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REAL-TIME MEASURING OF THE SPATIAL DISTRIBUTION OF
SPRAYED AEROSOL PARTICLES

FIELD OF THE INVENTION
The present invention relates to the field of applied optics, and more particularly

concerns the use of an optical sensing system for detecting the drift of aerosol

particles and controlling the spraying thereof, especially in an agricultural context.

BACKGROUND OF THE INVENTION

It is a common agricultural practice to spray products in aerosol form, such as
pesticides, over agricultural fields to improve culture of crops of various types. One
major problem with this practice is the lack of control over, and knowledge of, the
final destination of the sprayed aerosol. The cloud of sprayed particles are easily
carried away from the immediate vicinity of the sprayer by winds, and may land in
locations where they are damageable to the environment or the population, such
as nearby étreams, fields, residential areas, etc. Traditionally, qualified personnel
rely on weather information, in particular wind direction and velocity, in order to
estimate where the sprayed particles will go, but this technique lacks precision and

there is no way to quickly verify if the operator's assumptions are correct.

One partial solution to this problem using optical technology has been proposed in
U.S. patent no. 6,862,083 (McCONNELL Sr. et al). McCONNELL suggests the use
of a rangefinder, an optical sensor using a pulsed laser beam to measure the
distance of solid objects. The rangefinder can detect the presence of trees and
classify them according to height, width and tree foliage volume. This information
is used to map an orchard or grove and determine what amount of chemical
products such as pesticides or the like should be applied to each tree. This system
is not however appropriate for crops where solid objects cannot be found. In

addition, it does not take into consideration the drift of the aerosol particles ‘when
applied.
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Research in recent years has demonstrated that control of sprayed pesticides
requires the direct measurement of the progression of the sprayed aerosol
particles, not a measurement of surrounding vegetation. It is known, in the context
of such research, to use traditional long-range LIDAR systems for measuring the
drift of pesticides over a field. For example, in the publication by Miller D.R. et al
entitled “Remote measurement of spray drift from orchard sprayers using LIDAR”
(ASAE paper n. 031093 St-Joseph Mich. 2003), there is shown such a use where
the long-range, expensive LIDAR sensor is positioned at one comer of a field and
scanned over this field as the pesticide is sprayed. Although this document and
other similar research provide valuable information on the parameters influencing
the drift of pesticides and their effect on the environment, they do not provide a
solution to the control of day-to-day spraying operations.

There is therefore a need for a system allowing the real-time measurement and
control of the drift of aerosol particles sprayed over a field.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an optical system for measuring in
real-time the spatial distribution of particles in an aerosol, the aerosol being
sprayed from a sprayer mounted on a vehicle operated by an operator.

The optical system first includes a short range LIDAR optical sensor having a light
source assembly projecting an excitation light beam through the aerosol jointly to
the spraying thereof. The excitation light beam is scattered by the particles,
thereby producing scattered light. The optical sensor further includes a detecting
assembly for detecting part of the scattered light and obtain therefrom information
on the spatial distribution of the particles. This information includes an intensity
value of the detected scattered light as a function of distance from the optical
sensor. The optical sensor has a substantially flat spatial response whereby a

same concentration of particles at any distance within the short range will generate

a signal of substantially a same intensity. Mounting means for mounting the optical
sensor on the vehicle are also provided.
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The optical system according to the invention further includes a processing unit in
communication with the optical sensor for receiving therefrom the Information on
the spatial distribution of the particles. The processing unit provides spraying

instructions based on this information to the operator in real-time.

According to another aspect of the invention, there is also provided an agricultural

spraying system for the controlled spraying of aerosol particles over a delimited -

area.

The agricultural system according to this aspect of the iﬁvention includes a vehicle
for circulating over the delimited area, the vehicle béing operated by an operator.
A sprayer is mounted on this vehicle for spraying the aerosol patrticles as the
vehicle circulates over the delimited area.

The agricultural system further includes an optical system for measuring in real-
time a spatial distribution of the particles. The optical system first includes a short
range LIDAR optical sensor having a light source assembly projecting an
excitation light beam through the aerosol jointly to the spraying thereof. The
excitation light beam is scattered by the particles, thereby producing scattered
light. The optical sensor further includes a detecting assembly for detecting part of
the scattered light and obtain therefrom information on the spatial distribution of
the particles. This information includes an intensity value of the detected scattered
light as a function of distance from the optical sensor. The optical sensor has a
substantially flat spatial response whereby a same concentration of particles at
any distance within the short range will generate a signal of substantially a same
intensity. Mounting means for mounting the optical sensor on the vehicle are also
provided. The optical system further includes a processing unit in communication
with the optical sensor for receiving therefrom the information on the spatial
distribution of the particles. The processing unit provides spraying instructions

based on this information to the operator in real-time.
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Various aspects and advantages of the present invention will be better understood

upbn reading of preferred embodiments thereof with reference fo the appended
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a block diagram of an agricultural spraying system according to one
embodiment of the present invention.

FIG. 2 is a top view of a tractor provided with an optical system according to a
preferred embodiment of the invention.

FIG. 3 is a side view of the tractor of FIG. 2.

FIG. 4 is a schematical representation of an optical sensor for use in a system
according to a preferred embodiment of the invention.

FIG. 5 schematically illustrates the information on the spatial distribution of aerosol
particles obtained using the sensor of FIG. 4.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Referring to FIGs. 1 to 3, the present invention generally provides an agricultural
spraying system 10 for the controlled spraying of aerosol particles 11 over é :
delimited area, such as an agricultural field. This system 10 particularly includes
an optical system 12 for measuring, in real-time, the spatial distribution of these
aerosol particles 1‘1, thereby determining if these particles are drifting over a

sensitive area, and giving appropriate instructions to the person or automated

-system operating the spraying based on-this measure.

The agricultural system 10 of the invention includes a vehicle 18 for circulating
over the delimitated area, and a sprayer 14 mounted thereon for spraying the
aerosol particles. In the illustrated embodiment the vehicle 18 is a tractor, but the
present invention could equally be applied to any other appropriate vehicle apt to
carry a sprayer. Such vehicles may circulate on the ground or in the air, such as
an airplane. The vehicle need not be itself motorised; for example, the sprayer
may be installed on a trailer pulled by another vehicle. The vehicle is 6perated by

an operator 20, which could be a person on the vehicle or an automated system.
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Throughout the present description, it is understood that the expression “sprayer”
designates any device used or usable for the spraying. of chemical products in
aerosol form. The sprayer may include one of several nozzles 16, and may
operate continuously or intermittently. The operator preferably controls the sprayer
through almanual control 22, or it may alternatively be automatically operated
through an automatic nozzle control 24. The sprayed aerosol may be any
substance which is sprayed over an agricultural field, and is traditionally (but not
exclusiveiy) embodied by pesticides, herbicides or fertilizers.

Referring to FIGs. 1 and 4, there is shown an optical system 12 for measuring the
spatfal distribution of the aerosol particles 11. The optical system 12 first includes
an optical sensor 26 adapted for this measure. The sensor 26 therefore includes a
light source assembly 28 which projects an excitation light beam 30 through the
aerosol as it is being sprayed, and a detecting assembly 32 which detects part of
the resulting scattered light 34. In the illustrated embodiment the light source
assembly 28 and detecting assembly 32 are contiguous, and the detected light is
therefore the back-scattered portion of all the light scattered by the particles which
is within the field of view of the detecting assembly 32, The invention is however
not limited to such a configuration; the light source and detecting assemblies may
be oriented at any appropriate angle with respect to each other, provided an
appropriate structure to secure them in this position.

The optical sensor 26 is preferably 9mbodied by a short range LIDAR (Light
Detecting And Ranging) sensor. In this particular embodiment, the excitation light
beam is modulated, preferably pu.lsedl and is preferably generated by a pulsed
laser diode or another laser source 36. The laser source 386 is controlled by a laser
driver 42 powered through power supply line 44, which may advantageously be
connected to the engine of the vehicle. Appropriate delivery and diffusing optics 38
shape and direct the light beam generated by the laser source to an output lens 40
which ohtputs the excitation light beam 30 out of the light source assembly 28. -
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In the detecting assembly, the LIDAR sensor 26 may include a detector 46 and
light-receiving optics receiving the scattered light and bringing it to this detector.
The light receiving optics preferably includes an input lens 48. The detecting
assembly deduces from the detected light appropriate information 49 about the
spatial distribution of the particles having scattered this light. For most LIDAR
system, this information 49 takes the form of an intensity value of the detected
scattered light as a function of distance from the sensor, as shown in FIG. 5. An
appropriate control and processing system 56 is preferably provided for this
purpose. The principle of operation of a LIDAR system and the related data
processing techniques are well known to one skilled in the art and need not be
explained here. '

The light-receiving optics preferably includes equalizing optics 50 flattening the
short-range spatial response of the LIDAR sensor 26. The major impairment of
using standard LIDARs for short range applications is the 1//? dependence of the
signal, r being the distance from the target to the receiving optics. For short
distances, like those typically considered when putting the present invention into
practice, this entails a huge signal variation; a factor of 10000 (40 dB optical)
between 1 m and 100 m, if all the light gathered by the receiving optics falls on the
detector. It is therefore preferable to provide appropriate means to flatten the
spatial response of the sensor, so that a same concentration of particles at any
distance within the short operation range of the device will generate a signal of
substantially the same intensity. An example of such a sensor is disclosed in the
assignee’s co-pending international patent applicaﬁon entitled “SHORT RANGE
LIDAR APPARATUS HAVING A FLAT SPATIAL RESPONSE” (BABIN et al.) filed
on September 30, 2005 and published under no. W0O2007/036010.

In the preferred embodiment, the equalization of the spatial response is
accomplished by providing, as part of the equalizing optics 50, a spatial filter
spatially filtering the received scattered light to obtain the desired flat spatial

AMENDED SHEET
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response. By spatially filtering, it is meant that portions of the light incident on one
or more detecting planes is blocked so that only selected portions of the back
scattered light is provided to the detector. These portions are selected in order for
the spatial response of the apparatus to be substantially flat, that is, that a same
concentration of particles at any distance within the operation range would
generate a signal of substantially the same intensity.

The spatial filter may be embodied by any reflective, refractive or diffractive
component or combination thereof accomplishing the desired spatial shaping of
the back-scattered light. In one embodiment, the spatial filter is embodied by a
mask preferably disposed in front of the detector. The mask preferably has
openings therein which allow selected portions of the received scattered light
therethrough. Alternatively, it may be used in reflection, in which case it may
include reflecting and non-reflecting portions thereon defining the filter. In the
preferred embodiment, these openings will accept all or a substantial portion of the
light from the scattering volume at the far end of the operation range, for example

-at 50 m from the apparatus, and much less of the light from the scattering volume

at 1 m or closer. The proportion of light accepted from 1 m is preferably close to
10000 times smaller than at 50 m, in order to account for the 1/r* dependence.

The shape of the mask should be selected to accept the right amount of light from
any scattering volume along the optical path of the excitation beam so'asto render -
the system response as flat as possible. As will be readily understood by one
skilled in the 'art, a great number of possible mask profiles could -be used to
provide the desired result. In order to design the mask, the light distributions in the
plane of the mask should p'referably be known for a number of reflecting surfaces
along the optical path of the excitation beam. The light distributions can be
deduced from simulations using optical design software or, preferably, they can be
directly measured, for example with a pinhole and detector or with a digital
camera. In this laiter case, an appropriate optically scattering target is placed at

different distances from the emitting lens. A measurement is done for each target
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distance, by moving the pinhole-detector pair in the mask plane or by acquiring a
digital image with the camera detector in the mask plane. Once the light
distribution from each target distance is known, computer software may be used to
compute the spatial response for a number of different intuitively determined mask
geometries until an acceptable design is found. The mask is then fabricated with
an appropriate technique (such a laser micro-machining), tested and optimized.

In an alternate embodiment, instead of a mask as described above, the spatial
filter may be embodied by a plurality of waveguides such as, but not limited to,
optical fibers, each having an input positioned a detecting plane of the light-
receiving optics and an output coupled to the detector. The inputs of the fibers are
strategically distributed so as to collectively receive the appropriate portions of the
received scattered light according to the principle explained above. The inputs of
the optical fibers are preferably in the same detecting plane, but not necessarily.
When it is the case, the fibers should all have the same length in order not to

distort the time response of the system. The captured portions of the scattered
light will be guided to reach the detector.

Referring to FIGs. 2 and 3, the optical sensor 12 is mounted on the vehicle itsélf,

through any appropriate frame, platform, stage or other support 58 apt to secure

-the sensor in place on the vehicle. The sensor support 58 is preferably pivotable in

the horizontal plane to horizontally scan the excitation light beam-30, as shown by ‘-
arrow 60 on FIG. 2. The sensor support 58 may also be vertically tiltable in order
to vertically align or scan the light beam 30. In an alternate embodiment (not '
shown), the sensor support‘ may be fixed and a mirror or an appropriate

combination of optical components can be used to move the excitation light beam
horizontally, vertically or both.

Referring back to FIGs. 1 and 4, the optical system 12 according to the invention
also includes a processing unit 62. The processing unit 62 is in communication
with the optical sensor to receive therefrom the obtained information 49 on the
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spatial distribution of the particles. As mentioned above, this information 49 may
include the intensity of the detected scattered light as a function of distance from
the sensor. If the excitation light beam is scanning the horizontal or vertical planes,
the corresponding scanning angle for each measure may also be provided to the
processing unit. Any other appropriate data may of course be relayed to the
processing unit by the optical sensor, such as background noise information or
self-diagnostic data. The communication between the processing unit 62 and
optical sensor 26 preferably goes both ways, so that the optical sensor 26 may be
operated by the processing unit 62, and the exchanged data therefore serves to
control power and gain of the light source, its repetition rate, adjustment to the
scanning angle, etc. The processing unit may be embodied by a PC or any other
appropriate computer system. In one embodiment of the invention, the processing
unit 62 is provided directly aboard the vehicle. In another embodiment it is placed
at a remote location, in which case the optical sensor 26 is provided with a
wireless transmitter or transceiver 64, and the processing unit with a wireless
receiver or transceiver 66. Preferably, the processing unit is provided with, or
connected to, a data storage unit 72 for storing the information received by the
processing unit 62. This advantageously provides a record of the spraying
operation, which can later be used to demonstrate whether or not the sprayed
aerosol has been well controlled. The data storage unit 72 may be integrated to

the processing unit or be embodied by a separate device in communication
therewith. -

The processing unit 62 provides the operator 20 with spraying instructions based
on the information received from the optical sensor. It is understood that the
expression “spraying instructions” is used here to refer to any information,
direction or signal given to the operator which may infuence his operation of the
sprayer. In a simple embodiment of the invention, the spraying instructions may
simply be a warning signal 68 given the operator when it is determined that the
particles are drifting, or are in danger of driftihg, over a sensitive area, such as a

water stream, a neighbouring field, a residential area, etc. The system preferably
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allow a minimal amount of particles within the sensitive area before sending the
warning signal and consider that a “drift” as occured when this amount reaches a
predetermined threshold. The warning signal 68 may take any appropriate form,
such as a warning light (for example a red LED turning on or flashing), or a sound

alarm. In automated systems, the sprayer or vehicle may be automatically shut
down.

In more complex systems, the operator may be provided with a visual
representation of the spatial distribution of the particles, for example on a display
showing a map of the delimited spraying area and a cloud of aerosol drifting over
it. For this purpose, a GPS traéker may advantageously be used to track the
position of the vehicle over the field, and transmit this information to the

processing unit. The agricultural spraying system of the invention may additionally

be provided with one or more environmental sensors 70, sensing environmental . . -

conditions such as temperature, the humidity level, wind conditions, speed of the

vehicle, etc. The collected information may be provided to the operator or stored
for later reference.

The processing unit 62 may be a system dedicated to the monitoring according to
the invention or a part of a more complex control or surveillance system. In cases
where the sprayer 14 is operated by an automatic control 24, the processing unit
62 may provide instructions to this automated control "24; A single processing unit

may also serve to monitor the spraying of aerosol from more than one vehicle at a
time. ' '

In summary, the present invention provides for a new and efficient way of
monitoring the drift of aerosol particles sprayed over an agricultural field. The
present invention provides a system mounted directly on the spraying vehicle
which gives a clear indication of the particles’ spatial distribution in real-time,
allowing the operator to immediately stop or redirect the spraying operation. The
preferred embodiments described above may advantagebusly be realised at low
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cost, making the invention clearly adapted for widespread use. Use of a system
according to the invention may advantageously prevent the contamination of
sensitive areas by pesticides or the like, as opposed to detecting it after the fact.

Of course, numerous modifications could be made to the embodiments -above
without departing from the scope of the present invention as defined in the
appended claims.
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CLAIMS:

An optical system for measuring in real-time a spatial distribution of

particles in an aerosol, said aerosol being sprayed from a sprayer mounted on a

vehicle operated by an operator, said optical system comprising:

2.

a short range LIDAR optical sensor comprising a light source assembly
projecting an excitation light beam through the aerosol jointly to the
spraying thereof, said excitation light beam being scattered by the particles,
thereby producing scattered light, said optical sensor further comprising a
detecting assembly for detecting a part of said scattered light and obtain
therefrom information on the spatial distribution of the particles comprising
an intensity value of said detected scattered light as a function of distance
from said optical sensor, said optical sensor having a substantially flat
spatial response whereby a same concentration of particles at any distance
within said short range will generate a signal of substantially a same
intensity;

mounting means for mounting said optical sensor on the vehicle; and

a processing unit in communication with the optical sensor for receiving
therefrom said information on the spatial distribution of the particles said
processing unit providing spraying instructions based on said information to

said operator in real-time.

The optical system according to claim 1, wherein said mounting means

comprise a sensor support pivotable in the horizontal plane for pivoting said optical

sensor, thereby horizontally scanning said excitation light beam.

3.

The optical system according to claim 2, wherein said sensor support is

vertically tiltable for vertically moving said excitation light beam.

4.

The optical system according to any one of claims 1 to 3, wherein said

detecting assembly is positioned contiguously to said light source assembly in

order to detect a back-scattered portion of said scattered light.
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5. The optical system according to any one of claims 1 to 4, wherein said

processing unit is located aboard said vehicle.

6. The optical system according to any one of claims 1 to 4, wherein said
processing unit is at a location remote from said vehicle, and wherein:
said optical sensor is provided with a wireless transmitter for transmitting
said information; and
said processing unit is provided with a wireless receiver for receiving said

information.

7. The optical system according to any one of claims 1 to 6, wherein said light
source assembly comprises a pulsed laser source generating said excitation light

beam.

8. The optical system according to claim 7, wherein said detecting assembly
comprises a detector and light-receiving optics receiving the part of the scattered
light.

9. The optical system according to any one of claims 1 to 8, wherein said
detecting assembly further comprises a spatial filter spatially filtering said part of

the scattered light so as to flatten said spatial response of the optical sensor.

10.  The optical system according to any one of claims 1 to 9, wherein said
spraying instructions comprise a warning signal provided to said operator when

said information indicates a drift of the particles in a sensitive area.

11.  The optical system according to any one of claims 1 to 10, wherein said
spraying instructions comprise a visual representation of the spatial distribution of

the particles.

12. The optical system according to any one of claims 1 to 11, further
comprising a data storage unit for storing said information received by the

processing unit.
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13.  An agricultural spraying system for a controlled spraying of aerosol particles
over a delimited area, comprising:
a vehicle for circulating over said delimited area, said vehicle being
operated by an operator;
a sprayer, mounted on said vehicle, for spraying said aerosol particles as
said vehicle circulates over said delimited area; and
an optical system for measuring in real-time a spatial distribution of said
particles, comprising:
a short range LIDAR optical sensor comprising a light source assembly
projecting an excitation light beam through the aerosol jointly to the
spraying thereof, said excitation light beam being scattered by the particles,
thereby producing scattered light, said optical sensor further comprising a
detecting assembly for detecting a part of said scattered light and obtain
therefrom information on the spatial distribution of the particles comprising
an intensity value of said detected scattered light as a function of distance
from said optical sensor, said optical sensor having a substantially flat
spatial response whereby a same concentration of particles at any distance
within said short range will generate a signal of substantially a same
intensity;
mounting means for mounting said optical sensor on the vehicle; and
a processing unit in communication with the optical sensor for receiving
therefrom said information on the spatial distribution of the particles, said
processing unit providing spraying instructions based on said information to

said operator in real-time.

14. The agricultural spraying system according to claim 13, wherein said

vehicle is a tractor.

15.  The agricultural spraying system according to claims 13 or 14, wherein said
sprayer comprises a plurality of nozzles.
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16.  The agricultural spraying system according to any one of claims 13 to 15,
wherein said operator is a person driving said vehicle.

17.  The agricultural spraying system according to any one of claims 13 to 15,

wherein said operator is an automated system controlling said vehicle.

18.  The agricultural spraying system according to any one of claims 13 to 17,
wherein said aerosol particles are selected from the group consisting of pesticides,

herbicides and fertilizers.

19.  The agricultural spraying system according to any one of claims 13 to 18,
wherein said mounting means comprise a sensor support pivotable in the
horizontal plane for pivoting said optical sensor, thereby horizontally scanning said

excitation light beam.

20. The agricultural spraying system according to claim 19, wherein said sensor
support is vertically tiltable for vertically moving said excitation light beam.

21.  The agricultural spraying system according to any one of claims 13 to 20,
wherein said detecting assembly is positioned contiguously to said light source
assembly in order to detect a back-scattered portion of said scattered light.

22. The agricultural spraying system according to any one of claims 13 to 21,

wherein said processing unit is located aboard said vehicle.

23.  The agricultural spraying system according to any one of claims 13 to 21,
wherein said processing unit is at a location remote from said vehicle, and
wherein:

said optical sensor is provided with a wireless transmitter for transmitting

said information; and

said processing unit is provided with a wireless receiver for receiving said

information.
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24.  The agricultural spraying system according to any one of claims 13 to 23,
wherein said spraying instructions comprise a warning signal provided to said

operator when said information indicates a drift of the particles in a sensitive area.

25.  The agricultural spraying system according to any one of claims 13 to 24,
wherein said spraying instructions comprise a visual representation of the spatial

distribution of the particles.

26.  The agricultural spraying system according to any one of claims 13 to 25,
further comprising a data storage unit for storing said information received by the

processing unit.

27. The agricultural spraying system according to any one of claims 13 to 26,
further comprising at least one environmental sensor for sensing environmental
conditions of said spraying, said at least one environmental sensor providing said

environmental conditions to the processing unit.

28. The agricultural spraying system according to claim 27, wherein said
environmental conditions are selected from the group comprising a temperature, a

humidity level, wind conditions, and a speed of the vehicle.

29.  The agricultural spraying system according to any one of claims 13 to 28,
further comprising a GPS sensor tracking a position of the vehicle over said

delimited area, said GPS sensor being in communication with the processing unit.

30. The agricultural spraying system according to claim 29, wherein said
processing unit correlates the position of the vehicle tracked by the GPS sensor
with the information on the spatial distribution of the particles to obtain an actual

position of the aerosol with respect to said delimited area.
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