
measurements on a local scale, through specific sensors mounted on vehicles that pass
through the farmland to be analysed.

One of these sensors is, for example, the sensor "GreenSeeker”, marketed by the
company Trimble Navigation.

GreenSeekef is a system of active sensors provided with its own light source, the
reflected fraction of which is scanned at a distance of around one metre from the
vegetation cover.

A device such as GreenSeeker is described in the patents US 5,296,702,‘ US 5,389,781

and US 5,585,626.
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However, NDVI measurement depends greatly both on the sun-sensor-target geometry
and on weather conditions (presence of clouds, mist, humidity or presence of water on the
leaves, etc.).

Moreover, being a sensor that operates in movement with respect to the target and to
the direction of the sun, it is susceptible to reading disturbances, which make it difficult to
compare various measurements, perform¢d at different times, within the same area of land.

Another known sensor is "Crop Circle" by Holland Scientific. A sensor of this kind is
described in US 2005/0098713.

Crop Circle is provided with an active lighting system that only partly solves the
aforesaid problems.

In fact, this device is still affected by problems related to the different angles with
which the plants are framed during movement of the vehicle.

Another known sensor is "N-Sensor" by Yara International, described in WO
2013/087052.

As for the previous sensors, this sensor is also influenced bqth by the position of the
sun with respect to the sensor and to the area of land to be analysed and by weather
conditions.

In this context, the object of the present invention is to propose a device for measuring
vegetation cover on land that oVercomes the problems of the prior art described above.

Therefore, an object of the present invention is to propose a method for measuring
vegetation cover, in particular on farmland, which is not particularly sensitive to light
conditions, to weather conditions and to the relative position between the sensor and the
plants to be analysed.

In particular, an object of the invention is to propose a method, and a device, for
measuring vegetation cover in which for a same portion of vegetation cover several images

taken from different angles are compared.
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Another object of the present invention is to propose a method for measuring
vegetation cover that provides a vegetation cover index in real time, while the image
sensor is moved inside the land to be analysed.

A further object of the present invention is to provide a device for measuring
vegetation cover that enables further environmental parameters to be acquired, in order to
correct, in real time, the vegetation cover values obtained through the image sensor.

Besides the aforesaid objects, another object of the present invention is also to produce
an inexpensive device made with consumer electronics.

These objects are achieved by a method in which several images of a portion of said
land to be analysed are acquired by means of an image sensor, translated at least in one
direction above said land.

Each image is in turn sub-divided into several sectors for which a ize.getation cover
index is calculated based on the chromatic components of the pixels.

Monitoring the position of the sensor by means of a GPS system and knowing the
geometrical parameters of the image, the position on the land of the various areas to which
the sectors of each image taken correspond is calculated.

For a given number of sectors whose areas on the ground are sufficiently overlapped,
the previously calculated cover indices are compared and a correct cover index of the
corresponding area of land is determined.

In this way, the index is no longer determined by a reading taken with a specific angle
between sensor and area of vegetation cover, but is obtained by comparing images taken
from different angles during movement of the sensor.

According to the invention, the method for measuring vegetation cover on farmland
comprises the following steps:

a) acquisition by means of at least one image sensor having a centre of focus with

coordinates (Xn, Yn, Zn), of at least one image (In) of an area of land,
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attribution of a Vegetation value (V) or Other value (O) to each pixel in the image
(In), depending on the chromatic components of the image;

determination by means of a GPS device of the coordinates (Xn,Yn,Zn) of the centre
of focus of the image sensor;

sub-division of the image (In) into a number (I) of sectors (Sn-i) each corresponding to
a given area (ASn-i) on the land; |
determination of the coordinates (XBn-i, YBn-i) of an identifying point (BSn-i), on the
ground, of each sector (Sn-i), depending on the coordinates (Xn,Yn,Zn) of the sensor;
determination for each sector (Sn-i) of a vegetation cover index (Cn-i) based on the
relation between the number of pixels classed as Vegetation (V) and the total number
of pixels contained in the sector (Sn-i);

repeating steps a) to f) to acquire a number (N) of images (In), each image being
acquired with the centre of focus of the sensor whose coordinates (Xn, Yn, Zn) do not
coincide with those of the previous points;

comparison of the coordinates (XBn-i, YBn-i) of the identifying points (BSn-i) of
several sectors (Sn-i) and determination of a group of sectors (Sk-i) in which the
distances between the respective coordinates are smaller than a maximum distance
(DS1);

determination and attribution, based on the cover values (Cn-i) calculated for each
sector (Sk-1) in the group, of a vegetation cover index (Ci) for an area of land deriving
from the overlapping of the areas corresponding to the sectors (Sk;i) of the
aforementioned group.

In a preferred aspect of the invention, the sensor is moved in a straight line direction at

a speed of between 3 km/h and 15 km/h and the images (In) are acquired at a frequency of

25  between 1Hz and 5Hz.

By combining these frequencies with the speeds indicated (typical of an agricultural
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vehicle moving on the ground), it is possible to obtain a quantity of information sufficient
to monitor with extreme precision all the area to the side of the vehicle that falls within the
field of view of the sensor.

According to a further aspect of the invention, the optical axis of the sensor is inclined
at an angle (a) of around 45° with respect to a horizontal plane, and at an angle (B) of
around 90° with respect to a vertical plane parallel to the direction (X) of movement of the
Sensor.

According to another aspect of the invention, the area of the image (An) has a
trapezoidal shape with the larger base further from the trajectory of movement of the
sensor with respect to the smaller base.

According to yet another aspect of the invention, the image (In) is divided into a
number of sectors (Sn-i) equal to 10. This number can clearly vary depending on the size
of the corresponding area on the ground (An) or based on the precision required in
determination of the cover index.

According to a variant of the invention, the point (BSn-i) that identifies each sector is
in the centre of gravity of the corresponding area on the ground.

Moreover, according to an aspect of the invention, the maximum distance (DSi)
between the respective coordinates of the identifying points (BSn-i) of the group of sectors
(Sk-i) is less than a pre-set value calculated based on the geometric positioning parameters
of the sensor with respect to the ground.

The objects set are also achieved by a device for measuring the vegetation cover of an
area of farmland, comprising:

- atleast one image sensor;
- acontrol unit connected to said sensor;
- a GPS device connected to the control unit; .

in which the control unit is configured to perform the steps of the method from a) to i)
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listed above.

In a preferred aspect of the invention, the control unit comprises a local unit and a

central unit, where the local unit is configured to perform the steps of the method a), b), d)
f), g) and to send the vegetation cover values (Cn-i) for the sectors (Sn-i) to the central

unit, while the central unit is configured to perform the remaining steps c), €), h), 1).

According to a variant of the invention, the device is also provided with one or more

of the following sensors:

humidity;

ambient temperature;
soil temperature;
ultrasound.

Further characteristics and advantages of the present invention will become more

apparent from the description of an example of a preferred, but not exclusive, embodiment,

as illustrated in the accompanying figures, wherein:

Fig. 1 is a schematic front view of a vehicle on which the device of the invention is
mounted;

Fig. 2 is a top view of the vehicle of Fig. 1;

Fig. 3 is a schematic view of the area framed by the sensor;

Fig. 4 is a schematic view that represents several areas framed in subsequent
samplings;

Fig. 5 schematically represents the device according to a variant of the invention.

With reference to Figs. 1 and 2, on a vehicle V, schematised, there is mounted a pair

of sensors T1, T2 each positioned in such a manner as to frame, from above, an area A to

the side of the vehicle V.

Said sensors T1, T2 are preferably frame digital image sensors of RGB type.

However, the device can also have a single image sensor facing only one side of the
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vehicle V or even more than two sensors.

The term vehicle V is intended as any vehicle or any means capable of moving the
sensors through land in at least one direction.

Preferably, the sensors T1, T2 are connected to each other rigidly and inclined at an
angle o of around 45° with respect to a horizontal plane passing through the axis Y that
connects the centres of focus C of the two sensors T1, T2 (Fig. 1).

The optical axes O of the two sensors T1, T2 are also orthogonal to the horizontal axis
X parallel to the direction of movement M of the vehicle V. In practice, the optical axis O
of the sensors is oriented at an angle B of around 90° with respect to a vertical plane
passing through said axis X.

Preferably, the sensors T1, T2 are installed at a height H from the ground of between 2
m and 4 m.

The inclination of each sensor, its height from the ground and its FOV (Field Of
View), appropriately combined, allow framing of an area A of around 10 m in width to the
side of the vehicle. More in detail, the ground projection of the sensitive area of the sensor
T1, T2 is represented by a trapezium having the smaller base b with a length of around 2 m
on the side closest to the vehicle and the larger base B with a length of around 10 m on the
opposite side.

The device also comprises a control unit P to store and process the images taken by the
sensors T1, T2. |

Said control unit P can be included, for example, in a computer or in a mobile device,
such as a Smartphone or a tablet, suitably programmed.

The control unit P is preferably positioned on the vehicle but, if provided with wireless
transmission means (Wi-Fi or Bluetooth®, or other equivalenf technology), it can be
positioned elsewhere.

The device also comprises a GPS device R positioned on the vehicle V and connected
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to the control unit P.

In detail, the antenna of the GPS device R is arranged so that its position with respect
to the sensors T1, T2 is known and defined.

The contro!l unit is configured to acquire images In of the ground framed by the
sensors T1, T2, with a constant fréquency preferably between 1 Hz and 5 Hz, while the
sensors are moved on the ground in the direction X.

Typically, these sampling frequencies are sufficient when the speed of movement of
the sensor is between 3 km/h and 15 km/h.

When the sensors are mounted on the vehicle V, the direction X is parallel to the
direction of movement M.

Subsequently, the control unit P calculates and attributes a "Vegetation" value (V) or
"Other" value (O) to each pixel in the image In depending on the chromatic parameters
detected in the image.

More in detail, sub-division into the two éategories is based on analysis of the
chromatic components related to each pixel, calculated starting from the R, G, B values of
each pixel.

All the pixels marked with "vegetation" therefore correspond to points in which
vegetation cover, and in particular the leafy part of plants, is present. More in detail,
vegetation cover will be recognised as such when it has a given state of health, for
example, when its colour reaches a given shade of green.

Instead, pixels marked with “Other” correspond to the ground, branches of the plants
or degraded leaf parts.

The threshold for recognition of the vegetation.value can be varied and determined
according to needs, such as type of plant, characteristic colour of the leavgs, etc.

Typical methods for performing this distinction use supervised and unsupervised

classification algorithms combined with histogram slicing and histogram stretching
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techniques by searching for values corresponding to the “Jenks Natural Breaks” within the
values of the chromatic components.

According to the invention, for each image In framed at the n-th sampling, the control
unit P stores and associates the coordinate of the GPS antenna R and, knowing the distance
between this and the sensors, calculates the coordinate (Xn, Yn, Zn) of the centre of focus
C of the sensor.

The control unit P then processes the image In, sub-dividing it into a number I of
sectors Sn-i, where i is the index of the i-th sector of an area An. According to the
invention, the number I of sectors is preferably equal to 10.

Fig. 3 schematically represents sub_-division of the images into 10 sectors Sn-i.

In a preferred aspect of the invention, the control unit P is configured to sub-divide the
area AN so that all the sectors Sn-i have an area Asn-i corresponding to an area of equal
surface on the ground.

In practice, the sub-division into the sectors Sn-i is performed so as to overcome
image distortion caused by the perspective of the image.

At this point, the control unit P, starting from the coordinates (Xn, Yn, Zn) of the
sensors T1, T2, calculates the coordinates (XBn-i, YBn-i) of an identifying point BSn-i of
each sector Sn-i, at a height equal to the ground.

Preferably, the identifying point BSn-i corresponds to the centre of gravity of the
corresponding area on the ground of each sector Sn-i (Fig.3).

The control unit P therefore calculates for each sector Sn-i a vegetation cover index
Cn-i based on the number of pixels that were marked with the Vegetation value with
respect to the total number of pixels in the sector Sn-i.

To allow a reduction in errors caused by variations of lighting conditions, of frame
angles and of other factors, the control unit P compares the cover index Cn-i of an i-th

sector with other cover indices obtained from previous image samplings.
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According to the invention, the steps described above are in fact repeated a number N
of times, where N is equal to or greater than 2, while the sensors T1, T2 are moved on the
ground, for example during movement of the vehicle V.

According to the representation in the figure, the sensors are moved in the direction X.

A characteristic of the invention is therefore that of comparing the vegetation cover
values Cn-i of a same area on the ground, obtained by images taken in different instants in
different spatial positions (Xn, Yn, Zn) and therefore with different angles of the sensor
with respect to a given area of land.

More in detail, the control unit P compares the coordinates (XBn-i, YBn-i) of the
identifying points BSn-1 of several sectors Sn-i and determines a group of sectors
comparable when the distance of the respective coordinates is below a maximum distance
DSi.

In practice, the control unit establishes when the sectors Sn-i are sufficiently

overlapped to compare the related cover indices Cn-i.
According to the invention, a method for determining the maximum distance Dsi between
the respective coordinates of the identifying points BSn-i of the group of sectors Sk-i can
be calculated from the geometric positioning parameters of the system on the vehicle and
therefore from the average distance of the identifying points from those closest to them,
within the scope of analysis of a single frame.

Fig. 4 schematically shows a sequence of areas An taken in several samplings in
which the identifying points BSn-i are more or less close to one another.

The control unit P, performing statistical analysis of the vegetation cover index Cn-i
values calculated for the single sectors belonging to the aforesaid- group, attributes the
estimate of a vegetation cover index Cn-i to an area on the ground deriving from the
envelop of the areas corresponding to the areas on the ground previously calculated for

each of the sectors belonging to the single group of sectors to which the estimate Cn-i
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refers.

As can be seen in Fig. 4, the number of sectors Sn-i increases as they move away from
the axis of movement of the vehicle. This is because, as the measurements of sectors Sn-i
closer to the sensor (i.e. closer to the axis of the vehicle) are more nadiral, they are
typically affected less by the aforesaid disturbances.

As they move away from the sensor in the direction Y, the lower precision of the
measurements is compensated by the possibility of comparing several index measurements
Cn-i of the related group.

With the method of the present invention, performed by the device described above, it
is possible to obtain an estimation of the vegetation cover index, of an area of land,
appropriately corrected to cancel, or in any case reduce to a minimum, errors caused by the
angles at which the images of the plants are taken and by different conditions of light or
other disturbance phenomena mentioned above.

Once the estimate of the vegetation cover value is known, the value can be used to
calculate, using further aigorithms, the substances, such as fertilisers, plant protection
products or also water, and the quantities of these substances, required by the plants in a
given area of land.

According to the invention, these calculations can be performed by the control unit P
in real time, so as to be able to directly control distribution means of these substances
mounted on the vehicle.

According to a preferred variant of the invention, schematised in Fig. 5, the control
unit Pbcomprises a local unit L connected directly to each sensor and a central unit H.

According to the invention, the local unit L is capable of performing the following
steps:

- acquisition by means of a sensor T1, T2 of an image In corresponding to an area An of

land to be analysed;
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- sub-division of the image In into a number I of sectors Sn-i;

- for each sector Sn-i, attribution of the “Vegetation” value or “Other” value to each
pixel;

- for each sector Sn-i, determination of a vegetation cover index Cn-i based on the
relation between the number of pixels classed as Vegetation and the total number of
pixels contained in the sector Sn-i;

- repeating the operations above a number N of times;

- sending the vegetation cover values Cn-i to the central unit H.

The central unit H is connected to the GPS antenna.
The central unit H can then perform the subsequent steps of the method:

- determinatiqn of the coordinates XBn-i, YBn-i of an identifying point BSn-i, at a
height equal to the ground, of each sector Sn-i, depending on the coordinates
Xn,Yn,Zn of the sensor T1, T2;

- comparison of the coordinates XBn-i, YBn-i of the identifying points BSn-i of several
sectors Sn-i and determination of a group of sectors Sk-i in which the distances
between the respective coordinates are smaller than a maximum distance DSi;

- determination and attribution of a vegetation cover index Ci for an area of land
deriving from the envelope of the areas corresponding to the sectors Sk-i of the
aforementioned group, based on the cover values Cn-i calculated for each sector.
Preferably, the central unit H is connected to “Memory” storage media to store all the

information and the values calculated, and preferably, it is provided with "Bluetooth®"

-wireless communication means and with a "Wi-Fi" Internet connection to communicate

with other devices, such as the means for distribution of the substances or other remote
electronic appliances.
Advantageously, all the information and the parameters can be managed by an

operator interface, such as a touch screen or the same display of a Smartphone or of a
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tablet, in the case in which the control unit P, or at least the central unit H, makes use of
the CPU of these devices.

According to a variant of the invention, the device is also provided with further
sensors whose parameters are used to perform further corrections in the calculation of the
quantity of substances to supply to a given vegetation area.

These sensors can comprise, for example, an ambient temperature sensor, a soil (or
plant) temperature sensor, a humidity sensor ér an ultrasound sensor.

Variants of the invention can provide for the use of one or more of the sensors listed
above.

The invention has been described for illustrative and non-limiting purposes according
to some preferred embodiments thereof. Those skilled in the art may find numerous other

embodiments and variants, all falling within the scope of protection of the claims below.
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CLAIMS
A method for measuring vegetation cover on farmland comprising the following steps:
acquisition by means of at least one image sensor (T1) having a centre of focus (C)
with coordinates (Xn, Yn, Zn), of at least one image (In) of an area (An) of land;
attribution of a Vegetation value (V) or Other value (O) to each pixel in the image
(In), depending on the chromatic components of the image;
determination by means of a GPS device of the coordinates (Xn,Yn,Zn) of the centre
of focus of the image sensor (T1, T2);
sub-division of the image (In) into a number (I) of sectors (Sn-i) each corresponding to
a given area (ASn-i) on the land;
determination of the coordinates (XBn-i, YBn-i) of an identifying point (BSn-i), on the
ground, of each sector (Sn-i), depending on the coordinates (Xn,Yn,Zn) of the sensor
(T1, T2),
determination for each sector (Sn-i) of a vegetation cover index (Cn-i) based on the
relation between the number of pixels classed as Vegetation (V) and the total number
of pixels contained in the sector (Sn-i);
repeating steps a) to f) to acquire a number (N) of images (In), each image being
acquired with the centre of focus (C) of the sensor (T1, T2) whose coordinates (Xn,
Yn, Zn) do not coincide with those of the previous points;
comparison of the coordinates (XBn-i, YBn-i) of the identifying points (BSn-i) of
several sectors (Sn-i) and determination of a group of sectors (Sk-i) in which the
distances between the respective coordinates are smaller than a maximum distance
(DSi);
determination and attribution, based on the cover values (Cn-i) calculated for each
sector (Sk-i) in the group, of a vegetation cover index (Ci) for an area of land deriving

from the overlapping of the areas corresponding to the sectors (Sk-i) of the afore-
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mentioned group.
2. Method according to claim 1, wherein said at least one sensor (T1, T2) is moved in a
straight line direction (X) at a speed of between 3 km/h and 15 km/h, and the images (In)
are acquired at a frequency of between 1Hz and 5Hz
3. Method according to claim 1 or 2, wherein the optical axis (O) of the sensor is inclined
at an angle (a) of around 45° with respect to a horizontal plane, and at an angle () of
around 90° with respect to a vertical plane parallel to the direction (X) of movement of the
sensor (T1, T2).
4. Method according to any of the previous claims, wherein the area (An) has a
trapezoidal shape with the larger base (B) further from the trajectory (X) of movement of
the sensor (T1, T2) with respect to the smaller base (b).
S. Method according to any of the previous claims, wherein the number of sectors (Sn-i)
of each image (In) is equal to 10. |
6. Method according to any of the previous claims, wherein the identifying point (BSn-i)
is found at the centre of gravity of the corresponding area on the ground.
7. Method according to any of the previous claims, wherein the maximum distance (DSi)
between the respective coordinates of the identifying points (BSn-i) of the group of sectors
(Sk-i) is less than a pre-set value calculated based on the geometric positioning parameters
of the sensor with respect to the ground.
8. Device for measuring the vegetation cover of an area of farmland, comprising:
- atleast one image sensor (T1, T2);
- acontrol unit (P) connected to said sensor (T1, T2);
- a GPS device (R) connected to the control unit (P);
in which the control unit is configured to perform the steps according to any of the
previous claims from 1 to 7.

9. A device according to claim 8, in which the control unit comprises a local unit (L) and
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a central unit (H), where the local unit (L) is configured to perform the steps of the method
a), b), d) f), g) and to send the vegetation cover values (Cn-i) for the sectors (Sn-i) to the
central unit (H), while the central unit (H) is configured to perform the remaining steps c),
e), h), i).

10. Device according to claim 8 or 9, further comprising one or more of the following
Sensors:

- humidity;

- ambient temperature;

- soil temperature;

- ultrasound
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