Office de la Propriete Canadian CA 2942783 A1 2015/09/24

Intellectuelle Intellectual Property
du Canada Office (21) 2 942 783
;’,Png[%?rfi“esgaena i mjgt‘?;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2015/03/10 (51) ClL.Int./Int.Cl. GOTN 21/84 (2006.01),

A01C 23/00 (2006.01), GO6Q 50/02 (2012.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2015/09/24

(85) Entree phase nationale/National Entry: 2016/09/14 MACKENZIE RESEARCH GROUP LIMITED. NZ
(86) N° demande PCT/PCT Application No.: NZ 2015/050024
(72) Inventeur/Inventor:

(87) N° publication PCT/PCT Publication No.: 2015/142190 MACKENZIE, CRAIGE HECTOR, NZ

(30) Priorite/Priority: 2014/03/20 (NZ622729) (74) Agent: HILL & SCHUMACHER

(54) Titre : DISPOSITIF D'ETALONNAGE, SYSTEME DE PULVERISATION ET PROCEDE D'ETALONNAGE
(54) Title: A CALIBRATION DEVICE, A SPRAYING SYSTEM AND A METHOD OF CALIBRATION

15 . __

! 25 | DB | 29

b
»
i
:
;i
S 2
i ? 5 . | e
4 ! ' : | o | : z .
3 : : : : :
1 . . ¢ s 3 H
F : H ! T —— — )
— ¢ . : ! i
° —"\&\\ F i Ay -t I .
. ’ L ! . , 3
T B Sl T G & ¥ (e

2 N J 19 iCeontroller

¢ \
J'/:' \‘\._‘ ./"’/I \\\. "/ \\‘ /_,-"f. \"\“. £ L\'.\_\.‘ /(.‘f e SRRSO | | P
18— : 18 N ; Y. , 3
18
r 3 N L .
}: ‘\!!: f" :::' 26 |[
';'.' ‘*:.' |:::' .’..‘: / —
/ g i
;‘; ‘115;’: ‘it ’f ! 3
] ¥ ' e
Iy i ; 4 2

.-'; k-\-. t": ;*-

,-( .". 1& ‘:

K . ¢ i

’
_ﬁ—"_‘m\w!—ﬂ""h\mﬂ
Figure &

(57) Abrege/Abstract:
A calibration device (2) that utilises sensor data from an optical sensor to develop one or more calibration parameters for controlling

operation of a sprayer (15) utilising itself optical sensors (19) and transmitting the calibration parameters to said sprayer. A method
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(57) Abrege(suite)/Abstract(continued):
of calibrating a sprayer utilising the calibration information Is also disclosed. A method of pasture or crop management for a region

of Interest In which a composite representation of cumulative substance applications Is used to developing a representation In
which sub regions of the region of interest having prescribed characteristics are visually differentiated from other regions. The
spatial distribution of calibration values may also be recorded and used to analyse substance application against calibration values

to develop a report of apparently anomalous calibration values.
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(57) Abstract: A calibration device (2) that utilises sensor data from an optical sensor to develop one or more calibration parameters
for controlling operation of a sprayer (15) utilising itself optical sensors (19) and transmitting the calibration parameters to said
sprayer. A method of calibrating a sprayer utilising the calibration mformation 1s also disclosed. A method of pasture or crop man -
agement for a region of interest in which a composite representation of cumulative substance applications 1s used to developing a
representation i which sub regions of the region of interest having prescribed characteristics are visually differentiated from other
regions. The spatial distribution of calibration values may also be recorded and used to analyse substance application against calibra-
tion values to develop a report of apparently anomalous calibration values.
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A& CALIBRATION DEVICE, A SPRAYING SYSTERM AND A METHOD OF CALIBRATION

& iaig OfF the Invention

ine present invention relates to a calibration device for use with a sprayer, a spraying system

and a method of calibrating optical sensors of a sprayer.

sackground o the Invention

in a number of spraying applications it is desirable o distribute a substance to an area of
interest based on the different requirements of different sub-regions. The application of
sunstances to plants is a preferred application of the present invention. This includes the

applicalion of substances o pasture and crops.

The application of nitrogen and nitrate inhibitor to a pasture is known in the art of pastoral
farming. Commonly nitrogen is distributed evenly across a field or pasture o promote growth of

the desired crop soscies.

>

Equally, the application of nitrate inhibitor to a pasture is commonly performed oy avernly
distributing nitrate inhibitor across the field or pasture, without accounting for localised areas of

Hgh nitrogen.

tethods of detecting areas of high nitrogen are known in the art. however most are compiex
and invoive the testing of soil and plant tissue. One method which does not use chemicals,
relies on the effect of nitrogen on the growth rates of plants. Plants growing in areas having a
nigh level of nitrogen will grow much more rapidly than planis growing in areas having a low
evel of nitrogen in the soil. Therefore, -E::vy anaiysing the relative growth of plants acress a field or
pasture, the regions having high levels of nitrogen can be determined. The only commonly
employed method known 1o the applicant for selectively applying nitrate inhibitor to these areas
of high nitrogen is to manually apply nitrate inhibitor to those areas exhibiting more rapid plant

growih.
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Methods for differentiating plants from their surroundings are known in the art, one such
example is detailed in NZ 254859, This patent specification discloses an apparatus which
crojacts two wavelengths of light which are readily absorbed by the chlorophyll in piants ana
wavelengths of light which are strongly reflected by the chiorophyil in plants. By analysing the
ight reflected, the apparatus is able to determine both the presence and size of a plant due 1o
the amount of light absorbed by the chlorophyll. The apparatus of NZ 254658 describes a
method for the application of weed spray to plants which meets a certain user calibrated
threshold of reflected chiorophyll absorbent light to reflected non chlorophyli absorpent ight (1.e.

the condition that exisis whan a plant is detectea).

The applicant’s patent application W0O2011/10273%A1 discloses a method for controliing the

Yj(;

praving of a substance o provide normal and inverled spraying modes (i.e. appiying a
substance, such as a weed spray or nitrification inhibitor, to areas when certain conditions are

determined {o exist or when certain conditions are determined not to exist).

The optical sensors utilized in the spraying systems described above require calibration to set
thresholds to achieve a desired substance application. Calibration values could be oblained by

testing of soil and plant tissuse but this would be is time consuming, inconvenient and expensive.

In-field calibration is often undertaken but this is difficult as it is not always easy to find a uniform
area to calibrate as the cropl/pasture or targel weed area is inherently variabie and the sprayer
has an array of sensors spanning a large area. Further, this approach is a very coarse mathod
of sampling and does not take into account relatively small randomly located spots that may
have a highly localised level of nifrogen/weeds. Such small spots of high nitrogen/weeds anse
due to, for example, animal excrement or decomposition of organic matter. Unaer the current
approach, these spots have yet further nitrogen added. This is both.an additional cost to the
farmer and can ba a source of nitrates leaching into nearby waterways and aquiters. This
aporoach also wastes operator time and the substance sprayed and thus incurs costs for an
operator. Further these methods may resull in non-optimum calibration values being usec for

spraving.

All references, including any patents or patent applications cited in this specification are hereby

incorporated by reference. No admission is made that any reference constitutes prior art. the

discussion of the references states what their authors asgert, and the applicants reserve the
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rignt 1o challenge the accuracy and pertinencs of the ciled documents. i will be clearly
understood that, aithough a number of prior art publications are referred 1o herein, this
reference does not constitute an admission that any of these documents form part of the

COMMOnN general knowisdge in the art, in New Zealand or in any other country.

1hroughout this specification, the word “comprise”, or vanations thereof such as "comprises” or
‘comprising’, will be undersicod 1o imply the inclusion of a stated element, integer or step, or
group of elements integers or steps, but not the exclusion of any other element, integer or step,

oF groud of elements, iniegers or sieps.

1118 an object of the present invention to address the foregoing problems or at ieast o provide

the public with & useful choice.

Furiner aspects and advantages of the present nvention wiill become apparent from the ensuing

description which is given by way of example only.
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Diselosyure of the nvention

According to one aspect of the present invention, there is provided a calibration device for use
with a sprayer utilising optical senscrs to control the distribution of a substance via one or more

controllable spraying outlets, the calibration gevice inciuding:

a. an oplical sensor for sensing optical characteristics of an area of interest and

producing optical sensor aatg;

b. a processor which ulilises the optical sensor data 1o develop one or more calibration

o

narameters for controliing operation of the sprayer; ana

c. a transmitier for communicating the one or more calibration parameters {0 a

sprayer.

According to another aspect there is provided a spraying system including:
3 a calibration device inciuding:

i. an optical sensor for sensing optical characteristics of an area of interest and

oroducing oplical sensor dals;

i, a processor which utilises the optical sensor data to develop one or more

calibration parameters for controlling operation of a sprayer; ana

i, a transmiter for communicating the one or more calibralion paramslers 10 a

sprayer,

0. a spraver including:

e W00 4
<

one or more controliable spraying outiets;

i, one or mora optical senscrs which sense optical properties of an area

nroximate a respective spraying outiet;
il 2 receiver for receiving one or more calibration parameters from a calibration
device; and

v o controller that controls the distribution of a substance from each outist in
dependence upon the one or more calibration parameters and information

from an associated oplical saensor.

VL
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According to another aspect there is provided a method of calibrating a sprayer utilising optical

sensors to control the distribution of a substance via one or more controliable spraying outlets

comprising:

a. obtaining one or more optical measurements of one or more attributes of an area

to be sprayed utilising a portabie calibration unit;

b. transferring calibration information developed from the optical measurements 1o

the sprayer; and

c. utilising the calibration information to calibrate one or more optical sensors of the

sprayer.

According to another aspect there is provided a method of pasture or crop management for 2

region of interest comprising:

a. recording the spatial distribution of a substance by a sprayer for a plurality of

substance applications at different imes,

b. developing a composite representation of cumulative substance applications; and

c. developing a representation in which sub-regions of the region of interest having

prescribed characteristics are visually differentiated from other regions.

According to another aspect there is provided a method of pasture or crop management for a

region of interest comprising:

a.  recording the spatial distribution of a substance sprayed by a sprayer for a

plurality of substance applications at different times;

b.  recording the spatial distribution of calibration values used for the plurality of

substance applications;

c. for sub-regions of the region of interest analysing substance application against

calibration values; and

d. developing a report of apparently anomalous calibration values based on the

analysis.,
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Srief escriméan of the Drawings

Further aspects of the present invention will become apparent from the foliowing description

which 18 given by way of example only and with reference 1o the accompanying drawings in

whnich:

Figure 1 shows a portable calibration device being used to measure optical characteristics

of an area of interest;

Figure 2 shows calibration information being transferred to a controller of a sprayer;

Figure 3 SNOWS a block diagram of the components of a calipration unit according 1o one

embodiment;

Figure 4 shows the construction of a calibration unit with a removabile camera and

positioning system,; and

Flgure 5 shows a biock diagram of the optical sensors, outlets ana cqﬂtroi system of a

sprayer.

Detatled Description of the invention

By way of examiple only, the present invention will be described in relation to the application of
nitrogen, nitrate inhibitor or weed spray to an area of inferest in the form of a pasture, crop, field
atc. However, as will be appreciated by those skilled in the art, the present invention may be

suitable for the selective application of different substances to any aréa of interest.

Referring to figures 1 and 3 a user 1 is using a calibration device 2 to sense opticai
characteristics of a sub-area 3 of an area of interest 4. In this case the calibration device may

be a portable hand held device. The optical sensor could simply be a camera 8 and the optical

sensor data may be an image of a sub-area 3. Image information is provided o a processor 9
which stores information derived from the image in memaory 10. In one embodiment each image
could be analysed by processor § to identify the shapes of targets to be sprayed or not sprayed
and the target type could be stored in memory 10, Alternatively the image could be an‘alysed
(i.e. analyse the strength of signal for all pixels in a selected frequency band as an optical
sensor of a sprayer would) to provide a calibration value to be supplied to a sprayer {0 calibrate

optical sensors of the spraver and the calibration values may be stored in memory 10,
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There may be difficuities exactly correlating data from a camera with data produced from an
optical sensor of a spraver and so in another embodiment shown in figure 4 {he poriable hand
held device 2 may include an oplical sensor 14 of the ype emploved in & a@my@s 50 that the
calibration values produced by the portable hand held device are well correlated. Where both a
camera 8 and optical sensor 14 are employed target shape identification based on an image
obtained by camera 8 may inform information obtained by optical sensor 14 (l.e. i the shape Is
identified as g weed then the value obtained by optical sensor 14 may be associated with a

weed vne).

In use a user may walk around a field etc. to obtain oplical sensor data for a number of sub-
regions. These sub-regions could be a range of different types of sub-regions o simply give an
average for the area of interest. Preferably though the user will enter the ype” (e.g. clear
nasture, weeds, excrement efc.) of each sub-region in the poriable device 2 when acquiring

each sample. In this way calibration values associaled with different condilions may oe

developed. This may enable calibration ranges 1o be set for different "lypes’.

g

The portable dsvice may also include a posifioning system 11, such as GFS, to also record the
nosition of each measurement. This may enable calibration values (o be associated wilh
selected positions or areas within an area of interest. Where the poriable device 2 18
incorporated in a land based or flving vehicle, such as a UAV, measurements may be obtained
over the entire area of interest so that each location has one or more associated calibration
values. This may enable a calibration value to be deveioped for each optical sensor of &

sorayer at each location in an area of interest.

As shown in figure 2, once the measurements have been made, portable device 2 may send
catibration information (o a controlier & of a sprayver € {0 properly caibrate oplical sensors
associated with each cutlet. The calibration information may be sent via a wireless link or via a
cabie etc. utilizing port 13. The calibration information may include the one or more calibration
values or may be the raw data for the controller & to process. In the examples below ihe

callbration values are developed by the portable device.

In some situations a single calibration value may be sufficient to simply determine at what levels
each oullet should spray or not spray. In ong embodiment, as discussed above, a user may

enter a “lype” {¢.g. clear pasture, weeds, excrement etc.) associated with a sub-region and from
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a number of samples calibration values represeniative of a type may be developed. Keadings
outside of a permitted range may be exciuded from consideration to avoid anomalies skewing
resulis. The value associated with each tvpe may be a simple average or may oe calculated

using a non-inear aigorithm, neural network, Tuzzy 10gIc or oiher such approach.

The average {(or otherwise derived) values developed for each "type” may be displayed to a
usar and one or more suggesied spraying threshold value may be presented for selection.
Alternatively a user may enter a user selected value based on the information presenied. Using
a single value for all optical sensors is most closealy aligned with the operation of current

sguipment and 80 may e readily refrofitted 10 existing squipment.

Referring to figure 15 a spraver is shown, The components of a conventional sprayer include a
tank 18, fluid conduit 17, outlet nozzies 18, oplical sensors 19 and a controller 20 In this case &
sub-controller 22 has been added that can communicate with the portable device 2 zf%g nort 24
aor antenna 23, ininis &zmmdimwi sortable device 2 sends a single calibration value 1o sub-
controller 21 and it communicates this value o sub controliers 24 via a bus such as a CAN bus.
Fach sub-controller 24 may be a programmabile logic chip (GAL) installed in each sensor 19
The sub controllers 24 supply the calibration value lo each oplical sensor 19 o set the threshold

at which spraying occurs. This solution may be readily retrofitled 1o existing equipment.

it will be appreciated that sub-controllers 21 and 24 would ideally be integrated into controller 20
and optical sensors 198 in a new machine. 1t will also be appreciated that where the controlier
includes position information that a plurality of calibration values may be provided with positional
associations. Thus sach optical sensor may ulilize a different calibration value in dependence

ot s position.

The controller 20 may also record whether a spray nozzle outlet 19 is on or off at a given
location and store this information. It may also store the calibration value used at that location.
This information may be downloaded to poriable device 2 and used for subsegquent analysis.

This information may be downloaded {o a computer {o develop substance application maps. By

comparing a plurality of substance application maps from a plurality of spray appiications at

different fimes management information may be developed. This may be in the form of 2 map
with different visual atiributes indicating different conditions or required treatments (e.g. darker

regions or certain colour or hatching indicating the number of times an area has been sprayed).
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This may enable & user to determine problems such as weed resistance and take remedial

action {e.g. change the substance used or use allernative treatment). This information may aiso

he utilized as feedback to improve an algorithm used o determing calibration values.

Utilisation of a portable device to develop and supply calibration information enables precise
sampling of specific areas of an area of interest to provide more reliable calibration values. it
aise allows the operator to easily control very accurately the setlings of the system. The

approach also allows retrofitting 1o existing sprayers.

When an electronic positioning system is employed the system can record where a supstance
has heen applied as well as the calibration values employed. This aliows a user o map

featuras such as the density of uring paiches or weeds In a given area.

The system is scalable and can be utilized in variable rate application systems {00 where
greater control is the recuired as to the application of a substance. In this ¢case an aigonihm
may be emploved o determine the rate of application based on calibration information and

nformation from an oplical sensor 19,

Aspects of the present invention have been described by way of example only and it should be
appraciated that modifications and additions may be made thereto without departing from the

scops thereot as defined in the appended Ciaims.
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10

CLAIMS:

A calibration device suitable for use with a sprayer utilising a plurality of
optical sensors to control the distribution of a substance to plants via a

plurality of controllable spraying outlets, the calibration device including:

a. an optical sensor for sensing optical characteristics of an area of

interest and producing optical sensor data;

b. a processor which utilises the optical sensor data to develop a
single calibration parameter in the form of an optical threshold for
controlling whether each optical sensor of the sprayer controls

each controllable outlet to spray or not spray; and

c. a transmitter for communicating the single calibration parameter to

a sprayer.

. A calibration device as claimed In claim 1 wherein optical sensor data

samples having values outside of a permitted range are excluded in the

development of the calibration parameter.

A calibration device as claimed in claim 2 wherein the calibration
parameter is an average value obtained from a plurality of optical sensor

data samples.

. A calibration device as claimed in claim 2 or claim 3 wherein a non-linear

algorithm is employed to develop the calibration parameter.

A calibration device suitable for use with a sprayer utilising optical sensors
to control the distribution of a substance to plants via two or more

controliable spraying outlets, the calibration device including:

a. an optical sensor for sensing optical characteristics of an area of

interest of a field or crop and producing optical sensor data;

b. a processor which utilises the optical sensor data to develop a

plurality of calibration parameters in the form of optical thresholds
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associated with selected ones of the optical sensors of the sprayer
used for calibration of the optical sensors for controlling whether
each optical sensor of the sprayer controls each controllable outlet

to spray or not spray; and

c. a transmitter for communicating the one or more calibration

parameters 10 a sprayer,

wherein different calibration parameter values are provided to selected

ones of the optical sensors of the sprayer.

A calibration device as claimed In clam 5 wherein the calibration

parameters produced are associated with positions in the area of interest.

A calibration device as claimed in claim 6 wherein the calibration device
includes an electronic positioning system which generates position
information that is associated with calibration parameters associated with

a position.

A calibration device as claimed in any one of claims 5 to 7 wherein high
and low calibration parameters are developed by the calibration device for

each optical sensor of a sprayer.

. A calibration device as claimed in any one of the preceding claims

including an optical sensor of the type employed as an optical sensor of a

sprayer.

10. A calibration device as claimed in any one of the preceding claims

wherein the optical sensor includes a camera.

11. A calibration device as claimed in claim 10 wherein the calibration device

employs image recognition to identify regions to be sprayed or not

sprayed.

12. A calibration device as claimed in claim 10 or claim 11 when dependent

upon claim 9 wherein calibration parameters are developed utilising
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12

information from both the camera and an optical sensor of the type

employed as an optical sensor of a sprayer.

13. A calibration device as claimed in any one of the preceding claims
wherein the one or more calibration parameters are developed with the

assistance of human input.

14. A calibration device as claimed in claim 13 wherein the device displays
information obtained from sensing and presents a plurality of calibration

parameters for user selection.

15. A calibration device as claimed in claim 13 wherein the device displays
information obtained from sensing and a user enters one or more

calibration parameters based on user assessment of the information.

16. A calibration device as claimed in any one of the preceding claims
Including a vehicle that moves the calibration device around an area of

interest to obtain optical sensor data.
17. A calibration device as claimed In claim 16 wherein the vehicle is a UAV.
18. A spraying system including:
a. a callbration device including:

I. an optical sensor for sensing optical characteristics of an
area of interest of a field or crop and producing optical

sensor data;

ii. a processor which utilises the optical sensor data to
develop one or more calibration parameters in the form of

optical thresholds for controlling whether outlets of a

sprayer are controlled to spray or not spray; and

. a transmitter for communicating the one or more calibration

parameters 10 a sprayer;

and
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13

D. said sprayer Including:
. a plurality of individually controllable spraying outlets;

Il. one or more optical sensors which sense optical properties

of an area proximate a respective spraying outlet;

iii. a receiver for receiving one or more calibration parameters

from said calibration device; and

iv. a controller that controls the distribution of a substance
from each outlet in dependence upon information from an
optical sensor associated with each outlet and a calibration

parameter associated with each outlet.

19. A spraying system as claimed in claim 18 having a plurality of individually

controllable spraying outlets.

20. A spraying system as claimed in claim 19 wherein each spraying outlet

has an associated optical sensor.

21. A spraying system as claimed in any one of claims 18 to 20 wherein the

transmitter and receiver communicate wirelessly.

22. A spraying system as claimed in any one of claims 18 to 20 wherein the

transmitter and receiver communicate over a transmission line.

23. A spraying system as claimed in any one of claims 18 to 22 wherein the

controller is a distributed control system.

24. A spraying system as claimed in any one of claims 18 to 23 wherein the
controller distributes calibration parameters to controller sub-syStems

associated with optical sensors of the sprayer via a data bus.

25. A spraying system as claimed in any one of claims 18 to 24 wherein the

sprayer is a spraying vehicle.
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26. A spraying system as claimed in any one of claims 18 to 25 wherein the
sprayer includes an electronic positioning system supplying position data

to the controller.

27. A spraying system as claimed in claim 26 wherein the calibration
parameters have assoclated position information and the controiler
utilises the calibration parameters having position information correlated
with position information supplied by the electronic positioning system of

the sprayer.

28. A spraying system as claimed in claim 26 or claim 27 wherein the
controller includes memory for logging spraying information and position

iInformation.

29. A spraying system as claimed in claim 28 including a computer adapted to

recelve the spraying and position information logged by the controlier and

develop substance application maps.

30. A spraying system as claimed in claim 29 including an analysis engine
that compares a plurality of substance application maps from a plurality of

spray applications and develops management information.

31. A spraying system as claimed in claim 30 wherein the management

information is in the form of a map with different visual attributes indicating

different conditions or required treatments.

32. A method of calibrating a sprayer utilising a plurality of optical sensors to
control the distribution of a substance via a plurality of controllable

spraying outlets comprising:

a. obtaining one or more optical measurements of one or more
attributes of an area to be sprayed utilising a portabile calibration

unit;

b. transferring a single calibration parameter developed from the

optical measurements to the sprayer; and
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c. utilising the calibration parameter to calibrate the plurality of optical

sensors of the sprayer.

33.A method of pasture or crop management for a region of interest

comprising:

a. recording the spatial distribution of a substance by a sprayer for a

plurality of substance applications at different times;

b. developing a composite representation of cumulative substance

applications; and

c. developing a representation in which sub-regions of the region of
interest having prescribed characteristics are visually differentiated

from other regions.

34. A method as claimed in claim 33 wherein the prescribed characteristic Is

cumulative substance application over a prescribed threshold.

35. A method as claimed in claim 34 wherein different visual attributes are

utilised to display different levels of substance application.

36. A method as claimed in claim 33 wherein the prescribed characteristic is

a prescribed pattern of substance application.

37.A method of pasture or crop management for a region of interest

comprising:

a. recording the spatial distribution of a substance sprayed by a

sprayer for a plurality of substance applications at different times;

b. recording the spatial distribution of calibration values used for the

plurality of substance applications;

c. for sub-regions of the region of interest analysing substance

application against calibration values; and
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d. developing a report of apparently anomalous calibration values

based on the analysis.

38. A method as claimed in claim 37 wherein a graphical representation of
anomalous calibration values is produced in which different visual

attributes are utilised to indicate different levels of anomaly.
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